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MRI in early RRMS patients 

Diagnosis	

			

Month	6:		
-  gado	+	lesions		?	
-  Reference	MRI	

Month	12:	
New	T2	lesions	?	

Criteria	

(D	Arnold	et	al.	2015)	



April	2011	

Poser	criteria	
Clinical	definitie	MS			

May	2013	May	2011	

McDonald	2005	

August	2011	

New	T2	lesion	considering	baseline	
MRI	≥3	months		after	symptoms	

onset	

McDonald	2001	

Asymptomatic	
patient	

Asymptomatic	
patient	

	McDonald	2011/2017	

New	T2	lesion	considering	
baseline	MRI	≥30	days	after	

symptoms	onset	



MRI in early RRMS patients 

Diagnosis	

Treatment	 Month	6:		
-  gado	+	lesions		?	
-  Reference	MRI	

Month	12:	
New	T2	lesions	?	

Criteria	

(D	Arnold	et	al.	2015)	



interferon	 Month	12	 Month	18	

Modified	Rio	score	=	0	
-  No	relapse	
-  New	T2	lesions	<5	

Modified	Rio	score	=	1	
-  1	relaspse	
-  Or	new	T2	lesions	>5	

Modified	Rio	score	=	2-3	
-  >	1	relapse	
-  Or	1	relapse	and		new	T2	lesions	>5	

Responder	

Non-	
responder	

No	relapse	
<	2	T2	lesions	

Relapse	
≥	2	T2	lesions	

(Sormani MP et De Stefano N  
Nat. Rev. Neurol, 2013) 

MRI to assess treatment response  



Assessing response to interferon-beta in a multicenter dataset of patients 
with MS. 
Sormani, Maria; Gasperini, Claudio; Romeo, Marzia; Rio, Jordi; Calabrese, Massimiliano; Cocco, Eleonora; Enzingher, Christian; Fazekas, Franz; Filippi, Massimo; Gallo, Antonio; 
Kappos, Ludwig; Marrosu, Maria; Martinelli, Vittorio; Prosperini, Luca; Rocca, Maria; Rovira, Alex; Sprenger, Till; Stromillo, Maria; Tedeschi, Gioacchino; Tintore, Mar; Tortorella, 
Carla; Trojano, Maria; Montalban, Xavier; Pozzilli, Carlo; Comi, Giancarlo; De Stefano, Nicola 
 

Neurology. 87(2):134-140, July 12, 2016. 
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15% d’aggravation de 
l’EDSS  
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Carla; Trojano, Maria; Montalban, Xavier; Pozzilli, Carlo; Comi, Giancarlo; De Stefano, Nicola 
 

Neurology. 87(2):134-140, July 12, 2016. 
  



The	objectives	
	
-  To	standardise	MRI	

acquisition	
-  To	store	the	MRI	data	
-  To	visualize	the	new	T2	

lesions	
-  To	visualize	gado+	lesions	

How	?	
	
-  Fast	
-  Intuitive	(colour	code)	

Who	?	
	
-  Early	MS	patients	
-  Radiologist	and	neurologist	

We need to optimise the use of MRI…  



Example (1) 

Prague	(2015)	

Dana	Horakova	 Jan	Krasensky	



Example (1)  

ASA	study	
181	patients	
10	year	follow	

up	

2700	patients	
Clinical	practice	
More	than	9000	

MRI	scan	



Exemple of a patient  



Registration 

From	2007	

to	2014	



Lesions segmentation  



Results 



MUSIC Project 

Objective:		
	
To	improve	the	use	of	MRI	data	in	clinical	practice	

-			To	have	standardised	MRI	acquisition		
-  To	store	the	MRI	data	of	MS	patients	(in	Brittany)		
-  To	detect	and	visualize	the	new	T2	lesions	



The actors of the project 

Radiologist	

neurologist	 Biotrial	

B-com	

Visages	
INRIA	

Pharmaceutical	
companies		



The steps of the project  



Step 1: standardised MRI data 

OFSEP	protocol	



The steps of the project 



Step 2: the data are sent and stored 



The steps of the project 



Step 3: lesion detection 

5.3. Experiments and Results 61

Figure 5.11: Top row: from left to right is the slice of T1-w SE(pre-contrast),
T1-w Gd(post-contrast), T1-w Gd with its ground truth (red) respectively.
Bottom row: left to right is difference image and detected active lesion (green)
respectively.

5.3.6 Computational Complexity

The computational complexity of GMM using EM-algorithm is O(klmn3)
where k is the number of clusters, l is a number of iterations, m is a number of
samples and n is the number of dimensions in a data [Bishop 2006]. The C++
implementation of our intensity normalization framework takes 5 minutes on
a single core machine (3.8 GB RAM, Intel Core i7 @2.40GHz, with 8 cores)
per sequence. Here it should be noted that it is very fast compared to other
techniques for robust GMM e.g. [Neykov 2007] with computational complexity
of O((klmn3)2).
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T1-w T1-Gd Ground Truth T1-T1-Gd Detected Gd+ lesion 
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Chapter 5. Longitudinal Intensity Normalization in Multiple

Sclerosis Patients

5.3.5 Active Gd-Enhanced Lesions Detection

Table 5.6 reports values of precision and recall for various thresholds for Gd-
dataset 1. For this dataset, a high recall is achieved at 0.92 at ' = 0.2 and
0.79 even at ' = 0.4. Figure 5.11 shows the active lesion in T1-w Gd image
and its detection. The 1�Precision vs Recall plot is constructed as described
in Section 5.3.4. We report the AUC for proposed method as 0.73. It is evident
from the plot that our proposed method outperforms other methods even for
Gd dataset.

Figure 5.10: Lesion detection examples. For top and bottom, from left to right:
Slice of FLAIR for t0, t3, |t0 � t3(Normalized)|, ground truth and lesions detected
by our algorithm.
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Step 3: a delicate step… 

A	study	to	improve	and	validate	the	tool	(pocadims)	
A	post	doctoral	researcher	

ETUDE POCADIMS 
  

  

Performance d’un outil d’aide au diagnostic des lésions 
visualisées en IRM dans le diagnostic et le suivi de la SEP 
(CADIMS) en pratique clinique 



The steps of the project 



Step 4: an image viewer   



Where are we now ? 

-  The	5	steps	have	been	implemented		
-  5	experimental	sites	

-  Rennes	university	hospital		
-  Brest	university	hospital	
-  St	Brieuc	hospital	
-  Lorient	hospital		
-  St	Malo	
	

-  9/200	patients	



Translational	research:	Crossing	the	Valley	of	Death…	

Butler D. 2008, Nature 



Merci	pour	votre	attention		


