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Cepepn k1H04HOBUX NPO6NEMHUX (PaKTOPIB, WO CNPUAOTb NOSIBI BigAaneHoi nepndepuyHoi Heliponarii
MOXHa BUAINMUTX TPUBANICTb NPUNOMY, MiABULLEHE A03YBaHHSA Ta MOX/IMBI KOMbiHaUii aHTMMiIKpO6-
HMX NpenapaTiB, NepcucTeHLito i NornMbeHHsa NpOosiBiB MICLLEBOro 3amnasieHHs 3a y4acTi CTinKuX
YMOBHO-NATOreHHNX 6akTepil, AKi KONOHI3YOTb BOrHULLE YpaXKeHHS Ta 34aTHi NnpoayKyBaTu 6e3no-
cepefHbO MeTaboniTv XUTTERIANBHOCTI, HaKTOpW NATOrEHHOCTI 3 npo3anasbHUMU BNACTUBOCTAMMU.
Lle nae 3mMory npumnyctuTyM BaromMy posnb aHTMBIOTMKOTepanii ik onocepeAkoBaHOro SATPOreHHoro
akTopa i NnepcucTeHLii B NEPBMHHOMY BOMHULLI YpaKeHHS aHTU6I0OTMKOPE3UCTEHTUX ONOPTYHICTUY-
HMX 6akTepiin 9K NpeanKTopiB POPMYBaHHS XPOHIYHOrO 601bOBOr0 CUHAPOMY Yy NMOPAHEHMUX.

KnrwouoBi cnoBa: xpoHiuHui 6inb, nicnsonepauiiHuii 6inb, aHTUBIOTUKOPE3UCTEHTHICTL, Nepu-
depuyHa Henponaris.
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Secondary post-traumatic and post-operative pain is a prob-
lem that is increasingly encountered by medical professionals
in Ukraine today in the conditions of war. Chronic pain is an
independent nosological unit, which is a severe complication
of many performed surgical procedures. Chronic pain as a
result of surgical interventions occurs up to 10% of patients.
It develops significantly often after amputations (50-85%),
thoracotomies (5-65%), cardiosurgical interventions (30-
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55%), and chest surgeries (20-50%). Long-term post-oper-
ative pain is one of the primary, mostly unrecognized clinical
problems.

support for their study.
It can be assumed that patients whose wounds do not heal in time -m © All authors, 2024
have a predisposition to the development of secondary chronic @ Bv
pain. The long healing process of the wound surface is directly
related to the following features: the wound microbiota, the resistance of microorganisms to antibio-
tics, the group of antibacterial agents chosen for treatment and the duration of exposure to the drug.

Understanding the interaction between microorganisms and the sensory systems of neurons can
reveal more information for the putative pain mechanisms study.

In recent years, much attention has been paid to studying the concept of pain sensitization.
Inflammation and nerve damage contribute to increased pain signaling, stimulating wound hy-
peralgesia. These processes can directly affect the formation of long-term post-operative pain.

Among the key problematic factors that contribute to the appearance of remote peripheral neu-
ropathy, the duration of administration, increased dosage, and possible combinations of antimi-
crobial drugs should be highlighted, as well as the persistence and exacerbating of manifestations
of local inflammation with the participation of resistant opportunistic bacteria that colonize the
lesion and can directly produce metabolites vital activities, pathogenicity factors with pro-inflam-
matory properties. This allows us to assume a significant role of persistence in the primary lesion
of antibiotic-resistant opportunistic bacteria, as well as antibiotic therapy as a delayed iatrogenic
factor, as predictors of the formation of chronic pain syndrome in the wounded.

Keywords: Chronic pain, postoperative pain, antibiotic resistance, peripheral neuropathy.
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BcTtyn

XpOHi4HUM 6inb — AoMiHytoda xBopoba noa-
CTBa B Cy4aCHOMY CBITi, WO Npn3BOANTb A0 06-
MeXeHHs MOBINbHOCTI Ta WOAEHHOI AiSNbHOCTI.
Piska 3MiHa cnocoby BWKOHaHHS MOBCAKAEH-
HUX GYHKLUIM iHILIlOE pPO3BUTOK i 3MiHY ncu-
XO-couiasibHOro crtaTtycy nauieHTa, TpMBOry Ta
OEenpecito, 3HMKEHHSA AKOCTI XUTTSH, WO TaKoxX
€ (baKTOpOM pU3MKYy NepeavacHoi cMepTi.

XpOHiYHMI 6inb — Le HENPUEMHUA CEHCOPHUM
Ta eMoUuiHWMn A0CBiA, NOB'A3aHui 3 (akTuy-
HMM ab0 MOTEHUiINHMM MOLKOAXKEHHSAM TKaHWH,
aKnin 36epiraeTbca 6inbwe 3 micauis [1, 2].

MoHaa 230 MinblOHIB Ntogen WOPIYHO NPOXO-
OATb XipypriyHe nikyBaHHSA B YCbOMY CBITi, i
IXHSA KiNbKiCTb WopiyHoO 3pocTae [3].

BTOpUHHMI noCTTpaBMaTU4YHKUIA Ta nicnsone-
pauiiHuii 6inb — ue npobnema, 3 AKOK BCe
yacTile CTUKATbCS CbOroAHi B YMOBax BillHM
MeAWYHI NpauiBHUKK B YKpaiHi. XpOHi4YHUI 6inb
€ CaMOCTIMHOK HO30/I0MYHOK OAMHUMLEID, SIKa
€ CEpPMO3HUM YyCKNaZHeHHaM 6araTbox npose-
AeHUX XipypriyHux npoueayp. Hacnpasai BBa-
XaeTbcd, wo o 80% nauieHTiB BigYyBalTb
nicnsonepauiiHMin 6inb pi3HOI IHTEHCMBHOCTI.
FocTpui nicnsonepauinHuin 6inb BUHUKAE Yy
10-50% oci6 nicns 3BMyaiHMX onepauin, Toai
K XPOHIYHWI nicnsonepauiiHuii 6inb Bpaxae
Ao 10% nauieHTiB. OcobnnBo 4acto po3Bu-
BaeTbCsa nicna amnyTauin (50-85%), Topako-
ToMmii (5-65%), kapaioxipypriyHMx BTpy4aHb
(30-55%) Ta onepauin Ha rpyasax (20-50%).
TpuBanuii nicnaonepauinHnii 6inb — OCHOBHA
Hepo3ni3HaHa KNniHiyHa npobnema [4].

BusasneHo noHag 20 XipypriyHux, rncmxocoui-
aNbHUX, FEHETUYHMUX | eKOoNOoriYHMX (akTopis
pu3nky. o HMUX Hanexartb Taki nepepone-
pauiliHi dakTopu: TpuBora, Aenpecis, nopy-
WeHHs moaynsauii 6onto, reHeTUYHI dakTopu,
po3/aAn CHy Ta KaTacTpodiyHicTb. MMig yac iH-
TpaonepauinHoi Ta nicngonepauinHoi gasn 3a-
roeHHsa dakTopamu, ski Tpeba BpaxoByBaTw,
€ XipypridHa TexHika, NowWKOAXeHHS HepBa Ta
ileMis TKaHWH. Y Ni3HbOMY nicnsonepauifHo-
My nepioai BaxxiMBuMu akTopamu € rinepan-
resis nicngonepauinHoro 6onto, xiMioTepanis
abo npomMeHeBa Tepanis, NOBTOpHa onepauis
Ta Ppi3HOMaHITHI ncuxocouianbHi  akTopu.
BpaxoBytouun 6e3niu HelipomeaiaTopiB i mexa-
Hi3MiB 60Nt0, 3any4YeHunX y npouec TpaHchop-
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mMauii roctporo 60110 y XPOHIYHMIN, He AuB-
HO, WO HeMae OCTaTOYHMX (apMaKOIOriYHNX
BTPYYaHb Ans nonepeaxeHHs abo ikyBaHHS
nicnsonepadiriHoro 6onto. 3aasanocsa 6 noriy-
HO, WO KOoMbiHauia MexaHi3MiB Mae 6yTu Ha-
uineHa piHMMKM niaxoaamu AnS MPUrHIYEHHS
LeHTpanbHOI ceHcubinizauii. MabaneHTUHOIAM
BBaXaloTbCHA [AOLUiINIbHMM KNlaCcoOM MpenaparTiB
yepes iX MPUrHiYYyYMA BNIMB Ha HeWpona-
TUYHMA BiNb, @ TaKoX X AHKCIOMITUYHY Aito.
OaHak paHi nitepatypu cynepeunusi. Cucre-
MaTU4HMI ornag 11 paHAOMi30BaHMX KOHTPO-
NnboBaHux gocnigxeHs (PKA) BusaBuMB, WO ra-
6aneHTMH 3HMXYE YacToTy nicnsonepawinHoro
6onto, ToAi K ocTaHHiIn KokpaHiBCbKkMn ornsg
i MeTa-aHani3 ue 3anepeuvytotb [5].

Lle o3Hauvae, Wwo He BCi pakTopu pusnky dop-
MyBaHHSi BTOPUMHHOMO XpOHiYHOro 60510, Wo
BMHMKAE nicng XipypriyHMx BTpy4yaHb, AOCTAT-
HbO BUBYEHI.

OaHak MOoXHa npunycTuUTW, WO BULLI PU3UKK
pPO3BUTKY BTOPWHHOrO XpoOHiYyHOro 6ot Ma-
I0Tb MaLiEHTH, Y AKUX He BiAbyBaEeTbCa BYaACHe
3aroeHHs paHu. TpuBanuin npouec 3arO€EHHS
paHOBOI NOBepxHi 6e3nocepeaHbO MOB'A3aHMNI
3 TakMMu 0CO6NMBOCTAMU: MiKpobioTU paHu,
pe3MCTEeHTHOCTI MiKpOOpraHiamis Ao aHTubio-
TUKiB, rpynu aHTubakTepianbHUx 3acobis, 06-
paHux Ans NiKyBaHHA Ta TPMBAasOCTi eKCcrno3n-

uii npenaparty (Puc. 1).

aminomeTaboaitu

IIaTOHIE€H-
acorimosaHi
MOAEKYAM

NMDA-

penentopm

nposanaasui daxropu
N-bopmia nenTuan
KOPOTKOAAHLIIOTOBI XXMPHi

KICAOTH

PucyHok 1. HenpoimyHHi dbakTopm popmMmyBaHHSA 60510 y
XBOPOroO 3 @aKTMBHUM 3anajibHUM MpoL.ecoM

KniHiuHO 6akTepianbHi iHdeKLUii BUKNMKAOTb
3anasneHHs Ta 6inb, Wo € HENPOIMYHHOLO Bigmno-
BigA0 opradismy. lig yac 3anasneHHa aKTUBHI
IMYHHI KNITUHW B TKaHWHax BWUAINAKTb Mone-
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Introduction

Chronic pain is one of the dominant diseas-
es of humanity in the modern world, which
leads to limitations in mobility and daily activ-
ities. Of course, a sudden change in the way
of performing daily functions initiates the de-
velopment and change of the patient’s psy-
cho-social status, anxiety and depression, and
a decrease in the quality of life, which is also a
risk factor for premature death. Chronic pain
is an unpleasant sensory and emotional ex-
perience associated with actual or perceived
tissue damage that persists for over three
months [1, 2].

More than 230 million people undergo surgical
treatment worldwide each year, and the num-
ber is increasing annually [3].

Secondary post-traumatic and post-oper-
ative pain is a problem that is increasing-
ly encountered by medical professionals
in Ukraine today in the conditions of war.
Chronic pain is an independent nosologi-
cal unit, which is a severe complication of
many performed surgical procedures. It is
estimated that up to 80% of patients ex-
perience post-operative pain of varying in-
tensity. Acute post-operative pain occurs
in 10-50% of people after routine surgery,
while chronic pain as a result of surgical in-
terventions has up to 10% of patients. It de-
velops significantly often after amputations
(50-85%), thoracotomies (5-65%), cardio-
surgical interventions (30-55%), and chest
surgeries (20-50%). Long-term post-op-
erative pain is one of the primary, mostly
unrecognized clinical problems [4]. Over 20
surgical, psycho-social, inherent, and sur-
rounding factors are known as risk factors.
The main pre-operative factors are psycho-
logical disorders, altered perception and
pain, inherent factors, insomnia, and cata-
strophizing. Determinants of the abnormal
healing process which are related to surgi-
cal interventions might be different tech-
niques, nerve impairment, and long isch-
emia. In the remote period, hyperalgesia,
medicines, radiation therapy, re-operation,
and many other personality characteristics
serve as important factors. Unfortunate-
ly, there are currently no definitive proper
measures for the prevention and treatment
of post-operative pain since the process of
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chronic pain appearance is still not fully un-
derstood. However, many neurotransmitters
are known, and various pain mechanisms
are considered. Of course, it is evident that
such measures should suppress central sen-
sitization. Gabapentinoids are effective be-
cause of their ability to specifically affect the
neuropathic type of pain. Still, the data from
the literature remain contradictory. Analysis
of 11 studies showed that gabapentin char-
acterizes gabapentin was described as ca-
pable of influencing post-operative pain. At
the same time, in the Cochrane review and
meta-analysis, such properties of gabapen-
tin have been disproved [5].

This means that not all determinants for pain
formation arising after surgical interventions
have been sufficiently studied.

However, it can be assumed that patients
whose wounds do not heal in time have a pre-
disposition to the development of secondary
chronic pain. The long healing process of the
wound surface is directly related to the fol-
lowing features: the wound microbiota, the
resistance of microorganisms to antibiotics,
the group of antibacterial agents chosen for
treatment and the duration of exposure to the

drug (Fig. 1).
ANTIBIOTICS BACTERIA
pathogen

amino metabolites
associated

NMDA-
receptors

patern

proinflammatory mediators
N-formyl peptides
short-chain fatty acid

Figure 1. Nueroimunne factors of pain formation in
patient with active inflammatory process

Clinically, bacterial infections cause inflamma-
tion and pain, a neuroimmune body response.
During inflammation, immune cells, acting on
peripheral nerve endings, trigger the mecha-
nism of activation of the sensation of pain [6].
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KYyNSipHi MefiaTtopu, SKi AiloTb Ha nepudepuyHi
HEepBOBi 3aKiHYEeHHS HOLMLIENTOPHUX HENPOHIB,
BUKIMKaKO4M 601boBYy ceHcumbinizauito [6].

be3nepeyHo, po3yMiHHA B3aeMoaii MiXK Mi-
KpoopraHiaMmamm Ta 4YyTIMBUMU CUCTEMAMMU
HENpOHiB Moxe po3kpuTn binble iHpopmauii
ONS Kpaloro ni3HaHHA MMOBIPHUX MeXaHi3-
MiB 60110. € AOCNIAXEHHS, pe3ynbTaTh SKUX
OMUCYITb, WO HOUMUEpeLenTopn CUrHanisy-
IOTb Ta aKTUBYIOTbCA Y BiANOBIAb HA PEYOBUHH
XUTTEQIANBHOCTI NaToreHHux 6akTtepin. Len
npouec iHAYKYyeE 6inb, WO TaKoX CTUMYIIOE
HeMporeHHe 3anasieHHs i HEMPOIMYHHI npoue-
CU, SK 3axXUCHI peakuii Tina nogmHn. OCHOBY
6ynoBM KNITUHHOI CTIHKWM rpaM HeraTUBHUX
b6akTepili cTaHOBNATbL JliNonofnicaxapuan, LWo
acouilolTbCa 3 NATOreHHUMU CTPYKTYypaMu Ta
BUAINAOTECA 6aKkTepisiMu B OTOUYHOUi TKAHWHU
nig yac iHdekuinHoro npouecy [7].

Takox @dakTop Hekpo3dy nyxanHu-anbda
(TNF-a), kno4oBMM npo3ananbHUN LNTOKIH,
AKUA CTUMYNIIOE LIMTOKIHOBUM LUTOPM | CTU-
MYJII0E KacKaj iHWWX LUTOKIHIB, NOB'A3aHMX 3
6onboBMMKU Wngxamu. B pesynbTaTi Biabysa-
€TbCHA IHAYKLIS Ta MOAYNAUiIA HENPONATUYHOIO
6onto, Wwo cnpuse nepudepuyHin (NepBUHHUM
adepeHTaM) i ueHTpasnbHiIn (CMIMHHUIA MO30K)
ceHcubinizauii. HounuenTopHi HEMPOHU TaKOX
ceHcubinisytoTbca nig Ai€to iHTepnelikiHie IL-
1B ta IL-6, wo BUPOAAIOTLCA TYHYHUMWU KAITU-
Hamu, Makpodaramm Ta HenTpodinamm. Takox
akTuBytoTbCs Toll-like peuentopu, wo niaTpu-
MYIOTb Kackag iMyHHoi Bignosiai [8].

BinoMo, WO 3 BUHUKHEHHAM 600 MOB’A3aHiI
6akTepianbHi Ta rpnbKoBI, BipycHI iHdekuii. Mi-
KpoOpraHi3amMu BMaMBalTb Ha MexaHi3mu dop-
MyBaHHs 6onto 6e3nocepeaHbo 11 onocepenko-
BaHO. B nepwomMy BunagKy natoreHHi YAHHUKU
AeKpeTyoTb haKTopu BipyNeHTHOCTI (TOKCUHN)
Ta B NIACMKY MOLWKOMXYIOTb TKaHUHU. Peuen-
TOpW poO3Mi3HaBaHHA MATOreHiB IMyHHOI CUC-
TEMW rocnofaps akTUBYKTbCA Ta BUABNAIOTb
WwKignuei daktopn. [oBeAeHO, WO TOKCUHU
Ta MNaTOreHHo-acoLifoBaHi pe4YoBUHU MOXYTb
BMN/IMBATU Ha CEHCOPHI CTPYKTYpPU, BUKIIMKAIO-
um 6inb. Takox 6ifb BMHMKaE 6e3nocepeaHbo
yepes caMe MOLUKOAXKEHHS TKaHUH [9].

Mu npoBenun aHaniz onybnikoBaHux pobIT 3a
nepiog 2014-2024 poku y Takmx MeamnyHmx 6a-
3ax gaHux: Pub Med, Google Scholar, Medline,
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Cochrane Library. Bci gocnigxeHHs cTtocyBa-
NNCb MNOLWYKY BiANOBIAEN Ha MNUTaAHHSA LWOAO0
004aTKOBUX MOXINBUX pakTopiB HopMyBaHHS
BTOPUHHOIO XPOHIYHOro nicnsonepauinHoro Ta
noctrpasmMatuyHoro 6onto. o yBaru NpunHa-
NN TaKi MOXJ/INBI YNHHUKU, K HENPOTOKCUYHA
Aig aHTMbioTuKiB Ta BNAMB MIiKpOBIOTU paHu.
pyny BWKAKOYEHHSA CTaHOBWAM KIIiHIYHI BU-
naaku, abcTpakTn, KHUIM, MOHorpadii Hesa-
NexHo Bia poky ny6nikauii Ta gocnigXXeHHs,
ony6nikoBaHi 4o 2014 poky. lMowyk NnpoBoAn-
NN 3@ TaKUMK KIKOYOBUMUK crioBaMu: «chronic
postsurgical pain», «antibiotics neurotoxicity»,
«peripheral neuropathy», «NMDA-receptors».

AHTHM6ioTMKOTEpania: npo6nemMmun cyuac-
HOCTI

BiakputTa aHTM6iOTUKIB — Le oaHe i3 Hal3Ha-
UyLwWinx BIAKPUTTIB HE TiIbKW AS19 NpaKTU4-
HOI cdepn MeaWUMHM, a K ANnA NoACTBa 3a-
ranom. lNepuwi gocnigXeHHA B LbOMY HanpsaMi
nposoAmnu we 3 rnovaTtky 1900-x pokis. MNep-
wnin aHTnbioTnk 6YyB BiaKpUTMN y 1920 poui
i MaB Ha3BYy casjibBapcaH, X04ya MNoYyaTKoM epwu
aHTMBIOTUKIB BBaXKa€TbCs BIiAKPUTTS DNeMiH-
rom, ®nopi Ta YeriHom y 1945 poui neHiun-
niHy. Cnpasai, ue 6yna cBoepigHa pesontouis
y cepi MeanumnHu, ockinbku ue 6esnocepes-
HbO AOMOMOI0 3MEHLLNTWN piBEHb YCKNaAHEHb
i CMepTHOCTI BiA iIH(EKUINHMX 3aXBOPIOBaHb.
be3niy MegnuyHMx MaHinynauin Tta npoueayp
ctanu Moxnnemmun. CoorogHi y XXI cToniTTi Mu
OMUHUNUCA Ha MNOPO3i «MOCT aHTUBIOTUYHOI»
epu. 3N10BXMNBAHHSA 3aCTOCYBaHHAM aHTMBIiOTH-
KiB chopMyBasio HOBi PU3MKWN MOBEPHYTUCH Y
nepiog HeedeKTUBHOCTI aHTMMIKpOBHUX npe-
napatiB, 60 KiNbKiCTb pe3uCTeHTHUX 36yAHU-
KiB 3pocCTaE€. JIl0ACTBO 3HOBY MOX€ HaTpanutu
Ha Taky X npobnemy, wo i noHag 100 pokis
TOMYy. Hanpwuknaj, BiAnNoBiAHO A0 MNpPOrHo3iB
ypaay Benwnkol bputaHil B ymMoBax BiACYTHOCTI
NPUNHATTS HeramHux piweHb Ta ain go 2050
poKy LWOpiYHO nommpaTume 10 MiNbNOHIB Nto-
Aen Big CTiMKMX Ao nikie iHdekuin [10].

TpaavuinHUi Nigxia ouiHKM edeKTUBHOCTI 40-
CNigXXye 3B’930K MiX YacoM ekcno3umuii aHTubi-
OTMKa Ta BiAMOBIAI HA HUX KiHIYHO 3HAYYyLWMX
MiKpOOpraHi3MiB, WO NPOrHo3yeE ePeKTUBHICTb
Tepanii y nauieHTie. dapMakoKiHeTUKa MoOXxe
CWU/IbHO BIAPISHATUCA B PI3HUX rpynax nauieH-
TiB, BpaxoBYyO4MN NeBHIi iHAMBIAYaNbHI ocobnn-
BOCTi. Hanpuknag, TSXKicTb iHpeKLUii, pyHKLisa

o

HUPOK, DYHKLIiS neyiHKM, Maca Tina 1 aHaTo-
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Understanding the interaction between mi-
croorganisms and the sensory systems of
neurons can reveal more information for the
putative pain mechanisms study. Some stud-
ies described that the nociceptor signal is
activated in response to substances of vital
activity of pathogenic bacteria. This process
induces pain, which stimulates neurogenic
inflammation and neuroimmune processes
as protective reactions of the human body.
The basis of the structure of the cell wall of
gram-negative bacteria is lipopolysaccha-
rides, which are associated with pathogenic
structures and are secreted by bacteria into
the surrounding tissues during the infectious
process [7]. Also, it is known that tumor ne-
crosis factor-alpha (TNF-a) is a major cyto-
kine that activates the production of other
cytokines associated with pain sensation.
Cytokine storm initiate primary afferents and
spinal cord sensitization. Nociceptors are also
activated under the influence of interleukins
IL-1B and IL-6. Toll-like receptors that sup-
port the cascade immune response are also
activated [8].

It is known that both bacterial, fungal and vi-
ral infections are associated with pain. Micro-
organisms affect the mechanisms of pain for-
mation directly and indirectly. In the first case,
pathogenic factors secrete virulence factors
(toxins) and damage tissues. Pathogen recog-
nition receptors of the host’s immune system
are activated and detect harmful factors. It
has been proven that toxins and pathogen-as-
sociated substances can affect sensory struc-
tures, causing pain. Also, pain occurs directly
due to tissue damage [9].

We analyzed published works for 2014-2024
in the medical databases PubMed, Google
Scholar, Medline and Cochrane Library. All
studies were related to the search for an-
swers to questions about additional possible
factors in the formation of secondary chron-
ic post-operative and post-traumatic pain.
Possible factors, such as the neurotoxic ef-
fect of antibiotics and the influence of wound
microbiota, were considered. The exclusion
group consisted of clinical cases, abstracts,
books, monographs regardless of the year
of publication, and studies published before
2014. The search was conducted using the
following keywords: “chronic postsurgical
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pain,” “antibiotics neurotoxicity,” “antibiot-
ic resistance,” “peripheral neuropathy,” and
“NMDA-receptors.”

Antibiotic therapy: modern problems

The discovery of antibiotics is one of the most
significant discoveries in the practical field of
medicine and humanity. The first studies in
this direction were carried out since the be-
ginning of the 1900s. Thus, the first antibi-
otic was discovered in 1920 and was called
salvarsan. However, the discovery of penicil-
lin by Fleming, Florey and Chain in 1945 is
considered the beginning of the era of anti-
biotics. Indeed, it was a kind of revolution
in the field of medicine, because it directly
allowed to reduce the level of complications
and mortality from infectious diseases. Many
medical manipulations and procedures have
become possible. However, in the 21st cen-
tury, we are on the threshold of a “post-anti-
biotic” era. Misuse of antibiotics has created
new risks of returning to the era of antimi-
crobial ineffectiveness as the number of re-
sistant pathogens increases. Humanity may
face the same problem again more than 100
years later. For example, according to the
forecasts of the government of Great Brit-
ain, in the absence of immediate decisions
and actions, by 2050, deaths from infections
not susceptible to drugs will increase, with
approximately 10 million cases every year
[10].

The traditional approach to evaluating ef-
fectiveness examines the relationship be-
tween the time of exposure to an antibi-
otic and the response to them of clinically
significant microorganisms, which predicts
the effectiveness of therapy in patients.
Pharmacokinetics can vary significantly in
different groups of patients, taking into ac-
count certain individual characteristics. For
example, the severity of infection, renal
function, liver function, body weight, and
anatomical abnormalities can significantly
alter drug clearance, volume of distribution,
and protein binding. Taking into account the
effect of antibiotics on the patient’s micro-
biota is essential in developing an optimal
treatment regimen, given that the issue of
the development of resistance of commen-
sal bacteria is a prognostic negative factor
[11-13].
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Mi4Hi 0COBAMBOCTIi MOXYTb CYTTEBO 3MiHUTU
KNnipeHc npenaparTis, iXHin 06’eM po3noainy, i
3B’A3yBaHHs 3 6inkamu. Baxxnmeum y po3pob-
Ui ONTMManbHOIrO pexXwuMy JiKyBaHHA € Bpa-
XYBaHHS BM/MBY aHTMBIOTUKIB Ha MikpobioTy
navuieHTa, BPaxoBYHOUM, WO NUTaHHA PO3BUTKY
PEe3NCTEHTHOCTI 6aKTepin-KoMeHcaniB € npo-
FHOCTUYHO HeraTmeBHMM akTopom [11-13].

Takox Hacnigku KoMmb6iHOBaHOI aHTMHIOTUKO-
Tepanii BaXXKuMX iHMEKUIA, BUKINKAHUX FpaM
HeraTmBHMMK bakTepismn (Pseudomonas spp.,
Acinetobacter spp., and Enterobacteriaceae)
€ AMCKYCIMHOK TEeMOK. 3BMYANHO, HE MOXHa
3arnepeynTn MOXNMBI NepeBarn KombiHauii aH-
TUMiIKpOH6HMX 3acobiB MOPIBHAHO 3 iX MOHOTE-
pani€t. baxaHMMKN O4diKyBaHUMU edeKTaMu €
6inblW WKMpoOKMA aHTMBaKTepianbHUA CRNeKTp,
CUHepriyHa Ais, 3HWXEHHSA pU3UKY MOosiBU pe-
3UCTEHTHOCTI nig 4ac fikyBaHHA. BoaHouyac
BApTO YHMKATWM HAAMIPHOrO 3aCTOCYBaHHA
KoMbiHauih aHTUMikKpobHUX 3acobiB, OCKinb-
KN Le MoXe CTaTu (pakTOpOM pU3MKYy NposiBY
TOKCUMYHOCTI, cynepiHdekLii, NosBi pe3ncTeHT-
HUX LWTaMiB i BUWMX 3aTpaT Ha 3abe3neyeHHs
Meam4dHoi gonomoru [14, 15].

Ta npobnemMa noAofiaHHA Pe3UCTEHTHOCTI A0
aHTUBIOTUKIB Ue He €AMHE MNUTaHHS, NOoB'S-
3aHe 3 iX 3aCToCyBaHHSM, Ha sIKke HeobxigHo
3HaMTM BIiANOBIAI CydacHin MeanuuHi. [po-
6nemoto aHTMbioTMKOTepanii, Ak i 6yab-aKnx
iHWKX nikapcbkux 3acobiB, € BUHUKHEHHS
6aratbOX MOXNMBUX MNOBIYHMX peakuin, SKi
noB’A3aHi 3 ixHiM npuiiomoM. MobiuHa peakuis
Ha npenapaT Le MOHATTS, WO pOo3rnsfacTbCs
SIK OYiKkyBaHui, HebaxaHwui, wkignuemin abo
HENPUEMHUI edeKT, SKUIA BUHUKAE Nig 4ac
MOro 3BMYAMHOrO KNIHIYHOrO 3aCTOCYBaHHS.
Mob6ivHi peakuii 3'aBNAOTbCA B aMbynaTopHUX
i y rocnitanisoBaHMUX MaLieHTIB.

MpuUTaMaHHUM € nMposB LUMPOKUM CrMEeKTPOM
KIHIYHMX CUMMNTOMIB, MOYMHAKYM Big Nerkux i
3aKiH4YylouM HebesneyHuMu A1s XUTTS po3na-

Review

AaMu. 3a gaHuMmn nitepaTypy nobivHi peakuii
BUHUKaTb y 5-10% Bunagkis rocnitasnisauii Ta
0o 0,1-0,3% nobivyHnx peakuin, MOXyTb 6yTu
Cepro3HMMM Ta CTaTh NPUYMHOIO cMepTi [16].

3a ouiHkamMu, aHTMBIOTMKKM HaWbinbll LWIMPOKO
BUKOPUCTOBYBaHI JiKN Yy KAIHIYHUX YyMOBax.
He3sBaxatoun Ha 6e33anepeyHy KOPUCTb aH-
TnbakTepianbHMx 3acobis, ogHa i3 Cepro3HMX
HebaXkaHUX WKIAAMBUX Ai — Le HEMPOTOKCUY-
HicTb. Le Ton dakTop, Lo MOXe NpM3BeCTn A0
TSKKMX YCKNAAHEHb i HaBiTb cMmepTi. Cyaomu,
eHuedanonartia, HeMponarTis 30pOBOr0 HepBa,
nepudepunyHa HerponarTisa (MH) Ta 3arocTpeH-
HA MiacTeHil rpaBiCc € BaX/1MBUMU MpUKIaAaMK
HEMPOTOKCUYHMX NO6IYHMX edekTiB, noB's-
3aHKUX i3 3acTocyBaHHAM aHTMbioTMKIB. Cepes
BCiX rpyn aHTUBIOTMKIB HabinbLl YacTo 3 Heln-
POTOKCUYHMMU MNOBIYHUMK edeKTaMn acouito-
I0TbCA XiHONIHM Ta 6eTa-naktamu. OgHaK BapTo
3ayBaXKuTu, WO iHWI rpynn aHTM6ioTMKIB, TaKi
AK aMiHOrnikosuaun, TeTpauukiiHu, KiiHAaMi-
LMH, epuUTPOMIUMH, MOoniMikcnHu, etambyTton,
i30HiIa3ng i xnopaM@eHikon, TaKoX MOXYTb BU-
KMKATN CEPAO3HY HEMPOTOKCUYHICTbL [17].

MopiBHAHHA CTaHy BWBYEHHS MNUTaHHSA
PE3UCTEHTHOCTi Ta HEMPOTOKCUUYHOCTI aH-
TMbioTnkiB

Mu npoBenu NopiBHANbLHUIA aHanNi3 akTUBHOCTI
BMBYEHHS Takux npobnem aHTMbioTukoTepa-
nii, K Pe3NCTEHTHICTb i HEMPOTOKCUYHICTb.

Mowyk npoBenu y MeanyHnx HayKoMeTpuyHux
6asax Pub Med, GoogleScholar, nopisHtoluM
KinbKicTb ny6nikauin 3a nepiog 2014-2024
pokn Ta nonepegHi 10 pokis, To6To y nepiog
2003-2013 pokun. BukopuctosyBanu ogHaKo-
Bi K/IIOYOBI C/1I0Ba@ Y KOXHIN HAyKO METPUYHIl
6a3i: «antibiotic resistance» Ta «antibiotic
neurotoxicity» (Tabn. 1).

Y MeauuHin HauioHanbHin 6ibnioTeui Medline
NOPIBHANKM KinbKicTb nybnikauin B uinomy,
OCKiflbKM B Ui 6a3i € MOXANBOCTI po3noainy

Tabavysa 1

MopiBHANbHUIA aHaJi3 aKTUBHOCTi BUBYEHHS Npo6sieM pe3ncTeHTHOCTI
Ta HEMPOTOKCUYHOCTI aHTUBIOTUKIB

KntouyoBse crioBo «antibiotic resistance» «antibiotic neurotoxicity»
Bbaza gaHux 2003-2013pp. 2014-2024pp. 2003-2013pp. 2014-2024pp.
Pub Med 2666 8787 24 58
GoogleScholar 49500 47700 17700 17200

102



Mpaui HTW MeanyHi Hayku
2024, Tom 73, N2 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci
ISSN 2708-8642 (online)

WWW.MSpPsSss.org.ua
2024, Vol. 73, 1

ornsg

Also, the consequences of combined antibiotic
therapy for severe bacterial infections caused
by Pseudomonas spp., Acinetobacter spp., and
Enterobacteriaceae are highly controversial
topics. Of course, one cannot deny the pos-
sible advantages of a combination of antimi-
crobials compared to their monotherapy. The
desired expected effects are a broader anti-
bacterial spectrum, a synergistic effect, and a
reduced risk of developing resistance during
treatment. At the same time, excessive use of
combinations should be avoided by antimicro-
bial agents, it can cause toxicity, superinfec-
tion, formation of non-sensitive strains, and
higher costs of medical care [14, 15].

However, the problem of overcoming resis-
tance to antibiotics is not the only issue re-
lated to their use, to which modern medicine
needs to find answers. Of course, the prob-
lem of antibiotic therapy, like any other med-
icine, is the occurrence of many possible side
reactions associated with their use. Adverse
drug reaction is a concept that is considered
an expected and harmful reaction that occurs
during drug use. Adverse reactions occur in
outpatients and hospitalized patients and
may manifest as disorders of varying severi-
ty. According to the literature, adverse reac-
tions occur in 5-10% of hospitalizations, and
up to 0.1-0.3% of adverse reactions can be
serious and cause death [16].

Antibiotics are estimated to be among the
most widely used drugs in clinical settings.
Despite the undeniable benefits of antibacte-
rial agents, one serious adverse effect is neu-
rotoxicity. This is the factor that can lead to
serious complications and even death. Con-
vulsions, encephalopathy, optic neuropathy,
peripheral neuropathy (PN) and exacerbation
of myasthenia gravis are important examples
of neurotoxic side effects associated with an-
tibiotic use. Among all groups of antibiotics,
quinolines and beta-lactams are most often

Review

mentioned as neurotoxic. However, it should
be noted that several other classes of anti-
biotics, especially aminoglycosides and tetra-
cyclines, antituberculosis drugs also hurt the
nervous system [17].

Comparison of the study of resistance
and neurotoxicity of antibiotics

We conducted a comparative analysis of the
activity of studying such problems of antibiotic
therapy as resistance and neurotoxicity.

The search was conducted in the medical sci-
entific-metric databases PubMed and Google
Scholar, comparing the number of publications
for 2014-2024 and the previous ten years,
that is, in the period 2003-2013. The same
keywords were used in each scientific metric
base: “antibiotic resistance” and “antibiotic
neurotoxicity” (Table 1).

In the Medline National Library of Medicine,
the number of publications was compared
since this database allows for distribution
according to various criteria. The same key-
words, “antibiotic resistance” and “antibiotic
neurotoxicity,” were used; search results were
1,678 and 34, respectively.

N-methyl-D-aspartate receptors

Despite the small amount of information re-
garding the mechanism of neuropathic pain,
there is evidence of dysfunction in the opioid
and glutamatergic systems. Glutamate recep-
tors of the N-methyl-D-aspartate (NMDA) type
are important for normal work of the nervous
system, covering the fundamentals of excit-
atory neurotransmission to synaptic plasticity,
learning, and memory complexities. NMDA re-
ceptors have long been the subject of research
in transmitting excitatory input from primary
sensory neurons to the brain [18, 19].

The specific chemicals that can pass through
the membrane of NMDA receptors are still un-

Table 1

Comparative analysis of the activity of studying the problems of resistance and
neurotoxicity of antibiotics

Keywords antibiotic resistance antibiotic neurotoxicity

database 2003-2013 2014-2024 2003-2013 2014-2024

PubMed 2666 8787 24 58
GoogleScholar 49500 47700 17700 17200
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3a pi3HUMKN KpuTepiamn. BukopucrtosyBanu Ui
cami knto4oBi crnoBa «antibiotic resistance» Ta
«antibiotic neurotoxicity», pesynbtatn nowy-
Ky, BignosigHo, — 1678 Ta 34.

N-MmeTtun-D-acnapTaT peuentopu

He3Baxatouun Ha HeBENUKY KiNbKiCTb iHDopMaLLii
LLOAO MeXaHi3My BUHUKHEHHS HEMPOMNATUYHOIO
6onto, € gokasn aAnchyHkKLUii B onioigHin (J-oni-
oigHuM peuenTtop — MOR) i rnyTamaTepriyHin
cuctemax (peuentop N-metmn-D-acnapTtaTty
- NMDA). nyTtamatHi peuenTtopu Tuny N-me-
Tun-D-acnaptat (NMDA) € Ba>1MBOK /TaHKO0
y pob0oTi HEpBOBOI CUCTEMM, LLO OXOMJIOIOTb
OCHOBM 36y>XEeHHS HEeMpOTpaHCMICIT A0 cknaj-
HOLLiB CMHANTUYHOI NNACTUYHOCTI, HaBYaHHSA Ta
nam’ati. Peuentopn NMDA npoTsarom TpuBano-
ro yacy 6ynu ob’ektom gocnigyeHb iHidiauii i
NiaTPMMaHHSA LleHTpanbHOI ceHcubinisauii nicnsg
HouMUenTMBHOI cTuMmynaudii. Npouec nepepadi
36yAXXyBanbHUX BXiAHUX CUrHaniB BiAOyBa€ETb-
Cs1 Bif NEpBMHHUX CEHCOPHUX HENPOHIB A0 ro-
JIOBHOIroO MO3KYy 4Yepe3 CnHHUI Mo30K [18, 19].

CneundiyHi KaTioHW, SKi MOXYTb MPOXOANTU
yepes membpaHy NMDA peuenTopis, 4OCi HeBi-
AOMi. Y BUNaaKy XpOHIYHOro 3anasbHoro 6osto
Ta HenponaTuyHoro 6onto akTmBauis NMDA pe-
LenTopiB CNpusiE LIeHTpasbHih ceHcmbinizauil.
FnytamMat € wWBMAKMM 306yAXylouMM nepena-
BayeM MepLUnX CEHCOPHMX cuHanciB. Mepude-
PUYHI WKIAINBI NOAPA3HUKU aKTUBYIOTb HOLMU-
LenTuBHI adepeHTHi BookHa (BonokHa Ad i C)
i BXiAHI NoTeHuianu Ail BUKINKAKTb BUBINTbHEH-
HS rnyTaMaTy B CMMHHOMY MO3KY. 3@ HopMalsb-
HUX isionoriyvHnx ymoB cyboamHuui NR2B
pO3TalloBaHi MOCTCMHANTUYHO. AKTMBALiA Cy-
6oanHnub NR2B npussoanTb 40 BigAisieHHSs io-
HiB Bi4a NR2B, WO 3MiHIOE iIOHHY MPOHUKHICTb.
AkTumBauia cyboamHumui NR2B BinbyBaeTbcs ve-
pe3 npecruHanTuyHe BUBINbHEHHA ryTaMarTy.

36inbweHHs 36yAnMBOCTI MOCTCMHANTUYHOMO
rnoTeHuiany AO0AaTKOBO NpuU3BOAUTbL A0 BiaAdi-
neHHs Mg2+ Big cyboamuumui NR2B, niaBuiy-
touM piBeHb 36yAsMBOCTI LbOrO MOTeHuiany,
i AK Hacnigok 6inb nocunoeTbes. Kpim Toro,
Aesiki HerponenTuau, Taki Ak pedoBuHa P i
HEMPOKIiHIH A TakOX BUBINIbHATLCA B CMWH-
HOMY MO3Ky. [nyTamaT i He/ponenTuamn akTu-
BYIOTb HEMPOHM CMIMHHOIO MO3KY, BPAx0oBYHUMu
Ti, WO NOCKUNATb CUrHANW A0 CynpacniHaib-
HUX CTPYKTYp. K 3axmcHa peakuid Ha wkig-
JIMBI NoApasHUKKM, €HAOreHHi CMcTeMm Mmoay-
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nauii 6010 TakoX aKTUBYHOTbCA. LleHTpanbHa
ceHcubinisauia € pisHOBMAOM AOBroTpuBanoi
a4anTMBHOI HEMPOMIACTUYHOCTI, IKa NOCUIIOE
curHanisauito 6ont0, BNIMBAOUYM Ha HEMPOHU
CMWHHOIO MO3KY, WO Npu3BoAMTb A0 (opMy-
BaHHSA «nam’aTi 6onto» [20, 21].

MarHin i ketaMiH € ABOMa OCHOBHMMW aHTa-
roHictamu peuentopisa NMDA. lo3ask MarHin
MOXe perynoBaTM HaAAXOOXXEHHSA Kanbuilo B
KMITUH, UMM CaMMUM aHTaAroHi3yum peuenTo-
pn NMDA , 6arato gocnigXeHb [OCnigXyBanu
MOro BUKOPUCTAHHSA K aAa’'toBaHTa 3Heb601010-
umx npenapaTtie. OCTaHHI fOCNigXEHHS CBiA-
yaTb MNPO MOXJ/UBICTb BUKOPUCTOBYBATU aH-
TaroHictn peuentopis NMDA pana nikyBaHHSA
nicnsonepauinHoro 6onto i pisHUX rocTpux Ta
XPOHiIYHMX 601b0BUX CTaHIB [22].

barato pocnigXeHb 3a OCTaHHI poOKWM Bigo-
6paxkatoTb, WO 3anasieHHsS Ta MOLUIKOAXEHHS
HepBiB NpM3BOAATbL A0 TPMBAJIOl CUHANTUYHOI
NJACTUYHOCTI, AKa NOCU/IIOE Ta NMIATPUMYE CUT-
Hanizauito 6onto. Came e ABULLE | HA3MBAIKOTb
60nb0OBOK CceHCMbINi3aUi€lo, WO € KPUTUYHUM
(akTopoM ANna pO3BUTKY CTIMKOro nicnsione-
pauiiHoro 60110 WASXOM CTUMYAALUIii paHOBOi
rinepanresii [23].

MepudepuuHa HelponarTia

MowwunpeHictb nepudepuyHoi HenponaTii B
3aranbHin nonynsauii konuBaetbca Big 1%
00 7%, 3 BULWIMMKM MOKasHMKaAMKU cepepn ocib
ctapwe 50 pokiB. lMowwpeHi BiAOMI NpUYNHK
OXOMJIOKTb LYKpOBUIA AiabeT, 3aaBneHHs abo
MOLWKOAXEHHSA HepBa, BXMWBAHHA asikoroso,
BMJINB TOKCUHIB, NiKiB, CNaAKOBi 3aXBOPIOBaH-
Ha Ta AediunT xapyyBaHHs. lNepudepnyHa
HeMponarTia € igionatnyHoto y 25-46% Bunaa-
KiB. [iarHo3 notpebye aetanbHoro 360py aHa-
MHe3y, @i3n4yHOoro ornsay M obrpyHTOBaHoro
nabopaTopHoro gocnigxeHHs [24-26].

Binb, Wo € NposiBOM nepudepunyHoi Helpona-
Tis, OUEBUAHO € HAC/MIAKOM ypaXXeHHSAM HepBa,
[OCTaTHbOro Ans opMyBaHHS HEBPMHOMMK abo
iHOAYKYBaHHS iHWKMM CNOCO60M MOLIKOAXKEHUX
aKCOHIB ANa XPOHIYHOro reHepyBaHHA MOTEH-
uianie aii. CnoTBOpeHa HeMpOHHa aKTUBHICTb
€ CEepNO3HMM MEeXaHiYHUM YMHHMKOM, Lo 06-
'PYHTOBYETLCA 3HMXEHHAM HEBPOMNaATUYHOIo
60M10 WISIXOM 3aCTOCYBaHHS MiCLLeBOro aHe-
CTeTUKa A0 MOLWKOAXEHOI AiNAHKU HepBa, Lo
yCyBa€ HenponatnyHuii 6inb.
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known. Activation of NMDA receptors contrib-
utes to the formation of central sensitization.
As a result of the activation of nociceptive af-
ferent fibers, glutamate is released in the spi-
nal cord; the NR2B subunit is activated and
ion permeability changes.

An increase in the excitability of the postsyn-
aptic potential additionally leads to the sep-
aration of Mg2+ from the NR2B subunit, in-
creasing the excitability level of this potential,
and as a result, pain increases. Also, endoge-
nous pain perception systems are activated in
response to neuropeptides such as substance
P and neurokinin A. In this way, there is a ba-
sis for developing adaptive neuroplastic pro-
cesses that can contribute to the “pain mem-
ory” formation [20, 21].

The most well-known and researched NMDA
receptor antagonists are magnesium and ket-
amine. It is believed that due to their mecha-
nism of action, they can have a pain-relieving
effect, which is why they are associated today
with new possibilities in treating post-opera-
tive pain and various acute and chronic pain
conditions [22].

In recent years, much attention has been paid
to studying the concept of pain sensitization.
Inflammation and nerve damage contribute to
increased pain signaling, stimulating wound
hyperalgesia. These processes can directly af-
fect the formation of long-term post-operative
pain [23].

Peripheral neuropathy

Peripheral neuropathy (PN) occurs in 1% to
7% of cases in the general population, with
a predominance in people over the age of
50. The causes described in various literature
sources are diabetes, mechanical impact on
the nerve, alcohol, toxins, drugs, heredity,
and nutritional deficiency. The causes of pe-
ripheral neuropathy in 25-46% of patients are
not established [24-26].

Pain, which is a manifestation of peripher-
al neuropathy, is obviously the result of the
chronic generation of action potentials of the
damaged nerve. Distorted nerve activity is a
serious mechanism and factor in neuropath-
ic pain. Early application of local anesthetics
to the damaged nerve area can reduce neu-
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ropathic pain. PN is divided into acute and
chronic, depending on the duration of symp-
toms. If acute neuropathy is usually identical
to emergency conditions, then chronic neu-
ropathy develops over several months. Also,
depending on the manifestations and the
damaged structure, PN can be sensory (PSN)
and motor (PMN). PNS is formed when the in-
teraction of the somatic and autonomic ner-
vous systems is disturbed. In simple words,
PSN is impaired perception of information
from the environment by the sensory organs
and/or impaired transmission of information
from sensory organs to the brain. Different
symptoms depend on the nerve damage. The
main manifestations of PSN are increased and
changed sensitivity and an increased feeling
of pain. Symptoms characteristic of PMN are
progressive muscle weakness, fasciculations
or convulsions. Psychological disorders and
sleep problems are also frequent secondary
effects. According to the International Asso-
ciation for the Study of Pain (IASP), neuro-
pathic pain, which is often a manifestation of
the development of peripheral neuropathy, is
associated with damage to the somatosensory
nervous system work and chronic pain [27].

Qualitative signs of peripheral sensory nerve
damage are tingling, burning, or electric shock
sensations. Such symptoms meet the clinical
criteria used in questionnaires to diagnose
neuropathic pain [28].

Literature data confirms that pain is a com-
mon symptom in the European population of
elderly patients. They often have comorbid
conditions and are at increased risk of poly-
pharmacy and, therefore, adverse events, iat-
rogens, and possible hospitalizations. Pain is
one of the most frequent complaints that cre-
ates the need for medication. The effective-
ness of painkillers has not been thoroughly in-
vestigated, as elderly patients are not usually
included in clinical trials. Drugs used for the
management of neuropathic pain can cause
dangerous effects for older people, such as
pronounced sedation, the possibility of falls,
and cognitive impairment [29].

Antibiotic therapy and neurotoxicity:
possible connections

Antibiotics are estimated to be among the
most widely used drugs in clinical settings
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3anexHo Big TpueanocTi cuMmnTomie MNH noai-
NATb Ha FOCTPY Ta XPOHiYHY. AKLWO rocrpa
HerponaTia 3a3BM4yal TOTOXHA HeBiAKNaAHMM
CTaHaM, TO XPOHiYHa PO3BMBAETbLCHA MPOTArOM
Kinbkox Micauie. Hanbinblw nowmrpeHMm npu-
YyMHaMn nepudepunyHoi HerponaTii € giabert,
3N0BXWBAHHS ankoroseM, BIJl-iHdekuia Ta
Nikn. TakoX 3anexHo Bif NpodABiB Ta NOwKoA-
XXeHoi cTpykTypu MNH 6yBae ceHcopHoto (MCH)
Ta motopHot (MMH). NMHC dopMyeTbCs nopy-
LWEHHAM pob0TM cCOMaTUYHOI HEPBOBOI CUCTEMU
Ta BeretatuBHOI HEPBOBOI cUCTeEMU. [1poCTUMHU
cnosgamu, MNCH - ue nopylweHe CNpPURHATTS
opraHamMm 4yTTs iHOpMauii 3 HaBK/IULWHbLO-
ro cepegosuula, Ta/abo nopyweHa nepenava
iHpopMauii BiA opraHiB 4YyTTs 4O FOJIOBHOrO
MO3KY. Y nauieHTa 3'dABNSOTbCA Pi3Hi cumn-
TOMW 3aNexXHO BiA TOro, AKMM TUM HEPBOBOrO
BOJSIOKHa Hambinblie nowkoaXeHni. OCHOBHI
nposieu MNCH xapakTepusyeTbCcs MNO3UTUBHU-
Mu (Hanpuknag, anoauHisa, rinepanresis, 6inb,
napecrtesiqa, Am3ectesia Ta rinepnaTtia) abo
HeraTMBHMMKM O3HakaMu (BTpaTa YyT/IMBOCTI,
rinecresiqa, rinoanresia Ta 3HUXXeHe NoToOBUAI-
neHHs). CumnToMu xapaktepHi anga NMMH - ue
nporpecytoya M’si3oBa cnabkictb, dacumky-
nauii abo cyaomm. TakoxX 4acTUMU BTOPUHHMU-
MW HacnigkaMm € po3naawm CHy, aenpecii abo
TpuBora. HenponatunyHui 6inb, WO 4acTto €
NposiBOM po3BUTKY nepudepuyHoi Henponarii,
BiAnosiAHO A0 MixHapoAHOI acouiauii 3 BU-
BUeHHs 6onto (IASP) BM3HayvaeTbcsa 5K «6inb,
CNPUYMHEHUN YypaXKeHHAM abo 3axBOploBaH-
HAM COMaTO-CEeHCOPHOI HEpPBOBOI CUCTEMW»,
MH TakoX MOXHa KnacnugikyBaTu siK 3aXBOpPIO-
BaHHSA abo KAiHiYHI CTaH acouinoBaHe 3 Xpo-
HiYyHUM B6onem [27].

SAKiCHi 03HaKM HelponaTu4yHoro 60510, Wo BU-
HMKAE BHAC/MIAOK YLIKOAXEHHA nepudepuy-
HOrO CEHCOPHOro HepBa, OXOMJIITb BigYYTTS
NOWMMYBaAHHS, Me4iHHS, MOKOJItoBaHHA abo
yAapy enekTpuYHUM CTpyMOM. TakKi CMMNTOMMU
BiANOBIAAIOTb KMIHIYHUM KpUTeEpidMm, WO BU-
KOPUCTOBYIOTbCS B OMUTYBasbHUKaX Ans Aia-
FHOCTUKM HelponaTtuyHoro 6onto [28].

JocnigxeHHs, npoBeaeHi Barbosa et al., nia-
TBepAXye, Wwo 6inb € MOWMpPEHNM CMMMNTOMOM
cepef HacesieHHs €Bponu BIiKOM 65 pokiB i
ctapwe. Ocobn Noxmnoro BiKy 4acTo MatoTb
KOMOp6iaHi CTaHu, i pu3uk noninparmasii y Hux
3pOCTaE, a oTxe, i NobiYyHNX A, aTporeHin Ta
MOX/IMBUX rocniTanizauin. OgHaK A0CNio)KEeHHS
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3acBigyvytoTb, WO NeBHi CUMNTOMU, Hanpukiaa,
6inb, TakoX CNpusAOTb 36iNbLUEHHIO BXWUBAHHS
nikapcbknx 3acobis. Kpim Toro, ouiHka edek-
TUBHOCTI 3He60NI0YOro JlikyBaHHSA obMexeHa,
OCKINIbKM Lie CTOCYETbCS NiTHIX ft0Ael, a BOHU
4YaCTO BUKJ/IOYAKTBCA 3 KJiHIYHMX BUNPObY-
BaHb. Cepauis, nigBuuieHa 4acTtoTa MadiHb,
KOTMHITUBHI MOpPYLUEHHS, nepepaxoBaHi cepen
nobiuHnx edekTiB npenapatiB Ansa NiKyBaHHSA
HeBponaTu4yHoro 600, AKi MOXYTb 6YTU pU3n-
KOBaHWM A5 NiTHbOro nauieHTta [29].

AHTHM6iOoTUKOTEpania Ta
HiCTb: MOXKJIMBI 3B'A3KMU
3a ouiHKamMu, aHTMBIOTMKM Hanbinbl LWKMPOKO
BMKOPWUCTOBYBaHI iKW Yy KJiHIYHMX yMOBax ce-
pea ycix BikoBux rpyn. BogHo4yac MeTpoHiaason
3a3BuMYal BUKIIMKAE NuLLE nerki abo NnomipHi no-
6iuHi edekTn, Taki gk HypoTa, 6inb y XWMBOTI i
Aiapes. Cepio3Ha HEMPOTOKCUMYHICTb, Helpona-
Tig 30poOBOro Hepga, nepudepuyHa Herponartis
Ta eHuedanonaria noeigoMNANUCSA B piaKiCHMX
BMNagKax. 3B'30K MK 3aCTOCYBaHHSM MeTpO-
Hifa30/y Ta AK HACNiAKOM HEWPOTOKCUYHICTIO
MOBHICTIO He 3'acoBaHuWiA. Pao Ta noro koneru
NpuUNycTuan, WO BifIbHI paauvKanu 3aBAaloTb
LUKOAM CTPYKTYpi HepBa, ToAi AK ANCTOH 3anpo-
NMOHyBaB MOXJIMBE YTBOPEHHSA XiMIYHOrO KOM-
MOHEHTa — aHaJsory TiaMiHy, L0 YTBOPHETHCA 3
MEeTpOHiAa30/y Ta MOXe Mpu3BecTM A0 HEWpo-
nartii, nogibHoi npu aediunTi XapyyBaHHS. 3 iH-
woro 60Ky, Aesaki BYUEHi BBaXkatoTb, WO CMisIbHO
MeTpoHiaason i noro MetaboniTm MpOBOKYHOTb
ranbMyBaHHS cuHTe3y PHK 6inka i akcoHanbHy
JereHepauito HepBOBOIro BOJIOKHaA.

HEeNpOTOKCUY-

MepudepnyHa Henponatia npu  KOPOTKOMY
TEPMiHi 3aCcTOCyBaHHA MeTpoHigasony (4 Tux-
Hi) pO3BMBAETHCHA HEYACTO, X04a pU3UK nepu-
depuyHOi HenponaTii MOCUAIETHCA MNpU Cy-
MapHO OTpWMaHil Ao3i Buwe 42 r; oaHaK uen
edekT € 060pOTHUM MiCNA NPUNUHEHHS Tepanii
npenapaTtoM. Mo3o4ykoBa AMCHYHKLiS, Nopy-
LWEHHA 30pYy, BeCTUOYNOTOKCUYHICTb, KOXne-
OTOKCMYHICTb, aTaKTM4Ha XoAa, AM3apTpia Ta
CYyAOMU € MOXIMBUMMU MOBIYHUMU edeKTamu,
Lo pO3BMBAIOTbLCA BHACIAOK 3aCTOCYBaHHA
MeTpOoHigasony. MeTpoHigason € eeKTUBHUM
npoTn aHaepobHux 6GakTepit (Hanpuknag,
Bacteroides fragilis) ocobnuBo y koMb6iHauii
3 iHWKUMK aHTMbioTuKamMun, Takumm gk ueda-
30NiH, uedypoKcuM, LedTpMaKCoH, XIiHOJOH,
uedbTasnagmm, uedenim, kapbaneHemu, nine-
pauuniH.. [Jo3yBaHHSA METPOHiAa3ony 3MiHio-
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among all age groups. At the same time,
metronidazole usually causes only mild side
effects, severe neurotoxic effects are rare-
ly mentioned, for example, effects on pe-
ripheral nerve endings and encephalopathy.
The relationship between metronidazole use
and resulting neurotoxicity remains unclear.
Some studies have suggested that free rad-
icals damage the nervous system, and the
formation of a thiamine-like chemical that
is formed from metronidazole can lead to a
neuropathy similar to a nutritional deficien-
cy. On the other hand, some scientists be-
lieve that metronidazole and its metabolites
provoke the degeneration of axons of nerve
fibers.

Peripheral neuropathy with a short period
of metronidazole treatment (not more than
four weeks) develops infrequently, although
the risk of peripheral nerve impairment is
high with a total received dose of more than
42 g; however, this effect is reversible after
discontinuation of drug therapy. Cerebellar
dysfunction, visual disturbances, vestibu-
lotoxicity, cochleotoxicity, ataxic gait, dys-
arthria, and convulsions are possible side
effects that develop as a result of metroni-
dazole use. Combinations of metronidazole
in combination with a group of cephalosporin
antibacterial agents and carbapenems are
successfully used against anaerobic bacteria.
Metronidazole dosage can vary in infectious
processes caused by anaerobic bacteria,
but the most common dosage encountered
is 500 mg intravenously three times a day.
Symptoms completely disappeared in almost
all patients. Thus, impressions of peripheral
nerves rarely occur when using a total dose
of metronidazole less than 42 g. Using higher
doses of metronidazole likely increases the
risk of neurotoxic effects, but it should be
noted that these effects are not persistent
and may disappear after the drug is stopped
[30-31].

However, according to some experts, metro-
nidazole should be included in drugs with a
probable neurotoxic effect. When using it,
the possible consequences of its appointment
should be considered [32-34].

In another study of 5,357 patients with spo-
radic peripheral neuropathy and 17,285 con-
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trols, oral fluoroquinolones were associated
with an increased risk of peripheral nerve im-
pairment. The risk of side effects from the use
of fluoroquinolones became higher every day
with each additional day and persisted for six
months after the end of their treatment. Com-
pared with the use of amoxicillin and clavula-
nate, when no significant risk was established.
The number of patients with side effects af-
ter the average course of fluoroquinolones
was the largest in men and elderly patients.
Recently, the Food and Drug Administration
(FDA) required changes to the package insert
to emphasize this adverse effect of fluoro-
quinolones [35].

Also, the FDA recommends using fluoro-
quinolones only in cases of infectious pro-
cesses in which other agents are ineffective
due to the high risk of toxicity. In Europe, the
European Medicines Agency carried out the
safety review. Despite the recognition of the
risk of peripheral neuropathy, there is limited
data to quantify both the relative and abso-
lute risk from exposure to fluoroquinolones.
To our knowledge, only one observational
study on this topic, a case-control study us-
ing US administrative claims data, reported
an increased risk of peripheral neuropathy
in those currently taking fluoroquinolones.
The study aimed to quantify the relative and
absolute risk of peripheral neuropathy with
fluoroquinolones and explore potential asso-
ciated risk factors. Simultaneous use of other
drugs may increase the risk of affecting pe-
ripheral nerve fibers.

The mechanisms of damage to peripheral
nerve fibers resulting from fluoroquinolone
treatment are unknown. Fluoroquinolones are
regularly studied for their safety and possi-
ble risks of developing chronic effects on the
muscles and nervous system. Morales et al.
conducted a case-control study that demon-
strated an association between fluoroquino-
lone use and a higher risk of neuropathy than
in fluoroquinolone-naive patients. The highest
risk occurs in men aged over 60. The strength
of this study was that the control group used
other different antibiotics that did not increase
the risk of neuropathy [36-38].

In conclusions: Traumatic injuries that require
surgical treatment are accompanied by the ap-
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E€TbCSA NMpPU aHaepobHux iHdekuiax; ogHak 500
Ml BBOASTb BHYTPILUHBOBEHHO KOXHi 8 roauH,
60 ue HanbinbLw nowmrpeHa Ao3a. Manxe y BCix
MauieHTIB CMMNTOMW MNOBHICTIO 3HUKNWU. [lig-
CYMOBYIOUMN, nepudepunyHa HerponaTia pigko
TPanna€eTbCA y Naui€eHTIB, AKi OTPUMYIOTb <42T
3arasibHol A03M MeTpoHigasony. lMauieHTun, AKi
OTPUMYIOTb BULLI 3arasibHi 4031, MOXYTb MaTu
BULLMIA PU3NK PO3BUTKY MNepudepuyHoi Hein-
ponarTii, ane y 6inbWOCTi NAUIEHTIB CUMNTOMU
3HMKAKTb Micna NpunuHeHHs Tepanii [30-31]7.

OpHak MeTpoHiIfa30, Ha AYMKY AeaKNX eKcnep-
TiB, Ma€ 6yTu BKJIIOYEHMIA A0 BENUKOrO CrUCKY
NOTEHLIHO HEMPOTOKCMYHMX 3acobiB i 3a 10oro
BUKOPUCTAHHS MOXJIMBICTb MO0 afaMiHiCTpyBaH-
HS Mam’aTaTv Npo MOXNNBI puankn [32-34].

3a AaHUMKM HWOro AOCNIAXEHHSA, B SKOMY
B3A/M yyacTb 5357 nauieHTiB i3 BMNAAKOBOIO
nepudepunyHotlo Henponartielo Ta 17285 na-
LIEHTIB KOHTPOJIbHOI Fpynu, nepopanbHe 3a-
CTOoCcyBaHHSA TOpPXiHOMOHIB 6yno nos’dA3aHe
3i 36inblWweHHAM BiAHOCHOI 4acToTu nepude-
pu4HOi HerponarTii. Pu3uk 36inbwyBascsa npu-
6nn3HO Ha 3% 3 KOXHMM A04AaTKOBUM AHEM
NOTOYHOrO BNAMBY (PTOPXiHOMOHIB i 36epiras-
ca npotdarom 180 pgHiB Mmicns 3aKiHYEeHHSA X
npuiioMy. He cnocTtepiranocs iCToTHOro nia-
BULLEHHA PU3NKY MNpW NepopasibHOMY 3acTo-
CyBaHHi aMOKCMLUMAIHY Ta knaBynaHaTty. A6co-
NOTHUIN PU3NK NPU MOTOYHOMY NepopasibHOMY
3acTocyBaHHi (TOpPXiHOMOHIB CcTaHoBMB 2,4
(95% A1, 1,8-3,1) Ha 10000 nauieHTiB Ha piK.
KinbKicTb nMauieHTiB 3i WKIAIMBUMU NpOsSBaMU
nicna 10-geHHOro kypcy craHosuna 152083
(95% [AI, 117742-202778) i 6yna Halbinb-
IO cepef 4O0s0BiKiB i MauieHTiB ctapwe 60
poKiB. HewonaBHO YNpaBniHHA 3 KOHTPOJIO 3a
AKICTIO Xap4yoBWUX MPOAYKTIB i MeANKaMeHTIB
(FDA) BuMarano BHECTW 3MiHM A0 IHCTPYKUii
npenapartis, W06 HarosoCMTU Ha LbOMY He-
cnpusatanesomy edekTi pTopxiHonoHiB [35].

Y nunHi 2016 poky FDA Hagano pekoMeHaauii,
Wo PTOPXiHONOHWM MOBUHHI BYyTW BMKOPUCTaHI
BMKJIIOYHO A/19 NaUieHTIB, AKi HE MaloTb iHWNX
BapiaHTiB NikyBaHHSA rocTporo 6akTepianb-
HOM0 CWHYCWUTY, FOCTPOro 3aroCTPeHHS Xpo-
HiYHOro 6pOoHXITY | HeycknagHeHux iHdeKUin
CeYOBMBIAHMX LWWNISAXIB Yepe3 BUCOKUN pU3UK
cepino3Hux nobiyHmMx edekTiB. Y €Bponi ornsag
6e3nekn nposoans KoMiTeT 3 OUIHKW pU3MKIB
apmakoHarnagy €Bponemcbkoro areHTCTea 3
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nikapcbkmnx 3acobiB. He3Baxaro4um Ha BU3HaH-
HA pU3nKy nepmudepunyHoi Henponarii, € obme-
XXEHi AaHi WoA0 KifIbKICHOI OUiHKW BiAHOCHOIo
Ta abCoNTHOrO pU3NKY BiA BNAMBY (TOpXi-
HOJIOHIB. Hackinibkn HaM BifOMO, Ha U TeMy
6yno npoeeaeHo nuwe 1 obcepsauinHe gocni-
OXKEHHS, [OCNIOXEHHSA TUNY <«BUMNAAOK-KOH-
TPO/ib» 3 BUKOPUCTAHHAM JaHUX aAMiHicTpa-
TUBHUX npeTeHsin CLUA, ske nosigomnsno npo
nigBuWEeHNI pu3nkK nepudepuyHoi Helrpona-
Tii Yy TUX, XTO 3apa3 npunMae GTOPXiHOOHM.
MeTa Uboro AoCNiAXXeHHS — KiNbKICHO BU3Ha-
YMUTWU BIAHOCHWI | @BCONOTHUIA pU3KK nepude-
puU4HOi HeWponarii, SKi NoB'A3aHi 3 BNIMBOM
(PTOPXiHONOHIB, | AOCNIAUTM NOTEHUINHI dak-
TOpM, NOB’sA3aHi 3 UMM pu3nkoM. OAHOYACHWUI
NpMMNOM iHWKUX npenapaTiB Moxe 36inbWwnTn
pu3nK nepudepunyHoi Herponaril.

TouyHM MexaHi3M Aii GTOpXiHONOHIB AK npu-
YMHU nepudepuyHoi HenponaTii HeBIAOMUNA.
PerynspHo npoBoAsATbCA AOCAIAXKEHHSA dTO-
PXiHOMOHIB 3 npuBoAy 6e3neknm Ta MOXU-
BUX PU3UKY PO3BUTKY XPOHIYHUX edeKkTiB Ha
M’a3M i HepBOBY cucTteMmy. Morales Ta iHWI B
pe3ysibTaTax BAACHOro AOCIAXEHHSA TUMY BU-
NaZo0K-KOHTPO/b BKa3asM Ha 3B'A30K MiX 3a-
CTOCYBaHHSAM (PTOPXiHOMNOHIB Ta MNiABULLEHOIO
BiAHOCHOK YaCTOTOK HenponarTii NOPIBHSAHO 3
nauieHTamm, aKi He nikyBanucsa OTOpXiHOMO-
HaMu. HarBuLWNIK PU3NK BUHUKAE Y YOJIOBIKIB
ctapwe 60 pokis. lNepeBarot ULbOro A[OCHi-
OXeHHs 6yno Te, WO Yy KOHTPONbHIN rpyni Bu-
KOPUCTOBYBAN iHLWI pPi3Hi aHTUBIOTUKM, GKi He
nigBuvLLYyBann pu3mk Henponartii [36-38].

Y BMWCHOBKax: TpaBMaTU4YHi MNOLUKOAXKEHHS,
Wwo noTpebyoTb XipypriyHOro nikyBaHHSA, Cy-
NpPOBOAXYOTbCSA MOSAIBOO H6araTbox akTopis,
AKi  CTBOPIOOTb nNepeayMoBu  (POpPMYyBaHHSA
nicnsonepauinHoro 60/b0BOr0 CUMHAPOMY Ta
noTpebyoTb SAKHaMWBMAWOI Kopekuii. BTto-
PUHHUIA RicnaonepauinHUii XpoHiYHUI 6inb €
BaX/IMBMM MUTAHHSM CbOrOAeHHs, 0CO6NMBO B
YKpaiHCbKil nmonynsauii, agXxe CyTTeEBO obMex-
Y€ PYHKLiOHaNbHY 34aTHICTb, NOFipLIYE AKICTb
XUTTS NauieHTa Ta NO3HAYAETLCA Ha 3MiHi Moro
couianbHoOro cratycy. AHTUMiKpobHa Tepanis,
SIK HeBif'€EMHa CkafoBa NiKyBanbHOI TaKTUKK
NnopaHeHUX BMPOAOBX FOCTPOro MoCTTpaBMa-
TUYHOro nepioay, BogHOYacC i3 TepaneBTUYHO
edeKTUBHICTIO Mae 6araTo HeraTMBHUX Biaaa-
NeHux Hacnigkis, ocobnuBo y BUNaakax Tpu-
BaJZIoro CUCTEMHOrO 3aCTOCYBaHHS Ta NoTpebu
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pearance of factors that create prerequisites
for the formation of post-operative pain syn-
drome and require the fastest possible correc-
tion. Secondary post-operative chronic pain
is an important issue today, especially in the
Ukrainian population, because it significantly
limits functional capacity, worsens the quali-
ty of the patient’s life and affects the change
in his social status. Antimicrobial therapy, as
an integral component of treatment tactics
for the wounded during the acute post-trau-
matic period, simultaneously with therapeutic
effectiveness, has several negative long-term
consequences, especially in cases of long-
term systemic use and the need to use sever-
al means of different pharmacological groups.
Neurotoxicity is one of the main understudied
side effects of long-term multicomponent an-
tibiotic therapy, which has not been thorough-

Review

ly studied to date. Among the key problem-
atic factors that contribute to the appearance
of remote peripheral neuropathy, the dura-
tion of administration, increased dosage, and
possible combinations of antimicrobial drugs
should be highlighted, as well as the per-
sistence and exacerbating of manifestations
of local inflammation with the participation of
resistant opportunistic bacteria that colonize
the lesion and can directly produce metabo-
lites vital activities, pathogenicity factors with
pro-inflammatory properties. This allows us to
assume a significant role of persistence in the
primary lesion of antibiotic-resistant oppor-
tunistic bacteria, as well as antibiotic therapy
as a delayed iatrogenic factor, as predictors of
the formation of chronic pain syndrome in the
wounded.

in older adults. Prog

10.15585/mmwr.mm6736a2. PMID: 30212442; PMCID:

10.1097/PR9.0000000000000588. PMID: 29392204; PMCID:

10.1016/j.ynpai.2020.100056. PMID:
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BMKOPUCTAHHSA KisibKOX 3acobiB pi3HMX dapMa-
KONOriYHUX rpyn. HenpoTOKCUYHICTL OAMH 3
OCHOBHMX ManoBMBYEHMX MNOBIYHMX HacNigkis
TpuBasnoi 6araTOKOMMOHEHTHOI aHTUHIoTUKO-
Tepanii, Wo AOCTEMEHHO He BMBYEHA CbOroA-
Hi. Cepea kno4oBMX nNpobnemMHux dakTopis,
WO CrnpusaloTb MOSBI BigaaneHoi nepudepuy-
HOI HeWponaTii MOXHa BWAINUTU TpUBANICTb
npunomy, nigBuLLEHE A03YBaHHSA Ta MOX/IUBI
KombiHauii aHTUMiKpobHMX npenapaTiB, nep-
CUCTeHLUito i nornmbeHHa nposiBiB MiCLEBOro
3ananeHHs 3a y4acTi CTiINKMX YMOBHO-MATO-

Review

reHHux 6akTepii, SKi KONMOHI3Yyl0Tb BOrHULLE
ypaxKxeHHsa Ta 34aTHi npoaykysaTtu 6e3noce-
peaHbo MeTaboniTh XUTTEAIANBHOCTI, dhakTopu
MaToreHHoCTi 3 npo3anasibHUMN B/IaCTUBOCTS-
Mu. Lle pae 3mory npunyctutm Baromy posib
nepcucTeHLii B NEPBMHHOMY BOIHULLI YpaXKeH-
HA @aHTUBIOTMKOPE3UCTEHTUX ONOPTYHICTUYHUX
b6akTepili, a Takox apHTubioTMKOoTepanii sk
0MnoCcepAKOBaHOro ATPOreHHoro gaktopa $K
npeankTopie GOpMyBaHHSA XPOHiIYHOro 60/b0-
BOr0O CMHAPOMY Yy MOpaHeHuX.
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