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Migraine is the most common misdiagnosis

for Multiple Sclerosis (MS)

• young age at the onset

• > female sex

• occurence and re-occurence

of focal or multifocal

neurological signs

Demographical and clinical mimics

Neuroradiological mimics

Solomon et al., Neurology 2016



Migraine-related white matter abnormalities are small, ovoid or circular 

located in both the  periventricular and deep brain white matter
Kruit et al., JAMA 2004

Periventricular  lesions has been considered a hallmark of MS

Migraine or CIS-related 

periventricular

white matter hyperintensities?

Casini et al.,  J Neurol Neurophysiol 2013



The number of periventricular lesion (PVLs) 

to fulfill dissemination in space (DIS) in MS 

varies among the different diagnostic criteria

≥ 3PVLs

≥ 1 PVL



Why ≥ 3 PVLs ?

Absinta et al., J Neurol 2012

≥ 1PVL in the 30% of migraine patients 

Ruet et al., MSJ 2014

Moraal et al., Arch Neurol. 2009



Why ≥ 1 PVL ?

Brownlee et al., MSJ 2017

Arrambide et al., Neurology 2017

regarding age, ⩾3 PVLs improved DIS specificity over ⩾1 

PVLs in the 40–49 years of age bracket (66.7 vs 58.3)

This difference disappeared when adding DIT



Thompson et al., Lancet Neurol 2018

The Panel recently maintained

the requirement for 1 PVL  



The study

Aims 

In two large cohorts of migraine with aura (MA) and Clinically Isolated Syndrome (CIS)

patients:

• to analyse the differences on T2 white matter hyperintensities (WMH) volumes and

locations

• to evaluate the impact of 1 vs 3 PVLs on sensibility and specificity of the DIS

requirements according to the MAGNIMS group and the recent 2017 revisions to

McDonald criteria

Neurology, under review



The study

Material and Methods

79 CIS patients

Department of Neurology in Genoa 

a) Patients

84 migraine with aura patients

no previous history of neurological symptoms

Department of Neurology in Genoa

Department of Neurological and Behavioral Sciences in Siena

Department of Neurosciences S. Camillo-Forlanini in Rome

 68/16 women/men

mean age = 37.8±11.5, range = 18–66 years

 46/33 women/men

mean age = 35.2±9, range = 21–68 years

 typical demyelinating event suggestive of CIS

b) MRI acquisition
1.5-T scanner

1) T2-weighted turbo spin-echo (TSE)

2) FLAIR

3-mm-thick-slices
Neurology, under review



c) MRI analysis

• consensus of two experienced observers (one neurologist, one neuroradiologist) blinded to subjects’

identity

• WMH: area of T2 hyperintensity that is at least 3 mm in long axis

• WMH were visually evaluated and counted on the FLAIR images, adding a further inspection on

T2-weighted images for the analysis of the posterior fossa

Neurology, under review



juxtacortical periventricular

• 4 subgroups:

infratentorial deep/subcortical

WM

Neurology, under review



a) Lesion volume of T2 WMH was obtained using a manual segmentation technique (Jim version 7.0 Xinapse

Systems Ltd., Northants, UK)

c) MRI analysis

b) FLAIR Lesion Probability Maps (LPMs) generated by registering the binary lesion masks to MNI152 template

using non-linear registration (NiftyReg) and then by summing the FLAIR lesion masks in standard space

MNI 152 

template
MA CIS

c) Correlations between the diagnosis and lesion location: Voxel-based Lesion Symptom Mapping (VLSM) analyses

using a non-parametric permutation-based mapping (NPM) software from MRIcron package

Neurology, under review



Assessment of the fulfilment

of the 2017 revision to McDonald 

and 

the 2016 MAGNIMS criteria for DIS

d) Statistical analysis

Neurology, under review



The study - Results
Compared to migraine with aura, CIS patients 

have higher T2 WMH number and volume

Neurology, under review



Results - LMPs

frontal subcortical/deep white matter in MA patients 

periventricular regions in CIS patients

Neurology, under review



Results - VLSM

statistically significant association exclusively between 

the diagnosis of CIS and the periventricular location of the T2 WMH

pFWE< 0.05

voxels damaged in at least 8 patients

Neurology, under review



Logistic regression analysis confirmed that PVLs were the best factor separating CIS

from migraine patients

and

revealed a 85% decrease in the probability to be migraineur for each additional PVL

over the first one (OR=0.156, 95%, CI=0.076, 0.319, p<0.001)

Results – Statistical analysis

Neurology, under review



Results – Statistical analysis

Neurology, under review



MAGNIMS criteria demonstrated the highest specificity in 

differentiating CIS from MA patients (100% vs 87%) against 

a predictable lower sensibility (63% vs 72%)

Neurology, under review



Why more specific DIS criteria? 

• WMH may progress over time in migraineurs (Dinia et al., J Neuroimaging 2013; Terwindt GM, et al. JAMA 2012)

• more appropriate indications for lumbar puncture procedures (OCBs substitute for the radiological

DIT in the last MS criteria)



… For some patients—eg, older individuals or those with vascular risk factors 

including migraine—it might be prudent for the clinician to seek a higher number 

of periventricular lesions…
Thompson et al., Lancet Neurol 2018
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