
Prolonged Follow-up and CSF
Antibody Titers in a Patient With
Anti-NMDA Receptor Encephalitis

Anti-NMDA receptor (NMDAR) encephalitis is a form of autoimmune encephalitis characterized by
flulike prodromal symptoms, psychosis, memory problems, seizures, abnormal movements, and autonomic
disturbances. We report a man with prolonged follow-up of symptoms and antibody titers during a 1-year

hospital admission.

CASE REPORT An 18-year-old man was admitted to an outside hospital for hallucinations, jerky limb move-
ments, and encephalopathy. Twelve days after admission, NMDAR antibodies were detected in the CSF. He was
started on IV immunoglobulin (IVIg), methylprednisolone, propofol, phenytoin, and levetiracetam, and transferred
to our center.

On arrival, he was febrile, tachycardic, and ventilator-dependent. His pupils were reactive, but after seda-
tion was weaned, he could not fix and follow, and he did not blink to threat. He had rhythmic orofacial
movements characterized by chewing, blinking, and tongue thrusting. Muscle tone and reflexes were increased
throughout, and he did not respond to painful stimulation.

Figure Serum and CSF antibodies

(A) Time course of clinical features and levels of antibodies in CSF and serum. Improvement of symptoms correlated with the levels of NMDA receptor
(NMDAR) antibodies in CSF (blue line). The levels of antibodies in serum (red line) were below the previously established cutoff value of ELISA (dotted line).1

Serum and CSF were compared after normalizing the total amount of immunoglobulin G (4 mg/100 mL). GCS � Glasgow Coma Scale. (B) Comparison of
reactivity of initial serum and CSF samples (obtained at patient’s hospital admission) with cells transfected with NR1/NR2 subunits of the NMDAR. Panels
a–c show reactivity of patient’s serum diluted at 1:40 (a), a commercial antibody against NR1 at 1:1,000 (b), and the overlay of stainings with labeling of the
nuclei with DAPI (c). Panels d–f show reactivity of patient’s CSF diluted at 1:40 (d), a commercial antibody against NR1 at 1:1,000 (e), and the overlay of
stainings with labeling of the nuclei with DAPI (f). Note that antibodies are visible in CSF but not in serum. Similar studies were performed with serially
obtained serum and CSF samples (time points shown in A), all showing antibodies in CSF but not serum.
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The patient was stuporous for nearly 12 months.
He had complex movements of the face and slow
rhythmic motions with the arms, hands, and fingers,
as if conducting an orchestra. For 4 months, he had
periods of sinus tachycardia, tachypnea, and hyper-
tension that lasted for 10–20 minutes and partially
responded to IV opiates, �-blockers, benzodiaz-
epines, or hydration. EEG revealed a background of
generalized slow and disorganized activity, but also
intermittent low-voltage gamma that was phase-
locked to underlying delta activity. There was no
EEG correlate with the movements or autonomic
dysfunction, however, epileptic activity was noted in-
termittently in the frontal cortex and would occa-
sionally secondarily generalize to clinically apparent
tonic-clonic seizures. The presence of a systemic tu-
mor was excluded with CT of the chest, abdomen,
and pelvis and testicular ultrasound.

Initial treatments with IVIg and methylpred-
nisolone were not effective. Subsequent immuno-
therapy included rituximab 375 mg/m2 once a week
for 6 weeks, and monthly cycles of cyclophospha-
mide, 750 mg/m2, and IVIg 2 g/kg. Antibody levels
in serum and CSF were examined monthly before
each cycle of cyclophosphamide and IVIg using 2
reported techniques.1 Serum antibodies were consis-
tently negative but CSF antibodies remained detect-
able during the patient’s stay in the hospital and the
levels paralleled the course of the disease (figure).

After 11 months of inpatient treatment, repeat
tumor screening was negative. After 12 months, the
patient was able to speak, laugh, and intermittently
follow one-step commands, and he was discharged to a
rehabilitation center without further immunotherapy.

Repeat MRI 14 months after symptom presenta-
tion showed mild general brain atrophy. After 18
months of illness, he was able to respond “Europe”
when queried regarding a desired vacation, and
would scream “cheeseburger” when asked about
food. He had difficulty perceiving images in their
entirety, consistent with simultanagnosia. The last
seizure occurred 18 months after symptom presenta-
tion. Anticonvulsants were weaned slowly, from 7
when he was admitted to no medications 21 months
later. Two years after symptom onset, the patient
speaks fluently, has a good sense of humor, can read
and answer questions correctly, follows embedded
commands, has no apraxia and no neglect, and is
strong throughout. He is able to play card and video
games with others. Simultanagnosia persists, and he
occasionally makes unusual noises and speaks to
himself. Although finger and knee contractures limit
his dexterity and mobility, he is able to walk with
minimal assistance; physical and occupational ther-
apy continue.

DISCUSSION This case illustrates 3 important fea-
tures in patients with anti-NMDAR encephalitis: 1)
patients may have a very prolonged clinical course2;
2) the levels of CSF antibodies correlate better with
clinical outcome than serum antibody titers1,3; and 3)
aggressive immunotherapy should be considered
when there is no clinical response to first-line immu-
notherapy (corticosteroids, IVIg, or plasma ex-
change).4,5 A recent review of 105 patients showed
that while 80% of patients with a tumor (mostly ter-
atomas) had substantial improvement after tumor re-
moval and first-line immunotherapy, only 48% of
those without a tumor had a similar degree of im-
provement after first-line immunotherapy (Fisher
exact test, p � 0.001) and more frequently re-
quired second-line immunotherapy (rituximab,
cyclophosphamide).6 With this approach, the final out-
come regarding substantial improvement was similar in
patients with or without tumor (84% vs 71%, p �
0.16). Clinical experience indicates that chronic use of
antiepileptic drugs is not needed in most patients who
have had substantial recovery, as in our patient. Given
that 20% of patients without tumor have neurologic
relapses, future studies should assess the role of
chronic, steroid-sparing immunosuppressants. My-
cophenolate mofetil was offered to our patient but
the family preferred a close follow-up.
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Three Important Features in Patients With
Anti-NMDAR Encephalitis

• Patients may have prolonged clinical course.
• CSF antibodies correlate with clinical outcome.
• Consider aggressive immunotherapy.
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