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Hucepraitis Ha 3100yTTs CTyIeHs JokTopa dinocodii B ramysi 3HaHb 22 OxopoHa
3M0pOB’sl 3a cherianbHicTIO 222 MeaunuHa (HaykoBa cremniaiabHICTh «HepBoBi
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Hucumpkymnstopaa  ennedanomnaris  (JE) - 1me cuHApOM  XpOHIYHOTO
IPOrpecyrdoro 0araToBOTHUUIEBOr0 abo Iu(y3HOro ypa)X€HHS T'OJIOBHOTO MO3KY
pI3HOI  €TIoNOrii, IO  MPOSBISETHCA  PI3BHOMAHITHUMU  HEBPOJIOTTYHHMH,
HEHPOIICUXOJIOTTYHUMHU 1 TICUXIYHMMH TOPYIICHHSIMHU, SIKHA pPO3BUBAETHCA Y
pe3ynbTaTi MOBTOPHUX TOCTPUX MOPYIIEHbh MO3KOBOTO KpOBOOOIry 1/ab0 XpoHIYHIOL
HEJOCTAaTHOCTI KPOBOMOCTaYaHHS TOJIOBHOTO MO3KY

B MKX-10 tepMiH «IuCIMPKYISTOpHA eHIledanonaTis» BiJCYTHINA, HATOMICTb
HANOLUTBIN BIAIOBITHUM TEPMIHOM € XpOHIYHA imemist Mo3Ky — | 67.8.

VY mepeniky maToJOTIYHUX CTaHIB, IO TPOABISIOThCA npu JIE, HaiOimbImit
IHTEpeC B IaHWN Yac BUKJIMKAE TPyMa 3aXBOPIOBaHb 3 IEBHUMH HEUPOBI3yasi3aiiitHuX
3MmiHamMu Ha MPT romoBHOro Mo3Kky - XxBopo0a Maiux cyauH (XMC).

Kpim 30inblieHHsT pU3NKY BUHUKHEHHS 1H(APKTY Ta I1HCYJIBTY HaWOLIBII
HECMPUATIMBUMU KIIHIYHUMHU TposiBMH 1epeOpanbHoi XMC € 1HTenekTyaiabHl Ta
PYXOBI OPYUIEHHS.

VY mamienTiB 13 XMC po3NOBCIOIKEHICTh KOTHITUBHOTO 3HIDKCHHS 3a JTAHUMH
pi3Hux aBTOpiB Bapitoe Bia 30% n0 50% 1, 3a3Buyail, € NepIIMMH MPOSBAMHU JTAHOTO

3aXBOPIOBAHHSI.



[TpubnuzHo y 15-40% martienaTiB moxumoro Biky i3 XMC MoXHa BUSBUTH JIETKi
napkiHcoHiuHi o3Haku (JI[IO), mo MoxyTe OyTH MOB’S3aHiI 13 TMOPYIICHHSIM
caM00OCITyrOByBaHHSI.

VY HaykoBi#l JiTepaTypl OCTaHHIX POKIB BUKOpPHCTOBYeTbca TepmiH JIITIO (mild
parkinsonian signs, MPS), 1110 BBaskaeTbcs OUIBIIICTIO aBTOPIB HAWOUIBII TOIIIBHUM,
OCKITBKM XapaKkTepu3ye MNpUpPOAY SBHINA 1 pa3oM 13 TUM HE BKa3ye€ Ha IEBHY
aHATOMIYHY CTPYKTypy a00 MaTojorito, IO JIKUTh B OCHOBI, TaK SK BOHHU €
JIOCTOBIPHO HEBIJIOMUMHM.

Jns  miarHoctyBanHg JIIIO HeoOXiZHO BUSBUTH Yy TALIEHTAa TakKl PyXOBi
NOpPYLICHHS, AK: OpaJguKiHE31sl, PUTIAHICTb, TPEMOpP, MOCTYpajibHI MOPYIIEHHS Ta
HNOPYLIEHHSI XOJHW, L0 HE 3aJOBOJBHAIOTH KPUTEPISIM JIarHOCTHKHU IHIIUX (OpM
NapKIHCOHI3MY.

Bapro 3a3HaunTH, 1110 JIETK] MApKIHCOHIYHI 03HAKH, 110 OyJIU JOCIIKEH] Y JaH1i
po0OTI, HE € CHHOHIMOM TEPMIHY «CYAMHHHUI MapKIHCOHI3M». 3TIHO 3 KPUTEPIIMHU
JIIarHOCTUKU CYJIUHHOTO MapKIHCOHI3MY B HOTrO PO3BUTKY TOJOBHY POJb BIJIITPae
CyIuHHUN PakTop. ['0CTpOMy pO3BUTKY KITTHIYHOI KAPTUHU CYAUHHOTO MAPKIHCOHI3MY
MOBUHHO MEpPEyBaTH OCTPE 1ILIEMIYHE YPaKEHHSI YOPHOI cyOCTaHIii @00 011101 KyJIi.
[Tpu mocTynoBoMy pO3BUTKY KJIIHIYHOI KapTUHU CYJIMHHOTO MapkiHCOHI3MYy Ha MPT
3HIMKaXx BHUSBJISETHCS MacHBHA aTpodis 017101 peuoBUHU. B TakoMy pasi 3aXBOPIOBaHHS
MPOSIBIISIETHCS O11aTEPaTBbHO Ta CYIPOBOKYETHCS PAHHBOIO TIOSBOIO IMAPKAI0Y0i XOAU
1 paHHIM KOTHITUBHUM 3HM>KEHHSIM.

Ha BiamiHy BiJ CYJIHMHHOIO MapKiHCOHI3MY, po3BuUTOK JIIIO MoxyTh OyTH
acolliiioBaHi 13 HabaraTo MEeHIIl BUPQKEHUMH 03HAKaMU CYJUHHOTO YPaKeHHS, TAKUMU
K OJIMHUYHI Ta MHOXXHHHI MIKpOiH(papKTH KIPKOBOI Ta MIAKIPKOBOI JOKami3allii, 10
30% sIKuX MOXYTb HE BUSIBIIITUCA MPU HEHPOBI3yasli3allii.

VY naniit po6oTi Oyno mpoBeneHe AocaipkeHHs 3B 3Ky Mk JIT1O, korHiTUBHUM
3HIDKCHHSIM Ta HEWpOBI3yali3alliiHUMU PHCAMH XBOPOOM MaMX CYIWH. 30KpeMa,

nociipkyBasiack SWI TiMOIHTEHCUBHICTh OJII01 Kyil, JYIIMAHA Ta TOKa3HUKHU



bpakmiifHOi aHI130TPOIMIT MPOBITHUX ILIAXIB TOJOBHOTO MO3KY, IO BHU3HAYAIWCS 32
nonomororo DTI MPT nociigoBHOCTI.

SWI nocnimxeHnHs: 6a3yeTbCs Ha BUSBJICHHI 3MIHM MarHiTHO1 CIIPUMHSTIMBOCTI
CTPYKTYP MO3KY, SIK HACJIJIOK 3MIHH MeTabo0i3My 3a1130BMICHUX O1JIKIB Ta MOJIEKYIL.
[le TproxBumipHa (3D) iMmysnbCHA MOCHIIOBHICTh Ha OCHOBI [2*-WI, B sikiii mipu
PEKOHCTPYKIIT 300pakeHb BUKOPUCTOBYEThCS 1H(POPMAITS SK PO BEIUUHNHY CUTHATY,
Tak 1 mpo Horo ¢a3zy. Ilim gac 300py manux (a3u mapa- 1 JlaMarHETUKIB MAarOTh
NpoTUJIeKHE 3HaUeHHA. [Ipu pexkoHCTpyKIi iIHTEerpadbHUX 300pakeHb (BiaacHe SWI)
CUTHAJI BiJl MapaMarHeTUKIB MHOXKHUTHCS Ha KoedimieHT <I, 1m0 miBUILYyEe KOHTPACT
MK MPOAYKTaMH KpOBI, TaKUMH SIK: JEOKCUI€MOIrJOOIH, (EepUTHH, TeMOCUAECPUH
(mapamarHeTMkamMu) 1 MO3KOBOIO TMApeHXIMOK (JiaMarHeThkoMm). TakoXX Ha
300paxeHHsX B (ha30Bid PEKOHCTPYKIII MOXKIMUBO AWQEPEHIIIIOBaTH COJIl 3aili3a
(mapamMarHeTUKH) BiJ coJied Kamblito (miamarHetwkiB).  Takum uumHOM, SWI
MOCJIIIOBHICTh MOXE BUSBUTH 3MIHU Yy XapaKTepl 00OMiHY HelipoHabHOTO 3ami3a. [1pu
bOMY CTYMIHb TINOIHTEHCHBHOCTI IIISHKH BuUMIproeThcss y SWI intensity units
(omunmisax SWI inTencuBHOCTI), 1e 0 BiATOBIa€ IHTEHCUBHOCTI BeHU [ 'asieHa, OibIie
200 — iHTEHCUBHICTh IIEPEOPOCTIHATBLHOT P1IUHH.

VY OuIBIIOCTI MOCTIKEHb BIAKIAAaHHS 3aJI30BMICHHUX MOJICKYJI y MO3KY, ¢
BukopuctoByerbcsi SWI MPT mocninoBHICTh, OIiHKa BHUPaXEHOCTI JIETIOHYBAaHHS
3ayi3a 0a3yeThCcsi Ha OIHI[l CEPEIHBOrO PIBHS 1HTEHCHUBHOCTI CTPYKTYpH, UIO
TOCTKY€eTbcsl. B TOpIBHAHHI 13 TONEpPEAHIMH JOCHIDKCHHSAMH II0  OIIHII
HAKOTIMYEHHS 3aJli3a B MIJAKIPKOBUX sIpax, B AaH1d poOOTI OLIHIOBABCS HE CEPEIHIM
pIBEHb IHTEHCHUBHOCTI BCI€l CTPYKTYpH, a BH3Hayanacsi KUIbKICTh BOKCEJIB 3aJlaHOl
TINOIHTEHCUBHOCTI MeBHOI cTpyKTypu: (S1)<75; 75<(S1)<150; 150<(S1)<200.

Sk OyIo 3a3HaYEHO BUIIE, AUISTHKA MO3KY MOKE MaTH OJUHUYHI JIJISTHKH HU3bKOT
rinoiHTeHCUBHOCTI (SI<75), M0 IMOBIPHO BIUTMBATUMYTh Ha (PYHKI[IOHATHHUI CTaH
CTPYKTYpH, ajie cJIa0KO BIUIMBATUMYTh HA CEPEJIHINM PIBEHb TIMOIHTEHCHUBHOCTI BCI€i

CTPYKTYpH, 110 OCOOJIMBO XapaKTEPHO JIJIsl BIAKJIQJaHHS 3alli3a B MIJKIPKOBUX spax



narieHTiB 13 XMC [[lomuaka! Jxkepesio mocunaHus He 3Haiigeno., Ilomuika!
Jlkepesio MoCHJIaHHSI He 3HaliIeHo.].

J1J1s1 OIIHKM BIUIMBY JICTIOHYBAHHS 3aJli3a B MIIKIPKOBUX sijjpax Ha po3BUTOK JITTO
OyayBanmcs MoOJIemi JIOTICTUYHOI perpecii. 3a pe3yabTaTaMH TOCHTIKEHHS OyIio
BUSIBJICHO, IO BIAKIAMAaHHS 3amiza y OJiAiil Kyl Ta JYIINHHI € He3aJIeKHUM
npeaukTopoM BusiBieHHs y mnanieHta JIIIO, HaBiTh micis BperytoBaHHS MOJeENeH
JOTICTHYHOI perpecii 3a ¢akTopaMu CyIWHHOTO PU3HKY. [[s1 BOKCeNiB BHpPaXXeHOI
rIMOIHTEHCUBHOCTI MpaBoi 01101 Kymi BigHomeHHs manciB (OR) cranoBuio 1.12
(95%CI 1.04-1.20); p=0.002, my1st BOKCENB BUPa)KEHOI TIIOIHTEHCUBHOCTI JIIBOT 0J11101
kyai OR 1.14 (95%CI 1.06-1.23); p=0.001, BokceniB MOMIpHOi T1MOIHTEHCUBHOCTI
npaBoi Omigoi kym ORI1.03 (95%CI 1.01-1.06); p=0.002, myist BOKCeNiB MOMIPHOI
TIOIHTeHCUBHOCTI J1iBO1 011101 Kym OR1.12 (95%CI 1.04-1.20); p=0.001.

3aranpHa KIJIbKICTh BOKCEIIIB O11aTepajbHO B 000X CTPYKTYpax (JIETKOi, TOMIPHO1
Ta BUPAXKEHOI T1IMMOIHTEHCUBHOCTI OJJHOYACHO) TaKOK OyJia BU3HAUYCHA SIK HE3aJICKHUM
npeaukTop nosiu y namienta JIIIO, ane BIH MaB MEHIIYy CTaTUCTUYHY 3HAYUMICTh
MICTsl BPETYJIOBAaHHA Ta MeHIy npeauktopHy 3natHicth (OR 1.003 (95%CI 1.002-
1.005); p=0.004).

OpHuM 13 BaroMux pe3yJbTaTiB JaHOTO JOCIHIIKEHHS TaKOX OyJIO BUSBIICHHS
B3a€EMO3B'S3KYy MDK piBHeM (IOpUHOTEHY IJIa3MH Ta KOTHITMBHOIO (YHKIIEH Yy
namieHTiB 13 XMC 3aiexHo BiJ BUPAXKEHOCTI BIIKJIAJaHHS 3aiiza B 0azalbHUX
TaHTJIIsX, a TAKOXK BUSBIIEHT (DaKTOPHU PU3HUKY JIJIS BIAKIAJaHHS 3a1i3a B 01111 Kyl Ta
JyWMYHI. Byno BU3HAYeHO, 110 y MAII€HTIB 13 BUPAXKEHUM ACTIOHYBAaHHSIM 3ajli3a y
OJII 1M KyJi Ta JIYIINUHI (3arajibHa KUIbKICTh T1IOIHTEHCUBHUX BOKCeiB Ounbiie 340 )
ICHy€ 3HAYMMHUII HETaTUBHHUM 3B’SI30K MDK piBHeM (iOpuHy Mmja3mMu Ta OajoM 3a
mkanoro KoruituBHOI oriinku MOCA (Std f=-0.145 (95% CI-3.44 — -0.83), p=0.002).

[Tpu ominami 3B’s3ky nmokaszuukiB TK/I' 13 xmiHivAMME TiposiBamu XMC Oyio

BHUSBJICHO CTAaTHUCTHYHO 3HaumMMi 3B’s3ku Mixk O0anom MOCA Ta Rl miBoi cepennboi



Mo3koBoi apTepii (CMA) (p=-0.29, p=0.028). Mix 6anom 3a mkanoro UPDRSIII Ta RI
aiBoi CMA (p=0.29, p =0.028).

VY naniit po6OTI Briepiie 0yJio BUSBICHO 3B’ 130K MiXk IMOKa3HUKAMHU 1iepeOpaibHOi
TreMOJMHAMIKU Ta XapaKTepoM JIEMOHYBaHHS 3aii3a B MAKIPKOBUX siapax. KimbkicTb
BOKCEJIIB BHUpaXeHOi TinoiHTeHCUBHOCTI (SI<75) miBoi Omimoi Kyji BUSBHIACS
nmapaMeTpoM Haibuibiie moB’si3aHuM 13 nokasHukamu TKJIT a came 13 RI miBoi
cepenHboi MO3KOBOI aprepii. 3HauenHs R? = 0.177 y piBHAHHI JiHilHOI perpecii
BiloOpakae, mo Ouibine 17% mucriepcii 3anekHOT 3MIHHOT (KUIBKICTh BOKCEJIIB
BHUPAXEHOI T1IIOIHTEHCUBHOCTI y JIBIHA OMIA1M KyJil) MOXe OyTH MOSICHEHO 3HAYEHHAM
1HJIEKCY PE3UCTUBHOCTI JIIBOT CEPEAHROT MO3KOBOT apTepii.

[Ipu nmocmikeHHI 3B SI3Ky KOTHITHMBHOI cepu 13 TMOKa3HUKaMH (pakifiitHoi
aH130Tporii OyJ0 BUSABIECHO MO3UTUBHUU 3B 530K MK Oaom 3a mkainoro MOCA Ta
piBHEM (¢pakiiiiiHoi anizoTporii genu corpus callosum (r = 0.479, p=0.044).

KitouoBi cnoBa: XBopoOa Manux CyauH, JErkl napkiHcoH14H1 o3Haku, SWI MPT
MOCJIIJIOBHICTh, TPAaHCKpaHiaibHa aomnmuieporpadis, BIAKIaJAaHHS 3aii3a B MO3KY,

KOTHITUBHI PO3JIa/IH.
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Cerebral small vessels disease (SVD), which occurs as a result of hypertension
and atherosclerosis, is the most common subtype of SVD and in the Ukranian scientific
literature and practice of neurologists it corresponds to the term dyscirculatory
encephalopathy. In addition to increasing the risk of heart attack and stroke, the most
adverse clinical manifestations of cerebral SVD are cognitive impairment and motor
disorders.

In patients with SVD, the prevalence of cognitive decline, according to various
authors, varies from 30% to 50% and is usually the first manifestations of this disease.

Approximately 15% to 40% of elderly patients with CDU have mild parkinson's
symptoms (MPS), which may be associated with self-care disorders.

The scientific literature of recent years uses the term MPS (mild parkinsonian
signs), which is considered by most authors the most appropriate because it
characterizes the nature of the phenomenon and at the same time does not indicate a
specific anatomical structure or underlying pathology, because they are not known.

To diagnose MPS, it is necessary to identify such motor disorders as bradykinesia,
rigidity, tremor, postural disorders and gait disorders that do not meet the criteria for
the diagnosis of other forms of parkinsonism.

It should be noted that the mild parkinsonian symptoms studied in this paper are
not synonymous with the term "vascular parkinsonism". According to the criteria for

the diagnosis of vascular parkinsonism in its development, the main role is played by



vascular factor. Acute development of the clinical picture of vascular parkinsonism
should be preceded by acute ischemic lesions of the substantia nigra or globus pallidus.
At gradual development of a clinical picture of vascular parkinsonism massive atrophy
of white matter can be seen on MRI pictures. In this case, the disease manifests
bilaterally and is accompanied by the early appearance of shuffling gait and early
cognitive decline.

In contrast to vascular parkinsonism, the development of MPS may be associated
with much less pronounced signs of vascular damage, such as single and multiple
microinfarctions of cortical and subcortical localization, up to 30% of which may not
be detected by neuroimaging.

In this work the association between MPS, cognitive decline and neuroimaging
features of SVD was studied. In particular, the SWI hypointensity of the globus pallidus
and the putamen and the fractional anisotropy indices of white matter tracts, which were
determined using DTI MRI sequences, were studied.

SWI research is based on the detection of changes in the magnetic susceptibility
of brain structures as a result of changes in the metabolism of iron-containing proteins
and molecules. This is a three-dimensional (3D) pulse sequence based on T2 * -WI,
which, when reconstructing images, uses information about both the magnitude of the
signal and its phase. In data collection, the phases of para- and diamagnets have
opposite meanings. When reconstructing integrated images (SWI proper), the signal
from paramagnetics is multiplied by a factor of <1, which increases the contrast
between blood products such as deoxyhemoglobin, ferritin, hemosiderin
(paramagnetics) and the brain parenchyma (diamagnet). Also on the images in the phase
reconstruction it is possible to differentiate iron salts (paramagnetics) from calcium
salts (diamagnets). Thus, the SWI sequence can detect changes in the nature of neuronal
iron metabolism. The degree of hypointensity of the area is measured in SWI intensity
units (units of SWI - intensity), where O corresponds to the intensity of Galen veins,
200 - the intensity of cerebrospinal fluid.



In most studies of brain iron deposition where the SWI MRI sequence is used, the
assessment of the severity of iron deposition is based on the assessment of the average
level of intensity of the studied structure. In comparison with previous studies to assess
the level of brain iron deposition in the subcortical nuclei, this paper evaluated not the
average level of intensity of the whole structure, but determined the number of voxels
of a given hypointensity of a certain structure: (S1) <75; 75 <(SI) <150; 150 <(SI) <200.

As mentioned above, the brain area may have single areas of low hypointensity
(S1 <75), which are likely to affect the functional state of the structure, but have little
effect on the average level of hypointensity of the whole structure, which is especially
characteristic of iron deposition in subcortical nuclei in SVD patients.

Logistic regression models were built to assess the effect of iron deposition in
subcortical nuclei on the development of MPS. According to the results of the study, it
was found that after adjusting the models of logistic regression by vascular risk factors,
iron deposition in the globus pallidus and putamen remained an independent predictor
of MPS in SVD patient. Voxels of the severe hypointensity of the right globus pallidus
OR1.12 (95% CI 1.04-1.20); p = 0.002, voxels of the sever hypointensity of the left
globus pallidus (OR1.14 (95% CI 1.06-1.23); p = 0.001), voxels of moderate
hypointensity of the right hypointensity (OR1.03 (95% CI 1.01-1.06); p = 0.002 ),
voxels of moderate hypointensity of the left globus pallidus (OR1.12 (95% CI 1.04-
1.20); p = 0.001).

The total number of voxels bilaterally in both structures (mild, moderate and
severe hypointensity simultaneously) was also determined as an independent predictor
of MPS in the patient, but it had less statistical significance after adjustment and lower
power of predicition (OR 1.003 (95% CI 1.002-1.005); p = 0.004)

One of the important results of this study was identifying the relationship between
plasma fibrinogen levels and cognitive function in patients with SVD depending on the
severity of iron deposition in the basal ganglia, as well as identified risk factors for iron

deposition in the globus pallidus and putamen. It was determined that in patients with



severe iron deposition in globus pallidus and putamen (total hypointensive voxels more
than 340) there was a significant negative relationship between plasma fibrin levels and
the MOCA score. Std p-0.145 (95% CI-3.44—0.83), p = 0.002.

When assessing the relationship between TCD and clinical manifestations of
SVD, statistically significant relationship was found between the MOCA score and RI
of the left middle cerebral artery (MCA) (p = -0.29, p = 0.028). Between the score of
PEPS and RI of the right MCA (p = 0.27, p = 0.036), the score of PEPS and RI of the
left MCA (p = 0.36, p = 0.006), the score of PEPS and PI of the right MCA (p = 0.30,
p = 0.02). Between the score on the scale UPDRSIII and RI left MCA (p =0.29, p =
0.028).

In this study, we identified a relationship between cerebral hemodynamic
parameters and the nature of iron deposition in the subcortical nuclei. The number of
voxels of sever hypointensity (SI <75) of the left globus pallidus was most associated
with the RI of the left middle cerebral artery. Value R? = 0.177. in the linear regression
model reflects that more than 17 percent of the variance of the dependent variable (the
number of voxels of severe hypointensity in the left globus pallidus) can be explained
by the value of the resistance index of the left MCA.

In the study of the relationship of the cognition with the fractional anisotropy, a
positive relationship was found between the score on the MOCA scale and the level of
fractional anisotropy of the genu corpus callosum (r = 0.479, p = 0.044).

Key words: Small vessel disease, mild parkinsonian signs, SWI MRI sequence,

transcranial Doppler, brain iron deposition, cognitive impairment.
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