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BeckoHTpacTHOe KonuyecTBeHHOe MUCCNef0BaHUue s
nepgy3voHHbIX U3SMEHEHU! roJIOBHOr0 MO3ra
npu paccessHHOM CKnepose

B.B. lNonos, H0.A. Ctrankesuy, J1.M. Bacunbkus, A.A. Tynynos

WHCTUTYT «MexmyHapoAHbIA ToMorpaduyeckuin LeHTp», Hoocnbupck, Poccus

AHHOTALUA

0O6ocHoBaHMe. beckoHTpacTHas MarHUTHO-pe30HaHCHas nepdy3ns No3BONSET BbIBUTL YHaCTKU U3MEHeHUs nepdysuu ro-
NIOBHOTO MO3ra Y MaLMEeHTOB C PacCesHHbIM CKIIEPO30M [ae Npy 0TCYTCTBUM 04aroBbIx nopaxeHrui [1], nMes npenmyLecTsa
B BUE HEMHBA3WBHOCTW [2] U Manoro BpeMeHu cbopa faHHbIX, 4TO AAET BO3MOKHOCTL MOBTOPHLIX 06CnefoBaHUit U au-
HaMU4ecKoro HabnofeHus 663 KOHTPACTHON Harpysku Ha nauueHTa. MNpuMeHeHne 6ECKOHTPACTHOW MarHUTHO-Pe30HaHCHOM
nepdysun y NaLMeHTOB C paccesHHBIM CKIIEPO30M MOXET UMETb BaXHOE 3HaYeHWe B MOCTAHOBKE AMarHo3a, TaKTUKe Beje-
HWA 1 OLEHKe TeueHus 3aboneBaHus. OfHAKO NoNydeHUe KOIMHECTBEHHbIX 3HAYEHMIA Nepdy3uM NpU pacCesHHOM CKepo3e
B K/IMHMYECKOI MPaKTUKe U3y4yeHo elwé HepocTaTtouHo [3]. MpuMeHeHue paspaboTaHHoro anroputMa nocTNPOLLECCUHIa faH-
HbIX 6ECKOHTpaCTHOW MarHUTHO-pe30HaHCHOM Nepdy3un NO3BONSET He TONbKO NPOBOAMTL OLEHKY B UHTepecylowmx obna-
CTAX, HO W NoNy4aTb abcoNoTHbIE 3HaueHns nepdysui, oueHeHHbIe B MN/(100 rxMuH).

Lienb — paspaboTtaTb anroput™ 1 U3y4utb nepdysvoHHbIE U3MEHEHUS TONIOBHOTO MO3ra MeTOA,0M 6ECKOHTPACTHOWM MarHuT-
HO-Pe30HaHCHOW Nepdy3um y NALMEHTOB C PACcCEAHHBIM CKIIEPO30M M0 CPaBHEHUIO C KOHTPOLHOM rpynmno.

Matepuanbl u Metogbl. 00bEKT MCCNefoBaHUA — MaLMEHTbl C PacCeAHHbIM CKIEpo3oM (n=15) M KOHTpoNbHas rpynna
(n=15). MeTof0M Uccnen0BaHMA ABNAETCS MarHUTHO-Pe30HaHcHas ToMorpadms Ha annapate 3.0T Philips Ingenia ¢ 6a3oBbiM
npoToKosoM uccneposanms (T1- n T2-s3BeLueHHble u30bpaxenus, FLAIR, DIR, CE_T1), onofiHeHHbI NceBAO-HENPepbIBHLIM
MapKMUpoBaH1eM apTepuanbHbIx cinHoB (pCASL). CTaTUCTMUECKMIA aHanU3 — HemapaMeTpuyeckue MeTofpl.

PesynbTatbl. B CBA3K CO CNOXKHOCTAMM KONMYeCTBEHHOM 06paboTKM AaHHbIX 6eckoHTpacTHOM nepdy3uu, bbin paspabortaH
anropuTM, BKITIOYAIOLLMIA NPUMEHEHWE CefyoWmMX NporpaMMHbIX obecniedeHuit: Radiant, MatLAB, FSL (BASIL), MriCroGL,
PyCharm. Bbinio ycTaHOBJIEHO, YTO Y FPYNMbl YCIOBHO-34,0p0BbIX f0bpoBoNbLEB Nepdy3us 6e3 yyeTa MKBOPOCOLEPHALLMX
MPOCTPAHCTB M COCYA0B FOSIOBHOr0 MO3ra, BbIAENIEHHas M KOPerMcTpMpoBaHHas C atnacoM T1-B3BeLLEHHbIX M300paeHuH,
coctaBuna B cpeaHeM 52,8+1,32 mn/(100 rxmuH), 4TO NOATBEPIKAAETCS BEAYLLMMU MUPOBLIMUA UCCIIEA0BAHNAMM U OTPAXKAET
3 PEeKTUBHOCTb U Ka4ecTBEHHOCTb anropuTtMa [4, 5. KpoMe 3toro, B paMKax Uccnie0oBaHus, y rpynnbl NaLMeHTOB C pacce-
AHHBIM CKNepo30M Obl NOMyYeHbl 3HaYeHUs B oyare aemuenutusaumm [9,745,4 Mn/(100 rxmuH)] U B BU3YyasbHO MHTaKTHOM
benoM BeluecTBe boMbLUMX NOMyLIApuiA ronoBHOro Mo3ra [46,1+1,7 Ma/(100 rxmuH)]. Mpn 3TOM BbINO BLISIBNEHO, YTO B BU-
3yasibHO MHTaKTHBIX 0611aCTAX NOMYLLAPKIA FOJTIOBHOTO MO3ra Npoucxoaut anddy3Hoe CHUMXEHWe noKasaTtenen nepdysum oT-
HOCMTENbHO KOHTPOJIbHOM MPYNMbI, YTO TaKXKe LUIMPOKO OCBELLEHO B HAay4HO auTepatype [6].

3akuioyenue. [puMeHeHue pa3paboTaHHOro anropuTMa Ans aHanu3a nceBA0-HenpepbIBHOr0 MapKUpOBaHUs apTepuanbHbIX
CMVYHOB Y NaLMEHTOB C PACcCEAHHBIM CKIIEPO30M NO3BONISET OLEHMBATb NEpQY3uI0 KaK B 0yare AeMUENMHU3aLMK, TaK U B BU-
3yanbHO MHTaKTHOM BenoM BelecTse 6oNbLUMX MOAYLLAPWIA FONI0BHOTO Mo3ra. Mpu 3ToM 6bino BbISIBNEHO, YTO B BU3YasbHO-
WHTaKTHbIX 06nacTax NonyLwapwii FONIOBHOrO Mo3ra npoucxoaut AnddysHoe CHUXEHWE NoKasaTeneii nepdysum (B cpesHeM
Ha 13%) OTHOCUTENIbHO Pe3yNbTaTOB KOHTPOSILHOI Fpynnbl. JlaHHoe HabmoaeHUe OTpaXaeT, YTo NpUMEHEHMEe MeToaa NceB-
A0-HernpepbIBHOr0 MapKUPOBaHWUA apTepuanbHbIX CMIMHOB MO3BOJIAET 3aN0A03pPUTL MOSAB/EHWE 04aroB 40 UX KIIMHUKO-MOp-
(onornyeckoii BepudmKaLmmn Ha Lpyrux pyTUHHbIX NOCNeL0BaTeNIbHOCTSX.

KnioueBble cnioBa: paccesHHbIl CkNepos; 6ecKoHTpacTHas nepdysus; apTepuanbHoOe CNMHOBOE MapKUpOBaHWe; NCeBAO-
HenpepbIBHOE MapKUPOBaHWe apTepuasibHbIX CMIMHOB.
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Non-contrast quantitative study of brain perfusion
changes in multiple sclerosis

Vladimir V. Popov, Yuliya A. Stankevich, Liubov M. Vasilkiv, Andrey A. Tulupov

International Tomography Institute, Novosibirsk, Russia

ABSTRACT

BACKGROUND: Non-contrast magnetic resonance perfusion can identify areas of cerebral perfusion changes in patients with
multiple sclerosis, even in the absence of focal lesions [1]. This technique offers several advantages, including non-invasiveness
[2] and a short data collection time, which allows for repeated examinations and dynamic monitoring without contrast loading
on the patient. The use of contrast-free magnetic resonance perfusion in patients with multiple sclerosis may prove to be a
valuable diagnostic, management, and evaluation tool for the disease course. Nevertheless, the quantitative assessment of
perfusion in multiple sclerosis remains a relatively understudied area in clinical practice [3]. The application of the developed
algorithm for postprocessing of non-contrast MR perfusion data allows for the assessment of specific areas of interest and the
estimation of absolute perfusion values in milliliters per 100 grams per minute.

AIM: The study aims to develop an algorithm and investigate cerebral perfusion changes by non-contrast magnetic resonance
perfusion in patients with multiple sclerosis compared with controls.

MATERIALS AND METHODS: The study population comprises patients with multiple sclerosis (n=15) and a control group
(n=15). The methodology employed in this study is magnetic resonance imaging on a 3.0T Philips Ingenia machine, using the
basic study protocol (T1- and T2-weighted images, FLAIR, DIR, and CE_T1) and supplemented with pseudo-continuous arterial
spin labeling (pCASL). The statistical analysis employed nonparametric methods.

RESULTS: The quantitative processing of non-contrast perfusion data presents significant challenges. To address this, an
algorithm was developed, which incorporates the use of the following software: Radiant, MatLAB, FSL (BASIL), MriCroGL,
PyCharm. The perfusion in a group of conditionally healthy volunteers, without consideration of liquor-containing spaces and
cerebral vessels, was isolated and co-registered with the atlas of T1-weighted images. The average perfusion was found to
be 52.8+1.32 mL/(100 gxmin), which is consistent with the findings of leading studies worldwide and reflects the efficacy and
quality of the algorithm [4, 5]. Furthermore, within the context of the study, values for the demyelination focus [9.7 + 5.4 mL/
(100 gxmin)] and for the visually intact white matter of the cerebral hemispheres [46.1 + 1.7 mL/(100 gxmin)] were obtained in
the group of patients with multiple sclerosis. Moreover, a diffuse decrease in perfusion indices in visually intact regions of the
cerebral hemispheres relative to the control group was revealed. This finding is also widely reported in the scientific literature [6].
CONCLUSIONS: The application of the developed algorithm for the analysis of pseudo-continuous arterial spin labeling in
patients with multiple sclerosis allows for the assessment of perfusion in both the focus of demyelination and in the visually
intact white matter of the cerebral hemispheres. It was demonstrated that in visually intact areas of the cerebral hemispheres,
there is a diffuse decrease in perfusion indices (on average by 13%) relative to the results of the control group. This observation
indicates that the use of the pseudo-continuous arterial spin labeling method allows for the suspicion of the appearance of foci
before their clinical and morphological verification on other routine sequences.
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