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Abstract 

Introduction: The present study aims to investigate the association between the presence 

and frequency of cortical lesions (CLs), and the clinical and psychological features of 

multiple sclerosis (MS).  

Methods: A total of 19 patients with MS were examined using double-inversion 

recovery (DIR) sequences with 3T magnetic resonance imaging (MRI), and classified 

into two groups: CL and non-CL. In-house software was used to quantitatively 

determine the atrophy of each brain region. Activities of daily living (ADL) were 

estimated using the Kurtzke Expanded Disability Status Scale (EDSS). Cognitive 

function was assessed using the following tests: Mini-Mental State Examination 

(MMSE), Trail Making Test (TMT), and Paced Auditory Serial Addition Task (PASAT). 

Z-scores were used to assess significant differences in the neuropsychological test 

outcomes between the groups. 

Results: 6 of 19 patients had subcortical and deep WM lesions (non-CL group; 

diagnosed with relapsing-remitting MS). 13 of 19 patients had both subcortical and 

cortical lesions (CL group; 9 - relapsing-remitting MS; 4 - primary/secondary 

progressive MS). There were no significant differences in age, education, and disease 

duration, but EDSS scores were significantly higher in the CL group compared to the 
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non-CL group. There were no significant differences in grey and white matter volume 

between the CL and the non-CL groups, but the white matter lesion volume was 

significantly higher in the CL group compared to the non-CL group. 

Neuropsychological tests showed significant performance worsening in the CL group as 

compared to the standard values for healthy individuals in their age group, especially in 

the TMT data .  

Conclusions: Progressive MS, which was associated with decreased physical 

functioning, ADL, and cognitive impairment was found in patients in the CL group. 

 

Keywords: multiple sclerosis, cortical lesions, cognitive impairment, 

neuropsychological tests, magnetic resonance imaging
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Introduction 

Multiple sclerosis (MS) is a typical inflammatory demyelinating disease of the central 

nervous system. In the past, MS was considered a disease that primarily affects white 

matter (WM). However, demyelinating lesions have also been observed in cortical and 

central gray matter (GM) (Filippi & Rocca, 2010). Although cortical demyelination and 

cortical lesions (CLs) are a characteristic feature of progressive multiple sclerosis, i.e., 

primary progressive MS (PPMS) and secondary progressive MS (SPMS), WM lesions 

are mainly present in acute and relapsing-remitting MS (RRMS) (Mahad et al., 2015). 

Pathologically, B cell follicle-like structures are detected in the inflamed meninges of 

some patients with MS, which correlate with increased subpial demyelination and 

cortical atrophy (Magliozzi et al., 2007). CLs particularly occur when there is microglial 

activation in the lymph follicle structures (Howell et al., 2011). These ectopic lymph 

follicle-like structures contain abundant B cells and plasma cells and cause 

demyelination in the cerebral cortex adjacent to the lymph follicle (Magliozzi et al., 

2007). 

Although autopsy of brains from patients with MS showed CLs, which were primarily 

associated with progressive MS (PPMS and SPMS), and rarely with RRMS (Kutzelnigg 

et al., 2005), the advent of the MRI double inversion recovery (DIR) method enabled a 
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high rate of CL detection (Filippi & Rocca, 2011). The incidence of CLs is now known 

to be higher than previously expected, irrespective of the stage of disease (Lucchinetti et 

al., 2011). Indeed, CLs have been detected in 74.2% of SPMS and 64.4% of RRMS 

cases using 3D DIR imaging (M. Calabrese et al., 2010). Further, 3D DIR imaging 

allows the quantitative investigation of pathological features of MS with CLs, with a 

higher diagnostic accuracy than imaging using 3D fluid-attenuated inversion recovery 

(FLAIR) (Seewann et al., 2012). 

In MS, cognitive impairment is found in 40–65% of all patients (Rao, Leo, Bernardin, 

& Unverzagt, 1991). Such cognitive impairment primarily includes attention 

impairment, the reduced ability to process information, executive function disorder, and 

disturbance of memory (Benedict & Zivadinov, 2011). Overall cognitive and speech 

functions, however, are relatively maintained (Bobholz & Rao, 2003). Cognitive 

impairment in MS has been attributed to brain atrophy (Lanz, Hahn, & Hildebrandt, 

2007), total lesion load (Benedict et al., 2004; Sanchez, Nieto, Barroso, Martin, & 

Hernandez, 2008), and the presence of CLs, which may be associated with attention 

impairment and working memory deficits (Rinaldi et al., 2010). In addition to cognitive 

impairment, CLs have been correlated to physical disability with an increased Kurtzke 

Expanded Disability Status Scale (EDSS) score (Mike et al., 2011; Nelson et al., 2011). 
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However, it is not clear how various pathological features, such as CLs, subcortical WM 

lesions, and brain atrophy differentially affect cognitive function in different types of 

MS (M. Calabrese et al., 2015; Rocca et al., 2015; Steenwijk et al., 2015; Yaldizli et al., 

2016). No study has comprehensively described the association between CLs, attention 

impairment, working memory deficits, and a decrease in EDSS score. Thus, the purpose 

of the present study was to investigate the association between the presence and 

frequency of CLs, and the clinical and psychological features of MS, in a cohort of 

patients with MS. Hence, we performed 3T MRI with a DIR sequence and various 

neuropsychological tests, and assessed the EDSS scores of 19 patients, who underwent 

examination at the outpatient services of the Department of Neurology of Mie 

University Hospital, Japan. 

 

Materials and Methods 

Study population 

The study population comprised 19 patients with MS (8 men and 11 women; mean age, 

44.2±9.9 years) who were examined at Mie University Hospital between July 2011 and 

October 2014. This study was approved by the ethical review board of Mie University 

Hospital, and with the Helsinki Declaration of 1975, as revised in 2008. Written 
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informed consent was received from all participants, who were provided a written 

explanation of the study prior to participation. 

Clinical and Neuropsychological Assessment 

Disease type, disease duration, and EDSS scores were then noted using the clinical data 

sheets completed by the doctors in charge of each participant. Cognitive function was 

examined using the Mini-Mental State Examination (MMSE), Japanese Raven’s 

Colored Progressive Matrices (RCPM), the Rivermead Behavioral Memory Test 

(RBMT), the Trail Making Test (TMT) versions A and B, word fluency (WF) tasks, 

visuospatial construction tasks, and the 1- and 2-s versions of the Paced Auditory Serial 

Addition Task (PASAT). The academic history of each was confirmed when performing 

cognitive function testing. 

MRI 

MRI was performed using 3T-MRI scanners (Achieva ; Philips Health Care, Best, the 

Netherlands). 3D-FLAIR and T1-weighted images were obtained using the following 

parameters: for 3D FLAIR - repetition time (TR), 6,000 ms; echo time (TE), 310 ms; 

inversion time, 2,000 ms; field of view (FOV), 25 cm; matrix size, 480 × 256; and 

section thickness, 1.14 mm; for T1-weighted scans - TR, 7.6 ms; TE, 3.6 ms; flip angle, 

8°; FOV, 250 mm × 250 mm; in-plane resolution, 1.04 × 1.04 mm; and slice thickness, 
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1 mm.  

Image Analysis 

DIR axial, coronal, and sagittal section images from 3T MRI scans of the 19 

participants were obtained and analyzed by two neurologists. Lesions affecting the 

cortical (gray matter) were judged as CLs. The participants were classified into either 

the CL or non-CL group, based on the presence of absence of CLs, respectively (Fig. 1). 

Tissue quantification was performed using in-house software (Fused Software for 

Imaging Of Nervous system: FUSION) (Tabei, Kida, Hosoya, Satoh, & Tomimoto, 

2017), which yielded an individualized volumetric profile of brain tissue. The obtained 

T1-weighted and FLAIR images were imported from DICOM format files for 

processing. We used the Lesion Segmentation Tool for lesion filling to increase the 

accuracy of segmentation. Lesion filling was applied to T1-weighted images that were 

aligned with the lesion probability map. First, the T1-weighted images were co-

registered to FLAIR images for adaptive level preprocessing. Next, GM and WM 

segmentation was performed in T1-weighted and FLAIR images using the Montreal 

Neurological Institute template as the reference probability map. The preprocessing 

function was based on SPM 8 (Welcome Trust Centre for Neuroimaging, UCL). Next, 

second-level tissue segmentation was performed to separate the WM lesions from the 
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WM using a semi-automated operation that extracted the pixels, which were within a 

predetermined value. The volume of WM lesions, which appeared as hyperintense areas 

on FLAIR images, was quantified. The GM and WM volumes, and the ratios of cortical 

and WM volume to entire brain volume were also quantified. 

Statistical analysis 

Data analysis was performed using SPSS Version 22.0 (IBM) software. Differences in 

the age, EDSS score, TMT-A, category WF task performance, drawing visuospatial 

construction task, PASAT 1 s and PASAT 2 s performance, cortical and WM volume 

between the CL and non-CL groups were assessed using Student’s t-tests. The Mann-

Whitney U test was used to investigate academic history, disease duration, and 

performance on the following neuropsychology tests: MMSE, RCPM score and time, 

standardized profile score (SPS) and screening scores (SS) in the RBMT, TMT-B, letter 

WF task performance, copying visuospatial construction task. WM lesion volume 

between the CL and non-CL groups were assessed using Welch's t test. The level of 

statistical significance was set at p <0.05 for all statistical analyses. 

Neuropsychological assessment outcomes were statistically significantly different 

between the CL and non-CL groups were further analyzed using z-scores to evaluate the 

deviation from the mean values for healthy individuals of their age group (Takeda et al., 
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2011). Briefly, the z-scores were calculated for each participant as [(individual score–

age group-specific standard mean value)/standard deviation]. Thus, z-scores ranked 

patients after inherently adjusting for any age differences between the groups. An 

abnormally low score was defined as being 1.5 standard deviations (SDs) or more 

below the normal value for each age group. The number of participants with a low z-

score was determined for each group. 

 

Results 

A total of 6 of 19 patients had subcortical and deep WM lesions (non-CL group), while 

13 of 23 patients had additional cortical lesions (CL group). All 6 patients in the non-CL 

group had RRMS. In the CL group, 9 patients had RRMS, 1 patient had PPMS, and 3 

patients had SPMS (Table 1). There were no significant differences in age, education, 

and disease duration between the CL and the non-CL groups. The EDSS scores were 

significantly higher in the CL group (2.8 ±1.8) than those in the non-CL group (0.5 

±0.8; p=0.009) (Table 2). 

There were no significant differences in the GM and WM volumes between the CL and 

the non-CL groups. The GM volume to brain volume was 45.0 ±6.0% in the CL group 

and 45.0 ±5.4% in the non-CL group (p=0.99). Similarly, WM volume to brain volume 
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was 32.7 ±2.5% in the CL group and 34.5 ±4.4% in the non-CL group (p = 0.26). 

However, WM lesion volume was significantly higher in the CL group compared to the 

non-CL group (15.4 ±8.6 cc vs. 6.8 ±3.1 cc, p=0.005; Table 3). 

With regard to cognitive function, there were no significant differences in the MMSE 

score, RCPM score, RCPM time, RBMT SPS, RBMT SS, TMT-A, category WF task 

performance, letter WF task performance, visuospatial construction copying 

performance, visuospatial construction drawing performance and 1-s PASAT, and 2-s 

PASAT between the CL and non-CL groups (Table 2). The TMT-B values were 

significantly higher in the CL group than those in the non-CL group (148.2 ±99.9 s vs. 

67.5 ±29.7 s, p=0.009). Thus, differences between the CL and non-CL groups were 

significant in more difficult tests, i.e., the TMT-B (Table 2). 

The z-score analysis of the TMT and PASAT values showed significant performance 

worsening in the CL group as indicated by a higher proportion of patients with 

abnormally low z-scores (TMT-A, TMT-B, and PASAT 1 s: CL group 4/13 vs non-CL 

group 0/6; PASAT 2 s: CL group 7/13 vs non-CL group 1/6; Table 4). 

 

Discussion 

The results of this study can be summarized as follows: 1) CLs were observed in 13 of 
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19 patients with MS; 2) all patients with PPMS and SPMS had CLs; 3) there were no 

differences in the age, education, disease duration, and brain compartment volumes 

between the CL group and non-CL group; 4) compared to the non-CL group, the CL 

group had significantly larger WM lesion volumes and lower EDSS scores; 5) the CL 

group had significantly poorer results on neuropsychological testing, as indicated by the 

larger proportion of patients with attentional dysfunction, defined by z-scores below 

1.5 SDs. 

A previous study reported that patients with MS presented with attentional impairment, 

reduced information processing ability, and cognitive impairment in addition to physical 

disability (Benedict & Zivadinov, 2011). The results of the current study corroborated 

with these previous results since the presence of CLs in MS was associated with ADL 

impairment and attentional dysfunction. Indeed, the CL group showed significantly 

lower EDSS scores, which are mainly used to evaluate motor function and walking 

ability, primarily based on neurological findings. Further, of various neuropsychological 

tests, the outcomes for the TMT-B demonstrated abnormalities in the CL group. Since 

these tests primarily evaluate attentional function, higher brain dysfunction in MS can 

be primarily attributed to attentional dysfunction (Rinaldi et al., 2010). Several previous 

studies (Harrison et al., 2015; Kolber et al., 2015; Papadopoulou et al., 2013; Sethi et 
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al., 2016) have reported an association between CLs and cognitive and physical 

impairment in MS, in agreement with the present findings. 

Volumetric analysis demonstrated that WM lesion volume was significantly greater in 

the CL group than in the non-CL group, suggesting that progression WM lesions 

accompany the presence of CLs. This is corroborated by previous reports, which 

demonstrated that cognitive impairment in MS depends on the total number of lesions, 

rather than on brain atrophy (Benedict et al., 2004; Papadopoulou et al., 2013; Sanchez 

et al., 2008). Conversely, Amato et al. (2004; 2007) showed the presence of cortical 

atrophy in patients with MS who had cognitive impairment. The present study 

demonstrated that both cognitive impairment and WM lesions, but not gray and white 

matter atrophy, accompanied CLs. Since cognitive impairment in MS is known to 

progress over 5–7 years (Deloire, Ruet, Hamel, Bonnet, & Brochet, 2010), it is possible 

that CLs influence cognitive function earlier than brain atrophy in patients with MS. 

Between the CL group and non-CL group, there were no differences in age, education, 

and disease duration. This signifies that, in MS, CLs develop regardless of age and 

disease duration. Magliozzi et al. (2007) analyzed autopsied brains of patients with 

SPMS, and detected B cell follicle-like structures in the inflamed meninges in more 

than half of the patients with SPMS. Like progressive MS, inflammatory cortical 
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demyelination, consisting of microglial activation, neurodegeneration, and reduced 

oligodendrocytes, has also been observed early during the course of MS (Geurts & 

Barkhof, 2008; Lucchinetti et al., 2011). Indeed, an MR-based study revealed both focal 

CLs and generalized GM abnormalities more frequently in SPMS than in RRMS 

(Yaldizli et al., 2016). Further, changes in extra-lesional GM were found to be more 

consistently associated with disability compared with CLs. Therefore, cognitive 

impairment in MS can be attributed to the pathologies in both cerebral GM and WM (P. 

Calabrese & Penner, 2007; Papadopoulou et al., 2013; Rocca et al., 2015; Steenwijk et 

al., 2015). 

A few limitations in the present study must be noted. Given the single-center cross-

sectional design of the current study, the sample size was relatively small. Larger 

sample sizes are required for complex multivariate statistical analyses to clarify if the 

differences between groups are a consequence of the absence or presence of CLs, or of 

the disease state of patients with MS. Further, since clinical progress of individual 

patients was not monitored, it was difficult to determine if CLs and cognitive 

impairment appeared when RRMS transformed into progressive MS, or if progressive 

MS and RRMS were completely different entities. Previous studies demonstrated an 

increase in the correlation of CLs with the exacerbation of EDSS score in RRMS (M. 
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Calabrese et al., 2010) and cognitive impairment in all MS types, including RRMS, 

SPMS, and PPMS (M. Calabrese et al., 2009a; M. Calabrese et al., 2009b; Roosendaal 

et al., 2009). Early-stage cognitive impairment in MS, however, only served as an 

indicator predicting the exacerbation of EDSS score after 5–7 years (Deloire et al., 

2010). Thus, the difference in CLs and cognitive function between RRMS and 

progressive MS needs to be examined in a longitudinal study. In addition, future studies 

using pathological and genetic analysis are needed to further clarify how clinical and 

genetic characteristics are related to specific pathologies in cortical lesions and 

cognitive impairment (Tauhid, Neema, Healy, Weiner, & Bakshi, 2014). Finally, we did 

not have access to the Brief Repeatable Battery of Neuropsychological Tests, which was 

developed for the efficient detection of cognitive impairment in MS. Nonetheless, the 

PASAT and TMT in the present study exhibited a reasonable detection power, despite 

the lack of significant differences noted in the scores for the MMSE, RCPM, RBMT, 

WF tasks tests. 

 

 

Conclusion 

In conclusion, 3T MRI using DIR sequences, and clinical and neuropsychological 
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testing were used to comprehensively investigate the relationship between CLs, and 

cognitive and physical impairment in MS. CLs were more frequently observed in 

progressive MS and were associated with greater WM lesion volume, decreased 

physical functioning, ADL, and cognitive impairment, but not cortical atrophy. Larger, 

longitudinal studies are needed to further clarify the effect of CLs in cognitive function 

in various types of MS.  



17 

References 

Amato, M. P., Bartolozzi, M. L., Zipoli, V., Portaccio, E., Mortilla, M., Guidi, L., . . . De 

Stefano, N. (2004). Neocortical volume decrease in relapsing-remitting MS 

patients with mild cognitive impairment. Neurology, 63(1), 89-93.  

Amato, M. P., Portaccio, E., Goretti, B., Zipoli, V., Battaglini, M., Bartolozzi, M. L., . . . 

De Stefano, N. (2007). Association of neocortical volume changes with cognitive 

deterioration in relapsing-remitting multiple sclerosis. Archives of Neurology, 

64(8), 1157-1161. doi:10.1001/archneur.64.8.1157 

Benedict, R. H., Weinstock-Guttman, B., Fishman, I., Sharma, J., Tjoa, C. W., & 

Bakshi, R. (2004). Prediction of neuropsychological impairment in multiple 

sclerosis: comparison of conventional magnetic resonance imaging measures of 

atrophy and lesion burden. Archives of Neurology, 61(2), 226-230. 

doi:10.1001/archneur.61.2.226 

Benedict, R. H., & Zivadinov, R. (2011). Risk factors for and management of cognitive 

dysfunction in multiple sclerosis. Nature Reviews Neurology, 7(6), 332-342. 

doi:10.1038/nrneurol.2011.61 

Bobholz, J. A., & Rao, S. M. (2003). Cognitive dysfunction in multiple sclerosis: a 

review of recent developments. Current Opinion in Neurology, 16(3), 283-288. 



18 

doi:10.1097/01.wco.0000073928.19076.84 

Calabrese, M., Agosta, F., Rinaldi, F., Mattisi, I., Grossi, P., Favaretto, A., . . . Filippi, 

M. (2009a). Cortical lesions and atrophy associated with cognitive impairment in 

relapsing-remitting multiple sclerosis. Archives of Neurology, 66(9), 1144-1150. 

doi:10.1001/archneurol.2009.174 

Calabrese, M., Magliozzi, R., Ciccarelli, O., Geurts, J. J., Reynolds, R., & Martin, R. 

(2015). Exploring the origins of grey matter damage in multiple sclerosis. Nature 

Reviews Neuroscience, 16(3), 147-158. doi:10.1038/nrn3900 

Calabrese, M., Rocca, M. A., Atzori, M., Mattisi, I., Bernardi, V., Favaretto, A., . . . 

Filippi, M. (2009b). Cortical lesions in primary progressive multiple sclerosis: a 2-

year longitudinal MR study. Neurology, 72(15), 1330-1336. 

doi:10.1212/WNL.0b013e3181a0fee5 

Calabrese, M., Rocca, M. A., Atzori, M., Mattisi, I., Favaretto, A., Perini, P., . . . Filippi, 

M. (2010). A 3-year magnetic resonance imaging study of cortical lesions in 

relapse-onset multiple sclerosis. Annals of Neurology, 67(3), 376-383. 

doi:10.1002/ana.21906 

Calabrese, P., & Penner, I. K. (2007). Cognitive dysfunctions in multiple sclerosis--a 

"multiple disconnection syndrome"? Journal of Neurology, 254 Suppl 2, II18-21. 



19 

doi:10.1007/s00415-007-2006-5 

Deloire, M., Ruet, A., Hamel, D., Bonnet, M., & Brochet, B. (2010). Early cognitive 

impairment in multiple sclerosis predicts disability outcome several years later. 

Multiple Sclerosis, 16(5), 581-587. doi:10.1177/1352458510362819 

Filippi, M., & Rocca, M. A. (2010). MR imaging of gray matter involvement in multiple 

sclerosis: implications for understanding disease pathophysiology and monitoring 

treatment efficacy. AJNR American Journal of Neuroradiology, 31(7), 1171-1177. 

doi:10.3174/ajnr.A1944 

Filippi, M., & Rocca, M. A. (2011). MR imaging of multiple sclerosis. Radiology, 

259(3), 659-681. doi:10.1148/radiol.11101362 

Geurts, J. J., & Barkhof, F. (2008). Grey matter pathology in multiple sclerosis. The 

Lancet Neurology, 7(9), 841-851. doi:10.1016/S1474-4422(08)70191-1 

Harrison, D. M., Roy, S., Oh, J., Izbudak, I., Pham, D., Courtney, S., . . . Calabresi, P. A. 

(2015). Association of Cortical Lesion Burden on 7-T Magnetic Resonance 

Imaging With Cognition and Disability in Multiple Sclerosis. JAMA Neurology, 

72(9), 1004-1012. doi:10.1001/jamaneurol.2015.1241 

Howell, O. W., Reeves, C. A., Nicholas, R., Carassiti, D., Radotra, B., Gentleman, S. 

M., . . . Reynolds, R. (2011). Meningeal inflammation is widespread and linked to 



20 

cortical pathology in multiple sclerosis. Brain, 134(Pt 9), 2755-2771. 

doi:10.1093/brain/awr182 

Kolber, P., Montag, S., Fleischer, V., Luessi, F., Wilting, J., Gawehn, J., . . . Zipp, F. 

(2015). Identification of cortical lesions using DIR and FLAIR in early stages of 

multiple sclerosis. Journal of Neurology, 262(6), 1473-1482. doi:10.1007/s00415-

015-7724-5 

Lanz, M., Hahn, H. K., & Hildebrandt, H. (2007). Brain atrophy and cognitive 

impairment in multiple sclerosis: a review. Journal of Neurology, 254 Suppl 2, 

II43-48. doi:10.1007/s00415-007-2011-8 

Lucchinetti, C. F., Popescu, B. F., Bunyan, R. F., Moll, N. M., Roemer, S. F., Lassmann, 

H., . . . Ransohoff, R. M. (2011). Inflammatory cortical demyelination in early 

multiple sclerosis. The New England Journal of Medicine, 365(23), 2188-2197. 

doi:10.1056/NEJMoa1100648 

Mahad, Don H., Bruce D. (2015). Trapp & Hand Lassmann. Pathological mechanisms 

in progressive multiple sclerosis. The Lancet Neurology, 14(2), 183-193. 

doi:10.1016/S1474-4422(14)70256-X 

Magliozzi, R., Howell, O., Vora, A., Serafini, B., Nicholas, R., Puopolo, M., . . . Aloisi, 

F. (2007). Meningeal B-cell follicles in secondary progressive multiple sclerosis 



21 

associate with early onset of disease and severe cortical pathology. Brain, 130(Pt 

4), 1089-1104. doi:10.1093/brain/awm038 

Mike, A., Glanz, B. I., Hildenbrand, P., Meier, D., Bolden, K., Liguori, M., . . . 

Guttmann, C. R. (2011). Identification and clinical impact of multiple sclerosis 

cortical lesions as assessed by routine 3T MR imaging. AJNR American Journal of 

Neuroradiology, 32(3), 515-521. doi:10.3174/ajnr.A2340 

Nelson, F., Datta, S., Garcia, N., Rozario, N. L., Perez, F., Cutter, G., . . . Wolinsky, J. S. 

(2011). Intracortical lesions by 3T magnetic resonance imaging and correlation 

with cognitive impairment in multiple sclerosis. Multiple Sclerosis, 17(9), 1122-

1129. doi:10.1177/1352458511405561 

Papadopoulou, A., Muller-Lenke, N., Naegelin, Y., Kalt, G., Bendfeldt, K., Kuster, 

P., . . . Penner, I. K. (2013). Contribution of cortical and white matter lesions to 

cognitive impairment in multiple sclerosis. Multiple Sclerosis, 19(10), 1290-1296. 

doi:10.1177/1352458513475490 

Rao, S. M., Leo, G. J., Bernardin, L., & Unverzagt, F. (1991). Cognitive dysfunction in 

multiple sclerosis. I. Frequency, patterns, and prediction. Neurology, 41(5), 685-

691.  

Rinaldi, F., Calabrese, M., Grossi, P., Puthenparampil, M., Perini, P., & Gallo, P. (2010). 



22 

Cortical lesions and cognitive impairment in multiple sclerosis. Neurological 

Sciences, 31(Suppl 2), S235-S237. doi:10.1007/s10072-010-0368-4 

Rocca, M. A., Amato, M. P., De Stefano, N., Enzinger, C., Geurts, J. J., Penner, I. 

K., . . . Group, M. S. (2015). Clinical and imaging assessment of cognitive 

dysfunction in multiple sclerosis. The Lancet Neurology, 14(3), 302-317. 

doi:10.1016/S1474-4422(14)70250-9 

Roosendaal, S. D., Moraal, B., Pouwels, P. J., Vrenken, H., Castelijns, J. A., Barkhof, F., 

& Geurts, J. J. (2009). Accumulation of cortical lesions in MS: relation with 

cognitive impairment. Multiple Sclerosis, 15(6), 708-714. 

doi:10.1177/1352458509102907 

Sanchez, M. P., Nieto, A., Barroso, J., Martin, V., & Hernandez, M. A. (2008). Brain 

atrophy as a marker of cognitive impairment in mildly disabling relapsing-

remitting multiple sclerosis. European Journal of Neurology, 15(10), 1091-1099. 

doi:10.1111/j.1468-1331.2008.02259.x 

Seewann, A., Kooi, E. J., Roosendaal, S. D., Pouwels, P. J., Wattjes, M. P., van der Valk, 

P., . . . Geurts, J. J. (2012). Postmortem verification of MS cortical lesion detection 

with 3D DIR. Neurology, 78(5), 302-308. doi:10.1212/WNL.0b013e31824528a0 

Sethi, V., Yousry, T., Muhlert, N., Tozer, D. J., Altmann, D., Ron, M., . . . Chard, D. T. 



23 

(2016). A longitudinal study of cortical grey matter lesion subtypes in relapse-onset 

multiple sclerosis. Journal of Neurology, Neurosurgery, and Psychiatry, 87(7), 

750-753. doi:10.1136/jnnp-2015-311102 

Steenwijk, M. D., Daams, M., Pouwels, P. J., L, J. B., Tewarie, P. K., Geurts, J. J., . . . 

Vrenken, H. (2015). Unraveling the relationship between regional gray matter 

atrophy and pathology in connected white matter tracts in long-standing multiple 

sclerosis. Human Brain Mapping, 36(5), 1796-1807. doi:10.1002/hbm.22738 

Tabei, K. I., Kida, H., Hosoya, T., Satoh, M., & Tomimoto, H. (2017). Prediction of 

Cognitive Decline from White Matter Hyperintensity and Single-Photon Emission 

Computed Tomography in Alzheimer's Disease. Frontiers in Neurology, 8, 408. 

doi:10.3389/fneur.2017.00408 

Takeda, A., Nakajima, M., Kobayakawa, M., Tsuruya, N., Koyama, S., Miki, T., & 

Kawamura, M. (2011). Attention deficits in Japanese multiple sclerosis patients 

with minor brain lesion loads. Neuropsychiatric Disease and Treatment, 7, 745-

751. doi:10.2147/NDT.S27447 

Tauhid, S., Neema, M., Healy, B. C., Weiner, H. L., & Bakshi, R. (2014). MRI 

phenotypes based on cerebral lesions and atrophy in patients with multiple 

sclerosis. Journal of the Neurological Sciences, 346(1-2), 250-254. 



24 

doi:10.1016/j.jns.2014.08.047 

Yaldizli, O., Pardini, M., Sethi, V., Muhlert, N., Liu, Z., Tozer, D. J., . . . Chard, D. T. 

(2016). Characteristics of lesional and extra-lesional cortical grey matter in 

relapsing-remitting and secondary progressive multiple sclerosis: A magnetisation 

transfer and diffusion tensor imaging study. Multiple Sclerosis, 22(2), 150-159. 

doi:10.1177/1352458515586085 

 

 

 

 

 

 

 

 

 

 

 

 



25 

Acknowledgments  

We are very grateful to all the patients who kindly agreed to participate in this study and 

to everyone who worked on this project.  

 

Conflicts of interest 

This study received no specific grant from any funding agency in the public, 

commercial, or not-for-profit sectors. Furthermore, none of the authors has any 

commercial or financial involvement in connection with this study that represent or 

appear to represent any conflicts of interest. 

 

Ethical standard  

All patients provided written informed consent for examination before participating in 

the study, which was approved by the local ethics committee. 

 

 

 

 

 



26 

Table 1 Clinical data of participants in the cortical lesion (CL) and non-CL groups. 

  
Age 

(years) 
Sex 

Disease 

duration 

(years) 

Disease 

type 
EDSS 

Education 

Period 

(years) 

Current Disease  

Modifying Therapy 

CL group  

44 M 8 RRMS 2.5 21 IFNβ 

18 F 5 RRMS 0 12 - 

46 F 11 RRMS 2 12 IFNβ 

40 F 7 RRMS 0 16 IFNβ 

56 M 23 RRMS 3 12 Corticosteroid,Fingolimod 

53 M 22 RRMS 2.5 12 Fingolimod 

43 F 23 RRMS 3 12 - 

42 M 12 RRMS 3 12 IFNβ 

37 M 4 RRMS 2.5 16 IFNβ,Corticosteroid 

52 F 5 PPMS 3.5 12 IFNβ 

43 F 25 SPMS 6 12 - 

53 M 24 SPMS 6 12 Corticosteroid 

33 F 11 SPMS 2 14 IFNβ 

non-CL 

group 

44 F 9 RRMS 0 18 IFNβ 

51 M 4 RRMS 2 12 IFNβ,Corticosteroid 

40 F 27 RRMS 0 16 - 

33 M 12 RRMS 0 12 IFNβ 

58 F 12 RRMS 0 12 - 

54 F 36 RRMS 1 16 －  

EDSS, Kurtzke Expanded Disability Status Scale; IFNS, interferons; PPMS, primary progressive multiple sclerosis; RRMS, relapsing-

remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis  
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Table 2 Demographics, clinical and neuropsychological assessments of participants in 

the cortical lesions (CL) and non-CL groups. 

  
CL  non-CL  

p-value 
n=13,  6 (M) n=6,  3 (M) 

Demographics     

    Age 43.1 (10.1) 46.7 (9.4) 0.47 

    Education (years) 13.5 (2.7) 14.3 (2.7) 0.39 

    Disease duration (years) 13.8 (8.2) 16.7 (12.2) 0.51 

    EDSS     Score 2.8 (1.8) 0.5 (0.8) 0.009* 

Neuropsychological assessments    

    MMSE  27.9 (2.5) 28.8 (1.5) 0.37 

    RCPM 
Score 31.0 (4.5) 34.0 (2.0) 0.09 

Time (sec.) 376.5 (324.3) 252.5 (79.8) 0.86 

    RBMT 
SPS 19.5 (5.7) 22.5 (1.0) 0.21 

SS 9.2 (2.8) 10.8 (1.0) 0.25 

    TMT 
A (sec.) 109.0 (66.5) 51.2 (40.7) 0.068 

B (sec.) 148 (99.9) 68 (29.7) 0.009* 

    WF 
Category (/min.) 17.1 (4.1) 20.3 (2.4) 0.09 

Letter (/min.) 7.3 (1.7) 8.0 (2.0) 0.31 

    Construction 
Copy 2.8 (0.4) 2.8 (0.4) 0.75 

Drawing 3.0 (0.0) 3.0 (0.0) 1 

    PASAT 
1sec. 31.0 (19.0) 46.3 (9.6) 0.081 

2sec. 49.6 (28.9) 67.5 (20.2) 0.19 

EDSS, Kurtzke Expanded Disability Status Scale; MMSE, Mental State Examination; PASAT, Paced Auditory Serial Addition Task; 

RBMT, Rivermead behavioral memory test; RCPM, Japanese Raven’s Colored Progressive Matrices; TMT, Trail Making Test; WF, 

word fluency  
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Table 3 Gray matter (GM), white matter (WM), and WM lesion volumes of patients in 

the cortical lesion (CL) and non-CL groups. 

 

 

 

 

  

 

 
CL group 

(n=13) 

non-CL group 

(n=6) 
p-value 

GM volume (%) 45.0 (6.0) 45.0 (5.4) 0.99 

WM volume (%) 32.7 (2.5) 34.5 (4.4) 0.26 

WM lesion volume (cc) 15.4 (8.6) 6.83(3.1) 0.005 
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Table 4 Z-score analysis of clinical assessment for cognitive function and attention of 

patients in the cortical lesion (CL) and non-CL groups  

Task Assessment 

Patients(n) with Z score < -1.5SD 

CL group 

(n=13) 

non-CL group 

(n=6) 

PASAT 2 sec ％ correct answer 7 1 

PASAT 1 sec ％ correct answer 4 0 

TMT  Part A Completion time 4 0 

TMT  Part B Completion time 4 0 

※Z score＝（Individual score－age group-specific standard mean value）/ standard deviation 

PASAT, Paced Auditory Serial Addition Task; SD, standard deviation; TMT, Trail Making Test  
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Figure 1 Representative 3T double-inversion recovery double-inversion recovery 

images showing (A) a cortical lesion, and (B) a subcortical (white matter) lesion.  

 

 


