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Symptomatic treatments of N-methyl-D-aspartate receptor

encephalitis
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N-methyl-D-aspartate receptor (NMDAR) encephalitis presents with multiple symptoms including memory loss, seizure, psychosis, aphasia, al-
tered mentality, dyskinesia, autonomic dysfunction, and central hypoventilation. While immunotherapy protocols are improving, morbidity and
mortality in the disease largely depend on supportive care to control intractable symptoms. However, no prospective or controlled trials have
been conducted on immunotherapy or supportive care principles in the disease. Thus, this study discusses and shares experience and ideas for

symptomatic care of NMDAR encephalitis.
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Introduction

N-methyl-D-aspartate receptor (NMDAR) encephalitis is the
most common and serious form of autoimmune encephalitis. It
is caused by autoantibody against NR1 subunit of the NMDAR
receptor. Key symptoms include memory loss, psychosis, sei-
zure, aphasia, altered mentality, dyskinesia, autonomic dysfunc-
tion, and central hypoventilation [1]. Immunotherapy is the
main treatment and includes steroid, immunoglobulin, ritux-
imab, tocilizumab, and/or cyclophosphamide, which are fre-
quently combined to enhance outcomes. Although the final
outcome has been improved after the application of novel im-
munotherapies, there still exist a lot of mortality and permanent
morbidity by the disease. When treated for up to 24 months,
25% of patients remained disabled in 3 to 6 categories of the
modified Rankin Score [1]. Hence, long-term integrated sup-
portive care is essential until the full effect of immunotherapy
can ameliorate disease symptoms.

This paper summarizes the details of supportive care for dis-
abling symptoms of NMDAR encephalitis based on reported ev-
idences and personal experience.

Memory Loss

Because NMDAR mediates long-term potentiation of memory
[2], memory loss is the early and key symptom in NMDAR en-
cephalitis. However, currently no symptomatic treatment is
available to enhance memory function in this disease. EphB2
receptors form a complex with NMDAR, and anti-NMDAR anti-
bodies disrupt the cross-talk between NMDAR and EphB2 re-
ceptors [3]. Moreover, ephrin-B2 (the ligand of the EphB2 recep-
tor) prevents intracellular internalization of NMDAR by disease
antibodies [4]. Accordingly, some chemicals modulating the
EphB2 receptor could affect NMDAR encephalitis symptoms;
however, no clinically usable drugs have been approved for this
purpose. Because memory loss is largely reversible after remis-
sion of the disease, education regarding the disease course and
psychological support for family members are necessary.

Psychosis

Psychosis and behavioral problems not only increase caregiver
burden but also can result in self-injury. To control psychosis,
antipsychotics such as dopaminergic blockers and anxiolytics
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such as benzodiazepine can be prescribed. Because the pattern
of psychosis is variable [5], control of symptoms depends on in-
dividual phenotypes. While psychiatric symptoms that emerge
in the early disease phase can be partially controlled by antipsy-
chotics, close monitoring is necessary because antipsychotics
can aggravate rhabdomyolysis or induce neuroleptic malignant
syndrome, especially in patients with dyskinesia [6]. Atypical
antipsychotics can reduce extrapyramidal side effects, although
further studies are needed. Similar to other symptoms of the
disease, immunotherapy is the main tool to control psychosis.
Meanwhile, psychosis is often re-aggravated during the later
stages of the disease, and re-introduction of antipsychotics is
sometimes necessary. Hyperactive forms of psychosis can re-
emerge, such as anxiety, anger, or disinhibition, usually accom-
panied by improvements in memory function.

Dyskinesia

Dyskinesia is one of the most troublesome symptoms of the dis-
ease. Down-regulated NMDAR expression causes dopaminergic
overactivation in the globus pallidus and might cause hyperki-
netic movement disorders [7]. Severe dyskinesia causes self-in-
jury, rhabdomyolysis, and renal failure [6]. In intensive care
units, anesthetics or neuromuscular blockers are necessary in
severe cases. However, when dyskinesia continues for several
months, prolonged use of these agents is not clinically feasible
due to other systemic complications.

Recently, I have shown that mega-dose enteral diazepam (rang-
ing from 6 to 180 mg) can control dyskinesia effectively [8]. Pre-
viously, diazepam has demonstrated muscle-relaxant properties
in neuroleptic malignant syndrome and tetanus [9,10]. In the
severe form of dyskinesia resulting from NMDAR encephalitis,
mega-dose diazepam decreased the severity of dyskinesia to
tolerable levels and no patients had serious adverse events ex-
cept mild sedation [8]. By using mega-dose diazepam, I could
stop anesthetics or neuromuscular blockers in many patients
and the effect was durable for the remaining immunotherapy
period. I usually start diazepam at a medium dose (3-5 mg,
three or four times daily) and then double the dose every several
days depending on response, up to a maximum of 180 mg daily.
Mega-dose enteral diazepam could be an effective treatment
option for controlling dyskinesia in NMDAR encephalitis.

Seizure

The management of epilepsy in NMDAR encephalitis is in line
with the management of autoimmune epilepsy, the clinical ap-

encephalitisjournal.org

proach of which is described in a previous consensus [11]. In
terms of antiepileptic drug (AED) selection, selection depends
on clinician preference, seizure semiology, related medical con-
ditions, and side effect profiles. Drugs with fewer side effects, no
drug-drug interactions and that are fast loading are preferred,
and next-generation AEDs such as levetiracetam, lacosamide,
perampanel, zonisamide, topiramate, and pregabalin are good
candidates for first-line use. However, because levetiracetam
and perampanel can aggravate psychosis, they are frequently
replaced with other AEDs when used in NMDAR encephalitis
with psychiatric symptoms. Topiramate can cause language
problems and memory decline, and its use is sometimes termi-
nated early in NMDAR patients with language dysfunction and
memory loss. Patients with aggressive immunotherapy often
show neutropenia, which could be a side effect of immunother-
apy or a hematologic side effect of AED. In patients being treated
with steroid or cyclophosphamide, enzyme-inducing AEDs,
such as phenytoin, phenobarbital, and carbamazepine, increase
the hepatic degradation of the immunotherapy drugs, dampen-
ing the pharmacokinetics. Accordingly, non-enzyme-inducing
AEDs are recommended for use in combination with immuno-
therapeutic agents with hepatic metabolism.

Hypersalivation

Hypersalivation is one of the symptoms caused by autonomic
dysfunction in NMDAR encephalitis with a prevalence of 4% to
18% [12]. Hypersalivation is associated with profound drooling,
constant suction, pneumonia, and sometimes volume deple-
tion. While anticholinergics are often tried in other diseases,
they can aggravate autonomic dysfunction and paralytic ileus in
NMDAR encephalitis. Accordingly, effective treatments without
systemic side effects are needed.

My team has shown that botulinum toxin injection into the sali-
vary glands can control hypersalivation in NMDAR encephalitis
[13]. The effects of one injection last for 12 to 16 weeks and suffi-
cient mitigate the need for other anticholinergics. The injection
can be repeated if needed after 12 weeks. Botulinum toxin is a
better choice than anticholinergics for management of hyper-
salivation in NMDAR encephalitis.

Autonomic dysfunction

Autonomic dysfunction causes fluctuation in blood pressure
and heart rate in NMDAR encephalitis. In severe cases, hypo-
tension can cause ischemic organ damage such as ischemic
hepatitis. Some patients show sinus arrest, the mechanism for
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which is not fully understood, and need temporary pacemakers.
To minimize complications of autonomic dysfunction, anticho-
linergic drugs should be prescribed with caution. Cholinergic
drugs such as pyridostigmine can be helpful, and I frequently
prescribe them in patients with paralytic ileus. However, they
can increase salivation, and the overall clinical efficacy should
be determined in further controlled trials. Midodrine can help
to correct hypotension. Blood pressure and heart rate are very
sensitive to beta-blockers, and these drugs should be used with
caution because they can cause hypotension or bradycardia
even at low doses.

Hypoventilation

Central hypoventilation in NMDAR encephalitis is the main
cause of mortality and morbidity via hypoxic brain damage in
general wards. If a patient shows rapid progression of the dis-
ease, especially altered mentality and dyskinesia, monitoring of
oxygen saturation and heart rhythm might be helpful to detect
central hypoventilation. Once it occurs, hypoventilation means
that the disease course is severe and that 1-year outcomes will
be poor, as indicated by the anti-NMDAR Encephalitis One-Year
Functional Status (NEOS) score [14]. Intubation, tracheostomy,
and ventilator care are inevitable in most patients with central
hypoventilation.

Conclusion

Immunotherapy is the main treatment of NMDAR encephalitis
and improves symptoms of the disease. Nevertheless, support-
ive care is needed to decrease mortality and morbidity. While
the protocol for immunotherapy improves every year and sever-
al controlled trials on NMDAR encephalitis are being initiated,
prospective research is also needed on supportive care topics.
Because the final immunologic prognosis of NMDAR encepha-
litis is usually excellent, the management of organ damage and
complications during the disease course is important to prevent
permanent physical sequelae of this disease.
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