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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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АННОТАЦИЯ
Обоснование. Алгоритмы искусственного интеллекта активно применяют для анализа изображений, полученных с по-
мощью различных методов лучевой диагностики. Эффективность работы таких алгоритмов во многом зависит от на-
личия релевантных и репрезентативных обучающих наборов данных. Существует потребность в увеличении объёма 
таких данных в открытом доступе, в частности наборов данных, содержащих изображения компьютерной томогра-
фической ангиографии брюшной аорты не только с классификацией патологий, но и сегментацией сосудов. К недо-
статкам существующих решений можно отнести малый объём выборок, узкую специализацию наборов данных, раз-
розненность методологии их подготовки.
Цель — создание открытого набора данных, содержащего изображения компьютерной томографической ангиогра-
фии с сегментацией брюшного отдела аорты для случаев нормы, расширения, тромбоза и кальциноза. 
Материалы и методы. В соответствии с методологией проведения тестирования алгоритмов искусственного интел-
лекта разработано техническое задание на подготовку набора данных, рассчитан необходимый объём выборки и по-
лучено разрешение независимого этического комитета. Для создания набора данных применён разработанный ранее 
оригинальный алгоритм полуавтоматической сегментации с использованием программного обеспечения Slicer  3D. 
Критерии включения: результаты компьютерной томографической ангиографии либо компьютерной томографии 
брюшной полости с контрастированием; наличие артериальной фазы сканирования; толщина среза ≤3 мм. Крите-
рии исключения: наличие любых инородных тел в просвете аорты; диссекция аорты. Проведена апробация алгоритма 
на результатах исследования пациентов, полученных из Единой радиологической информационной системы. Осущест-
влена экспертная оценка соответствия полученных результатов сформированным требованиям, а также оценка вре-
менных затрат при использовании разработанного алгоритма сегментации.
Результаты. Рассчитанный объём выборки составил 100 ангиографических исследований, содержащих артериальную 
фазу сканирования, с толщиной среза ≤1,2 мм. Популяционные данные: количество уникальных пациентов — 100, 
доля пациентов женского пола — 51%; медиана возраста составила 62 года при размахе значений от 18 до 84 лет. 
Патология (в том числе комбинированная) обнаружена в 61% случаев: 60 результатов исследования содержали при-
знаки кальциноза, 18 — расширение аорты и столько же результатов — признаки тромбированного просвета. Сред-
нее время обработки одного исследования (100 срезов) с использованием разработанного алгоритма сегментации 
составило 0,8 часа. 
Заключение. Создан набор данных, содержащий 100 результатов компьютерной томографической ангиографии с сег-
ментацией брюшной аорты для случаев нормы, расширения, тромбоза и кальциноза просвета. Набор данных пред-
ставлен в открытом доступе и его можно использовать с целью разработки и тестирования алгоритмов искусственного 
интеллекта, а также антропоморфного моделирования брюшной аорты.

Ключевые слова: искусственный интеллект; набор данных; компьютерная томографическая ангиография; брюшная 
аорта; аневризма; тромбоз; атеросклероз.
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摘要摘要

论证。论证。人工智能算法广泛应用于通过不同放射诊断方法获取的图像分析中。这些算法的有效

性在很大程度上依赖于相关性和代表性强的训练数据集。当前，迫切需要增加公开数据集的

数量，特别是包含计算机断层扫描血管造影腹主动脉图像的数据集，这些数据集不仅包含病

变分类信息，还包括血管分割。现有方案的缺点主要包括样本量较小、数据集专一性较强以

及准备方法的不一致性。

目的。目的。创建一个开放的数据集，包含计算机断层扫描血管造影图像，并对腹主动脉的正常、

扩张、血栓形成及钙化情况进行分割。

材料与方法。材料与方法。根据人工智能算法测试方法学，制定了数据集准备的技术任务，计算了所需的

样本量，并获得了独立伦理委员会的批准。为了创建数据集，采用了之前开发的基于Slicer 

3D软件的半自动分割算法。纳入标准：计算机断层扫描血管造影或腹部计算机断层扫描（含

造影）结果；具备动脉相扫描；切片厚度 ≤ 3 mm。排除标准：主动脉腔内存在异物；主动

脉夹层。该算法在从Unified Radiological Information System中获取的患者研究结果上

进行了验证。并对获得的结果与已制定的要求进行了专家评估，同时评估了使用该分割算法

所需的时间。

结果。结果。根据要求计算出的样本量为100个包含动脉相扫描且层厚≤1.2 mm的血管造影研究结

果。人群数据：独立患者数量为100人，女性患者占比51%；患者年龄中位数为62岁，年龄范

围从18岁到84岁不等。61%的病例发现病变（包括联合病变）：其中，60个病例表现出钙化

迹象，18个病例表现为主动脉扩张，另外18个病例显示有血栓形成迹象。采用分割算法处理

一个研究结果（100层扫描）所需的平均时间为0.8小时。

结论。结论。创建了一个包含100个计算机断层扫描血管造影结果的数据集，数据集包含腹主动脉

腔的正常、扩张、血栓形成及钙化的分割结果。该数据集已开放，可以用于人工智能算法的

开发和测试，以及腹主动脉的类人建模。

关键词： 关键词： 人工智能；数据集；计算机断层扫描血管造影；腹主动脉；动脉瘤；血栓形成；

动脉粥样硬化。
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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 (AI) 
to process CT angiography data automates routine medical 
tasks and optimizes diagnostic and treatment processes [4]. 
Representative datasets are required for training and testing 
AI 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 AI algorithms. 
Current solutions do not provide detailed descriptions 
of methods for obtaining and annotating images acquired 
using diagnostic imaging1,2 [7–10]. In addition, some scans 
lack crucial clinical and demographic descriptions of patients 
whose findings are included in the dataset1  [7]. Notably, 
the single-center nature of the obtained data2 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 AI 
technologies, based on the rules for testing AI algorithms 
in diagnostic imaging  [12]. This study was a retrospective 
analysis of CT angiography data.

1 �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.
3 �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.
4 �3D Slicer image computing platform. В: 3D Slicer [Internet]. 2005–2022. Available at: https://slicer.org/ Accessed on September 11, 2022.

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).3 

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)4 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 

https://www.kaggle.com/datasets/licethyaneth/aorta-segmentation
https://universe.roboflow.com/new-workspace-xlgzg/aaatester
https://telemedai.ru/proekty/edinyj-radiologicheskij-informacionnyj-servis_2020
https://slicer.org/
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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 AI algorithms. The sample 
size was estimated using the minimum size required to assess 
the diagnostic accuracy metrics of the AI algorithms  [17]. 
The estimation parameters included the estimated area under 
receiver operating curve (AUROC), 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 AI algorithms  [12] 
in the Moscow Experiment on Computer Vision [19]. Presize 
was used for sample size calculations.5 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.6 

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 

5 �Presize: precision based sample size calculation [Internet]. In: The Swiss Clinical Trial Organisation; 2021–2022.
6 �Descriptive Statistics in Excel; [≈14 pages]. In: Statistics By Jim [Internet]. 2021–2024. Available at: https://statisticsbyjim.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.

8 �Dataset Search [Internet]. In: Google; 2018–2024. Available at: https://datasetsearch.research.google.com/ Accessed on March 22, 2024.
9 �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.
11 �Labeled image datasets for computer vision [Internet]. In: Images.cv; –2024. Available at: https://images.cv/ Accessed on: March 22, 2024.

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.7 

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,8 
Kaggle datasets,9 Roboflow Universe,10 and Images.cv.11 
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. Yaneth1 claimed that the proposed dataset 
resulted from a CT-based neural network segmentation 

https://statisticsbyjim.com/basics/descriptive-statistics-excel/
https://statisticsbyjim.com/basics/descriptive-statistics-excel/
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/
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/
https://datasetsearch.research.google.com/
https://www.kaggle.com/datasets
https://universe.roboflow.com/
https://images.cv/
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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-xlgzg2 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  ×  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 

Fig. 1. Abdominal aortic segmentation using 3D Slicer.

Fig. 2. Vessel annotation using 3D Slicer: red, vessel lumen; purple, thrombi; yellow, calcifications.

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.
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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, 
Italy. The  dataset does not include patients with other 
aortic conditions. Expert radiologists were involved in aortic 
segmentation using ITK-SNAP.12 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 

12 �ITK-SNAP Home [Internet]. In: ITK-SNAP; 2020–2024. Available at: http://www.itksnap.org/pmwiki/pmwiki.php Accessed on March 22, 2024.

and develop anthropomorphic aortic models with various 
wall abnormalities.

CONCLUSION
A dataset containing  100 CT angiography results 

with abdominal aorta segmentation for normal cases, 
aneurysm, thrombosis, and calcification was created 
using the open‑source 3D Slicer software and a previously 
developed original segmentation method. The dataset 
is publicly available and can be used for developing and 
testing AI algorithms and anthropomorphic three-dimensional 
modeling of the abdominal aorta.
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