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Peszrome

AKTyabHOCTB: Pa3peiBbl 11epeOpanbHbIX aHeBpHU3M (LIA) ABiAIOTCS IIIaBHOM NPUYMHON reMOpparuuecKix HHCYJIBTOB, HA UX J0JII0
npuxoznutcs 70-85% HeTpaBMaTHUECKUX CyOapaXHOMIAJIBHBIX KPOBOM3IUSAHNI. OCHOBHBIMH 1ieIsIMU JieueHus LIA aBnsatoTcs npe-
JIOTBpAIEHUE pa3pbiBa, TPOMO03a UITH CUMIITOMOB Macc-3¢dekra. BeaynMu MeToiaMu JIe4eH s BHY TPUYEPEITHBIX aHEBPU3M SIBIISI-
IOTCSI OTKPBITOE KIUMHUPOBAHUE, MMIUTAHTAINS TOTOKOTKJIOHSIONINX YCTPOMCTB, pE3eIMPOBAaHIE U CTEHTUPOBAHKE. 3a MPOIEUEHHBI-
MH aHEBpH3MaMM HEOOXOIMMO HAOMIONATh, YTOOBI OLEHUTh YCTOHYMBOCTD OKKIIIO3UH, TAK KaK U3BECTHO, 4To Oosee 20% aHeBpu3M
I10CJI€ ONEPATHBHOTO JICUEHHS PEIUANBUPYIOT.

B mocnenHee BpemMsi MarHWTHO-pe3oHaHcHas anruorpadus (MPA) craHoBuTcs Bece Oosiee MPHUBICKATEIBHON KaK HEMHBA3MBHBIN
METOJI mocieayronero Hadmonenus 3a L{A mocie onepatiBHOTO JICYCHUs, TIOCKOIbKY HE TPeOyeTCsl TOCIUTAIM3ANH TallHCHTOB
U YMEHBIIAETCS KOJIMYECTBO OCIOKHEHUH, CBSI3aHHBIX C YaCThIM HCIIOIb30BaHHEM IiepedpanbHoit anruorpaduu (LIAD).

Heap uccaenoBanusi: OUEHUTh BOZMOKHOCTH JTUHAMHYECKOH MarHHUTHO-PE30HAHCHOM aHrHorpauu Mpu MOCIEONepaiMOHHOM
KOHTpOJIE manueHTos ¢ [{A.

Marepnaisl u MeToasbl: ViccnenoBanune 0110 mpoBeaeno Ha 6a3e I'bBY3 «Haywno-nccnenoBarensckoro nHetuTyTa — Kpaesoit k-
Huueckod 0ospHUIEI N 1 um. C.B. OuanoBckoro» r. KpacHonapa. B ycinoBusx cranmonapa 0110 odcnenoano 38 manueHtos ¢ [A
B [IO3JIHEM IOCIIeoTepaliioHHoM nepuose ¢ nmomoibio MPT, MPA (3D-TOF) u nunamuueckoit MPA, a 3atem LIAT. /lannbie Busya-
JTU3alMH, OJTyYeHHbIe B pe3ynbrare ucciaenoBannit MPA, nunamudeckoit MPA u LIAT Obutn OlleHEeHBI BpadaMU-PEHTTEHOIIOTaAMH,
PEHTIeH-XUpYpraMu U Helpoxupypramu. McciienoBarenn oLeHUBANIN JI€UEHbIE aHEBPU3MbI C TOUKH 3PEHHs OKKIIO3HH, B COOTBET-
cTBUM ¢ Kiaccupukanuein Raymond-Roy: monnas okkiro3us (1-s creneHsb), pesyauanbHas Ieika (2-s1 CTerneHb) ¥ pe3nuayaibHas
aHeBpu3Ma (3-51 cTerneHb). bbia mpoBe/ieHa OlIEHKA COCTOSHMS HEJICYCHBIX aHEBPHU3M Y IMAIMEHTOB ¢ MHOXECTBeHHbIMU L{A, aHeB-
pu3M de novo, a TaKKe MOUCK JPYTHX COCYIUCTBIX Mab(opmarui.

Pe3yabraTbl: VccieoBanyue IpoBOAMIOCH Y TTAIIMEHTOB B MO3HEM IOCIICONEPAMOHHOM nieproze oT 6 1o 18 mec. [Ipunsnm yva-
crre 38 manueHToB, 3 HUX 27 »eHuH (Bo3pact oT 32 1o 77 ner) u 11 myxxunH (Bo3pact ot 32 10 65 ner). B pesynbsrare nposeaeHus
nuHamMudeckoil MPA Obliy HaiiieHBl NpUIIeeUHbIC YacTH Y 4-X KIMIUPOBAHHBIX aHEBPH3M M Y 2-X dMOOIM3MPOBAHHBIX, YTO MOJ-
tBepamioch Ha LAI [lo pesynsratam aunammueckoii MPA mpuineeuHsle yacTH Cpeiu KINIMHPOBAHHBIX aHEBPU3M OINPEIEIISINCh
B [ICoA (n =2), BCA (n=1), [IBA (n = 1). Cpenu 5M001131pOBaHHBIX aHEBPU3M IpHUIIECYHbIC YacTH ObUTH 00HapyxeHbl B BCA
(n=1)u OA (n = 1). [To nauaeiM quHAMHUUeckoi MPA nomonuuTensHO ObLTH HaleHb! 5 aHeBpusM: 2 — B BCA, 1o ofnoit — B OA,
I[IMA, I1CoA. Jlannsie coBnanu ¢ pe3ynbratamu LIAT.

[To pe3ysibTaTaM JaHHBIX HAIIETO MCCIECJOBAHUS YyBCTBUTEIBLHOCTD M CIICHU(HIHOCT MeToAa AuHaMuueckod MPA B BBISBICHUH
npumieedHoi actu LA coctaBuna coorBercTBeHHO 100 1 100%, npu BeisBIeHHN HeldedeHbIX aneBpu3M — 100 u 100%.
Oocyxnenne: Jlannsie tuHammueckoir MPA nonHocTtsio comacyrorest ¢ LIAT uist onpenenenus craTyca OKKIIIO3UM aHEBPHU3MBI B MO-
CJICOTIEPAIMOHHOM KOHTpOIe. st OLICHKN BHY TpUUYEpEIHbIX aHeBpHU3M de novo quHamudeckast MPA Takke peBocXoauT OECKOHTPAcT-
Hyto 3D-TOF MPA mipu oneHke (opMbl aHEBpHU3MBI, OOHapyXeHHH melkn. Takum obpazom, auHamudeckass MPA Moker geTko oTo-
OpaxkaTb CTPYKTYpY COCYAOB TOJIOBHOTO MO3ra MPEHMYIIECTBEHHO 3a cueT ddekra moToka KPOBH U KOHTPACTa CTATHYECKHX TKaHEH,
a MPUHLIKIT 3aKJII0YAETCsl B OCHOBHOM B 3((ekTe MHOro(ha3HOr0 CKaHUPOBAHHUS U HAKOIUICHHS KOHTPACTHOTO TIpenapara.
3akurouenue: Vcnons3oBanue quHamuyeckoir MPA umeer psin npeumyiects nepen LIAT, Takue kak HEMHBa3UBHOCTb IaHHOM MIPO-
LIeTypbl, BBICOKOE pa3peleHne N300paKeHui iepeOpaibHbIX apTepuil, OTCYTCTBHE JIy4€BOil HArPY3KU U BBEACHHS HOACOAEPIKAIIETO
KOHTPACTHOTO Tpernapara, a Tak’kKe OTCYTCTBHE apTe(haKTOB OT METAIIMYECKUX KIIUIIC WM SMOOJIM3UPYIOIIETro MaTepraia.
Kntouesvie cnosa: nepedpaibHbIe aHEBPU3MBbI, FOJIOBHON MO3T, MATHUTHO-PE30HAHCHASI TOMOTpadusi, THHAMHYECKas MArHUTHO-pe-
30HaHCHas aHruorpadus, nepedpaibHas anruorpadus
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Abstract

Introduction: The leading cause of hemorrhagic stroke is a ruptured cerebral aneurysm (CA), accounting for 70%-85% of nontraumatic
subarachnoid hemorrhages. The primary goals of CA treatment are to prevent a rupture, thrombosis, or symptoms of mass effect. The
main treatment options for intracranial aneurysms are open clipping, flow-diverter device implantation, resection and stenting of an-
eurysms. Treated aneurysms should be monitored to assess the stability of the occlusion because more than 20% of surgically treated
aneurysms are known to recur.

Magnetic resonance angiography (MRA) has recently become increasingly attractive for the follow-up of surgically treated CAs because
it is noninvasive, does not require hospitalization, and reduces complications associated with the frequent use of cerebral angiography.
Objective: To evaluate capabilities of dynamic MRA in postoperative monitoring of patients with CAs.

Materials and methods: The study was conducted at the premises of the Scientific Research Institute — Ochapovsky Regional Clini-
cal Hospital No. 1 (Krasnodar, Russian Federation). In a hospital setting, 38 patients with CAs were examined in the late postopera-
tive period. All the patients underwent magnetic resonance imaging, 3-dimensional time-of-flight (3D-TOF) MRA, and dynamic
MRA followed by cerebral angiography. Imaging findings (MRA, dynamic MRA, and cerebral angiography) were evaluated by
radiologists, x-ray surgeons, and neurosurgeons. They assessed treated aneurysms according to the Raymond-Roy occlusion classifi-
cation: complete obliteration (class 1), residual neck (class 2), and residual aneurysm (class 3). Untreated aneurysms in patients with
multiple CAs and de novo aneurysms were also assessed, and we looked for other vascular malformations.

Results: The study was conducted in the late postoperative period from 6 to 18 months. A total of 38 patients participated in the study;
of them 27 were women (age, 32-77 years) and 11 were men (age, 32-65 years). Dynamic MRA detected neck remnants of 4 clipped an-
eurysms and 2 embolized ones, which was confirmed by cerebral angiography. According to the dynamic MRA results, in case of clipped
aneurysms neck remnants were found in the anterior communicating artery (n=2), internal carotid artery (n=1), and anterior choroidal
artery (n=1). In case of embolized aneurysms, neck remnants were revealed in the internal carotid artery (n=1) and basilar artery (n=1).
Dynamic MRA also detected 5 additional aneurysms: 2 internal carotid artery aneurysms, 1 basilar artery aneurysm, 1 anterior cerebral
artery aneurysm, and 1 anterior communicating artery aneurysm. These findings coincided with those of cerebral angiography. Based on the
results of our study, the sensitivity and specificity of dynamic MRA in detecting CA neck remnants and untreated aneurysms were 100%.
Discussion: Dynamic MRA findings are fully consistent with those of cerebral angiography in terms of determining an aneurysm
occlusion status during postoperative follow-up. As for evaluation of de novo intracranial aneurysms, dynamic MRA is also superior
to noncontrast 3D-TOF MRA in assessment of aneurysm shape and neck detection. Therefore, dynamic MRA can clearly visualize
the structure of cerebral vessels mainly due to the effect of blood flow and static tissue contrast, and the principle is mainly the effect
of multiphase scanning and accumulation of contrast agent.

Conclusions: Dynamic MRA has a number of advantages over cerebral angiography, such as noninvasiveness, high-resolution im-
ages of the cerebral arteries, absence of radiation exposure, use of iodinated contrast agent, and absence of artifacts from metal clips
or embolic material.

Keywords: cerebral aneurysms, brain, magnetic resonance imaging, dynamic magnetic resonance angiography, cerebral angiography
Cite this article as: Kardailskaya DO, Zyablova EI, Trofimova TN, et al. Capabilities of dynamic magnetic resonance angiogra-
phy in patients with cerebral aneurysms in the postoperative period. nnovative Medicine of Kuban. 2024;9(1):60-68. https://doi.
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AKTyanbHOCTb
LepeOpanbubie aneBpusMbl (LIA) — 3T0 nmproOpeTeH-

HETPABMAaTHUECKUX CyOapaxHOMAATBHBIX KPOBOW3IIHSI-
uuit (HCAK). [lepBoHagansHO cunTanock, uto LIA BeTpe-

HBIE COCYIUCThIC aHOMAJINH, BO3HUKAIOIINE B PE3YJIbTaTe
BBIMAYMBAHUS apTepHanbHOil creHkn. Hambomnee pac-
MIPOCTPaHCHHAS JIOKATH3AINS HHTPAKPAHUAIBHBIX aHEB-
pHU3M — MecTa pa3BEeTBIICHUS apTEePUil TIEPEAHEro OT/IeNa
BwinusueBa mHoroyronsHuka [1]. B kiinanueckoit npak-
THKE BBIABJICHHE HEPA30PBABIIUXCS BHYTPHUEPEIIHBIX
AQHEBPU3M YBEIMYWIOCH Olarogaps pyTUHHOMY HCIIOINb-
30BaHNI0 KoMIibioTepHO# Tomorpadun (KT) n marautHO-
pesonancHo# Tomorpaduu (MPT).

PaspoiBbl LA siBisitoTCS Bety1el IpUuYMHON reMoppa-
TUYECKUX MHCYJIBTOB, Ha UX A0dt0 mpuxoautcs 70—85%

yatorca y 1-2% HaceneHusi, OJJHaKO, 110 TOCJIETHUM JaH-
HBIM, PacCIPOCTPAaHEHHOCTh BHYTPUUEPETHBIX aHEBPU3M
MOXeT JocTurath ot 5—8% u gaxe 11% [2].

TakTHKa JIeueHus: NaUEeHTOB ¢ pasopBaBuMucs LA
SIBIISIETCST «OECKOMITPOMHUCCHOMY» — OHH TOZJICkKAT TO-
TaJbHO dpajuKanud. Hapsmy ¢ 3TUM OnNTHUMalbHOE Jie-
YCHHE HEPa30pBaBIICHCS BHYTPHUCPEITHON aHEBPH3MBI
JIOJDKHO BKJIFOUaTh CpPaBHEHHME BEPOSATHOCTH pa3pbhiBa
AHEBPHM3MBI 0e3 KaKoro-in0o BMENIATEeIbCTBA C PUCKOM
XUPYPrHUECKOTO KIUIMUPOBAHUS WM BHYTPHCOCYIUCTO-
ro JsedeHus. DakTOpBl, KOTOPHIC CIEAYET YUUTHIBATE:

61


https://doi.org/10.35401/2541-9897-2024-9-1-60-68
https://doi.org/10.35401/2541-9897-2024-9-1-60-68

VIHHOBaLoHHas megmnumHa KybaHu. 2024;9(1):60-68 / Innovative Medicine of Kuban. 2024;9(1):60-68

1 — aneBpu3Marndeckne (haKTOphI, TAKHE KaK PacIIoNo-
KEHHue, pazmep, MOpQOIIOTHs, HaJMIue TpoMOa BHYTPH
AQHEBPU3MBI U HAIUYUE JOYCPHETO MEIIKA MM HECKOIb-
KHX Jonei; 2 — GaKkTophl MallMeHTa, Takue Kak BO3pacT,
aHaMHe3, HCTOpHS Cy0apaXxHOWIATBLHOTO KpPOBOM3IIHS-
HUS U CeMeWHBIH aHaMHe3 cy0apaXHOMJAIBLHOTO KpO-
Bomsnusaus [3]. Jledenue LA 3akirodaercss B IpenoT-
BpaIlleHUU pa3pbiBa, TpomOO3a I CHMIITOMOB Macc-
s¢pdexra [4]. OCHOBHBIE METO/IBI JICUCHUST BHYTpHUEPETI-
HBIX aHEBPHU3M: OTKPBITOE KIUIMUPOBAHKUE, UMILTAHTALIUS
MOTOKOTKJIOHSIOUINX YCTPOUCTB, PE3CUPOBAHNE U CTCH-
THPOBaHUE.

3a TpoJeYeHHBIMH aHEBpPH3MaMH HEOOXOIMMO Ha-
0m101aTh, YTOOBI OLIEHUTh YCTOHYHUBOCTH OKKIIIO3HH, TaK
Kak M3BeCcTHO, 4To Oonee 20% aHEBpHU3M IIOCIE OIepa-
TUBHOTO JICUEHHIO PEelHUANBHPYIOT. COITacHO JaHHBIM
KIIMHUYECKUX pexomenaaiuii 2022 r., Ha3HaueHue BU3ya-
JU3UPYIOLIMX METOJIMK IOCIIE JICUSHHUsT HEOOXOAUMO TIPO-
BOIUTH yepe3 6—12 mec. [5]. HecmoTps Ha To UTO TIEpe-
Opanpras aaruorpadus (LJAL') octaeTcs «30710THIM CTaH-
JTapTOM», 3TOT WMHBA3MBHBII METON BM3yaJlM3allUU CO-
MPSDKEH C PSAIOM PUCKOB: BO3ACUCTBUE HOHU3UPYIOIIECTO
U3ITydeHUs, HEPPOTOKCUIHOCTh KOHTPACTHBIX BEIISCTB
Ha OCHOBE ioma, nepedpanbHas TPoMOOAIMOOIHS, a TaK-
JKe SITPOreHHOoe TMoBpexaeHue aprepuit [6]. ITockonbky
a¢dexkTuBHOCTH JeueHus LIA nomkHa OBITH MOATBEPIK-
JIeHa C T€YeHHEeM BpEeMEHH, 3TO TpeOyeT roChuTaIn3a-
WU TTAITUCHTOB YISl TIPOBEICHUS MHOTOYHMCIICHHBIX JHa-
THOCTUYECKUX HCCIECIOBaHMM, B PE3yJIbTaTe Yero pPUCKH,
CBSI3aHHBIE C IOCIIEAYIOLIUM HUcTionb3oBaHueM LIAT, ycy-
ryomstotest [7].

B nocnennee BpeMsi MarHUTHO-pE30HAHCHAs! aHTHUO-
rpadust (MPA) cranoBuTCs Bce Ooiee mpHBIIeKaTeIbHa
KaKk HEMHBA3WBHBIH METOJ| MOCIEAYIOIIero Halome-
Hus 32 L{A mocie omepaTWBHOTO JEYEHHs, OCKOJIBKY
He TpeOyeTcst rOCIUTAIN3AIHs TallMEHTOB U OCJIOKHE-
HHS, CBS3aHHBIC C YaCTBIM HCIOJIb30BaHueM LIAI, mu-
HUMHU3UPOBaHbl [8]. Il MpakTHYECKOrO MPUMEHEHUs
pu 00CIIeI0BaHNH TTAIIMEHTOB B MOCIEONEPAIHOHHOM
MepUoJe PEKOMEHAYETCS HCIOIb30BaTh JABa Pa3iHy-
Helx MeTtona MPA: Bpemsmponernyio (TOF) u MPA
¢ xoHTpacTHBIM ycmiteHneM (KY). OtmedeHo, 9to 9yB-
CTBHTEIBHOCTh M CHEIU(PUIHOCTh KOHTpacTHOH MPA
BHYTPHYCPEIHBIX AHEBPU3M IOCJIE BHYTPHUCOCYIUCTO-
ro jedeHust cocraisiiores 88 u 94% COOTBETCTBEHHO,
B TO BpeMs Kak B MTOCIICOTIEPAIIIOHHOM TIEPHOIE TIOCIe
OTKPBITOTO KJIIMIUPOBAHUS 3THU JaHHBIE COCTABIAIOT 90
1 92% cootBeTcTBEeHHO [9].

HeoOxoamMo Tax)ke OTMETHTH BaXHOCTH TOCIEOIIe-
PaIOHHOTO KOHTPOJIA B IIeJISIX 0OHAPYKEHUSI aHEBPU3M
de novo. Mmeercs mano wHpOpPMAIUU O HEOOXOTMMO-
CTH, 4acTOTe U (PPEKTUBHOCTH IJIAHOBBIX MOCIEIYIO-
IIMX BU3YAJIN3UPYIONINX MCCIETOBAHNN MTOCIE JICUCHUS
pa3opBaBIINXCS WM HepasopBaBmmxcst LIA mis uckirto-
YEHHUsT BO3MOYKHOTO 00pa3oBaHMs aHeBpHU3M de novo,
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OJTHAKO, TI0 JIAaHHBIM psiJia aBTOPOB, YacTOTa 00pa3oBa-
Hus aHeBpu3M de novo Bapeupyertcs B npezenax 0,23—
2,2% B rox [10—-13].

B namem uccienoBaHuM Mbl IpOAHAIU3UPOBAIH BO3-
MO)KHOCTH HCIOJb30BaHUsA AuHamuueckod MPA y ma-
uveHtoB ¢ LA B mo3gHeM MOCeonepauoOHHOM KOH-
Tpone B cpaBHeHuu ¢ LIAT. Meron nunammueckoir MPA
Ha MIPAKTHKE UCIIOIB3YeTCs MPEHMYIIIeCTBEHHO JIJIs OoJiee
YEeTKOW BU3YaIM3aIllUH COCYAHCTHIX Maib(opmarmii [14,
15]. B Poccuun umeercsi TOILKO OJIMH OIBIT IPUMEHEHUS
nuHamuyecko! MPA nns onenku LJA B mocneonepatiu-
OHHOM TIEPUOJIE, OJHAKO B TAHHOM HCCIIEJOBAHUU B TPYII-
Iy 00CIIeAyEMBIX BOILTH TOJBKO MAITUCHTHI C KIHITHPO-
BanHbIMU LA [16].

Llenb nccnegoBaHma

OHGHI/ITB BO3MOXKXHOCTHU Z[PIHaMPI‘-IeCKOﬁ MarHmTHO-
pEe30HAHCHOM aHrmorpaduu IMpH MOCIEONEePallOHHOM
KOHTpOJIE MaiueHToB ¢ L{A.

MaTtepuanbi n metopbl

Hccnenosanue mposeneHo Ha 6aze I'bY3 «Hayuno-
HCCIIEI0BATENIbCKOTO HHCTUTYTA — KpaeBast KiMHUYecKas
oompamna Nel mm. C.B. OuanoBckoro» . KpacHomapa.
B ycnoBusx cranmonapa Obuto odcienoBano 38 mamueH-
TOB ¢ LA B mo3mHeM moceonepanuoHHoM reproae. Bee
MAIUEHTHI TAaHHOU TPYIIBI OBUTH 00CIIEOBAHBI C TIOMO-
upio MPT, MPA (3D-TOF) u nmunamuueckoit MPA, a 3a-
TEM BU3yaIU3upyroLero uccienosanus LATL

B npotoxon uccnenoBanusi Bxoaunu HaruBHas MPT
rosioBHOro mo3ra, MPA u nunamuueckass MPA ¢ BHyTpu-
BEHHBIM BBEICHUEM TaJJOJTHMHUN-COACPIKAIIETO KOHTPACT-
HOTO TIperapara.

MPT npoBoaniu Ha anmaparax MR Optima MR450w
1,5T General Electric ¢ ncnonas3oBanueM 24-kaHaJIbHOM
ronoBHOH Katymkn U Ingenia 3T Philips ¢ npumenernem
32-KaHalIbHOM KaTyIIKU. B mpoTOKOJ CKaHUPOBaHUS BXO-
WA CJICAYIONTUE HMMITYJIBCHBIC TIOCIICIOBATEIHHOCTH:
TI1-WI, T2-WI, FLAIR, DWI, SWAN (SWI), 3D-TOF,
TRICKS (TRACKS), SPGR. IlamnuieHT HaXOAMUICS B TO-
JIOKEHUH JIe’Ka Ha CTINHE, C 3a(UKCHPOBAHHON TOJIOBOM.

[Tpu npoenennrt MPT B HATUBHOM BHJIE OBLIH HUCIIONb-
30BaHBI CIICAYIONINE MapaMeTphl CKAaHUPOBAaHMS Ha ariia-
pare General Electric: T1-BU (TR: 352, TE: 11), T2-BU
(TR: 4944-5133, TE: 10-104), FLAIR (TR: 8800, TE: 123),
3D-TOF (TR: 28, TE: 3,2), SPGR (TR: 4,4, TE: 1,4), cpen-
Hee BpeMsi cKaHupoBaHus coctaBuiio 20 muH. Ha anmapare
¢upmer Philips mapameTps! ckaHnpoBaHus OBUTH CIIETyIO-
uwe: 3D T1-BU (TR: 6,6, TE: 3), T2-BU (TR: 3000, TE:
80), FLAIR (TR: 4800, TE: 340), SWI (TR: 31, TE: 7,2),
DWI (TR: 4937, TE: 68), 3D-TOF (TR: 23, TE: 3.5), cpen-
Hee BpeMsl IPOBEICHUs HCCIIeJOBaHus — 17 MUH.

Hccnenoanue no mportokody guHamuueckod MPA
BBINIOJHSJIOCh TNPH  BBEACHUU TaJONMHUN-COAEPIKaA-
mero KOHTPACTHOTO IIpermapara 00beMOM W3 pacueTa
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0,1 MMOJB/KI ¢ TIPUMEHEHUEM OOJIOCHOTO INIPUIA CO
ckopocThio 3 mit/c. [lepBoHa4anbHO MPOBOIMIIOCH TPEX-
MEpHOE CKaHHPOBAaHUE C UCIOIH30BAHUEM MACKHU C ObIC-
TPBIM TPATUCHTOM [JIsl OIPENEICHUS 30HBI MHTEpEeca.
Jlanee ckaHMpOBaHWE OCYMIECTBISUIOCH OJHOBPEMEHHO
C MHBEKIINEH KOHTPACTHOTO Mpernapara, BCero ObuIo mpo-
ckanupoBaHo 14—16 BpemeHHbIX (a3. [lanee nzodpaske-
HUS KaXJI01 (pa3bl aBTOMATHUECKU BBIYUTAIIUCH U3 MACKU
1 OBUTH TONYYEHBI YIyUIICHHbIC M300pa’keHUS KpPOBE-
HOCHBIX COCYNOB pa3nu4HbiX (a3. [lapamerpsr muHamm-
geckoi MPA Oputn criemyromue: Ha ammapare General
Electric (TRICKS): FOV: 24x19, NEX = 0,5, KolIn4eCTBO
cpesoB 168, TR: 3,4, TE: 1,3, tonumHa cpesza 2,2 MM,
cpemHee BpeMmsl CKaHHMpOBaHWS — | MUH, Ha ammapare
¢upmst Philips (TRACKS): FOV: 250%241, konn4uecTBo
cpe3oB 120, TR: 3,9, TE: 1,38, Tonmuna cpeza 1,5 mm,
cpenHee Bpems — 1 MuH.

Bce nzobpaxenus, momydennsie npu MPT uccnemnona-
HUH, 00pabaThIBAIMCh HA BpaucOHBIX cTaHmusax General
Electric u Philips coorBeTcTBeHHO. B 0TiIHUME OT CTaHIMU
Philips, koTopast MO3BOJISIET TPOCMATPUBATH TOJIBKO CTATH-
Yeckre n300paxkeHus, BpadeOHas cranuus ¢pupmer General
Electric mo3BossieT 00padaThIBaTh MOTy4IECHHBIE H300paxe-
HUS KaK B CTATUYECKOM BapuaHTe, TaK U B KUHOIIETIIE.

IepebpanbHas anrnorpad s MPOBOIUIACH HA allapa-
tax Siemens Axiom Artis DTC u General Electric Innova
3000, mist myHKIMKM KcTionb3oBasicas Meton CenbauHre-
pa. Ilocne Toro xak KpOBEHOCHBIH COCYJ OBUT YCIEITHO
ITyHKTUPOBAH, KaTeTep BBIBOIIIIH, a aHTHOTpadUIeCKuit
KareTep IOMEIIAJd B BEpTCOPOOAZMIIPHYIO apTEPHUIO
1 OOIIyI0 COHHYIO apTepHIO COOTBETCTBEHHO JUIS Liepe-
OpasibHOH aHTHOTpadun.

JlaHHBIC BHU3yaIM3aliy, TIOyYCHHBIE B Pe3ylbTare Hc-
cnenoBannii MPA, munamuueckoi MPA u LIAI' Obumn
M3y4YeHbl BpayaMU-PEHTICHOJIOTaMM, PEHTICH-XUpPypramu
U HeWipoxupypramu. MccienoBareny OLIEHUBAIU JIEYEHbIE
AQHEBPU3MBI C TOUKH 3PEHHS OKKIIO3MH, B COOTBETCTBUU
¢ knaccupukanmeir Raymond-Roy: mommas okkimo3ms
(1-s1 crerienp), pe3yauaiibHas melka (2-s CTeNeHb) U pe3n-
IyasibHast aHeBpu3Ma (3-51 crenens). bblta npoBeeHa oleH-
Ka COCTOSTHMSI HEJICUCHBIX aHEBPH3M Y MAIIMEHTOB C MHOMKE-
ctBeHHbIMU L[A, aneBpu3M de novo, a Takke MOUCK IPYTHX
cocyaucTeIx Manmb(opmanmii. Ilpn orenke auarHoctmde-
CKOM LIeHHOCTH TnHaMudeckoil MPA npuMeHsTuch METO b
cratucTuky, LIAI" cuuranu sTaloHHBIM METOIOM.

Tabnuua 1
Cpoxu npoBeeHHsI MOCIe0NEePANNOHHBIX HCCIIeI0BAHM
B OTJAQJIEHHOM IepuoIe

Table 1

Timing of postoperative examinations in the long-term

period

Cpox KosinuecTBO manueHToB

Jlo 6 mec. 6
6 mec. — 1 roxn 7
1 ron — 2 rona 15
3 roma u Oonee 9
Bcero 37
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Pucynox 1. Pacnpedenenue nayuenmos c neuenvimu I[A
nO NOy U 803paAcmy

Figure 1. Distribution of patients with treated cerebral aneu-
rysms by gender and age

PesynbraTthbi

HccnenoBanre npoBOAMIOCH Y HAIIHEHTOB B MTO3HEM
rocieonepanuonaoM nepuoze ot 6 no 18 mec. I[Hoapoo6-
HBIC JAaHHBIC OTPaXXCHBI B Ta0muIe 1.

Bcero B riccieoBanny MpUHSIM ydacTre 38 MalieHTos,
13 HUX 27 sKeHIIUH (Bo3pacT oT 32 1o 77 yiet) u 11 My»uuH
(Bozpact ot 32 10 65 5iet). JlaHHbIe pacnpeieneHus malyeH-
TOB TIO TIOJTy ¥ BO3PACTy MPEACTABICHBI HA PUCYHKE 1.

IIpu nposenenun aunamuyeckod MPA u AT
HU Y OZHOTO M3 00CIIeTyeMBIX ITallHeHTOB MOOOYHBIX (-
(heKTOB U ATPOTCHHOTO TIOBPEIKICHISI OTMEUEHO HE OBLITO.

[Ipu LIAT nmy4eBast Harpy3ka Ha MAlMEHTOB ObLIa B TU-
anaszoHne ot 4 M3B J10 19 M3B, B cpeHeM coctaBmiia 10 m3B.

Taonuua 2
O0beM BBIIOJHEHHOT0 OIIEPATHBHOIO BMENIATEIbCTBA Y MANMEHTOB ¢ HHTPAKPAHHAJILHBIMH AHEBPU3MaMH
Table 2
Number of surgical procedures in patients with intracranial aneurysms
Kiaunuposanue Omboau3anus Pe3enupoBanue CreHTHpOBaHHE
. oremop- . oremMop- . oremMop- . oremMop-
OcTpeiimas A P~ OcTpeiimas A P~ OcTpetimast A p- Ocrpeiimas A P~
parn4ecKkuit parudeckuit parudeckuit parudeckuit
¢asa pazpsiba ¢asa paspsisa ¢asa pazpbiBa (a3a paspoiBa
HEePHOJ Hepuoa HepUO Hepuosn
30 16 3 3 1 0 1 0
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VY 37 nmanueHToB OBUTO MpoBeAcHO JeueHue LA, Bce-
ro ObLIO IpoJieueHO 54 aHeBPU3MBL. bbUTH HCIIONB30BaHbI
CIEIYIOINE METONBI: KIUIHUPOBAHUE, SMOONHU3ALHN, Pe-
3€UPOBAHUE M CTCHTUpPOBaHUE. METONbI ONMEPaTHBHOTO
BMEIIIATEIbCTBA y TAHHOW TPYTIITHI AIIMEHTOB TIPE/ICTAB-
JIEHBI B Ta0OuLe 2.

KnunupoBaHue npoBOANIHN ¢ UCIOIB30BAHUEM KITUIIC
W3 cIlJlaBa TUTaHa Mpou3BojacTBa Braun Aesculap, B kave-
CTBE HMOONM3HUPYIONIETO MaTepuaia MPUMEHSUTH TUIaTH-
HOBBbIE MUKpocnupanu Target.

Bcem mammenTaM B JTaHHOM HCCIICIOBaHWUU ObLIa
npoenena MPA B HatuBHOM Buje B pexxume 3D TOF
u TRICKS (TRACKS). ITocne npoBenenuss MPA 34 ma-
nreHTaM Obuia BeinojHeHa LIAT, nBoe malueHToB OT MH-
Ba3WBHOTO MCCIIEIOBAHIS OTKA3aJIUCh, Y OMHOTO OTMEYa-
Jlach aJJiepruyeckasl peakius Ha ojcojepskauue KoH-
TpacTHble BemiecTBa U y oxHoro BeisiBuiu COVID-19,
UCCIieIoBaHue OBLIO TEPEHECEeHO.

[To noxanu3anmuu Kak JIEUCHBIX, TAaK U HEJICUYCHBIX
A mnpeBanupoBanu aHEBPU3Mbl BHYTPEHHEH COHHOM
apTepuH, PeXe BCTPeUaIuCh aHEBPU3MbI OCHOBHOM ap-
Tepuu. Jlanusle no pacnoioxenuto L{A npencrasieHs
B Ta0xuIe 3.

B pesynbrare npoBeaeHus AuHaMudeckoi MPA Obin
HaWJICHbI TMPHILIECUYHBIE YaCTH Yy 4-X KIHIHPOBAHHBIX
AQHEBPHU3M U y 2-X IMOOTU3UPOBAHHBIX, YTO TOATBEPAH-
noch Ha LIAT (puc. 2).

[To pesynbraram nuHamuueckoit MPA mpuiieeuHbie
YacTU CPeAM KIUMUPOBAHHBIX aHEBPU3M OINPENESUINCH
B [ICoA (n =2), BCA (n=1), [IBA (n=1). Cpenu 3m-
OOMM3UPOBAHHBIX AHEBPU3M MPHUIICCUHBIC YACTH OBbLIN
obnapyxensl B BCA (n=1)u OA (n=1).

Tabnuua 3

PacnpenesieHne BHyTpUUepenHbIX aHEBPU3M

o Jokaauzauum no fanubsiMm MPA u LHAT

Table 3

Distribution of intracranial aneurysms by location
according to magnetic resonance angiography (MRA) and
cerebral angiography data

I.Iepeﬁpa.m,m;le KosmuectBo (n) Yacrora (%)
AHEBPHU3MbI

BCA: 13 25,5
u3 Hux KO 10 71

TTCoA 12 21,8
3CoA 9 16,4
CMA 6 14,5
I1BA 4 7,3
3HMA 3 5,5
ITKA 2 3,6
IIMA 2 3,6
OA 1 1,8

Ipum.: *BCA — BHyTpeHHss coHHas apTepus, KO — xapotua-
HO-oTampmudeckuii cermenT, [ICoA — mepenHsst coeanHu-
TenpHas apTepust, 3CoA — 3aHssI COeMHUTENbHASI apTepHs,
CMA — cpennsis Mo3rosas aprepus, [IBA — nepenusst Bop-
cunuatas aprepus, 3HMA — 3aiHss HIDKHAS MO3XKEUKOBas
aprepus, [IKA — nepukannesnas aprepus, [IMA — nepennss
Mo3roBas apTepus, OA — OCHOBHasI apTepHst

Note: *BCA, internal carotid artery; KO, carotid-ophthalmic
segment; [ICoA, anterior communicating artery; 3CoA,
posterior communicating artery; CMA, middle cerebral artery;
[IBA, anterior choroidal artery; 3HMA, posterior inferior
cerebellar artery; IIKA, pericallosal artery; [IMA, anterior
cerebral artery; OA, basilar artery

MPATRICKS

7 LICA

Pucynox 2. [ayuenm, 59 nem. Cocmosinue nocie smoonu3ayuu anespusmvl CynpakiuHouono2o omoena aesoi BCA npu nomo-
wu muxkpocnupanei. Ilo oannvim ounamuueckoti MPA (A) suzyanuszupyemcs KOHmMpacmupo8aHHas NPUMEeUHAs YaCms aHes-

pusmul, umo 6w110 noomeepricoerHo no oarnvim LIAI (B)

Figure 2. Male patient aged 59 years. Condition after microcoil embolization of an aneurysm of the supraclinoid portion of the
left internal carotid artery (ICA). Dynamic MRA (A) shows the enhanced aneurysm neck remnant, which was confirmed by cer-

ebral angiography findings (B)
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TRICKS phase 6 coronal

TRICKS phase 6 axial

Pucynox 3. Ilayuenmxa, 46 nem. Cocmosnue nocie Kiunuposa-
Hust pazopeasuieticst aneepusmvl npasoil BCA ¢ mecme omxooic-
Oenust 2NA3HOU apmepuu, KIUNUPOSAHUst UHMAKMHOU AHespU3-
Mot npasoti BCA 6 mecme omxooicoenus 3CoA, kaunuposanus
UHMAKMHOU AHe8PU3MbL NepeoHell COCOUHUMENbHOU apmepull.
Ilo oannvimu Ounamuueckou MPA oononnumensho Hatioena
aHespuzmMa KIuHouoHo2o omoena npaeoii BCA (cmpenxu)
Figure 3. Female patient aged 46 years. Condition after clip-
ping of a ruptured aneurysm of the right ICA at the origin of
the ophthalmic artery, clipping of an intact aneurysm of the
right ICA at the origin of the posterior communicating artery,
and clipping of an intact aneurysm of the anterior communi-
cating artery. Dynamic MRA additionally found an aneurysm
of the clinoid segment of the right ICA (arrows)

ITo pgamubpiM guHaMuyeckol MPA  1OIOJIHUTEIBEHO
ObLIM HaliieHs! 5 aneBpu3M: 2 — B BCA, mo ogHol — B OA,
I[IMA, TICoA (puc. 3). [laHHbIE COBNAJIN C PE3yIbTaTaMU
LIAT.

B Xxome Hamiero wuccienoBaHHA Oblla IMPOBEACHA
CPaBHHUTEJIbHAS XaPAKTCPUCTHKA TOIYYCHHBIX IaHHBIX

60
u MPA
10 LIAT
20
0 [
JleyeHble aHeBPU3MbI HeneueHble aHeBpU3Mbl

Pucynox 4. Jlannvie no konuuecmay aneepuzm npu MPA u IJAI"
Figure 4. Data on the number of aneurysms according to MRA
and cerebral angiography

npu auHamudeckoit MPA u LHAT. OtmedeHo, uto npu 1u-
Hamuueckoii MPA ObUIO BBIABICHO 55 JIGUEHBIX aHEB-
pu3M, 4TO cOOTBETCTBYET pe3yinbraram [{AIl. Heneuensie
AQHEBPHU3MEBI OBLIN BEISBICHBI y 5 U€JIOBEK IPU TUHAMUYE-
ckoii MPA u ITAT. IlonyueHHBbIE TaHHBIE CXEMATUYECKU
IPEJCTABIEHBI HA PUCYHKE 4.

ITpu onenke HeneueHbIX L[A y manMeHTOB ¢ MHOXe-
CTBCHHBIMHU aHEBPHU3MAaMH B TUHAMHKE C MPEIBIITYIIUMU
MP-uccnenoBaHusMHU yBEJIMUEHUsI pa3MEPOB BHYTpUYE-
PETHBIX aHEBPHU3M OTMEUYEHO He OBIJIO.

JlaHHbBIE Halero MCCIIEAOBAaHUS [OKA3alH, 4TO Ole-
HUTh PaJMKaIbHOCTb oneparuBHoOro jedenus LA na 3D
TOF-MPA ne npencrasisiercst BO3MOKHBIM B 100% ciy-
4aeB BBUY OOIIMPHBIX apTe(aKTOB OT KIUIIC U AIMOOITH-
3UPYIOIIETO MaTepuana, B TO BpeMs Kak Ha AWHAMUYC-
ckoit MPA apredaxTsl HUBeMpoBaHsI (puc. 5).

ITo pe3ynpTaraM HalEro UCCIIEA0BAHUS UyBCTBUTEIb-
HOCTh M CHEeHH(PHUIHOCTh MeToma AuHamudeckod MPA
B BbIsABICHUU TpuiieeyHord vactu I[A cocrtaBuma 100

3D TOF MPA

MPATRICKS

MPATRICKS

Pucynox 5. Ilayuenm, 65 nem. Cocmosinue nocie Kiunuposanus pasopsasueticsi anespusmvl BCA-IIBA, unmaxmmoil anes-
pusmvl nepeoneil coeounumenvrou apmepuu. Ha 3D TOF-MPA (A) onpedensiomes apmegaxmovl om KIUNC, 3aMPYOHIIOUUX
susyanuzayuro. Ha ounamuueckoti MPA (B, C) apmegakmul om Kaunc omcymcmaeyom, Kauecmao uzoopaxicenuss y0oeiemeopu-
menbHoe, OCMAMOYHO20 KPOBOMOKA 6 KIUNUPOBAHHBIX AHEBPUIMAX HE GbIABILEHO

Figure 5. Male patient aged 65 years. Condition after clipping of a ruptured ICA-anterior choroidal artery aneurysm and
an intact aneurysm of the anterior communicating artery. 3D-TOF MRA (A) showed artifacts from clips that complicate
visualization. On dynamic MRA (B, C), there were no artifacts from the clips; the image quality was good, and no residual flow

was detected in the clipped aneurysms
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Tabnuua 4

JunarnocTuyeckasi ueHHoctTh JuHamMudeckoii MPA no cpaBuenuto ¢ AT

Table 4

Diagnostic value of dynamic MRA compared with cerebral angiography

b | e (O IporuocTuyeckast IMporuocTuyeckast
oA RioxE (%) (%) rounocrs | "EHHOCTH MOIOKHTEILHOIO | IEHHOCTH OTPHIATEILHOTO
= = pesyabrara Tecra (%) pesyabrara Tecra (%)
Hpumeeuras 100 100 100 100 100
qacCThb

Heneuensie 100 100 100 100 100

n 100% CcOOTBETCTBEHHO, MpPH BBISBICHUHM HEJIEUEHBIX
aneBpu3M Tarke — 100 u 100%. [dannsie mo pacmpene-
JIEHHIO IMAaTrHOCTUYECKOM IIeHHOCTH JuHaMu4deckori MPA
o cpaBHeHmio ¢ LIAD mpencTaBiens! B Tabmuie 4.

O6c¢cyxpeHue

JleTanbHOCTP W WHBAIUAHOCTH MAIUEHTOB C pas-
peiBoM L{A, B TOM yucie ¢ UX peUUIUBAMU, OCTAIOTCS
JIOCTaTOYHO BBICOKUMH. [IpEBEHTHBHOE XHPYPTUUICCKOE
JiedeHne MoXKeT d3PPEKTHBHO MPEJOTBPAIIaTh KPOBOTEUE-
HUE U3 aHEBPU3MBI, TIOATOMY PAHHSS KIMHUYECKAs AHa-
THOCTUKA MMEET KM3HEHHO Ba)KHOE 3HAYCHUE IS CHU-
»keHust cmeptHoctu ot LA [17].

JlarHOE mccnenoBanne OBUIO HAMIPABIICHO HA OICHKY
CrocoOHOCTH AMHAMHU4YeCcKoil MPA BBISBIATH pe3nayalib-
HbIC/PELUIMBUPYIOIIUE aHEBPU3MBI MOCJIE ONEPATUBHO-
IO JICYCHUS BHYTPUYEPENHBIX aHEBpU3M. B HacTosiee
BpeMsl 1epeOpanbHas CyOTpaKIHMOHHAsl aHTHOTrpadus
OCTaeTCs «30JI0THIM CTAHAAPTOM» B BU3yaIW3aIlUH Jie-
yeHbIX LA 1 001amaeT XxapakTepruCTHKaMU BEICOKOH TOY-
HOCTH, OIHAKO MMEET CBOM HEIOCTATKH, TAKUE KaK HMH-
Ba3WBHOCTH MPOIENYPHI, BO3ICHCTBHE PEHTTCHOBCKOTO
M3ITyYeHUs] U WONCOMACpKAIMUX KOHTPACTHBIX BEIIECTB.
B cBoto ouepens meroq MPT Takike mmeer cBOM orpa-
HUYEHHUsI, CBS3aHHBIE MMPEUMYIIIECTBEHHO C apTeakTaMu
OT KIIUIIC WM 3MOOJH3UpyIonero Marepuana. OgHako
C TIOCTETIEHHBIM Pa3BUTHEM TEXHOJOTHH METUITMHCKON
Bm3yanu3zauuu MPA coBepiieHCTBOBalach 4TO MPUBEIO
K HUBEIIMPOBAHUIO apTe(aKkToB, U B HACTOSIIEE BpeMs
nuHamuyeckass MPA Bce yallle nmpuMeHsAeTCsl Kak HEWH-
Ba3UBHBII MeToA nuarHocTuku LA u mocneonepanuoH-
HOTO KOHTPOJISL.

Meton TRICKS (TRACKS) moiHOCTBIO coriacyer-
ca ¢ AT ans ompeneneHusi craryca OKKJIIO3UU aHEB-
PU3MEI B TIOCJICONIEPAIIIOHHOM KOHTpoue. s omeHku
BHYTPHYEPEIHBIX aHeBpU3M de novo AMHaAMHYECKas
MPA Taxxe mnpeBocxonut OeckoHTpacTHyto 3D-TOF
MPA npu ouenke (GpopMbl aHEBpPH3MBI, OOHApYKEHUHU
weiiku [18, 19].

Takum o6paszom, nmuHammueckas MPA moxkeT deTko
0TOOpaXkaTh CTPYKTYPY COCYIOB TOJIOBHOTO MO3ra Ipe-
MMYIIECTBEHHO 32 c4eT 3(deKTa moToKa KPOBH U KOH-
TpacTa CTaTWYCCKUX TKAHEW, a MPUHIUN 3aKIF09aeTCs
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B OCHOBHOM B 3(¢exTe MHOTo()a3HOTO CKaHHPOBAHUS
1 HaKOIIJIEHUs] KOHTPACTHOTO Npemnapara.

OnHako MaHHOE WCCIEIOBAaHWE OTPAaHWYCHO HEOOIb-
LIMM KOJIMYECTBOM KIMHUUYECKHX ClTydaeB. B nanpHeliniem
TUTAHUPYETCSI TPOJIODKUTH HCCIE0BaHHE Ha OOIbIIeM
KOJIMYECTBE TMAlMeHTOB C HCIOIB30BaHUEM alllapaToB
Pa3HBIX IPOU3BOJMTENEH U CPABHUTDH KaueCTBO N300paske-
HUH, NONy4eHHbIX Ipu ckaHupoBaHuu Ha 1,5T u 3T Tomo-

rpagax.

3aknoueHne

Hcnonp30BaHWe ITHHAMHYECKOW MarHUTHO-PE30-
HAaHCHOW aHTHOTpauu WMEeT psAI MPESUMYIIECTB
nepes nmepedpanbHOi aHruorpadue, Takue Kak HEHH-
Ba3MBHOCTH, BBICOKOE pa3pelieHne M300pakeHHud Iie-
peOpaIbHBIX apTepuii, OTCYTCTBHE JyYEBOW HArpy3KH
Y BBEACHHS HOJCOMEPIKAIIET0 KOHTPACTHOTO Tperapa-
Ta, a TAK)KE OTCYTCTBHE apTe(aKTOB OT METAJITUICCKHIX
KIIMIIC WK 3MOOJIM3HUPYIOIEro Marepuania. JJunamuye-
ckass MPA MokeT MCIIOIB30BaThCSI B KAYECTBE METOAA
BH3yaJIM3alli{ MEPBOU JIMHUH TPH MOCISAYIOIIEM Ha-
OMrofeHUN TakKe Oirarofaps MPEUMYIECTBY B OTIUINE
oT 3D TOF-MPA B oTHOIIIEHUH BU3yaTHU3aIlUH1 JICUCHBIX
nepeOpabHBIX aHEBPHU3M BBUIY HUBEIUPOBAHUS apTe-
(akToB.
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