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Llenb. 3yuntb dyHKLMOHANBHOE COCTOSIHUE CUCTEMbI FemMocTasa y AeTel ¢ uaHotudeckumm BINC go v nocne onepaTnBHOro BMe-
LIATEeNbCTBA, a Takke MPUYMHBLI FEMOPParuiyeckux pacCTPONCTB A1 NPOBEAEHUS afeKBaTHOM reMOCTaTUYECKON Tepanmu.

Martepuans! u MeToAbl. Bbinu u3ydeHs rpynna aetei ¢ LnaHotudeckumm BINC, remocTtatnyeckas Tepanus B KOTOPOW NpoBoAUIach
nog koHTponem HIT3I, v rpynna, B KOTOPOW KOPPEKLMs CUCTEMbI reMoCTa3a npoBoaunack 6e3 yueta nokasareneit HITIT.

Pesynbrathbl. B xo4e vccnenoBaHus Obino BhISIBNEHO, YTO B KOHLE OCHOBHOMO 3Tana XWpypruyeckoro NeYeHust B 1ccrnemyembix
rpynnax Habnoganuch SBRNeHNs rnokoarynsumny 3a CHET KoarynsuyoHHOro 3BeHa CUCTEMbI FeMOCTa3a, O YeM CBUAETENbCTBOBANO JOCTO-
BepHoe cHimkeHue nokasatenen KTA, BCK, VKL, AMC, MA n UTC no cpaBHeHMIO ¢ nokasaTtensimum rpynnbl 340p0oBbIX AeTel. B ¢BA3M ¢ aTum
B 1-1 rpynne remoctatuyeckas Tepanus 6asmposanack Ha TpaHcdysun C3M1. Bo 2-i4 rpynne nomumo C3I npumeHsnucs npenapartbl Tpa-
HEKCaMOBOIA KUCNOTbI 1 aTamaunart. Mpu 3Tom 06beM 1 CKOPOCTb KPOBONOTEPY OCTOBEPHO HE pasnuyanich B obenx rpynnax. Yactora kpo-
BOTEYeHWs, KoTopasi NpeBbiLlana 3 Mi/Kr/4y B nepBble CyTKM NOCneonepaLyMoHHOro neproaa, B 1-1 rpynne coctasnsna 6,6 %, 8o 2-1— 10 %.

3akntouenue. TakTvka audhepeHUMPOBAHHON KOMMIEKCHOM KOPPEKLMN CUCTEMbI reMocTasa y AeTei ¢ unaHotuyeckum BINC nog
koHTpornem HIMT3I" no3sonuna MUHUMKU3NPOBaTL 06bEM MEANKAMEHTO3HO TEpanuu, yMEHbLUMTL YacTOTy reMopparmiyeckix OCNOXHEHNN
Ha 3,3 %, CHM3UTb NpogomkKUTeNbHOCTL MBI B nocneonepauyoHHOM nepuoge B CpeaHeM Ha 9,4 4, a Takke Ha 24 4 CoKpaTUTb NpoBeaeHNe

VHOTPOMHOM NOAAEPXKKM, YTO B UTOTe YMEHBLLUMIO CPEAHEE BPEMS NEYEHUs B Nanate MHTEHCUBHOW Tepanim Ha 33,6 Y.
Knroyesnbie crioea: LnaHoTYeCKe BPOXAEHHbIE NOPOKM CepALa, CUCTEMA reMoCTasa, HU3Ko4acToTHas Nbe30arekTpuyeckas TpoM-

GoanacTorpadus, KPOBOTEYEHME.

ITanueHTs! ¢ MMaHOTUYECKUMU BPOXKACHHBIMH TIO-
pokamu cepmia (BIIC) cocTtapisiror 0coOyro rpyrmmy,
HapylIeHne reMOCTa3a y HUX CBA3aHO C MOJUIUTEMU-
Ci, yMCHBIICHUEM KOJNMYECTBA M yTHETCHHEM (DyHK-
MU TPOMOOLMTOB, akThBamueil (uopuHonmmsza [1,
2]. PacctpoiicTBa cHCTEMBI TeMOCTa3a y JIETeH C IH-
aHotnyeckumu BIIC B mocneonepanioHHOM TEepHO-
Je ObuTH OOHApY)KEHBI MHOTHMH HCCIICIOBATEIISIMU.
H. H. Camconosa u E. ®@. Kozap (2008) noka3zanu, 4to
oneparmu 'y aereit ¢ BIIC B ycioBusix MCKycCTBEH-
Horo kpoooOparienus (MK) compoBokIaroTcsi BbI-
PaKCHHBIMU HApPYIICHUSIMU TPOMOOITUTAPHOTO U KOa-
TYISIMOHHOTO TeMOCTa3a, KOTOpPbIE ONPENEIIIOT PUCK
pa3BUTHSI TeMOpparudecKux ocioxHeHnd. B wact-
HOCTH, TEMOPPAaruyecKhue paccTpoiicTBa YCIOKHUIH
xox 1,9 % omeparmii, cpeanuii Bo3pacT OOJIBHBIX MPU
9ToM cocTaBmsin 5,1 roma. B mocrneonepanmoHHOM
MICPHOZIC YacTOTa MOCJICONEPAIIOHHBIX KPOBOTECUEC-
HUH, TpeBbImaronias 3 mi/kr/4, cocramsuia 10,8 %,
y HOBOpOXICHHBIX — 13,1 % ciydaeB o o0Imero xo-
nryecTBa O00MpHBIX ¢ Mo0bMU Gopmamu BIIC, orme-
parmy KOTOPBIM OBLTH TIpoBe/eHbI B ycnoBusax MK [1].
B uccnenoBanue Bxoaunu OosbHBIE B Bo3pacte oT ()
J0 14 net, 0OHO BKITIOYAJTIO BECh CHEKTP BPOXKIEHHBIX
nopokos cepaua (BIIC). ITo gaHHBIM ApyTHUX aBTOPOB
(S. Moganasundram, B. J. Hunt u np., 2010), o0bem
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KPOBOTEUCHHUSI B TEPBBIC YaChl MOCIICONECPAIIOHHO-
ro TIepHO/ia, MPEBBIMIAONIINA 5 MII/KT/4, HAOIFOAAICS
B 38 % cmyuaes [3]. D. Faraoni u P. Van der Linden
(2014) oOHapyx1H, 9TO 00BEM KPOBOIIOTEPH Y JACTCH
¢ mmanotuueckumu BIIC nocToBepHO BHIIIE IO CpaB-
HCHUIO C TTAIMECHTAaMH C alfHaHOTHICCKIMHU (OpMaMu
BIIC [4]. G. D. Williams, S. L. Bratton u ap. (1998)
uccnenoBa 00beM Kposorotepu y neredt ¢ BIIC,
CpenHsis BEIMYMHA KOTOPOH B HHTPAOHCPAIOHHOM
neproie coctapisia ot 17 1o 32 Mi/kr (Y HOBOPOXK-
neHHelx — 50-61 mu/kr) [5]. B mepBble qBOE CYyTOK
MIOCIICONICPAIIHOHHOTO TIEPHO/ia TTOKA3aTeNI KPOBO-
MOTEepH, [0 MAaHHBIM Pa3HBIX aBTOPOB, COCTABIIIIOT
or 15 no 110 mu/kr/cyt. [6-8] (y HOBOPOKICHHBIX
94-100 mur/kr) [6]. YacToTa KpOBOTEUEHHH Yy AeTei
B Bo3pacte ot 0 70 14 jer B MHTpaoIeparmoOHHOM
nepuose cocTtapisieT 2 %, B MOCIEONEPAUOHHOM —
10,8 % [1], y noBopoxkaernsix — 13,1 % [2].

Takum o0pa3oM, HeTH — OCOOBIM KOHTHHICHT
KapIHOXUPYPTrHUCCKUX OONBHBIX, BOIPOC T'eMOCTa-
32 B KOTOPOM TpeOyeT OTAENBHOIO PacCMOTPCHUSI.
HMeHHO MOATOMY IeNbI0 Halle padoThl OBUIO HC-
cienoBanue (PYHKIIMOHAIBHOTO COCTOSHHS CHCTEMBI
reMocTasa u GUOpUHONIN3A y JAeTeH ¢ THAaHOTHYESCKH-
mu BIIC 10 u noce ornepaTHBHOTO BMEIIATEIIBCTBA,
a TaKkXKe M3y4YCHHC MPUIMHBI TeMOPPAarnIeCKUX pac-
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CTPOMUCTB /715l IPOBE/ICHUs a[JIEKBATHOI reMocTaruye-
CKOH Teparnuu.

Marepuajbl 1 METOABI

HccnenoBanue cHCTEMBI TeMOCTa3a IMPOBOAMIOCH
y 60 nmereit ¢ umaHotuyeckumu BIIC (arpesus ne-
TOYHOHN apTepHH, TPAHCIIO3HIIUS MarkuCTPajbHBIX CO-
CYIIOB, OOIIU *Kemy/o4ek, Terpaaa damio, ABoitHOE
OTXOXKJICHHE MAaruCTPAIbHBIX COCY/IOB, TOTAIBHBIN
AQHOMAJIbHBINA JPeHaXX JIETOYHbIX BEH, aHOMaius D0-
TEHHA), KOTOpble OBUTM MPOOIIEPHPOBAHBI B YCIIO-
BHSIX MCKycCTBeHHOTO KpoBooOpamenus (1K) B ot-
JICIEHUH CepJieuHO-cocyaucTon xupyprun Opecckoit
oOmacTHOM Aerckoi knuHUUeckon 6onbpHUIE! (OJIKDB)
¢ 2011 mo 2015 r. [Ipm mocTymieHnu y Bcex OO0Jb-
HBIX OTMeuayiach runokceMus. CpenHuid ypOBEHb
HACBHIIIEHUS KPOBU METOJIOM ITYJIbCOKCUMETPHH CO-
craBr 72,9+3,0 %. B 3aBHCHMOCTH OT TaKTHKH
BBIOpaHHON TEpanuy, MAIMEHTHl ObUTH pPa3IeiIeHBI
Ha nBe rpynmsl o 30 mereit. B 1-it rpymnme TakTHKa
reMOCTaTHYECKOW Tepaluyd B HHTPAONECPAITOHHOM
U TOCIIEONEepallMOHHOM TepuoAax 0Oa3upoBajiach Ha
MOJYYCHHBIX PEe3yJbTaraX HWHCTPYMEHTAILHOTO HC-
CJICIOBAHUSI CHCTEMbI IeMOCTa3a METOIIOM HHU3KOoua-
CTOTHOM TBE303JIEKTPUUCCKOH TpoMOo3nacTorpadum
(HIIT3I'), Brirowana B cedst audpepeHIIpOBaHHOE
MIPUMEHEHUE T'eMOCTATUYeCKUX IIpernaparoB ¢ Iie-
JIbIO BO3/IEHCTBUS Ha OCJIA0JIEHHOE 3BEHO CHCTEMbI
reMOCTa3a M MCKIIoYana SMIHPHICCKOC JICUCHUE Te-
MOPpParu4eckux paccTpoiicTB B MEPUONEPAUOHHOM
nepuoze. I'emocraruueckas tepanus BO 2-i rpyiie
[IPOBO/IMJIACH COIVIACHO CTaHJIAPTHOM TaKTUKe aHe-
CTE3MOJIOTHIECKOTO 00CCIICUCHNS OTACNICHUS Cepiey-
Ho-cocynucroi xupyprun OJIKDB. JlaHHas TakTuKa
3aKITF0YaIach B OCYIICCTBICHUH JICYCHHUSI TeMOpparu-
YEeCKHX OCJIOKHEHUH M BKJIIO4Yaia B ceOs poBeaeHUe
BceM OonmbHBIM ¢ manotndeckumu BIIC tpancdy3un
tpombokontieHTpara (TK) B no3e 15 mMir/kr u cBexe-
3amoposkeHHOHM masmbl (C3IT) (15 mur/kr). VkazaH-
Hasl Tepanus npoBoauiack 1no okondanuu UK u nei-
Tpalu3alyy TenapyuHa pacyeTHOM /10301 MpOoTaMuHa
cynbdar. B ciaydasx UIMTEIBHOTO KPOBOTEUEHUS,
KpOMe YKa3aHHOM Teparuy, BBOAWIACH JIOTIOTHUTEIb-
Hasl 1033 MPOTaMUHA CYIb(aT, KOTOpas COCTaBILLIA
Y4 1o3bl OT pacueTHOM. Kpome Toro, reMocTarnueckyto
TEpalyio MNPOBOIWIM BBEICHHEM TpPaHEKCaMOBOM
KHUCIIOTBI B j1o3¢ 10 mr/kr u aram3miara (12,5 mr/kr).
Pesynbrarsl MccnenoBaHUS COCTOSIHUSI CHUCTEMBI Te-
mocraza Merogom HIITOI' Bo 2-ii rpynne He npu-
HUMAaJICh BO BHUMaHHe. CpeaHuil BO3pacT OOJIBHBIX
B TpyNIax JOCTOBEPHO HE pa3inyajcs M COCTaBIIST
B 1-ii rpymme — 20,1£10 mec., Bo 2-i — 20,6=12,5 mec.
[Nokazarenn HIITOI' nByx rpynn OONBHBIX CpaBHH-
BaJIUCh C KOHTPOJIBHOW IPyIION, KOTOpas BKJIIOYaja

B ce0st 30 370pOBBIX A€Tei, CPeAHUI BO3PACT KOTOPBIX
JIOCTOBEPHO HE OTJIMYANICS OT BO3pacTa JeTeH C Iua-
Hotrueckumu BIIC u cocrasisur 20,7+7,9 mec.

MeTton  HM3KOUaCTOTHOH  IbE303JIEKTPUUYECKON
tpomboanacrorpadun (HIITOI) mpoBommics ¢ mo-
MOIIBIO AMMAPaTHO-IIPOTPAMMHOTO KOMITICKCA pPeo-
Jornyeckux uccuenoBanuii kposu «APIT-01M Men-
Hop» (Tomck, Poccust), mpunImm paboTel KOTOPOTO
3aKJIIOYAETCS B PETUCTPALMHU U OLIEHKE BA3KOCTHBIX
XapaKTePUCTHK CBEPTHIBAHUS KPOBH C ITOMOIIBIO
HU3KOYACTOTHOTO IThE303JICKTPHYCCKOTO BHOpAaI-
OHHOTO JaTdvka. JlJii WHCTPYMEHTAJIBHOTO METOoja
HCCIIeI0BaHMs 3a00p KPOBH OCYILECTBIISLICS B Olle-
pallMOHHON M3 JIEBOM MOAKIIOUWYHON BEHBI B KOJH-
yectBe 0,5 M1 u BBoAmicS B mporperyio ao 37 °C
KIOBETY TpoMmOonacTorpada, mocje 4ero mMpoBOAUIH
HENPEpbIBHYIO PETUCTPALMIO U 3aIIUCh KPUBOM TPOM-
6onmactorpamMel  (TOI7), koTopast XapakTepusyeT
MIPOLIECCHI CBEPTHIBAHUS KPOBH U (PUOPUHOIM3A.

B npouecce usyuenus nomydeHHbIX KpuBblX TOI'
OBUTH OIPEICIICHBl AMIUTHTYIHBIC U XPOHOMETpUYC-
CKue KoHCTaHThl, Xapakrepusytomue I, II, III craguro
reMOKOAryJIsLHH, CTeTeHb U MPOIOKUTEILHOCTD pe-
TPaKIMU U CyMMAapHYIO (pHOPHHOIUTHYECKYIO aKTHB-
HocThb. OcHoBHBIE nokazarenu TOI: UKK — nnreHcus-
HOCTh KOHTAKTHOU (pa3bl KOAryJSIIMH, TO3BOJISIET OIle-
HUTb COCTOSIHUE COCYAMCTO-TPOMOOLIUTAPHOTO 3BEHA
remoctaza; MKJ[ — MHTEeHCUBHOCTh KOATyJISIIIMOHHO-
ro JpaiiBa (MHTEHCHBHOCTh OOpa30BaHUSI CTyCTKA);
BCK - Bpems ceprbiBanus kposu; KTA — koHCTaHTa
TPOMOMHOBOM AaKTUBHOCTH, XapakTepuzyeT o0pa3o-
BaHHME TPOMOMHA U CKOPOCTh (DOPMHUPOBAHHS CTyCTKA
kpoBu; UI1C — HHTEeHCUBHOCTH TOJIMMEPU3ALIUHU CIyCT-
ka; MA — makcumanbHas 1oTHOCTh cryctka, UTC —
WHTEHCUBHOCTb TOTalIbHOIO cBeprThiBanus; WMPJIC —
cyMMapHas GHOPUHOIUTHYECKAst aKTHBHOCTD, TO €CTh
CYMMapHBIid TIOKa3aTeidb PETPAKUUMU U CIOHTAHHOIO
mmsuca cryctka; KCITA — xoagduiment cymmapHoi
MIPOTUBOCBEPTHIBatOIIEH akTHBHOCTH [9, 10].

KoHTponbs cOCTOSHMS CHCTEMBI I'eMOCTa3a BCEM
OONBHBIM TPOBOIWICS O Hadaia XUPYPTUIECKOTO
JICUEHMsI, B KOHIIE OCHOBHOTO 3Tara XUPyprudecKoro
nedenus (nocne 3aBepuieHus [1IK u HelTpanmuzanumn
rerapuHa MpoTaMUHOM Cyib(}aT) U B KOHIIE MHTpa-
OIIEepaIlMOHHOTO MEPHO/A.

Craructuueckass 00paboTKa pe3yJabTartoB HcCCIIe-
JIOBaHUS IPOBEJEHA C MOMOIIbIO MaKeTa Mporpamm
Microsoft Excel 2007 u Statistica 6.1 (StatSoft of Tulsa,
USA). XapakTepucTHKy apameTpoB IPOBOIMIU C HO-
MOIIBIO pacyeTa CPemHEro 3HA4CHUs, CTAaHIAPTHOTO
OTKJIOHEHUsI, OLIMOKM CPEJHEro M JOBEPUTEIHLHOIO
uHTepBasa. JlaHHbIe NpeacTaBieHbl B Buae M+m, rie
M — cpennee apudmeTndeckoe 3HaYeHUe, m — CTaH-
JapTHasi OIMMOKa CpelHEero apu(METHYecKoro C 3a-
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JAHHOM JJOBEPUTEIILHON BEpOATHOCTHIO 95 % (y=0,95).
HopmansHocTh pacnpeneneHns: KOIMIeCTBEHHBIX I10-
Kazarejell ObDIa TPOBEpEHa C MOMOIIBI0 KPHTEPHUS
[Manupo — Yuika. [Ipu HOpMabHOM pacnpeneieHun
JAHHBIX MPUMEHsIN Kputepuid CThrofeHTa Uil He3a-
BHCHMBIX BBIOOPOK. B poTHBHOM Ciydae Juist mpoBep-
KU CTaTUCTUYECKUX THUIIOTE3 O Pa3IMYMU MEXIy HcC-
CIIeTyeMBIMH TPYIIIAMH HCIIOIb30BAIN HellapaMeTpu-
yeckuil kputepuidi ManHa — YutHH. CTaTUCTHYECKH
JOCTOBEPHBIMU cunTaiy 3HaueHus p<0,05.

Pe3yabTaThl HCCIe0BAHNUS U UX 00CYKIeHHE

[Ipu wWccnenoBaHUM COCTOSHUS CHUCTEMBI TI'€MO-
craza meronom HIITOI' B moorepallmioHHOM TIepro-
Jie CYIIECTBEHHOM pa3HuIlbl B nokazarensx HITTOI
Mexny 1-il u 2-i rpynnaMu BeisiBIeHO He Obu10. Of-
HAKO TPU CPAaBHEHHWH CO 370POBBIMH JCTHMHU OBLIO
BBISIBJIGHO CTAaTUCTHYECKU JIOCTOBEPHOE OTKJIOHEHHE
noka3zareneii: UKK, UTIC, MA, KCIIA (ta6m. 1).

Tabruya 1

CpaBHHTeJbHASI XaPAKTEPUCTUKA COCTOSTHUS
CHCTeMbI reMocTa3a y aereii ¢ uuanoruyeckumu BIIC
J10 HAYaJ1a XHPYPru4ecKoro JeueHust
M Y 310pPOBBIX JeTeil, M+m

H;Il?[?;?b |- rpynma 2o rpynna KonrponpHas
rpymmna
UKK (otH. ex.) 31,9£10,9* | 34,2+10,5*% | 10,5+10,5
KTA(otH. en.) 37,7+6,5 38,35+£5,4 30,4+4,8
BCK (muH) 6,9£1,2 7,02+1,1 7,4+0,8
UK (oTH. exn.) 32,3+3,7 32,34£3,5 33,543,2
WIIC (otH. ex.) 14,1+1,8* 14,2+1,6* 18,6+1,8
MA (otH. en.) 425,8+31,9*% | 430+£31,3* | 522,4423,2
UTC (otH. ex.) 12,1+1,8 13+1,5 12,4+1,6
HPIIC (%) 1,9+1,87 0,96+0,56 2,3+2,1
KCIIA (otH. en.) | 2,4240,27* | 2,3840,25% | 1,93+0,27

* Pazynuust IOCTOBEPHBI IPU CPABHEHUH C TPYIIIOH 310pO-
BbIX JieTei (p<0,05).

Tax, nokazarens UKK, koTopslit oTBedaer 3a cocy-
JUCTO-TPOMOOLIMTAPHOE 3BEHO 'eéMOCTa3a U XapaKre-
pHU3yeT arperalMoHHy0 CocoOHOCTh TPOMOOITUTOB,
B 1-ii rpymnme 10 Hadajga XUPYPrUYECKOTO JICYCHHS
3HAYUTENILHO MPEBbINIAN JAHHBIN MOKa3aTelb y 3/10-
POBBIX JeTei 1 B cpetHeM cocTaBisui—31,9+10,9 oTH.
en. (p=0,009). AnanoruyHas KapTuHa HaOJtOAaIACh
npu conocrasieHnn nokaszarens WKK koHTposs-
HOM I'pyMIIBI ¢ II0Ka3aTeleM 2-i IPyIIbl, B KOTOPOH
OH B cpeaHeM gocturai orMetku 34,2+10,5 oTH. ex.
(p=0,003). /lanHast 0COOCHHOCTb B COCYJHCTO-TPOM-
OoIHTapHOM 3BEHE CHCTEMBI FeMoCcTa3a (yBEeInIeHUE
WHTEHCUBHOCTH KOHTAKTHOMW (ha3bl Koarymsiiun) yka-
3bIBA€T Ha JJOCTOBEPHOE YCUJIEHUE arperauuu TpoM-
Oo1uToB y fetei ¢ mmanotndeckumu BIIC 1o Havana
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XUPYpPIru4ecKoro jeueHus. [pyras kapruHa HaOmo-
JlaJlach B KOATyJISIIHOHHOM 3BEHE CHCTEMBI TeMOCTa-
3a. B gacTHOCTH, OBIJIO BBIABICHO JOCTOBEPHOE CHHU-
xenue nokasareneil UI1C u MA B 1-i1 u 2-i1 rpynmnax
10 CPaBHEHUIO C TPYIIION 300pOBLIX AeTel. Tak, ypo-
Benb UIIC B 1-i u 2-it rpynmax ua 24,2 % (p=0,0007)
nHa 23,8 % (p=0,0006) cOOTBETCTBEHHO HE IOCTHUr A
YPOBHSI ITOKa3aTesel 370POBBIX JAeTeil. 3HAYUTETHHO
HKe y neredt 1-it m 2-i rpynm ObIT M TTOKa3aTelb
MaKCHUMaJIbHOW TIOTHOCTH crycTka (MA) — oTMeua-
noch cHmxenue Ha 18,5 % (p=0,00007) u na 17,7 %
(p=0,0001) coorBercTBeHHO. [Ipn nuccnemoBaHuH CO-
CTOSIHUSI QHTUKOATYJIIHTHOW aKTUBHOCTH ILJIa3MBl, 3a
koropyto orsedaeT nokasarenb KCIIA, oxaszanocs,
9TO €ro YpOoBeHb B 1-ii rpymme Ha 26,3 % ObLT BBIIIE
nmokaszarenst 370poBbix nereit (p=0,006). Iloxoxas
KapThHa Obljla OTMEYeHa W BO 2-i rpymme, rae mo-
kaszaresb KCITA Ha 23,3 % npesblinai nokasarenib
3nopoBbix aereit (p=0,015) (tabn. 1). Ha pucynke 1
npexacrasneH rpapux HIITOI y nereit ¢ nnanornye-
ckumu BIIC 10 Hayana Xupypruyeckoro JieueHusl.
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Puc. 1. /lunamuxa HIITII :
1 — cpeonecmamucmuueckaa TII demeit ¢ yuanomuue-

ckumu BIIC 0o nauana xupypeuueckozo neuenus;
2 — cpeonecmamucmuueckas TII 300poeozo pebenka

[Ipu uccnenoBaHUU PEOJIOTUYECKUX CBOMCTB KpoO-
BH B KOHIIE OCHOBHOTO 3Tarna XUPypru4ecKoro Jieue-
Hus (3aBepuienue UK) y gereii ¢ nmuaHOTHYECKUMHA
BIIC nabnrofanack oTpHuIaTesibHast JTUHAMUAKA COCTO-
SIHUSL CUCTEMBI TeMOCTa3a BO BCEX €€ COCTABIISIOIINX
KOMITOHGHTaX MO CPaBHEHHWIO C MOKa3aTelsiMH JO-
oIepalMoHHOro nepuojaa. HeraruBHble HW3MEHEHHS
MoKazaTenael OBUTH OAMHAKOBBIMH TSI 00CUX TPYIII
nereit ¢ nmanotuueckumu BIIC, u nipu cpaBHEHUHN
1-ii u 2-ii rpynn AOCTOBEPHOM pa3HULIBI B 3Haue-
Husax nokasaresneit HIITOIT nocne 3aBepiuenuss UK
o0OHapyxeHO He ObII0. B 00eux rpymmax oTMEueHO
JIOCTOBEpHOE CHIDKEHHME BCEX aMIUIMTYAHBIX U Y-
JIMHEHUEe XpoHoMeTpuueckux mnokazareneit HIITOI'
(Tabmn. 2). B wactHoCcTH, TIOoCne 3aBepuienus WK, He-
CMOTpSI Ha HEWTpaM3alliio TerapuHa MPOTaMHHOM



B. H. NazaHtok, O. A. Tapa6pwuH, B. U. BoceHko

[unarHocTika 1 KOMNMEKCHas KOPPEKLMS reMopparMieckinx paccTponcTs y nerteit...

cymbdar, B 1-if u 2-if rpynmax HaOIOIAIOCh JOCTO-
BepHOe cHiKeHue ypoBHs nokazareneit KTA, UK/,
UIIC, MA, UTC u yBenuueHHe NPOJOIKUTEIb-
Hoctu mokazarens BCK. Tak, mo maaueim HITTOT,
nokazareian KTA B koHILle OCHOBHOIO 3Tara Xupyp-
TMUYECKOro JieueHus B 1-i u 2-# rpynmnax Ha 26,4 %
(p=0,016) u na 26,8 % (p=0,008) cooTBETCTBEHHO
OBUTM HW)XE YPOBHS TOKa3aresed 3710POBBIX JETEH.
[Noxazarens UK 6bu1 B 1-it u 2-if rpynnax Ha 42,6 %
(p=0,00001) u 42,9 % (p=0,00001) cooTBETCTBEHHO
Hmxke. [lTokazarens UIIC ymenbimics B 1-if rpynme
Ha 42 % (p=0,00001), Bo 2-i1 rpynmne — Ha 39,8 %
(p=0,00001). MakcuManpHasi TUIOTHOCTH CryCTKa
(MA) ymensmmiachk B 1-# n 2-it rpynmax Ha 30 %
(p=0,00001) 1 na 30,4 % (p=0,00001) coorBeTcTBEH-
HO. CHU3WIIACh TAaKXKe M MHTEHCUBHOCTH TOTAJIBHOTO
ceepthiBanus kpoBu (UTC) —na 34,7 % (p=0,00008)
B 1-# rpynme, u Ha 31,5 % (p=0,0003) BO 2-i1 TpymIIC.
Bpewms csepreiBanus kposu (BCK) B 1-if rpynme
obu10 Ha 52,7 % nnuraee (p=0,0002) 1o OTHOLICHHIO
K HOpMe, BO 2-if rpymnme — Ha 56,7 % (p=0,00001).
OOHapyKeHBI CIICTYIOIHNE PE3YIIbTaThI HCCIICTOBAHIS
COCTOSIHUSI CUCTEMBI reMocTasa y JieTei 1-it rpymiisl
meronom HIITET:

1) B 53,3 % ciy4yaeB — CHU)KEHUE YPOBHSA IOKa3a-
TeJIel KOaryJIsIlIHOHHOTO 3BEHa CUCTEMBI FeMOCTa3a,
B CBA3HM C Y€M YKa3aHHBIM OOJBHBIM HPOBOAMIIACDH
Tpanc¢ysus ogHorpymnmnaoit C311;

2) B 23,3 % cityuaeB — MOBBIIIEHUE YPOBHS TOKa-
3arenss KCITA, manpmenTaM BBOIMIACH JOIIOJIHHUTEIIb-
Has J103a IpOTaMuHa.

Kpowme toro, B 96,6 % ciyuaeB nocine 3aBepiieHus
UK nabmromanack TpOMOOITUTOIICHUS, B CBSI3U C YE€M
MIPOBOAMIIACH TPAHC(Y3US TPOMOOKOHIICHTPATA.

Bo 2-i1 rpynme remocraruyeckas Tepamus Ipo-
BOAMJIACH IO CTAaHAAPTy AHECTE3HOJIOTHYECKOTO

obecriedeHus U BKodana B cedst Tpancgysuto C3I1
(B 100 % caygasix) u TpomOokoHmeHnTpara (100 %
ciayuae). Kpome Toro, B 43,3 % ciy4aes, pu KOTo-
PBIX HAOIFOJAUCH TEeMOPPAruv4ecKre OCIOKHEHUS,
C TeMOCTATHYECKONM LEeNbI0 BBOAMIIMCH IIpernaparsl
TPaHEKCAaMOBOW KHCIJIOTBHI, 3TaM3WJIaT W JIOTIOJHH-
TeJbHas J03a NPOTaMuHa CyibQar.

B pesynsrare nposenenHoro sedeHus B 1-i u 2-i
rpymnmax, HeCMOTPs Ha pa3IMYHyI0 TaKTHKY reMocTa-
TUYECKOH Tepanuu, HaOIonaIach MOX0XKast TOJI0KH-
TeJbHas IMHAMHMKAa U3MEHEHUH OCHOBHBIX IOKa3are-
neil HIITEI. OpHako npu CpaBHEHMH pE3YJBTaTOB
HCCIIEZIOBAaHUs CUCTEMbI T'eMOCTa3a B KOHIIE MHTpa-
OTIEPAIIMOHHOTO TIepHoa 00eHX IPyIN ¢ pe3yibra-
TaMU TPYHIbl 3J0POBBIX JAeTeil HAOIIOJAIMCh pa3-
nu4rs. B wacTHOCTH, cpeiu CTPYKTYPHBIX KOHCTaHT
B 1-ii rpymnme coxpaHsics JOCTOBEPHO HHU3KHUI ypo-
Benb nokazareneit UTIC nu UTC, koropeie Ha 15,1 %
(p=0,02) 1 29,9 % (p=0,0001) cooTBETCTBEHHO OBLIH
HIKe HOpMBI (Tabu. 3). Bo 2-ii rpynme noctoBepHoOe
paznmune Habmonanochk Mexay nokasarensmu UTC,
koropeie Ha 20,2 % (p=0,04) ObuM HMXKE TOKa3a-
Tejel 3710poBbIX jaereil. Cpenu aMILTUTYAHBIX KOH-
cranT HIITED B 1-i1 rpynne nocToBepHOE OTIMYME
OT HOPMBI HaOJIOAI0Ch MEXKAY MOoKazaTensiMu MA,
kotopsie ObiTH Ha 22 % (p=0,005) HIke mokasare-
neit 310poBeIX Aetell. B 2-if rpynne nokazarens MA
JOCTOBEPHO HE OTIAMYAJICS OT HOPMBI. Cpey ocTab-
HbIx nokaszareieid HIITED y OonbHBIX ¢ IMAHOTHYE-
ckumu BIIC B koHIIE MHTpaomepalioHHOIO Mepuo-
Jla TI0CJe MPOBEACHHOM IreMOCTaTHYECKON Tepamuu
JIOCTOBEPHBIX PA3IUYHUNA C TIOKA3aTeNIIMU 3JI0POBBIX
nereid He HaOmoxanoch (Tadn. 3). CoctosiHHE cocy-
JUCTO-TPOMOOITUTAPHOTO 3BEHA CHCTEMBI TeMOCTa3a
U cucTeMbl GUOpPHHONIN3A B 00€UX Tpylax He OTIIU-
4aJloCh OT HOPMBI.

Tabruya 2
CpaBHHTe/IbHASI XapaKTePUCTHKA OCHOBHBIX moka3areneii HIITIT
y Aereii ¢ uuanoruyeckumu BIIC B konne UK, M+m
Ioxkazarens HIITOI' [ rpynna 2 rpymna

JI0 OIepaLuu xoner MK JI0 Onepauu konern MK
HKK (oTH. ex.) 31,9+10,9 25,3+8,8 34,2+10,5 21,7494
KTA(otH. exn.) 37,746,5 22,4+5.3%, ¢ 38,354+5,4 22,3453%, ¢
BCK (mun) 6,9+1,2 11,3£1,6%, ¢ 7,02+1,1 11,6+1,6%, *
UK/ (otH. ex.) 32,3+3,7 19,343,6%, * 32,3+3,5 19,243,2%, ¢
UIIC (otH. ex.) 14,1+1,8 10,8+1,9%, * 14,2+1,6* 11,2+1,7%, ¢
MA (otH. en.) 425,8+31,9 365,9+42,4*, ¢ 430+31,3 363,6+8,3%,
UTC (orH. exn.) 12,1+1,8 8,1£1,1%,* 13+1,5 8,5+1,1%, *
UPJIC (%) 1,9+1,87 0,25+0,73* 0,96+0,56 0,3+0,8"
KCTIA (otH. en1.) 2,4+0,3 1,8+0,2" 2,38+0,25 1,740,2%

* Pa3nuuus JOCTOBEPHBI TPU CPABHEHUH € TPYMIION 310poBbIX Aeteil (p<0,05); * pa3nuuus 10CTOBEPHBI IPU CPABHEHUH C J10-
ONepalMoHHBIM dTaroM Jedenus (p<0,05).
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Tabruya 3
Jlunamuka ocHoBHbIX nokasaresieid HIITII' y gereii ¢ unanoruyecknmu BIIC
B KOHIIe HHTPAaoNepauHoHHOro nepuoaa, M+m
1- rpynma 2-s Tpynna
Ioxkazarens HIITOI
xoHer UK KOHEI OIepanuy xoHer UK KOHEIL OIleparyu

UKK (oTH. en.) 25,3+8.,8 14,8+6,6 21,794 11,3+4,7
KTA(otH. en.) 22,4453 34+7@ 22,3+5,3 35,9+6,6@
BCK (mun) 11,3£1,6 8+£2@ 11,6%1,6 7,4+1,4@
UK (oTH. exn.) 19,3+3,6 29,3+4,2@ 19,2432 31,6+4,2@
UIIC (otH. ex.) 10,8+1,9 15,8+1,5@* 11,2+1,7 17,1£1,4@
MA (otH. en.) 365,9+42 .4 460+27,8@* 363,6+38,3 483+27@
UTC (otH. ex.) 8,1+1,1 8,7+0,9* 8,5+1,1 9,9+0,9@ *
HPJIC (%) 0,25+0,73 -0,26+0,3 0,3+0,8 -0,02+0,4
KCIIA (otH. en.) 1,8+0,27 1,9+0,3 1,7+0,2 1,8+0,2

@ Pazniuust JOCTOBEPHBI MPH CPABHEHUU MOKa3aTelei B KoHie onepanuu u okonuanust UK (p<0,05); * pasznudus 10CTOBEpPHBI

TIPY CPAaBHEHHU C TPYIIIOH 310poBbIX zeteil (p<0,05).

Ha pucynke 2 npencrasieHo 00001eHHoe rpadu-
YECKOE M300paKeHHE TUHAMUKA M3MEHEHHH CUCTE-
MBI TeMocTasa y nereit ¢ nuanotnaeckumu BIIC Ha
BCEX ATAlax XUPYypPruueckoro JIeueHusl.
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Puc. 2. Junamuxa: 1 — HIITII demeii ¢ yuanomuueckumu
BIIC ¢ konye unmpaonepayuonnozo nepuooa;
2 — HIITOTI ¢ Konye 0cHo6HO20 IMANA XUpypzuueckozo
neuenus (koney UK); 3 — HIITII 300posozo pebenka

O¢ddexkTnBHOCTh TIPOBOAMMOI T€MOCTATHYECKOM
Tepariy OLEHNBAIM 110 YacTOTe IreMOpparHyeckKux
OCTIO)KHEHHH M OCHOBHBIM TTOKa3aTelsIM BHTAIBHBIX
(YHKIMH, K KOTOPBIM MBI OTHECIIH CPEHUH TEMIT JI1-
ypesa, npoaonkuTenbHocTs MBI, mpogomxuTens-
HOCTb HMHOTPONHOW MOJAEPKKH, CPETHUN YypOBEHb
TEMIIepaTyphl Tela W OOIIYI0 MPOJOIDKUTEIEHOCTh
JIeYeHHs B NaJlaTe HHTEHCUBHOW TEparuy.

B mpomecce nccnenoBanus mokasaTtesnei mannueH-
TOB 1-if 1 2-if TpynM ObLIO BBISBIEHO, YTO BEIMYHHA
MHTPAONEPAMOHHON KPOBOMOTEPH MEXIY TpyIIia-
MU JIOCTOBEPHO HE OTJINYAIACh U B CPEIHEM COCTaB-
nmsota B 1 rpynme 11,1 £ 3,9 mu/kr, a Bo 2 rpymme —
12,1 £+ 8,4 Mi/kr.
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B mocreonepanioHHOM TIEpHONE MBI CpaBHUBA-
JM CPEIHUM TeMI dKCCyAalu, oOmmid 00beM Kpo-
BOTCUCHHS 3a TEPBBIE CYTKH ITOCICONEPAIIOHHOTO
MEPUO/Ia U YACTOTY FeMOPPArnYeCKUX OCIOKHCHUN
(KOTIYECTBO CITydaeB, MPH KOTOPBIX HHTCHCUBHOCTD
KPOBOTEUCHHUSI B MEPBBIC 5 U MOCICONEPAIIMOHHOIO
Tepro/ia MpeBbIiana 3 MII/Kr/49).

[Ipu cpaBHEHUM YKa3aHHBIX TPYIIT OOIBHBIX OBLIO
BBISIBIICHO, UTO CPETHII TEMI KPOBOTCUCHHS Y JCTEH
1-ii rpynmst coctaisit 0,99+0,2 mi/kr/4, 4To 0CTO-
BEpPHO HE OTIMYAIOCH OT MOKa3aTens 2-W TPyIH,
[Je JaHHBIA [OKa3aresib B CPEIHEM TOCTUTal 3Ha-
yenust 1,15+0,3 mur/kr/a (p=0,75). Takxke He ObLIO
BBISIBIICHO JTOCTOBEPHON pa3HUIIBI MEXKIY CPEIHUM
00BbeMOM KPOBOTIOTEPH B TIEPBBIC CYTKH ITOCIEOTIE-
panuoHHOro nepuoaa. Y gered 1-if rpynmsl oH co-
crapsunr 11,842,2 Mi/kr, Torma Kak y TalueHTOB
2-ii TpYIIBI CPEAHUE 00BEM KPOBOIIOTEPU COCTABIISLI
11,5+4,2 mur/kr (p=0,2).

[Ipu cpaBHEHHH YaCTOTBI T€MOPPArHUYSCKUX OC-
JO)KHEHUH B TIEPBBIE CYTKH IIOCIICOIICPAIIIOHHOTO
nepuoia ObUIO BBISABICHO, YTO BO 2-# rpymie Ko-
JMYECTBO CIyYaeB, NMPHU KOTOPHIX WHTEHCHBHOCTH
KPOBOTEUCHHUSI B MEPBBIC 5 U MOCICONEPAIIMOHHOIO
mepuosa mpessmana 3 Mi/kr/4, cocraBmsuia 10 %
(3 mpoonepupoBaHHBIX 00JIBHBIX), yTO Ha 3,3 % mpe-
BBIIIAJIO aHAJIOTHYHBIHN [TOKA3aTeNb |-i TpymIbl, B KO-
TOPOH reMOpparuvecKue OCIOKHEHHS HAOIIOIAICh
y 2 6oipHBIX (6,7 % cimydaes).

Uro kacaeTcs mokaszaresieil BUTAIbHBIX (DYHKIUI
opraHmsMa, B IIPOIecce MCCIEeIOBAaHMS B MOCIEOTIe-
PAIMOHHOM TepHONe OBUTU BBIABICHBI CYIIECTBCH-
HBIC PACXOXICHHMS MEXKIy MOKa3aTelIsIMU CperHe-
CTaTUCTUYECKON TMPOAODKUTEIBHOCTH HHOTPOITHOMN
MOAZICPKKH, TeMIa IUype3a U KOIHMUYECTBA CYTOK,
MPOBEJCHHBIX B TMajlare HMHTCHCUBHON Teparmuu.
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B wacTHOCTH, TPOMOIKHUTEIEHOCTE HMHOTPOITHOM
MOJAEP)KKY Y JeTed 1-i rpynmel B cpegHEM cCoO-
craBmsuia 2,4+0,8 cyrok, uto Ha 29,5 % MeHbIIe 1O
CPaBHEHUIO C MPOJOJIKUTEIBHOCTBIO BO 2-H rpyIie
(p=0,03). Cpennuii Temn auypesa y nereit 1-it rpyn-
el ObLT Ha 25 % BhIIIE TeMma 2-i TPyMIEl U B Iep-
BBI€ CYyTKH ITOCJICONEPAIIMOHHOTO TIEPHO/Ia COCTABIISIT
5,5+0,5 mu/kr/4. JITUTENBHOCT JICUCHUs B Iajare
WHTEHCUBHOHN Tepamuu coctaBisuia 3,9+1,2 koiiko-
JtHs1, 4TO Ha 26,5 % MeHblle 1o CPaBHEHHUIO C aHAJIO-
TUYHBIMU TIOKA3aTeIsIMU 2-1 TPYTIIIHL.

Kpome OCHOBHBIX TMOKa3zarelneil BHUTaJbHBIX
GyHKOMH opraHm3ma, OblIa IpoaHAIU3UPOBAHA
CTPYKTypa  IOCJICONEPAIMOHHBIX  OCJIOXHEHHH,

KOTOpbIE BO3HUKAJIM Yy JeTe ¢ LUAaHOTHUYECKUMH
BIIC. K ocnoxHEeHHsIM, KOJTUYECTBO KOTOPBIX CyIIle-
CTBEHHO pa3jinyajoch Mexay l-ii u 2-if rpynnamu,
MOXXHO OTHECTH TEMOTOPAaKC, OCTPYIO IOYECUHYIO
HeJ0CcTaToyHOCTh. Hampumep, yacTtoTa BO3HUKHO-
BEHHUS TeMOTOpaKca y JAeTel, reMocTaTuieckas Te-
panus KOTOphIM NMPOBOAMIACH 0e3 yuera rokasare-
neit HITTOI, 6s11a B Tpu pasa BhIIE U BOSHUKIA Y 3
601bHBIX (10 % ciyuae). Basoe waie Bo 2-if rpyn-
TIe 10 CPaBHEHHIO ¢ |-# rpymnmoii 6puH ciay4yan mo-
yeyHoi HepocTtaroyHoCTH. Cilyyau BOSHUKHOBEHHUS
aTeJeKTas3a JeTKUX U XUIOTOpaKca B 00euX rpymmnax
OBLIM €TUHUYHBIMU.

O6cyxnenne

Taxum o6pazom, y aereli ¢ nnanotrnueckumu BIIC
B JIOOTIEPAIIMOHHOM TIepUOic HAOIIOIA0TCs H3MEHE-

HUSl B CUCTEME CBEPTBIBaHHS KPOBU, CYTh KOTOPBIX
3aKJIFOYAeTCs] B OBBIIICHUN aKTUBHOCTH COCYIHCTO-
TPOMOOILIUTAPHOTO TIEMOCTa3a C OIHOBPEMEHHBIM
CHIDKCHHEM YPOBHSI IOKa3aTened KoaryJsiHOHHO-
r0 3B€Ha CHCTEMBI I'€MOCTa3a, YTO CBUIETEILCTBYET
0 HETraTWBHOM BIUSTHUHM XPOHHYECKOW THITOKCEMHH
Ha TEeMOCTAaTHYECKHH IMOTeHLUHal KpOBU Yy JeTei
¢ nna"nornyeckumu BIIC.

B uHTpaonepanmoHHOM Mepuoie y NeTei ¢ Lu-
aHornveckumu BIIC HabOmrogamuch paccTporcTBa
CHCTEMbI T€eMOCTa3a 3a CYET KOAryJslHOHHOTO 3BE€Ha
CHCTEMBI TEMOCTa3a, a MOITOMY NPHUMEHEHHUE TIpera-
paroB, BIHUSIOUIMX Ha COCYAMCTO-TPOMOOLIMTApPHOE
1 (UOPUHOMUTHYCCKOE 3BEHO CHCTEMBI I'€MOCTa3a,
SIBIISIETCS HELIEJIECOO0Pa3HBIM.

Taktuka auddepeHIMpPOBaHHON KOMIUICKCHON
koppekuuu noa koutponeM HITTOI nomorna ymeHs-
IIUTH 00BEM MEMKAMEHTO3HOM HArpy3KH, 4To, TI0 Ha-
IeMy MHEHHIO, IOBJIHSIIO Ha TIOKA3aTeNId BUTAJIbHBIX
¢yHKmid. B yactHOCTH, cpeaHuii TeMN Auypesa y Jie-
Teit 1-# rpynmel 001 Ha 25 % BeIlIE Temna 2-i Tpy1-
nbl, ipopospkuTenbHocTh MIBJI B mocneonepanuon-
HOM miepuoje B 1-ii rpynme B cpenHeM Ha 9,4 4 Oblia
MenblIe. Kpome Toro, ykazaHHas TAKTHKA MO3BOIHIIA
Ha 24 4 COKpaTuTh NPOBEICHHE HHOTPOIIHOW MOJI-
JICPKKH, YTO B HTOI'C YMEHBIIMIO CPEAHES BpeMs
Jie4yeHMs B NaJlaTeé UHTEHCUBHOW Tepanuu Ha 33,6 4.
Hecwmotps Ha TO uTO cpeanuii 00beM U TeMI KpPOBO-
[OTEPU JJOCTOBEPHO HE pa3IHyaIUCh MEXIY IpyIia-
MU, YaCTOTa FeMOPpParndeckux OCIOKHEHUN y eTel
1-ii rpynimsl Ha 3,3 % Oblia HUKe.

DIAGNOSIS AND MANAGEMENT OF HEMORRHAGIC DISORDERS IN CHILDREN
WITH CYANOTIC CONGENITAL HEART DISEASE UNDEGOING CARDIAC SURGERY

V. N. LAZANIUK, O. A. TARABRIN, V. |. BOSENKO
Odessa National Medical University, Odessa Regional Children’s Hospital. Odessa. Ukraine.

Purpose. To assess the functional state of hemostasis and fibrinolysis in children with cyanotic CHD before and after cardiac surgery,
as well as to identify possible causes of hemorrhagic disorders to ensure adequate therapy.

Materials and Methods. Children with cyanotic CHD were enrolled into to groups: Group 1 (n=30) patients received the LPTEG-
guided therapy and Group 2 (n=30) patients received standard hemostatic therapy.

Results. Hypocoagulation caused by the abnormalities in the clooting phase of hemostasis was found in the study groups in the end

of the main stage of cardiac surgery. CTA, TBC, ICD, ICP, MA and CPH significantly decreased compared to the control group. Therefore,
haemostatic therapy in Group 1 patients included the transfusion of FFP, whereas in Group 2, in addition to the FFP transfusion, tranexamic
acid and etamzilat were used. The amount and rate of blood loss did not differ significantly between the study groups. The rate of bleeding
>3 ml/kg/hr during 24 hours in the postoperative day was 6.6 % in Group 1 and 10 % in Group 2.

Conclusion. The approach of differentiated LPTEG-guided therapy allows to reduce the medication load, decrease the bleeding
rate by 3.3 %, decrease the ventilation time on 9.4 hours. Moreover, this approach allowed to reduce the duration of inotropic support on 24
hours as well as the ICU stay on 33.6 hours.

Key words: cyanotic congenital heart disease, hemostasis, low-frequency piezoelectric thromboelastography, bleeding.

Patients with cyanotic congenital heart desease
(CHD) are at high risk for developing hemostatic
defects associated with polycythemia, thrombocyto-

penia, suppressed platelet function, and activation of
fibrinolysis [1, 2]. Hemostatic defects in the postop-
erative period in children with cyanotic CHD have
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been found by many researchers. N. N. Samsonova
and E. F. Kozar (2008) found that on-pump cardiac
surgery in children with CHD is accompanied by se-
vere disorders of platelet and coagulation hemostasis,
which determine the risk of developing hemorrhagic
complications. In particular, hemorrhagic disorders
were found in 1.9 % of cases undergoing cardiac sur-
gery (the mean age of patients was 5.1 years). Out of
the total number of patients with any CHD, under-
going on-pump cardiac surgery, there were a 10.8 %
postoperative bleeding rate (>3 ml/kg/h) in children
>28 days, and a 13.1 % bleeding rate in newborns
[1]. Patients with different types of CHD aged 0 to
14 years were enrolled in the study. Recent studies
(S. Moganasundram, B. J. Hunt et al., 2010) reported
that bleedings >5 ml/kg/h in the immediate postoper-
ative period occurred in 38 % of cases [3]. D. Faraoni
and P. Van der Linden (2014) found that blood loss in
children with cyanotic CHD was significantly higher
in comparison with patients with acyanotic CHD.
G. D. Williams, S. L. Bratton et al. (1998) assessed the
mean intraoperative blood loss in children with CHD,
ranging from 17 to 32 ml/kg (in newborns — from 50
to 61 ml/kg) [5]. According to different studies, blood
loss in the early postoperative period ranged from
15 to 110 ml/kg/days [6, 7, 8] (in newborn 94—100
ml/kg) [6]. Bleeding rates in the intraoperative and
postoperative period in children aged 0 to 14 years
was 2% and 10.8 %, respectively [1], whereas in new-
borns, it increased up to 13.1 % [2].

Therefore, it is pivotal to take into account pecu-
liarities of hemostasis in this group of children. The
study is aimed at the assessment of the functional
state of hemostasis and fibrinolysis in children with
cyanotic CHD before and after cardiac surgery, as
well as identifying possible causes of hemorrhagic
disorders to ensure adequate therapy.

Materials and Methods

60 children with cyanotic CHD (pulmonary atre-
sia, transposition of the great arteries, single ventricle,
tetralogy of Fallot, double-outlet right ventricle, total
anomalous pulmonary venous connection, Ebstein’s
anomaly) who have undergone on-pump cardiac sur-
gery in the Department of Cardiovascular Surgery at
the Odessa Regional Children’s Hospital (ORCH) in
the period from 2011 to 2015 were included in the
study. All patients underwent the assessment of he-
mostasis system. On admission, all patients had hy-
poxemia. The mean arterial oxygen saturation level
measured by a pulse oximetry was 72.9+3.0 %. All
patients were assigned to two groups according to the
chosen treatment therapy. Group 1 patients (n=30)
received the hemostatic therapy based on the find-
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ings of the instrumental studies of the low-frequency
piezoelectric thromboelastography (LPTEG) initi-
ated in the intraoperative and postoperative period,
including the differentiated use of hemostatic agents
targeted at the improvement of the hemostatic param-
eters and allowed to exclude empirical management
of hemorrhagic disorders in the perioperative period.
In Group 2 patients (n=30), standard hemostatic ther-
apy was initiated in the Department of Cardiovascu-
lar Surgery at the ORCH. This therapy was aimed on
the management of hemorrhagic complications, i. e.
the transfusions of platelets at a dose of 15 ml/kg and
fresh-frozen plasma (FFP) (15 ml/kg) in all patients
with cyanotic CHD. After the bypass mode had been
finished, heparin was neutralized by the dose of prot-
amine sulfate determined by the dose of heparin re-
ceived and the therapy was initiated. In cases of exces-
sive bleedings, an additional dose of protamine sulfate
was given (1/4 of the dose of protamine sulfate deter-
mined by the dose of heparin received). Hemostatic
therapy included the administration of tranexamic
acid at a dose of 10 mg/kg and etamsylate at a dose
of 12.5 mg/kg. The results of the LPTEG regarding
hemostatic parameters in Group 2 were not taken into
account. The study groups did not differ significantly
in age (the mean age in Group 1 — 20.1+10 months
vs. the mean age in Group 2 — 20.6=12.5 months).
The values of hemostatic parameters assessed by the
LFTEG in two groups of patients were compared with
the values of the control group, which included 30
healthy subjects. The mean age (20.7+7.9 months)
did not differ significantly between the control group
and children with cyanotic CHD.

The low-frequency piezoelectric thromboelastog-
raphy (LPTEG) was performed using the apparatus
for assessing rheological properties of blood “ARP-
01IM Mednord” (Tomsk, Russia). The ARP-01M
Mednord registers and evaluates viscoelastic proper-
ties of blood during clotting using a low-frequency
piezoelectric vibration sensor. Blood samples were
obtained from the left subclavian vein (0.5 ml) in the
operating room to perform instrumental blood analy-
sis. The whole blood sample was added to a heated
thromboelastographic cuvette at 37 °C, followed by
continuous monitoring and recording of TEG traces,
characterizing the process of blood coagulation and
fibrinolysis.

The analysis of TEG traces allowed to determine
the amplitude and chronometric constants of steps I,
I, III of hemocoagulation, the extent and duration of
the retraction and total fibrinolytic activity. The fol-
lowing parameters of the TEG traces were measured:
intensity of a contact phase of coagulation (ICC, this
parameter allowed to assess the vascular platelet
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phase of hemostasis), intensity of coagulation drive
(ICD), time of blood coagulation (TBC), constant of
thrombin activity (CTA), characterizing the speed of
thrombin-formation growth, intensity of the proteo-
clastic stage of clot formation, intensity of clot po-
lymerization (ICP), maximum clot density (MA), in-
tensity of the continuous process of hemocoagulation
(CPH), intensity of clot lysis and retraction (ICLR),
coefficient of total anticoagulant activity (CTAA).

The control of hemostatic parameters was per-
formed in the preoperative period, in the end of the
bypass mode during surgery (after protamine sulphate
neutralization of heparin) and in the end of intraop-
erative period.

The data were processed using the statistical soft-
ware package Statistica 6.1 (Stat Soft of Tulsa, USA)
and Microsoft Excel 2007. Mean, standard deviation,
standard error and confidence interval were calcu-
lated to characterize the studied parameters. The data
are presented as M+m, where M is the arithmetic
mean, m is a standard error of arithmetic mean with
given confidence probability of 95 % (y=0.95). The
Shapiro-Wilk test was used to assess the normality of
distribution. The Student’s t-test was used for inde-
pendent samples. The nonparametric Mann-Whitney
test was used for skewed distribution. P <0.05 was
considered statistically significant.

Results and Discussion

There were no significant differences found in
LPTEG parameters between Group 1 and Group 2
during the assessment of hemostatsis system in the
preoperative period. However, statistically signifi-
cant differences were found in ICC, ICP, MA, CTAA
between the study groups and the control group
(Table 1).

Table 1

The comparative analysis of hemostatic parameters
in children with cyanotic CHD before cardiac surgery
and healthy subjects, M+m

p;;l;r?stce}rs Group 1 Group 2 Control group
ICC (r. u) 31.9+£10.9% 34.2+10.5* 10.5£10.5
CTA (r. u.) 37.7£6.5 38.35+5.4 30.4+4.8
TBC (min) 6.9+1.2 7.02+1.1 7.4+0.8
ICD (r. u.) 32.3+3.7 32.34£3.5 33.5+3.2
ICP (1. u.) 14.1£1.8* 14.2+1.6* 18.6+1.8
MA (r.u.) 425.8+31.9% 430+£31.3* 522.4+£23.2
CPH (r. u.) 12.1£1.8 13+1.5 12.4£1.6
ICLR (%) 1.9+1.87 0.96+0.56 2.342.1
CTAA (r.u.) | 2.42+0.27* 2.38+0.25* 1.93+0.27

* Statistically significant differences compared to healthy

subjects (p<0.05).

The values of ICC, characterizing intensity of
CCCC-reaction of blood, pro-thrombin activity, ag-
gregation activity of platelets and other blood cells,
were significantly higher in Group 1 (the mean value
31.9+£10.9 r. u., p=0.009) in the preoperative period,
compared to those in healthy subjects. Similarly, the
values of ICC were significantly higher in Group 2
(34.2£10.5 1. u., p=0.003) compared to those in the
control group. High-intensity of a contact phase of
coagulation in the vascular platelet phase of hemo-
stasis suggested that children with cyanotic CHD
had significantly increased platelet aggregation in
the preoperative period. Moreover, significantly de-
creased ICP and MA values in the study groups in
comparison to those in healthy subjects suggested the
abnormalities of the coagulation phase in hemostasis.
ICP values in Groups 1 and 2 were lower by 24.2 %
(p=0.0007) and 24.2 % (p=0.0007), than those in
healthy subjects. MA values were significantly lower
by 18.5 % (p=0.00007) in Group 1 and by 17.7 %
(p=0.0001) in Group 2. CTAA values were higher by
26.3 % in Group 1 than those in the control group
(p=0.006). Similarly, CTAA values were higher by
23.3 % in Group 2 compared to those in healthy sub-
jects (p=0.015) (Table 1). The LPTEG trace in chil-
dren with cyanotic CHD in the preoperative period is
presented on Figure 1.
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Figure 1. The LPTEG trace in children
with cyanotic CHD in the preoperative period
and the LPTEG trace in healthy subjects:

1 — the mean TEG trace in children with cyanotic CHD;
2 — the mean LPTEG trace in healthy subjects

The assessment of rheological properties of blood
at the end of the bypass mode in children with cyanot-
ic CHD showed a negative tendency in the changes of
hemostatic parameters compared to those in the pre-
operative period. The negative changes in hemostatic
parameters were similar in both groups of children
with cyanotic CHD. There were no significant differ-
ences found in the values of LPTEG parameters in
the end of the bypass mode between the study groups.
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Both study groups demonstrated a decrease in the
amplitude and an increase in chronometric constants
of LPTEG (Table 2). Thus, the following parameters
significantly decreased in the study groups after the
end of the bypass mode, despite heparin neutraliza-
tion by protamine sulfate: CTA, ICD, ICP, MA, CPH.
However, TBC increased significantly. According
to the TEG trace, CTA values decreased by 26.4 %
(r=0.016) in Group 1 and by 26.8 % (r=0.008) in
Group 2 in the end of the main stage of cardiac sur-
gery, compared to those in healthy subjects. Similarly,
ICD decreased by 42.6 % (r=0.00001) in Group 1 and
by 42.9 % (r=0.00001) in Group 2. IPC decreased
by 42 % (r=0.00001) in Group 1 and by 39.8 %
(r=0.00001) in Group 2. MA decreased by 30 %
(r=0.00001) in Group 1 and by 30.4 % (r=0.00001)
in Group 2. Moreover, CHP decreased by 34.7 %
(r=0.00008) in Group 1, and by 31.5 % (r=0.0003)
in Group 2. TBC increased by 52.7 % (r=0.0002) in
Group 1 and by 56.7 % (r=0.00001) in Group 2 com-
pared to the reference values.

The assessment of hemostatic parameters with the
LPTEG in Group 1 found the following:

1) 53.3 % of cases had the abnormalities in the
coagulation phase of hemostasis. Therefore, patients
received the transfusion of FFP;

2) 23.3 % of cases had increased CTAA. All these
patients received additional dose of protamine.

It should be noted that 96.6 % of cases had throm-
bocytopenia after the end of the bypass mode. There-
fore, the platelet transfusion was administered.

Standard hemostatic therapy initiated in Group 2
included the transfusions of platelet and FFP in 100 %
of cases. Moreover, tranexamic acid, etamsylate and
an additional dose of protamin sulfate were adminis-

tered in 43.3 % of cases because of the hemorrhagic
complications.

The comparative analysis of the LPTEG param-
eters after two types of therapy in Groups 1 and 2
reported a positive dynamics. However, the com-
parative analysis of the hemostatic parameters in the
intraoperative period between the study groups and
the control group reported several differences. Thus,
IPC and ITC values in Group 1 were lower than the
reference values by 15.1 % (r=0.02) and by 29.9 %
(r=0.0001), respectively (Table 3). ITC significantly
decreased by 20.2 % (r=0.04) in Group 2 compared
to the control group. According the assessment of the
amplitude LPTEG constants, a 22 % decrease in MA
(r=0.005) was found in Group 1 compared to healthy
subjects. However, MA did not differ significantly
between Group 2 and the control group. There were
no significant differences found in other LPTEG par-
aemetrs between patients with cyanotic CHD and the
control group in the end of the intraoperative period
(Table 3). The vascular platelet phase of hemostasis as
well as the fibrinolysis phase did not differ significantly
between the study groups and the reference values.

Changes in the phases of hemostasis in children
with cyanotic CHD during the perioperative period is
presented in Figure 2.

The efficiency of hemostatic therapy was evaluated
using the rate of hemorrhagic complications and the
main indications of vital functions, namely the mean
rate of diuresis, the ventilation time, the duration of
inotropic support, the mean body temperature and the
ICU stay.

There were significant differences found in the intra-
operative blood loss between the study groups (11.1+
+3.9 ml/kg in Group 1 vs. 12.1£8.4 ml/kg in Group 2).

Table 2
The comparative analysis of the LPTEG parameters
in children with cyanotic CHD in the end of the bypass mode, M+m
LPTEG parameters Croup 1 Group 2
Before surgery End of bypass mode Before surgery End of bypass mode
ICC (r. u) 31.9+10.9 25.3+8.8 34.2+10.5 21.7+£9.4
CTA (r. w.) 37.7+6.5 22.445.3%* 38.35£5.4 22.3+5.3%*
TBC (min) 6.9£1.2 11.3+1.6% 7.02+1.1 11.6£1.6%*
ICD (1. u.) 32.3£3.7 19.3£3.6** 32.3+£3.5 19.2+£3.2%:*
ICP (r. u.) 14.1+1.8 10.8+1.9%* 14.2+1.6* 11.241.7%
MA (r.u.) 425.8431.9 365.9 +42.4% 4304+31.3 363.6+8.3% "
CPH (r. w.) 12.1+1.8 8. 1£1.1%* 13+1.5 8.5£1.1%~
ICLR (%) 1.9+1.87 0.25+0.73* 0.96+0.56 0.3+0.8*
CTAA (1. u.) 2.4+0.3 1.8+0.2* 2.38+0.25 1.7+0.2*

* Statistically significant differences compared to healthy subjects (p<0.05); * statistically significant differences compared

to the preoperative period (p<0.05).
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Table 3
The comparative analysis of the LPTEG parameters
in children with cyanotic CHD in the end of the intraoperative period, M+m
LPTEG parameters Oroup | Group 2
End of bypass mode End of surgery End of bypass mode End of surgery

ICC (r. w.) 25.3+8.8 14.8+6.6 21.7£9.4 11.3+4.7
CTA (r.u.) 22.4+5.3 34+7@ 22.3+£53 35.9+6.6¢
TBC (min) 11.3+1.6 8+£2@ 11.6£1.6 7.4+1.4@
ICD (1. u.) 19.3£3.6 29.3+4.2@ 19.243.2 31.6+£4.2@
ICP (r. u.) 10.8£1.9 15.8£1.5@* 11.2+1.7 17.1£1.4@
MA (r.u.) 365.9+42.4 460+27.8@* 363.6+38.3 483+27@
CPH (r. u.) 8.1+1.1 8.7+0.9* 8.5+1.1 9.9+0.9@*
ICLR (%) 0.25+0.73 -0.26+0.3 0.3+£0.8 -0.02+0.4
CTAA (r. u.) 1.8+£0.2% 1.9+0.3 1.7+£0.2 1.8+0.2

@ Statistically significant differences in hemostatic parameters in the end of the bypass mode and the end of the surgery (p<0.05);
* statistically significant differences compared to healthy subjects (p<0.05).
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Figure 2. The LPTEG trace in children
with cyanotic CHD during surgery in and the LPTEG
trace in healthy subjects: 1 — the LPTEG trace in children
with cyanotic CHD in the end of the intraoperative;
2 —the LPTEG trace in children with cyanotic CHD in the end
of the bypass mode; 3 — the LPTEG trace in healthy subjects

The following parameters were assessed in the
postoperative period: the mean exudation rate, the to-
tal bleeding amount in the immediate postoperative
period and the rate of hemorrhagic complications (the
number of cases with bleeding >3 ml/kg/h in the first
5 hours of the postoperative period).

According to the comparative analysis of the
study groups, the mean bleeding rate in Group 1
was 0.99+0.2 ml/kg/h, which did not differ signi-
ficantly(r=0.75) from Group 2 (1.15+0.3 ml/kg/h).
Moreover, there were no significant differences found
in the mean blood loss in the early postoperative pe-
riod between the study groups (11.8+2.2 ml/kg in
Group 1 vs. 11.5+4.2 ml/kg in Group 2, r=0.2).

According to the assessment of the hemorrhagic
rate in the immediate postoperative period, it was

found that 10 % of patients (n=3) in Group 2 had
bleedings >3 ml/kg/hr during the first 5 hours after
cardiac surgery, compared to 6.7 % (n=2) in Group 1.
There was a 3.3 % increase in the bleeding rate.

The comparative analysis of vital functions in
the postoperative period reported significant differ-
ences in the duration of inotropic support, the diure-
sis rate and a number of days in the ICU. Thus, the
mean duration of inotropic support in Group 1 was
2.4+0.8 days, suggesting a 29.5 % decrease in com-
parison with Group 2 patients (p=0.03). The mean di-
uresis rate in Group 1 patients (5.5+0.5 ml/kg/hr in the
first 24 hours of the postoperative period) was 25 %
higher than in Group 2 patients. The length of the ICU
stay was 3.9+1.2 bed-days in Group 1 (a 26.6 % in-
crease) in comparison with Group 2.

Additionally to vital functions, the structure of
postoperative complications in children with cyano-
tic CHD was analyzed. The postoperative incidence
rate of hemothorax and acute renal dysfunction sig-
nificantly differed between the study groups. Thus,
there was a 3-fold increase in the rate of hemothorax
in children without TEG-guided therapy (n=3, 10 %
of cases) as well as a 2-fold increase in the incidence
rate of acute renal dysfunction. The incidence rate
of atelactasis and chylothorax was similar in both
groups.

Conclusion

Children with cyanotic CHD in the preoperative
period had the abnormalities in hemostasis, i. e. in-
creased values of the parameters in the vascular plate-
let phase of hemostasis and decreased values of the
parameters in the clotting phase of hemostasis. These
changes are associated with chronic hypoxemia, re-
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sulted in worse hemostatic blood potential in children
with cyanotic CHD.

The intraoperative period in children with cyanotic
CHD was characterized by the abnormalities in the
clotting phase of hemostasis. It means that the use of
drugs able to improve the vascular platelet phase as
well as the fibrinolysis phase is inefficient.

The approach of differentiated LPTEG-guided
therapy allows to reduce the medication load and im-
prove vital functions. In particular, the mean diuresis
rate was 25 % higher and the ventilation time was a
9.4-hour shorter in Group 1 patients than in Group 2
patients. Moreover, this approach allowed to reduce
the duration of inotropic support on 24 hours as well
as the ICU stay on 33.6 hours. Despite the fact that
the mean bleeding amount and rate did not differ sig-
nificantly between the study groups, a 3.3 % decrease
was determined in Group 1 patients.
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