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New Aspects of Resuscitation in Neurology and Neurosurgery
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Teuyenne KPUTUYECKUX COCTOSHUIA B HEBPOJIOTHH U HEHPOXUPYPruM 061a1aeT 0COGEHHOCTSIMH, CBSI3AHHBIME CO CJIOKHOCTBIO
naToreHesa 1epeGpajbHOrO MOBPEXK/IEHUs, YTO, B CBOIO OYepe/b, 00ycaaBiIuBaer crenuduky peaHuMaluoOHHOI OMOH.
JL1st KPaTKOCTH M3JI03KEHHSI METOIbI 00II€li peaHHMATOIOTHH B HEBPOJIOTHI H HEHPOXUPYPIHH HENECO00PA3HO XapaKTePH30-
BaTh TEPMHHOM HelipopeaHumartosorus. B cratbe ocBeneHsl noceHue TeHIEHIMN B IPOBEAEHUH MY JIbTUMO/IaIbHOTO MOHH-
TOPHUHTIa U crielinduYecKoii Tepanuu B HelipopeanumaTosiorui. Kpome aroro, npuse/ieHbl 1aHHbIe, IOKa3bIBAIOIINE HCKIIOYH-
TEJbHYIO Ba’KHOCTb OCYIIECTBJIEHHS HH(QEKIMOHHOIO KOHTPOJS NPH JieYeHHH MNAIHEHTOB HEBPOJOTHYECKOro H
HeHpPOXUPYPrUYecKoro npoduisi, HaXOA[IMUXCSI B KPUTHYECKOM cocrosinuu. Knroueevie cnoga: HeiipopeaHUMaTOJIOTHS,
MYJIBTUMO/IJIbHBIi MOHUTOPUHT, HE{POMOHUTOPHHT, HePONPOTEKINs, HH(PEKINOHHDI KOHTPOJIb.

The course of critical conditions in neurology and neurosurgery has specific features associated with the complex pathogen-
esis of brain injury, which in turn determines the specificity of resuscitation care. For a brief description, general resuscita-
tion methods in neurology and neurosurgery should be characterized by the term of neuroresuscitation. The paper presents
the latest trends in multimodality monitoring and specific therapy in neuroresuscitation. Furthermore, it gives the data show-
ing the great importance of infection monitoring for the treatment of critically ill neurological and neurosurgical patients. Key
words: neuroresuscitation, multimodality monitoring, neuromonitoring, neuroprotection, infection monitoring.
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Beenenue

bBa3oBble TIPUHIINTIBI BECHUST HEBPOJOTHUECKUX T
HEMPOXUPYPTUUECKUX TMAINEHTOB TIPU PAa3BUTUU Y HUX
KPUTUIECKOTO COCTOSIHUST HE OTJIMYAIOTCS OT TaKOBBIX Y
IPYTHX PEAHNMAIMOHHBIX mannenToB. OHaKo maToTeHes
nepebpasIbHbIX KaTacTpod 00aa1aeT PSIOM 0COOCHHOCTEN
[1—4], xoTOpBle MHOT[A CTOJIb BasKHBI, YTO UMEHHO OHU
OIIPEIEJIIOT NCX0]] 3a00JIeBaHNUSI.

[Tesreco06pasHoCTb CO3MAHMST CIIETNATN3UPOBAHHBIX
OTZIETIEHIH PEAHNMAINH JIJIST TTAIINEHTOB HEBPOJIOTHIECKO-
0 U HePOXUPYPrudeckoro npodusist OblIa J0Ka3aHa IpH
MPOBEICHIN MeTa-aHaIN3a, OCHOBAHHOTO Ha PE3yJbTaTax
sedennst outn 25000 manmentos. TocmuTamm3anus sTux
NAIMEHTOB B HEHPOPEaHUMAIlMOHHOE, a He B OOlepeaHu-
MAaIMoHHOE OTAETEHNE, CHIKACT PUCK PA3BUTHS JI€TATh-
HOT'O UCXO/A U MOBBIIIAET IIAHCHI HA OJIATOIPHUATHBII HC-
xoxm [5].

HEHPOPEAHNMATOIOTOM YJIYYIIAEeT MCXO/bI 3a00JIeBaHMSI.

BCI[CHI/IC HCﬁpOpC&HI/IMaHI/IOHHOI‘O IHarueHTa

Introduction

The basic principles for management of neurological
and neurosurgical patients in a critical condition do not
differ from those for other critical care patients. However,
the pathogenesis of cerebral accidents has a number of fea-
tures that are sometimes so important that they determine
the disease outcome. In this regard, the critical care in neu-
rology and neurosurgery is considered as a neurocritical
care [1—4].

The reasonability of establishing specialized critical
care units for neurological and neurosurgical patients was
proved by the meta-analysis based on the results of treat-
ment of almost 25,000 patients. Admission of these
patients to a neurocritical care unit, rather than to usual
critical care unit, reduces the risk of death and increases
the chances of a favorable outcome [5]. Management of the
neurocritical care patient by the neurointensivist improves
disease outcomes. This effect is most evident in the popu-
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J1otr ahdext Hanbosiee OUEBUIEH B TOMYJISAIMN MAllUeH-
TOB ¢ cybapaxHouganbHbiM KpoBousausaueM (CAK) u Ha-
UMEeHee OYeBH/ICH B TPYIITe OONbHBIX ¢ TUIIEPTOHKE! U re-
MopparuueckuM uHcyJabroM [6]. Takske 1mokazaHo, 4to
YMEHbIIEHUE BPEMEHM MpPeObIBAHUS Mal[MeHTa B OT/e/e-
HUU PEAHUMAIUU U PACXOJI0B MPOMCXO/ANUT B TOM CJIydae,
ecyii KOMaH/ly Bpadeii, 3aHUMAIONUXCS JIedeHUeM Helpo-
pPEaHUMAIMOHHOTO TAIMEeHTa, BO3IJIABJSET HelipopeaHu-
maroior [5]. HefipopeaHNMaTOIOTHST SBJISIETCST OHUM U3
HanGoJiee MOJIOABIX U JAWHAMMYHO PasBUBAMOIIUXCS Ha-
mpaBiaeHnii peannmarosornn. Hiwke 00CyKIaOTCs TMO0-
CJIeJTHME TEH/IEHITNH B MEXaHU3MaX OIEHKU YPOBHSI CO3HA-
HUS U HEBPOJOTUYECKOH  TSIKECTH  COCTOSTHUS
HEHPOPEAHNMAIIMOHHOTO TAIIMEHTa, PAa3BUTUN HEHPOMO-
HATOPWHTA, crenndudeckoil HelpopeaHNMAIMOHHOH MH-
TEHCUBHOH Tepanuy 1 NHPEKITNOHHOTO KOHTPOJIS.

OneHka ypOBHS CO3HaHUSI U HEBPOJIOTHYECKOIT TS-
JKECTH COCTOSIHMSI HelpOpeaHHMMalHOHHOTO IMallMeHTa.
TpaauIIMOHHBIM UHCTPYMEHTOM OTIEHKH YPOBHSI CO3HAHUS
U HEBPOJIOTHYECKON TSIPKECTU COCTOSIHUSI HEHpOpeaHuMa-
[MOHHOTO MallUeHTa sIBJASIOTC 1Kasbl. Haunbosee ussecr-
HOHM W TWPOKO MCIOJB3yeMoil mrkanoil sasisercsa [lxara
Kowmpr Imasro (IITKT), koTopas 6bL1a paspaboTana u BHE-
peHa B KJIMHUYECKYIO TPaKTUKY B cepeante 70-x To10B
nporioro croserus [7, 8]. KT onenusaer ciocoGHOCT
OTKPBIBATH 7133, & TAKXKE PEUEBYIO U IBUTATEJIbHYIO PeaK-
o nanuenta. VMsuauanbuo KT Obuia cospana s
OIIEHKU COCTOSIHUSI MOCTPAJABIINX C Y€PernHO-MO3TOBOM
tpaBmoit (UMT) mapameamkaMn n NCIOJIB30BAMACH OTHO-
KPaTHO, MCKJIOUUTEJNbHO TPU MOCTYIJICHUN TalleHTa B
cTalroHap. 3a CYeT CBOEH MPOCTOTHI ¥ BOCIIPOU3BOINMOC-
tn [IIKT B maspHelieM cTaia UCIoIb30BaThCs (hakTHIec-
KU y BCEX OIS HelipopeaHMMAIMOHHBIX OOJIbHbIX 1
He TOJIBKO TPH MOCTYTIJICHUN TAIIMEHTA B CTAIMOHAP.

B 1980-x rozax ObLI0 CO3AHO €lile BE IIKaJIbI, Olle-
HUBAIOIME YPOBEHb CO3HAHUS W HEBPOJIOTMYECKYIO TS-
JKECThb COCTOSIHUMSI HEHPOPEeaHMMAIMOHHBIX NAIlMEHTOB —
3TO mKajga KoMmbl VIHCOpYKa W, TaKk HasblBaeMasi, IIKajla
RLS85 [9, 10]. TTo pasHbM TPUYUHAM OHU HE TTOJYIVIN
HIMPOKOTO PACIIPOCTPAHEHUSI.

B 2005 romy Oblia BrepBble OIyOJMKOBAHA TITKAJA
FOUR [11]. OHa olieHUBaeT BbIPAKEHHOCTD TJ1a30/IBUTa-
TEJIbHBIX HAPYIIEHWIT U 3PaYKOBBIX PehJIeKCOB, a TaKKe
JIBUTATEJIbHBIE PEAKIUU TAIMEHTA U €ero JIbIXaTeJbHbII
natrept. Kak u IITKT, mkanma FOUR npocta B ucnosb3o-
BaHUU, OHA XOPOIIO BOCIIPOM3BO/INMA, HO B OTJIMYKE OT
IITKT oHa MOKeT ¢ yCIIeXOM HCIIOJIb30BAThCS Y MAIEHTOB
¢ aasueil, HTYOUPOBAHHBIX GOJIBHBIX U TIPU CHHAPOME
saneproro 4denoseka (locked-in cungpome). Kpome storo,
mkrasa FOUR omennBaer cerMeHTapHO-CTBOJIOBBIE pe-
(harekcnr, uto Takske BeiroziHo ee otanyaet ot HIKI. Pyrun-
HO 9Ta IIKaJIa UCII0Jb3yeTcsl B KIuMHUKe Mayo, rjie oHa Obl-
nanzobperena, u eme B paze rocnuraneiit CIITA. Oanako B
TeUeHUe ITIOCTIEHUX JIET MOsBJsieTcst Bee GoJiblie pabor,
CBUJIETEJILCTBYIOMKUX O BBICOKOW BAJTUIAHOCTU ITKAJIbI
FOUR y cambIx pasHbIX TPYHI HEHPOPEAHUMAIMOHHBIX
narrenToB [12—14]. 3tu mybauKamu JaioT OCHOBAHMS
nperoJaraTh, uTo B 6skaiiem Oyayuiem mkana FOUR

lation of patients with subarachnoid hemorrhage (SAH)
and is least evident in the group of patients with hyperten-
sion and hemorrhagic stroke [6]. It was also demonstrated
that a reduction in both longevity of patient's staying at a
critical care unit and expenses occurs, when a team of doc-
tors who treat the neurocritical care patient is headed by
the neurointensivist [5]. Neurocritical care is one of the
youngest and fastest growing branches of critical care.
Below, we will discuss the latest trends in the mechanisms
of assessing the consciousness level and neurological sever-
ity of the neurocritical care patient condition, the develop-
ment of neuromonitoring, and specific neurocritical care
and infection control.

Assessment of the consciousness level and neuro-
logical severity of a neurocritical care patient condition.
Scales are a traditional tool to assess the consciousness
level and neurological severity of the neurocritical care
patient condition. The most famous and widely used scale
is the Glasgow Coma Scale (GCS), which was developed
and introduced into the clinical practice in the mid-70s of
the last century [7, 8]. The GCS assesses the ability to
open eyes as well as the patient verbal and motor response.
Originally, the GCS was developed to assess the condition
of patients with traumatic brain injury (TBI) and was used
by paramedics on a single occasion, solely at patient admis-
sion to the hospital. Due to its simplicity and reproducibil-
ity, the GCS was further used virtually in all populations of
neurocritical care patients, and not only at patient admis-
sion to the hospital.

In the 1980s, two more scales were developed that
assessed the consciousness level and neurological severity
of the neurocritical care patient condition. These are the
Innsbruck Coma Scale and the so-called RLS85 scale
[9,10]. For a number of reasons, they are not widespread.

In 2005, the FOUR scale was first published [11]. It
assesses severity of oculomotor disorders and the pupillary
reflexes as well as the patient motor responses and breath-
ing pattern. Like the GCS, the FOUR scale is easy to use,
it is reproducible, but in contrast to the GCS, it can be
used successfully in aphasia patients, intubated patients,
and in the locked-in syndrome. In addition, the FOUR
scale assesses the segmental brainstem reflexes, which also
sets it apart from the GCS. This scale is routinely used at
the Mayo clinic, where it was invented, and also in a num-
ber of US hospitals. However, a growing number of papers
have appeared in recent years that indicate high validity of
the FOUR scale in very different groups of neurocritical
care patients [12—14]. These publications provided rea-
sons to believe that the FOUR scale should replace the
GCS in near future to assess better both the consciousness
level and neurological severity of the neurocritical care
patient condition.

Monitoring. The main aim of neurocritical care is
the prevention and earliest correction of secondary brain
injury factors (ischemia and hypoxia) that develop as a
result of hypotension, hypoxemia, intracranial hyperten-
sion, seizures, fever, hypoglycemia, dysnatremia, and a
number of other clinical conditions. Ischemia and hypoxia,
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3aiimer mecto HIKI 17151 onteHk#m ypoBHS CO3HAHUS W He-
BPOJIOTUYECKON TSIKECTH COCTOSTHUS HellpopeaHnMaIinoH-
HBIX TAINCHTOB.

Mownutopunr. OCHOBHOM TIeJIbI0 HEHPOPEaHNMaTOJIO-
TUH SIBJSIETCS MPOMIIAKTAKA T MAKCUMAJIBHO PAHHSIS KOp-
pekiust (HakTOpoB BTOPUYHOTO TMOBPEXKICHUS TOJOBHOTO
MO3Ta — UIIEeMIH 1 THTTOKCHH, PAa3BUBAIOIINXCS BCIEICTBIE
apTepHATbHON TUITOTEH3NUN, TUTIOKCEMUH, BHY TPUYEPEITHOMN
TUTIePTEH3WH, CY/IOPOT, TNXOPA/IKH, THTIOTJINKEMNN, TUCHAT-
pUEMUN W TIeJIOTO PSiia APYTUX KIMHWYECKIX COCTOSHUIA
Wimemust 1 TMIIOKCHS, B CBOIO O4epe/ib, TIPUBOJIAT K OTEKY,
HePOBOCHAJICHNIO, MUTOXOH/IPUAJIbHO TUCHYHKIINH, CHH-
Te3y TJyTamaTa U JAPYTHX BO3OYKAAOIMX aMHHOKHUCIIOT,
KOPTUKATBHOM JIeTOIpU3aIiii. B KoHeYHOM nTOTe, 9TH T1a-
TOTEHETUYECKIE KACKa/bl BbI3bIBAIOT rubesb HeHpOHAb-
HBIX KJIETOK BCJIEICTBYE HEKPO3a, allONTO3a MJIN CIIYIaitHON
HEeKpOTHIeCcKoit Tnbesn [15].

[Ipodumraktka 1 MakCMMaJbHO PaHHSS KOPPEK-
1ust (pakTOPOB BTOPUUYHOTO TTOBPEK/CHISI MO3Ta HEMbBIC-
JIUMbL 6€3 MCIIOJIb30BaHUsT MYJIBTUMOIAJBbHOTO MOHHUTO-
pUHTa, KOTOPbIl IpeacTaBisier co000 KOMOUHAIUIO
CHUCTEMHOTO MOHUTOpPUHIa U Helipomonutopunra. Cuc-
TEMHbII KIMHUKO-1a60PATOPHbIA MOHUTOPHUHI OlleHUBA-
€T MOJIATTbHOCTH, TOTEHIINATHHO MPUBOAIINE K PAa3BH-
TUIO 1epebpasibHON HUINEeMUU WU THIOKCUU. ITO
MOHUTOPUHT apTepUaJbHOTO /aBJEHNS, OKCUTEHAIINH,
YPOBHSI TJIMKeMUH 1 Tak jpajnee. HeifipoMmoHuTopwHr pas-
JleJisieTcsl Ha TI00asbHbIi U peruoHapHbiil. [o6aibHbIi
HEPOMOHUTOPUHT BKJIOUAeT B ceOs Takue OIIUH, Kak
BHYTpUUYEpEIHOe U 1iepedpasibHoe 1epdy3uoHHOE JaBiie-
Hue, ajiekTpoaHiedanorpadus, caTypaius oTTeKaronei
OT MO3Ta KPOBH, HEMHBa3WBHast MH(pPaKpacHas CIeKTpo-
CKOTIVSI, MHAEKC PEeaKTHUBHOCTH JAaBJeHus u apyrue. Pe-
THOHAPHBI HEHPOMOHWTOPUHT — 3TO MOHWTOPUHT Ha-
TIPSKEHNsT KMCJIOPoJa B TKAHW MO3Ta, MUKDPOIMAJINS,
MOHUTOPHHT 11epeOpPaJbHOTO KPOBOTOKA, 3JIEKTPOKOPTHU-
korpacdusi. Kak pernoHaphbiii, Tak 1 riobaibHbIil Heiipo-
MOHHMTOPHMHT HAlPaBJIeH Ha BbIsBIeHHE MOpdoJornyec-
KX, MeTabOJMUECKUX WU DJIEKTPOPUZUOJOTMUECKIX
HOCJIEACTBUN 11epebpaibHON MIIEMUK U TUTIOKCUU,

OpHa MOHMTOPUHIOBasl OIIMsI CIOCOOHA OIEHUTb
JIMLIb OIHY MOJIAJIbHOCT: WJIM KJIMHUKO-Tab0PaTOPHYIO,
CIIOCOOHYIO CTaTh IPUYUHON 1epeOPaIbHON MIIEMUY, HJIK
aTO(U3MONOTHUECKYIO, SIBJISIONLYIOCS TIOCJIE/ICTBUEM Tie-
pebpanbHOil niemun. Tak, MOHUTOPUHI apTepUAbHOIO
JTABJICHNST OTIEHUBAET TOJIBKO apTepPHasbHOE JaBJIeHNe, MO-
HATOPUHT caTypaliiyl — OKCUTEHAINIO, & MUKPOANAIN3 —
MapKepbl KiIeToyHo! wmemMud. [lonbITky noKasaTh Mo3u-
TUBHBIE A (DEKTDI TOI MJIN WHOH MOHUTOPUHTOBOI OIIUKI
Ha UCX0/1bl 3a00/I€BaHKsI HEHPOPEAHUMAIIMOHHBIX TIAIUEH-
TOB HEM3MEHHO TEePIIAT KPax, MOCKOJbKY JAPyTHe MOHUTO-
PUHTOBBIE ONINH WJIN He TPIHIMAIOTCST BO BHUMaHNe, NN
MX BOBCE HE UCTIOJIB3YIOT. DTO SIBJISIETCS IPUUNHON (hopmu-
POBaHNS HUTWJINCTUYECKOTO OTHOIIEHNS K TeM WJIN WHBIM
OTIIUSIM MYJIBTUMO/IATIBHOTO MOHUTOpUHTA. Kpome atoro,
He CTOUT 3a0bIBAThH, UTO CaM 10 cebe MOHUTOPUHT HUKAK He
BJIMSIET HU Ha MPOIIECC JIeYeH s, HU Ha UCXO/bI 3a00/eBa-
Hug. Ha HUX BAMSIOT peleHMs 1O W3MEHEHUIO IPOBOJN-

in turn, lead to edema, neuroinflammation, mitochondrial
dysfunction, synthesis of glutamate and other excitatory
amino acids, and cortical depolarization. Ultimately, these
pathogenetic cascades cause neuronal cell death due to
necrosis, apoptosis, or accidental necrotic death [15].

The prevention and earliest correction of possible
secondary brain injury factors are impossible without the
use of multimodal monitoring that is a combination of sys-
tematic monitoring and neuromonitoring. Systematic clin-
ical and laboratory monitoring evaluates the modalities
potentially leading to the development of cerebral
ischemia or hypoxia. This monitoring includes evaluation
of blood pressure, oxygenation, glycemic level et cetera.
Neuromonitoring is divided into global and regional.
Global neuromonitoring includes options such as the
intracranial and cerebral perfusion pressure, electroen-
cephalography, saturation of blood out flowing from the
brain, noninvasive infrared spectroscopy, the pressure
reactivity index, and others. Regional neuromonitoring is
monitoring of the oxygen tension in the brain tissue,
microdialysis, monitoring of cerebral blood flow, and elec-
trocorticography. Both regional and global neuromonitor-
ing is oriented on identification of the morphological,
metabolic, and electrophysiological effects of cerebral
ischemia or hypoxia.

One monitoring option is capable of assessing only
one modality: either clinical laboratory one, which may
lead to cerebral ischemia, or pathophysiological one, which
is a consequence of cerebral ischemia. For example, blood
pressure monitoring evaluates only the blood pressure,
oxygen saturation monitoring evaluates oxygenation, and
microdialysis evaluates cellular ischemia markers.
Attempts to prove the positive effects of a certain monitor-
ing option on disease outcomes in neurocritical care
patients fail invariably, because other monitoring options
are neither taken into account nor used at all. This is the
reason for the formation of a nihilistic attitude to different
options of multimodal monitoring. Also, it should be
remembered that monitoring by itself has no effect either
on the treatment process or on disease outcomes. They are
affected by decisions to change ongoing intensive therapy
that are, in turn, based on the monitoring data.

A new trend in the development of multimodal mon-
itoring in neurocritical care is widespread implementation
of information technologies. The philosophy of this trend
is based on simple logics. If the development of isolated
monitoring options did not improve outcomes, then it is
reasonable to use the maximum possible number of moni-
toring options, to save the obtained data on a single server,
to process the data as fast as possible, to create decision-
making algorithms for each of the possible combinations of
the obtained data, and to provide the attending neuroin-
tensivist with several possible variants of the treatment
correction. As a result, a personalized approach to ongoing
intensive therapy, which is based on multimodal monitor-
ing and advanced information technologies, is formed [16].

A striking example of using a combination of moni-
toring and information technologies is application of the
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MOl MHTEHCUBHOI Tepami, KOTOPbIE, B CBOIO OYepe/ib, OC-
HOBAHbBI HA JIAHHBIX TIPOBOIMMOTO MOHUTOPUHTA.

HoBoil Tennenmmeil pa3BuUTHS MYJIBTUMOIATBHOTO
MOHUTOPUHTA B HEHpPOpPEaHUMAIUH SIBJISIETCS HMIMPOKOE
BHezipeHre MHGOPMAIMOHHBIX TexHomoruil. Dunocodus
ATOTO HAIPaBJIEHUSI OCHOBaHA HAa MPOCTOi joruke. Eciu
pasBUTHE M30JUPOBAHHBIX MOHUTOPUHTOBBIX OIIUI He
NPUBEJIO K YJIYYIIEHUIO UCXO/I0B, TO HEIeCO0OPa3HbIM SB-
JISIETCST MCTIOJIb30BAHNE MAaKCUMATBHO BO3MOMKHOTO KOJIU-
YecTBA MOHUTOPHHTOBBIX OIIIMIA, COXpaHEHUE IOJYYeH-
HBIX JIaHHBIX Ha €IMHOM CepBepe, MAKCUMAJIbHO ObICTpast
ux 06paboTKa, CO3/1aHKe AJITOPUTMOB TIPUHATHS PEICHUT
JUIST KaKJIOTO M3 BO3MOJKHBIX KOMOMHAIMIT T10JIy4aeMbIX
JIAHHBIX U TPEJIOCTABJICHHUE JieUalieMy HelpopeaHuMaTo-
JIOTY HECKOJIBKO BO3MOKHBIX BAPUAHTOB KOPPEKITUH TEpa-
nuu. B pesyabrate dhopMupyercs WHAMBUIYaTU3UPOBAH-
HBIM TOAXOM K TPOBOAWMON WHTEHCUBHOW Teparuu,
OCHOBAHHBII HA MYJBTUMOAAJILHOM MOHHTOPUHTE U CO-
BpPEMEHHBIX MH(HOPMAIIMOHHBIX TEXHOJIOTHSIX [16].

SIpKUM TIPUMEPOM UCIIOJIb30BAHUST KOMOMHAIIUK MO-
HUTOPUHTA U MHMDOPMAIMOHHBIX TEXHOJIOTHI SIBJISIETCS
TIpUMEHEHNe WHAeKca peakTuBHOcTH faBieHns (PRx).
ITOT mapamerp MpeACTaB/sieT COO0K KOPPEJsIMOHHbIN
koo duimenT Mexay QIIOKTyalnusMi MeJIEHHBIX BOJH
BHYTPHUYEPEITHOTO U apTepuayibHOrO aBienus [17, 18]. B
pesyJibTate MOHUTOPUHTA BHYTPUYEPEITHOTO U apTepualib-
HOTO JIABJIEHUS ¥ JIAJIbHEHIIETO CIEIMaJbHOrO MaTeMaTu-
YEeCKOTO aHAJIN3a IPOUCXO/IUT pacyeT MH/EKCA PEaKTHBHO-
cTi jaBjenus. Ha ocHOBaHMM TIOJTyYEHHBIX PE3YJIbTaTOB
MOJKHO CJIEJIATh BBIBOJL O COXPAHHOCTH Ay TOPETYJISIIINN NI
ee yrpate. B pesysibrate He TOJIBKO TPOUCXONT KOPPEKIIUS
MHTEHCUBHON Teparui, HO U BO3MOXKHO IPUHSTHE TaKTH-
YeCKUX PEIleHMH, HApUMep, 0 HeOOXOAMMOCTH BbIIIOJIHE-
HUS HApY’KHOM JIGKOMIIPECCUBHOM TPeTaHaIy Yeperna.

CyecTtByer psii 1IpobjieM, KOTOPbIE TPEISTCTBYIOT
ObICTPOIT peaiu3alu Ha npakTuke Guaocopun KOMOUHA-
UM MYJIBTUMOJIJIbHOTO MOHUTOPUHTA U MH(DOPMAIMOH-
HBIX TexHosoruil [16]. Bo-nepBbIX, pasjnuHble MOHHUTO-
PUHTOBbIE CHCTEMBbI MMEIOT clelu@uuecKne CUTHAIbI,
KOTOPbIE CJIOKHO TPUBECTH K 00ILIEMY 3HAMEHATEJIO TIPH
UX COXPaHEHWM Ha eIMHOM cepBepe. Bo-BTOPBIX, cepbes-
HOIT TTPOGJIEMON SIBJISIETCS <3AITYMJIEHHOCTD» TTEPBUYHOL
nndopmaruu. [Ipu anasmse MOHUTOPUPYEMBIX TTApaMET-
poB y mnocresnu 6OJLHOrO Bpau (Ge3 0coObIX 3aTpPyIHEHUIT
C110CcOGEH MOHSITh, KAKUE 3HAUCHUS ABJISIFOTCSI UCTUHHBIMU,
a Kakue M3 HUX SBJSIOTCS apTedakToM MM BOZHUKIM B
pesyJibraTe, HAPUMED, CAHAIMK MAIUeHTa WJIW KAl 1
He TpebyT Kakol-inbo koppekiuu., Korga MoHuTOpUpY-
eMble TTapaMeTPhl MOCTYIAIT HA cepBep U yTpadeHa CBsI3b
C peasbHON KIIMHIMYECKOH CUTYaIlel, Ype3BhIIaitHO CITOXK-
HOM TeXHNYIeCKOI 3a1auell SIBISeTCS OT/e/IeHNe NCTHHHBIX
3Ha4eHuit oT apredakTHBIX. TpeTheil cepbesnoi mpodie-
MOl SIBJISIETCS TaK HasbiBaeMast 11podsieMa «HOpM». V3Be-
CTHO, 4TO JIJIs1 IAIIMEHTOB C CaXapHbIM JUabeTOM HOPMaJib-
HbIil yPOBEHb IJIMKeMUU Oy/IE€T BBILIIE, YEM Y TTAlIMEHTOB, He
UMEIIUX TIPEMOPOUIHOTO caxapHoro auadera. JocTuxe-
HUE «HOPMaJIbHOTO» YPOBHS IVIIOKO3bI Y HEHpOpeaHuMa-
[OHHOTO TAI[MEHTa, CTPAJABIIErO CaXapHbIM AnabeToM

pressure reactivity index (PRx). This parameter includes a
correlation coefficient between fluctuations of slow waves
of the intracranial and blood pressure [17, 18]. The pres-
sure reactivity index calculation is based on monitoring of
the intracranial and blood pressure and a further special
mathematical analysis. Based on the obtained results, it is
possible to conclude about the preservation or loss of
autoregulation. As a result, not only the correction of
intensive care occurs, but also making tactical decisions,
such as the need to perform external decompressive cran-
iotomy, are becoming possible.

There are several problems that interfere with rapid
implementation of the philosophy of a combination of mul-
timodal monitoring and information technologies [16].
First, different monitoring systems possess specific signals
that are difficult to be brought to a common standard,
when they are stored on a single server. Second, a serious
problem is the «noisiness» of primary information. When
analyzing monitored parameters at the bedside, the physi-
cian is capable of easy understanding which values are true
and which ones are an artifact or result from, for example,
patient sanitation or cough and do not require any correc-
tion. When monitored parameters arrive at the server and
the connection with the real clinical situation is lost, sepa-
ration of the true values from artifacts is an extremely dif-
ficult technical problem. The third serious problem is the
so-called problem of «<norms». It is known that the normal
glycemia level in patients with diabetes will be higher than
that in patients without premorbid diabetes. Achieving the
«normal» glucose level in a neurocritical care patient who
had suffered diabetes for many years before the critical
condition developed will lead to a decrease in the glucose
level in brain cells and will be a factor of secondary brain
injury. This is also true for the blood pressure in patients
with hypertension, the carbon dioxide level in patients
with bronchial asthma, the sodium level in patients with
diabetes insipidus, and so on. Therefore, despite the bright
prospects for developing the philosophy to use a combina-
tion of multimodal monitoring and information technolo-
gies in neurocritical care, this approach requires serious
efforts and further development.

Specific neurocritical care. In neurocritical care, as
in other branches of critical care, new drugs are intro-
duced. For example, an antiepileptic drug Lacosamide
(Vimpat). Highly effective drugs present in the market of
Western countries for a long time come to the Russian
pharmaceutical market. These are Dexmedetomidine
(Dexdor) and Acupan (Nefopam). However, a discussion
of new drugs is beyond the scope of this review. This sec-
tion will focus on new trends in neuroprotection.

Neuroprotection is the process of impact on the
ischemic penumbra resulting in its cell survival or delayed
death [19]. The penumbra, separating the ischemic necro-
sis area and the intact brain tissue, is comprised of living
cells not affected by the powerful pathological event.
Death of these cells may result from pathological event or
insult. In fact, all neurocritical care procedures are some-
how aimed at penumbra cells survival.
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MHOTO JIeT JI0 Pa3BUTHS Y HETO KPUTHUYECKOTO COCTOSTHUS,
MPUBE/IET K CHUYKEHUIO YPOBHSI IVIIOKO3bI B KJIETKAaX MO3Ta
u Oyzer sBAATbCS (PAKTOPOM €ro BTOPUYHOTO TTOBPEKIIE-
HUs. DTO TaKKe CIPABEJINBO JIJISI APTEPUATBHOTO JaBJie-
HUS Y TMAIWEHTOB ¢ TUTIEPTOHNIECKON OOIE3HBIO, YPOBHS
YIJIEKUCIIOTHI Y HAIMEHTOB ¢ OGPOHXUATBHON aCTMOI, ypOB-
H$1 HATPUS Y NAIMEHTOB ¢ HecaXapHbIM AMabeToM 1 TaK Jla-
see. Takum 06paszoM, HECMOTPSI Ha Py KHbIE TIEPCIIEKTH-
Bbl pasBuTUsl (HUIOCOMUN HCTIOIb30BAHUS KOMOMHALINY
MYJIBTUMOJIAJIBHOTO MOHUTOPUHTAa M MHOOPMAIMOHHBIX
TEXHOJIOTUI B HEHPOPEAHUMATOJIOTHH, ITOT MOAXO TPpeDy-
€T Cepbe3HON paboThl U JAIbHEHIIETO PasBUTHSL.

Cunenuduyeckasi HelipopeaHUMAIMOHHASI UHTEH-
cHUBHag Tepanud. B HellpopeaHnMaTosoTnn, Kak U B IpY-
I'MX HAINpaBJIEHUSX WHTEHCUBHOM TEPaInu, MOSBISIOTCS
HOBBIE TIpenapaTbl. Hanpumep, aHTHAUIEN THYECKUT TIpe-
mapat Jlakocamun (Bummar). Ha Poccuiickuit hapmaries-
TUYECKUI PBIHOK TIPUXOJSAT BBICOKOI((DEKTUBHBIE Tperna-
paTbl, CYIIECTBYIONME HA PbIHKE 3ala/HbIX CTPaH yKe B
TedeHne JIUTEeJbHOTO BpeMeHn. IJTo JlekcmeneToMeatH
(Hexcnop) u Axynan (Hedonam). Ognako obcyskaeHue
HOBBIX [IPEIAapaToB HE BXOAMT B 3a/[a4l HACTOSIIIETO 0030~
pa. DToT pasnes OyAeT MOCBAIIEH HOBBIM TEHJICHIIUSM B
HEHPOIIPOTEKITNH.

HeitpompoTexiuss — aTo Tporiecc BO3ZAEHCTBUS Ha
UIIEMIYECKYIO TIEHYMOPY, B PE3yJIbTate KOTOPOro ee KJeT-
KU WK BBIKUBAIOT, UJIM UX TUOEb IPOUCXOIUT OTCPOUCH-
1o [19]. TTernym6pa, pasiesisist 30HbI HITEMUYECKOTO HEKPO-
32 ¥ UHTAKTHOU MO3TOBOIl TKaHW, IPEACTABJISIET COOOI0
JKUBBIE, HO UCIBITBIBAMOIINE Ha cebe MOILIHOE MATOJIOTHYe-
CKOe BO3/IeliCTBIE KJIeTKU. B pesysibraTe matooruueckoro
BO3JEHCTBUS MOKET MPOU30UTH THOEb 9THX KJIEeTOK. 110
CyTH, BCe HelipopeaHnMaIoOHHble MEPOIIPUSTHST TaK NN
MHAYe HANPABJICHbI HA BBIKUBAHKE KJIETOK IIEHYMOPBL.

Tunorepmust 06/1aaeT JOKa3aHHBIM U OYEBUIHBIM
HEPONPOTEKTOPHBIM MOTEHIUATIOM. IJTO abCOMIOTHO
CIIPABEJINBO JIJIS TTIAIIMEHTOB ¢ OCTAHOBKOI CePIeYHOi Jie-
STEJILHOCTH ¥ HOBOPOJKJIEHHBIX C UIIEMUYECKU-TUIIOKCH-
YECKUM TT€PUHATAIbHBIM MTOBPEK/ICHUEM MO3ra. JTUM T1a-
[[EHTaM TUIIOTEPMUI0 HEOOXOAMMO HauyaTh, KAaK MOKHO
paubiie. /[y OCTAJIbHBIX TPYIIT HEHPOPEAHUMAIMOHHBIX
MAIMEeHTOB HePONPOTEKTUBHBII TTOTEHIINAT THIIOTEPMUKT
Ha JIAHHBIX MOMEHT He JIOKa3aH, OJIHAKO, BEYTCS aKTUB-
HbIE MCCJI/IOBAHUS, HAIIPABJIEHHbIE HA TTOMCK ONTHUMAJIb-
HBIX PEKMMOB Tunorepmun. [Ipnunna HeiiporpoTekTepHo-
ro addekra
BEPOSITHOCTH, B TOM, U4TO OHa OJIOKUPYET GOJBLUINHCTBO U3

IUIIOTEPMUM  3AKJIOYAETCS, 1[0 BCE
U3BECTHBIX ITATOIEHETHMYECKUX KACKAJIOB, 3allyCKaeMbIX
1iepebpasIbHOIl uiemueii 1 runokcueit [20].

Ha nporskeHUn OCIEAHIX HECKOMBKUX JeKa/] Obl-
JIO TIPOBEIEHO GOJIBINOE KOJINYECTBO KIMHUYECKUX HCCIIe-
JIOBAHW, M3y4YaBIINX HEHPONPOTEKTOPHBIN MOTEHITHAT
PasJIMYHBIX METOAUK U (PAPMAKOIOIUYECKUX [IPENapaTos:
NPUMEHEHNUEe MHAYIMPOBAHHON apTepuaibHOl IUIepPTeH-
3UU; YMEPEHHON reMOMIoIMY; HH(Pa-KPACHOTO M3JIyde-
Hust; OI0KaAbl CBOOOJHBIX PAAMKAIOB IpU perepdysuu;
6JI0Ka/Ibl HEHPOHAJIBHOTO ATIONITO3a; UCIIOJIb30BAHUE MHIU-
6UTOPOB TPOMOOKCAHA, JAHTPOJIEHA; IMKIOCTIOPUHA; AaHTH-

Hypothermia has a proven and obvious neuroprotec-
tive potential. This is absolutely true for patients with car-
diac arrest and neonatal hypoxic-ischemic perinatal brain
injury. Hypothermia in these patients should start as early
as possible. For other groups of neurocritical care patients,
the neuroprotective potential of hypothermia is currently
not proved, however, active studies are conducted, which
are aimed at searching for the optimal hypothermia regi-
mens. The neuroprotective effect of hypothermia is likely
caused by blockade of most of the known pathogenic cas-
cades triggered by cerebral ischemia and hypoxia [20].

Over the past few decades, a large number of clinical
trials have been conducted that have investigated the neu-
roprotective potential of different techniques and pharma-
ceutical drugs: application of induced hypertension, mod-
erate hemodilution, infra-red radiation, blockade of free
radicals during reperfusion, blockade of neuronal apopto-
sis; the use of thromboxane and dantrolene inhibitors,
cyclosporine, anticoagulants, the granulocyte stimulating
factor, ketamine, barbiturates, and beta-blockers.
Virtually, none of the drugs and none of the techniques
were able to demonstrate the neuroprotective effects in
clinical trials, even though they had been demonstrated in
laboratory preclinical studies [21, 22]. The only exception
that rather proves the rule is nimodipine. It was demon-
strated that nimodipine given orally starting the first day
of the disease at a dose of 60 mg every 4 hours for 14 days
resulted in neuroprotective effect in patients with sponta-
neous subarachnoid hemorrhage of brain aneurysm [23].

The most likely reason for the lack of the proven neu-
roprotective potential in a variety of pharmaceutical drugs
and therapeutic techniques is the consideration that one
drug or technique affects one certain cascade of patho-
genetic events triggered by cerebral ischemia and hypoxia.
Blockade of one cascade is probably not able to signifi-
cantly affect outcomes of ischemic and hypoxic damage to
brain cells, because there are a large number of these cas-
cades and pathways that cause cell death. Based on this
prerequisite, a new hypothesis was put forward that the
creation of specific «cocktails» consisting of a certain set of
pharmaceutical drugs may have the neuroprotective
potential [24]. Since different pathogenetic cascades are
realized in the genesis of various cerebral accidents, a set of
pharmaceutical drugs should be different. Therefore, a
«TBI cocktail», «vasospasm cocktail», «ischemic stroke
cocktail», and so on, should appear. This philosophy is at
the very beginning of its development, a large number of
studies on this topic should be conducted. However, this
philosophy gives a second wind to such an important
branch of neurocritical care as neuroprotection.

Infection control in neurocritical care. The signifi-
cance of infectious complications for neurocritical care
patients can not be overemphasized. The discussed patient
population has not only all risk factors typical of critical
care patients but also specific ones typical of brain injury
patients only. The critical care risk factors include the use
of a number of drugs, such as sympathomimetics, and the
presence of a large number of catheters, drains, tubes, and
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KOaTyJITHTOB; TPaHyJIOIUT-CTUMYJIUPYIOMero (haKkTopa;
KeTaMuHa, GapOutyparos; Oera-610katopos. IIpakruuec-
KM HU OHOMY M3 TPENapaToB M HU OMHON U3 METOANK He
YAAJTIOCh
CBOWCTB B KIMHUYCCKAX NCCIETOBAHMUX, TaKe CCIIM TaKO-

MPOJIEMOHCTPUPOBATD  HEHPONPOTEKTOPHBIX
Bble ObLIN MOKa3aHbl B TaOOPATOPHBIX JOKJIMHUYECKUX Pa-
6orax [21, 22]. EAuHCTBEHHBIM HMCKJIIOUEHUEM, KOTOPOE,
cKopee, TOJTBEP;KIAET TPABUIIO, SBJSETCS HUMOJMIIHH.
B0 mokaszaHo, 4To 3HTEPAIbHO MCIIOJIb3YEMbIil C TIEPBBIX
CyTOK 3a00JieBaHKsl HUMOAMIIMH B 03¢ 60 MI Kaskable 4
yaca Ha MpoTsiKeHun 14 cyTok ob1asaer HelipoIPOTEeKTUB-
HbIM 3P PEKTOM y MALUEHTOB CO CIIOHTAHHBIM CyOapaxHO-
UJQJIBHBIM KPOBOUBJIUSIHUEM U3 aHEBPHU3MbI COCY/IOB TO-
JIOBHOTO Mo3Ta [23].

HawuGosiee BepOATHOIT IPUUMHON OTCYTCTBUS JOKa-
3aHHOTO HEHPONPOTEKTUBHOTO MOTEHITHANA Y PA3JIUIHBIX
(hapmaxosiornueckux npenapaToB U TEPareBTUYECKUX Me-
TOJMK SIBJSIETCS TOT (DAKT, YTO OJIMH TIPerapar Wil MeTo-
JIMKa BO3/EHCTBYET Ha KaKOW-IMOO OIMH MaToreHeTuyec-
KUH KacKaj, 3allylleHHbII HepeOpaibHON HIIeMUeld |
runokcueil. biokasa oiHOTO Kackaja, BEpOSITHO, He CIO-
cOOHa CYIIECTBEHHO TIOBJIUATh Ha UCXO/bI IIEMUYECKOTO
U THIIOKCUYECKOTO TTOBPEKAECHUST KIETOK MO3Ta, TTOCKOJIb-
Ky CYLIECTBYET OOJIbIIIOE KOJUUYECTBO TAKUX KACKAIOB U
IyTeid, BBI3BIBAIONIIX KIETOUHYIO rubesb. Vexozst u3 aToii
TIPE/TTOCHIIKH, TTOSIBUJIACH HOBAsl TUIIOTE3a O TOM, YTO CO-
3/1aH1e CBOCOOPA3HBIX «KOKTEHIEli», COCTOSIIMX U3 OIIpe-
JIeJIEHHOTO Habopa (hapMaKOJOrMUECKUX MPENapaTtos, MO-
JKET HMMEeTh HEWPONPOTEKTOPHBIN TmoTeHuan [24].
ITocko/IbKY B TeHe3e PasiuuHbIX IepeOpalbHbIX KaTacT-
pod peannsyioTcsl pasJiMuHbIe TaTOTEHETHYECKe KacKa-
J1ibl, HAGOP (HapPMAKOJOTUUECKUX TIPENAPATOB JOJIKEH OT-
Jmyatbest. Takum 06pasoM, 0JIKHbI TIOSIBUTHCST <KOKTEIHIIb
YUMT», «<KOKTeI/Ib Ba30CcazMy, «KOKTEHIb NITeMUYECKUI
MHCYJIBT> U Tak janee. Jta Ghuaocodust HaXoAnTes B ca-
MOM Hayajie CBOErO PasBUTHSL, ¥ JI0JKHO ObITh TIPOBELEHO
OTPOMHOE KOJTMYECTBO MCCIeI0BAHNH, TOCBSIEHHBIX 3TOH
tematuke. OaHako ata punocodus MpuaaeT BTOpoe AbIXa-
HUE TAKOMY Ba)KHOMY HAllPaBJIEHUIO HEHPOPEaHUMaTOJIO-
THH, KaK HeMPOTIPOTEKITHSI.

NudexunonHpii KOHTPOJIb B HElpOpeaHUMaToJIo-
rui. 3HAYMMOCTh NH(PEKITMOHHBIX OCJIOKHEHUI s Hell-
POpPeaHNMAIMOHHBIX TIAIIMEHTOB HEBO3MOXKHO Iepeolie-
HuTh, O0CysKIaeMasi MOMyJIsIUs MalUueHTOB 00JIalaeT He
TOJIBKO BCeMU (DaKTOpaMU PUCKA, TUIMYHBIME J1Jis1 00111e-
PEAHUMAIIMOHHBIX OOJIbHBIX, HO TaKiKe CIIeln(UIECKUMH,
XapaKTePHBIMU HMCKJIOUNTEIBHO JUJIS MAIMEHTOB € T10-
BPEKIEHUEM TOJIOBHOrO Mosra. K ofiiepeaHuMaimoHHbIM
(haxTopam pucka OTHOCSTCS MCIIOJIb3OBaHME Psijia Mpera-
PaToB, HAIPUMEpP, CUMIATOMUMETHKOB, 1 Hajamdue 00Jib-
[IOr0 KOJIMYECTBA KaTETEPOB, JAPEHAKEN, TPyOOK 1 APYTHUX
UHBa3UBHBIX YCTPOICTB, CO3AI0NINX COOOUIEHNE OKPYIKa-
I01IEel cpe/ibl ¢ BHYTPEHHUMU OPTaHaMHU, TOJIOCTSIMU, M1PO-
CBETOM KPOBEHOCHBIX COCYI0B [25]. Ciieyer yaeauTs 0co-
GeHHOEe BHUMaHKE XapaKTEePUCTUKAM CPEJIbl, OKPYIKatoIieil
HeHPOpeaHMAIMOHHBIX TTAIIMEHTOB. Bo-TiepBbIX, BHICOKAs
KOHIIEHTPAIUS TSIKEJBIX MAIMEHTOB B YCJIOBUSIX OTPAHU-
YEHHOTO Pecypca CPeHero MEIMIIMHCKOTO TepcoHala, a

other invasive devices creating a contact between the envi-
ronment and the internal organs, cavities, and the lumen of
blood vessels [25]. Special attention should be paid to
characteristics of the environment surrounding neurocrit-
ical care patients. First, a high concentration of serious
patients under conditions of a limited resource of the nurs-
ing staff as well as insufficient compliance with the hand
hygiene and infection control at the time of patient care
leads to transmission of bacteria from patient to patient by
the staff and to the infection with hospital-acquired strains
of microorganisms. Second, the nosocomial flora has an
increased virulence and pan-resistance to antibacterial
drugs. These factors make the environment of the neuro-
critical care patient extremely aggressive.

The risk factor of infectious complications, which is
specific to neurocritical care patients, is the immune sys-
tem suppression due to alteration of neutrophils, decrease
in the production of immunoglobulins, and inhibition of T
lymphocyte functions. In addition, glucocorticosteroid
hormones often used in neurocritical care also possess the
immunosuppressive effects [26—31]. There is a direct rela-
tionship between the degree of a brain injury and the inci-
dence rate and severity of nosocomial infections. However,
infectious complications alone occupy leading positions in
the structure of all somatic complications in neurocritical
care patients. One of the recent studies conducted in
patients with traumatic brain injury demonstrated that the
systemic inflammation response syndrome was developed
in 60% of the patients, pneumonia in 41%, sepsis and sep-
tic shock in 36%, ventilator-associated pneumonia in 18%,
and the infection of the urinary system in 13%. For com-
parison, the lowest frequency of somatic complications was
accounted for acute myocardial infarction (2%), and the
highest one was accounted for hyperglycemia (79%) [32].
According to other authors, the incidence rate of infectious
complications may be much higher. For example, accord-
ing to one study, pneumonia was developed in 72% of neu-
rocritical care patients [33].

Another relevant and specific problem of neurocriti-
cal care is intracranial nosocomial infectious complications.
6% of patients who underwent craniotomy developed
meningitis [34]. The risk factors include the duration of
surgery longer than 6 hours, repeated operations, inflam-
mation at the site of a surgical approach as well as approach
features associated with exposing the paranasal sinuses.

The incidence rate of ventriculitis and meningitis in
patients with an external ventricular drainage is even
higher (up to 22%) [35]. It is not known, how the duration
of an external ventricular drainage affects the incidence
rate of intracranial infectious complications, despite cer-
tain evidence that elongating the external drainage time
should result in an increased incidence of meningitis [36].
The significant risk factors for the development of
intracranial infectious complications upon an external
ventricular drainage include liquorrhea from the drainage
point, administration of drugs into the drainage or its sim-
ple flushing, often cerebrospinal fluid sampling and
drainage displacement [37—40)].
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TAKIKe HEJOCTATOYHOTO COOJIIOIEHUST TIPABUJI TUTHEHBI PYK
7 WHGEKITMOHHOTO KOHTPOJIST BO BPEMsT yX0/1a 32 GOTHHDI-
M, TIPUBOIUT K [IEPEHOCY TIePCOHANIOM GaKTePUii OT maru-
eHTa K MAlUeHTY M 3apPaKEHUI0 BHYTPUOOJbHUYHBIMIE
MITAMMaMU MUKPOOPTaHU3MOB. BO-BTOPBIX, HO30KOMHAJIb-
Hast (yiopa 06JIazaeT MOBBINIEHHOW BUPYJEHTHOCTBIO M
MAHPE3UCTEHTHOCTBIO K aHTUOAKTEPUATbHBIM Iperapa-
TaM. DTN (HaKTOPHI EJATOT CPey MpeObIBaHmsT Helpopea-
HUMAITMOHHOTO TIalTHeHTa KpaifHe arpecCuBHOMI.
CrenunduueckumMu st HeHpOpeaHUMAIMOHHBIX
MarueHToB (haKToOpaMu PUCKa Pa3BUTUS MH(MEKITMOHHBIX
OCJIO)KHEHUI SIBJSIETCSI YTHETEHHE MUMMYHHOU CHUCTEMbI
3a CYeT CHWKEHUS CEKPeIun HelTpohuaaMu cyepoKkcu-
J1a3bl, YMEHbUICHUS MPOAYKIMK UMMYHOIJIOOYJUHOB U
yraerenus gynknunii T-mmmdormro. Kpome atoro, dac-
TO MCIOJIb3YEeMbIE B HEHPOPEAHUMATOJOTHH TJIIOKOKOP-
TUKOCTEPOU/IHbIE TOPMOHBI TaKkKe 00JaJaioT UMMYHHO-
CymiectByer
NpsiMast 3aBUCUMOCTb MEK/LY CTENEHBIO TOBPEKIEHUS IO~

cynpecuBubiMu 3¢ dexramn  [26—31].

JIOBHOTO MO3Ta M YacTOTOMH, a TaKKe TSIKEeCThI0 HO30KO-
MuaabHbIX HHMeKuit. [Ipu atom camu 110 cebe nHbeKIu-
OHHbBIE OCJIOKHEHUST 3aHUMAIOT JIMIUPYIOIINAE TO3UIUN B
CTPYKTYPE BCEX COMaTHUECKUX OCJIOKHEHUN Y Helipopea-
HUMAIMOHHDBIX MAlMeHTOB. B OHOM M3 TOCTEAHUX HC-
CJIeIOBAHWH, TTPOBEIEHHOM Y MOCTPA/IABIINX C YePEITHO-
MO3TrOBOW TpaBMOM, ObLIO IOKAa3aHO, YTO CHHIPOM
CUCTEMHON BOCTTATUTEIBHON peakimy pazsuBaics y 60%
MaNNeHToB, MHeBMOHMS — y 41%, cercnc n cenTuveckuii
oK — y 36%, BEHTHISITOP-aCCOTTMUPOBAHHAST TTHEBMOHUST
— y 18%, a untdeKnns MOUYEBBIAECTUTETHHON CHCTEMBI — ¥
13%. Jlist cpaBHEHUS, HANMEHBINAS 9aCcTOTa COMATHYEC-
KHUX OCJIOKHEHWH TTPUXOINIACHh HA OCTPBIN HH(MAPKT MUO-
kapaa (2%), a HauboJbinas — Ha runepriaukemuto (79%)
[32]. TIo maHHBIM PYTUX aBTOPOB, YaCTOTa UHQPEKIMOH-
HBIX OCJIOKHEHMH MOKeT ObITh ropasjio Bbilie. Tak, Ha-
MIpUMep, B OTHOM U3 MCCJIeIOBAHUI THEBMOHUS Pa3BUBa-
Jach y 72% meipopeaHMMaIlMOHHbBIX TarinenTos [33].

Eme ognolt akTyanbHOM 1 crienindudeckoi 17s Hell-
POPEaHUMATOJIOTUU TIPOOJIEMO SIBJISIOTCS MHTPAKPaHU-
aJIbHble HO30KOMHUAJbHbIE MH(EKIMOHHBIE OCTOKHEHUSI.
VY 6% mannenTtos, mepeHecimx KPAaHHOTOMIIO, PA3BUBAET-
cst MeHUHTUT [34]. DakTOpamMmu prUCKa SIBISTIOTCS JTUTENh-
HOCTb oneparuu 6osiee 6 4acoB, MOBTOPHbIE ONEPAIUH, Ha-
JIn4Ke BOCHAJIEHUS] B MECTE€ XUPYPrHMYECKOro JOCTYIIa, a
TaKsKe 0COOEHHOCTHU JIOCTYIIA, CBSI3aHHbIE ¢ OOHAKEHHEM
MPUAATOYHBIX TTa3yX HOCA.

YacToTa BEHTPUKYINTA 1 MEHIMHTUTA Y TATINEHTOB C
HAPY/KHBIM BEHTPUKYJSPHBIM PEHAKEM €I1e BBIIIE U JI0-
cruraer 22% [35]. He u3BecTHO, KaK UINTEIBHOCTD HAPYIK-
HOTO BEHTPUKYJISIPHOTO JIDEHUPOBAHUS BJIUSIET HA YaCTOTY
Pa3BUTHS WHTPAKPAHUATHLHBIX WH(MEKITMOHHBIX OCIOKHE-
HUI, HECMOTPSI Ha OTIPE/IEJIEHHYIO OUEBUIHOCTD TOTO, YTO C
YUIMHEHUEM BPEMEHU HApY’KHOTO J[PEHUPOBAHUS JI0JKHA
YBEJIMUUBATHCS 3a00/1€BaeMoCcTh MeHuHTUTOM [36]. [ocTo-
BepHBIMI (haKTOPAMU PUCKA PA3BUTHS NHTPAKPAHUATHHBIX
MHGDEKTTMOHHBIX OCJAOKHEHUH TPU HAPY/KHOM BEHTPUKY-
JISPHOM JIPEHUPOBAHUY SIBJISIOTCS] JINKBOPESI U3 MECTA CTO-
SIHUSI JIPEHa’Ka, BBEICHUE B IPEHaK Kakux-nbo mpenapa-

The significance of the nosocomial infection problem
is determined by the effect of nosocomial infections on the
course and outcome of disease. The duration of critical care
unit stay for patients with nosocomial infectious complica-
tions is significantly longer than that for patients without
these complications. The development of severe infectious
somatic complications or sepsis is an independent predic-
tor of chronic organ dysfunctions, persistent cognitive
impairments, gross disability, and even death [41—44].
Intracranial nosocomial infections also significantly
lengthen the time of patient's stay at the neurocritical care
unit, significantly aggravate the condition of patients, and
may be the direct cause of death.

The infection control includes a number of impor-
tant procedures such as the hand hygiene, preventing staff
mediated transmission of the microflora from patient to
patient, logistics of intraunit rotation of patients, daily
monitoring of infectious complications and the spectrum
of pathogens at the unit, timely detection of infection
episodes, and antibacterial policy (containment, rotation,
timely escalation, de-escalation) [45]. To prevent the
development of nosocomial infectious complications, in
parallel with the infection control, a special emphasis
should be laid on the ratio of the number of patients to the
number of nurses. The 1 : 1 ratio is optimal for the preven-
tion of infectious complications.

Firm commitment to the principles of the infection
control, daily and thorough compliance with all its aspects
enables not only to reduce the incidence rate of both intra-
and extracranial nosocomial infectious complications but also
to change in principle the microflora spectrum in the neuro-
critical care unit with a predominance of the Gram-positive
flora over the Gram-negative one [46]. Unfortunately, the
infection control has not become routine for domestic neuro-
critical care yet, and the ratio of the number of patients to the
number of critical care nurses is far from ideal. However, it
should be emphasized that the lack of the infection control in
the critical care unit not only leads to increasing the time of a
patient's stay and to worsening outcomes of disease but also
makes the employment of new methods of multimodal moni-
toring and intensive care useless.

Conclusion

Critical care in neurology and neurosurgery, being
part of a general critical care, has its own features.
Sophisticated organization of the critical care unit for neu-
rological and neurosurgical patients as well as training the
intensivists capablr to professional managing these
patients might significantly improve outcomes.
Multimodal monitoring, new information technologies,
the use of pharmaceutical drugs and therapeutic tech-
niques with allowance for the pathogenetic cascades trig-
gered by cerebral ischemia and hypoxia can significantly
improve the results of treatment and disease outcomes.
However, without the rigorous infection control, outcomes
of neurocritical care patients worsen significantly due to
severe nosocomial infectious complications.
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TOB WJIU MIPOCTOE €T0 MPOMbIBAHUE, YaCThlil 3a00D JUKBOPA
U TIepeycTaHoBKa apeHaka [37—40].

3HAUUMOCTh TIPOOIEMbl HO30KOMUAJBHBIX HMH(pEK-
[MOHHBIX 3a00JIEBAHUIT OTIPEAEISAETCS BIUSTHUEM T10CTIe/[-
HUX Ha TeyeHue 3a00JIeBaHus 1 HA €ro UCXObl. [aurens-
HOCTb TIPeObIBAHUS B OT/IEJICHUM PEaHUMAI[MK MAlMeHTOB
C HO30KOMUATBHBIMA MHOEKITMOHHBIMU OCJIOKHEHUSIMEI
JIOCTOBEPHO TOJIBINE, YeM Y OOJBHBIX, HEe MMEIOMINX ITHX
ocJoxHeHni. Pa3BuTre TKeIbIX MH(DEKITMOHHBIX COMa-
TUYECKUX OCJIOKHEHWI UJIM Cercuca siBJISeTCS] He3aBUCH-
MBIM TIPEJIUKTOPOM Pa3BUTHS XPOHMUYECKUX OPTAHHBIX
MUCHYHKITNH, YCTOWYUBBIX KOTHUTHBHBIX HApyHICHUI,
rpy6oil nHBaMAM3AMY U Haxe cMepTu [41—44]. Mutpa-
KpaHWaJIbHbIe HO30KOMUATbHBIE MH(MEKIMOHHbIE 3a601e-
BaHIST TAK/KE CYIECTBEHHO YTTMHSIOT BPEMST TTPEOLIBAH IS
MaIeHTa B OT/EJEHUN HEHPOpeaHNMaIlnu, J[OCTOBEPHO
YTSKEJISIOT COCTOsIHUE GOJIBHBIX, U MOTYT SIBUTHCSI HETO-
CPeICTBEHHOU TPUYMHON JIETAIbHOTO UCXO/IA.

VHGEKIMOHHBIN KOHTPOJIb BKJIKOYAET B ceOst Psijl Ta-
KHMX BaKHBIX MEPOTIPUSATUN, KaK TUTHEHA PYK, HEJOIYyIIie-
HUE TIepeHoca MepcoHAIOM MUKPO(MJIOPB OT TTalMeHTa K
MAIMEHTY, JIOTHCTUKA BHYTPUOT/IEJIEHYECKOH POTAINH T1a-
IUEHTOB, €KEHEBHBII MOHUTOPUHT MH(EKIMOHHBIX OC-
JIO)KHEHUI U crieKTpa Bo3OyauTesell B OTAeJIeHUH, CBOe-
BPEMEHHOE  BBISBJEHUS  BCHBINIEK MHPEKIUU 1
aHTHOaKTepraIbHas MOJUTUKA (CAepKUBAHUE, POTAIUS,
CBOEBPEMEHHAST dCKAIAINS, ie-dcKananust) [45]. Jl7st mpo-
(brnmakTUKM PazBUTHS HO30KOMHUAJIBHBIX MH(MEKITMOHHBIX
OCJIOXKHEHUI TTapaJIJIeJIbHO ¢ MHPEKITMOHHBIM KOHTPOJIEM
caeqyer ocoboe 3HaueHUE YIEJISTh COOTHOIIEHUIO YnCJIa
MAIMEHTOB K YUCJY MEAUIIMHCKUX cecTep. ONTHUMaIbHbIM
JUIst TPOUIIAKTUKY MH(MEKIIMOHHBIX OCJIOXKHEHU SIBJISI-
etcst cootHomenue 1 : 1.

Crporasi puBEpP;KEHHOCTb MPUHITMIIAM WH(MEKINOH-
HOTO KOHTPOJIsl, €KEJIHEBHOE W TIIATEIbHOE CJIeJI0BAHUE
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BCEM €TO aCMeKTaM IT03BOJISIET HE TOJBKO CHU3UTh YacTOTY
KaK MHTpa-, TaK U HKCTPAKPAHMATHLHBIX HO30KOMHUATBHBIX
UHAPEKITNOHHBIX OCJTOKHEHUH, HO W TTPUHITUTTHATHLHO U3Me-
HUTD CTIEKTP MUKPOGDIOPHI OTAETEHIUST HEHPOPEAHNMAITIH C
peodIIalaHiieM TPAMITOIOKUTETLHON (hJIOphI Hajl TPaMoT-
punatesnbroii [46]. K coxanenuto, it oTeuecTBEHHOI Hell-
POPEAHNMATOJIOTHHN IO CUX TIOP WHMEKITHOHHBIN KOHTPOIh
He cTaj PYTHHHBIM, a COOTHOIIEHWME YHMCTa TAIllMeHTOB K
YHCJy PEAHVMAIMOHHBIX CECTep AAJIEKO OT HEATbHOTO.
Bwmecte ¢ 9TUM cIeIyeT TOMUepKHyTh, YTO OTCYTCTBUE MH-
(heKITMOHHOTO KOHTPOJIST B OTAETEHNHT HE TOJTHKO TIPHBOIAT
K YBEJIMUEHUIO BPEMEHHU NPeObIBAHYSI TIAIIMEHTA B PeaHnMa-
WU U YXYJIIEHUIO HCXOI0B 3a00JI€BAHUSI, HO 1 JIeJTaeT UC-
MOJTE30BAHIE HOBBIX METOMK MYJIBTUMOIATBHOTO MOHUTO-
PUHIa U UHTEHCUBHOU Tepanuu 6eCCMbICJIEHHBIM.

3akjoyeHue

Peannmaromorus B HeBpOJIOTUN 1 HEHPOXUPYPTHUH,
SIBJISISICH 9acThI0 00Iell peaHnMaTOJOTHH, UMEET CBOH
ocobennoctu. llpogymanHasi opraHusanus OTIEJICHUS
peaHnMaIny 7151 HeBPOJIOTUIECKUX ¥ HeMpOXupypruyec-
KUX MAIMEHTOB, a Takxke 00yvYeHne aHeCTe3noIora-pea-
HUMaToJoTa crenuduke BefeHUsT 3TUX MAI[MEeHTOB T103-

BOJIAET yay4duinuTb NCXO/bI. MyJIbTI/IMOI[aJIBHBII;'I

MOHUTOPUWHTI, HOBbIC I/IH(I)OpMaLII/IOHHBIC TEXHOJIOTUH, UC-
IIOJIb3OBaHHEC Cl)apMaKOJIOFI/I'-ICCKI/IX IpemnapaToB n Tepa-
NIEBTUYCCKUX METOANK C YYETOM IMATOTCHETUYECCKUX KaC-

KaJ0B, 3allyCKaeMbiX IepeOpaibHON uieMueld u

IUIOKCHEH, CIIOCOOHBI CYLIECTBEHHO YJYUIIUTh PE3YJib-
TaThl JIEYCHUsT 1 UCXO/BI 3aboaeBanust. OHako 6e3 ckpy-
MyJIe3HOTO HHGEKIIMOHHOTO KOHTPOJISI HCXO/IbI 3a00I€Ba-
HUHM HeHpOpeaHNMAITMOHHBIX MAlMeHTOB CYIIECTBEHHO
YXYAIIAIOTCA B CBSA3U C TAKEIBIMA HO30KOMMATbHBIMU
MHMEKIMOHHBIMU OCTIOKHEHUSIMU.
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