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Abstract 26 

The detailed clinical time course in acute disseminated encephalomyelitis (ADEM) 27 

from initial symptoms, through exacerbation, to remission has not been widely reported. 28 

Hence, this study aimed to investigate the clinical time course of pediatric ADEM. This 29 

was a multicenter retrospective study based on registry data from medical chart reviews. 30 

The study included children who met the international consensus diagnostic criteria for 31 

ADEM. The patients comprised 18 boys and 6 girls, with a mean age of 5.5±3.3 years at 32 

onset. From onset, the time until peak neurological symptoms, time until initial 33 

improvement, and time until full recovery was 3.1±3.7 days, 6.0±4.5 days, and 26±34 34 

days, respectively. Twenty-three (96%) patients were treated with high-dose 35 

methylprednisolone (mPSL) with a mean duration of 4.1±4.0 days from onset. The 36 

condition of 15 patients (65%) improved within 3 days of high-dose mPSL initiation, 37 

whereas, that of four patients began to improve after >5 days of high-dose mPSL 38 

initiation. Only one patient (4%) did not achieve full recovery despite treatment with 39 

high-dose mPSL, intravenous immunoglobulin, and plasma exchange. This study 40 

presents the detailed clinical time course in pediatric ADEM in Japan. Progression of 41 

neurologic deficits typically lasts a few days, with initial improvement in 1 week 42 

leading to full recovery within 1 month. 43 
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Introduction 44 

Acute disseminated encephalomyelitis (ADEM) is an inflammatory demyelinating 45 

disease characterized by polyfocal clinical symptoms and encephalopathy and magnetic 46 

resonance imaging (MRI) findings consistent with demyelination [1]. ADEM often 47 

occurs after a viral infection between 2 days and 4 weeks [2, 3]. Neurological symptoms 48 

have been reported to progress within several days; however, reports on the clinical time 49 

course of this disease are limited [4]. Particularly, the duration from onset, through 50 

exacerbation and nadir, to remission in ADEM has not been widely reported [5]. Studies 51 

have shown that high-dose methylprednisolone (mPSL), which ameliorates central 52 

nervous system inflammation, is the main first-line treatment choice for ADEM [2, 3]; 53 

other options include intravenous immunoglobulin (IVIg) and plasma exchange [2, 3]. 54 

However, the effectiveness of these treatments for ADEM has not been confirmed 55 

because no prospective clinical trials have been conducted. Hence, we conducted a 56 

multicenter clinical observational study to investigate clinical features of ADEM, 57 

especially, the clinical time course and responsiveness to high-dose mPSL.  58 

 59 

Materials and Methods 60 

Study design and subjects 61 
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This retrospective, clinical observational study was conducted with the approval of the 62 

Ethics Committee of Kobe University Graduate School of Medicine, Kobe Children’s 63 

Hospital, Kakogawa Central City Hospital, and Himeji Red Cross Hospital. As this 64 

study project was open to the public via our homepage, the need for formal informed 65 

consent from individual participants was waived. Two tertiary referral hospitals and 2 66 

regional central hospitals participated in this study. Patients who were admitted and 67 

diagnosed with acquired demyelinating syndrome (ADS) in each hospital between 68 

January 2008 and October 2017 were identified and registered in a central database by 69 

members of the pediatric ADS study group. We reviewed the medical charts and 70 

investigated the clinical course of the disease in each patient, MRI and cerebrospinal 71 

fluid (CSF) examination results, treatments, and outcomes of the registered patients. 72 

Subsequently, we included patients with a definite diagnosis of ADEM based on the 73 

criteria proposed by the International Pediatric Multiple Sclerosis Study Group 74 

(IPMSSG) [1]. Patients with prior neurological disease, including intellectual disability, 75 

epilepsy, or paralysis were excluded. Patients without complete data to aid in evaluating 76 

the clinical time course were excluded from this study.  77 

 78 

Definitions 79 
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All patients in this study fulfilled the diagnosis criteria for ADEM at the first 80 

presentation of a demyelinating event; however, some were diagnosed with multiple 81 

sclerosis (MS) or multiphasic ADEM (mADEM) during the follow-up period. The 82 

diagnosis was conducted based on the definitions proposed by the IPMSSG [1]. To 83 

evaluate the clinical time course, several terminologies were defined in this study. The 84 

onset of the disease was defined as the day on which a neurological symptom appeared 85 

and was established as day 1 in accordance with a previous study [6]. The nadir was 86 

defined as the period during which the patient presented with the worst neurological 87 

symptoms during the entire duration of the hospital stay. The initial improvement was 88 

defined as the first day on which the patient presented with an obvious commencement 89 

of improvement in neurological symptoms, which was determined by clinicians. Full 90 

recovery was defined as the state in which patients and their parents noticed an absence 91 

of neurological symptoms, even if the clinicians observed neurological signs on 92 

physical examination. Additionally, abnormal findings on MRI were defined as a high 93 

intensity area on a T2-weighted image as identified by radiologists in each hospital.  94 

 95 

High dose-mPSL protocol 96 

Subjects in the study were often treated with high dose-mPSL. One course of high dose-97 
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mPSL consisted of 30 mg/kg/day (maximum 1000 mg/day) for 3 continuous days. 98 

When patients did not sufficiently recover, an additional course of high-dose-mPSL of 99 

30 mg/kg/day for 3 continuous days after a 4-day interval was administered. Three or 100 

more courses of high-dose mPSL were sometimes administered in patients without full 101 

recovery.  102 

 103 

Results 104 

Symptoms 105 

Twenty-four patients who met the inclusion criteria for ADEM were included in this 106 

study. The characteristics of the patients are presented in Table 1. A total of 11 patients 107 

(46%) had the following infections within 1 month before onset: upper respiratory 108 

inflammation, 8 (33%); gastroenteritis, 2 (8%); and fever, 1 (4%). A specific virus 109 

associated with the preceding infections was not identified. Four patients (17%) 110 

received vaccinations for the following within 1 month before onset: influenza, 2 (8%); 111 

and Japanese encephalitis, 2 (8%). The patients presented with encephalopathy (71%), 112 

seizures (21%), motor paralysis (13%), gait disturbance (17%), cranial nerve 113 

abnormalities (25%), and/or bladder/rectal disturbance (4%) prior to admission. During 114 

the overall hospital stay, the incidence rose for each of: encephalopathy (100%), 115 
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seizures (38%), motor paralysis (38%), gait disturbance (42%), cranial nerve 116 

abnormalities (38%), and/or bladder/rectal disturbance (29%). Additionally, following 117 

onset of the disease, the patients were admitted to the hospital on day 3.0 ± 3.7, and 118 

neurological symptoms reached their nadir on day 4.1 ± 3.7. These results indicate that 119 

neurological symptoms become progressively diverse and worsen even after admission. 120 

Clinical time courses are shown in Figure 1. Symptoms worsened until day 4.1 ± 3.7, 121 

and began improving on day 7.0 ± 4.5. Full recovery was achieved on day 27 ± 34.  122 

 123 

Examination findings 124 

MRI revealed abnormal findings for all patients. Initial brain MRI, which was 125 

conducted on day 4.1 ± 3.0 revealed abnormalities in 21 (88%) patients, and the second 126 

brain MRI revealed that these abnormalities remained in 3 (12%) patients (Case 12, 13, 127 

14). The initial MRI was conducted on days 5, 2, and 3 and the second MRI was 128 

conducted on days 13, 3, and 9 for cases 12, 13, and 14, respectively. Of 12 patients 129 

who underwent spinal MRI, abnormal findings were observed in 2 (17%). Anti-myelin 130 

oligodendrocyte glycoprotein (MOG) antibody levels were assessed in 3 patients using 131 

cell-based assays as previously described, and the antibody was positive in all 3 patients 132 

(Case 3, 13, 17) [7]. Anti-MOG antibody levels were assessed for one patient in the 133 
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acute phase while for the other 2 patients, this examination was conducted following 134 

repetitive recurrences without encephalopathy. The latter 2 patients were finally 135 

diagnosed with MS. Three patients with anti-MOG antibody had abnormal MRI lesions 136 

in the following regions: cortex, 1 (33%); subcortical white matter, 3 (100%); deep 137 

white matter, 2 (66%); basal ganglia, 2 (66%); brainstem, 1 (33%); cerebellum, 2 138 

(66%); and spinal cord or optic nerve, none. Anti-aquaporin4 (AQP4) antibody levels 139 

were assessed in 9 patients, with negative results in all. Pleocytosis, elevated protein 140 

levels, elevated myelin basic protein (MBP) levels, and elevated immunoglobulin G 141 

(IgG) index were identified in the CSF of 83%, 50%, 57%, and 19% of patients, 142 

respectively.  143 

 144 

Treatments and outcome 145 

Twenty-three (96%) patients were treated with high-dose mPSL. Six patients were 146 

treated with 1 course of high-dose mPSL, 5 patients were treated with 2 courses, 10 147 

patients were treated with 3 courses, and 2 patients were treated with 4 or more courses. 148 

High-dose mPSL was initiated on day 5.1 ± 4.0. The clinical time course and initiation 149 

of high-dose mPSL for each patient are shown in Figure 2. Fifteen of twenty-three 150 

patients (65%) (Case 1, 3, 4, 5, 7, 11, 12, 13, 15, 16, 17, 18, 19, 20, 22) showed an 151 
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initial improvement within 3 days of high-dose mPSL initiation. Particularly, three 152 

patients (Case 12, 17, 22) showed initial improvement soon after the initiation of high-153 

dose mPSL after 10 days or more of symptom worsening or during the nadir period. 154 

Conversely, the nadir period continued for more than 5 days after the initiation of high-155 

dose mPSL in four patients (Case 9, 10, 23, 24), even though these patients had begun 156 

taking high-dose mPSL within 4 days of onset. Further, IVIg administration was 157 

initiated in four patients on day 12.2 ± 8.3. Plasma exchange was initiated in one patient 158 

(Case 24) on day 37; however, this patient did not recover fully and developed 159 

persistent motor paralysis, which continued even after discharge. Six (25%) patients 160 

exhibited sequelae at discharge; however, all patients, except for the patient treated with 161 

plasma exchange, achieved full recovery after discharge.  162 

 During the long-term follow-up of 1.9 ± 2.0 years (Table 2), 4 (17%) patients 163 

experienced recurrence. Of these 4 patients, 2 were diagnosed with MS and 2 were 164 

diagnosed with mADEM. Of the 23 patients with high-dose mPSL therapy, 8 continued 165 

taking oral prednisolone (PSL) for more than 30 days (32–69 days); 1 among them 166 

experienced recurrence 3 months after stopping PSL. Fifteen patients stopped taking 167 

PSL within 1 month after high-dose mPSL; 3 among them experienced recurrence 3 168 

weeks, 5 months, and 12 months after stopping PSL, respectively. The final Expanded 169 
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Disability Status Scale scores (EDSS) were 0.0 in 21 (88%) patients. In the remaining 3 170 

patients, EDSS was 1.0, 1.0, and 6.0. The two patients with a final EDSS of 1.0 171 

achieved full recovery in the acute phase; however, they had unexpected decline with 172 

epilepsy or attention deficit hyperactivity disorder (ADHD) thereafter. The final 173 

diagnosis in these two patients was ADEM, and the relationship between ADEM and 174 

the decline was unclear. 175 

 176 

Discussion 177 

In contrast to most previous studies of pediatric ADEM [3, 8-12], this study described 178 

the clinical time courses after the patients presented with neurological symptoms. To the 179 

best of our knowledge, only a few studies have shown the clinical time courses of 180 

ADEM [4, 5, 13, 14]. Tenembaum et al. reported that neurological symptoms worsened 181 

after a mean period of 4.5 days [4], Schwarz et al. reported a median duration from 182 

onset to admission of 4 days (range, 0–14 days) in 26 adults with ADEM [14], and 183 

Anlar et al. reported that the initial improvement after high-dose mPSL began after 1–4 184 

days [13]. However, none of these studies examined patients with ADEM after the 185 

diagnostic criteria of the 2007 IPMSSG were implemented, and therefore these studies 186 

included patients with and without encephalopathy [4, 13, 14].  187 
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Omata et al. presented the clinical time course of patients diagnosed with ADEM 188 

according to the 2007 IPMSSG criteria; however, the sample sizes were comparatively 189 

smaller (7 patients) than those in the present study [5]. In Omata et al.’s case series, the 190 

initial MRI was conducted on day 20.7, and disseminated lesions were identified in all 191 

cases on initial MRI [5]. In contrast, in our study, the initial MRI was conducted on day 192 

4.1, and abnormalities were not identified in 3 patients on initial MRI; hence, our 193 

findings indicate that it is important to conduct a repeat MRI scan, in line with another 194 

study reporting that delayed abnormality was observed on MRI in 7 of 13 ADEM cases 195 

[6].  196 

Furthermore, the duration from presentation of neurological symptoms to full 197 

recovery has comprehensively been described for the first time in this study. The 198 

duration of hospital stay in our study was longer than that reported in previous studies 199 

[5, 14]. This could be explained by the therapeutic policy of the participating hospital, 200 

as high-dose mPSL of 30 mg/kg/day for 3 days/course and 2-3 courses (2-3 weeks) was 201 

often administered at our hospital. Another possibility is that our study included several 202 

severe cases, which may have influenced the clinical time courses. 203 

Characteristics such as sex, symptoms, and examination results of pediatric ADEM 204 

have been well documented in previous studies including studies with the 2007 205 
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IPMSSG criteria [8-12, 15-18]. The male:female ratio was 1.0:1 in a US and Israeli 206 

study, 1.3:1 in a French or Kuwaiti study, 0.75:1 in a German study, and 2.0:1 in a 207 

Japanese study [10-12, 15, 17, 18]. The rates of fever, headache, and vomiting were 208 

previously reported to be 42–73%, 19–57%, and 23–38%, respectively [8, 10-12, 15, 209 

17]. The rates of motor paralysis, sensory disturbance, and ataxia were 23–70%, 10–210 

15%, and 19–44%, respectively [10, 11, 15, 17]. Previous reports showed the rate of 211 

pleocytosis, elevated protein, and elevated MBP to be 51–85%, 34–36%, and 42% in 212 

the CSF [10-12, 18]. Our results are consistent with those from these previous studies. 213 

The rate of elevated IgG index and presence of oligoclonal bands (OCBs) in our study 214 

are also consistent with the findings in previous studies wherein the rate of elevated IgG 215 

index and the presence of OCBs were 2–36% and 5–19% [10-12, 17, 18], respectively. 216 

MRI findings revealed less cortical involvement in our study than in a previous study 217 

(46%) [11]; however, subcortical white matter involvement was higher than that in 218 

previous studies (42–67%) [10, 11]. These differences could be explained by the 219 

ambiguity in radiological interpretation between our study and previous studies [10, 11]. 220 

Abnormal lesions in the brainstem and cerebellum, which were previously reported to 221 

be more predominant in children than in adults with MS [19], were not as common in 222 

our study as compared with those in previous studies (29–54% and 30–35%) [10, 11].  223 
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Anti-MOG antibodies were detected in all 3 patients who underwent the 224 

examination in this study (Case 3, 13, 17). Because anti-MOG antibodies were not 225 

examined in most of the patients in this study, we could not compare the responses in 226 

patients with to those without anti-MOG antibody examinations. However, treatment 227 

response to high-dose mPSL was rapid in these 3 patients, which supports the previous 228 

report that MOG antibody-positive patients appear to respond to steroids rapidly in 229 

neuromyelitis optica [20]. Our patients with anti-MOG antibody did not show 230 

predominance of MRI lesions in the brainstem and spinal cord as reported by Baumann 231 

et al [21], although our sample size was relatively small. 232 

The prognosis of ADEM was reported to be favorable, but varied; the complete 233 

recovery rate was reported to be 57%–92% in several pediatric cohorts of ADEM 234 

between 2000 and 2004 [3]. A recent pediatric study showed that the rate of sequelae 235 

was 17% in pediatric ADEM, 21% in multifocal clinically isolated syndrome (CIS), and 236 

50% in MS [11]. Our results are consistent with those of previous studies and support 237 

findings that the outcome of pediatric ADEM was more favorable than that of pediatric 238 

multifocal CIS [3, 11, 22, 23]. On the other hand, other recent studies showed that there 239 

are lasting neurocognitive and psychosocial deficits including ADHD and epilepsy in 240 

pediatric ADEM, and even children who were considered to have fully recovered at 241 
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discharge may be affected [17, 24, 25]. Our study also included two patients with 242 

ADHD or epilepsy, despite them achieving full recovery in the acute phase.  243 

High-dose corticosteroids are widely used as a first-line therapy for pediatric 244 

ADEM based on expert opinions and observational studies [2, 3, 16]. We observed that 245 

more than half of the patients in our study responded rapidly to high-dose mPSL and 246 

this is consistent with the observations in a previous study [13]. However, a few patients 247 

in this study showed no sign of improvement within several days after initiation of high-248 

dose mPSL. Anlar et al. reported that the period from mPSL administration to initial 249 

improvement was not different between those receiving mPSL within 7 days of onset 250 

versus later mPSL initiation [13]. Our results were in line with those in this previous 251 

report [13]. However, we did not conduct a statistical analysis because of the small 252 

number of patients receiving mPSL after 7 days. These findings suggest that it is 253 

important to first establish the exact diagnosis and differentially diagnose the disease 254 

rather than rapidly initiate high-dose mPSL as many disorders mimic ADS, including 255 

genetic/metabolic disorders, infectious diseases, and neoplasms [16, 19]. Moreover, 256 

response to corticosteroids was favorable in patients with delayed abnormality on MRI, 257 

which was inconsistent with a previous study [6]. 258 

In our study, 1 of 8 patients with a slow taper of PSL (≥ 30 days) and 3 of 15 259 
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patients with a rapid taper of PSL (< 30 days) experienced recurrence. Slow tapering of 260 

PSL (4–6 weeks) is recommended because rapid tapering of PSL (≤ 3 weeks) has been 261 

shown to increase the risk of relapse [16, 26]. However, these recommendations are 262 

based on retrospective studies that included both ADEM and CIS when the diagnostic 263 

criteria of the IPMSSG was applied [1, 26]. It is also reported that steroid withdrawal 264 

might cause rapid relapse in MOG antibody-positive patients [27]. A prospective study 265 

that divides the subjects into ADEM/CIS and MOG antibody-positive/negative groups 266 

could clarify the requirements for an adequate tapering of PSL. 267 

The present study had several limitations. First, owing to the retrospective design, 268 

the accuracy of the clinical time course of symptoms was limited. Particularly, initial 269 

improvement of neurological symptoms was determined less objectively. Second, the 270 

sample size was smaller than that of previous studies of pediatric ADEM [4, 12, 16]; 271 

therefore, we could only conduct a descriptive study and could not perform statistical 272 

analyses. However, considering that these previous descriptive studies applied the 2007 273 

or 2012 IPMSSG criteria, our study was comparatively large [5]. Finally, even if the 274 

new IPMSSG criteria are strictly applied, ADEM may still remain a heterogeneous 275 

condition [16]. Further, the initial diagnosis of ADEM was modified later in some 276 

patients. Although the results obtained in this study should be interpreted with caution, 277 
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they still present a detailed clinical time course of pediatric ADEM. Our main findings 278 

that 1) progression of neurological symptoms typically lasts a few days, 2) neurological 279 

symptoms generally begin improving in 1 week leading to full recovery within 1 month, 280 

3) abnormal lesions may not be identified on initial MRI, and 4) more than half of the 281 

patients have a rapid response to high-dose mPSL, will be useful for clinical 282 

management of pediatric ADEM.  283 
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 371 

Figure legends 372 

Figure 1. Clinical time course of pediatric acute disseminated encephalitis. The square 373 

represents the mean number of days, and the T-bars represent standard deviation.  374 

 375 

Figure 2. Clinical time course for each patient. The filled-bar represents the worsening 376 

period, the vertical lined-bar represents the nadir period, and the diagonal lined-bar 377 

represents the improving period. The circle represents the initiation of high-dose mPSL. 378 

The triangle represents the initiation of IVIg.  379 

mPSL: methylprednisolone; IVIg: intravenous immunoglobulin. 380 

 381 

 382 
 383 
Table 1  
Characteristics of patients with acute disseminated 

encephalomyelitis  

  

ADEM  

n = 24 

Age at onset, years 5.5 ± 3.3 

Sex, male 18 (75) 

Preceding infection or vaccination  
Infection within 1 month before onset 11 (46) 

Days from preceding infection to onset 12 ± 6.2 

Vaccination within 1 month before onset 4 (17) 
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Influenza 2 (8) 

Japanese encephalitis 2 (8) 

Days from vaccination to onset 13 ± 12 

General symptoms  
Fever 15 (63) 

Headache 6 (25) 

Eye pain 2 (8) 

Vomiting 7 (29) 

Neurological symptoms  
Encephalopathy 24 (100) 

Seizures 9 (38) 

Motor paralysis 9 (38) 

Sensory disturbance 2 (8) 

Gait disturbance 10 (42) 

Ataxia 8 (33) 

Visual impairment 3 (13) 

Nystagmus 3 (13) 

Cranial nerve abnormalities 9 (38) 

External ophthalmoplegia 2 (8) 

Dysphagia 2 (8) 

Dysarthria 6 (25) 

Facial paresis 2 (8) 

Bladder and rectal disturbance 7 (29) 

CSF findings*  
Pleocytosis (>5 cells/mm3) 20 (83) 

Protein elevation (>40 mg/dL) 12 (50) 

MBP >102 pg/mL 13 (57)** 

IgG index >0.73 3 (19)*** 

Presence of OCBs 0 (0)**** 

Abnormal findings on MRI  
Cortex 4 (17) 

Subcortical white matter 19 (79) 

Deep white matter 15 (63) 

Basal ganglia 12 (50) 

Thalamus 6 (25) 



 22 

Brainstem 5 (21) 

Cerebellum 4 (17) 

Spinal cord 2 (17)***** 

Optic nerve 2 (8) 

Treatment  
High-dose mPSL 23 (96) 

Days from onset to initiation of high-dose mPSL 4.1 ± 4.0 

IVIg 4 (17) 

Plasma exchange 1 (4) 

Outcome  
Duration of hospital stay, days 27 ± 22 

Sequelae at discharge 6 (25) 

Motor paralysis 3 (13) 

Cognitive dysfunction 2 (8) 

Ataxia 1 (4) 

Bladder and rectal disturbance 1 (4) 

Full recovery including after discharge 23 (96) 

Days from onset to full recovery 26 ± 34 

ADEM: acute disseminated encephalomyelitis; CSF: cerebrospinal fluid; MBP: myelin basic 

protein; IgG: immunoglobulin G; OCBs: oligoclonal bands; MRI: magnetic resonance 

imaging; mPSL: methylprednisolone; IVIg: intravenous immunoglobulin 

Data are represented as mean ± SD or number (%). 

*The maximum values of all examinations are presented. **n=23. ***n=16. ****n=21. 

*****n=12 
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Table 2  
Long-term outcome of patients with acute disseminated 

encephalomyelitis  

  

ADEM  

(n = 24) 

Follow-up duration, years 1.9 ± 2.0 

Recurrence 4 (17) 

Interval between first and second attack, years 0.5 ± 0.4 

Final diagnosis during follow-up period  
ADEM 20 (83) 

MS 2 (8) 

mADEM 2 (8) 

Sequelae during follow-up period 3 (13) 

Motor paralysis 1 (4) 

ADHD 1 (4) 

Epilepsy 1 (4) 

Final EDSS  
0.0  21 (88) 

1.0 2 (8) 

6.0  1 (4) 

ADEM: acute disseminated encephalomyelitis; MS: multiple sclerosis; mADEM: 

multiphasic acute disseminated encephalomyelitis; ADHD: attention deficit hyperactivity 

disorder; EDSS: Expanded Disability Status Scale 

Data are represented as mean ± SD or number (%). 
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