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The Future of Multiple Sclerosis Research: Unlocking Myelin Repair 
Through Unified Efforts

 Armelle Rancillac

Center for Interdisciplinary Research in Biology, Collège de France, CNRS, INSERM, Université PSL, Paris, France

Dear Editor,

A new French foundation for research and patient support, 
France Sclérose en Plaques, was established on May 15, 2024, 
by merging the following three major organizations the 
“Association pour la Recherche sur la Sclérose En Plaques”, the 
“Ligue Française contre la Sclérose en Plaques”, and the “Union 
pour la lutte contre la sclérose en plaques”. This new foundation 
unites the efforts to fund research, support patients, and raise 
awareness regarding multiple sclerosis (MS), marking a pivotal 
step in combating the disease.

For the 26th edition of Brain Awareness Week, the France Sclérose 
en Plaques and French Glial Cells Club organized a conference 
on MS at the Collège de France to raise public awareness 
regarding MS. Professor Céline Louapre and Dr. Brahim Nait 

Oumesmar from Sorbonne University presented the current 
advancements in MS research and the therapeutic prospects 
(1). The event also featured information booths and discussions 
regarding MS, providing a forum for debate between patients 
and the scientific community.

During this event, the speakers presented actual MS treatment 
modalities that primarily focused on immunomodulators and 
immunosuppressants that reduce inflammation and relapses. 
However, these drugs cannot entirely halt disease progression 
(Figure 1). Persistent inflammation in older lesions on high-
resolution magnetic resonance imaging highlight the need for 
therapies targeting the underlying disease activity. Although 15 
immune-modulating drugs are currently available, no therapy 
addresses the central nervous system’s repair processes (2).
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Figure 1. Formation of a chronic inactive lesion. (1) Opening of the Blood-Brain Barrier (BBB). (2) Immune cell attack. (3) Clearance by 
macrophages. (4) Astrocytes proliferate and form a glial scar
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Emerging Insights Into Remyelination Studies

Research is progressively moving toward remyelination 
strategies by examining how oligodendrocyte precursor cells 
(OPCs) mature and contribute to the regeneration of myelin. 
Advanced imaging technologies such as positron emission 
tomography are being used to monitor remyelination dynamics 
in real-time, offering critical insights into therapeutic efficacy, 
drug discovery, and stimulating neuronal activity to accelerate 
repair.

The discovery of promyelinating molecules, via molecular 
screening, in cultures of OPCs has paved the way for trials using 
preclinical models of myelin lesions. These molecules, primarily 
derived by the repositioning of existing compounds, have been 
selected from among 1,500 candidates using bioinformatics 
analyses that were designed to predict their effects on 
myelination and neuroprotection. After being tested in culture, 
these molecules have been evaluated in vivo in mice, which 
have leading to the identification of promising candidates for 
promoting remyelination and neuroprotection. Several of these 
molecules could undergo clinical trials in the near future.

Ortiz et al. (3) demonstrated that neuronal activity in vivo 
following lesion formation enhances functional myelin repair, 
highlighting the potential of neural stimulation techniques to 

promote remyelination. A clinical trial is currently underway to 
explore this avenue. Researchers have also aimed to  overcome 
remyelination decline with age by exploring transcription 
factors (e.g., Olig2, Sox10, RXR-γ), neurotransmitters, receptors, 
and external influences such as microbiota and genetics (4).

Future Prospects

Future studies must focus on combining these approaches to 
create comprehensive strategies for remyelination. Additionally, 
personalized medicine that leverages patient-specific genetic 
and microbiome profiles may optimize treatment outcomes. 
These initiatives highlight the growing understanding of MS 
and the critical need for innovative approaches to improve 
patient outcomes.
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Abstract

Objective: Cognitive functions, including working memory, attention, word fluency, and information processing speed, are known to be impaired in 
persons with multiple sclerosis (pwMS). Despite the clinical similarity of cognitive symptoms between persons with neuromyelitis optica (pwNMO) 
and pwMS, there is a dearth of research addressing cognitive impairment (CI) in NMO-related literature. This study aimed to examine the potential 
link between the age of initial symptom onset (ISO) and the presence of CI in pwNMO.

Materials and Methods: This study comprised two groups of pwNMO: eleven patients with age at ISO between 18 and 29, and 15 with age at 
ISO between 30 and 50. To mitigate the confounding effects on CI, pwNMO with matched education levels and ages were included in the study. 
A cohort of 467 healthy controls was assessed using the Brief International Cognitive Assessment for Multiple Sclerosis battery with a predefined 
cut-off value for CI set at 1.5 standard deviations below the mean. Participants with scores below this threshold value were classified as exhibiting 
CI in the respective domains. The severity of CI was stratified based on the number of impacted domains: participants exhibiting impairment in 
one domain were classified as experiencing moderate-to-severe impairment, those with impairment in two domains as severe, and those with 
impairment across all three domains as very severe.

Results: None of the pwNMO who developed ISO between the ages of 18-29 exhibited CI. However, among those with ISO between the ages of 
30 and 50, three demonstrated moderate-to-severe CI, one experienced severe CI, and one showed very severe CI.

Conclusion: The study results indicate a potential link between the age at ISO and the development of CI in pwNMO. Specifically, none of the 
pwNMO who experienced ISO between the ages of 18 and 29 exhibited signs of CI, whereas a significant percentage of those who experienced 
ISO between the ages of 30 and 50 showed signs of CI to varying degrees. These findings indicated that the onset of NMO symptoms at a later age 
may raise the risk of developing CI. Therefore, an early initiation of treatment could be vital in preventing and managing CI in pwNMO. Additional 
research is warranted to validate these findings and clarify the underlying mechanisms causing this connection. 

Keywords: NMOSD, cognitive impairment, age, first symptom

1Dokuz Eylul University Institute of Health Sciences, Department of Physical Therapy and Rehabilitation, Izmir, Turkiye
2Dokuz Eylul University Faculty of Medicine, Department of Neurology, Izmir, Turkiye
3Izmir University of Economics, Medical Point Hospital, Department of Neurology, Izmir, Turkiye

Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is an 
autoimmune, inflammatory disease of the central nervous 
system affecting the optic nerve and spinal cord (1). The 
prevalence of NMOSD ranges from 0.07 to 10 per 100,000, while 
its incidence varies from 0.029 to 0.880 per 100,000. Compared 
to other demyelinating illnesses, it is less frequently observed 

(2). Although the disease mainly affects the optic nerve and 
spinal cord, it may also involve the brain parenchyma, third 
ventricle, and periaqueductal areas (3,4). Autoantibodies 
against astrocytes have been identified in most NMOSD 
patients (5). Two different definitions of seropositive and 
seronegative NMOSD are employed based on the presence 
of antibodies against the aquaporin four channels (6,7). These 
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autoantibodies are present throughout the central nervous 
system, particularly in the optic nerves and spinal cord (8). They 
are especially evident in the periventricular regions (9). Despite 
the widespread belief that the cerebrum is preserved in NMO, 
recent research has revealed that 60% of NMO patients develop 
cerebral lesions (8,10). While the relationship between multiple 
sclerosis (MS) and cognitive functions has been well established 
and demonstrated in numerous studies, research on the effects 
of NMO on cognitive functions appears to be significantly 
scarce. According to recent research, NMO patients have a 30% 
to 70% prevalence of cognitive impairment (CI) (11). Studies 
involving patients with NMO and MS have demonstrated that 
both groups have similar cognitive profiles and that there are 
alterations in attention, memory, information processing speed, 
and verbal fluency (12-15). There is no standardized test for 
assessing cognitive functions in NMOSD patients. Most studies 
employed batteries applied for evaluating cognitive function in 
MS patients (9,12-21). Not every cognitive domain was assessed 
in these studies. Although visual and verbal memory, attention, 
verbal fluency, and executive functions were measured in 
most studies (11,14,16-20), some studies assessed only a single 
domain, such as attention or executive functions, to evaluate 
cognition (21,22). Studies on NMO have focused on serological 
variables, education level, depression and anxiety, brain 
atrophy, and lesions in gray and white matter (11-15,17,19-21). 
Cognitive functions such as working memory, attention, word 
fluency and information processing speed have been shown to 
be impaired in MS patients. Few studies in the NMO literature 
have addressed CI, despite the clinical similarities in cognitive 
symptoms between patients with neuromyelitis optica and MS. 
Due to a paucity of studies examining the effect of age at first 
symptom on cognition in NMO patients, we focused on this 
aspect across all cognitive domains.

Materials and Methods

Participants

This retrospective study included twenty-six persons with 
NMO (PwNMO) and 467 healthy controls (HCs). The HCs were 
selected from the relatives of patients presenting to our clinic 
and comprised individuals without a diagnosis of MS or NMO. 

Conversely, in the 26 NMO patients, the inclusion criteria 
required them to have a definite diagnosis of NMOSD between 
the ages of 18-50 years and to have completed the Brief 
International Cognitive Assessment for MS (BICAMS) battery. 
The exclusion criteria included having experienced an attack in 
the previous three months, having other neurological diseases, 
and being unable to follow the instructions for BICAMS. 
Individuals with NMO were categorized according to the age 
at the first symptom. Two groups were formed: 11 NMOs with 
first symptoms appearing between 18 and 29 years of age and 
15 NMOs who experienced their first symptoms between 30 
and 50 years of age. To remove potential effects on CI, the study 
included PwNMOs with matched educational levels and no 
significant age difference between the two groups. The current 
study protocol, compared with previous data, was approved 
by the Karadeniz Technical University Faculty of Medicine 
Ethics Committee (approval no.: 3, date: 02.02.2015), and all 
participants provided written informed consent.

Assessment 

The cognitive status was determined using the BICAMS battery, 
which includes the Symbol Digit Modalities Test to evaluate 
information processing speed, the California Verbal Learning 
Test-II to assess verbal memory and learning, and the Brief 
Visuospatial Memory Test Revised to examine visual memory 
and learning. Since CI in MS patients is observed in auditory, 
visual, and information processing speed, BICAMS is accepted 
as the gold standard for testing cognition in MS patients (23). 
This battery has been validated for the Turkish population.

The 467 HCs completed the BICAMS battery, and the cut-off 
value for CI was established as 1.5 standard deviation (SD) below 
(Table 1). Participants with performance scores for a cognitive 
domain below the cut-off value were deemed to exhibit CI 
in that domain. Those with impairment in one domain were 
assessed as experiencing moderate-to-severe CI, those with 
impairment in two domains were classified as having severe CI, 
and those with impairment in all three domains were deemed 
to have very severe CI. 

The Brief Repeatable Battery of Neuropsychological Tests is 
frequently employed in studies to identify CI in NMO patients. 

Table 1. Study population and criteria

Group Number of 
participants Include criteria Exclusion criteria

PwNMO (18-29) 11 Definite diagnosis of 
NMOSD

Attack in the last three months, other neurological diseases, non-
compliance with BICAMS.

PwNMO (30-50) 15 Definite diagnosis of 
NMOSD

Attack inthe last three months, other neurological diseases, non-
compliance with BICAMS.

HC 467 Healthy, age 18-50, 
completed BICAMS Not applicable

PwNMO: Persons with neuromyelitis optica, HC: Healthy control, BICAMS: Brief International Cognitive Assessment for Multiple Sclerosis, NMOSD: Neuromyelitis 
optica spectrum disorder
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In the available research, NMO patients with CI comparable to 
MS patients have not been evaluated using the BICAMS battery. 
In this context, to facilitate the comparison of MS and NMO 
patients in terms of CI, the NMO patients in this study were 
assessed using BICAMS.

Statistical Analysis

The data analysis was conducted using IBM SPSS statistics 
software for Windows (ver. 24.0: IBM Corp., Armonk, NY, 
USA). The normality assumption for the data was examined 
employing the Shapiro-Wilk test and the histograms. The gained 
scores (posttest-pretest) were analyzed using the independent 
samples t-test. Additionally, the 95% confidence intervals were 
examined. A p-value <0.05 was considered to be statistically 
significant.

Results

In this study, 11 pwNMO with initial symptom onset (ISO) aged 
18-29 years and 15 pwNMO with ISO aged 30-50 years were 
included. In the sporadic group, 467 individuals underwent 
cognitive assessment. The BICAMS (24) battery was used to 
conduct the cognitive evaluation. The value used for diagnosing 
CI was determined as 1.5 SD below the mean, and individuals 
with scores below this threshold were classified as exhibiting CI 
(Table 2).

On the BICAMS assessment, no CI was detected in the 11 
pwNMO who had experienced ISO at ages 18-29. Five of the 
15 pwNMO who developed ISO between the ages of 30 and 
50 exhibited various levels of CI. Three of these individuals 
experienced moderate-severe CI, one exhibited severe CI, and 
one had very severe CI (Table 3). 

The findings demonstrated a statistically significant relationship 
between the age of ISO and CI (p<0.05). Notably, no CI was 
detected in pwNMO with ISO in the 18-29 age group, whereas 
significant CI was observed in pwNMO with ISO at ages 30-50 
years (Table 4).

Discussion

According to the literature, between 30% and 70% of NMOSD 
patients experience CI (11). Patients may exhibit deficits, 
especially in attention, language, memory, and information 
processing. A meta-analysis reported that NMOSD patients 
demonstrated significantly more impaired cognitive functions 

than healthy individuals, especially in the areas of attention, 
language, short-term memory, information processing speed, 
and executive functions (25). Cognitive function in these several 
domains may exhibit age-related variations, with varying 
consequences for different age groups. Studies have revealed 
that older adults with NMOSD experienced more significant 
impairments in attention and verbal memory compared to 
younger individuals (19,21). Similarly, some studies have (13) 
examined the prevalence of CI in NMOSD patients and reported 
that these impairments were related to aging and disease 
progression.

The age at ISO should be considered when assessing cognitive 
functions in NMOSD patients (18). Showed that CIs in NMOSD 
were linked to white matter atrophy and cortical degeneration. 
This indicates that the development of CI, especially in the 30-
50 age group, may be influenced by the neurodegenerative 
processes associated with aging. This study examined in 
detail the potential relationship between CI and age at ISO in 
NMOSD patients. Our results suggested a statistically significant 
association between the age at ISO and the development of 
CI. More specifically, although we did not detect any CI in the 
cognitive tests administered to patients with ISO between 18 
and 29 years of age, significant CI was documented in patients 
with ISO between 30 and 50 years of age. Our data suggests 
that NMOSD symptoms that present at an older age may impact 
cognitive functions. Our results imply that CIs, which are more 
common in older age, may be due to the increasing disease 
burden of NMOSD with age.

The link between NMOSD and cognitive functions has not 
been extensively studied, so our study is important in this 
regard. Specifically, the impact of age at ISO on CI demonstrates 

Table 2. Cut-off values for classifying cognitive impairment 
using the BICAMS* battery

Symbol Digit Modalities Test (SDMT) 25.2

California Verbal Learning Test-II (CVLT-II) 34.26

Brief Visuospatial Memory Test Revised (BVMT-R) 17.04

*BICAMS data from 467 healthy controls below 1.5 standard deviation (SD), 
BICAMS: Brief International Cognitive Assessment for Multiple Sclerosis

Table 3. Cognitive impairment severity levels

Number of domains 
affected

Severity 
classification Cut-off threshold

One domain Moderate-to-
severe 1.5 (SD) below mean

Two domains Severe 1.5 (SD) below mean

Three domains Very severe 1.5 (SD) below mean

SD: Standard deviation

Table 4. Severity of cognitive impairment

Severity levels PwNMO 
(18-29)

PwNMO 
(30-50)

Number of patients with ISO 11 15

Number with CI 0 5

Severe CI 0 3

Moderate-severe CI 0 1

Very severe CI 0 1

ISO: Initial symptom onset, CI: Cognitive impairment, PwNMO: Persons with 
neuromyelitis optica
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the significance of evaluating cognitive findings in NMOSD 
patients. In addition, the lack of standardized cognitive 
assessment methods in NMOSD patients is a limitation. The 
BICAMS battery, which is commonly used in MS patients, was 
used in our investigation; however, it should be noted that these 
tests may not be able to fully capture abnormalities specific to 
NMOSD (19). Nevertheless, utilizing the standardized BICAMS 
battery for MS in the study enhanced the comparability of the 
results.

However, the study also has certain limitations. Patients with 
NMOSD frequently experience depression, a known condition 
linked to cognitive decline. Depression rates in these patients 
have been reported to be between 42.8% and 58.3% (14,25). 
Gathering information regarding psychiatric comorbidities 
(depression, anxiety) and including neurological imaging 
findings in the study may contribute to the elucidation of the 
mechanisms underlying cognitive disorders. 

More precisely, one of the shortcomings is the limited sample 
size; future research could improve the findings’ generalizability 
by including more patients. This study was conducted 
retrospectively, and the long-term effects of ISO age on CI may 
be better explored in future research that takes a prospective 
approach.

Conclusion

This study demonstrates that there is a significant relationship 
between the age at ISO and the development of CI in 
NMOSD patients. The findings imply that an older age at ISO 
may exacerbate the risk of developing CI, highlighting the 
significance of early diagnosis and intervention. Although the 
study provides valuable insights into the cognitive alterations 
associated with NMOSD, prospective research with larger, 
diverse groups is required to corroborate these findings and 
clarify the underlying mechanisms. Furthermore, considering 
the other parameters that may influence the cognitive findings 
in this patient group, participation in the analysis will make 
future studies more qualitative. 
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Introduction

Steroid-induced avascular necrosis (SIAVN) is a notable 
complication in patients with demyelinating diseases, 
particularly multiple sclerosis (MS), who receive corticosteroids 
during acute relapse treatment. Intravenous methylprednisolone 
(IVMP) at a dose of 1000 mg/day is typically administered for 
3-10 days, and this is often followed by oral corticosteroids, 
especially in neuromyelitis optica spectrum disorder (NMOSD) 
and myelin oligodendrocyte glycoprotein antibody-associated 
disease (1,2). SIAVN is a serious condition resulting from reduced 
blood supply to the trabecular bone, leading to ischemia, most 

commonly affecting the femoral head (3). Corticosteroids can 
contribute to SIAVN through several mechanisms, including fat 
accumulation within the bone marrow, osteocyte necrosis, and 
fat embolism formation, which can obstruct blood vessels and 
impair capillary formation and repair (4,5). Steroids also suppress 
osteoblast differentiation and function while promoting 
osteocyte apoptosis, resulting in impaired bone regeneration 
and increased necrosis (6,7). Additionally, corticosteroids 
activate inflammatory and oxidative stress pathways, which 
enhance apoptosis and reduce autophagy. Mitochondria-
dependent apoptosis may also be triggered, involving the 
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release of cytochrome c and the activation of caspases-key 
enzymes in programmed cell death (6). These mechanisms 
have been demonstrated in animal studies (8). The risk of SIAVN 
appears to be linked to the cumulative steroid dose, although 
some studies have reported no significant association between 
the two (9). SIAVN is commonly observed following high-dose 
steroid use but has also been reported after the use of topical or 
inhaled steroids (10,11), intra-articular injections (12), and even 
short-term, low-dose oral corticosteroids (13). Some research 
indicates that patients with MS may have an elevated risk of 
osteoporosis, fractures, and AVN due to the autoimmune and 
inflammatory nature of the disease (14,15). In a study by Ce et 
al. (16) 15.5% of MS patients who received pulse steroid therapy 
developed AVN, whereas no cases were found in the control 
group. Patients with SIAVN often experience severe pain and 
limited joint mobility, but these symptoms may be misattributed 
to MS itself, potentially delaying diagnosis. Such delays can lead 
to further disability as bone necrosis progresses (17). Magnetic 
resonance imaging (MRI) plays a key role in diagnosing AVN, 
detecting necrotic areas, joint effusion, and varying levels of 
bone collapse and secondary degenerative changes (18,19). 
This study aimed to explore factors contributing to SIAVN by 
analyzing the clinical features of seven patients diagnosed with 
the condition-six with MS and one with NMOSD.

Materials and Methods

This study included 1204 patients with long-term, regular 
follow-up and current data from the MS and Demyelinating 
Diseases outpatient Department at Ege University Hospital. 
These patients were retrospectively reviewed for the occurrence 
of SIAVN. Demographic and clinical data for patients diagnosed 
with SIAVN were obtained from electronic medical records. The 
clinical and radiological assessment of AVN was conducted 
using the Ficat-Arlet classification system (20):

•  Grade 0: No clinical symptoms or X-ray findings; MRI shows 
a double-line sign.

•  Grade 1: Normal joint appearance; femoral head remains 
spherical. X-ray may reveal slight osteoporosis. MRI shows 
a single line on T1 and a double-line sign on T2 indicating 
necrotic bone.

•  Grade 2: Double-line sign present; reactive bone borders 
the infarcted area. The joint remains normal, and the 
femoral head is still spherical.

•  Grade 3: Loss of the femoral head’s spherical shape with 
subchondral bone fracture; X-ray reveals a crescent sign.

•  Grade 4: Further collapse of the femoral head with articular 
cartilage and joint space narrowing.

This study received approval from the Ege University Faculty 
of Medicine Ethics Committee (decision no.: 25-3.1T/68, date: 
20.03.2025). Written informed consent was obtained from all 
patients.

Statistical Analysis 

Descriptive statistical analysis (mean, standard deviation, 
minimum, and maximum) was performed using SPSS version 
26.0.

Results

SIAVN was identified in seven patients (0.6%) patients, including 
one with NMOSD and six with MS. Of these, five were female 
and two were male. The median Expanded Disability Status 
Scale score was 2.0 (range, 0-3.0), the mean age was 33.29±6.69 
years (range, 28-44), and the mean disease duration was 
6.57±6.72 years (range, 3-22). Four patients had never smoked, 
two were former smokers, and one was an active smoker. None 
reported chronic alcohol use. The mean body mass index (BMI) 
was 23.9 (range, 19.4-33.2), with only one patient classified as 
obese (BMI >30). Detailed case information is presented in 
Table 1. None of the patients had any comorbid conditions. Two 
patients (cases 1 and 5) were diagnosed with osteopenia. The 
mean cumulative corticosteroid dose prior to the development 
of AVN was 19.57±13.53 grams (range, 7-44 grams). The average 
interval between the last IVMP treatment and the onset of AVN 
symptoms (hip or leg pain) was 6±3.37 months (range, 3-12 
months). AVN was diagnosed in all patients by MRI, as initial hip 
X-rays taken after symptom onset were unremarkable (Figure 
1 displays the MRI findings of case 2). The mean duration from 
the onset of AVN symptoms to diagnosis was 4.86±3.56 months 
(range, 1-12 months). Non-steroidal anti-inflammatory drugs 
were sufficient for symptom management in two cases. Core 
decompression surgery was performed in five patients; one of 
these had received hyperbaric oxygen therapy prior to surgery.

Discussion

In demyelinating neurological disorders, immune dysregulation 
and inflammatory activity may lead to vascular alterations 
that potentially compromise the blood supply to bone tissue, 
contributing to the development of AVN (14). Most cases of 
non-traumatic AVN are associated with corticosteroid therapy 
(16). The incidence of AVN in patients receiving high-dose 
steroids has been reported to range from 3% to 20% (21). In our 
study, the incidence was 0.6%, which is lower than previously 
reported rates. This discrepancy may be attributed to differences 
in steroid dosage, treatment duration, patient populations, and 
study methodologies. For instance, another study conducted 
in our country found a 15.5% incidence of AVN in MS patients 
treated with steroids, compared to none in those who were not. 
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In that study, AVN was identified using MRI screening, and most 
of the detected cases were asymptomatic (16). In contrast, in 
our study, AVN was diagnosed based on the investigation of 
symptomatic patients. Various risk factors have been identified 
across different conditions, with high-dose corticosteroid 
therapy being the most recognized in inflammatory diseases, 
particularly systemic lupus erythematosus. In our cohort, 
the mean cumulative intravenous corticosteroid dose was 
19.57±13.53 grams. Although the cumulative dose may appear 
high, one patient developed AVN after receiving only 7 grams 
of IVMP, suggesting that additional factors also contribute to 
AVN development. Known risk factors include younger age, 
smoking, chronic alcohol use, obesity, increased disease activity, 
comorbidities, and immunosuppressive treatments (22-24). In 
our series, patients were relatively young, with a mean age of 
33.29±6.69 years. One patient (case 7) was an active smoker, 
while none reported chronic alcohol consumption. Obesity 
was present in only one case (case 4). Aside from two patients 
with osteopenia, no comorbidities were identified. The interval 
between steroid administration and symptom onset has been 
reported to range from a few months to nearly 3 years (25). In 
our cohort, the mean duration between the last IVMP treatment 
and the appearance of AVN symptoms was 6±3.37 months 
(range, 3-12 months). However, prospective studies using MRI 
to detect early AVN suggest that this interval may be shorter 
(26). Five patients had been treated with interferon (IFN)-beta 
during their disease course. IFN-alpha, used in chronic myeloid 
leukemia, has associated with AVN due to its inhibition of 
new blood vessels formation through increased plasminogen 
activator inhibitor synthesis (27). However, there is currently 
no evidence linking IFN-beta to AVN development. Delayed 
diagnosis of AVN can occur when pain is misinterpreted as 
a symptom of the underlying inflammatory disease. In our 
cases, the average time from the onset of hip or leg pain to the 

diagnosis of AVN was 4.5±3.73 months (range, 1-12 months). 
Relying solely on X-rays, which may appear normal in early 
stages, instead of using MRI the gold standard for AVN diagnosis 
can also contribute to diagnostic delays. In all of our patients, 
AVN was confirmed by MRI despite normal X-ray findings. 
Treatment options for AVN range from conservative approaches 
to surgical interventions, depending on the extent of bone 
damage. Therefore, early diagnosis and management are crucial 
to prevent progression and reduce disability.

Study Limitations

As this was a retrospective study, the assessment of AVN relied 
solely on existing electronic patient records, and patients 
were not re-evaluated specifically for AVN. Consequently, the 
reported incidence may underestimate the true rate due to 
incomplete data.

Conclusion

AVN is an uncommon but potentially disabling complication 
associated with corticosteroid use in demyelinating diseases. It 
may develop regardless of steroid dose or duration and is not 
always predictable. Clinicians should consider AVN in patients 
presenting with hip or leg pain. X-rays may be insufficient for 
diagnosis, so MRI should be used as the gold standard. Early 
identification is essential to minimize tissue damage and 
improve clinical outcomes.
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Abstract

Objective: This study aimed to examine changes in walking performance over a 3-year period in persons with multiple sclerosis (pwMS) with no 
or mild disability.

Materials and Methods: A total of 321 pwMS (mean age 32.3± 9.8 years, 75% female, median Expanded Disability Status Scale 1.0) were followed 
for 3 years. Walking performance was assessed using the Timed 25-Foot Walk Test (T25FW), Six-Spot Step Test (SSST), 2-Minute Walk Test (2MWT), 
Timed Up and Go (TUG) test, and the Multiple Sclerosis Walking Scale-12 (MSWS-12). Leisure-time exercise habits were assessed with the Godin 
Leisure-Time Exercise Questionnaire. 

Results: Walking performance remained stable over the 3-year period. The median T25FW time showed no significant change (4.8 s to 4.7 s, p=0.3), 
nor did the SSST time (7.7 s to 7.2 s, p=0.517). Similarly, there were no significant changes in the 2MWT distance (171 m to 174 m, p=0.178) or TUG 
time (6.8 s to 6.9 s, p=0.831). Self-reported walking disability MSWS-12 and leisure-time physical activity levels also remained consistent (p=0.692 
and p=0.394, respectively).

Conclusion: The findings indicate that pwMS with no or mild disability maintained stable walking performance over a 3-year span. This stability 
may be attributed to functional reserve and lifestyle factors that support mobility preservation despite disease progression. Future studies should 
incorporate more detailed gait analyses and further explore the role of lifestyle factors. 

Keywords: Multiple sclerosis, walking, gait, capacity, performance 
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Introduction

Walking impairment is a major concern for persons with 
multiple sclerosis (pwMS) and can appear early in the disease 
course, even in those with minimal or no visible disability (1,2). 
Subtle declines in gait function may go unnoticed by patients 
but can have significant long-term effects on mobility, physical 
activity, and overall quality of life. Early detection of these gait 
changes is essential for implementing timely interventions and 
treatments aimed at maintaining mobility in MS (3,4).

In pwMS with low Expanded Disability Status Scale (EDSS) 
scores, minor impairments such as slower walking speed, 
shorter step length, and longer double support time can 
already be identified through instrumented or sensitive gait 
assessments, even in the absence of clear clinical symptoms. 
As EDSS score increase, more evident gait abnormalities 
often develop, including asymmetrical stepping, foot drop, 
balance issues, reduced gait regularity, greater variability, and 
altered gait kinematics and kinetics (5,6). Recognizing these 
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progressive gait changes in relation to EDSS stages is important 
for designing targeted rehabilitation strategies.

In clinical settings without access to instrumental assessments, 
standardized tools are commonly used to measure walking 
ability in MS, including the Timed 25-Foot Walk Test (T25FW), 
6-Minute Walk Test (6MWT), 2-Minute Walk Test (2MWT), MS 
Walking Scale (MSWS-12), Timed Up and Go (TUG) test, and 
Six-Spot Step Test (SSST) (7). Some studies have identified 
abnormal results in clinical walking tests even among pwMS 
with low levels of disability (4,8). While these assessments are 
commonly used in clinical practice and research, there are 
still few longitudinal studies that track changes over longer 
periods, especially in individuals with no or minimal disability 
(e.g., EDSS scores between 0 and 1.5). Understanding how 
walking performance evolves in this population is important 
for detecting early signs of disease progression and shaping 
therapeutic interventions (9).

This study aimed to investigate longitudinal changes in walking 
performance over a 3-year period in pwMS with no or minimal 
disability. By monitoring both functional walking tests and 
patient-reported outcomes, we sought to identify whether 
early gait changes could be detected and to assess the degree 
of walking decline. The findings may offer valuable insights into 
the early development of mobility impairment in MS and help 
guide targeted rehabilitation strategies to preserve walking 
function.

Materials and Methods

This study is part of an ongoing longitudinal project, approved 
by the Dokuz Eylul University Ethics Board (approval no.: 
2021/17-05, date: 02.06.2021). All participants provided written 
informed consent after receiving a full explanation of the study.

Inclusion criteria were a confirmed diagnosis of MS (10), age 
between 18 and 60 years, and an EDSS score between 0 and 1.5. 
Participants were excluded if they had any condition affecting 
walking ability or any other neurological disorder.

Outcomes 

Timed 25-Foot Walk Test (T25FW) 

Participants were instructed to walk a marked 25-foot (7.62 m) 
course as quickly as possible while ensuring their safety. The test 
was performed twice, and the average of the two times was 
used as the final score. Longer times indicated slower walking 
speed (11). The T25FW has demonstrated good to excellent 
test-retest reliability, with intraclass correlation coefficients (ICC) 
ranging from 0.71 to 0.99 (12).

Six-Spot Step Test (SSST) 

The SSST is a timed functional mobility test that evaluates speed, 
balance, coordination, and lower limb function. Participants 
were required to move as quickly as possible to specified 

targets and kick five cylindrical blocks out of marked circles on 
the floor. Each participant completed four trials (twice for each 
leg), and the average time across all trials was used as the final 
score (13,14). The SSST has demonstrated excellent test-retest 
reliability (ICC:0.99) (12,15).

Timed Up and Go Test (TUG)

The TUG assessed functional mobility by measuring the time 
taken for participants to rise from a seated position, walk 3 m, 
turn around, walk back, and sit down (16). The TUG test has 
shown excellent test-retest reliability (ICC:0.90) in pwMS with 
mild disability (17).

2-Minute Walk Test (2MWT) 

The 2MWT assessed walking endurance. Participants were 
instructed to walk as far as possible within 2 min without taking 
a rest. The total distance covered was recorded (18). The 2MWT 
has demonstrated excellent test-retest reliability (ICC:0.95) in 
pwMS with mild disability (17).

MS Walking Scale-12 (MSWS-12) 

The MSWS-12 consists of 12 items that assess perceived walking 
difficulties in daily life. Each item is scored from 1 (not at all) to 
5 (extremely), with higher scores reflecting greater walking 
impairment. The total score was converted to a scale ranging 
from 0 to 100 (19). The MSWS-12 has shown excellent test-retest 
reliability, with ICC values between 0.89 and 0.98 (12).

Godin Leisure-time Exercise Questionnaire (GLTEQ) 

Leisure-time physical activity was assessed using the Godin 
Leisure-Time Exercise Questionnaire (GLTEQ), which consists of 
three items evaluating the frequency of strenuous, moderate, 
and mild exercise. Higher scores reflect greater levels of physical 
activity (20). The GLTEQ is a valid and reliable self-reported 
measure of physical activity in pwMS, with an ICC of 0.74 (21). 

Statistical Analysis

Normality was assessed by examining histograms and plots. 
Descriptive statistics are presented as mean and standard 
deviation or median and interquartile range (IQR), as appropriate. 
Since the walking assessments were not normally distributed, the 
Wilcoxon signed-rank test (a non-parametric test) was used to 
compare results between visits 1 and 2. Additionally, exploratory 
analysis was conducted to examine the relationship between 
changes in EDSS scores and changes in clinical walking outcomes 
using Spearman correlation analysis. Data were analyzed using 
IBM SPSS version 28.0 (Armonk, NY, IBM Corp). A p-value of 0.05 
or less was considered statistically significant result. 

Results 

A total of 321 pwMS (mean age 32.3±9.8 years, 75% female) 
were followed over a 3-year period. The median EDSS score at 
baseline was 1.0. Clinical and demographic characteristics are 
presented in Table 1. 
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Across the 3-year follow-up, changes in walking performance 
were evaluated using various measures (Table 2). The median 
T25FW time remained stable, decreasing slightly from 4.8 s at 
baseline to 4.7 s at visit 2 (p=0.3). Similarly, performance on 
the SSST showed a minor improvement from 7.7 s (IQR: 6.8-
8.7) to 7.2 s (IQR: 6.4-8.6), which was not statistically significant 
(p=0.517). The 2MWT demonstrated a small median increase 
in distance from 171 m (IQR: 157.3-187) to 174 m (IQR: 154.3-
189.8) (p=0.178). TUG test results showed minimal change, with 
times increasing slightly from 6.8 s (IQR: 6.2-7.6) to 6.9 s (IQR: 
6.3-7.9) (p=0.831). Self-reported walking disability, assessed 
through the MSWS-12, and leisure-time physical activity levels 
both remained stable over the 3 years (p=0.692 and p=0.394, 
respectively). Overall, no statistically significant changes were 
observed in walking performance over the 3-year period. 
Additionally, there were no significant correlations between 
changes in EDSS scores and changes in any of the clinical 
walking tests (p>0.05).

Discussion

This study examined longitudinal changes in walking 
performance over a 3-year period in pwMS with no or mild 
disability. The results showed no significant decline across 
objective walking performance measures, including the T25FW, 
SSST, 2MWT, and TUG, nor in perceived walking ability assessed 
by the MSWS-12.

The stable T25FW times over 3-years suggest that short-distance 
walking speed is preserved in pwMS at this disability level. This 

finding aligns with a previous study that reported no decline over 
2-years in a group with a median EDSS of 2 and a median T25FW 
of 3.94, although worsening was noted in participants with 
greater disability and a higher risk of progression (22). Similarly, 
the absence of significant change in SSST performance indicates 
that dynamic stability and coordination are maintained, likely 
reflecting functional reserve that supports mobility even during 
more demanding tasks. The stable TUG results further reinforce 
the notion that functional mobility remains intact in this cohort. 
While walking performance often declines in individuals with 
greater disability, our findings suggest that pwMS with mild 
impairments can maintain walking function over time. This 
preservation may be explained by functional reserve, which 
enables compensation for disease effects at an early stage, 
or by factors such as medication adherence and lifestyle 
habits. Although we assessed leisure-time physical activity 
using the self-reported GLTEQ, we did not include objective 
measurements of physical activity or a detailed assessment of 
lifestyle behaviors. Future research should address these factors 
more thoroughly, as doing so may offer valuable insights into 
disease management.

The lack of significant change in self-reported walking ability 
indicates that participants did not perceive notable changes 
in their mobility over the 3-year period, consistent with the 
objective walking assessments. This finding suggests that pwMS 
with no or minimal disability may maintain a stable perception 
of their walking ability, possibly due to effective compensatory 
mechanisms or stable disease activity.

Monitoring and following subtle deficits during the early or 
low-disability stages of MS is critical for implementing early 
and targeted interventions. The validated tests used to assess 
Progression Independent of Relapse Activity primarily rely on 
clinical measures, which may not be sensitive enough to detect 
subtle changes (23,24). As suggested by the findings of this 
study, the lack of deterioration in clinical tests may be considered 
a positive result for disease management. However, it is 
essential to recognize the potential limitations of these tests in 
identifying subtle progression. While a key strength of our study 
is the 3-year follow-up of walking function in a large sample, it 

Table 2. Changes in walking measures over 3 years

Visit 1 Visit 2 Change p-value

T25FW, seconds 4.8 (4.3-5.3) 4.7 (4.3-5.2) -0.06 (-0.53-0.44) 0.3

SSST, seconds 7.7 (6.8-8.7) 7.2 (6.4-8.6) -0.32 (-1.3-0.68) 0.517

2MWT, meters 171 (157.3-187) 174 (154.3-189.8) 0 (-11-15) 0.178

TUG, seconds 6.8 (6.2-7.6) 6.9 (6.3-7.9) 0.28 (-0.63-1.15) 0.831

MSWS-12 (%) 25.9 (22.2-35.2) 25.9 (22.2-37.4) 0 (-5.6-3.7) 0.692

GLTEQ 0 (0-15) 1 (0-17.25) 0 (-7-10) 0.394

Values are presented as median (interquartile range)

T25FW: Timed 25-Foot Walk Test, SSST: Six-Spot Step Test, 2MWT: 2-Minute Walk Test, TUG: Timed Up and Go Test, MSWS-12: 12-item MS Walking Scale, GLTEQ: Godin 
Leisure-Time Exercise Questionnaire

Table 1. Demographic and clinical characteristics of 
participants

Total (n=321)

Age (years), mean (SD) 32.3 (9.8)

Gender, n (%)

Female 239 (74.5%)

Male 82 (25.5%)

EDSS, median (interquartile range) 1.0 (0-1.5)

EDSS: Expanded disability status scale, SD: Standard deviation
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is important to note that our assessments were based solely on 
clinical tests measuring time and distance. More detailed gait 
parameters related to neural control, such as stability, variability, 
and smoothness, which may not be captured by these tests, 
could be important for long-term monitoring and identifying 
progression risk (25-28). Additionally, our assessments were 
limited to relatively short-duration tests and did not include 
extended walking tasks that could reveal fatigue. Previous 
research has shown that speed trajectories during the 6MWT 
can help detect progression over 2-years (22).

Study Limitations

The study sample consisted of individuals with no or mild 
disability, which may limit the generalizability of the findings 
to those with more severe disability. The absence of a healthy 
control group also restricts the ability to make comparisons. 
Furthermore, although our participants had low disability levels, 
we were unable to identify those at higher risk of progression. 
As such, separate analyses for individuals at higher risk 
should be conducted to better assess potential deterioration. 
Additionally, factors such as fatigue, cognitive function, lifestyle 
behaviors, and environmental influences were not considered, 
but these may impact long-term walking performance. This 
study also did not include detailed clinical information, such as 
immunomodulating treatment status or magnetic resonance 
imaging lesion load, which could limit our ability to explore 
potential predictors of walking performance. Future research 
should include these variables to offer a more comprehensive 
understanding of mobility changes in MS. Lastly, the clinical 
walking tests used in this study may lack the sensitivity to detect 
subtle gait changes in pwMS with minimal disability, potentially 
overlooking early functional decline. Ceiling effects may also 
limit their ability to capture meaningful longitudinal changes.

Conclusion

This study indicates that pwMS with no or mild MS-related 
disability maintain stable walking performance over a 3-year 
period, with no significant decline in objective measures or 
self-reported walking ability. These results suggest that the 
functional reserve may help preserve mobility at this early 
stage of the disease. However, the limited sensitivity of clinical 
measures to detect subtle changes underscores the need 
for more comprehensive assessments, including complex 
gait parameters and long-duration tests, to better identify 
progression and guide early interventions.
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Abstract

Objective: Relapses in patients with multiple sclerosis (MS) were evaluated based on symptom characteristics, treatment response, and recovery 
rates. These factors were evaluated before and after relapse treatment, as well as at the first- and sixth-months following treatment.

Materials and Methods: Patient’s physical status was evaluated using the  Expanded Disability Status scale (EDSS). Based on the characteristics 
of their relapses, patients were categorized as either monosymptomatic or polysymptomatic. Treatment response was then analyzed according to 
these groupings.

Results: The study included 59 MS patients, with a mean age of 33.69±8.28 years (46 females, 13 males). Based on relapse symptom characteristics, 
27.1% of patients had polysymptomatic relapses, while 72.9% were monosymptomatic. A total of 23 patients experienced monosymptomatic 
relapses. Regarding specific relapse symptoms, 66.1% presented with sensory symptoms, 47.5% with motor symptoms, 32.2% with optic neuritis 
(ON), 6.8% with cerebellar signs, 35.6% with brainstem involvement, and 13.6% with sphincter symptoms. Significant improvement following 
treatment was observed in patients with brainstem involvement and in the ON group (p=0.04 and p=0.039, respectively). However, no significant 
difference in EDSS scores was noted at 1 and 6 months posttreatment (p=0.068 and p=0.194, respectively). In the sensory involvement group, 
the mean EDSS score was 2.65±1.24 before treatment, 2.05±0.76 after treatment, 1.85±0.81 at 1 month, and 1.55±0.98 at 6 months, indicating 
significant improvement (p=0.04 and p=0.041, respectively).

Conclusion: Both ON and sensory involvement were associated with favorable prognosis. While significant improvement n EDSS was noted in 
the ON group before and after treatment, this improvement was not sustained at the first and sixth months. In contrast, patients with sensory 
involvement demonstrated continuous and significant improvement across all time points-before treatment, after treatment, and at 1 and 6 
months. These findings highlight the importance of addressing sensory relapses and their potential for sustained recovery.

Keywords: Expanded disability status scale (EDSS), multiple sclerosis, relapses
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Introduction

Multiple sclerosis (MS) is a demyelinating and neurodegenerative 
disorder that impacts various functional systems within the 
central nervous system. Common symptoms include blurred 
vision, double vision, limb weakness, sensory loss, imbalance, and 
disturbances in bowel and bladder function (1,2). A neurological 
symptom lasting more than 24 hours in the absence of fever, 
infection, or stress is defined as a relapse, with at least 30 days 
required between separate relapse episodes. Relapses are linked 

to functional decline and reduced quality of life. If symptoms 
persist following a relapse, this may contribute to cumulative 
disability, referred to as relapse-associated worsening (RAW) 
(3,4). Proper management of relapses is important to prevent 
long-term disability (1,2). In cases of moderate to severe 
relapse, intravenous methylprednisolone at 1 g/day is typically 
administered for 5-10 days. If the response to corticosteroids is 
inadequate, plasmapheresis may be considered. Early detection 
of even mild neurological deterioration is critical for prompt and 
effective treatment (5). 
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Poor prognostic indicators in MS include male sex, smoking, 
obesity, low vitamin D levels, African descent, early age at 
disease onset, and rapid disease progression. Moreover, factors 
such as brain volume loss, relapse frequency, presence of 
new T2 lesions, and contrast-enhancing lesions are important 
predictors of disability within 5 years. Clinically, sphincter 
dysfunction, pyramidal and cerebellar involvement, early 
cognitive impairment, brainstem symptoms, and a high 
Expanded Disability Status scale (EDSS) score at the first relapse 
are associated with worse outcomes (5). 

Studies have shown that relapse recovery tends to be more 
favorable in younger patients, those receiving disease-
modifying therapies, individuals with longer disease duration, 
and those without bowel or bladder involvement. The EDSS 
is a commonly used tool to assess disease progression in MS 
by evaluating central nervous system functions, including 
pyramidal, cerebellar, brainstem, sensory, sphincter, visual, and 
cerebral domains. The EDSS uses a scale from 0 to 10: scores 
from 0 to 4 reflect neurological deficits, scores from 4 to 6 
primarily assess walking ability, and scores from 6 to 10 focus 
on ambulatory function. During relapses, EDSS scores typically 
increase depending on the symptoms and areas affected in 
the central nervous system. Following appropriate treatment, 
partial, complete, or near-complete improvements in EDSS 
scores may occur in treatment-responsive relapses. The initial 
and predominant pathophysiological mechanism in MS involves 
disruption of the blood-brain barrier, leading to immune-
mediated damage to myelin and axons in both white and gray 
matter. In addition, intrathecal immune activation involving 
various glial and immune cells has recently been recognized as 
a complex and significant contributor to disease progression. 
Therefore, initiating effective treatment at the earliest possible 
stage is considered important for long-term outcomes (1). 

This study aimed to evaluate the response to relapse treatment 
based on symptom characteristics and to compare EDSS 
changes before and after treatment, as well as at the first and 
sixth months following treatment. 

Materials and Methods 

Study Population 

This study included patients diagnosed with MS who were 
followed at the Neurology Clinic of Samsun University and 
received treatment for MS relapses between January 2023 and 
June 2024. Demographic data of the patients were recorded. 
Relapse characteristics and severity were evaluated using the 
EDSS. Based on relapse presentation, patients were categorized 
as either monosymptomatic or polysymptomatic. 

Data Collection 

EDSS scores prior to treatment, immediately after treatment, 
and at the first- and sixth-months posttreatment were retrieved 

from patient records and the hospital database. Relapses were 
classified into sensory, motor, brainstem involvement, and optic 
neuritis (ON) groups based on presenting symptoms. EDSS 
scores for each group were compared across the pretreatment, 
posttreatment, first month, and sixth month time points. 

Ethics Approval

The study received approval from the Samsun University Non-
interventional Clinical Research Ethics Committee (decision no.: 
2025/6/20, date: 19.03.2025). Written informed consent was 
obtained from all patients who agreed to participate. 

Statistical Analysis

The collected data were coded and analyzed using the SPSS 
software package (Version 22.0, SPSS Inc., Chicago, IL, USA). 
Continuous variables with a normal distribution were presented 
as mean ± standard deviation, while non-normally distributed 
continuous variables were expressed as median (minimum-
maximum). Categorical variables were reported as number and 
percentage. The Kolmogorov–Smirnov test was used to assess 
the normality of continuous variables. A p-value of <0.05 was 
considered significant in all analyses. 

Results

A total of 59 patients diagnosed with MS were included 
in the study, with a mean age of 33.69±8.28 years and an 
average disease duration of 3.16±4.48. The study population 
consisted of 46 females and 13 males. Based on relapse 
symptom characteristics, 27.1% of the patients were classified 
as polysymptomatic and 72.9% as monosymptomatic. The 
distribution of relapse symptoms was as follows: sensory 
symptoms in 66.1%, motor involvement in 47.5%, ON in 32.2%, 
cerebellar signs in 6.8%, brainstem involvement in 35.6%, 
and sphincter dysfunction in 13.6% (Figure 1). In addition, 
66.1% of patients demonstrated poor prognostic indicators, 
including sphincter involvement, motor symptoms at onset, 
and brainstem or cerebellar findings. In patients with sensory 
involvement, the mean EDSS score was 2.65±1.24 before 

Figure 1. Distribution of relapse symptoms in the study group
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treatment, 2.05±0.76 after treatment, 1.85±0.81 at the first 
month, and 1.55±0.98 at the sixth month, showing significant 
improvement over time (p=0.04 and p=0.041, respectively). 
This improvement persisted across both follow-up periods. 
In contrast, among patients without sensory involvement, 
the mean EDSS was 1.34±0.58 after treatment, 1.42±0.53 at 1 
month, and 1.76±0.43 at 6 months, with a continued increase 
in EDSS at the sixth month, indicating ongoing deterioration 
(p=0.04 and p=0.045, respectively) (Table 1).  In the ON group, 
the mean EDSS was 2.21±0.56 before treatment, 1.28±0.75 
after treatment, 1.42±0.34 at the first month, and 1.92±0.44 
in the sixth month (p=0.589 and p=0.068, respectively). These 
results indicate that although some improvement was noted 
immediately after treatment, no statistically significant change 
was observed at the first- or sixth-month. In patients without 
ON, the mean EDSS was 2.46±1.10 before treatment, 1.81±0.70 
after treatment, 1.68±0.79 at the first month, and 1.56±0.79 at 
the sixth month, showing continued improvement over time 
(p=0.398 and p=0.49, respectively) (Table 2).  Among patients 
with brainstem involvement, the mean EDSS was 2.35±0.89 
before treatment, 1.50±0.40 after treatment, and 1.42±0.67 at 
the first month. Although there was a reduction in EDSS from 

posttreatment to the first month, the change was not statistically 
significant. By the sixth month, the mean EDSS had increased to 
1.71±0.48, indicating no sustained improvement (p=0.854 and 
p=0.194, respectively). In the group without brainstem findings, 
the mean EDSS was 2.40±1.02 before treatment, 1.71±0.85,1 
after treatment, 1.68±0.70 at the first month, and 1.65±0.81 
at the sixth month. Although the EDSS score showed a slight 
decrease over time, no statistically significant improvement was 
observed (p=0.776 and p=0.80, respectively) (Table 3).  

Discussion

Corticosteroids are commonly used to manage MS relapses. 
Evaluating relapse severity using EDSS is critical, and if the EDSS 
score increases by 1 point or more, treatment is strongly advised. 
However, mild relapses-particularly sensory relapses-with less 
than 1 point increase in EDSS may not require immediate 
treatment; these patients should be re-evaluated within 2 
weeks. If an increase in EDSS is observed during this period, 
treatment should then be initiated (6). According to a study 
on managing severe relapses in MS, not all relapses necessitate 
treatment. Instead, therapy should be prioritized for relapses 
that result in functional impairment or disability, in order to 

Table 1. EDSS scores of patients with and without sensory involvement (excluding poor prognostic factors)

Sensory relapses Relapses without sensory involvement

EDSS before treatment 2.65±1.24
p=0.041

2.19±0.66
p=0.005

EDSS after treatment 2.05±0.76 1.34±0.59
p=0.04 p=0.04EDSS in 1st month of treatment 1.85±0.81 1.42±0.53

p=0.23 p=0.045EDSS in 6th months of treatment 1.55±0.98 1.76±0.43

EDSS: Expanded Disability Status scale

Table 2. EDSS scores of patients with and without optic neuritis (excluding poor prognostic factors)

Optic neuritis relapses Relapses without optic neuritis

EDSS before treatment 2.21±0.56
p=0.039

2.46±1.10
p=0.006

EDSS after treatment 1.28±0.75 1.81±0.70
p=0.589 p=0.398EDSS in 1st month of treatment 1.42±0.34 1.68±0.79

p=0.068 p=0.49EDSS in 6th months of treatment 1.92±0.44 1.56±0.79

EDSS: Expanded Disability Status scale

Table 3. EDSS scores of patients with and without brainstem involvement (excluding poor prognostic factors)

Relapses without brainstem 
involvement Relapses without brainstem involvement

EDSS before treatment 2.35±0.89
p=0.04

2.46±1.10
p=0.005

EDSS after treatment 1.50±0.40 1.81±0.70
p=0.854 p=0.776EDSS in 1st month of treatment 1.42±0.67 1.68±0.79

p=0.194 p=0.09EDSS in 6th months of treatment 1.71±0.48 1.56±0.79

EDSS: Expanded Disability Status scale
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restore function and limit lasting disability (7). In contrast to 
this approach, there is an argument that every relapse should 
be treated promptly, emphasizing the importance of early 
and effective inflammation control. RAW has been shown to 
occur from the early stages of the disease and contributes to 
permanent disability and transition to the progressive phase 
(3,8). Additionally, RAW has been linked to the number of relapses 
experienced early in the course of relapsing-remitting MS (3,4). 
Failure to effectively manage a relapse is directly associated 
with RAW and is is a primary factor in the accumulation of 
disability. In our study, patients with sensory symptoms showed 
continued improvement after treatment, as well as at the first 
and sixth months. This highlights the importance of treating 
sensory relapses and supporting sustained recovery. However, 
one limitation of our study is the lack of untreated patients 
for comparison. Nonetheless, it is noteworthy that these 
patients showed benefits from relapse treatment. While RAW 
is a key contributor to disability in pediatric MS, progressive, 
irreversible disability (PIRA) is a major factor in adult-onset MS, a 
finding supported by several studies (9-13). In addition, while a 
significant improvement in EDSS was observed in the ON group 
before and after treatment, no significant difference was found 
at the first and sixth months.

A study found that patients who experienced RAW and PIRA 
reached a significant disability milestone simultaneously. 
However, the progression was faster in the PIRA group. The more 
rapid disability development in the PIRA group suggests that 
these patients require more urgent treatment interventions. 
Additionally, there is evidence that relapses contribute to 
long-term disability in the early stages of MS (14). It has been 
confirmed that relapses contribute to long-term disability 
early in the disease, although PIRA remains the primary factor 
in cumulative disability (2). While PIRA is recognized as the 
leading cause of cumulative disability, it is crucial to emphasize 
the importance of treating relapses. Timely management of 
relapses is essential to prevent long-term disability and enhance 
quality of life. Untreated relapses can lead to permanent 
nervous systems damage, resulting in irreversible disability 
beyond temporary flare-ups (15). Effective relapse treatment 
helps reduce disability and slows disease progression (16). 
Consequently, early diagnosis and treatment strategies are vital 
for improving the quality of life in MS patients.

Study Limitations 

The limitations of this study its retrospective design, single-
center setting, and small sample size. A multicenter prospective 
study with a larger patient population could provide more 
robust insights. 

Conclusion 

In conclusion, this study emphasizes the importance of actively 
treating all MS relapses, regardless of their initial symptoms. Our 

results show that patients with sensory relapses, in particular, 
benefit from timely and appropriate treatment, with lasting 
improvements in EDSS scores observed up to 6 months after 
the relapse. Despite being limited by its retrospective and 
single-center nature, this study adds to the growing body of 
evidence suggesting that early intervention during relapses can 
positively impact long-term neurological outcomes and help 
reduce RAW.
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Abstract

Alemtuzumab, a humanized monoclonal antibody that targets CD52, is a potent treatment for relapsing-remitting multiple sclerosis (RRMS). 
Despite its efficacy, alemtuzumab can trigger secondary autoimmune disorders, which most commonly involve the thyroid and hematologic 
systems. Herein, we have presented the case of a 36-year-old woman with highly active RRMS who developed a rare presentation of systemic 
lupus erythematosus (SLE) and secondary Sjögren’s syndrome (sSS) 42 months after her last alemtuzumab infusion. While cases of SLE following 
alemtuzumab administration are extremely rare, the development of Sjögren’s syndrome (SS) in this context is previously unreported. The patient 
exhibited pancytopenia, proteinuria, autoimmune marker positivity (anti-nuclear, anti-double stranded DNA, anti-Sjögren’s syndrome type A), 
and low complement levels. leading to the SLE and sSS diagnoses and treated with corticosteroids, hydroxychloroquine, mycophenolate mofetil, 
and tacrolimus. This case underscores the importance of monitoring alemtuzumab-treated patients for delayed autoimmune complications and 
highlights the potential role of B and T cell dysregulation in secondary autoimmunity. Further research is necessary to elucidate the mechanisms 
underlying these rare adverse events. 

Keywords: Alemtuzumab, anti-CD52 therapy, systemic lupus erythematosus, Sjögren’s syndrome, secondary autoimmunity, adverse events
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Introduction

Alemtuzumab is a highly effective humanized monoclonal 
antibody that targets the cell surface protein CD52. It is widely 
recognized and utilized as a powerful disease-modifying 
treatment in patients with active relapsing-remitting multiple 
sclerosis (RRMS) (1). Patients with RRMS undergoing treated 
with alemtuzumab may experience some side effects such 
as infusion-associated reactions, infections, and secondary 
autoimmune disorders involving the thyroid gland and 
hematologic system. Besides thyroid and hematological 
disorders, other secondary autoimmune disorders are rare (2,3).

Herein, we have presented a rare case of systemic lupus 
erythematosus (SLE) and secondary Sjögren’s syndrome (sSS) 

that developed 42 months after a patient with highly active RRMS 
was treated with alemtuzumab. Only one other case of post-
alemtuzumab infusion SLE has been reported in the literature 
(4). However Sjögren’s syndrome (SS), alone or in conjunction 
with other autoimmune diseases, has not been reported. This 
case report highlights the potential for further understanding 
and managing the adverse effects of alemtuzumab treatment.

Case Report 

A 36-year-old female was diagnosed with RRMS in 2013, 
at the age of 25, after she had complained of imbalance. 
Disease-modifying therapy was initiated with glatiramer 
acetate (GA) (20 mg/daily). In 2014, GA was escalated to 
fingolimod because of persistent clinical and radiological 
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disease activity. In 2019, a severe multisymptomatic attack was 
treated with intravenous high-dose methylprednisolone and 
a series of plasma exchanges. After fingolimod therapy failed, 
alemtuzumab was administered in December 2019. A second 
cycle of alemtuzumab therapy was initiated in December 2020. 
After initiation of alemtuzumab therapy, no further clinical or 
radiological disease activity was observed.

Forty-two months after the last alemtuzumab infusion, the 
patient presented to our neuroimmunology clinic with 
complaints of widespread body pain and swelling of the hand 
and foot that had gradually worsened over the past 4 weeks. 
Although the patient’s neurological condition appeared 
both clinically and radiologically stable, she was diagnosed 
with pancytopenia (white blood cell count, 2.92x103/uL; 
hemoglobin level, 7.4 g/dL; and platelet count, 50×103/uL) 
and proteinuria (1.025 g/24h). The nutritional parameters were 
within the normal range, and the peripheral blood smear did 
not reveal any abnormality. Further tests yielded the following 
results: positive anti-nuclear antibody titer of +3, anti-double 
stranded DNA antibodies level of 718.23 IU/mL (reference value 
<100 IU/mL), anti-Sjögren’s syndrome type A positivity, low 
complement levels (C3: 0.32 g/L, reference value 0.9-1.80; C4: 
0.03 g/L, reference value 0.1-0.4), and direct and indirect Coombs 
positivity without overt hemolysis. Creatinine values ranged 
from 0.9 to 1.23 mg/dL (reference value:  0.5-0.9) during follow-
up, and no casts or dysmorphic erythrocytes were observed 
in the urinary sediment. The Schirmer test yielded a positive 
result, with 2 mm of wetting in each eye. Furthermore, imaging 
revealed the presence of pericardial and pleural effusion.

Based on the available data, the patient was diagnosed 
with SLE with sSS. The patient was promptly treated with 
intravenous methylprednisolone (250 mg for three consecutive 
days), followed by oral corticosteroids, hydroxychloroquine 
(5 mg/kg), and mycophenolate mofetil (2*500 mg/daily) for 
remission induction. Because the patient was underweight, 
lower doses of the drugs were preferred. Due to the presence 
of thrombocytopenia, a renal biopsy was not feasible. In the 
first month of the treatment, the proteinuria level reached the 
nephrotic range while the corticosteroid doses were tapered. 
As a result of the insufficient renal response, tacrolimus (1 mg/
daily) was added to the treatment regimen.

Discussion

Alemtuzumab targets CD52, a protein found in abundance on the 
surface of T- and B-lymphocytes and in lower concentration on 
the surface of natural killer cells and other cell. It causes a rapid and 
significant decrease in the number of peripheral lymphocytes via 
antibody-dependent cell-mediated cytotoxicity, complement-
dependent cytolysis, and apoptosis (5). Subsequently, T- and 
B-lymphocytes repopulate in the periphery at distinctive 
speeds across different subsets, significantly rebalancing the 

immune system (6). The cause for the emergence of secondary 
autoimmunity after treatment with alemtuzumab remains unclear. 
However, it has been attributed to unexpected off-target effects 
as a result of imbalances among the different cell subsets during 
immune cell repopulation. In particular, the recovery of B-cells 
in the context of a delayed recovery of regulatory T-cells may 
account for the secondary B-cell autoimmunity (7,8). Furthermore, 
incomplete T-cell repertoire renewal and homeostatic clonal 
T-cell expansion can contribute to an autoimmune state (9,10). 
In this context, both antibody-mediated and T-cell-mediated 
autoimmune diseases have been described in the literature 
following treatment with alemtuzumab (4,11).

Understanding the immune system’s response to treatments 
is crucial. Our patient, who had an 11-year duration of highly 
active RRMS, was sequentially administered GA, fingolimod, 
and alemtuzumab. She developed a rare case of secondary 
autoimmunity (SLE and sSS) 42 months after the last alemtuzumab 
infusion. Because they are closely related to chronic inflammatory 
clinical conditions of autoimmune nature, the incidence of sSS in 
patients with SLE can reach up to 19.5% (12,13). This case report 
not only sheds light on secondary autoimmune disorders caused 
by alemtuzumab but also provides evidence of the strong 
immune connection between SLE and SS, particularly in terms of 
B cell immunity, and an abnormal T cell response even appeared 
as secondary immunity. 

Conclusion

In conclusion, thorough research is crucial to enhance our 
knowledge of B-cell colonization and T-cell repertoire in 
relation to secondary immunity. Furthermore, patients being 
administered alemtuzumab should be closely monitored for 
the development of various autoimmune conditions. This 
responsibility is crucial to minimize the risk of delayed diagnosis 
and treatment.
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Abstract

This report presents the case of a 35-year-old male patient with hemiatrophy, a rare condition accompanying the diagnosis of multiple sclerosis 
(MS), in terms of muscle strength, balance, and quality of life. The patient presented with an Expanded Disability Status Scale level of 4 and left 
hemiatrophy with a diagnosis of MS. According to the muscle strength measurements, the left upper and lower extremity muscles were weaker 
compared to the right extremity. The present report highlights that hemiatrophy, although uncommon in MS, may impact functional outcomes 
such as muscle strength, balance, quality of life, and depression. The evaluation of hemiatrophy may contribute to the existing literature.

Keywords: Balance, hemiathrophy, multiple sclerosis
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Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease 
characterized by axonal loss and demyelination in the central 
nervous system (1). The involvement of diverse components of 
the central nervous system can result in motor, sensory, visual, 
and autonomic symptoms (2). Individuals with MS frequently 
experience motor impairments, including diminished muscle 
strength and balance deficits (3,4). These symptoms contribute 
to a decline in the quality of life (5). 

Hemiatrophy may occur in a variety of conditions, including 
neurodegenerative and autoimmune disorders (6). The common 
neurological symptoms observed in hemiatrophy syndromes 
include epilepsy, headache, facial pain, motor deficits, and 
dizziness (6). Magnetic resonance imaging (MRI) findings under 
such conditions often reveal structural and signal abnormalities 
in various brain regions, including the frontal lobe, parietal lobe, 

subcortical areas, temporal lobe, occipital lobe, and brainstem 
(6). Although there are similarities in the brain regions affected 
by hemiatrophy and MS, hemiatrophy is not typically associated 
with the diagnosis of MS. In this study, we evaluated and shared 
the relevant care experience with a person with hemiatrophy 
associated with MS, with a focus on factors such as muscle 
strength, limb circumference, balance, and quality of life.

Case Report

A 35-year-old right-handed man, diagnosed with secondary 
progressive MS, with an Expanded Disability Status Scale score 
of 4. He had no family history of neurodegenerative disease. As 
a part of the neurological examination, the sensory functions, 
reflexes, balance, and coordination were assessed. Sensory 
testing revealed a sensory loss in the face and distal extremities. 
The assessment of reflexes revealed a reduction in the patellar 
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tendon reflex. Balance was assessed during unipedal standing, 
which indicated a weakened balance on the left foot when 
compared to the right. He was diagnosed with MS in 2015. 
He had no history of any other disease. The patient has had 
hemiatrophy in the left extremity for a prolonged period, 
with significant progression observed in the last 5 years. His 
initial MS problems, which included walking difficulties and 
the loss of balance, began in 2004. He was diagnosed with 
MS in 2015 after experiencing symptoms such as right eye 
blurriness, loss of balance, and abnormal gait. The symptoms 
of disorders related to balance and strength loss increased by 
2020. The patient has had a neurogenic bladder problem since 
2015. The loss of strength and balance increased in 2020 and 
2021 following the coronavirus disease (COVID). Throughout 
the past 2 months, he has also complained of dysphagia. In 
2015, interferon beta-1a (44 mcg subcutaneously, thrice a 
week) was initiated. A change to fingolimod treatment was 
made effective in 2017 for an increase in the disease activity. 
Because of the side effects, the treatment plan was modified 
to include cladribine in 2019. In 2023, he began ocrelizumab 
and continued the treatment to this day. In 2020 and 2021, 
the patient suffered from COVID-19. Since 2015, the patient 
has developed atrophy in the left-lower extremity, left upper 
extremity and left facial muscles, and left-sided respiratory 
muscles relative to the other side (Figures 1A-C). The patient’s 
images are shown in Figure 1.

To assess atrophy, a physiotherapist measured the 
circumferences of the right and left extremities bilaterally using 
a tape measure at the sites on the quadriceps, gastrocnemius, 
arm, and forearm, which have the greatest amount of muscle 
tissues. Muscle strength was assessed by performing a manual 
muscle test and a back-leg dynamometer (TKK 5402 BACK-D). 
The quality of life was assessed by using the MS Quality of 
Life-54 (MSQOL-54) questionnaire, which assessed the effects 
of MS on cognitive function and fatigue. The MSQOL-54 is a 
quality of life survey developed by adding 18 items to the Short 
Form-36, which is specifically aimed at MS (7). The assessment 
includes two subcategories: the composite mental health 
score and the physical health score. Each heaading has a 
number ranging from 0 to 100 (8). Balance was assessed by 
using the Berg Balance Scale (BBS), which is composed of 14 
components, each scored from 0 to 4, with a total possible 
score of 56 (9). MRI was performed to evaluate the spread 
of the pathological process in terms of space and time. This 
imaging technique is essential for ruling out other disorders 
(10). MRI is also crucial for diagnosing MS, determining a 
treatment plan, and monitoring changes over time (11). The 
measurements of muscle atrophy and muscle strength were 
performed in 2015 and 2023.

The measurements of the extremity circumference showed that 
the left upper and lower extremities were more atrophic in the 

Figure 1A. Pictures of patient

Figure 1B. Pictures of patient

Figure 1C. Pictures of patient

Figure 1. Images of the patient showing A) marked weakness 
in the respiratory and back muscles on the left side, B) atrophic 
appearance in the left leg, particularly in the quadriceps and 
gastrocnemius muscles, C) atrophy in the left facial muscles
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year 2015 and 2023 (Table 1). The measurements of muscular 
strength revealed that the muscles of the left upper and lower 
extremities were weaker than those of the right in the years 
2015 and 2023 (Table 2). The mean of the three measurements 
with the back-leg dynamometer was 43 kg. The BBS score was 
33, theMSQOL-54 composite physical health score was 30.46, 
and the composite score for mental health was 45.94. MRI 
findings revealed significant brainstem involvement (Figures 
2A, 2B). MRI images are shown in Figures 2A, 2B.

Discussion

Hemiatrophy is characterized by the loss of muscle mass on 
one side of the body. MS is associated with various neurological 
and musculoskeletal diseases (6). It is a demyelinating disease 
of the central nervous system that often leads to asymmetric 
neurological findings (1). Consequently, the co-occurrence of 
both conditions is theoretically possible, although there are 
limited case reports in the literature addressing this specific 
association. 

In the present case, the patient with MS experienced a decline in 
muscle strength, balance, and quality of life due to hemiatrophy, 
a condition that is not typically observed in MS patients. The 
quality of life score indicated a decrease in the patient’s overall 
quality of life. However, as no pre-and post-comparisons were 
made, it remains unclear whether the outcome is directly 
associated with hemiatrophy. 

MRI findings of the individual revealed brainstem involvement. 
In cases of hemiatrophy, ipsilateral facial and extremity 

involvement can occur, which may share similarities with 
other syndromes such as Parry-Romberg syndrome (PRS). It is 
also possible to observe additional signs, including cognitive 
impairment and epilepsy. Although the atrophy of the left side 
of the face and left extremities in this case presented some 
similarities to PRS, it is important to note that these features are 
not exclusive to any one syndrome (6). 

Past studies have highlighted the possibility that severe acute 
respiratory syndrome coronavirus-2 (SARS-CoV-2) infection 
exacerbates spinal and brain demyelination at different illness 
stages (12). The impact of SARS-CoV-2 on the central nervous 
system is believed to trigger a post-infection neuroimmune 
response that initiates the demyelination process (12). In this 
instance, it is believed that the demyelination process may have 
been intensified due to the history of COVID-19. 

The rare form of MS that exhibits characteristics distinct from 
other demyelinating diseases is referred to as tumefactive MS. 
Neurological symptoms may develop in a rapidly progressive 
manner in such cases. One such manifestation is hemiatrophy, 
which is characterized by a weakness that is localized to one side 
of the body (13). However, the ipsilateral limb atrophy recorded 
in the present case was an uncommon occurrence in MS 
patients. Therefore, additional diagnosis and long-term follow-
up are warranted in the case of left hemiparesis with marked 
neurological and physical decline in a patient diagnosed with 
MS in 2015.

Table 1. Results of limb circumference measurement

2015 (years) 2023 (years)

Body circumference Right side Left side Difference Right side Left side Difference

Gastrocnemius (cm) 39 38.5 0.5 38.5 36 2.5

Quadriceps (cm) 48 47.5 0.5 47 42 5

Biceps (cm) 30 29.6 0.4 29.7 28.5 1.2

Forearm (cm) 27.5 27 0.5 27.3 24.9 2.4

Table 2. Upper extremity and lower extremity muscle strength measurement results

Upper extremity muscle 
strength Right side Left side Lower extremity muscle 

strength Right side Left side

Shoulder flexion 5 4 Hip flexion 4+ 3-

Shoulder abduction 5 4 Knee flexion 4 3

Elbow extension 5 4 Knee extension 4 3

Elbow flexion 4+ 4 Foot dorsiflexion 5 3-

Wrist flexion 5 4 Foot plantar flexion 5 4

Wrist extension 5 4

Finger flexors 5 5

Finger extensors 3+ 3+
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Figure 2A. MRI findings of the patient

MRI: Magnetic resonance imaging

Figure 2B. MRI findings of the patient

Figure 2. A) Axial FLAIR sequence MRI of the brain showing 
hyperintense lesions in the periventricular white matter, B) sagittal 
T2-weighted MRI of the cervical spinal cord demonstrating 
hyperintense lesions consistent with multiple sclerosis, the FLAIR 
sequence MRI of the brain in the upper axial plane revealed 
hyperintense lesions in the periventricular and subcortical white 
matter

MRI: Magnetic resonance imaging, FLAIR: Fluid attenuated 
inversion recovery
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Introduction

Neuromyelitis optica (NMO), a rare autoimmune disorder that 
causes inflammation and demyelination of the optic nerves 
and spinal cord, frequently leads to optic neuritis and transverse 
myelitis, which may cause significant neurological disability if 
untreated. The presence of aquaporin-4 (AQP4) immunoglobulin 
G (IgG) antibodies is a key diagnostic marker. Migraine is a 
genetically influenced complex neurological disorder typified 
by episodes of moderate-to-severe headache, usually unilateral 
and accompanied by nausea and light and sound sensitivity. 
Headache and other forms of pain have occasionally been 
identified as NMO symptoms (1,2). Headaches in NMO are 
less frequently recognized, though cervicogenic headaches 
and trigeminal autonomic cephalalgias have been reported 
as atypical manifestations. This case emphasizes the need to 

consider NMO in patients with unusual headache patterns, 
especially when accompanied by neurological symptoms. 
Early diagnosis and investigation are essential for improving 
outcomes and lowering long-term disability.

Case Report

A 46-year-old female presented with blurred vision in the 
right eye for five days and a history of worsening chronic 
headaches. Initially diagnosed with migraine without aura 20 
years ago. However, the patient’s headache pattern changed 
three years prior, characterized by left cervical pain radiating 
to the left side of the head and triggered by forward head 
positioning. A neurological examination revealed horizontal 
nystagmus, left upper extremity weakness, hyperreflexia, 
bilateral Babinski signs, hypoesthesia in left C8-T1 dermatomes, 
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and gait instability. No abnormalities were detected on fundus 
examination. The right eye’s visual acuity was 20/160, whereas 
the left eye’s was 20/32. Laboratory test results, including those 
of autoimmune and infectious panels, were unremarkable 
except for an elevated cerebrospinal fluid IgG index. Visual 
evoked potentials demonstrated bilateral latency prolongation. 
Magnetic resonance imaging (MRI) displayed enhancing lesions 
in the right optic nerve (Figure 1) and nonenhancing lesions 
in the cervical spine (C4-C5, C6) (Figure 2). The diagnosis of 
NMO was verified with a positive AQP4 antibody test result. The 
newly developed headaches were diagnosed as cervicogenic 
headaches based on the International Classification of 
Headache Disorders. The cervical range of motion was found to 
be restricted, and the headache was significantly aggravated on 
provocative maneuvers. Furthermore, the headache developed 
at the same time that the lesion appeared. Imaging data 
confirmed the presence of a lesion within the cervical spine. 
The patient was administered intravenous methylprednisolone 
(IVMP) for 10 days, leading to significant improvement in visual 
acuity and symptoms. Monthly IVMP pulses and azathioprine 

were part of the maintenance therapy. Cervicogenic headache 
pain was managed with weekly greater occipital nerve (GON) 
blocks, which were then tapered off. A new cervical lesion (C1-
C2) (Figure 3) discovered during a routine check-up to evaluate 
disease activity and progression at three months led to the 
initial administration of carbamazepine for pain monthsand 
subsequent rituximab therapy at six months due to the lesion’s 
progression.

Discussion

This case highlights the significance of identifying headache, 
which might occasionally be cervicogenic in origin, as a possible 
atypical manifestation of NMO. Choi et al. (3) demonstrated that 
this atypical and extremely uncomon disease presentation 
can significantly contribute to diagnostic challenges and 
potential misdiagnosis. It underscores the need to assess 
secondary etiologies in patients with new or altered headache 
patterns, particularly in those with a history of migraines. 
Early identification of NMO can facilitate timely intervention, 
improving outcomes and mitigating long-term sequelae. 

The association of cervicogenic headache with NMO, as 
suggested by Masters-Israilov and Robbins (4), may be due to 
spinal cord and optic nerve inflammation and demyelination.  

Figure 3A. At the 3 month check up: A new lesion is identified 
extending to the C1-C2 level, without contrast enhancement. T2-
weighted sagittal cervical spine MRI

MRI: Magnetic resonance imaging

Figure 1. High signal intensity at the right opticnerve. Axial T1-
weighted MRI scans of the orbits

MRI: Magnetic resonance imaging

Figure 2. Non-contrast-enhancing lesions are observed involving 
the C3-C4 and C5 levels. (a) T2-weighted sagittal MRI of the 
cervical spine, (b) T2-weighted sagittal MRI of the cervical spine 

MRI: Magnetic resonance imaging
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In this patient, cervical spinal lesions likely induced cervicogenic 
headache, which is characterized by pain radiating from the 
neck. 

Acute NMO attacks are typically managed with high-dose IVMP, 
as in this case, resulting in considerable improvement in visual 
acuity and symptoms. Disease-modifying therapies, such as 
azathioprine and rituximab, are critical for relapse prevention 
and disease control. 

GON blocks were effectively used to treat cervicogenic 
headache, lowering pain intensity and frequency. This 
demonstrates the utility of focused symptom management in 
addition to standard NMO therapies. 

Clinicians should consider NMO in patients with evolving 
headache patterns and neurological signs. Comprehensive 
diagnostic evaluation, including MRI and AQP4 antibody testing, 
is critical. Timely initiation of immunosuppressive therapy and 

tailored symptom-specific treatments can significantly enhance 
patient outcomes. As revealed in a case published by Hamami 
et al. (5), NMO can present atypically with headache in pediatric 
patients, highlighting the importance of considering this 
diagnosis in patients with unusual headache presentations.

Conclusion

This case demonstrates that headache can be an early symptom 
of NMO, preceding conventional features such as optic neuritis 
or transverse myelitis. Although headaches are often benign, 
new-onset or atypical patterns warrant thorough evaluation. 
Recognizing headache as a potential early symptom of NMO 
allows for timely MRI and AQP4 antibody testing, facilitating 
prompt diagnosis and treatment. This approach is critical for 
enhancing long-term outcomes and mitigating the risk of 
severe neurological impairment.
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