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MULTIVOXEL 1H-MR SPECTROSCOPY AS A POTENTIAL DIAGNOSTIC TOOL
IN THE COMPLEX DIAGNOSIS OF MULTIPLE SCLEROSIS TYPE CONVERSION:
A CASE REPORT
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The onset of progressive delicit in multiple sclerosis (MS) was oiten determined retrospectively with difficulties in diagnostic.
This is a case report with subtle MS progression. Clinical and structural MRI anamnesis was complemented with multivoxel 1H-
MRS examination. The patient complained of the walking distance reducing, gradually increasing spasticity in the distal parts of
lower extremities, unsteadiness when walking, clumsy movements. Choline and myoinositol levels were predominantly increased
in the area of the cingulate gyrus versus other gray matter regions and the same picture was observed in adjacent white matter.
Multivoxel 1H-MRS represents a diagnostic tool that can be very useful in complex diagnostic of MS progression. Measuring
chemical-pathological changes diffusely in brain tissues may detect distinctive for progression metabolic patterns.
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MYJIbTUBOKCEJIbHAY 1H-MP-CITEKTPOCKOIIHUS KAK [JOTEHUHWAJIbHbIU
JUATHOCTUYECKHWUHU UHCTPYMEHT B KOMITJIEKCHOU TUATHOCTUKE
MPOIrPECCHPOBAHUS PACCESIHHOTI'Q CKJIEPO3A:
KJIMHUYECKHUH CJIYHAU
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WMucruryt mosra uesioBeka umenn H. I'1. BextepeBoii Poccuiickoit akagemun nayk, Cankr-Ilerep6ypr, Poceus

B cBs3H ¢ TPyIHOCTSMH IMArHOCTHKY MOMEHT Haua/ia HAKOMJIEHHs! TPOrpeccHpylollero aeuuura npu paccesHiom ckiepose (PC)
4acTo ONpEJENeTCsl PETPOCHEKTHBHO. [laHHAst CTaThsl NpeICTaBIisieT coO0l ONMMcaHne KJIMHHYECKOro Cydast ¢ TpyIHOpacno3HaBae-
MbIM IPOrPEeCCHPOBaHHEM paccesHHOro ckepo3a. [launenT oopartuiics ¢ 2ka100aMu Ha yMeHbLLIEHHe IUCTAHLMH XObObI, TOCTENeHHO
Hapacramollasi ClacTHYHOCTb B JIUCTAJbHLIX OTAEMAX HHXKHUX KOHEYHOCTEH, LIATKOCTb MPH XOAbOe, HEJOBKOCTb JBMMKEHHH.
Knnnueckuit u crpykrypHbiiit MPT-ananna Obi1 gonosHeH MyabstiBokeesbHoi | H-MP-cniekrpockonueii (1H-MPC). ¥Yposhu xosu-
Ha U MMOMHO3HTO 1A ObIJIH MPEHMYLLECTBEHHO MOBbILLIEHB! B 00/J1aCTH MOSICHOH H3BUJIMHBI MO CPABHEHHIO C IPYTHMH 06/1aCTAMU CEpPOro
BELLECTBA, TaKast ’Ke KapTHHa HabJitolasach B MpUJIEKallleM K MosiCHOH u3BMJHHE GesioM Betlecte. MyibruBokeenbHas 1H-MPC
npejcTaBsieT co00i AMAarHOCTHYECKHI HHCTPYMEHT, KOTOPbIF MOXKET ObITb O4EHb M0JIe3€H B KOMIJIEKCHOM IMarHOCTHKE MPOrpeccH-
poBaHHsl paccesiHHOro ckieposa. JnddysHoe uaMepeHne XHMHUKO-TATOJIOTMYECKUX M3MEHEHHH B TKAHSIX OJOBHOIO MO3ra MOXKET
BBISIBUTb XapAKTEPHbIE JUIsl IPOIPECCHPOBAHHsT META00JMHYECKHE NTATTEPHBI.

KJIKOUEBDBIE CJIOBA: nporpeccupytoluii paccesiHHblil CKJIep03, KOHBEpPCHsT TeueHust 3a0osieBaHusl, MyJbTHBOKcebHast 1H-
MP-cnekrpockonusi, IMarHocTUKa
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Introduction. Multiple sclerosis (MS) represents a
chronic inflammatory condition with concomitant
axonal demyelination and neuronal degeneration.

Approximately 85% of patients with MS present
with a relapsing-remitting course of the disease
(RRMS), and the majority of these advancements to a
progressive disease course — secondary progressive
MS (SPMS).

Clinically the SPMS is characterized by the accu-
mulation of disability in the absence of relapses [1] for
>6 months following an initial RRMS; however, this
definition is not always easily applied in clinical prac-
tice. The earliest indicators of SPMS may be subtle,
diagnostic is uncertain.

The onset of progressive deficit was often deter-
mined retrospectively [2].

Thus, delay in definitive identification of an SPMS
has a variety of implications related to patient care and
research.

Using conventional MRI is difficult to differentiate
PMS from RRMS. Appearing new lesions even
enhancing or not stops working as define diagnostic
criteria in a stage of progression. The complexity of the
pathophysiological mechanisms involved in MS pro-
gression demands versatile diagnostic approaches.

IH-MRS provides important insights into the
chemical-pathological changes that take place in
patients with MS, not only within focal lesions visible
on conventional MRI, but also within the normal-
appearing brain tissue [3].

In the current paper, we introduce a case report of a
young patient with early but subtle progression from
RRMS to SPMS with continuous slow worsening of
the neurological picture and disputable MRI findings.

Case Report. A 35-year-old white woman was firstly
diagnosed with RRMS in 2009 (at age 23) after pre-
ceding severe acute respiratory syndrome. Appropriate
neurological symptoms were accomplished with an
MRI picture of multiple demyelinating lesions in the
brain and cervical spinal cord.

The patient underwent course methylprednisolone
(1000 mg, Nb). Afterward patient has gradual
improvement with regress of neurological symptoms.
Cerebrospinal fluid analysis showed the synthesis of
oligoclonal 1G.

The patient was started on Avonex and continued on
it till March 2017. During this time patient had 2 exac-
erbations (2014 and the end of 2017 years), regressing
under a high-dose GCS therapy course. As for the MRI
picture: in the year 2014 — without dynamic from the
year 2009; in the year 2017 — similar picture but two
enhancing lesions were presented in the left lobe and
parietal lobes.
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After it, April 2017 Ofatumab was assumed and
have been started after signing by the patient all nec-
essary informed consent forms (retrospectively
unblinded after finishing the clinical trial close phase).

From the year 2017 till the present time no clinical
relapses were observed, no MRI active lesions were
detected. The patient has very slow but define progres-
sion in pyramidal (from mild leg weakness to low limb
paraparesis) and cerebellar functional systems.
Nowadays EDSS changed from 2 to 3,5.

Possible conversion to progressive MS type was
suspected.

MRS results. In December 2020 Multivoxel 1H-
MRS was performed in frontal and parietal lobes. SE
FOV 220x190x30 mm, with ACQ matrix 20x16.
Spectroscopy was performed before contrast enchant-
ment administration. Spectroscopic slices were laid in
parallel with transversal slices, the bottom edge of the
upper SE slice touched the apical sides lateral ventri-
cles. Ten REST (REgional Saturation Technique)
bands were applied for skull fat signal suppression,
protocol included second-order automated shim pro-
cedures Pencil Beam («PB-auto»), and water sup-
pression «excitation» (window=140 Hz; second pulse
angle=300). Metabolites relative amounts have been
measured diffusely (without differentiated counting in
plaques or other prominent areas) in gray and white
matter in SE impulse sequences.

Results are presented as (median, percentiles,
P<0.05). Statistical analysis was performed using
SPSS 26.0 (SPSS Inc.). Results were processed using
nonparametric tests, P-values below 0.05 were consid-
ered statistically significant.

As the area of interest was chosen the anterior cin-
gulate cortex (ACC), which is a functionally heteroge-
neous region, represents a key compartment of the
limbic system and is involved in diverse cognitive and
emotional processes, such as attention and emotional
control, formation of memory, cognitive function, reg-
ulation and movement planning. Impairments of the
mentioned above function is often revealed in MS
patients [4].

Statistical comparison of the Cho/Cr level in the
area of interest (medial cortex of middle third of lobe)
showed a significant increase in Cho/Cr ratio versus
other gray matter regions and the same picture was
observed adjacent to cingulate gyrus white matter. It is
worth mentioning that in the middle third of the frontal
lobes choline amount is higher than 1 in both gray and
white which is reflecting membrane turnover as an
indicator of inflammatory demyelination.

The same tendency was observed in the myoinositol
level. There was a significant difference in white matter
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Table

Cho/Cr and ml/Cr significantly different levels in medial cortex of middle third of lobe and adjacent white matter (median
(percentiles)) measured by SE and PRESS sequences

Tadauua

CraTvcTiuecku 3Haunmo pasandatouecs yposuu Cho/Cr u ml/Cr B MenuanbHOM KOpe cpeHuX TpeTei J0GHbIX 10aeil
v npujexauiem 6enom Beuectse (MearaHa (NMPOUEHTHIIN)

Area of interest
Median (percentiles)

Area of comparison
Median (percentiles) p

GM Cho/Cr 0,915 (0,878; 0,957)
WM Cho/Cr 0,808 (0,757; 0,893)
WM ml/Cr 0,438 (0,399; 0,507)

during comparison described area of interest with other
regions, in gray matter tendency did not reach the sta-
tistical significance Table.

The levels of N-acetyl aspartate in the medial cortex
of the middle third of the lobe and adjacent white mat-
ter was not significantly different in the mentioned
above area. It showed equal distribution in all voxels of
measured supraventricular brain slice and meaning
was not far from normal age N-acetyl aspartate values.

0,712 (0,623; 0,728) 0,006
0,106 (0,941; 1,040) 0,004
0,275(0,151;0,323) 0,001

lesion load. A decrease in the occurrence of new T2
lesions occurs concomitantly to the clinical transition
between RRMS and SPMS [3].

As for discovering pathogenetic pathways, 1H-MRS
seems to be more useful than conventional radiologic
methods. During the relapsing stage plaque-like
demyelination intense focal inflammatory component,
mainly in lesions and perifocal area. With progression
developing chronic inflammation appears to be diffuse-

J 7 ChalCr area

Figure. There are specific for MS lesions on MRI T2-weighted images (marked with arrows). Metabolic picture (right low
corner): Cho/Cr demonstrates increasement in white matter and medial cortex middle thirds of lobes (bright yellow color)
Pucyrnok. Ha T2-B3Beiennbix MPT nzo6pakenusix BUaHbI xapakrepHble /st PC ouyaru leMuesMHu3alud (0TMedeHbl
cTpesikamu ). MetaGonueckas KapTHHa (TIpaBblil HUXKHUI yroJ1) JeMoHeTpupyeT yBeanuenue Cho/Cr B MemanbHO
KOpe CpeIHUX TpeTel JIOOHBIX J0J1el (SIPKO-Ke/IThIN LBET) U MpUJexKallieM 6e/10M BellecTBe

Discussion. The pathogenesis of SPMS is not well
understood and as consequence, no validated outcome
metrics have been established for defining diagnosis.

Usually, RRMS patients are undergoing slowly gra-
dient neurological worsening with no change in brain

ly in the brain [6, 7]. All brain tissues are going to be
involved in MS pathogenesis, which prompts us to
diffuse the multi-voxel approach of spectroscopic
examination. Based on our previous research we have
chosen supraventricular slice with medial cortex and
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adjacent WM as areas with the most intensive
changes.

A described case report showed a significant diffuse
increase of Cho level in the middle part of ACC and
white matter of lobes. In the described case, we report
a significant increase of myoinositol level in the middle
third of the frontal lobes white matter Figure.

According to our previous long-term MRS study:
RRMS has a relatively uniform an increased concentra-
tion of choline distribution, mainly in the white matter
of the cerebral hemispheres; SPMS has localized

increased Cho level in the white and gray matter of the
middle third of the frontal lobes.

At present, there are no evidence-based guidelines
for using activity assessment for management deci-
sions in clinical practice [8].

To define conversion in MS type diagnostic procedures
should be complex, including clinical anamnesis, conven-
tional MRI, and MRS measured metabolic changes can
be significantly useful in early progression diagnosis.
Predicting disease evolution is becoming essential for
optimizing treatment decision-making in MS.
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