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AHHOTALNA

lMoaBoas npeaBapuTesibHble UTOMM ELLE He 3aKoHuMBLLENCS naHaeMun COVID-19, coBpeMeHHble UccnefoBaTenu ynens-
toT 60nblLUOe BHMMaHWE TaK Ha3biBaeMOMY MOCTKOBMAHOMY CMHLPOMY, KOTOPbIA BKIKOYAeT B cebs 40NrocpoyHble mocnea-
cTBUSA 3aboneBaHmns. Ha aHMMACKOM si3blke CUMNTOMbI 0003Ha4atoTcs Kak «anmTtenbHbin COVID» unn «noctocTpbiii COVID»,
UM «XPOHUYECKMIA MOCTKOBUHBIA CUHAPOM» U OMUCHIBAIOTCA KaK CUMMTOMbI YCTaNoCTH, PeCMpaTopHbIX PaccTpOMCTB, Mpo-
6neM ¢ namATbI0 U CHOM. Takue CUMNTOMBI, KaK MbILeYHas 605b U CHUXEHWE BBIHOCAMBOCTU MPU BbIMOSHEHUM NPUBBIYHBIX
GU3MIECKMX Harpy30K, YNOMMHAIOTCA ropasfo pexe. Mexay TeM cpeam xanob nepeboneBLUMX 3TOT CUMNTOM MPUCYTCTBYET
A0BOJIbHO YaCTO, CHUKas KayecTBO MU3HW 1 NepeHOCMMOCTb 0BbIYHBIX M3nYecknx Harpy3oK. Lienbio aaHHoro ob3opa sens-
€TCA yrybNeéHHoe U3y4eHe HOBOMO THMa XPOHUYECKOro MmodacumansHoro bonesoro cuhapoma nocne COVID-19 — yacTo-
Tbl BO3HUKHOBEHUSA, MPUYMH Pa3BUTUSA WU NaTohU3NONOrUM XPOHUYECKOro 60/1eBOro CMHAPOMA, CBA3aHHOrO ¢ 3abonieBaHMeEM
COVID-19 v nposBnstowerocs B pubpoMuanrusx pasnnyHoin nokanmsaumu. C Lenblo nosiyyeHns 0TBETOB Ha NOCTaBJEHHbIE
BOMPOCHI Mbl MPOBENM MOUCK MHGOPMALMU B 4 371IeKTPOHHBIX 6a3ax LaHHbIX. B KauecTBe KIOUEBbIX MOUCKOBLIX TEPMMHOB
ucnonb3oeanu «COVID-19», «long COVID» n «npusHaku u cumnToMsl 6oneBoro cuHapomax. 0630p cOBpEMEHHbIX LaHHbIX
JMTepaTypbl MOKasal, YTo NpUCTabHOe M3YYeHre U AMHaMUYecKoe HabmogeHue 3a naumentamu, nepenécmmm COVID-19,
MOXET CrocobCTBOBaTh AanbHeMLLel paclumbpoBke NaTodU3NONOTMYECKUX MEXAHU3MOB PasBUTUA OTLANEHHBIX MOCNeA-
CTBMI HOBOM KOPOHABUPYCHOW MH(DEKLMM M [1aTb OTBETHI HA BOMPOCHI, KacakLLMecs NpOoGUNaKTUKY 1 JIeYEHUS XPOHUYECKOr0
boneBoro cvHapoMa B 3TOM KOropTe NaLMeHTOB.

KnioueBble cnoBa: MuodacumanbHblii bonesoii cuHapom; COVID-19; long COVID; KayecTBO KU3HM.
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Preliminary outcomes of the COVID-19 pandemic:
a new chronic pain profile
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ABSTRACT

In summing up the preliminary results of the COVID-19 pandemic that has not yet ended, modern research pays much at-
tention to the so-called “post-COVID" syndrome, which includes the long-term consequences of the disease. In English, symp-
toms are reported as “long COVID", “post-acute COVID", or “chronic post-COVID syndrome” and are described as symptoms of
fatigue, respiratory disorders, memory, and sleep problems. Symptoms such as muscle pain and decreased endurance when
performing habitual physical exertion are mentioned much less often. Meanwhile, among the complaints of those who have
been ill, this symptom is present quite often, reducing the quality of life and tolerability of normal physical exertion. This review
aimed to provide an in-depth study of a new type of the chronic myofascial pain syndrome after COVID-19, i.e., the frequency
of occurrence, causes of the development, and pathophysiology of chronic pain syndrome associated with COVID-19 and mani-
fested as fibromyalgia of various localizations. To answer the questions posed, the authors searched for information in four
electronic databases. The key search terms used were “COVID-19", “long COVID,” and “signs and symptoms of pain syndrome”.
A review of current literature data has shown that close study and dynamic monitoring of patients who had COVID-19 can
contribute to further deciphering the pathophysiological mechanisms of the development of its long-term consequences and

provide answers to questions on the prevention and treatment of chronic pain syndrome in this patient cohort.
Keywords: myofascial pain syndrome; COVID-19; long COVID; quality of life.
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BBEJEHUE

MoaBoas npefBapuTeNbHble UTOMM eLE He [0 KOHLA
3asepwmBluencs nangemum COVID-19, coBpeMeHHble wc-
CnefoBaTenu yoensioT MHOTO BHUMaHUs TaK Ha3blBaeMo-
My MOCTKOBMAHOMY CMHAPOMY, KOTOPbI BK/OYaeT B Cebs
OTHANEHHbIE NOCNELCTBUA MEepeHecEHHOro 3aboneBaHus.
B aHrnmiicKol TpaHCKpUNLMK Mbl Yalle BUAUM TepMuH «long
COVID». Oxupaetcs, 4to no KpaiiHen Mepe 50% naumeHToB,
KoTopble 6biam 3apaeHbl COVID-19 u Bbbxunm, byayT npo-
AOJIKaTh CTPafaThb OT PAAA BHOBb NOABMBLUMXCS CUMMTOMOB
B TeYEHWe 6 Mec UM JorblLe, W 3T0 cocTosHWe byaeT conpo-
BOXATbCA ABNEHUAMU GUBPOMMUANTUM, MUANITUYECKOrO 3H-
uedanomuenura (ME/ CFS), yalle Ha3biBaeMoro CMHLPOMOM
XPOHWYECKOW YCTaNocTu, U NOCTypanbHOA OPTOCTATUYECKOI
Taxukapamm (POTS) [1-3].

06b14HO BCe 3TU NpOLLECCHl CBA3BIBAIIT C JIEXKALLMMM B X
OCHOBE aHOMAanMAMM LiEHTPaNnbHOW U BEreTaTUBHOW HEPB-
HOM CUCTEMBI, HApYLUEHWEM UMMYHHON Perynsuuy, Hepre-
TMYeckoro obMeHa M OKUCIUTENbHO-BOCCTAHOBUTENbHBIM
pucbanaHcoM. MMpefcTaBnseTcs BaHbIM MOHUMaHWE 3TUX
MPOLIECCOB CaMbIM LUMPOKWM KPYroM KJIMHULMCTOB, KOTOpbIE
LOJIKHBI 3HaTh, YTO NaUMeHTbl C NOA0BHBIMU CMMNTOMaMH
M Kanobamn MOryT OKasaTbCs Y HUX Ha KypaLuu, U UMEHHO
1M ByaeT He0bX0AMMO 3aHUMATLCS AMArHOCTUKOM U NeYeHU-
€M, CBSA3aHHBIMM C 3TUMW COCTOSHUAMM 60J1bI0 U AMCHYHKLIM-
e/ onopHo-aBuratesibHoro annapara [1, 2.

B HacTosLee Bpems 60/bLLOE YMC/IO NALMEHTOB, OTKIIa-
AbIBAKOLLMX NaHOBbIE NOCELLEHUS MeAULMHCKUX OpraHu3a-
LMK 13-3a naHaemuu, 0bpalLaloTcs 3a MeAULMHCKOW NoMo-
LUK M0 NOBOAY AEKOMMEHCaLMU XPOHUYECKUX 3aboneBaHuii.
[lnarHoctuka u neyeHne 6oneBOro CMHAPOMA B 3TOM CMNEKTPE
3aHWUMaI0T CYLLECTBEHHOE MECTO. YUMTbIBas OrpaHUYEHHOCTb
LOCTYMHON NUTEPaTypbl 0 AOArOCPOYHBIX MOCTUHGEKLMOH-
HbIX cuMnToMax y nauueHToB ¢ SARS-CoV-2, BaHO, 4TOObI
K/MHWLMCTBI TLLATeNbHO U3y4anu BCe BO3MOXHbIE HoneBble
CMMNTOMBI M paboTanu Hap, onpefeneHneM NoTeHUManbHbIX
MeXaHU3MOB WX BO3HWKHOBEHUS. Paclumperme cnekTpa 3Ha-
Huit 06 ocnoxHenusx nocne COVID-19 He TonbKo yayywut
LONTOCPOYHbIE Pe3ynbTaThl IEYEHUS MALMEHTOB, HO TaKXe,
BO3MOXHO, NO3BONUT AUddEPeHLMPOBaTL 3TUOSOMMI0 Bone-
BOr0 CMHAPOMA U AaTb MPeACTaBfieHNe 0 BMELLATENIbCTBAX,
KOTOpblE MOXKHO MPEANPUHATL BO BPEMS OCTPOro 3nu30Aa
3abonesaHns, 4Tobbl M3bexaTb LINTENIBHOTO HEraTUBHOMO
BO3[EHCTBMA HA KAYeCTBO KW3HM MaLMEHTOB.

Llenb pa6oTbl — M3yunTb 4aCTOTY BO3HUKHOBEHMS, NpU-
UWHbI Pa3BUTUSA U NaToPU3MONOTMIO XPOHUYECKoro boneBoro
CMHAPOMa, CBA3aHHOro c 3abonesanueM COVID-19 u npo-
ABnAoLLerocs B GubpoMmuanrusax pasnuyHon NoKanm3aLmm.

MET0/0/10r1s MOUCKA UCTOYHUKOB

OcyLuecTBNEH NOMCK MHOPMaLMK B 4 3MEKTPOHHBIX ba-
3ax AaHHbix — PubMed (MEDLINE), Embase, Web of Science
1 Google Scholar — ¢ gatbl ux cosganms fo 28 nions 2022 roga.
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PGFMOHapHaH dHeCTe3nA 1 ledeHre OCTDOM bonm

CrMCKM CCbINOK BO BKITKYEHHBIX B 0030p MCCNeL0BaHMAX TaK-
e BblM NpoBepeHbl Ha HanMuKe CTaTel, COOTBETCTBYHILLMX
LieNiM 1 33fayaM npoBefieHHON paboTsl. B kauecTBe Kitove-
BbIX MOMCKOBbIX TEPMUHOB Mcnonb3oBann «COVID-19», «long
COVID» u «npuU3HaKW M CMMNTOMbI 60SIEBOr0 CUHAPOMa», U3-
MEHEHHbIE C TOUKM 3PEHUs FI0CCapus Kawaoh 6asbl AaHHbIX
1 00beAMHEHHBIE NOCPEeLCTBOM JIOTMYECKUX ONEpaTopoB.

B ntore Hamm otobpaHo 77 nybnuKauumid, 0TBEYarLLMX
TeMaTuKe, 3asBneHHoI paboTbl.

ObCYXOEHWUE

Mecmo 6onegozo cuHdpoma u MuogacyuansHoli 6osu
cpedu xcanob nayueHmos, nepenécwux COVID-19

WUccnepoBanusa 6onesoro cuugpoma nocne COVID-19
Ha CErofHsALHUIA [eHb HAaXOLATCA B Hayane CBOEro MyTW.
Bonbluas yactb cobpaHHbIX AaHHbIX 0 B0ME3HEHHBIX OLLyLLe-
HWAX, CBA3aHHbIX C nepeHecéHHbIM COVID-19, cocpenoToyeHa
Ha ronoBHo¥ 605K, M Mano 4To M3BECTHO 06 06LLMX HoNeBbIX
cuHapoMax. B cBoéM uccnepnosanum F. Soares u coasr. [4] co-
06wmnm, yto naumentsl ¢ COVID-19 umenn bonee BbICOKYtO
pacnpocTpaHEHHOCTb Bonm de novo (T.e. TaKyl IoKanu3aumio
U XapaKTep 601K, KoTopble paHee He Habloaanace — 65,2%),
BnepBble BO3HMKLLEN ronoBHoN 6onm (39,1%) no cpaBHeHuio
C KOHTPOJIbHOM Ipynnoi. Takie OHU 06HapYXWUNM NosBNEHWE
XPOHMYECKOM 605M pa3inyHomn nokanmsaumm y 19,6% naumeH-
TOB C paHee nepeHeceéHHbIM COVID-19. O 6onm pasnmyHoii no-
Kanusaumu, coxpatsiolLeiica y 18% ntoaei B TeueHue nepeoro
rofia nocsne 3apaxeHus, 3asBneHo 1 B coobiueHum C. Fernan-
dez-de-Las-Pefias u coaBt. [5]. B mpyroM uccnegosaHum
yCTaHOBUAM Hanuume 6onmn y 69,3% naumentos ¢ COVID-19,
npu 3T0M 69,2% U3 HUX COOBLUMAM O MUANTUM W/UnK apTpan-
rum, 50,4% — o ronosHoi 6omu, 43,6% — o 6osm B crinHe,
33,1% — o 6onm B noscHuue [6]. XoTs BCe 3TW UCCNeA0BaHNA
OblM B OCHOBHOM COCPEAOTOYEHbI HA OTAEMbHbIX H0NeBbIX
CMHOpOMaX, BCE eLUé CyLlecTByeT npoben B OTHOLLEHWM 06-
LMX CMMMTOMOB U XapaKTePUCTUK 60/, YTO OCTaBASET MHOMO
HepeLLEHHbIX BOMPOCOB, KacaloLLmMXcs onpeaeneHns bonesoro
cuHapoMa y naumenTos ¢ COVID-19 [4, 6-8].

Kak npaBuno, HaiiaeHHble HaMu NybauKauumn cofepxa-
I ONUCaHNE KOHKPETHOTO KSIMHUYECKOTO CAly4as Um ux ce-
puun. Cpeny 0630poB Haubonee paHHUM M MOJHBIM, Ha HaLl
B34, OKasacs CUCTEMATUYECKMIA 0630p M MeTaaHanus
A. Abdullahi n coasr., onybnukoBaHHbI B 2020 roay u yka-
3blBaOLLMIA Ha YacToTy cuMnToMoB Muanrum B 19% cnydaes
Bcex anob [9]. Takxke B nybAMKaumMax 4acTo yKasblBanioch,
yTo 60NIEBbIE CUMNTOMBI IUTENILHO COXPAHAIMUCH MOCHE Bbl-
3[10pOBJIEHNUS MALMEHTOB M BbIAW pa3Hoobpa3Hbl, OKa3blBas
HebnaronpusTHOe BO3AEHCTBME HA MCUXMYECKOE 3[0POBbE,
BbI3bIBa/M TPEBOrY, AEMPeccui0 W [aye HeraTMBHOE Co-
umansHoe nosegenue [10, 11]. BaxHo oTMeTUTb, YTO paxe
y ntogen ¢ 6eccuMNTOMHbIM Unu NErkumM Tedennem COVID-19
MOTJIN pPa3BUTLCS COCTOAHUSA, YKIALbIBAIOLLMECS B KIIMHNYeE-
CKYH KapTUHY MuodacumansHoro 601eBoro cMHapoMa.
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Mo maHHbIM LleHTpa no KoHTponk W npodunakTuke 3a-
6onesaHmit (CDC) CLUA, 31 cocTosHMS MOTYT MpOSIBNATLCS
B BM[E PasfMyHbIX TUMOB W KOMBWHaLM npobnem co 3p0-
POBbEM B TeUeHWe pasHbIX MepuogoB BpeMeHU. V3BecTHbIl
Kak anutenbHbii COVID, uim «long COVID», y MHOrMX nauu-
eHTOB Habnopanca Lenblidi KOMNekc 60eBbIX COCTOSHUNA.
MeTaaHanu3 S. Lopez-Leon v c0aBT., NPOBeLEHHbIN B AHBape
2021 ropa, nokasan, yto 80% nauWeHTOB, BbI340POBEBLLMX
ot COVID-19, coobiaioT Kak MUHUMYM 06 0fHOM [LoNroBpe-
MEHHOM CUMMTOMe, OMPeenseMoM B TeyeHue bonee yeM
2 Hep, noce anu3ofa ocTpor MHdekumm [3, 12]. B To Bpems
KaK Hanbonee pacnpocTpaHéHHbIMM npu3Hakamm «long COVID»
ABNAKOTCA YCTaNoCTb, rof0BHas 607k, pacCTPOMCTBO BHUMA-
HWS, BbiNageHne Bosoc M oablwka, CDC coobwaet o aimH-
HOM cnucke noTeHuMansHblx «long COVID»-cumnToMoB,
BKJItOYas He TOMbKO NOTEp 0OOHSHMA WAKM BKyca, rono-
BOKPY)KEHUWe, YyalléHHoe cepauebuenve u 6onb B rpyau,
HO ¥ MManTuK, COMPOBOXAOLLMECS AeNpeccUen U TPEBOTOi
[12-14]. B onybnukoBaHHOM MHTepBbio J. Schieszer coob-
LaeT, yTo Haubonee pacnpoCTPaHEHHbIE NPOJOMKUTENbHbIE
*anobbl nocne COVID-19 BKtoYatoT 3aTpyAHEHHOE AblXaHue,
ObILLKY, YTOMIISIEMOCTb, HeJ0MOraHue nocnie GU3n4ecKoil
Harpysku, 6omb B rpyay M 3anKUracTpuu, rofioBHyto 6ok, yya-
LWEHHOe cepaLebreHne U CKeneTHo-MbilleyHyo 6onb [15].
Takxe m3BecTHo, 4To KopoHaBupyc SARS-CoV-2 okasbiBa-
€T KaK MPOMEXYTO4HOe, TaK U A0ArOCPOYHOE BO3JENCTBUE
Ha yToMNseMocTb, GYHKUMIO ObIXaHWs U CepAeyHo-Ccocy-
pucTyio cuctemy. CBa3aHHble ¢ 60MIbI0 CUMNTOMBI, BKITHOYas
MWanruio W apTanruio, B cpefHeM coctansioT 36%. Hapapy
C 3TUMM CUMMTOMaMK TaKKe MOKa3aHo, YTO MePEHECEHHBIN
COVID-19 BnocneacTBum Bbi3bIBaeT C1ab0CTb HUKHKUX KOHEY-
HOCTE! 13-3a BO3MOXKHOTO CKJIEp03a COCYA0B MM TUMOKCUN
[16, 17]. Bce nepeuncneHHble CUMNTOMbI ELLE NPeACTOUT M3-
y4aTb M Ha OCHOBE MOJTy4YEHHBIX 3HaHWUW GOPMMPOBaTL NOA-
X0Ab! K JIEYEHUIO 3TOI HOBOW (hOpMbI XPOHUHECKOro boseBoro
CUHApOMa.

PacnpocmpanénHocme Heliponamuyecko20 KOMNOHeHMa
8 6onreabix cumnmomax nocne COVID y panee
20CNUMA/IU3UPOBAHHLIX NAYUEHMO8, BbIXUBWUX NOC/Ie
coviD-19

CkenetHo-MbllweyHas 6onb  (Muanrms) — oauH
“3 Haubonee pacnmpoCTPaHEHHbBIX CMMMTOMOB, BO3HWKa-
foLMX BO BpeMSA OCTpoW (asbl TSKENOro OCTPOro pecrnu-
paToOpHOro0 cMHApoMa, Bbi3BaHHoro COVID-19 [9, 18, 19].
MoppobHas xapakTepucTuka 60mu nocne faHHOW MHOEK-
LMW MOXET NOMOYb JTyulle MOHATb MOTEeHUMalbHble Mexa-
HWU3Mbl ¥ COPUEHTUPOBATb MEPCOHANU3UPOBAHHbIE METOLbI
neyenms. HecMoTps Ha To, 4To 60N1EBOI CMHLAPOM, COXpaHs-
tomiics nocne Boi3gopoenerusa ot COVID-19, HanoMuHaet
CKeNeTHO-MbllweyHy auchyHkumio [20], Takoke 3ta 6osb
OnuCbIBAETCA M Kak HesponaTtuyeckas [21]. BosmoxHo,
YTO TaK Ha3blBAaeMbI MOCTKOBUAHbIW O0NEBOW CUMHAPOM
COCTOMT KaK U3 CKENETHO-MbILIEYHOrO, TaK U U3 HEBPOJIO-
TMYECKOro KOMMOHeHTa. B HacTosllee BpeMsi aKTyanbHoM
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npobnemoii AN KIMHWLMCTOB sBNseTcs AMddepeHLMpPoBKa
NPUPOAbI XPOHWUYECKOro BoneBoro cMHapoMa nocne nepe-
HecénHoro COVID-19 Ha HouMuenTUBHbINA, HerMponaTUYeCKIiA
W HOLMNNACTUYECKUIA KOMMOHEHT [22].

MpenBapuTenbHble faHHbIe CBUAETENLCTBYIOT O HANMYNK
HerponaTuyeckon bonn y niogen, nepeqécumx COVID-19,
0 YEM CBMIETENbCTBYET UccnenoBaHne A. Vaz u coasT. [23].
ABTopbl onucanu pasBuTUe CIOXHOMO perMoHapHoro bone-
BOr0 CMHApPOMa (Heliponatuyeckas bonb) y naumMeHTa nocne
COVID-19. TouHo Tak e M. McWilliam u coasr. [24] coobLuu-
11 0 HerponaTuyeckon 605M Kak 0 NocneaCTBAN NEPEHECEH-
Horo COVID-19. BoinoniHeHHOe HeAaBHO KOrOPTHOE MCCNeao-
BaHWe MPOAEMOHCTPUPOBANO, YTO NouTh y 25% naumeHToB
c 6onbto nocne COVID-19 nposBnswTcs HerMponaTUyecKue
cumnToMbl. 06 3ToM B Tene(OHHOM WMHTEpBbIO CoobLlany
camu naumenTsl [13].

CKpUMHMHTOBbIE aHKETBI, 3aMojHIeMble MauUMeHTaMu ca-
MOCTOSATENBHO, NOMOraKT KIMHALMCTAM ULEHTUdULMPOBATL
CUMMTOMBI HerponaTiyeckon 60au, B 0COBEHHOCTY NpU CIOXK-
HbIX BoneBbIX cocTOsHMSX [25]. epcoHanbHas oOLeHKa Hel-
pONaTMYeCcKMX CUMMTOMOB CIIYXWT LEHHbIM MHCTPYMEHTOM,
nomoratwwmM yrnybnéHHoMy aHanusy atvonorum bonesoro
cuHapoma [25]. Ha BbiCOKMe MoKasaTenu YyBCTBUTESBHOCTM
U cneunduyHOCTM OMPOCHUKOB [ CPaBHEHUs HelponaTu-
YecKon 6071 ¢ HoUMLIENTUBHOM YKa3bIBAKOT U pyrve aBTopbl
[26-28].

B 2020 rony 6bin onybnmkoBaH nepBblid MeTaaHanms, no-
CBALLEHHBIN BoneBomy cuHapomy npu COVID-19 [9]. Ocoben-
HOCTb0 ero Bbino To, YTo 6oeBOI CUHAPOM M3yyanu BO Bpe-
Mf, a He nocne 3aboneBaHus. 0bLiee yMCIO Y4aCTHUKOB,
BKJIIOYEHHBIX B UccnefoBaHue, coctasuno 11 069 yenosek,
13 KoTopbIx 5168 bbinn MyxumHbl. BospacT yyacTHMKOB Ko-
nebancsa B npegenax ot 24 po 95 net. Ha ocHoBaHun paH-
HbIX WUCCNELOBaHMI, COOBLLAIOWMX O COCTOSAHUM NaLMUeH-
TOB, aBTOPbI BblAennAn 2377 NauUeHToB B KPUTUYECKOM W
4882 y4yacTHWKA B HEKPUTMYECKOM COCTOSHUM COOTBET-
CTBeHHO. Hambonee yacTbiM HeBPONOTMYECKUM NpOSiB-
NeHUeM, COMpOoBOXAAKLWNM MHDEKUMI0, Bbina ronoBHas
6onb (35 uccneposanui, 58,33%), pexke — B coueTaHuy
C ronoBoKpyxeHueM (6 uccnepnosanuin, 10%). Takxe 06-
HapyXuBanuCb HapylieHue oboHaHMs (5 uccnenoBaHuii,
8,33%), BKycOBOW 4yBCTBUTENIBHOCTW (4 McCnefoBaHus,
6,67%), 0TMeYanu pasBuTUE OCTPOTO HapYLLEHWUSI MO3roBOro
KpoBoobpalueHus (2 uccneposanus, 3,33%), atakcum (2 uc-
cnepoBanus, 3,33%), cypopor (2 uccneposanus, 3,33%),
HapyLueHue co3Hanus (1 uccneposanue, 1,6%) v M3MeHeHus
3penus (1 nccnepgosanue, 1,6%). OnHako nmws B 1 uccne-
[0BaHMM coobLianocb 0 HecneuMdUYecKUx HeBpomnoruye-
CKMx cumnToMax. Hambonee 4acTbiM CKeNETHO-MbILLEYHBIM
nposiBeHneM Obina Muanrus (48 uccnenosanui, 80%), co-
npoBoXaaemast 60Nkl B criHe (4 uccneposanus, 6,67%),
MblLleyHon cnaboctbio (1 uccnepoBanue, 1,67%). Kpome
TOro, 0TMEYannCb NOBPEXAEHME CKeneTHbIX Mbiw (1 uc-
cnepoBanue, 1,67%), aptpanrusa (1 uccnepnoBanue, 1,67%)
1 6071b B nnueBbIx Mblwuax (1 uccneposanue, 1,67%).
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B obueii cnoxHocTv 159 naumeHToB, cornacHo uccneno-
BaHuto E. Oguz-Akarsu u coasr. [13], coobLumnm no KpaiHeit
Mepe 06 1 Buae BoneBoro cMHApPOMa C pPacrpoCTPaHEHHO-
cTbio 71,6%. Muanrum 3apeructpupoBatbl y 110 (49,6%), ro-
noHas 6onb — y 109 (49,1%), HeiponaTuyeckue boneBble
cuMnTOMbl — Y 55 (24,8%), nonuaptpanrum — y 30 (13,5%)
bonbHbIX. B 0bLLen cnoxHoctn 66 (41,5%) nauueHToB coob-
wmnm 06 1, 46 (28,9%) — 0 2, 42 (26,4%) — 0 3, 5 (3,2%) —
0 4 Tvnax 6onu.

Mpupoda muopacyuanecHoli 6ou, eé ¢usuono2uyeckoe
U coyuasbHoe 3HayeHue

MuodacumanbHas 60nb — 3TO CNOXHOE COCTOSHUE,
KOTOpOe 3aTparuBaeT OOMbLUYK YacTb HaCeNeHus B LIESIOM.
B 2020 ropgy muanrus bbina Take MpuU3HaHa CUMMNTOMOM
cuHapoMa pnutensHoro COVID-19 [29, 30]. JleyeHne Muan-
rum, cesizaHHol ¢ COVID-19, B nonHoii Mepe He uccnefoBaHo
W SIBNIAETCA BaXKHOW 3afja4eil COBPEMEHHOr0 34paBo0oXpaHe-
HWS, B TOM uncne B 0bnactm peaHUMauuu U UHTEHCUBHOM
Tepanuu. MuodacumanbHblidi boneBon CUHAPOM, SBASSCH
MYNbTUANCUMNIIMHAPHOW NpobnieMoi, npeacTaBnseT coboi
XpOHMYecKoe 60neBoe COCTOSHKE, NPY KOTOPOM B NaToJIoru-
YECKWI MPOLIECC BOBJIEKAKTCA YYBCTBUTENbHbIE HAMPSMKEH-
Hble YYaCTKM MbILLL, Ha3blBAEMbIE TPUITEPHBLIMU TOYKAMM,
CnocobHble BbI3biBaTb 60/Ib B CaMOM MbILLEYHOM 6OpIOLLKe,
OKpy)KatoLLen pacumm uam B oTaanéHHoM mecte [31, 32].

[naBHOM 0cobeHHOCTbIO MUOdacumManbHoro 6oneBoro
CMHApOMa ABnisieTcs MModacumanbHas TpUITepHas TOuKa,
KoTopas npefcTaBnsieT cobon HebonbLUYK NOKaNU30BaH-
Hyl0 06/1aCTb MBILIEYHOrO CErMEeHTa, Ype3BblyaiiHo bones-
HeHHyl0 npu nanbnauuu. Kak npaBuno, auarHos cTaBsT
K/IMHWYECKM HA OCHOBaHMM ODOHapYXeHWs U nanbnawuu
3Toi MuodacumansHon TpurrepHoi Touku. E€ ocoben-
HOCTbH) TaKXKe MOXHO Ha3BaTb HaANMYME HAMPSIKEHHBIX
TSUKEW BHYTPU MbILLbl U BbIpaXeHHyl BonesHeHHOCTb
B TOYKE HaTAHyTOro Tsxa [33, 34].

B ocHoBe natodwuauonorum MuodacumansHoro bonesoro
CUMHApOMa NexuT noboe MHULMMpYloLlee cobbiTue, KOTO-
poe cnocobHO yBeNUUMTL BbICBOBOXAEHUE aLETUIXOMHA,
uTO, B CBOK 0YEPE[b, YCUIIMBAET AEN0APU3aLMI0 HA NOCTCH-
HanTUYeCKOW MeMOpaHe MbILIEYHbIX BOIOKOH. 3T0 BbI3bIBAeT
COKpALLEHMe MbILLL, U3-3a MOBLILLEHHOTO BbICBODOXAEHNA
Kanbums. Mo Mepe NMOBTOPEHWS OAHOrO W TOrO Xe NpoBO-
LMpytoLLero cobbiTs BO3HWUKAET HeMnpepbiBHAsA KOHTPaKTypa
capkoMepoB, hOpMUPYIOLLASA BbILLEYNOMSHYTYH TPUITEPHYH
TOYKY. TaKKe CYMTAeTCs, YTO MOBTOPALLAACA CTUMYNALMS
BbI3bIBAET COCTOSHUE TMMOKCUM B MbILULLAX, YTO MHAYLMPYET
ceHcmbunmusaumio Houmuentopos [35, 36].

lNpeanonaraetcs, yto COVID-19 obnapaet HelipouHBa-
3MBHbIM NoTeHuuanoM, npu 3toM SARS-CoV-2 bbin 0bHa-
PYeEH B CMTMHHOMO3rOBOM XWAKOCTM pAaa naumeHTos [37].
SARS-CoV-2 cBA3bIBaeTCA C peLentopamm aHrMOTEH3MWH-
npespaLlatowiero ¢epmeHta 2-ro tuna (AMN®2), Kotopble
LUIMPOKO 3KCMPECCUPYIOTCA B JIEFKUX, CEpALe W opraHax
XeNyaoyHo-KkuweyHoro Tpakta [38]. OH Takke MoxeT
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PGFMOHapHaH dHeCTe3nA 1 ledeHre OCTDOM bonm

nopaaTb CKeNleTHbIe MbILLLbI, FaJKyl MyCKynaTypy co-
CYA0B M rofoBHOM Mo3r. Mexay TeM 10 CUX MOp OTCYTCTBY-
l0T [lOKa3aTenbCTBa B NOMb3y 3Kcnpeccuu peuentopa AMd2
B FOJIOBHOM MO3re, M Hanuuue HeMpoWMHBA3MBHOIO MyTH
SARS-CoV-2 ewé npeactout fokasatb [39]. Bonee Toro,
He UMeeTca coobLueHuii o npucytcTeum SARS-CoV-2 B cKe-
NETHbIX MbILLLAX UK cycTaBax. IMeHHo nNoaToMy A0 cux nop
BEAYTCA CMOpbl 0 TOM, KaK BO3HUKAIOT M pacnpoCTpaHsoTcs
addekTbl MHPeKumm SARS-CoV-2 Ha KOCTHO-MbILLEYHYIO CU-
CTEMY W FONOBHOM MO3T YEJI0BEKA.

COVID-19 u Muo3um: ymo Mbl 3HaeM Ha AaHHbIT MOMeHm

COVID-19 accounmpytoT ¢ pa3BUTUEM BUPYCHOMO MUO3U-
Ta, pa3BMBaloLLerocs B pesysbTare NpSMON MHBA3WUK BUpYCa
B MWUOLMTBI MW OMOCPEA0BAHHON MHAYKLUWAWN ayTOUMMYH-
Horo npouecca. Muosut, Bbi3BaHHbIM COVID-19, Moxet
BbIPa)XaTbCs M0-Pa3HOMY: OT TUMUYHOTO AEepMaToOMMO3MTa
[0 paboMWonM3a U NapacnuHanbHOro NopaxeHus ¢ bosbio
B cnuHe. OH TakKe MOXKeT NPOABATLCS UK He NPOSABNATb-
CA OCTPbIM 3KCMOHEHLMANbHBIM MOBBILIEHUEM COLLEPIKAHMA
(epMeHTHbIX MapKEPOB, TaKWX KaK KpeaTH@ochoKuHa3sa.
Bupyc-onocpegoBaHHoe BocnaneHue Mol TaKXe CBS-
3biBatoT ¢ peuentopoM AMND2, npsAMbIM NPOHUKHOBEHUEM
¥ NOPaXKEHNEM MbILLEYHBIX BOJIOKOH, YTO NPUBOAMT K aKTH-
BaLMM BPOXAEHHOMO M aAanTUBHOTO MMMYHUTETA.

Bonee LMpoKoe Npu3HaHWe TECHOrO CXOLCTBA MEXAY aH-
TMTEN03aBuUCcUMbIM Mro3uToM 1 COVID-19 nobyamno uccne-
[oBaTeNien K MOUCKY WX 06LLEn 3TMoNaToreHeTUYECKO ocC-
HOBbI, @ TaK}Ke TepaneBTUYeCKMX cTpaTervi. [lns naumeHToB
C YCTaHOBJIEHHBIM MMO3UTOM BO BPEMS MaHAEMUW JieUeHUe
Bbio NpepBaHo M3-3a NOTMCTUYECKMX NpobneM, YT MPUBENO
K BbICOKOM YacToTe pa3Butus oboctpenuit. COVID-19 npusén
K bonee rnyboKoMy MOHMMAHMIO YHUKANbHBLIX NPOSIBIEHUI
MWO3MTa, CBA3AHHOMO C BMPYCOM: OT MPAMOr0 MbILLEYHOrO
MOBPEXAEHMS, BbI3BAHHOrO BMPYCOM, 10 Pa3BUTUS ayTOUM-
MyHHOro npouecca [40].

MwosuT Kak nocnegcteue COVID-19 Takxe cBs3biBalOT
C OCTpbIM pabAaoMMONN30M, HepefKo COMpOBOXAALLNAM
TeyeHue 3aboneBaHus. Tak, B cucTeMaTuyeckoMm ob3ope
J.R. Hannah v coaer. [41], BKounBLLEM 61 OTYET 0 cepusx
KNMHMYecKkux cnyyaeB (86 cnyyaeB pabaomuonusa), co-
00LLLaeTCA 0 CPaBHMTENIBHO MOJIOLLOM BO3pacTe NaLMeHTOB
(B cpeaHeM 50 net — ot 6 no 89 ner), U3 Kotopbix 49%
CTpafanu runepToHWen, caxapHbIM AMabeToM MM oxupe-
HueM; 77% bbinu MyxumHamu. CUMNTOMBI BKITIOYaNW Mu-
anrmo (74%), nuxopapky (69%), Kawenb (59%), oAbiwKy
(68%). MeamaHa NMKOBOI KOHLIEHTPaLMK KpeaTMH(POoCcHOoKH-
Hasbl coctaBuna 15 783 EL/n (npu Hopme 1,0-145,0 ELl/n).
N3 Bcex 3aboneslmx ¢ pabgommonuzom 28% naumeHToB
notpeboBanacb BHyTpuUBEHHas remModunbTpauus, 36% —
WCKYCCTBEHHAs BEHTUAALMA NETKMX; 62% BbI3J0POBENY
n 30% ymepnu. ABTopbl 0630pa He KOCHYNUCb KaTaMHe3a
NauMeHToB, HO MOAYEPKHYNN, YTO MAMOMATUYECKME BOC-
nanuTeNbHbIe MUONATUWM MOTYT UMETb TPUITEPbl BUPYCHOM
cpeasl.
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lMamozeHe3 Heeponoauyeckux ocnoxcHeHul COVID-19

MaToreHe3 HeBPONOTUYECKUX OCTIOXKHEHWUN KaK nocnef-
CTBUI HOBOW KOPOHABMPYCHOW MH(EKLMM eLlé MpeacTouT
UCCneaoBaTh, @ MMEHOLLMECs Ha AaHHbIA MOMEHT CBELEHNS,
besycnosHo, TpebyloT cucTeMaT3aumm U yrnybnéHHoro
U3yyeHus. VIMeeTcsas MHOr0 MOTEHLMANbHBIX MyTei Hemlpo-
nuBasum SARS-CoV-2 c nepudepun B LEHTpanbHY Heps-
Hyto cucTeMy (LHC). CywiecTByeT npefnonoxeHue, 4To 3Kc-
npeccus AMNM2 B onpefenéHHbIX y4acTKax rooBHOMO MO3ra
He TONIbKO NPEeACTaBIeHa, HO U, OKa3bIBAETCA, OTHOCUTESTBHO
BbICOKA, 0CODEHHO B TaKMX JIOKyCaX, KaK NapaBeHTPUKYNsp-
Hble filpa Tanamyca 1 cocyamctoe cnnetenue [42, 43]. ANdO2
TaKXKe 3KCMpeccuUpyeTcs B BEHTpOsIaTepasibHOM MpOLOSITo-
BaTOM MO3re W fiipax CONMUTapHBbIX nyTeit — obnactax, yya-
CTBYHLLUMX B PETyAsUMN AbIXaTENbHOrO LMKIa. 3T0 roBoput
0 TOM, YTO BUPYC MOET NOpaaTb HEWPOHbI, perynupytoLLme
ObixaHue [44]. KopoHaBupycC TakyKe MOXET HanpaMyto UHOK-
LMPOBaTb CEHCOPHbIE HEWMpOHbI B 0OOHATENIBHOM 3MUTENUH,
a 3aTeM pacnpocTpaHATbCS U3 0BOHATENbHbIX HEepoHOB
B LUHC [42, 45]. YcTaHoBNEHO, 4TO (aKTOp pocTa 3HAOTENMS
cocynos (NRP1) npu COVID-19 sKkcnpeccupyeTtcs 0boHsTeNb-
HbIM 3MUTENMEM WU MOXET CnocobCTBOBaTb MPOHUKHOBEHMIO
KneToK SARS-CoV-2 B HEpBHYH TKaHb [46].

[lns MHOrMX BMpYCOB TKAGHEBOM TPOMWU3M OMpesenseTcs
HanMuMeM BUPYCHbIX PELenTOpoB M KO(aKTOpOB BbIXOAA
Ha NoBepxXHOCTb KNeTOK-xo3seB. B cBoeit pabote L. Cantuti-
Castelvetri u coaBT. [46] 0bHapyunmn, YTo HelponMUH-1
(NRP1), KoTopblii, KaK W3BECTHO, CBSi3blBaeT CybCTparhbl,
pacLLenniéHHble GYPUHOM, 3HAUUTENbHO YCUNMBaeT UHGbEK-
uMoHHocTb SARS-CoV-2 — addekT, 6noKMpyeMbIid MOHO-
KNoHanbHbIM aHTUTeNoM npotuB NRP1. [atonoroaHarto-
MWYECKMIA aHanu3 0DOHATENIBHOTO 3MUTENNUS, NOSYYEHHOro
MpW BCKPbLITUW NaumeHToB, yMepLumx ot COVID-19, nokasan,
uto SARS-CoV-2 wunduumpoBan NRP1-nonoxwutenbHble
KNeTKM, 0bpaLLéHHble K HOCOBOM MONOCTW. B cBA3M C TeM,
uTO B C/IU3UCTOM 060J104KE HOCA MHOTO KanWAPHBIX KpoBe-
HOCHBIX ¥ IMM(bATUYECKUX COCYL0B, UMEETCS Npeanosioxe-
HWe 0 TOM, 4TO UMEHHO 3T0 MOXKET crocobcTBOBaTb MHBA3UM
BMpYCa, B TOM YKCJIE U B HEPBHYI cuctemy [47, 48].

He uckniovaetcs, uto SARS-CoV-2, BO3MOXHO, NpOHK-
KaeT B MO3T M3 KPOBOTOKA Yepe3 HapyLLEHHbI reMaToaHLe-
danunyeckuin bapbep [49] v nonafaeT B UHTEPCTULMANBHYHO
W CMUHHOMO3rOBYH0 WAKOCTb Yepe3 BHYTPUMO3TOBYH0 SIUM-
datnyeckyto cucteMy. SARS-CoV-2 Take MOKET NPOHUKaTb
B IV enymoyeK HanpsAMy'o Yepes NOBPEAEHHbIN FeMaTo3H-
uedanuueckuin bapbep [50]. OcHoBbIBasiCb Ha MpeablayLLMX
MUCCNe0BaHUAX HEMPOUHBA3WBHBIX PECNUPaTOPHbIX KOPOHa-
BMpYCOB YeN0BEKa, YYEHbIE NPeanonarakT, yto nocne ¢husu-
YECKOro KOHTaKTa CO C/IU3UCTOM 0B0M0YKON HOCa, ropTaHy,
Tpaxeu, HWKHUX LbIXaTeNlbHbIX NYTEN, INUTENMEM aflbBeo
UK CIN3UCTON 0600YKON KeNyL0YHO-KULIEYHOrO0 TpaKTa
SARS-CoV-2 MoeT Bbi3bIBaTb aKTUBALIMIO BPOXKAEHHBIX UM-
MYHHBIX PEeaKLMI Y 0praHM3Ma X03sMHa. 3T0 BKIIOYAeT NoBbl-
LUEHHOE BbICBOOOXAEHWUE LIUTOKVMHOB, MOBPEXAEHNE TKaHel
1 BbICOKYI0 HelpodyBcTBuTenbHOCTb K COVID-19, ocobeHHo
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B YCNOBMSAX TMMOKCUM, BbI3BaHHOW NOBPEXLEHUEM JIEMKMX.

CBA3b MeXAy CUCTEMHOW BOCManUTeNbHOW peakumeid
U HEBPOJIOTMHECKUMU WM MCUXMYECKUMM 3abB0NeBaHUAMM
0TpaKaeT TO, YTO KaK BPOXAEHHbIE, TaK 1 ajanTUBHbIE BETBY
MMMYHHOM CUCTEMBI MOTYT BAMATH Ha MO3T YesioBeKa [51, 52].
CvcTeMHoe BocmaneHne NpUBOANT K OCTPOMY MOBPEXAEHMIO
rOI0BHOMO MO3ra C KOTHUTMBHBIMW HapYLUEHUSMMW W MCUXU-
YECKUMM CUMMTOMaMM, YKa3bIBaOLLMMM Ha HeMpoLereHepa-
LMI0, TaKXKe BbI3blBas M pasBUTME XPOHMYECKOro bonesoro
cuHapoMa [53, 54].

PesupenTHble knetku LIHC, Takue Kak acTpoumTbl U M-
Kpornus, npefcTaBnstoT coboi nepsyio nMHui 3awwmtbl LIHC
0T CMCTEeMHOro BocraneHns u uHdekuun. CuctemHoe Boc-
naneHne cnocobcTByeT MPOHWKHOBEHWIO PasfINYHbIX CUT-
HanbHbIx Monekyn (DAMP) B HepBHylo cucTeMy, 0bycnoB-
NMBas pa3BUTUE PEAKTUBHOMO acTpo- [95] M MuKpornmosa
[56]. B cBeTe 3TMX OTKpLITUI MUKPOT/IUS B HACTOSLLEE BPEMS
CTAHOBUTCA BaXKHbIM 3D PEKTOPOM KNETOYHOW NAACTUYHOCTH
B 3[10POBOM MO3re HapsLy € acTpoLuTaMu U apyrumMu Tuna-
MW KNeToK. [opaXKEHHble BUPYCOM acTPOLMTbLI M MUKPOTInS
MOryT bbITb BOBJIEUEHbI B NaTOIOMMYECKOE Pa3BUTE HEMpO-
[ereHepaTMBHbIX 3ab0neBaHNM B LIENIOM.

Kak Bemywwit paktop natoreHesa COVID-19, runokcus
Hen30exHo BEAET K MOBPEXAEHMIO rONoBHOrO Mo3ra. Hau-
bonee CylecTBEHHOE MOBPEXEHUE NMPU OCTPON MMMOKCUM
BO3HMKAET MpY HaCbILLEHMU apTepuanbHON KPoBM KUCNOpO-
L,0M <75%, 4TO COBMAJAET C HApacTaloLLMM HapYLIEHNEM aK-
TMBHOCTM HEMpOHOB [57]. TMnoKcusa yBenmumBaeT BbIpaboTKy
aKTUBHbIX opM kucnopoaa (ADK), uto npuBOAMT K OKMC-
NMTENIbHOMY MOBPEXAEHNUI0 HEPBHBIX KNEToK [58]. M36bIToK
A®K HanpsMylo MoauduULMpyeT Unn aereHepupyeT KIeToy-
Hble MaKpPOMONEKYTbl, TaKWe Kak MeMbpaHbl, benku, unuapl
u [OHK, v npuBoauT K KackaHOMy BOCMasUTENbHOMY OTBETY
W CeKpeuun npoTeas. 3T NPOM3BOAHbIE Y4aCTBYIOT B CIIOM-
HOM B3aMMOJENCTBUM MHOXeECTBa (aKTopoB (Hanpumep,
B MpoLieccax BocnaieHus, anonTo3a, aytodarim 1 HeKpo3a),
KoTopble B pe3ynbTaTe MPMBOAAT K MOBPEXAEHMIO FOJIOBHOIO
Mo3ra.

[MNOKcKMs rONOBHOTO MO3ra TakXKe HamnpsAMyK CBAi3aHa
C aKTUBaLWel BoCNanuTeNbHbIX NPOLECCOB NYTEM CTUMYNS-
UMK (HaKTopoB, MHAYLMPYEMBIX TMMNOKCUEN, U CUTHANBHOTO
Kackaga NF-kB, Kotopble 61aronpusTcTBYOT BbICBODOX-
JEHUI0 NPOBOCNaNUTENbHBIX areHToB [59]. Tawenas runok-
CMS MOXKET BbI3BaTb 0OLIMPHOE MOBPEXAEHUE HE TONbKO
CTPYKTYpbl FOIOBHOr0 M03ra, NPUBOASALLEE K KOTHUTMBHBIM
W HelipofiereHepaTUBHbIM AedeKTaM. [1o-BMAMMOMY, 3TH e
MeXaHW3Mbl OTBETCTBEHHbI 1 33 BO3HUKHOBEHME MLLEMUYe-
CKUX MHcynbToB npu COVID-19, pa3suBatoLLmxcs Ha GoHe ru-
nepkoarynsaumm u Backynuta. Cxoxuii reHes npu COVID-19
MOXET UMeTb M KapanomMuonatua [60-63].

MHorue coBpeMeHHble MCCNef0BaHNA MOCBALLEHbI Me-
XaHU3MaM B3auMoAencTBusa UMMyHHoM cuctemsl U LHC. 31a
CeTb CBA3eli MO3BOJSIAET PEryaMpoBaTb UMMYHHYK CUCTe-
MY KaK HEMpO3HLOKPUHHBIMM, TaK U HEMPOHHBIMU MYTAMM.
B cBolo oyepedb, UMMyHHas cucTeMa MOCHITAET CUrHabl
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B LUHC uepes HeiipoHanbHble 1 ryMopanbHble MyTU Nocpes-
CTBOM MMMYHHbIX MeAMaTOPOB M LMTOKUHOB. JTa cucTeMa
Perynsuum UrpaeT BaKHYK posib B BOCMIPUMMYMBOCTM U pe-
3UCTEHTHOCTU K ayTOMMMYHHbBIM, BOCMANIUTENbHBIM, UHGbEK-
LUMOHHBIM M annepruyeckum 3abonesaHnam [64]. Q. Guo
n coasT. (2020) yctaHoBunM, yto naumentol ¢ COVID-19,
M0 CPaBHEHWIO C KOHTPONIbHOW rpynnoit 6e3 uHdeKumm,
LEMOHCTpUpoBanu Donee BbICOKWE YPOBHW [Lenpeccuu
(p <0,001), Tpesoru (p <0,001) u cMNTOMOB NOCTTPaBMaTH-
yeckoro ctpecca (p <0,001). FeHaepHblii adpdekT Habnofanm
B YacTu «BocnpusaTusa becrnomoLuHocTv» no wkane PSS-10,
Mpy 3TOM NaUMEHTbI JKEHCKOro Mofa nokasamv bonee Bbi-
COKMe bannbl No cpaBHEHMIO C HOMBHBIMM MYXCKOro nona
(p=0,010). KoHueHTpaumsa C-peakTBHOrO 6enika — WMHAU-
KaTopa nepudepuyeckoro BOCManeHUss — MONOXMUTENIBHO
KoppenupoBana ¢ cumnToMamu enpeccun. KayecTBeHHBIN
aHasu3 NpoAeMOHCTPUPOBAN aHaNorMYHble pesynbTathl B OT-
HOLUEHWM COODLLEHMI NALMEHTOB O HEraTUBHBLIX YyBCTBaX,
BKJIHOYasA CTpax, BUHY, BecnoMoLHoCTb M 60Mb pa3inyHbIX
noKanu3auui [63].

HelipoBocnaneHue B 3HAUMTENbHONM CTEMEHU CBA3aHO
C HECKOJbKMMY NCUXOHEBPOSIOTMYECKUMU W HEPOKOTHUTUB-
HbIMW 3aboneBaHUAMM, BKIIKOYAs AENPeccuio, NCMxo3 U Hell-
ponereHepaumto [66]. [lenpeccus ABNAETCA XOPOLLO U3BECT-
HbIM (haKTOPOM pUCKa AeMeHLMM, @ NCUXosornyeckoe bpems
COVID-19 MoxeT noBbICUTb YACTOTY Pa3BUTUSA HelipoaereHe-
paTUBHbIX 3aboneBaHuiA nocse naHaemu [67].

KnemoyHele u MonekynspHele MexaHu3mbl 6osego2o
cuHdpoMa

HakonneHHble faHHble CBMAETENBCTBYKT O TOM, YTO WH-
dekumsa SARS-CoV-2 B nepByto o4yepefib NOpaXaeT JErkue
1 BbI3bIBAET pecnupaTopHble 3aboneBaHus, BapbupyloLLMe
OT IETKOW NpOCTYAbl A0 Bofiee THKENBIX COCTOSAHWIA, TaKUX
KaK TAXKENMbIN OCTPbIM pPecnupaTopHbIi cuHApoM. 0pHako
OHa TaKXKe MOXKET Mmopaxartb 1 Apyrve opraHbl U UMeTb CU-
CTEMHbIE MOCNEACTBUA C MHOXECTBEHHBIMI OpraHHbIMK OC-
noxHeHnamu [68]. K BHeNEroYHbIM 0CoXHEHUAIM 0THOCUTCS
LUMPOKWA CMEKTP HapYyLUEHWN CO CTOPOHbI CEpAEYHO-COCY-
LMCTON CUCTEMBI, 3HLOTENINA COCYAO0B, @ TaKXKe HapyLIEHUs
Koarynsiumm, noyeyHble, renatobunmapHble, XenynouHo-
KMLLEYHbIE, 3HAOKPUHHBIE U HEBPOJIOTMYECKUE MOPAXEHMS,
HEepeLKO BO3HMKAKLLME Y TSIKEMBIX U KPUTUYECKM BOSBHBIX
MaLMEeHTOB C A/IMTENBHONM FOCMUTaNN3aLmMen U NOBbILLEHHBIM
puUCKoM cMepTHocTH [69]. ToBpexaeHWe AMCTaHTHBIX (BHE-
néroyHbix) opraHoB npu COVID-19 MoxeT okasaTbes pesysb-
TaTOM NPAMOro NOBPEXJEHNS, 0MOCPe0BaHHOMO UHBa3WeN
SARS-CoV-2, 6biTb BbI3BaHO MOBPEXAEHWEM 3HAOTENNASb-
HbIX KETOK MM BO3MOXHBIMU HEMPAMBIMU MeXaHU3MaMM,
BTOPUYHBIMM MO OTHOLUEHWMIO K Ype3MepHbIM JIOKasbHbIM
M CUCTEMHBIM BOCManWUTeNbHLIM peakumusM. Ha Monekynsp-
HOM YPOBHE 3TV MeXaHU3Mbl U3y4eHbl HeLOCTATOUHO.

NMMYHHbIM Npu3HakoM Tskénoro Tevenms COVID-19
ABNIAIETCA MOBBILUEHHAA CEKPeLMs LMUTOKWMHOB, TaKWX
KaK MHTEpPNEeNKUHbI, TPaHyNoLUTapHO-MaKpodaranbHbli
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KONOHMECTUMYTMPYIOLLMIA haKTop, (haKTop HEKPO3a OMyXonu
@, HTEepdepOH-UHAYLMpPYeMbIi benok-10, BocnanuTenbHbIi
benok Makpodaros-1a u T.4. 3T0 onacHoe Ans KW3HW CO-
CTOSIHWe, CBAI3aHHOE C CUCTEMHbIM BOCMaseHWeM, a MHOraa
W C feTanbHbIMU NOCNeACTBUAMM, U3BECTHO KaK CUHAPOM
LIMTOKMHOBOTO LLITOPMA, UK CUHAPOM BbICBODOXKAEHNS LUTO-
KuHoB [70, 71]. LIMTOKMHOBBIN LUTOPM, @ TaKXKe NeKapCTBEH-
Hble CPeACTBa, NOAABASAIOLLME BOCMANMTESBHYI0 PeaKLuio,
MPUBOAAT K CaMbIM TSKEMBIM MOCNEACTBUAM /151 UMMYHHOM
CUCTEMbI, BbI3blBasi CUCTEMHbIE BOCMANUTENIbHBIE aHOMaUM,
TaKWe Kak naHuuToneHus, runepdbepputUHeMMs, Koaryso-
naTus, reMoguMHaMmyeckas HecTabunbHOCTb, MeYEHOYHas
He[0CTaTOYHOCTb, HEBPOJIOrMYECKMe PaccTPOICTBA, U MOryT
B TOM YMC/le MHAYLMPOBATH M pa3BUTME XPOHUYECKOro bone-
BOr0 cuHapoMa [72].

Upe3amMepHas nponudepauus anddepeHUMpoBaHHbIX Ma-
Kpodaros, Bbi3blBaOLLMX reMo(aroLuTo3 U rMnepuuToku-
HEMMIO, CNOCOOHA CYLLECTBEHHO M3MEHWUTb UMMYHHbIA (OH
naLmMeHTa 1 NpUBECTU K MHAYKLMM aHTUTENI00MN0Cpe0BaHHOM
MWUOMaTUM U HEPBHO-MBbILLEYHbIX paccTporcTs [73—75].

B o63ope J.V. Pergolizzi u coaBt. [75] oTMeuyeHo,
YTO paHee U3BECTHbIE MH(EKLMHK, CBA3aHHbBIE C KOPOHABUPY-
CaMK, @ UMEHHO TAXKENbIN OCTPbIA PECNMPaTOPHbIA CUHAPOM
1 6/IVKHEBOCTOYHBIN PecnUpaTopHbIN CUHAPOM, TaKKe OKa-
3blBafM HEBPOJIOTMYECKOE BO3JENACTBME HA HEKOTOPbIX Na-
umeHToB. Bupycbl, cBsizaHHble ¢ COVID-19, Takue Kak Bupyc
SARS, nonapatot B opraHuam yepes peuentopbl AMO2 B LIHC,
4TO 3acTaBsiseT ero 6anaHcMpoBaTb UMMYHHBIV OTBET MPOTUB
MOTEHLMaNbHOro NoBpeXAeHNs HeBO30OHOBNSEMBIX KIETOK.
Hakannuaetcs Bcé 6onblue cBegeHni o ToM, uto COVID-19,
0c0o6EeHHO B TSKENbIX CHy4asx, MOXET UMETb HeBpoJIoruye-
CKMe NocneaCcTBUSA, U XOTS PeCrMpaTopHbIe CUMMTOMbI NOYTH
BCEr[ja BO3HMKAIOT pPaHbLLe, YeM HEBPOJIOTMYECKME, Pa3BUTHE
XpOHM4ecKoro 60/1eBOro CMHAPOMa MOXET UMeTb bonee pon-
rOCpOYHble MPOSBEHWA U BMECTE C TeM He ObiTb HanpsMyt
accoLMMpOBaHO C NepeHecEéHHON UHGEKLME.

MaumeHTbl € paHee CyLLeCTBOBABLUMMU HEBPOSIOTMYe-
CKUMM 3ab051eBaHMAMM MOTYT MOABEPraThCs MOBbILLIEHHO-
MY PUCKY MOSIBJIEHUS! HOBbIX HEBPOIOTMYECKUX CUMMTOMOB,
cBA3aHHbIX ¢ COVID-19. Cpeau Takux COCTOSHUI ONMUCbIBA-
10T 3HUedanonatuio, cuHapoM uineHa—bappe, Muonatwio,
HEPBHO-MbILLEYHbIE PacCTPOMCTBA, 3HLedanuT, Ledanruio,
LENVpUiA, NONMHEPONaTUI0 KPUTUUECKMX COCTOSHUIA W ap.
B HacTosLee BpeMs HeBponoryeckve nposinenns COVID-19
B OCHOBHOM OMMCaHbl B paMKax TPaeKTopun 3aboneBaHus,
¥ LOAroCpOyHble NOCNEACTBUS TaKUX MPOSBAEHMIA OCTAOTCS
HEM3BECTHBIMU, KaK U UX MOJIEKYNSPHbIE MEXaHNU3Mb.

B 0630pe N.K. Jha u coasr. [76] HeBponoruyeckux Ha-
pyweHuid u npusHakoB SARS-CoV-2 aBTopbl yKasblBaioT,
YTO 33 MOCTMH(EKLMOHHbIE UMMYHOOMOCPEAOBaHHbIE NpO-
Lieccbl OTBETCTBEHHBI Kak npsaMas BupycHas uhdexumsa LHC,
TaK M MHOYLMPOBaHHbIE BUPYCOM TUMEpPBOCMANMUTENbHbIE
W TUNepKoarynaumMoHHble cocTosHus. 3-3a MHorodakTop-
HOCTU W CIIOXHBIX MaTOreHeTUYECKUX U MOJIEKYNSPHBIX Me-
xaHu3moB COVID-19 npeactaBnseT MacwtabHyo yrposy
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ONs Bceil HepBHOM cucTeMsl [77]. MNonHoe noHMMaHWe HeBpo-
NOTMYECKUX HapyLLeHWi npu MHpeKumm SARS-CoV-2 BCE elwg
OTCYTCTBYET, HO Halla 6a3a 3HaHWM BbICTPO pacLumpseTcs.

3AKJIKYEHUE

W3yyas nocnepcteua COVID-19, coBpeMeHHas Meauum-
Ha HabntoaaeT pag GeHOMEHOB, CBA3aHHbIX C NEePEHECEHHOM
nHderumeir. Cpean HUX UMEET MecTo W BHOBb BO3HMKLUMIA
nocnie 3aboneBaHMsA XpOHUYECKUI BONEBOM CUHAPOM, Npo-
ABNAOWMIACA MUaNTUAMU M B LESIOM YKNa[bIBaKLLMIACS
B PaMKW TaK HasbiBaeMOro MModacuuanbHoOro CMHApOMa.
Hapsay c naunentamm, nepenécwmmm COVID-19 B Tsxénon
dopMe, HEBPOOrMYECKWE PaccTpONCTBa, B TOM YUCTE U MU-
anruy pasfMYHON NIOKanM3aumm, He MOryT ObiTb HanpAMYLo
accouMmMpoBaHbl C HeponaTueil KpUTUYECKMX COCTOSHUN.
Bornee Toro, y pana nauMeHToB, NpeLbABNAIOLIMX Xanobbl
Ha 6oneBoM CMHLPOM, B OCTPOM MNepuofe He 0TMeyanochb
KaKuX-1Mbo 3HauMMbIX CUMMTOMOB, BKJIKOYAsA MUANTUM, K-
XOPaAKy U Kallenb. 370 03Ha4aeT, YTO HalUyMe HEKOTOPbIX
paHee He 3aMeyeHHbIX CUMMTOMOB, TaKUX KaK MbILLeYHas
cnabocTb 1 apTpanrus, MOXET He BbI3biBaTb HUKaKMX NOLO-
3peHuii 0 Hanuumm 3abonesanns. TakuMm 0bpa3oM, He ToSb-
KO TSDKENbIE, HO [aXKe HEeBbISIBMIEHHbIE C/ly4au MOTYT cTaTb
MycKOBbIM (aKTOPOM pa3BUTUS XPOHWYecKoro 6omeBoro
cuHapoMa. lNpucTanbHoe U3yyeHne NpPU3HaKoB U AMHaMMYe-
CKoe HabntoaeHue 3a nauueHTamu, nepeHéciummmn COVID-19,
MOryT crocobcTBoBaTb  AanbHelllen paclunppoBKe

CMUCOK JIUTEPATYPbI

1. Komaroff AL, Lipkin W.I. Insights from myalgic encephalomy-
elitis/chronic fatigue syndrome may help unravel the pathogenesis
of postacute COVID-19 syndrome // Trends Mol Med. 2021. Vol. 27,
N 9. P. 895-906. doi: 10.1016/j.molmed.2021.06.002

2. WadehraS. COVID Long Haulers and the New Chronic Pain Profile //
Practical Pain Management. 2022. Vol. 22, N 1. [lata obpat.ieHus:
04.11.2022. Loctyn no ccoinke: https://www.practicalpainmanage-
ment.com/pain/other/covid-long-haulers-new-chronic-pain-profile.
3. Fiala K., Martens J., Abd-Elsayed A. Post-COVID Pain Syn-
dromes // Curr Pain Headache Rep. 2022. Vol. 26, N 5. P. 379-383.
doi: 10.1007/s11916-022-01038-6

4. Soares F., Kubota G.T., Fernandes AM., etal. Prevalence and
characteristics of new-onset pain in COVID-19 survivours, a con-
trolled study // Eur J Pain. 2021. Vol. 25, N 6. P. 1342-1354. doi:
10.1002/ejp.1755

5. Ferndndez-de-Las-Pefias C., de-la-Llave-Rincon All, Ortega-
Santiago R., et al. Prevalence and risk factors of musculoskeletal
pain symptoms as long-term post-COVID sequelae in hospitalized
COVID-19 survivors: a multicenter study // Pain. 2022. Vol. 163, N 9.
P. e989-e996. doi: 10.1097/}.pain.0000000000002564

6. MuratS,, Dogruoz Karatekin B., Icagasioglu A, et al. Clinical pre-
sentations of pain in patients with COVID-19 infection // Ir J Med Sci.
2021. Vol. 190, N 3. P. 913-917. doi: 10.1007/511845-020-02433-x

7. Magdy R., Hussein M., Ragaie C., et al. Characteristics of head-
ache attributed to COVID-19 infection and predictors of its frequency

Vol 16 (3) 2022

DOI: https.//doi org/ 10.17816/RA109468

Regional anesthesia and acute pain management

NaToM3nN0NI0rNYECKUX MEXAHU3MOB Pa3BUTUS OTAANEHHBIX
NoCNeaCTBUI HOBOW KOPOHABUPYCHON MHEKUMM U [aTb OT-
BETbI Ha BOMPOCHI NPOMUNAKTUKM W JIEYEHUS| XPOHMYECKOr0
BoneBoro cuHApPOMA B 3TOW KOrOPTE NaLMUeHTOB.

JAONOJTHUTEJIbHAA UHOOPMALIUA /
ADDITIONAL INFO

WUcTounuk dmHaHcupoBaHUs. He yKazaH.

KoHdauKT mMHTepecoB. ABTOpLI [eKapMpyIoT OTCYTCTBME ABHbIX
1 NOTEHUMaNbHbIX KOH(DMKTOB MHTEPECOB, CBA3aHHbIX C NybmKa-
LiMer HacTosLLLe cTaTby.

Bknap aBtopoB. H.N. LLleHb — KOHLeNuus 1 Au3aitH, HanmcaHue
TeKcTa cTatbit; B.B. JloreuHenko, B.A. OcuH, A.A. Maccépos — cbop
1 obpaboTka matepuana; C.b. LmpstbeBa — NOWCK UCTOYHMKOB
nuTepatypbl. Bce aBTOpbI MOATBEPKAAIOT COOTBETCTBME CBOEMO aB-
TOpCTBa MeX/yHapoaHbiM Kputepusam ICMJE (Bce aBTopsl BHeC/n
CyLLECTBEHHBIM BKNafl B pa3paboTKy KOHLENLMM 1 NOAroTOBKY CTa-
bW, NPOYN 1 0106pMAM DUHAMNBHYI BEpCUIo Nepes nybnmKaumen).
Funding source. Not specified.

Competing interests. The authors declare that they have no com-
peting interests.

Authors contribution. N.P. Shen — concept and design and writing
the article text; V.V. Logvinenko, V.I. Osin, and A.A. Masserov — col-
lection and processing of material; S.B. Tsiryatieva — searching for
literary sources. All authors confirm the compliance of their author-
ship according to international ICMJE criteria: all authors made a
substantial contribution to the conception of the work, drafting and
revising the work, and final approval of the version to be published.

and intensity: A cross sectional study // Cephalalgia. 2020. Vol. 40,
N 13. P. 1422-1431. doi: 10.1177/0333102420965140

8. Uygun O, Ertas M., Ekizoglu E., et al. Headache characteristics
in COVID-19 pandemic-a survey study // J Headache Pain. 2020.
Vol. 21, N 1. P. 121. doi: 10.1186/510194-020-01188-1

9. Abdullahi A., Candan S.A., Abba M.A., et al. Neurological and
Musculoskeletal Features of COVID-19: A Systematic Review
and Meta-Analysis // Front Neurol. 2020. N. 11. P. 687. doi:
10.3389/fneur.2020.00687

10. Shigemura J., Ursano R.J., Morganstein J.C., et al. Public re-
sponses to the novel 2019 coronavirus (2019-nCoV) in Japan: Men-
tal health consequences and target populations // Psychiatry Clin
Neurosci. 2020. Vol. 74, N 4. P. 281-282. doi: 10.1111/pcn.12988
11. Karayanni H., Dror AA, Oren D, et al. Exacerbation of chronic
myofascial pain during COVID-19 // Advances in Oral and Maxillofacial
Surgery. 2021. Vol. 1. P. 100019. doi: 10.1016/j.adoms.2021.100019
12. Lopez-Leon S., Wegman-Ostrosky T., Perelman C., et al. More
than 50 Long-term effects of COVID-19: a systematic review and
meta-analysis // medRxiv [Preprint]. 2021. N 2021.01.27.21250617.
doi: 10.1101/2021.01.27.21250617. Update in: Sci Rep. 2021. Vol. 11,
N 1.P. 16144,

13. Oguz-Akarsu E., Gullu G., Kilic E., et al. Pandemic Study Team.
Insight into pain syndromes in acute phase of mild-to-moderate CO-
VID-19: Frequency, clinical characteristics, and associated factors //
Eur J Pain. 2022. Vol. 26, N 2. P. 492-504. doi: 10.1002/ejp.1876




0B30PH

14.Funk A.L., Kuppermann N., Florin T.A, et al. Post-COVID-19
Conditions Among Children 90 Days After SARS-CoV-2 Infec-
tion // JAMA Netw Open. 2022. Vol. 5, N 7. P. €2223253. doi:
10.1001/jamanetworkopen.2022.23253

15. Schieszer J. Pain Syndromes Common in Patients With Long CO-
VID [Internet]. Clinical Pain Advisor [nata obpatuenus: 04.11.2022].
[octyn no ccoinke: https://www.clinicalpainadvisor.com/chronic-
pain/long-term-effects-of-covid-19-including-pain-syndromes/.
16.Li L.Q, Huang T, Wang Y.Q,, et al. COVID-19 patients’ clinical
characteristics, discharge rate, and fatality rate of meta-analysis //
J Med Virol. 2020. Vol. 92, N 6. P. 577-583. doi: 10.1002/jmv.25757
17. Morjaria J.B., Omar F., Polosa R, et al. Bilateral lower limb
weakness: a cerebrovascular consequence of covid-19 or a compli-
cation associated with it? // Intern Emerg Med. 2020. Vol. 15, N 5.
P. 901-905. doi: 10.1007/s11739-020-02418-9

18. Bakilan F., Gokmen 1.G., Ortanca B,, et al. Musculoskeletal symp-
toms and related factors in postacute COVID-19 patients // Int J Clin
Pract. 2021. Vol. 75, N 11. P. e14734. doi: 10.1111/ijcp. 14734

19. Herrero-Montes M., Fernandez-de-Las-Pefias C., Ferrer-Parga-
da D., et al. Prevalence of Neuropathic Component in Post-COVID
Pain Symptoms in Previously Hospitalized COVID-19 Survivors // Int
J Clin Pract. 2022. N 2022. P. 3532917. doi: 10.1155/2022/3532917
20. Fernandez-de-Las-Pefias C., Navarro-Santana M., Plaza-Man-
zano G., et al. Time course prevalence of post-COVID pain symp-
toms of musculoskeletal origin in patients who had survived severe
acute respiratory syndrome coronavirus 2 infection: a systematic re-
view and meta-analysis // Pain. 2022. Vol. 163, N 7. P. 1220-1231.
doi: 10.1097/.pain.0000000000002496

21. Attal N., Martinez V., Bouhassira D. Potential for increased preva-
lence of neuropathic pain after the COVID-19 pandemic // Pain Rep.
2021. Vol. 6, N 1. P. e884. doi: 10.1097/PR9.0000000000000884

22. Shraim M.A,, Massé-Alarie H., Hodges P.W. Methods to discrimi-
nate between mechanism-based categories of pain experienced in
the musculoskeletal system: a systematic review // Pain. 2021.
Vol. 162, N 4. P. 1007-1037. doi: 10.1097/j.pain.0000000000002113
23.Vaz A, Costa A, Pinto A, et al. Complex regional pain syndrome
after severe COVID-19 — A case report // Heliyon. 2021. Vol. 7, N 11.
P. e08462. doi: 10.1016/j.heliyon.2021.608462

24, McWilliam M., Samuel M., Alkufri F.H. Neuropathic pain post-
COVID-19: a case report // BMJ Case Rep. 2021. Vol. 14, N 7.
P. e243459. doi: 10.1136/bcr-2021-243459

25. Attal N, Bouhassira D., Baron R. Diagnosis and assessment of
neuropathic pain through questionnaires // Lancet Neurol. 2018.
Vol. 17, N 5. P. 456-466. doi: 10.1016/S1474-4422(18)30071-1

26. Rowbotham M.C. Is fibromyalgia a neuropathic pain syndrome? //
J Rheumatol Suppl. 2005. N 75. P. 38-40.

27. Cruccu G., Truini A. Tools for assessing neuropathic pain // PLoS
Med. 2009. Vol. 6, N 4. P. e1000045. doi: 10.1371/journal pmed.1000045
28. Clear J., Uebbing E., Hartman K. Emerging Neuropathic Pain
Treatments // Practical Pain Management. 2022. Vol. 22, N 33. [lata o6pa-
Lwenws: 04.11.2022. Joctyn no cewinke: https://www.practicalpainman-
agement.com/issue202203/emerging-neuropathic-pain-treatments.
29. Zha M., Chaffee K., Alsarraj J. Trigger point injections and dry
needling can be effective in treating long COVID syndrome-related
myalgia: a case report // J Med Case Rep. 2022. Vol. 16, N 1. P. 31.
doi: 10.1186/513256-021-03239-w

30. Tokumasu K., Honda H., Sunada N., et al. Clinical Characteristics
of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS)

Tom 16, N8 3, 2022

DOI: https.//doi org/ 10.17816/RA109468

PEFMOHapHaH dHeCTe3nA 1 ledeHre OCTDOM bonm

Diagnosed in Patients with Long COVID // Medicina (Kaunas). 2022.
Vol. 58, N 7. P. 850. doi: 10.3390/medicina58070850

31. Fricton JR., Kroening R., Haley D., Siegert R. Myofascial pain
syndrome of the head and neck: a review of clinical characteristics
of 164 patients // Oral Surg Oral Med Oral Pathol. 1985. Vol. 60, N 6.
P. 615-623. doi: 10.1016/0030-4220(85)90364-0

32. Tantanatip A., Chang K.V. Myofascial Pain Syndrome. In: Stat-
Pearls [Internet]. Treasure Island (FL): StatPearls Publishing, 2022.
33. Simons D.G., Travell J.G., Simons L.S. Myofascial Pain and Dys-
function: the Trigger Point Manual. Frost E.AM., editor. Philadelphia:
Lippincott Williams & Wilkins, 1991.

34. Tough E.A., White AR, Richards S., Campbell J. Variability of
criteria used to diagnose myofascial trigger point pain syndrome —
evidence from a review of the literature // Clin J Pain. 2007. Vol. 23,
N 3. P. 278-286. doi: 10.1097/AJP.0b013e31802fda7c

35. Couppé C., Midttun A, Hilden J., et al. Spontaneous Needle Elec-
tromyographic Activity in Myofascial Trigger Paints in the Infraspi-
natus Muscle: A Blinded Assessment // Journal of Musculoskeletal
Pain. 2001. N 9. P. 16-17. doi: 10.1300/j094v09n03_02

36. Giamberardino M.A,, Affaitati G., Fabrizio A., Costantini R. Myofas-
cial pain syndromes and their evaluation // Best Pract Res Clin Rheu-
matol. 2011. Vol. 25, N 2. P. 185-198. doi: 10.1016/j.berh.2011.01.002
37. LiY.C, Bai W.Z, Hashikawa T. The neuroinvasive potential of SARS-
CoV2 may play a role in the respiratory failure of COVID-19 patients //
J Med Virol. 2020. Vol. 92, N 6. P. 552-555. doi: 10.1002/jmv.25728
38. Hamming I, Timens W., Bulthuis M.L,, et al. Tissue distribution
of ACE2 protein, the functional receptor for SARS coranavirus. A first
step in understanding SARS pathogenesis // J Pathol. 2004. Vol. 203,
N 2. P. 631-637. doi: 10.1002/path.1570

39. Ziegler C.GK,, Allon S.J., Nyquist S.K., et al. SARS-CoV-2 Recep-
tor ACE2 Is an Interferon-Stimulated Gene in Human Airway Epithelial
Cells and Is Detected in Specific Cell Subsets across Tissues // Cell.
2020. Vol. 181, N 5. P. 1016-1035.e19. doi: 10.1016/j.cell.2020.04.035
40. Saud A., Naveen R., Aggarwal R., Gupta L. COVID-19 and Myosi-
tis: What We Know So Far // Curr Rheumatol Rep. 2021. Vol. 23, N 8.
P. 63. doi: 10.1007/s11926-021-01023-9

41. Hannah JR, Ali S.S., Nagra D., et al. Skeletal muscles and
Covid-19: a systematic review of rhabdomyolysis and myositis in
SARS-CoV-2 infection // Clin Exp Rheumatol. 2022. Vol. 40, N 2.
P. 329-338. doi: 10.55563/clinexprheumatol/mkfmxt

42. Netland J., Meyerholz D.K., Moare S., et al. Severe acute respira-
tory syndrome coronavirus infection causes neuronal death in the
absence of encephalitis in mice transgenic for human ACE2 // J Virol.
2008. Vol. 82, N 15. P. 7264—-7275. doi: 10.1128/JV1.00737-08

43. Chen R, Wang K., Yu J,, et al. The Spatial and Cell-Type Distribu-
tion of SARS-CoV-2 Receptor ACE2 in the Human and Mouse Brains //
Front Neurol. 2021. N 11. P. 573095. doi: 10.3389/fneur.2020.573095
44. Montalvan V., Lee J., Bueso T, et al. Neurological manifes-
tations of COVID-19 and other coronavirus infections: A system-
atic review // Clin Neurol Neurosurg. 2020. N 194. P. 105921. doi:
10.1016/j.clineuro.2020.105921

45. Li K., Wohlford-Lenane C., Perlman S, et al. Middle East Respira-
tory Syndrome Coronavirus Causes Multiple Organ Damage and Le-
thal Disease in Mice Transgenic for Human Dipeptidyl Peptidase 4 //
JInfect Dis. 2016. Vol. 213, N 5. P. 712—-722. doi: 10.1093/infdis/jiv499
46. Cantuti-Castelvetri L., Ojha R., Pedro L.D., et al. Neuropilin-1
facilitates SARS-CoV-2 cell entry and infectivity // Science. 2020.
Vol. 370, N 6518. P. 856-860. doi: 10.1126/science.abd2985

179



180

REVIEWS

47. Lochhead J.J,, Thorne R.G. Intranasal delivery of biologics to the
central nervous system // Adv Drug Deliv Rev. 2012. Vol. 64, N 7.
P. 614-628. doi: 10.1016/j.addr.2011.11.002

48.Lochhead J.J., Kellohen K.L., Ronaldson P.T., Davis T.P.
Distribution of insulin in trigeminal nerve and brain after intra-
nasal administration // Sci Rep. 2019. Vol. 9, N 1. P. 2621. doi:
10.1038/541598-019-39191-5

49. Baig AM., Khaleeq A, Ali U., Syeda H. Evidence of the COVID-19
Virus Targeting the CNS: Tissue Distribution, Host-Virus Interaction,
and Proposed Neurotropic Mechanisms // ACS Chem Neurosci. 2020.
Vol. 11, N 7. P. 995-998. doi: 10.1021/acschemneuro.0c00122

50. Li Z, Liu T, Yang N., et al. Neurological manifestations of pa-
tients with COVID-19: potential routes of SARS-CoV-2 neuroinvasion
from the periphery to the brain // Front Med. 2020. Vol. 14, N 5.
P. 533-541. doi: 10.1007/511684-020-0786-5

51. Hickey W.F., Hsu B.L., Kimura H. T-lymphocyte entry into the
central nervous system // J Neurosci Res. 1991. Vol. 28, N 2.
P. 254-260. doi: 10.1002/jnr.490280213

52. Schwartz M., Deczkowska A. Neurological Disease as a Failure
of Brain-Immune Crosstalk: The Multiple Faces of Neuroinflam-
mation // Trends Immunol. 2016. Vol. 37, N 10. P. 668-679. doi:
10.1016/.it.2016.08.001

53. Ely EW,, Shintani A,, Truman B., et al. Delirium as a predic-
tor of mortality in mechanically ventilated patients in the inten-
sive care unit // JAMA. 2004. Vol. 291, N 14. P. 1753-1762. doi:
10.1001/jama.291.14.1753

54. lwashyna T.J., Ely EW., Smith D.M,, Langa K.M. Long-term
cognitive impairment and functional disability among survivors of
severe sepsis // JAMA. 2010. Vol. 304, N 16. P. 1787-1794. doi:
10.1001/jama.2010.1553

55. Verkhratsky A, Zorec R., Parpura V. Stratification of astrocytes
in healthy and diseased brain // Brain Pathol. 2017. Vol. 27, N 5.
P. 629—644. doi: 10.1111/bpa.12537

56. Sierra A., Beccari S., Diaz-Aparicio |, et al. Surveillance, phago-
cytosis, and inflammation: how never-resting microglia influence
adult hippocampal neurogenesis // Neural Plast. 2014. N 2014.
P. 610343. doi: 10.1155/2014/610343

57. Goodall S., Twomey R., Amann M. Acute and chronic hypoxia:
implications for cerebral function and exercise tolerance // Fatigue.
2014. Vol. 2, N 2. P. 73-92. doi: 10.1080/21641846.2014.909963

58. Zhao M., Zhu P., Fujino M., et al. Oxidative Stress in Hypoxic-
Ischemic Encephalopathy: Molecular Mechanisms and Therapeu-
tic Strategies // Int J Mol Sci. 2016. Vol. 17, N 12. P. 2078. doi:
10.3390/ijms 17122078

59. Taylor C.T., Doherty G., Fallon P.G., Cummins E.P. Hypoxia-de-
pendent regulation of inflammatory pathways in immune cells // J
Clin Invest. 2016. Vol. 126, N 10. P. 3716-3724. doi: 10.1172/JCI84433
60.Beyrouti R., Adams M.E., Benjamin L., et al. Characteristics
of ischaemic stroke associated with COVID-19 // J Neurol
Neurosurg Psychiatry. 2020. Vol. 91, N 8. P. 889-891. doi:
10.1136/jnnp-2020-323586

61. Oxley T.J,, Mocco J., Majidi S., et al. Large-Vessel Stroke as a
Presenting Feature of Covid-19 in the Young // N Engl J Med. 2020.
Vol. 382, N 2. P. e60. doi: 10.1056/NEJMc2009787

62. Middeldorp S., Coppens M., van Haaps T.F., et al. Incidence of
venous thromboembolism in hospitalized patients with COVID-19 //
J Thromb Haemost. 2020. Vol. 18, N 8. P. 1995-2002. doi:
10.1111/jth.14888

Vol 16 (3) 2022

DOI: https.//doi org/ 10.17816/RA109468

Regional anesthesia and acute pain management

63. Poissy J., Goutay J., Caplan M., et al. Pulmonary Embo-
lism in Patients With COVID-19: Awareness of an Increased
Prevalence // Circulation. 2020. Vol. 142, N 2. P. 184-186. doi:
10.1161/CIRCULATIONAHA.120.047430

64. Marques-Deak A., Cizza G., Sternberg E. Brain-immune interac-
tions and disease susceptibility // Mol Psychiatry. 2005. Vol. 10, N 3.
P. 239-250. doi: 10.1038/s}.mp.4001643

65. Guo Q,, Zheng Y., Shi J, et al. Immediate psychological distress
in quarantined patients with COVID-19 and its association with pe-
ripheral inflammation: A mixed-method study // Brain Behav Immun.
2020. Vol. 88. P. 17-27. doi: 10.1016/.bbi.2020.05.038

66. Kempuraj D., Selvakumar G.P., Ahmed M.E,, et al. COVID-19,
Mast Cells, Cytokine Storm, Psychological Stress, and Neuroinflam-
mation // Neuroscientist. 2020. Vol. 26, N 5-6. P. 402—-414. doi:
10.1177/1073858420941476

67. Ownby R.L., Crocco E., Acevedo A., et al. Depression and risk for
Alzheimer disease: systematic review, meta-analysis, and metare-
gression analysis // Arch Gen Psychiatry. 2006. Vol. 63, N 5. P. 530-
538. doi: 10.1001/archpsyc.63.5.530

68. Zaim S., Chong J.H., Sankaranarayanan V., Harky A. COVID-19
and Multiorgan Response // Curr Probl Cardiol. 2020. Vol. 45, N 8.
P. 100618. doi: 10.1016/j.cpcardiol.2020.100618

69.Mao L., Jin H, Wang M., et al. Neurologic Manifestations
of Hospitalized Patients With Coronavirus Disease 2019 in Wu-
han, China // JAMA Neurol. 2020. Vol. 77, N 6. P. 683-690. doi:
10.1001/jamaneurol.2020.1127

70. Chen L.Y.C., Quach T.T.T. COVID-19 cytokine storm syndrome: a
threshold concept // Lancet Microbe. 2021. Vol. 2, N 2. P. e49-e50.
doi: 10.1016/S2666-5247(20)30223-8

71.Chen R, Lan Z, Ye J,, et al. Cytokine Storm: The Primary
Determinant for the Pathophysiological Evolution of COVID-19
Deterioration // Front Immunol. 2021. N 12. P. 589095. doi:
10.3389/fimmu.2021.589095

72. Que Y., HuC, WanK, etal. Cytokine release syndrome in COVID-19:
a major mechanism of morbidity and mortality // Int Rev Immunol.
2022.Vol. 41, N 2. P. 217-230. doi: 10.1080/08830185.2021.1884248
73.McGonagle D., Ramanan A.V., Bridgewood C. Immune car-
tography of macrophage activation syndrome in the COVID-19
era // Nat Rev Rheumatol. 2021. Vol. 17, N 3. P. 145-157. doi:
10.1038/s41584-020-00571-1

74. Rodriguez-Smith J.J., Verweyen E.L., Clay G.M.,, et al. Inflamma-
tory biomarkers in COVID-19-associated multisystem inflammatory
syndrome in children, Kawasaki disease, and macrophage activation
syndrome: a cohort study // Lancet Rheumatol. 2021. Vol. 3, N 8.
P. e574-e584. doi: 10.1016/52665-9913(21)00139-9

75. Pergolizzi J.V. Jr., Raffa R.B., Varrassi G., et al; NEMA Research
Group. Potential neurological manifestations of COVID-19: a narra-
tive review // Postgrad Med. 2022. Vol. 134, N 4. P. 395-405. doi:
10.1080/00325481.2020.1837503

76.Jha NK, Qjha S., Jha SK,, et al. Evidence of Coronavirus
(CoV) Pathogenesis and Emerging Pathogen SARS-CoV-2 in the
Nervous System: A Review on Neurological Impairments and
Manifestations // J Mol Neurosci. 2021. Vol. 71, N 11. P. 2192—
2209. doi: 10.1007/512031-020-01767-6

77. Rokni M., Ghasemi V., Tavakoli Z. Immune responses and patho-
genesis of SARS-CoV-2 during an outbreak in Iran: Comparison with
SARS and MERS // Rev Med Virol. 2020. Vol. 30, N 3. P. e2107. doi:
10.1002/rmv.2107




0B30PH

REFERENCES

1. Komaroff AL, Lipkin WI. Insights from myalgic encephalomyeli-
tis/chronic fatigue syndrome may help unravel the pathogenesis of
postacute COVID-19 syndrome. Trends Mol Med. 2021;27(9):895-906.
doi: 10.1016/j.molmed.2021.06.002

2. Wadehra S. COVID Long Haulers and the New Chronic Pain
Profile. 2022;22(1). Accessed: November 4, 2022. Available from:
https://www.practicalpainmanagement.com/pain/other/covid-
long-haulers-new-chronic-pain-profile.

3. Fiala K, Martens J, Abd-Elsayed A. Post-COVID Pain Syndromes. Curr
Pain Headache Rep. 2022;26(5):379-383. doi: 10.1007/511916-022-01038-6
4. Soares F, Kubota GT, Fernandes AM, et.al. Prevalence and
characteristics of new-onset pain in COVID-19 survivours, a con-
trolled study. Eur J Pain. 2021;25(6):1342—1354. doi: 10.1002/ejp.1755
5. Ferndndez-de-Las-Pefas C, de-la-Llave-Rincdn Al, Ortega-San-
tiago R, et al. Prevalence and risk factors of musculoskeletal pain
symptoms as long-term post-COVID sequelae in hospitalized CO-
VID-19 survivors: a multicenter study. Pain. 2022;163(9):989—e996.
doi: 10.1097/j.pain.0000000000002564

6. Murat S, Dogruoz Karatekin B, Icagasioglu A, et al. Clinical pre-
sentations of pain in patients with COVID-19 infection. Ir J Med Sci.
2021;190(3):913-917. doi: 10.1007/s11845-020-02433-x

7. Magdy R, Hussein M, Ragaie C, et al. Characteristics of headache
attributed to COVID-19 infection and predictors of its frequency and
intensity: A cross sectional study. Cephalalgia. 2020;40(13):1422—
1431. doi: 10.1177/0333102420965140

8. Uygun O, Ertas M, Ekizoglu E, et al. Headache characteristics in
COVID-19 pandemic-a survey study. J Headache Pain. 2020;21(1):121.
doi: 10.1186/510194-020-01188-1

9. Abdullahi A, Candan SA, Abba MA, et al. Neurological and Mus-
culoskeletal Features of COVID-19: A Systematic Review and Meta-
Analysis. Front Neurol. 2020;11:687. doi: 10.3389/fneur.2020.00687
10. Shigemura J, Ursano RJ, Morganstein JC, et al. Public responses
to the novel 2019 coronavirus (2019-nCaV) in Japan: Mental health
consequences and target populations. Psychiatry Clin Neurosci.
2020;74(4):281-282. doi: 10.1111/pcn.12988

11. Karayanni H, Dror AA, Oren D, et al. Exacerbation of chronic
myofascial pain during COVID-19. Advances in Oral and Maxillofacial
Surgery. 2021;1:100019. doi: 10.1016/j.adoms.2021.100019

12. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, et al. More
than 50 Long-term effects of COVID-19: a systematic review and
meta-analysis. medRxiv [Preprint]. 2021:2021.01.27.21250617. doi:
10.1101/2021.01.27.21250617. Update in: Sci Rep. 2021;11(1):16144.
13. Oguz-Akarsu E, Gullu G, Kilic E, et al. Pandemic Study Team.
Insight into pain syndromes in acute phase of mild-to-moderate CO-
VID-19: Frequency, clinical characteristics, and associated factors.
Eur J Pain. 2022;26(2):492-504. doi: 10.1002/ejp.1876

14. Funk AL, Kuppermann N, Florin TA, et al. Post-COVID-19 Condi-
tions Among Children 90 Days After SARS-CoV-2 Infection. JAMA Netw
Open. 2022;5(7):62223253. doi:10.1001/jamanetworkopen.2022.23253
15. Schieszer J. Pain Syndromes Common in Patients With Long COVID
[Internet]. Clinical Pain Advisor [cited 04 November 2022]. Available
from: https://www.clinicalpainadvisor.com/chronic-pain/long-term-
effects-of-covid-19-including-pain-syndromes/.

16. Li L.Q, Huang T, Wang YQ, et al. COVID-19 patients’ clinical char-
acteristics, discharge rate, and fatality rate of meta-analysis. J Med
Virol. 2020;92(6):577-583. doi: 10.1002/jmv.25757

Tom 16, N8 3, 2022

DOI: https.//doi org/ 10.17816/RA109468

PEFMOHapHaH dHeCTe3nA 1 ledeHre OCTDOM bonm

17. Morjaria JB, Omar F, Polosa R, et al. Bilateral lower limb weak-
ness: a cerebrovascular consequence of covid-19 or a complica-
tion associated with it? Intern Emerg Med. 2020;15(5):901-905. doi:
10.1007/s11739-020-02418-9

18. Bakilan F, Gokmen G, Ortanca B, et al. Musculoskeletal symp-
toms and related factors in postacute COVID-19 patients. Int J Clin
Pract. 2021;75(11):e14734. doi: 10.1111/ijcp.14734

19. Herrero-Montes M, Ferndndez-de-Las-Pefas C, Ferrer-Pargada
D, et al. Prevalence of Neuropathic Component in Post-COVID Pain
Symptoms in Previously Hospitalized COVID-19 Survivors. Int J Clin
Pract. 2022;2022:3532917. doi: 10.1155/2022/3532917

20. Fernandez-de-Las-Pefias C, Navarro-Santana M, Plaza-
Manzano G, et al. Time course prevalence of post-COVID pain
symptoms of musculoskeletal origin in patients who had survived
severe acute respiratory syndrome coronavirus 2 infection: a sys-
tematic review and meta-analysis. Pain. 2022;163(7):1220-1231.
doi: 10.1097/}.pain.0000000000002496

21. Attal N, Martinez V, Bouhassira D. Potential for increased preva-
lence of neuropathic pain after the COVID-19 pandemic. Pain Rep.
2021;6(1):e884. doi: 10.1097/PR9.0000000000000884

22. Shraim MA, Massé-Alarie H, Hodges PW. Methods to dis-
criminate between mechanism-based categories of pain experi-
enced in the musculoskeletal system: a systematic review. Pain.
2021;162(4):1007-1037. doi: 10.1097/j.pain.0000000000002113

23. Vaz A, Costa A, Pinto A, et al. Complex regional pain syndrome
after severe COVID-19 — A case report. Heliyon. 2021;7(11):e08462.
doi: 10.1016/j.heliyon.2021.e08462

24, McWilliam M, Samuel M, Alkufri FH. Neuropathic pain post-
COVID-19: a case report. BMJ Case Rep. 2021;14(7):2243459. doi:
10.1136/bcr-2021-243459

25. Attal N, Bouhassira D, Baron R. Diagnosis and assess-
ment of neuropathic pain through questionnaires. Lancet Neurol.
2018;17(5):456-466. doi: 10.1016/S1474-4422(18)30071-1

26. Rowhotham MC. Is fibromyalgia a neuropathic pain syndrome?
J Rheumatol Suppl. 2005;75:38-40.

27. Cruccu G, Truini A. Tools for assessing neuropathic pain. PLoS
Med. 2009;6(4):¢1000045. doi: 10.1371/journal.pmed.1000045

28. Clear J, Uebbing E, Hartman K. Emerging Neuropathic Pain Treat-
ments. 2022;(22)33. Accessed: November 4, 2022. Available from:
https://www.practicalpainmanagement.com/issue202203/emerging-
neuropathic-pain-treatments.

29. Zha M, Chaffee K, Alsarraj J. Trigger point injections and dry
needling can be effective in treating long COVID syndrome-relat-
ed myalgia: a case report. J Med Case Rep. 2022;16(1):31. doi:
10.1186/513256-021-03239-w

30. Tokumasu K, Honda H, Sunada N, et al. Clinical Characteris-
tics of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/
CFS) Diagnosed in Patients with Long COVID. Medicina (Kaunas).
2022;58(7):850. doi: 10.3390/medicina58070850

31. Fricton JR, Kroening R, Haley D, Siegert R. Myofascial pain syn-
drome of the head and neck: a review of clinical characteristics of
164 patients. Oral Surg Oral Med Oral Pathol. 1985;60(6):615-623.
doi: 10.1016/0030-4220(85)90364-0

32. Tantanatip A, Chang KV. Myofascial Pain Syndrome. In: Stat-
Pearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2022.

181



182

REVIEWS

33. Simons DG, Travell JG, Simons LS. Myofascial Pain and Dys-
function: the Trigger Point Manual. Frost EAM, editor. Philadelphia:
Lippincott Williams & Wilkins; 1991.

34. Tough EA, White AR, Richards S, Campbell J. Variability of criteria
used to diagnose myofascial trigger point pain syndrome — evidence
from a review of the literature. Clin J Pain. 2007;23(3):278-286. doi:
10.1097/AJP.0b013e31802fda7c

35. Couppé C, Midttun A, Hilden J, et al. Spontaneous Needle Electro-
myographic Activity in Myofascial Trigger Points in the Infraspinatus
Muscle: A Blinded Assessment. Journal of Musculoskeletal Pain.
2001;9:16-17. doi: 10.1300/j094v09n03_02

36. Giamberardino MA, Affaitati G, Fabrizio A, Costantini R. Myofas-
cial pain syndromes and their evaluation. Best Pract Res Clin Rheu-
matol. 2011;25(2):185-198. doi: 10.1016/}.berh.2011.01.002

37.Li YC, Bai WZ, Hashikawa T. The neuroinvasive potential of
SARS-CoV2 may play a role in the respiratory failure of COVID-19
patients. J Med Virol. 2020;92(6):552-555. doi: 10.1002/jmv.25728
38. Hamming |, Timens W, Bulthuis M., et al. Tissue distribution of
ACE? protein, the functional receptor for SARS coronavirus. A first step
in understanding SARS pathogenesis. J Pathol. 2004;203(2):631-637.
doi: 10.1002/path.1570

39. Ziegler CGK, Allon SJ, Nyquist SK, et al. SARS-CoV-2 Receptor
ACE2 Is an Interferon-Stimulated Gene in Human Airway Epithelial
Cells and Is Detected in Specific Cell Subsets across Tissues. Cell.
2020;181(5):1016—-1035.e19. doi: 10.1016/j.cell.2020.04.035

40. Saud A, Naveen R, Aggarwal R, Gupta L. COVID-19 and Myosi-
tis: What We Know So Far. Curr Rheumatol Rep. 2021;23(8):63. doi:
10.1007/s11926-021-01023-9

41. Hannah JR, Ali SS, Nagra D, et al. Skeletal muscles and Co-
vid-19: a systematic review of rhabdomyolysis and myositis in
SARS-CoV-2 infection. Clin Exp Rheumatol. 2022;40(2):329-338.
doi: 10.55563/clinexprheumatol/mkfmxt

42. Netland J, Meyerholz DK, Moore S, et al. Severe acute respira-
tory syndrome coronavirus infection causes neuronal death in the
absence of encephalitis in mice transgenic for human ACE2. J Virol.
2008;82(15):7264-7275. doi: 10.1128/Jv1.00737-08

43. Chen R, Wang K, Yu J, et al. The Spatial and Cell-Type Distribu-
tion of SARS-CoV-2 Receptor ACEZ in the Human and Mouse Brains.
Front Neurol. 2021;11:573095. doi: 10.3389/fneur.2020.573095

44. Montalvan V, Lee J, Bueso T, et al. Neurological manifes-
tations of COVID-19 and other coronavirus infections: A sys-
tematic review. Clin Neurol Neurosurg. 2020;194:105921. doi:
10.1016/j.clineuro.2020.105921

45. Li K, Wohlford-Lenane C, Perlman S, et al. Middle East Respi-
ratory Syndrome Coronavirus Causes Multiple Organ Damage and
Lethal Disease in Mice Transgenic for Human Dipeptidyl Peptidase 4.
J Infect Dis. 2016;213(5):712—722. doi: 10.1093/infdis/jiv499

46. Cantuti-Castelvetri L, Ojha R, Pedro LD, et al. Neuropi-
lin-1 facilitates SARS-CoV-2 cell entry and infectivity. Science.
2020;370(6518):856—-860. doi: 10.1126/science.abd2985

47. Lochhead JJ, Thorne RG. Intranasal delivery of biologics to the
central nervous system. Adv Drug Deliv Rev. 2012;64(7):614—628. doi:
10.1016/j.addr.2011.11.002

48. Lochhead JJ, Kellohen KL, Ronaldson PT, Davis TP. Distribution
of insulin in trigeminal nerve and brain after intranasal administra-
tion. Sci Rep. 2019;9(1):2621. doi: 10.1038/s41598-019-39191-5

49. Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-19
Virus Targeting the CNS: Tissue Distribution, Host-Virus Interac-

Vol 16 (3) 2022

DOI: https.//doi org/ 10.17816/RA109468

Regional anesthesia and acute pain management

tion, and Proposed Neurotropic Mechanisms. ACS Chem Neurosci.
2020;11(7):995-998. doi: 10.1021/acschemneuro.0c00122

50. Li Z Liu T, Yang N, et al. Neurological manifestations of pa-
tients with COVID-19: potential routes of SARS-CoV-2 neuroinvasion
from the periphery to the brain. Front Med. 2020;14(5):533-541. doi:
10.1007/s11684-020-0786-5

51. Hickey WF, Hsu BL, Kimura H. T-lymphocyte entry into the
central nervous system. J Neurosci Res. 1991;28(2):254-260. doi:
10.1002/jnr.490280213

52.Schwartz M, Deczkowska A. Neurological Disease as a
Failure of Brain-Immune Crosstalk: The Multiple Faces of Neu-
roinflammation. Trends Immunol. 2016;37(10):668—-679. doi:
10.1016/].it.2016.08.001

53. Ely EW, Shintani A, Truman B, et al. Delirium as a predictor of
mortality in mechanically ventilated patients in the intensive care
unit. JAMA. 2004;291(14):1753-1762. doi: 10.1001/jama.291.14.1753
54. Iwashyna TJ, Ely EW, Smith DM, Langa KM. Long-term cogni-
tive impairment and functional disability among survivors of severe
sepsis. JAMA. 2010;304(16):1787-1794. doi: 10.1001/jama.2010.1553
55. Verkhratsky A, Zorec R, Parpura V. Stratification of astrocytes in
healthy and diseased brain. Brain Pathol. 2017;27(5):629-644. doi:
10.1111/bpa. 12537

56. Sierra A, Beccari S, Diaz-Aparicio |, et al. Surveillance, phago-
cytosis, and inflammation: how never-resting microglia influence
adult hippocampal neurogenesis. Neural Plast. 2014;2014:610343.
doi: 10.1155/2014/610343

57. Goodall S, Twomey R, Amann M. Acute and chronic hypoxia:
implications for cerebral function and exercise tolerance. Fatigue.
2014;2(2):73-92. doi: 10.1080/21641846.2014.909963

58. Zhao M, Zhu P, Fujino M, et al. Oxidative Stress in Hypoxic-Isch-
emic Encephalopathy: Molecular Mechanisms and Therapeutic Strat-
egies. Int J Mol Sci. 2016;17(12):2078. doi: 10.3390/ijms 17122078
59. Taylor CT, Doherty G, Fallon PG, Cummins EP. Hypoxia-depen-
dent regulation of inflammatory pathways in immune cells. J Clin
Invest. 2016;126(10):3716-3724. doi: 10.1172/JCI84433

60. Beyrouti R, Adams ME, Benjamin L, et al. Characteristics of isch-
aemic stroke associated with COVID-19. J Neurol Neurosurg Psy-
chiatry. 2020;91(8):889-891. doi: 10.1136/jnnp-2020-323586

61. Oxley TJ, Mocco J, Majidi S, et al. Large-Vessel Stroke as
a Presenting Feature of Covid-19 in the Young. N Engl J Med.
2020;382(20):e60. doi: 10.1056/NEJMc2009787

62. Middeldorp S, Coppens M, van Haaps TF, et al. Incidence of
venous thromboembolism in hospitalized patients with COVID-19.
J Thromb Haemost. 2020;18(8):1995-2002. doi: 10.1111/jth.14888
63. Poissy J, Goutay J, Caplan M, et al. Pulmonary Embolism in Pa-
tients With COVID-19: Awareness of an Increased Prevalence. Circula-
tion. 2020;142(2):184—186. doi: 10.1161/CIRCULATIONAHA.120.047430
64. Marques-Deak A, Cizza G, Sternberg E. Brain-immune interac-
tions and disease susceptibility. Mol Psychiatry. 2005;10(3):239-250.
doi: 10.1038/s}.mp.4001643

65. Guo Q, Zheng Y, Shi J, et al. Immediate psychological distress
in quarantined patients with COVID-19 and its association with pe-
ripheral inflammation: A mixed-method study. Brain Behav Immun.
2020;88:17-27. doi: 10.1016/].bbi.2020.05.038

66. Kempuraj D, Selvakumar GP, Ahmed ME, et al. COVID-19,
Mast Cells, Cytokine Storm, Psychological Stress, and Neu-
roinflammation. Neuroscientist. 2020;26(5-6):402-414.  doi:
10.1177/1073858420941476




0B30PH

67. Ownby RL, Crocco E, Acevedo A, et al. Depression and risk for
Alzheimer disease: systematic review, meta-analysis, and metare-
gression analysis. Arch Gen Psychiatry. 2006;63(5):530-538. doi:
10.1001/archpsyc.63.5.530

68. Zaim S, Chong JH, Sankaranarayanan V, Harky A. COVID-19 and
Multiorgan Response. Curr Probl Cardiol. 2020;45(8):100618. doi:
10.1016/j.cpcardiol.2020.100618

69. Mao L, Jin H, Wang M, et al. Neurologic Manifestations of Hospital-
ized Patients With Coronavirus Disease 2019 in Wuhan, China. JAMA
Neurol. 2020;77(6):683-690. doi: 10.1001/jamaneurol.2020.1127

70. Chen LYC, Quach TTT. COVID-19 cytokine storm syndrome:
a threshold concept. Lancet Microbe. 2021;2(2):e49—e50. doi:
10.1016/S2666-5247(20)30223-8

71.ChenR, Lan Z, Ye J, et al. Cytokine Storm: The Primary Determi-
nant for the Pathophysiological Evolution of COVID-19 Deterioration.
Front Immunol. 2021;12:589095. doi: 10.3389/fimmu.2021.589095
72.Que Y, Hu C, Wan K, et al. Cytokine release syndrome in
COVID-19: a major mechanism of morbidity and mortality. /nt Rev
Immunol. 2022;41(2):217-230. doi: 10.1080/08830185.2021.1884248

0b ABTOPAX

* llenb Hatanbs MetpoBHa, 4.M.H., npodeccop;
appec: Poccus, 625023, TiomeHb, yn. Opecckas, a. 54;
ORCID: https://orcid.org/0000-0002-3256-0374;
eLibrary SPIN: 2963-7338;

e-mail: nataliashen@rambler.ru

JlorsuHenko Bnaaumup BnaguMuposuy, KM.H,;
ORCID: https://orcid.org/0000-0002-1230-7355;
eLibrary SPIN: 9369-0383

LUmnpsatbeBa CBeTnaHa bopucoBHa, A.M.H.;
ORCID: https://orcid.org/0000-0002-3881-2851;
eLibrary SPIN: 2424-2070

OcuH BanenTuH Uropesuy, Bpay aHeCTe3M0N0r-peaHMMaTonor;
ORCID: https://orcid.org/0000-0003-4383-0816

Maccépos AnekcaHgp AnekcanapoBuY, Bpay aHeCTe3nonor-
peaH1MaTonar;

ORCID: https://orcid.org/0000-0002-6042-2606;

eLibrary SPIN: 6148-2797

* ABTOp, OTBETCTBEHHbIN 3a Nepenucky / Corresponding author

Tom 16, N8 3, 2022

DOI: https.//doi org/ 10.17816/RA109468

PEFMOHapHaH dHeCTe3nA 1 ledeHre OCTDOM bonm

73. McGonagle D, Ramanan AV, Bridgewood C. Immune cartography
of macrophage activation syndrome in the COVID-19 era. Nat Rev
Rheumatol. 2021;17(3):145-157. doi: 10.1038/s41584-020-00571-1
74. Rodriguez-Smith JJ, Verweyen EL, Clay GM, et al. Inflamma-
tory biomarkers in COVID-19-associated multisystem inflammatory
syndrome in children, Kawasaki disease, and macrophage activation
syndrome: a cohort study. Lancet Rheumatol. 2021;3(8):e574—e584.
doi: 10.1016/52665-9913(21)00139-9

75. Pergolizzi JV Jr, Raffa RB, Varrassi G, et al; NEMA Re-
search Group. Potential neurological manifestations of COVID-19:
a narrative review. Postgrad Med. 2022;134(4):395-405. doi:
10.1080/00325481.2020.1837503

76. JhaNK, Ojha S, Jha SK, et al. Evidence of Coronavirus (CoV) Patho-
genesis and Emerging Pathogen SARS-CoV-2 in the Nervous System:
A Review on Neurological Impairments and Manifestations. J Mol Neu-
rosci. 2021;71(11):2192-2209. doi: 10.1007/512031-020-01767-6

77. Rokni M, Ghasemi V, Tavakoli Z. Immune responses and pathogen-
esis of SARS-CoV-2 during an outbreak in Iran: Comparison with SARS
and MERS. Rev Med Virol. 2020;30(3):e2107. doi: 10.1002/rmv.2107

AUTHORS INFO

* Natalia N. Shen, MD, Dr. Sci. (Med.), professor;
address: 54 Odesskaya Str., 625023, Tyumen, Russia;
ORCID: https://orcid.org/0000-0002-3256-0374;
eLibrary SPIN: 2963-7338;

e-mail: nataliashen@rambler.ru

Vladimir V. Logvinenko, MD, Cand. Sci. (Med.);
ORCID: https://orcid.org/0000-0002-1230-7355;
eLibrary SPIN: 9369-0383

Svetlana B. Tsiryatieva, MD, Dr. Sci. (Med.);
ORCID: https://orcid.org/0000-0002-3881-2851;
eLibrary SPIN: 2424-2070

Valentin I. Osin, anesthesiologist-resuscitator;
ORCID: https://orcid.org/0000-0003-4383-0816

Aleksander A. Masserov, anesthesiologist-resuscitator;
ORCID: https://orcid.org/0000-0002-6042-2606;
eLibrary SPIN: 6148-2797

183



