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Ilesnb 0630pa 81-if myGarkanuu siBJsieTcst 06CyKIeHe COBPEMEHHOI 0TEUeCTBEHHOI 1 3apyOeKHOI T0Ka3a-
TeJBHON Gaszbl MO TPOTHOZUPOBAHUIO HEBPOJOTHYECKUX MCX010B rociae BOK ¢ ncmnoap3oBanueM MOJIEKYIAPHBIX
Guomapkepos. B 0630pe paccMOTpes COBPEMEHHOE COCTOSTHUE MTPOGIEMbI HEBPOJOTHIECKUX HCXO0B MOCJIE BHE-
3aHHOI>JI OCTAaHOBKHN KPOBOO6paH_[eHI/Iﬂ, IIPpUHIUIINAJIbHBIC JIe‘{e6HI)Ie MEPONPUATUA, ITO3BOJIAIONINEC YIYUIINUTD JIaH-
HbI€ UCXOAbI U CYHIECTBYIOIME B HACTOAIIEE BPEMA METO/Ibl AMATHOCTUKU U ITPOTHO3UPOBAHNA HEBPOJOTUYECCKUX
UCXOJIOB TTOCJIC BHE3ATHON OCTAHOBKHM KPOBOOOPAIICHUS: KINHIMIECCKHIE, JaOOPATOPHBIE U HHCTPYMEHTAIbHBIE,
[Toxpo6HO 06cysKAeHa ToKa3aTe bHass Ha3a BO3SMOKHOCTU UCIIOJIb30BAHUST MOJIEKYJISIPHBIX OUOMAPKEPOB B 110~
CTPEAHUMATIMOHHOM MIEPUOJIE.

Kantouesvte cnosa: gnesannasi 0CmanoKa KposooopaueHust; peaHUMAayust; NOCMpPeaHUMAuUOHHIIL Nepuod; Hes-
POLOZUUECKUTL UCXOO

The purpose of this review of the 81 publications is to discuss the current national and international data
on the prediction of neurological outcomes after sudden circulatory arrest (SCA) using molecular biomarkers.
The review discusses the current state of the problem of neurological outcomes after a sudden circulatory
arrest, the principal therapeutic measures to improve these outcomes and currently available clinical, labo-
ratory, and instrumental methods of diagnosis and prediction of neurological outcomes after a sudden circu-
latory arrest.
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BBenenne

BoeokmBaeMoCTh TOCTIE BHE3AMHOW OCTaHOBKH
kposoobpaenus (BOK) cocrasisier 10—20%. I1o
manabiM 2011—2015 rr. 8 CIITA BbIKMBAEMOCTB ITOCJIE
Beex BuoB BOK cocrasuma B cpemrem 11,4%, a B 27
eBporeiickux crpanax (2014 r.) — B cpexrem 10,7%

Introduction

The survival rate after a sudden circulatory arrest
(SCA) is 10—20%. According to data over the period
2011—2015, in the USA, the survival rate after all types
of SCA was on average 11.4%, and in 27 European
countries (2014), it was on average 10.7% [1—2]. About
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[1—2]. Oxoso 90% manueHnToB, OKUBJIEHHBIX [TOCJIE
BOK, nmeiot nHeBpoJiornueckuii iepuiiut pasnoii cre-
HEeHU BBIPAKEHHOCTH, KOTOPBII B T€UEHIE TO/IA [10CJIe
BOK cranoBuTcg npuunHOii JIeTaTbHOTO UCXO0/A Y
68% nanuenTos nocie suebopnnunoit BOK u 23%
HaLUeHToB 1ocje BHyTpubobandnoil BOK [3—10].
[Ipu ycremnrHoM OKMBJIEHWM YEJIOBEKA IIOCJIE
BOK pasBuBaercsi mocTpeaHuMalMOHHas 00JIe3Hb,
KOTOPAsI SIBJISIETCS CJIEICTBIEM MATOJIOTHYECKIX ITPO-
11eCCOB, pasBuBIINXCcs Kak Bo Bpemsi BOK (ro6asb-
Hast UTIIEMUS ), TaK 1 TI0CJIe OskuBIeHus (penepdysus).
[Mocrpeannmarimornas GoJie3Hb BKJIOYaeT B cebs
MOBPEXK/IEHNE TOJIOBHOTO MO3Ta (KOMA, CYJIOPOTH, KOT-
HUTUBHBIE HAPYIIEHUs, CMEPTb MO3Ta), MUOKap/a
(cokparurenpHast AUCHYHKIIUSA), CUCTEMHBI OTBET
opraHu3dMa Ha wuineMuto/penepdysuio (aKTUBAIMS
UMMYHHOU M CBEPTHIBAIONIEHl CHUCTEM, Da3BUTHE
MOJIMOPTaHHOK HEJIOCTATOUHOCTH ), 06OCTPEHIE COITYT-
CTBYIOIMX XpoHWYecKuX 3aboseBannii. TsokecTsb
HapyIeHuii (GyHKITMIT OPTaHOB 3aBUCUT OT ITPOJIOJIKH-
tesbHocT BOK 1 peannMaIimoHHbIX MEPOIIPUSTUI.
Ecin BOK 6bu1a KpaTKOBpEMEHHOM, TOCTpeaHMa-
OHHaA 00JIE3Hb MOKeT U He passuTbesa [11—13].
[TareHTsl B 1MOCIEPEAHUMAIIMOHHOM TIEPUO/IE
HY3K/IAI0TCS B IMArHOCTUKE U JIEYEHIH OCTPOTO KOPO-
HapHoro cungpoma (ecin oH 6bu1 npuunnoii BOK),
BBITIOJTHEHWH, [TPY HAJINYUU TTOKA3aHUI, KOMITBIOTEP-
HOI TOMOrpaduy 1 MArHUTHO-PE30HAHCHOI TOMOTpa-
(U ro;TOBHOTO MO3Ta, KOMILIEKCHOM 0OCIe/I0BaHIH,
pacIupeHHOM TeMOIUHAMUYECKOM U PECITUPATOPHOM
MOHUTOPUHTE U IPOTE3UPOBAHUY KU3HEHHO-BASKHBIX
(yHKIUIT Opranu3Ma B OT/IeJIEHUN PEAHUMATOJIOTUN:
KODPEKIIHsI BCEX BHU/IOB TUTIOKCUU, MEUKAMEHTO3HAS
ceJIalust, KOHTPOJIb TEMIIEPATYPbI TesIa (Mo IepsKaHue
TeMItepaTyphbl Tesa B iuamnazone 32—36°C), KOHTPOJIb
(1o He mpochuIaKTHKa!) Cy10pOT, UCKYCCTBEHHAST BEH-
TUJISIMS JIETKUX (TIO/IIEPKaHe HOPMOKCUU 1 HOPMO-
Kap6uu, usberanue runepokcuu, SpO, — 94—98%),
HoiiepsKaHie reMOANHAMUKIY (BEPOSITHO, MOJKHO 9KC-
TPaIoJNpoOBaTh JaHHbIE TI0 I[eI€HAIPABIEHHON Tepa-
MU CENCHCA, HO KOHKPETHbIE IeJIeBble TTOKA3aTeNN
reMOJIMHAMUKY B MIOCTPEAHNMAI[MOHHOM TIepHOJie He
olpe/ieieHbl), HUCIIOJb30BAHUE KapAHMOBEPTEPOB-
nebubpUIIATOPOB, TOIepKaHKe TIePdY3UH FOJ0B-
HOTO MO3Ta, KOHTPOJIb rinkeMun (Menee 10 MMoJh /11,
uzberarhb TunoraukeMun). Het gokasare bHbIX JaH-
HBIX B OTHOIIEHUU PYTUHHOTO MPODUIAKTHIECKOTO
UCIIOJIb30BAHUST AHTUAPUTMHUYECKUX IIPEIapaToB B
rocJjiepeaHnMaluoHHOM riepuojie [14—26].
[IporuosupoBanrie HEBPOJIOTUUECKIX UCXOI0B
MOCJIe OCTAHOBKY KPOBOOOPAIIEHUS ABJISAETCS aKTy-
anbHON 1pobsiemoii peanumarosoruu. Ilatorenes
noBpeskienus neliponos npu BOK u B noctpeanuma-
[IMOHHOM TIEPUOJIEe TIPECTaBIsIeT COOOM CIOKHbBI
Kackaji 06IIenaToJ0rHYeCKUX MPOIEeCCOB, TPUTTEPOM
KOTODBIX sIBJIsIeTCs uiemusi-periepdysust. Kiunmnue-
CKU MOBPE’KIeHNE TOJOBHOTO MO3Ta B IIOCTPeaHnMa-
I[UOHHOM ITE€PUO/IE MTPOSIBJISIETCS] YTHETEHUEM YPOBHSI
CO3HAHUSI BILIOTH JI0 KOMBI, Cy/IOPOraMy, MUOKJIOHY-

90% of patients who were resuscitated after SCA had
neurological deficit of different degrees of severity,
which resulted in the lethal outcomes in 68% of patients
after out-of-hospital SCA and 23% of patients after in-
hospital SCA within a year after the SCA [3—10].

In the case of a successful resuscitation after the
SCA, a post-resuscitation disease develops, which is a
consequence of pathological processes that developed
both during the SCA (global ischemia) and after the
resuscitation (reperfusion). The post-resuscitation
disease includes brain damage (coma, convulsions,
cognitive impairment, brain death), myocardium
(contractile dysfunction), body's systemic response to
ischemia/reperfusion (activation of the immune and
coagulation systems, development of the multiple
organ failure), and exacerbation of chronic comorbidi-
ties. The severity of organ dysfunction depends on the
duration of the SCA and resuscitation measures. If the
SCA was a short-term one, the post-resuscitation dis-
ease may not develop [11—13].

Patients in the post-resuscitation period need the
diagnosis and treatment of acute coronary syndrome (if
it was the cause of the SCA); computed tomography and
magnetic resonance imaging of the brain, if indicated; a
comprehensive examination, enhanced hemodynamic
and respiratory monitoring and substitution of vital body
functions in the ICU: correction of all types of hypoxia,
drug sedation, body temperature control (maintaining
body temperature within the range of 32—36°C), control
(but not prevention!) of seizures, mechanical ventilation
(maintenance of normoxia and normocarbia, avoidance
of hyperoxia, SpO, — 94—98%), maintenance of hemo-
dynamics (it is probably possible to extrapolate data on
targeted therapy of sepsis, but specific targets of hemo-
dynamics in the post-resuscitation period are not de-
fined), the use of cardioverter defibrillators, maintenance
of brain perfusion, and control of glycemia (less than 10
mmol/l, avoid hypoglycemia). There is no evidence for
routine prophylactic use of antiarrhythmic drugs in the
post-resuscitation period [14—26].

Prediction of neurological outcomes after the cir-
culatory arrest is an urgent problem of the intensive care
medicine. The pathogenesis of neuronal damage in the
SCA and in the post-resuscitation period is a complex
cascade of general pathological processes, which are trig-
gered by ischemia-reperfusion. Clinically, a brain dam-
age in the post-resuscitation period is manifested by
suppression of consciousness up to coma, convulsions,
myoclonus, and neurocognitive disorders. A clinical
evaluation of the neurological status in this category of
patients is usually difficult due to the use of sedatives,
anticonvulsants and muscle relaxants [16—19].

The European Resuscitation Council Guidelines
for Resuscitation 2015 [16] provide an algorithm for
predicting neurological outcomes after the SCA. In
patients who did not undergo targeted temperature
management (hypothermia), it is not recommended to
predict neurological outcome using a comprehensive
clinical approach earlier than 72 hours after the SCA.
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COM, HEIIPOKOTHUTUBHBIM Jepuiiutom. Kiunnueckas
OLIEHKA HEBPOJIOTUYECKOTO CTATyCa B IAHHON KaTero-
PUH TTAIIMEHTOB OOBIYHO 3aTPY/IHEHA BCIECTBYE TIPU-
MeHEHUsI CeJIATUBHBIX, IPOTUBOCYIOPOKHBIX IIperna-
paToB 1 MuopesakcantoB [16—19].

B pexomennanusix EBporeiickoro coBera 1o pea-
Humarun 2015 r. [16] chopmysmpoBal anropuTm
[POTHO3MPOBAHUST HEBPOJIOTUYECKUX UCXO/IOB M10CJIe
BOK. ¥ nanuenToB, KOTOPbIM He TIPOBOIUIIOCH TieJie-
BO€ yIIPaBJIeHNEe TEMIIEPATYPOii Tea (TUIOTEPMUST ),
He 11e71eCO06PA3HO BBITOIHATE TIPOTHO3UPOBAHUE HEB-
POJIOTUYECKOTO MCXO0/Ia C UCIIOJIb30BAaHUEM KOMILIEKC-
HOTrO KJIMHUYECKOTO MOJX0/1a PaHee 72 4acoB IOCJe
BOK. B ciyuae ¢ Muopesiakcarueii M oCTaTOuHON
cezlatueil aTOT Mepro/| BpeMeH! MOKeT ObITh O0JIbIIIe.
[Tpu npoBesieHNN UCKYCCTBEHHON IMIIOTEPMUN WU
1[eJIEBOTO YIIPABJIEHUST TEMIIEPATYPOU TeJia HeOOXO -
MO BBIKZIATh 72 4aca I0cJjie BOCCTAHOBJIEHISI HOPMO-
TEPMUH [Te€PeJ] TPOTHO3UPOBAHNEM HEBPOJIOTHYECKOTO
ucxopa. [Ipu ucronp3oBanuu ceaTUBHBIX TIperapa-
TOB M MUOPEJIAKCAHTOB OIIEHKY JIAHHBIX KINHIYECKITX
NPU3HAKOB CJIEYeT TIPOBOJAUTL U B HoJsiee TO3IHUE
CPOKH BO M30esKaHKe MOTyYeHUs JOKHOOTPHUIATE b=
HBIX pe3yJsbsraToB [16].

17151 KOMILTIEKCHOTO TIPOTHO3MPOBAHMST HEBPOJIO-
TMYECKOro MCXOo[a Y IAlMeHTOB, HAXOISIINXCS B
KOMe, CJIe/[yeT UCTIOJb30BaTh (hU3UKAbHbIE, Tabopa-
TOpHBIE (MOJIEKYJISIPHBIE OMOMAPKEPDI ) 1 MHCTPYMEH-
TasbHbIe (9JIEKTPODU3NOTIOTHYECKUE, JTyYEBbIE) METO-
Ibl rarHoctuky. Crieyer IIOMHUTD, YTO Pe3YJIbTaThl
BCEX METOJIOB UCCJEOBAHUSI MOTYT OBITH UCKAKEHBI
BJIMSTHUEM OCTATOYHOU Cealuu U,/UIin MUOpeJaKca-
nun. Koma, cocrosinue nocie BOK u runorepmus
MOTYT OKa3bIBaTh CYI[ECTBEHHOE BJAMSIHIE Ha MeTabo-
JIU3M MPENnapaToB, 3HAYUTENbHO YIJUHSSA UX Jeil-
crBue. Hu oiuH 13 MpuBeZIEHHBIX TECTOB HE MOKET CO
100% TOYHOCTBIO TIPEICKA3aTh BEPOSITHOCTb BOCCTA-
Hossienud dyukinuii [ITHC, B cBsA3u ¢ yem 11 TIOBBI-
HIEHUsT TOYHOCTH HPOTHO3a CJIeNyeT OIUPAThCS Ha
KOMILIEKCHOe obcenoBanue [16, 27—29].

C HebIaronpusiTHBIM HEBPOJOTUIECKUM HUCXO-
JIOM aCCOIUUPOBAHBI CJIE/IYIONINE BAXKHbIE CUMIITOMbI
U IPU3HAKU: KIMHIYECKUE 1 2JIEKTPODU3N0JIOTIYe-
ckue kpurtepun (OusarepaibHoe orcyrcrBre N20
COMATOCEHCOPHBIX BBI3BAHHBIX [TOTEHIHAIOB TOJIOB-
Horo Moara [30]), oTcyTcTBUE 3IEKTPUYECKOM aKTUB-
HOCTH 110 ajieKTpoantiedasorpamme [31], anurentu-
4yecKuii ctaTyc [32], marTepH «BCIIbIIKA-TI0/I[aBIeHEe
[16, 33]), amnamMuKka cojiep;KaHust B KPOBU MOJIEKY-
JIIPHBIX GUOMAPKEPOB; IAHHBIE MHCTPYMEHTAIBHbIX
METO/IOB MCCIe0BaHuUs (COOTHOIIEHUE CepoTo,/Hesio-
O BEIeCTBA FOJOBHOTO MO3Ta 10 JJAHHBIM KOMIIBIO-
TepHOU TomMorpadun [34], uamepsiemblii Koahduiru-
eHT nuddysun o TaHHBIM MArHUTHO-PE30HAHCHOI
tomorpadun [35]). K nndopmaruBHbIM KJANHUYE-
CKHMM TIporHoctuyeckuM kputepusm rocsie BOK (kak
IPU UCIIOJIb30BAHII KOHTPOJISI TEMIIEPATYPBI TeJa B
MOCTPEAHUMAIIMOHHOM Teproje, Tak u 6e3 Hero)
OTHOCSITCSI OTCYTCTBUE 3PAYKOBOTO peduiekca K 72-y

In the case of muscle relaxation or residual sedation,
this period of time may be longer. When performing
artificial hypothermia or target temperature manage-
ment, it is necessary to wait for 72 hours after nor-
mothermia restoration before predicting the
neurological outcome. When using sedative drugs and
muscle relaxants, the evaluation of these clinical signs
should also be carried out at a later date in order to
avoid false negative results [16].

For a complex prediction of the neurological
outcome in patients in coma, it is necessary to use
physical, laboratory (molecular biomarkers) and in-
strumental (electrophysiological, radiation) diag-
nostic methods. It should be remembered that the
results of all test methods can be affected by the
residual sedation and/or muscle relaxation. Coma,
the state after SCA and hypothermia can have a sig-
nificant effect on the metabolism of drugs, signifi-
cantly extending their effect. None of the above
tests can predict the probability of restoration of
CNS functions with 100% accuracy; and therefore,
in order to improve the accuracy of the prediction,
the conclusion should be based on a comprehensive
examination [16, 27—29].

The following important symptoms and signs
are associated with an adverse neurological outcome:
clinical and electrophysiological criteria (bilateral ab-
sence of N20 somatosensory evoked potentials of the
brain [30]), the absence of any electrical activity in
the electroencephalogram [31], epileptic status [32],
«flash-suppression» pattern [16, 33]), the dynamics
of the blood concentrations content of molecular bio-
markers; findings of instrumental tests (the gray-to-
white matter ratio according to computed
tomography [34], the measured diffusion coefficient
according to magnetic resonance imaging [35]). In-
formative clinical prognostic criteria after the SCA
(both with temperature management in the post-re-
suscitation period, and without it) include the ab-
sence of the pupillary reflex by the 72t hour after
resuscitation (sensitivity: 19%, specificity:18%) and
the corneal reflex [36—37]; the absence of a the ex-
tensor posturing to pain by 72 hour after resuscita-
tion (specificity: 74%) [16, 36—37]; myoclonic status
(sensitivity: 8%) [30, 38].

While predicting the neurological outcome, an
independent interpretation of quadriplegia, decere-
brate rigidity or myoclonus is unacceptable. Special
attention should be paid to the signs of shock, central
body temperature, metabolic disorders, the use of
sedatives and muscle relaxants, as well as other factors
affecting the interpretation of the results of the exam-
ination [16, 36—37].

Molecular biomarkers are the most promising in
this regard, because they allow to perform a quantita-
tive assessment, and the dynamics of their blood con-
centration does not depend on the use of sedatives.
The main limitations of the clinical use of molecular
biomarkers are their moderately low sensitivity and
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Puc. 1. Biok-cxema BKIIOYEHHs Ty OJIUKAIMii B aHAIH3.
Fig. 1. The flowchart of publications inclusion in the review.

Yacy MocJe OXKUBJIEHH (TyBCTBUTENBHOCTD 19%, cire-
nudmanocts 18%) m KopHeanspHOTO pediekca [36-
37]; orcyTcTBHEe pa3rubaTeabHOr0 MOTOPHOTO OTBETA
Ha 60J1b K 72-y Yacy nocie oxupaenns (cruernuduy-
HOCTBb 74%) [16, 36—37]; MUOKJIIOHMYECKUIT CTATyC
(uyBcTBUTENBHOCTD 8%) [ 30, 38].

[Ipy  TpPOrHO3MPOBAHUU HEBPOJIOTUIECKOTO
MCXO0/la HEJOMYyCTUMA M30JIUPOBAHHAS MHTEPIIPETa-
WS TeTPAILIErH, JIelepeOPAiMOHHON PUTHAHOCTH
win muoksonuu. Crenyer o6paTuTh 0coboe BHIMA-
HUe Ha IPU3HAKU II0KA, IEHTPATBHYIO TEMIIEPATYPY
Tesqa, MeTaboNMYecKe HapYIICHUsT, MTPUMEHEHUS
CeJIATUBHBIX NIPETIAPATOB U MUOPEJIAKCAHTOB, a TAKIKE
npourie (GaKTOPbI, BIMIIONINE HA WHTEPIIPETAIIHIO
pesyJbraTos obciaenosanus [ 16, 36—37].

Moutexynspubie GuomMapkepsl Hanbosiee mep-
CIIEKTUBHBI B IAHHOM OTHOIIIEHNH, TIOCKOJIBKY TT03BO-
JISTIOT BBITIOJTHUTD KOJTMYECTBEHHYIO OIIEHKY, a ANHAa-
MHUKAa WX COJepXKaHWsl B KPOBW HE 3aBUCUT OT
NPUMEHEHWs CeaTUBHBIX TperapaToB. OCHOBHBIMU
OTPAHUYEHUSIMI KJITMHUYECKOTO TPUMEHEHUST MOJIEKY -
JIIPHBIX GUOMAPKEPOB SIBJISIETCS UX YMEPEHHO-HU3KAsT
YYBCTBUTEIBHOCTD U CIIEII(UIHOCTBD, & TAKIKE CJIOK-
HOCTh OTIpEe/IeJIeHUs] MPOTHOCTUYECKH 3HAYUMBIX
oporoBbIX 3Hauennii [1, 11, 16, 39].

[Tesb 0630pa mTeparypbl — 006CYKACHUE COBPE-
MEHHOI 0TeuecTBEHHON 1 3apyOesKHO T0Ka3aTelb-
HOU 6a3bl 110 MPOTHOZUPOBAHUIO HEBPOJOTUUECKUX
ncxo0B nocsie BOK ¢ ucnosnbzoBanmeM MoJeKyJIsip-
HBIX GHOMaPKEPOB.

[Towrck OTeYeCTBEHHBIX MyOIMKAINI TIPOBOIN-
s B 6ase manubix elibrary.ru, sapyGexnbix — B 6ase
nanubix PubMed u Scopus. Biiok-cxemy BK/IIOUeHUS
B 0630p MUTEPATYPBI MYOIUKAIHIT TPEACTABUIN Ha
puc. 1. B mouck Bkmounan ciepyionie GoOpMaTh

specificity, as well as the complexity of determining
prognostically significant thresholds [1, 11, 16, 39].

The purpose of this literature review is to discuss
the current national and international data on the pre-
diction of neurological outcomes after SCA using mo-
lecular biomarkers.

The search for national publications was carried
out in the elibrary.ru database, and for international ones
in the PubMed and Scopus databases. The flowchart of
inclusion of publications in the literature review is pre-
sented in fig. 1. The search included the following pub-
lication types over the period 1994—2018: literature
reviews, observational studies, double-blind randomized
studies. The following search requests were used: «sud-
den circulatory arrest», «cardiac arrest», «<sudden car-
diac death», «prediction of outcomes», «CPR»,
«biomarker», «post-resuscitation period», «prognostifi-
cation». 81 publications were included in the analysis.

Mechanisms of emergence
of molecular biomarkers in the blood
in the post-resuscitation period

The ways of penetration of such substances as
S100 protein and neuron-specific enolase into the cir-
culation after a brain damage in the post-resuscitation
period have not been fully studied to date. The first
mechanism: damage of the blood-brain barrier struc-
tures (a so-called neurovascular unit), consisting of
neurons, astrocytes, endothelial cells, and pericytes.
Damage of cells of the neurovascular unit develops
both in the primary ischemia / reperfusion (damage
tof tight contacts between endothelial cells, impair-
ment of the architectonics of the cell cytoskeleton)
and in the delayed period (astrogliosis, increased in-
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nyOsmkanuii 3a nepuo 1994—2018 rr.: 0630psl Jimre-
parypbl, 06cepBaIlOHHbIE UCCIEAOBAHNUS, [BOWHBIE
cjierible  PaHIOMH3MPOBAHHBIE  WCCJIEIOBAHUS.
Wcnonp3oBanu ciemyiolire MOMCKOBBIE 3aMPOCHL:
«BHE3alHasi OCTAHOBKA KPOBOOOPAIIEHUSA», «OCTa-
HOBKa Cep/lla», «BHE3aIHas CepledyHasi CMEePTbh»,
«IIPOTHO3UPOBAHIE UCXO/I0BY, «CEPIEUHO-IETOYHAS
peaHumMalusa», «6uoMapkep», <biomarker», «cardiac
arrest», «postresuscitation period», «prognostifica-
tion». B anaims Bxaouniu 81 myGmKaimio.

MexaHu3Mbl NOSABJIEHUS] MOJEKYJISIPHBIX
OMOMapKepoB B KPOBH
B MOCTPEaHUMAIIHOHHOM NepUo/ie

[Tyt TpOHMKHOBEHUS B KPOBD IIPU TIOBPESK/IC-
HUM TOJOBHOTO MO3Ta B TIOCTPECAHUMAIMOHHOM
Heproe TaKUX BEIecTs, Kak Oenok S100 u meiipon-
crniennduyeckas eHosasa, 10 KoHila He uaydensl. [lep-
BbIIl MEXaHU3M: TOBPEKICHNE CTPYKTYP reMaToaHIe-
danmuueckoro 6Gapbepa (T.H. HEHPOBACKYJIspHAs
e/INHUIA), COCTOSIIETO U3 HEHPOHOB, aCTPOIIUTOB,
JH/IOTEJINOIMTOB U T1IepUIUTOB. IloBpeskaenne KieTok
HEHPOBACKYJISPHON eIMIIMHBI Pa3BUBACTCS KaK 1IPU
MEPBUYHOM HIEMUYECKOM/perepdy3noHHOM BO3-
neiicTBUM (MOBPEKICHUE TIIIOTHBIX KOHTAKTOB MEXKLY
HIOTEJINOIUTAMY, HapylleHue apXUTEKTOHUKU
IUTOCKeJIeTa KIETOK ), TaK U B OTCPOYCHHOM I1E€PHOJIE
(acTporimos, MoBblllleHHe BHYTPUYEPEITHOTO /IaBJie-
HU4, aKTUBAIIMA KJIETOK UMMYHHOM CHUCTEMBI U JIp.).
Bropoit Mexanusm: yepes riamaibHyio JuMdaTryie-
ckylo cucremy. M3BecTHO, 4TO 11epebpocnHaIbHasT
JKUJIKOCTD MOKET NMPOHUKATh B MHTEPCTUIMAIBHOE
ITPOCTPAHCTBO, OKPYKAtolee KJIETKU TOJOBHOTO MO3Ta
yepes y3KHe MPOMEKYTKU MEKIY dHIOTeJeM apTe-
puoJs 1 GazanbHON miaacTuHOi. ITo Mepe TOro Kak
1epebpOCTIMHAIBHAS KUIKOCTH TIPOTEKAET 110 TAHHO-
MY TIPOCTPAHCTBY, OHA CMEIINBAETCA C MHTEPCTUIIN-
ATBHON KUAKOCTBI0. COOTBETCTBEHHO, BBIICJIAIONE-
Cs1 TIPY TTOBPEXKACHNT HEHPOHOB U TJIMATBHBIX KJICTOK
B MHTEPCTUIUAIBHYIO KMIKOCTb MOJIEKYJIbI TPaHC-
MOPTUPYIOTCA B NapaapTeprasbHble TPOCTPAHCTBA C
MTOMOTI[BIO AKBAITOPUHOB 4 TUTIA ¥ TI0 MEXaHU3MY ud-
¢dysuu. [lanee st MOJIEKyIbl peabcopOUpyIOTCs B
11epeOPOCTIMHANBHYIO JKUAKOCTh WU MOMAAaioT B
KPOBbB Uepe3 apaxHouAaIbHbie BOpCUHKN [40—45].

B oTHoIIeHny MporHo3upoBaHus HEBPOJIOTUYe-
ckoro ucxoja nociae BOK usyyasnmn pasianynbie Bene-
cTBa (MO3roBas KpeaTMHKUHA3a, aJJaHMHAMUHOTPaH-
cepasa, JaKTaTACTUAPOreHa3a, JaKTaT, IUPyBar), Kak
B KPOBH, TaK U B JIMKBope. bplio fokaszano, 4To atu
BelecTBa HU3KOMHMOPMATUBHBI KaK ITPOrHOCTUYE-
cKkre GUOMapKepbl, MOATOMY PaBOTHI TIOCJEHUX JIET
COCpeIOTOYEHBI Ha M3y4YeHUU HelpoH-crernunduye-
ckoii enonasbl (HCE) u Gesika S100 [46—47].

Heiipon-cnenuduueckas enonaza (HCE) —
BHYTPUKJIETOUHBIN (hDePMEHT TIeHTPATbHON HEPBHOM
CUCTEMBI, TIPUCYTCTBYIONINI B KIETKAX HEHPOIKTO-
JIePMAJTbHOTO TPOUCXOsKICHIS (HEHPOHAX FOJIOBHOTO

tracranial pressure, activation of the immune system
cells, etc.). The second mechanism: through the glial
lymphatic system. It is known that the cerebrospinal
fluid can penetrate into the interstitial space sur-
rounding brain cells through the narrow intervals be-
tween the endothelium of arterioles and the basal
plate. As the cerebrospinal fluid flows through this
space, it mixes with the interstitial fluid. Therefore,
molecules released at the damage neurons and glial
cells into the interstitial fluid are transported to the
periarterial space with by aquaporin-4 in accordance
with the diffusion mechanism. Then these molecules
are reabsorbed into the cerebrospinal fluid or enter the
blood through arachnoid villi [40—45].

Various substances (brain creatine kinase, alanine
aminotransferase, lactate dehydrogenase, lactate, pyru-
vate) both in blood and in liquor were studied for the
prediction of neurological outcome after the SCA. It
has been confirmed that these substances are low-in-
formative as prognostic biomarkers, so recent studies
have focused on the assessment of the neuron-specific
enolase (NSE) and S100 protein [46-47].

The neuron-specific enolase (NSE) is an intra-
cellular enzyme of the central nervous system present
in cells of neuroectodermal origin (brain neurons and
peripheral nervous tissue). It is a glycolytic enzyme,
one of the most frequently measured molecular bio-
markers in the post-resuscitation period. The neuron-
specific enolase is the only currently known common
marker of all differentiated neurons [47—48].

The neuron-specific enolase is present in all cells
of neuroectodermal origin and is released into the
blood when they are damaged. The NSE is present in
erythrocytes, platelets (therefore hemolysis also leads
to an increase in the NSE level ), cells of small cell lung
carcinoma and neuroendocrine tumors (this marker is
widely used in the clinical practice for the diagnosis of
tumors of lungs and brain). The NSE half-life time in
the blood is 30 hours, the reference values of the NSE
are 0—16.3 ng / ml. The NSE informative value has
been proved in ischemic stroke, subarachnoid hemor-
rhage, and diffuse axonal damage [46—48]. In diseases
accompanied by the involvement of nervous tissue in
the pathological process, qualitative and quantitative
evaluation of the NSE in the cerebrospinal fluid or
blood provide valuable information about the severity
of neuronal damage and the integrity of the blood-
brain barrier [11, 16, 47—48].

The threshold values of the NSE blood concen-
trations for predicting a neurological outcome after
the SCA range from 33 ng/ml to 90.9 ng/ml over 24—
72 hours after resuscitation, according to various stud-
ies (the spread of data on the concentrations is
associated with various measurement methods, as well
as with the lack of a full understanding of the kinetics
of this substance in the post-resuscitation period)
[48—50]. In the group of patients who were exposed
to the temperature management in the post-resuscita-
tion period after the out-of-hospital SCA, the inform-
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Mo3ra 1 niepudepudeckKoil HepBHOU TKaHM ). JTO TJIN-
KOJIUTUYECKUI (hepMeHT, oMl 13 HanboJjee 4acTo
U3MEpSAEMbIX  MOJIEKYJSAPHBIX — OHOMapKepoB B
nocrpeaHuManonHom nepuose. Heiipon-crenudu-
Yyeckasl €HOJia3a — eJUHCTBEHHBI W3BECTHBIN B
HacTostIee BpeMs obIuii Mapkep Beex auddepeniu-
POBaHHBIX HEHPOHOB [47—48].

Heiipon-crienudirueckast enosasza mpucyTcTByeT
BO BCEX KJIETKAX HEHPOIKTONEPMAIBHOTO TPOUCXOK-
JIEHUsT M BBICBOOOKIAETCS B KPOBb ITPU UX MOBPEIK/Ie-
nun. Taxxxe HCE npucyrcTByeT B 3puUTpOIUTAX, TPOM-
GoruTax (MOATOMY TE€MOJIU3 TaKyKe TPUBOAUT K
nosbitiernio yposusi HCE), kineTkax MeskokieTou-
HOU KapIIMHOMBI JIETKOTO M HEPOdHIOKPHUHHBIX OILY-
XoJteil (aHHbII MApKep IUPOKO UCIIOIb3YETCs B KJIU-
HUKE [JI TUATHOCTUKHU OIYXOJIeit JIETKUX U TOJIOBHOTO
Mmo3zra). Bpems noayxkusun HCE B kpoBu cocrasiisier
30 u., pedpepencusnie 3navenuss HCE 0—16,3 ur/muir).
Nudopmarusnocts HCE nokazana npu uiemuye-
CKOM MHCYJIBTE, CyOapaXHOUATbHOM KPOBOMBJIMSIHUM,
nuddysHoM akcoHasbHOM TOBpeskaeHun [46—48].
ITpu 3a6071€BaHUSIX, COTTPOBOK/IAIOIINXCSI BOBJIEUEHNU-
€M HepBHOI TKaHU B MATOJIOTMYECKUII TIPOIECC, Kaye-
cTBeHHBbIe U KosudecTBennble onpenesnennda HCE B
1epebPOCTTMHANLHON JKUIKOCTH UJIM KPOBH JIAIOT [[CH-
HYIO MH(OPMAIUIO O CTENIEHU BhIPAKEHHOCTH ITOBPEK-
JIeHUil HEeIIPOHOB U I[eJIOCTHOCTU reMaToaHIedaninye-
ckoro Gapbepa [11, 16, 47—48].

[Toporosbie 3nauyenus copepskanus HCE B
KPOBU IS [POTHO3WPOBAHUSI HEBPOJOTHYECKOTO
ucxoza rocye BOK 110 1anubIM pa3jindHbIX UCCIe/10-
BaHuii cocrasysaior ot 33 ur/miu no 90,9 ur/mia B
nepuos 24—72 4. mocJie oxuBaenus (pazdpoc JaHHBIX
0 KOHILIEHTPAIUY CBSI3aH C PA3JINYHBIMI METOUKAMM
U3MepEHVs], a TAKKe C OTCYTCTBUEM IOJHOIIEHHOTO
NOHUMAaHWS KTHETUKU JAHHOTO BEIeCTBA B IIOCTPea-
HUMAIMOHHOM Tiepuojie) [48—50]. B rpyrine naruen-
TOB, Y KOTOPBIX HCIIOJb30BAIN KOHTPOJIb TEMIIEPATY-
pBl Tejla B IIOCTPEAHUMAIIMOHHOM IIEPUOJE IOCJIEe
sHebopHnuHOi BOK, ObL1a 1okasana nH(opMaTus-
Hoctb conepskannst HCE na 48 1 ocsie ocxuBJienus u
npupocra cogep:xannss HCE ¢ 24 k 48 4 [50]. Heii-
poH-crenuduyeckas eHosiaza uHGOpPMATHBHA s
IPOrHO3UPOBAHMS MCXO/A KAK y TAIIMEHTOB TOCJe
BOK, ymupatonux B Teuenue 72 4 OT OXUBJIEHUS
(mwromanp mog ROC-kpusoit 0,87), Tak 1 y nanueH-
TOB, Y KOTOPBIX BOCCTAHABIUBAETCS CO3HAHUE TI0CJIE
72 u ot oxkussenus (mromiagb noa ROC-kpuBoii
0,62), a Tak:ke y TeX, y KOro CO3HaHNME He BOCCTAHAB-
JsmBaetcs B 9TOT nepuo/ (1roniazs mojx ROC-kpuoii
0,92). Hau6Gonee nHGOPMATUBHO TPEXKPATHOE M3Me-
penue HCE B noctpeanmmaiinonnom nepuoje (24—
48—72 1) [51]. Mcnonb3oBanye KOMOMHIPOBAHHON
ounerikn HCE (6oJiee 38 Hr/mu1) 1 reHepaii30BaHHOTO
OTeKa TOJIOBHOTO MO3Ta 110 JAHHBIM KOMITBIOTEPHOI
TOoMOrpad Uy SIBJISETCS MPEAMKTOPOM ILIIOXOT0 HCXO0/Ia
nocsie BOK (uyBctBuTeabHocTh 46%) [52].

benok S100 orHOCHTCS K cEMENCTBY KaJbIlUii-
CBSI3BIBAIONIMX GETKOB, KOTOPbIE IPUHUMAIOT YYaCTHE

ative value of the NSE concentration 48 h after resus-
citation and an increase in the NSE concentration
from 24 to 48 h was confirmed [50]. The neuron-spe-
cific enolase is informative for predicting the outcome
of both patients after SCA dying within 72 hours after
resuscitation (the area under the ROC curve is 0.87)
and patients who recover consciousness 72 hours after
resuscitation (the area under the ROC curve is 0.62),
as well as those who do not recover consciousness dur-
ing this period (the area under the ROC curve is 0.92).
Three measurements of the NSE in the post-resusci-
tation period have the most informative value (24—
48—72 h) [51]. The use of a combined assessment of
the NSE (more than 38 ng/ml) and generalized brain
edema according to computed tomography is a predic-
tor of a poor outcome after the SCA (the sensitivity is
46%) [52].

S100 protein belongs to a family of calcium-
binding proteins that are involved in the regulation of
cell growth and differentiation, transcription, phos-
phorylation of proteins, secretion, and muscle fiber
contraction. They regulate the cell cycle and apoptosis
and can participate in the process of carcinogenesis.
The family of these proteins (more than 20 proteins)
was discovered in 1965. The name «S100» is associ-
ated with the ability of the protein to dissolve in 100%
ammonium sulfate solution at pH 7.2. The cere-
brospinal fluid contains proteins S100A1 (S100«) and
S100B (S1008). Intracellular protein S100 exists as a
homodimer. About 85—90% of the total S100 protein
is contained in astrocytes, 10—15% is found in neu-
rons, and the minimum amount is in oligodendrocytes.
S100 protein synthesis takes place in glial cells [53].

The S100 protein concentration is used to diag-
nose many malignant tumors; it is a standard diagnos-
tic test for melanoma. S100 protein is involved in
differentiation, proliferation, and apoptosis of neurons;
and, unlike NSE, it is a marker of activated astroglia
in response to neuronal damage during hypoxia and
hypoclycemia. The half-life time of this substance is 2
h, which causes its early peak concentration after the
SCA (within 24 h).

According to the most large-scale study carried
out on the basis of the TTM-trial database in 2017
[53], the S100 protein concentration is significantly
higher by 24 h (cut-off point: 0.12 pg / ml, sensitivity:
68%, specificity: 77%, the area under the ROC curve
for the 36°C group: 0.82, for the 33°C group: 0.78), 48
h (cut-off point: 0.13 pg / ml, sensitivity: 63%, speci-
ficity: 82%, the area under the ROC curve for the 36°C
group: 0.81, for the 33°C group: 0.77) (cut-off point:
0.10 pg / ml, sensitivity: 65%, specificity: 80%, area
under ROC curve for the 36°C group: 0.80, for the
33°C group: 0.74) after resuscitation after out-of-hos-
pital SCA. The S100 protein concentration has the
highest prognostic value at 24 h. The use of artificial
hypothermia makes significant changes in the dynam-
ics of the S100 protein blood concentration: at 24 h
and 72 h, the S100 protein concentration was signifi-
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B PEryJUPOBAHUY POCTA U AU DEPEHIIMPOBKU KJle-
TOK, TPaHCKpUMIUK, (HochopuinpoBanus GEJIKOB,
CEeKpeIlny, COKPAIIEHUU MBIIIEYHBIX BOJIOKOH. OHU
PeryJupyroT KJIeTOYHbII IIUKJI ¥ allONTO3 U MOTYT y4a-
CTBOBATb B TIpoIiecce OHKoreHe3a. CeMeiicTBO TaHHBIX
6enkoB (6osee 20 6enkoB) ObLIO OTKPHITO B 1965 T.
Hassanue «S100» cBst3aHo co crmocobHOCTbHIO Helika
pactBopaThes B 100% pacTBope cysbdaTa aMMOHUS
npu pH 7,2. B nepe6pocinHaabHOl JKUAKOCTH IPU-
cyreryior 6esku S100A1 (S100a) 1 S100B (S1008).
Buyrpukierouto 6esok S100 cyrecTByeT Kak TOMO-
aumep. Oxomo 85—90% ob1iero comepskanmst Gemka
s100 mpuxoanTest Ha actpouuThl, 10—15% pacmoso-
JKEHBI B HEHPOHAX, a MUTHUMAThHOE KOJTUYECTBO — B
oymarozperaporuTax. Cunres 6eska S100 mpoucxoant
B TTHAJIBHBIX KJIETKax [53].

Conepxanne 6emka S100 wcmosbayercss st
JIMaTHOCTUKU MHOTHX 3JI0KAYeCTBEHHBIX HOBOOOPA30-
BaHWI, 3TO CTAHJIAPTHBIN AMATHOCTUIECKIH TECT TIPU
memanome. besok S100 mpuaMMaeT yaactue B iudde-
PEHIIMPOBKE, TpoJindepaIiui 1 aronTo3e HeHPOHOB, a
takxke, B otanane ot HCE, siBsieTcst Mapkepom akTH-
BaIMW ACTPOTJIVH B OTBET HA MOBPEXKIEHNE HEHPOHOB
TIPU TUTTOKCUU ¥ TUTIOKJTUKEMUU. BpeMs moTy:Ku3nu
JTAHHOTO BEIIECTBA COCTABIISIET 2 U, 4TO 0Oy CIaBINBA-
€T PaHHIOI MUKOBYIO0 KOHIleHTparwio ocse BOK (B
TeueHne 24 1).

Mo garHbIM HanboJIee MACIITAOHOTO HCCIIEI0BA-
nust 2017 . [53], mpoBeeHHBIM Ha 0ase JaHHBIX
TTM-trial, conepkanue 6emka S100 3HAUUTETHHO
BhINIe Ha 24 4 (Touka oTceuenus 0,12 MKr/mm, 4yB-
CTBUTEIBHOCTH 68%, criermpuaHocTh 77 %, TIOTIAIb
o ROC-xpusoii aist rpynmer 360C 0.82, st rpymn-
bt 33°C 0,78), 48 u (Touka orcevenus 0,13 MKr/MI,
YyBCTBUTETHHOCTH 63%, criennuanocts 82%, m10-
manb mox ROC-kpusoit s rpymmst 36°C 0.81, mis
rpymmet 33°C 0,77) 72 9. (touka orcedenusi 0,10
MKT/MJI, 9yBCTBUTEIBHOCTh 65%, CHEMUbUIHOCTD
80%, nuronans mox ROC-kpusoii mist rpymiis 36°C
0.80, nast rpymimier 33°C 0,74) mocste 05KUBIIEHUS TTOCTE
paeboabanunoit BOK. Cogepxanue Genka S100
nMeeT HarboJree BHICOKYTO MTPOTHOCTUIECKYIO CUITY Ha
24 4. Vcniosnb3oBaHe MCKYCCTBEHHONW THIIOTEPMUN
BHOCUT 3HAYUTEJNbHBIE KOPPEKTUBBI B JIUHAMUKY
cozpepxkanus 6enka S100 B KpoBu: B cpokn 24un 724
conepskanue 6emka S100 3HAUNTETHHO BBITIE Y MATH-
€HTOB, KOTOPBIX oxyaskaau /10 33°C 1o cpaBHEHUIO ¢
rpymmoit 36°C. TIporHocTiyeckast 3HAUNMOCTD OeJIKa
S100 kax pannero 6moMapkepa KpaiiHe BaxkHa JJist
TMPUHSTHS PEIEHNS O TAKTUKE BEJICHWS TTATIMEHTOB B
MTOCTPEaHNMAIIMOHHOM Tiepuozie. COBMECTHBIN aHAIN3
6enka S100 u HCE He yayuiaeT npeackasaTeIbHY0
criocobnoctb Mogienu. benok S100 nanbonee undop-
MaTuBeH B iepBbie cyTkn 1ociae BOK (24—48 1), a
HCE — x 72 4 [53—56].

MoJiekyIspHbIil  GHOMapKep MOBPEKIACHUS
mouek y manueHToB cerncucom NGAL (neutrophil
gelatinase-associated lipocalin, siumokanus, accorum-
POBaHHBIH € JKeJTaTuHa30i HeiTpoduaos) [57—60]

cantly higher in patients who were cooled to 33°C as
compared to the 36°C group. The prognostic value of
S100 protein as an early biomarker is extremely im-
portant for decision-making on the management of pa-
tients in the post-resuscitation period. A combined
analysis of the S100 protein and NSE does not im-
prove the predictive ability of the model. S100 protein
has the most informative value on the first day after
the SCA (24—48 h), and the NSE by 72 h [53—56].

NGAL  (neutrophil  gelatinase-associated
lipocalin), a molecular biomarker of renal damage in
patients with sepsis [57-60], may also act as a molec-
ular prognostic biomarker after SCA, whose informa-
tive value is not inferior to that of NSE. According to
Kaneko T. et al. [60], NGAL levels were significantly
higher in patients with an unfavorable neurological
outcome (3—5 points according to the Glasgow—
Pittsburgh Cerebral Performance Category (CPC)
scale). The sensitivity and specificity of NGAL on the
second day after resuscitation were 83% and 85%, re-
spectively, with a cut-off point of 304 ng/ml and the
area under the ROC curve of 0.830 (to compare, the
sensitivity and specificity of the NSE in this study
were 84% and 100%, respectively, the cut-off point
was 28.8 ng/ml, and the area under the ROC curve
was 0.918). It should be noted that the studied groups
in this trial did not differ in the glomerular filtration
rate, therefore it was not possible to evaluate the in-
formative value of this biomarker in patients with
acute kidney injury [59-60].

According to Spaich S. et al. [61], fibroblast
growth factor 23 may have a prognostic value in the
post-resuscitation period: the area under the ROC
curve in relation to the prediction of survival 6 months
after the SCA for this biomarker was 0.759 at 24 h and
0.726 at 72 h after resuscitation. The prognostic value
of this molecular biomarker for short-term neurologi-
cal outcomes is moderate.

According to Pekkarinen P. et al. [62] procalci-
tonin levels at 96 h after resuscitation have a prognos-
tic value for a poor neurological outcome within 12
months after out-of-hospital SCA (0.238 ng/ml in sur-
vivors vs. 0.988 ng / ml in the deceased; the area under
the ROC curve: 0.76, 95% confidence interval: 0.68-
0.83). The increase in the procalcitonin blood concen-
tration by 24 h after the admission is also
prognostically informative in relation to an unfavor-
able neurological outcome. The procalcitonin level at
admission was naturally informative in relation to the
prediction of a hemodynamic instability over the next
48 hours of post-resuscitation period.

The use of artificial hypothermia (the tempera-
ture management is currently recommended [16]) in
the post-resuscitation period significantly changes the
dynamics of the concentration and informative value
of molecular biomarkers. In artificial hypothermia,
blood plasma glycoproteins are informative: cerulo-
plasmin and haptoglobin are associated with a good
neurological outcome, which may be due to their neu-
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MOZKeT TaKyKe BBICTYIIATh MOJIEKYJISIPHBIM IIPOTHOCTH-
yeckuM Ouomapkepom 1ociae BOK, He yerynaonmm
no urdopmarusaoctu HCE. ITo ganneiv Kaneko T. u
coasT. [60] yposerib NGAL GblI 3HAYMTENBHO BBIILE Y
MAIUEHTOB ¢ HEGJIATOTPUATHBIM HEBPOJOTHYECKUM
ucxonom (3—5 Gamnos no mkaine Glasgow—Pitts-
burgh Cerebral Performance Category (CPC). Uys-
ctBuTesbHOCTD U cneruduuHoctb NGAL na BTOpOii
JIeHb [10CJIe OKUBJIEHHS] COCTABUJIN COOTBETCTBEHHO
83% 1 85%, ¢ Toukoii orceverust 304 Hr/MJI U TLIOTIA-
nwio 1o ROC-kpusoit 0,830 (17151 cpaBHEHUS — YyB-
crButTenbHOCTh U cnenudununocts HCE B pannom
ucciaenoBannu cocrasuim 84% u 100% coorsercTBeH-
HO, TOYKa orceuenusi 28,8 HI/MJI, IJIONIA/IBIO O/
ROC-kpusoit 0,918). Heo0X0a1MO OTMETHTD, 4TO
HccielyeMble TPYIIb B IAHHON paboTe He pasjimya-
JICB TI0 CKOPOCTH KITyOOUKOBOM (DUJIBTPAIINH, TOITO-
MY He [IPEICTABIISAIOCh BO3MOKHBIM OIIEHUTH MH(POP-
MaTUBHOCTh JIAHHOTO OHOMapkepa y TaIl[MeHTOB C
OCTPBIM TIOBpeXkAeHeM rmodek [59—60].

ITo manabiv Spaich S. u coast. [61] dakrop
pocta hpubpobIacTOB 23 MOKET UMETh IIPOrHOCTHYE-
CKYIO I[EHHOCTh B NOCTPEAHUMAI[MOHHOM MEPUOJIE:
mrotazb moj ROC-kpuBoii B OTHOIIEHUH TPOTHO3U-
poBanwus BbiKMBaeMocTu yepes 6 mecsiiie mocsie BOK
IUIs TaHHOTO GuoMapkepa coctasuia 0,759 Ha 24 4 u
0,726 na 72 4 nocse oxusnenus. [Ipornoctuueckas
IIEHHOCTh JIAHHOTO MOJIEKYJISIPHOTO GHoMapkepa B
OTHOIIEHUH KPATKOCPOYHBIX HEBPOJIOTMYECKUX HCXO0-
JIOB YMepeHHa.

ITo mannbim Pekkarinen P. u coasr. [62] ypoBetb
NPOKAIBIUTOHUHA HA 96 U [10CJIe 03KUBJIEHUS TPOTHO-
CTUYeCKU NHMOOPMATUBEH B OTHOIIEHIH I1JIOXOTO HEB-
POJIOTUYECKOTO UcXo/a B Teuenue 12 Mecsies mmociie
sHebopHnuHOi BOK (0,238 Hr/MJI y BBIKUBILUX VS.
0,988 ur/ma y ymepinux; nsoiiaab nojgq ROC-kpuoii
0,76, 95% nosepurenbupiii waTepBas 0,68—0,83).
[TpupocT comepskanust MPOKANBIIUTOHNHA B KPOBH K
24 4 OT BpeMeHU NOCTYIJIEHUsT TAK)Ke TPOTHOCTHIYE-
ck¥ MH(POPMATUBEH B OTHOIIEHUH HEOIATOTIPUATHOTO
HeBpoJiorndeckoro ncxoza. Conep:ranue MPOKaJIbIH-
TOHUHA IIPU MTOCTYIJIEHUH C CTAIMOHAD 3aKOHOMEPHO
6b1710 UH(GOPMATUBHBIM B OTHOIIEHUH TIPOTHO3UPOBA-
HUST TEMOJIMHAMUYECKOI HeCTaOUIbHOCTH B TeUeHUe
6Kl X 48 4 ocTpeaHMMaluoHHOTO TIEPUO/IA.

Vcnionp3oBaHme UCKYCCTBEHHON TUIIOTEPMIH (B
HACTOsIIIee BPeMsI PEKOMEH/I0OBAH KOHTPOJIb TeMIIepa-
Typbl Tesia [16]) B mocTpeaHMMaIMOHHOM TEPUO/IE B
3HAYNTEJIBHOI CTEIIEHN U3MEHSIET INHAMUKY KOHIIEHT-
paru 1 THHOPMATHBHOCTH MOJIEKYJISIPHBIX GHOMAp-
KepoB. B ycl0BUAX HCKYCCTBEHHON TMIIOTEPMUU
UHGOPMATUBHBIMU SIBJISTIOTCS TJIMKOIIPOTENHBI T11a3-
MbI KPOBH: TIEPYJIOTJIA3MUH ¥ TAITOTTI0OOUH acCOIUH-
POBaHbBI C XOPOIIUM HEBPOJIOTUYECKUM HCXOIO0M, YTO
MOJKET OBITh CBSI3aHO C UX HEHPOIIPOTEKTUBHON POJIHIO
B IIaTOTeHe3e MMOCTPeaHNMAIMOHHOTo 1epuosa [63].

Mouiekysiprbie GHOMAPKEPDI CIEYET UCIIOTb-
30BaTh UCKJIIOUNTENBHO B KOMILJIEKCE C KINHUYECKU-
MU U UHCTPYMEHTAJIbHBIMI IIPU3HAKAMU, & HE U30JIH-

roprotective role in the pathogenesis of the post-re-
suscitation period [63].

Molecular biomarkers should be used only in a
combination with clinical and instrumental findings,
and not asisolated data due to the high risk of false pos-
itive reactions [1—10]. Measurement methods and ref-
erence values of molecular biomarkers differ
significantly between individual clinical centers. Each
clinical laboratory should validate the measurement
method and reference values of a specific molecular bio-
marker. The kinetics of these biomarkers, especially
during temperature management, has been insuffi-
ciently studied [11, 16]. When assessing the NSE blood
concentration in a combination with other tests (scores
of the Glasgow coma scale, somatosensory evoked po-
tentials, etc.) at 48 and 72 h after resuscitation, its prog-
nostic informative value for a poor neurological
outcome increases, especially if the NSE levels increase
in time or remain steadily high [1—5, 11, 16, 46—48].

It is recommended to predict outcomes after
SCA according to the following algorithm (fig. 2) [11,
16]. The evaluation should begin with a thorough clin-
ical examination. This should be done after the com-
pletion of artificial hypothermia or temperature
management, withdrawal of sedatives and muscle re-
laxants, usually not earlier than 72 hours from the mo-
ment of resuscitation after the SCA. If the findings of
prognostic tests lead to conflicting results, further
clinical observation and re-evaluation is recom-
mended. In most patients after the SCA, the recovery
of consciousness is noted within 7 days after resusci-
tation, and in 32% within 72 hours after resuscitation.
However, the recovery of consciousness 25 days after
the SCA is described, i.e. even those patients who
came back to consciousness late still have a chance for
a good neurological outcome [11, 16, 46].

Therefore, molecular biomarkers are an important
element of the algorithm for predicting neurological
outcomes after a sudden circulatory arrest. They should
be evaluated only in combination with clinical and in-
strumental findings. The neuron-specific enolase (blood
tests at 24, 48 and 72 h) and S100 protein (blood test
at 24 h) are the most informative molecular biomarkers.

POBAHHO BCJIEJICTBUE BBICOKOTO PUCKA JIOKHOTIOTIOKHU-
tespHbIX peakiuii [1—10]. Metoabr usmepenus u
pedepeHcHble 3HaYCHUS MOJIEKYIAPHBIX GrOMapKe-
POB 3HAYUTEJNBHO OTJIUYAIOTCS MEXKAY OTHETbHBIMU
KJIMHUYECKUMU IleHTpaMu. B kaxkpoil KInHn4eckoi
JMaboPaTOPUN JOJKEH OBITh BAJIUAUPOBAH METO]I
u3MepeHus u pedepeHCHbIe 3HAYeHNUs] KOHKPETHOTO
MOJIeKyJIIpHOTO GrioMapkepa. Kuretnka nanubix 61uo-
MapKepoB, 0COOEHHO TIPY UCTIOIB30BAHUN KOHTPOJIST
TeMIeparypsl Tena, Masio ndydena [ 11, 16]. IIpu oren-
ke coztepskanus B kposu HCE B komruiekce ¢ apyrnmu
tectamu (6aJLITBI TI0 TITKaJe KoMbI [71a3ro, coMaToceH-
COpHbIE BbI3BAaHHBIE MTOTEHITUAIIBI U /IP.) Ha 48 1 72
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MIOCJIE OKIBJIEHIS ee TPOTHOCTUYeCKas MH(POPMATHB-
HOCTh B OTHOIIEHUU IIJIOXOTO HEBPOJOTHYECKOTO
UCXO0/1a IOBbILIaeTcs, ocobenno ecau yposuu HCE
HAPACTAIOT B INHAMIKE UJIU OCTAIOTCSI CTOIKO MOBbI-
nrennbivu [1—95, 11, 16, 46—48].

PexoMeHI0BaHO BBINIOJIHATH [TPOTHO3MPOBAHUE
ncxozoB rocsie BOK 1o ciieyiotiemy asropurmy (puc.
2) [11, 16]. Ornenka gomKkHAa HAYMHATHCS C THIATENBHO-
r0 KJIUHUYIECKOTO 06CIE0BAHUSA. ITO JTOJIKHO ObITH
ClIEJIAHO TIOCJIe 3ABEPIIEHIS UCKYCCTBEHHOM TUIIOTep-
MUY WA KOHTPOJISI TEMIIEPATYPBbI TeJIA, TIPeKPAIeHUsT
BBEJIEHUsI CEIATUBHBIX IIPENAPATOB 1 MUOPETAKCAHTOB
— KakK [IPaBUJIO, He paHee 72 4. OT MOMEHTA 0)KUBJIEHUST
nociie BOK. Ecim pesysibraThl MPOTHOCTUYECKUX
TECTOB TPUBOIAT K NPOTUBOPEUUBBIM PE3YJIbTATaM,
PEKOMEH/TyeTCsl IasibHeliiee KIMHTIeCKoe HabIoe-
HIE ¥ TIOBTOPHAs Ol[eHKA. Y GOJIBIINHCTBA TAIIUEHTOB
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nocsie BOK BoccranoBiienue co3HaHUsI OTMEYAETCST B
TeyeHue 7 CyT. [OCJIe OKUBJIeHUs, Y 32% — B TeuyeHue
72 4. mocjie oxuBJieHus. TeM He MeHee, OTTMCaHO BOC-
CTAHOBJIEHME YPOBHSI CO3HAHUS Yepe3 25 iHell mocJie
BOK, T0 ectb saxke Te marueHThl, KOTOPbIE TIPUIILIN B
CO3HAHIE TI03/[HO, BCe ellle UMEIOT IAHC Ha XOPOIITHii
HeBpoJiornueckuii ucxon [11, 16, 46].

Taxum 06pasoM, BasKHBIM 3JIEMEHTOM aJITOPUTMA
[POTHO3MPOBAHUST HEBPOJIOTUYECKUX UCXO/IOB 110CJIe
BHE3AMHON OCTAHOBKY KPOBOOOPAIIEHUS SABJISIOTCS
MOJIeKyJIpHBIE GHOMapKepbl. VX He0OX0MMO OlleHN!-
BaTh UCKJIIOUUTENbHO B KOMILIEKCE C KINHIYECKIMU
U MHCTPYMEHTAJbHBIMU Tipu3Hakamu. Hawubosee
UHMGOPMATUBHBI CPE/IM MOJIEKYJISIPHBIX GHOMAPKEPOB
HellpoH-crienudryeckass eHosaza (U3MepeHue B
KpoBu Ha 24, 48 u 72 4) u 6eokx S100 (usmepenue B
KpOBHU Ha 24 4).
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