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Abstract

Review Article

Introduction

Anti‑N‑methyl‑D‑aspartate receptor (NMDAR) encephalitis 
is a severe autoimmune disease caused by the development 
of immunoglobulin G (IgG) antibodies against the NMDAR’s 
GluN1 subunit in the cerebrospinal fluid (CSF). It’s a serious 
medical condition, but fortunately can be managed.[1,2] The first 
diagnosed NMDAR encephalitis was in a lady complained 
from teratoma of the ovaries in 2007.[3] Previous studies 
indicate anti‑NMDAR encephalitis affects one of 1.5 million 
people per year.[4] Anti‑NMDAR encephalitis is thought to 
affect about 37% of newborns and children, with an average 
age of 10 years among youngsters.[5] It is more common in 
females than male children and adolescents.[6] Anti‑NMDAR 
encephalitis has been identified as the most common 
autoimmune encephalitis in children, second only to acute 
demyelinating encephalomyelitis, since its first report in 
2007.[7]

Etiology

Anti‑NMDAR encephalitis is induced by a B‑cell‑mediated 
autoimmune response that caused by viral infections such as 
herpes simplex virus encephalitis or tumors such as ovarian 
teratomas leading to the formation of autoantibodies directed 
toward synaptic NMDARs.[8,9] Synaptic transmission, 
hippocampus potentiation, learning, and memory formation 

are all mediated by NMDARs, which are ligand‑gated cation 
channels.[3] Blockade of NMDARs through antibodies leads 
to dysfunction in frontostriatal connections and prefrontal 
networks, resulting in psychiatric symptoms, seizures, 
autonomic dysfunction, movement disorders, and memory 
problems.[10] However, in some patients, the etiology of 
autoantibody production remains unclear.[8] Before the 
detection of these antibodies, patients with neurological 
symptoms that resembled anti‑NMDAR encephalitis were 
frequently misdiagnosed as encephalitis of unknown origin 
after viral and immunological causes were ruled out.[11]

Clinical Manifestations

Anti‑NMDAR encephalitis is a severe disorder characterized 
by a wide range of clinical features including psychological 
manifestations, dyskinesia, epileptic seizures, disturbed level 
of consciousness, and hypoventilation.[11]
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In pediatrics, extended cognizance of this disorder is essential 
because of small series or single case reports,[12,13] and the most 
important experience was a 32 patient series in the United 
States, eight of whom came from a single organization.[14] 
This and subsequent research suggested that the younger the 
child, the less probable a tumor would be detected, and that the 
disorder’s onset and presentation in the pediatric age group may 
differ from that of adults.[14,15] There are three clinical stages of 
anti‑NMDAR encephalitis: a prodromal stage, an early which 
is the psychotic and/or the seizure phase, and a later on is the 
hyperkinetic stage.[16]

Many patients with anti‑NMDAR encephalitis suffer from 
prodromal headache, increase body temperature, or a 
viral‑like illness, followed by psychiatric symptoms including 
anxiety, agitation, odd behavior, delusions, hallucinations, 
and psychosis, in addition to sleep disorders, including sleep 
reduction at disease onset and hypersomnia during recovery, 
impaired memory, seizures, disturb the level of consciousness, 
dyskinesias, autonomic instability, and language disorder.[17] 
Seizures are more likely in children at first presentation, and 
aberrant movements, particularly limb dystonia, are also more 
common in children.[18]

Diagnosis

Diagnostic criteria for anti‑NMDAR encephalitis included 
clinical and serological findings including serum and CSF 
IgG antibodies against the GluN1 subunit of NMDAR.[6] The 
likelihood of CSF versus serum positivity for anti‑NMDAR 
antibodies remains unclear.[6,16] Anti‑NMDAR encephalitis 
diagnosis is significantly more sensitive and specific when CSF 
IgG antibody is detected rather than serum antibodies alone.[19] 
CSF antibodies are always present at the time of presentation; 
most patients have intrathecal synthesis of antibodies.[20] If 
there is no clinical improvement following treatment, CSF 
antibodies usually stay elevated, although serum antibodies 
may be dramatically lowered,[21] CSF antibody titers appear 
to be more closely linked to the clinical outcome than serum 
titers.[22]

Other investigations support the diagnosis of anti‑NMDAR 
encephalitis, is electroencephalogram  (EEG).[17] Common 
electroencephalogram (EEG) findings include excessive beta 
activity range 14–20 Hz, generalized rhythmic delta activity, 
and extreme delta brush which is supposed to be specific 
to anti‑NMDAR encephalitis.[5,6] On the other hand, some 
studies claim that the precise EEG patterns and evolution 
of EEG findings at various stages of the disease, as well as 
the prognostic rate of positive EEG findings such as severe 
delta brush are incompletely understood.[17] Brain magnetic 
resonance imaging  (MRI) is frequently unremarkable or 
shows transient fluid‑attenuated inversion recovery or 
assessment‑enhancing abnormalities in cortical or subcortical 
regions.[22]

A systematic review revealed that cerebellar atrophy is an 
MRI finding of prognostic significance in patients with 

anti‑NMDAR encephalitis.[23] Increase in the frontal‑occipital 
gradient of cerebral glucose metabolism is seen in positron 
emission tomography, while not routinely performed; this 
finding is characteristic and found to be correlated with disease 
severity.[24]

Treatment

The aim of treatment of anti‑NMDAR encephalitis is to 
remove the anti‑NMDAR antibodies as it is the main cause 
of the disease.[25]

If the anti‑NMDAR encephalitis associated with a 
tumor, for example, an ovarian tumor, the first step in 
the management is the tumor removal and subsequently, 
treatment with immunotherapy medications.[18] Intravenous 
methylprednisolone to suppress the immune system, 
intravenous immunoglobulin, and plasma exchange to 
eliminate autoantibodies are the first‑line treatments, and they 
are effective in 53%–80% of patients and when the first‑line 
medications are ineffective after 10–14 days, the second‑line 
treatments will be used, which include rituximab, azathioprine, 
cyclophosphamide, and mycophenolate mofetil. Rituximab 
is the most commonly utilized among them.[25] Once patients 
show substantial improvement, these treatments are usually 
discontinued.[18]

Prognosis

The recovery rate in children less than or equal to 6 years was 
significantly higher than those >6 years and also more psychiatric 
symptoms were present in those >6 years.[6] Approximately 
half of the children diagnosed recover with minor deficits.[16] 
Abnormal EEG leads to the increased likelihood of intensive 
care unit admission or less favorable outcome and may help in 
the decision to start more aggressive treatment options.[26]

A retrospective examination of 577  patients was used to 
analyze therapy effects and outcomes in the biggest published 
study on anti‑NMDAR encephalitis treatment and prognosis.[27] 
Nearly, all patients (94%) were treated with tumor removal 
and first‑line immunotherapeutic agents, including steroids, 
intravenous immunoglobulin, with/without plasma exchange 
procedure.
•	 Within the first 4 weeks of treatment, 50% of patients 

improved. Of these, 97% had a good outcome at 24‑month 
follow‑up

•	 Of the 221 patients who did not improve within the initial 
4  weeks of the first‑line therapy, 125  (57%) received 
rituximab, cyclophosphamide, or both. Those who 
received second‑line therapy had better clinical outcomes 
than those who did not. Response rates were similar in 
adults and children

•	 By 24 months, approximately 80% of patients achieved 
a good outcome and 30 patients had died. Their health 
improved for up to 18 months for the beginning of disease

•	 Relapses occurred in 12% of patients within the first 
2 years after the original assault. Patients without a tumor 
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and those who did not get second‑line immunotherapy 
were more likely to relapse.

Pregnancy and Fetal Effects

The transfer of anti‑NMDAR IgG antibodies transplacentally 
has been documented in serum of babies born to mothers with 
anti‑NMDAR encephalitis. Nevertheless, newborn outcomes 
appear to be good in most cases.

In a review of 21 previously published cases and 11 new cases 
of women who either developed anti‑NMDAR encephalitis 
while pregnant or became pregnant while recovering from 
the encephalitis, the majorities of newborns were healthy and 
had no evidence of neurodevelopment delay with follow‑up 
ranging from 6 to 36 months.[28‑34] Transient respiratory distress 
or neuromuscular deficits at delivery rarely occurred. Such 
complications spontaneously recovered and were considered 
secondary to antiseizure and sedative medications given to the 
mothers. Adverse outcomes included one infant with cortical 
dysplasia, developmental disorder, and seizures as a result of a 
complicated pregnancy due to uteroplacental insufficiency.[29] 
There was one neonatal death reported,[28] in this case, the mother 
had recovered from anti‑NMDAR encephalitis 18  months 
before delivery and presented with eclampsia without prior 
knowledge of the pregnancy or prenatal care.

Obstetric complications were reported in approximately 
one‑third of the women who developed anti‑NMDAR 
encephalitis during pregnancy, mostly due to pathologic 
pregnancy or spontaneous miscarriage, supporting close 
monitoring in intensive care units focused on pregnancies with 
a high risk of complications.[34]

Conclusions

Anti‑NMDAR encephalitis is a difficult condition to diagnose 
since it manifests as a subacute onset encephalopathy with 
seizures, extrapyramidal symptoms, behavioral symptoms, 
speech problems, and autonomic involvement. It frequently 
necessitates a series of supportive investigations. Early 
diagnosis, treatment, monitoring, and follow‑up of the disease 
are crucial as it results in favorable prognosis. In the pediatric 
age group, relapse is possible.
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