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Abstract

The purpose of the article is to evaluate white matter hyperintensity foci identified using
magnetic resonance imaging (MRI) in patients with cerebral microangiopathy using the Fazekas scale
and to analyze their clinical and radiological characteristics. The study included 96 patients who
underwent brain MRI. Based on T2-weighted and FLAIR images, all patients were divided into 0-3
levels of white matter changes according to the Fazekas scale. The relationship between arterial
hypertension, diabetes mellitus, cardiovascular diseases, and age factors with the degree of white
matter damage was also studied.

According to the study results, an increase in Fazekas levels was found to be significantly
correlated with increasing patient age and the presence of arterial hypertension and diabetes mellitus
(p<0.05). Fazekas grade 2—3 changes were observed more frequently in elderly patients and reflected
a more severe course of cerebral microangiopathy. It has been confirmed that MRI, especially FLAIR
sequencing, is of high diagnostic importance in identifying foci of white matter hyperintensity and
assessing the severity of the disease.

In conclusion, the Fazekas scale allows for a standardized assessment of MRI markers for
cerebral microangiopathy and serves as an important diagnostic tool for predicting the clinical course
and risk factors of the disease.
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Magolaning magsadi serebral mikroangiopatiya bilan kasallangan bemorlarda magnit-rezonans
tomografiya (MRT) yordamida aniqlanadigan oq modda giperintens o‘choqlarini Fazekas shkalasi
asosida baholash hamda ularning klinik-radiologik xususiyatlarini tahlil gilishdan iborat. Tadgigqotga
bosh miya MRT tekshiruvidan o‘tgan 96 nafar bemor Kkiritildi. Barcha bemorlarda T2-vaznlangan va
FLAIR tasvirlar asosida oq modda o‘zgarishlari Fazekas shkalasi bo‘yicha 0-3 darajalarga ajratildi.
Shuningdek, arterial gipertenziya, gandli diabet, yurak-qgon tomir kasalliklari va yosh omillarining oq
modda shikastlanishlari darajasi bilan bog‘ligligi o‘rganildi.

Tadqiqot natijalariga ko‘ra, Fazekas darajasining oshishi bemorlar yoshi ortishi hamda arterial
gipertenziya va gandli diabet mavjudligi bilan ishonchli bog‘liq ekanligi aniglandi (p<0,05). Fazekas
2-3 darajali o‘zgarishlar ko‘proq keksa yoshdagi bemorlarda kuzatildi va serebral
mikroangiopatiyaning og‘irroq kechishini aks ettirdi. MRT, ayniqsa FLAIR sekvensiyasi, oq modda
giperintens o‘choqlarini aniglash va kasallik og‘irligini baholashda yuqori diagnostik ahamiyatga ega
ekanligi tasdiglandi.

Xulosa qilib aytganda, Fazekas shkalasi serebral mikroangiopatiyaning MRT markerlarini
standartlashtirilgan tarzda baholash imkonini beradi hamda kasallikning klinik kechishi va xavf
omillarini prognoz gilishda muhim diagnostik vosita hisoblanadi.

Kalit so‘zlar: serebral mikroangiopatiya, magnit-rezonans tomografiya, MRT, Fazekas shkalasi,
oq modda giperintens o‘choqlari, FLAIR, leukoareoz, arterial gipertenziya, gandli diabet, klinik-
radiologik tahlil.
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OIIEHKA MPT-MAPKEPOB IIEPEBPAJILHOM MUKPOAHTUOITATHA HA
OCHOBE HIKAJIbI ®A3EKAC: KJIIMHUKO-PAJIUOJIOTHUYECKUN AHAJIU3
AHHOTANUA
Lenbto cTaThy ABISETCS OLIEHKA OYaroB TMIEPUHTEHCUBHOCTH O€JI0T0 BEIECTBA, BBISBIIEMBIX

C TIOMOIIbIO MAarHuTHO-pe3oHaHcHoW Tomorpadpun (MPT) y mnamueHToB ¢ 1LepeOpalbHON
MHUKPOAHTHOINAaTHEH Ha OCHOBe miKanbl daszekaca, a TaKkkKe aHAIM3 WX KIMHUKO-PAIHOIOTHIECKUX
ocoOeHHOCTeH. B mccrmenoBanne Obutm BKItOoYeHBI 96 manmenTtoB, mpomreamux MPT roioBHOTO
Mo3ra. MI3MeHeHus B 0€JI0M BEIIECTBE y BCeX MalMeHTOB ObUTH pasaeneHsl Ha 0-3 cTenenn mo mikasne
Fazekas na ocHoBe T2-B3BemeHHbix U FLAIR wu3o0paxenuii. Takke Obula u3ydeHa CBs3b
apTepuaNbHOM THIIEPTEH3UH, CaxapHOro AuadeTa, CepAeyHO-COCYTUCTHIX 3a00JIeBaHUMI U BO3PACTHBIX
(akTOpOB CO CTENEHBIO OPaXKEeHHsI OEJIOro BELIeCTBa.

ITo pe3ynbraTam Mccael0BaHUs YCTAaHOBJIEHO, YTO MOBbIIEHHE YpoBHs Pa3ekaca JOCTOBEPHO
KOppenupyeT ¢ yBEIMYEHHEM BO3pacTa MAIMEHTOB M HAJIMYUEM apTepHabHONW THIIEPTEH3UU U
caxapuoro nuabera (p<0,05). dazekac u3mMeHeHus: 2—3 CTENCHM Yalle HAOIIOAATNCH Y MAIHEHTOB
MOXKWJIOTO BO3pacTa W OTpakanu OoJiee TsDKENOe TeueHHe IepeOpalbHOW MHKpPOAHTHOIATHH.
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[MonrBepxneno, uto MPT, ocobenno cekBennpoBanue FLAIR, nMeeT BBICOKYIO AHATHOCTHYECKYIO
IIEHHOCTh /IS BBISIBJICHUS OYaroB TUIIEPUHTCHCUBHOCTH OEJIOr0 BEIIECTBA M OICHKU TSKECTH
3a00JIeBaHUs.

B 3akroueHre MOKHO CKa3aTh, 4To ImKajia Fazekas mo3Bosisier craH1apTH3HPOBAHHO OI[CHUBATh
MPT-mapkepbl 1epeOpalbHOM  MHUKPOAHTHONIATAM W SBISIETCS BaXKHBIM  JIMATHOCTUYCCKUM
WHCTPYMEHTOM B MPOTHO3UPOBAHUH KJIMHUYECKOTO TEUCHHS 3a00sIeBaHus U (DaKTOPOB PHCKA.

KuioueBble cioBa: nepeOpainbHas MUKPOAHTHONATHS, MarHUTHO-PE30HAHCHAss ToMorpadus,
MPT, mkana ®azekac, oyaru THIEpUHTEHCHUBHOCTH Oenmoro BemectBa, FLAIR, neiikoapeos,
apTepualibHas THIIEPTEH3Us, CaXapHbBIN JUa0eT, KIMHUKO-PATUOIOTHICCKUI aHaIHN3.

Introduction

Cerebral microangiopathy (CMA) is a chronic cerebrovascular pathology affecting the small
arteries, arterioles, capillaries, and venules of the brain and is one of the most common problems among
neurological disorders. This disease can lead to cognitive impairments, impaired gait balance, the
development of stroke, and an increased risk of dementia. According to the World Health Organization,
with increasing life expectancy, the incidence of cerebrovascular diseases, including cerebral
microangiopathy, is also increasing year by year.

The main risk factors for cerebral microangiopathy include arterial hypertension, diabetes
mellitus, dyslipidemia, atherosclerosis, smoking, and aging. These factors cause degenerative and
ischemic changes in the small blood vessels of the brain, causing damage to white matter structures.
As a result, hyperintense foci are formed in the periventricular and deep white matter of the brain.

In recent years, magnetic resonance imaging has been recognized as one of the most sensitive
and informative methods for diagnosing cerebral microangiopathy. In particular, using T2-weighted
and FLAIR (Fluid Attenuated Inversion Recovery) sequences, the possibility of detecting hyperintense
changes in the white matter and assessing the degree of their spread has expanded. MRI plays an
important role not only in detecting pathological changes but also in assessing the severity and
prognosis of the disease.

The Fazekas scale is widely used for the standardized assessment of white matter changes in
cerebral microangiopathy. This scale allows for the classification of hyperintense foci in the
periventricular and deep white matter from 0 to 3 degrees. The advantage of the Fazekas scale lies in
its simplicity, reproducibility, and ease of application in clinical practice. Numerous studies have
shown that increased Fazekas levels are associated with cognitive decline, the development of strokes,
and limitations in daily activities.

At the same time, the issue of MRI markers of cerebral microangiopathy and their correlation
with key clinical risk factors remains relevant. In particular, studying the relationship between the
prevalence and severity of white matter hypertension foci, arterial hypertension, diabetes mellitus, and
the age factor is of great importance for early detection and the prevention of its complications.

The aim of the study is to evaluate MRI markers based on the Fazekas scale in patients with
cerebral microangiopathy and to analyze the clinical and radiological characteristics of the identified
changes.

Materials and methods
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The study was of a retrospective nature and analyzed data from 96 patients who applied with
neurological complaints and underwent brain magnetic resonance imaging (MRI) between 2024 and
2025.

The age of the patients included in the study ranged from 45 to 82 years, with a mean age of
63.4+8.7 years. The study group included patients with MRI signs of cerebral microangiopathy.
Patients with acute stroke, brain tumors, demyelinating disorders, traumatic brain injuries, and
neuroinfections were excluded from the study.

All patients were examined on an MRI machine with a magnetic field strength of 1.5 Tesla. The
research protocol included the following sequences:

e T1-weighted images (T1WI);

e T2-weighted images (T2WI);

e FLAIR (Fluid Attenuated Inversion Recovery);
e DWI (Diffusion Weighted Imaging);

e SWI (Susceptibility Weighted Imaging).

White matter hyperintensity foci were assessed using the Fazekas scale. According to the scale:

- Grade 0 - no pathological changes identified,;

- Grade 1 - small punctate foci;

- Grade 2 - multiple foci prone to merging with each other;

- Grade 3 - widespread confluent changes.

Table 1. General characteristics of the patients included in the study (n=96)

Characteristic n %
Man 42 43.8
Woman 54 56.2
Arterial hypertension 71 74.0
Diabetes mellitus 28 29.2
Dyslipidemia 39 40.6
Previous history of stroke 19 19.8
Current smokers 24 25.0

Patients were distributed according to the degree of phases as follows.
Table 2. Distribution of patients by Fazekas scale

Fazekas Level Number of Patients (n) %
0 10 10.4
1 32 33.3
2 34 35.4
3 20 20.9
Total 96 100.0

The obtained data were processed using Microsoft Excel 2021 and SPSS Statistics 26.0 software.

Quantitative indicators were expressed as the mean and standard deviation (M+SD). Qualitative
indicators were presented in absolute numbers (n) and percentages (%).

The following statistical methods were used to assess intergroup differences:

- Student's t-test - to compare quantitative indicators;
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- %2 (chi-square) test - to compare qualitative indicators;

- Spearman correlation analysis - to determine the relationship between the Fazekas level and
clinical factors.

P<0.05 was taken as the statistical significance criterion.

Table 3. Correlation Between Fazekas Level and Major Risk Factors

Indicator Fazekas 0-1 (n =42) | Fazekas2-3 (n=54) | p-value
Average age (years) 578+ 7.1 67.7 £8.3 <0.001
Arterial hypertension, n (%) 24 (57.1) 47 (87.0) 0.002
Diabetes mellitus, n (%) 8 (19.0) 20 (37.0) 0.041
Previous history of stroke, n (%) 4 (9.5) 15 (27.8) 0.027

The results obtained showed that with an increase in Fazekas level, age increases, and the
frequency of arterial hypertension and diabetes mellitus increases. This confirmed the presence of a
statistically significant correlation between the severity of cerebral microangiopathy and the main
cardiovascular risk factors.

Results

During the study, brain MRI images from 96 patients were analyzed. Foci of hyperintense white
matter were primarily identified in the periventricular areas and in the deep white matter of the
hemispheres, and their prevalence was assessed using the Fazekas scale.

MRI studies showed that Fazekas grade 1 changes were observed in 32 (33.3%) patients, Fazekas
grade 2 changes in 34 (35.4%) patients, and Fazekas grade 3 changes in 20 (20.9%) patients. In 10
(10.4%) patients, no pathological changes were detected (Fasecas 0).

Table 4. Age Distribution of Patients According to Fazekas Levels

Fazekas Level Number of Patients (n) Mean Age (years, M + SD)
0 10 52.1+54
1 32 58.6 £ 6.3
2 34 658+ 7.1
3 20 71.2+6.9
p-value - <0.001

The results of the analysis showed an increase in the age of patients with an increase in Fazekas
levels. The mean age in patients with Fazekas grade 3 was significantly higher than in patients with
Fazekas grade 1 (p<0.001).

Periventricular hyper-intensity signals in FLAIR sequences were more pronounced in the
Fazekas grades 2 and 3. Confluent changes in the deep white matter were mainly observed in patients
with grade 3 Fazekas.

Figure 1. Prevalence of major risk factors by Fazekas group

Comparison of vascular risk factors between patients with Fazekas 0—1 and Fazekas 2—3 scores.
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Hypertension Diabetes Previous stroke

Fazekas 0-1 Fazekas 2-3

Severe white matter changes were also more frequently observed in patients with diabetes
mellitus. A moderate statistical correlation was found between the Fazekas level and diabetes mellitus
(p=0.041).

Among MRI markers, the most common symptoms were:

- hyperintense foci of periventricular white matter - 89.6%;
deep hyperintense foci of white matter - 76.0%;
foci of lacunar infarction - 34.4%;
dilated perivascular spaces - 42.7%;
signs of cerebral atrophy - 38.5%.

Discussion

In this study, the main MRI markers of cerebral microangiopathy were evaluated using the
Fazekas scale, and their correlation with clinical risk factors was analyzed. The results obtained
showed that the prevalence and severity of white matter hyper-intensity changes are closely
linked to age and the presence of cardiovascular risk factors. According to the study results,
periventricular white matter hyper-intensity foci were identified in 89.6% of patients, while deep
white matter hyper-intensity changes were identified in 76.0%. These indicators confirm that
white matter lesions are the most frequent MRI markers in cerebral microangiopathy. The
prevalence of grade 2 and 3 Fazekas changes indicates that the disease is chronic and progressive
in nature. During the study, a strong positive correlation was found between the Fazekas level
and the age of patients (r=0.68; p<0.001), and it was observed that the degree of white matter
damage increases with age. These results are consistent with data from international studies.
With age, cerebral microcirculation disorders, the development of degenerative changes in
vascular walls, and chronic hypoperfusion can lead to increased ischemic processes in white
matter structures.
Figure 2. Hyper-intense foci of periventricular and deep white matter.
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Acrterial hypertension has emerged as one of the most significant risk factors for the development of
cerebral microangiopathy. In our study, arterial hypertension was diagnosed in 95.0% of patients with
Fazekas grade 3, which was significantly higher than in the Fazekas grade 0 and 1 groups (p<0.001).
This result confirms that chronic arterial hypertension leads to lipoglycinosis in the cerebral arterioles,
thickening of the vascular wall, and decreased perfusion. Sugar diabetes was also found to be one of
the factors contributing to the aggravation of white matter lesions. The incidence of diabetes in patients
with Fazekas grade 3 was 50.0%. Endothelial dysfunction and microangiopathic changes developing
against a background of hyperglycemia can cause chronic cerebral white matter ischemia. Among MRI
markers, lacunar infarctions were detected in 34.4% of cases, and dilated perivascular spaces in 42.7%.
These indicators indicate that cerebral microangiopathy is a multi-component disease. Lacunar
infarctions and expansion of perivascular spaces, combined with hyperintense changes in white matter,
form the MRI phenotype of the disease and increase the risk of developing neurological disorders. The
study results also confirmed the high diagnostic significance of FLAIR sequencing in detecting
cerebral microangiopathy. This sequence allows for precise visualization of hyperintense foci of
periventricular and deep white matter, providing a standardized assessment on the Fazekas scale.
Therefore, FLAIR images are an integral part of the basic MRI protocol for diagnosing cerebral
microangiopathy. The study also has some limitations. Firstly, the study was retrospective in nature,
and the number of patients was relatively limited. Secondly, a detailed assessment of cognitive
functions and neurological symptoms was not conducted. In the future, it is advisable to conduct
studies covering a larger number of patients, including a prospective design and clinical-
neuropsychological indicators. Thus, the results obtained showed that the assessment of white matter
hyperintensity changes in cerebral microangiopathy using the Fazekas scale is of significant clinical
and radiological importance in determining disease severity, assessing risk factors, and determining
the prognosis.
Conclusion
1. Magnetic resonance imaging in cerebral microangiopathy is of high diagnostic importance for
detecting structural changes in the white matter of the brain, allowing for reliable visualization of
the primary MRI markers of the disease.
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According to the study results, the most common MRI markers of cerebral microangiopathy were
periventricular white matter hyperintense foci (89.6%), deep white matter hyperintense changes
(76.0%), dilated perivascular spaces (42.7%), and lacunar infarctions (34.4%). It was confirmed
that the Fazekas scale is a simple, reliable, and practical method that allows for a standardized
assessment of the severity of white matter hyperintense changes. In the study, grade 2 and 3
Fazekas changes were identified in 56.3% of patients, with clinically significant forms of cerebral
microangiopathy predominating.

An increase in the Fazekas level was directly associated with an increase in the age of patients,
and a strong positive correlation was found between the Fazekas index and age (r=0.68;
p<0.001). It was established that arterial hypertension and diabetes mellitus are the primary risk
factors contributing to the development of cerebral microangiopathy and the exacerbation of
white matter lesions. In patients with Fazekas grade 2-3, these diseases occurred significantly
more frequently (p<0.05). FLAIR sequencing is one of the most informative MRI methods for
identifying white matter hyperintense foci and assessing them using the Fazekas scale, and it can
be recommended for the early diagnosis and monitoring of cerebral microangiopathy. A
comprehensive assessment of MRI markers for cerebral microangiopathy using the Fazekas scale
is of great clinical and radiological importance for determining the severity of the disease,
predicting the risk of stroke and cognitive impairment, and making therapeutic and tactical
decisions.
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