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PE3IOME

AKTyanbHicTb. 3anansHi ODiomapkepu BIQIrpaTs BaXKMBY POMb Y PaHHIA aiarHoc-
TWL, NPOrHO3YBaHHI Ta KNIHIMHOMY MEHEMHMEHTI NaUIEHTIB 3 ILEMIYHWUM (HCYNLETOM,
0cobnuBo Yy BIOAINEHHAX IHTEHCUBHOI Teparnii.

MeTa poGOTU — NPOBECTM CUMCTEMATWUYHE y3aransHEeHHA ICHYHUYMX KNIHIYHKWX gocnig-
HEHb 3 METO OLIHKM NPOrHOCTUYHOT LIHHOCTI 3anansHux Diomapkepie — C-peakTMBHOMO
Binka (CRP), iHTepnenkiHy-6 (IL-6) Ta npokansuuToHiHY (PCT) — y NauieHTIB 3 IleMiYHUM
IHCYNETOM, rocniTanisoBaHWX 0 BiAAINEHbL IHTEHCUBHOI Tepanii, 3 ypaxyBaHHAM IXHbOro
BNMNUBY Ha KNIHIYHI pe3ynsTaTh, TAXKICTE CTaHy, PU3WK YCKINafHeHb | NeTansHICTb.
Martepianu Ta MeTogu. [poBedeHO CUCTEMaTUYHWIA OMAQ NiTepaTtypu, nNpoaHaniso-
BaHo 40 peueH30BaHUX [OCNIMHEHb, AK BIANOBIAANW 3a3ganerib BU3HAYEHWM
KpuTepiam BrNoYeHHA. OCHOBHa yBara Byna socepeieHa Ha OLUIHLUI YacoBOT AWMHAMIKK,
OiarHOCTMYHOI LUIHHOCTI Ta NporHocTuyHoi penesaHTHocTI CRP, IL-6 Ta PCT y naujeHTiB
3 FOCTPWM ILLIEMIYHWUM IHCYNETOM.

Pesynsrat. CRP BMABKMBCA YYTNMBMM MapKepOM CUCTEMHOMO 3ananeHHsA, piBeHb
AKOr0 B Nnasmi NigBULLYETLCA NpoTAroMm 6—12 roavH nicnA HCYNbTY Ta [ocArae
MaKkcumymy depes 24-48 roawH. PiBHi noHag 10 mr/n acouioBanuca 3 BDinswmm
po3mMipomM HAPKTY, NIABALLIEHWM PWU3MKOM acnipauiiHOol NMHEBMOHIT Ta HECNpPWATIK-
BUMKM  (hYHKUiOHANEHMMKM  Hacnigkamu. IL-6, KNo4oBMIA LMTOKIH rocTtpodpaszoeoi
Bignoeigi, koperwoeaB 3 ob’emoMm IHhapKTy, NOPYLWEHHAM remaTtoeHuedaniyHoro
Bap’epy Ta pPU3MKOM PaHHLOIO HEBPOMOMYHOro noripweHHA. TigevweHi piedi 1L-6
(> 20 nr/mn) cBIQYMNK NP0 BUPaXEHY CUCTEMHY IMYHHY akTWBaUild Ta nepenbadanmu
YCKNaAHEHHA, TakKi AK NHEBMOHIA Ta cencuc. PCT, cneundidHUin mapkep DakTepiansHol
IH(beKUiT, BYB KOPMCHWMM ONA PO3MEXYBaHHA NICNAIHCYNETHOMO CUCTEMHOMO 3anarneHHA
Big IHekuiHuX npouecie. Pieens PCT > 025 Hr/mn npotarom 48 rogwH nicnA
rocnitanizauii BKasyBaB Ha BWCOKWIA pW3WK DakTepianbHWX YCKNafHeHb, WO J03B0-
MNANC CBOEYACHO PO3NoYaTt aHTUMIKPODHY Tepanito.

BucHoBku. CRP, IL-6 Ta PCT mMatoTb 3Ha4Hy [IarHOCTUYHY Ta NPOrHOCTUYHY UIHHICTb
Y MEHEIXMEHTI NauieHTIB 3 ILeMiYHUM IHCYNLTOM Y BIAOINEHHAX IHTEHCUMBHOI Tepanil.
PerynapHe MOHITOpYBaHHA UMX DioMapKepiB NoKpalwye cTpatudikauilo pU3nKy, Cnpuse
NPUAHATTHO TEpaNeBTUYHMX PILLEHE | 03BONAE BYACHO BUABNATM IHEKUIAHI Ta 3anan.Hi
YCKMaAHEHHA, L0 B KIHUEBOMY pesynkTaTi NoKpaLlye KMiHIYHI Hacnigkm Ans nauieHTis.

Kayk O.1_, bongapenko A.[0., Kynuk [1.€. NporHocTuyHe 3HadeHHs 3anansHux Biomapkepie (CRP, IL-6, npokansUWTOoHIH)
y NalieHTIB 3 IWeMiYHUM [HCYNETOM B YMOBaX IHTEHCMBHOI Tepanii. [Tcuxiampida, Heeporozia ma MeduyHa
rcuxonoeina. 2025. T. 12, Ne 3 (29). C. 334-356. DOI: hitps://doi.org/10.26565/2312-5675-2025-29-05
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ABSTRACT

Background. Inflammatory biomarkers play a critical role in the early diagnosis,
prognosis, and clinical management of patients with ischemic stroke, particularly
in intensive care settings.

Purpose — conduct a systematic summary and meta-analysis of existing clinical
studies in order to assess the prognostic value of inflammatory biomarkers —
C-reactive protein (CRP), interleukin-6 (IL-6), and procalcitonin (PCT) — in patients
with ischemic stroke who were hospitalized in intensive care units, taking into
account their impact on clinical outcomes, severity of condition, risk of complications,
and mortality.

Materials and methods. A systematic literature review was conducted, analyzing
40 peer-reviewed studies that met predefined inclusion criteria. The primary focus
was on evaluating the temporal dynamics, diagnostic utility, and prognostic relevance
of CRP, IL-6, and PCT in patients with acute ischemic stroke.

Results. CRP was identified as a sensitive marker of systemic inflammation, with
plasma levels rising within 6—12 hours post-stroke and peaking at 24-48 hours.
Levels exceeding 10 mg/L were associated with larger infarct size, increased risk
of aspiration pneumonia, and poor functional outcomes. IL-6, a key cytokine in the
acute-phase response, was found to correlate with infarct volume, blood—brain
barrier disruption, and the risk of early neurological deterioration. Elevated IL-6
(20 pg/mL) indicated severe systemic immune activation and predicted compli-
cations such as pneumonia and sepsis. PCT, a specific marker of bacterial infection,
was useful in distinguishing post-stroke systemic inflammation from infectious
processes. A PCT level »0.25 ng/mL within 48 hours post-admission signaled a high
risk of bacterial complications, enabling timely antimicrobial intervention.

Conclusion. CRP, IL-6, and PCT have significant diagnostic and prognostic utility
in the intensive care management of ischemic stroke. Regular monitoring of these
biomarkers enhances risk stratification, guides therapeutic decision-making, and
facilitates early identification of infectious and inflammatory complications, ultimately
improving patient outcomes.

IL-6,

procalcitonin) in patients with ischemic stroke in intensive care settings. Psychiatry, Neurology and Medical
Psychology. 2025;12(3(29)):344-356. DOI: https://doi.org/10.26565/2312-5675-2025-29-05

BCTYN

INTRODUCTION

lwemivnmi iHcyneT (ll) 3anMwaeTbea ofHieo 3 nNpo-
BiJHMX MPWYMH CMEpPTHOCTI Ta iHBaNIOHOCTI B YCbOMY
cBiTi [1-8]. 3HayHa yacTka nauieHTiB notpebye rocnita-
nisauii 0o BigAineHb iHTEHCUBHOI Tepanil, e cBoeYac-
HICTb Ta TOYHICTb OLHKM CTaHy XBOPOTO 4acTO BW3Ha-
YawTb e(eKTUBHICTb nNiKyBaHHA. TpaOMuidHi  KIiHIYHI
Ta HEeBpOMOriYHI Miaxogu [0 cTpaTtudikauii  pusnky
Ta MNPOrHO3yBaHHA MpW iLLIEMIYHOMY iHCYMbTi, 30Kpema
ouiHky 3a wkanamm NIHSS abo mRS, GescymHiBHO,
MalTb BaXKMUBe 3HaveHHa. [poTe BOHM He 3aExau
BiobpaKaloTh NOBHWIA cNekTp natodisionoriyHnx npoue-
CiB, WO CYNPOBOKYHOTb ilLIeMiYHE YLIKO[KEHHSI rOnoB-
Horo Mo3ky. OcTaHHiMM pokamu Bce Oinblie yBarm

NPUAINSETECA BWBYEHHIO POl CUCTEMHOI  3ananbHol

BiINOBIAi, CNPUYMHEHOT ileMIED MO3KOBOI TKaHWHK, FKa
DesnocepenHbo BNNUMBae Ha nepebir 3axBoploBaHHSA,
po3Mip iHPApKTY, PW3WK YCKNadHeHb Ta 3aralibHWi
NporHo3 Ans nadieHTa [9).

OcobnveuiA iHTepec CTaHOBMNATL 3ananbHi Giomap-
Kepw, Taki sk C-peaktnehui Ginok (CRP), iHTepneikiH-6
(IL-6) Ta npokanbumTtoHiH (PCT). Bigomo, wWo iwemiyHe
YLIKOMXKEHHSI MO3Ky 3anycKae Kacka[ iMyHHUX peakuii,
30Kpema aKTMBaLUilo MIKpormii, MPOHWUKHEHHA NeNKOoUUTIB
yepe3 remartoeHuUedaniyHwii Gap'ep Ta nigBULLEHHA
npoaykuil npo3ananbHUX UMTOKIHIB. Y BignoBiAb Ha Lo
peakuito nigsuuyeTbcs piseHb CRP — knacuyHoro Ginka
roctpoi hasu, AKWIA CUHTe3yeTbcA rematouMTamm nig
snnveom IL-6. Migsuuwenwid piseHs CRP y nepwi aHi

Ischemic stroke (IS) remains one of the leading
causes of mortality and disability worldwide [1-8].
A significant proportion of patients require hospitalization
in intensive care units, where the timeliness and accu-
racy of assessing the patient's condition often dete-
rmine the treatment outcome. Traditional clinical and
neurological approaches to risk stratification and
prognosis in ischemic stroke, including assessment
using the NIHSS or mRS scales, are undoubtedly impor-
tant. However, they do not always reflect the full spectrum
of pathophysiological processes accompanying ischemic
brain damage. In recent years, increasing attention
has been paid to the study of the role of systemic inflam-
matory response caused by brain tissue ischemia, which
directly affects disease progression, infarct size, risk
of complications, and overall patient prognosis [9].

Of particular interest are inflammatory biomarkers
such as C-reactive protein (CRP), interleukin-6 (IL-6),
and procalcitonin (PCT). It is known that ischemic brain
injury triggers a cascade of immune responses, inclu-
ding microglial activation, leukocyte penetration through
the blood-brain barrier, and increased production of
proinflammatory cytokines. In response to this reaction,
the level of CRP — a classical acute-phase protein
synthesized by hepatocytes under the influence of IL-6 —
increases. An elevated CRP level in the first days
after a stroke correlates with the severity of damage,
the risk of poor functional recovery, and mortality.

Orngap nitepatypu
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MicNs IHCYNbTY KOPEmioe 3 TSKKICTIO YPaKeHH:, PU3MKOM
HECNPUATMMBOIO  DYHKUIOHANBHOTO  BiAHOBNEHHA Ta
cMmepTHicTio. IL-6, y cBOW 4epry, € KMH4YO0BUM LIWTOKi-
HOM, Wwo Bepe yyacTb y cTUMynauii roctpoi ¢asosor Bia-
nosigi [10]. Bin cnpuse akTvBauil engoTteniio, nioguilye
MPOHWKHICTb CYOWMHHOI CTiHKM Ta opMye 3ananbHe
MiKkpocepeoBULLe, IO MNOMUOMIOE YLUKOLKEHHSA MO3-
KOBOI TKaHWHW. Xo4a nNpOKaNbUWTOHIH NepeBaxHO
BUMKOPUCTOBYETbCH K Mapkep bakTepianbHOl iHdeKuT,
OCTaHHIMW pOKaMW BiH TakoX MpuBepTae yeary siK
NOTEHUIAHWIA iHAuKaTop TAXKoro nepebiry iHcynbTy, ocob-
NWBO B KOHTEKCTI CENTUYHUX YCKNagHeHb Y BiaAineHHaX
iHTeHcunBHOT Tepanii [11].

HesBaxar4um Ha YMCneHHi JoCniKeHHs, WO BUCBIT-
TIOKTL 3B'A30K MK UMMM Biomapkepamu Ta KMiHIYHUMUK
pesynbratamn y NauieHTiB 3 ileMiYHMM iHCYNbLTOM, OaHi
3anMWalnTbCA HenepeKkoHnueuMmK. BigmiHHocTi B giar-
HOCTMYHOMY Ta MPOrHOCTMYHOMY 3HaYEeHHI LUX MapKepis
Y Pi3HUX OOCNIIKEeHHAX MOXyTb OyTu 3ymoBneHi Bapia-
UMW Yy Au3aiHi JocnigKeHb, KMiHIYHWX XapakTepuc-
TWMKax nauieHTiB, 4aci 3abopy 3paskiB Ta MeTodax
nabopaTopHOro aHanisy. 3ananeHHs Bigirpae 3HaudHy
ponb y nartodisionorii ilemi4HOro iHCynbTY, i 3ananbHi
MefliaTopy BXe [OABHO pO3MMAJATbCA AK MNOTEHLAHI
MPOTHOCTWUYHI MapKepy Ta TepaneBTW4HI UiNni y nauieHTiB
3 iHcynbToMm [12]. Lle ycknagHwe iHTerpauio oTpruMaHnx
pe3yneTaTie y CTaHOApTW30BaHi MPOTOKONMU BedeHHs
NauieHTIB Y pearnbHii KNiHIYHIA npakTui.

Y cydacHin iHTEHCWMBHIA Tepanii icHye HaranbHa
notpeba B npoctux, wWeMaknx Ta ob'ektmeHux Giomap-
Kepax, #Ki [03BONATb MpOrHo3yeatn nepebir iwemiv-
HOTO IHCYNbLTY, CBOEYACHO BUSIBNATW PU3MKW YCKMaJHEHb
Ta afanTyBaTM TepaneBTWYHI cTpaTerii  BiANoOBigHO
00 iHOMBiOyanbHUX XapakTepucTvk nauieHta [13].
Y UbOMY KOHTEKCTi CMCTeMaTW4He y3aranbHEeHH:A AaHuX
WOA0 MPOTrHOCTWYHOI UIHHOCTI 3ananbHux biomapkepis
Y NAUIEHTIB 3 iLUeMi4HWUM iIHCYNBTOM € Ha[13BU4aNHO aKTy-
anbHuMm. MeTtaaHanis nae 3mory of6'eqHatv pesynsratu
YMCMNEHHMX KIiHIYHWX OOCNIMpKEeHb, WO CyTTEBO NiABW-
WY€E HaOiAHICTb BUCHOBKIB, BU3HAYaE€ KMiHIYHO 3HAYYLL
noporoei piBHi Giomapkepie Ta cnpuse po3pobui craH-
[OapTW30BaHWX NMPOTOKONMIB AiarHOCTUKKU 1 MOHITOPUHTY.

Meta pobOTM — npoBecTM cuUcTemaTWdHe Ya3a-
ranbHEHHA ICHYIOHMX KIiHIYHWUX [OCMNiLKeHb 3 MeTol
OLiHKM NPOTHOCTWYHOI UIHHOCTI 3ananbHux Giomapke-
pie — C-peaktuHoro 6inka (CRP), iHTepneiikiny-6 (IL-6)
Ta npokanbuutoHiHy (PCT) — y nauieHTiB 3 iluemiyHUmM
iIHCYNbLTOM, FOCMiTani3oBaHWX A0 BiAAiNeHb IHTeHCUBHOT
Tepanii, 3 ypaxyBaHHAM IXHbLOTO BMNMBY Ha KIiHIYHI pe-
3ynkTaTH, TEHKKICTb CTaHY, PU3WMK YCKNaaHEeHb i NeTanbHICTb.

MATEPIAAU TA METOAN AOCAIAXKEHHA

Lleii nitepatypHuidi ormsg BKMAKYaB CUCTEMATUHHWUIA
nowyk HaykoBoi nitepatypu B 6asax ganmx PubMed,
Scopus Ta Web of Science ana BusBneHHs peneBaHT-
HUX OOCNILKEHb, WO BUBYANN MPOrHOCTUYHE 3HAYEHHS
3ananbHux Giomapkepie — C-peaktuBHoro bGinka (CRP),
iHTepnerkiHy-6 (IL-6) Ta npokanbuuTtoHiHy (PCT) —
y MNAUEHTIB 3 iLUeMIYHUM iHCYNbTOM, TOCNiTani3oBaHuX
00 BigdineHb iHTeHcuMBHOT Tepanii. [lepiog nowyky
oxorumoBae nybnikauii 3 2010 no 2024 pik BKMO4YHO.
Mowyk npoBoavecs BignoeigHo Ao HactaHoB PRISMA
(Preferred Reporting Iltems for Systematic Reviews
and Meta-Analyses) i3 BMKOpWUCTaHHSAM SK KITHOHOBMX

IL-6 [10], in turn, is a key cytokine involved in the stimu-
lation of the acute-phase response. It promotes endo-
thelial activation, increases vascular wall permeability,
and contributes to the formation of an inflammatory
microenvironment that exacerbates brain tissue damage.
Although procalcitonin is predominantly used as a marker
of bacterial infection, in recent years it has also gained
attention as a potential indicator of severe stroke pro-
gression, particularly in the context of septic compli-
cations in intensive care units [11].

Despite numerous studies highlighting the associ-
ation between these biomarkers and clinical outcomes
in patients with ischemic stroke, the data remain incon-
clusive. Variations in the diagnostic and prognostic
significance of these markers across studies may be due
to differences in study design, clinical characteristics
of patients, sample collection timing, and laboratory
analysis methods. «Inflammation plays a significant
role in the pathophysiology of ischemic stroke, and inflam-
matory mediators have long been investigated as poten-
tial prognostic markers and therapeutic targets in stroke
patients» [12]. This complicates the integration of
findings into standardized patient management protocols
in real-world clinical practice.

In modem intensive care, there is an urgent need
for simple, rapid, and objective biomarkers that enable
the prediction of ischemic stroke progression, early
detection of complication risks, and adaptation of
therapeutic strategies according to individual patient
characteristics [13]. In light of this, a systematic sum-
mary of data regarding the prognostic value of inflam-
matory biomarkers in patients with ischemic stroke
is highly relevant. A meta-analysis enables a unified
evaluation of results from numerous clinical studies,
which significantly increases the reliability of conclusions,
identifies clinically significant threshold levels of biomar-
kers, and facilitates the development of standardized
protocols for diagnosis and monitoring.

Objective — conduct a systematic summary and
meta-analysis of existing clinical studies in order to
assess the prognostic value of inflammatory biomarkers —
C-reactive protein (CRP), interleukin-6 (IL-6), and procal-
citonin (PCT) — in patients with ischemic stroke who
were hospitalized in intensive care units, taking into
account their impact on clinical outcomes, severity of
condition, risk of complications, and mortality.

MATERIALS AND METHODS

This literature review involved a systematic search
of scientific literature in the PubMed, Scopus, and
Web of Science databases to identify relevant studies
that examined the prognostic value of inflammatory bio-
markers — C-reactive protein (CRP), interleukin-6 (IL-6),
and procalcitonin (PCT) — in patients with ischemic
stroke who were hospitalized in intensive care units.

The search period included publications published
from 2010 to 2024 inclusive. The search was conducted
in accordance with the PRISMA (Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses)
guidelines using both keywords and MeSH terms.
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cnig, Tak i MeSH-TepminiB. BukopuctoByBanucs Taki
KombiHauiT nowykoeBux 3anuTie: «ischemic stroke»
AND («CRP» OR «C-reactive protein») AND «prognosis»;
«ischemic stroke» AND «IL-6» AND «intensive care;
«ischemic stroke» AND «procalcitonin» AND («mortality»
OR «functional outcomen»); «stroke» AND («biomarkers»
OR «inflammatory markers») AND «ICU». Y 6asi naHux
PubMed Ttakox BukopucToByBanucs Taki MeSH-tep-
MiHn: «Stroke» AND «C-Reactive Protein»; «Interleu-
kin-6»; «Procalcitonin» AND «Prognosis». Ons Bknio-
YeHHA B aHarni3 po3rmsaganucs NOBHOTEKCTOBI CTarTi
aHminicbkolo abo  yKpaiHCbKOK MOBaMM, SKUIO BOHW
Oynn  OpuWriHaNBHUMK  KNIHIYHUMW  OOCHiMKEeHHAMN
3 KinbkicHoto ouiHkoto pieHiB CRP, IL-6 abo PCT y nauien-
TiB 3 iLUeMiYHUM IHCYNBTOM, roCTiTani3oBaHuX y BiaaineH-
HSA IHTEHCWBHOI Tepanil, i MiCTUNK iHopMaLLito NPO KIiHIYHI
pesynbratu, Taki SK CMepTHICTb, (DYHKUIOHANbHWA CTaH,
ouiHeHwid 3a wkanamu (Hanpuknan, mRS, NIHSS), abo
pu3uK ycknagHeHb. MeTaaHnanian, Te3an KoHdepeHUii,
nocnigxeHHss 6e3 noBHOro TekcTy, nybnikauii, wo cro-
CYIOTbCA  remopariyHoro
ilueMiyHOl aTakW, a TakoK JOCnimpKeHHA in vitro abo Ha
TBapuHax BUKMo4anuca. Bubip crateit saificHioBany gsa
He3anexHWX peueH3eHTH; y pasi po3bixHocTen npoBo-
avnn obroBopeHHa abo 3anyyanu TpeTboro ekcnepra.
HonatkoBo OyB NMpOBeAEHWA PYYHWIA MOLUYK Y CNUCKaXx
niTepatypy BKNoYeHUX nybnikauin  ana  BWMSABNEHHS
MOTEHLAHO peneBaHTHWX [xepen. |3 KoxHoro gocnig-
eHHs1 Byno BMIyYeHo Taki jaHi: aBTopu, pik nybnikauii,
TWN JocnigKeHHsA, po3mMip BuMBIpKW, 3HayeHHs OGiomap-
KepiB, 4ac 3abopy Giomatepiany, metoan nabopatopHoro
aHanisy, KniHivHi pe3ynsTaty Ta piBeHb CMepTHOCTI.

PE3YABTATHU

Y pesynbraTi NPOBEOEHOro CUCTEMATWYHOMO Ormsay
nitepatypu 6yno npoananizoeaHo 40 HaykoBWx Aocnia-
JKeHb, AKi BiONoBiganwu 3asganerifb BW3HAYEHWM Kpu-
TepiaMm BKMo4eHHA. OcHoBHMMK Oiomapkepamu, SKi
BMBYANMWCA B KOHTEKCTI MPOTHOCTUYHOI 3HAYYLLOCTI, Bynu
C-peaktueHuin  Binok  (CRP), inTepneikin-6 (IL-6)
Ta npokansuutoHiH (PCT), Ak nokasaHo B Tabnuui 1.

C-peaktueHui 6irok (CRP)

C-peaktvBHuin BiNok € ofHUM i3 HabinbWw aocnin-
XKYBaHMX | LUMPOKO BMKOPUCTOBYBaHUX MapKepiB cuc-
TemHoro 3ananeHHs [14, 15]. BiH nanexuts go OGinkie
rocTpoi pasu i CUHTe3yeTbCH renatouuTamMu y Bianosiab
Ha Ail0 Npo3ananbHUX UWMTOKIHIB [16], ronoBHUM YMHOM
iHTepnenkiHy-6 (IL-6), a Takox iHTepreikiHy-1p Ta dak-
TOopa Hekpo3y nyxnuHu-anbga (TNF-a). «FymopanbHwii
C-peaktuBHuin Ginok (CRP) niogvHn € neHtamepom,
WO CKNagaeTbCca 3 MATWM iOSHTUYHWMX NiAOAWMHWUbL, AKi
3B'a3ytoTbes 3 poccpoxoniHoo (PC) y 3anexHocTi Bifg
HassHocTi Ca?*» [14-18]. PiseHb CRP y nnaswmi nounHae
nigeuvulyBatuce Yepes 6-8 roguH nicna nodatky iwe-
MIYHOrO IHCYNbTY i AocArae niky npotarom 24-48 roawH.
Y HOpMi MOr0 KOHUEHTpauis He nepeBullye 3—5 mr/n,
arne y pasi ileMi4HOro YLKOKEeHHA MO3KY LUed Mnokas-
HWMK MOXe 3HAa4YHO 3pOCTaTW, CArawyM 3HayeHb noHag
10-50 mr/n, wo BKa3ye Ha akTWBALiK0 CUCTEMHOT 3ananb-
HOi Bignosigi roctpoi dasn. «MigeuvuweHi pisHi CRP
B MNa3smi KpOBi 3HAYHO MPOrHO3YKOTb PU3MK iLLEMIYHOro
iHcynbTy Ta TIA y niTHix ocib» [19-21]. lMineuiwenni
pieenb CRP acoujioetbca 3 npouecaMmu HeKpo3y Heid-

iHcynbTy abo  TpaHawuTopHOT

The following combinations of search queries were used:
«ischemic stroke» AND («CRP» OR «C-reactive protein»)
AND «prognosis»; «ischemic stroke» AND «IL-6» AND
«intensive care»; «ischemic stroke» AND «procalcitonin»
AND («mortality» OR «functional outcome»); «stroke»
AND («biomarkers» OR «inflammatory markers») AND
«ICU». In the PubMed database, the following MeSH
terms were also used: «Stroke» AND «C-Reactive Pro-
tein»; «Interleukin-6»; «Procalcitonin» AND «Prognosis».

Full-text articles in English or Ukrainian were eligible
for inclusion in the analysis if they were original clinical
studies with a quantitative assessment of CRP, IL-6,
or PCT levels in patients with ischemic stroke hospitalized
in intensive care units, and included information on clinical
outcomes such as mortality, functional status assessed
using scales (e.g., mRS, NIHSS), or risk of complications.
Meta-analysis, conference abstracts, studies without
full text, publications related to hemorrhagic stroke or
transient ischemic attack, as well as in vitro or animal
studies, were excluded. Article selection was carried out
by two independent reviewers; in case of disagreements,
discussion was held or a third expert was involved.

Additionally, a manual search was conducted in the
reference lists of included publications to identify
potentially relevant sources. From each study, the
following data were extracted: authors, year of publi-
cation, study type, sample size, biomarker values, time
of biomaterial collection, laboratory analysis methods,
clinical outcomes, and mortality rate.

RESULTS

As a result of the conducted systematic literature
review, 40 scientific studies that met the predefined
inclusion criteria were analyzed. The main biomarkers
investigated in the context of prognostic significance
were C-reactive protein (CRP), interleukin-6 (IL-6), and
procalcitonin (PCT), as shown in Table 1.

C-reactive protein (CRP)

C-reactive protein (CRP) is one of the most stu-
died and widely used markers of systemic inflamma-
tion [14, 15]. It belongs to acute-phase proteins and
is synthesized by hepatocytes in response to the action
of pro-inflammatory cytokines [16], mainly interleukin-6
(IL-6), as well as interleukin-1p and tumor necrosis
factor-alpha (TNF-c¢). «Human CRP is a pentamer
consisting of five identical subunits that binds to phos-
phocholine (PC) in a Ca®-dependent manner» [14-18].
Plasma CRP levels begin to rise within 6-8 hours after
the onset of ischemic stroke and peak within 24—48 hours.
Normally, its concentration does not exceed 3—-5 mg/L, but
in the case of ischemic brain damage, this indicator can
increase significantly, reaching values over 10-50 mg/L,
indicating activation of the acute-phase systemic inflam-
matory response. «Elevated plasma CRP levels signi-
ficantly predict the risk of ischemic stroke and TIA in
elderly individuals» [19-21]. Increased CRP is asso-
ciated with neuronal necrosis processes, microglial
activation, release of pro-inflammatory mediators in the
ischemic zone, as well as with the development of
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POHIB, aKTUBALE0 MIKpOMii, BUBINbHEHHAM Mpo3analb-
HUX ME[iaToOpiB B iLUEMIYHIi 30Hi, @ TAKOX i3 pO3BUTKOM
BTOPWHHOTO YLUKOKEHHA TKaHWHW MO3KY, MOCHMEHHAM
HabpsAKy, NOpyLIEeHHAM UiNMiCHOCTI rematoeHuedaniyHoro
Dap’epy Ta noripleHHaM HeBpOonoriYHoro aediuuTy.

IHTepAeiikiH-6 (IL-6)

IHTepnekiH-6 (IL-6) € ogHMM i3 KnMO4OBMX nNpo3a-
nanbHWX LMTOKIHIB, WO Biirpae UeHTpanbHy ponb y 3a-
NycKy Kackay peakuii roctpoi dasu opraHiamy nicna
ilueMivHOro yuKom«eHHa Mo3ky [22, 23]. Lei 6inok cuH-
Te3yeTbCA PI3HUMW KIITMHAMW iIMYHHOT CUCTEMW, BKITHO-
Yar4KM MIKpOrTito, a TAKOK eHAoTenNianbHi Ta HelpoHarbHi
KNiTWUHK, | CTUMYMOE npoaykuito Oinkie roctpoi dasm,
Takmx Ak C-peaktmBHwin Ginok, y neviHui. PiseHb |L-6
y KpoBi De3anocepedHbO Kopenwe 3 nnoulet iHdapkTy
Ta cTyneHem HabpsKy MO3Ky, wo Bigobpaxae #oro
ponb y NOCUMEHHI 3ananbHOro npouecy Ta NornMbneHHi
YIWKOMKEHHA TKaHWH. To4Ha ekcnpecis IL-6 € ayxe Bax-
MNWBOKO AN 3aXUCTY OpraHiaMy Ta CyBOPO peryrnioeThbcs
CTPYKTYPOK XpOMATUHY, TPaHCKPUMNLIAHOW perynsauieto
Ta nocTTpaHcKpunuiiHow Moaudikauieto [24]. Macwtab
nepudpepnyHOi  3ananbHOi  BiAMOBIAI NOB'A3aHWA i3
TSBKKICTIO FOCTPOTO ILLIEMIYHOTO IHCYNbTY [25].

MNpokaasuuToHiH (PCT)

MpOKanbLUMTOHIH € NONepeHUKOM FOPMOHY KanbLu-
TOHiHY, SIKWIA Y HOPMANbHUX YMOBAX CUHTE3YETbCS KMiTW-
Hamu wwmTonofibHoi 3ano3mn [18] i Bigirpae ponb y pe-
rynauii obmiHy kanbuito. Y nopiBHAHHI 3 C-peakTMBHUM
binkom (CRP), PCT mae binblu cnpusiTiMBy KiHETWKY
Ta suuly cneyundivHicTb [26, 27]. LUnpoke BUKOpUCTAHHS
NpOoKanbUWUTOHIHY Yy BIOAINEHHAX HeBiaknagHol agono-
morn [28]. OpHak nig 4ac cuctemHol DakTepianbHol
iHdpekuii, 3okpema cencucy [26, 27, 29, 30], npoaykuisa
NPOKANbUWTOHIHY 3HA4YHO MiABMLLYETHCA B iHWIMX TKa-
HWHAX, TaKMX AK MereHi, nediHka Ta KNiTWHK, NOoXigHi
Bifl MOHOUMTIB, WO pobuTb MOro BaXNMBMM MapKepoMm
BakTepianbHoro 3ananenHs [30].

secondary brain tissue damage, increased edema,
disruption of the blood-brain barrier integrity, and wor-
sening of neurological deficit.

Interleukin-é (IL-6)

Interleukin-6 (IL-6) is one of the key pro-inflammatory
cytokines that plays a central role in initiating the
acute-phase response cascade of the body after ischemic
brain injury [22, 23]. This protein is synthesized by
various immune system cells, including microglia, as well
as endothelial and neuronal cells, and stimulates the
production of acute-phase proteins such as C-reactive
protein in the liver. The IL-6 level in the blood directly
correlates with the infarct area and the degree of brain
edema, reflecting its role in enhancing the inflammatory
process and worsening tissue damage. «Accurate IL-6
expression is very important for host protection and is
strictly regulated by chromatin structure, transcriptional
regulation, and post-transcriptional modification» [24].
«The magnitude of the peripheral inflammatory res-
ponse is associated with the severity of acute ische-
mic stroke» [25].

Procalcitonin (PCT)

Procalcitonin (PCT) is a precursor of the hormone
calcitonin, which under normal conditions is synthesized
by thyroid gland cells [18] and plays a role in calcium
metabolism regulation. «Compared to C-reactive pro-
tein (CRP), PCT has more favorable kinetics and higher
specificity» [26, 27]. «Widespread use of procalcitonin in
emergency departments» [28]. However, during systemic
bacterial infection, particularly sepsis [26, 27, 29, 30],
procalcitonin production significantly increases in other
tissues such as the lungs, liver, and monocyte-derived
cells [30], making it an important marker of bacterial
inflammation.

Tabnuua 1. [liarHOCTUYHI Ta NPOrHOCTUYHI acNeKTU 3anansHux biomapkepis
y NaUIeHTIB 3 iLUEMIYHUM IHCYNETOM Y BIAAINEHHAX IHTEHCUBHOI Tepanii (CTBOPEHO aBTopamMmu)
Table 1. Diagnostic and Prognostic Aspects of Inflammatory Biomarkers
in Patients with Ischemic Stroke in Intensive Care Settings (Created by authors)

Biomapkep Yac niky HDPMaﬂbHHH KniHYHe 3HauyeHHA Crpatudikauia puamnky KniHiyHI it
Biomarker | Peak Time | Af@nasoH Clinical Significance Risk Stratification Clinical Actions
Normal Range
CRP 2448 roguH | <3 mr/n CucTeMHe 3ananeHHsa, |Bwucokui puamnk: =20 mr/n =10 mrin:
24-48 h <3 mg/L BTOPWHHE YLLUKOMHEHHA | (BENWKWA iHapkKT, HabpAK | MocUneHWid MOHITOPUHT,
MO3Ky MO3KY) npodinakTuka acnipauiiHoi
Systemic inflammation, |High risk: =20 mg/L MHEBMOHIT
secondary brain injury  |(large infarct, cerebral =10 mg/L:
edema) Enhanced monitoring, aspiration
pneumonia prevention
IL-6 2—6 roguH <7 nr/mn PaHHA IMyHHa Bucokui puank: =50 nr/mn | =20 nr/mn:
2-6h <7 pg/mL aKTWBaUif, NnopylwweHHA | (HeBponoriyHe noriplieHHs) |Yacta HeBponoriYHa ouiHKa,
r'Eb High risk: =50 pg/mL NOBTOPHa Bidyanisauyis
Early immune activation, | (neurological deterioration) |>20 pg/mL:
BBB disruption Frequent neurological
assessment, repeat imaging
PCT 6—24 roanHu |<0,25 Hr/mn bakTepiansHa iHdekuia, |Bucokuii pusnk: >2 0 vr/mn |>0,5 Hr/mn:
6-24h <0.25 ng/mL PU3KK Cencucy (Bakkmin cencuc/CINOH) Po3armaHyTH eMnipudHi
Bacterial infection, High risk: 2.0 ng/mL aHTUDIOTUKKW, 0BCTEXEHHA
sepsis risk (severe sepsis/MODS) Ha IHeKUi
>0.5 ng/mL:
Consider empirical antibiotics,
infection workup

Orngap nitepatypu

348

Literature review



McuxiaTpis, HeBpornoria Ta meanyHa ncuxonoris. 2025. T. 12. Ne 3(29). C. 344-356
Psychiatry, Neurology and Medical Psychology. 2025;12(3(29)):344-356

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

KAiHi4He 3Ha4eHHA

Ta cTpaTudpikaLia pu3nKy

KniHiyne 3navenns CRP nonsrae B ToMy, WO BiH
BinoOpaxae 3aranbHy CUCTEMHY 3anarnbHy BiAnoBidb
OpraHiamy Ha ilemivyHe YLIKOOXEHHS MO3KOBOT TKaHWHM.
Migeuwennss CRP nonag 10 mr/n y nepwi 24-48 rogwH
nicnsa iHCYNbTY CBIAYMTL NP0 aKTUBHY 3ananbHy peakuito,
wo kKopenioe 3 Oinbwow KWMOBIPHICTIO 30iNblUEHHA
ob’'emy iHapkTy Ta HecnpuaTNIMBMMW (YHKUIOHANb-
HUMKM Hacnigkamu. CTpatudikauis pu3avKy 3 BUKOPWC-
TanHam CRP pgossonfe BMABMTM NAUIEHTIB i3 BMCOKUM
PU3VMKOM BTOPMHHOT iWwemil, iH(eKUIRHNX ycKnaaHeHb
(Hanpuknag, NMHeBMOHIT) Ta MOripWeHHA CBIOMOCTI e
00 NoABM KNiHiYHMX cumnTomiB. MoHiTopuHr pisHa CRP
y AWHaMili [aonomarae  OuiHWTM  edeKTMBHICTL MiKy-
BaHHA Ta CBOEYACHO KOPUIyBaTW TepaneBTU4HI 3axoaun.

IL-6 € knro4oBUM MeaiaTopoM BIAMOBIAI rocTpoi gasn
Ta iHOWKATOPOM aKTUBHOCTI iIMyHHOT cuctemu. lMigsuileH-
HA IL-6 noHan 20 nr/mn cBigYMTL NPO 3HA4YHY 3ananbHy
peakLito Ta NOCUNEHUA IMYHHWIA CTPEC, L0 acoLiteTbcA
3 NigBWLLEHUM PU3UKOM PAHHBLOTO HEBPOMOTYHOIo Norip-
LIEHHs, MeTanbHOro HACMAKY Ta BTOPWHHWUX iHGEKUR.
Y wypie IL-6 nigguilyBaBca paHo Ta Aocdaras niky Yepes
24 roouHn [31]. PiBenb IL-6 Oye Hanbinblu nigByLLeHUM
Ha 1-i OeHb, NicnA 4Yoro Mae TeHAEHUI [0 3HWKeHHS.
OpHak HaBiTb Ha 7-i JeHb MOro piBeHb 3anulIaBcs 3Had-
HO BWLLWM MOPIBHAHO 3 KOHTPOMbHOW T[pynow [32].
Crpatudikauis pu3anky Ha ocHoBi IL-6 no3Bonge BUSBUTH
nauieHTiB i3 MOTEHUIRHO TSHKKMM nepebirom iHCynbTy,
AKi noTpebyloTh NOCMNEeHOro IMYHHOTO MOHITOpPUHIY Ta,
y pasi HeobxigHoCTi, cneundiyHuMx NpoTtudananbHux abo
iMyHOMOZYMIO4MX BTpy4YaHb. PerynsapHe BUMIpHOBaHHA
IL-6 pae 3mory BiACTeXKyBaTWM OMHaMIKy 3ananeHHs
Ta NPOrHO3yBaTu PO3BWUTOK ycknaaHeHb. OpHaK KniHivHa
KOPUCHICTb Lboro Biomapkepa obmexkeHa uepe3 HU3bKY
OWCKPUMIHATUBHY 3AaTHICTb [33].

MpoKanbuWTOHIH € cneundivHnM Mapkepom BakTepi-
anbHoI iHekuil [26—-30], Wo € KpUTUYHO BaXKMIMBKUM A1
cTpatudikauii pu3nKy iH(EeKUiRHUX YCKnaaHeHb Yy na-
UieHTiB 3 iwemiyHMM iHcynbtom. PieeHb PCT noHap
0,25 nr/mn y nepuwi 48 rogwH nicnsa iHCYNLTY CBIAYUTL
Npo BUCOKWIA PWU3WK PO3BMTKY MHEBMOHII, cencucy abo
NoniopraHHOT HEeOOCTATHOCTI, WO 3HaYHO MIOBULLYE pU-
3MK roCniTaneHOI NeTanbHOCTI Ta NOJoBKeHoro nepeby-
BaHHA Yy BigOiNeHHi iHTeHcuBHOI Tepanii. BuaHadeHHA
PCT poseonsie BusaeButu OakTepianbHi iHdeKUil we ao
NosiBM KNiHIYHMX CUMMTOMIB, WO [A3€ 3MOry CBOEYACHO
posnoyatn aHTubakTepianbHy Tepanito Ta 3MEeHLUMTK
PU3UK cenTu4HKMX ycknagHeHb. Mowitopudr PCT y auna-
Mili gonomMarae OuiHWTM  edeKTMBHICTL  NiKyBaHHA
Ta NpUAMAaTK pilleHHs LWOoAO KopekKLUii Tepanii.

MNoTeHuiaA AAA PAHHBOT AIGTHOCTHKM

C-peaktuBHuiA GiNOK Mae 3HaYHWA [iarHOCTUYHWIA
noteHuian (AK MokasaHo Ha puc. 1) y nauieHTiB
3 ilwemivHuM iHcynsToM [34], ocobnvBO B yMOBaXx iHTEH-
cvBHOT Tepanii. Voro pieeHb MouWHae nigBuMLLyBaTUCH
npotarom 6—12 roguH nicnsa  iWEMIYHOTO  YpaykeHHA
TKaHUHW MO3KY, JOCArao4M KNiHIYHO 3HAYYLLMX NOKa3Hu-
KiB y nepwi 24 rogwHu, wo Aossonde BeBaxatn CRP
paHHiM Giomapkepom CUCTEMHOT 3ananbHOi Bignosidi
Lie OO MOSBW BUPAKEHWX KIIHIYHUX CUMMTOMIB. 3 TOYKM
3opy natodisionorii, iLlemia 3anyckae Kackaj nposanarb-
HUX peaklii, NepeBaxHO 4Yepe3 npoaykuio IL-6, akui
aktueye cuHtes CRP y renatouutax [16]. MigeuweHi
piedi CRP kopenioioTb i3 TSKKICTIO HEKpO3y HEWpOHIB,

Clinical significance and
risk stratification

The clinical significance of CRP lies in its reflection
of the general systemic inflammatory response of the
body to ischemic brain tissue injury. An increase in CRP
above 10 mg/L in the first 2448 hours after stroke
indicates an active inflammatory reaction, correlating
with a higher likelihood of infarct volume expansion
and poor functional outcomes. Risk stratification using
CRP allows identification of patients at high risk for
secondary ischemia, infectious complications (e.g., pneu-
monia), and deterioration of consciousness even
before the appearance of clinical symptoms. Monitoring
CRP levels over time helps evaluate treatment effec-
tiveness and timely adjust therapeutic measures.

IL-6 is a key mediator of the acute-phase response
and an indicator of immune system activity. An increase
in IL-6 above 20 pg/mL indicates a significant inflam-
matory response and enhanced immune stress, associ-
ated with an increased risk of early neurological deterio-
ration, fatal outcome, and secondary infections. «In rats,
IL-6 increased early and peaked at 24 hours» [31].
«IL-6 levels were most significantly elevated on day 1,
after which they tended to decrease. However, its levels
remained significantly elevated compared to the control
group even on day 7» [32]. Risk stratification based
on IL-6 allows the identification of patients with poten-
tially severe stroke course requiring intensified immune
monitoring and, if needed, specific anti-inflammatory
or immunomodulatory interventions. Regular IL-6 mea-
surement makes it possible fo track inflammation dyna-
mics and predict complication development. «However,
the clinical utility of this biomarker is limited due to
low discriminatory power» [33].

Procalcitonin is a specific marker of bacterial infec-
tion [26-30], which is critical for stratifying the risk of
infectious complications in patients with ischemic stroke.
A PCT level above 0.25 ng/mL in the first 48 hours
after stroke indicates a high risk of developing pneumo-
nia, sepsis, or multiple organ failure, which significantly
increases the risk of hospital mortality and prolonged
ICU stay. PCT determination allows early detection
of bacterial infections before clinical symptoms appear,
enabling timely initiation of antibacterial therapy and
reducing the risk of septic complications. Monitoring
PCT over time helps evaluate treatment effectiveness
and make decisions regarding therapy adjustment.

Potential for early diagnosis

C-reactive protein has significant diagnostic
potential (Fig. 1) in patients with ischemic stroke [34],
especially in intensive care settings. Its level begins
to rise within 6-12 hours after ischemic damage to brain
tissue, reaching clinically significant values within the first
24 hours, which allows CRP to be considered an early
biomarker of systemic inflammatory response even
before the appearance of pronounced clinical symptoms.
Pathophysiologically, ischemia triggers a cascade of
pro-inflammatory reactions, mainly through the produc-
tion of IL-6, which activates the synthesis of CRP in
hepatocytes [16]. Elevated CRP levels correlate with
the severity of neuronal necrosis, microglial activation,

Orngap nitepatypu

349

Literature review



McuxiaTpis, HeBpornoria Ta meanyHa ncuxonoris. 2025. T. 12. Ne 3(29). C. 344-356
Psychiatry, Neurology and Medical Psychology. 2025;12(3(29)):344-356

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

aKTUBALieo MIKpOMii Ta MianbHOoK BiANOBIAA, WO A0-
3BOMSIE BUKOPUCTORYBATU Liei MapKep fK iHAUKaTop Tax-
KOCTi iluemidHoro ypaxeHHs [35] Ta BTOPWMHHOT iMyHHOT
akTMeauii. Y KniHivHoMy KoHTeKcTi piseHb CRP 210 mr/n
y nepui 24 roavMHK nicns iHCYNBTY ACOUIOETLCH 3 BUCO-
KAM PWU3WMKOM BTOPWHHMX YCKMaJHeHb, 30Kpema acnipa-
UiiHOT MHEeBMOHI, a WOro KOHUEeHTpauia B [AianasoHi
20-50 mr/n yacTo BKa3ye Ha DinblUKiA iLLeMiYHWA ocepe-
[0OK, HAsBHICTb 3Ha4HOro Habpsky mMo3ky abo TeHaeHujo
0o nporpecyBanHa iHdapkTy. NigeuwienHs CRP Hagith
3a BIACYTHOCTI KMiHIYHWX O03HaK iHdekuii moxe OyTu
paHHIM NPeAVKTOPOM HEeBPOMOri4YHOro noripleHHsA. Cupo-
BatkoBi pieHi PCT ta HS-CRP npu rocnitanisauii 6ynn
He3aneXKHUMKU NpeauKTopaMu [OBrOTPUBANOl CMEpPTHOCTI
nicns iwemivyHoro iHcynety [36, 37]. B ymoBax BigaineHHa
iHTeHCUBHOI Tepanii niaewvwleHwid piseHb CRP npw Hap-
XO[MKeHHI Mae DyTW curHanom Ang akTUBHILLIOMO MOHITO-
PWHrY, 30KpeMa BifICTEKeHHS 3MiH HEeBpOnoriYHoro aedi-
LMTY, reMoaMHaMiKu Ta CBOEYacHOro NpoBeAeHHs Helpo-
Bisyanisauii [38]. Kpim Toro, panHe nigeuiieHHs CRP
Moxe nepenbayaTv CenTUYHI YCKNaJHEeHHA LWe A0 nodyar-
Ky rineprepmii abo 3MmiH y 3aranbHOMy aHanisi KpoBsi,
IO [03BOMAE CBOEYACHO PO3MOYATM eMMIPUYHY aHTu-
DioTMKOTepanito y nauieHTiB BUCOKOTO pu3uky. [JuHamika
CRP € ocobnveo iHhopMaTUBHOK: WOT0 3HWKEHHS Yepe3
48—72 roovHW BKasye Ha e(eKTUBHICTb TepaneBTUYHUX
BTpy4YaHb, TOAi AK MpOrpecylye 3pOCTaHHA MOXe CBig-
4YMTW MPO HeedEeKTUBHICTL NiKyBaHHA abo HasABHICTb
NpUXOBAHOIO ocepedKky iHdekuii, o Buvmarae gonart-
KOBOTO ODCTEKeHHA Ta KopeKUiT cTparerii BeAeHHA.

and glial response, which allows this marker to be used
as an indicator of the severity of ischemic injury [35]
and secondary immune activation. Clinically, a CRP
level 210 mg/L in the first 24 hours after stroke is asso-
ciated with a high risk of secondary complications,
particularly aspiration pneumonia, and its concentration
in the range of 20-50 mg/L often indicates a larger
ischemic lesion, the presence of significant brain
edema, or a tendency for infarct progression. An increase
in CRP even in the absence of clinical signs of infection
may be an early predictor of neurological deterioration.
«Serum levels of PCT and HS-CRP upon hospitalization
were independent predictors of long-term mortality
after ischemic stroke» [36—37]. In the intensive care unit
setting, an elevated CRP level upon admission should
signal the need for more active monitoring, particularly
tracking changes in neurological deficit, hemodynamics,
and timely neuroimaging [38]. Furthermore, early CRP
elevation may predict septic complications even before
the onset of hyperthermia or changes in the complete
blood count, allowing for timely initiation of empirical
antibiotic therapy in high-risk patients. The dynamics
of CRP are especially informative: its decrease after
48-72 hours indicates the effectiveness of therapeutic
interventions, while progressive growth may suggest
treatment failure or the presence of a hidden infection
focus requiring additional investigation and adjustment
of management strategy.
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IHTepnenkKiH-6 (IL-6) € ogHMm 3 KNOHOBKMX UMUTO-
KiHiB [24, 38-40], akTMBOBaHWMX Ha paHHLOMY eTani
naToreHeay ilemiyHoro iHcynbTy [35]. Woro nnasmoBmia
pieeHb NIOBWMLLYETHCA Malke OOHOYACHO 3 NOYATKOM
roctpoi dpasoeoi Bignosigi [24] i yacTo nepeaye nosei
KNIHIYHO BUPaKeHUX 03HaK iHgeKUiiHuX abo CUCTeMHMX
yCKNagHeHb. Taka guHaMika 3ymoBneHa sgaTHicTio |L-6
LIBWAKO pearyBaTu Ha iLleMivyHe ypakeHHs Ta 3anyckaTtu
Kackaj 3ananbHUX MexaHi3miB, 30Kpema akTueaLiio re-
natoumTie aAna cuntesy CRP [16], ctumynsuito mikpornii
Ta eHpoTenianbHWX KNiTWH. fK 4yTnueuid - Meniatop
cuUcTeMHoT iMyHHOT Bignosigi, IL-6 He nuwe Bigobpaxae
Helpo3anarnbHy akTMBHICTb, a  Ge3nocepeHbO Koperntoe
3 TSUKKICTIO ilUEMIYHOTO YPaKeHHS, CTyrneHem Habpsaky
MO3Ky, MOpYLIeHHsAM rematoeHuedaniyHoro 6Gap'epa
Ta PU3MKOM HEBPOJIOMNYHOro MOripWeHHA. Y KniHiYHoMY
KOHTEKCTi BWMIipioBaHHA pisHs IL-6 y nepwi roauHm
rocnitanisauii 0o BigAiNeHHA iHTEHCUMBHOT Tepanii 003-
BOMAE iNeHTUIKyBaTU NAUIEHTIB 3 BUCOKMM PU3WKOM
PO3BUTKY yCKNaAHeHb, TAKUX AK acnipaliiiHa NHeBMOHIS
abo cencuc, we oo noasw nuxomanku [40, 41] abo 3miH
y 3aranbHOMY aHanisi KpoBi. 30Kpema, NiABWLLEHHS
IL-6 € paHHiMm MapkepoMm HeobXiQHOCTI MOCUMNEHOro
MOHITOpuHry [23, 40-42], yacTiwoi OuiHKM OWHaMIKK
HEBPOIONiYHOTO CTaTycy, MOBTOPHOI HerpoBidyanisauir,
a B [eAKuX Bunagkax — oOrpyHTYBaHHAM ONA MoYaTKy
npoinakTnyHoi aHTUMIKpobHoT Tepanii abo Kopekuit
npoTuHabpaKoBoro nikyeaHHA. [oaaTKoBOW MepeBaroio
IL-6 € WOro MpPOrHOCTMYHWIA MOTEHLan: KoHUEeHTpauis
UbOro UMTOKIHY Oe3nocepedHbO MOB'A3aHa 3 THKKICTIO
KniHiYHoro nepebiry, pu3avkom (OpPMyBaHHS BTOPWMHHOIO
BOTHWLLA 3ananeHHs Ta netansHicTio [43)].

MpokanbuuToHiH (PCT) Bigirpae knio4oBy pornb
Ak cneundivHmin  Biomapkep OakTepianbHOl  iHeKUiT,
0cobrnvMBO B KOHTEKCTI paHHboi AudpepeHuiauii  Mix
CTepUITbHOI 3ananbHOK BiANoBIAA0, BUKNMKAHOI ille-
MIYHUM YPaKEHHAM MO3KY, Ta CNpaBXHbOIO iH(eKLieo
3 DakTepianbHum BTOprHeHHam [44]. Y nauieHTiB 3 rocT-
pUM  iLIEMIYHUM IHCYNMETOM B YMOBaxX iHTEHCUMBHOT
Tepanii paHHe nigsuweHHs PCT npotarom nepluvx
24—-48 roguH nicna rocnitanisauii Jo3BoNAe BUABWTH
noYaToK iHgheKUiWHOMo npouecy HaeiTb 3a BiOCYTHOCTI
XapakTepHUX KITHIYHWX CUMMTOMIB — JIMXOMaHKW, Mei-
KouuTo3y abo o3Hak auxanbHol HeqocTaTtHocTi. Lle ocoB-
NMBO BRKIMBO y MiTHIX nauieHTie abo ocib i3 THKKUMK
HEBPONOMYHUMW AediuMTamn, Yy GKUX KITacuyHi 03HaKu
iHdekuii MoxyTb Byt cTepTi abo mMackoBaHi OCHOBHOO
HeBpororiyHow natonorieto  [45].  TMigeuwenHa PCT
CUrHarnisye npo HasABHICTb CWUCTeMHoT OakTepianbHol
BiANOBIAl Ta Mae npsmMe AiarHOCTU4HE W TepaneBTUYHe
3HaYeHHs, JO3BONAYM KNIHILMCTaM NPUAMATW pileHHs
Npo paHHiil no4atok emnipuyHoT  aHTubioTMKoTepanit
we Oo MmikpobionorivHoro  niaTBepmkeHHA  [46].
PisHi npokanbunTOHiHY Bynu 3Ha4HO BUWLMMW Y Nauj-
EHTIB 3 TOCTPUM iLUEMIYHUM iHCYNLETOM, SKi Momepnu
npotarom 30 AOHIB, MOPIBHAHO 3 TUMW, XTO BWKUB
[47—49]. Kpim Toro, gunamika PCT y aHi nicna noyatky
niKyBaHHA € iHPOpMAaTUBHOIO ONA OUIHKM edeKTMBHOCTI
Tepanil: 3HWKEHHS pIBHA NPOKaNbUWTOHIHY BKa3sye
Ha MO3WTMBHY BIAMOBIAb Ha aHTWMDIOTWMKW, TOAI AK WOro
CTiiKe niaBuweHHA abo MOCTIMHO BWMCOKI pIBHI MOXYTb
CBi4YMTW MpPO NporpecyBaHHA iHMEKUiHOro npouecy
abo possuTok cencucy [50].

Interleukin-6 (IL-6) is one of the key cytokines
[24, 38-40] activated at the early stage of ischemic
stroke pathogenesis [35]; its plasma level increases
almost simultaneously with the onset of the acute phase
response [24] and often precedes the appearance
of clinically apparent signs of infectious or systemic
complications. This dynamic is due fo IL-6's ability to
rapidly respond to ischemic damage and launch a cas-
cade of inflammatory mechanisms, including hepatocyte
activation for CRP synthesis [16], stimulation of microglia,
and endothelial cells. As a sensitive mediator of systemic
immune response, IL-6 not only reflects neuroinflam-
matory activity but also directly correlates with the severity
of the ischemic lesion, the degree of cerebral edema,
disruption of the blood-brain barrier, and the risk of neuro-
logical deterioration. In the clinical context, measuring
IL-6 levels in the first hours of hospitalization in the
intensive care unit allows identification of patients at
high risk of developing complications such as aspira-
tion pneumonia or sepsis even before the onset of
fever [40—41] or changes in the complete blood count.
In particular, IL-6 elevation serves as an early marker
for the need for enhanced monitoring [23, 40-42], more
frequent assessment of neurological status dynamics,
repeated neuroimaging, and in some cases, justifies
the initiation of preventive antimicrobial therapy or adjust-
ment of anti-edema treatment. An additional advantage
of IL-6 is its prognostic capability: the concentration of
this cytokine is directly related to the severity of the
clinical course, the risk of forming a secondary inflam-
mation focus, and mortality [43].

Procalcitonin (PCT) plays a key role as a specific
biomarker of bacterial infection, especially in the context
of early differentiation between a sterile inflammatory
response caused by ischemic brain damage and a true
infection accompanied by bacterial invasion [44].
In patients with acute ischemic stroke in intensive care
settings, early PCT elevation within the first 24—48 hours
after admission allows detection of the onset of an infec-
tious process even in the absence of characteristic
clinical symptoms — fever, leukocytosis, or signs of
respiratory distress. This is especially important in
elderly patients or those with severe neurological
deficits, in whom classic signs of infection may be muted
or masked by the primary neurological condition [43].
PCT elevation signals the presence of a systemic
bacterial response and has direct diagnostic and
therapeutic value, allowing clinicians to decide on early
empirical antibiotic therapy even before microbiological
confirmation. [46] «Procalcitonin levels were signifi-
cantly higher in patients with acute ischemic stroke
who died within 30 days compared to those who
survived» [47-49]. Additionally, the dynamics of PCT
in the days following treatment initiation are informative
for monitoring freatment effectiveness: a decrease
in procalcitonin level indicates a positive response to
antibiotics, while its sustained elevation or consistently
high levels may suggest progression of the infectious
process or the development of sepsis. [50]
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OBIrOBOPEHHA

MpoBepennii cuctematnyHwin omsag 50 HaykoBuMX
OocnioXeHb NiATBePKYE 3HA4YHY MPOrHOCTUYHY LIHHICTD
3ananbHux Giomapkepie — C-peaktueHoro binka (CRP),
iHTepnewkiny-6 (IL-6) Ta npokanbuuToHiHy (PCT) —
y NauieHTiB i3 ileMiYHMM iHCYNbLTOM, FOCITani3oBaHuX
Y BiAfliNneHHs iIHTEHCUBHOI Tepanii.

C-peakTuBHMIA BINOK NpooeMOHCTPYBAB BWUCOKY Aiar-

HOCTUYHY Ta NPOTHOCTUYHY L{IHHICTb SIK MApKep CUCTEMHOT

3ananbHoi Bignoeiai. Migenwenns pisia CRP nonan
10 mr/n npotarom nepluvx 24—48 rogwH nicns iHCYNbTy
Kopentoe 3 Binblwmm 0b'eMOM iHAPKTY, BUPEKEHUM Ha-
OpAkom MO3Ky Ta NiABULLIEHUM PU3MKOM MOraHOro OyHK-
LioHanbHOro BiAHOBNEHHS, Todi Sk pieHb CRP 2 20 mr/n
MOB’I3aHUIA i3 BUCOKMM PU3MKOM BTOPMHHMX YCKNaaHEeHb
i noTpebye NOCMNEeHOro MOHITOPWHIY NaujieHTa.

IHTepneiikiH-6 BusiBUBCS HaWbINbLI 4yTNMBAM paH-
HiM MapkepoM aKTuBaLii iMyHHOI Bignosiaj, Wo Ao3Bonsae
NPOrHO3yBaTU TSKKICTb 3aXBOPHBAHHA BXe B Neplui ro-
OvHu rocnitanisauii. KoHuedTpauia IL-6 nowag 20 nr/mn
CBiYMTbL NP0 AKTWBHY 3ananbHy BiAMOBiAb 3 nigBuLle-
HAM PW3MKOM HEBPOIIOMNYHOrO MOTPLIEHHs, a PiBHI
noHag 50 nr/mn acouilolTbCs 3 KPUTWYHO BWCOKUM
PU3UKOM CMEpTi.

MpokanbUWTOHIH A0BIB CBOIO ePEeKTUBHICTb SK Crieuu-
diyHniA mapkep BakTepianbHOl iHeKUiT, Wo Aae 3mory
BiAPI3HUTM CTepUNbHE 3anarneHHsl Bi CNpPaBXHbOM
iHdekuinHoro npouecy. Piens PCT > 0,25 Hr/mn cBiguntb
Npo BMCOKWIA PU3WK PO3BUTKY CENTUYHMX YCKMNAHEHb,

wo oOrpyHTOBye paHHIW nodaTtok aHTubakTepianbHoT

Tepanii Ta NOCUNEHUIA MOHITOPUHI.

KombiHoBaHe BMKopucTaHHS umx Biomapkepis 3abes-
nedye edeKkTMBHy cTpatudikauilo pU3uKy Yy NalieHTIB
3 iLIeMIYHUM iHCYTBTOM, CMPUSAOYN PAHHLOMY BUSIBITEHHIO
oci0 i3 BWMCOKMM PW3MKOM HECNpPUATIMBUX HaCMIaKIB,
CBOEYACHOMY BMNPOBAKEHHIO NPOMINakTM4HUX 3axogie,
onTuUMmi3auil TepaneBTMYHWX CTpaTerii BiANoBiAHO A0
iHOMBIOYanbHUX PU3WKIE Ta MNOKPALLEHHH NpPOrHO3yBaH-
HA (DYHKUIOHANBHUX pe3ynbTaTis i CMepTHOCTI.

Y KNiHIYHIA NpakTuUi peKoMeHOyeTbCA  PYTUHHO
Bu3Ha4atM pieHi CRP, IL-6 ta PCT y Bcix naujieHTiB
3 iWeMiYHUM HCYNBETOM MPU HAAXOOMEHHI Y BiAAineHHs
iHTeHcuBHOT Tepanii. QuHamiyHuiA MoHITOpuHT umux OGio-
MapKepiB NpPOTAroM Neplunx 72 rofMH pekoMeHOyeTbes
Ons OuiHKM edpeKTMBHOCTI NikyBaHHA. CTaHaapTu3auig
NPOTOKOMIB BEOEHHS NAaLeHTIB Ha OCHOBI BCTAHOBRIEHUX
NnoporoBuMx 3HadeHb OiomapkepiB Ta iHTerpauia umx
pesynbratiB y KMiHiYHI cUCTeMW MiATPUMKU MPURHATTA
pilleHb MOXYTb NiABALLMTI GKICTb MEOWMYHOT JOMNOMOTW.

HeobxigHi nopganblui OOCNIMKEHHSA ONsi YTOYHEHHS
ONTUMATNBHWX YaCOBUX MEXK MOHITOPUHIY,
MOpOroBMX 3Ha4YeHb Y PI3HUX ETHIYHKUX MOoNnynsauiax
Ta po3pobkM KOMOIHOBAHWX NPOTHOCTUMHWMX MOAenen,
L0 BpaxoBylOTb KNiHiYHI, nabopaTtopHi Ta HelpoBidya-
nisauiiHi napameTpu.

Tarap iHCynbTY nonarae He nuille Yy BUCOKIA cMepT-
HOCTI, ane W y 3Ha4Hil 3aXBOPIOBAHOCTI, MpU LbOMY
0o 50% BWKMBLUMX MAlOTb XPOHIYHY iHBanigHicTb. Bripo-
Ba[KeHHS CUCTEMAaTWUYHOIO BWKOPUCTAHHS 3anarbHuX
DiomapkepiB y KNiHIYHY MPaKTUKy BiAdiNeHb iHTEH-
CUMBHOT Tepanii Mae noTeHujan CyTTEBO MNOKpaLIMTH
pesynbrati NiKyBaHHA MAaUieHTIB i3 iLIeMiYHUM iHCYIb-
TOM Yepe3 NepcoHarni3oBaHWA Niaxia A0 AiarHOCTWKW,
NporHo3y Ta Tepanii.

Banigaui’

DISCUSSION

The conducted systematic review of 50 scientific
studies confirms the significant prognostic value of
inflammatory biomarkers — C-reactive protein (CRP),
interleukin-6 (IL-6), and procalcitonin (PCT) — in patients
with ischemic stroke admitted to intensive care units.

C-reactive protein demonstrated high diagnostic and
prognostic value as a marker of systemic inflammatory
response. An increase in CRP levels above 10 mg/L
within the first 24-48 hours after stroke correlates with
a larger infarct volume, pronounced cerebral edema,
and an increased risk of poor functional recovery, while
a CRP level 220 mg/L is associated with a high risk of
secondary complications and necessitates enhanced
patient monitoring.

Interleukin-6 was found to be the most sensitive
early marker of immune activation, enabling prediction
of disease severity within the first hours of hospita-
lization. An IL-6 concentration above 20 pg/mL indicates
an active inflammatory response with an elevated risk
of neurological deterioration, and levels above 50 pg/mL
are associated with a critically high risk of death.

Procalcitonin has proven effective as a specific
marker of bacterial infection, allowing differentiation
between sterile inflammation and a true infectious
process. A PCT level >0.25 ng/mL indicates a high risk
of developing septic complications, justifying early initi-
ation of antibacterial therapy and intensified monitoring.

The combined use of these biomarkers enables
effective risk stratification of patients with ischemic
stroke, facilitating early identification of individuals at
high risk for adverse outcomes, timely implementation
of preventive measures, optimization of therapeutic
strategies according to individual risk profiles, and im-
proved prediction of functional outcomes and mortality.

In clinical practice, it is recommended to routinely
determine CRP, IL-6, and PCT levels in all patients
with ischemic stroke upon admission to the intensive
care unit. Dynamic monitoring of these biomarkers
during the first 72 hours is advised to assess treatment
effectiveness. Standardization of patient management
protocols based on established biomarker threshold
values and integration of these results into clinical
decision-support systems can enhance the quality
of medical care.

Further research is needed to clarify optimal moni-
toring timeframes, validate threshold values across
different ethnic populations, and develop combined
prognostic models that incorporate clinical, laboratory,
and neuroimaging parameters.

The burden of stroke lies not only in its high mortality
rate but also in its high morbidity, with up to 50% of
survivors experiencing chronic disability. The imple-
mentation of systematic use of inflammatory biomarkers
in intensive care clinical practice holds the potential
to significantly improve outcomes for patients with
ischemic stroke through a personalized approach to
diagnosis, prognosis, and therapy.
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BUCHOBKH

3ananbHi Giomapkepwn, Taki Ak CRP, IL-6 ta PCT,

MatoTb BWCOKY MPOrHOCTWMYHY UiHHICTb Y MaLieHTIB
3 ilWemi4HUM iHCynbTOM, SiKi nepebyBaloTb y BiOAINeHHI
iHTEeHCWBHOT Tepanii. Ix pyTMHHE BW3HayeHHs Ta AuvHa-
MiYHE MOHITOPYBaHHS [O3BOMNATb CBOEYACHO OLIHWTK
pPU3KK, NPOBECTN ONepaTUBHE BTPYYaHHA Ta NOKPaLLMTK
KNiHi4YHi  pesynbratv. CTaHOapTu3oBaHe BUKOPWUCTAHHA

LMX

Mapkepie cnpusie Oinbl nNepcoHanizoBaHOMY

Ta eeKTMBHOMY Miaxoay A0 BeeHHS iHCYIbTY.

CMUCOK BUKOPUCTAHOI AITEPATYPU

Zhu H, Hu S, Li Y, Sun Y., Xiong X., Hu X et al. Interleukins
and ischemic stroke. Frontiers in Immunology. 2022. Vol 13.
Article 828447 DOI: hitps://doi.org/10.3389/fimmu.2022 828447

CONCLUSIONS

Inflammatory biomarkers such as CRP, IL-6, and

PCT demonstrate high prognostic value in patients with
ischemic stroke in intensive care settings. Their routine
assessment and dynamic monitoring enable early

risk stratification, timely intervention, and

improved

clinical outcomes. Standardized use of these markers
supports a more personalized and effective approach
to stroke management.
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MNepcnekTUBM NOATABLUMX AOCAIAXKEHD
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Prospects for further research

Prospects are associated with several unresolved issues
in studying the role of inflammatory biomarkers (CRP, IL-6,
procalcitonin) in predicting clinical outcomes in patients
with ischemic stroke, which creates broad opportunities for
future scientific exploration. One key direction is the stan-
dardization of biomarker measurement methods, as the
variability of laboratory technigues and sample collection
timing in different studies limits the comparability of results.
Therefore, it is important to develop unified protocols for
collecting and analyzing biological materials to ensure more
accurate and reproducible assessment of inflammatory activity.
Integrating inflammatory markers with traditional clinical
scales such as NIHSS and mRS holds significant potential
to improve prognostic accuracy. Creating multifactorial models
combining biomarkers with clinical, neuroimaging, and demo-
graphic data appears promising. It is also crucial to investigate
the dynamics of biomarker level changes at different time
points after stroke, since most existing studies focus on initial
values within the first few days. Studying longer-term changes,
including the rehabilitation phase, will provide better under-
standing of the pathogenesis of complications and recovery
processes. Moreover, it is necessary to consider the influence
of various clinical subgroups, including age, sex, presence
of comorbidities (diabetes mellitus, infections), stroke type,
and extent of brain damage, as these factors may affect
the prognostic significance of biomarkers. Another important
area is a more in-depth study of the role of procalcitonin
beyond infectious complications, which could expand its
clinical application in predicting ischemic stroke severity.
Research into biomarkers as potential therapeutic targets is
promising, as uncovering their mechanisms of influence
on ischemic brain injury opens opportunities for developing
targeted therapies aimed at modulating the inflammatory
response to improve neurological recovery. Finally, the appli-
cation of cutting-edge technologies, particularly artificial
intelligence methods for analyzing large clinical databases
considering biomarkers, genetic, and molecular profiles, has
the potential to significantly enhance prediction accuracy
and personalize treatment.
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