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Abstract: Background and methods: Acquired demyelinating syndromes (ADS) encompass distinct
entities and occur in approximately 1/100,000 children. While the use of high dose intravenous
corticosteroids is well-established, agreement on steroid taper and type of second line therapy is
lacking. A comprehensive, unified and standardized treatment approach is crucial in the management
of patients with rare diseases. Therefore, this study performed from July 2018 to June 2020 aimed at
developing a national consensus on the management of ADS in the pediatric population using the
Delphi approach. Consensus was defined as agreement in >75%. Designated Neuropediatricians
with an expertise in the management of pediatric neuroinflammatory diseases in all university and
cantonal hospitals of Switzerland were included. The response rate was 100%. Results: High-dose i.v.
methylprednisolone (20-30 mg/kg/die for 5 days) is the first line treatment irrespective of the distinct
entity of the ADS. An oral steroid taper is recommended in acute demyelinating encephalomyelitis
(ADEM) and in neuromyelitis optica spectrum disorder (NMO-SD). However, in the latter more in the
sense of bridging. The choice of second line treatment depends on the entity of ADS: in optic neuritis
(ON) and ADS due to relapsing remitting multiple sclerosis, first line treatment should be repeated,
whereas plasma exchange is recommended in NMO-SD, ADEM and transverse myelitis. Conclusions:
A national guideline allowing for a more unified approach in the management of pediatric ADS will
enhance future research in this field, making data more comparable. The definition of inadequate
treatment response to first line therapy remains a challenge and requires future research.
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1. Introduction

Demyelinating diseases are distinct entities amongst inflammatory brain diseases
(IBrainD) and encompass a broad spectrum of different disorders including optic neuri-
tis (ON), transverse myelitis (TM), acute disseminated encephalomyelitis (ADEM), neu-
romyelitis optica spectrum disorders (NMO-5D) and pediatric onset relapsing remitting
multiple sclerosis (RRMS) [1]. The first attack of all these entities is commonly described as
acquired demyelinating syndrome (ADS). The pathophysiology is explained by a disrup-
tion of the blood-brain-barrier, leading to invasion of inflammatory cells and cytokines into
the central nervous system (CNS) followed by an inflammatory reaction, as well as myelin
edema and disruption [2—4].

Pediatric demyelinating diseases of the CNS are rare diseases. The incidence rates
range between 0.07-2.9 per 100,000 children [5-7]. The epidemiological data for the Swiss
pediatric population has yet to be established. The symptoms vary depending on the area
of CNS inflammation [7-9]. The disease course can either be monophasic or relapsing [9].
Monophasic disease courses are often found to be of para/postinfectious or idiopathic
origin, whereas a relapsing disease course represents a chronic inflammatory brain disease
such as multiple sclerosis or neuromyelitis optica spectrum disorder [9].

Knowing about the potentially devastating impact of (relapsing) inflammatory attacks
to the developing brain, a straightforward management of every single attack is required.

So far, there is agreement in the use of high-dose (20-30 mg/kg/die) i.v. methylpred-
nisolone (MP) for 3-5 days in the case of an acute demyelinating attack [10-12]. Neverthe-
less, there is uncertainty if an oral prednisone taper following the i.v. MP treatment has
any influence on outcome. To improve the care of children and adolescents with ADS it is
important to identify and distinguish patients who will benefit from a prolonged steroid
treatment from those where a taper is not necessary. Given the low incidences and hence
difficulties in conducting randomized controlled trials, treatment approaches are primarily
based on expert opinions. However, the recommendations differ between continents and
even within countries.

An evaluation of the management for pediatric demyelinating diseases in the USA has
shown that neurologists consider an oral prednisolone taper in 50-60% of cases with ON,
TM, ADEM or relapsing MS [10]. The IPMSSG (International Pediatric MS Study Group)
recommends a prednisone taper for those MS patients not fully recovered after the i.v. MP
course. On the other hand, there are pediatric MS centers not using a prednisone taper at
all [11]. The definition of inadequate treatment response remains an additional challenge.
A retrospective study on adult MS patients concluded that the use of an oral prednisone
taper after i.v. MP did not improve disability or recovery in MS-related relapses [13]. To
date, there are even less robust data on use of oral prednisone taper in the remaining
demyelinating entities. Furthermore, the best choice of second-line treatment in case of
treatment failure in this specific and vulnerable patient population needs to be identified.

In the field of rare diseases, a unified and structured treatment approach is crucial in
clinical management, but also for research, where heterogeneity of individual data is a chal-
lenge. Therefore, this study aimed at a national consensus among the Swiss neuropediatri-
cians in the management of pediatric ADS, focusing on first-line treatment, use of oral pred-
nisone taper and choice of second-line treatment for every distinct demyelinating entity.

2. Methods

This study’s cross-sectional design assessed the current management of acute demyeli-
nating attacks nationwide in 2018 and used the Delphi approach to develop the consensus
statement [14,15]. Consensus is defined as an agreement of over 75%. Designated neurope-
diatricians with an expertise in the management of pediatric neuroinflammatory diseases
in all university and cantonal hospitals of Switzerland were included (n = 11), covering
all the neuropediatric centers of the Swiss national health care system. In one university
hospital, the designated neuropediatrician changed between the first and the second sur-
vey due to retirement. A preliminary assessment revealed that ADS are not treated in
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private neuropediatric practices. Therefore, neuropediatricians in private practices were
not further included in the consensus group. A first survey asked specific questions for
each distinct ADS. These questions included number of patients under current care for
an ADS, number of new ADS diagnosis per year (based on the experience over the past
two years), dose and regimen of first-line treatment, use of oral prednisone taper (always,
never, it depends), and choice of second-line therapy (repeat first-line therapy, plasma
exchange, IVIG, others) in case of inadequate treatment response. Combining the results
of the first survey with the current available literature, treatment recommendations were
phrased for each demyelinating entity. These recommendations were again sent out to the
Delphi group as a proposed consensus statement, seeking agreement on the individual
recommendations (complete survey in Supplementary Table S1).

Continuous variables were summarized as mean (SD) or median (IQR) as appropriate,
categorical variables are given as proportions (%). The cumulative incidence rate per year
was calculated using the population data from the Swiss Federal Office of Statistics [16].

3. Results
3.1. First Survey

The first survey was returned by all 11 participants, of whom 10 (91%) provided
answers to all questions. Overall, 71 patients were under ongoing care for an ADS in the
Swiss neuropediatric institutions in 2018 (Table 1). A new diagnosis of ADS was made in
40 patients, most of them presenting with either optic neuritis (27.5%) or ADEM (30%).
The calculated incidence rate of ADS in Switzerland is therefore approximately 2.77 per
100,000 children.

Table 1. Frequency of distinct acute demyelinating syndrome.

Patient Currently in

ADS Participants Care n (%) New Diagnosis Per Year n (%)
Optic Neuritis 18 (25.4) 11 (27.5)
Transverse Myelitis 8 (11.3) 6 (15)
Acute demyelinating
encephalomyelitis 20(28.9) 12.(30)
RRMS 22 (30.3) 9(22.5)
NMO-SD 3(4.2) 2(5)
Total 71 (100) 40 (100)

3.1.1. First-Line Therapy

More than 90% stated to use 20-30 mg/kg/die (max. 1000 mg/die) i.v. MP for
3-5 days. Of note, the possibility of not treating demyelinating attacks presenting with
mild symptomatology in RRMS is also an option, but was not specifically investigated in
our study.

3.1.2. Taper Regimen

The approach towards the use of an oral prednisone taper is handled heterogeneously
and is presented in Table 2. Almost 50% of the participants use an oral prednisone taper
for all ADS. The remaining participants do not use an oral prednisone taper at all or take
individual decisions depending on the clinical recovery after i.v. treatment. Excerpts of
individual comments of the participants are presented at the bottom of Table 2.
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Table 2. The frequency of oral prednisone taper used per distinct acute demyelinating syndrome.

ADS Yes, Always n (%) It Depends * n (%) No n (%)
ON 4 (36.4) 2(18.2) 5 (45.5)
™ 5 (50) 3 (30) 2 (20)

ADEM 4 (40) 1(10) 5 (50)

RRMS 4 (40) 2(20) 4 (40)

NMO-SD 4 (40) 3 (30) 2 (20)

* ON: response to i.v. treatment // in recurrent ON. * TM: response to i.v. treatment // underlying disease //
if not fully recovered, still residual symptoms but not as severe as to use ttm escalation. * ADEM: if not fully
recovered. * RRMS: response to i.v. treatment. * NMO-SD: taper over 3 Months // Response to i.v. treatment.

3.1.3. Second-Line Treatment

Approximately 50% of the participants would repeat the first-line treatment for all
ADS (Table 3). The use of IVIG as second-line treatment was limited to ON, TM and ADEM,
whereas the use of plasma exchange in RRMS and NMO-SD mostly depended on the
severity of residual clinical symptoms after first-line therapy.

Table 3. The use of second-line treatment.

Repeat First Line Plasma o Others, Please

ADS Treatment n (%) Exchange n (%) IVIG n (%) Specify n (%) *
ON 5(50) 1 (10) 3 (30) 1(10)
™ 4 (40) 3(30) 2 (20) 1(10)
ADEM 5 (50) 1 (10) 2 (20) 1 (10)
RRMS 5 (50) 2 (20) - 3 (30)
NMO-SD 4 (40) 3(30) - 3 (30)

*ON + TM + ADEM: never needed. * RRMS: never necessary // Depending on severity of symptoms between
Plasma exchange and repeat first line treatment. * NMO-SD: repeat steroid or plasma exchange depending on
severity of symptom.

3.2. Second Survey

The second survey yielded again a response rate of 100%. The statement on first-line
treatment of any ADS, i.e., 20-30 mg/kg i.v. MP (max 1 g/die) for 5 days, reached an
agreement of 100%. In selected cases of restitutio ad integrum within 3 days, stopping the
treatment early can be considered.

The statement on the use of oral prednisone taper reached an agreement of 100%
in ON, TM, RRMS and NMO-5D and 91% in ADEM. The group agrees on using an oral
prednisone taper only in patients presenting with ADEM or NMO-SD. In cases of ON,
TM and RRMS treating physicians should consider the use of immediate second-line
treatment if patients are still symptomatic (EDSS > 2 after 2 weeks in case of RRMS) after
first-line treatment.

The statement on the choice of second-line treatment was agreed on by 100% of the
participants (Table 4). The achieved consensus was converted into a treatment algorithm
(Figure 1).

Table 4. Choice of second-line treatment.

ADS Statement

In case of insufficient response in an acute optic neuritis or RRMS,
ON + RRMS repeat the first-line treatment with i.v. MP. If further treatment is
required, we suggest the use of plasma exchange.

In case of poor response to i.v. MP, we suggest using plasma
exchange in fulminant forms of ADEM and IVIG in the remainder.
In case of poor response to i.v. MP for TM or ADS in NMO-SD, we

suggest to use plasma exchange.

ADEM

™ + NMO-SD
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First-line treatment

Use of oral prednisone taper M + RRM No

Second-line therapy

: , i selcted cases: I restiutio ad integrum
iv. MP 20-30 mg/kg/die (max 1000mg/die) for 5 days* £ 0 Eme T B

Yes, 4-6 weeks

Maintanace therapy until longterm immunosuppression
established (Prednisone 1 mg/kg/die for 2-6 months)

Repeat first line treatment — Plasma exchange

Plasma exchange / (IVIG)

Plasma exchange

Figure 1. Treatment algorithm in pediatric acute demyelinating syndromes.

4. Discussion

The aim of this consensus was to develop a unified approach for the management of
acute demyelinating attacks in the Swiss pediatric population. Using the Delphi method,
the group agreed on a nationwide consensus on first and second-line therapies of pediatric
ADS. The presented treatment algorithm will allow for a straightforward treatment of acute
attacks in this particular area of rare diseases.

4.1. Epidemiology: First Swiss Data on Incidence

Although not the main aim of the project, the first survey included questions on the
frequency of ADS in the individual centers. Assuming a steady rate of newly diagnosed
ADS over the years, data from the survey was compared to the epidemiological data of the
federal office of statistics for 2018 and revealed an incidence rate of 2.77 per 100,000 children.
This is the first approximate calculation of an incidence of ADS in the Swiss pediatric
population. Although it is in line with current numbers of other countries, it is important
to mention that numbers derived from a simple survey and not out of a systematic search
in the patient information systems [5,6]. Therefore, this data needs to be confirmed by
more robust methodological techniques in the near future, such as the implementation of a
national, population-based registry (www.swiss-ped-ibraind.ch). Active participation to
the national registry is of utmost importance. The systematic and structured data collection
allows better data quality, even beyond the core epidemiological questions. A greater
number of patients enriches information on distinct disease entities and single events in the
future and ultimately enhances care of this patient population. Furthermore, the registry
can serve as a platform for future collaborative projects. As the conduction of a randomized
controlled trial on this topic is not realistic, alternative approaches are required to obtain
data on the effectiveness of treatment regimens such as pooling of data from different data
sources or propensity score matching.

4.2. The Oral Prednisone Taper: A Challenge

The use of an oral prednisone taper remains controversial, most likely due to complete
lack of evidence in the literature in pediatrics but also in adults. From an endocrinological
point of view, a treatment with high dose i.v. MP for 3-5 days does not, as previously
thought, require a prednisone taper and can be easily discontinued [17]. In case of ON, the
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literature does not show a beneficial outcome for the use of an oral prednisone taper [18].
The same applies to TM (not associated with SLE or NMO-SD) and RRMS, where patients
are not treated with an oral prednisone taper as supported by international literature [10,19].
In NMO-SD there is a clear indication for long-term immunosuppression as soon as the
diagnosis has been confirmed. Depending on the chosen substance, there is a time lag
between start of long-term immunosuppression and established immunosuppressive effect.
Therefore, the continuation of oral prednisone in NMO-SD is more a bridging therapy of
individual duration (i.e., until long-term immunosuppression is effective) than a short-term
taper after high-dose i.v. MP [20,21].

The only entity that engaged discussion in the second survey was the use of a taper in
ADEM. One participant addressed the lacking literature and the good clinical experience
they had in not tapering their patients over the past years. However, some children with
a more severe or stuttering course of ADEM and good response to i.v. MP could benefit
from a slower weaning off from steroids. The fact that waxing and waning of symptoms in
ADEM within the first three months after symptom onset are considered one acute episode
might support the hypothesis of a beneficial taper. Therefore, the group suggested using
the oral prednisone taper as described by Cole et al. (2019) and to carefully reassess the
upcoming literature to adapt the statement to new findings [22-24].

Prolonged steroid treatment is known for its side effects such as weight gain, elevated
blood pressure, hyperglycemia and sleep/mood disturbances [25,26]. Furthermore, steroid
treatment is known to cause brain atrophy which is thought to be temporary. The impact
of oral prednisone taper on brain atrophy is unknown [27,28]. Although the study did not
investigate the influence of concerns about side effects of prolonged steroid treatment, any
prolonged steroid treatment needs a careful risk-benefit evaluation.

4.3. Applicability of the Consensus Statement: Benefits and Points of Caution

Having a unified treatment algorithm in an area of rare diseases is clearly a benefit
for both clinical care and research. A structured and straightforward treatment approach
improves the management of acute demyelinating attacks by streamlining the therapy and
avoiding unnecessary delays. Additionally, it enhances clinical information for research,
making data more comparable and avoiding the large heterogeneity known to be a serious
challenge for research in a field, where randomized controlled trials are difficult to conduct
and projects are mainly based on observational studies. Furthermore, achieving a national
consensus strengthens the network and collaboration amongst the experts in the field. This
again will ultimately benefit the patients. Looking at the method, one could argue that the
consensus group and the number of surveys (iterations) were too small for a regular Delphi
process. This is partially true; however, we felt that the Delphi approach, i.e., reaching
consensus among experts on a topic where evidence based data is lacking or not achievable,
was the best way to reach our aim.

Although consensus of >75% was achieved on all single statements, participants
highlighted areas of particular caution. First, the treatment algorithm requires periodic
evaluation and adaptation to novel findings in the scientific literature. This is of particular
interest considering the rapid evolution in the field. Although findings on MRI such
as lesion enhancement, lesion location and lesion burden can influence the individual
treatment decision, it was not investigated separately in this study. In a future refinement
of the consensus, the role of MRI on guiding therapeutic decisions should be included.
This might be of particular interest in special situations such as ring-like enhancement or
enhancement following steroid treatment. Second, the application of the algorithm requires
caution to more recently described diseases, where pathophysiological processes might
differ or clinical experience needs yet to be established. In this consensus, particularly
MOG-Ab-positive disease was mentioned. MOG-Ab diseases can appear phenotypically,
such as an ON, ADEM or AQP4-antibody negative NMO-SD, and disease courses are either
monophasic or relapsing [29]. The initial level of antibody titer shows poor correlation
with disease severity and/or risk for relapses. However, there is literature suggesting an
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association between clinical disease course and evolution of titers [30]. The resemblance
of the disease course at least in some cases to NMO-SD and the fact of a detectable
antibody prompt the treating physician towards a more aggressive treatment up front,
often including IVIG and/or plasma exchange directly into the first-line treatment. Recently,
the E. U. pediatric MOG-Consortium proposed an approach towards treatment of MOG-
Ab-positive diseases [31]. Currently, the group suggests excluding MOG-positive patients
from the algorithm until further evidence becomes available. Third, the survey showed
that the driving force is the severity of residual clinical findings upon completion of i.v.
MP for many decisions. The question arises of whether there is any additional benefit
for recovery and particularly outcome in using a taper instead of nothing or a switch
directly to second-line treatment. To tackle this question, the definition of treatment failure
or inadequate treatment response to first-line treatment is of utmost importance. This
definition remains a challenge, as it is not simply based on raw numbers, but also needs
to account for the severity of the initial attack, the dynamics of recovery and the assumed
underlying disease. Furthermore, we lack pediatric-specific outcome measures for this
particular patient population. In this consensus, we proposed an EDSS cut-off of two in
patients with a diagnosis of RRMS to decide on the use of second-line treatment. This is
based on the experience that recovery in pediatric onset RRMS is usually excellent and
overall EDSS scores are very low. Therefore, a persistent EDSS of >2 two weeks after
i.v. MP can be considered a significant neurological deficit, justifying the evaluation of a
second-line treatment.

The treatment algorithm was developed for the pediatric population, focusing on
the particularities of pediatric treatments such as weight-adapted dose regimen. Yet, the
general approach to demyelinating attacks is similar between the pediatric and adult
population. Some differences do however apply, such as the higher threshold for the use of
plasma exchange in the pediatric population due to invasiveness in smaller children (e.g.,
central catheter under general anesthesia).

5. Conclusions

The consensus provides a national treatment algorithm for first- and second-line
treatment as well as the use of oral prednisone taper in pediatric ADS. In summary, the
group agreed on: (1). High-dose i.v. methylprednisolone (20-30 mg/kg/die for 5 days) is
the first line treatment irrespective of the distinct entity of the ADS. (2). An oral steroid
taper is recommended in neuromyelitis optica spectrum disorder (NMO-5D) and acute
demyelinating encephalomyelitis (ADEM). (3). The choice of second line treatment depends
on the entity of ADS: in optic neuritis (ON) and ADS due to relapsing remitting multiple
sclerosis, first line treatment should be repeated, whereas plasma exchange is recommended
in NMO-5D, ADEM and transverse myelitis.

This national consensus strengthens clinical care and enhances clinical research in
these rare diseases, making data more comparable in the future. Extending this consensus to
a larger, i.e., European, setting could be of additional value in the management of pediatric
demyelinating diseases. Furthermore, attempts are required to better define inadequate
treatment responses to first-line treatment. Finally yet importantly, the consensus requires
an update on a regular basis to include new clinical insights and implementation of
advanced techniques such as MRI data.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/¢tn5020017/s1, Table S1: Second survey.
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