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Abstract

Background Diffusion tensor imaging (DTI) and magnetic resonance spectroscopy (1H-MRS) can detect the micro-
structural changes in normal-appearing conventional MRI. So, they may differentiate between multiple sclerosis (MS)
cases and cerebral small vessel disease (CSVD). This work aimed to investigate if MRS and DTl are helpful in differenti-
ating between MS and CSVD cases.

Methods The study was conducted on 90 subjects divided into three groups: 30 relapsing-remitting MS patients,
30 patients with MRI showing CSVD, and 30 healthy controls. Diffusion tensor imaging measuring thalamic FA, ADC
values, and TH-MRS were conducted on patients and controls.

Results Thalamic FA values were significantly higher in the RRMS group than in the control and CSVD groups
(P<0.001, for each) but significantly lower in the CSVD group than the control group (P<0.001). Moreover, thalamic
ADC values were significantly higher in the CSVD group than in the control and MS groups (P < 0.001, for each). Also,
thalamic NAA values were significantly lower in RRMS and CSVD groups than in controls (P<0.001 for each). Still, they
were significantly lower in the RRMS group than the CSVD group only on the left side (P=0.004). The thalamic NAA/Cr
values were significantly lower in RRMS (P<0.001 for both sides) and CVSD than in controls (P=0.044 and 0.036, for RT
and LT sides, respectively).

Conclusions Thalamic DTl and TH-MRS can help detect the microstructural changes in normal-appearing thalami
in RRMS and CSVD patients. Moreover, they can help differentiate MS from CSVD patients.
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matter areas [2]. Also, both white and grey matter can be
involved in MS [3].

Conventional MRI cannot accurately detect the micro-
structural changes in normal-appearing white and grey
matter. Diffusion tensor imaging (DTI) and magnetic
resonance spectroscopy (LH-MRS) are sensitive to these
changes [4—6]. Magnetic resonance spectroscopy helps
as a noninvasive technique for detecting and quantify-
ing metabolite concentrations in the brain, providing a
chemical-pathological characterization of MR visible
lesions and normal-appearing white and grey matter [7].
Also, DTI parameters, including fractional anisotropy
(FA) and apparent diffusion coefficient (ADC), show high
sensitivity to occult damage of brain tissues in both grey
and white matter [8].

Thalamus is a grey matter structure that has well-
defined boundaries. The thalamus also has extensive con-
nections with the cortex and subcortical structures, so it
is likely to be sensitive to the effects of pathology in many
brain areas [9].

Differentiation between white matter lesions caused
by MS and those caused by CSVD on conventional brain
MRI may not always be accessible in equivocal cases.
Although age is a helpful parameter, it may be mislead-
ing. Multiple sclerosis is primarily a disease of young
adults; however, it may affect all ages. Cerebral small
vessel disease is more frequently seen in old age, but up
to 20% of patients are below 50 years old, so the occur-
rence of these diseases in the same age group is not rare
[1]. Failure to correctly identify and diagnose the two dis-
eases may delay early intervention, affecting their prog-
nosis [10]. This study aimed to investigate if MRS and
DTTI are helpful in differentiating between MS and CSVD
cases.

Methods
This case—control study was conducted on 90 subjects
divided into three groups: 30 patients diagnosed with
RRMS (during remission), 30 patients with MRI show-
ing CSVD, and 30 healthy controls. The age of RRMS
patients in this study ranged from 20 to 50 years with a
mean value of 35.3+9 years, of CSVD patients ranged
from 49 to 70 with a mean value of 576 years and in
the healthy control group ranged from 21 to 61 with a
mean value of 37 +11.3 years. Regarding gender distribu-
tion, 66.7% (n=20) were females, and 33.3% (n=10) were
males in the RRMS group, 43.3% (n=13) were females,
and 56.7% (n=17) were males in the CSVD group, while
56.7% (n=17) females and 43.3% (»=13) males consisted
the control group.

The patients were selected from our clinic at our Uni-
versity Hospital. Written informed consent was obtained
from each participant in this study.
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Patients who fulfill “McDonald’s criteria 2017” for the
diagnosis of RRMS [11] should be in remission (at least
three months from the last relapse) and have no evidence
of vascular comorbidity with normal-appearing thalami
on conventional MRI.

Patients with vascular risk factors such as hyperten-
sion, diabetes mellitus, and dyslipidemia with multiple
hyperintense foci in the cerebral WM on conventional
T2-weighted and FLAIR MR images with normal-
appearing thalami were recruited as the CSVD group.
Patients with clinical/laboratory findings suggestive of
non-vascular etiology of white matter lesions like asso-
ciated autoimmune disease, hematological disorder,
malignancy, CNS inflammatory or infectious disorder, or
traumatic brain injury were excluded. The eligibility flow-
chart of patients’ selection is shown in (Fig. 1).

Healthy volunteers with no evidence of vascular risk
factors such as hypertension, diabetes mellitus, dyslipi-
demia, a history of smoking, or autoimmune disorders
were recruited as the control group. All had normal find-
ings on conventional MRIL

All study groups were submitted to thorough his-
tory taking and neurological examination included MS
patients were further evaluated by the Expanded Disabil-
ity Status Scale (EDSS) [12].

All MR Images were analyzed by two experienced radi-
ologists with 25 and 20 years of experience in neuro-
imaging. Image interpretation and final reports were
written in consensus. For each group (Ms and CSVD), a
definite diagnosis has been made clinically and radiologi-
cally for all patients. Likewise, two neurologists evaluated
each patient with at least 15 years of experience.

Image acquisition and interpretation

Magnetic resonance imaging (MRI)

MRI brain performed for all included patients and con-
trols by a 1.5 Tesla Siemens scanner, Germany, with the
following routine sequences used: T1W1I (axial, sagittal),
T2WI (axial, coronal), and FLAIR (axial) as well as axial
DW!I SE/EPI sequence. To confirm the absence of abnor-
mal signals within the thalami, T2 & FLAIR images were
reviewed.

Diffusion tensor imaging (DTI)

Diffusion tensor imaging was performed using spin-echo
/echo-planar imaging (SE/EPI) sequence along 20 differ-
ent diffusion-encoding directions with two b values for
each direction 0 and 1000 s/mm?2, with technical parame-
ters as follows: TR/TE 6200/142 ms, FOV 248 X 248 mm,
matrix 128 X 128, 5 mm slice thickness with no gap, num-
ber of averages 3, the acquisition time was 6:51 min.
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Fig. 1 Flowchart for the eligibility criteria of included patients

Proton magnetic resonance spectroscopy (MRS)

2D multi-voxel 1H-MRS scanning with short TE was per-
formed with a chemical shift imaging PRESS sequence
was used for VOI selection. The sequence parameters
were, TR/TE=1500 /35 ms, FOV=160%160 mm, vol-
ume of interest 80 X80 mm and 4 preparation scans,
bandwidth 1000 Hz, vector size 1024 and voxel size
10X 10x15 mm.

Image analysis

All MR images were analysed by two experienced radi-
ologists with 25 and 20 years of experience in neuro-
imaging. Image interpretation and final report were
written in consensus with qualitative and quantitative
analyses of the images.

Qualitative assessment for the distribution, number
and characteristic features of the white matter lesions,
the right and left thalami were reviewed in both T2 &
FLAIR images to confirm the absence of abnormal sig-
nals within.

Quantitative assessment

DTl

Automatic reconstruction of B, images, apparent diffu-
sion coefficient (ADC), and fractional anisotropy (FA)
maps from the echo planar diffusion images were done
on manufacturer software. Standard circular ROIs with
an area of 0.50 £ 0.01cm2 were selected from the central
portions of the thalami far away enough from the ven-
tricles medially and internal capsules laterally to avoid

_
===
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contamination of these tissues, FA and ADC were gen-
erated for each thalamus.

Proton magnetic resonance spectroscopy (MRS)
Quantification of the spectra was performed from both
thalami by selecting voxels away from the lateral ventri-
cles medially and internal capsules laterally with spectra
for (N-acetyl aspartate (NAA) at 2.03 ppm, Creatine (Cr)
at 3.04 ppm, Choline (Cho) at 3.22 ppm, Myo-inositol
at 3.56 ppm. Also, NAA/Cr and NAA/Cho ratios were
calculated.

Ethical statement

The study was approved by the ethical committee in the
Faculty of Medicine, our University (Approval number:
FMBSUREC/03012021/Mohamed). Written informed
consent was obtained from each participant in this study.

Statistical analysis

The data were coded and entered using the Statistical
Package for Social Science version 20 (SPSSv 20). The
data were summarized using mean and standard devia-
tion for quantitative data and the frequency distribution
for qualitative data. Student f-test was used to compare
the means of two groups of quantitative variables. The
P-value is significant if < 0.05.

Results
The clinical characteristics of RRMS and CVSD groups
are illustrated in Tables 1 and 2.
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Table 1 Clinical characteristics of the included RRMS patients

RRMS group (n=30)

Disease duration [mean+SD] 553+£3.85
Total number of relapses [mean +SD] 227+1.16
EDSS [mean+SD] 1.86+1.26
DMDs Yes 24 (80%)
No 6 (20%)

RRMS Relapsing-remitting multiple sclerosis, SD Standard deviation, DMDs
Disease-modifying Drugs, EDSS Expanded disability status scale

Table 2 Clinical characteristics of the patients with CSVD

Patients with
CSVD (n=30)

24 (80%)
6 (20%)
16 (53.3%)
14 (46.7%)
15 (50%)
15 (50%)
1(3.3%)
29 (96.7%)

Hypertension Yes[ (%)]
o [n (%)
Diabetes Mellitus Yes [n (%))
o [n (%)]
Yes[ (%)]
o [n (%)]
AF Yes[ (%)]

o [n (%)]

CSVD Cerebral small vessel disease, AF Atrial fibrillation

Smoking

Diffusion tensor imaging parameters (DTI) findings
Regarding both thalamic FA mean values, there was a
statistically significant difference between the RRMS and
the control group, being significantly higher in the RRMS
group (P-value<0.001). There was also a statistically
significant difference between the CSVD and the con-
trol group, being significantly lower in the CSVD group
(P-value<0.001). A statistically significant difference
was also found between the RRMS and CSVD groups
(P-value <0.001) (Table 3).

There was no statistically significant difference between
the RRMS and the control group for the right and left
thalamic mean ADC values. On the other hand, both tha-
lamic ADC mean values were significantly higher in the
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CSVD group than in the control group (P-value <0.001).
Also, both thalamic ADC mean values were significantly
higher in the CSVD group than in the RRMS group
(P-value < 0.001) (Table 3).

Magnetic resonance spectroscopy (MRS) metabolites

The thalamic NAA mean value was significantly lower in
the RRMS group than in the CVSD group, only on the
left side. Also, thalamic NAA mean values (RT and LT)
were significantly lower in both RRMS and CVSD groups
than in controls (Table 4).

However, there was no statistically significant differ-
ence between the three study groups regarding right and
left thalamic mean choline, creatine, and myoinositol
values.

The thalamic NAA/Cr mean values (RT and LT) were
significantly lower in both RRMS and CVSD groups than
in controls. However, there was no statistically significant
difference between RRMS and CVSD groups (Table 4).

In addition, the RT thalamic NAA /Cho mean value
was significantly lower in both RRMS and CVSD groups
than in controls. In contrast, the LT thalamic NAA /Cho
mean value was significantly lower in the RRMS group
than in CVSD and control groups (Table 4).

Cut-off points of MRI parameters in the detection of RRMS
and CVSD

Roc curve analysis revealed that the best discrimination
between RRMS and controls was achieved at the LT FA
cut-off of 280 (AUC=0.888), followed by the LT NAA/
Cho cut-off of 2.48 (AUC=0.775) (Table 5). For the right
side, the FA cut-off of 276 (AUC =0.858), followed by the
NAA/Cho cut-off of 9.35 (AUC=0.849) were the best
(Table 6).

Also, the best discrimination between CVSD and
controls was achieved at the LT ADC cut-off of 786
(AUC=0.992), followed by LT FA at 255 (AUC=0.823),
then the LT NAA cut-off of 9.24 (AUC=0.777) (Table 7).
For the right side, the ADC cut-off of 785 (AUC=0.987),

Table 3 Diffusion tensor imaging findings in the included patients and control groups

RRMS group (n=30) CSVD group (n=30)

Control group (n=30) RRMS vs. CSVD

RRMS vs. controls CSVD vs.

[mean +SD] [mean +SD] [mean +SD] P-value P-value controls

P-value

FA Rt 297.8+£16.9 237.2+203 268.7+£21.7 <0.001* <0.001* <0.001*
Lt 2976+183 2341+253 26281224 <0.001* <0.001* <0.001*

ADC Rt 7479+189 881.7+£127.6 7458+23 <0.001* 0913 <0.001*
Lt 7465+17.9 879.7+1156 7463+223 <0.001% 0.995 <0.001%

*P value is considered significant at > 0.05

FA Fractional anisotropy, ADC Apparent diffusion coefficient, RRMS Relapsing-remitting multiple sclerosis, CSVD Cerebral small vessel disease, SD Standard deviation

A P-value <0.05 is considered significant



elsalam et al. Egypt J Radiol Nucl Med (2024) 55:12 Page 5 of 15
Table 4 Magnetic resonance spectroscopy findings in the included patients and control groups
RRMS group (n=30) CSVD group (n=30) Control group RRMS vs. CSVD RRMS vs. CSVD vs.
[mean +SD] [mean +SD] (n=30) [mean+=SD]  P-value controls P-value controls
P-value
NAA Rt 85+1.18 9.1+£1.1 10313 0.078 <0.001* <0.001*
Lt 82+1 9+1.1 102+1.1 0.004* <0.001* <0.001*
Cr Rt 5+0.6 49+0.5 51+06 0.280 0.893 0.225
Lt 49+0.6 5£065 51+05 0403 0111 0442
Cho Rt 4+0.7 38+06 39408 0.379 0.639 0.680
Lt 4.1+0.66 37408 4+0.85 0.090 0.699 0.188
NAA/Cr Rt 1.7+0.35 19+03 2+03 0.087 <0.001* 0.044*
Lt 1.7+£03 1.8+0.3 2+035 0.182 0.001* 0.036*
NAA /Cho Rt 2206 24+04 2.7+0.7 0322 0.001* 0.018*
Lt 2.1+044 25+0.5 2.7+08 0.011* <0.001* 0.239
Ml Rt 1.4+£045 1.5+0.35 13+0.56 0332 0.566 0.124
Lt 15+037 15+04 14+04 0.530 0.238 0.072

*P value is considered significant at > 0.05

Cho Choline, Cr Creatine, Ml Myo-inositol, NAA N-Acetyl aspartate, RRMS Relapsing-remitting multiple sclerosis, CSVD Cerebral small vessel disease, SD Standard

deviation

A P-value <0.05 is considered significant

Table 5 Cut-off, sensitivity, specificity, positive predictive value, and negative predictive value of MRI parameters (on the left side) in
the detection of RRMS (compared with controls)

LTFA LT ADC LT NAA LT NAA/Cho LT NAA/Cr
Cut off >280 <740 <9.01 <248 <182
P-value <0.001* 0.767 <0.001* <0.001* <0.001*
AUC 0.888 0.523 0.897 0.775 0.761
Sensitivity (95% Cl) 83.33 50.0 86.6 86.67 66.6
(65.3-94.4) (31.3-68.7) (69.3-96.2) (69.3-96.2) (47.2-82.7)
Specificity (95% Cl) 90.0 66.67 86.6 56.6 66.67
(73.5-97.9) (47.2-82.7) (69.3-96.2) (37.4-74.5) (47.2-82.7)
PPV 89.3 60.0 86.7 66.7 66.7
(95% Cl) (73.8-96.1) (44.7-73.6) (72.1-94.2) (56.5-75.5) (53.2-77.9)
NPV 844 57.1 86.7 81.0 66.7
(95% Cl) (70.6-92.4) (46.2-67.4) (72.1-94.2) (61.8-91.8) (53.2-77.9)

*P value is considered significant at > 0.05

AUC Area under the curve, PPV Positive predictive value, NPV Negative predictive value, C/ Confidence interval

Table 6 Cut off, sensitivity, specificity, positive predictive value, and negative predictive value of MRI parameters (on the Rt side) in the
detection of RRMS (compared with controls)

RTFA RT ADC RT NAA RT NAA/Cho RT NAA/Cr
Cut off >276 <756 <935 <23 <177
P-value <0.001* 0983 <0.001* <0.001* <0.001*
AUC 0.858 0.502 0.849 0.749 0.771
Sensitivity (95% Cl) 96.6 76.67 80.0 66.6 63.3
(82.8-99.9) (57.7-90.1) (61.4-92.3) (47.2-82.7) (43.9-80.1)
Specificity (95% Cl) 76.67 333 76.6 60.0 86.67
(57.7-90.1) (17.3-52.8) (57.7-90.1) (40.6-77.3) (69.3-96.2)
PPV (95% Cl) 80.6 53.5 774 62.5 82.6
(68.3-88.8) (45.5-61.3) (63.6-87.0) (50.1-73.4) (64.7-92.5)
NPV (95% Cl) 95.8 588 793 64.3 70.3
(76.8-99.4) (38.6-76.5) (64.6-89.0) (50.1-76.4) (59.1-79.4)

*P value is considered significant at > 0.05

AUC Area under the curve, PPV Positive predictive value, NPV Negative predictive value, C/ Confidence interval
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Table 7 Cut off, sensitivity, specificity, positive predictive value, and negative predictive value of MRI parameters (on the left side) in

the detection of CSVD (compared with controls)

LT FA LT ADC LT NAA LT NAA/Cho LT NAA/Cr
Cut off <255 >786 <924 <28 <1.86
P-value <0.001* <0.001* <0.001* 0.540 0.024*
AUC 0.823 0.992 0.777 0.593 0.659
Sensitivity (95% Cl) 80.0 933 70.0 76.6 56.6
(61.4-92.3) (77.9-99.2) (50.6-85.3) (57.7-90.1) (37.4-74.5)
Specificity (95% Cl) 733 100.0 86.6 40.0 56.6
(54.1-87.7) (88.4-100.0) (69.3-96.2) (22.7-59.4) (37.4-74.5)
PPV 75.0 199 84.0 56.1 56.7
(95% CI) (61.7-84.8) (85-100) (67.2-93.1) (47.3-64.5) (43.9-68.6)
NPV 786 937 743 63.2 56.7
(95% CI) (63.5-88.6) (79.7 -98.3) (62.2-83.6) (43.9-78.9) (43.9-68.6)

*P value is considered significant at > 0.05

AUC Area under the curve, PPV Positive predictive value, NPV Negative predictive value, C/ Confidence interval

Table 8 Cut off, sensitivity, specificity, positive predictive value, and negative predictive value of MRI parameters (on the Rt side) in

detection of CSVD disease (compared with controls)

RTFA RT ADC RT NAA RT NAA/Cho RT NAA/Cr
Cut off <253 >785 <9.86 <29 <2
P-value <0.001* <0.001* <0.001* 0.040* 0.009*
AUC 0.879 0.987 0.763 0.647 0.680
Sensitivity (95% Cl) 86.67 90.0 86.6 90.0 833
(69.3(96.2) (73.5-97.9) (69.3-96.2) (73.5-97.9) (65.3-94.4)
Specificity (95% Cl) 80.0 100.0 60.0 36.6 46.6
(61.4-92.3) (88.4-100.0) (40.6-77.3) (19.9-56.1) (28.3-65.7)
PPV 81.2 100.0 68.4 58.7(51.4-65.7 61.0
(95% Cl) (67.6-90.0) (88.4-100.0) (57.8-77.4) (51.9—694)
NPV 85.7 90.9 81.8 78.6 73.7
(95% Cl) (70.3-93.8) (77.4-96.7) (63.3-92.1) (53.2-92.2) (53.6-87.2)

*P value is considered significant at > 0.05

AUC Area under the curve, PPV Positive predictive value, NPV Negative predictive value, Cl confidence interval

followed by FA at 253 (AUC=0.879), then the NAA cut-
off 0of 9.86 (AUC=0.763) (Table 8).

Neuroimaging of different cases is illustrated in Figs. (2,
3,4,5,6,7,8and9).

Discussion

White matter lesions of MS and CSVD may appear
similarly on conventional MRI [13]. Diffusion tensor
imaging (DTI) and 1H-MRS can detect the micro-
structural changes in normal-appearing conventional
MRI [1]. Accordingly, this study aimed to investigate
if IH-MRS and DTI measures on normally appearing
thalami are helpful in differentiating between MS and
CSVD cases.

The current study highlighted the excellent distinctive
performance of thalamic DTI measures in differentiat-
ing between RRMS and CSVD groups and each of them
from the control group. Thalamic FA was significantly
increased in RRMS patients and decreased in CSVD
patients compared to the control group (P<0.001). In the
same time, its value was significantly higher in the RRMS
than CSVD groups. Moreover, thalamic ADC was sig-
nificantly higher in CSVD patients compared to RRMS
patients and the control group.

These results aligned with previous studies [14-16],
which found a significantly higher thalamic FA in
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Fig. 2 A 37-year-old female patient complaining of RRMS, image A (axial FLAIR, sagittal and axial T2) showing ovoid-shaped periventricular T2 /
FLAIR hyperintense lesions being perpendicular on lateral ventricular wall (blue arrow), with axial T2 Wls showing normal appearing thalami (red
arrow). Right thalamic MRS, NAA value=8.3 Mm (B), Left thalamic NAA value=7.5 Mm (C), compared to control NAA value 10.7 Mm (D)

MS cases than controls. This can be explained by the
fact that anisotropy was correlated to axon density
and myelin content, which are affected by pathologic
abnormalities occurring in MS as a result of dendritic
loss and bipolar orientation caused by microglial acti-
vation and extra axonal degeneration in grey matter
nuclei [17, 18].

In agreement with the current work, Oztoprak et al.
[19] found that the mean ADC value was significantly
higher in patients with CSVD compared to MS patients
and controls and that FA value was significantly less
in CSVD cases than controls. The high ADC values in
CSVD can be explained by the fact that the infracted
brain tissues liquidize, so their molecules have free
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Fig. 3 A 38-year-old female patient complaining of RRMS, image A (axial FLAIR, sagittal T2 and axial FLAIR) showing ovoid shaped periventricular
T2 /FLAIR hyperintense lesions (blue arrow) and normal appearing thalami (red arrow), Right thalamic MRS, NAA value 7.9 Mm B, Left thalamic NAA

value 8.2 Mm C, compared to control thalamic NAA value 11.4 Mm (D)

movement and high ADC value compared to normal
brain tissues [20].

By studying the neuronal metabolites provided by
MRS, this study showed that MRS could aid in differen-
tiation between either RRMS or CSVD and the control

group. However, it could not firmly discriminate between
MS and CSVD groups. This evident by lower bilateral
thalamic NAA, NAA/Cr, and right NAA/Cho mean val-
ues in both RRMS and CSVD groups than in the control
group, with no statistically significant difference between
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Fig.4 A 30-year-old female patient complaining of RRMS, image A (axial FLAIR, axial and sagittal T2) showing ovoid shaped periventricular &
cortical/juxtacortical T2 /FLAIR hyperintense lesions (blue arrow) with normal appearing thalami. ROl placement in DTl BO images B, colored
FA images C and ADC images D. The table below shows thalamic FA value of 298 for the right and 299 for the left, ADC value 751 x 10~ mm?/s

for the right thalamus and 738 x 107 mm?/s for the left one

the RRMS and CSVD groups as regards the previously
mentioned regions.

Reduced NAA concentration is mainly inferred as
neuronal/axonal dysfunction that can happen both in
MS and CSVD patients [21, 22]. Notably, NAA decline
without concomitant Cr increase might indicate initial
neuronal loss without a significant involvement with

glial cells [23]. Regarding CSVD patients, it has been
found that thrombin inhibition improves the NAA/
Cr ratio, suggesting that arterial thrombosis may have
a role in the development of metabolic impairment of
neurons [24].

The thalamus was also submitted to MRS analysis
in a group of MS patients by Geurts et al. [25]. The
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Fig.5 A 42-year-old male patient complaining of RRMS, image A (axial FLAIR, axial and coronal T2) showing periventricular white matter (blue
arrow) & bilateral middle cerebellar peduncles (black arrow)T2 /FLAIR hyperintense lesions and normal appearing thalami (red arrow). Thalamic DTI
ROl placement in colored FA images B and ADC images C. The table below shows thalamic FA value of 288 for the right and 296 for the left, ADC
value 766 x 10-6 mm2/s for the right thalamus and 748 x 10-6 mm2/s for the left one

investigators found a significant reduction in NAA val-
ues in MS patients than the healthy controls with no
significant differences regarding creatinine or choline
values; all are concordant with the current study.
Another study carried out by Kapeller et al. [26] inves-
tigated the potential role of MRS in differentiating MS
plaques from CSVD. They found a significant increase in
the myoinositol concentrations in MS plaques than white

matter lesions in CSVD, with no significant differences
regarding the other metabolites. However, studying the
thalamic metabolic alterations as a distinguishing radio-
logical marker between MS and CSVD has not been con-
ducted before.

The main limitation of this study was that the num-
ber and sites of either MS or CSVD lesions wasn't con-
sidered. Moreover, this study used a 1.5 T MRI scanner,
while most cited studies used 3 T. The small sample size
was also another critical limitation.
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Fig. 6 A 28-year-old female patient complaining of RRMS, image A (axial FLAIR, axial T2) showing periventricular T2 /FLAIR hyper intense

lesions more evident at left side (blue arrow) and normal appearing thalami (red arrow). ROl placement in FA images with thalamic value of 288
for the right and 295 for the left one (B), ROI placement in ADC images with thalamic value of 742 x 107 mm?/s for the right and 767 x 107 mm?/s
for the left one (C). Right thalamic MR spectra, NAA value=7.2 Mm (D), Left thalamic MR spectra, NAA=7.9 Mm (E)
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. . ] B 2
Fig. 7 A 60-year-old male patient complaining of CSVD, image A (axial FLAIR and axial T2) showing periventricular T2 /FLAIR hyper intense lesions
(blue arrow) and normal appearing thalami (red arrow). ROl placement in FA images with thalamic value of 179 for the right and 207 for the left one
(B), ROl placement in ADC images with thalamic value of 941 x 107° mm?/s for the rightand 975x 1 07 mm?/s for the left one (C). Right thalamic MR
spectra NAA value=7.8 Mm (D), Left thalamic MR spectra, NAA=7.9 Mm (E)
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Fig. 8 A 56-year-old female patient complaining of CSVD, image A (axial T2 and axial FLAIR) showing periventricular T2 /FLAIR hyper intense lesions
(blue arrow) and normal appearing thalami (red arrow). ROl placement in FA images with thalamic value of 226 for the right and 195 for the left one
(B), ROl placement in ADC images with thalamic value of 866 x 10"° mm?/s for the right and 868 x 107 mm?/s for the left one (C)

Conclusions

The current study revealed that thalamic DTI and
1H-MRS could detect and discriminate the microstruc-
tural changes in normal-appearing thalami in RRMS and

CSVD patients. So they can assist in early diagnosis and
treatment of these cases, resulting in better prognosis.
However, FA in DTT was superior to MRS in discriminat-
ing MS and CSVD.
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Fig. 9 A 62-year-old male patient complaining of CSVD, image A (axial T2 and axial FLAIR) showing periventricular T2 /FLAIR hyper intense lesions
(blue arrow) and normal appearing thalami (red arrow). ROl placement in FA images with thalamic value of 179 for the right and 208 for the left one

(B), ROl placement in ADC images with thalamic value of 941 x 10° mm?/s for the right and 975 x 107 mm?/s for the left one (C)

Larger further studies are needed to focus on all MS
subtypes. Also, using a d3 Tesla MRI scanner is recom-

mended in the upcoming studies.
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