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АННОТАЦИЯ 

Цель: оценить роль магнитно-резонансной томографии в диагностике поражений 
головного мозга у пациентов с различными стадиями дисциркуляторной энцефалопатии на 
фоне аномалий развития. 

Методы: в МРТ исследование включено 60 пациентов с дисциркуляторной 
энцефалопатией, среди которых были верифицированы 8 пациентов с аномалией Киммерле.  

Полученные результаты: Использованная методика оценки результатов МРТ 
включала качественное изучение структурных изменений головного мозга и количественный 
анализ площади участков изменения интенсивности сигнала, размеров желудочковой системы 
головного мозга, церебро-вентрикулярных индексов, диаметров интракраниальных артерий. 
Данные магнитно-резонансной ангиографии в каждом индивидуальном случае дали 
возможность оценить диаметр позвоночных артерий и определить варианты строения 
магистральных сосудов краниовертебральной зоны, сочетавшихся с аномалиями развития. 
Гипоплазированная позвоночная артерия чаще отмечалась на стороне, где была выявлена 
замкнутая форма аномалии Киммерле у больных с дисциркуляторной энцефалопатией. 
Выводы МРТ является эффективным методом выявления очагов глиоза и лейкоареоза в 
веществе головного мозга. Использование высокопольного томографа позволяет отчетливо 
визуализировать изменения интракраниальных сосудов, особенно в начальной стадии 
дисциркуляторной энцефалопатии.  
Ключевые слова: магнитно-резонансная томография, дисциркуляторная энцефалопатия. 
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ON THE ASSESSMENT OF ANOMALIES IN THE DEVELOPMENT OF THE 
VERTEBROBASILAR ZONE IN DYSCIRCULATORY ENCEPHALOPATHY BY MRI 

 
ANNOTATION 

Purpose: to evaluate the role of magnetic resonance imaging in the diagnosis of brain lesions 
in patients with various stages of dyscirculatory encephalopathy against the background of 
developmental abnormalities. 

Methods: The MRI study included 60 patients with discirculatory encephalopathy, among 
whom 8 patients with Kimmerle's anomaly were verified. 

Results: The used method for evaluating the results of MRI included a qualitative study of 
structural changes in the brain and a quantitative analysis of the area of areas of change in signal 
intensity, sizes of the ventricular system of the brain, cerebro-ventricular indices, and diameters of 
intracranial arteries. The data of magnetic resonance angiography in each individual case made it 
possible to assess the diameter of the vertebral arteries and to determine the variants of the structure 
of the great vessels of the craniovertebral zone, combined with developmental anomalies. A 
hypoplastic vertebral artery was more often noted on the side where a closed form of Kimmerle's 
anomaly was found in patients with discirculatory encephalopathy. 

Conclusions: MRI is an effective method for detecting foci of gliosis and leukoaraiosis in the 
brain substance. The use of a high-field tomograph makes it possible to clearly visualize changes in 
intracranial vessels, especially in the initial stage of discirculatory encephalopathy. 
Key words: magnetic resonance imaging, discirculatory encephalopathy. 

 
MAMUROVA Malika Mirkhamzaevna 

YANOVA Elvira Umarjonovna 
BAXRITDINOV Bekzod Rustamovich 

GIYASOVA Nigora Qobilovna 
MARDIEVA Gulshod Mamatmurodovna 

Tibbiyot fanlari nomzodi, dotsent 
Samarqand Davlat tibbiyot instituti 

 
DISSIRKULYATOR ENSEFALOPATIYADA VERTEBROBAZILAR ZONANING 

RIVOJLANISHIDAGI ANOMALIYALARNI MRT YORDAMIDA BAHOLASH 
TO'G'RISIDA 

ANNOTATSIYA 
Maqsad: rivojlanish anomaliyalari fonida turli bosqichlarda dyscirculatory ensefalopatiya 

bilan og'rigan bemorlarda miya lezyonlarini tashxislashda magnit-rezonans tomografiya rolini 
baholash. 

Usullari: MRI tadqiqotida 60 nafar dissirkulyator ensefalopatiyali bemor ishtirok etdi, ular 
orasida Kimmerle anomaliyasi bo'lgan 8 nafar bemor tekshirildi. 

Natijalar: MRI natijalarini baholash uchun foydalanilgan usul miyadagi tarkibiy 
o'zgarishlarni sifatli o'rganishni va signal intensivligining o'zgarish sohalari maydonini miqdoriy 
tahlilini, miya qorincha tizimining o'lchamlarini, serebro-ventrikulyarni o'z ichiga oladi. indekslari 
va intrakranial arteriyalarning diametrlari. Har bir alohida holatda magnit-rezonans angiografiya 
ma'lumotlari vertebral arteriyalarning diametrini baholash va rivojlanish anomaliyalari bilan 



БИОМЕДИЦИНА ВА АМАЛИЁТ ЖУРНАЛИ  |  ЖУРНАЛ БИОМЕДИЦИНЫ И ПРАКТИКИ  |  JOURNAL OF BIOMEDICINE AND PRACTICE                                                                                  №1 | 2022  

161 
 

birgalikda kraniovertebral zonaning katta tomirlari tuzilishining variantlarini aniqlash imkonini 
berdi. Gipoplastik vertebral arteriya ko'proq dissirkulyator ensefalopatiya bilan og'rigan bemorlarda 
Kimmerle anomaliyasining yopiq shakli topilgan tomonda qayd etilgan. 

Xulosa: MRI miya moddasida glioz va leykoaraioz o'choqlarini aniqlashning samarali usuli 
hisoblanadi. Yuqori maydonli tomografdan foydalanish intrakranial tomirlardagi o'zgarishlarni, 
ayniqsa, diskirkulyatsion ensefalopatiyaning dastlabki bosqichida aniq tasavvur qilish imkonini 
beradi. 
Kalit so'zlar: magnit-rezonans tomografiya, diskirkulyatsion ensefalopatiya. 

 
Vascular diseases of the brain in clinical neurology are rightfully considered the number one 

problem, which is explained by high levels of morbidity and mortality, long-term disability [8]. 
Prevention and treatment of vascular diseases of the brain remain one of the most urgent and 

unresolved issues in clinical neurology. First of all, this concerns discirculatory encephalopathy, the 
relevance of which is due to the widespread prevalence of the disease and polymorphic clinical 
manifestations [4,7,8]. Dizziness, headache, memory loss, fatigue, sleep disorder - this is not a 
complete list of initial symptoms that reduce the quality of a person's life, make it difficult for him to 
adapt to increased psychoemotional and physical stress, making it impossible or difficult to continue 
his professional activity [1,2]. 

According to the observations of the researchers, bone abnormalities, as well as arterial 
abnormalities, or a combination of both, can cause a decrease in cerebral blood flow. A comparative 
analysis of research by leading scientists shows that a considerable share of the consequences of 
circulatory disorders entails a change in hemodynamics in the vertebrobasilar zone and in the 
vertebral arteries, in particular [3,5]. 

Kimmerle's anomalies (abnormal bony rings of Atlas) need a separate discussion. This change 
in the atlas can limit the mobility of the vertebral artery loop at the site of the formation of the 
abnormal ring on the posterior arch of the atlas and cause vertebrobasilar insufficiency. 

Analysis of modern literature data indicates that magnetic resonance imaging (MRI) plays an 
important role in the diagnosis of discirculatory encephalopathy (DE) and changes in hemodynamics 
in the vertebrobasilar zone, as well as in the vertebral arteries. At the same time, the importance of 
MRI, in particular magnetic resonance angiography, in the complex of methods for clinical and 
radiation diagnostics of DE stages in combination with Kimmerle's anomaly has not been studied 
enough. 

The aim of the study was to assess the role of magnetic resonance imaging in the diagnosis 
of brain lesions in patients with various stages of dyscirculatory encephalopathy against the 
background of developmental abnormalities. 

Material and research methods. Magnetic tomographic study was performed on a 1.5 T 
SIEMENS MAGNETOM ESSENZA Tim + DOT apparatus for 60 patients with discirculatory 
encephalopathy, among whom 8 patients with Kimmerle's anomaly were verified. Most of the 
patients underwent inpatient examination at the 1st clinic of the Samarkand Medical Institute. The 
age of the patients ranged from 31 to 86 years and averaged 59.4 ± 18.8 years. Among the examined 
patients there were 18 women (30.0%) and 42 men (70.0%). Based on the data obtained, all patients 
were divided into 3 groups, depending on the stage of the disease. The group of patients with stage I 
consisted of 18 patients, with stage II - 30 and with stage III - 12 patients. 

Research results. After processing the obtained MRI results, a comparative analysis of the 
revealed structural changes in the substance of the brain in patients with different stages of the disease 
was performed. Thus, cerebral atrophy in the form of dilatation of the cerebral ventricles and 
convexital sulci was detected in most patients, including already in the early stages of discirculatory 
encephalopathy. 

In our study, to quantify cerebral atrophy, the indices of the third ventricle and anterior horns 
of the lateral ventricles were determined, as well as the average width of the convexital grooves. 
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Table 1. 
Quantification of cerebral atrophy in patients with discirculatory encephalopathy 
 

Options Stage I  
(n = 18) 

Stage II  
(n = 30) 

Stage III  
(n = 12) 

Third ventricular index% 3,58±0,05 3,68±0,07 4,63±0,08 
Index of the anterior horns of the 
lateral ventricles% 

25,7±0,8 28,1±0,6 32,9±0,8 

Average width of convexital 
grooves, mm 

3,3±0,5 3,5±0,7 4,3±0,3 

 
As can be seen from Table 1, there was an increase in the indices of the third ventricle and 

anterior horns of the lateral ventricles, which characterize internal cerebral atrophy, in patients with 
stage II and III DE, as well as an increase in the average width of the convexital sulcus, which 
characterizes external cerebral atrophy, in patients in the third stage of the disease.  

The increase in the values of cerebro-ventricular indices and the average size of the convexital 
sulci in patients with DE indicates a more pronounced decrease in the total volume of the brain 
substance in comparison with the corresponding age norm. This makes it possible to objectify the 
progression of the degenerative-dystrophic process of the medulla during the progression of the 
disease. 

Analysis of the results showed that on MRI scans in T2 mode, 67% of patients with stage II 
DE and all patients with stage III DE revealed zones of rarefaction of the white matter, the so-called 
leukoaraiosis, while an increase in the area of leukoaraiosis was found in patients with stage III DE 
(8.62 + 1.51 cm2) compared with patients with DE stage II (3.48 + 1.07 cm2). In patients with DE 
stage I, leukoaraiosis was not detected (table 2). 

Table 2. 
Leukoaraiosis area in patients with discirculatory encephalopathy 

 

Leukoaraisis area  Stage I Stage II  Stage III  
abs. % abs. % abs. % 

leukoaraiosis not identified 18 100 10 33,3 - - 
less than 5 cm2 - - 14 46,6 2 16,6 
5 -1 0  cm2 - - 5 16,6 7 58,3 
10 -15 cm2 - - 1 3,3 2 16,6 
more than 15 cm2 - - - - 1 8,3 

 
As you can see, with the progression of the disease, both the incidence of leukoaraiosis and 

its total area increase. It should also be noted that with the progression of DE, the localization of 
leukoaraiosis also expands. So, if in patients with stage II DE it was detected in the form of "caps" 
near the horns of the lateral ventricles or thin lines along the ventricles, then in patients with the third 
stage of the disease, leukoaraiosis was also detected in the form of irregular zones of increased signal 
intensity, spreading to the deep parts of the white substances. 

The main neuroimaging phenomenon identified in patients with DE is micro-focal changes 
of a hyperintense nature on T2-weighted image and hypotensive nature on T1-wei. In the majority of 
patients with the first stage of DE, single local small foci of irregular shape, with indistinct contours, 
of a sufficiently homogeneous hyperintense signal, localized mainly paraventricular, were revealed. 

With the progression of the disease, an increase in the size of the foci, an increase in the 
intensity of the signal from them, in patients with DE II and DE III stage, the foci more often had a 
rounded or slit-like shape, a uniform sharply hyperintense signal on T2- weighted image (these focal 
changes were regarded by us as lacunar infarctions). In addition, with the progression of DE, the 
number of focal changes in the brain substance significantly increased, merging foci appeared, while 
the foci were identified not only paraventricularly, but also in the subcortical zones and in the cerebral 
hemispheres. 
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The analysis of focal changes identified in the examined groups of patients is presented in 
table 3. The progression of discirculatory encephalopathy according to MRI data is characterized by 
an increase in the number and area of ischemic foci, as well as an increase in the signal intensity from 
them. 

Table 3. 
Analysis of focal changes in the brain in patients with various stages of discirculatory 

encephalopathy 
 

Options Stage I  Stage II  Stage III  
Minimum lesion size (cm2) 0,17±0,07 0,22±0,09 0,58±0,12 

Maximum lesion size (cm2) 0,82±0,21 3,33±1,74 9,93±3,27 
Average signal intensity from foci 
in T2-weighted image 

551,2±93,2 635,4±129,8 701,9±149,7 

Single local small foci (%) 57,0 25,0 - 
Multiple small lesions (%) 10,0 67,0 93,0 
Large lesions (%) 15,0 57,0 87,0 
Confluent lesions (%) - 20,0 62,0 

 
Non-contrast MR angiography in patients with discirculatory encephalopathy revealed 

changes in intracranial vessels of varying degrees, characteristic of atherosclerotic lesions. A 
quantitative analysis of the identified changes is presented in table 4. 

Table 4. 
Analysis of changes in the main arteries of the brain in patients with different stages of 

dyscirculatory encephalopathy 
 

Changes in the blood vessels 
of the brain 

Stage I Stage II Stage III 

Narrowing of the arteries 2 (11,1%) 7 (23,3%) 5 (41,6%) 
Tortuous arteries 4 (22,2%) 12 (40,0%) 8 (66,6%) 
Open circle of Willis 1 (5,5%) 6 (20,0%) 4 (33,3%) 
"Erosion" of the vascular 
contours 

- 2 (6,6%) 7 (58,3%) 

Local vascular occlusion - 2 (6,6%) 5 (41,6%) 
Lack of visualization of the 
great artery 

- - 2 (16,6%) 

 
As can be seen, already at the initial stages of the disease, signs of early atherosclerotic 

changes in the intracranial arteries were revealed, in the form of a decrease in the intensity of their 
signal. With the progression of the disease, the severity of atherosclerotic changes in the arteries 
increases, and patients with stage III DE show significant signs of atherosclerotic changes in the 
vessels, in the form of a depletion of the vascular pattern along the periphery of the brain, pathological 
tortuosity of the arteries, a decrease in the intensity of the signal from the vessels, and occlusion of 
the intracranial arteries. 

In the study performed, out of 60 patients with DE, Kimmerle's anomaly was verified in 8. 
Since the ultrasound examinations of the vessels of the craniovertebral zone did not give a complete 
anatomical assessment of the intracranial parts of the vertebral arteries, all patients with Kimmerle's 
anomaly were purposefully performed magnetic resonance angiography, during which, in 5 (62.5%) 
patients with Kimmerle's anomaly, various types of dissociated arterial circle of the large brain. 
Discontinuity of the posterior part of the cerebral arterial circle was most often observed in the form 
of aplasia of the posterior communicating artery, as well as posterior trifurcation of the internal 
carotid artery. In 4 (50.0%) patients, the absence of the posterior communicating artery was 
diagnosed, and in 3 (37.5%) of them, the communicating arteries on both sides were not visualized, 
in 2 (25.0%) - the posterior communicating artery on the left and in 1 (12.5%) - on the right. 
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A sign characterizing the structural features of the main arteries of the head in those examined 
with Kimmerle's anomaly was also the tortuosity of the vessels of the craniovertebral region, noted 
in 3 examined (37.5%) in the V3 and V4 segments of the vertebral artery. Most patients are diagnosed 
with a combination of various types of tortuosity. C-shaped tortuosity of the vertebral artery was 
detected in 2 (25.0%) patients, S-shaped - in 1 (12.5%), the formation of kinks was observed in 2 
(25.0%) patients. 

When measuring the diameter of the vessels by magnetic resonance angiography at the V3-
V4 level, the transverse size of the vertebral arteries averaged 3.3 ± 0.7 mm on both sides (3.24 ± 
0.76 on the left, and 3.17 ± 0.76 on the right). At the same time, indicators less than 3 mm were noted 
in 37.5%, which corresponds to the parameters for assessing the hypoplasia of the vertebral artery 
according to the literature. Thus, the data obtained allow us to assert that with DE, the magnetic 
resonance characteristics undergo dynamics from normal indicators or minimal atrophic signs in 
stage I to more pronounced small-focal changes in brain matter and atrophic (external and internal) 
manifestations in stage II to sharply marked cortical atrophy and hydrocephalus with multiple foci in 
the hemispheres, accompanied by significant atherosclerotic changes in the intracranial vessels - in 
stage III of the disease. 

Conclusions. The use of a high-field tomograph makes it possible to clearly visualize changes 
in the intracranial vessels, especially in the initial stage of discirculatory encephalopathy. MRI is an 
effective method for identifying foci of gliosis and leukoaraiosis in the substance of the brain, it 
allows you to study the state of the intracranial arteries, to evaluate the ventricular system and 
subarachnoid space in three orthogonal projections. 

The method for evaluating the results of magnetic resonance imaging should include a 
qualitative study of structural changes in the brain and a quantitative analysis of the area of areas of 
change in signal intensity, sizes of the ventricular system of the brain, cerebro-ventricular indices, 
and diameters of intracranial arteries. 

It is advisable to analyze the results of magnetic resonance imaging in patients with 
discirculatory encephalopathy using quantitative criteria for the state of the brain and arteries, 
developed to differentiate the stages of the disease. 

The data of magnetic resonance angiography in each individual case made it possible to assess 
the diameter of the vertebral arteries and to determine the variants of the structure of the great vessels 
of the craniovertebral zone, combined with developmental anomalies. A hypoplastic vertebral artery 
was more often noted on the side where a closed form of Kimmerle's anomaly was found in patients 
with discirculatory encephalopathy. 

Depending on the severity of patients with discirculatory encephalopathy, it is recommended 
to conduct a dynamic MRI study, with the obligatory study of the state of the intracranial arteries. 
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