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AHHOTALUA

06ocHoBaHue. CoBpeMeHHbIE anropuUTMbl U3BJIEYEHWS MOBEPXHOCTM KPOBOTOKA A/1s FeMOMO/ENIMPOBaHNUA aHEBPU3M BpioLu-
HOI aopTbl B OCHOBHOM W3BEKAIOT HE HaMpAMYK M3 KOMMbloTepHOM ToMorpaduu, a yepes atan cerMmeHTauuu [1]. 3o oc-
NOXHSAET U3BNIEYEHWe, NOTOMY YTO NpW 0BYYeHWM HEMpOCETU CErMeHTaLMM UrHOpUpYeTcs TOT (aKT, YTo KPOBOTOK Npej-
cTaBnisieT coboii 0HOCBA3HYK 06nacTb, W AN1A BbINONHEHUA KPUTEPUS OJHOCBA3HOCTM MOXKET TpeboBaTbes noctobpaboTka.
Bo-BTOpbIX, NOBEPXHOCTb KPOBOTOKA, MONYYEHHAsA M3 MacKM CerMeHTauuu ¢ nomolubto marching cubes, civwkom rpybas
1 TpebyeT NpUMeHeHUA crnaxuanus. [Ina obecneyeHns 0AHO3TANHOrO U3BNEYEHUS MOBEPXHOCTU MEPBLIM BblN NPeasoXkKeH
Voxel2Mesh [2]. Voxel2Mesh noka3sbiBaeT Henoxyto NPOM3BOAUTENBHOCTb B U3BJIEYEHWUE OTHOCUTESIBHO NPOCTLIX FEOMETPUIA,
B TO BpeMs KaK Ans 6oniee CNOXHbIX B IUTepaType NpefsioxkeHbl ero Moauduxaumm [3, 4].

Lienb — pa3spaboTka anroput™a 0HO3TaNHoOro U3BNEYEHUS NOBEPXHOCTU NPOCBETA aHEBPU3MbI OPIOLLHOM aopTbl.
Marepuansl u MeTogbl. bbino noarotoeneHo 90 CHUMKOB KOMMbOTEPHOM TOMOTPaduu C KOHTPACTUPOBAHMEM M MacoK Cer-
MEHTaLMUM K HAM C pa3MeTKoW 06/1acTh KpOBOTOKA, pa3AenénHbIx Ha rpynnbl B 40, 20 u 30 cHUMKOB anis 06y4yeHus, Banuaa-
UMM 1 TecTupoBaHusa. [Ins yBenndenns addeKTMBHOr0 pa3Mepa obyyatoLLeii BbI6OpKM NpUMEHANNCL apdUHHBIE M HENMHEN-
Hble ayrMeHTaumu. [1ns 0AHO3TanHoOro U3BneyeHWs NoBepxHoCTH bbina npeanoeHa rmbpuaHas HeMpOHHYIO CeTb, COCTOALLAnA
U3 BOKCENIHOrO KOZEepa, BOKCESIbHOr0 AEKOAepa W CETOYHOro fexofepa. ApXWTeKTypa KOAepa HacriefyeT apXuTeKTypy
ConvNeXtV2 pasmepa Atto. BokcenbHbli AeKofep ABNAETCA KOMNO3MUMEN NATU BIOKOB, M3 MHTEPNONALMOHHOMO C0S, ABYX
CBEPXTOYHBIX CNOB CO CNOAMMW NMaKeTHOM HopManu3auum 1 ReLU. BokcenbHblii feKkofep M Kofep coeuHeHbI CBA3AMMU aHa-
norunyHo Unet. CeTouHbIl fieKoaep COCTOUT U3 YeTbIpéx CBEPTOK GraphSAGE, paspenéHHbix GeLU, 1 coeIMHEH C BOKCENbHLIM
AexopoM. Ha Bxop Kozepa nocTynaeT CHUMOK KOMMbIOTEPHON TOMorpaduy, Ha BXOJ, CETOYHOrO [eKopa NocTynaeT nepeo-
HauanbHoe NpubMMKeHWe MOBEpPXHOCTW B BMAe Liapa. Ha Bbixo[e BOKCENbHOTO [EeKOpa Mojy4aeTcs Macka CerMeHTauuy,
Ha BbIXO/Le CETOYHOr0 1eKOpa — U3BNEYEHHas MOBEPXHOCTb. [1na 06yyeHms ucnonb3oBanack KOMBMHALMA BOKCENbHOM U Ce-
TOYHOW (YHKUMM MoTepb. B KayecTBe MCTMHHOI NOBEPXHOCTH UCMONb30BaU MOBEPXHOCTb, CrEHEPUPOBAHHYH U3 CerMeHTa-
LIMOHHOM Macku anroputMoM marching cubes. [lns 3agaHusa HeobXx0AMMBIX NapaMeTPOB reHepUpyeMOii CETKM UCMOMb30Banu
PErynspusvpyioLLMe CnaraeMble B CETOYHOM QyHKLMM noTepb. KayecTBo reHepaumm oueHMBanu MeTpukoii dice, cpaBHWBas
UCTUHHYI0 CErMEHTALMOHHYI0 MacKy C pacTepU3MPOBaHHOIN CreHepUpOBaHHOW NMOBEPXHOCTHIO.

Pe3ynbTathl. Mbl Npeanoxunm nepsyo rubpuaHyo HEMPOHHYIO CETb C KOAEPOM, OCHOBAHHBIM Ha COBPEMEHHOMN apXUTEKTYpe
ConvNeXtV2 pnis npsAMOro co3faHuA CETKU KPOBOTOKA aHEBPM3MbI OpIOLLHOM aopTbl. Mbl o6MAMCL ynyyLLeHNs reHepaLum
no metpuKe dice Ha 14,01%, Habpas 85,32%, no cpaBHenuio ¢ Voxel2Mesh.

3aksntoyenue. [loKkasaHbl MHOroobelLaoLiMe pesynbTaThl 1S TOYHOW reHepaLmu reoMeTpuu MpOcBeTa C MOKa3aTeNisMK,
BAM3KMMM K 33a4e CerMeHTaumK, YCTpaHaa HeobxoAMMOCTb B 3Tanax noctobpaboTky, HeobxoauMbIX AN NocnesHen.

KnioueBble cnoBa: rubpuaHbie HEPOHHbIE CETH; aHeBpU3Ma OPIOLLHOM aopTbl; FeHepaLys NOBEPXHOCTHOM CETKM.
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ABSTRACT

BACKGROUND: The majority of current algorithms for blood flow surface extraction in the context of hemomodeling of abdominal
aortic aneurysms are derived through a segmentation step, rather than directly from CT scans [1]. This approach introduces
a degree of complexity, as the segmentation neural network is trained without consideration of the fact that the blood flow is
a simply-connected region. Consequently, post-processing may be required to fulfill the simple connectivity criterion. In addition,
the blood flow surface obtained from the segmentation mask using marching cubes is too coarse and requires smoothing.
To provide one-stage surface extraction, Voxel2Mesh [2] was the first to be proposed. Voxel2Mesh shows good performance in
extracting relatively simple geometries, while for more complex ones, its modifications have been proposed in the literature [3, 4].
AIM: The study aimed to develop an algorithm for single-stage extraction of the lumen surface of an abdominal aortic aneurysm.
MATERIALS AND METHODS: A total of 90 contrast-enhanced CT images and segmentation masks with blood flow region
labeling were prepared and divided into three groups: 40, 20, and 30 images for training, validation, and testing, respectively.
Affine and non-linear augmentations were applied to increase the effective training sample size. A hybrid neural network
consisting of a voxel encoder, a voxel decoder, and a grid decoder was proposed for single-stage surface extraction. The
architectural design of the encoder is based on the Atto-sized ConvNeXtV2 architecture. The voxel decoder is comprised of
five blocks, beginning with an interpolation layer and concluding with two super-precision words with packet normalization
layers and ReLU. The voxel decoder and encoder are linked by means of analogous connections to those observed in the
Unet architecture. The grid decoder comprises four GraphSAGE convolutions, with GeLU intervening between each pair. It is
connected to the voxel decoder. The input to the encoder is a computed tomography image, while the input to the grid decoder is
an initial approximation of the surface in the form of a ball. The output of the voxel decorrelation is a segmentation mask, while
the output of the mesh decorrelation is the extracted surface. A combination of voxel and mesh loss functions was employed for
the purposes of training. The surface generated from the segmentation mask by the Marching Cubes algorithm was employed
as the reference surface. The mesh loss function was regularized to set the necessary parameters for the generated mesh. The
quality of the generated mesh was evaluated using the Dice coefficient, which compares the true segmentation mask with the
rasterized generated surface.

RESULTS: We proposed the first hybrid neural network with an encoder based on the state-of-the-art ConvNeXtV2 architecture
for the direct generation of abdominal aortic aneurysm blood flow meshes. A 14.01% improvement in generation was achieved
by the Dice metric, with a score of 85.32%, in comparison to Voxel2Mesh. The results demonstrate the potential for accurate
lumen geometry generation, with metrics approaching those of the segmentation task. This eliminates the necessity for post-
processing steps typically required for the latter.
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CONCLUSION: Shows promising results for accurately generating lumen geometry with performance similar to the segmentation
task, eliminating the need for post-processing steps required for the latter
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