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®diHaHcyBaHHsA. PoboTa BMKOHaHa 3a oi-
HaHCYBaHHA B paMKax Aep>kaBHOi nporpamun
3anobiraHHs Ta NiKyBaHHS CepLeBO-CyAUH-
HWUX i CyAMHHO-MO3KOBMX 3axXBOPIOBaHb Ha
2006 — 2010 poku (3aTBeEpAXeHO nocTa-
HoBoto KabiHeTy MiHicTpiB YkpaiHu Big 31
TpasHa 2006 p. N2 761); Micbkoi nporpamun
3anobiraHHs Ta NiKyBaHHS CepLeBO-CyAUH-
HWX Ta CYAMHHO-MO3KOBMWX 3axBOPIOBaHb Ha
2017-2020 pokun (3aTBepaxeHa YyxBasniok
N2 1488 Big 09.02.2017) 3rigHO nnaHy Ha-
YKOBO-A0CNIAHUX PO6IT JIbBIBCbKOrO Hauio-
HaNbHOro0 MEeAMYHOro yHiBepcuTeTy iM. [a-
Huna ManuubKoro B Mexax TeM: «YpaKeHHs
HEepBOBOi CMCTEMM pi3HOro reHesy» (2010-
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AiarHocTuka ta NnikyBaHHSA po3puBIB
uepebpasibHMX apTepiaZlbHUX aHEBPU3M
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Bctyn. [laHa cTatTd NpucBAYeHa BUBYEHHIO aKTyaslbHOro CTaHy
npobnemu nigBuLLeHHs edeKTUBHOCTI NiKyBaHHS XBOPUX i3 po3pu-
BaMW BHYTPIiLLHbOYEPENHUX apTepiasibHUX aHEBPU3M LLUJIIXOM PO3-
pobku 3acobiB KopeKLUii ycknagHeHb, YTOYHEHHS NOKa3iB, TEPMIHIB
i MeToAiB XipypridHOro likyBaHHA Ha NiACTaBi aHanily AWMHaMIKU
KMIHIYHMX, aHFIOMETPUYHMX NepionepauiiHUX NOKa3HMKIB.

MeTta. Bu3HauyeHHA aKTyasibHUX NUTaHb | HANPAMIB AOCIAXEHb
NiKyBaHHS aHEeBPU3MATUYHOI XBOPOOKU roSIOBHOrO0 MO3KY

Metogn pocnig)xeHHs. [lpoBeaeHO aHanis fiTepaTypHUX
[>Xepen 3a ocCTaHHi 15 pokiB i3 3acTocyBaHHAM MeAWYHUX 6a3
MEDLINE, Google scholar, Researchgate, npucssuyeHunx giarHoc-
TUUI Ta NiKyBaHHIO XBOPUX 3 BHYTPIiLLHbOYEPENHUMU apTepiasib-
HUMW aHeBpM3MaMU i ONpaLbOBAHO BfACHI MPOCMEKTUBHI AaHi,
OTpuMaHi npwu nikysaHHi 184 xBopux 3 aHeBpU3MaTUYHUMKN KPO-

2014), 3a N2 gepxpeecTtpauii 0110U002146;
«®akTopu pu3nKy, 0COBAMBOCTI KAiHIYHOT
KapTUHMU Ta HacCniAKW YPaeHHS HepBOBOI
cuctemmn pisHoro reHesy» (2015-2019), 3a
N¢ nepxpeectpauii 0115U000052.

BOBWJIMBaMWN B NMOPOXHUHY 4YeEpEna.

Pe3ynbTaTn. YCKNAAHEHHAMW B XBOPUX i3 pO3pMBaMU BHYTPILL-
HbOYEepenHMX apTepiasbHNUX aHEBPM3M HaMyacTiLle €: aHriocnasm
(37,2%); BHYTPILLHBOMO3KOBI Ta BHYTPILIHbOLAYHOUYKOBI KPOBOBUIMBYK (27,6%); BTOPUHHA iLIEMIs
rOMIOBHOIO MO3KY (22,2%); iHTpaonepauinHi ycknagHeHHs (9,1%); NOBTOPHUI poO3puB aHEBPU3MU
(6,5%). BiporiaHnMn KpuUTEpiSMM NPOrHO3Y HECNPUATANBOro nepebiry nicnsonepauiiHoro nepioay €
nposeAeHHs onepaLii N0 BUK/IIOYEHHIO aHEBPU3MU Y XBOPUX 3 BUCOKUM CTYMEHEM 3a LKasnow Hunt-
Hess (>2,7+0,2) i3a wkanotwo WFNS (>2,1+0,2). B roctpomy nepioai (1-14 goba) nicnsonepadiriHa
NeTanbHICTb NpW TpaHCKpaHianbHMX BTpyYaHHSX (16,2 %) pi3HUTbCS NOPIBHSAHO 3 rpynoto embonisa-
uin (10,2%). IHTpaonepauiiHui LepebpanbHMin aHriocnasm € NPoBiAHUM PaKTOPOM HECMPUST/IMBOrO
nepebiry XipypriuHoro BTpy4aHHs Ta nepebiry 3axXxBOprOBaHHS, 3YMOBIIOKUM 3POCTaHHS NeTaslbHOCTI
npuv MOro po3BuTKY A0 27,8% Ta YHEMOXIMBAIOKOUM YCNilWHY onepadito y 38,8% Bunaakis. Hesanex-
HO BiZ TEpPMIiHiB NpoBeAeHHS onepaLlii, HeCNpUATIMBUM KpuTepieM € goctosipHe (p[0,05) 3mMeHLweH-
HA AiaMeTpy cepeAHbOoi MO3KOBOI apTepii Ha MOMEHT 3aBepLUeHHS ornepauii MopiBHAHO 3 ii MOYaTKOM B
cepeaHboMy Ha 30,1% Ha npoTmBary cnpusaTAMBOMY MNepebiry, KONn CrnocTepira€TbCs HeAOCTOBIpHe
(p>0,2) 3BYy>x€EHHS apTepii B cepeaHboMy Ha 8,4%. PekoMeHAOBaHMMUM € paHHS rocniTanisauis XBo-
puX i3 po3pMBaMM BHYTPILUHbOYEPENHMUX apTepiasibHUX aHEBPU3M, MPOBeAEHHA TpaHCKpaHianbHUX
BTpYy4YaHb B TepMiH 10,5-14,3 ai6, Ta eHAoBacKynsapHUX BTpy4YaHb B nepuy Aoby, LWo A03BOMSE A0~
CArTW HAMKPALLOro KAiHIYHOrO pe3ynsTaTy. [pyn MOXIMBOCTI BUKOHAHHS onepaLii KOXXHUM 3 METOAIB,
peKOMeHA0BaHWM € MpoBeAeHHS eHA0BacKyNsApHUX eMbonizauiii, OCKiNbKN CepeaHin NiKKO-AEeHb €
CTaTUCTUYHO BiporiaHo kopoTwmnM (p<0,01), HiX Nicns NpoBeAeHHSA TPAHCKPaHiasibHUX BTPyYaHb.

BucHoBkM. NMpoTtarom 2008-2018 pokiB Ha 6a3i KHIM «KniHiYHa nikapHs WBWAKOI Mean4Hoi 4onoMoru
M. JIbBOBa» XipypriyHe nikyBaHHSA MpoBeAeHO 3 npusody 789 BHYTPIiWIHbOYEpPENHUX apTepiasibHUX
aHeBpu3M. NicnsonepauiiHa eTanbHICTb 3MeHLwWwmnack 3 29.9% y 2008 poui ao 8,2% y 2018. MNepeBa-
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Diagnosis and treatment of ruptured cerebral
arterial aneurysms (current issues)
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Introduction. The article is dedicated to current issues
of improving outcomes of ruptured intracranial arterial
aneurysms treatment by developing means to manage
complications, refine indicators, terms, and methods of
surgical treatment based on the analysis of the dynamics of
clinical and angiometric perioperative indicators.

Objectives. To determine current issues and research areas
for the treatment of brain aneurysms.

Methods: Literature sources on the diagnosis and treatment
of intracranial arterial aneurysms published in the past
15 years have been analyzed using MEDLINE, Google
Scholar, Researchgate medical databases, as well as our
own prospective data obtained during the treatment of 184
patients with aneurysmal intracranial haemorrhage.
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R_esults. The most common compllcatlons in patients | 5.0 Halytsky Medical University within the
with ruptured intracranial arterial aneurysms include following topics: "Nervous system damage

H o/ ). i P H with different genesis" (2010-2014), under
angiospasm (37.2 /0)6 intracerebral and mtrave_ntnculgr tate registration No. 0110U002146: "Risk
haemorrhages (27.6%); secondary cerebral ischemia factors, peculiarities of the clinical findings,
(22.2%); intraoperative complications (9.1%); repeated | and consequences of the nervous system

damage with different genesis" (2015-2019),

aneurysm rupture (6.5%). Reliable criteria for predicting under the state registration No, 01150000052,

the unfavourable outcome of the surgery are high Hunt-Hess

(> 2.7 £0.2) and WFNS (> 2.1 +£ 0.2) scores in patients at the time of aneurysms exclusion.
During the acute period (1-14 days), postoperative mortality after clipping (16.2%) differs
from the coiling group (10.2%). Intraoperative cerebral angiospasm is a leading factor
contributing to complications following the surgery and leading to an increase in mortality up
to 27.8% while preventing successful surgery in 38.8% of cases. Regardless of the surgery
timing, significant (p<0,05) reduction in the diameter of the middle cerebral artery at the end
of surgery compared to its beginning by an average of 30.1% constitutes an unfavourable
criterion as opposed to a favourable course when there is an unreliable (p>0,2) narrowing of
the artery by an average of 8.4%. Immediate hospitalization, transcranial interventions within
10.5-14.3 days, and endovascular interventions in the first day are strongly recommended
for patients with ruptured intracranial arterial aneurysms. They provide the best clinical
results. If the aneurysm is amenable by each of the methods, endovascular embolization
is preferred, since in this case, the average patient day is statistically significantly shorter
(p <0,01) than after transcranial clipping.

Conclusion. During 2008-2018, 789 intracranial arterial aneurysms were treated surgically
in the Municipal Non-Profit Enterprise "Lviv Clinical Emergency Care Hospital". Postoperative
mortality decreased from 29.9% in 2008 to 8.2% in 2018. Advantages of endovascular
treatment in the early stages of haemorrhage and higher radicality of aneurysm exclusion
using the microsurgical method have received theoretical justification and clinical
confirmation. Provided literature, clinical, and instrumental data expand the understanding
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M eHAO0BACKY/ISPHOro SlikyBaHHA B paHHi TEPMiIHM KPOBOBUIMBY Ta BULLA paanKasibHICTb BUK/TOYEH-
HS @HEeBpPM3M MIKPOXipypriyHMM MeTOA0M OTPpUManu TeopeTUHHe OBbrpyHTYyBaHHS Ta KiiHiYHe niaTeep-
[)KeHHSA. HaBefeHi nitepaTypHi, KNiHiYHI Ta iIHCTpyMeHTasbHi AaHi po3LMPIOI0TbL PO3YMiHHSA naTtoreHesy
yCKNaAHEHb Mpu po3pmBax BHYTPILLHbOYEPENHMX apTepiasibHUX aHEBPU3M Ta PO3KPMBAKOTb iX Npo-
FHOCTUYHY 3HA4yLWiCTb. Bubip onTMManbHOro TepMiHy i MeToay onepadii € AiEeBUMM 3acobaMmn 3HMKEH-
HS1 piBHS nicnsonepauiiHoi NeTasnbHOCTI NPU aHEBPU3MATUYHUX BHYTPILLHbOYEPENHUX KPOBOBUINBAX.

Hamn po3pobneHunii i BnpoBazXeHW i HOBMUIM CNOCI6 BCTAHOBNEHHS CTYNEHS TSXXKOCTI iHTpaonepauin-
HOro aHriocnasMy Ta onNnTUMI30BaHWI NiA6ip NnapameTpiB cnipanen Ansa 6e3neyHoi i edekTMBHOI eM60-
nizauii uepebpanbHUX aHEBPU3M.

Knro4oBi csioBa: BHyTpilLHbOYEpErnHa apTepiasibHa aHeBpu3Ma, cybapaxHoiganbHUI KpOBOBUNB,
yCKnagHeHu nepebir, XipypriuyHe nikyBaHHS.

3rigHo 3 odiuirHoto cratuctukoro MO3 YkpaiHu, YcknagHeHHsaMm pospusie AA [10] y 60.7%
LLLOPOKY B YKpaiHi Bigbysaetbcs Big 100 o 120 € aHriocnasm (37.2%); BHYTPiLIHbOMO3KO-
TUC. HOBUX BUMAAKIB iHCYNbTY. Maike TpeTuHa Bi Ta BHYTPIWHbOLWIYHOYKOBI KPOBOBW/IVUBH
XBOpUX — Le Noan npauesgartHoro Biky [1, 2]. (27.6%); BTOpWHHA iWeMis ros0OBHOro MO3-
YHiBepcanbHMM MNPOSIBOM pO3puBY apTepianbHoi Ky (22.2%); iHTpaonepauiinHi ycknagHeH-
aHeBpu3Mu (AA) € cybapaxHoiganbHUi KpOBOBU- HA (9.1%); NOBTOPHWMI pO3PUB aAHEBPU3MU
nuB (CAK), BHacnigoK sIKOro po3BUBAETLCS Liepe- (6.5%); cybaypanbHa rematoma (2.1%).
6panbHMin Ba30CnasMm, SKNMin CNPUYNHSIE BTOPUHHE

iLleMiyHe yLIKOAXKEHHS rofIoBHOro Mo3ky [3, 4, 5, ®opMyBaHHA TUX 4YKU [HWUX YCKIALHEHb He
6]. CMepTHICTb Npu LepebpoBacKyNspHin XBOPO- 060B’A3KOBO HAMpsMy KOPENE 3 TAXKICTIO
6i BHacnigok cybapaxHoiganbHOro KpoBOBUNBY CTaHy Ta pe3ynbTaToM NikyBaHHA. [lpopus
(CAK) ctaHoBUTb 2.8 Ha 100 TKC. HaceneHHs [1]. KpOBi B LWIYHOUYKOBY CUCTEMY MO3KYy pJane-
[ns [OCArHEHHS MNO3UTUMBHUX 3MiH Yy Uil enigemi- KO He 3aBXAW NpUBOAMB [0 BAXKOro CTaHy,
0noriyHin cutyauii B 2006 p. B KpaiHi NpUAHSANN i NMpU BHYTPILWHbO-LUAYHOUYKOBUA KPOBOBU/INB
OepxaBHy lMporpamy «3anobiraHHs i NiKyBaHHS (BLLUK) 3HauyHa yaCTMHa XBOPMX Mana Apyrum
CepueBO-CYAMHHUX | LepebpoBacKynsapHUX 3a- CTYNiHb BAXKOCTi 3a wkanot Hunt-Hess [10].

XBOpoBaHb Ha 2006-2010 pp.». [0/10BHe 3aBAaH-
HA nporpamMu — CTBOPUTU BUCOKOTEXHOJOTMYHY TsxKicTb KNiHiYHMX npossiB CAK Bu3Haua-

[0rMoMory XBOpuM 3 CepueBO-CYyAUHHUMU Ta Cy- €TbCA 3a wkanotw laHTa-Fecca (Hunt&Hess,
ONHHO-MO3KOBUMW 3aXBOPIOBAHHAMM. 1968) abo mMWFNS (modified World Federation
of Neurosurgical societies score, 2016) [12]
YacTtoTa BMHUKHeHHA CAK cTtaHoBUTb Big 5.2 A0 (am.. Tabn.1).
19.4 Ha 100000 HaceneHHs 3a pik [7]. B YkpaiHi
KiNbKICTb XBOpUX, SKi NOTPebyloTb HEMpOXipyp- B ocTaHHi poKkM 3HauyHa yBara B naToreHesi
rivHoro nikyBaHHsa 3 npusogy CAK, ctaHoBUTb uepebpanbHOro iHCYNbTy HagaeTbCcsa naTobi-
noHaa 5 tuc. oci6 Ha pik. Mpn remopariyuHoMy OXiMiYHMM 3MiHaM, dKi BiAirpatoTb NPOBIAHY
iHCYbTi, CNIPUYNHEHOMY CYAUHHUMU aHOManis- posib y npouecax paHHbOro Ta BiATEpPMiHO-
MW FOSIOBHOIO MO3KY, Halie(eKTUBHILLUM MeTOo- BAHOM0 YLWKOAXXEHHA MO3KOBOI TKAHUHMU.
[OM NiKYBaHHSA € paHHE paguKanbHe BUKIHOYEH- barato pgocnigxeHb [13, 14] csigyaTb npo
HS iX 3 KPOBOMAWHY BIiAKPUTMM AOCTYnoMm abo BM3HaYasbHUN BNAMB NOpyLlIeHb Takux 6io-
eHA0BacKynapHMM meTtoaom [8, 9, 10]. XiMIYHMX npoueciB: MepekncHe OKUCHEHHS
6inkiB i ninigie, metaboniam apriHiHy Ta Hi-
Y XBOpUX 3 po3puBaMW aHEBpPWU3M CyAMH rO- TpOKCMAY, CUHTE3 UUTOKIHIB, roctpodaso-
NOBHOMO MO3KY Ba30Crna3M YCKNaAHKE nepebir BUX 6iNKiB, rOPMOHIB, aKTMBHICTb HaraTbox
remMopariyHoro iHcynbTy B 35.7% BuNaakKis, cy- depmMeHTIiB Ha nepebir 3axBOPHOBAHHSA MNpwu
NPOBOAXYHOUYUCH iLUEMIYHUM YPaXKEHHAM MO3KY iHCYNbTi Ta Yy NiACYMKY Ha OPMyBaHHS CTin-
B 53.5% XxBOpMX, WO 3a 4YacTOTOK MNepeBaxae KOro BTOPMHHOIO HEBPONOriYHOro AediunTy.
TaKe rpisHe ycknafHeHHS po3ipBaHOl aHeBpu3- OTox, naTtobioxiMiyHa cknagoBa naToreHesy
MW, SIK MOBTOPHMNA Ti po3pmB — 17.5% [11]. yCknagHeHoro nepebiry po3puBy aHeBpu3M
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of the pathogenesis of complications in cases of ruptured intracranial arterial aneurysms and
show their predictive value. The choice of the optimal surgery term and method constitutes
an effective means to reduce the level of postoperative mortality in case of aneurysmal
intracranial haemorrhages.

We have developed and implemented a new method for determining intraoperative angiospasm
severity, and optimized a choice of coil parameters for safe and effective cerebral aneurysms
embolization.

Keywords: intracranial arterial aneurysm, subarachnoid haemorrhage, complications,
surgical treatment.

According to official statistics of the Ministry intracerebral and intraventricular haemorrhage
of Health of Ukraine, every year, 100 to 120 (27.6%); secondary cerebral ischemia
thousand new stroke cases occur. Almost one- (22.2%); intraoperative complications
third of patients are working-age people [1, (9.1%); repeated aneurysm rupture (6.5%);

2]. Subarachnoid haemorrhage (SAH), which subdural hematoma (2.1%).

results in the cerebral vasospasm causing

secondary ischemic brain damageis a universal The appearance of certain complications
manifestation of the ruptured arterial aneurysm does not necessarily correlate directly with
[3, 4,5, 6]. In case of cerebrovascular disease, the severity of the condition and treatment
the rate of mortality from the subarachnoid outcome. Thus, blood breakthrough into the
haemorrhage (SAH) constitutes 2.8 per 1.000 brain ventricular system did not always lead
people [1]. To achieve positive changes in to a severe condition, while most patients
this epidemiological situation in Ukraine, a with IVH had a II severity degree based on
State Program “Preventing and Management the Hunt-Hess scale [10].

of Cardiovascular and Cerebrovascular

Diseases in 2006-2010" was adopted in 2006. The severity of SAH clinical implications is
One of its main tasks is to provide high- determined using the Hunt&Hess (1968)

tech aid to patients with cardiovascular and scale or mWFNS (modified World Federation
cerebrovascular diseases. of Neurosurgical societies score, 2016) [12] -
see Table 1.

SAH incidence constitutes 5.2 to 19.4 per
100.000 population a year [7]. In Ukraine, over In recent years, considerable attention in
5 thousand patients a year require neurosurgical cerebral stroke pathogenesis is given to
treatment as a result of SAH. In case of pathologic biochemical changes that play
haemorrhagic stroke caused by brain vascular a leading role in the processes of early and
malformations, their early radical exclusion delayed brain tissue damage. A number of
from the bloodstream using the open-access studies [13, 14] indicate the decisive influence
or endovascular technique constitutes the most of such biochemical process disorders, as
effective treatment method [8, 9, 10]. peroxidation of proteins and lipids, arginine
and nitroxide metabolism, synthesis of
In patients with ruptured cerebral aneurysms, cytokines, acute phase proteins, hormones,
vasospasm aggravates the haemorrhagic and the activity of a number of enzymes on
stroke in 35.7% of cases with 53.5% of the course of the disease in case of stroke
patients having the ischemic brain damage, and, consequently, on the formation of a
which is even more frequent than such a resistant secondary neurologic impairment.
severe complication of the ruptured aneurysm Thus, the pathologic biochemical component
as its repeated rupture, which happens in of the pathogenesis of complicated ruptured
17.5% of cases [11]. cerebral aneurysm is still under research.

In 60.7% of cases, complications of AA It has been established [15] that SAH
ruptures [10] include angiospasm (37.2%); causes micro-arteriole narrowing and micro-
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Tabanys 1
LWWkana Hunt-Hess i mMWFNS
CTyniHb Hunt-Hess mWFNS
I BiacyTHicTb cumnToMiB abo 3aranbHO-MO3K0Bi cumntTomu (6inb | 15 6anis 3a wkanow KoM Nasro
rosioBu, HyaoTta, 6nBaHHSA).
MomipHi abo Tsxxki cumnToMuK: 6inb ronoBu, purigHictb M'a3iB | 14 6anis 3a wWkKanow KoM [nasro
II noTununui. BiacyTHICTb BOrHULWEBOIrO HEBPOOriYHOIro AediunTy
(kpiM nopyLlweHHs dyHKUIT YepenHnx HeEpPBIB).
111 COHNUBICTb, ornyleHHsl, abo Nerkmin BOrHULWEeBMn aediumnT. 13 6aniB 3a wWkKanow KoM [nasro
v Conop, noMipHuin abo rnmbokunin reminapes, paHHsa geuepebpa-| 7-12 6anis 3a Wwkanow KoM nasro
Lisi, BEereTaTUBHi NOPYLUEHHS.
Y Fmnboka koma, aeuepebpauiiHa purigHicTb, TepMiHanbHWUI CTaH. | 3-6 6aniB 3a WKanow KoM [nasro

CYAWH rONoOBHOIo Mo3Ky nepebyBae Ha cTaaii
LOCNIAXEHb.

JocnigxeHo [15], wo CAK BUKNMKAE 3BYXXEHHS
MikpoapTepion i MikpoTpoM6031 B yMOBaX in Vivo.
Lli 3MiHW MOXYTb MOACHUTU PAHHE 3HUXKEHHSA
MO3KOBOro KpoBorsimHy nicnisg CAK, HesanexHe
BiA piBHS UepebpanbHOro nepdysinHoOro TUCKY
(LMAT), i omxe, MOXYTb CNyryBaTi HOBUMMU Mille-
HAMW ANS NiKyBaHHS paHHIX nposiBiB Aediunty
nepdyaii nicna CAK [15]. He3po3ymMino, um Bubip
METOAUKMU NiKyBaHHA ANa po3ipBaHOl aHEBPU3MHU
(MiKpOXipypriYHUMA YU eHAO0BACKYSAPHUIA) BNAU-
BA€E HA PU3MK PO3BUTKY CMasMy CyAMH, Xoya He-
[ABHE peTpoCrneKTMBHE AocnimaxeHHsa [16] npo-
OEMOHCTPYBano, WO MIKpOXipypriyHuin MeTton,
MOX/IMBO, acoLii0BaHUI 3i 36inblUeHUM pu3un-
KOM chna3My CyAWH, i CroCTepiraeTbCa 4acTile
BUHWKHEHHS BiATEPMIHOBAHMX BOrHULL, iHDapKTy
Mo3Ky. Lli 4aHi 3ymoBman aesike obroBopeHHs Ta
nebatm B nitepaTypi, i BU3HaNU, WO B ManbyT-
HbOMY MOTPI6HI gocnigxeHHs [17, 18], wob nig-
TBEPANTUN ab0 BUKITIOUUTU Lie TBEPOXKEHHS.

HeBwupiweHi cborogHi nutaHHsa. OTxe, Bigo-
Ma 4acToTa BMHUKHEHHS YCK/1aAHEHb pO3puBiB
LepebpanbHMX aHEBPM3M, NpoTe 3acobiB edek-
TUBHOI NPodiNaKTUKM Ta iXHbOrO NiKyBaHHSA He
ICHYE. 3anuwaeTbCca HeaoCTaTHbO BUBYEHOK
NPOrHOCTUYHA POnb MaTobiOXiMIYHUX YMHHUKKIB
Ta ixHin BNMB Ha BMGIp Yacy Ta MeToady one-
pauii. 3okpeMa, SKWO O6rPpyHTYBaHHIO 4acy i
TEXHIKM onepauii MiKpoXipypriyHMM MeToAO0M
npucesveHo 6arato npaup [4, 10], TO He 3Ha-
XOAMMO B niTepaTtypi, NOMpwn BU3SHAHHS NiNWUMmn
pe3ynibTaTV eHA0BACKYNAPHOro JiKyBaHHA L€l
rpynu XBOpWX, TEOPETUYHOro Ob6rpyHTYBaHHS
nepesar UbOro MeTOAYy. 3anuaroTbCsa Heao-
CTaTHbO BWBYEHMMMU 3MiHW i pOJib Y PO3BUTKY
ycknagHeHb CAK 6aratbOX UYMHHWKIB, SKi MO-
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XyTb 6yTW BUKOPUCTaHI B AiarHOCTuLi, NiKyBaH-
Hi Ta NPOrHO3yBaHHi Nepebiry 3axBOpHOBaHHS.

3arasibHa XapaKTepucTuKa BHYTPIillHbO-
yepenHux apTtepiaZlbHUX aHEeBPU3M, iXHSA
KniHiYyHA, IiHCTpyMeHTanbHa pAiarHoCcTu-
Ka, yCKJlaAHEeHHsl, nikyBaHHA. HaasBHi ao-
CNiAXEHHA  MPOAEMOHCTpYBanu NiABULEHHS
BHYTpilWWHbOYepenHoro Tucky (BTY) (nig uac
BUMIpPIOBAHHA B LWAYHOYKax) yepe3 Kinbka Aai6
nicna CAKy He3anexHo Bi4 KiSIbKOCTi KpOBI,
WO BuAMNachk. Xo4ya nos’asaHe 34ebinblioro 3
MOraHMM KJiHIYHMM CTaHOM, nigBuwWeHHS BYT
cnocTepiranocb y 50-90% nauieHTiB i 3 4O06pnM
KNiHIYHMM CTaHOM, ane CynpoBOAXYBasnoCh Mo-
raHWM KNiHIYHUM pe3ynbTaToM NiKkyBaHHSA [19].
BupaxkeHnin aHriorpadiyHuii Ba3ocnasM, $K
3'ICOBaHO, YacCTo NOEAHYBABCH 3 BUCOKMM BYT,
npoTe 3B'A30K i3 pO3BMTKOM BiATEPMIHOBAHOIO
HeBponoriyHoro Aediunty He 6yB AoBeAeHUM
[20]. NonepeaHbO MNpoBeAeHi MOPIBHAHHS 3a
OZHOYACHOro BWUMIiptOBaHHA noMbanbHOro Ta
BEHTPUKYNSPHOro TUCKY BUSABMUAK, WO obuasa
BUMIipM 4iTKO BigobparkatoTb 0oaMH ogHoro [21].

HanuvacTiwe TpannseTbCcsa napeHXxiMaTo3HO-BEH-
TPUKYNsipHUiA KpoBoBunuB (64.5%), cybapaxHo-
iAanbHO-NapeHXiMaToO3HO-BEHTPUKYNSPHUNA | Cy-
6apaxHoifanbHO-BEHTPUKYASIPHUI KPOBOBU/IMBU
€, BignosigHo, y 16.7 i 15.9% Bunazakis, a BeH-
TPUKYNSpHUIA KPOBOBUAMB — B 2.9% BMMaaKis
[22]. To6To B 32.6% BMNaAKiB BEHTPUKYNSPHUI
KpOBOBW/IMB MOEAHYBABCA 3 cybapaxHoiganb-
HWUM KOMMOHEHTOM. 3anpornoHoBaHa kKnacudi-
KaLis TSXKKOCTI BEHTPUKYNSAPHOrO KPOBOBUJINBY
Ha napuianbHy remartouedanito, ToTanbHy rema-
Touedanito i AOMILKY KPOBi Yy CIMHHO-MO3KOBIl
piavHi [22, 23]. Y 15.9% xBopwux i3 pi3HMMK Ba-
piaHTaMn BEHTPUKYJIAPHOrO0 KPOBOBW/IMBY PO3-
BMBasiaCb OKJIt03isl NIKBOPHUX WNaxis [22].
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Table 1
Hunt-Hess and mMWFNS Scale
Grades Hunt-Hess mWFNS
I Asymptomatic or cerebral symptoms (headache, nausea, GSC 15
vomiting)
Moderate to severe symptoms: headache, nuchal rigidity. No GSC 14
II : . .
neurological deficit (other than cranial nerve palsy).
I1I Drowsiness, confusion, mild focal neurological deficit GSC 13
v Stupor, moderateto severe hemiparesis, early decerebration, GSC 7-12
vegetative disorders.
\Y Deep coma, decerebrate posturing, moribund appearance. GSC 3-6
thrombosis in vivo. These changes may and instrumental diagnostics,
explain the early decrease in cerebral blood complications, treatment. Available
flow after the SAH, which is independent of studies have demonstrated an increased

the level of cerebral perfusion pressure (CPP)
and, therefore, may serve as new targets
during the treatment of early manifestations
of perfusion deficiency after the SAH [15].
It is currently unclear whether the choice of
ruptured aneurysm treatment (microsurgical
or endovascular) affects the risk of
vasospasm, although a recent retrospective
study [16] has shown that microsurgery
may be associated with an increased risk of
vasospasm and more frequent occurrence of
the delayed cerebral infarction foci. These
findings have sparked discussions and debate
in the literature, and the need for future
research is recognized [17, 18] to confirm or
exclude this claim.

Currently unresolved issues. Thus, the
incidence of ruptured aneurysm complications
is known, yet there is no effective prevention
and treatment means as of now. The predicted
role of pathologic biochemical factors and
their influence on the choice of surgery time
and method is still studied insufficiently.
While there are several papers dedicated to
the justification of the microsurgery time and
technique [4, 10], its theoretical justification
is missing in the literature, even though
results of endovascular treatment of this
patient group are recognized to be better.
To date, changes and the role of numerous
factors, which can be used to diagnose,
treat, and predict the disease course, in the
development of SAH complications, are still
studied insufficiently.

General characteristics of intracranial
arterial aneurysms, their clinical
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ICP (measured in the ventricles) a few days
after the SAH, regardless of the amount
of blood spilt. Although mainly associated
with a poor clinical condition, increased
intracranial pressure (ICP) was observed
in 50-90% of patients in a good clinical
condition but was accompanied by poor
clinical treatment outcome [19]. As shown,
pronounced angiographic vasospasm was
often combined with high ICP, however, there
is no proof of its relation to the development
of delayed neurologic impairment [20].
Preliminary comparisons with simultaneous
measurement of lumbar and ventricular
pressure showed that both values were
clearly interrelated [21].

Parenchymal-and-ventricular (64.5%),
subarachnoid-parenchymal-ventricular,
and subarachnoid-ventricular haemorrhage
types were found to be the most common,
the latter occurring in 16.7 and 15.9% of

cases respectively, whereas ventricular
haemorrhage was observed in 2.9% of
cases [22]. That is, in 32.6% of cases,

ventricular haemorrhage was combined with a
subarachnoid component. The classification of
ventricular haemorrhage severity into partial
hematocephaly, total hematocephaly, and
blood admixture in the cerebrospinal fluid is
proposed [22, 23]. 15.9% of patients with
different ventricular haemorrhage varieties
developed the obstruction to pathways of CSF
circulation [22].

Acute hydrocephalus (ventricular hypertrophy
during the first 72 hours) develops in 20-30%
of patients with SAH and is more common in
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Puc. 1. Komn'toTepHi TOMOrpamMm 3anexHo Big CTyrneHs 3a wkanoto Fisher:
a) 1 cTyniHb; 6) 2 cTyniHb; B) 3 CTyNiHb; ') 4 CTynNiHb
Tabanys 2
LWkana KT o3Hak CAK 3a Fisher
KT cTyniHb O3Hakn CAK
1 Hemae

Ondy3sHnii, HesHa4yHU KpoBOBMAMB (<1 MM TOBLUMHOIO)

2
3 JlokanizoBaHi 3ropTku, Wap Kposi >1 MM TOBLUMHOK B NiANABYTUHHUX LMCTEPHAX abo wWinnHax
4 BHYTPiLWHLOMO3KOBUI @60 BHYTPILUHbOLLYHOYKOBMN KPOBOBWU/INB

FocTtpa riapouedania (36iNblUEHHSA LWNYHOYKIB
NpOTAroM neplmx 72 roguH) po3BUBAETLCS Y
20-30% nauienTiB 3 CAK i yacTiwe 6yBa€ B ocib
3 BMCOKMM CTyneHeMm 3a wkasnow Hunt-Hess
(mWFNS) i Fisher [24] (auB. Tabn. 2, puc. 1).

KniHiyHe 3HauyeHHA rocTpoi BEHTpUKYy/ioOMera-
nii nicna CAK HeogHo3HauHe, 60 y 6inbLOCTI
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NauieHTIB BOHa MpOTiKae 6€3CMMNTOMHO, iXHil
CTaH He noripwyeTtbcs. Mpami 06’eMHi BUMipto-
BAHHSA LUTYHOUKIB 3 BUKOPUCTAHHAM MALUMHHUX
obuncneHb He AOCTYNHi B 6iNbLLOCTI MeANYHUX
LueHTpiB [25]. ToMy Ba)IMBO LWIYyKaTM A40AATKO-
Bi KpUTEpIi NPOrHo3y po3BUTKY BEHTPUKYIO0AN-
nartauii (B), rigpouedanii Ta iXxHbOro BNAMBY
Ha nepebir 3axBoptoBaHHS (puc. 2).
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Fig. 1. Computer tomography scans depending on the degree according to Fisher scale:
a) 1st degree b) 2" degree c) 3™ degree, d) 4™ degree
Table 2
SAH Grading: Fisher CT Scale
CT grade SAH symptoms
1 No
2 Diffusive deposition of thin layer, minor hemorrhage (<1 mm thick)
3 Localized clots, blood layer >1 mm thick in subarachnoid cisterns or space
4 Intracerebral or intraventricular hemorrhage

high degree individuals based on the Hunt-
Hess (MWFNS) and Fisher [24] scale - Table
2, Fig. 1.

The clinical significance of acute ventricu-
lomegaly after the SAH is ambiguous, since
it is asymptomatic in most patients, and
their condition does not get worse. In most
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medical facilities, direct ventricle volumet-
ric measurements using machine calcu-
lations are unavailable [25]. Therefore, it
is important to look for additional criteria
to predict ventricular dilation (VD), hydro-
cephaly, and their impact on the disease
course (Fig. 2).
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Puc. 2. Komn'toTepHi TOMOrpamMun y HopMmi Ta npwu rigpouedanii BHacnigok CAK:
a) HopManbHWUIA PO3Mip WyHOUKiB (CTpinka); 6) riapouedanis (cTpinka)

Mpobnema iHTpaonepauinHUX YCKNagHEHb Y
TpaHCKpaHianbHin xipyprii BHyTpilWHbO4Yepen-
HMX AA 3a5MLWLIAETLCA aKTyasibHOK, He3BaXa-
I0UM Ha AOCSArHEeHHS Cy4acHOi Henpoxipyprii,
BMKOPUCTAHHA  OnepauinHoro  Mikpockona,
MIKpOXipypriiHOro iHCTpyMeHTapito Ta Mi-
KpOXipypridyHoi  TexHiku. IHTpaonepauiliHi
YCKNaAHEHHA BUABNEHO Yy 27.7% XxBopux i3
aHeBpu3MaMn guUcCTanbHUX Bigainis nepeaHbol
mMo3koBoi apTtepii (MMA) [26]. [NpuynHamu
ATPOreHHUX eMbonivYHnX yCKnagHeHb Harvac-
Tiwe € noBiTpsaHa embonis, ¢pparMeHTn arte-
POCKIEPOTUYHNX BNSAWOK, TPOMOOTUUHI Macu
[27]. IHTpaonepauiiiHa embonia cyauH ro-
NIOBHOIO MO3KYy — L& OAHEe 3 HaNCepmo3HilunXx
yCcKiagHeHb nig 4ac BMKOHAHHA €HAO0BAcCKy-
NAPHUX onepalin, sike 4acTto NpuMBOAUTbL A0
iHBanigmsauii nauienTis. BigoMo 3 nitepatypu,
L0 eHAOBaCKyNsapHa embonizauisa mMilwkonoaib-
HUX aHeBpPM3M CYAMH rOSIOBHOIMO MO3KY B O-
CTpUIA Nepiof 4acTto CynpoOBOAXKYETbCHA iHTpa-
Ta nicnsonepauifHMMK ycKknagHeHHsMn [28],
SKi 3HAYHO NiABULLYIOTb PiBEHb NETaNbHOCTI 1
iHBaniansauii nauieHTiB [29]. BiporiaHi kpute-
pii NporHo3y HecnpuaTAueoro nepebiry nicnsa-
onepauiriHoro nepiogy — nposBeaeHHs onepauii
3 BUKJ/TIOYEHHSA @HEBPU3MU Y XBOPUX 3 BUCOKUM
cTyneHem 3a wkanotw Hunt-Hess (>2.7+0.2)
i 3a wkanotw WFNS (>2.1+0.2). B roctpomy
nepioai (1-14 pob6a) nicnsonepadiliHa netanb-
HICTb  NpW TpaHCKpaHialbHUX BTPYYaHHSAX
(16.2 %) BiApPI3HAETLCA MOPIBHAHO 3 rpyrnoto
embonizauir (10.2%) [30]. 3HaHHSA NPUYMH i
XapaKTepy UMX YCKIaAHeHb AO0rMoMara€ Hem-
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poXxipypry npoBOAUTW aKTUBHY NpodinakTuky
n edekTMBHO 3 HUMKU BopoTumcsa [31].

3rigHo 3 gaHuMK nitepatypu, y 22% XBOpux i3
CAK y pasi npoBeaeHHs eHA0BaCKyspHUX eMbo-
ni3auin 3adikcoBaHO pO3BUTOK iHTpaonepauiiHo-
ro Basocnasmy [32]. YacroTta iHTpaonepauinHoro
Ba30oCnasMy Yy NaLi€HTIB, AKMM MNPOBOAATb JliKy-
BaHHA 3 MpuBoAdy PO3ipBaHWX aHeBpPWU3M, HeLo-
OLHIOETBbCS. [MpUUYMHM iHTpaonepauinHOro Bas3o-
CrasMy 3anMLaKTbCs OCTaTOYHO HE3'COBaHMMN,
npoTe BUABMIEHO TiCHY KOpensuilo MiX iHTpaone-
pauiiHMM i BiATEpMiHOBaHUM Ba3ocra3MaMum Ta
BTOPVMHHMM HEBPOJOrivYHUM aediumtom [32].

TpomboemboniuHi noaii Npu BTpyYaHHAX 3 Npu-
BOAY CyAMHHOI naTosiorii rofIoBHOrO MO3KY
3Ha4yHO MOripWyOTb pe3ysibTaTh NikKyBaHH4A. J.
Siironen Ta cniBaBTOpKM 3a3HavatoTb [33], wWo
B 53 xBopux, B akux nicna CAK npoTtdarom 3-x
MiCALiB CNOCTEPEXEHHSA HE BUABAANNCL BOMHU-
Wwa iweMii Ha KT, noraHi pe3ynbTatn NiKyBaHHSA
BiaMiyeHo B 4 (8%) Bunagkax. Y 52 nauieH-
TiB, Ae nicnsg CAK BigMiyeHi HOBi rinoaeHCUBHI
BOrHMLL@ B MepLlmnin micna onepauii geHb, 23
nauieHTn (44%) manu noraHi pesynbTat ni-
KyBaHHA. B pewty 51 XBOporo, B AKX BOMHU-
Wwa iweMii BuaABNeHi ni3Hiwe, Hix 1 goba nicns
onepauii, noraHuii pesynbTaT NiKyBaHHSA CMo-
ctepiraBscs B 10 Bunaakax (20%). Tox Biamive-
HO, LLO paHHSA MNOoABa iWeMiYHMX BOrHULL Micns
HEeMNpOBaCKyNsApHMUX oOnepauin € He3anexHum
KPUTEPIEM MPOrHO3Yy HECNPUATIMBOIO pe3y/sib-
TaTy nikyBaHHsa CAK [33]. YacToTa iweMivyHnx
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Fig. 2. Computer tomography scans in health and in hydrocephalus due to the SAH:
a) normal size of the ventricles (arrow); b) hydrocephalus (arrow)

The issue of intraoperative complications
in transcranial surgery of intracranial AA
remains relevant, despite the achievements
of modern neurosurgery, the use of an
operating microscope, microsurgical
instruments, and microsurgical equipment.
Intraoperative complications were detected
in 27.7% of patients with aneurysms in distal
segments of the anterior cerebral artery
(ACA) [26]. Iatrogenic embolic complications
are predominantly caused by air embolism,
atherosclerotic plaque fragments, and
thrombotic masses [27]. Intraoperative
cerebral arterial embolism is one of the most
serious complications developing during
endovascular surgeries, which often leads
to patient disability. The literature shows
that endovascular embolization of sacciform
cerebral vascular aneurysms during the
acute period is often accompanied by intra-
and postoperative complications [28],
which increase the level of patient mortality
and disability significantly [29]. Reliable
criteria to predict the adverse course of the
postoperative period include surgery in the
high degree patients based on the Hunt-Hess
(>2.7%£0.2) and on WFNS scales (>2.1+0.2).
During the acute period (1-14 days),
postoperative mortality in case of transcranial
procedures (16.2 %) differs compared to the
embolization group (10.2%) [30]. Knowing
the causes and nature of such complications,
the neurosurgeon can pro-actively prevent
and effectively fight them [31].
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Based on literature data, intraoperative
vasospasm was recorded in 22% of patients
with SAH during endovascular embolization
[32]. The incidence of intraoperative
vasospasm in patients treated for ruptured
aneurysms is underestimated. Causes of
intraoperative vasospasm remain unexplained,
however, there is a close correlation between
intraoperative and delayed vasospasm and
secondary neurologic impairment [32].

Thromboembolic events in case of interventions
due to cerebrovascular pathology considerably
deteriorate treatment results. J. Siironen et. al
note [33] that 53 patients with no ischemia foci
based on CT results within 3 months following
the SAH had poor treatment results in 4 (8%)
cases. In 52 patients, where new hypodense
foci were observed after the SAH on the first
day following the surgery, 23 patients (44%)
had poor treatment results. The remaining 51
patients with ischemic foci detected later than 1
day after the surgery, had poor treatment results
in 10 cases (20%). Hence, it was noted that
the early appearance of ischemic foci following
neurovascular surgeries is an independent
criterion for predicting an unfavourable
outcome of SAH treatment [33]. The incidence
of ischemic complications in the event of SAH
and after neurovascular procedures may be low,
yet cause irreparable harm to the patient [34].
Therefore, the search for effective treatment of
thromboembolic intraoperative complications is
an urgent problem.
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Puc. 3. MopdonoriyHi napamMeTpu aHeBpu3Mn: 1 — oHO;
2 - Tino; 3 - wwuika; a — BMcoTa; 6 — WnpurHa

ycknagHeHb npu CAK i nicna HenpoBacKkynsip-
HMUX npoueayp Moxe 6yTW HEBMCOKOK, MpoTe
MaTu aTtanbHi Hacnigkm ana xsoporo [34].
ToMy nowyk edekTMBHUX 3acobiB NiKyBaHHS
TpoMboeMboniyHMX iHTpaonepauinHuxX ycknaa-
HEeHb CTaHOBUTb aKTyalbHy npobnemy.

IHTpaonepauiiHnin po3puB | pekaHanisauis aHe-
BPU3MU € YMHHMKAMU, AKI NPUBOAATL A0 MOrip-
LWEHHS paHHiX i BigganeHux nicnsonepauinHmx
pe3ynbTaTiB. YacTtoTa po3BUTKY pekaHasnidauii i
notpeba B npoBeAeHHi MOBTOPHOrO NiKyBaHHS
ctaHoBunu 12.0% i 6.4%, signosigHo [35]. Mo-
XWUNUIA BiK, paHille BUKOHaHa embonisauisa aHe-
BPM3MK, BENUKI PO3MipU aHEBPU3MU, HEMOBHA
OK/1t03i9 aHeBpM3MUM Ta NoKasilauid aHeBPU3MM
6ynu npeavkKTopamMm po3BUTKY pekaHanisadwii.

EHpoBacKynspHi BTpyYaHHS BUSABUAM BUCOKY
edeKkTMBHICTb embonizauii AA rosloBHOroO M03-
Ky: B 87% [OCArHYTO TOTasibHOI OKJIHO3il Mo-
POXHWHU aHeBpu3Mn, B 13% - cybToTanbHOi
[36]. AHaTOMiuHiI ocobnMBOCTi aHEBPU3MU — L
BaX/IMBI YMHHUKU [OCATHEHHS TOTalbHOI €M-
6onizauii. Y. Murayama Ta cniBaBTOpu Le Yy
2003 poui BUAINMAN Taki YNHHUKWN pagnKanb-
HOCTi BUKJIIOYEHHS Ta pekadanisauii AA npwu
€HAOBACKYNAPHOMY JlikyBaHHI [37]: po3mMip
aHeBpU3MM i WnpuHa wuniikn (puc. 3).

BoHn cTpatudikyBanu pusmnk pekaHanisauii
aHeBpuU3M, KM KonmBaeTbcs Big 1.1% ans
aHeBpU3M pO3MipoM 4-10 MM 3 BY3bKOK LUNI-
KO Mpu MNOBHOMY 3aKpuUTTi aHeBpuU3MuU [0
60% - Ans riraHTCbKMX aHEBPU3M NiC/A HEMNOB-
HOro BUKJIHOUEHHS 3 KPOBOM/MHY. HenosHe 3a-
KPUTTS @aHEBPM3MM KOHCTaToBaaun asTtopu [37]
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B 25.5% Bunaakis onepawii npn aHeBpu3aMax
po3MipoM 4-10 MM, wunka < 4 MM i B 63% -
npu onepawisix Ha riraHTCbKMX aHeBpU3Max.

3rigHO 3 AaHMMK niTepaTypu, HaMBaXNMBILLUM
UMHHMKOM MPOrHo3y CTabinbHOCTI OKtO3ii aHe-
BpPM3MM € pO3Mip ii wniku [38]. AKwo po3mip
LWWIAKK MOHaA 4 MM, TO YacToTa ii pekaHasnisa-
Uil 3pocTa€ B 4 pa3u NOpPiBHAHO 3 aHEBpM3Ma-
MW 3 BY3bKOK LIMNKOW. HesanexHo Big po3-
Mipy Kyrnofna aHeBpu3MW, LWifibHE BUMNOBHEHHS
aHeBpu3MM, Wo nepeBullye 24% ii 06’emy, Mi-
HiMi3ye pu3nk pekaHanisauii [38].

BigTepmiHOoBaHMn HeBpoONoriyHMn aediunTt BU-
3Ha4aloTb K MOripLIEHHS PiBHSA CBIAOMOCTI (3HN-
XEHHS Ha 1 MyHKT pyxoBuX peakuinn abo Ha 2
MYHKTM 3@ BiAKPMBAHHAM o4vel un BepbanbHO
BiANoBiaAto 3rigHO 3i WwKanow kKoM [nasro) abo
HOBWIA BOTHULLIEBMIA HEBPOOTiYHMIA AediunT LWo-
HanMeHLe Yepe3 96 roavH Nicnsi KPOBOBUIMBY,
i He HasiBHW oApa3y nicns NikyBaHHSA aHEBpU3-
MW Ta NiCNs BUKKOYEHHS iHWKWX npuyunH [39].

Xo4va HeACHMMM 3anuLwaTbCs NaTodizioNorivHi
MeXaHi3M1, HasABHICTb KPOBI i MPOAYKTIB ii po3-
nagy B nignaByTWMHHOMY MPOCTOPI i LMCTEPHAX
YiTKO MOB’sI3aHi 3 PO3BUTKOM BiATEPMIHOBAHOIO
HeBponoriyHoro gediunty [40, 41]. 3 UbOro BU-
NAVBAE, WO cnpobu oUnLLEHHS NiANABYTUHHOIO
NpPOCTOPY BiA KPOBi MOXYTb MOTEHUINHO 3MeH-
LUNTM YACTOTy PO3BUTKY | TAXKKICTb BiATEPMIHO-
BaHOro HeBpOJOriYHoro aediunty. B gocnigxeH-
Hi LUMAS [42] npnbnn3Ho B NONOBUHI BUNAAKiB
nocTaHoBKa toMbanibHOro ApeHaxa npoBoAu-
nacb Npu He3axulleHin aHeBpwu3aMi. [poTe npu
paHHiIA nocTtaHoBUI NtoMbanbHOro ApeHaxa (B
nepwi 48 roguH) He cnocTepiranocb A0AATKO-
BUX KNiHIYHMX nepesar. Xo4ya HaBOAATbCA BU-
rnagku NOBTOPHOr0 KPOBOBW/IMBY 3 po3ipBaHOl
aHeBpM3MKM MNicNa MOCTAHOBKW 30BHILLUHbLOIO
BEHTPUKYNSAPHOro ApeHaxa abo nombanbHoi
NyHKUiT (4n nombanbHOro ApeHyBaHHS) JiKBO-
py, LUel pusmk He poBedeHun [42].

IHWwa rinoTe3a wWOAO0 MexaHi3My MO3UTUBHO-
ro BnAnBYy NtoM6anbHOro ApeHyBaHHS — KOH-
TPONb BHYTpilWlHbOYepenHoro Tucky (BYT). Y
HaBeAeHOMY AOoCNigXXeHHi [42], TUCK BiaKpUT-
T B NtombanbHin uncTepHi 6yB NigBULLEHUN
y BCiX nauieHTiB (KOAW BUMIpOBaBCS), SKUM
BCTAHOB/OBABCA ApeHax, i B 6inblocTi BU-
nagKiB crnocTepiraBcs HeramHW perpec TaxX-
KOCTi 607110 rONoBMY.
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Fig. 3. Morphological parameters of the aneurysm. 1 -
bottom; 2 - body; 3 - neck; a - height; b - width

Intraoperative rupture and aneurysm
reopening lead to deterioration of early
and long-term postoperative outcomes.
The incidence of reopening and the need
for re-treatment constituted 12.0% and
6.4%, respectively [35]. Advanced age,
previous aneurysm embolization, the large
size of the aneurysm, incomplete aneurysm
occlusion and localization were predictors of
reopening.

Endovascular  procedures showed high
efficiency of brain AA embolization: total
occlusion of the aneurysm cavity was achieved
in 87%, while subtotal occlusion was observed
in 13% [36]. Aneurysm anatomic features
are important factors for achieving total
embolization. Back in 2003, Y. Murayama et.
al. identified the following factors of AA radical
exclusion and reopening during endovascular
treatment [37]: the aneurysm dimensions
and aneurysmal neck - Fig. 3.

They stratified the risk of aneurysm
reopening, which ranges from 1.1% for
4-10mm aneurysms with a narrow neck at
full aneurysm closure to 60% — for giant
aneurysms after their incomplete exclusion
from the bloodstream. The authors state
incomplete aneurysm closure [37] in 25.5% of
surgeries for 4-10mm aneurysms, aneurysm
neck < 4 mm, and in 63% — during surgeries
on giant aneurysms.

According to the literature data, the neck
size constitutes the most important factor
in predicting stable aneurysm occlusion
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[38]. When neck size exceeds 4mm, the
incidence of its reopening increases by 4
times compared to aneurysms with a narrow
neck. Regardless of the aneurysm dome
size, dense aneurysm filling exceeding 24%
of its volume allows minimizing the risk of
reopening [38].

Delayed neurologic impairment is defined
as a deterioration in the consciousness level
(reduction by 1 point of motor response or by
2 points after eye opening or verbal response
according to the Glasgow Coma Scale) or a
new focal neurologic impairment at least 96
hours after the haemorrhage, and is absent
right after aneurysm treatment and after
exclusion of other causes [39].

Although pathophysiological mechanisms
remain unclear, the presence of blood and
its breakdown products in the subarachnoid
space and cisterns is clearly associated
with the development of delayed neurologic
impairment [40, 41]. This implies that
attempts to remove blood from the
subarachnoid space can potentially reduce
the incidence and severity of delayed
neurologic impairment. During LUMAS study
[42], lumbar drainage was performed with
an unprotected aneurysm in approximately
half of the cases. However, no additional
clinical benefits were observed in case of
early lumbar drainage (in the first 48 hours).
Despite cases of repeated haemorrhage
from the ruptured aneurysm after external
ventricular drainage or lumbar puncture (or
lumbar drainage) of the cerebrospinal fluid,
this risk is not proven [42].

Intracranial pressure (ICP) control constitutes
another hypothesis concerning the mechanism
of the positive influence of lumbar drainage. In
the above study [42], the opening pressure in
the lumbar cistern was elevated in all patients
(when measured) with drainage, and in most
cases, immediate regression of headache
severity was observed.

Drainage of 5 to 20 ml of lumbar CSF resulted
in cerebral decompression by halfin patients
with SAH and craniocerebral injuries [43].
Regional cerebral blood flow and brain
tissue oxygen levels also improved. The
number of patients who needed treatment
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BuBeneHHs yepes gpeHax Big 5 no 20 mn noM-
6anbHOro nikKBOpY MNPUBOAMAO A0 MOHMKEHHS
HaMOMOBMHY BHYTpilLIHbOYepenHuin Tuck (BYT)
y nauieHTis 3 CAKOM i yepenHo-M03KOBOI TpaB-
Mot (UMT) [43]. BussBneHo Takox noninLeHHs
perioHapHoOro MO3KOBOro KpOBOM/IWHY Ta piB-
HA KUCHIO B TKAHWHI MO3KYy. KisbKiCTb nauieH-
TiB, AKUM 3Hapobmnocsa nikyBaHHS BOASHKM 3
BUKOPUCTAHHAM BEHTPUKY/ISPHOrO JApeHaxa,
6yna BuWOK B rpyni, SKMM He MNPOBOAMIOCH
nombanbHe ApeHyBaHHSA NikBopy. Xo4 BigMiya-
€TbCA TEHAEHUIA A0 MEHLOl YacTOTU PO3BUTKY
pajionoriyHo NiagTBepAXeHUX iHdapKTiB y rpyni
noMbanbHOro ApeHyBaHHS, BOHA IPYHTYETbCH
Ha HEKOPEeKTHOMY MpUNYLLEHHI, WO xBopi 6e3
KNiHiYHOI NoTpebu B NpoBeAeHHi Bisyanizauii He
MaloTb BOrHULW, iHdapkTy. Lle npoTupiuusa moxe
6yTn 3MeHLeHe 3a paxyHOK PYTUHHOIO npoBe-
AeHHst MPT-cnocTtepexeHHs XBopuM, TOB6TO 3a-
6e3neyeHHs Bi3yanisauii xoda 6 B 90% Bia BCiX
XBOPUX | BCIM XBOPUM — 3 KJ1iHIKOIO BiATEPMIHO-
BaHOro HeBpoJsoriyHoro gediunty [42].

3po3yMino, Wo po3BUTOK Byab-KOro 3 BuLLe-
nepepaxoBaHMX yCKiaAHEHb CaMOCTIMHO Ta B
MNOEAHAHHI 3 IHWMMU YCKNAAHEHHSMUN, MPU3BO-
OUTb A0 BTOPUHHOIO YLIKOAXXEHHSA rO/I0OBHOIMO
MO3KY 3@ paxyHOK 3HMXeHHS uepebpanbHoi
nepdysii i Moxxe MaTtn paTtanbHi Hacnigkw.

I30n1bOBaHa BHYTpilLHbOYEpenHa rinepreHsis
(BYI) , 9K 11 i30/1b0BaHUI @HrioCNasM, He 3aBXAu
NPUBOAUTL A0 iLEMIYHOro MOLUKOAXEHHSA MO3KY
Yy XBOpWX i3 aHeBpu3MasnbHMM cybapaxHoiganb-
HUM KPOBOBWIMBOM, TOAi SIK CYKYMHICTb 060X
UMHHUKIB 3a3BuYal crpmse hOpMyBaHHIO iLeMil
MO3Ky. B ymoBax BYI i30/1b0BaHuMI aHriocnasm
BUK/IMKAE 36inblueHHs onopy uepebpanbHoMy
KPOBOMNHY i NpUBOAMTL A0 rinonepdysii, po3-
BUTKY BTOPUHHUX iLUEMIYHUX MOLUKOMXKEHb, LLO
CYMNpPOBOMXYETbCA HAPOCTaHHAM  HEBPOJIOriy-
Horo Aediunty [44]. 3HMKeHHS uepebpanbHui
nepdysinHmi Tnck (LUMNT) Hux4e neBHOro nopo-
ra y 3B’s3Ky 3 apTepiasibHOK FiNOTEH3IE 0COo-
611BO Hebe3neyHo AN MOLIKOAXEHOro MO3KY,
60 ue nocunioe iwemito, WO Beae A0 Mporpecy-
BaHHS cuHApomy BYIl [45]. BumiptoBaHHa LOT
MOX/IMBE 3a YMOBW BUMiptoBaHHA AT i BUT [46].
CeoevacHa giarHoctmka BYlT pae 3Mory B4acHoO
3acTocyBaTu NpoTMHabpsKoBy Tepanito, BigHO-
BUTM BEHO3HUI BIATIK 3 MOPOXHMHW Yepena, no-
NiNWWUTK apTepianbHUn KPOBOMIMH, 3MEHLUUBLLU
nepudepnyHnin onip, 3abesneunTn agekBaTHY
[OCTaBKy KUCHIO A0 TKaHMHU MO3KY [45].
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KoHTponb AT i 3abe3zneyvenHs LMNT suwe 70 MM
pT.CT. NPUNHATO BBaXaTu OAHUM 3 e(DeKTUBHUNX
MeToAiB npodinakTnkn uepebpanbHoi iwemii B
nauienTie i3 CAK [46, 47]. ApekBaTHuin LNT
340poBOi NtoanHM Bignosigae 70-100 MM pT.CT.
3’acoBaHo, WO TpuBane 3HwmxeHHs LMNT Hux-
ye 40 MM pT.CT. 34aTHe NPUBECTU A0 PO3BUT-
Ky ilWEeMiYHOro ypaxXeHHS rosIoBHOro MO3Ky. Y
XBOPUX 3 FOCTPOK HEMPOXipypriYHO NaTono-
ri€lo nporpecyroye 3HMXeHHs pisHA UMT Huxue
50-60 MM pT.CT. MOXe acouitoBaTmcs 3 nogasib-
WKM HGOPMYBAHHAM iLLIEMIYHOINO MOLUKOAXKEHHS
MO3KYy Ta HeCnpusTIMBMM pe3ysbTaToMm [48].
Mpw UMNT mMeHwe 50 MM pT.CT. piBEHb MO3KOBO-
ro kKpoBoobiry nepecrtae Bignosigatn metabo-
NiyHMM noTpebamM MO3KOBOi TKAHWUHW, PO3BUBA-
€TbCS MiNOKCis Ta ileMis rofIoBHOro Mo3ky [48].
Y XBOpUX 3 rOCTPOIO CYAMHHOIO MaTosIori€lo pe-
KOMeHA0BaHa HMXHS mexa LMT craHoButb 70
MM pT.CT. 3HMWXKeHHS UMNT Huxuve 70 MM pT.CT.
€ YNHHMKOM, SIKUI MPOBOKYE iLLEMilO HENPOHIB i
BTOPUHHUIN HEBPONOTiYHMIA aediumT [45].

Y AOCTYNHIA HaM niTepaTypi He BAANOCS OLUiHUTK
yacToTy po3BuTKY BYI™ y nauieHTiB 3 BMK HeTpaB-
MaTU4HOI eTionorii. [poTe rocTtpoTa pO3BUTKY
Mac-edekTy, fKa 3aBxau € npu BMK, 3 nogans-
LLIOKO ANCIOKALED MO3KY NOTPebytoTb peTenbHOi
K/IHIYHOI OLiHKM, MOHITOPUHIY UepebpanbHUX
napametpis BUT/LMT i BUKOHaHHS CyYacHUX pe-
KoMeHgauin [46]. baraTo aBTOpiB BBa)ae€, LUO
yacTtoTa po3BUTKY BYI™ B LLIbOro KOHTUHIEHTY XBO-
pux nogibHa 3 ii yacToTol npu Baxkin YMT [49,
50]. Y cyyacHOMy KepiBHMUTBI N0 BeAEHHO naLi-
€HTIB 3 BMK pekoMeHaoBaHO KoHTpositoBaty LIMT
y Mexax 50-70 MM pT.CT. | BpaxoByBaTW CTaH ay-
Toperynsuii Mo3koBux cyanH [51]. OTox, npwu
NikyBaHHi nauieHTiBa 3 BMK nopsa 3 KOpekui€to
apTepianbHOI rinepTeHsii, BaXJ/IMBUM acreKToMm
Tepanii € 3abe3nedeHHs ageksaTHoro LIMT.

HanpsiM KpoBOMAWHY B aHeBPU3MY Ta Hecde-
puv4yHa (eninTuyHa abo 6aratokamepHa) dop-
Ma MOXYTb CBiAYMTM NPO NiABULLEHWUI PU3MK
po3puBy Ta noTpeby B perynsspHoMy crnocTte-
pexeHHi [52]. Jlokanisauis aHeBpu3MM Buaa-
E€TbCS BaXX/IMBUM YMHHUKOM, SIKUIM BNJIMBAE Ha
reMogmMHaMiKy Ta CTPYKTYpY CTiHKM, BU3HAYaE,
UM € nepiaHeBpuM3MasibHE OTOYEHHS CTpUMY-
BasibHMM abo 3axucHuM. J.R. Cebral i M. Raschi
y 2013 poui 3a3Ha4yuIn, WO MexXaHi3Mu po3-
BWUTKY aHEBPU3M € My/IbTU(HAKTOPHMMKU, TOMY
BUSABUTU EANHUIN YNHHUK, SKMA BU3IHAYAE NMO-
BipHICTb pO3puBY aHeBpu3MU, cknagHo [53].
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for dropsy using ventricular drainage was
higher in the group that did not have
lumbar drainage of the cerebrospinal fluid.
Although there is a tendency to a lower
incidence of radiologically confirmed heart
attacks in the group with lumbar drainage,
it is based on the incorrect assumption that
patients with no clinical need for imaging
have no coronary foci. This contradiction
could be mitigated by routine MRI, that is
by ensuring imaging for at least 90% of all
patients and all patients with the clinical
findings of delayed neurologic impairment
[42].

It is obvious that the development of any of
the above complications, either alone or in
combination with other complications, leads
to secondary brain damage due to reduced
cerebral perfusion and may cause irreparable
harm.

Isolated intracranial hypertension (ICH),
just like isolated angiospasm, does not
always lead to ischemic brain damage in
patients with aneurysmal subarachnoid
haemorrhage, whereas the combination
of both factors usually contributes to the
formation of cerebral ischemia. In case of
ICH, isolated angiospasm causes increased
resistance to the cerebral blood flow and
leads to hypoperfusion, the development of
secondary ischemic injuries accompanied by
the increased neurologic impairment [44].
Decreased cerebral perfusion pressure (CPP)
below a certain threshold due to arterial
hypotension is especially dangerous for the
damaged brain, as it increases ischemia,
which leads to ICH syndrome progression
[45]. CPP may be measured while
measuring blood pressure and ICP [46].
Timely ICH diagnosis allows to timely use
anti-edemic therapy, restore venous outflow
from the skull cavity, improve arterial blood
flow by reducing peripheral resistance, and
ensure adequate oxygen delivery to the
brain tissue [45].

Monitoring of blood pressure and ensuring
that CPP exceeds 70 mm Hg is considered
one of the effective methods to prevent
cerebral ischemia in patients with SAH [46,
47]. Adequate CPP of a healthy individual is
70 to 100 mm Hg. It was found that long-
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term CPP decrease below 40mm Hg may
lead to the development of ischemic brain
damage. In patients with acute neurosurgical
pathology, a progressive decrease in the CPP
level below 50-60 mm Hg may be associated
with subsequent ischemic brain damage and
adverse outcomes [48]. When CPP is less
than 50mm Hg, the level of cerebral blood
flow no longer corresponds to the metabolic
requirements of the brain tissue, and brain
hypoxia and ischemia develop [48]. In
patients with acute vascular malformations,
the recommended lower CPP limit constitutes
70 mm Hg. CPP below 70 mm Hg provokes
neuronal ischemia and secondary neurologic
impairment [45].

Using the available literature, it was not pos-
sible to estimate the incidence of ICH devel-
opment in patients with non-traumatic intra-
cerebral haemorrhage. However, the severity
of mass effect development, which is always
present in case of intracerebral haemorrhage
with subsequent brain herniation, requires
careful clinical assessment, monitoring of ce-
rebral ICP/CPP parameters, and performance
of modern recommendations [46]. A number
of authors believe that the incidence of ICH
development in this patient population is sim-
ilar to its incidence in case of severe cranioce-
rebral trauma [49, 50]. Modern guidelines on
the management of patients with intracerebral
haemorrhage recommend monitoring CCP in
the range of 50-70mm Hg and considering
the condition of cerebral vessel autoregulation
[51]. Thus, when treating patients with in-
tracerebral haemorrhage, ensuring adequate
CPP is another important aspect along with
arterial hypertension correction.

The direction of blood flow into the
aneurysm and its non-spherical shape
(elliptical or multi-chamber) may indicate
an increased risk of rupture and requires
regular monitoring [52]. Aneurysm location
appears to be an important factor influencing
hemodynamics and wall structure and
determines whether the peri-aneurysmal
environment is restraining or protective.
J.R. Cebral and M. Raschi noted in 2013
that mechanisms of aneurysm development
are multifactorial, therefore, it is difficult
to identify a single factor determining the
probability of aneurysm rupture [53].
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Puc. 4. MiwkonoaibHa aHeBpu3Ma npaBoi cepeaHbOi MO3KOBOI apTepii:
a) KT; 6) MPT; B) MP-aHriorpadis; r) uepebpanbHa aHriorpadis

BaxnvBe 3HayeHHA Ma€ BYacHa AiarHOCTUKa
aHeBpu3MK B goremoparivyHmin nepioa. KT ro-
JIOBHOIO MO3KY A€ 3MOry AiarHOoCTyBaTU BENUKI
(15-25 mm) i riraHTCbKi (MOHaA 25 MM) aHeBpU3-
MU, AKi MalTb BUMIAL OKPYraoro i3o4eHCHOro
yu rinepaeHcHoro o6’eMHOro yTBopeHHs, nokas-
HUKU LWISIBHOCTI SKOrO BULLi 3@ Taki peyoBUHU
MO3KY (puc. 4, a). No nepudepii aHeBpn3MK MO-
XKYTb PO3TaLLOBYBATUCS KanbUU@IKaTU BUTAHY-
TOI OpMU, SIKi BUMOBHIOKOTb CTIHKM aHeBpU3Ma-
TU4YHOro Mmiwka. O6’eMHa Aia aHeBpM3MKM MOXe
CNPUYUHATU KOMIMPECIKD CeEPEAUHHUNX CTPYKTYP,
AedopMauito WAyHOUYKOBOI cnctemmn, 6asanbHMX
niANaByTUHHMX NPOCTOPIB i UMCTEPH [54].

MarHiTHo-pe3oHaHcHa ToMorpadis (MPT) gnae
3MOry BW3HAYUTW JNoOKanilauito aHeBpuU3MHU,
ii po3mip i dopmy. Ha ToMorpami aHeBpu3aMu
MalTb BUMNa4 YTBOPEHHS OBasibHOi abo ok-
pyrnoi opMu 3 YiTKUM i pPIBHUM KOHTYpOM,
AKi npunaratoTe 6e3nocepefiHbo A0 CYAMHMU,
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po3mipom Big 3 o 30 mm. MPT gonomarae Bu-
ABUTKM TpoMb6OBaHy Ta HeTpoMboBaHy 4acTu-
HU aHeBpu3sMmu (puc. 4, 6). be3koHTpacTHa
MarHiTHO-pe3oHaHCHa aHriorpadis BusaBnsE
aHeBpU3MN Yy BUrNaAi AiINAHOK NiABULLEHOrO
CUrHany okpyrnoi GopMu 3 YiTKUMWU KOHTYypa-
MU, AKi MalTb 3B'S30K 3 iHTpaKpaHianibHUMU
cyavHamu (puc. 4, B). 3a 4@aHUMK Pi3HUX A0-
CNiAHWKIB, MarHiTHO-pe3oHaHCHa aHriorpagis
BUABNSAE aHeBpU3MW po3MmipoM 2.5-4.0 mM.
I.E. TpydaHoB i cnisasTopu (2006) BBaxa-
I0Tb, WO 4YyTAuMBiCTb MPT 3anexuTb Big po3-
Mipy aHeBpuaMu: 0-9 MM - 85%, 10-24 MM -
90%, noHaa 25 MM - 100%, a cneumdivHicTb
MarHiTHO-pe30HaHCHOI aHriorpadii CTaHOBUTL
90%. Yytnueictb KombiHauii MPT i marHit-
HO-pe30HaHCHOI aHriorpadii - 95% [54].

HeiHBa3nBHa AiarHOCTUKa HepO3ipBaHWX BHY-
TpilWHbOYEPENHUX aHEeBpU3M | BU3HAYEHHSA
UMHHWKIB PpU3MKY MNepLIoro po3pmey 3a ii AaHu-
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Fig. 4. Sacciform aneurysm of the right medial cerebral artery:
a) CT; b) MRI; c) MRA; d) cerebral angiography

Timely aneurysm diagnosis in the pre-
haemorrhagic period is critical. CT scan of the
brain allows to diagnose large (15-25mm)
and giant (over 25mm) aneurysms shaped
like a rounded isodense or hyperdense mass
lesion with a density higher than such brain
substances (Fig. 4, a). Prolate calcificates
filling the walls of the aneurysmal sac may be
located around the aneurysm. Extensive effect
of the aneurysm can cause midline structure
constriction, deformation of the ventricular
system, basal subarachnoid spaces, and
cisterns [54].

Magnetic resonance imaging (MRI) can
determine aneurysm location, its size
and shape. The tomographic image

shows aneurysms as an oval or rounded
malformation with a clear and smooth
contour, which is adjacent directly to vessels,
3 to 30mm in size. MRI helps identify
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thrombosed and non-thrombosed parts
of the aneurysm (Fig. 4, b). Contrast-free
magnetic resonance angiography detects
aneurysms in the form of round high signal
intensity areas with clear contours, which are
connected to intracranial vessels (Fig. 4, b).
According to various researchers, magnetic
resonance angiography reveals aneurysms
of 2.5-4.0mm in size. H.E. Trufanov et al.
(2006) believe that MRI sensitivity depends
on the aneurysm size: 0-9mm — 85%, 10-
24mm — 90%, over 25mm — 100%, and the
specifics of magnetic resonance angiography
constitutes 90%. The sensitivity of MRI and
MRA combination is 95% [54].

Non-invasive  diagnosis  of  unruptured
intracranial aneurysms and determination of
the first rupture risk factors based on its data
(shape, size, location) and using appropriate
techniques make it possible to immediately
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Puc. 5. CxemMaTuyHe 306pakeHHa MeTOAIB XipypriYHOro BUKIIOYEHHS aHEBPU3M 3 KPOBOTOKY (@-r — eHA0BACKYNSApHI, 4 —
MiKPOXipPYPriYHW): @) BUKIOYEHHS @HEBPU3MUN 3 BY3bKOK LUMIKOIO CripansMu, WO BiAAINSAIOTLCS; 6) 3 LUMPOKOK LUNINKOK
3i CTEHT-NIATPUMKOIO; B) i3 HaNOH-aCUCTEHLIE; ) BCTAHOBEHHS MOTIK-NEPecKepoBYYOro CTeHTa; 4) MikpoxipypriyHe
kninyBaHHs aHeBpu3Mn. [xepena: https://www.dreamstime.com 44633052; Zentaro Ito. Atlas of cerebral aneurysms

Mun (dopma, po3Mip, fiokanisauis) 3a AOMNOMO-
row BiANOBIAHMX METOAMK AAa€E 3MOry HeranHo
3acTocyBaTW BIAMNOBIAHY XipypriyHy TaKTUKY
Ans 3anobiraHHS BUMHUKHEHHIO MepLIOro po3-
pUBY, KM MOXe MNpU3BECTU A0 NeTasibHOro
Hacniaky [55].

TpaHckpaHianbHi W eHpaBacKyNsApHi Xi-
pypriyHi BTpy4YaHHsi nMpu po3puBax Le-
pe6bpanbHux aHeBpusM - BuUbip mertopy.
AK BXe 3a3Ha4vanocb [3], eKCTpeHi MikpoxXi-
pypriyHi onepauii B paHHi TepMiHn B 23.4%
CnocTepexeHb CYNnpoBOAXYBaNNUCh NeTallbHUM
pe3ynbTaToM, TOAI K Yy pasi NpoBeAeHHs eH-
OOBACKY/NSIpHUX BTpyYaHb nicnsonepauinHa
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neTanbHiCTb cTaHoBuNa 9.5%. Y ni3Hiwi Tepmi-
HUW 3 MOMEHTY po3puBy AA [AOCTOBIpHi BiAMiH-
HOCTi pe3ynbTaTiB 060X MeToAiB HEe BUSBJIEHI.
P13unK BasocnasMy 3p0OCTaE 3a HAasiBHOCTI KPOBI
He nuwe B UUCTEepHax, a M y WayHo4YKax ro-
NoBHOro Mo3ky [56, 57].

Y pocnigxeHHi ISAT [58] uwac mixx CAK i one-
paui€lo (KU BBaXakwTb BaX/UBOK AeTep-
MiH@HTOI pe3ynbTaTy NiKyBaHHS) BiApi3HAB-
cs He HabaraTo, ane CTaTUCTUMYHO BiporigHO
MiX rpynammn eHpoBacknspHoro (EC) i mi-
KpoxXipypriuHoro (MB) nikyBaHHS nauieHTIB
(puc. 5).
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Fig. 5. Schematic representation of the methods of surgical exclusion of aneurysms from the bloodstream (a-d -
endovascular, e —microsurgical): a) exclusion of an aneurysm with a narrow neck using detachable coils; b) with a wide
neck using a stent; c) using balloon-assisted method; d) by placing the flow diversion stent; e) microsurgical aneurysm

clipping. Sources: https://www.dreamstime.com 44633052; Zentaro Ito. Atlas of cerebral aneurysms

apply appropriate surgical tactics to prevent
the first rupture, which can lead to a terminal
episode [55].

Transcranial and endovascular surgeries
in case of ruptured cerebral aneurysms
- method selection. As noted above [3],
in 23.4% of cases, emergency microsurgical
surgeries in the early stages were
accompanied by terminal episodes, whereas
postoperative lethality during endovascular
surgeries was 9.5%. No significant differences
in the outcomes of both methods were found
at a later stage following the AA rupture. The
risk of vasospasm increases if there is blood
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present in both brain cisterns and ventricles
[56, 57].

In the ISAT study [58], the time between
SAH and the surgery (which is considered
an important determinant of the treatment
outcome) in endovascular and microsurgical
treatment of patient groups did not differ
considerably, yet the difference was statistically
significant (Fig. 5).

In the endovascular group, this interval
constituted 1.1 days, whereas in the
microsurgical group it was 1.7 days [59]. It
is believed that early results of endovascular
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Y rpyni EC uewn iHTepBan ctaHosuB 1.1 nobwu,
B rpyni MB - 1.7 pobwu [59]. BBaxatoTb, W0
paHHi pe3ynbTaTh €eHAO0BACKYNSAPHOro Jiky-
BaHHS B rpyni XBOpux 3 A06pPUM KAiHIYHMM
6anoM € ninwuMmM, NpoTe BULLMIA PU3MK MOB-
TOPHOro KpOBOBWIMBY Ta pekaHanilauii aHe-
Bpu3M [59]. AHriocnasm yacTiwe po3BmMBaBCH,
3rifHO 3 JaHWUMM UUX aBToOpiB, Micna TpaH-
CKpaHianbHMX onepauin. Yacrtota po3BUTKY
ileMiYHMX H(apKTiB, WYHT-3anexHol rigpo-
uedanii noB’a3aHMxX 3 onepauien ycknagHeHb
He pi3HMNaca Mk rpynamm. Yepes 1 pik He
cnocTepirasnoca AOCTOBIpPHUX BigMiHHOCTEN B
netanbHocTi [59].

HescHo, un BMbGip MeTOAMKM NiKYBaHHA ANS poO3i-
pBaHOI aHeBPU3MK (MiKPOXipypriYHuiA Y eHaoBa-
CKYNSIPHUI) BNMBAE Ha PU3NK PO3BUTKY CMa3my
CYAMH, X04a He[ABHE pPETPOCNeKTUBHE A[0Chi-
[xeHHs [60] npoaeMOHCTpyBano, Wo Mikpoxipyp-
rYHWIA MEeToA, MOXNMBO, acouinoBaHM 3i 36inb-
LIEHMM PU3MKOM CrasMy CyAMH i CNOCTepiraeTbes
yacTiwe BWHUKHEHHS BIATEPMIHOBAHUX BOTHWLL
iH(papkTy MO3Ky. Ui aaHi 3ymoBunun peske obro-
BOpeHHs Ta AebaTtu B niTepaTypi, BU3HaNN, WO B
ManbyTHboMy noTpebye pocnigxeHb [61], wob
niaTBEpAMTN abo BMKITIOUNTU Ui TBEPAXKEHHS.

A Multicenter Poor-Grade Aneurysm Study
(B. Zhao, 2016) BuaBuAn, WO pe3ynbTaTn Xi-
pypriyHoro nikyBaHHs obomMa MeToAaMm ofHa-
KOBi, a 4acTtoTa rigpouedanii, BusBIeHoi Ha
KT, BuLla y pa3i eHaoBaCKyapHOro NikyBaH-
Ha [62]. Ak 3ayBaxuB Alberto Falk Delgado
(2017), nicna embonisauin cnocTepirannce
BULLMI piBEHb HE3aNIEXHOCTI NALEHTIB | HMX-
ya neTtanbHicTb [63]. Ha niacTtasi npoBeaeHoro
pocnigxeHHs BRAT (2019) ans miwkonoai6-
HMX aHeBPU3M 3'aCyBanu, WO, NONpu 0AHAKOBI
paHHi pe3ynbTaTu JiKyBaHHSA, 4YacToTa peka-
Hanisauin Buwa nicnsa embonisauin [64].

BnacHuii gocBig NnikyBaHHA XBOPUX 3 aHe-
BpM3MaMM, MOro ysarajibHEeHHsl, Teope-
TUYHI Ta NpaKTUYHI pe3synbTaTu. [poTArom
2008-2018 pokiB Ha 6a3i KHIM «KniHiyHa nikap-
HS WBKAKOI MeanYHOol gonomMoru M. JIeBoBa» Xi-
pypriyHe fikyBaHHS rnposefeHo 3 npusoay 789
BHYTpILLUHbOYEPENHUX apTepianbHNUX aHEBPU3M.
MicnsaonepauiiHa neTanbHICTb 3MeHWunacb 3
29.9% y 2008 poui go 8.2% y 2018. Y xBopux
npu BMpaxeHoMy abo KpUTUYHOMY aHriocnasmi
nicnsonepadiriHa netanbHiCTb 6yna HaliBuULOHO,
o 36iraeTbcs 3 gaHMMK niTepaTtypu — Ao 45%
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[65]. B npoueci npakTn4Hoi poboTn BUHMKaNU
KNiHIYHI npobnemun, aKi MM HamMaranucb BUPIiLLK-
TW, BHACNIAOK 4Oro MW BMpOBAAMIM HaBeAeHi
HUX4e po3pobKu.

Knacugikauisi Ta crioci6 BUMIptOBaHHS iHTPao-
nepauiviHoro Basocriaamy [66]. ICHylOTb pi3Hi
MEeToAM OUIHKWM Bas3ocnasMmy, rMpoTe CbOroAHi
HEMAE YHiBepcasibHOro Cnocoby BU3HAYEHHS
aHriocnasmy, B TiM 4ucni iHTpaonepauiliHoro,
Ta noro knacudikauii [67]. KnacnyHuM € cno-
Ci6 Gabrielsen i Greitz , yaockoHaneHuii O.M.
FoHuyapykoM i [.B. Lernosmm [68], 9kuii no-
NnSAra€y BUMIiplOBaHHI giameTpa (kanibpomeTpii)
iHTpakpaHianbHNUX apTepin y 8 cTaHAapTHUX
Toukax. ABTOPWU 3aCTOCOBYIOTb TaKy Kiacudi-
Kauilo BasocnasMy: 3BYXEHHS NpPOCBITYy apTe-
pii Ha 25-50% Big HOpMaNbHOro — MOMipHWUI
cnasMm, Ha 50-75% - BMpaxxeHui Basocnasm,
noHaa 75% - pi3ko BUpaxxeHuli Ba30Cnasm.

IHdapkT MO3Ky 3a ycknagHeHoro nepebiry
CAK po3BuBaBcs y 3% xBopux 6e3 Bazocnasmy
abo 3 nerkmm BasocnasmoM (0-33% 3BYXKEHHSA
cyanHn), y 10% - 3 noMipHMM Ba3oCna3MoM
(34-66% 3BYyXeHHS), Y 46% — 3 TIXKNM Ba30-
Cna3MoM (3BYXeHHSA = 67%) [69]. OTxe, Bu-
SAB/IEHO TICHUWA KOPENAUIMHUA 3B'A30K MiX aH-
riorpagiyHMM BasocnasmMoMm i uLepebpanbHOO
iwemieo. 3BepTa€ Ha cebe yBary, WO aBTOpPU
BUKOPUCTOBYIOTb Knacudikauito Basocnasmy,
AKa BiApi3HAETbCSA Bi4 HAaBeAEHUX BULLE.

Omxe, MM 6a4MMO HeOAHOPIAHICTb Knacudikauii
Ba30CnasMy CMOHTAHHOrO Ta iHTpaonepauiliHo-
ro, @ TaKoX MOro TSXKKICTb K YMHHUK DopMy-
BaHHSA HECMpPUATIMBOrO pe3ynbTaTy NiKyBaHHS
3a/IeXXHO Big 4acy po3BUTKY Ta MNpoBeAeHHS
onepauii. IHTpaonepauiiHnin LepebpanbHUIA
aHriocnasMm — NpPOBIAHWA UYMHHUK HECnpUATIN-
BOro nepebiry XipypriyHoro BTpy4YaHHs Ta ne-
pebiry 3axBoprOBaHHS, 3YMOBIIOKOYM 3POCTaHHS
NeTanbHOCTI Npu Moro po3sBuTtky a0 27.8% Ta
YHEMOX/IMBAIOOUM YyCriWHYy onepauito y 38.8%
Bunagkis [30]. OueBNMAHMM € iCHYBaHHS noTpe-
61 B po3pobui A04aTKOBUX KPUTEPIiB OLLIHKKU ne-
pebiry n epekTMBHOCTI onepadii, Takmx siK aHri-
orpadiyHi npossu LepebpanbHOro Ba3ocnasMmy.

BpaxoBytoun ue, y 2017 poui Mm po3pobu-
nn [70], anpobyBanun Ta 3anpoBagunu [66]
cnoci6 aiarHOCTMKKM iHTpaonepauinHoro Baso-
CcnasMy, SKUA MONAra€ y BUMIPIOBAHHI MiHi-
MasibHOro AiaMeTpa MarictpasibHOi apTepii Ha
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treatment in the group of patients with a good
clinical score are better, but there is a higher
risk of repeated haemorrhage and aneurysms
reopening [59]. According to these authors,
angiospasm was more often after transcranial
surgeries. The incidence of bland infarction
and shunt-dependent hydrocephalus
associated with surgery complications did not
differ in these groups. After 1 year, there were
no significant differences in the mortality rate
[59].

It is currently unclear whether the choice of
ruptured aneurysm treatment (microsurgical
or endovascular) affects the risk of
vasospasm, although a recent retrospective
study [60] has shown that microsurgery
may be associated with an increased risk of
vasospasm and more frequent occurrence of
the delayed cerebral infarction foci. These
findings have sparked discussions and
debate in the literature, and the need for
future research is recognized [61] to confirm
or exclude these claims.

A Multicenter Poor-Grade Aneurysm Study (B.
Zhao, 2016) found that the outcome of surgical
treatment using both methods is the same,
while the incidence of hydrocephalus detected
during CT is higher when endovascular
treatment is applied [62]. According to Alberto
Falk Delgado (2017), higher levels of patient
independence and lower mortality rate were
observed after embolization [63]. In case of
sacciform aneurysms, BRAT study (2019)
found that despite similar early treatment
results, the incidence of reopening was higher
after embolization [64].

Own experience in the treatment of
patients with aneurysms, its summary,
theoretical and practical results.
During 2008-2018, 789 intracranial arterial
aneurysms were treated surgically in the
Municipal Non-Profit Enterprise “Lviv Clinical
Emergency Care Hospital”. Postoperative
mortality decreased from 29.9% in 2008 to
8.2% in 2018. In patients with severe or
critical angiospasm, postoperative mortality
was the highest, which coincides with the
literature data — up to 45% [65]. Clinical
issues arose during practical work, which we
tried to resolve; as a result, we introduced
the following elaborations.
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Classification and method of intraoperative
angiospasm measurement [66]. There are
various methods to assess the vasospasm,

yet there is no universally applicable
approach to determine angiospasm,
including intraoperative one, and its

classification [67]. The classical method is
that of Gabrielsen and Greitz, which was
perfected by O. M. Honcharuk and D.V.
Shcheglov [68]. It consists in measuring
the diameter (calibrometry) of intracranial
arteries as 8 standard points. The authors
use the following vasospasm classification:
luminal narrowing of the artery by 25-50%
of its normal lumen — moderate spasm, by
50-75% — pronounced vasospasm, over
75% - severe vasospasm.

Cerebral infarction in case of a complicated
SAH developed in 3% of patients with mild or
no vasospasm (vessel narrowing by 0-33%),
in 10% of patients with moderate vasospasm
(narrowing by 34-66%), and in 46% of
patients with severe vasospasm (narrowing
by = 67%) [69]. Thus, a close correlation
between angiographic vasospasm and cerebral
ischemia was found. It is noteworthy that
authors use the classification of vasospasm,
which differs from the above.

Hence, we may observe differences in the
classification of vasospasm, both spontaneous
and intraoperative, as well as its severity
as a factor influencing an unfavourable
treatment outcome depending on the time
of its development and time of the surgery.
Intraoperative cerebral angiospasm is the
main factor of the unfavourable surgery and
disease course, which if developed causes an
increase in mortality by 27.8% and excludes
successful surgery outcome in 38.8% of
cases [30]. A need for the development
of additional criteria to assess the course
and effectiveness of surgery is obvious, for
example, angiographic signs of cerebral
vasospasm.

With that in mind, we developed [70], tested,
and implemented in 2017 [66] a method for
diagnosing the intraoperative vasospasm,
which consists in measuring the minimum
diameter of the main artery on the aneurysm
side before and after endovascular surgery,
and the diameter of a symmetrical artery



Mpaui HTLL MeanyHi Hayku
2019, Tom 57, N2 2 ISSN 1563-3950

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 1563-3950 2019, Vol. 57, 2

ornsag

6oui aHeBpM3MM A0 i Micnsa eHA0BaCKYNSpHO-
ro BTpy4aHHd Ta AiaMeTpa CUMETPUYHOro ce-
rMeHTa apTepii Ha npoTunexHomy 6oui. OAng
LbOro Mu po3pobunn dopmyny

% angiospasm progress =

Dsurgery completion
[1_( gery p (1)

)] x100

Dsurgery start

3rigHO 3 3anpornoHoBaHo HOpPMYyoLo 1 OTpU-
MaHUMW AaHUMMK, NpWU NOrAnbneHHi iHTpaone-
pauinHoro Basocna3My Ha 10% i mMeHwe pe-
3ynbTaT XipypriyHoOro nikyBaHHA XBOpUX i3
CAK 6yB cnpuatnneuM. ToMy AOUINbHO Kia-
CUiKyBaTU 3@ TSXKKICTIO He Sivwe Ba3ocnasm
3aranom, a 1 iHTpaonepauinHuin Ba3ocnasm, a
came: < 10% - nerkui iHTpaonepauinHuii Ba-
3ocnasM, 10-30% - nomipHuin, > 30% - TaX-
KWK, WO MPUHLMNOBO BiAPI3HAE MPOMOHOBA-
HUI HaMK Miaxig Big TOro, KM BUKOPUCTANMU
B cBOil npaui H. Danura Ta cnisasTopu [71].

Mia6ip napameTpis cripasi Npy eHA0BacKyIsipHO-
My BUKJTIOHEHHI LepebpasibHnX MIKpOaHeBpU3M
[72]. NMpoBeneHo aHania pesynbTaTiB eHAOBa-
CKynsipHoro nikyesaHHsa y 2011-2015 pokax y 21
xBoporo (11.0% Bcix onepoBaHuX 3 MpPUBOAY
po3puBiB aHeBpu3M) 21 uepebpanbHOi Mikpoa-
HEBPU3MK Y rOCTPUIA NOCTreMopariyHuii nepios 3
BMKOPWUCTaHHAM crnipanein, ski Bigainaootbcs. Ce-
pefHin po3Mip aHeBpPU3M HE MepeBuLLyBaB 3 MM.
Bci aHeBpu3aMn 6ynn ogHokamepHMMmM, 6e3 03HaK
4YacTKOBOro TpoMb603y Ta ONTMManabHUM CMiBBIA-
HOLUEHHSAM Tina/wninkmn =2. Mu obpanu cepeaHin
pO3Mip aHEeBpU3MU SIK BU3HAYANbHUA YMHHUK Y
BMbOpi po3mipy cnipani. MMig yac aHanisy pesynb-
TaTiB NlikyBaHHS 3'9COBaHO, LLLO BE/IMYNHA CMiBBIg-
HOLLEHHS MiX KiNbKiCTHO BUTKIB cnipani 1 06'eMom
MOPOXHWHM aHEBpPU3MU CTaHOBWUIA B cepen-
HboMy (0.98+0.10) BuTKa/MM3 nNpu TOTaslbHOMY
BMK/IHOYEHHI LepebpanbHOoi MiKkpoaHeBpM3MUK Ta
BiAICYTHOCTI yCKNagHeHb. AKLWO 3HAaYeHHS LbOoro
CniBBiAHOLWEHHS biNblue HiXX oAVMHWUUS, 3rigHO 3
HaWWMK JAHUMK, TO 3pOCTaB PU3UK iHTpaonepa-
LiHOro po3puBYy MiKpoaHeBpu3MK. Y BMNaAKax,
konu 6yB iHTpaonepawiiHuii po3puB, BENNYUHA
3a3HayeHoro cnisBiAHOLWEHHSA CTaHOBWNA B ce-
peaHbomy 1.37+0.12 Butka/mMm3 (p<0.05). Tomy
onTMManbHUM 06paHo cniBBiAHOWEHHS 1 BUTOK/
mMmM3 [73].

Onga BU3HAYeHHA LOBXWHW cnipani MU  BUKO-
pucTtann dopmynm
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l= mP x B, (2)
ne | - p[oBXxuHa cnipani;

P — cepeaHin po3mip AA;

B - KinbKicTb BUTKIiB cnipani.

Y uinn dopMyni HeOBXiAHY KiNbKiCTb BUTKIB Cni-
pani (B) MOXHa BM3Ha4UUTM WAAXOM 0buumc-
neHHs ob6’emy uepebpanbHOi MikpoaHeBpU3MU
3a popMyso 3 i 3 ypaxyBaHHSM TOro, WO BU-
MOBHEHHA aHeBPM3MW MAE BiANOBIAATU YMOBI
- 1 BuTok/MM3 06’eMy aHeBpU3MU.
V=n/6 x a X b x ¢, (3)

ae V- 06’eM NOPOXHMHN aHEBPU3MN;
a, b, c - B3aeMHO nepneHANKYNApPHI po3Mi-

pu Miwka AA.

KniHiuHuii npuknaga. MNpu uepebpanbHili ap-
TepianbHin aHeBpu3Mi po3mipom 1.89 x 1.85
x 1.82 MM ii 06'em ctaHoBUTMME 3.33 MM3,
cepefHin po3mip - 1.85 MM. OTxe, cnipanb
npv BBEAEHHI i B MOPOXHWUHY uepebpanbHoi
MiKkpoaHeBpu3MKn 3pobutb 3.33 BuUTKA. Buko-
pUCTOBYOYM cnipanb, Ti AOBXWHA, po3paxoBa-
Ha 3a dopmynoto 1, ctaHoBuTUMe 3.14 x 1.85
x 3.33 = 19.3 MM, TO6TO 2 CM.

Bubip metogy Ta 4acy rpoBedeHHSs orepadii.
PekomeHpoBaHMMK € paHHA (B TepMiH 1.8+0.3
Aobwn) rocnitanisawisa XBopux i3 po3puBaMm BHy-
TPilLHbOYEPENHUX  apTepiasibHUX aHEeBpU3M,
NpoBeAeHHSA TpaHCKpaHiasibHUX BTpy4YaHb Yy
TepmiH 10.5-14.3 pni6, wo Agae 3Mory Aocsrtu
BIAMIHHOIO KNiHIYHOrO pe3ynbTaTy (cepenHin
6an npu BUNMCLI 3a LWKanow MoANdIKOBaAHO
LWKanot paHkiHa — MLWP - 1.9+0.1) Ta eHpo-
BaCKynsipHUX BTpy4daHb B nepuy aoby (3a MLUP
cepeaHin 6an npu Bunucui ctaHosuB 2.2+0.1
6aniB) y XBopuX 3 KNiHIYHMM CTYMEHEM 3a LUKa-
noto Hunt-Hess i WFNS Ha MOMeHT onepadii,
BianosigHo, 2.25+0.22 i 1.58+0.29. lNMpn MOX-
NIMBOCTIi BUKOHaHHS onepauil KOXXHUM 3 METOAIB,
Yy Uin nigrpyni XBOpMx pekoMeHAO0BaHO MpOBO-
OVTU eHaoBacKyNspHi embonisauii, 60 npu ineH-
TUYHOMY 6ani yHKUIOHANBHOI CMPOMOXHOCTI
3a MWP npu Bunucui cepegHin  nixkko-aeHb
(14.6+1.1 pi6) CTAaTUCTUYHO BIpOri4HO KOPOT-
wun  (p<0.01), HiX nicna NpoBeaeHHA TpaH-
CKpaHianbHUX BTpy4aHb (25.9+2.6 pi6) [74].

MepcnekTBM noganbWmnX A[OCAIAYKEHDb.
Y ManbyTHbOMY A[OCMiIAXKEHHS, CNpsMOBaHi Ha
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segment on the opposite side. For this, we
developed the following formula:

% angiospasm progress =

[1 _ (Dsurgery completion)] %100

Dsurgery start

(1)

According to the suggested formula and data
obtained, when the intraoperative vasospasm
intensifies by 10% or less, surgical treatment
of patients with SAH had favourable results.
Therefore, it is expedient to use the severity
classification of not just the vasospasm as a
whole, but also intraoperative vasospasm,
namely: < 10% mild intraoperative
vasospasm, 10-30% — moderate vasospasm,
and > 30% — severe vasospasm, which
fundamentally distinguishes the approach
suggested by us from the one used by H.
Danura et al. in their work [71].

Selection of coil parameters for endovas-
cular exclusion of cerebral microaneurysms
[72]. Results of 21 patients who underwent
endovascular treatment in 2011-2015 were
analysed (11.0% of patient operated be-
cause of ruptured aneurysms) with 21 with
cerebral microaneurysms treated during the
acute post-haemorrhagic period using de-
tachable coils. The average aneurysm size
did not exceed 3mm. All aneurysms were
single-chamber, with no signs of partial
thrombosis and an optimal body/neck ratio
>2. We selected the average aneurysm size
as a determining factor when choosing the
coil size. The analysis of treatment results
showed that the ratio between the number
of coil turns and the volume of the aneurysm
cavity on average constituted (0.98+0.10)
turns/mm3 provided that the cerebral mi-
croaneurysm was totally excluded and there
were no complications. Based on our data,
when the value of this ratio exceeds one, the
risk of intraoperative microaneurysm rupture
increased. Thus, in cases of intraoperative
rupture, the value of this ratio constitutes
1.37%£0.12 turns/mm3 (p<0.05) on average.
Therefore, the optimal ratio of 1 turn/mm3
was selected [73].

To determine the coil length, we used the
following formula:
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l= P xB, (2)
where [ is the coil length;

P is an average AA size;

B is the number of coil turns.

In this formula, the required number of coil

turns (B) may be determined by calculating

the cerebral microaneurysm volume using

the formula 3 and considering that aneurysm

filling must meet the following condition — 1

turn/mm?3 of the aneurysm volume.

V=n/6 x a x b xc, (3)

where V is the volume of the aneurysm

cavity;

a, b, c stand for mutually perpendicular

dimensions of the AA sac.

Clinical example. When cerebral arterial
aneurysmdimensionsare 1.89x1.85x1.82mm,
its volume will constitute 3.33mm3; the
average size is 1.85mm. Thus, when inserted
into the cerebral microaneurysm cavity, the coil
will make 3.33 turns. When the coil is used, its
length, calculated by formula 1, will constitute
3.14x1.85%x3.33 = 19.3mm that is 2 cm.

Selection of the surgery method and time.
Recommended actions: early (in the period
of 1.8+0.3 days) hospitalization of patients
with ruptured intracranial arterial aneurysms,
transcranial interventions in the period between
10.5 to 14.3 days, which allows to achieve
excellent clinical outcome (the average score
at discharge using the Modified Rankin scale
(mRS) constitutes 1.9+0.1), and endovascular
interventions in the first day (mRS average score
atdischarge was 2.2+0.1 points) in patients with
clinical degree based on the Hunt-Hess scale and
WEFNS scale at the time of surgery — 2.25+0.22
and 1.58%0.29 respectively. If each of surgery
methods is possible, it is recommended to
perform endovascular embolization for this
group of patients, since the average patient
day (14.6+1.1 days) at discharge is statistically
significantly shorter (p<0.01) than the patient
day after transcranial interventions (25.9+2.6
days) provided that the functional capacity
score is identical based on the mRS [74].

for further research. 1In
researches aimed at studying

Prospects
the future,
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BMBYEHHS MIKPOBACKyNspHOi AuchyHKUIT nic-
na CAKy, Hanpuknag, 3 BMKOPWUCTAHHAM €eKC-
nepuMeHTanbHUX 3acobiB, MOXYyTb MpPOAUTU
HOBEe CBIT/I0O Ha MexXaHi3MM nocTtreMopariyHoro
Basocnasmy [15]. PesynbTat HasiBHMX AOCHi-
OXeHb [15, 75] patoTb nigctaBu MNpuUnycTuTy,
Wo TpwuBani 3MiHW reMogMHaMikKm Ha Mikpouu-
PKYNATOPHOMY PIiBHIi MOXYTb 6yTWU BaxX1IMBWUM
MeXaHi3MOM pPO3BWUTKY PaHHbOI MocTremMopariy-
HOI ileMii, AKa Ma€E nepLlopsaHe 3HadYeHHsa ans
NpPOrHo3y i B nauienHTis, wo nepeHecnn CAK. Y
BucHoBkax: 1. lNMpotarom 2008-2018 pokie Ha
6asi KHIM «KniHiyHa nikapHa wBmMaKoi meamy-
HOI AonoMoru M. JIbBoBa» XipypridHe fikyBaHHSA
nposeneHo 3 npumseody 789 BHyTpilWHbOYepen-
HUX apTepiasibHMX aHeBpu3M. llepeBarn eHAo-
BACKYJ/IAPHOro JliKkyBaHHSA B paHHi TEPMiHN KpO-
BOBW/IMBY Ta BMLLA paauKasbHICTb BUK/THOYEHHS

Review

aHeBpM3M MIKPOXipypriyHMM METOAOM OTpUMaIn
TeopeTnyHe O0b6rpyHTYBaHHS Ta KJiHiyHe nig-
TBEpAXXEHHS. HaBeaeHi nitepaTypHi, KNiHIYHI 1
IHCTpyMEHTaNbHi AaHi po3LWUPHOOTL PO3YMiHHSA
natoreHesy YycCKNagHeHb MpW po3puBax BHY-
TPilLHbOYEPENHMX  apTepiasibHUX aHEBPU3M,
PO3KPUBAIOTb IXHIO MPOrHOCTUYHY 3HAYYLUICTb.
Bunbip onTMManbHOro TepMiHy Ta MeTOAYy onepa-
uii — giesi 3acobu 3HMXKEHHS piBHA Nicnsonepa-
LiMHOI NeTasnbHOCTI NPU aHEBPU3MAaTUYHUX BHY-
TPpilWHbOYEPENHMX KPOBOBUINBAX.

2. Mu po3pobunn Ta BNpoBaauIv HOBWUIA cnocib
BCTAHOBJIEHHS CTYMNEHS TSAXKOCTI iHTpaonepa-
LiiHOro aHriocnasmy M onTMMIi3oBaHWM Niabip
napameTpiB cnipanen ans 6e3nevyHoi Ta edek-
TUBHOI embonisauii uepebpanbHUX aHEBPU3M.
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