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ORIGINAL ARTICLE

ANTI-N-METHYL-D-ASPARTATE RECEPTOR ENCEPHALITIS IN
PEDIATRIC AGE

ENCEFALITE ANTI-RECETOR N-METIL-D-ASPARTATO EM IDADE PEDIATRICA

Mariana Branco!, Luisa Sousa", Cristina Garrido', Inés Carrilho', Manuela Santos', Teresa Temudo', Ana Martins Silva",
Sénia Figueiroa'

ABSTRACT

Introduction: Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is an immune-mediated syndrome characterized by psychiatric
symptoms, movement disorders, insomnia, seizures, altered level of consciousness and autonomic dysfunction. The aim of this study was
described the cases of anti-NMDAR encephalitis admitted to a Neuropediatrics Department, in order to alert for the importance of early
recognition of this clinical entity due to its implications in prognosis.

Material and Methods: A retrospective review of the clinical processes of patients with anti-NMDAR encephalitis admitted to the
Neuropediatrics Department of a University Hospital in the period between May 2009 and May 2016 was conducted.

Results: Diagnosis of anti-NMDAR encephalitis was established in nine patients. Mean age at diagnosis was 9.4 years and five patients were
male. Most cases (88.9%) presented with neuropsychiatric symptomatology. Movement disorders were another frequent finding (88.9%)
and include chorea, dystonia and dyskinesias. Altered level of consciousness occurred in 77.8% of cases, insomnia and speech disturbance
in 66.7%, seizures in 55.6% and autonomic dysfunction in 22.2%. Anti-NMDAR antibodies were identified in the cerebrospinal fluid of all
patients. One patient had an underlying neoplasm. All patients underwent immunosuppressive therapy and seven patients fully recovered. In
the remaining patients, sequelae included refractory epilepsy and cognitive impairment.

Discussion: The diagnosis of anti-NMDAR encephalitis should be considered in children and adolescents presenting with psychiatric symptoms
associated and movement disorders. In this sample, although most patients responded very favorably to treatment, severe sequelae were
also observed. This highlights the importance of an early diagnosis to initiate treatment as soon as possible.
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RESUMO

Introdugdo: A encefalite anti-recetor N-metil-D-aspartato (NMDAR) é uma sindrome imunomediada, que se caracteriza por sintomas
psiquidtricos, disturbios do movimento, insdnia, crises epiléticas, alteragdes do estado de consciéncia e instabilidade autondmica. O objetivo
deste estudo foi efetuar uma descrigao dos casos de encefalite anti-receptor N-metil-D-aspartato admitidos no Servigo de Neuropediatria, de
modo a alertar para a importancia do reconhecimento precoce desta entidade clinica devido as suas implicagdes progndsticas.

Material e Métodos: Foi realizado um estudo retrospetivo com revisdo dos processos clinicos dos doentes com diagnédstico de encefalite
anti-NMDAR admitidos no Servico de Neuropediatria de um Hospital Universitario no periodo entre maio de 2009 e maio de 2016.

Resultados: Foi estabelecido o diagndstico de encefalite anti-NMDAR em nove doentes. A idade média ao diagndstico foi de 9,4 anos e cinco
casos ocorreram no sexo masculino. A maioria dos casos (88,9%) apresentou sintomatologia neuropsiquiatrica. Disturbios do movimento,
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caracterizados por coreia, distonia ou discinesias, foram igualmente frequentes (88,9%). Alteragdes do estado de consciéncia ocorreram em
77,8% dos casos, insonia e alteragdes na linguagem em 66,7%, crises epiléticas em 55,6% e sintomas disautondmicos em 22,2%. Em todos os
doentes foram identificados anticorpos anti-NMDAR no liquido cefalorraquidiano. Um dos doentes apresentava uma neoplasia subjacente.
Todos os doentes realizaram tratamento imunossupressor e sete recuperaram completamente. Os restantes doentes apresentaram sequelas
que incluiram epilepsia refratdria e alteragGes cognitivas.

Discussao: O diagnostico de encefalite anti-NMDAR deve ser considerado em criangas e adolescentes que apresentam sintomas psiquiatricos
e disturbios do movimento. Na presente amostra, embora a maioria dos doentes tenha respondido favoravelmente ao tratamento, também
se verificou a ocorréncia de sequelas graves. Com este trabalho, pretende reforgar-se a importancia do diagndstico precoce e instituicao de

terapéutica para esta entidade clinica.

Palavras-chave: anticorpos; encefalite; neoplasia

INTRODUCTION

Encephalitis comprises a group of disorders characterized by
acute dysfunction of the central nervous system with imaging and/
or laboratory evidence of cerebral inflammation. There are several
possible causes and differential diagnoses of encephalitis, especially
when considering infectious agents. In a significant portion of
patients, however, the etiology remains indeterminate.?

In recent years, some of these cases have been associated with
antibodies against receptors and cell surface proteins involved in
synaptic transmission, plasticity or neuronal excitability, allowing a
definitive diagnosis of auto-immune or paraneoplastic encephalitis.??

In 2007, Dalmau et al. reported the discovery of an antibody
associated with a condition characterized by acute psychiatric
symptoms, seizures, altered level of consciousness, among others,
which reacted with NR1 / NR2 heteromers of the N-methyl-D-
aspartate receptor (NMDAR). In 2008, the syndrome was fully
delineated in a case series of 100 patients and the target epitopes
were identified in the NR1 subunit of NMDAR. The syndrome is now
referred to as anti-NMDAR encephalitis. Although initially described
in women with ovarian teratoma, it has since then also been
described in men and, more recently, in children and adolescents.**

Anti-NMDAR encephalitis is a neuropsychiatric syndrome caused
by immune-mediated processes, with autoantibodies in serum
or cerebrospinal fluid directed against an epitope located in the
extracellular domain of the N-methyl-D-aspartate receptor.>”’

It is the most common autoimmune encephalitis in pediatric
age, with a reported prevalence of 4% among all encephalitis’
cases, according to a multicenter U.K. study.®* The syndrome occurs
predominantly in children and young adults and may or may not be
associated with tumors. The co-occurrence of neoplastic disease is
dependent on age, sex and race, being more frequent in females
older than 18 years of age and slightly more common in the patients
of African descent.>®

The syndrome has a typical progression in adults and adolescents
and usually starts with a prodromal phase with fever, headache
or symptoms similar to an upper respiratory infection that often
go unnoticed, followed by psychiatric symptoms and insomnia a
few days to weeks later, finally progressing to changes in the state
of consciousness, seizures, movement disorders and autonomic
dysfunction. In children, although the phenotype is similar, presenting
symptoms usually include movement disorders, seizures and speech
disturbances.>*’

Patients with suspected autoimmune encephalitis should perform
brain magnetic resonance imaging (MRI), electroencephalogram
(EEG), lumbar puncture and a serological study to confirm the
diagnosis and exclude alternative etiologies.>*” The definitive
diagnosis is confirmed by detection of antibodies against the
NMDA receptor in cerebrospinal fluid and/or serum. Presence of an
underlying neoplasm should also be thouroughly assessed.?*’

Although no standard treatment has been established to
date, evidence suggests that tumor excision, when present, and
immunosuppressive treatment improve prognosis.>’

This work intends to describe the cases of anti-NMDAR encephalitis
identified in a Neuropediatric Department, with the aim of raising
awareness of the importance of early recognition of this clinical
entity due to its prognostic implications.

MATERIALS AND METHODS

A retrospective study was conducted by reviewing clinical
charts of patients with anti-NMDAR encephalitis admitted to the
Neuropediatric Department of a University Hospital in the period
between May 2009 and May 2016. Variables analyzed included age at
diagnosis, gender, clinical manifestations, diagnostic tests performed,
associated tumors, treatment, mortality and relapses. An analytical
study was performed for all patients, which included cerebrospinal



fluid (CSF) analysis, EEG and brain MRI with gadolinium, including
T1, T2, FLAIR, and diffusion weighted images. Disease diagnosis
was confirmed upon detection of antibodies against the NMDA
receptor in cerebrospinal fluid and/or serum. Abdominal ultrasound,
scrotal ultrasound and/or thoracic, abdominal and pelvic computed
tomography were performed in all patients to exclude tumors.
Descriptive analysis of variables was performed with SPSS 20.0.

RESULTS

Anti-NMDAR encephalitis diagnosis was established in nine patients.
Mean and median age at diagnosis were 9.4 and 8 years, respectively,
with ages between two and 17 years old. A total of 55.6% of patients
were male. Table 1 shows demographic and clinical manifestations
of each patient.

Two patients developed prodromal symptoms a few days before the
full-blown phase, including fever and vomiting in one case and fever
and odynophagia in another case. In four patients, the first symptom
was neuropsychiatric and included behavioral change with temper
tantrums and apathy in one child and a combination of anxiety,
agitation, heteroagressivity, social isolation and hallucinatory activity
in three adolescents. Noteworthy, one of these cases, a 17-year-
-old male had three admissions in a psychiatric department in a
period of seven months before diagnosis. Clinical presentation was
characterized by acute and exuberant auditory, visual and olfactory
hallucinations that responded to antipsychotic treatment but
recurred. The florid presentation and resistance to treatment led to
patient referral to the Neuropediatric department due to suspicion of
an underlying neurological condition. It is also worth mentioning the
case of a 17-year-old female adolescent, with gradual installation of
behavioral changes with social isolation and low frustration tolerance
followed by episodes of psychomotor agitation with disorganized
speech, insomnia and hallucinatory activity. An initial hypothesis
of toxic psychosis was considered and the patient was admitted to
psychiatry department and medicated with antipsychotics. During
hospitalization, she developed periods of mutism and fluctuating
levels of consciousness. The girl subsequently exhibited an episode
of cervical hyperextension, conjugate deviation of the eyes, apnea
and perioral cyanosis, which led to admission to an intensive care
unit due to suspicion of neuroleptic malignant syndrome. However,
clinical evolution allowed a definitive diagnosis in both cases. In
the remaining patients, the first symptom was seizures (two cases),
movement disorders (two cases) and speech disturbance (one case).

Overall, psychiatric symptomatology characterized by behavioral
changes and/or psychotic symptoms occurred in 88.9% of cases.
Movement disorders, characterized by chorea, dystonia or dyskinesias

also occurred in 88.9% of cases. Altered level of consciousness
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occurred in 77.8% of cases, insomnia and speech disturbance in
66.7%, seizures in 55.6% and autonomic dysfunction in 22.2%.

Regarding work-up, NMDAR antibodies were identified in the
cerebrospinal fluid of all patients and in the serum of eight (Table 2).
In five patients, pleocytosis was observed in the cerebrospinal fluid.
Brain MRI changes were only found in one case, with hyperintensity
of the right frontal cortex and right insular cortex with loss of
differentiation between white and gray matter. In seven patients,
the electroencephalogram showed altered background rhythm with
generalized slow activity and focal or generalized paroxysmal activity.
Importantly, the “extreme delta brush” pattern was not identified in
any patient. No tumors were detected during the initial investigation
but and 18-year-old patient was diagnosed with an ovarian teratoma
after 19 months of follow-up.

All patients underwent immunosuppressive therapy, initially with
intravenous methylprednisolone followed by oral prednisolone.
Eight patients required treatment with intravenous immunoglobulin
and two with plasma exchange. Three patients received rituximab.

Plasma exchange was performed in two patients due to lack of
response to corticosteroids and intravenous immunoglobulin.
Rituximab was administered to two patients due to lack of response
to plasma exchange and in one patient after no response to
corticosteroids and intravenous immunoglobulin.

Four patients required admission to the Intensive Care Unit due to
decreased level of consciousness and refractory status epilepticus.
One patient required surgery with left occipital lobectomy for
refractory epilepticus status.

The mean length of hospital stay was 38.7 days with a minimum of
three days and a maximum of 126 days.

At discharge, seven patients had persistent disease manifestations,
including movement disorders (dystonia and chorea), psychiatric
symptoms (emotional lability and agitation), speech disturbances
(reduction of verbal output and impaired of verbal fluency and
articulation) and epilepsy. After an average follow-up of 31.7 months
(minimum 2 months, maximum 69 months), five patients fully
recovered. In this sample, one relapse occurred two years after
diagnosis in a patient with refractory epilepsy. The patient died, two

years later, due to septic shock with multiorgan failure.
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Table 1 - Age at diagnosis, prodromal symptoms, clinical presentation, and clinical manifestations of patients included in the study.

Age Prodromal Inicial Psychiatric Movement Altered level Insomnia Speech Seizures Autonomic
(years) symptoms symptom symptoms disorder of disturbance dysfunction
/Gender consciousness
2/ _ Neurological | Irritability Dystonia and | Yes Yes _ _ _
Male chorea of the
left arm and
leg
5/ _ Neurological | Agitation; Dyskinesias Yes _ Yes Generalized _
Male agressivity of hands hypertonia;
eye deviations
6/ _ _ Neurological Emotional Dystonic _ Yes _ _
Female lability posturing of the
right foot and
lower limbs
Chorea
7/ Fever; Neurological | _ Chorea of Yes Yes Yes Generalized _
Male odynophagia upper limbs tonic-clonic
seizures;
refractory
epilepticus
status
8/ _ Psychiatric Temper Dystonic Yes Yes Yes Motor focal _
Male tantrums; posturing of seizures
apathy hands
9/ Fever; Neurological | Low Dystonic Yes _ Yes _ _
Female vomiting frustration posturing of
tolerance; left upper
agitation; limb
agressivity
14/ _ Psychiatric Agressivity Orofacial Yes Yes Yes Eye Hypertension
Female dystonia deviations;
clonic seizures
17/ _ Psychiatric Auditory, _ _ _ _ - -
Male visual and
olfactory
hallucinations
17/ _ Psychiatric Social Orofacial Yes Yes Yes Cervical Hypertension
Female isolation; dystonia hyperextension
low with conjugate
frustration deviation of
tolerance; the eyes,
visual apnea and
hallucinations perioral
cyanosis
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Table 2 - Diagnostic studies, treatment, mortality and relapse of patients included in the study.

FINDINGS FREQUENCY

NMDAR antibodies in the cerebrospinal fluid 9 (100%)
NMDAR antibodies in the serum 8 (88.9%)
Pleocytosis in the cerebrospinal fluid 5 (55.6%)
MRI abnormalities 1(111%)
EEG abnormalities 7 (77.8%)
Immunosuppressive treatment 9 (100%)
e Intravenous methylprednisolone followed by 9 (100%)
oral prednisolone
e Intravenous immunoglobulin 8 (88.9%)
o Rituximab 3(33.3%)
e Plasma exchange 2 (22.2%)
Relapse 1(11.1%)
Death 1(11.1%)
DISCUSSION days despite sedative medication, and insomnia resolution may be

Clinical suspicion of anti-NMDAR encephalitis is based on a
myriad of characteristic signs and symptoms and the present study
supports the concept that anti-NMDAR encephalitis presentation in
children may be different compared with adults.?*# In this sample,
all adolescents included presented with psychotic symptoms, while
children exhibited more subtle behavioral changes, such as anxiety,
agitation, or bizarre behavior. This pattern has been previously
reported and may contribute to delayed diagnosis in earlier
ages.>*® One the other hand, presentation with isolated psychiatric
symptoms lead to two hospitalizations in Psychiatry Department and
associated treatment delay. In these cases, as in others described in
the literature, the clinical course was decisive for determination of a
definitive diagnosis.?*’

It should be noted, that, in young children, first symptoms
recognized are predominantly non-psychiatric. Orofacial dyskinesias
are the most characteristic movement disorders of anti-NMDAR
encephalitis, although other types of movement disorders may
occur such as choreoathetosis, dystonia, and rigidity. In this sample,
movement disorders were identified in 88.9% of cases, and this
proportion is in accordance with the literature.*>° In more severe and
advanced stages, patients may present with opisthotonic postures
and oculogyric crises, which are associated with tachycardia and
hypertension.*

Insomnia, a usually prominent and early symptom was frequently

observed in this study. In fact, patients may not be able to sleep for

one of the first signs of clinical improvement. In contrast, during
recovery, patients may have hypersomnia.** Speech disturbance
ranges from reduction of verbal output to mutism and cannot be
attributed to cortical aphasia.>®

Seizures occur at early stages of the disease and may be difficult to
diagnose and treat. Epilepsy may become refractory, as evidenced in
one patient in this study who required surgery.>°

Autonomic dysfunction occurred in only 22% of patients and,
although less frequent in pediatric age, it is a potentially fatal
complication that must be addressed. Manifestations include
hyperthermia, blood pressure fluctuations, tachycardia, bradycardia,
and sometimes hypoventilation.>®

One should be cautious when accepting the diagnosis of anti-
NMDAR encephalitis in monosymptomatic cases. This was evident in
one adolescent included in this cohort for whom symptomatology
was exclusively psychiatric and is further complicated by variable
frequencies of false positive results of anti-NMDAR antibodies due
A cell-based IgG anti-NMDAR
test should be preferred, and in dubious cases a reassessment

to different methods employed.

of antibodies in the cerebrospinal fluid and/or serum should be
considered.®'*'? To increase specificity, CSF measurement of anti-
NMDAR should be preferred over serum values.*?

Although the presence of pleocytosis is not universal and some
studies report a frequency around 87%, in this sample it was observed
only in five cases.*®

Only one patient had brain MRI findings. The frequency of MRI
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abnormalities is lower in children than adults and particularly useful
to exclude other pathologies such as a cerebrovascular events
or neoplastic disease.”®! In contrast, EEG was abnormal in most
patients. Changes are generally nonspecific as evidenced in the
present study. Although an “extreme delta brush” pattern, associated
with a longer disease, is reported in approximately on third of adult
patients with anti-NMDAR encephalitis, was not found in this cohort.

Although preceding infections have been suspected to play a role
in triggering autoimmune encephalitis, this was only demonstrated
for herpes simplex viral encephalitis to date, and in this sample cases
of anti-NMDAR encephalitis after herpetic encephalitis were not
reported.’

Although association with tumors is less frequent in pediatric age,
this should always be addressed. Ovarian teratomas are identified in
around 56% of women older than 18 years of age. By contrast, these
tumors occur in less than 30% of adolescents younger than 18 years
of age. In males, the occurrence of tumors is rare. Other tumors
reported in the literature include testicular germ cell tumor, teratoma
of the mediastinum, Hodgkin lymphoma, and neuroblastoma.>”? In
this study an ovarian teratoma was identified in one patient after
19 months of follow-up, highlighting the importance of long-term
follow-up of these patients.

Once diagnosis has been established through detection of NMDAR
antibodies, immunosuppressive treatment should be instituted
rapidly, as early treatment can improve prognosis, accelerate
recovery, and reduce the risk of relapse.>*’

In absence of randomized studies, treatment should be
individualized and take into account patient’s age, clinical severity,
and tumor presence. Initial treatment usually includes intravenous
methylprednisolone followed by intravenous immunoglobulin
or plasma exchange and tumor excision, whenever indicated. In
absence of clinical improvement, which occurs approximately
30-40% of cases, second line treatment should be initiated with
rituximab, cyclophosphamide or both. There is increasing evidence
that the use of rituximab in critically ill patients is very effective.
Given the potential adverse effects of cyclophosphamide, this agent
is only used when the above mentioned treatments have failed.?”**

As treatment should be individualized, patients in this study
were offered different treatment approaches, with adjustments in
timing of change to second line immunotherapy and in duration of
treatment according to clinical course and severity.

Relapse is reported to occur in 15-24% of cases, sometimes years
after diagnosis, and may be monosymptomatic and less severe than
initial presentation.”® As an exception, one patient in this cohort
experienced relapse with severe refractory epilepsy.

Prognosis of this condition is highly variable, depending on

presence of an underlying tumor and its stage and on symptom

severity. Studies demonstrate that approximately 75% of patients
substantially or fully recover. Diagnosis and treatment delay has
been associated with poorer prognosis.*>’ Residual symptoms
usually reflect a fronto-limbic dysfunction, which includes difficulty
in attention and planning, impulsivity, and behavioral disinhibition.
However, long-term follow-up shows that in many patients these
symptoms continue to improve over time.>*

Sequelae were reported on discharge in seven cases and included
movement disorders, speech disturbance, psychiatric symptoms and
epilepsy. However, five of these patients fully recovered after an
average follow-up of 31.7 months.

Results of this study suggest that initial symptoms in children may
be different from adults, predominantly neurological in younger ages
and more psychiatric in adolescents and adults. Although this disease
is potentially fatal most patients respond to immunotherapy and the
second line immunotherapy with rituximab is often effective. Early
consideration of this diagnosis is of utmost importance to initiate

treatment as early as possible and prevent complications.
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