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ABSTRACT

Background. Neurodegenerative processes play an important role in the development of clinical features
of multiple sclerosis (MS) as well as in the progression of the disease. At the same time, neurodegenerative
mechanisms of MS are not completely clear, which makes researchers pay special attention to pathogenetic
aspects of the disease that have not been studied before.

Previously it was shown that MS patients can have alterations in the local cerebral blood flow, however,
the meaning of the detected abnormalities is still not clear.

The aim of our work is to evaluate the perfusion character in the demyelinating lesions and normal-
appearing brain structures, and to determine their relation to clinical features of MS.

Material and methods. 49 patients with relapsing-remitting and secondary progressive MS with clinical
and MRI remission were included in the study. The patients underwent contrast-enhanced MR perfusion
of the brain on the 3 Tesla MR-tomograph, as well as the Functional System Score, Expanded Disability
Status Score and Fatigue Status Score evaluation. The data analysis included automatic construction of
perfusion maps of the cerebral blood volume (CBV), cerebral blood flow (CBF) and mean transit time
(MTT) values in the normal-appearing brain structures and in the demyelinating lesions and statistical
analysis.

Results. The received results allow to presume that variation of CBV values in MS lesions can indicate
heterogeneity of processes in these lesions — from reactivation of inflammation to remyelination.

Significant reduction of perfusion in nucleus lenticularis was revealed. This reduction did not depend
on the severity of the disease and correlated negatively with the fatigue score. This allows to suppose
that the therapy focused on brain perfusion improvement can be used as symptomatic therapy of MS.
Considering the fact that regional hypoperfusion precedes the development of brain structure atrophy, it
is hypothesized that the improvement of perfusion may prevent neurodegeneration in MS. The obtained
findings need further investigation.
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PE3IOME

Beeaenne. HeitpoaerenepaTusHsle MpOLECCHl UTPAIOT BasKHYIO POAb B PA3BUTUM KAMHMYECKUX HPOABAEHMIL
paccesannoro ckaeposa (PC), a rakke B mporpeccuposanun 3aboreBaHusa. B To ke Bpems MexaHU3MBbI
HelpoaereHepanuy npu PC He BIOAHE fCHBIL, YTO 3aCTaBAfSET MCCAEAOBAaTeAell o6paujaTh BHMMaHME Ha
paHee He M3yYeHHbIe NATOTEHETHYECKUE ACIEKTHl 3a6oaeBanui. Beiao mokasano, uro y 6oasubix PC mo-
IyT HAGAIOAATHCSA M3MEHEHUA AOKaABHOTO KPOBOTOKA B TOAOBHOM MO3re, OAHAKO 3HAYEHME BbIIBAEHHBIX
HapYIUIEHN] U3y4eHO HEAOCTaTOYHO.

Ieasro Hamelt paGoThl ABASAMCH OLeHKA OCOGEHHOCTel mepdy3um B O4araXx AeMUEAMHM3ALUY U BHELIHEe
Hey3MEHEHHBIX CTPYKTypax I'OAOBHOT'O MO3Ta M ONpPEAEACHME MX B3aMMOCBA3Y C KAMHMYECKUMMU NPOABAE-
uamu PC.

Marepuansl 1 MeTOABl. B mccaepoBanmyu npuHAAM yyacTye 49 manyueHTOB C PEMUTTUPYIOUMM M BTOPHUY-
Ho-mporpeccupyomum PC B crapun pemmccnn (KAMHIYECKON M IO AAHHBIM MarHMTHO-PE30HAHCHOIN TO-
morpadun (MPT)), xoropsim nposoauance MP-nepdy3smus ror0BHOTO MO3ra ¢ KOHTPACTHBIM YCUAEHUEM
Ha Tomorpade ¢ nHAyKLuel maranTHOTO moAf 3 Ta, a Takske oIjeHKa IO mKaAe PYHKIMOHAABHBIX CHCTEM
(FS), pacumpennoi mrare zHerpypocnocob6Hoctn (EDSS), mxranre yromasemoctn (FSS). Anaans aanubix
BKAIOYaA B ce6sl aBTOMATUYECKOE NMOCTPOeHNe Nepdy3NOHHBIX KapT AASL MOKa3aTeAsM: 06beM MO3rOBOTO
kposotoka CBV, o6vemuas crkopocts kposotoka CBF u cpeanee Bpems uupryasuuu MTT B ovarax ae-
MUEAMHU3AUA U BHEIIHE HEM3MEHEHHBIX CTPYKTYypax FOAOBHOTO MO3ra.

Pesyabratsl. Boasmoit pasépoc noxkasareaeit CBV B ouarax Mo>keT CBUAETEABCTBOBATH O Ie€TEPOreHHOCTH
HpOMCXOAHH_U/IX B HUX HpOueCCOB — OoT peaKTI/IBaI_U/II/I BOCIAA€HUA AO peMI/Ie/\I/IHI/[’S»aLU/II/I. BoiasaenHoe Hamu
3HAYMMOE CHIDKeHMe nepdy3un B ACHTUKYAAPHBIX AAPAX BHE 3aBUCUMOCTH OT TSIKECTH 3a60AeBaHMS, KO-
TOpOE OTPUIJATEABHO KOPPEAMPOBAAO C BHIPAsKEHHOCTHIO YTOMAAEMOCTH, II03BOASAET IPEAIOAOKNTE, YTO
Tepamus, HalpaBACHHAsA Ha yAydlleHue nepdy3uy TOAOBHOTO MO3Ta, MOKET MCIIOAB30BAThCA B KayeCTBE
cumnromatudeckoit Tepamuu PC. VumrtsiBasg TO, 4TO permoHapHas runomnep@ysusa omepeskaeT pa3BUTHE
aTpoduy, Ml CINTAEM, YTO AedeHNue, HAPABAEHHOE Ha yAyduleHye nepdysnn, CIOCOGHO IPeAOTBPAILaTh
passuTHe HellpoAereHepaTHBHbIX uaMenennit npu PC, 4ro Tpebyer AaAbHEHWNX UCCAEAOBAHMI.

KAaroueBsie cAOBa: pacCesHHbIN CKAEPO3, YTOMAAEMOCTb, LepeGparbHas nepdy3us, peruoHapHas ruionep-
(ysus, HEMtpoAeTeHe paALUA.

Kondanxr narepecoB. ABTOPBI AEKAAPUPYIOT OTCYTCTBYE SABHBIX ¥ IOTEHIMAABHBIX KOH(PAMKTOB MHTEPE-
COB, CBSI3aHHBIX C MyOAMKAIMEN HACTOAILEH CTAThI.

Ucrounuk dpunancuposaums. ViccaepoBareabckas paboTa BBIIOAHEHA B PAMKAX MOMCKOBBIX HAYYHBIX UC-
CAeAOBaHMI coraacHo rocsapanmio VIMY PAH.

CooTBeTCTBME MPUHLMIIAM ITUKYM. Bce yuyacTHMKM MCCAEAOBAHMA NOAINCAAK HMH(POPMIPOBAHHOE COTAACHE.
ViccaepoBanne op06peno komuccueit no stuke UMY PAH (nporokoa Ne 1 or 19.02.2015).

Aas yutuposanus: Ilpaxosa AH., Massec A.T'., Casunuesa JK.J., Kysuenosa H.M., Py6anux K.C., Ka-
raesa I'.B. AokarbHaa nepeGpanbHas runonepdysus Kak OIPUYMHA PA3BUTUA CUMITOMOB U IIPOTPECCUPO-
BaHMs PACCEAHHOTO CKAepo3a. Broasemens cubupckoti meduyunw. 2019; 18 (4): 102-109. https://doi.org:

10.20538/1682-0363-2019-4-102-109.
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INTRODUCTION

A decrease in cerebral perfusion in patients
with multiple sclerosis (MS) was demonstrat-
ed more than 30 years ago using single-photon
emission computed tomography (SPECT) and
positron emission tomography (PET) [1-4]. For
a long time, these data had not been in demand.
However, due to research of neurodegenerative
processes in MS and the lack of effective therapy
to prevent their development, interest in studying
the changes in local blood flow in the brain of
MS patients has increased again. The widespread
implementation and enhancement of magnetic
resonance imaging (MRI), which allows to com-
pare structural changes in the brain and local he-
modynamics in individual zones of interest, have
greatly expanded the possibilities of studying local
cerebral perfusion. Currently, both contrast and
non-contrast perfusion MRI techniques are used.
Quantitative indicators of local blood flow are:
cerebral blood flow (CBF) — the rate at which a
certain amount of blood flows through 100 g of
the brain substance per unit time (ml/ 100 / min),
cerebral blood volume (CBV) — the total amount
of blood in the specific volume of the brain
( ml / 100 g of brain tissue), mean transit time
(MTT) — the time it takes for blood to pass
through 100 g of the brain tissue.

Changes in brain perfusion in MS have been
studied both in foci of demyelination and in un-
altered white matter (UWM) and unaltered grey
matter (UGM). Some researchers noted that the
foci in MS are mainly located in areas with low
perfusion rates [, 6], and their volume negatively
correlates with regional CBF [7]. An increase in
CBF and CBV was found in the foci accumulat-
ing contrast medium in T1 weighted images (WI),
which, according to researchers, may indicate
inflammation-induced vasodilation [8]. Y. Ge et
al. examined 17 patients with relapsing-remitting
type of MS (RRMS) using contrast MR perfusion
imaging. When comparing the main perfusion pa-
rameters in the foci with contralateral UWM, the
authors identified three types of foci: foci that
accumulate the contrast medium; foci that do not
accumulate the contrast medium, in which perfu-
sion characteristics are similar to those in the foci
of the first type; foci that do not accumulate the
contrast medium and have perfusion characteris-
tics that are different from those in the first type.
In the first and second types of foci, an increase
in CBF and CBV was noted. The results obtained
led to the conclusion that a perfusion study allows

to identify the foci with no significant breach in
the blood-brain barrier (there is no accumulation
of the contrast medium on T1 weighted images),
but nevertheless, reactivation of inflammation can
take place [9].

Studies using contrast MR perfusion imaging
found a decrease in CBF in UWM with clinically
isolated syndrome, with suspicion of development
of RRMS and primary progressive (PP) MS, com-
pared with healthy controls [10—13]. The results
obtained allowed the authors to suggest that ce-
rebral hypoperfusion of UWM develops in pa-
tients with MS already at early stages of the dis-
ease, regardless of the type of the disease course
and, possibly, is one of the important pathoge-
netic links in the development of MS. Hypoper-
fusion in patients with MS was also detected in
the cortex and subcortical gray matter [14, 15].
Some researchers identified a relationship be-
tween cognitive impairment and hypoperfusion of
the cortex and subcortical gray matter in patients
with RRMS and secondary progressive (SP) MS
[15-17]. However, in the study by M. Ingrisch
et al. (2017) [18], which included 24 MS patients
and 16 people from the control group, no signifi-
cant hypoperfusion of UWM in the thalamus and
pons was detected. Thus, the findings of studies
on local cerebral perfusion in patients with MS,
recommenced over the past decade, are often
contradictory, which makes further work in this
direction relevant.

The purpose of the study was to assess the
features of local blood flow in the foci of de-
myelination and unaltered gray and white mat-
ter of the brain and to determine their relation-
ship with the clinical manifestations of multiple
sclerosis.

MATERIALS AND METHODS

The study involved 52 patients with MS, in-
cluding three who were excluded from the study
due to the signs of the active process on MR
images. The study included patients with RRMS
and SPMS, defined according to the McDonald
criteria (2010). The exclusion criteria were clini-
cal exacerbation and (or) MRI activity (the pres-
ence of foci accumulating a contrast medium on
the MRI) of the disease, systemic corticosteroid
therapy over the past 30 days, and changes in the
scheme of pathogenetic and (or) symptomatic
therapy over the past three months. The control
group included ten sex- and age-matched healthy
volunteers. All patients and healthy volunteers
before the study and any manipulations signed an

104 Bulletin of Siberian Medicine. 2019; 18 (4): 102-109



OpwuruHasibHble CTaTbu

informed consent to participate in the study and
the procedures.

Examination program. Clinical neurological
examination was carried out using the functional
systems (FS) score, the Expanded Disability Sta-
tus Scale (EDSS) and the Fatigue Severity Scores
(FSS). To compare the clinical manifestations of
MS with the results of the MR perfusion analysis,
the patients were divided into groups according
to the degree of disability according to the EDSS
scale: 1 — mild disability (0-3.0 points); 2 — mod-
erate disability (3.5-6.0 points); 3 — severe disabil-
ity (more than 6.0 points).

MRI was performed on the ACHIEVA 3T sys-
tem (Philips, Japan) using an eight-channel head
coil. The scanning protocol included T2 TSE
images (TR / TE = 3000/80 ms, 28 slices, slice
thickness 3 mm), axial and sagittal FLAIR images
(TR / TE = 11000/125 ms, TI = 2 800 ms, 28 slices,
slice thickness 3 mm), pre-contrast T1 SE images
(TR / TE = 700/10 ms, 28 slices, slice thickness
3 mm), post-contrast 3D FFE TI1 sequences
(TR / TE = 500/50 ms, 96 slices, slice thickness
1 mm). MR perfusion imaging with contrast en-

hancement was used to determine CBF, CBV, and
MTT values. The parameters of contrast MR per-
fusion imaging were measured manually in the foci
of demyelination and in the unaltered white mat-
ter, located contralaterally. In addition, perfusion
values were assessed at the level of the pons, mid-
brain, thalamus, lenticular nuclei, genu and spleni-
um of the corpus callosum, in the white matter of
the basal parts of the frontal lobes, in the semioval
centers, and at the base of the pre- and postcentral
gyri in both cerebral hemispheres (Fig. 1).

Statistical  analysis. Correlation analysis
(Spearman’s rank correlation coefficient, signifi-
cance at p <0.01), one-way analysis of variance
with a post-hoc test using Fisher criterion and
Shapiro-Wilk and Levene’s tests for testing the
normality of distributions and homogeneity of
variances (p < 0.05), and non-parametric Krus-
kal-Wallis test (p <0.05) were used. The results
are given that are detected by both parametric
and nonparametric methods of analysis. Statistical
processing was performed using the Statistica 10.0
software for Windows (serial number AXAR208F-
447913FA-B).

Fig. 1. Areas of interest on the post-contrast T1-WI and perfusion maps
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RESULTS AND DISCUSSION

No statistically significant differences in CBV,
CBF and MTT values in hypointensive lesions on
T1 weighted images were detected, as opposed
to the symmetric UWM area in the contralateral
hemisphere both in the group of MS patients and
in separate groups with mild, moderate and severe
disability (Fig.2).

A big difference in the CBV and CBF values
in the foci may indicate heterogeneity of the le-
sions that are hypointensive on T1 weighted im-
ages, including both truly inactive foci and foci in
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which reactivation of inflammation can develop,
which does not cause a significant breach in the
blood-brain barrier integrity [19]. Thus, the ab-
sence of contrast-accumulating foci on T1 weight-
ed images does not always imply true remission.
This fact may explain clinical situations in which
an increase in neurological deficit without MR
activity on contrast T1 weighted images is ob-
served. In this case, it may not be the beginning
of steady progression of the disease, but subacute
exacerbation, which requires appropriate therapy
(Fig. 3, 4).
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Fig. 2. CVB (@) and CBF (b) values in contrast-negative T1-WI hypointensive lesions and contralateral normal-ap-
pearing white matter (NAWM) in patients with different disability scale: 1— mild disability, 2 — moderate disability,
3 — severe disability; m = confidence interval 95%
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Fig. 3. Significant decrease in the nucleus lenticularis

CBF values in MS patients in comparison with healthy

controlsss: 0 — healthy control, 1 — mild disability, 2 —

moderate disability, 3 — severe disability, m = 0.95

confidence intervals. * significant difference from the
control group
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Fig. 4. Interrelation between the perfusion values and

the severity of cerebellar disfunction. ANOVA, m =

0.95 confidence intervals, * — significant difference from
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1 — mild disability, 2 — moderate disability, 3 — severe
disability
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The obtained findings indicate a decrease in
perfusion in the lenticular nuclei bilaterally in the
whole group of patients, even with minimal distur-
bances in the functional systems scores. Anatomi-
cally, lenticular nuclei include two structures: the
putamen and the globus pallidus. R.B. Postuma and
A. Dagher in a meta-analysis of 126 studies (83 us-
ing PET and 41 using functional MRI) identified
different patterns of coactivation of the cortical re-
gions and structures of the striatum, which, in par-
ticular, confirmed the previously existing concept
that the putamen is the main “ motor “structure of
the striatum [20]. In our previous studies [21, 22],
it was found that the presence of minimal clinical
signs of damage to functional systems, with the ex-
ception of visual disturbances, is accompanied by
the development of general atrophy and neurode-
generative changes in the putamen and, to a lesser
extent, in the thalamus. In addition, when analyzing
changes in groups of patients with different degrees
of disability, it was shown that global and region-
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al atrophic disorders (the putamen, the thalamus,
individual regions of the cortex) significantly dif-
fer from the normal values in moderate and severe
disability (3.5 points or more). In morphometric
analysis, the volume of the structures that make
up the lenticular nucleus significantly decreases in
the group of RRMS patients with disease duration
of more than 5 years and with congenital heart
disease. Thus, as in the studies conducted by other
authors [8, 10—12], the results of the present study
suggest that cerebral hypoperfusion develops in pa-
tients with MS already at early stages of the disease
and, possibly, is one of the important pathogenet-
ic links in the development of neurodegenerative
changes in the brain of such patients.

A correlation analysis of clinical parameters and
local perfusion values revealed a significant nega-
tive correlation between fatigue and CBF in the
left and right lenticular nuclei (Spearman’s rank
correlation coefficients p = —0.568 and p = —0.569,
respectively, Fig. 5).
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0,2

Fig. 5. Correlation between the CBF value in the left (p = —0.568) and right ( p = —0.569) lenticular nuclei and FSS
scale, p < 0.01

CONCLUSION

Fatigue in multiple sclerosis occurs in 75-92%
of patients and is one of the key symptoms that
affects the quality of life and may be the first sign
of MS exacerbation. The pathogenesis of fatigue
in multiple sclerosis has so far been the subject
of numerous studies. Fatigue in MS is not directly
related to the severity of paresis, but is more com-
mon in patients with pyramidal insufficiency [23].
Considering that the putamen, which is a part of
the lenticular nucleus, is the main “motor” struc-
ture of the striatum [20], the data of this study can
explain more frequent observations of increased fa-

tigue in patients with pyramidal insufficiency. This
suggests that therapy aimed at improving cerebral
perfusion can be used as symptomatic treatment of
fatigue in patients with MS. In addition, given the
fact that regional hypoperfusion develops ahead of
atrophy, it can be assumed that treatment aimed at
improving perfusion can prevent the development
of neurodegenerative changes, which requires fur-
ther research.
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