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Ilesnp — oleHKa YPOBHS CO3HAHUS Y MAIIMEHTOB € MTOBPEK/ICHIEM TOJOBHOTO MO3ra HA OCHOBE 3JIEKTPO(PU3N0-
JIOTHYECKOro 06c/ie10Banst (YHKIIMOHATILHOTO COCTOSIHUSL aBTOHOMHOI HEPBHOU CHCTEMBI ITyTE€M PErUCTPALIUY [Ta-
pamMeTpoB BapuabeIbHOCTH PUTMA CEPLA.

Marepuai 1 METO/IbI UCCIe0OBanus1. B uccienosamnme Braounin 77 namueHToB ua 20-50-e cyTku moce de-
PEITHO-MO3TOBOI TPABMbI, AHOKCHUYECKOTO MOBPESKACHUS, OCJAEACTBUN OCTPHIX HAPYILIEHUIT MO3TOBOTO KPOBOOOPa-
HieHust. B kauecTBe KPUTEPUEB HOPMBI U TIATOJIOTHI AKTUBHOCTH aBTOHOMHO# HepBHOIT cuctembl (AHC) npunsim
caeyionme napamerpel Bapuadeapnoctu purMma cepana (BPC) aisa 5-MuHyTHON 3aniMch: TapacMIaTHYeCKYIO TH-
MEePAKTUBHOCTD (THIIEPBATYCHOE COCTOSTHIE) ¢ 95% MOBEPUTETHHBIMI HHTEPBAIAMU TPUHIMAIN B TIPE/IeIaX 3Haue-
Huii g SDNN (cTangapTHoe OTKJIOHEHWE OT CPEIHEei JJIMTEIHbHOCTH BCeX CMHYCOBBIX R—R umHTepBasos),
[41,5-149,3 mc]; miss rMSSD (cpearekBaapaTHIHOE OTKIOHEHUE PA3HOCTH ABYX CMEKHbBIX 0TcueToB R—R Kap-
JMONHTEPBAJIOB B Mc), [42,4—175,0 mc]; st pNNS0% (0711 B % coceiHnx cuHycoBbix R—R nHTEpBasios, KoTOpbie
pasauatorest 6osiee uem Ha 50 Mcek), [8,14—54,66%]; nuis SI (crpecc-ungekce Hanpsikenus Baesckoro), [0—80 Hop-
MaJIM30BAHHBIX €JIMHUIL H. €.]; CUMIIATUYECKYIO TMIIEPAKTUBHOCTD MPUHUMAJIN B IIpejesax 3HadeHuit g SDNN
[4,54—13,30 mc]; mnst tMSSD [2,25—5,77 mc]; nst pNN50% [0—0,109%]; mst ST >900 w. e.; Hopma napamerpos
BPC npunnmainach B nipefenax 3uauennii st SDNN [13,31—41,4 mc]; ast tMSSD [5,78—42,3 mc]; motst pNN50%
[0,110—8,1%]; mnst ST [80—900 . e.]. /171t BeprchuKkaum rurepBaryCHOTO COCTOSTHUS, CUMITATIHYECKON THTIEPAKTUB-
HOCTH WJIM HOPMBI B YKa3aHHBIX I1pe/ieJlaX IIPUHUMAIN 3 U3 4-X T1apaMeTpOB.

Pesyabrarol. Y 40 (51,9%) naieHToB u3 o6cie[0BaHHBIX 77-1 HOCJIE OBPEKIEHUS TOJIOBHOIO MO3Ta TIapa-
MeTpbl hyHKinoHaabHol aktusHoctu AHC Haxoauauch B 30He maTosiornyeckux snaderuii. CUMmaTu4eckyio ru-
MEPAKTUBHOCTb BBIABWIN Yy 34-X MAIMEHTOB U B 6-TH ciyyasX 3a(UKCUPOBAJIM THUIEPBATYCHOE COCTOSIHUE.
IMatonornueckue mapamerpbl HRV BoistBusm y 80% manueHToB MPHU TsKEIbIX (DopMax HapyIieHus co3HaHus (Be-
reTaTUBHOE COCTOSIHUE, KOMa), & TIPU HOPME CO3HAHUST — OOHAPY KU Jiuiib y 20% MalieHToB.

3axmouenue. KoMiboTepHblil aHains BapuabebHOCTH CEPIEYHOr0 PUTMa — HEOOXOAMMBIN aJieMeHT 06cIie-
JIOBAHUS TIAIIMEHTOB C PA3JIMYHBIMKI YPOBHAMY CO3HAHUS MOCJIE TIOBPEKACHUS TOJOBHOTO MO3Ta TPABMATHYECKOTO
M HETPaBMATUYECKOTO reHesa. acToTa naToJornyeckux MI3MeHEeHU i co CTOPOHbI (DYHKITMOHAIIBHOTO COCTOSIHUS aB-
TOHOMHO¥ HEPBHOI CHCTEMBI JIOCTOBEPHO HAPACTAET B TPYIINAX MAIUCHTOB OT HOPMAJIBHOTO YPOBHS CO3HAHUS K CO-
CTOSIHUIO MUHMMAJIbHOTO CO3HAHUS, BETETATUBHOMY COCTOSIHUIO 1 KoMe. OcHOBHBIM BapranToM natosornn AHC B
IpyIIaxX NAlMEeHTOB HAXOAAIIMXCS B COCTOSHIM MUHUMAJIBHOTO CO3HAHUS, BETETATUBHOM COCTOSTHUH ¥ KOME SIB-
JIIETCS] CUMIIATUYECKAs THIIEPAKTUBHOCTb.

Knroueevie cnosa: asmonomnas HepeHas cucmema, sapuaﬁeﬂbuocmb cepaeuuozo pumma; Cuu&pom MUHUMATHHOZ20
CO3HANUS, 6ezemamueHoe cocmosnue
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The purpose of the study — assessment of the level of consciousness in patients with a brain damage on the basis
of electrophysiological examination of the functional state of the autonomous nervous system by recording param-
eters of the heart rate variability (HRV).

Materials and Methods. The study included 77 patients on Day 20—50 after a traumatic brain injury, anoxic injury,
consequences of acute cerebral circulation disorders. The following parameters of the HRV for a 5-minute recording
were accepted as criteria of norm and pathology of the autonomous nervous system (ANS) activity: (1) parasympathetic
hyperactivity (hypervagal state) values with 95% confidence intervals were recorded within the accepted values for
(a) SDNN (standard deviation of normal to normal R-R intervals), [41.5 —149.3 ms]; (b) rMSSD (root-mean-square
of the successive normal sinus R—R interval difference in ms), [42.4—175.0 ms];(¢) pNN50% (percentage of successive
normal sinus RR intervals >50 ms), [8.14—54.66%]; (d) SI (Baevsky stress index), [0—80 normalized units, n. u.]; (2)
the sympathetic hyperactivity recordered within the range of values for (a) SDNN [4.54—13.30 ms]; (b) rMSSD [2.25—
5.77 ms]; (¢) pPNN50% [0—0.109%]; (d) ST>900 n. u.; (3) the normal value of ANS parameters were recordered within
the range of values for (a) SDNN [13.31—41.4 ms]; (b) MSSD [5.78—42.3 ms]; (¢) pNN50% [0.110—8.1%]; (d) SI
[80—900 n. u.]. For verification of the hypervagal state, sympathetic hyperactivity or normal state, at least 3 of 4 pa-
rameters should be within the specified limits.

Results. In 40 (51.9%) of 77 patients examined after a brain damage, ANS functional activity parameters were
within the range of pathological values. The sympathetic hyperactivity was identified in 34 patients, and in 6 cases
the hypervagal state was diagnosed. Pathological parameters of HRV were found in 80% of patients with severe
forms of unconsciousness (vegetative state, coma), and only in 20% of patients with normal consciousness.

Conclusion. The computer analysis of the HRV is a necessary element of examination of patients with different levels
of consciousness after a brain damage of a traumatic and non-traumatic genesis. The frequency of pathological changes in
the functional state of the autonomous nervous system increases significantly in groups of patients from the normal level
of consciousness to the state of minimal consciousness, vegetative state, and coma. The sympathetic hyperactivity is the
main type of ANS pathology in the groups of patients with minimal consciousness, in the vegetative state, and coma.

Keywords: autonomous neroous system; heart rate variability; minimal consciousness syndrome; vegetative state
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[IpumeHsieMbIe B HACTOSIIIIEE BPEMS IITKAJIBI OIIEH-
KU CO3HAHUS Y TIAIIMEHTOB C TIOBPEKIEHUEM FOJIOBHOTO
MO3Ta TPAaBMAaTHYECKOTO U HETPABMATHUYECKOTO TeHe3a
(Glasgow, Four) ucriosbayiores [is IPOrHO3MPOBAHMST
setanmpHocTH [1—8]. OHAKO MO HUM OIEHUBAIOTCS
TOJIbKO MOBEJIEHYECKIE PEAKITUH TTAIINEHTOB (Peyb, JBU-
JKEeHUSsI, OTKpbIBaHUeE 171a3, pediieKcer). B Toske Bpems,
OBIIEN3BECTHO, YTO COHANTAHCHPOBAHHAS A/[ANTAI[IOHHAST
peaxIust aBTOHOMHOI (BEreTaTUBHON ) HEPBHOI CHCTe-
MBI OPTAHU3MA SBJISIETCS KITIOUEBBIM MOMEHTOM COXPa-
HEHUsI YyCTOMYNBOCTU OPTaHU3MA [TPU PA3BUTHU KPUTH-
YECKUX COCTOSIHWN, B TOM 4YucJe ¥ TiepeOpaibHOil
HezpoctatrounocT [9—13]. [latonorus nanHoit hyHk-
IIIOHAJIBHO CTPYKTYPBI OPraHM3Ma IIPUBOJIUT K PA3BH-
THIO OCJIO;KHEHU I CHCTEMHOTO XapaKTepa, HapyIIeHU o
CHCTEMHOTO Y PETMOHAJIBHOTO KUCJIOPOIHOTO TOMEOCTa-
33, PETYJSIIUU COCYANUCTOTO TOHYCA, BTOPHYHBIM
MOBPEKAEHISIM TOJIOBHOTO MO3Ta, HYTPUTUBHO HEZIO-
CTaTOYHOCTH, IPOOIEMAaM, CBS3AaHHBIM C BEPTHKAIN3A-
el 1 OTMEHOI NCKYCCTBEHHO! BEHTUJISIIUY JIETKUX
(UBJT) («cusituie ¢ UBJI», weaning) [ 14, 15].

[lep wiccsieloBaHUST — OIIEHKA YPOBHSI CO3HA-
HUS y TIAIEHTOB C TIOBPEXKIEHIIEM TOJOBHOTO MO3Ta
Ha OCHOBE 2JIEKTPODUBHOTIOTHIECCKOTO 0OCACTOBAHS
(DYHKIIMOHATIBHOTO COCTOSTHIST aBTOHOMHOI HEPBHOIA
cucrembl (AHC) myTem perucrpanuu mnapameTpoB
BaprabeTbHOCTH PUTMA CeP/IIA.

Marepuaa u MeTO/IbI

KputepusiMu BKJITOYEHUST TTAIIMEHTOB B UCCJIE/IOBAHIE
SIBJISITTUCH: BO3pacT oT 18 10 79 s1eT, moBpesk1eHme roT0BHOTO

Introduction

Currently used scales of assessment of conscious-
ness in patients with brain injury of a traumatic and
non-traumatic genesis (Glasgow, Four) are applied to
predict mortality [1—8]. However, only patients' be-
havioral reactions (speech, movements, eye opening,
reflexes) are evaluated by these scales. At the same
time, it is well known that a balanced adaptive reaction
of the autonomous (vegetative) nervous system is the
key to maintaining the stability of the organism in the
development of critical conditions, including cerebral
insufficiency [9—13]. A pathology of this functional
structure of the body leads to the development of sys-
temic complications, impairment of systemic and re-
gional oxygen homeostasis, regulation of vascular tone,
secondary brain damage, nutritive insufficiency, prob-
lems of verticalization and weaning [14, 15].

The purpose of this study was to assess the level
of consciousness in patients with a brain damage on
the basis of electrophysiological examination of the
functional state of the autonomous nervous system
(ANS) by recording parameters of the HRV.

Materials and Methods

There were the following inclusion criteria: age from
18 to 79 years; brain damage of a traumatic, vascular, and
anoxic genesis, at least 20 days from the onset of the disease.
Patients with acute brain disease were not included in the
study. The study was approved by the Ethics Committee of
the Federal Research and Clinical Center of Intensive Care
Medicine and Rehabilitology taking into account the state-
ments of the Declaration of Helsinki. There was no conflict
of interests.
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MO3Ta TPaBMaTHYeCKOTO, COCYANCTOTO, AHOKCUIECKOTO Te-
Hesa, He Meree 20-1 cyTOK 0T Hauasa 3aboseBanus. B uccie-
JOBaHUE He BKJIIOYAIN TAIMEHTOB B OCTPOM IIEpPHOJIE
3ab0JieBaHus TOJIOBHOTO MoaTa. VceseoBanne 0106peHo Ko-
muterom 1o atnke @HKIL PP ¢ yuerom maparpagos Xeiib-
cuHckoit [lexmaparnu. Kongakt naTEpecoB oTCyTCTBOBA.

B wuccaenosanue, BoinonnenHoe na 20—50-e cyTkn
TI0CJIe YepPEITHO-MO3TOBOI TPAaBMBbI, Pa3BUTHSI HATOJOTHH TO-
JIOBHOTO MO3Ta HETPaBMaTUIECKOTO TeHe3a (AaHOKCHYeCKoe
TIOBPESKICHNIE; TTOCTIE/ICTBIS OTEPATUBHBIX BMEIIATEIbCTB 1
OCTPBIX HAPYIIIEHHUI MO3TOBOTO KPOBOOGPAIIEHST ) BRIIOUMITH
77 mamenTos, Haxoausinuxcd B kannnke OI'HBY OHKI]
PP B niepuon 2016—2017 rr. MyskuuH ObLI0 — 45, JKEHITUH —
32, cpennuii Bospact — 43,3%2,0 et (puc. 1).

[To HO30JIOTHM TIAIIMEHTOB PACTIPEEJNIH CJAeLYI0-
muM 06pa3oM: TTOCTIEACTBHS YEPETTHO-MO3TOBOM TPaBMBI
(UMT), (n=45); nocaeacTBrsi OCTPOrO HAPYIIEHHST MO3TO-
Boro kposoobpamenus (OHMK), (n=6); mociencrsus
AHOKCUYECKOTO TIOBPEsKIeHN:I TO0BHOTO Mo3ra (n=10); To-
CJEeACTBUST CybapaxHOUIAIBHOTO KPOBOM3IUSIHUST (n=5);
TIOCJIEJICTBUS YIQJIEHIS OITYXOJIU UM apTepho-BEeHO3HOI
Masbopmaru rosoBHOro Mosra (n=11).

Or11eHKY YPOBHS CO3HAHMS MAIEHTOB IIPOBOININ TIO
mkane CRS-R — Coma Recovery Scale-Revised. [[nartoctu-
YECKUME KPUTEPUSMU JTAHHOM ITKAJIBI SIBJISLTUCH 6 CyOIIKaIL:
1) Cayxosoii pyskiu (0—4 6ana); 2) 3puresbHoit PyHK-
1 (0—>5 Gasior); 3) MortopHoi (ABUraTebHOIT) (PyHKIMN
(0—6 Gamio); 4) BepbanbHoii (0pOMOTOPHOIT) (yHKIMK
(0—3 6anna); 5) Kommynukarusroil dpyuxnun (0—2 Ganna);
6) Akrusain (BosOyskaenus ), (0—3 Gania). YposeHb co-
3HaHUA B OaJUIax 110 JaHHOM 1Kkase KoJebsercs ot 0 (koma),
110 23 (cocTostHUe sICHOTO co3Hanus ). [TogpoOHOCTH KIMHM-
yeckoro mpuMmenenus mkaabl CRS-R n ee nedvnnmmm mpn-
BesieHbl B ybsmkanuu Giocino et al. (2002) [16].

Boiaesnunu 4 rpynns nanueHTos (tabir. 1).

Bo Bcex rpynmax mpoBOANIIH OIeHKY (GYHKIIMOHAb-
HOTO COCTOSTHUSI aBTOHOMHO1 (BereTaTHBHON ) HEPBHOH CH-
CTeMBl ~ HAa  OCHOBE  KOMIIBIOTEDHOTO  aHajan3a
BapuabenbHocTu putMma cepaia (BPC) [17]. Ouenky BPC
nposoun mpubopom [osmcnexrp-8 EX (dupma Heiipo-
codr, Poccust) ¢ nporokosom GecripoBoaHoii cesasu Blue-
tooth Mexay KapAMoaHAIM3aTOPOM W TEPCOHATBHBIM
KOMITBIOTEPOM. B KasK/IbIii TeproJT HCcieI0BaHs aHAI3H-
posasiu He MeHee 300 kaparonHTepBasos (mapameTpst BPC
BBIYHCJISIITH TI0 COOTBETCTBYIONNM (hOpMYyJIaM pacipesieie-
HUST KapNONHTEPBaIOB). ONpeiessiiy ceyolne ToKa-
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Age of patients included in the study.

ITIpumeuanue. Nomber of Patients — uncio nauuenrtos; Age,
years — BO3PacT, JIeT.

77 patients who were in the clinic of Federal Research
and Clinical Center of Intensive Care Medicine and Reha-
bilitology over the period from 2016 until 2017 were in-
cluded in the study strating from the 20""—50" day after a
traumatic brain injury or a brain pathology of a non-trau-
matic genesis (anoxic damage; consequences of surgical in-
terventions and acute disorders of cerebral circulation).
There were 45 men and 32 women; the average age was
43.3%£2.0 years (Fig. 1).

Based on the nosological entities, the patients were
distributed as follows: consequences of a craniocerebral in-
jury (CCI) (n=45); consequences of acute disorders of cere-
bral circulation (stroke), (n=6); consequences of anoxic
brain injury (7=10); consequences of subarachnoid hemor-
rhage (n=5); consequences of removal of a tumor or arterio-
venous malformations of the brain (n=11).

The assessment of patients' level of consciousness was
carried out using the CRS-R scale (Coma Recovery Scale-Re-
vised). 6 subscales were diagnostic criteria of this scale: 1) au-
ditory function (0—4 scores); 2) visual function (0—>5 scores);
3) m otor function (0—6 scores); 4) oromotor (verbal) func-
tion (0—3 scores); 5) communication function (0—2 scores);

Ta6imua 1. XapakrepucTuka rpyni 00cje[0BaHHbIX TAIUEHTOR.

Table 1. Characteristics of groups of tested patients.

Parameters Values of parameters in groups

Group 1, n=10 Group 2, n=22 Group 3, n=40 Group 4, n=5
Consciousness clear minimal vegetative coma
Sex, M (F) 8(2) 15 (7) 19 (21) 3(2)
Median age, years 60.4+5.12 40.18+3.34 41.0+2.62 62.75+1.88
Nosology, n
— consequences of the brain tumor removal 3 4 3 1
— consequences of stroke 3 2 — 1
— consequences of a craniocervical injury 2 13 28 2
— anoxic brain injury 1 1 8 —
— consequences of subarachnoid bleeding 1 2 1 1

Note. /I Taba. 1—3: Parameters — napamerpsr; Values of ... in groups — snauenus ... B rpyniax; Consciousness — coCTOSAHIME CO3HAHUS,
clear — sicHoe; minimal — MurMManbHOE; Vegetative — BeretatuBHoOe; coma — koma; Sex, M (F) — mour, M (ok); Median age, years — cpe/-
HUI Bo3pacr, siet; Nosology — Hozomorus; consequences — nocsuenctsus; of the brain tumor removal — yzanenus omnyxosm ro1oBHOTO
Mmosra; of stroke — OHMK; of a craniocervical injury — YTM; anoxic brain injury — anokcudeckoe moBpeKeHIe TOJTOBHOTO Mo3ra; of

subarachnoid bleeding — cybapaxnonganibHoe KpOBOUIHSTHIE.
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Ta6imua 2. [lapamMerpbl ypOBHS CO3HAHUST 00C/IeJ0BaHHbIX NTaleHToB 10 mKaiam Glasgow, Four, Giocini, M*m.
Table 2. Parameters of Glasgow, Four, Giocini scales of consciousness level of patients included in the study, M*m.

Scales parameters, score

Values of parameters in groups

Group 1, n=10 Group 2, n=22 Group 3, n=40 Group 4, n=3
Glasgow 14,4+0,26 9,09£0,25* 6,88+0,12* 4,8+0,19*
Four 15,9+0,09 14,6+0,21* 10,6+0,24* 3,4+0,24*
Giocini 22,9+0,09 8,4+0,53* 5,07£0,36* 1,6+0,39*

Note. For Table 2, 3: patient groups: 1 — normal level of consciousness; 2 — state of minimum consciousness; 3 — vegetative state;

4 — coma.* — P<0.001 vs. Group 1.

IIpumevanue. Score — Gamnbl. [ taba. 2, 3: rpynma 1 — manmeHTs ¢ HOPMAIBHBIM YPOBHEM CO3HAHMUS; TPyTNa 2 — TAIMEHThl B CO-
CTOSIHUN MMUHMMAJIbHOTO CO3HAHUS; TPYIINA 3 — MAI[MEHTDl B BEreTATHBHOM COCTOSIHUY; IPyIIa 4 — nanueHTs B kome. * — p<0,001 B

CpaBHEHWH ¢ Tpymmoii 1.

3aterun BPC: SDNN — cpennexBajpaTHaHOE OTKJIOHEHWE
R—R xapanounnrepsasnos B Mc; TMSSD— cpeanekBapaTiy-
HOE OTKJIOHEHUE PAa3HOCTH JIBYX CMEKHBIX 0TC4eToB R—R
KapauonHTepsasoB B Mc; pPNN50% — momo R—R kap-
JIMOMHTEPBAJIOB B IIPOIEHTAX, OTINYAIONIUXCST OT TIPEIbILY-
mero Gosee, uem Ha 50 mc; SI — cTpeccoBblil UHIEKC
Baescxkoro B H. e.; LF/HF-cootHomenne crekTpa HUISKUX
M BBICOKHUX 4acTOT B H. €.; VLF criekTp oueHb HU3KUX 4acToT
B Mc?; LF crrektp Husknx gactot B Mc? 1 %; HF crexTp BbI-
COKMX 4acToT B Mc? 1 %. B KadecTBe KpUTEpHEB HOPMBI U
natosiornn aktuBHocTH AHC npunsm caemyroniie mapa-
MeTpsl BPC: mapacumnatnieckyio rTumepakTUBHOCTD (TH-
mepBarycHoe coctostaue) ¢ 95% JTOBEpUTENbHBIMU
MHTEpBAJTaMKM TMPUHUMAJIU B TIpejiesiax 3HAUYEHUN JIst
SDNN [41,5-149,3 mc]; mmsa tMSSD [42,4—175,0 mc]; nist
PNN50% [8,14—54,66%]; nast ST [0-80 m.e.]|; cummaTiye-
CKYIO THTIEPAKTUBHOCTH MPUHUMAJIU B IIPe/iesiax 3HaYeH i
mst SDNN [4,54—13,30 mc]; mst rMSSD [2,25—5,77 mc];
st pNN50% [0—0,109%]; arst ST >900 . e.; HopMy ma-
pameTpoB (yHkinonamsbHol aktuBHOocTH AHC mpunm-
Masn B mipenesnax 3Hadernii 1 SDNN [13,31—41,4mc];
st tMSSD [5,78—42,3 mc]; mst pNN50% [0,110—8,1%];
s SI[80—900 u. e.]. [lng Bepuduranum mapacumnaTn-
YEeCKOH IMIepakTUBHOCTH, CUMIATUYECKOH IMIepaKTHB-
HOCTU WJIM HOPMbI B YKA3aHHBIX MPelesIax M0JKHbI ObITh
3 n3 4-x mapametpos [18].

Craructudeckyio o6paboOTKY MOJYYEHHBIX TaHHBIX
mpoBesn o porpamme Statistica 13 EN (StatSoft Russia,
StatSoft Inc., CIITA), ¢ ucionbzoBammem t-kpurepust CTbio-
nenra. JIoctoBepHbIME IpU3HaBaau pasanuns npu p<0,05.

Pe3yibrarhl 1 00CyKAeHHE

ITosryuennsie o mkaszam Glasgow, Four, Giocini
HapaMeTpbl YPOBHSI CO3HAHUST TPEACTABUIIH B TaOJI. 2.

OueBuUIHO, YTO TIPU OIEHKE BCEX IIKAJI TTOJTY YN
JIOCTOBEPHOE OTJINYNE COCTOSIHUSI HOPMbI CO3HAHUST OT
COCTOSTHUSI MUHUMAJIBHOTO CO3HAHW, BETE€TATUBHOIO
cocrostHus 1 KoMbL. Hauboumbime quddepeHnnaibHbe
pazsdust nostydniu 1o 1kasie Giocini, rje mpocesku-
BaeTcst rpajaist 6asuios ¢ 22,9+0,09 (1pu HopMe co3Ha-
nust) 710 1,6+0,39 (koma).

VY 40 (51,9%) mauuenTos us o6cie0BaHHbBIX
77-u 1ocJie MOBPEXIeHUs TOJOBHOTO U MO3ra B
pesyabrate UMT, anokcuu, OHMK mnapamerpsr
dynkimonanpruoit akrusHoctu AHC naxopuiauch B
30He naTtojornyeckux 3uavenuii [18]. Cummnaruye-
CKYIO I'MIIEPAKTUBHOCTbD BbISIBUJIN Y 34-X MAIUEHTOB
u B 6-TH ciydasx 3aUKCUPOBAIIH TTapacuMIIaTiye-
CKYIO I'MIIEPAKTUBHOCTb.

6) arousal (activation) function (0—3 scores). The level of con-
sciousness ranges from 0 (coma) to 23 (state of clear conscious-
ness) according to this scale scoring. Details of the clinical
application of the CRS-R scale and its definition are given by
Giocino et al. (2002) [16].

There were 4 groups of patients (Table 1).

The functional state of the autonomous (vegetative)
nervous system was assessed in all groups on the basis of a
computer analysis of the HRV. [17]. The evaluation of HRV
was performed by the Polyspektr-8 EX apparatus (Neu-
rosoft, Russia) with the protocol of the wireless Bluetooth
connection between the cardioanalyzer and a personal com-
puter. In each study period, at least 300 R—R intervals were
analyzed (the HRV parameters were calculated according
to corresponding formulas of distribution of cardiac inter-
vals). The following HRV parameters were determined:
SDNN - standard deviation of normal to normal R-R in-
tervals, in ms; rMSSD- root-mean-square of the successive
normal sinus R—R interval difference, in ms; pNN50% — per-
centage of successive normal sinus R—R intervals >50 ms; ST —
Baevsky stress-index in n.u.; LF/HF-low frequency/high
frequency ratio in n.u.; VLF (very low frequency spectrum)
in ms% LF (low frequency spectrum) in ms? and %; HF (high
frequency spectrum) in ms? and %. The following parameters
of the heart rate variability (HRV) were accepted as criteria
of norm and pathology of the ANS activity : parasympa-
thetic hyperactivity (hypervagal state) with 95% confidence
intervals was taken within the accepted values for SDNN,
[41.5-149.3 ms]; for rMSSD [42.4-175.0 ms]; pNN50%
[8.14-54.66%]; for ST [0—80, n.u.]; the sympathetic hyper-
activity was taken within the range of values for SDNN
[4.54—13.30 ms]; for rMSSD [ 2.25—5.77 ms]; for pNN50%
[0—0.109%]; for ST >900 n.u.; the normal value of ANS pa-
rameters were taken within the range of values for SDNN
[13.31—41.4 ms]; for rIMSSD [5.78—42.3 ms]; for pNN50%
[0.110—8.1%]; for ST [80—900 n.u.]. For verification of the
parasympathetic hyperactivity, sympathetic hyperactivity
or norm, 3 of 4 parameters should be within the specified
limits.

Statistical processing of the obtained data was carried
out by means of the Statistica 13 EN software (StatSoft
Russia, StatSoft Inc., USA), using the ¢-test. Differences
were considered significant at P<0.05.

Results and Discussion

Parameters of the level of consciousness obtained
according to the Glasgow, Four, and Giocini scales are
presented in Table 2.

It is obvious that the assessment of all scales
demonstrate a significant difference between the state
of the normal consciousness and the state of the min-
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Ta6imua 3. [TapamMeTpsl BpEMEHHOIO M CIIEKTPAJILHOIO aHAIM3a Bapra0eIbHOCTH PUTMA cep/la 00CIe10BaHHbIX Nalu-
entoB (M=m).
Table 3. Parameters of time domains and spectral analysis heart rate variability in study groups of patients (M+m).

Parameters Values of parameters in groups

Group 1 n=10 Group 2 n=22 Group 3 n=40 Group 4 n=4

Subgroup 3A n=26 Subgroup 3B n=14

SDNN, msec 21.7£5.34 22.4+3.04 8.12+0.88*** 48+0.99*** 8.2£2 17%**
rMSSD, msec 9.3£0.89 12.7+3.66 3.88+0.36%** 59+17.9** 4.6£1.08%*
PNN50, % 0.155%0.09 4.01+2.74 0.009+0.007** 24.3£10.3* 0
S.I.n.u. 476.2+79.3 715+174.8 2155+269.4%** 94.2£17.7 1868+525*
LF/HF n. u. 4.38+1.46 46711 5.39+0.906 0.94£0.76* 3.01£0.92
VLEF, ms? 767+564.7 534+102.7 110.1+35.3 375%196.7 62.3£17.5
LF, ms? 99.0+29.0 129.7£35.6 22.9+3.5* 626+496.7 15.4+5.35%
HEF, ms? 32.5+4.17 184+112.5 5.1+0.83*** 695+38.8*** 7.62+3.62%*
VLE % 63.8+5.78 71.1£3.77 70.58+3.02 20.7£3.59%** 72.6+7.1%*%
LE % 22.1£3.69 16.6+1.98 22.3£2.62 30.1+17.6 19.04+5.61
HE % 13.8+3.69 12.09£3.43 6.63+1.17 49.2+21.2 8.1£2.05

Note. Subgroup 3A — patients in a vegetative state with paroxysmal sympathetic hyperactivity; subgroup 3B — patients in a vegetative
state with hypervagal reaction; SDNN — standard deviation of normal to normal R—R intervals, ms; rMSSD — root-mean-square of
the successive normal sinus R—R interval difference, ms; pNN50% — percentage of successive normal sinus R-R intervals >50 ms;
Triangular index(TrI) — triangular index in n. u.; HF high frequency spectrum, ms? LF low frequency spectrum, ms% LF/HF — low
frequency/high frequency ratio, n. u.; VLF very low frequency spectrum, ms2 * — P<0.05;** — P<0.01;*** — P<0.001 vs. Group 1.

IIpumeuanue. Iloarpynma 3A — ManueHTs B BETETATHBHOM COCTOSIHUH € THITEPCUMITATHKOTOHIEL; moArpymina 3B — marmenTs! B Bere-
TATUBHOM COCTOSIHUY ¢ TunepBarycHoii peakieil. SDNN — cpennexBaziparnytnoe oTkaoHeHne R—R kapannuaTepsasnos B mc; TMSSD —
CpeIHEKBAPATUYHOE OTKJIOHEHUE PASHOCTH JBYX CMEXKHBIX 0TC4eTOB R—R kapanunTepBanos B Mc; pNN50% — noust R—R kapauus-
TEPBAJIOB B IPOIEHTAX, OTMYAIONIIXCs OT Ipeablyiero 6osee yem Ha 50 mc; Triangular index(Trl) — koaddunment TpeyroabHoCcTH
B H. e.; HF — cnextp Boicokux yacror B mc? LF — cnextp Huskux yactor B Mc? LF/HF- cooTHOmenne criekTpa HU3KIX U BBICOKUX

yactor B H. e.; VLF — criektp oyenb HU3KuX yactoT B Mc?. ¥ — p<0,05;** — p<0,01;*** — p<0,001 B orsrune ot rpymisr 1.

[Taronornueckue mapamerpbsl BPC (Tabm. 3)
BBISIBUJIN B OOJIBIIIMHCTBE CJIYYAEB TIPU TSKEIBIX Pop-
MaX HapylIeHUsT CO3HAHUSI (BETETATHBHOE COCTOSTHIE,
KoMma) y 32-x (80%) manuenTos, a pu GoJiee JErkux
HapYIIEHNSIX CO3HAHM (MUHUMATIbHOE CO3HAHWE) U
NPU HOPME CO3HaHUs — obOHapykuiau Beero y 20%
naruenToB. O6paTHyIO 3aBUCUMOCTD BBISABUJIN TIPH
aHanu3e HopMajbHbIX 3Hadenuit BPC: Tsaskesbie
opMBbI HApyTIIeHNs CO3HAHMS (BETETATUBHOE COCTOS -
HUe U KoMa) Haiiiersl Becero y 12 (32,4%) narmenTos,
a mipu GoJiee JIerkux (hopMax HAPYIICHUS CO3HAHUS
(MUHUMATBHOE CO3HAHWME, HOPMAa CO3HAHUSI) HOP-
MasibHble tapaMeTpbl BPC perncrpupoBanm y 25-u
(67,6%) nmaruenTos. B nopassionieM GOIBITTHCTBE
CJIy4aeB, HOPMaJbHble 3HAYEHUs (QYHKIMOHAIBHOI
aktuBHoctTu AHC peructpupoBain y maiueHToB
HOPMaJIbHBIM YPOBHEM co3HaHud. Tak, B 1-i1 rpyrie
(nopma yposust coznanust, n=10), y 90% mannenTon
— nopma BPC, u Bcero y 1-ro maruenta (10%) 3aduk-
CHUPOBAJIN CUMTIATUYECKYIO TUTIEPAKTUBHOCTDL. B 2-ii
rpymnie (CocToTHNEe MUHUMATBHOTO CO3HAHMS, n=22),
7 (31,8%) mareHTOB UMEJN TATOJIOTHYECKOe (PYHK-
muonanbuoe cocroaune AHC B Buzie cuMIiaTnyeckomn
runepakTuBHocTH. B 3-i1 rpymnme (BereraTuBHOE
cocrosinue, n=40), YMUCI0 MAUEHTOB ¢ MATOJOTHYe-
CKUM (DYHKITMOHATBbHBIM YpoBHEM akTuBHOCTH AHC
coctaBuio 28 (70%), u3 Hux 26 — ¢ CUMIIATHYECKOI
TUIEePaKTUBHOCTHIO (13 moArpymisl 3A, Tadu. 3), 2 —
C TTAPACUMIIaTUYeCKON IMIIePAKTUBHOCTBIO (M3 MO/ -
rpymnbsl 3B, Taba. 3). Hopmasbhbie sHauenns BPC
umesn 12 (30%) marmentos. B 4-it rpymnine (ypoBeHb
cosHaHust — koMma, n=>5) 80% MalMeHTOB NMEJIH [aTo-

imum consciousness, vegetative state and coma. The
greatest differential differences were obtained using
the Giocini scale, where the gradation of scoring from
22.9£0.09 (normal consciousness) to 1.6+0.39 (coma)
was observed.

In 40 (51.9%) of 77 patients examined after a
brain damage resulting from the craniocervical injury
and stroke, ANS functional activity parameters were
within the range of pathological values [18]. The sym-
pathetic hyperactivity was identified in 34 patients,
and in 6 cases the parasympathetic hyperactivity was
diagnosed.

Pathological parameters of the HRV (Table 3)
were found in most cases of severe forms of impair-
ment of consciousness (vegetative state, coma) in 32
(80%) patients; and in the case of less severe impair-
ment of consciousness (minimal consciousness) and in
the case of normal consciousness they were found only
in 20% of patients. The inverse dependence was found
in the analysis of normal values of HRV: severe forms
of impairment of consciousness (vegetative state and
coma) were found in only 12 (32.4%) patients; and in
the case of less severe forms of impairment of con-
sciousness (minimal consciousness, normal conscious-
ness), normal parameters of HRV were found in 25
(67.6%) patients. In the vast majority of cases, normal
values of the ANS functional activity were found in
patients with a normal level of consciousness. For ex-
ample, in the group 1 (normal level of consciousness,
n=10), 90% of patients presented normal HRV, and
only 1 patient (10%) presented sympathetic hyperac-
tivity. In the group 2 (state of minimal consciousness,
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sgoruto pyukiuonaabuoi akrusHoctu AHC. Jlocro-
BEpHbIE OTJIIUYUS 110 2JIEKTPODU3N0JIOTMYECKIM T1apa-
MeTpam BPC nonyunim Mexay rpyrninaMu maieHToB
C HOPMOM yPOBHS CO3HAHMS U MAIMEHTAMK HAXO/IUB-
HIMMUCS B BEreTaTUBHOM COCTOSIHUN 1 KOMe (COOTBET-
CTBEHHO, 1-4 1 3-51 u 4-s1 TpymIibl namueHTos). Jlocto-
BepHBIX OTJIMUYMN 10 mapamerpam BPC wmexmy
IpYIIOH IallMeHTOB HaXOJAAIIUXCA B COCTOSIHUU
HOPMBI ypOBHs co3Hanus (1-s rpymnma) v rpyrib
HAIMEHTOB B COCTOSHUU MUHUMAJIBHOTO CO3HAHU (2-4
rpyI1iia) He TOJYYUJIN, YTO BO3MOKHO YKa3blBaeT Ha
BOCCTAHOBJIEHUE IEHTPAJIbHON (TUIIOTAIAMUYECKOI )
dynkimonanbuoii akrtusnoctu AHC u moxer cy-
SKUTD XOPOIIMM ITPOTrHOCTUYECKUM TIPU3HAKOM.
TpaBmaruueckoe IOBpeXAeHUE TOJOBHOTO
mosra (TBI), ocTpoe HapyLIeHe MO3rOBOTO KPOBOOO-
palieHus, ABIAAIOTCS OJHUMH U3 OCHOBHBIX IIPUYUH
CMEPTH U TSKEJION MHBAJIMIHOCTH BO BceM Mupe [19].
[Tpu aTOM HEBPOJIOTHYECKAST OTIEHKA — HEOOXOANMBII
aseMeHT g depeHIInpPOBKY AIMEHTOB B OT/eJIeHUN
MHTeHCUBHOM Tepanuu. Onpe/esnenne ypoBHS CO3Ha-
Hu 110 mkasam Glasgow, Four, Giacino npeanosaraer
MOJICYET PA3JINYHBIX CUMIITOMOB B OTBET Ha CTUMY.JIbI
BHelIHelt cpeabl (601b, peusb, cBeT 1 T.11.). CyObeKTuB-
HBIii XapaKTep JaHHBIX METOMK ITPU3HAECTCS MHOTUMU
HCCIIe/I0BaTeIIMU, 3aBUCHUT OT OIIbITA Bpaya. B messax
YBEJIUYEHVsI TOYHOCTH 3a4aCTyI0 TIPUOETAIOT K BhIYC-
JIEHUIO CpeJIHero pe3yJbraTa M0 OlleHKaM YPOBHS
CO3HAHUS TAllMeHTa HECKOJbKUMU MEIUIIUHCKUMU
paboTHUKAMU, YTO 3aTPYAHSAET OOIYIO UHTEPIIPETa-
1o pesyssrata [2]. Kpome Toro, ¢ yaeTrom u3BeCTHbIX
npobJieM JaHHBIX KA CO3HAHUS MPEAJIAraeTCst X
MOIUGUIMPOBATL, UCKJIOYas, OIEHKY MOTOPHOTO
neduinra (Tak HA3bIBAEMbIiT OMHAPHBINA METOJI TIPH-
menenus mkaabl Glasgow) [20]. CyiuectBeHHOI Ipo-
6JIeMO OTpeiesieHrst YPOBHS CO3HAHUS € MO3UI[HIT
HEBPOJIOTUYECKOTO U IICUXOJOIMYECKOro I0AX0/1a
SIBJISIETCSI OTCYTCTBUE PETUCTPAIUN OMOXMUMUYECKHX,
reMaToJIOTMYECKUX, AJIeKTPOMOU3N0IOTNYeCKUX 1apa-
METPOB, UTO He TI03BOJIET OIIPEe/IeIATh CTPYKTYPHbIE
1 (dYHKIMOHAIbHBIE IATOJOTHYECKUE H3MEHEHUS
roJIOBHOro Mo3ra. B Toske BpeMms, HaKallJIMBAIOTCS
JIaHHbIE, YTO ABTOHOMHAS TUCHYHKIIUA TPUCYTCTBYET
IIPU TIOBPESKACHUAX TOJIOBHOTO MO3Ta U CJIYKUT IIOKa-
3aTeJsieM COCTOSTHUA, UCX0/1, (PYHKIIMOHAIbHO He3a-
BucUMoOCTH TaienTos. B ucciaenosanun Esterov D.
et al. (2017) mokasano, yTO aBTOHOMHAsI JUCHYHKIIIL
IIPY TPaBMe roJIOBHOTO MO3Ta BbI3bIBaeT HapylleHHe
(byHkIMN KOMILJIEKCA OPraHOB U YBEJUYMBAET I10Ka-
3arenu Jetasproctu [11]. ABropamu HalijileHO, 4TO
apyenus qucynknu AHC (Ha ocHoBaHuM aHam3a
BapuabeJbHOCTH PUTMA CEPAIA) COXPAHSIOTCS U
1ocJjie KOppeKIUK KJANHUYeckux cuminromos YMT.
Hilz M. J. u coasr. (2017) nposenu onenxy BPC y
MAIMEHTOB C JIETKOMH, Cpe/iHell U TsKeJIol cTeleHsIMU
MOBPEsK/IEHNS TOJIOBHOTO Mo3ra [12]. ABTopsl uccie-
JI0BaJIN clieKTpasibhble Xapaktepuctuku BPC c onpe-
JleJIeHneM CUMIIATUYeCKOTO BbICOKOYACTOTHOTO CIIeK-
tpa (LF) n mapacummnarniyeckoro HI3KO4acTOTHOTO

n=22), 7 (31.8%) patients had a pathological func-
tional condition of the ANS in the form of sympathetic
hyperactivity. In the group 3 (vegetative state, n=40),
the number of patients with a pathological functional
level of the ANS activity was 28 (70%), 26 of whom
had sympathetic hyperactivity (subgroup 3A, table 3),
and 2 patients had parasympathetic hyperactivity
(subgroup 3B, table 3). Normal HRV values were
found in 12 (30%) patients. In the group 4 (coma,
n=5) the number of patients with a pathology of the
ANS functional activity was 80%. Differences in the
electrophysiological parameters of the HRV between
groups of patients with the normal consciousness
(group 1) vs. patients who were in the vegetative state
(group 2) and coma (group 3) were significant. To the
contrary, no significant differences in HRV parameters
between the group of patients with normal conscious-
ness (group 1) and the group of patients in the state
of minimal consciousness (group 2) have been ob-
tained. The latter may be due to the recovery of the
central (hypothalamic) functional activity of the ANS
and can serve as a good prognostic sign.

The traumatic brain injury (TBI) and an acute
cerebral circulation disorder are among the leading
causes of death and severe disability worldwide [19].
At the same time, the neurological evaluation is a nec-
essary element of differentiation of patients in the in-
tensive care unit. The assessment of the level of
consciousness using Glasgow, Four, and Giocini scales
involves the calculation of various symptoms in re-
sponse to the environmental stimuli (pain, speech,
light, etc.). The subjective nature of these techniques
is recognized by many researchers and depends on
doctor's experience. In order to increase the accuracy,
the average result based on scoring of patient's level
of consciousness by several healthcare professionals is
often calculated, which complicates the overall inter-
pretation of the result [2]. In addition, taking into ac-
count the known problems of these scales, it is
proposed to modify them by excluding the evaluation
of the motor deficiency (a so-called binary method of
application of the Glasgow scale) [20]. Lack of regis-
tration of biochemical, hematological, and electro-
physiological — parameters  that limits the
understanding structural and functional pathological
changes in the brain poses a significant problem in de-
termining the level of consciousness from the stand-
point of neurological and psychological approaches.
At the same time, there are data on the autonomous
dysfunction in a brain damage that may serve as an m
marker of the state, outcome, and functional inde-
pendence of patients. In a study of Esterov D. et al.
(2017) it was shown that the autonomous dysfunction
in a brain injury caused impairment of the organ com-
plex function and increases mortality rates [11]. The
authors found that the manifestations of the ANS dys-
function (on the basis of the analysis of the heart
rhythm variability) are persisted even after correction
of clinical symptoms of CCI. Hilz M. J. et al. (2017)
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cnekrpa (HF), coornomnenus LF /HE nopmanuzosan-
wbix enquauiy LF u HF BPC cnekrpa u pannbie
CpaBHEHbBI MEXKJy TPYIIAaMU B TIOKOE U IIPU BEPTHKA-
Jn3anun. ABTOPBI HAIILTH KOPPEJISIIUIO TTapaMeTPOB
ABTOHOMHOW HEPBHOW CHCTEMBI U YPOBHSI IIKAJIbI
koMbl [1asro (p<0,05). [Ikana kombl [masro koppe-
smposana nozutusHo ¢ LF, LF/HF u neratusno — ¢
HE Mirow S. u coasr. (2016), mokasasu, 4To aHaau3
BPC 103BoJisIeT BBITOJIHUTH OIEHKY KOOPAUHAINU
CTPYKTYPHBIX (AHATOMUYECKHX ) ¥ (DYHKITMOHATBHBIX
cucrtem opranuama [21]. [Tapamerpsr BPC cymmupo-
BaHbl M CPABHEHBI C HEBPOJOTMUYECKUM CTATYCOM.
[TaTonornyeckuit HUCTarM KOPPEJTUPYeET CO CHUKEHU-
em SDNN Ha 25%. [ToBbiiieHIe CUMIATHYECKOI MOJLY-
JISIITAN ACCOIMUPYETCST ¢ YPOBHEM TPEBOKHOCTH —
poct LF/HF na 19%. DTu nanHble CBUIETEIbCTBYIOT
o neobxoxumoctu onenkn auchynkuuun AHC mpu
obcnenoanny namuenTos nocsie YMT. Osteraas N. D.
u coasT. (2017) B 0630pHOii cTaThe IOKA3bIBAIOT KJIU-
HUYEeCKOe 3HaueHue ornenku szaumoerictsngd AHC u
KapnoBacKyJisgpHoii cucrem [13].

Crpecc-00ycIoBIeHHAs KapAUOMHIOIIATH, 00y -
CJIOBJIEHHAST HAPYIIIEHUEM B3aUMOCBSI3U MO3T-CEPIIIE,
BCTPEYAETCS IPU MHOTUX COCTOSIHUSIX, U, B OCOOEHHO-
CTH, IIPU TPABMe TOJIOBHOTO MO3Ta, IIPUBOJIS K CUMIIA-
TUYECKON TUIEPAKTUBHOCTH. BBemeHo moHsTHE
«MMAPOKCUBMAJIBHOM CUMIIATHUYECKON TUIIEPAKTUBHO-
CTH», KOTOPOE BCTPEUYAETCS Y MAIIMEHTOB ITOCJIE TPABM
roJIOBHOT0 Mo3ra ¢ 6oJibinoii yacroroir (PSH Parox-
ysmal sympathetic hyperactivity). IIpu PSH #a6io0-
JIAeTCsT TIeJIbI KacKa/l OJJHOBPEMEHHO BO3HUKAIONUX
HeOIaroNPUATHBIX CUMIITOMOB: TaXMKAPANsl, TAXUII-
HO9, TUIEPTEH3Us, JIUXOPAIKA, AUCTOHUS MBI,
TUTIEPTU/IPO3, YTO BMECTE B3SITOE YXY/IIAET COMATH-
YeCKHMI CTaTyC TMalueHTOB, HEBPOJOTUYECKHUH TIPO-
ruos, peabusuraiuio. [TampenTs ¢ cuminromamu PSH
UMEIOT XYW HYyTPUTUBHBIN CTATyC, Y HUX Yallle
pPa3BUBAIOTCS MHMEKITMOHHbIE OCIOKHEHUS, -
TesbHee pebbiBaHre B OTAENCHUSAX WHTEHCHUBHOM
Teparyu, JOCTOBEPHO BbIIE JIETaJIbHOCTh [22—25].
PSH BbI3bIBaeT CynecTBeHHO HApyIIaeT TOMeocTas u
MPUBOJIUT K BTOPUUHOMY, KYMYJISITUBHOMY TTIOBPEK-
JIEHUIO TOJIOBHOrO Mo3ra. VIMEHHO cuMIIaThyecKast
TUTIEPAKTUBHOCTD ¥ SIBJISIETCSI OCHOBHBIM TTaTOJIOTH-
YeCKUM nM3MeHeHneM (QyHKIIMOHATHHON aKTUBHOCTH
AHC y nainuenToB B BEreTaTUBHOM COCTOSTHUM U B
coctosiHUM KOMBI. QUeBUIHO, YTO OlleHKA AUChHYHK-
1 AHC — HeoOXoauMblil 1 06493aTeIbHbII 2JIEMEHT
obcieoBanns nainueHToB nociae UMT, anokcun
TOJIOBHOTO MO3Ta, TIOCJIE/ICTBHI ITIePUOTIEPAITMOHHBIX
OCJIOKHEHU .

3akiaoyeHue

KoMIbIoTepHbIii aHaIm3 BapuabeIbHOCTH cep-
JIEYHOrO PUTMA — HeOOXOAUMBIIA 3JIeMeHT 00c/Ie10Ba-
HUS MMAIMEHTOB C PA3JIMYHBIMU YPOBHSIMU CO3HAHUS
1ocJie TOBPEXKIEHUS TOJIOBHOTO MO3Ta TpaBMaTuye-
CKOTO ¥ HETPABMAaTUUYECKOTO TeHe3a.

assessed the HRV in patients with mild, moderate and
severe degrees of brain damage [12]. The authors in-
vestigated the spectral characteristics of the HRV de-
termining the sympathetic high-frequency spectrum
(LF) and parasympathetic low-frequency spectrum
(HF), the LF/HF ratio, normalized units of the LF
and HF HRYV spectrum. The groupsincluding patients
at a rest and during verticalization were compared.
The authors found a correlation between the parame-
ters of the autonomous nervous system and the con-
sciousness level determined by a Glasgow coma scale
(P<0.05). Glasgow coma scale correlated positively
with LF, LF/HF whereas negative correlation with
HF was found. Mirow S. et al. (2016) showed that the
analysis of the HRV allows assessing the coordination
of structural (anatomical) and functional systems of
the body [21]. The HRV parameters were summarized
and compared to the neurological status. Pathological
nystagmus correlated with a 25% decrease of SDNN
values. The increase in sympathetic modulation asso-
ciated with the level of anxiety: a 19-percent growth
of LF/HF was noted. These data demonstrate the
need to assess ANS dysfunctions while examining pa-
tients after CCI. Osteraas N.D. et al. (2017) in a re-
view article have shown the clinical value of
assessment of interaction of the ANS and cardiovas-
cular systems [13].

Stress-related cardiomyopathy caused by im-
pairment of the brain-heart interconnection occurs
in many conditions and especially in the brain injury
leading to sympathetic hyperactivity. The concept
of «paroxysmal sympathetic hyperactivity» has been
introduced, which occurs very commonly in patients
after brain injuries (PSH, Paroxysmal sympathetic
hyperactivity). In PSH, there is a cascade of simul-
taneously occurring adverse symptoms: tachycardia,
tachypnea, hypertension, fever, muscle dystonia, and
hyperhidrosis, which together worsen the somatic
status of patients, neurological prognosis, and reha-
bilitation. Patients with symptoms of PSH have a
more severe nutritional status, more often develop
infectious complications, stay in the intensive care
units for a longer period of time, and exhibit a sig-
nificantly higher mortality rate [22—25]. PSH
causes a significant impairment of homeostasis and
leads to a secondary, cumulative brain damage. It is
sympathetic hyperactivity that is the main patho-
logical change in the ANS functional activity in pa-
tients in the vegetative state and in coma. It is
obvious that the assessment of dysfunction of the
ANS is a necessary and compulsory element of the
examination of patients after a craniocerebral injury,
anoxia of the brain, and consequences of periopera-
tive complications.

Conclusion

The computer analysis of the HRV is an obliga-
tory element of examination of patients with different
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Tpasma

AHaJIM3 YaCTOThI U3MEHEHU ! (DYHKIIMOHAIBHOTO
cocrosuust AHC 1o rpynmnam maiueHTOB BbISBUI
JIOCTOBEPHOE I'Pa/lyasibHOe HAPACTAHME [ToKa3aTeseit
AHC y narnueHToB — OT TPYIIIIbI C HOPMAJIBHOTO YPOB-
HST CO3HAHIS K IPYIIIIAM C COCTOSIHUEM MUHUMAJIbHOTO
CO3HAHUSI, BET€TATUBHOTO COCTOSTHIS U KOMBI.

Ocnosubim BapuanTom natonoruu AHC B rpyn-
nax MaIMeHTOB, HAXO/SIINXCS B COCTOSTHUU MIHU-
MaJIbHOTO CO3HAHIIS, BETE€TATUBHOM COCTOSTHUU 1 KOME,
SIBJISIETCSI CUMITATUYECKAsI TUIIEPAKTUBHOCTD, PE3KOE
ycusenue Tonyca cummnatudyeckoro 3sena AHC.

Onenka dyukiun AHC no3BosisieT KOHTpOJIH-
POBaTh YPOBEHb CO3HAHUS TTAIIUEHTOB TIOCJIE IOBPEXK-
JIeHUsI TOJIOBHOTO MO3Ta TPABMATHUYECKOTO M HETPAB-
MaTUYeCKOTO TeHe3a.
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levels of consciousness after a brain damage of a trau-
matic and non-traumatic genesis.

The frequency of changes in the functional state
of the ANS in patients has been significantly and grad-
ually increasing starting from the group with patients
exhibiting normal level of consciousness to groups of
patients with minimal consciousness, vegetative state,
and coma.

A sympathetic hyperactivity, a precipitous en-
hancement of sympathetic ANS, is the main type of
ANS pathology in the groups of patients with minimal
consciousness, in the vegetative state and coma.

The assessment of the ANS function allows to
monitor the level of consciousness of patients after
traumatic and non-traumatic brain injury.
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