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Experimental Studies
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Pe3rome

ITess uccaeqoBaHMusI — ONPENEIUTD B 9KCIIEPUMEHTe, Kak FeMOUJIIONNsI PACTBOPOM cTepodyHIuH/Te-
saodysut (C/I') B cooTHOIIEHUH 2:1 BJAUSAET in Vitro W in vivo Ha IapaMeTphbl CUCTEMBI FeMOCTasa.

Marepuas u MeTOAbI. JKCIIEPUMEHTHI IPOBEJIU HA 75 KpbIcax-camiiax suHuu Wistar maccoit 270-380 1,
HAapKOTU3WUPOBaHHBIX TUJIETaMUH/30/1a3eniaMoM (40 MI/KI BHYTPUMBIIIEYHO) + KCUJIa3WuHOM (10 MI/Kr
BHYTPUMBIIIEYHO). JKMBOTHBIX pa3e/niin cjIydyaiiHbIM 00pa3oM Ha 4 rpynnsl: rpymnna | — pasBegenue 00-
pasuoB KpoBU u3 conHolt aprepun C/I' in vitro na 25% (n=12), rpymnmna II — pasBejieHue KpoBU in vitro HA
37,5% (n=11), rpynna III — pasBenenue in vivo Ha 25% (n=10), rpynna IV — koHTposibHas (n=42) — 6e3 pas-
BesneHusi. Ha mepBoM aTarie uccje0BaHMsI CPAaBHUBAJIY IPYIIBI pa3BeeHUs in Vitro ¢ KOHTPOJIbHOMN IPyII-
IO U MesKTy CO001i, Ha BTOPOM aTalle — IPYIIITy pa3BeleHusI i Vivo CPaBHUBAJIU C KOHTPOJIbHOU TPYIIIIOMN.
JUJ1s1 OLIeHKY BJIMSIHUS TeMOIUJIIOIIUY MCCJIeJOBA/IU ITapaMeTpbl HU3KOYaCTOTHOM IIbe30TPOMO0aIacTorpa-
¢uu (HIITIAT'), TeCTOB 11O OIlEHKE CBEPTHIBAHUS KPOBU U OOIIIETO aHAIN3a KPOBH.

Peayarrathl. [Ipu remoguimioniuu Ha 25% in vitrou in vivo C/T" B cooTHOLIeHNH 2:1 n3y4yaeMble TapameTphl
CHCTeMbI reMOCTa3a He BBIXOWJIN 32 PAMKU pedepeHCHbBIX TPaHUll, HO i7 Vitro OTMevasiy TeHIeHINIO K YCH-
JIEHUIO MHTEHCUBHOCTU (hepMEHTATUBHOTIO JTalna CBepThIBAaHUS U 3HAUUMOe YCUJIeHNe I0JNMepr3aIiu
CTYCTKAa 10 IPpUYNHE OTHOCUTEIbHOU HEeJOCTaTOYHOCTH aHTUKOATY/ISIHTOB. Pa3dBeieHrie KpOBU in vitro HA
37,5% 3HaUYUMO COKPAIIaJI0 B KPOBU KOJINYeCTBO (hMOpUHOTreHa U TPOMOOIIUTOB, MHTMONPOBAIO MHTEHCUB-
HOCTb IIPOTE0JIUTUYECKOTO dTalla CBEPThIBAHMSI, yMEHBIIIAJIO IIJIOTHOCTh TPOMOa B TOUKe skeJiupoBanus T3,
Ha 5-11 MUHYyTe II0CJIe ee JOCTHYKEeHUS M MaKCUMaJsIbHYI0 aMIUTyny (MA) kpuBoit HITTOI, a Takske 3HaYUMO
YMEHBIIIAI0 aHTUKOATYJITHTHYIO0 aKTUBHOCTh KPOBU. BbIsAB/IEHHBIE N3MEHEHN A TapaMeTpOB CUCTEMBI F'eMOo-
CTa3a 3HaUYUTEeJIbHO BBIXOAWIM 3a TPAHUIIbI pepepeHCHbIX 3HaueHu . [lokasaHo, 4YTo IpU pa3BeleHuu in vivo
Ha 25% 3HauyeHus1 IoKasareJisi IJIOTHOCTH TpoM0Oa OTpuliaTe IbHO KOPPEJIUPOBAJIN C MHTEHCUBHOCTBIO KOH-
TaKTHOU KOAryJisinuu (BeJIMUMHA OTPUIlaTesIbHas), a IPY pasBeieHuH in vitro Ha 37,5% 9TH 3HaYeHUsI [10J10-
SKUTEJIbHO KOPPEeJIMPOBAJIU TaK)Ke U C KOJIMYeCTBOM TPOMOOILIUTOB U collepskaHueM (puOprHOreHa.

3akmouenue. [emonumonus pactBopoM C/T' B cooTHoienun 2:1 Ha 25% 110 00’beMy MUHUMAJIBHO U3-
MeHsIeT [TapaMeTpbl FeMoCTasa in Vitro U siBJIsIeTCsI OTHOCUTEIbHO 6e30IacHOM 1151 CUCTEMBI T'eMOCTasa.

Kntoueevte croea: kpuicot tunuu Wistar; Ounroyuonnas Koazyionamust; HU3K04acmomHuast nve3om-
pomboanacmozpadhusi; ceepmuléanue Kposu
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SKCHepI/IMeHTaJ'IbeIe HCCJJaeqOoBaHuA

Summary

The aim of the study was to determine experimentally the effect of hemodilution by the 2:1
sterofundin/gelofusine (SG) solution on hemostatic parameters in vitro and in vivo.

Material and methods. Experiments were carried out on 75 male Wistar rats weighing 270-380 g and anes-
thetized with intramuscular tiletamine-zolazepam (40 mg/kg) + xylazine (10 mg/kg). Animals were divided
randomly into 4 groups: Group 1 — in vitro 25-percent dilution of carotid blood samples by the SG solution
(n=12), Group 2 — in vitro 37.5-percent dilution of similar samples (n=11), Group 3 — in vivo 25-percent di-
lution (n=10), Group 4 — the controls (n=42) with no dilution. The first stage of the study compared the in
vitro dilution groups with the control group and with each other; the second stage compared the in vivo dilu-
tion group with the control group. The parameters of low-frequency piezoelectric tromboelastography (LF-
PTEG), clotting tests and complete blood count were studied to evaluate the effect of hemodilution.

Results. At a 25-percent hemodilution with 2:1 CG solution in vitro and in vivo, the hemostatic parameters
retained within the reference limits, but a trend to increased intensity of the enzymatic reactions of the coag-
ulation cascade and a significant increase in clot polymerization in vitro due to relative anticoagulant defi-
ciency became evident. In vitro 37.5-percent blood dilution significantly reduced the blood level of fibrinogen
and platelet count, inhibited the intensity of the proteolytic stage of coagulation, reduced the clot density at
the T3 gelation point, at 5 minutes after reaching it and the maximum amplitude (MA) of the LFPTEG curve,
as well as significantly reduced anticoagulant activity of the blood. The observed changes in hemostatic pa-
rameters were significantly outside the reference limits, which may affect the interpretation of the experimental
results and be clinically important. We found negative correlation between clot density and platelet activity at
25-percent dilution in vivo, whereas at 37.5-percent dilution in vitro an additional positive correlations be-

tween platelet count and fibrinogen levels were determined.
Conclusion. A 25-percent hemodilution with 2:1 CG solution should be considered «safe» for the in vivo
hemostatic system providing minimal effect on the in vitro parameters in the exper-iment.

Keywords: Wistar rats; dilutional coagulopathy; low-frequency piezoelectric thromboelastography; blood

coagulation
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BBenenune

Ha JOTOCIIUTA/JIBHOM 3JTalle IIalpeHTaM C
TSSKeJION TPaBMOH B COCTOSTHUY TPAaBMaTHYECKOT0
moka [1, 2] HeobxoguMa Majioo6beMHass UHPY-
3MOHHAas MOJIepsKKa 10 MOMEHTa JOCTaBKH B CTa-
IIMOHAp ¥ OKOHYATeJIbHON OCTAaHOBKU KpOBOTEYe-
uus [3]. Leap Mamoob6beMHOW wWHPY3UU —
TIOTIBITKA N30eKaTh N30BITOYHOTO MObEMA apTe-
pPHUaJIBHOTO JaBJIeHNs 1 YCUJIeHUsI KPOBOTeUeHNUs,
a TaksKe pa3BUTHUA IUJIIOIMOHHOM Koarysjona-
tiH (4, 5]. O6beM nHGY3UHN Ha JOTOCHUTATHHOM
aralne He JoJiKeH npessimarb 1000-1500 mur niiu
20% o0beMa IUPKYIUpyIoIei kposu [3]. Beene-
Hue OoJIbIlleT0 00beMa WH(QY3UOHHBIX Cpel Y
MalleHTOB C apTepHualbHON IUIIOTeH3Mel ocie
TPpaBMbI MOKET YBEJIMIUBATH HOTpe6HOCTB BTremMo-
TpaHcdysuu o TpubLITUM B CcTaroHap [4, 6], a
OTCYTCTBUE UH(PY3UU CIIOCOOCTBYET POCTY JIeTalb-
HoCTH [7]. ONTUMAJILHBIM YPOBHEM CUCTOJINYECKO-
ro aprepuanbHoro gasjaeHust (CAJl) Ha morocmu-
TaJbHOM JTalle peKoOMeH10BaHo cuuTarb 80-90 MM
PT. CT., ay ITallU€HTOB C COYeTaHHOH YepernmHo-Mo3-
roBoii TpaBMOit — 6oJsiee 90 MM PT. cT. [3].

Br160op uH(py3nOHHOH Cpeabl TaKsKe SBJISAET-
s KJII0YeBbIM BOIIPOCOM. [13BeCTHO, UTO KOJITIOU/T-
HbI€ KPOBE3aMEHUTEJIN, B YaCTHOCTHU, IIPOU3BO -
Hble THApoKcuaTHAKpaxmasaa (['9K), cnocobHBI
BJIMATH Ha CTPYKTYPY (popMupyloiiero Tpomoa,

Introduction

In prehospital patients with severe trauma
and traumatic shock [1, 2], low-volume fluid ther-
apy is necessary until hospitalization and ultimate
control of bleeding [3]. The purpose of low-volume
fluid therapy is to avoid excessive blood pressure
rise and increased bleeding, as well as to prevent
dilutional coagulopathy [4, 5]. Prehospital fluid vol-
ume should not exceed 1,000-1,500 ml or 20% of
circulating blood volume [3]. Administration of a
larger volume of fluids in hypotensive post-trauma
patients may increase the need for blood transfu-
sion on arrival to the hospital [4, 6], while lack of
fluid therapy associates with increased mortal-
ity [7]. The optimal pre-hospital systolic blood pres-
sure (SBP) is suggested to be kept at 80-90 mm Hg
level, whereas in patients with traumatic brain in-
jury it should exceed 90 mm Hg [3].

The choice of fluid is also a key issue. The col-
loidal blood substitutes, such as hydroxyethyl
starch (HES) products, can affect the structure of
the developing clot, cause platelet dysfunction and
renal damage [8]. For this reason, the role of col-
loids in the current fluid therapy guidelines has
been greatly reduced in favor of balanced salt solu-
tions combined with a minor volume of colloids,
such as gelatine preparations. The 2:1 or 1.5:1
salt/gelatine ratio is considered to be the safest and
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BBI3BIBATH AUCQYHKITUIO TPOMOOIIUTOB U IIOBPESK-
nenue novek [8]. [1o aToil mpuYnHE B COBpEMEH-
HbBIX pEKOMEHJAIUsX 110 UH(PY3UOHHON Tepanuu
JOJIg KOJIJIOWJOB 3HAQYUTEJbHO YMEHBbIIEHa, U
BBIOOD CJIEJIaH B IT0JIb3Y COJIEBBIX COATAaHCHUPOBAH-
HBIX PAaCTBOPOB, COYETAIONIUXCS C HeGOJbIITNM
KOJIMYECTBOM KOJIJIOUJIOB, B YaCTHOCTH, ITpenapa-
TaMu skesaruHa. COOTHOIIIEHWE COJIeBOM pac-
TBOp/TIpenapar skesatuHa 2:1 uau 1,5:1 npusHaHo
HanOoJiee 6e30I1aCHBIM 1 ONTUMAaIbHBIM 110 BJIHSI-
HUIO Ha CUCTeMy remocTasa [3, 9]. besonacHocTb
MIpUMEeHEeHUsI IPOU3BOHBIX SKeJlaTHHA 00yCJIOB-
JIeHa TeM, YTO reMOJUJIIOIMOHHAA KOaryJIoaTHs,
BbI3BaHHaA 20-40% pasBeeHreM KpOoBU IIpenapa-
TaMH sKeJIaTHHA, oOpaTruMa Ipu TpaHcdysuu cper,
comepskamux (pUOPUHOTEH, YTO HETOCTHKUMO
npu ucrnoab3oBanuu ['OK [9, 10].

Ecsin B KIIMHUYECKOH MTPAKTUKE CYIIECTBYIOT
paspaboTaHHbIE AITOPUTMBI U CXEMBI JIEYEHUsI, TO
B 9KCIIepUMEHTAJbHON XUPYPruu TaKUX CTaHIap-
TOB HeT, 00'beM MH(PY3NOHHOM MTOJJIEPSKKY OTIpeie-
JISIeTCA SMIIMPUUECKHU M 3aBUCUT OT BUA IKCIIEPH-
MEHTAJIbHOT'O SKMBOTHOTO, BBIOpAHHOM
MH(}Y3NOHHOHN cpebl MM COOTHOILIEHUs Cpel U
MOJIeJINPyeMOI ITaTOJIOrYecKol cutyaruu (11, 12].
B muTeparype UMeloTcA IPOTUBOPEeYrBEIe JaHHbIE:
OIMCAaHO HapylleHWe CBepTbIBaHUS KPOBU Y
SKABOTHBIX ysKke npu 7-50% reMogu/Ionuu Kpu-
crasongamMu U 5-10% — kostoungamu (13, 14].
PesysbraThl MOIOOHBIX MCCIEIOBAHUM 3aBUCST KaK
OT YPOBHSA TEXHUYECKOI'0 OCHAILCHUS, TaK U YyB-
CTBUTEJbHOCTH MeTOAa WCCJieoBaHusl. Takum
00pa3oM, 0CTAeTCsT OTKPBITHLIM BOIIPOC «0€30MmacHO-
TO» JIJISI CHCTEMBI TeMOoCTa3a MH(Y3UPyeMoro oobe-
Ma cOaTaHCUPOBAHHOTO KPUCTAJJIOUTHOTO U KOJT-
JIOWTHOTO pacTBOpa (Opemapara >KeJjiaThHA) B
COOTHOILIIeHUY 2:1 B 9KCIIEpUMEHTE.

OnHMM 13 TepCEKTUBHBIX METOAOB OIleHKHU
CHUCTEMBI TeEMOCTAa3a, KOTOPbIM TPUMEHSIETCS B pa3-
JIMYHBIX 00JIACTAX XUPYPTHUH, SIBJISETCS HU3KOYa-
CcToTHas1 mbe3oTpoMboastactorpadust (HIITIAT) [15,
16]. JIJaHHBIA METOJ MO3BOJISIET KOJMYECTBEHHO
OIIEHUTDH TTapaMeTPhl CBEPTHIBAIOIIEN U TPOTUBO-
CBEPTHIBAIOIIEN CUCTEMbBI KDOBY OT MOMEHTA aKTH-
Ballil TPOMOOITUTOB 10 (PUOPUHOTUTHIECKOTO
paspylLIeHnus CIyCTKA. ITa METOAUKA He UCII0/Ib30-
BaJIach 11 U3YYEHUS NUIIOIMOHHOMN KoaryJiomna-
TUH Y TPAaBMUPOBAHHBIX MAIlMEHTOB, HO MOJKET
OBITH TIOJIE3HA BBUJIy CBOEW BBHICOKOUN YYBCTBU-
TeJIbHOCTH JIJISI PAHHETrO BbISBJIEHUS TUJIIOIAOH-
HBIX HapyllIeHUH CBepThIBAHMSI KPOBHU.

VuureiBasd, 4To cnoco0 BeinoaHenus HITTIT
ObBLT aganTUPOBAH [IJs SKCIEPUMEHTATbHBIX
KUBOTHBIX (KpbIc) [17, 18], HamMu IlOCTaBJIeHA
1eJb — OTIPe/IeIUTh B 9KCIIePUMEHTE KaK reMo-
JUJTIOIUS PACTBOPOM CTepOodyHIUH/Tes10hy3nH
(C/T) B cooTHOIIEHUU 2:1 BJIUAET in vitrou in vivo
Ha nmapamMmeTpsl cucteMsl remocrasa [19]. ITosy-
YeHHbIE TaHHbIE MTO3BOJIAT BLIOPATh ONTUMAJIb-

optimal in terms of the effect on the hemostasis
system [3, 9]. Safety of gelatine preparations is ex-
plained by the fact that hemodilution coagulopathy
caused by 20-40% dilution of blood with gelatine
preparations is reversible upon infusion of fluids
containing fibrinogen, which is not feasible when
using HES [9, 10].

While in clinical practice well-developed algo-
rithms and treatment regimens exist, there are no
such standards in experimental surgery; the vol-
ume of fluid therapy is determined empirically and
depends on the type of experimental animal, the
selected fluid or simulated condition [11, 12]. The
literature data are conflicting: blood coagulation
disorders have been described in animals at 7-50%
hemodilution with crystalloids, and 5-10% dilution
with colloids [13, 14]. The results of such studies de-
pend on both the level of technical equipment and
sensitivity of the research method. Thus, the search
for an optimal volume of a balanced 2:1 cristalloid-
colloid (gelatine preparation) intravenous solution
which could be «safe» for the hemostatic system in
an experiment remains relevant.

The low-frequency piezoelectric thromboelas-
tography (LFPTEGQG) is one of the promising meth-
ods of hemostasis assessment, which is used in var-
ious surgical areas [15, 16]. This method allows
quantitative assessment of blood coagulation and
anti-coagulation systems from the moment of
platelet activation until fibrinolytic clot destruc-
tion. This technique has not been used to study di-
lutional coagulopathy in trauma patients but might
be useful due to its high sensitivity for early detec-
tion of dilutional clotting disorders.

This method has already been modified for
use in experimental animals (rats) [17, 18]; our aim
was to determine experimentally the effect of he-
modilution with 2:1 sterofundin/gelofusine (SG)
solution on hemostatic parameters in vitro and in
vivo [19]. The obtained data will enable to choose
the optimal volume of fluid therapy when modeling
a particular pathological condition in experimental
animals without any significant risk of affecting the
hemostatic parameters.

Materials and Methods

The experiments were performed on 75 male Wistar
rats weighing 270-380 g, anesthetized with tiletamine/zo-
lazepam (40 mg/kg intramuscularly) + xylazine (10 mg/kg
intramuscularly) at the Department of Pathological Phys-
iology, Omsk State Medical University. The study was per-
formed according to the requirements of the European
Convention for the Protection of Experimental Animals
(86/609/EEC, 1986) and the World Society for the Protec-
tion of Animals (WSPA), as well as the current legislation
of the Russian Federation [20]. During the experiment, the
animals were kept normothermic (37°C) by warming with
an infrared lamp and fixed to the operating table. The an-
imals were randomly divided into 4 groups: in group 1,

blood samples from the carotid artery were diluted by
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JKCIlepUMEHTAaJJbHble UCCJEJO0BaHUS

HBIH 00'beM HH(PY3MOHHOU TepanTuy ITPU MOJIETH -
POBaHMY TOTO WA MHOT'O TATOJIOTHYECKOTO TTPO-
Iecca y 9KCIIepUMEHTAJbHBIX JKHUBOTHBIX 0€3
pHICKa 3HAYMMO TTOBJIMATH Ha TapaMeTpPhI CUCTe-
MBI TEMOCTA3a.

MarepuaJ 1 MeToabI

OKCIIEPUMEHTHI IIPOBEJIM Ha 75 KpbICax-caMIlax
auann Wistar maccoit 270-380 1, HAPKOTU3UPOBAHHBIX
TUJIeTaMAH/30/1a3en1aMoM (40 MI'/ KT BHYTPAMBIIIEYHO)
+ KCu1a3uHOM (10 MI'/KI BHyTPUMBIIIIEYHO) Ha 6a3e Ka-
denpsl narosoruueckoil pusnosoruu OMCKOro rocy-
JapCTBEHHOI'0 MEAUIIMHCKOr0 yHUBepcureTa. Vccieno-
BaHUe BBHIITOJIHUJIN B COOTBETCTBUH C TpeOOBaHUAMU
EBporeiickoii KOHBEHIIUH I10 3alUTe 9KCIIepUMEHTaIb-
HBIX KMBOTHBIX (86/609/EEC; 1986) u BcemupHoro 06-
1leCTBa 3aUTHI sKUBOTHBIX (WSPA), a Takske neiicTByIO-
UM 3akoHogarejabcTBOM Pd [20]. Bo Bpemsa
9KCIIEPUMEHTA y JKUBOTHBIX ITOAIePyKUBA/IA HOPMOTEP-
muio (37°C) corpeBaHueM HH(pPAKPACHOU JIaMIIOH, a
TaKsKe BBIIOJIHAIN (QUKCALMIO K OllepalliOHHOMY CTO-
JIUKY. JKMBOTHBIX CITy4aiiHBIM 00pa3oM pas3estrin Ha 4
rpynmnsl: B I rpynmne o6pasisl KpOBY M3 COHHOM apTeprn
in vitropassoguiu C/I"Ha 25% (n=12), Bo Il rpyninie — Ha
37,5% (n=11), B IlI rpynie — pasBonu.u in vivo Ha 25%
(n=10), B IV rpynmne pa3seJeHue He BbINOJHANN (1n=42).
Ha nepBoMm aramne ucciaeqoBaHus CpaBHUBAJA I1apa-
MeTpbl cucTeMbl remocTasda Meskay I, I u IV rpynmnoi, a
Ha BTopoM arane — Mexxay 11 u IV rpynmoii.

J1J11 OlleHKY BJIMSTHUS TeMOIUJIIONUY N Vitro U in
vivo C/T' Ha cucteMy reMocrasa uccjaeqoBaJv mapa-
MeTpbl HITTIT, KJIOTTUHTOBBIX TECTOB U OOIIEro aHa-
au3sa kpou (OAR). HITTOT BbIMOIHAMN HA OTe4eCTBEeH-
HOM npubope APII-0IM  «Menmuopm» (OO0
«Mepnopn-Texnuka», Poccust) c utHGOpMaOHHON KOM-
neporepHoit cucremonn (MKC) «I'emo-3». TTapameTrpsl
OAK: mmokasareJib FeMaTOKpUTa M KOJIMYEeCTBO TPOMOO-
OUTOB OLIEHMBAJIM HA aBTOMaTU4YE€CKOM reMaToJIoTnye-
ckoMm aHasnusatope ABX Micros ES 60 (Horiba Medical,
flmonus). IlapaMeTphl KOaryJIorpaMMbl: YpOBEHb (huod-
PUHOT€HA U 3HAaYEeHNE aKTUBMPOBAHHOI'O YaCTUYHOTO
TPpOMOOILTACTHHOBOTO BpeMenu (AUTB), mpoTpoMOUHO-
Boro BpeMen# (I1B), TpomOuHOBOTrO Bpemenu (TB), ak-
TUBHOCTH auTuTpomMOuMHa III (AT III) onpeesisiiam Ha To-
JlyaBTOMarudeckoM Kkoaryjaomerpe Thrombotimer 4
(Behnk Elektronik, lepmanusi) u Ha aBTOMarniecKOM aHa-
JIM3aTope KoaryaAanuu Kposu Sysmex CA 600 (Sysmex Eu-
rope GmbH, I'epmanusi) coorBercTBeHHO. B I u Il rpynne
OLIeHUBA/IM TOJIBKO KOHIIEHTpaUIo (rOpUHOreHa U aK-
tuBHOCTB AT III. B nccieqoBanny NCNoJ/Ib30BAIN peak-
tuBbI PpupMbl OO0 «Texnosorus-Crangapt» (Poccusi).

3anuce kpusbIx HITTII ocyiecTBsa/M 110 aBTOP-
ckoii metoauke [17, 18]. B Hactpoiikax MKC ucnosb3so-
BaJIU eJIBTY AJ1s1 IPUHATUA TOYKU MaKCUMaJIbHOH, paB-
HylI0 1, U BpeMs OKUJAHUs IOoLbeMa KpuUBouM — 20
MuHyT. Hauano rpadukoB He IPUBOAUJIUA K OZHOMY
YPOBHIO, a pacueT IJIOTHOCTH crycTKa (I1C) BeImoHnIN
o popmyite: I[IC=A, -A,, e n — HeoOX0aUMasI TOUKA
BpemeHu. OneHnBaJIM CjleAyoliie CTaHIapTHbIE Be-
auyuHbl HIITII: Bpems koHTakTHOU Koaryasanuu (T,
MUH.), UHTEHCUBHOCTb KOHTaKTHOU Koarynsanuu (MKK,
BeJINYMHA B HOPME OTpHUIlaTe/IbHasA, U3MepsieMasi B OT-
HOCUTEJbHBIX €QUHUIIAX, O. €.), BpeMs JTOCTHKEHUS
KOHCTaHTBI TPOMOWHOBOM akTUBHOCTH (T,, MUH), KOH-

25% with SG in vitro (n=12), in group 2 —by 37.5% (n=11),
in group 3 the blood was diluted by 25% in vivo (n=10),
while in group 4 no dilution was performed (n=42). The
first stage of the study compared the parameters of the
hemostasis system between groups 1, 2 and 4, and the
second stage — between groups 3 and 4.

To assess the effect of in vitro and in vivo hemodi-
lution by SG solution on the hemostasis system, the pa-
rameters of LFPTEG, clotting tests and complete blood
count (CBC) were studied. LFPTEG was performed on
ARP-01M apparatus «Mednord» («Mednord-Tekhnika,
Russia) device with the Hemo-3 computer-based infor-
mation system. Blood count parameters such as hemat-
ocrit and platelet count were measured using the auto-
matic hematology analyzer ABX Micros ES 60 (Horiba
Medical, Japan). Coagulation parameters including fib-
rinogen level and activated partial thromboplastin time
(APTT), prothrombin time (PT), thrombin time (TT), an-
tithrombin III (AT III) activity were determined using a
semi-automatic coagulometer Thrombotimer 4 (Behnk
Elektronik, Germany) and automatic blood coagulation
analyzer Sysmex CA 600 (Sysmex Europe GmbH, Ger-
many), respectively. In groups 1 and 2, only fibrinogen
level and AT III activity were evaluated. The reagents
manufactured by Technologia-Standart Company (Rus-
sia) were used in the study.

The LFPTEG curves were recorded according to an
original technique [17, 18]. In the software settings, we
used a delta for taking the maximum point equal to 1 and
the time to curve rise equal to 20 minutes. The starting
areas of the plots were not adjusted to the same point,
and clot density (CD) was calculated using the formula:
CD=A,-A,, where n is the required time point. The fol-
lowing standard values of LFPTEG were assessed: contact
coagulation time (T}, min), contact coagulation intensity
(CCD in relative units (r. u.) (normally negative value),
time to reach thrombin activity constant (T,, min),
thrombin activity constant (TAC, r. u.), blood clotting
time (T3, min), coagulation drive intensity (CDI, r. u.),
clot polymerization intensity (CP], r. u.), fibrin-platelet
structure formation time (T5, min), maximum clot den-
sity (MA, r. u.), total blood clotting intensity (TBCI, r. u.),
retraction and lysis of clot intensity (RLCI, %), total anti-
coagulation activity coefficient (TAAC, r. u.). Besides the
standard LFPTEG values, the temporal and structural
changes in clot formation using the clot density at min-
utes 0, 5, 10, and 15 (CDT;, CDT4+5, CDT,+10, CDT4+15)
from the moment of reaching the gelation point by the
curve (T3) which corresponds to the clotting time [21].

Blood sampling was performed 20 minutes after
surgical access and placement of a 24G fluorinated eth-
ylene propylene (FEP) catheter in the left carotid artery,
when the effect of surgical exposure of the neurovascular
bundle on systemic hemodynamics was neutralized.
Blood exfusion was performed within 1 minute after pre-
liminary flushing the catheter with 300 L of 0.9%
sodium chloride solution. Blood dilution in vitro and in
vivowas performed with 2:1 SG solution. The dilution so-
lution was added to the test tube immediately before the
study. In vivo 25% dilution was performed according to
the following procedure. Through a 24G FEP catheter
placed in the right femoral vein, 16 ml of dilution solution
was injected at a rate of 1 ml/min, while blood was simul-
taneously drawn from the left carotid artery at a rate of
0.3 ml/min for 16 min. Systolic blood pressure (SBP) was
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craHTy TpoMOmHOBOH akTHBHOCTH (KTA, 0. €.), Bpems
cBepThiBaHus KpoBHU (T;, MUH), THTEHCUBHOCTb KOary-
asanuoHHoro apaiisa (MKJ, o. e.), ”YHTEHCUBHOCTH T10-
sumepuaanuu cryctka (UTIC, o. e.), Bpems ¢opmupoBa-
HUA GUOpUH-TpoMObOIUTapHOH CTPYKTYPHI (T5, MuH),
MaKCUMaJIbHYIO INIOTHOCTH cryctka (MA, o. e.), HUHTeH-
CABHOCTB TOTaJIbHOTO CBepThiBaHuA Kposu (UTC, o. e.),
WHTEHCUBHOCTb peTpaknuu u jymauca crycrka (MPJIC,
%), kK0a(pdULHEHT CyMMapHOU NIPOTUBOCBEPTHIBAIO-
el aktuBHOcTH (KCIIA, 0. e.). KpoMme cTaHIapTHBIX
nokasaresieid HIITIT, onpenennain BpeMeHHO-CTPYK-
TYpPHYIO JUHAMUKY TPOMO00Opa30BaHMA 110 IIJIOTHOCTH
cryctka Ha 0-1, 5-1, 10-1 u 15-11 munyTe (IICT;, TICT4+5,
I1CT;3+10, IICT4+15) oT MOMEHTa NOCTU)KEeHUsI KPUBOK
HIITAT Toukm skesmpoBaHus T;, COOTBETCTBYIOIIEH
BpPEMEHHU CBepThIBaHUA [21].

3a60p KpOBU OCYIIECTBJsIA 4depe3 20 MUHYT
1ocJie XUpypPru4ecKoro JOCTyIla U yCTaHOBKU KaTeTepa
u3 GTOPITU/IEHIIpONIUIeHa AuaMeTpoM 24 G B JIEBYIO
COHHYIO apTepUI0, KOIJJa HUBEJUPOBAJIOCh BJIUSHUE XU-
PYPru4ecKoro BblieJIeHUsI COCYJUCTO-HEPBHOTO ITyYKa
Ha CUCTEMHYIO FeMOIUHAMUKY. DKC(Y3UI0 KPOBU BbI-
MOJIHAJN B TedeHre 1 MUHYTBI II0C/Ie IIpeJBapuTesIb-
HOro npoMeiBaHusAa Karetepa 300 Mka 0,9% pactBopa
HaTpuA xJopuna. Pazsenenne KpoBu in vitro v in vivo
ocymecTBJs/M pactBopoM C/I'B cooTHoennu 2:1. Jlo-
OaBJyieHME Pa3BOASAIIETO0 PacTBOpa B IPOOHPKY OCY-
11IeCTBJISLJIM HEIIOCPEACTBEHHO Ilepe]l UCC/IelOBaHUEeM.
PasBenenwue in vivo Ha 25% BBITIOJHSAJIM M0 CJIETYIOIIEeH
MmeTonuke. Uepes kareTep U3 (PTOPITUIEHIPONIUIEHA
JquameTpoM 24 G, yCTaHOBJIEHHBIH B IIPABYIO OeIpEeHHYIO
BeHY, BBOIWJIM 16 MJI pa3BOAAILEr0 pacTBOPaA CO CKOPO-
CTBIO 1 MJI/MHH C OJHOBPEMEHHBIM 3a00pOM U3 JIEBOU
COHHOM apTepuH CO CKOpPOCThIO 0,3 MJI/MUH KPOBU B
TedyeHue 16 MmyuH. Kaskaple 5 MUHYT KOHTPOJIMPOBAJIU CU-
cToIn4YecKoe apTepruanbHoe naBseHue (CAJl) u rocsie
pasBeJeHUs ONIpeleJIslyId CoAepIKaHue JIAaKTaTa KPOBHU.

st onenku mapameTpoB HITTAI KpoBh O€3 KOH-
cepBaHTa 3a0MpaJsy B TedeHNe 8 CEeKyH/ IIIIPUIIEM B
caenyoiiem oowveme: I rpynmna — 0,3 mu, II rpynma —
0,25 mu, III u IV rpynna — 0,4 mo1. PasBenenue in vitro
Tiepe]] ccieJoBaHNEM OCYIIECTBJISIN J0OABIEHNEM B
k1oBetry pactsopa C/I' B coorHomenuu 2:1 y I rpymnmsl
0,1 i my II rpynner — 0,15 mut.

Jitst OAK KpoBB 3a0Mpaii B MUKPOKIOBETY C 9TH-
JIeHIUaMUHTeTpayKCcycHOU kucsoToii (3ITA) y I rpynnsl
0,15 ma, I rpynimer — 0,125 mut, 11T u IV rpyninet B o0beMe
0,2 mJs1. PadBenieHue in vitro miepes UCCaeI0OBaHUEM OCY-
mecTBasAIN qobaBsiernneM pacrsopa C/I' y I rpymmsr
0,05 M1 1 0,075 M1 — y Il rpynimer.

11 uccaeqoBaHMsA IapaMeTPOB KOAryJIorpaMMBbl
KpOBb 3abupasu B o6beme 0,9 mut ¢ 0,1 mu 3,8% pac-
TBOpa IiuTpara HaTpusl. Iloc/ie nepemMeInBaHusa KPOBU
¢ KoHcepBaHTOM y | rpynmnel k 0,75 mMu1 kpoBy, y II
rpynnbsl — K 0,625 mu1 qobasiisin 0,25 mut 1 0,375 Mot
pactBopa C/I. V III u IV rpynmns!r 3abop KpoBHU OCY-
IEeCTBJSINA B 00beMe 4,5 it mmpurieM ¢ 0,5 mit 3,8%
uuTpaToM Harpus. [lepes ucciaeqoBaHueM napaMeTpoB
KOaryJI0rpaMMbI Bce 00pasnbl KPOBU IEHTPUPYTUPO-
BaJsm 15 muH ipu 3000 06/ MuH.

Tak Kak KOJMYECTBO HAOJIONEHUH B KasKIOH
rpy1re ObIIO HEOOIIBIITNM, TO JJI AHAIN3a PE3YJIETaTOB
HUCCIeJOBaHNA NIPUMEHU/IN HellapaMeTpUYecKue Me-
TOJbI CTATUCTUKMU. [I711 CpaBHEHU S HECKOJIBKUX I'PYIIII I10
MHO3KeCTBY 3aBUCUMBIX lIepeMeHHbIX IPUMEeHU/IN Hella-

monitored every 5 minutes and blood lactate levels were
determined after dilution.

To evaluate the LFPTEG parameters, the following
volumes of blood were drawn for 8 seconds using a syringe
without anticoagulant: group 1 — 0.3 ml, group 2 — 0.25
ml, group 3 and group 4 — 0.4 ml. The pre-test in vitro di-
lution was performed by adding the following volumes of
2:1 SG solution to the cuvette: in group 1 — 0.1 ml, in
group 2—0.15ml.

Blood for CBC was collected in a microcuvette with
ethylenediaminetetraacetic acid (EDTA) in the following
volumes: group 1 — 0.15 ml, group 2 — 0.125 ml, and
groups 3 and 4 — 0.2 ml. The pre-test in vitro dilution was
performed by adding 0.05 ml (group 1) and 0.075 ml
(group 2) of SG solution.

To study coagulation parameters, 0.9 ml of blood
were drawn in a syringe containing 0.1 ml of 3.8% sodium
citrate solution. After adding the preservative to blood,
0.25 and 0.375 mL of SG solution were added to 0.75 ml
of blood in group 1 and to 0.625 ml of blood in group 2.
In groups 3 and 4, 4.5 ml blood was collected in a syringe
containing 0.5 ml of 3.8% sodium citrate. All blood sam-
ples were centrifuged for 15 min at 3000 rpm before the
measurement of coagulation parameters.

Since the number of observations in each group
was small, we applied nonparametric statistical methods
to analyze the study results. Nonparametric multivariate
M. J. Anderson permutational analysis (perMANOVA)
was used to compare several groups on multiple depend-
ent variables. The p-level correction for multiple pairwise
comparisons of the groups was performed using the Ben-
jamini-Yekutieli method. To clearly demonstrate the dif-
ferences between the groups for all compared parame-
ters, we used the principal coordinate method with the
construction of an ordinal diagram and the principal
component method with a graph. The nonparametric
Kruskal-Wallis analysis of variance was performed to
elaborate the differences between independent groups
on the compared variables. Mann-Whitney test with the
Bonferroni correction for multiple comparisons was used
for pairwise comparisons for each variable between the
independent groups. Spearman's rho test was used for
correlation analysis. Statistical analysis of the results was
performed using R programming language designed for
statistical data processing and graphical representa-
tion [22]. Baseline data were entered into Microsoft Excel
2010 tables, and then tables in txt format were imported
into RStudio, a free and open-source software develop-
ment environment for the R programming language. In
addition to the basic statistical packages, the packages
«ggplot2», «ggpubr», «rstatix», «gridExtra», «cowplot»,
«ade4», «vegany, «ellipse» were installed and used. The
packages «ade4» and «vegan» were used to perform per-
MANOVA, as well as principal component analysis and
its visualization. The packages «ggplot2», «ggpubr», «rsta-
tix», «gridExtra», «cowplot» were used to construct
graphs. The «Hmisc» and «ellipse» packages were used
for correlation analysis.

Results and Discussion

Nonparametric multivariate analysis of vari-
ance revealed a significant effect of blood dilution
with SG solution in vitro, indicating that groups 1,
2, and 4 were not identical in the compared param-
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paMeTpu4ecKuil MHOroMepHbIi anainus M. 1. AunepceH
c nepmyTanueit (perMANOVA). Koppekiusi ypoBHs p Ha
MHO>KeCTBEHHBI€ TI0ITIapHble CPAaBHEHUS TPYII BbINOJI-
HAJII MeTofioM BeHpavuar-—exyTum. [l HarTAaHoH
JIEMOHCTPAIMU Pa3JINYUN MEKIy TPYIIaMy 10 BCEM
CpaBHMBAEMbIM IapaMeTpaM WCII0JIb30BAJIN METO[
VIABHBIX KOOPJWHAT C MIOCTPOEHUEM OPAUHAIIMOHHON
JrarpaMMbl U METOJI IVIABHBIX KOMIIOHEHT C Tpa(uKoM.
C 1esIpi0 KOHKPEeTU3aluy pas3InYuil MeKy He3aBUCH-
MBIMU T'PYIIIIAMU 110 CPABHUBAEMbIM ITOKA3aTeJsIsIM BbI-
TIOJTHSJIA HEeTlapaMEeTPUYECKUH JUCIIEPCUOHHbBIN aHAINA3
Kpackemna—Yosuca. [[1s1 monapHbIX CpaBHEHUH 10 KasK-
JIOMy TIOKa3aTesi0 MEYKy HE3aBUCHUMbBIMU TPYIIIaMHU
MIPUMEHUIU TecT MaHHa—YUTHU C KOPPEKIIUEN YPOBHS
3HAYMMOCTH C YYETOM MHOKECTBEHHOCTHU CPABHEHUH 110
Merony Bondepponu. 1151 KoppessAIMOHHOIO aHaIu3a
npuMeHusIu kpurepuili Cnupmena (rho). Craructuye-
CKYI0 00pabOTKY ITOJTyYE€HHBIX PE3YJIETAaTOB BHITIOTHUTN
C IIpUMeHEHNEM SI3bIKa IPOrpaMMUpPOBaHus R, KOTOpbIi
TpeHa3HAYeH JIJIST CTAaTUCTHYECKON 00pabOTKY TAHHBIX
1 rpaUUeCcKOro IpeCcTaB/IeHNs Pe3y/IBETaTOB CTaTUCTH-
YeCKHUX TecToB [22]. VIcxomHbIe JaHHbIE BHOCUJIU B Ta0-
anubl Microsoft Exel 2010, mocsie 4ero tabJ/auIbl B txt
¢opmare 3arpyskanauch B RStudio — cBobogHYIO cpemy
paspaboTKH MPOrpaMMHOTO 00eCIIeYeHHsI C OTKPBITHIM
HUCXOAHBIM KOIOM JI/1A A3bIKA IporpaMMupoBanus R. Jlo-
TTOJTHUTEJIEHO K 0a3MCHBIM CTaTUCTUYECKY ITAKeTaM 3a-
Ipy>KaJId U UCII0JIb30BaJIU ITAKeThI «ggplot2», «ggpubry»,
«rstatix», «gridExtra», «cowplot», «ade4», «vegan», «ellipse».
IMTakeTtsI «aded» U «vegan» TPUMEHUJTH /15T BEITTOJTHEHUS
perMANOVA, a Takske JJ1s1 aHa/IM3a IJITaBHbIX KOMIIOHEHT
U ero Budyasnuaarnus. [TakeTs! «ggplot2», «ggpubr», «rsta-
tix», «gridExtra», «cowplot» mpuMeHnIU /151 TOCTPOEHUS
rpaukos. [I11 KOPpesIALMOHHOIO aHAJIN3a UCII0JIb30-
Basu nakeT «Hmisc» u «ellipse».

Pe3ysnbrarhl U 00Cy:KA€HHE

HenmapameTpuiyeckuii MHOTOMEPHBIA OHC-
NIEPCUOHHBIA aHAJIN3 BBIABUJI CTATUCTUUYECKU
3HA4YMMOe BJHAHNE pa3dBeJeHnsd KpOBU PacTBO-
pom C/T in vitro kak ¢dakTopa, yka3blBas Ha TO,
uTo rpynusl I, II u IV He UAeHTUYHEI 110 COBOKYII-
HOCTHU CpaBHUBaeMBbIX IToka3areseil (p=0,00009).
I'pynmoBoe nonapHoe CpaBHEeHYE BBIABUJIO CTaTU-
CTUYECKU 3Ha4YMMble pa3JIMYUs 110 COBOKYIIHOCTHU
aHaJIU3UpyeMBbIX IIapaMeTpPOB MesKAy IpylIiaMu
pasBenenus in vitro (I u lI) 1 KOHTPOJIBLHOU TpyII-
o (IV) (Tabsuira). MeToq IJTaBHBIX KOOPAWHAT U

eters (P=0.00009). Group pairwise comparison re-
vealed significant differences between the in vitro
dilution groups (1 and 2) and the control group (4)
based on the totality of analyzed parameters seen in
Table. The method of principal coordinates and
construction of the ordination diagram illustrate the
results obtained above (Fig. 1, 2). Centroids of the
dilution groups are plotted close to each other, but
at a considerable unequal distance from the cen-
troid of the control group. These differences be-
tween the dilution groups can be clearly seen on the
principal component plot, where the groups are vi-
sualized as three ellipses oriented in space. Despite
the significant distance of the dilution groups from
the control, group 1 stands closer and deviates from
the control group plane by a smaller angle than
group 2. This indicates an increase in the differences
in some of the studied hemostasis parameters when
the percentage of blood dilution increases, which
may significantly affect the hemostasis system
when simulating a particular pathological condition
and using fluid therapy with the specified combined
crystalloid/colloid solution.

The results of nonparametric Kruskal-Wallis
analysis of variance and pairwise comparison by
Mann-Whitney test with the Bonferroni correction
for multiple comparisons revealed significant dif-
ferences between the groups in specific parameters
(Fig. 3, 4).

A paradoxical increase of intensity of enzy-
matic and polymerization stages of clotting mani-
fested as reduced clotting time T; (P=0.042) and in-
creased intensity of clot polymerization (P=0.049)
along with the decrease of AT III activity (P=0.0017)
despite significant decrease of clot density at CDT3
gelation point (P=0.0074) and platelet count
(P=0.0022) were observed in the 25% in vitro he-
modilution.

No significant correlation between clot den-
sity at CDT;, CDT;+5, CDT;3+10, CDT5+15, MA, and
LFPTEG parameters (CCI and T,) characterizing
the initial platelet activation was found at 25% in
vitro dilution. Also, there was no significant corre-
lation between the clot density at the above time
points and platelet count. The paradoxical en-

3HaYeHUsA BepPOATHOCTEH /I HellapaMeTPUIeCKOro AUCIePpCHOHHOro aHaau3a M. /1. AugepcoH (perMANOVA)
M IIPH NIOTIAPHOM CPaBHEHHH I'PYII, OTJIHYAIOIIHMXCSA 110 pa3BeleHHIO KPOBH in vitro.
Probability values for the M. J. Anderson nonparametric analysis of variance (perMANOVA) and in vitro pairwise

comparison of groups differed in blood dilution.

The null hypothesis P, p, Py
Dilution does not affect the parameters 0.00009 — —
No differences between Groups 0 and 25% — 0.0003 0.0008
No differences between Groups 0 and 37.5% — 0.0001 0.0006
No differences between Groups 25 and 37.5% — 0.03 0.06

Note. P; — probability of null hypothesis rejection error by perMANOVA; P,, P; — probability of null hypothesis rejection error
in pairwise comparison of groups without correction and with correction for multiple comparisons by Benjamini-Yekutieli
method.

ITpumeuanmue. The null hypothesis — HyneBas runoresa; dilution does not affect the parameters — pa3BegeHue He BiIHUAET Ha
mapameTpsl; no differences — He omIn4yaTCs. P; — BEPOATHOCTD OMINOKY OTKJIOHEHUsI HYJIEBOIl TUIIOTE3bI IPU TPOBEAEHUHI
perMANOVA; P, P;— BepOsITHOCTH OIIMOKY OTKJIOHEHUsI HYJIEBOU IT'MIIOTE3bI IIPY IPOBEIEHUH IIOIIAPHOI0 CPaBHEHUS I'PYIIIT
63 KOPPEKIUH U C KOPPeKIel Ha MHOKeCTBeHHbIe CPAaBHEHUs 110 MeTony Benbamuun—exkyrum.
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Puc. 1. OpauHauoHHaA AUarpaMMa: HeHTPOHABI TPYI B IPOCTPAHCTBeE ABYX INIaBHBIX KoopauHaT (PCoA).

Fig. 1. Ordination diagram: centroids of groups in the space of two principal coordinates (PCoA).

Note. 0 — Group 4 without dilution at studied parameters (°), 25 — Group 1 with the in vitro 25-percent dilution at studied param-
eters (A\), 37.5% — Group 2 with the in vitro 37.5-percent dilu-tion at studied parameters (+).

IIpumeuanwue. 0 — IV rpynma 6e3 passenenus 0 % ¢ u3ydaeMbIMU mapaMmeTrpamu (°), 25 — [ rpymnma ¢ pasBefieHUeM in vitro Ha
25% ¢ ndyyaeMbIMuU apameTpamu (A), 37,5% — Il rpynmna c passegenueM in vitro Ha 37,5% ¢ u3ydyaeMbIMU IapaMeTpamu (+).

Puc. 2. BusyaJjibHas OlleHKa pa3JIMYMi B IPOCTPAHCTBE NEPBBIX IBYX INIABHBIX KOMIIOHEHT /U1 I'PYIII 10 HCCJIeyeMbIM Ia-
pamerpam.

Fig. 2. Visual assessment of spatial differences of the two major components for the groups in the studied parameters.

Note. 0 — Group 4 without dilution, 25 — Group 1 at 25-percent dilution, 37.5 — Group 2 at 37.5-percent dilution; vertical axis —
first principal component (PC1); horizontal axis — second principal component (PC2).

IIpumeuanwue. 0 — IV rpymnmna 6e3 passenenusi 0%. 25 — I rpynna c pazsenenuem 25%, 37,5 — Il rpynma ¢ pasBegenuem 37,5%;
OChb OpIHAT — IlepBasi IaBHast komnoHenTta (PC1); ock abciuce — Bropas rmaBHas KomrmonenTa (PC2).

ITOCTPOEHNE OPIWHAIMOHHON MrarpamMmbl WJLTIO- | hancement of the enzymatic and polymerization
CTPUPYIOT ITOJTy4eHHbIe BBIIIIe pe3y/srarsl (puc. 1,2). | phases can be explained in this study by the rela-
[leHTpouabI TpyII pa3BefeHUs pacmojoskeHbl | tive lack of anticoagulants. We revealed an inverse
0JIM3KO IPYT K IPYTY, HO Ha 3HAYMTEIHLHOM HepaB- | strong significant correlation (rho=-0.76, P=0.004)
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HOM yJlaJIeHUH OT IIeHTPON/1a KOHTPOJIbHOH IpyII-
IIbl. DTU Pa3JIn4usA MeK Iy IPylIlaMy pa3BeeHus
XOPOIIIO 3aMeTHbI Ha rpadMKe TJIaBHbIX KOMIIO-
HEHT, [Jie Pyl BU3yaJU3UPOBaHbl B BUJIE TPEX
OPHUEHTUPOBAHHBIX B MIPOCTPAHCTBE 3JIJTUIICOB.
HecmoTrps Ha 3HaunTeIbHOE yIaleHue Pyl pas-
BeJIEHUsI OT KOHTPOJBHOMH, Tpymma I ctouT 6/mske
1 Ha MEHBIIUH YyT0JI OTKJIOHSAETCS OT IJIOCKOCTH
KOHTPOJIbHOMU I'pyIIibel, yueM rpymmna II. 3To ykasbl-
BaeT Ha POCT Pa3JUYUH 10 HEKOTOPBIM U3y4dae-
MBIM I10Ka3aTeJIAM CUCTeMBbI reMOoCTa3a [Py yBe-
JAYEHUHN TMPOIeHTA pa3BeJleHusA KPOBH, 4YTO
MOSKeT 3HAUYUTEJIbHO BJIUSTH HA COCTOSIHUE CHCTe-
MBI TEMOCTa3a MPU MOJEJHUPOBAHNUMN TOTO WJIU
WHOTO MTaTOJIOTUYECKOTO ITPOoIiecca, Korja IpoBo-
IUTCSA MHQY3UOHHAS Tepamnus npecTaBJeHHbIM
codyeTaHWeM KPHUCTATIOUAHOTO U KOJIIOUTHOTO
pacTtBopa.

ITo pesysbraram HenmapameTpHU4eCcKOro JUC-
MMepCUOHHOro aHanuni3a Kpackena-Yosauuca u
MOMMapHOTO CpaBHEHUA TeCTOM MaHHAa-YUTHHU C
KOppEeKInel Ha MHOKeCTBEHHbIe CPAaBHEHUS 110
MeTony BoH(peppoHH onpenenuan 3HAYMMBble
pasauyusa MeKAy IpylnIaMu [0 KOHKPETHBIM
napamerpam (puc. 3, 4).

[Ipu remomwtionyu in vitro Ha 25% IPOU301II-
JIO ITapaJoKCaJbHOE yCUJIEHHWEe WHTEHCUBHOCTHU
¢depMEeHTAaTUBHOTO U TOJUMEPUIAITMOHHHOTO
arana CBepThIBaHMs: YMEHBIINJIOCh BpEMs CBep-
TeIBaHuA T, (p=0,042) 1 BEIpOCIa UHTEHCUBHOCTU
nosuMepusanuu cryctka (p=0,049) Ha ¢oHe
yMeHbllleHusa aktusHoctu AT III (p=0,0017),
HEeCMOTPSI Ha TO, YTO 3HAYMMO CHU3UJIACh TJIOT-
HOCTb Tpomba B TOukKe kequpoBaHus I[ICT3
(p=0,0074) 1 KOTMYECTBO TPOMOOTIUTOB (P=0,0022).

[Ipu 25% pasBeneHUU in vitro 3HAYUMOU
KOpPEeJIAIUA MeKIy IJIOTHOCTBIO CI'yCTKA B TOY-
kax Bpemenu [ICT;, I[ICT;+5, IICT;+10, TICT;+15,
MA u napamerpamu HITTOI' UKK u T,, xapakTepu-
3YIOIIUX HAaYaIbHYI0 aKTUBAIUI0 TPOMOOIINTOB,
He BBIABWJIN. 3HAUYNMasi KOPPeJIAIUs IIJIOTHOCTHU
CI'yCTKa B IIEPEYMCJICHHBIX TOYKAX BPEMEHU C
KOJIMYECTBOM TPOMOOIIUTOB OTCYyTCTBOBAJIA.
[TapamokcanbHOe ycuieHne (pepMeHTaTUBHOIO U
MTOJTUMEPUSAITMOHHOIO 9Talla MOYKHO OObSICHUTH
B JAHHOM HCCJIeJOBAaHUU OTHOCUTEJILHOM Hem0-
CTaTOYHOCTBIO AHTHUKOAryJIAHTOB. Bbiasuin
00paTHYI0 CHITFHYIO 3HAYNMYIO KOPPEJISIIIMOHHYTO
cBsA3b (rho=-0,76, p=0,004) mesxay UIIC u KCIIA,
OTpa’Kaloliero CyMMapHYyl0 aHTHKOArYJIATHYIO
AKTUBHOCTH KPOBH.

[Ipu remogusronuu in vitro Ha 37,5% 3Ha4m-
MO CHHU3UJACh KOHIleHTpanus ¢(uOpuHOTEHA
(p=4,2e-05) 1 KOJTUYECTBO TPOMOOIIMTOB B 3aJaH-
HOM 00beMe (p=3,3e-05) 3HaYNMO YMEHBIIINIACH
WHTEHCUBHOCTh NPOTEOJIMTUUYECKOTO 9Tama CBep-
teiBaunus — VIK]I (p=0,01) ¥ IoTHOCTHL TpOMOa B
Touke skenupoBanusa [ICT; (p=0,00053), yepes 5

MUHYT nocJe ee gocrukenus [1CT;+5 (p=0,0051)

between CPI and TAAC, reflecting total blood anti-
coagulant activity.

The in vitro 37.5% hemodilution significantly
reduced the fibrinogen level (P=4.2e-05) and the
platelet count in a specified volume (P=3.3e-05).
Significant decrease of the proteolytic clotting stage
intensity (CDI) (P=0.01) and clot density at the gela-
tion point CDT; (P=0.00053), CDT;+5 (P=0.0051)
and MA (P=0.0022) was found. The AT III activity
(P=2e-06) and TAAC (P=0.00014) also significantly
decreased indicating changes in total anticoagulant
activity of serine protease inhibitors, non-specific
serine protease inhibitors (a,-macroglobulin), pro-
tein C system, active complex inhibitors (tissue fac-
tor pathway inhibitor), fibrin degradation products
(FDP) and antiaggregants (cyclic adenosine
monophosphate (cAMP), cyclic guanosine
monophosphate (cGMP), prostaglandin I,, nitric
oxide). Although there was no significant change in
T,, Ty and TAC, a significant very strong negative
(rho=-0.91 and rho=-0.87; P=0.0001 and P=0.0005)
and moderate positive correlation (rho=0.65;
P=0.032) with CDI, respectively, was found. Inhibi-
tion of the proteolytic phase occurred along with a
trend to reduced thrombin activity due to dilution.
We also found that, at this dilution, clot density at
CDT; (rho=-0.64; P=0.036), CDT;+5 (rho=-0.73;
P=0.011), CDT4+10 (rho=-0.72; P=0.013), CDT,+15
(rho=-0.65; P=0.031) and MA (rho=-0.66; P=0.029)
had negative correlation with contact coagulation
time T,. Contact coagulation intensity, which is
normally negative —-3.57; -10.0 (Q1, Q3), signifi-
cantly correlated only with the clot density at
CDT;+15 (rho=-0.65, P=0.032). A strong significant
positive correlation between the platelet count and
clot density at CDT;+5 (rho=0.7; P=0.016) and
CDT;+10 (rho=0.64; P=0.033) was revealed. Similar
correlations were found between the fibrinogen
level and clot density at CDT;+15 (rho=0.65;
P=0.029) and MA (rho=0.64; P=0.033). Thus, the clot
density at 37.5% dilution in vitro is affected by
platelet activity and count as well as the fibrinogen
level. The 37.5% dilution begins to significantly af-
fect the density of the forming clot by decreasing
the platelet count and activity, as well as by reduc-
ing the fibrinogen level.

When comparing group 1 with group 2, a pro-
gressive decrease in the coagulation drive intensity
(P=0.0084) was observed, which represents a de-
crease in the level and/or activity of coagulation fac-
tors and reduced thrombin activity. Correspond-
ingly, coagulation time was prolonged (P=0.024),
approaching that of the control group (P=0.88). At
the same time, the clot density did not change sig-
nificantly at all control points (Fig. 3), similarly to the
platelet count (P=0.15) and fibrinogen level (P=0.44).

Although the 25% dilution group (group 1) in
vitro was significantly different from the control
group (group 4) in platelet count, AT III activity,
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Puc. 3. luHaMHu4YecKoe H3MEHEeHHe IIVIOTHOCTH TPOMOa OT TOUYKH keTupoBanua — T3 10 moaHoH perpaknuu crycrka (MA)
IIpHU pa3BeeHuH in vitro 1o 25% (I) u 37,5% (II) B cpaBHEHHUH € KOHTPOJILHOM rpynmnoii 0% (IV).

Fig. 3. Changes in clot density from T; gelation point to complete clot retraction (MA) at the in vitro 25-percent dilution (1) and
37.5-percent dilution (2) compared with «no dilu-tion» control group (4).

Note. For fig. 3, 4, 7: r. u. — relative units. For fig. 3, 7: CDTpt — the clot density LFTEG achieving the point Tpt to characterize the
clotting time; CDTpt+5/+10/+15 — the clot density 5/10/15 min after LFTEG achieving the point T to characterize the clotting
time; MA — the maximum clot density. The significance level determined by the Mann-Whitney pairwise test was corrected for
multiple comparisons using the Bonferroni method.

Ipumeuanue. [[jis1 puc. 3, 4, 7: r.u. — OTHOCUTeJIbHBIE equHULBL. [[151 puc. 3, 7: CDTpt, r.u. — IJIOTHOCTB CrycTKa (Tpomba) mpu
poctuskeHnH Kpusoi HITTOT Touku Tpt, xapakTepuaymouiell BpeMs cBepTbiBaHusd; CDTpt+5/+10/+15 — MJIOTHOCTB CIyCTKA
(TrpoM0a) uepes 5, 10, 15 MmunyT nocse gocruskenust kpupoit HIITIT Touku Tpt, xapakTepuayioleil BpeMsi CBepThIBaHusT; MA —
MaKCHMaJIbHas IJIOTHOCTB CTyCTKa. Y POBEHb 3HAYUMOCTH IIPU IPOBEAeHUH [TOIIapHOTro TecTa MaHHa—YUTHU CKOPPEKTUPOBAH
Ha MHOKeCTBEHHbIe CPaBHEHU: MeToioM BoHdeppoHu.

u MA (p=0,0022). Takxke 3HaunMo cHu3uUJach | clotting time, clot density at the gelation point and
aktuBHOCTH AT III (p=2e-06) u KCIIA (p=0,00014), | polymerization intensity, these parameters remain
XapaKTepHU3YIOIIEro 00IyI0 aHTUKoAryassHTHYI0 | within the reference limits [17, 18], except for CPI,
aKTUBHOCTHh MHTUOWTOPOB CEpPUHOBBIX mpoTteas, | which is ultimately negligible, since no differences
Hecnenn(pUiecKux WHTHONTOPOB CEPUHOBBIX | were seen between groups in the time of the fibrin-

www.reanimatology.com GENERAL REANIMATOLOGY, 2021, 17; 4



https://doi.org/10.15360/1813-9779-2021-4-1-0
JKCIlepUMEHTAaJJbHble UCCJEJO0BaHUS

Puc. 4. 3HaunMble U3MEHEHHU TAPAMETPOB CUCTEMbI FeMOCTa3a IPHU pa3BeaeHuM in vitroHa 25% (I) u 37% (II) B cpaBHeHUn
¢ KOHTPOJILHOH rpynmoii 0% (IV).

Fig. 4. Significant changes in hemostatic parameters at the 25-percent in vitro dilution (1) and 37-percent in vitro dilution (2)
compared with «no dilution» control group (4).

Note. For fig. 4, 7: CDI — the coagulation drive intensity; CPI — the clot polymerization intensity; T,, min — the time of reaching
the thrombin activity constant; T3, min — the clotting time; AT III, % — activity of antithrombin IIT; TAAC — the total anticoagulant
activity coefficient. The significance level determined by the Mann-Whitney pairwise test was corrected for multiple comparisons
using the Bonferroni method.

IIpumeuanwue. /111 puc. 4, 7: Platelets — Tpom6onuTsr; CDI, 1. U. — HHTEHCUBHOCTB KOATrYJISIIIMOHHOTO JipaiiBa; CPl — nHTEHCUB-
HOCTb ITOJIIMePU3aIuu cryctka; T,, min — BpeMsi JOCTH;KeHHsI KOHCTaHTHI TPOMOMHOBO akTUBHOCTH; T3, min — BpeMsi cBep-
ThiBaHUs1 KpoBy; AT 11, % — akTuBHOCTH aHTUTpOoMOUHA IIT; TAAC, 1. u. — K0a(pPUIMEeHT CyMMapHO# IPOTUBOCBEPTHIBAIOIIEH
AKTHUBHOCTHU. Y POBEHb 3HAYMMOCTH IIPU MPOBEJEHNY NTONAPHOTO TecTa MaHHa- YUTHU CKOPPEKTUPOBAH HA MHOKECTBEHHBIE
cpaBHeHUsI MeToioM BoH(eppoHwU.
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npoteas (¢,-MaKporIo0yInHa), CHCTEMBI ITPOTEN -
Ha C, UHTUOUTOPOB aKTUBHBIX KOMIIJIEKCOB
(mEHTEOUTOpP MyTHU TKaHEBOTO (phakTopa — TFPI),
MPOYKTOB ferpanannu pudprra (I1J1P) u nesa-
rperaHToB (IUKJIAYECKUN aileH03uHMOHOdocdar
(UAM®), nUKJINYeCKU ryaHO3MHMOHOpochaT
(ufI'M®), mnpocrarmanauH [,, okcupg asora).
HecmoTps Ha oTCyTCTBHE 3HAYUMOI'O U3MEHEHU
T,, Ty 1 KTA 00Hapy>KUI COOTBETCTBEHHO 3HAYM -
MyI0 OY€Hb CHUJIBHYIO OTpHUIaTesibHy10 (rho=-0,91
u rho=-0,87; p=0,0001 u p=0,0005) U cpegHIOIO
MIOJIOSKUTEIbHYIO KOPPEJISIUOHHYIO CBsA3U (tho=
0,65; p=0,032) c UK/]. THTHOMpOBaHMeE ITPOTEOTH -
THUYECKOTO 3Tana MpoTeKasso Ha (POHE TEHJEeHIINN
K CHUYKEHUIO aKTUBHOCTH TPOMOWHA BCJIEICTBUE
passenenus. Ilpy maHHOM ypOBHe pas3BeleHUusA
KpOBH, IJIOTHOCTh crycTka B Toukax [ICT3 (rho
=-0,64; p=0,036), [ICT;+5 (rtho =-0,73; p=0,011),
I[ICT4+10 (rho =-0,72; p=0,013), I1ICT;+15 (rho
=-0,65; p=0,031) u MA (rho =-0,66; p=0,029) oTpu-
1aTeJbHO KOpPEeJaUpoBaja ¢ BpeMEHEM KOHTAKT-
Ho Koaryssanuu T,. IHTeHCHBHOCTb KOHTAaKTHON
KOaryaAanuu (mapaMeTp B HOpMe UMeeT OTpuIa-
TeJIbHbIEe 3HAa4YeHust: -3,57; -10,0 (Q1; Q3)) 3HaYUMO
KOppeJIMpoBaJjia TOJNBKO C INIOTHOCTBIO CTYCTKA B
touke BpeMmeHH [ICT;+15 (rho=-0,65, p=0,032).
IIpu aTOM BBIABMJIN BBIPA’KEHHYIO I10JIOKUATEIIb-
HYIO, 3HAaYUMYIO KOPPE/IANUOHHYIO CBA3b MEXKIY
KOJTTYECTBOM TPOMOOIIUTOB U MIJIOTHOCTBIO CTYCT-
Ka B Toukax [1CT,;+5 (rho=0,7; p=0,016) u [1CT,+10
(rtho=0,64; p=0,033). AHATOTUYHOH CHJIBI KOPPeJIs-
IIMOHHbBIE CBSA3U 00HAPYKUJIN MKy KOHIIEHTPa-
et pubprHOTeHAa U IJIOTHOCTHIO CI'YCTKA B TOY-
kax [ICT5+15 (rho=0,65; p=0,029) u MA (rho=0,64;
p=0,033). Taknum 00pa3oM, Ha MJIOTHOCTh CTyCTKA
in vitro ipu pa3BedeHuu Ha 37,5% BJIUsIET aKTUB-
HOCTBH TPOMOOIIUTOB, UX KOJIMYECTBO U COepsKa-
Hue (ubpuHOreHa. /[aHHBIE TTOKA3BIBAIOT, YTO
passengeHue Ha 37,5% HadyuHaeT CYILIECTBEHHO
BJIMSITH Ha TIJIOTHOCTH (POPMUPYIOIIETOCsS TpoMba
BCJIE[ICTBHE YMEHBIIIEHUsI KOJIMYeCTBa TPOMOOITH -
TOB, UX AKTUBHOCTHU U CHUYKEHUSI KOHI[eHTPAIU1
¢dubpuHOTEHA.

[Tpu cpaBHernuu I u Il rpynn mMesxay coboi
OTMeYaJ/Ii IPOrPeCcCUBHOE YMEHbIIICHUEe UHTEH-
CUBHOCTH KOaryJsiliuOHHOIO apaiiBa (p=0,0084),
4TO OTpaskaeT yMEHbIICHHE KOHIEHTpaluu
/WM aKTUBHOCTU (PAKTOPOB CBEPTHIBAHUA U
aKTUBHOCTU TPpoMOUHA. COOTBETCTBEHHO C 9TUM
YAJUHAETCA BpeMs cBepThiBanusa (p=0,024), npu-
OJIMsKRAsICh 110 3HAYEHWIO K KOHTPOJIBHOM TpyIIrne
(p=0,88). ITpu aToM IIOTHOCTH TpoMba BO BCeX
KOHTPOJIBHBIX TOYKAaX 3HAYMMO He MeHsSeTCA (pUC.
3), Tak)Ke, KaK M KOJIMUYECTBO TPOMOOIIMTOB
(p=0,15) u koHIeHTpanus pudpuHOoTeHa (p=0,44).

Hecmotps Ha TO, 4TO rpynIa ¢ pa3BeieHueM
Ha 25% (1) in vitro craTnyecku 3HAYUMO OT/IMYa-
JIach OT KOHTPOJIbHOH rpynisl (IV) mo KosindecTBy
TpoMmbo1uToB, aktTuBHOCTHU AT III, BpemeHu cBep-

platelet structure formation (T;) (Fig. 3). Fibrino-
gen, platelets, CDI, CDT;, CDT;+5, MA, AT III, and
TAAC continue to decrease significantly with in-
creasing dilution to 37.5%, going beyond the refer-
ence ranges [17, 18], which may affect the interpre-
tation of the experimental results and be clinically
relevant. Thus, 25% hemodilution can be consid-
ered to have the least impact on the hemostatic sys-
tem in vitro.

Given that in vitrono compensation for coag-
ulation abnormalities occurring in dilution is pos-
sible, an in vivo evaluation of the impact of 25% he-
modilution on the hemostatic system was
warranted. According to the results of the experi-
ment, the reference values of hematocrit
(M+1.96*SD) in the 25% dilution in vivo group
(group 3) were 31.16+3.64%, while in the control
group (group 4) they were 41.98+5.04%. The refer-
ence values of lactate level in group 3 were
1.19+0.96 mmol/l and 1.24+1.04 mmol/] in group
4.The Mann-Whitney test (P=0.98) and the permu-
tational test with 10,000 iterations found no signifi-
cant differences in lactate level between the two
groups (P=0.76). The systolic BP did not fall below
100 mm Hg. Thus, simulation of 25% hemodilution
in vivo in experimental animals was accomplished
without signs of shock.

As in the case of the in vitro dilution, the in
vivo dilution had a significant impact on the stud-
ied parameters characterizing the hemostatic sys-
tem (P=0.015), which is clearly illustrated in the or-
dinal diagram (Fig. 5).

This can be seen by analyzing the principal
component graph, where the ellipses reflecting the
groups with 25% (group 3) and 0% (group 4) dilu-
tion overlap with a slight deviation in angle though
(Fig. 6).

In vivoblood dilution did not result in signifi-
cant changes in LFPTEG parameters and did not af-
fect the clot density at all time points (Fig. 7). APTT
and PT tended to decrease, which contradicts the
concept of dilutional coagulopathy. A 25% in vivo
dilution caused a significant decrease in fibrinogen
level, AT III activity, reduced platelet count, and
prolonged TT (Fig. 7). All parameters remained
within the reference ranges even though their sig-
nificant (albeit clinically non relevant) changes
were recorded [17, 18]. Thus, the use of low-volume
fluid therapy when modeling a particular patholog-
ical condition in experimental animals (rats) with
avolume of up to 16 ml 2:1 SG solution and achiev-
ing hematocrit of approximately 30% can be con-
sidered feasible, safe and not affecting the critical
coagulation and anticoagulation parameters.

As in the in vitro study, a strong to medium
significant negative correlation between CD at
CDT; (rho=-0.74; P=0.015), CDT;+5 (rho=-0.8;
P=0.006), CDT3+10 (rtho=-0.74; P=0.015), CDT;+15

(rho=-0.63; P=0.049), MA (rho=-0.63; P=0.049) and
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Puc. 5. OpguHanyoHHasA AUarpaMMma: eHTPOH/IbI IPYIII B IPOCTPAHCTBE ABYX INIaBHBIX KoopauHaT (PCoA).

Fig. 5. Ordination diagram: centroids of groups in the space of two principal coordinates (PCoA).

Note. 0 — Group 4 with no dilution at studied parameters (°); 25 — Group 3 with in vivo 25-percent dilution at studied parameters (/).
IIpumeuanue. 0 — IV rpynmna 6e3 passenenHua 0% c udydaeMmbIMu mapamerpamu (°); 25 — III rpynmna ¢ pasBefeHueM in vivo Ha

25% c usydyaeMbIMU ITapaMeTpamu ().

TBhIBaHUs, IIJIOTHOCTHU CI'YCTKA B TOYKE KeJINPOBa-
HMS 1 NHTCHCUBHOCTU II0JIMMEpU3allui, YKa3daH-
HbIe TapaMeTPhI He BLIXOJSAT 3a paMKU pedepeHc-
HbIX rpaHul] [17, 18], kpome UTIC, 4TO, B KOHEUHOM
WUTOTe, He3HAYMMO, TaK KaK pasjIMuuil MesKkIy
rpynInaM# 1o BpeMeHu ¢opMupoBanus GpudpuH-
TpoMbomuTapHO! CTPYKTYpHI (T5) He moJsryaeHo
(puc. 3). C yBesquueHueM passegeHust 1o 37,5%
CyLIIECTBEHHO IIPOA0JIKAeT YMEHBINAThCA KOJIM-
JecTBO (pubpuHOTEHA, TpoMbonmToB, K], TICT,,
[ICT4+5, MA, AT III, KCIIA, 3HaUYMTEJIbHO BBIXOAS
3a pedepeHcHbIe TpaHullbl [17, 18], yTO MOKeT
IOBJIUATH HA UHTEPIPETALUIO PE3YJIBTaTOB 9KC-
IIEPUMEHTOB U OBITh KJIMHUYECKU 3HAYUMBIM.
TakuM 06pasoM, reMOIUJIIONHIO Ha 25% MOKHO
CUNTaTh HaMMeHee BJIUAIOIIEN Ha CUCTEMY reMO-
cTasa in vitro.

Y4uuThIBasi, YTO BHE OPraHU3Ma OTCYTCTBYET
BO3MOKHAsI KOMIIeHCAIIMsI TeX MU UHBIX OTKJIO-
HEHUU B CUCTEME reMOCTasa IpU pa3BeIeHNuH B
poOmMpKe, TpedyeTcst OIleHKa BAUSHUS 25% remMo-
JWIIONYMM Ha CHCTeMy remocrasa in vivo. Ilo
pesyJibraTaM aKcIlepuMeHTa pedepeHCcHbIe 3Haue-
HuA remarokpura (M=1,96*SD) B rpynne ¢ 25%
pasBenenueM in vivo (III) coctaBuna 31,16+3,64%,
a B KOHTpoJibHOU rpynme (IV) — 41,98+5,04%.
PedepeHcHbIe 3HaUYEHUsI COIepIKaHU JIaKTaTa B
IIT rpynme cocrasuiu 1,19+0,96 Mmouis/J1, B IV —
1,24+1,04 mMouss/sa. Ilpu mpoBefeHWU TecTa
Maunna-YurtHu (p=0,98) u Tecta nmepmyTanuu C

contact coagulation time (T,), as well as a negative
correlation between CCI and CD at CDT,
(tho=-0.59; P=0.012), CDT;+5 (tho=-0.66; P=0.012),
CDT;+10 (rho=-0.57; P=0.012) were revealed in
vivo. No significant correlation between fibrinogen
level, platelet count and CD at CDT,;, CDT4+5,
CDT;+10, CDT;+15, and MA was found. Thus, in
vivo clot density at 25% dilution is primarily af-
fected by platelet activity rather than their count
and fibrinogen level.

As a diagnostic criterion of dilutional coagulopa-
thy, 1.5-fold PT and APTT prolongation [23] is used.
In our study, PT and APTT tended to decrease, and TT
was significantly shorter in 25% dilution in vivo. The
decrease of TT is associated with accelerated fibrin
monomer formation from fibrinogen under the ac-
tion of thrombin and reduced anticoagulant system
activity [24] with a significant decrease of its key com-
ponent (AT III). According to LFPTEG, at 25% dilution
there was a trend to increased fibrin monomer poly-
merization (CPI) and enhanced proteolytic phase of
blood coagulation (CDI) in vivo, as well as a signifi-
cant enhancement of these phases (CPI, T,) in vitro.
Imbalance between pro- and anticoagulants at a
minor 25% blood dilution, which results in prevailing
procoagulation, may be useful for early control of
bleeding in low-volume fluid infusions, that is consis-
tent with the previous findings [25].

Reduced clot density at minutes 5, 10, 15 after
reaching the gelation point and maximum clot den-
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10000 mrepanuAMM CTATUCTUYECKU 3HAYMMBIX
pas/uuuii 0 KOHIEHTpAlM{ JIaKTaTa MEeMKIy
IByMs TpyniiamMu He obHapy:kuu (p=0,76). CAJ]
He CHIKaJI0Ch Hiske 100 MM pT. cT. Takum obpa-
30M, MOJIeJIMPOBAaHNE TeMOIUJIIONNA i Vivo Ha
25% y 9KCIIepAMEHTaJIbHBIX SKUBOTHBIX JIOCTUTHY-
TO 6€3 MMPU3HAKOB ITI0Ka.

Kak u B ciiyyae pasBeneHus in vitro, passe-
JIeHHe in Vivo CTaTUCTUYeCKH 3HAUYMMO BJIUSJIO Ha
n3y4yaeMble ITapaMeTphl, BajKHbIE s OLIEHKU
cucreMbl remocrasa (p=0,015), 4yTo HaWIAIHO
UJUJTIOCTPUPOBAHO Ha OPAWHAIIMOHHOU JUarpam-
Me (puc. 5).

BuayanbHO B 9TOM MOKHO YOEIUTHCH, MPO-
AHAIM3UPOBaB I'PadUK IJTABHBIX KOMIIOHEHT, TJIe
3JIJIMIICHI, OTpa)kaolue rpynmnsl ¢ 25% (III) u 0%
(IV) passeneHueM, HaKJAIBIBAIOTCA ApPyr Ha
JIpyra, HO ¢ HeOOJIBIINM OTKJIOHEHHUEM II0 YTy
(puc. 6).

PasBeneHre KpoBU in Vivo He TIPUBEJIO K CTa-
TUYEeCKU 3HAYMMBIM HM3MEHEHUsIM IapaMeTpOB
HIITII' 1 He 0Tpa3nJIOCh HaA IJIOTHOCTH CTyCTKa
BO BCeX BPEMEHHBIX TouKax (puc. 7). AYTB u IIB
HAMeJIY TeHIEeHIINIO K YMEeHbIICHUIO, YTO [IPOTHUBO-
PEYUT IIOHATUIO «JUIIOIAOHHAs KOATYyJI0IaTUsI».
PasBenenue in vivo Ha 25% BBI3BAJIO 3HAUHUMOE
CHIDKeHUe KOHIIEHTpaIuu (uOpUHOTreHa, akTUB-
HocTu AT 111, yMEHBITTNIIO KOJTUYECTBO TPOMOOIIH -
TOB U yajmmHuI0 TB (puc. 7). HecMoTps Ha craru-
YEeCKyl0 3HAa4YMMOCTb OTHUX IIepeMeH, Bce
MOKAa3aTeJIn OCTAJIMCh B paMKax pedepeHCHBIX

sity (MA or MCF) according to rotational thromboe-
lastometry (ROTEM) and thromboelastography
(TEG) is used as a diagnostic marker of coagulopa-
thy [26]. Hemodilution coagulopathy can be accu-
rately diagnosed using ROTEM and TEG by reduced
clot density at the CDT;+10 and MA time points in
33-40% dilution with isotonic crystalloid solu-
tions [9, 27-29] and in 20-35% dilution with gelatine
preparations [30]. At these points, a strong correla-
tion between clot density and fibrinogen level was
noted. No significant changes in other TEG param-
eters such as R-time, K-time, o angle or similar
ROTEM parameters representing the proteolytic and
partly polymerization phases of clotting were
found [27, 29]. Significant changes in these parame-
ters were recorded only at 40% dilution with gelatine
preparations [30]. Our study using LFPTEG has
found that as early as at 25-37.5% dilution with 2:1
mixed crystalloid/colloid solution in vitro, areduced
density at the gelation point of CDT; and CDT;+5,
increased clot polymerization (CPI), reduced inten-
sity of proteolytic phase of clotting (CDI) and de-
creased activity of anticoagulant system (TAAC)
occur. In addition, LFPTEG was used to discover the
key contribution of platelet activity to clot com-
paction and a less significant role of platelet count
at a 25% dilution. The subsequent decrease of clot
density is associated with both low platelet activity
and reduced platelet count and fibrinogen level.
We can conclude that LFPTEG method is
highly sensitive and informative when compared

Puc.6. BPISyaJIBHaH OII€HKa pas.zmquﬁ B IIPOCTPAHCTBE NNEPBBIX ABYX IVIABHbIX KOMIIOHEHT IIPH CPABHEHHH I'PYIIII 110 H3y4Yae-

MBIM [TapaMeTpaM.

Fig. 6. Visual assessment of spatial differences in the first two major components when comparing groups by the studied pa-

rameters.

Note. 0 — Group 4 with no dilution; 25 — Group 3 with the 25-percent dilution in vivo; horizontal axis — first principal component

(PC1); vertical axis — second principal component (PC2).

ITIpumeuanue. 0 — IV rpynna 6e3 pasBenenus 0%; 25 — III rpymnma ¢ pasBefeHneM in vivo Ha 25%; 110 OcH abcuucc — IepBas
m1aBHasA koMmnoHeHTa (PC1); mo ocu opAauHaT — BTOopas IVIaBHast KoMIoHeHTa (PC2).
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JKCIlepUMEHTAaJJbHble UCCJEJO0BaHUS

Puc. 7. CpaBHenue rpynnsi pa3segenus 25% (III) in vivo c koHTpobHOM rpynnoii (IV).

Fig. 7. Comparison of the 25-percent dilution group (3) in vivo with the control group (4).

Note. CCI, r. u. — the contact coagulation intensity; T}, min — the contact coagulation time; TAC, r. u. — the thrombin activity con-
stant; T5, min — the time of forming the fibrin-platelet structure; TBCI, r. u. — the total blood clotting intensity; RLCI, % — the re-
traction and lysis of clot intensity; TAAC, r. u. — the total anticoagulant activity coefficient; APTT — activated partial thromboplastin
time; PT — prothrombin time thrombin time; TT — thrombin time.

ITpumeuanwue. T;, min — BpeMs KOHTaKTHOH KoarynAanuu; CCI — HHTeHCUBHOCTh KOHTAaKTHOH Koarynanuy; TAC — KOHCTaHTa
TpoMOUHOBOH akTUBHOCTY; T5, min — BpeMs hopmupoBanusi GubpUH-TpoMOOIIUTapHON CTPYKTYPhL; TBCI — MHTEHCHBHOCTH
TOTAJBHOTO CBEePThIBaHMSA KpoBH; RLCI — MHTEHCUBHOCTH PETPAKIUU U JI3uca crycTka; TAAC — K03 dUIIMEeHT CyMMapHOH
MIPOTUBOCBEPTHIBaIONIEN akTUBHOCTH; APTT — aKTUBHPOBAHHOE YaCTUYHOE TPOMOOIIAaCTUHOBOE BpeMsi; PT — nmpoTpomMOuHO-
Boe Bpemsi; TT — TpoMOMHOBOE BpeMmsi.
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Experimental Studies

rpanuil [17, 18] U KIMHUYECKU He3HAaYMMbI. TakuM
06pasoM, UCIoJIb30BaHUE MaT000beMON UHPY-
3UH TPU MOJIEJTUPOBAHUM TOTO UJIU UHOTO I1aTO-
JIOTMYECKOI'0 COCTOSIHUSA Y 9KCIIEPUMEHTAJIbHBIX
SKMBOTHBIX (KpbIC) 10 16 mu1 pactBopa C/T' B cooT-
HOIlleHU!U 2:1 U JOCTUIKEeHUsI TIOKa3aTessd reMa-
TOKpUTa B npepesiax 30% MOKHO CUMUTATh BO3-
MOJKHBIM, 0€30MacHbIM U He BJIHUSIOLIAM
KPUTUYECKU Ha TapaMeTPhl CBEPTHIBAHUSA U TPO-
THUBOCBEPTBHIBAHUS CIIOCOOOM.

Kaxk u B uccienoBanuu in vitro, in vivo npu
passeneHuun Ha 25% BBIABUJIN CUJIBHYIO U CPEJl-
HIOIO T10 CHJle 3HaYUMble OTPUIAaTeJIbHbIE KOppe-
Jgsauu Mesxay [1CT3 (tho=-0,74; p=0,015), IICT;+5
(rho=-0,8; p=0,006), IICT;+10 (rtho=-0,74; p=0,015),
[1CT;+15 (rtho=-0,63; p=0,049), MA (rho=-0,63;
p=0,049) u BpeMeHeM KOHTAKTHOU KOATyJIsAIUU
(T), a TakyKke OTPULATEJbHYIO KOPpPEJIAUIO
MHTEHCUBHOCTU KOHTAKTHOH Koaryssiuuu u [1CT;
(rho=-0,59; p=0,012), [ICT;+5 (rho=-0,66; p=0,012),
[1CT5+10 (rho=-0,57; p=0,012). 3HauuMOii Koppe-
JIATIUA MEXKJy KOHIleHTpamueidl (uOpUHOTEHa,
KOJIMYECTBOM TPOMOOIIUTOB C IJIOTHOCTHIO TPOM-
6a B Toukax I1CT,, [ICT;+5, IICT;+10, [ICT,+15 u
MA He BbIssBHJIH. TakuM 06pa3oM, Ha IJIOTHOCTH
CT'yCTKa in Vivo Ipu pasBeneHnu Ha 25%, B IIEPBYIO
odepe[b, BIUSIET aKTUBHOCTh TPOMOOITUTOB, a He
MX KOJTUYECTBO U KOHIIeHTpanus GpuOopUHOTEHA.

B kauecTBe MMarHOCTHUYECKOTO KPUTEPUS
JUTIOIMOHHOM KOaryJIoaTUU UCIIOIb3YIOT YIJIN-
Henue [IB u AUTB B 1,5 pasa or HOpMBI [23]. B
Hamrem uccjaenoBanuu [ 1B u AYTB nmesiu TeH1eH-
LIMIO K yMeHbIIeHMIo, a TB craTucTrnyecku 3Havu-
MO YKOpadMBaJIOCh IIPA pPas3BeNeHUHU in Vivo Ha
25%. YMeHnsbuieHue TB CBA3BIBAIOT C yCKOPEHUEM
obpasoBanus GUOPUH-MOHOMEpPA U3 PUOpUHOTE-
Ha MO/ IeHiCTBUEM TPOMOWHA W YMEHbIIIeHVEeM
AKTUBHOCTU AHTUKOATYJISHTHON CUCTEMBI [24],
OJIVH U3 Ba)KHEUIITNX KOMIIOHEHTOB KOTOPOH (AT
III) smaunmo cHuskamncA. [lo gaaaeim HITTIT, ipu
pasBedeHun Ha 25% oTMedasiach TEHAEHIUS K
YCHUJIEHUIO TIOJTUMepU3aIuu (uOPUH-MOHOMEPOB
(UTIC) m mpOTe0TUTUYECKOTO 3Talla CBePThIBAHUSA
(MK) in vivo, a Tak)Ke 3HAYMMOE YCUJICHHUE 9THUX
aranos in vitro (UI1C, T;). luciponiopuus npo- u
AHTHUKOATYJIAHTOB IIPX He3HAYNUTEJIbHOM pa3Befe-
HUM KPOBU Ha 25%, IPUBOLSAIIAA K IPeBaJIMPOBa-
HUIO MEPBBIX, MOYKET OBITH TIOJIE3HOH JIsT paHHEN
OCTAaHOBKHM KPOBOTEUYEHWUs MPU MaT000HEMHOMN
WH(PY3UH, 9TO COTTIACYeTCs C pe3yabraraMu boJiee
paHHuX pabdor [25].

YMeHbIIleHue IIJI0THOCTH TpoMOa Ha 5-1, 10-1,
15-#1 MUHYyTe [TOCJI€e TOCTUKEHM ST TOUKU YKeJIUPO-
BaHUS U MaKCUMaJIbHOU IJIOTHOCTH TpoMmbOa (MA
nau MCF) 1o JaHHbIM POTAallMOHHOM TpoMO03JIa-
cromerpuu (POTOM) u TpomboasacTorpaduu
(T3I'), mucnosab3dyeTcsi Kak JUATHOCTUYECKUU
Mapkep kKoaryjaonaruu [26]. lemoguIonnoHHas
KOaryJjonarus BeIABJseTcA foctoBepHo POTOM

with ROTEM and TEG, with the advantage of using
native blood for sampling, while in ROTEM and TEG
the blood samples require additional activation.

Conclusion

Thus, the 25-percent blood dilution with 2:1
SG solution should be considered as a relatively
safe for the hemostatic system in vivo dilution that
minimally affects the in vitro parameters in the ex-
periment.

u TII' Mo CHUKEHMIO TIJIOTHOCTU TPOMOa B TOUKE
Ha 10-#i muHyTe 1 MA mpu pas3BeJeHUM Ha
33-40% M30TOHUYHBIMU KPUCTA/VIOUIHBIMU pac-
TBOpaMmu [9, 27-29] u nipu 20-35% pasBeneHUU
npemnaparamMu skesaruHa [30]. B aTux TOuYkax
OTME€YeHa CUJIbHAsA KOPPeJALUsA MEXAY IJI0T-
HOCTBHIO TpoMba U KOHIIEHTpanuel pudpuHore-
Ha. [Ipy 3TOM 3HAYMMOrO U3MEHEHUS JPYrUX
napaMmeTpos TOI: R-Bpemenn, K-spemenu, a-yria
WJIM aHaJaoru4dHelx napamerpos POTOM, orpa-
SKAIOIIUX MIPOTEOJUTUYECKUH U 0TYaCTH HOJIH-
MepU3alMoHHbIN aTall CBepThIBAaHUS, He peru-
CTPUPYIOT [27, 29]. 3HaUMMBble U3MEHEHUS 9TUX
rnapaMeTpoB (PUKCUPYIOT TOJIBKO ITpu 40% pa3Be-
JleHus IpernaparaMmu skejsatuHa [30]. B Hamem
uccjaegosanuu ¢ nomomso HITTIT yske nipu pas-
BeJgeHnn Ha 25-37,5% CMellaHHBIM KpPHUCTAJI-
Jouj/KOJUIOUAHBIM pacTBopoM (2:1) in vitro
BbIABUJINM CHUKEHUE IIJIOTHOCTU B TOYKE JKeJIU-
poBanus [ICT; u IICT,+5, ycuneHue nosmuMmepu-
danuu cryctka (MIIC), cHusKeHrne NHTEeHCUBHO-
CTA IIPOTEOJIMTUYECKOrO JTalla CBEpPTbIBAHUSA
(MK/I) u cHM)KeHne aKTUBHOCTU aHTUKOATYJIsIHT-
"ot cucrembl (KCITA). KpoMe TOT0, C TOMOIIIBIO
HIIT3I onpenenuan mepoBOCTEeNEeHHBIN BKJIAL
AKTUBHOCTU TPOMOOIIMTOB B YIIJIOTHEHUE TpoMba
U MeHee 3HaUYMMBIN BKJIQJ KOJIMYeCcTBa TpoMOo-
LIUTOB IIpU passeneHuu Ha 25%. Ilocienyrolee
CHIKeHMe IIJIOTHOCTH TpoMba CBsI3aHO HE TOJIb-
KO CO CHIYKeHHeM aKTHUBHOCTH TPOMOOIIUTOB, HO
U C YMEHbIIEHUEM UX KOJIMYECTBA U CHUKEHUEM
KOHIleHTpanuu pudpuHoreHa. Takum o6pasom,
MOKHO KOHCTaTupoBaTh, 4Tto Meron HIITIT
OTJINYaeTCsd BBICOKOM YYBCTBUTEJBHOCTHIO U
nH(popMaTUBHOCTHIO Tpu cpaBHeHUHU ¢ POTOM u
T3I, yuuTsiBasi TOT (paKT, YTO NPHU BBHINOJHEHUN
HIIT3I' ucnosib3yeTcsas HaTUBHAsA KPOBb, a JJis
POTOM u TOI' — KpoOBB, aKTUBUPOBAHHAS TEM
WUJIA UHBIM areHTOM.

3akJarouenue

CyMMUpYysi, MOSKHO TIPUUTHU K 3aKJII0OUYEHUIO,
4T0 HanOoJIee «0e30IIacCHbIM» AJII CHUCTEMBI F€MO-
CTasa in vivo U MUHUMAJIBHO BJIMAIOIIAM Ha [1apa-
METPBHI i7 VilT0 B 9KCIIEPUMEHTE CJlelyeT IPU3HATh
remonuIonuio pactsopoMm C/I' B COOTHOIIEHNH
2:1 Ha 25%.
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