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Abstract 
Background: Neuromyelitis optica (NMO) is an 
uncommon neuro-inflammatory syndrome that has 
shown to be distinct from multiple sclerosis (MS) and 
associated with the autoantibody marker NMO-
immunoglobulin G (IgG). There are still only a few 
studies regarding the epidemiology of NMO in Iran. 
In the present study, we tried to describe the 
epidemiology of NMO in Khuzestan as one of the 
densely populated regions in Iran. 
Methods: A cross-sectional study was performed 
during the period 2013-2014. Multiple regional 
sources of data were used including hospital 
records, details from neurologists and MS society 
database. The diagnosis of NMO was based on 
clinical presentation, abnormal findings on 
neuroimaging and serological tests. 
Results: A 51 Caucasian patients (36 patients with 
NMO and 15 with NMO-spectrum disorder) were 

identified with a female/male ratio of 7.5:1.0. The 
crude prevalence of NMO was 1.1/100,000 
population. The mean age at onset was 29.2 ± 6.1 
years and the mean duration of symptoms was  
5.0 ± 0.4 years. The majority of patients (60.8%) 
were classified as having mild disability (Expanded 
Disability Status Scale = 0-3.5). Among of 35 
patients whose titer of NMO-IgG was measured, 19 
(54.2%) were seropositive. 
Conclusion: Our study suggests that NMO 
prevalence rate in South West Iran (Khuzestan 
Province) is much lower than that reported for MS 
prevalence rate (16.2/100,000) and our patients had 
a lower age at onset presentation and milder course 
of the disease than western countries. 

Introduction 

Neuromyelitis optica (NMO) or Devic’s disease is a 
severe inflammatory demyelinating disease of the 
central nervous system that preferentially targets the 
spinal cord and optic nerves. For a long time, this 
disease was regarded as a severe variant of multiple 
sclerosis (MS), but recent investigations show that it 
is a distinct disease with humoral pathogenic 
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mechanisms. Devic and his student Gault, in 1894, 
first reported the clinical characteristics of NMO, 
optic neuritis (ON), and acute transverse myelitis 
(TM), based on 16 cases from the literature as well as 
a fatal case from his own experience.1 Since the first 
description of NMO, it was considered as severe 
monophasic syndrome characterized by bilateral ON 
and myelitis occurring simultaneously or in rapid 
succession, but subsequent studies reported a 
relapsing course which ultimately resulted in 
paraplegia and blindness. NMO spreads worldwide 
and poor prognosis is still a challenge.2 In addition 
to clinical, laboratory, immunological, and 
pathological characteristics which are mainly used to 
distinguish NMO from MS, a serum autoantibody 
termed NMO-immunoglobulin G (IgG), which 
targets the astrocytic water channel aquaporin-4 
(AQP4), has recently been characterized for more 
differentiation. Therefore, detection of this highly 
specific marker in the serum of patients with NMO, 
has helped to define a NMO spectrum of disorders 
(NMOSD).3 

Although this disease has been reported in 
several countries and racial groups, knowledge on 
the incidence and prevalence of NMO is still 
limited. The disease is 3-9 times more prevalent in 
women than it is in men, and the average age of 
onset ranges from 35 to 45 years among adults. 
Monophasic form of NMO affects females and 
males equally, however in the relapsing form, 
females (ratio 5:1-10:1) are over represented.4 
Population based studies from Japan,5 Cuba,6 
Denmark,1 Mexico,7 and the French West Indies8 
calculated prevalence rates of 0.52-4.40 per 100,000 
patient-years and incidence rates of 0.053-0.400 per 
100,000 people. The disease is more common in 
Asian, Indian and black populations, in which 
NMO forms 15-57% of demyelinating diseases.4 It 
is estimated that NMO prevalence in the United 
States is approximately 1-2% that of MS, with a 
female/male ratio of 6.5:1.0 in and a seropositivity 
of 68.3%.9 The disease is mainly sporadic; however, 
a few studies have reported familial cases.10 

There’s little epidemiological study about NMO in 
Iran. Khuzestan is the most densely populated 
province in southwestern Iran where, to date, no 
epidemiological data on NMO exist, which emphasizes 
the importance of epidemiological assessments in this 
area. The present study aims to description of 
prevalence, clinical characteristics and other finding of 
NMO and NMOSD patients in Khuzestan. 

Materials and Methods 

The Khuzestan province is situated in the southwest 
of Iran with a population of over 4.5 million of 

which 2.28 million are male and 2.24 million are 
female according to the national census in 2010.11 
Most of the population is between 15 and 35 years, 
mainly 20-25 years. Khuzestan is inhabited by a 
number of ethnic groups: Lors (including Bakhtiari 
people) Arabs, Persians, Turks, and Kurds. This 
province is located in a subtropical/tropical area 
with humid and hot weather in summer and dry-
cold weather in winter. The province covers an area 
of approximately 64,055 km2 with most of the area 
situated over 10 m above sea. Khuzestan borders 
Iraq and the Persian Gulf and its capital is Ahvaz. 
The population data used for calculating the 
prevalence rate was based on the 2010 census, from 
the Iranian Central Bureau of Statistics. To evaluate 
the geographical distribution of NMO we divided 
the province into five regions: North, South, West, 
East, and Center. 

All the patients in our investigation were 
residents of Khuzestan Province. The study was 
conducted on patients registered with diagnosis of 
NMO (during 2006-2014) from the following 
sources: (1) The records from MS clinic registry of 
Ahvaz Golestan Hospital, Iran, as the only referral 
center for NMO and MS patients in the province; (2) 
the records of patients referred to neurology 
department of the hospital; and (3) the records from 
neurologists across the province. We reviewed the 
medical records of the patients with ON, TM, or 
NMO, and contacted them to obtain the required 
details. The patients were also personally re-
examined by neurologists to confirm the diagnosis. 

We used diagnostic criteria for NMO that 
required ON and TM plus 2 of the following three 
supportive elements: (1) Longitudinally extensive 
TM (LETM) (≥ 3 vertebral segments in length), (2) 
magnetic resonance imaging (MRI) of the brain with 
normal findings or with findings not consistent with 
MS, and (3) NMO-IgG seropositivity.12 Requirement 
of presence of either ON or LETM is challenged in 
the current definition of NMOSD. It is now evident 
that brain symptoms are not only frequent during 
disease course, but may antedate ON or TM for a 
long time. To diagnosis NMOSDs at least one the 
following clinical settings were met: 

1. Single, recurrent or simultaneous bilateral ON 
2. LETM (≥ 3 vertebral segments) 
3. Recurrent brainstem symptoms 
4. Recurrent hypothalamic symptoms 
5. Recurrent cerebral symptoms. 
Plus at least 1 of the following: 
1. Positive AQP4-IgG serum status 
2. Brain MRI lesions typical of NMO.13 
In our study, only MRIs obtained at the initial 

clinical event were assessed. Brain MRIs classified 
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as being normal or atypical for MS. Lesions in the 

spinal cord were characterized as extending over 

three or more vertebral segments and mainly 

located in the cervical and thoracic cord with a 

central gray pattern. NMO-IgG test was done on 

the serum samples and results were recorded as 

seropositive or seronegative.4 The degree of 

neurologic impairment in NMO patients was 

evaluated by Expanded Disability Status Scale 

(EDSS).14 Patients were classified to three groups 

for EDSS: 0-3.5 (mild disability), 4.0-5.5 (moderate 

disability), and ≥ 6 (severe disability). Other 

demographic and clinical parameters which were 

recorded included: Patient age, gender, ethnicity, 

age at onset of illness, geographical distribution of 

illness, disease duration, presentation at onset, 

course of the disease, family history of NMO, 

visual evaluation, the use immunosuppressive 

therapies, type of attacks, history of attacks during 

pregnancy. Statistical analysis was conducted 

using SPSS software (version 20, SPSS Inc., 

Chicago, IL, USA). The frequency or percentage 

for the nominal variables was calculated. Mean ± 

standard deviation was calculated for each 

continuous variable. Exact Poisson confidence 

intervals (CI) were calculated. The prevalence rate 

was calculated on November 2013. 

Results 
A total of 51 patients were identified with 
NMO/NMOSD. One of the patients died by time of 
this report. Patients were exclusively Caucasian and 
predominantly female, with a female to male ratio of 
7.5:1.0. Comparison of the clinical patterns and other 
finding in our patients based on sex are summarized 
in table 1. Mean age of patients, mean age at onset 
and mean EDSS was lower in males than females. 
The average age at onset of all patients was 29.20 ± 
1.55 years (range: 8-58 years), with 10 patients (19%) 

having an age of onset below 20 years. The mean age 
of patients was 35.20 ± 1.55 and the duration of the 
symptoms had a mean of 6.0 ± 1.3 years. 

Among the 51 patients, 30 cases (58.8%) were 
Lors, 13 cases (25.5%) were Arabs, 6 cases (11.8%) 
were Persians, and 2% were of other ethnic groups 
(Kurd and Turk). The most cases of NMO disease 
occurred in the central part (26 patients) as 
compared to 8 cases in the north, 8 cases in the 
south, 1 case in the west, and 8 cases in the east of 
Khuzestan. The crude prevalence of NMO/NMOSD 
among the Caucasian population living in 
Khuzestan was 1.1/100,000 (95% CI = 1.04-1.16). 
Crude prevalence for females and males was 2 (95% 
CI = 1.92-2.09) and 0.26 (95% CI = 0.23-0.29) per 
100,000, respectively. The crude prevalence rate for 
NMO and NMOSD patients were calculated 0.8 and 
0.3 per 100,000 patients (Table 2). 

Comparison of the clinical features of the 
NMO/NMOSD patients are summarized in table 2. 
Among the 51 patients, 36 cases (70.6%) were 
identified with NMO and 15 cases (29.4%) with 
NMOSD. 19 patients (37.3%) presented with ON, 31 
(60.8%) with TM and 1 (2%) with simultaneous ON 
and TM. The disease course was monophasic in 27.5% 
and a relapsing course was seen in 72.5% of the 
patients. 

Only 2 patients (3.9%) had family history of 

NMO, who were sisters. Of 4 patients who were 

attacked during pregnancy, 3 patients had TM and 1 

had ON. In our study, 88.2% of patients were on 

immunosuppressive therapies; of these, 51% used 

both azathioprine and prednisolone and remaining 

patients received azathioprine (15.7%), methotrexate 

(3.9%), cellcept (3.9%), prednisolone (9.8%), and 

cellcept + prednisolone (3.9%) one of the patients 

presented NMO with other manifestations such as 

intractable vomiting. Approximately 12% of our 

patients received psychiatry therapy. 

 

Table 1. Comparison of the clinical patterns and other findings in our patients by sex 
Findings Men (%) Women (%) 
Number of patients 6 (11.7) 44 (86.3) 
NMO 6 (16.6) 30 (83.4) 
NMO-Ab positive 1 (16.6) 18 (40.9) 
Normal brain MRI 5 (83.3) 31 (70.4) 
NMOSD 0 15 (100.0) 
Family history of NMO 0 2 (3.9) 
EDSS mean 2.25 3.87 
Prevalence rate(per 100,000) 0.26 2.00 
Age (mean in years) 30.80 35.90 
Age at onset (mean in years) 26.00 30.20 

NMO: Neuromyelitis opticam; NMOSD: Neuromyelitis optica spectrum disorder; NMO-Ab: NMO 
antibody; EDSS: Expanded Disability Status Scale; MRI: Magnetic resonance imaging 
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Table 2. Comparison of the patients by type of the disease 
Findings NMO (%) NMOSD (%) 
Number of patients 36 (70.6) 15 (29.4) 
Patients with TM at presentation 19 (52.7) 12 (80.0) 
Patients with ON at presentation 16 (44.4) 3 (20.0) 
Patients with simultaneous ON + TM 1 (2.9) 0 
NMO-Ab positive 15 (42.0) 4 (27.0) 
Age (mean in years) 36.3 34.1 
Age at onset presentation 31.2 27.2 
Female/male ratio 5.0 15.0 
Prevalence rate (per 100,000) 0.8 0.3 
Mean of EDSS 3.8 3.1 

NMO: Neuromyelitis optica; NMOSD: Neuromyelitis optica spectrum disorder; NMO-Ab: NMO 
antibody; ON: Optic neuritis; TM: Transverse myelitis; EDSS: Expanded Disability Status Scale 

 
Table 3. Magnetic resonance imaging (MRI) characteristic of neuromyelitis optica (NMO)/ 
neuromyelitis optica spectrum disorder (NMOSD) 

Findings NMO (%) NMOSD (%) 
Brain MRI   

Normal 26 (72.2) 11 (73.3) 
Atypical plaques for MS 10 (27.8) 4 (26.7) 

Spinal cord MRI   
Normal 1 (3.0) 1 (7.0) 
Cervical LETM 32 (82.0) 10 (67.0) 
Thoracic LETM 4 (10.0) 2 (13.0) 
Cervical plus thoracic LETM 2 (5.0) 2 (13.0) 

NMO: Neuromyelitis optica; NMOSD: Neuromyelitis optica spectrum disorder; LETM: Longitudinal 
extensive transverse myelitis; MRI: Magnetic resonance imaging 

 
Table 4. Comparison of the patients by Expanded Disability Status Scale (EDSS) 

Findings Mild (0-3.5) 
n (%) 

Moderate (4-5.5) 
n (%) 

Severe (≥ 6) 
n (%) 

Number of patients 31 (60.8) 9 (17.6) 11 (21.6) 
Type of disease    
NMO 21 (67.7) 6 (66.7) 8 (72.8) 
NMOSD 10 (32.3) 3 (33.3) 3 (27.2) 
NMO-Ab positive 12 (63.0) 3 (16.0) 4 (21.0) 
Female/male ratio 26/5 (5.2) 8/1 (8.0) 11 

NMO: Neuromyelitis optica; NMOSD: Neuromyelitis optica spectrum disorder; NMO-Ab: NMO antibody 

 

The neuroimaging, neuro-electrophysiological 
and laboratory findings are listed in table 3. NMO-
IgG antibodies were checked for 35 patients. The 
result was positive in 19 patients and negative in the 
remaining 16 patients. 15 NMO cases and 4 NMOSD 
cases were among seropositive patients. Brain MRI 
findings were characterized as normal findings in 
72.5% of patients and atypical plaques for MS was 
seen in 27.5%. Among the 51 patients underwent 
spine MRI, 49 (96%) had spinal cord lesions; of these 
82.4% had cervical cord lesions; 5.9% had thoracic 
cord lesions; and 5.9% had lesions spanning the 
cervical and thoracic cord. Nearly 61% of the all 
patients had mild disease (EDSS = 0-3.5), 17.5% 
moderate disease (EDSS = 4.0-5.5), and 21.6% severe 
disease (EDSS = 6 and above). Because EDSS scores 
were recorded at the time of clinical visit, the scores 

for 5 patients with severe disability were obtained 
when they were experienced an attack (Table 4). 

Twenty-five patients underwent visual evoked 
potential (VEP) test of which 80% had abnormal 
results. Cerebrospinal fluid oligoclonal bands (OCB) 
were detected in 4/51 patients (7.8%) and one case 
was positive for OCB (2%). Three patients showed 
clinical symptoms and laboratory findings of 
hypothyroidism. One patient was positive for HLA-
B5, which was followed up. Two cases were positive 
for anti-dsDNA; however in later laboratory tests 
both had negative results. 

Discussion 

In our study, the prevalence of NMO/NMOSD in 
Khuzestan province was determined to be 
1.1/100,000, all of whom were Caucasian. The 
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prevalence of NMO in this region is similar to the 
prevalence rates in Cuba,6 Japan,5 South Wales,15 
and Merseyside (UK),16 but lower than Denmark1 
and Martinique.8 A recent report by Etemadifar et 
al.17 in Isfahan, reported a prevalence of 1.9/100,000 
for NMO, which is similar to our findings. Our 
prevalence rate was much lower than that reported 
for MS in Khuzestan in which a prevalence rate of 
16.2/100,000 was observed in 200918 and then 
prevalence rate of MS in Qom.19 The prevalence 
rates by gender showed a much higher rate in 
females than in males our results is consistent with 
the previously reported results of a higher female 
frequency of NMO.20-22 Female to male rate in our 
study was 2 times more than the ratio for MS 
patients living in Khuzestan.18 

The mean age at onset of illness in this study was 
29.2 years (range 8-58) which is very close to those of 
previous studies in Isfahan and Tehran in which the 
means of 30 and 27.16 years were suggested.17,23 
However, our estimation was lower than the 
average age of onset in other counties24-27 as well as 
in the US where a mean of 41.1 years (range 3-81) 
were reported.9 

We observed a considerable frequency difference 
between ethnic groups living in Khuzestan over half 
of the patients (58.8%) were Lors followed by 25.5% 
for Arabs. A recent study conducted in Saudi 
Arabia, found a low frequency prevalence of NMO 
and a low NMO-IgG seropositivity in a cohort of 
Saudi patients with Arab ethnic background.28 It is 
believed that Iraq, which has common border with 
Khuzestan, as well as other Arab countries located in 
Asia and sub-tropical Africa are classified as low risk 
regions for MS.29-31 Sharafaddinzadeh et al.18 
compared the characteristics of Arab and Persian 
patients with MS in Khuzestan and observed a much 
lower prevalence of MS in the Arab ethnic group. 
The observed ethnic differences between patients 
with NMO suggest that genetic factors may 
influence susceptibility to NMO.5-8 

In this study, the relapsing form of NMO was 
more common than the monophasic form (72.5% vs. 
27.5%). These findings were similar to prior studies 
in which 80-90% of the patients followed a relapsing 
course.2,6,32 A high proportion of relapsing NMO in 
Iran was also reported by Sahraian et al.23 however 
Etemadifar et al.17 observed monophasic course in 
60% of patients. The majority of our patients (60.8%) 
had EDSS score below 3.5, suggesting a mild course 
of NMO in our patients similar to the previous 
reports from Iran17,23 as well a study in Saudi 
Arabia27 but do not support the existing data from 
around the world which estimated a higher score.32-35 
This indicates an aggressive course of NMO in other 

populations than our population. More patients with 
MS in Khuzestan had a mild EDSS  
(< 3.5)18 which is in line with NMO patients in our 
study. In fact, the mean EDSS score in Iranian NMO 
patients are very close to MS. 

In our cohort of NMO patients, there was a 
family history of NMO in only 2 patients (3.9%) who 
were two sisters. Similarly, the proportion of 
patients with positive family history in other studies 
is low. It is strongly evident that NMO cases appear 
sporadically; however, recently a few familial NMO 
cases were reported.36 Forty-five patents with NMO 
received immunosuppressive drugs after diagnosis 
of NMO of whom 51% used both azathioprine and 
prednisolone current evidence suggests that the 
attack prevention is achieved with effective 
immunosuppressive therapy.37 

Analysis of the clinical data showed that 4 
patients with NMO (7.8%) had an attack while 
pregnant; one of the patients developed TM 2 
months after from delivery and the resting three 
patients experienced attack during pregnancy. A few 
reports showed an increase in attack rate in the 1st 
month after birth.38,39 Several case reports of NMO 
emerged or became active during pregnancy.40-42 
However, there are no studies to indicate the influence 
of pregnancy on the long-term course of NMO. 

It has been demonstrated that endocrinopathies 
including hypothyroidism is associated with NMO. 
Our results showed that 3 patients had symptoms 
and signs of hypothyroidism and 3 patients were 
found to be HLA-B5 and anti-dsDNA positive, 
although this finding was ruled out in serial tests, 
but indicating a general susceptibility to antibody-
mediated autoimmune disease. VEP was performed 
on 25 patients; of these 20 (80%) had an abnormal 
VEP response. Previously published data confirms 
our results by indicating that VEP are frequently 
altered in NMO.43,44 Existing studies found over 60% 
of patients with NMO having VEP abnormal 
results.28,43,44 Although VEP is not necessary in the 
diagnosis of NMO, VEP can be helpful and are used 
commonly in patients with demyelinating disease.46 
Among 35 patients who took NMO-IgG test,  
19 (54.3%) were NMO-IgG seropositive. This rate 
was close to the range reported from other studies in 
Caucasian populations suggesting a seropositivity of 
over seventy percentage.9,15,16 Other studies from 
several Asian countries showed a seroprevalence of 
27-39%.45-49 Recent studies of seroprevalence of 
NMO-IgG antibody in NMO from Iran reported 
proportions of 30-66%.23,50,51 Which are relatively 
similar to our estimation. Harirchian et al.,51 using 
cell-based immunofluorescence assay to measure 
NMO-IgG, demonstrated that NMO antibody is 
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highly specific for NMO but it is not highly sensitive 
for diagnosing NMO patients. The variable 
sensitivity across studies can be due to a number of 
factors including ethnic background, characteristics 
of patients and more important method of 
measurements.52 The limitations of our study were 
that the exact population of Lors and Arabs was not 
available therefore we could not study the 
relationship between the prevalence of the disease 
and ethnicity, also some patients may refer to larger 
city for treatment so we do not have the exact 
number of patients. 

Conclusion 

Our results are in line with other data from western 
counties in terms of prevalence, NMO features, MRI 
findings, laboratory results, and female 
preponderance. However, the lower age of onset 
and milder course of the disease are exceptions in 
our patients. Overall, patients in Khuzestan appear 
to have similar characteristics to Caucasians living in 

Asia and western countries. 

Conflict of Interests 

The authors declare no conflict of interest in this study. 

Acknowledgments 

This study is derived from a thesis by Mostafa Azizi. 
We wish to thank all the persons involved in 
Golestan Hospital and Golestan Hospital Clinical 
Research Unit. Financial support was provided by 
Ahvaz Jundishapur University of Medical Sciences, 
Ahvaz, Iran. 
 
 

How to cite this article: Kashipazha D, 
Mohammadianinejad SE, Majdinasab N, Azizi M, 
Jafari M. A descriptive study of prevalence, clinical 
features and other findings of neuromyelitis optica 
and neuromyelitis optica spectrum disorder in 
Khuzestan Province, Iran. Iran J Neurol 2015; 14(4): 
204-10. 
 

 
 
References 
1. Asgari N, Lillevang ST, Skejoe HP, Falah M, 

Stenager E, Kyvik KO. A population-based 
study of neuromyelitis optica in Caucasians. 
Neurology 2011; 76(18): 1589-95. 

2. Wingerchuk DM, Hogancamp WF, O'Brien 
PC, Weinshenker BG. The clinical course of 
neuromyelitis optica (Devic's syndrome). 
Neurology 1999; 53(5): 1107-14. 

3. Lennon VA, Wingerchuk DM, Kryzer TJ, 
Pittock SJ, Lucchinetti CF, Fujihara K, et al. 
A serum autoantibody marker of 
neuromyelitis optica: distinction from 
multiple sclerosis. Lancet 2004; 364(9451): 
2106-12. 

4. Sahraian MA, Radue EW, Minagar A. 
Neuromyelitis optica: clinical 
manifestations and neuroimaging features. 
Neurol Clin 2013; 31(1): 139-52. 

5. Kuroiwa Y, Igata A, Itahara K, Koshijima S, 
Tsubaki T. Nationwide survey of multiple 
sclerosis in Japan. Clinical analysis of 1,084 
cases. Neurology 1975; 25(9): 845-51. 

6. Cabrera-Gomez JA, Kurtzke JF, Gonzalez-
Quevedo A, Lara-Rodriguez R. An 
epidemiological study of neuromyelitis optica 
in Cuba. J Neurol 2009; 256(1): 35-44. 

7. Rivera JF, Kurtzke JF, Booth VJ, Corona 
VT. Characteristics of Devic's disease 
(neuromyelitis optica) in Mexico. J Neurol 
2008; 255(5): 710-5. 

8. Cabre P, Heinzlef O, Merle H, Buisson GG, 
Bera O, Bellance R, et al. MS and 
neuromyelitis optica in Martinique (French 
West Indies). Neurology 2001; 56(4): 507-14. 

9. Mealy MA, Wingerchuk DM, Greenberg 
BM, Levy M. Epidemiology of 
neuromyelitis optica in the United States: a 
multicenter analysis. Arch Neurol 2012; 
69(9): 1176-80. 

10. Yamakawa K, Kuroda H, Fujihara K, Sato 
S, Nakashima I, Takeda A, et al. Familial 
neuromyelitis optica (Devic's syndrome) 
with late onset in Japan. Neurology 2000;  

55(2): 318-20. 
11. Iran's Statistics Center. Final report of last 

national census in I. R. Iran [Online]. [cited 
2014 15 Nov]; Available from: URL: 
http://www.amar.org.ir/Portals/0/Files/abstr
act/1390/sarshomari90_nahaii.pdf 

12. Wingerchuk DM, Lennon VA, Pittock SJ, 
Lucchinetti CF, Weinshenker BG. Revised 
diagnostic criteria for neuromyelitis optica. 
Neurology 2006; 66(10): 1485-9. 

13. Lana-Peixoto MA, Callegaro D. The 
expanded spectrum of neuromyelitis optica: 
evidences for a new definition. Arq 
Neuropsiquiatr 2012; 70(10): 807-13. 

14. Kurtzke JF. Rating neurologic impairment 
in multiple sclerosis: an expanded disability 
status scale (EDSS). Neurology 1983; 
33(11): 1444-52. 

15. Cossburn M, Tackley G, Baker K, Ingram G, 
Burtonwood M, Malik G, et al. The prevalence 
of neuromyelitis optica in South East Wales. 
Eur J Neurol 2012; 19(4): 655-9. 

16. Jacob A, Panicker J, Lythgoe D, Elsone L, 
Mutch K, Wilson M, et al. The 
epidemiology of neuromyelitis optica 
amongst adults in the Merseyside county of 
United Kingdom. J Neurol 2013; 260(8): 
2134-7. 

17. Etemadifar M, Dashti M, Vosoughi R, 
Abtahi SH, Ramagopalan SV, Nasr Z. An 
epidemiological study of neuromyelitis 
optica in Isfahan. Mult Scler 2014; 20(14): 
1920-2. 

18. Sharafaddinzadeh N, Moghtaderi A, 
Majdinasab N, Dahmardeh M, Kashipazha 
D, Shalbafan B. The influence of ethnicity 
on the characteristics of multiple sclerosis: a 
local population study between Persians and 
Arabs. Clin Neurol Neurosurg 2013; 115(8): 
1271-5. 

19. Rezaali S, Khalilnezhad A, Naser MA, 
Chaibakhsh S, Sahraian MA. Epidemiology 
of multiple sclerosis in Qom: Demographic 

study in Iran. Iran J Neurol 2013; 12(4): 
136-43. 

20. Eikelenboom MJ, Killestein J, Uitdehaag 
BM, Polman CH. Opticospinal multiple 
sclerosis: a pathogenetically distinct form? 
Mult Scler 2004; 10(3): 334-5. 

21. Papais-Alvarenga RM, Miranda-Santos CM, 
Puccioni-Sohler M, de Almeida AM, 
Oliveira S, Basilio De Oliveira CA, et al. 
Optic neuromyelitis syndrome in Brazilian 
patients. J Neurol Neurosurg Psychiatry 
2002; 73(4): 429-35. 

22. Wingerchuk DM, Lennon VA, Lucchinetti 
CF, Pittock SJ, Weinshenker BG. The 
spectrum of neuromyelitis optica. Lancet 
Neurol 2007; 6(9): 805-15. 

23. Sahraian MA, Moinfar Z, Khorramnia S, 
Ebrahim MM. Relapsing neuromyelitis 
optica: demographic and clinical features in 
Iranian patients. Eur J Neurol 2010; 17(6): 
794-9. 

24. Collongues N, Marignier R, Zephir H, 
Papeix C, Blanc F, Ritleng C, et al. 
Neuromyelitis optica in France: a 
multicenter study of 125 patients. 
Neurology 2010; 74(9): 736-42. 

25. Barbieri F, Buscaino GA. Neuromyelitis 
optica in the elderly. Acta Neurol (Napoli) 
1989; 11(4): 247-51. 

26. Banwell B, Tenembaum S, Lennon VA, 
Ursell E, Kennedy J, Bar-Or A, et al. 
Neuromyelitis optica-IgG in childhood 
inflammatory demyelinating CNS disorders. 
Neurology 2008; 70(5): 344-52. 

27. McKeon A, Lennon VA, Lotze T, 
Tenenbaum S, Ness JM, Rensel M, et al. 
CNS aquaporin-4 autoimmunity in children. 
Neurology 2008; 71(2): 93-100. 

28. Al-Khathaami AM, Yunus F, Alamgir MJ, 
Kojan S, Aljumah M. Neuromyelitis optica 
and neuromyelitis optica-IgG seropositivity 
in Saudis with demyelinating diseases of the 
central nervous system. Neurology Asia  



 
210 Iran J Neurol 2015; 14(4) Kashipazha et al. 

 
http://ijnl.tums.ac.ir      7 October 

2014; 19(3): 295-300. 
29. Al-Araji A, Mohammed AI. Multiple 

sclerosis in Iraq: does it have the same 
features encountered in Western countries? 
J Neurol Sci 2005; 234(1-2): 67-71. 

30. Kurtzke JF. Epidemiologic contributions to 
multiple sclerosis: an overview. Neurology 
1980; 30(7 Pt 2): 61-79. 

31. Poser CM. The epidemiology of multiple 
sclerosis: a general overview. Ann Neurol 
1994; 36(Suppl 2): S180-S193. 

32. Sellner J, Boggild M, Clanet M, Hintzen 
RQ, Illes Z, Montalban X, et al. EFNS 
guidelines on diagnosis and management of 
neuromyelitis optica. Eur J Neurol 2010; 
17(8): 1019-32. 

33. Silber MH, Willcox PA, Bowen RM, Unger 
A. Neuromyelitis optica (Devic's syndrome) 
and pulmonary tuberculosis. Neurology 
1990; 40(6): 934-8. 

34. O'Riordan JI, Gallagher HL, Thompson AJ, 
Howard RS, Kingsley DP, Thompson EJ, et 
al. Clinical, CSF, and MRI findings in 
Devic's neuromyelitis optica. J Neurol 
Neurosurg Psychiatry 1996; 60(4): 382-7. 

35. McALPINE D. Familial neuromyelitis 
optica: its occurrence in identical twins. 
Brain 1938; 61: 430-48. 

36. Ch'ien LT, Medeiros MO, Belluomini JJ, 
Lemmi H, Whitaker JN. Neuromyelitis 
optica (Devic's syndrome) in two sisters. 
Clin Electroencephalogr 1982; 13(1): 36-9. 

37. Llufriu S, Castillo J, Blanco Y, Ramio-
Torrenta L, Rio J, Valles M, et al. Plasma 
exchange for acute attacks of CNS 
demyelination: Predictors of improvement at 6 
months. Neurology 2009; 73(12): 949-53. 

38. Wandinger KP, Stangel M, Witte T, 

Venables P, Charles P, Jarius S, et al. 
Autoantibodies against aquaporin-4 in 
patients with neuropsychiatric systemic 
lupus erythematosus and primary Sjogren's 
syndrome. Arthritis Rheum 2010; 62(4): 
1198-200. 

39. Jarius S, Jacobi C, de SJ, Zephir H, Paul F, 
Franciotta D, et al. Frequency and syndrome 
specificity of antibodies to aquaporin-4 in 
neurological patients with rheumatic 
disorders. Mult Scler 2011; 17(9): 1067-73. 

40. Aguilera AJ, Carlow TJ, Smith KJ, Simon 
TL. Lymphocytaplasmapheresis in Devic's 
syndrome. Transfusion 1985; 25(1): 54-6. 

41. Bencherifa F, Bourassi A, Mellal Z, Berraho 
A. Devic's neuro-optic myelitis and 
pregnancy. J Fr Ophtalmol 2007; 30(7): 
737-43. 

42. Bonnet F, Mercie P, Morlat P, Hocke C, 
Vergnes C, Ellie E, et al. Devic's 
neuromyelitis optica during pregnancy in a 
patient with systemic lupus erythematosus. 
Lupus 1999; 8(3): 244-7. 

43. Ringelstein M, Kleiter I, Ayzenberg I, 
Borisow N, Paul F, Ruprecht K, et al. 
Visual evoked potentials in neuromyelitis 
optica and its spectrum disorders. Mult 
Scler 2014; 20(5): 617-20. 

44. Neto SP, Alvarenga RM, Vasconcelos CC, 
Alvarenga MP, Pinto LC, Pinto VL. 
Evaluation of pattern-reversal visual evoked 
potential in patients with neuromyelitis 
optica. Mult Scler 2013; 19(2): 173-8. 

45. Behbehani R. Clinical approach to optic 
neuropathies. Clin Ophthalmol 2007; 1(3): 
233-46. 

46. Long Y, Qiu W, Lu Z, Bao J, Wu A, Wang 
Y, et al. Aquaporin 4 antibodies in the  

cerebrospinal fluid are helpful in diagnosing 
Chinese patients with neuromyelitis optica. 
Neuroimmunomodulation 2012; 19(2):  
96-102. 

47. Kira J. Neuromyelitis optica and 
opticospinal multiple sclerosis: Mechanisms 
and pathogenesis. Pathophysiology 2011; 
18(1): 69-79. 

48. Siritho S, Nakashima I, Takahashi T, 
Fujihara K, Prayoonwiwat N. AQP4 
antibody-positive Thai cases: clinical 
features and diagnostic problems. 
Neurology 2011; 77(9): 827-34. 

49. Wang KC, Lee CL, Chen SY, Lin KH, Tsai 
CP. Prominent brainstem symptoms/signs in 
patients with neuromyelitis optica in a 
Taiwanese population. J Clin Neurosci 
2011; 18(9): 1197-200. 

50. Etemadifar M, Mollabashi M, Chitsaz A, 
Behnamfar O, Bahrami E, Minagar A, et al. 
Seroprevalence of NMO-IgG among 
patients with neuromyelitis optica and 
opticospinal multiple sclerosis. Clin Neurol 
Neurosurg 2012; 114(1): 17-20. 

51. Harirchian MH, Tafakhori A, Taslimi S, 
Aghamollaii V, Shahsiah R, Gholipour T, et al. 
Seroprevalence of NMO-IgG Antibody in 
Neuromyelitis optica (NMO) and Its 
Specificity in Differentiating NMO from Other 
Demyelinating Diseases with Overlap 
Symptoms: An Iranian Experience. Iran J 
Allergy Asthma Immunol 2015; 14(1): 98-104. 

52. Pisani F, Sparaneo A, Tortorella C, Ruggieri 
M, Trojano M, Mola MG, et al. Aquaporin-
4 autoantibodies in Neuromyelitis Optica: 
AQP4 isoform-dependent sensitivity and 
specificity. PLoS One 2013; 8(11):  
e79185. 


