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YepenHo-mosrosas Tpasma (YMT) — oaHa U3 OCHOBHbIX MPUYMH MHBANUAHOCTU CPEAM TPYAOCNOCOBHOrO HaCeNeHws, a TakKe BbICOKOTO YPOBHS Ne-
Ta/IbHbIX UCXOA0B NPU TAXKENbIX POPMaXx. BbICOKan akTyanbHOCTb MCCne0BaHNi B chepe HelpoXupyprum JaHHOM KaTeropum NoBpeXAeHUI ro10BHO-
ro Mo3ra o4eBuAHa. B npeactasneHHoM 0630pe NpoBeAEH aHaNN3 COBPEMEHHbIX TEHAEHLMI B 061acTv Helipoxupyprin YMT ¢ yKAOHOM Ha TAXKENble
bopMbl. AHAIN3 aHT/IO- U PYCCKOABBIYHBIX UCTOUHUKOB, Kacatowwmxca YMT B Lienom v TAXKENbIX eé GopM, B YaCTHOCTH, MOKa3an TpU OCHOBHbIX HanpaBs-
NeHus UccNeaoBaHuii B AaHHOM chepe: 1) aBontoLMA XMPYPryeckoro AoCTyna U METOA0B NeYEHUS CO CTPEMAEHMEM K MANOMHBA3WUBHbIM MOAXO-
[lam, 4TO HEBO3MOXKHO 6e3 moanduKaLmm/pa3paboTkvm 060pyA0BaHUA U MATEPUANOB; 2) NOUCK MHHOPMATUBHBIX MAPKEPOB A1 NPOrHO3MPOBAHMUA
COCTOAHUA NaLMeHTa B NOCNEONEPaLUOHHOM U OTAANEHHOM nepuose; 3) BHeAPEHUE U aHANN3 BO3MOXKHOCTEN MCMNONb30BaHUA MYNBTUMOAANbHbIX
METOL,0B AIMarHOCTUKM NaToNOrUM FONI0BHOTO MO3ra.
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Traumatic brain injury (TBI) is one of the leading causes of death and disability in those aged under 40 years. Therefore, research in this area of
neurosurgery is highly relevant. The review presents insights on current trends in TBI neurosurgery, emphasising severe forms management. Literature
review of English and Russian language peer-reviewed publications relating to various forms of TBI showed three main research areas: 1) evolution of
surgical techniques with the development toward minimally invasive approaches with equipment and materials modification/development; 2) search
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BBEAEHMUE

YMT oTanyaetcs MHOTOKOMMOHEHTHOCTbIO KnaccuduKaumu,
TaK KaK BK/OYaeT B cebA pasnyHble BapUaHTbl MEXaHUYECKOTO Mo-
BPEXAEHUA Yepena v BHyTpUYepenHbix obpasosaHuii. K nocnegHum
OTHOCATCA Nt0Bble MATKME CTPYKTYPbl BHYTPM YepenHbIX KocTeit (060-
NIOYKM/TKaHM MO3ra, LepebpanbHble cocyabl/Hepsbl [1]. B Y36ekucTa-
He yncno YMT npesbiwaet 592 cnyyan B rog Ha 100 Tbic. HaceneHus,
TPaBMaT13M HaxOAMTCA Ha BTOPOM MO3ULMM B CMEKTPE MPUYUH Bpe-
MEHHOW HeTPyAocnocobHOCTM/MHBaAMAM3aUMKM nocne 3abonesaHuit
cepAeyHo-cocyancToit cuctemsl [2]. B Poccun exxeroaHo YMT nony-
yatoT npumepHo 600 Tbic. Yenosek, u3 HuUX 16% 3akaHumBaloTCA Ne-
TaNbHbIMM UCXOA4AMU UMW MHBANMAM3ALMEN. B pa3BUTbIX CTPaHaX 3Ko-
HOMMYECKUI U MeaMKO-COLManbHbIN ywepb ot YMT anampyer [1]. B
CBA3M C PaCnNPOCTPaHEHHOCTbIO, BbICOKMM MPOLEHTOM NeTanbHOCTH/
WMHBaNMAM3aLMM Npobiema HeMpoTpaBMaTM3Ma HaXOAMTCA B pasps-
Ze npuoputeTHbix [1, 3]. Mpu atom YMT — 0fHa U3 OCHOBHbIX NPUYMH
notepb cpeamn TpyaocnocobHoro (monoxe 35 net) Hacenenusa. YMT

INTRODUCTION

TBI is characterised by a multidimensional classification, as
it includes various types of mechanical damage to the skull and
intracranial formations. The latter include any soft structures in-
side the cranial bones (meninges/tissues of the brain, cerebral
vessels/nerves [1]. In Uzbekistan, the number of TBIs exceeds
592 cases per year per 100,000 population; injuries are the sec-
ond most common cause of temporary and permanent disability
after cardiovascular diseases [2]. In Russia, about 600 thousand
people sustain a TBI annually, of which 16% result in death or
disability. TBI presents a significant economic, social, and health
challenge [1]. Due to the high prevalence, morbidity and mortal-
ity rates associated with traumatic brain injury, the problem of
neurological trauma is of utmost priority for public health policy
[1, 3]. At the same time, TBI is one of the leading causes of death
among the younger population (under 35). TBI presents various
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NPOABAAETCA B Pa3ANUHbIX GOPMaXx: OT NETKUX U3MEHEHWIA CO3HAHUA
[l0 KOMATO3HOTO COCTOAHUA U cMepTw. Mpu camolt TAxENoin dpopme
BECb MO3r NopakaeTtca B Buae AMdOy3HOro nNoBpexaeHNa v OTéKa.
MeTogpbl NIeYeHMA LUMPOKO BapbUPYIOT B 3aBUCUMOCTM OT TAMKECTU
TPaBMbl — OT €XXeAHEBHbIX CEAaHCOB KOTHUTUBHOM Tepanuu A0 pagu-
Ka/ZIbHbIX XMPYPrMYECKUX BMELIATENbCTB, TaKMX KaK ABYCTOPOHHAA
[LeKOMMPECCUBHAA KPaHUIKTOMMA. Bblin chopmyMpoBaHbl PyKOBO-
AALMe NPUHLMIBI, Kacatowmeca onTMmanbHoro ynpasnedna YMT, Ho
OHW AO/MKHbI NPUHMMATBCA B KOHTEKCTE KOHKPETHOM CUTYyaLmm U He
MOTYT UCMONb30BATLCA B KaXKAOM OTAENbHOM cyyae [4].

LLENb NCCNEAOBAHMA

AHANM3 COBPEMEHHBIX TEHAEHUMI B 061aCTU HepoxmMpyprim
YMT ¢ yKIOHOM Ha TaxKEnble GopMbl.

MATEPUAN U METOAbI

MpoBenEH CPAaBHUTENBHBIV aHAN3 IUTEPATYPHbIX UCTOYHWUKOB,
ony6MKoBaHHbIX B OCHOBHOM 3a noc/ieAHve 4 roaa. UckntoyeHue co-
CTaBAA/N CMPaBOYHbIE MaTepuanbl U y4ebHble Nocobus, a Takke OT-
ZeNbHble CTaTby C yKa3aHMeM aKTyalbHOCTW TOTO WM MHOTO Hanpas-
NeHua nccnefoBaHuii. CpaBHUTENbHbIV aHANW3 HePOXMPYPrMYecKnX
uccneposaHuin B coepe YMT npoBeAEH € YHETOM PYCCKO- U aHIOA-
3bI4YHbIX UCTOYHUKOB.

PE3YNbTATbI U UX OBCYXXOEHUE

CoBpemeHHble TeHAeHUMM no msydeHuto YMT BKao4valoT Bce
acnekTbl NpobAemMaTvKK: HauuHas OT yTouHeHus/yrybneHus/pacium-
peHus Knaccudmkaumm (1abn. 1) oo nosbiweHuns adpekTMBHOCTU Ne-
YyeHUa 1 ucxodoB. KnnmHuyeckas KaptuHa YMT oyeHb pasHOO6pasHa 1
33BUCUT He TO/IbKO OT BUAA/NI0KaIN3aLLMM NEPBUYHBIX NOBPEKAEHNI
MO3ra, HO U CTEMeHWN BbIPaXKEHHOCTU AMCNOKALMOHHOTO CMHAPOMA
(cmewenusa cTpykTyp) [5].

TeHpgeHuumn B cpepe guarHoctmkm YMT M nporHo3mpoBaHuA
ncxopoB

MokasaHua K xupyprum YMT onpeaenstorcs KAMHUKOW U aaH-
HbIMM HelipoBu3yanusaumm [5]. CpaBHEHME KIMHMYECKOTO TEYEHUA
M NPOrHO3a Pe3y/bTaToB — KpalHe aKTyaNbHas 3ajada B JaHHOW 06-
NacTv Helpoxmpyprun. HepgasHue pesynsTaThl UCCIeL0BAHUA Pa3nny-
HbiXx popm YMT nokasanu 3HauMMble OTAMYMA B HEBPOOTMYECKOM
cTaTyce naumeHTos (Tabn. 2).

B pesynbraTe KOMMN/IEKCHOWM AMArHOCTUKM YKa3aHHbIX B Tabn. 2
TMnos YMT ycTaHOBAEHO, YTO AN1A NPEANON0KEHUA onpeaenEéHHOro
BMAA TPaBMbl [AOCTAaTOYHO HA MEPBMYHOM HEBPONOTMYECKOM OCMO-
Tpe npoBecT 7 OLEHOYHbIX TEcTOB (onpeaeneHune yposHa 6oap-
CTBOBaHMA, OKynoLedannyeckuin pednekc, AMameTp 3pavKoB, Bbipa-
YKEHHOCTb Mape30B KOHEYHOCTEW, MbILLEYHbIW TOHYC, MOCTypasibHble
peakumu, cumntom babuHckoro). 1A noaTBepPKAEHUA [0CTaTOYHO
NPUMEHUTb KOMMbtoTepHy0 Tomorpaduto (KT), To ecTb npeasapw-
TeNbHaA COBPeMeHHan AuarHoctuka YMT Bo3mokHa 6e3 Heliposu-
3yann3aLMOHHbIX MeToZoB [5]. TUNWYHBIA NPOTOKON MPUMEHEHWA
bYHKLMOHANbHON MarHUTHO-pe3oHaHCHoM Tomorpadum (MPT) HeHa-
[EXeH B OTHOLIEHUM OTAENbHbIX MaLMEeHTOB, O4HAKO YCTaHOBNEHO,
YTO 3Ty HEHAAENKHOCTb MOMHO NMPEOAONETb C MOMOLLBIO MacLUTabu-
POBaHMA MHAMBMAYaNbHbIX AaHHbIX (~3,5 4 MPT u auddysopHoii
TEH30PHOW BU3yaNn3aLm) B COCTOAHWUM MOKOA. Pe3ynbTaTbl METOA0B
LeMOHCTPUPYIOT €BA3b Mexay YMT, CBA3HOCTbIO MO3ra M TAXKECTbIO
NOCTTPaBMaTUYECKOro CTPECCOBOr0 PaccTpoicTsa [7].

B MHHOBALIMOHHbBIX pa3paboTkax 0coboe MecTo 3aHUMatoT me-
TOAb! MYNILTUMOZA/ILHOTO UccneaoBaHua mosra (MMWM), nokasbiBa-
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forms ranging from mild alterations of consciousness to an un-
relenting comatose state and death. In the most severe form of
TBI, the entirety of the brain is affected by a diffuse type of injury
and swelling. Treatment modalities vary extensively based on the
injury severity and range from daily cognitive therapy sessions to
radical surgery such as bilateral decompressive craniectomies. A
situation-based approach to implementing guidelines regarding
the optimal management of TBI is preferable over a case-based
approach [4].

PURPOSE OF THE STUDY

Review of recent advances in neurosurgical intervention for
severe traumatic brain injury.

METHODS

A comparative analysis of literature sources published main-
ly in the last 4 years was carried out. The exceptions were refer-
ence materials, textbooks, and particular articles relevant to the
specific area of research. In addition, a comparative analysis of
research in traumatic brain injury was carried out using English
and Russian language peer-reviewed publications sources.

RESULTS AND DISCUSSION

Modern trends in TBI research aim to solve the various
problems associated with TBI ranging from elaborating compre-
hensive classification by applying a multidimensional approach
(Table 1) to improving the effectiveness of treatment outcomes.
The clinical presentation of TBI is very diverse. It depends not
only on the type/location of primary brain injury but also on the
degree of cerebral herniation) [5].

Current trends in TBI diagnosis and prognosis of outcome

TBI surgical management is determined by the clinical pre-
sentation and neuroimaging study results [5]. Comparison of clin-
ical course and prediction of outcome is a highly relevant issue
facing neurosurgery. Recent results of a study of different types
of TBI showed significant differences in the neurological status of
patients (Table 2).

As follows from Table 2, representing comprehensive di-
agnosis of 2 types of TBI, to determine a specific type of brain
injury; it is sufficient to conduct 7 assessment tests at the initial
neurological evaluation (the level of consciousness, oculocephalic
reflex, pupil diameter, severity of paresis of the extremities, mus-
cle tone, postural responses, Babinski sign). For confirmation, it is
sufficient to use computed tomography (CT); preliminary modern
diagnosis of TBI is possible without neuroimaging methods [5].
The typical functional magnetic resonance imaging (fMRI) proto-
col is unreliable in individual patients. Still, it has been found that
this unreliability can be overcome by collecting ~3.5 hours of rest-
ing-state fMRI and diffusion tensor imaging (DTI) individual data.
The methods demonstrate the relationship between TBI, brain
functional connectivity and the severity of posttraumatic stress
disorder symptoms [7].

In innovative developments, special attention is given to
noninvasive techniques for multimodal monitoring (MMM),
which offer good prospects for treating moderate and severe TBI
[8]. These include brain tissue oxygenation monitoring (PbtO,)
and cerebral microdialysis. In the first case, multivariate analysis



Hyxpu AA c coasm. Heltpoxupyprist TAXKEABIX UepeIlTHO-MO3TOBBIX TPaBM

BECTHMK ABUMILIEHHEI

Tabnuya 1 Knaccugpuxkayus YMT

Mo buomexaHuke

Mo sBuay
noBpexaeHna

Mo reHesy
nopaxeHus

Mo Tuny

Mo xapakTepy

Mo Taxkectn

Mo mexaHu3my
BO3HWKHOBEHUA

KnunHuyeckune dopmbl

Tunbl

YaapHo-NpoTMBOYAapHan, YCKOpeHuUa-3amea/1eHns, codeTaHHan

Oyarosble (Yalle yaapHO-NPOTUBOYAAPHbIEe TPaBMbl), Auddy3Hble (Yalle TpaBMbl YCKOpeHUA-3amea1eHns),
COYeTaHHble

MepBuyHbIe (NpaAmble nocneacTeua YMT), BTOpUUHbIE (NPOABAAOLLMECS NOCAE NEPBUYHBIX BHYTPU- U BHEYE-
penHbix GaKTopoB)

M3onmnpoBaHHble/codeTaHHble (6e3/c npucyTcTBMEM BHEYEPENHbIX MOBPEXAEHM), KOMBUHUPOBaHHbIE (npu
BO34EMCTBMUN Pa3INYHbIX BUAOB SHEPTUIA: MEXaHUYECKOM, TEPMUYECKOM, Ny4EBOMN, XUMNYECKON)

3akpbiTan (HET HapyLWEeHWI LLeNOCTHOCTU FOIOBHbIX MOKPOBOB, @ EC/IN OHW eCTb, TO 6e3 NoBpeXKaAeHuA ano-
HeBpO3a); OTKPbITasA (C MoBpeXAeHMeM anoHeBpOo3a): NPoHKUKaloLwan/HenpoHMKatowan (npucytcreyet/oTcyT-
CTBYET LLeNOCTb TBEPAOM MO3roBoi 060/104KHN)

J1érkas, cpegHein TAaxKecTH, TAXKENanA (pybpuKaLma co WKanoi Kombl [Nasro): coTpAaceHne mo3ra nérkoii/cpea-
Hel cTeneHu, ywmb mosra NErkoi/cpeHei/TaxKENon cteneHn, NOAOCTPOE/XPOHNYECKOe CAaBNEHME MO3Ta
(cpeaHei TaxecTn), anddy3Hoe akcoHaNbHOE NoBpeXKAeHMe/0CTpoe caaBneHme mo3sra (Taxkénan YMT)
MepsuyHasa/BTopudHas (He obycnosneHo/obycnosneHo npeawecTsyollei uepebpanbHoi Katactpodoit). B
nocnefHem cnyyae nepBUYHas NaToNOrMA (MHCYAbT, SNUNENTUYECKUIA NPUNAA0K, OBLWIMPHBIA MHDAPKT MUO-
KapAa, ocTpas rMNoKCusA, KOAMANC) MOMKET NPUBECTH, HanNpuMep, K NaseHuto

CoTpsiceHne mo3ra; ywmnb mosra nérkoi/cpeaHein/Taxkénon crenenn; auddysHoe akcoHaibHOe NoBpexae-
HWe; caaBneHne mo3ra/ronosbl

Mpumeyanue: Tabauua coctaBneHa no gaHHbIM Jiuxtepma /16 [6]

Table 1 Classification of TBI

Classification
determinants

By biomechanics

By area of
involvement

By injury progression

By type

By mechanism

Types

Coup-contrecoup, acceleration/deceleration, concomitant

Focal (more often coup-contrecoup injuries), diffuse (more often acceleration/deceleration injury), concom-
itant

Primary (direct consequences of TBI), secondary (manifested after primary intra- and extracranial factors)

Isolated/concomitant (without/ with extracranial injuries), combined (when exposed to various types of
energy: mechanical, thermal, radiation, chemical)

Closed (without any penetration of the skull or scalp laceration with intact galea); open (with laceration of
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the galea): penetrating/non-penetrating (preserved dural integrity/with a loss of dural integrity)

Mild, moderate, severe by Glasgow Coma Scale (GCS):
Mild TBI: mild cerebral concussion and contusion

By clinical severity

Moderate TBI: moderate cerebral contusion, subacute/chronic brain compression

Severe TBI: diffuse axonal injury (DAI) and acute brain compression
Initial/sequential (not due to/due to a previous cerebral or extracerebral pathology). In the latter case,

By aetiology

example, to a fall

Clinical and
morphological forms compression

Note: the table was compiled according to Likhterman LB [6]

IoLLME XOpoLUKe NepcrnekTuBbl B chepe neveHua YMT cpeaHeit u Ta-
éno ctenenn [8]. K TaKOBbIM OTHOCATCA MOHWUTOPMHT OKCUTEHALMM
MO3roBoii TkaHu (PbtO,) 1 uepebpanbHblii MUKpoananms. B nepsom
C/lyyae MHOTOMEPHbI aHaNWU3 Pe3y/bTaToB MOKa3as, YTo BOCCTAHOB-
NeHue nokasateneit PbtO, B fONoAHeHME K CTaHAAPTHOW MOMOLLM
3HAYMTENIbHO YBE/IMYMBAET BEPOATHOCTb BAArONPUATHLIX NPOrHO30B.
BTOpoit MeTos 0CHOBaH Ha cbope BHEKNIETOUHOW KUAKOCTU MO3ra AN1s
aHanu3a uepebpasnbHbix MeTabonToB [9]. B 3aABAEHUM MO MUKpOAW-
anusy ot 2014 r. onpeaeneHbl NaToA0rMYecKne noporu, CBA3aHHbIe ¢
HebnaronpuUATHLIMU UCXOZaMK U Tpebylolme BMeLaTenbCTBa: ypo-
BeHb N1aKTaTa-nupysata 6onee 25 MMONb/A B Kyne C HU3KOM (MeHee
0,8 MMoAb/n) FAtoKO30M ronosHoro mosra [10]. CTaHaapTU3MpPOBaH-
HbI Npouecc oT4éTHOCTM No MMUM onucaH HeflOCTaTOYHO 415 Bbl-
AB/IEHNA YETKON B3aMMOCBA3N METOAA C GYHKLMOHANbHBIMM UCXOA3-
MM UM HebnaronpuaTHbIMK cobbiTnamm [11].

pre-existing stroke, epileptic seizure, massive myocardial infarction, acute hypoxia, collapse) can lead, for

Cerebral concussion; mild, moderate, severe cerebral contusion; diffuse axonal injury (DAI); brain

of the results showed that restoring normal PbtO, values in ad-
dition to standard care significantly increased the likelihood of a
favourable prognosis. The second method is based on sampling
the brain's extracellular fluid to measure concentrations of mul-
tiple bioenergetics metabolites [9]. Consensus statement from
the 2014 International Microdialysis Forum identified reference
values associated with adverse outcomes and requiring inter-
vention: lactate-pyruvate ratio of >25, coupled with low brain
glucose (<0.8 mM) [10]. A standardised MMM reporting process
has not been well described, and a lack of evidence exists relating
MMM reporting in TBI management with functional outcomes or
adverse events [11].

The study of severe TBI at the biochemical level aims to find
informative molecular markers to provide prognostic information
about patient outcomes. It should be noted that the predictive
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Tabauya 2 KnuHudyeckue ucciedosaHuA paznuyHsix gopm YMT

_ HeBponoquECKMﬁ cratyc

M30n1poBaHHble 3nu- uamn cybaypansHble

remaTtombl
PanbHbIM remaTome

BblleyKa3aHHble remaTombl + yLumnGbl
Mmo3ra CTPYKTYpP
Ywnbbl mosra

MprMmeyaHue: cocTaBNeHO NO AaHHbIM Bacunbesoli EB ¢ coasT. [5]

Hanpamyto 3aBUCUT OT 06BEMHOTO pasmepa BHYTPUYEPENHOTO KPOBOU3UAHUA. Mpu
Takon dopme npeobnasaeT AUCNOKALMOHHBIN CUHAPOM C remunape3om, KOHTpanaTte-

MeHbLuUe 3aBUCUT OT 06bEMA remaToMbl U Yaule onpeaenarTca yLLIVI6aMM CpeaAnHHbIX

CTaTUCTUYECKM 3HAYMMO KOPPEeNMpyeT C ylumbamm cpevHHbIX CTPYKTYP

Table 2 Neurological status of patients with different types of brain damage

TBI type Neurological status

Isolated epi- or subdural hematomas

The above hematomas + brain contusions

Directly depends on the hematoma volume. In this type, herniation with contralateral
hematoma hemiparesis predominates

Less dependent on the hematoma volume and more often determined by contusions of

the midline structures of the brain

Brain contusions

Note: the table is compiled according to Vasilyeva EB et al [5]

M3yueHne Taxénoin YMT Ha BMOXMMMYECKOM YPOBHE Hanpas-
NIEHO Ha MOWUCK ONTUMANbHbIX/MHPOPMATUBHBIX MONEKYNAPHBIX
MapKEpoB ANA AMArHOCTUKW/MPOrHO3MPOBaHUA UcxogoB. Cnepyet
OTMETUTb, YTO LIEHHOCTb LWKasbl Kombl Masro (LLKI) gns nporHosmpo-
BaHUA TAXENbIX YMT HeBbiCOKa, 0COB6eHHO, ecn npumeHsetca dap-
MaKonormyeckas cegauma naumenta. KT ronoBHOro mosra nossonset
3GOEKTUBHO OLLEHUTb COCTOAHME NaLMEHTa NPU 04aroBbIX NOPaXKeH!-
X, HO Npy AMdPY3HOM NOBPEKAEHUM NPOABAAETCA HU3KAA YyBCTBU-
TEeNbHOCTb WM HeAocTaToyHaa cneunduyHocTb metoga. MPT BaxHa
L1 OLEHKU CTENEHU/NPOTAKEHHOCTU aKCOHANIbHOTO MOBPEKAEHUA
B ocTpom nepvoge YMT, ofHaKo MeToz AOPOrocToAwwmin 1 Tpebyet
ocHalweHus KabuHeta [12]. CoBpemeHHble meToabl MPT, npumeHs-
emble 4R AMArHOCTUKM TAaxénbix YMT, npeactaBneHHble Ha puc. 1,
CMOCOBCTBYIOT AETaNN3aLMU BbIABIEHWUA aHAaTOMO-QYHKLMOHAMbHBIX
NoBpPEXAEHNIM r0NO0BHOrO Mo3ra [13].

AfanTauma MeToaa K AUarHocTuke Taxkénoit YMT npogonkaet-
€A NOCPesACTBOM MOBbIWEHWUA 3GPEKTUBHOCTU [ONFOCPOYHOTO NPO-
rHO3MPOBAHMA HEBPOJIOTO-NCUXONIOMMYECKUX UCXOA0B, YTO CMNOCO6-
CTBYET CHUMKEHMIO PacXo40B Ha leveHue nalpeHTa.

MoKasaTenu MOBbLIWEHWA BHYTpPUYepenHoro aasnenus (BYA)
MCMoAb3ytoTcA B onpeaeneHnn ucxogos YMT, HO Anwb, YTobbI Npo-
BEPUTb CyLLECTBEHHbIE OTKIOHEHUsA OT HOPMbl. MeTaaHann3 HeuMHBa-
3MBHOMO MOHUTOPUHIa BYZ BbifaBuA Bbicokuit (0,725) KoapduumeHT
KOPpenaumMnm mexay TpaHCKpaHWanbHOM fonnneporpadueit u mo-
HWUTOPMPOBAHMEM NEPBOro NokasaTena. AHanu3 Nokasas, YTo AByMA
Hanbonee 3aMeTHbIMU U LUMPOKO WCMONb3YEMbIMU TEXHONOTUAMM
HEWHBA3MBHOTO MOHWUTOPWHra npu YMT asnatoTca 6GAVKHAA UHOpPa-
KpacHas CNeKTPOCKONUA U TpaHCKpaHUaabHas gonnaeporpadus. 06a
METOAA MOTYT ObITb PAacCMOTPEHbI AnA byayLei pa3paboTkn eanHo-
ro HEMHBA3UBHOTO W HEMPEPbIBHOTO My/ILTUMOAA/IBHOTO YCTPOMCTBA
MOHUTOpPMHra YMT [14].

ONTUMU3aUUA NIeYEHNA TAXKENOM coueTaHHoM YMT npu Komop-
6UAHbBIX COCTOAHWUAX MALMEHTA, B YaCTHOCTU NPU HAMUMUU CUHAPOMA
*uposoli ambonum (CHK3), — otaenbHOe HanpaBeHWe UccnefoBaHWA
B [laHHOW 06nacT Helipoxmpyprm. COop aHamHesa U UccnesoBaHue
VMHAMBUAYANbHBIX NaTO/OTMYECKUX COCTOSIHWIA MO3BO/IAET MEpCo-
HUGULMPOBATb AMArHOCTUKY U NedeHne. Tak, YCTaHOBAEHO, Y4TO Npu
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value of the Glasgow Coma Scale (GCS) in predicting severe TBI
outcomes is limited, especially if pharmacological sedation of the
patient is used. Brain CT can effectively assess the patient's status
with focal lesions, but with diffuse damage, sensitivity and speci-
ficity of the technique are insufficient. MRI provides essential in-
formation for evaluating the extent and degree of axonal injury in
the acute phase of TBI. Still, the method is expensive and requires
the provision of facilities [12]. The latest MRI techniques used to
diagnose severe TBI, shown in Fig. 1, provide detailed information
on the brain's functional anatomy after brain injury [13].

Enhancing diagnostic efficiency of the technique in the di-
agnosis of severe TBI is achieved by improving the efficiency of
long-term prediction of neurological and psychological outcomes,
which helps to reduce the cost of patient treatment.

Elevated intracranial pressure (ICP) values determine out-
comes in severe TBI. However, ICP monitoring is not routinely
indicated in mild or moderate head injury patients. A meta-anal-
ysis on noninvasive ICP monitoring revealed a strong pooled cor-
relation coefficient of 0.725 between transcranial Doppler and
the gold standard ICP monitoring. The current meta-analysis has
shown that the two most prominent and widely used technolo-
gies for noninvasive monitoring in TBI are near-infrared spectros-
copy and transcranial Doppler. Both techniques could be con-
sidered for the future development of a single noninvasive and
continuous multimodal monitoring device for TBI [14].

Optimisation of the treatment of severe combined TBI in
patients with comorbidities, particularly in the presence of fat
embolism syndrome (FES), is a new line of research in neuro-
surgery. History collection and taking approach tailored to the
individual patient makes it possible to personalise the diagnosis
and treatment. Thus, it has been established that assessment of
fat globulemia, various forms of FES, and CT data are necessary
with such a combination of pathologies. The advanced multi-
modal diagnostic approaches allow a 13.5% decrease in mortal-
ity compared with traditional diagnostics methods without ad-
ministering the first two specific tests [15, 16]. It is necessary to
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Puc. 1 MpumeHeHue MOOUGpUUUPOBAHHLIX Memodos MPT aHanusza
YMT: SWI — u3obpaxeHus, 838euweHHble No MazHUMHoU socnpuum-
yusocmu, BN — Oupy3zuoHHo-e38eweHHble uzobpaxrcerus, AT
— Ougy3uoHHO-meH30pHble u30bpaxceHus, LAl — duggysHoe
aKcoHaneHoe nospexcdeHue, MPC — Ma2HUMHO-PEe30HAHCHAA CneK-
mpockonus, LLIKI — wkana komel [na32o. Cxema cocmasneHa no 0aH-
Hbim Axadosa TA ¢ coasm. [13].

TaKOM COYETaHWM MaTonorvin Heobxoguma AnddepeHUUpoBaHHaAsA
[AMarHoCTKa MnoKasaTteneit rmobynemun, pasnnuHbix ¢opm CHI u
JdaHHbIX KT. Mpy AaHHOM KOMBWHALMM AMArHOCTUYECKMX METOLOoB
[OCTUrAeTCA CHUMKEHME NeTanbHOCTM Ha 13,5% no cpaBHeHMIO ¢ Tpa-
[OVUMOHHON AMarHOCTUKON, He MmpesycMaTpyBaloLLen NpUMeHeHue
nepBsbIX ABYX cneunduyecknx aHanmsos [15, 16]. Heobxoammo yum-
TbIBATb BEPOATHOCTb NPUCYTCTBMA CONYTCTBYHOLWMX NaTonornii (CHK3 n
KMPOBOW N0BYNEMMM, B YACTHOCTM) NO NPUUMHE NEPEKPbIBAHUS MX
cumnTomoB ¢ YMT. OnTummsaums Taktukm KT AMarHoCTUKKU/neyeHms
KOMOPOUAHBIX COCTOAHMIA, OAHO3HAYHO, CMOCOOCTBYET CHUMKEHMIO
YPOBHA NeTanbHbIX Mcxopos [17].

TpagnumoHHble meToabl guarHoCcTMkn YMT otanyatoTca pagom
Hes0CTaTKOB, W 3TO NOATANKMBAET K U3y4EeHUIO BMOXMMMYECKON COo-
CTaBNAIOWEN, KaK KpUTepUa COCTOAHUA Npu TaxéNbix YMT. OgHako
MOKa OTCYTCTBYIOT MOJIEKYNAPHbIE WMHAMKATOPbI, KOTOPblE MOMXHO
pPeKOMeHA0BaTb B Ka4ecTBe CTaHAApTOB, B CBA3M C HEAOCTATOMHO
YrNyB6AEHHBIMM 3HAHWAMM NOKa3aTeslein UX YyBCTBUTENbHOCTH/crel-
nounuHoctv [12]. Uctopuyeckn BUOMapKEPLI U3MEPAIUCL B KPOBU
WNN IMKBOPE; CErofLHA MCMONb30BaHWUE C/OHbI WK APYIUX HeTpa-

Fig. 1 Application of modified methods of MRI analysis of TBI: SWI
— magnetic susceptibility-weighted images, DWI — diffusion-weighted
images, DTI — diffusion-tensor images, DAl — diffuse axonal injury,
MRS — magnetic resonance spectroscopy, GCS — Glasgow coma scale.
The scheme was compiled according to Akhadov TA et al [13]

consider the presence of comorbidities (FES and fat globulemia,
in particular) due to the overlap between these symptoms and
TBI symptoms. CT diagnostic protocols/comorbid conditions
treatment optimisation considerably reduces TBI mortality rates
[17].

Conventional methods for diagnosing TBI have several lim-
itations, prompting further studies on specific biochemical mark-
ers as a mandatory component for TBI severity assessment. How-
ever, it is still unclear which biomarkers are best for diagnosis due
to a lack of knowledge of their sensitivity/specificity [12]. Histori-
cally, biomarkers have been measured in blood or CSF; today, the
utilisation of saliva or other non-standard body fluids is gaining
momentum due to the ease of access to secreted or filtered flu-
ids. It has been shown that saliva can be used as a valid blood
surrogate to determine several biomarkers for the TBI diagnosis.
Of the commonly used protein biomarkers, only S100B and UCHL-
1 are predicted to appear in saliva after an initial extravasation
step from the brain to the blood. However, the salivary "barrier"
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AVNUMOHHbBIX KUAKOCTEW OpraHu3ma HabupaeT obopoTbl, bnarogaps
NETKOCTU AOCTYNa K CEKPETUPYEMBIM UM GUNBETPYEMbBIM KULKOCTAM.
MoKa3aHo, YTO C/IFOHA MOMKET BbICTYNaTb B KaYecTse AeNCTBUTENbHO-
ro cypporaTta KpoBw 418 HECKONbKMX BUMOMApPKEPOB Npu AMarHOCTUKe
YMT. U3 WKMPOKO MCoNb3yembix H6enKoBbiXx BUOMAapPKEPOB B C/HOHE
nocne HavaNbHOWM CTafMM 3KCTpaBasaLMM M3 MO3ra B KPOBb Bblae-
natotca npoTtenHbl S100B 1 UCHL-1, ypoBHM KOTOpPbIX CyLECTBEHHO
BaPbUPYIOT NPU MX YTEUKE M3 MO3Ta B KPOBb Yepes paspyLleHHbI ba-
pbep MK 300poBYLO TKaHb [18]. Moabop apdeKTUBHLIX BUOMapKEPOB
nporHosnpoBaHma YMT HepaspbIBHO CBA3aH C U3y4eHMEM MONEKY-
NAPHO-KNETOYHbIX MEXAaHW3MOB, PA3BMBAIOLLMXCA NPU NOBPEKAEHUN
rONIOBHOIO MO3ra. YCTaHOB/EHO, YTO NOBbILLEHWE KOJIMYECTBA 3PenbixX
T-nuMmoLMTOB B LLENOM U LUTOTOKCUYECKMX ammboumTos CD8+ Kop-
penmpyeT ¢ TAxKecTbio Tpasmbl (11,1/37,5% npu nérkoit/Taxénoin YMT
n ¢ 0,51-0,56 po 0,64-0,76 10° kKn/n COOTBETCTBEHHO). YCTaHOBNEHO,
YTO NOBbILLEHME 3HAYEHUI LUTOTOKCMUYECKON aKTUBHOCTU Yepes CYTKU
nocne BO3HUKHOBEHUA YMT yKasbiBaeT Ha HebAaronpUATHLIN Npo-
rHo3 [19]. BbifBAEHO, YTO HEMPOTPODUUECKMI HAKTOP FONIOBHOMO MO3-
ra, BaXXHbI/ /1A BbIXKMBAHWA U pereHepaLuy HelpOHOB, OT/IMYaeTCA
[MarHoCTUYeCKoi (B AeHb TPaBMbl) M NPOrHOCTUYECKOH (Ha 6 mec.)
LIeHHOCTbIO OTHOCUTENBHO BbI3A0POBAeHUA oT YMT (puc. 2). BuaHo,
yTOo NpM Nérkoit YMT copeprkaHue hakTopa B CpeaHEM B 2 pasa BblLLE,
yem 4/19 NaLMEHTOB C yMepeHHoW 1 Taxkénoi YMT [20].

MccnepoBaHne AONOAHUTENbHBIX NPU3HAKOB, KOPPEIMPYHOLLMX
C TAKecTblo YMT, NoKasano, YTo CoeaMHUTENbHO-TKAaHHaA AUCnaasns
ABNAETCA NPU3HaKOM Bonee Taskénoro npoasnexHus YMT y geteid [21].
BbISIB/IEHO TaK3Ke, UTO paHHAA AMarHocT1Ka/MpodunakTMKa pas3suTua
WNHOEKLMOHHBIX AN HEUHDEKLIMOHHBIX OCNOXHEHWUI NPU TANKENOW
YMT cnocobCcTBYET CHUMKEHMIO NIETaNbHbIX UCXOAO0B Y NALLMEHTOB pe-
aHMMaLMoHHOro npoduns [22]. BaxeH aHanu3 1 y4€T GakTopoB npo-
rHO3MPOBAHMA OTAANEHHBIX McxogoB YMT, Tak Kak nossonset coop-
MMWPOBaTb CMEKTP Hanbonee 3HaYMMbIX HANPABAEHWUN HapyWeHWUs
3MOLMOHANBbHO-TMYHOCTHOTO GYHKLMOHMPOBAHUA Ana 3$EKTUBHO-
o BbINOJHEHWUA Ne4eBHO-PeabUAUTALMOHHBIX MEPONPUATUI C YYé-
TOM 6MOSI0TMYECKOTO, NCUXOIOTMYECKOTO U COLMANbHOMO COCTOAHUSA
naumenTa [23].

Takoe nocneacteme YMT, Kak caaBavBaHWMe rONOBHOrO MO3ra
OCTpOWt cybaypanbHOM remaTomoi, OTHOCUTCA K [NaBHbIM NPUYMHAM
MHBaNNAM3aLMWN/NETANIbHOTO UCXOAA MaLMEHTOB, O0COBEHHO Yy /L,
MO/1I040r0 BO3pacTa. Heobxoaymbl CBOEBPEMEHHbIE AWMArHOCTUKa/
NeyeHne SaHHOIO OC/IOMKHEHMSA, B CBA3W C NMOTEHLMANbHOW BO3MOXK-
HOCTbIO YNyYLLEHMA NPOrHO3a M Ka4ecTBa KU3HU. TpaHCKpaHWanbHasa
yNbTPa3ByKoBas gonnaeporpadums u ynbTpas3ByKOBOE CKaHMPOBaHMeE
— Hanbonee sGPeKTUBHbIE ANATHOCTUYECKME METOAbI NPY TAaKOM pas-
BUTMM YMT: nepBas — 419 OLEHKM IMHENHOW CKOPOCTU KPOBOTOKA B

18

seems to be more selective than the BBB even though, in reali-
ty, leakage from the brain to the blood occurs across a disrupted
barrier, while extravasation in the saliva is across a healthy tissue
[18]. Identifying predictive biomarkers for outcomes following TBI
involves studying molecular and cellular mechanisms underlying
brain damage. Thus, the proportion of mature T-lymphocytes
increased in parallel with the severity of brain injury (11.1% in
mild TBI vs 37.5% in severe brain injury). It has been established
that an increase in the cytotoxic activity of lymphocytes during
the first 24 hours after trauma may be associated with an unfa-
vourable prognosis [19]. It was found that the brain-derived neu-
rotrophic factor (BDNF), which is essential for neuronal survival
and regeneration, has diagnostic day-of-injury BDNF and 6-month
prognostic values regarding recovery from TBI (Fig. 2). It can be
seen that in mild TBI, BDNF concentrations (ng/mL), on average,
are 2 times higher than in patients with moderate and severe TBI
[20].

A study of additional indicators that correlate with the se-
verity of TBI showed that connective tissue dysplasia is associated
with a more severe manifestation of TBI in children [21]. It was
also revealed that early diagnosis/prevention of the develop-
ment of infectious or non-infectious complications in severe TBI
contributes to reducing fatal outcomes in intensive care patients
[22]. Therefore, it is essential to consider the predicting factors
for long-term consequences of TBI, detecting impaired emotion-
al and personal functioning areas to identify the most significant
targets for the treatment and rehabilitation impacts, taking into
account the patient's biological, psychological, and social state
[23].

Compression of the brain by acute subdural hematoma due
to TBI is a significant cause of TBI-related morbidity and mortal-
ity, especially in young people. Timely diagnosis and treatment
of this complication are vital as they may improve prognosis and
enhance patients' quality of life. Transcranial doppler (TCD) ultra-
sound and cranial sonography (CRS) are the most effective imag-
ing studies in TBI diagnosis: TCD evaluates mean cerebral blood
flow (CBF) velocity in the large intracranial arteries at the level of
the circle of Willis, and CRS detects vasospasm or vasoparesis in
the acute TDI or during surgery to establish the brain structur-
al damage location [24]. In addition, it was found that patients
with TBI with polytrauma are at greater risk for 3- and 6-month
disability compared with those with isolated TBI. Methodological
improvements in assessing TBI-specific disability versus disability

16,5 Puc. 2 CodepiaHue Hellpompoguyeckoeo (hakmopa 20-
16 /108H020 Mo32a (H®IM) e coigopomke (He/Mn) 6 3a8ucu-
14 13,8 mocmu om maxecmu YMT. Cxema cocmasneHa no O0aH-
Hbim Korley FK et al [20]
12 —
10,1 Fig. 2 Levels of serum brain-derived neurotrophic factor
10 — (NFGM) concentrations (ng/mL) depending on the severity
8,3
8 1 ____ of TBIl. The scheme was compiled according to Korley FK
o L | 5,2 | et al [20]
4,3 4
4 1— 18 — CpegHee 3HadeHue / Average value
2 +— ! 1'5 —— B MwuHumanbHoe 3HadeHune / Minimum value
0 ; - ; - ) MakcumanbHoe 3HaueHve / Maximum value
Nérkana YmepeHHas Taxénan
Mild Moderate Severe
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KPYMHbIX LiepebpabHbIX COCYAaX U UX PE3UCTEHTHOCTU M BTOPOE — AN15
BbIABNEHWA COCTOAHWUSA BAa30CNa3ma MM Basonapesa B OCTPOM Nepu-
0f€e AW BO BPeMs onepaLmu ANA YCTaHOBAEHUA NOKaLMK CTPYKTyp/
noBpexaeHnit mo3ra [24]. OToeNbHO YCTaHOBAEHO, YTO NaLMEHTHI C
YMT 1 noAnUTpaBMoOit MMELOT 6ONbLUIMIA PUCK PA3BUTUA MHBANNLHOCTU
B TeYeHue 3-6 mec. N0 CPAaBHEHMIO C NALMEHTAMM C U30NMPOBAHHOM
YMT. YnyyweHne MeToL0N0TMMN OLLEHKM UHBANIMAHOCTH, CBA3AHHOM C
YMT ¥ co BCEMM CUCTEMHbIMM TPAaBMaMM, NPUBEAET K CO34aHMI0 60-
nee 3QpEKTUBHBIX MHCTPYMEHTOB OLLEHKM ncxogos YMT [25].

Helipoxupypruueckoe neueHue TaKeénbix YMT

ALleKBaTHOCTb AMArHOCTUYECKMX NpoLeayp, CBOEBPEMEHHOCTb
NEYEHNA NEPBUYHBIX NOBPENKAEHMIN FONIOBHOMO MO3ra M BTOPUYHbBIX
NaTodU3MONOrMYECKMX PEaKLMI 1N NpeaynpexaeHne pasBuTua me-
XaHM3MOB MOBPEXAEHWA — BCE 3TO CMOCOBCTBYET CHUMKEHUIO fie-
TanbHOCTU/MHBaNUAM3aLUMM naumeHTos ¢ YMT [26]. Taménaa UMT
B YC/I0BMAX FOCMUTANIM3aLMU PACCMATPUBAETCSA, KaK Cnyyalt 6e3 Bo3-
MOXXHOCTW MOJIHOLEHHOW peabunutaupum naumeHTa. Ecam ypaérea
n3bexaTb NeTaNbHOMO UCX0Aa, TO Henb3sa 0boMTUCL 6e3 LIMPOKOro
CMEeKTPa OCNOXKHeHM. MocneaHne NnoapasgenaioT Ha NpoaBasAtoLWme-
€A MFTHOBEHHO MW B OTAANEHHOM nepuoge. He3aBnCMMO OT HI0AHCOB
MCXOLa, KAa4YeCcTBO KMU3HM NaumeHTa ¢ YMT cHUKaeTcs, a BEpOATHOCTb
CMepTM B OTZANEHHOM nepuoge noBbiwaeTcA. B gaHHom cnyyae
BCTPeYatoLLeecs B iMTepaType MHeHue, 4to YMT HaxoauTca Ha Tom
Ke YPOBHE, KaK 1 NePENOM KOCTH, TO eCTb ABAAETCA U30IMPOBAHHbLIM
nospexaeHvem obnactv Tena, ckopee He 060CHOBaHO. 0 pekomeH-
daumam BO3 YMT cnesyet OTHOCUTb K XPOHUYECKMM 3aboneBaHUAM
Mo NPUYMHE: CTOMKMX/HEOBPaTUMbIX MOCAEACTBUIA, MPOAO/KUTENb-
HOro nepu1oga peabuautaumm, HeobXoaMMOCTU U3yYEeHWUS AUHAMMUKM.
Hanunume taxénoit YMT BneyéT 3a coboit HeMUHYeMble NOCNeACTBUA,
KOTOpble NPOABAAIOTCA NPAKTUYECKM Y KaXK4oro nocTpaaasiuero. K Ta-
KOBbIM OTHOCATCA: NOCTTPaBMaTHUecKas snuaencus/sHuedanonatms,
PaCcCTPOMCTBA CHa, HapyLeHWe SIOKOMOTOPHOW, MONOBOV (YHKLMNA,
npobnemsl ¢ camoobenykunsaHnem [27]. MoaTomy LOCTaTOYHO MHOTO
BHUMaHUs yaensetca Taxénon YMT ans CHUKeHMA BAMAHMA eé OT-
PULATENbHbIX UCXOL0B HA COCTOAHWE HEPBHOM CUCTEMbI U OpraHM3M
B uenom. NMpobnembl TAxENbIX YMT, paccmaTpuBaemblie B HacTosALLee
BPEMA, BK/IOYAIOT: 1) AMArHOCTMKY nepes HasHayeHWem Tepanuu,
COCTOALLEN M3 XMPYPrUYECKOro M/MAM KOHCEPBATUBHOTO /leYeHus, B
YACTHOCTW, B OTHOLLEHWM MOBPEXKAEHHOM 334HEN YepenHOW AMKMU U
NPV HAaZIMYUKU ManbIX FEMAToOM B MO3roBoi 060/104Ke; 2) Bbibop cro-
coba TpenaHauuu yepena; 3) BbifBneHUe GaKTOPOB PUCKaA, NPUBOAA-
LWMX K Pa3BUTUIO HEBMAronpuaTHbIX cobbiThiA. JonycTUMO MeamKa-
MEHTO3HOE M XMPYPrUYecKoe ieyeHune cybaypanbHbIX remaTom (puc.
3) B 3aBMCUMOCTY OT UX Pa3Mepa U CTEMEHW YBEIMYEHUA B AUHAMUKE,
BO3pacTa NaLMeHTa, aHECTE3NONOTUYECKOTO PUCKa [26].

Jlloboe MHBA3WMBHOE BMELIATE/NIbCTBO Ha COBPEMEHHOM 3Tane
Pa3BUTMA HEMPOXMPYPIMM HaMpaBAeHO Ha 3adadyy MWHUMM3ALMK
onepaLmoHHoro BosaeicTema. MocpeacTsom BHEAPEHUA MHHOBALM-
OHHBbIX TEXHO/IOMMIA PACCMATPMBAIOTCA M HAYMHAKOT aKTUBHO MpuUMe-
HATbCA HA NPAKTUKE MUHUUHBA3WUBHbIE METOAbI IeYeHUs. [JoCTynHble
XUPYPruyeckne Metosbl KOHTPOAA NOBbiLWeHHOro BY/ v orpaHnyeHna
BTOPMYHOTO NOBPEKAEHWUA FOJIOBHOTO MO3ra Npu Taxénon YMT BKto-
YaKOT KNACCMYECKYHO YCTAHOBKY HapyKHOTO KeNyA04KOBOroO ApeHaa,
[EKOMMNPECCMBHYIO KPAHUIKTOMMIO U LLUCTEPHOCTOMMIO. YCTaHOBNE-
HO, YTO NOCNeAHAN NPeACcTaBnseT coboi bonee GrU3nMoNornyHbLIN Noa-
XOZ, K IeYEHUIO OTEKA MO3ra C BbICOKMM MOTEHLMANOM 3bdEKTUBHOIO
KOHTpoAsA BYJ 1 ymeHblUEeHMA NOCNeACTBUIA BTOPUYHOTO NOBPEKAE-
HMA Mo3ra [28]. YcnewHble pe3ynbTatbl fedeHnsa Taxénbix YMT go-
CTUTAKOTCA MOCPELCTBOM MCMO/Mb30BaHUA NMYHKLUMOHHOW acnmupaumm
B Kyne C JIoKaNbHbIM GUBPMHONMZ0OM BHYTPUYEPENHbIX rEMaToOM.

attributable to all systemic injuries will improve TBI outcomes as-
sessment tools [25].

Neurosurgical treatment of severe TBI

Adequacy of diagnostic tests and timeliness management
of primary brain damage and secondary pathological responses
and their prevention reduce TBI-related morbidity and mortality
[26]. In hospital settings, it is considered that severe TBI rehabil-
itation management may not ultimately be able to provide the
improvement. Since even if it is possible to avoid a fatal outcome,
then a wide range of complications cannot be avoided. The com-
plications are divided into those that appear immediately or in a
remote period. Regardless of the outcome, the quality of life of a
patient with TBI decreases, and the risk of mortality in the long
term increases. In this regard, the opinion that TBI is similar in
clinical significance to a bone fracture as an isolated injury to a
body region is somewhat unfounded. According to the WHO rec-
ommendations, TBI should be classified as a chronic disease due
to: persistent/irreversible consequences, a long period of rehabil-
itation, the need for follow up of the patients. Severe TBI entails
inevitable consequences that are manifested in almost every TBI
sufferer. These include posttraumatic epilepsy/encephalopathy,
sleep disturbances, impaired locomotor and sexual functions, dif-
ficulties with self-care [27]. Therefore, much attention is paid to
reducing severe TBI unfavourable outcomes affecting the nervous
system and the entire body. Severe TBI-related issues currently
include: 1) appropriate diagnostics before conservative or surgi-
cal management, particularly related to the injured structures of
posterior cranial fossa and small hematomas in the meninges; 2)
selection of optimal craniotomy; 3) identification of risk factors
associated with adverse events. Medical and surgical treatment
of subdural hematomas is acceptable (Fig. 3), depending on their
size and rates of hematoma growth, the age of the patient, and
anaesthesia risks [26].

Any invasive procedure at this stage of neurosurgical devel-
opment is aimed at reducing surgical trauma. As a part of inno-
vative technologies, minimally invasive surgical procedures are
being actively introduced into practice. Available surgical proce-
dures to control elevated ICP and limit secondary brain damage in
severe TBI include the routine yet critically important placement
of external ventricular drain (EVD), decompressive craniectomy,
and cisternostomy. It has been established that the latter is a
more physiological approach to the treatment of cerebral oede-
ma with a greater chance of effective control of ICP and reduction
of the consequences of secondary brain damage [28]. Successful
treatment of severe TBI is achieved through local fibrinolysis and
aspiration in the treatment of spontaneous intracerebral hema-
tomas. The technique involves the use of frameless stereotactic
neuronavigation. The video-endoscopic assistance allows surgical
elimination of subacute/chronic hematomas even when they are
localised in functionally significant areas of the brain. The high ef-
ficiency of the method is achieved by reducing the volume and
invasiveness of surgical procedures while maintaining surgical
radicality. Analysis of statistical data on the treatment of acute
herniation syndrome in severe TBI unequivocally confirmed that
minimally invasive methods of the dissection of the cerebellar
tentorium/falciform ligament are the most effective. The same
results were obtained with decompressive craniotomy (DCT)
combined with the inferomedial temporal lobe resection. The
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Small-sized SDH ~ ~
[peHnpoBaHMe C NOMOLLbIO TOHKOTO KaTeTepa U TpenaHaLMOHHOro
oTBepcTUA
Burr hole and small catheter drainage
G J
4 N
KpaHnoTomMus, BCKpbITUE TBEPAOI MO3roBOIM 060/104KK, yaaneHne
CTyCTKa KpOBM
Bbonblwive n Craniotomy, resection of the dura mater, removal of the blood clot
maHudecTuposaHHbie CI \ J

Large-sized and clinically
manifested SDH

BbIfiB/IEHME U KOHTPOJIb 32 MECTAMM KPOBOTEYEHUA
Identification and control of bleeding sites

Puc. 3 Cnocobebl yoaneHus cyb6dypansHbix 2emamom (Cl). Cxema co-
cmasneHa no 0aHHbIM [Tomanosa AA ¢ coaem. [25]

MeToauKa OCHOBaHa Ha NpUMeHeHUM 6e3pamHoN HelipoHaBUraLmm.
BnaeosHAoCKONMYECKUI MeTog, NO3BOAAET NPOBOAUTL ONepaLMoH-
HOE 3/IMMMHMPOBAHME reMaToM MOLOCTPOrO/XPOHUYECKOrO TUMOB
[axe npu X AoKanusauum B GyHKLMOHANbHO-3HaUMMbIX 0bnacTax
ronoBHOro Mosra. Bbicokas addeKTMBHOCTL MeToAa JOCTUraeTca no-
CpescTBOM yMeHblueHUA 06béma M TPaBMaTUYHOCTM JOCTyna npu
onepaLu c COXpaHeHNeM paauKaabHOCTM BMellaTenbeTea. Mccneso-
BaHWA JIEYEHMA OCTPOrO AMCNOKALMOHHOTO CMHAPOMA MPU TAXKENbIX
YMT npwv nonyvyeHUM CTaTUCTUYECKMX AaHHbIX OAHO3HAYHO NOATBEP-
AWK, YTO MANOTPaBMaTUYHbIE CNocobbl pacceyeHna MO3KEYKOBOTO
HaméTa/60/1bLIOT0 CeprnoBUAHOIO OTPOCTKa Hanbonee aGGEKTUBHDI.
TaKkue e pe3synbTaTbl NOAYYEHbI NPY AEKOMMNPECCUBHOW TpenaHaLLMm
yepena (4T4) B KOMNEKCE C PE3EKLMEN HUKHEMEANANbHbIX OTAEN0B
BMCOYHOMN A0NN. YCNELWHOCTb AaHHbIX NOAXOA0B NPOCNEKMBAETCA B
3HAYUTENBHOM CHUMKEHUW [0AM ONEepaLyMoHHOM NeTanbHOCTU. MoBbI-
LEeHWe Pe3y/IbTaTUBHOCTM MUKPOXMPYPIUK TAKENbIX YMT HEeBO3MOXK-
HO 6e3 BHeApeHWA HOBbIX TEXHO/IOTWit/06opyaosaHma [27].

Ona naumeHTos ¢ TAxENoM YMT He cyluecTByeT CTaHAAPTHOTO
MeAMKaMEHTO3HOrO NIeYeHNs, HO HEeMHBA3WMBHAA CTUMYAALMA MO3ra
paccmaTpuBaeTcs, Kak bonee npuemnemblii BapuaHt. OgHako ceese-
HUA 06 OTHOCUTENbHOW 3DGEKTUBHOCTU U cTeneHn 3GPEKTUBHOCTH
[AHHDBIX TEPaNeBTUYECKUX NOAXOA0B OrpaHuyeHsbl [29]. YcTaHoBAEHO,
YTO NPUMEHEHME NOLIATrOBOM Tepanuu Hopmaausaumm B4/, B octpom
nepuoge Taxénon YMT y aeTteit NpuBENO K YIYYLLIEHUIO UCXOAO0B, B
TOM YMC/IE CHUMKEHUIO NeTanbHOCTU (Tabn. 3).

CnesyeT OTMETUTb, YTO KpUTMYecKMe Mmpobesibl B 3HAHMAX O
NaToPU3MONOTUYECKMX PA3INUUAX MEXKZY [ETbMU U B3POC/IbIMU
B OTHOLIEHUM ucxopoB YMT noka He ycTpaHeHbl [31]. MHBa3MBHbII
MOHWUTOPUHT BY/], BCE eLwé cBA3aH CO 3HAUYUTENbHBIM PUCKOM UHU-
LIMPOBAHMA, KPOBOTEUYEHWS U HEMPABUIBHOTO Pa3MeLLeHUs, YTo Nog-
YépKMBaeT HeOBXOAMMOCTb Aa/IbHEMLIMX XOPOLIO CMIAHUPOBAHHbIX
UCMbITaHWUI Ha NPEeAMET OrpaHUYEHUA OCNOXKHeHUN [32]. YcTaHoBNe-
HO, YTO KOMOWHaLMsA Pe3yNbTaToB HEMHBA3UBHOIO Y/LTPA3BYKOBOMO
U3MepeHus anameTpa 0b60N0UKM 3PUTENIbHOTO HEpPBa M TPAHCKPaHW-
aNbHOrO AONN/JIEPOBCKOTO MHAEKCA MY/NbCALMU KOPPEUPYET C WH-
BasnBHbIMU M3mepeHuamu BY y getelt ¢ YMT. Nokasatenu umetot
ABHbIV NOTEHLMAN ANA HEMHBA3WBHOIO CKPUHMHIa BYT [33].

MmetoTcs AaHHbIe 0 TOM, YTO TPAHCKPaHWaNbHasA MarHUTHasA CTU-
MYNALMA MONKET BbITb 3GPEKTUBHLIM BAPUAHTOM /IEYEHUA HEKOTOPbIX
cMmnTomoB nocne YMT, TakuMx KaK Aenpeccus, Wym B yLIax U npeHe-
bpekeHne BHUMaHWeM [34]. TonbKo ABa UCCNea0BaHMA NPUMEHEHNS
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Fig. 3 Methods for removing subdural hematomas (SDH). The scheme
was compiled according to Potapov AA et al [25]

success of these approaches can be seen in a significant reducing
perioperative mortality. Enhancing the effectiveness of microsur-
gery for severe TBI is impossible without introducing novel tech-
nologies and equipment [27].

There are no standard medical treatment protocols for pa-
tients with severe TBI, but noninvasive brain stimulation is consid-
ered a more viable option. However, information on the effective-
ness of these therapeutic approaches is limited [29]. Nevertheless,
it was found that the incremental treatment for the normalisation
of ICP in the acute phase of severe TBI in children led to improved
outcomes, including a decrease in mortality (Table 3).

It should be noted that critical gaps in knowledge regarding
the pathophysiological differences between children and adults
concerning TBI outcomes remain [31]. Invasive ICP monitoring is
still associated with a significant risk of infection, bleeding, and
misplacement, highlighting the need for further well-designed tri-
als to reduce complications [32]. It has been established that the
combination of ultrasonographic measurements of optic nerve
sheath diameter (ONSD) values and transcranial Doppler sonog-
raphy pulsatility index (PI) correlates with invasive ICP values in
children with TBI. It has the potential to screen for intracranial
hypertension noninvasively [33].

There is evidence that repetitive transcranial magnetic stim-
ulation (rTMS) can be an effective treatment option for some
post-TBI symptoms, such as depression, tinnitus, and neglect
[34]. Only two studies on amantadine and transcranial direct cur-
rent stimulation provided class Il evidence for improvement in
patients after TBI [35]. It is assumed that noninvasive interven-
tions have numerous advantages, such as being painless, safe and
inexpensive, having adjustable parameters and targets, and hav-
ing broad development prospects in treating mental disorders. It
can be used as an alternative or additional treatment to the tra-
ditional approach to restoring cognitive functions in TBI patients
[36, 37].

Secondary brain damage after TBI is associated with the
development of neuroinflammation. In animal studies on exper-
imental acute phase TBI, atorvastatin is characterised as a neu-
roprotective agent. It leads to a decrease in neuronal apoptosis,
behavioural disorders, the level of T-lymphocytes, neutrophils
and natural killers, as well as proinflammatory cytokines (IFN-y,
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npenapaTta aMaHTagMHa B KOMMIEKCE C TPAHCKPAHWANbHOW CTUMYNA-
LiMel NocTOAHHbIM TOKOM NPeLOoCTaBUAN LOKa3aTeNbCTBa Kaacca |l 06
YNYYLLEHUM COCTOAHMA naumeHToB nocae YMT [35]. Mpeanonaraetcs,
YTO HeWHBa3MBHblE METOAbI BMELIATENbCTBA, 061afalolme MHOro-
YMCNEHHbIMM NpeumyLlecTBamm (6e36one3HeHHOCTb, 6e30MacHOCTb
1 OeleBW3Ha; Hainume HacTpamMBaemMblX MapamMeTpoB 1 Leneit), ume-
10T LUMPOKME NEePCEKTUBLI YYYLIEHMA COCTOAHMA NPU paccTpoincTee
CO3HAHMA U MOTYT UCNO/Ib30BATLCA B KAYECTBE aIbTEPHATUBbLI WU/WUan
[OMONHUTENBHOMO NIEYEHUA K TPAAMLMOHHOMY Noaxody no BOCCTa-
HOB/IEHWIO KOTHUTUBHBIX QYHKLMIA y ntogen ¢ YMT [36, 37].

BropuyHoe nospexaeHve ronoBHoro mosra nocne YMT ceA3aHo
C pa3BUTUEM HEMPOBOCMANEHUA. B JOKAMHUYECKUX MUCCIE[0BAHUAX
aTOpPBACTATUH OMMCAH KaK HEMPONPOTEKTOPHBIN areHT Npu sKcnepw-
MeHTanbHoN YMT Bo Bpemsa ocTpoit Gpasbl, NPUBOAALLMIA K CHUMKEHMIO
anonTo3a HelpPoOHOB U MOBEAEHYECKMUX PACcCTPOICTB, YPOBHs T-IMM-
boumToB, HEMTPODUNOB M ECTECTBEHHbIX KUJIEPOB, 3 TaKKe COOTBET-
CTBEHHO MPOBOCNAAMNTENbHbIX LUTOKMHOB (IFN-y 1 IL-6) 1 XeMOKM1HOB
(RANTES u IP-10), 1 B Lenom obLuiei akTUBaLMM MUKPOIIMKM/MaKpo-
¢daros [38]. MoKaszaHO TaKKe, YTO UHrMBMpOBaHUE B-MHTEPdEPOHA
NMPUBOAMT K YMEHbLLEHMWIO HEMPOBOCNANEHNS, YTO CBUAETENLCTBYET O
ero ponu B natopusnonornm YMT [39]. YcTaHOBAEHO, YTO aKTUBALMA
MMKPOI/INA/bHbIX KNETOK U MHOUALTPALMA KneToK Thl, BO3HMKalo-
Las B pe3y/ibTaTe NoBbleHUsA YPOBHA B-MHTepPepoHa, NPMBOAMUT K
nospexaeHuto 6enoro sewectsa [40]. Takum obpasom, B-uHTepde-
POH MOYHO PAacCMaTpMBaTh Kak MOTEHLMANbHYIO TepaneBTUYECKYHD
MULWEHb anAa nedyeHna YMT. BbiaBneHo, 4ToO MMeNonAHO-3NUTeNInANb-
HO-PenpoAyKTUBHaA TUPO3NHKMHA3A PEryanpyeT nonspusaumio Mu-
Kpornun/makpodaros B cooTHolleHUn M1/M2 u HelipoBocnaneHue B
ocTpoi ctagmumn YMT. UHrnbrpoBaHue pepmeHTa NPMBOAUT K CABUTY
nonApu3aLmMmn MUKporinum/makpodaros B ctopoHy M2, uto ycyrybnset
BTOPWUYHOE NOBpPEXAeHUe ronoBHoro mo3sr [41]. OnucaHo ycnelwHoe
LOKNMHUYECKoe NpuMeHeHue 3,6'-AUTMONOMANNAOMMUAA A8 CMAT-
YeHMA NoCNeacTBUM, Bbi3BaHHbIX YMT (rmbenb KneTok, HelpoBocna-
NIeHWe, acTPOr/Mo3, NoBeAEHUYECKMe HapyLleHus) [42]. YcTaHoBNEHO,
4TO PEKOMOMHAHTHbIV aHHEKCMH A2 nogaBAseT akTMBaLmio nepude-
PUYECKMX NIENKOLMUTOB M MHOUALTPALLMIO FONI0BHOMO Mo3ra nociae YMT
B OCTPOW ¢a3ze. Jlexalluil B OCHOBE MONEKYNAPHBINA MEXaHU3M MOKET
6bITb, NO KPalHEN Mepe, YaCTUYHO NPUMUCAH CBA3bIBAHMIO areHTa C
npoBocnanuTenbHbiM peuientopom TLR4 B nepudepnyeckux nemko-
uuTax W, cnefosaTenbHo, GNOKMPOBKOM NyTel akTUBALMKM Nepesaym
curHanos NFKB, TO ecTb CUrHaNbHOTO Kackaga NpPOBOCMOAUTENbHOWM
aKTMBauuu neikoumtoB nocie YMT [43]. MHTepecHO OTMETUTb, YTO
NeyeHne KCceHoOHOM Bckope nocie YMT MOXKeT MMETb LONTOCPOYHble
NpPeMMYyLLECTBa, B CBA3U C yMEHbLUEHNEM NoTepu 6enoro BeLLecTsa B
KOHTPanaTepasbHOM MO30/IMCTOM Tejle U HEMPOHOB B KOHTpanaTe-
panbHoMm yyactke CAl runnokamna u 3ybyaTton nssuanHe yepes 20
mec. nocne YMT y monogbix molweli [44], BBegeHue Yepes 30 MUHYT
nocne YMT peturabuHa, «oTKpbiBatoLero» M-KkaHanbl (TOku K+ B Heit-
POHE), CHUXKAET BbIPAKEHHOCTb NOCNEACTBUI TPaBMbI (CMIOHTAHHbIE
CY4O0pOru, NOBbILEHHAs BOCMIPUMMUYMBOCTb K XMMMUOKOHBY/IbCAHTaM,
MeTabo/IMYecKniA CTPECE, BOCMAIUTE/IbHbIE PEAKLIMM, Pa3pyLUEHUE re-
MaTosHLedpanmyeckoro bapbepa, rmbens KneTtok) [45].

HecmoTpsa Ha paclmpeHune 3HaHWUM 0 mexaHuamax YMT, B He-
KOTOpbIX caydasx TAxénbix YMT OYT ocTtaérca eAMHCTBEHHO BO3MOMK-
HbIM METOZOM OKa3aHWA NMOMOLLM NOCTPAAABLIEMY ANA NOBbIWEHWA
BEPOATHOCTM CMACEHMUA €ro XXM3HW, HECMOTPA Ha eTanbHOCTb B 80%
[45]. YuuTbiBaA NpoTMBOpEYMBbLIE PAHAOMM3UPOBAHHbIE UCCNEnO-
BaHMA nonesHoctn OYT npu Taxénont YMT, TouHble NoAxonbl, Oc-
HOBaHHble HA QM3MONOTMYECKMX MpoLeccax, MOFyT NPEeaoXUTb
YNYULIEHHYIO CTPATErMIO ANA OnpeaeneHna BbIUIPbILLHbIX MOMEHTOB
NPUMEHEHNSA arpPecCUBHOTO fleyeHus [46]. YCTaHOBNEHO TaKXKe, YTO

IL-6) and chemokines (RANTES, IP-10), and activation of microg-
lia/macrophages [38]. In addition, IFN-B inhibition reduces post-
traumatic neuroinflammation and neurodegeneration, resulting
in improved neurological recovery [39]. It has been established
that activation of microglial cells and infiltration of Th1l cells, re-
sulting from an increase in the level of B-interferon, leads to the
white matter injury [40]. Thus, B-interferon can be considered a
potential therapeutic target for TBI treatment. It was found that
myeloid-epithelial-reproductive tyrosine kinase (Mer) regulates
microglial/macrophage M1/M2 polarisation and neuroinflamma-
tion in the acute stage of TBI. Mer Inhibition markedly decreases
microglial/macrophage M2-like polarisation while increasing M1-
like polarisation, exacerbating secondary brain damage and sen-
sorimotor deficits after TBI [41]. The successful preclinical study
of new pomalidomide (Pom) analog, 3,6'-dithioPom (DP), and
Pom as immunomodulatory agents to mitigate TBI-induced cell
death, neuroinflammation, astrogliosis and behavioural impair-
ments in rats challenged with controlled cortical impact TBI has
been described [42]. Systematic recombinant annexin A2 (rA2)
administration after TBI significantly inhibits activation and brain
infiltration of peripheral leukocytes, especially neutrophils at the
acute phase. The underlying mechanism might be attributed to
rA2 bindings to TLR4, peripheral leukocytes proinflammatory re-
ceptor, thereby blocking NFkB signalling activation pathways fol-
lowing TBI, i.e., the proinflammatory leukocyte activation signal-
ling cascade [43].

Interestingly, xenon treatment shortly after TBI may have
long-term benefits due to reduced white matter loss in the con-
tralateral corpus callosum and neuronal loss in the contralater-
al hippocampal CA1 and dentate gyrus areas at 20 months after
TBI in young mice [44]. Administration of retigabine, a potent
M-channels opener, prevents excess hyperexcitability 30 minutes
after TBI. It reduces the severity of the consequences of brain in-
jury (posttraumatic seizures and seizure susceptibility, energetic
cellular demand, the maladaptive inflammatory/immune re-
sponse, breakdown of the BBB, and cell death) [45].

Despite the expansion of knowledge about the mechanisms
of TBI, in some cases of severe TBI, Retigabine (RTG) treatment
remains the only possible method to help the sufferer increase
the likelihood of survival, despite the mortality rate approaching
80% [45]. Given the conflicting randomised trials of the useful-
ness of RTG in severe TBI, pathophysiologically based approaches
may offer an improved strategy for determining the successful
aggressive treatment [46]. It has also been established that the
support of skull defect repair using Cognitive behavioural thera-
py (CBT) and art therapy techniques improves cognitive functions
and reduces anxiety and depression symptoms in the early post-
operative period from 36 to 7 points [47]. Cognitive impairment
underlies TBI-related disability, but the relationship between
prognosis and general functioning in daily life has not been suf-
ficiently studied [48]. Therefore, CBT is the preferred therapeutic
approach for treating behavioural and emotional disorders. How-
ever, future research should aim at studies in more diverse pop-
ulations depending on the severity of the injury, the age of the
patients, and the specific culture [49].

CONCLUSION

Thus, improving the diagnosis and treatment of TBI re-
mains a highly relevant issue due to the multicomponent nature
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Tab6auya 3 [owazo8as mepanua Hopmanusayuu B4 y demel ¢ maménol YMT

Yrny6nenue cegaunm/penakcaymum
MN3meHeHne NonoXKeHWs ronosbl
Hopmanusauus Temnepatypbl Tena

Hopmanusauusa B4/, %
100

87
39

YcTpaHeHue GakTopoB MOBbIWEHUA AaBAEHUA B rpyau/*usote 18

YcTpaHeHne nHeBMO-/remoTopakca
Bcero 39
[pob6Hoe BbiBegeHMe NMKBOpPA. MNpn HEBO3MOXKHOCTHU

3

2 28 (3pdeKT He CTolKKMIA)
BbINO/IHEHMA LWar NPonycKaeTca
3 S:;f’(::r'g)rT;;if:g;ﬂ;?“z*ﬁzf:EIT:;Z(;BCI(?E;OH:?/(I;%%TMBHO_ OctanibHble nauueHTbl (61) (M3 HUX cTONKKIA abdekT — 17)
4 MnepseHtTUNALMa UBJ 14,3 (M3 HUX CTONKUI 3ddeKT — 14)
5 BapbutypoBas Koma (pelieHue B pesynbraTe KOHCUAMYMa) 16,7 (36,6 — HapacTaHue BY[, nosTopeHue KT)
6 AT4 OcraBwweca 15

MpumeyaHwue: Tabauua coctagneHa no gaHHbiM KosbixankuHa WA ¢ coasr. [30]: UBJ1 — UCKyCCTBEHHAA BEHTUAALMA Nérkux, KT — KomnbtoTepHas Tomorpadus; ATY —

AeKomnpeccMBHaA TpenaHaumMa Yyepena

Table 3 The incremental treatment for the normalisation of ICP in children with severe TBI

Step Characteristics The normalisation of ICP, %
Deepening sedation/relaxation 100
Change in the head position 87
The normalisation of body temperature 39
Elimination of pressure factors in the chest/abdomen 18
Elimination of pneumo-/hemothorax 3
Total 39
2 Fractionated CSF withdrawal. If it fails, the step is skipped 28 (the effect is not long-lasting)
3 miﬁ;r:tsi\zc)):lf;:iuizgr;lzfig‘r:nclsrtlila:(lgrzl((l)foﬂrfgf/llisgt) stepls The rest of the patients (61) of which lasting effect in 17
4 ALV hyperventilation 14.3 (of which lasting effect — 14)
5 Barbiturate coma (based on the multidisciplinary consultation)  16.7 (36.6 — increase in ICP, repeat CT)
6 DC Remaining 15

Notes: the table was compiled according to Kolykhalkin IA et al [30]: ALV — artificial lung ventilation, CT — computed tomography; DC — decompressive craniotomy

COMPOBOXKAEHME MNACTUKM AedeKTa yepena MeTofaMu KOrHUTUB-
Ho-nosegeHyeckoit (KNT) v apT-Tepanum cnocobCTBYET yay4LWEHMIO
KOTHUTUBHBIX GYHKLMIA U CHUKEHUIO YPOBHA TPEBOXKHO-AENPECCHB-
HbIX CUMMNTOMOB B paHHeM Moc/aeonepaLmMoHHOM nepuoge ¢ 36 ao
7 6annos [47]. KOrHUTMBHbIE HapyLIEHWUA NeXKaT B OCHOBE MHBaNUA-
HocT nocne YMT, ogHaKo CBA3b MPOrHO3a ¢ 06WyM GyHKLMOHMPO-
BaHWEM B MOBCEAHEBHOMN KM3HW MCCNegoBaHa HeaocTaToyHo [48].
KNT aBnaetca npeanoyTMTeNbHbIM TepaneBTUYECKMM NOAX0A0M ANA
NeYeHns NOBeAEHYECKMX U SMOLMOHANbHbBIX PacCTPOMCTB, OLHAKO
JanbHelwWwmne uccaefoBaHuA AOMKHbI 6bITb HALeNeHbl Ha NpoBese-
HWe nUccnegoBaHMin Ha bonee pasHOOOpPa3HbIX rpynnax HaceneHus B
3aBMCMMOCTM OT TAXKECTM TPAaBMbl, BO3PACTa NaLMEHTOB, NPUHAANENK-
HOCTM K 0coboli KynbType [49].

3AKNIOYEHUE

Takvum 06pa3om, aKTyanbHOCTb YCOBEPLIEHCTBOBAHUA AMArHO-
CTUKM N nedeHna YMT oCcTaéTca Ha BbICOKOM YPOBHE, B CBA3WN C MHO-
FOKOMMOHEHTHOCTbIO HapYLUEHWIA/NPOABAEHMIA MOBPEXKAEHNSA r0/10B-
Horo mo3ra. OCHOBHble TeHAEHLMW MUCCNeaoBaHUt B obnactn YMT
BK/IKOYAIOT: 1) ANArHOCTMKY C Le/blo AeTann3aumnm/yTouHeHUs A0Nro-
CPOYHOrO NPOrHo3a; 2) neverne YMT npu KOMOPOUAHBIX COCTOAHUAX;

604

of manifestations of brain injury. The main trends in research in
the TBI area include: 1) appropriate diagnostics with the predic-
tion the long-term outcomes; 2) treatment of TBI combined with
comorbid conditions; 3) implementation of minimally invasive
methods for severe TBI diagnosis and treatment; 4) study of the
pathophysiological mechanisms of TBI and identification of ther-
apeutic targets.
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3) ManonHBa3MBHbIE METOABI NeYeHUn TAXKENbIX YMT 1 guarHocTuka
nocpeacTBOM HEMHBA3MBHbIX NOAXOAO0B; 4) uccieaoBaHNe MeXaHw3-
MOB pa3BuTUa YMT U1 TepaneBTUHECKMX MULLEHEN ANA Pa3BUTMA Ha-
npaBaeHVA MeanKaMeHTO3HOrO IeYeHuA.

10.
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