McwnxiaTpis, HeBponoris Ta meanyHa ncmxonoris. 2026. T. 13. Ne 4(36). C. 665681
Psychiatry, Neurology and Medical Psychology. 2026;13(4(36)):665—681

ISSN 2312-5675 (Print)
ISSN 2411-166X (Online)

DOI: https://doi.org/10.26565/2312-5675-2026-36-09
YIK: 616.831-005.8:616-092:616-002:616-036.8

focTpuM iLLeMIYHUN IHCYABLT IK MOAEAb IMYHOMETABOAIHHO.
A€30AaNTALil TA FOCTPOro CTEPUABHOIO 3ANAAEHHS:
BiA iLLeMil A0 pe3oAlouii, penapauii Ta peabiAiTauil

Bineubka O.M.,
Natorys C.1.,
Fopsunn €.B.,

https://orcid.org/0009-0006-1828-9916, e-mail: om.biletska@knmu.edu.ua
https://orcid.org/0000-0002-2222-932X, e-mail: si.latohuz@knmu.edu.ua
https://orcid.org/0000-0002-2278-6513, e-mail: yv.hariachyi@knmu.edu.ua

XapkiecbKkull HauioHanbHUU MeduyHUU yHisepcumem
Minicmepcmea oxopoHu 300poe’st YkpaiHu, Xapkie, YkpaiHa

Acute ischemic stroke as a model of immunometabolic

maladaptation and acute sterile inflammation:

from ischemia to resolution, repair, and rehabilitation

Biletska O.M.,
Latohuz S.I.,
Haryachiy Ye.V.,

KAlo4oBi cAoBa:

Heripo3ananeHHs!, MONeKynspHi naTepHu,
acouinoBaHi 3 ywkogxeHHsM (DAMSs),
NLRP3-iHdnamacoma, pesontouis 3ana-
NEeHHs, HerpocyanHHa OAMHWLSA, HEenpo-
NNacTUYHICTb.

AAS KOpecnoHAeHLi:

bineubka Onbza MuxatinieHa
XapkiBCbKui HaLiOHaNbHUA MeANYHUNIA
yHiBepcuTeT MiHicTepcTBa OXOpOHU
300poB’a YkpaiHu, kadegpa CnopTMBHOI,
isnyHoOi Ta peabiniTayinHoOi MeaLNHM,
di3nyHoi Tepanii, eprotepanii;

npocn. Hayku, 6ya. 4, m. XapkiB, YkpaiHa,
61024;

e-mail: om.biletska@knmu.edu.ua

© bineybka O.M., Jlamoeys C.1.,
lopsiquli €.B., 2026

AAS UUTYBAHHS:

https://0009-0006-1828-9916, e-mail:om.biletska@knmu.edu.ua
https://orcid.org/0000-0002-2222-932X, e-mail: si.latohuz@knmu.edu.ua
https://orcid.org/0000-0002-2278-6513, e-mail:ryv.hariachyi@knmu.edu.ua

Kharkiv National Medical University
of the Ministry of Health of Ukraine, Kharkiv, Ukraine

PE3IOME

AkTyanbHicTb. He3Baxaloum Ha 3Ha4yHMI nporpec penepdysiiHoi Tepanii, roctpun
iwemivyHun iHcynbT ([ll) 3anvwaeTbest ogHieo 3 NPOBIAHMX NPUYMH CMEPTHOCTI Ta iH-
Banigusadii. BinHOBNeHHs MO3KOBOro KPOBOTOKY He 3aBxau 3abesnevye cnpusitiveumi
YHKLiIOHaNbHWUI pe3ynbTart, WO CBig4YMTb MPO BaXKUBY pOfib BTOPUHHUX MeXaHi3MiB
YLWKOMKEHHS. llWeMiYHe YLIKOMKEHHS HUHI pO3rnsigaloTb sIK MyCKOBY MOAi0 rocTporo
CTepunbHOro 3ananeHHsi, Todi sk [l nepeBaxHO PO3BMBAETLCA Ha TMi XPOHIYHOI
imyHomeTaboniuHol Ae3afanTalii, NoB’s3aHoi 3 METAabOMIYHUM CUHAPOMOM, LIYKPOBUM
niabeToM, aTepoCcKkNepo3oM i CTapiHHSM.

MeTta po6oTM — y3aranbHWTM cCyvacHi [aHi LWodo poni rocTporo CTEPUNbHOMO
3ananeHHs y natoreHesi ll, iHTerpyBaT MOneKkynspHi, KMiTUHHI, HEMPOEHOOKPUHHI Ta
iMmyHoMeTaboniuHi MexaHi3mu iLuemivyHoro 1 penepysinHOro YLLKOAXEHHS Ta OKPECNUTU
nepcnekTUBHI HanpsiMK NikyBaHHS 11 peabiniTauii.

Matepianu Ta meToaum. [NpoBeaeHoO HapaTUBHWIM aHani3 Cy4yacHMX eKCnepyMeHTanbHuX,
KNiHIYHUX | TpaHCNAUIMHUX AOCMiAXeHb, CUCTEMAaTWYHMX OmMsdiB, MeTaaHanisis i
MDKHapoOOHWX peKkoMeHAaui, NPUCBSIMEHUX HeWposananeHHw, penepdysiiHomy
YLKOMDKEHHIO, iIMyHOMeTaboniyHili aganTauii, pe3ontoLii 3ananeHHs Ta nicnsiHcynsTHOMY
BiAHOBMEHHIO.

PesynbraTtu. [NokasaHo, wo DAMP-onocepegkoBaHa akTMBaLisi BPOMKEHOrO iMyHITETY,
ONcyHKLUiS HEMPOCYAMHHOT OAMHWLI, CUCTEMHA IMYHHa BigNOBiAb, HEMPOEHAOKPUHHA
perynsiuisi Ta nepebyanoBa eHepreTM4yHoro o6MmiHy hopMyoTb €AUHY ha3oBy aganTUBHY
BignoBigb, pe3ynbraT SKOI BU3HAYaETbCsl CBOEYACHWM NepexodoM Big edeKTopHOi
a3u 3ananeHHs 4o 1noro pesontouii, penapadii Ta HerMponnacTuyHocTi. O6r'pyHTOBaHO
OouinbHICTb  po3rnsigy  nikyBaHHS ¥ peabiniTauii sk B3aeMOMoB’si3aHMX  eTanis
6e3nepepBHOro npoLiecy BiAHOBMEHHS.

BucHoBkW. [oCcTpui ilWeMiYHUIA iHCYNbT OOUINbHO PO3rNsgaTv K KIiHiYHY Modernb
NnocnigoBHOrO Nepexody Big XPOHiYHOI iMyHoMeTaboniuHol Ae3afjanTalii 4O rocTporo
CTEepWUNbHOrO 3ananeHHs, Noro pesontouii, penapadii Ta HeponnacTUYHOCTI. Takumn
nigxia o6’egHye cydacHi MonekynsipHi, KNiTUHHI Ta iMyHOMeTaboniuHi ysiBNEHHst Ta
CTBOpIOE naTtodpisionoriyHe MiarpyHTs Ansi po3pobku MepcoHani3oBaHuWx cTpaTerin
nikyBaHHsi Ta peabinitauii.

Bineubka O.M., Natorys C.I., lopsaunii €.B. locTpuii iluemivyHmiA iHCynbT ik MoAenb iMyHomeTaboniyHoT Ae3aganTtauii
Ta rocTporo CTepUrbHOrO 3anarneHHs: Bif iweMii 4o pe3ontouii, penapauii Ta peabinitadii. lNcuxiampis, Heeponoais
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ABSTRACT

Background. Despite substantial advances in reperfusion therapy, acute ischemic
stroke (AIS) remains one of the leading causes of mortality and long-term disability
worldwide. Restoration of cerebral blood flow does not always result in favorable func-
tional outcomes, highlighting the critical contribution of secondary injury mechanisms.
Ischemic brain injury is now recognized as the initiating event of acute sterile inflamma-
tion, whereas AIS commonly develops on the background of chronic immunometabolic
maladaptation associated with metabolic syndrome, diabetes mellitus, atherosclerosis,
and aging.

Purpose — to summarize current evidence on the role of acute sterile inflammation in
the pathogenesis of AlS, integrate the molecular, cellular, neuroendocrine, and immu-
nometabolic mechanisms underlying ischemic and reperfusion injury, and outline prom-
ising directions for future therapeutic and rehabilitation strategies.

Materials and Methods. A narrative review of contemporary experimental, clinical, and
translational studies, systematic reviews, meta-analyses, and international guidelines
addressing neuroinflammation, reperfusion injury, immunometabolic adaptation, inflam-
mation resolution, and post-stroke recovery was performed.

Results. Current evidence indicates that DAMP-mediated activation of innate immunity,
neurovascular unit dysfunction, systemic immune responses, neuroendocrine regula-
tion, and metabolic reprogramming constitute a coordinated phase-dependent adap-
tive response. The biological outcome largely depends on the timely transition from the
effector phase of inflammation to its resolution, tissue repair, and neuroplasticity. This
concept supports considering treatment and rehabilitation as interconnected stages of a
continuous recovery process rather than separate therapeutic interventions.
Conclusions. Acute ischemic stroke may be regarded as a clinical model of the se-
quential transition from chronic immunometabolic maladaptation to acute sterile in-
flammation, followed by inflammation resolution, tissue repair, and neuroplasticity. This
integrative concept unifies current molecular, cellular, neuroendocrine, and immunomet-
abolic perspectives and provides a pathophysiological framework for the development
of personalized therapeutic and rehabilitation strategies.

Biletska OM, Latohuz Sl, Haryachiy YeV. Acute ischemic stroke as a model of immunometabolic maladaptation
and acute sterile inflammation: from ischemia to resolution, repair, and rehabilitation. Psychiatry, Neurology and
Medical Psychology. 2026;13(4(36)):665-681. DOI: https://doi.org/10.26565/2312-5675-2026-36-09

BCTYN

INTRODUCTION

loctpuii ilwemiyHni incynst (M) 3anuwaeTsea ogHieto
3 MPOBIAHMX NPUYMH CMEPTHOCTI, iIHBanign3auii Ta Tpmea-
Noi BTPATU SKOCTi XUTTA y CBITi [1]. 3anpoBamxeHHs BHY-
TPIiLLHBOBEHHOT TpoMBOMITUYHOI Tepanii Ta MexaHiYHol
TPOMOEKTOMIi NEPEeKOHMBO NIATBEPAUIIO KMOYOBE 3Ha-
YEHHs1 paHHbOrOo BIAHOBIEHHSA UepebpanbHoi nepdyaii
Ansa 36epexeHHs iwemiyHoi neHymbpu [2, 3]. BogHovac
HaBiTb CBOEYacHa pekaHanisauis He 3aBxan 3abesnedye
CNPUATAMBUIA (PYHKUIOHaNbHWI pe3ynbTaT, Wo CBigYMTb
Npo BaXnvBy porib BTOPUHHUX MEXaHi3MiB YLUKOKEHHS,
30KkpeMa penepdy3iiHOro YLIKOAXEHHS, Herpo3ananeH-
HS, ANCKYHKLIT HEMPOCYOUHHOI OOUHMLI Ta MOpPYLUEHHS
npouecis BigHOBNEHHS [4, 5, 6].

CyuacHi focnigXeHHs1 nokasanu, Lo ileMiyHe yLIKo-
IPKEHHS1 € HE 3aBEPLUEHOI NaTOMOriYyHOK Mogieto, a no-
yaTkoM Garatodha3Hoi aganTUBHOI BIi4NOBIAI opraHismy.
3arnbenb KniTMH CynpoBOAXYETbLCS BUBINbHEHHAM MoOrie-
Kyn Hebesnekn (damage-associated molecular patterns,
DAMPS), siki akTMBYIOTb MeXaHi3My FOCTPOro CTEPUSBHO-
ro 3ananeHHs. Lis Bignosiab KOOpAMHYE B3aEMOLAi0 HeW-
POHIB, KNiTUH HEVPOCYANHHOIT OOAMHULI, BPOOXKEHOIO iMYHi-
TETY, EHOOKPUHHOI Ta MeTabonivyHOi CUCTEM i 3anexHO Big
CBOEI YacoBOI ANHAMIKM MOXe SIK MOCUIBaTU BTOPUHHE
YLIKOMKEHHSA, TaK i 3abe3nedyBaT OUMLLEHHS TKAHWHM,
penapadito Ta HenponnacTmyHicte [5, 6, 7, 8, 9, 10, 11,
12, 13].

BogHouac y GinbwocTi nauieHTiB 'l BUHWKae He Ha
iHTakTHOMY GionoriyHomy Tni. MeTaboniyHuin cuHApPOM

Acute ischemic stroke (AIS) remains one of the
leading causes of mortality, disability, and prolonged
loss of quality of life worldwide [1]. The introduction
of intravenous thrombolytic therapy and mechanical
thrombectomy has convincingly confirmed the critical
importance of early cerebral perfusion restoration for
preserving the ischemic penumbra [2, 3]. At the same
time, even timely recanalization does not always ensure
a favorable functional outcome, highlighting the important
role of secondary injury mechanisms, particularly
reperfusion injury, neuroinflammation, neurovascular unit
dysfunction, and impaired recovery processes [4, 5, 6].

Modern studies have shown that ischemic injury is not
a concluded pathological event, but rather the beginning
of a multiphasic adaptive response of the body. Cell death
is accompanied by the release of damage-associated
molecular patterns (DAMPs), which activate the
mechanisms of acute sterile inflammation. This response
coordinates the interaction of neurons, neurovascular unit
cells, innate immunity, and the endocrine and metabolic
systems. Depending on its temporal dynamics, it can either
exacerbate secondary injury or facilitate tissue clearance,
repair, and neuroplasticity [5, 6, 7, 8, 9, 10, 11, 12, 13].

However, in most patients, AlS does not occur against
an intact biological background. Metabolic syndrome
(MS), obesity, insulin resistance (IR), atherosclerosis,
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(MC), oxupiHHR, iHCyniHope3aucTeHTHicTb (IP), aTte-
pOCKMNepos, CTapiHHSA Ta iHLUi XPOHIYHi CTaHW CynpOBOAXY-
I0TbCS TPMBarnot imyHoMeTaboniyHow nepebyaoBoto, LWwo
3MiHIOE (PYHKLUIOHaNbHWUI CTaH eHAoTenio, KNiTUH Bpoa-
XXEHOrO IMYHITETY, HEeMPOEHOOKPUHHOI perynsauil Ta eHep-
reTM4Horo o6miHy. Takui npemopbigHuiA CTaH BM3HaYae
iHOMBIQyanbHi ocobnmMBOCTi rocTpoi NocTilemivHoi Bigno-
Bifi, eeKkTBHICTL 1i pesontouil Ta noTeHuian gyHKuio-
HanbHOro BigHoOBMNeHHs [14, 15, 16, 17, 18].

Monpu 3Ha4YHUI NPOrpec y BUBHEHHI OKPEMUX MOIEKY-
NAPHUX | KNITUHHUX MEXaHi3MIB, iLLEMIYHE YLUKOOXKEHHS,
rocTpe CTepunbHe 3anarneHHs, Noro pesoniouis, penapa-
Lisi, HeponnacTUYHICTb | peabiniTauis HanyacTiwe pos-
rnagarTbCs SK BiAHOCHO CaMOCTINHI npouecu. HatomicTb
CyyacHi AaHi [03BONSAITb iHTEprnpeTyBaTh iX sK NOCri-
[OOBHi (ha3n eOMHOrO afanTUBHOIO KOHTUHYYMY, Y MeXax
skoro Il € kniHiYHO MOoAEeNmo nepexony Bif XPOHIYHOI
iMmyHoMeTaboniyHoi ge3aganTauii 4O roCTporo cTepwunb-
HOro 3ananeHHs, Moro pesonouii Ta gyHKLiOHaNbLHOro
BiJHOBIEHHS.

MeToto UbOro ormnsady € iHTerpauia Cy4acHuUX AaHuxX
NpoO CYAMHHI, HEWPOIMYHHi, HEMPOEHAOKPUHHI Ta iMyHO-
mMeTaboniyHi mexaniamu [l B eguHy natodqisionoriyHy
Moaenb, fka noegHye npemopbigHy iMyHomeTaboniyHy
nepebynosy, roctpy DAMP-onocepenkoBaHy 3ananbHy
BigNoBIAb, il pesontouito, penapauio Ta HeponnacTuny-
HICTb, @ TaKOX BW3HA4Ya€ MOXIUBI HaMpsMU PO3BUTKY
ManbyTHIX NaTOreHeTUYHNX CTpaTerii NikyBaHHs 1 peabi-
niTauii.

Meta po6oTu — iHTerpauisi cy4acHuMx gaHux npo cy-
OWHHI, HEeMpOIMYHHI, HEMPOEHAOKPUHHI Ta iMyHoMeTabo-
nivHi mexaHisamu Il B eguHy natodisionoriyHy mogens,
WO MNOEOHYE XPOHIYHE HU3bKOIHTEHCWMBHE 3ananeHHs,
roctpy DAMP-onocepenkoBaHy nocTilleMiyHy Bignosigb,
il pesoniouito Ta yHKUiOHanbHe BiAHOBMEHHS, a TakoxX
OKpeCneHHs1 MepcrneKkTMB KOMMIEKCHOI naToreHeTUYHO!
Tepanii  peabiniTauii.

MATEPIAAU TA METOAU AOCAIAXXEHHA

Ornag BMKOHAHO $IK HapaTUMBHE iHTerpaTuBHeE [0-
CnifkeHHs cy4vacHoi HaykoBoi niTepatypu. [lpoaHa-
nisoBaHO (yHOAMEHTarnbHi, eKkcnepuMeHTarnbHi, TpaHc-
TNAUINHI Ta KNiHIYHI gocnigXXeHHs, cucTteMaTuyHi ornsaau,
MeTaaHaniam M MiKHapOAHi pekoMeHaalii, NPUCBSAYEHI
natodisionorii ['ll, MexaHiamam CTepunbHOro 3ananeHHs,
HerpoiMyHHIA B3aemogii, imyHoMeTaboniyHin aganTauii,
HEeMpPOEHOOKPUHHIN  perynsauii, pesontouii 3ananeHHs,
penapauii, HelMponnacTUYHOCTI, NikyBaHHIO Ta peabini-
Tauii.

lMig wac aHanidy 3acTocoBaHO CUCTEMHUI NaTodisio-
noriyHun  nigxia, sk gossonus  posrnsggatyn [l sk
NOCNiAOBHICTb B3aEMOMNOB’sA3aHNX eTanis: npemopbigHoi
imyHomeTaboniyHoi nepebynosu, roctpoi DAMP-ono-
CepeakoBaHOi CTepUribHOI 3ananbHoi BignoBigi, 1l peso-
niouii, penapauii Ta QYHKLiOHaNbHOrO BigHOBIEHHS.
3anponoHoBaHa Mofernb € aBTOPCLKOK KOHLENTYarnbHOK
iHTepnpeTauielo cy4acHUX ekcnepuMeHTanbHUX i KriHiy-
HWUX gaHux gaHux (puc. 1).

1. TocTpa iweMmis Kk NyCKOBUI1 MEXAHI3M CTe-

PUABHOTO 3ANMAAEHHS

[oCcTpui iLeMiYHUI iHCYNBT PO3NOYMHAETLCS 3 panTo-
BOMO MPUMUHEHHST MO3KOBOIO KPOBOTOKY, LLIO NPU3BOANUTL
[0 LUBMOKOrO PO3BUTKY €HepreTuyHoro Aediuuty, nopy-
LLIEHHS! iIOHHOrO rOMeOoCTa3y, EKCaNTOTOKCUYHOCTI, OKCuaa-

aging, and other chronic conditions are accompanied by
prolonged immunometabolic remodeling, which alters the
functional state of the endothelium, innate immune cells,
neuroendocrine regulation, and energy metabolism. This
premorbid state determines the individual characteristics of
the acute post-ischemic response, the effectiveness of its
resolution, and the potential for functional recovery [14, 15,
16, 17, 18].

Despite significant progress in studying individual
molecular and cellular mechanisms, ischemic injury, acute
sterile inflammation, its resolution, repair, neuroplasticity,
and rehabilitation are most often considered relatively
independent processes. Instead, modern data allow
them to be interpreted as sequential phases of a single
adaptive continuum, within which AIS serves as a clinical
model of the transition from chronic immunometabolic
maladaptation to acute sterile inflammation, its resolution,
and functional recovery.

The purpose of this review is to integrate current
data on the vascular, neuroimmune, neuroendocrine,
and immunometabolic mechanisms of AlS into a unified
pathophysiological model that combines premorbid
immunometabolic remodeling, the acute DAMP-mediated
inflammatory response, its resolution, repair, and
neuroplasticity, as well as to identify possible directions
for the development of future pathogenetic treatment and
rehabilitation strategie

Objective —is to integrate current data on the vascular,
neuroimmune, neuroendocrine, and immunometabolic
mechanisms of AIS into a unified pathophysiological
model that combines chronic low-grade inflammation,
the acute DAMP-mediated post-ischemic response, its
resolution, and functional recovery, as well as to outline
the prospects for comprehensive pathogenetic therapy
and rehabilitation.

MATERIALS AND METHODS

The review was conducted as a narrative integrative
study of modern scientific literature. Fundamental,
experimental, translational, and clinical studies,
systematic reviews, meta-analyses, and international
guidelines dedicated to the pathophysiology of acute
ischemic stroke (AlS), mechanisms of sterile inflammation,
neuroimmune interaction, immunometabolic adaptation,
neuroendocrine regulation, resolution of inflammation,
repair, neuroplasticity, treatment, and rehabilitation were
analyzed.

A systemic pathophysiological approach was applied
during the analysis, allowing AIS to be considered
as a sequence of interconnected stages: premorbid
immunometabolic remodeling, acute DAMP-mediated
sterile inflammatory response, its resolution, repair, and
functional recovery. The proposed model is the authors’
conceptual interpretation of current experimental and
clinical data (Fig. 1.).

1. Acute Ischemia as a Trigger of Sterile
Inflammation
Acute ischemic stroke begins with a sudden cessation
of cerebral blood flow, leading to the rapid development
of energy deficit, impaired ion homeostasis, excitotoxicity,
oxidative stress, and cell death. However, modern studies
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Fig. 1. Integrative model of acute ischemic stroke as an adaptive immunometabolic process
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TUBHOro ctpecy Ta 3arubeni knituH. MNpoTe cyyacHi go-
CRiKEeHHs CBigYaTh, LUO illeMiYHe YLUKOMKEHHS € nuiie
NnoYaTKoBOK MOAIE0 3HA4YHO cknagHiworo OGionoriyHoro
npouecy. Yxe B NepLUi XBUNUHN NIiCAS BUHUKHEHHS iLlemii
aKTMBYIOTbCA MeXaHi3MW BPOMKEHOro iMYHITETY, fAKi 3a-
NnycKarTb rOCTpPe CTepurbHE 3anarneHHs — 3aKOHOMIpHY
afanTUBHY BIANOBIAb OPraHiaMy Ha TKaHWHHE YLLIKOOXEH-
He [3, 4, 5, 6, 24].

Ha BiamiHy Big iH(bekuiiHoro npouecy, nicngiwemivyHe
3ananeHHs opmyeTbcs 6e3 yuacTi natoreHis. Moro akTu-
BaLjisa BiabyBaeTbCa y BiANOBiAb HA BUBINIbHEHHS BHYTPILLI-
HBbOKNITUHHMX Monekyn Hebesnekn (damage-associated
molecular patterns, DAMPSs), siki cTatoTb yHiBepcanbHUMm
CUrHanamu TKaHWHHOTO YLLKOKEHHS Ta KOOPAUHYIOTb 3a-
nycK MicLIeBOi 1 CMCTEMHOI iMyHHOI Bignogigi [5, 19].

1.1. DAMP-curHaaisauis Ak yHiBepCAAbHUA MEXAHI3M

pO3I1i3HGBClHH9I YLWKOAXEHHSA

[o ocHoBHMX DAMP Hanexatb 6inok rpynun BUCOKOI MO-
6inbHocTi (HMGB1), AT®, 6inkn Tennosoro woky, S100-npo-
TeiHun, miToxoHapianbHa HK Ta KOMNOHEHTM NO3aKNiTUHHO-
ro matpukcy. Bsaemogitoum 3 Toll-nogibHumm peuentopamu,
peuenTopamun Ans KiHUeBWX npoaykTie rmikysaHHA (RAGE)
Ta iHWMMKU peuenTopamm posniHaBaHHA Hebesneku, BOHU
akTuBytoTb curHanbHi wnsxu NF-kB, iHpnamacomu Ta cuH-
Te3 nposanarnbHuX UMTOKIHIB [5, 7, 9, 19].

Takum ynHoM, DAMP-curnanisauis € yHisepcanbHUm
MEXaHi3MOM, KU NepeBOAUTb JOKarbHe ileMiYHe YLu-
KOMXXEHHSA Yy KOOPAMHOBaHY CUCTEMHY iMyHO3anarnbHy
BiANOBIAb.

1.2. HeMpocyAMHHO OAMHULA K LLEHTPAAbHUIK 06’ €KT

AICASAILUEMIYHOIO YLUKOAXKEHHSA

CTtepunbHe 3ananeHHs po3ropTaeTbCsl B MeXax Hen-
POCYAMHHOI OAUHUL, Kka 06’€AHY€E HEMPOHU, acTPOLIMTH, Mi-
Kpornito, eHgoTenianbHi KMiTUHW, NepUUUTA Ta KOMMOHEHTU
NO3akNiTUHHOrO MaTpuKcy. Y HOpMi BOHa 3abesnevye Hei-
pOCyaVHHE CMOMNyYeHHs, NiATPMMaHHs remaToeHLedaniyHo-
ro 6ap’epy (FEB) i1 meTaboniuHm romeoctas Mo3ky [4].

llwemisa WBMAKO NOpyLUY€E B3AEMOAIK MiX UMW KNiTK-
Hamu. AKTuBaUis Mikpornii, AMCEYHKUIA eHgoTenito, nig-
BULLEHHS NpoHukHOCTi MEB, 3any4yeHHs nepudepnyHnx
iIMYHHUX KIITUH | 3MiHU MDDKKNITUHHOT curHanisauii dop-
MYIOTb NOKanbHe MIKPOOTOUYEHHS, B SIKOMY BU3HA4YaETbCS
nopanbLumin nepebir nicnsiwemivyHoro npouecy [5, 6, 21].

1.3. BpoAXeHMUI iIMYHITET KOOPAUHYE

POHHIO BIANOBiAb HA iLLeMmilo

MepwnMn Ha ilWeMivyHe YLUIKOMKEHHSA pearyloTb pe-
3UOEHTHI KNITUHW BPOMKEHOTO IMYHITETY — Hacamnepen,
Mikpornis. BoHn WBMAKO aKTUBYHOTLCS, NPOAYKYIOTb Ln-
TOKIHW, XEMOKiIHM Ta iHLWi CMrHanbHi MONeKynu, siki Koop-
AVHYIOTb MicueBy 3ananbHy BiAnosigb i pekpyTyloTb ne-
pyudepnYHi iIMyHHI KNiTuHK [5, 6, 8].

Y HacTynHi roAvHM A0 iLWeMiYHOro BOTHWLLA MIrpyroTb
HEenTPoinu, MOHOLMTM Ta iHLWI KMITUHW BPOMKEHOrO iMy-
HiTeTy. BoHn GepyTb yvacTb B enimiHauii HEKpOTU30BaHUX
TKaHWH, OfHaK OJHOYaCHO MOXYTb MOCWMIOBaTW OKCuaa-
TUBHWIA CTPec, yWKomKkeHHA MEB 11 BTOPUHHE YLIKOMKEHHS
HenpoHiB. bionoriyHe 3HaYeHHS L€l BignoBiai BU3Ha4aeTbCA
He nuLue ii IH-TEHCUBHICTIO, @ Hacamnepes CBOEYACHICTIO No-
AanbLuoro nepexoay Ao pesontouii [6, 8, 20, 21, 22].

1.4. TocTpe CTEPUAbHE 3ANAAEHHS

K AAANTUBHA BIAMNOBIAb

CyuvacHi ysiBneHHs po3rnsgaroTb nicnsiemMiyHe 3ana-
NEeHHA He AK NoOiYHMIA HacniAoK KNiTMHHOI 3armbeni, a sk

indicate that ischemic injury is only the initial event of
a much more complex biological process. Within the
first minutes of ischemia, innate immune mechanisms
are activated, triggering acute sterile inflammation a
natural adaptive response of the body to tissue injury
[3,4,5,6, 24].

Unlike an infectious process, post-ischemic
inflammation develops without the involvement of
pathogens. Its activation occurs in response to the release
of intracellular damage-associated molecular patterns
(DAMPs), which act as universal signals of tissue damage
and coordinate the initiation of local and systemic immune
responses [5, 19].

1.1. DAMP Signaling as a Universal Mechanism
of Injury Recognition
Major DAMPs include high mobility group box 1
(HMGB1) protein, ATP, heat shock proteins, S100
proteins, mitochondrial DNA, and extracellular matrix
components. Interacting with Toll-like receptors, receptors
for advanced glycation end products (RAGE), and other
pattern recognition receptors, they activate NF-«kB
signaling pathways, inflammasomes, and the synthesis of
proinflammatory cytokines [5, 7, 9, 19].
Thus, DAMP signaling is a universal mechanism
that translates local ischemic injury into a coordinated
systemic immunoinflammatory response.

1.2. The Neurovascular Unit as the Central Target of
Post-Ischemic Injury

Sterile inflammation unfolds within the neurovascular
unit, which integrates neurons, astrocytes, microglia,
endothelial cells, pericytes, and extracellular matrix
components. Normally, it ensures neurovascular coupling,
maintenance of the blood-brain barrier, and metabolic
homeostasis of the brain [4].

Ischemia rapidly disrupts the interaction between these
cells. Microglial activation, endothelial dysfunction, increased
blood-brain barrier permeability, recruitment of peripheral
immune cells, and changes in intercellular signaling form
a local microenvironment that determines the subsequent
course of the post-ischemic process [5, 6, 21].

1.3. Innate Immunity Coordinates
the Early Response to Ischemia

Resident cells of innate immunity—primarily microglia—
are the first to react to ischemic injury. They rapidly
activate, producing cytokines, chemokines, and other
signaling molecules that coordinate the local inflammatory
response and recruit peripheral immune cells [5, 6, 8].

In the following hours, neutrophils, monocytes, and
other innate immune cells migrate to the ischemic focus.
They participate in the elimination of necrotic tissue, but
at the same time can exacerbate oxidative stress, blood-
brain barrier damage, and secondary neuronal injury. The
biological significance of this response is determined not
only by its intensity but primarily by the timeliness of its
subsequent transition to resolution [6, 8, 20,. 21, 22].

1.4. Acute Sterile Inflammation
as an Adaptive Response
Modern concepts view post-ischemic inflammation not
as a side effect of cell death, but as a predictable adaptive
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3aKOHOMIpHY afanTUBHY NporpamMy, CrpsiMOBaHy Ha Joka-
ni3auito YLWKOMKEHHS, eniMiHaLLilo HEKPOTU30BaHUX TKaHWH
i CTBOpEHHS YMOB AN nofdanbLuoi penapadii [5, 6, 24].
Came TOMy rocTpe CTepuribHe 3ananeHHs Mae no-
OBiMHUIN XapakTep. 3a OOCTaTHbOI YacoBOiI koopauHauii
BOHO 3abe3neyvye O4YMLLEHHS TKAHWHW W NiOroTOBKY OO0
BiJHOBNEHHS. AKLLO X edpekTopHa dhasa cTae HagMipHO
abo 3aTskHOO, 3anarbHa BiAMNoOBiAbL NEPEeTBOPIOETLES Ha
BaXINMBUIA YNHHWK BTOPUHHOTO YLLIKOXKEHHSI MO3KY.

Y3draAbHeHHs

Takum ymHOM, rocTpa ileMmis 3anyckae He nuiie no-
KanbHe YLWKOMKEHHSI MO3KOBOI TKaHWHW, a W CKNagHy
nporpamy CTepurnbHOro 3ananeHHs,B skini DAMP-curHa-
nisauisl, HeMpocyauHHa OAMHULA Ta KMNiTUHU BPOXKEHOro
iMyHITETY popMyIOTb EAMHY KOOPAUHOBaHY BiAnoBiAb Ha
ywikogKeHHs1. Moganbunii nepebir Lboro npoLecy 3Hau-
HOI MIpOH BU3HAYaETLCS IMyHOMETabomMiYHUM CTaHOM
opraHiamy LWe A0 PO3BUTKY iHCYNbTY, WO po3rnsgaeTses
Yy HacTyrnHoMy po3gini.

2. XpoHi4Ha imMyHOMeTaboAIYHa Ae3aaanTalis

K TepeAyMOBA FOCTPOro CTEPUALHOTIO

3AnNAAeHHs

TpaauuinHi yasneHHs npo Il posrnsgatoTs 1Moro sk pan-
TOBY CyAVHHY KatacTpody, O BUHUKAE NiCNsA OKMo3ii MO3-
KoBoI aptepii. [poTe cyvacHi OoCnimKeHHs cBigyaTb, Lo
GinbLUICTb NALEHTIB BXOAATL Y rocTpy chasy Bxe Ha Tni Tpu-
Barnoi iMyHomeTaboniyHoi nepebynoBu opraHiamy, ccop-
MoBaHOi MeTaboniyHuMm cuHapoMom (MC), OXUpPIHHAM,
iHcyniHope3ucTeHTHicTio (IP), atepocknepo3om, LlyKpOBUM
niabetom 2 Tuny (LIO2) i crapinHam [14, 15, 16, 17, 25].

Lli ctaHn xapakTepusyloTbCs XPOHIYHUM HU3bKOIHTEH-
CMBHVMM CTEPUMBHUM 3ananeHHsM, siKe MigTPUMyeTbCs
MOCTINHOIO aKTUBALI€0 KMNITUH BPOMXKEHOro iMyHITETY, eH-
JoTenianbHOK AUCKYHKLIE, OKCUOATUBHUM CTPECOM Ta
NopYLUEHHAM MiXKNITUHHOI curHanisauii. BHacnigok uboro
MOCTYNOBO 3MiHIOTbCA MeTaboniam, HeWpoeHOOKPUHHA
perynsuis, CyauHHa peakTUBHICTb i yHKUIOHANbHUI CTaH
NpaKkTU4YHO BCiX opraHis, Bkntodatoum LIHC [14, 15, 16, 17].

2.1. IMyHOMeTaboAiI3M Ik OCHOBA

GAQMNTUBHOI BIAMOBIAI

Cy4acHa imyHornoris po3rnggae 3ananeHHs He nuwie
SIK IMYHHUI, a 1 9K MeTabonivyHuiA npouec. AKTuBaLis Kni-
TUH BPOMPKEHOro iMYHITETY CYNpOBOMKYETHCA LUBUAKOO
nepebynoBo0 eHepreTMYHoro obMmiHy, sika 3abesnevye
iXHi edpekTOpHI dyHKUii. Mepexia 4O NnepeBaXxHOro BUKO-
pUCTaHHSA aepoBHOro rmikoniay, 3MiHU (PyHKLii MITOXOH-
Apii, ninigHoro “ amiHOKMCNOTHOrO O6MIHY [403BOMNSTH
nigTpyMyBaT WBNAKMN cuHTe3 AT®, npoayKuito LMUTOKI-
HiB, charouMTo3 Ta iHWI MexaHi3aMu 3ananbHoi BignoBiAi
[14, 15].

BogHoyac MetaboniyHa nepebynoBa OXOMNOE He
nuwe iMyHHi kniTnHK. MNig BNAMBOM 3ananeHHs 3MiHIETb-
Csl eHepreTMYHMIM obMiH HEMpOHiIB, acTpouuTiB, eHaoTeni-
anbHUX KMITUH | NnepudepnyHnX TKaHWUH, LWLO CBIiAYMTb Npo
CUCTEMHUI XapakTep iMyHoMmeTabonivHoi Bianosiai.

2.2. HeipOEHAOKPUHHA KOOPAMHALLIS

iMyHoMeTaboAi4HOI nepebyAoBU

IMmyHOomeTaboniyHa BignoBigb ¢opMyeTbcs 3a Ges-
nocepenHbOi yyacTi HerWpoeHOOKPUHHOI cuctemun. [ino-
Tanamo-rinodpizapHo-HagHMPKOBa Ta  rinoTtanamo-rino-
isapHO-TMpeoigHa oOcCi, cumnaToagpeHanioBa CUCTEMA,
iHCyniH, rNOKaroH Ta iHWi ropMoHarnbHi perynsatopu Koop-

program aimed at localizing the injury, eliminating necrotic
tissues, and creating conditions for subsequent repair [5,
6, 24].

That is why acute sterile inflammation has a dual
nature. With sufficient temporal coordination, it ensures
tissue clearance and preparation for recovery. However, if
the effector phase becomes excessive or prolonged, the
inflammatory response turns into an important factor of
secondary brain injury.

Summary

Thus, acute ischemia triggers not only local brain
tissue damage but also a complex program of sterile
inflammation, in which DAMP signaling, the neurovascular
unit, and innate immune cells form a single coordinated
response to injury. The further course of this process is
largely determined by the immunometabolic state of the
body prior to the onset of stroke, which is discussed in the
next section.

2. Chronic Inmunometabolic
Maladaptation as a Prerequisite
for Acute Sterile Inflammation

Traditional views on AIS consider it a sudden vascular
catastrophe occurring after cerebral artery occlusion.
However, modern studies indicate that most patients
enter the acute phase already against a background of
prolonged immunometabolic remodeling of the body,
shaped by metabolic syndrome (MS), obesity, insulin
resistance (IR), atherosclerosis, type 2 diabetes mellitus
(T2DM), and aging [14, 15, 16, 17, 25].

These conditions are characterized by chronic low-
grade sterile inflammation, maintained by constant
activation of innate immune cells, endothelial dysfunction,
oxidative stress, and impaired intercellular signaling. As
a result, metabolism, neuroendocrine regulation, vascular
reactivity, and the functional state of virtually all organs,
including the central nervous system, gradually change
[14, 15, 16, 17].

2.1. Imnmunometabolism as the Basis
of the Adaptive Response

Modern immunology views inflammation not only as an
immune process but also as a metabolic one. Activation of
innate immune cells is accompanied by rapid remodeling of
energy metabolism, which supports their effector functions.
The transition to the predominant use of aerobic glycolysis,
changes in mitochondrial function, and lipid and amino
acid metabolism allow for maintaining rapid ATP synthesis,
cytokine production, phagocytosis, and other mechanisms
of the inflammatory response [14, 15].

At the same time, metabolic remodeling
encompasses more than just immune cells. Under the
influence of inflammation, the energy metabolism of
neurons, astrocytes, endothelial cells, and peripheral
tissues changes, indicating the systemic nature of the
immunometabolic response.

2.2. Neuroendocrine Coordination

of Immunometabolic Remodeling
The immunometabolic response is formed with
the direct participation of the neuroendocrine system.
The hypothalamic-pituitary-adrenal and hypothalamic-
pituitary-thyroid axes, sympathoadrenal system, insulin,
glucagon, and other hormonal regulators coordinate the
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OVHYI0Tb Nepeposnoain eHepreTMYHNX pecypcis BiANoOBIgHO
0o notpeb akTMBOBaHOI iMyHHOI cuctemu [18, 26, 27, 28].

Y dpisionoriyHnx ymoBax Taka nepebynoBa mMae agan-
TUBHUI XapakTep i 3abe3neyye edhekTUBHY BignoBiab Ha
ywikogeHHsi. MNpoTe 3a TpmMBanoro icHyBaHHs MeTaborniy-
HUX NMOpYLLEHb BOHA MNOCTYNOBO NEPEXOAUTL Y CTaH Ae3a-
JanTauii, Wo CynpoBOMKYETbCA XPOHIYHUM 3ananeHHsiM,
eHpoTenianbHo ANCHYHKLIE Ta BUCHAXEHHSIM pery-
NATOPHUX pPe3epBiB.

2.3. TocTpuit iLLeMi4HUI IHCYABLT

K 3pUB aAanTAaLLll

3 umMx No3umuin rocTpui iLeMiYHUIA iHCYNbT AOLUINbHO
po3rnagaty He nuile sk rokarnbHe MPUMUHEHHST MO3KO-
BOrO KPOBOTOKY, a SIK KMiHIYHWIA NposiB 3pMBY NonepeaHLo
cchopMoBaHoi iMyHoMeTabonivHoi aganTadii. locTpa iwe-
Mis pi3ko 36inbLUye eHepreTuyHi NoTpedbun TKaHWHW, aKTu-
Bye DAMP-3anexHy curHanisadito Ta 3anyckae noTyxHy
CUCTEeMHY BiAnoBiab, sika peani3yeTbCsl Yepe3 MexaHiamu
BPOOKEHOro iMYHITETY, HEMPOEHOOKPUHHOI perynauii n
meTabonidyHoi nepebynoswm [5, 6, 15, 18].

Omxe, xapakTep MicnsiweMiYHOro 3ananeHHs 3Hau-
HOM MipOto BU3HA4Ya€ETbLCH He nuile mactabom nokanbs-
HOTIO YLUKOPKEHHS, @ I TUM, Y SIKOMY iMyHOMeTabormniYHo-
My CTaHi nepebyBaB opraHiam 4o pO3BUTKY iHCYILTY.

Y3draAbHeHHs

Takum umHoMm, [l possmBaeTbcs Ha Tni TpmBanoi
iMyHomeTabonivHoi Ae3apganTadii, sika BU3Ha4vae aganTta-
LiMHWA pesepB opraHiamy Ta Moaudikye noganbLuni
nepebir roctporo crepunbHoro 3ananeHHs. Came Luew
nonepeaHb0 CHOPMOBAHUIA CUCTEMHUI KOHTEKCT 3Hau-
HOIO Mipoto BU3Hayae edpeKTMBHICTb nepexoay Big edek-
TOpPHOI BignoBiAi Ao pesoniouii, penapauii Ta gyHKuio-
HanbHOro BiAHOBMNEHHS, WO PO3rMS4aETLCH Y HACTYMHUX
posginax.

3. locTpe cTepuAbHE 3ANAAEHHS:

BiA ecdbeKTOpHOI BiAMOBiAi AO 3aNyCKy pe3oAloLi

Micnsa ycknagHeHHS ileMiYHUM YLIKOMKEHHSIM rocTpe
CTepunbHe 3anarneHHss NepexoauTb Y KOOPOUHOBaHY
a3oBy BiAMNOBIAb, WO NOEAHYE eniMiHaLil0 YLIKOMKEHNX
CTPYKTYp i3 nNiArOTOBKOK TKaHWMHM [0 NoAanbLIoro
BigHOBNeHHs. CyyacHi ysaBNEeHHA po3rnsigatoTb MOro He
K HecrneuudivyHnin Hacnigok KniTMHHOI 3arnbeni, a sk
OuHaMibYHuM npoLec, y AkoMy epekTopHa iMyHHa BianoBiab
MOCTYMNOBO 3MIHIOETbCS MeXaHi3amamu pesontouii  Ta
penapadii. Came cBOe4acCHICTb LibOro nepexoay 3HauyHo
MipOI0 BM3Ha4Yae noganbLunii yHKLiOHaNbHUIM pesynsrat
nicna Il [5, 6, 20, 21, 22, 23, 24].

3.1. DAMP-cUrHaaisauis niaATpumye

edekTopHy a3y 3anaAeHHs

Micns iwemiyHOro yLwKoaXeHHs BUBINbHEHHSA MOMEKyr
HeGe3nekn (DAMPS) nioTpumye akTuBauilo BPOAXEHOro
iMyHiTeTy, ctumyntotoum Toll-nogibHi peuentopu, RAGE Ta
iHpnamacomu. Lle 3abesnevye npoaykuito nposanansHUxX
LUUTOKIHIB, PEKPYTUHI IMYHHUX KRiTWUH | KoopAwuHaLito
nokanbHOI 3ananbHoi Bignosiai [7, 8, 9, 19].

Ha wupbomy etani DAMP-curHanisauis BUKOHYyeE
isionoriyHy  PyHKUilO  pO3Mi3HABaHHA  YLUKOOXKEHHS.
Mpote i HagmipHa abo TpuBana akTuBaLis nigTpUMye
BTOPVHHE YLIKOMKEHHSI TKaHWHKW, 3aTpumye nepexia
Jo pesoniouii Ta cnpuse OPMYBaHHIO XPOHIYHOMO
Henpo3ananeHHs [6, 7, 9].

redistribution of energy resources according to the needs
of the activated immune system [18, 26, 27, 28].

Under physiological conditions, such remodeling is
adaptive and provides an effective response to injury.
However, with the prolonged existence of metabolic
disorders, it gradually ftransitions into a state of
maladaptation, accompanied by chronic inflammation,
endothelial dysfunction, and depletion of regulatory
reserves.

2.3. Acute Ischemic Stroke
as an Adaptation Breakdown

From this perspective, it is appropriate to consider
acute ischemic stroke not merely as a local cessation of
cerebral blood flow, but as a clinical manifestation of the
breakdown of previously established immunometabolic
adaptation. Acute ischemia sharply increases tissue
energy demands, activates DAMP-dependent signaling,
and triggers a powerful systemic response realized
through innate immunity mechanisms, neuroendocrine
regulation, and metabolic remodeling [5, 6, 15, 18].

Thus, the nature of post-ischemic inflammation is
largely determined not only by the scale of the local injury
but also by the immunometabolic state the body was in
before the stroke developed.

Summary

Thus, AIS develops against the background of
prolonged immunometabolic maladaptation, which
determines the body’s adaptive reserve and modifies the
subsequent course of acute sterile inflammation. It is this
pre-established systemic context that largely determines
the effectiveness of the transition from the effector
response to resolution, repair, and functional recovery,
which is discussed in the subsequent sections.

3. Acute Sterile Inflammation: From Effector

Response to the Initiation of Resolution
Following the complication by ischemic injury, acute
sterile inflammation transitions into a coordinated
multiphasic response that combines the elimination
of damaged structures with the preparation of tissue
for subsequent recovery. Modern concepts view it not
as a nonspecific consequence of cell death, but as a
dynamic process in which the effector immune response
is gradually replaced by mechanisms of resolution and
repair. It is the timeliness of this transition that largely
determines the subsequent functional outcome after AIS

[5, 6, 20, 21, 22, 23, 24].

3.1. DAMP Signaling Maintains
the Effector Phase of Inflammation

After ischemic injury, the release of damage-
associated molecular patterns (DAMPs) maintains the
activation of innate immunity by stimulating Toll-like
receptors, RAGE, and inflammasomes. This ensures the
production of proinflammatory cytokines, immune cell
recruitment, and coordination of the local inflammatory
response [7, 8, 9, 19].

At this stage, DAMP signaling performs the
physiological function of injury recognition. However, its
excessive or prolonged activation supports secondary
tissue injury, delays the transition to resolution, and
promotes the development of chronic neuroinflammation
[6, 7, 9].
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3.2. KaiTuHHa nepebyAoBa BU3HA4YAE

nepexia A0 pe3oAloLi

Y Mipy po3BuTKy nicrsiiLuemMi4Horo npoecy Bupillans-
HOro 3Ha4yeHHs HabyBa€e He CTiNbKU Nofanblue 3any4yeHHs
HOBMX  IMYHHUX  KMIiTWH, CKiNbKW  (PyHKUiOHanNbHa
nepebynoBa BXe aKTMBOBAHOI Mikpornii, mMakpodaris i
HenTpoginiB. AKWO Ha paHHiIX eTanax IXHA AianbHICTb
crnpsiMoBaHa Ha fokanisauilo YWKOMKEeHHs Ta enimiHauito
HEKPOTM30BaHWX TKaHWH, TO Hagani came 3MiHa IX
dyHKUiOHanNbHOro CTaHy CTBOPIHOE nepeaymMoBu Anis
npunuHeHHs edpeKkTopHOI Bignosiai [6, 11, 20, 21, 22, 23].

Baxnuneolo yMOBOI Takoro nepexogy € edektuBHe
OYMLLEHHS iLLeMiYHOro BorHuLa Bif, KNiTMHHOTO OETPUTY,
noctynose 3ameHweHHs DAMP-3anexHoi ctumynsauii ta
aKkTMBaLis mexaHiaviB edepoumTody. Came Ui npouecu
dopMytoTe BionoriyHi nepegymoBu Ans 3anycky peso-
ntoLiT, ika € HACTYMNHOK 3aKOHOMIPHOLO hasoto nicns iwe-
MivHOI aganTauii [11, 12, 23].

Y3araAbHEHHSs

TakuM YMHOM, rocTpe cTepunbHe 3ananeHHa nicna i
€ AMHaMIYHMM MpoLecoM, Y KoMy edeKkTopHa BignoBiab
i MexaHi3aMu BiQHOBMNEHHS He MpPOTUCTaBNATbCH, a
nocnigoBHO 3MiHTL ogHa ogHy. Came cBoevacHe
npunuHeHHs DAMP-3anexHoil akTmBadii, pyHKUioHanbHa
nepebynoBa KNiTUH BPOMXEHOro iMyHITETY Ta 3anyck
edepoumTo3y CTBOPIOIOTL YMOBM Ans nepexogy A0
pesoniouii, fAka BW3Hayae nodanblly penapauilo Ta
HEeNpPONNacTUYHICTb.

4. Bia YLUKOAXEHHS AO BIAHOBAEHHS: pe3oAloLin

CTEPUABHOIO 3AMNAAEHHS IK OCHOBA penapadii

TpuBanuin Yac 3aBepLUEHHS 3ananbHOI BiAnoBidi pos-
rmagany sk nacuBHE 3racaHHsi MiCNs YCYHEHHS YLIKOA-
XKyBanbHOro 4YvHHUKa. CyyacHi [OCNIIKEHHS [OKOPiH-
HO 3MiHWNM Ui ysaBneHHs. Ha cborogHi gosegeHo, LWO
NPUMNWHEHHS] TOCTPOrO CTEPUIIBHOIO 3anareHHs € aKTuB-
HUM, TEeHEeTMYHO 3anporpamMoBaHMM OGionoriyHMM npo-
uecom — pesontouieto (resolution of inflammation), ska
KOOpAVHYE nepexif Bif edheKTopHOI Bignosiagi 4o penapadii
Ta dyHKUioHanbHoro BigHosneHHs [10, 11, 12, 13, 29].

4.1. 3anaAeHHs 9K Heo6XiAHO yMOBA penapauii

MoagivHa npmpoga rocTporo CTEPUIbHOMO 3ananeHHs
€ OoOHWM i3 PyHAaMeHTanbHUX MPUHUMMIB Cy4acHO!
imyHonorii. 3ananeHa BigNoBiAb He NULIe MOXe CrpUsiTU
BTOPVMHHOMY YLUKOKEHHIO TKaHWHWU, a N € HeobxiaHo
nepeaymoBoOlo i noganbLloro BigHoBMNeHHsi. Came BoOHa
3abe3neyye poa3nizHaBaHHSA YLIKOMKEHHS, eniMiHaLio
HEKPOTM30BAHUX KNITUH, OYULLEHHS MDKKITITUHHOMO Mpo-
CTOpY Ta 3anyck penapatuBHux nporpam [5, 6, 20, 24].

bionoriyHe 3Ha4YeHHs 3ananeHHs BM3HA4Ya€eTbCs He
MNOro iHTEHCUBHICTIO, @ CBOEYACHOK 3MiHOK (YHKLiO-
HanNbHOrO CTaHy KIiTUH BPOOXKEHOro iMyHiTeTy. HagmipHo
TpuBane 36epexeHHs1 edeKTopHOI tasn abo 3aTpmmka
nepexofy A0 pesontouii NepeTBopoTb  isionoriyHnin
MeXaHi3M 3ax1CTy Ha J)Kepero BTOPUHHOMO YLLKOAXEHHS
mo3ky [10, 11, 12, 13].

4.2. MakpodbaraAbHa nepebyaoBa —

KAKOYHOBA MOAIS pe30AloLl

LleHTpanbHoto nogieto pesoniouii € dyHKUioHanbHa
nepebynoBa mikpornii Ta Makpodaris. Xoya TpaguuiiHo
1T onucytoTb aK nepexig Big deHotuny M1 go M2,
CcydvacHi OOCnifXeHHs cBigyaTh, WO Taka Knacudikauis
€ YMOBHOI0, a KIiTUHM hopMytoTb B6e3nepepBHUiA CnekTp

3.2. Cellular Remodeling Determines
the Transition to Resolution

As the post-ischemic process unfolds, the decisive role
is played not so much by the further recruitment of new
immune cells, but by the functional remodeling of already
activated microglia, macrophages, and neutrophils. While
in the early stages their activity is aimed at localizing the
injury and eliminating necrotic tissues, subsequently,
it is the change in their functional state that creates the
prerequisites for the cessation of the effector response [6,
11, 20, 21, 22, 23].

An important condition for such a transition is the
effective clearance of the ischemic focus from cellular
detritus, a gradual decrease in DAMP-dependent
stimulation, and the activation of efferocytosis mechanisms.
These very processes form the biological prerequisites for
initiating resolution, which is the next predictable phase of
post-ischemic adaptation [11, 12, 23].

Summary

Thus, acute sterile inflammation after AIS is a dynamic
process in which the effector response and recovery
mechanisms are not opposed but sequentially replace
each other. It is the timely cessation of DAMP-dependent
activation, the functional remodeling of innate immune
cells, and the initiation of efferocytosis that create the
conditions for transitioning to resolution, which determines
further repair and neuroplasticity.

4. From Injury to Recovery: Resolution of Sterile
Inflammation as the Basis of Repair
For a long time, the conclusion of the inflammatory
response was considered a passive fading away after
the removal of the damaging factor. Modern studies have
radically changed these concepts. Today it is proven that
the termination of acute sterile inflammation is an active,
genetically programmed biological process—the resolution
of inflammation—which coordinates the transition from the
effector response to repair and functional recovery [10, 1,
12, 13, 29].

4.1. Inlammation as a Necessary Condition for Repair

The dual nature of acute sterile inflammation is one
of the fundamental principles of modern immunology.
The inflammatory response can not only contribute to
secondary tissue injury but is also a necessary prerequisite
for its subsequent recovery. It provides injury recognition,
elimination of necrotic cells, clearance of the extracellular
space, and initiation of reparative programs [5, 6, 20, 24].

The biological significance of inflammation is
determined not by its intensity, but by the timely change in
the functional state of innate immune cells. An excessively
prolonged maintenance of the effector phase or a delay in
the transition to resolution turns a physiological defense
mechanism into a source of secondary brain injury [10,
11, 12, 13].

4.2. Macrophage Remodeling -

The Key Event of Resolution
The central event of resolution is the functional
remodeling of microglia and macrophages. Although
traditionally described as a transition from the M1 to
the M2 phenotype, modern studies indicate that such
a classification is conditional, and the cells form a
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PYHKUIOHaNbHUX CTaHIB, KU BU3HAYAETLCH NOKaNbHUM
MIKpOOTOYEHHSM [6, 11, 12, 22, 23].

Ha paHHix eTanax nicna iwemii nepesBaxaroTb
epeKTopHi nporpamu, CNpsMOBaHi Ha MPOAYKLit0 npo3a-
nanbHUX MegiaTopiB i BUAANEHHS MOLUKOMKEHUX CTPYKTYP.
Y Mipy OYMLLEHHS iLLEMIYHOrO BOrHMLLA 3pOCTaE aKTUBHICTb
ecbepoumTosdy, nicna 4oro makpodarn Ta Mikpornia nepe-
X04sTb [0 CUHTE3y MpoTu3ananbHWX LMTOKIHIB, (hakTopiB
pOCTYy Ta MOIeKyn, WO NiATPUMYHOTL aHrioreHes, pemoge-
MNOBaHHA TKAHWHW N HEMPOMMaCTUYHICTb. TakMMm YMHOM,
ePekTUBHUIA edepoLMTO3 He NULIE 3aBEPLUYE OYULLEHHS
TKaHVHW, a W € OOHWMM i3 KMIYOBMX CUrHanis 3anycky
pesontouii [11, 12, 22, 23].

4.3. CneuiaAizoBaHi meaiaTopu pesoAloLi

BupiwanbHy ponb Yy @i3ionorivHOMy 3aBepLUEHHi
CTEPUIIbHOIO  3ananeHHs  BigirpaloTb  cneuianisoBaHi
megiatopu pesontouii (specialized pro-resolving medi-
ators, SPMs) — pe3onBiHW, NPOTEKTUHW, Mape3nHX Ta
ninokcvHu. Ha BigMiHy Big KnacuyHUX npoTu3ananbHUX
npenapartiB BOHW He NPUrHivyloTb iMyHHY BignoBidb, a
KoopAauHytoThb Ti npupogHe 3aBeplieHHs [10, 29].

SPMs obmexyoTb peKpyTUHT HENTPOINiB, CTUMYIIOTb
ecbepoumnTos, MOAYMNIOKTb (PYHKUIOHANBHUA CTaH MIKpo-
rmii Ta Makpodaris, 3MeHLUYIOTb NPOAYKLII0 npo3ananbHnX
UMTOKIHIB | BOAHOYAaC nNIATPUMYOTb CUHTE3 (DaKTOpIB,
HeoOXigHVMX Ons penapauii TkaHuHW. EkcnepumeHTanbHi
OaHi cBigyatb, Wo oxupiHHg, |P, L2, i cTapiHHA MOXYTb
CYNpOBOMKYBATUCA HEOQOCTaTHIM YTBOPEHHSM MeAiaTopis
pesontouii, WO MOTEeHLINHO nopyLlye disionoriyHe 3aBep-
LWEHHS nicnsilwemiyHoro 3ananexHs [15, 16, 25, 29].

4.4. Penapauis HEMPOCYAUHHOI OAUHULLI

lMicna nepexogy Ao pesontouii AOMIHYIOYMM MPOLECOM
CTae penapawisi, CpsIMOBaHa Ha MaKCMMallbHO MOXIMBE
BiAHOBMEHHS (PYHKUiOHANbHOI UiNiCHOCTI HeMpOoCyaAMHHOT
oavHuui. EHpoTenianbHi kniTHM 3abe3nevytoTb aHrioreHes
i BiOHOBNEHHs1 rematoeHuedaniyHoro Gap’epy, acTpouuTu
nigTpyMytoTb MeTaboniyHuii romeocTas i pemogerntoBaHHs
MO3aKMiTMHHOTO MaTPUKCY, @ MIKpOrnis i Makpodarm Koop-
OVHYIOTb OCTaTOYHE OYMLLEHHSI TKaHWMHU Ta (hOpMYyBaHHS
CNpUATIIMBOTO MIKPOOTOMEHHST Anst pereHepauii [4, 11, 12,
13, 23].

4.5. HeMponNAQCTHYHICTb —

3aBepLIaAbHA doasd nicAgiLleMmivHOl aaanTauii

HenponnactuyHicTb € 3aBepLuanbHO ¢ha3oro nicnsiwe-
MiuHOi aganTauii, wo 3abesnedye yHKLiOHanbHe BigHOB-
NEeHHS HaBiTb 32 YMOB HE3BOPOTHOI BTPATW YacTUHW HEPBO-
BOI TKaHUHU. POPMYBaHHA HOBUX CUHAMTUYHWUX 3B’A3KIB,
nepebynoBa HeMpoHanbHUX MepeX, peMmieniHisauis, aHrio-
reHes i pyHKUiOHanNbHa peopraHisaLisi Kopy rorioBHOTO MO3KY
3HAYHOI MIpOl0 3anexaTb Bid ycnilWwHoi pesontouii 3ana-
NeHHs Ta ePEKTUBHOCTI penapaTtuBHUX npouecis [4, 12, 23].

Takum 4YMHOM, nicnsillemMiyHe BiOHOBMNEHHS € €au-
HUM Ge3nepepBHUM GiONOrYHMM NPOLECOM, Y SIKOMY
pes3onioLis CTepUnbHOro 3ananeHHs 3abesnevye 3akoHo-
MipHUI nepexia Biad edeKTOpHOi iMyHHOI Bignosigi Ao
penapadii HeMpoCyAMHHOI OQUHWLI Ta NoAanbLLOT HENpO-
NMacTUYHOCTI.

5. HoBi MOXAMBOCTI NnAaToreHeTUYHOI Tepanii:

BiA penepdysii A0 KepyBAHHA AAQNTUBHOIO

BiANOBiAAIO

CyuacHe nikyBaHHs 'll nepebyBae Ha eTani nepexoay
Bi KOHUEnNLii i30MbOBaHOro BiAHOBNEHHSI MO3KOBOIO

continuous spectrum of functional states determined by
the local microenvironment [6, 11, 12, 22, 23].

In the early post-ischemic stages, effector programs
aimed at producing proinflammatory mediators and
removing damaged structures predominate. As
the ischemic focus is cleared, efferocytosis activity
increases, after which macrophages and microglia
switch to synthesizing anti-inflammatory cytokines,
growth factors, and molecules that support angiogenesis,
tissue remodeling, and neuroplasticity. Thus, effective
efferocytosis not only completes tissue clearance but is
also one of the key signals triggering resolution [11, 12,
22, 23].

4.3. Specidlized Pro-Resolving Mediators

Specialized pro-resolving mediators (SPMs) -
resolvins, protectins, maresins, and lipoxins—play a
decisive role in the physiological termination of sterile
inflammation. Unlike classical anti-inflammatory drugs,
they do not suppress the immune response but coordinate
its natural conclusion [10, 29].

SPMs limit neutrophil recruitment, stimulate
efferocytosis, modulate the functional state of
microglia and macrophages, reduce the production of
proinflammatory cytokines, and simultaneously support
the synthesis of factors necessary for tissue repair.
Experimental data suggest that obesity, IR, T2DM, and
aging may be accompanied by insufficient production
of pro-resolving mediators, potentially disrupting the
physiological termination of post-ischemic inflammation
[15, 16, 25, 29].

4.4. Repair of the Neurovascular Unit
After the transition to resolution, the dominant
process becomes repair, aimed at the maximum possible
restoration of the functional integrity of the neurovascular
unit. Endothelial cells ensure angiogenesis and blood-
brain barrier restoration, astrocytes maintain metabolic
homeostasis and extracellular matrix remodeling,
and microglia and macrophages coordinate the final
clearance of tissue and the formation of a favorable

microenvironment for regeneration [4, 11, 12, 13, 23].

4.5. Neuroplasticity - The Final Phase
of Post-Ischemic Adaptation
Neuroplasticity is the final phase of post-ischemic
adaptation, ensuring functional recovery even under
conditions of irreversible loss of some neural tissue. The
formation of new synaptic connections, reorganization
of neural networks, remyelination, angiogenesis, and
functional reorganization of the cerebral cortex largely
depend on the successful resolution of inflammation and
the effectiveness of reparative processes [4, 12, 23].
Thus, post-ischemic recovery is a single continuous
biological process in which the resolution of sterile
inflammation ensures a logical transition from the effector
immune response to the repair of the neurovascular unit
and subsequent neuroplasticity.

5. New Opportunities for Pathogenetic Therapy:
From Reperfusion to Managing
the Adaptive Response
Modern AIS treatment is at the stage of transitioning
from the concept of isolated cerebral blood flow restoration
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KPOBOTOKY [0 LUMPLUOrO PO3YMiHHS MNaToreHeTu4Hol
Tepanii $IK KepoBaHOro BMAMAMBY Ha MOCMIQOBHI a3
nicnsilwemiyHoi aganTMBHOI BiAMOBIAI. AKWO NpOTArom
OCTaHHIX AecsATuniTb OCHOBHA yBara Oyna 3ocepemxeHa
Ha penepdysii, TO cyyacHi ekcrnepumeHTanbHi gocnig-
KEHHS CcBiaYaTh, WO KMiHIYHUIA pe3ynbTaTt 3Ha4YHOK Mipoto
BM3HaA4YaeTbCA nNoganbliMM  nepebiroMm  cTepunbHoro
3ananeHHs, Moro pes3orntouieto, penapawielo Ta Henpo-
NMAaCTMYHICTIO. 3 NO3MUIN iIHTerpaTMBHOI Mogeni edheKkTunB-
He NiKyBaHHs1 MOBUHHO He fuLLUe BiQHOBMOBAaTU KPOBOTIK,
a 1 nigTpumysaTtu @isionoriyHy 4YacoBy MOCHIAOBHICTb
aganTUBHKX NPOLECIB.

5.1. Penepdys3is sk HeobxiaHQ,

dA€ HEAOCTATHSA YMOBA BIAHOBAEHHSA

Penepdpysiina Tepania 3anuwaeTbCs  OCHOBOKO
cyyacHoro nikyBaHHA [ll, ockinbku nuwe cBoevacHe
BiAHOBMEHHS LiepebparnbHOro KPOBOTOKY 3aaTHe 36epertu
XUTTE3AATHICTb iLleMiYHOI NeHymMBpun Ta obmexunTn obesr
iHdbapkTy [2, 3]. BogHouac kniHiyHMI JOCBIA4 | pe3ynsraTtu
YUCIEHHUX JOoChiAXeHb CBigyaTb, WO HaBiTb YycnillHa
pekaHanisauis He 3aBxau 3abesnevye CnpusTivee
dyHKUiOHanbHe BigHOBMNEeHHs [3, 5, 6].

Micna BigHOBNEHHS KPOBOTOKY MAaTOMOriYHUIA Npouec
He 3aBepuwyeTbca. Penepdysia cynpoBoaXyeTbCA
akTuBauieto okcupgaTtuBHoro cTpecy, DAMP-3anexHoi
curHanisauii, NPOHWKHEHHAM  KNITUH  BPOMXEHOro
iIMYHITETY, nopyLleHHAM YHKLUii rematoeHuedaniyHoro
Gap’epy Ta pO3BUTKOM penepdy3ifHOrO YLUKOOXEHHS.
OTxXe, BigHOBMEHHs nepdysii € nuwe nepLiMM etanom
nikyBaHH4, Todi ik noganblUniA pesynbTaT BU3Ha4YaeTbCs
30aTHICTIO opraHiaMy KOOpAMHOBAaHO NepenTy Bifg rocTpoi
eeKTOpHOI BiANOBIAI 4O penapaTuBHMX NPOLECIB.

5.2. Bia NpUrHiYeHHs 3anaAeHHs

AO KEPYBAHHS MOro pe30AIoLLIEI0

BinbwicTe ekcnepumMeHTanbHUX  MNpOTU3ananbHUX
ctpaterin npu [l He npogemMoHCTpyBana ouikyBaHOI
KNiHIYHOT edPeKTUBHOCTI. IMOBIpHO, FONIOBHOIO MPUYMHOID
uboro 6yno He CTiNbkM HeBAane oOpaHHA OKpeMMUX
MONEKYNSAPHNX MilLEHEN, CKifbKA HagMipHO CnpoLlueHe
YSIBMEHHS MPO 3ananeHHs sk Npouec, skl HeobxiaHO
MaKCUManbHO MPUrHivyBaTu.

Cy4acHi ysBneHHs cBigyaTb, WO rocTpe CTepuribHe
3ananeHHa € ¢a3oBo aganTuBHOK Bignoeigaw. Ha
paHHiX eTanax BOHO 0OMEXYE MOLUMPEHHS YLLIKOKEHHS,
3abe3neyye eniMiHaLilo HEKPOTU30BaHWX TKAHWH i
3anyckae penapauito. Hapani 6GionoriyHe 3Ha4YeHHsi
HabyBae He MNPUrHiYeHHs1 3ananeHHs, a CBOEYacHWiA
nepexig oo moro pesontouii. Came ToMy nepcrnekTMBHUMUN
BUMA4ATbL  NiAX0oAu, ChApsMOBaHi  Ha  MNiATPUMKY
echepoumnTosy, yHKUioHanbHOI nepebynoBu  Mikpornii
Ta Makpodparis, CMHTEe3y cneuianizoBaHux MepgiaTopis
pesontouii, BiAHOBMEHHA HENpPOCYAWHHOI OAMHUUI Ta
HenponnacTtudHocTi [10, 11, 12, 13, 22, 23, 29, 30].

OcobnueuiA iHTepec CTaHOBWUTb CUCTEMHUI niaxin
Jo imyHomopynsuii. 3 nosuuin 3anponoHoBaHoi moaeni
TepaneBTUYHE 3HAYeHHSI MOXYTb MaTW He fnuLle OKpeMi
MONEKYNSPHi MiLLIeHi, a  BTpyYaHHs, 34aTHi nigTpumyBaTtiu
KOOpAMHOBaHYy nepebynoBy €HepreTMyHoro  OoOMiHY,
HepoeHOOKPUHHOI perynadii Ta gyHKUIOHanbLHOro cTaHy
KNiTUH BPOAXXEHOTO IMYHITETY. Y LibOMY KOHTEKCTi KOpeKUis
cucTeMHoro Mmetaboniamy, MiATpUMKa MiKpOLMPKYNALiT,
onTMMI3auisi HEWpPOEHOOKPUHHOI  Bignosigi Ta  iHWiI
KOMMOHEHTM iHTEHCMBHOI Tepanii MOXyTb po3rnsgaTuca
HEe nuwe SK CMMNTOMAaTUMYHI 3axodn, a K MOTEeHUiNHI

to a broader understanding of pathogenetic therapy as
a controlled intervention on the sequential phases of
the post-ischemic adaptive response. While attention
over the past decades has been primarily focused on
reperfusion, modern experimental studies indicate that
clinical outcome is largely determined by the further
course of sterile inflammation, its resolution, repair, and
neuroplasticity. From the perspective of the integrative
model, effective treatment should not only restore blood
flow but also support the physiological temporal sequence
of adaptive processes.

5.1. Reperfusion as a Necessary
But Insufficient Condition for Recovery

Reperfusion therapy remains the foundation of modern
AIS treatment, as only timely restoration of cerebral blood
flow can preserve the viability of the ischemic penumbra
and limit the infarct volume [2, 3]. However, clinical
experience and the results of numerous studies indicate
that even successful recanalization does not always
ensure favorable functional recovery [3, 5, 6].

Following the restoration of blood flow, the pathological
process does not conclude. Reperfusion is accompanied
by the activation of oxidative stress, DAMP-dependent
signaling, infiltration by innate immune cells, disruption
of blood-brain barrier function, and the development of
reperfusion injury. Thus, the restoration of perfusion is
only the first stage of treatment, while the subsequent
outcome is determined by the body’s ability to coordinately
transition from the acute effector response to reparative
processes.

5.2. From Suppressing Inflammation
to Managing lts Resolution

Most experimental anti-inflammatory strategies in
AIS have not demonstrated the expected clinical efficacy.
Likely, the main reason for this was not so much the
unsuccessful selection of specific molecular targets, but
an oversimplified view of inflammation as a process that
must be maximally suppressed.

Modern concepts indicate that acute sterile
inflammation is a multiphasic adaptive response. In
the early stages, it limits the spread of injury, ensures
the elimination of necrotic tissues, and triggers repair.
Subsequently, biological importance shifts from
suppressing inflammation to a timely transition to its
resolution. That is why approaches aimed at supporting
efferocytosis, functional remodeling of microglia and
macrophages, synthesis of specialized pro-resolving
mediators, and restoration of the neurovascular unit and
neuroplasticity appear promising [10, 11, 12, 13, 22, 23,
29, 30].

Of particular interest is a systemic approach to
immunomodulation. From the standpoint of the proposed
model, therapeutic significance may be found not only
in individual molecular targets but also in interventions
capable of supporting the coordinated remodeling of
energy metabolism, neuroendocrine regulation, and
the functional state of innate immune cells. In this
context, correction of systemic metabolism, support of
microcirculation, optimization of the neuroendocrine
response, and other intensive care components can be
viewed not merely as symptomatic measures, but as
potential modifiers of the multiphasic immunometabolic
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Moaudikatopu a3oBoi iMyHomeTabonivyHoi BianoBiAai.
BogHouyac Taka KoHuenuis noTpebye noganblioro
dyHOAMEHTanbHOro,  TPaHCAAUIMHOIO W KIiHIYHOro
NiATBEPOXKEHHS.

5.3. PeaGiAiTaLis 1K NpoAOBXEHHS

6ioAOri4YHOro BiAHOBAEHHS

3 noauuin iHTerpatMBHOT Mogeni peabiniTauito gouinb-
HO PO3rNsiAaTh He AK i3011bOBaHMI eTan Nicnsa 3aBepLUEHHS
rocTporo nikyBaHHsl, a sIK KMiHiYHe MPOAOBXEHHsI Mpo-
LeciB pesontouii, penapadii Ta HeMponnacTU4HoOCTI. Xo4a
cyyacHi nporpamu isnyHOT Ta peabiniTauiiHoi megu-
LUMHW peanisyloTbCs MNepeBaXHO Yy MiCnsrocTpomy Ta
[OOBroTpuBanomy BiLHOBHUX nepiogax, ix GionoriyHoto
OCHOBOK € CTPYKTypHa 1 (yHKUioHanbHa nepebynosa
LIHC, wo dopmyeTbcs nig yac 3aBepLUeHHs1 CTEePUNbHOro
3anarneHHs.

®di3nyHa akTUBHICTb, BepTMKanisauisi, CEHCOMOTOpPHa
CTUMYnNSILisi, KOTHITUBHA W MOBHa peabiniTauis cTBO-
ptoloTb YMOBUM Ans peanisauii HemponnacTU4HoOCTI, pe-
MOAenoBaHHA HeMpoHarnbHUX MepexX, aHrioreHedy Ta
yHKUiOHanNbHOro  BiOHOBMNEHHS. AHanNoriyHo N  iHLWi
i3nyHi NikyBanbHi YUHHUKN MOXYTb BNIMBaATU Ha MiKpoO-
LMPKYNSALio, KNITUHHUIA MeTaboniam, akTUBHICTb rnianb-
HUX KMITUH | HEMPOMNAaCTUYHICTb, Xo4a BinbLUiCTb TakMx
niaxo/iB NOKK L0 He Mae AOCTaTHbOT J0Ka30BoT 6a3un Ans
LLIMPOKOrO KNiHIYHOro 3aCTOCYBaHHS.

TakMuM 4uHOM, nikyBaHHs Ta peabinitauis npu Tl
MOXYTb po3rnsgatuca sik 6e3nepepBHUiA  GionorivHUi
npouec, CNpsiMOBaHUN He nuLle Ha YCYHEHHS1 CyAWHHOI
OKNto3il, a W Ha NIgTPMMKY MNPUPOAHOI YacoBoi nocni-
[OOBHOCTI nicnsilemiyHoT aganTauii — Big rocTporo crepu-
NbHOro 3anarneHHs Yepes Noro pesorntoLilo Ta penapaLito
00 HeponnacTUYHOCTI 1 PYHKLIOHANbHOrO BiHOBMEHHS.

PE3YABTATU

MokasaHo, wo DAMP-onocepeakoBaHa akTuBaLis
BPOMKEHOro iMYHITETY, ANCKYHKLIS HEMPOCYANHHOT OAK-
HWUUi, cucTeMHa iMyHHa BiONOBIAb, HENPOeHOOKPUHHA
perynsidis Ta nepebynoBa eHepreTm4yHoro obmiHy dop-
MYKOTb €OuHy dasoBy aganTMBHY BIiAMNOBiOb, pesyrb-
TaT $KOI BW3HAYAETbCS CBOEYACHUM MNEpexoaoMm Bif
edeKkTopHOI (pasm 3ananeHHs [0 Woro pesontoui,
penapauii Ta HerponnactuyHocTi. O6rpyHTOBaHO AoUiNnb-
HIiCTb po3rmsagy nikyBaHHA W peabiniTauii gk B3aemo-
noB’sA3aHnx eTaniB 6e3nepepBHOro NpoLeCy BiAHOBIEHHS.

OBrOBOPEHHA

Cy4yacHi [OOCnigpKeHHs1 iCTOTHO 3MIHMMKW  YSABIMEHHS
npo natoreHes [l. Akwo paHiwe Woro posrnagany ne-
peBaXHO AK HacnigoK MokarbHOI CyAWMHHOI OKMio3ii Ta
eHepreTnyHoro gediuuTy, To Ha cborogHi Aepani GinbLie
eKcnepMMeHTanbHUX i KMiHIYHUX AaHMX CBigYUTb, LUO ile-
MiYHE YLUKOMKEHHSI € NULLE NYCKOBOK MOAIE0 CKragHoi
afanTUBHOI BiANOBIAI opraHiamy. LieHTpanbHe micue B Hin
3aMiMaEe rocTpe CTepunbHe 3ananeHHs, ke OfHOYacHO
BMKOHYE 3aXWCHi, penapaTuBHi Ta NOTEHUINHO YLLKOAXKY-
BanbHi yHKUii [5, 6, 24].

MpoBeaeHw aHanis niTepatypu gae nigcraBn pos-
rnagatu [l He nuwe Ak nokanebHe CyaAVHHE YLLKOMXKEHHS,
a fK KMiHIYHWI NposiB 3puBY nonepeaHbo ChHOpMOBAHOT

response.Atthe same time, such a conceptrequires further
fundamental, translational, and clinical confirmation.

5.3. Rehabilitation as an Extension
of Biological Recovery

From the perspective of the integrative model, it
is appropriate to view rehabilitation not as an isolated
stage after the completion of acute treatment, but as a
clinical extension of the processes of resolution, repair,
and neuroplasticity. Although modern physical and
rehabilitation medicine programs are implemented mainly
in the post-acute and long-term recovery periods, their
biological basis is the structural and functional remodeling
of the CNS, which takes shape during the conclusion of
sterile inflammation.

Physical activity, verticalization, = sensorimotor
stimulation, and cognitive and speech rehabilitation create
conditions for realizing neuroplasticity, neural network
remodeling, angiogenesis, and functional recovery.
Similarly, other physical therapeutic modalities can affect
microcirculation, cellular metabolism, glial cell activity,
and neuroplasticity, although most of these approaches
do not yet have a sufficient evidence base for broad
clinical application.

Thus, AIS treatment and rehabilitation can be viewed
as a continuous biological process aimed not only at
eliminating vascular occlusion but also at supporting the
natural temporal sequence of post-ischemic adaptation—
from acute sterile inflammation through its resolution and
repair to neuroplasticity and functional recovery.

RESULTS

It has been shown that DAMP-mediated activation of
innate immunity, neurovascular unit dysfunction, systemic
immune response, neuroendocrine regulation, and reor-
ganization of energy metabolism form a unified phased
adaptive response, the outcome of which is determined
by a timely transition from the effector phase of inflam-
mation to its resolution, repair, and neuroplasticity. The
rationale for considering treatment and rehabilitation as
interconnected stages of a continuous recovery process
has been substantiated.

DISCUSSION

Modern studies have significantly changed the
understanding of the pathogenesis of acute ischemic
stroke (AIS). While it was previously considered primarily
as a consequence of local vascular occlusion and energy
deficit, today an increasing amount of experimental and
clinical data indicates that ischemic injury is merely the
triggering event of a complex adaptive response of the
body. Acute sterile inflammation occupies a central place
within it, simultaneously performing protective, reparative,
and potentially damaging functions [5, 6, 24].

The conducted literature analysis provides grounds
to consider AIS not only as a local vascular injury but as
a clinical manifestation of the breakdown of a previously
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iMyHomeTabonivyHoi aganTtauii opraHiamy. MeTtaboniyHuii
cuHgpowm, |IP, atepocknepos, CTapiHHA Ta iHLWi XPOHiYHi
CTaHW CynpOBOOXYIOTbCA TPMBANIUM HU3bKOIHTEHCUBHUM
3ananeHHsaM, eHpoTenianbHOK AUCHYHKLiE, 3MiHaMK
HepOeHOOKPUHHOI perynsuii Ta NoCTYNOBUM BUCHAXEH-
HAM aganTauinHnX pesepsiB. Y LMX yMoBax rocTpa ilemis
3anyckae He i30NbOBaHMIN foKanbHUIM NpoLec, a iHTerpo-
BaHy nporpamMy CUCTEMHOI BignoBidi, WO NOEAHYE iIMYHHI,
HEVPOEHOOKPUHHI Ta MeTaboniyHi MexaHiamu, cnpsimo-
BaHi Ha Mobinisauito eHepreTuYHMX pecypciB, NiATPUMKY
KUTTE30ATHOCTI TKAHWHM Ta Nogarblue BigHOBNEHHSA [14,
15, 16, 17, 18, 25, 26, 27, 28].

OTpuMaHi AaHi [O3BONSATE MO-HOBOMY iHTEPMpPETY-
BaTM GionoriyHy ponb MocCTilleMiYHOro 3ananeHHs. Ha
BiOMiHY Bif TPaAWUINHOIO ysIBNEHHS NPo HbOro SK nepe-
BaXKHO YLLUKOKYBanbHUI npoLec, CyvacHi AaHi ceigyatb,
LLIO 3anarbHa BignoBigb € HeobXigHOK YMOBOK edeEKTUB-
HOT penapadii. BupiwanbHe 3Ha4yeHHA Mae He cuna 3ana-
neHHs cama no cobi, a cBoevacHui nepexig Big edekTop-
Hoi dha3u fo pesontouii. Came nopyLleHHs Liei YacoBoi
KOOpAMHaLil MOXe fexaTu B OCHOBI TpUBanoro Hempo-
3ananeHHs, He4oCTaTHbLOI penapadii Ta HECNPUSATIIMBOIO
dyHKUioHanbHoro BigHoBneHHsA [10, 11, 12, 13, 23, 29].

Takvi nigxig 4O3BONSIE MOACHUTY 1 0OMeEXeHy edek-
TUBHICTb OinbLUOCTI NpoTM3ananbHUX cTpaTerii, Ao-
cnigxernnx npu Il l7|MOBipHo, Ginbwicte HeBgoay Gyna
nop’sa3aHa 3 TUM, WO TepaneBTUYHI BTpy4YaHHa Oynu
CNPsIMOBaHi Ha OKpeMi KOMMOHEHTM 3ananbHOi BiANOoBIAi,
TOAi Ik cama 3anarnbHa peakuisi € pa3oBUM iHTENPOBaHUM
ajanTvBHMM npouecoM. HaTomicTb cydvacHi ysiBNeHHs
cBigYaTh, WO MEepCrneKTUBHILIOW Moxe OyTu nigTpumka
noro gisionoriyHoi aAnHamikn — 36epexeHHs edepounTo-
3y, dyHKLUioHanbHoi nepebyaoBu Mikpornii Ta Makpoda-
riB, pesontouii, BiAHOBNEHHA HENPOCYAUHHO! OAWHULI 1
HenponnacTtuyHocTi [10, 11, 12, 23, 29, 30].

OcobnuBicTio 3anpornoHoBaHOi Mogeni € po3rnsag,
nicnsilemMiyHoro 3anarneHHsl $K CKnagoBol  €OMHOro
iMyHomeTaboniyHoro apanTaudiiHoro npouecy. Y LUbO-
MY KOHTEKCTi TepaneBTUYHE 3HAYeHHS MOXYTb MaTu He
nvwe oKpeMi MOMneKynspHi MiweHi, a 1 nigxoaw, 3aaTHi
niaTpumyBaTV KOOpPOWHOBaHYy nepebyaoBy KNiTUHHOIO
eHepreTM4yHoro o0bmiHy, HEMPOEHOOKPUHHOI perynsuii Ta
PYHKLIOHaNbLHOIO CTaHy KMiTUH BPOOXKEHOro iMyHITETY.
Came TOMy OKpeMi MikyBanbHi BTpy4aHHs, SKi icTOpuY-
HO 3aCTOCOBYBanucs MEPEBaXHO €MMIPUYHO (KOHTPOIb
TemnepaTtypu, ObMexeHHst meTaboniyHux notpeb Tka-
HWHUW, NIGTPUMKa MIKpOLMPKYRALIi, KopeKuis CUCTEMHOrO
meTaboniamy Ta iHWi 3axoA4u iHTEHCWMBHOI Tepanii), Mo-
XyTb ByTU nepeocMucneHi K NOTEHLiNHI MoaudikaTopm
dasoBoi imyHoMeTaboniyHoi BignoBigi, Wwo notpebyoTb
nigTBepaXeHHs y doyHOaMeHTanbHUX, TpaHCNAaUiMHMX Ta
KMiHIYHUX JOCNIOXKEHHSIX.

3 uMx caMmx No3unLin NepeocMUCOETLCS i MicLe pe-
abiniTauii B cy4acHin cuctemi gonomoru nadieHtam i3 'll.
HwuHi 6inbwicTe peabiniTayinHux BTpyYaHb peanisytoTbcs
nepeBakHoO y MiCNArocTpomy Ta LOBroTpMBanomy Big-
HOBHMX MNepiogax i cnpsasmMoBaHi Hacamnepes Ha BigHOB-
neHHsA YHKLUIA 3aBOSKM MexaHisMaM HerponnacTuyHoC-
Ti. BogHoyac cama HenponnacTUYHICTb PO3rMagacTbCs
He AK aBTOHOMHWIA MeXaHi3M (PyHKLiOHanbHOro BigHOB-
NEHHs, a sk 3aBepluanbHa dasa eguHoro aganTUBHOMO
KOHTVMHYYMY, LUO MOYMHAETBCA 3 FOCTPOro CTEPUIbHOIO
3anarneHHs, NPoXoanTb Yepes Moro pesontouio Ta pena-
pauito i 3aBepLlyeETLCA CTPYKTYPHOIO M (PYHKLIOHANbHOK
nepebynosoto LUHC. 3 noswuuii 3anponoHoBaHoi iHTe-
rpatMBHOI Mogeni peabiniTauilo [oUiNbHO po3rnsgaTu

formedimmunometabolic adaptation of the body. Metabolic
syndrome, insulin resistance (IR), atherosclerosis,
aging, and other chronic conditions are accompanied
by prolonged low-grade inflammation, endothelial
dysfunction, changes in neuroendocrine regulation, and
the gradual depletion of adaptive reserves. Under these
conditions, acute ischemia triggers not an isolated local
process, but an integrated program of systemic response
that combines immune, neuroendocrine, and metabolic
mechanisms aimed at mobilizing energy resources,
maintaining tissue viability, and subsequent recovery [14,
15, 16, 17, 18, 25, 27, 27, 28].

The obtained data allow for a new interpretation of the
biological role of post-ischemic inflammation. In contrast
to the traditional view of it as a predominantly damaging
process, modern data indicate that the inflammatory
response is a necessary condition for effective repair.
What is of decisive importance is not the strength of
the inflammation itself, but the timely transition from
the effector phase to resolution. It is the disruption of
this temporal coordination that may underlie prolonged
neuroinflammation, insufficient repair, and unfavorable
functional recovery [10, 11, 12, 13, 23, 29].

Such an approach also helps explain the limited
effectiveness of most anti-inflammatory strategies studied
in AIS. Most likely, the majority of failures were due to
therapeutic interventions targeting individual components
of the inflammatory response, whereas the inflammatory
reaction itself is a multiphasic integrated adaptive
process. Instead, modern concepts suggest that a more
promising approach may be supporting its physiological
dynamics—preserving efferocytosis, functional remodeling
of microglia and macrophages, resolution, restoration of
the neurovascular unit, and neuroplasticity [10, 11, 12, 23,
29, 30].

A feature of the proposed model is considering
post-ischemic inflammation as a component of a single
immunometabolic adaptive process. In this context,
therapeutic significance may be found not only in
individual molecular targets but also in approaches
capable of supporting the coordinated remodeling of
cellular energy metabolism, neuroendocrine regulation,
and the functional state of innate immune cells. That
is why certain therapeutic interventions, which have
historically been applied mostly empirically (temperature
control, limiting tissue metabolic demands, supporting
microcirculation, correction of systemic metabolism, and
other intensive care measures), can be re-evaluated as
potential modifiers of the multiphasic immunometabolic
response, requiring confirmation in fundamental,
translational, and clinical studies.

From these same positions, the role of rehabilitation in
the modern system of care for AIS patients is also being
reconsidered. Currently, most rehabilitation interventions
are implemented primarily in the post-acute and long-term
recovery periods and are aimed primarily at restoring
functions through mechanisms of neuroplasticity. At the
same time, neuroplasticity itself is considered not as
an autonomous mechanism of functional recovery, but
as the final phase of a single adaptive continuum that
begins with acute sterile inflammation, passes through its
resolution and repair, and concludes with the structural
and functional remodeling of the central nervous system
(CNS). From the perspective of the proposed integrative
model, it is appropriate to consider rehabilitation as a
clinical extension of these biological processes, where the
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K KniHiYHe NpoaoBXeHHSA umx 6GionoriyHMx npouecis,
KOnu peanisyloTbCs MeXaHi3Mu CTPYKTYPHOI Ta pyHKuio-
HanbHoi nepebynosu LIHC, 3aknageHi nig yac pesontouii
3ananeHHs [4, 12, 23, 28, 29]. Takui nigxig He 3MiHI0E
GesnocepeaHix Uinen peabiniTauii, ane iCTOTHO 3MiHIO€E
X natodisionoriyHe obrpyHTyBaHHS: HEMPONNACTUYHICTb
pPO3rnsgaeTbCs He SK i30NbOBaHMI MEXaHI3M BigHOBMEH-
Hsl, @ 9K (piHanbHa cTagis egquHOro aganTUBHOTO KOHTU-
HYYMY, LLIO OXOMSIE FOCTPE CTEPUIbHE 3ananeHHs, 1oro
pesontoLito, penapadito Ta yHKUiOHanbHe BiAHOBNEHHS.
TakvM YMHOM, 3anponoHOBaHa iHTerpaTnBHa Moaenb
He 3anepevye Cy4acHUX MOMNEKYNSAPHUX i KNITUHHUX KOH-
uenuin natoreHesy [l, a o6’eaHye ix y eguHy nocnigos-
Hy cuctemy. Y ii mexax 'l noctae He sk i3onboBaHa cy-
OWHHa nogis, a sk KniHiyHa dasa eguHoro aganTMBHOMO
npouecy, Wo opMy€eTbCsl B YMOBaXxX nonepeaHboi iMyHo-
meTaboniyHoi ae3aganTadii, peanisyeTbcs Yepes roctpe
CTepunbHe 3anareHHsi Ta 3aBepLUyeTbCst abo MOoro cBoe-
YaCHOH pe3ontoLieto, penapauieto  HeMPONNaCTUYHICTHO,
abo opMyBaHHSIM TpPMBanNMX NaTonoriYyHUx 3MiH. Takui
nigxiga Moxe ctaTh NatodisionoriyHo OCHOBOK ANs no-
Janbwnx yHAaMeHTanbHUX, TPAHCAALINHAUX | KNiHIYHMX
JocnigkeHb, CnpsiMoBaHMX Ha po3pobKy nNepcoHarni3oBa-
HUX cTpaTerii nikyBaHHsA Ta peabinitauii nauieHTis i3 ',

BUCHOBKHU

FocTpui iWeMiYHMIA IHCYNBT OOUINBHO po3rnsaaaTh gk
iHTerpoBaHy Mogernb rocTporo CTEPWUnbHOrO 3anarneHHs,
B SKil iWemis 3anyckae MocrigoBHY iMyHOMeTabomniyHy
afanTuBHY BiOMNOBIAb, LLO OXOMITHOE MOMEKYNSAPHI, KNiTUH-
Hi, HEMPOEHOOKPUHHI Ta MeTaboniyHi MexaHi3Mu.

MicnsiwemMiyHe 3ananeHHs OPMyeTbCA Ha T
nonepeaHbOi XPOHIYHOI iIMyHOMeTabonivHoi Ae3adanTadlii.
MeTtaboniyHni cMHAPOM, IHCYNIHOPE3UCTEHTHICTb, aTepo-
CKIepo3 i CTapiHHA BM3HA4aloTb aganTauiiHuiA peseps
OopraHiamy Ta MOXYTb BMIMBaTU Ha nepebir 3ananexHHs,
pesontouii 1 PyHKLIOHANbHOro BiJHOBIEHHS.

BupiwanbHe 3HaYeHHA Mae He iHTEHCMBHICTb 3ana-
TNeHHs1, a CBOeYacHWI nepexia Bif eeKkTopHoi dasu ao
pesontouii. Came NopyLIeHHs uiel NOCNiAOBHOCTI cnpusie
PO3BUTKY TPUBANOro Hewnpo3ananeHHs, HeaoCTaTHIN
penapadii Ta HeCNPUSATIIMBMM KIiHIYHUM Hacnigkam.

MepcneKkTMBHUM HanpssMOM NaToreHeTUYHOI Teparnii €
He ToTarnbHe MPUrHIYeHHs 3anarneHHs, a nigTpyumMka noro
izionoriyHoi AnHamikm — edpepoumTosy, PYHKLIOHANBHOI
nepebynoBu KNiTMH BPOMKEHOTO iMYHITETY, pe3orntouii,
penapadii Ta BiZHOBMNEHHSA HEMPOCYANHHOT OANHMLL.

PeabiniTauito gouinbHO po3rnaaaTn 9K KiHiYHe npo-
OOBXEHHs1 BionoriyHMx npoueciB pesontouii, penapadii Ta
HEeMpONIacTUYHOCTI, WO po3Wwmnproe ii natodpisionoriyHe
06r'pyHTYBaHHS 6€3 3MiHM TPaaMLiNHUX YHKLIOHANbHUX
uinen.

3anpornoHoBaHa iHTerpaTMBHa KOHUEMNUis posrnsgae
rOCTPUA iLUEMIYHUI iHCYNBT 9K KIiHIYHY hady €amHoro
afanTUBHOIO KOHTUMHYYMY, LLO MOYMHAETLCS XPOHIYHOH
imyHomeTaboniyHolO  ge3aganTadielo,  peanisyetbcs
yepes rocTpe CTepurbHe 3ananeHHs Ta 3aBepLuyeTbCs
abo pesontouieto, penapaudielo i HEMPONNACTUYHICTIO,
abo hopmMyBaHHAM XPOHIYHUX MATOMONYHUX 3MiH. Takun
nigxig CcTBoproe nartodpisionoriyHy OCHOBY Ans nofarnb-

mechanisms of structural and functional CNS remodeling,
laid down during the resolution of inflammation, are
realized [4, 12, 23, 28, 29]. This approach does not
change the immediate goals of rehabilitation but
significantly changes their pathophysiological justification:
neuroplasticity is viewed not as an isolated mechanism
of recovery, but as the final stage of a single adaptive
continuum that encompasses acute sterile inflammation,
its resolution, repair, and functional recovery.

Thus, the proposed integrative model does not
negate modern molecular and cellular concepts of AIS
pathogenesis but integrates them into a single coherent
system. Within its framework, AIS emerges not as an
isolated vascular event, but as a clinical phase of a
unified adaptive process that forms under conditions
of prior immunometabolic maladaptation, is realized
through acute sterile inflammation, and concludes either
with its timely resolution, repair, and neuroplasticity, or
the formation of long-term pathological changes. Such
an approach could become the pathophysiological
basis for further fundamental, translational, and clinical
studies aimed at developing personalized treatment and
rehabilitation strategies for AIS patients.

CONCLUSIONS

It is appropriate to consider acute ischemic stroke
as an integrated model of acute sterile inflammation, in
which ischemia triggers a sequential immunometabolic
adaptive response that encompasses molecular, cellular,
neuroendocrine, and metabolic mechanisms.

Post-ischemic  inflammation  develops against
the background of prior chronic immunometabolic
maladaptation. Metabolic syndrome, insulin resistance,
atherosclerosis, and aging determine the body’s adaptive
reserve and can influence the course of inflammation,
resolution, and functional recovery.

The decisive factor is not the intensity of inflammation,
butthe timely transitionfromthe effector phase toresolution.
It is the disruption of this sequence that contributes to the
development of prolonged neuroinflammation, insufficient
repair, and unfavorable clinical outcomes.

A promising direction for pathogenetic therapy is not
the total suppression of inflammation, but the support
of its physiological dynamics—efferocytosis, functional
remodeling of innate immune cells, resolution, repair, and
restoration of the neurovascular unit.

It is appropriate to view rehabilitation as a clinical
extension of the biological processes of resolution, repair,
and neuroplasticity, which expands its pathophysiological
justification without altering traditional functional goals.

The proposed integrative concept views acute
ischemic stroke as a clinical phase of a single adaptive
continuum that begins with chronic immunometabolic
maladaptation, is realized through acute sterile
inflammation, and concludes either with resolution,
repair, and neuroplasticity, or with the formation of
chronic pathological changes. Such an approach creates
a pathophysiological basis for further fundamental,

wux dyHaameHTanbHUX, TpaHCnAuiiHux i KniHiYHMx  translational, and clinical studies.
[ocniokeHb.
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OOGMEXEHHSA AOCAIAXKEHHSA

ABTOpPY pyKOMUCY CBIOOMO 3acBiguyloTb, LIO OOMEXEHHS LbOoro
ornsgy 3yMOBMeHi Sk NonepeaHb0 OKPECHEHUMI pamMKamn TeMaTukm,
YacoBux nepiodiB i TWUMIB AOCHIMXKEHb, TaK i AOCTYMHICTIO xepen.
MowykoBa cTpaTteria oxonnoBana NpoBigHI HaykoMeTpuuHi 6asu
naHnx (PubMed, Scopus, Web of Science, Google Scholar) i3
BM3HAYEHUMU JaTtamu iHaekcauii. BkntodeHi poboTu sigpisHanucs 3a
[OV3aNHOM | METOLOINONYHOK SAKICTIO; Y YaCTUHU OOCHIMKEHb PU3NK
ynepemkeHocTi byB niaBuULLEHNM, a MiXXOOCNAHWLbKa BapiabenbHiCcTb
MOKa3HWKIB 3anuLuanacs icTOTHOO, LLIO 3HKYE BHYTPILLHIO BanigHICTb
CYKYMHMX OUIHOK i OBMeXye y3aranbHIOBaHICTb BWUCHOBKIB Ha iHLLI
nonynsuii Ta KNiHivHi KOHTEKCTW. [N 3MEHLEHHS 3a3Ha4YeHVX BNNMBIB
3aCTOCOBAHO He3anexHuid NoABiHWA Biabip Ta BUMYYEHHS OaHWX,
po3LwMpeHi KOMBIHaLLii KMoYOBMX CRB i MOTYHMX OnepaTopiB.

HepcneK‘ruBM MOAQAbLUUX AOCAIAXEHD

3anponoHoBaHa iHTErpaTMBHa KOHLEMUis po3rnsgae  rocTpumn
ileMiYHMIA  HCYyNMbT K KNiHiYHY a3y €auHOro  afjanTUBHOIO
KOHTUHYYMY, LLIO CTBOPIOE NaTOqi3ionoriyHy OCHOBY ANt nodasnbLumx
dyHOAMEHTaNbHUX, TPAHCNALUINHKX i KNIHIYHWUX AOCHIMKEHb.

KoHdAikT iHTepeciB

ABTOpYW pyKOMWCY CBIAOMO 3aCBiA4yHOTh BiACYTHICTb (hakTM4yHOro abo
NOTEHLAHOrO KOHNIKTY iHTepeciB LWoao pesynbraTiB Liei pobotu 3
hapMaLeBTUYHUMM KOMMaHisIMK, BUPOBHMKaMKU GioMeaUYHUX npu-
CTPOIB, iHWMMMW OpraHisauisMu, Yuni NpodyKkT, Nocnyru, giHaHcosa
nigTpUMKa MOXyYTb ByTW NOB’A3aHi 3 NpeAMETOM HaaaHUX Matepianis
abo ski cnoHcopyBany NpoBeaeHi JOCMIAKEHHS.
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Limitations of the study

The authors of the manuscript knowingly certify that the limitations
of this review are due to the predefined scope of the topic, time
periods, and study types, as well as the availability of sources. the
search strategy covered leading scientometric databases (pubmed,
scopus, web of science, google scholar) with specific indexing dates.
the included studies varied in design and methodological quality; in
some studies, the risk of bias was elevated, and inter-study variability
of indicators remained substantial, which reduces the internal validity
of cumulative estimates and limits the generalizability of findings to
other populations and clinical contexts. to mitigate these effects,
independent double screening and data extraction, as well as
extended combinations of keywords and boolean operators, were
applied.

Prospects for further research

The proposed integrative concept considers acute ischemic
stroke as a clinical phase of a unified adaptive continuum,
establishing a pathophysiological basis for further fundamental,
translational, and clinical research.
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AOTpMMdHHSI €TUYHUX HOPpM

Lis pobota € ornsgom HaykoBoi nitepatypu Ta He MICTUTb
pesynbTaTiB  OpuriHanbHUX KIiHIYHUX abo  eKkcnepuMeHTanbHKX
JocrifKeHb 3a ydyacTio NoAen uM TBapuH, TOMy He notpebye
3aTBEPPKEHHSI E€TUYHOI KOMICIEID Ta OTPUMaHHS iHOpPMOBaHOI
srogu. i Yac nigrotoBkM pykonucy aBToOpU [OTPUMYBanMUCH
npuHUWMNiB akagemiyHoi gobpoyecHocTi. [ins aHanisy 6yno BigibpaHo
nuwe Ti nNiTepaTypHi [mxepena, AOCHIMKEHHS B SKMX NPOBOAUNUCA
3 [OTPUMaHHAM CcydacHuX OiOeTMYHMX HOpM Ta MpUHLUMMIB
[enbciHCbKOT Aeknapauii BcecBiTHLOI MeanyHoi acouiaii.

BUKOPUCTAHHS LUTYYHOrO iIHTEAEKTY

ABTOpPY MiATBEPOXYIOTh, WO AaHe AOCMISKEHHS Ta pyKOnuC CTaTTi
niarotoBneHo 63 BUKOPUCTaHHSA TEXHOIOTIN LUTYYHOTO iHTENeKTy abo
reHepaTMBHUX Mogenen. YBecb npouec — Big po3pobku KoHuenui,
MOLWYKy Ta aHanisy nitepaTypHUX [Kepen [0 Y3ararbHEHHs
pe3ynbTaTiB | HAaMMCaHHS TEKCTY — BUKOHAHO BUKIIOYHO aBTOpPaMM.
PeparyBaHHA Ta odopMneHHs Matepiany TakoX 34iiCHoBanucs
CaMOCTiiHO. ABTOPM rapaHTyoTb OpUriHanbHICTb poboTH Ta HeCyTb
NOBHY BiAMNOBI4ANbHICTL 3@ HAayKkOBY OOIPYHTOBAHICTb BMCHOBKIB i
OOTpYMaHHS akageMiyHoi 40OpOYECHOCTI.

MepBuHHI AaHi Ta MmaTepiaAn

ABTOpPU 3asBMsAOTb, WO [[aHe [OCHiMKEHHS € HapaTUBHUM
OrnsgoM HayKoBOI niTepaTypu, TOMY NEPBUHHI AaHi y BUMMsSAi
iHOMBIQyanbHNX MedWMYHWUX 3anuciB NauieHTiB He 3bupanucsa Ta
He BUKOpucTOByBanucs. MaTepianu gocnigkeHHs BKIOYaloTb
ony6nikoBaHi HayKOBi CTaTTi, CUCTEMATWYHI OrMsAM, MeTaaHaniav
Ta MiXHapogHi pekoMeHauii, oTpMmaHi 3 BiOKPUTMX HayKo-
MeTpu4HKX 6a3 aaHmnx (PubMed, Scopus, Web of Science, Goo-
gle Scholar). Yci npoaHanizoBaHi MmaTepianu Ta Habopu AaHuX,
Lo NiATBEPAKYOTb BUCHOBKWU LIbOTO OrMsiAy, HaneXHUM YMHOM
npouMTOBaHi y CMUCKy niTepaTypu i € 3aranbHOO4OCTYMHUMM.
HopaTtkoBi petani wopgo cTpaterii nowyky Ta BigibpaHux
kepen MOXyTb OyTVM HafaHi aBTopamu ONsi peLeH3eHTIB Ta
3auikaBneHnx AOCMiAHNKIB 3a 0OI'PyHTOBaHNM 3anvToM.

IHdbopmalis Npo hiHAHCYBAHHS

HocnipkeHHa Ta nigrotoBka nybnikauii BMKOHaHI 3a paxyHOK
KOLWTIB AepxaBHoro bromkeTy YkpaiHn. Pobota € dpparmeHTom
NnaHoBOi HayKoBO-AocnigHOi pobotn Ha 6Gasi  kadegpu
CMOPTMBHOI, i3N4HOI Ta peabiniTauinHoi MeauUMHU, di3NYHOI
Tepanii Ta eprotepanii XapKiBCbKOro HaLioHanbHOro MeanyHoro
yHiBepcuTeTy  MiHicTepcTBa OXOpPOHM  300poB’'A  YKpaiHu.
HocnimkeHHs NpoBOAMIIOCH Y paMkax TeMun «[OCTpuii iLueMivHnia
iHCYNbT Ik Mogenb iMyHoOMeTabonivHoI Ae3aaanTalii Ta rocTporo
CTEpUNbHOTO 3ananeHHs: Bif iwemii Ao pesoniouii, penapauii
Ta peabiniTauii», fka € CKNagoBOK YACTUHOK KOMIMIEKCHOT
HayKoBOI mporpamu yHiBepcuTeTy. Pobota Mae npuknagHvn
XapakTtep i CnpsiMOBaHa Ha BOOCKOHANEHHs1 cucTtemMn pisnyHol
peabinitauii nauieHTiB HeBpomnoriyHoro npodino B YKpaiHi.
ABTOpM 3a3HavalTb BiACYTHICTb AOAATKOBOrO (PiHAHCYBaHHA 3
6OKy KOMEpLiNHMX opraHi3auiil, BUPOOHWKIB MEANYHOI TEeXHiKM
un  hbapmaueBTUYHMX KOMMaHIn. Yci eTanu [OCHImKEHHS,
30KpemMa MoLlyK Ta aHani3 HayKoBOI NiTepaTtypu, y3aranbHEeHHs
pe3ynbTaTtiB Ta MiArotoBKy nybnikauii, BUKOHaHI BUKIOYHO 3a
paxyHOK pecypciB aBTopiB Ta 6a30BOro hiHaHCyBaHHS YCTaHOBU.
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