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TN®Y3IMHO-TEH30PHA MPT Y PAHHIU TIATHOCTHIII
CTPYKTYPHUX 3MIH BIJIOi PEUOBUHU I'OJIOBHOT'O MO3KY
ITPU ACOLIIMMOBAHIN 3 APTEPIAJIBHOIO TITTEPTEH3IEIO TA
IOHI3YIOUUM BUITPOMIHIOBAHHAM XBOPOBI MAJINX CYANH

MeTa: BU3HAUYEHHSA PaHHIX 03HAK CTPYKTYPHUX 3MiH 6in07 peyoBMHM rONOBHOMO MO3KY NpM acouiiioBaHiii 3 apTepiab-
HOI0 rinepTeH3i€to Ta i0Hi3yIYMM BUNPOMiHIOBAHHAM XBOPOOi Manux CyauH i3 3acToCyBaHHAM AUdY3iliHO-TEH30pHOT
MarHiTHo-pe3oHaHcHoi Tomorpadii (AT-MPT).
Marepianu Ta metopu. 06cTexeHo 45 nauieHTiB (cepeaHiit Bik — (57,56 + 6,34) pokiB) 3 acouiiioBaHoto 3 apTepianb-
Hoto rinepTeH3ieto (Al') xBopo6oto Manux cyanH (XMC): I rp. — 20 nauieHTi, yyacHukiB nikeigauii aBapii Ha YopHo-
6unbcbkiit aTomHiin enektpoctanuii (YIHA Ha YAEC); II rp. — 25 xBOpMX, WO He 3a3Hanu BMAKUBY i0Hi3yKYOro BUM-
pomiHioBaHHA. MPT BukoHyBanu Ha Ttomorpadi Ingenia 3T («Philips»). BusHaueHHs cdpakuiintHoi aHizoTponii (FA)
30i/iCHIOBANN B OCHOBHWX acoLiaTUBHMX i KOMiCypanbHUX NPOBiAHUX WAAXAX, NEPUBEHTPUKYAAPHUX NPePPOHTANbHUX
pinankax (fasciculus frontooccipitalis superior/anterior — f. FO ant., corona radiata anterior — CR ant.) i cemioBans-
Hux ueHTpax (SC).
Pe3ynbratun. Y ob6CTeXeHUX nauieHTiB He 3actikcoBaHO 03HaK aTpodii kopu abo 6inoi peyoBUHW FONOBHOMO MO3KY
(BPTM), iHTpauepebpanbHuUx Mikporemoparii i nowupeHux 30H KoHconifauii ocepeakis neitkoapeo3y. B YIHA Ha
YAEC Ha MPT-306paxeHHsx BisyanizoBaHo Ginblue Yncio ocepenkis cybkopTukanbHoro neiikoapeosy (80 %); y T. u.
MHOXWHHUX — 8 (40 %), > 0,5 cm — 10 (50 %), 3 03Hakammn koHconigauii — 5 (25 %). Pe3ynbtatit BU3HaYeHHs FA B ce-
MiOBaNbHUX LLeHTpax NpoAeMOHCTpyBanu foctoBipHe ii 3MeHweHHs y nauienTi I 1a II rpyn (p < 0,007), He3anexHo
Bif HasBHOCTI abo BigcyTHOCTI BisyanbHux o3Hak CkJIA (III rp.: 253-317, p<0,00001; IV rp.: 287-375, p< 0,001).
MokasHukm FA f. FO ant. i CR ant. nauienTis I Ta II rpyn Bigpi3HAnUCh HE[OCTOBIPHO, ane GYNM 3HAYHO HUKUUMU Bif
KOHTpONbHMX (p < 0,05). [locTOBipHO MeHLWa, NOPiBHAHO 3 pedepeHTHUMM piBHAMK, FA y BidyanbHO He3MiHeHux f. FO
ant. (0,389-0,425; p=0,015) i CR ant. (0,335-0,403; p=0,05). Y xBopux Ha Al-acouiioBaHy XMC cepegHbOro Biky,
He3aNexHo Bif BNAMBY i0Hi3y04Oro BUNPOMiHIOBAHHA, HE KOHCTaTOBaHO [OCTOBIpHUX 3MiH FA B 0CHOBHMX acouiaTuB-
HUX 1 KOMicypanbHUX NpoBifHKUX TpakTax BPTM (p > 0,05).
BucHoBKu. [Jncy3iHO-TEH30pHA MArHiTHO-pe3oHaHCcHa ToMorpadis J03BONAE BUABUTU PaHHi 03HAKM CTPYKTYPHUX
3MiH 6iN107 pe4oBMHM rONIOBHOTO MO3KY — AIOCTOBipHE 3MEHLIEHHS MOKa3HWKIB paKLiitHOT aHi3oTponii y Bi3yanbHO
HE3MiHEHUX NepPUBEHTPUKYNAPHMX 1 CyOKOpTUKanbHWUX Bigainax. OCHOBHi acouiaTMBHi Ta KOMicypanbHi MpoBigHi
TpakTu M 3anuwWwarTbCa HeyWKOMKEHUMM 3@ BiCYTHOCTI NOWMPEHUX KOHCONILOBAHUX OCepefKiB nenKoapeo3y Ta
NaKyHapHUX iHdapKTiB. HeraTuBHMi1 BNIWB i0Hi3y04Oro BUNPOMiHIOBAHHA Ha nepebir acouitoBaHoi 3 Al XMC peani-
3y€eTbCA GiNbl aKTUBHMMK NpoLecamu fe3opraHizallii BPIM: nowmnpeHicTb Ta cCXUAbHICTb 10 KOHCONiAaLii ocepeaKiB
NepMBEHTPUKYNAPHOrO Ta CyOKOPTUKANLHOTO Neiikoapeo3y, AOCTOBipHE 3MeHLWeHHsA FA B ceMioBasbHUX LieHTpax.
KniouoBi cnoBa: [AT-MPT, dbpakuiitHa aHi3oTponis, apTepianbHa rinepteH3is, xBopoba Manux cyauH, 6ina peyosnHa
rONOBHOMO MO3KY, i0Hi3yl04e BUNPOMiHIOBAHHS.
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DIFFUSION TENSOR MAGNETIC RESONANCE IMAGING IN
EARLY DIAGNOSIS OF STRUCTURAL CHANGES IN BRAIN WHITE
MATTER IN SMALL VESSEL DISEASE ASSOCIATED WITH
ARTERIAL HYPERTENSION AND IONIZING RADIATION

Objective: to determine the early signs of structural changes in brain white matter in small vessel disease associ-
ated with arterial hypertension and exposure to ionizing radiation using DTI-MRI.
Materials and methods. 45 patients (mean age (57.56 + 6.34) years) with small vessel disease (SVD) associated
with arterial hypertension (AH) were examined: group I — 20 patients, participants of liquidation of the accident at
the Chornobyl nuclear power plant (Chornobyl clean-up workers); group II — 25 patients not exposed to ionizing
radiation. MRI was performed on an Ingenia 3T tomograph («Philips»). The fractional anisotropy (FA) was deter-
mined in the main associative and commissural pathways, periventricular prefrontal areas (fasciculus fronto-occip-
italis superior / anterior — f. FO ant., corona radiata anterior — CR ant.) and semioval centers (SC).
Results. No signs of cerebral cortex or brain white matter (WM) atrophy, intracerebral microhemorrhages, and wide-
spread areas of leukoaraiosis consolidation were observed in the examined patients. In the Chornobyl clean-up work-
ers a larger number of foci of subcortical leukoaraiosis was visualized (80 %) on MRI images including multiple -
8 (40 %), > 0.5 cm - 10 (50 %), with signs of consolidation — 5 (25 %). The results of the FA analysis in semioval
centers showed its significant decrease in the patients of groups I and II (p < 0,007), regardless of the presence or
absence of visual signs of subcortical leukoaraiosis (ScLA) (III gr.: 253-317, p< 0.00001; IV gr.: 287- 375,
p < 0.001). FA indicators in f. FO ant. and CR ant. in the patients of groups I and II differed insignificantly but were
substantially lower than controls (p < 0.05). FA was significantly lower, compared to reference levels, in visually
unchanged f. FO ant. (0.389-0.425; p=0.015) and CR ant. (0.335-0.403; p=0.05). In patients with AH-asso-
ciated SVD of middle age, regardless of the effects of ionizing radiation, no significant changes in FA in the main
WM associative and commissural pathways were found (p> 0.05).
Conclusions. DTI-MRI allows to detect early signs of structural changes in the white matter of the brain — a signif-
icant decrease in fractional anisotropy indicators in visually unchanged periventricular and subcortical areas. The
main associative and commissural pathways of the brain remain intact in the absence of widespread consolidated
foci of leukoaraiosis and lacunar infarctions. The negative impact of ionizing radiation on the course of SVD asso-
ciated with arterial hypertension is manifested by more active processes of WM disorganization: the prevalence and
tendency to the consolidation of periventricular and subcortical leukoaraiosis foci, a significant FA decrease in semi-
oval centers.
Key words: DTI, MRI, fractional anisotropy, arterial hypertension, small vessel disease, white matter of the brain, ion-
izing radiation.
Key words: cirrhosis, hepatobiliary system, clean-up workers of Chornobyl NPP accident, retrospective study.
Problems of Radiation Medicine and Radiobiology. 2020;25:558-568. doi: 10.33145/2304-8336-2020-25-558-568

BCTYII INTRODUCTION
[TpoGnemu aprepianbHoi rimeprensii (Al') i xBopodou  Problems of arterial hypertension (AH) and small
Manux cynuH (XMC) crano mepeOyBaioTh y LeHTpi  vessel disease (SVD) are constantly in the spotlight
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yBaru IOCHIAHMKIB Ta KJiHIOKUCTIB [1—4]. CxiamHuii
NaTOreHeTUYHUI MeXaHi3M iHILIOETbCS 3a3BUYA Y
MOJIOAOMY, Mpale3JaTHOMY Billi Ta MOXe IPU3BECTU
Jo0 aTtanbHUX ILepeOdpoBacKyAIpHUX (iHCYIbT) i
KOTHITUBHUX (IeMeH1is1) KaTtacTpod [3, 4].

I3 3anpoBamKeHHSIM 10 KJIiHIYHOI MPaKTUKU BUCO-
KoiH(OopMaTUBHUX TEXHOJIOTIiA HepoBi3yali3alii cTa-
JIa peaJibHOIO MPUXKUTTEBA CTPYKTYPHO-(PYHKITIOHATb-
Ha OIliHKa CcTaHy OiJJoi peYOBMHM TOJOBHOTO MO3KY
(BPT'M), sika BU3HAETHCS OHIEIO 3 OCHOBHUX «Millle-
Heii» mipu Al-acomiitoBaniit XMC. Ha MP-300pa-
JKEHHSIX BOHM Bi3yasli3ylOTbCSl SIK OCEpEIKM TilepiH-
TeHcuBHOCTI. OmiHKa ctyneHs 3anydeHHs1 bPTM no
naToJoriyHoro npouecy Bin 1998 p. 3milicHIOeThCA 3a
mkajnoto Fazekas, korpa mpoaeMOHCTpyBaja BUCOKY
MPOTHOCTUYHY €(heKTUBHICTb CTOCOBHO PMU3HUKY iH-
CyJIbTy Ta/abo neMeHlii [S].

besnepeuHolo mepeBaroiro audy3iiiHO-TEH30PHOL
MarHiTHo-pe3oHaHcHO1 Tomorpadii (AT-MPT) € 310-
OyTTs mpocTopoBo-BidyanbHUX (3D-TpakTorpadis) ta
KiJTbKiCHUX (KoedilieHT dpakuiifHoi aHi3oTpoImii —
FA) xapakTtepucTuK CKaagHOI Mepexi LepedpalbHUX
MNPOBITHUX LUIAXIB [4—6].

Ocob6nuBocCTi 3MiH (ppakiiitHoi aHizoTpormii mpu A T-
MPT B yyacHuUKIB JliKBifallii HacaiaKiB aBapii Ha Yop-
HOOMJBCHKiM aToMHil enekTtpoctaHuii (YJIHA Ha
YAEC) i3 Al-acomiitoBanoro XMC BimoOpaxeHi B
nyOJiKallisgXx Juile OmHiel rpynmu AOCHiITHUKIB [7].
HocToBipHi 3MiHM MOKa3HMWKAa B OCHOBHUX MPOBiIHUX
TpaKTax aBTOPU IPOIEMOHCTPYBAIM Y TICHOMY KOpe-
JISILITHOMY 3B»$I3KY 3 KOTHITMBHUMM ITOPYIICHHSIMU.
BonHouac, akTyajnbHiCTh TTOMIMOJIEHOI PO3POOKH i€l
npo0aeMU MiAKPECTIOI0Th Pe3yJbTaTh OilbIl HixX
TpuaugTUpiuHoro crnocrepexxeHHss YJIHA na HAEC,
SIKi TIEPEKOHJIMBO CBiuaTh PO paHHilA MOYaToK i ar-
pecuBHUl nepedir Al 1epedpaibHOro aTepoCKIEpPO3y
Ta AUCHYPKYJISITOPHOI eHiledanonatii B JaHOI KaTe-
ropii nmauieHTiB [8].

Hwudy3zisg mpoToHiB y cTpyktypoBaHiii BPI'M nerko
BiIOYBA€ThCSI B3IOBX HEPBOBUX BOJOKOH, HATOMICTb
TMOTepeYHe IXHE MepecyBaHHS 0OMeXeHe Mie€JliHOBOIO
000s10HKO10. BBaxkaeTbcs, 1110 mokazHuk FA € 6iomap-
KepoM 11 MOLIKOMKeHHS [5, 6, 9]. OTke, BucoKa miar-
HocTrnyHa edektusHicTh I T-MPT npu 3HayHUX TpaB-
MaTUYHUX MOIIKOMKEHHSIX, MyXJIMHAaX, iHhapKTax, ae-
Mi€JTiHI3YIOUMX 3aXBOPIOBAHHSIX T'OJIOBHOIO MO3KY Ta
XBOPOOi AbLIreiiMepa € LiTKOM 3aKOHOMipHOIO [2—4].

BonHouac my0J1iKyoTbcsl BeJIbMU MPOTUIIEKHI BUC-
HOBKM CTOCOBHO aJITOPUTMIB ii 3aCTOCYBaHHS MPHU lLie-
pebpaibHUX BacKyaomnarisx [9]. BiacyTHicTh 3arajib-
HOBM3HAHUX CTaHIAPTIiB BUOOPY 30H iHTepecy (region
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of researchers and clinicians [1—4]. A complex
pathogenetic mechanism is usually initiated at a
young, working age, and can lead to fatal cere-
brovascular (stroke) and cognitive (dementia) catas-
trophes [3, 4].

With the implementation of highly informative
neuroimaging technologies into clinical practice, a
lifelong structural and functional assessment of the
state of the white matter (WM) of the brain, which is
recognized as one of the main «targets» in AH-asso-
ciated SVD, has become a reality. On MR-images,
they are visualized as foci of hyperintensity. Since
1998 the assessment of WM involvement in the
pathological process is carried out on the Fazekas
scale, which has demonstrated high prognostic effi-
cacy in relation to the risk of stroke and/or demen-
tia [5].

The indisputable advantage of diffusion-tensor
magnetic resonance imaging (DT-MRI) or diffusion
tensor imaging (DTI) is the acquisition of spatial-
visual (3D-tractography) and quantitative (fraction-
al anisotropy coefficient — FA) characteristics of a
complex network of cerebral pathways [4—6].

The peculiarities of changes in FA during DT-
MRI in the participants of liquidation of conse-
quences of the accident at the Chornobyl nuclear
power plant (Chornobyl clean-up workers) with
AH-associated SVD are represented in the papers by
only one group of researchers [7]. The authors
demonstrated significant changes of the indicator in
the main pathways in close correlation with cogni-
tive impairment. At the same time, the relevance of
in-depth elaboration of this problem is emphasized
by the results of more than thirty years of Chornobyl
clean-up workers follow-up, which cogently indi-
cate the early onset and aggressive course of AH,
cerebral atherosclerosis, and dyscirculatory ence-
phalopathy in this category of patients [8].

Diffusion of protons in well-structured WM
easily occurs along nerve fibers, whereas their
transverse movement is limited by the myelin
sheath. It is believed that FA is a biomarker of its
damage [5, 6, 9]. Therefore, the high diagnostic
efficiency of DTI in significant traumatic
injuries, tumors, infarcts, demyelinating diseases
of the brain, and Alzheimer’s disease is quite nat-
ural [2—4].

At the same time, quite opposite conclusions
related to the algorithms of its application in cere-
bral vasculopathies are published [9]. The lack of
generally accepted standards for the selection of
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of interest — ROI), BuMiptoBaHb TTOKa3HUKIB (ppaKIiiii-
Hoi anizoTporii (FA) i modynoBu BipTyaJlbHUX 300pa-
KEHb TIPOBIIHUX TPAKTiB FOJOBHOIO MO3KY IIpU HOro
MiHIMaJIbHUX CTPYKTYPHMUX 3MiHaX MPU3BEJIO 10 JiaMeT-
pajJbHO MPOTUJIEXKHUX BUCJIOBIIOBAHb IIOAO HOLLIb-
HOCTi 1 edbekTuBHOCTI poBaakeHHs AT-MPT nauieH-
tam 3 Al'-acomitoBanoio XMC: Bi MOXIJIMBOCTI paH-
HBOI «JI0Bi3yaJbHOI» JETEKIIii MaTOJOriYHUX 3MiH — 10
HeIoCTaTHbOI iHopmaTuBHOCTI [10].

META

BusHaueHHs paHHiX 03HAK CTPYKTYpHMX 3MiH 0inoi pe-
YOBMHU T'OJIOBHOTO MO3KY MpPHU acolliifoBaHili 3 apTepi-
aJIbHOIO TiMEePTEH3i€I0 Ta iOHiI3yIOUMM BUIIPOMiHIOBaH-
HSIM XBOpOOi MaJiux CyauH i3 3actocyBaHHsAIM I T-MPT.

MATEPIAJI TA METOJIN

KuiHiko-pagionoriuHe mociaiaXeHHS BHUKOHaHe 45
nanieHtaMm (36 4ojoBikiB, 9 XiHOK). JIo ocHoBHOI (I)
rpynu BkirodeHo 20 ocid (cepemniii Bik — (56,72 £ 8,27)
pokiB). Kpurepii BiIMOBIZHOCTI KOropTi MOCIiIXKyBa-
HUX: apTepiajibHa rinepTeH3sis, MOMipHi KOTHITUBHI PO3-
JIaIv, TIOYaTKOBI 03HAKM aTepPOCKIIepo3y Opaxionedaib-
HUX CYIMH, BIUIMB i0Hi3ytouoi pamiauii. Kpurepii BUK-
JIIOUEHHSI: BOTHHUIIEBA HEBPOJIOTIYHA CUMIITOMATHKA,
reMOAMHAMIYHO 3HAYYIINI CTEHO3 CYOIUH KapOTUIHOTO
OaceiiHy, LepeOpalibHi iHCYJIBTU, MYXJIMHU 1 HaCHIiaKu
3HaYHUX TPaBMaTUYHUX MOIIKOIKEHb I'OJJOBHOIO MO3-
Ky, JIeMIi€JiHi3yI0ui 3aXBOPIOBaHHS, XBOpoOa AJbLreii-
Mepa, JeMeHlis, npoturnokazaHHg no MPT. 3a aHa-
JIOTIYHMM MPUHIXANOM c(OpMOBaHa I'pyla HOPiBHSIHHS
(IT), mo s1Koi BimHeceHO 25 MallieHTIB (cepedHill BiK —
(57,24 £ 7,72) pokKiB) 3 BilCyTHIM YUHHUKOM BILTUBY i0-
Hizytouoro BuripomiHioBaHHs. KoHnTposabHa (K) rpymna —
15 obcrexxenux (cepeaHiit Bik — (57,56 £ 6,34) pokiB)
0e3 aHaMHe3Yy Ta KJIiHiKO-paaioJOriYHUX MPOSIBiB TPaBM
i 3aXBOPIOBaHb, 1110 CYNPOBOIKYIOTHCS 3MiHAMU TOJIOB-
HOI'0 MO3KY Ta BHUILIOT HEPBOBOI iSIIbHOCTI.

Mynsrunapametpuuny MPT npoBaauiin Ha ToMorpa-
¢i Ingenia («Philips») 3 iHayKiiero marditHoro moJjs 3T
B pexumax: AX T2, DWI(b 1000), SG T2, SG 3D Brain
FLAIR SHC, COR T2, AX sT1 3D tra, VEN BOLD, DTI
medium iso SENSE. IToctriporiecuHT 1udy3iliHO-3BaxKe-
HUX 300pakeHb BUKOHYBaU 3a goromoroio SOFTWARE
«IntelliSpacePortal MR Fibertrac» 3 My1bTUITTIaHADHU-
MM PEKOHCTPYKIIiSIMU.

BumiproBanHst FA 3nilicHIOBaiM B OCHOBHMX acollia-
TUBHUX i KOMiCypaJIbHMX MPpOBinHMX 1uisaxax: fasciculus
frontooccipitalis superior (f FO), fasciculus uncinatus (f
U), cingulum (C), corpus callosum (CC) [11]. Hnsa
IHTeTpaJibHOI OLIIHKM «CTpyKTypoBaHocTi» BPI'M no-

regions of interest (ROI), measurements of frac-
tional anisotropy (FA), and the construction of
virtual images of the brain pathways in their min-
imal structural changes led to antipodal state-
ments about the feasibility and effectiveness of
DTI in patients diagnosed with AH-associated
SVD: from the possibility of early «pre-visual»
detection of pathological changes to lack of infor-
mativeness [10].

OBJECTIVE

To determine the early signs of structural changes
in brain white matter associated with arterial
hypertension and exposure to ionizing radiation in
small vessel disease using DTI.

MATERIALS AND METHODS

The clinical and radiological examination was per-
formed in 45 patients (36 men, 9 women). The main
(I) group included 20 subjects (average age — (56.72
+ 8.27) years). The inclusion criteria for the cohort
of subjects: arterial hypertension, moderate cogni-
tive disorders, initial signs of atherosclerosis of bra-
chiocephalic vessels, exposure to ionizing radiation.
The exclusion criteria: focal neurological symptoms,
hemodynamically significant stenosis of the carotid
vessels, cerebral strokes, tumors, the consequences
of significant traumatic brain injury, demyelinating
diseases, Alzheimer’s disease, dementia, and con-
traindications to MRI. According to a similar prin-
ciple, the comparison group (II), which included 25
patients (mean age — (57.24 * 7.72) years) with no
factor of exposure to ionizing radiation, was formed.
The control (K) group — 15 subjects (mean age —
(57.56 % 6.34) years) without history and both clini-
cal and radiological manifestations of injuries and
diseases accompanied by changes in the brain and
higher nervous activity.

Multiparametric MRI was performed on an Inge-
nia («Philips») tomograph with 3T magnetic field
induction in the following modes: AX 72, DWI
(b 1000), SG T2, SG 3D Brain FLAIR SHC, COR T2,
AXsTI3Dtra, VEN BOLD, DTI medium iso SENSE.
Post-processing of diffusion-weighted images was
carried out using SOFTWARE <«IntelliSpacePortal
MR Fibertrac» with multiplanar reconstructions.

FA measurements were executed in the main
associative and commissural pathways: fasciculus
fronto-occipitalis superior (f FO), fasciculus unci-
natus (f U), cingulum (C), corpus callosum (CC)
[11]. ROI (Fig. 1) in the periventricular, prefrontal
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natkoBo obpaHi ROI (puc. 1) y nepuBeHTPUKYJISIPHUX,
npedpoHTANBHUX OisgHKax (fasciculus frontooccipi-
talis superior/anterior — f FO ant., corona radiata ante-
rior — CR ant.) i cemioBanbHux 1eHTpax (SC). Bizy-
aJIbHO OIIHIOBAJM TPaKTU IUISIXOM PEKOHCTPYKILii
BipTyanbHux 3D-300paxeHs (puc. 1).

J1st cTaTUCTUYHOI OOPOOKM OTpUMAHUX JAHUX BUKO-
pUCTOBYBaJid MporpamHe 3abe3redyeHHss Microsoft®
Excel 2002, StatSoft, Inc. (2011). STATISTICA (data ana-
lysis software system), version 10 wwwistatsoft.com [12].

JlocigKeHHs TPOoBeleHi y BiAMOBIIHOCTI 10 CTaH-
JapTiB «HanexHoi kiaiHiuHOI mipakTuku» (Good
Clinical Practice) i npuHuunamu leasciHcbkoi dekia-
pauii. YyacHUKM AOCTiIKeHHS OyJu O3HAMOMJEHi 3
METOIO0 i OCHOBHMMH ITOJIOXKEHHSIMHU JTOCIIIIKEHHS Ta
Mianucand MUCbMOBO O(OPMIIEHY 3rofy Ha ydacThb B
HboMYy. [IpoToKoI OOCTiIKEHHST CXBaJIEeHO KOMITETOM
3 MmeauuHoi etuku HMAIIO im. IT.JI. Hlynuka.

PE3VJIBTATU TA OBTTOBOPEHHS
3a BOJIOMETPUYHOIO OIliHKOIO pe3ynsratiB MPT y
>KOTHOMY BUITAJKy He 3adikcoBaHO 03HAK aTpodii KO-
pu abo 0iJI01 peYOBUHU TOJIOBHOTO MO3KY, 110 € 3aKO-
HOMIipHUM JJisI 00paHOi BiKOBOI I'pYIM Ta iHIIMX KPH-
TepiiB BKJIIOUEHHSI MALi€HTIB A0 JOCTiIKyBaHUX I'PYIL.
Tak caMoO He BUSIBIEHO O3HAK iHTpalepedpabHUX
MiKporemopariii Ta MOIIMPEHUX 30H KOHCOJigauii
TinepiHTeHCUBHUX OCEPENKiB JeiKoapeosy.
IMopiBHsIHHS sIKicHUX (Bi3yasibHUX) 3MiH MPT-300-
paxXeHb IEMOHCTPYBAIO OiJblll CYTTEBY CTPYKTYPHY
ne3opradizauito bPI'M Benaukoro mo3ky B YJIHA Ha

(1) 562

PucyHOK 1. PekoHcTpyKuis BipryanbHux 3D-30-

6paxeHb

[T-konboposa kapTa (1); Bu3HauyeHHs ROI: y nepmBeH-
TPUKYNSIPHUX 30Hax (2) i B ceMioBasibHUX LleHTpax (3);
AT-Tpaktorpadisa: acoujiaTnBHI BosnokHa — cingulum (4),
arcuate fasciculus (5), uncinate fasciculus (6); komicy-
panbHi BONOKHA — corpus callosum, commissure an-
terior (7); KOpPOTKi acoujiaTuBHI BoNlokHa — U-fibers (8)

Figure 1. Virtual 3D images reconstruction

DTI color map (1); definition of the Periventricular (2)
and Semioval centers (2) ROI; DTI-based tractography:
association fibers — cingulum (4), arcuate fasciculus
(5), uncinate fasciculus (6); commissural fibers — cor-
pus callosum, commissure anterior (7); short associa-
tion U-fibers (8)

areas (fasciculus fronto-occipitalis superior / anteri-
or — f FO ant., corona radiata anterior — CR ant.)
and semioval centers (SC) were additionally selected
for the integrated assessment of WM «structure».
The tracts were visually assessed by virtual 3D
images reconstruction (Fig. 1).

Microsoft® Excel 2002, StatSoft, Inc. (2011) soft-
ware was used for statistical processing of the
obtained data. STATISTICA (data analysis software
system), version 10 www.statsoft.com [12].

The study was conducted in accordance with the
standards of «Good Clinical Practice» and the princi-
ples of the Declaration of Helsinki. The participants of
the study were acquainted with the purpose and main
provisions of the study and signed a written consent to
participate in it. The study protocol was approved by the
Medical Ethics Committee of Shupyk National
Medical Academy of Postgraduate Education.

RESULTS AND DISCUSSION
According to the volumetric assessment of MRI
results, there were no signs of atrophy of the cortex
or white matter of the brain in any case, which is
natural for the selected age group and other inclu-
sion criteria for the patients in the study groups.
There were also no signs of intracerebral microhem-
orrhages and widespread areas of consolidation of
hyperintensive leukoaraiosis foci.

The comparison of qualitative (visual) changes in
MRI-images showed a more significant structural dis-
organization of the brain WM in the Chornobyl clean-
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YAEC (puc. 2). Tak, poswmmupeHi (> 0,3 cM) nmpocTopu
BipxoBa-Pob6iHa (KpiOaopu) BUSIBACHO MPAKTUYHO B
ycix mauieHTiB ocHoBHOI rpynu (18 Bunaakis — 90 %)
ta y 17 xBopux (68 %) 3 rpynu mHopiBHSHHS. Bu-
pasHimi 3MiHn BPI'M y Bursni cyOKoOpTUKaJIbHOTO
nepuBaszajbHoro Jieiitkoapeosy (CkJIA) B YJIHA Ha
YAEC (I p.) niarnocroBano y 80 % (16) criocTepeXeHb.
VY 8 nauienTiB (40 %) ocepenxu Oy MHOXUHHUMU; Y
10 (50 %) — nepeoGinbirysBaau 0,5 cm; y 5 (25 %) — manu
O03HaKM KOHCOJIigalii. AHaJIOTiuHi AaHi IJIs TPYIM T10-
piBHsIHHS: 17 (68 %); 7 (28 %); 5 (20 %) i4 (16 %), Bin-
MOBITHO.

IToyaTkoBi cTamii MEPUBEHTPUKYISIPHOTO JeHKOoape-
o3y (ITBJIA) — rinepiHTEHCUBHUIA 00i TOBIIUHOIO 1O
0,3 cm, BusiBiieHO B 5 xBopux (20 %) 1 (ocHOBHO1) i B 6
nauieHTiB (24 %) 11 rpynu. Posmipu IIBJIA niepe6iib-
wryBasiv 0,5 cM y HeBEJIMKiil KiJIbKOCTi crmocTepekeHb: |
rpyna — 3 (15 %); 11 rpyna — 2 (8 %). Hacninku «Hi-
MUX» JIAKyHapHMX iHQapKTiB (KiCTO3HO-TJIi03Hi yTBO-
peHHs 10 1,5 cM y HalbiablIoMy AiaMeTpi) 1iarHOCTO-
BaHi y 5 XBOpHX, 3 IKMX YeTBEPO HaJIeXKaTh 10 OCHOBHOL
rpynu pociimkyBaHux. Posnoain pesyasratiB MPT 3a
CTYIEeHEM TilepiHTEeHCUBHOCTI 0ij101 peuyoBMHU 3a
mikajnoro Fazekas BusiBuBcs Takum: Fazekas 01 1 — ox-
HakoBo 10 4 (20 %) I rp. Ta o 8 (32 %) 11 rp.; Fazekas
2-7(35%)ylrp.1a8 (32 %)y Il rp.; Fazekas 3—5 (25 %)
ylrp. tal (4 %) cnioctepexkenns y 11 rpymi.

Hnsa ouinku crpomoxkHocti JIT-MPT B giarHocTuii
«JIOBi3yaJIbHOI» MiKPOCTPYKTYPHOI Je30praHizallii 0inoi
pPEYOBMHU BEJIMKUX TMiBKyJb BudHauwin FA B ROI, ne
3’ IBISIIOTBCST TIEPITi OCEPEIKM TillepiHTEHCHMBHOCTI —

up workers (Fig. 2). Thus, the expanded (> 0.3 cm)
Virchow-Robin spaces (cribs) were found in almost all
patients of the main group (18 cases — 90 %) and in 17
(68 %) patients from the comparison group. The more
pronounced WM changes in the form of subcortical
perivasal leukoaraiosis (ScLLA) in the Chornobyl clean-
up workers (group I) were diagnosed in 80 % (16) of
observations. In 8 patients (40 %), the foci were mul-
tiple; in 10 (50 %) — more than 0.5 cm; in 5 (25 %) —
with the signs of consolidation. Similar data for the
comparison group: 17 (68 %); 7 (28 %); 5 (20 %) and
4 (16 %) respectively.

The initial stages of periventricular leukoareosis
(PvLA) — hyperintensive rim up to 0.3 cm thick was fo-
und in 5 patients (20 %) of group I (main) and 6 pa-
tients (24 %) of group II. The size of PvLA was more
than 0.5 cm in a small number of observations:
group I — 3 (15 %); group II — 2 (8 %). The conse-
quences of «silent» lacunar infarcts (cystic-gliosis for-
mations up to 1.5 cm in the largest diameter) were
diagnosed in 5 patients, four of whom belong to the
main group of subjects. The distribution of MRI results
according to the degree of hyperintensity of white mat-
ter on the Fazekas scale was as follows: Fazekas 0 and
1 — the same for 4 (20 %) 1 gr. and 8 (32 %) 11 gr.;
Fazekas 2—7 (35 %) 1 gr. and 8 (32 %) 11 gr .; Fazekas
3—5(25 %) 1 gr. and 1 (4 %) group 11 observations.

To assess the ability of DT-MRI in the diagnosis of
«pre-visual» microstructural disorganization of the
white matter of the large hemispheres, FA was identi-
fied in ROI, where the first foci of hyperintensity ap-

PucyHoOK 2. MPT-o3Haku XMC (T2_TSE)
PosLwimpeHi nepuBackynsipHi npoctopu (1); cybkopTu-
KanbHUI nenkoapeos (2); NepUBEHTPUKYIPHUIA NEnKo-
apeos (3); ocepenok y 6ini pe4oBUHI NiCNA NakyHapHO-
ro iHgapkrty (4). OT-TpakTorpadia: yacTkoBuii 06puB
BOJIOKOH Ha PiBHI lakyHapHOro iHpapkTy (5)

Figure 2. MRI-signs of SVD (T2_TSE)

Enlarged perivascular spaces (1); subcortical leuko-
araiosis (2); periventricular leukoaraiosis (3); white mat-
ter lesion after lacunar stroke (4); DTI-based tractogra-
phy: partial breakage of fibers at the level of lacunar
infarction (5)
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Oiomapkepu 1IepeOpOBACKYJIIPHUX 3aXBOPIOBaHb i «CTa-
PiHHSI» TOJJOBHOTO MO3KY (pO3IIMpeHi ImpocTopu Bipxopa-
PoGina — xpibitopu, NepuBacKyJIsSIpHUIA Ta CyOKOPTU-
KaJIbHUM Jiefikoapeos). Jlo Takux BigHeceHOo MepeaHi me-
puBeHTpUKYJsIpHi 30HM BPI'M (f. FO ant., CR ant.) Ta ce-
MioBasbHi LeHTpU (SC), B IKMX, OKPiM OCHOBHUX acollia-
TUBHUX, KOMiCypaJIbHUX 1 MPOEKLiMHUX TpaKTiB, nepedy-
BaIOTh i KOPOTKi U-TIOAIOHI KOPTUKO-KOPTUKAJIbHI MyYKH.

3 yciei CyKymHOCTi XBOpux C(HOPMOBAHO 10JATKOBI
YOTUPU TPYIU CIOCTEPEKEHb: 3 HASIBHICTIO O3HAK Cy0-
KOPTUKAJIbHOIO Jielikoapeo3dy Ha MP-300paxxeHHSIX
(CkJIA+, 111 rp., n = 36) Ta 0e3 Bi3yaJIbHUX 1Or0 O3HAK
(CkJIA-, IV 1p., n = 9); 3 IOCTYITHUMU JJIs Bi3yasi3alii
ocepelkaMyd TEPUBEHTPUKYJISIPHOTO Jieiikoapeos3y
(IIBJIA+, V 1p., n =22) Ta 6e3 1OoT0 MPOSIBiB HAa TOMOT-
pamax (ITBJIA-, VI rp., n = 23). INoka3znuku FA HaBe-
JeHi B Tabaui 1.

PesynbraTi Bu3HauyeHHS (dpakliiiiHOI aHi3oTpomii B
CYOKOPTUKAJILHUX i TIepuBeHTPUKYIIpHUX ROI 3 Buco-
KMM CTyIIeHEeM JIOCTOBIpHOCTI CBigUyaTh Ha KOPUCTh BUC-
HOBKY TTPO MOXJIMBICTb pPaHHBOI («I0Bi3yaJabHOI») diar-
HOCTMKHU CTPYKTYPHOI Ae30praHisauii mpoBiIHUX Tpak-
TiB rOJI0BHOTO MO3KY Ha miacrasi AT-MPT.

AHani3 BU3HAYEHUX y CEMiOBaJIbHUX LIEHTpax IO-
Ka3HUKiB FA BUSIBUBCS NOCUThb CKJIaIHUM, OCKiJIbKHU

pear — the biomarkers of cerebrovascular disease and
«aging» of the brain (expanded Virchow-Robin
spaces — cribs, periventricular and subcortical leu-
koaraiosis). They include the anterior periventricu-
lar zones of WM (f.FOant., CRant.) and semioval
centers (SC), in which, in addition to the main asso-
ciative, commissural, and projection tracts, there are
also short u-shaped cortico-cortical bundles.

From the whole sample of patients, four addi-
tional groups of observation were formed: with the
presence of signs of subcortical leukoaraiosis on
MR-images (ScLA+, III gr., N = 36) and without
its visual signs (ScLA-, IV gr., n = 9); with avail-
able visualizations of foci of periventricular leuko-
araiosis (PvLA+, Vgr., n = 22) and without its ma-
nifestations on tomograms (PvLA-, VI gr., n = 23).
FA indicators are shown in the table 1.

The results of FA determination in subcortical
and periventricular ROI with a high degree of sig-
nificance testify in favor of the possibility of an
early («pre-visual») diagnosis of structural disor-
ganization of the brain pathways on the basis of
MRI DTI.

The analysis of the FA indicators in the semioval
centers turned out to be quite complicated, as the

Ta6aumusa 1
FA B nepuBeHTpUKYNAPHUX Ta cemioBanbHux ROI
Table 1
FA in periventricular and semioval ROI
f. FO ant. CR ant. SC
Fpyna/Group ROI M+ m M+m M+ m
KoHTponbHa / Control (n = 15) R 0,496 + 0,039 0,452 + 0,025 0,471 + 0,023
L 0,498 + 0,027 0,454 + 0,030 0,469 + 0,019
I (n=20) R 0,391 + 0,037 0,317 + 0,032 0,290 + 0,022
L 0,386 + 0,043 0,314 + 0,040 0,286 + 0,031
Il (n=25) R 0,404 + 0,023 0,348 + 0,041 0,365 + 0,021
L 0,407 + 0,019 0,350 + 0,039 0,358 + 0,030
Il CkNA + / SclA + (n=36) 0,280 + 0,037
IV CkJ1A - / SclA - (n=9) 0,331 + 0,044
VT8JIA + / PvlA + (n=22) 0,321 + 0,036 0,288 + 0,045
IV BJIA - / PvlA - (n=23) 0,407 + 0,018 0,369 + 0,034
p-value
ROI I-K - K 11l l-K IV-K n-iv V-K VI-K V-vI
I-C Il-C 11l mn-c Iv-C n-v V-C VI-C V-vi
R 0,000 0,001 0,017
SC L 0,000 0,007 0,050 0,000 0,010 0,381
R 0,050 0,050 0,767
f. FO ant. L 0034 0,003 0,657 0,001 0,015 0,043
R 0,002 0,037 0,554
CR ant. L 0.008 0041 0523 0,003 0,050 0,050

(1) 564
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PO3BUTKY IepUBA3aJIbLHOTO JIeliKoapeo3y B CyOKOpTH-
KanbHili BPI'M nepenyloTh po3IIMpPEHHS MPOCTOPiB
BipxoBa-Po6iHa. ¥ paHoMy gociiiXeHHi Oinabuii 3a
0,3 cM kpibmopu BusiBiieHo y 35 3 45 nmauientis (77,8 %),
y T. 4. — y 29 xBopux (64,4 %) 3 nHassHumMu MPT-03-
Hakamu CkJIA (BkiatoueHi go rpynu III — CkJIA+).
Pemrra (6) BUmankiB i30JbOBAHOIO PO3LIMPEHHS I1€-
PUBACKYISIPHUX IMPOCTOPiB BigHeceHi mo rpymu IV
(CxJIA-). dpi6Hi (mo 0,3 cm) kpidaropu (10 cnocTepe-
XKeHb — 22 %) cami mo cobi He BBaXalOTbCSI IATO-
JIOTIYHMMU 3MiHaAMU, TIPOTE B 7 CIIOCTEPEXKEHHSIX BO-
HU BMSBJIEHI pa3oM 3 ocepenkaMy CyOKOPTUKATbHOTO
Jiefikoapeoay.

PesynbraTt Bu3HaueHHs FA B ceMioBalbHUX LIEHTpax
OpPOAEMOHCTPYBaIU JOCTOBIpHE 11 3MEHILIEHHS Y Malli-
enriB I ta Il rpym (255-312, p < 0,00001 i 318—388,
p < 0,007, BinnoBinHO), He3a/JIeXXHO Bif HasgBHOCTI abo
BiacyTHocTi BidyaibHUX o3HaK CkJIA (III rp.: 253—317,
p < 0,00001; IV rp.: 287—-375, p < 0,001). JJocToBipHO
MEHIIUMMU, TIOPiBHSIHO 3 HEONPOMiHEHMMMU TIalli€HTa-
MU, BUSIBWINCH MOKA3HUKMU (PpakiliiiHOI aHi30TpoMii B
cemioBanbHuX HeHTpax bPTM B YJIHA na YAEC (11
rp.) (I tp. — 0,255-0,312, p < 0,05).

YTBOpeHHS TepUBEHTPUKYJISIPHOTO JIeliKoapeo3y Bil-
OyBa€eTbcsl 4epe3 TpaHCEeNeHAWMAaJIbHE IMPOCOYYBaHHS
JIIKBOpPY 10 He3MiHeHoi npuieriaoi bBPI'M. HactynHuwM €
PO3BUTOK JIeMi€liHi3amii Ta ririo3y. OcTaHHi CTalOTh JOC-
TynHuUMU MP-Bi3yanizallii Mo QOCSITHEHHI II€BHOTO
PiBHS BUPA3HOCTI.

Tak, mokasunku FA f. FO ant. i CR ant. maitienTis I Ta 11
TPy BiApi3HSUIMCHh HemocToBipHO (p > 0,05), mpore Oymm
CYTTEBO HIDXYMMM Binl KOHTpoJbHUX (p < 0,05). 3a HasiB-
HocTi ITBJIA (pakuiliHa aHi30Tpomisl He TepediiblyBaja
0,333-0,357 (f. FO ant. — p =0,001; CR ant. — p = 0,003).
Taxk caMo TOCTOBIpHO MEHIIIOIO, TIOPIBHSHO 3 pehepeHT-
HUMMU PiBHSIMU, BUsSBUJIAch FA 11 y Bi3yallbHO He3MiHe-
Hux f. FO ant. (0,389—0,425; p = 0,015) i CR ant.
(0,335—0,403; p = 0,05).

¥ xBopux Ha Al'-aconiiioBany XMC cepeaHbOTO BiKY,
He3aJIexKHO Bil BIUIMBY i0Hi3yl0UOTO0 BUITPOMiHIOBAHHSI,
HE KOHCTAaTOBAaHO IOCTOBipHUX 3MiH FA B OCHOBHMX
acoliaTMBHMX i KOMiCcypaJlbHUX MPOBiAHMUX TpaKTaxX Be-
JIMKMX IiBKYJb TOJIOBHOIO MO3KY BiTHOCHO KOHTPOJIb-
Hux BeauuuH (p > 0,05). [1pu BizyanbHili iX OLIHIII B O11-
HOMY BUMAAKY BMSIBJICHO JEBiallilo BOJIOKOH HaBKOJIO
Besukoi kpiomopu 1,1 x 1,1 x 1,3 cM® B gingHi putamen
paBoi MiBKyJi (puc. 3); B OZHOTO XBOPOTO — OOPUB BO-
JIOKOH Ha piBHi ocepeaky IMoCTillleMiuHol («HiMUiT» J1a-
KyHapHU# iH(ApKT) KiCTO3HO-TIJIi03HO1 JereHepallii
0,8 x1,5x 1,0 c™® (puc. 2.5).

development of perivasal leukoaraiosis in subcorti-
cal WM is preceded by the expansion of the
Virchow-Robin spaces. In the present study, cribs
of more than 0.3 cm were found in 35 out of 45 pa-
tients (77.8 %), including — in 29 patients (64.4 %)
with existing MRI signs of ScLA (included in
group III — ScLA+). The remaining (6) cases of
isolated dilation of the perivascular spaces are clas-
sified in group IV (ScLA-). Small (up to 0.3 cm)
cribs (10 observations — 22 %) by themselves are
not considered as pathological changes, but in 7
observations they were detected together with foci
of subcortical leukoaraiosis.

The results of the FA determination in semioval
centers demonstrated its significant reduction in the
patients of groups I and II (255—312, p < 0.00001
and 318—388, p < 0.007, respectively), regardless of
either presence or absence of visual signs of ScLA
(I1I gr.: 253-317, p < 0.00001; IV gr.: 287— 375,
p <0.001). The FA indicators in WM semioval cen-
ters proved to be significantly lower in the Chor-
nobyl clean-up workers compared to the non-irra-
diated patients (11 gr.) (I gr.: 0.255—0.312; p < 0.05).

The formation of periventricular leukoaraiosis
occurs due to transependymal infiltration of the cere-
brospinal fluid to the unaltered adjacent WM. The
next stage is the development of demyelination and
gliosis. The latter becomes available to MR visualiza-
tions upon reaching a certain level of expressiveness.

Thus, the FA indicators in f. FO ant. and CR ant.
in the patients of groups I and II differed insignifi-
cantly (p > 0.05), however, they were substantially
lower than in controls (p < 0.05). In the presence of
PvLA, the FA did not exceed 0.333— 0.357 (f. FO
ant. —p=0.001; CR ant. — p = 0.003). Similarly, FA
was significantly less than the reference levels in visu-
ally unchanged f. FO ant. (0.389—0.425; p = 0.015)
and CR ant. (0.335—0.403; p = 0.05).

In patients with AH-associated SVD of middle
age, regardless of the effects of ionizing radiation,
there were no significant changes in FA in the
main associative and commissural pathways of the
cerebral hemispheres in reference to control values
(p > 0.05). Visual evaluation in one case revealed a
deviation of the fibers around the large crib of
1.1 x1.1x 1.3 cm?in the area of the putamen of the
right hemisphere (Fig. 3); in one patient — break-
age of fibers at the level of the center of postis-
chemic («silent» lacunar infarction) cystic-glial
degeneration 0.8 x 1.5 x 1.0 cm® (Fig. 2.5).
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BUCHOBKU

HT-MPT no3BoJsie BUSBUTU paHHI O3HAKU CTPYKTYPHUX
3MiH 0iJ101 peYOBUHM TOJJOBHOTO MO3KY. 3a BiICYTHOCTI
3MiH 300paxkeHb, 1110 OTPUMaHi TPU CTAaHAAPTHUX IMOCJTi-
JMOBHOCTSIX ToMorpadii, B MEPUBEHTPUKYISIPHUX i CyO-
KopTUKabHMX Bigminax BPI'M 3adikcoBaHo nocToBipHe
3MEHIIIeHHSI MIOKa3HUKIB (ppaKlliliiHOI aHi30TPOITii.

HeratuBHuil BIIMB i1OHi3YIOUOTO BHUIIPOMiHIOBAHHS
Ha rnepedir acouiiioBaHoi 3 AT XMC peanidyeTbcs
OiIblI aKTMBHUMU MpolecaMu ae3opraHizauii bPI'M:
MOILIMPEHICTh 1 CXWJIBHICTh 0 KOHCOJIiAallii ocepenKiB
MEePUBEHTPUKYJISIPHOIO Ta CYOKOPTUKAJIBHOIO JIelKoa-
peosy, nocToBipHe 3MeHIIeHHS FA B ceMioBaabHMX
LIEHTpaXx.

OCHOBHI acolliaTUBHi Ta KOMicypaJbHi MPOBiIHI TpaK-
™ I'M 3anuinaroTbcsl HEYIIKOMKEHUMU 3a BiICYyTHOCTI
MOIIMPEHUX KOHCOJIIIOBAHUX OCEPEeIKiB JeiKoapeosy
Ta JJaKyHapHUX iH(apKTiB.
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PucyHok 3. iT-tpakrorpacis: geeiauia BonokoH
Ha piBHi Benukoi (1,1 x 1,1 x 1,3 cm®) Kpi6niopu
(cTpinka)

Figure 3. DTI-based tractography: deviation of
fibers at the level of a large (1,1 x 1,1 x 1,3 sm?)
crib (arrow)

CONCLUSIONS

DTI-MRI allows to detect early signs of structural
changes in the white matter of the brain. At the
absence of changes in the images obtained with
standard tomography sequences, in the periven-
tricular and subcortical areas of WM a significant
decrease in fractional anisotropy was detected.

The negative impact of ionizing radiation on the
course of SVD associated with arterial hyperten-
sion is manifested by more active processes of WM
disorganization: the prevalence and tendency to
the consolidation of periventricular and subcorti-
cal leukoaraiosis foci, a significant FA decrease in
semioval centers.

The main associative and commissural pathways
of the brain remain intact in the absence of wide-
spread consolidated foci of leukoaraiosis and lacu-
nar infarctions.
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