EUDRA-CT-2010-023678-38: High field structural and functional MRI to investigate the substrates of fatigue in multiple sclerosis and to monitor the effect of tailored treatments. (GR-2008-1138784, pharmacological substudy)
Summary
Aim of this study was to investigate longitudinal changes of functional MRI (fMRI) brain activation during an active right-hand motor task, during a cognitive task (continuous performance test [CPT]), as well as longitudinal changes of resting state (RS) functional connectivity (FC) in the main functional networks in patients with multiple sclerosis (MS) and fatigue undergoing different symptomatic treatments for this symptom. 
Forty-five fatigued MS patients were randomly, blindly assigned to undergo treatment with fampridine (10 mg twice daily, n=15), amantadine (100 mg twice daily, n=15) or placebo (1 tablet twice daily, n=15) and underwent a neurological evaluation, with rating of the expanded disability status scale (EDSS) score and a neuropsychological assessment at baseline (T0) and after four weeks (W4) of treatment. 3T active and RS fMRI scans were collected at the same time points. Fatigue was evaluated by means of the modified fatigue impact scale (MFIS) at both time points. Individual motor and cognitive fMRI activation maps were obtained using the general linear model framework, as implemented in SPM12 software. RS FC analysis of the main large-scale brain functional networks was analyzed using independent component analysis. Active and RS fMRI second-level analyses were performed using voxel-wise parametric models implemented in SPM12. 
At W4, significantly decreased global, physical and cognitive (p=0.001/0.003/0.014) MFIS scores were found in fampridine patients and, to a lesser extent, in amantadine patients (global and psycho-social MFIS, p=0.023; physical MFIS, p=0.019). Placebo patients also showed improved physical (p=0.04) and psycho-social (p=0.026) MFIS. 
During the motor and CPT active fMRI tasks, no changes of activation over time were detected in the amantadine group. Conversely, fampridine patients showed significant motor activity modifications at W4 vs T0 in different fronto-temporal areas, bilaterally. Motor fMRI activity changes were also found in right temporal regions in the placebo group. The analysis of the average inter-stimulus interval (ISI) activity during the CPT task detected a significant fMRI activation change over time in cerebellar and secondary visual regions in fampridine patients, and in parieto-temporal regions in placebo patients. With the increase of CPT task difficulty (“load” effect), significant variations of fMRI activity at W4 vs T0 in the bilateral cerebellum and left parietal cortex were detected in fampridine patients, and in the right supramarginal and left middle temporal gyri in placebo patients.
At W4, fampridine patients showed increased RS FC of the bilateral precuneus in the default mode network, as well as increased RS FC of the right inferior frontal gyrus in the salience and right fronto-parietal attention networks vs T0. At W4, small clusters of increased RS FC in frontal regions and decreased RS FC in temporo-parietal regions were detected in placebo and amantadine patients. Finally, a significant decrease over time of RS FC within the thalamus and other deep grey matter regions was found in fampridine and placebo patients.
