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abstract
Anti–N-methyl-D-aspartate (NMDA) receptor encephalitis represents a
new category of immune-mediated neurologic disorders. Viral enceph-
alitis is often the presumptive diagnosis because of the acute neuro-
logic changes, cerebrospinal fluid lymphocytic pleocytosis, and occa-
sional hyperthermia. We report here the case of a previously healthy
7-year-old boy with new-onset aggressive behavior, seizure activity,
and orofacial dyskinesias with cerebrospinal fluid and serum that
tested positive for anti-NMDA receptors. Pediatrics 2011;128:
e242–e245
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Anti–N-methyl-D-aspartate (NMDA) re-
ceptor encephalitis is a disorder of an-
tibodies to the limbic system that
largely affects children. It is often dis-
missed initially as a psychiatric syn-
drome. When symptoms persist and
cerebrospinal fluid (CSF) is obtained, a
viral encephalitis is frequently diag-
nosed. Because this is a potentially
treatable disorder and occasionally
the first indication of an underlying
malignancy, prompt recognition and
treatment of this disorder is critical.

CASE REPORT

A previously healthy 7-year-old boy
presented to Johns Hopkins Hospital
emergency department with a 7-day
history of violent outbursts, inappro-
priate speech, and complex partial
seizures. He had no significant past
medical history, was growing and de-
veloping appropriately, and did not re-
ceive any medications. Forty-eight
hours before any behavioral changes
he complained of headaches, myal-
gias, and fatigue and remained home
from school. When he returned to
school, his teacher reported an epi-
sode of staring aimlessly during which
he was unresponsive and was clench-
ing his left hand. Over the next several
days he made statements of unclear
significance such as “I am having
a heart attack” and had bizarre and
inappropriate smiling. He became in-
creasingly violent and physically as-
saulted his mother on several occa-
sions. He was able to recall his
aggressive behavior and displayed re-
morse. He also had intermittent orofa-
cial dyskinesias and bizarre involun-
tary movements.

On presentation to the hospital, he was
extremely agitated and attacked sev-
eral employees. These outbursts were
controlled temporarily with haloperi-
dol, propofol, and benzodiazepines. His
temperature was 37.4°C, and he was
normotensive. His Glascow Coma

Score was 13. He was alert and ori-
ented to person but not to place or
time. He was able to localizemovement
in response to painful stimulation. His
speech was occasionally slurred and
sometimes incomprehensible. He had
conjugate gaze and no nuchal rigidity.
His lungs were clear, and no cardiac
murmurs were appreciated. His abdo-
menwas softwithout hepatosplenomeg-
aly. No skin rashes were appreciated.
Cranial nerves II through XII were
normal. His fundoscopic examination
was unremarkable. Muscle tone and
bulkwerenormal; therewereno fascicu-
lations or involuntary movements. He
wasnot cooperativewith formalmuscle-
power testing, but he appeared to have
mild distal left-armweakness. Sensation
and reflexes were intact.

Acyclovir therapy was initiated empiri-
cally. CSF was significant for 14 white
blood cells per �L, all of which were
lymphocytes, 2 red blood cells, and
normal CSF glucose and protein levels.
Gram-staining and a CSF bacterial cul-
ture did not reveal any organisms. His
peripheral white blood cell count was
12 800/�L. Results of polymerase
chain reaction and serology testing for
common neurotropic viruses (includ-
ing herpes simplex virus, lymphocytic
choriomeningitis virus, enterovirus,

and West Nile virus) were negative in
blood and CSF. Results of fluid attenu-
ation inversion recovery and diffusion-
weighted brain MRI were unre-
markable. No abnormal gadolinium
enhancement was seen. Scalp electro-
encephalogram (EEG) monitoring re-
vealed focal right-sided slow activity
(Fig 1); subsequent EEG 2 days later re-
vealed right posterior sharp waves in-
dicative of a seizure focus.

Results of testing for antistreptolysin O
antibodies, Bartonella henselae serol-
ogy, thyroid function, heavy metals,
antinuclear antibodies, and inborn er-
rors of metabolism were unremark-
able. On hospital day (HD) 9, the patient
had complex partial seizures involving
the left side of his body. These seizures
were eventually controlled with phe-
nytoin, levetiracetam, and valproic
acid. Over the next several days he had
increasingly poor cognitive function,
and his Glascow Coma Score declined
to 8. He demonstrated autonomic in-
stability with episodes of bradycardia
and labile blood pressure. Pulse ste-
roids were administered beginning on
HD 12 for 5 days with a taper, but there
was no immediate effect.

On HD 22, results of serum (from a
sample obtained on HD 8) serology

FIGURE 1
EEG (longitudinal bipolar montage) that showsmedium- to high-voltage sharply contoured semirhyth-
mical slow activity over the right temporofrontal region. The patient had a secondarily generalized
seizure that originated over this region 2 minutes after this EEG segment.
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testing for anti–NMDA receptor anti-
bodies were positive. Repeat CSF anal-
ysis revealed the presence of oligoclo-
nal bands and anti-NMDA receptor
antibodies. Results of screening for an
underlying malignancy with MRI of the
brain, abdomen, and pelvis were unre-
markable. Plasmapharesis was initi-
ated on HD 25; 7 total treatments were
performed on alternating days fol-
lowed by intravenous � globulin (2
g/kg). A slight clinical improvement
was observed after treatment. The
child’s abnormal movements became
less apparent, and by week 9 of his ill-
ness, he could execute simple com-
mands. Slight impulsive behavior
and memory deficit have persisted,
and he still exhibited poor attention
and planning 6 months after clinical
presentation.

DISCUSSION

NMDA receptors are glutamate recep-
tors with roles in synaptic transmis-
sion as well as neuropsychiatric dis-
ease. Anti-NMDA receptor encephalitis
is a disorder mediated by antibodies
against the NR1 subunit of the NMDA
receptor.1,2 Although the NR1/NR2 het-
erodimers are present throughout the
nervous system, they are predomi-
nantly expressed in the neocortex and
hippocampus. The manifestations that
result from anti-NMDA receptor anti-
bodies have been attributed to the de-
creased surface density and synaptic
localization of NMDA receptors, and
there isaconcomitantdecrease inNMDA
receptor-mediated synaptic currents.3

Anti-NMDA receptor encephalitis was
originally described as a paraneoplas-
tic syndrome associated with ovarian
teratomas containing neural tissue
with antibodies cross-reacting to the
NMDA receptor. Although teratomas of
the ovaries and testicles are identified
as the underlyingmalignancy in 98% of
cases in which a tumor is identified,
this syndrome has also been reported

in association with neuroblastomas
and small-cell lung cancer.4–6 Approxi-
mately 50% of adult patients and
nearly 70% of pediatric patients who
present with this condition have no
identifiable tumor.1,5,7 The pathogene-
sis of the immune response, particu-
larly in patients without a malignancy,
is unknown. Although the incidence
of this condition is not known, the
disorder may be more frequent than
previously thought; 1 tertiary care pe-
diatric series reported 8 new pediatric
diagnoses over an 8-month time pe-
riod.5 Children as young as 23 months
of age have been identified to have se-
rum and CSF antibodies to the NMDA
receptor.5

The disorder consists of a defined set
of clinical features.1 Prodromal symp-
toms including fever, headache, upper
respiratory symptoms, or gastrointes-
tinal symptoms are noted in approxi-
mately half of the patients. These
symptoms are followed a few days
later by mood and behavioral changes,
dyskinesias, and psychiatric symp-
toms. Children often become increas-
ingly agitated; they sometimes become
paranoid or combative and have delu-
sional thoughts and display inappro-
priate laughing or crying. A decline in
the level of consciousness occurs with
possible seizure activity and auto-
nomic instability, followed by gradual
partial or complete recovery.

In most reports, brain imaging is re-
ported to be normal with slow, disor-
ganized activity on EEG.1 Approximately
half of the patients have been reported
to have fluid attenuation inversion re-
covery or T2-weighted signal changes,
but there seems to be minimal corre-
lation with patient symptoms.1 There
is some evidence of an inflammatory
process with CSF pleocytosis and oli-
goclonal bands in the CSF. Antibody
titers seem to correlate with disease
severity, and antibody activity re-
sults in a reversible decrease in syn-

aptic NMDA receptors.1 On brain-
biopsy specimens, however, there is
a paucity of inflammatory infiltrates
relative to the severity of the neuro-
logic deficits.2

Viral encephalitis is often the pre-
sumptive diagnosis, suggested by the
acute neurologic change, CSF lympho-
cytic pleocytosis, and occasional hy-
perthermia. Becausemost patients de-
velop a prodromic viral-like illness,
a postinfectious immune-mediated
etiology has been postulated. The Cali-
fornia Encephalitis Project found that
63% of patients with encephalitis had
no identifiable etiology, which sug-
gests that a portion may be immune-
mediated.8 This hypothesis gained
credence by the identification of anti-
NMDA receptor antibodies in approxi-
mately half of the cases that were ini-
tially termed “idiopathic encephalitis
with psychiatric manifestations.”5 The
absence of viral antigens in the CSF,
the benefit of immunotherapy, and the
presence of CSF oligoclonal bands are
supportive of an immune-mediated
phenomenon.

Despite the severity of the disorder,
patients often improve with immuno-
therapy and tumor removal.9 The pres-
ence of a tumor seems to be a positive
prognostic factor.1,5 Removal of tu-
mors has been demonstrated to re-
duce ICU length of stay and likelihood
of relapse.2 Various therapies have
been used for this condition, including
corticosteroids, intravenous immuno-
globulins, and plasmapharesis.10 Al-
though there have been no rigorous
trials of therapeutic agents, the benefit
of aggressive immunotherapy is sup-
ported by improvements observed in
patients whose conditions failed to re-
spond to first-line immunotherapies
and subsequently responded to ritux-
imab, cyclophosphamide, or both.1,5,11

It is unclear what role immunotherapy
played in our patient’s gradual im-
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provement, although it may have has-
tened improvement.

Recovery is usually protracted over
months to years, and amnesia of the
entire illness is often reported.1 In 2
large series, 75% of the patients had
complete or near-complete recovery.1,5

The remainder of them, however, had
severe deficits or died. Relapse may
occur with or without a detectable tu-
mor, presumably resulting from the

persistence of antibody within the cen-
tral nervous system.6 On the basis of
experience with patients whose initial
teratoma or second teratoma was
identified many months after the first
episode of encephalitis or at relapse,
periodic MRI or ultrasound studies for
at least 2 years have been suggested
by some experts.2 Teratomas of the
testis are frequently missed with posi-
tron emission tomography.6

CONCLUSIONS

Anti-NMDA receptor encephalitis should
be considered in the differential dia-
gnosis of encephalitis when acute
behavioral changes, seizures, or dyski-
nesias present. It is a potentially treat-
able disorder and can be an early
marker of a malignancy. Future re-
search is needed to elucidate triggers of
the immune-mediated process and opti-
mal method and duration of therapy.
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