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Summary

Background and purpose: To assess the normal appearing white and grey matter changes in
clinically isolated syndrome (CIS) patients and their correlations if present to neurocognitive
tasks. Those changes can be revealed by magnetization transfer imaging (MTI) and Diffusion-
tensor magnetic imaging (DTI) technique.

Methods: Diffusion-tensor magnetic and magnetization transfer imaging measurements at
normal appearing left-right dorsolateral prefrontal cortex, right-left anterior cingulate gyrus,
corpus callosum genu-splenium were made. In order to assess whether or not the cognition
was affected following neurocognitive tests [Wisconsin Card Sorting Test (WCST),
California Verbal Learning Test (CVLT), Stroop Test(ST), Digit Range (DR) and the Paced
Auditory Serial Addition Test (PASAT)] were performed.

Results: Patients were found to have a lower fractional anisotropy (FA) compared the
controls in the left dorsolateral prefrontal cortex at DTI technique. Neurocognitive assessment
showed that patients did not perform well in WCST, CVLT, ST, DR. Results were associated
with abnormal FA in the left dorsolateral prefrontal cortex.

Conclusions: Results showed the presence of deficits of executive function such as attention,
working memory, strategy formulation, and monitoring ongoing mental activity and speeded
information processing in CIS patients. These findings suggest that early cortical changes can
be seen even in CIS patients and responsible for early neurocognitive impairments.
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Klinik izole Sendromlarda Normal Goriiniimlii Beyaz-gri Cevherdeki Degisiklikler ve
Kognitif Etkilenim

Ozet

Amag: Klinik izole sendromlu hastalarda normal goriinen beyaz ve gri cevheri kontrol etmek
ve eger var ise bunun norokognitif islevler ile olan ilgisini arastirmak. Bu degisiklikler
magnetizasyon transfer ve difiizyon tensor goriintiileme teknikleri ile arastirilacaktir.

Metod: Difiizyon tensor magnetik rezonans ve magnetizasyon transfer goriintiileme teknikleri
ile normal goriinen sag ve sol dorsolateral prefrontal korteks, anteriyor singulat girus ve
korpus kallozum genusunda ol¢iimler yapildi. Kognitif islevlerin etkilenip etkilenmedigini
anlamak amaci ile de Wisconsin Kart Eslesme Testi (WCST), California S6zel Ogrenme testi
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(CVLT), Stroop testi (ST), Say1 Dizisi Testi (DR) ve Paced Auditory Serial Addition Test

(PASAT) uygulandu.

Bulgular: Difiizyon tensor incelemelerinde kontrol grubuna gore hasta grubunda sol
dorsolateral prefrontal kortekste diisiik fraksiyonel anizotropi bulundu. Bu hasta grubunun
ndrokognitif testlerde de (Wisconsin Kart Eslesme Testi, California Sozel Ogrenme testi,
Stroop testi ve Sayi dizisi) basarisiz olduklar1 saptandi. Bu sonuglarin sol dorsolateral
prefrontal korteksteki anormal fraksiyonel anizotropiye bagli oldugu diisiiniildii.

Sonug: Klinik izole sendromlu hastalarda dikkat, isleyen hafiza, strateji gelistirme ve devam
eden zihinsel aktiviteyi ve hizlandirilmis bilgi isleme gibi yiiriitiicii islevlerde eksiklik
gosterilmistir. Elde edilen bu bulgular erken kortikal degisikliklerin klinik izole sendrom
hastalarinda dahi goriilebilecegini ve erken donem norokognitif etkilenimden sorumlu

olabilecegini gostermektedir.

Anahtar Kelimeler: Klinik izole sendrom, kognisyon, normal goriiniimlii beyaz-gri cevher

INTRODUCTION

The onset of multiple sclerosis (MS),
which is a chronic inflammatory
demyelinating disease of the central
nervous system (CNS), presents as a
subacute clinically isolated syndrome
(CIS) of the optic nerves, brainstem, or
spinal cord in 85% of young adults with
Ms?.

Multiple  sclerosis (MS) has been
classically regarded as a white matter
disease. However, recent histopathological
studies have convincingly shown that grey
matter regions are also heavily affected.
Grey matter damage starts early in the
disease and substantially affects cognitive
function. Detection of cortical grey matter
lesions by use of standard MRI techniques
has proved challenging, and more
advanced techniques are needed'?.

Technologic advances of MR in recent
years have dramatically improved our
understanding of MS disease. With the
advent of newer quantitative MR
techniques—including  volumetric MR
imaging, magnetization transfer imaging
(MTI), diffusion tensor imaging (DTI), and
proton MR (1H-MR) spectroscopy— are
used for detected microscopic differences
of MS™.

Cognitive impairment in multiple sclerosis
occurs in an estimated 40-60% of cases.
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Learning and  memory, attention,
information ~ processing,  visuospatial
abilities and executive functions are the
most affected cognitive domains in
multiple sclerosis. It is difficult to detect
cognitive impairment during routine
neurological examinations. Although the
type of multiple sclerosis, and the duration
of disease are correlated with cognitive
impairment and cognitive impairment can
be detected in the early stages of the
disease when there 1is no physical
disability. Lesion loads and cortical
atrophy are also associated with cognitive
impairment in  multiple  sclerosis

patients”.

The present study aimed to assess changes
in the normal appearing white matter
(NAWM) and normal appearing gray
matter (NAGM) by using magnetization
transfer imaging (MTI), diffusion-tensor
magnetic imaging (DTI), and fractional
anisotropy (FA) mapping in patients with
CIS, and to evaluate correlations of these
changes, if present, with neurocognitive
tasks.

MATERIAL AND METHODS

The present study was performed in 16
patients with CIS and in 16
demographically matched controls.
Diffusion-tensor magnetic imaging, FA
and MTI measurements were performed in
the normal appearing left and right
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dorsolateral prefrontal (DLPF) cortex, right
and left anterior cingulate gyrus, right and
left dentate nucleus, corpus callosum
genu/splenium (Figures 1, 2, 3 and 4). The
following neurocognitive tests were used
to assess the cognition: the Wisconsin Card

Sorting Test (WCST), the California
Verbal Learning Test (CVLT), the Stroop
Test (ST), the Digit Span Test (DST), and
the Paced Auditory Serial Addition Test
(PASAT).

Figure 1: FA map into NAGM (left and right DLPF cortex)

Figure 2: FA map into NAWM (Corpus callosum genu and splenium)
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Figure 3: MTR map into NAGM (left and right DLPF cortex)

Figure 4: MTR map into NAWM (Corpus callosum genu and splenium)
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RESULTS

Demographic and clinical data of the
patients are presented in Table 1-2. There
were no significant differences between the
CIS and control groups with respect to age
or gender. DTI measurements performed in
the left DLPF cortex revealed that the
patients had higher FA values than the
controls (p=0.019) (Table 3-4).
Neurocognitive assessment demonstrated

that the patients did not perform well in the
WCST (p=0.029), CVLT (p=0.001), ST
(p=0.002), and DST (p=0.002) (Table 5).
These results were associated with
abnormal FA in the left DLPF cortex. No
significant differences were observed
between the patient and control groups in
terms of their PASAT scores (p=0.08).

Table 1. Demographic and clinical data of the optic neuritis patients and controls M, male; F, female;
EDSS, expanded disability status scale; OCB, oligoclonal band.

Patlents | Age, Sex Di“'i‘:;i:tf_:‘}“““ Er[';:f’ Last EDSS | OCB
Patient 1 2M 2 20 0 Positive
Paticnt 2 32, M 20 )] ] Positive
Paticnt 3 35 F 53 1.0 ]

Paticnt 4 52, M &0 )] 2.0

Paticnt 5 25, F 22 xan ]

Paticnt 6 AL F 28 0 30 Negative
Paticnt 7 I8, F b 20 0 Positive
Paticnt 8 32, M 14 )] ]

Patient 9 26, F 4 4.0 0 Megative
Paticnt 10 25 F 4 1.0 ] Negative

Table 2 .Demographic and clinical data of the transverse myelitis patients and controls M, male; F,
female; EDSS, expanded disability status scale; OCB, oligoclonal band.

Patients Age, Sex Di“’:;:f::;‘;““n EF:;,SL Last EDSS | OCB

Patient 1 2, M 3 6.0 25 Negative
Patient 2 30, F % 20 0 Positive
Patient 3 35, M 16 30 2 Negative
Patient 4 23 M 10 20 0 Positive
Patient § 2, M 6 20 0 Positive
Patient 6 3T.F 4 1.0 0 Negative
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Table 3. Magnetization transfer ratio (MTR)

Control group

Patient group
(Mean£5D) (Mean5D) p
n:l6 n:16
Right anterior cingulate gyrus 19.4814.47 21.0443.70 0.307
Left anterior cingulate gyrus 194243 65 2002443 95 0557
Corpus callosum genu 2R.T3E05 2R.B242.00 (L8R4
Corpus callosum splenium 29.01+1.73 20.06:42.19 0944
Right cerebellar dentate nucleus 27414347 28 164223 0491
Left cerebellar dentate nucleus 27664257 283340190 0491
ER‘;if:Ltldorsalamrnl prefrontal 33 31344 50 10 4045 60 0145
lﬂ::':eu::nrsnlntcral prefrontal 18 8447 30 18 8447 70 0.145
Table 4. Fractional anisotropy (FA)
Patient group Control group
(MeantSDy) (Mean=5D) p
n:la n:lé

Right anterior cingulate gvrus 0.27+0.21 021005 0.309

Left anterior cingulate gyrus 0.2940.25 0.2060.04 0.212

Corpus callosum genu 0.7240.22 0.79:0.03 0.292

Corpus callosum spleninm 0774025 LRS00 0.236

Right cerebellar dentate nucleus 0.5640.12 0560008 0.853

Left cerebellar dentate nucleus 05394009 0580007 0. 760

Right dorsolateral prefrontal cortex 0.2540.79 0.26£0.28 (.Ead

Left dorsolateral prefrontal cortex 0.2840.29 0244061 0019
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Table 5 a-b. Neurocognitive tests scores PASAT, the Paced Auditory Serial Addition Test; CVLT, the
California Verbal Learning Test; WCST, the Wisconsin Card Sorting Test.

Patient group Control group
{MeantSD) (Mean+5SDy) P
n:l6 nilt
Digit span
Forward 5444081 6.4440.8] 0002
Backward 4384080 52560093 0008
PASAT S2R1345.443 55.500+2.477 0.0874
Stroop test
Time differences Jo43414.55 37.06£7.67 {LE81
Spontaneous corrections 3.1242 85 0.50+0.81 0002
Animal Muency
::T:.:T ofthe snimal nAmesineee | 19501914 25374404 | <0.001

DISCUSSION

Although MS is considered a white matter
disease, demyelinated lesion in gray matter
has also been reported®>'”. Gray matter
damage is already present at early stages of
the disease and substantially effects clinico
cognitive functioning"”. Axonal
demyelination in the cortex and other grey
matter areas are important because the
cognitive impairment that occurs in MS
patients cannot barely be described simply
by focal demyelination that occurs in the
white matter.">)

Cognitive impairment occurs in 40-65% of
multiple sclerosis (MS) patients, typically
involving complex attention, information
processing speed, (episodic) memory and
executive functions. It is seen in the
subclinical radiologically isolated
syndrome, clinically isolated syndrome,
and all phases of clinical MS"*'?.
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Patient group
(Mean=50)

Control group
(Mean+500)

v
n: 1 n:li
55.60+7.13 64.1246.30 0.001
List A tnal 1 recall T.62+1.45 2754148 0.038
List A trial 5 recall | 13.50+1.71 15374088 0.001
Shortclelay fee 12444206 14.87+1.00 <0001
recall
Short delay cued
e 13.1942.01 5374080 0.001
recall
Long dclay free 12.3141.85 15.06+0.85 20,001
recall
Long delay cued
iy s St 13,0641 81 15.44+0.81 =0.001
recall
False positivity 044051 L00-+0.00 0004
Intrusions 3626348 | 037sL02 | 0.002
Perseverations 4.06+3.47 (h941.39 [ 0003
WCST
I8 G ot ol |
i Conecpanliove B6.36:+15.08 75.7344.94 0.061
responscs
SeEE———
Lemscyciive 20.62+18.05 13.06+7.52 0138
TCEPONECE
74 PERGOVERIIVG 15.9749.82 12.06+4.52 0162
CITors
Number of
categories 5.25+1.24 G =000 0.029
completed
complete 15.19+6.19 11124140 0.021

Detection of cortical gray matter damage
in the NAGM using standard MRI is
deficiency.

Several studies have reverted to the use of
various techniques; such as magnetization
transfer ratio (MTR) imaging, DTI and FA,
rather than MRI for the detection of
abnormalities in the NAWM and
NAGM©®),

We found no difference in FA and DT
measurements for the following locations
bilateral cerebellar dentate nucleus for
NAGM and corpus callosum / corpus
callosum splenium for NAWM in our
study. We speculate those results are due
to that our patients were in the very early
phase of their disease period. Gallo and
coworkers found that grey matter
involvement occurs only after white matter
incolvement and later in the disease
period."?



J.Neurol.Sci.[Turk]

The primary finding of the present study
was that the mean FA values in the cortical
NAGM, especially left dorsolateral
prefrontal cortex in the patients with CIS
were significantly increased as compared
to the mean FA values in cortical gray
matter in the healthy controls; this
condition is opposite to that of MS lesions
in white matter (Fig. 1-2). In a recent
radiological study, Poonawalla et al.'®
reported significantly increased mean FA
values of cortical lesions in MS patients
relative to the cortical gray matter in
healthy controls.

The secondary finding of the present study
was that the patients with CIS did not
perform well in the WCST, CVLT, ST and
DST. However, no difference was
observed between the patient and control
groups in terms of their performance on the
PASAT®. An fMRI study showed that low
PASAT scores were well correlated with
precentral, dorsolateral prefrontal and
parietal cortex activation.'”

We comprehend that the prefrontal cortex
is principally involved in higher executive
functions, working memory, and inhibition
function®”. The CVLT, WCST, ST and
DST are the most distinctive tests of
prefrontal function”. The WCST and ST
is the representative ones used to measure
executive function and goal-directed
behavior'®. The CVLT that has an
extensive use in clinical neurology is a
neuropsychological test of learning and
memory'”. Performance related verbal
fluency and working memory functions
were found directly related with frontal
lobe lesion load. CVLT test scores were
found to be low in pateints with posterior
dorsolateral prefrontal cortex lesions."

The major problem in this study is the
small sample size of the patients with valid
cortical lesions. The detection rate of
cortical lesions was substantially improved
by the use of double inversion recovery
(DIR) relative to conventional MRI, most
of the cortical lesions possibly remained
undetected.

668

In conclusion, according to the results of
the present study, cortical-gray matter
damage and cognitive impairment are
significant in CIS. We suggest that
cognitive impairment should be detected
and treated at very early stages of MS.
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