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Ilens uccaegoBaHMA: U3YYUTh YYBCTBUTEIBHOCTh 0APOPELeNITOPOB U aBTOHOMHOM HEPBHOU CHCTEMBI
IIPY ITACCUBHOU OPTOCTATHYECKOH IIpoOe y MaIieHTOB C XPOHMYEeCKNMHU HapyIIeHUsIMA COSHAHUS BCJIE -
CTBHE TsKeJIbIX IIOBPEKAEHN TOJIOBHOTO MO3Ta U OIIPeJeJIUTh UX POJIb B peabu/INTAIlMOHHOM IIpoIiecce.

MarepuaJibl 1 METObI. B ncciienoBanre BKIOYNIA 30 TAUEHTOB C JJINTEJIbHBIMA HAPYILIEHUSAMMU CO-
3HAHNs, BEI3BAHHBIMH TsKEIBIMA TIOBPEKIEHIAMY T'OJIOBHOTO Mo3ra (rpymma 1), 10 13 KOTOpbIX OBIIH B Be-
reraruBHOM cocTossHuu (BC) u 20 — ¢ cunapomom Majioro codHanus (CMC). OCHOBHOM IPUYMHOM TSAMKEJIbIX
MTOBPERIEHNH OBbLIa YeperrHO-M0o3roBasi TpaBMa (53% MaIFieHToB TOU IPYIIIEI). B rpyIiTy cpaBHEHVS BOIILIH
24 manyeHTa C 04aroBOi HEBPOJIOTUYECKOU CUMIITOMATHKOM, OCHOBHOUM IPUYMHOU KOTOPOU B 79,2% ciryuaeB
OB HapyIIIEHNsI MO3TOBOT0 KpoBoobpareHus (rpymma 2). KorTposbHyTo Tpynmy (rpymnmna 3) cocTaBuIn 22
3J0POBBIX TOOPOBOJIBITA COITOCTABIMOTO BO3pacTa. Bce M3MepeHwust MpoBOIU/IN € TOMOIIbI0 MoHKTOpa Task
Force Monitor 1030i (CNSystem, ABCTpus1) B IpoIjecce MacCUBHON OPTOCTAaTHYECKOU TpoObI 0°—-30°-60°—0°.
ITpoBeJsiu aHa/I1M3 U3MEHEHU IT0Kasare/ieid MOIHOCTH Hu3Ko4acToTHOro (HUC) 1 BBICOKOUACTOTHOIO CIIEK-
TpoB (BUC) BapmabesbHOCTH CEPIETHOT0 PUTMAa M YyBCTBUTEIbHOCTH 6apoperentopos (UEP). Cratucruye-
CKUI aHAJIM3 IPOBEJIM C IOMOIIIBIO IIaKeTa CTAaTUCTUYeCKUX Iporpamm «Statistica-10». 3HaYMMOCTb MESKIPYII-
ITOBBIX Pa3JIMYMI HECBSI3aHHBIX BEIOOPOK ONIpeesIAIr pacieToM KpuTeprus Manna Yutau (Mann-Whitney
U-test). loCTOBEPHBIMH CYUTAIN PA3JTAYUSA IIPU TOCTU)KEHUN YPOBHS CTaTUCTUYECKON 3HaUYnMocTu p<0,05.

Pesyserarsl. MakcuMaibHble pOHOBBIE 3HaYeHus1 UBP BbISABU/IN B KOHTPOJIBHOU IpyIIe. Y IalleHToB 1
1 2 TPy OTMeYaJId 3HAYUTeIbHOe CHIYKEHNe 9TOr0 IToKasareJis, IPOIOPIUOHAJIbHOE TSHKECTH IIOBPEsKIeHUN
TOJIOBHOI'O MO3ra. AHAJIOTMYHYIO JUHAMUKY UMeJIN [TI0Ka3are/Ii YyBCTBUTEIbHOCTH aBTOHOMHOUM HEpBHOMU CHU-
crembl (HYC 1 BUC). OcHoBHOI TpeH opTocTarnyeckux nuamenennii YbP HUC, BUC xapakTepu3oBasics mpo-
I'PECCUBHBIM CHHKEHMEM 9THX [TI0Ka3areJsiell Ipy yBeJIM4YUBaloIeMCcs yIvle HAaKJIOHA IIal[eHTOB U C BOCCTAHOB-
JIEHEM HX J]0 UCXOJHOT0 YPOBHA ITOC/IE€ BO3BPATa NAlIMEHTOB B TOPU30HTAIBHOE MOJIOKEHNE. VY 4 ITal[ieHTOB
rpynnbl 1 (14%) npu BBIOJIHEHMY HaK/I0HA Ha 30° HOABMJIMCH TPU3HAKU OPTOCTATUYECKUX HAPYIIEHUN: B 3
CJIyJasix HabJIIoja Il OPTOCTATHYECKYIO THIIOTEH3HIO U B OTHOM — CHHIPOM IIOCTYPATBHOH OPTOCTaTHYECKOH
taxukapaun (CI10T). OTamaneM aTHX MareHToB ObLTH Oostee HU3Kast UBP 1 60s1ee BRICOKME ITOKA3aTe! aK-
TUBHOCTH cuMnaTru4eckoi cucrembl (HUC) 1o cpaBHEHMIO € TOKA3aTesIsIMU APYTHX HAIlEeHTOB JAHHOU IPYIIIIHI.

3akJroueHue. Y IIalMeHTOB C XPOHUYECKUMHU HAPYIICHUAMH CO3HAHUA B IOCTKOMATO3HOM IIEPUOJE
IIOCJIE TSKEJTBIX IIOBPEsKIeHNH TOJIOBHOTO MO3Ta Ha0J/TIOIaI0TCS 3HAYNTETbHOE CHIKEHNE YYBCTBUTEIBHO-
cTy 6apopPenenTopoB U HAPYIIeHN I aBTOHOMHOM HEPBHOM CUCTEMBI, BEIPAKAIOIIFECS B 3HAYNTEIHHOM CHH-
SKeHUU aKTUBHOCTU CUMIIATUYECKOH U ITapacuMIlaTu4ecKoi cucteM. CTelleHb 9TUX HapylleHUH accoluu-
PpOBaHa C TSKECThIO NIOBPEsKIEHUN FOJIOBHOIO M03ra. PUCK pasBUTUA OPTOCTATUUECKON TMIIOTEeH3UU IIPU
BEPTHKAIM3AIMH BBIIIE Y TAIIEHTOB C 60/iee HI3KOH YyBCTBUTEIBLHOCTHIO 6apOPEIEeNTOPOB, YTO HEOOXO-
JHAMO yYUTBIBATH B Ha4YaJIe IPoIecca UX BePTUKAIA3aAIUH.

Knaroueswle crosa: sezemamusHoe cOCmosnue; CLLHOPOM MAJl020 CO3HAHUA; ndacCusHas opmocmamuue-
CKas I’lp06d,’ AB8IMOHOMHAS Hep8HAas cucniemda; 4yscnieuniejibHocms 6apopez4enmopoe

Anpecc 114 KOppeCOHIeHITH: Correspondence to:
BuxkTop Hukosaesud JJoporosues Viktor N. Dorogovtsev
E-mail: vicdor@yandex.ru E-mail: vicdor@yandex.ru

GENERAL REANIMATOLOGY, 2019, 15; 5 www.reanimatology.com

61



62

DOI:10.15360/1813-9779-2019-5-61-73

Clinical Studies and Practice

Purpose of the study: to examine sensibility of baroreceptors and the autonomic nervous in the passive
orthostatic test in patients with chronic impairment of consciousness due to severe brain damage and deter-
mine their role in the rehabilitation process.

Materials and methods. The study included 30 patients with long-term impairment of consciousness due to
severe brain damage (group 1), 10 of them being in the vegetative state (VS) and 20 being in the minimally con-
scious state (MCS). Craniocerebral trauma was the main cause of severe damage in that group (53% of patients).
The comparison group included 24 patients with focal neurological symptoms caused predominantly — 79.2%
of cases — by cerebrovascular disorders (group 2). The control group (group 3) consisted of 22 healthy volunteers
of a comparable age. All measurements were done with the help of a Task Force Monitor 1030i (CNSystem, Austria)
in the course of passive orthostatic test at 0°-30°-60°-0°. Changes in the power of low-frequency (LFS) and high-
frequency spectrum (HFS) of heart rate variability and baroreceptors sensibility (BRS) were analyzed. Statistical
analysis was carried out using Statistica- 10 software. Significance of inter-group differences on unrelated samples
was determined by the Mann-Whitney U-test. Differences between groups were considered significant at P<0.05.

Results. Maximal background values of BRS were found in the control group. In group 1 and 2 patients,
considerable decrease of that index was noted, which was proportional to the brain damage severity. Similar
dynamics was observed for the indices of autonomic nervous system sensibility (LFS and HFS). The main trend
of orthostatic changes of BRS, LES, and HFS was characterized by progressive decrease of the indices with in-
crease of the patients’ angle of tilting and their return to the baseline level after the patients were put back into
the horizontal position. 4 patients of group 1 (14%) displayed signs of orthostatic disorders upon tilting to 30°:
in 3 cases, orthostatic hypotension was observed, and in one case the postural orthostatic tachycardia syn-
drome (POTS) was diagnosed. Those patients differed by lower BRS and higher sympathetic system activity
(LES) vs. the same indices of other patients in that group.

Conclusion. Patients with chronic impairment of consciousness during the post-comatose period after a
severe brain damage display a significant decrease of baroreceptors sensibility and autonomic nervous system
disorders manifesting in significantly lower activity of the sympathetic and parasympathetic systems. The
prominence of such disorders is associated with brain damage severity. Their risk of developing orthostatic
hypotension during tilting towards a vertical position is higher in patients who have lower baroreceptors sen-

sibility, and this should be taken into account beginning the process of their verticalization.

Keywords: vegetative state; minimally conscious state; passive orthostatic test; autonomic nervous system;

baroreceptors sensibility
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BBenenue

Hayuyenue oOpTOCTAaTUYECKUX WN3MEHEHUU
ABTOHOMHOU HEPBHOM CHUCTEMBI U YYBCTBUTEJIb-
HOCTH 6apOPENENTOPOB Y MAIUEHTOB C TSMKEJbI-
MU TIOBPEKIEHUSAMHN TOJIOBHOTO MO3Ta HMEET
00JIBITIOE TIPAKTUYECKOE U TEOPETUYECKOE 3HAUe-
Hue. OCHOBHOU IPUUYMHON TaKUX MOBPEKIEHUN
ABJIIETCSI YEPENMHO-MO03TroBast TPaBMa, 4acTOTa
KOTOPOU cocTaBJisieT B rof 4,5 Ha 1 ThIC. HaceJe-
HUA U Bo3pacTaeT Ha 2% eskerogHo. Tsoxkenas
yepernnHo-Mo3rosad Tpasma (TUMT) cocraBiaser
20-25% ot ob1rero yrcaa UMT, mpu 9TOM JIeTaThb-
HOCTb gocturaet 41-85% [1]. Ipyroit npuyuHOn
TSI3KEJIBIX TIOBPEKIEHUN TOJIOBHOTO MO3Ta C pas-
BUTHEM XPOHUYECKUX HapyIIeHWU CO3HAHUA
SIBJISTIOTCST HAPYIIIEHUsI MO3TOBOTO KpOBOOOparie-
HUSI, B CTPYKTYype KOTOPbIX IPe0odJ/1aatoT NlleMu-
yeckue UHCYIETHI (70-80%). BoJiee TpeTu 60JIb-
HBIX (35%) MOTHOAIOT B IepPBbIe 3—4 HeIe U I0C/Ie
UHCYJAbTa [2]. YV OOJIPIIMHCTBA MAlEeHTOB,
BBIKUMBIIIMX B OCTPOM EePHUO]Ie, pA3BUBAETCS CUH-
JIPOM MYJIETUOPTaHHOH [TaTOJIOTUHU, YTO IPUBOIUT
K MMOBBIMIEHUIO IIUTEJTbHOCTU JIeUeHUsI B peaHu-
MaIlMOHHBIX OTAEeJEeHUSX U CMEPTHOCTU OoJiee
4eM B [IBa pasa [3-7]. B Takux ciaydasx BOZHUKAET
HeO00XOIUMOCTh JAJUTEJHHOTO MPOTE3UPOBAHUS
SKU3HEHHO Ba)KHBIX (DYHKIIUM: HMCKYCCTBEHHOU

Introduction

Investigation of orthostatic changes of the au-
tonomic nervous system and baroreceptors sensi-
tivity in patients with severe brain damage has a
great practical and theoretical relevance. The main
cause of such damage is a craniocerebral trauma,
which annual incidence equals to 4.5 per 1 thou-
sand people and grows by 2% every year. A severe
craniocerebral trauma (SCCT) accounts for 20-25%
of the total number of CCT, its mortality reaching
41-85% [1]. Another cause of severe brain damage
followed by development of chronic impairment of
consciousness is cerebrovascular disorders, among
which ischemic strokes are predominant (70-80%).
Over a third of patients (35%) die within the first
3-4 weeks after a stroke [2]. Most patients who sur-
vived the acute period develop the syndrome of
multiple organ pathology resulting in a longer
treatment in ICUs and more than two-fold mortal-
ity [3-7]. In such cases, long-term replacement of
vital functions becomes necessary: artificial lung
ventilation, hemodynamic support, intracranial
pressure monitoring, etc. The in-patient treatment
of such patients might last from a few months to a
few years, which makes their mobilization and ver-
ticalization much more difficult. In a situation of a
long-term immobilization, muscular atrophies,
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BEHTUJIALNN JIETKUX, TOIEP>KaHNUsI FTeMOIUHAMM--
KH{, KOHTPOJIsI BHYTPUYEPEIIHOI'O JaBJICHUA U T. 1.
[TpomoJIKUTETEHOCTD JIEYeHU I TAKUX ITAllNeHTOB
B YCJIOBUAX CTAallMOHApPa MOYKET COCTABJIATH OT
HECKOJIbKHX MECsIIeB 0 HECKOJIbKHUX JIEeT, YTO
3HAYUTEJILHO 3aTPyAHsSET WX MOOWIN3AnHI0 U
BepTUKAAU3AIMI0. B yclIo0BUAX [JINTEeIbHOU
MMMOOUTU3AIINY PA3BUBAIOTCS MBIITIIEYHBIE aTPO-
¢un, KOHTPAKTYphl, MPOJIEXKHU, THUIIOCTATHYe-
CKasi THEBMOHUS U aTeJIeKTasbl, (py1e6oTpoMO03bI
HIDKHIUX KOHEYHOCTEH 1 MaJIOT0 Tasa, YTO MOKET
BBI3BIBATH TPOMO0IMOOJIHIO JIETOYHOI apTEPUU U
T. 1., @ HapylLIeHus, CBA3aHHbIE C JJUTEJbHbIM
MTOCTETLHBIM PESKUMOM, CIIOCOOCTBYIOT PAa3BUTHIO
«CUHJIpOMa MocJie MHTEHCUBHOU Tepanuu» (ITT-
cunapom) [8]. IpderTUBHBIM METOIOM TIPOGU-
aaxktuku [INT-curapomMa ABJIsAeTCA BepTUKaIU3a-
nua nangueHToB [9]. Ho cama 1mpounenypa
OPTOCTaTU4Y€ECKOH MPOOKI HECET TOMOJTHUTEIFHbBIE
PHUCKH B CBAA3M C IlepepacnpeieieHueM KPOBU U
ee JelOHUPOBAaHWEM B HUYKHUX OTJeJIaX COCyIu-
CTOU cucTeMbl. B pesysnbraTe sToro cHU)KaeTcs
BEHO3HBII IPUTOK K CEPAIYy U CO31aI0TCs YCJI0-
BUSI NIJI1 CHUYKEHWsI apTepUaJbHOrO NTaBJIEHUS
(AJl). BoBjieueHre B MaTOJIOTUYECKUM TIPOIIECC
CTPYKTYP COCYHONBUIaTEJIbHOIO IIEHTPA, a TaKKe
pacnpocTpaHeHHble TapaJIndy MBIIIIII, «BBIKJIIO-
Yarolre» U3 alallTUBHBIX TPOIIECCOB MbIIIEYHBIN
BEHO3HBINA HACOC, 00JerYaiil BEeHO3HbBIA BO3-
Bpar KPOBH K CepILy, 00yCJIaBINBAIOT yTPO3Y pas-
BUTHs runonep@ysuu rojoBHoro mosra. Opro-
crarmyeckas runorersuss (OI') wHabsromaercs y
boJiee, YeM IMOJIOBUHBI MTAIIMEHTOB, ITIEPEHECIITUX
nHCYAET [10] nym UMT [11].

BajkHEHIIINM KOMIIOHEHTOM aJdalTUBHBIX
MPOIIECCOB, 00eCNeYnBaIONIUX MOCTOSHCTBO
OpPTraHHOT'0 KPOBOTOKA NP N3MEHEHNM MOJIOKEe-
HUS TeJjla SIBJSIETCS CUMIIaTUYeCKUU Gapoped-
JIEKC, aKTUBAIMSA KOTOPOTO IMTPOUCXOAUT IPU CHU-
SKEHUY BEHO3HOTI'0 BO3Bpara K CepAIy BCJIEACTBUE
JEeIIOHMPOBAHUS YaCTU KPOBU B COCYLaX HAYKHUX
KOHEYHOCTEN. YMeEHbBIIIEHNE PACTIKEHUS TPe-
cepauii U JIETOUHBIX apTEPUI CIIOCOOCTBYET CTHU-
MYJISIIIIY KapAuOoITyJIbMOHAIBHBIX OapOpeIenTo-
pos [12, 13]. BapopelenTopsl BBICOKOIO JaBJIEHUS
B CHHOKApOTHUIHOH 30He, B AyTre a0OPTHI U IP. IpU
noBblilieHnn AJl ITOAaBJISIIOT aKTUBHOCTh CUMIIA-
Tuyeckol HepBHOU cucteMbl (CHC). [Tpu cHU Ke-
HuM AJl KapAauonyJbMOHAaJbHBIE PELENTOPHI
BBI3BIBAIOT ee aKTUBanuio [14, 15], 4To croco6-
CTBYeT CTUMYJIALIAY PEHUH-aHTHOTCH3UH-AJIbI0-
CTEpPOHOBOU cUCTeMBI [16], yBeTUUEHHIO CEKpe-
UM  aHTUOUYpeTU4Yeckoro ropmMoHa [17].
OcHOBHasi 1leJJb TAKOTO HEWPOTOPMOHAIHLHOTO
CIIBUTA 3aKJII0YaeTCs B BO3JEeUCTBUU Ha cepjiey-
HO-COCYAUCTYI0 CHUCTEMY C IIeJIbI0 MOBBIIIEHUS
nepudepruueckoro COMPOTUBJIEHNsI, HEOOXOIU-
MOTO JJIS TOJ/Iep>KaHU A IOCTOSTHCTBA OPTaHHOTO
KPOBOTOKA, IIPEK/IE BCETrO B TOJIOBHOM MO3Te, IIpU

contractures, pressure injuries, hypostatic pneu-
monia and atelectasis, phlebothrombosis of lower
extremities and lower pelvis, which might cause
pulmonary artery thromboembolia, etc., while dis-
orders connected with prolonged complete bedrest
promote development of the post intensive care
unit syndrome (PICS) [8]. Verticalization of patients
is efficient prophylaxis of PICS [9]. However, the
procedure of passive orthostatic test itself bears ad-
ditional risks related to blood redistribution and
deposition in the lower vascular system. As a result,
venous inflow to the heart decreases creating con-
ditions for decrease of arterial blood pressure
(ABP). Engagement in the pathological process of
vasomotor center structure and diffused muscular
paralysis ‘cutting off’ the muscular venous pump,
which facilitates blood return to the heart, from the
adaptive processes cause the risk of brain hypop-
erfusion development. Orthostatic hypotension
(OH) is observed in more than a half of patients
who experienced a stroke [10] or CCT [11].
Sympathetic baroreflex, which is activated
upon decrease of venous return to the heart because
some blood is deposited in the lower extremities’
vessels, is a most important component of adaptive
processes maintaining stable organ blood flow upon
alteration of body’s position. Lessening of extension
of atria and pulmonary arteries assists stimulation
of cardiopulmonary baroreceptors [12, 13]. High-
pressure baroreceptors in the carotid sinus region,
aortic arch etc. at increased ABP suppress activity of
the sympathetic nervous system (SNS). Upon ABP
decrease, cardiopulmonary receptors initiate its ac-
tivation [14, 15], promoting stimulation of the renin-
angiotensin-aldosterone system [16], enlargement
of antidiuretic hormone secretion [17]. This neuro-
hormonal shift is aimed at acting on the cardiovas-
cular system to enhance its peripheral resistance
that is necessary to maintain stable organ blood
flow, first of all, in the brain, when one’s position
changes from horizontal to inclined or vertical. The
function of sympathetic baroreflex is well studied in
the normal setting. However, the ANS state and BRS
sensibility during severe brain damage with chronic
impairment of consciousness have been studied in-
sufficiently. Practical relevance of such information
consists in assessing the risk of possible orthostatic
disorders during the initial period of verticalization.
The theoretical importance consists in finding out
the sympathetic baroreflex function in the setting of
severe diffuse brain damage. It has been shown that
ANS dysfunction during severe CCT correlates with
the disease progression severity and mortality [18,
19] and precedes brain death development [20, 21].
The functional status of ANS allows forecasting dis-
ease progression in patients with impairment of
consciousness after severe brain damage [22]. BRS
during severe brain damage is less well understood.
It has been shown that its significant decrease wors-
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Iepexojie U3 FTOPU30HTAJIBHOIO B HAKJIOHHOE 1IN
BE€PTUKAJIbHOE IOJIOKEeHNE. PYHKIMA CUMITAaTU-
yeckoro OapopedJekca J0CTaTOYHO XOPOIIIO
n3ydeHa B HopMme. OnHako, coctossnue AHC n ayB-
CcTBUTEJBHOCTU UBP Ipu TAMKEJBIX MOBpEXKIe-
HMSIX TOJIOBHOTO MO3ra C XpOHMYECKMMU HapyIe-
HUSMU CO3HAHUA U3Y4YeHbl HEJO0CTaTO4YHO.
[IpakTuyeckoe 3HaYeHUe TaKOW HH(POpMaLUU
COCTOUT B OIlEHKE PUCKAa BO3MOKHBIX OPTOCTATH-
YeCKUX HapyllIeHN B Ha4aJIbHOM IIeprojie BepTU-
Kajnusauuu. Teoperudeckoe 3HaYECHUE 3aKJ/II09a-
eTcsl B BbISICHEHUUM (PYHKIUU CHUMIIATUUECKOTO
bapopedJiekca B yCIOBUSX TSKETbIX TP DY3HBIX
MIOBpEKIeHUI TOJ0BHOTO Mo3ra. [TokasaHo, 4To
nuchynriusa AHC npu Tsiskesnsix YUMT koppesnu-
PYeT C TAYKeCThI0 TeuyeHnsI 3a00J1eBaHUs U CMEPT-
HOCTBIO [18,19] 1 mpeAlIecTByeT pa3BUTUIO CMEP-
™! Mo3ra [20, 21]. dyHKROUOHAIBHOE COCTOSTHUE
AHC 1103B0JIA€T CTPOUTH IIPOTHO3 TeUeHUs 3a00-
JIeBaHUs Y DOJbHBIX C HAPYIIEHUSIMU CO3HAHUS
TIOCJIE TSKEJIBIX TIOBPEsKIEeHUI TOJIOBHOTO MO3Ta
[22]. Menee uayuennoi ocraercs YbP npu Tske-
JIBIX TOBPEKIEHUAX TOJIOBHOTO Mo3ra. [TokasaHo,
4YTO 3HAYUTEJIbHOE ee CHUYKEHUe yXyIllaeT YKU3-
HEHHBII IIPOTHO3 y TAKO! KaTeropuu IaryeHToB
[23]. TloguepKkUBaeTCs, YTO (PYHKITHSI CUMIIATAYe-
ckoro bapopedJekca 3HaAYUTETbHO U3MEHSIETCS
NP IIOBPEKIEHUIX TOJIOBHOIO MO3ra [24].

ABTOHOMHasA HepBHasg cucrema u YLGP B
3HAYUTEJIbHOU Mepe BJIMAIOT Ha aJalTUBHbBIE
IIPOIECCHI IPU U3MEHEHUAX IIOJI0KEHUA TeJla, a
BepTUKAJIU3AlNUs SABJIAETCA BYKHBIM KOMIIOHEH-
TOM peabUINTAalMOHHBIX MEPOIIPUATHH NalleH-
TOB. B cBsI3U C HEJOCTATOYHOCTHIO HH(pOPMAITUUN
0 COCTOSTHWY CUMITAaTUUeCcKoTo 6apopederca y
MallMeHTOB C [JIUTeJbHBIMU HapylleHUsIMU
CO3HAHUS T0CJI€e TSYKeJbIX IOBPEKAEHUN TOI0B-
HOT'0 MO3ra, U3y4eHNe OPTOCTaTUYECKUX N3MEHE-
Huit AHC u UBP y nanuentos B BC u CMC npen-
CTaBJISIETCS aKTyaJIbHBIM.

Lesip uccienoBaHusg — U3YYUTh YYBCTBU-
TeJTLHOCTH 0ApOpPeIeNnTOPOB M ABTOHOMHOI HEPB-
HOU CHCTeMBbI IIPU ITaCCUBHOM OPTOCTATUYECKOH
pobe y MaIMeHToB C XPOHUYECKUMHY HapYIIEHUSI -
MU CO3HaHWsI, BCJIEACTBUE TAMKEBIX IIOBPEXKIE-
HHUU TOJIOBHOTO MO3ra U ONpeeIUTh UX POJIb B
peadbuIuTarOHHOM ITPOIIECCE.

MarepuaJ 1 MeTObI

B uccienoBanue Brounian 30 nanueHTOB C AJIA-
TeJIbHbIMU HapyIIeHUsIMUA CO3HAHV S, BBI3BAHHBIMH Ts1-
SKeJIBIMU ITOBPEsKIeHUsIMU F'OJIOBHOTO Mo3ra (rpynma 1),
10 u3 kotopsix Ob1TH B BC 11 20 — ¢ CMC. [lanueHdTsI ¢
04aroBbIMU OBPEKIEHUAMU I'OJJOBHOTO MO3ra (n=24)
(rpynma 2) OBITH B ICHOM CO3HAHUH, B KJIWHHMYECKOH
KapTUHe — IMpeobsagaii JoKaJIbHbIe HEBPOJIOTUYE-
ckre cuMnToMbL. OOC/IeI0BAIN TAKKeE 22 TTPAKTUIECKU
3JI0POBBIX JOOPOBOJIBIIA COMOCTABMMOTO BO3pacTa
(53,4+6,6 Jtet) (rpymnma 3). CocTostHUE MTAIIEHTOB U 100-
POBOJIBIIEB OIIEHUBAJIA KJIMTHUYECKUMU U OMOXUMUYe-

ens life prognosis in this category of patients [23]. It
is pointed out that the function of sympathetic
baroreflex greatly changes during brain damage [24].

The autonomic nervous system and BRS
largely affect adaptive processes when the body po-
sition changes; at the same time, verticalization is
an important component of patient rehabilitation
measures. Due to shortage of information about
the state of sympathetic baroreflex in patients with
long-term impairment of consciousness after se-
vere brain damage, investigation of orthostatic
changes of ANS and BRS in VS and MCS patients
appears relevant.

Purpose of the study: to evaluate the sensitiv-
ity of baroreceptors and the autonomic nervous
system during passive orthostatic test in patients
with chronic impairment of consciousness due to
severe brain damage and determine their role in re-
habilitation.

Materials and Methods

The study included 30 patients with long-term im-
pairment of consciousness caused by severe brain dam-
age (group 1), 10 of which being in VS and 20 — in MCS.
Patients with focal brain damage (n=24) (group 2) were
fully conscious with local neurological symptoms being
predominant in their clinical presentation. Twenty two
apparently healthy volunteers of comparable age
(53.4+6.6 years) were also examined (group 3). The con-
dition of patients and volunteers was evaluated clinically
and by biochemical tests. Clinical characteristics of the
groups are described in table 1.

In both groups of patients, there were more men
(21/9 and 14/10, respectively); there was no significant
difference in the mean age of subjects (45.0+16.2 and
51.4+18.5 years, respectively). The main causes of brain
damage were craniocerebral trauma (CCT) (53.3% of
cases) and cerebrovascular disorders (CVD) (23.3%) in-
cluding subarachnoid hemorrhage (SAH) due to
aneurism rupture and its complications: artery spasm,
increased intracranial pressure, etc. Rarer causes of se-
vere brain damage included global brain ischemia
(10.0%) and condition after excision of large brain tumors
(13.3%). In vast majority of cases, the causes oflocal brain
damage were consequences of CVD and SAH due to
aneurism rupture (79.2 and 8.3% of patients, respec-
tively). The study was carried out at different intervals of
time from onset of the disease: in group 1 — on day
124.0£101.0, in group 2 — on day 137.0+130.0. All pa-
tients of group 1 had comorbidity: arterial hypertension,
pneumonia, anemia, pyoinflammatory complications of
urinary organs, meningoencephalitis, otitis, sinusitis,
ulcer disease or critical condition (sepsis, multiple organ
failure, protein-energy deficiency). The combination of
long-term impairment of consciousness after severe
brain damage and comorbid diseases that required re-
placement of vital functions and intensive care deter-
mined the necessity of long-term treatment of patients
in ICU environment. Examination of group 1 patients
was performed after successful treatment prior to pa-
tients’ transfer from ICU to rehabilitation units of the
Federal Research and Clinical Center of Intensive Care

Medicine and Rehabilitology. Earlier, during the first
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TaﬁJmua 1. Knuan4deckas XapaKTepHUCTHKA UCCJIENYyEeMbIX I'PDYIIII.

Table 1. Clinical characteristics of study groups.

Parameters Value of parameters in groups
Group 1, n=30 Group 2, n=24 Group 3, n=22

M/F 21/9 14/10 9/13
Age, years 45.0£16.2 51.4+18.5 53.4+6.6
Height (cm) 169.0+8.8 172.4+9.6 166.0+8.9
Weight (kg) 61.6+£10.9 79.81£14.1 78.6£13.2
BWI (kg/m?) 21.5+4.6 27.0+4.6 28.6+4.8

Diagnosis in post-comatose period
TBI (%) 16 (53.3%) 1 (4.2%)
SAH consequences due to rupture of aneurysm 3 (10.0%) 2 (8.3%)
Consequences of CVD in the ICA basin 3 (10.0% 16 (66.7%)
Consequences of CVD in the VBA basin 1 (3.3%) 3 (12.5%)
Post-hypoxic brain damage 3(10.0%) 0 (0%)
Consequences of surgical treatment of brain tumor 4 (13.3%) 2(8.3%)

Note. BWI — body weight index; TBI — traumatic brain injury; CVD — cerebrovascular disease; SAH — subarachnoid hemor-
rhage; ICA — internal carotid artery; VBA — vertebrobasilar artery. M+SD.

IIpumeuanue. /Ins tabs. 1-3: parameters — mapamerpsl; value of ...

in groups — 3HaudeHuA ... B rpynmnax; M/F —

MY>KYMHBI/>KeHIIIUHBI; age, years — Bo3pacT, JeT; height — poct; weight — Bec; BWI— unnexc maccel! Tesa; TBI — uepenno-
Mo3aroBas TpaBMa; SAH consequences due to rupture of aneurysms — mocJieICTBUsI Cy0apaxHOUAAIbHOTO KPOBOU3IUAHUA
(CAK) BcaencTBue pas3pbiBa aHeBpuaM; consequences of CVD in the ICA basin — nmocsiecTBrs HapyllIeHUs1 MO3TOBOTO KPO-
BooOpamienusi (HMK), 6acceiin BHyTpeHHel cOHHOU apTepun; consequences of CVD in the VBA basin — mocsiectust Hapy-
LIEHUSI MO3TOBOI'0 KPOBOOOpaleHus1, 6acceitH BepreOpobasuiIsipHbIX apTepuii; post-hypoxic brain damage — noctrunoxcu-
yecKue OBpesKeHNUs T0JIOBHOT0 M0o3ra; consequences of surgical treatment of brain tumors — nmocsencTBUsA XUPYPrUueCKOro

JIeUYeHUsI TOJIOBHOTO Mo3ra. M+SD.

CKHUMU HCCJIeJoBaHUsAMU. KIIMHUYEeCKylo XapakTepu-
CTHUKY T'PYIII OIIHCAJIH B Ta0JI. 1.

B ob6enx rpynmnax nmanpeHTOB IIpeodsIagaan MyoK-
unHbI (21/9 1 14/10, COOTBETCTBEHHO), CPEIHUN BO3-
pacT ucciegyeMblX JOCTOBEPHO He pasJnydalics
(45,0+16,2 n 51,4+18,5 Jiet, cooTBeTCTBEHHO). OCHOB-
HBIMU NPUYMHAMU IIOBPEKAEHUI IOJJOBHOTO MO3ra
ObLIN YepenmHO-Mo3TroBass Tpaema (UMT) (53,3% cay-
YaeB) W HapyIIeHWsS MO3TOBOTO KPOBOOOpAIIeHUs
(HMK) (23,3%), BkJIIO4Yass cybapaxHOUaIbHBIE KPO-
BousnusanuA (CAK) BciencTsue paspblBOB aHEBPU3M U
HX OCJIOSKHEHUS: ClIa3M apTepuii, IOBbIIIIeHNe BHYTPHU-
4yepelnHoro JaBJjieHus u T. 1. bosiee pegkuMu npudu-
HaMU TAMKEJIbIX HOBpeH(HeHHﬁ FOJIOBHOI'O MO3ra ObLIN
wiobasbHasI UIIeMHs ToJIoBHOro Mo3ra (10,0%) u co-
CTOSTHUE TIOCJIE YIaTIeHNsI OOIBIINX ONYX0Jel roJI0B-
Horo moara (13,3%). B momaBJisiioriieM OOJIBIIIMHCTBE
CJIy4aeB IpUYNHAMU JIOKAJIbHBIX HOBpG?K,HeHI/Iﬁ TOJIOB-
Horo moara 6eLnu nociencrsusa HMK u CAK Bcien-
CTBHE pa3pbiBa aHeBpu3M (79,2 u 8,3% nanuenTos, co-
OTBETCTBEHHO). MccienoBanue MpoBOAUIN B Pa3HbIE
WHTepBaJbl BpeMeH! OT HavaJa 60J1e3Hu: B IpyIie 1 —
Ha 124,0+101,0 cyrku, B rpymnme 2 — Ha 137,0+130,0
CyTKU. Bce manueHTsI rpynms! 1 ©Mes I KOMOPOUIHbBIE
3ab0JIeBaHUs: apTepHaNbHYIO THIIEPTOHUIO, ITHEBMO-
HUIO, aHeMUIO, THOHHO-BOCHAIUTe/IbHbIE OCJIOKHEHU
OpraHoB MO4Y€BbIIEJICHUA, MBHI/IHI‘OSHHeq)aJII/IT, CeIlr-
CHIC, TIOJINOPTaHHYIO HEJIOCTaTOYHOCTh, OEJTKOBO-9HED-
reTUYecKyIo HeIoCTaTOYHOCTb, OTUT, FAMOPUT, I3BEH-
HyI0 60Jsie3Hb. CoueTaHWe AJIUTETBHBIX HAPYIIEHUH
CO3HAHUA I10CJIe TKeJbIX IOBPEeKIeHUN FOJI0BHOTO
MO03ra ¢ KOMOPOUIHBIMH 3a00/IeBaHUAMMU, TPEOOBAB-
IIMMU IPOBeJleHUs] IPOTe3UPOBAHUSA KU3HEHHO BayK-
HBIX QYHKIUN U MHTEHCUBHOM Tepalluy, Olpesesisyio
HeoOXOIMMOCTD JJIUTETHHOTO JIEeUeHHsI MAI[IeHTOB B
YCJIOBUSX peaHUMAaIMOHHBIX OoTAesieHnil. O0caemoBa-
HYe MalyeHTOB I'PYIIbLI 1 MPOBOAUIN IIOCJIE YCIIeI-
HOT0 JIeYeHHUs lepe] [IepeBOIOM ITallUeHTOB U3 peaHu-
MaIlMOHHBIX B peabuiurannoHHble oTaeaenuss PHKI

stage, systemic hemodynamics changes were studied in
the course of verticalization of patients with long-term
impairment of consciousness using the 0°-30°-60°-0°
passive orthostatic test protocol [25]. Satisfactory ortho-
static stability of hemodynamics was found in 26 patients
of group 1 (86.6%); 4 patients (13.3%) developed ortho-
static hypotension and postural orthostatic tachycardia
syndrome at 30° tilt [25]. This paper describes the study
protocol and methodical aspects of measuring hemody-
namics with the help of Task Force Monitor 1030i, pres-
ents findings of clinical examinations and biochemical
tests of the patients and healthy volunteers. At the second
stage of the study, an additional examination of appar-
ently healthy volunteers (group 3), which were compara-
ble in age with the patients, was carried out. This is con-
nected with significant influence of the age factor on the
status of ANS and BRS, which should be taken into ac-
count in the comparative analysis of findings of patients
and apparently healthy volunteers. BRS was determined
by computer processing of ABP figures and R-R intervals
using the sequential method that included determining
changes of three R-R intervals (msec.) following ABP
changes[26]. BRS was calculated in msec/mm Hg. Upon
increase of ABP by 1 mm Hg, increase of R-R interval was
noted and vice versa it decreased upon decrease of ABP.
It is believed that the greater are the changes of R-R in-
tervals upon ABP changes by 1 mm Hg., the higher is the
sensitivity of baroreceptors [26].

Activity of the autonomic nervous system was as-
sessed by spectrum power of heart rate variability on the
basis of real-time measurements of R-R interval lengths.
Computer analysis of that index is performed with the
help of the fast Fourier transform technique (FFT) or
using the algorithm of adaptive autoregression parame-
ter (AAR) [28]. The latter was applied in our study. Out of
the whole frequency spectrum of R-R interval fluctua-
tions, the low-frequency component of heart rate vari-
ability (LFS 0.04-0.15 Hz) reflecting the sympathetic
nervous system activity, and high-frequency component
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PP. Panee, Ha mepBOM JTarne, U3y4n/ad U3MEHEHUs CU-
CTeMHOU reMOJUHAMUKU B IIPOIlecce BepTUKAIU3ALNI
MAlWeHTOB C IJIUTEJIbHbIMA HAPYIIEHUAMA CO3HAHUA C
IIOMOIIBI0 IIPOTOKOJIA ITACCUBHOM OpPTOCTaTU4YECKON
mpo0ObI 0°-30°-60°—0° [25]. BBISABHUIN YIOBJIETBOPUTEb-
HYI0 OPTOCTaTUYECKYIO CTAa0MIBHOCTD TeMOUHAMIKH
y 26 manueHTOB rpynnsl 1 (86,6%), y 4 manueHTOB
(13,3%) npu HakJI0HE HA 30° OTMEYATI0Ch pa3BUTHE OpP-
TOCTAaTU4YeCKOM TMIIOTEH3UU U CUHAPOMA IIOCTYpaJib-
HOUM OpTOCTaTU4YeCKON Taxukapauu [25]. B nanHo pa-
6oTe oIrcaH IIPOTOKOJI MICCJIeIOBaHMS 1 METOUYECKIE
ACIIeKThl U3MepeHNii TapaMeTpOB reMOIUHAMUKMU C I10-
Mo1bio MoHuTopa Task Force Monitor 1030i, npexncras-
JIEHBI TaHHbIE KJINHUYECKUX 1 OFMOXNMHUYECKIUX UCCIe-
JIOBAaHWH MAIlMEeHTOB, U 3JI0POBBIX TOOPOBOJILIEB. Ha
BTOPOM 3Tare UCCJIEeIOBAHUA IIPOBEJU JOIIOJTHUATEb-
HOe 00cjegoBaHMe IPaKTHYECKN 3OPOBBIX J00pO-
BOJIBIIEB (rpynna 3), COIOCTaBUMBIX II0 BO3PacTy C Ia-
IUEHTaM. JTO CBA3aHO CO 3HAYUTEJIbHBIM BJIMAHUEM
Bo3pacTtHOro ¢akropa Ha cocrossHue AHC u UBP, uto
He0oOXOIMMO YYNUTHIBATh IPU CPAaBHUTEIFHOM aHAIN3E
JTAHHBIX NAI[EeHTOB U MPAaKTUYECKH 3JOPOBBIX J0OPO-
BoJiblleB. Onpenesienne UBP npoBoguan ¢ HOMOIIBIO
KOMITBIOTEPHOT 00paboTKu mokasaresei A/l u R-R uH-
TepBaJIOB C IPUMEHEHNEeM I10CJIeI0BaTeIbHOTO METOAa
[26]. CyTb MeTO#a COCTOUT B OIIpefie/IeHU U3MeHeHU !
Tpex R-R nHTEpBanoB (MCEK), C/IeIyIOIINX ITOCJIE U3Me-
"ennit AJl. Pacuetr YBP npousBogu/u B MCEK/MM PT. CT.
ITpu noBbiieHnu A/l Ha 1 MM pT. CT. OTMeYaJId yBeJuye-
HHue R-R mHTepBasa u HA000OPOT, TP CHILKEHUH AJ]
MPOUCXOIUJIO €r0 yMeHbIneHne. CYuTaercs, 4To 4em
3HauynTebHee n3aMeHeHus R—R naTepBanos npu usme-
HeHUAX AJl Ha 1 MM PT. CT., TeM BBbIllle YYBCTBUTEJIb-
HOCTh OapopernenTopos [26].

AKTUBHOCTb aBTOHOMHOU HEPBHOU CHCTEMEI Ol1e-
HUBAJIA 110 MOIITHOCTH CIIEKTPa BapHaOMIBHOCTH Cep-
JIeYHOr'0 PUTMa Ha OCHOBE M3MeEPEHUH JJINTebHOCTU
R-R nHTEpBaJIOB B peajJbHOM MaciiTabe BpeMeHu. Kom-
NIBIOTEPHBIH aHAIN3 9TOrO IIOKa3aTeJIsi IPOBOLUTCS Me-
ToOM OBIcTporo npeodpasoanus dyprwe (FFT) miu ¢
TIOMOIIBIO AJITOPUTMA aJAITUBHOIO ayTOPErpeCCUBHOTO
rmapamerpa (AAR) [28]. TTocsienHu aJIropuT™ OBLII TIPH-
MEHEH B HallleM HUCcaenoBanuu. V13 Bcero 4acTOTHOrO
crekTpa kosjebanuii R-R nHTepBasioB aHA/IM3UPOBAIN
HU3KOYACTOTHBIM KOMIIOHEHT BapHaOMJIbHOCTU CepAeY-
"oro putma (HUC 0,04-0,15 Hz), oTpaskatommii akTUB-
HOCTb CUMIIaTU4YeCKON HEPBHOM CUCTEMBI U BBICOKOYA-
croTHbIi KoMmoneHT (BUC 0,15-0,5 Hz), saBucsammii or
AKTUBHOCTH MTAPACUMITATIYECKOA HEPBHOM CUCTEMBI [29].
OO6cJte1oBaHMSA MAIEHTOB TPYI 1 U 2, a TakKe IPaKTH-
YECKU 3I0POBBIX I0OPOBOJIBIIEB (IPyTIIa 3), IPOBEJIU 10
€JMHOMY IIPOTOKOJIY: U3MePEeHUs [IPOBOIU/IN B TeYeHNE
10 MUHYT B TOPHM30HTAJILHOM ITOJIOXKEHIH, 3aTEM B TeYe-
Hue 10 MUHYT npu yIie HakJoHa 30°, gaJsee yroJa Ha-
KJIOHA YBEJTMIUBAIH 110 60° ¢ IOC/IeIYIOIIeN perucrpa-
et napametrpoB AHC u UBP B Teuenue 10 MuH., mocje
4ero UCIbITYeMOI0 BO3Bpallja/ld B TOPU30HTAIBHOE 10~
JIO3KEHNUE U IIPOBOAWJIA PErUCTPALUIO UCCIeyeMBbIX I1a-
paMeTpoB B TedeHue 10 MUHYT. ¥ 4-X MallUeHTOB IPYIIIbI
1 mpu oprocTarmdeckoii mpode 30° HabJrIomaI OpTOCTa-
TUYECKHE HapyllleH!s FeMOOUHAMMKHU: B TPEX CJIydasx —
OPTOCTaTUYECKYIO TUIIOTEH3UIO (CHUYKEHNE CUCTOJINYe-
CKOI'0 apTepHaJIbHOTO JaBjeHus Ha 20 MM PT. CT. U
0oJiee), B OTHOM CJIy4ae — IMOCTYPaIbHYI0 OpTOCTaTHye-
CKyIo Taxukapauio (mosbienre YCC Ha 30 1 6oJ1ee ya-

(HFS 0.15-0.5 Hz) depending on the parasympathetic
nervous system activity were analyzed [29]. Patients of
groups 1 and 2 and apparently healthy volunteers (group 3)
were examined following the same protocol: measure-
ments were taken for 10 minutes in the horizontal posi-
tion, then for 10 minutes at 30° tilt; thereafter, the angle
of tilting was raised to 60° and ANS and BRS were
recorded for 10 min.; after that, the subject was returned
to the horizontal position and parameters under analysis
were recorded for 10 minutes. In 4 patients of group 1 or-
thostatic hemodynamic disturbances were observed dur-
ing the 30° passive orthostatic test: in three cases — or-
thostatic hypotension (decrease of systolic arterial
pressure by 20 mm Hg and more), in one case — postural
orthostatic tachycardia (heart rate increase by 30 bpm
and over). After all those disturbances were recorded, the
test was immediately terminated and the patient was re-
turned to the horizontal position. Since hemodynamic
parameters were measured in real time, timely diagnosis
of the disturbances described allowed avoiding develop-
ment of brain hypoperfusion and aggravation of patients’
condition in all cases.

Statistical analysis of data obtained was carried out
using Statistica-10 software package. The analysis in-
cluded a check for distribution normality using the Kol-
mogorov-Smirnov d-test, which revealed far from nor-
mal distribution of BRS and ANS. To determine
significance of intergroup differences, non-parametric
analysis of unrelated samples using the Mann-Whitney
U-test was carried out. Differences were considered sig-
nificant at P<0.05. The descriptive statistics was pre-
sented as means (M) and standard deviations (SD) (table
1), also as median (Med) and quartile (25%; 75%) values
of parameters (tables 2-4).

Results and Discussion

The study demonstrated significant differ-
ences in BRS between groups of patients after se-
vere or focal brain damage and apparently healthy
volunteers (table 2).

Analysis of background BRS values in horizon-
tal position revealed a direct link between brain
damage severity and the degree of a BRS decrease.
Maximal BRS values were observed in group 3 that
included healthy volunteers (BRS up Med = 9.8
msec./mm Hg); in patients of groups 1 and 2 BRS
values were lower (Med = 6.22 and 9.07, respec-
tively, P>0.05, cm, table 2). Comparison of BRS re-
sponse to ABP decrease (BRS down) in patients of
different groups showed significance of differences
between groups 1-3 and 2-3. During passive ortho-
static test with tilt angles of 30° and 60°, progressive
decrease of BRS was observed in all three groups of
subjects, but the correlations of those indices in the
subjects of three groups remained the same: maxi-
mal values were typical for the subjects of group 3,
minimal values remained for group 1, and interme-
diate values of BRS were observed in subjects of
group 2. At all stages of the passive orthostatic test
procedure, significance of differences was evident
only between groups 1 and 3 (see table 2). There
was a significant difference in the index values be-
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Tabsmna 2. [loka3aTes M YyBCTBUTEIHHOCTH 0apOPENenTOPOB y NAIEHTOB C TSKeJIBIMHU HJIM 04aroBbIMH IO-
BPEKJEHHUSIMH TOJIOBHOTO MO3Tra U y 3JOPOBBIX JOOPOBOJIBIIEB MPU MACCHBHONH OPTOCTAaTHYECKOM Mpode
0°-30°-60°-0°.

Table 2. Parameters of baroreceptor sensibility in patients with severe or focal brain damage and in healthy vol-
unteers during 0°-30°-60°-0° passive orthostatic test.

Parameters Values of parameters in groups Significance of inter-
ms/mm Hg Group 1 Group 2 Group 3 group differences
Med quartile Med quartile Med quartile (Mann-Whitney
1 (25%) 3 (75%) 1 (25%) 3 (75%) 1(25%) 3 (75%) U-test) P-level
Pi-2 P1-3 P23
horizontal position 1
BRS up 6.22 2.980 16.520 9.07 6.080 11.460 9.8 7.1 15.2 0.26 0.19 0.28
BRS down 6.1 3.850 7.320 7.14 5.350 9.400 9.5 7.7 15.2 0.32  0.006 0.03
tilt up 30°
BRS up 5.07 4.040 5.650 6.65 5.640 9.470 8.35 6.8 10.2 0.41 0.001 0.074
BRSdown  4.32 2.860 8.440 7.67 5.330 10.220 9.85 7.9 12 0.174 0.011 0.055
tilt up 60°
BRS up 3.83 3.360 4.100 5.79 4.720 7.620 6.8 5.4 8.1 0.008 0.003 0.515
BRSdown  3.63 2.540 3.930 5.56 4.340 7.860 7.3 6.1 8.7 0.002 0.0002 0.27
horizontal position 2
BRS up 6.1 1.790 8.220 9.51 5.850 10.790 8.5 6.3 12 0.027 0.016 0.73
BRSdown  4.46 1.690 9.850 7.01 4.460 10.200 8.05 6.2 11.7 0.14  0.006 0.089

Note. For tables 2, 3: BRS up — sensitivity of baroreceptors to ABP increase, BRS down — sensitivity of baroreceptors to ABP
decrease; Med — median; horizontal position 1, 2 — horizontal position before and after the passive orthostatic test; tilt up
30°,60° — passive head tilt upwards by 30°, 60°. Significance of intergroup differences was recognized at P<0.05.

ITpumeuanwme. ] Tabu1. 2, 3: BRS up — 4yBCTBUTEIBHOCTE OapopelenTopoB Ha nopeimenne AJl; BRS down — 4yBCcTBUTENb-
HOCTb OapopenentopoB Ha nonukenue AJl; Med — menuana; horizontal position 1, 2 — ropusoHTasbHOE MTOJ0KEHUE 10 U
II0CJIe OPTOCTATHYECKOU MPOoO6BI; tilt up 30°,60° — maccUBHBIM HAKJIOH TOJI0BOM BBepX Ha 30°, 60°. Significance of intergroup

differences — qOCTOBEPHOCTH MEKTPYIIIOBBIX pa3anyuii npuaHaBamu npu p<0,05.

poB B MuHyTY). [locse perucrpanuu aTUX HapylIeHUuH
HccaeJoBaHUe HeMe/JIeHHO IpeKpalaiy, U HauueHTa
BO3BpalllaJii B TOPU30HTAIBHOE MOJIOKeHMe. Tak Kak
M3MEpPEeHUs ITapaMeTpOB reMOIMHAMUKHU OCYIIECTBJIAIN
B peaJIbHOM MacIITabe BpeMeHH, CBOEBpEMEHHAsI Thar-
HOCTHKA ONMCaHbIX HapyIlIeHU I BO BCeX CIy4asix I03BO-
Jsi1a n3beskarb pa3BUTHUS TUINONEPPY3UN FOJOBHOTO
MO3Ta U yXYAIIEHUSI COCTOSTHUSA MAIEeHTOB.

CrarucTuyecKuil aHa/M3 MOJYYEHHBIX JaHHBIX
TIPOBOJUJIY C TIOMOIIBIO ITaKeTa CTATUCTUYECKUX MTPO-
rpamMm «Craructura-10». AHa/IN3 BKJIIOYAJ IPOBEPKY
Ha HOPMaJbHOCTH pacIpeiesieHusi C TOMOIIbI0 d-Kpu-
Tepus KosimoropoBa-CMUpPHOBA, KOTOPAs HE ITOATBEP-
[IWJIa HOpMaJIbHOE paclipeiesieHre UCCIIeqyeMbIX II0Ka-
3areseit UYBP u AHC, B cBs3U C 4eM JJIs1 OnpefesieHUusI
CTaTUCTUYECKON 3HAYMMOCTHU MEKTPYIIIOBBIX PA3JIU-
YUl IPOBEJIM HENapaMeTPUUeCKU aHaIn3 HeCBsI3aH-
HBIX BEIOOPOK C pacyeToM KpuTepus MaHHa-YHUTHH
(Mann-Whitney U-test). JlocTOBEpHBIMU CYUTAJIA Pa3-
JIUYMS TPUA JIOCTUYKEHUM YPOBHS CTAaTUCTUYECKOU
3HaunMocTH p<0,05. OnrcareabHyIO CTATUCTUKY IIpe-
CTaBUJIA CPeJHUMHU 3Ha4eHUsAMHU (M) 1 CTaHIapTHBIMU
OTKJIOHEeHUsIMU (SD) (TabJ1. 1), a TakyKe MeTUaHHBIMU
(Med) u kBapTUJIBHBIMU (quartile) (25%; 75%) 3Hade-
HUSIMY UCCJIeTyeMbIX ITOKa3aresier (TadJ. 2—4).

Pe3ynbrarhl U 00Cy:K/I€HHE

[IpoBenenHOEe wucCcAenOBaHUE MO3BOJIAIIO
BbIABUTH 3HAUUTEJbHBIE padjinyus B UBP nanu-
€HTOB II0CJIE TSYKEJIbIX NI 0YaroBBIX TIOBPEKIe-
HUU TOJIOBHOT'O MO3ra M NMPaKTUYEeCKU 3I0POBBIX
IoOpPOBOJIBIEB (TAOJI. 2).

Ananu3 poHOoBbIX 3HaUueHUe UBP B ropusoH-
TAJIbHOM IIOJIOKE€HUU BbISIBUAJI IIPAMYIO 3aBUCH-

MOCTb MEKAY TAKECTHIO ITIOBPEKIECHNA T'OJIOBHOI'O

tween groups 1 and 2 only in case of 60° tilt. Upon
return to the horizontal position (horizontal posi-
tion 2), the trend towards increase of measured pa-
rameters and return to the baseline was noted in all
three groups, previous intergroup differences being
maintained.

Significant intergroup differences were found
during the analysis of heart rate variability (table 3).

The findings revealed significant disturbances
of the autonomic nervous system in patients with
severe brain damage (group 1) and local brain dam-
age (group 2) in horizontal position 1, which man-
ifested in significant reduction of the power of low-
frequency (LFS) and high-frequency (HFS) spectra.
The highest activity of the sympathetic system
(LES) and parasympathetic system (HFS) was ob-
served in the control group of apparently healthy
volunteers (LF Med = 137.05, HF Med = 162.4); in
group 2, those indices were reliably lower both in
the horizontal position and at all stages of the pas-
sive orthostatic test with the exception of HES at 60°
up tilt (P=0.37) (table 3). The lowest LFS and HFS
were recorded in patients with consequences of se-
vere brain damage (group 1). The difference be-
tween those indices and findings of group 2 pa-
tients was reliable at all stages of the passive
orthostatic test procedure with the exception of one
index — HFS in horizontal position 2, P=0.06. The
pattern of intergroup differences almost did not
change at different angles of up tilt of the head. The
main trend of orthostatic changes in the autonomic
nervous system indices of patients was character-
ized by even more prominent decrease of the power

GENERAL REANIMATOLOGY, 2019, 15; 5

www.reanimatology.com

67



68

DOI:10.15360/1813-9779-2019-5-61-73

Clinical Studies and Practice

Tabsuia 3. [lokasaTej M MOITHOCTH MOJIOCHI BRICOKHX YacTOT (BUC) 1 Hu3kux uyactot (HUC) P-P unrepBaioB
Y HAI[HEHTOB C TSKEJIBIMH HJTH JIOKAJIbHBIMH ITOBPEKAEHHIMH I'OJIOBHOTO MO3ra M y NPaKTHYECKHU 3J0POBBIX
JI0OPOBOJIBIIEB IIPY IACCHBHOM OPTOCTATHYECKOI mMpooe 0°-30°-60°- 0°.

Table 3. Parameters of low-frequency spectrum of R-R intervals and high frequency spectrum of R-R intervals
in patients with severe or local brain damage and in healthy volunteers during the 0°-30°-60°-0° passive ortho-
static test.

Parameters Values of parameters in groups (msec?) Significance of inter-
ms/mm Hg Group 1 Group 2 Group 3 group differences
Med quartile Med quartile Med quartile (Mann-Whitney
1 (25%) 3 (75%) 1(25%) 3 (75%) 1(25%) 3 (75%) U-test) P-level
Pi-2 Pi-3 P23
horizontal position 1
LF 8.50 4.18 19.00 39.73 10.49 98.82 137.05 78.10 277.80 0.035 0.001 0.001
HF 5.38 3.05 11.45 24.15 3.35 33.49 162.40 68.00 241.90 0.060 0.001 0.001
tilt up 30°
LF 7.45 3.47 12.35 42.89 13.22 95.89 102.25 68.00 247.80 0.004 0.001 0.001
HF 11.95 2.69 19.85 32.29 17.90 89.37 94.35 41.70 181.00 0.007 0.001 0.034
tilt up 60°
LF 8.36 5.89 13.47 50.30 24.77 70.55 100.0 60.40 207.10 0.003 0.001 0.020
HF 3.62 2.77 7.220 34.59 15.99 53.23 43.40 18.00 83.10 0.001 0.001 0.370
horizontal position 2
LF 11.15 5.78 17.81 72.40 29.30 82.03 169.70 110.00 297.20 0.016 0.001 0.001
HF 6.70 3.50 12.53 50.18 22.98 72.37 12495 82.70 221.80 0.030 0.001 0.008

Note. LF — low-frequency spectrum of R-R intervals; HF — high frequency spectrum of R-R intervals. Significance of intergroup
differences was recognized at P<0.05.

IIpumeuanwe. [I14 Tabu. 3, 4: LF — HU3KOYaCTOTHBIN CIeKTp u3MeHeHU R-R nHTepBanos muiutuceryna? (HUC); HF — BbI-
COKOYACTOTHBIN cruekTp nuamenenunii R-R nurepsasnos (BUC), Significance of intergroup differences — nocroBepHocTs Mex-

TPYIIOBBIX pas3anyuil npuaHasaau npu p<0.05.

MO3ra U cTeneHbro cHyxkeHuda YbP. Makcumalb-
Hble 3HaueHns1 YBP HabJtomau B rpynne 3 370po-
BBIX 106poBoJibIleB (BRS up Med = 9,8 msec/mm
Hg), y mariueHTOB 1 1 2 rpyIn 9TOT TOKA3aTe b ObIT
Hke (Med = 6,22 u 9,07 cooTBeTCTBEHHO, p>0,05,
cM. Tab. 2). CpaBHeHME peakITuy mokasareseid Y6P
Ha cHuskeHue A/l (BRS down) y maniieHTOB pasHbIX
TPyl BBISIBUJIO JOCTOBEPHOCTh pPa3JjIMyUil aH-
HBIX MeKy 1-3 u 2-3 rpynnamu. [Tpu naccuBHON
OpTOCTaTHYeCKOU Tpo0be ¢ yriiaMu HakJI0HOB 30° 1
60° BO BCEX TPEX IPYIIIAX UCIBITYEMBIX HA0JTIOIATHI
IporpeccuBHoe cHkeHnue YbP HO cooTHOIIeHUA
3TUX TOKa3aTesjeil y HCHOBITyeMbIX TpeX IpyIIl
0CTaBaJIOCh IPEYKHUM: MaKCUMaJIbHbIe 3HAYCHUA
HMMeJIU UCIBITyeMble TPyIIbl 3, MUHUMAaJIbHbIE —
rpynnbl 1 ¥ OpoMeXyTOYHBbIE BeanyuHbl YbBP
OBLIM Y UCIIBITYeMBIX Tpymmb! 2. Ha Bcex aramax
BBITIOJTHEHUST OPTOCTATUYECKOM ITPOOBI IOCTOBED-
HOCTb Pa3/IMuUi BBIABUIIN TOJIBKO MEYK Ty FpyIIIa-
Ma 1 u 3 (cMm. Tab. 2). JlocToBepHOE pas3auvue
MesKIy IIOKa3are/IAMUA UCIBbITyeMbIX 1 U 2 rpynn
HabJTIOIa ! TOJTBLKO ITpU HaKJIOHe Ha 60°. [1pu BO3-
Bpare B rOpU30HTAIbHOE noJjoskeHue (horizontal
position 2) oTMevYanayu TeHIEHIUIO K YBEeJIUYEHUIO
“3MepsieMbIX IOKa3aTesel U BO3BpaTy K UCXOIHO-
My YPOBHIO BO BCeX TpeX I'PyIlIlax C COXpaHeHneM
MIPEeKHUX MEYKTPYIIIIOBBIX Pa3/InIuil.

3HauuTeJIbHbIE MEKIPYNIIOBbIe Pa3J/INYusA
BBISABUAJIM ITPU aHAJIN3€ BApUAOMIIBHOCTH cepiey-
HOro puTMa (TadJI. 3).

[TostyuenHbIe faHHbIE BBIABUJINA 3HAYUTEJIb-
Hble HapyIleHUsI aBTOHOMHON HEPBHOM CUCTEMBI
y IIAIMEHTOB C TAYKEJbIMH IOBPEKIEHUAMU

of LFS and HFS; at that, if in group 2 patients, that
trend was traced to increase of the angle of tilt to
60°, in group 1 patients it was observed to 30° angle
only. In healthy volunteers (group 3), that trend
manifested insignificantly. Within 10 minutes of re-
turn of patients to the horizontal position (2), all in-
dices of the autonomic nervous system of subjects
of all groups reached the baseline values. Reaching
of arelative stability of hemodynamics at the back-
ground of quite decreased BRS up and considerable
(almost two-fold) decrease of BRS, and significant
reduction of sympathetic nervous system activity
(LES) in patients with chronic impairment of con-
sciousness after severe brain damage compared to
healthy volunteers is a surprising fact.

It was particularly interesting to determine pe-
culiarities of orthostatic changes of parameters under
study in patients with orthostatic circulatory disor-
ders detected in the course of this study (table 4).

In patients with orthostatic disorders of he-
modynamics in the horizontal position, extremely
low BRS (3.11 msec./mm Hg) was found, which was
lower than in other patients of group 1 (6.9+3.2
msec./mm Hg). Due to a small size of the sample of
patients with orthostatic disorders (n=4), it was not
possible to check the significance of differences in
the indices of BRS and autonomic nervous system
activity between patients who had such disorders
vs. patients who did not have them. The same rea-
son made it necessary to pool BRS up and BRS
down data to calculate BRS mean values. The sym-
pathetic nervous system activity (LFS) in patients
with orthostatic disorders was higher, based on me-
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roJI0OBHOro Moara (1 rpymnma) u JIOKaJbHBIMU
IIOBPEXIEHUAMU (2 rpyIa) B FOpU30HTAJIbHOM
MMOJIOYKEeHUHU 1, KOTOpbIe BhIPAYKAJINUCH B 3HAUU-
TeJIbHOM CHHUYKEHUU MOIITHOCTH HU3KO4YaCTOTHOI'O
(HYC) n BpIcOKOUYacTOTHBIX cieKTpoB (BUC). Hau-
0oJiee BBICOKHE OKa3aTe/ I aKTUBHOCTH CAMIIA-
tuyeckoi cucrembl (HUC) 1 mapacumnaTAueckon
cucrembl (BUC) Hab/I012)T B KOHTPOJIBHOM TPYII-
Ie MPaKTUYEeCKHU 3[T0POBBIX H0O6POBOJbIlEB (LF
Med = 137,05, HF Med = 162,4), B 2-ii rpynne atu
TOKa3aTe i ObIJTU TOCTOBEPHO HUKE, KaK B TOPU-
30HTAJbHOM II0JIOKEHUHU, TaK M Ha BCeX aTalax
OpPTOCTAaTUYECKOW IPOOBLI, KpOMe IoKa3aTesIs
BUC (HF) mpu HarsoHe Ha 60° (p=0,37) (Tabd. 3).
Cawmbre Hu3kue nokasaresn HYC u BUC ObuH y
MMAIEeHTOB C MTOCJEACTBUAMH TAKEIbIX TOBPEK-
JleHU! roJI0BHOTO Mo3ra (rpymmna 1). Pagauna sTux
IoKa3aresjieil ¢ TaHHBIMU MAllMeHTOB TPYIIbI 2
ObLTa TOCTOBEPHOI Ha BCEX 9TAIlaX BHIMOJHEHUS
OPTOCTaTUY€ECKOH IMPOOHI, 32 UCKIIOYEHUEM OTHO-
ro mokasareass BUC (HF) B ropusaoHTaJabHOM
noJioxkeHuu 2, p=0,06. Xapaxkrep MeXIPYIIIOBBIX
pasauuuii TpaKTUYeCKU He MEHSJICS IIPU Pa3HbIX
yIJIax HAKJIOHOB T'0JI0BOH BBepX. OCHOBHOM TpeH[,
OpPTOCTaTUYECKUX U3MEHEHUN TOKa3aTeJ el aBTO-
HOMHOI HEPBHOH CUCTEMBI y TAIIUEHTOB XapaKTe-
pu3oBaJics elrie 60Jiee BEIpasKEHHBIM CHIPKEHEM
MmowmtHocty HYUC n BUC, npuyeM eciu y nanyeH-
TOB I'PYIIIBI 2 9Ta TEHAEHIIUA [IPOCJIeKUBAIACh [0
yBeJIMYeHUd yIvia HaKJIOHA 40 60°, TO y HalieHTOB
rpynms! 1 — TobKO 10 30°. Y 300pOBBIX 1006pO-
BOJIBIIEB (rpyIma 3) aTa TeHJeHIUs OblIa BbIpa-
JKeHa He3HAYUTeJbHO. B TedeHue 10 MUHYT Iocsie
BO3Bpara MaleHTOB B TOPU30HTAJIbHOE ITOJI0Ke-
HUe (2) BCce MOKa3aTeJ /i aBTOHOMHOUW HEPBHOU
CHCTEMBI BCEX IPYII HCIBITyEeMBIX JOCTUTAJIU
WCXOAHBIX 3HAYEHUH. YIUBUTEJbHBIM (DAKTOM
ABJISIETCA JOCTHYKEHIE OTHOCUTEJILHOM CTa0UJIh-
HOCTU TeMOJIMHAMUKU Ha (pOHEe BeCbMa CHUYKEH-
Holt BRS up u 3HauuTeIbHOTO (IOYTH B /IBA pa3a)
cHrUokeHnsA YBP M 3HAaYMTEJIBbHOTO CHUKEHHUS
MoKa3areJsisi aKTUBHOCTU CUMITaTU4Y€CKON HEPB-
Hoii cucteMbl (HUC) y maniueHToB ¢ XxpOHUYECKU-
MU HapylICHHUAMU CO3HAHUS IIOCJIE TAMKEJBIX
MOBPEKIEHNU IOJIOBHOTO MO3Ta M0 CPAaBHEHUIO
CO 3JIOPOBBIMU TOOPOBOJIBITAMH.

Oco0bIii MHTEpEeC TPEICTABIISATIO OIpeIese-
HHe 0COOEHHOCTEH OPTOCTATUYECKUX N3MEeHEeHU
HM3y4aeMbIX IIapaMeTPOB y AIIEHTOB C BBISABJICH-
HBIMH B XOJIe HACTOSIIIEeTO NUCCJIeJOBAHUS OPTO-
CTaTUYeCKUMU HapyIIeHUsAMU (TabdJ. 4).

VY IIauueHToB C OPTOCTATUYECKUMU Hapylle-
HUSAMU T€MOJIMHAMWKHN B TOPU30HTAJIBHOM I10JIO-
JKEHU!U BbIABJIEHA 3KCTpeMaJibHO Hu3kad YUbBP
(3,11 MCek/MM PT. CT.), KOTOpasi ObLJIa HUPKE, YEM Y
OCTaJIbHBIX ITAIIMEHTOB rpymmns! 1 (6,9+3,2 Mcek/MM
PT. cT.). BBUIy Mas10# BEIOOPKYU TPyl HAlKEH-
TOB C OPTOCTaTH4YECKUMU HapymeHuAMHu (Ne 4)

IIPOBEPUTH CTATUCTUYECKYIO JOCTOBEPHOCTD pa3-

dian values, than in patients who did not have such
disorders (Med = 20.52 vs. 8.5 msec.?). Upon 30° tilt,
in patients with orthostatic disorders, BRS values
remained extremely low while LFS power increased
two-fold in the absence of significant changes of
HFS. Prior to syncope development, LFS increase
takes place due to a briefrise of sympathetic system
activity followed by its decrease, bradycardia devel-
opment, and ABP downfall [30]. Findings of severe
patients with multiple injuries evidence significant
decrease of activity of the sympathetic nervous sys-
tem (LFS) and BRS. It has been shown that BRS de-
crease down to 4.4+1.5 msec./mm Hg was reliably
associated with adverse outcome of the disease in
contrast to the value of that index equal to 8.7+2.2
msec./mm Hg in patients with favorable prognosis
[31]. Importantly, BRS figures in group 1 patients
were similar to the figures of newborns on weeks
2—4 after the birth. In newborns, this index in-
creased 2-3-fold by the sixth month of life [32].
Such similarity can be explained by ‘immaturity’ of
sympathetic baroreflex mechanism in newborns
that gradually adjusts its function (‘matures’) in
newborns in the course of ontogenesis. In patients,
low BRS figures are related to sympathetic barore-
flex dysfunction due to severe brain damage. It can
be assumed that in patients with severe diffuse
brain damage involving stem structures, regulation
of blood circulation returns to a phylogenetically
more ancient level, which, in ontogenesis, corre-
sponds to the perinatal level. Further investigations
are necessary to verify the hypothesis.

If in patients with severe brain damage the
evolution of these indices might take a long time
making their dynamic assessment difficult in pa-
tients with non-severe traumas it can be observed
within a short period of time. In patients with non-
severe traumas, BRS decrease occurs as early as 3
hours after a trauma, intensifying during the first 3
days; on days 3 to 15, its partial recovery begins;
however, the full recovery is observed by month 5
after a trauma [33]. These data show a need in mon-
itoring of this index to evaluate the efficacy of reha-
bilitation of patients with chronic impairment of
consciousness after severe brain damage. In cases
of severe brain damage, the trend towards increase
of BRS might be considered as a criterion of favor-
able progression of the disease. Information about
dynamics of these indices in patients with severe
brain damage before and after brain death devel-
opment presents a particular interest. The transi-
tion to the brain death state is accompanied with a
drop of power of all frequencies of heart rate vari-
ability and BRS fall from 11.2+8.5 to 0. Investiga-
tions have demonstrated the importance of moni-
toring ANS and BRS in the brain death diagnostics
[34-36]. Thus, the findings of this study and data
from literature evidence that ANS and BRS figures
allow estimating the rehabilitation potential, fore-
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Taﬁ.Jmua 4.Iloka3aTe/ i1 HU3KOYaCTOTHOIO CIIEKTpa u3MeHeHuii R-R HHTEPBAJIOB, BLICOKOYACTOTHOIO CIICKTPa
usmenenni R-R HHTEPBAJOB U YYBCTBUTECJIbHOCTH GapopeuenTopOB YDAl eHTOB C OPTOCTAaTHYE€CKNMH HApPY-

ILIEeHUsIMH FreMOJUHAMMKH (n=4).

Table 4. Parameters of low-frequency spectrum of R-R intervals, high frequency spectrum of R-R intervals and
baroreceptor sensibility in patients with orthostatic circulatory disorders (n=4).

Parameters Position
Horizontal Tilt up 30°
Med  quartile 25.0% quartile 75.0% Med  quartile25.0% quartile 75.0%
BRS Mean, ms/mm Hg 3.11 2.32 4.27 3.88 1.62 4.10
LE msec? 20.52 7.06 43.28 36.22 23.22 63.2
HE msec? 13.77 5.20 29.07 6.02 4.56 25.79

Note. BRS Mean — mean baroreceptor sensibility to increasing of blood pressure between BRS up and BRS down.
IIpumeuanue. BRS Mean — cpeiHue 3Ha4eHUs YYBCTBUTEIHLHOCTU O6apopernenTopoB Meskay BRS up u BRS down.

anunii nokasatesielt YbP 1 ak THBHOCTHU aBTOHOM-
HOU CHCTeMbI Y IAIIMeHTOB C TAKUMU HapyllIeHUsI-
MU 1 6e3 HUX He MPeICTaBIISAI0CH BO3MOKHBIM.
JTa ’Ke MPUYMHA OTIpeJesuaa HeOOXOAUMOCTh
o0benuHeHne Tokasaresielr BRS up u BRS down
s pacuera cpeguux (BRS mean) 3HaueHuil.
AKTHUBHOCTb CHMIIATUYE€CKOU HEPBHOU CUCTEMBI
(HYC) y nanimeHTOB C OpTOCTaTUYEeCKUMU Hapylle-
HUSMH, 110 TaHHBIM MeIUaHHbIX 3HAUYeHUH ObIIa
BBIIIIE, YEM Y MAIIMEHTOB 0€3 TaKWX HapyIIeHUH
(Med = 20,52 npoTus 8,5 Mmcek?). [Ipu Hak/I0He HA
30° y mauueHToOB C OPTOCTAaTUYECKUMU Hapylle-
HUAMU Nokasarean UBP ocTaBanuch Ha KpaliHe
HU3KOM YPOBHE, B TO BpeMs Kak Momuocts HUC
YBeJIMYMBAJIACh B 2 pa3a, IpXA OTCYTCTBUY 3HAYU-
MbIX n3MeHenui BUC. [lepen pasBuTrieM 0OMOpO-
Ka npoucxonut yseaudenue HUC, cBasanHoe C
KPaTKOBPEMEHHBIM IIOBBIIIEHUEM AaKTUBHOCTHU
CUMIIaTUYEeCKOU CUCTEMBI, KOTOPOE CMEHSIETCS ee
CHI’KEHMEM, Pa3BUTHEM OpaguKapAny, TaieHueM
AJI [30]. laHHBI€, IOJIYYEHHBIE HaA TAMKEJIBIX [alu-
€HTax C MHOYKECTBEHHBIMU TPABMaMHU, CBUETEIIb-
CTBYIOT O 3HAaUYUTEJIbHOM CHUJKEHNHU ITI0Ka3aTesen
AKTUBHOCTH CUMIIATUYECKOU HEPBHOU CHUCTEMBbI
(HYC) u YBbP Ilokasano, uto cumkenue YBP no
4,4+1,5 MCeK/MM PT. CT. JTOCTOBEPHO OBIJIO CBSI3AHO
¢ HeOJIATONPUATHBIM HMCXOAOM 3a00JeBaHUsA, B
OT/INYMe OT 3HAaYEHUA 9TOrO IoKasdaress 8,7+2,2
MCEK/MM PT. CT. Y IAIIUEHTOB C O6/IarOPUSATHBIM
IIPOrHO30M [31]. BayKHO OTMETUTH, YTO ITIOKa3aTe-
jau YbP y nmanueHToB rpynmnsl 1 oKa3aauch CXO.-
HBIMHU C IIOKa3aTeJIAMU HOBOPOJKICHHBIX Ha BTO-
poil — yeTBepTOU HeJessAX MOCJIe POKIAEHUA. Y
HOBOPO’KIECHHBIX 3TOT II0KA3aTeJsIb YBeJININBaJICA
B 2-3 pasa K 1IecToMy MecALy Kku3Hu [32]. Takoe
CXOJICTBO MOSKHO OOBSICHUTH «HE3PEJOCTHIO»
MEeXaHM3MOB CHUMITaTHYecKoro Oapopedekca y
HOBOPOKJIEHHBIX, KOTOPBII B OHTOT€He3e I10CTe-
IIEHHO HaJIa’KUBAET CBOIO (PYHKIIUIO («CO3pEBaeT»).
VY mnanueHToB HU3KMe 3HaueHus1 YUbP cBsi3aHbI C
HapyuieHrneM (YHKIWH CUMIIATHYecKoro 6apo-
peduiekca BcieCTBUE TSYKeJbIX ITOBPEKIeHUN
TrOJIOBHOTO MO3ra. MOYKHO IIPEJIIOI0KUTE, YTO Y
MAIMEeHTOB C TsPKeIbIMU, TU(h(PYy3HBIMU IIOBPEK-
JEHUsAMHU TOJIOBHOIO MO3rd, BOBJICKAIOIIUMU
CTBOJIOBBIE CTPYKTYPBHI, PETYIAIUs KPoBOoOpa-

casting development of orthostatic hypotension in
the course of verticalization, stating favorable or
adverse progression of diseases. Sympathetic
baroreflex is one of the key mechanisms maintain-
ing homeostasis stability. Impulses from barore-
ceptors of low and high ABP enter caudal brain
stem regions in nucleus tractus solitarius [37]. A
conclusion can be drawn that caudal brain stem re-
gions are the key structure of sympathetic barore-
flex [38, 39]; any severe supratentorial brain dam-
age accompanied with intracranial hypertension
and tentorial herniation, or even a minor damage
in the posterior cranial fossa causing disturbance
of blood flow in the brain stem or its compression
causes sympathetic baroreflex dysfunction. All
these disorders are described in this paper includ-
ing cases of irreversible damage of stem vasomotor
centers.

Conclusion

The data deminstrate that patients with
chronic impairment of consciousness during the
post-comatose period after severe brain damage
display a significant decrease of baroreceptors sen-
sitivity and autonomic nervous system disorders
manifesting in considerably lesser activity of the
sympathetic and parasympathetic systems. The de-
gree of such alterations correlates with a brain
damage severity. The risk of developing orthostatic
hypotension during verticalization is higher in pa-
tients with lower baroreceptors sensitivity, which is
necessary to consider from the very beginning of
the process of verticalization patients.

mIeHrA BO3BpaAlId€TCA Ha q)HJIOFeHeTI/I‘IeCKI/I
boJtee ,I[peBHI/Iﬁ, B OHTOIeHe3e COOTBeTCTBYIOH_II/Iﬁ
II€pUHATAaJIbHOMY, YDOBEHbD. I[.J'IH IIOATBEPKIACHUA
IIPEAIIOJIOMKEHUA HBO6XO,III/IMI>I JOITOJTHUTEJIbHbIE
HccjaenoBaHusd.

Eciu Yy IaE€HTOB C TAKEJIBIMU IIOBPEXKIE-
HHUAMHA I'OJIOBHOT'O MO3TI'a 3BOJIIOIIMA 3TUX ITOKa3a-
TeJIe MOJKeT OJINTBCA OOJITO, YTO 3aTPYAHAET NX
OII€HKY B TMHAMUKE, TO Y ITIAIITUEHTOB C HETAMKEJIbI-
MM TpaBMaMHU 3TO MOKHO Ha6J'IIO,I[aTb B T€deHue
KOPOTKOT'0O CpOKa. % IIalMMEHTOB C HETAKEJIbIMHN
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TpaBMaMu CHUKeHre YbBP mpoucxogur y)xe yepes
3 yaca nocJjie TpaBMbl, OHA yCUJINBAETCS B T€YCHUE
nepBbIX 3 AHEH, ¢ 3 Mo 15 JTeHb HAaYMHAETCA ee
4YaCTUYHOE BOCCTAHOBJIEHHE, a OJHOE BOCCTA-
HOBJIEHHE Ha0JI0gaeTcs K 5 MecsITy 1ocse TpaBs-
MbI [33]. OTH JaHHBbIE O3BOJISIOT 00OCHOBATH
IpUMeHeHNe MOHUTOPUHTa 3TOr0 ITOKa3aTeJss
Uit omneHKU 3G @OEeKTUBHOCTA peaduaIuTarum
MIAalUEHTOB C XPOHUYECKUMM HapylIeHUsMU
CO3HAHUS T0CJIE TSXKEJbIX TOBPEKIEHUN I0JIOB-
HOTO MO3Ta. [IpH TssKeabIX TOBPEKAEHUAX TOJIOB-
HOro0 MO3ra TeHJeHIUsA K IoBbImieHHi0 YbBP
MOKET pacCMaTpPUBATHCS KaK MPU3HAK OJIarompu-
SITHOTO TeueHUs 3abosieBanusi. OcoOBIN MHTEpPeC
npejcTaBjsieT UHPOpMaIUs O NUHAMUKE ITUX
IOKasaTeJiell y MalueHTOB C TSKeJIbIMU IIopaske-
HUSIMU TOJIOBHOTO MO3ra A0 U II0CJie pa3BUTHUSA
cMepTtu Moa3ra. I[lepexom B COCTOSTHHME CMepTH
MO3Ta CONPOBOMKIAETCA IaJeHUEM MOIIHOCTHU
BCEX YaCTOT BapUaOMJILHOCTHU CEPAEYHOTO PUTMA
u cHmykeHueM YBP c¢ 11,2+48,5 no 0. MccienoBa-
HUSAMHA IIPOIEMOHCTPUPOBAHA BasKHOCTh MOHUTO-
punra nokasaresieit AHC u UBP B nuarHoctuke
cMeptH Mo3ra [34-36]. Takum 06pa3om, pe3ysibra-
Thbl HACTOAIET0 UCCJIeN0BaHUsA U JIUTepaTypHbIe
JaHHbIE CBUAETEIbCTBYIOT O TOM, YTO II0Ka3aresn
AHC u YBP nosBoJIAOT OlleHUBaTh peabuaInTa-
[IMOHHBINU TTOTEHITMAJ, TPOTHO3UPOBAThH PAa3BUTHE
OpPTOCTaTAYECKOM TMIIOTEH3UU B IPOIIECCe BEPTH-
KaJu3alyy, KOHCTaTUPOBATh 6JIarONMpUsATHOE U
HeOJIaronpusATHOe TeueHue 3aboseBannil. CuM-
nmaTudeckuii bapopedJiekc ABISIETCS OJHUM U3
KJII0YEeBBIX MEXaHMW3MOB MNOANepsKaHUS MOCTO-
STHCTBa ToMeocTa3a. iMmysibcarus ot bapoperen-
TOPOB HU3KOI'O U BBICOKOro AJl mocTymaer B Kay-
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peaHNMalMOHHON peabuIuTalui B NPOMUIAKTUKE U JeYeHUN
CHH/IpOMA «I10CJIe MHTeHCUBHOM Tepanuny» (ITUT-cunnpom). Becm-

JaJibHbIe OTIeJibl CTBOJIa T'OJOBHOTO MO3ra B
nucleus tractus solitarius [37]. MoskHO caeJiaThb
BBIBOJ, O TOM, YTO KayJaJjbHble OTAEJIbl CTBOJIA
FOJIOBHOTO MO3Ta SBJISIOTCSI KJIIOUEBOU CTPYKTY-
po#t cummatudeckoro Oapopederca [38, 39],
Jr000€e TSKeI0e CyITpaTeHTOPHUaTbHOE TIOBPesKIe-
HMe I'0JIOBHOI'O MO3ra, COIIPOBOKAAIONIEECs BHYT-
pUYepenHol TurepTeH3uel U TeHTOPUAIbHBIM
BKJIMHEHUEM, UJIU Ja'ke HeOOJIbIIIOe TTOBPEsKIe-
HUE B 3aJiHEU UepenHON sIMKe, BbI3bIBaIOIIlEe
HapyllleHue KPOBOTOKAa B CTBOJI€ TOJIOBHOTO
MO3ra WJIM ero KOMIIPECCHIO, BBI3BIBAIOT HapyIle-
HHe (PYHKIONW CHMIIATHYecKoro 6apopediekca.
Bce aTu HapyIIeHYsT ONTMCAHbI B HACTOSAIIEH pabo-
Te, BRJIIOYAS ¥ CJIy9al HE0OpaTUMOT0 TOBPEsK/Ie-
HM CTBOJIOBBIX COCYIOJBUraTe/IbHBIX [IEHTPOB.

3akJrouenue

HOJIy‘{eHHbIe pe3yJibraThbl YKAa3bIBAIOT HA TO,
YTO Yy IaITMEHTOB C XPOHNYECKUMU HAPYIIEHUAMUN
CO3HAaHHUA B ITOCTKOMATO3HOM II€EpHUOJE II0CJIE
TAMEJIbIX HOBPEQK,IIEHI/Iﬁ TOJIOBHOI'0O MO3ra
Ha6J'IIOJlaIOTCFI 3HAYNUTEJIbHOE CHUYKEHNE TYBCTBI-
TE€JIBbHOCTHU 6ap0peuenTop0B 1 HapylnieHud aBTO-
HOMHOM HepBHOﬁ CHUCTEMBI, BbIpasKarouiuecsa B
3HAYUTEJIbHOM CHUXEHNU aKTUBHOCTHU CUMITATHU -
YeCcKOU u HapaCI/IMHaTI/I‘{eCKOﬁ cucteM. CteneHb
9TUX HapymeHI/Iﬁ KOppeJsupyer C TAMKECTbIO
HOBpe)K,I[eHI/Iﬁ rOJIOBHOTO MO3ra. Puck pa3BUTUA
OpTOCTaTI/I‘{eCKOﬁ TUIIOTEH3WU IIPU BEPTUKAJIN3A-
1Y BBIIIE y ITIAIIMEHTOB C 0oJiee HUBKOM JyBCTBU-
TE€JIbHOCTBIO 6apopeuenTop0B, qTo HeO6XO,ILI/IMO
Y4UTBIBATh B Ha4aJI€ IIPOIECCA BEPTURAJNI AT
TAKUX ITIAI[MEeHTOB.
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ObIIAA PEAHUMATOJIOI'U A

HayuyHo-TipakTH4YecKuii ;kypHas «O011ast peaHuMaToJIOTUsI»,
BXOAAMNH B nepeueHb BAK P®, B Scopus u gpyrue 6a3bl JaHHBIX,
npefHa3HavYeH AJ1s Bpayel-peaHnMaroJ0TOB U HayYHBIX COTPYIHUKOB

TemaTuKa sKypHaJIa: 1aToreHes, KIMHUKA, AMarHOCTUKA, JeueHue, IpopUIaKTUKa U IaToJIorn4ecKas
aHaTOMUA KPUTUYECKUX, TCPMUHAJIBHBIX U ITIOCTPEAaHNMAIIMOHHBIX COCTOHHHﬁ; OKa3aHue JOroCrnurTaJjab-
HOI IIOMOIITY ITPU KPUTUUECKUX COCAHUAK; 00ydeHNe HaceJeHUA U MeJUITMHCKOTOo IIepCoHaIa IprueMaM
OKa3aHUs HeOTJIOKHOU ITOMOIITY ITPU KPUTUUECKUX COCTOSAHUAX; ONTUMU3anusa paborel OPUT; opuguye-
CKUE ¥ 3TUYECKHUE BOIIPOCHI B ACTH aHECTE3UO0JIOTUU-PEAaHNMAaTOIOI U,

AynuTopus: 1edebHble yUpeskIeHNs; BhICIINe YieOHble 3aBefeHUs MeJUIIMHCKOro IPOoUIIs; Meau-
IUHCKHE YUIpeskAeHNUs I0C/IeJUIJIOMHOro o0pa3oBanus, PefepaabHble U peTHOHAJIbHBIE OPTraHbl YIIPaB-
JIeHUs 3/IpaBOOXpaHeHneM, MeJUIIMHCKUEe HayYHO-UCCle0BaTeIbCKUe MHCTUTYThI; MeIUIIMHCKUEe 610-

MOJMUCKA

B s11000M ITOYTOBOM OTAEJIEHUH CBA3H 110 KaTajiory « Kuura-Cepsuc»

JIMOTEKH.
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