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Pe3rome

Ilensb Mcciaeg0BaHMA: U3YYUTh U3MEHEHU 3JIEKTPOXUMUYECKHUX [TapaMeTPOB IJ1a3Mbl KDOBU ITAIlUEHTOB
C TSHKeJION COYeTaHHOU TpaBMOH 110 U ocjie TpaHcy3uil cBeske3aMopokeHHOH 11a3mbl (C3I1).

MarepuaJjbl 4 MeTOBbI. ViccaenoBanu NOTeHIMaa Ipu padoMKHyToH enu (ITPL]) myiaTUHOBOTO
9JIEKTPOJIa M AaHTUOKCUJAHTHYIO aKTUBHOCTD MJ1a3Mbl KPOBU 35-U MAIlMEHTOB C TSAKEJION couyeTaHHOMN
TpaBmMoi u 35-u 06pa3ioB C3II cpokoM XpaHeHUsI He MeHee 6 MecsineB. ViccieioBaHUE 3JIEKTPOXUMU-
YeCKUX [IapaMeTPOB IJIa3Mbl KPOBU NAIIMEHTOB IPOBOAMIIN A0 TpaHcdy3uu, yepes 1 yac u 24 yaca mocjie
TpaHcdysuu.

Peayabrarbl. O6HApY:KUIU, yTO BessnduHbl [TPI] B C3I1 ObL/IM ITOJI0YKUTETbHEE 110 CPABHEHUIO BeJINYU-
Hamu [IP1], usMepeHHBIMH B IlJIa3Me KPOBU PeIUNUeHTOB B 34 u3 35 ciiy4yaes (97%). [Tokasasnu, 4To y mamu-
€HTOB C TSPKEJION COYeTaHHOUW TpaBMOW mpoucxoauT nosbimenue [TPIT ¢ 5,047 [-7,553; 12,976] MB mo
12,827 [-1,372; 24,764] MB, a Takke CHUKEHHE aHTUOKCUTAHTHOW aKTUBHOCTH Yyepes 24 yaca 1mocJje TpaHc-
¢ysuu C3I1 ¢ 16,979 [11,302; 20,946] MmxKu 1o 13,551 [9,288; 18,405] MkKJ1. BEISIBUJIN OTCYTCTBUE 3HAUUMBbIX
M3MeHeHUH KINHNYeCKUX IIoKa3aTesel KpoBu 1nocie Tpancgysuu C3I1.

3aksarodeHue. C TOMOIIBI0 U3MEPEHUH 3JIEKTPOXUMUYECKUX ITAPAMETPOB T1J1a3Mbl KPOBU MAIIMEHTOB C
TSHKeJION coueTaHHOH TpaBMoU 10 U ntocsie Tpancdysuu C3I1, BBIABUIMN, YTO, HECMOTPSI HA OTCYTCTBUE U3-
MeHEeHU B IapaMeTpax KPOBH, ONpeesisieMbIX pyTUHHBIMU MeTO/IaMH, IPOUCXO/ISIT U3MEHEHUsI B COCTOsI-
HUU aHTUOKCUJIAHTHOU CHCTEMBI OPraHU3Ma, BhIPpAKAIIINECS B CMellleHnU BesimduHbl [1PI] B r1asme
KPOBH MAIIMEHTOB B 00J1aCTh H0Jiee TTOJI0KUTETHHBIX 3HAYEHUW Y CHUYKEHUH aHTHUOKCHUIAHTHON aKTUBHO-
ctu. Hapy1ieHue OKUC/IUTEIbHO-BOCCTAHOBUTEJIHLHOT0 Oa/laHca OpraHu3Ma MOKeT ObITh IPUYNHOMN pa3BU-
THUSI OKUCJIUTEIbHOIO CTpecca.
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Summary

Purpose: to study the dynamics of blood plasma electrochemical parameters in patients with severe com-
bined trauma before and after fresh frozen plasma (FFP) transfusions.

Materials and methods. The open circuit potential (OCP) of platinum electrode and antioxidant activity
of blood plasma were studied in 35 patients with severe combined trauma and 35 post-FFP samples with at
least 6-month shelflife. The electrochemical parameters of patients’ blood plasma were analyzed before trans-
fusion, and 1 hr. and 24 hrs. after transfusion.

Results. OCP measured in FFP was found to be more positive vs. OCP measured in recipients' blood plasma
in 34 out of 35 cases (97%). It has been shown that in patients with severe combined trauma, OCP increased
from 5.047 [-7.553; 12.976] mV to 12.827 [-1.372; 24.764] mV and antioxidant activity decreased 24 hours after
FFP transfusion from 16.979 [11.302; 20.946] uC to 13.551 [9.288; 18.405] pnC. After FFP transfusion, there were
no significant changes in clinical blood parameters.

Conclusion. By measuring electrochemical parameters of blood plasma in patients with severe combined
trauma before and after FFP transfusions, it was discovered that in spite of absence of changes in blood pa-
rameters by routine methods, there are changes in the condition of the antioxidant system of the body, which
manifest in the bias of patients’ blood plasma OCP towards higher positive values and decreased antioxidant

activity. Redox imbalance in the body might cause the oxidative stress development.

Keywords: open circuit potential; platinum electrode; transfusion; antioxidant activity; severe combined

trauma; blood plasma
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BBenenue

Tpaucdy3un KOMIIOHEHTOB KPOBU SIBJISTIOTCS
BaXHbIM KOMIIOHEHTOM Ji€e4€HUA IIallMeHTOB B
KPUTHUUECKOM COCTOSTHUM. [lepesinBaHue KPOBU U
ee KOMIIOHEHTOB IITUPOKO PACIIPOCTPAHEHO B KJIU-
HUYECKOU MPaKTUKe JJIS JIEUeHN s TAI[UEHTOB C
HapYyUIEHUsIMU B CUCTEMe TeMocTasa. B yacTHo-
CTHU, 3HAYUTEJIbHAs 0JI TPaHCPy3Uil MPUXOIUT-
Csl HA OTJeJIEHUSI pEaHUMAIIUU U UHTEHCUBHOMN
Tepanuy, Ije OKOJI0 TPETH MAITEHTOB HYKIAIOTCS
B JIEUEHUM aHEeMUHU U Koarynonarud [1-3]. OgHoi
13 TPYIII TallMeHTOB, JIJIs1 KOTOPBIX TeMOoTpaHcdy-
31U KpaliHe HE0OXOANMBI, SIBJISTIOTCS TTAI[EHTHI C
TAKEJION coYeTaHHOW TPaBMOM, BBICOKUN Ypo-
BEHB JIETAJILHOCTHU KOTOPBIX CBSI3aH C MACCUBHOM
KpOBOTIOTEpEi [4, 5].

PasBuTne anemMun y naliieHTOB B KDUTUYECKOM
COCTOSTHUH CBSI3aHO C KPOBOIIOTepeli, 00yCJIOBJIEH-
HOU TPaBMOM, TeMOIUITIONIEH 1 YaCThIM OTOOPOM
po6 kposu. [Tocste 7 cyTok mpebbIBaHUS B CTAINO-
Hape aHeMUsI TaK)Ke MOKET ObITh CBsI3aHa CO CHU-
JKEeHHbIM O6pa30BaHI/IeM IPUTPOIIUTOB BCJIEACTBUE
BOCIIAJIMTEJIBHOTIO IIpoliecca [2, 6, 7]. Pagsutue koa-
TYJIONIATUY TaKyKe CBSI3AHO C KPOBOIIOTEPEU, TUTIO-
nepdyaueit TkaHel BC/IeJCTBHUE TPaBMBI, a TAKKe C
BOCIIaJIEHHeM U OCTpPOH aKTHUBaIuel Helporymo-
paJIbHOM CUCTEMHEI (8, 9].

[TokasanneM K MepesuBAHUIO0 IPUTPOIUTOB
SIBJISIETCSI CHUKEHME YPOBHSI TeMOIo0mHa 10 90 T/71
(mubepanbHas TakTUKA) U 10 70 T/J (orpaHuyu-
TeJIbHAsI TAKTHUKA) (2, 10] 11 Ipu KpoBomoTepe OoJsiee
30% obbemMa IUPKYIUpYIoIIeil kKposu [11]. CBeske-
3amoposykeHHas nasMa (C3I1) nepesmBaeTcs 1Ipu
OCTPOM CHHJIPOME TUCCEMUHUPOBAHHOTO BHYTPH-
COCYIHCTOTO CBEPTBHIBAHUS, OCTPONM MaCCHUBHOU
KPOBOIIOTEPE, TEPETO3NPOBKE AaHTUKOATYJISTHTOB

HENpPsSIMOTO JIENCTBUs, KOATYJIOMATUsX, 00YCIOB-

Introduction

Transfusions of blood components are an im-
portant element of care for critically ill patients.
Transfusion of blood and its components is a com-
mon clinical practice for patients with disturbed he-
mostasis. A substantial proportion of transfusions
is made in ICU where a third of patients approxi-
mately require anemia and coagulopathy manage-
ment [1-3]. Blood transfusions are vital for patients
with a severe combined trauma, in which massive
blood loss associates with high mortality [4, 5].

The development of anemia in critically ill pa-
tients is linked to blood loss due to a trauma, he-
modilution and frequent blood sampling. After
7-day stay in hospital, anemia might be also linked
to reduced production of red blood cells due to an
inflammatory process [2, 6, 7]. The development of
coagulopathy is commonly associated with blood
loss, trauma-related hypoperfusion of tissues, as
well as inflammation and acute activation of the
neurohumoral system [8, 9].

The indications for transfusion of red blood
cells include decrease of hemoglobin down to 90 g/L
(the liberal approach) and to 70 g/L (the restrictive
approach) [2, 10], and blood loss over 30% of the cir-
culating blood volume [11]. Fresh frozen plasma
(FFP) transfusion is performed in patients with acute
disseminated intravascular coagulation syndrome,
acute massive blood loss, overdose of indirect anti-
coagulants, coagulopathies caused by deficiency of
physiological plasma anticoagulants, and to correct
deficiency of one coagulation factor in the absence
of a specific concentrate [2, 12]. The minimal recom-
mended dose of FFP for transfusion is 12-15
ml/kg [2, 13]. Transfusion of platelet-containing
media is indicated during thrombocytopenia (low
platelet count down to 50X10° PLT/L), disturbed
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JIEHHBIX JIe(PUITATOM MJIa3MEeHHBIX (PU3U0JI0THYE-
CKUX aHTUKOATYJISIHTOB, U IJIs1 KOPPEeKLIUU Jeduiiy-
Ta ONHOTrO (paKTOpPA CBEPTHIBAEMOCTHU IIPU OTCYT-
CTBUM cHenu@uIeckoro KoHIleHTpara [2, 12].
MunuMasbHasa pexkoMmeHgyemas nosa C3I1 s
nepenuBaHus — 12-15 mir/kr [2, 13]. [lepesiBanue
TPOMOOIUTCOMEPIKAIIIIX CPE] ITOKA3aHO ITPU TPOM-
OoIUTONIEHNH (CHUSKEHUN KOJTIMTYECTBA TPOMOOITH-
TOB 10 KOHIeHTpauu 50X10° kJ1/J1), HapyLIeHnAX
(pyHKITMOHAIBHOTO COCTOSTHUS TPOMOOITMTOB, a
TakKsKe B MPOMUIAKTUYECKUX IIEJISX IIPU PHCKE BO3-
HUKHOBEHUS KPOBOTeUeHUH [2, 14].

KoMmmoHeHTBI KPOBU, 3aroTOBJIEHHBIE IS
KJIMHAYECKOr'0 IIPUMEHEHUsI, MOTyT XPaHUTHCA B
TeueHue JauTeJbHOro Bpemenu. Tak, C3II xpa-
HUTCA He MeHee 120 CyTOK IIpu TeMIlepaType HIsKe
—25°C B paMKax Iponenypbl KapaHTAHU3ALUNU
(paHee MAaHHBIM CPOK COCTaBJsAI He MeHee 180
cyTok [15]), a 0oOIMIA CpPOK XpaHEHUS MOSKET
Jocturarb 36 Mecsines [16-18]. IpAUTPOIUTHI Xpa-
HATCA 0 42 AHEW B 3aBUCUMOCTHU OT KOHCEPBU-
pyro1uero pactsopa [19-23], nim no 10 Jier [19, 24,
25] B yCJI0BHAAAX KDUOKOHCEPBUPOBAHUSA.

B ocHOBHOM, Ka4eCTBO I10JTy4aeMBbIX KOMIIO-
HEHTOB KPOBH OLIEHUBAETCA II0 pea3yJbraraM
TECTOB Ha MapKepbl cuduirca, renatutos B u C,
BIY, 114 nj1a3Mbl KpOBU KOHTPOJIUPYETCH TaKKe
Kosn4ecTBO (pakTopa cBepthiBanus VIII, comep-
sKaHMe KOTOPOTO MOJIKHO OBITH He MeHee 70% u
OCTaTOYHOE KOJUYEeCTBO KJIETOK; KPUTepueM
Ka4vyecTBa 3PUTPOIUTOB SABJISETCA KOHIIEHTPAIUs
reMorJIOOWHA, TeMAaTOKPUT U CTeleHb TeMOJIU-
3a[16, 26-28]. CiremyeT OTMETUTh, YTO [IEpUOaNYe-
CKOMY KOHTPOJIIO B IIPOIIeCCe XpaHeHUs II0ABepP-
raloTcsi He BCe 3aroToOBJIEHHbIEe eqUHMIIbI
KOMIIOHEHTOB KpoBH. Kpome ToOro, cymecrsyio-
e MeTOoIbl KOHTPOJISI Ka4yeCTBa He MMO3BOJISIOT
OLIeHUTh 3(P(PeKTUBHOCTh TPAHCPY3UU KOMIIO-
HEHTOB KPOBU PEIUNUEHTY [28] ¥ UCKIIIOYUTH BO3-
HUKHOBEHUeE OCJI0KHEHUH ocje TpaHCPy3nH.

WN3BecTHO, 4TO TpaHC(y3UH KOMIIOHEHTOB
KpoBY, B ToM uncje C3I1, MoryT craTb IpUIMHON
TaKUX OCJOKHEHUN, KaK HeTreMOJIMTUYEeCKHe
peakIuu, Cerncuc BCJAENCTBUE HellpeIHaMepeH-
HOU OakTepwaJbHONU KOHTAMUHAIIUH, OCTpast
MIOCTTPAHC(Y3NOHHAS bIXaTeJbHasI HeJ0CTaTOu-
HOCTH, WHTOKCHUKAIIMM HESICHOW STHOJIOTHUHU U
Ip. [13, 17], npyyrHA KOTOPBIX OCTAETCS HESICHOMU.

OpHo¥t U3 BO3MOSKHBIX MPUYUH Pa3BUTHS
OCJIO;KHEeHUU NP IIPOBeJIeHUU reMoTpaHcdy3nun
MOZKeT OBITH yXyIIIIeHNe KauyeCcTBa KOMIIOHEHTOB
KPOBH ITIPU UX XpaHeHUU. MI3BeCTHO, 4TO TPH Xpa-
HEHUM dPUTPOLUTOB IIPOUCXOOUT YXyAIICHNAE UX
CBOMCTB, B TOM 4ncJie 1eOpMUPYEMOCTb 9PUTPO-
IIUTOB, SIBJIAIOMIASICA WCKJIIOYUTEHHO BasKHOU
JJIS1 BBIIIOJIHEHUSI Fa30TPAHCIIOPTHON (DYHKITUH.
Tak, e opMUpyeMOCTb 9pUTPOLIUTOB IIpeTepIie-
BAeT 3HAYUTEJIbHbIE U3MEHEeHHUs C BO3PACTOM U IO
BBIPQYKEHHOCTH €€ U3MEHEHUA MOYKHO CYIUTH O

platelet functionality, also as a preventive measure
in the presence of a risk of hemorrhage [2, 14].

Blood components banked for clinical use
have a long shelflife. FFP can be kept for at least 120
days at a temperature below -25°C under quaran-
tine procedure. Earlier, authors deminstrated that
the storage period was at least 180 days [15], while
the total shelf life might reach 36 months [16-18].
Red blood cells can be kept for up to 42 days de-
pending on the storage solution [19-23], or up to 10
years [19, 24, 25] if cryopreserved.

The quality of bank blood components is eval-
uated mostly based on tests for the markers of
syphilis, hepatitis B and C, and HIV; the controlled
parameters for blood plasma include also the coag-
ulation factor VIII content that must be at least 70%
and the residual cell count; the criteria of red blood
cell quality include hemoglobin concentration,
hematocrit and degree of hemolysis [16, 26-28]. It
should be noted that not all units of bank blood
components are subjected to periodic control. Be-
sides, current quality control methods do not allow
assessing the efficacy of blood component transfu-
sion to a recipient [28] or eliminate post-transfu-
sion complications.

It is known that transfusions of blood compo-
nents including FFP might cause such complica-
tions as nonhemolytic reactions and sepsis due to
accidental bacterial contamination, acute post-
transfusion respiratory failure, intoxication of un-
known etiology, etc. [13, 17].

One of probable reasons of blood transfusion
complications might be impairment of the quality
of blood components during storage. Storage in-
duces impairment of the properties of red blood
cells including their deformability that is essential
for performance of the gas-transport function. De-
formability of red blood cells largely changes with
age; based on severity of changes, destructive
processes of ‘ageing’ of erythrocyte-containing
media can be assessed [29-32].

As for FFP, papers dedicated to changes of
plasma properties during storage investigated
mostly the content of coagulation factors [33],
which allowed the researchers to conclude that no
significant changes occur during plasma storage
and that necessary plasma components remain sta-
ble during the whole shelf life. However, we have
earlier discovered [34] that when FFP is kept for 6
months at —40°C, the platinum electrode open cir-
cuit potential (OCP) shifts towards higher positive
values, which evidences the behavior of oxidative
processes going in the stored plasma. Model in vitro
experiments of mixing quarantine FFP with blood
plasma of apparently healthy subjects showed that
OCP in the mixture shifted towards higher positive
values, too. It was hypothesized that transfusion of
plasma featuring high positive values of OCP might

lead to a bias in blood plasma OCP of a recipient.
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JEeCTPYKTUBHBIX IIPOLECCAX «CTAPEHU» IPUTPO-
LUTCOAepKaIux cpen [29-32].

Yo kacaercss C3I1, To B paboTax, OCBSIIIEH-
HbIX U3MEHEHMIM CBOMCTB I1JIa3MblI, B ITPOIIECCE Xpa-
HEHUsI HUCCJIeJOBAIN, KAK MPABUJIO, COIep KaHMe
(hakTOpOB CBEPTHIBAHUS [33], UTO TO3BOJIUIIO UCCJIE-
JIOBaTeJsIsIM CAEJIAaTh BBIBOJ, O TOM, UTO ITPU XpaHEHUH
IJ1a3Mbl He TTPOUCXOIUT 3HAYUMBIX U3MEHEHUH, a
Heo0X0oIuMbIe KOMIIOHEHTHI I1J1a3MbI OCTAIOTCA CTa-
OMJILHBIMU B TE€YEHHE BCETO CPOKa XpaHeHus1. OmHa-
KO, paHee HaMH ObI7I0 00HApY>KeHO [34], uTo pu Xpa-
Henuu C3I1 B TeyeHne 6 MecALeB IIpy TemIreparype
—40°C mponCXOIUT CMellleHre BeJIMYNHbBI [IOTeHITHAA-
Ja npu pasdoMkHyToi Ienu (ITPLI) msaTruHOBOTO
3JIeKTpoma B 00JIacTh 0o0Jiee TTOJIOKUTETHHBIX
3HAQUEeHUI, 4YTO CBUJETEJbCTBYeT O IIPOTeKAHUU
OKUCJIUTEJIHLHBIX IPOIIECCOB B XPAHSAIIEHCS TIJIa3Me.
MopenbHbIe 9KCIIEPUMEHTHI 11 VilTo TI0 CMeIInBa-
HMIO KapaHTuHU30BaHHOU C3II1 ¢ nmasmMoil KpoBHU
MPaKTAYECKU 3JA0POBBIX JIIOJEH MOKa3aad, 4YTO
BeqnunHa [IPIl B cMecu Takske cmelajach B
006J1acTh 00JIee BHICOKMX IOJIOMKUATEIbHBIX 3HAYe-
HU. Bb1710 PENIoJI0KeHO, YTO Tiepe/IMBAHME T171a3-
MbI C BBICOKUMM MOJIOMKUTEJIbHBIMA 3HAa4YeHUSIMU
BesimunHbl [IPL] moyket mpruBecTu K cMeltienuio 1 TP
IJ1a3Mbl KPOBU PEIANNEHTA.

YKa3aHHbIe MMPOIECChl OKUCJEHUs, TPoTe-
Kalolliye B XpaHsAIIeNcs Iy1asMe, MOTyT IPUBO-
JIUTh K U3MEHEHUIO COAepsKaHNsd aHTUOKCHUIAH-
TOB. Ha HacTOAIMI MOMEHT CYILIECTBYIOT JIUIIb
eIVMHUYHbIE UCCJIeJ0OBAaHNS, B KOTOPBIX ITPOU3BO-
IUJIach OIleHKAa aHTHUOKCHIAHTHOM aKTHBHOCTU
C3II [35, 36]. B pabote [35] 6110 OTMEYEHO CHU-
JKeHHe aHTHOKCHUIAHTHOM akTuBHOCTH C3II B
Mporiecce JIUTeTbHOTO0 XpaHeHMsI, YTO ObLIO CBSI-
3aHO ABTOPAMU C HAKOIIJIEHUEM B IlJIa3Me MUKPO-
YaCTUL, TPOLYIUPYIOIIUXCSA OCTaTKaMu (hopMeH-
HBIX 9JIEMEHTOB, IpucyTcTByomux B C3I1.

OnHOWl W3 rpynn MeTONOB OIpedeseHust
conepsKaHusT aHTHOKCUIAHTOB B OHOJIOTHYECKUX
cpenax IBJISAIOTCS 9JIEKTPOXUMUYECKHE MeTOMbI [37,
38|, yske 11okasasime cBoio 3(phHeKTUBHOCTD 1151
MOHUTOPWHIA AHTUOKCUIAHTHOU aKTHUBHOCTHU
IJIa3Mbl KPOBH Yy IHAIMEHTOB B KPUTHUYECKUX
cocTossHUSAX [39] 1 0bJ1amaroIe psiIOM IIPENMY-
IIIECTB I10 CPAaBHEHUIO C TPAIUIMOHHO UCII0JIb3Ye-
MbIMU CIIEKTPO(OTOMETPUYECKUMHU METOIAMHU.

Takum 00pa3oMm, 3JIEKTPOXUMHUYECKIUE TTapa-
MeTpPHI XPaHSIIENCsI IIJIa3MbI MOTYT OBITH MCTIOJTh-
30BaHBI B KAUYECTBE JIOMIOJHUTEBHOTO KPUTEPUS
OIleHKU KayeCcTBa TPaHC(Py3MOHHOU Cpeibl.

lenb ncciienoBaHus — U3YYUTh NU3MEHECHUS
3JIEKTPOXUMHUYECKUX TAPAMETPOB IJIa3Mbl KDOBU
MaIlMeHTOB C TAKeJ0N COueTaHHOU TpaBMOH /10 U
nocsie TpaHcdysuit C3I1.

MarepuaJ 1 MeTObI

O6caemoBasu 35 MalMEHTOB C TSYKEJION CoYeTaH-

Hoii TpaBmoii B HYU CII um. H. B. CkaudocoBckoro (r.

The said oxidation processes taking place in
stored plasma might result in alteration of the con-
tent of antioxidants. At present, there are few inves-
tigations evaluating the antioxidant activity of
FFP [35, 36]. In paper [35], a decrease of antioxidant
activity of FFP in the course of long-term storage
was noted, which, according to the authors, was as-
sociated with accumulation in plasma of micropar-
ticles produced by residues of formed elements that
are present in FFP.

Among methods of determining the content
of antioxidants in biological media there are elec-
trochemical methods [37, 38], which have already
proved their efficacy for monitoring blood plasma
antioxidant activity in critically ill patients [39] and
possess a number of advantages over conventional
spectrophotometry.

Electrochemical parameters of bank plasma
can be used as an additional criterion for assessing
the transfusion medium quality.

The purpose of this study is to investigate
changes in blood plasma electrochemical parame-
ters in patients with severe combined trauma be-
fore and after FFP transfusions.

Materials and Methods

35 patients with severe combined trauma treated in
N. V. Sklifosovsky Research Institute for Emergency Medi-
cine (Moscow, Russia) and 35 FFP samples with a shelf life
of notless than 6 months have been examined. The indica-
tion for FFP transfusion was compensation of coagulation
factors. FFP was thawed according to specifications [12, 27].

The investigation of electrochemical parameters
was performed in patients’ blood plasma before transfu-
sion (n=35), one hour after transfusion (n=10), 24 hours
after transfusion (n=35), and in FFP samples (n=35).

The open circuit potential was measured in blood
plasma using an IPC Compact potentiostat (ZAO Chronas,
Russia), a platinum electrode of 3.3X10 cm? in area was used
as working electrode, a silver chloride electrode was used as
areference electrode. The platinum electrode received pre-
liminary treatment prior to each measurement [40].

The total antioxidant activity of blood plasma was de-
termined according to methodology [39] using an IPC-Pro L
potentiostat (ZAO Chronas, Russia) in the mode of cyclic
potential sweep in a three-electrode electrochemical cell
with a platinum working electrode of 1.6X102 cm? in area,
asaturated silver chloride electrode as reference electrode,
and platinized titanium mesh as auxiliary electrode.

Blood samples for laboratory tests (complete blood
count, blood gases, blood biochemistry, and coagulation
panel) were collected before transfusion and 24 hours
after. The complete blood count was determined using
analyzer MEK-8222K (Nihon Kohden, Japan); blood
gases — analyzer AQT90 FLEX (Radiometer Medical
ApS, Denmark), blood biochemistry — analyzer AU
2700 (Olympus, Japan), coagulation panel — coagula-
tion analyzer CA 1500 (Sysmex, Japan), and aggregation
behavior of platelets was assessed using aggregometer
490 (Chrono-log, USA).

Statistical processing of raw data was performed by
Wilcoxon test and Mann—Whitney U-test; pair correla-
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MockBa, Poccus) u 35 o6pasios C3I1 cpokoM XpaHeHH
He MeHee 6 MecsneB. [TokazanueM k Tpancdysuu C3I1
OBL7I0 BOCITOJTHEHME (PaKTOPOB cBepThiBaeMocTh. C3I1
pasMopaskruBaJi COIVIACHO periaMenTy [12, 27].

HccnenoBaHue 3J1eKTPOXMMUYECKUX ITapaMeTpoB
MPOBOAMJ/IY B IIJIa3Me KPOBU IMAIMEHTOB 10 TPaHCHy3UHn
(n=35), yepes 1 yac nocJie Tpancgysuu (n=10), yepes 24 ya-
caocsie Tpancdysnu (n=35) u B oopasmax C3I1 (n=35).

VaMmepeHue noTeH1ana Ipy pasoOMKHYTOH Lielu
B IIJIa3Me KPOBU IIPOBOJIUJIY C UCII0JIb30BaHUEM I10TeH-
nuocrara [PC Compact (3AO «Kponac», Poccus) Ha nia-
TUHOBOM 3JIEKTPOJie IJIoImanpko 3,3X102 cM?, HaChIIEeH-
HBIH XJI0pUcepeOPAHBIN 9JI€KTPO UCII0JIH30BAIH B
KauecTBe 3J1eKTpojia cpaBHeHus1. [lepe KayKIpIM U3Me-
peHueM IJIaTUHOBBIN 3JIeKTPOJ IIOABEprajics NpeaBa-
puTesbHOM 06padoTke [40].

Omnpenesnenne 001Iel AHTUOKCUTAHTHOM aKTUB-
HOCTH IIJIa3MbI KPOBHU IIPOBOAMJIMA IT0 MeTonuKe [39] ¢
ucrnosab3oBanueM norennuocrara IPC-Pro L (3A0 «Kpo-
Hac», Poccus) B peskuMe IUKINYECKOU pa3BepTKU I10-
TeHIIMaja B TPEX3JIEKTPOJHON 3JIEKTPOXUMHUYECKOUN
sTYelike C IVIAaTHHOBBIM PAO0YMM 9JIEKTPOIOM ILJIOIIA-
b0 1,6X102 cM?, HaCHIIIEHHBIM XJIOPHACEPeOPTHBIM
3JIEKTPOJIOM CpaBHEHU: U CeTKOU U3 IJIATUHUPOBAH-
HOI'O TUTaHa B KA4eCTBe BCIIOMOI'aTe/IbHOI'0 3J1eKTPOAa.

O6pasIbl KPOBH JJIsI IPOBEEHIA AaHATN30B (KJTH-
HHUYECKOT0, Ta30B KPOBH, OMOXIMMIYECKOTO U KOATYJI0-
JIOTYeCKOr0) 3a6Hpasin 0 TpoBeAeHH TPAaHChY3nH 1
uepes 24 yaca rocJjie Hee. KilnHU4YecKuil aHa/Iu3 KpoBU
nposonuau Ha aHagusarope MEK-8222K (Nihon Ko-
hden, flnonus), ana/m3 ra30B KPOBU — HA aHAIM3ATOPE
AQT90 FLEX (Radiometer Medical ApS, /lanust), 6roxu-
MHUYeCKUH aHa/Iu3 KpoBU — Ha aHasnuadarope AU 2700
(Olympus, fAinonus), KOaryJ0J0IM4eCKUi aHaaIu3 — Ha
roarysnomerpe CA 1500 (Sysmex, Annonus), arperaiiioH-
HYIO CITOCOOHOCTH TPOMOOIIMTOB OIIEHWBAJIN C IIOMO-
mbio arperomeTrpa 490 (Chrono-log, CITIA).

CTaTHCTHYeCKyI0 00pabOoTKY JAaHHBIX IIPOBOIIIN
C pacdyeToM KpuTtepus BusikokcoHa m U-Kpurtepus
MaHHa—YUTHH, U OlIpeJieJIeHieM ITapHbIX KOppeJIAui
C UCIIOIb30BaHNEM IIPOrpaMMHOr0 obecniedeHus Sta-
tistica 10.0 (StatSoft). OnmcareIbHYIO CTaTHCTUKY KOJIH-
YECTBEHHBIX ITPU3HAKOB IIPEACTAaBUIN Me€IUaHaMU 1
kBaptuisaAMu B popmare Me (LQ; UQ).

Pe3ynbTaThl ¥ 00CYK/IEHHE

Kak y>ke 66110 oTMeYeHO paHee [34], XxpaHe-
Hue C3I1 npuBOAUT K cCMeleHUI0 BeJTnUYnHbI [1PL]
K 00J1ee BBICOKUM I10JIOKUTEILHBIM 3HAYEHUSIM.
B manaOM uccaenoBanuu BesinunHa [1PL miatm-
HOBOTO aJekTpoma B C3II  cocraBuia
60,219 [35,815; 73,851] MB, B TO BpeMs Kak
BesinynHa [1PI] B 1y1asmMe KpoBU penuiiiesTa —
5,047 [-7,553; 12,976] MB. IIpakTnuecku BO BCex
cayvasax (n=34) BesmumnHa [IPI] B C3II ObuLia
IoJI0KUTeIbHEee, ueM BesinynHa [1P1], namepen-
Hasg B IJIa3Me KPOBU penumnueHTa. ToJbKO B
opHoM ciay4ae BeanunHa [IPI] B C3II okasanace
HUYKe, BCJIeJCTBUE BbICOKOTO 3HaveHus [IPI] B
mia3Me KpoBu nanuenra (ITPILl., = 69,299 mMB
npoTUB TP, ¢/pmyenra = 100,760 MB).

[Tpu uccinenoBanum Bausiausa C3I1 Ha [TPL]
B TIJIa3Me penuIrenTa 00HAPYKUIIH, YTO Yepes

tions were determined using the software Statistica 10.0
(StatSoft). The descriptive statistics of quantitative indi-
cators was presented as medians and quartiles in Me (LQ;
UQ) format. P<0.05 values revealed the significant differ-
ences between groups.

Results and Discussion

As discussed earlier [34], FFP storage results in
OCP tending towards higher positive values. In this
study, OCP value of the platinum electrode in FFP
was equal to 60.219 [35.815; 73.851] mV, and OCP
value in the recipient’s blood plasma was equal to —
5.047 [-7.553; 12.976] mV. Almost in all cases (n=34),
the OCP in FFP was more positive than the OCP
measured in the recipient’s blood plasma. Only in one
case, the OCP in FFP was lower because of high OCP
in the patient’s blood plasma (OCPpp =69.299 mV vs.
OCPegipient = 100.760 mV).

Analysis of the FFP influence on the recipient
plasma OCP discovered that 24 hours after transfu-
sion, the latter amounted 12.827 [-1.372; 24.764] mV,
i. e. it shifted to the region of higher positive values
(P=0.0469, fig. 1, table).

A strong correlation (7=0.748, P<0.0001) was
observed between the difference of recipient’s
blood plasma OCP before transfusion and FFP OCP,
and the bias of recipient's blood plasma OCP 24
hours after transfusion (fig. 2).

Besides, the FFP influence on the value of OCP
in the recipients’ blood plasma (7=10) 1 hour after
transfusion was analyzed. In that case, a somewhat
unusual change of OCP in the recipient’s blood
plasma was established (fig. 3). In spite of much
higher OCP in FFP, one hour after the transfusion
recipients' blood plasma OCP shifted to the region
of lower negative values in 9 cases out of 10. Never-
theless, 24 hours after transfusion only 4 values out
of 10 remained lower than the baseline recipient
plasma OCP. This phenomenon is yet to be ex-
plained.

Since the OCP value is an integral reflection of
the balance of pro- and antioxidants [41], the an-
tioxidant activity of recipients’ blood plasma was
studied before and after the transfusion, and that
of the transfused FFP, too.

Statistically significant correlations were dis-
covered between the OCP values and antioxidant
activity of the recipients’ blood plasma before
transfusion (-0.5729, P<0.05), and between the
OCP values and antioxidant activity of FFP
(-0.4323, P<0.05).

In FFP lower antioxidant activity was pre-
dictably observed at higher OCP. The maximal an-
tioxidant activity of FFP was equal to 18.709 nC and
that of the recipient’s plasma — 28.597 puC. Before
transfusion, the mean antioxidant activity for FFP
and recipients’ plasma was equal to 16.280 [12.408;
17.174] puC and 16.979 [11.302; 20.946] uC, respec-

tively. 24 hours after transfusion the antioxidant ac-
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JMHaMUKa KIMHUYECKUX, OHOXHMMHYECKHUX ITIOKa3areseil KPOBH, ra30B KPOBH, IapAMETPOB CBEPTHIBAIOIIEH
CHCTEMBI U JJICKTPOXUMHYECCKHUX MapaMeTPOB IJIa3Mbl KPOBH.
Dynamics of clinical and biochemical blood indicators, blood gases, coagulation system parameters and electro-

chemical parameters of blood plasma.

Indicators FFP Transfusion P
Before 24 hrs after

OCPB, mV 5.047 [-7.553; 12.976] 12.827 [-1.372; 24.764] 0.0469
AOA, nC 16.979 [11.302; 20.946] 13.551 [9.288; 18.405] 0.0130
pH 7.354 [7.327; 7.434] 7.463 [7.446; 7.471] 0.0382
Hemoglobin, g/L 88.00 [82.50; 94.25] 88.00 [77.00; 95.75] 0.1394
Erythrocytes, X10'2/L 2.82[2.64; 3.02] 2.82[2.45; 3.01] 0.2411
Hematocrit, % 26.05 [23.63; 29.15] 26.10 [24.05; 28.83] 0.2604
Leukocytes, X10°/L 10.60 [8.00; 15.65] 10.30 [8.95; 13.60] 0.0858
Platelets, X10°/L 214 [145; 420] 209 [133; 429] 0.1394
Total protein, g/L 55.81 [50.30; 60.00] 56.58 [51.50; 60.90] 0.2845
Osmolarity, mOsm/L 288.00 [282.10; 291.75] 289.80 [270.50; 292.55] 0.1141
Lactate, mmol/L 1.65 [1.00; 3.00] 0.9 [0.73; 2.15] 0.0367
Actual base excess, mmol/L 1.40 [-1.10; 4.95] 1.80 [-1.00; 4.30] 0.8785
Quick prothrombin, % 49.00 [46.88; 60.73] 48.40 [46.90; 58.10] 0.3329
INR 1.53 [1.34; 1.65] 1.52[1.47; 1.58] 0.2411
aPTT, sec 30.15 [26.35; 43.08] 33.10 [27.08; 37.13] 0.2604

IIpumeuanmne. Indicators — napamerpsl; FFP Transfusion — tpauncdysus C3I1; qo/uepes 24 yaca nocsae; OCP — ITPIL; AOA,
nC — AOA, mkKur; platelets — Tpom6GonuTsl; actual base excess — akTyaJbHbINA U30BITOK 0OCHOBaHMH; quick prothrombin —
nporpom6uH (1o KBuky); INR — MesxayHapogHoe HopmaiudoBanHoe orHoulenne (MHO); aPTT — akTHBHpOBaHHOE YaCTHY-

Hoe TpoMbonaacTuHoOBOe BpeMs (AUTB).

24 gaca mocJie nepeJuBaHUA BeJIUYNHA TTOCJIE]T -
Hero cocraBuJja 12,827 [-1,372; 24,764] MB, T. e.
MMeJI0O MeCTO ee CMeIleHre B 00JacTh OoJiee
BBICOKUX TOJIOKUTETbHBIX 3HaueHUu# (p=0,0469,
puc. 1, Tabaura).

IIpu aTom HAGJIIONATN CUJIBHYIO KOpPPEJIsi-
IIMOHHYIO cBA3b (1=0,748, p<0,0001) MexK 1y pasHU-
neii [1PL] B m1a3Me KpoBU peluIeHTa 10 TpaHc-
¢ysum u [1P1] B C3I1 u ciBurom BestmauHbI [1P1] B
IJ1a3Me KPOBU PelMIIMEHTa Yepes 24 yaca nocJe
TpaHcdysuu (CM. puc. 2).

JlonmoJTHUTEeIbHO TIPOBEJIN aHAINU3 BJIMSAHUSA
C3II na Besmnmuuny [1P1] B 1y1adMe KPOBU peLUIIn-
eHToB (n=10) yepes 1 yac nocsae Tpa"Hcdysuu. B
JaHHOM cJjy4yae 3a(UKCUPOBAIU HECKOJBKO
HeoObIYHOe u3MeHeHume [IPI] B miiasMe KpOBU
penunuenTa (cM. puc. 3). Hecmorpa Ha 3HaYUTEIb-
Ho 6oJtee Beicokue BenmunHbI [TP1] B C3T1, uepes
4ac mocJjie Tpancdysun BesmauHb! [TP1] B miasme
KPOBU penunueHTa B 9 ciay4dasax ud 10 cMecTu/mchb
B obOJiacTh 0OoJiee OTPUIIATETbHBIX 3HAYEHUU.
OnHako yepes 24 yaca nocse TpaHCcpy3uu TOJIbKO
4 BesiudMHBI N3 10 ocTaJnCh HUKE MCXOITHOIO
a3uavenus [1PI] B minasme perunuenTa. O0bsicHe-
HUsA JaHHOMY (heHOMEeHY ITI0Ka He HalIeHo.

ITocrouibRry BemuuHa IIPI] aBiigeTca uarer-
paJIbHBIM OTpa’keHmeM OaJjilaHca Mpo- W aHTHU-
OKCHUJIAaHTOB [41], IpoBean ucciaegoBaHue aHTU-
OKCHJIQHTHOW aKTUBHOCTU T1JIa3Mbl KPOBU
PEeLUIINeHTOB 10 U IIocje TpaHCchy3nu U caMoil
nepesinBaeMoi C3I1.

O6Hapy>KW/IN CTATUCTUYECKV 3HAYUMbIe
Koppeadanuu Mexay seauuunHamu I1PI] 1 aHTH-
OKCHUJAHTHON aKTUBHOCTH I1J1a3Mbl KPOBHU pely-

IUeHTOB 10 TpaHcdysuu (-0,5729, p<0,05) u

160 P=0.0496
™ P<0.005 '

140 —

120

100 *
> 80 . o
= —-
ar 60 o
Q
QC

2

. 1

20

-40 -

-60

Plasma before FFP Plasma 24 hrs after

Puc. 1. luarpamMa pa3maxa BesauduH I1PI1 B ni1a3me penu-
IHEHTOB 10 1 nnocJe Tpancdysuu C3II u B C3I1.

Fig. 1. The magnitude of OCP values in the recipients’ plasma
before and after FFP transfusion and in FFP.

Note. O and * are outliers and extreme values.

IIpumeuanwue. /I puc. 1-4: Plasma before/24 hrs after —
masma g0/ yepes 24 yaca; FFP — C3I1; nuis puc. 1-3: OCP —
ITPII. O u * — BBIOPOCHI ¥ KPAWHUE TOUKHU.

tivity of the recipients’ blood plasma decreased to
13.551 [9.288; 18.405] pC (fig. 4).

Given the influence of FFP transfusion on the
electrochemical parameters of the recipient’s blood
plasma, one might expect changes in other indica-
tors, too. However, the dynamic analysis of com-
plete blood count, blood chemistry, blood gases,
and coagulation panel found statistically significant
differences only for pH and lactate content (table).
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Puc. 2. 3aBucumocTts casura BeauuuHbl [IPI] B niasme
KPOBH PELMIIMEHTA 10 U IocJie TPaHC(y3uH OT pa3HUIBI
Mme:xay ITPII B nyia3Me KpOBH pelfMIIHeHTa A0 TpaHcdy3uu u
ITPII B C3II.

Fig. 2. Dependence of the shift in OCP in the recipient’s blood
plasma before and after transfusion on the difference between
OCP in the recipient’s blood plasma before transfusion and
OCP in FFP.

Medxny BesuuuHamu [1PI] 1 aHTHOKCHUIAHTHON
aktuBHocTH C3I1 (-0,4323, p<0,05).
3akoHoMepHO, 4To 17151 C3I1 Ha done Gosee
BBICOKUX ITOKa3saresieii [1PL] HaO ronam 6oJiee HI3-
KY€ 3HaYeHUsI aHTUOKCUIAHTHOM aKTUBHOCTH. Tak,
MaKCHMaJIbHasl BeJIMYMHA aHTUOKCHIAHTHOI aKTHB-
"Hoctu C3II cocrasisamaa 18,709 mMxKJ1, a miasmbl
perunmienTa — 28,597 MkKJ1. /1o mpoBeieHns TpaHc-
ysuu cpeHsIsa BeJTUINHA AHTUOKCUTAHTHOM aKTHB-
HocTu 17151 C311 1 1Ty1a3MbI pEIIMITUEHTOB COCTAaBUJIA
16,280 [12,408; 17,174] mxKa u 16,979 [11,302;
20,946] mMkKu, cooTBeTCcTBEHHO. B TO ske Bpewms,
yepes CyTKU MOCJIe TpaHC()y3nun aHTUOKCUAAHTHAS
AKTUBHOCTD TLJIa3Mbl KPOBU PEIUNNEHTOB CHU3U-
Jack 1 cocraBuia 13,551 [9,288; 18,405] MxKu (puc. 4).

Ha ¢one Bausuus tpanchysuu C3I1 Ha
3JIEKTPOXMMUYECKUE TTapaMeTpPhl IJIa3Mbl KDOBU
penuIenTa CTOMJIO OKUAaTh NU3MEHEHUs B Jpy-
rux mokasaareseil. OHako, Mpy aHaJIn3€e TUHAMU-
KM KJIMHUYEeCKHUX, OMOXUMHYECKUX II0Ka3aTesel
KPOBH, TAa30B KPOBU U MaPAMETPOB CBEPTHIBAIO-
IIIeH CUCTEMBI CTATUCTUYECKU 3HAUYUMBbIE PA3JIH-
4usl BBISIBUJIU TOJIBKO /17151 BeJIMUYUHbBI pH U conep-
JKaHUs JIJaKTaTa (TabJauIia).

Taxkske ormeruMm, uyTo TpaHchysuu C3II
HaIlpaBJeHbl Ha KOPPEKLMIO IIJ1a3MEHHO-Koary-
JISIIIMOHHOT'0 TEMOCTa3a, OAHAKO UCXOJIsI U3 JaH-
HBIX, TPEJICTAaBJIEHHbBIX B TA0OJIUITE, MOSKHO BUJIETD,
YTO y MAIlMEeHTOB II0cJIe TpaHC(hy3UU MToKa3aTeIn
CBEPTBHIBAHUS KPOBU NPAKTUUYECKU HE MEHSIJIUCE.
HccaenoBanua nokasbsiBaior [1, 42-46], yTo niepe-
auBaHue C3I1 manueHTaMm NpU HE3HAYUTETbHBIX
OTKJIOHEHUSIX OT HOPMBI TTIOKa3areJsiell CBepThIBa-
HusA KpoBu (MHO<1,7) He OKa3bIBaeT CylleCTBEH-
HoTO 3(pekrTa.

P=0.0284 P=0.0069
T " 1
e P=0.0075
1
100
80 T
= i T
g 60
ar
Q
C w —|' .
20 o
o .—L
o L
20
Plasma FFP Plasma Plasma
before 1 h after 24 hrs after

Puc. 3. Jluarpamma pa3maxa cMenieHusa Beanuus [1PI] B
JIa3Me KPOBH PEIUIIHEHTOB 10, yepes 1 yac u 24 yaca rocJie
TpaHcgy3uu C3I1 u B C3I1.

Fig. 3. Magnitude of the bias in OCP values in the recipients’
blood plasma before, 1 hour and 24 hours after transfusion of
and in FFP.

% P=0.0130

30

L

1

Plasma before FFP Plasma 24 hrs after

Puc. 4. JluarpaMMa pa3Maxa BeJJMYIH aHTHOKCHIAHTHOMH aK-
THBHOCTH B IIa3Me PEeLMIIHEeHTOB J0 H Yepe3 24 yaca 1ocJje
TpaHcgysuu C3I1 u B C3I1.

Fig. 4. The magnitude of antioxidant activity in the recipients’
plasma before and 24 hours after FFP transfusion, and in FFP.

FFP transfusions were aimed at plasma coag-
ulation hemostasis correction, however our data
demonstrated that blood coagulation parameters
almost did not change after the transfusion (table).
Studies showed that FFP transfusion to patients
with minor deviations in the blood coagulation in-
dicators (INR < 1.7) did not render a substantial ef-
fect [1, 42-46].

Conclusion

In spite of the fact that FFP transfusions prac-
tically have no effect on the routinely identified

clinical and biochemical indicators of the blood in
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3akJjaouenue

Takum 06pasom, HECMOTPSI Ha TO, UTO TPAHC-
¢ysusa C3I1 mpakTUyeCcKu He BJUSET HA OCHOB-
Hble KJIMHUYECKHEe U OMOXUMUYECKIE TIOKa3aTe-
JI1 KPOBU TAIIUEHTOB C TSHKEJION COYeTaHHOU

TpaBMOIL/‘I, onpenesdaemMble pyTUHHBIMU METOJaMU,
Ha0JTI0J]AI0TCA CYyIeCTBeHHbIe H3MeHeHH Iapa-
METPOB  OKUCJIUTEJIbHO-BOCCTAHOBUTEJIHHOIO
COCTOSIHUA IJTa3Mbl KpoBU. CMellleHHe BeJIUYu-
Hbl [TP1] B niy1a3mMe KpoBU B 00J1aCTh 60J1ee BBICO-
KUX IIOJIOMKHUTEJBHBIX 3HAUYEHUN U CHIUKEHUE
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