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ABSTRACT

Background: The objective of this study was to evaluate the clinical response
and tolerability of intravenous Methylprednisolone in the management of
acute relapses in patients with relapsing—remitting multiple sclerosis (RRMS)
and progressive multiple sclerosis (PMS). These patients were followed for a
period of two years in a real-world setting where access to alternative relapse
treatments was limited.

Methods: Over a ten-year period, data were collected from 31 patients with
multiple sclerosis (MS). This study focused on the management of relapses
in relapsing— remitting and progressive MS using intravenous
Methylprednisolone. All patients received Azathioprine as a background
disease- modifying therapy and were followed for two years. Expanded
Disability Status Scale (EDSS) scores and Annualised Relapse Rates (ARR)
were recorded before treatment and during follow- up as descriptive
longitudinal clinical indicators to assess the overall clinical course. Magnetic
Resonance Imaging (MRI) data were also collected.

Results: The study included 31 patients treated with Methylprednisolone,
including 17 with RRMS and 14 with PMS. During follow-up, a reduction in the
ARR was observed in the RRMS group, decreasing from 2.88 to 0.29, and in
the PMS group, from 2.64 to 0.29. Similarly, an improvement in the EDSS
score was observed in the RRMS group, decreasing from 4.24 to 3.62,
whereas relative stability was noted in the PMS group, with EDSS scores
changing from 5.46 to 5.43.

Conclusion: This study confirms the established role of intravenous
Methylprednisolone in the management of acute relapses of MS. In our real-
world cohort, conducted in a resource-limited setting, relapse treatment was
associated with a favorable short-term clinical course and good tolerability.
However, Methylprednisolone should not be considered a disease-modifying
therapy, and the long-term clinical evolution observed cannot be attributed
solely to corticosteroid treatment.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system
characterized by the occurrence of neurological relapses and, over time, a possible progression
of disability. The therapeutic management of MS generally relies on two complementary
strategies: disease-modifying therapies aimed at reducing long-term inflammatory activity, and
treatments intended to manage acute relapses. Among the latter, intravenous
Methylprednisolone (IVMP), a glucocorticoid with strong anti- inflammatory properties,
represents the standard treatment for the management of acute MS relapses.

Earlier MS research has indicated that methylprednisolone has potential advantages for patients
with clinically isolated syndrome or RRMS [1, 2]. For instance, the US Food and Drug
Administration (FDA) recommends intravenous methylprednisolone (IVMP), an anti-
inflammatory glucocorticoid, for the treatment of MS relapses [3]. Similar to this, a large number
of findings demonstrate that EDSS scores improvement clinically significantly in patients treated
with IVMP frequently compared to baseline [4-8]. Additionally, it has been demonstrated that this
therapy speeds up both the recovery [9] and the healing of relapses [10, 11]. By the same token,
methylprednisolone has become a mainstay of relapse treatment. The first recommendation for
patients with acute MS relapses is this treatment before any other treatments of interest, in a
systematic review of the literature (SLR) [12]. This is the same real- life treatment regimen
observed in patients undergoing an acute MS attack in the USA [13]. It is important to
emphasize, however, that the primary objective of corticosteroid therapy in this context is to
accelerate functional recovery rather than to alter the long-term natural course of the disease.
Corticosteroids are therefore not considered disease-modifying therapies, and their effect on
preventing future relapses or slowing disability progression has not been demonstrated.

Although studies have shown that IVMP is generally well tolerated, there are a few unfavorable
effects that can occur despite how effective it is. But they were all minor and short-lived, with
the most typical one being a metallic taste after ingesting the oral preparation [14]. Furthermore,
a comprehensive systematic review and meta-analysis revealed that oral corticosteroids were
strongly linked to insomnia [15]. Another unfavorable consequence was headaches.

Additionally, IVMP is a relapse treatment option for MS that has been authorized by the FDA and
other drug regulatory agencies and has demonstrated to be a highly successful relapse
treatment choice [6-8]. Hence, IVMP is a viable option as the initial course of treatment for acute
MS relapses in patients who are eligible, considering the evidence base and reduced cost of
corticosteroids, and also may be advantageous in low-income communities.

Accordingly, the aim of the present study was to evaluate the clinical response and tolerability of
intravenous Methylprednisolone used for relapse management in patients with relapsing—
remitting or progressive multiple sclerosis during a two-year follow-up period in a real-world
clinical setting.

METHODS
Study design

This study focuses on the management of multiple sclerosis relapses with methylprednisolone.
It is a retrospective cohort study designed to describe the clinical response and tolerability of
methylprednisolone administered for relapse treatment in Moroccan patients with relapsing—
remitting or progressive multiple sclerosis in a real-world clinical setting.

Study population

The study population included 31 patients with relapsing— remitting or progressive multiple
sclerosis who experienced neurological relapses treated with Methylprednisolone. All patients
were from the Kenitra region (Morocco) and were managed at El-Idrissi Hospital in Kenitra, a
university hospital center, between July 2009 and July 2019.

Study inclusion and exclusion criteria

To be included in this study, patients were required to present with a neurological relapse of
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multiple sclerosis requiring treatment with Methylprednisolone and to have a diagnosis of
relapsing— remitting or clinically established progressive multiple sclerosis, according to the
diagnostic criteria of McDonald 2001 [16] and Poser et al. [17].

Patients who received relapse treatment other than Methylprednisolone, those with a
contraindication to this therapy, and those with another significant medical condition likely to
influence the clinical course were excluded from the study.

A comprehensive neurological examination was performed in all patients. Laboratory
investigations, including standard urinalysis, thyroid-stimulating hormone measurement, blood
biochemical testing, and complete blood count, were also conducted. Bone mineral density at
the lumbar spine was measured. Blood pressure and heart rate were monitored before and after
each administration of Methylprednisolone.

Evaluation by EDSS score and ARR

The mean Expanded Disability Status Scale (EDSS) score and the annualised relapse rate (ARR)
were recorded at baseline and during the two- year observation period in patients with
relapsing— remitting multiple sclerosis. The same parameters were also collected in patients
with progressive multiple sclerosis.

The EDSS score measured before the administration of Methylprednisolone during the relapse
was considered the baseline value. At each follow- up visit, a neurological evaluation was
performed and the EDSS score was assessed in order to document the clinical course over time.

Data on relapses occurring during the observation period were recorded to calculate the
annualised relapse rate (ARR), defined as the mean number of relapses per patient per year
during the follow-up period.

These parameters were used as descriptive clinical indicators to characterize the clinical course
of the patients during follow-up, without the intention of demonstrating a disease-modifying
effect attributable to relapse treatment.

Characteristics studied

Data were obtained from the multiple sclerosis registry maintained by the neurologist and from
the patients’ hospital medical records. Baseline characteristics were collected, including sex,
age at disease onset, age at the time of clinical management, and the duration of disease
progression prior to relapse management with Methylprednisolone.

Information related to clinical follow-up was also collected, including the duration of follow-up,
the occurrence of potential treatment-related adverse events, as well as Expanded Disability
Status Scale (EDSS) scores and annualised relapse rates (ARR) recorded at baseline and during
the observation period.

Available magnetic resonance imaging (MRI) data were also retrieved from the medical records
using the same procedure.

Data resource and measurement
Data collection tool

Data were collected using a standardized data collection form developed for the study. This tool
was used to obtain demographic and clinical information on patients with multiple sclerosis
managed at the University Hospital of Kenitra (Morocco) between July 2009 and July 2019,
based on the multiple sclerosis registry and the patients’ hospital medical records.

Data collection
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Demographic data collected included patient sex, age at disease onset, age at the time of
clinical management, and the duration of disease progression prior to relapse management with
Methylprednisolone.

Clinical data included Expanded Disability Status Scale (EDSS) scores and annualised relapse
rates (ARR) recorded at baseline and during the observation period, as well as available
magnetic resonance imaging (MRI) data.

Information was obtained using a standardized data collection form based on the multiple
sclerosis registry and the patients’ hospital medical records, in collaboration with the
neurologist responsible for patient follow-up.

All demographic and clinical data were entered into a secure electronic database stored on a
password-protected computer.

Data analysis

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS)
software. Quantitative variables were described as means, + standard deviations or medians,
depending on the distribution of the data. Qualitative variables were presented as frequencies
and percentages.

Comparative analyses were conducted to examine changes in Expanded Disability Status Scale
(EDSS) scores and annualised relapse rates (ARR) recorded at baseline and during the
observation period in patients with relapsing—remitting and progressive multiple sclerosis.

Statistical comparisons were performed using the Student’s t-test or analysis of variance
(ANOVA) for quantitative variables, and the chi-square test or Pearson correlation coefficient to
assess associations between variables. A p < 0.05 was considered statistically significant.

Ethical considerations

This study was approved by the Ethics Committee of the Provincial Health Service (reference
No. 4361, October 21, 2019).

The study was conducted in accordance with the ethical principles governing biomedical
research and with regulations concerning the confidentiality of medical data. Clinical
information was extracted from medical records and the multiple sclerosis registry with strict
respect for patient anonymity.

All necessary measures were implemented to ensure the protection of patient privacy and the
confidentiality of personal data.

RESULTS

Demographic analysis of MS patients

In this retrospective cohort, a total of 31 patients with multiple sclerosis who experienced
neurological relapses managed with Methylprednisolone were included in the analysis. Among
them, 17 patients (55%) had relapsing—remitting multiple sclerosis (RRMS), whereas 14 patients
(45%) had progressive multiple sclerosis (PMS).

Among the patients with RRMS, 11 were women and 6 were men. The mean disease duration
prior to relapse management with Methylprednisolone was 4.94 years (range: 0-10 years). The
mean age at the time of relapse management was 34.53 + 6.71 years (range: 25— 45 years),
while the mean age at disease onset was 29.59 + 7.73 years (range: 20—44 years). The duration
of clinical follow-up in this group was two years (Table 1).

Among the 14 patients with progressive multiple sclerosis, 12 were women and 2 were men.
The mean disease duration prior to relapse management was 3.57 years (range: 1-10 years).
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The mean age at the time of relapse management was 43.71 + 4.12 years (range: 39-52 years),
while the mean age at disease onset was 40.14 + 4.45 years (range: 35-51 years). The duration
of clinical follow-up in this group was also two years (Table 1).

Clinical analysis of MS patients
EDSS score

In the group of patients with relapsing- remitting multiple sclerosis (RRMS), comprising 17
patients (55% of the cohort), Expanded Disability Status Scale (EDSS) scores were recorded at
baseline and during the two-year observation period. The mean EDSS score was 4.24 at baseline
and 3.62 during follow-up.

In the group of patients with progressive multiple sclerosis (PMS), which included 14 patients
(45% of the cohort), the same parameters were assessed. In this group, the mean EDSS score
was 5.46 at baseline and 5.43 during the observation period.

These results describe the evolution of EDSS scores observed during follow-up in the two
patient groups (Table 1).

Statistical analysis did not reveal a significant difference in mean EDSS scores at baseline
between patients with relapsing— remitting multiple sclerosis (RRMS) and those with
progressive multiple sclerosis (PMS) (p = 0.08).

However, a statistically significant difference was observed in mean EDSS scores between the
two groups during follow-up (p = 0.03) (Figure 1.a).

The ARR

Among patients with relapsing— remitting multiple sclerosis (RRMS), the mean annualised
relapse rate (ARR) during the year preceding the start of follow- up was 2.88. During the
observation period, the mean ARR recorded in this group was 0.29.

Among patients with progressive multiple sclerosis (PMS), the mean ARR during the year
preceding the start of follow- up was 2.64. During the observation period, the mean ARR
recorded in this group was also 0.29.

These findings describe the ARR values observed prior to the start of follow-up and during the
observation period in the two patient groups (Table 1).

Figure 1: b. Changes in the annualised relapse rate (ARR) during the follow-up period.

Statistical analysis comparing patients with relapsing—remitting multiple sclerosis (RRMS) and
those with progressive multiple sclerosis (PMS) did not reveal a significant difference in mean
ARR at the beginning of follow-up (p = 0.137).

Similarly, no statistically significant difference in mean ARR was observed between the two
groups during the follow-up period (p = 0.115) (Figure 1.b).

MRI

In patients with relapsing— remitting multiple sclerosis (RRMS) and progressive multiple
sclerosis (PMS), the available magnetic resonance imaging (MRI) examinations showed
demyelinating lesions consistent with the diagnosis of multiple sclerosis, particularly in brain
regions typically involved in this disease.

Analysis of disability in MS patients
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Among patients with relapsing—remitting multiple sclerosis (RRMS), worsening of disability was
observed in 11.8% of patients during the follow-up period. The remaining patients showed either
an improvement in disability score or ongoing clinical activity.

In patients with progressive multiple sclerosis (PMS), worsening of disability was observed in
28.6% of patients. The other patients exhibited an improvement in disability score, a stable
clinical course, or advanced functional dependency, including patients who were bedridden
(Figure 2).

During the follow- up period, 82.4% (14/17) of patients with relapsing— remitting multiple
sclerosis (RRMS) showed an improvement in disability score, whereas 57.1% (8/14) of patients
with progressive multiple sclerosis (PMS) also exhibited an improvement in disability score.
These observations are illustrated in Figures 2, 3, and 4.

Withdrawals

None of the patients discontinued intravenous Methylprednisolone during the study period, due
to its good tolerability and the absence of significant adverse effects.

No deaths were reported among the patients throughout the observation period.
Tolerance and safety
No adverse events (AEs) were reported during the treatment period.

Intravenous Methylprednisolone was well tolerated by all patients, and no contraindications
were identified.

Figures
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Figure 1: (a) The figure presents the mean Expanded Disability Status Scale (EDSS) scores measured at
baseline (EDSS-BS) and during follow-up (EDSS-FU) in patients with relapsing—remitting multiple sclerosis
(RRMS) and progressive multiple sclerosis (PMS). (b) The figure presents the mean annualised relapse rate
(ARR) measured at baseline (ARR-BS) and during the observation period (ARR-FU) in patients with relapsing-
remitting multiple sclerosis (RRMS) and progressive multiple sclerosis (PMS).
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Figure 2: Changes in disability during the follow-up period in patients with relapsing—remitting multiple
sclerosis (RRMS) and progressive multiple sclerosis (PMS). In patients with relapsing—remitting multiple
sclerosis (RRMS), 11.8% showed worsening of disability, whereas 82.4% showed improvement during follow-
up. In patients with progressive multiple sclerosis (PMS), 28.6% showed worsening, whereas 57.1% showed
improvement.
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Figure 3: Changes in disability during the follow-up period in patients with relapsing—remitting multiple
sclerosis (RRMS). In patients with relapsing—remitting multiple sclerosis (RRMS), 11.8% (2/17) showed
disability worsening, 82.4% (14/17) showed improvement, and 5.8% (1/17) showed persistent clinical activity.
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Figure 4: Changes in disability during the follow-up period in patients with progressive multiple sclerosis
(PMS). In patients with progressive multiple sclerosis (PMS), 28.6% (4/14) showed disability worsening, 57.1%
(8/14) showed improvement, 7.1% (1/14) were bedridden, and 7.1% (1/14) remained stable.

Tables
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Characteristics REMS PMS
Number 17 14
Frequency (%) 35 45
Gender (male/female) a1l 2/12
Mean age at disease onset 29.59 £7.73 40.14 4,452
Range of the mean age at disease onset 20-44 35-31
Mean age at start of treatment 34,556,719 43.71 £4,122
Range of the mean age at the start of treatment 25-45 35-52
Mean disease duration (vear) 4.54 3.57
Range of the duration of the disease 0-10 1-10
Treatment duration (vear) 2 2
Baseline mean EDSS 4,241,427 5.46 #0582
Range of baseline EDSE 2-8 3-7
Final mean EDSS 3.62+1.816 5.4321.141
Range of the final EDSS 1-7 3-7
Basic mean ARR 2.88 =0.857 2.64 =0.633
Final mean ARR 0.29 =0.686 0.29 =0.611

Table 1: Baseline characteristics of patients with multiple sclerosis included in the study. This table
summarizes the demographic and clinical characteristics of the cohort of Moroccan patients with relapsing—
remitting multiple sclerosis (RRMS) and progressive multiple sclerosis (PMS).

DISCUSSION

Multiple sclerosis (MS) is a chronic immune- mediated disease involving both genetic and
environmental factors. In the clinical course of the disease, the occurrence of relapses
represents an important aspect of disease activity. A relapse is generally defined as the
appearance or worsening of neurological symptoms lasting more than 24 hours, in the absence
of another identifiable cause, and occurring at least 30 days after a previous episode [18, 19].
Such episodes may be associated with functional impairment and a reduction in patients’
quality of life.

The management of relapses therefore represents an important component of the clinical care
of individuals with MS. Corticosteroids are commonly used in this context because they may
contribute to a faster functional recovery during acute relapses, although their effect on the
long-term course of the disease appears limited [20, 21]. In addition, the occurrence of relapses
may negatively affect patients’ psychological well- being, highlighting the importance of
appropriate symptomatic management.

Several studies have reported that corticosteroid administration, most often via the intravenous
route, is associated with a more rapid clinical recovery following a relapse [22]. Other studies
have also suggested that orally administered corticosteroids may provide comparable
outcomes to intravenous corticosteroids in the management of MS relapses [15, 22-24]. Among
these treatments, methylprednisolone and prednisone are widely used in clinical practice for the
management of MS relapses.

In this cohort, a lower annualised relapse rate (ARR) was observed during the follow-up period
compared with the period preceding methylprednisolone administration. This finding is
presented descriptively and reflects the clinical course of the patients during the observation
period. In addition, intravenous methylprednisolone was generally well tolerated in this patient
population, with no major adverse events reported during the treatment period.

The Disability Status Scale (DSS), which primarily assesses neurological function and walking
ability, has been widely used to evaluate and monitor the progression of disability over time [25].
This scale has undergone several revisions in order to better reflect levels of disability observed
in clinical practice and was subsequently expanded into the Expanded Disability Status Scale
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(EDSS) [26]. According to commonly accepted criteria, in patients with an EDSS score < 5.5, an
increase of at least 1 point is considered clinically meaningful, whereas in patients with an EDSS
score > 5.5, an increase of 0.5 point may be interpreted as clinically significant worsening [27].

In our cohort, EDSS scores measured during follow- up were used to describe changes in
disability status among the included patients. In individuals with relapsing—remitting multiple
sclerosis (RRMS), the mean EDSS score changed from 4.24 at the beginning of follow-up to 3.62
after two years of observation. Among patients with progressive multiple sclerosis (PMS), the
mean EDSS score changed from 5.46 to 5.43 during the same period. These findings describe
the evolution of EDSS scores during follow-up within the studied cohort.

Previous studies have also reported the use of Methylprednisolone, either alone or in
combination with other therapies, in the management of multiple sclerosis relapses, with
variations in EDSS scores observed during follow-up [28, 29]. The patterns observed in our study
appear broadly consistent with those reported in the literature, while remaining descriptive of
the clinical course within this cohort.

As noted previously, corticosteroids are commonly used in the management of multiple
sclerosis relapses, mainly because of their anti- inflammatory properties. Several biological
mechanisms have been proposed to explain their effects at the molecular level, including
reduced expression of adhesion molecules, inhibition of leukocyte migration across the blood-
brain barrier, and modulation of cytokine production and lymphocyte populations [30, 31].
Glucocorticoids have also been associated with increased production of anti- inflammatory
cytokines such as interleukin-4 (IL-4) and transforming growth factor- B, as well as reduced
levels of pro-inflammatory mediators including interferon-y, tumor necrosis factor-q, IL-2, and
IL-12 [30].

However, corticosteroid administration may also be associated with a range of adverse effects,
varying from mild manifestations to more severe complications. Reported effects include
weight gain, edema, sleep and mood disturbances, myopathy, cataracts, osteoporosis,
hypertension, glucose intolerance, gastrointestinal disorders, pancreatitis, and avascular
necrosis [31]. In the context of intravenous methylprednisolone (IVMP), several studies have
nevertheless reported an overall acceptable safety profile, with most adverse events being
transient and of mild intensity, such as insomnia, headache, or a metallic taste [14].

Some gastrointestinal manifestations, including corticosteroid-associated gastritis, have been
suggested to result primarily from systemic mechanisms rather than from direct irritation of the
gastric mucosa [32]. In addition, several clinical trials have evaluated the use of high-dose oral
corticosteroids in the management of MS relapses [6, 7, 24, 33, 34]. A systematic review and
meta-analysis reported that insomnia was among the most frequently observed adverse events
following oral corticosteroid administration, although these events were generally mild and
temporary [15].

Overall, these findings from the literature describe the patterns of use and the safety profile of
corticosteroids in the management of multiple sclerosis relapses.

In individuals with multiple sclerosis, the occurrence of relapses represents an important aspect
of the clinical course of the disease. On average, a patient may experience a relapse
approximately every two years, although the frequency and severity of these episodes can vary
substantially between individuals. Some relapses may be relatively mild, whereas others may
lead to more pronounced functional impairment and require hospitalization and supportive
medical care [35].

The occurrence of relapses may also be associated with a substantial increase in healthcare-
related costs for both patients and healthcare systems. In the United States, for example, the
cost of care has been reported to increase by more than six fold during a relapse episode,
whether managed in an outpatient setting or requiring hospitalization [36].

Intravenous methylprednisolone (IVMP) is widely used in the management of acute multiple
sclerosis relapses in eligible patients, based on the available clinical evidence and its
established use in clinical practice. High-dose oral corticosteroids have also been investigated
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as a potential alternative approach for the management of relapse episodes.

In this context, oral corticosteroid administration may offer certain practical advantages,
including greater convenience and accessibility for patients. However, comparative evaluation of
oral and intravenous corticosteroid regimens requires well-designed studies in order to better
characterize their patterns of use, tolerability, and clinical outcomes [22].

The findings of this study confirm the established role of intravenous Methylprednisolone in the
management of acute relapses of multiple sclerosis. In our cohort of Moroccan patients, the
clinical course observed during follow-up showed a reduction in the annualised relapse rate
(ARR) in both the relapsing—remitting and progressive MS groups. In addition, an improvement
in Expanded Disability Status Scale (EDSS) scores was observed among patients with
relapsing— remitting multiple sclerosis, while relative stability was noted among those with
progressive forms of the disease.

However, these observations should be interpreted with caution. Methylprednisolone represents
a symptomatic treatment for relapses primarily aimed at accelerating clinical recovery and
should not be considered a disease-modifying therapy. The clinical evolution observed during
follow-up may be influenced by several factors, including post-relapse recovery, the natural
fluctuations of the disease, as well as the effect of background therapy with Azathioprine
administered to the patients.

Nevertheless, in resource-limited settings where access to alternative therapeutic options may
be restricted, Methylprednisolone remains an essential option for the management of acute MS
relapses. Its short- term clinical effectiveness, generally favorable tolerability profile, and
relatively affordable cost contribute to its widespread use in clinical practice. These findings
therefore provide real- world evidence regarding the use of Methylprednisolone in relapse
management and highlight the importance of continued research aimed at optimizing
therapeutic strategies across different healthcare resource settings.

CONFLICT OF INTEREST

There is no conflict of interest disclosed by the authors in the publication of this manuscript.

AUTHOR CONTRIBUTIONS

Mirhani Ali: conceptualized and designed the manuscript, designed and developed the
questionnaire, wrote the manuscript, analyzed and interpreted the data, supervised the
manuscript, and contributed to its editing and revisions.

Auajjar Nabila: contributed to the formatting, content, finalization, and overall proofreading of
the manuscript.

The responsibility of Slimani Chouki was to administer the questionnaire at the university
hospital, facilitate access to patient records, and coordinate the study at the hospital.

Attarassi Benaissa: critically reviewed and revised the manuscript, ensuring scientific accuracy
and consistency.

The final version of the manuscript was reviewed, edited, read, and approved by all authors for
submission.

REFERENCES

1. Beck RW, Cleary PA, Trobe JD, Kaufman DI, Kupersmith MJ, et al. The Effect of Corticosteroids for
Acute Optic Neuritis on the Subsequent Development of Multiple Sclerosis. The New England Journal
of Medicine, (1993); 329(24): 1764-1769.

2. Zivadinov R, Rudick RA, De Mosi R, Nasuelli D, Ukmar M, et al. Effects of IV methylprednisolone on
brain atrophy in relapsing-remitting MS. Neurology, (2001); 57(7): 1239-1247.

3. Beck RW, Cleary PA, Anderson Jr MM, Keltner JL, Shults WT, et al. A randomized, controlled trial of
corticosteroids in the treatment of acute optic neuritis. The Optic Neuritis Study Group. The New
England Journal of medicine, (1992); 326 (9): 581-588.

4. Milligan NM, Newcombe R, Compston DA. A double-blind controlled trial of high dose
methylprednisolone in patients with multiple sclerosis: 1. Clinical effects. Journal of Neurology,
Neurosurgery, and Psychiatry, (1987); 50(5): 511-516.

Advancement in Life Science | Volume 13, Issue 2 (IN PROGRESS) | 11/13

Article ID 3427



You are reading: Efficacy and tolerance of Methylprednisolone in the treatment of multiple sclerosis relapses: the case study of Morocco

10.

11.

12.
13.

14.

15.

16.

17.
18.
19.
20.

21.
22.

23.

24.

25.
26.

27.
28.

29.
30.
31.

Filipovi¢ SR, Drulovi¢ J, Stojsavljevi¢ N, Levi¢ Z. The effects of high-dose intravenous
methylprednisolone on event-related potentials in patients with multiple sclerosis. Journal of the
Neurological Sciences, (1997); 152(2): 147-153.

Ramo-Tello C, Grau-Lopez L, Tintoré M, Rovira A, Ramio i Torrenta L, et al. A randomized clinical trial of
oral versus intravenous methylprednisolone for relapse of MS. Multiple Sclerosis, (2014); 20(6):
717-725.

Alam SM, Kyriakides T, Lawden M, Newman PK. Methylprednisolone in multiple sclerosis: a
comparison of oral with intravenous therapy at equivalent high dose. Journal of Neurology,
Neurosurgery, and Psychiatry, (1993); 56(11): 1219-1220.

Sharrack B, Hughes RAC, Morris RW, Soudain S, Wad-Joues O, et al. The effect of oral and intravenous
methylprednisolone treatment on subsequent relapse rate in multiple sclerosis. Journal of the
Neurological Sciences, (2000); 173(1): 73-77.

Ozakbas S, Cinar BP, Kosehasanogullari G, Kahraman T, Oz D, Kursun BB. Monthly methylprednisolone
in combination with interferon beta or glatiramer acetate for relapsing-remitting multiple sclerosis: A
multicentre, single-blind, prospective trial. Clinical Neurology and Neurosurgery, (2017); 160(1): 69-72.
Ozakbas S, Cagiran I, Ormeci B, Idiman E. Correlations between multiple sclerosis functional
composite, expanded disability status scale and health-related quality of life during and after treatment
of relapses in patients with multiple sclerosis. Journal of the Neurological Sciences, (2004); 218(1-2):
3-7.

Piri Cinar B, Ozakbas S, Idiman E. Evaluation of clinical parameters during and after treatment of attack
in patients with clinically isolated syndrome: Comparison of the results with that of multiple sclerosis
patients. Clinical Neurology and Neurosurgery, (2013); 115(12): 2432-2437.

Berkovich R. Treatment of Acute Relapses in Multiple Sclerosis. Neurotherapeutics, (2013); 10(1):
97-105.

Solomon AJ, Arrambide G, Brownlee WJ, Flanagan EP, Amato MP, et al. Differential diagnosis of
suspected multiple sclerosis: an updated consensus approach. The Lancet Neurology, (2023); 22(8):
750-768.

Costello J, Njue A, Lyall M, Heyes A, Mahler N, et al. Efficacy, safety, and quality-of-life of treatments for
acute relapses of multiple sclerosis: results from a literature review of randomized controlled trials.
Degenerative Neurological and Neuromuscular Disease, (2019); 9(1): 55-78.

Lattanzi S, Cagnetti C, Danni M, Provinciali L, Silvestrini M. Oral and intravenous steroids for multiple
sclerosis relapse: a systematic review and meta-analysis. Journal of Neurology, (2017); 264(8):
1697-1704.

McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, et al. Recommended diagnostic criteria for
multiple sclerosis: Guidelines from the international panel on the diagnosis of multiple sclerosis.
Annals of Neurology, (2001); 50(1): 121-127.

Poser CM, Paty DW, Scheinberg L, McDonald WI, Davis FA, et al. New diagnostic criteria for multiple
sclerosis: guidelines for research protocols. Annals of Neurology, (1983); 13(3): 227-231.

Noseworthy JH. Progress in determining the causes and treatment of multiple sclerosis. Nature,
(1999); 399(6738 Suppl): A40-A47.

Lublin FD, Baier M, Cutter G. Effect of relapses on development of residual deficit in multiple sclerosis.
Neurology, (2003); 61(11): 1528-1532.

Devins GM, Edworthy SM, Seland TP, Klein GM, Paul LC, et al. Differences in illness intrusiveness
across rheumatoid arthritis, end-stage renal disease, and multiple sclerosis. The Journal of Nervous
and Mental Disease, (1993); 181(6): 377-381.

Dalos NP, Rabins PV, Brooks BR, O'Donnell P. Disease activity and emotional state in multiple sclerosis.
Annals of Neurology, (1983); 13(5): 573-577.

Grau-Lopez L, Teniente-Serra A, Tintoré M, Rovira A, Ramié-Torrenta L, et al. Similar biological effect of
high-dose oral versus intravenous methylprednisolone in multiple sclerosis relapses. Multiple
Sclerosis, (2015); 21(5): 646-650.

Liu S, Liu X, Chen S, Xiao Y, Zhuang W. Oral versus intravenous methylprednisolone for the treatment of
multiple sclerosis relapses: A meta-analysis of randomized controlled trials. Plos One, (2017); 12(11):
e0188644.

Le Page E, Veillard D, Laplaud DA, Hamonic S, Wardi R, et al. Oral versus intravenous high-dose
methylprednisolone for treatment of relapses in patients with multiple sclerosis (COPOUSEP): a
randomised, controlled, double-blind, non-inferiority trial. The Lancet, (2015); 386(9997): 974-981.
Kurtzke JF. Rating neurologic impairment in multiple sclerosis: An expanded disability status scale
(EDSS). Neurology, (1983); 33(11): 1444-1452.

Berkovich R, Fox E, Okai A, Ding Y, Gorritz M, et al. Identifying disability level in multiple sclerosis
patients in a U.S.-based health plan claims database. Journal of Medical Economics, (2021); 24(1):
46-53.

Collins CD, Ivry B, Bowen JD, Chen EM, Dobson R, et al. A comparative analysis of Patient-Reported
Expanded Disability Status Scale tools. Multiple Sclerosis, (2016); 22(10): 1349-1358.

Fierro B, Salemi G, Brighima F, Buffa-S D, Conte S, et al. A transcranial magnetic stimulation study
evaluating Methylprednisolone treatment in multiple sclerosis. Acta Neurologica Scandinavica, (2002);
105(3): 152-157.

Mantia LLa, Eoli M, Milanese C, Salmaggi A, Dufour A, et al. Double-blind trial of dexamethasone versus
methylprednisolone in multiple sclerosis acute relapses. European Neurology, (1994); 34(4): 199-203.
Schweingruber N, Reichardt SD, Lihder F, Reichardt HM. Mechanisms of Glucocorticoids in the Control
of Neuroinflammation. Journal of Neuroendocrinology, (2012); 24(1): 174-182.

Andersson P-B, Goodkin DE. Glucocorticosteroid therapy for multiple sclerosis: A critical review.
Journal of the Neurological Sciences, (1998); 160(1): 16-25.

Advancement in Life Science | Volume 13, Issue 2 (IN PROGRESS) | 12/13

Article ID 3427



You are reading: Efficacy and tolerance of Methylprednisolone in the treatment of multiple sclerosis relapses: the case study of Morocco

32.

33.
34.

35.
36.

Barnes D, Hughes RAC, Morris RW, Wad-Joues O, Brown P, et al. Randomised trial of oral and
intravenous methylprednisolone in acute relapses of multiple sclerosis. The Lancet, (1997); 349(9056):
902-906.

Martinelli V, Rocca MA, Annovazzi P, Pulizzi A, Rodergher M, et al. A short-term randomized MRI study
of high-dose oral vs intravenous methylprednisolone in MS. Neurology, (2009); 73(22): 1842-1848.
Morrow SA, Fraser JA, Day C, Bowman D, Rosehart H, et al. Effect of Treating Acute Optic Neuritis With
Bioequivalent Oral vs Intravenous Corticosteroids: A Randomized Clinical Trial. JAMA Neurology,
(2018); 75(6): 690-696.

Vukusic S, Confavreux C. Histoire naturelle de la sclérose en plaques. [Natural history of multiple
sclerosis]. Presse Medicale, (2010); 39(3): 359-362.

Gavin Giovannoni MBBCh, Ralf Gold MD, Robert J.Fox MD, Ludwig Kappos MD, Mariko Kita MD, et al.
Relapses Requiring Intravenous Steroid Use and Multiple-Sclerosis-related Hospitalizations: Integrated
Analysis of the Delayed-release Dimethyl Fumarate Phase IlI Studies. Clinical Therapeutics, (2015);
37(11): 2543-2551.

This work is licensed under a Creative Commons Attribution- NonCommercial 4.0

International License. To read the copy of this license please visit: https:/
creativecommons.org/licenses/by-nc/4.0/

Advancement in Life Science | Volume 13, Issue 2 (IN PROGRESS) | 13/13

Article ID 3427



