ékola SCLEROSIS MULTIPLEX

s medzinarodnou ufa
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McDonald 2024 - aké zmeny mdze radiolég ocakavat ?

MUDr. Monika Danova, PhD., MUDr. Peter Dragula, MUDr. Vitazoslav Belan, PhD.

Pro Magnet Presov s.r.o., pracovisko magnetickej rezonancie Presov
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Uloha MR v SM

-vo vCasnej diagnoze a dif. dg. MR mrtl\’lS
, ) : importance e
-v progndze priebehu ochorenia P McDonald criteria
e e et e 20247

(v rozhodovani o inicidlnej liecbe),
-v monitorovani lie¢by 2021 odporucania IVIAGNIIVISI—CI‘./ISC—NAIMS

_ L McDonald criteria
-v skorej detekcii neziaducich ucinkoy, 2017

najma vo farmakovigilancii natalizumabu McDonald criteria
McDonald criteria 2010

McDonald criteria 2005
2001

Poser criteria Hime



ECTRIMS 2024

The 40th Congress of the European Committee for
Treatment and Research in Multiple Sclerosis

18-20 September 2024

Témy, o ktorych sa diskutovalo /bude diskutovat ........ pred/ po ECTRIMS 2024 Bella Center Copenhagen | Copenhiagen. Denmark

Je na diagnostiku SM potrebna diseminacia v ¢ase (DIT)?

Kritéria postihnutia zrakového nervu pre diseminaciu v priestore (DIS).

Pridanie znaku centralnej Zily (CVS) a lézii paramagnetického okraja (PRL) na diagnostiku
Radiologicky izolovany syndrom (RIS)

Pouzitie neurofilamentového lahkého retazca (NfL) ako diagnostického biomarkera

Pouzitie kappa volného lahkého retazca (kFLC) ako diagnostického biomarkera.

Prof. Xavier Montalban on the Revised McDonald Criteria: A New Era in MS Diagnosis & Management
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3R> ECTRIMS WINTER SCHOOL
15-17 JANUARY 2025 | RIGA, LATVIA

ECTRI‘ .

Typical and atypical MS lesions on conventional MRI

How to use optic nerve MRI

Paramagnetic rim lesions

Central vein sign

Workshop 1: How to use the optic nerve, OCT vs. MRI vs. VEP’s: challenges and practicalities

Workshop 2: How to implement the new MR susceptibility based markers in clinical practice (CVS, PRLs)
MAGNIMS-NAIMS-CMSC Recommendations on use of MRI

MRI of the elderly

Impact of comorbidities on diagnostic criteria

High fulfilment of DIS is sufficient for a diagnosis of MS



La) | December 13,2023 | Q) @ M) Check for updates

Adding the Optic Nerve in Multiple Sclerosis
Diagnostic Criteria
A Longitudinal, Prospective, Multicenter Study

@ This article has been corrected.  VIEW CORRECTION

Postihnutie optického nervu / DIS -

2016, the MAGNIMS group navrh: opticky nerv: 5 lokalita pre DIS =7 s
(Filippi et al. Lancet Neurol 2016; 15: 292-303).

McDonald 2017: neexistuju dostatocné dokazy na pouzitie |ézii zrakového nervu na preukazanie DIS u
pacienta s optickou neuritidou
(Thompson 2017)

2021 MAGNIMS-CMSC-NAIMS : zobrazovanie optického nervu za urcitych okolnosti moze byt uzitocné
(Wattjes et al., Lancet neurol 2021)

2024 : MAGNIMS update odporucania na zaklade robustnejsich dat z MR N.II, OCT a VEP (157 pc.)
(Vidal-Jordana et al. Neurology 2024; 102:e200805).



Kritéria postihnutia zrakového nervu pre DIS

-Pozornost sustredila na lézie zrakového nervu u pc. so zapalom N.II

-Stadia VWIMS : MR lézie N.II u polovice RRMS bez zépalu N.II
(Davion et al. Neurology 2020; 94:€2468-e2478).

-OCT/VEP : diagndza SM bola 4x pravdepodobnejsia

* u CIS pc. s asymptomatickym stencéenim gangliovych buniek a vnutornej plexiformnej vrstvy (GCIPL)
a peripapilarnej vrstvy nervovych vilakien sietnice

* |ézie boli spojené s tensSimi vnutornymi vrstvami sietnice a nizSou zrakovou ostrostou

(Zimmermann et al. JAMA Neurol 2018; 75:1071-1079).



Whody MR N 11/OCT

Dif. Dg.: nutné interpretovat iné T2 hyperintenzity v kontexte prezentujucej sa kliniky redukujeme
misdiagnosis non-MS neuropathii n.ll.

Neinfekcné priciny zvyseného signalu N.Il v T2 Infekcné priciny

SM Lymska choroba
MOGAD toxoplazmadza
NMOSD HIV

sarkoiddza Varicella a herpes

SLE- systémovy lupus erythematodes
Postihnutie toxinmi

Postradiacné zmeny



Distribucia lézii

Postihnutie segmentu

bilateral

bilateral

Intrakranial,chiasma, opticky retrobulbar

unilateral

Retrobulbar ,canalicular

tract

Stupen opuchu N.II stredny tazky stredny
Lokalizacia sytenia N.II N.ll a perineuralne N.opticus
Pritomnost |ézii v mozgu ano zriedkavo Casté
Lokalita/charakteristika |ézii Hypotalamus, zadna jama, Velké tumefaktivne lézie, JK, PV, ovoid
vV mozgu periagueduktalna SH kortikalne/subkorikalne
Dizka lézii Longitudinal extenzivne Longitudinal extenzivne Kratke, segmentalne

NMOSD-AQP4-1gG+ MOG-IgG+ Multiple Sclerosis Zliiﬂ\'ﬁnnw-tdknvi délka 47-50 mm
§ | |. segment intraokuldmi 1 mm
- \ / \ 2. segment intraorbitdlni 25-30 mm
b= 1. seqment intrakanalikularni 5-9 mm
% 4. segment intrakranidini 10-16 mm




Value of Optic Nerve MRI in Multiple Sclerosis Clinical
Management

A MAGNIMS Position Paper and Future Perspectives

Jaume Sastre-Garriga, MD, PhD, Angela Vidal-jordana, MD, PhD, Ahrmed T. Toosy, MD, PhD, Correspondence
Christian Enzinger, MD, PhD, Cristina Granziera, MD, PhD, Jette Frederiksen, MD, Olga Ciccarelli, MD, FhD, Dr. Sastre-Garriga
Massimo Filippi, MD, PhD, Xavier Montalban, MD, PhD, Mar Tintore, MD, PhD, Deborah Paretn, PhD, and jsastre-garriga@cem-calorg

Alex Rovira, MD, for the MAGNIMS Study Group

Neurology® 2024;103:209677. doi:10.1212/WNL.0000000000209677




MR protokol N.II Axial T2 FS MR

Ziaden jednotny definitivny protokol 6 O 6 5

Tab. 2. Prehled zdidadnich sekvenci

‘ ~ -

Table 2, The overview of basic sequences ! )
Viaieni |T3rp selivence | Drientace IFD‘HmmJ Vrstva (mm) | Pixel (mmj) |H|udiﬁlum |Mr.mn',rma . (3 ;E{ s
Nativne " ( J
T2F5 TSE koronarmé 200 3 0,6 =056 T2 Stir TSE, FSE, fastSE \n‘(‘, '.-‘ .
T1 SE parasagitalné 200 3 0,7 x 0,7 Coronal T2 FS MR
Dwl SE echo planar | transverzalng 200 3 1.2%x1.2 [ — T
30 nativné | ' |
Ciss S5FP transverzalng 180 0.7 0.5=05 SPACEMNISTA, CUBE FIESTA-C
postkontrastne
T1F5 ] 3 koronarné 200 3 0,7 = 0,7 T1 5E subtrakce
T1F4 S5E transverzalng 200 3 0,7 =07 T1 5E subtrakce :
T1FS SE E:’:;EE#:'::{“W‘M 200 3 07x07  |T1SE subtrakee | ‘-‘ ] ' .
T1 MT S5E transverzalng 200 3 0,7 =07 ‘ ‘[ . ‘
T1 GRE VIBE GRE transverzalné 230 09 09=09 THRIVE, LAVA n a l T 1 M R
Doplnkovd vysetfeni
dynamiché vysetieni
T TSE :rzr::;';ziim"walne 200 3 1%1 GRE flash - viz nize FSE, East 5E
T GRE Flach :‘;f:;'r;'gil;’:‘!m”a'"e 200 1 1%1 I;::g::::f::l:ﬁ TSE |12 FrE, sPGR, FE
angiografe
TOF 3D tepenne MRA transverzalng 200 0.7 0,7 = 0,7 MOTSA, TONE
CE-MRA GRE Flash koronarné 200 1 1x1 miazno s potladenim tuku | T2 FFE, SPGR, FE

Hanzlikova Ceska rad. 2016




MR vysSetrenie: STIR/3D DIR

STIR : short-T1 inversion recovery senzitivita akutnej ON 93%,5 - 10 min.

DIR : 3D double-inversion recovery /alternativa /dobry kontrast s potlacenim
tuku a vody, dlhsi ¢as vySetrenia, citlivd na vzduch/kost artefakty

Sensitivita/Specificita (95/94%) DIR v zachyte vnutornych hyperintenzit v N.lII
superior : VEP/ 3D FLAIR/ 2D STIR-FLAIR

inferior: potlacenie tuku zakryje abnormality komprimujuce/infiltrujuce N.II
(lepSie dg. na STIR)

STIR je odporucana na dg. a dif. dg. SM



Table 1 Advantages and Disadvantages of Dedicated and Non-Dedicated Optic Nerve MRI Sequences to Visualize Optic
MNerve Inflammatory Lesions

Sequence Type Advantages Disadvantages
2D 5TIR Dedicated = Insensitive to field inhomogeneities « Low spatial resolution
Duration 2:57 = Mo susceptibility artifacts = Suboptimal effective fat suppression
= Can be used in low-field magnets = Low signal-to-noise ratio
= Poor contrast of abmormal high signal of the affected optic
merve and the normal perinewral C5F
= Suboptimal sensitivity
2D fat-suppressed T2- Dedicated » Good effective fat suppression (particularly = Low spatial resolution
weighted fast/turbo SE with the Dixon method) = Poor fat suppression if field inhomogeneous
Duration 3:30 = High signal-to-noise ratio « Difficult to achieve in low-field stremgth magneats
= Can be used in low-field magnets = Susceptibility artifacts
= Poor contrast of abnormal high signal of the affected optic
nerve and the normal perineuwral C5F
= Suboptimal sensitvity
3D DIR Mon- « Good effective fat suppression = Poor morphologic analysis of the optic nerves
Duration 6:09 dedicated « High spatial resolution = Low signal-to-noise ratio
= High sensitivity (higher tham 30 T2-FLAIR) = Mot validated in low-field magnets
= Simultaneows whol e-brain coverage
30 T2-FLAIR with fat- MNom- = Good effective fat suppression = Poor morphologic analysis of the optic nerves
sUppression dedicated « High spatial resclution = Mot validated in low-field magnets
Duration 4:14 = High sensitivity
= Simultaneows whol e-brain coverage
3D-T2-5TIR-ZOOMIt Dedicated « High spatial resclution = Field inhomogeneity artifacts (affecting assessment of the
Duration 5:37 = High sensitivity intracanalicular segmemnt)

= Truncation artifacts

= Low signal-to-noise ratio

« Limited availability

= Mot validated in low-field magnets

Abbreviations: DIR = double imversion recovery; FLAIR = fluid-attenuated imversion recovery; SE = spin echo; STIR = short tau imeersion recovery.
Sequence duration figures (minutesseconds) are those of a SIEMENS MAGHMETOM Prisma scanmner.

Meurology.org/™
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Value of Optic Nerve MRI in Multiple Sclerosis Clinical
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A MAGNIMS Position Paper and Future Perspectives
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Baseline

%

* Meranie atrofie N.II.

e HASTE: Half-Fourier acquisition Single-shot Turbo spin-Echo

Value of Optic Nerve MRI in Multiple Sclerosis Clinical
Management

A MAGNIMS Position Paper and Future Perspectives

Jaurmne Sastre-Garriga, MD, PhD, Angela Vidal-Jordana, MD, PhD, Ahrmed T. Toosy, MD, PhD, Correspondence
Christian Enzinger, MD, PhD, Cristina Granziera, MD, PhD, Jette Frederiksen, MD, Olga Ciccarelli, MD, PhD, Dir. Sastre-Garriga
Massimo Filippi, MD, PhD, Xavier Montalban, MD, PhD, Mar Tintore, MD, PhD, Deborah Pareto, PRhD, and

jrastre-garriga@cem-calorg
Alex Rowira, MD, for the MAGNIMS Study Graup
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RESEARCH ARTICLE

Improving criteria for dissemination in space in multiple
sclerosis by including additional regions

Michael A. Foster*{[, Giuseppe Pontillo***, Indran Davagnanam®, Sara Collorone' (),
Ferran Prados'>®, Baris Kanber™*(), Marios C. Yiannakas', Lola Ogunbowale’, Ailbhe Burke’,
Claudia A. M. Gandini Wheeler-Kingshott'%, Olga Ciccarelli"-?, Wallace Brownlee™ ([,

DIS: N.II /corpus callosum/ temporalny lalok s s v




RESEARCH ARTICLE

Pridanie N.Il do DIS ako 5 lokalita elorosie by including sdditional regionar - 1 muttple

Michael A. Foster*{[, Giuseppe Pontillo***, Indran Davagnanam®, Sara Collorone' (),
Ferran Prados™*®, Baris Kanber™* ([}, Marios C. Yiannakas', Lola Ogunbowale”, Ailbhe Burke’,
Claudia A. M. Gandini Wheeler-Kingshott'%, Olga Ciccarelli"-?, Wallace Brownlee™ ([,
Frederik Barkhof"%>%%%*" & Ahmed T. Toosy'"
Recened: 2 July 2024; Accepted: 17 July

2024

Sensitvity % Specificity 9% Accuracy %o PPV %% (95% NPV %

(95% CI) (95% CI) (95% CI) Cl) (95% CI)
< DS 2017 (=2/4) 43 (30-57) 100 (82-100) 57 (d3-68) 100 (B6-100) 37 (3242 >
and O
DIS+0OM (=2/5) 649 (55-80) 63 (3B-24) 68 (56-78) 85 {(76-91) 40 (28-53)
and DIT
| ] DIS+CC (=205) 45 (32-58) 100 (82-100) 58 (d7-70) 100 (87-100) 37 (3243 D
and DT
DIS+TL (=2/5) 432 (30-57) 95 (74-100) 56 (d4-67) 96 {(78-99) 35 (3041}
and DIT

CC, corpus callosum; Cl, confidence interval; DIS, dissemination in space; DIT, desemination in time;
MPY, negative predictive value; OM, optic nerve; PPV, positve predictive value; TL, temparal lobe.

Postihnutie :
2/5 zvysi senzitivitu, redukuje Specificitu

3/5 alebo 4/5 zvysime Specificitu

3/7 + opticky nerv, CC a temporalny lalok- alternativa



3 An Algorithm to Guide MR Imaging of the Optic Nerve in Suspected Inflammatory Optic Neuritis and in the
Diagnosis of MS (see Section 4 for Guidance)

Zaver |

Kritéria postihnutia zrakového nervu First episode of neurologic dysfunction
pre diseminaciu v priestore (DIS). ; ' —
Acute optic neuritis’ Nonoptic neuritis — | Perform ON MRI* -
neuropathy  sugestive of MS ¥ asperdiagnostic ¢

criteria’

Vela nejasnosti :

X . . /7 . 7 . T}rplﬂl
Specifické aquizicie o . o
Other inflammatoery condition (MOGAD, NMO3D, _.J;
other conditions (tumors, vascular, ...)

ulill
W in severe oplic neuritis™

VysSetrenie s benefitom pre pacienta o No

Perform O MRI
as per differential

diagnosis™

N

Skusenost centier

Dg,/dif. dg./ therapeuticky menezment

-« .. . . . , Perform ON MR __Tn confirm diagnosis of optic neuritis”
DalsSie studie nevyhnutne +brinand sinal cord MRI | _T0 255 progaosisiterapy i opcneurits s severe”
(0 MAGNIMS/NAIMS guidelines 2021
Proposal

Adding the Optic Nerve in Multiple Sclerosis
Diagnostic Criteria

A Longitudinal. Prospective, Multicenter Study

Angela Vidal-Jordana, MD, PhD, Alex Rovira, MD, Willem Calderon, MD, Georgina Arrambide, MD, PhD, Correspondence
Joaguin Castilla, MD, Dulce Moncho, MD, Kimia Rahnama, MD, Sara Collorone, MD, PhD, Ahmed T. Toosy, MD, Dr. Vidal-Jardana
Olga Ciccarelli, MD, PhD, Athina Papadopoulou, MD, Muria Cerda-Fuertes, MD, Johanna M. Lieb, MD, avidal@cem-cat.org
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far MAGNIMS
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McDonald 2024
Pridanie znaku centralnej zily (CVS)
a |ézii paramagnetického okraja (PRL) na diagnhostiku

* 35 % hrani¢na hodnota CVS (3T MRI)... na Dif. Dg. SM od inych stavov, vysoka Specificita 82,9 % a stredna
citlivost 68,1 %
(Sinnecker et al. JAMA Neurol 2019;76: 1446-1456)

e CVS ako MRI biomarker na dg. SM bolo hodnotené v prebiehajucej studii CAVS-MS (NAIMS)
(Ontaneda et al. Neuroimage Clin 2021;32:102834).

* Kombinacia CVS a PRL: slubny diagnosticky biomarker SM

Kombinacia >1 CVS+a >1 PRL :,,standalone,, test v diagnostike
(Diagnostic Performance of the Central Vein Sign and the Paramagnetic Rim Lesion for Multiple Sclerosis in
the CAVS-MS Pilot Study, K. Toljan, Multiple Sclerosis Journal 2024; 30: (1S) 18-270)



Priznak centralnej Zily
(central vein sign - CVS)

-zobrazi centralnu venulu prechadzajucu loziskom
U SM periventrikularne , smerom ku kortexu zachyt klesa (25%)
CVS+ ulozené subkortikalne u SLE a antifosfolipidovy syndrém

Dif. Dg. NMOSD, Susac s., u starSich postischemické zmeny

T2* : tenkd (< 2mm) hyposigndlna linia/bodka v dvoch na seba kolmych rovinach
kombindcia FLAIR and T2*= FLAIR*: Standard klinicky protokol pre CVS
SWI : pre paramagnetické vlastnosti deoxyhemoglobinu asignalna

minlP (minimum intensity projection) a v postkontrastnych T1+ Gd

(QSM) quantitative susceptibility mapping Detection of central vein should be part of
MS diagnostic criteria — No

Georgina Arrambide

Date received: 27 November 2019; accepted: 27 November 2019



Priznak zelezného prstenca
(iron rim sign - PRL)

Neuropatologicky: akumulacia aktivovanej mikroglie a makrofagov stobsahom paramagnetického Fe na okraji plaku
MR: Tenké hyposignalne prstencovité ohrani¢enie demyelinizacnej lézie v T2* a SWI

Kde: chronicky aktivne lézie (CEL), ,tlejuce “ s pomalym rastom na podklade pretrvavajucich zapalovych zmien,
Korelacia: s poctom lézii s priznakom CVS a s velkostou lézie

Specificita: 90 % u SM, nepritomny u inych demyelinizaénych ochoreni, (vratane NMO)

Menej Casty: u SM pacientov s dlhsim trvanim, kde je predpoklad vyhasnutia imunitnej aktivity

Castejsi: pacient stardi, s vyraznej$im funkénym postihnutim, PV lokalite



high-pass
Magnitude filtered phase

Rimkus CM, et al. Central Vein Sign and Paramagnetic Rim Lesions: Susceptibility
Changes in Brain Tissues and Their Implications for the Study of Multiple Sclerosis 100 -01-005 0 005 0.1
Pathology. Diagnostics (Basel). 2024 Jun 27;14(13):. 2yl




PRLv SWI a SWI-phase

1. FLAIR :lézia s kavitou, PRL v SWI aj SWI phase

2. chronic active lesion, PRL je v SWI-phase nie SWI

3. chronicinactive lesion, slaby paramagneticky lem v SWI-phase map

Rimkus CM, et al. Central Vein Sign and Paramagnetic Rim Lesions: Susceptibility
Changes in Brain Tissues and Their Implications for the Study of Multiple Sclerosis
Pathology. Diagnostics (Basel). 2024 Jun 27;14(13):.




McDonald 2024
Pridanie |ézii paramagnetického okraja (PRL) na diagnostiku

1. Tlejuca SM = (smoldering disease) - zastresujuci pojem pre chronické patobiologické procesy dejuce sa v CNS kontinualne
pocas celej doby ochorenia, mimo akutneho fokalneho zapalu spojeného s neurodegeneraciou veducou ku klinickému
zhorseniu - vychadza z ndlezov na MR a existencii aktivnych, pomaly sa zvacsujucich lézii (SEL) (Elliot C, 2019).

2. PIRA- Progresia ochorenia nezavisla od relapsov (progression Independent of Relapse Activity ) m6ze byt povazovany

predovsetkym za klinicki manifestaciu tlejuceho ochorenia, obidva pojmy nie su vzajomne zamenitelné, klin. koncept z
2017 neberie do uvahy vysledky MR, pracuje s EDSS, testami 25 FWT, 9HPT (chddza a jemna motorika)

3. Silent progression je zhorSovanie disability nezavislé od relapsov a novych |ézii, koreluje s atrofiou mozgu (Cree 2019).

4. lIronrim lesions (PRL) je patologicky obraz chronickej aktivnej Iézie (CEL) so zdpalovym lemom s makrofagmi

s akumulaciou Fe a degrada¢nymi produktmi myelinu na okraji |ézie (Absinta M, el al. Brain 2019; J Clin Invest 2016).

5. RAW, relaps activity worsening - progresia disability spojena s relapsom



Normal appearing gray and

Chronicky aktivne lézie (CAL)  wees,

expression

Pro-inflammatory during Mixed active/inactive ;"Cot;"é‘;'aﬂ;“at‘)maa ;
early lesion stages: lesion (chronic) , p22phox, Class
7 p22phox, CD68, CD8S, MHC antigens, ferritin
Class Il MHC antigens

Anti-inflammatory during
late lesion stages:
T €D206, €D163, ferritin

Lymphocyte €] _Pro-rege.nefalive after
mm;:age A Nodules of activated ?f;?anm&mﬁ!" 1
Oznacuju sa aj ako zmieSané aktivne/neaktivne lézie . i 4

Vznikaju z Gd + lézii v BH a indukuju chronicky kompartmentalizovany zapal v CNS
Maju hypoceluldrne jadro s malym mnozstvom makrofagov /mikroglia

Mo6Zu vykazovat
 prebiehajucu demyelinizaciu (smouldering lesion - tlejuce |ézie)

* zmenu objemu v ¢ase (slowly expanding - pomaly sa zvacsujuce lézie-SEL)

NAIMS konsenzus,Bagnato et al. Brain 2024; publikované 16. januara 2024)



Chronic active lesions (CALs) as described on histopathology
Vs

Chronic lesion phenotypes on MRI

PRLs

Chronic inactive
lesions with iron

SELs

Other sources of
lesion expansion?

Expanding accumulation?
PRLs
CALs without PRLs without
detectable iron expansion

-

o
ﬂ'
l-—-ll"""'II

Colm.,E.: Lesion-level correspondence and longitudinal properties of paramagnetic rim and slowly
expanding lesions in multiple sclerosis April 2023 Multiple Sclerosis,29(9): DOI: 10.1177/13524585231162262



http://dx.doi.org/10.1177/13524585231162262

CAL

spojenie s mnozstvom reaktivnych typov gliovych buniek

1. PRL paramagnetic rim lesions- podtyp spojeny s pritomnostou prstenca aktivovanej mikroglie s
depozitami Fe (SWI sekvencia)

2. Podtyp CAL bez prstenca Fe s aktivovanymi myeloidnymi bunkami —zobrazeny 18-kDa traslokatorovy
protein (TSPO) (PET)

Original Research Paper

Relationship between paramagnetic rim R,
lesions and slowly expanding lesions s 1564
in multiple sclerosis omon

Avrticke reuse guidelines:
sapepuh.comjousmnals
permissinn

Alberto Calvi), Margareta A Clarke™( 2, Ferran Prados, Declan Chard
Olga Ciecarelli, Manel Alberich, Deborah Pareto, Marta Rodriguer Barranco,
Jaume Sastre-Garrigal 2, Carmen Tur(2), Alex Roviral o) and Frederik Barkhof



NAIM konsenzus/CAL biomarkery

SWI: PRL i
T1a T2vo: SEL

PET: TSPO - pozitivne |ézie na dg

urcita miera kvantifikacie CAL v bielej hmote,

menej v sivej hmote,

Annual expansion
2125% @ 24.0%

t.C¢ bez moznosti detekcie CAL v mieche c

Preziosa, P, Filippi, M., & Rocca, M. A. (2021). Chronic active lesions: a new MRI biomarker to
monitor treatment effect in multiple sclerosis? Expert Review of Neurotherapeutics, 21(8), 837—
841. https://doi.org/10.1080/14737175.2021.1953983



v

PRL

definicia

patologia

Hlavné
vyuzitie
pri SM

Sekundar.

vyuzitie

Limitacie

Do
buducna

Pritomnost’ zily v strede plaku MS, viditelna v T2*/SWI

Poziadavky CVS + 1ézie:

Dobre ohrani¢end ,viac ako 3 mm/nesplyvajice 1ézie/kavove zrno, SiSka
Zila ako tmava bodka / ¢iara v rovnakej vzdialenosti od okrajov 1ézie

- Vizualizacia CVS na viac ako jednej ortogonalnej rovine

Zachytava venocentricky rast SM 1ézii

Pokrocila diagnostika

Zvysuje citlivost’ a Specifickost’

Potencidlne zahrnutie do dg. kritérii na v€asné a presné zlepSenie dg
Diferenciadlna diagnostika

Zmeny v priemere centralnej Zily mo6Zu odrazat’ atrofiu
Mikrostrukturdlne zmeny v 1ézidch MS s CVS sa mozu odrazat’ r6zne
stupne destrukcie tkaniva

Chybanie jednotnych diagnost. kritérii pre vsetky sily MR, hlavne 1,5T
Pocitanie vSetkych CVS+ je ¢asovo naro¢né
Vizualizacia zmien v Zile je stdle ndrocna

Vyvoj Al/automatickych néstrojov na detekciu a pocitanie CVS
Zlepsenie vizualizacie CVS/dynamické zmeny v priemere Zily

- Pouzitie ultrasmall superparamagnetického oxidu zeleza (USPIO)
- MRI s vysokym rozliSenim a/alebo 7T

Paramagneticky prstenec na okraji 1ézie

-Tmava Ciara v T2*/SWI

-Tmava alebo svetla ¢iara vo faze SWI (v zavislosti od smeru/polarity
hlavného statické magnetickée pole)

-Svetlé ¢iary v R2*

Paramagneticky okraj = FE v makrofagoch (aktivovana mikroglia).
Demyelinizacia tiez zvySuje lokalnu susceptibilitu tkaniva a méze mat’
paramagneticky efekt

Prognosticky nastroj

PRL+ = vysSie riziko invalidity, progresie SM a neurodegeneracie
PRL+ = chronicka aktivna MS 1¢ézia

Diferencialna diagnostika

PRL vykazuji vysoku Specifickost’ pre MS

Skumanie patologickych mechanizmov pri SM
Vyskum novych terapeutickych moznosti

SWI - artefakty suvisiace s polohou hlavy, (minimalizujeme v 7T /QSM)
Fe a demyelinizacia vytvaraji podobné paramagnetické ucinky, ktoré bude
tazké odlisit’ v pouzivanych SWI

Longitudinélne Studie:definujiice zmeny v PRL v roznych podtypoch MS a
vztah medzi PRL a SEL

Vyvoj novych MRI akvizicii a nasledné spracovanie techniky na oddelenie
signalu r6znych paramagnetickych zlucenin v PRL ( demyelinizacia /Fe?)

Zdroj : Rimkus CM et al. Central Vein Sign and Paramagnetic Rim Lesions: Susceptibility Changes in Brain Tissues and Their

—_ Implications for the Study of Multiple Sclerosis Pathology. Diagnostics (Basel). 2024 Jun 27;14(13):



Table 1. Main advantages and disadvantages of decsribed Imaging Techniques.

Imaging Techniques

DIR, PSIR, MP2RAGE

Novel Finding

CLs

Clinical Advantages Disadvantages

. N Tquisition time, a.val]ahili@
M‘"k“.:_“'f disability f"';d (HT and 7T MRI for

cophitive impatrmen better resolution

Differential diagnosis (CV5S);

disability and disease Availability of 3T and 7T MEI for

SWI T2%, Q=M V5, FRLe - . better resolution, acquisition time
progression (PRLs)
Pre-lesion alteration in _ . : .
DTl N AWM Early detection of new lesions Lack of specificity
M Functional changes, plasticity, Study of fatigue and Lack of standardized protocol
Kl _ ) . S - N
functional reserve functional reserve h high inter-subject variabil
MT imaging Pre-lesion alteration .l’rcd.l.r:ﬂng long term Lack of spcui_ﬁr:ity and lack of
E disability accumulation standardized J:i-::tnm]
Neural integrity _ o _ ack of reproducibility and lac
MRS and functionality Differential diagnosis Qmmﬂrﬂized protocol
e Quantification of
IPET Quar.'ntmmtmn f}f demyelination and Radiations
neuroinflammation .
remyelination

O diagnostics

DIR: double inversion recovery

; PSIR: phase-sensitive inversion recovery; MPZRAGE: rapid acquisition

with gradient echo; SWI: susceptibility weighted imaging; T2*: gradient echo (GRE) derived B2,/T2* maps;
f (J5M: quantitative susceptibility mapping; DTI: diffusion tensor imaging; fMEL: functional MEL; MT imaging:

Review

Advanced MRI Techniques: Diagnosis and Follow-Up of
w Multiple Sclerosis

Riccardo Nistri *, Antonio Ianniello ', Valeria Pozzilli 7, Costanza Gianni "0 and Carlo Pozzilli !
Y

e

magnetization transfer imaging; MES: proton magnetic resonance spectroscopy; PET: positron emission tomogra-

phy; CLs: cortical lesions; CVS: central vein sign; PRLs: paramagnetic rim lesions; NAWM: normal appearing

white matter.

Diagmostics 2024, 14, 1120, https:/ / doi.org/ 1003390,/ diagn‘rﬁticﬁl 4111120




Radiologicky izolovany syndrom

(RIS) Fulfillment of 2009 RIS dissemination in space criteria
OR
The presence of at least one lesion in a location® typical for multiple sclerosis
and two of the three following factors:
= Spinal cord lesion
« Cerebrospinal fluid—restricted oligoclonal bands

RlS/CSV'l' Iézie Vv biEIEj hmote = New asymptomatic T2 or gadolinium-enhancing lesion demonstrating

dissemination in time

The RISConsortium publikovalo: CVS lézie v dif. Dg. RIS (nonMS a MS) od nonMS
CSV+ lézie bielej hmoty pri RIS: 66.4% , MS : 70.4% , non-MS :12.9%
6 lézii CSV + s diagnostickou presnostou 87% (sensitivita 95%, Specificita 83%).

Specificita 100% ak boli zohladnené dalsie biomarkery: (OCBs, kappa index)

(Landes-Chateau et al. Ann Clin Transl Neurol 2024; epublished January 8, 2024)



RIS

Key Exposure Biological Onset First CNS Lesion Radiologically Multiple

V4 [ ] . .
R I S/ P R L + I ez I e Event(s) of Disease Development SI;:cljarger:e Sclerosis

Pritomnost >1 PRL ma vysoku Specificitu a citlivost (88 %, 80 %)
29 % jedincov s RIS malo PRL/oproti 5 % s inou dg.
(Renner et al. ACTRIMS Forum 2022).

Kortikalne lézie : 20.0 - 40.0%

CVS +:87.0-93.0%

PRL+: 26.7 - 63.0%

Skora diagnostika: kortikalne lézie + CVS + PRL u RIS pacienta
(Moura e al. Emerging imaging markers in RIS, Epub 2024 Feb 19)



Zaver ll.

Pridanie znaku centralnej zily (CVS) a |ézii paramagnetického okraja (PRL)

na diagnostiku

CVS: SWI: standardizacia, erudicia pri vyhodnocovani, absencia cut-off

hodnoty ( 50%/pravidlo 3/6 loZisk?)

PRL: vyznam pre studium CEL a latentného zapalu tkaniva nezavisle
od narusSenia BBB, dalSie perspektivne longitudinalne studie vo vacsich
kohortach na pochopenie dynamiky PRL napriec stadiami a podtypmi
SM, ktoré poskytuju komplexnejsie pochopenie suvislosti medzi PRL a SEL
a ich vplyvu na progresivne stadia SM

«Standardizacia ( SWI odli§na u réznych TE, nizka senzitivita u 1,5T), dizka,

vyvoj technik, reprodukovatelnost

Determinants and Biomarkers of Progression Independent of Relapses in Multiple Sclerosis
Massimiliano Calabrese, Paolo Preziosa, Antonio Scalfari, et al. :;;, ANN NEUROL 2024;96:1-20

Active
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https://onlinelibrary.wiley.com/authored-by/Calabrese/Massimiliano
https://onlinelibrary.wiley.com/authored-by/Preziosa/Paolo
https://onlinelibrary.wiley.com/authored-by/Scalfari/Antonio
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