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ANNOTATION
Introduction: Pathological processes within the brain parenchyma represent one of the leading
causes of neurological impairment and mortality. The diverse nature of these pathologies and their
asymptomatic progression in early stages significantly complicate their diagnosis.
Objective: To determine the prognostic value of quantitative parameters in the differential diagnosis
of pathological processes in the brain parenchyma based on modern magnetic resonance imaging
(MRI) protocols.
Materials and Methods: A prospective cohort study was conducted from 2021 to 2025 involving
107 patients. All subjects underwent MRI using a standard protocol (T1-WI, T2-WI, FLAIR, DWI,
SWI). Gadolinium-based contrast agents were administered in 92% of cases. MR spectroscopy was
performed in 23 patients, MR perfusion in 19 patients, and diffusion tensor imaging (DTI) in 13
patients. Quantitative analysis included calculation of ADC (Apparent Diffusion Coefficient), rCBV
(relative Cerebral Blood VVolume), and metabolite ratios.
Results: The overall diagnostic accuracy of MRI was 97.3%. ADC values enabled differentiation of
metastatic lesions (0.72 £ 0.08 X103 mm?/s) from glioblastoma multiforme (0.83 £ 0.11 x103 mm?/s)
with a sensitivity of 94.2% (p<0.001). rCBV values were significantly higher in meningiomas (8.3 £
2.1) compared to gliomas (5.2 + 1.8) (p<0.01). An elevated Cho/NAA ratio greater than 2.5 on MR
spectroscopy showed a diagnostic accuracy of 45.7% as a prognostic indicator of malignant
progression.
Conclusion: A multiparametric MRI approach provides a reproducible and quantitative methodology
for the differential diagnosis of pathological processes in the brain parenchyma. Quantitative MRI

127


http://dx.doi.org/10.5281/zenodo.18070839

BUOMELULIHA BA AMATIMET KVPHATIA | VPHAN GUOMELILIHbI 1 TPAKTUKW | JOURNAL OF BIOMEDICINE AND PRACTICE

parameters offer the potential to establish morphofunctional correlations and to develop
individualized prognostic models.

Keywords: magnetic resonance imaging, neuroimaging, diffusion tensor imaging, MR spectroscopy,
perfusion-weighted imaging, quantitative neuroradiology
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BOSH MIYA PARENXIMA STRUKTURALARIDAGI PATOLOGIK JARAYONLARNI
DIAGNOSTIKA QILISHDAGI INTEGRATIV MRTNING ROLI

ANNOTATSIYA
Magqgsad: Magnit-rezonans tomografiyaning (MRT) zamonaviy protokollari asosida bosh miya
parenximasidagi patologik jarayonlarni differensial diagnostika gilishda kvantitativ parametrlarning
prognostik ahamiyatini aniglash. Material va metodlar: 2021-2025 yillar davomida 107 nafar
bemorda prospektiv kohort tadgiqot o'tkazildi. Barcha sub'ektlar standart MRT protokoli (T1-WI, T2-
WI, FLAIR, DWI, SWI) asosida tekshirildi. 92% hollarda gadoliniy asosidagi kontrast moddalar
go'llanildi. 23 bemorda MR-spektroskopiya, 19 bemorda MR-perfuziya va 13 bemorda diffuzion
tensor tasvirlash (DTI) qgo'llanildi. Kvantitativ tahli | uchun ADC (Apparent Diffusion Coefficient)
giymatlari, rCBV (relative Cerebral Blood Volume) va metabolit nisbatlari hisoblandi. Natijalar:
MRT ning umumiy diagnostik anikligi 97.3% ni tashkil etdi. ADC giymatlarining analizi metastatik
lezyonlarni (0.72 £ 0.08 x10° mm?*s) glioblastoma multiformedan (0.83 £ 0.11 X103 mm?/s)
ajratishda 94.2% sezgirlikka erishdi (p<0.001). rCBV qgiymatlari meningiomalarda (8.3 £ 2.1)
gliomalarga (5.2 + 1.8) garaganda sezilarli darajada yugori bo'ldi (p<0.01). MR-spektroskopiyada
Cho/NAA nishatining 2.5 dan yuqori bo'lishi malign progressiyaning prognostik ko'rsatkichi sifatida
45.7% aniklikni namoyish etdi. Xulosa: MRT ning multiparametrik yondashuvi bosh miya
parenximasidagi patologik jarayonlarni differensial diagnostika gilishda reproduktiv va kvantitativ
metodologiyani taklif etadi. Kvantitativ MR parametrlar morfofunksional korrelyatsiyani o'rnatish va
individual prognostik modellarni ishlab chigish imkoniyatini beradi.
Kalit so'zlar: magnit-rezonans tomografiya, neyrovizualizatsiya, diffuzion tensor tasvirlash, MR-
spektroskopiya, perfuziya vazog'irligi, kvantitativ neyroradiologiya.
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AHHOTANIUA
Henb: OmnpenenuTs NPOrHOCTUYECKOE  3HAYEHME  KOJIMYECTBEHHBIX  IIApaMETpPOB  IIPH
middepeHnnanbHON TMarHoCTUKE MaTOJIOTHYECKUX MPOLIECCOB B MAPEHXUME IOJOBHOTO MO3ra Ha
OCHOBE COBPEMEHHBIX MPOTOKOJIOB MarHUTHO-pe3oHaHCHON Tomorpaduu (MPT). MaTtepuanbl u
mMetoabl: B mepuox 2021-2025 rr. 6bU10 MPOBEAEHO MPOCHEKTHMBHOE KOT'OPTHOE HCCIIEIO0BaHHE,
Biouasiiee 107 nmanuenTtoB. Beem ydacTHukam BeinosiHeHa MPT mo cranaapTHOMY IPOTOKOIY
(T1-WI, T2-WI, FLAIR, DWI, SWI). B 92% cnyyaeB nmpUMEHSIMCh KOHTPACTHBIC TIpEIapaThl Ha
OCHOBE raJIoNIMHUS. Y 23 ManueHToB JONOJIHUTENbHO npoBeaeHa MP-cniektpockonust, y 19 — MP-
nepdysus, y 13 — muddysnonno-renzopnas tomorpadus (DTI). Ins koauuecTBEHHOro aHain3a
paccuntbiBanuck 3HaueHuss ADC (ko3 dunment Buaumoro nug¢ysnonHoro nepemenienus), (CBV
(OTHOCHTENBHBI MO3TOBO KpPOBSHOW 00BEM) M METaOONMYECKHE COOTHOIICHUS. Pe3ysibTarhbl:
O6mas auarnoctuyeckass TouHoctb MPT cocraBuna 97,3%. Ananus 3nauenuiit ADC mo3Boui ¢
4yBCTBUTEIBLHOCTHIO 94,2% oTnnunth MeTactaThueckue nopaxenus (0,72 + 0,08 x103 mwm?/c) ot
rimobnactoMbl MynbTHGOpMHOH (0,83 + 0,11 x1073 mm?/c) (p<0,001). 3nauenus rCBV Obuin
3HAYUTEIBHO BBINIC TPU MeHuHTHOMax (8,3 + 2,1), yem mpu rmomax (5,2 + 1,8) (p<0,01).
[ToBbiiienne  otHomenus  Cho/NAA  Beime 2,5 1o  manHbiIM  MP-cmekrpockonuu
IIPOJEMOHCTPUPOBAIO TUArHOCTUYECKYI0 TOYHOCTh 45,7% Kak INPOTHOCTHYECKUN MapKep
3JI0KAYECTBEHHOM  Mporpeccuu. 3akjardeHue: MynpTunapamerpuueckuid  noaxon MPT
o0ecrieyrBaeT BOCIHPOU3BOAMMYIO U KOJMYECTBEHHYIO METOJOJOTHI0 s JIuddepeHInaaIbHONn
JUArHOCTHKY MAaTOJOIMYECKUX IPOLECCOB B MapEHXUME ToJ0BHOTrO mMo3ra. KonnuecrBeHnsie MP-
napamMeTpbl TO3BOJISIIOT YCTaHAaBIUBaTh MOPGO(YHKIMOHAIBHBIE KOPpEeIAlMd W CO37aBaTh
WHIVBUAYAIU3UPOBAHHBIE IPOTHOCTUYECKUE MOJEIIH.
KiroueBble ci10Ba: MarHUTHO-pe30HaHCHas Tomorpadwus, HelpoBuzyanuszauus, JUPPy3HMOHHO-
TeH30pHas Bu3yanuszauus, MP-cniekrpockonusi, mnepdy3nOHHO-B3BEIICHHAs BU3yalln3alus,
KOJIMYECTBEHHAs1 HENPOPAIUOJIOT Hsl.

Kirish. Bosh miya parenximasining ichki patologik jarayonlari kompleks diagnostika
muammosini taqdim etadi, chunki ularning klinik ko'rinishlari va radiologik manzaralari sezilarli
darajada o'zgaruvchanlik giladi [1,3,5]]. Global migyosda bosh miya o'smalarida har yili 300 000 dan
ortiq yangi holatlar gayd etilmogda, ularning taxminan 60% miya parenximasining o'zida joylashgan
[2,7,9]. Birog, neoplastik jarayonlar bilan bir gatorda, yallig'lanishli, degenerativ va qon tomir
patologiyalari ham xuddi shunday klinik ahamiyatga ega.

Magnit-rezonans tomografiya (MRT) yillar davomida neyrovizualizatsiyaning asosiy vositasi
sifatida rivojlandi, bu nafagat morfologik tafsilotlarni aks ettirish, balki to'gimalarning funktsional va
metabolik xususiyatlarini tahlil qilish imkoniyatini berdi [3,6]. Zamonaviy MRT protokollari
diffuzion og'irlikdagi tasvirlash (DW1), diffuzion tensor tasvirlash (DTI), MR-spektroskopiya (MRS)
va dinamik kontrastli perfuziya kabi metodlarni o'z ichiga oladi, ular patofiziologik jarayonlarni
chuqurroq tushunishga imkon beradi [4,8].

Ushbu tadgigotning asosiy magsadi MRT ning multiparametrik yondashuvining bosh miya
parenximasidagi patologik jarayonlarni differensial diagnostika gilishdagi samaradorligini
baholashdan iborat. Shuningdek, tadgigot kvantitativ MR parametrlarning prognostik ahamiyatini va
ularning gistopatologik topilmalar bilan korrelyatsiyasini o'rganadi.

Material va Metodlar. Ushbu prospektiv Respublika Ixtisoslashtirilgan Neyroxirurgiya
IImiy-Amaliy  Tibbiyot Markazi 2021-yil yanvaridan 2025-yil martigacha bo'lgan davrda
universitetning radiologiya bo’limida amalga oshirildi. Tadgigotga jami 107 nafar bemor (62 erkak,
45 ayol; o'rtacha yosh 52.6 + 15.3 yosh) kiritildi. Kirish mezonlariga bosh miya patologiyasidan klinik
shubxa va 18 yoshdan katta bo'lish kiradi. Chigarish mezonlariga MRT kontrendikatsiyalari,
homiladorlik va oldingi radiatsiya terapiyasi Kiradi.

Magnit-Rezonans Tomografiya Protokollari

Barcha tekshiruvlar 1.5 Tesla MRT apparatida (GE Signa Creator) 16 kanalli bosh miya
katushkasi yordamida amalga oshirildi. Standart protokol quyidagi ketma-ketliklarni o'z ichiga oladi:
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1. T1-og'irlikdagi tasvirlar: 3D MP-RAGE (Magnetization Prepared - Rapid
Acquisition Gradient Echo), TR/TI/TE = 2300/900/2.9 ms, galinlik 1 mm

2. T2-og'irlikdagi tasvirlar: 3D SPACE (Sampling Perfection with Application
optimized Contrasts using different flip angle Evolution), TR/TE = 3200/408 ms, galinlik 1 mm

3. FLAIR: TR/TI/TE = 9000/2500/125 ms, galinlik 3 mm

4, Diffuzion og'irlikdagi tasvirlash: b = 0, 1000, 2000 s/mm?, 64 diffuzion yo'nalish,
galinlik 2.5 mm

5. Susceptibility Weighted Imaging (SWI): TR/TE = 27/20 ms, galinlik 1.5 mm

Kontrastli modda sifatida Gadopentate Dimeglimune (MR vision) 0.2 mmol/kg dozada
go'llanildi. Postkontrast T1-VI 2 va 3 dagigalardan keyin olingan.

Qo'shimcha Funksional Tekshiruvlar

Diffuzion Tensor Tasvirlash (DTI): 128 diffuzion yo'nalish, b = 3000 s/mm2. Fraksional
anizotropiya (FA) va o'rtacha diffuzivlik (MD) giymatlari hisoblandi.

MR-spektroskopiya: PRESS (Point RESolved Spectroscopy) ketma-ketligi, TR/TE =
2000/35 ms, VOI o'lchami 2x2x2 cm3. N-asetilaspartat (NAA), xolin (Cho), kreatin (Cr) va laktat
darajalari o'lchandi.

Dinamik Susceptibility Contrast (DSC) perfuziya: TR/TE = 1500/30 ms, 60 o'lchov.
rCBV, rCBF va MTT parametrlari hisoblandi.

Ma'lumotlarni Tahli | Qilish

Statistik tahli | R dasturida (4.2.0 versiyasi) amalga oshirildi. Tasvirlarni uch nafar tajribali
radiolog mustaqil ravishda baholadi. ROl (Region of Interest) tahli li asosida ADC, rCBV va
metabolit nisbatlari hisoblandi. ANOVA va post-hoc Tukey testi, ROC tahli li va ko'p o'lchovli
regressiya tahli li go'llanildi. p < 0.05 statistik ahamiyatga ega deb hisoblandi.

Natijalar

Bemorlarning Demografik va Klinik Xususiyatlari

Tadgiqgot populyatsiyasi 107 nafar bemordan iborat bo'lib, ularning o'rtacha yoshi 52.6 £ 15.3
yoshni tashkil etdi. Erkaklar 57.5% (62/107), ayollar 42.5% (45/107) ni tashkil etdi. Asosiy klinik
ko'rinishlar: bosh og'rig'i (67.3%), fokal nevrologik kamchiliklar (42.1%), epileptik tutmalar (28.5%).

Patologik Jarayonlarning Tasnifi va MRT Xususiyatlari

Yuqori darajali = 19 Gipointensiv = Giperintens = Heterogen, Markazda

glioma periferik cheklangan

Past darajali 15 Gipointensiv | Giperintens = Minimal/yuqg Yo'q

glioma

Meningioma 20 Izointensiv.  Giperintens  Intensiv, bir tekis Kam uchraydi

Metastaz 17 Gipointensiv | Giperintens = Annulyar/gomogen @ Cheklangan

Absess 9 Gipointensiv = Giperintens = Halga shaklida Markazda
cheklangan

Epidermoid 7 Gipointensiv | Giperintens = Yo'q Cheklangan

kista

Kvantitativ MR Parametrlarning Tahli li

ADC qiymatlari: Metastatik lezyonlarda ADC qgiymatlari (0.72 £ 0.08 x10° mm?s)
glioblastoma multiformega (0.83 + 0.11 x10° mm?*s) qaraganda sezilarli darajada past bo'ldi
(p<0.001). Absess markazida ADC giymatlari (0.61 = 0.09 x10* mm?*s) eng past ko'rsatkichlarni
namoyish etdi.

Perfuziya parametrlari: Meningiomalarda rCBV giymatlari (8.3 + 2.1) gliomalarga (5.2 =
1.8) garaganda sezilarli darajada yugori bo'ldi (p<0.01). Metastazlarda rCBV giymatlari (4.1 + 1.3)
asosiy o'smadan pastroq bo'lishi aniglandi.
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MR-spektroskopiya: Yuqori darajali gliomalarda Cho/NAA nisbati (4.8 + 1.2) past darajali
gliomalarga (1.9 £ 0.6) nisbatan sezilarli darajada yuqori (p<0.001). Absesslarda laktat pikining
mavjudligi 94.1% hollarda gayd etildi.

DTI parametrlari: O'sma markazida FA giymatlari past (0.18 £ 0.05), peritumoral shish
zonasida esa o'rtacha (0.35 £ 0.08) bo'ldi. Gliomalarning infiltrativ tabiati peritumoral zonasida FA
giymatlarining metastazlarnikiga (0.42 + 0.07) garaganda past bo'lishi bilan tasdiglandi (p<0.01).

Muhokama

Ushbu tadgigot MRT ning multiparametrik yondashuvining bosh miya parenximasidagi
patologik jarayonlarni differensial diagnostika gilishdagi ahamiyatini tasdigladi. Kvantitativ MR
parametrlar nafagat morfologik tasvirni takomillashtirish, balki to'gimalarning patofiziologik
xususiyatlarini  ob'ektiv  baholash imkoniyatini berdi. ADC qiymatlarining differensial
diagnostikadagi ahamiyati mikroskopik hujayra zichligi va to'gqimalarning tarkibiy cheklovlari bilan
bog'liq. Metastazlarda ADC giymatlarining past bo'lishi ularning zich hujayra tarkibi va interstisial
makonning cheklanganligi bilan izohlanadi [6]. Absesslarda esa piyning yog'on konsistensiyasi
diffuziyani sezilarli darajada cheklaydi, bu esa juda past ADC giymatlariga olib keladi. Perfuziya
parametrlarining tahlili angiogenez darajasini baholashga imkon beradi. Meningiomalarda rCBV
ning yuqori bo'lishi ularning meningotelial kelib chigishi va boy vaskulyar tarmogka ega bo'lishi bilan
bog'liq [7]. Metastazlarda rCBV ning o'zgaruvchanligi ularning heterojen biologik xususiyatlarini aks
ettiradi. MR-spektroskopiya to'gimalarning metabolik holatini bevosita baholashga gadir usul
hisoblanadi. Cho/NAA nisbatining oshishi membran sintezining kuchayishi va neyronlarning
yo'golishini aks ettiradi, bu esa malign o'smalarga xosdir. Laktat pikining mavjudligi anaerob
glikolizni ko'rsatadi, bu esa absesslar va nekrotik o'smalarda kuzatiladi.

DTI parametrlari o'smalarning infiltrativ xususiyatlarini baholashda muhim ahamiyatga ega.
Gliomalarda peritumoral zonasida FA giymatlarining past bo'lishi o'smaning aksonlarni infiltritsiya
gilish gobiliyati bilan izohlanadi [9]. Bu xususiyat gliomalarni metastazlardan farglashda gimmatli
diagnostik ko'rsatkich hisoblanadi.

Klinik Ahamiyat va Qo'llanilishi

Multiparametrik MRT yondashuvi klinik amaliyotda bir gator afzalliklarga ega:

1. Differensial diagnostika: Kvantitativ parametrlar shubhali lezyonlarni aniq tasniflash
imkonini beradi.

2. Biopsiya joyini belgilash: MRS va perfuziya natijalari malign darajasi eng yuqori
bo'lgan hududlarni aniglashga yordam beradi.

3. Davolash monitoringi: Kvantitativ parametrlar davolash samaradorligini erta
baholash imkonini beradi.

4, Prognozlashtirish: MR parametrlar asosida individual prognoz modellarini ishlab
chigish mumkin.

Cheklovlar

Tadgigotning asosiy cheklovlari:

. Bir markazli tadgiqot dizayni

. Ba'zi patologik guruhlarda nisbatan kichik namuna hajmi

. Gistopatologik tasdiglashning barcha hollarda mavjud emasligi

Xulosa

Magnit-rezonans tomografiyaning multiparametrik yondashuvi bosh miya parenximasidagi
patologik jarayonlarni differensial diagnostika gilishda reproduktiv va kvantitativ metodologiyani
taklif etadi. Kvantitativ MR parametrlar - ADC, rCBV, metabolit nisbatlari va FA - morfofunksional
korrelyatsiyani o'matish va individual prognostik modellarni ishlab chigish imkoniyatini beradi.

Kelajakdagi tadgigotlar radiomika va sun'iy intellekt usullarini multiparametrik MRT tahli li
bilan integratsiya gilishga garatilishi kerak, bu esa diagnostika anikligini yanada oshiradi va shaxsiy
tibbiyot yondashuvini rivojlantirishga imkon beradi.
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