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Abstract. The paper presents an intelligence-based approach for detecting and grading coronary stenosis
in ischemic heart disease, combining coronary artery segmentation, stenosis segmentation, and multi-class
classification of lesion severity within a unified deep learning pipeline. A U-Net model highlights vessels, a
second U-Net model isolates narrowing, and a ResNet classifier assigns stenosis degrees. Semi-supervised
principles reduce the need for extensive annotations, gradually refining pseudo-labels for higher accuracy.
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Deep convolutional architectures have shown high potential for analyzing medical images, even
when only limited or partially annotated data is available. Our system addresses three main tasks for
the automated assessment of coronary artery disease: coronary artery segmentation, stenosis
segmentation, and multi-class classification of stenosis severity.

The system performs preliminary image processing that includes denoising, contrast
stabilization via mild filtering using a DNCNN-like model, and morphological operations.
This processing generates pixel-level masks with labels ranging from 0 to 25, corresponding
to various coronary branches and stenotic regions [1, 2]. Additionally, techniques such as
histogram equalization and morphological smoothing are applied to further enhance image
consistency under varying contrast and acquisition conditions [3, 4].

The segmentation component is implemented using a U-Net-based architecture that isolates
vascular structures, effectively highlighting the coronary arteries while suppressing background noise.

A second segmentation module refines the detection of stenotic areas by focusing on class 25,
representing stenosis, with all other pixels designated as non-stenotic. To overcome overfitting on the
small labeled dataset, a pseudo-labeling pipeline was incorporated; the dataset was divided into
labeled and unlabeled subsets, and a baseline model was used to generate high-confidence pseudo-
masks for the unlabeled images. These pseudo-labels were combined with the original annotations,
and the model was retrained for 500 epochs [5-7, 10-15].

A ResNet-based classifier is employed to further analyze the segmented stenosis regions by
categorizing them into severity levels—mild, moderate, or severe—based on local morphological
features. This classifier, fine-tuned on the CADICA dataset, achieves high accuracy and robustly
differentiates among severity grades [1, 4, 8, 9].

In summary, our pipeline significantly reduces annotation efforts while preserving anatomical
fidelity, delivering a robust and clinically viable solution for the automated assessment of coronary
lesions. Our approach has demonstrated improved sensitivity and specificity in detecting subtle
vascular abnormalities.
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Inmenexmyanvra cucmema 8UHAYEHHs CIMYNEHS CMEH03Y ) X80PUX HA IeMiuHy X80pooy cepys

Anomauin: Y pooomi po3enanymo Komn’tomepu3o8anuil nioxio 0nsa euseieHHA ma zpaoayii cmynens
KOpOHAapnoz2o cmeno3y npu iwiemiuniil Xeopodi cepuysa, w0 0a3yemvca HA NOEOHAHHI cezmenmauii
KOponapuux apmepiii, cezmenmauyii cmeno3zy ma 0a2amoknacogoi Kiacugikayii y €Ounii 2nuduHHin
Heutponnin apximexmypi. Modeny muny U-Net eudinae cyOunni cmpykmypu, a chneyianizoeana mepeiica
GU3HAYAE JIOKANbHI 30HU 38Y)HCeHHA, nicaa 4020 ResNet-knacughikamop po3pisnae cmynemi ypajrcemus.
Buxopucmanusa naniekeposanux (semi-supervised) npunyunie oOac 3mozcy 3MeHwiumu 006caz Heo0XiOHoi
DPO3MImMKU, iIMepamugHo 600CKOHATIOIOYYU NCEBOO-MIMKU 0151 RIOBUULEHHA MOYHOCHI.

Kniouogi cnosa: imemiuna xeopooda cepus, cmenos, 21uboKe Ha6UaHHs, Kiacugikayis.
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