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ABSTRACT

Introduction. Multiple sclerosis (MS) is a demyelinating disease of the central nervous system (CNS) with heterogenic character.
Typical age of onset is between 20 and 35 years. Clinically definite multiple sclerosis (CDMS) can occur also in patients older than
50 years. This type of MS is called Late Onset Multiple Sclerosis (LOMS). Until now, the differences in clinical course, type of first
symptoms, and prognosis of LOMS have not been well established. Also the MRI characteristics of patients with LOMS have not
been determined. Neither conventional nor nonconventional MRI features are known to be typical for LOMS.

Clinical rationale for the study. To investigate the MRI characteristics of LOMS patients based on conventional and non-
-conventional techniques.

Materials and methods. Twenty patients with LOMS were included in the study and 17 patients with typical onset of MS (TOMS)
served as a comparative group. The two groups were matched in terms of disease duration and EDSS score. Conventional (T1-and
T2-weighted images) and non-conventional (magnetization transfer images, proton magnetic resonance spectroscopy) MRI tech-
niques were performed in all participants. Parameters from both techniques were compared between LOMS and TOMS groups.

Results. Patients with late onset of MS had lower Brain Parenchyma Fraction (BPF) (p < 0.001) and Grey Matter Fraction (GMF)
values (p = 0.008) than the TOMS group. There was no statistical differences in White Matter Fraction (WMF) values between the
groups (p = 0.572). Patients with LOMS and TOMS statistically differed in the peak height (p = 0.018), peak location (p < 0.001),
and MTR mean value (p < 0.001). Patients with LOMS manifested lower concentrations of NAA+NAAG and NAA+NAAG/Cr than
patients with TOMS (p = 0.009 and p < 0.001 respectively). No statistical difference was found between the groups in terms of
mean min (p = 0.346) and mean GPC+PCh (p = 0.563). We did not find a statistical difference in T1- and T2- lesion load (p = 0.1,
p = 0.3 respectively) although T1/T2 lesion ratio was higher in the LOMS group.

Conclusion and clinical implications. MRI parameters in patients with LOMS differed significantly from those obtained from
the TOMS group. Our results, which indicate that in LOMS patients brain tissue damage is more advanced than in TOMS patients,
may contribute to a better understanding of the heterogeneity of MS.

Key words: Late onset multiple sclerosis, multiple sclerosis, magnetic resonance imaging, brain atrophy, proton magnetic
resonance spectroscopy, magnetization transfer ratio
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Introduction the first symptoms are observed in patients aged over 50 [1, 2, 3].

This form of the disease is referred to as Late Onset Multiple

In the typical course of multiple sclerosis (MS), the first Sclerosis (LOMS) [4-8]. Very recently published results
symptoms occur between the ages of 20 and 35 years. However, from Denmark have shown that the incidence of LOMS has
according to epidemiological findings, in 4.6-9.6% of MS cases increased since the 1950s, particularly in women [9]. The
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population of these MS patients clinically differs from the
population of patients who are affected by MS at the typical
age (Typical Age of Onset Multiple Sclerosis, TOMS). In LOMS
patients, the primary progressive form of the disease (PPMS)
is more common than in TOMS (50-80% in LOMS vs 10-20%
in TOMS) [5-7, 10-13]. The first symptoms of MS in LOMS
and TOMS are also different. In LOMS, cerebellar and sensory
symptoms have been reported to be much more common than
in TOMS [4, 5]. Gait disturbances with spastic paraparesis are
the most common motor symptoms of LOMS [6]. The prog-
nosis in the LOMS form of the disease is less favourable than
for patients with the TOMS form [5, 6, 14]. LOMS patients
seem to progress more rapidly than TOMS, especially with
the primary progressive course of disease [13, 15, 16]. LOMS
has also been associated with a severe disease course and has
been found to be a strong predictor of conversion from RR
to secondary progressive MS [14]. Additionally, there has
been shown to be no impact of interferon beta treatment on
disability progression in RR- LOMS patients [13]. Although
magnetic resonance imaging is an established and very im-
portant paraclinical tool in the diagnosis of MS, there is very
limited data concerning MRI in LOMS patients. In one study
[11], the sensitivity and specificity of radiological MS criteria
in patients aged over 50 years were evaluated. The study found
that MRI Barkhof criteria provided the best compromise for
the diagnosis of MS patients with late onset. Other studies
have reported different brain and spinal cord localisations in
LOMS and TOMS patients, and more brain MRI inflammatory
activity in TOMS than in LOMS patients [17, 18]. A recently
published study showed severe grey matter and brainstem
atrophy in LOMS patients, with primary cognitive dysfunction
[19]. The purpose of this study was to describe radiological
characteristics based on conventional and non-conventional
MRI techniques in LOMS patients.

Patients and methods

Patients

Twenty LOMS patients (15 women, 5 men) consecutively
admitted to our neurological department were included in
the study. Late onset MS patients were defined as patients
who fulfilled McDonald’s criteria of 2010 [21, 22], with first
symptoms having appeared after their 50th birthday. Additio-
nally, 17 (11 women, 6 men) typical age of onset MS (TOMS)
patients, defined as patients who fulfilled the 2010 McDonald
criteria [20, 21] with first symptoms appearing between the
ages of 20 and 45, were included in the study as a comparative
group. All patients were assessed by an experienced neurologist
and neurological status was measured by the Expanded Disa-
bility Status Scale (EDSS) [22]. The two groups were matched
in terms of gender, disease duration, and EDSS score.

Methods

Each patient underwent magnetic resonance imaging
on a 1.5 Tesla scanner (Avanto , Erlangen, Germany).
In the first step, conventional MRI included dual-echo
(TR = 5,000 msec, TE = 20/80 msec; 50 slices, thickness
=3mm gap = 0.0 mm, matrix 154x256, and FOV =250 mm),
T1-weighted Magnetization Prepared Rapid Gradient Echo
(MPRAGE TR = 9.7 msec, TE = 4 msec; eff thick 1.5 mm,
no partitions 164, matrix 192 x 256), T1 weighted imaging
with and without contrast administration (TR = 30 ms,
TE = 11 msec, thickness = 3 mm gap = 0.0 mm, FOV 250 mm,
matrix 256 x 256), 12D MT ON (TR = 800 msec, TE = 10 msec,
thickness = 3 mm, FOV = 250 mm, matrix = 159x256); fl 2D
MT OFF (TR = 800 msec, TE = 10 msec, thickness = 3mm,
FOV = 250 mm, matrix = 159 x 256) were acquired. In the
second step, water suppressed proton magnetic resonance
spectroscopy (H-MRS) was performed using a stimulated
echo acquisition mode sequence STEAM (TE = 20 ms,
TR = 6,000 ms, 64 averages). Volume of interest (VOI)
= 8 ml was located in NAWM in left and right centrum se-
miovale far from white matter lesions. To avoid the inclusion
of lesions, cerebrospinal fluid, or grey matter in VOI, the
borders of the VOI at upper and lower slides were checked.
Before positioning the voxel, global shimming of the whole
brain was performed. After location, the VOI local magnetic
field was homogenised by localised shimming on the water
peak. Water suppression was achieved by means of chemically
selective saturation pulse.

MRI data analysis

The volumes of focal lesions on T2-weighted images and
T1-weighted images were measured with the application of the
semi-automated technique (Javalmage, Xinapse version 5.0,
UK) [21]. Brain atrophy was evaluated based on the MP-RAGE
sequence. Brain Parenchyma Fraction (BPF), Grey Matter
Fraction (GMF), and White Matter Fraction (WMF) were
calculated using Javalmage software. Evaluation of normal
appearing brain tissue (NABT) on the basis of magnetization
transfer was conducted with the use of two gradient sequences:
flash 2D without magnetization transfer and flash 2D with
magnetisation transfer. With the use of adequate algorithms,
a computer program calculated the magnetisation transfer ra-
tio map (MTR) for particular analysed points [24]. Evaluation
of the NABT was made with the use of MTR histograms. In
the first stage, the brain tissue was extracted semiautomatically
from cranial bones and the cerebrospinal fluid. Next, the MTR
map was masked with focal lesions. After isolating them from
the map, the remaining part of the image which showed only
the NABT was used to make a MTR histogram. Mean value of
MTR, peak position and peak height of the MTR histogram
were analysed.
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Results of H-MRS were estimated using the linear combi-
nation model (LCModel, Provencher, 1993) [25]. Concentra-
tions of the following metabolites were estimated using a basis
set of 15 metabolites: creatine (Cr), total N-acetyl-aspartate
compounds (tNAA = N-acetyl-aspartate (NAA) + N-acetyl-
-glutamate (NAAG)), choline-containing compounds (tCho)
— including glycerophosphocholine and phosphocholine
(GPC+PCh), and myoinositol (mIn). All subjects gave written,
informed consent before entering the study. The study was
approved by the Local Ethics Committee.

Statistical analysis

Statistical analysis was performed using Statistica 10th
CSS. The results of the quantitative variables are presented
as a mean * SD (standard deviation), and median + SD, as
required.

The data was verified for normality (Shapiro-Wilk test) of
distribution and equality of variances. To compare the means,
the Student’s t-test was used when the distribution was normal
and in other cases U Mann-Whitney test was used to compare
received average values. To exclude the impact of age on the
brain atrophy measures (BPF, GME WMF) ANCOVA analysis
with age as a covariate was conducted. However, for all three
parameters (BPE, WME, GMF) assumptions of ANCOVA was
not met (linearity of relationship between outcome variables
i.e. brain atrophy parameters and covariate i.e. age as well as
lack of normal distribution for outcome variables and presence
of outliers).

Therefore, we could not conduct ANCOVA analysis and we
have checked the presence of relationship (linear regression)
and correlation (Spearman’s correlation coefficient) between
age and each of the brain atrophy parameters for both groups
(TOMS and LOMS). The limit of statistical significance was
set at p < 0.05 for all the analyses.

Results

Demographic characteristics of the LOMS
and TOMS patients
The mean age of LOMS patients was 57.8 years (SD £ 4.7)
and the mean age of TOMS patients was 34.3 years (SD £ 6.7).
None of the patients had comorbidities such as hypertension,

hyperlipidemia or heart disease. None of the patients were
undergoing immunomodulatory or immunosuppression
treatment.

The demographic and clinical characteristics of the MS
patients are set out in Table 1.

MRI analysis

Conventional MRI results
The T2 and T1-lesion volume was similar in both groups
(p=0.3, p=0.1respectively). T1 /T2 volume ratio was higher
in the LOMS group but not statistically significantly (Tab. 2).

Nonconventional MRI results

Analysis of the BPF in the LOMS and TOMS groups sho-
wed that in LOMS BPF was significantly lower than in TOMS
(p <0.01). Similarly, the LOMS group was characterised by lower
GMEF values than the TOMS group (p = 0.008). There was no
statistical difference between the groups in WMF (p = 0.527)
(Tab. 2). There was no correlation between age and any of the
three brain atrophy parameters either in the TOMS, nor in the
LOMS group (LOMS: BPF r = 0.13, p = 0.598; GMF r = -0.25,
p=0.287; WMFr=0.32,p=0.163, TOMS: BPFr =~0.06,p = 0815,
GMFr =-0,14. p = 0.585; WMF r = 0.07, p = 0.775 respectively).

Analysis of MTR histogram data revealed that in the LOMS
group mean MTR value was significantly lower than in the
TOMS group (p < 0.001). We also found that the peak height
and peak position were significantly lower in LOMS patients
compared to TOMS patients (p = 0.018, p < 0.001 respectively)
(Tab. 2). Analysis of H-MRS parameters between the LOMS
and TOMS groups showed that in LOMS patients concentra-
tions of NAA+NAAG was significantly lower than in TOMS
patients (p = 0.009). Concentrations of the remaining H-MRS
metabolites from the NAWM were comparable in both groups
(p > 0.05) (Tab. 2).

Discussion

In this study, we assessed differences in MRI characteri-
stics between late and normal age of onset multiple sclerosis
patients. We found that LOMS patients differ from TOMS
patients in non-conventional MRI characteristics.

Table 1. Demographic and clinical characteristics of LOMS and TOMS groups. Table presents mean values; brackets contain standard deviation values and

size of group (n)

Variables LOMS n =20 TOMSn=17 p
Sex M/F 5/15 (25%) 6/11 (35%) <0.001
Age at occurrence of first symptoms (years) 53.7 (3.6) 29.8(7.7) <0.001
Duration of MS (years) 5.0(3.15) 5.12(3.77) 0.92
EDSS (median) 3.5(1.56) 3.5(1.53) 0.89

LOMS — Late Onset Multiple Sclerosis; TOMS — Typical Onset Multiple Sclerosis; EDSS — Expanded Disability Status Scale
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Table 2. Conventional and non-conventional MRI results in LOMS and TOMS groups

Variables LOMS n =20 TOMSn=17 P
Volume of lesions on T2-weighted 11,197.2+£10,018.3 10,157.5 + 12,489.8 03
images [mm’] + SD
Volume of lesions on T1-weighted 5,357.7 +5,213.1 4,044.34 + 7,094.6 0.1
images [mm’] + SD
T1 volume/T2 volume ratio + SD 0.72+1.23 0.41+£0.32 0.88
Brain Fractions
BPF 0.752 +0.03 0.82 +0.07 <0.001
GMF 0.4+0.03 043+0.13 0.008
WMF 0.36 +0.05 0.37+0.16 0.572
MTR Histogram
Peak location 34.94+£1.25 4219+ 1.94 <0.001
Peak height 56.79 £6.13 67.2+12.19 0.018
MTR mean value 28.82+1.58 36.72£2.71 <0.001
H-MRS
mean NAA+NAAG 7.1+1.56 8.81+1.42 0.009
mean In 4.88+1.40 449+1.13 0.346
mean GPC+PCh 1.59 £ 0.41 1.65 +£0.31 0.563

LOMS — Late Onset Multiple Sclerosis; TOMS — Typical Onset Multiple Sclerosis; SD — standard deviation; BPF — Brain Parenchymal Fraction; GMF — Grey
Matter Fraction; WMF — White Matter Fraction; MTR — Magnetic Transfer Ratio; H-MRS — Water Suppressed Proton Magnetic Resonance Spectroscopy;
NAA+NAAG — N-acetyl-aspartate (NAA) + N-acetyl-glutamate (NAAG); GPC+PCh — glycerophosphocholine and phosphocholine (GPC+PCh); In — myoino-

sitol (mln)

To the best of our knowledge, there are no published results
concerning a multiparametric MRI comparison of a LOMS
and TOMS study. Most of the published results concerning
differences between LOMS and TOMS patients have referred
to the clinical presentation [5-8, 11-13] However, it seems
that an MRI study could add more data that would explain
the observed differences.

We did not find a difference of T1 and T2-lesion volume
between the LOMS and TOMS groups. However, T1/T2 le-
sion volume ratio was higher in the LOMS than in the TOMS
group. Results of published studies indicate that around one
third of the lesions visible on T2-weighted images correspond
to hypointensities (‘black holes’) on T1-weighted sequences
[26]. Additionally, a comparative analysis of the histopathol-
ogy and MRI examination revealed that focal hypointense
lesions on T1-weighted images are associated with a decrease
in axonal density and axonal loss [27]. Higher T1/T2 lesion
volume ratio in LOMS might indicate that there is a greater
contribution of axonopathy on pathology in these types of
MS. We speculate that the process which takes place in focal
changes in LOMS is more destructive than in TOMS patients,
with more dominant axonal damage.

Another interesting finding comes from our brain atrophy
analysis. Brain Parenchyma Fraction was significantly lower
in our LOMS group compared to our TOMS group. The find-
ings of a longitudinal MRI analysis throughout the lifespan
in healthy subjects revealed that brain volume change is an

ongoing process [28]. Brain volume increases in childhood and
adolescence until the age of 13 years, while between 18 and
35 years of age there is a second period of brain volume growth,
or at least stability. After the age of 35, there is a steady brain
volume loss (0.2% per year) accelerating to 0.5% per year at
age 60 [28].

Additionally, recently published results showed that
percentage of brain volume change was also associated with
magnetic field strength [29]. In multiple sclerosis patients,
the rate of brain atrophy is faster than in healthy age-matched
controls (0.5%/- 1.35%/year vs 0.1-0.3%/year) respectively
[30]. Brain volume loss in MS patients depends on different
factors such as disease stage, neurological disability, type of
pharmacological treatment, and other factors unrelated to
the disease [31]. Although the LOMS group was significantly
older than the TOMS group, we exclude the impact of age as
a covariant on differences of brain atrophy parameters between
the LOMS and TOMS groups.

A lack of correlation between age and brain atrophy
parameters confirms that the significant difference in brain
atrophy parameters between TOMS and LOMS is not related
to differences in age between the groups. All participants were
scanned on the same scanner (1.5 T) with no up-grade during
the study period and with the same MRI protocol. Therefore,
we can exclude the impact of technical factors on brain volume
differences between LOMS and TOMS patients.
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Because cardiovascular risk factors such as hypertension,
hyperlipidemia and heart disease are associated with an increa-
sed number of white matter focal abnormalities and decreased
whole-brain and grey matter volume, we excluded from our
final analysis MS patients with these comorbidities [32-34].

Finally, our groups were also adequately matched in
terms of gender, disease duration and disability level (EDSS).
Because we can exclude the impact of these factors of the final
results on our findings, we can speculate that the pathological
processes contributing to the pathology of LOMS and TOMS
are different. Lower BPF in LOMS patients indicates that in
this type of MS the neurodegenerative process is much more
advanced than in TOMS. We can also assume that the process
of brain plasticity is less effective in LOMS than in TOMS.

Another interesting result came from tissue brain fraction
analysis. Grey matter fraction in LOMS patients was signifi-
cantly lower than in the TOMS group. We did not find such
differences when comparing white matter fraction. This may
indicate that in the LOMS group grey matter atrophy is much
more advanced than in TOMS patients.

Based on published results [35-37], we can also speculate
that in the LOMS group grey matter atrophy precedes white
matter damage. These findings, and the lack of WMF atrophy,
may also suggest that in LOMS patients a neurodegenerative
process in grey matter makes a much greater contribution
to MS pathology and global brain atrophy than in TOMS
patients. Grey matter atrophy in our LOMS group is in line
with previously published results which showed that in LOMS
patients with cognitive dysfunction grey matter damage is
a very characteristic MRI finding [19]

The results of the magnetization transfer imaging support
another argument for differences between LOMS and TOMS
patients. In the LOMS group, the peak location, the peak
height, and the mean MTR value were all lower than in the
TOMS group. Lower MTR values signify greater diminution
of structure integrity and higher intensity of pathological pro-
cesses [38]. Especially in MS, it shows not only demyelination
but also axonal loss [39]. Because patients were adequately
matched with regard to disease duration and neurological
deficits, we assume that damage of NAWM in LOMS patients
is much more advanced than in TOMS patients. We can also
speculate that damage of NAWM has a greater impact on MS
pathology in LOMS than in TOMS. We could also speculate
that subclinical NAWM changes may occur earlier in LOMS
than in TOMS. This might also imply a different type of me-
chanism responsible for the pathology in the central nervous
system in those two types of MS.

Our results from H-MRS spectroscopy added more
information concerning LOMS and TOMS differences. We
found that the tNAA concentration was significantly lower in
the LOMS group than in the TOMS group. Based on previ-
ously published results which detected that decreased tNAA
concentration correlates with axonal damage and loss, lower
tNAA in the LOMS group with normal concentration of other

metabolites in our study seems to be further evidence of more
widespread axonal pathology in LOMS than in TOMS patients.

The very interesting question arises as to why the first
symptoms in LOMS occur later than in TOMS. It seems pos-
sible that LOMS patients, earlier than TOMS patients, are
affected by pathological processes but on a subclinical level.
The dynamic of this process seems to be slower in LOMS than
in TOMS. We can also assume that natural brain damage that
occurs in older patients may contribute to the first presenta-
tion of MS. We can also speculate that for a long period, the
reparatory processes are more effective in LOMS than in
TOMS patients, which prevents an earlier occurrence of neu-
rological symptoms. Along with the course of the disease and
with advancing age, the mechanism of remyelination declines,
prompting the presentation of MS clinical symptoms [3].

Our study has some limitations. It is a description of
a small population of LOMS and TOMS patients; due to this
fact, the presence of multiple sclerosis phenotypes (RRMS
vs. PPMS) in both groups of patients was not included. We
are aware that some differences in MRI of these two forms
of MS may affect the obtained results in conventional MRI
techniques. Nonetheless, to the best of our knowledge, this
is the first description of conventional and non-conventional
MRI in a LOMS population.

Conclusions

Differences in MRI presentation between LOMS and TOMS
patients confirm the heterogenic character of MS, with probably
more advanced axonal pathology in LOMS than in TOMS pa-
tients. Our results may contribute to a better understanding of
the differences in the pathogenesis of various types of MS, and
we hope may support improved therapeutic decision-making.
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