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PE3IOME

AxTyanbHicTb. Tepmoperynsiuis nigTpumye ctabinbHy TeMnepaTypy Tina, Lo BaXnnBo
ONns HOpManbHOro (yHKLiOHyBaHHSA opraHiamy. TepaneBTuYHa rinotepMist ehekTUBHO
BMKOPUCTOBYETLCA AN HEMpONpOoTeKUii Mpu iHCYNbTi, YepenHO-MO3KOBMX TpaBMmax,
nigBULLEHOMY BHYTPILLHbOYEPENHOMY TUCKY Ta iHWMX cTaHax. OXonog»XeHHs FONI0BHOIO
MO3KY 3MEHLUY€E MOLUKOOXKEHHSI KNiTUH, 3HWXKYE HEKpo3 i noninwye yHKUii MO3Ky.
OnTumManbHUi Yac i TpuBanicTb Tepanii 3anexartb Bif KOHKPeTHOro ctaHy. lnotepmis
Mae 3Ha4yHWi MoTeHuian y komGiHauii 3 iHWMMKM MeTogamu nikyBaHHSs, 30Kpema
dapMakonoriyHumn cTpaTteriaMmu, Ans NoKPaLLeHHs1 pe3ynbTaTiB HeMponpoTeKLUii.

MeTta po60oTu — oxapakTepusyBaTW Cy4vacHe YSIBMEHHSI Mpo poflb TepaneBTUYHOI
rinotepMii y HeponpoTeKLii Npy YepenHo-MO3KOBUX TpaBMaXx Ta iLLeMi4YHOMY iHCYMbTi.
Martepianu Ta metoam. Migbip ny6nikauin 3ginicHeHo 4vepe3 6asu gaHux PubMed,
Clinical Key, Cochrane Library, eBook Business Collection 1a Google Scholar
3a KMK4YOBMMM CroBaMu: FiNOTEpMisi, HEMpOnpoTeKLis, YepernHo-MO3KoBa TpaBMa,
iweMiyHMA iHCyNbT Towo. Ha nepwomy etani nMpoBOAMBCH MOLLYK fiTepaTtypu, Ha
Opyromy eTani BMBYanuCb pes3ioMe cTaTer, a Ha TPeTbOMy — MOBHi TEKCTU Ans
BM3HAYEHHs1 BIOMNOBIOHOCTI KpPUTEPIM BKIOYeHHs. KpuTepil BKMOYEHHS: akTyanb-
HIiCTb Temu, BiONOBIQHICTb AOKA30Bii MeAUUMHI Ta AOCTYN A0 NOBHOTEKCTOBUX CTaTeln.
Ornsag nigrotoBneHo BignosigHo Ao HactaHoBu PRISMA.

Pesynstatm Ta iXx o6roBopeHHsi. CenekTVBHE OXONOMKEHHSI TOMOBHOIO MO3KY,
3acToCOBYBaHe ANs HEWpOMpoTeKLUii, Mae 3Ha4yHWM NoTeHUian y 3MEHLUEHHi Henpo-
MOLUKOMXKEHHSI MpWU  ilWeMiYHOMY iHCYnbTi Ta 4epenHo-MO3KOBMX TpaBMax. Metoa
3HKYE MeTaboniyHy akTUBHICTb HEWPOHIB, MOKpallye iX BWXKMBaHHS B YyMoOBax
0oBMeXeHOro KpoBOMOCTaYaHHS, 3MEHLLYE MOLUKOMAXKEHHS Bif OKCMOATUBHOMO CTpecy
Ta HEMPOTOKCUYHOCTI. BUKOPUCTaHHA TpaHcapTepianbHOro OXOMNOMKEHHS AaE MOXIN-
BiCTb TOYKOBO BNMBATW Ha MO3OK, LLO [O3BOMSE €PEKTUBHO 3HMXKYBaTU Temnepartypy
nuLwe B ypaxeHux AinsHKax, He nopyLlyodm gyHKUilo iHWKX opraHie. BogHovac, ans
onTumisauii TepaneBTUYHUX NiOXomiB i BU3HAYEHHs] HaMbIiNbl egeKTUBHUX PEXUMIB
nikyBaHHs HeobXigHO MpoOBecTW Mofanblui KMiHiYHI AOCNifXeHHs, siki niaTBepasThb
[OBroCTPOKOBi pesynbsraty i 6e3neky Lboro MeTogy.
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AAS UUTYBAHHS:

BucHoBkuU. TepaneBTu4Ha rinoTEPMIsi, 30KpEMa CENEKTUBHE OXONOAXEHHSI FONOBHOIO
MO3Ky, 3HUXye MeTaboniyHi NoTpebyn MO3KOBMX KMiTUH, OGMEXYHUM LWKoAy Big iLuemil
Ta TpaBM, 3MEHLUYHYM OKCUMOATUBHUIA CTPEC, €KCaMTOTOKCUYHICTb i 3ananeHHs.
Llen meTog emdeKkTMBHO 3HWKYE HEMWPOMOLUKOMKEHHA MpU  iLeMIYHOMY iHCYNbTi,
3MEHLLYHOYM 3ananeHHs Ta OKCUAATUBHUI CTPEC, OOQHaK Afsl YTOYHEHHST ONTUMaIbHUX
YMOB 3acToCyBaHHsi MOTPiGHI noganblui AocnigpkeHHs. [inoTepmis Takox Moxe
nigTpMMyBaTN HEMPONNACTUYHICTb NPYU YepPernHO-MO3KOBUX TpaBmax, ane Ans OuiHKK ii
e eKTUBHOCTI HEOOXiOHI 40AAaTKOBI AOCHIMKEHHS.

Mmapgknx @.B., Napgosa T.., MatBeeHko M.C., Bacunbes [.B. TepaneBTuuHa rinotepmis B HewponpoTekuii:
BMAMB Ha HEWpOMnacTUYHICTb NpuW iemii Ta TpaBmax FONMOBHOMO MO3KY. BiCHUK XapKieCbKo20 HauioHarbHO20

YyHigBepcumemy  iMeHi

B.H. KapasiHa.

Cepia  Meduyuna. 2025. T. 33. Ne 1(52). C. 136-156. DOI:

https://doi.org/10.26565/2313-6693-2025-52-12

Key words:

hypothermia, neuroprotection, traumatic
brain injury, ischemic stroke, brain, neuro-
plasticity, caffeinol, craniocerebral hypo-
thermia, excitotoxicity.

For correspondence:

Hladkykh Fedir Volodymyrovych

State Organization «Grigoriev Institute for
Medical Radiology and Oncology of the
National Academy of Medical Sciences
of Ukraine», Department of Radiation
Pathology and Palliative Medicine;

82 Hryhoriia Skovorody Str., Kharkiv,
Ukraine, 61024;

e-mail: fedir.hladkykh@gmail.com

© Hladkykh F.V., Liadova T.1.,
Matvieienko M.S., Vasylyev D.V., 2025

For citation:

ABSTRACT

Background. Thermoregulation maintains a stable body temperature, which is
essential for normal physiological function. Therapeutic hypothermia is effectively
used for neuroprotection in stroke, traumatic brain injury, increased intracranial
pressure, and other conditions. Brain cooling reduces cellular damage, limits necrosis,
and improves brain function. The optimal timing and duration of therapy depend
on the specific condition. Hypothermia has significant potential when combined
with other treatment methods, particularly pharmacological strategies, to enhance
neuroprotection outcomes.

Purpose — to characterize the current understanding of the role of therapeutic
hypothermia in neuroprotection in traumatic brain injury and ischemic stroke.

Materials and Methods. The selection of publications was carried out using databases
such as PubMed, Clinical Key, Cochrane Library, eBook Business Collection, and
Google Scholar with keywords including hypothermia, neuroprotection, traumatic
brain injury, ischemic stroke, among others. The literature search was conducted
in three stages: first, identifying relevant publications; second, reviewing article
abstracts; and third, analyzing full-text articles for inclusion criteria. Inclusion criteria
comprised topic relevance, adherence to evidence-based medicine, and access to
full-text articles. The review was prepared in accordance with PRISMA guidelines.
Results. Selective brain cooling, applied for neuroprotection, holds significant potential
in reducing neuronal damage in ischemic stroke and traumatic brain injury. This method
decreases neuronal metabolic activity, enhances their survival under restricted
blood supply, and reduces damage from oxidative stress and neurotoxicity. The use of
transarterial cooling enables targeted brain cooling, effectively lowering temperature
in affected regions without impairing the function of other organs. However, further
clinical research is necessary to optimize therapeutic approaches and determine
the most effective treatment protocols, ensuring long-term efficacy and safety.
Conclusions. Therapeutic hypothermia, particularly selective brain cooling, reduces
the metabolic demands of brain cells, mitigating ischemic and traumatic damage
by decreasing oxidative stress, excitotoxicity, and inflammation. This method effectively
reduces neuronal injury in ischemic stroke by limiting inflammation and oxidative
stress; however, further studies are needed to refine optimal treatment conditions.
Hypothermia may also support neuroplasticity in traumatic brain injuries, yet additional
research is required to evaluate its full effectiveness.

Hladkykh FV, Liadova Tl, Matvieienko MS, Vasylyev DV. Therapeutic hypothermia in neuroprotection has an impact
on neuroplasticity in brain ischemia and trauma. The Journal of V.N. Karazin Kharkiv National University. Series
Medicine. 2025;33(1(52)):136—156. DOI: https://doi.org/10.26565/2313-6693-2025-52-12

BCTYN

INTRODUCTION

Tepmoperynsuis € OgHIet0 i3 OCHOBHUX CKMadoBMX
npouecy roMeocrtasy, WO Ma€ BaXNMBE 3HAYEHHs Ans
NiATPUMKM CTabiNbHOrO BHYTPILLIHBOrO CTaHy OpraHiamy
NoavHY, 3abesnedyodr YMOBU ANS MO0 BUXKMBaHHSA Ta
onTumanbHoi yHKLUii kniTUH. BoHa 3abe3nevye npaBunb-
HY B3@EMOZi0 MK PI3HMMW cUCTEMaMK OpraHi3my i gae
3Mory aganTyBaTMCs A0 3MiH 30BHILLUHBOTO CepeaoBuLa.

Thermoregulation is one of the fundamental com-
ponents of the homeostasis process, playing a crucial
role in maintaining the stable internal state of the human
body, ensuring conditions for survival and optimal cellular
function. It facilitates proper interaction between different
systems of the body and enables adaptation to changes
in the external environment. The core body temperature
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BHyTpiWwHA TemnepaTypa Tina noguHy 3assuyan Tpuma-
€Tbcs B Mexax 36,5-37,3°C, wo € onTumansHUM piBHEM
anst yHKUIOHYBaHHS OCHOBHMX 6i0NoriYHMX NpoLEeciB.
BogHovac Temnepatypa nepudepiiHMX 4YacTuH Tina,
Takux K KiHUiBKM, 3a3BnYan Ha 2—4°C HmK4Ya NopiBHAHO
3 LeHTpanbHMMKM YacTMHaMW OpraHiamy, Lo MOB’A3aHO
3 HeoOXigHicTio 30epexeHHs eHeprii Ta Tepmoperyns-
Lieto Yepes pisHi MexaHiamu kpoBoobiry [1-3].

JlikyBaHHs rinoTepMielo € BaXnNMBUM i ePEKTUBHUM
METOOOM HenponpoTekuii, SKWN 3acTOCOBYETbCA MNpwu
niKyBaHHi Pi3HOMaHITHUX HEBPOMOriYHNX 3aXBOPIOBAHb.
Cepea UMX 3axBOPKOBaHb € iHCYNbLT, YepernHo-MO3KoBa
TpaBma (UMT), nigBULLEHMI BHYTPILUHLOYEPENHUIA TUCK,
cybapaxHoiganbHUin  KpOBOBWIMUB, TpaBMU  CMUHHOIO
MO3Ky, NeYiHKOBa eHLiedanonarTis, a TakoXX HeoHaTanbHa
nepuHatanbHa eHuedanonaris. BctaHoBneHo, wWo Tepa-
NeBTUYHA MNOTEPMISi MOXE 3Ha4YHO MoKpawmTn nepebir
UMX CTaHIiB, CMPUSOYM 3MEHLUEHHIO LUKOAW, SIka 3aBaa-
€TbCSl KIMiITUHaM TOfMIOBHOMO MO3KYy BHACIiZOK MOLLKOA-
XKEHHs1 TKaHWH, Ta Ans 3MEHLUEHHI Hekposy. Hapasi,
iCHYEe 3Ha4HUI nNporpec y BMBYEHHI eeKTUBHOCTI LbOro
MeToAy, 30KpeMa 4Yepe3 KOMOiHyBaHHS  rinotepmii
3 iHWKUMKU nigxogamn 0o HeMponpoTeKLii, Wo gae 3mMory
3HaYHO NOMINWKWTK pe3ynbTaTh NiKyBaHHSA TaKMX TSHKKUX
3axBOptOBaHb. PoO3BMTOK UMX AocnigXeHb [03BOMNsiE
JOCArTM 3HAYHOro Mporpecy y pPoO3yMiHHI MexaHi3miB
HenponpoTeKUii npu rinotepmii [4].

dizionorivHi 3MiHK, SKi BUHMKaOTb B OpraHia3mi nig yac
OXONMOMXKEHHS, 3anexaTb Bif CTyneHa | TpuBanocTi
rinotepmii. lNpouec rinotepMmii y niogen MoxHa Kracu-
ikyBaTU Ha OCHOBI 3HWXEHHS Temnepartypu Tina.
TepaneBTUYHE OXOMNMOOXEHHS ab0 BUMNALKOBE 3HUXKEHHSI
Temnepatypu Tina Hwk4ye 35°C BBaXaeTbCsl rinoTepMmieto.
Lle 3HwxeHHs1 Temnepatypu moxe OyTu nogineHo Ha
Kinbka cTyneHiB: nerka rinotepmis (35-32°C), nomipHa
(32-22°C), rnuboka (22-28°C) Ta Hag3BuMYalHO [Mn-
b6oka (< 8°C). Bxe B 1994 poui Gyna BBegeHa HoBa
nigknacudikauisn: nerka rinotepmis (35-32°C), nomipHa
(32-28°C), Tsbkka (28-20°C) Ta Hag3BuMYaMHO TshKKa
(< 20°C) [5]. OpHak, 4epe3 po3BMTOK OOCHIOXKEHb Ta
NpakTU4HMX 3acTtocyBaHb, y 2009 poui [6] Gyna 3anpo-
NMoHOBaHa crnpoLlleHa knacudikais, Lo BKIoYae nue
Tpu kareropii: nerka rinotepmis (35-34°C), nomipHa
(34-30°C) 1a Taxka (< 30°C). Usa knacudikauia e
3apa3 OCHOBHOI i BMKOPUCTOBYETBLCA B MiXXHAPOOHMX
MeAMYHUX cTaHaapTax, 30kpema AMepUKaHCbKO Kapaio-
noriyHoto acouiadieto [7].

Barato gocnigHuKiB NPOTAroM OCTaHHIX AecATUniTb
Hamaranucsi BU3Ha4YMT ONTUMarnbHUIA Yac Ans noyaTky
OXOSOMKEHHSA MNpPU  Pi3HUX HEBPOSOriYHMX po3najax,
Wob 3abe3neynTn HavkpalLmii edpekT Big TepaneBTUYHOT
rinotepmii. OpHieto 3 OCHOBHUX Mpobnem, 3 AKUMU
CTUKaTbC MEOUKM, € Te, L0 PaHHE OXONOMXKEHHS
nicna TpaBMu FONOBHOMO MO3KY 3a3BWyan Aae Havkpalli
pesynstat, ane B pearnbHUX KiHIYHUX  yMOBax
Lie 3aBaHHs 4acTo BUSIBNSIETLCA BaXXKUM 451 peanisauii.
Lle nosicHeTbCs TMM, WO LWBMOKE  BUSBIEHHSA
i pearyBaHHA Ha Taki cuTyauii He 3aBXauM MOXNuBe
Yepe3 obmexeHHs B 4vaci abo poctyni oo HeobxigHoro
MeauM4Horo obnafgHaHHSA, Lo YCKNafgHIE CBOEYacHe
3acTocyBaHHs Lboro Mmetoay. Bigomo, wo npu iuemiyHomy
iHcynbTi [8, 9] BMABNEHO 3HAYHE 3MEHLUEHHSA PO3Mipy
30HM YPaXEHHS, SKLIO OXOMOMKEHHS PO3MNOYUHAETHLCS
npotarom 60-180 xBWRAMH Big no4yaTky iHCYNbTY.

of a human is typically maintained within the range
of 36.5-37.3°C, which is the optimal level for the func-
tioning of essential biological processes. At the same
time, the temperature of peripheral body parts, such as
the limbs, is usually 2—4°C lower than that of central
body parts due to the need for energy conservation
and thermoregulation through various circulatory me-
chanisms [1-3].

Hypothermia treatment is a vital and effective
neuroprotection method used in the management of
various neurological disorders. Among these disorders
are stroke, traumatic brain injury (TBI), increased
intracranial pressure, subarachnoid hemorrhage, spinal
cord injuries, hepatic encephalopathy, and neonatal
perinatal encephalopathy. It has been established that
therapeutic hypothermia can significantly improve
the course of these conditions by reducing damage
to brain cells caused by tissue injury and minimizing
necrosis. Furthermore, significant progress has been
made in studying the effectiveness of this method,
particularly by combining hypothermia with other neuro-
protection approaches, leading to substantial improve-
ments in treatment outcomes for severe neurological
diseases. The development of these studies has facili-
tated a greater understanding of neuroprotection mecha-
nisms under hypothermia [4].

The physiological changes that occur in the body
during cooling depend on the degree and duration of
hypothermia. The hypothermic process in humans can
be classified based on a reduction in body temperature.
Therapeutic cooling or accidental lowering of body
temperature below 35°C is considered hypothermia.
This temperature reduction can be divided into several
stages: mild hypothermia  (35-32°C), moderate
(32-22°C), deep (22-28°C), and profoundly deep
(< 8°C). In 1994, a new subclassification was introduced:
mild hypothermia (35-32°C), moderate (32-28°C),
severe (28-20°C), and extremely severe (< 20°C) [5].
However, due to advancements in research and prac-
tical applications, a simplified classification was propo-
sed in 2009 by [6], which includes only three categories:
mild hypothermia (35-34°C), moderate (34-30°C), and
severe (< 30°C). This classification is now the primary
one and is used in several international medical
standards, including those of the American Heart
Association [7].

Over the past decades, researchers have sought
to determine the optimal time to initiate cooling for
various neurological disorders to achieve the best thera-
peutic hypothermia effect. One of the primary challenges
for clinicians is that early cooling after a brain injury
typically yields the best outcomes, yet in real clinical
settings, its implementation is often difficult. This is due
to the fact that the rapid detection and response to such
situations are not always possible due to time constraints
or limited access to the necessary medical equipment,
complicating the timely application of this method.
It is known that in ischemic stroke [8, 9], a significant
reduction in infarct size is observed if cooling is initiated
within 60-180 minutes of stroke onset. This allows for
the preservation of a larger number of brain cells and
minimizes ischemic consequences. Conversely, in cereb-
ral ischemia, even if hypothermia is initiated 6 hours
after ischemia onset, some neuroprotective effect is still
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Lle no3Bonsie 36epertu Ginblly KinbKiCTb KNiTUH ronoB-
HOro MO3Ky Ta MiHiMidyBaTW Hacnigku iwemii. HaTomicTb,
npu uepebpanbHin iwemii 6yno BMSBNEHO, IO HaBiTb
SKWO rinoTepMis  po3nodnHaeTbca 4epe3 6 roauH
nicna noyaTtky iweMii, TakoX crnocTepiraeTbCs AesKui
HENPOMNPOTEKTOPHUI eEKT, Xo4a i 3 MEHLL BUPaXKEHUM
pesynstatom [10-12]. OTxe, icCHye 3Ha4Ha BapiaTMBHICTb
y Tak 3BaHOMY TepaneBTUYHOMY BiKHi, LIO 3anexuTb
Bil KOHKPETHOro TUMY YLUKOMXKEHHS TOMOBHOIO MO3KY,
WO CTaBWUTb MNEBHi BUKIVKM AN MEOMYHMX NPaKTUK
i pocnigxeHb [13, 14].

OnTumanbHa TpuBanicTb TepaneBTUYHOI rinoTepmii
(Tr) 3anuwaeTbcst HEBM3Ha4YeHo i NoTpebye noparnb-
Woro [ocnigxXeHHst. BcTaHoBneHo, wWo edekTUBHICTb
rinoTepmii MOXXe 3MiHIOBaTUCA B 3aneXHOCTi Big TpuBa-
NOCTi OXONOOKEHHS, XO4a KOHKPETHI pekomeHgauii woao
LbOro NMUTaHHs BCE LLe 3anuialTbCs NPegMEeToM cyne-
peyok. [eski AgocnigHUUbKI rpynu BUKOPUCTOBYBanu
KopoTwi nepiogn oxonomxeHHs — Big 0,5 oo 5 roguH,
B TOM 4Yac €K iHWi npoBOAMAWM AOBLWI TepaneBTUYHI
npouenypw, ki Tpusanu 12—48 roguH. Y AOCRIDKEHHSX
iLlemiyHOro iHCyneTy, Ae MOopiBHIOBaNWU pi3Hi TpUBanocTi
TepaneBTUYHOI rinoTepmii, byno BCTaHOBMNEHO, LLO nepios,
OXONOMKEHHSA TpuBanicTio 1-3 roguHn € edeKTUBHUM
ONsi NOKpaLLEeHHs pes3ynbTaTtiB, Todi SK OXOMNOMKEHHSA
TpuBanicTio Big 30 XBWUNWH OO0 OAHIEI roaMHW He npo-
AeMoHcTpyBano OaxaHux pesyneratie [15]. Y Bunaaky
ToTanbHOi  UepebpanbHOi iwemii, konu rinotepmis
jocsrana piBHA BHYTPILIHbOILLEMIYHOTO OXOMNOMXEHHSA
(pekTtanbHa Temnepatypa 28-32°C), 6yno nokasaHo,
WO TpuBane OXONOAXEHHSI MpPOTArom 4—6 roguH MnoB-
HicTI0 3anobirae yLWKOMKEHHIO KMiTWMH rinokamny, Lo €
KPUTUYHO BaXkNMBMM Ans 36epexeHHs yHKUin nam’aTi
Ta KOrHiTMBHMX 3pgibHocTen. OpHak, SAKWO nepiog
rinotTepmii CTaHOBUB NULIE OBi rOANHWN, 3aXUCHUI edoekT
OyB 3HA4YHO MEHLL BUPAKEHUM, @ SIKLLO OXONOMKEHHS
TpUBarno ofHy roauHy abo MeHLUe, TO XXOLHOro 3aX1CHOro
edekTy He cnoctepiranocsa B3arani [16]. Le we pa3s
nigTBepaXXye BaXNUBICTb HE NULLE Yacy noyaTtky Tepanii,
ane W TpuBanocTi ii nNpoBedeHHs AN AOCArHEHHS
MaKCMMaIbHOro HeMPOMNPOTEKTOPHOIO edDEKTY.

PaHiwe nosigomnsinocs, wo TpuBana TepanesTn4Ha
rinotepmia (Tl), posnovata 4epe3d 4-6 roguH nicns
iwemii i NnpoBegeHa BNpPodoOBX 24 roavH, Moxe 3abes-
neunTn crTabinbHy dyHKUiOHanNbHy Ta  FiCTOMNOriYHY
HelponpoTekLuito, Wo 36epiraeTbcs 4o 6 MicauiB nicns
nikysaHH4 [17]. Lli pesynbratu cBigyath Npo Te, WO HaBiTb
y BUMNagkax, Komu nodaTok niKyBaHHS BigTepMiHOBaHO
Ha Kinbka roguH nicns noyatky iwemii, TpuBane Oxo-
NOmKEHHA Moxe OyTn edekTuBHUM. Lle € BaxnmBum
BIOKPUTTAM, OCKiNbkuM B GaraTbOx KMiHIYHMX CUTyauUisx
He 3aBXM BOAETLCS MPOBECTM TEPANEBTUYHY FNOTEPMIt0
y nepuwi roguHuM nicrns no4vatky 3axBoploBaHHA abo
TpaBmu. 3okpema, Npy AesKMX TUNax YLIKOAXKEHb rofoB-
HOro MO3Ky Teparisi Moxe ByTu po3noyara Tifbku Yyepes
NeBHUA Yac, i Uue He 3HUXKYE edEeKTUBHICTb NiKyBaHHS,
SIKLLO OXONOAXKEHHSI MPOBOAMTBLCS MPOTArOM OOCTaTHbO
Tpusanoro yacy [11, 12].

TepmoperynatopHa cuctema noavHU € CKIagHoH
i Bknto4ae B cebe HM3KY CTPYKTYp i MexaHi3wmiB, SKi
npautloTb y TICHIN B3aemogii Ana nNiaTPUMKU NOCTINHOT
Temnepatypu Tina. [Jo OCHOBHMX CKIagoBuX Liel cuctemm
HanexaTb TepMopeLenTopu, adepeHTHi HEPBOBI LUNSAXM,
iHTerpaTVBHi LEHTPU B MO3KY, edpepeHTHI HepBOBI LLUMNSXU

observed, albeit with a less pronounced outcome [10-12].
Thus, there is considerable variability in the so-called
therapeutic window, depending on the specific type of
brain injury, which presents challenges for medical
practice and research [13, 14].

The optimal duration of therapeutic hypothermia (TH)
remains uncertain and requires further investigation.
It has been established that the effectiveness of hypo-
thermia varies depending on the duration of cooling,
although specific recommendations on this issue remain
a subject of debate. Some research groups have
employed shorter cooling periods—ranging from 0.5
to 5 hours — whereas others have conducted longer
therapeutic procedures lasting 12—-48 hours. Studies on
ischemic stroke comparing different durations of thera-
peutic hypothermia have shown that a cooling period
of 1-3 hours is effective in improving outcomes, while
cooling for 30 minutes to 1 hour has not demonstrated
the desired results [15]. In the case of total cerebral
ischemia, where hypothermia achieved intra-ischemic
cooling levels (rectal temperature 28-32°C), prolonged
cooling for 4—6 hours completely prevented hippocampal
cell damage, which is critically important for memory
function and cognitive abilities. However, if the hypo-
thermia duration was only 2 hours, the protective effect
was significantly less pronounced, and if cooling lasted
1 hour or less, no protective effect was observed at
all [16]. This once again confirms the importance of
not only the timing of therapy initiation but also the
duration of its administration to achieve maximal neuro-
protective effects.

Previous reports indicated that prolonged thera-
peutic hypothermia (TH), initiated 4-6 hours after
ischemia and maintained for 24 hours, could provide
stable functional and histological neuroprotection,
lasting up to 6 months after treatment [17]. These fin-
dings suggest that even in cases where treatment is
delayed by several hours after ischemia onset,
prolonged cooling may still be effective. This is a signi-
ficant discovery, as in many clinical situations, it is not
always possible to apply therapeutic hypothermia
within the first few hours after disease onset or trauma.
Specifically, in certain types of brain injuries, therapy
may only begin after a delay, and this does not reduce
treatment efficacy as long as cooling is maintained for
a sufficiently long period [11, 12].

The human thermoregulatory system is complex
and consists of several structures and mechanisms
that work in close interaction to maintain a stable body
temperature. The main components of this system
include thermoreceptors, afferent neural pathways,
integrative centers in the brain, efferent neural pathways,
and effector organs, such as skeletal muscles, blood
vessels, and adipose tissue [18]. These organs and
tissues may undergo inactivation or modulation during
therapeutic hypothermia, which can significantly alter
the effectiveness of this treatment. Theoretically, any
changes at these structural levels may affect compen-
satory responses of the body and lead to the develop-
ment of tolerance to hypothermia. It is essential to under-
stand that the body’s adaptation to temperature reduction
may influence its ability to respond effectively to future
cooling episodes, potentially impacting therapy out-
comes both positively and negatively.
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Ta egeKTOpHi opraHu, cepen SIKUX € CKENneTHi M'a3w,
KPOBOHOCHI CyauHu Ta xwuposa TkaHuHa [18]. Lii opraHu
i TKAHWHW MOXYTb OyTW NigaaHi iHakTMBauii abo mogynsauii
nig Yac NpoBeAEHHS TepaneBTUYHOI rinoTepMii, WO Moxe
3HAYyHO 3MiHIOBaTU edqEeKTUBHICTb LbOro MiKyBaHHS.
TeopeTuyHo, Oyab-siki 3MiHM Ha PpiBHI UWX CTPYKTYp
MOXYTb BMMMBATU Ha KOMMEHCATOPHI peakLii opraHiamy
Ta NpU3BecTU A0 PO3BUTKY TONEPaHTHOCTI A0 rinoTepmi.
BaxnuemMM € po3ymiHHA TOro, WO aganTtalis opraHiamy
0O 3HWKEHHs TemnepaTypu MoOXe 3MiHBaTh Woro
30aTHICTb ePEKTUBHO pearyBaTtu Ha MamnbyTHi enizoam
oxonomkeHHs. Lle Moxe MatM sK NO3WTUBHWKA, Tak
i HeraTMBHWUIA BNNWB Ha pe3yneTaTt Teparnii.

3 ypaxyBaHHsIM CKNagHOCTI perynsuii Temnepartypu
Tina Ha pi3HUX PiBHAX TEPMOPErYNATOPHOT cuctemm, 6ynm
po3pobreHi dapmMakonoriyHi nigxoau, WO BRAMMBAOTbL
Ha pi3Hi eTann uboro npouecy. BukopucTaHHs Takmx
nigxo4iB  [OO3BOMMIO 3HAYHO BAOCKOHANWUTM  MeToau
iHOyKUii rinoTepmii, 3a6e3ne4mBLUM MOXMMBICTb TOYHOIO
perynioBaHHa Temnepatypu Tina Ta 1 NigTpMMaHHA
Ha onTMMarnbHOMY piBHI AN OOCArHEHHs Henpomnpo-
TekTopHoro edpekty [19]. Ui dpapmakonoriuni ctpaterii
TaKOX CNpUsloTb PO3BUTKY HOBUMX METOAIB MiKyBaHHS,
WO MOEAHYOTb TepaneBTUYHY TrinoTepMmilo 3 iHWKUMK
nigxogamnm [0 HEWpONnpoTeKuii, BigKpMBakyn HOBI
MOXINUBOCTI ANS MiKyBaHHA NaUi€eHTIB 3  TSXKAMU
HEBPOSOrYHNMM 3aXBOPHOBAHHSAMMU.

MeTa po60TH — 0xapakTepuayBaTu Cy4acHe ysIBNeHHS
npo ponb TepaneBTUYHOI rinoTepMil y HerponpoTekuil
npu YepenHo-MO3KOBUX TpaBMax Ta illeMi4YHOMY iHCYnbTi
3a AaHUMK BigKPUTUX gxepen iHbopmalulii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Migbip ny6nikauin BMKOHaAHO 3a 6aszamMu [aHKX
PubMed (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/) Ta Google Scholar
(https://scholar.google.com/), y skux BMWCBITNIOBaNMCb
BIJOMOCTI Npo pornb TepaneBTUYHOI rinoTepmii y Henpo-
NPOTEKLii NPU YepenHO-MO3KOBUX TpaBMax Ta illemMivyHO-
My iHCynbTi. Ha nepliomMy eTtani npoBognnu noLuyk nite-
paTypHUX [Xepern 3a KIHYOBUMK CIoOBaMW: rinoTepmist,
HEeMpoNpOoTEKLis, YepenHO-MO3KoBa TpaBMma, iLUEMIYHWUI
iHCYNbT, FONIOBHUIA MO30K, HEMPONNACTUYHICTb, KOeiHon,
KpaHiouepebpanbHa rinoTepMisi, €eKCanTOTOKCUYHICTb.
Ha gpyromy eTtani BMB4anucb pestoMe cTaTen Ta BUKLo-
Yanucb ny6nikauii, siki He Bignosiganu kpuTepisMm [o-
cnigpxkeHHs. Ha TpeTbomy eTani BUMBYanM MOBHi TEKCTU
BigiOpaHMX cTaTel Ha BIigNOBIOHICTb KpUTEpPISM BKItO-
YeHHs1 10 Cnucka niTepaTypu Ta peneBaHTHICTb Aocnia-
XeHb. KpuTepismu BknoveHHs nyGnikauii go Bubipku,
siKa nignsirana KOHTeHT-aHani3y, 6ynu Taki: 1) BUCBITNEHHS!
Cy4yacHUX BiQOMOCTEN LWo[o TepaneBTUYHOI rinoTepmil
npyv 4YepenHo-MO3KOBUX TpaBMax Ta iWEeMiYHOMY iH-
CynbTi; 2) BiANOBIAHICTb AOCHigXEHb KMOYOBUM 3acajam
[0Ka30BOI MeauuuHK; 3) BIOKPUTUIM OOCTYN OO MNOBHO-
TekcToBoi cTtaTTi. Ornag nigroToBneHo y BignoBiAHOCTI 40
kntoyoBmx 3acag HactaHoBu PRISMA (Preferred Repor-
ting Items for Systematic reviews and Meta-Analyses) [20].

Given the complexity of temperature regulation at
various levels of the thermoregulatory system, pharma-
cological approaches have been developed to influ-
ence different stages of this process. The use of such
approaches has significantly improved hypothermia
induction methods, enabling precise temperature
control and maintenance at an optimal level for achie-
ving neuroprotective effects [19]. These pharmaco-
logical strategies also contribute to the development
of new treatment methods that combine therapeutic
hypothermia with other neuroprotection approaches,
opening new possibilities for treating patients with severe
neurological disorders.

Objective — of the study to characterize the current
understanding of the role of therapeutic hypothermia
in neuroprotection in traumatic brain injury and ischemic
stroke based on open-source data.

MATERIALS AND METHODS

The selection of publications was performed using the
databases PubMed (https://pubmed.ncbi.nim.nih.gov/),
Clinical Key Elsevier (https://www.clinicalkey.com),
Cochrane Library (https://www.cochranelibrary.com/),
eBook Business Collection (https://www.ebsco.com/),
and Google Scholar (https://scholar.google.com/), which
provided information on the role of therapeutic hypo-
thermia in neuroprotection for traumatic brain injuries
and ischemic stroke.

The first stage involved searching for literature sour-
ces using keywords: hypothermia, neuroprotection,
traumatic brain injury, ischemic stroke, brain, neuroplas-
ticity, caffeinol, craniocerebral hypothermia, excitotoxicity.
The second stage involved reviewing article abstracts
and excluding publications that did not meet the study
criteria. In the third stage, full texts of selected articles were
examined for inclusion criteria and research relevance.

The inclusion criteria for publications subjected to
content analysis were: 1) coverage of current knowl-
edge on therapeutic hypothermia in traumatic brain
injuries and ischemic stroke; 2) alignment with the prin-
ciples of evidence-based medicine; 3) open access to
full-text articles. The review was conducted in accordance
with the PRISMA (Preferred Reporting Items for Syste-
matic Reviews and Meta-Analyses) guidelines [20].

Ornsp nitepatypu

140

Literature review


https://pubmed.ncbi.nlm.nih.gov/
https://www.clinicalkey.com
https://www.cochranelibrary.com/
https://www.ebsco.com/
https://scholar.google.com/
https://pubmed.ncbi.nlm.nih.gov/
https://www.clinicalkey.com
https://www.cochranelibrary.com/
https://www.ebsco.com/
https://scholar.google.com/

BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.

Cepis Megnumna. 2025. T. 33. Ne 1(52). C. 136-156
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(1(52)):136-156

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

PE3YABTATU TA TX OBFOBOPEHHS

NaTodisiororivyHi MexaHismu

HEeMPONPOTEKTOPHOI Al rinoTepMmii

CenekTnBHE OXOMOMKEHHSI MO3KY, TaKkoX BigoMe siK
KpaHiouepebpanbHa rinotTepmisi, € HOBUM i NePCNeKTUB-
HUM TepaneBTUYHUM MiOXOOOM, LLO MOoMsirae B OXOSoAa-
XKEHHi NnuLle TronoBHOrO MO3Ky abo rornoBu, YHUKaKYn
npy UbOMY HECNPUATIIUBUX CUCTEMHUX ediekTiB, SKi
MOXYTb BWHWKHYTWM BHACNiLOK OXOMOMXKEHHS BCbOro
Tina. Takvi nigxia [03BONSE 3ocepeauTn TepaneBTud-
HUA edeKT Ha MO3KY, MIHIMI3yloun pU3UKU ANS iHWKNX
OpraHiB i CUCTEM OpraHiamy, L0 € BaXKIIMBUM acrekToM
npyv niKyBaHHI  TSHDKKMX  HEBPOMoriYHMX cTaHis  [21].
Ockinbkn paHiwe Oyno noBigOMMEHO, WO HEWponpo-
TeKLisl, CIPUYMHEHA FiNOTEPMIEID, 3aNeXUTb Bif 3HUKEHHS
TemnepaTypyu came MO3KY, @ He 3ararlbHOro OXOroAXKeH-
HSA Tina, Ue pobuTb CENEKTUBHE OXONOMKEHHS MO3KY
we 6inbw npuBabnuBMM MigxoaoM Ans fikyBaHHSA [22].
Takui MeToq A03BOMSE YHUKHYTM MOTEHLINHO HebaxaHux
edeKTiB, TakMx SK NopyLLeHHs poboTu cepLeBO-CyaANHHOT
CUCTEMU, SKi MOXYTb BMHWKATM MPU CUCTEMHOMY OXO-
TNOMKEeHHI Bcboro Tina, i BogHo4vac 3abe3nevyntn Heob-
XigHWIA HEMPONPOTEKTOPHUIA edekT [23].

Ha cborogHi icHye kinbka MeTodiB CenekTUBHOro
OXOFOMXKEHHS TONIOBHOTO MO3KY, po3pobneHnx ons Hen-
ponpoTekuii. Cepea HMUX MOXHa BULIMUTU PO3MILLEHHS
oxonodyBanbHOI cnipani nig CKpOHEeBUM M'A30M [24],
TPaHCBEHTPUKYNSAPHE OXONOAXEHHS [25] Ta iHWi nigxoaw.
OpHak ogHUM 3 Hambinbll NEepcnekTUBHUX | LUMPOKO
obroBoptoBaHNX METOAIB € TpaHcapTepianbHe oxonoa-
XEHHS MO3KY, sike nonsrae y nepdysii XonogHoro pos34mHy
Yepes incunatepanbHy COHHY apTepito. Llen metop
[O3BOMNSE AOCAITU CENEKTUBHOI TinoTepMii rofloBHOMO
MO3KY | Mae 3Ha4YHUW noTeHuian ANns BUKOPWUCTaHHA
B KNiHiYHMX ymoBax [14, 21, 23]. TpaHcapTepianbHe
OXONOMKEHHS € He TiNbkM epekTUBHUM, ane N NpakTuy-
HWUM, OCKIiNIlbKM MOro MOXHa BMKOHATWM €HO0BACKYNsIpPHO.
Lle BaxnuBO, OCKiNbkM eHOOBacKynsipHa Tepanisi BXe
LUMPOKO BWKOPUCTOBYETLCA B CyYacCHiN KMiHIYHIA npak-
TUUi Ana nikyBaHHS rOCTPOro ileMiYHOro iHCyneTy, LWO
[03BONSIE BNPOBaAUTU HOBY METOAMKY 6e3 HeobxigHoCTi
3HaYHUX 3MiH Y MeQnyHKX npoueaypax.

HopnatkoBo uUel MeTod Mae 3HavyHy nepesary B
MOPIBHAHHI 3 iHWWMM MigXo4aMu, OCKIfbKM BiH MOXe
3a6e3ne4unT HeMPONpPOTEKLit0 NPY 3HAYHO MEHLLIN TpMBa-
NOCTi OXONOMKEHHS | 3HWXKEHHI TemnepaTypu rofloBHOrO
MO3Ky nuiie Ha 2—-3°C, Lo € JocTaTHIM Anst AOCATHEHHS
H6axaHoro TepaneBTuMyHoro edekty [21]. Lle pobutb
TpaHcapTepianbHe OXONOAXXEHHS FONTIOBHOMO MO3Ky 0C06-
NMBO NEpCrnekTUBHUM BapiaHTOM ANs MauieHTiB, SIKUM
HeobxigHe wWwBuaKe i edekTUBHE mMiKyBaHHA B yMOBax
KMiHIYHOI MNPaKTUKW, Oe 4Yac € KPUTUYHUM hakTopom
ONst yCnilHOro pesynsrary.

HesBaxatoum Ha Te, O MexaHi3aMu TrinoTepMiYyHOT
HenponpoTekLuii Bce Le nepebyBatoTb Ha eTani akTUBHUX
JoCnigXeHb, HUHi BBaXXaeTbCsl, LLIO OCHOBHUMMU ii Mexa-
Hi3MaMKn € 3HWKeHHS MeTaboniamy HepBOBUX KIITUH, WO
3MEHLUYE YTBOPEHHS BINMbHUX pagvKaniB, 3MEHLUEHHSI
3ananbHUX 3MiH, a TakoX MPUrHiYEeHHS1 eKCaNTOTOKCUY-
HocTi Ta anonTto3y [26]. Lle no3sonse 36epertn dyHKUii
KNiTUH TONOBHOTO MO3KY B YMOBax MOPYLUEHHSI KPOBO-
o6iry, TakMx $K iwemis, i nigBuWKUTK iX CTIAKICTb 80

RESULTS AND DISCUSSION

Pathophysiological mechanisms
of the neuroprotective effect of hypothermia

Selective brain cooling, also known as cranio-
cerebral hypothermia, is an innovative and promising
therapeutic approach that involves cooling only the brain
or head while avoiding the adverse systemic effects
that may arise from whole-body cooling. This method
allows the therapeutic effect to be concentrated on
the brain while minimizing risks to other organs and
systems, which is a crucial aspect in the treatment
of severe neurological conditions [21]. It has been
previously reported that hypothermia-induced neuro-
protection depends on lowering brain temperature
rather than overall body cooling, making selective brain
cooling an even more attractive treatment approach [22].
This method avoids potentially undesirable effects,
such as cardiovascular dysfunction, which can occur
with systemic whole-body cooling, while still providing
the necessary neuroprotective effect [23].

Several methods of selective brain cooling have been
developed for neuroprotection. These include the
placement of a cooling coil under the temporal
muscle [24], transventricular cooling [25], and other
approaches. However, one of the most promising
and widely discussed methods is transarterial brain
cooling, which involves perfusion of a cold solution
through the ipsilateral carotid artery. This method enables
selective brain hypothermia and has significant poten-
tial for clinical application [14, 21, 23]. Transarterial
cooling is not only effective but also practical, as it
can be performed endovascularly. This is particularly
important since endovascular therapy is already widely
used in modern clinical practice for the treatment of
acute ischemic stroke, allowing the introduction of
this new technique without significant modifications to
existing medical procedures.

Additionally, this method offers a considerable
advantage over other approaches because it can provide
neuroprotection with a significantly shorter cooling
duration and a reduction in brain temperature by
only 2-3°C, which is sufficient to achieve the desired t
herapeutic effect [21]. This makes transarterial brain
cooling a particularly promising option for patients
requiring rapid and effective treatment in clinical practice,
where time is a critical factor for a successful outcome.

Although the mechanisms of hypothermic neuro-
protection are still being actively investigated, it is
currently believed that the primary mechanisms
include reducing neuronal metabolism, which decreases
free radical production, reducing inflammatory changes,
and suppressing excitotoxicity and apoptosis [26].
This helps preserve brain cell function under conditions
of circulatory impairment, such as ischemia, and
enhances their resilience to various pathological
factors that cause neuronal damage.

For a long time, it was believed that therapeutic
hypothermia acts primarily through temperature-
dependent metabolic reduction. This leads to decreased
oxygen and glucose demand in brain cells, thereby
reducing the damage caused by ischemic injury [27].
The amount of adenosine triphosphate (ATP) required
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Pi3HMX NaTonoriYHMx PakTopiB, O CMNPUYUHSOTL HEp-
BOBE YLLKOPKEHHS.

TpuBanui 4ac BBaXkanocs, WO TepaneBTU4YHaA rino-
TepMis i€ nepeBaKHO 3aBAsiKM TeMnepaTypHO-3anex-
HOMY 3HWXEHHIO MeTaboniamy. Lle npn3sognTb 4O 3MeEH-
LLEHHS NOTPebW B KUCHI Ta IMOKO3i B MO3KOBUX KNiTUHAX,
O, B CBOK Yepry, JONOMarae 3HU3WUTW LUKOAY BiA iLle-
Mi4HOro yuwkomkeHHs [27]. KinbkicTe ageHo3MHTpudoc-
daty (AT®), HeobxigHa Ans HOpManbHOrO (YHKLIOHY-
BaHHS HEWPOHIB, NPAMO 3anexutb Big LWBWMAKOCTI
meTaboniyHux npouecis y Mosky. IMig yac iwemii KniTuHn
ronoBHOrO MO3Ky 3a3HatoTb 3armbeni yepes gucbanaHc
Mk noctadaHHsM AT® Ta noro notpeboto, OCKinbKu
oKkncHe ocdopunioBaHHA MOPYLUYETHCA 3a  YMOB
KMCHEBOI HEeOOCTaTHOCTI, WO € XapakTepHUM ONns Finok-
cii. Bigomo, Wo npu rinoTepMii 3HWXKEHHA TemnepaTypu
MO3Ky Ha KoxeH rpagyc Lenbcis (Big 37 go 27°C) 3amen-
WYE CMOXMBAHHA KUCHIO MO3KOBMMM TKaHUHaMU Ha
6-7% [28]. Lle cBigunTb Mpo Te, IO rinoTepmis Moxe
3HaYyHO 3HU3UTU MeTaboniyHi NOTPpedtn MO3KOBUX TKAHWH,
i TaKMM YMHOM OOMEXMTY LIKOZY Bif, iLleMmii.

3aBAsKM LIbOMY 3HWKEHHIO NOTPeOW B KUCHI i 3MeH-
LUEHHIO crnoxumBaHHA AT®, rinotepmis moxe 3anobirtu
pO3BMTKY iLuemii abo 3MeHLWNTH ii TSHXRKICTb Nig Yac eniso-
[iB MOpYLIeHHA 4YKM MOBHOI BIACYTHOCTI KPOBOTOKY B
ronosHoMmy Mo3ky. Lle possonsie 3b6epiratu xuTTesgar-
HICTb MO3KOBMX KMiTMH, HaBiTb KOMM MocCTa4yaHHsA
KACHIO | MOXMBHUX PEYOBUH € obmexeHum [26, 29].
Takum 4nMHOM, TrinoTepMmis BUCTYNae $K edeKTUBHUMN
MeTod HeWmponpoTekuii, Skuin go3sonse 3anobirtn abo
MiHIMi3yBaTl MOLUKOAKEHHA MO3KOBUX KMITUH nig 4ac
roCTpuX ileMiYHMUX NOAIN, TakMX K iHCYMbT YM YepenHo-
MO3KOBI TpaBMW, 3HWXYyluM MOTpedy B KUCHI Ta eHep-
reTMYHUX pecypcax Ha KIiTUHHOMY PiBHi.

He MeHW BaXnuMBMUM YMHHUKOM  MOLLKOMKEHHS
TKAHWH TOMOBHOIO MO3KYy € OKCMOATUBHWUIA CTpec,
OCKifbKM BiH Crpusie nNigBULLEHHIO NPOAYKLIT TOKCUYHUX
OKWUCHIOBANbHNX MPOAYKTIB, TaKMX $IK akTUBHI hopmMu
kucHio (ADK) Ta akTUBHI hOopMK @30Ty, @ TakoX 3HWKYE
eEeKTUBHICTb BHYTPILLUHBOKNITUHHUX MEXaHi3MiB HenTpa-
nisauii umx dopm kucHio. APK, 3okpema, € Oyxe peak-
TUBHUMMW MOIEKYnamu, siki MOXYTb CMIPUYUHUTI CEPNO3HI
MOLUKOKEHHS KNITUHHUX CTPYKTYp, BKIHOYa4M MeMm-
OpaHu, Ginkum Ta reHeTuyHWn matepian. IcHye Garato
dakTopiB, WO cnpualoTb reHepadii APK, cepen skux
nopyLLeHHs B poboTi AnxanbHOro naHuora MiToXoHApIw,
aKkTMBauis epMeHTIB, LIO CTUMYIOIOTb OKUCHIOBarIbHI
peakuii (Hanpuknag, KcaHTuHokcupasa, HAOPH-okcu-
[asa), a TakoX LUPKynsLisi OKMCHO-BIQHOBHMX areHTiB,
Takunx K BinbHe 3aniszo [30]. KymynaTtueBHUA edekT umx
npoueciB NpU3BOAMTb A0 CEPMAO3HOTO MOLLKOMKEHHS KIli-
TUH FONIOBHOTO MO3KY, OCKiflbKW TOKCUYHI MOMEKynu, 3oKpe-
Ma nepokcuau, MOXyTb pyrAHyBaTu Binku, niniam Ta HaBiTb
PHK/OHK, wo noripwye ¢yHKUiOHyBaHHA HEMpOHIB Ta
cnpuvsie po3BUTKY HEWPOAEreHepaTUBHMX 3aXBOPHOBaAHb.

TepaneBtuyHa rinotepmis (TI) BUSABNSiE 3HAYHWN
3aXUCHUIN edEKT, 3HWKYIUM OKUCHIOBANbHE MOLUKOA-
XKEHHs1 TOnoBHOrO MO3Ky. Lle pocsaraetbcs Wnsxom
ranbMyBaHHS Pi3HOMaHITHMX OKMCHIOBaribHMX MPOLECIB,
30KpeMa aKkTuBaLil OKMCHIOBaNbHUX (OEPMEHTIB, TakMxX
K KCaHTUHOKCMAa3a, Ta 3HWXKeHHSa npoaykuii APK,
WO NigTBEPAXEHO YMCNEHHUMWU KIiHIYHUMWN OOCHIOKEH-
HAMK [31]. TT TakoX NOCUMMOE aHTUOKCUOAHTHUA 3aXUCT
OpraHi3amy, Lo € BaXnMBMM (hakTopoM A5 36epeXXeHHst

for normal neuronal function is directly dependent on
the metabolic rate in the brain. During ischemia, brain
cells die due to an imbalance between ATP supply
and demand, as oxidative phosphorylation is disrupted
under conditions of oxygen deprivation, characteristic
of hypoxia. It is known that for every one-degree Celsius
decrease in brain temperature (from 37°C to 27°C),
oxygen consumption by brain tissues is reduced
by 6-7% [28]. This indicates that hypothermia can
significantly reduce the metabolic demands of brain
tissues, thereby limiting ischemic damage.

By reducing oxygen demand and ATP consumption,
hypothermia can prevent ischemia or lessen its severity
during episodes of impaired or complete cessation of
cerebral blood flow. This helps preserve the viability
of brain cells even when oxygen and nutrient supply
is limited [26, 29]. Thus, hypothermia serves as an effec-
tive neuroprotection method, preventing or minimizing
neuronal damage during acute ischemic events such
as stroke or traumatic brain injuries by reducing oxygen
and energy demands at the cellular level.

Another critical factor contributing to brain tissue
damage is oxidative stress, as it increases the produc
tion of toxic oxidative products such as reactive oxygen
species (ROS) and reactive nitrogen species (RNS)
while reducing the efficiency of intracellular mechanisms
that neutralize these oxygen radicals. ROS, in particular,
are highly reactive molecules capable of causing severe
damage to cellular structures, including membranes,
proteins, and genetic material. Numerous factors contri-
bute to ROS generation, including mitochondrial respira-
tory chain dysfunction, activation of oxidative enzymes
(such as xanthine oxidase and NADPH oxidase), and the
circulation of redox-active agents such as free iron [30].
The cumulative effect of these processes leads to
significant brain cell damage, as toxic molecules,
including peroxides, can degrade proteins, lipids, and
even RNA/DNA, impairing neuronal function and contri-
buting to neurodegenerative diseases.

Therapeutic hypothermia (TH) exhibits a significant
protective effect by reducing oxidative brain damage.
This is achieved by inhibiting various oxidative pro-
cesses, particularly the activation of oxidative enzymes
such as xanthine oxidase, and decreasing ROS produc-
tion, as confirmed by numerous clinical studies [31].
TH also enhances the body’s antioxidant defense,
which is crucial for preserving neuronal function under
stress conditions. This has been demonstrated in multiple
clinical studies involving patients with different central
nervous system injuries, including stroke and traumatic
brain injury [26, 32, 33].

One important aspect of therapeutic hypothermia
is its ability to reduce endogenous antioxidant consump-
tion, allowing the body to combat oxidative stress more
effectively. This creates favorable conditions for better
brain cell recovery following ischemic or traumatic injury.
The reduced antioxidant consumption in TH ensures
that these molecules remain available to neutralize free
radicals generated during oxidative processes [27].
Additionally, TH can inhibit the activity of superoxide
dismutase, a key enzyme involved in converting super-
oxide radicals into less toxic molecules, thereby reducing
hydrogen peroxide and hydroxyl radical levels and
minimizing oxidative cellular damage [1, 32, 33].
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HEeMpOHHOI yHKUiT B ymoBax cTpecy. Lle 6yno npo-
OEMOHCTPOBAHO B KNIHIYHMX OOCHIOKEHHAX, SKi BKIIHO-
Yanu nauieHTiB 3 PI3HUMMU YpaKeHHAMMW LeHTparbHol
HEepBOBOI CUCTEMM, TaKMUX SK IHCYNbT i YepernHO-MO3KOBI
Tpasmu [26, 32, 33].

OpoHuM 3 BaXkNMMBUX acnekTiB TepaneBTUYHOI rino-
TepMii € Te, O BOHA 3HWXYE CMOXWBAHHSA €HOOTeHHMX
aHTUOKCMAAHTIB, WO [AO03BOMSE OpraHiamy edekTus-
Hilwe 6opoTucs 3 OKUCHIOBanNbHUM cTpecoM. Lle cTeoptoe
YMOBWM [N KPaLOro BiOHOBMEHHSI KMiTUH TOMNOBHOMO
MO3Ky nicnsl ilWemi4yHoro 4vM TpaBMaTUYHOrO MOLLKOA-
XKEHHs1. BHWXKEHHSI CMOXXMBAHHSA aHTUOKCUAAHTIB B yMOBaX
TI cnpusie Tomy, WO Li MONEeKynu 3anviarTbCcs AoCTYnN-
HUMWU ONA HeuTpanisauii BiNbHMX pagukanie, WO BUHU-
KalTb B pesynbTaTi OKUCHIOBanbHMX npoueciB [27].
Kpim Toro, TI moxe GrnokyBaTu akTUBHICTb Cynepokcua-
ancMmyTasn — BaxnmBoro depmMeHTy, wo Gepe ydvacTb
y NEepeTBOpPEHHi CynepoKCUAHMX paavKkaniB Ha MeHLU
TOKCWYHI MOMEKYIU, L0 3HWXKYE piBEHb NEPOKCUAY BOOHIO
Ta riApOKCUNbHUX pagukanis, TUM CaMuM 3MEHLLYYM
oKcuaaTMBHE NOLLKOMKEHHS KNiTKH [1, 32, 33].

OTxe, MexaHiamMu HeWponpoTekuii, wo 3abesnevy-
I0TbCS1 TEPAMNEBTUYHOK TNOTEPMIED, NONAralTb y 3HW-
XKEHHI OKCWAATUBHOIO CTpecy Ta akTuBauii 3axMCHUX
aHTUOKCMAAHTHMX MexaHi3MiB, Le 003Bonse epeKkTUBHO
36epirati CTpyKTypy Ta OYHKLi0 KMiTUH FONIOBHOITO MO3KY
B YMOBaXx iLeMii Ta TpaBMMu.

BapTo Big3HaunTK, WO Npu ilLEMIHHNX NOLLKOOXKEHHSX
ronoBHOr0 MO3Ky BigOyBaeTbca kackagd GioxiMibyHMX
peakuin, Ski MOXYTb NPU3BECTU OO0 MiABULLEHHSA PiBHA
No3akniTMHHOro rnyTamary, LWo B CBOK 4epry niaBuLLye
yyTnuBiCTb HempoHiB Ao aktusauii NMDA-peuenTopis.
Lle npusBoguTb OO MoganbLUOro HEpPBOBOrO MOLUKOA-
XeHHs1 i 3armbeni HenpoHiB [32]. Ockinbku akTMBaUis
NMDA-peLenTopiB € OCHOBHUM MEXaHi3MOM eKCanlTOTOK-
CUYHOCTI, WO YacTo CMoCTepiraeTbCs Nig 4ac iemir,
BaXINNBO KOHTPOSOBAaTW piBEHb 30yaXKylouMX Henpo-
mMegiatopiB. TepaneBTUYHa rinoTepMia Mae 3OaTHICTb
3HUXKYBATU piBEHb Takmx HevpomepgiaTopiB sk godamiH
i rmyTamart, Lo Jonomarae 3MeHLWWTU rinep3byanueictb
HEepBOBOI cCMCTEMM Ta MonepeauTy noganblue NoLkon-
XKEHHs1 KNITUH ronoBHOro mo3ky. Lle BinGyBaeTbca Tomy,
WO 3HWXKEHHs Temnepatypyn OOMexXye BUBINbHEHHSA
UMX HevpomepgiaTopiB i 3HWXKYE iX 30aTHICTb OO aKTu-
BaUii peuenTtopis [32].

MiunH € Baxnmeum ansa aktmeauii NMDA-peuen-
TOpIB, i MOro NiABULLEHHSA NPM3BOAUTL A0 akTuBauii LmX
peLenTopiB, L0 B CBOK Yepry MOCUIIIOE TOKCUYHUIA
BnnuB rnytamaty. OgHak, T[T 3HMXye piBeHb rMiuuHy B
MO3Ky, LU0 NepeLukogXae HagMipHOMY akTMBaLinHOMY
BnnuBy rmyTtamaty Ha NMDA-peuentopu, 3MeHLUy4Yn
TakuM YMHOM PU3MK eKcamToTokcuyHocTi [32, 33]. Lle €
BaXINMBUM MEXaHI3MOM HEMpPONpPOTEKLi, OCKiNbKM Groky-
BaHHA HagmipHoi aktusauii NMDA-peuenTopiB 3HUXYye
MOLLUKOKEHHS KNITUH TOMOBHOIO MO3KY, CMpPUYMHEHE
30yKyBanbHMMK HerpomMeaiaTopamu.

KpiMm TOro, rinoTepmisi 3HWXY€E CMOXMBAHHSA [IHOKO3M
B MO3KYy, WO [o03Bonse 36epiratu eHepreTuyHi 3anacu
KNiTMH, 3okpema ATO®. Lle BaxnmBo nig 4ac iwemii,
OCKiNTbKM OOMEXEHHSI MocTadaHHsl KACHIO | TMHoKo3n [0
TKaHWH FONMOBHOMO MO3KY BUKITUMKAE MOPYLUEHHS eHepre-
TUYHOro MeTaboniamy. SHMKEHHSI CNOXWBAHHSA TNOKO3M
[O3BONSIE YMNOBINBHUTM (PEPMEHTATMBHI MpoLecH, Lo

Thus, the neuroprotective mechanisms provided
by therapeutic hypothermia involve reducing oxidative
stress and activating protective antioxidant mechanisms,
effectively preserving brain cell structure and function
under ischemic and traumatic conditions.

It is important to note that ischemic brain injuries
trigger a cascade of biochemical reactions that can
lead to increased extracellular glutamate levels, which,
in turn, heightens neuronal sensitivity to NMDA receptor
activation. This leads to further neuronal damage and
cell death [32]. Since NMDA receptor activation is a pri-
mary mechanism of excitotoxicity commonly observed
during ischemia, controlling excitatory neurotransmitter
levels is essential. Therapeutic hypothermia (TH) has
the ability to lower the levels of excitatory neurotrans-
mitters such as dopamine and glutamate, helping to
reduce neuronal hyperexcitability and prevent further
brain cell damage. This occurs because reduced
temperature limits neurotransmitter release and decrea-
ses their ability to activate receptors [32].

Glycine plays a crucial role in NMDA receptor
activation, and its elevation enhances glutamate-induced
excitotoxicity. However, therapeutic hypothermia reduces
glycine levels in the brain, preventing excessive activa-
tion of NMDA receptors and thereby lowering the risk
of excitotoxicity [32, 33]. This is an important neuropro-
tective mechanism, as blocking excessive NMDA
receptor activation reduces brain cell damage caused
by excitatory neurotransmitters.

Furthermore, hypothermia reduces glucose consump-
tion in the brain, allowing cells to preserve their energy
reserves, particularly ATP. This is crucial during ische-
mia, as restricted oxygen and glucose supply to brain
tissues disrupts energy metabolism. Lower glucose
consumption slows enzymatic processes, thereby reduc-
ing energy demand and helping to maintain cellular
viability [33].

Studies have shown that therapeutic hypothermia
can prevent apoptosis in the early stages of ischemic
injury. This occurs by reducing the activity of caspases —
proteins that play a key role in apoptosis. TH also increa-
ses levels of the anti-apoptotic protein Bcl-2, which
helps maintain mitochondrial integrity and prevent its
disruption, one of the primary causes of cell death under
ischemic conditions [1, 32, 33]. Thus, TH functions
not only as a protective mechanism against excito-
toxicity and oxidative stress but also as a powerful
method for preventing apoptosis, ultimately preserving
neuronal function in brain injury conditions.

A summary of the key mechanisms of the neuro-
protective effects of therapeutic hypothermia is presented
in Figure 1.

Moreover, hypothermia plays a crucial role in modu-
lating inflammatory factors, enabling a reduction in the
body’s inflammatory response. In acute traumatic brain
injury, activation of the complement system stimulates
neutrophil activation pathways, leading to increased
levels of pro-inflammatory cytokines such as IL-1pB, IL-6,
IL-18, and TNF, which, in turn, exacerbate neuronal
damage [34, 35]. Studies have shown that hypothermia
can lower pro-inflammatory cytokine levels while
simultaneously promoting the production of anti-
inflammatory cytokines such as IL-10, which contributes
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B CBOI Yepry 3MeHLUye NoTpeby B eHepreTu4HmUx pecyp-
cax i gonomarae 36epertTu XUTTeaianbHICTb KNiTUH [33].

[ocnigxeHHss nokasanu, WO TepaneBTUYHA Trino-
TepMis 3gatHa 3anobiraty anonTo3y Ha paHHiX eTanax
iLuemiyHoro nowkomkeHHs. Lle BinbyBaeTbcsi yepes
3HMXKEHHS1 aKTMBHOCTI kacna3 — 6inkiB, ski BigirpatoTb
Knto4yoBy ponb y npoueci anontody. TIT Takox nigsuLlye
piBeHb aHTManonTo3Horo Ginka Bcl-2, wo gonomarae 36e-
piratu UinicHicTe MiToXoHApIN Ta 3anobiraTy ix NopyLleH-
HIO, LLIO € OOHIE 3 OCHOBHUX NPWUYUH KNITUHHOT 3arnbeni
B ymoBax iwewmii [1, 32, 33]. Tomy Tl BUCTynae He nuwe
AK 3aXVUCHUIN MeXaHi3M Bif eKCanTOTOKCUYHOCTI Ta OKUC-
HIOBanbHOrO CTpecy, ane M sk NOTYXHWWA MeTon 3ano-
GiraHHA anonTo3y, WO [03Bonse 36epertu HeWpOoHHY
YHKLiI0 B yMOBaX MOLLKOPKEHHS TONTOBHOTO MO3KY.

Y3aranbHeHe ysABNEHHS NpPO KIYOBi  MexaHi3mMu
HENPOMNPOTEKTOPHOI Aiil TepaneBTUYHOI rinoTepmii HaBe-
OeHo Ha puc. 1.

HEWPOMELIATOPU
Neurotransmitters

to the suppression of the inflammatory response [36].
However, anti-inflammatory cytokines such as IL-10
may also be reduced due to the effects of hypothermia,
indicating the complexity of its role in regulating inflam-
matory processes [37]. This suggests that hypothermia
plays a multifaceted role in inflammation modulation
aimed at protecting neurons; however, these processes
require further investigation [8].

NO3AKNITHHHI piBHI MMyTaMaTty T7a rmiunHy.
Reduces ex

ellular levels of glutamate and glycine.

Smerwye UepebpansHWi Kposoobir, WeKaKcTs

METABONI3M
Metabolis

METE!EDHI':Z*M",' Ta CMNEWBAEHHA KWCHID Ta IMKKoan
Decreases cerebral blood flow, metabolic rate, and oxygen

and glucose consumption.

MpwrHivyc anonToa Yepes aHKHEHHA aKTHBHOCTI

ANonTo3

KacnasW, nigenennss ekcnpecii Bel-2 | sanobirands

Apoptosis

BINBHI PAOWUKAITN
Free Radicals

MITOXOHARIANEHOT aucdyHKLIL.
Inhibits apoptosis by reducing caspase activity, increasing
Bcl-2 expression, and preventing mitochandrial dysfunction.

SHUHYE YTEBODEHHA BINbHWE pagvkanie | cnoMMBEAHHA
SHAOTEHHWUX aHTHOKCWOaHTIE.
Reduces the formation of free radicals and the consumption
of endogenous antioxidants

Puc. 1. MexaHiamu HenponpoTekTopHoi aii Tl (agantoBaHo 3a Urits |. [1])
Fig. 1. Mechanisms of the neuroprotective effects of therapeutic hypothermia (adapted from Urits I. [1])

Kpim ToOro, rinotepmia Bigirpae BaxnueBy porb Y
MoAynsuii dakTopiB 3ananeHHs, Lo A03BOMSE 3MEHLLUTH
3anarnbHy BianoBiAb opraHiamy. [pu rocTpin TpaBmi ronoe-
HOro MO3KYy aKkTMBaLisi KOMMNIEMEHTHOI CUCTEMWU CTUMY-
M0E WAAXM akTueauii HenTpodinis, WO NpM3BOAUTL
00 MiABULLIEHHS PiBHIB Npo3ananbHUX LWTOKIHIB, Takux
ak IL-18, IL-6, IL-18 i TNF, wo B cBol Yepry nocunioe
MOLLUKOKEHHS HewnpoHis [34, 35]. [docnigXeHHs noka-
3anu, Wo rinoTepMia 34aTHa 3HUXKYBAaTW piBeHb Mpo3a-
nanbHWX LIMTOKIHIB | BOAHOYAC CTUMYNIOBaTV BUPOBIEHHS
npoTusananbHUX LUTOKIHIB, Takux sk IL-10, wo cnpusie
ranbMyBaHHIO 3anansHoi Bignosiai [36]. OgHak npotusa-
nanbHi UUTOKIHM, Taki sk IL-10, MOXyTb Takox OyTu 3HW-
XEHi BHacnigoK BNMMBY rinoTepmMil, Lo BKasye Ha cknag-
HiCTb iT AiT y perynsauii 3anansHux npouecis [37]. Lie cBia-
YNTb NPO Te, O FiNoTEPMiA MOXe MaTu CKNagHy ponb
y Mogynsuii 3ananeHHs, HauineHy Ha 3aXUCT HEeNpOHIB,
ofHak Ui npouecy noTpebyoTb NoganbLIoro BUBYEHHS [8].

Okpim TOro, rinotepMisi 3abesnevye 3Ha4Hy Hemnpo-
NPOTEKLiI0, 3MEHLLYIOUN EKCAaNTOTOKCUYHICTb, SKa € BaX-
nMBMM PaKTOPOM Y NaToreHesi HeMPOHHMX NMOLUKOAXEHb.
HakonnyeHHs1 eKCamTOTOKCMYHMX aMiHOKMUCHOT, Takux siK

In addition, hypothermia provides significant neuro-
protection by reducing excitotoxicity, a critical factor in
the pathogenesis of neuronal injury. The accumulation
of excitotoxic amino acids such as glutamate plays
a key role in the development of ischemic injury, as exce-
ssive glutamate release activates NMDA and AMPA
(a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid)
receptors, leading to excessive calcium influx into cells
and triggering calcium-mediated cascades that result
in neuronal death [38, 39]. Hypothermia reduces
glutamate release by downregulating AMPA recep-
tors, thereby limiting calcium influx into cells and faci-
litating the activation of the human glial glutamate trans-
porter (hGLT-1), which efficiently transports glutamate
from the extracellular space back into cells, thus reducing
excitotoxicity levels [8].

Through this mechanism, hypothermia helps prevent
neuronal damage resulting from neurotransmission
disturbances and provides brain protection during i
schemic events.
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rmyTamar, Mae KI4YOBE 3HAYEHHS Yy PO3BUTKY iLLEMiY-
HOrO YLLIKOZXKEHHSI, OCKiMbKW FryTamart, BUBINbHSAYMUCH
B HagMipHin kinbkocTi, aktmeye peuentopy NMDA
i aMiHO-3-rigpoKcn-5-meTnn-4-isokcason-nponiHOBOI KUC-
notn (AMPA), Lo cnpuYvHSAE HaAMIpPHUIA NPUNMWB Kanb-
Lito B KNiTMHM Ta 3anyck KanbuieBUX Kackafis, siki npu-
3BOASATb A0 3arnbeni HenpoHie [38, 39]. NinoTepmisa 3gaTHa
3MEHLUNTU BUBIMbHEHHS MyTaMaTy 4Yepes3 MOHWXYBarb-
Hy perynsuito AMPA-peLenTopiB, Wo obmMexye KanbtLiie-
BUMA MOTIK Yy KNiTUHW Ta Cnpusie akTusauil NoACbKOro
rmianbHoro TpaHcnoptepa rnytamaty (hGLT-1), skuia
eheKkTMBHO TpaHCNopTye rnyTamaTr 3 M03akniTMHHOro
NpocTopy Ha3azd Yy KMiTUHW, TUM CaMUM 3HUXKYHYN PiBEHb
eKcanToOTOKCUYHOCTI [8].

3aBasKkM TakoMy MexaHiamy rinotepmis gornomarae
3ano6irtT HEMPOHHMM  YLIKOMXKEHHSIM, LU0 BUHMKAKOTb
y pesynbraTi NopyLUEHHS HEeNpoTpaHcMicii, i 3abe3nedye
3aXMCT rofloBHOro MO3KY NiA Yac iLeMivYHUX noAiun.

POAb TEpANEBTUYHOI rinoTepMmii

B HEMpONPOTEKLLi NPH iLUEMIYHHOMY IHCYAbTI

IlWeMiyHMA IHCYNbT € OfHIE 3 TOMOBHUX MNPUYMH
CMepTi Ta iHBanigHoOCTi B YCbOMY CBITi, i cTaTuCTuKa
BKA3ye Ha 3pOCTaHHS pIiBHA LbOr0 3axBOPHOBAHHS.
Lle cepiosHe 3axBOpOBaHHS BUMHMKAE, KOMW KPOBOOOIr
[0 NEeBHOI AiNSHKM roNoBHOMO MO3KY MOPYLLYETLCS Yepes
3aKynopky abo 3MeHLUEHHS MOTOKY KPOBi, O MpPU3BO-
OWTb [0 BIiACYTHOCTI MOCTaYaHHS KUCHIO Ta MOXUBHMUX
pe4oBWH. BHacnigok Lboro KniTMHWM rofloBHOrO MO3KY -
HYTb Yepe3 KUCHEBE ronofyBaHHS i MopyLleHHs meTabo-
niyHMx npouecis. CborogHi €EAMHMM METO40M, CXBaneHUM
YnpaBniHHAM 3 Xap4oBUX MPOAYKTIB i MeauKaMeHTIB
CLA (FDA) gns nikyBaHHS! roCTpOro iLleMi4HOro iHcyrb-
Ty, € TPOMOBOMITUYHE NiKyBaHHSA 32 4OMOMOIOK PeKombi-
HaHTHOrO TKAHWHHOIO akTuBaTopa nnamiHoreHy (T-Arll).
Llen meton cnpsiMoBaHWA Ha PO34YMHEHHSI TPOMOYy, LIO
6rnokye kpoBoOGir B MO3Ky, i BiJHOBMEHHSI HOPMarnbHOro
KpOBOMOCTa4YaHHS B YpaKeHin OinsHui.

OpHak, He3BaXkaroun Ha HasiBHICTb LIbOro IikyBaHHS,
MOro 3acToCyBaHHsi € 0OMEXeHUM Yepe3 YacoBi paMKku
Ta MPOTMMNOKasaHHs [0 BMKOPUCTaHHS, WO pobutb
HeoOXiaHMM MOLUYK iHLIMX TepaneBTUYHUX CTpaTerii ons
3MEHLLUEHHS ieMiYHMX ywKkomkeHb. OcTaHHi gocnia-
KEHHS1 Nokasanu, WO NOeAHAaHHST Pi3HOMaHITHUX HeWpo-
NPOTEKTOPHMX CTpaTerii, Taknx sk TepaneBTU4YHa rino-
TepMisi, MOXXe cTaTu NepcrnekTUBHUM OOMOBHEHHSAM OO
TpaguuinHoro nikyBaHHS ilWeMivyHoro iHcynety. [ino-
TepMis, 3HWXKYyIUM TemnepaTypy Tina, Mae 34aTHICTb
3MeHLUyBaTM MeTabomnivyHy akTMBHICTb KNiTUH rONOBHOMO
MO3KY, LLO CMpUsiE 3MEHLLEHHIO NOTpebu B KWUCHI i 3axu-
LLa€ KNiTUHM Big NoAanbLLIOro NOWKOoMKeHHs. BoHa wupo-
KO [OOCNIoKYETbCA [Ansi MOMErLeHHs ilemiyHoro ypa-
XKEHHSI, L0 BMHUKAE TaKOX BHACMIOOK 3YMWHKM cepus,
rinoKCUYHo-ilemiyHoi eHuedpanonatii abo ypaxeHHs
CMUHHOro mo3ky [40].

Ller nigxig [o3BOMNSi€ 3HAYHO MOKpaLUUTU pPe3yrib-
TaTU NiKyBaHHA MpU TaKMX CTaHaX, 3HWXYHUU PU3KK
PO3BUTKY TSDKKMX HacnigkiB Ansg nauieHtiB. Tepanes-
TUYHA TriNOTEPMIA CNpUSiE 3HWKEHHIO PiBHA HENpono-
LUKOMXKEHHS, MOAynALuii 3ananbHUX npoueciB i nokpa-
LLIEHHIO KNITUHHOTO BiQHOBIEHHS, WO pOOUTHL ii BaXKNTMBUM
iHCTpyMeHTOM Yy 60poTbbi 3 ileMiYHMMM NOLLKOOKEH-
HSIMU FONOBHOIO MO3KY Ta iHLLUMX OpraHiB.

The role of therapeutic hypothermia
in neuroprotection in ischemic stroke

Ischemic stroke is one of the leading causes of
death and disability worldwide, with statistics indicating
an increasing incidence. This severe condition occurs
when blood flow to a specific area of the brain is disrupted
due to an obstruction or reduction in blood supply,
leading to oxygen and nutrient deprivation. As a result,
brain cells die due to hypoxia and metabolic dysfunc-
tion. Currently, the only treatment for acute ischemic
stroke approved by the U.S. Food and Drug Admi-
nistration (FDA) is thrombolytic therapy using recom-
binant tissue plasminogen activator (tPA). This method
aims to dissolve the clot obstructing cerebral blood
flow and restore normal circulation in the affected area.

However, despite the availability of this treatment,
its application is limited by time constraints and contra-
indications, necessitating the exploration of alternative
therapeutic strategies to mitigate ischemic damage.
Recent studies have shown that combining various
neuroprotective strategies, such as therapeutic hypo-
thermia, may serve as a promising adjunct to conven-
tional ischemic stroke treatment. By lowering body
temperature, hypothermia can reduce the metabolic
activity of brain cells, thereby decreasing oxygen
demand and protecting neurons from further damage.
It is extensively studied for mitigating ischemic damage
occurring as a result of cardiac arrest, hypoxic-ischemic
encephalopathy, or spinal cord injury [40].

This approach significantly improves treatment
outcomes by reducing the risk of severe complications
for patients. Therapeutic hypothermia contributes to
reducing neuronal injury, modulating inflammatory
processes, and enhancing cellular recovery, making it
a crucial tool in combating ischemic damage in the
brain and other organs.
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Ta6nuus 1. OujiHka KniHiYHOT eheKTUBHOCTI HEMPONPOTEKTOPHOTO NiKyBaHHS
B MOEQHAHHI 3 TEpaneBTUYHOMO FiNOTEPMIED NpU iLleMiYHOMY iHCYnbTi (aganToBaHo 3a Zhang Z. [40])
Table 1. Clinical Evaluation of Neuroprotective Treatment Combined
with Therapeutic Hypothermia in Ischemic Stroke (adapted from Zhang Z. [40])

Tun iwemii M Temnepatypa (°C) |KombGiHoBaHe nikyBaHHsi Merta gocnigXeHHs OujiHka MocunaHHs
Type of Ischemia| Temperature (°C) Combined Treatment Study Objective Evaluation Reference
TpariauTopha 33 T-AN/tPA Mocuneruin eexr Hemae / No | [Hemmen T™,]
Transient Enhanced effect
TpaHauTopHa MNocuneHnin edpekt .
Transient 32-34 T-AN / tPA Enhanced effect Hemae / No [Bi M,]
TpaHanTopHa . MoxxnuBuin/kpalyuii pedynsrart .

Transient <35,5 T-ATT/PA Possible / Better Outcome Tax/ Yes [Piironen K]

TpaH3uTopHa 3meHLWwmnTY NobivHy Aito T-All

Transient 34,5 T-ATT/tPA Reduce tPA side effects Tak/Yes [Hong JM.]

TpaH:s_MTopHa 3MEHLUeHHs 2 T-AM/ tPA Mox(nv_lso i 6eaneyHo Tak / Yes [Chen J]

Transient Yy MO3KYy Possible and safe

TpaH3nTopHa KodpeiHon + T-All . . .

Transient 33-35 Caffeinol + tPA Moxnmeo / Possible Tak/ Yes [[Martin-Schild S]
[ekomnpecinHa

MocTinHa KpaHiekToMis MNocunexwui edpekt

Permanent 35 Decompressive Enhanced effect Tak [ Yes [Els T.]

craniectomy

lMpumimka: T-All — TKaHVMHHWIA aKTUBATOP NNas3MiHOreHy.
Note: tPA — tissue plasminogen activator.

Y GaratoueHTpoBOMY AocniaXeHHi [41] Oyno BuB4eHO
BMKOPUCTaHHSI €HO0BACKYMSAPHOIO OXOSIO[KYHUOro npu-
CTPOIO B NOEAHAHHI 3 BBEAEHHAM PEKOMOIHAHTHOro Tka-
HWHHOrO akTuBatopa nnasmiHoreHy (T-All) y nauieHTiB
3 roctpum iHcynestoM. [lauieHTiB nikyBanu B nepiog
3 0 go 6 roguH nicrns noyaTtky CMMMATOMIB, @ NOTIM Npo-
BOOWUNW eHA0BacKynsipHe oxonomxkeHHst o 33°C npots-
rom 24 roguH. Lle nikyBaHHs [obpe nepeHocurnocs
nauieHtamy, xo4a Oyno 3adikcoBaHO MiABULLEHHS 4Yac-
TOTW MHEBMOHIi cepep y4acHUKiB gocnigpkeHHs [14, 25].

IHWKMM NepcrnekTMBHUM MIiOXOOAOM € MOEQHAHHS
HU3bKMX 003 KObeiHy Ta eTaHony, BigoMUX K KodeiHon,
AKAN MOXe eDEKTMBHO 3MEHLUUTU MOLLUKOXKEHHS MO3KY
npy moaensax dokanbHoi LepebpanbHoi iwemii. Lle Big-
OyBaeTbCsl 4epe3 CTUMYMALi0  LWMAXiB - TpaHCAYKUi,
onocepenKoBaHUX afeHO3MHOM, L0 NPUTHIYYyTb pelen-
Topy ramma-amiHomacnsHoi kucrotu (FAMK) i NMDA [42].
HenponpoTekTopHy Aito KOEiHONy MOXHa MOCUIUTY,
KOMOGiHytoun woro 3 rinotepmieto (35°C) Ha mopensx
TPaH3UTOPHOI OKMIO3ii cepeaHboi MO3KOBOI apTepii [43].
Baxxnveo 3a3HaunTu, Wo epekTUBHICTL Liel Tepanii 3Hay-
HO 3anexuTb Bi4 TOYHO BM3HAYEHOro TEpaneBTUYHOrO
BiKHa, OCKiNbKW LWoAeHHe BBEAEHHS KOeiHOMNY NpoTArom
OBOX TWXKHIB OO0 MoYaTKy iWeMiYHOro iHCynbTy MoOXe
YCYHYTW NOro HEMPOMPOTEKTOPHY Aito [44].

Lli ctpaterii AeMOHCTpyloTb MoTeHuian Ansa nokpa-
LWEeHHA pes3ynbTaTiB  MiKyBaHHS  iLLEMIYHOro iHCYnbTY,
ane TakoX MiaKpPecnoTb BaXIMBICTb NpaBUbHO Nigidpa-
HOro TepaneBTUYHOrO BiKHA Ta MOXMIMBMX MOBIYHUX
edekTiB, Takmx $K 36iNblUEHHS 4YacTOTU NHEBMOHIi
B eSIKUX BUNagKax.

MopyweHHs remaToeHuedaniyHoro 6ap’epy (FEB)
nicns rocTpux iHCYNeTiB cnpaBdi Mae 3HaYHWA BMMWB
Ha PO3BWUTOK MOAAmnbLUMX YLIKOMKEHb FOMOBHOMO MO3KY,
Takux sk Habpsik Ta KPOBOBUMMBK. Lle nopyLlieHHs BUHK-
Kae 4yepe3 3MiHM B Binkax LWinbHUX 3'€dHaHb, TpaHc-
noptTHMx Oinkax, kniTMHaX eHgoTenito, acTpouuTax

A multicenter study by [41] investigated the use of
an endovascular cooling device combined with recom-
binant tissue plasminogen activator (tPA) administration
in patients with acute stroke. Patients were treated
within 0 to 6 hours after symptom onset, followed
by endovascular cooling to 33°C for 24 hours. The treat-
ment was well tolerated, though an increased inci-
dence of pneumonia was reported among study parti-
cipants [14, 25].

Another promising approach involves the combination
of low doses of caffeine and ethanol, known as caffeinol,
which may effectively reduce brain damage in models
of focal cerebral ischemia. This occurs through the
stimulation of adenosine-mediated transduction pathways
that inhibit gamma-aminobutyric acid (GABA) and
NMDA receptors [42]. The neuroprotective effect of
caffeinol can be enhanced when combined with hypo-
thermia (35°C) in models of transient middle cerebral
artery occlusion [43]. It is important to note that the
efficacy of this therapy is highly dependent on a pre-
cisely defined therapeutic window, as daily administration
of caffeinol for two weeks before ischemic stroke
onset may nullify its neuroprotective effect [44].

These strategies demonstrate potential for improving
ischemic stroke treatment outcomes but also highlight
the importance of selecting an appropriate therapeutic
window and considering possible side effects, such as
increased pneumonia incidence in some cases.

Disruption of the blood-brain barrier (BBB) following
acute strokes significantly impacts the development of
further brain damage, including edema and hemorr-
hages. This disruption arises from changes in tight
junction proteins, transport proteins, endothelial cells,
astrocytes, and neurons, leading to increased vascular
permeability and potentially severe complications.
Studies have shown that hypothermia, particularly
mild to moderate, exerts a protective effect on the BBB
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Ta HeWpoHax, WO Bege A0 MigBULLEHOI MPOHMKHOCTI
CYAVH | MOXITMBMX CEPNO3HUX YCKnaaHeHb. JocnigxeHHs
nokasyrTb, L0 FinoTepMisi, 30Kpema nerka Ta nomipHa,
Mae 3axucHun edekt Ha [EB, 3meHLyoun yTBOpeHHS
HabpsikiB Ta 3anobiralum BTpaTam GinkiB  cyguHHOT
ocHoBu [45, 46]. Lle, nmoBipHO, NOB’A3aHO 3 BMSVBOM
Ha akTMBHICTb MaTpuU4HWMX MeTanonpoTeiHas (MMI),
SIKi BigirpatoTb BaXnuBy ponb y aectabinisauii NEB.
MaTtpwnyHi meTanonpoteiHaan, Taki sk MMP-2, -3 Ta -9,
akTMBHO GepyTb y4yacTb Yy PpyWMHYBaHHi MO3aKNiTUHHOIO
MaTpuKcy npu LepebpanbHin iwemii. 3okpema, MMP-9,
LLO NPOAYKYETLCS B IMYHHWUX KMiTUHAX, Bidirpae Kno4voBy
ponb Yy NiCNAIHCYNLETHOMY PyMHYBaHHI TKaHWH. igsuieHa
ekcnpecia MMP-9 kopentoe 3 noripweHHsaM  KhiHiYHUX
pesyneraTie [4]. OgHak rinoTepMist MOXe 3HU3UTU aKTUB-
HICTb UMX MeTanonpoTeiHas, 3MeHLUylouM gerpagadito
6inkiB 6asanbHoi MembpaHu cyauH Ta MO3akniTUHHOro
maTpukcy. KpiMm Toro, rinotepmia gonomarae nigsuwunTint
piBeHb eHaoreHHuX iHribiTopie MMP, Takux ik TKAHUHHWIA
iHriGiTop meTanonpoteiHaan-2 (TIMP-2), Lo Takox cnpusie
ctabinizauii F'EB nicns iwemivHoro iHcynbTy [13, 14, 48].
TakMM YMHOM, rinoTepmis He nue obmexye yLIKoa-
XKEHHSI TKaHWH MO3KY LUMSIXOM 3HWXKEHHS aKTUBHOCTI
MMTT, ane 1 niaTpumye cTabinbHicTb rematoeHuedaniy-
Horo 6ap’epy, IO € BaXNMUBMM KOMMOHEHTOM Afsi 3MEH-
WEHHS nodanbLlUMX YyCKNagHeHb Ta MOMIMLEHHS KMiHiY-
HWUX pe3ynbTaTiB Yy NauieHTIB i3 rOCTPUM iHCYNBETOM.
OcTaHHIM YacoM cnocTepiraeTbCcs 3HaYHUIA iHTepec
00 BMBYEHHSA MEeAMKaMEHTO3HOI rinoTepMii ik NOTeHUin-
HOro i edqEeKTMBHOMO MeTody IiKyBaHHS iLeMiYHOro
iHcynbty [44, 49]. Taka TepaneBTW4Ha cTparteria Gyna
3anpornoHoBaHa 3 METO [OOCSArHEeHHs  Halkpalmx
pesynbTaTiB Big 3acTOCYBaHHsS rinoTepMmii B KRiHIYHMX
yMOBax, Mpu LbOMY 3 MakCUmarnbHO MOXIMBUM
3MEHLLUEHHSIM PU3UKY BUHWKHEHHSI MOGIYHUX edeKTiB,
AKi MOXYTb CYNpPOBOMKYBATU TpaguuinHi Metoan isny-
HOrO OXONOMXEHHs. BpaxoByroun BaxnMBICTb CBOevac-
HOro Ta emeKTUBHOro BTPYYaHHS Mpu iLleMiYHoMYy
iHCYNnbTi, MeOVKaMEHTO3HI METOAM MOXYTb CTaTu Yydo-
BOIO arnbTepHAaTUBOI AN AOCATHEHHS Ba)xxaHoro pesynb-
Taty 6e3 3HayHuMX ycknagHeHb. Ha cborogHi icHye Bicim
OCHOBHWX rpyn gpapMakonoriyHnx 3acobis abo aroHicTis,
WO 34aTHi iHQyKyBaTu rinotepmito. Lli akTuBHI pedyoBUHU
MaloTb PiBHOMaHITHMIA BNMMB Ha qi3ionoriyHi cucTemm
OpraHi3amy, cepef siKMx BapTO 3a3Ha4uMTu kaHabiHoiaw,
onioign, BaHinoin 1 (TRPV1), HeNWpOTEH3WH, NoXigHi
TUPOKCUHY, AodaMiH, a TaKoX rasu, 30KpeMa KCEHOH
Ta renin, i noxigHi ageHo3uHy. OcobnuBo UikaBuM €
Ton dhakT, Wo Aeski 3 uux chapmakonoriyHux 3acobis,
30KpemMa KaHabiHOigM, MOXYTb He TiNnbKM iHiuitoBaTh
rinoTepmito 3 METOK HEMPONpPOTEKLUii, ane i MalTb iHLUi
KOPUCHI chapmakonoriyHi edekTn, LWo gornomararTb
3axuwiatu HepBoBYy cucTemy. Hanpuknag, kaHabiHoigm
30aTHi  3HWXKyBaTW 3ananbHi  Mpouecu Ta  CnpusaTv
3MEHLLUEHHIO PIBHA OKCMOATMBHOMO CTPEecy B KIiTUHaX,
WO MOXe 3Ha4yHO nMoninwuTXU CcTaH nauieHTiB, ski
nepeHecnu iHcynet [49]. Lle BigkpuTTa MOXe CBiguuTu
npo Te, WO MeauKaMeHTO3Ha TrinotepMis € OGinblu
NepCrneKTUBHO i pe3ynbTaTUBHOK CTpaTerieto NikyBaHHA
B MOPIBHAHHI 3 TpaguuinHumMn MeTogamu isnyHoro
OXOFOMKEHHS, 3aBASKA J0O4ATKOBOMY  CUMHEPTiYHOMY
eheKTy aKTMBHUX PEYOBUH, SIKi BUKOPUCTOBYHOTLCS OIS
[OCSArHEeHHs1 HelponpoTekuii. Taki kombiHauil akTUBHMX
dapmakonoriyHMx 3acobiB MOXYTb 3HAYHO NiABULLUTU

by reducing edema formation and preventing the loss
of vascular structural proteins [45, 46]. This effect is
likely due to the modulation of matrix metalloprotei-
nase (MMP) activity, which plays a crucial role in
BBB destabilization.

Matrix metalloproteinases such as MMP-2, -3, and -9
actively contribute to extracellular matrix degradation
during cerebral ischemia. Specifically, MMP-9, produced
by immune cells, plays a key role in post-stroke
tissue breakdown. Increased MMP-9 expression corre-
lates with poorer clinical outcomes [4]. However, hypo-
thermia can reduce the activity of these metalloprotei-
nases, limiting the degradation of basement membrane
proteins and the extracellular matrix. Additionally,
hypothermia helps increase the levels of endogenous
MMP inhibitors, such as tissue inhibitor of metallopro-
teinase-2 (TIMP-2), further stabilizing the BBB following
ischemic stroke [13, 14, 48].

Thus, hypothermia not only mitigates brain tissue
damage by reducing MMP activity but also maintains
BBB stability, which is essential for minimizing compli-
cations and improving clinical outcomes in patients
with acute stroke.

Recently, there has been significant interest in inves-
tigating pharmacologically induced hypothermia as
a potential and effective method for ischemic stroke
treatment [44, 49]. This therapeutic strategy has been
proposed to maximize the benefits of hypothermia in
clinical settings while minimizing the risk of side effects
associated with traditional physical cooling methods.
Given the importance of timely and effective intervention
in ischemic stroke, pharmacological approaches may
serve as a valuable alternative for achieving the desired
neuroprotective effects without substantial complica-
tions. To date, eight major classes of pharmacological
agents or agonists have been identified that can induce
hypothermia. These active substances exert diverse
effects on physiological systems, including cannabinoids,
opioids, vanilloid receptor 1 (TRPV1) agonists, neuro-
tensin, thyroxine derivatives, dopamine, and gases
such as xenon and helium, as well as adenosine
derivatives. Notably, some of these pharmacological
agents, such as cannabinoids, not only induce hypo-
thermia for neuroprotection but also possess additional
beneficial pharmacological effects that help safeguard
the nervous system. For instance, cannabinoids can
reduce inflammation and oxidative stress levels in cells,
which may significantly improve the condition of stroke
patients [49]. These findings suggest that pharmaco-
logically induced hypothermia represents a more promi-
sing and effective treatment strategy compared to
traditional physical cooling methods, as it offers addi-
tional synergistic benefits from active compounds used
for neuroprotection. Such combinations of pharmaco-
logical agents may significantly enhance ischemic
stroke treatment efficacy, reducing the risk of neurological
complications and improving long-term outcomes [50].

Another major advantage of pharmacologically
induced hypothermia is its ability to influence central
thermoregulation, particularly through mechanisms
controlled by the hypothalamus, which serves as the
primary thermoregulatory center in the body [49].
Research in this field has demonstrated that certain
drugs, particularly those interacting with TRPV1 receptors,
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eEeKTUBHICTb NiKyBaHHSA iLLEMIYHOro iHCYMbTY, 3HUXY-
04N PU3MK PO3BUTKY HEBPOIMOTYHUX YCKMagHEHb Ta
nokpaltlyoun gosrotpmsani pesynsratu [50].

IHWO 3HaYHO MepeBarold MeguKaMeHTO3HO iHAY-
KOoBaHOI rinotepmii € 1 34aTHICTb BRAAMBATW Ha LEHT-
panbHy TepMOperynsuito, 30Kpema 4epe3 MexaHi3mu,
L0 KOHTPOIMIOKTLCSA FiNoTanamycoMm, SIKUA € FONOBHUM
LeHTpoM Tepmoperynsuii B opraHiami [49]. JocnigxeHHs,
npoBedeHi B Ui ranysi, nokasanu, Wo AesKi nikapcbkKi
3acobu, 3okpema Ti, SKi B3aeMoiloTb 3 peLenTopom
TRPV1, HenNpoTeH3MHOM Ta MOXiOHUMWU TUPOKCUHY,
MalTb 34aTHICTb BMAMAMBATUM Ha MeXaHi3MW KOHTPOI0
Temnepatypu Tina. Ui dapmakonoriyHi areHTu 3aatHi
3HWXKYBATU aKTMBHICTb KOMMEHCATOPHUX TepMoperyns-
TOPHMX peakuin Npu OXOMNOMKEHHI, WO € BaXnMBUM
acnektoMm gns 3abesnedeHHs1 eddeKTMBHOCTI rinoTepmii
npu nikyBaHHi iLleMiyHoro iHcynbTy. 3okpema, Meguka-
MEHTO3Ha iHOYKLUis rinoTepmii Moxe 3MeHLMTU NposiBu
Takunx isionoriYyHMx peakuin, K TPEMTIHHS Ta CyOUHHUI
cnasMm, siKi YacTo 3aBaxaloTb eHEKTUBHOMY NPOBEAEHHIO
rinotepmii y nauieHTiB 3 iHcynsToM. Lle ocobnueo Bax-
NMBO B TWUX BMMNagkax, KOnu nauieHTu nepebysBaioTb Y
CBiAOMOCTI, OCKifbKW 3HWXEHHSA AUCKOMAOPTY 403BONSAE
npoBoanTU Tepanito 6e3 3Ha4HOro CTpecy AN XBOporo.

Takum 4YMHOM, BUKOPUCTaHHS TakuMx 3acobiB moxe
OyTV HaA3BMYAMHO KOPUCHWM Yy MOEAHAHHI 3 hi3nyHUM
OXOMNOXKEHHSIM, af)ke BOHO 103BONSAE 3HAYHO 3MEHLLUTU
anckomdopT y nauieHTiB, NPUCKOPUTU MPOLIEC OXOrnop-
XEHHS Tina Ta NPoAOBXMTU Yac, NPOTSAroM SIKOro MOXHa
6e3nevyHo  3[iNCHIOBATW  OXONMOOXKEHHs 6e3  pusmky
ONsi 300poB’s nauieHTa. 3HWXKyoun HebaxkaHi nobidHi
edeKkT, Taki MegMKamMeHTO3Hi cTpaterii MOXyTb iCTOTHO
NOKpaLUMTN pe3ynbTaTUBHICTb NiKyBaHHA i J03BONSAOTH
6e3neYyHo npoBOANTM Tepanito FiNoTEepMIiEd MPOTSArom
Tpusanoro yacy [49].

Takum 4mHom, metog Tl € oaHUM i3 HanbinbLu
obHagiinMBmMx | nepcrnekTUBHUX nigxodis Ao Tepanii
iwemiyHoro iHcynbTy. Llem metog Mae BenuvyesHuin
noTeHuian, OCKiNbKW 30aTHUIA CYTTEBO MOKPALUWUTU CTaH
NauieHTiB, 3MEHLLYIOYN OBCAr ypaXKEeHHS MO3KY, @ TakoX
MIHIMi3YHOUM PU3MKN PO3BUTKY BTOPUHHUX MOLLKOMKEHb,
L0 YaCTO BMHUKAIOTbL MICrsi OCHOBHOrO iHCYNbTY. 3HaYyHa
KINbKICTb JOCNifpKeHb, WO OynyM nNpoBefeHi B OCTaHHI
poku, Ao3Bonuna rmunblue 3po3yMiTU OCHOBHI MEXaHiamu,
SKi nexaTb B OCHOBi TepaneBTUYHOI rinoTepMii, a Takox
nigTeepanTM i ePeKTUBHICTb Y 3axuCTi HepBOBUX Kni-
TMH BiO NOAanbLIOrO MOLIKOOXKEHHS!, CMPUYNHEHOTO
iwemieto. Lli pesynsratu BigKpuBalOTb HOBi FOPU3OHTU
0N BUKOPUCTaHHS MeToay B KMiHIYHIA npakTuui.

CknagHicTb i pisHOMaHITHICTb MexaHi3miB Aaii Tepa-
NeBTUYHOI rinoTepMii 4alTb NiACTaBM BBaXaTw, WO LEN
METO/ Ma€ MOTY)XHUI TepaneBTUYHUIA BNAMB Ha HEPBOBY
CUCTEMY, KU MOXE 3Ha4YHO MONINWMTK KMiHiYHI pe3ynb-
TaT niKyBaHHA MauieHTiB 3 ilWeMiYHUM iHCYNbTOM.
MpoTe, He3Baxaluum Ha 3HA4Hi pesynsTatu, BCE Lie
iCHYIOTb [esiki nNuTaHHA, Ha ski He Oyno 3HawnaeHo
OAHO3Ha4YHMX | uiTKMX Bignosigen. Lle cBiguMTb npo
HeoOXigHICTb NpoBeAEHHS NoAanbLUNX HAaYKOBUX JOCNia-
XXeHb, LWo6 6inbl AeTanbHO AOCAIAUTU  MexaHi3mMu
ait TI i BM3HaAUMT onTumanbHi yMOBM Ans i 3acTocy-
BaHHS B KNiHIYHIA npakTuu,.

Ons Toro, wo6 MakcumanbHO peanisyBaTu MNOTEH-
uian uboro Metoay nikyBaHHsi i 3ab6e3neunTn noro 6es-
neyHe Ta ecpekTUBHE BUKOPUCTaAHHS, HEOOXiAHO NPOBECTH

neurotensin, and thyroxine derivatives, can modulate
body temperature control mechanisms. These pharma-
cological agents can reduce compensatory thermo-
regulatory reactions during cooling, an important
aspect of ensuring hypothermia effectiveness in ischemic
stroke treatment.

Furthermore, the use of such agents in combination
with physical cooling may be highly beneficial, as it sig-
nificantly reduces patient discomfort, accelerates body
cooling, and extends the safe duration of cooling
without posing health risks. By minimizing unwanted
side effects, these pharmacological strategies can
significantly enhance treatment efficacy and allow for
safe long-term hypothermia therapy [49].

Thus, therapeutic hypothermia remains one of the
most promising and hopeful approaches for ischemic
stroke therapy. This method has enormous potential,
as it can significantly improve patient outcomes by
reducing brain damage and minimizing the risks of
secondary injuries that often occur after the primary
stroke. A substantial number of studies conducted in
recent years have provided a deeper understanding
of the key mechanisms underlying therapeutic hypo-
thermia and confirmed its effectiveness in protecting
neural cells from further ischemic damage. These fin-
dings open new horizons for applying this method in
clinical practice.

The complexity and diversity of therapeutic hypo-
thermia’s mechanisms of action suggest that this method
has a powerful therapeutic impact on the nervous
system, which can substantially improve clinical outcomes
for ischemic stroke patients. However, despite its pro-
mising results, there are still some unresolved questions
requiring further scientific investigation. This highlights
the need for continued research to explore the mecha-
nisms of therapeutic hypothermia in greater detail and
determine the optimal conditions for its application
in clinical practice.

To fully realize the potential of this treatment
method and ensure its safe and effective use, additional
experimental trials and clinical studies are necessary.
This will allow for the precise establishment of the
most effective therapeutic hypothermia applications,
as well as the determination of optimal dosages and
time intervals for its use, making this method even more
accessible and efficient in treating ischemic stroke [49].
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[OLATKOBI eKcrnepuMeHTarnbHi BUNPOOyBaHHS Ta KIiHiYHi
pocnigxkeHHsa. Lle 0o3BonuTb TOYHO BCTAHOBUTWU Hau-
GinbL edekTUBHI cNOCcobM 3acToCcyBaHHSA TepaneBTUYHOT
rinoTepmii, a TakoX BU3HAYUTW OMNTMMAarbHi 403yBaHHA
Ta YacoBi iHTepBanu ans i BUKOPUCTAHHS, WO 3pobuTb
uer meton we O6inblw JOCTYNHUM i pe3ynsTaTUBHUM
y NiKyBaHHi illemiyHoro iHcynety [49].

BnAuB TepaneBTUYHOI rinoTepMmii

HAQ HEUMPONAACTUYHICTb TA BIAHOBAEHHS

niCAA YepenHO-MO3KOBUX TPABM:

MOXAUBOCTI T4 BUKAUKMU

Ak BinomMo, 4YepenHo-mo3koBa Tpasma (UMT) 3a3Bu-
Yal NpuU3BOAMTbL OO0 CEPNO3HMX MOLUKOAKEHb FOfIOBHOMO
MO3KY, 30Kpema [0 AeHOPWUTHOI Ta CUMHANTU4YHOI Aere-
Hepauii, 3armbeni kniTMH, HaOpsIKy, 3CyBY aKCOHIB,
KPOBOBUINBY, @ TaKOX 3HWKEHHS 30yanuBOCTi Henpo-
HiB. Y pe3ynbTaTi Takux MOLWKOAKEHb OpraHiaMm rnoknaga-
€TbCS Ha NNaCTUYHI Npouecu Ans KoMneHcauii TpaBmu
Ta BiAHOBMEHHSA OYHKUIN HEVMpoHanbHUX mepex. Henpo-
NNacTUYHICTb, KA € OCHOBHMM MeXaHi3MOM BiAHOB-
NeHHs MO3KOBMX (YHKLIA nicns TpasBmu, BKNoYae
MONEKYNSAPHI Ta aHaTOMiYHi MoauaikaLil, WO BUHUKAKOTb
SK BiONOBIOgb Ha Pi3HI YMHHMKK, 30KpPEMaA CTapiHHSA, nepe-
XKWUTi CTpecKn, ropMoHanbHi 3MiHM, NiKapcbki npenapaTtw,
a TaKoX Ppi3HOMaHITHI 3axBoptoBaHHs abo TpaBmU
rorioBHoro mosky [51-53].

HelponnactunyHictb onucye npouecu, 4Yepes ski
MO30K 3MIHIETLCS Ta afanTyeETbCs MiCMAsS MOLUKOMKEHb.
Lle Bkntovyae MonekynsipHi Ta CTPYKTYPHi 3MiHW Ha piBHi
HeMpoHiB i ix 3’eaHaHb. OCHOBHMMM MexaHiamamu, ki
3AINCHIOKTL Ui NNacTUYHI 3MiHW, € CMHAaNTOreHes, Henpo-
reHes i aHrioreHes. CuHanToreHes BiAHOCUTLCS 10 hOpMY-
BaHHS HOBMX CUHAanMCiB MiXX HEWMpOHaMW, HEMpOreHes —
00 YyTBOPEHHS HOBUX HEWpOHIB, a aHrioreHe3 — oo op-
MYBaHHSI HOBMX KPOBOHOCHWX CYyAWH, LU0 MiATPUMYHOTb
BioHOBNEeHi abo HOBi HelpoHanbHi cTpykTypw. Lli aHaTo-
MiYHi 3MiHW MiATPUMYIOTECH YUCAEHHUMW MONEKYNsp-
HAMW Mpouecamu, TakMMmn K akTopu pocTy, WO Bigi-
rpaloTb KMAKYOBY pofb Yy CTUMYNAUii Ta opraHizauil
unx npouecis [51, 54-56]. Lli kackagn MonekynspHuUx
peakuint (hopMYOTbCS Ta BOOCKOHAMOKTLCA K BHYTPILL-
HiMW, TaK i 30BHILWIHIMKM (hbakTopamMu, BKMOYaO4M HENPO-
XiMiYHi curHanu, MexaHiyHi Bnn1BK, a TakoX BMinB HAaBKO-
NWLLHBOrO cepenoBULLa Ta peabiniTauiiHux npouenyp.

3rigHoO 3 HasiBHUMW OaHWMK, TepaneBTUYHa rinoTep-
Misi He 3aBaXkae Hemponnactu4HocTti abo HerporeHesy,
npoTe € Kinbka BaXNMBUX acnekTiB, ski noTpebytoTb
noganbLuoroibinbL geTanbHOro gocnimkeHHs. Mo-nepe,
HeoOxigHO npoBecTu OGinblue AocnimpkeHb Ans Toro,
wo6 ouiHMTK noBHWIA cnekTp BnnuBy Tl Ha Hewponnac-
TUYHICTb, OCKiNMbKM BiNblWiCTb HaykoBMX POBIT 4O LbOro
yacy He posrnsgganu npsMi 4n Henpsmi edektn Uiel
Tepanii Ha nnacTu4Hi npouecn B MO3Ky. Lle Baxnuse
NUTaHHS, agXe NMacTUYHICTb € OCHOBHUM MEXaHi3MOM
BiQHOBNEHHS (PYHKUiA HEpBOBOI cUCTEMW MiCNsA TpaBM
abo 3axBoptoBaHb, i il 3MIHW MOXYTb MaTu CyTTEBUN
BNMB Ha pe3ynsTaTi MikyBaHHS.

Mo-gpyre, onsa TouHiwoi ouiHkM edpekTnsHoCTI TI cnig
BMKOPUCTOBYBaTU Oinbll KOMMMEKCHI MeToau BUMIpto-
BaHHSA HEWpPONNaCTUYHOCTI, a TaKoX BM3HAYUTU ONTU-
MarbHi 4YacoBi napameTpu gns cnocrepexeHb. Lle go-
3BONMUTb TOYHIlLle BUSABUTW, Ha SKi eTanu BigHOBMNEHHS
HepBOBOi cuctemn Bnnueae TI, Ta SK QOBro TpuBae

The impact of therapeutic hypothermia
on neuroplasticity and recovery

after traumatic brain injury:
opportunities and challenges

It is well known that traumatic brain injury (TBI)
typically leads to a range of severe brain damages,
including dendritic and synaptic degeneration, cell death,
edema, axonal shearing, hemorrhage, and reduced
neuronal excitability. As a result of such injuries, the body
relies on plastic processes to compensate for trauma and
restore the functions of neural networks. Neuroplasticity,
the primary mechanism of brain function recovery after
trauma, involves molecular and anatomical modifications
in response to various factors, including aging, stress,
hormonal changes, pharmaceutical agents, and various
neurological diseases or injuries [51-53].

Neuroplasticity describes the processes through
which the brain changes and adapts following injury.
This includes molecular and structural changes at the
level of neurons and their connections. The primary
mechanisms responsible for these plastic changes are
synaptogenesis, neurogenesis, and angiogenesis.
Synaptogenesis refers to the formation of new synapses
between neurons, neurogenesis involves the genera-
tion of new neurons, and angiogenesis pertains to the
development of new blood vessels that support either
restored or newly formed neuronal structures. These ana-
tomical changes are maintained by numerous molecular
processes, such as growth factors that play a key role in
stimulating and organizing these processes [51, 54-56].
These molecular reaction cascades are influenced and
refined by both internal and external factors, including
neurochemical signals, mechanical influences, as well as
environmental and rehabilitation interventions.

According to existing data, therapeutic hypother-
mia (TH) does not interfere with neuroplasticity or
neurogenesis. However, several critical aspects require
further and more detailed investigation. First, addi-
tional research is needed to fully evaluate the spectrum
of TH's effects on neuroplasticity, as most scientific
studies to date have not considered the direct or indirect
effects of this therapy on plastic processes in the brain.
This is a crucial issue since plasticity is the primary
mechanism for restoring nervous system functions
after injury or disease, and its modulation could
significantly impact treatment outcomes.

Second, to accurately assess the efficacy of TH,
more comprehensive methods for measuring neuro-
plasticity should be used, along with determining the
optimal time parameters for observations. This will help
to better identify the specific stages of nervous system
recovery affected by TH and the duration of its effects.
Third, most of the studies discussed in the scientific
literature have used a moderate level of hypothermia,
with temperatures ranging from 30°C to 35°C. However,
it is essential to conduct experiments varying factors
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ecpekT ii 3actocyBaHHs. [lo-TpeTe, GinblwicTb Aocnia-
XeHb, L0 0OroBOPIOTLCA B HAYKOBIW NiTepaTypi, BUKO-
pucToByBanu MOMIpHWA piBEeHb rinoTepmii, 3 Temnepa-
Typoto B gianasoHi Big 30°C go 35°C. lNMpote Baxnveo
NpPOBOAWTU EKCMEPUMEHTU, B sikMX OyaoyTb BapitoBaTucs
Taki napameTpu, SK rMMOMHA OXONOOKEHHS, TpUBanicTb
OXOSOMKEHHSA Ta Yac nmovatky Tepanii, Wwob 3po3ymiTy,
siKi came napameTpu Hanbinbl edeKkTUBHI Ans CTUMY-
nauii  HeMponnacTUYHOCTI, a $Ki, HaBnaku, MOXYyTb
YNHUTM HEraTMBHWUIA BMIIMB Ha NPOLIECU BiOHOBIEHHS.
Lle ocobnuBo BaXnMBO B KOHTEKCTI BUKOPUCTaAHHS
NOKanbHOro OXONOAXEHHS!, OCKINIbKM MOro epeKTUBHICTb
MOXE BapitoBaTWU 3anexHO Bi4 KOHKPETHOI AiNsiHKK
MO3KY, LLIO OXONOOKYETHCS.

[Mo-yeTBepTEe, bapmakonorivyHi npenapaTu, SKi YacTo
BMKOPUCTOBYIOTbCA pa3oM 3 Tl y KRiHIYHIN npakTuui,
MatTb OyTW peTenbHO OUiHEHI B AOKMIHIYHUMX MoAensx
ans Toro, wob BM3HAYMTK iX BMAMB Ha HelponnacTud-
HiCTb nicns pisHWx natonorin. Lle gactb 3mory 3abes-
neunTyn ix 6e3nevHicTb i ecpeKkTUBHICTb y noeaHaHHi 3 TI.
Taki gocnigXeHHst MOBUHHI NpOBOANTUCA AMS BCiX TUNMIB
mMoZenewn i natonorin, Wwob maTtn amMory oTpumaTy noBHO-
UiHHY Ta O0O’eKTMBHY iHdopMaLito, sIKy MoxHa Oyae
3actocyBaTM B KNiHIYHIN npakTvui Ans nigBULLEeHHs
pes3ynbTaTUBHOCTI NikyBaHHA [51].

Ha BigmiHy Big cnpuaTnMBOro BNNUBY rinoTepmir,
YMCNEHHI eKcnepuMeHTanbHi Ta KMiHiYHI SOCNIAXEHHS
NigKPecnowTb WKIANMBUA BANWB HaBiTb Nerkoro nig-
BULLIEHHS BHYTPILLHBOT TemnepaTtypu Tina nicnsa 6aratbox
BMAiB TpaBM ronosHoro mo3ky (M) [57-59]. Lie Baxnuse
CMOCTEPEXEHHS, OCKINbKM  MiABULLEHA Temnepartypa
MOX€E MaTW CEPNO3HI HacnigkM Ans nauieHTiB 3 YepenHo-
mMo3koBuMK TpaBmamu (UMT). Y kniHivHIn npakTuui
nauieHTn, ski NepexuBaloTb YepernHO-MO3KOBI TpaBMU,
YyacTo NpoxoaaTb Yepes enisoam anpakcii abo rineptepmii
NPOTArOM NEPLUMX KiNbKOX OHIB MNIiCNA BaXKKO! TpaBMW.
Lli nepiogn nigBuLeHHA TemnepaTypu Tina notpebytoTb
iHTEHCUBHOI Tepanii i MoXyTb ByTu acouinoBaHi 3 TpuBa-
niwnm nepebyBaHHAM NaUEHTIB Y BiaAiNeHHAX iIHTEHCKB-
HOI Tepanii, Wo, y CBOK Yepry, Noripwye 3aranbHi pe-
3ynbTatu NikyBaHHA Ta BiQHOBMEHHs NauieHTiB. Takum
YMHOM, FiNepTepMmis MOXe 3HAYHO YCKNagHUTU KNiHIYHWUI
Kypc nicnsi TpaBMm i 36inbLUMTHN pu3uK ycknagHeHs [60, 61].

[onatkoBo, NigBULLEHHA TemnepaTypyu HaBKOMMLL-
HbOro cepefoBulWa Yy nauieHTiB 3 Tskkoto YUMT Ha
gorocnitanbHOMY eTani TakoX acouitoeTbCs 3 TipLIMMn
pesynsTataMmu MikyBaHHs, WO MiATBEPAXYETbCA AaHUMU
3 KniHiYHOT NpakTukK [59]. Taka cuTyauis Moxe noripwmnTn
nepebir xBopobu i CNPUYNHUTK BinbLUi ypaXKeHHs1 TKaHUH
MO3KY, OCKiNlbkM TemnepaTtypa € KpUTUYHUM (hakTopoMm
y npouecax mMeTaboniamy HEeMpOHIB i BiAHOBMNEHHS Micnsi
TpaBmu. MogibHi BUCHOBKM Bynu oTpumaHi i B ekcnepu-
MeHTarnbHMX Mopensax cybapaxHoiganbHOro KpoBOBM-
NVBY Ta MOLUKOOXKEHHSI CMMHHOIO MO3KY, e MoCTTpaBMa-
TUYHa rinepTtepmis Oyna noB’si3aHa 3 MOCUMEHHSIM
ricTonaTonoriYyHnX YLKOMKEHb, 36iNblIEHHAM HabpsiKy
Ta MNOripLUeHHAM [OBrOCTPOKOBMX MOPYLUEHb MOBEAHKM.
Lle cBigunTb nNpo cepro3HM BNNUB TemnepaTypu Ha
TSDKKICTb TpaBM i iX Hacnigkvm ansa nauieHTis [57, 62].

Kpim TOro, reteporeHHictb nauieHTiB i3 UMT € Bax-
nMBuUM paKTOPOM, LWO 3HA4YHOK Mipol BMMMBaE Ha
edeKTUBHICTb rinoTepMivHoi Tepanii. Bigomo, wo pesynb-
TaTh NikyBaHHA 3a JOMOMOrOH0 rinoTepMii MOXyTb Bapito-
BaTMCA 3anexHo Bia Moaenen ywkomkeHb. Lie 3ymoeneHo

such as cooling depth, duration, and initiation time of
therapy to determine which parameters are most effec-
tive in stimulating neuroplasticity and which may have
a negative impact on recovery processes. This is par-
ticularly important in the context of localized cooling,
as its effectiveness may vary depending on the specific
brain region being cooled.

Fourth, pharmaceutical agents often used in combi-
nation with TH in clinical practice should be carefully
evaluated in preclinical models to assess their impact on
neuroplasticity following different pathologies. This would
ensure their safety and efficacy when combined with TH.
Such studies should be conducted across various
models and pathologies to obtain comprehensive
and objective information applicable in clinical practice
to enhance treatment outcomes [51].

Unlike the beneficial effects of hypothermia, nume-
rous experimental and clinical studies highlight the
detrimental impact of even mild increases in core body
temperature following various types of brain injuries
(BI) [57-59]. This is an important observation, as eleva-
ted temperature can have serious consequences for
patients with traumatic brain injuries (TBI). In clinical
practice, patients who experience TBI often undergo
episodes of apraxia or hyperthermia within the first
few days after severe injury. These periods of increased
body temperature require intensive therapy and may be
associated with prolonged stays in intensive care units,
which, in turn, worsen overall treatment and recovery
outcomes. Thus, hyperthermia can significantly compli-
cate the clinical course post-injury and increase the risk
of complications [60, 61].

Additionally, elevated environmental temperatures
in patients with severe TBI at the pre-hospital stage
have also been associated with poorer treatment
outcomes, as confirmed by clinical practice data [59].
Such conditions can worsen disease progression and
lead to more extensive brain tissue damage, as tem-
perature is a critical factor in neuronal metabolism
and post-injury recovery. Similar findings have been
obtained in experimental models of subarachnoid hemo-
rrhage and spinal cord injury, where post-traumatic
hyperthermia was associated with increased histo-
pathological damage, exacerbated edema, and worsened
long-term behavioral impairments. This highlights the
significant impact of temperature on the severity of
injuries and their consequences for patients [57, 62].

Moreover, the heterogeneity of TBI patients is
an important factor that significantly influences the
effectiveness of hypothermic therapy. It is known
that treatment outcomes using hypothermia may vary
depending on the model of injury. This is due to diffe-
rences in injury severity or neuropathological charac-
teristics of patients, such as focal or diffuse brain damage.
Therefore, applying a single therapeutic strategy for
different types of traumatic injuries may be challenging
and not always effective, as different types of injuries
require an individualized treatment approach [57].
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BiOMIHHOCTSIMM Yy TsKKOCTi TpaBM abo B HeBponarono-
riYHUX XapaKTepuCcTUKax NauieHTiB, HaNpuknag, BOrHuLLe-
BUMU Y/ ONEY3HUMU YLLKOOXKEHHSIMU TOMIOBHOTO MO3KY.
Tomy 3actocyBaHHA OfHI€l TepaneBTUYHOI cTparTeril
ONsi NiKyBaHHA Pi3HUX TUMIB TpaBMaTUYHWUX YLUKOOXKEHb
Moxe ByTu ckrnagHuM i He 3aBXau edPeKTUBHUM, OCKINbKN
Pi3Hi TMNW TpaBM BUMaraloTb iHAMBIAYyanbHOro nNiaxoay
00 nikyBaHH4A [57].

BUCHOBKHU

TepaneBTM4YHa riNOTEPMId, 30KpeEMa CENeKTUBHE OXO-
TNOMPKEHHS TOMIOBHOIO MO3KY, € MEPCMEKTUBHUM Hanpsim-
KOM HEMpOMnpOTEKTOPHOI Tepanii, Lo A03BONSE 3HA4YHO
3HWKYBATU MeTaboniyHi noTpebyn MO3KOBMX KMIiTWH,
obmexylun Wwkody Big iwemii Ta TpaBMaTUYHMX
YIWKOMKEHb. MexaHiamn i Aii BKNHOYalTb  3HMDKEHHS
OKCMOATMBHOIO CTPecy, 0OMeXeHHS eKCaluTOTOKCUYHOCTI,
a TaKoX 3MEHLLEHHS 3anarnbH1X MNPOLECIB, LLO CNpUsOTb
30epexeHH0 (PyHKUiOHANbHOI LiniCHOCTI HEPBOBOI TKa-
HUHW. CenekTnBHE OXONOOKEHHS, 3aBASAKN CBOEMY POKyCY
Ha MO30K, [03BOMNSA€ AOCAITU TepaneBTUYHOro edekTy
npy MiHiMizadii cuctemMHmMx nobGiyHMX edpekTiB, WO
XapakTepHi Ana  3aranbHoi rinotepmii. HesBaxatroum
Ha obHaginnuBei pesynsraTtu, 30Kpema y KOHTEKCTi iluemil
Ta 4YepernHo-MO3KOBUX TpaBM, HeoOXxigHi moganbli Oo-
CNiMKEHHS1 ONs OEeTamnbHIlOoro pPO3yMiHHA MeXxaHi3MiB
HEeMpOonpOTEKLUIi Ta yAOCKOHANEHHs1 TepaneBTUYHNX CTpa-
Teriv. Lle 0o3BonuTbL MakcumarnbHO eeKTUBHO iHTerpy-
BaTV TepaneBTUYHY TNoTEPMIt0 B KITiHIYHY NPaKTUKy Ans
NiKyBaHHA Pi3HOMaHITHUX HEBPOIOTYHNX 3aXBOPHOBaHb.

TepaneBTMYHa rinoTepmis € NepcnekTMBHUM METOA0M
NiKyBaHHS iLLEMIYHOrO iHCYNbTY, O A03BOMSE 3HKYBATH
HEMPOMOLLKOAXKEHHSA Yepe3 3MEHLUEHHS MeTabonivyHoi
aKTMBHOCTI KMiTUH MO3KY Ta 3HWKEHHS NOTPedu B KUCHI.
BoHa edpekTMBHO 3MeHLIye piBeHb 3ananeHHs, okcuaa-
TMBHOIO CTpecy i MiaTpMMye CTabinbHICTL reMaToeHue-
daniyHoro 6ap’epy, WO CNpUsie 3MEHLUEHHIO NOAanbLUNX
ywKogXKeHb. [MoegHaHHA rinoTepMil 3 iHWUMKW Tepanes-
TUYHUMUW CTpaTerisMun, TaknMu SK TKAHUHHUIA akTueBaTop
nnasmiHoreHy Ta KoeiHom, MoXe NoKpaLUTX pesynsraTu
NiKyBaHHHA, X04a BaXNUBMM € TOYHO BM3HA4YeHe Tepa-
neBTMYHE BikHO ANs 1i 3acTocyBaHHSA. HesBaxawoun Ha
obHapinnuei pesynbtatv, HeOOXigHI noganblii gocnia-
XKEHHSI AN YTOYHEHHS OnTUMarnbHWUX A03yBaHb Ta YMOB
3aCTOCYyBaHHS TiNOTepMIi, @ TakoX A8 MiHiMi3auii NoTeH-
LiHMX NobiyHMX edpekTiB, Taknx SK NigBMLIEHa YacToTa
NHEBMOHiT abo MopyLLeHHs TepMoperynsii.

HelponnacTuyHICTb € BaXXNMBUM MEXaHi3MOM BiAHOB-
NEHHs OYHKLIi FONIOBHOIO MO3KY MiCMsi YepenHO-MO3KOBOI
TpPaBMW, SKUA BKIHOYAE MOMEKYNSPHI Ta CTPYKTYPHI 3MiHMW,
Taki Ik CMHaNToreHes, HeMporeHe3 Ta aHrioreHes. Tepa-
NeBTUYHA TiNOTEPMIS MOXE MO3UTMBHO BMIMBATWU Ha Ui
npouecu, ane anga Ginbl TOYHOrO OUiIHIOBaHHS ii edoek-
TUBHOCTI HeoOXigHi JoaaTKoBi OOCHiOXXEHHS, Lo 3oce-
pemKeHi Ha onTMarnbHUX NapameTpax Tepanii, B3aemogii
3 (hapmakonoriyHMMu npenapaTaMmu Ta BMAUBI Ha PisHi
eranv BigHOBNeHHs. BogHoyac nigBuLeHHs Temnepatypuy
TiNa 4M HaBKOINMULUHBOrO cepefoBuLLa MiCNA YepenHo-
MO3KOBUX TPaBM MO>Xe MOTipLNTX pe3ynbTaT NikyBaHHA Ta
CMPUYNHUTY OAATKOBI MOLLUKOAXEHHS MO3Ky. BpaxyBaHHsi
reTeporeHHOCTi nauieHTiB 3 UMT € TakoX KpUTUYHUM Ons
pO3p06KM iHOMBIAYaNi30BaHMX TepaneBTUYHMX NiAXOAIB.

CONCLUSIONS

Therapeutic hypothermia, particularly selective brain
cooling, is a promising approach in neuroprotective
therapy that significantly reduces the metabolic demands
of brain cells, thereby limiting damage from ischemia
and traumatic injuries. lts mechanisms of action include
reducing oxidative stress, limiting excitotoxicity, and
decreasing inflammatory processes, all of which contri-
bute to maintaining the functional integrity of nervous
tissue. Selective cooling, by targeting the brain
specifically, achieves therapeutic effects while minimizing
the systemic side effects associated with whole-body
hypothermia. Despite encouraging results, particularly
in the context of ischemia and traumatic brain injuries,
further research is needed to gain a more detailed
understanding of neuroprotection mechanisms and to
refine therapeutic strategies. This will enable the most
effective integration of therapeutic hypothermia into
clinical practice for the treatment of various neurolo-
gical disorders.

Therapeutic hypothermia is a promising treatment
for ischemic stroke, as it reduces neuronal damage by
lowering the metabolic activity of brain cells and decrea-
sing oxygen demand. It effectively mitigates inflamma-
tion, oxidative stress, and helps maintain the stability
of the blood-brain barrier, thereby reducing further
damage. Combining hypothermia with other therapeutic
strategies, such as tissue plasminogen activator (tPA)
and caffeinol, may enhance treatment outcomes,
although precise determination of the therapeutic window
for its application is crucial. Despite promising results,
further research is necessary to refine optimal dosages
and application conditions for hypothermia, as well as to
minimize potential side effects, such as an increased
incidence of pneumonia or disruptions in thermoregulation.

Neuroplasticity is a key mechanism in brain function
recovery following traumatic brain injury (TBI), involving
molecular and structural changes such as synapto-
genesis, neurogenesis, and angiogenesis. Therapeutic
hypothermia may have a beneficial effect on these
processes, but additional research is needed to precisely
assess its efficacy, focusing on optimal therapy
parameters, interactions with pharmacological agents,
and effects on different stages of recovery. At the same
time, elevated body or environmental temperature
following TBI can worsen treatment outcomes and
lead to further brain damage. Considering the hetero-
geneity of TBI patients is also critical for developing
individualized therapeutic approaches.
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nepcneK'ruBu MOAQABLUUX AOCAIAXEHD

OouinbHnm BGaYaeTbCA MPOBEAEHHS PaHOOMI30BaHUX KOHT-
ponboBaHMX AOCNiMKEHb ANA OLUiHKM edeKTMBHOCTI Ta 6e3-
neku rinotepmii y nauieHTiB 3 iHcynstom Ta UMT y pisHux
BiKOBUX rpymnax.

KoHdAikT iHTepeciB

ABTOpPM pyKonucy CBIAOMO 3acBigvytoTb BIACYTHICTb haKTUYHOro
abo noTeHUiHOro KOHMIKTY iHTepeciB LWoAo pesynbraTiB
uiei pobotn 3 chapmaueBTUYHMMM KOMMAHIAMKU, BUPOBHMKaMM
6iomeanyYHUX NPUCTPOIB, IHLWIMMK OpraHi3auisiMu, Yni NPoayKTK,
nocnyr, piHaHcoBa nigTpUMKa MOXyTb OyTW NOB’sI3aHi
3 NpeaMeToM HagaHux Matepianie abo ski cnoHcopysanu
nposeeHi JOCMiaXEHHS.

IHdbopmalis Npo hiHAOHCYBAHHS

®iHaHcyBaHHs BuaaTkamu [epxaBHoro BromkeTy YkpaiHu.
Cratta € (parMeHTOM nfaHOBOI HayKOBO-AOCHIAHOI poboTn
Kadpeapn iHdekuiiHnx xBopob Ta KniHi4YHOI iMyHonorii Xapkis-
CbKOTO HauioHanbHoro yHiBepcuteTy imeHi B.H. KapasiHa MiHic-
TepcTBa OCBITM | Hayku YkpaiHn «BuBYeHHA poni iMyHHWX,
aBTOIMYHHMX Ta MeTabornivyHVX po3nagiB y naToreHesi Ta Hacnia-
Kax iHeKuiiHoro npouecy, WO BUKNMKAHUA BakTepigMu,
Bipycamu, BipyCHO-GakTepianbHUMK acoujialisiMu npu rocTpoMmy,
3aTSHKHOMY Ta XPOHIYHOMY nepebiry XBopobu Ta yAOCKOHaNeHHs
TaKTUKW NiKyBaHHA», HOMep aepxxaBHoi peectpauii 0123U105022,
TEPMIH BUKOHaHHs: 2023-2028 pp., KepiBHUK — 3aBigyBayka
kacdpenpy iHekuiiHux xBopob Ta  KNiHiYHOI  iMyHonorii,
KaHauaaT MeauyHuX Hayk, aoueHT O.B. Bonobyesa.
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Prospects for further research

It seems appropriate to conduct randomized controlled ftrials
to assess the efficacy and safety of hypothermia in patients
with stroke and TBI across different age groups.
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