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Abstract

To evaluate the clinical and neuroimaging features of pediatric acquired demyelinating syndromes (ADS) in a tertiary pediat-
ric neurology clinic in Turkey. All children diagnosed with any subset of ADS between 2013 and 2018 were included in this
retrospective cohort study. Forty-two patients (21 female) with a median follow-up period of 30 months were included. The
median age of the patients at disease onset was 11 years (range 1.5-17 years). The most common pediatric ADS categories
according to the International pediatric Multiple Sclerosis Study Group consensus classification criteria were acute dis-
seminated encephalomyelitis (ADEM) and multiple sclerosis (MS), each of which seen in 15 patients, followed by clinically
isolated syndrome (CIS) (n=11) and Neuromyelitis Optica Spectrum Disorder (NMOSD) (n=1). At the first clinical event,
children with ADEM significantly differed from the children affected by MS and CIS in terms of the following parameters:
median age at onset (7 vs. 13.5 and 14.5 years; p <0.001), encephalopathy (93.3 vs 0% and 0%; p <0.001), and basal ganglia/
thalamus lesions (73.3 vs 9.1% and 9.1%; p <0.001). The frequency of seizure and pleocytosis were higher in ADEM group
than MS group (p <0.05), whereas oligoclonal bands (p <0.001) and periventricular white matter lesions (p <0.01) were
more frequently observed in MS patients. Rituximab was used with great success in the prevention of relapses in 3 patients:
NMOSD (n=1), MS (n=1) and ADEM followed by recurrent optic neuritis (n=1). Our results define the longitudinal dis-
ease course of various ADS categories in a single referral center. In addition, this study compares various clinical, laboratory
and neuroimaging features between these ADS categories.
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Introduction

Acquired demyelinating syndromes (ADS) is an umbrella
term that encompasses a wide spectrum of inflammatory
and demyelinating disorders of the central nervous system
(CNS). ADS is exceedingly rare in children, with an esti-
mated annual incidence of 0.6—1.66 cases per 100,000 chil-
dren [1-3]. In 2012, several subcategories including multiple
sclerosis (MS), monophasic acute disseminated encephalo-
myelitis (ADEM), multiphasic ADEM, neuromyelitis optica
spectrum disorder (NMOSD) and clinically isolated syn-
drome (CIS) were addressed by the International Pediatric
Multiple Sclerosis Study Group (IPMSSG) to improve con-
sistency in terminology of clinical and basic researches [4].

The first clinical event of ADS is occasionally not ade-
quate for accurate classification of a patient, requiring a
period to describe whether it as a polyphasic or monopha-
sic ADS. ADEM and CIS generally represent monophasic
ADS, whereas MS, multiphasic ADEM and NMOSD have
a polyphasic disease course. The involvement of one area
(monofocal) or multiple areas (polyfocal) of the CNS, cra-
nial imaging findings and the presence of autoantibodies
further assist the diagnosis of the patient [5, 6]. Even at the
initial clinical event early and accurate diagnostic identifica-
tion of the relevant subcategory among these ADS catego-
ries is crucial since treatment options and prognosis vary
substantially between ADS categories.

Pediatric MS with a disease onset before the age of 18
accounts for less than 10% of all MS cases [7]. Early rec-
ognition along with improving therapies have led to signifi-
cant achievements in the quality of life and prognosis of MS
patients. ADEM, which could affect patients of all ages, is
the most frequently seen ADS of childhood and young adult-
hood. Encephalopathy and polyfocal neurologic dysfunction
are the main manifestations of ADEM [8, 9]. Neuromyelitis
optica spectrum disorders (NMOSDs) are characterized with
optic neuritis (ON) and transverse myelitis (TM). The dis-
covery of aquaporin-4 (AQP4) and MOG antibodies, which
is also one of the supportive criteria for classification, has
broadened our understanding of NMOSD [10]. Clinically
isolated syndrome (CIS) is used to define a single and first
demyelinating clinical episode with neurologic manifesta-
tions that last at least 24 h [4].

We have retrospectively evaluated consecutive children
and adolescents diagnosed with ADS in a single referral
center in Istanbul, to examine the clinical time course of
various ADS categories and to compare clinical, laboratory
and neuroimaging features, outcomes between different ADS
categories.
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Subjects and methods

This study was undertaken in a tertiary referral center
(Cerrahpasa School of Medicine, Department of Pedi-
atrics, Division of Pediatric Neurology) and all children
diagnosed with any subset of ADS between January 2013
and 2018 were included in this retrospective longitudinal
cohort study. All of the subjects had met the IPMSSG con-
sensus classification criteria for pediatric MS and immune-
mediated central nervous system demyelinating disorders
including ADEM, NMOSD, CIS (including ON and TM)
and pediatric ADEM as the first manifestation of MS and
NMOSD [4]. Radiologic clinical syndrome (RIS) diag-
noses of the patients were compatible with the modified
diagnostic criteria proposed for RIS in children [11]. Clin-
ical and laboratory data along with neuroimaging findings
were obtained from patient records and hospital databases.

To exclude other inflammatory diseases, a standard
diagnostic algorithm including comprehensive tests was
implemented for all of the subjects. As routine clinical
care, the patients are evaluated within one month after
hospitalization period and followed up at 1-3-month inter-
vals depending on the severity of the disease. All subjects
were reclassified at the last follow-up visit according to
IPMSSG guidelines [4]. Patients who have been diagnosed
with ADEM or CIS at initial demyelinating event but expe-
rienced other episode(s) were re-evaluated whether or not
they met MS or NMOSD.

The date of the first neurological symptom was con-
sidered as disease onset. The presenting manifestations
were categorized into 8 groups: encephalopathy, seizures,
sensory, motor, optic, brainstem, cerebellar and spinal
symptoms. Preceding vaccination or infection, comorbid
diseases, baseline clinical manifestations, medications and
demographic data including age at disease onset and age at
diagnosis, gender, duration of disease were retrieved from
patient files. If available, laboratory data including viral
serology, AQP4 antibodies, MOG antibodies, rheumato-
logic tests, cerebrospinal fluid (CSF) analysis, oligoclonal
bands (OCB), immunoglobulin G (IgG) index were noted.
All of the aforementioned data were also re-evaluated and
noted at all of the demyelinating episodes after the initial
event. Two or more oligoclonal IgG bands in CSF with-
out corresponding bands in serum represented a positive
test indicating intrathecal synthesis. An immunoglobulin
G (IgG) index of more than 0.7 was considered positive.

The Expanded Disability Status Scale (EDSS) was used
to assess disability. All imaging data from disease onset to
the last visit were further reviewed by an experienced neu-
roradiology specialist (OK) who was blinded to the diag-
nosis and clinical history. Written informed consent was
obtained from the legal guardians and the study protocol
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was approved by the institutional review board of the Cer-
rahpasa Medical School (333,206).

All statistical analyses were performed using SPSS sta-
tistical analysis software package version 20 (SPSS Inc.,
Chicago, IL). Categorical variables were presented using
frequencies and percentages and continuous variables were
summarized using median (minimum-maximum). Compari-
son of categorical variables between groups was performed
using the chi-square or Fisher exact test (when appropriate).
Non-parametric variables were compared by Kruskal-Wallis
test between 3 independent groups. The significant threshold
was set at p < 0.05. In case of significant difference between
groups, pairwise comparisons were performed with post hoc
Bonferroni correction.

Results

Demographic features

Overall, 42 patients (21 female) with a median follow-up
period of 30 months (range 9-60) were included in the

study. The median age of the patients at disease onset
was 11 years (range 1.5—-17 years). At last visit, the most

Table 1 Demographic and clinical findings

common pediatric ADS categories according to the IPMSSG
consensus classification criteria were ADEM and MS, each
of which was seen in 15 patients, followed by CIS seen in
11 patients. NMOSD was only in 1 patient and the age of
disease onset was 13 years. Demographic and clinical char-
acteristics of participants are listed in Table 1.

ADEM patients had a disease onset at an earlier age than
the other ADS categories. The results showed that median
age at onset varied among pediatric patients with ADS. Only
one patient (6.6%) developed ADEM after 10 years of age
(at age 14.5 years). Subjects with ADEM were significantly
younger at the onset of first clinical CNS event than the MS
group (7 vs. 14.5 years, respectively; p <0.001).

Clinical data

There was significant difference in the frequency of patients
with MS (n=0) and ADEM (60%) who had reported an
antecedent infection within 1 month before the first CNS
clinical event (p <0.001). None of the subjects with ADS
reported a vaccination within the last month before the onset
of disease (Table 1).

The frequency of high fever preceding the neurologic
symptoms was comparable in patients with MS and CIS

MS ADEM CIS p
(n=15) (n=15) (n=11)
Male/female 9/6 7/8 5/6 0.763*
Age at onset, median (range)(y) 14.5 (3.7-16.5) 7 (1.5-14.5) 13.5 (10-17) <0.001°
Follow-up duration, median (range) (month) 24 (18-60) 34 (12-60) 24 (942) 0.535°
Infection within 1 month before onset, n (%) 0 9 (60) 2(18.2) <0.001°¢
Vaccination within 1 month before onset, n 0 0 0 NS
Prodromal signs and symptoms at the first attack, n (%)
Fever 0 9 (60) 1(9.1) <0.001°¢
Headache 5(33.3) 8 (53.3) 3(27.3) 0.344°¢
Nausea 4(26.7) 6 (40) 0 0.051°¢
Signs and symptoms at the first attack, n (%)
Seizure 0 5(33.3) 0 0.009°
Encephalopathy 0 14 (93.3) 0 <0.001°¢
Motor paralysis 5(33.3) 10 (66.7) 19.1) 0.010°
Sensory disturbance 5(33.3) 0 4 (36.4) 0.027¢
Brainstem deficit 5(33.3) 5(33.3) 19.1) 0.342°¢
Visual impairment 3 (20) 1(6.7) 6 (54.5) 0.025°¢
Bladder-bowel incontinence 0 1(6.7) 0 NS

 Chi-square test
YKruskal-Wallis test
Fisher’s exact test

Bonferroni post hoc correction: age on onset, Infection within 1 month before onset, Fever, Encephalopathy and seizure comparison between MS
and ADEM groups are statistically significant. Age on onset, infection within 1 month before onset, fever, encephalopathy, visual impairment,
motor impairment, sensory disturbance comparisons between CIS and ADEM groups are statistically significant

ADEM acute disseminated encephalomyelitis, CIS clinically isolated syndrome, MS multiple sclerosis
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(0 vs 9.1%), but it was significantly higher in patients with
ADEM (60%, (p <0.001). In ADEM patients, the inci-
dence of seizure and encephalopathy at the time of disease
onset were 33.3 and 93.3%, respectively. Neither seizure
nor encephalopathy was observed among patients with MS
and CIS.

At the first clinical CNS event, motor paralysis was
observed more frequently in patients with ADEM than
in patients with MS (66.7 vs 33.3%, respectively), but
it was not significant in Bonferroni post hoc correction
(p=0.204). We observed a higher frequency of sensory
disturbance in patients with MS and CIS (33.3 and 36.4%,
respectively) than in patients with ADEM (0%). How-
ever, after Bonferroni post hoc correction, only the dif-
ference between ADEM and CIS was found as significant
(»p=0.022).

A 16-year-old girl was eventually diagnosed with
MS after 2 years of follow-up with RIS. Initial cranial
MRI, which was ordered to evaluate headache, demon-
strated MS-like plaques. Follow-up MRIs showed contrast
enhancement in addition to the previous plaques. Increased
IgG index (1.28) level and presence of OCB were sugges-
tive of MS. A diagnosis of MS was also secured clinically
with the emergence of diplopia after 2 years of duration
without any therapy.

Laboratory data

Laboratory data are presented in Table 2. A higher per-
centage of CSF pleocytosis was detected in children with
ADEM than MS patients (62 vs 8%). Elevated IgG index
was encountered in 78% of the MS patients, higher than the
25 and 17% of the ADEM and CIS group, respectively. After
Bonferroni post hoc correction, MS patients had a higher
rate of oligoclonal bands in CSF compared to the ADEM
group (93 vs 11%, respectively; p <0.001).

Both IgG index and oligoclonal bands were positive in 7
out of 15 MS subjects. Of the 24 ADS patients, who were
tested for MOG antibodies, 3 were positive. MOG antibod-
ies were detected in only ADEM group, with a frequency
of 27.2% (n=3/11). One out of 3 anti-MOG seropositive
ADEM patients experienced 3 episodes of ON after the ini-
tial ADEM episode (ADEM-ON). Of the patients with anti-
MOG antibodies, one patient has never experienced an epi-
sode during 3 years of follow-up. In two patients, the initial
ADEM event at 10 years of age was followed by one or sev-
eral events of ON. One patient had three ON episodes within
3 years, with an interval of one year. There was no episode
of ON within 1.5 years of follow-up after administration of
rituximab. Likewise, ON developed in another patient at the
end of the second month after the initial ADEM event. Only
one patient met all the criteria for NMOSD with a positive

Table2 CSF and MRI findings
at onset

MS ADEM CIS p?
(n=15) (n=15) (n=11)
Laboratory findings, n/total (%)
1gG index > 0.73 n/total (%) 7/9 (77.8) 1/4 (25) 1/6 (16.7) 0.055
Oligoclonal bands present n/total (%) 13/14 (92.9) 1/9 (11.1) 6/11 (54.5) <0.001
CSF leucocytes > 5/mm? n/total (%) 113 (7.7) 7/12 (58.3) 1/11 (9.1) 0.007
MOG antibodies n/total (%) 0/6 (0) 3/11 (27.2) 0/6 (0) 0.404
MRI findings, n (%)
Cortical grey matter lesions 4(26.7) 6 (40) 2(18.2) 0.574
Periventricular WM > 3 lesions 12 (80) 4 (26.7) 5(45.5) 0.013
Corpus callosum lesions 5(33.3) 3 (20) 2(18.2) 0.726
Basal ganglia/thalamus lesions 19.1) 11 (73.3) 19.1) <0.001
Brainstem lesions 8 (53.3) 11 (73.3) 3(27.3) 0.067
Cerebellum lesions 7 (46.7) 5(33.3) 1(9.1) 0.124
Optic nerve lesion 2 (13.3) 1(6.7) 5(45.5) 0.062
Gadolinium enhancement 11 (73.3) 6 (40) 2(18.2) 0.017
Spinal cord lesions n/total (%) 7/13 (53.8) 7/10 (70) 3/11 (27.3) 0.139

“Fisher’s exact test

Bonferroni post hoc correction: Oligoclonal bands present, CSF leucocytes, Periventricular WM >3
lesions and basal ganglia/thalamus lesions comparison between MS and ADEM groups are statistically
significant. Basal ganglia/thalamus lesions comparisons between CIS and ADEM groups and gadolinium
enhancement comparisons between MS and CIS groups are statistically significant

CSF cerebrospinal fluid, MRI magnetic resonance imaging, MOG myelin oligodendrocyte glycoprotein,
AQP aquaporin-4, WM white matter, ADEM acute disseminated encephalomyelitis, CIS clinically isolated
syndrome, MS multiple sclerosis, [gG Immunoglobulin G
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AQP4 antibody result and this patient was negative for anti-
MOG antibody.

Neuroimaging findings

During the first clinical CNS event, the median numbers
of cranial MRI findings are given in Table 2. Basal gan-
glia/thalamus lesions were detected in 73% of subjects with
ADEM and 9.1% with MS and CIS (p <0.001). After Bon-
ferroni post hoc correction, periventricular white matter
lesions were detected more frequently in MS group than in
patients with ADEM (80 vs 26.7%, respectively; p =0.009).
There was no significant difference between patients with
ADEM and MS with respect to the frequency of optic nerve
lesion (6.7 vs 13.3%, respectively). After Bonferroni post
hoc correction, statistically significant difference in gado-
linium-enhancing lesions was documented between patients
with MS (73%) and CIS (18%) (p=0.015). Periventricular
white matter lesions were detected more frequently in MS
group than in patients with ADEM (80 vs 26.7%, respec-
tively; p=0.003). In ADEM group, all patients except one
had cerebral MRI lesions (93.3%), and 3 patients (20%) had
solely cerebral lesions. The common features of our 3 MOG-
Ab-positive ADEM and ADEM-ON cases on MRI were sub-
cortical, cortical, basal ganglion and thalamic involvements
at the first clinical event.

Treatment, adverse events and outcome

In the induction therapy period, most patients with pediatric
ADS received immunosuppressive therapy, including intra-
venous high-dose methylprednisolone, oral corticosteroids,
and intravenous immunoglobulin (IVIG). Interferon beta
was used in the remission phase in 13 patients with MS
(86.6%). Glatiramer acetate was initiated in a patient who
experienced an initial clinical CNS event at 17 years of age
with high number of lesions. Interferon beta treatment was
switched to glatiramer acetate due to elevated transaminases
during treatment in another patient. New episode of CNS
demyelination occurred in 2 patients, while they were on
interferon beta treatment. Natalizumab was started in one
of the two patients who had a new attack during interferon
treatment, and rituximab was started in the other. Of 4 MS
patients with neurological sequelae, 2 patients had mild
motor disturbance, 1 had sensory disturbance and 1 had
ophthalmoplegia, all of which were as a result of clinical
episodes before therapy.

Thirteen out of 15 patients with ADEM, were treated
with intravenous high-dose methylprednisolone followed
by oral corticosteroids (for 2 weeks, then gradually tapered
and withdrawn within the next 2 weeks) along with symp-
tomatic therapy. Six patients received both the standard cor-
ticosteroid regime and IVIG therapy. Plasma exchange was

performed in a patient who was unresponsive to this combi-
nation therapy. Given 3 episodes of ON within 3 years and
positive anti-MOG antibodies, rituximab was initiated with
a great success in the prevention of relapses. Fifteen ADEM
patients except one (93.3%) completely recovered after the
initial CNS clinical event. The neurological sequel in one
patient (7%) was a moderate motor disturbance (weakness
in left arm).

Eight of 10 patients (80%) with pediatric CIS were treated
with high-dose IV methylprednisolone. In addition, oral
corticosteroid was used in 6 patients with ON for 4 weeks.
Despite the IVIG therapy, a mild motor disturbance as a
sequela was observed in a patient who had been also unre-
sponsive to high-dose intravenous methylprednisolone.
In another patient due to the absence of any improvement
in visual acuity (4/10) was considered as a neurological
sequela.

The initial clinical event of the NMOSD patient was bilat-
eral visual loss. High-dose intravenous methylprednisolone
therapy failed to induce a favorable recovery in the left eye.
The episodes including visual, motor and sensorial impair-
ment were observed even after initiation of azathioprine.
Plasma exchange prevented further relapses; however, com-
plete control of relapses was only achieved by rituximab
with 2 years of attack-free period. Visual loss in left eye
(visual acuity 1/10) was considered as a neurological sequela
after the therapy.

Discussion

In the present study, we have assessed the clinical charac-
teristics of various ADS categories according to IPMSSG
definitions and compared clinical, laboratory and neuroim-
aging features between these ADS categories. Demographic
features of our pediatric ADS group were similar to those
reported in previous studies, but there were some unique
differences. The female/male ratio in ADS patients was 1:1.
Although a previous Turkish and European study report a
female: male ratio of approximately 1.8:1 and 2.8:1, respec-
tively, in our MS cohort, males outnumbered females 1-0.7
[12, 13].

The frequency of ADEM and MS in our study group was
equal, both of which were seen in 15 patients. We have con-
firmed that the median age of disease onset was younger in
ADEM than that in MS. The median age at disease onset for
MS and ADEM in our study was in line with those reported
by an Italian prospective study (mean age: 14.4 and 8.1,
respectively) [14], nationwide survey conducted in Germany
[15] and a Turkish multicenter study [12]. In a Japanese
study, the mean age at disease onset for MS, CIS and ADEM
were found as 8.3, 6.2, 5.5 years, respectively, all of which
were younger than the previous reports [16]. The authors
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proposed that genetic or environmental factors could be
associated with these younger disease onsets.

Preceding viral and bacterial infections may induce the
development of ADS, particularly ADEM [17-19]. In our
study, a history of antecedent infection was reported by 9
patients with ADEM, in only 2 of whom specific infectious
agents have been identified. The serologically proven infec-
tious agent was EBV in one ADEM patient. However, the
other patient experienced the first clinical ADEM episode
during the skin rashes related to varicella. Interestingly, the
ADEM episode and skin rashes observed at the same time
period in our case. Since there are a considerable number of
reports documenting significant benefits from anti-infectious
therapy in ADS, detailed serological and microbiological
evidence of infectious agents should be investigated [18].

In accordance with the literature, the most common clini-
cal finding in our ADEM patients was motor impairment
[9, 17, 20]. Pediatric MS can result in a broad spectrum of
clinical features. In agreement with earlier data, the most fre-
quent manifestations of our MS group were motor, brainstem
and sensory impairment [12, 21]. The clinical phenotype of
ADEM is characterized by polyfocal neurological deficits
and the presence of encephalopathy is a prerequisite for the
IPMSSG definition; however, in MS, encephalopathy never
accompanies the episodes [4]. Encephalopathy was observed
in 93.3% of our patients with ADEM, whereas none of the
patients in MS group had encephalopathy. Fever, systemic
illnesses and postictal symptoms, all of which are occasion-
ally misdiagnosed as encephalopathy, are more frequent at
younger ages.

Seizure in first clinical CNS episode was noted in 33.3%
of the patients with ADEM. However, neither MS patients
nor CIS patients had seizure during first clinical event.
Likewise, in two different Turkish studies the frequency of
seizure in ADEM and MS patients were found as 26.7 and
5.5%, respectively [22, 23]. Among patients with pediatric
MS, seizure was observed with a frequency of 3% and 0%
in a Dutch and USA study, respectively [24, 25]. Compared
to the published reports, a Japanese study reported higher
rates of seizure (29%) in pediatric MS patients at the time
of disease onset [16]. The pathogenesis of seizures and the
basis of its association with MS are still unknown. Cortical
lesions with surrounding inflammation and edema have been
postulated as a possible explanation for increased seizure
risk in MS by disrupting the electrophysiological activity
[26]. On the contrary, seizure was not observed in any of
the 4 MS patients with cortical lesions. Of the 6 ADEM
patients with seizures, 3 (50%) had cortical lesions on MRI.
The difference in the frequency of seizures between MS and
ADEM may be explained by the higher level of inflamma-
tory response in ADEM than in MS.

MOG-Ab-associated disease presenting with grey mat-
ter lesions and seizures has been increasingly recognized

@ Springer

in children [27]. Observation of isolated seizures without
clinical features of ADEM, during the initial episode of
MOG-Ab-associated demyelination suggested a causal link
between MOG antibodies and autoimmune epilepsy [28].
Higher rates of relapses and seizures in ADEM patients with
positive MOG-antibodies were found in a study, indicating a
childhood immune-mediated chronic disease with seizures
[29]. On the contrary, seizure was never noted either during
episodes or after post-ADEM period of our three ADEM
patients with anti-MOG antibodies. Future prospective stud-
ies with large patient numbers are needed to replicate the
association of MOG antibodies and isolated seizures.

Interferon-beta (IFN-p) or glatiramer acetate (GA) has
been recommended as a first-line therapy for pediatric MS
by IPMSSG [30]. Thirteen patients (87%) in our MS group
received IFN-f as a first-line therapy. Of the 3 patients with
adverse event, one patient switched to GA therapy due to
elevated transaminases. Natalizumab treatment was started
and resulted in disease inactivity over 2 years of follow-up
in another patient. Lower annual relapse rates have been
observed in adult MS patients with natalizumab therapys;
however, there are concerns regarding increased risk of pro-
gressive multifocal leukoencephalopathy (PML) [31]. There
has been no PML case associated with natalizumab therapy
in pediatric MS patients. After a median of 34 months with
natalizumab therapy, 58% percent of 101 pediatric MS
patients with aggressive clinical course were free of activ-
ity both clinically and radiologically at last observation [32].

There has been substantial progress regarding pediatric
ADS over the past decades. Periodic updates and a better
description of the IPMSSG definitions regarding ADS and
subcategories, discovery of novel biomarkers of neuroin-
flammation have significantly facilitated the differential
diagnosis of ADS, thereby leading to early initiation of
respective therapies.
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