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INTRODUZIONE
M.A. Battaglia, M. Filippi

JIDA PER L'ACQUISIZIONEE LA REFERTAZIONE DELLA RM NEL PAZIENTE CON SM
P. Pantano “ &

STANDARDIZZAZIONE DELLA VALUTAZIONE DELLE LESIONI DELLA SOSTANZA BIANCA NEL
PAZIENTE CON SM l. .
M. A. Rocca B »

4
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NA STANDARDIZZAZIONE PER LA MISURAZIONE DELL'ATROFIA NEi.ﬁ?AZLENTE CON SM
N. De Stefano \

LABORAZIONE CON IL REGISTRO SM: CONDIVISIONE DELLA SURVEY CONOSCITIVA
A. Gallo _ '
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INNI - database prfecleige,

Il data base INNI - www.inni-ms.org/ - raccoglie oggi i dati di
risonanza magnetica di un certo numero di Centri Clinici SM che
hanno gia aderito al progetto. | dati comprendono non solo esami
di risonanza magnetica, ma anche le informazioni demografiche,
cliniche e neuropsicologiche. Dal 2014 i progetti di ricerca INNI
hanno contribuito a sviluppare nuovi protocolli di risonanza
magnetica e metodologie appropriate per la gestione dei dati
multicentrici nella SM, in particolare per quanto riguarda
I"acquisizione ed elaborazione di immagini relative alla valutazione
delle lesioni della sostanza bianca e dell’atrofia. Parametri
quest’ultimi strumentali alla diagnosi e al monitoraggio della
progressione della malattia.
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DATI EPIDEMIOLOGICI E RICERCHE SPECIFICHE
PER VALUTARE L’'IMPATTO DELL’INFEZIONE COVID-19 NELLE

PERSONE CON SM IN TRATTAMENTO CON TERAPIE MODIFICANTI
LA MALATTIA, E ORA CON | VACCINI

REGISTRO ITALIANO SM
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La RM ha completamente rivoluzionato I'approccio al paziente con SM
in termini di diagnosi, prognosi e monitoraggio del trattamento
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Diagnostic Criteria

'Dissemination in time. The development or
appearance of new CNS lesions over time.

A new T2 lesion
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INNI — Sclerosi Multiple prlccclengeg

Diagnostic Criteria

Dissemination in space. At least two MRI
lesions in specific CNS locations.

= Cortical MRI lesions

= Juxtacortical MRI lesions

= Periventricular MRI lesions
* Infratentorial MRI lesions

= Spinal cord MRI lesions
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Cortical MRI lesions

Lesions seen with special MRI
techniques® within the cerebral cortex
(leukocortical, purely intracortical or
subpial lesions)

T FLAIR

*DIR, PSIR, T2*, T1

Calatrese & Castolaro, 2017
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Juxtacortical MRI lesions

T2-w hypeintense white matter lesions abutting the cortex, and not separated from it by white matter
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Periventricular MRI lesions

T2-w hypeintense white matter lesions abutting the lateral ventricles without white matter in between,
including lesions in the corpus callosum but excluding lesions in deep grey matter structures
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Infratentorial MRI lesions

T2-w hypeintense lesions in the brainstem, cerebellar peduncles, or cerebellum

Gemelli
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Spinal cord MRI lesions

Hyperintense lesions in the spinal cord seen on T2 plus short tau inversion recovery,
proton-density images, or other appropriate sequences, or in two planes on T2 images

7.0-T MRI

Courtesy of Dr. C. Mainero, MGH
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Linee guida per l'uso della RM

2013

Neuroradiological &mm 2015

Neurol Sci, 2013 2016

Rovira A et al.

Evidence-based guidelines: MAGNIMS
consensus guidelines on the use of MRI in
multiple sclerosis-clinical implementation in the

diagnostic process. 2019
Nat Rev Neurol, 2015

Filippi M et al.
Assessment of lesions on magnetic resonance \2021
imaging in multiple sclerosis: practical guidelines.

Brain, 2019
1

Traboulsee A, al.
Revised recommendations Wattjes MP et al.
of the consortium of MS Centers Task Force for a 2021 MAGNIMS-CMSC-NAIMS consensus
standardized MR protocol and clinical guidelines for the reccomendations on the use of MRI in MS
diagnosis and follow-up of MS. Lancet Neurol, 2021
AJNR Am J Neuroradiol , 2016
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Linee guida per I'uso della RM

2021 MAGNIMS-CMSC-NAIMS consensus recommendations
on the use of MRI in patients with multiple sclerosis
Mike P Wattjes, Olga Ciccarelli, Daniel S Reich, Brenda Banwell, Nicola de Stefano, Christian Enzinger, Franz Fazekas, Massimo Filippi,
Jette Frederiksen, Claudio Gasperini, Yael Hacohen, Ludwig Kappos, David K B Li, Kshitij Mankad, Xavier Montalban, Scott D Newsome, Jiwon Oh,
Jacqueline Palace, Maria A Rocca, Jaume Sastre-Garriga, Mar Tintoré, Anthony Traboulsee, Hugo Vrenken, Tarek Yousry, Frederik Barkhof,
Alex Rovira on behalf of the Magnetic Resonance Imaging in Multiple Sclerosis study group, the Consortium of Multiple Sclerosis Centres, and
North American Imaging in Multiple Sclerosis Cooperative MRI quidelines working group*

Lancet Neurol 2021; 20: 653-70

Published Online

June 14, 2021

https://doi.org/10.1016/

$1474-4422(21)00095-8
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Linee guida per 'uso della RM

Protocollo standardizzato Encefalo
Protocollo standardizzato Midollo

Basale:
1 Diagnosi di SM

o Follow-up:
Monitoraggio

Attivita di malattia

Efficacia del Trattamento
Complicanze del Trattamento

f “"'%‘, BEST 2022
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Linee guida per 'uso della RM

’ Basale:
Diagnosi di SM

BRAIN
Field strength 215T (preferably 3T)

Slice thickness For 3D imaging, 1 mm isotropic is preferred but, if over
contiguous (through plane and in plane), not >1.5 mm, with
0-75 mm overlap; for 2D imaging, <3 mm with no gap (except
for diffusion-weighted imaging, for which the slice thickness
should be 5 mm with a 10-30% gap)

In-plane resolution s1 mmx1mm

Coverage Whole brain (include as much of cervical cord as possible)
Axial scan Subcallosal plane to prescribe (ie, for 2D imaging) or reformat
orientation (ie, for 3D imaging) axial oblique slices

3D=three dimensional. 2D=two dimensional.

apr.’23 21
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Linee guida per 'uso della RM

SPINAL CORD

Field strength =1-5T (3T has no added value
compared with 1.5T)

Slice thickness Sagittal slices should be <3 mm with
no gap; axial slices should be <§ mm
with no gap

In-plane resolution s1 mmx1mm

Coverage Cervical and thoracolumbar spinal
cord, to include conus

Axial scan Perpendicular to the sagittal axis of
orientation the spinal cord
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Linee guida per I'uso della RM

Diagnosi di SM

Three-Tesla MRI does not improve the diagnosis of multiple sclerosis. A multicenter study

66 patients with CIS within 6 months from symptom onset e
collected in 6 MRI European centers

MAGNIMS, Neurology 2018
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Linee guida per 'uso della RM
Diagnosi di SM
Brain MRI protocol
Axial T2hweighted (TSE or FSE) sequencest Recommended
Sagittal T2-weighted FLAIR (preferably 3D; fat suppression is optional)  Recommended
Axial T2-weighted FLAIR (unnecessary if a sagittal 3D FLAIR with Recommended
multiplanar reconstruction is obtained; fat suppression is optional)
Axial (or 3D sagittal) T1-weighted sequences after contrast? Recommended
Diffusion-weighted imaging Optional
Double inversion recovery or PSIR for detecting cortical or juxtacortical ~ Optional
lesions
o
High-resolution T1-weighted sequences (isotropic 3D acquisition; for Optional
quantitative assessment of brain volume)
Susceptibility-weighted imaging Optional for assessing the
central vein sign
S BEST 202
¥ E HOSPITALS
, -
apr.’23 24
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Linee guida per I'uso della RM
Diagnosi di SM
Sequenze raccomandate
3D FLAIR ’
Assiale T1 post mdc
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Linee guida per 'uso della RM

Diagnosi di SM

Sequenze facoltative

an?us:on-wmghted imaging Optional

Double inversion recovery or PSIR for detecting cortical or juxtacortical ~ Optional
lesions

High-resolution T1-weighted sequences (isotropic 3D acquisition; for Optional
quantitative assessment of brain volume)

Susceptibility-weighted imaging Optional

T— | PML

= Lesioni corticali

e | VOlumetria

- Vena centrale, iron ring
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Linee guida per l'uso della RM

Diagnosi di SM

RM ENCEFALO

In sintesi:

= Campo magnetico > 1.5T (preferibile 3T)

= Sezione < 3mm (3D imaging preferibile)

® Protocollo di acquisizione e posizionamento della testa standardizzati

® Dose singola di gadolinio (0.1 mmol/kg pc) con ritardo di 5 min tra iniezione
e acquisizione

f A BEST 2022
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Linee guida per I'uso della RM

Diagnosi di SM

Spinal cord MRI protocol

At least two of: sagittal T2-weighted sequences (TSE or FSE), proton Recommended
density-weighted sequences (TSE or FSE), or STIR

Sagittal 3D heavily T1-weighted sequences (PSIR or magnetisation- Optional
prepared rapid acquisition of gradient echoes§) only for the cervical
segment

Axial T2-weighted (TSE or FSE) or gradient-recalled echo to corroborate, Optional
characterise, and confirm lesions detected on sagittal images or to
detect lesions in spinal cord segments with high clinical suspicions of

involvement

Sagittal T1-weighted sequences (TSE or FSE) before contrast Optional

Sagittal T1-weighted sequences (TSE or FSE) after contrasti Recommended 4
Axial T1-weighted sequences (TSE or FSE) after contrastt Optional

BEST 2022
HOSPITALS
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Linee guida per I'uso della RM

Diagnosi di SM

SPINAL CORD

T2 TSE T2 STIR T1 gd

T2 TSE
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Linee guida per l'uso della RM

Diagnosi di SM

RM MIDOLLO SPINALE

In sintesi:
= Campo magnetico > 1.5T
= Sezione < 3mm sul piano sagittale

® Protocollo di acquisizione standardizzato con almeno due sequenze T2 sul
piano sagittale .

® Direttamente dopo somm.ne di dose singola di gadolinio

BEST 2022
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Linee guida per 'uso della RM

Protocollo standardizzato Encefalo
Protocollo standardizzato Midollo

Basale:
Diagnosi di SM

o Follow-up:
Monitoraggio

Attivita di malattia In generale:
« Stesso posizionamento

Stesso protocollo (semplificato)
Midollo non sempre necessario
MDC non sempre necessario

Efficacia del Trattamento

Complicanze del Trattamento

f P BEST 2022
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Linee guida per l'uso della RM

Follow-up:
Monitoraggio

Posizionamento
Ricostruzione immagini 3D

Linea bicallosale

Diversa ricostruzione dello stesso esame MU';;

2022

B:q

— , 33



Formazionee s
wli‘”a
Linee guida per 'uso della RM

Riposizionamento non corretto

Follow-up:
Monitoraggio

Esame precedente

M BEST 2022
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Follow-up:
Monitoraggio

Linee guida per 'uso della RM

Riposizionamento corretto
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Linee guida per 'uso della RM

Follow-up:
Monitoraggio

Efficacia del Trattamento

Inizio trattamento

| i | | 2
¥ 1 1 1 r

Baseline  3-6 mesi 1 anno 2 anni 3 anni M R'

* Protocollo MRI abbreviato (3D-FLAIR + T1 (non sempre necessario post-MDC)
+ Se attivita MRI (non clinica) follow-up ogni 6 mesi
* Midollo non sempre necessario

2022
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Linee guida per l'uso della RM

Follow-up:
Monitoraggio

Complicanze del Trattamento

Progressive multifocal leukoencephalopathy (PML)

T2w e FLAIR

Area iperintensa, con coinvolgimento fibre a U, bordi
sfumati verso la corteccia, circondata da lesioni puntiformi
(milk way)

Senza edema o effetto massa

Tiw

iISO- 0 ipointensa

T1(Gd)

Generalmento NO CE (DD con IRIS)

ADC/DWI
Restrizione ai bordi della lesione

Gemelll & =
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Il referto radiologico
TECNICA:

Magnete (1.5 vs 3T), elenco sequenze, mdc (tipo e dose).

INDICAZIONI CLINICHE:
Sintomatologia (recidiva?), fenotipo, disabilita, trattamento.
Quesito specifico?

REPERTI:

M Lesioni (T2 e T1gd): numero, dimensioni, forma, sede.

B Valutazione qualitativa o semiquantitativa dell'atrofia cerebrale e/o midollare.
B Follow-up: nuove lesioni T2 e T1gd: numero, dimensioni, forma, sede.

W Altri reperti.

CONCLUSIONI:
Diagnosi: criteri diagnostici DIS e DIT; attivita di malattia; interpretazione radiologica in
rapporto al questo clinico; eventuale diagnosi differenziale.

Follow-up: attivita di malattia; stabilita o progressione; possibili complicanze (es. PML).

uemelll & apr.’23 et
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Verso una standardizzazione per
l'identificazione e misurazione
delle lesioni della sostanza
bianca nel paziente con SM

M.A. Rocca

Neurology Unit and Neuroimaging of CNS White Matter Unit,
Division of Neuroscience, San Raffaele Scientific Institute,
Vita-Salute San Raffaele University, Milan, Italy
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Outline

* The INNI initiative / MRI protocol
¢ The INNI initiative / Lesion éssessment
¢ The INNI initiative / Quality control

* New automatic approaches for lesion identification and

quantification

e Conclusions

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM
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The INNI initiative

e Conventional MR sequences (dual-echo, FLAIR and T1- weighted imaging) provide
important pieces of information for diagnosing MS, understanding its natural history
and assessing treatment efficacy

e Standardization of MR protocols/procedures outside the setting of clinical trials is
still lacking

e The first two goals of the Italian Neuroimaging Network Initiative (INNI) were:

1. The creation of a web-based system with clinical, neuropsychological and MRI
data from the participating centers, to allow data sharing

2. The use of such data to perform large-scale studies to define the role of
clinical, neuropsychological and advanced MRI biomarkers in understanding
MS pathophysiology

The INNI initiative will help to define standardized MRI and clinical protocols for
the evaluation of patients with MS at a national level

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM

41
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The INNI initiative

Neurol Sci (2017) 38:1029-1038 O CrossMark
DOI 10.1007/510072-017-2903-2

The Italian Neuroimaging Network Initiative (INNI): enabling
the use of advanced MRI techniques in patients with MS

M. Filippi'? 0 - G. Tedeschi™ - P. Pantano™ - N. De Stefano” - P. Zaratin® -
M. A. Rocca' « For the INNI Network

I -

Tre Naban Newrcrmagerg Netaot intatve (INMI) 10 cpterire he e of advark ot MU

4561 MRI exams
uploaded

Weicome to INNI-MS

Available at: https://data
base.inni-ms.org

===
Financially supported by a research Grant from - Pa.: . -
Fondazione Italiana Sclerosi Multipla (FISM
2013/5/1) e

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM

1OSPEDALE MITALIA Statista %

. 2022
5 BEST
¥ E HOSPITALS

apr.’23 42



INNI — Sclerosi Multipla

The INNI initiative

CCOw wew
MRI exam S ik R A
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e s e
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Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
i é bianca nel paziente con SM
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The INNI initiative / MRI protocol

Minimum requirement of the MRI protocol to be uploaded on INNI:

1. Sequences for lesion quantification: dual echo (DE) or T2-weighted/FLAIR
scans acquired with axial orientation and a slice thickness of no more than
3mm

2. Sequences for atrophy quantification: high-resolution 3D Tl-weighted
scans

3. DT MRI sequences acquired with *30 diffusion-weighted direction and a
nearly isotropic spatial resolution

4. RS fMRI sequences covering all brain, with at least 140 scans and an
acquisition session at least 5 min long

All sequences should be acquired on a 3T MR scanner
Filippi et al., Neurol Sci 2017

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
Ji=%Em \ bianca nel paziente con SM
o
$.4’OII
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The INNI initiative / MRI protocol

MRI parameters of the sequences used for lesion assessment included at the time of
the creation of the INNI database by each promoting center Filippi et al,, Neurol Sci 2017
Soquence Milan Naples Rome Siena
Coil 8 channel head conl 8 channel hoad ool 12 channel head coxl 12 channel head conl
Dual echo TR = range 2599-2910 ms TR = 3080 on TR = range 3320-5310 ms TR = 4000 ms

TE = 16/30 nn TE = 241275 ms TE = 1O/103 ms TE = 15100 ms

FA = % FA = 90 FA = 150° FA = %

Matrix = 256 x 2% Matnix = 25 x %4 Matnx = 384 x 184 Matrix = 240 x 240 (recon 352 x 352)

FOV w 240 « 240 o FOV 240 x 240 mm FOvV 220 « 220 mm OV M0 x 240 nwn

Thickness = 3 mm Thickness = 3 mm Thickness = range 3 mm Thickness = 3 mm

No. of shces = range 44-50 No. of shoes = No. of slces = range 45 No of shces = 44

Onentation = axial Onentation = aual Onentation = aval Onentation = axial

Prospectively evolving...
Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM
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The INNI initiative / Collecting data

-

DICOM files
\ J\ ON INNI REPOSITORY
s Neurological ) ( Anonymized data Sequence labeling
assessment .| Hash code (univocal 32 (e.g. DE, FLAIR, 3D T1,
. J alphanumeric characters) DT MRI, RS fMRI, etc)
f Neuropsychological

assessment

No identifying patients’ information is stored in the INNI platform

Patient data are assigned to a unique identification code (ID), one-way function

To ensure subjects’ privacy, any personal information is deleted from DICOM files

* The database content is available for authorized users only

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM
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Outline

e The INNI initiative / MRI protocol
e The INNI initiative / Lesion assessment
* The INNI initiative / Quality control

* New automatic approaches for lesion identification and

quantification

e Conclusions

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
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The INNI initiative / Lesion assessment

Practical standardize guidelines for brain T2-hyperintense lesion identification
applied to INNI data

BRAIN S 1

REVIEW

Assessment of lesions on magnetic resonance
imaging in multiple sclerosis: practical
guidelines
on-um II.'.'” @Paolo Preziosa,'” Brenda L. Banwell,* Frederik Barkhot,"*

* Nicola De Stefano,” Jeroen J.G. Geurts,'* Friedemann
D-idl.lﬁt."hhndf Ibuh Anthony Traboulsee,'™'* Mike P. Wattjes,'*

Tarek A. Yousry,'"'” Achim Gass,'* Catherine Lubetzid,'’ Brian G. Weinshenker™
and OMaria A, Rocca'”

mh“hh—_—dqd#mh - wnd applicammn of MRY
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wate by che ullmh“-ﬁ-—k‘m“a“.—‘-hb-vd\—lh-‘-‘l
.—d#-ﬁ—-- dhallongeg, opecally f Momarkar wsing (sch 5 wrem s AN ssabodin) & s

n MKL ook od prosmes 1o bemer defbe e npusl kanwo of melphe soree
b-—(c.mwumnd-m--dm Corv ey wndcrviambeng of woam by opuan of srbugly
i pathabachyy ha sborecd dh whoamb stom of harmtrmtae sy geabe 0 mmdipd wbhrews g anval rem g
wmbyasl domvyvhunateon amd bowomal rmm . whah e mor mdedod wo e cerrems maiipdc wlome Sagrein eora. s the o ew
- prownde the - hors weh & o gude oo cmhance du propa woogmson of mdugde wclorons lewons.,

Sadeng » th 3 At ot i of typecal MRJ fessrn, o well o 2 & ol o fagy d dwarn

Augminen. Wi ahe Sncwmn e povidile plac of omerping gaibaas v lcmarc o kst whah Bay Docme angortian o e scur
L

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza y
bianca nel paziente con SM

48



Formazionce s e

INNI - Sclerosi Multipla per feceslencgg

T2-hyperintense lesions

e Focal hyperintensity on a T2-w (T2, T2-FLAIR or similar) or a proton
density (PD)-w sequence

* Round to ovoid in shape, ranging from a few millimeters to more than
one or two centimeters in diameter. Generally, 23 mm in their long
axis

e Lesions should be visible on at least 2 subsequent slices to exclude
artifacts or small hyperintensities, although in acquisitions with higher
slice thickness (e.g., 2 3 millimetres), smaller lesions could be visible on
a single slice

* Asymmetrically distributed mainly in the early stages

* Lesions can occur in any CNS region, with a predilection of specific WM
regions (periventricular and juxtacortical WM, corpus callosum,
infratentorial areas and spinal cord) Filippi et al., Brain 2019

Verso una standardizzazione per |'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM
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The INNI initiative / Lesion assessment

Location: abutting the lateral ventricles
Periventricular without intervening white matter

3

o

~

<

S Juxtacortical/

S Location: touching or within the cortex

L

% Cortical

a

=3

E
Location: brainstem, cerebellar peduncles and
cerebellar hemispheres; contiguous to cisterns
or the floor of the fourth ventricle; surface of
the pons and the pontine trigeminal root entry

Infratentorial ’

zone; lining of CSF border zones; cerebral
peduncles and close to the periaqueductal
gray matter; uni- or bilateral paramedian
location in medulla oblongata

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM
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The INNI initiative / Lesion assessment

Spinal cord

Lesion category Green flags

Multiple discrete (focal) lesions

Shape: sagittal: cigar-like; axial: wedge-
shaped

Size: small; s 2 vertebral segments; < half
of the cord

Location: cervical>thoracic; peripheral
region; lateral and posterior columns, but
central gray matter not spared

Signal characteristics: T1-hypointensity (>
at higher field strengths)

Gadolinium-
enhancing

lesions

Shape: nodular; open-ring; closed-ring
Location: brain>spinal cord

Verso una standardizzazione per l'identificazione e misurazione
bianca nel paziente con SM
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The INNI initiative / Lesion assessment

Center 1

WM lesion identification
and segmentation at
each participating Center
by trained physicians

[Volume quantification (ml) Storelli et al., J Neurol 2019

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM
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Outline

¢ The INNI initiative / MRI protocol
¢ The INNI initiative / Lesion assessment
* The INNI initiative / Quality control

« New automatic approaches for lesion identification and

quantification

¢ Conclusions
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The INNI initiative / Quality control

The collection of multicenter MRI data raises the important
issues of standardization and quality control

Journal of Neurology (2019) 266:2848-2858
https://dol.org/10.1007/500415-019-09509-4

ORIGINAL COMMUNICATION

MRI quality control for the Italian Neuroimaging Network Initiative:
moving towards big data in multiple sclerosis

Loredana Storelli'? . Maria A. Rocca'? - Patrizia Pantano®” - Elisabetta Pagani' - Nicola De Stefano® -
Gioacchino Tedeschi” - Paola Zaratin® - Massimo Filippi"?* " . For the INNI Network

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
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The INNI initiative / Quality control

A quality control (QC) procedure is implemented to characterize and
monitor the INNI database, including:

(1) Subject positioning into the MR scanner (2) Intensity inhomogeneity

Storelli et al., J Neurol 2019
2022
Z
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The INNI initiative / Quality control
(4) Presence of image artifacts
(3) Image tissue contrast
M
c
2
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s
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— 04t .
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Storelli et al., J Neurol 2019
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The INNI initiative / Quality control

(4) Quality check and standardization of lesion assessment
1. The best contrast between WM, GM, and lesions is set
2. Region of interests (ROIs) should be defined using a conservative approach (mildly hyperintense areas
around visible lesions should not be included)
3. Check on longitudinal consistency of lesion maps

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
2 =EN bianca nel paziente con SM T
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The INNI initiative / Quality control

@upload

QC measures

@download

e To reduce variability, the procedure of QC and pre-processing is centralized
e QC measures would be available together with MRI data to promote the use of a
quality-assessed and standardized database

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM
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The INNI initiative / Quality control

— Neurological visit
Datasets verification by
= i [ v g | con | oo | S|

o Sy

the Data Controller

Rae .
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— Automatization of data upload
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MRI exam interface
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Outline

* The INNI initiative / MRI protocol
¢ The INNI initiative / Lesion assessment
¢ The INNI initiative / Quality control

* New automatic approaches for lesion identification and

quantification

e Conclusions
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T2-lesion identification in MS: standard approach

* Time-consuming
- 3D > 2D sequences
- High > low lesion load

¢ High intra- and inter-rater
variability

Verso una standardizzazione per | identifica
bianca nel paziente con SM

- 2022
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T2-lesion identification in MS: new approaches

Lesions segmentation Deep learning
Rater 2

o
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Automatic assessment of lesion dissemination in

d =
S pa ce an t' me * Automatic reports to
tcokraks me O icometrix NeoroQuont: M. visualize and obtain
euro ant 1
! m, obrain ms Q icometrix e S S— VOlum.e.tflC'
= [ T, | S == = quantification and
— = = — S S—" o segmentation of brain
A - structures and lesions
- T2-hyperintense
- lesion distribution
o according to the
4 M : McDonald criteria
o €] e . - — e Directly installed on
=1H I =l &= ’ ' PACS
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Conclusions

¢ The creation of a standardized protocol of MRI acquisition to be applied
for the study of patients with MS will provide an important step
towards a better harmonization of MRI application in the MS field at a
national level

* The proposed guidelines for lesion assessment are essential to apply
more standardized lesion assessment criteria in MS

* Image QC is another important aspect to ensure a good quality
repository for future quantitative analyses using INNI| dataset

¢ The INNI initiative paved the way for a future standardization of MRI
analysis in patients with MS

e The use of automatic approaches is appealing, but needs further
validations and confirmation on larger multicenter datasets

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM

W BEST 2022
HosPiTALs 2N
M osreoaemmaun statista®

apr.’23 64



Formazionce s e

INNI - Sclerosi Multipla per feceslencgg

Ongoing effort and future steps

* Developments of methods for longitudinal assessment of T2 lesion
volume and new/enlarged T2 lesions

¢ Inclusion of T1-hypointense lesions
* Inclusion of cortical lesions

* Verification of availability of other sequences for testing other possible
MRI biomarkers (e.g., SWI, quantitative sequences)

Verso una standardizzazione per l'identificazione e misurazione delle lesioni della sostanza
bianca nel paziente con SM
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Towards the Standardization of
Brain Atrophy in MS

Nicola De Stefano

Department of Medicine, Surgery and Neuroscience
University of Siena, Italy
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MAGNIMS consensus O ——
recommendations on the use R TR T
of brain and spinal cord atrophy
measures in clinical practice

Joume Sastre Garrigag'®. Detorah Pareto’, Marco Bottogiin/’, Mana A Roccog*
Oigar Ciccarei™*, Christion Encinger’, Jens Wuerfel®, Marska P2 Sorman®

Frederik Barkhor , Rarek A Yousry' ', Nicola De Stefano®, Mar Tintoréy',
Massimo Flippig ™, Claudvo Gasperind™®, Ludwig Kappos™, Jordi Rio

Joette Frodevihsen' ', Jackie Palace™, Mugo Vrenken ', Xovier Montaltan' ',

Alex Rovira’ 2 and on behall of the MAGNIMS study group

Baseline 1 your 1 yoars 3 yours 4 yoan

T2LL =661 mm' AL =2.423mm’

T2L=730mm’ T2AL=67Ymm’

T2LL = L0300 mm'

BFF « 772%

BPF = 82% BFf «809% BPF « 79.5% BPF«79.7%

2
N. De Stefano
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JOURNAL OF MAGNETIC RESONANCE IMAGING 37:1-14 201% |

Clinical Use of Brain Volumetry

Antonio Giorgio, MD, PhD and Nicola De Stefano, MD, PhD"

Use of MRI-based brain volumetry in different clinical

scenarios
Understanding
mechanisms and
Supporting tracking clinical Monitoring
disease diagnosis progression of disease treatment effect
Alzheimer's Alzheimer's disease Alzheimer's
disease disease
Frontotemporal Multiple sclerosis Multiple
dementia sclerosis
Focal epilepsy Focal epilepsy
Parkinsonisms Headache/migraine
Amyotrophic lateral
sclerosis
CADASIL

N. De Stefano
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MRI-Based measures to assess brain volumes

® L/near measurement of the third ventricle and lateral ventricles’

M ;:f A e
1 1 3 el 0 ° 351 ¥

o BPF: distinguishes skull and CSF from brain tissue’

BPF = 0.7937 BPF = 0.7746,
(difference: -0.0191, % change: -2.40)

e SIENA: registration based appmach

Cohen RM, et al. Neurobiol Aging 2006;27(10):1385-94; 2. Simon J¥, et al. Neurology 1999;53(1):139-48;
Fisher E, et al. . Neurology 2002;59(9):1412-20; 4. Battagiini M, et al. . J Neurol Sci 2009;282(1-2):55-60 4
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Challenges to the Use of BV in Clinical Practice

Category Topic

Physiological factors [11, 57, 64, 66, 70, 74, 75) Age
Body mass index
Diurnal variation
Genotype (ApoE expression)
Hydration state
Menstrual cycle
Disease-related factors [11, 57, 64, 74-77) Fluid-level changes attributable to inflammation (edema)
Fluid-level changes atnibutable to resolution of inflammation

(treatment-related pseudoatrophy )
Habits and comorbidities [11, 64, 66, 74) Alcohol consumption
Cardiovascular hypertension
Diabetes mellitus
Obesity
Smoking
MRI-related factors [11, 57, 64, 65, 74, 76) Changes in acquisition protocols
Changes in scanner type and scanner upgrades
Factors influencing scan quality (head motion, distortions,
inhomogeneity artifacts)
Measurement error
Non-standardized quantification methods
Patient repositioning in the scanner

Logistical factors [11, 57, 64, 65, 76) Reimbursement
Complexity of use (e.g. PACS integration)
Lack of normative data
Methods dependent on real-time data
De Stefano et al CNS Drugs 2017 Poor integration of some image formats 5

N. De Stefano
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Challenges to the Use of BV in Clinical Practice

<MRI Acquisition
<MRI Analysis
<Data interpretation

De Stefano et al CNS Drugs 2017 6

N. De Stefano
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MRI Acquisition for Volumetry - GE

GE 1.5T Signa Excite, Discovery, Optima, Brivo, Voyager, Creator, Explorer & Artist GE 3T Signa
Excite, Discovery, Pioneer, Architect and Premier
ST 187 3T ar
Plane Sagital Sapstal Sagmal Sagital
Imaging Mode | D i n ' n I o |
[panmeters  Pulse sequence [ FSPGR [ FSPGR [ FSPGR [ FSPGR |
Grad Mode (rwinspeed ony) | Zoom ! Zoom Zoom [ Sem |
Imagmng options EDR, Fast, IR prep, AsetvARC  EDR, Fast, IR prop, AssetARC  EDR, Fast, IR prep, Assct ARC  EDR, Fast, IR prep, AsseVARC
Freq FOV : 250 : 250 r 250 ; 250 |
Phase FOV 10 10 r 1.0 10
Shee thickness r 10 r 10 r 10 r 10 |
AU g D I st 1 gl | s I . l
(VR (o) , ! - - | = ! - ‘
# ces / locs per sisb ! 19 ! 192 ] 192 ! " 1
Chem SAT
# ol TE(G) per scan ! ! | 1 r ' | ' l
Num shots
TE (m) I M Full [ Min Full L Mera L Mera J
Flip angle 12 [} 1" 1
Prep Time/T1 () I 40 ] a0 ] 450 ! 450 [
ETL
- Intenuty Correcton ! PURE ! PURE I PURE ! PURE
Intensity Fiber None Noos None Nong
3D Geomery Com I Ye ! Yeu I Yo | Yo |
Froquency 346 246 [ 356 3%
Phae I B | 6 1 b 1 % 1
NEX ) 1 ' |
Bandwidth (k12) r s r as [ n I an ]
Phasc ! sz = 152 1752 & W82 :
A o s s s s
A ddstional
NoZIP2 NoZIPSI2 Useof = NoZIPL NoZIPS12 Useof = NoZIP2 NoZIPSI2Z Useof | NoZIP2 No ZIPSI2. Use of
O HyperSense is allowed if svailable. | HyperSense is allowed if svailable.  HyperSense is allowed if svailable. | HyperSense is allowed i availabh
Scaninfo Imaging tme | 440 | 440 | 440 | 440 | 7

2
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MRI Acquisition for Volumetry - Siemens

Siemens 1.5T SymphonyTim, Espree, Essenza, Avanto, Amira, Aera, Sempra and Sola Siemens 3T Trio,
Verio, Skyra, Spectra, Prisma, Biograph mMR, Vida and Lumina
[ | T = T T
 Sequencename  SpieeiD M Brais 3D MP = : =
Sequence vanant *uidd! e "Ml“- "J‘I_- b DR
Onentation ! Sagmal ] Sagmi | Sagmal | Sagmal
Phase enc. durecthion AP Af)? AP A{)P
Phase oversampling [%) 0-167 1 0-167 | 0167 L 0-167
Shee oversampling () 125 4 16.7 125 167
Shoes per groupsleb | 192 ] L] ] 192 ] 192
FOV road (mm) 250 | 250 250 250
Rowtne POV phase [%] L 100 b 100 L 100 L 100
Shce thickness [mm) 10 10 10 10
Duance tactor (%) i ! ! |
TR [om) 22002300 | 22002300 230072400 2002400
T (o) | PR—, ! P—— | P | ——
}Aw 1 1 1 |
Measurcmants 1 | 1 1 1
Magn preparstion Sel It ! Now-Sel IR Sel IR | Noa-Sel IR
Contrast 11 {om) 900950 900940 9001030 9001030
Fip Anghe | . ] ' 1 . 1 DR
Fat suppe | Nooe ] Noee | Nooe None
Base resohiton | 2% | 256 i 26 | 28
Phase resotutaon (] 100 100 100 100
Sice resohution (%) | 100 | 100 | 100 | 100
!\—pﬂ Founer oa o on o
‘Shee partal Founer I o ! on o | o |
Resolution Poer Prescan Normalize Flpocal Prescan Nommabie | ilpesal Prescan Nommalize | llpocal Prescan Normalue | lapecal
| Filer Distortion Corr. 3D Filser Distortion Corr. YD Filer Distortion Coer. 3D Filer Distortion Corr. 3D
tnscrpotacon ! on i on ! on I on
PAT Crappa CAIPIRIHA sccelieration Grappa CAIPIRIHA accelieration Grappa CAIPIRIHA sccelicranon Grappa CAIPIRIHA accelicration
AP =2, Accellerstion RL= 1 AP =2, Accellerstion RL= 1 AP = 2, Accelierstion RL= 1 -2 | AP = 2, Accelieration RL= | - 2
Comrass I | . | I - i
.W [HaPx) I:|° 130 Iﬂ — | 3 190 |
Flow comp. | No I No I No i No.
Asymameenc echo Allowed Aliraed Allowed Allowed
Seqence  udetee —— -
(Gradiont made E Fest = e Fast =
Excision | Neawl i | Now-sel [ Noo-sel [ Nom-ael.
RE spoding On On On On
| USE of GRASP s allowed if  USE of GRASP s allowed if | USE of GRASP s allowed if
|A4hnﬂ—-n— | 3 J g I 3 . ;
Approxumate scan time [men sex | ~500 ~500 ~500 ~500 8
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MRI Acquisition for Volumetry - Philips

PROTOCOL FOR sagittal 3D T1-W OF THE BRAIN AND C-SPINE
o ﬂ&' 'Jf?ﬂT@MMl'I‘_'_@L. ——
T
Sequence mame I --m‘n  Brm)DBesVIEWTI  Spee 3D BraleVIEWTI Beala 3D T1
(CLEAR 1 e === Sl == e ye
POV gmen) | BOAR) =300 * 192(RL) | 250(AT)* 25 M)« 1S2(RL) | 25O(AR) = 3SO(FW) « IS2(RL) | ZSOQAF) 250 (FW)* I9(RL)
RFOV (™) 100 100 100 100
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Brain MRI acquisition protocol

3DT1 Sagittal View

Slice Thickness: 1mm
N. Slices: variable,
depending on neck
length

1st viaibll* disc

fogiy the top
-
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Image Acquisition — Data Quality

Partial head acquisition

Patient/Operator

Courtesy of Department of Medicine, Surgery and NeuroScience,
University of Siena, Italy.
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Image Acquisition — Data Quality

Patient/Operator Intensity and movement artifacts

Courtesy of Department of Medicine, Surgery and NeuroScience,
University of Siena, Italy.
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.
Image Acquisition — Data Quality
* Incorrect repositioning
Baseline Courtesy of Paola Valsalsina FO"OW'up
& Mara Rocca
N. De Stefano
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=
Estimating and accounting for the effect of MRI scanner changes on m
longitudinal whole-brain volume change measurements Lﬁﬂ
Hyunwoo Lee ™", Kunio Nakamura ”, Sridar Narayanan °, Robert A. Brown *, Douglas L. Arnold *,
for the Alzheimer's Disease Neuroimaging Initiative'
* Montreal Neurological Institute, McGill University, Montreal, Quebec, Canada Neurolmage 184 (2019) 555-565
* Lemer Research Institute, Cleveland Clinic, Cleeland, OH, USA
105 108
.
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§ é
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Estimating and accounting for the effect of MRI scanner changes on ()
longitudinal whole-brain volume change measurements L’ﬁﬂ

Hyunwoo Lee ™", Kunio Nakamura ", Sridar Narayanan *, Robert A. Brown *, Douglas L. Arnold *,
for the Alzheimer's Disease Neuroimaging Initiative'

* Montreal Neurological Instinute, McGill University, Montreal, Quebec, Canada Neurolmage 184 (2019) 555-565
* Lemer Research Institute, Cleveland Clinic, Cleveland, OH, USA

106

S

<«
pey

85
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2005 2008 2007 2008 2000 2010 2011 2012 203 01 22018
Actual scan date
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Image Acquisition — The issue of standardization

PhilipsAchieva PA 3.0T

GE Excite 1.5T

PABOO

N. De Stefano
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Measurement of Whole-Brain and Gray Matter
Atrophy in Multiple Sclerosis: Assessment with
MR Imaging

Lovedana Storelli, MSc * Maria A. Rocca, MD * Elisabetta Pagani, MSc » Wim Van Hecke, PhD » Mark A. Horsfield,
PhD * Nicola De Stefiano, MD, PhD » Alex Rovira, MD + Jasme Sastre-Gaarriga, MD + Jacqueline Palace, MD » Diana
Sima, PhD » Dirk Smeets, PhD + Massimo Filippi, MD + for the MAGNIMS Study Group

* 19 MS (Philips 1.5T & 3T)

ANTs CIVET ANTs ~ CIVET
- N o & 3400.] v el e = § I =
0.76 - i | M Gty $ o
- — 3 i o = §m:?$
ol T | Faol T ol = | el 5
15TPh  aTPh 15TPn  aTPh 1§TPh  3TPh 18TPh  3TPh
SIENAX-FSL MSMETRIX SIENAX-FSL MSMETRIX
?15@ —t g = = o i 1] —— — i .
' o W 14509 L S 50 —,— € 90 — ==
; =53 (=T T 1=
i T - | §_F + = g 17— _L 1 =
e : 1250 H ; 600 ‘ - 750 ' :
15TPh  3TPh 15TPh  3TPh 15TPh  3TPh 15TPh  3TPh
SPM SPM
- —— == i v
§ 0.75: E E go.m:
0e04___. = 060 % ?
1 L
15TPh  3TPh 15TPh  3TPh

a. b.
» Great repeatability (within system), but poor reproducibility (among different systems/field strengths)
* An improved reproducibility is required for clinical application
17
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Brain Volume Change: A Composite of Multiple
Pathophysiological Mechanisms

Factors causing brain volume Factors causing brain
reduction: volume increase:
Tissue loss (such as myelin, Neuronal repair
axons, and possibly also Remyelination
astrocytes) Astrogliosis
Fluid shift Fluid shift
Aging

Alcohol
Smoking

Co-morbidities
Genetic

N. De Stefano
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Interpreting Brain Atrophy in MS
Pseudoatrophy

Acute Demyelination

Giorgio A, et al. J Magn Reson Imaging 2013;37(1):1-14
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RESEARCH ARTICLE

Dynamics of pseudo-atrophy in RRMS reveals predominant
gray matter compartmentalization

Nicola De Stefano' (0, Antonio Giorgio' (), Giordano Gentile', Maria Laura Stromillo’, Rosa
Cortese', Claudio Gasperinf (1), Andrea Visconti’, Maria Pia Sormant* () & Marco Battaglini'
Deparrment of Medana, Supery ind Neuroscence, Unversty of Sena Sens, tay

“an Camiio s oriames Hopas Rome Ty

Matcal A%an Degarrent, Merd e oo ke ey
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Standardised brain MRI protocol for MS monitoring

Pretreatment$

Gadolnium recommended

New baseline  First follow-up*t Second
follow-up* 1

-6 months after 12months after 24 months after

treatment onset§  treatment onset treatment onset
Gadolinium Gadolinlum Gadolinium
usually not optional optional

required||

Magnetic field strength: 3T (recommended, not mandatory)

Spatial resolution:

2D: 3 mm slice thickness (no gap), in-plane 1x1 mm

3D: isotropic voxel size 1x1x1 mm

Wattjes MP._Rovira A. Lancet Neurol 2021;20:653-670
Rovira A et al. Not Rev Neurol 2015;11:471-82
Wattjes MP et al. Nat Rev Neurol 2015; 11: 597-606

Magnims &2
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Follow-ups* t

Every year while
on treatmenty

‘,;'} ‘ NAIMS
North American imaging n MS Cooperative
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Can we assess brain atrophy in the single patient?

+Increasing desire to use measures of brain volumes in
clinical setting.

+To assess prognosis

< To monitor treatment effect

Integrated Platforms for MRI Quantification

v BrainMagix - a.magylis. '-:—
v |cobrain MS - icometrix ==
v Lesion Quant — Neuroquant =~

v Quantib ND - quantib O O

[ e
v Olea — subtraction module ol el g ==
v SIENA Imaging - SinLab I _._||
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Conclusions

+MRI-derived measures of brain volumes are feasible, sensitive to
changes and clinically relevant. Need of standardised MRI
acquisition

¢|ssues with data processing. To be done in specialized centres

# Issue with data interpretation (e.g. confounding factors). To be
done by the clinician.

#Increasing desire to use measures of brain volumes in the clinical
setting. Difficult for single patient assessment.
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21 Giugno 2022 - Corso Virtuale

“The Italian neuroimaging network initiative
(INNI): verso la standardizzazione dell’utilizzo
della RM nel paziente con sclerosi multipla a
livello nazionale”

ki
)

Italian Neuroimaging
Network Initiative

Collaborazione con il Registro SM:
condivisione della survey conoscitiva

Antonio Gallo
Centro SM — 3TMRI Research Center
Dipartimento "DAMSS"
Universita della Campania "Luigi Vanvitelli"

sclerosi v O S it
b, Laigs Vanentells
- multipla O e
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REGISTRO ITALIANO SCLEROSI MULTIPLA

Duata wsortic $M

G ] [}
Data duagnosi

0 riota & obbEgEkong eevee (1008 Sreden S OpERIE M ORME HIT % w080 O Sadrome B BGokoge Meaete o 1

8031997 ]
s Dt WG

- - - . S rop—
L L > & 9

Magnos SM 2NOH M v
St o semetisi . — Soton. sogotateras [ Sowrona ]
AR b Data prma visia nel centro

Specibcare

Progienssone sl eodrdia DLy inafid pl OEIER ds0ee
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REGISTRO ITALIANO SCLEROSI MULTIPLA
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-l Sutatane —c-m

INTEGRAZIONE RISM-RM g 3

UONTD 1Y aevebane
S S et g o

- - (=Ll
* Obiettivo strategico di FISM e del RISM:

-vnvu- n.

Integrazione dei dati clinico-demografici-terapeutici del RISM con gli esami RM
dei pazienti, al fine di poter svolgere studi retrospettivi e prospettici (di
correlazione, monitoraggio e predizione) ancora piu accurati e completi.

Questo avanzamento del RISM prevede che i Centri SM possano caricare sulla piattaforma/server
del RISM (sempre in maniera criptata) gli esami di RM dei pazienti, laddove vengano richiesti per un
progetto del RISM (*) che prevede I'analisi anche dei dati di RM.

Survey conoscitiva sviluppata dai core centers di INNI (durata per la compilazione ca. 15 minuti)(**)
per "fotografare" le attuali procedure di acquisizione/gestione degli esami RM eseguiti presso i
Centri SM partecipanti al RISM.

(*) possibile/da valutare anche, per i Centri SM che lo preferissero, un caricamento dei dati continuo/parallelo all'inserimento dei dati clinici

(**) valutare anche il supporto e la condivisione con un neuroradiologo della struttura a cui afferisce il Centro SM

A. Gallo
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Survey RISM-RM (6)

STUDIO ENCEFALO

Linee guida MAGNIMS-CMSC-NAIMS 2021 (requisiti minimi) - Wattjes et al. Lancet Neurology 2021

Raccomandate:

« Immagini T2 (TSE o FSE) assiali con spessore <3 mm, gap 0 mm e risoluzione sul piano 1x1x1 mm

« Immagini T2-FLAIR sagittali (meglio se 3D T2-FLAIR isotropiche 1x1x1 mm o cmq con spessore sempre €1.5 mm)

« Immagini T2-FLAIR assiali (se non disponibile immagini 3D T2-FLAIR sagittali) con spessore €3 mm, gap 0 mm

« Immagini T1 assiali post-mdc (oppure 3D sagittali) (raccomandate alla diagnosi; opzionali durante il
monitoraggio)

Opzionali:
« Immagini 3D-T1 isotropiche ad alta risoluzione, DWI, DIR, PSIR, SWI

A. Gallo
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Survey RISM-RM (8)

Quanti esami RM del midollo cervicale di pazienti con SM vengono eseguiti in media ogni anno con questo scanner e

con il suddetto protocollo standardizzato? menu a scelta muitipla: <50/anno, 50-100/anno, >100/anno, >200/anno,
>500/anno

Quanti esami RM del midollo cervicale di pazienti con SM sono stati eseguiti fino ad oggi con questo scanner e con il
suddetto protocollo standardizzato? menu a scelta multipla: <50, 50-100, >100, >200, >500

Quanti degli esami RM del midollo cervicale eseguiti fino ad oggi, con questo scanner e con il suddetto protocollo
standardizzato, rispettano i requisiti minimi previsti specificamente dalle recenti linee guida MAGNIMS-CMSC-NAIMS
2021 (riportate di seguito)? mend a scelta multipla: <50, 50-100, >100, >200, >500, Non so, Altro/Commenti (specificare)

Linee guida MAGNIMS-CMSC-NAIMS 2021 (requisiti minimi) - Wattjes et al. Lancet Neurology 2021

Raccomandate:

* Almeno 2 immagini/sequenze sagittali tra le seguenti: T2 (TSE o FSE), PD (TSE o FSE) o STIR con
spessore <3 mm, gap O mm

* Immagini T1 sagittali dopo contrasto (raccomandate alla diagnosi; opzionali durante il monitoraggio)

Opzionali:
& Immagini T1 sagittali e assiali pre-contrasto, T2 assiali (TSE o FSE), 3D-T1 sagittali (PSIR, FSPGR, MPRAGE)

———
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