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ABSTRACT

BACKGROUND: Artificial intelligence algorithms are used to analyze images obtained through radiological diagnostic
methods. The effectiveness of such algorithms depends on the availability of relevant and representative training datasets.
The volume of such data in the public domain should be increased, particularly datasets containing abdominal aorta computed
tomography angiography images, with pathology classification and vessel segmentation. The limitations of existing solutions
include small sample sizes, restricted dataset specialization, and inconsistent dataset preparation methodologies.

AIM: To create an open dataset containing computed tomography angiography images of abdominal aorta segmentation for
normal aorta, aneurysm, thrombosis, and calcification.

MATERIALS AND METHODS: A technical specification for dataset preparation was developed according to the methodology
for testing artificial intelligence algorithms, the required sample size was calculated, and approval was obtained from an
independent ethics committee. Regarding dataset creation, a previously developed original semiautomatic segmentation
algorithm using Slicer 3D software was employed. The inclusion criteria were computed tomography angiography or abdominal
computed tomography scans with contrast, arterial phase, and slice thickness <3 mm. Conversely, the exclusion criteria were
presence of foreign bodies in the aorta lumen and aortic dissection. The algorithm was tested on patient data obtained from the
Unified Radiological Information System. An expert evaluation was conducted to assess the compliance of obtained results with
the established requirements and evaluate the time efficiency of using the developed segmentation algorithm.

RESULTS: The calculated sample size was 100 angiographic studies, including arterial phase scans with a slice thickness of
<1.2 mm. Population data: number of unique patients, 100; percentage of female patients, 51%; and median age, 62 years
(age range: 18—84 years). Pathology (including combined pathology) was detected in 61% of cases: 60 studies showed signs of
calcification, 18 revealed aortic dilation, and 18 determined signs of thrombosed lumen. The average time to process one study
(100 slices) using the developed segmentation algorithm was 0.8 hours.

CONCLUSIONS: A dataset containing 100 computed tomography angiography results with abdominal aorta segmentation for
normal cases, aneurysm, thrombosis, and calcification was created. The dataset is publicly available and can be used for
developing and testing artificial intelligence algorithms and for anthropomorphic modeling of the abdominal aorta.

Keywords: artificial intelligence; dataset; computed tomography angiography; abdominal aorta; aneurysm; thrombosis;
atherosclerosis.
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Habop AaHHbIX KOMNbIOTEpHOW TOMOrpadu4ecKou
aHrmorpadum, coaepxaiuiux cerMmeHTauuio 6piowHoro
oTAeNa aopTbl

M.P. KopmeHko'?, 10.A. Bacunees', A.B. Conoswés'?, [1.B. latun', E.N. Acaxosa', A.B. l'yceBa'?,
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¥ MOCKOBCKMIA roCYAapCTBEHHbIN TEXHUUYECKMIA yHuBepcuTeT MMenm H.3. baymaHa, Mockea, Poccus

AHHOTALIUA

06ocHoBaHMe. ANrOpUTMbI UCKYCCTBEHHOO MHTENNIEKTA aKTUBHO NPUMEHSIIOT ANA aHanu3a U3006paXKeHui, NoNy4YeHHbIX € No-
MOLLBI0 Pa3fIMYHbIX METOLOB JTy4EBON AMArHOCTUKK. 3PdEKTUBHOCTL paboThl TaKWUX anropUTMOB BO MHOTOM 3aBMCUT OT Ha-
NN4Ms peneBaHTHbIX M penpe3eHTaTMBHbIX 0byyaromx HabopoB AaHHbIX. CywiecTyeT noTpebHOCTb B yBeNMYeHUM 06bEMa
TaKUX [aHHbIX B OTKPBITOM [OCTYMe, B YaCTHOCTW HabopoB AaHHbIX, COAEPIKALLMX U300paeHNs KOMNbIOTEPHON TOMOrpa-
(uueckon aHrnorpacdum bpioLLHONA aopThbl He TOMBKO € KnaccuduKaumeid NaTonormi, Ho M cerMeHTaumen cocyaos. K Hego-
CTaTKaM CYLLECTBYIOLLMX PELUEHUIA MOXHO OTHECTM Manblii 06BEM BbIBOPOK, Y3Kyl0 cneunanm3aumio Habopos faHHbIX, pa3-
PO3HEHHOCTb METOL,0MOTMN UX MOArOTOBKM.

Llenb — co3aaHve oTKpbIToro Habopa AaHHbIX, COAEpPMKaLLero M3obpaxeHns KOMMbIOTEPHON TOMorpadMyecKon aHruorpa-
M ¢ cerMeHTauMen BPIOLLIHOTO OTAENa aopThl 1A CTyYaeB HOPMbI, PacLUMpEHUs, TPOMB03a M KanbLMHO3a.

Matepuanbl u MeTogpbl. B cOOTBETCTBUM C METOA0MOMMEN NPOBEAEHNA TECTUPOBAHWA aNrOPUTMOB UCKYCCTBEHHOMO MHTEN-
neKTa pa3paboTaHo TEXHMYECKOEe 3alaHWe Ha NOAroTOBKY Habopa AaHHbIX, paccyuTaH HeobxoanMblit 06BEM BbIBOpKK M No-
Jly4eHO paspeLLeHre He3aBUCKMOro 3TUYECKOro KomuteTa. [ina cospaHus Habopa AaHHbIX NPUMEHEH pa3paboTaHHbIi paHee
OPUrMHANbHBIA anropuTM MOJTYaBTOMATUYECKOW CerMeHTauuu C UCMosib30BaHWeM nporpaMmHoro obecnevenus Slicer 3D.
Kputepun BRIHOYEHMA: pe3ynbTaTbl KOMMbIOTEPHOM TOMOrpaduyeckor aHruorpadmm nmbo KOMMbIOTEPHOW ToMorpadum
OpIOLLHOM MONOCTU C KOHTPacTMpOBaHWEM; HanMuMe apTepuanbHoi dasbl CKaHMPOBaHWS; TOMLWMHA cpesa <3 MM. Kpure-
PUM UCKJTKOYEHUS: HanMuWe NtoObIX MHOPOAHBIX TeN B NPOCBETE aopThl; AUCCEKUMA aopTsl. [lpoBefieHa anpobaums anroputMa
Ha pesynbTaTax uccnefoBaHus MaLMeHTOB, NOyYeHHbIX U3 EAuHOI paguonornyeckoin MHdopMaumnoHHoi cuctemsl. OcylecT-
BIEHa 3KCMepTHas OLEHKa COOTBETCTBUA MOJTyYeHHbIX pe3ynbTatoB chopMUpOBaHHBIM TpeboBaHWAM, a TaKKe OLEHKa Bpe-
MEHHBIX 3aTpaT Mpu1 UCMOMb30BaHUM pa3paboTaHHOro anropuTMa cerMeHTaLum.

Pesynbtatbl. PaccuntaHHbIi 06EM Boibopky coctaun 100 aHrMorpaduuecKkmx uccnefoBaHWi, COAEPALLMX apTepUANbHYHO
a3y ckaHMpoBaHus, ¢ TonwmHoi cpe3a <1,2 MM. MNonynauuoHHbIE LaHHbIE: KONMYECTBO YHUKanbHbIX nauneHtos — 100,
L0N5 NauMeHToB XeHcKoro nofia — 51%; MeamaHa Bo3pacta coctaBuna 62 rofa npu pasmaxe 3HadeHun ot 18 po 84 ner.
Matonorus (B TOM uncne KoMBuHUpPoBaHHas) obHapyeHa B 61% cnyyaes: 60 pe3ynbTaToB UCCNef0BaHUA COAEPKaNM Npu-
3HaKW KanbLMHO3a, 18 — paclumpeHne aopTbl U CTOMBKO e pesyNbTaToB — NpU3HaKy TpoMbupoBaHHoro npoceeta. Cpep-
Hee Bpems obpaboTku opHoro uccneposanus (100 cpes3oB) ¢ Mcnonb3oBaHWEM pa3paboTaHHOro anropUTMa cerMeHTauumn
coctasmo 0,8 vaca.

3aknoyenue. Co3aaH Habop faHHbIX, cofepxamin 100 pe3ynbTaToB KOMNbLIOTEPHOM TOMOrpadMuecKoii aHrmorpadum c cer-
MeHTaLMen BPIOLIHON aopThl 1A Cy4aeB HOPMbI, pacluMpeHus, TpoMb0o3a 1 KanblUmHo3a npocseTa. Habop AaHHbIX npeg-
CTaBJIeH B OTKPLITOM JOCTYME M ero MOXHO UCMOMb30BaTh C LieSbio pa3paboTky U TECTUPOBAHMA anropuTMOB UCKYCCTBEHHOMO
WHTENNEKTA, @ TaKKe aHTPONoMophHOro MOAENMPOBaHUSA BPIOLLHOI aopTbl.

KnioueBble cJ10Ba: UCKYCCTBEHHbIV MHTEN/EKT; HAOOP AaHHbIX; KOMMbIOTEPHas TOMorpaduyeckas aHruorpadus; bpioLHas
aopTa; aHeBpU3Ma; TPOMB03; aTepoCKIepo3.
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BACKGROUND

The abdominal aorta is a long blood vessel with patient-
specific geometry. Its structure and lumen may be altered
by various medical conditions [1]. Computed tomography
(CT) angiography is considered the gold standard for
diagnosing abdominal aortic conditions [2]. CT angiography
data can be used for accurate diagnosis and surgical
treatment planning [3]. The use of artificial intelligence (Al)
to process CT angiography data automates routine medical
tasks and optimizes diagnostic and treatment processes [4].
Representative datasets are required for training and testing
Al algorithms [5]. Limited well-annotated, publicly accessible
imaging data significantly hinders the development of clinically
applicable algorithms. This study primarily focused on a CT
angiography dataset with abdominal aortic segmentation for
cases with and without radiological signs of atherosclerotic
lesions, such as lumen dilatation, thrombosis, and wall
calcification [6].

Review of publicly accessible, ready-made solutions
revealed that a few heterogeneous datasets only partially
address the challenges of training and testing Al algorithms.
Current solutions do not provide detailed descriptions
of methods for obtaining and annotating images acquired
using diagnostic imaging"? [7-10]. In addition, some scans
lack crucial clinical and demographic descriptions of patients
whose findings are included in the dataset' [7]. Notably,
the single-center nature of the obtained data’ and narrow
specialization of the datasets [8] limit their use for specific
clinical tasks.

AIM

The study aimed to create an open dataset containing CT
angiography images of abdominal aorta segmentation for
normal aorta, aneurysm, thrombosis, and calcification.

METHODS

Study Design

The study was conducted in accordance with the MI-CLAIM
checklist [11], which regulates the clinical use of Al
technologies, based on the rules for testing Al algorithms
in diagnostic imaging [12]. This study was a retrospective
analysis of CT angiography data.

Vol. 6 (1) 2025
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Eligibility Criteria
The following inclusion criteria were established:
« Contrast-enhanced abdominal CT angiography or CT
« CT angiography of the abdominal aorta and its branches
« Arterial phase scan
« Slice thickness <3 mm.
Exclusion criteria:
« Signs of vascular wall dissection
« Intravascular stents.

Study Setting

CT angiography data were obtained from the Unified
Radiology Information Service (URIS) without restrictions for
healthcare institutions. URIS is part of the Unified Medical
Information and Analytical System of Moscow (EMIAS).}

Data were collected from March 24, 2017, to April 22,
2022. A radiologist with more than 3 years of experience
manually selected the scans.

Data Processing Methods

Raw data are presented in Digital Imaging and
Communications in Medicine (DICOM) format [13], and
the segmentation results are saved in Neuroimaging
Informatics Technology Initiative format [14]. The images were
segmented using 3D Slicer (v.5.0.2)* according to the original
methodology, which is described in detail in our previous
studies [15, 16]. The annotating scenario was as follows:

« Contouring of every fifth slice for areas of interest or every
third slice for areas with significant vessel tortuosity;
« Approximation with the Fill Between Slices tool.

If necessary, the resulting mask was manually adjusted
using the standard brush and eraser tools.

The images were segmented by a radiologist with
3 years of experience. Subsequently, a medical expert with
10 years of experience reviewed, verified, and adjusted
the segmentation results, if required. The output data
structure is represented by paired images and masks.
Various segmentation masks were used to distinguish
between different tissue types, such as the aorta, thrombus,
and calcifications. The annotating time for each scan was
recorded to determine the average processing time for one
CT angiography image.

Ethics Approval

The Independent Ethics Committee of the Research and
Practical Clinical Center for Diagnostics and Telemedicine

! Aorta segmentation [Internet]. In: Kaggle; 2018—-2024. Available at: https://www.kaggle.com/datasets/licethyaneth/aorta-segmentation

Accessed on May 22, 2024.

2 AAAtester computer vision project [Internet]. In: Roboflow; 2022-2024. Available at: https://universe.roboflow.com/new-workspace-xlgzg/aaatester

Accessed on May 22, 2024.

% Unified Radiological Information Service [Internet]. In: Unified Medical Information and Analytical System of Moscow; 2020-2023. Available at:
https://telemedai.ru/proekty/edinyj-radiologicheskij-informacionnyj-servis_2020 Accessed on November 21, 2023.

“3D Slicer image computing platform. B: 3D Slicer [Internet]. 2005-2022. Available at: https://slicer.org/ Accessed on September 11, 2022.
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Technologies (Moscow, Russia) permitted the use of patient
data (protocol no. 5/2023, dated May 25, 2023). DICOM data
downloaded from URIS were depersonalized; that is, personal
data and unique scan identifiers were removed.

Statistical Analysis

Principles of sample size calculation: The dataset was
intended for testing and training the Al algorithms. The sample
size was estimated using the minimum size required to assess
the diagnostic accuracy metrics of the Al algorithms [17].
The estimation parameters included the estimated area under
receiver operating curve (AURQC), considering the acceptable
confidence interval. The AUROC range was set to 10% [18],
and the target AUROC was based on the confidence interval,
ensuring that the lower limit exceeded the threshold
established by the guidelines for testing Al algorithms [12]
in the Moscow Experiment on Computer Vision [19]. Presize
was used for sample size calculations.’ The estimated sample
size required by the chosen methodology was approximately
80 scans, with a normal-to-abnormal ratio of 1:1. However,
owing to the potential for variability in abnormal results,
the sample size was increased to 100.

Statistical data analysis: Statistical data analysis was
limited to descriptive statistics of the included scans and
the structure of the dataset. These calculations were
performed using MS Excel tools.®

RESULTS

Participants

Population data:
« Total number of patients: 100;
» Female patients: 51%;
» Median age: 62 years, ranging 18—84 years.

Primary Results

The final dataset included 100 annotated CT angiography
scans, with a total size of 3.12 GB. Table 1 presents
details on the dataset structure. In a sample of 80 scans,
the normal-to-abnormal ratio was approximately 1:1, with
an additional 20 scans containing abnormal patterns. Fig. 1
and 2 show examples of CT angiography data annotation and
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vessel lumen segmentation and various abnormalities, such
as lumen, calcification, and thrombus abnormalities. Fig. 3
displays the dataset structure. The dataset is registered as
a database under the state registration certificate number
2024621990 [20]. It is available for free download under
Creative Commons Attribution-NonCommercial-NoDerivs 3.0
Unported (CC BY-NC ND 3.0) license.’

Secondary Results

Other study results include the average time required
to annotate one slice using the proposed technique. This
time ranged from 25 seconds to 2 minutes for complex
cases, with an average processing time of 0.8 hours for
100 CT angiography slices. The estimated effort required
to replicate or scale up this study is represented using
the segmentation time. Object segmentation allows for using
the study results for three-dimensional modeling of vessels.
This type of modeling is necessary for developing medical
training simulators and addressing research challenges
in hemodynamics, as previously demonstrated [21, 22].

DISCUSSION

Summary of Primary Results

A dataset containing 100 CT angiography scans was
created using a previously developed methodology for
abdominal aortic segmentation for cases involving a normal
aorta, lumen expansion, thrombosis, and wall calcification.

Discussion of Primary Results

A few heterogeneous results were revealed by searching
well-known open-source datasets such as Google datasets,®
Kaggle datasets,” Roboflow Universe,” and Images.cv."
Radl et al. [7] presented a dataset containing 56 aortic CT
angiography scans (1 aneurysm, 5 dissections, and 50 normal
cases), annotated with the aortic arch and its branches
and the abdominal aorta and iliac arteries. The authors
collected raw data from multiple sources. The method for
image annotation using 3D Slicer was described. However,
the number of annotators and their qualifications were
not specified. Yaneth' claimed that the proposed dataset
resulted from a CT-based neural network segmentation

S Presize: precision based sample size calculation [Internet]. In: The Swiss Clinical Trial Organisation; 2021-2022.
¢ Descriptive Statistics in Excel; [=14 pages]. In: Statistics By Jim [Internet]. 2021-2024. Available at: https://statisticshyjim.com/basics/descriptive-statis-

tics-excel/ Accessed on April 22, 2024.

7 Computed Tomography Angiography Dataset Containing Features of Calcification, Thrombosis, Dilation, and Aneurysms, with Abdominal Aortic
Lumen and Wall Segmentation [Internet]. Moscow: Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies of Moscow
Department of Health; 2024-2024. Available at: https://mosmed.ai/datasets/nabor-dannih-kompyuterno-tomograficheskoi-angiografii-s-priznakami-
kaltsinoza-tromboza-dilatatsii-i-anevrizmi-i-soderzhaschii-segmentatsiyu-prosveta-i-stenki-bryushnogo-otdela-aorti/ Accessed on April 20, 2024.

® Dataset Search [Internet]. In: Google; 2018-2024. Available at: https://datasetsearch.research.google.com/ Accessed on March 22, 2024.

? Datasets [Internet]. In: Kaggle; 2021-2024. Available at: https://www.kaggle.com/datasets Accessed on March 22, 2024.

10 Explore the Roboflow Universe [Internet]. In: Roboflow; 2021-2023. Available at: https://universe.roboflow.com/ Accessed on March 22, 2024.
"' Labeled image datasets for computer vision [Internet]. In: Images.cv; —2024. Available at: https://images.cv/ Accessed on: March 22, 2024.
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Fig. 1. Abdominal aortic segmentation using 3D Slicer.
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Fig. 2. Vessel annotation using 3D Slicer: red, vessel lumen; purple, thrombi; yellow, calcifications.

|-- classification.xlsx
|-- README_EN.md
|-- README_RU.md
|-- README_EN.pdf
|-- README_RU.pdf
"-- studies
| --origX.nii
| --maskX.nii

Fig. 3. Dataset fragment illustrating its organization.

The classification.xlsx file contains a list of the included scans
and classification results. The Studies directory contains scans
and binary segmentation masks in Neuroimaging Informatics
Technology Initiative (NIfTI) (.nii) format.

00I: https://daiorg/10.17816/DD635589

of the abdominal aorta. It contains little supporting
information. Notably, the author used machine learning
to prepare and segment the images. The 5289 images were
divided into 13 files, which included scan results and masks.
Data on the normal-to-abnormal ratio of the dataset, order
of image annotation, and requirements for annotators and
population data are not available. The publicly available
dataset new-workspace-xlgzg? contains 936 JPEG images
of the abdominal aorta. These include various CT slices;
however, the parameters and annotation data are not
specified. The results were supplemented by an additional
search of Google Scholar publications referencing open-
access datasets using an Abdominal Aorta Computed
Tomographic Angiography Segmentation Dataset query.
Imran et al. [8] annotated 59 CTA images of the abdominal
aorta. These images had a resolution of 512 x 512 pixels,
with a slice thickness of 0.8-2.0 mm. These images were
obtained from a study of 734 patients with aortic dissection




30

DATASET

included in the authors’ database. Postgraduate students
used 3D Slicer to semi-automatically segment the aorta and
its branches. Information about the medical specialization
of the annotators and experience was not provided.
Fantanzinni et al. [9] prepared a dataset containing aortic and
branch segmentation based on the results of 80 preoperative
CT angiography scans of patients diagnosed with abdominal
aortic aneurysm at the University Hospital San Martino,
ltaly. The dataset does not include patients with other
aortic conditions. Expert radiologists were involved in aortic
segmentation using ITK-SNAP. Moreover, the dataset does
not include images of the normal aorta or other abnormalities
besides aneurysms. In addition, the present study does not
provide a direct link to dataset downloading. Jung et al. [10]
provided a similar description. The authors comprehensively
described their dataset, which contains 60 CT angiography
scans of patients with abdominal aortic aneurysms from
Gachon University Hospital in Korea. A radiologist with over
10 years of experience annotated the scans.

Comparison of the obtained dataset with similar,
publicly accessible data revealed several advantages and
disadvantages. The developed dataset has the following
advantages:
 Volume exceeding that of known analogs (100 CTA scans);
« A unique, simultaneous presentation of cases involving

the normal abdominal aorta, aneurysm, calcification, and

thrombosis;
« Inclusion of multicenter scans;
« Expert verification of primary annotation;
« Manual pixel-by-pixel annotation of the area of interest;
» Open declaration of population data, the annotation
scenario, and requirements for annotators.

Study Limitations

The small number of included abnormalities is a limitation
of both the dataset and study. Despite its limitations, this
dataset can be used for many purposes, including to classify
different types of atherosclerotic abdominal aortic lesions
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