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OcTpoe HapyLleHWe M03roBoro KposoobpaleHnsa (OHMK) — Taxkénoe 3abonesaHue cpeay AeTeit U NOAPOCTKOB C BbICOKUM PUCKOM UHBANWMAM3ALMUN.
MpoBeaéH 0630p ANTEPATYPHbIX AaHHBIX N0 NpobieMaTUKe MHTeHCHMBHOW Tepanun OHMK y aeTelt M nogpocTKos. Mouck nHdopmaLmmu npoBoauca
no 6asam AaHHbIx PubMed, Science Direct, elibrary c ucnonb3oBaH1em K1tOYEBbIX C/I0B: «OCTPOE HaPyLLIEHME MO3rOBOTO KPOBOODBPALLEHUAY, KUH-
CY/IBT», «AETUY, KKJIMHUYECKME NMPOABNEHUAY, KMHTEHCUBHAA Tepanua». B 0630p BKAOYEHbI UCTOUHMKM 33 nocneaHue 10 net (2014-2024 rr.). KpuTe-
PUAMM BKKOYEHWA PaboT B 0630p BbINN: HaAMUME ONUCAHMA KNMHUYECKMX NPOABNEHUI U 0cOBEHHOCTEN MHTEHCUBHOW Tepanun OHMK B aeTckom 1
NoLPOCTKOBOM Bo3pacTe. Kputepuem UCKtoUYeHUs paboT U3 063opa ABAAIUCH CTaTbM, COAEPIKaLLME MHOOPMALMIO MO KMHUKE U IEYEHMIO MHCY/bTa
y B3pocC/bIx NauueHToB. K ocHOBHbIM dakTopam pucka OHMK B feTckom Bo3pacTe OTHOCAT CeproBUAHO-KAETOYHYIO aHeMUIO, CepAeqHO-COCyAn-
CTble 3ab60/1eBaHMA, OHKOIOTMYECKYIO NaTONOTMI0 U FreHETUYECKMe HapyLleHus. NposaBaeHUA UHCYAbTA Y AeTel M NOAPOCTKOB XapaKTepu3yoTea He
CNeumneUUHOCTbIO KIMHUYECKUX NPOABAEHWIA. YTBEPXKAEHHBIX NPOTOKON0B NeveHna OHMK ana peTeit He CyLlecTByeT, KAMHUYECKMUX UCCNef0BaHUI
npu LaHHOWM NaToNAOTMU NPOBEAEHO HeA0CTaTOMHO. ACMEKTbl MHTEHCMBHOM Tepanuu WHCy/bTa B NeAUATPUYECKOM NPaKTUKe IKCTPanosMpoBaHbl U3
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OHMK: apTepuanbHbIit ULLEMUYECKUIA UHCYALT, FTeMOpPParuieckmnii MHCYbT, BEHO3HbIV TPOMBO3 CMHYCa FOJI0BHOMO MO3Ta UM UHCYALT Ha hoHe cepno-
BUAHO-KNETOUHOM aHEMUUN. MHTEHCUBHAA Tepanusa LOMKHA NPOBOANTLCA B YCNOBUAX OTAENEHUA aHECTE3UONIOTUM U PeaHUMaLMK, bbITb HanpasaeHa
Ha cTabuaunsaumio BUTaNbHbIX GYHKLMI 1 NoaaepkaHue LepebpanbHoii nepdysnn. PazpaboTka cobCTBEHHBIX NPOTOKONOB N0 MHTEHCMBHOM TEpPanum
MHCYNbTa AeTel 1 NOAPOCTKOB YNYYLLUT KAUECTBO OKA3aHWA IKCTPEHHOW NOMOLLM AAaHHOMY KOHTUHIEHTY NaLMeHTOB.
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Acute cerebrovascular accident (CVA) is a severe condition in children and adolescents with a high risk of disability. A literature review was carried out
on intensive stroke care in children and adolescents using databases such as PubMed, Science Direct, and eLibrary. The search utilized keywords such
as "acute cerebrovascular accident", "stroke", "children", "clinical manifestations", and "intensive care". The review includes sources for the last 10
years (2014-2024). The inclusion criteria consisted of descriptions of clinical manifestations and intensive care management for stroke in childhood
and adolescence. The exclusion criteria referred to articles on the clinical presentation and treatment of stroke in adult patients. The main factors
for stroke in childhood include sickle cell anemia, cardiovascular diseases, cancer pathology, and genetic disorders. The manifestations of stroke in
children and adolescents have nonspecific clinical features. There are currently no approved protocols for the treatment of stroke in children, and
there are insufficient clinical studies for this condition. Therefore, pediatric practice often extrapolates aspects of intensive care for stroke from the
adult population. The type of stroke, such as arterial ischemic stroke (AlS) or hemorrhagic stroke (HS), cerebral venous sinus thrombosis, or stroke due
to sickle cell anemia, determines the emergency care required for children. Intensive therapy should be carried out in a pediatric intensive care unit
(PICU), focusing on stabilizing vital functions and maintaining optimal cerebral perfusion pressure. Developing specific protocols for intensive stroke
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treatment in children and adolescents is necessary to improve the quality of emergency care for this patient population.
Keywords: Cerebrovascular accident, stroke, children and adolescents, clinical manifestations, intensive care.
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BBEAEHMUE

Xota OHMK 06bl4HO cuMTaeTca 3aboneBaHMEM B3POC/IOrO U
MOMWIOTO HACeNeHMWA, OHO TaKXKe BCTPEYAeTCA W Yy AeTel, YTo npu-
BOAMT K 3HAuMTE/IbHOWM 3ab01€BaemMOCTM U CMEPTHOCTM B AAHHOW
BO3pacTHoM rpynne [1, 2]. UHCynbT B AETCKOM M NOAPOCTKOBOM BO3-
pacTe YacTo AMArHOCTUPYETCA C ONO3AaHMEM, BbI3biBas TAKENYIO UH-
Ba/IMAHOCTb, CHUXKAA Ka4YeCTBO YKU3HM, YTO NMPUBOAMUT K CEpPbE3HbIM
COLMAIbHO-3KOHOMUYECKMM NOCNeACTBUAM [2-4]. AKTyanbHOCTb NPo-
6nembl OHMK B neamaTtpuyeckoi npakTMKe 0BbACHAETCA Tem, YTO
[laHHAs NaTO/IOMMA BXOAMT B AECATKY OCHOBHbIX MPUUYMH NIETaNIbHOCTU
cpeau geteit ot 1 roga [5-7]. ONTMMM3aLMA CTpaTernii eYeHuns npu
3TOI MATONIOMMMN MMEET BaXKHOE 3HAYEHWE ANA YNYULIEHUs KAUHWNYe-
CKMX pe3y/bTaToB B NeAuaTpuyeckom npaktuke [3].

KonnyectBo AMarHOCTMPOBAHHbIX CNYYaEB WHCYIbTa Y AeTei
YBEIMYMBAETCA C KaXKAbIM rogom [6]. OueHWTb YETKyo pacnpocTpa-
HéHHocTb OHMK vy pgeteit B Poccuiickoit Pefepaumnn KpaiHe npo-
6/1eMaTUYHO, MOTOMY YTO PETUCTP TaKMX MaLMEeHTOB B MacluTabax
CTPaHbl He YYMTbIBAETCHA, @ CTaTUCTUYECKME [aHHble OCHOBaHbl Ha
OTHOCUTENIbHO HebonblioM KonudecTBe cnydyaes [3, 4]. Tak, coso-
KynHas 3ab60/1eBaeMoCTb apTepPMabHbIM ULLEMUYECKMM MHCY/IbTOM
(AMN) 1 remopparnyecknum uHcynbtom (M) nmeet pasbpoc B npese-
nax 1,3-13,0 geteit Ha 100000 getckoro Hacenenus (go 18 ner) [2-4,
6, 8]. MokasaHo, 4YTo yacToTa 3abonesaemoctv OHMK Bbiwe y HOBO-
POXKAOEHHBIX, YEM Y AETeil CTapluero Bo3pacta NMPMMEpHO B 6 pas:
1/3500 skmBopoKaeHwit npotms 1-2/100000 B rog, [1, 5, 7]. Y rpyaHbix
aetelt (>30 gHeit, Ho <1 roga) HabaoLaeTCA camas BbICOKas YacToTa
OHMK, Bkntoyasa AU 1 TU [1]. MOBbIWEHHbIA PUCK UHCYbTA TaKKe
UMetoT et 3-5 NeT, Ha KoTopbIxX NpuxoauTtca 38% ot obLiero yncia
BCex AuarHoctMposaHHbix OHMK 8 geTckom Bo3pacte (0,38/100000 B
rog) [7, 9]. OHMK yalle AnarHoCTMpyeTcs Y MasibuMKOB, YEM Y AEBO-
YeK, U PUCK BO3HUKHOBEHUA 3a60/1€BaHNA BHOBb MOBbILAETCA B NOA-
pocTkoBom Bo3pacTe (ot 15 go 18 neT) ¢ yactoTo 3abonesaemocTu
0,48-0,6/100000 8 rog, [1, 7, 9]. TM cocTaBAAOT NOYTM NONOBUHY BCEX
OHMK y geteit (c npeobnagaHmem cybapaxHOMAaNbHbIX KPOBOWU3N-
AHWI) Y4TO NPUBOAUT K 3HAYUTENIbHON MHBANMAM3ALMMU U CMEPTHOCTM
[1]. NokaszaHo, uTo y 60-90% aeteit ¢ OHMK B ganbHeliwem oTmeya-
€TCA CTOVKMI HeBponormyeckuii edpuumr [1, 10]. UHcynbTbl BXOAAT B
[LeCATKY OCHOBHbIX MPUYMH AETCKOW CMEPTHOCTH, NPU 3TOM YPOBEHb
netanbHocT gocturaet 10-30% npu AUK 1 25-50% npwm T (3, 10, 11].

Buabl UHCYNLTOB B NEAUATPUYECKOMN
NMPAKTUKE

Ha cerogHAWHUI feHb HET eAWMHOW KnaccudmKaLmm UHCYIbTOB
B AeTckom BospacTe [7]. OHMK no aTmonormyeckon npuumnHe y aeten
MOYXHO Pa3feNnTb Ha ULEMUYECKUE MHCYNBTbI, K KOTOPbIM OTHOCATCA
AUW, BeHO3Hble TPOMBO3bI CUHYCOB roN10BHOMO Mo3ra (BTCIM) n TU
[1, 7]. Kpome aToro, no BpemeHHomy daktopy, OHMK nogpasaens-
IOTCA Ha MepuHaTa/bHble, BO3HUKaoWwme mexay 20 Heaenamu BHy-
TPUYTPOBHOW KM3HU U 28-M AHEM NOCTHATA/bHOTO NEPUOAaA, U AET-
CKMe, AMArHoCTUpyemble B Bo3pacTe oT 29 aHei po 18 net [1, 3, 7).
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INTRODUCTION

Although CVA are generally considered a disease of the
adult and elderly population, they also occur in children, result-
ing in significant morbidity and mortality in this age group [1,
2]. Stroke in childhood and adolescence is often diagnosed late,
causing severe disability and reducing quality of life, which leads
to serious socio-economic consequences [2-4]. The relevance
of the problem of stroke in pediatric practice is highlighted by
the fact that this pathology is one of the ten leading causes of
mortality among children over 1 year of age [5-7]. Therefore,
optimizing treatment strategies for this pathology is essential to
improve clinical outcomes in pediatric practice [3].

The number of diagnosed cases of stroke in children in-
creases every year [6]. Assessing the exact prevalence of stroke
in children in the Russian Federation is highly challenging due
to the lack of a nationwide registry for such patients, and the
statistical data are based on a relatively small number of cases.
[3, 4]. Thus, the cumulative incidence of AIS and HS ranges from
1.3 to 13.0 children per 100,000 pediatric population (under 18
years of age) [2-4, 6, 8]. It has been demonstrated that the rate
of stroke is about six times higher in newborns compared to old-
er children: 1 in 3500 live births versus 1-2 in 100,000 annually.
[1, 5, 7]. Infants older than 30 days but younger than one year
have the highest incidence of stroke, including AIS and HS [1].
Children aged 3-5 years also have an increased risk of stroke,
accounting for 38% of the total number of all diagnosed strokes
in childhood (0.38/100,000 per year) [7, 9]. CVA are more of-
ten diagnosed in boys than in girls, and the risk of the disease
increases again in adolescence (from 15 to 18 years), with an in-
cidence rate of 0.48-0.6/100,000 per year [1, 7, 9]. HS accounts
for almost half of all strokes in children (with a predominance of
subarachnoid hemorrhages), which leads to significant disabili-
ty and mortality [1]. It has been shown that 60-90% of children
with stroke subsequently experience persistent neurological
deficits [1, 10]. Strokes are among the top ten leading causes of
child mortality, with the mortality rate reaching 10-30% in AlS
and 25-50% in HS [3, 10, 11].

TYPES OF STROKES IN PEDIATRIC PRACTICE

There is no standardized classification of strokes in child-
hood [7]. Strokes in children can be categorized based on their
cause, and they can be categorized into ischemic strokes, in-
cluding AlIS, cerebral venous sinus thrombosis (CVST), and HS [1,
7]. They can also be classified based on the age when the stroke
occurs, as perinatal strokes, which occur between 20 weeks of
gestation and 28 days of postnatal life, and pediatric strokes,
which are diagnosed in infants aged 29 days to 18 years [1, 3,
7]. According to the ICD-10 (International Classification of Dis-
eases 10™ Revision), in neonatology, the abbreviation ACVA is
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CornacHo MKE 10 B HeoHaToornu 60/1blUe He MPUMEHAETCS AMarHo3
1 abbpesunatypa OHMK, a yKasbiBaeTcA TOYHbIN AMarHo3, Hanpumep
— BHYTPUKENYA0UYKOBOE KPOBOU3NMUAHUE C FeMOpParMieckum MH-
cynstom». CyuectsyeT ycnosHoe pasgeneHne OHMK Ha nepwuogapbl
TeyeHus 3aboneBaHus: 1) ocTpenwmii — nepsble 5 CyTOK C MOMEHTa
aTaku; 2) ocTpbli — o 21 aHs; 3) neproa ymepeHHo ctabunmnsaumm
HeBponornyeckoro geduumTa Uau, HA06OPOT, YXYALLIEHUA COCTOAHUA
pebéHKa; 4) BOCCTaHOBUTE/bHDIN NEPUOZ, C MOCTENEHHbBIM PEFPECCOM
NaToNI0rMYeCcKon CUMNTOMaTUKK [7].

3TUONOTUA U GAKTOPbI PUCKA

Ecnv 6onbwnHcteo OHMK y B3pocnbix 06yc/10BEHO aTepocke-
pO30M, BCEACTBUE TUMEPUMUAEMUM, aPTEPUANIBHON TUNEPTEH3NM,
caxapHoro AnabeTa, KypeHus u oxupenus, To OHMK y peteit umetot
WHYIO (reTeporeHHyto) aTnonoruio 1 GpakTopbl pucka [1, 8]. Hanpumep,
AW B neamaTpuyeckoi NPaKTUKE MOXKET ObiTb BbI3BaH HECKO/IbKU-
MM MPUYUHAMM, BbI3bIBAIOLLMMU TPOMBOIMOONMYECKYID OKK/IO3UI0
COCY/10B FONI0BHOTO MO3Ta M aKTMBALLMIO C/IOXKHOTO KacKaza CobbITUH,
NPUBOAALLMX K HEOBPATUMOMY NOBPEXAEHMIO HEMpoHOB [12].

ConyTcTBYylOLME CEpPAEYHO-COCYAUCTbIe 3a60eBaHuA

AUN MOKeT BbiITb BbI3BAH BPOXKAEHHBIMM U NMPUOBPETEHHBIMM
KapAMONOrMYecKMMIU 3aboneBaHMaMM B AEeTcKoM Bospacte [1, 7].
BpoAEHHble MOPOKM cepala ABAAITCA BaXKHbIM GAaKTOPOM pUCKa
pa3sntna OHMK, 1 npu 3TOM PUCK ULLEMUYECKOTO UAKN remopparnye-
ckoro OHMK y Takux feTeit ysennumsaetca 8 19 pas [1, 7]. Y geteii ¢
AUWN K OCHOBHbIM TpUrTepam OTHOCAT: AedeKTbl aTPUOBEHTPUKYAAP-
HOV NeperopoaKm, apuTMUM U KapaMOMUONaTUK, MPUMEHEHWNE aHTU-
KOarynsHToB, PEBMOKaPAUTbI, TPOMBOTUYECKUIA SHAOKAPAUT 1 ap. [1,
4, 13]. Takke Hanbonee pacnpocTpaHEHHbIMM GpakTopamu pucka AUN
B ,ETCKOM BO3pacTe ABNAIOTCA apTepuonaTMm, pUck NOBTOPHOTO WUH-
CyNbTa Npw KOTOPbIX yBENYMBaEeTcA B 5 pa3 [1].

CepnoBuAHO-KNAeTO4YHana aHemua (CKA)

Nwemmnueckne n remopparmueckne OHMK ABAAKOTCA BaXKHbIMK
npuYnHamm 3ab6onesaemocTu u cMepTHocTU npu CKA, pacnpocTpaHéH-
HOCTb KOTOPOW B A€TCKOM BO3pacTe oLeHuBaeTcsA B 4% [1, 4, 8]. letn ¢
CKA noggepratotca BbICOKOMY PUCKY Pa3BUTUA BaCKys0MaTnm, 06bI4HO
BHYTPEHHEW COHHOM U CpeaHEei MO3roBOM apTepuid, 4TO NOABEPraeT Ux
rnoBblLWeHHOM YacToTe pa3sutna OHMK, ocobeHHo AU [1].

BeHO3HbIV TpOM603 CMHYCca ronoBHoro mosra (BTCIrM)

BTCTM snBnseTca peaKoi, HO BaXKHOW MPUUYMHOMN WMHCYNbTa Y
fetelt [1]. Tpoom603 CMHYCa NPUBOAUT K MOBbILEHWUIO BEHO3HOTO AaB-
NIeHUsA B TOJIOBHOM MO3re, YTO BbI3bIBAET BTOPUYHYHO MULIEMMIO U WH-
bapKT, TaKXKE MOXKET NPOU30MTH remopparmyeckas TpaHchopmauma
[1]. YacToTa BTCIM coctasnset 0,67 cnaydaes Ha 100000 neamatpu-
YECKMX NaLMEHTOB, U3 HUX 43% COCTaBAAIOT HOBOPOXKAEHHbIE U 54%
Zetu B Bo3pacte <1 roga [1]. Beaywmmu npuumHamu BTCITM asnstoT-
€A UHPEKLMM TONOBHOTO MO3ra, TakKMe KaK CPeAHUIN OTUT, CUHYCUT U
nepvopbutanbHble nHdekumuu [1, 4]. B nepuHaTanbHOM nepuoge Ya-
ctbimu Tpurrepamn OHMK caykaT 06e3B0XKMBaHME U TMMOKCMYECKas
sHuedanonatua [1, 4].

WHble ¢paKTopbl

Y 6onblumHcTBa feTelt ¢ MM HabatoaatoTea cocyamucTble aHOMa-
JInn C nocneayrowmMmmn rematoiornyeCKUMU HapyLleHnAMU U Koary-
nonatnamu [1]. T B AeTCKOM BO3pacTe YacTo BO3HMKAIOT Ha GoHe
COCYAMNCTbIX MOPOKOB Pa3BUTMA, BO3HMKAIOT 13-3a FeHETUYECKUX Hapy-
LIEHWI UAWM UMEIOT BPOXKAEHHBIN XapakTep (Hanpumep, apTepuose-

no longer used, and an exact diagnosis is indicated, for example,
"intraventricular hemorrhage with hemorrhagic stroke". Strokes
can be categorized based on the time elapsed since the onset of
the attack into the following stages: 1) acute — the first 5 days
after the attack; 2) subacute — within 21 days; 3) a period of
moderate stabilization or worsening of the child's neurological
condition; 4) recovery period with a gradual reduction of abnor-
mal symptoms [7].

ETIOLOGY AND RISK FACTORS

most strokes in adults are caused by atherosclerosis due to
hyperlipidemia, arterial hypertension, diabetes mellitus, smok-
ing, and obesity. Strokes in children have different (heteroge-
neous) etiology and risk factors [1, 8]. For example, in pediatric
practice, acute ischemic stroke can be caused by several factors,
leading to blood clot formation in the brain's blood vessels and
triggering a series of events that result in permanent damage to
the neurons [12].

Cardiovascular comorbidities

AIS can be caused by congenital and acquired cardiac dis-
eases in childhood [1, 7]. Congenital heart defects are an es-
sential risk factor for the development of stroke, increasing the
risk of ischemic or hemorrhagic stroke in such children by 19
times [1, 7]. In children with AIS, the primary triggers include
atrioventricular septal defects, arrhythmias, cardiomyopathy,
the use of anticoagulants, rheumatic carditis, thrombotic endo-
carditis, etc. [1, 4, 13]. The most common risk factor for AlS in
childhood is arteriopathy, which increases the risk of recurrent
stroke by 5 times [1].

Sickle cell anemia (SCA)

Ischemic and hemorrhagic strokes are significant contribu-
tors to illness and death in individuals with SCA. The prevalence
of SCA in childhood is estimated at 4% [1, 4, 8]. Children with
SCA face a high risk of developing vasculopathy, typically affect-
ing the internal carotid and middle cerebral arteries, which in-
creases their chances of experiencing a stroke, particularly AIS

[1].

Cerebral venous sinus thrombosis (CVST)

CVST is an uncommon but critical condition character-
ized by the presence of blood clots in the dural venous sinus-
es, which are the veins responsible for draining blood from the
brain [1]. Sinus thrombosis can lead to increased venous pres-
sure in the brain, resulting in secondary ischemia, infarction,
and potential hemorrhagic transformation [1]. The incidence
of CVST is 0.67 cases per 100,000 pediatric patients, with 43%
occurring in newborns and 54% in children under 1 year of age
[1]. The primary causes of CVST include brain infections such as
otitis media, sinusitis, and periorbital infections [1, 4]. Dehydra-
tion and hypoxic encephalopathy are common triggers for CVST
during the perinatal period [1, 4].

Other factors

Vascular abnormalities are common in children with HS
and can lead to hematological disorders and coagulopathies
[1]. HS often occurs in the background of vascular lesions, some
of which are hereditary and have a genetic basis, such as arte-

429



Bykov YuV et al Acute cerebrovascular accident in children

AVICENNA BULLETIN
Vol 26 * No 3 » 2024

HO3Hble MasnibpopmMaLmm) [4]. UHCynbTbl y AeTel MOryT BO3HMKATb Kak
Ha GOHEe OHKONIOTMYECKO NAaTONOTNK, TaK U B pe3y/ibTaTe NPOBEAEHNA
Nly4eBON UK xummoTepanum [4].

KNMHWYECKUE NPOABJIEHUSA

HecmoTpA Ha TO, YTO MHCYALT B AETCKOM BO3PAcTe MOMKET Mpo-
ABNATLCA, KaK M Yy B3POC/IbIX, XapPaKTEPHbIMM IOKAIbHbIMM CUMNTOMA-
MU (remunapes, HapylueH1e peun 1 3peHns, atakeuns) [1, 2, 13, 14],
npossneHuns OHMK B 3ol rpynne CUIbHO 3aBUCAT OT BO3pacTa pe-
6EHKa 1 YacTo bbiBatoT HecneumduuHbiMm [1, 8]. O4arosble NpU3HaKK
(oHemeHWe nnu cnabocTb) ABNAOTCA HaMbonee pacnpPoOCTPaHEHHBIMU
KAMHUYECKMMM MPOABAEHNAMM B Hauyane 3a60n1eBaHNsA BO BCEX BO3-
pacTHbIx rpynnax [15]. Y nauueHTos c AU B Bo3pacTe oT 29 aHelt fo
16 net B 85% HabntoLAETCA 04AroBas CUMMNTOMATHKA, Y 72% — remMu-
napes, y 3HaYUTENIbHOTO YMC/Ia ACUMMETPUSA NLEBOI MYCKyNaTypbl U
HapywweHue peum [1, 2, 15]. Y 61% feTelt AMarHOCTUPYHOTCA HapyLle-
HME YPOBHS CO3HAHWS, roNoBHas 6onb 1 pBOTa, ¥ 29% NaLMeHToB —
cypoporu [1, 15]. B nepBble MecALpbl XKMU3HU YaCTbIMU KAMHUYECKUMM
npU3HaKamu ABAAKOTCA MMEHHO CyA0POrM U HAPYLUEHUA MbILLEYHOTO
TOHYCa, B TO BPEMA KaK O4arosble CMMNTOMbl U NPU3HAKK 3HUeda-
IoNaTMM MOTYT BCTPEYATbCA B MEHbLUEM KOMYecTBe caydaes [1, 2,
13-16]. Y peteit ¢ BTCTM HabntoaatoTca efBa BbipaXkeHHble KAMHUYe-
CKMe cumnTombl [1]. Y HOBOPOKAEHHbIX, KOTOPbIE COCTAB/AOT CaMblit
60s1bLwoN npoueHT naumeHTos ¢ OHMK, yacTo oTmeyatoTca HepBHble
TUKM, Pa3LpaKMTENIbHOCTb U apTepuanbHas FMNOTOHWUA, O4arosas
CMMNTOMATUKA: rEMUMApes, HapyLleHWe 3peHus, aTakcua 1 HapyLue-
HUWA rnoTaHma [1, 8].

[JeTn ¢ TU MetoT Ty e CMMNTOMATHKY, YTO ¥ B3pocAble: y bonee
MONOBUHbI U3 HUX BbIABNAETCA roN0BHas 6onb uan peota [1]. Y 3Ha-
YUTENbHOTO YMcaa geTel ¢ MM HabAtoAaTCA CyLoPOr U HapyLeHUA
CO3HAHWA, a TaKKe 04aroBble HEBPOIOTMYECKME HapYLUEeHUA, Takue
KaK remunapes nnu adasma [1].

OCOBEHHOCTU AUATHOCTUKU

C yyétom Hecneunduyeckmx npossneHuit OHMK B getckom
BO3pacTe HeobXoaMMo YETKO NOAXOAMTb K Bompocam auddepeH-
UManbHOM anarHoctuky [1, 2, 17]. Moutn y 21-76% feTeit ¢ ocTpbIM
04aroBbIM HEBPO/IOTMYECKUM AePULNTOM CPean APYrnX BO3SMOMKHbBIX
MPUYMH AMArHOCTUPYETCA MUMPEHb, POKa/IbHbIE CYA0POTY, AEMUENH-
HU3MpytoLLMe 3aboneBaHUA, KOHBEPCUOHHbIE PACCTPOMCTBA M OMyX0-
v UHC [2, 18]. Y peTelt reTeporeHHas 3TUONOMMA B COYETAHUM C Ba-
pUabebHbIMU KIMHUYECKUMM NPOABNEHUAMM NPUBOAUT K 3a4€PHKKe
[MArHOCTVKM, YTO YBEIMYMBAET KOJIMYECTBO OC/IOMKHEHU 1 NPOLEHT
cmepTHocTu [7, 8, 11]. Y peTelt yacTo bblBaeT 3ano3ganan AuarHo-
CTMKA WMHCY/IbTA: PaHAOMM3UPOBAHHbIE KAMHWUYECKUE UCCNeL0BaHMA
(PKWM) noka3sblIBatoT, 4TO cpesHee Bpems OT NOABNEHUA CUMNTOMOB 0
nocTtaHoBku auarHosa AWMU coctasnset >20 yacos [11, 15]. Mpu nep-
BOHa4a/IbHOM rocnuTanusaumm pebéHka B cTaumoHap amarHos OHMK
6b11 3aM0403PeH ToNbKO Y 26-38% aeTelt [1, 11].

UHTEHCUBHAA TEPANUA

0O6wan npobaemaTtuka

WMHCcynbT y AeTeid, Kak 1 y B3poC/biX, TPebyeT rpamoTHOM HeoT-
NIOMKHOW MEAULMHCKOM MOMOLUM ANA LOCTUNKEHUA MaKCUMAsbHOTO
6naronpuATHOro ucxoga [1]. Y B3pocnoro HaceneHus AMarHOCTUKa u
WHTEHCMBHAA TEPANUA MHCY/IbTA NOHATHbI, OHW OCHOBAHbI Ha OTHOCK-
Te/IbHOM eAMHO06PA3NN KIMHUYECKUX NPOABNEHUI, YETKUX aNropuT-
Max U UMeLOT HaZEKHYI0 foKasaTenbHyto 6asy [2, 8]. B neanatpuye-
CKOM NPaKTVKe Ha CErOAHALHUI feHb HEeT KAMHUYECKUX CTaHAaPTOB
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riovenous malformations [4]. Strokes in children can occur as a
result of oncological pathology, radiation, or chemotherapy [4].

CLINICAL PRESENTATION

It is important to note that stroke in childhood can exhibit
similar local symptoms to those seen in adults, such as hemipa-
resis, speech and vision impairment, and ataxia [1, 2, 13, 14].
However, the manifestations of stroke in children are age-de-
pendent and are often nonspecific [1, 8]. Focal signs like numb-
ness or weakness are the most common clinical presentations
at the onset of the disease across all age groups [15]. In chil-
dren aged from 29 days to 16 years with AIS, 85% present with
focal symptoms, 72% with hemiparesis, and a significant num-
ber show asymmetry of facial muscles and speech impairment
[1, 2, 15]. 61% of children are diagnosed with altered levels of
consciousness, headache, and vomiting, and 29% with convul-
sions [1, 15]. Among infants, convulsions and muscle tone dis-
orders are common clinical signs, with fewer cases displaying
focal neurological deficits and signs of encephalopathy [1, 2,
13-16]. Children with CVST tend to have mild clinical symptoms
[1]. Newborns, who make up the most significant percentage of
stroke patients, often experience muscle spasms and twitching,
irritability, arterial hypotension, and focal neurological deficits
such as hemiparesis, visual impairment, ataxia, and dysphagia
[1, 8].

Children with HS exhibit symptoms similar to adults, with
over half of them experiencing headaches or vomiting [1]. A sig-
nificant number of children with HS also suffer from seizures,
changes in consciousness, and focal neurological deficits such as
hemiparesis or aphasia [1].

DIAGNOSTICS

When dealing with the nonspecific symptoms of stroke in
children, it is essential to carefully consider the aspects of dif-
ferential diagnosis [1, 2, 17]. Approximately 21-76% of children
presenting with acute focal neurological deficits are initially
diagnosed with conditions such as migraine, focal seizures, de-
myelinating diseases, conversion disorders, and central nervous
system tumors, among other potential causes [2, 18]. The var-
ied etiology and diverse clinical presentations in children of-
ten result in delayed diagnosis, leading to an increased risk of
complications and mortality [7, 8, 11]. Diagnosis of stroke is fre-
quently delayed in children, with findings from randomized clin-
ical trials (RCTs) indicating that the average time from symptom
onset to diagnosis of acute ischemic stroke is over 20 hours [11,
15]. Interestingly, during a child's initial hospitalization, stroke
as a diagnosis was only suspected in 26-38% of cases [1, 11].

INTENSIVE CARE MANAGEMENT

General considerations

Stroke in children, just like in adults, requires immediate
and skilled medical attention to achieve the best possible out-
come [1]. While the diagnosis and intensive treatment of stroke
in adults is based on precise algorithms and a reliable evidence
base due to the relative uniformity of clinical manifestations
[2, 8], the same approach cannot be applied to pediatric prac-
tice [2, 3, 7]. There are no established clinical standards for the



Buiros IOB ¢ coasm. OcTpoe HapyIlleHre MO3TOBOTO KPOBOOOpaIteHIs

BECTHMK ABMILIEHHEBI
Tom 26 * No 3 * 2024

neyenHns OHMK [2, 3, 7]. MpoBeaeHo AnLwb orpaHMyeHHoe ymcio PKU
M0 NIeYeHUNIO MHCYbTa Y AeTel U NOAPOCTKOB [4]. CTpemAch yny4ylwmnTb
neyeHvre OHMK y geTeil, NPOTOKO/bI HEOT/IOKHOTO IEYEHNS UHCYNb-
TOB BbINM 3KCTPANOAMPOBAHbI OT B3POC/IbIX, XOTA 3TMOMNATOTEHE3 MH-
CynbTa y AeTelt UMEET KapAuHaibHble oTanuma [1, 4, 8, 11].

PekomeHgaummn AMepUKaHCKON KapAmonornmyeckoi accouma-
umm ot 2008 roaa y AeTel NpeanaratoT BHYTPMBEHHYO aHTUKOArynsaHT-
HYIO Tepanuio B TeyeHne 3-6 MecALeB B COYETAHMM C MePOPasIbHbIM
QHTUKOAryNAHTHLIM IEYEHUEM Y MALMEHTOB C 3KCTPAKpaHUaNbHOM
auccekumeii [2, 3, 7). Noaxoabl K Tepanum OHMK y aeTeit u nogpocT-
KOB, B MEPBYH O4Yepenb, ONPeaenatoTcs 3TMONOTUEN UHCYNbTA, YTO
ABNAETCA C/IOXKHOMN 33/la4el, MOCKObKY MMEETCA HeA0CTaTOYHO AaH-
HbIX, NOATBEPKAAOLMX 3GDEKTUBHOCTb BMELIATENLCTB, U MHTEHCUB-
Has Tepanus 0CHOBaHa, B NEPBYIO ouepeab, Ha MHEHMM IKCNEePTOB (3a
nckntoyeHnem geteit ¢ CKA) [10, 11].

OCHOBHbIE aCNeKTbl UHTEHCUBHOW Tepanuu

MHTeHcuBHaA Tepanua y geteit ¢ OHMK ponkHa npoBoguTh-
CA B YCNIOBUAX [ETCKMUX OTAENEHWUI aHECTe3ON0MMK U peaHUMaLmm
(OAWUP), xkenaTenbHo Ha 6a3ax cnewmanvMsMpoBaHHOro (HeBpoaorye-
cKoro) ctaupoHapa [1]. Aetm c OHMK o6bluHO HaxogaTcs noa HabAto-
aexvem B OAUP B TeueHMe Kak MUHMMYM 24 4yacoB Nocie Havana aTta-
KM U NONy4YatoT 0bLLY0 HeMpPONPOTEKTOPHYO U HEMPOKPUTUYECKYHO
noaaepsusatoLLyto Tepanuio [19, 20, 21]. ObazaTenbHO HeobX0AMMO
obecneuntb BeHO3HbIM gocTtyn [1]. B cryyasx noarsepxaéHHoro U,
Ha/MuYMA TOLUHOTbI MW PBOTbI UAU APYrUX NPU3HAKOB MOBbILIEHHO-
ro BHyTpMuepenHoro aasnexuns (BYZ), M3ronosbe KposaTu cneayet
noaHATb Ha 300 M AepiKaTb rosoBy peb&HKa No cpeaHewn MHUK, YTo-
6bl CTUMYNMPOBATb BEHO3HbIN OTTOK [1, 19]. [eTam B TAxENOM/KpU-
TUYECKOM COCTOAHUM TpebyeTca pag 0b6cnefoBaHUI AR OKasaHuA
9KCTPEHHOW MOMOLLM, BK/IKOYAA NeKTpoaHLedbanorpaduio, MHANBU-
Zlya/bHyl0 BM3yanu3aLMio roNoBHOTO MO3ra, Heobxoguma ctabuiu-
3aUMA reMOAMHAMUYECKUX HApYLLEHWUI U AbIXaTeNbHbIX PAaccTPOUCTB
[20, 21]. BakHO noaAepKMBaTb HOPMOTEPMMIO M KYNMPOBATb JINXO-
PaAKY KapomnoHMKatoWMMKM cpeacTsamm (napauetamon 10-15 mr/kr),
n3beraTtb MMNOKCUM U TMNEPKanHUM (NoZaya yYBAaXKHEHHOTO KUCI0oPO-
[1a Yepes NIMLLEBYIO MACKY WM MHTPaHa3a/bHble KaHonu) [1].

Oco6eHHOCTU MHTEHCUBHOM Tepanuu AUU

MHTeHcnBHAA Tepanua getckoro AUM BratoYaeT cTpaTermn, Ha-
npasneHHble Ha 6opbbY C apTepPManbHOM TMNEPTOHMEN U TMNOTEH3M-
el, TMnepravkeMmnen, IMXopasKoin, OTEKOM rONOBHOTO MO3ra U CyAo-
poramu [2]. HeotnoxHoe neyeHune AeTckoro mwemmyeckoro OHMK
HaLLeNIEHO Ha HeVPOMPOTEKTOPHOE IeYEHNE NYTEM NOALEPKAHNA Lie-
pebpanbHoi nepdysnn 1 CHUKEHUA MeTabonmyeckmnx noTpebHocTeln
[2]. B neyeHun AWMU cywwecTytoT 60NbLIME PACXOXKAEHUS, B CBA3M C
OTCYTCTBMEM CTaHAAPTa /IEYEHMA AAHHOM NaTONOIMM y AeTel, B TOM
umncne v B Poccum [7]. Mo HEKOTOPLIM AaHHbBIM, HePPAKLMOHUPOBAH-
Hble UM HU3KOMOIEKYNAPHBIE renapuHbl MOTYT ObITb PEKOMEHA0Ba-
Hbl Bcem geTam ¢ AUW B TeyeHne ogHoOM Heaenn 6onesHu, Noka ycra-
HaB/IMBaETCA 3TUONOrMA 3abonesanus [1, 7, 22, 23].

PeKkaHanu3auMoOHHaA Tepanusa

PekaHann3aLMOHHAA Tepanua BKIKOYAET BHYTPUBEHHOE/BHY-
TpuapTepranbHoe BBEAEHUE TKAHEBOTO aKTMBAaToOpa M/1a3MUHOreHa
(tPA) n aHpoBackynapHyto TpombakTommto [1, 10]. PKU no oueHke
6e3onacHoCcTM U 3GGEKTUBHOCTM TPOMBOAM3MCA M/WUAN IHOOBACKY-
NAPHOrO NeYeHna ANA AeTCKOro Bo3pacTa HUKOr4A He NpOBOAMANCH
[23]. Ha ocHoBaHWM AaHHbIX No B3pocabim PKU, y neamatpuyeckmnx
naumeHToB B Bo3pacte Ao 18 net ¢ AU MOXKHO paccmoTpeTb BO3-
MOXXHOCTb BHYTPMBEHHOIO UK BHYTPUApPTEpUabHOro TpoMbonmsm-

treatment of stroke in children and only a limited number of
RCTs have been conducted on the treatment of stroke in chil-
dren and adolescents [4]. Efforts to improve the treatment of
pediatric stroke have involved extrapolating emergency treat-
ment protocols from adults despite the fundamental differences
in the etiopathogenesis of stroke in children [1, 4, 8, 11].

According to the 2008 American Heart Association pedi-
atric guidelines, intravenous anticoagulation therapy for 3-6
months in combination with oral anticoagulant administration
is recommended for patients with extracranial dissections [2, 3,
7]. The approaches to the treatment of stroke in children and
adolescents are primarily determined by the etiology of the
stroke. However, this is a challenging task due to insufficient
data confirming the effectiveness of interventions. Intensive
therapy is based primarily on expert opinion, except for children
with SCA [10, 11].

Intensive care fundamentals

Intensive therapy for children with stroke should be carried
out in a PICU, preferably in a specialist neurological hospital [1].
Children with acute stroke are usually monitored in the PICU for
at least 24 hours after the onset of the attack and receive gener-
al neuroprotective and neurocritical care [19, 20, 21]. Maintain-
ing venous access for medical procedures is of utmost impor-
tance [1]. In cases of confirmed HS, the presence of nausea or
vomiting, or other signs of increased intracranial pressure (1ICP),
the head of the bed should be raised 30°, and the child's head
should be kept in the midline to stimulate venous outflow [1,
19]. Children in severe/critical condition require several emer-
gency care examinations, including electroencephalography,
dedicated brain imaging, and stabilization of cardiopulmonary
hemodynamic parameters [20, 21]. It is essential to maintain
normothermia and relieve fever with antipyretics such as parac-
etamol at a dose of 10-15 mg/kg and to avoid hypoxia and hy-
percapnia, which can be achieved with supplementation of hu-
midified oxygen through a face mask or intranasal cannulas) [1].

Intensive care in patients with AIS

Intensive care for pediatric AlS includes strategies aimed
at controlling hypertension, hypotension, hyperglycemia, fever,
cerebral edema, and seizures [2]. In treating childhood isch-
emic stroke, the goal is to provide neuroprotective treatment
by maintaining cerebral perfusion and reducing metabolic de-
mands [2]. The treatment of AIS in children varies widely due
to the lack of standard treatment protocols, generally and in
Russia in particular [7]. Some data suggest that unfractionated
heparin (UFH) and low-molecular-weight heparins (LMWHSs) can
be recommended for all children with AIS for one week while
the disease's cause is established [1, 7, 22, 23].

Recanalization therapy

Recanalization therapy involves intravenous or intra-ar-
terial tissue plasminogen activator (tPA) and endovascular
thrombectomy [1, 10]. No RCTs have evaluated the safety and
effectiveness of thrombolysis and/or endovascular treatment
in children [23]. Based on data from adult RCTs, intravenous or
intra-arterial thrombolysis with tPA and mechanical/endovas-
cular thrombectomy may be considered in pediatric patients
under 18 years of age with AIS [24]. The effectiveness of this
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ca (tPA) 1 mexaHMYeCcKoW/3HA0BaCKyAAPHOM TPOMBIKTOMMUM [24]. Db-
(bEeKTUBHOCTb 3TOMO JIeYEHUA NMPAMO MPOMNOPLMOHAIbHA BPEMEHHOW
OTCPOYKE (MMHUMANbHAA 33[iePrKKa — Y4LUMI Pe3ynbTaT), U NeYeHne
[LOMKHO BbITb HAYaTo B ONpPEeAENEHHbIe BPEMEHHbIE MHTEePBabl: 4R
BHYTpMBEHHOrO tPA — 4,5 Yaca, a 419 MexaHU4YecKoi TPOMBIKTOMMM —
6 YacoB OT noABieHWA cumnTomoB AU [25]. Peannsauma pekaHau-
3aLLMOHOM Tepanuu y NeanaTpuYeckmx NaumeHToB A0NKHa OCHOBbI-
BaTbCA Ha MHAMBUAYANbHOM NOAX0Ae (PUCK AaHHOTO BMELATeNbCTBA
MOMKET OKa3aTbCA BbILLE, YEM TepaneBTUYECKas Nonb3a) [26].

Tpomb6onantuueckan tepanus

MHTEHCWMBHAA Tepanua BHYTPUBEHHbIM/BHYTPUAPTEPUANbHBIM
tPA aBnaeTca peBONOLMOHHbIMK B NnedeHnn AUU y B3pocabix, XoTa
OTCYTCTBYIOT YETKME A0Ka3aTeNbCTBa TOTO, YTO 3TOT METOZ MOMHO
npumeHnTb K getam [1, 2, 10]. 5-neTHee NPOCNEKTUBHOE MHOMOLIEH-
TpoBoe PKU «Tpombonusuc npu getckom uHcynbte» (TIPS) HauyaToe
B8 2010 roay nonbiTanoCb onpeaenvTb NOTEHLMANbHbIE KpUTEpPUM
6e30MacHoro npuMmeHeHnsa Tpombonusmca y aetein ¢ AU [1, 27, 28).
WccneposaHue He 6bi10 3aBepLUeHO U3-3a HeJ0CTaToYHOro Habopa
Y4aCTHMKOB U NOC/AeAYIoLLEro NpeKpaLleHns GUHAHCMPOBAHWA, OAHA-
KO MMEeHHO OHO CMOCOBCTBOBANIO CO3aHMI0 NEAUATPUYECKUX CreLy-
anM3NPOBaHHbIX NeauaTpuyeckmx ueHTpos no OHMK n npotokonos
MHTEHCUBHOM Tepanuu AeTCKOro uHcynbTa [8, 19, 27, 28].

B cambix nocnesHUX 3apybexHbIX PYKOBOACTBAX MO JIEYEHUHO
AUN'y peTelt yKasaHo, 4TO BO3MOXKHO NpuMeHeHue tPA y geteit ot 2-x
NeT CO CTOMKMM UHBaNVAM3NPYIOLLMM HEBPOIOTMYECKUM AedrLnTOM
(6ann no negmatpuyeckoii Wwkane nHcynsta NIH 26 Ha MOMEHT Bme-
LIaTesbCTBa), B TeueHue 4,5 4acos Noc/ie NOABAEHNUA NEPBLIX CUMMTO-
MOB W PEHTTeHONOTUYECKN NOATBEPKAEHHON OKKMO3MEN KpPyMHbIX
LiepebpasibHbIX apTepuid, @ TakKe NP OTCYTCTBUM BHYTPUYEPEMHOIO
KposomsnusaHusa [8, 21, 23, 29].

B HacToALlee BpemA pekomeHayeTcA HasHayaTb tPA B3pocabim
B fo3e 0,9 mMr/Kr BHyTpUBEHHO, Npu 3ToM nepsble 10% BBoAasATCA 60-
JOCHO (B TeYeHWe 1 MMHYTbI), @ OCTaBLUIAACA 033 BBOAUTCA B TeUeHMe
1yaca [1]. Y pgeTeit pekomeHayeMas L03MPOBKa NpenapaTa Takas e,
KaK M 418 B3POCAbIX, XOTA B COOTBETCTBUM C U3BECTHBIMM BO3PACTHbI-
MU pasMunammn B GrbpUHONUTUYECKOM cucTeme (y AeTeit Habntoaa-
toTcA 6osee BbICOKME YPOBHU TKAHEBOTO MHIMOUTOPA NIAa3MUHOTEHa,
yem y B3pOCAbIX), 6bI10 Bbl PasyMHO NPEANONOKNUTb, YTO AETAM MO-
ryT 6biTb MoNe3Hbl 6onee BbICOKME A03bl [22]. PasnnyHble uccnenosa-
TeNbCKMe rpynnbl peKoMmeHA0Banu Bapuauum aosmposku tPA ot 0,3
00 1,0 Mr/Kr 6e3 Kakux-11bo afeKBaTHbIX MOATBEPKAEHHBIX AaHHbIX
[4].

Tpomb63KkTOoMMA

Ha AaHHbI MOMEHT HefoCTaTOYHO AO0Ka3aTenbCTB ANA Y&T-
KMX MOKasaHMii MO NPOBEAEHUID MexaHUYecKon TPOMBIKTOMUK y
Zeteit 1 nogpoctkos npu OHMK, xoTa cywecTBytoT 06HaAEKMBatO-
wye pesynbtatbl PKM y B3poC/bIX 418 AONONHUTENbHON MexaHuye-
CKOM TPOMB3IKTOMMUM NO CPABHEHUIO C OAHUM NULLb BHYTPUBEHHbBIM
Tpombonusmcom [1, 8]. UmeroTca TONbKO HeGONbLIME CEPUM CyYa-
€B 3HA0BACKy/NAPHON TpombakToMUM npu AUW y faeTeid, KoTopble
NPOAEMOHCTPMPOBANN YA0BNETBOPUTENbHbIE pe3ynbTaThl [1, 8, 30].
CornacHo KOHCEeHCYCHOMY 3aAB/eHWI0 AMEPVKAHCKOWM KapAuonoru-
yeckoi accoumaumn (2019 rog), sHAOBACKYNAPHYH TPOMBIKTOMMIO
cneflyeT PaccMaTpMBaTbh TONBKO Y fieTel CO CTOVKUM UHBANUAN3NpY-
oLwmm Hesponornyeckum aeduumtom (NIHSS >6 6annos) Ha MOMeHT
BMELLATEeNbCTBA U PEHTTEHONOTUYECKU NMOATBEPKAEHHBIM KPYMHbIM
LepebpanbHbIM NopaxkeHuem (OKKAo3ua apTepun) [1, 17]. HepasHee
UCCNEN0BaHME «CY4aii-KOHTPONbY Y TLLATENIbHO OTODPaHHbIX AeTel
B BO3pacTe OT 2 A0 18 fneT, KOTopbIM ObiNa NPOBEAEHa MEXaHUYEeCKas
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treatment is directly proportional to the time-to-treatment initi-
ation (TTI), with the shortest TTI resulting in the best outcome.
Treatment should be initiated within specific intervals: within
4.5 hours for intravenous tPA and 6 hours for mechanical throm-
bectomy from the onset of AIS symptoms [25]. The decision to
implement recanalization therapy in pediatric patients should
be case-based, considering that the risk of this intervention may
outweigh the therapeutic benefit [26].

Thrombolytic therapy

The use of intravenous or intraarterial tPA in intensive
therapy has been groundbreaking for the treatment of AIS in
adults. However, it is uncertain whether this approach can be
applied to children [1, 2, 10]. The Thrombolysis in Pediatric
Stroke (TIPS) trial is a 5-year, multicenter RCT, which began in
2010, aimed to determine the safety, best dose, and feasibility
of treatment with intravenous (IV) tPA of children who present
with AIS [1, 27, 28]. Unfortunately, the study was not completed
due to insufficient recruitment of participants and subsequent
loss of funding. Nevertheless, it played a role in establishing
specialized pediatric stroke centers and intensive care protocols
for pediatric stroke [8, 19, 27, 28].

The most recent international guidelines for the treatment
of AlS in children suggest that tPA can be used in children from 2
years of age with persistent disabling neurological deficits (e.g.,
Pediatric NIH Stroke Scale score 6 at the time of intervention)
and radiographically confirmed cerebral large artery occlusion,
within 4.5 h of known onset of symptoms, provided there is no
intracranial hemorrhage (8, 21, 23, 29].

The recommended dose of tPA for adults is 0.9 mg/kg in-
travenously, with the first 10% as a bolus (over 1 minute) and
the remaining dose over 1 hour [1]. In children, the recom-
mended dosage of the drug is the same as for adults. However,
considering the known age-related differences in the fibrinolytic
system (children have higher levels of tissue plasminogen inhib-
itor than adults), it may be reasonable to assume that children
may benefit from higher doses [22]. Various research groups
have suggested dosage variations of tPA ranging from 0.3 to 1.0
mg/kg without providing adequate supporting data [4].

Mechanical thrombectomy

Currently, there is limited evidence to support the use of
mechanical thrombectomy in children and adolescents with
stroke. However, there have been positive results from RCTs in
adults using mechanical thrombectomy and intravenous throm-
bolysis [1, 8]. There have been only a few small case series of
endovascular thrombectomy for AIS in children, but these have
shown promising results [1, 8, 30]. In 2019, the American Heart
Association Stroke Council and Council on Cardiovascular and
Stroke Nursing made a statement about managing stroke in in-
fants and children. They suggested that using endovascular and
hyperacute therapies should be limited to children with per-
sistent neurological deficits (a pediatric National Institutes of
Health Stroke Scale (NIHSS) score of >6) and those with radio-
graphically confirmed large vessel occlusions. They also recom-
mended considering these therapies for children with a larger
body size due to the limitations of catheters in small arteries,
as well as concerns about contrast dye and radiation exposure.
[1, 17]. A recent case-control study of carefully selected chil-
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TPOMB3IKTOMMA MO NOBOAY OKKNIO3UM KPYNHOTO COCy/a Nokasasno 3¢-
beKTMBHOCTb AaHHOro meToga [27].

FnioKoKopTUKOCTEPOUADI

LlepebpanbHas apTepuonaTtvMsa — 4actas NpUUMHA WMHCYAbTa Y
[eTel, 1 ero cBA3b C MHEKLMEN ABNAETCA aKTUBHOM 06MacTbio CO-
BPEMEHHbIX UcCnefoBaHUM (3aBepLueHbl 2 KpynHbix PKU) [27]. B Ha-
cToALLEe BpeMA NPOBOAATCA e ABa APYrMX MHOroLeHTpoBbIx PKU,
LieNblo KOTOPbIX ABNSAETCA ONPeAeNneHne TOro, MOXKET M NPUMEHE-
HWE BbICOKMX [03 METWINPEAHWU30M0Ha Y AeTel C 04aroBoi Lepe-
6panbHOI apTepMonaT1en yay4lwmnTb/cTabnuansnposaTb TeYeH1e nm
yMeHbWKTb peumans AUWN (uccneposarne PASTA u uccneposaHve
FOCAS) [31, 32]. Ha aaHHbI MOMeHT 3Tv PKU eLLé He 3aBepLUeHb.

KoppeKuua remogmHammu4yecKnX HapyweHui

Mpy 3HauYUTENbHON apTepUanbHOW TUMEPTOHMU MOMKET Mo-
Tpebosatbca neyeHne nabetanonom (6ontocHan gosa 0,2-1,0 mr/kr;
noasepusatowwan gosa 0,25-3,0 Mr/Kr/4, BHYTPUBEHHO) UM HUKap-
aunuHom (bontocHas fo3a ot 30 MKI/Kr 4o 2 Mr; NoAAepXuBatoLLas
0032 0,5-4 MKr/Kr/MWH, BHYTPUBEHHO) AAA CHUMeHMA ALl Ha 15-25%
B TEYeHMe nepBsbix 24 YacoB UK BbICTpee, NPW YCI0BUM NapanNesb-
HOro Ha3HayeHWa TPoM6oUTMKOB [1]. MpK HanMuMKM apTepuanbHoi
TMNOTEH3UM Ha3HavaeTc MHY3MOHHaA Tepanua U3 pacuéta 20 mn/
Kr/cyT (conesble pactsopbl — 0,9% NaCl), npu otcytcteum sdpdexra —
BA30MpPeCccopHble NpenapaTtbl BHYTPUBEHHO [1]. PacTBOpbI [OKO3bI B
KauecTBe MHPY3MOHHOM Tepanuu He NPUMEHAIOTCA, ecn y pebéHka
HEeT NPosBAEHNUN rvnoraMkemmm [1].

Hosble meToabl B Tepanuu AUU

Oxunpaetca, 4To COBPEMEHHbIE AOCTUMEHWA B HEOHATabHON U
NeamuaTPUYEcKol HeMpoXMpYpru yaydLwaT pesynstatbl nedeHns AUU
[27]. Mpn HeoHaTaAbHOM MHCY/bTE B HACTOALLEE BPEMS MPOBOAAT-
ca PKW, koTopble npegnonaratot 6e3onacHocTb U 060CHOBAHHOCTb
rOPMOHa/IbHOW Tepanuu (CpPeacTsa, CTUMYAMPYHOLLME 3PUTPONO33),
Hanpumep, uccnegosaHne DINOSAUR (£ap6benosTMH npu uwemu-
YECKOM HEOHaTa/IbHOM WHCY/bTE 1A YCUAEHUA PEreHepaLum), nm
MNCCNef0BaHUA PaHHEN Tepanuu CTBONOBbIMM KaeTkamu [33]. [o-
CTUKEHUA B 06/1aCTU HEVPOMOHUTOPKHIA B COYETAHWM C TILATENbHO
pa3paboTaHHbIMK  HabtoAaTeNbHbIMU  UCCAEA0BAHUAMMU  CYLOPOT
nocse HeoHaTaAbHOro M AETCKOr0 MHCYNbTa COBEPLUEHCTBYIOT MeTo-
[bl TPOPUNAKTUKM CYAO0PONKHOTO CMHAPOMA, Bbi3BaHHbIX OHMIK [27].
OsKnAaaeTca nporpecc B 0CTPOM LiepebpasbHOM MOHUTOPUHTE Tpynn
BbICOKOTO PUCKA, TaKMX Kak AeTH, nepeHEcLuMe onepaLmio Ha cepaue
WM 3KCTPaKopropanbHylo MemMbpaHHYyI0 OKCUreHaumto, rae cylue-
CTBYET NOTEHUMAN ANA YMEHbLUEHUA NOBPEXKAEHWA FOI0BHOTO MO3ra
W yNyyLleHus ncxomos [27].

0Oco6eHHOCTU MHTEHCUBHOM Tepanuu MU

Kak v npu AU, y petelt ¢ TU cneayet noaaepneatb HOPMO-
Tepmuio 1 Hopmormkemmio [1, 34, 35]. B PKU ¢ yuacTnem B3poC/ibIx
nauueHToB 6bINI0 NOKA3aHoO, YTO BEPOATHOCTb HEOGAArONpPUATHOTO MC-
X0Zla NaPEHXMMATO3HOTO KPOBOM3INAHMA BO3PACTAET C YBENNYEHWNEM
Temnepatypbl Tena bonee 37,5°C [3]. UHPY3MOHHan Tepanus NpoBo-
[MTCA M30TOHWMYECKUMU pacTBopammu 6e3 fo6aBneHus rioKo3bl, 3a
WCKIHOYEHNEM ClyyaeB runorinkemmin [1, 34, 35]. Heobxoammo n3be-
raTb apTepuanbHO rMNOTOHUM, MOCKONLKY /1A NOAAEPXHaHMA Liepe-
6panbHOro Nepdy3MoHHOro AasneHus y pebéHka HeobxoamMmo Hop-
MasibHOE W/IN axe ymepeHHo nosbiweHHoe Af] [1, 34, 35]. B nepsble
24 yaca nocne maHudectaumm N cyLecTBEHHbIM ABAAETCA KOHTPO/b
33 COCTOAHWMEM NIMKBOPOLMHAMUKM WM OTEKOM TONOBHOTO Mo3ra (3,
34]. Hy*kHO paccMOTPETb BO3MOMKHOCTb MMNepOCMONSPHONM Tepanuu,

dren aged 2 to 18 who underwent mechanical thrombectomy
for large vessel occlusion demonstrated the effectiveness of this
treatment method [27].

Corticosteroid treatment

Cerebral arteriopathy is a prevalent factor contributing to
strokes in children. There is ongoing research exploring its con-
nection to infections, with the completion of two significant
RCTs [27]. At present, two additional multicenter RCTs are be-
ing conducted to investigate the potential effects of high-dose
methylprednisolone on improving, stabilizing, or reducing the
recurrence of AIS in children with focal cerebral arteriopathy.
These trials, named the PASTA and FOCAS trials [31, 32], are still
ongoing, and their outcomes are still pending.

Treatment of hemodynamic instability

For significant hypertension, treatment with labetalol
(bolus: 0.2-1.0 mg/kg/ dose; IV infusion: 0.25-3.0 mg/kg/h) or
nicardipine (direct IV ("bolus") injection: 30 mcg/kg (up to 2 mg)
per dose, IV infusion: 0.5-4 mcg/kg per minute) may be required
to reduce blood pressure by 15-25% within the first 24 hours
or faster, along with the administration of thrombolytics [1]. If
arterial hypotension is present, infusion therapy is administered
at 20 ml/kg/day (using saline solutions — 0.9% NaCl). If there is
no effect, intravenous vasopressor drugs are administered [1].
Glucose solutions are not used for infusion therapy unless the
child has manifestations of hypoglycemia [1].

New methods in the treatment of AIS

Recent advancements in neonatal and pediatric neurosur-
gery are anticipated to improve the treatment outcomes for AIS
[27]. For neonatal stroke, there are currently RCTs indicating the
safety and efficacy of hormonal therapy (erythropoiesis-stimu-
lating agents), such as the DINOSAUR (Darbepoetin in Neona-
tal Ischemic Stroke to Enhance Regeneration) trial or the Early
Stem Cell Therapy trial [33]. Progress in neuromonitoring, along
with well-designed observational studies of seizures after neo-
natal and childhood stroke, are contributing to improved meth-
ods for preventing stroke-related seizures [27]. Furthermore,
advancements are expected in acute cerebral monitoring of
high-risk populations, such as children undergoing cardiac sur-
gery or extracorporeal membrane oxygenation, with the poten-
tial to reduce brain damage and enhance outcomes [27].

Intensive care management of HS

In cases of HS, it is crucial to maintain normal body tem-
perature and blood sugar levels in children, similar to AIS [1,
34, 35]. An RCT conducted on adult patients revealed that the
probability of an unfavorable outcome from brain hemorrhage
increases when the body temperature exceeds 37.5°C [3]. In-
travenous fluid therapy should involve isotonic solutions with-
out glucose, except for cases of hypoglycemia [1, 34, 35]. It is
crucial to avoid arterial hypotension, as maintaining normal or
slightly elevated blood pressure is necessary for proper cerebral
perfusion in children [1, 34, 35]. Monitoring cerebrospinal flu-
id dynamics and cerebral edema is essential within the first 24
hours of HS occurrence [3, 34]. Hyperosmolar therapy, such as
mannitol (1 g/kg IV) or 3% hypertonic saline (2.5-5 ml/kg over
10-15 minutes), should be considered if the child exhibits symp-
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TaKoW Kak MaHHUTON (1 r/Kr BHYTPUBEHHO) UK 3% rMNepTOHWUYECKUi
pacteop (2,5-5 mn/Kr B TeueHne 10-15 MUHYT), ecin y pebéHKa ecTb
cumnTombl nosbiweHnsa BYA [1, 3, 34, 36]. ObecneyeHne aaeKBaTHOM
cefaumm 1 aHanbresun B ycnosuax OAMP MOXKET Momodb M3bexaTb
nosbiweHna BY/, [1, 34, 35]. MprMeHeHMe TOKOKOPTUKOCTEPOUA0B
(TKC) He npoaemoHcTprpoBano adpekTuBHOCTH B PKU, BKAIOYABLUMX
B3pocAbIx naumeHTos ¢ MM [3, 34]. Kpome Toro, npu npumeHexun r’KC
CYLLECTBYET PUCK BO3HUKHOBEHUA rMneprvkemun [3]. NMpu BO3HUK-
HOBEHWM CyAOPOr MX HEOBXOAMMO KynUpoBaTb NPOTUBOCYAOPOKHbI-
MW npenapatamu (Hanpumep, penaHuym 0,2 Mr/Kr, BHYTPUBEHHO) W
n3beratb rMNOKCUM U TUNepKanHumn (okcureHoTepanus) [1, 34, 35].
Mpwv pa3suTK T NPUEM aHTMKOAryNsaHTOB CleayeT NpekpatMTb [1,
34, 35]. B Hambonee TAKENbIX CAy4asnx MOXKET NOTPeboBaTbCA XMPYp-
rMyeckoe BMeLIATeNbCTBO, HAaNpUMep, yaaneHne rematombl UK re-
MUKPaHWIKTOMUSA, @ TaKKe IMBOM3aLLMA UK PE3eKLMA COCYAUCTON
Manbdopmaumm [22].

femuKpaHUaIKTOMMUA

Oetam ¢ T gekomnpeccMBHYHO reMMKPAHUIKTOMUIO BbINO-
HAIOT PefiKo, M JaHHbIX MO 3TOM MaHUNYNALMW B NesuaTpuyecKoi
npakTMKe HemHoro [1, 34]. B uccnegoBaHMax y AeTen U NOAPOCTKOB
reMUKPAHWIKTOMMA NPUBENa K CHUKEHWUIO CMePTHOCTU Ha 8%, oaHa-
KO y 60/bLIOr0 NPOLEHTa NaLMEHTOB HabMOAANNUCH 3HAUUTENbHbIE
HeBpoorMyeckme Hapylenus [1, 34-36).

0co6eHHOCTU MHTEHCUBHOW Tepanuu UHCYNbTa Ha

doHe BTCIM

OcHOBHbIM flevyeHnem BTCIM y peTeit ABAAETCA aHTUKOATYNAHT-
HasA Tepanus, BK/IKOYasA BHYTPUBEHHOEe BBeAeHUe HedpaKLMOHMPO-
BaHHOMO renapuHa, MOAKOXHOEe BBeeHWEe HU3KOMONEKYNAPHOro
renapuHa v nepopanbHbiii BapdapuH [1]. Heckonbko nccnenosaHuii
MOKa3ain HU3KYIO YaCcTOTy KPOBOTEUEHWI Y fieTeid, MOyUatoWmMX aH-
TUKOAryNsAHTbl, U 3HAUMTENbHBIN NPOLEHT Tpombo3a y NaLMeHToB,
KOTOPbIM HE Ha3Ha4anu aHTUKoarynaHTbl [1]. Xvpypruyeckoe Bme-
LIATeNbCTBO U aHTUOMOTUKM MOTYT NOTpeboBaTbCs NPy MacTomauTe u
cpegHem oTuTe, Hanbonee YacTbix MHPEKLMOHHBIX NpuynHax BTCIM
y fetein [22].

OCO06eHHOCTU MHTEHCUMBHOW Tepanuu UHCYNbTa Ha

doHe CKA

ObmeHHOE nepenvBaHWE KPOBM ABASETCA METOAOM Bblbopa
ana naupneHTos ¢ CKA u AUN [1, 22, 37]. Ecam ncxoaHbli remornobuH
naumenTa <100 r/n, MOXHO HauyaTb NPOCTOE NepeanBaHne KPOBU, HO
ypoBeHb remoriobuHa He AomxeH npesbiwatb 110 r/a, utobbl 13be-
KaTb reMOKOHLEHTpaLMm nnm obbémHoi neperpysku [1]. Heobxoau-
Ma HeMHBA3MBHAA OKCUTeHOTepanua YTobbl NOAAEPMKMBATL HaCbILe-
HWe Kucnopogom >95% [22]. 3HaunTenbHbIV Nporpecc npousoLlen B
2016 roay, Korga uccneposanve TWITCH nokasano, uto aetu ¢ CKA,
NONYYaLOLLME EXKEMECAYHbIE NEPENNBAHNA SPUTPOLLMTOB 415 NEPBUY-
HOW NPOPUNAKTUKM MHCYNBTA UMEIN NONOXKUTENbHBIN pe3ynbTar [27].
OpHako nocne nepeHecéHHoro OHMK pekomeHayemas Tepanua ana
NPodUNAKTUKM MHCYNLTA (pEryNspHOe NepenBaHme KPoBK) 4acTo He-
[OCTYMHO AETAM B CTPaHaX C HU3KMM M CPeAHUM YPOBHEM O0X0Aa,
rae npoxusaeT >50% peteii ¢ CKA [27].

3AKNIOYEHUE

Bpaun aHecTe3nonoru-peaHnmMaTosnor, Yacto 3aHuMatoLmecs
MHTEHCUBHOM Tepanuei MHCYbTa Y AEeTEN, LOMKHbBI YYUTbIBATb OTAN-
YuA AaHHOM naTonorum ot B3pocabix: 1) bonee 3HaunTeNbHAA 3TMO-
naToreHeTUYecKas Po/b BHYTPUYEPENHbIX HeaTepPOCKAEPOTUYECKMX
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toms of IICP [1, 3, 34, 36]. Adequate sedation and analgesia
administration in cases of acute intracranial bleeding can help
prevent the increase in ICP [1, 34, 35]. Studies have not shown
the effectiveness of glucocorticosteroids (GCS) in treating adult
patients with HS [3, 340, and their use carries the risk of causing
hyperglycemia [3]. In cases of seizures, it is vital to stop them
with anticonvulsants (e.g., intravenous diazepam 0.2 mg/kg)
and prevent hypoxia and hypercapnia through oxygen therapy
[1, 34, 35]. If HS occurs, anticoagulants should be discontinued
[1, 34, 35]. In severe cases, surgical interventions such as hema-
toma removal, hemicraniectomy, embolization, or resection of a
vascular malformation may be necessary [22].

Hemicraniectomy

Decompressive hemicraniectomy is not commonly carried
out in children with head injuries, and there is limited data on this
procedure in pediatric practice [1, 34]. Studies involving children
and adolescents have shown that hemicraniectomy led to an 8%
decrease in mortality, but a substantial number of patients suf-
fered from considerable neurological impairment [1, 34-36].

Management of CVST

The primary treatment for CVST in children consists of an-
ticoagulant therapy, which includes intravenous unfractionat-
ed heparin, subcutaneous low molecular weight heparin, and
oral warfarin [1]. Several studies have indicated a low rate of
bleeding in children who receive anticoagulants, while patients
not prescribed anticoagulants have shown a significant rate of
thrombosis [1]. Surgery and antibiotics may be necessary for
mastoiditis and otitis media, the most common infectious caus-
es of CVST in children [22].

Management of strokes in SCD

Exchange blood transfusion is recommended for patients
with SCD and AIS [1, 22, 37]. If the patient's initial hemoglobin
is less than 100 g/l, a simple blood transfusion can be started,
but the hemoglobin level should not exceed 110 g/l to prevent
hemoconcentration or volume overload [1]. Non-invasive oxy-
gen therapy is necessary to maintain oxygen saturation above
95% [22]. A study in 2016, known as the TWIiTCH study, showed
positive outcomes for children with SCD who received monthly
red blood cell transfusions for primary stroke prevention [27].
However, after a stroke, the recommended therapy for stroke
prevention (regular blood transfusions) is often unavailable to
children in low- and middle-income countries, where more than
50% of children with SCA reside [27].

CONCLUSION

Intensivists who frequently treat children with intensive
stroke therapy must consider the differences in clinical features
between children and adults. These differences include 1) the
greater significance of non-atherosclerotic arteriopathy, throm-
boembolic complications, congenital heart defects, hematologi-
cal disorders, or coagulopathies in the development of pediatric
stroke; 2) the high frequency of atypical clinical symptoms; and
3) the lack of approved recommendations for thrombolytic and
endovascular treatment.

The findings of this review underscore the need for fur-
ther research and the development of innovative treatments for
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apTepuonaTtuii, TPOMB03IMBONMYECKUX OCNONKHEHWUM, BPOKAEHHbIX
KapAvonaTuii, remaToNorMYecKUX HapyLLEHWI MAK Koarynonatuid; 2)
BbICOKAA YacToTa aTUMUYHbBIX KAMHWUYECKMUX NpossaeHuiA u 3) oTcyT-
CTBUE YTBEPKAEHHBIX PEKOMEHAALIMIA N0 TPOMBONUTUYECKOMY U IH-
[LOBaCKyNAPHOMY NleYeHUH.

PesynbTaThl 3T0r0 0630pa NMOAYEPKMBAIOT BaXKHOCTb NMpoBEAE-
HMA HOBbIX MCCNEA0BAHWUM U Pa3paboTKM MHHOBALLMOHHbBIX METOA0B
NeYeHUA MHCYNbTa Y AeTel. YayulleHne JOCTUMKEHWIA B STOM Hanpas-
NIeHUW UMEeT OrPOMHYI0 KAMHWMYECKYH 3HaYMMOCTb, CO3AaBas Mo-
TEHUMAN ANA YAYYLLEHUA KU3HM aeTei, nepeHécwmnx OHMK, 3a cuér
NOBbILIEHUA TOYHOCTH, 3GEKTUBHOCTU M LOCTYNHOCTM TepanesTuye-
CKMX BMELLATeNbCTB.

pediatric stroke. Progress in this area could significantly impact
clinical practice by enhancing the precision, efficiency, and ac-
cessibility of therapeutic measures, thus potentially improving
the lives of children affected by stroke.
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