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Abstract

Background: Multiple sclerosis is a chronic demyelinating disease of the central nervous system. It may lead to dis-
ability and cognitive impairment. Our study aimed at evaluation of the role of MR volumetry technique in detection of
brain atrophic changes in patients with multiple sclerosis and its impact on disease prognosis.

Results: This study was carried out on thirty healthy control with mean age 26.23 years and thirty patients with
remitting relapsing multiple sclerosis, with a mean age of 28.18 years. Patients with multiple sclerosis were distributed
across six subgroups based on the z-score cut-off of — 1.96 for regional and whole brain atrophy. We found that 2
patients (6.6%) showed no thalamic or brain atrophy, 28 patients (93.3%) showed whole brain atrophy only and 10
patients (33.3%) showed both, thalamic and BP atrophy. No patients showed only thalamic atrohy, 4 patients showed
whole brain atrophy with other structure atrophy rather than thalamus (13.3%), 10 patients with whole brain and
more than one structure atrophy (33.3%). Relation between subgroups and degree of increase in the Expanded Dis-
ability Status Scale (EDSS) as well as presence of cognitive decline were assessed. No significant relation were found
between RRMS patients subgroups with whole brain atrophy, subgroup with isolated thalamic atrophy or subgroup
with multiple structure atrophy and increase of EDSS or cognitive decline.

Conclusion: We found that MRI volumetry is a very useful technique in the assessment of the atrophic changes that
occur as a consequence of multiple sclerosis affecting the whole brain, deep grey matter as well as corpus callosum.
Although our study did not prove significant relation between presence of brain atrophic changes and disability or
cognitive impairment, presence of atrophy warrants careful clinical evaluation of those patients to detect any possible
further progression of disability or cognitive decline.
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Background In addition to the lesion load as a marker for disease

Multiple sclerosis (MS) is a physical and neurological
cognitive disability progressive neurological disorder [1],
2.5 million people worldwide might suffer from it. In the
US, there are approx. 400,000 people currently diagnosed
with MS. The disease usually begin in early adulthood
and its prognoses are variable [2].
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activity detected by conventional MR imaging, atrophic
changes of brain measured by MR volumetry technique
was considered in recent years as an important bio-
marker of destruction of the tissues and neurological
degeneration in (MS) [3-7].

One of the studies showed that brain atrophy pointed
to increase of disability and cognitive decline [3]. This was
supported by the increase of the Expanded Disability Sta-
tus Scale (EDSS) (which is a scale used to measure degree
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of physical disability) that was documented to be associ-
ated with whole brain atrophy, in several studies [8—10].

In addition to whole brain and thalamic atrophy,
the volume of subcortical structures were found to
be reduced in MS, like putamen [11, 12], and caudate
nucleus [12], as well as the corpus callosum [13, 14].

The thalamus was found to be especially susceptible to
atrophy at early stages of MS [12, 15, 16], and early tha-
lamic atrophy has even been discussed as a marker to
predict the transition from clinically isolated syndrome
(CIS) to clinically definite MS [17].

Thalamic atrophy was associated with progression of dis-
ability in MS patients as reported in previous studies [16].
Although some other studies found only a weak [12] or
negative relation between reduction of thalamic volume and
increase of the EDSS [18], measurement of both whole brain
and thalamic atrophy could allow detection of progression
of any clinical manifestations in individual MS patients.

Alexander et al. [19] documented that the thalamus and
basal ganglia have important role in information process-
ing system (IPS), as they reported parallel cortico-basal
ganglia-thalamo-cortical loops connecting basal ganglia
and thalamus with frontal cortex, which demonstrated
the role of these structures in cognition. Beside this, basal
ganglia and thalamus are identified to be in a unique posi-
tion to modulate information processing efficiency, and
may have an important role for rapid and efficient pro-
cessing during the execution of complex attention and
executive function tasks [20]. Therefore, it seems reason-
able that atrophy of these DGM (deep grey matter) struc-
tures, as shown here, significantly contributes to slowed
or inefficient processing of information in MS [21].

The main goal of this study was to detect the usefulness
of MR volumetry in detection of MS patients with whole
brain, thalamic or deep grey matter structural atrophy
in a single time point by assessing MS patients from our
neurological outpatient clinic. As most of the previous
studies assessed presence of brain, thalamic and deep
grey matter volume changes between two examination
time points.

Detection of atrophic changes at single time point
required comparison of whole brain parenchyma (BP),
thalamic, caudate, putamen and corpus callosum vol-
umes of MS patients against corresponding volumes of a
cohort of healthy control subjects.

Methods

This retrospective study was carried out on thirty healthy
control volunteers (16 females and 14 males). Their ages
ranged from 20 to 35 years with mean age of 26.23 years
and thirty symptomatic patients (19 females and 11
males). Their ages ranged from 20 to 40 years, with a
mean age of 28.18 years.
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The current study had been approved by the institu-
tional Research and Ethical committee.

Informed consent was taken from the patients and has
been approved by the ethical committee.

All patients and healthy volunteers were referred to the
diagnostic radiology department from outpatient clinics
of neurology.

Patients with definite relapsing—remitting (RRMS)
were included upon first visit at an outpatient facility
specialized to MS.

Exclusion criteria were MRI acquisition with deviating
sequence parameters or strong MRI artifacts and a pri-
mary progressive disease course.

Subjects that did not complain from any clinical symp-
toms as ensured by an experienced neurologist and with-
out evidence of pathological findings on the MRI scan
of the brain as confirmed by the neuro radiologist were
included as healthy control subjects.

Clinical assessment of group of MS patients

By referring to the neurology clinician, the disability and
cognitive impairment of our patients were assessed. They
used EDSS [22] for assessment of degree of disability
and cognitive impairment assessed subjectively as sym-
bol digit modalities are difficult to be interpreted by the
patients.

The EDSS measures disability in eight functional sys-
tems, and the results can range from O(normal neurologi-
cal exam) to 10 (death due to MS).

Disease duration was estimated as time since first
symptoms were documented.

MRI acquisition

Brain MRI was performed for patients and control
group on a 1.5TGE Signa (General Electric, Mil-
waukee, WI, USA) closed-configuration whole body
scanner using a standard quadrature head coil. Each
MRI examination included Sagittal 3D T1 weighted
spoiled gradient (SPGR) utilizing the following param-
eters: A repetition time (TR) of 7.2 ms, an echo
time (TE) of 120 ms, a slice thickness of 1.2 mm,
FOV =256 x 256 mm, preparation time 500 ms, FOV
256 x 256 mm. Phase FOV1.0, slice thickness 1.2 mm,
number of slices 160, slice spacing 0, matrix 192 x 192,
flip angle 10 degrees, frequency 16 kHz, frequency
direction S/I, NEX 1.0, shim auto, Phased Array Uni-
formity Enhancement (PURE) on, Surface Coil Inten-
sity Correction (SCIC) off.

MRI-based brain volumetry
Cortical reconstruction and volumetric segmentation
was done with the free surfer image analysis suite. The
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technical details of these procedures are described in
previous publications [24].

Free surfer morphometric procedures have been dem-
onstrated to show good test—retest reliability across scan-
ner manufacturers and across field strengths [24].

A seg Atlas information

The a seg atlas was formed from 40 subjects acquired
using the same mp-rage sequence (by people at Wash U
ages ago in collaboration with Randy Buckner). The sub-
jects that make up the atlas are distributed in 4 groups of
10 subjects each: (1) young, (2) middle aged, (3) healthy
older adults, (4) older adults with AD.

Longitudinal processing

To extract reliable volume and thickness estimates,
images where automatically processed with the longitu-
dinal stream [24] in Free Surfer.

Adjustment of brain volumes

Corrected volumes of the whole brain, thalamus, caudate,
putamen, and corpus callosum were measured by divid-
ing the structure volume on the intra cranial volume.

MRI image analysis
Cut-off value and grouping of MS patients
95% of the brain volume values were noted to be within
the area of the mean=+1.96 standard deviation, (assuming
a normal distribution in the cohort of healthy control sub-
jects). 5% Only of the brain volume numbers are expected
to be greater or fewer. Because of this, we assumed that
z-scores below — 1.96 represent a significant brain volume
loss with an error probability of 2.5% at most.

The z-score cut-off of —1.96 was applied to individual
MS patients, and based on their BP and thalamus vol-
umes, they were divided into the following subgroups:

+ Group 0: no thalamic or BP atrophy (i.e., both within
the normal range; z-scores greater than — 1.96)

« Group 1: whole brain atrophy (z score below — 1.96)

« Group 2: thalamic and BP atrophy (both z-scores
below —1.96)

« Group 3: thalamic (z-score below — 1.96) but no BP
atrophy (z-score greater than — 1.96)

« Group 4: whole brain atrophy with other structure
atrophy (rather than thalamus)

+ Group 5: multiple structures atrophy

Statistics

Data were coded and entered using the statistical pack-
age for the Social Sciences (SPSS) version 26 (IBM Corp.,
Armonk, NY, USA). Data were summarized using mean,
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standard deviation, median, minimum and maximum for
quantitative variables and frequencies (number of cases)
and relative frequencies (percentages) for categorical
variables. Comparisons between groups were done using
unpaired t test in normally distributed quantitative vari-
ables, while non-parametric Mann—Whitney test was
used for non-normally distributed quantitative variables
[25]. For comparing categorical data, Chi-square (x?)
test was performed. Exact test was used instead when
the expected frequency is less than 5 [26]. Correlations
between quantitative variables were done using Pearson
correlation coefficient [27]. P values less than 0.05 were
considered as statistically significant.

Results

This study was carried out on thirty patients (11 males
and 19 females) diagnosed with remising and relapsing
MS referred to us from neurology outpatient clinic, their
age ranged from Their ages ranged from 20 to 40 years,
with a mean age of 28.18 years. In addition thirty healthy
control volunteers were included in our study, (16 females
and 14 males). Their ages ranged from 20 to 35 years with
mean age of 26.23 years (Tables 1 and 2; Figs. 1, 2). The
duration of illness was estimated as time since first symp-
toms were documented, mean duration was 6.1 years+2
SD (Table 3).

The whole brain volume as well as the volume of
the subcortical structures including the thalamus,
caudate, putamen and corpus callosum were meas-
ured in patients and control subjects. The mean and
cut off value of whole brain and each of subcortical
structures volumes of the control group were calcu-
lated according to which the patients were assessed

Table 1 Number and percent of males and females in both
cases and control groups

Cases Controls P value
Count % Count %
Sex
Male 11 36.7 14 46.7 0432
Female 19 63.3 16 533

Table 2 Age mean and standard deviation in both cases and
control groups

Cases Controls Pvalue
Mean SD Mean SD
Age 28.18 481 26.23 5.03 0.130
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Fig. 2 Age in patients and control groups
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Table 3 Duration of illness in group of patients

Cases
Mean SD
Duration 6.17 207
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for whole brain and subcortical structures atrophy
and results are displayed in (Tables 4 and 5). Results
for each patients as well as the number and percent
of patients with and without whole brain, thalamic,
caudate, putamen, corpus callosum and multiple
structure atrophy are displayed in Tables 6 and 7 and
Figs. 3,4, 5, 6, 7 and 8.

Grouping of the MS patients according to different
structures and BP atrophy

The distribution of MS patients across the six sub-
groups based on the z-score cut-off of —1.96 for
regional and whole BP atrophy is shown in (Table 8)
Group 0: 2 MS patients (6.6%) showed no thalamic or
BP atrophy, Group 1: 28 MS patients (93.3%) showed
whole BP atrophy only (Figs. 9, 10, 11 and 12), Group 2:
10 MS patients (33.3%) showed both, thalamic and BP
atrophy (Fig. 13). Group 3:0 patients showed only tha-
lamic atrophy, Group 4: 4 patient showed whole brain
atrophy with other structure atrophy rather than thala-
mus (13.3%) (Fig. 14), Group 5: 10 patients with whole
brain and more than one structure atrophy (33.3%)
(Fig. 15).

Relation between sub grouping of MS patients and clinical
data (EDSS score and cognitive impairment)

EDSS in RRMS patients ranged from 1 to 5 with mean
value 3.1 (Table 9).

We assessed the relation between the groups of patients
with whole brain atrophy, isolated thalamus atrophy and
multiple structures atrophy and the degree of increase
in The EDSS score: we found no significant relations
between the group of patients with whole brain atrophy,
isolated thalamic atrophy or multiple structures atrophy
and increase in EDSS with P values 0.66, 0.68 and 0.18,
respectively (Table 10).

Table 4 Comparison of mean volume of thalamus, whole brain, caudate and putamen and corpus callosum in between cases and

control groups

Cases Controls P value

Mean Standard Mean Standard

Deviation Deviation
Thalamus (volume relative to intracranial volume) 0.0038 0.0006 0.0052 0.0007 <0.001
Caudate (volume relative to intracranial volume) 0.0020 0.0003 0.0024 0.0003 <0.001
Putamen (volume relative to intracranial volume) 0.0030 0.0003 0.0034 0.0004 <0.001
Corpus callosum 0.0018 0.0003 0.0023 0.0004 <0.001
Whole brain (volume relative to intracranial volume) 0.5725 0.0583 0.7470 0.0634 <0.001
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Table 5 Cutoff value for diagnosis of atrophy of thalamus, whole brain, caudate, putamen and corpus callosum
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Controls Cutoff value for
atrophy diagnosis

Mean SD y

Thalamus (volume relative to intracranial volume) 0.0052 0.0007 0.0038

Caudate (volume relative to intracranial volume) 0.0024 0.0003 0.0018

Putamen (volume relative to intracranial volume) 0.0034 0.0004 0.0026

Corpus callosum 0.0023 0.0004 0.0015

Whole brain (volume relative to intracranial volume) 0.7470 0.0634 0.6202

Table 6 Number and percent of patients with and without
thalamic, whole brain, caudate, putamen, corpus callosum and
multiple structures atrophy

Cases

Count %
Thalamus
Yes 17 56.7
No 13 433
Caudate atrophy
Yes 7 233
No 23 76.7
Putamen atrophy
Yes 2 6.7
No 28 93.3
Corpus callosum atrophy
Yes 7 233
No 23 76.7
Whole brain atrophy
Yes 28 933
No 2 6.7
Multiple structures atrophy
Yes 10 333
No 20 66.7

Cognitive impairment detected in 19 MS patients
63%. The relation between presence of cognitive impair-
ment and presence of whole brain atrophy, isolated tha-
lamic atrophy as well as multiple structure atrophy were
assessed no significant association were found with P
value 1, 1, 0.1, respectively (Table 11; Figs. 16, 17 and
18).

Effect of disease duration

It was not accessible statistically to assess the effect of

disease duration and presence of whole brain atrophy

as 28 patients were positive and only 2 were negative.
As regard the presence of significant relation between

the presence of thalamic atrophy and longer the disease

duration we found that no significant relation (P value
0.885) (Table 12).

We studied the relation between the disease duration
and the degree of loss of whole brain volume in patients
with atrophy of the whole brain (28 patients) and we
found that there was no significant relation (P value
0.069) (Table 13; Fig. 19).

In addition there was no significant relation between
the duration of the disease and reduction of thalamic
volume in patients with atrophic changes of the thala-
mus (17 patients) (P value 0.361) (Table 14; Fig. 20)

The duration of MS disease did not significantly affect
the presence of multiple structure atrophy (P value 0.106)
(Table 15).

Discussion

Multiple sclerosis is an autoimmune chronic disease that
causes neurological problems and progressive disability.
Brain atrophy related to MS is a result of both underlying
pathology (neuro inflammation) and neuro-axonal loss.
In MS patients, brain volume loss occurs in a faster rate
than in the healthy population: 0.5-1.0% vs. 0.1-0.3%
per year [28]. Early in the disease course atrophy may be
found even before detection of clinical symptoms and
lead to long-term neurological disability [29].

Magnetic resonance imaging (MRI) is an important
tool not only in diagnosis of MS disease, but also in the
monitoring of disease activity and prediction of effects of
treatment [30].

The primary objective of this study was to evaluate the
brain atrophic changes in MS patients using MR-based
quantitative volume measurements.

MRI-based brain volumetry at a single time point
was applied to MS patients in our study, to evalu-
ate its possible role in identifying MS patients at risk
of disease progression. Patients were divided into six
groups as following: Those with no thalamic or BP
atrophy i.e., both within the normal range; z-scores
greater than—1.96(group 0), whole brain atrophy (z
score below —1.96(Group 1): thalamic and BP atro-
phy both z-scores below —1.96(Group 2): thalamic
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Table 7 Display results of each patient
ID Thalamus Caudate Putamen Corpus Whole brain  Multiple Duration of EDSS Cognitive
atrophy atrophy atrophy callosum atrophy structure illness years decline
atrophy atrophy
1 No No No No Yes No 7 4 +
2 No Yes No Yes Yes Yes 6 4 +
3 No No No Yes Yes No 5 3 +
4 Yes No No No Yes No 8 4 +
5 No No No No Yes No 9 4 +
6 Yes Yes Yes Yes Yes Yes 3 1 -
7 No No No No Yes No 7 3 +
8 Yes No No No Yes No 9 4 +
9 Yes Yes No No Yes Yes 8 4 +
10 Yes No No No Yes No 4 2 -
1 No No No No No No 6 3 —
12 No Yes No Yes Yes Yes 5 3 -
13 Yes No No No Yes No 5 3 +
14 No No No No Yes No 4 2
15 Yes No No No Yes No 9 5 +
16 Yes No No No Yes No 7 4 +
17 Yes Yes No No Yes Yes 8 4 +
18 Yes No No Yes Yes Yes 6 3 +
19 No No No No Yes No 2 1 -
20 No No No No No No 7 3 +
21 Yes Yes No No Yes Yes 3 2 —
22 No No No No Yes No 9 4 +
23 Yes No No No Yes No 8 4 +
24 Yes No No No Yes No 4 3 +
25 Yes No No No Yes No 6 3 —
26 Yes No No Yes Yes Yes 3 2 —
27 No No No No Yes No 9 4 +
28 Yes No No No Yes No 7 4 +
29 No Yes Yes No Yes Yes 5 2 -
30 Yes No No Yes Yes Yes 6 3 -
whole brain atrophy (cases) Thalamus atrophy (cases)
6.70%
= yes
= yes
= no " no

Fig. 3 Diagramatic representation of percent of patients with whole
brain atrophy

Fig. 4 Diagrammatic representation of percent of patients with
thalamic atrophy
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Caudate atrophy (cases) multiple structures atrophy (cases)

- yes = yes

= no = Nno

Fig. 8 Diagrammatic representation of percent of patients with

Fig. 5 Diagrammatic representation of percent of patients with )
multiple structures atrophy

caudate atrophy

Table 8 Grouping of MS patients

Putamen atrophy (cases)

Group 0 No brain or structure atrophy 2 6.6%
0,
6.70% Group 1 Whole brain atrophy 28 93.3%
Group 2 Whole brain with thalamic atrophy 17 56.7%
Group 3 Thalamic atrophy only 0 0%
Group 4  Whole brain and other structure rather than 4 133%
= yes thalamus
1o Group 5 Whole brain and more than one structure atrophy 10 33.3%

(z-score below — 1.96) but no BP atrophy z-score greater
than — 1.96(Group 3) whole brain atrophy with other
structure atrophy (rather than thalamus) (group 4), mul-
tiple structure atrophy (Group 5).

We demonstrated twenty eight out of thirty MS
corpus callosum atrophy (cases) patients showed BP atrophy according to the predefined
z-score cut-off of — 1.96. Only two of MS patients showed
no brain atrophy despite of long duration of illness 6 and
7 years. This indicated that whole brain atrophy is the
most frequent pattern of atrophy and this was most prob-
ably due to the long duration of illness that led to global
brain atrophy.

We showed that seventeen patients (56.7%) had whole
brain atrophy associated with isolated thalamic atrophy as
compared to 2 patients with whole brain atrophy and iso-
lated corpus callosum atrophy 1 patient with whole brain
atrophy with corpus callosum and caudate, one patient brain
atrophy with caudate and putamen atrophy without thalamic

Fig. 6 Diagrammatic representation of percent of patients with
putamen atrophy

= yes

" no

Fig. 7 Diagrammatic representation of percent of patients with
corpus callosum atrophy

(See figure on next page.)

Fig.9 19 year old female diagnosed with MS 7 years ago with EDSS (4) and cognitive impairment. (A) 3D FLAIR images: showing multiple foci and
patchy areas of high signal intensity implicating the peri ventricular and juxta cortical white matter being perpendicular on the ventricular ystem
and giving the characteristic dowsn finger appearance. (B) 3DT1WI showing multiple foci and patchy areas of low signal intensity implicating

the peri ventricular and juxta cortical white matter being perpendicular on the ventricular system and giving the characteristic Dowsn finger
appearance. (C) MR volumetry images
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Fig.9 (See legend on previous page.)
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(A)

(B)

Fig. 10 22 year old female diagnosed with MS 6 years ago with EDSS (4) with features of cognitive impairment. (A) 3D FLAIR images showing
multiple foci and patchy areas of high signal intensity implicating the peri ventricular and juxta cortical white matter (B) 3D T1 images showing
multiple foci and patchy areas of slightly low signal intensity implicating the peri ventricular and juxta cortical white matter. (C) MR Volumetry
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Fig. 11 27 year old male diagnosed with MS 5 years ago with EDSS (3) with features of cognitive impairment: (A) 3D FLAIR images showing
multiple foci and patchy areas of high signal intensity implicating the peri ventricular and juxta cortical white matter. (B) 3D T1 images showing
multiple foci and patchy areas of slightly low signal intensity implicating the peri ventricular and juxta cortical white matter. (C) MRI Volumetry

Brain segmentation color codes:
. Cerebral grey matter
) Cerebral white matter
O Cerebellar grey matter
") Cerebellar white matter
@ Caudate
@ Putamen
@ Thalamus
(© Hippocampus
() Amygdala
@ Globus Pallidus
. Lateral ventricles
. White matter plaques
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(A)

Brain segmentation color codes:
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Fig. 12 29 year old male diagnosed with MS 8years ago with EDSS (4) with features of cognitive impairment. (A) 3D FLAIR images showing
multiple foci and patchy areas of high signal intensity implicating the peri ventricular and juxta cortical white matter. (B) 3D T1 images showing
multiple foci and patchy areas of slightly low signal intensity implicating the peri ventricular and juxta cortical white matter. (C) MR Volumetry
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Brain segmentation color codes:
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Fig. 13 32 year old male diagnosed with MS 9 years ago with EDSS (4) with cognitive impairment. (A) 3D FLAIR images showing multiple foci and
patchy areas of high signal intensity implicating the peri ventricular and juxta cortical white matter. (B) 3D T1 images showing multiple foci and
patchy areas of slightly low signal intensity implicating the peri ventricular and juxta cortical white matter. (C) MR Volumetry
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Fig. 14 24 year old female diagnosed with MS 3years ago with EDSS (1) and no cognitive impairment. (A) 3D FLAIR images showing multiple foci
and patchy areas of high signal intensity implicating the peri ventricular and juxta cortical white matter. (B) 3D T1 images showing multiple foci and
patchy areas of slightly low signal intensity implicating the peri ventricular and juxta cortical white matter. (C) MR Volumetry
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atrophy. This indicates that the thalamus is the most frequent
structure to be affected with whole brain atrophy (56.7%).

Study done by Alaleh et al. [23] agreed with us that cor-
pus callosum, putamen and the caudate nucleus show
a lower susceptibility for atrophic processes compared
with the thalamus. The frequency of corpus callosum,
caudate and putamen atrophy in our study was much
lower than of the thalamus in 17 patients (56.7%) as com-
pared to corpus callosum atrophy in 7 patients (23.3%),
caudate atrophy in 7 patients (23.3%) and 2 patients with
putamen atrophy (6.7%).

In our study, we showed that no patients with thalamic,
caudate, putamen or corpus callosum atrophy without
whole brain atrophy this may suggest that the whole
brain volume affected more than isolated structure atro-
phy, or this may be due to long disease duration (mean
duration of the cases was 6.1 years+2 SD) that affected
the whole brain volume.

Our study showed ten patients (33.3%) with multiple
structure atrophy.

Our findings differed from those documented in pre-
vious study done by Alaleh et al. [23], their study dem-
onstrated thalamic atrophy without whole brain atrophy
furthermore, almost no patients show whole brain atro-
phy, without thalamus atrophy. This disagreed with us
as we noticed that 28 of 30 MS patients (93.3%) showed
whole brain atrophy and the remaining 2 patients (6.7%)
without whole brain atrophy did not show any other
structure atrophy. No thalamic or other structures
atrophy occurred without whole brain atrophy. In our
research we did not detect a subgroup of MS patients
with isolated thalamic atrophy in contrary to their study.

Our study results were matching with those detected
by Sonia et al. [21] who reported a significant reduction
of basal ganglia and thalamic volumes in MS patients rel-
ative to normal controls. DGM atrophy was most promi-
nent for thalamus as compared to caudate and putamen.

The study done by Bergsland et al. [31] showed similar
results to us, as they found that the early RRMS group
showed significant decreases in multiple SDGM (thala-
mus, caudate and globus pallidus). They differed from
us as they compared deep grey matter atrophy between
patients with RRMS and patient with CIS. In our study,
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we compared atrophy of different grey matter structures
and of corpus callosum in patients with RRMS to detect
the most frequently affected structure that can be an
early indicator of brain atrophy and disease progression.

A previous study done by Massimiliano et al. [32]
detected presence of thalamic atrophy in remitting
relapsing MS as in our study and found that the regional
analysis of deep and cortical grey matter atrophy suggests
an association between the neurodegenerative process
taking place in the striatum—thalamus—frontal cortex
pathway and the development of fatigue in relapsing—
remitting multiple sclerosis.

In our study, we found no significant association
between the presence of whole brain atrophy, isolated
thalamic atrophy or multiple structure atrophy and
increase of EDSS, this may be due to narrow range of
variation of EDSS between MS patients and small sam-
ple size.

In our study, we showed no significant relation detected
between the presence of cognitive impairment and, pres-
ence of whole brain, thalamic and multiple structure
atrophy.

We were agreeing with Alaleh et al. [23], in that they
did not found significant relation between increase in
EDSS and presence of isolated thalamic atrophy but they
successed to prove that there was significant relation
between higher EDSS and subgroup of whole brain and
associated thalamic atrophy.

We disagreed with Datta et al. [23], who found a weak
association between EDSS and thalamic volume.

We found that no significant relation between the dis-
ease duration and degree of thalamic atrophy as well as
between the disease duration and presence of multiple
structures atrophy. The relation between the duration of
illness and degree of loss of whole brain volume was insig-
nificant and this might be due to the small sample size as
its P value was 0.069 approaching significance, increase
the sample size might increase significance. There was no
significant relation between the presence of thalamic atro-
phy and disease duration. We could not assess the relation
between the longer the disease duration and presence of
whole brain atrophy as the number of patients without
atrophy was too small to study this relation.

(See figure on next page.)

Fig. 15 33 year old female diagnosed with MS 9years ago with EDSS (4) and showed features of cognitive impairment. (A) 3D FLAIR images
showing multiple foci and patchy areas of high signal intensity implicating the peri ventricular and juxta cortical white matter. (B) 3D T1 images
showing multiple foci and patchy areas of slightly low signal intensity implicating the peri ventricular and juxta cortical white matter. (C) MR

volumetry
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Fig. 15 (See legend on previous page.)
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Table 9 EDSS in MS patients Table 11 Relation between cognitive impairment and whole
Mean SD Median Minimum Maximumn brain, thalamic and multiple structure atrophy
Cognitive decline Pvalue
EDSS 3.17 0.99 3.00 1.00 5.00
+ _
Count ColumnN%  Count  ColumnN %
Whole brain atrophy
Yes 18 94.7% 10 90.9% 1
Table 10 Relation between EDSS and whole brain, thalamic, ’ 0
. No 1 5.3% 1 9.1%
multiple structure atrophy
Thalamus atrophy
EDSS Pvalue  voo 57.9% 6 54.5% 1
Mean SD Median  Minimum Maximum No 8 42.1% 5 45.5%
Multiple struct troph
Whole brain atrophy v P Ei ructures a;);])o/y 6 5450, 0108
Yes 318 102 300 1.00 5.00 0662 © P =7 '
No 15 78.9% 5 45.5%
No 3.00 0.00  3.00 3.00 3.00
Thalamus atrophy
Yes 3.24 1.03  3.00 1.00 5.00 0.680 . . .
No 308 095 300 100 400 Our Fesults regarding the effect of duration of illness
) were different from those found by Alaleh et al. [23], as
Multiple structures atrophy . .
Ves 280 103 300 100 400 0183 tl;eyhstludlfed on(liy tl}lle fffT_.,Ct .Of duratll(l)n ondthf1 prefsenc(e1
No 335 093 350 100 500 of thalamic and whole brain atrophy and they foun
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Fig. 16 Diagrammatic representation of number of patients with cognitive decline in patients with and without whole brain atrophy
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Fig. 17 Diagrammatic representation of number of patients with cognitive decline in patients with and without thalamic atrophy
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significant relation between the longer disease duration
and presence of atrophy (P value =0.036).

The limitations of our study were the small number of
patients group the more number of cases the more the
accuracy and impact of the study. The patients included
in our study were diagnosed with remising and relaps-
ing MS no patients with primary or secondary progres-
sive MS. Relative long duration of illness (mean disease
duration of the cases was 6.1 years £ 2 SD) short disease
duration allows detection of early atrophic changes.

Other studies with larger number of cases and more
variable types of MS subtype are highly recommended.
In spite of small size of our sample and lack of variabil-
ity of MS subtypes, we recommend to use MR volume-
try technique in all patients diagnosed with MS for early
detection of brain atrophic changes (which indicates pro-
gressive course of the disease and need of more aggres-
sive therapy), as well as in the follow up of therapy to
ensure the efficacy of the used medication.
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Table 12 Relation between the duration and presence of
thalamic atrophy

Page 18 of 20

Table 14 Relation between duration of illness and degree of
volume loss of thalamus in patients with thalamic atrophy

Thalamus atrophy P value Thalamus (volume relative to intracranial volume)
Yes No Duration
Mean sD Mean sD R 0.236
Duration 6.12 212 6.23 2.09 0.885 Pvalue 0.361
N 17
Table 13 Relation between duration of illness and degree  Conclusion

of volume loss of the whole brain in patients with whole brain
atrophy

Whole brain (volume relative to intracranial volume)

Single time point MRI-based brain volumetry with pre-
defined cut-offs for z-scores allows reliable and stand-
ardized differentiation between MS patients in variable
stages of atrophy which markedly affect the clinical sta-

Duration .
tus and management of the patients.
R 0.348
Pvalue 0.069
N 28
M
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Fig. 19 Relation between loss of whole brain volume and duration of illness in patients with whole brain atrophy
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Fig. 20 Relation between loss of thalamic volume and duration of iliness in patients with thalamic atrophy

Table 15 Relation between the duration of illness and presence
of multiple structure atrophy

Multiple structures atrophy P value
Yes No
Mean SD Mean SD

Duration 530 1.89 6.60 2.06 0.106
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