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Abstract
Background and Objectives
Anti-N-methyl D-aspartate receptor (NMDAR) encephalitis classically affects women of
childbearing age, producing a disproportionate number of pregnant women with anti-NMDAR
encephalitis. The typical presentation includes progressive neuropsychiatric symptoms, sei-
zures, and alterations in consciousness, all of which present potential risks to the fetus. First-line
and second-line treatments similarly pose teratogenic potential; therefore, randomized studies
with supportive data on pregnancy and fetal outcomes are lacking.

Methods
We present a case of refractory anti-NMDAR encephalitis during the first and second trimesters
of pregnancy with the successful use of rituximab and cyclophosphamide and resultant healthy
pregnancy.

Results
The patient was treated with an escalating immunotherapy regimen from 11 to 15 weeks of
gestation, including steroids, plasma exchange, IV immunoglobulins, and rituximab, with no
clinical response. At 16 weeks of gestation, she received cyclophosphamide with clinical im-
provement after 4 weeks. She subsequently gave birth to a healthy, term baby boy, who
continued to do well at the follow-up.

Discussion
This case illustrates the effective use of cyclophosphamide in the second trimester of pregnancy
for anti-NMDAR encephalitis. The use of second-line therapies remains an individualized
decision because the relative risk-to-benefit ratio in pregnant women is incompletely
understood.
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Case
A 19-year-old woman presented with status epilepticus at 11
weeks of pregnancy. Her symptoms began 4 weeks earlier
with increasing psychotic behaviors and seizures. Her anti-
seizure medication (ASM) regimen at presentation included
lacosamide, lamotrigine, levetiracetam, and clonazepam. On
admission, her examination was notable for global hyper-
reflexia and left Babinski and with propofol wean, continuous
right upper extremity twitching, and oral automatisms, during
which time EEG revealed multifocal epileptiform spikes. On
admission, MRI of the brain was unremarkable. CSF studies
showed a lymphocytic pleocytosis with normal glucose and
protein. Owing to the persistence of focal motor status despite
ASM escalation, suspicion for an immune-mediated process
arose leading to empiric treatment with steroids (Figure). She
was subsequently treated with plasma exchange, followed by
rituximab with decreasing seizure frequency on EEG, al-
though no clinical improvement.

During this time, NMDAR antibodies were detected in the
CSF. SerumNMDAR antibodies were negative. Screening for

an ovarian teratoma was unrevealing. Clinically she remained
unchanged and thus received IV immunoglobulin and a sec-
ond steroid course. CSF NMDAR antibodies remained pos-
itive. With the consent of her surrogate decision maker, she
received cyclophosphamide at an estimated 16 weeks of
gestation, followed by a third course of steroids.

Four weeks after cyclophosphamide administration, she began to
show improvement in her mental status correlating with the ab-
sence of epileptogenic activity on EEG and undetectable CSF
NMDAR antibodies. Maternofetal medicine confirmed normal
progression of pregnancy at 23weeks of gestation. She transitioned
to a floor bed after 24 days in the intensive care unit; by the time of
discharge to inpatient rehabilitation, the patient was alert, oriented,
and conversant, requiring 2-person assistance for ambulation.

While at inpatient rehabilitation, her examination improved to
fully ambulatory with mild cognitive deficits. She had re-
current seizures in the setting of levetiracetam wean at 29
weeks of gestation. Serum and CSF NMDAR antibodies
remained undetectable; B-cell counts were suppressed. She
was redosed with rituximab at this time and has continued

Figure Timeline of Clinical Events and Treatment

Timeline showing major clinical events (yellow), seizure activity (red), immunotherapy (blue), and NMDA-r antibody status (green) of the patient from
symptom onset to delivery of baby. Red bar = seizure activity; purple bar = gestational age; dashed line = ongoing immunotherapy; CSF = cerebrospinal fluid;
IVIG = IV immunoglobulin; IVSM = intravenous solumedrol; NMDA-r = NMDA receptor; PLEX = plasma exchange.

Glossary
ASM = antiseizure medication; NMDAR = N-methyl d-aspartate receptor.
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twice yearly infusions since with infrequent, self-limited sei-
zures. She gave birth to a healthy, term baby boy at 38 weeks
and 6 days with appearance, pulse, grimace, activity, and
respiration (APGAR) scores of 9 at 1 and 5 minutes. He
continues to do well at the 3-year follow-up.

Discussion
Fetal health was favorable throughout pregnancy despite the
protracted illness course and use of highly teratogenic medi-
cations (Table 1). Although the acute phase of anti-NMDAR
encephalitis averages 16 weeks, this is one of the longest
illnesses reported in early pregnancy. The gestational age at
which disease onset occurs is of particular significance because
placental transfer of maternal antibodies begins at weeks
12–13 of pregnancy; it has been postulated that fetal exposure
to NMDAR antibodies may cause harm; however, recent case
series have found most infants exposed to NMDAR anti-
bodies are healthy at birth with normal development.1 Despite
the duration and severity of disease in this patient, there were
no adverse obstetrical outcomes; up to one-third of reported
cases displays pathologic pregnancies, with spontaneous
abortion and preterm birth occurring most frequently.1

This case additionally reinforces the superior sensitivity of
CSF over serum anti-NMDAR antibody testing. In refractory
cases, following the CSF antibody titer may help guide ther-
apy, with CSF titer changes more accurately reflecting relapse
potential than serum titers.2 In our case, the persistence of
NMDAR CSF antibodies prompted additional therapy, de-
spite prior aggressive immunosuppression.

Most notably, the use of cyclophosphamide during the second
trimester for the treatment of anti-NMDARencephalitis has yet to
be reported. To date, cyclophosphamide use in pregnancy has
been reported scarcely, with greatest frequency in malignancies
and rheumatologic conditions. The literature presents conflicting
data; many case reports reflect adverse pregnancy outcomes in-
cluding preterm birth and fetal loss, whereas others mirror our
experience with normal fetal development and birth.3,4 This likely
reflects a myriad of factors, including underlying disease process,
gestational age at exposure, and dose of or prior exposure to
cyclophosphamide. Rituximab exposure in pregnancy is more
frequently reported, with no significant increase in obstetric
complications or fetal malformations compared with normative
data.1,5 Neonatal lymphopenia may occur at birth; however, cell
counts recover within 6 months, and no infectious complications
are cited.6 Ultimately, the use of second-line therapies during
pregnancy for the treatment of anti-NMDARencephalitis remains
an individualized decision with significant potential risk. Although
the generally accepted standard of care for second-line therapy in
nonpregnant individuals includes rituximab and cyclophospha-
mide, the relative risk-to-benefit ratio in pregnant women is in-
completely understood and requires further study.
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Table 1 Teratogenic Potential of Medications Commonly
Used to Treat Anti-NMDAR Encephalitis

Drug Name Category Comments

Methylprednisolone
(IV)

— Associations with cleft-palate,
increased risk for premature rupture of
membranes (PROM), intrauterine
growth restriction (IUGR), gestational
hypertension, gestational diabetes.

Intravenous
immunoglobulin

C Case reports of hemolytic disease of
newborn, transmission of hepatitis C.

Plasma exchange — Limited literature on safety or risk.
Overall presumed to be safe.

Cyclophosphamide
(CYC) (intravenous)

D Normal offspring have been born to
mothers treated with CYC during
pregnancy. CYC embryopathy has been
described with multiple fetal
anomalies. High rates of miscarriage.

Rituximab C Neonatal lymphopenia has been
reported, with normalization of cell
counts within 6 mo. No definitive
increase in neonatal infections noted
during the lymphopenic period.

Mycophenolate
mofetil

D Mycophenolate embryopathy
characterized by major fetal
malformations and spontaneous
miscarriages have been reported.
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