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Abstract

First characterized in 2007, anti-N-methyl-D-aspartate (NMDA) re-
ceptor encephalitis is an autoimmune disorder with the production of
antibodies against the NMDA-type glutamate receptor. The process
results in a constellation of psychiatric signs and symptoms with dis-
orders of motor and respiratory function. We describe the anesthetic
management of a patient with anti-NMDA receptor encephalitis who
required anesthetic care during radiological imaging. Primary periop-
erative concerns include the potential for arrhythmias, hemodynamic
compromise, respiratory failure, and central nervous system involve-
ment including seizures, altered mental status, and psychiatric mani-
festations.
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Introduction

Anti-N-methyl-D-aspartate (NMDA) receptor encephalitis
is an autoimmune disorder in which antibodies are formed
against the NMDA-type glutamate. The disorder was first re-
ported in 2005 in a cohort of four young women who presented
with psychiatry symptoms, altered mental status, hypoventila-
tion, and memory deficits with coincidental ovarian teratomas
[1]. It is postulated that the pathogenesis is the result of the
effects of autoantibodies against NMDA receptors throughout
the body. These auto-antibodies are formed in response to the
neuronal tissue in the ovarian teratomas. The disorder has been
most commonly reported in young African-American women
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between 18 and 35 years of age [2]. It is the second most com-
mon cause of immune-mediated encephalitis, after acute dis-
seminated encephalomyelitis [3].

Patients typically evolve into a state of unresponsiveness
with disturbances in motor and respiratory function after an
initial presentation with psychosis, memory deficits, seizures,
and language disintegration [4]. Prior to the identification
of the exact pathogenesis of this immune-mediated process,
many of these patients were erroneously diagnosed with
schizophrenia and other mental health issues. The diagnosis is
suggested by the clinical symptomatology, cerebrospinal fluid
(CSF) lymphocytosis, and delta or theta activity on the electro-
encephalogram (EEG). Confirmation of the diagnosis is now
possible by the demonstration of specific antibodies in the CSF
against the NMDA receptor [4]. Treatment typically involves
plasmapheresis, intravenous immunoglobulin therapy, as well
as chemotherapy and surgery if a tumor is present.

Given the associated changes in central nervous system
function and its association with abdominal teratomas, an-
esthesia is frequently required for radiological imaging or
surgery. We present an adolescent with anti-NMDA receptor
encephalitis who required anesthetic care for magnetic reso-
nance imaging (MRI) imaging. End-organ involvement and its
impact on perioperative care is discussed. The interaction of
the anesthetic agents that target the NMDA receptor and its
potential impact on anesthetic care are reviewed [5].

Case Report

Institutional Review Board approval is not required for retro-
spective review, and publication of a single patient case report
is not required by the Institutional Review Board at Nation-
wide Children’s Hospital (Columbus, Ohio). At the time of the
procedure, the patient was an 8-year-old, 28 kg male, sched-
uled for an MRI of the brain due to fatigue, altered mental
status, abnormal shaking movements, and seizure-like activity
along with fever and vomiting. His current medical history in-
cluded seizures, chronic pain, and anxiety, along with a recent
diagnosis of anti-NMDA receptor encephalitis with confirma-
tion by the identification of antibodies in the CSF against the
NMDA receptor. The patient had been previously treated with
immunosuppressive therapy including corticosteroids, intrave-
nous immunoglobulin, and rituximab. There was no past surgi-
cal history. The patient had no known drug allergies. Current
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medications included cyproheptadine and oral nystatin.

General physical examination revealed a normal thyro-
mental distance and a Mallampati Class I airway. The physical
examination and preoperative vital signs were unremarkable.
The anesthetic plan, risks, benefits and alternatives to general
anesthesia were discussed with the parent and informed con-
sent for general anesthesia was obtained. The patient was held
nil per os for 8 h, was transported to the MRI suite, and stand-
ard American Society of Anesthesiologists’ (ASA) monitors
were placed. Anesthesia included the administration of a bolus
dose of propofol (1 mg/kg) through an indwelling peripheral
intravenous access followed by a propofol infusion at 150 pg/
kg/min. Additional medications included ondansetron (3 mg).
Intraoperative fluids included 200 mL of lactated ringers. The
MRI, which lasted approximately 60 min, was completed with
minimal blood loss and no intraoperative complications. Fol-
lowing completion of the MRI, the patient was transported to
the post-anesthesia care unit (PACU). His postoperative course
was unremarkable. He was discharged to the inpatient ward
from the PACU.

Discussion

The NMDA receptor is a ligand-gated cation channel respon-
sible for synaptic transmission and plasticity. In anti-NMDA
receptor encephalitis, there are antibodies against the NR1-
NR2 heteromers of the NMDA receptor, which bind glycine
and glutamate, respectively [2, 6]. The auto-immune process
leads to accelerated destruction of the NMDA receptor and a
decrease in their surface density. This ultimately leads to de-
creased synaptic NMDA-R-mediated currents and decreased
glutamatergic synaptic function [7, 8]. This reversible loss of
the current and synaptic dysfunction is the pathogenesis of the
central nervous system effects including memory loss, behav-
ior irregularity, psychosis, and cardiorespiratory changes in-
cluding arrhythmias and hypoventilation.

As with any anesthetic care, appropriate preoperative
preparation begins with a thorough preoperative examination
and identification of end-organ effects of the disease process.
Of primary concern is the potential for cardiovascular and
respiratory involvement. Cardiovascular involvement may
include cardiac dysrhythmias (most commonly tachycardia)
and blood pressure instability (most commonly hypertension),
as a result of autonomic dysfunction [9, 10]. These episodes
have been labeled “paroxysmal sympathetic hyperactivity or
PSH” [5]. Autonomic dysfunction may also manifest as abrupt
episodes of bradycardia or asystole and hypotension. Invasive
hemodynamic monitoring may be indicated for patients who
are manifesting these clinical signs. Postoperative hemody-
namic and continuous electrocardiogram (ECG) monitoring
may be indicated based on the intraoperative course. Medi-
cations to treat hemodynamic instability and PSH should be
readily available including beta adrenergic antagonists, anti-
hypertensive agents, anticholinergic agents, epinephrine, and
vasopressors (phenylephrine).

Also of concern is the significant central nervous system
(CNS) involvement including psychosis, agitation, memory
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deficits, seizures, and language disintegration. This may limit
patient cooperation and mandate sedation or general anesthe-
sia for non-invasive procedures including radiologic imaging
as was required in our patient. Preoperative management strat-
egies to limit the potential for perioperative seizures include
optimizing and confirming therapeutic anticonvulsant levels
prior to the surgical procedure. Routine anticonvulsant medi-
cations should be administered the morning of the procedure
despite concerns of the patient’s nil per os status with subse-
quent intraoperative dosing as needed [11]. Alternative routes
of delivery (intravenous or rectal) may be required when en-
teral administration is not feasible. Consultation with the neu-
rology or pharmacology service may be helpful to determine
dosing conversion from enteral to intravenous administration
or to guide intraoperative redosing. Another intraoperative
issue is the potential for intraoperative hyperthermia related
to the autonomic instability of anti-NMDA receptor encepha-
litis. During general anesthesia, blunting of the normal ther-
moregulatory mechanisms and peripheral vasodilatation with
increased heat loss place pediatric patients at a greater risk of
hypothermia than adult patients [12]. This concern generally
holds true even during MR imaging when radiofrequency ra-
diation emitted by MRI scanners can be absorbed by the pa-
tient as heat energy, creating an increase in body temperature
[12]. However, given the potential for alterations in body tem-
perature (both hypothermia and hyperthermia), intraoperative
temperature monitoring, in accordance with ASA guidelines,
is suggested [13]. Significant intraoperative hyperthermia may
require investigation and differentiation from more serious
conditions such as malignant hyperthermia [14].

CNS involvement may also impact upper airway control
and the patient’s ability to clear upper airway secretions there-
by placing these patients at risk for aspiration. Based on the
patient’s CNS involvement and nil per os status, techniques
to limit the risk of aspiration during anesthetic induction in-
cluding rapid sequence intubation, and airway control with
endotracheal intubation may be indicated [15, 16]. Given the
limited upper airway involvement of our patient, we chose to
provide deep sedation with a propofol infusion without airway
instrumentation for MR imaging.

Postoperative respiratory failure related to upper airway
control, altered central control of ventilation, and impaired
clearance of pulmonary secretions may also occur, leading to
postoperative respiratory insufficiency. These problems may
be exacerbated by the residual effects of anesthetic agents, the
surgical procedure, poor cough effort, and the use of postop-
erative opioids for pain management. These effects may be
minimized by the use of short acting agents for sedation and
general anesthesia such as propofol, desflurane or remifentanil.
As the patient’s cognitive state allows, incentive spirometry
may improve postoperative respiratory function. Non-invasive
techniques of respiratory support such as bilevel positive air-
way pressure (BiPAP) may be used to facilitate postoperative
tracheal extubation [17]. Depending on the severity of the pa-
tient’s end-organ involvement, postoperative monitoring of
respiratory function may be required [18].

The NMDA receptor, along with the gamma-aminobutyric
acid (GABA) receptors are the two main receptors postulated
to be involved with the mechanisms of general anesthesia [19,
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Table 1. Medications With Direct and Indirect Effects on the
NMDA Pathway

Dextromethorphan
Ketamine

Nitrous oxide
Methadone
Phencyclidine
Magnesium
Xenon
Pentobarbital
Propofol

Tramadol

20]. Given the involvement of the NMDA pathway, avoid-
ance of medications that act directly through these receptors is
suggested (Table 1) [5]. Ketamine binds to the phencyclidine
binding site of the NMDA receptor and inhibits glutamate trig-
gered calcium influx. The mechanism of action of ketamine is
similar to the pathogenesis of anti-NMDA receptor encepha-
litis thereby explaining the similarity of ketamine’s clinical
features with the clinical features of the disease itself [21,
22]. Volatile anesthetic agents such as isoflurane, sevoflurane,
and desflurane result in a 50% depression of NMDA receptor-
mediated currents when used at levels close to the minimum
alveolar anesthetic concentration. Although these agents en-
hance transmission through the GABA transmission, they also
inhibit both NMDA-gated currents and NMDA-induced mito-
chondrial membrane depolarization. Similar effects are noted
with propofol thereby leading to indirect effects on the NMDA
system [23, 24].

To date, there are a limited number of reports regarding
the anesthetic care of patients with anti-NMDA receptor en-
cephalitis [5, 25-27]. The majority of these reports have not-
ed the safe and effective use of the general anesthetic agents
including propofol and desflurane, neuromuscular blocking
agents including vecuronium and rocuronium, and opioids in-
cluding fentanyl, remifentanil, and hydromorphone. However,
Lapebie et al noted the anecdotal and temporal association of
sevoflurane and propofol with worsening of the neurologic
status including seizures in a 24-year-old woman with anti-
NMDA receptor encephalitis related to an ovarian teratoma
[25]. Anecdotal experiences by two separate groups of investi-
gators have suggested the potential for an exaggerated effect of
propofol on blood pressure with hypotension in these patients
[4, 28]. It has been suggested that there may be decreased anes-
thetic requirements related to the effects of the disease process
on the NMDA system. Other factors that may impact periop-
erative care include the treatment paradigms including use of
immunosuppressive agents, long-term administration of corti-
costeroids, and plasmapheresis. We would suggest avoidance
of agents that have significant and direct effects on the NMDA
system (Table 1). In severe cases, the use of benzodiazepines
and opioids which have no known effects on the NMDA path-
way may be preferred. Additionally, dexmedetomidine with its
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novel mechanism of action may offer an additional option for
sedation during MR imaging, although its potential to cause
hemodynamic effects including bradycardia must be consid-
ered [29-31].
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