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Target Audience. Neurologists and Neuroradiologists. 
Purpose. In this multicentre study, we assessed the fMRI correlates of frontal lobe dysfunction in multiple sclerosis (MS) patients 
with and without cognitive impairment to prove the validity of this technique for treatment monitoring in the context of clinical trials.  
Methods. This study was conducted at six European sites using 3.0 Tesla scanners. FMRI scans during a N-back task were acquired 
from 42 right-handed relapsing remitting (RR) MS patients and 52 sex-matched right-handed healthy controls (HC). MS patients 
underwent the Rao battery and the Wisconsin Card Sorting test. Patients with at least two abnormal tests were considered as 
cognitively impaired (CI).1 FMRI data were analysed modelling regions showing a load-dependent activation/deactivation with 
increasing task difficulty. FMRI activity was compared between HC and all MS, as well as between HC, cognitively preserved (CP) 
and CI patients. Correlations of fMRI activity with clinical, neuropsychological and conventional MRI variables were also assessed. 
Results. Twenty-two MS patients were cognitively preserved (CP) and 20 (47%) were CI. Task-related activations/deactivations were 
found in similar regions for HC and MS (Figure 1). Compared to HC, MS showed a reduction of fMRI activity with increasing task 
difficulty in the bilateral parietal, left inferior frontal and left middle frontal regions. While CP showed fMRI patterns similar to those 
detected in HC, CI patients had a distributed reduced fMRI activity (in bilateral parietal and frontal regions, and in the bilateral insula) 
and fMRI deactivations (in the bilateral precuneus, posterior cingulate cortex and parahyppocampal gyrus) compared to HC and CP 
patients (Figure 2). A failure of activation of frontal regions was correlated with a longer disease duration, higher T2/T1-lesion 
volumes, lower Z-score of global cognitive, attention-executive and visual functions. 
 

 
Discussion and Conclusion. This multi-centre study, conducted on a homogenous MRI and cognitive dataset, shows that integrity of 
frontal lobe activity is associated with a better cognitive profile in MS patients and contributes to validate the use of fMRI in treatment 
trials. 
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Figure 1. Brain regions linearly increasing (or decreasing) fMRI activity 
with increasing n-back task difficulty in HC (left) and MS patients 
(right) (one-sample t tests, p<0.05 family-wise error corrected for 
multiple comparisons). (A, C) “load” activation; (B, D) “load” 
deactivation. 

Figure 2. Brain regions with significantly different fMRI 
activations/deactivations with increasing n-back task difficulty in 
CI MS patients vs the other study groups. A) CI MS patients vs 
HC; B) CI vs CP MS patients. 
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