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Pe3rome

KimHnveckasi KapTHHA II0KA XapaKTEPU3YeTCs] PAa3BUTHEM CHCTEMHBIX FeMOJIMHAMUYECKUX, TEMOPEO-
JIOTHYECKHUX, TUIIOKCUYECKUX U MeTaboJIMUYEeCKUX Hapy[HeHHﬁ. B nmarorenese Pa3BUTUA TPABMATUYECKOTO
IIIOKA, KaK BapraHTa TUIIOBOJIEMUYECKOT0 III0KA, BeyIIle POJIM OTBOIATCS BIPAXKEHHOCTH IIOBPEXKAAI0-
IIIEr0 BO3/IENCTBUsI, BDEMEHHOMY MHTEPBAJIY, JOCTATOYHOMY JJIsI PA3BUTHS [1ATOJIOTUYECKUX PEaKIUii, He-
COOTBETCTBUIO TKAHEBOI ITepy3nun MeTabOTNIECKUM IIOTPEOHOCTAM OpraHN3Ma, HapyIIeHUIo adpoOHOTro
OKHCJIeHUsI B TKaHX. KoMIIeKCHasI TpUMeHeHne MHOTOKOMITIOHEHTHON MHTEHCUBHOM Tepaliy, BpEMEHHOE
COOTBETCTBHE MAaTO()U3NOIOTUUECKIM N3MEHEHUAM — JIOCTAaTOYHO CJI0KHAsA 3a7jada B aCIIeKTe IpaKkTude-
CKOT0 IPUMeHEeH!s aHeCTe310JI0TOM-PeaHNMaTOI0rOM.

Ilens 0630pa. [TokasaTs 0COOEHHOCTH U IIOCJIE0BaTeIbHOCTh U3MEeHEeHN ], BO3HNKAIOIINX B Opra-
HU3Me [IPY Pa3BUTHHU TPABMaTUYECKOTO III0KA, 3aKOHOMEPHOCTD ITPOSIBJIEHUS KTNHUYECKUX IPU3HAKOB,
BO3MOXHOCTHU METOAOB IIPUMEHEHUA MHTEHCUBHOH Tepannu C Yy4eTOM IIaTOJIOTrnIeCKUX pealﬂmﬁ npu
TPaBMaTUYECKOM IIOKe.

MarepwuaJt. [Touck nHpOpMaIuu TpoBoAMJICcs B 6a3ax qanabix PubMed, PTHL], 3 KOTOPBIX OKOHYA-
TEJIbHO 0TOOPaHO 80 UCTOYHUKOB, OTPAKAIOIINX COBPEMEHHBIE JiedeOHbIe [TOXO0/Ibl, Pe3YJIBTaThl HAyYHbIX
HccIeOBaHUN 110 TeMe JaHHOT0 0630pa, a TakKe KIMHUYECKIe PeKOMeHJaIiN.

Peayserarhl. PaccMOTpe i OCHOBHBIE 3TallbI [TATOreHe3a TPaBMaTHIeCKOro IoKa. [IpoaHamM3npoBaIm oc-
HOBHBIE 3aKOHOMEPHOCTH Pa3BUTHSI CEPIEYHO-COCYJUCTON U IbIXaTeIbHON HE0CTaTOYHOCTH, OL|EHU/TN KPH-
TepUHU CTEIICHU X BBIPAMKEHHOCTH, ITI0OKAa3aJIU CJIOKHOCTb Bmﬁopa CIoco00B 1 METOO0B HHTEHCUBHON Teparuun.

3akJodenne. PeciupaTopHas MoffepiKKa, HOpMaTu3anusa KapANOTeMOANHAMUKY U ONTUMU3aINs
KHUCJIOPOAHOTO CTaTyca ABJIAIOTCS SIBJIAETCS BaXKHEHIIMMU COCTABJIAIONINMH JIedeHNs TallNeHTOB C TPaB-
MaTH4ecKUM moKOoM. COBpeMeHHBIE CIIOCOObI KOHTPOJIS JbIXaTeIbHON HEe0CTATOYHOCTH [T03BOJISIIOT OIle-
PpaTHUBHO OLIEHUTH CTETIeHb PACCTPOHCTB (PYHKIIUU NbIXaHUs, BEIABUTH IPUINHY U MHIUBUAYATN3UPOBAHO
MOZOWTHU K KOPPEKIIUY UMEIOIIMXCsI HAPYIIIEHHH C y4€TOM BO3POCIIMX BO3MOKHOCTEN MCKYCCTBEHHOM BEH-
TUJIANNAY JIETKUX. 3aMeleHre 06beMa NUPKYINPYIoIeil KpOBU HAaIIpaBJ/IEHO KaK Ha JOCTIKEHNEe TeMO/IH-
HaMHU4YecKoro adeKTa, Tak ¥ Ha BOCCTAaHOBJIEHHUE COIEeP;KaHUs HCTOYHIKOB IEPEHOCYUKOB KUCI0PO/A 1
IMJIA3MEHHBIX IIPO- 1 aHTUKOAT'YJITHTHBIX (baKTOpOB. MaxkcumaJibHO paHHAA 1 TOJHOLIEHHAasA THTEeHCUBHaA
Teparund IM03BOJIAET YIYYIIUTb IPOTrHO3 U UCXOA Y TAlTMEHTOB C TPABMAaTUY€CKUM IIIOKOM.
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Summary

The clinical manifestation of shock is characterized by systemic circulatory disturbances andblood flow,
hypoxic and metabolic disorders. The leading role in the pathogenesis of traumatic shock (the subtype of a
hypovolemic shock), is assigned to the severity of the damaging effect, the time interval sufficient for the de-
velopment of a pathophysiological response, mismatch between body tissue perfusion and the metabolic re-
quirements, and impaired aerobic oxidation in tissues. The use of a comprehensive multicomponent intensive
care strategy matching the pathophysiological changes is a difficult challenge for a critical care physician.

The aim of the review is to demonstrate the specific features and sequence of events occurring in the body
during the development of traumatic shock, the pattern of manifestations of clinical signs, and potential use
of intensive therapy methods tailored to the pathophysiological responses in traumatic shock.

Material. The information search was carried out in the PubMed and RSCI databases, among which 80
sources were finally selected, representing current therapeutic approaches, the results of scientific research
and clinical guidelines related to the scope of this review.

Results. The main stages of traumatic shock pathogenesis were reviewed. The basic patterns of cardiovas-
cular and respiratory failure development were analyzed, the criteria of their severity were evaluated, and the
complexity of the selection of intensive therapy was shown.

Conclusion. Respiratory support, stabilization of cardiac and circulatory parameters and optimization of
oxygen status are the most important components of treatment of patients with traumatic shock. Current
methods of respiratory failure control allow to estimate promptly the severity of respiratory dysfunction, reveal
the cause and correct existing disorders in an individualized way taking into account the better availability of
mechanical ventilation. Replacement of circulating blood volume is aimed both at achieving hemodynamic
effect and restoring the concentration of sources of oxygen carriers and plasma pro- and anticoagulant factors.
The earliest and most comprehensive intensive therapy can improve the prognosis and outcome in patients
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with traumatic shock.
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BBenenue

[ITok — aTo mpoIlecc, XapakTepUu3yIUNCA
CHCTEMHBIMH TeMOIMHAMUYECKIMHU, TeMOPEO0JIO-
TUYECKUMU, THIIOKCHYECKUMH U METa00JINYECKH -
MM PacCTPOMCTBAaMH, OCTPO BO3HUKAIOIUHU B
pe3yJibraTe UCTOIIEHNsI KOMIIEHCAaTOPHBIX peak-
MU OpraHM3Ma Ha BO3JeUCTBUE ITOKOT€HHBIX
¢akTOpOB IIpH psijie HO30JI0TUYeCKUX (popm [1-3].
TepMUHOJIOTUUECKH ITIOK HEJIB3sI paCCMaTPUBATh
KaK JUarHo3, CHHIPOM WJIX CUMIITOM, OH Pa3BUBa-
eTCs KaK OCJIO’KHEeHVEe OCHOBHOIO 3a00JIeBaHUS,
II09TOMY HEe MO>KET OBITh PUYNHON cMepTH [1].

7151 pa3BUTHUS COCTOSTHUS IIOKA HEOOXOIMMO
coyeTaHMe psijla He3aBUCUMBbIX (DAKTOPOB:

1. BeIpaskeHHOCTH TOBPEYKIAIOIIETO BO3 e -
CTBUS (IIOTEHITUATLHO CMEPTETLHBIN XapaKTep).

2. CyuiecTBOBaHUS IIPOMESKYTKA BpEMEHU,
JIOCTaTOYHOTO JJIsI Pa3BUTHUA MATOJOTAYECKOH
peakIuy opraHruama.

3. HecoorBeTcTBHE reMOIUPKYJIALINY U TKA-
HeBOU mepdy3uy MeTaboJNYeCKUM MOTPeOHO-
CTSIM OpraHU3Ma.

4. Hapy1reHue aapo6HOTO OKUCJIEHUS B TKa-
HsX. KpaTko 110K MOYKHO OXapaKTepru30BaTh Kak
«KPU3UC MUKPOLUPKYJIAIUN» (2, 4, 5].

Bce BUABI IIIOKA C IPUHSATO YCJIOBHO JEJUTH
Ha KapIMOTeHHble — IEPBUYHO CBsI3aHHbBIE HECO-
CTOSITEJIBHOCTBIO HACOCHON (PYHKIIMU cepjla, U
TUIIOBOJIEMUYECKe — 00yCJIOBJIEHHBIE CHUKE-

Introduction

Shock is a process characterized by systemic
circulatory abnormalities, blood flow, hypoxic and
metabolic disorders. Shock is developing acutely as
aresult of altered body compensatory responses to
the shockogenic factors in various patholo-
gies [1-3]. Terminologically, shock cannot be con-
sidered as a diagnosis, a syndrome or a sign; it de-
velops as a complication of the underlying disease,
and therefore it cannot be considered as a direct
cause of death [1].

A combination of several independent factors
necessary for the development of shock includes:

1. Severity of the damaging effect (potentially
lethal nature).

2. Time interval sufficient for the develop-
ment of the body's pathophysiological response.

3. Mismatch between blood tissue perfusion
and metabolic needs of the body.

4. Abnormal aerobic oxidation in the tissues.
Briefly, shock can be described as «microcirculatory
crisis» [2, 4, 5].

All types of shock are conventionally divided
into cardiogenic (primarily associated with failure
of cardiac pump function) and hypovolemic
(caused by reduced circulating blood volume, fol-
lowed by a decrease in venous return, cardiac out-
put, systemic blood pressure and perfusion of or-
gans and tissues) [4, 6].
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HHEeM oO0beMa nmupkyaupyomei kposu (OLK), ¢
IIOCJIEAYIOIIM yMEHbIIEHNEM BEHO3HOI'O BO3-
BpaTa, CepAeYHOT0 BLIOPOCA, CHCTEMHOTO apTeEPH-
QJIBHOTO JIaBJIE€HUs U runonepdysueidl OpraHos U
TKaHelu [4, 6].

ITarou3unosiornyeckue Npouecchl
IPH TPAaBMaTH4€CKOM LIIOKe

TpaBMaTU4YeCKU IIOK SBJISIETCS PA3HOBU/L-
HOCThIO THMIIOBOJIEMHYECKOTO IIIOKA, OJHAKO
MMeeT P BaKHBIX 0COOEHHOCTEH maToreHesa u
KJIMHUYECKOTo TeueHus [3, 4, 7]. Ero BayKHeUIIIum
IIyCKOBBIM 3BEHOM CJIY>KUT OCTpas KPOBONIIOTEPH.
[Tog TepMUHOM KPOBOMOTEPS IIOHUMAETCS UHIH-
BHAyaJbHAas peaknus OpraHu3Ma Ha I[O0Teplo
KpOBH, a He 00'beM KPOBH, «BBIKJTIOUEHHBIN» U3
KpoBooOpailienusi. BHauaje aTa peakusi HOCUT
KOMIIEHCATOPHO-IIPUCIIOCOOUTETHHBIN XapaKTep,
IyTeM Ilepepacupe/esieHusi KpoBH, obecriednBast
COXPAHHOCTb CTPYKTYPHI U (DYHKIIUIO YKU3HEHHO-
Ba’KHBIX OPTaHOB. PelyKI1si 00'b€EMHOTO KPOBO-
TOKA MPOUCXOJUT B ONpeaeIeHHON MocJie/I0Ba-
TeJIbHOCTHU: KO’Ka 1 CKeJIeTHbIe MBIIIIIBI, II0YKH,
JierKue, ieYeHb, cep/ile U TOJI0BHOU MO3T (4, 8].

OpHako, IpooJIKAOITIEECs B TPOIIecce IIoKa
KpPOBOTEYEHME, HECOCTOATETbHOCTh KOMITEHCATOP-
HBIX PeaKINi OpraHu3Ma U JieueOHbIX MEPOIPHUSI-
TUH OPUBOJAT K PA3BUTUIO «IIOPOYHBIX KPYTOB»
MaToreHe3a, NMPOrPecCUPOBAaHUI0 TUIIOKCUM CMe-
IIIAHHOTO TUMA, aKTUBAIMH ITIEPEKNUCHOTO OKUCJIe-
HUA JIMIIUAOB, cTady apurpounutos [9]. CreneHb
Cy’KeHHUA IPEeKaANIAPHBIX apTepUOJI OIIpeeJIsieT
YUCI0 (PYHKIIMOHUPYIOIINX KallUIJISIPOB, a reMa-
TOKPUT — BSA3KOCTHbIE ¥ MUKPOPEOJOTUYECKHE
XapaKTEePUCTUKHU KPOBU (CIIOCOOHOCTDH 3PUTPOILIH-
TOB «IIPOTHUCKUBATHCSI» Yyepe3 (PyHKIIMOHUPYIOIIe
KalmuJLISIpbI, 00eclieunBas Mmaccayk KUCI0poaa B
TkaHm) [10]. Hapymmenns KpoBooOpaleHnst Ha MUK-
POLMPKYJIATOPHOM YPOBHE, BO3HUKAIOIIWE IIpU
OCTpOM KPOBOIIOTEPE U BCET/IA TSXKeJIbIe TIPU TPaB-
MaTU4YeCKOM IIOKe, SIBJISIIOTCS KJIIOUEeBbIM I1aTore-
HETHYeCKUM (haKTOPOM PA3BUTUS TUTIOKCUU U JTUC-
(pyHKIIMU OpraHOB, TSKEJBIX MeTabOTUIeCKIX
HapyIIeHUA 1 THOeJH KJIETOK TI0 MEXaHU3My HeK-
po3auiu anorrosa [11].

BaskHbIM ITaToreHeTUYEeCKUM (paKkTopam pas-
BUTHS TPAaBMATUYECKOTO IIOKA TAKKe ABJIAETCS
00Jb, TOTEHHUPYIOIIAsi HEeHPOIHTOKPUHHbBIE
n3MeHeHHs B BUJe aKTUBAIMU, a 3aTeM MCTOIIle-
HUs (PYHKIIUU TUN0(HU3apHO-HAAIOUYeYHUKOBON
CHCTEMBI, YTO COITPOBOJKTAETCSI BBIOPOCOM 3HJI0-
TFeHHBIX KaTeX0JIaMUHOB, NIIOKArOHA, yTHETECHUEM
CeKpelnu NHCYINHA, «CTPECCOBOM» rUNepiInKe-
MHel, HapylleHusIMA MHUHEPAIbHOIO U BOIHO-
3JIEKTPOJIUTHOTO 0OMeHa. B oTcpoyeHHOM Iepuo-
Jle IIOKa pa3BUBAIOTCA W3MEHEHWsI CeKpeluu
TUPOKCHUHA, TOPMOHA POCTa, CIIEKTpa u nepude-
pUYeCKOM KOHBEPCUU MOJIOBBIX TOPMOHOB [12].

Pathophysiology of traumatic shock

Traumatic shock is a type of hypovolemic
shock with several important pathogenetic and clin-
ical features [3, 4, 7]. Most commonly it is triggered
by acute blood loss. The term blood loss refers to the
individual response of a body to blood loss, not the
volume of blood removed from circulation. Initially,
these responses represent compensatory and adap-
tive reaction ensuring maintenance of structure and
function of vital organs by blood redistribution. Vol-
ume blood flow reduction occurs in a certain suc-
cession: first skin and skeletal muscles, then kid-
neys, lungs, liver, heart and brain [4, 8].

However, continuing bleeding during shock,
failure of compensatory reactions of the body and
unsuccessful therapeutic measures cause abnor-
mal «vicious circles», the progression of mixed-type
hypoxia, activation of lipid peroxidation, red blood
cell stasis [9]. The degree of pre-capillary arterioles
constriction is responsible for the amount of func-
tioning capillaries, and hematocrit is responsible
for viscosity and microcirculatory blood properties
(the ability of red blood cells to «<squeeze through»
functioning capillaries, providing oxygen passage
to tissues) [10]. Microcirculatory disorders occur-
ring in acute blood loss and always being severe in
traumatic shock, are a key pathogenetic factor of
hypoxia and organ dysfunction, severe metabolic
disorders and necrotic or apoptotic cell death [11].

Pain is another important pathogenetic factor
of traumatic shock, potentiating neuroendocrine
activation followed by depletion of pituitary-adrenal
system function, accompanied by the release of en-
dogenous catecholamines, glucagon, inhibition of
insulin secretion, stress-induced hyperglycemia,
disorders of mineral and water-electrolyte metabo-
lism. Later in shock altered secretion of thyroxine,
growth hormone, range and peripheral conversion
of sex hormones appears [12].

Massive injuries of soft tissues and bones
cause release of cytolysis products into the blood-
stream, which contributes to toxemia, renal epithe-
lium damage and acute fat embolism syndrome,
which occurs in 30% of multiple fractures of long
bones and pelvis [13].

Classically, traumatic shock has several
phases. The pioneering Russian surgeon Nikolay
Pirogov gave an accurate description of its erectile
and torpid phases. In numerous attempts to de-
velop classifications of traumatic shock, four
groups of parameters were used to describe the fol-
lowing aspects: reduced hemodynamic efficiency;
extent and character of injuries; severity of blood
loss and degree of loss of consciousness. Based on
the combination of these characteristics, traumatic
shock is traditionally classified according to its
severity into mild, moderate, severe, and terminal
(Stages I, 11, 111, and IV, respectively).
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OO6mmpHbIe TOBPEKIEHNUs MATKIX TKAaHEH 1
KOCTeH 00yCI0BIMBAIOT IOCTYIIJIEHE B KPOBOTOK
MPOAYKTOB ITUTOJIN3a, KOTOPBbIE CIOCOOCTBYIOT
Pas3BUTHIO TOKCEMUM, IOBPEKAEHUIO [IOUEYHOI0
AMUTEUS U OCTPO (DOPMBI CUHJpOMA KUPOBOH
aM00JIMH, YacTOTa Pa3BUTHS KOTOPOTO IIPH TPaB-
Max C MHOKEeCTBEHHBIMU IT€PEJIOMaMM TPyOUIaThIX
KocTel u Ta3a mocturaet 30% [13].

B ks1accuueckoM npefcTaBJIeHUN TpaBMaTU-
4ecKui 1Mok nMmeet pa3doBoe Teuenue. H. . ITupo-
T'OB J1aJ1 aKTyaJIbHOE JI0 HACTOSIIIIEr0 BpeMeH! OIn-
CaHUe ero apeKTUJIbHOU U TopnuaHOH ¢asbl. [Ipu
MHOTOYHMCIEHHBIX TONBITKaX pa3paboTKM! KIacCu-
(pukanuii TpaBMaTUYECKOTO III0KA UCIIOJIb30BAJIH,
KaK IIPaBUJIO, YEThIpe IPYIIbI IOKa3areJsiel, onu-
CHIBAIOIINX CHUKeHe 3(D(PeKTUBHOCTU reMOu-
HaMHKH; OOIIMPHOCTH U XapaKTep MOBPEsKIEHUL;
BBIPQYKEHHOCTh KPOBOIIOTEPU U CTEIIeHb yTPaThl
CO3HaHUs. V13 COBOKYITHOCTH 9TUX XapPAKTEPUCTUK
MIPUHSATO JeJIUTh TPaBMaTUYeCKUH LIOK I10 CTele-
HU TSPKECTHU Ha JIETKUU, CpelHEel TSKeCTH, TsKe-
gl 1 TepmuHanbHbIi (I, I, IIT u IV cT. cooTBeT-
CTBEHHO).

OnHako, mogo0HbIe KIaccupUKaIuy Hanbo-
Jiee TPUTOMHBI JINIIb AJs TPUOJIU3UTETbHON
OIIEHKU TSPKECTHU I10Ka, Pa3BUBIIEr0OCSI B OCHOB-
HOM Y 3/I0POBBIX MOJIOJIBIX JIIOJIeH C COXpaHEeHHOH
PE3UCTEHTHOCTBIO OPraHu3Ma.

Ba)kHOW 0COOEHHOCTHIO PA3BUTHSA TOJH-
TPaBMbI SIBJISIETCS «B3AUMHOE OTATOIIEHUE» COBO-
KYITHOCTU MeXaHNYeCKUX IIOBPEsKIEeHUH 1 IIaToJI0-
TAYECKUX BO3JiercTBUI. OCHOBHBIMU (DaKTOpaMU,
OIlpefieJIII0IIUMUA  TeuyeHre TpPaBMaTUYeCKOIo
III0KA, SIBJISIIOTCS: CTPYKTYPa U TAYKECTh I10JIy4eH-
HOU TpaBMBbl, HUMelONIecsd KOMIIEHCATOpHbIe
pe3epBBI OpraHmu3Ma, UHANBUAyaJIbHbIE 0COOEeH-
HOCTH NIaTO(PH3NO0JIOTNUECKUX PeaKIUil, CDOKU U
Ka4yecTBO JedyeHus [14-16]. [loaTromy a4 onpene-
JIEHUs PHCKa TPABMBI, TSIPKECTH I110Ka, (passl ero
pa3Butusi, 3PEPHEeKTUBHOCTHA JeUeOHBIX BO3IEN-
CTBWH ¥ IOCTPOEHUsI IPOTHO3a pa3pabaThIBaOTCS
U UCTIOJIb3YIOTCSI MHOTO(DAKTOPHBIE IIKAJIBI, KOTO-
PpbIe JeJIsITCS Ha IBE OCHOBHbIE KaTerOpUU:

1. [IkaJspl OLIEHKHU TAKEeCTU IOBPEYKIeHNH.

2. lIkaapl OLEHKU TSAYKECTU COCTOSIHUA U
rmocTpoenus nmporuosa. O6paboTka psiga yaeabpHoO-
B3BellIeHHbIX [IapAMETPOB I1I03BOJIsIET CUCTEMHO, C
BBICOKOU 4yBCTBUTEJIBHOCTBIO U IIPeACKa3aTesIb-
HOCTBIO JAWHAMHYECKH OIeHMBATh COCTOsSIHUE
OosbHOTO B Oasax Kak MHANBHUIYATbHO, TAK U B
uccaegyeMou rpymune [16, 17].

CTpyKkTypa TpaBMbI, B CBOIO O4Yepenp,
00ycJaBIMBaeT Kak BBIPASKEHHOCTH PAa3JIMYHBIX
MaTo(pU3NOJOTUIECKHUX peaKInii, Tak U 0COOeH-
HOCTHU KJIMHUYECKUX NIPOsIBJIeHUN TpaBMaruye-
ckoro 11oka. CKkesieTHas1 TpaBMa 4acTO COYeTaeTCsI
C YeperHo-M03TroBOM TPaBMOMU, TpaBMOU JIUIEBO-
r'o CKeJIieTa, IOBPesKIeHUsIMU OPraHoB IPyJHOU U
OpPIONTHOM TOJIOCTH, KPYITHBIX cocymoB [18, 19].

However, such classifications are most suit-
able for approximate estimation of shock severity,
which develops mainly in healthy young people
with intact body reactivity.

Multiple trauma is characterized by mutually
dependent mechanical injuries and abnormal ef-
fects. The main factors determining the course of
traumatic shock include the structure and severity
of the trauma, available compensatory capabilities
of the body, features of pathophysiological reac-
tions, and timing and quality of treatment [14-16].
Therefore, multifactorial scales have been devel-
oped and used to determine the risk of injury, the
severity and phase of shock, the effectiveness of
treatment, and to predict the outcome, which fall
into two major categories: scales assessing the
severity of injuries and scales assessing the illness
severity and predicting prognosis. Using several key
parameters allows a systematic, highly sensitive
and predictive, score-based assessment of the pa-
tient's condition both individually and in the
group [16, 17].

The structure of trauma affects both the sever-
ity of various pathophysiological responses and
clinical manifestations of traumatic shock. Skeletal
trauma is often combined with traumatic brain in-
jury, facial skeletal trauma, injury of thoracic and
abdominal organs, as well as major blood ves-
sels [18, 19]. The contusion and compression of the
brain by intracranial hematoma usually associates
with a loss of consciousness, impaired central reg-
ulation of respiratory function and vascular tone,
suppression of productive cough followed by
oropharyngeal aspiration occurring in up to 60% of
coma patients [19]. Facial skeletal trauma impairs
pulmonary ventilation due to upper airway ob-
struction [20]. Disrupted integrity of the thoracic
skeleton and damage to the respiratory muscles in
severe chest trauma can be accompanied by
pneumo- and hemothorax, lung and heart contu-
sion/rupture [21, 22]. In addition to blood loss,
splanchnic organ injuries result in increased intra-
abdominal pressure, decreased mesenteric blood
flow, and restricted diaphragmatic excursion [23].
Nevertheless, pathophysiological disorders occur-
ring in patients with traumatic shock have some
common features in different patients. They are
characterized by impaired gas exchange in lungs,
which causes pulmonary hypertension, and, if
compensation mechanisms are preserved, by in-
creased cardiac performance [24, 25]. In patients
with massive blood loss systemic hypotension can
associate with altered function of both the right and
the left ventricles. Reduced coronary perfusion in
severe acute anemia leads to exhaustion of com-
pensatory myocardial capacities and circulatory
hypoxia [26]. Simultaneously, oxygen capacity of
blood decreases, peripheral blood flow and oxygen

utilization change. Loss of platelets and plasma co-
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Viub ¥ caaBjeHre TOJIOBHOTO MO3Ta BHyTpUYe-
penHoi TeMaToMON OOBIYHO CONPOBOKIAETCS
yTpaToll CO3HAHUs, HApYyIIeHNueM I[eHTpaJbHOU
perysisinuu (pyHKIIUY BHELTHETO IbIXaHUs U COCY-
JUCTOTO TOHYCA, IIOJAaBJIEHMEM IPOLYKTHUBHOIO
KalllJIs C HoCc/IeAyIollel acnupanueii cogepsKuMo-
0 POTOIVIOTKH, YaCTOTA KOTOPOH nocturaet 60%
y 6071bHBIX B KOMe [19]. TpaBMa JIUIIEBOTO CKeJIeTa
HapyllaeT JEerOYHYI BEHTWJIALMIO 3a CYeT
O0OCTPYKIIMY BEPXHUX JIbIXaTeJIbHBIX TyTel [20].
Hapymenune 1eJJOCTHOCTH I'PyJHOIO Kapkaca 1
MIOBPEsKIeHNs JbIXaTeIbHBIX MBIIIIIL [IPU TAKEJION
TpaBMe I'PyJyd MOI'YT COIIPOBOKIATHCS Pa3BUTHEM
ITHEBMO- ¥ TEMOTOPAaKca, yIrmda/ pa3pbiBa JETKUX
u cepaua [21, 22]. IloBpeskaeHus ClJIaHXHUYECKUX
OpraHoB, IIOMHMO IIOTEPHA KPOBH, IIPUBOIAT K
TTOBBIIIIEHUIO BHYTPUOPIOIITHOTO aBJIeHNs], CHU-
SKEHHUIO ME3eHTepUaJIbHOI0O KpPOBOTOKA U
OrpPaHUYEHMIO dKCKypcuu nuapparmsl [23]. Tem
He MeHee, TaTo(pU3N0JIOTNYECKHE PACCTPOMCTBA,
BO3HUKAIOIMKE y OOJbHBIX C TPaBMATHYECKUM
IITOKOM, IMEIOT ¥ Pa3TMYHBIX O0TBHBIX PSIT OOTITIX
4epT. OHU XapaKTepU3YyIOTCA HapylLlIeHueM ra3o-
oOMeHa B JIETKHX, YTO 00YCJIOBJINBAET Pa3BUTHE
JIETOYHOW TUIEPTeH3UH, M, NPU COXPAHEHUU
MEXaHM3MOB KOMIIEHCAlluY, YBeJIUYEeHUEeM IIPOo-
M3BOJIUTEJLHOCTH cepara [24, 25]. Y 60JbHBIX C
00JBIION TI0 00'bEMY KPOBOIIOTEPEH pa3BUTHE
CHUCTEMHOU r'IMOTeH3UHN MOSKET COIIPOBOKAATHCS
n3MeHeHneM (PyHKIIMOHAJIbHOU aKTUBHOCTH, KaK
IIpaBBbIX, TaK U JIEBBIX OTIeJI0B cepana. CHuKeHue
KOpPOHApHOH nepdy3nu Ipu BbIPAKEHHOU OCT-
poil aHeMuU NPUBOJIUT K UCTOILIEHUIO KOMIIeHCa-
TOPHBIX BO3MOKHOCTEH MHUOKapjaa U pa3BUTHUIO
LUPKYJIATOPHOU TUNIOKCUH [26]. OqHOBpEMEHHO
YMEHBIIIAETCA KHUCJIOPOAHAsA €MKOCTb KpOBH,
naMeHsiercs nepudepruieckuii KpoOBOTOK U yTHU-
Jua3anus Kucaopoja. Ilorepss TpoMOOIMTOB U
IJIa3MeHHBIX (PaKTOPOB CBEPTHIBAEMOCTH, HAPY-
LIEHUAA MUKPOLYPKYJIALINA KPOBHU C IIOCJIEAYI0-
el arperaryeii ee GpopMeHHbIX 3JIEMEHTOB POp-
MHPYIOT  KOaryJomaruio, CIOCOOCTBYIOIIYIO
IIPOJIOJIYKEHUIO KpOBOTeueHus [27, 28].

B aTuX yC/JI0BUSIX IIOK, CONPOBOKIAIOIINN
TpaBMy, pa3BUBaeTCA CTPEMUTEJBHO U TAXKEJI0, a
TedyeHUe TpaBMaTU4YeCKOU 00JiIe3HN B OOJIBIIIIH-
CTBe HaOJIIOJIEHNH OTATOIIAETCSA Pa3BUTHEM MHO-
TUX OCJIOSKHEHUU CO CTOPOHBI BHYTPEHHUX Opra-
HOB, B TOM YHCJIe CUCTEMHOIN BOCHIAJIUTEIbHON
peakinu B OCTPOM Iepuojie TpaBMbI [29].

HNHTeHcuBHasA Tepanus
TPaBMaTH4Y€CKOI0 IOKa

Kaunnveckue IIPpU3HAKHU TPABMATHUYIE€CKOI'O
IOKA IIpHu BCEM MHOI‘OO6pa31/II/I nx HpOHBJ’IeHI/If/i n
Pa3/INYHBbIX CPOKAX pEerucrpanyu HMEIOT pPAN
O6H.[HOCTefI, YTO 0COOEHHO BaskKHO B YCJI0BUAX
MNpUHATHA peI_HeHI/Iﬁ y OOJIBHBIX C HeOo4YeBUIHbIMU

agulation factors, abnormal microcirculation with
resulting cell aggregation cause coagulopathy,
which prevents hemorrhage from stopping [27, 28].

Thus, trauma-associated shock develops rap-
idly and critically, and traumatic disease in most
cases is aggravated by many complications of inter-
nal organs, including acute phase systemic inflam-
matory response [29].

Intensive care of traumatic shock

Clinical signs of traumatic shock, with all the
variety of their manifestations and different timing
of registration, have several specific patterns that
are crucial for decision-making in patients with
non-obvious decompensationThe early period is
manifested by compensatory response aimed at
carbon dioxide elimination and pH normalization
through the increase of respiration rate and depth,
pulse rate, systolic (rarely mean) blood pres-
sure [30]. At the same time the initial signs of skin
hypoperfusion (pallor, sweating) are manifested.
The signs of tissue hypoperfusion is accompanied
by changes in pulse oximetry waveform and SpO,
reduction down to 93% and below, the latter de-
pending on both red cell oxygen saturation in cap-
illary blood, and peripheral blood volume flow
rate [31]. The glomerular filtration rate and urine
production decrease simultaneously, and the gra-
dient between external and internal body temper-
ature increases [32, 33]. Venous blood acidosis ap-
pears in laboratory tests (compensated at first),
lactate level increases [34]. Changes in hemoglobin
and hematocrit values, especially in capillary
blood, tend to be delayed and do not always appear
in the initial period of shock [35].

In decompensated pathophysiological re-
sponses, clinical manifestations of traumatic shock
become «classical»: marbling and palpable de-
crease in skin temperature, acrocyanosis, disor-
dered consciousness, changes in respiration rate
(up to bradypnea), severe tachycardia or bradycar-
dia, hypotension, oligo- or anuria, marked changes
in the above and some other laboratory parameters
develop [36].

Control of hemodynamic parameters and
oxygen status optimization are the most impor-
tant treatmernt issues of the acute phase of
trauma. Complications and mortality in the post-
trauma period depend on the severity and dura-
tion of hypoxia, including increased sensitivity of
cells to inflammatory mediators [37, 38]. There-
fore, targeted correction of hypoxia can prevent
complications and reduce mortality in severe
traumatic injuries [39].

Intensive care of trauma complicated by shock
is a multidimensional challenge that requires a
multidisciplinary approach involving a trauma sur-
geon, intensive care physician, neurosurgeon, and
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MIpU3HAKaMM JeKOMIIEHCAlluU. B panHeM nepuo-
Jle OHU IPOSABJIAAIOTCA KOMIIEHCATOPHBIM, HAIIPAB-
JIEHHBIM Ha 3JIMMUHAIVIO YIJICKUCJIOTHI K HOpMa-
ausanuio pH-KpoBu yBeJanW4YeHHWEM 4YacCTOTHI U
TJIyOWHBI IbIXaHWs, YYAIleHUEM IYJIbCa, IO be-
MOM CHACTOJIMYECKOT0, pesKe — CPeJHEro apTepu-
asmpHOTO nasjeHus [30]. OgHOBpeMeHHO Hpo-
AIBJISIIOTCSI Ha4aJIbHbIE IPU3HAKY runonepgysnu
KOsKkH (0JIeTHOCTD, IT0sABJIeHKe n0oTa). CUMIITOMO-
KOMILJIEKC TKaHeBOU runonep@ysuu COmpoBOsK-
JlaeTcsi U3MeHeHUsIMU (POPMBI IYJIbCOKCUMETPHU-
YeCKOM BOJHBI U CHIJKEHHEM IoKa3aress
nynbcokcumerpun — SpO,, 1o 93% u HUXKe,
BeJIMYMHA KOTOPOTO 3aBUCUT KaK OT HACHIIEeHUS
KHCJOPOJIOM 3PUTPOIUTOB B KaANUJIISPHOHU
KPOBH, TaK U OT 00'bEMHOY CKOPOCTHU Tepudepu-
4EeCKOro KpoBoTOKa [31]. OmHOBpeMeHHO yMEHb-
IIIaeTCsI CKOPOCTH KIAYOOYKOBON (DUIIBTPALINN U
NPOAYKIMYU MOYH, yBEJIWYMWBAETCSA I'pafUuCHT
Hapy>KHOU 1 BHYTpeHHEN TeMIlepaTypsl Tedqa [32,
33]. B s1abopaTopHBIX aHAJIN3AX MTOSIBJISIETCS allh-
JI03 B BEHO3HOU KPOBU (BHa4aJie — KOMIIEHCUPO-
BAHHBIN), NOBBIIIAETCS KOHIIEHTpAIUs JIaKTa-
Ta [34]. [Tokasare i reMOTJI00MHA ¥ TeMaTOKPUTA
KpPOBH, 0COOEHHO KaNUJJIIPHOU, UMEIOT OIIpeie-
JIEHHYIO JIATEHTHOCTb U HE BCerna U3MEHAIOTCA B
HavyaJbHOM IIepuofe moka [35].

B mponiecce pa3BuTHSA JeKOMIIEHCAIIAN 1ATO-
($pU3M0TOTUYECKUX PeaKIUi KIUHUYECKUE ITPOo-
ABJIEHUSI TPABMATUYECKOTO IITOKA NPUHUMAIOT
«KJIACCUYECKMU» XapaKTep, MOSBJISIOTCA: Mpa-
MOPHOCTH ¥ OLIIyTUMOE CHUKEHHE TeMIleparyphl
KO’KM, aKPOLIMAaHO3, HApyLICHU CO3HAHUS, U3Me-
HEHUs PUTMA IbIXaHUs (BIJIOTH A0 OpamUITHOE),
BhIpaKeHHasl TaXUKapaus, JJuO0 OpamuKapaus,
TAIIOTEH3Us, OJINTOAaHYPUs, BBIPa’KCHHbIC U3Me-
HEHUs BBINICIICPEYNCICHHBIX W pAfa APYTrux
JTabopaTOPHBIX ITOKa3aTese [36].

BaskHel11ium HalipaBJieHUEM Tepalivuy B OCT-
pBI TIepuoj TpaBMbI SIBJISETCS NpPUMEHEHUe
METOJI0OB HOPMAJIU3aluy KapaIuOreMOINHAMUKHA
Y OITUMHU3ALAYN KUCJIOPOIHOIO CTAaTyCa OpraHu3-
Ma. YCTaHOBJIEHO, YTO PA3BUTHE OCJO0KHEHUU U
JeTaJbHOCTh B MOCTTPAaBMAaTU4YE€CKOM MepUoe
3aBUCUT OT BBIPAYKEHHOCTU M JJINTEJIBHOCTHU
TAIIOKCHY, B TOM YHCJIEe 3a CYEeT IIOBBIIICHUA YyB-
CTBUTEJBHOCTHU KJIETOK K MeraTopaM BocIaJlie-
Hud [37, 38]. [losTOMy 1ieJIeHAaNIpaBJIeHHAs KOP-
peKnus TUIOKCUM MOKeT IpenylnpeguThb
pasBUTHE OCJOKHEHUNW U CHU3UTh YPOBEHb
JeTAJTbHOCTA IIPUA TAMKEJbIX TPaBMaTUYECKUX
IOBpEXACHUAX [39].

NHTeHCcnBHAsA Tepanus TPaBMbI, OCJI0KHUB-
IIelcs pa3BUTHUEM III0KA, 9TO MHOTOKOMITOHEHT-
HasI 3a/1a4a, TpebyroIas MyJIBTUAUCITATIITHAPHO-
ro MOAXOAa C TIPpUBJIEYEHHWEM TpPaBMAaTOJIOTA,
AHeCTe3M0JI0Ta-peaHnMaroJIora, Helipoxupypra u
Xupypra (perfiaMeHTUpPOBAaHO IIpUKa3aMu), IIPpA
HeOoOXOAMMOCTH — APYTHX CHENUATNCTOB [39, 40].

surgeon (as regulated by directives), and other spe-
cialists, if necessary [39, 40]. It should be, firstly, in-
dividualized, i.e., based on the specific individual
clinical presentations, and, secondly, consistent
with the general principles.

These include measures aimed at eliminating
(if possible) the factors causing and maintaining
shock such as stopping bleeding (by using tourni-
quets, initial surgical debridement, laparotomy,
clamping and stapling vessels, etc.) [41].

Simultaneously (not sequentially!), the sever-
ity of respiratory and circulatory disturbances
should be assessed and corrected. If there are phys-
ical signs of a massive pneumo-or hemothorax, ur-
gent pleural drainage is necessary (before radiolog-
ical diagnosis which is mandatory in patients with
thoracic trauma) [42, 43]. Upper airway obstruc-
tion, reduced consciousness and massive aspira-
tion cause ventilation-type acute respiratory failure
(ARF) [44]. The signs of parenchymal ARF include
tachypnea, dyspnea in conscious people, develop-
ment of hypocapnia (ARF Grade 2), hypoxemia
(ARF Grade 3), reduced oxygenation index
(pa0,/FiO,, i. e., the ratio of arterial oxygen pressure
to its fraction in the inspired gas mixture) [44]. ARF
requires intubation and mechanical ventila-
tion [45]. Besides obvious therapeutic effects, me-
chanical lung ventilation directly affects hemody-
namics [46]. The increase of mean pressure in
thoracic cavity reduces venous return to right heart
and cardiac output which is especially important in
blood circulatory volume deficit [47].

Restoration of the circulating blood volume is
a pathogenetic line of shock treatment [47].
Catheterization of several veins, including major
ones, is often necessary for rapid administration of
high volume of fluids [47]. The characteristics of the
fluid therapy regimen include time of initiation,
rate of infusion, composition, ratio of crystalloids
and colloids [47, 48]. These characteristics are al-
ways individual, which is due to unique manifesta-
tions of blood loss in a specific patient, but also to
the time of bleeding control and side effects of flu-
ids [49]. Hemodilution prior to surgical bleeding
control results in decreased platelet count and level
of plasma coagulation factors, which stimulates co-
agulopathic cascade causing hypocoagulation [27,
50]. Administration of high volumes of crystalloids,
especially sodium chloride 0.9%, having lower pH
in relation to blood, leads to dilutional acidosis,
which potentiates disorders of oxyhemoglobin dis-
sociation, capillary failure, damage of renal tubular
epithelium, etc. [51, 52]. In addition, transfusion of
high volumes of dissociating solutions can lead to
their translocation through damaged capillary en-
dothelium according to Starling's law, which is re-
ferred to as «capillary leak syndrome» [53]. Col-
loidal solutions (dextrans, hydroxyethyl starch

preparations, modified gelatine solutions) have
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Ona moskHa OBITH, BO-TIEPBBIX, MHIUBUIYAJIA3H-
POBAHHOM, T. €. OCHOBBIBATHCsI Ha 0COOEHHOCTSIX
TeYeHUsI Y KOHKPETHOTO0 OOJBHOTO, BO-BTOPBIX,
COOTBETCTBOBATH OOIITUM ITPUHITUIIAM.

K HuUM OTHOCATCA MepONIPpUATHS, HalIpaBJIeH-
Hbl€ Ha yCTpaHeHue (110 BO3SMOKHOCTH) IIPUYHH,
BBI3BABIINX M TMONJEPKUBAOIINAX COCTOSTHUE
IIIOKAa: OCTAHOBKA KPOBOTeUYEHUs (HAJIOKeHUe
SKTYTOB, TIEpBUYHAsI XUPypTrUYeckasi oOpadoTka
paH, JIallapoTOMUus, IlepesKarue U CIINBaHue COCy-
JIOB, IIp.) [41].

OnHOBpEMEHHO (He MocJeI0BaTebHO!),
HeoOXo/IrMa OIleHKa CTEeTIeH! PacCTPONCTB (PyHK-
WY IBIXaHUST U KPOBOOOPAIIIeHNsI, IX KOPPEKIIHA.
[Tpu (pusnkaIbHBIX MPHU3HAKAX PA3BUTH S MAaCCUB-
HOTO ITHEBMO/TeMOTOpAaKca HE0OXOIMMO CPOYHOE
(1o ocyIecTBIEHUS JYy4EBON JUArHOCTUKH, 00sI-
3aTeJIbHON JJIs1 OOJIBHBIX C TOpPaKaJabHON TpaB-
MOM), IpeHUPOBAHUE TIJIEBPATBHON MOJIOCTH [42,
43]. HapylieHnue poxoguMOCTH BEPXHUX IbIXa-
TeJIbHBIX ITyTeH, yrHeTeHue CO3HaHUs1, MaCCUBHAsI
acnupanus sBJISIOTCA TPUYUHON OCTPOU NibIXa-
TeJsbHOU HemocTtarounocTH (O/IH) BeHTHIAIMOH-
Horo Tuna [44]. I[lpusnakamu OJIH mapeHxuMaTo3-
HOT'O THUIIA CJIysKaT TaXWUITHOE, OfBIIIKA Yy JIIoJel B
co3HaHuu, nosipjaeHue runokanauu (OH 2 ct.),
runokcemuu (OJIH 3 cT.), CHH)KeHUe HHIeKca
OKCHUT€HAIIN¥ (COOTHOIIEeHVE HAPsyKeHU S KUCJI0-
pojla B apTepuaibHOM KPOBU K ero ppakIinuu BO
BIBIXaeMOM rasoBoii cmecu) [44]. Hammaue OTH
TpeOyeT MPOTe3NPOBAHUSI AbIXaTeIbHBIX MyTEH U
HauvaJsia nposeneHusa MBJI [45]. MckyccTBeHHas
BEHTHJIALNSA JIETKUX 00J1a7aeT, IIOMUMO OYeBU/I-
HBIX J1e4eOHBIX 9(P(EKTOB, HETTOCPEICTBEHHBIM
BJIMAHMEM HA reMOAVHAaMUKRY [46]. [loBblmenus
CpeJHero JaBJeHUs B IPyJHON IT0JIOCTU YMEHbIIIa-
€T BeHO3HbII BO3BpaT KPOBU K IPABOMY Ceplly U
cepIeYHbBIN BRIOPOC, YTO 0COOEHHO BasKHO B yCJIO-
Busx gedurnmura OLIK [47].

Boccranosiienne OILIK — nmaroreHeTuvyeckoe
HaIpaBJIeHUe JIeUeHusI IoKa [47]. [[7s1 6bICTPOTO
BBeJeHUs OOJIBIIIOTO KOJIMYECTBA PacTBOPOB
3a4acTyio HeoOXoArMa KaTepru3alisi HECKOJbKIX
B€H, B T. 4. — MarucrpaJjbHbIX [47]. [Iporpamma
WH(QY3UOHHOU Tepanuu UMeeT psifi XapaKTepu-
CTHUK: BpeMs ee HadaJsa, TeEMII (CKOPOCTh BBeJie-
HUS), COCTaB, COOTHOIIIEHNE KPUCTAJJIOUI0B U
KOJIJIOUJIOB [47, 48]. 3TH XapaKTEpPUCTUKHU BCerna
WHIWBUYaJIbHbI, YTO CBSA3aHO HE TOJIBKO C 0CO-
OEHHOCTSIMU KPOBOIIOTEPH Y HOJIBHOTO, HO U CO
BpeMeHEeM OCTAaHOBKH KPOBOTEUYEHUs, PsIOM
Mo00YHBIX 3 (PeKTOB MHPY3UOHHBIX cpern [49].
[IpoBeneHne reMONUJIIOLUN 10 XUPYPrudecKOn
OCTaHOBKM KPOBOTE€YEHUsI IPUBOAUT K CHUKE-
HUIO KOHITEHTPAITUH TPOMOOITUTOB U MJITa3MEHHBIX
(pakTOpPOB CBEPTHIBAEMOCTH, UYTO CTUMYJIUPYET
TUTOKOATYJISIIMOHHBIN KOAryJaonaTundeckui Kac-
kagn [27, 50]. BBegeHue OOJIBIIIOIO KOJIMYECTBaA
KPUCTAJLIOUIOB, ocobeHHo 0,9% p-pa xJopumga

rapid and strong hemodynamic effect [51, 54].
However, all of them can have various adverse ef-
fects such as nephrotoxicity, impairment of blood
coagulation and red blood cell plasticity, secondary
immunosuppression, which is especially important
in patients with ARF and coagulopathy [55]. There-
fore, dextrans and hydroxyethyl starch preparations
are not currently recommended for routine use in
patients with traumatic shock [51, 52].

Transfusion therapy is the most important el-
ement in the correction of vital functions in trauma
and blood loss. In addition to blood volume
restoration, it helps transfer oxygen carriers and
plasma pro- and anticoagulation factors [56-58].
Transfusion regimens involve blood replacement
with both own blood (obtained from externally
and/or internally drained blood using Cell-Saver
apparatus) and donor red blood cells or fresh
frozen plasma [59, 60]. Transfusions are strictly reg-
ulated by the federal legislation, they should be ini-
tiated under time restrictions related to the need to
identify the recipient's blood group [61, 62]. For
vital indications and lack of time, it is possible to
transfuse two units of group I, Rh-packed RBCs
prior to the determination of recipient's blood
group [61]. To improve the quality of transfusion
media and bring them to a temperature of 37°C the
use of special devices (plasma defrosters) is advis-
able. Among other complications of blood and es-
pecially plasma transfusions particular emphasis
should be given to transfusion-associated acute
lung injury (TRALI) associated with immune-in-
duced damage of pulmonary capillaries [62-65].
Reduced platelet count below 60x10°/1 is a relative
(and below 40%109/1 is an absolute) indication for
platelet transfusion in patients with trauma [66]. In
the USA, it is a common practice to perform
platelet transfusion after transfusion of 10 units of
packed red blood cells regardless of their count [63,
66]. Indications for correction of the coagulation
system can be specified using «extended» coagula-
tion study, and, especially, thromboelastogra-
phy [67, 68]. Blood synthetic factors available as
ready-made preparations can serve as a resource
for correction of coagulation disorders, especially
in initial vitamin K deficiency [69].

The efferent pain impulses are eliminated
based on the principles of multimodal analgesia,
where narcotic analgesics have the most powerful
analgesic effect [70, 71]. In depleted blood volume
their vasoplegic and suppressive effects on central
respiratory regulation and consciousness should be
considered [71, 72]. Due to the difficulties in rapid
performance, impact on systemic pressure param-
eters, and delayed development of analgesic effect,
local and conduction anesthesia in traumatic shock
are virtually not used (70, 72].

Bone fragment stabilization is an important
aspect of shock therapy, which significantly reduces
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HaTpwusl, 00JIaIAIOINX CHUKEHHBIM 10 OTHOIIIEe-
HUI0O K KPOBHU TNOKasaresemM pH, mpuBoguT K
JUJIIOIMOHHOMY alli103y, KOTOPbIH MOTeHIUpyeT
HapyIIeHUsl TUCCOIUAIUA OKCUTEeMOIJIOOWHA,
KaUJJIIPOTPOPUUECKYIO HeJI0CTaTOYHOCTb,
MMOBPEKIEHUsT KAHAJBIIEBOTO 3MUTEJUS IOYEK U
np. [51, 52]. Kpome Toro, mepeuBaHue 60JILIIIOTO
KOJINYECTBA AU CCOLMUPYIOIIUX PACTBOPOB MOSKET
MIPUBOJNUTH K UX TPAHCJIOKAIIAN Yepe3 MOBPEK-
JIeHHBIN 9HI0TeJINI KalUIJISApOB 110 3aKoHy Crap-
JUHTa — Pa3BUTHUIO «CHUHAPOMA KAMUJJISAPHOU
yreukn» [53]. KossongHable pacTBOpEI (BeKcTpa-
HBI, Ipenaparsl TUAPOKCUITUIKPAXMAJIa, MOJIH-
(purpoBaHHOI KeJTaTUHBI) 001aTaI0T OBICTPHIM
U MOIITHBIM reMoguHamMmuyeckuM apdertom (51,
54]. OgHaKo BCe OHU B PA3JIMYHOU CTETIEHU UMEIOT
pAn MOOOYHBIX BJIUSHHUNA. ITO HePPOTOKCUY-
HOCTb, HapylleHHe KOary/siiuOHHBIX CBOMCTB
KPOBH M IJTACTUYHOCTH 3PUTPOILIUTOB, BTOPUYHAS
MMMYHHOCYIIPECCHSI, YTO OCOOEHHO BaKHO ¥
60sbHBIX ¢ OITH u koarymomarueit [55]. [ToaTomy
JIEKCTPaHbI U NIpenaparbl TUIPOKCUITUIKPAXMa-
Jla B HACTOsAIlEe BPEMsI He PEKOMEH/IOBAHbI K
PYTUHHOMY IPUMEHEHUIO Y O0JIBHBIX C TPaBMaTH -
YeCKHUM IIOKOM [51, 52].

BaskHeUIInM 9JIEMEHTOM KOPPEKIIUU SKU3-
HEHHO-BaKHBIX (DYHKIIMH ITPU TPaBMe U KPOBOIIO-
Tepe sIBJIsIeTCs] TpaHC(Yy3MOHHAs Tepalus, KOTo-
pasi TOMHMO, TeMOJUHaMH4YecKoro 3addekrTta
3amerenust OLIK, cayskuT crroco6oM TpaHCILIaH-
Tal¥ MePeHOCUYNKOB KMUCJI0PO/ia U MJIa3MeHHBIX
NIPO- U aHTUKOATYIAIUOHHBIX (haKTOPOB [56-58].
TpancdysnoHHbIE TPOrPaMMBbI TOAPA3YMEBAIOT
3aMelreHre KpoBU Kak COOCTBEHHBIMU (TIOJTy4eH-
HBIMU U3 HAPY’KHO U/UJIW BHyTPEeHHe U3JIUBIIEN-
csl KpOBH C TTomoIiibio anmapara Cell-Saver), Tak u
TOHOPCKMMU 9PUTPOLIUTAMU, CBEKE3AMOPOIKEH-
Hoil tadmoii [59, 60]. [TpoBenenue Tpancdysuit
CTPOTO periaMeHTHPOBaHO (efiepaabHbIM 3aKO-
HONATeJbCTBOM, HA4YaJO0 WX OCYIIEeCTBJIEHUA
MMeeT BpeMEeHHble OTPAaHUYEHNS, CBSI3aHHBIE C
HEOOXOIUMOCTBIO HAEHTH(PUKAIINY KPOBU PeITr-
nueHTa 1o pAxy ¢gaxkropos [61, 62]. ITo sk1u3HEH-
HBIM TOKa3aHUM U Jie(pUItiTe BpeMeHU BO3MOYKHA
TpaHcdysusa nByx no3 I, Rh — spurponurapHoil
MaccChbl 4O OIlpeJle/IeHUs I'PYIIbI KPOBU PeLUIIn-
eHTa [61]. [ljs ynyulieHus1 KadyecTBa TpaHcy-
3UOHHBIX Cpel U JOBEJEeHUs UX 10 TeMIlepaTyphl
37°C skeJjiaTeJbHO HCIOJIb30BaTh CHelUaJbHbIE
ycTpolicTBa (maasMapasmopaskubarenu). Cpenu
MIPOYUX OCJIO}KHEHUH TeMOo- B, 0COOEeHHO, Iy1a3Ma-
TpaHcdy3uil 0c060e MECTO 3aHUMAaeT TpaHCcy-
3UOHHOE OCTpoe noBpexaeHue jgerkux (TRALI —
B aHIVIOSI3BIYHOU abOpeBmWaType), CBI3aHHOE C
MMMYHHOUHIYINPOBAaHHBIM MOBpEKIeHUEeM
JIETOYHBIX KaMUJJISIPOB [62-65]. CHUKeHNne KOH-
LIEHTpal TPOMOOITUTOB HIKe 60X 10°/ 71 ABJISIET-
C OTHOCUTEJNBHBIM, a Huke 40X10°/,1 — abCcoJTIoT-
HBIM IIOKa3aHUEM K TpaHC)y3uu TPOMOOIIUTOB y

the risk of fat embolism [73, 74]. Along with other
surgical interventions, it is performed according to
the «damage control» principle, which implies per-
forming operations based on their urgency and the
patient's body reaction to surgical and anesthetic
intervention [74-78].

Conclusion

Due to the high risk of progression, patients
with severe trauma complicated by shock need
continuous monitoring of pulmonary function,
blood gas composition, cardiac hemodynamic pa-
rameters (including direct ones), laboratory param-
eters, transport and oxygen consumption val-
ues [79]. The use of comprehensive monitoring
makes it possible to outline the main directions of
therapy and assess its effectiveness.

The earliest and most comprehensive treat-
ment can reduce the time of systemic tissue hypop-
erfusion, significantly decrease the risk of systemic
inflammatory response in the late phase of trauma
and improve its prognosis [14, 28, 38, 76-78, 80].

0oabHBIX ¢ TpaBMoi [66]. B CIIIA nmpuHATO OCy-
IIECTBJATHh TPAHC(PY3UI0 TPOMOOIHUTOB TMOCTE
TpaHcdysuu 10 103 spUTPOLUTAPHON MACCHI BHE
3aBHCHUMOCTH OT X KOHIleHTpanuu [63, 66]. [Toka-
3aHUA K KOPpPEKIUHU CBepThIBAIOIIENH CHUCTEMBbI
MOKHO YTOYHHUTH, HCHOJb3yd «Pa3BEPHYTYIO»
KoaryJiorpamMmy, 4, 0coOeHHO, TpoM6oajacTo-
rpamMmy [67, 68]. PeaepBoM KOpPpPEKIINHU CBEPTHI-
BaeMOCTH KPOBH, 0COOEHHO ITPH UCXOTHOM Jieu-
uTe BUTaMuHa-K, ABJIAIOTCA ee CUHTeTHYeCKue
darTophI, comepsraIIrecs B psiae OPUIIMTHATBHBIX
npernaparos [69].

Ycrpanenue apdepeHTHOI 60JIEBOI UMITYITh-
Caluy OCYIIEeCTBJsIETCs, UCXOsl U3 MPUHIIUIIOB
MyJIETUMOJIAIbHOU aHA/ITe3UH, B COCTaBe KOTOPOM
0cob0e MecTo 3aHMMAaIOT 00JIamaole HanboJsee
MOIITHBIM aHAJITeTUYECKUM 3(P(HeKTOM HapKOTHYE-
CKme a"asreTuku [70, 71]. B ycioBuAX HeBO3Me-
menHoro OLIK Heo6X0MUMO yYUTHIBATh Ba3oILIe-
rudeckuii 9 (PeKT X IpUMeHeHNs, CyIIPECCIBHOE
BJIMAAHME HAa HEHTPAJBbHYIO PETYJIANNIO IbIXaHUA U
cosHanme (71, 72]. BBuay ciaokHOCTH OBICTPOTO
BBIIIOJIHEHH I, BJINAHWA HA IIOKa3aTeJIN CUCTEMHO-
T'0 1aBJIEHUs U 3aMelJIeHHO! pean3aluy aHajre-
THYECKOTo d(perTa MeToIbI MECTHOU U IIPOBO]I-
HUKOBOU aHecTe3uu NpU TpaBMaTUUEeCKOM IIIOKe
NIPaKTU4YECKU He UCI0Jb3YI0TCA [70, 72].

Crabunmsanuss KOCTHBIX (parMeHTOB —
Ba)KHBIN (DparMeHT IIPOTUBOIIOKOBOM Tepanuy,
3HAYMMO CHUSKAIONIUUN PUCK PA3BUTHUSA SKUPOBOH
ambosuu (73, 74]. OHa, HapsAIy C IPYyTUMU XUPYP-
TMYeCKNMMHU BMeluIaTe/JIibCTBaMu, IPOU3BOAUTCA I10
npuHnuny «damage control» KOHTPOJIA
TIOBpEKIEeHNN, KOTOPBIH I10pa3yMeBaeT BBINOJI-
HeHUe olepanuii UCX0A A U3 UX CDOYHOCTH U peak-
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MM OpraHm3Ma OOJBHOTO Ha ONEPATHUBHYIO U
AHEeCTEe3UO0JIOTUYECKYIO arpeccuio [74-78].
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