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Pe3rome

Iless. O6G0CHOBaHUE BO3MOKHOCTH IPUMEHEHNSI MOHUTOPUHTA BaprabeIbHOCTHA PUTMa Cep/Iia pu
IIpUMeHEeHNH JeKCMeleTOMUIUHA Y TalleHTOB C IOBPesKAeHueM I'0JI0BHOI'O MO3Tra Pa3/IMYHOM 9TUOJIOTHH.

MarepuaJs 1 MeTOAbI Hcciaed0BaHHs. B rcciiefoBaHNe BKIIOYNAIN 25 MAIUEHTOB (My>KUYnH — 14, sKeH-
muH — 11, cpeaHuii Bo3dpact — 58,2+1,81 jiet), B mepuoj 60Jiee 20-TH THEH C TOCTEACTBUSAMU: YEPEITHO-
M03roBoi TpaBMbl (UMT) (1n=9; 36%); ocTporo HapyleHus: MO3roBoro kposoobpatienus (OHMK) (n=4; 16%);
AQHOKCUYECKOT0 IMOBPEYKeHNsI TOJIOBHOTO Mo3ra (n=6; 24%); cydbapaxHougaabHoro kpopousnusHus (CAK)
(n=6; 24%). JlekcMeIETOMUIUH IIPUMEHSITU IPU CUMIIaTUYeCKON TUTIEPaKTUBHOCTH, UCXO/ISI U3 TTIOKa3aresiei
BapuabesibHOCTH putMa cepana (BPC). PeructprpoBanu ciaenyioliye nokasaresau: SI — crpecc-ungekc ba-
€BCKOTO (MHIEKC HallpssKeHUs peryJIATOPHBIX CUCTEM — WHAEKC HaNPSAYKEeHNs1) B HOPMaJIU30BaHHBIX €/1-
HUIax (H. e.); SDNN — cpenHekBaapaTudHoe oTkJI0HeHHue R-R kapauonnTepBanos B Mc; TMSSD — cpenHek-
BaJIpaTUYHOE OTKJIOHEHNE Pa3HOCTHU JABYX CMEXHBIX 0TC4eTOB R-R kapanonntepsanos B MC; pNN50% —
o0 R-R KapIMOMHTEPBAJIOB B MIPOIIEHTAX, OTJTMYAIOIINXCS OT IpeAbIayIero 6osee yem Ha 50 mc; TP —
0OIIIyI0 MOIITHOCTD CIIEKTPa 4acToT B Mcek?. [TapameTpsl BPC perucrpupoBanu 10 HHPY3UU JEKCMEAETO-
MHAMHA (UCXOHO), Ha 1-3-1; 4-5-¢; 9-10-€; 15-20-e CyTKM IPUMeHEeHNs JeKapCTBeHHOTo npenapara. CuMm-
MaTUYECKYIO TUIepaKTUBHOCTh IPUHUMAIIH B ITpenesiax 3HadeHuit 11s1 SDNN < 13,31 mc; 1y1s1 RMSSD < 5,78 Mc;
111 pPNN50% < 0,110%; 111 SI > 900 H. e. (HopManu3oBaHHBIX €11.); 415 TP < 200 mc?; HopMy napameTpos BPC
MIPUHUMAJIU B TIpejiesiax 3HayeHui ajst SDNN [13,31-41,4mc]; gasst RMSSD [5,78-42,3 mcl; mist pNN50%
(0,110-8,1%); agia SI (80-900 H. e.); giiss TP (200-2000 mc?).

Pe3yabrarhbl. CTapToBas 103a JeKCMeeTOMUIYHA IPU CUMITIATUYeCKOU THIIepaKTUBHOCTH COCTaBUJIA
y naiueHToB ot 0,12 10 0,24 MKr/Kr/4ac (cpeasss 1o3a 0,16+0,01; cymmapHo 200 MKr/cyTkH). 1o 11 poBbIM
nanubeIM BPC addexTrBHas no3a gexcmeneromuauna J/1;, cocrasuia 0,26+0,03 MKr/Kr/4ac (cyMMapHO 3a
cyTku 353,8 + 35,1MKr) 1 O6bl1a JOCTUTHYTA HA 9-10-i1 JeHb IpUMeHeHUs JeKCMeleTOMUINHA.

3arJrodenue. JJ1eKTpodU3N0J0TMIeCKUI HePOMOHUTOPUHT BBISABJIEHNUS (PYHKIIMOHAIBLHOI'O COCTOSI-
HUSI aBTOHOMHOM HEPBHOU cHCTEMBI ITOBBIIIAET 3P (PeKTUBHOCTD IPUMEHEHU IeKCMeIeTOMUIMHA Y ITali-
€HTOB C [TI0BPeYKJeHNeM I'0JI0BHOI'O MO3Ta PAa3JIMYHOMN 9THOJIOTUH.

Kntoueesvle cnoea: cumnamuyeckas cunepakmueHoCmy; asMOHOMHAS HepP8HAs CUCIeMa; 8apuades-
HOCMb pumma cepoya; 0excme0emomudun
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Summary

Aim: to validate the use of heart rate variability monitoring during dexmedetomidine administration in
patients with brain injury of various etiologies.

Material and methods. The study included 25 patients (14 male, 11 female, mean age 58.2+1.81 years) 20
and more days after traumatic brain injury (TBI) (n=9; 36%), acute stroke (n=4; 16%), anoxic brain injury (n=6;
24%), subarachnoid hemorrhage (SAH) (n=6; 24%). Dexmedetomidine was prescribed because of sympathetic
hyperactivity as diagnosed by heart rate variability (HRV). The following indices were measured: SI (stress
index, in normalized units [nu]), SDNN (standard deviation of all normal sinus RR intervals over 24 h, in ms),
RMSSD (root-mean-square of successive normal sinus RR interval difference, in ms), pNN 50% (the percentage
of successive normal sinus RR intervals >50 ms), TP (total power of the frequency spectrum, in ms?). HRV pa-
rameters were determined prior to dexmedetomidine infusion (baseline), on days 1-3, 4-5, 9-10, 15-20 of drug
administration. Sympathetic hyperactivity was diagnosed by determining following values: SDNN < 13.31 ms,
RMSSD < 5.78 ms, pNN 50% < 0.110%, SI > 900 nu, and TP < 200 ms?. Normal reference ranges for HRV param-
eters were as follows: SDNN (13.31-41.4 ms), RMSSD (5.78-42.3 ms), pNN5 0% (0.110-8.1%), SI (80-900 nu),
and TP (200-2000 ms?).

Results. The starting dose of dexmedetomidine for sympathetic hyperactivity was 0.12-0.24 ng/kg/hr (mean
dose 0.16+0.01; total 200 png/day). According to digital HRV data, the effective dose EDs, of dexmedetomidine
was 0.26+0.03 pg/kg/hour (353.8+35.1 pg total per day) that was achieved on day 9-10 of drug administration.

Conclusion. Electrophysiological neuromonitoring of the autonomic nervous system function increases
the efficacy of dexmedetomidine administration in patients with brain injury of various etiologies.

Keywords: sympathetic hyperactivity; autonomic nervous system; heart rate variability; dexmedetomidine
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BBenenue

B HacTosAIIee BpemMsa cTaHIapTHBIE IOKa3a-
HUA K IPUMEHEHUI0 JeKCMedeTOMUIHA [IpUBe-
nensbl B Peructpe JlekapctBenubix Cpeacts Poc-
cuy: cemanysa Yy  B3POCJABIX —[AIlMEHTOB,
HaxoJAIIUXCA B OTIEJIEHUM aHeCTe3WO0JIOTHH,
peaHuMaInuy U UHTEHCUBHOU Tepanuu, Heo0Xo-
JIuMasi yOrHa KOTOPOU He MPEBBIIIAeT IPOoOy:K-
JleHHe B OTBET Ha F'0JIOCOBYIO CTUMYJIALIUAIO (COOT-
BeTCTBYyeT nuamasoHy or 0 mo —3 6ajajoB IO
mrkasie RASS (mkana Bo30yskIoeHUs-cenaluu
Puumonpa, Richmond Agitation-Sedation Scale)
[IpuMmeHeHue npemnapara TpebyeT TIIATEJIbHOTO
nogdopa ¥ TUTPOBAHUS A03bI, TAK KaK 3a4aCTYIO
COIIPOBOYKAAETCS PSINOM ITOOOUYHBIX peAKIIUil —
1o 10% u GoJiee B BUjle TUIIOTEH3UU, OpaguKap-
auu, OpagunHo? u T. 1. [1-4]. CiiegyeT OTMETUTb,
4YTO IIpUMeHeHue mIKkaJabl RASS Bo MHOTOM CyO'b-
€KTHUBHO, Uy psJla ITIallUeHTOB C HU3KUM YPOBHEM
CO3HaHUs (BereTaTUBHBIN CTATyC, MUHUMAJbHOE
CO3HaHue) He II03BOJIsAeT BOCII0JIb30BaThC IIPU-
BeJIeHHBIMU B Hell KIMHUYECKUMU KPUTEePUSIMU
pu To00pe A03bI JeKCMEIETOMUNINHA. ITU U
Ipyrue (akTopbl MOOYKIAIOT K IMOUCKY 00B-
€KTUBHBIX KpUTEpUEB, OCHOBAHHBIX Ha OLlEHKe
MHOTOKPaTHO BOCIIPOU3BOIUMBIX (PU3UOJIOTHYE-
CKUX IIapaMeTpoOB JJi1 NPUMEHEHUA TaHHOTrO
JIeKapCTBEHHOI'0 npemnapara [5, 6]. IIpexcras-
JISIETCsI BASKHBIM ITIOUCK MeTOa 00beKTUBU3AIUN
MOKa3aHWU# 1 Toa00pa 1036l IEKCMEeIETOMUIHA
B aHECTe3UO0JIOTUM-PeaHuMaTOJIOTUH.

Llesnp uccaenoBanuss — 000CHOBaHUE BO3-
MOYKHOCTH IIpUMEHEHHs MOHMTOpPWHIA Bapua-

Introduction

The current indications for the use of
dexmedetomidine are given in the Russian Reg-
istry of Medicines and include sedation in adult
patients in the intensive care unit with the required
depth, which does not exceed awakening in re-
sponse to vocal stimulation (corresponding to a
range from 0 to -3 points on the RASS [Richmond
Agitation-Sedation Scale]). The use of the drug re-
quires careful selection and titration of the dose
because it is commonly (in 10% of cases and more)
accompanied by adverse reactions such as hy-
potension, bradycardia, bradypnoea, etc. [1-4]. It
should be noted that the use of the RASS scale is
largely subjective and in some patients with a low
level of consciousness (vegetative state, minimal
consciousness state) the approved clinical criteria
cannot be used to select the optimal dose of
dexmedetomidine. These and other factors
prompt the search for objective criteria for drug
dosing based on the evaluation of reproducible
physiological parameters [5, 6]. It is currently im-
portant to select clear indications for dexmedeto-
midine dose selection in intensive care.

The aim of the study was to validate the use of
heart rate variability monitoring during
dexmedetomidine administration in patients with
brain injury of various etiologies.

Materials and Methods

The study included 25 patients (14 male, 11 female,
mean age 58.2+1.81 years) 20 and more days after trau-
matic brain injury (TBI) (n=9; 36%), acute stroke (n=4;
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0eTbHOCTH pUTMa CEpATIA TPU TPUMEHEHNH JTEKC-
MeJIEeTOMUINHA § MalHeHTOB C MOBPEKIEHUEM
TOJIOBHOTO MO3Ta PA3JIMYHON 3TUOJIOTHH.

MarepuaJ u MeTObI

B nccitenoBanme BRIIOYNAIN 25 MAUEHTOB (My/K-
4uH — 14, skeHuH — 11, cp. Bo3pact — 58,2+1,81 jeT),
B mepwuoj 6oJsiee 20-TU JHEH C TMOCJIEJACTBUAMU: Ue-
penHo-Mo3roBoil TpaBMel (UMT) (n=9; 36%); ocTporo
HapyIIeHusi MO3roBoro kpopoobOpamenus (OHMK),
(n=4; 16%); aHOKCUYECKOTO MOBPEKIEHNs T'OJIOBHOTO
Moara (n=6; 24%); cybapaxHONZATLHOTO KPOBOUIJIHS-
HuA (CAK) (n=6; 24%).

HccnenoBanyve BBIMOJTHUINA COVIACHO XeTbCUHK-
ckoil Jlexknapanuu; Koucrurynuu PO, ct. 21; OcHoBam
3aKoHOIaTeIbCTBa Poccuiickoit ®eneparuu 06 oxpaHe
3J0POBbs I'PaKAaH, IpUKa3aM U MHCTPYKIUAM MUH3 -
paBa P®. [IpoTokos mccaenoBaHus OB pacCCMOTPEH
9THMYECKUM KOMHUTETOM, KOTOPBIH yOEIHJICSA B TOM, 9TO
YBEPEHHOCTh B 0KU1aeMOH 110JIb3€e OIIpaBiaHa, pUCKU
MUHUMM3UPOBAHBI U Pa3yMHBI, & UCIBITyeMble WU UX
ouUIMaNbHO YTBEPSKIEHHbIE IIPEJCTaBUTEIN obec-
Te4YeHbl JOCTAaTOYHOU U aJIeKBaTHON MH(pOpMaIien.

BospacTHO# cocTaB ManueHTOB, BKAIOUYEHHBIX B
WCccJieIOBaHNe, MPEeCTaBUIN Ha puc. 1.

Kpurepuu nposejeHus B/B UH(PY3UU IIperapara
nexkcmeneromuaraa (pupma Orion Pharma,®unmnsas-
QIWsI) OCHOBAHBI HA IOKa3aTessIX BapuabeIbHOCTU
putMma cepgna (BPC), xapakTepHBIX I CHMIIaTA4e-
CKOM runeppeakTuBHOCTU. l[esieBoii 3aadeit THTpoBa-
HUA J103 JEeKCMeJeTOMUINHA SBJSAI0CH JTOCTUKEHUE
HOpPMBEI 110 nToka3daresiiM BPC. [lossBienne napacumna-
TUYECKON TUNEPAKTUBHOCTHU SBJISIJIOCH OCHOBAaHUEM
YMeHbIIIeHUs1 [O3UPOBKHY IIpernapara UM Ipekpalie-
HUs ero IpUMeHeHus1 (UCI0JIb30BaJId 5-TU MUHYTHBIE
3aIMCH KapIMOUHTEPBaJIOB, mpubop [NosmcnekTp-8 EX,
¢upma Heiipocodt, Poccust).

[TammeATsI ¢ 3JIEKTPOPU3UOTOTUIYECKON HAaBUTA-
en JekcMeneToMuanHA 1Mo faHnHbIM BPC cocTaBmn
1-10 rpynny (n=17, mysk4uH — 11, sKeHIIUH — 6; C 110-
caeactBusamMu UMT — 7; CAK — 5; OHMK — 3; aHokcusi
TOJIOBHOTO MO3Ta — 2; CpeJTHUM BO3pacT 45,7+3,46 JieT).
Bo 2-10 rpynny BOLLIN NAl[MeHThl, KOTOPBIM IIpUMeHe-
HUE JeKCMeJeTOMUINHA ITPOBOIUIUIU 110 CTAHIAPT-
HBIM KJIMHUYECKUM KPUTePUAM (IIpolielypHas ceJanus
npu MBJI), (n=8, My»X4nH — 3, )KEHIIUH — 5; C IOCJIe]-
crBusamMu UMT — 2; CAK — 1; OHMK — 1; aHOKCHA ro-
JIOBHOTO M0o3ra — 4; cpeaHuii Bo3pact 38,5+5,72 jer).

Perucrpuposanu ciaenyomnue nokasareau BPC:
SI — cTpecc-unAeKc baeBCcKOro (MHIEKC HANIPSAKEeHU S
PeryJasiTOPHBIX CUCTeM — UHJIeKC HalIpsIPKeHuUs1) B HOp-
MaJn30BaHHBIX efuHUNAX (H. e.); SDNN — cpennek-
Ba/IpaTUyHOE OTKJIOHeHne R-R kapauomHTEpBaOB B
mc; TMSSD — cpeHeKkBagpaTUYHOE OTKJIOHEHHUE pas-
HOCTH JByX CMEKHBIX 0TC4eTOB R-R kapguouHnTepBa-
J10B B MC; pNN50% — nosto R-R kapnuonHTepBaioB B
MIPOIeHTAaX, ONIMYAIOIIUXCS OT MPeAbIIyIIero dosee
yeM Ha 50 Mc; TP — 06111y10 MOIITHOCTE CIIEKTPa 9acTOT
B Mcek?. [lapamerpsr BPC perucrpupoBaiu HCXOTHO 10
nHQY3UH TeKCMeIeTOMUINHA, Ha 1-3-1; 4-5-¢; 9-10-¢;
15-25-e cyTKM IpUMeEHEeHUs JIeKapCTBEHHOro Mpera-
para. CuMnaTu4ecKyo TuIepakTUBHOCTb IPUHUMAJIN
B mpenesiax 3HadeHuil s SDNN < 13,31 mc; mis
RMSSD < 5,78 mc; gyisa pNN 50% < 0,110%; g1 SI> 900 1. e.;

Puc 1. BospacTHoii cocTaB nauMeHTOB, BKIIOYEHHBIX B HC-
cJiefiloBaHue.

Fig. 1. Age distribution of patients included in the study.
Note. Above the bars, the total number of patients by age group
is given. The age groups: 1 — 20-29 years; 2 — 30-39 years; 3 —
40-49 years; 4 — 50-59 years; 5 — 60-69 years.

ITpumeuanume. Haz cToi6ukaMu IpuBeieHO o01ee KoIuye-
CTBO IAIIMEHTOB II0 BO3PACTHBIM TrpymnmnaMm. BospacTHbie
rpynnsl: 1. 20-29 jret; 2. 30-39 Jiet; 3. 40-49 Jiet; 4. 50-59 J1eT;
5. 60-69 ser.

16%), anoxic brain injury (n=6; 24%), subarachnoid hem-
orrhage (SAH) (n=6; 24%).

The study was performed in accordance with the
Declaration of Helsinki, the Constitution of the Russian
Federation (Article 21), the Basic Law on the Health Pro-
tection of the Citizens of the Russian Federation, orders
and instructions of the Russian Ministry of Health. The
study protocol was reviewed by the ethical committee,
which determined that the research risks were minimized
and reasonable in relation to the anticipated benefits, and
complete adequate information was provided to the sub-
jects or their officially approved representatives.

The age distribution of patients enrolled in the
study is shown in Fig. 1.

The indication for intravenous infusion of
dexmedetomidine (Orion Pharma, Finland) included
heart rate variability (HRV) values typical for the sympa-
thetic hyperactivity. The aim of dexmedetomidine dose
titration was to achieve normal HRV values. The
parasympathetic hyperactivity detection served as a ra-
tionale for a drug dose reduction or withdrawal (5-
minute cardiac intervals recording on Polispectr-8 EX
device, Neurosoft company, Russia, was used).

Group 1 consisted of patients with electrophysio-
logical guidance of dexmedetomidine administration ac-
cording to HRV data (n=17, 11 males and 6 females), of
them 7 had prior TBI, 5 had SAH, 3 suffered from stroke,
and 2 patients experienced consequences of brain anoxic
injury. The mean age of patients was 45.7+3.46 years.
Group 2 included patients administered with
dexmedetomidine according to the standard clinical cri-
teria (procedural sedation during ventilation) (n=8, 3
males and 5 females), of them 2 had prior TBI, 1 had SAH,
1 suffered from stroke, and 4 had brain anoxic injury. The
mean age of patients in this group was 38.5+5.72 years.

The following HRV indices were determined: SI
(stress index, in normalized units [nu]), SDNN (standard
deviation of all normal sinus RR intervals over 24 h, in
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11 TP < 200 mc?. Hopmy napamerpos BPC npuanmasnu
B nipefesiax 3Hadenuit s SDNN (13,31-41,4 mc); ams
RMSSD (5,78-42,3 mc); niss pNN 50% (0,110-8,1%); niisa
SI (80-900 u. e.); ny1a TP (200-2000 mc?). [Tapacumnarnu-
4YeCKyI0 T'MIIepaKTUBHOCTh IPUHUMAJIU B IIpeleJsax
sHavedu#t myist SDNN > 41,4mc; nyiss RMSSD > 42,3 mc;
111 pNN 50% > 8,1%; ny1a SI < 80 H.e.; gjisa TP > 2000 mc2.
Ins BepudUKaum CUMIIATUYECKON THIIePAKTUBHO-
CTH, HOPMBI UJIY IapACUMIIATUYeCKOU rUIlepaKTUBHO-
CTU IIpUHUMAaJIY 3HaYeHUA 3-X U3 5-U YKa3aHHBIX 1apa-
meTtpoB BPC [7]. PeructprupoBanu Takske ciieqylouiye
napametrpbl BPC: HF — crieKTp BBICOKHX 4aCTOT B MC?
U %; LF — cnekTp HU3KHX 4acToT B Mc? 1 %; LF/HF —
COOTHOIIIEHUE CIIeKTPa HU3KUX U BBICOKUX YacCTOT B H.
e. (HopMann3oBaHHBIX e]1.); VLF — crieKkTp o4eHb HU3-
KHUX 4acToT B Mc®> U %. Pacuer adp(peKkTuBHON 03Bl
(350, ED5y) mpoBomuiy myTeM OIpefeseHUus 03Bl
JleKCMeIeTOMHINHA, KoTopasi obecriednBaa KOppek-
LIUI0 CUMIIaTUYeCKOU TMIIePaKTUBHOCTHU y II0JIOBUHBI
(50%) mmarueHToOB.

1 cpaBHUTeJbHON OIleHKH 3(pdeKTUBHOCTU
NIpUMeHeHUs [eKCMedeTOMUIMHA U3YUUJIA YaCTOTY I10-
SIBJIEHUS TOOOYHBIX 3 PEeKTOB (apTepraabHAs TUTIO-
TeH3Uus1, OpaJuKapansi, OPagUITHOd, OTCYTCTBHUE 3(]-
dexra, ormeHa mnpenapara) B rpynmnax. OneHKy
JUHAMHUKU COCTOSIHUS IIAIMEHTOB IIPU IIPUMeHeHUU
JEeKCMeIeTOMUINHA Ha OCHOBaHUHU napaMmeTrpos BPC
NIPOBeJIU 110 CJIeLyIOIIUM [TapaMeTpaM: YpOBeHb CO3Ha-
Hus no mkanam FOUR; CRS-R — Coma Recovery Scale-
Revised; vacTora BbIX01a ITAaIlIEHTOB 13 BETeTaTUBHOTO
COCTOSIHUS; 3aBUCUMOCTD IIAlIUEHTOB OT UCKYCCTBEH-
HOU BeHTUIATNH Jierkux (MBJI);

CrarucTudeckyio 06paboTKy JaHHBIX IIPOBEJIH C
ncnoJb3oBaHueM nporpamMmmel MedCalc Software, Bep-
cua 18.10.2. JJocTOBEpHBIMM IPU3HABAIN PA3JINYNAA
npu p<0,05. «HyneByo» runoready olieHUBaJIM C IIpUMe-
HeHneM Kputepus [Iupcona (x> — «xu-KBagpar»), aHa-
JIM3a JUcIepcuii BEIOOPOK (Anova-analysis of variance).

Pe3ynbTaThl ¥ 00CYK/IEHHE

Bce manueHTsI 1-1 rpymel, 10 JAHHBIM 3JIeK-
Tpodu3noJ0rIIeckoro MounTopuara BPC, umesnu
ToKasaTeJiv, XapaKTepHbIe /IS CUMIIAaTUYEeCKON
runepakTuBHOCTHA (SDNN < 13,31 mc; st RMSSD
< 5,78 mc; nyist pNN50% < 0,110%; ggisa SI > 900 H. e.;
1uts1 TP < 200 mc?). CpefiHre 3Ha4YEeHU s IOKa3aTesien
BPEMEHHOTO U CIEKTpajgbHOTr0 aHanmusa BPC mo
HavaJjia ¥ BO BpeMsl IPUMEeHEeHUs TeKCMeIeTOMU-
IHA ITPUBeJIN B Ta0JT. 1.

[Ipu cuMnaTu4eckoi TUIEPaKTUBHOCTHU Y
MaIMeHTOoB 1-1 IpymIbl cTapToBasi 403a IeKCMeie-
ToMHUANHA cocTaBuia ot 0,12 mo 0,24 MKr/kr/4ac
(cpenuas posa 0,16+0,01; cymmapso 3a cytku 200
MKr/cyTkn). Ha 1-3-u cyTku nocsie Hauasna uHQy-
3UM JEKCMeleTOMUIVHA Yy MIalUeHTOB IIPOBesd
KOHTPOJIb MToKasareJsieii BPC (TabJ1. 1). 3HaUUTETh-
HOe N3MeHeHNe NapaMeTPOB BPEMEHHOTO TINAna30-
Ha BPC (yBenmmuenue SDNN u RMSSD; cHuskeHue
SI) u yBesm4eHue CrieKTpa MOUIHOCTH YacToT BPC
(TP; VLF; LF; HF) Ha 1-3-u cyTKU NOCTOSTHHOU UH(DY-
3UH JeKCMeNeTOMUIMHA XapaKTepu3yeT HadaJjlo
CHU’KEHMSI aKTUBHOCTHU CUMITaTUYECKON HEPBHOM

ms), RMSSD (root-mean-square of successive normal
sinus RR interval difference, in ms), pNN50% (the per-
centage of successive normal sinus RR intervals >50 ms),
TP (total power of the frequency spectrum, in ms?). The
HRV parameters were recorded prior to the dexmedeto-
midine infusions (baseline), on days 1-3, 4-5, 9-10, 15-25
after the start of drug administration. Sympathetic hy-
peractivity was considered if the following HRV values
were revealed: SDNN < 13.31 ms, RMSSD < 5.78 ms,
PNN50% < 0.110%; SI> 900 nu, TP < 200 ms?. Normal ref-
erence ranges for the HRV parameters were as follows:
SDNN 13.31-41.4 ms, RMSSD 5.78-42.3 ms, pNN50%
0.110-8.1%, SI 80-900 nu, TP 200-2000 ms?. Parasympa-
thetic hyperactivity was diagnosed using the following
values: SDNN > 41.4 ms, RMSSD > 42.3 ms, pNN50% >
8.1%, SI < 80 nu; TP > 2000 ms?. To confirm sympathetic
hyperactivity, normal HRV or parasympathetic hyperac-
tivity, 3 out of 5 HRV parameters meeting the above cri-
teria were required [7]. Additional HRV parameters
recorded were HF (high frequency power, in ms? and %),
LF (low frequency power, in ms? and %), LF/HF (ratio of
low and high frequency power, in nu), VLF (very low fre-
quency power, in ms? and %). Calculation of the effective
dose (ED50) was performed by determining the dose of
dexmedetomidine ensuring correction of sympathetic
hyperactivity in 50% of patients.

To compare the efficacy of dexmedetomidine ad-
ministration, the frequency rate of side effects (hypoten-
sion, bradycardia, bradypnea, no effect, drug withdrawal)
in the groups was assessed. We evaluated patients’ con-
dition changes with dexmedetomidine administration
guided by HRV parameters based on the following vari-
ables: level of consciousness according to FOUR and
CRS-R (Coma Recovery Scale-Revised) scales, frequency
rate of patients' recovery from vegetative state, patients'
dependence on ventilation.

Statistical data analysis was performed using Med-
Calc Software, version 18.10.2. Differences were consid-
ered statistically significant if P<0.05. The «null» hypoth-
esis was tested using Pearson’s y? test and Anova analysis
of variance.

Results and Discussion

All the patients from group 1 had electrophys-
iological HRV parameters typical for sympathetic
hyperactivity (SDNN < 13.31 ms, RMSSD <5.78 ms,
PNN50% < 0.110%, SI > 900 nu, TP <200 ms?). The
mean values for the time domain and spectral HRV
analysis prior to and during dexmedetomidine ad-
ministration are given in Table 1.

In patients with sympathetic hyperactivity
(group 1), the starting dose of dexmedetomidine
was 0.12-0.24 ng/kg/h (mean dose 0.16+0.01, total
200 pg/day). On days 1-3 after the start of
dexmedetomidine infusions the HRV parameters
were measured (Table 1). A significant change in
time domain parameters (increased SDNN and
RMSSD, reduced SI) and increased spectral HRV
parameters (higher TP, VLE LE HF) on days 1-3 of
continuous dexmedetomidine infusion indicate
early decrease in activity of sympathetic nervous
system. However, the values of parameters assessed
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Tabmmuna 1. JuHaMHuKa OKa3aTejied BpeMEeHHOTI'0 H CIIEKTPAJIbHOTO aHAJIN3a BapuadeTbHOCTH PUTMa cepana
U 103a AekcMmeaeroMuauHa (Mtm).

Table 1. Changes in relationship between time domain and spectral analysis of heart rate variability parameters
and the dose of dexmedetomidine (M+m).

Parameters Timing of intravenous administration of dexmedetomidine
Baseline Days 1-3 Days 4-5 Days 9-10 Day 20-30
SDNN, ms 7.25+0.7 18.5+5.1* 21.6+4.2%* 19.4+2 2% 28.0+10.6**
RMSSD,ms 5.58+0.8 7.9+1.9 8.81+1.1* 10.8+3.5* 12.5+4.4%*
PNN 50, % 0.19+0.1 0.21+0.1 0.16+0.09 0.43+0.2 1.22+1.1
SI (stress index), nu 1980+350 1440+637 732+£144* 614+167.3%** 523+183%**
TP, ms? 74.6+15.8 790.8+490*  823+343.2** 504.7+114.2%* 521+177.1%
LF/HE nu 3.06+0.9 3.28+0.7 2.82+0.9 5.27+1.96 2.9+0.7
VLE % 60.6+4.4 70.5+6.35 77.9+4.22 68.5+7.5 71.1£5.12
LE % 20.8+3.5 19.7+3.8 11.75+2.2 17.1+3.9 15.1+3.9
HE % 18.1+3.9 8.9£2.2 9.39+3.0 13.8+5.6 7.16+2.03
VLE ms? 45.7+10.6 689.6+474.6 774.6+323* 376.3+109.4** 1300.7+992*
LE ms? 18.5+6.9 309.3+26.5* 72.4+23.3* 111.3+35.2** 270.1+175.5**
HE ms? 9.8+£1.8 27.3+10.1 32.3+6.9* 68.3+40.4 147.4+121.2
Dose of dexmedetomidine, pg/kg/hour — 0.16+0.01 0.23+0.02 0.26+0.03 0.27+0.04

Note. SDNN — standard deviation of R-R intervals; RMSSD — the square root of the mean squared differences of successive
NN intervals; pNN50 — the number of interval differences of successive NN intervals greater than 50 ms; SI — stress index in
nu (normalized units); VLF — the very low frequency power in % and ms?; LF — the low frequency power in % and ms? HF —
the high frequency power in % and ms?; LF/HF — ratio of low and high powers in nu (normalized units); TP — total power of
variance of all NN intervals, ms?. * — P<0.05; **— P<0.01; the difference between the parameter from the baseline. * — P<0.05;
** — P<0.01; *** — P<0.001, calculated using ¢-test or Anova analysis of variance.

IIpumeuanue. Timing of intravenous administration of — cpoxu BHyTpuBeHHOrO0 BBefgeHUs; SDNN — cpegHeKkBagpaTHdHOE
oTkJIOHeHHe R-R kapaunHTepBanoB B Mc; IMSSD — cpeflHeKBaJpaTudHOe OTKJIOHEHNEe PAa3HOCTH IBYX CMeKHBIX OTCYETOB
R-R kapauonnTtepBasoB B Mc; pPNN50% — mosisa R-R kapAauonHTEepBasoB B IPOLEHTAaX, OTIMYAIOIIUXCA OT MPeIbIAYIIEro
6ostee ueM Ha 50 Mc; SI — cTpeccoBblil mHAEKC BaeBckoro B HOpM. eguHUIAX. HF — CIIeKTp BBICOKUX 9acTOT B % U Mc? LF —
CIIEKTPp HU3KUX 4acTOT B % u Mc?; LF/HF — cooTHoIlIeHne clleKTpa HU3KUX U BBICOKHUX YaCTOT B H. €.; VLF — cnekTp oueHb
HU3KUX 4acTOT B % U Mc?, TP — o0111as1 MOIITHOCTD CIIEKTpa 4acToT, (total power spectrum — TP), mc?. * — p<0,05; ** — p<0,01;
OTINYMe IMapamMeTpa OT UCXOJHOTO YPOBHS (10 Hava/ia MPpUMeHeHUs TeKCMeJeTOMIINHA) 110 [-TeCTy U JUCIepCUOHHOMY

aHa/uay.

CHUCTEeMBbl. 3HAaYCHUA PEruCTPUPyEeMbIX ITapaMeT-
POB y OOJIBIITMHCTBA MMAIEHTOB TAHHOU TPYIIHI (Y
15-t; nanueHToB U3 17; 88,2%) B 1-3-1 CyTKU OT
HayaJia IOCTOSIHHOM UH(Y3UH TeKCMeqeTOMU N -
Ha eIlle OCTaBaJIMCh B JUana30He CUMIIAaTUYeCKON
TUTIEPaKTUBHOCTHU. Vcxos n3 MudpoBbIX apa-
MmeTpoB BPC 103y nexkcmeneroMuauHa 1ocje 3-x
CYTOK OT HaydaJia ero MpruMeHEeHUsI YBeJIMUYNIIN 10
cpenanux 3Havenuu 0,23+0,02 mkr/kr/4ac (ot 0,12
1o 0,36 MKr/Kr/4ac, cymMapHo 3a cytku 337,5+38,3
MKT). Ha 4-5-e cyTku mo napameTrpam BPC (Tabsu-
na 1) JUKBUOAMPOBATH CUMIIATUYECKYIO aKTUB-
HOCTb yOAJIOCh ysKe y 8-M ITalMeHTOB u3 17-m.
Hcxonst u3 coxpaHeHUsI CUMIIaTUYeCKOM TUrep-
AKTUBHOCTH y 7-U ManueHToB (41,1%) no3y gekc-
MeJIeTOMHUIWHA IIOCJIe 5-X CYTOK OT Hadajla ero
NIpYMeEHEHUs YBeJUYUJIHN 10 CpeJHUX 3HAaUYeHUN
0,26+0,03 mkr/kr/4ac (ot 0,14 no 0,42 Mkr/xr/4ac,
cyMMapHo 3a cyTku 353,8+35,1 mkr). Ha 9-10-i
JleHb OT Havyaja UHQPY3UU JIeKCMeJeTOMUINHA
CUMIIAaTUYECKYI0 TMIIEPAKTUBHOCTD JIMKBUIUPO-
Basn y 6ostee 50% manpeHToB (y 12-TH manueHToB
n3 17 — 70,6%). Ha 5-10-e cyTkm Habsromamu
3HauUMBble 2—-8 — KpaTHble U3MEHEHUA IlapaMeT-
poB BpeMeHHOro guanasdoHa BPC (yBenuueHue
SDNN n RMSSD; cHuskenue SI) m yBesuueHue
cnektpa momHocty yactotr BPC (TP; VLF; LF; HF)
(tabs. 1), YTO XapaKTepU30BAJIO JIMKBUIAIUIO
CUMIIaTUYeCKOU runepakTUBHOCTH. CKOpPOCTH

in most patients of the group (15 out of 17, 88.2%)
were still within the sympathetic hyperactivity
range on days 1-3 of continuous dexmedetomidine
infusion. Based on HRV, the mean dexmedetomi-
dine dose was increased up to 0.23+0.02 pg/kg/h
(0.12-0.36 pg/kg/h, total 337.5+38.3 pg/day) on day
3 of daily infusions. On days 4-5, the HRV parame-
ters (Table 1) showed that sympathetic overactivity
was suppressed in 8 out of 17 patients. Because
sympathetic hyperactivity was still present in 7 pa-
tients (41.1%), after the day 5 of dexmedetomidine
administration, its dose was increased to the mean
values  0.26+0.03  pg/kg/hour  (0.14-0.42
pg/kg/hour, total 353.8+35.1 pug/day). On days 9-10
from the beginning of dexmedetomidine infusion,
sympathetic hyperactivity was suppressed in more
than 50% of patients (12 patients out of 17, 70.6%).
On days 5-10 we observed significant 2-8-fold
changes in time domain HRV parameters (increase
of SDNN and RMSSD, decrease of SI) and increased
spectral HRV parameters (TP, VLE LE HF) (Table 1)
demonstrating the suppression of sympathetic hy-
peractivity. The infusion rate after 10 days from the
start of the drug did not alter compared with the
doses after 5 days of its administration and aver-
aged 0.27+0.02 pg/kg/hr (0.14 to 0.42 pg/kg/hr, to-
taling 353.8+35.1 pg/day). On days 20-30 of
dexmedetomidine infusion, sympathetic hyperac-
tivity was suppressed in 15 patients out of 17
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Puc. 2. Iunamuka SDNN u rMSSD 10 u nmocje BBeaeHUs
IeKCMeTeTOMHU/INHA.

Fig. 2. Changes in SDNN and rMSSD before and after the
dexmedetomidine administration.

Note. The changes in SDNN in ms (dark coloured columns ) and
rMSSD in ms (light coloured columns) are presented. 1. Baseline
(prior to the dexmedetomidine administration); 2. Days 1-3;
3. Days 4-5; 4. Days 9-10; 5. Days 20-30 of dexmedetomidine ad-
ministration. ¥ — P<0.05; ** — P<0.01; *** — P<0.001 vs the base-
line values (before dexmedetomidine administration).
IIpumeuyanue. Junamuka SDNN B msec (4epHbIE CTOJIOIBI) 1
rMSSD ms (cepblie cTo161161). 1. VicxomHO (10 Hayasia BBEJeHUsT
IeKcMeneTroMuauna); 2. 1-3-u cyTky; 3. 4-5-e cytky; 4. 9-10-e
cyTKY; 5. 20-30-€ cyTKU (BpeMsI BBeJeHUA IeKCMeJeTOMUIHA
7 peTHCTpalny napaMmeTpos). * — p<0,05; ** — p<0,01; *** —
p<0,001 OT UCXOHOTO, UCIIOAB30BAHUEM [-TECTa UJIU JUCIIep-
CHMOHHOTO0 aHaJ/im3a (Annova).

12.5%

SDNN and rMSSD in ms
—
(51

—
=]
1

nH(y3nn rocsie 10 CyTOK OT Hayasa MPUMeHeHU
JIEKapCTBEHHOI'0 IIpernapara He W3MeHsAJach B
CpaBHEHMH C [03aMHU IIOCJI€ 5-TU CYTOK €ro
HUCIOJIb30BAaHUA U cocTaBuJia B cpenueM 0,27+0,02
MKr/Kr/4ac (ot 0,14 1o 0,42 MKT/Kr/4ac, CcyMMapHO
353,8+35,1 Mkr/cyTkm). Ha 20-30-11 1eHb OT Havaia
VHPY3UN JEeKCMeTeTOMUINHA CUMIATUYECKYIO
TAIEPAKTUBHOCTD JIMKBUAUPOBAIA Y 15-TH Imanu-
eHToB u3 17 (88,2%) Takum oO6pasom, o udpo-
BBIM maHHBIM BPC aderTrBHAsA M03a geKcMmee-
tomuguHa J]l;, cocrtasuaa 0,26+0,03 MKr/Kr/4ac
(cymmapHo 3a cyTku 353,8+35,1MKr) m Oblia
JocturHyTa Ha 9-10-1 JeHb ero MpUMeHEHHUS.

Juuamuky saadveaniit SDNN u rMSSD, kak
OCHOBHBIX MapPKEPOB BPEMEHHOI0 aHa/m3a BPCu
YKa3bIBAIOIIUX HA IPUCYTCTBUE UJIU JTUKBUIALIAIO
CHMIIaTUYeCKON TMIIEPaKTUBHOCTH IPX BHYTPH-
BEHHOH ITPOJIOHTMPOBAaHHOU MH(DY3UU TeKcMe/e-
TOMMMHA, IpeICTaBUJIN Ha pUC. 2.

Poct 3rauenuit SDNN u rMSSD HocuJI cTa-
THUCTAYECKN 3HAYMMBIA XapakTep, Ha4MHAsA C

(88,2%). Therefore, according to HRV data, the ef-
fective dose of dexmedetomidine (ED,,) was
0.26+0.03 pg/kg/hour (353.8+35.1 ug/day in total)
and was reached on day 9-10 after beginning of
drug administration.

The changes in SDNN and RMSSD values,
being the main markers of time domain HRV analy-
sis and indicating the presence or suppression of
sympathetic hyperactivity during intravenous con-
tinuous infusion of dexmedetomidine, are pre-
sented in Fig. 2.

The rise in SDNN and rMSSD values was sta-
tistically significant starting from day 9-10 of
dexmedetomidine administration. These trends
persisted up to 20-30 days from the start of
dexmedetomidine intravenous infusion, indicating
the achievement of sustained sympathetic block.

The changes in SDNN, an essential electro-
physiological HRV parameter, in relation to the rate
and duration of the continuous dexmedetomidine
infusion, are shown in Fig. 3.

The rise in SDNN was related to the dose and
duration (days) of dexmedetomidine administra-
tion. Analysis of gradual dose-effect relationship
curves showed that the most dramatic rise in SDNN
was seen in the first 3 days of dexmedetomidine in-
fusion. Later on, the SDNN increase persisted and
associated with an increase in the dose of the drug
and elimination of sympathetic hyperactivity.

When analyzing the incidence of side effects
in the groups 1 and 2, we obtained the results sum-
marized in Table 2.

The mean duration of continuous dexmedeto-
midine infusion in Group 1 patients was 26.07+7.63
days (ranging from 4 to 42 days), in Group 2 —
5.8+1.55 days (ranging from 1 to 9 days). This differ-
ence is due to the frequent development of side ef-
fects and lack of clinical efficacy of dexmedetomi-
dine in Group 2 patients compared to Group 1.
Thus, hypotension (systolic BP less than 90 mm Hg)
in Group 1 was observed in only 2 patients (11.7%)
compared to Group 2, where arterial hypotension
developed in 6 patients (75%), (P<0.001). Sinus
bradycardia (heart rate less than 60 min-') in Group
1 was observed in 1 patient (5.8%) compared to
Group 2, where sinus bradycardia developed in 6
patients (75%) (P<0.001). Decrease in respiratory
rate to 10 min-! or less in Group 1 was observed in
1 patient (5.8%) compared to Group 2, where
bradypnea developed in 3 patients (37.5%)
(P<0.05). Failure to achieve the clinical endpoint
(elimination of sympathetic hyperactivity signs
such as agitation, hypertension, tachycardia,
tachypnea, desynchronization with ventilator) was
observed in 1 patient (5.8%) in the group 1 and in 4
patients (50%) from group 2.

The following parameters showed significant
differences in Group 1 patients prior to and on days
30-60t" day of dexmedetomidine administration:
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JI0301 ¥ BpeMeHeM (CyTKH) IIpU-
MeHeHHUsI JeKCMeIeTOMUINHA.
ABnanus rpagyajbHBIX KPUBBIX
3aBUCUMOCTH  «II03a-3(pderT»
oKasaJi, YTo HauboJiee 3HaYH-
TeJIbHBIN IPUPOCT SDNN
HaOJTI0Ia/TN B TIepBbIe 3 THS OT
HavaJjia BBeJeHUsI JeKCMedeTO-
MuIVMHA. B nmanbHeiineMm yBe-
aundyenre SDNN npopo/nkanocs
U OBLJIO B3aMMOCBS3aHO C
pocTtoMm 03bI BBOIUMOTO
JIEKapCTBEHHOI'0 IIpernapara u
JUKBUIANEN CHUMIOAaTHYeCKON
TUIIEPAKTUBHOCTH.

[Ipw aHa/IM3€e YaCTOTHI pa3BUTHS TOOOYHBIX
adpdexToB B 1-ii 1 2-1 rpynnax naueHToB HOJy-
YWJIA Pe3yJIbTaThl, CYMMHUpPOBaHHbIE B Ta0J1. 2.

CpenHsisi IIUTEIbHOCTh IOCTOSTHHON NHQY-
3UM JIEeKCMeeTOMUVHA B 1-1i rpyIine narnueHToB
cocTaBuJa 26,07+7,63 mHs (mrana3oH 4—-42 THs), BO
2-11 rpynnie — 5,8+1,55 nusa (nuanas3oH 1-9 nHei).
JlanHas pasHUIA CBSA3aHa C YaCThIM pa3BUTHEM
psna mo60o9HBIX 3P (PEKTOB M OTCYTCTBUEM KJIMHU-
4ecKou a(pheKTUBHOCTH IEKCMEIETOMUINHA BO 2-
1 rpyIine nayeHToB B CpaBHEHUU C 1-1 rpynmnoi.
Tak, pa3BuTHE apTepUAIHLHOU TUTIOTEH3UHU (CUCTO-
audyeckoe AJl MeHee 90 MM PT. CT.) B 1-Ii rpymme
HabJ/TIOMaIM TOJIBKO y 2-X manueHToB (11,7%) B
CpaBHEHUU CO 2-I TPYIIOH, ITe apTepuaabHas
TUIIOTEH3UA Pa3BUJIACh Y 6-TU HanueHTos (75%),
(p<0,001). PasBuTHE CHHYCOBOU OpamuKapaAvu
(4acToTa cep/ievHbIX COKpallleHui MeHee 60 MUH™")
B 1-# rpynme HaOsomany y 1-ro maruenta (5,8%) B
CpaBHEHUU CO 2-1 TPYIIIOH, TIie CHHYCOBasi Opaau-
Kapausa pasBujach y 6-Tu mauueHTtoB (75%),
(p<0,001). YMeHbIlIeHNEe YaCTOThI AbIxaHuA 40 10
MHUH' 1 MeHee B 1-¥i rpymnme HaOgomanu y 1-ro
nanuenTa (5,8%) B CpaBHEHUM CO 2-1 TPyIIIOH, Iie
OpaguITHO? pa3BMJIach y 3-X manueHToB (37,5%),
(p<0,05). OTcyTCTBHE KIMHUYECKOIO pe3yJsbrara
(HeTOCTHUKEeHNE 1eJI IPUMEeHEeHUsT IeKCMeIeTO-
MHUIWMHA B BHUIE JIUKBUIAIIUN CHUMIIaTHYECKON

Puc. 3. I'pagyajbHble KpUBbIe 3aBHCUMOCTH «H03a-adpderT». U3aMeHeHUusA
SDNN B ms OT J03bI IeKCMeAeTOMHIUHA.

Fig. 3. Gradual dose-effect relation curves. Relationship between SDNN and the
dose of dexmedetomidine.

Note. Changes in SDNN in ms (solid line with squares) with the dose of dexmedeto-
midine (dashed line with diamonds) are presented. 1. Baseline (prior to the
dexmedetomidine administration); 2. Days 1-3; 3. Days 4-5; 4. Days 9-10; 5. Days
20-30 of dexmedetomidine administration.

IIpumeuanue. Viamenenne SDNN ms (cryionHasi JUHUA € KBajpaTaMu) B 3aBU-
CHMOCTH OT J03bI J€KCMEeAETOMIANHA (IIPEPBIBUCTAsI JIMHUS ¢ poMbamu). 1. Vc-
XOJHO (0 Ha4aJia BBEIeHUSA JeKCMeleTOMUINHA); 2. 1-3-1 CyTKY; 3. 4-5-€ CyTKY;
4.9-10-e cyTKy; 5. 20-30-e CyTKU (BpeMsA BBEJEeHUs JeKCMeIeTOMUANHA U PETUCT-
paiyu napamMeTpos).

increased level of consciousness according to
FOUR and CRS-R scales, reduced number of pa-
tients in vegetative state, decreased dependence on
ventilator with restoration of spontaneous breath-
ing (P<0.05, Table 3).

Autonomic nervous system dysfunction with
increased sympathetic drive is the leading factor
underlying both acute and chronic critical illness in
brain injury and many other conditions [8]. Persist-
ent sympathetic overactivity in patients post trau-
matic brain injury, cerebral circulation disorders of
vascular and other origins provokes increased blood
flow abnormalities, secondary brain inflammation
and prevents restoration of nutritional status and
respiratory function along with increasing the risk
of tachyarrhythmias and heart failure [9, 10]. Hence,
the use of drugs eliminating autonomic dysfunction
constitutes a new direction in intensive care medi-
cine. Dexmedetomidine as a central alpha-2 recep-
tor agonist has both experimentally and clinically
proven effect on the correction of autonomic nerv-
ous system imbalance [11-20].

The use of dexmedetomidine guided by elec-
trophysiological HRV assessment being a sensitive
indicator of autonomic function has high prospects
for accurate personalized adjustment of
dexmedetomidine administration and dosing in in-
tensive care. Several studies on the use of
dexmedetomidine under HRV control have been
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Tabsuna 2. YacToTa MOOOYHBIX peaKUi U JJINTEeTbHOCTh HH(Y3UH JeKCMeIeTOMUIUHA Y TAIlHEeHTOB HCCJIe-

JyeMBIX I'PYIIIIL.
Table 2. The frequency of adverse reactions and the duration of dexmedetomidine infusion in studied groups of

patients.

Type of adverse reaction Groups x2-dispersion Pvalue
1, n=17 2, n=8

Hypotension (systolic BP below 90 mm Hg) 2 (11.7%) 6 (75.0%) 9.99 0.0015%**

requiring intervention with vasopressors

Sinus bradycardia (heart rate less than 60 min-!) 1 (5.8%) 6 (75.0%) 12.89 0.0003***

Bradypnea (respiratory rate less than 10 min-') 1 (5.8%) 3 (37.5%) 4.04 0.044*

The frequency of drug withdrawal due to undesirable effects 1 (5.8%) 6 (75.0%) 12.89 0.0003***

(hypotension, bradypnea, bradycardia)

Lack of clinical effect (1) 1 (5.8%) 4 (50.0%) 6.61 0.01%*

Duration of dexmedetomidine administration, days 26.07+7.63 [4-42]  5.8+1.55 [1-9] — —

Note. Group 1 included patients with a continuous and prolonged infusion of dexmedetomidine with the efficacy assessed by
heart rate variability parameters; Group 2 included patients with continuous infusion of dexmedetomidine, administered on
clinical indications without monitoring of HRV parameters. (1) — lack of clinical effect was considered as one of the following:
failure to achieve the target level of sedation on Richmond Agitation-Sedation Scale 0 to -3; persistent sympathetic drive
(tachycardia above 100 min‘!, systolic BP above 140 mmHg, tachypnea more than 18 min!) [Godo S. et al., 2017]. * — P<0.05;
** — P<0.01; *** — P<0.001 vs. Group 2 by y?-test.

IIpumevaHue. 1-5 rpynna — nanueHTsl ¢ IPOBeJeHUeM IIOCTOAHHON AINTeIbHON HH(PY3UH JeKCMeleTOMUANHA C HaBUTa-
et 3¢ GeKTUBHOCTH 110 MTapaMeTpaM BapruabeIbHOCTUA PUTMA CEeP/Iia; 2-51 TPYINa — MalueHThl C IPOBeIeHNeM OCTO-
SIHHO¥ WH(Y3UHU JeKCMeIeTOMUINHA 10 KIMHUYECKUM [I0Ka3aHusM 6e3 HaBUTaLMU 110 ITapaMeTpaM BapuabeabHOCTH
putMma cepana. Type of adverse reaction — no6ounast peakiusi; hypotension requiring intervention with vasopressors — cuu-
JKeHUe apTepuaabHOro AaBjeHus, Tpebylolee BBeJeHHs Ba3onpeccopos; sinus bradycardia (heart rate less than...) — cuny-
coBas Opasukapaus (4acToTa cepJeYHbIX COKpallleHUil MeHee 4eM...); bradypnea (respiratory rate...) — 6paguIHoa (4acTora
nbixanwus...); the frequency of drug withdrawal due to undesirable effects (hypotension, bradypnea, bradycardia) — gwactora
OTMEHHBI IIperapara BCJIeICTBYE HeKelaTe bHbIX a(pexrToB (runorensus, 6panumnnos, Opagukapaus...); lack of clinical effect
(1) — orcyTcTBHE KIMHIUYECKOro apexTa (OTCyTCTBHE JOCTHIKEHUS 11eJ1eBOT0 YpoBHs ceqanuu Richmond Agitation-Sedation
Scale 0 10 -3; cOXpaHeHHe CUMIIATUKOTOHUY — TaXUKapauA Boimie 100 MuH'!, runepreHans — cuct. A/ [l Boime 140 mmHg, Ta-
XHUITHO9 — 4YacToTa AblxaHus 6osiee 18 mun'), [Godo S. et al. 2017]; duration of dexmedetomidine administration, days —
MPOAOJIKUTEIBHOCTD IIpUeMa JIeKCMeJeTOMUIUHA, JHel. * — p<0,05; ** — p<0,01; *** — p<0,001 OTHOCUTEJIBHO 2-1 IPYyIIIbI
C ACIIOJIb30BAHUEM )2.

TaGuiuna 3. /IlaHHBI€ 10 IIIKAJIaM YPOBHSI CO3HAHH 1, 3aBHCUMOCTb OT armapara BJI 1-ii rpynnsl maijueHToB.
Table 3. Level of consciousness and ventilator dependence in Group 1 patients.

Parameters M=+m / Number of cases (%) Pvalue
Baseline Days 30-60 of intensive care and rehabilitation

FOUR, points 12+0.51 13.8+0.51 0.0014

CRS-R, points 7.13+0.69 9.83+1.04 0.0349

Vegetative state 17 (45.9%) 9 (24.3%) 0.05

On mechanical ventilation 15 (40.5%) 7 (18.9%) 0.0434

Note. Group 1 included patients receiving continuous and prolonged infusion of dexmedetomidine with the efficacy assessed
by heart rate variability parameters. FOUR — Full Outline of UnResponsiveness, CRS-R — Coma Recovery Scale — Revised
(2004).

IIpumeuaHue. 1-4 rpynna — HaueHThl ¢ IPOBeJeHHeM IIOCTOSTHHOM JJINTe/IbHON HH(Y3UH JeKCMeleTOMUIMHA C HaBUTa-
nuelt 3¢ HEeKTUBHOCTH 110 ITapaMeTpaM BapuabeabHocTu purMa cepana. FOUR, points — mikajia mogpoOHON OLlEHKHU CO-
CTOSIHUA apeaKTUBHBIX ITAIIMEHTOB (JOCIOBHO: «IIOJTHBIA KOHTYP HEOTBE4aeMOCTH»), 6aibl; CRS-R — mIkasza BOCCTaHOB-
JIEHUs II0CJIe KOMBI (mepecMoTpeHHas1, 2004); vegetative state — BereraTuBHOe cocTossHHe; on mechanical ventilation — Ha
HCKYCCTBBHHOﬁ BEHTUJIAIINU JIETKHUX.

TUNIEPAKTUBHOCTHU ycTpa"HeHue akuranuy, | published [21-23]. However, in these studies the

apTepuabHOU TUTIIEPTEH3UH, TAXUKAPINHU, TAXUTI-
HO9, IECUHXPOHU3AINH ¢ anraparom VIBJT) Habuto-
Janu B 1-ii rpynne y 1 naruenTa (5,8%), Torga Kak
BO 2-1i rpy1e — y 4-x nanueHToB (50%).

B 1-11 rpynme manueHTOB CTaTUCTUYECKU
3Ha4YUMble pa3anyud 10 U Ha 30-60-e CyTKuU je4de-
HUA MOJIYYWJIM IIO CJIEOYIOIINM I[OKa3aTeJIsM:
NOBBIIICHYE YPOBHA CO3HAHUA 110 IKasam Four n
CRS-R; yMmeHbUIeHHE KOJMYECTBA ITAIUCHTOB,
HaxXoOAAIIUXCSA B BereTaTUBHOM COCTOSIHUU;
YMEHBbIIIEHNE 3aBUCUMOCTH MIAIleHTOB OT alla-

ranges of normal and dysfunctional autonomic pa-
rameters based on HRV variables (LF/HE LF) were
not elaborated. The ranges of sympathetic or
parasympathetic hyperactivity parameters devel-
oped using HRV measurement and applied in our
study proved to be reliable electrophysiological cri-
teria useful for prescribing and subsequent titration
of dexmedetomidine dose for prolonged use in in-
tensive therapy. Despite sympatholytic effect and
neuroprotection that comprise the key pharmaco-
logical properties of dexmedetomidine, the latter is
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para VIBJI ¢ BoccTaHOBJIEHEM CAMOCTOATEIbHOTO
Ibixanus (Taba. 3).

Benymum naroreHeTndeckuM (hakTOpPOM pas-
BUTHUA KaK OCTPOrO, TAK U XPOHUYECKOTO KPUTHYe-
CKOTO COCTOSIHUS MPHU MTOBPEKIEHUN TOJOBHOTO
MO3Ta ¥ MHOTHIX IPYTUX KJIMHUYECKUX COCTOSTHUAAX
ABJISIETCST TUC(HYHKIMSA aBTOHOMHOM HepBHOU
CHUCTEMbI, OCHOBHBIM 3JIEMEHTOM KOTOPOM SIBJIsSIET-
Ccl TOHWYECKOe HampsihKeHWe CUMIIaTUYeCKOrO
3BeHa [8]. [locTroAaHHas cuMnaroaapeHaoBasd akTh-
BanysA (CHMIIaTUYECKAasA THIEPAKTUBHOCTD) y ITaly-
eHToB ¢ mocjieactsusamMu UMT, paccrpoiictBamu
MO3TOBOT'0 KPOBOOOpAIIIEHUsT COCYAVCTOTO ¥ HECO-
CYMCTOTO reHe3a IPOBOLMPYET JajibHelIIee pac-
CTPOIICTBO MO3TOBOTO KPOBOOOPAIIEHNSI, BTOPUY-
Hble BocHaauTeJdbHble wuaMeHenuss I[HC, He
TT03BOJISIET TOOUTHCST HOPMAJIU3AIUH HyTPUTUBHO-
ro cTraryca, (PyHKIUM AbIXaHUs, YCUIUBAET PUCK
Ppa3BUTHUSA TaXUAPUTMUIN U CEPIIEYHOUN HEJTOCTATOY-
HocTH [9, 10]. B aTOM CBSI3W MpUMeHeHHe JIEKapCT-
BEHHBIX IIPeIaparoB, YCTPAHAIOIINUX AUCHYHKIINIO
AHC, (popmupyeT HOBOe HallpaBJ/ieHNE B peaHuMa-
TOJIOTUH. JleKCMeNETOMUINH KaK [EeHTPaJIbHbIN
AroHUCT atb(da-2 perenTopoB, UMEET KaK IKCIIEPH-
MEHTA/JbHO, TaK W KJUHHUYECKH JOKa3aHHbBINA
apderT MUKBHMmanuU AucOasaHca aBTOHOMHOM
HepBHOM cucteMsl [11-20].

[IprumeHeHne nekcMeIeTOMUAWHA IO KOHT-
poJieM YyBCTBUTEJIBbHOI'O MHIUKATOPA (PYHKIIUO-
HaJIbHOTO cocTosinusi AHC B BUjie 3JIEKTpOdU3U0-
Jorudyeckod orneHku BPC wumeer BEICOKHE
MepCHeKTUBbI TOUHOU HaBUTAITUYN U IPUMEHEeHU I
CcTpaTeruu mogdopa 03kl JAHHOTO JIEKapCTBEH-
HOTO IIperapara B peaHuMaroJIoTun. MiMeercs psf
paboT, TOCBAIIEHHBIX TPUMEHEHUIO TeKCMeIeTO-
mMuarHa 1o Koutposaem BPC [21-23]. OpgHako B
MaHHBIX paboTax Ha OCHOBaHUU ImapaMeTpoB BPC
(LF/HE LF) He ObLIH pa3dpaboTaHbI AUAINa30HbBI
nokasareJsieit Hopmbl 1 guchynkuuu AHC. Paspa-
OoTaHHBIE ¥ IPUMEHEHHbIE B HAIIIEM HCCJIeI0OBa-
HUU IMaNa30Hbl I0Ka3aTresiell HOpMbI CUMITaTHYe-
CKOM WJIM TTapacUMITaTU4YeCKOU TUIePaKTUBHOCTHU
o mapameTpaM BPC mokasasu ceOs1 Kak HaIexK-
HbIE 9JIeKTPOoPU3N0JIOTNIeCKre HABUTAIIMOHHBIE
KpUTEpUY Ha3HAYEHU U IIOCJIEAYIONero TUTpo-
BaHMSA 1036l IEKCMeIeTOMUANHA IPU TPOJIOHT -
POBaHHOM IIPUMEHEHUH B MTHTEHCUBHOU TEpaMUH.
HecmoTps Ha HaIW4YMe CUMIATOJIM3KUCa U HeUpo-
MPOTEKIIMU — OCHOBHBIX (DAapPMaKOJIOTHUYECKUX
CBOMCTB JIeKCMEeIEeTOMU/IMHA, €ro NpUMeHeHne
MMPOBOAUTCS 6€3 KOHTPOJISI ITeJIEBBIX ITOKa3aTesIeil
CHUKEHUSI aKTUBHOCTU CUMIATHYEeCKOTO 3BeHa
ABTOHOMHOM HEpBHOM cucTeMbl. Kak MbI mOKasa-
JIX B TAaHHOM MCCJIeJOBAHWUY, NHIUBUYyaJIbHOE,
TapreTUpPOBaHHOE HCIIOJIb30BAHUE TEKCMEIETO-
MUJIWHA T03BOJISIET N36eKaTh pa3BUTUS TOO0Y-
HBIX 9 (PeKTOB IIpernapara U CylecCTBEHHO yBe-
JUUnBaTh 9(PHEKTUBHOCTD JieYeHU s TAI[MEHTOB B
KPUTUYECKUX COCTOSTHUSAX.

used without monitoring the target indicators of re-
duction of autonomous sympathetic activity. As we
have shown in this study, the personalized targeted
administration of dexmedetomidine allows avoid-
ing the development of side effects and signifi-
cantly increases the efficacy of treatment of criti-
cally ill patients.

Conclusion

Electrophysiological digital parameters of
heart rate variability reflecting sympathetic hyper-
activity are the guiding parameters to start the in-
travenous dexmedetomidine therapy.

Electrophysiological assessment of autonomic
function using heart rate variability parameters is
an informative way of selecting and titrating the
dose of dexmedetomidine.

The level of sympathetic hyperactivity serves
as an indication for starting dexmedetomidine
therapy. Reaching the normal values of autonomic
function parameters is the target, while parasym-
pathetic hyperactivity serves as a rationale for dis-
continuing the drug or reducing the dose of
dexmedetomidine.

Electrophysiological neuromonitoring of au-
tonomous nervous system as the main regulator of
the body homeostasis increases the efficacy of
dexmedetomidine in patients with brain injury of
different etiologies.
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DM, developed the aims, suggested the methodol-
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tical data analysis. Marina V. Petrova, DM, profes-
sor, refined the presentation of material and
authored the «Discussion» section of the paper.
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3akJarouenue

HaBuranoHHbIMY TapaMeTpaMu JIJIsT Havasia
BHYTPHUBEHHOTO IPUMEHEHUST JEKCME IETOMUIHA
SIBJISTFOTCSI 3JIEKTPO(UIUNOJIOTUYECKUE TTU(PPOBBIE
rapaMmeTpbl BaprabesIbHOCTU PUTMA CEP/ILIA, OTpa-
SKAIOIMe CUMIIAaTUYECKYI0 TUIIEPAKTUBHOCTb.

dneKTpopu3noJoruvecKasi oneHka GpyHkK-
I aBTOHOMHO¥ HEPBHOU CUCTEMBI I10 TTapaMeT-
pam BapuabeJbHOCTH PUTMa CepAIa sSIBJSIETCS
nH@OpPMaTUBHBIM cII0cO60M No60pa U TUTPOBa-
HUA J03bI JeKCMeIeTOMUIINHA.

YpoBeHb CUMIIaTHYeCKOH TNIIepaKTUBHOCTHU
CJTY?KUT TIOKa3aHUEM K HayaJly IPUMeHEHUsI JIEKC-
MejieToMuInHa. JIOCTHKEeHNE JUarasoHa HOPMbI
(pYHKIIMOHAJIBHOTO  COCTOSIHWSI ~aBTOHOMHOM
HEPBHOU CUCTEMBI SIBJISIETCSI 1IeJIEBOU 3a7auei, a
IOKa3aTeJsIy MapacuMIIaTUIeCKOU TUITEPAKTUBHO-
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Knuuudeckue uccjaeqoBaHud U IIPpaKTUKaA

CTHU CJIy?KaT OCHOBAHMEM JJIs1 OTMEHBI UJIU CHIDKE-
HUS 03Bl IeKCMeIeTOMUANHA.

DJeKTPpOoPU3INO0JIOTUUECKUN HEHPOMOHHUTO-
PUHT BBIsSIBJIeHUS (PYHKIIMOHAJIBHOTO COCTOSHUS
ABTOHOMHOU HEpPBHOH CHCTeMBbI, KaK IJIaBHOTO
pery/asTopa roMeocTa3a OpraHuaMma, IOoBbIIIaeT
3(p(PEeKTUBHOCTb NPUMEHEHUS JEKCMeIeTOMU I -
Ha y MaleHTOB C IOBpEsKJAEHHEeM TO0JIOBHOTO
MO3ra pa3JInyHOUN 3TUOJIOTUH.
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