DOI:10.15360/1813-9779-2014-5-27-32
Tpasma. Kposonoreps

PEOJIOTUYECKHE CBOIMCTBA KPOBU TP KPOBOIIOTEPE
(aKcnepuMeHTalbHOE UCCIeIOBaHuE )

M. M. Manuxkasa, H. I. Momuenunse, J1. I11. /laBanannase

IlenTp sKcnepuMenTanbHON Guomeauitbl um. 1. Bepuramsuiu, Toéunucu, [pysus
Ipysus, 1. Téunucu, yo. Torya, 14

Blood Rheological Properties in Blood Loss
(An experimental study)

M. M. Mantskava, N. G. Momtselidze, L. Sh. Davlianidze

1. Beritashvili Center of Experimental Biomedicine, Thilisi, Georgia;
14, L. Gotua, Thilisi, Georgia

KpoBomnorepst sIBIIsIeTCsI CI0KHBIM NaTOJIOTHYECKUM IPOLECCOM ¢ HEU3yYEHHBIM /10 KOHIa MexanuamoM. OcoGoe 3BeHO,
KOTOpO€ 3a/1eiiCTBOBAHO IPU KPOBOIIOTEPSIX, ITO Peoorus Kposu. Ileibio Hameil paGoThl GbIII0 KOMILIEKCHOE HCCIEN0-
BaHHe PEOJIOTHYECKUX CBOICTB KPOBHU NPH HKCIIEPHMEHTAIbHOM KPOBONIOTEPE PA3INYHOMN CTENEHH TSXKECTU: arperupye-
MocTH U 1epOPpMHPYEMOCTH DPUTPOLUTOR, BI3KOCTH IUIa3Mbl, reMatokputa. Mamepuan u memoodv.. MoaeaupoBaiu
KPOBOIIOTEPIO Pa3HBIX CTA/IMil Y HAPKOTH3UPOBAHHBIX KUBOTHBIX. Peosiornueckue cBOiicTBa KPOBU U3y4aJH € IIOMOIIBIO
«Georgian technique», MmeToma MeMGOpaHHO# GUIBTPAINH, «KANMIISIPHOTO METOAa» U METO/IA CTAHIAPTHOIO IIEHTPH-
¢yrupoBaHusi. AHAJIHM3 JAHHBIX MPOBOAWJIM cTaTUCTHYecKuMH mnporpammamu Origin 4.1. (Microcat.Software.Inc) un
Microsoft Excel. Pezyaivmamot. ArperupyeMoctb 3pUTPOLUTOB JOCTOBEPHO YBEJINYMBAJIACH 10 CPABHEHHIO C KOHTPO-
aem Ha 10, 25, 44%, nepopMUPYEeMOCTb YMEHBIIATACH 10 CPABHEHHIO ¢ KOHTpoJeM Ha 12, 13 u 15% npu nepsoii, BTO-
POIii, TpeTheii cTenenn KPOBONOTEPH, COOTBETCTBEHHO. JlesibTa BA3KOCTH OblIa HETOCTOBEPHOH (KaK B CAMHX MOATPYII-
nax — IpPH Pa3jHYHBIX CTENEeHAX KPOBOIOTEPH, TAaK U II0 CPAaBHEHUIO C KOHTPOJIEM), FeMaTOKPUT NPH KPOBONOTEpE B
CpPaBHEHHMH C KOHTPOJIEM YBEJHYNBAJICS HEJOCTOBEPHO. 3akatouenue. J1jisi KOMIUIEKCHOM OIl€HKU CTeNeHH KPOBONOTEPH
Heo0X0aMMa MUHHMAaJIbHAsl COBOKYIIHOCTh F€MOPEOJOTHYECKUX TapaMeTPOB — MOKa3aTen arpernpyemMocts u gedop-
MHUPYEMOCTH 3PHTPOLHUTOB, BIBKOCTH KPOBH, reMaToKpuTa. OCHOBOII KOHTPOJISI PE0JOTHYECKHX apaMeTPOB MaCCUBHOM
KPOBOMNOTEPH SIBJISIIOTCS 0COOEHHOCTH arperanuu sputpouutoB. Kntoueevie cnosa: peonorust KpoBu, arperupyeMocTb
PHTPOLUTOB, KPOBONOTEPSI.

Blood loss is a complex pathological process with the mechanism that has not been fully unstudied. Blood rheology is a
particular link that is involved in blood losses. Objective: to perform a comprehensive study of blood rheological proper-
ties, such as erythrocyte aggregability, erythrocyte deformability, plasma viscosity, and packed cell volume, in different
degrees of experimental blood loss. Materials and methods. Blood loss of different stages was simulated in anesthetized
animals. The Georgian technique, membrane filtration, a capillary method, and a standard centrifugation method were
used to study blood rheological properties. The data were analyzed applying the statistical programs Origin 4.1
(Microcat.Software.Inc) and Microsoft Excel. Results. In stages 1, 2, and 3 blood losses, erythrocyte aggregability was
significantly increased by 10, 25, and 44% and erythrocyte deformability was decreased by 12, 13, and 15%, respectively,
as compared to the controls. The delta viscosity was insignificant (both in the subgroups in different blood loss degrees
versus the control group); the packed cell volume in blood loss was increased insignificantly as compared to the control.
Conclusion. Comprehensive assessment of the degree of blood loss requires a minimum set of blood rheological indices,
such as erythrocyte aggregability and deformability, blood viscosity, and packed cell volume. The basis for monitoring the
rheological indices of massive blood loss is the specific features of erythrocyte aggregation. Key words: blood rheology,
erythrocyte aggregability, blood loss.
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BypHBIii TeXHUUECKMIT IIPOrPECC U POCT BOOPYIKEH- The stormy growth of technical progress and arma-
HOCTH COBPeMEHHOTO obiecTBa, ypbaHusaius, TexHo- | ment of modern society, urbanization of cities, technogenic
reHHble KatacTpodbl, MPUPOIHbIE KAaTaKIU3Mbl, BOIiHBI | catastrophes, natural cataclysms, local and territorial wars
CIIOCOGCTBYIOT YBEIUYEHUIO YNCIa MAIHEeHTOB ¢ reMop- | contribute to increase the amount of patients with a hem-
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parndyeckuM mokoM. KpoBomorepst siBsieTcsi CJIOKHBIM
maTo(rU3NOJOTUYECKUM TIPOIECCOM C HEU3YUYCHHBIM /10
KOHIIa MeXaHu3MoM. HecMOTpsT Ha MUPOKOE MCIIOTbH30-
BaHue NHOY3UOHHON Tepanniu, KpoBe3aMeHUuTe el reMo-
JIMHAMUYECKOTO JICHCTBUS, OHA MOKET BECTH K JIeTaJb-
HOCTH, B CJIyyae TMOJIOKUTETbHOTO UCXO0/1a JIeYeHUsT — K
c6010 B pabore mHOTIX cuctem opranuama. Ocoboe 3Be-
HO, KOTOPOE 33/Ie1iCTBOBAHO TIPU BCEX CTAUSX KPOBOIIO-
TEpH, 3TO PEOJIOTUs KpoBU. V3yueHuto npobaemMbl Hapy-
MIEHUN PEOJIOTHH KPOBHU MOCBSIIEHB MHOTHE HAyYHbIE
Tpyanl [1—5]. Ograko moHast KOMIIEKCHAST XapaKTepu-
CTUKA BCEX FeMOPEOJIOTMYECKIX TAPAMETPOB MPH KPOBO-
moTepe paHee He paCCMAaTPUBAJIACD.

[leabto paboThl OBLIO KOMILIEKCHOE UCCJIEOBAHUE
PEOIOTHYECKUX CBONCTB KPOBU TIPU 9KCIIEPUMEHTATHLHON
KPOBOTIOTEPE PA3JIMYHON CTEIIEHU TSIKECTH: arperupye-
MOCTH ¥ Ae(hOPMUPYEMOCTH IPUTPOIUTOB, BSI3KOCTU
maa3mbl, TeMatokpurta. OTMHUpasch Ha MOJYYEHHDIE TaH-
Hble, HAMU BIIEPBbIe ObLI paspaboTaH 1epedeHb HeoOXO0-
JMMBIX U JIOCTATOYHBIX J1aGOPATOPHBIX HMCCIIEAOBAHUN
IIPU KPOBOTIOTEPE.

Marepuan u MeTObI

OmubITH TPOBOANIH Ha GeJIbIX 6eCITOPOAHBIX Kpbicax 060-
ux noJsos Maccoit 250—300 r (rn=50). B rpynme HaproTusupo-
BAaHHBIX KMBOTHBIX IIyTEM CTAHAAPTHOTO KPOBOILYCKAHUS U3
GeZlpeHHON apTepuy OCYIIECTBJSIH MOJIETNPOBAHNE T€MOP-
parnyeckoro ImOKa Pa3HbIX CTaANN. AHECTE3WI0 TTPOBOINUJIN
Yperanom (Purum, HIBeiitapus), 1ma 20% pacrBopa yperana
Ha 100 maccol Tesa. Anecresus aiauiach 4 yaca. 3abop BbIIy-
ckaeMol KpoBu — 2,5 mut; 3,5 MJI; 5 MJI COOTBETCTBOBAJ Iep-
BOIi, BTOPOl ¥ TpeThell CTaiuy KPOBOIIOTEPU, COOTBETCTBEHHO
[6]. ZKNBOTHBIX pacrpenessiiii 1Mo MOATPYNaM B 3aBUCUMOC-
TH OT CTENEHU TIKECTH KPOBOIOTEPH, T.e. Ipu 3abope 2,5 M
KPOBH — HAvaJbHBII KOMIIEHCATOPHBIN aTar 1-if ctagnu moka
(1-s noxarpynna, n=15); npu 3abope 3,5 M KpoBH — 2-51 cTa-
s moka (2-a noarpynna, n=15); npu 3abope 5 MJ KPOBU —
3-a craaus moka (3-a moxarpymnma, n=12). KoHTpoabHyIiO
IPYIIY COCTABUIN 8 MPAKTHYECKN 3/[0POBBIX JKUBOTHBIX. JlJist
OTIpe/iesIeH NS JIOTIOJHUTENbHOTO KPUTEPHsl oKa (KPpoMe BbI-
PaKEHHOCTU KPOBOTIOTEPH ) JKMBOTHBIM U3MEPSLJIN apTePUalib-
HO€ JlaBJieHHe B XBOCTOBOH apTepUM C TTOMOIIBIO MaHOMETpPa
MPX5050D (Motorola). Hukakux hapMakoJOrmuecKux mpe-
[apaToB 9KCIEPUMEHTANbHBIM JKUBOTHBIM He BBOAWJIHN. Boc-
MPOUBBOJMIN TIOJE3HYIO MOJEJb C MOMOIIBIO DKCIHEPUMEH-
TJIBHON YCTAaHOBKH, MpeJHAa3HAYEHHON /IS MOJ/IeJINPOBAHUS
reMOpparuveckoil TUroTeH3nu. 3ajavyeil MOJENH SIBJSETCS
UCKJIIOUEHNEe TeMOJIM3a HPUTPOIUTOB MPH IKCIIEPUMEHTATb-
HOI TeMmopparudeckoil runortensuu. [locraBiennas 3azaua
pelaeTcs TeM, YTO B YCTPOIICTBE, COCTOSIIIEM U3 KOJOHKH JIJIst
c6opa KpOBHU, COENHEHHON CO TITPUIIEM U MAaHOMETPOM, yC-
TAHOBJIEH BO3JAYUIHBIN Kjamad mocje kojonku [7]. JlaGopa-
TOPHO-IKCIEPUMEHTATIBHOE UCCAE0BAHNE PEOJOTUIECKUX
CBOJICTB KPOBH IIPOBOJUIOCH Yepe3 15 MUHYT 1mocJie KpoBoIly-
CKaHuA. rpyl'[l'[y JIOJKHOOTPUIIATEJIbHBIX JKUBOTHBIX B I9KCIIC-
pUMeHT He BBOAMIU. B moarpynmnax uamepsiin Koadhduunent
arperupyemMocT apuUTPouuTOB, Koaddunuent nebopmupye-
MOCTH 9PUTPOIUTOB, MEeCTHBIN TEeMaTOKPUT U BA3KOCTD I1J1a3-
MbI (B CAHTHUITYa3aXx).

Bbln 1CIosib30BaHbl METO/IBI:

1. «Georgian technique» — 1 U3MEPEHUST ArPErNPyEMOCTH
3PUTPOIUTOB. ITOT MeTOL ObL BriepBbie omybumkosan L. V1. Muen-
JIMIIBUJIM — YYeHUKOM ¥ crioiBikankom A. /I Azo, B sxypHase
Biorheology B 1993 roxy. Ha ceropusiunuii ieHb METO/[ Ha3BaH €ro
UMEHEM U [UPOKO UCTIOIb3YETCs] B COBPEMEHHBIX KINHUKAX |8, 9].

orrhagic shock following the hemorrhage. According to
WHO the problem of patients with different types of
shock takes third place (after cardiovascular and oncolog-
ical diseases) in mortality. Despite the intensive use of
blood substitutes and adequate infusion therapy, hemor-
rhage continues to be a pathological process with a not
fully clarified mechanisms, which significantly contribute-
to increased mortality. Some systems of the body fail to
operate properly even in the case of positive outcome. An
important link involved in various stages of hemorrhage is
rheology [1—5]. Numerous scientific proceedings have
been dedicated to this problem. However, a full compre-
hensive description of all hemorheological parameters in
hemorrhage has not been been considered. The aim of our
work was to determine comprehensive rheological proper-
ties of blood: red blood cell aggregation, deformation of
erythrocytes, plasma, viscosity, hematocrit at different
degrees of severity of experimental hemorrhage in experi-
mental setting. Based on the data, a list of necessary and
sufficient laboratory studies to assess the stages of hemor-
rhage was developed.

Materials and Methods

Experiments were carried out on laboratory rats of both gen-
ders, (250—300 g body mass, n=50. Animals were anesthetized
and undergone by standard phlebotomy of the femoral artery to
model hemorrhage of various stages. The anesthesia was per-
formed with urethane (Purum, Schwitzerland). One ml of a 20%
solution of urethane was used for each 100 g body weight. The
anesthesia lasted for 4 hours. The sampling of blood (2.5, 3.5 ml
and 5 ml) were supposed to be consistent with the first, second
and third stages of hemorrhage, correspondingly [6]. Animals
were subgroupped according to the severity of hemorrhageBlood
loss of 2.5 ml corresponded to initial compensatory stage (T sub-
group, n=15). Loss of 3.5 ml presumably was correspondent to the
IT stage (1T subgroup, n=15). Loss of b 5 ml blood corresnnded to
— the IIT stage (IIT subgroup, n=12).Eight healthy animals were
included in the study as a control group. For the additional defin-
ition of hemorrhage criteria (except of a blood loss volume) an
arterial pressure was measured in caudal artery of the animals
using manometer MPX5050D (Motorola). The experimental ani-
mals were not administered with any pharmacological drugs. In
our experiments we have reproduced an experimental device
intended for the modeling of hemorrhagic hypotension (utility
model). The task of the utility model is to prevent erythrocyte
hemolysis in experimental hemorrhagic hypotension. The device
for modeling a hemorrhagic hypotension consists of the column
for blood loss, which is connected to a syringe and a manometer.
The column is mounted to an air valve [7]. The experimental
investigations of blood rheological parameters were carried out 15
minutes after the blood lossThe aggregation coefficient of the ery-
throcytes, a coefficient of deformability, a local hematocrit and
plasma viscosity were measured in the subgroups. The following
methods were employed:

1) Method that received a name of «Georgian technique»
[8,9];

2) method of membrane filtration (Nucleopore Membrane
Filter Method) — to evaluate deformation in the filter with a
diameter of 5 uM [10];

3) capillary method for measurement of the viscosity
(Ostwald type viscosimeter);

4) a standard centrifuge G-3500 (R=5 cm, 8,000 rota-
tions/min — for measurement of a hematocrit.

We employed a device HUMACOUNT (Human GmbH,
Germany) validate results obtained with the described methods,.
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2. Meroa MmemGpannoii pussrpaiun (nucleopore membrane
filter method) — ms namepenus nepopMUPYEMOCTH € MCIIOMb-
3oBaHueM (uiabTpa guamerpoM 5 pm [10].

3. Kanuuisspublit MeTo /17ist UI3MEPEeHUst BSIBKOCTH T1J1a3Mbl
(Buckosumetp tuna Octsanpaa, BITK).

4. Meron neHTpudyrupoBaHusi KpOBH € UCII0JIb30BAHIEM
nentpudyru G-3500 (R=5 cm, 8000 06/Mut) — i U3MepeHust
MECTHOTO reMatokputa. /[ys onpejeseHns BaJIuJHOCTH METO-
JIOB, OIKCBIBAOIINX CBOUCTBA APUTPOIUTOB, UCIIOJIH30BAJIH All-
napatr HUMACOUNT, mox. HUMACOUNT (mpousBoauTessb
®upma Human GmbH, Tepmanust), npuoGpeTeHHblii B paMKax
rpanta FR/420/7-270/12. Onupasich Ha JaHHbIE, IIOJy4YeHHbIE
MyTeM WCCJieloBaHus MUKpoKarau kposu amnmnaparom HUMA-
COUNT, onennBaam reMOpeosorndeckue IapaMeTpbl OPUTH-
HaJIbHBIMU, CO3/JaHHBIMU Halllell HCCJ/e[0BaTeIbCKOI IPyIIION,
MareMaTHYeCKUMM BBIKJIAJAKAMU. AHAINU3 JIAHHBIX IIPOBOJMJIN
cratnctidecknmu nporpammamn Origin 4.1. (Microcat Software
Inc) u Microsoft Excel. Tlo kaskaomy moKasaTeso MPOBOAUIN
cpaBHeHue cpejHero apndMeTnyeckoro 3HayeHus JUisl usydae-
MBIX TPYII. 3HAYNMOCTD PA3JUYNN CPEHNX apru(pMeTHIecKnx
PAHKUPOBAHHBIX KPUTEPUEB IIPU HOPMAJIHHOM PaCIipe/ieIeH N
olleHnBasU ¢ romolbio kKpurepues CroiogenTa u [lnpcona. Ye-
JIOBUS TIPOBE/IeHUs pabOThI HA JKUBOTHBIX COOTBETCTBOBAIN EB-
porneiickoit KonBeH1mu 110 3ammure sKCHepuMeHTaIbHBIX JKHBOT-
Hoix, npursaToit B 1986 r. B CrpacOypre [11], Ha nposenenue
9KCIIEPUMEHTA OBIIO MOIYIEHO COTIACHE DTHIECKOTO KOMUTETA.

PesyibraThl U 00Cy>KA€HUE

B KOHTPOJIBHBIX 9KCIIEPUMEHTAX MOJYUUIH CJIeLy-
I0IHE TEMOPEOJIOTHYECKUE MTAPAMETPbI: MHJIEKC arperupy-
emoctu aputporutos (MMAD) 6611 pasen 20,5+3,5; uHgekc
nedopmupyemoctn sputpormos (M19) — 2,25%0,03;
BSIBKOCTH T1asMbl KpoBu (Buk) — 1,25+0,5; reMaTOKpuT
(Hct) — 30,5+3,7. MzyuaeMble TeMOPEOJIOTHYECKUE TTapa-
METPBI B MOATPYIIIaX UMeJH ciaeayomnie 3Hadenns: A
B [IEPBOIi, BTOPOU U TpeThell MoArpyInax OblI paBeH, Co-
OTBETCTBEHHO, 22,5+3,5; 25,9+2,7; 29,6£2,7; 1/19 B 1iep-
BO#1, BTOPO# 1 TpeThell MOATPyIax OB PaBEH, COOTBET-
crBenno, 2,0+0,02; 1,97+0,02; 1,90+0,02; Bk B 1mepBoi,
BTOPOU M TpeTheil moArpynnax Oblia paBHA, COOTBETCT-
BenHo, 1,23+0,4; 1,34%0,3; 1,25+0,4; Hct B mepBoii, BTO-
poii 1 TpeTbell moArpymiax OblLI PaBeH, COOTBETCTBEHHO,
35,5%3,5; 35,9+2,7; 31,0£6,4. ArperupyemMocTh 3pUTPOIIH-
TOB YBEJIMIMBAIACD TTO CPABHEHMUIO ¢ KOHTposeM Ha 10, 25
u 44%, coorBercTBenHo. JlehopmupyemocTs apuTpoIu-
TOB YMEHBIIAJIACH 10 CPABHEHUIO ¢ KOHTpoJieM Ha 12, 13 1
15%, COOTBETCTBEHHO YBEJIUYEHUIO TTOPSIKOTO HOMEpa
CTEeIeHN KPOBOTIOTEPH. VI3MeHEeHUs BA3KOCTU ObLIN HEJ0-
CTOBEPHBIMU (KaK B CAMUX TIO/TPYIINAX — TIPU PA3JIUIHOMN
CTETeHN KPOBOIOTEPU, TAK U 110 CPABHEHHWIO C KOHTPO-
saem). lematoxkpuT mpu KpoBoIoTepe B TOATPYMIAX W B
CPaBHEHUU € KOHTPOJIEM U3MEHSJICS TaKKe Hell0CTOBep-
HO. Pacnpeziesienrie cpelHuX 3HaYEHUI TeMOPEOJIOTHYeC-
KHUX MapaMeTpPOB 110 KOJIMYECTBY CJIyYaeB U TOTPEITHOCTH
npuse/eHsl B Tabsute 1.

Kpusuc Makpo- 1 MEKPOKPOBOOOPAIIEHHsI IPU KPO-
BoroTepe umeer ocoOblii crnenubuyeckuii xapakrep. Bbi-
Pa’KEHHOCTb M CTA/INN PA3BUTHUSI TEMOPPATHUECKOTrO MIOKA
3aBUCAT OT CTEIIEHU KOMIIEHCAIIMU KPOBOOOPAIEHUSs, KO-
Topas 06ecIeYnBaeTcst, B T.4. PEryJisiiiueil reMopeosiorunie-
CKHMX TapameTpoB KpoBu. [lupkysmpyiomas B cocyaax
KPOBb HEIOMOTEHHA, ee «I1apabosinuecKuii mpoduib» us-

Hemorheologic parameters were evaluated using original mathe-
matical calculations created by our research group. The analysis of
the data was carried out with the aid of of statistical programs
Origin 4.1 (Microcat. Software. Inc.) and Microsoft Excel. The
significance of differences between groups was assessed by
Student's t criterion after checking the distribution of variobles
for normality. For correlation analysis Pearson r coefficient was
computed. The study was pefromed in accordance to to the
European Convention on the protection of experimental animals,
adopted in 1986 in Strasbourg [11]. For conducting the experi-
ments the consent of Ethics Committee was obtained.

Results and Discussion

The hemorheological parameters included in our
experiments were as follows: an index of erythrocyte
aggregation (IEA) was 20.5+3.5, an index of erythrocyte
deformability (IED) — 2.25+0.03. Blood plasma viscosity
(BPV) was equal to 1.25+0.5, hematocrit (Hct) to —
30.5%3.7. Hemorheological parameters were measured in
percents, the viscosity — in centipoises. The distribution of
hemorheological parameters within the subgroups was as
follows: in the I, IT and III subgroups IEA was equal to
22.5%3.5; 25.9+2.7 and 29.6+2.7, correspondingly; IED in
all three subgroups was equal to 2.0+0.02; 1.97+0.02 and
1.90+0.02, correspondingly; in all three subgroups BPV
was equal to 1.23+0.4; 1.34£0.3 and 1.25%0.4, correspond-
ingly; Het in all three subgroups was equal to 35.5£3.5;
35.9+2.7 and 31.0%6.4, correspondingly. According to our
data, the aggregation increased by 20%, 25% and 44% as
compared to the control data; the deformability reduced
by 12%, 13% and 15% as compared to control according to
the increase of index number of hemmorage stages. Delta
of viscosity was unreliable (both in the subgroups at vari-
ous stages of hemmorage and as compared to control). At
hemorrhagic shock the hematocrit increased unreliably as
compared to the control. The hematocrit did not change at
the 1T and III stages of hemorrhage. The distribution of
average values of hemorheological parameters is given in
Table 1 according to number of cases and errors.

The crisis of macro- and microcirculation has a par-
ticular specific character at hemorrhage. Hemorrhagic
shock during hemorrhage and the stages of shock devel-
opment depend on adequate blood circulation, which is
provided by the regulation of blood hemorheology. The
blood circulating in the vessels appears to be non-
homogenous, its parabolic profile is distorted according
to the decrease of the caliber of vessels [12]. The violation
of various hemorherological functions takes place and it
is independent of hematologic parameters. This complex
medical-biological problem develops step by step follow-
ing blood loss and appears to be a consequence of shock
development. To complete the goal of our study, we have
determined the aggregation and deformability of erythro-
cytes, plasma viscosity, as well as the hematocrit of vari-
ous severitios after the experimental hemorrhage. There
are various classifications of the shock [13, 14]. At any
classification, the etiology and internal signs are related
and evoked by the change in microcirculatory features,
and in microvessels the blood circulation depends on
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Ta6muua 1. CpejiHue 3HAYEHNUS FEMOPEOIIOTHYECKUX APAMETPOB B 3aBUCUMOCTH OT CTelleHu KpoBonorepu (M+m)
Table 1. Hemorheological parameters in various groups after blood loss (M+m)

Groups 1IEA, % 1IED, % Hct, % BPYV, sP n
I 22,5+3,5% 2,0+0,02 35,5+3,5 1,23+0,4 15
11 25,9+2,7* 1,97+0,02* 35,9+2,7 1,34+0,3 15
111 29,6+2,7** 1,90£0,02* 31,0+6,4 1,25+0,4 12
Control 20,5+3,5 2,25+0,03 30,5+3,7 1,25+0,5 8

Note (npumeuanue). Groups — rpyiibi; control — xkonrposs; IEA — index of erythrocyte aggregation (unzexc arperupyeMocT apu-
tpountoB); IED — index of erythrocyte deformability (nunexc nedopmupyemoctu apurponuron); Het — hematocrit (remarokpur);
BPV — Blood plasma viscosity (Bsizkoctb masmbl kposu); sP — centipoise (¢IT — cantumnyas).

* — p<0,05; ** — p<0,001 control (locTOBEPHOCTH Pa3INUMii KCCAETYEMBIX TAPAMETPOB OTHOCUTEILHO KOHTPOJIS).

MEHSIETCST [0 Mepe yMeHbIeHusI Kaarbpa cocynos [12] u
BO3MOJKHO PAa3BHUTHE HE3ABUCSIINX OT TEMATOJOTHICCKIX
MapaMeTpOB HAPYIIEHUH TeMOPEOJOTHIECKUX (YHKITH.
ITH HAPYIIEHUS] HAXO/STCS BO B3ANMOCBSI3U C BBIPAKEH-
HOCTBIO KPOBOTIOTEPH U IIOKA, YTO COCTABJISET CJIOKHYIO
MennKo-6uosorndeckyio npobaemy. CyrecTByioT pas-
JINYHbIE KJaaccuuKkanuu moka npu kposomnorepe [13, 14].
OzHaKo BHE 3aBHCHMOCTH OT HCIOJIBb3yeMON Kiaccudu-
KaI[iy, 9THOJIOTHS 1 BHEIIHNE HPOSIBJCHUS 1IOKA CBsI3a-
HBI MEKY COOOIT ¥ BBI3BAHBI M3MEHEHHEM MUKPOIHPKY-
UPKY SIS
MHKPOCOCY/IaX, B CBOIO OYepe/ib, 3aBUCHT OT TeMOPEOJIO-

JATOPHBIX ~ CBOWCTB, a KpOBU B
TUYECKUX MAapaMeTPOB KPOBU. AHATHM3UPYS TOTYUCHHDIE
JAHHbIe, KOHCTATHPOBATIHN PE3KOE M3MEHEHUE dPUTPOITH-
TapHON COCTABJIAIONIEH TEMOPEOTOTHIECKIX CBOHCTB KPO-
BU, B OTJINYKE OT BA3KOCTH. B 0COOEHHOCTH 3TO KacaeTcs
arperupyeMoCcTy 3pUTPOILUTOB, KOTOpast HanboJiee 3HAUN-
Ma JIJist TeMOPEOJIOTHH TIPH TIoTepe JHI060ro 06beMa KPOBH.
Ipeoxkentas HAMU pariee HOBast KIacCH(BUKAI, OC-
HOBaHHAs HA U3MEHEHUHW apreTHPYEeMOCTH HPUTPOIIUTOB
[6], B manHOIl paboTe moJyunia MoATBEPsKAeHUE, ATperi-
PYEMOCTD 9PUTPOIUTOB 3HAYNMO MEHSIACh OT CTAAUU K
CTaJINN, TOT/Ia KaK U3MEHEHHUE IPYTHX TeMOPEOTOTHIECKUX
napamerpoB ObLIO cTepThiM. [laske y 3710POBBIX MJEKOIU-
TAIOMINX U JIIO/ICH 9PUTPOTIUTHI B TIUPKYIUPYIOTIEH B Opra-
HU3Me KpPOBHM (oJiee UJIM MEHee XaOTHUYHO CKJIEHBAKOTCS
MKy COOOI, PUCOEANHSIS Pa3PO3HEHHBIE DPUTPOIUTHI,
KOTOPbIE, COECAUHSISACH CBOMMU [IOBEPXHOCTIIMU, 00PasyoT
MOHETHbIE CTOIOUKN — arperarbl (He KoHrsiomeparbi!). ITo
PasHBIM UCTOYHUKAM, arperathl coctasistiior 15—30% Beeit
o6meit momaau sputporutos [11, 15]. Tlpu kposonorepe
M3MEHEHHNE arpernpyeMOCTH COTPSIKEHO € BKJIIOYEHHEM
KOMITEHCATOPHBIX PEAKITHIT OPraHu3Ma, 1,/ WJIH YCUICHHAT
arperarys SBJSETCS OCHOBOM [T BKIIOYEHUS ATOTO MeXa-
nuama. Jlaibueiiniee ycuienne BHYTPUCOCYAMCTOM arpera-
U OPUTPOITUTOB TIPOUCXOANT MAPATIIETHHO YBETUTICHITIO
CTEeTMeH’ KPOBOTIOTEPH U BLI3BIBAET YMEHDITTEHITE CKOPOCTH
KPOBOTOKA B MIUKPOCOCY/IaX, BIUIOTH JI0 PA3BUTHS MTOJTHOTO
CTa3a KPOBH, 3aKAaHUYMBAIOIINMCST 3aKyTIOPKOH BCEX «OT-
KPBITBIX> KAMJISIPOB U MCYE3HOBEHNEM «CJIETIBIX», MHO-
raa Ha (hore HEM3MEHHOTO epdY3NOHHOTO AaBaeHwust. [1o-
3TOMY OCOOEHHO BaKHO KOHTPOJIMPOBATH arperaiuio
SPUTPOLIUTOB TIPU KPOBOIOTEPE JH0OON atnosoruu. -
(heKTUBHOCTD JIeYeHUST OCTPOH KPOBOTIOTEPH 1 TEMOPPATH-
YeCKOTO TOKA 3aBUCUT OT CBOEBPEMEHHOCTH, KAUeCTBA U

hemorheological parameters. We noticed a sharp change
in erythrocyte patterns related to viscosity and erythro-
cytes aggregation, which had a dominant role in patholo-
gies associated with a blood loss of any volume. New clas-
sification based on the change in aggregation of
erythrocytes proposed by us earlier was confirmed [6].
The aggregation of erythrocytes intensively varied from
stage to stage, while the change in other hemorheological
parameters was erased. In the blood circulating in the
organism even in healthy mammalians and humans the
erythrocytes more or less are chaotically sticking among
themselves by attaching the scattered erythrocytes.
These erythrocytes while connecting with their surfaces,
form rouleaux columns — aggregates (but not conglomer-
ates!). According to various sources, the aggregates con-
stitute 15—30% of the surface of the total area of all ery-
throcytes [11, 15]. After the blood loss, the change in the
aggregation takes place following the onset of a compen-
satory reaction of the organism, and/or an enhanced
aggregation appears to be the basis for the onset of this
mechanism. The further strengthening of the aggregation
takes place in parallel with the increase in hemorrhage
stages and causes a decrease in blood flow velocity in the
microvessels up to the development of a complete blood
stasis, ending in occlusion of all open capillaries and in
disappearance of the blind ones, sometimes against the
background of unchanging perfusion pressure. It is
explained by the enhancement of intravascular aggrega-
tion of the erythrocytes. Therefore, it is important to
monitor the erythrocyte aggregation after the blood loss.
The effectiveness of the treatment of acute blood loss and
post-hemorrhage shock depends on the timeliness, quali-
ty and volume of replenishment of total central blood, the
correction of homeostasis disruption, and a real estima-
tion of the condition. In the urgent care medicine, the
tactics of hemorrhage treatment is well known and wide-
ly used. However, the diagnostic methods for studies of
hemorrhage stages deserve a special attention and
reworking. We have suggested a list of rheological para-
meters, which fully describes a shock status. It is very
important both at hemorrhage and after the recovery of
the patient from hemorrhage and the elimination of an
immediate threat to life. In-time diagnostics of hemorhe-
ologic parameters for the correction of the disturbance of
separate links of the homeostasis (acidic-alkaline compo-
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Tpasma. KposonoTeps .

obbeMa BOCIIOJHEHUsT 00111eil eHTaIbHOI KPOBH, KOPPEK-
1MW HAPYIIEHUIT TOMeoCTasa ¢ OJIHOM CTOPOHBDI, 1 a/IeKBaT-
HOIi OIIEHKHM KPOBOOOpAIIeHUsT — C APYTON CTOPOHBL. B Me-
MATMHE KPUTHYECKUX COCTOSTHUH TPUHIIMIIBI JICYCHUS
KPOBOMOTEPU XOPOIIO M3BECTHBI U TMHUPOKO UCHOJIB3YIOT-
cst. OHako 1abopaToOpHO-AUATHOCTUYECKUE METO/bI HC-
CJIEIOBAHUS TIIOKA C YUETOM €T0 CTa/INI 3aCTy;KUBAIOT OCO-
6ennoro BHUMaHus u gopaboTkm. Hamm Bnepsbre
MPEIJIOKEH TepeyeHb mapaMeTpoB, KOTOPbIE TIOJTHOCTBIO
OTIMCHIBAIOT «PEOJIOTUYECKUI CTaTyC» IMIOKA. DTO OYEHb
BaJKHO KaK B IPOIECCE Pa3BUTHUS IMIOKA, TAK M MPHU €ro
paspelnieHuu M YCTPAHEHNU HENOCPECTBEHHON YIPO3bl
ISt sKu3HU. [IpaBusibHast 1MarHOCTUKA FeMOPE0JIOTHYeC-
KHUX TTapaMeTpPOB TaKKe BajkHA TIPU KOPPEKIIUU Hapylie-
HUII 3BEHBEB TOMeEOCTa3a (KUCJIOTHO-IIEJOUYHOI COCTAB,
reMOoCTa3 u T. 11.).

3akiaouyeHue

Kommekcho HCCJIe/JOBAaHbI TEMOPEOJIOTUYCCKUC

CBOICTBA KPOBH TIPU KPOBOIIOTEPE: MOKA3aTeb arperupye-
MOCTH 9PUTPOIUTOB; TIOKA3aTeb 1ehOPMUPYEMOCTH dPU-
TPOIMTOB; BSI3KOCTb KPOBU; TeMAaTOKPUT. Pe3ysbrarsl uc-

C]IC[[OBaHI/Iﬁ COIIOCTaBUMBI, €CJIU OHHU TIPOBOJAATCA

cepTudUINPOBAHHBIMY U JIUTIEH3MPOBAHHBIMI METO/IKA-
M. OCHOBOIT KOHTPOJISI PEOTIOTNYECKUX TTapaMeTPOB Mac-
CHBHOI KPOBOTIOTEPHU SIBJSIIOTCSI OCOGEHHOCTH arperarum
9PUTPOLIUTOB.
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sition, hemostasis, etc.), which appears to be an inevitable
cause of hypervolemia is urgently needed.

Conclusion

The following hemorheological features of the
blood were studied after the hemorrhage: an index of
erythrocyte aggregation, an index of erythrocyte
deformability, blood viscosity, hematocrit. It is assumed
that it is real to carry out the investigations using any
certified and licensed method. By estimating the rheo-
logical parameter, spartucularly the erythrocyte aggre-
gation, it is possible to refine an algorithm of intensive
therapy and the diagnostics of massive hemorrhage that
both would significantly contribute to the emergency
medicine and reanimatology.
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JlaTa MEJAUTIINHCKUX HaYK:

«  Obwas peanumamonozusi.

iccepranuy Ha COUCKaHUE YYEHOW CTENEHH JOKTOPA HayK 6e3 omyGIuKOBaHuUs
OCHOBHBIX HAyYHBIX Pe3yJbTaTOB B BeAyIIMX KypHAJaxX U U3JAHUSIX, epeyeHb KOTO-
pbIX yTBEp:KAeH Boicuieil arTecTanoHHOil KoMuccHeli, OyAyT OTKJIOHEHBI B CBSI3U C Ha-
pyuenueM 1. 10 ITososkeHus o nopsake NPUCY>KAeHHs yYEHbIX CTeNeHeil.

[Tepeuens xxypuanoB BAK, nuznaBaembix B Poccuiickoit Degepariuu 1o CrieruagibHOC-
1 14.01.20 «AHECTE3NONIOTHS W PEAHNMATOJIOTHST», B KOTOPBIX PEKOMEHIyeTcs myOimKa-
1[1s1 OCHOBHBIX PE3YJIBTAaTOB JIUCCEPTAIMI Ha CONCKAHUE YYCHOH CTereHN JOKTopa U KaH/1-
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