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Abstract

Objectives

We aimed to study the precipitating factors, demographic data, clinical and 

radiological manifestations, electroencephalography and laboratory findings, as 

well as association with infections, immunization and incidence of relapse of acute 

disseminated encephalomyelitis (ADEM) in children admitted to Mofid Children 

Hospital, Tehran, Iran from Mar 2013 to Mar 2016.

Materials & Methods

A 3-yr retrospective review of 29 children with definite final diagnosis of ADEM in 

Mofid Hospital in Tehran, Iran was performed. The diagnosis was based on specified 

criteria, including a presumed acute demyelinating process with no history of 

unexplained neurological symptoms and at least one demyelinating lesion shown on 

magnetic resonance imaging without evidence of previous destructive white matter 

lesions.

Results

Overall, 29 children diagnosed as ADEM were studied in terms of demographic 

characteristics, clinical manifestations and laboratory findings in two groups according 

to their recurrence. The mean age of the patients with recurrence was less than those 

without it. It was more common in females but the difference was not statistically 

meaningful. There was no relationship between the season of the first episode of 

the disease and the recurrence incidence. Moreover, the relationship between viral 

infections and recurrence was statistically non-meaningful. No relationship between 

the recurrence of ADEM and clinical manifestations, radiological and laboratory 

findings was found.

Conclusion

The reason for high rate of recurrence in our patients may be related to the younger 

age of children in our study.
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Introduction
Acute disseminated encephalomyelitis (ADEM) 
is a kind of inflammatory demyelinating disease 
of the CNS which usually occurs secondary 
to an antecedent infection or immunization. 
Although the pathophysiological mechanism of 
ADEM is unknown, it is thought to be a T-cell 
immune-mediated response to myelin basic 
protein triggered by infections or vaccination. The 
clinical manifestations are different in each patient 
characterized by an acute or subacute onset of 
multifocal neurologic disturbances that typically 
follow a monophasic course in which a wide 
range of neurological and non-neurological signs 
and symptoms has been reported such as fever, 
malaise, myalgia, headache, nausea and vomiting, 
meningismus, convulsions, cranial nerve palsies, 
ataxia and psychosis (1-9). 

ADEM is a kind of neurological disease, which 
predominantly affects children and young adults. 
The diagnosis may become difficult because 
in 30% of cases, the first episode of ADEM 
subsequently evolves typical multiple sclerosis 
(MS) (8). The occurrence of recurrent periods and 
relapses in some of the patients make it difficult 

to distinguish from MS (2,9). Although recurrence 
may occur, the prognosis is usually good and most 
of the children make a full recovery (6).
ADEM may occur in any age but it is often seen in 
average age of 5 to 8 yr and is mostly in male (15). 
The definite diagnosis is not available by a kind 
of pathognomonic clinical or laboratory findings 
and patients usually has a normal brain computed 
tomography (CT) features. Magnetic resonance 
imaging (MRI) by showing high signal lesions of 
the same age on T2-weighted images will help us to 
make the diagnosis of ADEM. High signal lesions 
are usually seen in the subcortical white matter 
but there may be some lesions in the cerebellum, 
grey matter, basal ganglia, periventricular regions, 
brain stem, thalamus, midbrain or spinal cord 
(6,8,16,17).
Prescribing high dose methylprednisolone, 
dexamethasone, intravenous immunoglobulin 
(IVIG) and plasmapheresis are used to manage 
the patients diagnosed as ADEM (6,18-20). The 
increasing rate of using MRI as a brain imaging in 
recent years has led to more correct diagnosis of 
ADEM in children which results in more effective 
treatments (6,21).
“The exact incidence of ADEM is not known but 
it has been reported approximately 0.4/10 5/year 
among people less than twenty years old in San 
Diego County” (22). ADEM was more common in 
children population because of higher exposure to 
antigens and higher frequency of immunization and 
viral infections in children (9). Most of the studies 
about ADEM patients have been done on pediatric 
populations reported mostly in Caucasians (22).
Few large series of ADEM have been published in 
Asian populations (22-24), and similar studies are 
scarce in Iran. Thus we tried to study the precipitating 
factors, demographic data, clinical and radiological 
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manifestations, electroencephalography (EEG) and 
laboratory findings, association with infections and 
immunization and incidence of recurrence in the 
children diagnosed as ADEM admitted to Mofid 
Children Hospital, Tehran, Iran.

Materials & Methods

From Mar 2013 to Mar 2016, 36 patients with 
initially diagnosed as ADEM were admitted to 
Mofid children Hospital, Tehran, Iran. Their 
medical records were reviewed retrospectively and 
7 cases were excluded with different diagnoses 
such as MS, CNS infection, isolated transverse 
myelitis, optic neuritis, etc.
Overall, 29 cases were entered our case-series study 
with the definite diagnosis of ADEM. Moreover, 
telephone interviewing was done carefully for each 
case in order to complete the data which was all 
classified in a chart questionnaire. 
The data was recorded confidentially and informed 
consent was obtained from parents. Each person 
was characterized by a numerical code.
ADEM diagnosis was made by the criteria, 
including a presumed acute demyelinating process 
with no history of unexplained neurological 
symptoms and at least one demyelinating lesion 
shown on MRI without evidence of previous 
destructive white matter lesions (25).
The demographic, clinical, laboratory and 
radiological data of each case were reviewed in 
detail, including sex, age, season of admission 
and its duration, any history of antecedent 
infectious disease specially viral infections, 
history of vaccination during last month, clinical 
manifestations, EEG findings, exact region of 
CNS lesion shown by MRI, CSF analysis, CBC 
(complete blood count), ESR, qualitative CRP. 

Moreover, recurrence and the time between first 
onset and first recurrence was asked.
CSF analysis was performed within first 2 days of 
admission in the majority of patients included WBC 
count, cytology, glucose and protein concentration, 
CSF culture and microbiological investigations.
Almost all of the cases underwent brain and spinal 
MRI study in the first days of admission except 
for those who had loss of consciousness and ICU 
admitted. MRI and EEG studying were performed 
after clinical stabilization and were reported by an 
expert neuroradiologist and pediatric neurologist, 
respectively. 
The clinical manifestations including the early 
onset presentations were recorded, in addition to 
the signs and symptoms presented during the time 
of admission.
The laboratory studies were all done in the 
same laboratory and abnormal findings were all 
rechecked.
The data were analyzed by SPSS (ver. 22.0, 
Chicago, IL, USA) Statistical software.

Results

Twenty-nine children out of 36 cases diagnosed 
as ADEM were enrolled and were studied in 
terms of demographic characteristics, clinical 
manifestations and laboratory findings classified 
according to the recurrence (Table 1). Table 2 
shows clinical manifestations, EEG and MRI 
findings and Table 3 shows the laboratory findings.
In 9 patients (31%) recurrence occurred in which 
the mean period of time between the recovery after 
the first onset of the disease and its recurrence was 
5.2 months. ADEM recurrence incidence rates per 
1000 person-months were 17.41 (95% CI: 9.6-
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33.46). None of the patients have family history 
of ADEM. 

The mean age of the patients with recurrence was 

less than those without it were. It was more common 

in female population than male but the difference 

was not meaningful in terms of statistical studies.

There was no relationship between the season of 

the first episode of the disease and the recurrence 

incidence (P=0.47). None of the children who 

showed recurrent episodes had history of 

vaccination but 4 cases of the group without 

recurrence had done immunization in the last 

month before the first onset of disease. Of course, 

the difference was not statistically meaningful 

(P=0.28). The viral infection was reported in 

4 children with recurrence and 9 without. The 

statistical studies also showed no meaningful 

difference (P=0.99).

No relationship between the recurrence of ADEM 

and clinical manifestations, radiological and 

laboratory findings was found.

Table 1. The epidemiological characteristics of the patients according to the recurrence 

Variables

No (N =20)

n(%)

Recurrence Total

(N=29)

n (%)

P-value

Yes(N =9)

n (%)

Age (month)

Mean(standard deviation)

57.3(47.02) 53.33(31.65) 56.07(42.3) 0.87

Sex

(female/male)

7/13 6/3 13/16 0.23

Season

Spring 6(30) 1(11.1) 7(24.1)

0.47Summer 5(25) 3(33.3) 8(27.6)

Autumn 5(25) 3(33.3) 8(27.6)

Winter 4(20) 2(22.2) 6(20.7)

History of viral infection 9(45) 4(44.4) 13(44.8) 0.99

History of vaccination 4(20) 0(0) 4(13.8) 0.28
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Table 2. Clinical manifestations and the findings of EEG and MRI studies

Variables
No(N =20)

n(%)

Recurrence Total(N=29)
n(%)

P-value

Yes(N =9)
n(%)

Clinical 
manifestations

Motor deficit 8(40) 5(55.6) 13(44.8) 0.69

Consciousness 
alteration

8(40) 3(33.3) 11(39.7) 0.99

Headache 2(10) 0(0) 2(6.9) 0.99

Seizure 9(45) 4(44.4) 13(44.8) 0.99

Ataxia 5(25) 3(33.3) 8(27.6) 0.68

Lesions shown 
in MRI

Periventricular 3(15) 0(0) 3(10.3) 0.53

Brain stem 3(15) 1(11.1) 4(13.8) 0.99

Cerebellum 1(5) 2(22.2) 3(10.3) 0.22

Basal ganglia 1(5) 1(11.1) 2(6.9) 0.53

Cortex 4(20) 1(11.1) 5(17.2) 0.99

Subcortical white 
matter

12(60) 3(33.3) 15(51.7) 0.25

Thalamus 2(10) 0(0) 2(6.9) 0.99

Spinal cord 2(10) 2(22.2) 4(13.8) 0.57

Midbrain 0(0) 1(11.1) 1(3.4) 0.31

Abnormal EEG 9(45) 6(66.7) 15(51.7) 0.43

Table 3. Laboratory findings

Variables
Recurrence 

Total (N=29)
Mean(standard 

deviation)

P-value
(Mann Withney 

U test)

No (N =20)
Mean(standard 

deviation)

Yes (N =9)
Mean(standard 

deviation)

CSF leukocyte count 3.25(9.96) 0(0) 2.48(8.74) 0.45

CSF protein 19.25(11.07) 21.8(9.04) 19.86(10.46) 0.40

CSF glucose 68.5(25.55) 61.6(11.28) 66.86(22.9) 0.72

ESR 17.4(20.31) 30.25(20.37) 20.11(20.47) 0.19

Blood WBC count 7900(3984.53) 8455.56(2123.15) 8085.2(3440.8) 0.60

CRP n(%) 7(50) 2(28.6) 9(42.9) 0.40
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Discussion

Our study is one of the few studies, which have 
reviewed epidemiological, clinical and laboratory 
data of children with ADEM in two categories: 
with or without recurrence. The mean age of the 
patients in our study was 56.07 months which was 
less than other studies (over 5 yr old) (26-30). 
Male/ female ratio in our study was 1.23 which 
was consistent with previous studies (28,29,31).
In our study, the seasonal distribution of ADEM 
was equal, while in previous studies the most 
incidence of ADEM was in winter (10,32,33). 
Seasonal priority in those studies may be justified 
by more incidence of febrile viral infections in 
winter incriminated for ADEM.

44.8% of the patients in our study had a history 
of a febrile infection last month before ADEM 
presentations but this amount was different in other 
studies (more than 70%) (4,5,8,10,27,29,32,34,35). 
The current result of our study is consistent with 
the last study in Iran (46.4%) (9). History of febrile 
disease (mostly viral infections) has a small causal 
role in the incidence of ADEM in our country. Only 
13.8% of the patients in our study had a history of 
vaccination in the last month before presentation 
of the disease which was the same as other studies 
(9, 29,35). 
The most common region of the brain lesions was 
subcortical This matter according to our study 
(51.7%) This result was similar to previous studies; 
Though , the rate of sub cortical white matter 
involvement in the preview studies was more than 
ours(more than 80%) (9,10,29,32,34).
Motor deficit and seizure were the most common 
signs in our patients with the incidence rate of 
44.8% separately, and consciousness alterations, 
ataxia, and headache were the next common signs, 

respectively. In previous studies motor deficit 
was also the most common sign; Ataxia and 
consciousness alterations were reported as most 
common signs after motor deficit (4,6,9,23,26,34). 
These results showed a more incidence of seizure 
in our study.
In our study, almost half of the patients had 
abnormal EEG findings (51.7%) which was less 
than other studies (more than 70%) (4,5,29,32). 
The less amount of EEG abnormalities in our 
patients despite the more incidence of seizure 
shows that the most common cause of seizures was 
acute cerebral injury which does not necessarily 
need long time medical therapy.
In our research lumbar puncture was performed in 
22 cases. The mean leukocyte count was 2.48 cell/
µl, CSF protein was 19.86 mg/dl and CSF glucose 
was 66.86 mg/dl, all showed normal values. CSF 
protein was in normal range in all cases, while 
CSF glucose was less than normal range in only 
one patient and the CSF leukocyte counts were 
abnormal in two of them. These findings were 
quite in contrast to other studies reported CSF 
abnormalities (leukocyte count, protein or glucose 
concentrations) in more than two-thirds of the 
patients (4,9,10,22,24,29,31,32). This result may 
be attributed to the possible role of viral infections 
in ADEM.
In our study, 19 patients had ESR results in their 
laboratory data in which mean amount of ESR was 
20.11 mm/hour and was consistent with previous 
studies (23, 32).
Laboratory data of 27 cases included CBC with 
average count of 8085 cells/µl and only two of 
them had leukocytosis. This was in contrast with 
other studies reported leukocytosis in one third 
to two-thirds of the patients (6, 23, 29, 32). The 
leukocytosis in these studies may be justifiable 
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with the possible role of viral infections in ADEM.
Laboratory data of 21 cases included CRP which 
was positive in 42.9% of them. In previous studies, 
CRP was reported normal in approximately all of 
the patients (5, 23, 29). Positive CRP reported in 
our study may be due to the fact that CRP is an 
acute phase reactant accompanies inflammation 
and tissue injury.

In our study after a mean follow-up period of 
23.1 months (range: 6-37 months), 9 cases (31%) 
showed recurrence and no death was reported. In 
previous studies, the recurrence rates were reported 
less than ours (10%-15%) (5,6,32,34). 
Although in our study the epidemiological, clinical 
and laboratory data of the patients were reported 
separately in two groups of patients divided in with 
or without recurrence, no meaningful statistical 
difference was found between two groups. 
In conclusion, compared with previous studies, the 
reason for high rate of recurrence in our patients 
may be related to the younger age of patients in 
our study. Finally, we suggest more comprehensive 
studies in order to find the underlying causes of high 
rate of recurrence of ADEM in Iranian children.

Acknowledgement 
This article has been extracted from the thesis 
written by Mr. Masoud Hassanvand Amouzadeh in 
the School of Medicine Shahid Beheshti University 
of Medical Sciences. (Registration No: M463).

Author contributions 
Mohammad-Mahdi Taghdiri was responsible for 
the study design and interpretation of clinical 
data. Masoud Hassanvand Amouzadeh supervised 
the study, revised and edited the manuscript. 
Shaghayegh Sadat Esmail Nejad, Mohsen Akhavan 
Sepahi and Ezatollah Abasi collected the data and 

wrote the first draft of this manuscript. Abbas 
Alipour was responsible for data analysis. After 
revision of final draft, all authors agreed to submit 
the final version of the article.

Conflict of interest
None declared. 

References

1.	 van der Knaap MS, Valk J. Acute disseminated 
encephalomyelitis and acute hemorrhagic 
encephalomyelitis. In: van der Knaap MS, 
Valk J, eds. Magnetic resonance of myelin, 
myelination and myelin disorders, 2nd ed. Berlin-
Heidelberg:Sringer-Verlag,1995:320-326.

2.	 Rust RS. Multiple sclerosis, acute disseminated 
encephalomyelitis and related conditions. Semin 
Pediatr Neurol 2000;7:66-90.

3.	 Tenembaum S, Fejerman N. Enfermedades 
desmielinizantes. In: Fejerman N, Fernandez 
Alvarez E, eds. Neurologic Pediatrica,2nd ed. 
Buenos Aires: Panamericna,1997:929-940.

4.	 Hynson JL1, Kornberg AJ, Coleman LT, 
Shield L, Harvey AS, Kean MJ. Clinical and 
neuroradiologic features of acute disseminated 
encephalomyelitis in children. Neurology 2001; 
56(10):1308-12.

5.	 Tenembaum S, Chamoles N, Fejerman N. 
Acute disseminated encephalomyelitis, A long-
term follow up study of 84 pediatric patients. 
Neurology 2002;59:1224-1231.

6.	 Gupte G, Stonehouse M, Wassmer E, Coad 
NA, Whitehouse WP. Acute disseminated 
encephalomyelitis: a review of 18 cases in 
childhood. J Paediatr Child Health 2003; 
39(5):336-42.



72

Epidemiological, Clinical, and Laboratory Characteristics of Acute Disseminated Encephalomyelitis in Children

Iran J Child Neurol. Autumn 2019 Vol.13 No. 4

7.	 Johnsen SD, Sidell AD, Bird R. Subtle 
encephalomyelitis in children: a variant of acute 
disseminated encephalomyelitis. J Child Neurol 
1989; 4: 214-217.

8.	 de Seze J, Debouverie M, Zephir H, Lebrun 
C, Blanc F, Bourg V, et al. Acute fulminant 
demyelinating disease: a descriptive study of 60 
patients. Arch Neurol 2007; 64(10):1426-32. 

9.	 Noorbakhsh S, Tonekaboni H. Acute 
disseminated encephalomyelitis in children: A 
descriptive study in Tehran, Iran. J Saudi Med 
2007; 28:396-399.

10.	 Dale RC, de Sousa C, Chong WK, Cox TC, 
Harding B, Neville BG. Acute disseminated 
encephalomyelitis, multiphasic disseminated 
encephalomyelitis and multiple sclerosis in 
children. Brain 2000; 123:2407-22.

11.	 Hindley DT, Newton RW, Clarke MA, et al. 
Steroid-responsive relapsing encephalopathy 
presenting in young children. Neuropediatrics 
1993;24: 182.

12.	 Hartung HP, Grossman RI. ADEM: distinct 
disease or part of the MS spectrum. Neurology 
2001;56:1257-1260.

13.	 Caldemeyer KS, Smith RR, Harris TM, 
Edwards MK. MRI in acute disseminated 
encephalomyelitis. Neuroradiology 1994; 36: 
216 -220.

14.	 Tenembaum S, Galicchio S, Granana N, Ferrea 
M, Chamoles N, Fejerman N. Multiphasic 
disseminated encephalomyelitis and multiple 
sclerosis in children: diagnostic clues. J Neurol 
Sci 1997; 150:230.

15.	 Kliegman RM, Stanton BF, St Geme III JW, 

Schor NF, Behrman RE. Nelson Textbook of 
Pediatrics. 20th ed. Philadelphia: Elsevier; 2016. 
p. 2924.

16.	 Dun V, Bale JF, Zimmermann RA, Perdue 
Z, et al. MRI in childen with postinfectious 
disseminated encephalomyelitis. Magn Reson 
Imaging 1986;4:25-32.

17.	 Mader I, Stock KW, Ettlin T, et al. Acute 
disseminated encephalomyelitis: MRI and CT 
features. AJNR 1996; 17:104-109.

18.	 Straub J, Chofflon M, Delavelle J. Early high 
dose intravenous methylprednisolone in acute 
disseminated encephalomyelitis: a successful 
recovery. Neurology 1997; 49: 1145-1147.

19.	 Pradhan S, Gupta RP, Shashank S, et al. 
Intravenous immunoglobulin therapy in acute 
disseminated encephalomyelitis. J Neurol Sci 
1999; 165: 56-61.

20.	 Kanter DS, Horensky D, Sperling RA, et al. 
Plasmapheresis in fulminant acute disseminated 
encephalomyelitis. Neurology 1995; 45: 824-
827.

21.	 Stonehous M, Gupte G, Wassmer E, et al. Acute 
disseminated encephalomyelitis: recognition in 
the hands of general paediatricians. Arch Dis 
Child 2003; 88: 122-124.

22.	 Lin CH, Jeng JS, Hsieh ST, Yip PK, Wu RM. 
Acute disseminated encephalomyelitis: a 
follow-up study in Taiwan. J Neurol Neurosurg 
Psychiatry 2007; 78(2):162-7. 

23.	 Leake JA, Albani S, Kao AS, Senac MO, Billman 
GF, Nespeca MP, et al. Acute disseminated 
encephalomyelitis in childhood: epidemiologic, 
clinical and laboratory features. Pediatr Infect 



73

Epidemiological, Clinical, and Laboratory Characteristics of Acute Disseminated Encephalomyelitis in Children

Iran J Child Neurol. Autumn 2019 Vol.13 No. 4

Dis J 2004; 23(8):756-64. 

24.	 Murthy JM, Yangala R, Meena AK, et al. Clinical, 
electrophysiological and magnetic imaging 
study of acute disseminated encephalomyelitis. 
J Assoc Physicians India 1999;47: 280-283.

25.	 Schwarz S, Mohr A, Knauth M, Wildemann 
B, Storch-Hagenlocher B. Acute disseminated 
encephalomyelitis: a follow-up study of 40 adult 
patients. Neurology 2001; 56(10):1313-8.

26.	 Visudtibhan A, Tuntiyathorn L, Vaewpanich J, 
Sukjit P, Khongkatithum C, Thampratankul L, 
et al. Acute disseminated encephalomyelitis: 
a 10-year cohort study in Thai children. Eur J 
Paediatr Neurol 2010; 14(6):513-8.

27.	 Lee WT, Wang PJ, Liu HM, Young C, Tseng 
CL, Chang YC, et al. Acute disseminated 
encephalomyelitis in children: clinical, 
neuroimaging and neurophysiologic studies. 
Zhonghua Min Guo Xiao Er Ke Yi Xue Hui Za 
Zhi 1996; 37(3):197-203.

28.	 Atzori M, Battistella PA, Perini P, Calabrese 
M, Fontanin M, Laverda AM, et al. Clinical 
and diagnostic aspects of multiple sclerosis and 
acute monophasic encephalomyelitis in pediatric 
patients: a single centre prospective study. Mult 
Scler 2009; 15(3):363-70.

29.	 Torisu H, Kira R, Ishizaki Y, Sanefuji M, 
Yamaguchi Y, Yasumoto S, et al. Clinical 
study of childhood acute disseminated 

encephalomyelitis, multiple sclerosis, and acute 
transverse myelitis in Fukuoka Prefecture, 
Japan. Brain Dev 2010; 32(6):454-62.

30.	 Banwell B, Kennedy J, Sadovnick D, Arnold DL, 
Magalhaes S, Wambera K, et al. Incidence of 
acquired demyelination of the CNS in Canadian 
children. Neurology 2009; 72(3):232-9.

31.	 Pohl D, Hennemuth I, von Kries R, Hanefeld 
F. Paediatric multiple sclerosis and acute 
disseminated encephalomyelitis in Germany: 
results of a nationwide survey. Eur J Pediatr 
2007; 166(5):405-12.

32.	 Murthy SN, Faden HS, Cohen ME, Bakshi 
R. Acute disseminated encephalomyelitis in 
children. Pediatrics 2002; 110(2): e1-e21.

33.	 Xiong CH, Yan Y, Liao Z, Peng SH, Wen HR, 
Zhang YX, et al. Epidemiological characteristics 
of acute disseminated encephalomyelitis in 
Nanchang, China: a retrospective study. BMC 
Public Health 2014; 14:111.

34.	 Weng WC, Peng SS, Lee WT, Fan PC, 
Chien YH, Du JC, et al. Acute disseminated 
encephalomyelitis in children: one medical 
center experience. Acta Paediatr Taiwan 2006; 
47(2):67-71.

35.	 Apak RA, Köse G, Anlar B, Turanli G, 
Topaloğlu H, Ozdirim E. Acute disseminated 
encephalomyelitis in childhood: report of 10 
cases. J Child Neurol 1999; 14(3):198-201. 


