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Fatigue in MS

• One of the most disabling symptoms
• Affects about 50-80% of the patients
• May be the onset symptom
• Transient or chronic 
• May occur at any stage of the disease



Fatigue in MS
• Fatigue: overwhelming sense of tiredness, lack of energy, or 

feeling of exhaustion, already present at rest
• Fatigability: generalised sensation of exhaustion, not present 

at rest, affecting the patient after a few minutes of physical 
activity, that disappears after a short rest

• Fatigue and fatigability are not correlated although they can 
occur in the same individual
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Pathophysiology of MS fatigue



Krupp et al Arch Neurol. 1989;46:1121-1123

The Fatigue Severity Scale



Are questionnaires adequate for 
quantification of fatigue severity?

• They can be confounded by other symptoms of MS

• They are entirely subjective

• They require patients to make difficult retrospective
assessments



Pyramidal 0.33 <0.001 
Cerebellar 0.29 <0.001 
Brain stem 0.24 <0.001 
Sensory 0.29 <0.001 
Bowel and bladder 0.30 <0.001 
Visual 0.12 NS 
Cerebral 0.23 0.001 
Other 0.01 NS 
EDSS 0.33 <0.001 
 
 
 

Fatigue & disability correlations
Kroencke et al. 2000
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Verbal learning before-after effortful cognitive task 

MSF

MSNF

Krupp et al. 2000



Pz vs controls
pre-PASAT

Pz vs controls 
post-PASAT

SMA
SMA

SMA overactivation to MOVEMENT after COGNITIVE fatigue 
in pwMS (FSS > 5)

Tartaglia et al 2008



Kroencke et al. 2000



Body temperature is elevated and linked to fatigue in relapsing-remitting multiple
sclerosis, even without heat exposure

Sumowski & Leavitt, 2014
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Increase of complex reaction times not related to slowing
of conduction along the primary afferent or efferent
pathways (Sandroni et al., 1992)

Role of the circuits related to motor planning:
basal ganglia-thalamus-cortex

These circuits may be studied by means of functional 
techniques: EEG and fMRI

Fatigue as a movement disorder?



Basal ganglia participate in several functions -motor, 
cognitive, limbic- due to parallel circuitries

Chaudry and Behan 2004
Roelcke et al. 1997

MS-FAT vs No-FAT (FSS)
↓rCBF lat/medial PF, PM, 
SMA, putamen, caudate



Frontal wm
n.s.

MS Fatigue (> 5) vs non fatigue (<4)

Lentiform 
nucleus
p=0.04

But also higher Beck Depression score in Fat vs NFat

significant NAA/Cr 
decrease in the 
lentiform nucleus

No differences in the 
frontal white matter

Posterior cingulate 
and left parietal wm: 
n.s. (Pokryszko-
Dragan et al. J Neurol
Sci 2014)



Fatigue in MS & tissue damage

Calabrese  et al Mult Sclerosis 2010

Basal ganglia and frontal/parietal cortical atrophy

Severe depression (BDI > 18) exclluded –max 21

52 C 81 NFMS 71 FMS



Increased cortical Event-Related Desynchronization (ERD) of EEG rhythms in pwMS & fatigue

ERD & FSS



Fatigue treatment in MS: a complex scenario

• Symptomatic Drugs
• Modafinil, Amantadine, Aminopyridines, Methylphenidate

• Disease-modifying Drugs
• Ponesimod (RCT)

• Cognitive behavioural therapy
• Physical activity
• Non-invasive brain stimulation
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1133 patients randomized in a 1:1 ratio to 
ponesimod 20 mg or teriflunomide 14 mg



First published: 02/06/2021
EMA/251618/2021
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20-item FSIQ-RMS which assesses fatigue severity through 
mean daily ratings over 7 days and the corresponding impacts 
of fatigue on three subdomains: 

Physical
cognitive/emotional
Coping

FSIQ-RMS domain scores range from 0-100 (higher score 
indicates greater severity)



Fatigue and disease-modifying drugs – a complex scenario: the example of ponesimod

Fatigue Symptom and impact questionnaire score



Kappos et al P007 ECTRIMS 2020

NEDA-3

No new/enlarging or Gd+ 

lesions

No relapses
No EDSS increase



Difference PON-TER in change from baseline to week 108 in FSIQ-RMS 
weekly score: -3.17 (NEDA) vs. -3.36 (EDA), both favoring ponesimod

Fatigue and disease-modifying drugs – a complex scenario: the example of ponesimod

Change from baseline to week 108 in FSIQ-RMS mean 
daily ratings over 7 days.

•Proportion of patients achieving NEDA-3 at End of Study 
(defined by the absence of confirmed relapse, Gd+ T1 
lesions, new or enlarging T2 lesions, and 12-week CDA).

NEDA-3

No new/enlarging or Gd+ lesions

No relapses

No EDSS increase



Fatigue treatment in MS: a complex scenario

• Symptomatic Drugs
• Modafinil, Amantadine, Aminopyridines, Methylphenidate

• Disease-modifying Drugs
• Ponesimod (RCT)

• Cognitive behavioural therapy
• Physical activity
• Non-invasive brain stimulation



Gaede et al. Neurol Neuroim Neuroinfl 2018

Motor cortex (Lower Limb rTMS)

Fatigue treatment in MS: non invasive brain stimulation
Repetitive Transcranial Magnetic Stimulation - rTMS
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Motor cortex rTMS & walking in MS (Lower Limb rTMS)



Fatigue ++
But ≠ outcome, brain region, dose, duration

Fatigue treatment in MS: non invasive brain stimulation
Transcranial direct current stimulation - tDCS



Cognition + (outcome)

Fatigue treatment in MS: non invasive brain stimulation
Transcranial direct current stimulation - tDCS



Left DLPF cortex
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Left DLPF cortex



Level A evidence (definite efficacy):
• rTMS of the left dorsolateral prefrontal cortex (DLPFC) for 

depression (high frequency, figure-of-8 or a H1-coil)
• rTMS of the primary motor cortex (M1) contralateral to the 

painful side for neuropathic pain (High-frequency)
• rTMS of contralesional M1 for hand motor recovery in the post-

acute stage of stroke (Low-frequency)

A panel of experts 
examined publications 
until the end of 2018
[rTMS real vs placebo]



Prefrontal tDCS has the potential to modulate numerous cognitive functions
simultaneously, but to properly interpret the results, a clear a priori hypothesis is
necessary, careful technical consideration are mandatory, further insights into the
neurobiological impact of tDCS are needed, and consideration should be given to
the possibility that some behavioral effects may be partly explained by parallel
modulation of related functions.



ROC curves of change in keystroke dynamics (orange)
and classification of clinically relevant change

Lam et al 2021



Veauthier et al. The EPMA Journal (2016) 7:25
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