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Octpas uepenHo-Mo3rosas TpasMa (UMT) MosKeT cONIpOBOKIATHCA pa3BUTHEM Koarynaonaruu. [Ipu
9TOM, B YCJIOBUSIX PHCKA PA3BUTHS UJIU IPOrPECCUPOBAHMS FeMOppParndecKux IposIiBJIeHUH B BellleCTBe ro-
JIOBHOT'O MO3Ta, HOpMaJbHOe (PyHKIIMOHMPOBaHUE reMOCTa3a UMeeT KPUTUUYECKOe 3HAaYeHUe.

Ilens uccero0BaHUA: ONIpefie/IeHre YaCTOThl Pa3BUTHA KOAry/IoaTuy B OCTPOM IIepHrojie U30JIMPOBaH-
Hoi UYMT u BbIsIBJIEHHE B3aMOCBSI3M BAPUAHTOB HapyIIeHUsI TeMocTasa ¢ TsKkecTbio UMT.

Marepuanabl 1 MeToabl. [IpoananusupoBanu 323 uctopun 60/1€3HU NareHToB ¢ UYMT, rocnuTainsu-
poBanHbIx B OPUT IlenTpa Helipoxupypruu c 2008 r. mo 2016 r., 13 HUX B UcC/IeJoBaHue BKRJIIOYnIH 118 na-
nmeHToB. KpuTtepuu BkJIIOUeHUsI: ocTpasi n3ojaupoBanHass UYUMT, rociutanusaiys B HepBble 72 4yaca nocJe
TpaBMBbI, MOJIOJION U CpeTHUH BO3pACT MaIreHToB. [Ipy MOCTYNIeHUH B CTallIOHAP BCeX MaI[eHTOB Olle-
HUJIY 110 111KaJjie koMbl [masro (IIIKT) u pa3genuau Ha ABe rpynmnsl: 1 — siskesass UYMT, 2 — UMT ymepeHHON
U JIETKOU CTENEHU TSKECTH. BceM malnpieHTaM MpoBeJsIy UccaeaoBanus remocrasa (AUTB, ITTH, KoHIEHT-
patuus GuOPUHOTEHA, YMCJIO TPOMOOIIUTOB).

Pe3yasrarsl. Y 63,6% naiueHTos ¢ ocTpoil UMT BbIABUI/IN IPHU3HAKYU HAPYILIEeHNsI TeMOCTa3a, 00/IbIINH-
CTBO U3 KOTOPBIX (55,1%) HOCUJIM FUIIOKOATY/ISAIIMOHHBIN XapaKkTep U HaOJII0AaIUCh B IpymIie Tspkesaod UYMT
(62,5%). HamnboJ1ee yacThIMU ITpU3HAKAMM KOATY/IONATUH ABJISJINCH CHUKeHUe ypoBHs [1TU menee 70% u
TpoMOoIruTonenuss — MeHee 150X10°/1. Mesky pasBUTHEM TPOMOOIIUTONEHUH U HEOJIarONPUsITHBIM HC-
xonoM (1-3 6asta no IIkasne Vcxonos Imasro (IIINIY) BRISIBUJIM KOPPEJISITUOHHYIO B3aUMOCBS3b €J1ab0it
cuiiel (r=0,276; p=0,002).

3axJirodyeHue. Ha ararne ocTyIieHUA B CTallMOHAP KOAryJIonaTHuio JUarioCTUpoBau y 63,6% nanueH-
TOB B ocTpoM nepuoge YMT, npu sToM npeobJiafaay rUIIOKOAry/IsAIMOHHbIe n3MeHeHUs1. KoarymonaTuio
JIOCTOBEPHO Yallle BBISBJISJIN Y TAIMEHTOB B OCTPOM Itepuoje Tsiressoit UMT (IITKT'<8 6a110B).

MexaHuambl UM T-accorumpoBaHHOM KOaryJIonaTuu 10 CHX IIOp He /10 KOHIIa U3y4YeHbl; He00X0IUMO
JlaJTbHENIIIee NCC/IeOBAHME BKJIQ/Ia TPOMOOIIUTAPHOTO, TJIA3MEHHOT0 ¥ (PUOPUHOJIMTUYECKOTO KOMITOHEH-
TOB B (popMUpOBaHUEe KOATYJIONATHUH, YTO, BEPOSITHO, TpeOyeT NCI0Ib30BaHNs1, B TOM YHCJ/Ie, THTErPaJIbHbIX
METOJIOB IUAarHOCTUKM T'€EMOCTa3a.

Knaroueswte croea: TIMT-accouuupoeaHHaﬂ roazyaonamus, 4yepenno-mo3208as mpasma, 2emocnmas; Koa-
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 PTI 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 JTUIUPYIOIINX TPUUUH CMEPT-
HOCTH U TSI3KeJI0M MHBAJTUIU3AIUH JIUI] MOJIOJIOTO
U cpegHero Bodpacra [1]. IIpusnaHo, 4TO B psne
cayyaeB UMT conpoBoskIaeTcss HapyluleHUAMU
CHUCTeMBbI TeMocTasa [2-4], o0yc/1aBIuBaOIIUMU
MOBBIIIIEHNE PHCKA reMOpPparunyeckou Tpancdop-
Malliy KOHTY3WOHHBIX 0YaroB U yBeJIMYEHUA
o0beMa MHTpaKpaHUAJILHON TeMaToMbl. B To ke
BpeMs, TI0 JaHHBIM HEKOTOPBIX MCCJIeJOBaHUM,
pasBUTHE KOATYJIONATUX MOKET CTaTh IPUIMHOMN
¢dopMUpOBaHUS MUKPOTPOMOOB, YTO IPUBOIUT K
Pa3BUTHIO UIIEMUYECKUX TTOBPEKIEHUN TOJIOB-
Horo mMo3ra [5]. Kpome Toro, popmupoBaHue Koa-
ryjonaTuy, accoruupoBanHoit ¢ UMT, cBsi3aHo ¢
BBICOKOM 4acTOTON reMoTpaHCcys3uid, JaUTeb-
HBIM JIEYeHUEeM B OTJeJIeHUN peaHuMaIliu, MOBbI-
IIIEHHBIM PUCKOM Pa3BUTHUS TOJIMOPTaHHOU HEI0-
CTaTOYHOCTH, KpaTHOM YBeJUYEHUU pHUCKa
JIETaJIbHOTO UCXOJa U 3HAYMMO BBICOKMM YPOBHEM
WHBAJUIU3AINU, U, TAKUM 00pa3oM, sIBJISIETCS
OTHUM U3 BAKHEUIIINX HE3ABUCUMBIX MTPETUKTO-
pOB HeOJIarOMpUATHOTO Ucxona [6-9]. B ucciemo-
BaHwuu Stein u Ap. [10] TpoIEMOHCTPUPOBAHO, YTO
boJs1ee yeM y 80% manyeHTOB C MPU3HAKAMU TUIIO-
KOaryJIsiliiy, BbIsABJIEHHBIMU Ha dTalle II0CTYILIe-
HHUsI B cTanuoHap, (GOPMUPYIOTCS BTOPUUYHBIE
MMOBPEsKIEHUS TOJIOBHOTO MO3Ta, KOTOPhle MpHU
OTCYTCTBUU KOAryJjonaTuy pasBUBAIUCh TOJIBKO
B 31% ciay4aeB. B pa6ore Allard u nip. [8] mokasaHo
4JeTbIpexXKpaTHOEe yBeJNYeHNe PUCKA JIETaJIbHOIO
HCXOZa Y NalleHTOB C KoaryJaonaruei u mprusHa-
KaMU IPOTPECCUPOBAHUSA FTeMOPPArnuyecKux oua-
r'OB, BBIABJIEHHBIX 110 JaHHBIM KT [4].

B Hacrosiiee BpemMs OTCYTCTByeT TOYHOE
omnpenenenue YMT-acconnmpoBaHHOM Koarysomna-
TUU, B CBAA3U C YEM YaCTOTaA €e BO3SHUKHOBEHUSI
IIMPOKO BapbUpyeT 10 JaHHBIM Pa3JINYHbIX UCCJIe-
JOBaHUM U MOskeT Jgocturarb 90% [11, 12]. Mexa-
Hu3Mbl UYMT-acconuupoBaHHOU KoaryJonaTuu,
KaK M ee XapaKTepHbIe JJa00paToOpHbIe IPU3HAKU,
OCTalOTCs He BepU(UITUPOBAHBI, OTHAKO UX IIOHU-
MaHMe II03BOJIUT BBIABUTH IAIMEHTOB I'PYIIIbI
pYICKa PA3BUTHUS TeEMOPPArnUeCKUX UJIN UIlleMrye-
CKHX 04aroB U YJIy4YLIUTh 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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[leJsb ucciieqoBaHUs — OMpeJiesIeHNE YacTo-
Thl Pa3BUTHA KOATyJI0IIaTUX B OCTPOM IIepuOfe
uzoJsimpoBanHoit UMT u BbisiBJIeHHE B3aUMOCBSI-
31 BApMAHTOB HAPYIIEHUA I'eMoCTa3a C TAKEeCThIO
UMT.

MarepuaJ 1 MeToabI

IIpoananmmaupoBaau 323 uctopuu 60JIE3HU MMaIu-
eHToB ¢ UMT, rocninra/Mm3npoBaHHBIX B OT/AE/ICHUE pea-
HUMAalluy U UHTeHCUBHOU Tepanuu lleHTpa Helipoxu-
pypruu ¢ 2008 r. mo 2016 I, 13 HUX B PETPOCIEKTUBHOE
HCC/IeI0BaHNe BKJIIOYMINA 118 manmeHToB, COOTBET-
CTBYIOIIX KPATEPUAM BKJIIOYCHUS.

Kpurepusamu BKIIOYEHNAA B UCCJIEJOBAHUE SB-
JISIJINCh: HAJIWYKE OCTPOoU ndoaupoBanunou YMT, roc-
NUTAJU3AalUA B IepBble 72 yaca I10CJe TpaBMbl, MO-
JIOZIOU M CpeHUN BO3pacT manueHToB (oT 18 mo 59
Jget). K kpurepuaM HEBKJ/JIIOYEHUs B UCCJIeJOBaHUE
OTHOCHJIN: HaJINYKe TaHHBIX O TPAaHC(Y3UU CBeKe3a-
MoOposkeHHOH ny1a3Mel (C3I1) B TeueHue 7 CYyTOK JO
FOCIUATANU3ALNH, IPUEM aHTUKOATyJIAHTOB U aHTHU-
arperaHToB, uMeOIIHecsl HapylleHUsd QyHKIUU
nevyeHy, (poHOBAA Koarysonarus Uiau TpoMoopuus,
JlaHHBble O HeJaBHeM IlepeHeCeHHOM HelpOoXupypru-
YECKOM BMeIIaTeJIbCTBE, a TAKKE Ha/IMYre He3aBUCH-
MBIX (PAKTOPOB pHUCKA PasBUTHUsS KOary/JaoIlaTUH,
TaKUX KaK MacCHBHas KpPOBOIIOTEPsl, TMIIOTEPMHUSA
(menee 35°C) u anunos (pH menee 7,35 mo maHHBIM
KOC aprepuasbHOU KPOBU).

[Ipu nocryn/jeHnu B cCTalioOHap BCeX MalMeHThI
oneHuJ N 1o mkaJsie koM [masro (IIIKT) u pasnennnu Ha
2 rpynnsl: 1 rpynna (ocHoBHasA) — Tsikestaa UMT (HIRT
8 0as10B U MeHee), 2 rpynna (KoHTpoJsibHasa) — YMT
yMepeHHOI U jierkoii crenenu Tsiskectu (IIKI 9-15 6a-
JIOB). ¥ BCEX NAllMEHTOB BBITIOJIHUJIA UCCJIETOBAHUA CU-
creMbl remocTasa (AUTB, I1TV, koHneHTpanus Gpuopu-
HOTeHa, YHCJI0 TPOMOOIMTOB) IIPU IOCTYIJIEHUU
ImanyeHTa B cTarmoHap. Ha ocHoBaHMM psifa myOJIrKa-
LU, TIOCBAIIEHHBIX MCCJIeNOBAaHUAM TreMocTasa
[13-16], 1 pepbepeHCHBIX 3HAYEHU ITOKa3aTesel CBEP-
ThIBAIOIIleH CUCTEMBI KDOBY, I10JIy4eHHble TaHHbIe KBa-
JUPUIUPOBAIN KAK:

1. HopmoxoarymnAanusa — Bce IOKa3aTeau CBep-
THIBAIOIIEN CUCTEMbI KPOBU B IIpeje/iax HOpMaJlbHbIX
3navenmuii: AYTB 25-35 cek, [TTH1 80-120%, koH1IEHTpa-
nus ¢pubpuHoreHa 1,7-4,4 v//1 U YUCIJIO TPOMOOIIUTOB
150-410X10°%/ut;

2. TmunoxkoarynAanusa — NpU HAJIMYAKU OJHOIO U3
nokasareJsieit: AUTB 6osee 35 cek, [ITU menee 80%,
KOHIleHTpanus ¢pubpuHoreHa Mernee 1,7 T/4J, 9UCIIO
TpoMOOoITUTOB MeHee 150X10°/;

3. TunepkoarynAanusa — Ipy HAJIUYAYU OTHOTO U3
nokaaaresieir: AYTB menee 25 cek, IITU 6osee 120%,
KOHIIeHTpanusA pudbpuHoreHa 6oee 4,4 v/ 1.

dNueMUOoJIOrnYecKye JaHHble A1 00eux rpymnn
IpeJCcTaBJIeHbI B TabuI. 1. IpymIIIbI CTaTUCTUYECKH JI0-
CTOBEPHO He OTJIMYAJIACh 110 ITOJIy U BO3PACTY.

st cTaTHCTUYecKodl 00paboTKM pe3yabraToB
npuMensaau nporpammy «STATISTICA 6.0». IIpu craru-
CTUYECKOI 06paboTKe JTaHHBIX HOPMATBHOCTH pacipe-
JleJIeHUs OIpenesIsAan 10 KpuTtepuio KosaMmoroposa-
CmupHoBa. JlaHHbIe IpeAcTaBJIAaIn Kak M+SD (M —
cpengHasa, SD — craHgapTHOE OTKJIOHEHHWE) NIPU HOp-
MaJIbHOM pacipeneseHny U Kak Meguany (25 u 75 rpo-

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 < 150%x10°/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 (P>0.05)
IIpumeuanwue. [yis1 TadJ1. 1, 2, puc.: Parameters — mapameTpbl

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

HOBHast; control — KOHTPOJIbHAS; S€X — I10JT; Men — MYSKYMHBI; Women — 3KeHIIUHBI; age, years, mean — BO3PacT, JIET, CPeJi-

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

Tabsuma 2. BapuaHThl H3MeHeHu 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-/Tuniepkoarysisinus.

[IEHTHUJIA) — IPYU HEHOPMAaJIbHOM pacrpepesienuu. [1isa
CpaBHEHUs [BYX TIpYII HKCIOJIb30BAIU KpUTEpUI
ManHa—-YUTHH, IIPXA 9TOM PA3JINYNAA CIUTAJINA CTAaTACTH-
YeCKHd 3Ha4uMbIMu npu p<0,05. lna ompepeseHus
B3anMOCBA31 ucxoaoB 1o NI ¢ mokasareasiMmu remo-
cTasa [IpoBeJId KOppeJsIAMOHHbIN aHa/lIu3 I10 MeToAaM
ITupcona u Cnimpmana (<0,2 — o4eHsb caadas KoppeJs-
must; 0,2-0,5 cirabas koppesnsanus; 0,5-0,7 — cpeaHsis
koppessust; 0,7-0,9 — BBICOKAsA KOppessnust; bosee
0,9 — o4eHb BBICOKasI KOPPEeJIAHUA).

Pe3ynbTaThl U 00CY:K/IEHHE

AMUIEeMHOJIOTHS U XapaKTep HapylIeHui
remocrasa npu UMT. V 63,6% mariueHToB C OCT-
poit UMT npu noctyniaenuu B OPUT BeissBUIN
MIpU3HAKY HapyIIeHus remocTasa (tabur. 2). ITpe-
obsagaroriee 60JIBITUHCTBO HapymieHni (55,1%)
HOCHJIM TUIIOKOAryJsAIMOHHBINA XapakTep, B TO
BpeMsI KaK TAIEePKOATY/IAINAI0 HabTI0Ia ! JTUIIb
y 8,5% manueHToB.

Hanmmune Npr3HAaKOB THIIOKOATYIALNAYN IIPA
YUMT MOKHO OOBSICHUTH Ype3MePHON aKTHBAIIH-
el reMocTasa TKaHeBbIM (DAKTOPOM, COjeprKa-
IIUMCS B OOJIBIIIOM KOJIMYECTBE B TKAHU MOS3Ta,
4yTo 00ycJaBJIMBaeT najbHEWIee WCTOIEeHNe
¢akTOpOB CBepThIBAaHUSA KPOBH [17]. OHAKO Koa-
ryjonarus, accouuupoaHsaa ¢ UYMT, npeacras-
JIsIeT CO60M KOMILJTIEKCHBIH IPOIIECC, 3aTParuBa-
WU Bce 3BeHbsl reMocTasa. [loBpeskJIeHHbIN
9HJOTEJN 1IepedpaTbHBIX COCYI0B TaK)Ke TPHUBO-
IAT K TUTIEPAKTUBAIIUU TPOMOOIIMTOB C IOCJIE-
OYIOIIAM CHUSKEHUEM MX YHCJIa U PEaKTUBHOCTHU
[12]. Kpome Toro, mpu UMT HabJ/I01aeTCSA 3HAYU-
MOe€ yBeJIMYeHHE YPOBHS IPOKOAryJITHTHBIX MUK-
poBe3ukya [18], KOTOpble MOLYT HE TOJBKO
ABJIAATHCSA aJIBTePHATUBHBIM UCTOYHUKOM TKaHe-
BOTO (DAKTOPA, HO TaKsKe copepskar pocdaTuani-
cepwH, CIOCOOCTBYIOIINI 00pa3oBaHUIO IPOKOA-

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 150%x10%/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-

T'YJIAHTHBIX KOMILJIEKCOB [19]. Tak ke ogHUM U3

vere isolated TBI. In a study by Talving et al. including
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Tabsmna 3. B3aumocss3b Mexxay ucxogamu o [IUT u ypoBHEM TPOMOOLIMTOB.
Table 3. Correlation between GOS outcomes and platelet count.
Platelet count GOS score 22 P
1 2-3 4-5
<100X109/1 3(33.3%) 6 (14.6%) 2 (2.9%) x%=10.783
>100X10°/1 6 (66.7%) 35 (85.4%) 66 (97.1%) P=0.005
IIpumeuanwue. Platelet count — cogepskanue Tpomoo1utos; GOS score — [IUI, 6asibI.
120 T -1
250
100 -1
= 2007
13 o
E 150
60 — E‘; B
& 100
40
20 E— 50 1
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 II0Ka3areJieii 1 HanOoJIee XapaKTepHbIe JJaboparopHbIe NPU3HAKH H3MEHEHHI1 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.
ITpumeuanue. PTI — IITH; Platelets — Tpom6onutsl; APTT, s — AUTB, cek. /laHHBIe CPaBHUTEIHHOIO aHAIN3a [TPEICTABIEHBI
B BUJIe UHTerpaTuBHOro 95% pa3Maxa IIokasareJisi 6e3 9KCTpeMaJIbHbIX 3HAYeHUH U KOHTYPOB, CPeJUHHOI0 AUANa30Ha, OTPAHU-

YEHHOI'0 3HaYeHUAMHU 25% U 75% KBapTUJisd, MeJUaHbl.

MEXaHU3MOB JAHHOU KOaryJjolnaTUu SIBJISETCS
ycunenne ¢pubpuHoauaa [20].

JlaGoparopHbie npudHaku YMT-accoupo-
BaHHOMH KoaryJionaTuu. B 60/bIImmHCTBE paboT, Kpy-
TepusiMu  UMT-accoMMpOBaHHON KOArysaomaTuu
ABJIAIOTCSA TMITIOKOATY/ISINMOHHBIE U3MECHEHUS KaK
MUHUMYM OJIHOTO JTa00paTOPHOTO ITOKA3aTeJIs OLIEH-
KU reMocrasa (yoauaenue AYTB, cHxeHue 3Haye-
Hus [ITU nim ymeHbIlleHre Yrciia TpPOMOOITUTOB)
[21]. TToJsry4eHHBIE PE3YIIBTaThI (TA0J. 3) JEMOHCTPH-
PYIOT, YTO HanbOoJIee YaCThIMU IPU3HAKAMH KOATYJI0-
natuu B rpymie Tsprenaoi UMT sBiisieTcs: CHUbKeHue
3nauenus [1TU Huke pedepeHcHBIX (MeHee 70%) 1
TpomboruToIe st — MeHee 150X10°/.t (puc.). Cxom-
Hble TaHHbIe II0JIyYeHbl B ucciieqoBanny Wafaisade
U COABT., BK/IIOUMUBIIEeM 3114 nanueHToB ¢ U30JIMPO-
BaHHOU UMT [22]. ABTOpBI TaKsKe YKa3bIBAIOT, YTO
CHIKEHVE YHcjIa TpoMOOIMTOB U 3HaveHus [1TU
SIBJISTIOTCST HanOoJIee XapaKTePHLIMU TPU3HAKAMU
HapyueHui remocrasa npu UYMT.

lnneproarynAnyoHHbIE N3MEHEHNs, BBISABJICH-
Hble Yy 8,5% nanuenTos ¢ UMT, nposassiice B BUne

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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yBeJIMY€eHNs YPOBHs (pOPHUHOTEHA, YTO, BOSMOKHO,
OBIJIO CBSI3AHO C BBIPAYKEHHOM CCTEMHOM BOCITAJTH-
TeJIbHOU peakiueii Ha (pone UMT, T.K. BociamuTe Ib-
HbIE IUTOKWHBI (TaKUe KaK UHTepJIeHKuH-6 (IL-6) u
uHTtepJieikuH-1 (IL-1)), conepskaHrie KOTOPBIX TTOBBI-
maercsi nocyie YUMT, yqacTByroT B ciHTe3€ (PUOPHUHO-
rera [8]. OgHaKo MaHHOe YTBepIKIeHUEe TpedyeT
JTaJTbHEHIIIero NCCJIeNOBaHNA.

Cesa3ssb Tsskectr UYMT 1 pa3BuTHA KOaryJio-
naruy. Yaie BCero KoaryJiornaruu HabJrioqaim B
rpynne Tsskesiod UMT, uTo, BepOSTHO, MOKHO
O0BACHUTH IIOTEHIIMAJLHO 00Jiee 3HAYHUMbIM
MOBPEXKJIEHNEM MO3TOBOM TKaHU: NPU3HAKU
TUTIOKO0ATYJIAIINY HabJTrIoamn y 62,5% marueHToB
¢ Tsiskesi0u nu3osmmpoBanHoit UMT. B uccienosa-
Huu Talving u n1p., BKJIoUUBIIEM 436 IAIIEHTOB C
UMT (392 manueHTa CO CjenbIMUA paHEHUAMU
rOJIOBBI, 44 — C IPOHUKAIOIINMU), aBTOPBI TIEMOH-
CTPUPYIOT, 4YTO KOAryJOllaTUXA BCTPEYaroTCs
3HAYMMO 4allle Y NalMeHTOB C NIPOHUKAIIIUMU
paHeHusAMH, a TaKsKe IMPU3HAKT TAYKeJI0e
noBpeskaeHne roaoBHoro mosra (IIIKT menee 8
0aJI7I0B) OMHUM U3 HE3aBUCUMBIX PUCKOB (DOPMU-
poOBaHUY Koaryaonaruu [7].

Koppeasanusa Mekay HaIM4YueM KoaryJsio-
naTuy 1 ucxogamu mno HINT. [Tna ucciaenoBanus
B3aUMOCBSI3U MCx0moB 1o [IINT u yrcsa TpoM60-
[IUTOB MPUMEHWIN KO3 DUITMEHT KOPPETAIUU
IInpcoHa, BBIABUJIN KOPPEJIALNOHHYIO B3aUMO-
cBsI3B ciraboit cuitbl (1=0,276; p=0,002) (Tadr. 3).

B psanme paboT MpoaeMOHCTPUPOBAHO, YTO
TPOMOOITUTOIIEHUS U BEPOSITHASI TPOMOOITUTOIIA-
THs BHOCAT 3HAYMMbIHN BKJIAJ] B DQOpMUPOBaAHME
KoaryJjomnaTuy, accoruupoBanuoil ¢ UMT [23-27].
Bb110 TOKA3aHO, YTO CHUYKEHME YK CJIa TPOMOOITH-
TOB MeHee 175X10°/J1 BOCTOBEpPHO yBeJIUYUBaET
PHCK IIPOTPECCUPOBAHUS TEMOPPArnyeCKuX 04a-
rOB, B TO BpeMsI Kak TPOMOOITUTOTIEHUSI MeHee
100X10%/y1 mEeBATUKPATHO yBeJIWYUBACT PUCK
JeTaJbHOTO ucxona [28, 29]. I1o manHbIM Sun u 1p.,
TPOMOOIIUTONIEHUST U TPOMOOIIUTOIIATUST MOTYT
OBITh TUArHOCTUPOBAHBI a’ke yepe3 HECKOJIbKO
JTHeW 1ocJjie anmn3o4a TpaBmbl [30].

B uccinemosannu IMPACT (International Mis-
sion for Prognosis and Analysis of Clinical Trials in
TBI), BrirouusiieM 8686 nmanuentos ¢ YMT, nipo-
JIIeMOHCTPHUPOBAHO, YTO YAJUHEHNE TPOTPOMOU-
HOBOT'O BpEMEHU (4, KaK CJIeICTBUE, YKOPOYEHHE
[ITH) ABIIAE€TCA OGHUM U3 HE3aBUCUMBIX IIPEIUK-
TOPOB HEOJIArOMPUATHOTO Ucxoxaa [31].

B naHHOM HCC/IEIOBaHUU OTCYTCTBYET KaKas-
Janb0 roppeasanusa Mmeskay ucxomamu no KT u
anavyenuneM [TV, 4ToO MOSKHO OOBSCHUTE CPaBHU-
TEJHHO HEOOJIBIIIMM YHCJIOM MCCJIeJOBAHHBIX
MalreHTOoB.

K coskanenuto, craHiapTHbBIE TECThI CUCTEMBI
remocraaa, Takue kak AUTB, I1TH, konnenTpanus
¢ubpuHOreHa He BCerga 0TOOPaskaroT peaJbHOe
COCTOSIHAE CHUCTEeMBI 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, PT1, 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 YYUTBIBAeTCsI B3auMoielicTBre (hakTopoB
KOAryJIsifu ¢ TPOMOOIIUTaMH, 9JIEMEHTAMU KJle-
TOK KPOBHU M 9HIOTeMeM cocynoB. CiI0KHbBIE U
MHOro(aKTOpHbIE HAPYIIIeHHsI TeMOCTa3a, TaKue
kak UMT-accoruupoBaHHaA KoaryJonarus, Bepo-
SITHO TPeOYIOT OoJiee TIAaTeTbHOU TUAarHOCTUKY C
MOMOIIBI0O WHTETPAJIbHBIX METOIOB HMCCJIEI0BA-
HUsI, TaKUX KaKk TpoMOoasiacTorpadus u TpoM009-
JIACTOMETPUs, a II0JTy4YCHHbIE JaHHbIE 9TUX TECTOB
MMO3BOJISAT BBISABUTH 00Jiee€ TOUHBIE TPETUKTOPBI
HeOJIaroNpUATHOTO UCXOa.

3akJrouenue

Ha aramne nocrtynieHus B cranuonap UYMT-
ACCOLMMPOBAHHYIO KOATyJIONATHUIO TUarHOCTUPO-
BaJIM Y 63,6% NalnueHToOB C OCTPOI U30JIUPOBAH-
Hoii UMT, npu aTOM B OOJIBIIIMHCTBE CJIy4aeB
JaHHbIe N3MEHECHUs Pa3BUBAJIMCH y TALIMEHTOB C
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Tspkesio UMT 1 HoCU/IM TMIIOKOAry/IsiiOHHBIN
xapakTtep. HauboJsiee xapakTepHBIMU J1TaD0OpaToP-
HbIMU IIPU3HAKaMU JAHHON KOaryJI0NaTHUU sIBJIsI-
JINCh TPOMOOITUTOTIEHUSI U CHYYKeHUe 3HAYEeHUH
IITHU. OpHako, cTaHmapTHBIE KOary/JIsalUuOHHbBbIE
TECTBI HE YYBCTBUTEJILHBI K PAAY IPYTUX BOZMOK-
HBIX IaTO(PU3NOTOTUIECKUX MEXaHU3MOB KOary-
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