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Octpas uyepenHo-mo3rosas TpaBMa (UMT) MosKkeT cONIpoOBOKIAThCA pa3BUTHEM Koarysnonaruu. [Ipu
9TOM B YCJIOBUSIX PUCKA PA3BUTHS UJIU IPOTPECCUPOBAHMS TeMOpParnyecKux IposiBJeHNH B BeIleCTBE I'o-
JIOBHOT'O MO3Ta, HOpMaJbHOe (PyHKIIMOHMPOBaHUE reMOCTa3a UMeeT KpUTUYECKOe 3HaYeHUe.

Ilens uccaenoBaHuA: ONIpefie/IeHre YaCTOThI Pa3BUTHA KOAryJI0IIaTuy B OCTPOM IIepHrojie U30JIMPOBaH-
Hoi UYMT u BbIsiBJIeHHE B3aUMOCBSI3M BAPUAHTOB HapyIIeHUsI TeMocTasa ¢ TsKkecTbio UMT.

Marepuanbl 1 MeToabl. [IpoananusupoBanu 323 uctopun 60/1e3HU narueHToB ¢ UYMT, rocniurainsu-
poBanubix B OPUT IlenTpa Helipoxupypruu c 2008 r. mo 2016 r., 13 HUX B UCC/IeJoOBaHue BKRJIoUnIu 118 na-
nueHToB. KpuTepuu BK/IIOYEHUA: ocTpasd udojauposanHasa UMT, rocnurannsanys B IepBble 72 yaca ocJje
TPpaBMbI, MOJIOJJOH U CpeaHUY BO3paCT NalueHToB. [Ipy noCcTynIeHny B CTAallIOHAP BCe MalieHThI OIleHEeHbI
1o mkaJjie koMbl Iimasro (IIKT) u pasnesiensl Ha ABe rpynnbl: 1 — 1spkesnasd UMT, 2 — UMT ymepeHHOI 1
JIETKOU CTEIEeHU TssKeCTH. BceM marueHTaM MpoBeieHbl ncciaeaoBanus remocrasda (AUTB, TITH, koHIEHT-
pauus GuOPUHOTEHA, YUCJIO TPOMOOIIUTOR).

Pe3yasrarsl. Y 63,6% naiueHTos ¢ ocTpoil UMT BeIABUI/IM IPHU3HAKYU HAPYILIEHNUsI TeMOCTas3a, 00/IbIINH-
CTBO U3 KOTOPBIX (55,1%) HOCUJIY FUIIOKOATY/IAIMOHHBIN XapaKkTep U HaOJII0AAIUCh B IpymIie Tspkesaod UMT
(62,5%). HamnboJ1ee yacThIMU ITpU3HAKAMU KOATYJIONATUH ABJISJINCH CHUKeHue ypoBHs [1TU menee 70% u
TpoMOoIruTonenuss — MeHee 150X10%/1. Mesky pasBUTHEM TPOMOOIIUTONEHUN U HEOJIAarONPUsITHBIM HC-
xonoM (1-3 6asta no IIkase Mcxonos Imasro (IIIMI') BBISIBU/IN KOPPEJISIUOHHYIO B3aUMOCBS3b €J1aboit
cuiiel (r=0,276; p=0,002).

3axJjrodyenue. Ha arare ocTyIieHUA B CTallMOHAP KOAryJ/I0NaTUIo JUarHoCTUpPoBau y 63,6% nanueH-
TOB B ocTpoM nepuoge UYMT, npu sToM npeobJiafany rUIIOKOAry/IsMoOHHbIe n3MeHeHUs1. KoarymonaTuio
JIOCTOBEPHO Yallle BISBJISJIN Y TAIMEHTOB B OCTPoM Itepuoe Tskesoit UMT (IITKT'<8 6a110B).

Mexanuambl UM T-acconuupoBaHHOM KoaryJIonaTuy 10 CUX IIOp He 10 KOHIIa U3y4eHbl; He00X0IUMO
JlaJibHelIIIee UccyeloBaHKe BKJIaga TPOMOOIUTapHOTO, IJIa3MEHHOI0 U (hUOPUHOIUTAYECKOTO KOMIIOHEH-
TOB B (popMUpOBaHUe KOATy/I0NIAaTUH, YTO, BEPOSITHO, TpeOyeT UCI0Ib30BaHNs1, B TOM YHCJ/Ie, THTErPaJIbHbIX
METOJ0B AUAarHOCTUKH reMoCcTasa.

Kanaroueswte crosa: IIMT-accouuupoeaHHaﬂ Koazyionamus, 4epenHo-mo3208as mpasma, cemocmas; roa-
cyronamus

Acute traumatic brain injury (TBI) can be accompanied by coagulopathy. In TBI, when an increased risk
of hemorrhagic lesions in the brain tissue exists, keeping the normal hemostasis is crucial.

The aim: to determine the incidence of coagulopathy in the acute phase of isolated TBI and identify the
correlation between the types of hemostasis disorders and the severity of TBI.

Materials and methods. We analyzed 323 case records of patients with TBI hospitalized to the Neurosurgery
Center ICU from 2008 to 2016, 118 of them were included in the study. Criteria for inclusion were acute isolated
TBI, hospitalization in the first 72 hours after injury, young and middle-aged patients. On admission to the
hospital, all patients were assessed according to the Glasgow Coma Scale (GCS) and divided into two groups:
group I with severe TBI, group 2 with mild and moderate TBI. All patients underwent blood coagulation testing
(APTT, PTI, fibrinogen concentration, platelet count).

Results. In 63.6% of patients with acute TBI coagulopathy were found, most of them (55.1%) had hypoco-
agulability state and were observed in the group of severe PMT (62.5%). The most frequent signs of coagulopa-
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thy were reduced PTTI of less than 70% and thrombocytopenia of less than 150X10°/1. A weak correlation
(R=0.276; P=0.002) was found between the development of thrombocytopenia and adverse outcomes (1-3

points according to GOS).

Conclusion. on hospital admission coagulopathy was diagnosed in 63,6% of patients in the acute phase of
TBI, hypocoagulability state prevailed. Coagulopathy was significantly more common in patients in the acute

phase of severe TBI (GCS<8 points).

The mechanisms of TBI-associated coagulopathy have not yet been fully clarified. Further studies of the
role of platelet, plasma and fibrinolytic components in the development of coagulopathy are warranted, which
require more comprehensive methods of hemostasis investigation.

Keywords: hemostasis; traumatic brain injury; TBI-associated coagulopathy
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BBenenue

OcTpas yepenHo-Mo3roBas Tpasma (UMT)
SIBJISIETCSI OMHOM U3 JTUIUPYIOIIUX IPUUUH CMEPT-
HOCTH U TSPKEJI0M HHBAJIUIU3AINH JIUI] MOJIOZOTO
U cpegHero Bodpacra [1]. IIpusnano, 4TO B psne
cayyaeB UMT conpoBokIaeTcss HapylUIleHUAMU
CHUCTEMBI TeMocTasa [2-4], 06yc/I1aBIUBaAOITUMA
TOBBIITIEHNE PHCKA FreMOpparunyeckou Tpauncdop-
Mally KOHTY3WOHHBIX O4YaroB M yBeJIMYEHUSA
o0beMa MHTpaKpaHUAJIbHOU reMaToMbl. B TO ske
BpeMsl, TI0 JaHHBIM HEKOTOPBIX MCCJIeJOBAaHUH,
pas3BUTHE KOATYJIONAaTUX MOKET CTaTh IPUINHON
¢dopMUpOBaHUS MUKPOTPOMOOB, YTO IIPUBOIUT K
Pa3BUTHIO UIIIEMUYECKUX TTOBPEKIEHUN TOJIOB-
Horo mo3ra [5]. Kpome Toro, popmupoBaHue Koa-
ryjonaruy, accoruupoBantoii ¢ UMT, cBsi3ano ¢
BBICOKOU 4acTOTON reMoTpaHC(y3uid, JAUTeb-
HBIM JIEYeHUEeM B OTeJIeHUN peaHuMalliu, IOBbI-
IIIEHHBIM PHUCKOM Pa3BUTHUS TOJIUOPTaHHOU HET0-
CTaTOYHOCTH, KpaTHOM YBeJUYEeHUU pHUCKa
JIETAJILHOTO UCXOJA U 3HAYMMO BBICOKMM YPOBHEM
WHBAJUIU3AINY, U, TAKUM 00pa3oM, sIBJISIETCS
OTHUM U3 BAKHEUIIINX HE3ABUCUMBIX MTPETUKTO-
pOB HeOJIaTONMPUATHOTO Ucxoa [6-9]. B ucciemo-
BaHwuu Stein u Ap. [10] TpoIEMOHCTPUPOBAHO, YTO
6oJs1ee yeM y 80% manyieHTOB C MPU3HAKAMU TUTIO-
KOaryJIsiliy, BbIsIBJIEHHBIMU Ha dTalle II0CTYyILIe-
HHUsI B cTanuoHap, (OPMUPYIOTCS BTOPUUYHBIE
MMOBPEsKIEHNUS TOJIOBHOTO MO3Ta, KOTOPhIE MpHU
OTCYTCTBUU KOAryJjonaTuy pasBUBAJINUCH TOJIBKO
B 31% csry4aeB. B pabore Allard u gp. [8] mokasaHo
4JeThbIpexXKpaTHOEe yBeJIMYeHNe PUCKA JIETaJIbHOI0
HCXOZa Y HalleHTOB C KoaryJjaonaruei U mprusHa-
KaMU IPOTPECCUPOBAHUSA FeMOPPAarnvyecKux oua-
I'OB, BhISIBJIEHHBIX 110 JaHHBIM KT [4].

B Hacrosmee BpemMs OTCYTCTByeT TOYHOE
onpenenenne YMT-acconnmpoBaHHOM Koarysomna-
TUU, B CBSAI3U C YEM YaCTOTA €e BO3SHUKHOBEHUSI
I POKO BapbUpyeT 10 JaHHBIM Pa3JINYHbIX UCCJIe-
JOBaHMWM U MOKeT gocturarb 90% [11, 12]. Mexa-
Hu3Mbl UMT-acconuupoBaHHOU KoaryJonaTuy,
KaK M ee XapaKTepHbIe JJab0paTopHble IPU3HAKU,
OCTaloTCs He BepU(UITUPOBAHBI, OTHAKO UX IIOHU-
MaHMe II03BOJIUT BBIABUTH IAIMEHTOB I'PYIIIHI
pYICKa PA3BUTHUS TeEMOPPArUUEeCKUX UJIA UIlleMIye-
CKHX 04aroB U YJIy4YIIUTh Ka4eCTBO UX JIeYeHUs.

Introduction

Acute traumatic brain injury (TBI) is one of the
leading causes of morbidity and mortality in young
and middle-aged people [1]. In some cases, TBI can
be accompanied by abnormal coagulation [2-4], re-
sulting in an increased risk of hemorrhagic transfor-
mation of contusion foci and an increase in the vol-
ume of intracranial hematoma. At the same time,
the development of coagulopathy may lead to the
formation of microthrombi, causing ischemic brain
damage [5]. In addition, coagulopathy related to TBI
associates with high rate of blood transfusions, pro-
longed treatment in the intensive care unit, in-
creased risk of multiple organ failure, dramatic in-
crease in the risk of death and significantly higher
level of disability, and thus is one of the most impor-
tant independent predictors of adverse outcome
[6-9]. The study by Stein et al. [10] demonstrated
that more than 80% of patients with hypocoagula-
bility state found on hospital admission develop
secondary brain damage, which in the absence of
coagulopathy was seen only in 31% of cases. Allard
et al. [8] showed a fourfold increase in the risk of
death in patients with coagulopathy and signs of he-
morrhagic foci progression revealed by CT data [4].

Currently, there is no precise definition of TBI-
associated coagulopathy, therefore, its incidence
varies widely according to different studies and can
reach 90% [11, 12]. The mechanisms of TBI-associ-
ated coagulopathy, as well as its typical laboratory
signs, remain to be verified, and their understand-
ing will allow to identify patients at risk of develop-
ing hemorrhagic or ischemic foci and improve the
quality of their treatment.

The aim of this study was to determine the in-
cidence of coagulopathy in the acute phase of iso-
lated TBI, its most characteristic signs, as well as to
check the correlation between types of coagulation
disorders and TBI severity.

Materials and Methods

We analyzed 323 case records of patients with TBI
hospitalized in the intensive care unit of the Neuro-
surgery Center from 2008 to 2016, of which 118 patients
who met the criteria for inclusion were included in the
retrospective study.
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lesp0 wmccaenoBaHusa olpeneJsieHue
4aCTOThl Pas3BUTHUA KOAryJoIlaTUX B OCTPOM
nepuoge usdosmpoBanHoin UMT, ee naubosiee
XapaKTepPHBIX IIPU3HAKOB, a TAKKe BbIsBJICHUE
B3aMMOCBS3YU BapUAHTOB HapyIIeHUs reMocTasa
¢ TrecThio UMT.

MarepuaJ 1 MeTObI

IIpoananmmaupoBaau 323 ucTopuu 60JIE3HU IMaIu-
eHToB ¢ UMT, rocniuTa/m3npoOBaHHBIX B OTAEJ/ICHUE pea-
HUMAallY1 U UHTEeHCUBHOU Tepanuu lleHTpa Helipoxu-
pypruu ¢ 2008 r. mo 2016 ., 13 HUX B PETPOCHEKTUBHOE
HCCJIelOBaHUEe BRJIIOYMIU 118 manumeHToB, COOTBET-
CTBYIOIIUX KPUTEPUSM BKJIIOUEHUS.

KputepusMu BK/IIOYEHUs B UCCIeLOBAHUE SIBJISI-
JIUCh: HAJIMYKe OCTpoi n3osipoBanHoit UMT, rocniura-
JIU3alusA B IIepBble 72 yaca [ocJjie TPaBMbl, MOJIOLOU U
cpenHUi Bo3pact narueHToB (ot 18 no 59 sert). K kpu-
TepUsAM HEBKJIIOUEHUs B UCCJIeJOBAaHUEe OTHOCUJIN: Ha-
JM4ue NaHHBIX O TPaHCHY3UU CBEKE3aMOPOKEeHHON
nsta3Mel (C3I1) B TedeHre 7 CyTOK 10 TOCIIUTAIU3AINH,
NpueM AHTUKOATyJIsIHTOB U aHTHUArPeraHToB, UMeIo-
Mecs: HapylieHus: QyHKIUY IedeHy, POoHOBasi Koary-
JIonaTus Uiau TpoMOoduINs, TaHHBIE O HETaBHEM Ile-
peHeceHHOM HelpOoXupyprudeckoM BMellaTe/IbCTBe, a
TaKsKe HaJInure He3aBUCUMBIX (PAaKTOPOB PUCKA PA3BU-
THUS KOAryJIoIlaTUM, TaKUX KaK MAacCHUBHAsg KPOBOIIO-
Teps, runorepmusa (menee 35°C) u anunos (pH menee
7,35 o ganHbIM KOC apTepuasibHON KPOBU).

IIpu nocTyn/ieHuu B CTalMOHAP BCeX MalieHThI
OLleHMJIN 1O mKaJie KoM [itasro (IKT) u pasnennim Ha
2 rpynnsl: 1 rpynna (ocHoBHasA) — Tsskestada UYMT (HIRT
8 6a10B U MeHee), 2 Tpynna (KOHTpoJsbHasA) — UYMT
YMepeHHOH U Jierkoii creneHu TsorectH (KT 9-15 6ait-
JIOB). ¥ BCEX MAIIMEHTOB BBITIOJIHUJIA UCCJICTOBAHUA CH-
crembl reMocTasa (AUTB, I[1TH, kormnenTparus udpu-
HOT€Ha, YHCJIO TPOMOOIIMTOB) IpPU TOCTYIJIEHUH
ranyieHTa B cTarroHap. Ha ocHoBaHMY psifa my6/mKa-
LUH, IOCBAIIEHHBIX MCCAEJNOBAHUAM TeMOCTas3a
[13-16], 1 pedpepeHCHBIX 3HAUEHUI IOKa3aTesel CBep-
ThIBAIOIIleH CUCTEMBI KDOBU, II0JIy4eHHble JaHHbIe KBa-
JUUIIPOBATU KaK:

1. HopMoxoarynsanus — Bce IIoKa3aTeJu CBep-
TBIBAIOIIEN CUCTEeMbI KPOBU B IIpefesiax HOpMaJlbHbIX
3nauenmuii: AYTB 25-35 cek, [TTH1 80-120%, koHIIEHTpa-
nust pudbpuHoreHa 1,7-4,4 v/ 171 ¥ YUCI0 TPOMOOITUTOB
150-410X10°%/ut;

2. T'unokoarynasanusa — IpU HAJTUYUKU OJHOIO U3
nokasaresieii: AYTB 6ostee 35 cek, IITU menee 80%,
KOHI[eHTpaIus ¢ubpuHoTreHa MeHee 1,7 T/AJ1, YHCIIO
TpoMboIIUTOB MeHee 150X10°/t;

3. T'unepkoarynanus — IpU HAJIUYUU OJHOIO U3
rokasaresieii: AUTB menee 25 cek, I1TU 6osee 120%,
KOHIIeHTpanus pudpuHoreHa 6ostee 4,4 v/aJ1.

dNHIEMHUOJIOTHYECKIe JaHHBIE [IJIsT 00erX TPy
TIpe/iCTaBJIeHbI B TabJ1. 1. I'pyImbl cTaTUCTHYECKH J10-
CTOBEPHO He OTVIMYAJIUCh I10 I10JIy ¥ BO3PACTY.

st cTaTHCTUYecKod 00paboTKM pe3yabraToB
npumeHsu nporpammy «STATISTICA 6.0». IIpu craru-
CTUYeCKOI 00paboTKe JaHHBIX HOPMaJIBHOCTE pacipe-
JleJIeHUsI olpefesisiii 110 Kpurepuio Kosmoropona-
CmupHoBa. JlaHHBIE IIpeACTaBJIAIN Kak M+SD (M —
cpenHsasa, SD — craHgapTHOe OTKJIOHEHWEe) IPU HOp-
MaJIbHOM paclpejeseHAN U Kak Meguany (25 u 75 npo-

The inclusion criteria were acute isolated TBI, hos-
pitalization in the first 72 hours after the injury, young
and middle age of patients (18 to 59 years). The non-in-
clusion criteria were known fresh frozen plasma transfu-
sion within 7 days prior to hospitalization, use of antico-
agulants and antiaggregants, pre-existing liver
dysfunction, coagulopathy or thrombophilia, docu-
mented recent neurosurgical interventions as well as in-
dependent risk factors for coagulopathy, such as massive
blood loss, hypothermia (less than 35°C) and acidosis
(pH less than 7.35 in arterial blood).

On admission, all patients were assessed according
to the Glasgow Coma Scale (GCS) and divided into 2
groups. Group 1 (main) patients had severe TBI (GCS
score 8 and less), Group 2 (control) patients had mild and
moderate TBI (GCS score 9-15). Hemostasis testing
(APTT, PTI, fibrinogen concentration, platelet count) was
performed in all patients on admission. Based on several
papers studying hemostasis [13-16] and reference values
of blood coagulation system parameters, the obtained
data were qualified as:

1. Normocoagulability where all blood coagula-
tion indices were within normal values (APTT 25-35 sec,
PTI 80-120%, fibrinogen concentration 1.7-4.4 g/dL and
platelet count 150-410x10°/1

2. Hypocoagulability with one or more of the fol-
lowing: APTT > 35 sec, PTI < 80%, fibrinogen concentra-
tion < 1.7 g/dl, platelet count < 150x10°/1

3. Hypercoagulability with one or more of the fol-
lowing: APTT < 25 sec, PTI > 120%, fibrinogen concentra-
tion>4.4 g/dL.

Epidemiological data for both groups are presented
in table 1. The groups did not differ significantly by sex
and age.

The statistical analysis of the results was performed
using the «STATISTICA 6.0» software. During statistical
analysis of data, the distribution normality was tested by
Kolmogorov-Smirnov criterion. The data were presented
as M+SD (M — mean, SD — standard deviation) in nor-
mal distribution and as median (25 and 75 percentiles)
in non-normal distribution. The Mann-Whitney crite-
rion was used for comparison of two groups, the differ-
ences were considered statistically significant at p<0.05.
To determine the relationship between GOS outcomes
and hemostasis, a correlation analysis was performed
using Pearson and Spearman methods (<0.2 was consid-
ered very weak correlation; 0.2-0.5 — weak correlation;
0.5-0.7 — moderate correlation; 0.7-0.9 — strong corre-
lation; >0.9 — very strong correlation).

Results and Discussion

Epidemiology and type of hemostatic disor-
ders in TBI. Coagulopathy was found in 63,6% of pa-
tients with acute TBI on admission to ICU (table 2).
The majority of the patients (55.1%) had hypocoag-
ulability states, while hypercoagulation was ob-
served only in 8.5% of patients.

Hypocoagulability in TBI can be attributed to
the excessive activation of hemostasis by the tissue
factor present in large quantities in brain tissue,
which leads to further depletion of blood-clotting
factors [17]. However, the TBI-associated coagu-
lopathy is a complex process that affects all stages

GENERAL REANIMATOLOGY, 2020, 16; 1
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TaGuuia 1. XapakTepuCTHKA HCCJIEyEMbIX IPYIIIL.
Table 1. Patient profile.

Parameters Values of parameters in groups P
Main, n=88 Control, n=30
Sex
men 67 (76.1%) 21 (70.0%) ns
women 21 (23.9%) 9 (30.0%) ns
Age, years, mean+SD (min-max) 31.4+10.8 (18-59) 33.1+12.0 (18-59) ns

Note. For Tables 1-3 and Figure 1: ns — non significant (>0.05)
Ipumeuanwue. [Ij1s1 TabJ1. 1, 2, puc.: Parameters — nmapameTpbl

; values of ... in groups — 3Ha4eHwu4 ... B Tpynmax; main — oc-

HOBHast; control — KOHTPOJIbHAS; S€X — I10JT; Men — MYSKYMHBI; Women — 3KeHIIUHBI; age, years, mean — BO3PAacT, JIET, CPeJl-

Hee; NS — OTCYTCTBUE OIMYUI MeskIy rpynnamu (p>0,05).

TaGsmuma 2. BapnaHTel 13MeHeHUH remocra3a npu UYMT.

Table 2. Hemostasis changes in TBI.

Parameters Values of parameters in groups

Main, n=88 Control, n=30 Total, n=118
Hypocoagulability 55 (62.5%) 10 (33.3%) 65 (55.1%)
Normocoagulability 25 (28.4%) 18 (60%) 43 (36.4%)
Hypercoagulability 8(9.1%) 2 (6.7%) 10 (8.5%)

IIpumeuanwue. Total — Bcero; Hypo-/Normo-/Hypercoagulability — I'mno-/Hopmo-/Tunieproarysisinus.

LIeHTUJIN) — IIPU HEHOPMAJIbHOM paclpeniesieHuu. [l
CpaBHEHHSI JIBYX TIPYNI WCIOJIB30BATN KPUTEPUU
ManHa—-YUTHH, IIPX 9TOM PA3INYNAA CUUTAJIA CTATACTH-
4eCKd 3Ha4uMbIMu npu p<0,05. lna ompepesieHus
B3anMOCBA3U ucxoa0B 110 [TV ¢ mokasareasiMmu remo-
CTa3a MPOBeJIN KOPPEeISIIUOHHBINA aHAIN3 TI0 METOIaM
ITupcona u Cnimpmana (<0,2 — o4eHs cadast KoppeJs-
must; 0,2-0,5 cirabas koppessanus; 0,5-0,7 — cpeqHsis
roppesstiust; 0,7-0,9 — BBICOKAsA KOppessnust; bosee
0,9 — o4eHB BBICOKAs KOPPEeJIANHUA).

Pe3ynbTaThl U 00CYK/I€HHE

AMUIEeMHOJIOTHS U XapaKTep HapylIeHui
remocrasda npu UMT. V 63,6% nanueHTOB C OCT-
poit UMT npu nocrtyninenuu B OPUT BeissBUIN
MIpU3HAKK HapyIIeHus remocTasa (tabu. 2). ITpe-
obsagaromiee 60JIBITUHCTBO HapymeHui (55,1%)
HOCWJIM TUIIOKOATYJISAIMOHHBIA XapakTep, B TO
BpeMsI KaK TUIEPROATYIISINIO HaOJI0gay JIUITh
y 8,5% manueHToB.

Hanmmune Npr3HAaKOB THIIOKOATYIANAYN IIPA
UMT MOKHO OOBSICHUTE Ype3MePHON aKTHBAIIH-
el reMocTrasa TKaHeBbIM (DAKTOPOM, COjIeprKa-
IIAMCS B OOJIBIIIOM KOJIMYECTBE B TKAHU MO3ra,
4yTo 00ycJaBJIMBaeT OajbHEWIIee WCTOIEeHNe
¢akTOpPOB CBepThIBAHUSA KPOBH [17]. OHAKO KOa-
ryjomnarus, accouuruposaHnHas ¢ YMT, npencras-
JIsTeT cO60M KOMIIJTIEKCHBIH ITPOIIECC, 3aTParuBa-
MK Bce 3BeHbsl remMocTasa. [loBpeskJIeHHbIN
9HOTEN 1epedpaTbHBIX COCYI0B TaK)Ke TPHUBO-
IAT K TUTIEPAKTUBAIIUN TPOMOOIIUTOB C IOCJIE-
OYIOIIM CHUSKEHHEM MX YHCJIa U PEaKTUBHOCTHU
[12]. Kpome Toro, mpu UMT HabJI01aeTCSA 3HAYN-
MOe yBeJIn4YeHre YPOBHA IPOKOATYJIAHTHBIX MUK-
poBe3ukya [18], KoTOpble MOLYT HE TOJBKO
ABJIAATHCSA aJIBTePHATUBHBIM UCTOYHUKOM TKaHe-
BOro (pakTopa, HO TaK:Ke cojepskaT pocharumaui-
cepuH, CIOCOOCTBYIOIINI 00pa30BaHUIO TPOKOA-
T'YJIAHTHBIX KOMILJIEKCOB [19]. Tak ke ogHUM U3

of hemostasis. Damaged cerebral vascular endothe-
lium also causes platelet hyperactivation with a
consequent reduction in platelet number and reac-
tivity [12]. In addition, a significant increase in the
level of procoagulant microvesicles is observed in
TBI [18]. The vesicles may not only be an alternative
source of tissue factor, but also contain phos-
phatidylserine promoting the formation of proco-
agulant complexes [19]. One of the mechanisms of
this coagulopathy is fibrinolysis enhancement [20].

Laboratory signs of TBI-associated coagu-
lopathy. In most studies, the criterion for TBI-asso-
ciated coagulopathy was hypocoagulability state
manifested as abnormality of one or more labora-
tory hemostasis parameters (prolonged APTT, re-
duced PTI or platelet count) [21]. Our results (table
3) show that the most common signs of coagulopa-
thy in the severe TBI group were reduced PTI (less
than 70%) and platelet count below 150x10%/1 (fig.).
Similar data were obtained in the Wafaisade et al.
study, which included 3114 patients with isolated
TBI [22]. The authors also point out that the de-
crease in platelet count and PTI is the most typical
sign of hemostasis disorders in TBI.

Hypercoagulability was found in 8.5% of TBI
patients and manifested as increased fibrinogen lev-
els, which may have been due to a severe systemic
inflammatory response associated with TBI, since
inflammatory cytokines (such as interleukin-6 and
interleukin-1), which become elevated after TBI,
participate in the fibrinogen production [8]. How-
ever, this claim requires further research.

The link between TBI severity and the devel-
opment of coagulopathy. Coagulopathy was most
commonly observed in the severe TBI group, which
can probably be explained by the potentially more
significant brain tissue damage: signs of hypocoagu-
lability were observed in 62.5% of patients with se-

vere isolated TBI. In a study by Talving et al. including
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Tabsmna 3. B3aumocBs3b Mexxay ucxogamu mo [IUT u ypoBHEM TPOMOOLIMTOB.
Table 3. Correlation between GOS outcomes and platelet count.
Platelet count GOS score 2P
1 2-3 4-5
<100X10%/1 3 (33.3%) 6 (14.6%) 2 (2.9%) x?=10.783
2100X10%/1 6 (66.7%) 35 (85.4%) 66 (97.1%) P=0.005
IIpumeuanue. Platelet count — copepskanne Tpomoo1uToB; GOS score — [T, 6asibI.
120 T -1
250
100 T
= 2007
13 N
E 150
60 — E‘; B
& 100
40—
20 - 507 —
T T T T
Main Control Main Control  Groups
Parameters Values of parameters in groups
Main, n=88 Control, n=30 Total, n=118
IAPTT, s 26.7 [23.9; 30.3] 27.3123.7;29.9] ns
PTI, % 68.0 [53.0; 77.0] 88.0 [78.0; 98.0] <0.05
Fibrinogen, g/dl 3.45[3.1; 4.0] 3.3[2.4;4.9] ns
Platelets, 10°/1 148 [121; 175] 202 [175; 226] <0.05

CpenHue 3Ha4eHH HCCJIelyeMbIX II0Ka3areJieil 1 HanOoJIee XapakTepHbIe JJaGopaTopHbIe NPU3HAKY H3MEHEHHIi reMocTa3a.
Mean values of the studied parameters and the most common laboratory hemostasis changes.

Note. The comparative analysis data are presented as an integrative 95% range of the parameter without extreme points, contours,
median value and 25% and 75% quartiles; P— significance of differences; ns — no significant differences between groups.
IIpumeuanue. PTI —IITY; Platelets — tpom6omuTsl; APTT, s — AUTB, cek. [JaHHBIe CDAaBHUTEILHOTO aHAIN3A IIPECTABIIEHbI
B BHUJle UHTerpaTuBHOro 95% pa3Maxa IIokasareJis 6e3 9KCTpeMaJIbHbIX 3HAYeHUH U KOHTYPOB, CPeJUHHOI0 IUaNa30Ha, OTPAHU-

YeHHOTr0 3HaueHussMu 25% u 75% KBapTuJisi, MeJuaHbl.

MEXaHM3MOB JAHHOU KOaryJjolnaTUu SIBJISETCS
ycunenne pubpuHoauaa [20].

JlabopaTropnsie npusHaku YMT-accorumpo-
BaHHOMH KoaryJionaruu. B 6o/bIImmHCTBE paboT, Kpy-
TepusiMu  UMT-accoMMpPOBAHHON KOArysaomaTuu
ABJIAIOTCA TUIIOKOATYJIANMOHHbIE U3MEHEHUA KaK
MUHHMYM OJTHOTO JTa00PaTOPHOTO IIOKA3aTeJIsI OLIEH-
KU reMocrasa (yauHenue AYTB, cHuxeHue 3Haye-
HuA [T nin ymeHblleHre yucsia TPOMOOITNTOB)
[21]. TToJsty4eHHBIE PEe3YIIBTaThI (TA0J. 3) JEMOHCTPH-
PYIOT, YTO HanbOoJIee YaCThIMU IIPU3HAKAMI KOATYJI0-
IIaTUH B rpymre Tsoxenaoi UMT asiigerca cHkeHne
3nauenus [1TU Hmke pedepeHcHbIX (MeHee 70%) 1
TpoMboruTonieHnss — meHee 150x10°/1 (puc.). Cxon-
HbIe JJaHHbIE TI0JIY9YeHbI B rccaeqoBanny Wafaisade
U COABT., BKJIIOUMUBIIEeM 3114 nanueHToB ¢ U30JIMPO-
BaHHOU UMT [22]. ABTOpBI TaK:Ke yKa3bIBAIOT, YTO
CHIKEHVEe Yrcja TpoMOoIuToB u 3HadeHus [1TU
SIBJISIIOTCST HanboJiee XapaKTePHBIMU ITPHU3HAKAMU
HapyIieHn# remocrasa mpu UMT.

lnneproarynAnyoHHbIC N3MEHEHMS, BBISABJICH-
HbIe Yy 8,5% nanuenTos ¢ UMT, npoAaBJsIiCh B BULE

436 patients with TBI (392 with blunt head injuries,
44 with penetrating wounds), the authors demon-
strate that coagulopathy is significantly more com-
mon in patients with penetrating wounds and also
recognize severe brain damage (GCS below 8) as an
independent risk for coagulopathy development [7].
Correlation between coagulopathy and out-
comes according to the GOS. Pearson's correlation
coefficient was used to test the correlation between
platelet count and GOS outcomes. A weak correla-
tion (R=0.276; P=0.002) was found (table 3).
Several studies have demonstrated that
thrombocytopenia and probable thrombocytopa-
thy contribute significantly to the development of
coagulopathy associated with TBI [23-27]. A de-
crease in platelet count below 175x10°/1 has been
shown to significantly increase the risk of progres-
sion of hemorrhagic foci, while thrombocytopenia
below 100x10°/1 causes a nine-fold increase in risk
of death [28, 29]. According to Sun et al., thrombo-
cytopenia and thrombocytopathy can be diag-

nosed even several days after the trauma [30].
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Clinical Studies and Practice

yBeJIMY€eHMs YPOBHsI (pOPHUHOTEHA, YTO, BOSMOKHO,
OBIJI0 CBSI3AHO C BBIPAYKEHHOU CHCTEMHOM BOCITAITH-
TeJIbHOU peakiueit Ha (pone UMT, T.K. BociamuTe Ih-
HbIe [IUTOKUHBI (TaKkue Kak UHTepsiedKkuH-6 (IL-6) u
unHTepJieikuH-1 (IL-1)), comepskanne KOTOPhIX ITOBbI-
mraercs mocsie UYMT, ygacTByloT B cuHTe3€e (prOpHHO-
refa [8]. OmHaKo NIaHHOE yTBepskiIeHHe TpedyeT
JTaJTbHEHIIIero NCCIefOBaHuA.

Cesa3ssb TsskecT UYMT 1 pa3BUTHA KOaryJio-
naru. Yaie BCero KoaryJIornarui HabJrioqaa B
rpynie Tsskesod UMT, 4To, BEpOSTHO, MOKHO
O0BSACHUTH IIOTEHIIMAJLHO 0o0Jiee 3HAYUMbIM
MOBPEKJIEeHNEM MO3TOBOM TKaHU: NPU3HAKU
TUTIOKOAT YIS HabTIonanu y 62,5% manueHToB
¢ Tsiskesi0u n3osimpoBanHoit UMT. B uccienosa-
Huu Talving u ap., Bk/IounsieM 436 aiyeHToB ¢
UMT (392 mamueHTa CO CjenbIMUA paHEHUAMU
TOJIOBBI, 44 — C TPOHUKAIOIIMMU), ABTOPbI JEMOH-
CTPHUPYIOT, 4YTO KOAryJOllaTUXA BCTPEYaroTCsA
3HAYMMO Yallle Y NalieHTOB C IPOHUKAIIIUMU
paHeHusAMM, a TaKKe IMIPU3HAKT TAKeJI0e
noBpeskaenne rojgoBHoro moara (IIIKI menee 8
0aJI710B) OMHUM U3 HE3aBUCUMBIX PUCKOB (DOPMU-
pOBaHUU Koaryjaonaruu [7].

Koppeasanusa Meskay HaIu4HeM KoaryJio-
natuu 1 ucxoaamu mo IIUT. /1 vcciienoBanus
B3anMOCBs3u ncxonoB 1o [T u yucia TpomMo60-
IIUTOB IPUMEHUIU KO3 PUIMEHT KOPPeTAIUn
[InpcoHa, BBIABUJIN KOPPEJIALNOHHYIO B3aUMO-
CBsA3b cj1aboit cuabl (1=0,276; p=0,002) (TabJr. 3).

B psnme paboT mMpoaeMOHCTPUPOBAHO, YTO
TPOMOOITUTOIIEHUS U BEPOSITHASI TPOMOOITUTOIIA-
THS BHOCAT 3HAYMMbIN BKJIA]] B (QOpMUPOBaAHME
KOaryJjonarum, accouuupoBanHoi ¢ UMT [23-27].
Bb1710 TOKA3aHO, YTO CHIYKEHNE YK CJIa TPOMOOITH-
TOB MeHee 175X10°/J1 ;OCTOBEpPHO yBeJIUYUBAET
PHCK IIPOTPECCUPOBAHUS TEMOPPAarnyeCcKuX 04a-
OB, B TO BpeMsI KaKk TPOMOOIIUTOIIEHUSI MeHee
100X10%/y1 mEeBATUKPATHO YyBeJIWYUBACT PUCK
JeTaJIbHOTO ucxona [28, 29]. I1o manabsiM Sun u 1p.,
TPOMOOIIUTONIEHUST U TPOMOOIIUTONIATUSI MOTYT
OBITh TUAarHOCTUPOBAHBI Jajke yepe3 HECKOTbKO
JTHeW TocJjie anmn30o4a TpaBmbl [30].

B uccaenoBanuu IMPACT (International Mis-
sion for Prognosis and Analysis of Clinical Trials in
TBI), BrirouuB1ieM 8686 nmanuentos ¢ YMT, npo-
JIEMOHCTPHUPOBAHO, YTO YAJUHEHUE TPOTPOMOU-
HOBOTO BpEeMEHHU (1, KaK CJIeICTBUE, YKOPOYEHHE
[ITH) ABIA€TCA OGHUM U3 HE3aBUCUMBIX IIPEIUK-
TOPOB HEOJJIArOMPUATHOTO Ucxoxaa [31].

B naHHOM HCCJIEIOBaHUU OTCYTCTBYET KaKas-
Janb0 roppensAanusa Mesray ucxomamu no KT u
anavennieM [TV, 4To MOKHO OOBSCHUTEL CPAaBHU-
TEJHHO HEOOJIBIIIMM YHCJIOM MCCJIeJOBAHHBIX
nalueHTOoB.

K coskanenuto, craHiapTHBIE TECThI CUCTEMBI
reMocrasa, Takue kak AUTB, ITTH, koHnieHTpanua
¢ubpuHOTreHa He BCcerga 0TOOPaskaroT peaJbHOe
COCTOSIHAE CHCTEMBI TIeMOCTa3a, IIOCKOJIBKY

The IMPACT (International Mission for Prog-
nosis and Analysis of Clinical Trials in TBI) study,
which included 8686 patients with TBI, demon-
strated that prothrombin time prolongation (and,
as a consequence, PTI shortening) is one of the in-
dependent predictors of adverse outcomes [31].

Our study did not show any correlation be-
tween outcomes on GCS and PTI values, which can
be attributed to relatively small number of patients
studied.

Unfortunately, standard tests of the hemosta-
sis system such as APTT, PT], fibrinogen concentra-
tion do not always represent the real state of the he-
mostasis as they are performed in a plasma sample
without consideration of the interaction of coagu-
lation factors with platelets, blood cells and vascular
endothelium. Complex and multifactorial coagula-
tion disorders, such as TBI-associated coagulopa-
thy, probably require a more rigorous investigation
using integral tests such as thromboelastography
and thromboelastometry. The data from these tests
will allow to discover more accurate predictors of
adverse outcomes.

Conclusion

On admission, coagulopathy was diagnosed in
63.6% of patients with acute isolated TBI, with most
of these changes developing in patients with severe
PMT and manifesting as hypocoagulability state.
The most typical laboratory signs of the coagulopa-
thy were thrombocytopenia and reduced PTI. How-
ever, the standard coagulation tests are not sensi-
tive to several other possible mechanisms of
coagulopathy, e. g. platelet abnormalities and fib-
rinolysis, therefore the use of additional investiga-
tions or integral hemostasis testing is likely helpful
for selecting the targeted coagulopathy treatment
as well as identifying adverse outcome predictors.

BBITIOJTHAIOTCS B 00pasile mjaa3Mbl, TaKUM 00pa-
30M He YYUTBHIBAETCS B3aUMojielicTBrE (PaKTOPOB
KOaryJIsiliuu C TPOMOOIIUTAMU, 9JIEMEHTAMU KJIe-
TOK KPOBHU U 9HI0TeeM cocynoB. CI0KHbIE U
MHOTO(aKTOPHBIE HAPYIIIEHUS] TEMOCTA3a, TAKKE
Kak UMT-accorumupoBaHHaA KoaryJIonarus, Bepo-
SITHO TPeOYIOT OoJiee TIAaTeTbHOU TUAarHOCTUKY C
IIOMOIIBIO MHTETrpPpaJJIbHBIX METOO0B HCCJAen0oBa-
HUsI, TAaKUX KaKk TpoMOoasiacTorpadus u TpoM009-
JIACTOMETPUSI, a TIOJTyYeHHbIE JTAHHbIE 3THUX TECTOB
MO3BOJIAT BBIIBUTH O0OJIEE€ TOUHBIE NpeTuKTOPbI
HeOJIaroNpUATHOTO UCXOa.

3akJrouenue

Ha sramne mocrtymieHus B cranuonap UMT-
aCCOMMPOBAHHYIO KOAryJIONATHUIO TUarHOCTUPO-
Ba/IN y 63,6% IaueHTOB C OCTPON U30JIMPOBaH-
HOWl UMT, mipm 9TOM B OOJIBIIMHCTBE CJIy4aeB
JaHHbIe N3MEHECHUS Pa3BUBAJINCH y ITAIIMEHTOB C
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Knunudyeckue uccjaeqoBaHud U IIPpaKTUKaA

Tsprkesio UMT 1 HoCcU/Iy TMIIOKOArysIsiliiOHHbBIN
xapakTtep. HauboJsiee xapakTepHBIMU JITaD0OPaTOP-
HbIMU IIpU3HAKaMU JAHHON KOaryJIonaTUU sIBJIsI-
JINCh TPOMOOITUTOTIEHNUST U CHUYKEeHUEe 3HAYEeHUH
I[ITHU. OpHako, cTaHmapTHBIE KOAryJIsAlHOHHBbIE
TECTBI HE YYBCTBUTEJILHBI K PAAY IPYTUX BOZMOXK-
HBIX IaTO(PU3NOTOTUIECKUX MEXaHU3MOB Koary-
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