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ABSTRACT

Autoimmune and inflammatory disorders of the central nervous system can result in significant morbidity and mortality.
Through the recognition of syndromes using diagnostic biomarkers, the clinician is now able to use immune suppressive
therapies to improve outcomes. However, the therapeutic decision-making process is complex. The clinician has to balance
the risk of disease, with the risk of treatment side effects. To achieve this balance, it is important to understand the natural
history of disease, the risk of residual disability, the risk of relapse, and risk of a fatal outcome. It is also important to have
some understanding of the pathological processes, as some of the entities have more reversible processes, whereas others
have destructive processes. This review will assess the dynamic nature of this decision-making process, and compare some
of the more severe diseases such as neuromyelitis optica, anti-N-methyl-D-aspartate receptor encephalitis and opsoclonus
myoclonus ataxia syndrome, with disorders with more favourable outcomes such as Sydenham chorea and post-infectious
cerebellar ataxia.
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INTRODUCTION

Inflammation of the central nervous system is potential-
ly life threatening and disabling. Through the discovery of
biomarkers to define inflammation and diagnose specific
diseases [1], clinicians are more willing to use immune sup-
pressive agents to reduce inflammation in order to improve
outcomes. However, immune suppressive therapies have
side effects and it is therefore important to appreciate the
risk of disability or death of the disease, and balance this
with the risk of adverse events. This paper attempts to over-
view the clinical decision-making involved in this process,
and is intended as a discussion document, rather than a
guideline or systematic review.

OVERVIEW OF THE DISEASE SPECTRUM

Table 1 summarises the main inflammatory and autoimmune
disorders of the central nervous system (CNS) that affect
children. Multiple sclerosis is not discussed here, because
it is dealt with in detail elsewhere, and the therapeutic path-
ways are different. The table does not constitute a system-
atic review of the literature, but instead samples the larger
cohorts that report data on the severity of disease, risk of
relapse and outcomes; nor is it exhaustive and does not
consider rare or poorly defined disorders such as suspected
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autoimmune encephalopathy syndromes. The disorders are
generally categorised into demyelination syndromes, auto-
immune encephalitis, autoimmune movement and cerebel-
lar syndromes, cerebral vasculitis and CNS complications
of systemic autoimmune disease such as neuropsychiatric
systemic lupus erythematosus (SLE).

UNDERSTANDING SEVERITY

OF ACUTE DISEASE

In the past, CNS inflammation such as acute disseminated
encephalomyelitis (ADEM) and Sydenham chorea was of-
ten observed and treated with symptomatic therapies only,
as patients tended to improve. However it is now generally
accepted that brain inflammation of any type is potentially
damaging, and can result in permanent alteration of the CNS
[14,15]. The severity of the acute disease is variable; ADEM
and anti-N-methyl-D-aspartate receptor (anti-NMDAR) en-
cephalitis often run a more severe acute course, often re-
quiring intensive care (43 and 75% respectively) [2,6]. Being
admitted to intensive care presents significant risk to the
patient and is associated with poor outcomes [6], and try-
ing to shorten the intensive care admission is important. By
contrast, in many of these other conditions intensive care
support is unusual.
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Table 1. Understanding risk of relapse and risk of permanent disability (i.e. natural history)

We use large cohorts with adequately described data, children only. Cohorts are contemporary ‘treated’ cohorts, rather than
‘natural history’ cohorts. Unfortunately different publications use different definitions of ‘favourable outcome’- in general this
refers to normal outcome, but sometimes includes better outcomes with mild problems (modified Rankin score, mRS 0-2).
The outcomes and deaths are those directly attributed to CNS disease, as opposed to other-organ disease effects (such as

in SLE and Rheumatic fever).

. . o, Favourable 2nd Im_e
Disease category Disease Relapse % outcome % Death therapies Ref
? used
Acute disseminated o D A o
encephalomyelitis (N=84) Uz e <2 A [2]
Acu;e demyelinating Transverse myelitis (N=95) 17% 70%## <2% Occasional [3]
syndromes
U Optic neuritis (N=36) 36% 80% <1% No [4]
Neuromyelitis optica (n=20) 90% <50% ** <5% Yes [5]
. " Anti-NMDAR encephalitis ® o % o
Autoimmune encephalitis (n=211 children) 12% 58% 3% Yes [6]
Opsoclonus myoclonus o o o
ataxia syndrome (n=105) e B B S [7]
Autoimmune movement and Sydenham chorea (n=24) 42% 90%AN <1% No [8]
cerebellar syndromes Cerebellitis (n=11) <10% <50% ~5-10% No # 9]
Post.—lnfectlous cerebellar <5% 89% 1% No [10]
ataxia (n=73)
Cerebral vasculitis ;”_T;‘)ry AR @IS e 70% 5%  Yes [11]
CNS cgmpllcgtlons of . Neuropsychiatric SLE 20% 75% 3% Yes [12]
systemic autoimmune disease (n=100)

* Child only data, apart from relapse rate (child and adult)

** at follow-up after relapsing course. Monophasic disease can have significantly better outcomes.

 Expanded disability status score, EDSS 0-2

AN Persistent mild chorea, and persistent psychiatric symptoms are common, although severe problems are uncommon
# Cerebellitis is a severe syndrome with potential risk of death (due to herniation) and disability, however the disease is rare and poorly understood,

and so 2nd line therapy is not promoted (although could be justified)

## The largest cohort of transverse myelitis reported better outcomes than previous cohorts which reported <50% favourable outcomes [13].

UNDERSTANDING RISK OF
PERMANENT DISABILITY

A further important consideration is the risk of permanent
disability. This risk is partly related to the initial episode, but
also related to the accumulative damage associated with
disease relapses. For example, relapses increase disability
in neuromyelitis optica (NMO), although patients can be left
with permanent disability after a single event, partly related
to the severity of the pathology (discussed later). As present-
ed in Table 1, the risk of permanent disability varies by dis-
ease. However, the information provided in Table 1 does not
adequately address the complexity of this issue. For exam-
ple, in Sydenham chorea, historically considered a ‘benign’
disorder requiring no treatment, a significant proportion of
patients are left with permanent neuropsychiatric alteration
or residual mild chorea - not enough to represent ‘major
disability’, but potentially life altering [15,16]. Likewise, the
residual cognitive deficits after ADEM are probably under-re-
ported and under-appreciated [17-19]. However, for some
of these disorders, such as NMO, anti-NMDAR encephali-
tis and cerebral vasculitis, the risk of permanent disability
is significant, and therefore it is easier to rationalize more
potent immune suppression to try to improve outcomes [6].

There is now reasonable retrospective evidence in NMO,
anti-NMDAR encephalitis, opsoclonus myoclonus ataxia
syndrome (OMAS) and cerebral vasculitis, that more potent
immune suppression and use of second line therapies (as
discussed later) improve the course of the acute disease, re-
duce relapse and improve long-term outcomes [6,11,20,21].
However, there are no randomized controlled trials in these
rare disorders to provide a strong evidence for this approach
at this time.

UNDERSTANDING SPEED OF RECOVERY
AND PERSISTENT CNS INFLAMMATION

The ability to determine when a patient is not following the
expected speed of improvement is very challenging, and of-
ten requires previous experience with these conditions. The
different disorders require different expectations, which will
influence therapeutic decision-making. For example in acute
ADEM and transverse myelitis, there is typically a rapid im-
provement during the first days after starting intravenous
methylprednisolone, and poor improvement after 5-7 days
may alert the clinician that the patient is not following the
expected trajectory, and escalation of therapy should be
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considered. By contrast, patients with anti-NMDAR enceph-
alitis (particularly when the disease is diagnosed later) will
not respond rapidly to immune suppression, and it is rec-
ommended to wait 10-14 days after first line therapy before
escalating [6]. However this decision is further complicated
by the severity of disease. For example, a patient with an-
ti-NMDAR encephalitis who has the ‘full syndrome’ with re-
spiratory and autonomic dysfunction on intensive care is at
high risk, and so escalation to second line therapy should be
considered early, whereas milder patients on the ward may
be observed for a longer. However, there is a general theme
emerging for autoimmune CNS disorders, that early immune
therapy improves outcomes and thus should not be delayed,
particularly in very symptomatic or critically ill patients [21].
Furthermore, patients with anti-NMDAR encephalitis often
take a long time to recover, require prolonged hospital ad-
missions, and improvements continue for up to 2 years [6].
Defining when a patient is not improving adequately is chal-
lenging, and the autoantibody biomarkers should generally
not be used in this decision making process, as antibodies
can remain positive in serum and cerebrospinal fluid (CSF)
for years, and titres are not very reliable in monitoring of dis-
ease (although tend to reduce with improvements, and in-
crease with relapses). Instead, other markers of CNS inflam-
mation are probably more useful such as CSF neopterin [22],
although there is a paucity of CSF and brain inflammatory
biomarkers available in clinical practice, and there are few
biomarkers that have been used longitudinally to determine
disease progress. A recent study showed that the chemok-
ine CXCL13 is elevated in CSF in anti-NMDAR encephalitis,
and is more elevated in patients who have a poor outcome or
relapse [23]. Biomarkers that can help in disease monitoring,
in addition to clinical monitoring are required, as determining
when a patient is failing to improve is a major management
challenge to clinicians.

UNDERSTANDING RISK OF RELAPSE

A crucial factor in deciding longer term maintenance immu-
notherapy is the inherent risk of relapse. Aquaporin-4 (AQP4)
antibody positive NMO is typically relapsing (table 1) [5]. It is
accepted that relapse prevention reduces disability in NMO,
and therefore reducing relapses should be a primary con-
sideration, and it would be appropriate to plan maintenance
immune suppressant regimen even at the first acute event.
By contrast, many of the other conditions are predominantly
monophasic (Table 1), where longer term immunotherapy is
often considered only at relapse. It should be noted that the
risk of relapse in many of these disorders has changed com-
pared to earlier descriptions. For example, for anti-NMDAR
encephalitis, the relapse rate was ~25% initially, but with
increasing immune suppression in the acute phase, the re-
lapse rate has reduced to ~12% [6]. A similar phenomenon
has occurred in OMAS [20,24]. There is emerging evidence
that the relapse risk is influenced by early and perhaps more
systematic immune suppression in the acute presentation
[6,25].

UNDERSTANDING NEUROPATHOLOGY
AND REVERSIBILITY OF DISEASE

Table 2 attempts to summarise the pathological processes
occurring in these disorders, which are variable. It is import-
ant to appreciate this variability, as these disorders are not
the same, for example it is reasonable to undertake ‘watch-

ful waiting’ in Sydenham chorea or post-infectious cerebel-
lar ataxia, whereas in more severe indications such as NMO
and cerebral vasculitis, it is reasonable to escalate quickly to
second line therapies (or even use second line therapies at
initiation of therapy).

The pathology of many CNS autoimmune and inflamma-
tory disorders is often inferred from limited cases that are
often poorly clinically defined, or are biased towards atypical
or severe cases (such as post mortem cases). Additionally
cases studied usually reflect chronic rather that acute patho-
biology. In many of the disorders, a perivascular lymphocytic
infiltration is common, and not very specific for any particu-
lar entity. A study of autoimmune encephalitis pathology in
adults noted significant variability in pathology [34]. For ex-
ample in anti-NMDAR encephalitis, there is a lymphocytic in-
filtration predominantly of plasma cells, and in vitro [32] and
animal studies [33] consistently demonstrate that the effect
of antibody on neurons and disease symptomatology is re-
versible, as is often observed in patients, although this may
take up to 2 years [6]. By contrast, NMO is a destructive pa-
thology, with cavitation and astrocyte loss, complement me-
diated cytotoxicity, and secondary demyelination [27]. NMO
pathology involves T-lymphocytes, neutrophils, eosinophils,
as well as autoantibody-mediated pathology [27]. Therefore
more potent immune therapy is justified to prevent irrevers-
ible astrocyte loss and its downstream effects on neuropa-
thology. Likewise, cerebral vasculitis often has associated
cell death with secondary hypoxic ischaemic brain injury,
which is irreversible [32]. Neuropsychiatric SLE is complex
with many clinical syndromes, and multiple complex patho-
physiological processes (immunological, vascular, or both),
and may require immune suppressive and anti-thrombotic
therapies [35]. It is important to understand the pathological
process of the disease we are treating, as more potent im-
mune suppression can be justified, when more destructive
and irreversible pathobiology has been established.

UNDERSTANDING INTRATHECAL
AUTOIMMUNITY AND THE ROLE

OF THE BLOOD BRAIN BARRIER

A key conundrum in these disorders is if the inflammatory
process is ‘established’ in the CNS or is driven systemically.
In anti-NMDAR encephalitis, there is clear evidence of an ac-
tive intrathecal inflammation with CSF pleocytosis, intrathe-
cal oligoclonal bands, and intrathecal production of NMDAR
antibodies. By contrast, in other disorders, such as ADEM
associated with anti-MOG antibodies, there is typically not
intrathecal production of autoantibody, although the timing
of testing is likely to influence some of these findings [36].

Knowing if neuroinflammation is predominantly driven
centrally or peripherally may influence how we choose or
direct therapy. Plasma exchange (PLEX) will remove circu-
lating antibody, lymphocytes and other molecules, and will
subsequently result in less circulating immune molecules en-
tering the CNS, but PLEX will not necessarily reduce estab-
lished intrathecal inflammation (when present), so it should
probably not be used in isolation in anti-NMDAR encephali-
tis, but instead should be used in conjunction with cortico-
steroids or other agents that have access to the CNS.

A further poorly investigated consideration is the role of
the blood brain barrier (BBB) in these disorders. It is often
assumed and cited that the BBB is altered or disrupted in
inflammatory CNS syndromes (although not necessari-
ly proven), extrapolated from studies in multiple sclerosis.



Dale et al. JICNA 2016, 16:112

Table 2. Pathological findings in the autoimmune and inflammatory CNS disorders.
The symbol (-) denotes there is inadequate literature.

Disease category Disease Summary of brain pathology Ref
Acute disseminated Perivenular lymphocytic infiltration (predominantly T cells) with [26]
encephalomyelitis only minor demyelination.

Transverse myelitis -
Inflammatory Optic neuritis -
demyelination Astrocytopathy with secondary demyelination.
. . Perivascular inflammation with adaptive (B and T cells), and
Neuromyelitis optica . . . . o
innate (neutrophils, eosinophil) activation. [27]
(AQP4 ab) . o
Immunoglobulin and complement deposition.
Destructive and cavitating pathology.

Autoimmune Anti-NMDAR Perivascular lymphocytic infiltration (predominant plasma cell), 28]

encephalitis encephalitis absence of complement.

Opsoclonus myoclonus Sometimes little pathological abnormalities. Periaqueductal [29]
ataxia syndrome inflammatory cells.

Autoimmutne Sydenham chorea Perivenular inflammation, predominantly involving striatum. [30]

movemen )

and cerebellar Cerebellitis Cerebellar leptomeningeal anq parelnghymall [31]

syndromes lymphocyte (T and B) and eosinophil infiltration.
Post-infectious )
cerebellar ataxia

Inflammatory infiltrate (predominantly lymphocytes) located in

Cerebral vasculitis Primary angiitis of CNS  intramural [32]

blood vessels. Secondary ischaemia.

CNS complications . . . . .

of systemic Neuropsychiatric SLE Variable with either dominant thromboembolic, ischaemic or 3]

autoimmune disease

Whilst reducing BBB disruption, such as treating infection
and trying to reduce the BBB permeability can be, in theory,
of value [37], this strategy may significantly reduce the CSF
penetration of immune therapy.

THERAPIES AND MECHANISMS

Acute therapy
Figure 1 demonstrates the generally accepted pathway for
treating inflammatory and autoimmune CNS disorders.

First line acute therapies are often corticosteroids, intra-
venous immunoglobulin (IVIG) and PLEX, used sequential-
ly or in combination. Despite the paucity of good reported
evidence of efficacy, IVIG is often used by many paediatric
neurology centres and is generally considered to be useful.
However, it is expensive and availability may often be re-
stricted. PLEX is technically difficult, and is less accessible
as a result of this, particularly in the very young child. There
is a paucity of literature regarding the safety and tolerability
of PLEX in young children with autoimmune CNS disease.

In most clinical situations steroids are initiated first fol-
lowed by IVIG, and following that PLEX. IVIG may be used
first instead of steroids if there remains some uncertainty of
acute invasive infections. In situations, such as a child with
severe CNS inflammatory disorder like anti-NMDAR enceph-
alitis requiring intensive care support, where PLEX is consid-
ered likely to be necessary, it would be pragmatic that IVIG
be considered post PLEX, avoiding the inadvertent removal
of IVIG by PLEX and therefore ameliorating its effect. The
mechanisms of action, the speed of action, and the side ef-

haemorrhagic features.

fects of the first and second line therapies are presented in
brief in table 3.

When CNS inflammation is refractory to 1st line therapy,
second line therapy can be considered such as rituximab
and cyclophosphamide (separately or together), but these
should be reserved for diseases with higher risk such as
anti-NMDAR encephalitis, NMO, OMAS, cerebral vasculitis
and neuropsychiatric SLE [21]. Steroid sparing agents such
as azathioprine and mycophenolate mofetil (MMF) take 3-6
months to be effective so are not useful if a more immediate
effect is required. On occasions neurosurgical intervention is
required in the treatment of malignant brain oedema as seen
in cerebellitis and less commonly in ADEM [9].

Maintenance therapy

Once the acute therapy is complete, if there is a risk of re-
lapse that is considered significant (as discussed above),
then chronic immune suppression can be considered. Aza-
thioprine and MMF are most commonly used in this setting,
but due to the latency of their effect, steroid cover (or other
immune therapy) will be needed until the drugs are effective.
An alternative approach is monthly IVIG but this is expensive
and may be less effective in some disorders such as OMAS
[20]. An alternative approach to chronic immune suppression
is re-dosing rituximab. Rituximab usually produces 6 months
of demonstrable B cell depletion, although can last >12
months in 10% of treated patients [21]. In disorders when
the risk of relapse is high (in frequency and severity), such as
NMO, re-dosing of rituximab can be considered. If re-dos-
ing of rituximab is planned, it is important to appreciate the
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Figure 1. Trial of first line therapy in confirmed or suspected autoimmune CNS disease. If the patient fails to respond to first
line therapy, and the disease has significant risk of morbidity or mortality, then second line therapies can be considered. If
the disease has a relapsing course, or has a high risk of relapse, chronic immune suppression can be considered.
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Table 3. First and second line drugs used in the treatment of autoimmune and inflammatory CNS
disorders-mechanism of action, speed of action and common or concerning side effects

Mechanism

g of action

Expected
time for drug Concerning side effects

effectiveness

1ST LINE IMMUNOTHERAPEUTIC AGENTS

Broad anti-inflammatory
properties, reduce

Lots of transient side effects: hypertension,
glycosuria, CNS effects, catabolic effects.

Corticosteroid swelling and oedema, Hours/days Long term effects: Bone mineralisation, skin
reduce permeability of thinning, infection, cataract, growth suppression,
BBB. cushingoid habitus, metabolic problems.
Multiple immune
Intravenous mechanisms involving . . . L
. . . . Hours/days Expensive, allergy, risk of viral transmission.
immunoglobulin antibody, cytokines,
cellular.
Plasma filtration, remove Invasive, haemodynamic alteration, large vessel
Plasma exchange Hours

antibody and cytokines.

access required, infection.

2ND | INE OR MAINTENANCE IMMUNOTHERAPEUTIC AGENTS

Steroid sparer .
P Broad cellular immune

Liver dysfunction, increased risk of infection,

(azathioprine, ~3 months . : .
mycophenolate mofetil suppressant. increased cancer risk (small), expensive (MMF).
B cell depleter, Infusion side effects common but not serious,
Rituximab secondary effects on T 1-4 weeks ~1:40 chance of severe serious infection,
cells. expensive.
Cyclophosphamide Eliere] el Days Cystitis, renal toxicity, infection, cancer, infertility.

suppressant.

BBB: blood-brain barrier

timing of B cell repopulation using frequent B cell monitoring
to prevent the patient relapsing during B cell repopulation
[38]. Alternatively rituximab can be re-dosed regularly (for
example every 6 months) although this may in theory result
in increased side effects [43].

UNDERSTANDING RISK OF TREATMENT

It is very important to consider the risk of treatment, as out-
lined in brief in table 3. The majority of these treatment side
effects are clearly outlined in respective national therapeutic
formularies, such as the British National Formulary in Chil-
dren (BNFC), where the majority of data is assimilated/de-
rived from the summary of product characteristics (SmPC).
However, children may be resistant to some of these side
effects, but vulnerable to others [39]. Furthermore, predicting
more severe adverse effects remains challenging, as is the
knowledge of the precise incidence of adverse events. Poly-
morphisms of the thiopurine S-methyltransferase (TPMT)
gene that determine the metabolism of thiopurines such as
azathioprine has an established role in screening for patients
at risk of adverse effects [40]. However, application of this
for other immune therapeutic agents remains unestablished,
nor is the role of such pharmacogenetic stratification in op-
timizing treatment [41]. Sick children on intensive care are
at risk of infection, and immune suppression with multiple
agents presents significant potential risk [21]. For example, a
serious infectious side effect that was attributed to immune
suppression was described in 4 of 144 children receiving
rituximab for severe inflammatory CNS disorders [21]. Like-

wise, cyclophosphamide brings concerns about malignan-
cy and infertility, as well as infection, although most safety
data is derived from adult trials [42]. And azathioprine and
MMF brings risks of infection and a slight increase in risk of
malignancy. These side effects should be considered during
the decision-making process, and for this reason, these
more potent immune suppressants should be reserved for
more significant diseases that carry inherent risk of disability
or death. Some of these therapies are not available in re-
source-poor countries. However, many of these conditions
are responsive to steroids, and can be used in regimens
to attempt to minimize accumulative side effects (such as
monthly pulse regimens). Clinicians should use the cortico-
steroid they are most familiar with- there is little data to sug-
gest any particular corticosteroid is superior in this context.

COUNSELING AND INFORMING

THE FAMILIES

Families and patients need to be informed about the relative
risks of therapy, but this needs to be presented in a way that
helps the family understand that the risks of not giving the
drug may result in permanent neurological disability. Often
this is conducted with extrapolated data and is hugely influ-
enced by clinician familiarity with specific agents and/or ex-
perience of adverse events. This counseling is complex, and
unfortunately can result in families and clinicians becoming
‘risk averse’ or ‘therapeutically incapacitated’. A confident
but honest approach is probably most likely to succeed.
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SUMMARY

Figure 2 illustrates the complex decision-making process,
trying to weigh up the risk of the disease with the risk of
the therapy. We are currently in a transitional phase in our
understanding of these newer disorders. Biomarkers have
recently informed us about diseases that are treatable. We
are starting to understand that immune suppressive thera-
pies improve outcomes, reduce relapses and reduce disabil-
ity. However, the therapies are currently hugely empirical and
based on a generic rather than a disease specific strategy.
Furthermore, we lack directed therapies that could be more
effective and better tolerated. There is a significant shortage
of randomized controlled trials in these disorders, and the
evidence base is only provided by retrospective cohort data
and personal opinion that may be biased by experience. Col-
laborative international endeavors are imperative to provide
progress.
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Figure 2. The complexity of therapeutic decision-making: Balancing the risk of disease with risk of drug side effects.
The figure demonstrates some of the variables involved in therapeutic decision-making.



Dale et al. JICNA 2016, 16:112

REFERENCES

1.

10.

11.

12.

13.

14.

Dale RC, Brilot F (2010) Biomarkers of inflammatory and
auto-immune central nervous system disorders. Curr
Opin Pediatr 22 (6):718-25. DOI: 10.1097/MOP.0b013e
3283402b71 PMID:20871402.

Tenembaum S, Chamoles N, Fejerman N (2002) Acute
disseminated encephalomyelitis: a long-term follow-up
study of 84 pediatric patients. Neurology 59 (8):1224-
31. PMID: 12391351.

Deiva K, Absoud M, Hemingway C, Hernandez Y, Hus-
sson B, Maurey H et al. (2015) Acute idiopathic trans-
verse myelitis in children: early predictors of relapse and
disability. Neurology 84 (4):341-9. DOI: 10.1212/WNL.0
000000000001179 PMID: 25540303.

Wilejto M, Shroff M, Buncic JR, Kennedy J, Goia C,
Banwell B (2006) The clinical features, MRI findings,
and outcome of optic neuritis in children. Neurology 67
(2):258-62. DOI:10.1212/01.wnl.0000224757.69746.
fo PMID: 16864818.

Absoud M, Lim MJ, Appleton R, Jacob A, Kitley J, Leite
MI et al. (2015) Paediatric neuromyelitis optica: clini-
cal, MRI of the brain and prognostic features. J Neurol
Neurosurg Psychiatry 86 (4):470-2. DOI: 10.1136/jnnp-
2014-308550 PMID: 25091363.

Titulaer MJ, McCracken L, Gabilondo |, Armangué T,
Glaser C, lizuka T et al. (2013) Treatment and prog-
nostic factors for long-term outcome in patients with
anti-NMDA receptor encephalitis: an observational co-
hort study. Lancet Neurol 12 (2):157-65. DOI: 10.1016/
S1474-4422(12)70310-1PMID: 23290630.

Tate ED, Allison TJ, Pranzatelli MR, Verhulst SJ
(2005) Neuroepidemiologic trends in 105 US cases of
pediatric opsoclonus-myoclonus syndrome. J Pediatr
Oncol Nurs 22 (1):8-19. DOI:10.1177/10434542042725
60 PMID: 15574722.

Korn-Lubetzki I, Brand A, Steiner | (2004) Recurrence
of Sydenham chorea: implications for pathogene-
sis. Arch Neurol 61 (8):1261-4. DOI: 10.1001/arch-
neur.61.8.1261 PMID: 15313844.

Hennes E, Zotter S, Dorninger L, Hartmann H, Hausler
M, Huppke P et al. (2012) Long-term outcome of chil-
dren with acute cerebellitis. Neuropediatrics 43 (5):240-
8. DOI: 10.1055/s-0032-1324732PMID: 22936351.
Connolly AM, Dodson WE, Prensky AL, Rust RS
(1994) Course and outcome of acute cerebel-
lar ataxia. Ann Neurol 35 (6):673-9. DOI: 10.1002/
ana.410350607 PMID: 8210223.

Hutchinson C, Elbers J, Halliday W, Branson H, Laughlin
S, Armstrong D et al. (2010) Treatment of small vessel
primary CNS vasculitis in children: an open-label co-
hort study. Lancet Neurol 9 (11):1078-84. DOI: 10.1016/
S1474-4422(10)70243-X PMID: 20889380.

Benseler SM, Silverman ED (2007) Neuropsychiatric
involvement in pediatric systemic lupus erythemato-
sus. Lupus 16 (8):564-71. DOI: 10.1177/096120330707
8971 PMID: 17711889.

Pidcock FS, Krishnan C, Crawford TO, Salorio CF, Tro-
vato M, Kerr DA (2007) Acute transverse myelitis in
childhood: center-based analysis of 47 cases. Neurolo-
gy 68 (18):1474-80. DOI:10.1212/01.wnl.0000260609.1
1357.6f PMID: 17470749.

Beato R, Siqueira CF, Marroni BJ, Boanova LG, de
Lima CF, Maia DP et al. (2014) Brain SPECT in Syden-
ham’s chorea in remission. Mov Disord 29 (2):256-8.
DOI: 10.1002/mds.25721 PMID:24591171.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Moreira J, Kummer A, Harsanyi E, Cardoso F, Teix-
eira AL (2014) Psychiatric disorders in persistent
and remitted Sydenham’s chorea. Parkinsonism
Relat Disord 20 (2):233-6. DOI:10.1016/j.parkreld-
is.2013.10.029 PMID: 24268384.

Cardoso F, Vargas AP, Oliveira LD, Guerra AA, Amaral
SV (1999) Persistent Sydenham’s chorea.Mov Disord 14
(5):805-7. PMID: 10495042.

Suppiej A, Cainelli E, Casara G, Cappellari A, Nosadini M,
Sartori S (2014) Long-term neurocognitive outcome and
quality of life in pediatric acute disseminated encepha-
lomyelitis. Pediatr Neurol 50 (4):363-7. DOI: 10.1016/j.
pediatrneurol.2013.12.006 PMID: 24630282.

Jacobs RK, Anderson VA, Neale JL, Shield LK, Korn-
berg AJ (2004) Neuropsychological outcome after acute
disseminated encephalomyelitis: impact of age at ill-
ness onset. Pediatr Neurol 31 (3):191-7. DOI: 10.1016/j.
pediatrneurol.2004.03.008 PMID: 15351018.

Kuni BJ, Banwell BL, Till C (2012) Cognitive and behav-
ioral outcomes in individuals with a history of acute dis-
seminated encephalomyelitis (ADEM). Dev Neuropsy-
chol 37 (8):682-96. DOI:10.1080/87565641.2012.69079
9 PMID: 23145566.

Tate ED, Pranzatelli MR, Verhulst SJ, Markwell SJ, Franz
DN, Graf WD et al. (2012) Active comparator-controlled,
rater-blinded study of corticotropin-based immunother-
apies for opsoclonus-myoclonus syndrome. J Child
Neurol 27 (7):875-84. DOI: 10.1177/088307381142881
6 PMID:22378659.

Dale RC, Brilot F, Duffy LV, Twilt M, Waldman AT, Narula
S et al. (2014) Utility and safety of rituximab in pediatric
autoimmune and inflammatory CNS disease. Neurolo-
gy 83 (2):142-50. DOI:10.1212/WNL.000000000000057
0 PMID: 24920861.

Dale RC, Brilot F, Fagan E, Earl J (2009) Cerebrospi-
nal fluid neopterin in paediatric neurology: a marker
of active central nervous system inflammation. Dev
Med Child Neurol 51 (4):317-23. DOI:10.1111/j.1469-
8749.2008.03225.x PMID: 19191826.

Leypoldt F, Hoftberger R, Titulaer MJ, Armangue T,
Gresa-Arribas N, Jahn H et al. (2015)Investigations
on CXCL13 in anti-N-methyl-D-aspartate receptor
encephalitis: a potential biomarker of treatment re-
sponse. JAMA Neurol 72 (2):180-6. DOI: 10.1001/jama-
neurol.2014.2956 PMID:25436993.

Mitchell WG, Wooten AA, O’Neil SH, Rodriguez JG,
Cruz RE, Wittern R (2015) Effect of Increased Immuno-
suppression on Developmental Outcome of Opsoclonus
Myoclonus Syndrome (OMS). J Child Neurol 30 (8):976-
82. DOI: 10.1177/0883073814549581 PMID: 25342308.
Byrne S, Walsh C, Hacohen Y, Muscal E, Jankovic J,
Stocco A et al. (2015) Earlier treatment of NMDAR an-
tibody encephalitis in children results in a better out-
come. Neurol Neuroimmunol Neuroinflamm 2 (4):e130.
DOI: 10.1212/NX1.0000000000000130 PMID: 2623675
9.

Habek M, Zarkovic K (2011). Pathology of Acute Dis-
seminated Encephalomyelitis. Translational Neurosci-
ence. 2(3):252-255. DOI: 10.2478/s13380-011-0030-5
Lucchinetti CF, Guo Y, Popescu BF, Fujihara K, ltoya-
ma Y, Misu T (2014) The pathology of an autoimmune
astrocytopathy: lessons learned from neuromyeli-
tis optica. Brain Pathol 24 (1):83-97. DOIl: 10.1111/
bpa.12099 PMID: 24345222.



28.

29.

30.

31.

32.

33.

34.

35.

Dale et al. JICNA 2016, 16:112

Martinez-Hernandez E, Horvath J, Shiloh-Ma-
lawsky Y, Sangha N, Martinez-Lage M, Dalmau J
(2011) Analysis of complement and plasma cells in
the brain of patients with anti-NMDAR encephali-
tis. Neurology 77 (6):589-93. DOI: 10.1212/WNL.
0b013e318228c136 PMID: 21795662.

Scaravilli F, An SF, Groves M, Thom M (1999) The neuro-
pathology of paraneoplastic syndromes.Brain Pathol 9
(2):251-60. PMID: 10219743.

Greenfield J, Wolfsohn J. The pathology of Sydenham’s
chorea. Lancet 1922;2:603-606.

Carceller Lechon F, Duat Rodriguez A, Sirvent Cerda
S|, Khabra K, de Prada |, Garcia-Pefias JJ et al.
(2014) Hemicerebellitis: Report of three paediatric cas-
es and review of the literature. Eur J Paediatr Neurol 18
(8):273-81. DOI: 10.1016/j.ejpn.2013.12.004 PMID: 244
23631.

Elbers J, Halliday W, Hawkins C, Hutchinson C, Benseler
SM (2010) Brain biopsy in children with primary small-ves-
sel central nervous system vasculitis. Ann Neurol 68
(5):602-10. DOI:10.1002/ana.22075 PMID: 21031577.
Sibbitt WL, Brooks WM, Kornfeld M, Hart BL,
Bankhurst AD, Roldan CA (2010) Magnetic reso-
nance imaging and brain histopathology in neuro-
psychiatric systemic lupus erythematosus. Semin
Arthritis Rheum 40 (1):32-52. DOI: 10.1016/j.semar-
thrit.2009.08.005 PMID: 19880162.

Bien CG, Vincent A, Barnett MH, Becker AJ, Blimcke
I, Graus F et al. (2012) Immunopathology of autoanti-
body-associated encephalitides: clues for pathogen-
esis. Brain 135 (Pt 5):1622-38. DOI:10.1093/brain/
aws082 PMID: 22539258.

Dale RC, Yin K, Ding A, Merheb V, Varadkhar S,
McKay D et al. (2011) Antibody binding to neuro-
nal surface in movement disorders associated with
lupus and antiphospholipid antibodies. Dev Med
Child Neurol 53 (6):522-8. DOIl: 10.1111/j.1469-
8749.2011.03922.x PMID: 21574989.

36.

37.

38.

39.

40.

41,

42.

43.

Dale RC, Tantsis EM, Merheb V, et al. (2014) Antibodies
to MOG have a demyelination phenotype and affect oli-
godendrocyte cytoskeleton. Neurol Neuroimmunol Neu-
roinflamm. 1(1):e12. PMC4202678

Rosenberg GA (2012) Neurological diseases in re-
lation to the blood-brain barrier. J Cereb Blood
Flow Metab 32 (7):1139-51. DOI: 10.1038/jcb-
fm.2011.197 PMID: 22252235.

Longoni G, Banwell B, Filippi M, Yeh EA (2014) Ritux-
imab as a first-line preventive treatment in pediatric
NMOSDs: Preliminary results in 5 children. Neurol Neu-
roimmunol Neuroinflamm 1 (4):e46. DOI: 10.1212/NXI.0
000000000000046 PMID: 25520954.

Banwell B, Bar-Or A, Giovannoni G, Dale RC, Tardieu M
(2011) Therapies for multiple sclerosis: considerations
in the pediatric patient. Nat Rev Neurol 7 (2):109-22.
DOI: 10.1038/nrneurol.2010.198PMID: 21224883.
Roberts RL, Barclay ML (2015) Update on thiopu-
rine pharmacogenetics in inflammatory bowel dis-
ease. Pharmacogenomics 16 (8):891-903. DOI: 10.2217/
pgs.15.29 PMID: 26067482.

Burnett HF, Tanoshima R, Chandranipapongse W, Ma-
dadi P, Ito S, Ungar WJ (2014) Testing for thiopurine
methyltransferase status for safe and effective thiopu-
rine administration: a systematic review of clinical guid-
ance documents. Pharmacogenomics J 14 (6):493-502.
DOI:10.1038/tpj.2014.47 PMID: 25156214.

Twilt M, Benseler S (2014) Childhood antineutrophil cy-
toplasmic antibodies associated vasculitides.Curr Opin
Rheumatol 26 (1):50-5. DOI: 10.1097/BOR.0000000000
000013 PMID: 24247117.

Nosadini M, Alper G, Riney CJ, Benson LA, Mohammad
SS, Ramanathan S, Nolan M, Appleton R, Leventer RJ,
Deiva K, Brilot F, Gorman MP, Waldman AT, Banwell B,
Dale RC. Rituximab monitoring and redosing in pedi-
atric neuromyelitis optica spectrum disorder. Neurol
Neuroimmunol Neuroinflamm. 2016 Jan 21;3(1):e188.
doi: 10.1212/NX1.0000000000000188. eCollection 2016
Feb. PubMed PMID: 26819962;

Cite this article as: Dale et al.: Therapeutic decision making in autoimmune and inflammatory disorders of the central nervous
system in children. JICNA 2016 16:112



