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O6ocHoBaHMe. NweMnyeckiuin MHCYNbT — OfiHA M3 BedyLMX NPUYMH CMepPTHOCTM Kak B Poccuu, Tak u Bo BCEM Mupe [1].
OAHMM M3 OCHOBHBIX METOA0B AMArHOCTUKM ULLEMUYECKOTO MHCYNbTa ABAAETCA KOMMblOTepHas ToMorpaduyeckas aHruorpa-
¢us, No3BONAOLLAA ONPELESIUTL HaIMYMe CTEHO3a UM OKKIO3UK LiepebpanbHbiX apTepuit. bombluas YacTb ULWEMUYECKUX
MHCynbToB (51%) NpuxoAmMTCA Ha bacceliH cpeaHeii MO3roBoii apTepuu [2], 4To 0ByCNOBAMBAET NOBbILIEHHbI MHTEPEC K OLEH-
Ke KpOBOTOKa UMEHHO B JaHHOI 06n1acTi ronoBHoro Mo3ra. PyuHoe onpegeneHue CTEHO30B OTAMYAETCS CYOBEKTUBHOCTBIO
OLIEHKM M TpebyeT 3HauMTeNbHbIX BPEMEHHBIX 3aTpaT. ABTOMaTM3aumMs 06HapyKEeHUs CYXKEHUI cpefHeli Mo3roBOi apTepum
ABNseTca BocTpeboBaHHOM 3afaqeil aHanu3a u3obpaxKeHnin KOMNbITEPHON ToMorpaduyecKoi aHrnorpadum.

Leno — pa3pabotka anroputMa aBTOMaTM4ecKoro obGHapyXeHus CTEHO30B B CpefHeWd Mo3roBoi apTepun Ha DICOM-
1306paXeHMAX KOMMbIOTEPHOW ToMorpaduyecKoi aHrorpadum Ha 0CHOBE NPUMEHEHUS UCKYCCTBEHHBIX HEMPOHHBIX CETEH,
anropuTMOB OLIEHKM COCYMUCTOCTU W CKENETOHNU3ALMU.

Matepuanbl M MeTtopbl. bbinM Mcnonb3oBaHbl 262 cepun KOMMbHOTEPHOW TOMOrpaduyecKom aHruorpaguy nauueHToB
HayyHo-uccnenoBatenbCKoro MHCTUTYTa cKopoi nomolumn uMenn H.B. CrnndocoBcKoro, U3 HUX 94 cepum — co CTEHO30M
B M1/M2 cermeHTe cpepHeit Mo3roBon apTepuu. [ns 06paboTku n3obpaxkeHmii NpUMeHANach UCKYCCTBEHHas HeMpOoHHas
ceTb ¢ apxutekTypoi apxutekTypbl CFPNet-M [3]. PekoHcTpyKums cocyamncToro aepesa bbina 0cHoBaHa Ha BbIYMCIIEHUM MepbI
«cocypmuctocTu» (vesselness) [4] ¢ nocnepytoLLeil CKeNETOHU3aLMEN BbISBNEHHbIX CTPYKTYP.

Pesynbratbl. Ha nepBoM 3tane paboTbl 6bina 0byyeHa HeiipoHHas ceTb ANA cerMeHTaumm bacceitHa cpefiHen MO3roBoii ap-
Tepum: obyyaroLmin Maccus bbin chopMupoBaH ¢ noMolubto WwabnoHa MNI152 ¢ npuMeHeHneM adduHHBIX Npeobpa3oBaHmin
W X NOCNeLyoLLel 3KCNePTHOM oueHKoiA. Mpu 3ToM Mepa loU (Intersection over Union) coctasuna 0,81. OcHoBHbIM 3Tanom
ABNANACh CErMeHTaLUMs COCYAMCTOro AepeBa CpefHeil MO3roBOM apTepuW Ha OCHOBE WUCMONb30BaHMA GunbTpa vesselness
C nocnefyioLlen OLIEHKOW MHTEHCUBHOCTU BOKCENei U NMOUCKOM CBA3AHHOr0 00beKTa ¢ Haubonbluen anuHoii. [lanee ocy-
LLLeCTBAANOCL NOCTPOEHME CKENEeTa CPeAHEN MO3rOBOI apTepuM, TO eCTb ONpefeneHe 0CEBOW IMHUN COCYAa C NpeLCTaBne-
HWeM MoNyuMBLLETOCS CKenleTa B BuAe rpada, pébpaMu KoToporo SBMIAKOTCA COCYAb, @ BEPLUMHAMKU TOUKM UX BUdYpKALMNA.
CrnepylowmM 3TanoM Npou3BoMCA PacyeT MopdoorMyeckux NpU3HaKoB (AnaMeTp, Nowanb U NepuMeTp) B MIOCKOCTU
MonepeyHoOro CeYEHUs As KaWoro cerMeHTa (ydactka Mexay Toukamm budypkauum). Ha nocnegHem atane onpepensnach
061aCTb CyeHus Ha 0CHOBE aHanu3a NoBeJEeHUS CEYEHUI CErMEHTOB C HaX0XAEeHWEM OTKIIOHEHWS 0T MOPOrOBOr0 3HAYEHUS.
06wwas ToyHocTb anroput™a coctaeuna 79,39% (95% poseputenbHblid MHTepBan 73,98-84,12), uyscteutensHocte — 80,85%
(95% posepuTenbHbI uHTepBan 71,44—88,24), cneumduyHocte — 78,57% (95% poseputenbHbiin uHTepBan 71,59-84,52).
3aksnitoyeHune. TakuM obpasoM, bbin paspaboTaH anroputM LeTeKumum cTeHo30B B M1/M2 cerMeHTe Ha OCHOBE cerMeHTaLmm
bacceliHa cpeaHen MO3roBOi apTepuy, OLIEHKM vesselness 1 CKeneToHn3aumm cocyamuctoro aepesa. lpuMeHeHne paspabo-
TaHHOr0 anropuTMa Ha NpaKTUKe, NOCNe ero BaNMAALMK U KIIMHUYECKOI anpobaLum, No3BOAMUT YNPOCTUTL PYTUHHYIO OLIEHKY
n306paXKeHmin KOMMbKOTEPHOI TOMOrpadMyecKon aHrmorpadum BpadaMm-peHTreHoNoraMu U AacT BO3MOXHOCTb MOMyYeHHs
06LEKTUBHOI OLIEHKW 0651acTh cTeHOo3a.

KnioueBble cnoBa: HeVIPOHHaFI CeTb; KOMNbKOTEPHasA TOMOFpad)VI‘-IECKaFI aHrmorpad)vm; CpeaHAA M0O3roBas apTepud; CTeHO3;
OKKJTI03MS; NLLIEMUYECKUI WHCYNbT.
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ABSTRACT

BACKGROUND: Ischemic stroke is a significant contributor to mortality rates in Russia and globally [1]. Computed tomographic
angiography is a primary diagnostic tool for ischemic stroke, enabling the identification of stenosis or occlusion in cerebral
arteries. The majority of ischemic strokes (51%) occur in the middle cerebral artery region [2], underscoring the growing interest
in evaluating blood flow in this area of the brain. The manual detection of stenoses is characterised by subjective evaluation and
requires a considerable amount of time. The automation of middle cerebral artery narrowing detection represents a significant
challenge in computed tomographic angiography image analysis.

AIM: The study aims to develop an algorithm for the automatic detection of stenoses in the middle cerebral artery on DICOM
images of computed tomographic angiography based on the application of artificial neural networks, vascularity assessment
and skeletonization algorithms.

MATERIALS AND METHODS: A total of 262 computed tomographic angiography series from patients at the N.V. Sklifosovsky
Emergency Medical Research Institute were analyzed. Of these, 94 series exhibited stenosis in the M1/M2 segment of the
middle cerebral artery. The image processing was conducted using an artificial neural network with a CFPNet-M architecture
[3]. The reconstruction of the vascular tree was based on the calculation of the "vesselness" measure [4] with subsequent
skeletonization of the identified structures.

RESULTS: In the initial stage, a neural network for the segmentation of the middle cerebral artery basin was trained. The
training array was generated using the MNI152 template with affine transformations and subsequent expert evaluation. In this
case, the loU (Intersection over Union) measure was 0.81. The primary objective was the segmentation of the middle cerebral
artery vascular tree, which was achieved through the use of the vesselness filter, followed by an evaluation of voxel intensities
and the identification of the connected object with the longest length. The next stage involved the construction of the skeleton
of the middle cerebral artery. This entailed determining the centerline of the vessel and representing the resulting skeleton
as a graph with the vessels as edges and their bifurcation points as vertices. The subsequent stage was the calculation of
morphological features (diameter, area, and perimeter) in the cross-sectional plane for each segment (the area between the
bifurcation points). Finally, the area of constriction was determined based on the analysis of the behavior of the segment cross-
sections and the identification of any deviation from the threshold value. The overall accuracy of the algorithm was 79.39%
(95% confidence interval 73.98-84.12), with a sensitivity of 80.85% (95% confidence interval 71.44-88.24) and a specificity of
78.57% (95% confidence interval 71.59-84.52).
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CONCLUSIONS: Thus, we developed an algorithm for the detection of stenoses in the M1/M2 segment based on the segmentation
of the middle cerebral artery basin, the assessment of vesselness, and the skeletonization of the vascular tree. The application
of the developed algorithm in practice, after its validation and clinical approval, will simplify the routine evaluation of computed
tomographic angiography images by radiologists and provide an opportunity to obtain an objective assessment of the stenosis

area.
Keywords: neural network; computed tomography angiography; middle cerebral artery; stenosis; occlusion; ischemic stroke.
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