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Abstract 

Background: Myelitis is an inflammatory condition that affects spinal cord (SC) and can be a 

clinical presentation of many diseases affecting the Central Nervous System (CNS). Though 

Multiple Sclerosis (MS) is the most recognized, other clinical entities may also be a cause of 

myelitis, so we aim to characterize each entity and its impact in the future of patients. 

 

Aim: To characterize clinical and paraclinical findings and follow-up data of patients admitted to 

a Portuguese university hospital ward, presenting an acute first inflammatory myelitis episode.  

 

Methods: The study was designed as a retrospective analysis of all adult patients with a first 

episode of myelitis, admitted to the ward of Neurology Department of Centro Hospitalar 

Universitário São João (CHUSJ), EPE, Portugal, from 1st January of 2007 to 31st December of 

2016. Statistical analysis comprised descriptive statistics as well as ANOVA, Mann-Whitney U, 

Kruskal-Wallis, chi-square, Fisher’s exact and Bonferroni correction tests, using SPSS Software 

V.25 and p values <0,05 were considered of statistical significance. Odds Ratio (OR) was the 

measure of association used.  

 

Results: Of 244 acute SC syndromes identified, 71 were included as a first myelitis event. MS, 

including Clinically isolated syndrome (CIS), was the most frequent diagnosis established 

(66,2%) Were found statistically significant differences concerning autonomous walking 

(p<0,001), sphincter dysfunction (p=0,002), pain (p=0,011) among MS/CIS vs other diagnostic 

entities. Related to MSSS results were found statistically significant differences when comparing 

MS/CIS vs Neuromyelitis optica spectrum disorders (NMOSD) patients (p=0.011). In what 

concerns follow-up, 19 (26,8%) patients had a full recovery and 34 (49,3%) had a relapse of its 

pathology, showing statistically significant differences among etiologies (p=0,013). The 

association of having MSSS > 2,5 at last appointment and presence of motor symptoms (OR=5,24 

[1,74-15,87]) and walking impairment (OR=2,88 [1,73-4,80]) at inaugural episode were 

evaluated, as well as MSSS > 2,5 and evidence of myelitis relapses (OR=1,80 [1,01-3,21]).  

 

Conclusion: Traducing different pathological processes, clinical and paraclinical signs evaluated 

have differences between MS/CIS group and other etiologies. Considering the low rate of full 

recovery, these disorders represent an important cause of impairment and, therefore, we should 

recognize and act promptly to reduce their burden. 

 

Keywords: inflammatory myelopathy, myelitis, demyelinating disease, multiple sclerosis, 

neuromyelitis optica spectrum disorders, idiopathic acute transverse myelitis 
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Highlights:  

 

 Myelopathies can be caused by multiple etiologies, including inflammatory. 

 MS is the most prevalent and studied cause of inflammatory myelitis. 

 Not all causes of myelitis have the same course of disease and prognosis. 

 Clinical features at presentation are important predictors for long-term prognosis. 
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Abbreviations 

 

SC – Spinal Cord 

CNS – Central Nervous System 

MS – Multiple Sclerosis 

CIS – Clinically isolated syndrome 

NMOSD – Neuromyelitis optica spectrum disorders 

IATM – Idiopathic acute transverse myelitis 

PI – Post-infectious 

ADEM – Acute disseminated encephalomyelitis 

SLE – Systemic Lupus Erythematosus 

MRI – Magnetic resonance imaging 

LETM – Longitudinal extensive transverse myelitis 

CSF – Cerebrospinal fluid 

IgG – Immunoglobulin G 

OCB – Oligoclonal IgG bands 

AQP4 – Water channel aquaporin-4 

MOG – Myelin oligodendrocyte glycoprotein 

VEP – Visual evoked potentials 

EDSS – Expanded Disability Status Scale 

MSSS – Multiple Sclerosis Severity Score 
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1. Introduction: 

 

Acute transverse myelitis is an inflammatory SC syndrome (TMCWG, 2002), meaning it presents 

with motor, sensory and/or autonomic impairment, reflecting SC dysfunction (Beh et al., 2013).  

Since this clinical presentation is common to all myelopathies, diagnostic workup should be 

supported by a detailed history and a complete physical examination and helped by diagnostic 

imaging and laboratory exams (Beh et al., 2013; Cho and Bhattacharyya, 2018; Greenberg and 

Frohman, 2015).  

According to clinical context, the clinician might perform additional tests, and ruling out treatable 

causes should be a priority (Cho and Bhattacharyya, 2018; Tobin et al., 2014). 

Gathered all information, diagnosis must fit in one of these categories (Zalewski et al., 2018): 

inflammatory (including demyelinating, infectious and systemic inflammatory diseases), 

compressive, neoplastic, vascular, toxic or metabolic cause of myelopathy. 

Non-infectious inflammatory myelopathies are a common but heterogeneous group of disorders 

affecting SC (Greenberg and Frohman, 2015). An immune-mediated process is responsible for 

CNS injuries, which might present with a neurological deficits spectrum, such as myelitis when 

SC is the region involved (Kaplin et al., 2005).  

An accurate diagnose is of great importance, providing to the patient an attempt intervention to 

prevent further CNS injury and recurrence. Furthermore, it may reduce the long-term burden 

associated with this event, as well as prevent side effects because of a more selective therapy 

choice (Greenberg and Frohman, 2015; Yeh and Hintzen, 2018). Therefore, it is important to 

recognize at presentation those predictors of worse prognosis in order to defeat with stronger 

therapeutic tools (Greenberg et al., 2019). 

Conditions vary on their course, including their tendency to relapse or risk of disability 

progression, and have specific disease immunological and imaging biomarkers. Descriptive and 

comparative studies of their characteristics provide to clinicians important clues to their 

management as well as some security to patients (Debette et al., 2009).  

 

2. Aims:  

 

The aim of our study is to characterize clinical and paraclinical findings of patients admitted to a 

Portuguese university hospital ward presenting with an acute first non-infectious myelitis episode, 

and their follow-up. After defining the final diagnosis, we aim to compare characteristics of MS-

related myelitis group, including CIS, to those of myelitis of other etiologies. We also intend to 

recognize features at admission which will allow appropriate distinction and prediction of 

inflammatory myelitis’ neurologic evolution. 
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3. Material and Methods: 

 

We performed a 10-year’s retrospective and descriptive analysis of data gathered prospectively 

from medical records. We selected adult patients (≥18 years old) admitted for study and treatment 

to Neurology department ward at Centro Hospitalar Universitário São João (CHUSJ), Portugal, 

presenting with clinical or imaging SC syndrome compatible findings from 1st January 2007 to 

31st December 2016. From these cases, the ones who presented a first episode of acute 

noninfectious myelitis were included and defined a database. 

 

3.1. Clinical Data:  

 

Clinical and paraclinical data were collected from medical records: gender, age, date of 

admission, time of symptoms’ onset to nadir, neurological exam findings, evidence of previous 

neurological symptom/disease, family history of neurological disease, supplementary diagnosis 

tests’ results, current diagnosis according to the most recent diagnostic criteria and dysfunction 

staged by EDSS (Kurtzke, 1983) at admission, discharge and last appointment. 

 

3.2.  Definition of cases: 

 

3.2.1. Clinical Presentation:  

The patients selected to our database presented sensory (paresthesia, dysesthesia, hypoesthesia, 

sensory level, Lhermitte’s sign), motor (monoparesis, hemiparesis, paraparesis, tetraparesis, 

impaired walking) and/or autonomic (urinary retention, bowel or bladder incontinence, 

incomplete evacuation or constipation) symptoms. From symptoms onset to nadir, the time 

considered compatible with an inflammatory etiology ranged from 4 hours to 21 days, as settled 

by Transverse Myelitis Consortium Working Group (Schmalstieg and Weinshenker, 2010; 

TMCWG, 2002).  

 

3.2.2. Etiologies:  

Eight etiological subgroups were defined: 1) CIS  and 2) MS, defined according to 2017 

McDonald criteria (Thompson et al., 2018); 3) IATM, as an exclusion diagnosis and according to 

Transverse Myelitis Consortium Working Group (TMCWG, 2002) 4) PI myelitis, defined by 

evidence of recent infection responsible for an autoimmune reaction (Cho and Bhattacharyya, 

2018; Kaplin et al., 2005; Schmalstieg and Weinshenker, 2010); 5) NMOSD (Tan et al., 2016); 

6) ADEM (Krupp et al., 2007); and 7) other systemic autoimmune diseases with neurological 

involvement. 
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3.3. Supplementary diagnosis tests: 

 

3.3.1. Neuroimaging:  

Brain and SC MRI were performed in order to identify and measure any inflammatory sign along 

CNS and their results were reviewed by a neurologist. Brain MRI results were analyzed as Normal 

or evidence of brain affection, being that these last cases were summarized according to Barkhof 

criteria (Barkhof et al., 1997): if 3 or more criteria present classified as suggestive of MS. SC 

MRI, including sagittal and axial planes, were performed and analyzed in order to assess 

inflammatory signs, such as signal in T2-weighed scans, enhancement by gadolinium contrast 

and cord swelling. We also registered the number of lesions, their longitudinal extension - 

according to these subgroups: ≤ 2 segments and > 3 segments, this one there forward defined 

LETM - and their sagittal (cervical, thoracic, lumbar, sacral, conus medullaris or hollomedullar) 

and transversal (centromedullary, peripheral, hollocordic and mixed) localization.  

 

3.3.2. CSF and serum analysis:  

CSF analysis is a useful diagnostic aid in clinical neurology traducing CNS inflammation, that 

can be defined by CSF cytology and leucocyte count, considering pleocytosis ≥10 total 

cells/mm3; IgG index in CSF/serum (> 0,5) and presence of OCB. Serum antibodies are useful 

tools in this diagnosis workup: anti-AQP4 antibodies and anti-MOG antibodies were detected in 

serum samples using indirect immunofluorescence techniques, according to a commercial kit 

(NMOSD Screen 1, EUROIMMUN, Lübeck, Germany).  

 

3.3.3. Additional tests:  

VEP is an important tool to assess optic nerve involvement and their results were subdivided into 

Normal and Increased P100 wave Latencies. In some cases, according to clinical context, 

additional tests might be requested to exclude secondary etiologies.   

 

3.4. Follow-up:  

 

To characterize each patient follow-up, we decided to take into account the time from diagnosis 

to last clinical appointment, their most recent EDSS classification and the number of relapses, 

when applied. 

All relapses were identified according to description of new symptoms or signs presented for at 

least 24 hours, not associated with fever or other medical condition that might unmask subclinical 

lesions (Inglese, 2006). 

We also applied MSSS in all patients to compare disease progression (Roxburgh et al., 2005). 
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3.5. Exclusion criteria:  

 

Our intention was to describe acute myelitis in adult population, so patients below 18 years were 

excluded. Findings compatible with compressive, vascular, neoplastic/paraneoplastic, metabolic, 

infectious and irradiation etiologies were also excluded from the final database (Cho and 

Bhattacharyya, 2018; Jacob and Weinshenker, 2008; Schmalstieg and Weinshenker, 2010; 

TMCWG, 2002). 

 

3.6. Statistical analysis:  

 

Data was saved and analyzed using IBM SPSS Statistics V.25. Categorical variables were 

expressed as percentages. Continuous variables were presented as means with standard deviation, 

considering their normal distribution by assessing kurtosis values between -1 and 1 and 

Kolmogorov-Smirnov values > 0,05; or as median and minimum-maximum range, when the 

permission above described not applied. The different diagnostic groups were compared using 

ANOVA, Mann-Whitney U, Kruskal-Wallis, chi-square, Fisher’s exact test, Bonferroni 

correction test and p values <0,05 were considered of statistical significance. Odds Ratio (OR) 

was calculated and used as a measure of association. 

 

3.7. Ethical aspects:  

 

The study was approved by Ethics Committee for Health of Centro Hospitalar Universitário São 

João (CHUSJ), E.P.E, Porto, Portugal. 

 

4. Results 

 

4.1. Population findings and diagnostic etiologies:  

 

A retrospective analysis of inpatient database identified 1327 patients manifesting myelopathy 

compatible symptoms. Among these, 244 had an acute onset and we selected 71 (29,1%) for 

presenting a first acute noninfectious inflammatory event (Figure A.1 - appendices).  

In this myelitis selected group, all individuals were caucasian, 45 (63.4%) were female and 26 

(36,6%) were male and were diagnosed with different clinical entities: 7 (9,9%) were diagnosed 

with CIS, 40 (56,3%) were diagnosed with MS, 9 (12,7%) were diagnosed with NMOSD (4 were 

NMO seronegative and 4 were NMO seropositive, of 8 patients tested), 8 (11,3%) were diagnosed 

with IATM, 3 (4,2%) were diagnosed with PI, 2 (2,8%) were diagnosed with ADEM, 2 were 
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diagnosed with a systemic autoimmune disease with neurological involvement - 1 of them (1,4%) 

was diagnosed with SLE and the other (1,4%) was diagnosed with Behçet.  

Their age at admission ranged from 18 to 80, with a median age of 32 years old. We found 

statistically significant differences among groups concerning age at presentation (p=0,006). 

The onset of symptoms occurred with a median of 7 days, ranging from 2 to 21 days, and there 

were no statistically significant differences among all etiologies (p=0,440).  

 

4.2. Diagnosis comparisons: 

 

Information concerning clinical presentation, follow-up and demographic data of each diagnostic 

entity are summarized in Table B.1 - appendices. 

All symptoms and neurological signs were compared, and a statistically significant difference 

was assessed to autonomous walking in MS/CIS patients versus other groups of diagnosis 

(p<0,001), as well as for sphincter’s related symptoms (p=0,002) and pain (p=0,011) – other 

comparisons showed no statistically significant differences. 

MS/CIS patients showed some specificities, absented on other etiologies, such as positive medical 

family history in 7 (14,9%) of these patients and 5 (10,6%) MS/CIS patients presented Lhermitte’s 

sign. 

When it comes to complementary diagnostic tests, for cranial MRI results there is a statistically 

significant difference for imaging findings compatible with Barkhof criteria when MS/CIS 

patients were compared with other diagnosis categories (p<0,001). SC MRI results were also 

compared: when it comes to longitudinal extension of lesions’ subclasses there is also a 

statistically significant difference between MS/CIS versus others (p<0,001); however, there is a 

trend nearly significant difference between NMOSD versus IATM (p=0,05); transversal 

localization was subcategorized in peripheral lesions and other localizations and no statistically 

significant difference was observed when comparing MS/CIS versus other diagnostics (p=0,374).  

Immunological test results were also compared: there is a significant statistic difference 

concerning OCB positivity when compared all diagnosis (p=0,006); AQP4-antibody positivity 

showed also statistically significant differences between NMOSD and other diagnoses (p=0,007). 

We evaluated EDSS at admission and a statistically significant difference was found between 

MS/CIS versus NMOSD (p=0,001).  

Considering follow-up and prognosis variables was found a statically significant difference 

between MS/CIS versus other diagnoses (p=0,004) concerning evidence of relapse, but it did not 

apply to myelitis relapses. Finally, all MSSS results were also compared and a statistically 

significant difference was found between MS/CIS versus NMOSD (p=0,011).  

MS/CIS, IATM, NMOSD were the bigger groups of our cohort of diagnosis, with 47, 8 and 9 

patients, respectively. Considering only these 64 patients, the median age at admission was 31 
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[18-80] years old and there was a statistically significant difference between MS/CIS and 

NMOSD patients (p=0,001). Overall, a female predominance of 42 (65,6%) women versus 22 

(34,4%) men cases in all groups persists. 

 

Table 1 – Comparison of MS/CIS, IATM and NMOSD patients.  

 

Characteristics MS/CIS 

n=47 

IATM 

n=8 

NMOSD 

n=9 
p value 

Pain 5 (10,6%) 2 (25,0%) 5 (55,6%) 
0,008 

Autonomous gait 44 (93,6%) 4 (50,0%) 3 (33,3%) 
<0,001 

Sphincter dysfunction 6 (12,8%) 4 (50,0%) 5 (55,6%) 
0,003 

Spinal Cord MRI    
 

        Longitudinal extension     

               ≤ 2 cord segments 45 (97,8%)* 5 (62,5%)* 1 (11,1%) 
<0,001                ≥ 3 cord segments 1 (2,2%)* 3 (37,5%)* 8 (88,9%) 

        Sagittal localization     

               Cervical  36 (53,7%) 1 (11,1%) 5 (33,3%) 

- 
               Thoracic  30 (44,8%) 7 (77,8%) 9 (60,0%) 

               Conus medullaris 1 (1,5%) 1 (11,1%) 1 (6,7%) 

        Transversal localization     

               Centromedullary 6 (13,1%) 1 (12,5%) 2 (25,0%) 

- 
               Peripheral 30 (65,2%) 6 (75,0%) 2 (25,0%) 

               Hollocordic 2 (4,4%) 1 (12,5%) 4 (50,0%) 

               Mixed 8 (17,4%) 0 (0,0%) 0 (0,0%) 

OCB + 35 (74,5%) 2 (25,0%) 3 (33,3%) 
0,004 

Anti-AQP4 + 0 (0,0%) 0 (0,0%) 4 (50,0%)** 
0.024 

Relapses 29 (61,7%) 1 (12.5%) 4 (57,1%)*** 
0.039 

        Myelitis relapses 17 (58,6%) 1 (100%) 2 (50,0%) 
0,478 

MSSS >2,5 14 (29,8%) 4 (50,0%) 6 (85,7%)*** 0,015 

Description: The three biggest diagnostic groups were selected and compared. Categorical variables were analyzed using chi-square or Fisher’s 

exact test. Sagittal and transversal localization were defined considering anatomic references and, if present in more than one anatomic segment 
scored in more than one category. For sagittal and transversal localizations no comparison tests were performed, only descriptive statistics. 

Abbreviations: MS: Multiple Sclerosis; CIS: Clinically Isolated Syndrome; IATM: Idiopathic acute transverse myelitis; NMOSD: 

Neuromyelitis optica spectrum disorders; MRI – Magnetic Resonance Imaging; OCB + : positive oligoclonal bands in cerebrospinal fluid; 
Anti-AQP4 +: NMO – antibody positivity; MSSS – Multiple Sclerosis Severity Score. 

*: one patient from MS/CIS group and IATM group did not show any lesion on spinal cord MRI; **: one patient missed this test; ***: 

two patients were lost (one died during ward admission and the other was a foreign patient); - : not possible to infer any differences 
statistically significant considering not all categories have the same representativity. 

 

Table 1 refers to these three groups comparison, concerning clinical presentation, supplementary 

tests’ results and follow-up data. 
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4.3. Supplementary tests 

 

Table 2 – Comparison among longitudinal extension of cord lesions’ categories. 

 

Characteristics 
≤ 2 cord segments 

n=52 

≥ 3 cord segments 

n=16 
p value 

Brain MRI    

        Normal 6 (11,5%) 2 (12,5%) 

<0,001         Non suggestive of MS 9 (17,3%) 12 (75,0%) 

        Suggestive of MS 37 (71,2%) 2 (12,5%) 

Spinal cord MRI    

        Single lesion 24 (46,2%) 9 (56,3%) 
0,572         Multiples lesions 28 (53,8%) 7 (43,7%) 

        Sagittal localization    

              Cervical 36 (69,2%) 8 (50,0%) 

- 

              Thoracic  34 (65,4%) 12 (75,0%) 

              Sacral 1 (1,92%) 1 (6,25%) 

              Conus medullaris 2 (3,85%) 1 (6,25%) 

              Hollomedullar 0 (0,0%) 2 (12,5%) 

        Transversal localization    

              Centromedullary 6 (11,5%) 6 (37,5%) 

- 
              Mixed 8 (15,4%) 0 (0,0%) 

              Peripheral 34 (65,4%) 4 (25,0%) 

              Hollocordic 4 (7,69%) 5 (31,3%) 

EDSS at discharge    

        ≤2.5 44 (84,6%) 6 (37,5%) 
0,001         >2.5 8 (15,4%) 10 (72,5%) 

Relapses 30 (57,7%) 4 (28,6%)* 0,073 

MSSS >2.5 17 (32,7%) 9 (64,3%)* 0,062 

Description: Patients were gathered considering the longitudinal extension of their lesions. Sagittal and transversal localization were defined 

considering anatomic references and, if present in more than one anatomic segment scored in more than one category. 
Categorical variables were compared using chi-square and Fisher’s exact test. 

Abbreviations: MRI: Magnetic Resonance Imaging; EDSS – Expanded Disability Status Scale; MSSS: Multiple Sclerosis Severity Score; *: 

two patients were lost follow-up; -: not possible to infer any differences statistically significant considering not all categories have the same 
representativity. 

 

Table 2 summarizes some clinical and follow-up findings when compared longitudinal extension 

categories of lesions detected on SC MRI. We observed LETM was associated with higher EDSS 

at discharge (p=0,001), higher MSSS but lower relapsing rates, even though these two last 

observations did not show statistically significant differences.  
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In what concerns immunological tests, anti-AQP4 were positive in 4 of 24 (16,7%) tests 

requested.  Anti-MOG were requested only two times and were both negative – one of the patients 

was diagnosed with ADEM and the other with NMOSD. 

35 patients presented multiple lesions on SC MRI, with a median of 1 lesion detected and a 

maximum of 9 lesions, and were found statistically significant differences among etiologies 

(p=0,047). SC MRI did not reveal any lesion in 3 patients, which were diagnosed with different 

diseases: ADEM, Behçet and MS. Brain MRI was not performed on Behçet’s patient. 

 

4.4. Prognosis 

 

69 patients completed follow-up and their follow-up mean time was 52,13 ± 34,87 months. 

However, 2 out of 71 patients were lost follow-up: one of them died during myelitis event and the 

second was a foreigner, whose process was transferred to his home country. 

34 patients (49,3%) had a relapse of its inflammatory myelopathy etiology and 20 (58,8%) of 

them had myelitis recurrence. Were found differences statistically significant concerning 

relapses’ number among different etiologies (p=0,013) but it did not apply when compared the 

number of myelitis relapses (p=0,621). Were found differences statistically significant concerning 

EDSS at ward’s discharge (p<0,001), with highest results attributable to NMOSD and IATM. 

MSSS results showed, also, highest scores for NMOSD and lowest for SLE and Behçet patients. 

19 patients (26,8%) had a full recovery and was found a statistically significant difference when 

compared the presence of motor symptoms in those who had achieved full recovery and those 

who had not (p=0,028). Furthermore, we assessed the presence of motor symptoms was associated 

with a lower rate of full recovery (OR = 0,398 [0,18 – 0,89]).  

 

Table 3 – Clinical and follow-up variables associated with long-term outcome. 

 

Characteristics 
MSSS ≤ 2,5 

n= 43 

MSSS > 2,5 

n= 26 
p value OR [95% CI] 

Age at presentation 

(years) 
27 [18-53] 42,50 [21-68] 0,005  

Neurological 

Previous Symptoms 
19 (44,2%) 13 (50,0%) 0,804  

Motor symptoms 18 (41,9%) 23 (88,5%) < 0,001 5,24 [1,74 -15,87] 

Sensory symptoms 39 (90,7%) 24 (92,3%) 1,000  

Paresthesias 21 (48,8%) 11 (42,3%) 0,627  

Dysesthesias 18 (41,9%) 5 (19,2%) 0,068  

Hyposthesias 28 (65,1%) 23 (88,5%) 0,047  

Sensory level 23 (53,5%) 18 (69,2%) 0,218  
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Deep sensory 

symptoms 
14 (32,6%) 12 (46,2%) 0,31  

Bilateral symptoms 23 (53,5%) 17 (65,4%) 0,451  

Pyramidal tract 

symptoms 
15 (65,4%) 15 (25,0%) 0,082  

Walking 

impairment 

3 (7,0 %) 11 (42,3%) 0,001 2,88 [1,73 – 4,80] 

Autonomic 

symptoms 
10 (23,3%) 10 (38,5%) 0,273  

Pain 6 (14,0%) 8 (30,8%) 0,125  

EDSS at onset 2,50 [0-7] 4,00 [2-8,5] 0,009  

EDSS at discharge 1,50 ±1,31 3,19±1,71 <0,001  

Relapses 18 (41,9%) 16 (61,5%) 0,140  

Myelitis relapses 9 (20,9%) 11 (42,3%) 0,099 1,80 [1,01 – 3,21] 

Description: Patients were gathered considering their MSSS category: MSSS ≤ 2,5 or MSSS > 2,5. We evaluated all continuous variables in 
order to assess their normal distribution or not, and EDSS at discharge was the one who showed a normal distribution considering both criteria. 

Meanwhile, age at admission only obeyed to kurtosis assumption. All continuous variables that did not show a normal distribution were 

described using median and minimum-maximum range and were analyzed using non-parametric tests to compare median results. All 
continuous variables that did show a normal distribution were described using mean and standard deviation and were compared using ANOVA 

tests and Levene’s test to assure equal variances. Categorical variables were compared using chi-square or Fisher’s exact test. 

Risk of having MSSS > 2,5 when certain finding at admission/registered in follow-up data was presented was calculated using Odds Ratio 
(OR) and respective 95% confidence interval (95% CI) when proved association. 

Abbreviations: EDSS – Expanded Disability Status Scale; MSSS: Multiple Sclerosis Severity Score; *: two patients were lost follow-up. 

 

26 (37,7%) presented MSSS above 2,5 at the last medical appointment recorded and Table 3 

summarizes symptoms presented at admission, follow-up data and their prognosis on long-term, 

represented by MSSS classes.  

 

5. Discussion 

 

Diagnosis categories were established according to most recent criteria and, when appropriated, 

reconsidered according to most updated data at the time. 

MS is the most well recognized demyelinating disease and, therefore, the most studied and in 

2017 new McDonald MS diagnostic criteria were published (Carroll, 2018). 

Our MS/CIS patients presented a female predominance and median age lower than other 

etiologies, reflecting a predominant affection of adults in their 3rd – 4th decade of life. These 

findings are compatible with demographic characterization in the literature (Raffel et al., 2016).  

Sensory symptoms were more prevalent than motor ones, with a high prevalence of cases with 

autonomous gait preserved. Pain is relatively uncommon in these patients as well as autonomic 

impairment, as observed. Lhermitte’s sign reflects a demyelinating lesion of SC posterior columns 

and is frequently associated with MS, which is consistent with our study - only MS/CIS patients 

presented Lhermitte’s sign.  
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As expectable, brain MRI had typical findings considered in Barhkof criteria and 26.3% presented 

increased latencies, reflecting optical nerve involvement as a possible lesion in MS. 

OCB positivity is also an important marker, contemplated in new McDonald MS diagnostic 

criteria, and the majority of patients presented it in CSF tests, as well as an increased IgG index 

(McNicholas et al., 2018). Pleocytosis, another marker of CNS inflammation, was not present in 

the majority of MS/CIS, which is consistent with the literature (Gastaldi et al., 2017; Wingerchuk, 

2018).  

As observed in our study, lesions are usually small in extension (less than 3 vertebral segments) 

and have a peripheral transversal localization (Jacob and Weinshenker, 2008).  

Even though only 17,5% reached complete recovery, MS presented lower EDSS and MSSS than 

other relapsing etiologies.  

NMOSD, out of all etiologies studied, it was the one with a higher median age at presentation and 

MSSS, as well as a lower recovery rate.  

The increased latencies on VEP are compatible with well recognized optic neuritis that names 

this disorders group. 

On MRI, as expected, majority presented LETM and even though none had a normal cranial MRI, 

vast majority did not obey Barkhof criteria, reflecting a different affection of CNS than MS/CIS 

(Jurynczyk et al., 2015). Anti-AQP4 is a classic immunologic marker of NMOSD and was only 

positive in 4 of 8 patients tested. However, it is known some patients presenting typical phenotype 

of NMOSD are anti-AQP4 seronegative, and it has been suggested that these patients should be 

tested for anti-MOG (de Seze, 2017; Jurynczyk et al., 2017; Zamvil and Slavin, 2015). Anti-MOG 

is neither a stable nor a specific immunological marker for NMOSD and is described in many 

other neurologic disorders, such as ADEM (de Seze, 2017). It has also been described anti-MOG 

NMOSD phenotype differs from anti-AQP4 NMOSD, concerning clinical and prognostic features 

(Kitley et al., 2014), and double positivity is not usually seen, suggesting distinct pathological 

mechanisms (Dos Passos et al., 2018). In our study, only two patients were tested for anti-MOG 

antibody, none of them were positive and only one was diagnosed with anti-AQP4 seronegative 

NMOSD. We believe this low rate of anti-MOG assessment happened because of the 

retrospective design and timeline of our study since anti-MOG seropositive NMOSD is a recent 

and emergent entity (Mader et al., 2011). 

ADEM is also a well-known inflammatory demyelinating disorder of CNS in pediatric age rather 

rarer in adult population. It traditionally presents as a monophasic condition, compatible with our 

no-relapses findings, and brain MRI usually shows multiple white matter lesions that do not obey 

Barkhof criteria, also compatible with our results (Wingerchuk and Weinshenker, 2013). It is a 

differential diagnosis for LETM and typically presents with bilateral symptoms, all these 

characteristics described in the literature are also consistent with our findings. Immunology tests, 
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such as OCB and anti-AQP4, were all negative as expected (Wingerchuk and Weinshenker, 

2013), as well as anti-MOG in the patient tested.  

Recent developments in neuroimaging, as well as the discovery of specific neuroinflammatory 

biomarkers, have been responsible to identify and come to a diagnostic conclusion about patients 

who, otherwise, would have an idiopathic condition diagnosed (Yeh and Hintzen, 2018). IATM 

criteria were published before the last years’ advances in diagnostic tools and not reviewed after 

that (Yeh and Hintzen, 2018; Zalewski et al., 2018). Besides that, IATM was one of the three 

bigger diagnostic groups. 

SLE and Behçet’s Disease (Lukjanowicz and Brzosko, 2009; Piquet and Clardy, 2018; Yu et al., 

2014) are both systemic diseases with neurological affection but not two classic diagnoses for 

myelitis. In our study, we had a very small sample of systemic diseases as a cause of myelitis, 

which makes it harder to come up with some conclusions. Furthermore, these two patients did not 

complete all diagnosis workup: they were not tested for anti-AQP4, which might be important 

since some SLE patients have coexisting NMOSD (Kim et al., 2017), OCB status was not 

assessed and did not complete MRI study. 

ADEM, NMOSD, PI and SLE were the etiologies with higher rates of LETM, an imaging entity 

typically associated with higher disability grades (Wingerchuk and Weinshenker, 2013), as 

observed in our study. In 3 cases, no lesion was identified on SC MRI, which was presumed to 

be a consequence of MRI image obtained in a too short period of time. 

Long-term prognosis was analyzed in order to come up with some conclusions about prognostic 

predictors at admission that might guide clinicians to prevent further impairment. As observed, 

the presence of motor symptoms predicts a worse prognosis (OR = 5,24 [1,74 – 15,87]), as well 

as the absence of autonomous walking (OR=2,88 [1,73 – 4,80]), but no association was found in 

what concerns autonomic dysfunction. We found statistically significant differences concerning 

EDSS at admission and at discharge when comparing MSSS above vs equal or below 2,5, but it 

did not apply to relapses. Therefore, we may conclude that impairment at admission and at 

discharge are truly important long-term conditioners to functional capacity, so an effective 

approach is of essential importance to reduce this burden (Greenberg et al., 2019). Time delay to 

get a diagnosis or number of wrong diagnosis were not assessed but it is intuitive that this might 

contribute to a worse outcome for these patients, especially those with a relapsing course of 

disease. 

We believe not considering therapeutic approach is an important limitation of our study because 

many of these demyelinating diseases already have modifying prognosis therapy, which might 

have an impact in prognosis outcomes, as evaluated through relapses and MSSS variables.  

Also, the retrospective design of this study made it impossible to assure a uniform approach, in 

what concerns all diagnostic workup and data collected from medical records. Another limitation 

that impaired our ability to achieve some conclusions was the small group representation of non-
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MS/CIS diagnosis, which might be overcome if performed a prospective national database study 

so that we can have a greater representation of non-MS/CIS cases. 

We used MSSS in order to obtain information about disability progression over time, avoiding 

time as a confounder, in all these patients. However, we are aware of this scale was not validated 

for other diseases besides MS, which have different disease mechanisms as well as a different 

course. 

Despite that, we believe our study has accomplished its main aims and even though this is a small 

sample, it resembles findings validated in the most recent literature.  

 

6. Conclusion 

 

Noninfectious inflammatory myelopathies have heterogeneous courses but present overlapping 

features (Wingerchuk, 2018).  

No single feature is enough to define a disorder with absolute certainty and diagnostic workup of 

SC inflammatory processes should be no strict but rather broaden, reflecting clinical context to 

look after a proper diagnosis, and time saver to exclude other reversible differential diagnoses 

(Greenberg and Frohman, 2015; Stangel et al., 2013). While SC MRI is the gold standard imaging 

technique (Greenberg and Frohman, 2015), brain MRI and CSF analysis are essential tools that 

complement all information about CNS affection (Cho and Bhattacharyya, 2018). As in 

everything in medicine, diagnosis is a probabilistic game where all information gathered help us 

go through clinical thinking. 

A proper diagnosis is critical to assess effective and targeted therapy, so we can reduce the burden 

of adverse effects and estimate patients’ prognosis, considering relapsing and impairment features 

(Greenberg and Frohman, 2015; Wingerchuk, 2018).  
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methodology should account for all screened participants, and analyses should observe an intention-
to-treat model where appropriate. All sources of funding for the study must be disclosed, and the
involvement of the study sponsor must be detailed. Clinical trial manuscripts should be a maximum
of 3500 words.

Editorials
The Editors welcome suggestions for editorials which give personal and topical views on subjects
within the Journal's area of interest. They should not normally exceed 1500 words in total, including
references.

Letters to the Editors
These normally refer to articles previously published in the Journal. The Editors are also willing to
consider letters on subjects of direct relevance to the Journal's interest. Letters should not exceed
1000 words in total and, where appropriate, must begin with the reference to the published article
about which the author is commenting. Research letters should be submitted as 'letter to the Editors'

Review Articles
Review papers are normally 4000-5000 words in total. Authors are advised to consult one of the
Editors with an outline before submitting a review.

Contact details for submission
Authors may send queries concerning the submission process, manuscript status, or journal
procedures to the Editorial Office at:
MSARD, Editorial Office, ELSEVIER.
E-mail: msard@elsevier.com



AUTHOR INFORMATION PACK 8 Mar 2019 www.elsevier.com/locate/msard 5

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
• E-mail address
• Full postal address

All necessary files have been uploaded:
Manuscript:
• Include keywords
• All figures (include relevant captions)
• All tables (including titles, description, footnotes)
• Ensure all figure and table citations in the text match the files provided
• Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations
• Manuscript has been 'spell checked' and 'grammar checked'
• All references mentioned in the Reference List are cited in the text, and vice versa
• Permission has been obtained for use of copyrighted material from other sources (including the
Internet)
• A competing interests statement is provided, even if the authors have no competing interests to
declare
• Journal policies detailed in this guide have been reviewed
• Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN
Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Studies in humans and animals
If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

Checklist for reporting and reviewing studies of experimental animal models of multiple sclerosis and
related disorders
The guide, reported here, is intended to act as a checklist to aid both authors and referees of
manuscripts, just as the Consolidated Standards of Reporting Trials (CONSORT) guidelines are a
compulsory part of reporting clinical trials.

Please click here for the checklist and the complete article by Sandra Amor and David Baker.

http://service.elsevier.com/app/home/supporthub/publishing/
https://www.elsevier.com/about/policies/publishing-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/recommendations/
http://www.icmje.org/recommendations/
http://www.who.int/gender-equity-rights/understanding/gender-definition/en/
https://www.nc3rs.org.uk/arrive-guidelines
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
https://www.elsevier.com/__data/promis_misc/checklist.pdf
https://www.elsevier.com/__data/promis_misc/checklist for reporting.pdf
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Declaration of interest
All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission declaration and verification
Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Use of inclusive language
Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of 'stewardess').

Changes to authorship
Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.
Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Clinical trial results
In line with the position of the International Committee of Medical Journal Editors, the journal will not
consider results posted in the same clinical trials registry in which primary registration resides to be
prior publication if the results posted are presented in the form of a brief structured (less than 500
words) abstract or table. However, divulging results in other circumstances (e.g., investors' meetings)
is discouraged and may jeopardise consideration of the manuscript. Authors should fully disclose all
posting in registries of results of the same or closely related work.

http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/about/policies/sharing/preprint
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
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Reporting clinical trials
Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.

Registration of clinical trials
Registration in a public trials registry is a condition for publication of clinical trials in this journal
in accordance with International Committee of Medical Journal Editors recommendations. Trials
must register at or before the onset of patient enrolment. The clinical trial registration number
should be included at the end of the abstract of the article. A clinical trial is defined as any
research study that prospectively assigns human participants or groups of humans to one or more
health-related interventions to evaluate the effects of health outcomes. Health-related interventions
include any intervention used to modify a biomedical or health-related outcome (for example drugs,
surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care
changes). Health outcomes include any biomedical or health-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Purely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the investigator)
will not require registration.

Article transfer service
This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies
Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

http://www.consort-statement.org
http://www.consort-statement.org
http://www.icmje.org
https://www.elsevier.com/authors/article-transfer-service
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article
https://www.elsevier.com/about/open-science/open-access/agreements
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After acceptance, open access papers will be published under a noncommercial license. For authors
requiring a commercial CC BY license, you can apply after your manuscript is accepted for publication.

Open access
This journal offers authors a choice in publishing their research:

Subscription
• Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.
• No open access publication fee payable by authors.
• The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access
• Articles are freely available to both subscribers and the wider public with permitted reuse.
• A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)
For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access
Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Informed consent and patient details
Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author

https://www.elsevier.com/about/open-science/science-and-society
https://www.elsevier.com/about/policies/sharing/accepted-manuscript
https://www.elsevier.com/about/policies/sharing/published-journal-article
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/open-science/open-access
https://www.elsevier.com/about/open-science/open-access/journal-embargo-finder
https://researcheracademy.elsevier.com/
http://webshop.elsevier.com/languageediting/
http://webshop.elsevier.com/languageediting/
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but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/msard/

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION
NEW SUBMISSIONS
Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.
As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References
There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements
There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.
If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.
Divide the article into clearly defined sections.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

Peer review
This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

REVISED SUBMISSIONS

https://www.elsevier.com/about/policies/patient-consent
http://service.elsevier.com/app/answers/detail/a_id/8238/kw/8238/p/10523/supporthub/publishing
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review
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Use of word processing software
Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Article structure
Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices
If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

https://www.elsevier.com/authors/journal-authors/submit-your-paper
https://www.elsevier.com/authors/journal-authors/submit-your-paper
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Abstract
A structured abstract that includes the headings: Background, Methods, Results, and Conclusion is
required. The abstract must not exceed 500 words. Background. The background should provide
a brief and concise description of the background and reason for the study citing relevant literature
overview, and a clear statement of hypothesis, and study objectives. The introduction should not be
an exhaustive review of the literature. Methods. This section provides a concise description of the
procedural, experimental, and statistical methods in sufficient detail to allow other investigators to
reproduce the study. Results. State concisely the results of the study. Conclusion. Briefly summarize
the major conclusions of the investigation.

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 × 1328 pixels (h × w) or proportionally more. The image should be readable at a size of 5 ×
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.
Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

Highlights
Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

https://www.elsevier.com/authors/journal-authors/graphical-abstract
https://webshop.elsevier.com/illustration-services/
https://www.elsevier.com/authors/journal-authors/highlights
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Math formulae
Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Indicate per figure if it is a single, 1.5 or 2-column fitting image.
• For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.
• Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
• Supply files that are too low in resolution.
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services
Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
http://webshop.elsevier.com/illustrationservices
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Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference management software
This journal has standard templates available in key reference management
packages EndNote http://www.endnote.com/support/enstyles.asp and Reference Manager
http://refman.com/support/rmstyles.asp. Using plug-ins to wordprocessing packages, authors only
need to select the appropriate journal template when preparing their article and the list of references
and citations to these will be formatted according to the journal style which is described below.

Reference links
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use

http://citationstyles.org
http://citationstyles.org
http://www.mendeley.com/features/reference-manager
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reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/multiple-sclerosis-and-related-disorders
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting
There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style
Text: All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;
2. Two authors: both authors' names and the year of publication;
3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)…. Or, as
demonstrated (Jones, 1999; Allan, 2000)… Kramer et al. (2010) have recently shown …'
List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication.
Examples:
Reference to a journal publication:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51–59. https://doi.org/10.1016/j.Sc.2010.00372.
Reference to a journal publication with an article number:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.
Reference to a book:
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:
Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281–304.
Reference to a website:
Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).
Reference to a dataset:
[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
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size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Patient Details

Every video submission must consist of high-resolution images and a consent form for publication for
educational purposes signed by the patient see form, please see the Patient Details section below.
The Editors reserve the right to ask for additional video/s or video modifications.

Patient Details Studies on patients or volunteers require ethics committee approval and informed
consent, which should be documented in your paper.
If you wish to include images of patients or case details in an Elsevier publication, you will need to
adhere to the following requirements:
In order to comply with data protection and privacy rules, each individual who appears in any
video, recording, photograph or case report must be made aware in advance of the fact that such
photographs are being taken or such video, recording or report is being made and of all of the purposes
for which you wish to use them and that individual (or next of kin in the case of children) must give his/
her explicit written consent. If such consent is made subject to any conditions (for example, adopting
measures to prevent personal identification of the person concerned), Elsevier must be made aware
of all such conditions. Written consents must be provided to Elsevier on request.

The author is responsible for obtaining all necessary consents from patients for (i) the performance of
any medical procedure involved, as well as (ii) a release permitting our use of the relevant material.
It is our insurers' preference that we do not have any direct contractual relationship with the patients
themselves. Please download the Patient consent form here

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

https://www.sciencedirect.com
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/__data/promis_misc/PatientConsent.doc
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There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. Before submitting your article, you can deposit
the relevant datasets to Mendeley Data. Please include the DOI of the deposited dataset(s) in your
main manuscript file. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley Data for journals page.

Data statement
To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE
Availability of accepted article
This journal makes articles available online as soon as possible after acceptance. This concerns the
accepted article (both in HTML and PDF format), which has not yet been copyedited, typeset or
proofread. A Digital Object Identifier (DOI) is allocated, thereby making it fully citable and searchable
by title, author name(s) and the full text. The article's PDF also carries a disclaimer stating that it is
an unedited article. Subsequent production stages will simply replace this version.

Online proof correction
Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints
The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.
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Appendices 

 

A. Figures 

 

Figure A.1- Diagram showing SC syndromes identified and those included and excluded 

from the study, considering their onset and etiology. 

Description: Considering all admissions to the Department of Neurology of CHUSJ from 1st January of 2007 to 31st December of 

2016, 1327 patients presented a SC Syndrome. 244 patients were selected for having an acute manifestation, 147 of these were 

diagnosed with a secondary cause of their myelopathy. From the others, 71 patients were carefully chosen and constituted our final 
database considering only first acute noninfectious inflammatory myelitis.  

Abbreviations: SC: Spinal Cord 

 

 



 

B. Tables 

Table B.1 – Clinical, paraclinical and follow-up characteristics of the study subjects according to etiologic diagnosis. 

 

Characteristics 
MS 

n=40 

CIS 

n=7 

ADEM 

n=2 

NMOSD 

n=9 

IATM 

n=8 

PI 

n=3 

SLE 

n=1 

BEHÇET 

n=1 

Total 

n=71 

p 

value 

Gender (F:M) 29:11 4:3 1:1 5:4 4:4 0:3 1:0 1:0 45:26 0,259 

Age at onset 

(years) 
27,5 [18-68] 23 [19-29] 36 [33-39] 56 [27-80] 36,5 [21-54] 44 [20-53] 36 47 32 [18-80] 0,006 

Time of onset 

(days) 
7 [2-21] 7 [5-14] 13,5 [10-17] 11 [1-21] 8 [1-14] 5 [3-18] 3 4 7 [1-21] 0,440 

Neurological 

previous 

symptoms 

24 (60,0%) 2 (28,6%) 1 (50,0%) 2 (22,2%) 3 (37,5%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 32 (45,1%) 0,158 

Motor 

symptoms 
23 (57,5%) 4 (57,2%) 1 (50,0%) 9 (100%) 3 (37,5%) 2 (66,7%) 1 (100%) 0 (0,0%) 43 (60,6%) 0,180 

Monoparesis 8 (20,0%) 2 (28,6%) 0 (0,0%) 1 (11,1%) 1 (12,5%) 0 (0,0%) 0 (0,0%) - 12 (16,9%) 

0,650 

Paraparesis 3 (7,5%) 1 (14,3%) 1 (50,0%) 3 (33,3%) 2 (25,0%) 2 (66,7%) 1 (100%) - 13 (18,3%) 

Hemiparesis 5 (12,5%) 1 (14,3%) 0 (0,0%) 2 (22,3%) 0 (0,0%) 0 (0,0%) 0 (0,0%) - 8 (11,3%) 

Triparesis 3 (7,5%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) - 3 (4,2%) 

Tetraparesis 4 (10,0%) 0 (0,0%) 0 (0,0%) 3 (33,3%) 0 (0,0%) 0 (0,0%) 0 (0,0%) - 7 (9,9%) 

Hyperreflexia 19 (47,5%) 5 (71,4%) 0 (0,0%) 4 (44,4%) 1 (12,5%) 1 (33,3%) 1 (100%) 0 (0,0%) 31 (43,7%) 0,229 

Sensory 

symptoms 
37 (92,5%) 6 (85,7%) 1 (50,0%) 9 (100%) 8 (100%) 2 (66,7%) 1 (100%) 1 (100%) 65 (91,5%) 0,255 

Paresthesias 19 (47,5%) 3 (42,9%) 0 (0,0%) 4 (44,4%) 5 (62,5%) 1 (33,3%) 1 (100%) 0 (0,0%) 33 (46,5%) 0,677 

Dysesthesias 14 (35,0%) 1 (14,3%) 1 (50,0%) 4 (44,4%) 3 (37,5%) 0 (0,0%) 0 (0,0%) 1 (100%) 24 (33,8%) 0,545 

Hyposthesias 31 (77,5%) 5 (71,4%) 1 (50,0%) 8 (88,9%) 4 (50,0%) 2 (66,7%) 0 (0,0%) 1 (100%) 52 (73,2%) 0,385 



 

Sensory level 22 (55,0%) 4 (57,1%) 1 (50,0%) 7 (77,8%) 6 (75,0%) 0 (0,0%) 1 (100%) 1 (100%) 42 (59,2%) 0,314 

Deep sensory 

symptoms 
13 (32,5%) 1 (14,3%) 1 (50,0%) 6 (66,7%) 5 (62,5%) 1 (33,3%) 0 (0,0%) 0 (0,0%) 27 (38,0%) 0,272 

Bilateral 

symptoms 
17 (42,5%) 4 (57,1%) 2 (100%) 8 (88,9%) 6 (75,0%) 3 (100%) 1 (100%) 1 (100%) 42 (59,2%) 0,06 

Pyramidal 

tract 

symptoms 

16 (40,0%) 4 (57,1%) 0 (0,0%) 7 (77,8%) 1 (12,5%) 2 (66,7%) 1 (100%) 0 (0,0%) 31 (43,7%) 0,088 

Autonomous 

gait 
38 (95,0%) 6 (85,7%) 1 (50,0%) 3 (33,3%) 4 (50,0%) 2 (66,7%) 0 (0,0%) 1 (100%) 55 (77,5%) 0,001 

Autonomic 

symptoms 
4 (10,0%) 2 (28,6%) 2 (100%) 5 (55,6%) 4 (50,0%) 3 (100%) 1 (100%)  0 (0,0%) 21 (29,6%) <0,001 

Pain 5 (12,5%) 0 (0,0%) 1 (50,0%) 5 (55,6%) 2 (25,0%) 1 (33,3%) 0 (0,0%) 0 (0,0%) 14 (19,7%) 0,086 

EDSS at onset 2,5 [0-7] 2 [1-4,5] 3 [3-3] 6 [2,5-9] 4,5 [1-8] 7 [1-7] 2,5 2 3 [0-9] 0,094 

Spinal Cord 

MRI 
          

Multiple 

Lesions 
24 (60,0%) 4 (57,1%) 0 (0,0%) 6 (66,7%) 1 (12,5%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 35 (50,0%) 0,033 

Longitudinal 

extension 
          

≤ 2 cord 

segments 
38 (97,4%)* 7 (100%) 0 (0,0%)* 1 (11,1%) 5 (62,5%) 1 (33,3%) 0 (0,0%) * 52 (76,5%) 

<0,001 
≥ 3 cord 

segments 
1 (2,6%)* 0 (0,0%) 1 (100%)* 8 (88,9%) 3 (37,5%) 2 (66,7%) 1 (100%) * 16 (23,5%) 

Gadolinium 

enhancement 
26 (68,4%) 6 (85,7%) 1 (100%) 4 (57,1%) 6 (75,0%) 0 (0,0%) 0 (0,0%) - 43 (66,2%) 0,119 

Cord swelling 14 (35,9%) 4 (57,1%) 1 (50,0%) 6 (66,7%) 3 (37,5%) 0 (0,0%) 0 (0,0%) - 28 (41,2%) 0,249 

Brain MRI           

Normal 0 (0,0%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 7 (87,5%) 1 (33,3%) 0 (0,0%) - 8 (11,4%) <0,001 



 

Suggestive of 

MS 
34 (85,0%) 5 (71,4%) 0 (0,0%) 1 (11,1%) 0 (0,0%) 0 (0,0%) 0 (0,0%) - 40 (57,2%) 

Non suggestive 

of MS 
6 (15,0%) 2 (28,6%) 2 (100%) 8 (88,9%) 1 (12,5%) 2 (66,7%) 1 (100%) - 22 (31,4%) 

CSF analysis           

Pleocytosis  14 (35,0%) 3 (42,9%) 2 (100%) 4 (50,0%) 1 (14,3%) 2 (66,7%) 0 (0,0%) 0 (0,0%) 26 (37,7%) 0,338 

OCB + 30 (75,0%) 5 (71,4%) 0 (0,0%) 3 (33,3%) 2 (25,0%) 0 (0,0%) 0 (0,0%) - 40 (58,8%) 0,006 

IgG index > 0,5 25 (86,2%) 3 (75,0%) 1 (50,0%) 3 (60,0%) 4 (57,1%) - - - 36 (76,6%) 0,338 

VEPs           

Normal 20 (76,9%) 3 (60,0%) 1 (100%) 1 (25,0%) 6 (85,7%) - 1 (100%) - 32 (72,7%) 

0,254 Increased 

latencies 
6 (23,1%) 2 (40,0%) 0 (0,0%) 3 (75,0%) 1 (14,3%) - 0 (0,0%) - 12 (27,3%) 

EDDS at 

discharge 
1.81±1.254 1.29±0.756 2.50±0.070 4.94±2.404 2.94±2.731 2.67±2.517 0.00 1.00 2,30±1,95 <0,001 

Full Recovery 7 (17,5%) 4 (57,1%) 1 (50,0%) 1 (14,3%)** 2 (25,0%) 2 (66,7%) 1 (100%) 1 (100%) 19 (26,8%) 0,055 

Relapses 27 (67,5%) 2 (28,6%) 0 (0,0%) 4 (57,1%)** 1 (12,5%) 0 (0,0%) 0 (0,0%) 0 (0,0%) 34 (49,3%) 0,013 

Myelitis 

relapses 
15 (55,6%) 2 (100%) - 2 (50,0%) 1 (100%) - - - 20 (58,8%) 0,062 

MSSS 
1,85  

[0,21-9,35] 

0,53  

[0,17-2,44] 

2,96  

[0,67-5,24] 

7,75  

[0,25-9,92] 

2,55  

[0,53-7,93] 

0,67  

[0,53-5,87] 
0,67 0,35 

2,01  

[0,17-9,92] 
0,190 

Description: We evaluated all continuous variables in order to assess their normal distribution or not, EDSS at discharge and time of follow-up were the ones who showed a normal distribution considering both criteria. Meanwhile age at admission and 

MSSS only obey to kurtosis assumption. All continuous variables that did not show a normal distribution were described using median and minimum-maximum range and were analyzed using non-parametric tests to compare median results. All continuous 

variables that did show a normal distribution were described using mean and standard deviation and were compared using ANOVA tests and Levene’s test to assure equal variances. Categorical variables were compared using chi-square or Fisher’s exact 
test.  

Not all supplementary diagnostic exams were performed in all patients, so percentages were presented considering only patients that were tested. 

Abbreviations: MS: Multiple Sclerosis; CIS: Clinically Isolated Syndrome; ADEM: Acute Disseminated encephalomyelitis; NMOSD: Neuromyelitis optica spectrum disorders; IATM: Idiopathic acute transverse myelitis; PI: Post-infectious; SLE: Systemic 
Lupus Erythematous; Gender F:M – female:male; EDSS – Expanded Disability Status Scale; MRI – Magnetic Resonance Imaging ; CSF – Cerebrospinal fluid; OCB + : positive oligoclonal bands in cerebrospinal fluid; IgG – Immunoglobulin G; VEP – 

Visual Evoked Potentials; MSSS – Multiple Sclerosis Severity Score. 

– not performed/not applied * no lesion was detected/one patient did not show any lesion on SC MRI; **two patients were lost follow-up (one died during ward admission and the other was a foreign patient).



 

 


