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Abstract

Background: The pathophysiological mechanisms underlying multiple sclerosis include both inflammatory and
degenerative processes. We aimed to study and compare markers of neuroinflammation and neurodegeneration in
patients with first presentation of demyelinating disorder and to prospectively identify which of the studied markers
serve as predictors for early conversion to multiple sclerosis. Thus, 42 patients with first clinical manifestations
suggestive of demyelinating disease were included in a prospective study. Subjects underwent thorough history
taking and clinical evaluation. Laboratory studies involved analysis of cerebrospinal fluid (CSF) and serum chitinase
3-like 1 levels. Brain imaging included MRI and ultrasonographic assessment.

Results: T1 black holes, elevated oligoclonal bands (OCB), high baseline T2 lesion load, and enhanced MRI lesions
were significantly higher in patients with 1st attack multiple sclerosis. Significantly higher CSF-OCB and serum
chitinase 3-like 1 protein was detected in patients with multiple sclerosis (MS) compared to clinically isolated
syndrome, and higher levels in MS convertors than non-convertors. Cognitive dysfunction evaluated by MoCA
test and brain atrophy assessed using transcranial sonography did not show significant difference among the
studied groups. Logistic regression analysis showed that heavy T2 lesion load served as the only predictor of
conversion to MS.

Conclusion: Early conversion to MS after first attack of demyelination is related to detection of signs of
neuroinflammation rather than neurodegeneration.
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Background
Attempts to pursue novel markers that would not only
predict which patient with clinically isolated syndrome
(CIS) will convert to clinically definite multiple sclerosis
(CDMS) but also the disease stage, severity and possible
development of disability are still required especially in
early stages as this will strongly impact the MS manage-
ment and treatment strategies [1, 2].

Multiple variables including clinical picture, imaging
protocols, and other para-clinical tests as CSF studies
have been evaluated as prognostic factors [1] all of which
addressing either signs of neurodegeneration or inflam-
mation of the disease.
Several studies reported that early axonal degeneration

and brain atrophy may predict short time for conversion
to CDMS [3]. The presence of cognitive impairment was
a measure that reflects early neuronal degeneration in
some studies [4]; moreover, recent but fewer studies
used parenchymatous transcranial sonography to
visualize the brain parenchyma and ventricular system as
a measure of brain atrophy in multiple sclerosis (MS)
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patients. Muller and colleagues [5] found that third ven-
tricular enlargement is associated with increased risk for
future MS relapses while Walter and colleagues [6] re-
ported that hyperechogenicity of basal ganglia (BG) and
substantia nigra (SN) due to trace metal (mainly iron)
accumulation in MS patients is associated with disease
progression.
On the other hand, several markers of inflammation

have been studied as predictors for conversion to
CDMS; of those, the most significant were the presence
of CSF oligoclonal bands [7] and a new biomarker chiti-
nase 3-like 1 (CHI3L1) [8]. CHI3L1 is a normal candi-
date of human serum which plays a role during
inflammation and tissue remodeling. It is upregulated in
different conditions with chronic inflammation [9]; thus,
it is not specific for MS. However several studies re-
ported that it may act as a marker for conversion from
CIS to MS [10] and also as marker for disease progres-
sion at time of diagnosis [11].
To date, magnetic resonance imaging (MRI) is still the

most important predictor for early conversion to CDMS,
whether via detection of signs of inflammation as abnor-
mal baseline MRI or enhancing lesions [12] or neurode-
generation as presence of T1 black holes and/or brain
atrophy.
In this study, we aimed to investigate and compare dif-

ferent clinical, laboratory (biochemical) and brain im-
aging (using transcranial sonography and MRI) findings
related to neurodegenerative and neuroinflammatory
processes in patients with CIS and first attack of MS and
detect their value as predictors for early conversion from
CIS to MS.

Methods
This is a prospective observational cohort study that in-
cluded 42 patients presented with first clinical manifes-
tations suggestive of demyelinating disease. The study
was conducted over a period of 2 years and consecutive
patients from both sexes attending the outpatient clinic
of Neurology department were enrolled if their age
ranged from 18 to 50 years, had no better explanation of
his/her neurological event, and had the ability to tolerate
the investigations or clinical assessment (patients with
severe visual affection, unable to read/write, or with se-
vere weakness were excluded).
All patients were subjected to full neurological evalu-

ation and assessed using Expanded Disability Status
Scale (EDSS) [13]. According to the functional systems
involved, the patients were categorized as monofocal/
multifocal presentation [14]. Cognitive assessment was
done using the Arabic version of Montreal Cognitive As-
sessment (MoCA) test to detect mild cognitive impair-
ment [3], validated in 2018 [15].

Serum samples were withdrawn for laboratory assess-
ment to exclude better explanation as complete blood
picture, liver functions, kidney functions, ESR, thyroid
function tests, vasculitic profile as antinuclear antibody
(ANA), antineutrophil cytoplasmic antibodies (ANCA),
anti-Ds DNA, anti-cardiolipin antibodies, lupus anti-
coagulant, tumor markers, and serum aquaporin 4 (if
needed). Serum chitinase 3-like 1 protein (CHI3L1) sam-
ples were collected from patients at least 28 days from
the onset of the clinical attack in 3-milliliter (ml) blood
samples withdrawn on plain tubes. The samples were
allowed to clot and sera were separated and put at − 20
°C until assay. Chitinase 3-like 1 was measured by en-
zyme immunoassay technique using Rand D kit, Lot
P126705 purchased from R and D systems. The CSF-
oligoclonal bands (OCB) and IgG index were collected
from patient’s data.
Transcranial sonography (TCS) was used to assess

brain parenchyma by Philips IU22 machine, using
phased array (2–3.5 MHZ) and linear probe (MHZ) re-
spectively, through trans-temporal and trans-orbital ap-
proach respectively. Patients were placed in supine
position, with examiner on patient’s head; room was
darkened. TCS was done through trans-temporal ap-
proach parallel to orbito-meatal line; 2 standard planes
were assessed, first the mesencephalic plane for
visualization of midbrain structures as substantia nigra
(after visualization of the brain stem, resembling a
“butterfly” shape, the picture was frozen and then en-
larged by 2–3 times. After manual tracing of the sub-
stantia nigra, planimetric evaluation of its area was
performed the average of 3 planimetric measurements
was taken). Values were then classified as normal, hyper-
echogenic, and hypoechogenic. Secondly, the dienceph-
alic plane was assessed for measurement of width of
third ventricle and frontal horn of lateral ventricle (nor-
mal or dilated). At thalamus level, after tilting the ultra-
sound beam by approximately 10° up from the position
of the mesencephalon, evaluation was related to the
diameter of the third ventricle and the width of the
frontal horn of the lateral ventricle on the opposite side.
We used the Egyptian cut-off values [16], the unilateral
substantia nigra measured surface area of echogenicity
was considered normal if ≤0.19 cm2, the bilateral sum of
substantia nigra measured surface area of echogenicity
was considered hypo-echoic if ≤0.15 cm2, and third ven-
tricle diameter was considered dilated if ≥0.23cm. The
left frontal horn of lateral ventricle was considered di-
lated if >0.37cm, and the right frontal horn of lateral
ventricle was considered dilated if >0.36cm. TCS exami-
nations were performed by 2 independent investigators
who were blinded to the clinical data of the patients. A
structure was only regarded as abnormal on TCS if the
findings of both investigators agreed.
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Brain imaging was done for all patients at presenta-
tion, on Philips Interna 1.5T, Philips, Achieva 1.5T and
GE signa 0.2T systems, axial T1, T2, and FLAIR, and sa-
gittal T2/FLAIR, post contrast axial and sagittal T1, and
MRI spinal cord (was done when needed) (cervical cord
or other levels, either with contrast or not). It was
assessed for lesions typical or atypical for MS, dissemin-
ation in space (DIS), and dissemination in time (DIT)
according to the 2010 revised McDonald criteria [17].
All MRI assessments were performed by a single rater
blinded to clinical data.
The 42 recruited patients were then classified into two

groups, patients with clinically isolated syndrome (group
1), who presented with first demyelinating event not ful-
filling 2010 revised McDonald criteria [17], and patients
with first attack of multiple sclerosis (group 2) who pre-
sented with first demyelinating event fulfilling 2010 re-
vised McDonald criteria. CIS patients were followed for
1 year for appearance of new symptoms or worsening of
already present symptoms lasting at least for 24 h.
Follow-up MRI brain was done at 6 and 12 months; after
follow-up period, patients were classified into two
groups, patients who remained as CIS (group of MS
non-convertor) and patients who converted to MS
(McDonald criteria 2017 criteria for MS diagnosis [17]
(group of MS convertor).
Signs of neuroinflammation assessed included CSF

OCB, IgG index, Chitinase 3-like 1 protein (CHI3L1),
brain MRI T2 lesion load, and enhancing white matter
lesions, while signs of neurodegeneration evaluated in-
cluded cognitive dysfunction assessed by MOCA,
markers of brain atrophy detected by parenchymatous
transcranial sonography, hyper-echogenicity of SN and
or dilated third ventricle and frontal horn of lateral ven-
tricle, and T1 black holes in brain MRI.

Statistical analysis
Data were coded and entered using the statistical pack-
age SPSS the Statistical Package of Social Science Soft-
ware program (IBM SPSS Statistics for Windows,
Version 23.0. Armonk, NY: IBM Corp.). Data was sum-
marized using mean, standard deviation, median, mini-
mum, and maximum in quantitative data and using
frequency (count) and relative frequency (percentage)
for categorical data. Comparisons between quantitative
variables were done using the non-parametric Kruskal-
Wallis and Mann-Whitney tests. For comparing categor-
ical data, chi-square (χ2) test was performed. Exact test
was used instead when the expected frequency is less
than 5. Logistic regression was done to detect independ-
ent predictors of conversion. P-values less than 0.05
were considered as statistically significant. All partici-
pants in the study provided informed verbal consent.

Results
We identified forty-two patients presented with first
clinical manifestations suggestive of demyelinating dis-
ease, twenty-two patients (52.4%) with clinically isolated
syndrome (CIS) and twenty patients (47.6%) with first
attack of multiple sclerosis (MS). Detailed assessment of
the patients’ clinical presentation, cognitive affection,
and EDSS are presented in Table 1. Only fifteen (35.7%)
patients accepted to do CSF analysis, 5 patients (25%) of
MS group, and 10 patients (45.5%) of CIS group while
serum CHI3L1 level was done for 38 patients (3 patients
refused to give their blood sample without providing a
reason); data are shown in Table 2. Transcranial sonog-
raphy (TCS) and brain MRI were done to all patients;
the results are presented in Table 3.
During the follow-up period, nine patients (40.9%) of

CIS group converted to MS, the mean time for conver-
sion was 6.75±3.24 months, 5 patients (55.6%) developed
new attack and diagnosed as having clinically definite
MS, and 4 patients (44.4%) had changes only in MRI in
the form of appearance of new lesions compared to
baseline MRI, but without any new clinical event, so di-
agnosed as McDonald MS.
Logistic regression was done to detect independent

predictors of conversion; the suggested predictors were
MoCA test, CHI3L1 assay, ultrasound ventricular diam-
eter, and MRI total number of lesions. After removal of
the confounder factors, MRI total number of lesions was
the only predictor of conversion of CIS to MS patients
(Table 4).
MS multiple sclerosis, OR odds ratio, CI confidence

interval, p > 0.05 = NS, *p < 0.05 = significant

Discussion
Comparing signs of inflammation and degeneration be-
tween patients with CIS and CDMS patients and evalu-
ating their predictive value to detect conversion of CIS
patients to MS has not been previously studied. Such
issue remains of great importance so as to decide
whether to start treatment with disease modifying ther-
apy (DMT) or not [18].
Clinical characteristics showed that multifocal presen-

tation was significantly higher in the MS group as well
as monofocal sensory presentation compared to CIS pa-
tients; however, none of these presentations differed be-
tween the MS convertors and non-convertors.
In this study, on assessing signs of inflammation, it was

found that the percentage of patients with OCB was statis-
tically higher in MS converter (100%) than non-converter
group (25%), which goes with previous studies that re-
ported positive CSF OCB at time of CIS was a strong pre-
dictor for conversion to MS [7, 18]. Also another marker,
chitinase 3-like 1 protein (CHI3L1) was significantly
higher in the MS compared to CIS patients, and higher in
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MS convertors than non-convertors when comparing the
mean values, but such significance was lost upon compar-
ing median values. Previous studies also show inconsistent
results regarding the predictive value of CHI3L1 levels;
Hinsinger and colleagues [11] found that increased serum
and CSF CHI3L1 in CIS patients was associated with in-
creased risk for conversion to MS while another study by

Comabella and colleagues [8] showed that serum CHI3L1
was not associated with increased risk for conversion in
contrast to its CSF level; thus, we can conclude that serum
CHI3L1 may have a possible role in prediction of MS con-
version but requires further confirmation.
On the other hand, magnetic resonance imaging

(MRI) revealed that the number of patients with typical

Table 1 Clinical characteristics of all studied groups

Group 1 Group 2 P value CIS group P value

CIS
N=22

1st
attack
MS
N=20

MS
convertors
N=9

MS non-
convertors
N=13

Number
(%)

Number
(%)

Number
(%)

Number (%)

Age of onset (years) Mean ±SD 29.41 ±
6.94

28.50 ±
6.21

0.752 29.22 ±
5.19

29.54 ± 8.14 1.00

Sex Male 4 (18.2%) 4 (20.0%) 0.9 0 (0%) 4 (30.8%) 0.115

Female 18
(81.8%)

16
(80.0%)

9 (100%) 9 (69.2%)

Functional systems involved Multifocal
presentation

7 (31.8%) 12 (60%) * 0.03 3 (33.3%) 4 (30.8%) 1

Monofocal
presentation

15
(68.2%)

8 (40%) 0.067 6 (66.7%) 9 (69.2%) 1

Topography of mono-
focal presentation

Optic neuritis Yes 12 (80%) 5 (62.5%) 0.36 4 (66.7%) 8 (88.9%) 0.29

Typical 10
(83.3%)

4 (80%) 0.86 3 (75%) 8 (100%) 0.58

Atypical 2 (16.7%) 1 (20%) 1 (25%) 0 (0%)

Brain stem and cerebellar
syndromes

Yes 0 (0%) 0 (0%) -- 0 (0%) 0 (0%) --

Spinal cord syndrome Yes 1 (6.7%) 2 (25%) 0.21 1 (16.7%) 0 (0%) ---

Cerebral manifestations due to
supratentorial lesions

Yes 2 (13.3%) 1 (12.5%) 0.95 1 (16.7%) 1 (11.1%) 0.75

Sensory affection Yes 11 (50%) 17 (85%) 0.023 5 (55.6%) 6 (46.2%) 1

Total EDSS score median 2 3 0.111 2 2.5 0.27

MoCA test <26 10(45.5%) 3 (15%) 0.124 6 (66.7%) 4(30.8%) 0.328

MS multiple sclerosis, CIS clinically isolated syndrome, EDSS using Expanded Disability Status Scale, MoCA Montreal Cognitive Assessment
*p < 0.05 = significant

Table 2 Laboratory results of the studied groups

Lab test Group 1 Group 2 p-value CIS group p-value

CIS
N = 22

1st attack MS
N = 20

MS convertors
N = 9

MS non-convertors
N = 13

Number (%) Number (%) Number (%) Number (%)

Serum chitinase3 like 1 pg/ml# mean 30237.06 55663.68 *0.038 42347.1429 29328.3333 *0.039

SD 17905.20 46314.23 36817.45316 16102.4601

CSF n = 15 CIS
N = 10

1st attack MS
N = 5

p-value MS convertors
N = 6

MS non-convertors
N = 4

p-value

IgG index Positive 8 (80%) 3 (60%) 0.40 6 (100%) 2 (50%) 0.74

OCB Positive 7 (70%) 3 (60%) 0.698 6 (100%) 1 (25%) *0.033
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MS lesions were higher in the MS convertor group, with
near significance value. This is close to previous studies,
which showed that the risk of conversion to MS after
CIS increased with increased baseline T2 lesion load,
and was more in patients with typical lesions fulfilling
3–4 Barkhof criteria in baseline scan [19, 20].
We assessed cognitive dysfunction as a manifestation

related to axonal loss and brain atrophy [21], and since
several studies reported that early cognitive affection in
CIS can predict short time for conversion to MS, sug-
gesting that it may represent a sensitive marker of more
severe changes within the lesions [3, 22], our results did
not support such findings as we did not detect signifi-
cant difference in the degree of cognitive affection be-
tween the MS group and CIS patients and MS converter
group versus MS non-converter.
We further assessed neurodegeneration by the detec-

tion of markers of brain atrophy using parenchymatous
transcranial sonography. The ventricular diameter for
3rd ventricle and frontal horn of lateral ventricle were
measured; however, we found no significant difference
among the studied groups. Hyperechogenicity of SN that
was related in previous studies to changes of brain iron

metabolism and correlated with future progress of MS
[6, 23] was not detected in any of our subjects; SN was
either normal or hypoechoic. This discrepancy can be
explained by the type of patients studied as all our sub-
jects were in the early course of the disease (either CIS
or first attack of MS), they were younger (mean age
29.41±6.94), with milder form (EDSS range =1–2) while
the previous studies included older patients (mean age
range= 37.9–51.5years) with relapsing-remitting MS
(RRMS), secondary progressive MS (SPMS), and primary
progressive MS, and since both studies found a signifi-
cant correlation between the area of the substantia nigra,
and the age of patients, the duration of the illness, EDSS
score, and the number of relapses, we can conclude that
such sonographic findings may be not of significance in
the early course of the disease.
Logistic regression was done to detect independent

predictors of conversion to MS; it showed that high
baseline T2 lesion load was the only significant predictor
for conversion to MS after CIS which goes with several
previous studies [19, 20].

Conclusion
In view of the aim of the study to detect and compare
different markers related to the pathological processes
underlying demyelination and to assess their prognostic
value, we found that none of the markers of neurode-
generation tested (cognitive affection, T1 black holes
and sonographic parameters) served as predictors for
MS conversion while within markers of inflammation
(elevated OCB, chitinase level, high baseline T2 lesion
and enhanced MRI lesions) only heavy T2 lesion load
showed had a significant prognostic value compared to
the other markers.

Table 3 Ultrasonography assessment and MRI results of all studied groups

Group 1 Group 2 CIS group

CIS
N=22

1st attack MS
N=20

p-value MS convertors
N=9

MS non-convertors
N=13

p-value

Brain imaging

T2 MRI brain lesions Typical 11 (50%) 20 (100%) *0.003 7 (77.8%) 4 (30.8%) 0.08

Atypical 11 (50%) 0 (0%) 2 (22.2%) 9 (69.2%)

T1 black holes ≥1 5 (22.7%) 15 (75%) *0.004 3 (33.3%) 2 (15.4%) 0.502

Total number of lesions (mean ±SD) 4.86±4.20 9.65±3.79 *0.001 6.22±4.89 3.92±3.55 0.357

Patients with MRI enhancing lesions 5 (22.7%) 15 (75%) *0.001 3 (33.3%) 2 (15.4%) 0.841

Substantia nigra echogenicity Normal 11 (55%) 15 (75%) 0.2 2 (25%) 9 (75%) 0.06

Hypoechogenic 9 (45%) 5 (25%) 6 (75%) 3 (25%)

Ventricular diameter 3rd ventricle Normal (%) 14 (66.7%) 17 (85%) 0.277 5 (62.5%) 9 (69.2%) 1

Dilated (%) 7 (33.3%) 3 (15%) 3 (37.5%) 4 (30.8%)

Frontal horn Median (cm) 0.19 0.22 0.916 0.19 0.19 0.600

Dilated (%) 5 (25%) 2 (10.5%) 0.661 3 (37.5%) 2 (16.7%) 0.255

Table 4 Logistic regression to detect predictors of early
conversion to MS

Independent predictors P value OR 95% CI

Lower Upper

MoCA test .562 1.079 .834 1.396

CHI3L1 assay .301 1.000 1.000 1.000

Ultrasound ventricular diameter .834 .418 .000 1439.470

Total number of T2 lesions *0.003 1.33 1.105 1.604
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