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Jluceprariss TpuUCBSYEHA MIABUINEHHIO epeKTuBHOCTI iHTeHCcHBHOI Tepamii (IT)
XBOPHX 3 TOCTPOIO 1epedpanbHoro HepocTaTtHIicTO (I'HH) muissxom BU3HAYEHHS, KOPEKITIi 1
MPOTHO3YBAaHHA PHU3UKY PO3BUTKY KIIHIKO-MIATOTEHETUYHUX  peakiliii  HEepBOBOI,
racTpOIHTECTUHAJIIBHOI ~ CUCTEM, IMYHHMX Ta METa0OJMIYHUX 3MiH, BUKJIMKAHUX
MOPYIIECHHSIM TOMEOCTa3y IIUHKY.

HaykoBa HOBHM3HAa pOOOTHM BU3HAYAETHCA BIEPIIC BUABJICHUMU  KIIHIKO-
MeTa00JIIYHUMHU OCOOIMBOCTSIMU TOMEOCTA3y LMHKY, iX 3B’ A3KaMU Ta PO3POOJICHUMH Ha iX
ocHoBi nuisixamu ontumizanii IT y mamientiB 13 I'IIH. I[lpaktuune 3HaueHHs pobotu
MOJISITa€ 'y 3aIPOIIOHOBAHUX MapKepax AIarHOCTHKH, MPOTHO3YBaHHS PO3BUTKY AEPIIUTY
1MHKY Ta Horo xopexkiii B IT nmamienTis 13 I'L{H.

[IpoananizoBano 94 Bumaaku opraxizauii IT B mamientiB 13 ['TIH 1 BuxigHOIO
rinonuukeMiero. JluzaitH  JmociimpkeHHsT — KJIHIYHE 3wmimaHe (oOcepBariiiHe Ta
MPOCTIEKTUBHE KOHTPOJIbOBAHE) KOTOPTHE JIBOXETamHe  jgochimpkeHHs: [ eram -
BU3HAYECHHS KIIIHIKO-MATOT€HETUYHUX PEAKIid HEPBOBOI, raCTPOIHTECTUHAIBLHOI CUCTEM,
IMyHHUX, METa0OJIYHUX 3MiH, BHUKJIUKAHUX TOPYIICHHSIM TOMEOCTa3y IMHKY Ta ix
B3aeMHUX 3B’s3KiB; Il eram - oOrpyHTyBanHsa 3axomaiB onrtuMizaiii [T, cipsMoBanux Ha
KOPEKIIIIO KIIIHIKO-MIATOT€HETUYHUX 3MiH, BUKJIMKAHUX MOPYUIEHHSMU TOMEOCTa3y LIUHKY,
OIliHKa X e(EKTUBHOCTI Ta PO3pOOKAa METOIWKH MPOTHO3YBAHHS PHU3UKY PO3BUTKY
nedIUTy [UHKY.

Ha [eram pgocimigKeHHS BCTAHOBJIEHO BHCOKY YAaCTOTy PEECTpallii KIIHIYHHUX
nposiiB Aedinuty uuHky. Ha 1-y noOy cnocrepexenns B 71% BumaakiB KOHCTaTOBAHO
MO3UTUBHUI TecT Ha BumnaAiHas Bosoccs (Pull-tecr) 31 3nadennsm 8 (6; 10) m. (p<0,001

BIJIHOCHO KOHTPOJIbHUX 3HAuU€Hb), Y 52% - Kcepos, y 46% - nelikoHixii, y 38% - TJIOCHT.



[Iporsirom 7 ni06 yacrota peecrtpaiii nosutuBHoro Pull-tecty 3pocna no 87%, a
nerkoHixii - 1o 63%. PiBeHb HMHKY KpoBi mpoTarom 7 ai0 3anuimiaBcs HU3bKUM Yy 80%
naiieHTiB 1 OyB B 1,14 pa3u HWKYUM BiJ KOHTPOJBHOTO 3HA4YEHHS, MO cTaHOBWiIO 11,4
(9,6; 12,6) mxmonb/n (p=0,002). Huzpkoro Oyja aKTUBHICTh HIMHK-BMICHOTO (hepPMEHTY
cynepokcumaucmyTasu (COJl) y 100% marmienTiB, sika Ha 1-y 100y croctepexxeHHs Oyia B
5,5 pa3u MeHIIO 3a KOHTPOIbHI 3HadeHH: 1 csarana 0,02 (0,01; 0,03) On/mia (p<0,001), a
Ha 7-y 700y CHOCTepeKEHHS 3aluianacs Hu3bKkor y 96% Bunajakis, 1o O0yno B 3,66 pasu
HIDKYMM 332 KOHTPOJIbHI 3HaueHHs U cranoBwio 0,03 (0,02; 0,05) On/mn (p<0,001). V
100% mnartieHTiB Ha 1-y 7100y CIIOCTEPEKEHHSI HUKYUM BIJIHOCHO KOHTPOJHHUX 3HAUYCHDb B
1,76 pa3u, no 244 (193; 286) mxmounn/n (p<0,001), OyB piBeHb TpaHCHOpTEpa LIUHKY Ta
CKJIaJIOBOI aHTHMOKCHUJAHTHOTrO 3axucty — TiojoBux cnoiyk (TC) kposi. Ha 7-y moOy
croctepexxeHHsi BiH OyB MeHmuM B 1,54 paza, go 279 (206; 350) mxmonw/1, y 93%
BunajkiB (p<0,001). ITpu ribomy Bimmiueni 3B’ s13ku piBHS TC 3 aktuBHicTio COJl (R=0,4;
p<0,037).

Ha 1-y noOy cnoctepexeHHsi BCTAHOBJIEHI 3B’SI3KU: TIMOIMHKEMII 3 JETAIbHICTIO
narientiB (R=-0,35; p<0,001), 3aransHor0 TpuBaiicTio rocmitaiizaiii (R=0,34; p<0,001),
tpuBamictio IT (R=0,23; p=0,022); axtuBHocTi COJ[ 13 3arajJibHOO TPUBATICTIO
rocmitamzamii  (R=0,55; p<0,001), tpuBamicrio IT (R=0,36; p=0,041), TsKKICTIO
ractpoinTtectuHanbHoi HemoctaTtHocTi (I'TH) (R=0,37; p=0,038), TOKKICTIO CTaHy
(R=0,41; p=0,021); piBas TC 13 HasABHICTIO O3HAaK CHHAPOMY CHCTEMHOI 3alaJbHOI
BianoBiai (CC3B) (R=0,42; p=0,016). Ha 7-y 100y ciocTepe:keHHsI BCTAHOBJIEHI 3B’ SI3KU:
IIJIBUIIICHHS BMICTY ITMHKY 31 3MEHILIICHHSIM TEPMIHIB 3arajibHoi rocmitamizarii (R=-0,69;
p=0,027); BMICTY IMHKY 3 JIWHAMIKOI TSDKKOCTI TOCTPOTO IOPYIICHHS MO3KOBOI'O
kpoBooOiry (R=-0,33; p=0,024); aktuBHocTi CO/] 3 1TMHaMIKOIO OIIHKU PiBHS CBIIOMOCTI
(R=0,39; p=0,039) i Tsoxkictio I'TH (R=-0,55; p<0,001); piBast TC i3 qMHAMIKOIO OILIHKH
piBHs cBimoMocti (R=0,44; p=0,019).

Mop@domnoriyni  ITOCHIPKEHHS B TOMEpPJUX TNAIE€HTIB  MPOJEMOHCTPYBaIu
CTEPEOTUITHICTh MATOJOTIYHUX 3MIH Yy 30HI LEpeOpabHOTO YpaKE€HHS, IHTAKTHOMY
rinokammi ¥ TOHKIMA kumil. [[i 3MiHM CBITUMIM TMPO PO3TaaAM KPOBOOOIry, MOYATKOBI

O3HAKHM 3amajeHHs, BaXKi IUCTPOIYHI 3MIHU 3 O3HAKAMHU HEKPO3Y, HAOPSIK MapriHAIbHUX



30H 3 TOJAJBUIMM 3MEHIICHHSIM HaOpsKy, ajie MpOTPEeCcyBaHHSAM HEOOOPOTHHUX
HEKPOTUYHUX 3MIH 3 OpTraHi3aiiero oOMEXEHHs 30HU IepeOpaIbHOro ypaxkeHHs. Takox
MaJia MiCIle TIMOIMHKIICTIS, SIKa CIIOCTEPIraeThCs B 30H1 IepeOpatbHOTro ypaxkeHHs y 86%
BumnajkiB (18/21), B inTakTHOMY rinokamii - y 95% Bunaakis (20/21), y TOHKIN KU1 — Y
100% Bumanxis (21/21) 31 3HWKEHHSM BMICTY IMHKY BiJITHOCHO KOHTPOJHHHUX MOKA3HHKIB.
VY 30H1 nepebpanpHoro ypakeHHs B 1,82 pasm, mo 66 (35; 107) mr/r (p=0,009); B
1HTaKTHOMY Tinokammi — y 3,75 pasu, 1o 64 (46; 104) mxr/r (p<0,001); y CcTiHIII TOHKOI
kumka — y 5,84 paswu, 1o 73 (55; 101) mxr/r (p<0,001). 11i 3MiHK € B3a€MHOTIOB’ SI3aHHMH,
a caMe: y TOHKIHM kuiimi ¥ 30H1 nepedpanbHoro ypaxkenus (R=0,57; p=0,007), y ToHkiii
Kuii Ta iHTakTHoMy rinokammi (R=0,43; p=0,045), B iHTaKTHOMY TilMOKammi ¥ 30H1
uepebpansHoro ypaxenus (R=0,59; p=0,026). Kpim Toro, 6ysi0 BCTaHOBJIEHO 3HAYUMUA
3B’S130K BIDKMBAEMOCTI TAIlIEHTIB Ha paHHIX eTamax rocmitajiizallii 13 BMICTOM LIMHKY B
TKaHWHAX KHUIIKIBHHUKA: TpoTsroM 1-i qobu mikyBanHs (R=0,62, p=0,022) 1 go 3-i qobu
nikyBanHs (R=0,61, p=0,003).

VY 100% mnarmientis  (32/32) BiAMIYEHO MIJABUINEHHS aKTHUBHOCTI HEWPOH-
cneuudiynoi enonazu (HCE) y 3,71 pasu, no 30 (18,3; 44,9) Mkr/ma, BiAHOCHO
KOHTPOJILHOTO 3HauYeHHsS Ha 1-y mo0y crmoctepexenns (p<0,001) i B 3,54 pasu, mo 28,6
(22,1; 61,9) mkr/m, Ha 7-y noOy cmnocrepexenns (p<0,001). BcraHoBieHa HasBHICTH
OpPraHIYHOTO YPaKEHHS CIU30BOi OOOJOHKM IUIYHKOBO-KHIIKOBOTO TPakKTy 3a pIBHEM
iHTecTHHANBHOTO Oinka, 1mo 3B’sa3ye skupHi kuciotd (IB3XK). Ha 1-y mo0y
CIIOCTEPEKEHHS MOro piBeHb y KpOBI OyB BUIIMM 32 MOKa3HUKH 310pOBHUX 0Cc10 y 7,1 pa3u
B 100% mnamienTiB (15/15), i cknanas 436 (326; 480) nir/mia Ha 1-y i 456 (352; 598) nir/mn
Ha 7-y 100y crioctepexxenns (p<0,001).

[TporeMOHCTPOBaHO 3HAYMME 30UIBIICHHST KOHIICHTpaIlii iHnTepielikiny-1p (IL-1P) B
kposi naienTiB 13 I'IIH. Ha 7-y 100y cnoctepekeHHsI BMICT IbOT'O LUTOKIHY 301IbIIUBCS
BIJIHOCHO KOHTPOJBHUX 3HaueHb y 3,69 pasu, no 7,75 (4,74; 12,3) nr/mi, 1 6yB BUIIUM Y
100% oOctexxenux narieHTis (28/28) (p<0,001).

3a nmaHnuMu KapaioiHTepBajorpadii BCTAHOBJICHO MPHUTHIYEHHS TyMOPaJIbHOTO
KaHaJly BEreTaTUBHOI peryJsisiuii Ha 1-y go0y crnocrepesxeHHs B 71% Bunaakis (24/34) 3a

MOKa3HUKOM MOIHU, sSikuid B 1,2 pa3u OyB MEHIIMM BiJl KOHTPOJHHOTO 3HAYCHHS Ta



craroBuB 0,61 (0,52-0,72) c. Takox BigMIYe€HO 3MEHIIEHHS (PYHKI[IOHAIHLHOI HAIPYTH Ha
7-y o0y crnoctepexxeHHsa B 78% BumnankiB (14/18) 3a moka3HUKOM I1HAEKCY HANpyru y
2,03 pa3u MEHIIIUM BiJl KOHTPOJILHOTO 3HaUYeHHS 110 85,6 (32,2-161) ym. og.
Kopensmiitauii aHami3 103BOJIMB BUSABUTH YUCIICHHI 3HAYMMI 3B’SI3KH, SIKI BKa3yIOTh
HA y4acTh IIMHK-3AJIEKHUX PeaKiiil y (opMyBaHHI MaTOr€HETUYHUX MEXaHI3MiB mepeoiry
['H. i 3B’53kK IPOAEMOHCTPYBAIN HASIBHICTH JBOX MailXke OKPEMHUX MaTOT€HETHYHUX
JIAHOK, 3BOPOTHO noeaHaHux jumie Ha piBHI « HCE-TCy. Ilepiia 3 HuX — MHK 1 OB’ sA3aH1
3 HUM CTPYKTypHO 4n/i MeTabomiuno ¢pepmernt CO/l, antnokcugant TC i 3pocratounii Ha
i1 3HwkeHHs piBHA TC nposzanansuuit IL-1P. [Ipyra — akTuBalis CUMIOATUKOTOHII, siKa
MPU3BOJUTh 110 PO3BUTKY KiIiHIYHUX o3Hak ['TH 1 ypakeHHs cin30BOi OOOJIOHKH
ITUTYHKOBO-KHIIIKOBOTO TPAKTY, IO OE3MMOCEPEIHBO MOB’SI3aHO0 3 BHPA3HICTIO OPTaHIYHOTO
nepedpanpHOro ypakeHHs. L{i 1aHi Bka3yroTh Ha HasABHICTH 1 BIUTMBOBICTh META0OJIYHOI
JIAHKU KUIIIKOBO-MO3KOBOT BICI.
PesynbraTu 1 eramy mocnikeHHsS JOBEIU JOUUIBHICTh onTumizailii TakTuku [T
JUISL KOPEKIIi MMHK-3JISKHUX peakiiil y namienTiB 13 I'LIH Ha T11 BUXiaHOT TinomuHKeMIi
MPU3HAYEHHSIM MpenapaTty IUHKY (UMHKY cynb(paTy MOHOTIApATy) Ta JOHAaTopa
CyIb(PriIpIbHUX TPy (aUeTUIIUCTEIHY). BrumB Takoi kopekiii Ha 7-y 100y BITHOCHO
TpaguuiiiHoi TakTuku IT crnocrepexeHHs OyB Bu3HaueHuwii Ha Il erami mocmimkeHHs.
BceranosneHo, mo ydacrora no3utuBHoro Pull-tecty ckmanmana 61% (17/28) npotu 87%
(26/30) 3a tpamumiiinoi IT, a fioro abCOIIOTHI 3HAYEHHS HAOIMIKAIUCS IO TMOKAa3HHKA B
MpakTU4HO 3710poBuX ocid (p=0,11), yoro He BimOynocs mia yac Tpanuiiitnoi IT. Bmict
IIMHKY KpoBi 3a ontumizoBanoi IT cknaB 12,4 (11,2; 15) mxmons/n ipotu 11,4 (9,6; 12,6)
MKMOJIb/ 3a Tpamumiiaoi IT (p=0,027). Boanouac, 3a ymoBu ontumizoBaHoi IT y 46%
(15/33) xoHLEHTpAIlis IUHKY KPOB1 MEPEBUILINAIIA HIXKHIO MEXY (P1310JIOTTYHOTO 3HAYCHHS,
y Toi 4dac sik 3a TpammmiiiHoi IT Takmx BumangkiB Oymno smume 20% (6/30) (p=0,032).
Jlunamika BMICTY IIMHKY KpoBI 3a onTuMizoBaHoi IT ckmana 3,45 (2,29; 4,59) mkmoub/i,
o0 OyJ10 JOCTOBIPHO OUIBIIKMM, HiX 3a TpamuiiiHoi [T, ae neit nokasHuk craHOBUB 2,48
(0,88; 3,17) mxmoaw/n (p=0,006). AxtuBHicTh COJI kpoBi 3a ontumizoBaHoi IT
croctepexkenns ckiana 0,04 (0,03; 0,05) Ox/mn nporu 0,03 (0,02; 0,05) On/mn 3a
tpaautiitnoi IT (p=0,018). Bmict TC xposi 3a ontumizoBanoi IT ckmaB 368 (275; 456)



MKMOJIB/ TipoTu 279 (206; 350) mxmounb/n 3a tpaaumiitHoi IT (p=0,004) 1 mocsr piBHs
KOHTpOJIbHOTO Toka3Huka (P=0,063). ¥ 31% narmienTis (9/29) 3a ymoB ontumizoBanoi IT i
muiie B 7% mamienTiB (2/28) 3a ymoBu tpaauuiinoi IT Bmict TC gocar ¢izionoriaHoro
piBus (p=0,022). Bmict HCE kpogi 3a ontumizoBanoi IT 0yB HuxumMm 1 ckinas 22,2 (16,5;
30,7) mxr/n mpotu 28,6 (22,1; 61,9) mxr/n 3a tpaaumiitaoi IT (p<0,001). Bmict IB3XKK
KpoBi 3a ontumizoBanoi IT O6yB HmwkuuM 1 ckiaB 294 (234; 342) nr/ma npotu 456 (352;
598) nir/mn 3a tpamuniiHoi IT (p=0,002). Bmict IL-1B kpoBi Ha 7-y 100y ciocTepe:KeHHS
3a ymoB onTtuMizoBaHoi [T Takoxx OyB Hk4mMM 1 ckiaB 6,9 (5,47; 8,29) nr/mn npotu 7,75
(4,74; 12,3) nr/mn 3a tpamuuiiinoi IT (p=0,031). 3BepHynu Ha cebe yBary 3B s3KH
penaykmii nuHamiku |L-1B 31 30uemenusm BMmicty TC (R=0,52; p=0,006), ixHbOIO
no3uTuBHOO AuHaMikoi0 (R=0,49; p=0,012) 1 3menmennsm BMmicty IB3XK (R=0,54;
p=0,038).

3a ymoBu onTumizoBaHoi [T BIZHOCHO TpaaMIIHOT TaKTUKH OUIBII YacTo
3ycTpiuajacd AvHaMiKa 3MeHIeHHs BupasHocTi nposiBiB I'IH y 64% Bumnankis (18/28)
(p=0,009), a Takoxx OyJU 3HAYMMO BUIIUMU IAHCH OTPUMATH 3HUIKEHHS OLIIHKU CTYIICHS
I'H (OR=4,2 (95%CI [1,4; 12,6]); OibIm Bupa3HOO OyJia JUHAMIKA 3MEHIICHHS TSHDKKOCTI
CTaHy NAIl€HTIB, sKa 3MeHIImIach y 76% sunaznkis (22/29) (p=0,045), npu oMy maHcu
JOCATHYTH 3MEHIIICHHS TSOKKOCTI ctany Oyym 3HaunMo Bunumu (OR=3,43 (95%CI [1,03;
9,55]); BCTaHOBJIEHA CTATHCTUYHO 3HAYMMAa PI3HHUI B 3MEHIICHHI YacTOTH pPEECTparlii
o3nak CC3B y 45% sumankis (13/29) (p=0,035) 3 BummMu maHcaMu 0 perpecii o3Hak
CC3B (OR=3,58 (95%CI [1,06; 12,06]); 3MeHIIIEHHS TSHKKOCTI 1HCYJIBbTY BiOysocs B 73%
Bumankax (16/22) (p=0,034), a maHcKH AOCATHYTH 3MEHIIEHHS HOTO TSHKKOCTI Oyiu
sutiumu (OR=3,73 (95%CI [1,08; 12,91]).

OTpumani pe3yJIbTaTh JOCIIHKEHHS HaAalld MOXKIIMBICTh PO3POOUTH MPOTHOCTUYHY
MOJIeJIb BU3HAUEHHSI PU3HUKY PO3BUTKY Aedinuty umHKy y mamientiB 13 I'IIH B ymoBax IT
METOJIOM PO3paxyHKy HOPMOBAaHWX IHTEHCHBHHMX ITOKa3HHUKIB, sKa IPOJACMOHCTpyBaja
BHCOKI TMOKa3HMKU J1arHOCTUYHOI YYTJIMBOCTI, crerudiuHocTi 1 TouHocTi (Se=52,6%;
Sp=93,8%; Ac=64,8% BiIMOBIAHO).

OTxe, MpoBeIeHE JOCHIIKEHHST BCTaHOBWIO y marlienTiB 13 ['T[H Ha Tii BuxigHOT

TINOIMHKEMIT HasIBHICTh BUCOKOI YaCTOTH peeCTpariii KJIHIYHUX TPOsBIB AeDIIUTY [HUHKY,



30€peKEeHHS TIMOIMHKEMIT TTPOTsAToM 7 110, HU3bKy akTuBHICTH COJl, 3HM)KEHUN piBEHb
TC xpoBi, 3B’3KH META0OJIYHUX IMHK-3AJICKHUX MOKAa3HUKIB 3 JICTAJIBHICTIO TMAIlIEHTIB,
TpHUBANICTIO rocmitatizaiii, TsokkicTio ['TH. BectanoBneno crepeotunsi maromopdoioriusi
3MIHHU B 30H1 LIepeOPATHLHOTO YPKEHHS, IHTAKTHOMY T1MOKaMIIl i TOHKIM KUl Y BUTJISI1
O3HaK poO3MaJaiB KpOBOOOIry, 3amajeHHsA, IUCTpo(dii Ta HASIBHICTD Y JOCIIHKEHHUX
TKaHWHAX TINONMHKIICTII, IO € B3a€MOIOB’SI3HMM, 1 Ma€ 3HAYUMHUH 3B’SI30K 13
BIKMBAHHSIM TAI[IEHTIB Yepe3 BMICT IIMHKY B TKAHWHAX KUILIKIBHUKA. JIOBEIEHO B3a€EMHMUIA
3B’S30K MAaTOTEHETUYHHUX 3MiH 3 OOKy HEpBOBOI, TacCTPOIHTECTHHAIBHOI CHUCTEM 1
MOPYIICHHSIM TOMEOCTa3y IIUHKY K Ha PIBHI HEMPO-BEreTaTUBHUX PEAKIlli, Tak 1 Ha PiBHI
MeTa0OJIIYHUX [MHK-3aJeKHUX peakiii. OOrpyHroBani 3axonu ontumizamii IT 3
BUKOPUCTAHHSAM TMperapaTy IHUHKY, JOoHATopa CyJb(riIpribHHX TPyl Ta JOBEICHA iX
edeKkTuBHICTh. Po3pobiieHa MeTOIMKa MPOTHO3YBAHHS PU3UKY PO3BUTKY AEPIIUTY IIUHKY
y nauientiB 13 I'lIH, sxi notpebytoth IT, sika Mae BUCOKI MOKAa3HUKHU A1arHOCTHYHOL
Yy TIUBOCTI, CHEU(PIYHOCTI 1 TOYHOCTI.

KitouoBi cnoBa: 1WHK, MOPYIIEHHS OOMiHYy, TOCTpa lepeOpaibHa HEIOCTaTHICTD,
racTpOIHTECTUHAIbHA HEOCTATHICTh, BET€TaTUBHA PETYJIALISA, IHTEHCUBHA Tepallis, LIUHKY

cyJb(aTy MOHOTIIpAT, allETUIITUCTEIH.
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The dissertation is devoted to improving the efficacy of intensive care (IC) in
patients with acute cerebral insufficiency (ACI) by means of determining, correcting and
predicting the risk of clinical pathogenetic reactions of the nervous, gastrointestinal

systems, immune and metabolic changes induced by impaired zinc homeostasis.



The scientific novelty of the work is determined by the clinical and metabolic
features of zinc homeostasis, their relationships and ways to optimize IC in patients with
ACI, which were first detected. The practical significance of the work lies in the proposed
markers for the diagnosis, prediction of zinc deficiency and its correction in IC patients
with ACI.

94 cases of IC organization in patients with ACI and baseline hypozincemia were
analysed. Study design - clinical mixed (observational and prospective controlled) cohort
two-stage study: Stage | — determining clinical pathogenetic reactions of the nervous,
gastrointestinal systems, immune, metabolic changes induced by impaired zinc
homeostasis and their mutual relationships; Stage Il — justification of measures for
intensive care optimization aimed at the correction of clinical pathogenetic changes
induced by impaired zinc homeostasis, evaluating their efficacy and developing methods
for predicting the risk of zinc deficiency.

At Stage | of the study, a high incidence of records of clinical manifestations of zinc
deficiency was established. On Day 1 of observation, the hair pull test (Pull test) was
positive in 71% of cases with an average absolute value of 8 (6; 10) pc. (p<0.001 relative
to the control values); in 52%, xerosis was observed; 46% demonstrated leukonychiae;
38% showed glossitis. Within 7 days, the incidence of recording a positive Pull test
increased up to 87%; and that of leukonychia up to 63%. The zinc level in blood remained
low for 7 days in 80% of patients. Its level was 1.14 times lower than the control value,
which was 11.4 (9.6; 12.6) umol/l (p=0.002). The activity of the zinc containing enzyme
superoxide dismutase (SOD) was low in 100% of patients that was 5.5 times less than the
control values on Day 1 and reached 0.02 (0.01; 0.03) U/ml (p<0.001) and remained low
in 96% of cases on Day 7 of observation, which was 3.66 times lower than the control
values, i.e. 0.03 (0.02; 0.05) U/ml (p<0.001). In 100% of patients, on Day 1 of
observation, the level of zinc transporter and antioxidant protection component — thiol-
containing compounds (TC) in blood — was 1.76 times lower, up to 244 (193; 286) pumol/I
(p<0.001), when compared to the control values. On day 7 of observation, it was 1.54
times less, up to 279 (206; 350) umol/l, in 93% of cases (p<0.001). At that, relationships
between the TC level and the SOD activity were noted (R=0.4; p< 0.037).



In patients with ACI against the background of zinc deficiency, on Day 1 of
observation, relationships of hypozincemia were established with the case mortality rate
(R=-0.35; p<0.001), the overall duration of hospitalization at a medical facility (R=0.34;
p<0.001), the duration of hospitalization for IC organization (R=0.23; p=0.022), of SOD
activity with the overall duration of hospitalization at a medical facility (R=0.55;
p<0.001), he duration of hospitalization for IC organization (R=0.36; p=0.041), evaluation
of gastrointestinal failure (GIF) score (R=0.37; p=0.038), evaluation of the condition
severity score (R=0.41; p=0.021), the TC level with the presence of the systemic
inflammatory response syndrome (SIRS) signs (R=0.42; p=0.016). And on Day 7,
relationships were established between the increase in zinc content and the overall
duration of hospitalization at a medical facility (R=-0.69; p=0.027), the zinc content with
the changes in the acute cerebrovascular event score (R=-0.33; p=0.024), the SOD activity
with the changes in the consciousness level assessment (R=0.39; p=0.039), GIF score
evaluation (R=-0.55; p<0.001), the TC level with the changes in the consciousness level
assessment (R=0.44; p=0.019).

Morphological studies in deceased patients have demonstrated the presence of
stereotypical abnormal changes both in the area of cerebral lesion and in the intact
hippocampus and small intestine. These changes indicated circulatory disorders, initial
signs of inflammation, severe dystrophic changes with signs of necrosis, edema of
marginal zones followed by a reduction of edema but with the progression of irreversible
necrotic changes with the organization of the affected area restriction. It has been also
established that zinc deficiency was observed in the cerebral lesion area in 86% of cases
(18/21), in intact hippocampus in 95% cases (20/21), in the small intestine, in 100% of
cases (21/21) with a 1.82-decrease in zinc content to 66 (35; 107) mg/g (p=0.009) relative
to the control values in the cerebral lesion, in intact hippocampus — a 3.75-fold decrease to
64 (46; 104) ug/g (p<0.001), in the wall of the small intestine — a 5.84-fold decrease to 73
(55; 101) ng/g (p<0.001). These changes are interrelated, videlicet, in the small intestine
and in the cerebral lesion area (R=0.57; p=0.007), in the small intestine and in intact
hippocampus (R=0.43; p=0.045), in intact hippocampus and in the cerebral lesion area

(R=0.59; p=0.026). In addition, a significant relationship has been found between the



survival rate and the zinc content in the intestinal tissues at the early stages of
hospitalization: during Day 1 of treatment (R=0.62, p=0.022) and till Day 3 of treatment
(R=0.61, p=0.003).

In 100% of patients (32/32) with ACI, an increase of activity neuron-specific
enolase (NSE) has been noted. Its level was 3.71 times higher, up to 30 (18.3; 44.9) ug/l,
relative to the control value on Day 1 of observation (p<0.001) and exceeded the control
values by 3.54 times up to 28.6 (22.1; 61.9) pg/l on Day 7 of observation (p<0.001). In the
examined patients, the presence of organic lesion of the gastrointestinal mucosa was
diagnosed by the level of intestinal fatty acid-binding protein (I-FABP). On Day 1 of
observation, in 100% of patients (15/15), its level in blood was 7.1 times higher than that
in healthy individuals, was 436 (326; 480) pg/ml on Day 1 and 456 (352; 598) pg/ml on
Day 7 of observation (p<0.001).

This study showed a significant increase in interleukin-1p (IL-1B) concentration in
blood of the patients with ACI. On Day 7 of observation, this cytokine content increased
by 3.69 times compared to the control values up to 7.75 (4.74; 12.3) pg/l and was higher in
100% of examined patients (28/28) (p<0.001).

According cardiointervalography findings, the inhibition of the humoral channel of
vegetative regulation was found on Day 1 of observation in 71% of cases (24/34) based on
mode value, which was 1.2 times less than the control value and was 0.61 (0.52-0.72) s.
Also, a decrease in functional tension of the vegetative nervous system was noted on Day
7 in 78% of cases (14/18) based on the tension index value, which was by 2.03 times less
than the control value to 85.6 (32.2-161) conv. unit.

Correlation analysis allowed to reveal numerous significant relationships that
indicate the participation of zinc-dependant reactions in the formation of pathogenetic
mechanisms of ACI course. These correlations showed the presence of two almost
separate pathogenetic links with reverse causality only at the NSE-TC level. The first of
them is zinc, structurally or/and metabolically related to it enzyme SOD, antioxidant TC
and anti-inflammatory IL-1p increasing against the background of decreased in TC level.
The second is the activation of sympathicotonia leading to the development of clinical

manifestations of ACI and gastrointestinal mucosal injury, which is directly related to the



severity of organic cerebral lesion. These indicate the presence and the influence of the
metabolic link of the cerebrogastrointestinal axis.

The results of the study Stage | proved the feasibility of optimizing the IC
management for correcting the zinc-dependent reactions in patients with ACI against the
background of baseline hypozincemia by prescribing a zinc preparation (zinc sulfate
monohydrate) and a sulfhydryl group donor (acetylcysteine). The effects of this correction
on Day 7 vs the conventional 1C follow-up management was determined at Stage Il of the
study. It has been established that the incidence of the clinical manifestations of zinc
deficiency with optimized 1C management was lower for all symptomes. It was found that
the frequency of the positive Pull test was 61% (17/28) versus 87% (26/30) with
traditional IT, while the absolute absolute value was close to the indicator for practically
healthy ones (p=0.11), which was not at traditional IC.

The zinc content in blood in case of optimized IC was 12.4 (11.2; 15) umol/l vs
11.4 (9.6; 12.6) umol/l in case of conventional 1C (p=0.027). At that, with optimized IC, in
46% (15/33); the blood zinc concentration exceeded the lower limit of physiological value,
while with conventional IC, there were only 20% (6/30) (p=0.032) of such cases. The
value of the zinc content in blood with optimized I1C was 3.45 (2.29; 4.59) umol/l, which
was significantly greater than in case of conventional IC where this value was 2.48 (0.88;
3.17) umol/l (p=0.006). The blood SOD activity with optimized IC follow-up was 0.04
(0.03; 0.05) U/ml vs 0.03 (0.02; 0.05) U/ml in case of conventional IC (p=0.018). The
blood TC in case of optimized IC was 368 (275; 456) umol/l vs 279 (206; 350) pmol/l
with conventional IC (p=0.004) and reached the control value level (p=0.063). In 31% of
optimized IC patents (9/29) and only in 7% of conventional IC patients (2/28), the TC
content reached the physiological level (p=0.022). The NSE content in blood in case of
optimized IC was lower and amounted to 22.2 (16.5; 30.7) pg/l vs 28.6 (22.1; 61.9) pg/l
with conventional IC (p<0.001). The I-FABP content in blood was lower and accounted to
294 (234; 342) pg/ml with optimized IC vs 456 (352; 598) pg/ml in case of conventional
IC (p=0.002). On Day 7 of observation, the IL-1p content in blood was also lower and
accounted to 6.9 (5.47; 8.29) pg/ml with optimized IC vs 7.75 (4.74; 12.3) pg/ml in case of
conventional IC (p=0.031). We noted relationships of the IL-1p dynamics reduction with



an increase in TC content (R=0.52; p=0.006), their positive changes (R=0.49; p=0.012)
and a decrease in the I-FABP content (R=0.54; p=0.038).

With optimized IC, relative to the conventional management, the dynamics of a
decrease in the severity of GIF manifestations occurred more often — in 64% of cases
(18/28) (p=0.009); the chances to get a reduction of GIF score were significantly lower in
case of optimized IC (OR=4.2 (95% CI [1.4; 12.6])); the dynamics of the condition
severity reduction was more pronounced and decreased in 76% of cases (22/29) (p=0.045);
at that, the chances to achieve the condition severity reduction were significantly higher
(OR=3.43 (95%CI [1.03; 9.55])); a statistically significant difference was established in
the reduction of the frequency of SIRS sign registration — in 45% of cases (13/29)
(p=0.035) with higher chances for regression of the SIRS signs (OR=3,58 (95%CI [1,06;
12,06])); reduction in stroke severity occurred in 73% of cases (16/22) (p=0.034), and the
chances of achieving a reduction in its severity were higher (OR=3.73 (95% CI [1.08;
12.91])).

The obtained results of the study provided an opportunity to develop a prognostic
model for determining the risk of zinc deficiency in patients with ACI in ICU environment
by calculating norm-based intensive indices, which demonstrated high diagnostic
sensitivity, specificity and accuracy indices (Se=52.6%; Sp=93.8%; Ac=64.8%,
respectively).

Thus, in the patients with ACI against the background of baseline hypozincemia, the
conducted study established the presence of a high frequency of registration of zinc
deficiency manifestations, persistence of hypozincemia for 7 days, low SOD activity, a
decreased TC level in blood, relationships of metabolic zinc-dependent indices with the
case mortality rate, the duration of hospitalization, GIF severity. Stereotypical
pathomorphological changes in the cerebral lesion area, in the intact hippocampus and the
small intestine were established in the form of signs of circulatory disorders,
inflammation, dystrophy, as well as the presence of zinc deficiency in the studied tissues,
which is interrelated and has a significant relationship with the survival of patients via the
zinc content in the intestinal tissues. A mutual relationship of pathogenetic changes in

nervous, gastrointestinal systems and impaired zinc homeostasis was proved both at the



level of neurovegetative reactions and at the level of metabolic zinc-depended reactions.
Measures for IC optimization with the use of a zinc preparation, a sulfhydryl group
donor were justified and their efficiency was proved. A method has been developed for
predicting the risk of zinc deficiency in patients with ACI requiring 1C, which has high
diagnostic sensitivity, specificity and accuracy indices.

Keywords: zinc, metabolic disorders, acute cerebral insufficiency, gastrointestinal

failure, vegetative regulation, intensive care, zinc sulfate monohydrate, acetylcysteine.
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