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BACKGROUND The use of neuroimaging methods is an integral part of the process of assisting patients with acute cerebrovascular events (ACVE), while computed 

tomography (CT) is the «gold standard» for examining this category of patients. The capabilities of the analysis of CT images may be significantly expanded using 

modern methods of machine learning, including the application of the principles of radiomics. However, since the use of these methods requires the availability of 

large arrays of DICOM (Digital Imaging and Communications in Medicine)-images, their introduction into clinical practice is limited with the problem of a set of 

representative samples. In addition, at present, collections (datasets) containing CT images of patients with stroke, which would be suitable for machine learning, 

are practically not available in the public domain. 

AIM OF STUDY In this connection, the aim of this work was to create a collection of the DICOM -image native CT and CT-angiography in patients with different 

types of stroke.  

MATERIAL AND METHODS The basis for the creation of the collection was the medical history of patients hospitalized in the Regional Vascular Center of the N.V. 

Sklifosovsky Research Institute for Emergency Medicine. We used previously developed specialized platform to enter clinical data on the incidence of stroke, 

attached to each case of DICOM-image studies, as well as delineate and tag (mark) 3D area of interest. For tagging, a dictionary was developed, which elements 

describe the type of pathological formation, location and system of blood supply. 

RESULTS In the course of the work, a collection of clinical cases and images was formed, including anonymous information about 220 patients, 130 with ischemic 

stroke, 40 with hemorrhagic stroke, and 50 patients without cerebrovascular disorders. These clinics included information about the type of stroke, the presence of 

concomitant diseases and complications, the duration of hospitalization, the method of treatment and outcomes. For all patients the results of 370 studies of native 

CT and 102 studies of CT-angiography were entered. On each series of images, an expert physician outlined and tested areas of interest corresponding to direct and 

indirect signs of stroke. 

CONCLUSION The generated collection of images will subsequently allow various methods of data analysis and machine learning to be used in solving the most 

important practical problems, including diagnosis of the type of stroke, assessment of lesion volume, and prediction of the degree of neurological deficit. 
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ACVE - acute cerebrovascular event 
ASPECTS - Alberta Stroke Program Early CT Score 
CT - computed tomography  
DICOM - Digital Imaging and Communications in Medicine 
DSS - decision support system  
HS - hemorrhagic stroke 
IS - ischemic stroke  
MRI - magnetic-resonance imaging 
MSCT - multislice computed tomography 
NIHSS - National Institutes of Health Stroke Scale 

INTRODUCTION 
Acute cerebrovascular events (ACVE) is one of the leading causes of morbidity, mortality and disability in Russia and 

worldwide. More than 450 000 cases of stroke are reported in Russia annually, while this mortality in the acute period of stroke 

reaches 35%, increasing to 12-15% by the end of the first year; and in within 5 years after stroke 44% of patients die. Post-stroke 

disability occupies first place among all causes of disability and is 3.2 to 10 000 population [1-5].     
One of the perspective areas of optimization of stroke diagnosis is introduction of decision support systems making (DSS), in 

that those on the basis of application of methods of machine learning, on the stage of interpretation of radiological images. The 

relevance of this direction is due to a number of factors. Although at the high saturation of medical facilities devices CT of the 

entire territory of Russia, it noted a deficit of personnel. Besides that, in large medical centers, where a large number of patients 

are examined 24/7, there is a fatigue factor and weakening of concentration of attention. In such situations, the presence of DSS 

might be to minimize the impact of these factors on the quality of the provision of medical assistance. 
It is known, that for the construction of any DSS representative sampling is necessary. In most research projects authors have 

to first carry out the collection of data, which requires considerable time and organizational resources. In some cases, developers 

are trying to use images, collected in a medical institution for the past few years, however, work with them requires a thorough 

check of each clinical case on the subject of its compliance with the criteria of inclusion and registration of factors, that the protocols 

of conducting patients and treatment plans might change [6–7]. Sometimes, the researchers used the collection, published in the 

open access, but they are often just contain a small number of observations [8]. Besides that, the accompanying clinical information, 

which importance cannot be underestimated, may be not given at all or provided with a very short list of variables. At the present 

time a very limited number of datasets, containing DICOM-images of CT studies of patients with stroke are in open access. 
In connection with the foregoing, the aim of the study was to create collections of MSCT images and clinical data of patients 

with acute stroke. 

MATERIAL AND METHODS 
A set of data in the collection was made from the histories of patients, hospitalized in the Regional Vascular Center of N.V. 

Sklifosovsky Research Institute for Emergency Medicine in 2016-2019. The inclusion criteria for patients were: 
a) age older than 18 years ; 
b) the main diagnosis: ischemic stroke (IS) or hemorrhagic stroke (HS); 
a) DICOM-images and CT protocol, performed immediately after admission of a patient;  

g) for patients with ischemic stroke (IS) - magnetic-resonance imaging (MRI), confirming the diagnosis. 
Patients who met the following criteria were excluded from the medical history study: 
a) the presence of heavy comorbidities (pneumonia, oncology, trauma, and other); 



b) in the case of fatal outcome of the lack of information about the cause of death; 
c) presence of only the decimated series of DICOM-images in PACS archive of medical institution. 
For the comparison group criteria for inclusion were the absence of clinical and radiological signs of stroke, traumatic and 

other lesions of the brain, but also the presence of the DICOM-image, obtained in the result of native CT.   
When creating a collection we used earlier developed platform for the collection and analysis of data and images on the basis 

of hardware - software complex "Gamma-Multivoks" [9]. The functionality of the system includes the following main blocks: a 

block for working with clinical data, a block for working with images, a block for evaluating statistical characteristics and an export 

block. The block for clinical data included screen forms for entering data on each clinical case, and the input formal conclusions 

of CT studies (Fig. 1). The following information on each patient was included: 
a) main diagnosis, duration of hospitalization and outcome of treatment; 
b) risk factors (arterial hypertension, atherosclerosis, receiving anticoagulants, stroke in history, compromised family history, 

diabetes, renal disorders, obesity); 
c) data on the treatment performed (surgery and its result); 
g) scoring assessment of the state upon admission and discharge from the hospital with the following scales: Modified Rankin 

Scale (definition of functional independence after the stroke), NIHSS (to assess the severity of neurologic symptoms) and Glasgow 

Coma Scale. 
Als the platform included results of native CT and CT - angiography, performed with Toshiba Aquilion PRIME with slice 0.5 

mm. Formal conclusions contained information about the availability of direct and indirect signs of stroke, assessment of the 

volume of lesions with ASPECTS for IS, the characteristics of cerebrospinal fluid spaces, the description of extra - and intracranial 

arteries, Willis circle. 
The block for working with images included filtering tools, semi-automatic contouring of regions of interest and tagging. The 

created reference tag provided for the assignment tags to each area, describing the type of pathological mass, its location and the 

system of blood supply (Fig. 2). 
  

 

Fig. 1. Type of screen forms for entering clinical information and protocol of CT examination 

  

 

Fig. 2. Marking and tagging areas of interest on DICOM-images with 3D region of interest 



All data, including DICOM files, have been anonymized. Storage of data has been implemented in the database Microsoft SQL, 

DICOM-images are stored separately in the file network storage. 
Summary information for distribution of quantitative characteristics (age, NIHSS score) is represented in the form of values of 

the median, first and third quartile (Me [Q1; Q3]), so as the distribution characteristics were different from normal. 

RESULTS 
In the course of study the collection was created, which includes data on 220 patients, of whom 130 - with the IS, 40 - with 

HS, and also 50 people without cerebrovascular disease. A summary of the age and gender structure of each of the groups is 

presented in Table 1.   
  
 

T a b l e  1  

The distribution of patients by age and gender 

Group Whole sample Men Women 

Norm 
n = 50 

34 [26; 51] 
n = 21 

34 [30; 49] 
n = 29 

34 [23; 54] 

Ischemic stroke 
n = 130 

69 [57; 80] 
n = 68 

65 [53; 77] 
n = 62 

77 [65; 83] 

Hemorrhagic stroke 
n = 40 

58 [49; 70] 
n = 28 

57 [47; 70] 
n = 12 

67 [51; 70] 

  
The mean score according to NIHSS upon admission in groups with IS and HS was 8 [3; 15] and 12 [5; 33], respectively. The 

mortality in the group of patients with IS was 18.6%, in the group with HS - 50%. Distribution of patients with IS on different 

pathogenetic subtypes according to TOAST was as follows: atherothromboembolic – 30, cardioembolic – 39, lacunar – 12, a stroke 

with other established etiology – 4, stroke other unknown etiology – 48.       
Among patients with IS in 18 observations thrombolysis was performed, in 7 - trombextraction, in 5 - trombaspiration, in 2 

cases - revascularization of extracranial arteries. In 17 patients with IS hemorrhagic transformation was observed (13%).   
There were 330 native CT – studies totally performed: in 88 patients from  IS group and in 22 patients from HS group the study 

was carried out twice. In all series there was markings of identified direct and indirect signs of stroke (hypodense region with 

ischemia, hyperdense middle cerebral artery, intracerebral and in intraventricular bleeding). Areas with cystic and glial changes, 

corresponding to manifestations of "old" stroke, were delineated as well. In patients with IS CT - angiography was performed in 

78.5% of cases (n = 102). 

DISCUSSION 
The introduction of decision support system in the clinical practice, which significantly accelerates and increases the efficiency 

of the provision of medical aid during stroke, is an important task. The automatic analysis of neuroimaging data allows in the 

shortest possible time for carrying out an early differential diagnosis, prediction of the possible outcome of the disease and giving 

recommendations to the most effective method of treatment individually for each patient. The presence of a representative sample, 

consisting of a large number of structured and true data, is the basis for the implementation of various methods of analysis of 

medical images, in fact those with the use of machine learning. The efficiency and accuracy of the models directly depends also 

on the quality of the original data (learning sample)and requiring tons their thorough preliminary processing. 
When conducting research the need to search cases arises, relevant for selected criteria, in the local storage of medical 

institutions with subsequent laborious process of manual markup. This is why the samples used for training systems most often 

contain less than 100 diagnostic series [10]. 
Despite the relevance of the automation of the process of diagnosis of stroke, the presence of the respective collections of 

images in the open access to the world, not numerous, but in Russia such projects are absent, that inevitably leads to loss of precision 

work models, received at the foreign population data. The most common purpose of the organization of public data sets in the main 

is the promotion teams in the creation and improvement of algorithms for automatic segmentation of the volume of lesions, and 

often collections are presented with data of diagnosing HS [6, 11], or images from the already developed, large ischemic areas 

(does not include cases in the most acute period), and practically do not contain clinical information about the patient. Some datasets 

do not include marking the foci of lesions, or marked with the help of algorithms for automatic segmentation without the 

participation of experts, making their use in a training sample impossible without preliminary processing. Undoubtedly, systems 

of emergency and early diagnosis of patients with IS are mostly relevant, but at the moment it is difficult to find data for their 

development. More than that, such large projects, dedicated to ischemic lesions, like ENIGMA the Stroke of Recovery [12],  ATLAS 

[13], as well as ISLES [8], conducted in 2016-2018, are focused exclusively on the collection of data of magnetic resonance imafing 

and some types of functional studies of cerebral brain. Images of these modalities, no doubt, have a high information content for 

taking clinical decisions, but not are widely prevalent methods of diagnosis of stroke. Another disadvantage of universally 

accessible collections of images is their compressed form or pre-conversion to formats with loss of quality and metadata, which 

considerably limits the researchers in selecting methods of analysis. 
In this article we described approach to the formation of collection MSCT images and clinical data during acute cerebrovascular 

events, which allows considerably expand the circle of problems, solved by the DSS on the basis of the analysis of medical images. 

Specificity collected the first clinical data, the presence of these neuroimaging for one patient in dynamics, counting direct and 

indirect signs of lesions, their clear identification of the type and localization will allow to reveal a statistically significant relation 

between the biomarkers of images, clinical data and the effects of treatment. Placing the collection in the open access will facilitate 

the involvement of specialists of different profile to participate in the creation of large-scale systematic domestic bank data, 



allowing to find and use a sample with a necessary set of parameters during the training and testing of algorithms for segmentation 

and analysis of images in such significant social diseases like stroke. 

CONCLUSION 
On the results of this work we created collection of multislice computed tomography and clinical data of patients with acute 

cerebrovascular events. The collection includes anonymized data of 130 patients with ischemic stroke, 40 patients with hemorrhagic 

stroke and 50 patients without cerebrovascular disease. DICOM – images of 330 native CT studies and 102 CT angiography studies. 

In 110 patients computer tomography study was performed over time. All direct and indirect signs of acute disorders of cerebral 

blood flow identified on images were delineated by experts, each three-dimensional region of interest are had tags, describing the 

type of pathological formation, its location and the system of blood supply. The collected data can be used when building a system 

to support the adoption of medical solutions, including methods of machine learning and analyzing biomarkers images, in 

addressing such important tasks, as the differential diagnosis of types of acute disorders of cerebral circulation, automatic 

determination of the volume of the area of lesions, evaluation risks of hemorrhagic transformation, prognosis of the outcome of a 

clinical case and the degree of neurological deficit. In the future, it is planned to publish the collected collection in the public 

access. 
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