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B 0630pe siuTepaTyphl peCcTaBIeH aHATN3 1Ty OJINKAIUH, TOCBSIIIEHHBIX HCIOJIb30BAHIIO HHCYIMHO-TTIOK03-
HOI CMeCH B KauecTBe KapIHOIMPOTEKTOPA IIPU OCTPOM MH(MAPKTEe MUOKAp/a ¥ TIPH KapAMOXUPYPIUIECKUX Olle-
panusx ¢ ucKyccTBeHHbIM kposooOpaiieruem (MK). KpaTtko ns/iokeHbl HCTOPUYECKHE aCTIEKThl BHEAPEHUS MH-
CYJIMHO-TJIIOKO3HOM Teparuy B KapInoJIOTUN U KapAnoxupypruu. IIpoanann3npoBaHbl BO3MOKHbIE MEXaHU3MbI
JeHCTBH IJII0KO30-UHCYINH-KaJINeBOI CMeCH IIPU OCTPOI UIlleMUH U nH(MAPKTe MUOKapAa (HOPMaIU3anus sJie-
KTPUYECKUX TIPOIECCOB HAa MeMOpaHe KapAUOMUOIUTOB, [OMOJIHEHHE MeTaboIMYecKuil cyOCTPaToB 1 yBeJde-
HUe TJINKOJUTUYECKON TIPOYKIIUYN aieHO3MHTPU(GOCHOPHOI KUCIOTHI, CHI)KEHIE NHTEHCUBHOCTH OKUCJIEHUS
HeacTepeUIINPOBAHHBIX JKUPHBIX KUCJIOT, YMEHbIIEHHE allONTo3a U JP.). PacCMOTPEHBI Pe3yJIbTaThl KIMHIYEC-
KHX MCCIEe0BAHMII 110 HA3HAUEHHIO CMECH IIPU OCTPOM MH(MAPKTe MHOKAP/Ia, BKIIOYAs JJAHHBIE MeTa-aHaIN30B.
[IpoieMOHCTPUPOBAHO, YTO POJIb ¥ KIMHIYECKast 9 PeKTUBHOCTH paccMaTpUBaeMOil JTedeGHO-TTPodUIaKTHIeC-
KOI1 MepbI IpU OCTPOM HHMAPKTE MUOKAP/AA OCTAIOTCS IIPEAMETOM IUCKYCCHU U TPeOYeT MaibHEMIINX UCCIIEN0-
BaHuil. TakyKe IIPOAHAIU3UPOBAHBI COBPEMEHHbBIE KOHIEIIMU, O0bSICHSIONINE KaPAUOIPOTEKTOPHBIE 3(dEKTHI
[JIIOKO3BI ¥ MHCYIMHA 1pu onepanusx ¢ MK (ymenblieHne WHCYTMHOPE3UCTEHTHOCTH, AaKTHBU3AIIMS aHATIEPO-
31Ca, CTUMYJISIIIUST BHYTPUKJIETOUHBIX CUTHAJIBHBIX I1yTeil, 06ecnednBaionnuX CoXpaHeHne KU3HeCIToCOOHOCTH
KJIETOK, CHUIKEHME BBIPAKEHHOCTH CUCTEMHON BOCITAJIMTENIBHON PeaKiinu, UMMYHOMO/LYJIUPYIOIiee JeiicTBIe, 1
np.). Ilpencrasiienpbl pe3yabTaThl KINHUYECKUX UCCJIE0OBAHUN, BKJIIOYAs JIAHHbIE PAHIIOMU3UPOBAHHBIX KJINHU-
YEeCKUX UCCIEIOBAHNN U METa-aHATM30B, BBITIOJHEHHDIX 32 TOCTEIHUE 5 JIET 1 MTPOEMOHCTPUPOBABIITIX OTTCYT-
CTBUE BJIUSTHUS [JIIOKO30-MHCYJINHOBOI TEPAIIMU HA TOCITUTAJIbHYIO JIETalbHOCTD. BMecTe ¢ TeM, B psijie paboT Bbi-
SIBJIEHBI ¥ 0OCYKIAI0TCST €€ MOJIOKUTENbHble 3(D(EKTh: CHUKEHNE YaCTOTHI MEPHOTEPAIIMOHHBIX HH(MAPKTOB
MHUOKap/ia, yMeHbIIIeHuEe MHTEHCHBHOCTH WHOTPOITHOH MOIEPKKH, JIyUIINe 3HAUYEHHST TOCIe0NePAIIOHHOTO cep-
JIEYHOTO MHJIEKCA U YKOPOUYEHNE [TUTEIbHOCTH MOCIEOePAIIMOHHOM NCKYCCTBKHHOM BEHTHIISIIINN JIETKHX, IIpe-
ObIBaHUS B OT/IE/IEHUU UHTEHCUBHOI Tepanuu u ap. CHeaHo 3aKJIKUYEHNe, YTO B IIOCIEIHUE TOAbl OTMEUAECTCS
BO3pAT UHTEPeca K JiedeOHO-TPOGUIAKTUIECKOMY UCII0JIb30BAHKIO TIIOKO30-UHCYIMHOBOI CMECH KaK B 9KCTPEH-
HOU Kap/IMOJIOTHH, TaK U B KAPIUOXUDYPIHH.

Kntouesvte cno6a: 2110K030-UHCYIUH-KATUEBAS, CMECH; A0BIOBAHMHAS KAPOUONOMEKUUSL; UHCYTIUH; 2II0K03d; Y-
N€600HDLU MEMAGOIUSMA NPU OCIPOM UHDAPKME MUOKAPIA; 2UNePLIuKeMUsl 8 KapOUOXUpypeuu

The literature review presents an analysis of publications describing the use of a glucose-insulin mixture as a
cardioprotective agent in acute myocardial infarction and in cardiac surgeries with extracorporeal circulation
(ECC). It summarizes historical aspects of implementation of the glucose-insulin therapy in cardiology and car-
diac surgery. Possible mechanisms of action of the glucose-insulin-potassium mixture in acute ischemia and
myocardial infarction were analyzed (normalization of electrical processes on the cardiomyocyte membrane,
replenishment of metabolic substrates and increased production rate of adenosine triphosphoric acid due to gly-
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colysis, decreased intensity of non-esterified fatty acid oxidation, decreased apoptosis, etc.). It discusses results of
clinical studies evaluating prescription of the mixture for acute myocardial infarction, including data from meta-
analyses. It demonstrated that the role and the clinical efficacy of the preventive and therapeutic measure under
consideration in acute myocardial infarction are still the subject of discussion and require further research. It also
analyzed modern concepts explaining the cardioprotective effects of insulin and glucose during surgeries with
ECC (decreased insulin resistance, activation of anaplerosis, stimulation of intracellular signaling pathways main-
taining the viability of cells, reduction of the severity of systemic inflammatory response, immunomodulating
effect, etc.). Review discusses results of clinical studies including data from randomized clinical trials and meta-
analyses performed over the last 5 years that demonstrated the absence of the effect of the glucose-insulin therapy
on the hospital mortality. Various studies demonstrated its positive effects including decreased incidence of peri-
operative myocardial infarctions and intensity of inotropic support, increased values of postoperative cardiac
index, decreased duration of postoperative mechanical ventilation and ICU stay, etc. Review concludes that the
interest to the therapeutic and preventive use of the glucose-insulin mixture in both emergency cardiology and

cardiac surgery has been revived recently.

Key words: glucose-insulin-potassium mixture; adjuvant cardioprotection; insulin; glucose; carbohydrate metab-
olism in acute myocardial infarction; hyperglycemia in cardiac surgery
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BBenenne

[moko30-uHCYIMHOBAsT KapAMOTPOITHAS Tepa-
U, TIO-BUUMOMY, SIBJISIETCSI OJIHOM M3 cTapeinimx
JiedeOHBIX Mep, COXPAHUBIIUX aKTyaJbHOCTH 0 Ha-
NIVX THEH W TTPOIOJIKAIOIINUX MTPUBJIEKATh BHUMAHWE
uccaenosareneit. boree 100 jer Hasax B British
Medical Journal A.Goulston omucan ycneriHoe mpu-
MeHeHre GOJIBIITIX KOJUYECTB TPOCTHUKOBOTO caxa-
pa s JiedeHus TUIaTalluOHHON KapAnOMHUOIIATHH,
KJIAIMaHHBIX TTOPOKOB CEPAIla U HEKOTOPBIX APYTUX
ATUOJIOTUYECKUX BapUAHTOB XPOHUYECKON HEIOCTa-
TOYHOCTH KpoBooOpamieHus [1]. Bo BBeaeHuu aBrop
yKa3aJl, 4TO MOCBIIKOH K TaKOMY JIEYeHWI0 HapyIie-
HUil QYHKIMK cepiilla SBUJINCH JaHHbIe 0 GOJIBIION
poau raumkoreHa B pabore wmbimn. B 1927 1.
M.B.Visscher u E.A.Muller [2] npoxemoncTpupoBa-
JI, 9YTO WHCYJINH TIOBBITIAET COKPATUTETHHYIO (PYHK-
U0 U30JIMPOBAHHOTO CEP/Ila MJIEKOMUTAIONINX, He
OKa3bIBasi TPSIMOTO JIeHCTBUS HA WHTEHCHUBHOCTD
OKMCJIUTEJIbHBIX TIpoileccoB B Muokapze. B 1933 r.
C.L.Evans 11 coaBT. B 9KcIIepuMeHTe MPOJIEMOHCTPH-
POBAJIN, YTO B MIIEMU3UPOBAHHOM MUOKap/a BO3pa-
cTaer oTpebieHne rKoss [ 3].

Ha nauanbHOM aTare pa3BUTHS KapIUOXUPYP-
MU € MCKYCCTBEHHBIM KpoBooOparieHuem (MK)
BO3MOKHOCTb MeTabOJIMYecKON 3allluThl MHOKapa
ot maryOHbIX a9 hEKTOB HileMUK-penepdysun ¢ mo-
MOIIBI0 €CTECTBEHHOTO OMOIHEPTETHYECKOTO CyOCT-
para TJIOKO3bl U aHAOOJINYECKOTO0 TOPMOHA MHCYJIH-
Ha, PEryJHPYIONIero yIJAEBOAHBIA MeTabogu3M,
BHOBb IIPUBJIEKJIa BHUMaHNe nccyenoBaTeneil. [1pe-
BEeHTHBHAs WH(PY3US TIIOKO3bI U MHCYJINHA, HATIPAB-
JIEHHAsT Ha yBeJWYEeHWE WHTPAMUOKAPANAIbHBIX 3a-
[ACcOB TIJIMKOTE€Ha, JOJKHA Oblia MOJAEPKATh
OGUMO9HEPTETUKY CeP/illa BO BPEMsT MePesKaTHst a0PTh
3a cyer aHaspobHoro rimkoausa. B 1959 r. H.L.Conn
1 COaBT. [4] Mokazann B 9KCIIEPUMEHTE, UTO TIPH OT-
CYTCTBUM CIIEIIMAJLHBIX MEP 3alTUThI MUOKap/a yBe-
JIMYEHHBIH 32 CUYET MTOATOTOBKU TJIIOKO30H 1 MHCYJIU-

Introduction

The glucose-insulin cardiotropic therapy is
apparently one of the oldest therapeutic options that
have preserved their relevance to the present day
and continue to attract the attention of researchers.
More than 100 years ago, in the British Medical
Journal, A.Goulston described an experience of the
successful use of large quantities of sugarcane for the
treatment of dilated cardiomyopathy, valvular heart
defects and other etiological variants of chronic cir-
culatory failure [1]. In the introduction, the author
stated that data on a significant role of glycogen in
muscles functioning became a precondition for the
treatment of heart dysfunctions. In 1927,
M.B.Visscher and E.A.Muller [2] demonstrated that
insulin increased the contractile function of an iso-
lated mammal's heart without any direct effect on
the intensity of oxidative processes in the myocardi-
um. In 1933, the experiment of C.L.Evans et al.
demonstrated that the consumption of glucose
increased in the ischemic myocardium.

In the earliest period of the development of
cardiac surgery with extracorporeal circulation
(ECC), researchers' interest in the possibility of
metabolic protection of the myocardium from harm-
ful effects of ischemia-reperfusion using a natural
bioenergetic substrate, glucose, and an anabolic hor-
mone, insulin, which regulates the carbohydrate
metabolism, revived. A preventive infusion of glu-
cose and insulin to increase intramyocardial stocks
of glycogen was supposed to support heart's bioen-
ergetics during the aortic cross-clamping due to
anaerobic glycolysis. In 1959, H.L.Conn et al. [4]
demonstrated the cardioprotective effect of glyco-
gen stocks augmented due to administration of glu-
cose and insulin had a limited duration without spe-
cific protective measures for the mycardium.
Lactate accumulation and acidosis quickly become
the main factors affecting cardiomyocytes.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 1



DOI:10.15360,/1813-9779-2017-1-57-72

O630p

HOM 3aI1ac TJIMKOTe€Ha B YCIOBUSIX MOJHON aHOKCHUH
obsajlaeT OYeHb OrPAaHUYEHHBIM IO BPEMEHU Kap-
JUOIMPOTEKTOPHBIM 3(HPEKTOM; OCHOBHBIMH MOBPEIK-
JAIOIUMY KapAHOMHUOIMTHI (hakTopaMu OBICTPO CTa-
HOBSITCSI HAKOITUBINUICS JIAKTAT ¥ AI[U103.

B nauase 1960-x rogos Sodi-Pallares D. u co-
aBT. B cepur paboT TPEANPUHSIIN TTOMBITKY 060CHO-
BaTh Ha3HAYEHHUE TJIIOKO3bI, MHCYJINHA U KAJIUST Ha Te-
pareBTHYECKON MOenu uieMun-pernepdysnn —
ocrpom mHpapkre muokapaa (OUUM) [5—10]. Un-
¢ysus rmokozo-uHcymH-kameBoil cmecu (ITMKC),
KOTOPYIO aBTOPbLI HA3bIBAIU  <«IIOJISIPUIYIONIEiT>,
JOJIKHA ObLIIA, TPEKIE BCETO, 00ECTIEUNTh DIEKTPUYE-
CKYI0 CTaOUIBHOCTh MUOKAP/IA, HACKIIIAS KapANOMI-
orutbl K 1 HopMasusyst MeMOpaHHBIN TTOTEHITHAI
JEeVCTBHS, 4 TAK/KE MPEAOCTABUTD CEPAILY AOIMOTHNU-
TEJIBHBIA MeTaboIMIecKuii cyocTpat, KOTOPBIH Tpe-
GyeT MEHBIIIETO KOJMUUYECTBA KUCTOPO/IA TPH UIIEMUH.
Wucymun B 9TON CUTyaluu CIIYKUJI, TIO MHEHUIO aB-
TOPOB, B OCHOBHOM, «MecceHrepom» 17ist KT u rutio-
K03bl. VlccaemoBarein MpogeMOHCTPUPOBAIHN, YTO
ITMKC ywmenbimaer aJjeKTpoKapanorpabudeckue
npusaak OVIM u camskaet yactoty apurmutii |5, 7].

IMocre my6aukaruu padot Sodi-Pallares D. u
COaBT. HAMETUJINCH JIBA OCHOBHBIX HAIIPABJIEHUS
npumenenns [IKC: nnrtencusnoe nederne OVIM
U aIbIOBAHTHASI KAPAUOTPOTEKITUS B CEPAEIHON XH-

pyprum.

I'moxo3a u uacyaun npu OUM

Mexanuam aeiictBus. OOCyKaaIl HECKOIBKO
apdexroB TMKC nipu octpom uHdapkre Muoxkapaa
[11, 12]. AnTHapuTMIYecKHe CBOHCTBA OODBICHIIN
MeMGpaHocTabuIn3aImeil KapAnOMHUOIIUTOB. 3Ha-
YUMBIM TaK/Ke CUUTATIOCH OJIATOMPUATHOE BIUSHIE
Ha MeTaboJIN3M UIEMU3UPOBAHHOTO MIoKap/a. M3-
BECTHO, YTO B YCJTOBUSIX UIIEMUN OOMEH HeacTepe-
¢unmpoBannbix xupHbix Kucaor (HIKK) mpote-
KaeT ¢ 06pa3oBaHWeM TOKCHUYHLIX MeTabOJIUTOB U
CBOOOMHBIX PATINKATOB, CHIKAIONIINX COKPATUMOCTD
Y BBI3BIBAIOIINX JKEJY/TOYKOBbIE apuTMUH. Kpome
toro, HIJKK, yBenmmunBast ypoBeHb allMIKapHUTH-
Ha, MOTYT OKa3bIBaTh MeMOPaH-TTOBPEsKAAIOIIEe Tei-
crBue [13]. YBesnyenue riuKoJNTHYECKON 1IPOYK-
mun AT®O 3a cyer TOCTYIJIEHUST 9K30TEHHOM
TJIIOKO3BI JIOJPKHO CHIKATh MHTEHCUBHOCTD OKHCJIE-
Hust HOJKK. Kpome TOTO, HHCYJIUH, MHTUOUPYST JIK-
MOJIU3, CHVKAET B KPOBU YPOBEHD HTUX COEIMHEHUT.
PaccmarpuBasmn Taxkke Takme MOTEHIINATBHO BO3-
MozkHbIe 3 dextsr [TKC, kak ymeHbIIeHe UIIeMn-
YeCcKOI KOHTPaKTYPbl MIOKaP/a, TPOTEKTOPHBIE 3-
(bexTBl Ha TIAAKYI0 MYCKYJIaTypy KOPOHAPHBIX
aprepuii ¢ TPOPUIAKTUKON aHTHOCTIA3Ma, YCUIeHHe
CIIOHTAaHHOTO (PMOPUHOIN3A, YMEHbIIeHMe perepdy-
3WIOHHOTO TIOBPEXAEHUS M MPODUIAKTHKY (heHoMe-
Ha «no-reflows» mocse peBackymsgpusanun MHOKapaa
u ap. [11, 14]. BoamMoxxHbIM KapAHOIPOTEKTOPHLIM

In early 1960s, in a number of works, Sodi-
Pallares D. et al. made an attempt to provide reasons
for prescription of glucose, insulin, and potassium
using a therapeutic model of ischemia-reperfusion,
i.e. an acute myocardial infarction (AMI) [5—10].
An infusion of glucose-insulin-potassium mixtures
(GIPM) called a «polarizing» one by authors, first of
all, should ensure the electrical stability of the
myocardium by saturating cardiomyocytes with K*
and normalizing the membrane action potential, as
well as provide an additional metabolic substrate for
the heart which requires less oxygen in ischemia.
Authors thought that in this situation insulin served
mainly as a «messenger» for K™ and glucose.
Researchers demonstrated that the GIPM relieved
electrocardiographic AMI symptoms and reduced
the incidence of arrhythmias [5, 7].

When the works of Sodi-Pallares D. and col-
legues were published, the GTPM was applied by two
principal ways, the intensive AMI treatment and
adjuvant cardioprotection in cardiac surgery.

Glucose and Insulin in AMI

The mechanism of action. Several effects of
GIPM in acute myocardial infarction have been dis-
cussed [11, 12]. Tts antiarrhythmic properties were
attributed to cardiomyocyte membrane stabilization.
Its favorable effect on the metabolism of ischemic
myocardium was also considered relevant. The
metabolism of non-esterified fatty acids (NEFA) in
ischemia is known to take place with the formation
of toxic metabolites and free radicals impairing the
contractility and causing ventricular arrhythmias. In
addition, NEFA may damage membranes by increas-
ing the acylcarnitine level [13]. Increased glycolytic
ATP production due to administration of exogenous
glucose should reduce the intensity of the NEFA oxi-
dation. In addition, insulin reduces the blood levels
of these compounds by inhibiting lipolysis. The
potential effects of the GIPM (such as the reduction
of ischemic myocardial contracture, protective
effects on smooth muscles of coronary arteries,
angiospasm prevention, increased spontaneous fibri-
nolysis, reduction of reperfusion damage, and pre-
vention of the no-reflow phenomenon after myocar-
dial revascularization, etc.) have been discussed [11,
14]. Reduction of cardiomyocyte apoptosis which is
activated after the ischemic-reperfusion damage may
represent the another possible cardioprotective
effect of GIPM. Significant reduction in apoptosis
mediators in blood of AMI patients underwent coro-
nary angioplasty and GIPM injections was also
described [15].

Results of clinical studies. Increased number of
studies was dedicated to the prescription of GIPM or
its components in AMI. B. Mittra's articles published
in 1965—1967 were the first reports describing a sig-
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mexarm3mMoM TMIKC moxeT OBITh W yMeHbIeHUe
arorTo3a Kap[UOMHUOIIUTOB, aKTUBAIUS KOTOPOTO
HACTYIIAeT TIPU HUIeMIYeCKU-pernephy3nOHHOM T10-
BpeskaeHnn. OnucaHo 3HAYNMOE CHIDKEHUE COlep-
JKaHUS B KPOBU MEIHATOPOB aIonTo3a y OOJBHBIX
ONM, KOTOpPBIM BBITIOTHUJIN KOPOHAPHYIO aHTHO-
mwractuky u Beogmu [TMKC [15].

Pe3yabraThl KJIMHHYECKUX HCCIETOBAHUI.
Haznauenuio TVIKC wnam ee KOMIOHEHTOB TIpHU
OUM mnocBsIieHo OOJIbIIOE YUCIO KCCTeI0BaHMIL.
ITepBbIME COOOIIEHUSAME O CYIIECTBEHHOM CHUKe-
Hun JetambHOocT oT OVMIM 3a cuer HaszHaueHUs
GOJIbHBIM TJIFOKO3bI M KaJiusl (TIepOpPabHO) ¥ HHCY-
JimHa (TOAKOKHO) SIBUJIMCH cTaTthil B.Mittra, omy6-
smkosanubie B 1965—1967 rr. [16, 17]. [lo uroram
CBOMX WCCJIEIOBAaHUI aBTOP PEKOMEHIOBAJ U3yUYeH-
HYIO JiedueOHYI0 MepPy B KaueCcTBe CTaHIapTHOM.

OrnpenieIeHHbBII U'TOT MHOTOUNCJICHHBIM HCCJIe-
JIOBAaHWSIM, BBITIOJIHEHHBIM B WHTEPBAJE MEXK/Y
1965—1987 1., GBI TOABE/IECH B METa-aHaIN3€e, OXBa-
tuBtieM 1932 6ompubix [11]. ABTOpBI clemanu BbI-
Boj, uro MIKC croco6CcTByeT CHHKEHUIO TOCIIH-
TagbHOM JeTanbHocT ipu OMM Ha 28%. B Hauaze
2000-X ro/10B GBLIO BBITOJHEHO PA3BEPHYTOE KJINHI-
yeckoe uccaenoanue (GIPS-I), kotopoe mpogemon-
ctpupoBasno, 9to 8—12-yacoBast mHpysus TIKC
Bisier Ha 30-HEBHYIO JIETATbHOCTD y OOJBHBIX (€3
MIPU3HAKOB XPOHWYECKOH HEIOCTATOYHOCTH KPOBO-
obpallieHusT, KOTOPBIM BBITOIHSIIOT KOPOHAPOAHTHO-
mactuky 1o nosogxy OWM, ogHako He oka3biBaeT
3HAYMMOTO BJIMSIHUSI Ha 9TOT IOKasaTeJb B 00IIei
HOMYJISAIAKA 1 Y OOJIBHBIX C CEPAEYHON HEI0CTaTOu-
HOCThIO [ 12]. 3aTem OBLTO TTOKA3aHO, UTO 24-4acoBast
undysusa TMKC Goapusiv OMM ¢ mogbeMoM cer-
MeHTa ST obecriedyrBaeT yMEHbIIEHTE PEMOIETUPO-
BaHU JIEBOTO JKeIyZ0UKa depes 6 MecsIieB IocIe aH-
ruoriactuky [ 14].

OnHako, HECMOTPSI Ha 3HAYUTENbHOE YUCJIO
MyOJUKAIMN, OMICHIBAIONIINX OJATONPUSATHBIE KJIH-
nuveckue apdexrsr TMKC, B HacTosiiee BpeMs ¢
MO3UINI JOKA3aTeTbHON MEIUIIUHBI €€ HeJIb3s1 PEKO-
MEHJIOBaTh B KQUECTBE CTAaHIAPTHOI TeueOHOI Mepbl
npu OVIM. B 2010 r. Gl BBITIOJIHEH MeTa-aHaJ M3,
OXBATUBINHUI Pe3yabTaThl Jederust 28 374 60MbHbBIX
3a 40-ymetunii mepuoz [18]. ABTOpBI TpOIeMOHCTPH-
poBad HUIEHTUYHYIO 30-IHEBHYIO JIETATHbHOCTH B
rpymiax GOJBHBIX, MOJYYABIIUX U HE MOJYYaBIITHX
I'MKC na rociutanbHOM aTatne. beii cienan BBIBO,
YTO MIPHU PeATU3aAUNA COBPEMEHHBIX TTPOTOKOJIOB Jie-
yeHust ONM, Brirouyast GUOPUHONUBNUC U TIEPBUY-
HYI0O KOPOHapHYI0 aHTHOILIACTUKY, Ha3HaueHWe
I'MKC ne BausgeT Ha KIMHUYECKHE pe3yabTaThl. bo-
gee Toro, He orMeTwin abhderrusnocTn [MKC B
nozarpyine GOJbHBIX, Y KOTOPHIX He ObLjIa JOCTUTHY-
Ta periepdysns Muokapaa. TakuM 06pa3oM, Teseco-
obpasHoctb mpuMmenernst [MIKC B npotecce rocrm-
taapHOTO JeueHuss OVIM B HacTosIinee BpeMs
cunTaeTcsl He MoKazaHHOH. OJHAKO BpeMs OKOHYA-

nificant reduction in the AMI-related mortality due
to prescription of oral glucose and potassium and sub-
cutaneous insulin [16, 17]. Based on the results of his
research, the author recommended the therapeutic
measure under consideration as a standard.

A meta-analysis including data on 1932
patients summarized clinical trials carried out over
the period from 1965 till 1987 [11]. The authors con-
cluded that the GIPM contributed to a 28% reduc-
tion in AMI-related hospital mortality. In early
2000s, a detailed clinical study (GIPS-I) was per-
formed. It demonstrated that a 8—12-hour GIPM
infusion affected the 30-day mortality in patients
with no signs of chronic circulatory failure, who
underwent coronary angioplasty for AMI; however,
it had no significant effect on this parameter in the
general population and in patients with heart failure
[12]. It then demonstrated that a 24-hour GIPM
infusion to patients with STEMI contributed to the
decrease in the left ventricle remodeling 6 months
after the angioplasty [14].

However, despite a large number of publica-
tions describing a favorable clinical effect of the
GIPM, it could not be recommended as a standard
therapeutic option for AMI from a position of the
evidence-based medicine. In 2010, a meta-analysis
summarizing treatment outcomes of 28,374 patients
over 40 years was carried out [18]. The authors
demonstrated similar 30-day mortality rates in
patient groups receiving and not receiving the
GIPM during their hospital stay. They concluded
that prescription of the GIPM did not affect clinical
outcomes when modern AMI treatment protocols
including fibrinolysis and primary coronary angio-
plasty were applied. Moreover, the studies demon-
strated no effect of the GIPM in the subgroup of
patients, in which myocardial reperfusion was not
achieved. Therefore, the appropriateness of the
GIPM prescription in the hospital AMI treatment is
considered unproven. However, no final conclusion
on the prescription of GIPM in the clinical situation
under consideration has been drawn.

It cannot be not excluded that the time interval
between the development of acute ischemia and the
beginning of mixture administration is the factor
determining the effect of the GIPM. Results of a
multi-center IMMEDIATE study were published
recently. It demonstrated that prescription of the
GIPM to patients with acute coronary syndrome
during the pre-hospital treatment provides a number
of positive effects. The GIPM did not affect the 30-
day mortality, but it reduced the incidence of cardiac
arrests and hospital mortality rates. In addition, the
infarction area was equal to 10% of the left ventricle
myocardial mass in the reference group patients by
the 30th treatment day and only 2% when using the
GIPM (P<0.01) [19]. The analysis of delayed results
after a one-year treatment demonstrated that the
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TeJIbHOTO pelieHus Bompoca o HazHauennu [IKC B
paccMaTpUBaeMOll KJIMHUYECKON CUTyallu elle He
HACTYITUJIO.

He uckmioueno, uto omnpenensoniuM 2¢hhexT
ITNKC daxropoMm sBisieTcss BPeMEHHON WHTepBal
MEK/y Pa3BUTHEM OCTPOU UIIEMUU W HAYAJIOM BBe-
IeHust cMecu. B camoe mocieiiee BpeMst OmyOJanKo-
BaHbBI PE3YJIbTAaThl MHOTOIIEHTPOBOTO MCCIIEIOBAHUS
IMMEDIATE, mnokasaBuiero, 4To Has3HaueHUe
TIKC 60/bHBIM ¢ OCTPBIM KOPOHAPHBIM CHUHIPO-
MOM Ha JIOTOCIUTAJIbHOM dTalle JledeHuss 0OecIeyn-
BaeT P MOJOXKUTETbHBIX 2 dekToB. He Bmss na
30-mHeBHYIO JeTanbHOCTD, BBeneHne [ IKC camska-
JIO 9aCTOTY OCTAHOBOK CEP/IIla U TOCITUTAIBHOM Jie-
tanbHOCcTU. Kpome Toro, pazmep 30HBI WH(pAPKTA K
30-M cyTKaMm JiedeHUs B IpyIIie KOHTPOJS COCTaB-
sistt 10% Macchr MUOKap/Ia JIEBOTO JKeJTyI09Ka, a TIPU
ucnoabzoBarnu [ TKC — toabko 2% (p<0,01) [19].
[Tpu ananuse OTAAJEHHBIX PE3YJBTATOB 4Yepe3 TOJ|
MOCJTe TIeYeHusT YCTaHOBUIIH, 4TO ¥ 6oabHbIx OVIM ¢
nogbemoM cermerTa ST, mosygasmux [TMMKC, coso-
KyIHasi 4acToTa HeGJaronpusiTHBIX HCXOA0B (TO0-
JIIUYHAsl JIETAJbHOCTh W/WJIW OCTAaHOBKU CepJIla
U/WJIW TOCHUTATU3ANNK 110 TTOBOLY XPOHUYECKOI
HEJOCTATOYHOCTH KPOBOOOpalleHrst) Oblja 3HAYM-
MO HMKe, yeM B KoHTpoJsbHoi rpyiie [20]. Takum
00pasoM, posib U KjiauHWYecKas 3(PQHEKTUBHOCTD
I'MKC npu ONM ocraroTcst mpeiMeToM U TUCKYC-
CUM, U JATbHENIITNX UCCIIeOBAHUII.

I'moko3a ¥ MTHCYJIMH B KapUOXUPYPIrUH

Borpoc 06 ucnosbzoarnu TMTKC B kapaunoxu-
pypruu etie 6ojiee CJIOKEH U AUCKYCCHOHEH, YeM ee
HazHauenue ipr OVIM. B 1969 r. M.V.Braimbridge u
coaBT. [21] ony6ukoBai coobiieHne 00 yCHenHbIX
OTIEPAIUSIX TPEXKJIATIAHOTO MPOTE3UPOBAHNS, B KOTO-
poM yrnoMuHaIM 3(GHEKTUBHOE MOCIe0TIePAIHOHHOE
nasnavernne [MIKC (50 En. uncysmmna, 50% pactBop
rmoko3bl 1 50 MakB K1) 171st siedeHust sKesryi09KoBbIX
apUTMUIT 1 HUBKOTO CePAEYHOro BhIOPOCa, He KOPPH-
THPYIOIIETOCS MHOTPOITHBIMU CPEICTBAMYL.

B panbneiimem, coobuieHus O HPUMEHEHUU
TMKC y Kapauoxupypruaeckux OOJbHBIX HEOIHO-
KpaTHO MyOJMKOBANIUCh Pa3IUYHBIMU ABTOPAMHU.
[Tpuuem, B oT/IMYMe OT KapAUOJOTUU, HAPSIY C UC-
MTOJTh30BaHNEM <«KJjaccumueckoro» Bapmanta [VIKC,
MHOTHE KJIWHUIUCTHI ONMUCHIBATN Ha3HAYEHUE TJIIO-
ko30-nHCcynHOBON cMmecu (I'MIC), mcnosb3yst pac-
TBOP KaJIUS XJTOPU/IA JIJIsT KOPPEKITNU YPOBHS Kajue-
MU 110 ToKazanusiM. Iloatomy B najibHeiiem Gyiem
ucronb3oBath abopesuatypy I'VIC.

B nagane 1980-x romoB cepuio mccieaoBaHUN
sormosau W.Haider u coasr. [22-27]. ABTOpPSI 011~
ceIBasm ycnernrHoe ucrnosb3oBanue ['1IC ¢ noswiien-
HBIMW JI03aMW WHCYJIMHA JUIS YJIyYIIeHUs] Kapauo-
MIPOTEKITNN BO BPEMs TIEPEsKaTUSI aOPThI, a TakKe B
KOMIIJIEKCHON Teparuy OCTPON CepledHOl HepocTa-

cumulative frequency of adverse outcomes (1-year
mortality and/or cardiac arrest, and/or hospitaliza-
tion for chronic circulatory insufficiency) was signif-
icantly lower in STEMI patients receiving GIPM
than that in the reference group [20]. Therefore, the
role and the clinical efficacy of the GIPM for AMI
remains a subject of discussions and further research.

Glucose and Insulin in Cardiac Surgery

The problem of using the GIPM in cardiac
surgery is even more complicated and disputable than
its prescription in AMI. In 1969, M. V. Braimbridge et
al. [21] published a report on successful tricuspid
valve replacement surgeries that included an effective
post-operative prescription of GIPM (50 U of insulin,
50% glucose solution and 50 meq of K*) for treatment
of ventrical arrhythmias and low cardiac output irre-
sponsive to inotropic agents.

After that, several studies demonstrated the
use of GIPM in cardiosurgical patients. In addition
to a «classic» variant of the GIPM, many clinicians
have reported on prescription of glucose-insulin
mixture (GIM) using a potassium chloride solution
for correction of the potassemia level, when indicat-
ed. Therefore, hereinafter the mixture will be
referred to as GIM.

In early 1980s, W.Haider et al. carried out a
series of studies. [22—27]. The authors described a
successful use of the GIM with increased doses of
insulin to improve cardioprotection during aortic
cross-clamping, as well as a part of combined treat-
ment of acute heart failure. According to their data,
the improved myocardial bioenergetics due to GIM
administration allowed to reduce the doses of car-
diotonic agents significantly; at that, the cardiac out-
put increased and clinical outcomes improved.

National studies during the same period have
also demonstrated favorable effects of the GIM and
elevated doses of insulin on myocardial function and
severity of perioperative hyperglycemia [28—31].
One experimental studydemonstrated that an
insulin infusion increased the pumping ability of the
heart and velocity characteristics of contractility
[29]. Hypothesis was suggested that autoimmune
factors contributed to genesis of perioperative
hyperglycemia, and possible prevention of the latter
with GIM was due to a lower titer of autoantibodies
against insulin [30, 31]. In addition, the authors
demonstrated that ultrahigh doses of insulin could
provide the recovery of myocardial sensitivity to
sympathomimetic drugs in case of persistent acute
heart failure and inability to discontinue the car-
diopulmonary bypass [28].

The mechanism of cardioprotection. Positive
clinical effects of the GIM relevant for cardiosurgical
patients were explained not only by the improve-
ment of myocardial bioenergetics, but also by sever-
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TouHOoCTH. [T0 UX JIAHHBIM yJIydllieHue OUOIHEPreTH-
ku Muokapza Ha ¢one Begenust I'V1C mosBossiio cy-
IIECTBEHHO CHIDKATDH JJO3MPOBKY KapAMOTOHNIECKNX
[IPernaparoB, MPU HTOM TOBBIIIAICS CEPAEYHBIN BbI-
6pOC 1 yIYIIIATNCEH KIMHAYECKITE UCXOIbL.

OteuecTBeHHBIE HCCIEIOBAHUS 9TOTO TIEPHO/IA
BPEMEHU TaKyke MOKa3au GJIarompUsaTHOE BIISTHIE
I'MC wm moBBIIEHHBIX JO3WPOBOK WHCYJWHA Ha
(yHKIIMIO MUTOKAP/IA, @ TaKKe Ha BBIPA)KEHHOCTH I1e-
puotniepaniioHHoN runeprankemun [28—31]. B ake-
nepuMeHTe ObLJIO YCTAHOBJIEHO, YTO HH(Y3UI HHCY-
JINHA TIOBBIIIAET HACOCHYIO (YHKIMIO cepiara u
CKOPOCTHBIE XapaKTEPUCTUKHU cokpaTuMocTu [29].
Boina BhIcKa3aHa rumoTes3a 06 ayTOMMMYHHOM KOM-
MMOHEHTE B Te€He3€e TepUOTEePAIIMOHHON TUTIeprinKe-
MUU ¥ BO3MOXKHOCTHU MPOMPUTAKTUKY TIOCTIeTHEH TIPU
ncriorb3oBanny [ VIC 3a cueT cHUIKEHUS TUTPA ayTo-
anturen k nacyauny [30, 31]. Kpome Toro, aBTopbI
MIPO/IEMOHCTPHPOBAJIH, YTO CBEPXBBICOKHE [03UPOB-
KM WHCYJHHA MOTYT OGEeCIeYrTh BOCCTAHOBJIEHUE
YYBCTBUTEJBbHOCTH MUOKap/Ja K CUMIATOMUMETHYE-
CKUM TIpemapaTaM Tpu pedpakTepHON OCTPOI cep-
JIEYHOI HEJOCTaTOUHOCTU W HEBO3MOXKHOCTHU TIpe-
kparuth K [28].

Mexanuam Kapauonporeknuu. llomosknTess-
Hele kmHndeckue acdexrsr [NC, BaskHbIE 1715 Kap-
JIMOXUPYPIrUIECKUX OOJIBHBIX, OOBSICHSIIN He TOJBKO
yIIydIenneM GHOIHEPTETHKH MUOKAP/Ia, HO U PSIIOM
JIPYTUX TTaTO(hU3NOIOTHIeCKUX MexaHu3MoB. [Ipesxie
BCero, 00Cy KIa/m onvcaHHoe ete B Kouie 1950-x ro-
J0B [4] yBesinyenue MHTpaMUOKapAUAIbHBIX 3aI1aCOB
rimkorera. [loceanit MoskeT B TedeHNE HEKOTOPOTO
BPEMEHH TIOJIIEPKUBATh B aHAOPOOHBIX YCITOBUSIX CHH-
te3 AT® u dochorpearnna. [Tomaramm, uro yBenn-
YeHHbIe 3aMachl TJIKOTeHA YIIyJIIaioT ITIePeHOCHMOCTh
MUOKAp/IOM HIIEMUN U OOJIETYAIOT BOCCTAHOBJIEHTE
€ero cokparuteabuoil pyukiuu [26, 32, 33]. Boickasbl-
BaJIOCh TaKKe MHEHIIE, YTO IPOTEKTOPHYTO POJIh UTPa-
IOT He BHYTPUKJIETOUHBIE 3aachl IIMKOTEHA, a WHCY-
JIMHOBas CTUMYJISIIIUS MeTaboIn3Ma TiinKoreHa [34].
3HAYUMOCTH ITOTO TPOTEKTOPHOTO MEXaHU3Ma B pe-
AJTTBbHBIX KJIWHWYECKUX YCJIOBUSX, OUEBHU/IHO, OTPAaHU-
YeHa, TeM 0oJiee, UTO BO BPEMST TEPESKATHST A0PTHI TI0-
CTyIUJICHe WHCYJIMHA K MHOKapAy TPaKTHIeCKH
mpekparaercss. boee TOro, BBICKa3BIBAINCH oOlace-
HIIST, 4TO Ype3MepHast aKTUBHU3AINST aHadPOOHOTO T~
KOJIM3a MOJKET BBI3BIBATh JIAKTAT-aIlM/[03, COMIPOBOXK-
JAIOTIUIICS TIOBPEXKIeHNeM KapauoMuoiuTos | 16, 35].

MemOpaHCTaOMIMBUPYIOLIIE U aHTHAPUTMIYE-
ckue adpdexrer TIC (TUKC) obcyxaamich Ha Ha-
YaJIBHOM 3Tale KINHIYeCKOTO BHEAPEHUST METONKIL
[IpuMeHUTENBbHO K KapAUOXUPYPTUN TIPEITIOIATalIH,
YTO YBEJMUEHHOE TTOCTYIIEHNE KaIrs B KapANOMHUO-
IATHI 06JIETYAET BOCCTAHOBIEHNE CHHYCOBOTO PUTMA,
CHITDKAET PUCK TMOCJTEONePAMOHHBIX JKeTyT0IKOBBIX
apuT™Muil u GuOpHILIAIIN peacepauii [22, 32, 33]. B
GoJtee TO3IHUX MCCIAEMOBAHISX POJb ITOTO MPOTEK-
TOPHOTO MeXaHM3Ma Toj[Beprasiach cOMHeHm o [36].

al other pathophysiological mechanisms. First of all,
the increase in intramyocardial glycogen stocks was
discussed in late 1950s [4]. Glycogen was shown to
sustain the ATP and phosphocreatine synthesis
under anaerobic conditions for limited time. Tt was
believed that increased glycogen stocks improved
the myocardial tolerance to ischemia and facilitated
the recovery of its contractile functions [26, 32, 33].
There was also a theory that intracellular glycogen
stocks were not the factors playing a protective role,
but the insulin stimulation of glycogen metabolism
did [34]. The significance of this protector mecha-
nism under actual clinical conditions is obviously
limited, taking into account that the flow of insulin
to the myocardium virtually stops during aortic
cross-clamping. Moreover, there were fears that
excessive activation of anaerobic glycolysis could
cause lactate acidosis accompanied by damage of car-
diomyocytes [16, 35].

Membrane stabilizing and antiarrhythmic
effects of the GIM (GIPM) were discussed at the ini-
tial stage of clinical implementation of the proce-
dure. Tt was assumed (similarly for cardiac surgery)
that an increased inflow of potassium to cardiomy-
ocytes facilitated the restoration of the sinus rhythm
and reduced the risk of postoperative ventricular
arrhythmias and atrial fibrillation [22, 32, 33]. In
later studies, the role of this protector mechanism
was challenged [36].

Improved glucose utilization in the myocardi-
um during GIM administration takes place due to
the effect of insulin on transmembrane glucose trans-
porters (GLUT). GLUT-4 typical for myocardium is
insulin-dependent; under the effect of the hormone,
its expression can be increased several times; as a
result, the activity of Na-K-ATPases increases and
the myocardial contractility improves [16, 22, 28].
Data demonstrated that the glucose utilization in
the myocardium increased by more than 50% during
reperfusion after warm blood cardioplegia under the
effect of GIM [37].

Decreased blood NEFA level due to GIM
administration is an important effect because the
surgical stress inevitably leads to hypercate-
cholaminemia resulting in lipolysis. Adverse effects
of the NEFA metabolism in ischemic myocardium
have been discussed above. Systemic insulin admin-
istration is believed to reduce lipolysis due to direct
inhibition of hormone-sensitive lipases in fat tissue,
as well as due to activation of mitochondrial acetyl-
CoA-carboxylase directly inhibiting the NEFA oxi-
dation [16]. In an experimental model of cardiac
surgery, it has been demonstrated that reperfusion
with GIM after cardioplegia reduces utilization of
NEFA in the myocardium by more than 1.5-fold [37].

Reduced insulin resistance typical for cardio-
surgical operations with ECC is discussed as one of
possible effects of GIM [29—31, 38]. Apparently,
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Yiydienue yTHIN3aIuu TIIOKO3bI B MHOKap/Ie
mpu BeegeHnn TVIC 06ycIoBIeHO BIUSHIEM HHCYJIU-
Ha Ha CHCTeMYy TpaHCMeMODaHHBIX EPEHOCYUKOB
rimoko3bl (GLUT). GLUT-4, xapakTepHblie 7151 MUO-
Kap/ia, SBJSIOTCS WHCYJIUH-3aBUCUMBIMU; TIO/ BJIHS-
HUEM TOPMOHA UX 9KCIIPECCUST MOXKET YBEJTUUNBATHCS
B HECKOJIBKO Pa3, B Pe3yJIsTaTe BO3PAcTaeT aKTHBHOCTD
Na-K-AT®a3 u yiydimaercst KOHTPaKTUIBHOCTD MUO-
Kapza [16, 22, 28]. B akcrieprMeHnTe TTOKa3aHo, YTO TIPA
peniepdysnn Tocse TEMIOoBOH KPOBSHON KapAnoILTe-
rin 1ozt BaustHeM [VIC yTunmsanmst rioKo3bl B MU-
okapjie Bospacraer bosee, ueM Ha 50% [37].

Cauxenue yposast HO/KK B kxpoBu B pesyib-
tate BBesiennst [MIC npencraBisaioch BaKHBIM 3¢-
(hexTOM, Tak KaK OTEPATTMOHHBIN CTPecC HEM3OEKHO
[IPUBOJINT K MMITEPKAaTEX0JTaMIUHEMUHN, METabOIIec-
KM KOMITOHEHTOM KOTOPOII sIBiIsieTcst aumonn3. He-
Oanaronpusaribie addexror Meraboauzma HIKK B
UITEMU3UPOBAHHOM MHOKAap/ieé PACCMOTPEHbBI BHIIIIE.
CunTarot, 4TO CUCTEMHOE BBEJeHHE WHCYINHA 0bec-
MeYnBaeT yMEHbIIEHUE JIUTIOIU3a 32 CUYET MPSIMOTO
WHIMOUPOBaHUsT TOPMOH-YYBCTBUTEIBHBIX JIMIIA3
JKUPOBOH TKaHW, a TaKXKe 32 CUET aKTHBAI[UU MUTO-
XoHApuaabHol aneruna-KoA-kapOoKcuiasl, IpsMo
unrubupyioreit okuciaenne HIKK [16]. Ha akcre-
PUMEHTAJIBLHOM MOJIENTN KapAMOXUPYPIHUECKOIT ore-
panny MoKasaHo, YTO TOCje KapAUOIIerny perep-
dysust ¢ TUC obecrieanBaeT CHIDKEHNE YTHIH3AINT
H3KK B Mmuokapae 6osee, uem B 1,5 pasa [37].

B xauecTBe 0mHOTO M3 BO3MOKHBIX 9(D(HEKTOB
TUC obcyKaaoT Takke YMEHbIIEHUe HHCYINHOPe-
3UCTEHTHOCTHU, XapaKTEPHON /I KapAMOXUPyprude-
ckux onepauuit ¢ UK [29—31, 38]. [lo-Bunumomy,
nogo0Hast KOHIEIIINST He JIMIIeHa OCHOBaHUI. Bae-
nenne ['MIC B HacTosIee BpeMs MPOAOJLKAIOT pac-
CMATPUBATh B KauecTBe MOTEHIIUAIbHO 3(D(PEKTUB-
HOW Mepbl TNPOMPUIAKTUKUA TTepUOoTeparmOHHON
WHCYJMHOPE3UCTEHTHOCTH W TUTEPTJIUKEMUN Y
6ompHBIX Auabetom BTOporo THma [39]. TTomyders:
JlaHHBIE, YTO HWHTPAOINEpPAllMOHHOE Ha3HauyeHue
I'MKC mpy BBITIOJIHEHWH PEBACKYJISIPU3AIUNA MUO-
kapaa ¢ UK GoibHBIM 1abeToM [IEPBOTO U BTOPOTO
THITa 06JIeryaeT KOPPEKIIIO THIEPIIMKEMUI 1 CHI-
JKaeT moTpebHOCTh B HHCynHe [40].

Bwmecre ¢ TeM, BBICKa3bIBAIOT OITACEHUST, UTO BBE-
nerne TYIC MoskeT yCyrybsiTh TEPHOTIEPAITOHHYIO
runepraukeMuio [16]. B nacrosiiee Bpems He BbI3bl-
BaeT COMHEHUH, UTO THIEPTIMKEMHS «3aIyCKaeT» U
yeyry0JisieT MHOTOUMC/IEHHbIE TTATOJOIHYECKHE TTPO-
1ecchl. [umepriimkeMust yCUIMBAET aronTo3 Kapano-
MHUOIIUTOB U IHIOTETMATBHBIX KJIETOK KOPOHAPHBIX
apTepHii 32 CUET PA3TMUHBIX MEXaHIU3MOB, B YaCTHOC-
TH YBEJIWYEHHS ceKpelnn (akTopa HEKpPo3a OIyXo-
qnert (TNF-a) m skcmpeccun ero perenTopoB, BIUS-
HIIST Ha MeTabo3M OKenzia a3ota u ip. [41—44]. Tlpu
TUTIEPTAUKEMUN HAPYIIAIOTCS (HapMaKoJIOTHIECKOe
MIPEKOHIUITUOHUPOBAHUE W TTOCKOHAUIITMOHUPOBAHHE
MHUOKap/la WHTAJSIMOHHBIMU aHECTEeTUKAMU U JIEBO-

such a concept is not without reason. At present,
administration of GIM is still considered as a poten-
tially effective preventive measure of perioperative
insulin resistance and hyperglycemia in patients
with type 2 diabetes [39]. There are data that intra-
operative prescription of the GIPM during myocar-
dial revascularization with ECC in type 1 and 2 dia-
betic patients facilitates correction of hyperglycemia
and reduces the need for insulin [40].

However, some fears were expressed that
administration of the GIM could worsen the periop-
erative hyperglycemia [16]. At present, there is no
doubt that hyperglycemia «triggers> numerous
pathological processes and worsens them.
Hyperglycemia enhances the apoptosis of cardiomy-
ocytes and endothelial cells of coronary arteries via a
variety of mechanisms, particularly, via increased
secretion of tumor necrosis factor (TNF-a) and the
expression of its receptor, or affecting the metabolism
of nitric oxide, etc. [41—44]. In case of hyper-
glycemia, pharmacological preconditioning and post-
conditioning of myocardium is deployed through
inhalation anesthetics and levosimendan. This effect
is based on inhibition of the activity of ATP-depen-
dent potassium channels in cardiomyocyte mitochon-
dria [45—47]. Hyperglycemia induces impairment of
immunity by increasing the secretion of TNF-a and
other proinflammatory cytokines including inter-
leukin-18 due to increased expression of pro-inflam-
matory transcription factors [48]; it also impairs
hemostasis system predisposing the patient to hyper-
coagulation [49], affects the endothelium-dependent
vasodilation and worsens the oxidative stress [42,
50]. In the liver, heart, and kidney cells, the excess of
glucose causes toxic effects due to impairment of
mitochondria and reduces autophagy, a process
intended to eliminate damaged organelles and toxic
protein disintegration products [42, 51]. Finally, high
blood concentrations of glucose can provoke osmotic
diuresis causing hypovolemia and reduced cardiac
output [52]. Hyperosmolarity can also predispose to
cerebral complications [16].

Currently, the need for correction of hyper-
glycemia in cardiosurgical patients is undisputed
[53]. Experts believe that introduction of insulin,
which provides «rigid» control of hyperglycemia in
the postoperative period, significantly reduces the
mortality in this patient population. There are data
demonstrating that the achievement of normo-
glycemia using insulin provides an effective cardio-
protection [54]. During an elective myocardial revas-
cularization, the infusion of insulin and glucose in
modes that support normoglycemia reduces the post-
cardioplegic increase in blood troponin T and inhibits
the AMP-activated protein kinase, indicating a
decrease in cellular consequences of ischemia [55].

A number of other mechanisms of the cardio-
protective effects of the GIM or insulin were also dis-
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cuMeHIaHoM. B ocHOBe aToro addekTa JTekxuT TopMo-
xetne aktuBHOCTH AT@-3aBUCUMBIX KaJHEBLIX Ka-
HAJIOB MUTOXOH/IPUI KapAUOMUOIUTOB [45—47]. ['u-
MEPrIIVKEMIST BBI3bIBAET HAPYIIEHUS MMMYHUTETA,
yBesmuuBas cexperuio e Tobko THD-a, Ho u 1py-
IUX TPOBOCHAINUTENBHBIX ITUTOKUHOB, WHTEPJIEHKH-
Ha-18 m mpoBocnanmTeNbHBIX (haKTOPOB TPAHCKPHII-
n [48], okasbiBaeT HeGIATOMPHUITHOE BIMSHUE Ha
cucTeMy remocrasa, IIpejpaciiosiarast K ruiepKoaryJis-
1uu [49], Hapylaer sHI0TeIUNH3aBUCUMYIO Ba3o/Mla-
TAINIO U yCYTYOIsIeT OKCUAAaTHBHBIH cTpecc [42, 50]. B
KJIETKaX TeYeHH, MUOKap/a U MoYek U3ObITOYHOE CO-
JiepsKaHre TITIOKO3bI BBI3bIBAET TOKCHIecKue a(h(eKTh
3a CYET IOBPEK/IEHUST MUTOXOH/IPHIA, a TAKIKE CHUKAET
ayTtoaruio, HarrpaBJIeHHYIO Ha yIaJieHne TIOBPEKIEH-
HBIX OpraHe/ul M TOKCHYHBIX TIPOAYKTOB paciaza Oe-
KOB [42, 51]. Hakomer, BbICOKast KOHIIEHTPAIIUST TJTIO-
KO3BbI B KPOBU MOJKET TIPOBOIUPOBATH OCMOTHYECKHIA
JIAYPE3, TPUBO/IS K YMEHbIIIEHUIO 00beMa IINPKYJIAPY-
IOIIeil KPOBH, TUTIOBOJIEMUH ¥ CHUZKEHHUTO CEPEYHOTO
BeIOpOca [52]. THIIEPOCMOISIPHOCTD TaKKe MOXKET
TIpepacrioyiaraTh K MO3TOBBIM OCIOKHeHUsIM [ 16].

B nHacrosiee BpeMsi HEOOXOAUMOCTb KOPPUTH-
pPOBaTh BBIPAKEHHYIO TUIIEPIIMKEMIIO Y KapAHOXH-
Pypruveckux GOJbHBIX HE BbI3bIBAET COMHEHMIT [53].
[To kosrernasbHOMY MHEHWIO 9KCIIEPTOB BBEJIEHUE
HHCYJINHA, 00eCTIeYnBAoIIee «KEeCTKHiT» KOHTPOJIb
TUTIEPTIINKEMUN B TTOCJIEOTIEPAIIMOHHBIN TIEPUOI, CY-
MIECTBEHHO CHUKAET JIETAIbHOCTD Y 9TON KaTeropuu
60sbHbIX. [ToJTyueHbl TaHHbIE, YTO JOCTHKEHNE HOP-
MOTIJIMKEMUH 32 CYeT WHCYJMHa obecrieunBaet ag-
(hexTuBHyI0 Kapanonporekiuio [54]. Bo Bpemst mia-
HOBOI DeBaCKyJSApU3aIUU MHUOKapaa WHQY3Us
WHCYJIMHA U TJOKO3bl B PEKMMAX, MOJIEPKIBAIO-
IIMX HOPMOTJIMKEMUIO, CHIKAET TTOCTKAPAUOTLIEr -
YEeCKUI MPUPOCT COIEP;KAHMS B KPOBU TPOMOHUHA |
u uHrn6upyer AM@-akTHBUPYeMYtO TIPOTENHKUHA-
3y, Y4TO CBUIETEJIbCTBYET 00 yMEHbBIIECHUH KJETOY-
HbIX 3¢ deKTOB uiemMun [55].

O6cyskmaeTcs ere psii MEXaHI3MOB, 00bSICHS-
omnxX KapauonpoTtektopuble addextor TNMC nan
nacyaunHa. [Ipeanonararot, yto M C BBI3BIBAET aK-
TUBU3AIUIO aHAIJIEPO3uca — MPOMEKYTOUHBIX
(bepMEHTATUBHBIX PEAKIHii, 06ECIIEUNBAOIINX BOC-
CTaHOBJIEHHE JOCTATOYHOTrO IyJa cyOCTpaToB ISt
dyHkIMOHUpOoBaHua K2 Kpebca, W MOBbIIIAET
JIOCTYITHOCTh aMUHOKUCJIOT, HEOOXOAUMBIX JIJIsT
6eJIKOBOTO CHHTe3a B Kapauomuoiurtax [56—57].
YcTaHOBJIEHO, UTO WHTPAOTIEPAIlMOHHOE BBe/eHUE
I'NC ctumynupyer cuHTe3 rOpMOHa U (HaKTOPOB
pocTa IocJjie TJIAHOBON PeBACKYJISIPU3ANH MUO-
kapaa [58]. OTiesnbHbIe HCCEA0BATEH OOBSICHSIOT
yBeJIMYEHHEe CepAeYHOro BhIOpoca B pesyibrare
BBesiennst [MIC ymeHbIieHreM ITOCTHATPY3KH 3a
cUeT CHUXKEHUs nepudeprieckoro cocyIucToro co-
nporusienus [59—60].

Kpome Toro, B 9KcriepuMenTe JI0Ka3aHo, 4TO UH-
CYJIMH TOBBINIAET TOJEPAHTHOCTD KapPHOMHUOIIUTOB K

cussed. It is assumed that the GIM activates
anaplerosis, intermediate enzymatic reactions ensur-
ing the restoration of a sufficient pool of substrates
for the functioning of the Krebs cycle and increases
the availability of amino acids needed for protein
synthesis in cardiomyocytes [56—57]. It has been
established that the intra-operative introduction of
the GIM stimulates the synthesis of hormones and
growth factors after an elective myocardial revascu-
larization [58]. Several studies demonstrated an
increase in cardiac output as a result of the GIM
introduction to decreased afterload due to reduced
peripheral vascular resistance [59—60].

In addition, an experiment demonstrated that
insulin increased cardiomyocytes' tolerance to
ischemia by direct activation of specific intracellular
signaling pathways ensuring preservation of the cell
viability under the effect of different adverse factors
[61—62]. The influence of the GIM on intracellular
signaling pathways, in particular, on those regulating
the functions of mitochondria-associated proteins
has been also demonstrated in clinical trials over
recent years [63]. At that, the direct insulin stimula-
tion of intracellular signaling system regulated by
the O-linked S-N-acetylglucosamine (O-GlcNAc)
[63] was emphasized; the latter is an integral compo-
nent of the system which provides a cellular response
to physiological and pathophysiological stimuli, in
particular, protection against the oxidative stress. In
addition, the ability of O-GlcNAc to regulate the
GLUT system by supporting the transportation of
glucose and providing cellular effects of insulin was
considered.

Relief of the severity of a systemic inflammato-
ry reaction is an important aspect of organ-protec-
tive (in general) and cardioprotective (in particular)
effects of insulin, which is confirmed by a decrease in
blood levels of proinflammatory cytokines [54, 64].
Finally, insulin enhances the phagocytic activity of
neutrophils, thus reducing the risk of infectious com-
plications [65].

Results of clinical studies. A meta-analysis pub-
lished in 2004 and covering data on 468 patients was
the first study with the highest level of evidence
evaluating the GIM effectiveness in cardiosurgical
patients [66]. It demonstrated that the use of the
GIM provides a higher post-perfusion growth of the
cardiac output and a 1.8-fold decrease in the inci-
dence of postoperative ciliary arrhythmia. The
authors noted that only 11 of 35 works dedicated to
the problem carried out in 1970—2002 were suitable
for the analysis.

J.D. Schipke et al. [ 16] explained the small num-
ber of studies with a high level of evidence dedicated
to the GIM clinical effectiveness in cardiac surgery
despite the 40-year experience of its use using a num-
ber of reasons. First of all, in most studies, clinicians
did not perform a proper randomization to study
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UIIEMUH, TIPSIMO aKTUBUPYS Clie(puIecKne BHYTPH-
KJIETOUHBIE CUTHAJIBHBIE IyTH, 00€CIIEUNBAOIINE CO-
XpaHeHHe KU3HECIOCOOHOCTH KJIETOK IPU Pas/Iid-
HBIX TaTOJIOTMYEeCKUX Bo3zeiicTBusix [61-62]. B
riocsteztane rofpl Biusinne ['11C Ha BHyTpUKIIETOUHBIE
CUTHAJbHBIE TIYTH, B YACTHOCTHU, PETYJIUPYIOIIHe
(DYHKIIMU MUTOXOHAPHIA-aCCOIMMPOBAHHBIX OEIKOB
TOJIy9eHbl W B KJIWHWYECKUX HCCIeoBaHMUSAX [63].
[Tpu 5TOM aKIEHTUPYIOT BHUMaHWE HA TMPSIMON CTHU-
MYJISITIAA UTHCYJIMHOM BHYTPUKJIETOYHON CUTHATIBHOM
cucreMbl, perysmpyemoii O-cBsizannbimM [-N-areTu-
riokozamMuHoM (O-GleNAc) [63], koTopslii siBiisieTcst
MHTErPAJbHBIM KOMIIOHEHTOM CHCTEMBbI, 0GecieunBa-
TOIIell KJIeTOYHBIN OTBET Ha (DU3NOJIOTUYecKue 1 Ta-
TO(PU3NOJOTTUECKIE CTUMYJIbI, B YACTHOCTH, 3AIUTY
OT OKCH/IATUBHOTO cTpecca. Kpome Toro, paccMaTpu-
BaioT ciocobrocth O-GleNAc perymuposars crictemy
GLUT, noajep:kuBasi TpaHCIOPT TJIIOKO3bI U 0Gecie-
yuBas KJaeTouHble 3(h(heKThl MHCYIIHA.

BaXHbIM acmeKTOM OpraHoONpPOTEKTOPHBIX, B
1IEJIOM, U KapAMOMPOTEKTOPHBIX, B YaCTHOCTH, Ah-
(exTOoB NHCYIMHA SBJSETCS CHIKEHIE BbIPAKEHHO-
CTU CUCTEMHOU BOCIIATUTENbHOM PEAKIINH, YTO IO -
TBEP)K/IEHO YMEHbBIIEHWEM YPOBHS B KDPOBH
MIPOBOCHAUTENBHBIX IIMTOKUHOB |54, 64 ]. Hakowmerr,
WHCYJIMH TIOBBIINAET (haromuTapHyio aKTUBHOCTD
HEUTPODUIOB, YTO CHUKAET PUCK WMHMDEKITMOHHBIX
ocaoxHenui [65].

Pe3ysbTaThl KIMHUYECKUM UCCIIEI0BaHUI

[lepBbIM McCCTETOBAHMEM C BBICOKUM YPOBHEM
JIOKA3aTeJTbHOCTH, MOCBSIIEHHBIM OIleHKe 2(D(heKTHB-
Hoctu TYIC y kapanoxupypruueckux 6OJIbHBIX, SBUJI-
cs MeTta-aHanus, onyosukoBanHbiil B 2004 T. 1 oxBa-
tuBIHit 468 GobHbIX [66]. B0 yeTaHOBIEHO, UTO
ucnosibzoBarue I'VIC obecrieurBaeT GOJIBIIAI TTOCT-
1epdy3UOHHBIN TPUPOCT CEPAEUHOTO BHIGPOCA ¥ CHU-
skerme B 1,8 pasa 4acToThI OCIE0NEepainoHHON Mep-
[ATEJLHON apuTMUN. ABTOPBI OTMETHJIN, U4TO U3 35
pabot 1o Teme, BoinosHeHHbIX B 1970—2002 rr., moj-
XOJISTIIUMHE JIJIS aHAJIA3a OKA3aJIMCh TOJIbKO 11.

Majioe KoJIM4ecTBO UCCAEOBAHUI C BBICOKUM
YPOBHEM [[OKA3aTETbHOCTH, TTOCBSTEHHBIX KJIMHU-
yeckoil apdextusrocTn TC B Kapamoxupyprum,
HecMOTps Ha Gosiee yeM 40-j1eTHMIT OIBIT ee uc-
nonb3oBanus, J. D. Schipke u coasr. [16] 06bsicru-
Jin psagom npuunH. TIpeskie Bcero, B GOJBIINHCTBE
WCCIeIOBAHWH KJIMHUTIMCTHI HEe BBITTOJTHSIJIN Y€TKOM
PaHIOMU3AIUK TPYIII, YTO JleJlaeT MaJoloKa3a-
TEJLHBIMU TIOJIydeHHbIe pe3yJbraThl. Kpome Toro,
OUYeHb 3HAUMTENHHO BaPbUPOBAJINCH CXEMbl Ha3Ha-
yerns komnonentos I'MIC 1, 0cobeHHO, JO3UPOBKU
nacymrHa: ot 10 Ex no 1 Ex/xr/4 nam 400 En/cyr.
B omHOM M3 mccnenoBanuii O3UPOBKA TIpernapara
nocruria gake 600 Ex B Buze 60ioca ¢ mocaenyo-
et uagysuei ene 600 Ex. OTcyrcTBoBasa cran-
naprusanus aranos BBegeHus: [IC ndysuposann

groups, thus providing poor evidence for the findings.
In addition, the GIM ingredient dosing regimens dif-
fered greatly, especially the insulin dosage: from 10 TU
to 1 TU/kg/h or 400 IU/day. In one study, the dose
was as high as 600 IU as a bolus dosing followed by
an infusion of 600 IU more. There was no standard-
ization of introduction steps: GIM was infused
before, during and/or after the surgery. The patient
population, performed surgical interventions, ECC
and aortic cross-clamping duration, myocardial pro-
tection methods and other characteristics of the
surgeries demonstrated high variability of laboratory
data. Finally, the protocols of the carried out trials
differed significantly. For example, of 38 studies car-
ried out in 1981—2003, creatine phosphokinase-MB
(CPK-MB) was evaluated in 8 (21%), and troponin
I only 3 (8%) studies. All the above factors made it
difficult to analyze the results from the point of view
of the evidence-based medicine.

After that, randomized clinical studies demon-
strated contradictory results. For example, it was
shown that in elective myocardial revascularization
with ECC, an intra-operative GIM introduction
provided the cardioprotective effect in the form of
improved pumping ability of the heart and oxygen
transport optimization after ECC [67]. At that, the
effect was pronounced when high (2 TU /kg per 1 L of
30% glucose solution) and low (32 TU/L of 10% glu-
cose solution) insulin doses were used.

In another study, it was demonstrated that the
intraoperative GIM infusion of (80 TU of insulin in 500
ml of 5% glucose solution) improved the systolic func-
tion of the left ventricle and had no cardioprotective
effect during the elective myocardial revascularization
with ECC in patients with type 2 diabetes [68].

Similarly to the clinical studies, the conclusions
of the meta-analyses performed in 2010—2011 are
contradictory. One of them analyzed data from 20
studies over the period 1978—2006 (2943 patients
who underwent revascularization of the myocardium
with ECC) and showed that the GIM did not affect
the hospital mortality and the incidence of postoper-
ative ciliary arrhythmia. It was concluded that the
GIM should not be prescribed as a standard medical
measure because it produced no positive effect and
no evidence of its safety were obtained [69]. The fea-
ture of this study was the analysis of the endpoints in
the general observation group, which included
patients with and without diabetes, as well as
patients receiving insulin only during cardioplegia.
Of 1498 observations in the GIPM group, 857
patients were treated in 4 studies where insulin at a
dose of 10 TU/L was included in the cardioplegic
solution used during emergency revascularization of
the myocardium. Results of these studies did not
show any benefits of insulin-containing cardioplegia.
It is unlikely that the latter can be characterized as a
full-fledged therapy using GIM.
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MIpeIoNEePAIMOHHO, BO BpeMs WJIU/U TOCJe omnepa-
1. Bosibmioi BapuabesbHOCTHIO OTIMYATICH KOH-
TUHTEHT OOJIbHBIX, BBIIIOJHEHHbBIE OIEPaTUBHBIE
BMeNIaTeTbCTBa, anTenbHocTh VK m mepexatus
A0PTHI, METOJIMKY 3ATUThI MUOKap/a U JAPyrue Xa-
pPaKTepUCTUKH ofeparuii. HakoHel, MPOTOKOJIBI
BBITTOJTHEHHBIX MCCJEIOBAHUN TaKKe CYIIECTBEHHO
otanyanuch. Hampumep, n3 38 nccienoBanuii, BbI-
nosHeHHBIX B 1981—2003 rr., MB-dpakmnuio kpea-
turdochorunass (MB KOK) onennBam B 8 (21%),
a TpornonuH I — Tospko B 3 (8%). Bee aT0 3aK0HO-
MEPHO 3aTPY/IHSIO aHAJINU3 C MO3UITUI JOKA3aTeb-
HOUW MEUTTUHBI.

B nasbHeiinem, paHIOMU3UPOBAHHbBIE KJTHH-
YecKue MCCIe/JOBAHUS IaBaIv TPOTUBOPEYAIie Apyr
Ipyry pesysbratel. Hanpumep, ObLIO TIOKa3aHO, YTO
IIPY TIJTAHOBBIX PEBACKYJISIPU3AIUSX MUOKAp/A B yC-
gousix MK wunTpaonepammonnoe BBenenne [MC
obecrieyrBaeT KapAHOIPOTEKTOPHBINA 3(hdeKT, mpo-
SIBJIIIOIINICS yJIydIlieHreM HaCOCHOH (hyHKITNH orie-
PUPOBAHHOTO CEplla M ONTUMU3AIMEN TPaHCIIOPTa
kuciopoa ocie MK [67]. TIpuuem addexT ObLT BbI-
paskeH TIpU MCTOIb30BaHnM BbICOKNX (2 En/kr B 1 o1
30% pacrBopa rmokosbl) u Huskux (32 Ex/n 10%
pacTBOpa TITIOKO3bI ) I03UPOBOK WHCYJINHA.

B apyrom wuccieoBaHWM aBTOPBI TTOKA3aJIH,
yto nHTpaoneparnonnas nadysus ['MC (80 Ex nn-
cyimna B 500 M1 5% pacTBopa IJIIOKO3bI) He yJIyd-
[1aeT CUCTONUIEKYT0 (DYHKIIHMIO JIEBOTO JKETYA0UKa 1
HE OKa3bIBaeT KapAMOMPOTEKTOPHOTO addeKrTa BO
BpeMsI TJIAHOBOW PEBACKYJSPU3ANNKM MHOKapia ¢
WK y 60omnbHbIX guaderom 1T Tumna [68].

Takske Kak pe3yabTaThl KINHUIECKUX UCCITE0-
BaHWIi, TPOTUBOPEYAT JPYTY BBIBOABI MeTa-aHaJM-
30B, BeIMoTHEHHBIX B 2010—2011 rr. ABTOpBI OTHOTO
13 HUX Ha OCHOBE aHa/IN3a JaHHbIX 20 nccaeoBanmii
3a 1978—2006 rr. (2943 6OJIBHBIX, KOTOPHIM BBIIOJI-
HUJIM PEBACKYJSAPUBAIMIO MUOKap/a B YCJIOBUSIX
UK) moxazanu, uto [MIC He BAMSAET HA TOCTTUTAb-
HYIO JIETAJbHOCTb W YacTOTYy IOCJIEONEePAITMOHHOM
MepIAaTeThHON apuTMUU. Dbl ciiesiaH BBIBOJ, UTO
I'IC ne cienyer Ha3HAUaTh B Ka4eCTBE CTAHAAPTHON
JiedeOHOI MePBI, TaK KaK MOJOKUTENbHBIX 3((HEKTOB
OHa He BBI3BIBAET, a JI0Ka3aTeIbCTBA e He30IIacHOCTH
He morydersl [69]. Oco6eHHOCTSIMHU 9TOTO UCCTEN0-
BaHs ObLJI aHAJI3 KOHEYHBIX TOYEK B 00IIEH IpyIie
HabJIIONEHNH, Kyla OB BKIIOYEHBI GOMbHDBIE Oe3
mabeTa v ¢ HAIMYUEM 3TOTO 3a00JIeBaHNS, a TaKKe
MOJTy4YaBIie WHCYJIUH TOJIBKO BO BPEMsI KapauoILie-
run. W3 1498 nabmonenuii «rpymmbsr TUTKC» 857
GOJIBHBIX OTHOCHJIUCH K 4 paboTaM, B KOTOPBIX HHCY-
sauH B no3e 10 Ex/mn Bxoanst B coctaB Kapauorieri-
YECKOTO PacTBOPA, MCIIOJIH30BAHHOTO BO BPEMS 9KC-
TPEHHBIX PEBACKYJISAPU3ANUI MUOKapaa. ABTOPBI
9TUX KCCJIEOBAHMI HEe BBIIBHJIN KaKUX-JTU0O TIpe-
UMYIIECTB WHCYJTUH-COJEPKAIIell KapAHOIJIETH.
Bpsin nm mocsieHIorn MOXKHO KBaJIU(MUITUPOBATH,
KaK MOJTHOIIeHHY0 Tepanuio ¢ momortisio [NC.

Another meta-analysis examined data from
2113 patients published in 33 studies carried out
over the period from 1977 till 2008. [70]. Patients
with and without diabetes who underwent surgeries
with ECC for the coronary heart disease and valve
defects were enrolled in the studies. The analysis was
performed in both general population and subgroups
(with and without diabetes, before and after 2000,
etc.). The authors identified a number of positive
effects of the GIM: decreased incidence of periopera-
tive myocardial infarctions, decreased intensity of
the inotropic support, better values of postoperative
cardiac index and decreased duration of postopera-
tive mechanical ventilation, and decreased ICU stay.
Favorable effects of the GIM administration were
observed in various subgroups; at that, in patients
with diabetes, they were registered only when a care-
ful control of glycemia was provided.

Another meta-analysis published in 2012 con-
firmed that the GIM reduced the incidence of peri-
operative myocardial infarctions and reduced the
need for inotropic support in patients who under-
went revascularization of the myocardium. At the
same time, postoperative ciliary arrhythmia occured
more frequently in the GIM group [71].

Well-designed clinical studies performed over
recent years demonstrated clear clinical advantages
of the GIM in different categories of cardiosurgical
patients, including those at high risk. GIPM infu-
sions (40 IU of insulin, 500 mL of 10% glucose and
40 meq of KCI at an infusion rate of 1 mL/kg/h)
started 10 hours before the surgery and continued
until removal of the aortic clamp during revascular-
ization of the myocardium in patients with a low left
ventricular ejection fraction provided almost a two-
fold decrease in the postoperative growth of natri-
uretic B-type peptide and a significant reduction of
the postoperative mechanical ventilation [72].
During elective myocardial revascularization of the
myocardium in diabetic patients, the intraoperative
GIM infusion provided a greater of postoperative
stability of the cardiac output, lower incidence of cil-
iary arrhythmia and a better control of glycemia with
less insulin requirements as compared to the refer-
ence group [40]. Satisfactory results were obtained
with GIM in emergency revascularization of the
myocardium without AC. The GIM infusion (325 TU
of insulin, 500 mL of 50% glucose and 80 meq of
potassium at an infusion rate of 0.3 mL/kg/h) in the
intraoperative and early postoperative period after a
multivessel coronary artery bypass graft surgery pro-
vided a significant relief of biochemical signs of
myocardial damage: decreased blood level of MB-
CPK and troponin T [73]. Recently published data
confirming the essential role of hyperglycemia cor-
rection during prescription of the GIM to AMI
patients undergoing coronary bypass surgery
attracted much attention [74]. Based on the
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B npyrom mera-ananuse uzyuuiau panube 2113
6oJbHBIX U3 33 paboT, BbIMoIHeHHBIX B 1977—2008 rr.
[70]. B uccrenosanue Gblin BKIIOUEHBI GOJIBHBIE, OTIe-
puposantbie ¢ VIK 110 moBojty uiiieMudeckoi 6oie3Hu
Cep/IIia 1 KJIATTAHHBIX TIOPOKOB, ¢ AnabeToM i 6e3. Ara-
JI3 BBITIOJTHIUTH KaK B OOIIEN OIS, TAK U B TIO]T-
rpynmnax (¢ auaberom u 6e3, g0 u nocie 2000 roga u
1Ip.). ABTOPBI BBIIBUJIN TIEJIBIH PSIZT TIOTOKUTETHbHBIX
apdexroB TMC: cHIZKEHME YaCTOTHI TEPUOTIEPATTTOH-
HBIX MH(MAPKTOB MUOKap/a, YMEHbIIIEHUE WHTEHCHB-
HOCTH WHOTPOITHOH TOIEPIKKH, JIYUIe 3HAUeHs
110CJIE0IIEPALIMOHHOIO CepleuHOoro UHeKca U yKOpo-
YeHue TUTETbHOCTH MOCTEOTIEPAIIMOHHOTO TPebhIBa-
HUS B OT/IeJICHUA WHTEHCUBHOI Tepanuu. biaromnpu-
aTHble TocsencTBus BBeaeHuss [MIC mposasasauch B
PasJIMYHBIX HOATPYINAX, IprHYeM Yy GOJbHBIX auade-
TOM WX DErHCTPUPOBAIN TONBKO TOTAA, KOTAAQ OLLT
obecTieyer TIATeTLHBIN KOHTPOITh TIIMKEMHH.

Emte oxnm Mera-amanms, omyOINKOBAaHHBIN B
2012 r.,, moarBepani, uto 'MC cHmzkaeT 9acToTy re-
PHONEepaOHHBIX MHGAPKTOB MHOKapAa W yMeHb-
MmaeT TOTPeOGHOCTHh B WHOTPOTHON TOANEPIKKE Y
GOJBHBIX, KOTOPBIM BBITIOJHSIOT PEBACKYJISPU3AIIAIO
Muokap/a. Bmecrte ¢ Tem, B «rpymme ['TIC» vare pe-
THCTPUPOBATIH TTOCIIEOTIEPAIINOHHEYT0 MepIaTeIbHYTO
apurmuio [71].

B mociieHIIe TOABI BBITTOTHEHO HECKOJIBKO XO-
POITIO OPTaHW30BAHHBIX KJIMHWYECKUX HCCIET0Ba-
HU, TPOJIEMOHCTPUPOBABIITUX OTUETIUBBIE KITIHH-
yeckne npenmymiectBa [MIC y pasubix karteropuii
KapANOXUPYPTIHIECKUX GOTBHBIX, B TOM YHCIIE BBICO-
koro pucka. Uudysus TMKC (40 Ex uncynuna, 500
i 10% rmokoser u 40 MmIks KCl co ckopoctbio 1
MJI/KT/q), KoTopyto HaunHaau 3a 10 4 1o oneparun
1 TIPOJIOJIKAJIH /IO CHATHS 3aKMMa C aOPTHI, TIPH pe-
BACKYJISIPU3IIUN MHUOKapiia y OGOJbHLIX € HU3KOI
(bpakimeit n3rHaHNS JIEBOTO JKEMYA0UKA OOecTIednia
MPaKTUYeCKN BYKPAaTHOE CHIDKEHHe IIocJeornepa-
IIMOHHOTO TPUPOCTAa HATPUHYPETUIECKOTO MeNTH/Ia
B-tuma u cymecTBeHHOe yKOpOYeHHe Iocaeorepa-
nuonnoit VIBJI [72]. Ilpu BbllojHeHUU ILIaHOBOM
PEBACKYIAPU3AIINN MHUOKapAa OONLHBIM AuabeToM
nnaTpaonepannonnasg nHdysusa [MIC B cpaBHeHNN C
KOHTPOJIBHON TpyImoil obecreunsia OOJIBIIYIO T10-
CJTEOTIEPATTNOHHYIO CTaOUIBHOCTD CEPIETHOTO BBI-
6poca, MEHBIITYIO YACTOTY MEPIATETHHON APUTMU 1
JIydIIui KOHTPOJIb TTHKEMUH € MEHBIITEN moTpeGHO-
crblo B uncyiune [40]. Bronne yaosieTBoputesib-
HbIH pesyssraT nosyder ot npumenenus I'IC npu
9KCTPEHHBIX PEBACKY IIpU3ANusIx Muokapa 6e3 K.
Wudysus TUC (325 Ex urcynuna, 500 mu 50% ririo-
k036l 1 80 MOKB Kasust co ckopocThio 0,3 Mi1/Kr/4) B
WHTPAOTIEPAIIMOHHBI W PAaHHUH ITOCJIeoneparuon-
HBIH MEPUOJl MHOTOCOCYIUCTBIX KOPOHAPHBIX IIMyH-
THPOBAHU# 0GECTIEUNIIA CYIECTBEHHOE YMEHBITIEHTE
OGUOXNMUYECKUX TTPUBHAKOB MOBPEKIECHNST MUOKAP-
na — cumwkenne yposers B kposu MB KOK u tpo-
nouuna T [73]. Boubioil unTepec npejacraBuIn He-

immunohistochemical study of stem cells, myocytes
precursors and proliferation markers in myocardial
bioptates obtained from the peri-infarction area dur-
ing the surgery, the authors found that a «rigid» con-
trol of glycemia provided the best regenerative
potential of the cardiac muscle after the infarction.

Adjuvant cardioprotection in the surgical
treatment of patients with severe myocardial hyper-
trophy is an individual aspect of the GIM application
in cardiac surgery. In 2011, results of a randomized
clinical trial of clinical and metabolic effects of the
perioperative GIM introduction in the surgical
treatment of aortic stenosis were published [63].
After examination of 217 patients randomized in 2
groups the authors found that the GIPM reduces the
incidence of low cardiac output episodes after aortic
valve replacement by more than 3-fold; it also signif-
icantly reduces the need for inotropic medications.
This study confirmed the assumption about the
potential effectiveness of the GIPM in the surgical
treatment of aortic stenosis published in early 1980s.
Then it was shown that increased sensitivity to
insulin and high glucose utilization regressing after
aortic valve replacement was typical for patients
with myocardial hypertrophy [75—76]. The authors
interpreted the obtained data as manifestations of
metabolic heart adaptation which created a basis for
prescription of the GIPM in the perioperative peri-
od. Modern researchers [63] suggest the involve-
ment of the cardioprotection mechanism provided
by O-GlcNAc. The latter affects the function of the
mitochondria-associated proteins that increase car-
diomyocyte resistance to ischemia-reperfusion, stim-
ulates the transport of glucose through the GLUT
system, etc. [77, 78].

Conclusion

Threrfore, there is a more than 50-year experi-
ence in the use of GIM (GIPM) as a cardioprotective
measure. Large number of randomized clinical trials
and meta-analyses carried out over the recent years
allows to consider the use of GIM (GIPM) in cardiac
surgery and pre-admission intensive treatment of
AMI as a clinically effective preventive measure
which can be prescribed at a clinician's discretion.
However, the use of GIM (GIPM) cannot be consid-
ered a routine and standardized technique of adju-
vant cardioprotection so far. Recently, the interest to
the therapeutic and preventive use of the GIM
(GIPM) in both emergency cardiology and cardiac
surgery has been revived. Further research in this
field is undoubtedly reasonable.

JIABHO OITyOJMKOBAaHHbIE JaHHbIE, TOATBEPIKIAIOIIIE
BKHEHIIYIO POJIb KOPPEKIINH TUTIEPTIINKEMUN TIPU
naznaderny [YIC 6oababim OVIM, KOTOPBIM BBIILOJI-
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HSIOT KOpoHapHoe myHTHupoBanne [74]. Ha ocroBa-
HUU TUCTOXMUMWYECKOTO M3yUEHUSI CTBOJIOBBIX KJie-
TOK — MPEAINIeCTBEHHUKOB MUOITUTOB U MapKepOB
nposndepaiu B OHONTaTaX MUOKap/a, MOJIyYeH-
HBIX BO BpeMs oTiepalinii u3 mepunH(apKTHON 30HbI,
ABTOPBI YCTAHOBUJIN, UTO <KECTKUIT» KOHTPOJb TJIH-
KeMu# 0GecriedrnBaeT JIyUIlnil pereHepaTBHBbIA 110-
TeHITHAJI CEPIeYHON MBITIIIIEI, TIepeHecTell MHpapKT.

OtnenpHbIM acriekToM ucnonb3oBarus [IC B
KapAMOXUPYPTUU SIBJISIETCS AIBIOBAaHTHAS Kap/auo-
MPOTEKITUS TIPH XUPYPIUUECKOM JiedeHUH OOJIBHBIX €
BbIpa)KeHHOU Turneprpodueii Muokapaa. B 2011 r.
OIyOIMKOBaHbI Pe3YJIBTaThl PAHIOMU3UPOBAHHOTO
KJIMHUYIECKOTO MCCJIEIOBAHNS KIMHUYECKIX U MeTa-
6osmuecknx a(hMOEKTOB MEPUONIEPAIIMOHHOTO BBEJIE-
vy [VIC mpu XupypruueckoM JiedeHun a0pTaTbHOTO
crerosa [63]. B pesyJbrare obcaenoBanust 217 60J1b-
HBIX, PAHIOMU3UPOBAHHBIX HA 2 TPYIIIIBI, aBTOPBI yC-
tanoBuan, 4o TMTKC Gosee, uem B 3 pasa cHuKaeT
YaCTOTY BIU30/I0B HU3KOTO CEPAECYHOTO BhIGpOCA T10-
cJie TIPOTE3NPOBAHMS a0PTAIBLHOTO KJIAMaHa, a TaKKe
3HAUMMO YMEHbIIaeT MOTPEOHOCTh B WHOTPOITHBIX
mpernaparax. dTO MCCIeIOBaHUE MOITBEPAUIIO TIPe-
MOJI0’KeHNne O TOTeHNHaIbHONW 3(h(heKTUBHOCTH
ITMKC mpu xupyprudeckoM JedeHUH aopTajbHOTO
CTeHO03a, BbICKazaHHoe ere B Hauase 1980-x romos.
Tora 6bLIO TTOKA3aHO, YTO /it GOJIBHBIX ¢ TUIIEPTPO-
(bueit MroKapa XapakTepHbI MOBBIIIEHHAS TYBCTBH-
TEJIBHOCTh K WHCYJIUHY U BBICOKAsT YTHJIU3AIIUHN TJIIO-
KO3bl, perpeccupyiolire TIOocjae  aopTaTbHOTO
npore3upoBanusi [75—76]. ABTOPbI TPAKTOBAJIH T10-
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JIyY4eHHBIE JTaHHBIE KaK MTPOSIBJICHUSA METabOTNIECKON
aJIaTITalliy Ceplla, CO3JAoIiell OCHOBAaHUS IS aK-
tuBHOrO HazHaueHus1 [VMIKC B nHTpaonepannoHHbIii
nepuoza. CoBpemeHHbIe HccsenoBaTesn [63] mpesmro-
JIATAIOT PEATM3AINI0 MEXaHNU3Ma KapIHOMPOTEKIINH,
obecrieunBaemoro O-GleNAc. TTocentuii Bivsier Ha
(DYHKIIUE MUTOXOHAPHUH-aCCOIMMPOBAHHBIX OEJIKOB,
MOBBITIAIOINX YCTOWYMBOCTh KapAMOMUOITUTOB K
unieMun-pernepdysun, CTUMYJIUPYeT TPAHCIIOPT TJII0-
ko036l uepe3 cuctemy GLUT u ap. [77, 78].

3akjoyeHue

Ompit ncnonpzoBanus [MC (IT'MKC) B kavect-
Be KapAMONOTEKTOPHON Mepbl HAacUUTHIBAET OoJjiee
50 ser. 3HaymMTebHAS YACTD BBIMTOJHEHHBIX 32 T10-
cJieTHUe TOJbI PAHAOMU3UPOBAHHBIX KJIMHUYECKUX
UCCTIEIOBAaHUI U MeTa-aHAJIN30B JlaeT OCHOBAHUS
cuutath npuMeHenne [IC (TUKC) Bo Bpems kap-
JIMOXUPYPTUYECKIX OTEPAINii, 2 BO3MOKHO W Ha JIO-
TOCTIUTAJIBHOM 3Talle MHTeHCUBHOTO JeueHnst OVIM,
KJInHIYeCKH 3(h(MEKTUBHON JiedueOHO-TIPOdDUIaKTH-
YEeCKOI MepOI 1 JITaeT OCHOBAHMS HAa3HAYaTh ee 110 yC-
MOTPEHUIO KJIWHUIIUCTOB. TeM He MeHee, pUMeHe-
nue [MC (TUKC) no HacTos1ero BpeMeH! HeJb3st
CUMTATh PYTUHHOM W CTaHIAPTU30BAHHON MeEpOii
AIbIOBAHTHOM Kap/uornporekinuu. Bmecre ¢ Tem, B
MOCJIE/IHAE TO/IBI OTMEUYAEeTCs OTYETJIUBBIH BO3pat
HHTEpeca K J1edeOHO-TTPOPUIAKTHIECKOMY HCIIOJIb-
3oBanuio [MC (I'MKC) kak B axcTpeHHOI Kapano-
JIOTUH, TaK U B Kapauoxupypruu. HecomHeHHo, 1e-
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