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Osnova

* MR protokoly

* MR diagnhostika

* Misni nalezy u autoimunitnich onemocnéni
 Diferencialni diagnostika

* MR monitorace u autoimunitnich onemocnéni
* Projekt standardizace vyuZiti MR u RS v CR



MR vysetreni michy

 \/ sagitalni rovineé, THK<3mm, 3D

e T2WI, T1WI, PDW

* T2W!I s potlacenim signalu tuku

* Postkontrastni T1WI

* Problém s pohybovymi artefakty (sekvence s kompenzaci toku)



MR michy soucast diagnostického protokolu pro RS

MR michy
* 2 ze tfi doporucenych sekvenci v sag (T2WI nebo T2WI s potlaéenim tuku (doporuceno technikou STIR) nebo PDW)
* |dealné cel3, kdyz nelze alespon po Th4-5

* MAGNIMS doporucuje vzhledem k podani KL i postkontrastni michu

TiW + G d Wattjes et al. 2021; Doporucené postupy CSNN 2024
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Porovnani detekce lozZisek u riznych sekvenci

089171-19



RozSireny protokol - micha

Sekvence ke zvazeni
* T2W tra <5mm, O gap
* T1 3D —isotropni voxel

* T1 sag
* T1 tra +KL

T13D

Wattjes et al. 2021; Doporucené postupy 2024;



Protokol micha _ Diagnosticky

<3mm, 0
gap

T2 STIR <3mm, O +* t
gap

PDW <3mm, 0 +* +
gap

T13D Isotropni t t
voxel <1x1x1
mm

T2 TSE (TRA) <5mm, O t +
gap

T1 SAG +KL Interval 5- + t
10min

T1 SAG t t

T1 TRA + KL t t

Wattjes et al. 2021; Doporucené postupy CSNN 2024



+AQP4 NMOSD

* lozisko intramedularné
» vyskou alespon pres 3 obratlova téla
* uloZené centralné (postihuje Sedou hmotu, na transverzalnim fezu zabira vice nez 50%)
* kréni a horni hrudni usek, mize prechdzet na oblongatu
* hypersigndlni v T2W, izo ¢i hyposigndlni v TIW, m(iZe enhancovat po podani KL
* hypersignalni skvrnité |éze T2W, hyposignalni v TAW u akutnich |ézi, edém

* inhomogenni enhancement (mUze byt difuzni, prstencity)

pfi delSim trvani nemoci mize byt loZisko drobnéjsi (nespliiuje délku vysky 3 obratl()

nebo fokalni atrofie pres 3 segmenty

‘ —{} 28 | .“

Wingerchuck DM et al. Neurology 2015,: Solomon JM et al. Ther Adv Neurol Disorder 2021; Vanéckova Cesk Slov Neurol N 2020; acciaguerra L et al. Ann Neurol 2019 Snimky VFN




MOGAD

* 50% transverzalni myelitida

* vice kaudalné nez u NMOSD AQP4+,
Castéji conus medularis

» Castéji mensi lozisko (nespliujici
kritérium vysky 3 obratlovych tél)

* Pseudodilatace centralniho kanalku
(lozisko v blizkosti centralniho

kanalku) a H tvar hyperintenzniho
loziska

* +/- enhancement, nepravidelny,
mUZe byt i jako obtazeni tuzkou ci
enhancement ependymalniho
kanalku, mGze byt i enhancement
mening

» zridka je atrofie michy Xtlé tedkovitd
svetie teckovite

lozisko

tvar H

Vanéckova Cesk Slov Neurol N 2020; Solomon JM et al. Ther Adv Neurol Disorder 2021 Snimky VFN a nemocnice Pardubice



RS

* Hypersignalni loZisko (v T1 izo)
e Tubularni tvar

* Velikost >3 mm a < nez vyska
2 obratlovych tél

Postihuje Sedou i bilou hmotu

Na transverzalnim rezu < 50%
arey

Lateralné a laterodorzalné

NejcCastéji krcni usek




MRI vzorce misniho postizeni u NMOSD x MOGAD x RS

TABLE 2 Spinal cord MRI abnormalities in patients with AQP4-1gG-positive neuromyelitis optica spectrum disorders (AQP4+NMOSD),
MOG-IgG-associated disease (MOGAD), and multiple sclerosis (MS).

AQP4+NMOSD MOGAD MS
Spinal cord MRI
Longitudinally extensive >85% 80% Rare
sagittal T2 lesions*
>2 cord lesions Uncommon 40-50% 50-60%
Axial T2 abnormalities Holo-cord Holo-cord Peripheral lesions, typically dorsal or lateral
H-sign
Acute T1 hypointensity Common Rare Rare
Gadolinium enhancement >90%; patchy or 50%; generally >80%; nodular or ring-like
Akut n |’ fa, zZe acutely ring-like nonspecific
Conus medullaris 10-15% 30-40% 5-30%
involvement
Acute MRI initially normal Rare ~10% Rare
Follow-up MRI
T2-lesion resolution Rare 50-80% Rare
New asymptomatic T2 lesions Rare Rare Common**
N on-a kutn |’ fa’ zZe Residual T1 hypointensity Uncommon Rare Rare
Persistent gadolinium Rare Rare Rare
enhancemet > 6 month
Atrophic evolution of lesions Common, diffuse Rare Common, focal lesion atrophy

">3 contiguous vertebral body segments.
" Although the occurrence of new asymptomatic lesions is common in MS, its frequency is strongly reduced in patients receiving highly effective disease modifying therapies.

Fadda G et al. Front Neurol. 2022;13:1011579.



Dif dg

NMOSD-AQP4-IgG+ MOG-IgG+ Roztrousena skler6za




MR optického nervu



Opticka neuritida

- \\ / \\
|

AQp4+ NMOSD N\ / MOGAD \ /
w

bilateralni postizeni bilateralni postizeni pal
dlouhé (vice nez 50%) dlouhé #

postizen typicky zadni segment, predominantné postizen predni
Castéji postizeno chiasma segment

opticky nerv je edematozne rozsiren,
perineuralni enhancement

pozdéji mozna atrofie

Vanéckova Cesk Slov Neurol N 2020; Salama S et al. Mult Scler Relat Disord 2020; Solomon JM et al. Ther Adv Neurol Disorder 2021
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Roztrousena skleroza

MR orbity

 Protokol: T2WI FS nebo STIR a
postkontrastniT1sFSv =
transverzalni a koronalni rovinée

e Jednostranny
e Hypersignalni

* +- enhancement

SL10,10/64




MR mozku



+AQP4 NMOSD

* loziska v oblastech s vétsi expresi AQP4 i bez
* lozisko v oblasti area postrema

* loziska v blizkosti aqueductu, Ill. komory

* corpus callosum (jako oblouk mostu, mramorovani)

* loziska periependymalné

* rozsahla loziska postihujici kortikospinalni trakt

* rozsahla loZiska v bilé hmoté (edematdzni, hlife ohranicena)
e drobna loziska

* enhancement- periependymalné- obtazeni, nepravidelny
(jako oblacek), leptomeningealni

Wingerchuck DM et al. Neurology 2015; Solomon JM et al. Ther Adv Neurol Disorder 2021; Vanéckova Cesk
Slov Neurol N 2020; Cacciaguerra L et al. Ann Neurol 2019



MOGAD

 Castéji postizeni thalami

* multifokalni fluffy loZiska (neostre
ohranic¢enad, nevyrazna)

 Castéji kortikalni, juxtakortikalni loZiska (u
+AQP4 NMOSD vzacné)

* infratentorialni loziska jsou vice difuzni
(pons, kranialni a stfredni mozeckovy
pedunkul)

* mladsi pacienti — ADEM like loziska,
leukodystrophy like

* FLAMES (FLAIR - hyperintenzni lozZiska s anti-
MOG asociovanou encefalitidou se zachvaty)

Vanéckova Cesk Slov Neurol N 2020; Salama S et al. Mult Scler Relat Disord 2020; Salama et al. Mult Scler 2020; Solomon JM et al.
Ther Adv Neurol Disorder 2021; Sechi E et al. Neurology 2021) Snimky VFN a UNM



NMOSD-AQP4-1gG+ MOG-IgG+ Roztrousena skleréza

Dif dg s,

Z& \ W :..: o0

« Dif. dg: RS x NMOSD X MOGAD

* RS - central vein sign, ovoidni tvar, Dawsonovy prsty, kortikalni loziska, prstencity
enhancement

* +AQP4 NMOSD — area postrema, postizeni diencefalon, nepravidelny enhancement, jako
obtazeni tuzkou

* MOGAD - Casteéji loziska v thalamech, v zadni jamé, neostfeohranicena loziska, ADEM like,

\"4 V oo Ve . V4
Castéji loziska vymizi
Vanéckova Cesk Slov Neurol N 2020; Salama S et al. Mult Scler Relat Disord 2020; Solomon JM et al. Ther Adv Neurol Disorder 2021; Sechi E et al. Neurology 2021



RESEARCH ARTICLE

Dif dg NMOSD a RS Brain and Cord Imaging Features in

Neuromyelitis Optica Spectrum Disorders

Laura Cacciaguerra, MD,"? Alessandro Meani, MSc," Sarlota Mesaros, PhD,?
Marta Radaelli, MD,? Jacqueline Palace, MD,”* Irena Dujmovic-Basuroski, MD,?
Elisabetta Pagani, MSc," Vittorio Martinelli, MD,? Lucy Matthews, MD,*
Jelena Drulovic, MD,? Maria Isabel Leite, MD,* Giancarlo Comi, MD,?

e Cacciaguerra —rozlisSeni NMOSD a RS Massimo Fiipi, MD &, and Mearia A Rocca, MD'2
* 116 NMOSD (98 seropozitivni)

* 50% pacientt s NMOSD mélo typicka loZiska v mozkovém parenchymu (18,1%v kmenu, 32,7%
periependymalné, 3,4% rozsahla v m. hemisférach, 6% v diencefalon, 4,3% v kortiko-spinalnim
traktu), 72,2% loziskové postizeni michy (46,3% LETM, 36,1% STM), 0% kortikalni loZisko

* Splnéni 2 podminek z 5 (sensitivita 0.92, specificita 0.91)

absence juxtakortikdlnich/kortikalnich loZisek
* absence periventrikularnich loZisek Comparison of MRI Lesion Evolution in
* absence Dawsonovych prstd Different Central Nervous System
* pritomnost LETM Demyelinating Disorders
* periependymalniloziska podel postrannich komor ey e
+ Salama — odligeni MOGAD a +AQP4 NMOSD
* 14 MOGAD, 16 +AQP4 NMOSD e S n—
* 4 znaky

* 1. kortikalni/juxtakortikalni loZiska — MOGAD x area postrema, periependymalni, periaqueduktalni a
hypothalamické postizeni - +AQP4 NMOSD

* 2. atrofie michy - +AQP4 NMQOSD, zmenseni/¢i vymizeni loZzisek — MOGAD
* 3. isolované postizeni misniho konu — MOGAD
* 4. bilateralni opticka neuritida — MOGAD,; residualni atrofie n. opticus - +AQP4 NMOSD

Cacciaguerra L et al. Ann Neurol 2019; Salama S et al. Mult Scler 2020



Diferencialni diagnostika intramedularni lozisek
na MR



Dif dg

* Dif. dg: RS x NMOSD X MOGAD

* RS (mensilozZiska, kdyzZ vétsi rozsah, jsou ale jednotliva lozZiska diferencovatelna, excentrické ulozeni —
laterdIné ¢i dorzalné, enhancement typicky prstencity)

» sarkoiddza (rozsahla léze, ¢asto pres 3 segmenty, castéji kréni usek, dorzalné, edém, dorzalné subpidlné
enhancement, enhancement korenl, enhancement mening, pretrvavajici enhancement, duralni masa)

* Autoimunitni GFAP astrocytopatie (pres 3 segmenty, centralné, zahrnuje i Sedou hmotu, loziska méné
napadna, neni edém, muze byt enhancement centralniho kanalku, teckovity, nebo leptomening)

* |Infekcni myelitidy (rozsSireni, edém, rozsahlé lozisko, variabilni enhancement)

* Misni infarkt (centralni Seda hmota - sovi oci, restrikce difuze)

* Hypovitaminéza B12 (dorzalni V — hypersignal T2W, mize i enhancovat)

* Misni tumory (nepravidelny signal, solidni, cysticka ¢ast, krvaceni)

* Paraneoplastické (predevsim asociované s tumory plic a prsu; rozsahla symetricka loziska, lateralni a zadni
provazce, ¢asto enhancuje)

Vanéckova Cesk Slov Neurol N 2020; Solomon JM et al. Ther Adv Neurol Disorder 2021; Osborn, Digre Imaging in Neurology 2016



Sarkoidoéza

multisystémové onemocnéni

plice, méné casto oci, ledviny

klinicky 5% ma postizeni CNS, pitevni nalezy vyssi vyskyt az 27%

neurosarkoiddza- l1éze hlavovych nervl, hypofyzarni dysfunkce, bolesti hlavy, zadchvaty, Unava, parestezie, encefalopatie

vaskulitida zridka

MR

-29-50% dura, leptomeningy 31%, subarachnoidedlni perivaskuldrni prostory

-sellarni oblast, infundibulum, hypothalamus, chiasma

-v oblasti mozkového parenchymu je nejcastéji postizen hypothalamus > mozkovy kmen > mozkové
hemisféry > mozecek;micha az v 25%, nejcastéji hrudni usek

-enhancement — loZisek v mozkovém parenchymu, mening, hypothalamu, infundibula



Transverzalni myelitida

e Zanéetlivé onemocnéni postihujici obé poloviny (ventralni i dorzalni)
michy

* Az ve 40% bez nalezu na MR

* Delsi lozisko (3 az 4 segmenty nebo vice)

e Zvyseny T2 signal zabirajici vice nez dve tretiny plochy michy
e Svariabilnim enhancementem

* Bez restrikce difuze



od jednoho tydne do 3 mésicu

predevsim symptomatické léze v bilé hmoté

loziska v mozku, miSe, v bilé i Sedé hmoté

Castéjsi postizeni centralni Sedi, rozsahlejsi

méné Casto loZiska periventrikul., juxtakortik. a v CC

variabilni enhancement, DWI vétsSinou bez restrikce (restrikce=horsi progndza)

26001 ) 260011 154201 ’ 275 zo:l-zﬂ'onu




652411 3 - 6524/l

DWI/SE

6524/ 6524



Misni ischemie
* Micha rozsirena

* T2 hypersignalni
Restrikce na DWI

Variabilni enhancement (vétSinou subakutné)

Zvyseni signalu v centralni Sedé hmoté — sovi oCi nebo muze zahrnovat vétsSinu
plochy prurezu michy

Zasahuje vice segmentu

NejCasteji horni hrudni a torakolumbalni

Muze byt pozorovana T2 hyperintenzita obratlovych tél (v dusledku soucasného
infarktu)



Spinalni duralni arteriovenodzni fistula

* nejcastéjsi typ spinalni vaskularni malformace

* rozSifeni michy v dolni hrudni oblasti a conus medullaris

* vice miSnich segmentu

* zmény signalu nekoreluji s lokalizaci pistéle

* T2 hypointenzita na periferii michy -pialni kapilary obsahuijici
deoxyhemoglobin sekundarné v disledku Zilni hypertenze.

e prominentni serpigindzni intraduralni extramedularni
pratokové dutiny

* intrameduldrni hypersignalni loZisko (v disledku edému) -
nejcitlivéjsi nalez

* bez ohledu na umisténi pistéle zahrnuje T2 hypersignal conus
medularis azv 90 %

* ¢asto inhomogenni enhancement (v disledku poruseni
hematoencefalické bariéry bud' v disledku chronického
infarktu, nebo fenoménu kapilarniho uniku sekundarné v
dUsledku Zilni hypertenze)

* hadovité enhancuijici zily na povrchu michy

*ceMRA - segmentalni Uroven pistéle, aby bylo mozné provést
selektivni katetrovou angiografii.



Hydrosyringomyelie

hydromyelie, syringomyelie
lokalizace Casta v oblasti kréni a C-Th prechodu

ostre ohraniceni lozisko T2W zvysené, T1W snizené
intenzity (obdobné signalu likvoru)

po aplikaci KL beze zmén

v okoli hydrosyringomyelie nékdy zvySena intenzita signalu
v T2W (korelat glidzy, edému)




Astrocytom

* max. 30-40 rokU, nejcastéji v C mise

e 80-90% grade I-lI, 20% anaplasticke
formy

e pomalu rostouci

* obvykle zadni ¢ast michy, prostupuiji
vice segmentu

* MR

* T1 hypo, T2 hyper, ¢asto cysty (obdobné
likvoru, nékdy vysoky obsah bilkovin -
Casto obsahuji nadorové bunky, produkty
krvaceni).

* roste infiltrativne, nemiva pouzdro
* vyrazny enhancement




Ependymom

* maximum v 4. a 5. deceniu
(Castéji intrakranialné)

* vétsSinou grade I, zridka Il
e krcni >hrudni >konus

e dobre ohranicené lozisko, s
hemoragiemi, s edémem v
okoli, Casté asociované cysty

* MR
* v T1 hypo nebo iso, T2 hyper,
vyrazneé enhancuje
e Cap sign- na kranialnim ci
kaudalnim okraji hemosiderin




Hemangioblastom

* sporadicky x u 30% nemocnych s von
Hippel Lindau (VHL) (v oblasti mozku,
michy a sitnici)

» kapilary, arterie, drenujici zily v
bunééném stromatu (¢asto i tukové
bunky)

* hypo, isov T1W, hyper v T2W
(modifikovano krvacenim, signal void)

e cysta s enhancujicim nidem

* muze byt i solidni

526031 A 52603/ '552603‘/“



Intramedularni metastazy

u 0.9-8,5% generalizovanych karcinomu

stale Castejsi
* ca plic, prsu, leukemie
* rozsireni michy, v T1 hypo, iso, T2W hyper,

* enhancement (Casto patrné az po aplikaci
KL)

e edém v okoli

Metastdza
intramedularné, ca
mammy

679251



MR michy v predikci



MR nalez sveddcic

Baseline — MR michy
83 % v Casném stadiu RS

27-53%- subklinicka
loziska

MULTIPLE
SCLEROSIS | MSJ
JOURNAL

Original Research Paper

Infratentorial and spinal cord lesions:
Cumulative predictors of long-term disability?

Iris Dekker, Madeleine H Sombekke, Lisanne J Balk™, Bastiaan Moraal, Jeroen JG Geurts,
Frederik Barkhof, Bernard MJ Uitdehaag, Joep Killestein and Mike P Wattjes

Misni lozisko v Casné fazi- je dominantni
prediktor progrese disability

Brownlee 2019; Dekker 2020; Rocca 2023

V 4

i pro tézsi prubéh

Multivariantni analyza, EDSS milestones, 367 pacientu,

179 HC, 5 lety FU

Cord lesion
number
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1)

EDSS=4.0
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y

Baseline
EDSS
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Cord lesion
number
(B=0.54)
N e

%A

\

EDSS=6.0

Disability milestones

Rocca JNNP 2023



MR michy v monitoraci



PIRA (progression independent of relapse
activity) — progrese nezavisla na relapsu

MHCII-LFB PRL+ lesion 4%

-

Aktivni loZiska

charakterizované

pfitomnosti aktivovanych
Enhancement MHC tfidy I+ aktivovani

CE lesion

ortical
lesions

Acute glia
activation

Perivascular

e o inflammation

B

Infiltrace CD3+ T

lymfocyty v Léze v bilé hmoté
perivaskularnim detekované
prostoru neuropatologicky

pomoci myelinového
oligodendrocytarniho
glykoproteinu,
hypersigndlni loZiska na

FLAIR.
Calabrese M et al. 2024




Pipeline for spinal cord segmentation in ScanView.cz

1. Loading images

MR monitorace michy (=

* Pocet a lokalizace lozisek (2. dentiication of

middle slice (C3/4
level), SC rotation

e difuzni zmény o svinga
* méreni atrofie -MUCCA

(— manual
input

matrix

3 Flllermg

18
Q0)==2 RC()
4. Closed Coons 6 Z":

iy { - ]] T1 mapovani pomaha detekovat  snimkyven
s mikrostrukturélni patologii a lépe
definovat loziska a difuzni zmény nez

konvencni zobrazeni (submitted ECRIMS 2022)

5. Computing
spinal cord area in
21 slices centered
atC3/4
intervertebral disc

6/2021

AtrOﬁe “Froj & o y R 56 83 m;,g Xlnapse.l RN . 1

- Je,p.atrlna n.a zacatku p,rog,rese VR.S a,Je castecné RGzné techniky N 2\ |- o & f \)w " v *sn

nezavisla na intramedularnich loZiscich méreni MUCCA B N ) WG e :

- Asociuje s progresi a predikuje ji u PP RS L PR SYOEN B Ko ¢ . ity AL 46 'f g S #.‘ZJ
G, . ‘ ' ' L & 6613m

- Silny prediktor progrese u SP RS 1 Vysoka reprodukovatelnost v ramci pfistroje X

- Jevetsiv progresivni fazi nez v RR 1 Velké rozdily mezi MR scannery a technikami méfeni

RR -1,3%, SP -2,2%, PP -1,5 % (Lukas) - Nutné méfrit stale stejnou metodou

- Lozi ivi i Weeda 2019
Vaneckova 2018; Andelova 2019; Casserly 2018; Lukas 2014; Weeda 2019 LOZ IS ka n eOVI IVvhova I ao0 bJ em




Standardizace vyuziti MR u RS a dalsSich
autoimunitnich onemocnéni



Proc standardizovat vyuziti MR

* Zrychleni a zpfesneni diagnostiky, presné zhodnoceni
prognozy
* Malo senzitivni protokol — oddaleni dg
* Pouze nativni vySetreni — oddaleni dg (nesplnéni DIT)
Bez vySetreni michy — mensi senzitivita i specificita
X malo detailni popis, nedostatek zkusenosti —

st|§mat|zace paC|entu s drobnoloziskovym nespecifickym
ezem pri popisu podezreni na RS

e Zpresneéni monitorace
* Co nejcasnéjsi odhaleni subklinické aktivity
* Co nejcasnéjsi odhaleni non responderu

e Sbér dat z klinické praxe pro narodni registr ReMuS
* Data pro jednani o uhradovych kritériich

Lee KJ at al. 2021; Alessandrio F et al. 2020; Riedere | et al. 2023

Academic Radiology

Volume 28, Issue 12, December 2021, Pages 1733-1738

Original Investigation

Structured Reporting in Multiple Sclerosis

Reduces Interpretation Time

Jonathan K. Lee MD ! O, &, Robert Bermel MD 2, Jennifer Bullen MS *, Paul Ruggieri MD L

Stephen E. Jones MD

Show more

PhD !

+ Addto Mendeley o Share 99 Cite

https://doi.o

rg/10.1016/j.acr

a.2020.08.006 A

et rights and conten

Conclusion

After the implementation of SR for MS follow-up MRI at our institution, interpretation
times significantly decreased despite the increased number of images with some of the
examinations due to the adoption of 3D protocols. The adoption of SR for MS MRI follow-

up scans may improve radiologist efficiency.

AJRE

v
=]
W
(=]
i

Do MRI Structured Reports

for Multiple Sclerosis Contain

Adequate Information for Clinical
Decision Making?

Francesco Alessandrino'?

Anna Pichiecchio'
Giulia Mallucci®
Emanuele Ghione'
Alfredo Romani®
Roberto Bergamaschi®
Stefano Bastianello'*

stu
cli

HATERIALS AND HETHODS B
sus, P

Keywords: MRI, multiple sclerosis, structured reporting
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Zachyceno vice lozisek supratentorialneg,
zachycena loziska kortikalné, zachycena loziska v
zadni jamé, porusena HEB a loziska
intramedularné
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42 leta pacientka s RBN l.dx, poslana z o¢ni kliniky, vySetfena na neurol. ambulanci, bez dalSich

neurol. obtizi




Chybné interpretace loziskového nalezu v bilé hmote
Zhodnoceni DIS bylo spravné jen u 35,3% hodnotitell!

Landes-Chateau et al. 2023; Wang et al. 2019; Wen et al 2004; Wen et al. 2009

T __p
Revue
neurologique

Available online at Elsevier Masson France

ScienceDirect
www.sciencedirect.com www.em-consulte.com

Original article

Identification of demyelinating lesions and
application of McDonald criteria when confronted
with white matter lesions on brain MRI

C. Landes-Chateau®’, M. Levraut®, M. Cohen®, M. Sicard °, C. Papeix",
F. Cotton®, A. Balcerac®, A. Themelin®, L. Mondot°, C. Lebrun-Frenay °
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Nejlepsi vysledky — neuroradiologové a
neurologové zabyvajici se RS

- |épe z universitnich nemocnic

- hiife radiologové a neurologové non RS
- horsi vysledky popisu z tabletu Ci
mobilniho tel.

25,9% mladych pacienttd (18- 45 let) mélo hypersigndlni loZiska v BH bez
klinické symptomatologie, ¢i bez dg u které je postizeni BH — nejCastéji F
aP

5,3 — 100% zdravych dobrovolnik( — alespon jedno lozZisko v bilé hmoté
— vyskyt narUsta s vékem, predevsim u starSich nad 55 let (studie Wen
et al 60-64 let -100%; 44-48 — 50,9%)




Logistika MR diagnostiky

* Neurolog vypise zadanku- s vysokym podezrenim na RS a domlouva
rychlejsi termin (idealné telefonicky) z duvodu urychleni
diagnostického procesu

» Kdyz by toto bylo reseno standardnim postupem, ze pacient dostane
zadanku s tim, ze si ma vysetreni zaridit sam- mozna prodleva-
standardni ¢ekaci doba na MR vySetreni muze byt i 2 mésice

* Nutna komunikace neurolog — radiolog



MR diagnostika

MR mozku
* Doporuceny 3T
* 3D FLAIR - klicova sekvence

* 2D FLAIR TRA (kdyz nelze 3D FLAIR), THK<3mm

* T2WI TRA, THK<3mm

* DWI, s5mm

* 3D T1 vysoké rozliSeni, izotropni

* T1WI + KL (s prodlevou min 5 min) (2D/3D)
MR michy

» 2 ze tfi doporucenych sekvenci v sag (T2WI nebo
T2WI s potlacenim tuku (doporuceno technikou
STIR) nebo PDWI), THK<3mm

* cely rozsah, kdyz nelze alespon po Th4-5
e vzhledem k podani KL i postkontrastni TIWI + KL

Wattjes et al. 2021; Doporucené postupy 2024;



Revidovana McDonaldova kritéria 2017

Klinicky stav Dopliitkova data nutna k diagndze RS
2 n?bo vice atak; objektivné pritomnost dvou | , diagndza RS (dalsi vysetreni nejsou nutna) D IT
a vice lézi
] o ] . simultanni pritomnost
2 nebo VIC? atavk, objek’tlvne pr|tomrv10§t1 |éze o S ' asympt./symptomatického loziska/sek
(v anamnéze predchozi ataka v odlisné « diagndza RS (dalsi vySetreni nejsou nutna) enhancujiciho po podani KL a neenhancujiciho
anatomickeé lokalizaci) loZiska v jakémbkoliv ¢ase

, o ey , « diseminace v prostoru demonstrovand dalsi klinickou
2 nebo vice atak; objektivné pfitomnost 11éze . : L
atakou jiné lokalizace nebo diseminace v prostoru na MR

« diseminace v €ase demonstrovana dalsi klinickou atakou
1 ataka; objektivné 2 nebo vice lézi nebo diseminace v ¢ase na MR nebo pfitomnost MM
specifickych oligoklonalnich pash

« diseminace v prostoru charakterizovana dalSi klinickou
atakou jiné lokalizace nebo diseminace v prostoru na MR

o L a
1 ataka; objektivné pfitomnost jedné léze o . : e
J P ) + diseminace v €ase charakterizovana dalsi klinickou atakou
nebo diseminace v ¢ase na MR nebo pfitomnost MM . nebo alespori jedno nové loZisko v T2 vazeném
specifickych oligoklonlnich past obraze nebo enhancujici loZisko na nasledujicim
MR vysetreni

DIS - alespon 1 loZisko ve 2 lokalizacich ze 4 typickych lokalizaci

3297/XXXV.

Thompson et al. Lancet Neurol 2017; New diagnostic criteria,

i ikularne juxtakortikalné/ fia oy intramedularné
periventrikularné ) v zadni jamé lecture ECTRIMS 2024

kortikalné
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ECTRINS ot :
[ S Signs or Symptoms
[suggestive of MS J
Initial workup suggestive of MS?
+ Medical history and clinical examination B, ::)Sn:’:::'::‘s;::r°r‘:::n°":’ﬁ’e
« Imaging and laboratory tests 9
. Differential diagnosis better explanations

Yes

! |
' !

Lesions present in 22 CNS topographies

e Lesions present in 1 CNS topography
Patients with > 12 months progression and (including patients with 2 12 months
>2 spinal cord lesions' progression)
(Multlph Sclerosis may be diagnosed if one or more fMultlplo Sclerosis may be diagnosed if one or more )
of the following are also demonstrated: of the following are also demonstrated:
« CSF+? « CSF+and CVS+
« QVS+? + CSF+and PRL+*
« Dissemination in Time* « Dissemination in Time and CVS+
s Lesions are present in 4 or 5 CNS topographies 3 .+ Dissemination in Time and PRL+ Y

New diagnostic criteria, lecture ECTRIMS 2024



Rozsireny diagnosticky protokol

* DIR (3D/2D)

e SWI
e event FLAIR*, 3D EPI, QSM

Wattjes et al. 2021; Vanéckova, Horakova 2023; Doporucené postupy 2024



SL9M26 . SL5/126

FLAIR

DIR

* DIR- double inversion recovery

* Detekce kortikalnich lozisek i pomoci PSIR,
MP2RAGE

 juxtakortikalni x intrakortikalni x subpialni

SL71126

o kortikalni 1éze u véech forem RS i CIS T1 MPRAGE

* vice specifické pro RS

» predikuji kognitivni deficit 5
ra . ve "o, ."\

 vysoce senzitivni i k detekci lozisek v bilé £
hmOté . e x' ;

Cortical lesions at diagnosis predict long-term cognitive

impairment in multiple sclerosis: A 20-year study

3D DIR 0 27 6% Accuracy of Unenhanced MRI in the Detection of

(ce aktivnich New Brain Lesions in Multiple Sclerosis Stefano Ziccardi'® | Anna Isabella Pisani'® | Gian Marco Schiavi® |
vice aktivnic Maddalena Guandalini' ® | Francesco Crescenzo®® | Annalisa Colombi® |
va] 7 Pard Eichinger, MD * Simon Schon, MD * Viola Pongratz, MD * Hanni Wiestlen, MD » Haike Zhang * Angela Pelnsnl Agnese Tamantil Maddalena B'EI'tOlBZZOl | Damiano Marastonil
IOZ 1se k nezna 3 D Marthias Bussas, MSc * Muna-Miriam Hoshi, MD * Jan Kirschke, MD * Achim Berthele, MD v - | . 1 |
F L AI R Claws Zimomer, MD * Bernhard Hemmer, MD * Mark Mihlaw, MD * Benedile Wiestler, MD Massimiliano Calabrese

Pocet CLs (zejména = 3) byl spojen s dlouhodobym Cl
Eichinger et al. 2019, Curti 2018, Kober 2012; Beck 2018; Lucchinetti 2011; Callabrese 2012; Ziccardi EurJ Neurol 2023 [OR] = 3,7, 95% interval spolehlivosti = 1.8 — 7.5.




Central vein sign assessment

SWI, QSM, 3D EPI =™ -
4 / 2 80 o0 2 80= i
Vé 7 Vd . Vé Vé . 7\’/’ % 60- .... —2 60" ?
» Zobrazeni centralni venuly, hyposignalniho prstence o : 2 o ¢
v . e o . . e 7 v s % "'.'."" é .
« Zvysuje specificitu (x je i u jinych onemocnéni) % 204 L _;f_ ) % _I_
. . 0 ®ojee % % -
* Limitace o 3 SN T W
nflammatory < X o ¢ N K
* RUznd senzitivita — scanner a parametry sekvenci wasculopathiss Ll g@‘;} & &
* odbornd erudice, ¢asova narocnost
SL17/99 Y SL12/49 CVS U RS
. 1.5T 58%
3T 74%
7T 82%

154851 154851-03

Snimky VFN

Maggi 2020; Sinnecker 2019; Clarke 2020; Castellaro 2020; adaptovdno z T. Youstry; New
diagnostic criteria, lecture ECTRIMS 2024



2024 revisions of the McDonald criteria

Central Vein Sign

General Principles and Recommendations

Demonstration of CVS by MRI may be used in the diagnosis of MS.

Demonstration of CVS by MRI can increase specificity of diagnosis in MS.

Demonstration of CVS is not required for diagnosis of MS.

In patients with typical symptoms and DIS the presence of rule of 6 CVS lesions is sufficient for diagnosis of MS.

In patients with typical symptoms and typical lesions in one topography, the presence of 6CVS plus DIT or CSF
positive is sufficient to diagnose MS

New diagnostic criteria, lecture ECTRIMS 2024



Baseline — MR mozku

7

i prot

MR nalez svédcic

vysoky lesion load, pocet |.
> 2 Gd+ (baseline)
pritomnost T1 Cernych dér
casné znamky atrofie
infratentorialni loziska
kortikalni loziska
follow-up

nove T2 léze

> 1 nové Gd+ lozisko

Snimky VFN

Tintoré M, 2010, 2015; Fisniku LK, 2008; Rush CA, 2015; Zecca C, 2015; Preziosa P, 2014; Brownlee WJ 2019, Sormani 2016, Prosperini 2020, Calabrese, 2012; Yang 2022, Cortese 2022



Monitoracni protokol

 Doporucenona 3T
e 3D FLAIR (T2W!I trans)
e TIW 3D
* DWI

Wattjes et al. 2021; Doporucené postupy 2024; Vanéckovd, Hordkovd. 2023



Management monitorace

FU kazdych 12 m
Zahajeni lé&by Y

Pre-treatment l Nova baseline 6 m Y1 Y2 Y3 Y4

W i i
w
i 3
-

MRI+KL Nativni MR

Baseline MR — pred zahajenim lécby
Pro prokdazani aktivity, kdyz neni
referencni scan

Monitorace v 1. roku lécby, kdyz neni
provedena rebaseline

Monitorace aktivity, kdyz jsou delsi
useky nez 1 rok

Hledani prognostickych faktor( pro
¢asnou HET (Gd+ léze), kde je
vyzadovano regulaci preskripce

U pacient( s difuznimi splyvavymi
lozisky

Koincidence s jinym onemocnénim

AB CR RS a MR- indikuje v mimofadnych

Snimky VEN pfipadech neurolog, musi byt zdivodnéno

U dominantné misniho
postizeni

Stacionarni nalez na MR
mozku s klinickou progresi

Wattjes et al. 2021; Prosperini et al. 2020; Tomassini 2020




Detekce aktivnich lozisek

okulometricky — ¢asteCna variabilita mezi hodnotiteli

Automaticka koregistrace, subtrakce
3D sekvence FLAIR/DIR

RGzné metody automatického znaceni lozisek
e ScanView.cz — barevné mapovani
* Siemens (syngo.via)- subtrakce
* LesionQuant-NeuroQuant
* |cobrain — Icometrix
* Open-source software ITK-SNAP
e CAD

DIHITIKY VIIN

Eichinger P, 2017; Vaneckova M, 2018;



Automaticke monitoracni software

Fig. 1: iQ-Solutions™ PACS integration.

From: A real-world clinical validation for Al-based MRI monitoring in multiple sclerosis

iQ-MS automatically returns a co-registered baseline (prior study) 3D FLAIR series together with a lesion-annotated 3D FLAIR, here showing a case with both
new (blue) and enlarging (green) lesions. A 3D-T1 series is also returned with both whole brain (yellow) and thalamus (pink) annotations. From left to right
images : Co-registered FLAIR from patient's last scan; FLAIR image of the current MRI exam; Lesion masks overlaid on current FLAIR image; Brain and

Thalamus masks overlaid on current 3DT1 image.

Barnett et al. 2023

npj | digital medicine www.nature.com/npjdigitalmed

ARTICLE I Check tor pies

A real-world clinical validation for Al-based MRI monitoring
in multiple sclerosis

Michael Barnett®'*>'%, Dongang Wang'*'%, Heidi Beadnall*®, Antje Bischof (3", David Brunacci®, Helmut Butzkueven®’,

J. William L. Brown (3%, Mariano Cabezas®, Tilak Das®, Tej Dugal™'°, Daniel Guilfoyle®, Alexander Klistorner'*"", Stephen Krieger'?,
Kain Kyle”, Linda Ly!, Lynette Masters'®, Andy Shieh', Zihao Tang '2, Anneke van der Walt>®, Kayla Ward ?, Heinz Wiend!®,
Geng Zhan'?, Robert Zivadinov'*, Yael Barnett''*'” and Chenyu Wang ®@'*'7*

IQ-Solutions MS report

-cross sekéni parametry

FLAIR pocet a objem loZisek; pocet a objem
enhancuijicich lozisek

Normalizovany WBYV, normalizovany objem
thalamu; dale pouzivaji range pro HC a zjistuji
NWBYV a NTV v porovnani s percentilem HC
-pouzivaji vyhodnoceni lozZiskové zatéze dle
percentild

-longitudinalni zmény

Nové FLAIR loZiska — pocet objem
Zvétsena FLAIR loziska — pocet, objem
Anualizovana zména objemu mozku
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CLAIMS - companion diagnostic platform

icobrain ms - icometrix

o) NAME ID YEAR OF BIRTH | DATI
w

= 2017-03-15
= icobrain ms ICO-ID 1089 2018-05-14
ol | STATUS REMARKS |
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I FLAIR hyperintensities T1 hypointensities I
Volume 243 ml 0.93 ml
Volume change 0.07 ml 0.01 ml
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=
=
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SAMPLE Please visit » ometrix.com or contact inf metrix.com for more information

icobrain mr 5.x.x Manufactured by icometrix NV, Kolonel Begaultlaan 1b/ 12, 3012 Leuven, Belgium.

icobrain ms

) icometrix

(o] NAME YEAR OF BIRTH MRI DATES
w
= " 2017-03-15
= icobrain ms Ico-ID 1859 2018-05-13
2
- |
2
n
w
o
|
<
o
@
>
I Whole brain Gray matter I
Volume 1561 mi* 942 ml*
Normal range 1548 - 1714 mi* 890 - 1040 mI*
Normative percentile 3.0 319
Annualized volume change 0.16 % 0.59 %
Normal annualized volume change 0.12% -0.41%

Whole brain volume Gray matter volume

s 100
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1050

-
(D) "
< 160¢ % 1000
%0 perc 99 perc
=z woperc. 90
< 1500 1 perc
o %00 50 pere
= 50 10 perc
1400 per
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* Displayed brain volumes are scaled for head size. The scaling factor for this patient is 0.67
SAMPLE Please visit v cometrix.com or contact info@icometrix.com for more information.
icobrain mr 5.x.x Mar by i NV, Kolonel B s 1b/ 12, 3012 Leuven, Belgium.

Figure 2 - The improved patient dashboard which focusses on showing in a concise way the most relevant data from a

given patient in order to truly support the clinician when they are making decisions.

Evropsky grant Horizon 2022- CLAIMS, VFN je spoluresitelem
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CLAIMS - companion diagnostic platform
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SIEMENS .-,

N i s M @ MR_Neurology
Healthineers "-* i 'HQ )

2018-10-12 F Switzerland_MAC

Brain MR @ Report
941176 Deviations

Patient Info
MR_Neurology

2018-10-12 Female Normalized Normative Range
ID: Switzerland_MAC Structure/Tissue [%] [5951

Scan: 2018-07-05 15:39
Cerebellum (White matter + Gray 6.55 * [6.94 - 8.60]

matter)

4th ventricle s [0.13-0.26]
Frontal right A [4.21 - 5.34]
Lateral ventricle left A [0.78 - 2.40]
Pons 4 [0.98 - 1.28]

Al Results :
Insula right 5 [0.33-0.43]

Deviation map Lateral ventricle right ¢ [0.77 - 2.32)

Label map > Temporal left : [1.60 - 2.05]

Temporal right A [1.68-2.16]

3rd ventricle 2 [0.14 - 0.28]

Ventricles [1.88-5.12]

% - Values outside of normative range

@ Show Contour
Decline All




MR protokol: diagnosticky

Supratentorialné (pocty lozisek):
Periventrikularné: 0, 1, 2, 3, vice

V hluboké bilé hmoté: 0, 1, 2, 3, vice
Juxtakortikalné: 0, 1, 2, 3, vice
Kortikalné: 0, 1, 2, 3, vice

Loziska v centralni 8edi: 0, 1, 2, 3, vice

MR protokol: monitoracni

Infratentorialné (pocty lozisek):
Mozecek: 0, 1, 2, 3, vice
Mezencefalon: 0, 1, 2, 3, vice
Pons: 0, 1, 2, 3, vice

Oblongata: 0, 1, 2, 3, vice

Supratentorialné (pocty lozisek):
Periventrikularné: 0, 1, 2, 3, vice

V hluboké bilé hmoté: 0, 1, 2, 3 vice
Juxtakortikalné: 0, 1, 2, 3, vice
Kortikalné: 0, 1, 2, 3, vice

Loziska v centralni $edi: 0, 1, 2, 3, vice

Micha - vysetiena po obratlové télo ...
Intramedularni loziska: 0, 1, 2, 3, vice
Difuzni zmény: ne/ano

Infratentorialné (pocty lozisek):
Mozecek: 0, 1, 2, 3, vice
Mezencefalon: 0, 1, 2, 3, vice
Pons: 0, 1, 2, 3, vice

Oblongata: 0, 1, 2, 3, vice

Atrofie
Kortikalni atrofie Zddna/mirna/stiedni/tézka
Regionalni atrofie ano/ne, oblast

Micha - vySetiena po obratlové telo ...
Intramedularni loziska: 0, 1, 2, 3, vice
Difuzni zmény: ne/ano

Kl aplikovana: ne/ano, Enhancement/syceni loZisek: ne/ano, pocet

Splyvava loziska: ano/ne

Atrofie
Kortikalni atrofie Zadna/mirna/stiedni/tézka
Regiondlni atrofie ano/ne, oblast

Celkovy pocet lozisek (piesné do 20, odhad 21-50, 51-100, nelze spocitat):

Kl aplikovana: ne/ano, enhancement/syceni lozisek: ne/ano, pocet

Nalez typicky pro RS: ano/ne
Nalez vice typicky pro jiné onemocnéni

Splyvava loziska: ano/ne
Aktivni loziska (nova/zvétsena od posledni kontroly - datum): ne/ano, pocet

Vedlejsi nalez: ne/ano - jaky

Celkovy pocet lozisek (piesn¢ do 20, odhad 21-50, 51-100, nelze spocitat):

Zaver: Na MR mozku je celkem patrno ... lozisek. Nalez spliuje DIS ano/ne. Nalez
spliuje DIT ano/ne. Jsou piitomny negativni prognostick¢ markery — ano/ne,
infratentorialni loziska — pocet, intramedularni loziska — pocet. Je patrna poruSena
HEB ne/ano, pocet postkontrastné se syticich lozisek. Nélez je typicky pro RS/ nélez
je vice typicky pro jiné onemocnéni.

Vedlejsi nalez: ne/ano - jaky

Zaver: Na MR mozku je patrna MR aktivita ne/ano — celkovy pocet aktivnich lozisek,
lokalizace lozisek. Je pritomna atrofie (mirnd/stredni/tézka). (Pokud se podavala KL,
v popisu: Je patrna porusena HEB ne/ano, pocet postkontrastné se syticich loZisek).
Je vedlejsi ndlez ne/ano — jaky.




Priibéh standardizace v Ceské republice

 Standardizace MR protokold — technicka optimalizace 2021 MAGNIMS-CMSC-NAIMS consensusrecommendations. @' ®

on the use of MRI in patients with multiple sclerosis

» Standardizace MR ndlezll mezi jednotlivymi pracovisti

* Standardizace managementu diagnostiky a monitorace

* Presnost a stabilita

Postup

1.  Panelova diskuze (neurologové z RS center a spolupracujici
radiologové)

2. Podpora SKNIL a Ceské neuroradiologické spoleénosti

3.  Priprava Sablon pro diagnosticky a monitoracni popis
Standardizace vyuziti MR v managementu
\Vj p‘ﬁpravé Softwa re roztrousené sklerozy

4.  Publikaéni vystupy: CSNS — 3/2024, v Ceské radiologii —9/2024,
posterova prezentace ECTRIMS 2024

5. Implementace a prakticka ukazka na jednotlivych RS centrech
(probiha)

6. Setkani neurologll a spolupracujicich radiologll — shrnuti
vysledk, diskuze nad moznymi problémy

7.  Certifikace RS center a spolupracujicich MR (hands-on kurzy)

KLINICKY DOPORUCENY POSTUP
PRO DIAGNOSTIKU A LECBU
ROZTROUSENE SKLEROZY

A NEUROMYELITIS OPTICA

A ONEMOCNENT JEJfHO SIRSTHO
SPEKTRA

ODBORNA CAST

PROSINEC 2023

prehledovy Eldnek

Standardizace vyuZiti MR v diagnostice
a monitoraci roztrousené sklerézy
v Ceské republice

Standardisation of MRI usage in the diagnostics and monitoring of multiple
sclerosis in the Czech Republic




Dékuji Vam za pozornost

manuela.vaneckova@vfn.cz
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