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AHnomauia: 6 pooomi npoeedeHo ananiz iCHyloHux npooiem npakmudHoi ni02omoeKu cmyoeHmis
CMOMAamono2ié Ha KAHIYHUX O6a3ax npo@inohux Kageop 6 Cy4acHux ymosax pehopmysants cucme-
MU 0XOpoHU 300p08 s a maxodc eénausy nandemii COVID 19 i 36potinoi acpecii pgh, a makoic 06-
IPYHMOBAHO OOYIIbHICIb CUMYIAYIIIHO20 HABYAHHS CMYOeHMI8 CIMOMAMONI02ITYHUX (paKyibmemis. B
0CHOBY 00CNIONCEeHHS NOKIAOEHO 8U84UeHHs cmamucmuyHux mamepianie Cmomamono2iuno2o meoud-
Hoeo yenmpy HMY imeni O.O. boecomonvysma pezynomamu aHOHIMHO20 AHKEMYBAHHA 8UNYCKHUKIG
CMOMAamono2iuH020 Gaxyiomeny, iikapie iHmMepHie, Wo NPOXOOUIU NiCAAOUNTIOMHY NI020MOBK)Y HA
oazi CML], a makodxc 6ugyeHHs OYMKU eKChepmig-HaAyKosyie uo0o Oisivhocmi Cmomamono2iuHo-
20 MeOUYHO20 YeHMpY K HAYKOBO-HABUANbHO-NIKYBANbHOI O6a3u ni020moexku mMauoymHix gaxisyie y
eany3i cmomamonocii. [lpodemoncmposano meHoeHyito 00 Cymmeso2o 3meHuleH s KiIbKoCmi 36ep-
HeHb 3a MeOUHUHOI0 CIOMAMON02IYHOI0 OONOMO2010 00 YHIBEPCUMENCLKOI CIMOMAMONO2IYHOI KIIHIKU
npu 30i1bUWeHH] YacmKy NAYIEHMIs, Wo OMpPUMYIOMb NIAMHI CIOMAMOLO2IUHI NOCTY2U 30 MeNCAMU
HABYAILHO20 NPOYECY, U0 CYMMEBD OOMENCYE MONMCIUBICMb HAOYMMA NPAKMUYHUX HABUYOK De3Nno-
cepeoHbo nio yac KainiyHo2o npuiiomy xeopux. Tak, 3aeanvha Kinvkicms 36epuens 6 CML] ckaana: 6
2012 poyi—257115 nayicumis, ¢ 2019 poyi—181507 nayienmis, a 6 2022 poyi — 101471 nayieumis.
3 Hux 6 pamkax HaguaibHo20 npoyecy 6yno npuunamo: y 2012 poyi —94416, y 2019 poyi —56693, y
2022 poyi —18382 nayienma. Cymmese nadinus Kinbkocmi 36epierb 6 Cmomamono2ivHutl MeOuyHutl
yeHmp, 8IOHOCHO cmaia KilvKicms 3000y8ayie cmomamonoziunoi oceimu 6 HMY imeni O.0. bozo-
Monbys 1 peanii 0CMAaHHIX Mpbox PoKi8 npussenu 00 BUHUKHEHHS Ne8HUX 0OMedNCeHb Ma 3HUNCEHHS
MOodHCIUBOCMEL 0151 NPAKMUYHOL NI020MO6KU MaubymHuix cmomamonozie. Hasedeni oani danu 3mozy
nopaxysamu cepeorio KilbKicmb NayicHmi8 Ha 00H020 3000y8aua MeOUYHOi CIMoMamon02iyHoi 0cai-
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mu Ha pik, sika ckaana 'y 2012 poyi —52,57, y 2019 poyi —25,85, a y 2022 poyi écvoeo 9,22 uonogik.
Hemoorcnusicms 3a6e3neuumu HaguanHs i3 3a1yUeHHAM MeMAMUYHUX NAYIEHMIE € NIOCMAasoo 00 ne-
pe2nady nioxodie 00 NPAKMUYHOT NIO20MOBKU IIKAPI&-CMOMAMON02i8 3 POUUPEHHAM BUKOPUCTAH-
HS CUMYTIAYIIIHO20 OONAOHAHHA 3 MOJICIUBICIIO KOMN TOMEPHO20 KOHMPONIO 8IONpAYI08AHHS HABU-
yox. Pesynbmamu anonimMHoeo ankemy6aHHs maxodic niomeepoiCcyioms HeoOXIOHICMb Ni08UUeHHS
ehekmusHoCmi NPaKMuyHoOi NIO20MOBKU CMYOeHmi8 CMOMAmMOo102i8 ma NiKapie-iHMmepHis, 30Kpemda
3a PAXyHOK 8NPOBAOIHCEHHS HOBUX (DOPM HABUAHHS, MAKUX, AK — cumynayiuna niocomoska. 062060-
PIOIOMbCsL nepesazi ma HedoliKu OaHoi hopmu npakmuyHoi nio2omoeKu 3a Pi3HUX YMO8 Opeanizayii

HABYAlIbHO20 npoyecy.

Kurouosi ciioBa: normsin 3a 3ybaMu, CTOMaToJIor s, CAMYJISIiiiHE HaBYaHHS, CTOMATOJIOTIYHA KJTi-

HiKa, TPYNOBa MPaKTHKA.

Beryn

CyyacHuif cTaH rajy3i OXOpPOHH 37I0pOB’S
B YKpaiHi BUMarae MiJIBUIEHHS SKOCTI Ipak-
TUYHOI MIATOTOBKM MaiOyTHIX JikapiB. B ymo-
Bax 3HAYHOIO BIATOKY MAIll€HTIB y MpPHUBATHUMN
CEKTOp MEIUIMHM, HaOyTTs nepkaBHUMH 303
CTaryCcy HenpuOyTKOBUX KOMYHAJbHUX MiANpPHU-
emctB (HKII), a Tako’k HEBU3HAYEHUM CTaTyCOM
HAyKOBO-TIEIarOT1YHUX TMPAI[iBHUKIB KIIHIYHUX
Kagenp, axi pysnkuionyrots Ha 6a3ax HKII, Bu-
MararoTh TEperisaay MiIXOAIB 10 HaBYAHHSA Ha
JOAUIUIOMHOMY €Talli, 30KpeMa pO3BUTKY CH-
MYJISIIHHOTO HAaBYaHHSA, 110 MAa€ PS CYyTTEBHX
nepeBar 1 MOKJIMKaHe 3a0e3MeYUTH MiJATrOTOBKY
3100yBaviB OCBITH 10 pOOOTH B yMOBaX KIIIHIKH.

Mera

OOrpyHTYyBaTH JOUUIBHICTh CHMYJISIIIITHOTO
HaBUAHHS CTY/AEHTIB CTOMATOJIOTIYHMX (haKyIib-
TETIB, SIK OCHOBH TXHBLOI MIATOTOBKHU 10 KIITHIYHOL
po6oTH Ha miAcTaBi aHamizy AisibHOCTI CTOMa-
TOJIOTIYHOTO MeIMYHOro 1eHTpy HamionansHOro
MeanuHoro yHiBepcutery imeHi O.0. boromons-
uga (CML HMY), ananizy gissbHOCTI Mpodisib-
HUX Kadep Ta COIIOIOTIYHHUX J0CITIKEHb.

Marepiaau i MmeToau

IIpoBeneHo aHaii3 CTaHy CHCTEMH CTOMAro-
JIOTIYHOI JTOMOMOTH B YKpaiHi, NOKa3HUKIB Ji-
simbHOCTI CMII HMY imeni O.O. boroMombis
Ta Kadenp cromarosoriuHoro mnpoduiro HMY
BrponoBk 2012-2022 pp., aHamiz Ta y3araib-
HEHHS COLIOJIOTTYHUX JOCIHIJKEHb (aHKETyBaH-
Hs1) BUMYCKHUKIB CTOMAaTonoriyHoro ¢axyiabre-
Ty, eKCepTHOI OomiHKU AismbHOCTI CMII. Takox
BUBYEHO CBITOBUH Ta BITUU3HIHUHI JTOCBIJ IIOI0
TepeBar 3acTOCYyBaHHS CHUMYIISAIIMHUX METOIIB
HaBUaHHS 3a JJAHUMU JIITEPATyPHUX JDKEPe.

Pe3yabTarn

3MiHM B CUCTEeMi HaJaHHS CTOMATOJOTIYHOT
JIOTIOMOTH HAacCeJICHHI0 YKpaiHH, K1 BiIOYIUCh B
OCTaHHI POKH, CBITYaTh MPO 3HAUYHE CKOPOUYCHHS
KUIBKOCT1 JIep)KaBHUX 3aKJIaJiB OXOPOHH 370-
poB’s (mani 303), B IKUX BOHA HaJlaBajlach, 3 BiJi-
MOBITHAM CKOPOYEHHSIM IITAaTHUX OJWUHUIIb JIi-
KapiB-cTomarosnoriB. HatoMicTe CyTTeBO 3pocina
KUIBKICTh MPUBAaTHUX CTOMATOJIOTTYHUX KIIHIK 1
Ka0iHeTiB Ta 30UIbIINIACH KIJIBKICTB JIIKapiB-CTO-
MaToJIOT1B, siKi B HUX mpaitoroTh (Chopchik V.D.,
Kaniura O.A., 2019).

OxkpeMi JepskaBHI CTOMATOJIOTIYHI TIOJIKITiHI-
KM, SIKI B CHJIy HasBHUX 3all00DKHUX MEXaHI3MiB
Ha 3aKOHO/IaBYOMY PIBHI HE MOINIM OyTH CKOPO-
YeHi, MepeBeficHI Ha MOBHE camo3abe3neueHHs
[UIIXOM MEPETBOPEHHS B JepKaBHI KOMYHaJIbHI
HENPUOYTKOBIMIAMPUEMCTBA, IO A0 MOMKIIH-
BICTb 3aMpOBa/KEHHs ()1IHAHCOBHUX B1THOCUH M1k
takumu 303 1 narieatramu. @akTHYHO BiIOyIach
TOTaJIbHA KOMeEpITiaji3alisi CTOMaTOJOTIYHOI J10-
MOMOTH 3 TIEPEBEICHHSIM OCTAaHHBOI B KATETOPII0
«CTOMATOJIOTIYHA MOCIyra» 1 BIAMOBIIHUMH (i-
HAHCOBHMH OYIKyBaHHSIMHU HAaJ[aBauiB Ta OYIKY-
BaHHSMH CIIOXKHBAYiB TAKUX TOCIYT MO0 1X J0-
CTYIHOCTI 1 SIKOCTI.

Taki peanii OCTaHHBOTO dYacy BHUMararoTh
MOJANBIIOTO TiABUINEHHS SIKOCTI IiJATOTOBKU
MaiOyTHIX JIIKapiB-CTOMATOJIOTIB Ha KIIIHIYHHUX
6a3ax mpo¢uIbHUX Kadeap BUIIMX MEAUYHHUX
HaBYAJIHHUX 3aKJIAJIB, B TOMY YHUCII1 B YHIBEpPCHU-
TETCHKUX CTOMATOJIOTIYHUX KITIHIKaX, TaKHUX, 5K
Cromarosnoriuanii MeaAndHUNA 1IeHTp Harionas-
Horo meauuHoro yHiBepcutety imeHi O.0. bo-
TOMOJIBIIS, & caMe — JOCKOHAJIOTO OBOJIOMIHHS
MPAKTHYHUMU HABUYKAMH, SIKi 332 YCTaJICHOIO
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TPATUIIEI0 TPOTATOM JIECATHIIITH 3aCBOIOBAIINCH
CTYJICHTaMHU CTOMATOJIOTIYHOTO (haKyJdbTETy T[T
4ac MPUIOMY TAIIEHTIB Ha MPAKTHYHUX 3aHAT-
TSIX, MOYMHAIOUM 3 4 ceMecTpy HaByaHHs. Oue-
BHJTHO, 1110 PiBEHb OBOJIO/IIHHS IPAKTHYHUMH Ha-
BHYKAMH TMPHU poOOTI 3 peaJbHUMHU Malli€eHTaMu
HanpsMy 3aJIeKUTh BiJl IX KUTBKOCTI.

[Iposenena y 2019 pori excriepTHa OIlIHKA
nokaszana, mo CML] Bonofie MOTYKHAMH yMOBa-
MH JIJIsl OpraHi3allii HaB4aHHS CTYACHTIB Ta JiKa-
piB-iHTEpHiB-cTOMaTOJOriB. EKCriepTH BiA3HAYH-
1 3a 10-0anbHOIO IIKaJIOIOHASIBHICTH 1I0CTAaTHBO1
MarepianpHO-TexHiuHOoi 6a3u B CML] st 3a0e3-
TeYeHHs1 HaBYabHOTO nporecy(8,7+0,09) ta Ha-
SIBHICTh MOXJIMBOCTI OTPUMAaHHS JIiKapsIMHU-1H-
TEPHAMU Ta CTYACHTAMH MPAKTUYHUX HAaBHUUYOK
B ymoBax CMI] (8,8+0,07) (Chopchik V. D.,
Kaniura O. A., 2019).

BonHowyac craruCTHUHMI aHaMi3 MisTIBHOCTI
CMLII cBituuTh PO CYyTTEBE 3MEHIICHHS KUTBKOCTI
3BEpPHEHb 32 CTOMATOJIOTIYHOIO JOTOMOroro. Tak

ISSN 2786-6661
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3arajbHa KUIbKICTh 3BepHeHb B CML] cknana: B
2012 pori—257115 nmartientis, B 2019 pori—181507
narfieHTiB, a B 2022 pomui — 101471 namienTis.3
HUX B paMKaxX HaBYAJIHLHOTO IMPOIECY MPHHHSATO:
y 2012 porti —94416, y 2019 pori —56693, y 2022
poii —18382 martienra (Puc. 1).

Taka ycraneHa TEHJICHIS 3HAYHOI MIipOIO
MOB’s13aHa TMEPEBAXHO 3 BIIITOKOM MAIlIEHTIB B
npuBaTHUi cektop cromaronorii (Chopchik V.D.,
Kaniura O.A., 2019).

Kpim Toro, mounnaroun 3 2020 poky pi3ke ma-
JIIHHS K1JTbKOCT1 3B€PHEHB BiZI0YJI0CS 32 paxyHOK
nokmayny depes nangemito COVID-19, a B 2022
pOIIi — 3 MMOYAaTKOM BOEHHMX JII Ta €BaKyalli€lo
3HAYHO1 YaCTHHH HacelieHHs: KuiBchKoro periony
(Kapixosa }0.B., 2020). CyTTeBe 3HMKCHHSI K1JTh-
KOCTI MPUUHATHX MAI[IEHTIB B paMKaxX HaBUYaJb-
HOTO TIpoIlecy Ha Kadeapax CTOMATOJIOTiYHOTO
npodino 00yMOBJIEHE BHUMYIICHUM 3aIllpOBajI-
KCHHSIM JMCTaHI[IITHOTO HABYaHHs, MOB’I3aHUM
3 KapaHTUHHUMH OOMEXEHHSIMH 1 MOYaTKOM BO-

Puc. 1. [lopiBHsbHA XapakTepucTuKa KinbkocTi 38epHeHb B CML] HMYVY imeni O.0. boromorbiis
3a nepion 3 2012 mo 2022 pik.

JAunamika 3sepHeHb B CMI HMY imeni O.0. boromoubus
Ta KiJIbKICTH 3100yBa4YiB CTOMATOJIOTIYHOI OCBITH
3a 2012, 2019 Ta 2022 poku

257115 i

94416

181507 i l

m 101471 i ‘
PPy

——— i 18382 |

2012 PIK

2019 PIK

2022 PIK

=@=KiJIbKICTh 3BEPHEHB B MEXKaxX HABYAIBHOTO MPOIIECY

®—3arajbHa KiUJIbKICTh 3BE€pHCHD

Ukrainian scientific medical youth journal, 2023, Issue 1 (136)

http://mmj.nmuofficial.com



http://mmj.nmuofficial.com
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/ISSN/2786-667X#
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/

UKkrainian Scientific Medical Youth Journal
Issue 1(136), 2023
Creative Commons «Attribution» 4.0

eaanx Aii.Crig Takox 3a3HauuTH, 1o y CMI]
MOCTIMHO 3pOCTA€ YacTKa MAIli€HTIB, IO OTPH-
MaloTh JOMOMOTY Ha OCHOBI HAJaHHS TUIATHHX
CTOMATOJIOTIYHUX MOCIYT, OCKUIBKH 3 POKY B PiK
30UTBIIy€eThCST OOCAT (PiHAHCOBHUX HAIXOIKEHBb
CMLI] 3a HagaHHS TaKUX MOCIYT — 33 TOCTIIKY-
BaHMI MEpPioJl Ha TJIi Pi3KOTO 3MEHIIEHHS KIJTbKO-
cTi 3BepHEHb B 10 pa3 3pociio BUKOHAHHS (iHaH-
COBHX TIOKa3HHKIB 32 PaxyHOK OOCIyrOBYBaHHS
TMAIIE€HTIB, 110 Bi0OYBA€ThCS B OCHOBHOMY 11032
MeXaMH HaBYAJIBHOTO MPOIIECY.

KinbKicTh CTYIEHTIB, K1 3100yBaju OCBITY Ha
Cromaronoriunomy ¢akynsreri HMY Ta oci0,
SIKI HABYAJIUCh B IHTEpPHATYPI, 3arajoM CKjaaalia
B 2012 pomi —1796, B 2019 pomi —2193, B 2022
porti —1987 4omnoBik.

CyTTeBe magiHHA KiTBKOCTI 3BepHEHb B CTO-
MAaTOJIOTTYHUN METUYHUN LIEHTP, BITHOCHO CcTalia
KUTBKICTh 3100yBa4iB CTOMATOJIOTIYHOI OCBITH B
HMY imeni O.0O. boromonbIls 1 peanii ocraH-
HiX TPbOX POKIB MPU3BENU O BUHUKHEHHS I1€B-
HUX OOMEKEHb Ta 3HIKEHHS MOXJIMBOCTEH NSt
MPAKTUYHOI MiJrOTOBKM MaiOyTHIX CTOMArojo-
TiB, PO IO CBiAYaTh 30KpeMa pe3yiabTaTd aHo-
HIMHOTO ONMUTYBaHHS CTYJICHTIB 1 BHITyCKHHKIB
oCTaHHIX pokiB. HaBeneni gaHi manu 3mory mo-
paxyBaTH Cepe/IHIO KIIbKICTh NAIi€EHTIB HA OTHO-
ro 37100yBa4a MEAMYHOI CTOMATOJIOTIYHOI OCBITH
Ha PIK, sika ckmana y 2012 pomi —52,57, y 2019
porti —25,85, a'y 2022 porii Bcboro 9,22 4oIoBiK.

SIxkmo BpaxyBaru, mo Ha 6a3i CML] ¢ynk-
nionye 7 kadeap CTOMATOJOTIYHOTO MPOQIIIO,
04eBHHO, 0 y 2022 pomui 1 3m00yBau cTomaro-
JIOT1YHOI OCBITU MaB MOXKJIUBICTh MpAIlOBaTH Ha
OKpeMo B3ATiii kadenpi nuie 3 1-2 mamieHTamu,
BIIMPAaIOBABIIH MPHU ITbOMY OPI€EHTOBHO Bix 1 10
5 MpaKkTUYHUX HABUYOK BIPOJOBXK POKY JIUIIE
OJIVH pa3s.

Tum HE MeHIIe i JOCUTh MapaJoKCATbHUM €
TOo (hakT, 10 3a pe3yJbTaTaMH MPOBEIACHOTO
HamMu y 2019 porri COmioNOTI9HOTO 0 CITIHKEHHS
(aHOHIMHOTO OTIMTYBaHHS) Cepen JiKapiB-IHTEep-
HiB,opraHizamis poboru CMIL] mono cTBOpeH-
HsI YMOB JIJIsl HABYaHHS 3a710BOIbHSE 52,1%, He
3amoBonbHsIe 47,9% onutaHux. 3a70BOJIEHUMHA
orpumManumMu 'y CMI npakTHYHUMH HaBUYKa-
mu BusBunn 81,0% onuraHux, HE3aI0BOJCHH-
mu — 19,0% onuranux. Opranizaiio caMOCTIH-
HOi poOOTH Ha MpakTHYHHX 3aHATTIX y CMI]
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MMO3UTHUBHO oliHuIN 64,1%, Herarusuo — 35,9%
ONMUTAHUX.3T1THO 3 PE3yJIbTaTaMH TOTO K OIHTY-
BaHHS BiJICOTOK JIIKapiB-IHTEpPHIB, SKI HE Malli
MOXIIMBOCTI HaBYaTHCS Ha BHUCOKOTEXHOJIOTIY-
HOMY IMiTaliifHOMY O0JaJHaHHI, OCHAIICHOMY
SKICHUMH B1JI€O- 1 aylio- peecTpaTopaMu, CKJIaB
99,0+0,5%, a Ha KOMIDIOTEpaX 3 BUKOPUCTAHHSIM
cyuacHuX nudposux texHoiorii — 97,0 + 0,9 %
omuranux (Chopchik V.D., Kaniura O.A., 2019).

Takox 3a pe3yabraTaMH OINUTYBaHHS JIiKa-
piB-iHTepHIB, TpoBeneHUM CEeKTOpOM MOHITO-
puary HMYVY imeni O.O. boromombrs y 2021
POIIL,0UTBIIICTE PECITOHICHTIB 3a3Ha4ala MOTpe-
Oy y 30inbIIeHH] TpakTU4YHOI miaroroBku. Ha
iXHIO TyMKy HecTada MPaKTUYHUX HABUYOK OyIia
OB s13aHa 3 JUCTAHI[IHHUMHABYAHHSIM B YMOBax
nauaemii (CeKTop MOHITOPUHTY).

[lle apamaruyHimIe 3 MOYaTKOM MEIUYHOT pe-
dbopmu ckianucs oOCTaBHHU Ha Kadeapax, Kili-
HIYHI 0a3W SKUX pPO3TAIIOBaHI B KOMYHaJIbHHX
3aKJIaJJaXOXOPOHU 37I0POB)S, B SIKUX OCTYIl BH-
KJIaJ[a4iB 1 CTYACHTIB J0 MPAKTUYHOI TisSTILHOCTI
CYTTEBO OOMexeHHUi abo B3arasli HEMOXIIMBUIL:
BUKJIQ/laui HE TPENCTaBICHI B EIEKTPOHHHUX
MennyHuxX iHpopmaniiHux cucremax (MIC),
ycTaHoBYl JokyMeHTH Takux 303 i1 mocaaoBi iH-
CTPYKIIi JiKapiB He mepeadadaroTh MPOBEICHHS
MPaKTUYHUX 3aHATH 31 CTYJICHTaMH, a MOJIelb ¢i-
HAHCYBAaHHS Trayly3i HIIKHM YMHOM HE BPaXOBYE
MeIarOTiYHy CKJIAJIOBY.

Taka TeHIEHIlis 0e33armepeyHo CIIOHYKA€E JI0
MOIIYKY aJbTEPHATUBHUX (OPM  OBOJIOMIHHS
NPaKTUYHUMU HaBWYKaMu. Taki (GopMu HaB-
YaHHS BXE TPUBAIMH 4ac BHKOPUCTOBYIOTHCS B
cUCTeMax MiJrOTOBKHU JIKapiB y MPOBIIHUX Ha-
BYAJIbHHX 3aKJIJIaX 32 KOPIOHOM, CTAIH JUIs HUX
TpaJUILIHHUMU 1 TOBEJIN CBOO e(peKTuBHICTH. [0
HUX, 30KpeMa, BITHOCHUTHCS 1 CUMYJISIiHE HaB-
YaHHA, IK€ I03BOJISIE 3M1HCHIOBATH BIAIIOBIAHMN
KOMII'FOTEPHUH KOHTPOJIb TPABHIBHOCTI BHKO-
HaHHA HeoOxinHux Maninmymaniid (boituyk T. M.,
2018; I'pecbko, M. /1., 2022).

B naHumii yac CUMyIIITOPH BUKOPUCTOBYIOTHCS
JUTsl HABYAHHS Ta 00)€KTUBHOI OIIHKHU Y 0ararbox
o0NacTsIX NisUIBHOCTI JIIOMUHM, SIKI Tependava-
I0Th BUCOKI pH3UKU. TOMy TOsSIBA MOKITUBOCTEH
B OpraHizarlii (aHTOMHOTO 1 CUMYJISIIHHOTO HaB-
YaHHS MEIWYHHUX MPAI[iBHUKIB OAYUTHCA SIK PO-
3yMHUH 1 HEOOXiJHWH HANpsiM y HaBYAIBHOMY
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mporueci (Zhdan, V. & Katerenchuk, O., 2020).

CumyrsitiiiHe HaBYaHHS Ha JOKIIHIYHOMY
eTami, Ha AyMKy Oarathox mociigaukiB(Ipeck-
ko, M. J1., 2022, I'pun3oBchkuii, A. M. & YepHen-
ko, JI. M., 2022), mae miiynii psiji iepeBar, a came:

* 103BOJISIE OararopazoBe BiIIpaIOBAHHS
HABUYKU;

* J1a€ MOXIIMBICTh HABUAHHS B OyIb-sKHii
3py4HMI Hac;

* CIoHyKae 3700yBada OCBITH JIO ITiIBUIIICH-
HS 1 3aKPIMJICHHS TEOPETUYHUX 3HAHB;

* HE 3QJCXKHUTh BiJl HASIBHOCTI TEMaTUYHOTO
MaricHTa B KIIHIII;

* yCyBae CTpax NpHU BIANpPAaIIOBaHHI HaBU-
KU Ha PeaJbHOMY Halli€HTI;

* He mepenbadae HEMOPO3yMiHb MK Talli-
€HTOM Ta CTYJICHTOM Ha KOMYHIKaTHBHOMY
piBHI;

* YHEMOXJIMBIIIOE PU3HKHU YCKJIATHEHb TPH
poOOTI 3 MalieHTamMu;

* J1a€ MOXIIMBICTH BIJIpAIIOBaTH PiAKICHI
BUJIM IPAKTUYHUX HABUYOK;

* OTpPUMATH HABUYKHU POOOTH B KOMaH/II

* 51aTh 00)€KTHBHY OI[IHKY BUKOHaHHIO IPO-
HeAyp 1 MaHITyJSIH.

KoMmoHEeHTH CUMYISIIHHOTO HABYAHHS BUKO-
PHUCTOBYBAIIUCH 1 BUKOPUCTOBYIOThLCS IIPH HABYaH-
Hi cryaeHTtiB-croMmatonorie HMY imeni O.0.bo-
TOMOJIBII MPOTSATOM TpuBajioro vacy. B CMI]
oOmagHaH1 CUMYJISIIIAHI KJTacy /ISl BIATPAIOBaH-
HS MPAKTHYHUX HABUYOK 3 PI3HUX CTOMATOJIOTIY-
HuX auctumiutid. [Iporte, 3Baxkaroun Ha BUIIECHA-
BEJICHE, MOCTAa€ HarajabHa MOTpeda PO3IIUPEHHS
1 IIEHTpaTi30BaHOI OpraHizamii CUMYISIIHHOTO
HaByaHHS. Moxke OyTH /1Ba MIXOAM 10 31MCHEH-
HSl JIaHOI 3a/a4i: CTBOPEHHS OKpeMoi Kadeapu
MIPOTICICBTUKA CTOMATOJIOTI, BiJIOBITAILHOI 3a
OBOJIO/IIHHSI TIPAKTUYHUMH HAaBUUKaMH Ha (haHTO-
Max 3 yciX HampsiMiB CTOMAToJIOrii, abo opraHiza-
il OKPEMOTO CTOMATOJIOTTYHOTO CUMYJISIIIHHOTO
LEHTPY 3 OKPEMHUM IITATOM TEXHIYHUX IPAIliBHU-
KiB 1 rpadikoM poOOTH, SIKUH TO3BOJISIB OU CTYICH-
TaM BIAMPAIbOBYBATH HABUYKH Y BIABEICHUN IS
IIHOTO Yac Il KEPIBHUIITBOM YepProBuX (haxiBIliB
13 peecTparliero BUKOHaHOI pOOOTH Y chelianb-
HO po3poOneHid aokymeHTamii. OOuaBl Mozeni
MaroTh TO3UTHBHI 1 HeratuBHi ctoponu. [lepma
3a0e3Ieuye ONTUMAJIbHY CITaJKOEMHICTh BHKJIA-
JAHHS TIPOTICACBTUYHUX JAUCIUILIIH, MOXJIUBICTh

ISSN 2786-6661
¢ISSN 2786-667X

CTBOpPEHHS OUTBINI SKICHOT TeopeTndHoi Oa3u Ta
HABYAJIbHO-METOJJMYHOT  JIOKYMEHTAIlli, MpoTe
BUMAara€ 3Ha4YHOTO HABAaHTAXEHHS 1 PO3LIMPEH-
HSl BUMOT JI0 HAayKOBO-TIEAArori4HOTO TePCOHATY
(abo BBeneHHs 110 CKiIany Kadeapu mpeacTaBHU-
KiB CyMDKHHUX CIICIIaIbHOCTEH, a TAKOXK 1H)KEHEP-
HO-TEXHIYHUH MepcoHan) i 00Mexye Jac i TpuBa-
JICTh BIANpPAIIOBAaHHS NMPAKTUYHUX HABHUYOK Ha
kadenpi. Apyruil miaxia po3muproe MOXKINBOCTI
MIPAKTHYHOI POOOTH CTYACHTIB, 3a0e3meuye 00K
BUKOHAHUX MAaHIMYJSALIH, MPOTE MEBHOIO MIipOIO
00MeXy€e KOHTPOJIb SIKOCTI iX BUKOHAHHS 1 HE 3a-
Oe3redye JIOTIYHY MOCHTIIOBHICTh iX BHKOHAHHSI.
[TocTae muTaHHS PO HEOOXIAHICTH aHAMIZY 1 00-
pPaHHS ONTHMAJIBHOTO IMiIXOAY O CUMYJISIIIHHO-
r'0 HAaBYAHHSI, BUXOMISYHU 3 MOTPEO 1 MOXKITMBOCTEH
VYHIBepCUTETY 3 ypaxyBaHHSIM KaJIpoBOTo 3a0e3-
MEYEHHsI, KOHTHHIEHTY 300yBayiB OCBITH, MaTe-
pianbpHOTO 3a0€e31eYeHHs TOIIO.

BucHoBku

CyuacHuii cTaH MEIMYHOI TajTy31, 0COOIMBOCTI
HaJIaHHS CTOMATOJIOTIYHUX TMOCIYT, SIKi TPU3BEIN
JI0 P13KOTO MaJiHHS KITBKOCTI 3BE€PHEHB, 30KpeMa
B CMLY, i, K HACIIAOK, HEMOXKIIMBICTH 3a0e3I1e-
YUTH HABYAHHS 13 3aJly4CHHSM TEMaTHYHUX I1a-
IIEHTIB € MiJCTaBOIO JOMEPErIsAay IMiIXOMIB 10
NPAaKTUYHOI MiATOTOBKH JIIKapiB-CTOMATOJIOTIB
3 PO3UIMPEHHSIM BUKOPHCTAHHS CHUMYIISIIHHO-
ro o0JaJHaHHA 3 MOXIIMBICTIO KOMIT IOTEPHOTO
KOHTPOJIIO BIJNpAIfOBAaHHS HABUYOK. YHIiBEp-
CUTET Mae oOpaTu HaWOUIBII JOIUIBHY MOAETHh
CUMYJISIIIHHOTO HABYaHHS, IO JO3BOJHTH 3]10-
OyBayaM BHUIIOi OCBITH B MOBHIN Mipi OBOJIOIITH
NPaKTUYHUMU HaBUYKAMH SIK TIATPYHTIM (axo-
BUX KOMIIETEHTHOCTEH JIIKaps-CTOMATOJIOTa.

dinaHCyBaHHS

Ile mocmiKeHHST HE OTPUMAJIO 30BHIIIHBOTO
(dhiHaHCYBaHHS.

Konduiikr intepecis

ABTOpPH 3aCBiAYYIOTH BiJICYTHICTh KOH(IIIKTIB
iHTEpeciB.

3rona Ha nmyOJikamio

Bci aBTOpu 03HAOMIICHI 3 TEKCTOM PYKOTIHCY
Ta HaJlaJIu 3roAy Ha HOTo MyOITiKaIlio.
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Abstract: the article analyzes the existing problems of practical training of dental students at the
clinical bases of specialized departments in the modern conditions of the health care system reforms,
as well as the impact of the COVID-19 pandemic and armed aggression of the russian federation, and
also substantiates the feasibility of simulation training for students of dental faculties. The research
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is based on the study of statistical materials of the Stomatological Medical Center in O. Bogomolets
NMU (SMC), the results of an anonymous survey of graduates of the Dental Faculty, interns and
doctors who underwent post-graduate training at the SMC. A tendency to a significant decrease in
the number of applications for dental care to the university dental clinic has been demonstrated with
an increase in the proportion of patients receiving paid dental services who were excluded from the
educational process. Such tendency limits the possibility of acquiring practical skills directly during
the clinical diagnostics and treatment of patients. Thus, the total number of patient visits to the SMC
was: in 2012-257,115 patients, in 2019-181,507 patients, and in 2022—-101,471 patients. Of these,
94,416 patients were admitted as part of the educational process in 2012, 56,693 in 2019, and 18,382
patients in 2022. A significant drop in the number of patients who visited the Stomatological Medi-
cal Center, a relatively constant number of dental students at O. Bogomolets NMU and the realities
of the past three years have led to the emergence of certain restrictions and reduced opportunities
for practical training of future dentists. The presented data made it possible to calculate the average
number of patients per student of medical and dental education per year, which was 52.57 in 2012,
25.851n 2019, and only 9.22 people in 2022. The limited possibility of training with the involvement
of thematic patients is a reason to revise the approaches to the practical training for dentists with the
expansion of the use of simulation equipment with the possibility of computer control of practicing
skills. The results of the anonymous survey also confirm the need to improve the effectiveness of the
practical training of dental students and interns, in particular through the introduction of new forms of
training, such as simulation training. Advantages and disadvantages of this form of practical training
under different conditions of organization of the educational process are discussed.

Keywords: dental care, dentistry, simulation training, dental clinics, group practice.
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Living in a Pandemic: Social Isolation and Mental Health
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Abstract: the novel coronavirus disease of 2019 (COVID 2019) has gripped the world with fear,
anxiety and confusion, and it is spreading as fast as a virus. In addition to the negative consequences
of the infection of COVID-19 for health, the implementation of strict quarantine also affected the
world economy. As a result, there is growing concern that the pandemic has harmed the mental health
of the general population. Fear, anxiety, and stress are normal responses to perceived or real threats,
and when we are faced with uncertainty or something unknown. Thus, it is normal and understand-
able for people to feel fear in the context of the COVID-19 pandemic. Together with a fear of being
infected with a virus during a pandemic like COVID-19, there are significant changes to our daily
lifestyle: our movements somewhere is restricted in support of efforts to contain and slow down the
spread of the virus. As the COVID-19 pandemic and lockdown measures continue, there is growing
interest in the long-term effects on mental health. In this article, we aim to review and summarize the
results of various studies that have examined the psycho-sociological consequences of the pandemic
and its impact on the mental well-being of population in a general.

Key words: COVID-19, pandemics, quarantine, patients, mental health.

Introduction ter its initial outbreak, the coronavirus disease

At the end of December 2019, the first case
of pneumonia caused by the coronavirus was de-
tected in the Chinese city of Wuhan. The disease
is known as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and the condition is
known as coronavirus disease 2019 (COVID-19)
according to the World Health Organization
(WHO, 2020).

Novel coronavirus disease 2019 (COVID-19),
caused by the SARS-CoV-2 virus, has become a
pandemic with increasing cases worldwide. Af-

spread rapidly throughout the world community,
affecting countries in Europe, the United States,
the United Kingdom, Asia, the Middle East, and
North Africa, prompting the World Health Orga-
nization (WHO) to declare COVID-19 a global
pandemic in March 2020 (WHO, 2020). Coun-
tries around the world have implemented dis-
ease containment strategies aimed at disrupting
the transmission chains of the virus. These strat-
egies are collectively referred to as nonpharma-
cological interventions (NPIs) (Ferguson et al.,
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2020). NPIs are mitigation strategies designed
to reduce physical contact between individuals
in a community in order to reduce the repro-
duction number, the average number of second-
ary cases generated by each positive case. The
term NPIs is commonly used interchangeably
with physical or social distancing protocols. A
variety of NPIs are concurrently implemented
worldwide, and many countries have imple-
mented strict strategies, including quarantines
(e.g., physical closure of schools and universi-
ties), social distancing from peers and commu-
nity activity, quarantine and isolation, to reduce
transmission rates in their communities (Ebra-
himi et al 2021). Given the fact that many of
these interventions are simultaneously operating
worldwide, their potentially harmful association
with the health status of the general public has
now become a major concern for clinicians, ac-
ademics, and health policy-makers (Holmes et
al. 2020).

Due to the rapid spread of COVID-19, efforts
by scientists and clinicians are currently focused
on understanding the epidemiology, clinical
features, mode of transmission, countering the
spread of the virus, while the critically import-
ant mental health has been overlooked in these
efforts, and providing effective strategies to pro-
tect public health. (Legido-Quigley et al. 2020;
Shamasunder et al. 2020).

Aim

This article aims to summarize the current in-
formation on the factors that contribute to mental
distress in isolation, anxiety and despair, and con-
sider the mental health of vulnerable groups such
as children and teens, the elderly, and healthcare
professionals.

Materials and methods

To carry out this review, we searched the pub-
lished articles in PubMed and Google Scholar us-
ing the keywords “COVID-19”, “SARS-CoV-2”
or ‘“coronavirus disease 2019” and “mental
health” in the abstract or title, of analyzed arti-
cles published in scientific journals. Research
included literature reviews, systematic reviews,
meta-analyses, randomized controlled trials, co-
hort studies, case reports, and studies in English.
We also look for related articles in the reference
lists of the articles we have read.

ISSN 2786-6661
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Review and discussion

A new coronavirus disease 2019 (COVID-19)
has become a pandemic that has affected health
and well-being worldwide. Apart from the con-
sequences of physical health, of economy, and
influence on society, the psychological impact of
this pandemic is increasingly being reported in the
scientific articles (Kalcev et al. 2020; Nicola et al.
2020; Lei et al. 2020). Current information in arti-
cles suggests that people suffered from COVID-19
may have a high burden of mental health prob-
lems, including depression, anxiety disorders,
stress, panic attacks, irrational anger, impulsivi-
ty, somatic disorders, sleep disorders, emotional
disorders, post-traumatic stress symptoms, and
suicidal behavior (Pfefferbaum and North 2020;
Wang et al. 2019; Karadag et al. 2022)

There are numerous evidence of neurological,
cognitive, and emotional disturbances in patients
with COVID-19. Acute neurological symptoms
such as neuro-inflammation, cognitive impair-
ment, loss of smell, and stroke are common direct
sequelac among patients infected with SARS-
CoV-2. Work-related stress, quarantine measures,
social distancing and quarantine in order to di-
minish SARS-CoV-2 infection have also affected
the mental health of large populations, regardless
of age. Health emergencies have affected indi-
viduals and communities, causing emotional re-
sponses and unhealthy behaviors (Pandey et al.
2021). Social isolation and its impact on mental
health is perhaps the most difficult aspect that
many people have faced in recent years. Despite
the quarantine policy in place effectively reduced
the spread of the infection, the social isolation
caused by the quarantine caused an increase in
negative emotions and psychological conse-
quences, including confusion, anger, anxiety and
depression of population in the general (Galea et
al. 2020; Brooks et al. 2021; Banerjee and Rai
2020). Social communication is vital to human
well-being, and while online media and applica-
tions such as Zoom, Skype, WhatsApp and Face-
Time can ensure continued social interactions,
they do not replace the need for face-to-face hu-
man contact. It is possible that people may begin
to experience temporary mild to moderate symp-
toms of depression under current circumstances
(Haider et al. 2020).
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Psychosocial impact of quarantine and

isolation

Enforced mass quarantine, as applied by na-
tionwide quarantine programs, can cause mass
hysteria, anxiety, and distress through factors
such as feelings of being cornered and loss of
control (Rubin et al. 2020).

The psychological impact of quarantine can
range from immediate consequences such as ir-
ritability, fear of being infected and spreading of
the infection to family members, anger, embar-
rassment, frustration, loneliness, denial, anxiety,
depression, insomnia, despair, to extreme conse-
quences including suicide (Brooks et al . 2020;
Robertson et al. 2004; Barbisch et al. 2015).

Impact on various layers

of society

Children

A child’s response to a crisis depends on his
physical and mental health, family socioeconom-
ic circumstances, and cultural background (Dal-
ton et al. 2020; Landoni et al. 2022; Radanovi¢ et
al. 2021). Stress factors such as monotony, frus-
tration, lack of personal contact with classmates,
friends, and teachers, lack of sufficient personal
space at home, and family financial losses during
quarantine can potentially trigger unpleasant and
even long-lasting negative psychological conse-
quences in children (Wang et al. 2020 ; Jiao et al.
2020). Likewise, children during COVID-19 may
develop phobias, PTSD (post-traumatic stress
disorder), etc. when they found out information
about risk of get infected and other disturbing de-
tails through audiovisual media, including social
media (Landoni et al. 2022).

Children are constantly exposing to news re-
lated to the epidemic, so direct conversations
with children about these issues can reduce their
anxiety and avoid panic. In the case of self-iso-
lation at home, parents are often the closest and
best source of help for children. Close and open
communication with children is the key to identi-
fy any physical and psychological problems and
to comfort children in long-term isolation. With
the help of the right approach to upbringing, it
is possible to strengthen family bonds and satis-
fy the psychological needs of the child (Chen et
al. 2022; Lawson et al. 2020; Griffith et al. 2022
Tang et al. 2021).
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Elder people

The perception that the elderly and those with
serious co-morbidities are particularly vulnerable
to worse outcomes from COVID-19 can cause
significant fear among older adults. Other psy-
chological effects can include anxiety, irritabili-
ty, and feeling overly stressed or angry. Elderly
people with cognitive decline can become much
more anxious, agitated and socially withdrawn,
so their special needs require special attention
(Doraiswamy et al. 2020; Lloyd-Sherlock et al.
2020).

Female gender and older age are established
demographic risk factors associated with men-
tal health impairment in a pandemic setting
(Sepulveda-Loyola et al. 2020). Risk of infec-
tion, risk of poverty, and poor housing conditions
are contributing factors for older people.

Medical professionals

Challenges faced by clinicians worldwide
include high mortality in the patients they care
for, high demands for medical care, and extreme
physical and emotional stress (Sorbello et al.
2020).

Healthcare practitioners have been particular-
ly affected by the COVID-19 pandemic and are
under more stress than many other professional
groups. This is due to several factors, including
increased risk of infection, fear of infecting oth-
ers and being isolated from their families, over-
time work, difficult working conditions with long
shifts, being a direct witness of suffering and
death of patients (Manchia et al. 2022; Bozdag
and Ergun 2021). Healthcare workers, who car-
ry the greatest burden today, are at greatest risk
of burnout, a state of depleted psychological re-
sources. Burnout is associated with susceptibility
to depression and anxiety, sedatives abuse, in-
creased risk of medical errors, and poor clinical
decision-making. Indeed, they are exposed to high
levels of stress due to long working hours with-
out sufficient rest, as well as the lack of adequate
personal protective equipment in most countries
that have been heavily affected by COVID-19. In
addition, doctors and nurses who are on the front
lines of caring for patients with coronavirus are
likely to be among the most affected in mental
health and psychosocial well-being (Heath et al.
2020; Liang et al. 2020).
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Public

The mass fear of COVID-19, rightly called
“corona phobia” (Asmundson and Taylor. 2020),
is likely caused by the uncertain nature and un-
predictable course of the disease, intolerance of
uncertainty, perceived risk of infection, etc., and
may generate negative psychological reactions,
including maladaptive behaviors , emotional dis-
tress and avoidance of ordinary people (Usher et
al. 2020).

During disease outbreaks, news of the first
death, an increase in the number of new cases,
and extensive media attention can heighten peo-
ple’s fears, frustrations, helplessness, and anxiety
about the situation. This leads to inappropriate
health-promoting and help-seeking behavior in
a concerned public, which can lead to conflicts
between clinicians and patients. Such situation
can be detrimental to epidemic control programs
and hinder social stability (Lindert et al. 2020).
An over-anxious public may worry about short-
ages of emergency and essential services relat-
ed to quarantine, and this unrealistic panic may
lead to false feelings about stocking up on daily
necessities or resources (such as hand sanitizer,
medicine, face masks, or even toilet paper ). The
level of psychological stress is influenced by the
sheer volume of information coming through so-
cial media, the availability and provision of ba-
sic and medical resources, and the effectiveness
of local health care systems (Wang et al. 2021).
Prolonged quarantine causes the unavailability
of public services and the collapse of many in-
dustries, leading to a negative impact on local

ISSN 2786-6661
¢ISSN 2786-667X

and national economic stability (Bueno-Notivol
et al. 2021). Thus, a huge number of people are
experiencing financial losses or are on the verge
of unemployment, which exacerbates the neg-
ative emotions of these individuals during the
COVID-19 pandemic.

Conclusion

COVID-19 is a serious and life-threatening
disease. During a global pandemic, it is very im-
portant for society to continue to advocate for the
interests of those who are particularly vulnerable;
those dealing with this pandemic, with all the
stress and uncertainty surrounding it. Mitigating
the dangerous mental health impact of COVID-19
is an international public health priority.
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AHoTauis: HoBa kopoHaBipycHa xBopoOa 2019 poky (COVID-2019) oxomnuia cBIT CTpaxoM, TpH-
BOTOIO Ta 30€HTEKEHHSM, 1 BOHA MOIIUPIOETHCS TAK CaMO MIBUIKO, K 1 Bipyc. OKpiM HETaTUBHUX Ha-
ciiakiB 3apaxkenHs COVID-19 mis 3m0poB’ s, BIPOBAKEHHS CyBOPOTO KapaHTHHY TAKOXK BILTUHYJIO
Ha CBITOBY €KOHOMIKY. SIK HACHiJIOK, 3pOCTa€ 3aHETIOKOEHHS, IO MaHAeMis 3aB/iaja IIKOAU MCUXid-
HOMY 3JI0pPOB’I0 HacelleHHs B 1iioMy. CTpax, 3aHETIOKOEHHS Ta CTPEC € HOPMAIBHOIO PEAKITIEI0 Ha
ySIBHI UM pealibHi 3arpo3H, a TAKOXK Y 4ac, KOJIU MU CTUKAEMOCS 3 HEBU3HAYCHICTIO UM HEBIJOMICTIO.
Tox 11e HOpMaNbHO Ta 3pO3yMiJI0, IO JIFOAM BITUYBalOTh cTpax y koHTekcTi manjaemii COVID-19. Jlo
CTpaxy 3apa3uTucs BipycoM mij yac Takoi mannemii, sk COVID-19, nomgaroTbest 3HauHi 3MiHU B Ha-
IIOMY MOBCSIKJIEHHOMY HTT1, OCKUIbKH Hallll IepecyBaHHA 0OMEKEH1 Ha MIATPUMKY 3yCUJIb 31 CTPH-
MYBaHHS Ta YIOBUIbHEHHS NomMpeHHs Bipycy. Ockinbpku nanaemis COVID-19 1 kapanTunHi 3axoau
TPUBAIOTh, 3POCTAE IHTEPEC J0 JOBTOCTPOKOBUX HACIIIKIB JIJISl IICHXIYHOTO 3/I0pPOB’s. Y Il CTaTTI
MU TIparHeMo MEepPEersIHYTH Ta y3aralbHUTH Pe3ylbTaTd PI3HOMAHITHUX JOCIIKEHb, SIKi BHBYAIH
TICUXOCOIIO0JIOTIYHI HACIIIIKU MaHaeMil Ta 11 BIUIMB Ha MCUXIYHE OJaronoyqds HaceJIeHHS B IIJIOMY.

Kurouosi ciioBa: COVID-19, nanaemisi, KapaHTHH, TAIIEHTH, ICUXIYHE 30POB'S.
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Abstract: acute cerebrovascular accident is the leading cause of disability. Stroke ranks 4th among
diseases that lead to death or disability. The consequences of stroke include neurological disorders,
motor disorders (plegia, hemiparesis, paresis, muscle spasticity), loss of sensation, pelvic dysfunction,
loss of coordination and balance, high risk of falls, and impaired ability to move independently and
perform daily activities. To achieve optimal independence, stroke patients need qualified rehabilita-
tion care as part of a multidisciplinary team. Evidence-based medicine, treatment, and rehabilitation
interventions have improved significantly in the acute and early periods for stroke patients. However,
in the late period, today, more than half of patients remain limited in their daily activities and have
movement disorders that significantly affect their quality of life and independence. Description of the
objective. To substantiate the use of evidence-based medicine methods in physical therapy to restore
motor function in patients after stroke in the early period. Materials and methods. From October to
December 2021, 20 patients with spasticity, aged 47-85 years, who had suffered an ischemic and
hemorrhagic stroke, took part in the examination and rehabilitation activities at Kyiv City Clinical
Hospital Ne 6, Palliative Care Department, for a period of 3 weeks to 1 month. Voluntary consent for
examination, treatment, and rehabilitation was obtained from all patients and their caregivers. The
diagnostic methods used were computed tomography, magnetic resonance imaging, and, if necessary,
laboratory tests. Tests and scales for physical therapy were used to determine functional impairment
in stroke patients with muscle spasticity: Rankin Scale, Riverbed Mobility Index, Pain Score, Modified
Ashworth Scale, Degree of Arm and Hand Recovery; Degree of Leg and Foot Recovery. Results. After
analyzing the methods of evidence-based medicine on the topic of the problem, we have confirmation
that in the early period, recovery rates are high. However, in the late period after a stroke, the onset of
muscle spasticity significantly limits the motor capabilities of patients and complicates the recovery
process. In the late period, the effectiveness of methods to overcome spasticity has not been fully de-
veloped, and attention is not focused on the complications that arise and accompany them throughout
the recovery period. The appearance of muscle spasticity significantly limits the motor capabilities

Ukrainian scientific medical youth journal, 2023, Issue 1 (136)

http://mmj.nmuofficial.com

21


http://mmj.nmuofficial.com
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/ISSN/2786-667X#
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.32345/USMYJ.1(136).2023.21-29
mailto:alhzgv@gmail.com

UKkrainian Scientific Medical Youth Journal

Issue 1(136), 2023

Creative Commons «Attribution» 4.0

ISSN 2786-6661
¢ISSN 2786-667X

of patients, affects the psycho-emotional state of a person, and causes pain, which prevents the full
use of the affected limb. Muscle spasticity inhibits and complicates the restoration of motor function
in the long term. Conclusions. The study confirms the high effectiveness of the proposed methods of
evidence-based medicine in reducing pain and increasing the range of motion in the shoulder, elbow,
and wrist joints in the early period in patients after stroke. As for the late period, this issue remains
incomplete and requires further study. In the palliative care unit of Kyiv City Clinical Hospital Ne 6,
an individual multidisciplinary approach to patients after stroke was used, which contributed to the
achievement of the goals. It can be stated that evidence-based medicine methods for the acute and
early period have a positive effect on patient independence, and improve cognitive function and mo-

tor activity of the affected limbs.

Keywords: compensation, diagnosis, treatment, physical activity, rehabilitation.

Introduction

According to WHO statistics, stroke kills
about 5 million people worldwide every year.
Approximately 70 — 80% of stroke survivors,
of which 20 — 30% are dependent on outside
help, have a motor and cognitive disabilities. A
stroke is a vascular disease that occurs when a
blood vessel in the brain blocks or ruptures, thus
stopping normal blood flow to the brain. Part of
the brain does not receive enough oxygen due to
insufficient blood supply caused by blockage or
damage due to bleeding. The consequences of a
stroke depend on which part of the brain it occurs
in and how large the area of damage is. Patients
who survive a stroke often face disability, which
affects their independent daily life (Martin-Saez
and James 2021).

Risk factors for stroke are:

* hypertensive heart disease;

» ischemic heart disease;

* atrial fibrillation;

* myocardial infarction;

 cardiac circulatory failure;

» diabetes mellitus;

* overweight;

* insufficient physical activity;

* constant stress (Lou, Carstensen, & Niel-

sen, 2017).

The consequences of an acute cerebrovascular
accident affect the cognitive, psycho-emotional,
and physical functioning of individuals (Bern-
hardt et al., 2017).

Patients have the following consequences: pa-
resis, hemiparesis, hemiplegia; spasticity; apha-
sia; swallowing disorders; apraxia; spatial visual
disturbances; gait, balance, and coordination dis-

orders; posture changes; pain in paretic limbs; de-
pression; development of contractures; low level
of independence in everyday activities (Kulinski
& Pasieka, 2021).

It is proved that the use of physical therapy,
and ergotherapy in the acute period after stroke,
reduce the risk of complications and helps to re-
store impaired functions, prepares patients for
verticalization and the acquisition of the neces-
sary skills to be independent in everyday activi-
ties (Chippala & Sharma, 2016).

Activity and participation of patients after
stroke is an important elements of the rehabilita-
tion path. It is used as a means of prevention and
rehabilitation and has many benefits that affect
the cognitive, psychosocial, and physical condi-
tions of patients (Saunders, 2020).

Studies have shown that stroke survivors have
limited functional activity and participation and
lead sedentary lifestyles (Fini, Holland, & Bern-
hardt, 2017).

Current research emphasizes the need to in-
crease physical activity and improve the active
lifestyle of patients after stroke (Moore et al.,
2018). The planning of rehabilitation interven-
tions, as a result of achievements, can vary and
are targeted at factors that the patient chooses.
Factors include individual, environmental and
social needs, which can positively or negative-
ly influence the participation of patients after a
stroke (Stretton, Mudge, & McPherson, 2017).

Aim

To determine the effectiveness of evi-
dence-based physical therapy methods to restore
motor function in patients after stroke with spas-
ticity in the early period.
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Materials and methods

A course of physical therapy was conducted for
patients after a stroke with the consequences of
muscle spasticity from October to December 2021,
in the Palliative Care Unit at Kyiv City Clinical
Hospital Ne 6. The duration of stay in the institu-
tion is from 1 to 3 months. The treatment and reha-
bilitation activities involved 20 people aged 47-85
years, divided into two groups: the main group —
10 people, and the control group — 10 people. All
of them had suffered ischemic and hemorrhagic
strokes for a period of 3 weeks to 1 month. All pa-
tients had muscle spasticity of paretic limbs. There
were no contraindications at the time of treatment
and rehabilitation in both group. Patients and care-
givers voluntarily consented to examination, treat-
ment, and rehabilitation interventions.

Patients after stroke underwent diagnostic
examinations: computerized and magnetic reso-
nance imaging. Ultrasound of the cerebral vessels
of the neck, cerebral angiography, echocardiogra-
phy, and laboratory methods was also performed
as needed.

Scales and tests are used to examine and de-
termine the patient’s functional status in physi-
cal therapy and occupational therapy. During
the initial, intermediate, and final examination,
the effectiveness of treatment and rehabilitation
measures is determined and compared. When pa-
tients were admitted to the palliative care unit,
the physical therapist used the Rankin Scale from
0-5 points for the main and control groups to
understand the severity of the stroke and assess
the degree of disability. The Rivermead Mobility
Index allowed identifying motor activity in the
patient’s daily life: 0 points — the inability to per-
form an arbitrary movement independently, the
highest score of 15 — the ability to run 10 meters
independently. Measurement of the severity of
spastic muscles on the Ashworth scale from 0 —5
points. Determination of the degree of pain from
1 —7 points, 1 point — constant severe pain, with
shoulder pathology, 7 points — shoulder pain and
no prognostic indicators. The degree of recovery
of the leg and foot was from 1 to 7 points, and the
degree of recovery of the arm and hand was as-
sessed from 1 to 7 points, where the highest score
was motor activity and the ability to use the limb
in everyday activities.

ISSN 2786-6661
¢ISSN 2786-667X

An occupational therapist for the main and
control groups determined the degree of func-
tional independence of patients using the Barthel
Activities of Daily Living Index scale, with a to-
tal score of 100. The score from 0 to 20 points is
complete dependence; from 21 to 60 points — is
pronounced dependence; from 61 to 90 points —
is moderate dependence; from 91 to 99 points —is
slight dependence in the patient’s daily activities.

The Montreal Cognitive Scale was used to
assess the following cognitive impairments: con-
centration, executive functions, attention, memo-
ry, abstract thinking, counting, orientation in time
and space, and constructive visual skills. A score
of 26 to 30 points indicates a favorable cognitive
status. Shoulder pain was assessed from 1 to 7
points, where the highest score has no pain and
prognostic indicators.

Most often, patients after a stroke suffer from
shoulder pain, which impairs the range of motion,
affects the functional state of paretic limbs, and
affects the appearance of muscle contractures. All
this worsens balance and coordination, impedes
independence in everyday activities, limits motor
function, and complicates the rehabilitation pro-
cess.

For the main group, a physical therapist and an
occupational therapist conducted sessions 3 to 4
times a day, from 30 minutes to 1 hour, through-
out the treatment and rehabilitation process. Ev-
idence-based medicine methods were also used.
During the first month, the sessions were held 2-3
times a day for 30 minutes to 1 hour:

» Positioning every 1.5 hours.

* Mobility in bed and within the ward for 30

minutes a day.

» Verticalization from 10 to 30 minutes, de-
pending on the patient’s functional status,
and no contraindications.

* Active and passive therapeutic exercises
from 30 minutes to 1 hour.

» Restoration of walking skills, focusing on
the patient’s condition, rapid fatigue from
20 to 30 minutes.

The occupational therapist conducted classes
for maximum independence in everyday activities
from 30 minutes to 1 hour.

In the second month, the sessions were held 3
to 4 times a day, and the patient used:
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* Coordination and balance exercises from
30 to 45 minutes.

» Restoration of walking skills, focusing on
the patient’s condition, from 20 to 45 min-
utes.

* Proprioceptive neuromuscular facilitation
combined with stretching exercises, from
30 to 45 minutes.

In the third month, 4 times a day, physical
therapy and ergotherapy sessions were conduct-
ed, from 30 minutes to 1 hour. Stretching exercis-
es were performed for the affected arm and leg,
combined with proprioceptive neuromuscular
facilitation. Corrected gait, and continued to per-
form exercises to improve balance and coordina-
tion twice a day, from 45 minutes to 1 hour.

A physical therapist and an occupational thera-
pist in the control group worked with patients for
the first month, 1-2 times a day, from 30 minutes
to 1 hour. The standard program was followed:

* Physiotherapy: stimulating therapy on the

affected limbs for 15-20 minutes a day;

» Passive and active exercises for 30 minutes;

» Verticalization and skills to restore walking
20 — 30 minutes;

* Mechanotherapy 15 — 20 minutes;

* Selection of mobility aids.

For the second placement, classes were held 2

times a day from 30 minutes to 1 hour:

» Passive and active exercises for 30 minutes;

* Restoration of walking skills from 30 min-
utes to 1 hour.

* Mechanotherapy for up to 30 minutes.

» Exercises for balance.

In the third month, classes were conducted
similarly, 2 times a day, up to 1 hour. All the pre-
viously listed methods of physical therapy.

To achieve the set goals and specific needs
of patients, the practicing physical therapist and
occupational therapist of the main and control
groups of patients with spasticity in the early pe-
riod used evidence-based medicine methods with
a variety of available tools.

The object of the study: patients after stroke
with muscle spasticity 20 people, aged 47 — 85
years in Kyiv City Clinical Hospital Ne6, Pallia-
tive Care Department. A multidisciplinary team
was created under the supervision of the attend-
ing physician: Neurologist, Psychologist, Speech
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Therapist, Physical Therapist, Occupational
Therapist, Massage Therapist, Ward Nurse, and
Junior Nurse. With the voluntary consent of rel-
atives and the patient, upon admission to the de-
partment, examinations were carried out, selec-
tion of medicines, and methods of evidence-based
medicine were also used.

Results

Physical therapist and occupational therapist
on admission to the department: assessed the
functional status, based on the request and needs
of patients, and developed an individual rehabil-
itation program.

The multidisciplinary team together with the
patient discussed short-term and long-term goals
built in a Smart format. Each member, within his
competence, plans an individual program for the
patient for the day. To achieve the goals, they
use evidence-based medicine methods and tasks
that the patient performs to successfully achieve
the result. After all, rehabilitation does not end
in the hospital or in the department, recovery
continues until the patient is satisfied with his
functional state.

For the main group, evidence-based methods
were used 2-3 times a day, from 30 minutes to 1
hour:

Positioning is carried out every 1.5 — 2 hours,
putting the limbs in the correct position for the
body. It helped to reduce any muscle pain, dis-
comfort, and stiffness due to the stroke. Preven-
tion of pressure ulcers and pathological positions.

Mobility in bed and within the ward. Physical
therapists conducted training sessions for a safe
change of body position.

Functional training — allowed patients to per-
form tasks in real-time, in a real-life situation
(getting up from a chair, walking, and climbing
stairs).

Balance and gait training. The physical thera-
pist used various training methods that polished
the ability to maintain body balance and improve
coordination of movement. Gait training includ-
ed activities that helped the person to learn and
improve the stereotype of walking.

The occupational therapist selected various
types of aids: a 4-support stick, walker, and or-
thosis for the upper or lower limb, for comfort-
able and safe movement. Training of indepen-
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dence skills in everyday activities and conducting
classes with the cognitive state of the patient.

CIMT therapy, restricted-induced movement
therapy. By limiting the movement of the healthy
arm, the patient does not help the affected upper
limb. It requires maximal use of the affected arm
or hand to perform everyday tasks to regain con-
trol of the upper limb.

As the goals are achieved, the needs of the pa-
tients change, and the physical and occupational
therapist can apply new rehabilitation techniques
to help achieve maximum functionality.

With the control group, the physical therapist
and occupational therapist worked from 30 min-
utes to 1 hour, 1 — 2 times a day, using:

Positioning — used to prevent pressure ulcers,
pneumonia, and incorrect body position;

Passive mechanotherapy to prevent contrac-
tures in the joints of the affected limbs;

Gradual verticalization, transferring patients
to a sitting position, then standing;
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Selection of auxiliary means for movement;

Orthotics for the upper limb, during the resto-
ration of walking skills;

Occupational therapist conducted classes to
restore self-care skills;

Passive or active exercises for gross and fine
motor skills were used.

At the beginning of the study in the control
and intervention groups, there were no significant
differences in the test examinations and scales.
The general characteristics of the control and in-
tervention groups are presented in Table 1. Pa-
tients of both groups at admission had a low ini-
tial level of functional capacity and independence
in everyday activities.

Comparative Pie Chart 1. shows the tests and
scales of the treatment and control groups for 3
months of treatment and rehabilitation activities.

At the initial physical therapy examination, the
main and control groups had the same rates —4%.
In the first week of intervention, the main group

Table 1. Comparative characteristics of the main and control groups, examination of patients

in physical therapy
Primary ex- 2 3
- 1 k |2 k k|4 k
Tests and scales for Physical | amination wee week | 3 wee WeeX | month | month
Therapy
M C M|C/M|C M|C M|C M|C|M|C
Barthel index 100 points 20 20 |25(20|30({25(40|30(50|35(55]|35(60]40

Scale Rankin from 0 - 5 degree 4 4 4

Degree of pain 2 2 2

Ashworth scale from 0 -5
degree

Index of mobility of Rivermead 3 3 3

foot

The degree of hand recovery 1 1 L1 (1|t f{2(1f{2(13]|2|4]32
The degree of recovery of the 1 | ittt lal1lslalslalaloa
hand

Degree of leg recovery 3 3 313(3 1314341353513
The degree of recovery of the ) ) slolalalalalalsls|als]s
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1. Pie chart showing the results of the intervention and
control groups for 3 months

B Primary examination M B Primary examination C

H1 week M m 1 week C
H2 week M 2 week C
H3 week M m3 week C
4 week M m4 week C
2 month M 2 month C
3 month M 3 month C
4%
8% 4% 59
13% ° 4%
7% 6%
’ 5%
12% 8%
6%
7% 1%

has a 1% increase in the results of medical and
rehabilitation measures. In the second week, the
control group showed a 1% decrease, while the
main group showed a 6% decrease. In the third
week, the main group — was 8%, and the control
group — was 6%, 2% less. In the fourth week, the
control group had a result of 7%, and the inter-
vention group had a result of 11%, which is sig-
nificantly higher. The next month, the function-
al dynamics of the main group was 12%, while
the control group showed no significant changes.
Having carried out the final examination, we got
a result of 13% in the main group, and 8% in the
control group. We assume that the control group
did not have a sufficient number of physical ther-
apy sessions and did not follow the recommenda-
tions of evidence-based medicine, which has an
effective impact on the recovery of patients after
stroke with spasticity in the early period.

After the treatment and rehabilitation mea-
sures, from 1 to 3 months in the main group, the
final examination showed that the Barthel Index,
Rankin Scale, Ashworth Scale, Degree of pain,
and Degree of recovery of the arm, hand, leg,
and foot showed positive dynamics. Patients im-
proved balance, and coordination; discomfort,
stiffness of spastic muscles, and pain syndrome
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decreased; active movements in the affected
limbs appeared, which increases the level and
quality of life of people after stroke.

And vice versa, the representatives of the con-
trol group on similar tests and scales, the final re-
sults are not high.

Discussion

At the beginning of treatment and rehabilita-
tion measures, in the anamnesis and examinations
conducted in the groups, there were no signifi-
cant differences. Patients of the main and control
groups had a low level of functional capacity, re-
spectively, and a low level of motor activity.

Control examinations were conducted every
week and, if possible, for 2, or 3 months.

At the final examination of physical therapy
and occupational therapy, significant changes in
the dynamics of the functional state of patients in
the main group were determined. In the control
group, the results were minor changes.

Statistica 8 software was used to collect statis-
tical data. Table 2 shows the average indicators of
patients after the stroke of the control and main
groups, after treatment and rehabilitation mea-
sures in the Palliative Department.

Table 2. Comparative analysis of the main
and control group examinations

Tests and scales The main | Control

for Physical Therapy group group
Barthel index 40 % 29 %
Rankine scale 3,42 % 3,71 %
Dagree of pain 3,71 % 2,28 %
Ashworth scale 3% 4%
Inde?c of mobility 5.14 % 3.71 %
of Rivermead
The degree of hand 2% 1.28 %
recovery
The degree of recovery o 0
of the hand 2,14% 1,42 %
Degree of leg recovery 3,85 % 3%
The degree of recovery o o
of the foot 3,28 % 2,42%
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According to the Barthel Index, the main
group has a score of 40%, compared to a low
score of 29% of the control group. The posi-
tive dynamics of the Rankin Scale increased in
the main group for 3 weeks, and the indicator of
the control group changed only for 2 months of
treatment and rehabilitation measures, compared
to the main group is significantly behind. The
degree of pain according to the results of recent
studies, the main group has a degree — 5, which
significantly improves the functional state of the
hand, and the control group — 3 degrees.

According to the Ashworth scale, the final
result, in the main group, muscle spasticity de-
creased to 2 points, which can not be said about
the control group, without significant chang-
es — 4 points. According to Rivermead, the main
group prevails in the difference by 1.43%.

The degree of hand recovery in the main group
is 2% in the control group — 1.28%. The degree
of recovery of the hand in the main group is 4
degrees (2.14%), and in the control group, there
was no significant difference in degree 2 (1.42%),
without significant changes.

The final result in the main group was the de-
gree of recovery of leg 5 (3.85%), and in the con-
trol group —degree 3 (3%). Regarding the degree
of recovery of the foot, the main group of 3.28%
resulted in a degree 5, and the control group has a
rate of 2.42% with a degree 3 final result of stay-
ing in the department.

Particularly noteworthy is a more pronounced
increase in the final results in patients of the main
group compared to the control group. Summariz-
ing the above, the reason, in our opinion, lies in
the insufficient number of classes and methods
of physical therapy used to achieve the goals and
maximize the recovery of lost motor functions of
patients in the early period after stroke.

The results obtained indicate that the most ef-
fective training is carried out from 2 to 4 times a
day, from 30 minutes to 1 hour, depending on the
patient’s condition. We have selected effective
and scientifically based methods that contribute
to the achievement of the set goals and maximize
the recovery of patients after stroke with spastic-
ity in the early period.

Conclusion

The article highlights the data confirming the
effectiveness of evidence-based medicine in the
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physical therapy of patients after stroke with
spasticity in the early period. This is provided
that consistent guidelines are followed, physical
therapy methods are used appropriately, and the
number of sessions performed is measured over
time. The use of evidence-based medicine can
reduce the disability of patients after early spas-
ticity stroke, gain independence and improve the
patient’s functional status.

Further work is needed to determine the
proposed methods for the restoration of motor
functions of patients after a stroke with muscle
spasticity in the late period to speed up the re-
habilitation process and reduce the negative con-
sequences that occur in the late period. It often
turns out that the methods used in the early pe-
riod are ineffective in the late period. This leads
to the adaptation of patients to the consequences
and defects after stroke. Worsening the functional
state of patients after stroke increases the dura-
tion of motor function recovery.

In the future, our goal is to review evi-
dence-based medicine and late-phase examina-
tion methods for stroke patients with spasticity.
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AHOTaNifA: TOCTPE NOPYLIEHHS] MO3KOBOTO KPOBOOOIry TOJIOBHA PUYMHA 1HBadiAU3alii. [HCYabT
nocizae 4 micue cepen XBopoO, 110 CHPUIMHAIOTE CMEPTh a00 iHBaJiAHICTh. Hacigkamu iHCYIBTY €
HEBPOJIOTIYHI PO3NIaAH, pyXoBi (IUIeris, reminapes, napes, CllaCTUYHICTh M’ 5131B), BTpara Yy TJIMBOCTI;
TUCcYHKIIT Ta30BUX OpraHiB; BTpaTa KOOpAMHALIll Ta pIBHOBAark, BACOKUM pU3HK NaJiHb, IEpEIOHA
JI0 3/IaTHOCTI CaMOCTIMHOTO TIEpPEeCyBaHHS Ta 3[IACHEHHS MOBCSAKIECHHOI MisTbHOCTI. [ HaOyTTS
ONTUMAaJIbHOI HEe3aJIEKHOCTI MaIliEHTaM MICJIsl IHCYJIBTY MOTpiOHA KBamidikoBaHa peabimiTaiiiiHa J10-
IIOMOTa y CKJ1a/li MyJbTHAUCIUILTIHApHOT KoMaHau. Jloka30Ba MEHUIIMHA, JIIKyBaHHS Ta peadimiTariii-
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Hi 3aX0/I1, CYyTTEBO MOJMIMIIECH] Y TOCTPOMY Ta PAaHHbOMY NEPi0/Ii IS MAIIEHTIB MiCTs iHCYNbTY. AJie y
Mi3HLOMY TIEPi0/Ii, Ha CHOTOHIINIHIN ACHB, O1IbIIIA ITOJIOBUHA MAIlI€HTIB, 3AJIUIIAIOTHCS 0OMEKECHIUMHU
y TIOOYTOBHUX [iSIX Ta MAalOTh PYXOBi MOPYIICHHS, 1€ 3HAYHO BIUIMBAE HA SIKICTH JKUTTS Ta HE3AJICK-
HicTb. Onuc Metu. OOTpYHTYBaTH 3aCTOCYBAaHHSI METO/IIB JIOKA30BOi MEAWIIMHY Yy (i3WUHIN Teparii
JUI BITHOBJICHHSI PYXOBOi (DYHKIII Mali€HTIB MICIs IHCYNIBTY Y paHHbOMY Iepiofi. Marepianu Ta
Metonu. Y KuiBchbKiit MiChKiN KITiHIUHIN JikapHi Ne 6, BinineHHs namaTuBHOT JOTIOMOTH, 3 YKOBTHS
o rpyznens 2021 pik, y oOcTekeHHI Ta peaduniTalliiiHuX 3aXoAax B3sUIM ydacTh 20 MmaIfieHTiB 31 cna-
CTUYHICTIO, BIKOM Big 47 — 85 poKiB, SIKi IEPEHECIH 1IIEMIYHHI Ta TEMOPAri4YHUI 1HCYJIBT, CTPOKOM
Bix 3 THkHIB 70 | Micsist. Y BCiX MAIi€HTIB Ta OMIKYHIB Opaiu JoOpPOBUTEHY 3r0/ly Ha 0OCTEKCHHSI,
JIIKyBaHHsI Ta peadimiTariiiini 3axoau. st 1iarHOCTHYHUX METO/IIB: BUKOPHUCTOBYBAJIM KOMIT FOTEPHY
ToMorpadito, MarHITHO-pE30HAHCHY ToMOrpadiro, 3a MOTpedH 3MIMCHIOBAIUCH Ta00PaTOPHI METOAH
obcrexxenns. s Bu3HaueHHsT (PyHKIIIOHAIBHUX MOPYIICHB MAIlI€HTIB MICHSI 1HCYJIBTY 3 M S30BOIO
CTMACTUYHICTIO OyM BUKOPUCTAaHHI TECTH Ta MIKaiu MO (i3uuHii Tepamii: mkana Penkina, [nnexc
MoOipHOCTI PiBepmin, Ctymiae 600, MoaudikoBaHa mkana AmBopa, CTyniHb BITHOBICHHS PYKH
ta kucTi; CTyniHb BiIHOBIEHHS HOTH Ta cromu. Pesynpraru. [IpoBenenuii anai3 METONiB JOKA30-
BOT MEIUIIMHU 332 TEMOI MPOOJIEMATHKU, MAEMO MiATBEPXKCHHS, 10 B PAHHBOMY IIE€PiOi BHCOKI
MOKA3HUKH BIJHOBJICHHS. AJie y Mi3HbOMY MEpPioJli Micis 1HCYJIBTY MOSBA M SI30BOi CIIACTHYHOCTI
3HAYHO OOMEXKY€E PYXOBI MOXKIIMBOCTI TMAIlI€EHTIB Ta YCKIAIHIOE TIpolieC BiAHOBIEHHA. He 10 kiHIs
PO3TOpHYTE MUTAaHHS Ha PaXyHOK €()eKTUBHUX METO/IB IMOIOJaHHS CIIACTHYHOCTI y Mi3HBOMY Iepi-
O7li, HEe aKIIEHTOBAHO yBary Ha yCKJIAJHEHHSX, 10 BUHUKAIOTh y Mi3HbOMY repioi. [TosBa M’ s130B01
CHACTHYHOCTI 3HAYHO OOMEXKYE PYXOBI MOXKJIMBOCTI MAIIEHTIB, BIUTUBAE HA TICKXOEMOIIHHUI cTaH
JIIONTUHM, 3’ SBISTIOTHCS OOJIbOBI BIAUYTTS, SIKi 3aBaKAIOTh HAJIC)KHO BUKOPHCTOBYBATH ypa)keHY KiH-
iBKy. M’s130Ba CIACTUYHICTh TaJbMY€ Ta YCKJIAIHIOE BIHOBICHHS PYyXOBOi ()YHKIII B MI3HBOMY
niepioni. BucHoBku. [IpoBefeHe 0OCTEKEHHS MATBEPKYE BUCOKY €(EKTUBHICTh 3aIPOIIOHOBAHUX
METO/IiB JIOKa30BOT MEAULIMHH Y 3MEHIICHHI 00JbOBOTO CHHAPOMY Ta 301IbIICHHI aMILTITYIH PyXiB
y TUICYOBOMY, JIIKTHOBOMY Ta IMPOMEHEBO-3aIl ICTKOBOMY CYII00aX y paHHHOMY TEpioJii TMalli€HTIB
micns iHCynsTy. Ha paxyHOK Mi3HBOTO MEpiofny, MUTAHHS 3aJIMIIAE€THCS HE3aBEPIICHUM, 1 MOTpedye
noxanboro po3rsaay. ¥ KuiBcbkiit MichbKid KiliHIUHIN JikapHi Ne6, Bigninenns IlamiaruBHoi no-
MMOMOTH, BUKOPUCTOBYBAJIA 1HAWBIIyaIbHUNA MYJIBTHAUCHUTUTIHAPHUHN MiIX11 JJIs MAIIE€HTIB TiCHs
THCYJIBTY, 1110 CITPHUSIIO JOCATHEHHIO TIOCTABJICHUX IIeld. MoXeMO CTBEp/DKYBATH, [0 METOU JTOKA-
30BOT MEJUIIMHH JJIsS TOCTPOTO Ta PAHHBOTO TMEPiOy MAIOTh MIO3UTUBHUN BIUIMB HA CAMOCTIHHICTh Ta
HE3aJIC)KHICTh MAIlIEHTIB, TAKOX MOKPAIYE KOTHITUBHY (DYHKIIIIO Ta PYyXOBY aKTHBHICTh ypaKEHUX
KIHITIBOK.

KirouoBi cjioBa: iarHOCTHKA JTIKyBaHHS, KOMIIEHCAIS, CTPYKTypHA (YHKILS, MMOIIKOIKEHHS
TOJIOBHOTO MO3KY, peadimitaiis, (hi3u4Ha akKTUBHICTh
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Five discoveries of Volodymyr Betz. Part one. Betz and the islands of
entorhinal cortex

Medvediev Volodymyr', Cherkasov Viktor2, Vaslovych Viktoria®, Tsymbaliuk Vitaliy'

' Department of Neurosurgery, Bogomolets National Medical University, Kyiv, Ukraine

2 Department of descriptive and clinical anatomy, Bogomolets National Medical University,
Kyiv, Ukraine

> Neuropathomorphology Department, State Institution «Romodanov Neurosurgery Institute,
National Academy of Medical Sciences of Ukraine», Kyiv, Ukraine

Address for correspondence:
Medvediev Volodymyr

E-mail: vavo2010@gmail.com

Abstract: in the series of publications, which this article opens, we consider five fundamental neu-
romorphological observations of our compatriot, the classic of world neuroscience, Volodymr Betz.
For four of them, we demonstrate the status of discoveries for the first time, for the other one — the
giant pyramidal neurons of the motor cortex — despite its widespread and long-standing recognition,
we reveal the limitations of modern knowledge and ideas. Two of the mentioned observations — giant
fusiform, or spindle-shaped neurons of the cingulate and insular cortex and islands of the entorhi-
nal cortex — are currently known only to a narrow circle of specialists; to the others two, islands
of Calleja and signs of the columnar cortex organization, we pay attention for the first time. In this,
the initial part of the series, exposing modern apprehensions about the structure and functions of the
entorhinal cortex, we demonstrate the weight of Betz s pioneering observation of extraordinary neu-
ron clusters, which are nowadays known as entorhinal islands, and prove the fact of recognizing his
historical priority in the description of these amazing brain structures.

Key words: history of medicine, neurosciences, entorhinal cortex, grid cells, memory, episodic,
time perception, alzheimer disease.

Introduction sive, probably not least due to the fact that it is

Higher mental functions, including memory,
consciousness and the inner world, the sense of
time and error-free spatial navigation, are among
the most attractive, if not obsessive, topics of hu-
man cognition. The last century revealed some
details of the arrangement of the material appara-
tus, which assists the realization of these psyche
functions. In the core of this machinery is a small
part of the brain - the entorhinal cortex. The study
of its structure and function is now quite inten-

also present in lower mammals and is therefore
available for all modern tools of experimental
neurophysiology. So, at the moment, it is difficult
to imagine a neuroscientist who has not seen at
least one work devoted to the entorhinal cortex
during his professional career. This area of the
brain became famous in 2014, because it was for
the study of the neurons of the entorhinal cortex
that the Nobel Prize was awarded that year. And
also the entorhinal cortex is the debut scene of
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Alzheimer’s disease.

It so happened that our compatriot, who, as is
known, was well-informed and sympathetic to
the history of his own people, made a large-scale
addition to the study of entorhinal piece of cortex.
Historiographic investigations have always been
an important segment of the scientific process,
since, in addition to issues of honor and respect
(without which the development of science, un-
fortunately, is unthinkable), they reveal the very
drama of knowledge in all its unsightly.

It is probably symbolic and appropriate that
this material comes out precisely at this diffi-
cult time for Ukraine; a time not only and not
so much of survival, but also, for the majority -
of the second birth or even the metamorphosis
of the Ukrainian people. It is at such moments
that the examples of success are superimportant.
And here is an example of world-class success is
Volodymyr Betz.

In this work, we sought to fully reveal the
depth and providential significance of his obser-
vations regarding the microstructure of the ento-
rhinal cortex, observations, that are recognized,
as it turned out, in the neurobiological environ-
ment. And for the first time to demonstrate his
own preparations of this brain area, which be-
came the basis of his published morphological
descriptions and generalizations.

Aim

To demonstrate the Betz priority of in the dis-
covery of entorhinal islands, to determine the im-
portance and relevance of this discovery.

Materials and methods

To determine the relevance and degree of
study of entorhinal islands, we used the method
of searching and summarizing scientific informa-
tion. Scientific articles in specialized periodicals,
available in the PubMed database, in network
electronic catalogs and in the funds of the Nation-
al Scientific Medical Library of Ukraine, as well
as thematic scientific publications in book format,
available on the Internet or on market Internet
services among the assortment of printed publi-
cations, were selected as the subject of the search.
When selecting the material, the principles of ac-
tuality, reliability, objectivity, informational unity
and relevance were taken into account. We used
the historical method (including the chronologi-
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cal approach) to find out the carrier of priority in
the discovery of the entorhinal islands.

From the point of view of the methodology of
the scientific process, when working on the ma-
terial of the article, we used routine methods —
analysis, synthesis, abstraction, analogy, compar-
ison, as well as a systematic approach.

Also, using the method of subject morpho-
logical search based on given cytoarchitectonic
criteria among the collection of Betz neurohis-
tological preparations, which is kept at the De-
partment of Descriptive and Clinical Anatomy of
the Bogomolets National Medical University, we
found the temporal lobe pole preparations, where
entorhinal islands were identified. Photofixation
and scaling of histological images of the relevant
areas was performed in the Neuropathomorphol-
ogy Department electron microscopy laboratory
of the State Institution «Romodanov Neurosur-
gery Institute (National Academy of Medical Sci-
ences of Ukraine)» on an Axiophot optical mi-
croscope (Opton, Germany), using a Canon 600
digital camera (Canon Inc., Taiwan), computer
analyzer CAI-01 ABH (Selmi, Ukraine), software
«Kappa opto-electronics GmbH» (Germany) and
a object-micrometer. Delicate optimization of
images in order to achieve equivalence of their
color characteristics carried out with MS Power
Point tools on a personal computer.

1.1. Brain Navigation System

The Nobel Prize of 2014 confirmed signifi-
cance of the mammals’ navigation system char-
acteristics. At this time, a significant number of
brain cells have been described, the activity of
which correlates with the realization of this func-
tion certain aspects (7ab. ). Perhaps it currently
includes neurons whose unique status in provid-
ing certain nuance of navigation will be disproved
over time. However, it is important that huge pro-
portion of these cells was detected exactly in the
entorhinal cortex. So, let’s dwell on the peculiar-
ities of this small area of the brain arrangement.

1.2. Entorhinal Cortex

The term “entorhinal cortex” was suggested
by Korbinian Brodmann (R. Insausti & Amaral,
2012), probably, because this region (Brodmans
areas 28 and 34) in a human is located more me-
dially, more interiorly from the rhinal sulcus and
perirhinal cortex (fig. /). In primates it is local-
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Table 1. Currently Known Neurons of the Mammals’ Brain Navigation System

The
organism
for which
Type of the Localization in the brain the Main references
cells presence of
these cells
has been
established
Hafting, Fyhn, Molden, M.B. Moser and
E.I Moser, 2005, Fyhn, Hafting, Treves,
medial entorhinal cortex rodents, M.B. Moser and E.I. Moser, 2007; Yart-
grid cells (MEC), particularly its II layer, | probably |sev, Witter and Ulanovsky, 2011; Killian,
and the parasubiculum human Jutras and Buffalo, 2012; reviewed by:
E.I. Moser, M.B. Moser and McNaugh-
ton, 2017, and Tukker et al., 2022
CA1 (Cornu Ammonis .
’ O’Keefe and Dostrovsky, 1971; reviewed
place cell ﬁ?ld 1) and CA3 field of the rodents by: E.I Moser et al., 2017
hippocampus
Taube, Muller and Ranck Jr, 1990 a,
head direction b; Mizumori and Williams, 1993, L.L.
cells MEC, presubiculum, post- Chen, Lin, Green, Barnes and McNaugh-
(including subiculum, anterodorsal tha- rodents, ton, 1994; Taube, 1995; Stackman and
pure azimuth lamic nucleus, lateral mammil- bats, pri- Taube, 1998, Sargolini et al., 2006,
cells and pure | lary nucleus, dorsal tegmental mates Giocomo et al., 2014, Finkelstein et al.,
pitch cells in a | nucleus 2015; Shinder and Taube, 2019; An-
bat) gelaki and Laurens, 2020, reviewed by
Tukker et al., 2022
list of the brain locations of
angular head | these cells is less numerous .
velocity cells | than that for ordinary head rodents reviewed by Taube, 2009
direction cells
zgﬁ; unctive MEC rats reviewed by Tukker et al., 2022
Savelli, Yoganarasimha and Knierim,
boundary presubiculum, parasubiculum, 2008, Solstad, Boccara, Kropff, M.B.
cells, border the 11, IIT and V layers of the rodents Moser and E.I. Moser, 2008, Tang et
cells entorhinal cortex al.,, 2014, Tang et al., 2015, reviewed by
Tukker et al., 2022
. Jacobs, Kahana, Ekstrom, Mollison and
path cells entorhinal cortex human Fried 2010
cue cells MEC mice Kinkhabwala, Gu, Aronov and Tank,
2020
obiect-vector Hoydal, Skyteen, Andersson, M.B. Moser
celJls MEC mice and E.I. Moser, 2019; reviewed by Tuk-
ker et al., 2022

Ukrainian scientific medical youth journal, 2023, Issue 1(136)

http://mmj.nmuofficial.com

32


http://mmj.nmuofficial.com
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/ISSN/2786-667X#
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/

ISSN 2786-6661
¢ISSN 2786-667X

UKkrainian Scientific Medical Youth Journal

Issuel (136), 2023

Creative Commons «Attribution» 4.0

speed cells,
as well as the

speed cells — MEC, field CA1
and CA3 of the hippocampus;
at least some of them belong

C. Sun et al., 2015, Kropff, Carmichael,
M.B. Moser and E.I. Moser, 2015, and

a.ngular and to th-e place cells anq the grid rodents Spalla, Treves and Boccara, 2022; re-
linear speed cells; angular and linear speed viewed by Tukker et al.. 2022
cells cells — MEC, presubiculum, Y v
parasubiculum
CA1 and CA3 fields of the
hippocampus, probably, MEC
time cells (Salz et al., 2016) and lateral rodents Salz et al., 2016, Tsao et al., 2018, re-
entorhinal cortex (LEC; Tsao viewed by Rolls and Mills, 2019
etal., 2018; Rolls and Mills,
2019)
in primates — fields CA1 and primates,
spatial view CA3 of the hippocampus, par- human, Robertson, Rolls and Georges-Frangois,
cells ahippocampal gyrus, presubic- probably | 1998, reviewed by Rolls, 2021
ulum rodents
. . . human and
egoc?ntrlc medial temppral cortex, partic- other mam- | Kunz et al., 2021
bearing cells | ularly parahippocampal cortex mals
allocentric . . .
bearing to in a macaque -— parietal cor- primates,
a landmark tex (Brodman's area 7a) and probably hu- | reviewed by Rolls, 2021
posterior cingulate cortex man, rodents
neurons
movement . . Rochefort, Lefort and Rondi-Reig, 2013,
cells posterior parietal cortex rodents based on Whitlock et al., 2012
primates,
whole body hippocampus, subiculum possibly hu- | reviewed by Rolls, 2021

motion cells

man, rodents

goal-direction
cells, goal-dis-
tance cells

CAL1 field of hippocampus

bat

Sarel, Finkelstein, Las and Ulanovsky,
2017

3D border
cells, 3D

head-direction

cells, 3D grid
cells

presubiculum (3D head-direc-
tion cells), MEC (3D border
cells, 3D head-direction cells,
3D grid cells)

bat

Finkelstein et al., 2015, Ginosar et al.,
2021

navigation
cells of subic-
ulum: ax-
is-tuned cells,

barrier-related

cells, bound-
ary vector
cells, multi-
plexed place
cells

subiculum

rat

reviewed by N. Matsumoto, Kitanishi and
Mizuseki, 2019

social place
cell

field CA1 of hippocampus

rat, bat

Danjo, Toyoizumi and Fujisawa, 2018;
Omer, Maimon, Las and Ulanovsky, 2018
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ized on the ventromedial surface of the temporal
lobe anterior part, bordering with periamygdaloid
cortex, presubiculum and parasubiculum, perirhi-
nal cortex and the rest of the parahippocampal
gyrus cortex (Kobro-Flatmoen & Witter, 2019).
It contains 6 layers, but refers to the transitional
cortex — periarchicortex (Stephan, 1975). The
total number of neurons of the entorhinal area in
a human hemisphere makes up 7-8¢10° (R. In-
sausti & Amaral, 2012; Naumann et al., 2016).

Two main parts of the entorhinal cortex are
distinguished: in rodents — medial (medial ento-
rhinal cortex, MEC) and lateral (lateral entorhi-
nal cortex, LEC), in a human — posteromedial
(PMEC) and anterolateral (aLEC) (R. Insausti &
Amaral, 2012; Kobro-Flatmoen & Witter, 2019).
Traditionally, the MEC and pMEC, LEC and
aLEC are considered homologous (Navarro
Schroder, Haak, Zaragoza Jimenez, Beckmann
& Doeller, 2015; Ohara et al., 2021, and many
other works).

The Il layer of the entorhinal cortex is the most
interesting from many points of view. Within the
MEC borders it contains two types of neurons —
stellate and pyramidal (reviewed by Witter, Doan,
Jacobsen, Nilssen & Ohara, 2017; Tukker et al.,
2022). The pyramidal ones are predominantly ex-
citatory, expressing calbindin or wolframin (wol-
fram syndome protein 1); they represent 30—40 %
of all MEC type II neurons, preferentially pro-
jected on the CAl-neurons, demonstrate a clear
dependence of activity on a 0-rhythm, and re-
ceive cholinergic inputs (reviewed by Naumann,
Preston-Ferrer, Brecht, & Burgalossi, 2018).
The stellate neurons are the excitatory ones,
express Reelin, represent up to 50-60 % of all
MEC layer II neurons, and being a basic source
of the perforant fibers which make synapses with
the granule cells of the dentate gyrus (reviewed
by Naumann et al., 2018). The LEC layer II also
contains two basic neuron phenotypes (Witter,
Doan, et al., 2017) — Reelin-positive (analogues
of the MEC layer II stellate neurons) and calbin-
din-positive ones (analogues of the MEC layer 1]
pyramidal neurons).

The entorhinal cortex afferents come from the
perirhinal, piriform, cingulate, insular and orbi-
tofrontal cortex, from other regions of parahippo-
campal cortex and from the superior temporal gy-
rus cortex (Van Hoesen, Pandya & Butters, 1972,
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R. Insausti, Amaral & Cowan, 1987; R. Insausti
& Amaral, 2008, 2012; Witter & Amaral, 2021),
as well as the medial part of the septal complex
(Jacob, Poucet, Liberge, Save & Sargolini, 2014)
and, probably, from the amygdaloid complex, bas-
al forebrain, thalamus, supramammillary nucle-
us, ventral tegmental area, raphe nuclei and from
the locus coeruleus (R. Insausti & Amaral, 2012).

The main efferents of the entorhinal cortex
make a perforant path, which mainly consists
of the layer II and III neuron axons (Xu, Y. Sun,
Holmes & Lopez, 2016, Witter, Kleven & Ko-
bro Flatmoen, 2017). At that, the Reelin-positive
stellate glutamatergic neurons of layer II project
into the dentate gyrus, hippocampal field CA3
and CA2 (Naumann et al., 2018; Matsumoto et
al., 2019; Nilssen, Doan, Nigro, Ohara & Witter,
2019), while the calbindin-positive pyramidal
glutamatergic neurons of layer II project into the
field CA1 and subiculum (R. Insausti & Amaral,
2012; Nilssen et al., 2019), producing the so-
called temporo-ammonic pathway (Witter, Kleven
etal., 2017). It was for the glutamatergic synapses
of the perforant path axons with the dentate gyrus
granule cell dendrites of the rabbit, that the long-
term potentiation was described (Lomo, 1966,
Bliss & Lemo, 1973) — which is one of the most
probable electro-physiological correlates of mem-
ory and learning (4braham, Jones & Glanzman,
2019; Bliss & Collingridge, 2019, Joshi, Patel,
Rehan & Kuppa, 2019; Dringenberg, 2020).

It is obvious that the connections of the ento-
rhinal cortex are wider than those listed (Ohara et
al, 2019, 2021; Guthman et al., 2020, Hu, C.H.
Chen, S.Q. Chen & Ding, 2020; Meier, Q. Wang,
Ji Ganachaud & Burkhalter, 2021; Huang, Rolls,
Hsu, Feng & Lin, 2021, Raithel & Gottfried, 2021;
Syversen et al., 2021) and cover distal cortex ar-
eas, €.g., primary somatosensory cortex (C. Wang
et al., 2020) and area prostriata (Hu et al., 2020).

A, B i E (Kobro-Flatmoen et al., 2021, fig. 1
A, B, C) — schematic image of the human ento-
rhinal cortex localization in the left brain hemi-
sphere (A), and the corresponding temporal lobe
3D-fragment with the designation of this region
main formations on a photomicrograph of a
transverse histological section stained with thi-
onin (E), the original of which was taken by the
authors from fig. 24.8 of R. Insausti and Amaral
(2012) with minimal changes.
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Fig. 1. Human entorhinal cortex and its main morphological peculiarities according to various
authors. Scheme-collage.

C (Simic et al., 2005, fig. 1 C) — entorhinal tu-
berosity; unfixed fragment of an adult left temporal
lobe (woman, 59 years old, cause of death — liver
cirrhosis); the delineation of the entorhinal area
with a black line was carried out by the authors
on the basis of the «verrucae areae entorhinalis»
localization (the conventional designations in the
original drawing were removed by us — V.M.).

D (Hevner & Wong-Riley, 1992, fig. 3 A) —
“leopard” appearance of the unstained and un-
cuted human entorhinal cortex surface; dark
spots correspond to the entorhinal islands visible
through the surface of the cortex (notations in the

original drawing were removed by us — V.M.);
the reticular complex of white strips of the brain
substance between the dark spots was called the
substantia reticularis alba of Arnold.

F (Beall & Lewis, 1992, fig. 4 A) — Nissl-
stained transverse histological section through
the human entorhinal cortex (male, 48 years old,
cause of death — complications of atherosclero-
sis); scale bar is given in the original.

Symbols not deciphered in the figure: GC —
glomerula corticalia; layers of the entorhinal cor-
tex are marked with Roman numerals in Figure
1 E.
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1.3. Clusters of Entorhinal Cortex

The most interesting characteristic of the en-
torhinal cortex is its modular composition, which
is manifested through clusters of the layer II
neurons, or by clusterization of layer I neuronal
population. Two types of clusters have been de-
scribed: the MEC/pMEC contains the so-called
patches (cell patches), with the small pyramidal
neurons, while the LEC/aLEC contains the so-
called islands, nests or glomeruli (fig. 1 E, F),
filled basically with the stellate neurons. This
islands in humans have a macroscopic counter-
part — tubercles (eminences, elevations), also
known as bumps, or warts (verrucae) of the ento-
rhinal cortex surface (fig. 1 C; see further).

1.3.1. Islands

The islands of the LEC/aLEC layer I, or en-
torhinal islands are detected already by ordinary
neurohistological staining (Braak, 1972; fig. 1
E, F). Analogous structures are visualized when
identifying the expression of various enzymes,
proteins and peptides (Solodkin & van Hoesen,
1996; Mikkonen, Soininen & Pitkdnen, 1997).
Some authors state, that the majority of the human
entorhinal islands contain stellate cells, surround-
ed with a parvalbumine-positive neuropil (Beall
& Lewis, 1992; Hevner & Wong-Riley, 1992).
The diameter of an entorhinal island of the hu-
man aLEC is ~0.5—-1 mm, and the mean distance
between them is 369 + 162 um (Solodkin & Van
Hoesen, 1996). An average number of neurons in
one island of the left and right human hemisphere
is, respectively, ~4.7¢10° and ~4.1210° (Simic et
al., 2005). The entorhinal cortex of the human
left hemisphere contains ~121 macroscopic is-
lands analogues — the entorhinal tubercles, the
right one — ~111, which overall makes — ~232
(Simic et al., 2005).

1.3.2. Patches

The MEC/pMEC layer II contains immuno-
histochemically detectable clusters of pyramidal
neurons, which are named entorhinal patch-
es. Detection of these patches using ordinary
light-optic examination methods is almost im-
possible for rodents and dogs (WozZnicka, Ma-
linowska & Kosmal, 2006), though, quite real for
a human and primates (Beall & Lewis, 1992, fig.
5 A, 6 A). Beside pyramidal neurons, the patch-
es contain other neurons types (Ray et al., 2014,
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Naumann et al., 2016); in particular, the human
patches contain also stellate neurons (Naumann
et al, 2016). The total number and average di-
ameter of an entorhinal patches in one rat brain
hemisphere are, respectively, 69 + 17 units and
145 £ 41 pm, in a one human hemisphere —
115 £ 16 units and 532 £ 197 um. The average
number of calbindin-positive neurons in an ento-
rhinal patch of a rat is 111 + 42 cells, that of a hu-
man — 837 + 84 cells (reviewed by Naumann et
al., 2016). On the tangential section, the patches
make hexagonal, rectangular and geometrically
irregular structures, which in a human are divid-
ed in such proportion: ~45 %, ~35 % and ~20 %,
respectively, or, by other calculations, — ~50 %,
~30 % and ~20 % (reviewed by Naumann et al.,
2016).
1.3.3. Tangential Localization of Islands and
Patches

Entorhinal islands and patches do not overlap
in space (Naumann et al., 2016, fig. 8§ A). Sporad-
ic observations in human and other higher mam-
mals (Ramon y Cajal, 1988, work of 1901-1902,
p. 301, fig. 15; Beall & Lewis, 1992, fig. 5 A4, 6 A;
Suzuki & Porteros, 2002, fig. 6 B, fig. 8) evidence
about opportunity of both clusters identification
within one optical field, and besides, when the
human islands and patches take the same tan-
gential position, in some places it produces an
impression of various depth of their occurrence
(Naumann et al., 2016; fig. 8 A). Such assumption
is confirmed by the earlier data, received for the
entorhinal cortex of the human and apes (Beall
& Lewis, 1992, fig. 5 A, 6 A; Suzuki & Porteros,
2002, fig. 6 B, fig. §8).

1.3.4. Patches and Islands in Other Areas of
the Cortex

It is well known, that the tangential clusters of
neurons, similar with the entorhinal patches, are
characteristic for other various cortex regions, the
list of which is given in many works (see Horton
& Adams, 2005; Rockland, 2021; Tukker et al.,
2022). What is less thoroughly studied, is the cor-
tical prevalence of clasterization, characterizing
layer IT of the LEC/aLEC. At present, such type
of clasterization in mammals has been also de-
scribed for the uncal cortex, subiculum, presubic-
ulum and parasubiculum (Hevner & Wong-Riley,
1992; Heinsen et al., 1994, von Economo, 2009,
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p- 150-169; R. Insausti & Amaral, 2012; Ding,
2013; R. Insausti, Murioz-Lopez, A.M. Insausti &
Artacho-Pérula, 2017), as well as for many other
areas of the cerebral cortex of those mammalian
species that are not used in experimental medi-
cine (Hof & van der Gucht, 2009; Butti & Hof,
2010, Butti et al., 2014, Raghanti et al., 2015;
Raghanti et al., 2019) — hump-backed whale
(Megaptera novaeangliae), fin whale (Balae-
noptera physalus), minke whale (Balaenoptera
acutorostrata), beluga whale (Delphinapterus
leucas), bottlenose dolphin (Tursiops truncatus),
Florida manatee (7Trichechus manatus latirostris),
Atlantic walrus (Odobenus rosmarus rosmarus),
river hippopotamus (Hippopotamus amphibius),
pigmy hippopotamus (Hexaprotodon liberien-
sis), Western bongo (Tragelaphus eurycerus),
white-tailed deer (Odocoileus virginianus), do-
mesticated pig (Sus scrofa domesticus), and a
horse (Equus ferus caballus).
1.4. Entorhinal Patches and Grid Cells

The most thoroughly studied functional type
of the MEC neurons are the grid cells (Hafting et
al., 2005), for the discovery of which E.I. Moser
and M.B. Moser were awarded the Nobel Prize
in physiology and medicine in 2014. A peculiar
trait of these neurons is their maximum firing rate
when the animals is moving through the special
plane points — nodes of the grid formed by the
apices of imaginary regular triangles assembled
into hexagonal figures. In this way, each grid
cell possesses its own map of the fiducial loco-
motion plane points (Hafting et al., 2005), which
is quite flexible (Fyhn et al., 2007, Krupic, Bau-
za, Burton, Barry & O’Keefe, 2015; Ismakov,
Barak, Jeffery, Derdikman, 2017; Krupic, Bauza,
Burton, O’Keefe, 2018), and that which may de-
form due to the memorized goal representation
(Boccara, Nardin, Stella, O’Neill & Csicsvari,
2019), considering the target-related reward in-
formation (W. Wang & W. Wang, 2021) and being
represented in various scales (reviewed by: E.IL
Moser et al., 2017). The prevalent position of the
grid cells is in the MEC layer II (reviewed by:
Tukker et al., 2022). Nowadays, it is possible to
state, though with some precautions, about the
existence of similar mechanism metrification of
neighbourhood in human (Doeller, Barry, & Bur-
gess, 2010, Bellmund, Deuker, Navarro Schréder,
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& Doeller, 2016, Horner, Bisby, Zotow, Bush, &
Burgess, 2016, Constantinescu, O Reilly, & Beh-
rens, 2016, Nau, Navarro Schroder, Bellmund,
& Doeller, 2018, Julian, Keinath, Frazzetta, &
Epstein, 2018; D. Chen et al., 2018, Maiden-
baum, Miller, Stein & Jacobs, 2018, Staudigl
et al., 2018, He & Brown, 2019; Kim & Magu-
ire, 2019; Bellmund et al., 2020, W. Wang & W.
Wang, 2021).

The data about the morphological and immu-
nohistochemical phenotype of the grid cells are
sparse. It is admitted, that the grid cells account
for 18 % of the MEC neurons, border cells — 9 %,
head direction cells — 1 %, and the non-classi-
fied space-dependent cells — 68 % (Diehl, Hon,
Leutgeb & Leutgeb, 2017). According to Miao,
Cao, M.B. Moser and E.I. Moser (2017), among
all identified grid cells in the mice, 94 % were
identified in the MEC, and slight portion — in
presubiculum. At that, 33 % of the grid cells
were in layer II of the MEC (~9 % of the layer
neurons), 31 % — in layer III (~6 % of the layer
neurons), and 36 % — between the layers (Miao
et al., 2017). Overall, the proportion of the grid
cells among all MEC neurons makes up 10-20 %
(Naumann et al., 2018), that one among the py-
ramidal neurons — 19% (7ang et al., 2014), and
among the stellate neurons — about 3-25 %
(Tang et al., 2014; Rowland et al., 2018).

Currently, the mechanism of formation of the
typical spatial-preferential grid cell activity is un-
identified (Witter, Doan, et al., 2017; Naumann
et al., 2018, Tukker et al., 2022), the evidence
about contribution of the stellate and pyramidal
neurons of the MEC layer II in the formation of
the grid cell specific activity is fragmental (Nau-
mann et al., 2018), and the mechanisms of inter-
dependence of the various navigation system cell
are shrouded in darkness (E.1I. Moser et al., 2017,
Rowland et al., 2018, Angelaki & Laurens, 2020,
Tukker et al., 2022), and the role of visual and oth-
er types of information for the peculiar grid cell
activity is the subject of hypotheses (Connor &
Knierim, 2017; Campbell & Giocomo, 2018; Ja-
cob, Capitano, Poucet, Save, & Sargolini, 2019;
Jayakumar et al., 2019; Moon, Gauthier, Park,
Faivre & Blanke, 2022; Waaga et al., 2022). Al-
though, there exists a considerable number of
models, aimed to answer this questions (Finkel-
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stein et al., 2015, Igarashi, 2016, E.I. Moser et
al., 2017; Naumann et al., 2018, Widloski, Mard-
er & Fiete, 2018, Kang & Balasubramanian,
2019; Mosheiff & Burak, 2019; Park, Jang, Kim
& Kwag, 2019; Rodriguez-Dominguez & Ca-
plan, 2019, Spalla, Dubreuil, Rosay, Monasson,
& Treves, 2019; Agmon & Burak, 2020; D’Albis
& Kempter, 2020, Ekstrom, Harootonian & Huff-
man, 2020, Vinepinsky, Perchik, & Segev, 2020,
Waniek, 2020; Krishna et al., 2021; Rueckemann,
Sosa, Giocomo & Buffalo, 2021; T. Wang, Yang,
Z. Wang, Zhang & W. Wang, 2021; Tukker et al.,
2022 and many others). This situation is caused
by impossibility of comparing various phenotype
brain cells characteristics: functional, morpho-
logical and immunohistochemical ones (Hard-
castle, Ganguli & Giocomo, 2017, Naumann et
al., 2018). Modern studies gradually help us cope
with this methodological difficulty; so, the most
probable is the toroidal functional network topol-
ogy of the MEC cells population (Gardner et al.,
2022).

Another key issue of the brain navigation sys-
tem physiology is the correlation of the tangen-
tial, often hexagonal distribution of the entorhinal
cortex layer II modular structures with the ability
to hexagonally mapping of the planar neighbour-
hood by the located here grid cells (Naumann et
al., 2018). The search for an answer to this ques-
tion has not yet been successful yet (Igarashi,
2016, Guetal., 2018; Naumann et al., 2018). It is
important to note, that the tangentially clustered
in patches pyramidal neurons of the MEC layer 11
may play a significant role in the grid cell activity
formation (Naumann et al., 2016). Simultaneous-
ly, tangential clustering of the MEC grid cells, if
present, is different (Naumann et al., 2018; Gu et
al., 2018; Obenhaus et al., 2022).

1.5. Functions of the LEC/aLEC

The entorhinal islands function remains un-
identified.

The paraentorhinal projections of calbin-
din-positive neurons of the LEC layer II, and,
probably, LEC itself, are wider than those of the
analogous cells of the MEC layer II and MEC
itself (Ohara et al., 2019). The LEC receives
significant convergent inputs from the perirhinal
cortex and postrhinal cortex to all main neurons
of the II layer, which allows this part of the brain
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to take into account continuous changes in the be-
havioral environment (Doan, Lagartos-Donate,
Nilssen, Ohara & Witter, 2019), e.g., changes in
the elemental composition of the environment
(Tsao, M.B. Moser & E.I. Moser, 2013). Regard-
ing this, it is important that the LEC is directly
associated with the olfactory bulb and piriform
cortex (Igarashi et al., 2012; Liu, 2020), the neu-
ronal networks of the LEC layer II are involved
in the processing of olfactory information (Bit-
zenhofer, Westeinde, Zhang & Isaacson, 2022),
and the LEC altogether participates in odor-con-
text associations (Persson et al., 2022). Probably,
due to this, certain LEC neurons are preferential-
ly activated in the case of animal close location
to a new, limited in space, object (Deshmukh &
Knierim, 2011; Tsao, M.B. Moser & E.I. Moser,
2013). Oscillations with a frequency of 20—40
Hz, which are the electrophysiological equiva-
lent of the functional connection of the LEC and
hippocampal field CA1 during the engramming
of certain specific information (Igarashi, Lu, Col-
gin, Moser & Moser, 2014, Igarashi, 2015), can
be generated precisely with the participation of
the olfactory bulb and piriform cortex (reviewed
Igarashi, 2016). Finally, modulation or mediation
by the LEC of cortical y-oscillations associated
with the 0-rhythm is an important condition for
memorizing or reproducing spatially-connoted
information (Luo et al., 2022).

Nilssen et al. (2018), and Nilssen et al. (2019)
suggest that the LEC may contain similar to the
MEC neuronal network and cells with similar to
the grid cells spatial-preference activity, which
provide metrification of the LEC-specific ob-
ject-dependent information about environment.
Witter, Doan et al. (2017) consider that the LEC
provides connection of the hippocampus with
the anterior parts of the cortex, mediating access
to the information about movement contextual
changes, including information about transfor-
mation of the environment.

The LEC/aLEC is a key node of the episod-
ic (Bellmund, Polti, & Doeller, 2020, Vandrey et
al., 2020; Takehara-Nishiuchi, 2022) and social
(Dang et al., 2022; Lopez-Rojas, de Solis, Leroy,
Kandel, & Siegelbaum, 2022) memory, provides
fast information reproduction under similar con-
text (Pilkiw, Jarovi & Takehara-Nishiuchi, 2022),
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participates in detecting familiarity for events
(Mahnke, Atucha, Pina-Fernandez, Kitsukawa &
Sauvage, 2021), in time association of the stimuli
which are applied in a certain sequence (Yu, Yu,
Choi & Takehara-Nishiuchi, 2021), in engram-
ming and reproduction of the temporal informa-
tion, summarized in the LEC according to the ac-
quired behavioral experience (7sao et al., 2018;
Bellmund, Deuker & Doeller, 2019; Bellmund,
Polti, & Doeller, 2020), and finaly, in producing
the space-time map of the experienced events
(Deuker, Bellmund, Navarro Schréder & Doeller,
2016, Bellmund et al., 2019; Montchal, Reagh &
Yassa, 2019, Bellmund, Polti, & Doeller, 2020).
The LEC may also play a role in the mechanisms
of fear memory (East Jr, Brady & Quinn, 2021)
and neuropathic pain syndrome (Guida et al.,
2022), in the formation of spatial correlates of
feeding behavior (4zevedo et al., 2019) and, to-
gether with the anterior cingulate cortex — par-
ticipate in the motivation sphere function and in
the network reinforcement correlates formation
(lonov et al., 2021).

With all this, it turns out that synapses of LEC
axons with newly formed dentate gyrus granule
cells acquire the ability to form long-term poten-
tiation not immediately, but after several months
(Wleta & Snyder, 2021) and, most interestingly,
LEC has a significant, but still poorly studied
effect on the motor system (lonov, Pushinska-
yva, Gorev & Frenkel, 2020, lonov, Pushinskaya,
Gorev, Frenkel & Severtsev, 2021).

1.6. Functions of the Entorhinal Cortex in

General
1.6.1. Space

The representation of “spatiality” in the sphere
of consciousness is provided with the participa-
tion of a number of brain areas — the orbitofron-
tal cortex, medial prefrontal cortex, dorsolateral
prefrontal cortex, cortex of the inferior parietal
lobule, posterior cingulate cortex, medial tem-
poral cortex, entorhinal cortex, hippocampus,
anterior thalamus, claustrum, and cerebellum
(Rochefort et al., 2013, Bares et al., 2019, Cona
& Scarpazza, 2018; Schafer & Schiller, 2018;
O’Mara & Aggleton, 2019).

To date, a number of indirect evidences have
been obtained for the participation of the hexag-
onal metrification system (Doeller et al., 2010;
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Bellmund et al., 2016, Horner et al., 2016; D.
Chenetal., 2018; Maidenbaum et al., 2018, Stau-
digletal.,, 2018, He & Brown, 2019, Bellmund et
al., 2020, W. Wang & W. Wang, 2021) and the
entorhinal cortex (D. Chen et al., 2018, Maiden-
baum et al., 2018; Moon et al., 2022) in the inter-
nal, subjective representation of a person’s neigh-
bourhood, at that taking into account the target
related reward (W. Wang & W. Wang, 2021), as
well as in subjective conceptual (Constantinescu
et al., 2016) and social metrification (Kaplan &
Friston, 2019). However, network mechanisms
of the locomotor navigational entorhinal-hip-
pocampal system engagement into these higher
psychic functions are still staying unexplained
(Ekstrom et al., 2020, Raithel & Gottfried, 2021).

The role of each of the two entorhinal cortex
part in the space metrification by the subject is
ambiguous. According to the common opinion
(reviewed by C. Wang et al., 2018), LEC/aLEC
provides into the hippocampal networks infor-
mation about the arrangement of the environ-
ment in the egocentric coordinates of the observ-
er (i.e. idiothetic information), while, the MEC/
pMEC provides information about the location of
the observer in space in allocentric coordinates
built on the relationships between the elements
of the environment (i.e. allothetic information),
as well as about the current motor activity and
its target. Nevertheless, the role of the LEC even
in the context of this scheme seems broader (Ku-
ruvilla, Wilson & Ainge, 2020), both parts of the
entorhinal cortex are involved in the processing
of allocentric information (Shine, Valdés-Herre-
ra, Tempelmann & Wolbers, 2019), and the MEK,
in turn, plays a key role in both types of naviga-
tional metrification (Save & Sargolini, 2017). In
general, some authors (Connor & Knierim, 2017)
tend to consider MEC as the basis of exactly idio-
thetic navigational metrification (see also Camp-
bell & Giocomo, 2018), and LEK — as allothetic
(see Vandrey, Duncan & Ainge, 2021). Somewhat
similar conclusions can be drawn based on the
data of X. Chen, Vieweg and Wolbers (2019).

In the context of another paradigm, informa-
tion about the object (what?) is processed by the
LEC, information about the place (where?) — by
the MEK (Connor & Knierim, 2017; Nilssen et
al.,, 2019; Fernandez-Ruiz et al., 2021), though
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the information processing networks for these
two features (ventral and dorsal stream, respec-
tively) appeared to be less segregated than it
had been assumed before (Huang et al., 2021).
Naumann et al. (2018) state that the aLEC net-
works are preferentially activated in response to
the demonstration of object images, while the
pMEC networks — to the images of rooms and
locations. According to other data (Peng et al.,
2018), the human aLLEC participates in process-
ing of the object-associated information, pMEC
— visually-associated information. There is also
evidence that accurate information about the ob-
server’s position in space is formed due to LEC
on the base of the data about location of the en-
vironment objects (Vandrey et al., 2021). And at
the same time, other data indicate that navigation
based on the close to the animal positional deter-
minants does not require function of MEC and
LEC at all, and navigation based on distant posi-
tional determinants is carried out with the partici-
pation of MEC (Poitreau et al., 2021).
1.6.2. Time

Field CA1 of the hippocampus of the mam-
mals, and, probably, the MEC (Salz et al., 2016)
contains neurons, whose “rosary” of individual
activity bursts can represent time segments of
different scales — seconds, minutes, and days
(Eichenbaum, 2017; Mau et al., 2018). Their ac-
tivity significantly depends on the MEC function
(Eichenbaum, 2017), and the MEC, in a whole,
plays significant role in memorizing (Vo et al.,
2021) and exact reproduction (Dias, Ferreira &
Remondes, 2021) of temporal intervals.

In its turn, temporal information about en-
grammed behavioral episodes can also be extract-
ed from the LEC neurons network activity, at that
in various scale — from seconds to hours (Tsao et
al., 2018), possibly, even days (Bellmund, Deu-
ker & Doeller, 2019). The LEC neurons, function
of which is considerable for the engramming of
temporal information, possess the property to
slowly reduce activity after a sharp or gradual its
increase (ramp-like activity; Tsao et al., 2018),
which allows to obtain within the set of this
cells, chains of their sequential firing, similar to
the time cell chains (Rolls & Mills, 2019). In the
same way, temporal information can be obtained
through analysis of activity of the set of macaque
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anterior and posterior entorhinal cortex neurons
(Bright et al., 2020).

The shaping of the spatio-temporal map of the
experienced events (Deuker et al., 2016), exact
representation and reproduction of their temporal
structure (Bellmund et al., 2019; Montchal et al.,
2019) are performed under the leading aLEC par-
ticipation. Though, mechanisms of, for example,
mnestic reconstruction of the events temporal
sequence remain unknown (Bellmund, Deuker,
Montijn & Doeller, 2022).

1.6.3. Speed

The results of a number of early and recent
studies (C. Sun et al., 2015, Kropff et al., 2015;
Hinman, Brandon, Climer, Chapman & Has-
selmo, 2016; Ye, Witter, Moser & Moser, 2018,
reviewed Tukker et al., 2022) testify to the exis-
tence of brain neurons, activity of which close-
ly correlates with the value of an animal linear
speed — the so-called speed cells. Unlike pop-
ulation of such cells in hippocampus, the MEC
speed cells are a rather distinct functional group
(Kropffet al., 2015). Some MEC cells whose ac-
tivity correlates with an animal movement speed
are parvalbumin-positive, inhibitory neurons that
project into the hippocampus (reviewed Tukker et
al., 2022). However, in general, the composition
of the MEC speed cell population and its rela-
tion to other populations of the navigation system
neurons currently remain unknown (see Tukker et
al., 2022).

1.6.4. Memory

The memory function is provided with key
participation by the entorhinal-hippocampal
complex, dorsolateral prefrontal cortex, ventro-
lateral prefrontal cortex, medial prefrontal cortex,
inferior and lateral frontal cortex parts, inferior
and lateral parietal cortex parts, structures of the
fornix, nucleus basalis of Meynert, amygdaloid
complex, hypothalamus, nucleus accumbens,
and, possible, some thalamic nuclei and the pe-
dunculopontine nucleus (reviewed by Khan,
D’Agostino, Calnan, Lee & Aronson, 2019).

The entorhinal-hippocampal complex is well
known for its participation in the engramming
of current information (Kelley, Evans & Kel-
ley, 2018; Rolls, 2018), at that, not only spatial
(Suthana et al., 2012), but also integral one, i.e.
whole episodes, with their temporal, spatial, so-
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cial and other attributes (Sugar & Moser, 2019;
Bellmund, Polti, & Doeller, 2020). As mentioned
before, LEC/aLEC is regarded as one of the nodes
of episodic (Bellmund, Polti, & Doeller, 2020;
Takehara-Nishiuchi, 2022) and temporal (Deu-
ker et al., 2016; Tsao et al., 2018, Bellmund et
al., 2019; Montchal et al., 2019; Bellmund, Polti,
& Doeller, 2020) memory. The entorhinal cor-
tex also plays significant role in engramming of
the affective-emotional information, particularly,
under participation of the pyramidal and stellate
neurons of the MEC layer II (Kitamura, 2017).

It should be mentioned also that the entorhi-
nal-hippocampal complex participates in trans-
formation of the primarily engrammed informa-
tion into the semantically linked, conceptual, and
therefore long-term retained information (Dan-
dolo & Schwabe, 2018; see also Sekeres, Win-
ocur & Moscovitch, 2018).

1.7. Entorhinal Cortex and Alzheimer’s

disease

The role of the entorhinal cortex, LEC in par-
ticular, in brain pathology has been most substan-
tially studied regarding the Alzheimer’s disease
(Kobro-Flatmoen et al., 2021; Olajide, Suvanto
& Chapman, 2021; Tran, Speck, Gallagher &
Bakker, 2022), but it is not limit with this disease
only (e.g., see Braden & Riecken, 2019). For a
long time, the most significant decrease in neuron
number under the Alzheimer was revealed only
in the hippocampus, particularly, in field CAl,
then — also in the hilus of the dentate gyrus, in
the subiculum, and in the layers II and V of the
entorhinal cortex (Beall & Lewis, 1992, Solodkin
& van Hoesen, 1996, van Hoesen, Augustinack,
Dierking, Redman & Thangavel, 2000; R. Insau-
sti & Amaral, 2012) and in the perirhinal cortex
(van Hoesen et al., 2000). A decrease in the ento-
rhinal cortex volume under the Alzheimer’s dis-
ease is also revealed by the life-time MRI studies
(Wisse et al., 2014), and its key role in the disor-
der pathogenesis is confirmed by the comparative
regional analysis of the genetic expression in the
cerebral cortex (Gryglewski et al., 2022).

In a human, with aging, the area of the ento-
rhinal tuberosity and average number of neurons
in ordinary island/protuberance significantly de-
creases, and entorhinal cortex layer III neurons
are the first to demonstrate senile accumulation
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of pathological neurofilament aggregates (Simic
et al., 2005), at that in the elderly persons with
absent cognitive disorders the MRI-detected en-
torhinal cortex atrophy correlates with presence
of the B-amyloid accumulations (Nosheny et al.,
2019). The human entorhinal cortex can also
accumulate the t-protein neurofibrillary tangles
even in the pre-clinical phase of Alzheimer’s dis-
ease (Llamas-Rodriguez et al., 2022), though for
some variants of this pathology, accumulation
of the t-protein in typical brain regions is not
pathognomonic (Singleton et al., 2021).

A significant vulnerability of the entorhinal
cortex layer II neurons was proven in the model
of Alzheimer’s disease (Yang et al., 2018), and
rapid age-related disturbances of this entorhinal
cortex layer projection were described in intact
animals (Amani et al., 2021). There is an assump-
tion that the LEC neurons are affected under the
Alzheimer’s disease retrogradely, due to the ac-
tion of the certain dentate gyrus pathological fac-
tors (Young, 2020). A number of studies reveal
significant age-related decline in persistent firing
ability of the LEC layer IIl pyramidal neurons,
which cause deficits in temporary associative
memory and learning (Lin, Sherathiya, Oh &
Disterhoft, 2020, Lin, Oh & Disterhoft, 2022).

And yet, the conclusion about Alzheimer’s
disease-dependent reduction in the entorhinal
cortex neuronal population is called into question
by the available, albeit far from complete data on
the age-related dynamics of this neuron popula-
tion in relatively intact individuals.

Thus, Heinsen et al. (/994) state a negative
correlation between the number of the entorhinal
cortex layer II neurons of each hemisphere and
the individual’s age, so that when comparing the
averaged data for persons aged 20 and 85 years,
they note the loss of up to 27 % of the neurons of
the considered layer. Simic et al. (2005) define
this index for the age sample of 32—83 years at the
level of 44 %. Kordower et al. (2001) registered
loss of 64 % of the entorhinal cortex layer II neu-
rons, in patients of 80-97 years old, under mild
cognitive deficits, while under the Alzheimer’s
disease the value was 58 %. Price et al. (2001,
as cited in R. Insausti & Amaral, 2012) state
the 0.7 % annual age decrease of the entorhinal
cortex neurons population in people with mild,
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preclinical Alzheimer’s disease, at that the 1.2 %
level of decrease was revealed for layer II neuro-
nal population. According to R. Insausti, A.M. In-
sausti, Sobreviela, Salinas and Martinez-Penuela
(1998), as cited in R. Insausti and Amaral (2012),
age-related decrease of the entorhinal cortex area
in the interval 12—-110 years reached 4 %. While,
Gomez-Isla et al. (/996) did not detect the left en-
torhinal cortex layer II neuron loss in individuals
with no signs of dementia during the age range
from 60 to 89 years, at all.
1.8. Betz Cortical Glomeruli
1.8.1. Glomerula corticalia

A neuromorphological description, presented
below, is nowadays the first cytoarchitectonic ev-
idence about the entorhinal cortex modular orga-
nization, i.e. existence of entorhinal islands: «7The
end of the Ammon gyrus the entire end of the tem-
poral lobe (polus temporalis) have the peculiari-
ty that in them the pyramids of the third layer, in
addition to their own place, is also placed direct-
ly under the first layer. Here they are arranged
quite peculiarly in large round heaps, located at
a distance from one another. The pyramidal cells
of these heaps are arranged in a variety of di-
rections to each other, directions, which are sim-
ilar with the directions of the rows of threads in
a ball, so I want to name them glomeruli of the
cortex (glomerula corticalia).». This is a part of
the paper by Volodymyr Betz, completed by him
on November 15, 1880, and published in Russian
in 1882 (translation — ours, with maximum ob-
servance of the author s vocabulary and style pe-
culiarities). The Russian-language version of this
article is almost identical to the world-famous
German version of 1881 (fig. 2). Here is quote
from the relevant part: “Das Ende der Ammon-
swindung und das ganze Ende des Schldfenlap-
pens (Polus temporalis) besitzen die Eigentiim-
lichkeit, dass in ihnen die Pyramidenzellen der
dritten Schicht auch noch unmittelbar unter der
ersten Schicht anzutreffen sind. Hier lagern sie
sich ganz eigentiimlich in Form grofser, runder
Haufen, die durch bedeutende Zwischenrdume
von einander geschieden sind. Die Pyramiden-
zellen dieser Haufen selbst sind ganz eigentiim-
lich gegen einander gerichtet und erinnern an
Garnkndule, weshalb ich sie ,,Glomeruli cor-
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ticales“ benannt habe.” (Betz, 1881, N. 12, p.
211). In the same work, we also find another,
hitherto unnoticed by commentators, fragment,
which reinforces Betz’ priority in description
of the entorhinal cortex modular organization:
«The Ammon gyrus of this brain [referring to the
brain of Motte, or Motey, who suffered from idio-
cy — V.M.] represents a very strongly developed
substantia reticularis alba, which, especially on
the inferior part of the gyrus, represents the ap-
pearance of the fish caviar grains located next
to each other.» (Betz, 1882, translation is ours,
with maximum observance of the author s style
V.M.). The German version is identical: “Die Am-
monswindung dieses Gehirns hat eine sehr stark
entwickelte Substantia reticularis alba, welche
namentlich an dem unteren Teile der Windung
das Aussehen von dicht neben einander gelager-
ten Fischlaichkornern hat.” (Betz, 1881, N. 13,
p- 232). The fact that the author is fully aware
of the unordinarity of his own cytoarchitectonic
observation is demonstrated by a fragment from
the introductory part of the article, which states
the following: «Regarding the peculiar struc-
ture specificity following cortex parts are differ-
entiated: the anterior central gyrus [precentral
gyrus — V.M.], cingulate gyrus (gyrus cingu-
li), Ammon gyrus, third frontal [gyrus — V.M.],
paracentral lobule, lingual lobule (gyrus lingua-
lis), terminal lobule (lobulus extremus) and the
end of the temporal lobe (polus temporalis).»
(Betz, 1882, translation is ours, with maximum
observance of the author’s style; highlighting
is ours — V.M.). The German version is almost
identical: «Ganz besonders charakteristisch ist
der Bau folgender Rinde bezirke: der vorderen
Central windung, der bogenformigen Windung
(Gyrus cinguli), der Ammonswindung, der drit-
ten Stirnwindung, des Lobulus paracentralis, des
Gyrus lingualis, des Lobulus extremus und das
untere Ende des Polus temporalis.» (Betz, 1881,
N. 11, p. 195, the Russian and German versions
differ by the word we highlighted, the meaning
of which is ‘the lower’). After difficult searches,
we managed to find among Betz’s collection of
preparations precisely those that, in our opinion,
contain the morphological material described in
the above quotations (fig. 3—3).
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Fig. 2. Three consecutive March issues of the German scientific and medical periodical “Centralblatt
fiir die medicinischen Wissenschaften” (“Central journal for the medical sciences”, Berlin) in which
Betz’s article (/881) was printed in three parts. In the first two numbers (N. 1/ and N. 12) the relevant
parts of Betz’s work are placed first, in the third of the considered numbers (V. /3) the final part of
Betz’s work is placed fourth. Source of the electronic file of the edition number binder for 1881:
https://archive.org/details/bub_gb_acADAAAAYAAJ/page/192/mode/2up

Fig. 3. Glomerula corticalia on Betz’s authentic preparations.
A — four histological preparations with the carmine-stained «end of Ammon's gyrus» sections.
Betz’s own handwritten inscriptions: on the two preparations located on the left — «posteriorly
[from] the End of gyrus Amm/[onis]», on the two preparations located on the right — «End of the
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gyrus Amm/[onis[»; the inflexion of the word «4mm/onis]» in both cases is illegible. The wording of
these signatures exactly corresponds to the vocabulary of the above-cited place of the article by Betz
(1882), where the islands of the entorhinal cortex, i.e. glomerula corticalia, were first described. This
leaves no doubt that the source of this description was at least these four preparations from Betz’s

collection given here.

B — view of a typical part of the cortex histological section, available on one of the four Betz’s
preparations we examined; arrows indicate entorhinal islands.

C, D — variants of the entorhinal islands, which we found on the same four Betz’s preparations,
at different magnifications (the boundaries of the islands are marked horizontally with black arrows)

Fig. 4. Variants of the entorhinal islands, which we found on the Betz’s preparations (fig. 3 A4), at

different magnifications (A, B). Carmine-staining.

In each photomicrograph, the conventional center

of the entorhinal island is marked with a black asteriks

Betz’s priority regarding the description of
the Ammon’s horn cortex cytoarchitectonics has
been recognized by Ramon y Cajal (1988, work
of 1901-1902, p. 294-295): «The structure of the
hippocampal gyrus in man and that of the piri-
form lobule in animals have been little studied.
In general, the authors have distinguished in the
hippocampal gyrus two regions or segments: the
subiculum, or portion adjacent to Ammon's horn,

recognizable by showing a plexiform layer fur-
rowed by thick bundles of white matter, and the
principal portion, distant from [Ammon's] horn,
in which an organization almost identical to that
of the other [cerebral] gyri has been supposed.
However, some authors, among whom we must
cite Betz, Obersteiner, Dejerine, Hammarberg,
and especially Calleja and Kélliker, have recog-
nized some structural peculiarities exclusive to
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Fig. 5. Variants of the entorhinal islands, which we found on the Betz’s preparations (fig. 3 4), under
strong magnification (A, B). Carmine-staining. The neuronal composition of the islands and even the
cytological features of neuronal somata are well visualized (B)

the piriform lobule and hippocampal gyrus. One
of the typical features of the cortex of the subicu-
lum is the presence, at the level of the small pyr-
amids, of pleiades of cells separated by ascend-
ing bundles of white matter which were alredy
recognized by Betz,’ who named them cortical
glomeruli. For his part, Obersteiner,’’ who stud-
ied also the structure of the subiculum ... [A]t the
level of second layer, he also observed the cellu-
lar accumulations of Betz, as well as the bun-
dles of white matter that separate them; ... One
neurologist who dedicated more attention to the
theme we are dealing with, exploring equally all
the regions of the hippocampal gyrus with meth-
od of Nissl, was Hammarberg.” ... In agreement
with Betz and Obersteiner, he observed the small
islands of the second layer and the ascending
white bundles.” (highlighting is ours — V.M.).
This evidence of Ramon y Cajal is well known
to specialist. Thus, Amaral, R. Insausti and Cow-
an (/987) write: «According to Ramon and Cajal
(01, °02), Hammarberg (1895) provided the first

comprehensive study of the laminar organization
of the entorhinal cortex, although Betz (1881),
Obersteiner (1888), and Calleja (1893) had ear-
lier described some aspects of its structural orga-
nization.». R. Insausti, Tunon, Sobreviela, A.M.
Insausti and Gonzalo (/995) in a special final
part of the article, referring, most likely, to the
same work of S. Ramon y Cajal, give a number of
early reports on the microscopic structure of the
entorhinal cortex, the first three authors in which
are the analogous: Betz, Obersteiner, Calleja, and
Hammanberg.

Amaral et al. (/987) before the brief exposi-
tion of the entorhinal cortex research history note
that the thorough study of the issue were made by
Stephan (/975) and Haug (1976). A close look at
both of these works reveals details of the Betz’s
role reception in the discovery of the entorhinal
islands. Thus, Haug (/976), describing the cy-
toarchitectonic features of the rat parahippocam-
pal cortex, associates the beginning of this brain
part structure study with Ramon y Cajal. Instead,
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Stephan (1975) presents an original vision of a
historical series of personalities who contributed
most significantly to the human entorhinal cor-
tex microstructure study. This list looks as fol-
lows (references to relevant primary sources are
given in Stephan's cited work): Campbell (1905),
Brodmann (7/909), C. Vogt and O. Vogt (1919),
von Economo and Koskinas (/925), Rose (1927),
Sgonina (/938), and Braak (/972). Unexpected
absence of Ramon y Cajal and Lorente de No
in these list, without a doubt, is obvious to the
author himself; he notes that the contribution of
both morphologists is described by him separate-
ly, in point 8.11.5. Among the listed works, the
author emphasizes evidence of Campbell (7905):
he, according to Stephan (1975, p. 666), describes
the notable near-surface clusters of the entorhinal
cortex cells — «Er gibt aber eine Beschreibung
und eine sehr schone Illustration der Zell- und
Faserarchitektonik von einer Gegend, die er als
«as near as possible the central point of the lob-
uley — gemeint ist sicherlich der Gyrus parahip-
pocampalis — beschreibt (Campbell, 1905, Plate
XVII). Er gliedert die Rinde in sechs Schichten.
An Besonderheiten hebt er die grofBen Faser-
massen im Stratum moleculare hervor, und die
bemerkenswerten Zellnester an der Oberflache
des Zellbandes, die im Faserbild durch besonde-
re Faserarmut auffallen. Die Molekularschicht
ist ungewohnlich breit.» (highlighting is ours —
V.M.). Dwelling on this morphological peculiari-
ty, Stephan (1975, p. 666) casually notes that the
II layer of the entorhinal cortex contains two types
of nests — those which consist of polymorphic
giant cells and those that contain significant num-
ber of small pyramidal cells: «Die zweite Schicht
enthalt zwei Typen von Zellnestern. Einmal sol-
che aus «polymorphen Riesenzelleny (CAJAL)
und solche aus kleinen Pyramidenzellen*). Die
grof3en Zellen haben beim Menschen einen mit-
tleren Durchmesser von 28 mkm und sind bevor-
zugt sternformig. Der Kern ist klein und liegt im
Zentrum des Zellkorpers. Die kleinzelligen Nest-
er enthalten viele sehr kleine Zellen.». At this
point the author gives a key for us footnote (at
number 483), in which he states that the cellular
nests mentioned, besides Ramon y Cajal, accord-
ing to Campbell, are described also by Hammar-
berg and Flechsig; however, Stephan continues,
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according to von Economo and Koskinas, “Betz
may have been the first to describe the ‘glomeruli
corticales’of the ‘Ammon gyrus anterior part and
the temporal pole™: «Diese charakteristischen
Zellnester sind neben CAJAL auch von HAM-
MARBERG und FLECHSIG beschrieben worden
(CAMPBELL, 1905, S. 179). Nach ECONOMO
u. KOSKINAS (1925) hat moglicherweise BETZ
die «glomeruli corticalesy des «vorderen Teils
der Ammonswindung und des Temporalpolsy
erstmals beschrieben.» (H. Stephan, 1975, p.
666, footnote 483). The phraseological and lex-
ical closeness of Betz’s indirect quotation given
by Stephan (/975) with the relevant fragment of
its Russian and German counterpart (see above)
leaves no doubt that von Economo and Koskinas
considered Betz to be probably the first to testify
the existence of entorhinal cortex layer Il neurons
clusters, naming them “glomeruli of the cortex”.

Knowing all this, it is not difficult to guess
where the term “entorhinal glomeruli” appeared
and was used throughout the 20™ century in the lit-
erature devoted to the microstructure of the ento-
rhinal cortex. For example, in the English reprint
of von Economo’s work, it is the term “glomeru-
[ 1s used to denote the islands of the entorhinal
and adjacent areas of the cortex (von Economo,
2009, p. 150—-169). Unfortunately, in the cited re-
print of von Economo’s work has not preserved
information about the etymology of the term,
which, as just mentioned, according to Stephan
(1975), was present in the 1925 edition. Altschul
(1933), although with reservations, uses the same
lexeme for description of the island structures of
the mammalian presubiculum. Solodkin and van
Hoesen (1996), referring to a number of sources,
call the entorhinal islands «concentric patches
that create the impression of glomeruli». A sim-
ilar historical name of the entorhinal islands is
also mentioned by Simic et al. (2005).

It should be noted that the tradition of calling
the entorhinal glomeruli as islands (and islets)
dates back to Ramon y Cajal, in any case, in his
work devoted to the olfactory cortex of humans
and mammals, such terms (islands, islets) in re-
lation to the structures under consideration are
found everywhere (Ramon y Cajal, 1988, work
of 1901-1902, pp. 295-315). Solodkin and van
Hoesen (/996) once used the term “clumps” to
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denote entorhinal islands, R. Insausti et al. (2017)
call the clusters of the II layer of the presubic-
ulum in this way. Finally, there is precedent for
using the term “nests” (van Hoesen et al., 2000)
to refer to entorhinal islands.

We also note that van Hoesen et al. (2000),
citing the work of Bielschowsky (/928) in the
context of history of the Alzheimer’s disease
pathomorphological signs elucidation, evidence
to his use of the term “islands of Cajal” in re-
lation to the cell clusters of the subiculum outer
layer. van Hoesen et al. (2000) immediately cor-
rect Bielschowsky, recalling that Ramon y Cajal
described such peculiarity of cytoarchitectonic
precisely in relation to the entorhinal cortex, and
the co-inclusion of the subiculum in its boundar-
ies is doubtful. However, in our opinion, a com-
pletely different circumstance is doubtful in this
situation — the use of the eponym in relation to
the cell clusters of the entorhinal cortex outer lay-
er without taking into account Betz’s pioneering
observation.

1.8.2. Entorhinal Tuberosity and Substantia
Reticularis Alba

As it was mentioned before, the layer II neu-
ronal glomeruli, or islands represent a unique dif-
ferential sign of the entorhinal cortex, which has
a macroscopic correlate (Solodkin & van Hoesen,
1996, p. 620; van Hoesen et al., 2000, p. 259;
Simic et al., 2005, p. 911): in the intermediate and
caudal regions of the entorhinal cortex, they form
the tuberosity of the surface (fig. / C), described
as a collection of “verrucae hippocampi” (R. In-
sausti et al., 1995), or “warts” (R. Insausti et al.,
1995; R. Insausti & Amaral, 2012), “bumps” (R.
Insausti et al., 1995) or even “wart-like bumps”
(Witter, Doan, et al., 2017). Most likely, the gray-
ish spots often visible to the naked eye are asso-
ciated with the “verrucae hippocampi” — areas
where the entorhinal islands can be seen through
the surface of the cortex (Hevner & Wong-Riley,
1992, p. 455 and fig. 3).

In our opinion, the emergence of the term
“verrucae” of the human parahippocampal gyrus
anterior part is most comprehensively described
by van Hoesen et al. (2000). According to them,
Retzius (/896) commented on this morphologi-
cal peculiarity of the anterior medial temporal
region surface, comparing it to the skin surface
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of some amphibians. Klingler (/948), as noted by
van Hoesen et al. (2000), subsequently general-
ized, detailed and deepened the observations of
Retzius. The priority of Retzius in the description
of entorhinal tuberosity, i.e. entorhinal verrucae
is also recognized by other authors (Simic et al.,
2005, Witter, Doan et al. 2017). However, in both
quoted versions of Betz’ work (/881, 1882), com-
pleted by him on 15" November 1880, we find an
earlier and, in our opinion, an accurate and exqui-
site description of this morphological phenome-
non: «The Ammon gyrus of this brain [referring
to the brain of Motey, who suffered from idio-
cy — V.M.] represents a very strongly developed
substantia reticularis alba, which, especially on
the inferior part of the gyrus, represents the ap-
pearance of the fish caviar grains located next
to each other.» (Betz, 1882, translation — ours,
with maximum observance of the authors style;
highlighting is ours — V.M.).

Also notable in this quote is Betz’s mention
of another macroscopic feature of the entorhinal
region. When examining the surface of the intact
human entorhinal cortex between the dark spots,
which correspond to the visible through the thin
surface entorhinal islands, one can observe the
white matter (R. Insausti & Amaral, 2012; fig.
1 D), which probably contains associative fibers
from other areas of the cortex (van Hoesen et al.,
2000). This macroscopic feature was first de-
scribed, according to van Hoesen et al. (2000),
in the work of Arnold (/8517), so that it is now
known as the substantia reticularis alba of Ar-
nold. «At the transition of gyrus cinguli to gyrus
ammonii ... a white layer of longitudinal fibers of
gyrus cinguli passes on the surface of the entire
gyrus above it and, gradually increasing, forms
the so-called white granular substance of the
ammon's horn (substantia reticularis alba) and,
finally, wraps into the creature of the ammon’s
horn, where it is described by Meinert under the
incorrect name of a granular leaf (Kernblatt) in
the form of a white nonthrough septum.» (Betz,
1882; translation — ours, with maximum obser-
vance of the author’s style, V.M.). The German
version is very similar: “An der Uebergnngsstelle
des Gyrus cinguli in den Gyrus Ammonii ... und
die weifse Schicht der Lingsfasern des Gyrus cin-
guli verlduft lings der Oberfliche des Ammon-
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shorns und bildet, immer gréfser werdend, die
sog. weifse Kernsubstanz desselben (Substantia
reticularis alba); dann biegt sie in die Substanz
des Ammonshorns, selbst um, wo sie als weifse
unvollkommene Scheidewand von Meinert unter
dem unrichtigen Namen ,, Kernblatty beschrie-
ben wurde.” (Betz, 1881, N. 12, p. 210).
1.8.3. Entorhinal Cortex Clusters as the first
Evidence of Modular Brain Organization
One of the most widespread current concepts of
neurobiology is the idea of a neural networks mod-
ular organization. There is an opinion (Naumann
et al., 2018) that the entorhinal cortex neuronal
composition clustering is perhaps the first histori-
cal evidence in its favor. However, the formulation
of this idea is difficult to imagine outside the neu-
rohistological context, as evidenced by at least the
history of the cortical column concept. Therefore,
the appeal of Naumann et al. (2018) to the macro-
scopic observations of Arnold (/838) and Retzius
(1896) as the first evidence in favor of the modu-
lar organization of the brain is doubtful. Instead,
Betz’s observations discussed above, together with
other neurohistological non-ordinarities described
by him, which we will describe in one of the fol-
lowing publications, can be confidently consid-
ered the first arguments in favor of this currently
widespread neurobiological concept.

Conclusion

Having reviewed modern notion about the
structure and functions of the entorhinal cortex,
we can affirm the unique and fundamental signif-
icance of Betz’s pioneering observation regard-
ing layer II neuronal islands of this cortex part,
named by him “glomerula corticalia”. There is
no doubt that in the foreseeable future we will
obtain information about entorhinal islands neu-
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rons’ function, the reason and meaning of these
cells such clustering. However, today, a leading
role of Volodymyr Betz in this cytoarchitectonic
phenomenon discovery is already evident.
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Abstract: in the case of severe acute pancreatitis, the early start of enteral nutrition (24-72
hours from the moment of hospitalization) by means of nasogastric or nasojejunal administration
of the mixture is considered appropriate, which is associated with a 24% decrease in the frequency
of infectious complications and a 32% decrease in mortality. However, 30.5-65.7% of patients may
develop intolerance to this type of nutritional support. The aim of the study was to improve the
results of treatment of patients with severe acute pancreatitis by improving enteral nutrition tech-
nologies. There were 101 patients with severe acute pancreatitis took part in the study, who were
divided into the main group, where enteral nutrition was carried out according to the improved
protocol - 34 patients, comparison group No. I, where standard nasogastric nutrition was carried
out - 34 patients, and comparison group No. 2, where standard EN — 33 patients. The effectiveness
of enteral nutrition in the studied groups was evaluated by analyzing and comparing biochemical
indicators of blood serum, frequency of intolerance to nutritional support, infected local complica-
tions, mortality, duration of multiple organ failure and stay of patients in the hospital. When using
the proposed protocol of enteral nutrition in patients with a severe course of acute pancreatitis, 14
days after the start of treatment, a significant difference was obtained between the content of albu-
min, creatinine, cholesterol and K+ blood serum (p<0.05) between patients of the main group and
the comparison groups, as well as the content of Na+ in blood serum (p<0.05) between patients
of the main group and the group of standard nasogastric tube feeding. Application of the proposed
protocol of enteral nutrition significantly reduces the frequency of intolerance of nutritional sup-
port in the first 7 days of treatment by 23.6% (x2=5.7, 95% CI 4.41-41.56, p=0.01) compared to
the control group patients, where standard nasogastric tube feeding is used, by 21.5% (y2=4.87,
95% CI 2.34-39.48, p=0.02) compared to the group of standard enteral tube feeding, as well as
the duration of multiple organ failure from 12.2+1.7 days to 10.5£1.9 days in comparison with the
group of patients where standard nasogastric tube feeding was used (p=0.0002) and from 11.5+1.9
days to 10.5%1.9 days compared to the group of standard enteral tube feeding (p=0.03). The use of
the proposed technology of enteral nutrition in patients with a severe course of acute pancreatitis
improves treatment results by reducing the duration of multiple organ failure and the frequency of
intolerance to this type of nutritional support.

Key words: acute pancreatitis, enteral nutrition, intestinal absorption, nutritional support, treat-
ment.
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Introduction

Acute pancreatitis (AP) is a common disease
that accounts for 5-10% of urgent pathologies of
the abdominal cavity (Petrov et al., 2019). Partic-
ularly dangerous is the severe course of the dis-
ease, which is accompanied by the progression
of hypermetabolism and hypercatabolism syn-
dromes, a high risk of complications (up to 50%)
and fatalities (40-70%) (Purschke et al., 2022).
Timely application of nutritional support in this
category of patients prevents the development of
catabolic processes, leads to a decrease in inflam-
matory processes and improves treatment results.
According to modern protocols of nutritional
support in patients with AP with mild and moder-
ate severity of the disease, fasting during the first
2-3 days is recommended, followed by oral frac-
tional consumption of water (1-1.5 I/day), poly-
meric isocaloric isonitrogenous nutritional mix-
tures in an increasing volume ( 100 ml 6 times
a day on the 1st day, 150 ml 6 times a day on
the 2nd day) under the control of serum amylase
level and a gradual transition to a gentle medi-
cal diet (Lakananurak et al., 2020). With a severe
course of AP, early start of enteral nutrition (EN)
(24-72 h from the moment of hospitalization) by
nasogastric or nasojejunal administration of the
mixture is considered appropriate, which is asso-
ciated with a 24% decrease in the frequency of
infectious complications and a 32% decrease in
mortality (Arvanitakis et al., 2020). Polymeric,
semi-elemental and elemental food mixtures are
used for introduction into the enteral probe at the
rate of 250 kcal/day, with a further increase to
1800 kcal/day for one week and constant mon-
itoring of intra-abdominal pressure. However,
according to literature data, when using EN in
30.5-65.7% of cases, intolerance to the latter may
occur in the form of nausea, vomiting, abdominal
distension, diarrhea, increased intra-abdominal
pressure, which are reasons for stopping enteral
nutritional support (Fan et al., 2021).

Aim

Improving the results of treatment of patients
with severe acute pancreatitis by improving the
technologies of enteral nutrition.

Materials and methods

There were 101 patients with AP who were
hospitalized at the clinic of the Department of

ISSN 2786-6661
¢ISSN 2786-667X

Surgery #2 of Bogomolets National Medical
University in the period from 2012 to 2022 and
was approved by the Ethics Committee of Bo-
gomolets National Medical University (Decem-
ber 15, 2011, protocol # 5). All patients signed
informed consent for participation in the study
and/or treatment at the clinic. The study included
patients with a severe course of the disease (ac-
cording to the classification of AP Atlanta 2012),
who received EN. Prediction and assessment of
the severity of the course of HP was carried out
using the APACHE 1I scale (severe course -8
points and more). Exclusion criteria were chron-
ic somatic diseases in the decompensation phase,
the patient’s refusal to participate in the study.
Prediction and assessment of the severity of the
course of AP was carried out using the APACHE
IT scale (severe course - 8 points and more). Ex-
clusion criteria were chronic somatic diseases in
the decompensation phase, the patient’s refusal to
participate in the study.

Depending on the specifics of the selected
treatment tactics, the patients were divided into
three groups: the main group, where EN was per-
formed according to the improved protocol - 34
patients, comparison group No. 1, where standard
nasogastric nutrition was performed - 34 patients,
and comparison group No. 2, where standard EN
was performed — 33 patients. Comprehensive
conservative treatment of patients was carried out
in intensive care and intensive care units in ac-
cordance with international treatment protocols.
The improvement of the EN protocol was preced-
ed by studies that were devoted to the study of
the timing of the recovery of intestinal absorp-
tion, as one of the main criteria for the initiation
of EN in patients with AP, the comparison of the
effectiveness and safety of nasogastric adminis-
tration of feeding mixtures, and the improvement
of methods of preventing intestinal complica-
tions in patients with this pathology (Kolosovych
and Hanol, 2022). Based on the results of the
research, the use of a 3% solution of potassium
iodide was proposed in order to determine the re-
covery of intestinal absorption as an indicator of
the onset of EN in patients with severe AP (it was
established that in most patients the recovery of
intestinal absorption occurs only 48 hours after
the start of treatment), it was proved, that naso-
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gastric feeding is an effective and safe method of
introducing mixtures and can be considered as
an alternative to enteral tube feeding, and the use
of antiflatulents in the composition of the mix-
ture was also proposed in order to reduce the fre-
quency of EN intolerance. The local protocol for
enteral nutrition in patients with severe AP de-
veloped in the clinic was based on own research
and recommendations of the European Society
of Clinical Nutrition and Metabolism (ESPEN)
(Canamares-Orbis et al., 2022) and included the
following provisions:

in patients with a severe course of AP, EN
is preferred compared to parenteral, while it
should be started 48 hours after the start of
treatment with a preliminary determination of
the state of recovery of intestinal absorption
by using a test with a 3% solution of potassi-
um iodide;

contraindications to the start of EN are un-
controlled shock, hypoxemia, acidosis, gas-
trointestinal bleeding from the upper parts
of the digestive tract, secretion of stagnant
gastric contents in the amount of >500 ml/6
h, ischemic damage to the small intestine, in-
testinal obstruction, abdominal compartment
syndrome;

EN should be started with nasogastric ad-
ministration of the mixture, and in case of
complications, use nasojejunal administration;

with an increase in intra-abdominal pres-
sure >15 mm Hg. preference is given to na-
sojejunal administration of feeding mixtures
at a rate of 20 ml/h, and with intra-abdominal
pressure >20 mm Hg. EN should be stopped
and parenteral nutrition should be started;

nutrition begins with drip administration of a
glucose-electrolyte solution through a probe at
a rate of 100 ml/hour, followed by control after
2 hours by the method of passive or active as-
piration for 15 minutes. If the volume of the re-
sidual liquid exceeds 100 ml - the probe is used
for decompression and injection of the solution
in the lavage mode in the previous time mode.
In the presence of a smaller amount of residual
fluid - the volume of infusion increases by 50%
with further monitoring every 3-4 hours;

on the second day of therapy, the intro-
duction into the probe of a 20% solution of
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an oligomeric (elemental or semi-elemental)
mixture for EN in the volume of up to 300 ml/
day (1 kcal in 1 ml) with the introduction of
simethicone emulsion in a dose of 2 ml (80
mg) is additionally prescribed 3- 5 times a day;
in the absence of complications associat-
ed with the use of oligomeric mixtures, their
number increases by 2 times the next day (the
rate of administration does not change). In
case of complications, the rate of introduction
of the mixture should be reduced by 2 times.
In case of persistent intestinal dyspepsia, it is
necessary to temporarily (for 12-24 hours) re-
turn to the introduction of only glucose-elec-
trolyte solution;
starting from the third day, % of the inject-
ed volume can be polymer mixtures, while the
amount of nutritional support for patients for
5-6 days should be 20-25 kcal/kg and protein
1-1.2 g/kg per day (nitrogen-conserving ef-
fect in the first three days, it is achieved by
parenteral administration of 150 g/day of 10%
glucose solution and 25-50 g/day of lipids in
the form of 10-20% fat emulsions), in case of
persistent hyperglycemia over 10 mmol/l, spe-
cialized polymer mixtures should be used;
removal of probes and transition to oral
fractional use of mixtures for EN by the sip-
ping method (more often it is 6-7 days), as
well as the subsequent transition to a gen-
tle medical diet is possible in the absence of
signs of gastroduodenostasis, enteropathy
and amylasemia, elimination of endotoxicosis
phenomena, stabilization of the patient’s con-
dition, presence of appetite, preservation of
swallowing function.
The general characteristics of the patients in
the studied groups are presented in the table. 1.
Patients of the three groups did not differ sig-
nificantly in terms of age, sex, etiology, and prog-
nostic indicators (sum of points on the APACHE
IT scale) of the severity of the course of the dis-
ease at the time of hospitalization. The frequency
of surgical interventions in the main group and
the group of standard nasogastric tube feeding
was the same and amounted to 73.5% (25 pa-
tients), in the group of standard enteral tube feed-
ing, surgical interventions were performed in 26
(78.9%) patients.
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Table 1. Characteristics of patients in the studied groups
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Main srou Group of standard Group of standard
Demographic data (n=§ 4) P nasogastric tube feeding | enteral tube feeding
(n=34) (n=33)
Age (year) 52,0+9,5 51,615, 7# 50,8+7,3#
S Male 19 (55,9%) 19 (55,9%)# 19 (57,6%)#
ex
Female 15 (44,1%) 15 (44,1%)# 14 (42,4%)#
alcoholic 19 (55,9%) 19 (55,9%)# 19 (57,6%)#
Etiological . 0 0 0
factors: biliary 11 (32,4%) 11 (32,4%)# 10 (30,3%)#
idiopathic 4 (11,8%) 4 (11,8%)# 4 (12,1%)#
The sum of points on the APACHE
II scale at the time of hospitalization 13,543,1 13,2+1.9% 12,92, 74

Note: # - p>0.05 when compared with the main group.

Evaluation of the effectiveness of EN in the
studied groups was carried out by analyzing bio-
chemical indicators of blood serum 7 and 14 days
after the start of treatment, namely, the content of
total protein, albumin, total bilirubin, creatinine,
glucose, cholesterol, C-reactive protein, Na+ and
K+ serum was determined of blood. We also an-
alyzed the frequency of complications that were
associated with EN and were manifested by in-
creased pain in the epigastric area, projection of
the small and/or large intestine, the occurrence of
vomiting, regurgitation, diarrhea in the first 24
hours and 7 days after the use of EN, compared
intra-abdominal pressure, frequency of infect-
ed local complications during the course of AP,
mortality, duration of multiple organ failure, and
hospital stay of patients.

Statistical analysis was performed using
the programs Statistica 10 (Serial Number:
STA999K347150-W) and MEDCALC® (In-
ternet resource with open access, https:/www.
medcalc.org/calc/).

Results

To evaluate the effectiveness of EN, a com-
parative analysis of biochemical indicators of
blood serum in patients in the studied groups was
carried out. The evaluation of the indicated indi-
cators was carried out before the start of EN use
(Table 2), after 7 days (Table 3) and after 14 days
after its start (Table 4).

No significant difference was found in the
analysis of biochemical indicators of blood se-
rum at the time of treatment initiation in the stud-
ied groups (p>0.05).

Table 2. Initial biochemical indicators of blood serum in the studied groups

Main Group of standard | Group of standard
Laboratory indicators Rate group nasogastric tube enteral tube F P

(n=34) feeding (n=34) feeding (n=33)
Total serum protein, g/l 65-85 47,4425 47,4+2,0 47,8+1,9 0,40 | 0,75
Serum albumin, g/l 35-50 27,4+1,1 27,3+0,8 27,7+1,1 0,91 10,43
Total bilirubin, umol/Il 3,4-20,8 | 38,5+13,1 39,9+13,5 37,5+13,5 0,191 0,89
Creatinine, pumol/l 62-115 | 152,3+13,0 152,7+9,4 151,0+12,7 0,28 [ 0,83
Glucose, mmol/l 3,5-5,5 8,2+2,1 8,9+2.4 8,0+1,9 2,06 10,10
C-reactive protein, mg/l 0,8-8 69,2+20,6 69,8+28.6 70,6+26,4 0,03 10,99
Serum cholesterol, mmol/I | 2,9-5,17 5,0+0,6 5,3+0,7 5,0+0,6 2,0 10,12
Na+ serum, mmol/l 130-149 | 136,9+7,5 137,1+8,1 136,6+7,6 0,9510,42
K+ serum, mmol/l 3,5-54 3,4+0,1 3,4+0,2 3,4+0,1 0,62 10,59

Ukrainian scientific medical youth journal, 2023, Issue 1 (136)

http://mmj.nmuofficial.com

63



http://mmj.nmuofficial.com
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/ISSN/2786-667X#
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
https://www.medcalc.org/calc/
https://www.medcalc.org/calc/

UKkrainian Scientific Medical Youth Journal

Issue 1(136), 2023

Creative Commons «Attribution» 4.0

ISSN 2786-6661
¢ISSN 2786-667X

Table 3. Dynamics of biochemical parameters of blood serum in the studied groups 7 days after the
use of enteral nutrition

o Main group Group (')f standard na- Group of standa.rd
Laboratory indicators Rate (n=34) sogastric t_ube feeding | enteral tlibe feeding
(n=34) (n=33)
Total serum protein, g/l 65-85 52,9+1,6 50,7+2,4* 51,7+£2,6
Serum albumin, g/1 35-50 29,8+1,3 28,3+1,1* 28,8+1,6*
Total bilirubin, pmol/l 3,4-20,8 27,7£7,5 29,8+6,5 26,8+7,1
Creatinine, pmol/l 62-115 137,9+16,5 146,9+13,7* 141,0+£12,4
Glucose, mmol/l 3,5-5,5 6,1+0,7 6,2+0.,9 6,2+0,6
C-reactive protein, mg/I 0,8-8 105,5+49,7 109,6+51,4 103,5+60,7
Serum cholesterol, mmol/l | 2,9-5,17 4,6+0,3 4,1+0,7* 4,3+0,4*
Na+ serum, mmol/l 130-149 140,9+3,1 140,1+4,8 140,5+5,2
K+ serum, mmol/l 3,5-54 3,9+0,2 3,7+0,2% 3,7+0,1*

Note: * - p<0.05 when compared with the main group.

When analyzing the results after 7 days from
the moment of application of EN, a significant
difference was obtained in the content of albu-
min, cholesterol and K+ blood serum (p<0.05)
between the patients of the main group and the
comparison groups, as well as the content of total
protein and creatinine (p<0, 05) between patients
of the main group and the group of standard na-
sogastric tube feeding.

When analyzing the results after 14 days from
the moment of application of EN, a significant
difference was obtained between the content of

albumin, creatinine, cholesterol and K+ in the
blood serum (p<0.05) between patients of the
main group and the comparison groups, as well
as the content of Na+ in the blood serum (p<
0.05) between patients of the main group and the
group of standard nasogastric tube feeding.

A comparative analysis of the frequency of in-
tolerance to EN in patients of the main group and
the group of standard nasogastric tube feeding on
the first day after the use of EN was performed
(41.2% and 58.8%, respectively (¥2=2.07,
95% CI -5.87 -38.55, p=0.15), the main group

Table 4. Dynamics of biochemical parameters of blood serum in the studied groups 14 days after
the use of enteral nutrition

o Main group Group of st.andard Group of standa}*d
Laboratory indicators Rate (n=34) nasogastrlc tube enteral tube feeding
feeding (n=34) (n=33)
Total serum protein, g/l 65-85 58,4+3,8 56,3+3,7 56,7+3,6
Serum albumin, g/1 35-50 32,7+1,8 30,1+1,2* 30,6+1,6*
Total bilirubin, pmol/l 3,4-20,8 21,1+2,1 23,4427 22,4+4.8
Creatinine, pmol/l 62-115 107,9+10,8 127,9+14,7* 119,9+12,1*
Glucose, mmol/l 3,5-5,5 5,4+0,3 5,6£0,6 5,5+0,8
C-reactive protein, mg/l 0,8-8 101,6+54,5 121,5+56,2 116,6+77.,6
C-reactive protein, mg/l 2,9-5,17 4,7+0,4 4,0+0,5%* 4,0+0,4*
Na+ serum, mmol/l 130-149 142,2+1,8 140,742,7* 141,342,5
K+ serum, mmol/l 3,5-54 4,1+0,2 3,9+0,2%* 3,94+0,1*

Note: * - p<0.05 when compared with the main group.
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and the group of standard enteral tube feeding
(41.2% and 51.5%, respectively (x2=0.7, 95%
CI -12.96-32.09, p=0.4), and after 7 days: 8.8%
and 32.6%, respectively (x2=5.7, 95% CI 4.41-
41.56, p=0.01) and 8.8 % and 30.3%, respec-
tively (32=4.87, 95% CI 2.34-39.48, p=0.02).
When comparing the intra-abdominal pressure
in patients of the main group and the group of
standard nasogastric tube feeding on the first day
from the moment of application of EN, this indi-
cator was 10.6£2.9 and 11+2.9 mm Hg. (p=0.57),
in the main group and the group of standard en-
teral tube feeding 10.64+2.9 and 10.9+3.1 mm Hg.
(p=0.57) respectively; after 7 days — 10.3+2.4
and 11.8+42.8 mm Hg. (p=0.02), 10.3£2.4 and
11.4+1.9 mm Hg. (p=0.04) respectively; after 14
days — 9.3+£2.0 and 10.1£2.2 mm Hg. (p=0.12),
9.3£2.0 and 10.2£1.9 mm Hg. (p=0.06) respec-
tively. The frequency of developing infected lo-
cal complications of the course of AP in the main
group and the group of standard nasogastric tube
feeding was also analyzed (32.4% and 35.3%, re-
spectively (¥2=0.063, 95% CI -18.85-24.28, p=0,
8), in the main group and the group of standard
enteral tube feeding (32.4% and 33.3%, respec-
tively (x2=0.006, 95% CI -20.70-22.48, p=0.9),
duration of multiple organ failure (10.5+1.9 [8-
16] days and 12.2+1.7 [8-16] days, respective-
ly (p=0.0002), as well as 10.5£1.9 [8-16 ] days
and 11.5+1.9 [6-16] days, respectively (p=0.03)),
duration of hospital stay (50.7+£28.8 [23-124]
days and 55.5+30.5 [27-124] days, respectively
(p=0.5), as well as 50.7+28.8 [23-124] days and
54.9+£32.6 [20-119] days, respectively (p=0.5))
and fatal cases (11.8% and 14.7%, respectively)
(%2=0.123, 95% CI -14.10-19.88, p=0.7), as well
as 11.8% and 12.1%, respectively (¥2=0.001,
95% CI -16.25-17.07, p=0, 9)).

Discussion

EN is an important component of complex
therapy in patients with a severe course of AP.
The issues of the time of onset and the method of
introduction of the food mixture into the gastro-
intestinal tract remain debatable, which is associ-
ated with the opinion of the need for «pancreatic
rest» in the early period of the disease and the
high frequency of development of intolerance to
EN (Li et al., 2019). At the same time, there are
studies that prove the safety and absence of a reli-
able difference in the frequency of complications
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when using the nasogastric or nasojejunal method
of introducing a mixture for nutrition in patients
with AP (Jabtonska et al., 2021). We have im-
proved the EN protocol in patients with a severe
course of AP, which is based on the determination
of the timing of restoration of intestinal absorp-
tion as one of the main criteria for the initiation of
enteral tube feeding in patients of this category,
the use of antiflutal agents to prevent the devel-
opment of intestinal complications in EN, and the
safety of nasogastric administration of mixtures
for enteral food. According to the results of our
study, 14 days after the start of treatment, when
using the proposed EN protocol in patients with a
severe course of AP, a significant difference was
obtained between the content of albumin, creat-
inine, cholesterol and K+ blood serum (p<0.05)
between patients of the main group and compari-
son groups, as well as the content of Na+ in blood
serum (p<0.05) between patients of the main
group and the group of standard nasogastric tube
feeding. It has also been proven that the use of the
proposed protocol of nutritional support signifi-
cantly reduces the frequency of EN intolerance
in the first 7 days of treatment by 23.6% (y2=5.7,
95% CI 4.41-41.56, p=0.01) in compared with
the group of patients where standard nasogastric
tube feeding is used, by 21.5% (32=4.87, 95% CI
2.34-39.48, p=0.02) compared with the group of
standard enteral tube feeding, as well as the dura-
tion of multiple organ failure from 12.2+1.7 days
to 10.5+1.9 days in comparison with the group of
patients where standard nasogastric tube feeding
was used (p=0.0002) and from 11.5+1, 9 days to
10.5£1.9 days compared to the group of standard
enteral tube feeding (p=0.03).

Conclusions

Determination of the terms of restoration of
intestinal absorption is one of the main criteria
for the initiation of enteral nutrition in patients
with severe acute pancreatitis.

Application of the proposed protocol of enter-
al nutrition significantly reduces the frequency
of intolerance of nutritional support in the first
7 days of treatment by 23.6% (¥2=5.7, 95% CI
4.41-41.56, p=0.01) compared to the control
group patients, where standard nasogastric tube
feeding is used, by 21.5% (¥2=4.87, 95% CI 2.34-
39.48, p=0.02) compared to the group of standard
enteral tube feeding.
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There is no significant difference between the
frequency of local infectious complications, the
duration of multiple organ failure, the duration of
hospital stay, and deaths when comparing naso-
gastric and enteral feeding mixtures in patients
with severe acute pancreatitis.

The use of the proposed protocol of enteral nutri-
tion in patients with severe acute pancreatitis leads
to a decrease in the duration of multiple organ fail-
ure from 12.2+1.7 days to 10.5+1.9 days in com-
parison with the group of patients who used stan-
dard nasogastric tube feeding (p=0.0002) and from
11.5£1.9 days to 10.5£1.9 days in comparison with
the group of standard enteral tube feeding (p=0.03).
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Y10CKOHAIEHHS TEXHOJIOTiii eHTePaJIbHOI0 XapuyBaHHA Y XBOPHX 3 THAKKHM
nepediroM rocTporo NAHKpPeaTuTy
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AHOTaNIfA: IpU THKKOMY Tepediry rocTporo naHKpeaTUTy AOLIIBHUM BBaXKA€ThCsS paHHIN MO-
YaTOK €HTEePAJIBbHOTO XapuyBaHHS (24-72 roa Bil MOMEHTY TOCHITali3allii) IUISIXOM Ha30TacTpajib-
HOTO 200 HA30C€IOHAIILHOTO BBEACHHS CYMIllll, 110 ACOINIOETHCS 31 3HMKCHHSIM 4YacTOTH 1H(EKITiH-
HUX yCKianHeHb Ha 24% Ta cMmeptHOCTI Ha 32%. Onnak, y 30,5-65,7% mnamieHTiB MOXke BUHUKATH
HEMEPEHOCUMICTh IaHOTO BUIY HYTPUTUBHOI MIATPUMKH. MeTO0 AOCTiIKeHHs Oyno MOKpaIleHHs
Pe3yNIbTaTiB JIKyBaHHS XBOPHX Ha TSDKKUN FOCTPUN MAHKPEATHT MUIIXOM YIOCKOHAJICHHS TEXHOJIO-
rili eHTepaabHOTO Xap4yyBaHHS. B gocmimkenHl npuiiManu yuacts 101 XBopuii Ha TSHKKUAN TOCTPHI
MAHKPEaTHT, o Oylu PO3ZIiJIeHI HA OCHOBHA TPYIY, A€ MPOBOIMWIOCH EHTEpAIbHE XapuyBaHHS 32
YIAOCKOHAJIEHUM MPOTOKOJIOM — 34 mallieHTH, rpyna nopiBHsHHS Nel, 1e mpoBOIMIOCH CTaHAApPTHE
Ha30racTpajbHE XapuyBaHHS — 34 Mali€HTH Ta rpyna nopiBHSHHA N2, e MpOBOAMIOCH CTaHIapT-
He EX — 33 namientu. OuiHKy e(eKTUBHOCTI €HTEPaIbHOTO XapuyBaHHs B JIOCIIIKYBaHUX Irpynax
MIPOBOIVIIH [IUIIXOM aHAJIi3y Ta MOPIBHAHHA O10XIMIYHHMX IMOKa3HUKIB CHPOBATKU KPOBi, YaCTOTH BU-
HUKHEHHS HENEepEeHOCHUMOCTI HYTPUTHBHOI MIAPUMKH, 1H(EKOBAHUX JIOKAJIBHUX YCKJIAJIHEHb, Je-
TAJBHOCTI, TPUBAJIOCTI MOTIOPraHHOT HEJOCTATHOCTI Ta nepeOyBaHHs MaIli€HTiB B cTanioHapi. [lpu
BUKOPUCTAHH1 3aPOMIOHOBAHOTO MMPOTOKOIY €HTEPAIbHOTO XapuyBaHHS Y XBOPHX 3 TSKKUM mepedi-
TOM TOCTPOTO MaHKpeaTtuTy 4depe3 14 11i0 3 MOMEHTY OYaTKy JIiKyBaHHS OyJI0 OTPUMAHO JOCTOBIpHY
PI3HHITIO MiX BMICTOM ayibOyMiHY, KpeaTHHiHY, Xojectepuny Ta K+ cupoBarku kpoBi (p<0,05) mixk
narieHTaMi OCHOBHOI TPYIIH Ta IPYIl MOPIBHSHHS, a TaKoK BMicToM Na+ cupoBatku kposi (p<0,05)
MIDXK MaIl€EHTaMH OCHOBHOI I'PYNH Ta IPYIU CTaHAAPTHOTO HAa30racTpajibHOIO 30HIOBOIO XapuyBaH-
Hs. 3aCTOCYBAaHHS 3allPONOHOBAHOTO MPOTOKOJY €HTEPATbHOTO Xap4yBaHHS JIOCTOBIPHO 3MEHIIYE
4acTOTY BUHUKHEHHS HEIEPEHOCUMOCT1 HyTPUTUBHOI MIATPUMKH B niepiii 7 ai0 sikyBaHHs Ha 23,6%
(%2=5,7,95% J114,41-41,56, p=0,01) B mopiBHSAHHI 3 TPYIIOI0 XBOPUX, JI€ 3aCTOCOBYETHCS CTAHIAPTHE
HazoractpaibHe 30HA0Be XapuyBaHHs, Ha 21,5% (¥2=4,87, 95% [l 2,34-39.,48, p=0,02) B nopiBHsH-
Hi 3 TPYIIOI0 CTaHAAPTHOTO €HTEPATHLHOTO 30HI0BOTO XapuyBaHH:I, a TAKOXK TPUBAJIOCTI MOJTIOPTaHHOT
HenocTatHocTi 3 12,2+1,7 116 mo 10,5+1,9 ni6 B mOpiBHAHHI 3 TPYIIOI XBOPHX, J€ 3aCTOCOBYBAIOCH
CTaH/JapTHE Ha3oracTpaiabHe 30H10Be XapuyBaHHs (p=0,0002) ta 3 11,5+1,9 1i6 mo 10,5+1,9 ni6 B
MOPIBHSIHHI 3 TPYIOI0 CTAaHAAPTHOTO €HTEPaIbHOTO 30HA0BOro XapuyBaHus (p=0,03). Bukopucran-
HS1 3aIPOIIOHOBAHOI TEXHOJIOT1] €HTEPaJIbHOTO XapuyBaHHS y XBOPHUX 3 TSHKKHM MEpPe0iroM rocTporo
MAHKPEaTUTy MOKpAILlye Pe3ybTaTH JIKyBaHHS IUIIXOM 3MEHILIEHHS TPUBAJIOCTI MOJIOPraHHOI He-
JOCTATHOCTI Ta YaCTOTH BUHUKHEHHSI HETIEPEHOCUMOCTI JJAHOTO BUIY HYTPUTHBHOI MIATPUMKH.
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Abstract: the study is relevant due to high prevalence of this type of pathology. Meningiomas
account for 18% to 34% of all primary brain tumors. Parasagital meningiomas occur in 24.3%
to 38.6% of cases. Despite their predominantly benign nature, parasagital meningiomas are more
likely to recur/continue growing than meningiomas in other areas (18% to 40%). The key purpose
of the study was to analyze the prognostic factors of parasagital meningiomas recurrence/continued
growth, which will eventually improve surgical treatment outcomes. We conducted a retrospective
and prospective analysis of 199 parasagital meningioma patients who were treated in Mechnikov
Dnipropetrovsk Regional Clinical Hospital, Dnipropetrovsk Regional Council, from 2000 to 2021
inclusive. This article is based on a comparative analysis of the results of examination and surgical
treatment and further analysis of pathohistological conclusion in two study groups. The first group
included 180 (90.5%) patients with no recurrence/continued growth and second group included 19
(9.5%) patients with detected postoperative parasagital meningioma (PM) recurrence/continued
growth. The selected patients were analyzed for demographic data (gender, age); computed tomog-
raphy and magnetic resonance brain imaging results before and after adding an intravenous contrast
(in terms of key characteristics); angiographic studies data (computed tomography angiography/
selective digital subtraction cerebral angiography), surgical radicality, pathohistological conclu-
sions; recurrence-free period duration (one to 20 years after the surgery). In the follow-up period,
19 (9.5%) patients had PM recurrence/continued growth. In the first year after the surgery, only 2 of
those patients had continued PM growth,; within 5 years (60 months), 12 patients; within 10 years,
17 patients, the percentage of no- recurrence patients, based on censored data (recurrence-free sur-
vival), was 99.0% (95% CI, 97,6-100), 93,1% (95% CI, 89.3-96.9). and 87.5% (95% CI, 81.6-93.4)
in the above follow-up periods. The actual median time to recurrence in our study was 44.1 (25.7;
85.4) months. It means that the majority (12 of 19 patients; 63.2%) of continued PM growth was
detected within 5 years after the surgery. The last case of PM recurrence was diagnosed after 13
years (154.5 months) of the follow-up. Thus, recurrence-free 5- and 10-year survival in PM patients
is as follows: in case of total tumor removal (Simpson 1), 96.0% and 85.5%, respectively, in case of
non-radical removal (Simpson II-V), 88.9% (p<0.05) and 81.9% (p<0.05), respectively. At the same
time, non-radical surgery in type I-11 SSS invasion by the PM reduces 5- and 10-year recurrence-free
survival to 86.6% (p<0.01) and 78.3% (p<0.01), respectively, in case of tumor size of up to 54 mm,
the indicators are 95.5% and 91.4%, with tumor size >54 mm, they are as low as 87.5% (p<0.001)
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and 72.5% (p<0.001); in case of type I-III or V-VI SSS damage according to M. P. Sindou and J. E.
Alvernia, 94.0% and 89.1%, and in case of type IV invasion, 66.5% (p<0.01) and 43.5% (p<0.001);
in female patients, 95.2% and 88.5%;, in male patients, 84.8% (p<0.05) and 73.0% (p<0.01). Accord-
ing to the Cox regression proportional hazards model, the relative risk of tumor recurrence/continued
growth increases by: 7.04 times (95% CI, 2.33-21.2) in case of initial PM size >54 mm (p<0.001),
5.57 times (95% CI, 1.27-24.34) in case of non-radical (Simpson II-V) tumor removal during primary
intervention (P<0.05); 10.1 times (95% CI, 1.31-78.1) in case of type I-1I SSS invasion by the PM or
incomplete (Simpson II-V) tumor removal (p<0.05); 3.25 times (95% CI, 1.32-8.02) in male patients
(p<0.01); 3.33 times (95% CI, 1.10-10.12) in case of type IV SSS invasion (according to M.P. Sindou
and J.E. Alvernia) (p<0.05). Adequate analysis of the results obtained will help the neurosurgeons
plan the optimal surgery volume and ensure further postoperative recurrence-free period and im-

proved long-term treatment outcomes.

Keywords: meningioma, prognosis, recurrence, risk factors, superior sagittal sinus, treatment out-

come.

Introduction

Meningiomas account for 18% to 34% of all
primary brain tumors. Parasagital meningiomas
occur in 24.3% to 38.6% of cases. According
to existing studies, parasagital meningiomas
are more likely to recur/continue growing than
meningiomas in other areas (18% to 40%).
Low-grade meningiomas are the most com-
mon parasagital meningiomas (Behzadmehr et
al., 2021, Balik et al., 2020, Cucu et al., 2020).
Topographic and anatomical tumor connections
with the surrounding intracranial structures is
the key problem in trying to prevent the recur-
rence. Neoplasm location in close proximity to
the superior sagittal sinus and the involvement
of the sinus and parasagital emissary veins in
the pathological process complicate the task of
radical (Simpson I), and still safe, surgical re-
moval. (Salah et al., 2019, Cucu et al., 2020).
In this regard, the neurosurgeon is faced with
a choice: either to attempt a radical (Simpson
I) parasagital meningioma resection at the cost
of a high risk of severe irreversible intraopera-
tive and postoperative complications or opt to
more gentle surgery, maintaining/improving the
patient’s functional state but, at the same time,
exposing the patient to a higher risk of meningi-
oma recurrence/continued growth.

It was found that parasagital meningioma
mostly recurs in male patients (up to 70%). Con-
tinued tumor growth is more common in patients
under 60 (61.5%) vs. patients over 60 (38.5%)
(Balik et al., 2020).

According to the literature, the average time
to recurrence is 97 months (59 to 135 months) for
atypical meningiomas (WHO’s grade II). At the
same time, 77% of patients had recurrence-free
survival in 5 years and 46% in 10 years. How-
ever, for benign meningiomas (WHO’s grade
I) there was no significant difference between
5- and 10-year recurrence-free survival — 98%
and 93%, respectively. Based on 7 studies, the
WHO’s grade I parasagital meningioma recurs,
in average, in 11.4% of patients; WHO’s grade II,
in 25% to 55.1% of patients. Moderate- to low-
grade meningiomas (grades II-III) recur in up to
61% of patients (Behzadmehr et al., 2021, Balik
et al., 2020).

In case of type II-VI superior sagittal sinus in-
vasion according to M.P. Sindou and J.E. Alver-
nia, the 2-year recurrence reaches 33.3%; type |
invasion according to M.P. Sindou and J.E. Alver-
nia, 8.3% (in average). In patients with type I-II1
sinus invasion according to M.P. Sindou and J.E.
Alvernia, the risk of recurrence is significantly
lower than in patients with more aggressive (type
IV-VI) sinus lesion according to M.P. Sindou and
J.E.Alvernia: 4.2% vs. 9.4%, respectively. How-
ever, there was no significant difference in the
recurrence rate between the following groups of
patients: type I vs. type II-VI; type I-1I vs. type
II-1V, and type I-IV vs. type V-VI according to
M.P. Sindou and J.E. Alvernia. The risk of recur-
rence demonstrates insignificant dependence on
the meningioma location expressed in a third of
the superior sagittal sinus (Behzadmehr et al.,
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2021). However, there are isolated reports that
54% to 70% of all recurrences are in the middle
third of the superior sagittal sinus, which is as-
sociated with topographic and anatomical char-
acteristics of meningioma in this particular area
(Balik et al., 2020).

After radical (Simpson I) removal of parasag-
ital meningioma as low as 1% of patients have
any recurrence; after a substantially total removal
(Simpson I-1I), 12.2%; and after subtotal removal
(Simpson III-V), up to 24% (Behzadmehr et al.,
2021, Cucu et al., 2020).

Results of imaging studies (computed tomog-
raphy and magnetic resonance imaging) belong
to other prognostic factors of tumor recurrence.
Such factors, particularly, include neoplasm vol-
ume, which in almost 70% of cases exceed the
average value. In some studies, (Nakasu et al.,
2020, Siempis et al., 2020, Huang et al. 2019),
almost 100% of recurrences had fuzzy edges of
meningioma on magnetic resonance imaging,
while other researchers reported no such associa-
tion (Behzadmehr et al., 2021, Balik et al., 2020).
In addition, it is reported that the majority of pa-
tients (61.5%) with recurrent meningioma expe-
rienced severe perifocal brain edema (Nakasu et
al., 2020, Siempis et al., 2020).

Such conflicting data is still a subject of de-
bate and raise questions about the role of the
identified factors in the re-growth of meningio-
ma. That is why the objective of our study was to
determine the prognostic factors for parasagital
meningioma recurrence/continued growth based
on literature review and analysis of our own clin-
ical experience.

Objective

Improving surgical parasagital meningiomas
treatment outcomes by determining prognostic
factors for their recurrence/continued growth.

Materials and Methods

We conducted retrospective and prospective
analysis of 199 (100%) parasagital meningioma
patients who were treated in Mechnikov Dnipro-
petrovsk Regional Clinical Hospital, Dniprope-
trovsk Regional Council, from 2000 to 2021 in-
clusive.

This article is based on a comparative analysis
of the results of examination and surgical treat-
ment and further analysis of pathohistological
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conclusion in two study groups. The first group
included 180 (90.5%) patients with no recur-
rence/continued growth and second group includ-
ed 19 (9.5%) patients with detected postoperative
parasagital meningioma (PM) recurrence/contin-
ued growth.

The selected patients were analyzed for de-
mographic data (gender, age); computed tomog-
raphy and magnetic resonance brain imaging
results before and after adding an intravenous
contrast (in terms of key characteristics); angio-
graphic studies data (computed tomography angi-
ography/selective digital subtraction cerebral an-
giography); surgical radicality; pathohistological
conclusions; recurrence-free period duration (one
to 20 years after the surgery).

Surgical radicality was identified according to
Simpson I-V scale (Gatterbauer et al., 2017). The
risk of recurrence was analyzed individually in
the category of patients who had radical (Simp-
son I) parasagital meningioma removal, which
is understood as macroscopically total tumor re-
moval with matrix excision, and in the category
of patients with non-radical removal (Simpson
II-V).

Meningioma malignancy was determined ac-
cording to the WHO World Health Organization
(WHO) classification (Goldbrunner et al., 2016):
Grade I = benign meningioma, Grade II = atyp-
ical meningioma, Grade III = anaplastic menin-
gioma.

Brain computed tomography (CT) was per-
formed using Optima CT660 | GE Healthcare,
which assessed the meningioma’s impact on ad-
jacent bone: hyperostosis, bone destruction, ex-
tracranial tumor spread.

Brain magnetic resonance imaging (MRI) was
performed using Toshiba Excelart Vantage 1.5
T. Key neuroimaging (T2WI, TIWI, DWI, and
T1WI modes + intravenous contrast, axial, sagit-
tal, and coronal planes) results included: location
relative to the superior sagittal sinus (anterior,
middle, posterior thirds); tumor size based on its
largest linear size; tumor edges contrast (the edg-
es were considered “clear” when a gap filled with
cerebrospinal fluid was seen around the tumor
perimeter); brain invasion (described if it was im-
possible to draw boundaries between the tumor
and the surrounding brain tissue); signal intensity
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(hyper-, hypo-, isointensive, homogeneous, het-
erogeneous); intratumoral inclusions (necrosis,
hemorrhage, cysts, calcification); presence and
severity of perifocal edema.

Computed tomography angiography was per-
formed using PHILIPS Mx 8000 IDT. Selective
subtraction digital cerebral angiography was per-
formed in the Endovascular Center, Mechnikov
Dnipropetrovsk Regional Clinical Hospital, Dni-
propetrovsk Regional Council, using Innova IGS
540 (GE Healthcare). Ultravist 370 and Visipaque
320 contrast agents were used for angiographic
studies. The superior sagittal sinus damage de-
gree was based on M.P. Sindou and J.E. Alver-
nia classification (types I-VI) (Ricci et al., 2017).
The risk of parasagital meningioma recurrence
was individually assessed in patients with types
I-11, III-I'V, and V-VI superior sagittal sinus dam-
age according to M.P. Sindou and J.E.Alvernia.

Meningioma re-growth after its radical (Simp-
son I) removal was considered as its recurrence.
Residual tumor growth was called the continued
growth of a meningioma. This term was also used
to describe the transformation of a lower-grade
meningioma to a higher-grade meningioma (e.g.,
from the WHO’s grade I to grade II) (Buerki et
al., 2018). In our study, tumors that had continued
growth included those that underwent Simpson
II-V removal.

Postoperatively, all patients were subjected to
dynamic monitoring by a neurologist and serial
follow-up computed tomography and magnet-
ic resonance imaging. The first follow-up brain
magnetic resonance imaging was performed 6
months after the surgery, thereafter it was per-
formed annually (subject to stable neurological
status). If existing neurological symptoms wors-
ened or new symptoms were detected, an un-
scheduled follow-up brain MRI was performed.

Data was processed and analyzed using STA-
TISTICA 10 (StatSoft ® Inc., USA, license no.
STA862D175437Q) and SPSS 17.0 (IBM, USA).
Based on the law of quantitative data distribution
(Shapiro-Wilk test), the following parametric and
nonparametric characteristics and comparison
methods were used: for normal distribution —
arithmetic mean (M), standard deviation (SD),
and Student’s t score (t); for abnormal distribu-
tion — median (Me), interquartile range (LQ;
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HQ), and Mann-Whitney value (U). Probability
of differences in categorical data was estimated
using the Pearson chi-square value (y2) without
Yates chi-square correction. Prognostic signifi-
cance of various factors for assessing the proba-
bility of postoperative tumor recurrence was de-
termined using ROC analysis by determining the
point of differentiation of indicator values in the
recurrence and no-recurrence groups and calcu-
lating the area under ROC curve (AUC) and op-
erational characteristics (sensitivity, specificity).
The recurrence-free survival indicators depend-
ing on certain factors (predictors) were analyzed
using the life tables, Kaplan-Meier curves, and
the Cox proportional hazards regression model
with the risk ratio (RR) calculated in a 95% con-
fidence interval (95% CI). Differences in survival
rates in the early follow-up period were assessed
using the Gehan-Wilcoxon Test (GWT); in the
entire follow-up period, using the log rank test
(LRT). The critical level of statistical significance
when testing all hypotheses (P) was assumed to
be < 0.05 and the trend was assessed for p<0.1.

Results

In the follow-up period, 19 (9.5%) patients
had PM recurrence/continued growth. In the
first year after the surgery, only 2 of those pa-
tients had continued PM growth; within 5 years
(60 months), 12 patients; within 10 years, 17 pa-
tients; the percentage of no- recurrence patients,
based on censored data (recurrence-free surviv-
al), was 99.0% (95% CI, 97,6-100), 93,1% (95%
CI, 89.3-96.9). and 87.5% (95% CI, 81.6-93.4) in
the above follow-up periods. The actual median
time to recurrence in our study was 44.1 (25.7;
85.4) months. It means that the majority (12 of
19 patients; 63.2%) of continued PM growth was
detected within 5 years after the surgery. The last
case of PM recurrence was diagnosed after 13
years (154.5 months) of the follow-up.

A comparative analysis of key characteristics
of patients and neoplasms in 2 study groups was
used to determine the factors associated with the
post-surgery PM recurrence (see Table 1).

As can be seen from Table 1, the first group (no
recurrence) was dominated by female patients —
133 (73.9%), the age of patients ranged from 19
to 75 and averaged 53.9+12.1 years. In the second
group (recurrence), there were 9 female patients
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Table 1. General characteristics of patients and neoplasms in the study groups

Group 1 Group 2 Statistical signifi-
Characteristics (no recurrence) | (with recurrences) | cance of inter-group
n=180 n=19 differences
Female 133 (73.9%) 9 (47.4%)
Gend 2=5.91; p=0.015
enaer Male 47 (26.1%) 10 (52.6%) x P
18-44 34 (18.9%) 2 (10.5%) ¥2=0.81; p=0.368
45-59 79 (43.9%) 13 (68.4%) ¥2=4.16; p=0.041
Age, years
60-75 67 (37.2%) 4 (21.1%) 12=1,96; p=0,162
Average age, M+SD 53.9+12.1 55.849.6 t=0.67; p=0.506
Anterior third 56 (31.1%) 5(26.3%) %2=0,19; p=0,666
_ Middle third 99 (55.0%) 10 (52.6%) 12=0.04; p=0.844
Parasagital : ; — —
s Posterior third 25 (13.9%) 4 (21.1%) ¥2=0,71; p=0,400
meningioma
location relative Left 84 (46.7%) 10 (52.6%) ¥2=0.245; p=0.62
to the superior
sagittal sinus Right 78 (43.3%) 7 (36.9%) ¥2=0,296; p=0,586
Bilateral 18 (10.0%) 2 (10.5%) %2=0,005; p=0,942
Average size, U (LQ; HQ) (mm) 48 (35; 60) 60 (55;75) U=842.5; p<0.001
Type I 112 (62.2%) 12 (63.2%) ¥2=0.006; p=0.936
Type 11 13 (7.2%) 1(5.3%) %2=0,10; p=0,751
Type 111 16 (8.9%) - v2=1.84; p=0.175
SSS invasion Type IV 10 (5.6%) 4(21.1%) 72=6.31; p=0.012
according to
M.P. Sindou and Type V 11 (6.1%) 1(5.3%) %2=0,02; p=0,883
J.E. Alvernia Type VI 18 (10.0%) 1(5.3%) %2=0.45; p=0.504
Category I-11 125 (69.4%) 13 (68.4%) %2=0,08; p=0,927
Category III-IV 26 (14.5%) 4 (21.1%) %2=0,59; p=0,444
Category V-VI 29 (16.1%) 2 (10.5%) ¥2=0.41; p=0.523

(47.4%) and 10 male patients (52.6%), p<0.05
between the groups; average age was 55.8£9.6
(p>0.05). According to the WHO classification
by age, the first group’s age category of 18 to 44
included 34 (18.9%) patients; age category of 45
to 59 included 79 (43.9%) patients, and age cate-
gory of 60 to 75 included 67 (37.2%) patients. In
the second study group, 2 (10.5%) patients were
assigned to the first age category, 13 (68.4%) to
the second, and 4 (21.1%) to the third. Despite
the absence of significant differences between the
groups in terms of average patient’s age, patients
from the age category of 45 to 59 dominated the
recurrence group (p<0.05).

We found no significant association between
the PM location relative to the superior sagittal si-
nus (SSS) and tumor recurrence (p>0.05). In the

first group, PM located in the anterior third of the
SSS occurred in 56 (31.1%) patients, the middle
third in 99 (55.0%) patients, and the posterior third
in 25 (13.9%) patients. 84 (46.7%) had meningio-
mas growing to the left, 78 (43.3%) growing to the
right, and 18 (10.0%) had bilateral meningiomas. 5
(26.3%) patients had recurrent meningiomas in the
anterior third of the SSS, 10 (52.6%) in the middle
third, and 4 (21.1%) in the posterior third. Among
them, 10 (52.6%) patients had a tumor node on the
left side of the sinus, 7 (36.9%) on the right side,
and 2 (10.5%) patients had bilateral tumor spread.
Average meningioma size in the second group was
1.3 times higher than in the first group — 60 (55;
75) (mm) vs. 48 (35; 60) (mm), p<0.001.
According to M.P. Sindou and J.E. Alvernia,
112 (62.2%) patients of the first group had type I
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SSS invasion, 13 (7.2%), had type II; 16 (8.9%)
had type 111, 10 (5.6%) had type IV, 11 (6.1%) had
type V, and 18 (10.0%) had type VI. 125 (69.4%)
patients were categorized to type I-II according
to M.P. Sindou and J.E. Alvernia, 26 (14.5%) to
types III-1V, and 29 (16.1%) to type V-VI sinus
occlusion. In the recurrence group, parasagital
meningiomas invaded the SSS as follows: type
I according to M.P. Sindou and J.E. Alvernia,
12 (63.2%) patients; type 11, 1 (5.3%); type I,
0 (0%); type IV, 4 (21.1%); type V, 1 (5.3%);
type VL, 1 (5.3%). Type I-1I category included 13
(68.4%) patients, type III-IV 4 (21.1%) patients,
and type V-VI 2 (10.5%) patients. In terms of the
SSS invasion by the tumor, the recurrence group
had higher frequency of type IV sinus occlu-
sion: 21.1% vs. 5.6% in the no-recurrence group
(p<0.05).

127 of 180 (70.6%) patients in the first group
underwent brain magnetic resonance imaging
(MRI) with intravenous contrast added in 88
(69.3%) cases. 73 (57.5%) patients had hyperin-
tensive meningioma, 8 (6.3%) hypointensive, 16
(12.6%) isointensive, and 30 (23.6%) heteroge-
neous (see Table 2). Perifocal edema was detect-
ed in 46 (36.2%) patients, intratumoral necrosis
in 37 (29.1%), dural tail in 29 (22.8%), and signs
of brain tissue tumor invasion in 9 (7.1%). In the
second group, 12 of 19 (63.2%) patients under-
went brain MRI with intravenous contrast added
in 10 of 12 (83.3%) cases. Hyperintensive me-
ningioma was diagnosed in 7 (58.3%) patients,
isointensive in 2 (16.7%), heterogeneous in 3
(25.0%), with no cases of hypointensive PM. Per-
ifocal edema was detected in 5 (41.7%) patients,
intratumoral necrosis in 5 (41.7%), and dural tail
in 3 (25.0%). 3 (25.0%) patients of the second
group had fuzzy meningioma edges and signs of
brain tissue tumor invasion, which significantly
exceeded the value in the first group (7.1%) with
p<0.05.

119 (66.1%) patients of the first group under-
went brain computed tomography (CT); in 64
(53.8%) cases, intravenous contrast was added.
Among the bone manifestations of meningioma,
hyperostosis was detected in 27 (22.7%) patients,
bone destruction in 21 (17.6%) patients (see Ta-
ble 2). Similar brain CT scan was performed in 14
(73.7%) patients of the second group; in 50.0% of
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cases (7 of 14), intravenous contrast was added.
Among the bone manifestations of meningioma,
hyperostosis was detected in 3 (21.4%) patients
and bone destruction in 2 (14.3%) patients.

Study groups comparison in terms of selected
brain MRI and CT results (see Table 2) showed no
dependence of PM recurrence/continued growth
on signs of adjacent bone invasion, T2WI signal
intensity, presence of perifocal edema, intratu-
moral inclusions, or signs of dural tail (p>0.05).
At the same time, patients with MR signs of brain
tumor invasion had significantly higher (p<0.05)
PM recurrence rate.

Radical (Simpson I) surgical meningioma
removal in the first group was achieved in 90
(50.0%) patients (see Table 2). The remain-
ing 90 (50.0%) patients underwent non-radical
(Simpson II-V) tumor removal. Among them,
56 (31.1%) patients had Simpson II removal, 14
(7.8%) Simpson III, and 20 (11.1%) Simpson IV.
In the second study group, radical surgery was
only performed in 2 (10.5%) cases, which is sig-
nificantly less than in the no-recurrence group
(p=0.001). The remaining 17 (89.5%) patients
underwent non-radical surgery, 11 (57.9%) of
which had Simpson II removal, 2 (10.5%) Simp-
son III, and 4 (21.1%) Simpson IV.

Note that the frequency of continued PM
growth was significantly higher after non-radical
removal of type I-II SSS invasion neoplasms —
92.3% vs. 43.2% (p<0.001) (see Table 3). In SSS
type III-IV and V-VI invasion tumors, there was
no significant association between continued
growth surgical radicality (p>0.05). That is, the
risk of PM recurrence increases if type I-II SSS
invasion tumor is not totally removed.

According to histological examination of re-
moved neoplasm specimens, 169 of 199 PMs
(84.9%) were benign (grade I), 14 (7.0%) met the
criteria of grade II (atypical meningioma), and 16
(8.1%) grade III (anaplastic meningioma). At the
same time, recurrence/continued growth of grade
I PMs was detected in 14 (8.3%) patients, grade
IT'in 3 (21.4%), and grade 11 in 2 (12.5%).

Analysis of histological PM structure in the
study groups (see Table 2) showed that among
155 (86.1%) benign meningiomas in the first
group, mixed meningiomas were diagnosed in
39 (21.7%) cases, meningoteliomatous in 54
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Table 2. Comparative study groups characteristics in terms of results of diagnostic and histological
studies and surgeries

Group 2 Statistical signifi-
.. Group 1 . .
Characteristics (with cance of inter-group
(no recurrence) .
recurrences) differences

Magnetic resonance brain imaging (n1=127, n2=12)

Hyperintensive 73 (57.5%) 7 (58.3%) ¥2=0.003; p=0.954
Hypointensi 8 (6.3% - 2=0.80; p=0.370

T2WI mode density yp?ln en.swe (6-3%) L P
Isointensive 16 (12.6%) 2 (16.7%) ¥2=0.16; p=0.688
Heterogeneous 30 (23.6%) 3 (25.0%) ¥2=0.01; p=0.915
Perifocal edema 46 (36.2%) 5 (41.7%) v2=0.14; p=0.708
Intrathumoral inclusions 37 (29.1%) 5 (41.7%) %2=0.82; p=0.366
Dural tail 29 (22.8%) 3 (25.0%) %2=0,03; p=0,865
Brain invasion 9 (7.1%) 3 (25.0%) y2=4.46; p=0.035

Computed tomography brain imaging (n1=119, n2=14)

Hyperostosis 27 (22.7%) 3 (21.4%) ¥2=0.01; p=0.915
Bone destruction 21 (17.6%) 2 (14.3%) ¥2=0.10; p=0.753

Surgical intervention characteristics (n1=180, n2 = 19)

Simpson I 90 (50.0%) 2 (10.5%) 2=10.77: p=0.001
. o Simpson I1-V 90 (50.0%) 17 (89.5%) KT P
Surgical radicality Simpson 1I 56 (31.1%) 11 (57.9%) ¥2=5.52; p=0.019
according to Simpson , o 0

grading scale Simpson 111 14 (7.8%) 2 (10.5%) ¥2=0.18; p=0.675
Simpson IV 20 (11.1%) 4 (21.1%) x2=1.60; p=0.206

Simpson V - -

Histological neoplasm examination (n1 = 180, n2 = 19)

Grade 1 155 (86.1%) 14 (73.7%) ¥2=2.07; p=0.150

Mixed 39 (21.7%) 2 (10.5%) ¥2=1.30; p=0.254

Meningoteliomatous 54 (30.0%) 9 (47.4%) v2=2.40; p=0.122

Meningioma Fibrous 23 (12.8%) 1(5.3%) ¥2=0.92; p=0.339

malignancy and Transitional 3 (1.7%) - x2=0.32; p=0.571

histolzgical tylllﬁe Psamomatous 32 (17.8%) 2 (10.5%) v2=0.64; p=0.424

according to the : 0 - = - p=

World Health Angiomatous 3 (1.7%) %2=0.32; p=0.571
Organization (WHO) With severe

classification lymphoplasmocytic 1 (0.6%) - x2=0.11; p=0.745
infiltration

Grade II (atypical) 11 (6.1%) 3 (15.8%) ¥2=2.46; p=0.117

Grade I1I (anaplastic) 14 (7.8%) 2 (10.5%) ¥2=0.18; p=0.675

Note: n, = the number of patients in the study group 1, n, = the number of patients in the study group 2
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Table 3. Surgical radicality depending on the SSS invasion by parasagital meningioma in the study
groups

Radical meningioma

SSS damage according to
M.P. Sindou and J.E. Alvernia classification

I-11 I-1v V-VI
removal

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

(n=125) (n=13) (n=26) (n=4) (n=29) (n=2)
Simpson 1 71(56.8%) | 1(7.7%) | 4(15.4%) - 15 (51.7%) | 1 (50.0%)
Simpson II-IV 54 (43.2%) | 12 (92.3%) | 22 (84.6%) | 4 (100.0%) | 14 (48.3%) | 1 (50.0%)

Statistical significance of _ ) _ o _ o
inter-group differences x2=11.38; p<0.001 ¥2=0.71; p=0.399 %2=0.002; p=0.962

(30.0%), fibrous in 23 (12.8%), transient in 3
(1.7%), psamomatous in 32 (17.8%), angio-
matous in 3 (1.7%), and meningiomas with se-
vere lymphoplasmocytic infiltration in one case
(0.6%). 11 (6.1%) patients had moderate-grade
meningiomas (grade II) and 14 (7.8%) had low-
grade meningiomas. In the continued PM growth
group, benign meningiomas were detected in 14
(73.7%) patients, including mixed meningiomas
in 2 (10.5%) cases, meningoteliomatous menin-
giomas in 9 (47.4%) cases, fibrous meningioma
in 1 (5.3%) case, and psamomatous meningiomas
in 2 (10.5%) cases. Grade II (atypical) meningio-
ma was detected in 3 (15.8%) patients and grade
IIT (anaplastic) meningioma in 2 (10.5%).

In general, study groups’ indicators compari-
son in terms of histological PM structure showed
insignificant differences (p>0.05), which can be
explained by low number of cases of grade II and
grade III PMs (14 and 16 cases, respectively) and
sufficiency of surgical intervention during prima-
ry tumor removal. The first, no-recurrence, group,
among 12 patients of moderate- and low-grade
PM with type I SSS invasion according to M.P.
Sindou and J.E. Alvernia, 7 (58.3%) underwent
radical surgery (Simpson I); in the second group,
4 patients with type I sinus occlusion underwent
Simpson II surgery (p=0.042 based on ¥?). The
above may indicate a low informative value of
tumors malignancy to predict the risk of postop-
erative PM recurrence/continued growth, which
requires further research.

Significant differences between the study
groups based on comparative analysis allowed
determining the factors (predictors) associated

with postoperative PM recurrence. In particular,
tumor recurrence occurs significantly more often
in men than in women (low direct correlation,
r=0.17, p=0.015) and in the 45 to 59 age group
(low direct correlation, r=0.14, p=0.042). High-
er risk of tumor recurrence (r=0.26, p<0.001) is
associated with increased tumor size, type IV
SSS invasion according to M. P. Sindou and J.
E. Alvernia (r=0.18, p=0.012), and Simpson II-V
incomplete tumor removal (r=0.23, p=0.001), es-
pecially in case of type I-1I SSS invasion (r=0.29,
p<0.001). According to the MRI, the risk of PM
recurrence can be reliably indicated by such neu-
roimaging sign of meningioma brain invasion
as fuzzy tumor edges (low direct correlation,
r=0.18, p=0.035). At the same time, in cases of
radical tumor removal (Simpson I), recurrence
was significantly less common (inverse correla-
tion is low: r=-0,23, p<0,001).

Predictive potential of the above factors for
PM recurrence/continued growth was assessed
using ROC analysis and Cox proportional haz-
ards regression models. The latter made it possi-
ble to assess the predictors impact on the risk of
recurrence within 20 years (240 months) of the
follow-up, given all primary data, including in-
complete (censored) data.

The ROC analysis demonstrated that non-rad-
ical (Simpson I1I-V) PM removal and large tu-
mor sizes have the highest prognostic potential
in determining the risk of continued PM growth,
especially in type I-II SSS invasion (see Fig. 1,
Table 4).

With an initial PM size of >54 mm (area under
ROC curve, 0.754 (95% CI, 0.688-0.812)), the rel-
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Fig. 1. ROC curves of surgical radicality (A) and PM size (B) in determining the risk of continued
PM growth within 20 years of the follow-up

Table 4. Prognostic significance of individual factors associated with postoperative PM recurrence

ROC analysis Cox model
. Criterion | Area under the AUC Signif-
Indicat
faicator (cut-off ROC curve significance S(e(;S)p (955RCI) icance
threshold) | (AUC, 95% CI) | level (p) 0 ¢ level (p)
Patient’s gender male © 52'26_?)3700) 0.046 52.6/73.9 a 332'_2502) 0.01
Age, years 45-59 (0.52'16_%).3690) 0.087 68.4/56.1 (0.826?g01) 0.098
SSS invasion
according to M.P. 0.577 3.33
Sindou and J.E. v (0.508-0.647) 0.099 | 2119441 | 1070.12) | 0034
Alvernia classification)
MRI sign of brain 0.590 3.56
tissue tumor invasion Yes (0.503-0.672) W ZBORED oo e | GO
acsclcl)rr%ili(;lal :g(islicrillz};n I-v 0.697 0.005 89.5/50.0 357 0.023
PR (0.628-0.760) ' PR 1272434 |
grading scale
tsgzgll-clgldsrggliiggig; n-v 0.746 <0.001 92.3/56.8 10.1 0.027
by the PM (0.664-0.816) (1.31-78.1)
Tumor size, mm >S4 | geshosty | <0001 |789672| o L0 <0001

Notes: Se/Sp = criterion sensitivity/specificity; RR = relative risk of PM recurrence or continued growth

based on censored data.
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Table 5. Cumulative recurrence-free survival of PM patients depending on prognostically

significant factors

L Recurrence-free survival
Criterion (according to life tables)*
Indicator (cut-off
threshold) after after after
1 year 5 years 10 years
female 0/99.6 5/95.2 8/88.5
(n=142) (98.7-100) (91.4-99.0) (81.4-95.5)
Patient’s gender
male 2/96.4 7/84.8 9/73.0
(n=57) (91.6-100) (74.6-95.0) (58.5-87.5)
I-II1, V-VI 2/98.9 9/94.0 13/89.1
SSS invasion according (n=185) (97.4-100) (90.3-97.8) (83.4-94.9)
to M.P. Sindou and J.E.
Alvernia classification) v 0/96.3 3/66.5 4/43.5
(n=14) (86.2-100) (41.2-91.8) (16.8-70.3)
I 0/99.5 1/96.0 2/85.5
Surgical radicality (n=92) (97.9-100) (91.4-100) (72.5-98.5)
according to Simpson
grading scale 1n-v 2/98.1 11/88.9 15/81.9
(n=107) (95.5-100) (82.7-95.1) (73.7-90.2)
Surgical radicality I 0/99.3 1/94.9 1/85.1
according to Simpson (n=72) (97.4-100) (89.2-100) (71.7-98.4)
gsrsagmg scale 1;‘ ti’}f’e;i\l/[l -V 2/97.0 8/86.6 11/78.3
fnvasion by the (n=66) (92.8-100) (78.3-95.0) (67.3-89.2)
<54 1/99.2 4/95.5 4/91.4
(n=125) (97.6-100) (91.5-99.4) (85.2-97.7)
Tumor size, mm
>54 1/98.6 8/87.5 13/72.5
(n=74) (95.9-100) (79.3-95.7) (59.0-86.0)

Notes: *Actual number of patients who experienced PM recurrence or continued growth within the speci-

fied follow-up period /recurrence-free survival based on the censored data in % (95% CI).

ative risk of tumor recurrence (according to Cox
regression) increased by 7.04 times (95% CI, 2.33-
21.2) vs. smaller tumor sizes (p<0.001) (see Ta-
ble 4). Moreover, this criterion has high sensitiv-
ity (78.9%) and specificity (67.2%). Non-radical
(Simpson I1I-V) tumor removal during primary in-
tervention increases the risk of unfavorable prog-
nosis by 5.57 times (95% CI, 1.27-24.34); in case
of type I-II SSS invasion by the PM, by 10.1 times
(95% CI, 1.31-78.1), with high sensitivity indica-
tors (89.5% and 92.3%, respectively).

As for other identified PM recurrence pre-
dictors, based on censored data, male gender
(BP=3.25) and type IV SSS invasion according
to M.P. Sindou and J.E. Alvernia had a statisti-
cally significant effect (p<0.05) (RR=3.33) (see
Table 4). Moreover, the latter criterion has a low
sensitivity (21.1%) and high specificity (94.4%).
Statistical significance of continued PM growth
risk indicators in patients aged 45 to 59 and MRI
signs of brain tissue invasion by the tumor met
the trend criteria (p<0.1).
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Fig. 2. Cumulative Kaplan-Meier curves for the
PM recurrence/continued growth depending on
the patient’s gender.

Cumulative Proportion Surviving (Kaplan-Meier)
¢ Complete o Censored

Cumulative Proportion Surviving

05
100 150 200 250 —Group 2

—Group 1
Time, months up

Notes: 1. Group 1 = female patients; group 2 = male
patients. 2. Statistical significance of inter-group dif-
ferences according to the GWT criteria: p=0.004,
LRT criteria: p=0.009.

Table 5 and Figs. 2-6 show recurrence-free
survival and cumulative Kaplan-Meier curves for
PM recurrence/continued growth within 20 years
of postoperative follow-up, depending on statisti-
cally significant (p<0.05) impact factors.

As can be seen from Figure 2 and Table 5, the
longest recurrence-free period was demonstrat-
ed by female patients, both in the first (GWT:
p=0.004) and during the entire follow-up period
(LRT: p=0.009). In the shortest follow-up period
(1 year) 2 of 57 male patients sustained a recur-
rence; within 5 years, 7; and within 10 years, 9.
Respectively, 96.4%, 84.8% and 73.0% of male
patients remained in the state of remission. Fe-
male patients had no recurrences within the first
year after the surgery, 5 of 142 patients had recur-
rences within 5 years, and 8 had continued tumor
growth within 10 years. At the same time, the
recurrence-free survival in female patients in the
same periods were 99.6%, 95.2%, and 88.5%, re-
spectively, which is higher than in male patients
by, in average, 3.2% (p>0.05), 10.4% (p<0.05),
and 15.5% (p<0.01), respectively.

As can be seen from Fig. 3 and Table 5, pa-
tients with types I-III and V-VI SSS lesions ac-
cording to M.P. Sindou and J. E. Alvernia (group
1) had significantly higher cumulative surviv-

ISSN 2786-6661
¢ISSN 2786-667X

al (GWT: p=0.006, LRT: p=0.021) vs. patients
with type IV invasion (group 2). Within 5 years
of the follow-up, only 9 of 185 patients with type
[-IIT and V-VI SSS lesion had tumor recurrence
and 94.0% of patients remained in the state of
remission; within 10 years of the follow-up, 13
patients experienced continued PM growth and
respective recurrence-free survival was 89.1%.
In the type IV SSS damage group, in the above
periods, 3-4 of 14 patients had PM recurrence
and 66.5% and 43.5% of patients remained in
the state of remission, respectively. Therefore,
in case of type IV SSS lesion, the 5-year recur-
rence-free survival of PM patients is 1.4 times
lower (p<0.01) and the 10-year survival is 2.0
times lower (p<0.001) than in case of type I-11I
or V-VI SSS invasion according to M.P. Sindou
and J. E. Alvernia.

Comparative analysis of the Kaplan-Meier
recurrence-free survival curves depending on
the PM primary surgery radicality also showed
significant discrepancies between the indicators
(GWT: p=0.011, LRT: p=0.014) (see Fig. 4). The
total number of patients who had PM recurrence
or continued PM growth within 1, 5, and 10 years
of the follow-up was, respectively, 0, 1, and 2 of

Fig. 3. Cumulative Kaplan-Meier curves for the
PM recurrence/continued growth depending on
the SSS damage.

Cumulative Proportion Surviving (Kaplan-Meier)
e Complete © Censored
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Notes: 1. Group 1: types I-1ll, and V-VI according to
M.P. Sindou and J.E. Alvernia;, Group 2: type IV; 2.
Statistical significance of inter-group differences ac-
cording to the GWT criteria: p=0.006, LRT criteria:
p=0.021
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Fig. 4. Cumulative Kaplan-Meier curves for the
PM recurrence/continued growth depending on
surgical radicality.

Cumulative Proportion Surviving (Kaplan-Meier)
® Complete 0O Censored
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Notes: 1. Group 1. Simpson I; group 2: Simpson II. 2.
Statistical significance of inter-group differences ac-
cording to the GWT criteria: p=0.011, LRT criteria:
p=0.014.

92 patients who underwent radical (SimpsonlI)
surgery (group 1). At the same time, 99.5%,
96.0%, and 85.5% of the patients remained in the
state of remission (see Table 5). Among the 107
patients in the second group, who underwent in-
complete (Simpson II-V) tumor removal, 2, 11,
and 15 patients had tumor recurrence within 1, 5,
and 10years of the follow-up, respectively, and
98.1%, 88.9%, and 81.9% of patients remained
in the state of remission, which is less than the
first group indicators by 1.4% (p>0.05), 7.1%
(p<0.05), and 3.6% (p<0.05).

The impact of radical PM removal on the re-
currence-free period duration within 20 years of
the follow-up was more pronounced in case of
type I-II SSS invasion (see Fig. 5, Table 5). In
case of total tumor removal (Simpson I), only
one of 72 patients had tumor recurrence within
5-10 years; the recurrence-free survival made
94.9% and 85.1%, respectively; on the other
hand, 8-11 of 66 patients with incomplete tu-
mor removal (Simpson II-V) had continued PM
growth within 5 and 10 years of the follow-up,
respectively. 86.6% and 78.3% of patients re-
mained in the state of remission, which is, respec-
tively, by 8.3% (p<0.01) and 6.8% (p<0.01) less
than in the first group.

ISSN 2786-6661
¢ISSN 2786-667X

Significant differences between cumulative
recurrence-free survival were noted when com-
paring Kaplan-Meier curves for different tumor
sizes (GWT: p<0.001, LRT: p<0.001) (see Fig.
6). For instance, 4 of 125 patients with a tumor
size <54 mm (group 1) had tumor recurrence in
the 5-year follow-up period and 95.5% of the pa-
tients remained in the state of remission. In the
group with a meningioma size >54 mm (group 2),
8 of 74 patients had tumor recurrence in the same
follow-up period; the recurrence-free survival
made 87.5%, which is by 8.0% less than in the
first group (p<0.001). 4 patients in the first group
and 13 patients in the second group had tumor
recurrence within 10 years of the follow-up. The
percentage of patients who did not demonstrate
PM growth in this period in the second group was
18.9% less than in the first group — 72.5% vs.
91.4% (p<0.001).

Discussion.

In the studied category of patients, there was
no significant association between parasagital
meningioma recurrence or continued growth and
CT/MRI signs of perifocal brain edema reported
by other studies (Nakasu et al., 2020, Siempis et
al., 2020, Huang et al. 2019) and no significant

Fig. 5. Cumulative Kaplan-Meier curves for
the PM recurrence/continued growth depending
on surgical radicality in types I-II SSS lesions
according to M.P. Sindou and J. E. Alvernia.
Cumulative Proportion Surviving (Kaplan-Meier)
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Notes: 1. Group 1: Simpson I; group 2: Simpson II. 2.
Statistical significance of inter-group differences ac-
cording to the GWT criteria: p=0.009, LRT criteria:
p=0.007.
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Fig. 6. Cumulative Kaplan-Meier curves for the
PM recurrence/continued growth depending on
tumor size.
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Notes: 1. Group 1: tumor size < 54 mm, group 2: tu-
mor size > 54 mm. 2. Statistical significance of in-
ter-group differences according to the GWT criteria:
p=0.001, LRT criteria: p=0.001.

association with the computed tomography char-
acteristics of the tumor (Yu et al., 2020).
However, the resulting prognostic factors of
parasagital meningioma recurrence/continued
growth in this study are consistent with the data
from known literature sources (Behzadmehr et al.,
2021, Balik et al., 2020, Cucu et al., 2020, Salah et
al., 2019, Siempis et al., 2020). However, we found
that recurrence-free 5- and 10-year survival in PM
patients is as follows: 1) in case of total tumor re-
moval (Simpson I), 96.0% and 85.5%, respective-
ly; in case of non-radical removal (Simpson II-V),
88.9% (p<0.05) and 81.9% (p<0.05), respectively.
At the same time, non-radical surgery in type I-II
SSS invasion by the PM reduces 5- and 10-year
recurrence-free survival to 86.6% (p<0.01) and
78.3% (p<0.01), respectively; in case of tumor
size of up to 54 mm, the indicators are 95.5% and
91.4%; with tumor size >54 mm, they are as low
as 87.5% (p<0.001) and 72.5% (p<0.001); in case
of type I-III or V-VI SSS damage according to M.
P. Sindou and J. E. Alvernia, 94.0% and 89.1%;
and in case of type IV invasion, 66.5% (p<0.01)
and 43.5% (p<0.001); in female patients, 95.2%
and 88.5%; in male patients, 84.8% (p<0.05) and
73.0% (p<0.01). According to the Cox regression
proportional hazards model, the relative risk of
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tumor recurrence/continued growth increases by:

1) 7.04 times (95% CI, 2.33-21.2) in case of ini-

tial PM size >54 mm (p<0.001); 5.57 times (95%

CI, 1.27-24.34) in case of non-radical tumor re-

moval during primary intervention (Simpson II-

V) (P<0.05); 10.1 times (95% CI, 1.31-78.1) in

case of type I-II SSS invasion by the PM or in-

complete tumor removal (Simpson [I-V) (p<0.05);

3.25 times (95% CI, 1.32-8.02) in male patients

(p<0.01); 3.33 times (95% CI, 1.10-10.12) in case

of type IV SSS invasion (according to M.P. Sindou

and J.E. Alvernia) (p<0.05).

The identified prognostic factors for parasag-
ital meningioma recurrence or continued growth
shall be taken into account when planning the
scope of surgical intervention and selecting the
tactics of postoperative follow-up and patients’
treatment.

Conclusions
1. The patient’s gender must be taken into ac-
count when planning a particular surgical
strategy for parasagital meningioma removal
as men are more likely to experience tumor re-
currence or continued growth.

Preoperative diagnosis of parasagital menin-

giomas must necessarily include brain CT/

MRI with intravenous contrast and cerebral

vascular system angiographic examination

(CT angiography, selective subtraction digital

cerebral angiography), followed by tumor size

determination and the nature of its invasion
into the superior sagittal sinus, as the tumor
size of >54 mm and type IV SSS lesion ac-
cording to M.P. Sindou and J.E. Alvernia is

a significant risk factor for tumor recurrence/

continued growth.

3. Surgical radicality shall be as close as possi-
ble to total (Simpson I) removal of parasagital
meningioma, which will minimize the risks of
postoperative tumor recurrence or continued
growth, especially in case of meningiomas
that extend to both walls of the superior sag-
ittal sinus (type IV according to M.P. Sindou
and J.E. Alvernia).

4. Adequate analysis of the results obtained will
help the neurosurgeons plan the optimal sur-
gery volume and ensure further postoperative
recurrence-free period and improved long-
term treatment outcomes.

2.
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IIpornocTuyHi pakTOpH peluAUBY/IIPOIOBKEHOT0 POCTY MapacaritajibHUX
MEHIHTrioM

Mepeneanus Bagum'”, Cipko Aunpiii*?

"EnpoBackynspauit ueHtp, KI1 «/ninponerpoBcbka obnacHa KiliHiuHa JikapHs im. L1
MeunwnkoBa JIOP», [Tnoma Co6opha, 14, m. JIHinpo, 49005, Ykpaina

2 Lentp uepedpanbHoi Helpoxipyprii, KI1 «/{HinporneTpoBcbka 001acHa KIIiHIYHA JTIKAPHS M.
L.I. MeunwukoBa JIOP» , ITnoma Co6opHa, 14, m. Iainpo, 49005, Ykpaina

3 Kadenpa HepBoBux xBopo0b Ta Helpoxipyprii @I1O, /I3 «/HINpOBChKHI qepiKaBHUIT METHIHUIT
yHiBepcuTeT», Byi. Bonoaumupa Bepnancekoro, 9, M. J{Hinpo, 49044, Ykpaina

Address for correspondence:

Perepelytsia Vadym
E-mail: neuro.perepelitsa@gmail.com

AHOTANIA: aKTyaJIbHICTh JOCIIKEHHS MOJIATA€ B MIUPOKINA PO3MOBCIOHKEHOCTI JIAHOI IMaTOJIOT1].
MeniHriomu ckianaoTb 18-34% Bia ycix NepBUHHMX ITyXJIHMH roJoBHOro Mo3Ky. Cepen HUX, mapa-
caritajibHl MEHIHT10MH 3ycTpidatotbes B 24,3-38,6 % cnocrepexenb. Hezaxkatoun Ha nepeBakxHO
JOOPOSIKICHUN XapakTep MapacariTajlbHi MEHIHTIOMH CXWJIbHI IO PeLUIUBY/IIPOJOBKEHOIO POCTY
YacTile HiXK MEHIHT1OMH 1HIHX Jokanizamii (Big 18% mo 40%). OCHOBHOIO METOIO TOCIIKCHHS €
BHUBYEHHS NMPOrHOCTHUYHUX (PaKTOPIB PELUAUBY/TPOJOBKEHOTO POCTY MapacariTaibHUX MEHIHT10M,
110 B NOJAJIbILIOMY BIIJIMBATUME HA MOKPAIIEHHS pe3yJbTaTiB XipypriuHoro JikyBanHsa. Hamu mpo-
BE/ICHO PETPOCHEKTUBHUI Ta MPOCHEKTUBHUNA aHali3 199 XBopux i3 mapacariTaJbHUMH MEHIHT10-
MaMH, SIK1 3HaXOAWJIMCh Ha JIIKYBaHHI B KOMYHaJIbHOMY MiANPUEMCTBI «JlHIMponeTpoBchka o0nacHa
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KiiHiuHa JikapHsa iMeHi [.I. MeunukoBay JIHinmpomneTpoBchKoi obmaacHoi paan» B nepion 3 2000 mo
2021 pik BkIOYHO. B 0CHOBY maHOi poOOTH MOKJIAACHO MOPIBHJIBHUMA aHali3 pe3y/bTariB 00CTe-
KEHHS, XIpypriyHOTO JIIKyBaHHS Ta MOAAIBIINI aHAJIi3 AaTOTiCTONIOTIYHOTO 3aKIIOUEHHS B IBOX I'PY-
nax cnocrepexxenns. [{o nepmoi rpynu BxiatoueHo 180 (90,5%) mawieHTiB, 110 HE Malu peUUIUBY/
MIPOZIOBKEHOTO POCTY, a B APYTiH rpytii crioctepeskeHHs 19 (9,5%) XBopux 13 BUSBICHUM PELIHIUBOM/
MPOJIOBKEHUM POCTOM MapacaritaibHoi MeHiHriomu (IIM) micns Xipypriudoro Brpy4yanss. Cepen Bi-
ni0paHKX MAIiEHTIB TPOBEIEHO aHalli3 JeMorpadiuHux AaHuX (CTaTh, BIK); pe3yIbTaTiB KOMIT IOTEp-
HO1 ToMorpadii Ta MarHiTHO-Pe30HAHCHOI ToMOoTrpadii rOJOBHOTO MO3KY JIO Ta IMICJIsi BHYTPIIIHBO-
BEHHOTO KOHTPACTYBaHHs 32 OCHOBHHUMHM XapaKTEPUCTHKAMU; JAaHUX aHTiorpadivyHUX JOCHTIKEHb
(xoMmr1’t0TepHO-TOMOTpadiuHOo1 aHTiorpadii / CeNeKTUBHOI CyOTpaKIiiHOI AiriTaabHOT HepedpanbHOl
aHriorpadii); paguKaIbHOCTI XipypriYHOTO BTPYYaHHS; PE3yJIbTaTiB MaTOriCTOIOTTYHUX 3aKIIOUCHb;
a TaKOX TPUBAJIICTh O€3PEIMAMBHOTO TTepiony (Bix ogHOTO 10 20 POKIB MICHISI MPOBEACHOTO Xipypriv-
Horo JikyBaHHs). [IpoTsirom nepiony crioctepeskeHHs peruauB/ npoaosxenuit pict IIM Bin3HaueHo
y 19 nanienTiB (9,5%). 3 HUX BOPOAOBXK MEPILIOrO POKY Miclis BTpyYaHHS 3a(ikCOBAHO JUIIE 2 BU-
najKu mpoaoxkeHoro pocty [IM, 3a 5 pokis (60 mic.) — 12, 3a 10 pokiB — 17, a BiICOTOK MAIli€HTIB
0e3 peuuanBy 3 ypaxyBaHHIM LIEH3ypPOBaHUX NaHUX (Oe3pennauBHa BUXKUBaHICTh) ckiIaB 99,0 (95%
A1 97,6-100) %, 93,1 (95% I 89,3-96,9) % 1 87,5 (95% Al 81,6-93,4) % BinmoBinHO 10 BHIIE-
BKa3aHUX TEPMiHIB criocTepexeHHs. DakThuyHa MeiaHa yacy 10 BUHUKHEHHS PeLUUBY B HAIIOMY
nocIipKeHHI cknana 44,1 (25,7; 85,4) micsi. ToOTo OUTBIIICTE BUNIAIKIB IPOIOBKEHOTO pocty [IM
3a)iKCOBAaHO TMPOTATOM MEPHIMX 5 POKIB micis BTpy4aHHs — 12 3 19 (63,2%). OcTtanHill BUNagok
perauBy [IM Binznauenuii uepes 13 pokis (154,5 mic.) cocrepeskeHHs. TakuM YHHOM, TOKa3HUKH
oe3peruauBHOT 5-Tu 1 10-TH piyHOI BMKUBAHOCTI y marieHTiB 3 [IM: mpu ToTaapHOMY BHIalICHHI
nyxiuHu (3a Simpson I) cranoBmsate 96,0% 1 85,5%, npu HepagukanbHOMY miaxofi (3a Simpson
II-V) — 88,9% (p<0,05) i 81,9% (p<0,05). [Ipu upboMy HepaaMKaJIBbHICTh XIPypridYHOrO BTPyUYaHHS
npu I-1I Tumi imBasii IIM y BBC 3menmye nokasauku 5-1u i 10-TH piuHO1 6€3peInBHOI BIXKUBA-
HoCTI 110 86,6% (p<0,01) 1 78,3% (p<0,01) BiagnoBiAHO; MpU PO3MIpi MyXJIUHU A0 54 MM CTaHOBISTH
95,5% 1 91,4%, a pu po3mipax >54 MM 3MeHITYOThCs 110 87,5% (p<0,001) 1 72,5% (p<0,001); mpu
ypaxkenHi BCC I-III ta V-VI tumiB 3a knacudikarieto M. P. Sindou and J. E. Alvernia 1opiBHIOIOTH
94,0% 1 89,1%, a y Bunankax IV tuny inBasii — 66,5% (p<0,01) i 43,5% (p<0,001); y martieHTiB
XKIHOYOI cTaTi CTaHOBIATH 95,2% 1 88,5%, y uonosikiB — 84,8% (p<0,05) 1 73,0% (p<0,01). 3a pe-
3yJbTaTaMU PETPECIHOTO aHai3y MponopUiiHIX pu3uKiB Kokca BiTHOCHUI PU3HK pEeLUANBYBaHHS/
MIPOAOBKEHOT0 POCTY MyXJUHH 30ublIyeThes: B 7,04 pasy (95% I 2,33-21,2) npu nmodaTkoBOMYy
po3mipi [IM nonan 54 mm (p<0,001); B 5,57 pazy (95% Al 1,27-24,34) npu HepaauKaIbHOMY Xapak-
Tepi BUJANICHHS MyXJIMHU MPU NepBUHHOMY BTpydaHHi (Simpson II-V) (p<0,05); B 10,1 pazy (95%
AT 1,31-78,1) npu I-11 tumi iaBazii [IM y BBC Ta HenmoBHOMY BuaneHHi nmyxyiuad (Simpson [1-V)
(p<0,05); B 3,25 pa3zy (95% I 1,32-8,02) y namienti yonosivoi ctari (p<0,01); B 3,33 pa3zy (95%
AT 1,10-10,12) mpu IV tumi imBazii y BBC (3a M.P. Sindou and J.E. Alvernia) (p<0,05). AnexBaTHwii
aHasi3 OTPUMAaHMUX PE3YJIbTaTiB JOMOMOXKE HEHpOXipypry CIUIaHYBaTH ONTHUMAJbHHUI 00’eM Xipyp-
TYHOTO BTPYYaHHS i3 MOAANBIIAM MiCISONEpAIlifHUM 30UTBIICHHSAM TPHUBAJIOCTI O€3pEUAUBHOTO
Mepioly Ta MOKPAIICHHSIM BIJIAICHUX PE3YJIbTaTIB JIIKyBaHHS.

KurouoBi cJjioBa: BepxHiii caritansHuil CHHYC, MEHIHT1OMA, IPOTHO3, PE3yIbTaTH JIKYBaHHS, pe-
UUAUB, PAKTOPHU PU3HKY.
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Abstract: stroke is one of the leading causes of death and acquired disability among adults world-
wide. Various complications frequently occur in patients with stroke and can significantly increase
the risk for poor outcomes. Stroke-associated pneumonia, with the rate of up to 15%, is considered
the most common serious medical complication in stroke patients. The aim of the study was to deter-
mine the independent predictors of the stroke-associated pneumonia in patients admitted to a com-
prehensive stroke unit at different time from stroke onset, as well as to develop a prognostic model
for stroke-associated pneumonia risk estimation. Medical complications, including stroke-associated
pneumonia, were documented in patients with clinical diagnosis of intraparenchymal cerebral stroke
at admission and during their stay on the comprehensive stroke unit in 2010 to 2018. The workup at
admission included assessment using the National Institutes of Health Stroke Scale and the modified
Rankin scale. The diagnosis of stroke-associated pneumonia was made by specialists, in accordance
with Centers for Disease Control recommendations. Qualitative variables are displayed as numbers
and percentages, quantitative variables are displayed using the median (interquartile range). The
method of logistic regression models was used to quantitatively assess the impact of characteristics
on the PSP risk. The analysis was carried out using the package MedCalc v. 19.1. The study enrolled
539 patients, 309 (57.3%) men and 230 (42.7%) women. Median age of the patients was 66.0 years
(57.9-75.1). Among the participants 101 (18.7%) were diagnosed with intracerebral hemorrhage,
and 438 (81.3%) were diagnosed with ischemic stroke. Median initial National Institutes of Health
Stroke Scale total score was 11 (6—18), median baseline modified Rankin scale score was 4 (3-5).
Majority (64.1%) individuals were admitted within the first 30 days from onset, while 194 (35.9%)
patients presented later. History of medical complications before the admission was present in 192
(35.6%) of the study participants, while during our in-hospital stay they occurred in 103 (19.1%) of
the patients. The rate of new medical complications at the unit was significantly lower (p<0.001) than
prior to the admission. The diagnosis of stroke-associated pneumonia before the admission was es-
tablished in 20 (3.7%), and during our in-patient treatment was made in 7 (1.3%) subjects (p<0.001).
Independent predictors of the stroke-associated pneumonia development were older age (odds ratio
1.11; 95% confidence interval 1.02-1.21, on average, for each additional year, p=0.02) and history
of stroke-associated pneumonia at admission (odds ratio 12.2; 95 % confidence interval 2.0-72.4,
p=0.000). Excellent sensitivity (85.7%), good specificity (75.0%) and area under the operating char-
acteristic curve of 0.86 (95% confidence interval 0.83 — 0.89) for the developed prognostic model
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based on these of two variables, indicate their strong association with the risk of stroke-associated
pneumonia during a comprehensive stroke unit stay. Therefore, stroke patients frequently develop
medical complications at various stroke phases. The risk of stroke-associated pneumonia is higher in
older patients and, especially, in those with stroke-associated pneumonia history. The lower rate of
medical complications, in particular stroke-associated pneumonia, observed during in-hospital stay
compared to the period prior to the admission may indicate the benefits of comprehensive stroke unit.

Keywords. humans, aged, stroke, pneumonia, prognosis, retrospective studies, multivariate anal-

ysis, severity of illness index.

Introduction

Cerebral stroke (CS) remains one of the lead-
ing causes of death and acquired disability among
adults worldwide (Feigin et al., 2022; Tsao et al.,
2022). According to 2019 global estimates, there
were about 12.2 million CS, almost 6.6 million
people died from CS (11.6% of the total number
of deaths), and more than 143 million years of
healthy life were lost due to premature death or
acquired disability after CS (GBD 2019 Stroke
Collaborators, 2021). Moreover, the burden of
CS is projected to grow, and in 2050s the num-
ber of CS and deaths due to CS is expected to
reach 30 million and 12 million respectively,
while the number of CS survivors is going to
exceed 200 million (Brainin et al., 2020). As of
2019, Ukraine was included in the group of coun-
tries with a very high CS incidence and mortality
(Kim et al., 2020). Therefore, there is an urgent
need to identify key elements of the chain of care
for patients with CS that can be improved with
maximum benefits both for individual patients
and their families as well as communities and
whole countries (Pandian & Sebastian, 2021).

Various complications that frequently occur
in patients with CS can significantly increase
the duration of stay, the cost of treatment, and
the risk for poor outcomes (Janus-Laszuk et al.,
2017; Kumar et al., 2010; Verma, 2019). More
than 20 years ago, it was shown that 25% to
50% of deaths after CS are related complications
(Weimar et al., 2002). The most frequent type of
complications in patients with CS are medical
complications, such as respiratory and urinary
tract infections, fluid / electrolyte and metabolic
disturbances, cardiac disorders, venous thrombo-
embolism, urinary and fecal incontinence, pres-
sure sores and major bleeding, as well as trau-
ma from falls and pain syndromes (Elkind et al.,

2020; Ingeman et al., 2011; Kitisomprayoonkul
et al., 2010; Kumar et al., 2010). Due attention to
the prevention and treatment of complications is
an important component of high-quality care for
patients with CS (Kumar et al., 2010; Teasell et
al., 2020). Stroke-associated pneumonia (SAP),
with the rate of up to 15%, is considered the most
common serious medical complication in patients
with CS (Badve et al., 2019; Kishore et al., 2015;
Westendorp et al., 2011). Previous studies have
shown that SAP is associated with worse neuro-
logical and functional recovery and more than
triples the risk of death (Armstrong & Mosher,
2011; Ingeman et al., 2011; Yuan et al., 2021).
Despite the fact that reducing the risk of SAP
could have a significant impact on CS outcome,
effective medical (in particular, with antimicrobi-
al agents) prevention of SAP has not yet been de-
veloped, and the risk factors of SAP in different
periods of the disease have not been sufficiently
studied (Grossmann et al., 2021; Liu et al., 2016;
Zheng et al., 2017).

Aim

The aim of the study was to determine the pre-
dictors of the development of SAP in patients with
CS during inpatient treatment in a comprehensive
stroke unit (CSU) in different CS phases, as well
as to build an appropriate prognostic model that
allows for SAP risk estimation.

Material and methods

1. Study setting and selection criteria.

This retrospective observational study was
conducted in the Stroke Center (SC) — a general
university hospital department. The structure and
processes in the SC correspond to CSU princi-
ples: evidence-based care is provided by a multi-
disciplinary team in compliance with established
medical care standards; full primary and, if nec-
essary, extended work-up (neuroimaging using

Ukrainian scientific medical youth journal, 2023, Issue 1 (136)

http://mmj.nmuofficial.com

85


http://mmj.nmuofficial.com
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/ISSN/2786-667X#
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
https://meshb.nlm.nih.gov/record/ui?ui=D006801
https://meshb.nlm.nih.gov/record/ui?ui=D000368
https://meshb.nlm.nih.gov/record/ui?ui=D020521
https://meshb.nlm.nih.gov/record/ui?ui=D011014
https://meshb.nlm.nih.gov/record/ui?ui=D011379
https://meshb.nlm.nih.gov/record/ui?ui=D012189
https://meshb.nlm.nih.gov/record/ui?ui=D015999
https://meshb.nlm.nih.gov/record/ui?ui=D015999
https://meshb.nlm.nih.gov/record/ui?ui=D012720

UKkrainian Scientific Medical Youth Journal

Issue 1(136), 2023

Creative Commons «Attribution» 4.0

multidetector spiral computer or 1.5T magnetic
resonance imaging of the brain, visualization of
extracranial and intracranial arteries using com-
puter tomographic or magnetic resonance angi-
ography, transthoracic echocardiography, 12-
lead ECG, Holter heart rate monitoring for 2472
hours, and a set of conventional laboratory tests)
with the determination of the CS type and most
likely etiological subtype is performed in every
case; early comprehensive secondary prevention;
a high volume of rehabilitation care during the
entire stay. A complete neurological examination
using a set of stroke assessment scales was per-
formed upon admission. All patients were seen
by a cardiologist and, if necessary, by other med-
ical specialists. Laboratory tests were performed
in a certified hospital laboratory.

The study inclusion criteria were a clinical di-
agnosis of intraparenchymal CS verified by neu-
roimaging, at least 3 days of inpatient treatment
in the SC between February 2010 and September
2018, results of auxiliary investigations, internal
medicine specialist or pulmonologist consulta-
tion, and the main stroke assessment scales scores
available. Patients with subarachnoid hemor-
rhage or extremely severe comorbidity that sig-
nificantly affected the course and outcome (e.g.,
advanced malignant neoplasm, end-stage renal
failure, hematological diseases, unfused bone
fractures, severe malnutrition, sepsis), as well as
patients after revascularization procedures (sys-
temic thrombolytic therapy and/or mechanical
thrombectomy for ischemic CS), surgical inter-
ventions (e.g., removal of intracerebral hemato-
ma) and patients requiring mechanical ventilation
were excluded from the study.

2. Set of collected and analyzed variables.

The predetermined set of variables for each
of the patients was entered into a special da-
tabase. These included age, sex, CS type and
subtype, baseline National Institutes of Health
Stroke Scale (NIHSS) total score, and modified
Rankin Scale (mRS) severity of disability after
SCU admission. According to the pathophysio-
logical type, all patients were divided into two
groups: ischemic SC and intracerebral hemor-
rhage. Patients with ischemic CS, according to
the developed algorithm, were divided into four
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main etiological subtypes: atherosclerotic (AT),
cardioembolic (CE), lacunar (LA) and other (OT)
(Flomin et al., 2022). In all patients, at SC admis-
sion, based on history and medical records, med-
ical complications, such as SAP, which occurred
between estimated CS onset and SC admission,
were registered. If patients developed medical
complications, including SAP, during their stay
in the SC, these were documented as new com-
plications. Considering the fact that there is no
“gold standard” or universally recognized diag-
nostic criteria for SAP yet, the diagnosis of SAP
was established by a pulmonologist or a internal
medicine specialist based on clinical manifesta-
tions and the results of investigations (e.g., chest
X-ray or multidetector spiral computer tomogra-
phy), in accordance with the recommendations of
the Centers for Disease Control and Prevention
(Horan et al., 2008). According to the NIHSS to-
tal score, all cases were divided into mild (0-5),
moderate (6-13), severe (14-20) and very severe
(more than 20) CS (Zhuo et al., 2021). CS phases,
depending on the time elapsed from the estimat-
ed CS onset to SC admission, were classified as
hyperacute (0-24 hours), acute (1-7 days), early
subacute (8 to 90 days), late subacute (91 to 180
days) and chronic (after 180 days) (Bernhardt et
al., 2017).
3. Statistical analysis.

Qualitative variables are expressed through
frequency and percentages. Quantitative vari-
ables are displayed using median and interquar-
tile range (IQR). The chi-square test was used
to compare qualitative features. The threshold
for statistical significance was set at p=0.05. The
method of constructing and analyzing logistic re-
gression models was used to quantitatively assess
the influence of variables on the risk of SAP de-
velopment. The prognostic quality of the models
was evaluated by its sensitivity (proportion of
correctly predicted cases of SAP) and specificity
(proportion of correctly predicted “non-cases”,
1.e., absence of SAP diagnosis) (Petrie, 2009).
The corresponding 95% confidence interval (95%
CI) was calculated for these values. Adequacy of
the models was assessed by the method of con-
struction and analysis of operating characteristic
curves (ROC — Receiver Operating Characteris-
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tic curve analysis), while the area under the ROC
curve (AUC — Area under the ROC curve) and its
95% CI were calculated. The model is considered
adequate when the AUC value differs statistically
from 0.5 (Gurianov et al., 2018). The influence
of variables was assessed by the value of the
odds ratio (OR), for which 95% CI was calcu-
lated (Petrie, 2009). To select the minimum set
of variables independently associated with SAP
in multivariable analysis, the method of stepwise
rejection/addition was used. The optimal deci-
sion threshold for the model was determined by
achieving maximum sensitivity and specificity
according to the Youden index (Gurianov et al.,
2018). Statistical analysis of the research results
was performed using the MedCalc® Statistical
Software package version 19.6.4 (MedCalc Soft-
ware Ltd, Ostend, Belgium, 2021).

Results

The study enrolled 539 patients, including 309
(57.3%) men and 230 (42.7%) women. The age
of patients varied from 20.4 to 95.6 years (medi-
an 66.0 years, IQR 57.9 - 75.1). In the study sam-
ple, 101 (18.7%) patients were diagnosed with
intracerebral hemorrhage, and 438 (81.3%) sub-
jects were diagnosed with ischemic CS. Among
the latter, 177 (40.4%) participants were assigned
to AT, 200 (45.7%) to CE, 30 (6.9%) to LA, and
remaining 32 (7.0%) to OT ischemic CS subtype.
Among the enrolled patients, 109 (20.2%) were
admitted in the hyperacute phase, 113 (21.0%)
in the acute phase, 199 (36.9%) in the early sub-
acute phase, 36 (6.7%) in the late subacute phase,
and 82 (15.2%) — in the chronic CS phase. In
total, 345 (64.1%) individuals from the study
sample were admitted to the SC within the first
30 days from the CS onset, while 194 (35.9%)
patients were admitted later. The total baseline
NIHSS score varied from 1 to 39 points (medi-
an 11 points, IQR 6 to 18). Among the studied
patients, 119 (22.1%) had mild CS, 218 (40.5%)
had moderate CS, 114 (21.2%) had severe CS,
and 88 (16.3%) had very severe CS. According
to the initial mRS assessment, 45 (8.3%) patients
had a score of 0-1, 58 (10.8%) had a score of 2,
65 (12.1%) had a score of 3, 136 (25.2%) had a
score of 4, and the majority of 235 (43.6%) pa-
tients had a score of 5. The median mRS score in
the study sample was 4 (IQR 3-5).
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The frequency of medical complications at
admission and during the SC stay

Among the study participants, 192 (35.6%)
had documented medical complications that oc-
curred between the estimated stroke onset and the
SC admission. Over the period of the SC stay, 103
(19.1%) patients developed new medical compli-
cations. While the most frequent type of medical
complications registered in the SC was urinary
tract infection, the serious medical complications
were SAP and venous thromboembolism. The
rate of medical complications that occurred prior
to the SC admission was statistically significantly
(p<0.001) higher than during the stay in the SC.
Similarly, SAP rate before the admission was sig-
nificantly (p<0.001) higher than SAP rate during
the SC stay: prior to the SC admission diagnosis
of SAP was made in 20 (3.7%) patients while it
was diagnosed only in 7 (1.3%) SC in-patients.

Determination of new SAP predictors the
prognostic model

In order to determine the predictors of SAP
that occurred during the patient’s inpatient treat-
ment in the SC, an analysis of the selected pa-
tients’ variables (CS type and subtype age, sex,
time delay from the CS onset to the SC admis-
sion, initial NIHSS and mRS scores as well as the
medical complications known at admission) was
performed. The results of the univariate analysis
are shown in Table 1.

The univariate analysis have identified three
factors that are statistically significantly asso-
ciated with the increased risk of SAP develop-
ment: older age of the patient (OR 1.11; 95% CI
1.02-1.20 on average for each additional year,
p=0.014), diagnosis of SAP before the SC admis-
sion (OR 11.4; 95% CI 1.1-63.0, p<0.001), and
more severe CS at the SC admission (OR 1.13;
95% CI 1.03—1.23, on average, for each addition-
al point of the NIHSS total score, p=0.007). No
statistically significant relationships with the risk
of SAP were found for other variables.

To identify independent predictors of SAP
during the SC stay, a multivariate analysis was
conducted. The results of multivariate analysis
are shown in Table 2.

As shown in Table 2, only two variables were
found to be independent predictors of a new SAP
in CS patients during their stay at the SC: old-
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Table 1. Influence of selected variables on the new SAP risk: univariate analysis results

VELLEE ’f:::ztlrif(;(llﬁlef :)):eI:III;ll- signl;l::::lgi, pi Ao Ell
Age 0.10+0.04 0.014 1.11 (1.02—-1.20)
Female Reference
Sex Male 0.01£0.77 0992 | _
SAP diagnosis prior to No Reference
the SC admission Yes 2.43+0.87 <0.001 11.4 (2.1-63.0)
Baseline mRS score 1.53+0.94 0.103 -
Baseline total NIHSS score 0.12+0.04 0.007 1.13 (1.03-1.23)
AT Reference
LA —18.4+10000 0.999 —
CS type and subtype oT —18.4+9800 0.999 -
ICH -0.12+1.23 0.920 -
CE 0.58+0.87 0.506 -
0-24 hours Reference
Time from the CS onset | 1-7 days —1.68+1.10 0.127 -
to the SC admission 8-30 days —1.77£1.10 0.109 —
31+ days -20.8+6600 0.999 —

IDifferences of the model coefficient from 0. ICH — intracerebral hemorrhage.

er age (OR 1.11; 95% CI 1.02-1.21, on average,
for each additional year, p=0.02) and, predomi-
nantly, the history of SAP at admission (OR 12.2;
95% CI 2.0-72.4, p=0.006). Therefore, in con-
trast to the univariate analysis, the multivariate
analysis did not confirm the influence of more
severe baseline neurological deficit on the SAP
risk. The ROC of the prognostic model is shown
in Figure 1.

The model has AUC=0.86 (95% CI 0.83 —
0.89), which indicates a strong connection of the
identified independent predictors with the SAP
risk during the SC stay. The developed mod-
el with sensitivity of 85.7% and specificity of
75.0% has high accuracy. If its external validity

is confirmed, it can be used in clinical practice to
estimate the SAP risk.

Discussion

Therefore, in this retrospective observation-
al study with a rather large cohort of in-patients
with CS (N=539), who were thoroughly assessed
upon admission to CSU at different CS phases
and throughout their stay, the frequency of med-
ical complications, in particular SAP, was deter-
mined, and independent predictors of a SAP de-
velopment were identified. In general, the study
sample was characterized by a high frequency of
medical complications: more than a third (35.6%)
of patients were diagnosed with medical compli-
cations prior to the SC admission, and almost

Table 2. Features of the model for predicting the risk of SAP during treatment in the SC

Variable The model coefficient Level of signifi- OR (95% CI)
value, b+m cance, pi
Age 0.10+0.04 0.02 1.11 (1.02-1.21)
SAP diagnosis prior to the | No Reference
SC admission Yes 2.50+0.91 0.006 | 12.2 (2.0-72.4)

Differences of the model coefficient from 0.
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the case of a SAP history.

100 |
i Sensitivity: 85.7
50 |- Specificity: 75.0
B Criterion: >0.0133
60 |-
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However, in the multivariate

analysis, only the older age

. and an SAP history retained
their prognostic value as in-
g dependent predictors of a
new SAP development. The
unfavorable prognostic role
of SAP that developed in the
earlier CS phases is probably
related to the persistence of
risk factors, such as dyspha-
gia and/or immunosuppres-
sion, which increase the risk
of pneumonia (Armstrong &
Mosher, 2011; Grossmann
et al., 2021). The prognostic
model for assessing the risk
of SAP proved adequate and

40 60
100-Specificity

Figure 1. ROC of the prognostic model for assessing the risk of SAP

during the SC stay.

AUC =0.839 X
P < 0.001 was characterized by excel-
| lent (85.7%) sensitivity and

30 100 8ood (75.0%) specificity.

Therefore, in patients who
have both independent pre-
dictors of a new SAP (i.c.,
older age and an SAP his-

one in five (19.1%) patients developed new med-
ical complications during their stay at the SC.
Our findings are in line with the results of other
studies carried out over the last decades, which
demonstrated that high overall frequency of com-
plications in CS patients varied from 24% to 95%,
and that some patients had two or more compli-
cations (Bustamante et al., 2017; Janus-Laszuk et
al., 2017; Kitisomprayoonkul et al., 2010). The
high rate of complications points out the impor-
tance of a multidisciplinary approach to CS care,
including stroke physicians and other specialists
as well as trained nurses, physical therapists and
speech and language therapists. It also emphasiz-
es the need for attention to the prevention, early
diagnosis, and treatment of complications from
the very admission and throughout the in-hospital
stay of patients with CS.

We showed that, according to the results of
univariate analysis, the risk of new SAP during
inpatient treatment is higher in older people,
patients with more severe CS, and especially in

tory) careful monitoring of
body temperature and blood oxygen saturation,
as well as chest radiography immediately upon
admission and in case of deterioration may make
sense regardless of the CS phase. In addition, in
such patients, special preventive measures may
be used in order to reduce the risk of SAP, in-
cluding endoscopic examination of the function
of swallowing to rule out “silent” aspiration, edu-
cation on safer food consistency and intake, cor-
rect positioning in bed and during meals, early
and sufficient mobilization by Nurses and Phys-
ical Therapists, breathing exercises and good
nutritional support (Armstrong & Mosher, 2011;
Grossmann et al., 2021; Tinker et al., 2021). Fu-
ture studies should aim at identifying more SAP
modifiable risk factors.

The fact that the frequency of any medical com-
plications and, in particular, SAP, that occurred
during the stay in the SC operating according to
the principles of CSU, was significantly lower than
those documented from CS onset to the SC admis-
sion, in our opinion, indicates the advantages of
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CSU as a model inpatient care regardless of the CS
phase. In CS, the outcome, in addition to the CS
type and subtype, the size and localization of the
lesion and comorbidity, depends on medical and
neurological complications, the time delay from
the onset to hospitalization, medical interventions,
the processes of the medical care, hospital resourc-
es, and the availability of rehabilitation (Harvey,
2015). The results of a meta-analysis have shown
that a stay in a CSU, where treatment in the acute
period of stroke is combined with early compre-
hensive secondary prevention, skilled nursing care
and persistent interdisciplinary rehabilitation, is
associated with a reduction in mortality and dis-
ability (Chan et al, 2013; Langhorne & Ramach-
andra, 2020). The benefits of Stroke Units, among
other factors, result from successful prevention,
early detection and correct treatment of compli-
cations (Govan et al., 2007; Janus-Laszuk et al.,
2017). Our findings corroborate other studies that
emphasize the importance of risk assessment, pre-
vention, early diagnosis, and treatment of medical
complications, such as SAP, in all hospitalized pa-
tients at any phase of CS.
Conclusions
1. Documented in one in three patients at the
CSU admission and in one in five patients
during the CSU stay, medical complications
are common in patients in all CS phases.
2. As older age and an SAP history are inde-
pendent predictors of a new SAP develop-
ment during CSU stay, presence of both
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these factors at admission flags up the in-
creased SAP risk.

3. The lower frequency of medical complica-
tions, in particular SAP, diagnosed during
the CSU stay compared with documented
at admission, indicates the advantages of
CSU care.
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OuinloBaHHA PU3UKY IHCYIbT-aCOLIIOBAHOI MTHEBMOHII Yy NAaLI€HTIB, AKI
nepe0yBaJiv HA JIIKYBaHHI B IHTErPOBAHOMY iHCYJIBTHOMY 0J10Wi y Pi3HUX mepioaax
3aXBOPIOBAHHS
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AHOTAaIifA: IHCYJIBT € O/IHIEIO 3 TOJOBHUX NMPUYUH CMEPTi Ta HAOyTO1 1HBAJIITHOCTI Cepel] 10poC-
JIUX y BCbOMY CBITI. Y MAIlIEHTIB 3 1HCYJTOM YacTO BHHHUKAIOThH Pi3HI YCKJIQJTHEHHS, K1 MOXYTh
3HAYHO MiJBUILUTH PU3UK NOTAHUX PE3YNIbTaTiB JiKyBaHHS. [I[HEBMOHIs, 1110 OB’ sI3aHA 3 IHCYJIBTOM,
Mae gacTtoTy 110 15% 1 BBa)kaeThCsl HAUMOIIMPEHIIIUM CEpHO3HUM MEIMYHUM YCKIIQAHEHHAM Y Ta-
IIE€HTIB 3 1HCYJIBTOM. MeTOI MOCIHIIKeHHS OyJl0 BH3HAYEHHS MPOBICHUKIB 1HCYIHT-aCcOIIHOBAHOT
ITHEBMOHI{ Yy TIAIlI€HTIB 3 1HCYJIBTOM, SIKi TepeOyBaii Ha CTaIllOHAPHOMY JIIKyBaHHI B IHTETPOBAHOMY
1HCYNBTHOMY OJIOII Y Pi3HHMX Iepiojax 3axXBOPIOBaHHSA, a TAKOXK MOOYI0Ba MPOTHOCTHYHOI MOJENi
JUTSL OLIIHFOBAHHSI PU3HMKY PO3BUTKY 1HCYJIBT-ACOIIiOBaHOI IMTHEBMOHII. Y mamieHTiB, skiy 2010-2018
pp. mepeOyBaiy Ha CTAI[lOHAPHOMY JIIKyBaHHI B IHTETPOBAaHOMY iHCYJIBTHOMY OJIOLIl 3 PUBOJY iH-
TpanapeHXxiMaTo3HOTO MO3KOBOTO 1HCYJIBTY Y Pi3HI MEPioAr 3aXBOPIOBaHHS (BiJ HAUTOCTPIIIOTO 10
BiJIAJICHOT'0), PEECTPYBAJIM COMATUYHI YCKJIaJHEHHS, 30KpeMa 1HCYJIbT-aCOLliHOBaHy ITHEBMOHIIO, SIK
JI0 TOCITiTam3aIlli, Tak 1 Bpoaorx nepedysanus. [Ticis rocmitanizaitii Oyso0 mpoBeaeHe 00CTEKESHHS,
110 BKJIIOYAJIO OLIHKY 32 ornomororo Lllkanu incynery HarionanbHUX iIHCTUTYTIB 340POB’ sl Ta MOJH-
(hixoBaHoi mkanu Penkina. JliarHo3 iHCY/IBT-acoIiiOBaHOT ITHEBMOHIT BCTAHOBITFOBAJIHN JTIKaPi-CTIeIli-
aJIiCTH, BIAMOBIIHO 10 pekoMeHaalii L{eHTpiB 3 KOHTPOIIIO 3aXBOPIOBaHb. SIKiCHI 3MiHHI BiToOpaxe-
Hi SIK YUCJIO Ta MPOIEHTH, KITbKICHI 3MIHHI SIK MeJliaHa (MIXKBapTUILHUHN 1HTEpBa). 1 KiTbKicHOT
OLIIHKHY BIUTUBY O3HAK Ha PU3UK 1HCYJIBT-aCOLIOBAHOT THEBMOHI1 OyB BUKOPUCTAHUIN METO/ MOJIeIeH
JIOTICTHYHO1 perpecii. AHaii3 mpoBoauBcs 3a nonoMororo nakety MedCalc v. 19.1. V nocnimkeHHs
Oynu BriroueHi 539 marientis, 309 (57,3%) vonosikis Ta 230 (42,7%) xiHok. MeniaHa BiKy MaIli€H-
TiB 66,0 pokiB (57,9-75,1 pokiB). ¥V 438 (81,3%) ydacHUKIB JOCIHIKEHHS J1arHOCTOBAHO 1MIEMiY-
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Huil incynbT, y 101 (18,7%) BHYTpilIHEOMO3KOBUH KpoBOBHIMB. binbmricts (64,1%) namienTiB Oynu
rocrirtajnaizoBaHi Brpoaosxk nepunx 30 IHIB Bl MoYaTKy 3axBoproBaHHs, mpoTe 194 (35,6%) ocobu
MOCTYNUJIM Mi3Hime. MeniaHa moyaTkoBoi 3arainbHOi ominku 3a Llkanoro incynsty HamioHampHMX
IHCTUTYTIB 310poB’s craHoBmia 11 GaniB (6—18 GaniB), 3a MoaudikoBaHOIO MIKano PeHkina — 4
Oamu (3—5 6aniB). ComarnyHi yCKJIaJHEHHS B aHaMHE31 3aXBOproBaHHS Manu Micie y 192 (35,6%)
MAIIEHTIB, a MPOTAroM nepeOyBanHa BoHM BUHUKIM y 103 (19,1%) yyacuukiB gocmimxenns. Yac-
TOTa HOBHUX COMAaTHYHUX YCKJIAJHEHb y HaIIOMYy crarionapi Oyna 3nauymie (p<0,001) HIK9OIO, HiXX
y mepioa a0 rocmiTamizaiii. [liarHo3 iHCY/IBT-acomiiioBaHOi MTHEBMOHII 10 rocmiTaiizamii OyB BCTa-
nosiienuit y 20 (3,7%), a mix yac cramioHapHoro JikyBaHHs —y 7 (1,3%) y9acHUKIB JOCIIKCHHS
(p<0,001). HezanexxuuMu mpoBICHUKaMH PO3BUTKY 1HCYJIBT-aCOIIMOBAHOT THEBMOHIT OyJI CTapIIHiA
BiK narnieHTa (BigHomeHHs manciB 1,11; 95% nosipuwnii intepsan 1,02-1,21, B cepeqHproMy, Ha KOXKEH
nonatkoBuii pik, p=0,02) Ta iHCYJIBT-acoliiioBaHa MTHEBMOHISI B aHaMHe31 (BITHOIICHHS maHCiB 12,2;
95% nosipunii inTepsan 2,0-72,4, p=0,006). Binminna uytnusicts (85,7%), nobpa cneunidHicTh
(75,0%) Ta mnoma mijx KpuBowO onepauiiHux xapakrepuctuk 0,86 (95% nosipuwmii intepsan 0,83—
0,89) st MpOrHOCTUYHOT MOJIEIT, 110 Oyi1a moOyIoBaHa HA OCHOBI WX JBOX YHHHHKIB, CBITYUTH IIPO
X CHJIbHHI 3B’SI30K 3 PU3MKOM PO3BHTKY 1HCYJIBT-aCOIIHOBAHOI THEBMOHIT Y mepion nepeOyBaHHs B
1HTErpoBaHOMY iHCYAbTHOMY OJomti. OTKe y Mali€HTIB 3 IHCYJIBTOM Y Pi3HUX MEpiofiaX 3aXBOPIOBAH-
HSl YaCTO BUHHMKAIOTh COMAaTHYHI YCKIIAJHEHHs. PH3UK 1HCYIBT-acOIiHOBaHOT ITHEBMOHII € BHIITUM Y
MAIEHTIB CTAPILIOTO BiKy M, 0COOMMBO, y pa3i 1HCYJIBT-aCOIIOBaHOI ITHEBMOHIi B aHaMHEe31 3aXBO-
proBaHHs. Huk4a 4yactora COMaTHYHUX YCKIIAHEHb, 30KpeMa 1HCYJIBT-aCOIIHOBAaHOT ITHEBMOHIT, T
9ac CTaIiOHAPHOTO JIIKyBaHHS y TMOPIBHSHHI 3 MEPioJoM A0 TOCIiTai3alii € CBITYCHHSIM MepeBar
IHTErPOBAHOTO 1HCYJIBTHOTO OJIOKY.

KurouoBi ciioBa. Jlroau, BiK, 1HCYJIBT, MTHEBMOHIS, MPOTHO3, PETPOCHEKTUBHI AOCTIIXKEeHHS, Oara-
To(haKTOPHMIA aHAII3, 1HAEKC TKKOCTI XBOPOOH.
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Abstract: this work is devoted to the study of the features of the structure of symptoms related to the
nervous system in children with coronavirus disease (COVID-19). During the COVID-19 pandemic,
there is a rapid increase frequency of neurological lesions. The share of neurological manifestations
in COVID-19 among adult patients is up to 82%, in children it ranges from 3% to 47%. The aim of the
work was to study the frequency and structure of neurological symptoms in children who were hospi-
talized in an infectious disease hospital with a laboratory-confirmed diagnosis of COVID-19 during
2020-2022 and to determine prognostic factors of nervous system damage. Materials and methods: We
retrospectively investigated 945 medical histories of children aged from birth to 18 years who were hos-
pitalized at the Kyiv City Children's Infectious Disease Hospital (“KCCIDH”) in Kyiv, Ukraine during
the pandemic. Among them, we analyzed cases accompanied by neurological symptoms. Features of
the clinical picture, laboratory and demographic-epidemiological data were determined. The statistical
calculation of the obtained results was carried out by using the statistical package Statistical software
EZR v. 1.54. Results: Neurological symptoms were detected in 142 (15%) children, the majority of them
were adolescents (55.6%). The leading symptoms of nervous system involvement were headache, age-
usia/anosmia, convulsive syndrome, acute polyneuropathy, and myalgia/arthralgia. According to the
analysis of odds ratio developing of neurological symptoms among patients in our cohort, children of
the older age group (10-18 years) had statistically greater chances developing of neurological manifes-
tations. Odds ratio developing of the aforementioned symptoms depending on clinical syndromes were
also analyzed. Among respiratory syndromes, the presence of cough (5.53; 95%CI 3.53-8.65) and signs
of lower respiratory tract inflammation (1.8, 95%CI 1.21-2.67) were associated with a higher risk of
nervous system symptoms damage. According to the study of laboratory indicators, an increased level of
leukocytes (2.01; 95%CI 1.2-3.38) was associated with an increase frequency of neurological manifes-
tations, and in groups of patients with an increased level of C-reactive protein (0.39; 95%CI 0.23-0.68)
or procalcitonin (0.21; 95% CI 0.11-0.43), on the contrary, a lower frequency of neurological symp-
toms was observed. Conclusions: Neurological symptoms occur in 15% of children with COVID-19.
According to the results of our work, the older age of the child, cough and symptoms of inflammation
of the lower respiratory tract are the prognostic factors of the occurrence of neurological symptoms in
children with COVID-19. In addition, our study demonstrated the prognostic value of the appearance of
neurological symptoms with an increase in the leukocyte index, as well as the absence of a correlation
of neurological symptoms with an increase in CRP and procalcitonin.
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Introduction

COVID-19 continues to pose a challenge to the
pediatric population. Since the fall of 2020 and
over the course of three years, the share of chil-
dren in the structure of patients with COVID-19
in Ukraine has been increasing significantly. Ac-
cording to the data from Ministry of Health of
Ukraine, since the beginning of 2022 the num-
ber of children hospitalized with or suspected of
having COVID-19 has increased almost fourfold.
The frequency of hospitalization of children with
serious and complicated cases also continues to
rise (Cloete H., et al., 2022; Khandia R., et al.,
2022). Although, in general, published data from
various countries indicate that the share of chil-
dren among patients with COVID-19 is relatively
small and amounts to 5%, there are also risks of
developing severe and complicated forms of the
disease (Moreira A., et al., 2021).

Arapidincrease quantity of reports about neuro-
logical complications in patients with COVID-19
has been observed increasingly during the pan-
demic. The spectrum of COVID-19 neurological
manifestations among adult patients is, according
to various data, up to 82% and is represented in
the acute period by delusions and convulsions
(34 %), fatigue (32%), myalgia (20%), impaired
smell or taste and headache (13%). Patients are
also diagnosed with stroke in 2% of cases, me-
ningoencephalitis and Guillain-Barré syndrome
in 10% of cases (Misra S., et al., 2021). Anosmia
was observed in patients with a mild course with
a frequency from 34% to 89% (Giacomelli A., et
al., 2020; Lechien J.R., et al., 2020). According
to the description of neurological manifestations
published by the Ministry of Health of Ukraine, in
the post-covid period was registered such clinical
symptoms in patients, as fatigue (63%), myalgia
(63%), sleep disturbances (26%), anxiety disor-
ders and depression (23%), difficulty concentrat-
ing (24%), headaches (13%), dizziness (12%),
confusion (11%), nervous excitement (45%) and
cognitive impairment (15%). Numerous neuro-
logical and psychiatric disorders can be observed
even during six months after COVID-19. Ac-
cording to published studies, where more than

230,000 patients were analyzed, the frequency of
neurological and psychiatric diagnoses in patients
after COVID-19 in the next six months amounted
to more than 33%, and in almost 13% of cases
the diagnosis was established for the first time.
In patients who were treated in the intensive care
unit, this frequency was 46.42%, and was repre-
sented by ischemic stroke, dementia, intracranial
hemorrhages, parkinsonism, psychotic and anxi-
ety disorders (Taquet M., et al., 2021).

This aspect remains understudied among chil-
dren. From 3% to 47% of children with COVID-19
may have symptoms of nervous system damage
according to available meta-analyses and litera-
ture data (Garazzino S., et al., 2020; Frank C.H.,
et al., 2020; Sandoval F., et al., 2021). The most
common symptoms are headache (61%), enceph-
alopathy (15.3%) and pyramidal signs (7.6%).
Symptoms of peripheral nervous system damage
include muscle weakness (61.5%), hypo/areflexia
(23%), ageusia (15.3%) and anosmia (7.6%). The
frequency of the peripheral nervous system dam-
age in children is 7-15%, according to a study in
Great Britain (Abdel-Mannan O., et al., 2020).
Guillain-Barre syndrome in children is described
with a frequency of 15 cases per 100,000 of pop-
ulation, and convulsions in 20-30%. Common
symptoms of Guillain-Barre in children includ-
ed weakness of the lower and upper extremities,
paresthesia, and ataxia. (Panda P.K., et al., 2021;
Kurd M, et al., 2021).

There is information about the association be-
tween severe neurological complications in chil-
dren and multisystem inflammatory syndrome
(MIS-C). In particular, according to American
scientists, 31-47% of children diagnosed with
MIS-C had neurological symptoms, including
headache, encephalopathy, and altered mental
status (Cheung E.W., et al., 2020; Dufort E.M.,
et al., 2020). According to the results of a multi-
center study in the United States, 5% of children
diagnosed with MIS-C had serious neurological
complications such as seizures, coma, encephali-
tis, demyelinating disorders, and serous meningi-
tis (Feldstein L.R., et al., 2020). Another study in
the United Kingdom demonstrated the presence

Ukrainian scientific medical youth journal, 2023, Issue 1 (136)

http://mmj.nmuofficial.com

95


http://mmj.nmuofficial.com
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/ISSN/2786-667X#
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
https://meshb.nlm.nih.gov/record/ui?ui=D002648
https://meshb.nlm.nih.gov/record/ui?ui=D009461
https://meshb.nlm.nih.gov/record/ui?ui=D002490
https://meshb.nlm.nih.gov/record/ui?ui=D000086382
https://meshb.nlm.nih.gov/record/ui?ui=D002490
https://meshb.nlm.nih.gov/record/ui?ui=D002490

UKkrainian Scientific Medical Youth Journal

Issue 1(136), 2023

Creative Commons «Attribution» 4.0

of neurological symptoms in 4 of 27 patients with
MIS-C, including dysarthria, dysphagia, enceph-
alopathy, cerebellar ataxia, and peripheral neu-
ropathy. Neuropathy was characterized by gener-
al weakness of proximal muscles and decreased
reflexes (Abdel-Mannan O., et al., 2020).

Aim

To investigate the frequency and structure of
neurological symptoms in children who were
hospitalized in an infectious disease hospital with
a laboratory-confirmed diagnosis of COVID-19
during 2020-2022 and to determine prognostic
factors of the nervous system damage.

Materials and methods

There was a retrospective, single-center and
cohort research. The exploration of 945 medical
histories of children who were hospitalized to the
Kyiv City Children’s Clinical Infectious Diseas-
es Hospital (KCCCIDH) (Kyiv, Ukraine) with
COVID-19 in the period from June 2020 to Feb-
ruary 2022 was conducted.

The study is part of the research work “Mod-
ern features of acute neuroinfectious in chil-
dren” which is perform by Pediatric infectious
diseases department of the Bogomolets Nation-
al Medical University, state registration number
Ne(0119U103914.

Among 945 medical histories, 142 cases with
neurological symptoms were analyzed. The main
inclusion criteria for the study were children with
PCR-confirmed COVID-19 who had symptoms
of headache, ageusia/anosmia, myalgia/arthral-
gia, convulsions, polyneuropathy without any or-
ganic causes in the anamnesis. Among the exclu-
sion criteria, it should be noted that the study did
not include cases of refuted COVID-19, congen-
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ital malformations of the central nervous system,
oncological diseases of the nervous system, peri-
natal brain lesions, and any neurological diagno-
ses in the anamnesis. The conduct of this study
was agreed with the hospital’s bioethics commit-
tee. A retrospective evaluation of routine medical
information did not involve obtaining patients in-
formed agreement.

Due to the International Classification of Dis-
eases (ICD) we determined the diagnostic code
UO07.1. In accordance with the current protocol,
laboratory confirmation was carried out using a
one-time PCR study of a nasopharyngeal swab.
The PCR study was conducted in the hospital’s
local laboratory. In the presence of a positive PCR
test for SARS-Cov-2, the case was confirmed.

We analyzed the medical records regarding
the anamnesis of the disease, clinical-epidemio-
logical and laboratory data of the patients.

If the children had symptoms of cough, na-
sal congestion, rhinorrhea or runny nose than an
upper respiratory tract infection (URTI) was di-
agnosed. Indicators of lower respiratory tract in-
fection (LRTI) included cough, dyspnea, auscul-
tatory changes or parenchymal changes on chest
X-ray examination.

With the aim to study the age-related clinical
and epidemiological characteristics of all pa-
tients, we divided them into four age categories:
less than 12 months, 1-5 years, 6-9 years and
9-18 years.

The statistical analysis results of the research
provided by the statistical package Statistical
software EZR v.1.54 and performed point, inter-
val distribution estimates and used the D’ Agosti-
no-Pearson test.

Figure 1. Age structure of patients with COVID-19 and neurological manifestations
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Table 1. Interval assessment of the frequency of neurological symptoms in children

Symptoms The number .of patients with this | Frequency of neurological manifestations,

manifestation, n % (95% CI)

Headache 45 31,7 (24,3-39,6)

Ageusia/anosmia 34 23,9 (17,3-31,3)

Seizure syndrome 3 2,1(0,4-5,1)

Polyneuropathy 12 8,5 (4,4-13,6)

Myalgia/arthralgia 18 12,7 (7,7-18,7)

Results The leading neurological symptoms in chil-

Among this cohort of children, neurological
symptoms were noted in 142 (15%) patients. The
age structure of the patients is shown in Figure 1.

According to the age distribution, adolescents
from 10 to 18 years of age prevailed, 55.6%,
(79/142), p=0.058. The next largest number was
the group of children aged from 6 to 9 years,
36%, (51/142), p<0.001. Patients from birth to 12
months were 3.5%, (5/142) and children aged 1 to
5 years - 4.9%, (7/142), p<0.001. No significant
difference was observed in the gender structure.

dren were headache, ageusia/anosmia, convulsive
syndrome, acute polyneuropathy and myalgia/
arthralgia. Interval assessment of the frequency
of the above-mentioned symptoms is presented
in Table 1.

Headache was observed in 31.7%, (45/142) of
cases and its duration was from 1 to 14 days (me-
dian - 2 days). Symptoms of ageusia and anosmia
were observed in 23.9%, (34/142), of which 97%
(33) of patients were children over 10 years old.
The average age of patients with anosmia/ageusia

Figure 2. Adjusted odds ratio for neurological symptoms among hospitalized patients with

COVID-109.
0-12 months 0.09{0.01-0.68) o
1-5 vears 0.06 (0.02-0.26) ol
6-0 vears 1.2(063-2.15) -—
10-18 vears 14 2(8.2-18.3) =
Male 0.94 (0.6-1.46)

-
Female 0.96 (0.62-1.5) -~—
Concomitant pathology 1.16(0.54-2.3) ——
-15 -10 -5 0 5 10 15
Odds ratio, 95% CI

Ukrainian scientific medical youth journal, 2023, Issue 1 (136)

http://mmj.nmuofficial.com

97


http://mmj.nmuofficial.com
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/ISSN/2786-667X#
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/

UKkrainian Scientific Medical Youth Journal

Issue 1(136), 2023

Creative Commons «Attribution» 4.0

was 14.9 years. The duration of these symptoms
was from 2 to 14 days (median - 7 days). Con-
vulsive syndrome was observed in 2.1%, (3/142)
of children, the duration varied from 1 to 4 days
(median — 1 day). Acute polyneuropathy was ob-
served in 8.5% (12/142) of patients, with an aver-
age duration from 5 to 10 days (median—7 days),
myalgia/arthralgia in 12.7%, (18/142) of children
with an average duration from 1 to 15 days (me-
dian — 4 days). It should be noted that the symp-
toms of headache, anosmia and ageusia were not
determined in children under the age of 1 year.
In all these cases, there was a rapid recovery of
neurological dysfunction with complete clinical
recovery at the time of discharge.

We analyzed the relationship between neuro-
logical symptoms (presence of at least one neuro-
logical symptom) and other factors, in particular,
demographic data (age, gender, comorbidities),
respiratory symptoms (cough, LRTI), shortness
of breath), the presence of anemia (hemoglobin
level <110 mg/l), severity of inflammatory re-
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action (increased level of leukocytes (>9 G/l),
increased C-reactive protein (CRP>6 mg/l) and
increased level of procalcitonin (PCT>0.05 ng/
ml)).

Figure 2 shows the adjusted odds ratio for the
development of neurological symptoms in chil-
dren with COVID-19.

According to the results of the data analysis
among the patients of our cohort (Fig. 2), chil-
dren of the older age group (10-18 years) had a
statistically higher chance of developing neuro-
logical symptoms (14.2; 95%CI 8.2-18.3). At the
same time, other age categories and gender did
not have a significant relationship with the fre-
quency of neurological symptoms.

We found concomitant pathology in 6%
(9/142) of patients, which was presented in the
form of allergic dermatitis, obesity, bronchial
asthma, and Minkowski-Shofar anemia. There
was no reliable connection with the frequency of
neurological symptoms in children with existing
concomitant pathology.

Figure 3. Adjusted odds ratio for neurological symptoms in COVID-19 depending on clinical
syndromes and laboratory parameters
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Odds ratio of the development of neurological
symptoms depending on clinical syndromes and
laboratory parameters were also analyzed, shown
in Figure 3.

Cough (5.53; 95% CI 3.53-8.65) and signs of
lower respiratory tract inflammation (1.8; 95% CI
1.21-2.67) were associated with a higher risk of
neurological manifestations (Fig. 3). At the same
time, shortness of breath (0.08; 95% CI 0.03-
0.22) was accompanied by a lower frequency of
neurological symptoms.

Indicators levels of leukocytes (2.01; 95% CI
1.2-3.38), C-reactive protein (0.39; 95% CI 0.23-
0.68) and procalcitonin (0.21; 95% CI1 0.11-0.43)
had prognostic value for the appearance of neu-
rological symptoms. But, if an increased level of
leukocytes in the peripheral blood was associated
with an increase frequency of neurological symp-
toms, then in groups of patients with an increased
level of C-reactive protein or procalcitonin, on
the contrary, a lower frequency of neurological
symptoms was observed.

Discussion

This study was carried out in a specialized
children’s infectious hospital in Kyiv, which from
the first days of the pandemic became a special-
ized hospital for patients with COVID-19. It’s de-
termining the representativeness of this research
from the point of studying view of the disease
characteristics among the children’s population
of the largest city in Ukraine.

Having analyzed the relationship of neurolog-
ical manifestations with such factors, as age, sex,
concomitant pathology, respiratory symptoms and
laboratory indicators, we found statistically great-
er chances of developing neurological symptoms
in adolescents, compared to other age groups of
patients. In addition, the older age group of chil-
dren (10-18 years) prevailed in the age distribution
of the studied cohort, p=0.058. Numerous studies
also indicate the predominance of adolescents
in the structure of neurological complications of
COVID-19 (Siracusa L., et al., 2021; Siddique R.,
et al., 2022). Most of older pediatric patients
have neurological manifestations, mainly repre-
sented by symptoms of headache, anosmia, age-
usia. Manifestations are mild and usually do not
complicate the course of the disease. However, in
some cases, severe complications associated with
changes in neuroimaging and electroencephalog-
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raphy may develop. Encephalopathy, encephalitis,
central or peripheral acute flaccid paralysis, acute
disseminated encephalomyelitis, convulsions, and
stroke are found in children with laboratory-con-
firmed SARS-CoV-2 infection (Singer T.G., et al.,
2021; Principi N., et al., 2021).

However, symptoms such as headache, ageu-
sia, and anosmia are difficult to assess in young
children, so the dependence of such manifesta-
tions on age has certain limitations here is a need
to pay attention to other important signs. Over-
all, there is little published data on neurological
symptoms in infants with COVID-19. Available
case reports have limited generalizability, and
many lack sufficient detail to establish a causal
relationship between SARS-CoV-2 and neuro-
logical symptoms (Stafstrom C.E. et al., 2020).
In published studies, the authors describe neuro-
logical symptoms in infants in the form of hy-
potension, drowsiness, upward deviation of the
eyes, stiffness, lethargy, encephalopathy, stiff
legs, convulsions, irritability, and hypertonia
(Nathan N.et al.,2020; Chacon-Aguilar R. et al.,
2020; Lorenz9999N. et al.,2020; Dugue R. et al.,
2020; Vivanti A.J. et al.,2020).

According to the literature, severe neurolog-
ical manifestations in children with COVID-19
are associated with a complicated course of the
disease, accompanied by MIS-C and concomi-
tant chronic pathology. The frequency of nervous
system damage in case of MIS-C can reach 55%
(Lin J.E., et al., 2021; Esposito S., Principi N.,
2021). In a study by Chen TH., et al., 2020, 34%
of children with MIS-C had meningitis, encepha-
litis, manifested by headache, positive meningeal
signs and changes in mental status.

When we evaluated the odds ratio develop-
ment of symptoms as a signs of nervous system
damage depending on the existing respiratory
manifestations, cough and signs of lower respi-
ratory tract inflammation were correlated with a
higher risk of the study complications.

There are no similar comparisons in the data
of published sources, but numerous authors also
emphasize the development of neurological
symptoms against the background of acute re-
spiratory symptoms (Whittaker A., et al., 2020;
Berlit P., et al., 2020; Harapan B.N., et al., 2021).

We singled out such a symptom as cough in the
evaluation of the relationship with neurological
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symptoms, because this respiratory sign can be
associated with lesions of nervous system. Cough
is a reflex that is modulated by the cerebral cortex
and mediated by control centers in the respiratory
regions of the brainstem. Researcher Al-Biltagi
M et al.,2022, described a wide range of neuro-
logical disorders in which the sensitivity of the
cough reflex may be increased. These include,
in particular, brainstem lesions, secondary bone
marrow lesions, tics, somatic cough, cerebellar
neurodegenerative diseases, and neuropathies.
Cough sensitivity may also decrease in multiple
sclerosis, cerebral hypoxia, cerebral-hemispher-
ic stroke with brainstem shock, peripheral neu-
ropathy, and hereditary sensory and autonomic
neuropathy type IV. In the case of our study, the
cough is directly related to the underlying respi-
ratory disease, but it is worth remembering the
importance of assessing the cough reflex during
the cranial nerves examination in order to timely
identify lesions of the nervous system.

Among the laboratory data, we found a prog-
nostic value for the appearance of neurological
symptoms in the leukocyte index, CRP and pro-
calcitonin. An increase level of leukocytes was
correlated with an increase frequency of neuro-
logical symptoms. However, a lower frequency
of detection of neurological manifestations was
observed in patients with elevated levels of pro-
calcitonin and CRP. The obtained data correlate
with the results of published studies of a relative-
ly easy and uncomplicated course of COVID-19
(LiY.,etal., 2020). Severe and complicated cases
are accompanied by a high level of inflammatory
markers (CRP, ESR, fibrinogen, D-dimer, procal-
citonin) (Cheung E.W., et al., 2020; Dufort E.M.,
et al., 2020; Carter M.J., et al., 2020). The main
reason for these changes, which is explained in
the literature, is the hyperreactivity of the immune
system, which leads to a violation of the hema-
toencephalic barrier due to the action of pro-in-
flammatory cytokines IL-1f, IL-6, TNFa and IL-
17. Cytokines activate glial cells and stimulate
neuroinflammation, leading to increased neuro-
nal excitability, seizures and main manifestations
(Dantzer R., 2018; Helms J., et al., 2020).

Our research has certain limitations. In partic-
ular, the retrospective nature and limitation of the
sample to one clinical center. In addition, there
is a problem of terminology, since the concept of
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neurological symptoms currently does not have a
clear, generally recognized spectrum. The quali-
ty of statistical processing and the determination
of statistical relationships could also be affected
by the analysis of data from patients of different
age groups, which covered the period of infancy,
younger and older childhood. In particular, this
concerned subjective symptoms, the assessment
of which is difficult in younger children. Further
research in this direction is needed to clarify the
frequency and spectrum of neurological disorders
in children with coronavirus disease. It is advis-
able to expand the collection of medical data also
due to the post-infection period.

Conclusions

Neurological symptoms occur in 15% of chil-
dren with COVID-19. According to the results of
our work, the older age of the child, cough and
symptoms of inflammation of the lower respira-
tory tract are the prognostic factors of the occur-
rence of neurological symptoms in children with
COVID-19. In addition, our study demonstrated
the prognostic value of the appearance of neuro-
logical symptoms with an increase in the leuko-
cyte index, as well as the absence of a correla-
tion of neurological symptoms with an increase
in CRP and procalcitonin. Further observations
and conducted studies will include a larger pa-
tient cohort, the acute onset of neurologic symp-
toms, rates of progression, and long-term out-
comes of neurological disorders in children with
COVID-19.
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IIpornocTuyHi ¢paxkTopm ypaxkeHHss HepBoBoi cucremu y aiteii 3 COVID-19

CepsixoBa Ipuna, Roohi Kolte, Kpamapnos Cepriii

Kadenpa mutsuux indpexuiitnux xsopod HMVY imeni O.0O. boromonsiist, M. Kuis, Ykpaina
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AHoOTanisA: 11 poOOTa NMPUCBIYEHA BUBYCHHIO OCOOMMBOCTEH CTPYKTYpH CHMITOMIB IOB’s3a-
HUX 3 HEPBOBOIO CHCTEMOIO y JiTeH 3 KopoHaBipycHOI XxBopoborw (COVID-19). 3a yac manaemii
COVID-19 cnocrepiranocss cTpiMKe 30UIBIIEHHS YacTOTH YpaXXCHb HEBPOJIOTIYHOIO XapakTepy.
Yacrora HeBposoriunux nposisiB npu COVID-19 cepen nopociaux mnaiieHTiB CTaHOBUTH 10 82%, y
nitei konuBaeThes BiJ 3% 10 47%. Metoro poboTu Oyi10 1OCIIPKEHHS YaCTOTH Ta CTPYKTYpPH HEBPO-
JIOTIYHUX CUMITOMIB y JITEH, K1 epeOyBalii Ha CTalllOHapHOMY JIIKyBaHHI B AUTAY1N 1H(EKLIHINA
JikapHi 3 naboparopHo miaTBepakeHuM aiarHozom COVID-19 soponosx 2020-2022 pokiB Ta BU-
3HA4YEeHHS MPOTHOCTUYHUX (aKTOPiB ypaKeHHsI HEpBOBOi cucteMu. Marepianu 1 metonu: byno npo-
BE/ICHO PETPOCIEKTUBHUI aHami3 945 ictopiit XBopoO AiTelt BikOM Bi Hapo/pKeHHs 10 18 pokiB, sKi

Ukrainian scientific medical vouth journal, 2023, Issue 1(136)

http://mmj.nmuofficial.com

102


http://mmj.nmuofficial.com
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/ISSN/2786-667X#
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/INF.0000000000002735
https://doi.org/10.1097/INF.0000000000002735
https://doi.org/10.1212/WNL.0000000000012930
https://doi.org/10.1007/s00431-021-03955-x
https://doi.org/10.1016/S0140-6736(20)30980-6
https://doi.org/10.1186/s13052-021-01144-y
https://doi.org/10.1016/j.pediatrneurol.2021.01.007
https://doi.org/10.1016/j.pediatrneurol.2021.01.007
https://doi.org/10.1186/s13052-021-01066-9
https://doi.org/10.3390/children7090133
https://doi.org/10.1038/s41467-020-17436-6
file:///C:\Гринзовська\УНММЖ\2023\Випуск%20№1\ikovaliukh@ukr.net

UKkrainian Scientific Medical Youth Journal ISSN 2786-6661

Issuel (136), 2023 eISSN 2786-667X
Creative Commons «Attribution» 4.0

Oynu rocmitanizoBani 10 KuiBcekoi Micbkoi qutayoi indexuiitnoi gikapai (KHIT «k KMAKIJI») micta
Kuesa, Ykpaina B nepioa nanaemii. Cepen Hux Oyio mpoaHa i30BaHO BUIMAIKH, 110 CYTIPOBOIXKYBa-
JHMCh HEBPOJIOTIYHUMH CUMITOMaMHU. Bu3HaYanmch 0COOMMBOCTI KITIHIYHOI KapTHHHU, JTab0paTopHi
Ta aemMorpadigHo-emiaemionoriydi gani. CTaTUCTUYHUHN aHATI3 OTPUMAHUX PE3YIbTaTIB MPOBOIUBCS
13 BUKOPUCTAHHSAM CTAaTHCTUYHOTO makeTy Statistical software EZR v. 1,54. Pesynsratu: HeBpomo-
riuni cumnTomu Oynu BusiBieHi y 142 (15%) niteil, 3 HUX nepeBakHy KUIbKICTh CTAHOBWIIM M1 TKH
(55,6%). [IpoBiTHUMHU CUMIITOMAMH yPaXCHHSI HEPBOBOT CHCTEMU OYIJI TOJIOBHUH O1J1b, areB3isi/aHo-
CMisl, CYIOMHUN CHUHIPOM, TOCTpa MOJIHEHpOMaTis Ta Miairis/apTpairis. 3a pe3yJbTaTaMu aHali3y
JAHWUX BiTHOIICHHS IIAHCIB PO3BUTKY HEBPOJIOTIYHUX CHUMOTOMIB CEpe]] MAIliEHTIB HAIIOi KOTOPTH,
CTATUCTUYHO OLIBIII IIAHCH PO3BUTKY HEBPOJOTIUHUX IMPOSBIB MaJd JITH CTapIIOi BIKOBOI rpynu
(10-18 pokiB). Takox Oynu mpoaHani3oBaHi KOSQIIiEHTH BIAHOIIECHHS MIAHCIB PO3BUTKY BHIIE3ra-
JAHUX CUMIITOMIB 3QJIEKHO BiJl KIIHIYHUX CHHAPOMIB. Cepen pecmipaTopHUX CHHIPOMIB HasBHICTh
karutio (5.53; 95%BI 3.53-8.65) Ta 03HaKW ypakeHHS HIDKHIX AuxanbHuX musaxis (1.8; 95%BI 1.21-
2,67) acouitoBaIUCh 13 BUIIMM PU3UKOM TOSBU CUMITOMIB YpaK€HHS HEPBOBO1 CUCTEMU. 3a TaHUMU
JOCIIJKeHHS Tab0paTOPHUX MOKA3HUKIB, 30UIbIIeHUI piBeHb neikonuTiB (2.01; 95%BI 1.2-3.38)
ACOIIIOBABCS 13 3pOCTAHHAM YaCTOTH HEBPOJIOTIYHUX TPOSBIB, a B TPyMax Mali€HTIB 13 MiABUIICHUM
nokazuukoM C-peaktuBHoro Oinky (0.39; 95%BI 0.23-0.68) a6o npoxanbuutoHiny (0,21; 95%BI
0,11-0,43), HaBnaku, criocTepirajgach MEHIIA YacTOTa BUSBIICHHS HEBPOJIOTIYHOT CUMIITOMATHUKH.
BucnoBku: HeBponoriuni cumntomu BUuHUKaOTh y 15% niteit 3 COVID-19. 3a pesynsratamu Ha-
101 poOOTH MPOTHOCTUYHUMHU (PAaKTOpaMH BUHUKHEHHS HEBPOJIOTIYHOI CUMITOMATUKU Y JITEH 13
COVID-19 € crapmmii BiK IUTHHH, Kallledb Ta CUMIITOMU YPaKEHHS HUKHIX JUXaJbHHUX IUISIXIB.
Kpim TOro, Hamie nocCuiKeHHs MPOAEMOHCTPYBAIO MPOTHOCTUYHY LIHHICTH MOSBH HEBPOJIOTIYHOI
CHUMITTOMATHKH 3 ITiIBUIIEHHSIM JICHMKOLUTIB, @ TAKOXK BiJICYTHICTb KOPEJIALii HEBPOJIOTIYHUX MPOSIBIB
3 miaBumieHHsM CPB 1 mpokanbIIUTOHIHY.

KurouoBi ciioBa: 11iTH, HEBPOJIOTIYHI MPOSIBY, LIEHTpanbHa HepBoBa cuctema, COVID-19.
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Abstract: atopic dermatitis and food allergy are common diseases that usually begin in early
childhood and can occur together in the same individuals. The aim of this study was to assess the
significance of interventions such as skin care products for the skin barrier improvement, breastfeed-
ing and early complementary foods introduction for the primary prevention of atopic dermatitis and
food allergy in infants by building logistic regression models. We performed a survey of 97 parents
of children. The survey was conducted with the help of Google forms and distributed on the Internet.
Method of building and analysing logistic regression models was used to analyse the association of
the risk of atopic dermatitis in children with the factor characteristics. Characteristics were as fol-
lows: “Skin care 1: application moisturizers to the infant’s skin”, “Skin care 2: bathing infants with
water containing moisturizing substances or moisturizing oils”, “Skin care 3: usage of less soap,
bathing the child less often”, “paternal history of atopy”, “duration of breastfeeding less than 1
yvear”, “early introduction of supplementary food (up to the 6th month of life)”. We obtained the fol-
lowing results: 42.2% of respondents reported about the application of moisturizing cream, parents of
16.5% of children were using moisturizing oil for bathing the child, 12.4% of parents used less soap
and bathed the child less often, 28.9% reported that they were not using any interventions. It was es-
tablished that when applying care method 1, namely applying moisturizing agents to the infant s skin,
the risk of developing atopic dermatitis increases, OR=12.8 (95% CI 3.89 - 42.3) (p<0.0001). When
constructing a three-factor logistic regression model for predicting the risk of food allergy, no de-
pendence was found between the development of food allergy and the presence of allergic diseases in
parents, the period of introduction of complementary foods, and the duration of breastfeeding. Thus,
this study did not reveal the protective role of skin care products, breastfeeding, and early introduc-
tion of complementary foods for the development of atopic dermatitis and food allergies in children.
Multivariate analysis showed that atopic dermatitis is associated with emollients application to the
infants skin. The use of moisturizing creams for the treatment of already existing atopic dermatitis or
the path of percutaneous sensitization to allergens could have influenced the data.

Key words: atopic dermatitis, breastfeeding, children, emollients, food allergy.

Introduction dividuals (O.I1. Bonocosenp Ta iH., 2021). These
Atopic dermatitis (AD) and food allergy are conditions may be associated with a violation of
common diseases that usually begin in early the skin barrier in early childhood. Whether try-
childhood and can occur together in the same in- ing to prevent or correct skin barrier disruption
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early in life is effective in preventing AD or food
allergy remains to be elucidated. In general, emol-
lients are considered safe agents with few side
effects. However, applying enough emollients
every day can sometimes have a negative impact
on the child and family due to burning sensation,
especially on skin with existing eczema (Oakley
R & Lawton S, 2016). There is a concern that
emollients can actively sensitize to individual
components, leading to skin reactions (Danby et
al., 2011, Kunkiel et al., 2022) and even systemic
allergic reactions (Voskamp et al., 2014).

Skin barrier protection can also be achieved by
limiting water loss through the skin or by limiting
skin contact with potentially harmful substanc-
es or irritants. Activities and substances that can
damage the skin barrier, especially in people with
existing eczema, include excessive bathing, de-
tergents, and hard water. Thus, addressing any of
these factors in the first months of life could po-
tentially improve skin hydration and barrier func-
tion, thereby reducing further AD deterioration.

The close relationship between AD and food
allergy suggests that reducing clinical manifes-
tations of AD may potentially reduce the risk of
food allergy, even if it is simply delaying the on-
set of AD in early childhood period (Martin et al.,
2015). A small pilot study of the effectiveness of
a ceramide-based emollient reported a reduction
in allergic sensitization to food products (Lowe
et al., 2018).

A Cochrane review of studies examining the
value of infant skin care interventions for the de-
velopment of AD and food allergy included 33
studies involving 25,827 infants (Kelleher et al.,
2021). Skin care was compared with no skin care
or usual care (standard care). A study on the de-
velopment of AD, which included data from 3075
participants in seven randomized controlled trials,
found that skin care interventions were unlike-
ly to affect the development of AD between one
and two years of age in healthy full-term infants
compared with standard care. This Cochrane re-
view also found that the skin care interventions
were unlikely to change the time of eczema onset
compared with the standard care (based on 3,349
participants in nine studies). This is thought to be
important for the interaction between eczema and
food allergy, as increased duration of eczema is
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associated with an increased likelihood of food
sensitization (Tsilochristou et al., 2019).

Aim

The aim of this study was to assess the signifi-
cance of interventions such as skin care products
for the skin barrier improvement, breastfeeding
and early complementary foods introduction for
the primary prevention of atopic dermatitis and
food allergy in infants by building logistic regres-
sion models.

Materials and methods

We performed a survey of 97 parents of chil-
dren in the period from May till June 2022. The
survey was conducted with the help of Google
forms and distributed on the Internet.

We included in the questionnaire all skin care
interventions that could potentially enhance skin
barrier function, reduce dryness, or reduce in-
flammation. They include:

» applying moisturizing agents to the child’s

skin;

* bathing infants with water containing mois-

turizing substances or moisturizing oils;

* use less soap, bathe the child less often.

During the survey, it was possible to indicate
one, several or all options. The presence of un-
desirable effects from the use of the means was
determined, in particular, the presence of irri-
tation, burning, redness. The survey included
questions about the presence of AD, defined as
rash\dryness\flaking\crusting\itching of the skin
lasting more than 4 weeks. The age of onset of
the disease was also determined. The presence of
a food allergy was defined as a reaction to food
products that occurs within 2 hours after consum-
ing the product; the questionnaire also included
questions about the parent’s allergic history, the
duration of breastfeeding, and the age at which
complementary foods were introduced. Children
with parental allergy history were defined as a
risk group.

Statistical processing of the obtained data was
carried out using the statistical package IBM
SPSS Statistics Base (version 22), EZR version
1.32 (graphical interface of the R environment
(version 2.13.0). The research database was sys-
tematized in the Microsoft Excel editor.

ROC-analysis with construction of a char-
acteristic curve (ROC-curve, receiver operator
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characteristic curve) was used. When construct-
ing it, the sensitivity values for each value of the
characteristic (the frequency of true positive re-
sults) are placed on the vertical axis, and 1 minus
the specificity (the frequency of false positive
results) is placed on the horizontal axis. The di-
agonal line shows the value of a completely unin-
formative random test result. Curves with greater
significance are located closer to the upper left
corner of the graph. The value of the area under
the characteristic curve shows the ratio of sensi-
tivity and specificity. The quality of the scale was
assessed using the area under the curve (AUC):
in the interval 0.9—1.0 — excellent, 0.8—0.9 — very
good, 0.7-0.8 — good, 0.6 —0.7 is mediocre, 0.5—
0.6 is unsatisfactory. The larger the area under
the ROC curve was, the higher was the predictive
value of the predictor.

The prognostic significance of factors regard-
ing the formation of AD was assessed by the
odds ratio (OR) with a confidence interval (CI)
of 95%. To determine independent predictors of
the occurrence of adverse allergic events, step-
wise multivariate regression analysis of Cox pro-
portional hazards was used. The determination
of standardized regression coefficients () and
determination of their exponents reflected the in-
crease in the risk of occurrence of the expected
event when the value of the factor changes by one
unit. Factors that remained significant in multi-
variate analysis were interpreted as independent
predictors. For all types of analysis, differences
were considered probable at p < 0.05.

Results

Parents of 97 children were involved in our
survey between May 2022 and June 2022. The
average age of the children was 6.54+3.92 years.
33.0% of the respondents reported that their chil-
dren had an atopic parental history. According
to the survey data, 42.2% of children received a
moisturizing cream, parents of 16.5% of children
reported using moisturizing oil for bathing the
child, 12.4% of parents used less soap and bathed
the child less often, 28.9% reported that they did
not use none of these methods and means of care.
7.2% of respondents reported that skin irritation,
redness, burning was noted when using the prod-
ucts, 92.8% did not encounter any unwanted ef-
fects or adverse reactions.
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AD occurred in 23.7% children of interviewed.
18.6% of respondents reported that the child has
reactions to food that occur within 2 hours after
eating it.

Method of building and analyzing logistic
regression models was used to analyse the as-
sociation of the risk of AD in children (Y) with
the factor characteristics. The characteristics
were as follows: “Skin care 1: application mois-
turizers to the infant’s skin” (X1), “Skin care 2:
bathing infants with water containing moisturiz-
ing substances or moisturizing oils” (X2), “Skin
care 3: usage of less soap, bathing the child less
often “ (X3), “paternal history of atopy “ (X5),
“duration of breastfeeding less than 1 year “
(X6), “early introduction of supplementary food
(up to the 6th month of life)” (X7). The analysis
was conducted on the results of the examination
of 97 children.

Based on the calculations in the EZR package,
the ROC curve of the six-factor logistic regres-
sion model of AD risk prediction was obtained
(see Fig. 1).

When building a six-factor model, the depen-
dence of AD risk on factor characteristics was
revealed, the area under the ROC curve AUC =
0.83 (95% CI 0.73 — 0.92), statistically signifi-
cance (p<0.05) exceeded 0.5, which was the evi-

Fig. 1. ROC curve of the six-factor logistic
regression model of AD risk prediction.
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Table 1. Coefficients of the 6-factor logistic regression model for predicting the risk of AD

The value of the The level of significance of
Potential risk factors coefficient of the | the difference of the coeffi- OR (95% CI)
model, b+m cient of the model from 0, p
X1 Care (1) application % g
moisturizers to the infant’s skin 3,19+1,09 0,003 24,2 (2,8-204)
X2 Care (2) bathing infants with
water containing moisturizing 1,39+1,3 0,29 4,0 (0,3-51,7)
substances or moisturizing oils;
X3 Usage of less soap, bathing
the child less often 0,64+1,47 0.67 1.9(0,1-33.8)
X5 Paternal history of atopy 0,52+0,6 0,39 1,7 (0,5-5,5)
X6 Duration of breastfeeding less 1.240,76 0.11 0.3 (0.1-1,3)
than 1 year
X7 Early introduction of
supplementary food (up to the 6th 0,27+0,74 0,71 1,3 (0,3-5,6)
month of life)
Constant -3,21£1,06 0,002 *

Note: *— p<0.05.

dence of the adequacy of the built model accord-

ing to the quality scale “good”.

Table 1 shows the results of estimating model

coefficients.

To select the minimum set of factor charac-
teristics associated with the original variable, the
method of stepwise rejection/inclusion of vari-
ables (“Stepwise”) was used. A single factor sign
associated with the risk of AD was highlighted:
“Skin care 1: applying moisturizers to the child’s
skin”. When comparing the prognostic character-
istics of the one-factor logistic forecasting model
(the area under the ROC curve AUC=0.78 (95%
CI 0.68-0.87), statistically significance (p<0.05)
exceeds 0.5. Quality of the model built on all six
variables did not reveal their deterioration. Table
2 shows the results of estimating model coeffi-

cients.

The obtained mathematical model of AD risk
prediction can be expressed by the formula:

In(Y/1-Y) =-2.6 + 2.55X1

Thus, it was established that AD is associated
with “Care (1) application of moisturizing agents
to the infant’s skin” (p<0.05). It was established
that when applying care method 1, namely apply-
ing moisturizing agents to the infant’s skin, the
risk of developing AD increases, OR=12.8 (95%
CI 3.89 - 42.3) (p<0.0001) (Table 2).

When constructing a three-factor logistic re-
gression model for predicting the risk of food
allergy, no dependence was found between the
development of food allergy and the presence of
allergic diseases in parents, the period of intro-
duction of complementary foods, and the dura-
tion of breastfeeding.

Table 1. Coefficients of the one-factor logistic regression model of AD risk prediction

Potential risk factors The value of the The level of significance of
i ) coefficient of the the difference of the coeffi- OR (95% CI)
& model, b+m cient of the model from 0, p
X1 Care (1) application mois- %
turizers to the infant’s skin 2,5520,61 <0,0001 12.8(3.89-423)
Constant -2,60+0,52 <0,0001*

Note: *— p<0.05.
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Discussion

In this study the dependence of AD risk on
factor characteristics was revealed by building a
six-factor model. The role of such factors as skin
care interventions (application moisturizers to
the infant’s skin, bathing babies with water con-
taining moisturizing substances or moisturizing
oils and usage of less soap), paternal history of
atopy, duration of breastfeeding and early intro-
duction of supplementary food was studied. The
area under the ROC curve AUC = 0.83 (95% CI
0.73 —0.92) was statistically significant (p<0.05),
so the adequacy of the built model according to
the quality scale was “good”. Multivariate analy-
sis showed that AD is associated with emollients
application to the infant’s skin (OR=12.8 (95%
CI 3.89 - 42.3) (p<0.0001). Although the ques-
tionnaire determined the use of emollients from
birth, i.e. for the prevention of AD, there is a pos-
sibility that the use of moisturizing creams for
the treatment of already existing AD could have
influenced the data. In the opposite case, the path
of percutaneous sensitization cannot be excluded,
when microparticles of food or other allergens
can get into the cream during the application of
the emollient to the skin (Ryczaj et al., 2022).

Although studies on the effects of skin care
and feeding interventions on the development
of allergies are described in the literature, these
practices vary greatly between countries and de-
pend on traditional, cultural, socio-economic and
other factors.

The BEEP trial of 1,394 infants, the first large
randomized controlled trial to examine whether
emollients could prevent eczema, found no ev-
idence to support the hypothesis that the use of
emollients daily could prevent AD (primary out-
come), food allergy, sensitization, allergic rhini-
tis or asthma (secondary effects) (Chalmers et al.,
2020). In addition, there was a slight increase in
food allergy in the emollient group compared to
the control group. The lack of benefit of emol-
lients for the prevention of AD found in that
study, same as in ours, was unexpected, espe-
cially given the reports in previously published
pilot studies, and has serious implications for
the primary prevention of AD and other diseases
(Horimukai et al., 2014, Simpson et al., 2014).
The increased risk of food allergy is likely due

ISSN 2786-6661
¢ISSN 2786-667X

to the increased transfer and absorption of food
antigens through the skin when emollients are
applied, leading to the epicutaneous sensitization
(Brough et al., 2020).

Understanding of the properties of skin barrier
function at an early age has improved, and it is
possible that other approaches to strengthening
the skin barrier, based on new knowledge, may
have a preventive effect. These approaches may
include the use of newly developed emollients
with improved skin barrier properties or a com-
prehensive intervention that includes additional
measures such as low-pH detergents, infrequent
washing, or softened water.

Conclusions

In this study we didn’t find out the protective
role of skin care products, breastfeeding, and early
introduction of complementary foods for the devel-
opment of atopic dermatitis and food allergies in
children. Multivariate analysis showed that atopic
dermatitis is associated with emollients applica-
tion to the infant’s skin. The use of moisturizing
creams for the treatment of already existing atopic
dermatitis or the path of percutaneous sensitization
to allergens could have influenced the data.
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Jorusia 3a LIKipo0 Ta paHHE BBeACHHS NPUKOPMY Il NPOQiJIaKTHKHU aTONIYHOIO
AepMAaTUTY Y HEMOBJIAT
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AHoTAaNisA: aTOMYHUNA JEPMATUT 1 XapdoBa aJIePris € MOMUPESHUMH 3aXBOPIOBAHHIMH, SIKI 3a3BH-
Yaii MOYNHAIOTHCA B PAHHBOMY JAUTHUHCTBI 1 MOXXYTh BUHUKATH Pa30M B OJJHHMX 1 TUX CaMHX JIFOJCH.
MeToro IbOTo JOCIIIKEHHS OYJIO OIIHUTH 3HAaYCHHS BTPYy4aHb, TAKUX K 3aCO0U 1O JOTIISTY 34 IIIKi-
POIO IS MOKPAIEHHS MIKIpHOTO 0ap’epy, TPyIHE BUTOJIOBYBAHHS Ta PAHHE BBEJCHHS IPUKOPMY LIS
MIEPBUHHOI MTPOQPITAKTUKH aTOTIYHOTO JEPMATUTY Ta XapuoBOI ajieprii y HEMOBIIAT HUISIXOM MO0y 10-
BU JIOTICTUYHUX perpeciiiHux mojeneil. Mu npoBenu onuTyBaHHS 97 O6arbkiB AiTeil. OnNUTyBaHHS
OyJ10 MPOBECHO 3a IOTIOMOTOI0 TYTII-(hOpM 1 po3MOBCIOIKEeHO B [HTepHETI. MeTo molynoBu Ta aHa-
i3y MOZEJIeH JOTiCTUYHOT perpecii BUKOPUCTAHO JUIsl aHANI3y 3B’ SI3Ky PU3UKY PO3BUTKY aTOMIYHOTO
JIEPMATUTy y AITeH 13 (HaKTOPHUMHU XapaKTEPUCTHKAMU. XapaKTEPUCTUKU Oyiu TakuMH: «Jlormsig
3a MIKIpoIo |: HaHeCEHHs 3BOJIOXKYIOUMX 3aC001B Ha LIKIPY HEMOBIATHY, «Jlomsy 3a MWKiporo 2: Ky-
TaHHS HEMOBJIAT BOOIO, IO MICTUTH 3BOJIOKYIOU1 PEYOBHHH a00 3BOJIOXKYIOUl Maciay, «Jlomsn 3a
HIKipOIO 3: BUKOPUCTAHHS MEHIIOI KUIBKOCTI MUJIA, KYNIAHHS TUTHHU PiJIIey, «aTomis B aHaMHe31
0aTbKiB», «TPUBAIICTH IPYIHOTO BUTOJIOBYBAaHHS MEHIIE | POKY», «paHHE BBEIACHHS MPUKOPMY (10
6-r0 MICSIIS KUTTS)». 3T1IHO 3 TaHUMH ONUTYBaHHS, 42,2% niTeil OTpUMYBaJIH 3BOJIOKYIOUHNA KPEM,
6arbku 16,5% niTel MOBIIOMUIIY, 110 BUKOPUCTOBYBAIU I KyHaHHS TUTHHH 3BOJIOXKYIOUY OJIIO,
12,4% GarpKiB BUKOPUCTOBYBAJIHM MEHIIIE MUJIA 1 piALIe KyNaiu JTUTHHY, 28,9% MOBIAOMIIH, 110 HE
BHKOPHUCTOBYBATH YKOJHOTO 3 IIMX METOJIIB 13ac00iB 10 A0S y. BcTaHOBIIEHO, 1110 NP 3aCTOCYBaHHI
MeTony AOmIAay 1, a caMe HaHECEHHs 3BOJIOXKYIOUMX 3ac001B Ha IIKIPY HEMOBISATH, IiJIBUILYETHCS
PHU3UK pO3BUTKY aTtomniyHoro aepmaruty, BIII=12,8 (95% I 3,89 - 42.3) (p<0,0001). [Tpu noOynoBi
TpU(aKTOPHOT JTOTICTUUHOI perpeciiiHol MoJIeIi IPOTHO3YBAaHHS PU3UKY XapyoBOi ajeprii He BUSBU-
JI0 3aJICKHOCT1 M1 PO3BUTKOM Xap4yOBOi aJieprii Ta HasSBHICTIO aJepriYHUX 3aXBOPIOBaHb y OATHKIB,
NEepioIoM BBEACHHS MPUKOPMY Ta TPHUBAJICTIO IPYAHOTO BUTOIOBYBaHHA. TakuM 4MHOM, JaHe J10-
CJIIJDKEHHS HE BUSBHWIIO 3aXHUCHOI POJIi 3aC00IB IO JOIVISAAY 3a IIKIPOIO, TPYHOTO BUTOJAOBYBAaHHS Ta
PaHHBOTO BBEICHHS NMPUKOPMY JUIsI PO3BUTKY aTOIMIYHOTO JEpMAaTUTY Ta XapuoBOi ayeprii y aiTe.
bararodakropHuii aHai3 oKasas, 110 aTOMIYHUN JEPMATUT OB’ I3aHMH 13 3aCTOCYBaHHSIM TIOM SIK-
IIyBaJIbHUX 3aCO0IB JJIS IIKIpM HEMOBJIATUH. BUKOpPHCTAaHHS 3BOJIOXKYIOUHMX KPEMIB JUIS JIIKYyBaHHS
BXKE€ HAsIBHOTO aTOIMYHOTO JIEPMATUTY a00 MUIAX YEPe3IIKIpHOT CEHCHOTI3aIli 10 aJIepreHiB MOTJIO
BIUTUHYTHU Ha JIaHi.

Kiro4oBi cJji0Ba: aromiyHuii 1epMaTuT, TpyIHE BUTOAOBYBAaHHS, JIITH, IPUKOPM, €MOJII€EHTH, Xap-
YOBa aJieprisl.
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Anomauia: ocobaugicmio nepedicy 3ax60pr06aHb, KOPEKYis AKUX NOMpedye UKOPUCTIAHHS AHMU-
denpecanmis, € Mala KilbKiCMb 36EPHEHb 3d CNeYIANi308aHOI0 OONOMO20I0 HA PAHHIX CMAOJIsX pO3-
BUMKY NCUXTUHUX po3nadis. Lle cmeopioe nedni obmedcents s WeUOKOL ma epexmusHoi mepanii.
Ilpome, 3 oenady na me, wo denpecis € HAUNOWUPEHIWUM NCUXTYHUM PO3TAOOM Y C8IMi, 3 AGNIAEMbCS
NeBHULl HAYKOBULL inmepec 011 00CAi0xCcenHs yici namonoeii. Memoio pobomu € KomniekCHUull acop-
mumenmuuti ananiz epynu NO6A «Aumudenpecanmuy na gapmayesmuunomy punky Ykpainu. Bu-
BYEHHSL ACOPMUMEHTNY 3APeECMPOBAHUX HA (PAPMAYEBMUUHOMY PUHKY AHMUOENPecanmis nposoouLU
8i0N06IOHO 00 AHamomo-mepanesmuuHo-XimiyHoi Knacugixayii ma oanux /lepoicagnozo peecmpy
JKapcokux 3acobie Yrpainu. O6’ekmamu 0ocnioxcensv 6yna ingpopmayis wooo 3apeccmposanux 8
Vkpaini nikapcokux 3acobis, axi nanexcams 0o kamezopii NO6A «Anmudenpecanmuy. Bionogiono
00 oaHux [lepocasnoco peecmpy nikapcokux Ykpainu, cmanom na civens 2022 poky 3 ypaxyeaHHM
npenapamis, wo 8UpoOIAIOMbCA Y PISHUX 003V8AHHAX, 3apeccmposano 149 mopeosux natlimery8aHs
JIKApCoKUX 3aco0is, axi Harexcamsv 00 kamezopii NO6A «Anmudenpecanmuy ma npedcmasneni 20
MINCHAPOOHUMU HENAMEeHMOBAHUMU HA38AMU. [3 YCiX 3apeecmposanux Ha papmayeemuiHoMy PUHKY
Yxpainu anmuoenpecanmis cuio giomimumu 52 npenapamu i3 oomexcenum mepminom Oii peecmpa-
yitinoeo noceiouenns. Ha punxy JI3 ona nikyeanus denpecii uimko 0OMiHyOms iHo3eMHi apmaye-
8MUYHI KOMNAHIT, @ YACMKA IMYUSHAHUX 8UPOOHUKIE npedcmasnena auue 18,1%, wo ceiouums npo
nompeoy po3uupenHs 0aHoi epynu a1ikapcokux 3acobis, adce 9 i3 20 MidicHAPOOHUX HenameHmo-
BAHUX HA36 He MAIMb HCOOHO020 8imuusHAHO20 npenapamy. Ha dapmayesmuunuii punox Ykpainu
anmuoenpecanmu imnopmyroms i3 19 kpain ceimy. OchosHumu Kpainamu imnopmepamu €: Inois —
18,9 %, Cnogenia — 12,3 %, Himeuuuna — 9,0 %, Ilonvwa ma Typeuyuna — no 7,4 %, Yeopwuna —
5,7 %. Inwi xkpainu cymapho 3atimaroms 39,3 % gapmayesmuunoco punKy iMnOPMHUX IKAPCLKUX
3aco0is i3 kamezopii NO6A «Anmudenpecanmuy. Ane 8axciugo, wjo 8iON0GIOHO aHAMOMO-mepane-
8MUYHOI-XIMIYHOI K1acugikayii, 6 Yxkpaini oana epyna nikapcokux 3acobis kiacugiKyemvcs iuue Ha
3 nioepynu. Cnio 3a3nauumu, wo 8 Yxpaini 2apmoHi308aHi npomoKonu, oe, 32i0H0 pekomMeHOayiu OJisl
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JUKYBaHHs Oenpecii, NPONOHYIOMbCS Npenapamu, sKi, Ha Hcalb, He 3apecCmpo8aHi Ha GIMYUSHAHOMY
punxy, (nioepynu NO6AF ma NO6AG), wo cmeopioe nesHi npobaemu 00Cmyny nayicHmis 00 AKiCHOI
ma eghexmusHoi mepanii, pekomeHoosanoi «IIlpomoxonamu OiacHOCMUKU ma JiKY8aAHHA NAYIEHMIB 3
neuxiynumu poznadamu (gincoka eepcis)y 2020 poxy.

KurouoBi ciioBa: anTHACIpeCcaHTH, ICTIPECis, MApKETHHT, icuxiune 310poB’ s, COVID-19.

Beryn

3a Bu3HaAueHHsM BcecBiTHBOI opranizaiii
oxoponu 310poB’st (BOO3), ncuxiune 310poB’st
HE € MPOCTO BiACYTHICTIO MCHUXIYHOTO PO3JALTy,
IIe CTaH OJIATOMOIYYYsl, TPH SIKOMY KOXHA JTFO/IH-
Ha MOXKE pealli3yBaTH CBii BIACHH MOTEHINa,
BITIOPATHUCS 13 )KUTTEBUMHU CTPECAMH, TPOTYKTHUB-
HO Ta IUIITHO TPALIOBaTH, a TAaKOXX POOUTH BHE-
COK y KHTTS CBO€1 criibHOTH (Po3mopspkeHHs
KaGinety MinictpiB Ykpainu Ne 1018-p, 2017).
VY cydacHOMYy CBITI OaraTo YMHHHKIB BILTUBAIOTH
Ha TOPYIIEHHS OO cTaHy. Tomy, 3rigHO docii-
0JiceHb OCTAHHIX POKIB, HAa 3aXBOPIOBAHHS, IIIO
MOB’sI3aHl 3 MCHUXIYHUM 370POB’SAM, CTpa)kIae
noHaz 13 % nacenenns mnanetu (Mental health
statistics, 2022). lo 2020 poky came mcCHXiy-
HI pO3JIaJyl MaJld BUCOKWUH TIOOAIBHUN TATAp
xBOpoO (Santomauro, Mantilla Herrera, Shadid,
Zheng, Ashbaugh, et. al., 2021). Ilpore, B me-
pion mangemii COVID-19 Taki nopyiieHHs 3Ha4-
HO 30UIBIIWINCH B TMOMYJALISAX T4 MaJld 3HAYHY
kinbkicTh xBopux (WHO, 2022). lo npuknany, y
CIIA manzaeMis BIUTHHYJIA Ha TICUXI1YHE 37I0POB’ ST
59 % pecnonnentiB (Mental health statistics,
2022).

Oco0MMBO BaOXJIWMBUM € T€, IO JIFOOU Pif-
KO 3BEPTAIOTHCS 3a CIEIiaTi30BaAHOI0 JJOIIOMO-
TOI0 Ha paHHIX CTaAisIX PO3BUTKY NICUXIYHUX PO3-
JaJ1iB, KOJIM e € MOXKIIUBICTH OUTHIN €(heKTUBHO
BIUTMHYTH Ha iX mojaibiuuii mepedir. Tomy, y
3B’SI3Ky 3 MIJBUIIEHUM IHTEPECOM CYCIUIbCTBA
o Takoi HarambHOi Tpobremu, y 2013 pori
BcecBiTHs acamOinest OXOpOHU 370pOB’ sl IPUNHS-
na KoMrmiekcHUM miaH Aifl 3 MCUXIYHOTO 3[0-
poB’st Ha 2013-2020 pp., sikuii 3000B’s13aB BCiX
JIepKaB-4JICHIB B)KMBAaTH KOHKPETHUX 3aXOMiB
JUTSL TIOKpaneHHs: ncuxiunoro 3aopos’ss (WHO,
2013). Opnak, migcymyBaBIIu 3po0ieHe 3a lei
nepiog, BOO3 koHcTarye, 1Mo KiHIEBI O4iKyBa-
HI TOYKHM B TUIaHI BJIOCKOHAJCHHS TCHUXIYHOTO
3IIOPOB’sl, SIKI HABEJCHI B I[bOMY IUIaHI, HA KaJIb,
He A0cArHyTi. ToMy TepMiHU JocsirHeHHsT Komr-

JIEKCHOTO T1any Oyno npoaosxeHo A0 2030 poky
(WHO, 2021). I y nHoBomy BuaaHHI ATiacy TcH-
X1YHOTO 37I0pOB’sl, AkHi omyOnikoBaHo BOO3,
3a3HavaeThbes, 10 B yac manaemii COVID-19,
KOJIM JIFOJICTBO TMOTpedye OCOOMUBOI yBaru Jo
MICUXIYHOTO 3JI0pOB’S, Ha >Kajb, HEIOOAEPKYE
SIKICHOI TIOCTYTH, 110 aBTOMAaTHYHO CTBOPIOE J0-
naTkoBy yBary jo mnporo nutanHs (WHO Report
highlights global shortfall in investment in men-
tal health, 2021).

[Tinumena motpeba y 3B’S3Ky 3 MaHIEMi-
eto COVID-19 ne omunyna i Ykpainy. Oxpemoi
yBaru JI0Jal0Th Ha3pili MUTaHHA peQopMyBaH-
HS TIAXOIB J0 JIIKYBaHHS TCUXIYHUX PO3JIadiB
3 OMTUMAJIBLHUM PO3MOJIIOM Ta BUKOPUCTAHHIM
OIOIDKETHUX KOIITIB, TaK 1 MUTaHHS €(h)eKTHBHOC-
Ti ICHYIOYOi CUCTEMH JIIKYBaHHS Talli€HTIB 3 TICH-
xiyaumMu poznagamu (Homy VYkpaini morpideH
HOBMH 3aKOH MPO MCUXigHE 3710poB’s1?, 2022).

3 IIbOTO KOHTEKCTY JICTIPECis IK HAUTIOTUPEHi-
IV ICUX1YHUHN PO3Ial, BiJI IKOTO Y CBITI MOTEP-
naroTh Maike 300 MUIBHOHIB JIFOAEH, BUTAETHCI
[[IKaBUM 3 HAyKOBOI TOUKH 30Dy, a JOCTIKECHHS
PUHKY TIpemnapariB, sIKi BUKOPUCTOBYIOTHCS ISt
KOPEKIIii IbOTO CTaHy — Ha/IBAKITHBUM.

Came aHTHUIIETIPECAHTH 3a3BHUYAl 3aCTOCOBY-
I0Th TIpU KIIiHIYHINA Aemnpecii, ane iX epeKTuB-
HICTb JIOC1 3aJIUIIAETHCS TPEAMETOM 0O0TOBOPEHB
1 cymepedok. A OIS CYy4acHHX JITepaTypHUX
JUKepes, HayKOMETpUYHMX 0a3 3a KIIOYOBHUMU
CJIOBaMU «JICTIPECISD» 1 «AaHTUICTIPECAHTI JIUIIIE
nonaB cyMmHiBiB y 1iii mpoonemi (I'y3iit, 2019).
OckinbkH KJIiHIYHA JIenpecis € A0BOJi TUCKYTa-
0eTbHOI0 TEMOIO, TO JIOTIYHUM BHUJAETHCS MOYa-
TOK pOOOTH 3 OIVISIIy PUHKY aHTUICTIPECAHTIB.
Sx BiIOMO, BIAMOBIAHO 10 MIXHAPOAHOI Kia-
cudikamii, rpyna JI3 mis mikyBaHHs aenpecii
KonmytoThess ik NOOA — aHTHUIENpPECaHTH, SKI,
B CBOIO 4epry, HMOAUISIOTHCS Ha IIiJKaTeropii:
NO6AA Non-selective monoamine reuptake in-
hibitors, NO6AB Selective serotonin reuptake in-
hibitors, NO6AF Monoamine oxidase inhibitors,
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non-sclective, NO6AG Monoamine oxidase A
inhibitors, NO6AX Other antidepressants (WHO
ATC/DDD Index 2022, 2021). 3rizHO MPOTOKO-
JIiB JIIaTrHOCTUKHU Ta JIIKyBaHHS MAI[I€HTIB 3 IICH-
xiuHuMH posznagamu (HoBi KiIiHIYHI TPOTOKOIH:
nicuxiaTpis: (¢pinceka Bepceis), 2020), ski imMruIe-
MEHTOBaHi B YKpaiHi, 115 e(peKTUBHOTO JIiKyBaH-
HA Jernpecii noTpiOeH IHAWBIAyaTbHUN MIAXid 3
MOXJIMBICTIO 3aCTOCYBaHHS PI3HOMAaHITHHUX Ipe-
napariB 3 pisHEX miaryn rpyna NO6A. A cranoM
Ha 2022 pik knacudikamis aHTUICTIPECAHTIB, 10
MIpe/ICTaBJICHI HA pUHKY YKpaiHU, BKIIIOYAE JIUILIE
niarpynu NO6AA, NO6AB ta NO6AX, 110 cTBO-
PIO€ HEBIAMOBITHICTh MK MIKHAPOIHUMHU PEKO-
MEH/IAI[ISIMHU Ta PEATBHOIO CUTYAIIEI0 HA PUHKY.

Mera

MerToro 1aHo1 CTaTTi € KOMIUICKCHUNA acOpTH-
MeHTHHI aHami3 rpymu NOOA «AHTHUIETIpECcaH-
TH» Ha (papMaleBTUHYHOMY PUHKY YKpaiHH.

Marepiaau i MeTonan

BuBYeHHS aCOPTUMEHTY 3apeecTpOBaHUX Ha
(apMalleBTUYHOMY PUHKY aHTHUJICIIPECAHTIB
MPOBOAMJIM BIJMOBIAHO O AHATOMO-Teparie-
BTUYHO-XIMIUHOIO Kiacupikariero (ATC-kmacu-
¢ikarmis) Ta qanux Jlep>kaBHOTO peecTpy JiKap-
cekux 3aco0iB (JI3) Ykpainu ([lepxaBHuii peectp
Jikapchkux 3aco0iB Ykpainm). O0’exramu J0-
ciipkeHb Oyma iHdopMallis Tpo 3apeecTpoBaHi
B Ykpaini JI3, siki Hanmexxats 10 kareropii NO6A
«AunTtunenpecantn», a came rpynu NO6AA «He-
CEJIEKTUBHI 1HTIOITOpU 3BOPOTHOTO HEWPOHAIIb-
HOro 3axBary MoHoaMiHiB», NO6AB «Cenek-
TUBHI 1HTIOITOPH 3BOPOTHOTO HEHPOHAIHLHOTO
3axBary cepoTtoHiHy» Ta NO6AX «Iumr aHTHIE-
npecanTu». SIk qoaaTkoBi iHpopManiiHi Marepi-
anu Oyno BUKOpHCTaHO: HopMaTuBHO-AUPEKTUB-
Hi JOKyMEHTH MiHiCTepCTBa OXOPOHU 37I0POB’SI
(MO3) VYkpainu (HIAJI MO3 VYkpainu) Ta 10Bi-
Huk JI3 «KomneHnaiym oHmainy.

[lin uac pmocHiIKEeHHS BUKOPHCTOBYBAIU
CHUCTEMHHH, CTPYKTYpHUH, TpadiuHuii Ta y3a-
TJIbHIOIOYUI METO/IH.

Pe3yabTaru

BignoBigHo no ganux JlepkaBHOTO peecTpy
JI3 VYkpainu cranoMm Ha ciyenb 2022 poky 3
ypaxyBaHHSM IpenapariB, M0 BUPOOISIOTECS Y
pi3HUX T03yBaHHAX 3apeecTpoBaHo 149 topro-
BHX HaliMeHyBaHb JI3, K1 HaneXaTb O KaTero-
pii NO6A «AHTHAENIPECAHTH» Ta NMPEACTaBICHI

ISSN 2786-6661
¢ISSN 2786-667X

Puc. 1. Cermenrarisi aHTUCTIPECAHTIB
3a BUPOOHUKOM

20 MDKHapOAHMMM HENAaTeHTOBAaHWMHU Ha3BaM
(MHH). I3 ycix 3apeectpoBaHuX Ha ¢apmarie-
BTHYHOMY PUHKY YKpaiHU aHTHICTIPECAHTIB CJIi]|
BIIMITUTH 52 mpemnapard i3 0OMeXeHUM TepMi-
HOM JIii peecTpariifHoro MoCBiYCHHS.

Takox ciif BIAMITHTH, 110 (papMarieBTUYHUI
PUHOK aHTUIENPECAHTIB € IMIIOPTO3aJIEKHUM,
YyacTKa JaHUX MpernapariB iHO3eMHOTO BUPOOHHU-
urBa ckiaanac 81,9 %, ta mume 18,1 % cxianma-
10Th JI3 BiTuM3HsIHOTO BUpOOHMLITBA (pHC. 1).

Ha ¢apmaneBtuunuii puHOK VYKpaiHu aH-
TUJETPECaHT IMIOPTYIOTh 13 19 KkpaiH cBiTy.
OcHOBHMMHM KpaiHamu iMmmoprepamu €: [Humis —
18,9 %, Cnosenis — 12,3 %, Himeuunna — 9,0 %,
[Tonpma Ta Typeuunna — o 7,4 %, Yropmuna—
5,7 %. Inmi kpainu cymapHo 3aiimarots 39,3 %
(dapMalLeBTUYHOTO pUHKY iIMIopTHUX JI3 13 Kare-
ropii NO6A « AHTUAECTIPECAHTHY.

oo BITYM3HSAHUX BUPOOHUKIB, TO iX HacT-
Ka Ha (hapMaleBTUYHOMY PHUHKY € HE3HayHOIO,
e 6 BITYM3HSHHUX (apMareBTHUYHUX KOMITa-
Hill IpeNCTaBIAIOTh aHy IpyIly Mpenapari. 3a
o0carom BupoOHunTBa AaHux JI3 nomiHyroui
no3uuii 3aiimarore TOB «XapkiBcbke (apma-
LEBTUYHE MIANPHUEMCTBO «310pPOB’SI HApOAY» —
25,9 %, TOB «®apma Crapt» — 18,5 %, TOB
dapmatieBTHUHA KoMnanis «310poBys» — 14,9 %,
AT «KwuiBcbkuii BiTamiHHME 3aBom» — 11,1 %,
ITAT «®apmax» — 11,1 %, I[IpAT «Texnonor» Ta
TOB «Hocniganii 3aBox “T'HIJIC» mo — 7,4 %
ta AT «KuiBmennpenapar» — 3,7 %.

binbmicts JI3 nis nikyBaHHS aenpecii BUpo-
OJSIFOTBCSL Y BUIVISIII TBEPIUX JIIKAPCHKHUX (hopm,
a came tabnetok — 71,8 % Tta kamncyn — 26,8 %.
JI3 nyst mapeHTepaIbHOrO 3aCTOCYBaHHS 3aiiMa-
10Th 1,4 % pocnigxyBaHoro acoptumenty JI3

(puc. 2).
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Js
MapeHTepaIbHOIo
3aCTOCYBaHHS
Kancymu 1.4 %
0,
26,8 A)\ Tabnerku

71,8 %

Puc. 2. CermeHraltisi aHTUACTIPECAHTIB
3a (hopMor0 BUITYCKY

HaituncenpHIow rpynor 3a KUTbKICTIO MO-
3ulliii Ha (apMaleBTUYHOMY PHUHKY € Trpymna
NO6AX «IHmn aHTHAETIpECaHTH», fKa 3alMae
47,60 % Ta He HaANEXKHUTh A0 JKOIHOI Kareropii,
aJiKe 3a XIMIYHUM CKJIaJI0M, a TAKOK MEXaHI3MOM
nii Bouu BinpisHstoTbesa. Cepen rpynu NOO6AX
HAYMCENBHIIINMU € MiArPYNu: AYJTOKCETUHY —
25 JI3, Bennadakcuny 16 JI3 Ta miprazaniny — 11
JI3, sIxi mpencTaBieHi Ha PUCYHKY 3.

Oo0roBopenHsn

BimgmoinHo no ATC xnacudikarmii, rpymna
NO6A «AHTHIEnpecaHTn», KiIacU(iKyeTbcs Ha
niarpyny NO6AA «HecenextuBHi iHribiTOpH
3BOPOTHOTO HEHPOHAIBHOTO 3aXBaTy MOHOaMi-

Puc. 3.

ATC xnacudikaris
rpynu NO6A
«AHTHIETIPECAHTI»
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HIBY, K1 II0YaJI BUKOpHUCTOBYBaTH i3 1950-X po-
KIB Ta Ha CHOTOJHI BOHHU CKJIamaroTh juiie 8,1 %
PUHKY, 1110 MOJKHA TIOSICHUTH MEXaHi3MOM iX Jii,
aJke MPeCTaBHUKU JaHOi IpynH (KIACHYHUM 13
SAKHX € aMITPUNTHIIIH) OJOKYIOTH 1 1HIII MeiaTo-
pH, UMM 3yMOBITIOIOTh HeOaXkaHi TOOIuHI €(heKTH.
Cepen sIKMX BTOMa, COHJIMBICTB, 3aKpeTl, HaAMIip-
HE TOTOBUJAUIECHHS, TaXiKapis, 3almaMOpOoyYeH-
Hs1, TPOOJIEMH 13 CEYOBUBITHOO CUCTEMOIO Ta 1H
(Opoc, 2020). ITiarpynmy NO6AB «CenexktuBHi
1HTI6ITOpH 3BOPOTHOTO HEMPOHAIBHOTO 3aXBaTy
CepoTOoHIHY» 3aiimaroTh 44,3% Ta MaloTh 3HaYHO
MEHIIy KUTBKICTh MOOIYHUX e(eKTiB, HIX rpymna
NO6AA, Tak sk MexaHI3M iX (papMakoIoTidyHOT
i1 3aCHOBaHMI HA 30UTBIIICHHI KOHIICHTpAITii ce-
POTOHIHY Yy MO30K, 1110 PErYJIIO€ HACTPIi.
BaxnuBoro ocobmuictio rpynu NO6A «An-
TUACTIPECaHTH» € ToH (akT, mo yci JI3 € MoHo-
mpernaparamMu, M0 MOSCHIOEThCS MEXaHI3MOM iX
nii. Takosk, OibIla YacTKa JOCIIHKYBAaHOT TPYITH
€ CHHTETHYHOIO ITOXO/KEeHHS — 96,6 %, Ta Juiie
3,4 % - JI3 Ha OCHOBI JIKapCHKOT POCIUHHOI CH-
pPOBUHH, a caMe — TpaBH 3BipoOOI0 (Tiarpymna
NO06AX25), edheKTUBHICT SKOTO JOBEJCHA Y Je-
KUTbKOX MeTaaHaiizax (Bongiorno, 2010). Tpasa
3Bip0o00I0 rajbMy€ CHHANTOCOMAJIbHE MOTITMHAH-
HS HEHPOIEPEHOCHHUKIB CEpPOTOHIHY, HOpajpe-
HaJiHy, nTomamidy. HanTomiantponu (TinepHIvH,
TICEBJIOTINEPHUIIMH), MOXiTHI (QrIoporonuny (Ti-
nepdopuH) 1 ¢GIaBOHOIIM 3a0e3MeUyIOTh JaHy
(dapmakonoriyay Airo. Takoxk ¢ BiIMITHTH, IO
came JI3 Ha OcHOBI TpaBHu 3Bipo0OIO € Oe3perer-
TYPHHMH, TOJI K oHa 96 % JI3 maHoi kareropii
JI03BOJICHI JI0 BIAITYCKY JIMIIIE 32 PEIETITOM JTiKapsi.
Aute ciij 3a3Ha4nTH, 1110 BianosigHo ATC-kia-
cudikamii Ykpainu, nana rpymna JI3 kmacudiky-
€Tbes ynnie Ha 3 miarpynu. Ha dapmaneBrud-
HOMY PHMHKY BifacyTHi JI3 mie 3 aBOX MiArpyIl,
[0 CTBOPIOE JIOIaTKOBE PUHKOBE BikHO. [Ipore,
B YKpaiHi rapMOHI30BaH1 IPOTOKOJH, €, 3T1THO
pEeKOMEHAIN AJIs JIIKyBaHHS JIenpecii, mporo-
HYIOTbCS TIpenapary (Hampukiana, Mokmobemin,
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Hoprpuntunin, Tpuminpamin, Minnanunpas ta

1H) 5IK1, Ha JKaJib, HE 3aPEECTPOBAHI B YKpaiHi.
BucHoBku
Orsg acopTuMeHTy npenapatiB rpyrnu NO6A

«AHTUJETIPECAHTN» Ha BITYM3HSIHOMY (hapMarie-

BTUYHOMY PUHKY y 2022 p. nmokasas, 1110:

1. HoMmeHkIaTypa aHTHACTIPECAHTIB copMOBa-
Ha 149 JI3 Ta npeacrasnena 20 MHH;

2. Ha punky JI3 mis nikyBaHHS Jenpecii 4iTKo
JIOMIHYIOTh 1HO3eMHI (hapMaIieBTUYHI KOMITa-
Hil, @ YaCTKa BITYM3HSIHUX (ipM MpeacTaBie-
Ha jume 18,1%, mo cBiauuTh npo norpedy
posmpenHs aanoi rpynu JI3, amke 9 i3 20
MHH He MaroTh KOTHOTO BITUYU3HSIHOTO Tpe-
napary.

3. BiacytHicTh Ha puHKY nBOX miarpyn (NO6AF
ta NO6AG) cTBOpIOE TEBHI MPOOIEMH [10-
CTyMy TAaIi€HTIB J0 SAKICHOT Ta €()EeKTHUBHOI
Tepamii, pexomeHaoBaHoi «lIpoTrokomammu
JIIarHOCTUKH Ta JIIKyBaHHS TAIli€HTIB 3 TICH-
X1YHUMH po3iagamiu (piHceka Bepcis)», 2020
POKY.
dinaHCyBaHHA
JlaHa cTaTTs He OTpUMYyBaJia 30BHIIIHBOTO (i-

HAHCYBaHHS.
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Analysis of the assortment structure of antidepressants on the domestic
pharmaceutical market
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Abstract: a feature of the course of diseases, the correction of which requires the use of antide-
pressants, is the small number of requests for specialized help in the early stages of the development
of mental disorders. This creates certain limitations for fast and effective therapy. However, given
that depression is the most common mental disorder in the world, there is a certain scientific interest
in researching this pathology. The purpose of the work is a comprehensive assortment analysis of the
group NO6A «Antidepressants» on the pharmaceutical market of Ukraine. The study of the assort-
ment of antidepressants registered on the pharmaceutical market was carried out in accordance with
the Anatomical-Therapeutic-Chemical classification and the data of the State Register of Drugs of
Ukraine. The objects of research were information on drugs registered in Ukraine, which belong to
category NO6A «Antidepressants». According to the data of the State Register of Drugs of Ukraine,
as of January 2022, taking into account drugs produced in different dosages, 149 trade names of drugs
belonging to category NO6A «Antidepressants» and represented by 20 international non-proprietary
names were registered. Of all the antidepressants registered on the pharmaceutical market of Ukraine,
52 drugs with a limited validity period of the registration certificate should be noted. The pharmaceu-
tical market of Ukraine for the treatment of depression is clearly dominated by foreign pharmaceuti-
cal companies, and the share of domestic companies is represented only by 18.1%, which indicates
the need to expand this group of drugs, because 9 out of 20 international non-proprietary names do
not have a single domestic drug. Antidepressants are imported to the Ukrainian pharmaceutical mar-
ket from 19 countries. The main importing countries are: India — 18.9%, Slovenia — 12.3%, Germany
—9.0%, Poland and Turkey — 7.4% each, Hungary — 5.7%. Other countries collectively occupy 39.3%
of the pharmaceutical market of imported drugs from category NO6A «Antidepressants». But it is im-
portant that according to the Anatomical-Therapeutic-Chemical classification, in Ukraine this group
of drugs is classified only into 3 subgroups. It should be noted that in Ukraine there are harmonized
protocols, where, according to the recommendations for the treatment of depression, drugs are offered
that, unfortunately, are not registered on the domestic market, which is reflected in the absence of two
subgroups: NO6AF and NO6AG, which creates certain problems of patient access to high-quality and
effective therapy recommended by the 2020 «Protocols for the diagnosis and treatment of patients
with mental disorders (Finnish version)».

Key words: antidepressive agents, depression, marketing, mental health, COVID-19.
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catarrhal and aphthous stomatits” symptoms relief
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Abstract: inflammatory diseases of the oral cavity, in particular catarrhal and aphthous stomatitis,
create significant discomfort for patients in everyday life. The occurrence of stomatitis in adolescents
can be associated with numerous factors: bacterial and viral infection, insufficient oral hygiene,
trauma of the mucous membrane, unbalanced nutrition, allergic reactions, some types of systemic
diseases etc. Medicated lozenges have advantages for use in adolescents, as they have an interesting
appearance (resembling a candy), pleasant taste and aroma, do not require swallowing or washing
down with water, release active pharmaceutical ingredients by gradual dissolution in the oral cavity,
which ensures their local action. The present work is aimed to develop different formulations of med-
icated lozenges for catarrhal and aphthous stomatits " symptoms relief. The objects of the study were
experimental samples of lozenges with licorice root and propolis extracts. They were chosen as active
ingredients due to their antimicrobial properties, as well as their ability to improve the general condi-
tion of the periodontium and reduce the outbreak of aphthae in stomatitis. Lozenges were prepared by
heating and congealing method using different concentrations of active pharmaceutical ingredients
and excipients (candy base substances — sugar substitute (isomalt), glucose syrup, carboxymethyl
cellulose). 3 best formulations that had a uniform color distribution and were transparent, not sticky,
had no external surface defects were subjects of the development and analysis. Obtained medicated
lozenges were evaluated for physical parameters like weight variation, diameter and thickness, and
pharmacotechnological evaluations like friability and hardness by pharmaceutical standard methods
from State Pharmacopoeia of Ukraine 2.0 (2.9.5, 2.9.7, 2.9.8). Selected samples had homogeneous
physical parameters: average weight in the range of 6.98-7.00 g (none of the formulations had a devi-
ation of more than = 5%), diameter 3.51 cm, thickness 5.04-5.11 mm. The obtained values of hardness
and friability (less than 1% for all formulations) indicate satisfactory mechanical strength of the dos-
age form. Stability study was carried out at (15-25) °C and 60+5 % humidity rate and was determined
by evaluating the appearance and pharmacotechnological parameters. The values of hardness and
friability were constant throughout the storage period for all formulations. Stability studies indicated
that the formulations Ne 1 and 2 were stable for 30 days. The present research allowed to develop
formulations for obtaining a pleasant-tasting dosage form intended for relatively slow dissolution in
the oral cavity — medicated lozenges for use in adolescents to alleviate the symptoms of catarrhal and
aphthous stomatitis.

Key words: dosage forms, glycyrrhiza, oromucositis, licorice, stomatitis.
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Introduction

Inflammatory diseases of the oral cavity, in
particular catarrhal and aphthous stomatitis, cre-
ate significant discomfort for patients in every-
day life. With untimely medical care and the use
of self-treatment methods, the disease progress-
es and leads to the formation of significant and
painful ulcers (aphthae) in the oral cavity, fever,
general weakness, etc. Since the prevalence of
the disease is extremely high (up to 25% of the
population suffers from stomatitis) and has a
high risk of recurrence (up to 50%), timely di-
agnosis and therapy are key in the treatment of
this health status (Koberova et al., 2020). The
occurrence of stomatitis in adolescents can be
associated with numerous factors: bacterial and
viral infection, insufficient oral hygiene, trau-
ma of the mucous membrane, including in the
case of improper selection of hygiene products
(hard toothbrush, too large interdental bristles,
improper brushing technique), unbalanced nu-
trition, allergic reactions, some types of sys-
temic diseases (Hara et al., 2019, Koberova et
al., 2020). As noted by Koberova et al. (2020),
extremely important factors in the treatment of
stomatitis in adolescents, in addition to drug
treatment, are compliance with a special diet
(non-traumatic for the oral mucosa) and thor-
ough and gentle brushing of teeth and interden-
tal spaces, which sometimes is impossible for
adolescents to do on their own without the help
and control of parents.

In order to ensure the required level of com-
pliance, we chosed a solid form of hard candy
lozenges group as a dosage form — lollipop. Med-
icated lozenges have advantages for use in ado-
lescents, as they have an interesting appearance
(resembling a candy), pleasant taste and aroma,
do not require swallowing or washing down with
water, release active pharmaceutical ingredients
by gradual dissolution in the oral cavity, which
ensures their local action, so they can be alter-
native dosage forms (Hordiienko & Nroshovyi,
2017, Pawar et al., 2018, Shetty et al., 2019, He-
jaz et al., 2020, Sahoo et al., 2021). In addition,
from a technological point of view, lozenges are
quite simple to produce, process do not require
special equipment and expensive excipients
(Jagadeesh et al., 2017).
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Classically, the basis of lozenges is a candy
base (caramel), consisting of sugar or its substi-
tutes. From the point of harmlessness to the oral
cavity, isomalt is an alternative to sugar, because
oral bacteria cannot convert it into polyglucan,
from which, in turn, plaque is formed (Kini et al.,
2011, Hordiienko & Nroshovyi, 2017).

The choice of formulation's components was
based on the analysis of scientific publications.
It has been proven that licorice extract prevents
the formation of caries, as it has an antimicrobial
effect on Streptococcus mutans and Lactobacillus
acidophilus (Messier et al., 2012, Almaz et al.,
2017, Moritani et al., 2018, Chen et al., 2019, Rai
etal., 2020). It is worth noting that excessive con-
sumption of licorice can lead to high blood pres-
sure, hypokalemia, swelling of the legs, bloating,
headaches, and fatigue. Licorice also has estro-
genic activity and can have an abortifacient ef-
fect, so it is contraindicated during pregnancy
(Nazari et al., 2017, Al-Snafi, 2018, Sharifi-Rad
et al., 2021). Preparations containing licorice ex-
tract are not recommended for children under 12
years of age. If the normal level of consumption
is observed in adequate doses, licorice extract
does not show or shows small amounts of adverse
reactions (Al-Snafi, 2018). The European Food
Safety Authority panel specify that licorice ex-
tract is safe up to 100 mg daily as a food additive
(Sharifi-Rad et al., 2021). It is suggested that the
acceptable daily dose of glycyrrhizin (as one of
the main chemical components) is 0.015-0.229
mg/kg body weight/day (Isbrucker et al., 2006 as
cited in El-Saber Batiha, 2020).

Propolis is able to inhibit the growth of bacteria
in the oral cavity, improve the general condition
of the periodontium and reduce the outbreaks of
aphthae in stomatitis (Samet et al., 2007, Saeed
et al.,, 2021). In combination, these components
can reduce the impact of risk factors for the de-
velopment of inflammatory diseases of the oral
cavity and alleviate the symptoms of their mild
manifestations.

Aim

To develop a formulation of medicated loz-
enges with licorice root extract and propolis oil
extract by comparing the physical and pharma-
cotechnological parameters of experimental sam-
ples.
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Materials and methods

Such active pharmaceutical ingredients and
excipients were used: licorice root extract (Za-
gros Licorice Co., Iran), propolis oil extract
(Ingredient China Group Ltd., China), isomalt
(Laped, Italy), glucose syrup (Laped, Italy), car-
boxymethyl cellulose FH 6000 (supplier «In-
grediay LLC, Ukraine), purified water, citron
flavoring. Lozenges were prepared by heating
and congealing method: the required amount of
water, isomalt and glucose syrup was heated to a
temperature of 160-170 °C until the isomalt crys-
tals were completely dissolved. The flavor was
added at a reduced temperature to 120-130 °C.
Introduction of licorice root extract and propolis
oil extract, carboxymethyl cellulose to the mix-
ture was carried out at 80 °C. The homogeneous
mixture was poured into calibrated molds and
left to congealing for 1 hour at room temperature
20+5 °C. The obtained lozenges were subjected
to various physical and pharmacotechnological
evaluations immediately after congealing, and
after 7 and 30 days storage period at (15-25)°C
temperature and 60+5 % humidity rate (formu-
lations were wrapped in foil and storaged in a
hermetically sealed polymer container). The
pharmacotechnological parameters of the dos-
age form were determined. 20 lozenges were
weighed on an electronic balance TBE-0.5-0.01
and the average weight and weight variation
were calculated (the permissible deviation from
the average should be not more than + 5%). The
diameter and thickness were measured for 10
lozenges with a Dnipro-M HP-15 caliper. Deter-
mination of friability was carried out on the PTF
10E single-drum tablet friability test instrument,

ISSN 2786-6661
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Pharma test for 5 lozenges (permissible value —
not more than 1%). 10 lozenges were subject-
ed to the hardness test on PTB-M manual tablet
hardness testing instrument, Pharma test (SPhU
2.9.5,2.9.7,2.9.8, Jagadeesh et al., 2017, Shetty
et al., 2019).

Results

3 formulations formed visually the best loz-
enges after numerous experimental attempts
(Table 1). They were subjects of the develop-
ment and analysis. The obtained samples had a
uniform color distribution, were transparent, not
sticky, had no external surface defects.

Obtained medicated lozenges were evaluat-
ed for physical parameters like weight variation,
diameter and thickness, and pharmacotechno-
logical evaluations like friability and hardness
by pharmaceutical standard methods from State
Pharmacopoeia of Ukraine 2.0 (2.9.5, 2.9.7,
2.9.8) immediately after congealing and after 7
and 30 days storage period (Table 2). Selected
samples had homogeneous physical parameters:
average weight in the range of 6.98-7.00 g (none
of the formulations had a deviation of more than
+ 5%), diameter 3.51 cm, thickness 5.04-5.11
mm. The obtained values of hardness and fria-
bility (less than 1% for all formulations) indicate
satisfactory mechanical strength of the dosage
form. Stability study was carried out at 20+5°C
temperature and 60+5 % humidity rate and was
determined by evaluating the appearance and
pharmacotechnological parameters. The values
of hardness and friability were constant through-
out the storage period for all formulations. Sta-
bility studies indicated that the formulations Ne 1
and 2 were stable for 30 days.

Table 1. Formulation table of licorice root extract and propolis oil extract medicated lozenges

Ingredients (%) Formulation Nel | Formulation Ne2 | Formulation Ne3
Licorice root extract 1,5 1,5 1,5
Propolis oil extract 1,5 1,5 1,5
Isomalt 80 80 80
Glucose syrup - 2 1
Carboxymethyl cellulose 1 - |
«Citrony flavour 1 drop 1 drop 1 drop
Purified water 16 15 15
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Table 2. Physical and pharmacotechnological evaluations of lozenges formulations after congealing
and during stability studies

Evaluation Formulation Nel Formulation Ne2 Formulation Ne3
Storage period - 0 days
Appearance Light yellow transparent lozenges, pnifom} in shape, without external surface
defects, sometimes with air bubbles
Weight Variation (gm)£SD 7,00+0,06 6,98+0,07 6,99+0,08
Diameter (cm) 3,510+0,010 3,510+0,008 3,510+0,008
Thickness (mm) 5,11+0,04 5,04+0,05 5,04+0,06
Friability (%) 0,52 0,38 0,43
Hardness (N/ cm2) 92,58+0,05 73,62+0,27 73,66+0,24
Storage period - 7 days (stability studies)
Appearance Unchanged Sticky and shiny surface
Friability (%) 0,54 0,46 0,49
Hardness (N/cm2) 92,64+0,11 73,71+0,19 73,85+0,26

Storage period - 30 days (stability studies)

Appearance Unchanged Sticky and shiny surface

Friability (%) 0,54 0,49 0,49

Hardness (N/cm2) 92,69+0,08 73,78+0,22 73,97+0,25
Discussion and water affected the hardness and quality of the

There are few publications of design and de-
velopment lozenges™ various formulations with
herbal ingredients. Hu et al. (2011) developed a
sugar-free candy formulation with licorice root
extract using a mixture of starch hydrolysate and
acesulfame potassium (as a candy base), flavors
and colors. The use of this sweetener raises some
questions, because acesulfame potassium is a
substance that is regulated in European consump-
tion standards — it can't be used in food process-
ing industry in the European Union (Commis-
sion regulation (EU) 2018/97, 2018). Bane et al.
(2022) formulated a candy base of lozenges with
Emblica officinalis extract with a mixture of iso-
malt and mannitol.

Technologically, the manufacturing process
consisted of 3 main stages: preparation of the can-
dy base (caramel), the introduction of active in-
gredients and the formation of lozenges. All these
stages caused certain difficulties in implementa-
tion. For example, the slightest deviation from
the optimum temperature led to unsatisfactory
performance, the caramel formed a viscous mass
that did not congeal. Increasing or decreasing the
percentage of both the sum of active ingredients

formed candy structure, some experimental sam-
ples melted in the hands (at body temperature).
The ratio of the content of isomalt, glucose syr-
up and carboxymethyl cellulose had an influence
on the hardness of the obtained dosage forms as
well. It should be noted that the primary obtaining
of the hard candy structure of the candy base with
active ingredients immediately after congealing
does not guarantee the preservation of the struc-
ture during storage period. The lozenges with a
mixture of carboxymethyl cellulose and glucose
syrup (formulation Ne 3) formed a solid solution
and congealed in a certain period of time, but
during storage the lozenges became sticky, lig-
uid drops appeared on the surface. That indicates
a high level of formulation hygroscopicity. For-
mulation Ne 1 formed a thick consistency, which
formed a very hard candy structure. The presence
of carboxymethyl cellulose prolongs the action of
the lozenges in the oral cavity due to high hard-
ness and increased dissolution time of the dosage
form. Formulation Ne 2 containing 80% isomalt
and 2% glucose syrup formed a classic cara-
mel structure, which congealed within 1 hour,
forming a lozenge of a certain shape that did not
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change its structure during the storage period. In
the process of resorption, the lozenges did not
lose their shape (did not disintegrate) and did not
stick to the teeth. The proposed formulations Ne
1 and Ne 2 allow to form medicated lozenges of
pleasant taste, moderate sweetness, sufficient or
high hardness and stability. Further studies on the
release of active ingredients are necessary.

Conclusions

The present research allowed to develop for-
mulations for obtaining a pleasant-tasting dosage
form intended for relatively slow dissolution in
the oral cavity — medicated lozenges for use in
adolescents to alleviate the symptoms of catarrh-
al and aphthous stomatitis.
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Po3po0ka Ta TexHOJIOTIYHE TOCTIIKEeHH S JIbOASTHUKIB JIJI51 MOJIereHHsI CHMIITOMIB
KATaApaJbHOIro Ta a)TO3HOI0 CTOMATHUTIB

byrkeBuu Tersina, IlonoBa ’Kanna, KyumeeBa Opuna

Kagenpa anteunoi Ta npomucnoBoi TexHosorii jikiB HMVY imeni O. O. boromonsug, M. Kuis,
VYkpaina
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Butkevych Tetiana
E-mail: but-t@ukr.net

AHOTaNifA: 3anaJbHI 3aXBOPIOBAHHS POTOBOI MOPOXKHUHM, 30KpeMa KarapalbHUN Ta aQTO3HUMI
CTOMATHTH CTBOPIOIOTH 3HAYHHUN JAUCKOM(OPT IS MALIEHTIB y MOBCAKAEHHOMY >XKUTTI. [losiBa cTo-
MaTHUTIB Y MIITKIB MOXe OyTH OB’ 3aHOI0 13 YUCICHHUMH (DakTopamMu: OaKTepiaIbHOIO Ta Bipyc-
HOIO 1H(EKIII€I0, HEAOCTATHBOIO TTr1€HOI0 POTOBOT MOPOKHUHU, TPABMYBAaHHIM CIM30BOT 000JIIOHKH,
B TOMY YMCJI1 IPH HEMPABUIIBHOMY M1/100p1 3ac001B ririeHu, He30amaHCcoBaHe XapuyBaHHS, ajlepriuHa
peaxiiisi, AesiKi BUY CUCTEMHUX 3aXBOPIOBaHb. JIbOASIHUKM BOJIOAIIOTh MepeBaramMu JJisi 3aCTOCYBaH-
HS y MIJUTITKOBOMY Billl, OCKUIBKH MalOTh 111IKaBHIl 30BHIMIHINA BUIVISLA (HAragyroTh LYKEPKY), IPUEM-
HUI cMak Ta apomar, He NoTpeOyIOTh KOBTAHHS UM 3alIMBaHHS BOAOIO, BUBUIBHAIOTH aKTHUBHI (apMma-
LIEBTUYHI IHIPEAIEHTH IPU MOCTYNOBOMY PO3UMHEHHI Y POTOBIA MOPOXKHUHI, 10 3a0e3neuye XHIo
MICIIEBY Jil0, TOMY MOXXYTb OyTH aJbTepHAaTHUBHUMM JIKapChKUMH (opMaMu. MeToro J0CiIKEeHHS
Oyi10 po3poOUTH penenTypy JbOASHUKIB IJIs TIOJIETTIEHHS CUMIITOMIB KaTapaJlbHOTO Ta a)TO3HOTO
cromatuTiB. O0’€KTaMu JOCIIIKeHHS OyJli eKCIIEpUMEHTAIIbHI 3pa3Ku JIbOASHUKIB 13 €KCTpaKTaMu
COJIOZIKM KOPEHS Ta MPOIoicy. IX Oyno o6paHo aKTHBHUMM iHTPEi€HTAMH 3BaKAal0Ud Ha aHTHUMi-
KpOOH1 BJIaCTUBOCTI, a TAKOX 3/1aTHICTh MMOKPALIYBaTH 3arajJbHUNA CTaH MapoAOHTY Ta 3MEHIIyBaTH
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cnanaxu adt npu cromaruTi. s onepkaHHS JbOISHUKIB BUKOPUCTOBYBAJIM METOJ HAarpiBaHHS Ta
3aCTUTaHHsI PI3HUX KOHIICHTPAIli aKTUBHUX 1HI'PEIIEHTIB Ta JOMOMIXHUX PEYOBHUH (CKJIaJ0BHX ITy-
KEPKOBOi OCHOBH — 3aMIHHUKY LYKpY (130MajbTy), TNIIOKO3HOTO CUPOITY, KApOOKCUMETHIILICIIONO3H ).
BizyanbpHo Haiikpari J501HUKH GOpMyBaIH 3 pElEnTypH, sIKi B MOAAIBIIOMY 1 MiIATaId HaIpa-
[IOBAaHHIO Ta aHasizy. OneprkaHi 3pa3Ki MajIy PiBHOMIPHUI PO3MOLT KOJIBOPY, OyJIU MPO30PUMH, HE
JIUTIKMMU, HE MaJld 30BHIMIHIX AedeKTiB moBepxHi. [IpoBoanny Bu3HaueHHS (Pi3UYHUX MMOKA3HUKIB
(cepenHst Maca Ta OIHOPIAHICTH MacH, JiaMeTp Ta TOBIIMHA) Ta (apMAKOTEXHOJOTIYHUX Tapame-
TpiB (CTUPAHHICTh Ta CTIMKICTh IO PO3JABIIOBaHHS) OJEPKAHMUX JHOJSHUKIB BIATOBIAHO METOIHUK
HepxaBuoi ¢papmakornei Yipaiau 2.0 (2.9.5, 2.9.7, 2.9.8). BiniOpani 3pa3ku Maiau ogHOPiaHI (i3nd-
HI TapaMeTpH: CEpPenHI0 Macy y Mexax 6,98-7,00 r (3koaeH 13 3pa3KiB HE MaB BIJXHJICHHS OlIbIIIe
normyctumoro +£5 %), miamerp 3,51 cm, toBmmHy 5,04-5,11 Mm. OnepikaHi 3Ha4E€HHS CTIHKOCTI 710
PO3/aBIIOBaHHA Ta CTUpaHHOCTI (MeHie 1 % s yciX eKkcrepuMeHTalbHHUX 3pa3KiB) CB1IYATh MPO
3aJJOBUTbHY MEXaHIUHY MILIHICTb JIiKapcbkoi popmu. CTabinbHICTh JIbOISHUKIB BU3HAYAIH OIIHIOIO-
YW 30BHINIHIA BUIIST Ta TEXHOJOTIYHI MOKA3HUKH Ticis 30epirans npu temneparypi (15-25) °C ta
Bosiorocti 60+5 %. 3HaueHHS CTUPAHOCTI 1 CTIMKOCTI A0 PO3JABIIOBaHHS OyJM CTAJIMMHU MPOTITOM
YChOTO TEPMIHY CIIOCTEPEIKEHHS IS YCIX €KCIIEPUMEHTATBHUX 3pa3KiB. JlocmiKeHHs CTa01IbHOCTI
MoKa3aly, 0 eKcrepuMeHTabHi 3pa3ku Ne 1 ta 2 Oynu crabineHumu npotarom 30 nHiB. Hassue
JOCTIDKSHHST JTIO3BOJIIIIO C(OPMYBATH PEIENTYPH ISl ONEPKAHHS MPUEMHOI HA CMaK JIKapChKOi
(dbopmH, IpU3HAYEHOI Il BITHOCHO MOBUIFHOTO PO3YMHEHHS y MOPOXKHUHI POTA —JIbOASHUKIB IS
3aCTOCYBAaHHS JITSM Ta MiJUTITKaM 3 METOO IOJISTTICHHS CHUMITOMIB KaTapaJbHOTO Ta a)TO3HOTO
CTOMATHTIB.

Karouosi ciioBa: nikapcbka Gopma, Coo/Ka, JIbOISIHUKH, MTPOTIOJIIC, CTOMATHT.

Copyright: © 2023 by the authors.
Licensee USMYJ, Kyiv, Ukraine.
This article is an open access
article distributed under the
terms and conditions of the Creative Commons Attribu-
tion (CC BY) license. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

Ukrainian scientific medical youth journal, 2023, Issue 1(136)

http://mmj.nmuofficial.com

124


http://mmj.nmuofficial.com
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/ISSN/2786-667X#
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

ISSN 2786-6661
eISSN 2786-667X

UKkrainian Scientific Medical Youth Journal

Issuel (136), 2023

Creative Commons «Attribution» 4.0

UDC: 615.214.2.03-047.44
https://doi.org/10.32345/USMYJ.1(136).2023.125-130

Received: December 06, 2022
Accepted: February 14, 2023

Retrospective analysis of the use of benzodiazepines in anxiety disorders

Hryhoriev Mykyta

Odesa National Medical University, Odesa, Ukraine
Address for correspondence:

Hryhoriev Mykyta

E-mail: nikita.grigoriev99n(@gmail.com

Abstract: in times of great social shocks, economic crises, epidemics and pandemics, military
conflicts, usually can be observed the spread of such a group of psychological diseases as anxiety
disorders (ADs). ADs are a widespread group of human behavior disorders characterized by a wide
range of symptoms that cause significant changes in behavior and reduce the patient s quality of life
and may lead to deterioration of his social activity. This group of diseases includes a number of be-
havioral disorders, the characteristic feature of which is the patient s feeling of fear and/or anxiety,
which is usually an excessive and unmotivated reaction to a stimulus or an event that caused them.
As a result of the analysis of available data, it was revealed that benzodiazepines are actively used as
second-line drugs in ADs pharmacotherapy. The pharmacological effect of this group of medications
is associated with an agonistic interaction with GABA , receptors of the central nervous system. It
has also been established that this group of drugs is an effective element of complex therapy together
with antidepressants or as monotherapy of such ADs as generalized anxiety disorder (GAD), panic
disorder (PD), social anxiety disorder (SAD), selective mutism (SM) etc. During ADs therapy with
benzodiazepines, a number of side effects, such as excessive sedation, cognitive impairment, and psy-
chomotor disorder of coordination of movements, have been identified. This group of drugs requires
special caution when used in elderly patients due to possible excessive sedation and impaired cogni-
tive function. But if the recommended course of treatment is followed, benzodiazepines are a safe to
use group of drugs that have a wide spectrum of pharmacological action. The purpose of this work
was to study the available data on the pharmacological properties of benzodiazepine anxiolytics for
the purpose of their use in the pharmacotherapy of diseases belonging to the ADs group. To achieve
this goal, publications and articles devoted to ADs pharmacotherapy methods were reviewed and
analyzed. Materials were searched using the databases Pud Med and Google Scholar.

Keywords: antidepressive agents, anxiolytics, anxiety disorders, benzodiazepines, pharmaco-
therapy.

Introduction

In the modern world, the problem of the ther-
apy of psychological disorders is attracting more
and more attention from health care profession-
als due to the steady trend of their spread among
the population of most countries of the world. In
times of great social shocks, economic crises, ep-

idemics and pandemics, military conflicts, usu-
ally can be observed the spread of such a group
of psychological diseases as anxiety disorders
(ADs).

According to the modern classification of
ICD-11, this group of disorders represents a
wide range of diseases, such as generalized anx-

Ukrainian scientific medical youth journal, 2023, Issue 1 (136)

http://mmj.nmuofficial.com

125


http://mmj.nmuofficial.com
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/ISSN/2786-667X#
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.32345/USMYJ.1(136).2023.125-130
mailto:nikita.grigoriev99n@gmail.com
https://meshb.nlm.nih.gov/record/ui?ui=D000928
https://meshb.nlm.nih.gov/record/ui?ui=D014151
https://meshb.nlm.nih.gov/record/ui?ui=D001008
https://meshb.nlm.nih.gov/record/ui?ui=D001569
https://meshb.nlm.nih.gov/record/ui?ui=D004358
https://meshb.nlm.nih.gov/record/ui?ui=D004358

UKkrainian Scientific Medical Youth Journal

Issue 1(136), 2023

Creative Commons «Attribution» 4.0

iety disorder (GAD, 6B00), panic disorder (PD,
6B01), agoraphobia (6B02), social phobia (SP,
6B04), separation anxiety disorder (SAD, 6B05),
selective mutism (SM, 6B06), hypochondriasis
(6B23.0-6B23.7Z), substance-induced anxiety
disorders (6C40.71- 6C4G.71), Secondary anxi-
ety syndrome (SAS, 6E63) (WHO, 2022).

A key feature of ADs is the presence of the pa-
tient’s feelings of fear and/or anxiety, which are
usually an excessive and unmotivated response
to the stimulus or event that caused them. The
anxious state of the patient can last for sever-
al weeks, months and years after the end of the
stimulus that caused such a state. At that time,
anxiety in a healthy person passes much faster.
In addition, most ADs have their own character-
istics of the course and stimuli that cause them.
For example, PD is characterized by the devel-
opment of short-term panic attacks in the patient,
accompanied by an accelerated heartbeat, lack of
sensitivity in the limbs, nausea or vomiting and
fear of death (WHO, 2022, Copchak O. O. 2018,
Oros & M. M., Sabovchyk A. Ya., 2019). In turn,
GAD manifestations are more chronic: sleep dis-
turbances, irritability, nausea, stomach disorders,
subjective feeling of anxiety, dry mouth (WHO,
2022, Copchak, O. O. 2018). Other ADs, such as
social anxiety disorder (CTP, 6B04) and selective
mutism (CM, 6B06) lead to deterioration of the
patient’s social life and his communication skills
(WHO,2022, Avramchuk O. 2018, Schiele M. A.
& Domschke K., 2021).

Another feature of ADs is the high degree of
comorbidity with other psychological disorders
of other classification groups (depression, obses-
sive-compulsive disorder, schizophrenia, etc.),
which complicates the diagnosis of the disease in
an individual patient (WHO, 2022).

Some ADs are common among patients of
specific age groups. As an example, SM (6B06)
and separation anxiety disorder (SAD, 6B05) are
common among children and adolescents (up to
18 years) (Schiele M. A. & Domschke K., 2021).

Thus, ADs is a widespread group of human
behavior disorders, which is characterized by a
wide range of symptoms that reduce the patient’s
standard of living and can lead to deterioration
of his social activity. Therefore, the question of
ADs therapy is becoming an increasingly rele-

ISSN 2786-6661
eISSN 2786-667X

vant problem in the field of health care.

Aim

The task of this work was to study the avail-
able data on the pharmacological properties of
benzodiazepine tranquilizers with the aim of us-
ing them in the pharmacotherapy of diseases be-
longing to the AD group.

Materials and methods

Publications and articles devoted to ADs
pharmacotherapy methods were reviewed and
analyzed in order to determine the role of benzo-
diazepines in the treatment scheme of this group
of diseases. Materials were searched using the
databases Pud Med and Google Scholar.

Review and discussion

Pharmacotherapy is an integral part of ADs
treatment along with psychological therapy.
Medicines began to be actively used in ADs ther-
apy almost immediately after the discovery of
this group of disorders.

Antidepressants belonging to the groups of
selective serotonin reuptake inhibitors (SSRIs)
and Serotonin—norepinephrine reuptake inhibi-
tors (SNRIs) are used as first-line agents in the
pharmacotherapy of ADs (Copchak O. O., 2018,
Garakani et al., 2020, Karvatska N. S., Burla Sh.
S. & Tkach S. D., 2020). However, therapy with
the mentioned pharmacological means is charac-
terized by the use of medications for a long time,
the slow development of the therapeutic effect,
the presence of side effects (gastrointestinal dis-
orders, sedation, insomnia, sexual dysfunction,
dry mouth, diarrhea or constipation) (Strawn J.R.,
Mills J. A., Sauley B. A. & Welge J. A., 2018).

Therefore, benzodiazepines are actively used
as second-line drugs in ADs pharmacotherapy.
This group of medicines has been actively used in
medical practice since the middle of the 20th cen-
tury. On the pharmaceutical market of Ukraine,
this group of medications is represented by medi-
cations, which are shown in the Table 1.

During more than half a century of use, a large
volume of data on the effectiveness of pharma-
cotherapy, side effects, and metabolism of this
group of drugs has been accumulated. The phar-
macological effect of this group of agents is asso-
ciated with an agonistic interaction with GABA |
receptors of the central nervous system (Gomez
A. F., Barthel A. L. & Hofmann S. G., 2018).
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Table 1
Trade name Active substance Manufacturer
Diazepam-3H Diazepam
Lorazepam-3H Lorazepam “People’s Health” LLP, Kharkiv
Alprazolam-3H Alprazolam
Sibazon IC Diazepam
Gidazepam IC Gidazepam
Levana IC Levana SLC “InterChem”, Odesa
Phenazepam IC Phenazepam
Clonazepam IC Clonazepam
Diazepex Diazepam AS “Kalceks”, Latvia

Unlike most antidepressants, the therapeutic
effect of benzodiazepines begins much faster, al-
though it lasts for a shorter time (Garakani, A. et
al. 2020). The pharmacological effect is observed
within 1-2 days after the start of administration
(Burchinskii, S. G., 2018).

A number of long-acting benzodiazepines
(diazepam, clonazepam, and lorazepam) are
actively used in the pharmacotherapy of GAD
(Strawn, J.R., Geracioti, L., Rajdev, N., Clemen-
za, K. & Levine, A. 2018). Due to a long half-life,
these drugs are able to maintain a high concentra-
tion in the blood plasma for a longer time, which
is an important measure for the effectiveness of
drugs during the treatment of GAD.

However, there is conflicting data regarding
long-term (more than 4 weeks) benzodiazepine
therapy. Some researchers believe that due to the
risk of developing addiction and side effects, the
use of this group of drugs in the treatment of GAD
and other ADs with a chronic course is appropri-
ate only in the absence of the effect of SSRIs and
SNRIs (Karvatska N. S. et al., 2020). At the same
time, there is a point of view according to which
the long-term use of benzodiazepines is justified
if there is a pronounced therapeutic effect during
the first 4 weeks of treatment (Rickels K. & Mo-
eller H. J., 2019). Therefore, drugs of this group
are used for short-term therapy of AD.

Benzodiazepines with a pronounced anti-
convulsant and muscle relaxant effect, such as

clonazepam and midazolam can be used to re-
duce the somatic manifestations of AD, such as
tremors or muscle spasms, which are very com-
mon symptoms in patients with PD (Fogari R. et
al., 2019).

Benzodiazepines can be used together with
antidepressants in the ADs pharmacotherapy
scheme. Thus, it was established that the si-
multaneous appointment of sertraline (SSRI)
and clonazepam leads to a decrease in the side
effects of the antidepressant and an increase in
the pharmacological effect of both drugs (Hoven-
kamp-Hermelink J. H. et al., 2021).

However, this class of drugs also has a number
of disadvantages. A number of side effects, such
as excessive sedation, cognitive impairment, and
psychomotor disorder of coordination of move-
ments, have been identified during ADs ther-
apy with benzodiazepines. This group of drugs
requires special caution when used in elderly
patients due to possible excessive sedation and
impaired cognitive functions (Gomez A. F., Bar-
thel A.L. & Hofmann S. G., 2018). In addition,
the long-term use of benzodiazepines by patients
of this age group is associated with a high prob-
ability of developing dementia, tolerance to the
drug, or even addiction (Garakani A. et al., 2020).

Also, the ability of diazepam to affect blood
pressure and heart rate, which can be observed
at night, has been revealed. At the same time, no
changes in blood pressure were observed during
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the day. A similar phenomenon is usually ob-

served in elderly patients (Fogari R. et al., 2019).

There is a point of view that a similar phenom-

enon is explained by the increased volume of

distribution of diazepam in the body of elderly
patients, although a similar effect of the drug is
observed in patients of other age groups (Foga-

ri R. et al., 2019, Costa A. et al., 2018).

Another significant disadvantage of benzo-
diazepines is their ability to affect the ability to
drive and cause cognitive impairment (Jongen S.,
Vuurman E. F. P. M., Ramaekers J. G. & Ver-
meeren A., 2018).

This pharmacological group of drugs has a
number of contraindications for use, which must
be taken into account when prescribing the drug.
Most benzodiazepines are characterized by the
following number of contraindications:

1. History of abuse of psychoactive substances
or drugs by the patient. Patients with a history
of addiction to opioids and other psychoactive
substances or medications have been found
to be more likely to develop tolerance to ben-
zodiazepine anxiolytics (Gomez A. F., Barth-
el A.L. & Hofmann S. G., 2018). Therefore,
the appointment of the future remedy requires
a preliminary analysis of the patient’s history
of addiction to psychoactive substances.

Is the patient's AD characterized
by a chronic course?

Yes No

v

The usage of
benzodiazepines with
long-term action is
recommended

Is the patient's AD
characterized by limb

tremors or muscle spasms?

Yes No

The usage of

benzodiazepines
with anticonvulsant
action is
recommended

The usage of
benzodiazepines
with short-term

action is
recommended

ISSN 2786-6661
¢ISSN 2786-667X

2. Liver and/or kidney function disorders. In the
case of liver/kidney failure, the use of agents
whose active substance has a long half-life
(diazepam, midazolam, clonazepam, etc.)
requires special caution (Mathé A. A., Mi-
chaneck M., Berg E., Charney D. S., & Mur-
rough J. W., 2020). In the case of drugs that
have a pharmacologically active metabolite
(midazolam, diazepam, etc.), it can lead to an
increase and prolongation of the therapeutic
effect (Margon F. et al., 2018).

3. Sensitivity to the active substance or compo-
nents of the medication.

Conclusions

Thus, benzodiazepines may become a possible
alternative to antidepressants in the pharmaco-
therapy of ADs. However, this group of drugs has

a number of disadvantages, including the pres-

ence of side effects and a limited recommended

course of treatment due to the probable develop-
ment of tolerance and/or addiction to the drug.

But if the recommended course of treatment is

followed, benzodiazepines are a safe to use group

of drugs that have a wide spectrum of pharma-
cological action. A general tactic for the use of

benzodiazepines during AD has been proposed in
Scheme 1. Thanks to this, it becomes possible to

T Scheme 1 Prescribe a drug capable of eliminating

the individual manifestations of ADs of
an individual patient. Agents with anxi-
olytic and anticonvulsant effects (midaz-
olam, clonazepam) may be the drug of
choice for PD to eliminate limb tremors,
muscle spasms, and other manifestations
of panic attacks.

Benzodiazepines with a long half-life
are able to provide a pharmacological
effect that will persist for a long time,
which in turn can be useful in the treat-
ment of GAD and other ADs with chron-
ic symptoms.
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PerpocnekTHBHMI aHAJI3 32CTOCYBAHHSA O€H30/1ia3eNiHIiB PH TPUBOKHUX PO3J1aJax

I'purop’eB Mukura

Opnecpkuii HaiOHAJILHUI MeAMYHMH yHIBepcHuTeT, M. Oneca, YkpaiHna
Address for correspondence:

Hryhoriev Mykyta

E-mail: nikita.grigoriev99n@gmail.com

AHOTaWifA: Y MePioJ] BEIUKUX COIIAIBHUX MOTPSCIHb, CKOHOMIYHHUX KpPHU3, CIiIeMil 1 TaHACMIH,
BiICbKOBUX KOH(ITIKTIB 3a3BUYail CIOCTEPIraeThCs MOMIMPEHHS TaKOl TPYMH MCUXOJOTTYHUX 3aXBO-
proBaHb, K TpuBoXKHI poznaau (TP). TP — mupoxo nmommpena rpyna po3inaaiB MOBEIIHKH JIOIUHH,
10 XapaKTePU3y€eThCS UTMPOKUM CIIEKTPOM CHMIITOMIB, SIKI BUKJIMKAIOTh CYTTEB1 3MiHU B MOBE/IHII
Ta 3HWXKYIOTh SKICTh JKUTTS TAIli€HTa, MOKYTh IPU3BECTH JI0 TIOTIPIICHHS HOTO COIiaIbHOT aKTHB-
HocTi. J{o miel rpynu 3axBOpIOBaHb BXOAWTHh HHM3KA MOBEIIHKOBHX PO3JIAJiB, XapaKTEPHOIO PHCOIO
SKHX € BITIYTTS CTPaxy Ta/abo TPUBOTH y MAIlI€HTA, SIKE 3a3BHYA € HAIMIPHOIO Ta HEBMOTHBOBAHOIO
peaxii€ro Ha MoApa3HuK ado0 MOAio, IO iX BUKIUKaIa. Y pe3yabTari aHali3y HassBHUX JAHUX BHSIB-
JIeHO, 110 OEH30/1ia3eTiHA aKTHBHO BUKOPUCTOBYIOTBCS K IIPETapaT Ipyroro psay y ¢papmakoTepa-
nii TP. ®apmakosnoriunuii eQexT 1€l Tpynu npenapariB MOB’ sI3aHUHN 3 ATOHICTUYHOIO B3a€MOJIIEIO 3
I'’AMK , -penientopamMu 1IEHTPaIbHOT HEPBOBOT cucTeMHU. TakoK BCTAHOBJIEHO, 110 IaHa rPyTIa Ipera-
pariB € eh)eKTUBHUM €JIEMEHTOM KOMILIEKCHOT Teparlii pa3oM 3 aHTHAENpecaHTaMH abo sIK MOHOTe-
pamis Takux TP, sik renepanizoBanuii TpuBoxkHMA po3nan (I'TP), maniunwmii po3mnaz (ITP), comiansHmit
tpuBoxHUI posnazg (CTP), cenexruBauit mytusm (CM) Tomro. I1ix yac repanii TP 6en3oniazeninamu
MOXXE€ BUHUKHYTHU DSl OOIYHMX e(EeKTiB, TAKMX SK HaJMIpHA Celallis, KOTHITUBHI MOPYIICHHS Ta
TICUXOMOTOPHI PO3NaZy. BUSBICHO KOOpAMHAI0 pyXiB. Lls rpymna npenapariB notpedye 0coOnuBoi
00epeXKHOCTI MPH 3aCTOCYBaHHI MAIliEHTaM JITHBOTO BIiKy Y€pe3 MOXKJIMBY HaJIMIpHY CEIaTUBHY [0
Ta MOPYIICHHS KOTHITUBHUX (YHKIH. AJle mpu TOTpUMaHHI PEKOMEHAOBAHOTO KypCy JIKyBaHHS
OeH3o/ia3eniny € Oe3MEYHOI0 ISl 3aCTOCYBAaHHS TPYIOIO TPENapariB, sIKi MalOTh IMUPOKUH CIEKTP
dapmaxonoriynoi nii. MeToro naHoi pobotu Oylio BUBYEHHS HasgBHHUX JaHHUX MPO (HapMaKoIOTiuHi
BJIACTHBOCTI OCH30/11a3eMIHOBUX aHKCIOMITHKIB 3 METOIO iX BUKOPUCTAHHS Y (hapMaKoTeparii 3axBo-
proBanb rpynu TP. JIns nocsrHeHHs MOCTaBICHOI METU Oyllo PO3MISHYTO Ta MPOaHaIi30BaHO IIy-
Omikamii Ta crarTi, npucesdeHi merogam (apmakoreparnii TP. [Tomryk marepiainiB 37iiicHIOBaBCS 3a
J0ToMororo HaykoMeTpuuHux 0a3 nannx Pud Med ta Google Scholar.

KurouoBi ciioBa: aHTHaenpecuBHI 3ac00M, aHKCIONMITHKH, TPUBOXKHI po3naau, OeH30/1ia3ermmiHy,
(dapmaxoreparnis.
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