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BACKGROUND 

In order to solve the modern scientific tasks, 

the researchers have to master and apply the new 

methods of data processing and analysis at a deeper 

levels [1]. The technological advances progress 

more and more, which promotes to developing the 

applied research, however, there is also a decrease 

in the attention to the fundamental science [2]. The 
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ABStRACt

Background: The compilation of a neuroanatomic atlas based on a large sample is essentially 

a  fundamental research work, but compiling a digital atlas during the epoch of wide usage of 

radiodiagnostics methods in the clinical and experimental practice along with using the artificial 

intelligence systems brings a significant applied relevance to the research. Rats are the main species of 

laboratory animals, in which the studies of modeling the ischemic stroke, of testing the cerebroprotective 

drugs and of developing new strategies of regenerative therapy of stroke consequences are carried 

out. At the present moment, there is no available and comprehensive digital atlas of the arterial blood 

supply of the rat brain, while single research works are based on small groups of animals and their 

histological description. Within this context, it is deemed very interesting and important to take the first 

step in addressing this issue. aIM: to compile an atlas of blood supply zones within the intracranial 

branches of the internal carotid artery in the settings of experimentally induced occlusion of the medial 

cerebral artery. METHodS: The archived data were used from the magnetic resonance imaging scans 

in rats with modeling the transient occlusion of the medial cerebral artery with a monofilament (n=243). 

The system of automatic brain segmentation based on artificial intelligence was used for objective 

mapping of the cerebral infarction area, the obtained data were added to a single coordinate space, 

unified and analyzed for highlighting the arterial blood supply zones. rESuLTS: A digital atlas of the 

arterial circulation was compiled based on the intravitam data of  high-resolution magnetic resonance 

imaging with an isotropic voxel. concLuSIon: The compiled atlas may be used for increasing the 

quality of modeling the cerebral infarction by means of transient occlusion of the medial cerebral artery 

with a monofilament and it allows for using the additional objective parameters in the evaluation of the 

treatment effects in cases of experimentally induced ischemic stroke. The methodology developed by 

us is applicable for high-performance retrospective analysis of the neurovisualization data from the 

ischemic stroke patients, obtained within a framework of the implementation of the Vascular Medicine 

Program in the Russian Federation. 
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ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ
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АННотАцИЯ

Обоснование. Создание нейроанатомического атласа на большой выборке данных является, 

по сути, фундаментальным трудом, но создание цифрового атласа в эпоху широкого примене-

ния методов лучевой диагностики в клинической и экспериментальной практике, а также си-

стем искусственного интеллекта придаёт исследованию значимое прикладное значение. Кры-

сы являются основным видом лабораторных животных, на которых происходят исследования 

по моделированию ишемического инсульта, тестированию церебропротекторных препаратов 

и разработке новых стратегий регенеративной терапии последствий инсульта. На данный мо-

мент не существует полноценного цифрового атласа артериального кровоснабжения мозга 

крыс, а единичные работы опираются на небольшие группы животных и их гистологическое 

описание. В связи с этим представляется крайне интересным и важным сделать первый шаг 

для освещения данной проблемы. Цель исследования — создать атлас зон кровоснабжения 

интракраниальных ветвей внутренней сонной артерии в условиях экспериментальной окклюзии 

средней мозговой артерии. Методы. Архивные данные магнитно-резонансных исследований 

крыс с моделью транзиторной окклюзии средней мозговой артерии монофиламентом (n=243). 

Систему автоматической сегментации мозга на основе искусственного интеллекта использова-

ли для объективной разметки области инфаркта мозга, полученные данные приводили в общее 

координатное пространство, объединяли и анализировали для выделения зон артериального 

кровоснабжения. Результаты. Создан цифровой атлас артериального кровоснабжения на осно-

вании прижизненных данных магнитно-резонансной томографии высокого разрешения с изо-

тропным вокселем. Заключение. Созданный атлас может применяться для повышения каче-

ства моделирования инфаркта мозга путём транзиторной окклюзии средней мозговой артерии 

монофиламентом и позволит использовать в оценке эффектов терапии экспериментального 

ишемического инсульта дополнительные объективные параметры. Разработанная нами мето-

дология применима для высокопроизводительного ретроспективного анализа данных нейрови-

зуализации пациентов с ишемическим инсультом, полученных в рамках реализации сосудистой 

программы в Российской Федерации. 

Ключевые слова: ишемический инсульт; крысы; кровоснабжение; магнитно-резонансная томо-

графия; искусственный интеллект.

Для цитирования: 

Губский И.Л., Наместникова Д.Д., Черкашова Э.А., Гумин И.С., Губский Л.В., Баклаушев В.П., 

Чехонин В.П., Ярыгин К.Н. Экспериментальный цифровой атлас зон кровоснабжения ветвей внут-

ренней сонной артерии. Клиническая прак тика. 2025;16(1):30–37. 

doi: https://doi.org/10.17816/clinpract642757

Поступила 10.12.2024  Принята 12.03.2025  Опубликована online 12.03.2025 

https://doi.org/10.17816/clinpract642757


32

ORIGINAL STUDY ARTICLE

https://doi.org/10.17816/clinpract642757

present article is devoted to studying the distribution 

of arterial blood supply zones in the brain of the rats, 

which, already more than 150 years are deemed the 

most popular laboratory animals for modeling various 

diseases during the experimental biomedical research 

works [3]. The experimental model of ischemic stroke, 

based on the transient occlusion of the medial cerebral 

artery using a monofilament, allows for achieving the 

maximally precise reproduction of the pathogenetic 

processes occurring upon the development of the 

two most frequent variants of ischemic stroke — the 

atherothrombotic and the cardioembolic one with 

the reperfusion phenomenon [4, 5]. Despite the high 

popularity of this model, until the present moment, 

there is no high-resolution digital atlas of the arterial 

blood supply zones, which could be integrated into the 

modern methods of automatic processing of radiology 

visualization data. The corresponding descriptions 

of small series of MRI-scans [6] and histology 

examinations on this issue [7, 8] did not lead to the 

compilation of such an instrument.

The implementation of the artificial intelligence 

systems into the translational research on ischemic 

stroke [9–11] makes this task even more topical. This is, 

most particularly, due to the fact that similar systems, 

including the systems of morphometric analysis and of 

segmenting the foci of damaging the brain matter with 

taking into consideration the anatomical positioning 

and others, at a certain stage of their functioning require 

the usage of a digital atlas, which serves as the basis 

for the analysis. One of the benefits of the methods 

of intravitam brain visualization in the experimental 

animals is the possibility to shorten the sample size 

and to obtain objective data on the anatomy without 

the necessity of euthanizing. Magnetic resonance 

imaging (MRI) as one of such methods [12], allows 

for accumulating a mass of digital data, required for 

compiling such an atlas.

Research aim — to compile a digital atlas of the 

blood supply zones of the intracranial branches of the 

internal carotid artery in the settings of the experimental 

occlusion of the medial cerebral artery.

MEtHODS
Research design
This research work is a single-center (conducted 

using the data obtained at a single laboratory), 

experimental (conducted using the data from the 

laboratory animals) and retrospective one (all the data 

used during the research, were obtained as a result of 

other experimental activities).

Conformity criteria 

Inclusion criteria. The research included the 

retrospective data from magnetic-resonance scans of the 

rat brain with a model of acute focal ischemia and with the 

protocol including the isotropic Т2-weighted images. 

Exclusion criteria. The exclusion criteria used when 

evaluating the archival data, were the absence of 

brain infarction area according to data from MRI and 

the absence of the required impulse sequence in the 

scanning protocol.

Research facilities 

The archival MRI data from the experimental 

animals were obtained using the Wistar rats at the 

“Medical Nanobiotechnology” Center for Collective Use 

within the premises of the Federal State Autonomous 

Educational Institution of Higher Education “Pirogov 

Russian National Research Medical University” under 

the Ministry of Health of the Russian Federation (Pirogov 

RNRMU). Within the framework of obtaining these data, 

it was found that, during the previous experiments, the 

animals were housed in standard conditions (12h dark/

light mode, 22±2°С, 45–65% humidity) in groups of 

4–5  animals per cage (before) and as a single animal 

per cage after modeling the ischemic stroke with a free 

access to water and to the standard rodent diet. All the 

surgical interventions and MRI procedures were carried 

out under general inhalational anesthesia, which was 

administered via the animal anesthesia system (E-Z-7000 

Classic System; E-Z-Anesthesia Systems). The induction 

of anesthesia was initiated by 3.5–4% Isoflurane (Aerrane, 

Baxter HealthCare Corporation), while maintaining the 

anesthesia included the use of 2–2.5% Isoflurane. When 

modeling the experimental brain infarction, a mixture 

of anesthetic agent and atmospheric air was used, 

while during the MRI scans, pure oxygen was supplied. 

During all the surgical interventions and during the MRI 

scanning, the body temperature of the animals was 

maintained at 37°C. At the end of the follow-up period, 

the animals were euthanized using the induction chamber 

(E-Z-7000 Classic System; E-Z Anesthesia Systems) and 

inhalational anesthesia with a lethal isoflurane dosage. 

Later on, directly before transcardiac perfusion, they 

were additionally receiving a lethal dosage of Zoletil. All 

the animal-based experimental results were described 

according to the ARRIVE recommendations.

Research duration 
The retrospective analysis of the archival data 

included the research activities performed by a group 

of researchers from 2017 until 2024.
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Research description 
In order to compile an atlas of the blood supply 

system of the intracranial branches of the internal 

carotid artery, the archival MRI data from the 

experimental animals were used, obtained during the 

modeling of temporary occlusion of the medial cerebral 

artery with monofilament. 

The cerebral infarction induced within the 

framework of the other scientific research works 

by the group of authors, was modeled by means of 

a transient (90 minutes) occlusion of the right medial 

cerebral artery with a monofilament introduced via 

the external carotid artery into the internal carotid 

artery [13]. The monofilament has a silicone tip with 

a length of 4 mm and with a diameter of 0.37 mm 

(monofilament 4-0, Doccol Corporation), due to which, 

depending on the depth of its location, it is possible 

to cease the circulation in the arteries, located 

close to the area of the origination of the medial  

cerebral artery.

As for the objective control of the cerebral infarction 

focus, all the animals were undergoing MRI-scanning 

by means of the tomography device for small laboratory 

animals — ClinScan (Bruker BioSpin) with a magnetic 

field induction of 7 Tesla. 

Statistical analysis
For the most objective segmentation of the 

cerebral infarction focus, we have used a previously 

trained software algorithm with an aid of the artificial 

intelligence system. This system was created on the 

basis of the Swin-UNETR transformer [14] as one 

of the most recent neuronal network architectures, 

demonstrating high quality when segmenting the 

medical data from the radiology diagnostics methods. 

All the data processing was carried out using the Python 

programming language [15]. The obtained data on the 

segmentation of the cerebral infarction was added to 

the unified coordinate space by means of using the 

SimpleITK pack [16] and the pre-prepared template of 

rat brain (registrations were done in the template). Here, 

all the segmentation data were integrated and analyzed 

using the 3D Slicer software pack [17].

RESULtS
Research sample 
The research included a total of 243 archived trials, 

in which isotropic Т2-weighted images were obtained 

(using the impulse sequence 3-dimensional rapid 

spin echo with a SPACE mode of excitation angle 

modification, with the voxel size of 0.2×0.2×0.2 mm, 

with the time repetition and the echo-signal time of 
4000 and 251 msec, respectively).

Primary findings  
In order to compile an atlas of the blood supply 

systems of the intracranial branches of the internal 
carotid artery according to MRI data, we have used 
an artificial intelligence system, allowing for significant 
segmenting the cerebral infarction zone after the 
occlusion of the medial cerebral artery (Fig. 1). The 
obtained results of segmenting the experimental 
cerebral infarction were registered in a unified 
coordinate space using the rat brain template (Fig. 2, a). 
Based on the obtained segmentation files, summarized 
in a single coordinate system, the thermal maps of the 
rates of developing the cerebral infarction foci were 
compiled (see Fig. 2, b).

The search of blood supply zones of the main 
intracranial branches of the internal carotid artery 
(subcortical and cortical areas of the medial cerebral 
artery, of the anterior choroid artery and of the 
hypothalamic arteries) was performed in several 
stages. In accordance with the sequence of arteries 
originating from the internal carotid artery, the filament, 
introduced into its lumen, may cause an occlusion of 
its various branches (Fig. 3, a). Knowing the sequence 
of origination of arteries, one can differentiate the 
animals, in which, upon the deep positioning of the 
filament, there is no infarction focus in the system of 
the proximal branches of the internal carotid artery, and 

Fig. 1. An example of segmentation of the cerebral infarction 
using artificial intelligence: а — Т2-weighted images in the 
axial, frontal and sagittal planes (from the left side to the 
right), in which the right hemisphere contains a visualized 
hyperintensive infarction focus in the brain; b — automatic 
segmentation of the cerebral infarction focus (marked with 
red color). 

a

b
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from the animals with insufficiently deep positioning 

of the filament, in which the infarction focus does not 

involve the distal branches of the internal carotid artery 

(see Fig. 3, a).

The first stage of compiling the atlas was generating 

the thermal maps of lesion focus development 

Fig. 2. The rate of the cerebral infarction focus positioning 
among the experimental animals in a model of temporary 
occlusion of the right medial cerebral artery (obtained by 
summarizing all the foci of cerebral infarction in a single 
coordinate space): а — inactive brain template, in which 
the data registration was made (as a reference); b — the 
rate of cerebral infarction locations: the warmer is the color, 
the more often this part of the brain was affected (a color 
scale is provided with describing the correlation of the 
color and the averaged values). 

a

b

depending on the extent of cerebral infarction: 

0–25  mm3, 0–50 mm3, 0–75 mm3, 0–100 mm3, 

0–200 mm3, 0–300 mm3, 25–75 mm3, 50–150 mm3,  

100–200 mm3, 200–300 mm3, 300–500 mm3,  

200–500 mm3, 150 mm3 and more. The obtained 

thermal maps were visually analyzed using the 

Otsu’s method; the procedures included a primary 

segmentation of the areas of interest. During the second 

stage, automatic filtration was carried out in terms 

of inclusion and/or exclusion (into the summarized 

thermal map) of scanning data that included (and/or  

did not include) the reference points selected at 

the first stage for the area of the cerebral infarction: 

a  total of five such combinations were selected. The 

resulting thermal maps were analyzed as an addition 

to the ones compiled during the fist stage, along with 

their marking with overlaying the areas with the blood 

supply from the selected branches of the internal 

carotid artery. At the final stage, smoothening of 

contours was done with searching the optimal borders 

between the blood supply systems for evening out the  

overlaying areas.

The obtained atlas of blood supply zones of the 

main intracranial branches of the internal carotid artery 

is provided in Fig. 3 (b), with its three-dimensional 

reconstruction — in Fig. 3 (c).

Fig. 3. The pattern of origination of the intracranial branches of the internal carotid artery and the compiled atlas of 
their blood supply zones: а — the chart showing the origination of the intracranial branches of the internal carotid artery 
(compiled based on the data obtained by Z. He et al. [7]); b — sequential slices in the axial plane with the location of blood 
supply zones in them (green color marks the zone of the cortical branches of the medial cerebral artery, yellow — the zone 
of the medial cerebral artery, supplying the subcortical area, red — the zone of anterior choroid artery, blue — the zone of  
hypothalamic arteries); c — three-dimensional reconstruction of the atlas of blood supply zones for the intracranial 
branches of the internal carotid artery (color marking identical to point “b”). ICA — internal carotid artery; PCA — posterior 
cerebral artery; MCA — median cerebral artery; AChA — anterior choroid artery; HTA — hypothalamic arteries. 

a b

c
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DISCUSSION
The digital atlas of blood supply zones of the 

major intracranial branches of the internal carotid 

artery compiled by us, may be used for the objective 

and quantitative evaluation of the rates of developing 

various types of cerebral infarction (hemispheric, 

subcortical, hypothalamic) in a model of transient 

occlusion of the medial cerebral artery. Based on these 

data, it is possible to adjust the filament parameters 

(the length of the silicone tip and its diameter), as 

well as to predict the possible complications, for 

example, such as hyperthermia upon damaging the 

hypothalamus [18]. The benefit of this research is that, 

for the first time, an atlas of the blood supply zones 

is compiled based on the large (more than 200 scans) 

set of data obtained using the non-invasive method 

with high spatial resolution in rats (an isotropic voxel 

measuring 0.2×0.2×0.2 mm was used). In the majority 

of existing trials, for the evaluation of the blood supply 

zones, the approach used included either ex vivo 

histological staining of the brain in ischemia [7, 8] or 

MRI with anisotropic slices and with a small sample 

size, without compiling the blood supply atlas [6]. 

Similar atlases of blood supply zones already exist for 

mice [19, 20], compiled based on the data from single 

experimental animals, due to which they poorly reflect 

the variability of their location.

It is worth noting that the proposed approach to 

compiling an atlas of arterial blood supply zones, based 

on analyzing the experimental data and described in 

the present article, has a potential for its adaptation 

and its application in clinical practice. During the 

time of implementing the Vascular Medicine Program 

in the Russian Federation, a significant number of 

neurovisualization data was accumulated from the 

ischemic stroke patients. Its retrospective analysis 

with taking into consideration the demographic and 

clinical characteristics and based on the methodology 

developed by the authors, can contribute to obtaining 

new fundamental knowledge in the field of vascular 

neurology.

Research limitations 
The main downside of this research is compiling the 

atlas only for the blood supply zones of the intracranial 

branches of the internal carotid artery on the right side. 

However, the model of transient occlusion of the medial 

cerebral artery with a monofilament is the gold standard 

and the most wide-spread model in translational  

pre-clinical research on the ischemic stroke as the most 

closely related in terms of pathophysiology [21–23]. The 

limitation on the evaluation side can also be reduced at 

the data registration stage by its reflecting. The possible 

downside is also the usage of a specialized protocol 

(isotropic Т2-weighted images with using the impulse 

sequence of the 3-dimensional rapid spin echo with 

modifiable excitation angle) at the stage of compiling 

the atlas, however, the atlas itself may be used outside 

the context of operating with artificial intelligence, and 

its registration is possible with any Т2-weighted images, 

including the anisotropic ones.

CONCLUSION
For the first time ever, based on the sample size of 

more than 200 high-resolution intravitam МRI-scans, a 

digital atlas was compiled that is describing the blood 

supply zones of the major intracranial branches of the 

internal carotid artery. This atlas is applicable within 

the framework of translational research in the most 

relevant experimental model of ischemic stroke  — 

the transient occlusion of the medial cerebral artery 

with a monofilament. The methodology developed by 

us is applicable for high-performance retrospective 

analysis of neurovisualization data from the patients 

with ischemic stroke, obtained as a part of the 

implementation of the Vascular Medicine Program in 

the Russian Federation.
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