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Introduction. We believe, that in the planning of the surgical
removal of cerebral vascular malformations (CVM) of eloquent
brain areas, a question of whether they include the functionally
sustainable brain tissue remains relevant. The question of
whether the surgical procedure is safe is paramount.

Aim. To assess the value of magnetic resonance (MR)
tractography in deciding on the tactics of surgical treatment of
CVM through comparison with morphological studies.

Study methods. A review of the literature concerning the
surgical treatment of cavernous malformations (CM) and
arteriovenous malformations (AVM) localized in eloquent brain
areas (EBA). Four patients with CVM of EBA were selected
based on the availability of MR-tractography data and histologic
specimens.
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The method of optical microscopy was used to study microslides stained with the

classic (hematoxylin-eosin) and specialized methods (Masson’s and Hart’s methods).

Results. Patients’ MR-tractography data showed the presence of conductive paths in the tissues
of CM and AVM and the reduced fractional anisotropy in the regions of interest, which indicates
their involvement. During optical microscopy of specimens of CVMs, we found brain tissues
between pathological vessels. To our opinion, this explains the visualization of conducting paths
in CVMs during MR tractography.

Conclusions. When planning surgeries in case of CVMs, attention should be paid to the results
of conductive path visualization. According to MR tractography and morphological data, in some
cases, there is brain parenchyma in the structure of CMs and AVMs, which may require additional
attention in deciding on the radical resection of CVMs of EBAs.

Keywords: cerebral vascular malformations; arteriovenous malformations; cavernous malfor-
mations; brain tumors; MR tractography; surgical treatment; structure.
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BcTtyn

3aranbHOMNPUNHATUM  BU3HAYEHHAM apTe-
pio-BeHO3HOI Manbdopmauii (ABM) BBaxa-
I0Tb Bady PO3BUTKY CyAWH, WO QOPMYIOTb
NokanbHe CyAWHHEe YTBOPEHHS, ke chopMo-
BAHO CyAMHaMM 3 MaTosI0riyHO NMPUMITUBHOKO
6ynoBo i TMNOM remMogMHaMikn. B rosoBHO-
My MO3KY Haln4acTiwe giarHocTtytoTb ABM, ki
pO3TalloBaHi 3a XOAOM rifIOK cepefHbOoi MO3-
koBoi aptepii [1]. CyanHn ABM pi3Horo tuny
6ynoBu Ta AgiameTpa, MiX AKUMWU BU3HAYAKOTb-
CS AiNSAHKM TKaHWHW MO3KY i 30HM DOKaNbHOro
rniosy. CyaAnHW NaTONOr4YHO 3MiHEHi, MaloTb
aTUNOBI KOMaTepanbHi 3B'3KM MiX apTepianb-
HOK Ta BEHO3HOK naHkaMu 6e3 NMpoXOoaXXeH-
HA KpOBi yepe3 Kaningpu. 3a BU3HAYEHHSM
Pi3HMX aBTOPIB XapaKTepHO MOPMdOMOriYyHO
03Hakot ABM BBaxalTb pi3HWUI CTyMiHb BU-
Pa3HOCTI M'A30BOr0 LWapy CyAWH Ta iHBariHa-
Ui CTIHOK Y MPOCBIT CyAUHMW.

MopdonoriyHnii  pgiarHo3 ABM gk BapiaHT
06’€EMHOr0 yTBOpEHHS B TKaHMHaX FOSI0BHO-
ro MO3Ky OXOME audepeHuiansHUi psg
iHWWX CYAMHHUX HOBOYTBOPEHb — aHriomu,
nepeayciMm KaBepHO3HOro Tuny (KaBepHO3Hi
manbdopmauii (KM)) Ta rinepsackynspusoBa-
Hi NyxnuHU. KaBepHO3Ha ManbdopMauisa ckna-
[AETbCA 3 BEJIMKUX, PO3WMPEHUX CYAUHHUX
KaHaniB, SKi MaloTb 3a3BMYali TOHKI i BOSTOKHU-
CTi, rianiHizoBaHi cTiHkK, 6e3 cchopmMoBaHOro
M'a3oBoro wapy. KaBepHo3Ha Manbdopmauis
- nponidepart pi3HUX KNITUH CYAMHHOI CTiH-
KW, CMiBBiAHOWEHb IXHiIX CTPYKTYPHUX LWapiB
6e3 HassBHOCTI MiX HMMW MapeHxiMu Mo3Ky. Y
[OCNIAXEHHI aHrioapXiTEKTOHIKM BHYTPILLHbO-
yepenHux NyxauH [2] cTyneHs ix Backynspu-
3auii (rniobnactomMa, aHannacTU4Hi raiomu,
MeTacTasu CYAMHHUX Mo3avyepenHux MyxuH)
CMOCTEpIraeTbCs CBOEPiAHE peMoAentOBaHHS 3i
cnpoweHHaM 6yaoBM CyAMH Ta OCEPEAKOBO
rineptpodieto  nepeaicHy4oi apTepianbHOi
NIaHKWN, SKi XUBNATb NYX/INHY.

Y HelpoBidyanisauinHmx AOCAIAXKEHHSAX BAaA-
€TbCA AiarHoCTyBaTu aHoOMasibHi HOBOYTBOpe-
Hi CyAWHM B Nyx/auHi 3 aHrionponidepadieto
(NiABULWEHHS CYAMHHOI WinbHOCTI, obniTepauis
€HAOTesliEM NpOCBITY, PYHKUIOHaNbHO HECnpo-
MOXHi CyAWHM, WO 3yMOBAOKTb Aediunt abo
OINAHKM NATOMOM4YHO 3MIHEHOro HaKoMMU4yeH-
HA KOHTpacTy, ncesAaoaHeBpusMu, AB WwyH-
™™ — npu rniomax III-IV ctyneHa 3/109KiCHOCTI
(High grade gliomas), meTtacTtasax), OHKOTUYHI
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nceBaoaHeBpmn3aMm, obliapyBaHHSA Ta OKIO3ig
CyOMH — MpW NyxJnMHax OCHOBM 4yepena (age-
HOMM rino@i3y, MEHIHFIOMN, XOPAOMU) BENMKO-
ro posmipy [3]. IHTEHCMBHICTb Backynspusauii
rnioM KOpesnte 3i CTyneHeM aHannasili HoBOoy-
TBOpPEHb, WO MiATBEPAXYOTb pe3ynbTaTn Mop-
donoriyHMx gocnigxeHb. Ak BigoMo, ue 3y-
MOBMIEHO MOCU/IEHUM CUHTE30M aHrioreHHoro
dakTopa, SKWI NPOAYKYETbCA MNYXJIMHHUMMU
KNiTMHaMM Ta CTUMYIOE Nposidepauito cyanH-
HOro KOMMOHEHTa NyXAnHu [4].

HasBHICTb 3MiHEHOI MapeHxXiMM MO3Ky, Lo
pPO3TALLUOBYETbLCA MiX CyAMHaMMU, NMpUTaMaHHa
ABM, Ha BigMiHYy Big KaBepHO3HMX Manbdop-
Mauin. AHriorpadidHi gocnigxeHHs ABM po-
BOAATb haKT apTepio-BEHO3HOro LWYHTYBaH-
HA. KoHBekcuTanbHi Ta cybkopTukanbHi ABM
Tpeba andepeHuitoBaTu Big rineptpodoBaHmMX
NenToOMeHiHreasnbHUX CYAUH, AKi MOXYTb iMi-
TyBatn ABM, Ta Ha BiamiHy Big ABM, cyanHu
060/10HHI apTepii Ta BEHW MalOTb TUMOBY Xa-
pakTepHy 6yaosy [5].

BBaxa€eTbCcd, WO BiAHOWEHHA KaBEepPHO3HOI
remaHriomu (Manbdopmalii) 40 OTo4y4Ooi pe-
YOBMHW MO3KY arpecumBHe, i B 06nacTi ypaxeH-
HA MO3KOBOI MapeHxiMM — HeMmae (3amiweHa
CyaAnHHUM nponidepatom) [5]. AymKky npo Te,
O KaBepHO3Hi ManbdopMaLii — ue ramapTomm
(Baan po3BuTKY), cHOpPMOBaHi CyaMHaAMU CU-
HycoigHoro Tuny, 6e3 uepebpanbHOi NapeHxi-
MU MK HUMKM, NigTpumytoTb J.J. Cortés Velaa
Ta cniBasT. (2012) [6]. Uwumbaniok B.I. Ta
cniaBT. (2013) 3a3Ha4valTb, WO B CTPYKTYPI
KaBepHOM BiACYTHI e/leMeHTU HEPBOBOI TKAHU-
HW [7]. BinbwicTb 3 HMX poO3TalWloBaHi cynpa-
TeHTopianbHO, ane no 20% BunNagkiB BOHU €
Yy 3a4Hili yepenHin amui. KaBepHoOMu Bigpi3Hs-
toTbCsa Big ABM 3a conigHOKO apXiTEeKTOHIKOM,
6e3 enemMeHTIiB MO3KOBOT PEYOBMHU. TakoX He-
Ma€ TOBCTOCTIHHUX apTepil, XapakTepHUX ANnS
ABM, 3 BUNMHaHHAM BHYTPILWHbOI €/1aCTUYHOI
NJacTUHKW. BEHO3HI aHrioMu, WO CK/a[aloTb-
CS 3 TOHKOCTIHHMX pO3LWWMpeHnx i TpomboBa-
HUX CYAMH, 4YacTO TPanasTbCsa AK BMMNAAKOBI
3Haxiaku npu asToncii [5].

KaBepHOMU He MatoTb Karncysn, sika BigMexo-
BYE ii BiA HAaBKOMMLWHIX TKaHWH [8]. BBaxatoTb
[9, 10], wo BcepeanHi HOBOYTBOPEHHS BiaCyT-
HS HepBOBa TKAHWHA, BEJINKI XUBNAYI apTepii
abo apeHyroudi BEHMN.
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Introduction. Commonly, arteriovenous
malformation (AVM) is defined as a defect in
the development of vessels that make up a
local vascular neoplasm, which is formed by
vessels with pathological primitive structure
and hemodynamics type. AVMs, located along
the branches of the medial cerebral artery, are
most often diagnosed in the brain [1]. AVM
vessels are of different structure types and
diameter; brain tissue areas and focal gliosis
zones are determined between them. Vessels
are pathologically altered and have an atypical
collateral linkage between arterial and venous
links, without blood passing through capillar-
ies. According to various authors, different
degrees of expression of vessel muscular lay-
er and intussusception of the walls into the
vessel lumen are considered to be a charac-
teristic morphological feature of AVM.

Morphological diagnosis of AVM, as an option
of a space-occupying neoplasm in brain tis-
sues, includes a differential list of other vas-
cular neoplasms, such as angiomas, primarily
of cavernous type (cavernous malformations
(CM)), and hypervascularized tumors. Cav-
ernous malformation consists of large, dilat-
ed vascular channels, which usually have thin
and fibrous, hyalinized walls without a formed
muscular layer. A cavernous malformation is a
proliferating tissue of various vessel wall cells
and the ratio of their structural layers without
the actual brain parenchyma between them.
When studying the angioarchitecture of intra-
cranial tumors [2], the degree of their vas-
cularization (glioblastoma, anaplastic gliomas,
metastases of vascular extracranial tumors),
certain remodeling with simplification of vas-
cular structure and focal hypertrophy of the
pre-existing arterial link feeding the tumor is
observed.

During neuroimaging studies, it is possible to
diagnose abnormal neovasculatures in the tu-
mor with angio-proliferation (increased vas-
cular density, obliteration of the lumen with
endothelium, functionally incapable vessels
causing deficiency or sites of pathologically
changed contrast accumulation, pseudoaneu-
rysms, AV shunts - in case of high-grade glio-
mas, metastases), oncotic pseudoaneurysms,
layering and occlusion of blood vessels - in
case of large skull base tumors (pituitary ad-
enomas, meningiomas, chordomas) [3]. The
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intensity of glioma vascularization correlates
with the degree of tumor anaplasia, which
confirms the results of morphological studies.
It is known to be caused by the increased syn-
thesis of angiogenic factor, which is produced
by tumor cells and stimulates the proliferation
of the tumor vascular component [4].

Altered brain parenchyma located between
the vessels is characteristic of AVM, in con-
trast to cavernous malformations. Angio-
graphic studies of AVM prove the fact of ar-
teriovenous shunt procedures. Convexital and
subcortical AVM should be differentiated from
hypertrophied leptomeningeal vessels able of
mimicking AVM, and unlike AVM, meningeal
arteries and veins have a typical characteristic
structure [5].

The relation of the cavernous hemangioma
(malformation) to the surrounding brain sub-
stance is considered to be aggressive, and
there is no brain parenchyma (replaced by
vascular proliferating tissue) in the affected
area [5]. The idea that cavernous malforma-
tions are hamartomas (congenital abnormali-
ties) formed by sinusoidal vessels without ce-
rebral parenchyma between them is supported
by J.J. Cortés Velaa et al (2012) [6]. Tsimba-
liuk V.I. et al. (2013) indicate that there are
no elements of neural tissue in the cavernous
structure [7]. Most of them are located su-
pratentorially, but in up to 20% of cases, they
are located in the posterior cranial fossa. Cav-
ernous tumors differ from AVMs by their solid
architectonics, without elements of brain mat-
ter. Nor are there thick-walled arteries charac-
teristic of AVMs, with a protrusion of the inner
lamina elastica. Venous angiomas consisting
of thin-walled dilated and thrombosed vessels
are often incidental autopsy findings [5].

Cavernous tumors have no capsule separating
them from the surrounding tissues [8]. The
tumor is believed [9, 10] to contain no neural
tissue, large feeding arteries or draining veins.

According to the literature, there is no brain
parenchyma between CM vessels [12], where-
as the AVM structure may contain elements
of neural tissue [13, 14]. However, the liter-
ature contains no evaluation of MR tractogra-
phy data during preoperative preparation in
case of brain vascular anomalies and existing
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3riAHO 3 AaHuMU fiTepaTypu, NOMIX CyauMHaMu
KM napeHxiMn rofioBHOro MoO3Ky Hemae [12],
a B CTpykTypi ABM eneMeHTV HepBOBOI TKaHU-
HM MOXYTb Tpannsatucb [13, 14]. OgHak Mn He
3HaWWAM B niTepaTypi OUiHKK AaHux MP-Tpak-
Torpadii B xoai nepenonepauinHoi NiAroTOBKW
npu CyAMHHUX aHoOMasifaxX rofnoBHOMO MO3KY Ta
HasBHUX KOpensiuin AaHUX iHCTPYMEHTasNbHOro
06CTeXEeHHS Ta riCTONOrMYHOro AOCAIAXKEHHS. 3
METOK ONTUMI3aLii NaHyBaHHA Ta NpPoOBeAeHHS
XipypriyHOro sikyBaHHA BHYTPIiLLHbOMO3KOBUX
NyX/IMH PEKOMEHA0BAHUM € 3aCTOCYBaHHAM AU~
y3iNHO-TEH30PHOI MarHiTHO-pe30HAHCHOI TOMO-
rpadii (DTI) i MP-TpakTorpadii 4ns 3MeHLeHHS
HeBponoriyHoro aediumty [11]. Y pasi nnaHy-
BaHHS XipypriyHOro BmaaneHHs LepebpanbHux
CyavHHMX Manbgopmauin (LCM) i nyxnmnH, oco-
611BO DYHKLIOHANbHO BaX/IMBUX 30H FOSIOBHO-
ro Mmosky (®B3-I'M), akTyanbHMM, Ha Halw no-
rnaga, € NIMTaHHA, Y BXOAUTb A0 iXHbOro CKnaay
(PyHKLIOHANbHO CMPOMOXHA TKaHMHa MO3KY, Bif
4Oro 3asexaTtb K/iHiYHi pe3ynbTaTy Ta NporHos3
6e3nekn ToTanbHOi pesekuii LICM.

OTxe, npoBeAeHO orngag AaHUX niTepatypw i
Cy4YacCHMX peKoOMeHaaLin Woao XipypriyHoro ni-
KyBaHHa KM i ABM, nyx/inH ronoBHOro MO3KY,
nokanizoBaHux y ®B3-I'M Ta ctoBbypi ronos-
HOro MO3KY, 3@ OCTaHHi 15 pokiB i3 3acTocyBaH-
HAM MeamyHux 6a3 MEDLINE, Google scholar,
Researchgate. MNutaHHa 6e3neku XipypridyHoro
BUAANEHHS MA€E NepLioyeproBe 3Ha4YeHHH.

MeTa. BuaHaunTun KpuTepii WoA0 onTUManbHOl
TaKTUKKW XipypridHOro nikyBaHHs, uepebpanb-
HUX CYAWHHUX Manbdopmauin (UCM) wna-
XOM peTpOCNEeKTUBHOrO 3iCTaB/IEHHA [AaHUX
MP-TpakTorpadii 3 pgaHuMm MopdOnoriYHuX
OOCNigXeHb.

3agadi gocnigxeHHABCTaHOBUTK NoKarnisauito,
MaToricCToNOrivyHi  XapakKTepUCTUKWN  reMaHri-
OM KaBEpPHO3HOro TUMy 1 apTepio-BEHO3HUX
mManbdopMaLin Ta iXHiIX B3aEMO3B'A30K 3 pe-
3ynbTaTaMu XipypriyHoro sikyBaHH4.
1. BU3HauMTU BiANOBIAHICTb pe3ynbTaTiB Bilyarni-
3auii NpoBigHUX WNaxiB MeTtogoM MP-TpakTo-
rpadii Ta MOp@ONOriYHMX AaHUX, OTPUMAHUX
rMpv MiKpOCKOMNOBOMY AOCNIAXEHHI BuaaneHnx
uepebpanbHMX CyaMHHUX ManbdopMaLin.
3'acyBaTn 3HaA4YeHHs Bilyanisauii NpoBiAHMX
WIaxiB y pasi niaHyBaHHS onepawin 3 NpmBo-
Ay uepebpanbHUX CyanHHUX ManbgopMaLin Ta
MYX/IMH FOI0BHOIO MO3KY i MPUMAHSTTI pilleHHS
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LWOAO paAMKanbHOCTI iX pe3ekuii y gyHKUio-
HaJ/IbHO Ba>X/IMBUX 30HAX MOSIOBHOMO MO3KY.

Matepian i metoan. AHani3 pesynbTtaTiB obcTe-
XEHHS | NiKyBaHHSA 37 XBOPUX 3 06'EMHUMU YTBO-
peHHssMn ®B3-I'M, 11 xBopux 3 LICM (ABM, KM)
AingHok ®©B3-I'M, aki npoonepoBaHi NpOTAroM
2018-2019 pokis Ha 6a3i KHIM «KniHi4uHa nikapHs
WBMAKOI MeaAnYyHOoi aornoMorn M. JlbBoBa». Tun
LICM Bm3Hauanu 3rigHo 3 knacudikauieto Mix-
HapoAHOro TOBAapwUCTBa 3 BUBYEHHSA CYAMHHUX
aHoMmanin (International Society for the Study of
Vascular Anomalies - ISSVA), oHoBneHoi y 2014
poui. PETpoCcneKTMBHO B N'ATU CNOCTEPEXEHHAX
LCM ©B3-I'M npoBeneHO 3iCTaBfieHHS pe3yJib-
TaTiB  AaHux poonepuiiHoi MP-TpakTorpadii 3
pe3ynbTaTaMu riCTONOMYHUX AOCNiAXKeHb. YeT-
BEpOo MaUiEHTIB OnepoBaHi TpaHCKpaHia/lbHUM
mMetoaom (2 KM i 2 ABM), a oaHin xsopinn 3 ABM
(nnaHyBanu TpaHCKpaHiasibHe BUAANEHHS) nic-
N OUiHKM aaHux MP-TpakTorpadii npoBenu eH-
[0oBacKynsapHy embonisauito. MeToaom CBITN0BOI
MiKpocKonii NpoBeAeHOo AOCIAXEHHS MiKporpe-
napartie, 3abapsBfieHnx 3a KknacuudHow (rema-
TOKCUNIH-€03MHOM) | CcneujasiibHUMKU MeToAMKa-
MK (3a MacoHOM Ta XapTom).

Pesynbtatn Ta 06roBopeHHs.

Mun npoBenn [OCNIOXEHHSA BWAaseHoro Ma-
Tepiany i3 3acTocyBaHHAM 3abapBneHHs re-
MATOKCW/IH-€03NMHOM | 3iCTaBNeHHda 3 [aHu-
mMn MP-TpakTorpadii. MNpu nposeaeHHi DTI,
MP-TpakTorpadii BUKOHaNN OLiHKY CTPYKTypu
NpoOBiIAHUX LWNAXIB FOJIOBHOMO MO3KY, B 30Hi 3a-
uikaBneHocTi (Nnepea-, 3aueHTpasibHa 3BMBUHN,
CTOBOYPOBI CTPYKTYPWU FONOBHOMO MO3KY).

KapTa dpakuiiHoi aHizoTponii (FA) y Bunaaky
N°1 BusABWI@ 3HAYHE 3HUXEHHS MOKAa3HWKa B
AinaHui iHTepecy (tractus cortico-spinalis) Ha
piBHi cToB6ypa A0 0.41 (Npy NOKa3HMKY Ha iH-
TaKTHIiN cTopoHi 0.43), Wo cBiguYMTb Mpo ypa-
XXEHHS MNpPOBIAHMX LWNAXIB rOJIOBHO 3aBASKMU
LEeCTPYKLUITl Ta 4aCTKOBO AMciokKadulii.

BUABNAIOTLCA TaKi 3MiHW CaMUX TPaAKTIB Y 30Hi
BUAINEHOro iHTepecy:

® YACTKOBa AECTPYyKLisd BOSIOKOH NpaBoro Kip-
KOBO-CMMWHHOMO3KOBOIO LWIAXY;

MiHiManbHa AECTPYKLUiA BOJIOKOH NiBOro Kip-
KOBO-CMMWHHOMO3KOBOIO LWIAXY;
AucCnokalis HaBKONO yTBOpy Ta 6inbwe
KpaHiasibHO BOJIOKOH cepeaHbOl MO30YKO-
BOI HiIXXKWU;
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correlations between the data of instrumental
and histological examination. To optimize the
planning and surgical treatment of intracere-
bral tumors, it is recommended to apply diffu-
sion tensor magnetic resonance imaging (DTI)
and MR tractography to reduce neurologi-
cal impairment [11]. When planning surgical
removal of cerebral vascular malformations
(CVM) and tumors, especially those localized
in the eloquent brain areas (EBA), the relevant
question, in our opinion, is whether they in-
clude functionally capable brain tissue, which
determines clinical outcomes and prognosis of
the safety of the total resection of the CVM.

Thus, a review of literature data and cur-
rent recommendations have been conduct-
ed concerning the surgical treatment of CMs
and AVMs, brain tumors localized in the EBA
and brain stem over the past 15 years using
medical databases MEDLINE, Google Scholar,
Researchgate. The safety of surgical remov-
al is paramount. Our study aimed to deter-
mine the criteria for the best tactics of surgical
treatment of cerebral vascular malformations
(CVM) through the retrospective comparison
of MR tractography data and morphological
examination data. To achieve this goal, we
have outlined the following tasks:

1.To establish the localization, histopatholog-
ical characteristics of cavernous hemangio-
mas and arteriovenous malformations and
their relationship with the surgical treat-
ment outcome.

.To determine the correspondence of con-
ductive tract imaging results using MR trac-
tography and morphological data obtained
through the microscopic observation of re-
moved cerebral vascular malformations.

. To establish the conductive tract imaging
value during the planning of the surgery for
cerebral vascular malformations and brain
tumors and when deciding on the radicality
of their resection in eloquent brain areas.

Methods. Analysis of the outcomes of examina-
tion and treatment of 37 patients with space-oc-
cupying neoplasms of the eloquent brain area,
11 patients with CVM (AVM, CM) in the EBA,
who were operated on during 2018-2019 in the
Municipal Non-Profit Enterprise Clinical Emer-
gency Hospital in Lviv. The CVM type was de-
termined according to the classification of the
International Society for the Study of Vascular
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Anomalies (ISSVA), updated in 2014. Retro-
spectively, in five observations of CVMs in the
EBA, the outcomes of preoperative MR tractog-
raphy data were compared with the results of
histological examination. Four patients under-
went transcranial surgery (2 CM sand 2 AVMs),
and one patient with AVM who was scheduled
for transcranial removal underwent endovascu-
lar embolization following the evaluation of MR
tractography data. The method of optical mi-
croscopy was used to study micro slides stained
by classic (hematoxylin-eosin) and specialized
methods (Masson’s and Hart’s methods).

Results. We performed a study of the resected
material using hematoxylin-eosin staining and
compared it with MR tractography data. When
conducting DTI, MR-tractography, the structure
of conductive tracts of the brain, in the area of in-
terest (anterior central, posterior central convolu-
tion, stem structures of the brain) was evaluated.

The fractional anisotropy (FA) map in case No.
1 shows a significant decrease in the indicator
in the area of interest (tractus cortico-spinalis)
at the stem level to 0.41 (with an intact side of
0.43), indicating damage to conductive tracts
mainly due to destruction and partial dislocation.

The following changes of tracts in the area of
interest are observed:

partial destruction of the right corticospinal
tract’s fibers;

minimum destruction of the left corticospi-
nal tract’s fibers;

dislocation around the neoplasm and more
cranial fibers of the middle cerebellar pe-
duncle;

partial destruction and dislocation of lem-
niscus medialis fibers upwards and back-
wards at the stem level.

MR data pointing to reduced FA in the area of
interest (stem structures) indicate the inva-
sion of conducting tracts by pathological pro-
cesses. MR tractography data in our patients
showed the presence of conductive tracts in
the composition of CM and AVM tissues and
decreased fractional anisotropy (FA) in areas
of interest, which indicates their involvement
in the pathological process.

According to MR tractography data, in case
No. 1 of cavernous angioma, the fibers of con-
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e yacTKOBa AecTpyKuiss Ta aucnokauis pJo-
ropy Ta A03aJy BOJIOKOH cepefHboi neTni
(lemniscus medialis) Ha piBHi cToBbYypa.

MP-paHi 3HMXXeHHA FA y 30Hi BUAISIEHOrO iHTEep-
ecy (cToBbypoBi CTPYKTYpW) CBig4aTb Npo iHBa-
3it0 NPOBIAHMX LWNAXiB MATONOrMYHMUM NPOLECOM.
Oani MP-TpakTorpadii y Hawwux nauieHTiB 3a-
CBIiAYNIN HAABHICTb MPOBIAHUX LWIAXIB Y CKaAi
TKaHH KM i ABM Ta 3HUXeHHS paKLuinHOi aHi-
3oTponii (PA) B 30Hax 3auikaBfeHHS, WO CBia-
UMTb NPO iX BTATHEHHS Y NAaTOAOrYHMA NpoLec.

3a gaHumum MP-TpakTtorpadii y Bunagky N°1

KaBEPHO3HOI aHroMW BUSB/IEHO HasIBHICTb Puc. 2A. KM (l'emaHrioma (KaBepHO3HMI BapiaHT)).
BOJIOKOH MPOBiIAHUX WAAXIB NOMIX CyAWHaAMU KaBepHO3Hi CyAUHHI MOPOXHMHM 3 MacUBHUMM
Manbdopmalii (puc. 1). pO3LIapoBYUYMMM 3MilLIAHUMK 3rOpTKaMu KpoBi.

3abapBneHHs reMaToKCUiH — NiKpodyKCcMHOM, X125

Puc. 1. MP-TpakTorpadisi. Bunagok N2 1. KaBeHo3Ha i
Manbdopmauia (cTpinka). B pedoBuHi Manbdopmalii € . & D"
AOBri NpoBigHi WwWnaxu (CKHink Konip)

Puc. 2 B. l'emaHrioma (KaBepHO3HMI BapiaHT).
. RV . _ [ereHepaTuBHi 3MiHW CTIHOK i 30HaMn 3BanHyBaHHSA. 3a-
Y ceiTnosin mikpockonii npenapartis LICM oco 6apBrieHHS reMaToKCU/IH — NiKpodyKcMHOM, X125

6nueicTio KM € BIiACYTHICTb caMe napeHximu

MO3KY MiX NaToMOr4yHO 3MiHEHMMW KOHIr/IOMe- Y MiKpocKoniYHOMY AOCNiA)KeHHI npenapaTis
paToM nponidepyunx CyamH, YacTMHa 3 GKNX LUCM B b6araTbox BMMagKax nNapeHXiMn MO3KY
napeTU4yHo po3wmnpeHa i GoOpMye KaBepHO3HiI NOMiXK cyanmHaMmn Manbdopmauii MM He BUABU-
NOPOXHUHK 3 ABULWAMK Tpombo3y (puc. 2, 3). nn (puc. 5-10).

KM ekcnaHCMBHO 34aBJIlOE, KOMMPECYeE OTOo-
4yyto4y MO3KOBY pe4YOBMHY, a OTXe, 3MIllyE Ta Y pocnigxeHHi npenapaty ABM N¢ 3 npouec

OVCIIOKYE NPOBIAHI WNAXM, WO N MNOSICHIOE, Ha npeacTaBNeHMn KOHrNoMepaToMm, wo nobyao-
Haw norngj, Bisyanizauito NMpoBiAHUX LWNAXIB BaHWI 3 MHOXWHHUX CYAMH, pi3HUX 3a dop-
y cknaai UCM npun MP-TpakTtorpadii. MO0 Ta PO3MIpOM. Y MpocCBiTax OAHWUX CYAMH

KPOB, iHLWIi CYyANHU MiCATb TPOMBOTUYHI MacK y
CBo€pigHy MOpdONOriYHy KapTUHY crnocTepi- CTaAil opraHisauil.

ranu npu gocnigxeHHi 6yzosun ABM (puc. 3).
CTiHKM O0AHWX CYAMH MOTOBLUEHI, FOMOreHi3o-

Mpn MP-TpakTorpadii nigTBepAXeHO HasaB- BaHi — ANQY3HUA rianiHo3; B iHWKX CyAMHaxX
HICTb BOJIOKOH MPOBIAHUX WIAXIB Y TKaHWUHI CTiHKa uentonapHoi 6yn0Bu 3 HAAMIPHO Kifnb-
ABM (puc. 4). KicTio ibpobnacTtiB, MIKKNITUHHI MPOMIXKKMK

KonareHisoBaHi (puc. 5).

162



Mpaui HTL MeanyHi Hayku
2022, Tom 66, N2 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2022, Vol. 66, 1

OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn

ductive tracts between the malformation ves-

sels were found (Fig. 1).

Figure 1. MR tractography. Case No. 1. Cavernous mal-
formation (arrow). The malformation matter contains
long conductive tracts (blue)

During optic microscopy of CVM slides, the
CM is characterized by the absence of brain
parenchyma between pathologically altered
conglomerate of proliferating vessels, some
of which are paretically dilated and form cav-
ernous cavities with thrombosis (Figs. 2, 3).
CM effusively constricts, compresses the sur-
rounding brain matter, and thus displaces and
dislocates conductive tracts, which explains,
in our opinion, the visualization of conductive
tracts in the CVM during MR tractography.

A peculiar morphological pattern was observed
during the study of the AVM structure (Fig. 3).

;"." / 4 - (
/ ¢

Figure 2A. CM (hemangioma (cavernous version)).

Cavernous vascular cavities with massive exfoliating

mixed-blood clots. Staining with hematoxylin-picro
fuchsin, x 125.
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Figure 3. Brain parenchyma in the AVM tissue. Case No.

2. Brain tissue between the AVM vessels of. a - magni-

fying power x 250 times. Hematoxylin-picro fuchsin; b -
magnifying power x 125 times, hematoxylin-eosin.

Figure 2B. Hemangioma (cavernous version).
Degenerative changes in walls with calcareous infiltration
zones. Staining with hematoxylin-picro fuchsin, x 125.
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Puc. 3. NapeHxiMa MO3Ky B TKaHMHi ABM. Bunagok N2 2. Mo3koBa TKaHMHa Mix cyanHamm ABM: a — 36inblieHHs x250
[eMaToOKCUNiH-NiKpodyKCUH; 6 — 36inblleHHs X125 pasiB, reMaToKCcUNiH-eo3nHPUC.

KOM'S130Bi KNiTUHM (POPMYIOTb TOHKI cermeHTap-
Hi MpoLapKu1, UMPKYNIAPHI CTPYKTYPU BiACYTHI.

3rigHo 3i cneuianbHUM [OCNIAXKEHHSM 3HaMW-
AEHO 03HaKM rinonnasii enacTnyHUx membpaH
Ta CepeAHboro wapy CyAamH, a TakoX 3Ha4YHUM
cknepo3s i rianiHo3 cyanH. YiTko ineHTUdikyBa-
TV cyauHu 3a Tunom 6ynosn (apTepianbHi un
BEHO3Hi) A0CUTb cknagHo (puc. 7).

Y pocnigxeHHi npenapaTty N2 4 kKaBepHO3HOI
aHriomn cToBbypoBOi snokanisauii npu 3a-
6apBneHHi reMaToOKCU/iHOM Ta €03MHOM
BUSAIBJIEHO HOBOYTBIp, OTOYEHWUI MYyXKOK Cro-
NYYHOK TKAHWUHOK 3 MHOXWHHWUMWU, XaOTUYHO
po3TaloBaHNUMKU cyanmHamu. [1pocBiTM CyauH
AnngatoBaHi, rinepeMoBaHi. CTiHKM CyauH He-
piBHOMIpHO MOTOBLUEHI, CK/Iep0o30BaHi Ta ria-
NiHI30BaHi, BOrHULWEBI 3MiHU 3 BiAKIaAaHHAM
Puc. 4. MP-TpakTorpadis. Bunagok N2 2. ABM. B peuo- conen Kanbuito. TKaHWHa MO3KY: Helponinb 3

BWHI ManbdopMauii HasiBHi AOBri NPOBiAHI WNAXM (CUHIN 03HaKaMu AMdY3HOro HabpsaKy Ta AiNgHKaMu
KOnip) i KoOMicypasnbHi BONOKHa (YepBOHMI KONip) KpoBOBMAMBY (pUC. 8)

Y 3abapBreHHi 3a XapToM BUAHO, LLIO YacCTMHa Cy- 3a3HayeHi 3MiHM MatoTb HECMPUATIBUA BNNB
OWH MICTUTb e/1aCTUYHI BOSTOKHA, 3 (POpMYyBaHHSM Ha nepebir onepadii: sk onmMcaHo B niTepaTtypi,
MeMbpaH; y CTiHUi iHWKX — HasBHI BHYTPILIHS 3a HasBHocTi KM vacTto BiabyBatoTbCcs rnios,
Ta 30BHILIHA enacTuyHi MembpaHn, KpiMm onuca- Kanbumndikauia Ta rianiHoBa gereHepauis, Wwo
HUX 3MiH, HasBHI CyAVWHU 3 MYNbTUMNIKOBAHOLO, MOXe yCKnagHutu npoueaypy [15].
po3nyLueHot, abo oaHO XBunenoaibHow memb-
paHOLO, LLO OXOMJIE BCHO CTIHKY CyAMH. B noo- Y ricroximiuHoMy chapbyBaHHi 3a XapTom
OVHOKUX CyAMHax Bi3yani3ylTbCa  pO3MyLUeHi — eNnacTU4Hi BOJIOKHa po3TalloBaHi LnpKynap-
€/1aCTUYHI BOJIOKHA, WO pOo3TalloBaHi HeBnopsaa- HO, Y YacCTUHi CyOMH MaloTb XBUNACTUIA BU-
KOBaHO Ta He opMytoTb MeMbpaHu (puc. 6). rnsg, B iHWKMX — TOHKI dinamMeHTM popmytoTb
HI>)XHO BOJIOKHMCTI MOAYLIKOMOAiIO6HI CKynyeH-
Y 3abapBneHHi cyauH ppibHoro kanibpy 3a Hg. OTo4uylo4a CrnoflyvyHa TKaHMHa, 3a XapToM,
MacoHOM BMABNEHO CKJ1IepO3 CTIHOK, rnajeHb- HeraTmsBHa (puc. 9).
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MR-tractography confirmed the presence of con-
ductive tract fibers in the AVM tissue (Fig. 4).

Figure 4. MR tractography. Case No. 2. AVM. The malfor-
mation matter contains long conductive tracts (blue) and
commissural fibers (red)

During the microscopic examination of CVM
slides, we did not reveal brain parenchyma
between malformation vessels in a humber of
cases (Figs. 5-10).

During the study of the AVM No. 3 slide, the
process is represented by a conglomerate
formed by multiple vessels that are different
in shape and size. There is blood in the lumens
of some vessels, other vessels contain throm-
botic masses in the stage of formation.

F i 1

ke

Figure 5A. Hematoxylin and eosin: No. 3: AVM.
Magnifying power x 120.

[F=S
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The walls of some vessels are thickened, ho-
mogenized - diffuse hyalinosis; other vessels
have the cellular structured wall with an ex-
cessive quantity of fibroblasts, intercellular
space is collagenized (fig. 5).

Hart staining shows that part of vessels con-
tains elastic fibers, with the formation of
membranes; the wall of others contains inter-
nal and external elastic membranes. In addi-
tion to described changes, there are vessels
with multiplied, fluffy, or one wavy membrane
covering the entire vessel wall. In individu-
al vessels, fluffy elastic fibers are visualized,
which are located erratically and do not form
a membrane (Fig. 6).

Figure 6. Histochemical staining using Hart’s method:
No. 3: AVM. Magnifying power x 120.

When staining small-caliber blood vessels us-
ing Masson’s method, wall sclerosis was de-
tected, smooth muscle cells form thin seg-
mental layers, circumferential structures are
absent.

Figure 5B. Hematoxylin and eosin: No. 3: AVM.
Magnifying power x 400.
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Puc. 5A. l'emaTokcuniH Ta eo3uH: NQ 3: ABM. 36inblueH-
HA X120

CneuianbHe 3abapBneHHs 3pisiB TpuUxpo-
MOM 3a MacoHOM BUAIBUNO, WO CTiHKa CyAWH
6inblworo giameTtpy nobyaoBaHa 3 KonareHizoBa-
HOI CMONYYHOI TKAHWHW, TNaAKOM'S30Bi KNiTUHU
BIiACYTHI. Y ApibHMX cyamMHax M'a30BUA KOMMO-
HEeHT MpeacTaBAeHUn MOOAMHOKMMMK KIiTUHAMW,
abo ny4dkamu; chopMoBaHOi M'I30B0OI 060IOHKM

Puc. 6. lictoximiuHe dapbyBaHHsa 3a XapToMm: N? 3: ABM.
36inblueHHsa x120

Puc. 7 A. ABM, ToTanbHO BuaaneHa. 3abapeneHHs
TpuxpoMoM 3a MacoHoMm: N? 3: 36inbweHHs x120

Original research: Clinical sciences

Puc.5 b. F'emaTokcuniH Ta eo3nH: NQ 3: ABM. 36inblueH-
HA x400

He BMsABNEHO. 3rigHO 3 riCTOXiMIYHUM BUCHOBKOM,
y CKiagi aHrioMn nepeBaXatoTb CYAMHW BEHO3-
HOro TNy 3 o3Hakamm ckneposy (puc. 10).

Y 3a3HayveHunx 3paskax N2 3 i N° 4 B CcTpyKTy-
pi ABM Ta kaBepHOMM, BiANOBIAHO, NapeHXiMu
MO3KY He BUABJIEHO. HaBKOJIO ypaXKeHHS BUAi-
NATbCA Makpodarm 3 reMoCMAEPUHOM, peak-
TUBHWM rNio3 i kanbuudikauis.

Y3aranbHeHHs i 06roBopeHHs. Nokasn go one-
pauii Npn KaBepHO3HUX aHrioMax BCTaHOBIIO-
I0Tb MiCNa TOro, AK Naui€EHTU NEepexXusin MHO-
XXMHHI KPOBOBW/IMBU MpU sioKanisauii aHriomu B
®B3 ronoBHOro Mo3ky, abo oAMH KPOBOBUINB
Yy <«HiMili» 30Hi, 9KMA NPU3BIB A0 MNOTripLIEHHS
HeBponoriyHoro aediunty [16, 17].

Pn3unku ycknagHeHHs, nNoB’A3aHi 3 XipypriyHmm
BTPYYaHHSAM, BapilolOTbCA  3aseXHO Big Mic-

ua ypaxeHHsa KM. Amin-Hanjani et al. (1998)

Puc. 7 B. ABM, ToTanbHO BMAaneHa. Metaxpomasis. Bu-
pa3Hi ANCTpPOdiYHO — AereHepaTUBHI 3MiHW CTIHOK CyAuH
ABM. 3abapBneHHs TpMXpoMoOM 3a MacoHOM:

N2 3: 36inbweHHa x800
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Using a special study, signs of hypoplasia of
elastic membranes and the middle layer of
blood vessels, as well as significant sclerosis
and hyalinosis of blood vessels, were identi-
fied. It is quite complicated to clearly identify
vessels by structure type (arterial or venous)

(Fig. 7).

Figure 7A. AVM, totally resected. Trichrome staining
using Masson’s method: No. 3: Magnifying power x 120.

Figure 7B. AVM, totally resected. Metachromatism.
Significant dystrophic and degenerative changes in the
walls of blood vessels AVM. Trichrome staining using
Masson’s method: No. 3: Magnifying power x 800.

When studying slide No. 4 of the cavernous
angioma localized in the stem, staining with
hematoxylin and eosin revealed a neoplasm
surrounded by loose connective tissue with
multiple, chaotically located vessels. The lu-
mens of vessels are dilated, hyperemic. Blood
vessel walls are unevenly thickened, scleroid
and hyalinized, focal abnormalities with the
deposition of calcium salts. Brain tissue: neu-
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Figure 8. Case No 4. Hematoxylin and eosin: cavernous
hemangioma. Magnifying power x 120.

Figure 9. Case 2. No 4. Histochemical staining using
Hart’s method: Cavernous hemangioma. Magnifying
power x 120

ropile with signs of diffuse edema, and areas
of hemorrhage (Fig. 8).

These changes have an adverse effect on the
surgery course: as described in the literature,
in the presence of CMs, gliosis, calcareous
infiltration and hyaline degeneration, which
can complicate the procedure, are quite often
[15].

During histochemical staining using Hart's
method, elastic fibers are arranged circularly,
they are wavy in some vessels and in others,
thin filaments form soft fibrous cushion-like
clusters. The surrounding connective tissue is
negative when Hart’s method is used (Fig. 9).

Special staining of trichrome sections using
Masson’s method revealed that the wall of
larger diameter vessels is formed of collage-
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Puc. 8. Bunagok N° 4. 'eMaTOKCUAIH Ta €03UH: remMaHri-
OMa KaBepHO3HOro Tuny. 36inbweHHs x120

Puc. 9. Bunapok 2. N? 4 TNictoximMiyHe dapbyBaHHA 3a Xap-
TOM: emaHrioMma KaBepHO3HOro Tuny. 36inblueHHs X120

Puc. 10. Bunagok N? 4. TicTtoximMiyHe cdhapbyBaHHS Tpu-
XPOMOM 3a MacoHoM: eMaHrioma. 36inbweHHs X120

3’'acyBanu, WO 3arasibHUA  HEBPOJIOriYHWUI
CTaH nauieHTiB 6yB xopownMm abo BiAMIHHUM Yy
100% naduieHTiB 3 KM AiNsiHOK YyepenHux Hep-
BiB, 97% 3 nobapHumu KM, 87,5% 3 M0304-
KoBuUMU, 75% KM crnnHHOro Mosky, i 64% KM
ctoBbypa ronosHoro mMo3ky[18, 19]. Mpwu no-
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kanizauii ABM y dyHKUIOHaNbHO Ba>X/IMBUX 30-
Hax MiBKyJlb BEIMKOro MO3KY — KipKOBMX i NiAg-
KipKOBMX, — @ TaKOX 3a HasSIBHOCTiI MMUOMHHOIO
ApeHaxy i po3MipiB aapa noHag 4 CM, HaBiTb
3a HasIBHOCTI MapeHXiMaTo3HOoi remMatoMm (3a
BUHATKOM BWUMaAKiB 3 BUPaXKEHOK AMCIoKaui-
€10), O6Ir'PYHTOBAHNM € BUKOPUCTAHHS MepLUnM
eTarnoMm XipypridHoro JsikyBaHHA €eHAOBacKy-
nsapHoi embonizauii [20]. KomnnekcHun nigxig
[0 XipypriyHOro nikyBaHHS, SiKMi nepeabavac
3aCTOCYBaHHS PIi3HMX TEXHOMOriNn, 30KpeMa i
3aCTOCyBaHHA eHAO0BacKy/IspHOro metoay, AO-
LiNbHO WMpLLe 3aCTOCOBYBATU K a4 toBaHTHUM
Ta OCHOBHMWI Y JliKyBaHHI rinepsackynsapusosa-
HUX MEHIHrOM, WO Aa€ 3MOry MiHiMi3yBaTu pu-
31K PO3BUTKY YCKNAAHEHb, MOMAINWUTU DYHK-
LioHaNbHWI Hacnigok BTpyYaHb. [loganblia
TaKTUKa NiKyBaHHA XBOPOro BU3HAYaETbCH 3a
pe3yfibTaTaMu BUKOHAHOro BTpy4YaHHsa [21].

3acTocyBaHHA paaioxipyprii npu nikysaHHi KM
ctoBbypa, rnMbuHHOI nokanisauii 3a1nwaeTb-
cs npuBabnuMBolO ONUi€, NpoTe 3 HeJoBese-
Hoto edpekTUBHICTIO. Poorthuis M. et al. (2014)
NpoBesin aHani3 pafioxXipypriyHoro nikyBaHHS
KM i 3'acyBanu, L0 HEMAE CTaTUCTUYHO 3HaYY-
LLOro 3B'A3KYy MiXK dakTopaMu pU3NKY KOXHO-
ro nauieHTa Ta pesynbTaTamm npoueaypu. IxHi
pe3yfbTaTu CBig4aTb Npo Te, WO iCHYE BeNuKa
Bapiauis B pesynbTaTtax AOC/iAXEeHb pagioXi-
pyprii, WO AOBroCTPOKOBI HACNIAKM JiKYBaHHSA
e noTpibHO BM3HaunTtm [22].

BucHoBKM

1.Pe3ynbtatn XipypriyHoro JikyBaHHA re-
MaHrioOM KaBepHO3HOro Tuny (KaBepHO3-
HUX ManbdopMauiin) i apTepio-BEHO3HUX
ManbdopMauih 3anexartb Big iXHiX maTtori-
CTOJIOMNYHUX XapaKTePUCTUK Ta sioKaisauii.
HalicknagHiwe nporHo3yBaTu pe3ynbTaT Ni-
KyBaHHS Npu iX nokanisauii y @yHKLiOHanb-
HO BaXXJIMBUX AiNAHKaX MO3KY.

.Y pasi nnaHyBaHHSA onepauin 3 npueoay Le-
pebpanbHUX CyAMHHUX ManbdopMaLiii i nyx-
JINH TOIOBHOrO MO3Ky Tpeba 3BepTaTu yBary
Ha pe3ynbTaTu Bi3yanisauii NpoBigHMX LWNH-
xiB. 3rigHo 3 MP-TpakTorpadii Ta Mmopdono-
FMYHUX JaHUX, B AeAKUX BUNAAKax Yy CTPYKTY-
pi KM abo ABM € napeHxiMa MO3KY, LLO MOXe
notpebyBaT AOAATKOBOI yBaru nig 4ac npu-
MHATTS pilleHHN WoA0 paAMKanbHOCTI pe3ek-
uii cyaMHHux manbdopmauin dyHKUIOHANbHO
Ba>XJIMBUX 30H FOJIOBHOIO MO3KY.
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nous connective tissue, smooth muscle cells
are absent. In small vessels, the muscle com-
ponent is represented by individual cells or
fascicles; no formed muscle membrane was
detected. According to the histochemical con-
clusion, the angioma is dominated by venous
vessels with signs of sclerosis (Fig. 10).

Figure 10. Case No. 4. Histochemical staining with tri-
chrome using Masson’s method: Hemangioma. Magnify-
ing power x 120.

In these slides No. 3 and No. 4, no brain pa-
renchyma was detected in the structure of
AVM and cavernous tumor. Macrophages laden
with hemosiderin, reactive gliosis and calcare-
ous infiltration are isolated around the lesion.

Discussion

Indications for surgery in case when cavern-
ous angiomas are determined after patients
have experienced multiple hemorrhages when
the angioma is localized in the EBA, or in the
event of one hemorrhage in the latent zone,
which led to a worsening of neurologic impair-
ment [16, 17].

The risks of complications associated with the
surgery vary depending on the CM location.
Amin-Hanjani et al. (2015) [18] showed that
the overall neurological condition of patients
was good or excellent in 100% of patients
with cranial nerve CMs, 97% with lobar CMs,
87.5% with cerebellar CMs, 75% of spinal
cord CMs, and 64% with brainstem CMs [19].
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When the AVM is localized in the eloquent
brain areas of the cerebral hemispheres, both
cortical and subcortical, as well as in the pres-
ence of deep drainage and nucleus size over
4 cm, even in the presence of parenchymal
hematoma (except in cases of severe disloca-
tion), it is justified to resort to surgical treat-
ment of endovascular embolization as the first
stage [20]. An integrated approach to surgical
treatment, involving various technologies, in-
cluding endovascular method, should be used
more widely as adjuvant and basic once in the
treatment of hypervascularized meningioma,
which allows minimizing the risk of complica-
tions and improving the functional outcome of
interventions. Further tactics of treatment of
the patient’s treatment are determined by the
outcome of the performed intervention [21].

The use of RF surgery in the treatment of deep-
ly localized stem CMs remains an attractive op-
tion, yet its efficiency is not proven. Poorthu-
is M. et al. (2014) analyzed the radiosurgical
treatment of CMs and showed that there is no
statistically significant relationship between
each patient’s risk factors and the outcome of
the procedure. Their results suggest that there
is great variation in the results of the RF-sur-
gery study and that the long-term treatment
outcomes have yet to be determined [22].

The outcomes of surgical treatment of cavern-
ous hemangiomas (cavernous malformations)
and arteriovenous malformations depend on
their histopathological characteristics and lo-
cation. It is most difficult to predict the treat-
ment outcome when they are localized in elo-
quent brain areas.

When planning surgeries for cerebral vascu-
lar malformations and brain tumors, attention
should be paid to the results of conductive
tract visualization. According to MR tractog-
raphy and morphological data, in some cases,
the CM or AVM structure includes brain paren-
chyma, which may require additional attention
when deciding on the radical resection of vas-
cular malformations in eloquent brain areas.
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