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Abstract
Aim: This study aims to describe the lesion characteristics of conventional magnetic resonance imaging (MRI) of patients who are 
directed to a university hospital with a pre-diagnosis of demyelinating disease who are finally diagnosed as MrWMLs.
Material and Methods: Individuals who were referred to an MS outpatient clinic of a university hospital with a pre-diagnosis of 
demyelinating disease and finally diagnosed with migraine according to the International Classification of Headache Disorders 
(ICHD) -3 (β) criteria who also have MrWMLs and 45 age and gender-matched individuals who are diagnosed with MS according to 
the 2017 McDonald diagnostic criteria, without migraine-type headache were retrospectively analyzed. 
Results: Forty-five individuals with migraine and 45 age and gender-matched individuals who are diagnosed with MS were included. 
The median time since diagnosis was 10 (0.5-32) years for the migraine group and 5 (0.3-20) years in the group with MS (p=0.031). 
The median age of the group with migraine was 35 (23-54) years, while the median age of the group with MS was 34 (20-55) years. 
There was no significant difference between the groups in terms of average age and gender distribution (p=0.342 and p=0.389). The 
total number of T1 and T2 lesions were significantly higher in the MS group. Similarly, the number of infratentorial and periventricular 
lesions was higher in the MS group (p<0.001). The number of deep white matter lesions was higher in the migraine group (p<0.05).
Conclusion: In this study, conventional MRI tips were defined for differentiating MS lesions from MrWMLs which has an important 
place in the differential diagnosis of MS. MrWMLs were deep white matter lesions that are predominantly located at the frontal and 
parietal lobes. Studies involving more individuals and using automated segmentation software may provide more information to 
differentiate MrWMLs from MS lesions.
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INTRODUCTION

Multiple sclerosis is the most common immune-mediated 
inflammatory disease of the central nervous system 
(CNS), affecting more than 2 million people worldwide (1). 
The underlying cause of MS is not known precisely but 
is thought to occur with the influence of environmental 
factors in genetically susceptible individuals (2). Although 
MS was previously identified as a T cell-mediated disease, 
genetic and pathology studies show that T and B cells 
play a critical role in the pathogenesis of MS. However, 
other cells of the central nervous system, such as 
oligodendrocyte, microglia, and astrocyte, have also been 
shown to contribute to pathology (3). Initially, 85-90 % of 
patients have relapses followed by periods of remission. 

Secondary progressive disease characterized by gradual 
worsening of neurological function in many patients over 
time (2). The diagnosis is made by careful evaluation of 
history, neurological examination, neuroimaging, and 
laboratory tests. Dissemination in time and space and the 
lack of a better explanation of the presentation form the 
basis of diagnostic criteria (4). The detection of at least 
one T2 lesion in two of the four CNS regions defined as 
periventricular, infratentorial, juxtacortical, or cortical and 
spinal cord, meets the requirement for dissemination in 
space criteria in the 2017 McDonald diagnostic criteria 
(4). The condition of dissemination in the space is 
provided by demonstrating that demyelinating attacks 
occur at different times by clinical or MR imaging (4, 5). 
However, MS misdiagnosis remains an important problem 
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with serious consequences for patients and healthcare 
systems (5). In a study in which 241 patients diagnosed 
with MS were evaluated in two different academic MS 
centers, it was shown that approximately one-fifth of 
the patients were misdiagnosed, and the most common 
actual diagnosis was migraine(16%) (6). Similarly, in 
another study evaluating 110 misdiagnosed individuals, it 
was shown that the most common actual diagnosis was 
migraine (7).

Migraine is a chronic neurological disorder characterized 
by attacks of moderate or severe headache and reversible 
neurological and systemic symptoms. Migraine is one of 
the most prevalent and disabling medical illnesses in the 
world. World Health Organization ranks migraine as the 
third most prevalent medical condition and the second 
most disabling neurological disorder in the world (8, 9). 
The migraine headache is often reported by patients 
to be unilateral (60%), throbbing (50%), and aggravated 
by physical activity (90%) or head movement (10, 11). 
Globally, migraine affects about 15% of the general 
population and is more common in women like MS (9, 12). 
Migraine is considered as a risk factor for the formation 
of WMLs which are observed hyperintense in T2-weighted 
images (13), and WMLs are common in individuals with 
migraines (14). The aim of this study is to describe the 
lesion characteristics of patients with WML accompanying 
migraine who are referred to a university hospital with a 
pre-diagnosis of demyelinating disease and finally not 
diagnosed with demyelinating disease. 

MATERIAL and METHODS
Study procedure

The study was approved by the Erciyes University ethics 
committee (meeting date of the ethics committee: 
12.02.2020, decision number: 2020/92). Forty-five 
individuals who were referred to Erciyes University Faculty 
of Medicine, MS outpatient clinic with a pre-diagnosis of 
demyelinating disease and finally diagnosed with migraine 
according to International Classification of Headache 
Disorders (ICHD) -3 (β) criteria (12) who have WMLs were 
included in the study. Individuals in the migraine group did 
not show any symptoms similar to the MS symptom at 
any time, except for a headache. The exclusion criteria for 
the migraine group were as follows: any imaging finding 
other than focal T2 hyperintensity, any type of ongoing or 
recurrent headaches other than migraine, any systemic 
inflammatory or autoimmune diseases, and uncontrolled 
hypertension. Additionally, we excluded smokers and 
patients with dyslipidemia, diabetes mellitus, and history 
suggestive of any malignancy. Forty-five age and gender-
matched individuals diagnosed with MS according to the 
2017 McDonald diagnostic criteria, without migraine who 
are registered in our iMed © database were included in the 
study. The number of WML was counted on FLAIR images 
and the WMLs were grouped according to the anatomical 
localization and distribution pattern. Four subgroups 
were determined according to the WML distribution. 

These subgroups were juxtacortical, deep white matter, 
periventricular, and infratentorial. Based on the number 
of WML, five subgroups were identified; 0, 1–2, 3–8, and 
≥9. The anatomical localization of WMLs was defined as 
frontal, temporal, parietal, occipital, and infratentorial.

The data were analyzed with IBM SPSS V23. Compatibility 
with normal distribution was examined by Kolmogorov 
Smirnov and Shapiro Wilk tests. Mann Whitney U test 
was used to compare data without normal distribution. 
Independent samples t-test was used to compare 
normally distributed data, and the results of the analysis 
were presented as mean ± s. Deviation. Categorical data 
were examined by the chi-square test and the results were 
presented in frequency (%). The significance level was 
considered as p <0.05.

RESULTS
Ninety individuals, 45 individuals with migraine (29 
women, 55.6%), 45 MS (25 women 55.5%), were included 
in the study. The median age of the group with migraine 
was 35 (23-54) years, while the median age of the group 
with MS was 34 (20-55) years. There was no significant 
difference between the groups in terms of age and gender 
distribution (p = 0.342 and p = 0.389). The median time 
since diagnosis was 10 (0.5-32) years for the migraine 
group and 5 (0.3-20) years for the group with MS. The 
duration of the migraine group since diagnosis was 
significantly longer (p = 0.031). In the migraine group, 3 
(6.7%) individuals had migraine with aura, while 42 (93.3%) 
individuals had migraine without aura.   

Table 1. Demographic characteristics of migraine and MS groups

 Migraine (n=45) MS (n=45) p

Age (year) 35 (23 - 54) 34 (20-55) 0.324*

Gender n, (%)

Female 29, (55.6) 25, (55.5)

0.389#

Male 16, (44.4) 20, (45.5)

Time since diagnosis (years) 10 (0.5-32) 5 (0.3-20) 0.031*

Data are given as median (minimum-maximum) and n, (%). * Mann 
Whitney U test, #Pearson chi-square test

The total number of T1 and T2 lesions were higher in the 
MS group (p <0.001, p <0.001). Similarly, the number of 
infratentorial and periventricular lesions was higher in the 
MS group (p <0.001). The number of deep white matter 
lesions was higher in the migraine group (p <0.05). There 
was no significant difference between the groups in the 
number of juxtacortical lesions (p = 0.229). Also, no T1 
hypointense lesion was found in the migraine group 
(Figure 1).
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Figure 1. Distribution of the number of lesions in migraine and 
MS group, * p <0.05, ** p <0.001

When the anatomical distribution of the lesions is 
examined, it is noteworthy that the lesions in the migraine 
group are located in the frontal lobe (p <0.05). Temporal 
lobe involvement was more prominent in the MS group (p 
<0.05). Also, corpus callosum, brainstem, and cerebellum 
involvement were observed in the MS group (p <0.001). 
Parietal, occipital and capsula interna lesions did not 
differ between groups (p = 0.646, p = 0.292, p = 0.163). 
Besides, no lesions were observed in the brainstem and 
cerebellum in the migraine group (Figure 2). 

Figure 2. Anatomical locations of lesions in migraine and MS 
group, * p <0.05, ** p <0.001

DISCUSSION
In this study, the radiological features of MrWMLs, which 
has an important place in the differential diagnosis of 
MS, are emphasized. MrWMLs are defined as small, 
ovoid, hyperintense lesions in T2, and FLAIR images 
predominantly located in the deep white matter (15). 
MS lesions are located perpendicular to the lateral 
ventricles and are larger than migraine-related WMLs 
(16). In our study, it has been shown that MrWMLs are 
most frequently localized in the frontal and parietal lobes 
and are not observed in the infratentorial region, unlike 
MS lesions. This difference in the distribution of lesions 
suggests different physiopathology of MS and migraine. 
Immune-mediated demyelination and secondary axonal 
loss in MS affect the entire CNS. However, although 
the mechanism of formation of MrWMLs is not clearly 
understood, hypotheses have been proposed, including 
focal hypoperfusion and oligoemia during migraine 

attacks (17, 18). Ischemia-reperfusion periods can lead 
to increased permeability of the blood-brain barrier and 
glutamate excitotoxicity (19, 20).  In a study evaluating 28 
individuals with migraines, it was revealed that MrWMLs 
were mostly localized in the frontal lobe, brainstem, and 
cerebellum (20). In another study comparing MrWMLs and 
MS lesions, it was shown that frontal lobes were affected 
mainly in the migraine group, lesions were localized in 
the anterior circulation and posterior circulation was 
preserved (21). Although the reason for this difference 
is not fully known, it has been suggested that this 
distribution pattern may be explained by the lower overall 
prevalence of posterior system infarction compared with 
the anterior system infarction (21, 22). In our study, it has 
been shown that MrWMLs are frequently located in deep 
white matter in accordance with previous studies (23), and 
it was found that the periventricular area was preserved, 
unlike MS lesions. Likewise, Lapucci et al. (24) showed 
that the presence of periventricular lesions has a key role 
in the differentiation of migraine with aura from clinically 
isolated syndrome (CIS), the first episode of demyelinating 
disease, especially when there are more than three. Our 
study has some limitations. Firstly, clinical data such as 
attack frequency and duration in the migraine group could 
not be obtained in detail because of the retrospective 
design of the study. Additionally, MR images were 
evaluated without using automated software that could 
allow volumetric measurements. Volumetric analysis of 
MrWMLs can provide more information in the differential 
diagnosis. For example, in the study of Kamson et al. (21) 
MrWMLs were shown to have a smaller volume compared 
with MS lesions. However, there are studies showing that 
manual and automated software achieve similar results in 
determining the number of WMLs (25).  

CONCLUSION
In this study, conventional MR imaging clues were defined 
for differentiating MS lesions from MrWMLs. MrWMLs 
were deep white matter lesions that are predominantly 
located at frontal and parietal lobes. It has been shown 
that MS lesions have a higher T1 and T2 lesion load and 
affect the periventricular and infratentorial areas. Besides, 
MS lesions are localized to all hemispheres, with the 
temporal lobes predominance. Studies using automated 
segmentation software and involving more individuals 
will be able to provide more information in the differential 
diagnosis of MrWMLs from MS lesions. 

Competing interests: The authors declare that they have no competing 
interest.
Financial Disclosure: There are no financial supports.
Ethical approval: The study was approved by the Erciyes University 
ethics committee (meeting date of the ethics committee: 12.02.2020, 
decision number: 2020/92).  

REFERENCES
1. Reich DS, Lucchinetti CF, Calabresi PA. Multiple 

Sclerosis. N Engl J Med 2018;378:169-80.
2. Thompson AJ, Baranzini SE, Geurts J, et al. Multiple 

sclerosis. Lancet 2018;391:1622-36.



Ann Med Res 2020;27(10):2645-8

2648

3. Dobson R, Giovannoni G. Multiple sclerosis - a review. 
Eur J Neurol 2019;26:27-40.

4. Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis 
of multiple sclerosis: 2017 revisions of the McDonald 
criteria. Lancet Neurol 2018;17:162-73.

5. Solomon AJ. Diagnosis, Differential Diagnosis, and 
Misdiagnosis of Multiple Sclerosis. Continuum 
(Minneap Minn). 2019;25:611-35.

6. Kaisey M, Solomon AJ, Luu M, et al. Incidence of 
multiple sclerosis misdiagnosis in referrals to two 
academic centers. Mult Scler Relat Disord 2019;30:51-
6.

7. Solomon AJ, Bourdette DN, Cross AH, et al. The 
contemporary spectrum of multiple sclerosis 
misdiagnosis: A multicenter study. Neurology 
2016;87:1393-9.

8. GBD 2015 Neurological Disorders Collaborator Group. 
Global, regional, and national burden of neurological 
disorders during 1990-2015: a systematic analysis 
for the Global Burden of Disease Study 2015. Lancet 
Neurol 2017;16:877-97.

9. Steiner TJ, Stovner LJ, Birbeck GL. Migraine: the 
seventh disabler. J Headache Pain 2013;14:1.

10. Headache Classification Committee of the 
International Headache Society (IHS) The International 
Classification of Headache Disorders, 3rd edition. 
Cephalalgia 2018;38:1-211.

11. Dodick DW. Migraine. Lancet 2018;391:1315-30.
12. The International Classification of Headache 

Disorders, 3rd edition (beta version). Cephalalgia 
2013;33:629-808.

13. Kruit MC, van Buchem MA, Hofman PA, et al. Migraine 
as a risk factor for subclinical brain lesions. JAMA 
2004;291:427-34.

14. Toghae M, Rahimian E, Abdollahi M, et al. The prevalence 
of magnetic resonance imaging Hyperintensity in 
migraine patients and its association with migraine 
headache characteristics and cardiovascular risk 
factors. Oman Med J 2015;30:203.

15. Cutrer FM, Black DF. Imaging findings of migraine. 

Headache. 2006;46:1095-107.
16. Polman CH, Reingold SC, Edan G, et al. Diagnostic 

criteria for multiple sclerosis: 2005 revisions to the 
"McDonald Criteria". Ann Neurol 2005;58:840-6.

17. Kruit MC, Launer LJ, Ferrari MD, et al. Brain stem and 
cerebellar hyperintense lesions in migraine. Stroke 
2006;37:1109-12.

18. Dodick DW, Roarke MC. Crossed cerebellar diaschisis 
during migraine with prolonged aura: a possible 
mechanism for cerebellar infarctions. Cephalalgia 
2008;28:83-6.

19. Kruit MC, Launer LJ, Ferrari MD, et al. Infarcts 
in the posterior circulation territory in migraine. 
The population-based MRI CAMERA study. Brain 
2005;128:2068-77.

20. Schmitz N, Admiraal-Behloul F, Arkink EB, et al. Attack 
frequency and disease duration as indicators for brain 
damage in migraine. Headache 2008;48:1044-55.

21. Kamson DO, Illés Z, Aradi M, et al. Volumetric 
comparisons of supratentorial white matter 
hyperintensities on FLAIR MRI in patients with 
migraine and multiple sclerosis. J Clin Neurosci 
2012;19:696-701.

22. Paciaroni M, Silvestrelli G, Caso V, et al. Neurovascular 
territory involved in different etiological subtypes of 
ischemic stroke in the Perugia Stroke Registry. Eur J 
Neurol 2003;10:361-5.

23. Meilán A, Larrosa D, Ramón C, et al. No association 
between migraine frequency, white matter lesions and 
silent brain infarctions: a study in a series of women 
with chronic migraine. Eur J Neurol 2020;27:1689-96.

24. Lapucci C, Saitta L, Bommarito G, et al. How much do 
periventricular lesions assist in distinguishing migraine 
with aura from CIS? Neurology 2019;92:e1739-e44.

25. Egger C, Opfer R, Wang C, et al. MRI FLAIR lesion 
segmentation in multiple sclerosis: Does automated 
segmentation hold up with manual annotation? 
Neuroimage Clin 2017;13:264-70.


