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PRESENTATION OF CASE

Dr. Jasmine N. Jack (Psychiatry): A 19-year-old woman was admitted to this hospital
because of episodes of shaking of the right arm and leg and odd behaviors.

The patient had been in her usual state of health until 10 days before the cur-
rent presentation, when slowed speech developed, along with intermittent shaking
and numbness of the right arm. Seven days before the current presentation, by-
standers witnessed the patient collapse while she was standing on a subway plat-
form; full-body shaking reportedly occurred. On arrival of emergency medical ser-
vices, the patient was confused, drooling, and had bitten her tongue. During transport
to the emergency department of another hospital by ambulance, she gradually became
more alert.

In the emergency department, the patient did not recall the events at the subway
station. The vital signs and physical examination were normal. The blood lactate
level was 13.9 mmol per liter (125.2 mg per deciliter; reference range, 0.7 to 2.1 mmol
per liter [6.3 to 18.9 mg per deciliter]), and the blood creatine kinase level was 84 U
per liter (reference range, 30 to 135). Blood levels of electrolytes, glucose, alanine
aminotransferase, and aspartate aminotransferase were normal, as were the re-
sults of tests of kidney function and the complete blood count. Computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) of the head, performed without
the administration of intravenous contrast material, showed no abnormalities. The
patient was admitted to the other hospital.

On the first hospital day, the patient had three episodes of sudden, intense fear
and dread. Each episode was followed by full-body shaking that was witnessed by
the nurse and lasted approximately 60 to 90 seconds. During the third episode,
she had apnea, and the oxygen saturation decreased to 50% while the patient was
breathing ambient air. Supplemental oxygen was delivered through a bag-valve—
mask device, and treatment with intravenous lorazepam and levetiracetam was
administered.

On the second hospital day, treatment with lamotrigine was started. The patient
had several episodes of stuttering speech, and treatment with daily oral levetiracetam
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was started. On the third hospital day, electro-
encephalography (EEG) showed no evidence of
electrographic seizures or epileptiform patterns.
On the fifth hospital day, she was discharged
home with plans to continue treatment with la-
motrigine and levetiracetam and follow up in a
neurology clinic once she returned to the state
where she was attending college.

On the way home from the hospital, the pa-
tient’s parents noted rhythmic movements of the
patient’s mouth and shaking of the right arm.
When they spoke to her, she stared and could
not respond. They took her back to the emer-
gency department of the other hospital.

On evaluation, the patient could not speak;
however, she communicated by typing messages
on her mobile phone. During the examination,
an episode of twitching of the face and jaw oc-
curred, but the remainder of the neurologic ex-
amination was normal. The blood level of lactate
was normal. The patient was readmitted to the
other hospital.

During the subsequent 2 days, the patient had
intermittent episodes of mutism and twitching
of the right arm and leg. An EEG was again re-
portedly normal. On the third hospital day, the
patient was discharged home.

One day after discharge from the other hospi-
tal, the patient had persistent numbness of the
right arm, twitching of the right arm and leg, and
intermittent mutism. The parents brought her to
the emergency department of this hospital.

Additional history was obtained from the
patient’s parents. She had a history of depres-
sion and anxiety symptoms, for which she had
seen a therapist briefly in the year before the cur-
rent presentation; there were no previous psy-
chiatric admissions. Medications since discharge
from the other hospital included levetiracetam,
lamotrigine, melatonin, and folic acid; she had
been taking no medications before the admission
to the other hospital. She had no known adverse
reactions to medications. The patient was born
and raised in an urban area of South Asia. One
year before the current presentation, she moved
to a suburban area of the Midwest United States,
where she attended college and had two part-
time jobs. Three weeks before the current pre-
sentation, she traveled with her parents to New
England for vacation. The patient did not drink
alcohol, smoke cigarettes, vape, use cannabis, or
take illicit drugs. Her mother, father, and sibling

were alive and well; her paternal grandmother
had schizophrenia.

On examination, the temporal temperature was
36.3°C, the blood pressure 109/62 mm Hg, and
the pulse 82 beats per minute. The patient was
alert, oriented, and appeared comfortable. She
was lying in bed and unable to sit up on request;
later, during the examination, she was able to sit
up spontaneously. At times, she spoke fluently in
English, and sometimes she spoke in her native
language even when an interpreter was not pres-
ent. At other times, she was mute, or speaking
was effortful, and she paused after every one to
two words or said half a sentence repeatedly
while trying to ask a question. It was again noted
that she was able to respond intermittently by
typing on her mobile phone. The thought pro-
cess was sometimes incoherent and sometimes
organized and goal-directed. She was able to say
the months of the year backward rapidly and
accurately. There was no pronator drift. Inter-
mittent nonrhythmic jerking of the right arm
and leg was observed approximately every 10 to
60 seconds. The strength was normal in both
arms and in the left leg. She was unable to lift
the right leg when asked; however, Hoover’s sign
was present, a finding suggestive of nonparesis
of the right leg. When the feet were tickled, both
legs lifted rapidly. Sensation and deep-tendon re-
flexes were normal. The gait could not be assessed
because the patient described being unable to
walk. The blood level of lactate was 3.4 mmol
per liter (30.6 mg per deciliter), and the blood
level of creatine kinase was 890 U per liter.
Blood levels of electrolytes, glucose, alanine ami-
notransferase, and aspartate aminotransferase
were normal, as were the results of tests of kid-
ney function and complete blood count. The pa-
tient was evaluated by the neurology consultant.
Treatment with antiepileptic medications was con-
tinued, and she was admitted to this hospital.

On the second hospital day, the patient was
evaluated by the psychiatry consultant. During
the interview, she had a sudden onset of exten-
sion and stiffening of the right arm, flexion and
stiffening of the left arm, and turning of the
head to the right, followed by full-body shaking.
During the episode, the eyes stared but she
blinked in response to threat. After approximate-
ly 60 seconds, the episode resolved. She described
feeling that her “brain and mind were discon-
nected,” and she did not think that she would be
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able to return to college. She did not have audi-
tory or visual hallucinations or suicidal or homi-
cidal thoughts.

Later that evening, the patient received treat-
ment with oral lorazepam because of anxiety,
and she subsequently became agitated and tried
to run out of the hospital room. On evaluation,
she did not make eye contact, follow directions,
or respond to questions. She pressed the call
button repeatedly even when staff were in the
room. She said both sensical and nonsensical
phrases and partial sentences in English and in
her native language, and she was afraid that the
staff were trying to kill her. Treatment with oral
olanzapine was attempted, but the patient spit
out the pill and later calmed without any spe-
cific treatment. Several hours later, agitation
recurred, and the patient attempted to run out of
the unit. The patent was physically restrained,
and treatment with intramuscular olanzapine
was administered.

A diagnostic test was performed.

DIFFERENTIAL DIAGNOSIS

Dr. Judith A. Restrepo: This previously healthy
young woman presented with neurologic symp-
toms and changes in behavior that were acute
in onset and severe in nature. When behavioral
changes are a prominent component of a pa-
tient’s presentation, it is often helpful to cluster
multiple behaviors into discrete syndromes. This
patient’s changes in behavior can be clustered
into three syndromes — seizurelike activity, cata-
tonia, and psychotic symptoms.

SEIZURELIKE ACTIVITY

This patient initially presented with collapse and
episodes of full-body shaking, with subsequent
amnesia and confusion. The blood lactate level
was elevated; other laboratory test results were
unremarkable, as was imaging of the head. This
clinical picture is consistent with generalized
seizure. During the admission to the first hospi-
tal, the patient had episodes of impaired speech,
numbness of the right arm, and shaking of the
right side, with an aura that was described as a
feeling of dread. These features are all consis-
tent with focal seizure localized to the left pari-
etal lobe, predominantly the somatosensory and
somatomotor cortexes.! Left parietal lobe sei-
zure is associated with sensory disturbances,

language impairment, and aura that may include
panic attacks or an appearance of freezing, also
known as “behavioral arrest.”

This patient’s age and the semiologic features
of the seizurelike events are consistent with id-
iopathic juvenile myoclonic epilepsy.> However,
the progression of symptoms, despite treatment
with antiepileptic medications, and the persis-
tence of stereotyped paroxysms without epilepti-
form correlation on EEG are not consistent with
a diagnosis of epilepsy.

CATATONIA

On admission to this hospital, the patient began
to have more bizarre and less consistent behav-
iors, such as variable and delayed speech with
occasional mutism, as well as inconsistent op-
positional behaviors and repetitive, purposeless
movements. Routine laboratory test results con-
tinued to be unremarkable aside from elevated
levels of creatine kinase. Such findings could
be compatible with the syndrome of catatonia;
however, it would be helpful to know whether
the patient showed other motor signs such as
catalepsy or posturing. Although catatonia could
explain some of her behavior changes, it can
also be a feature of other syndromes, so I will
focus on the third cluster of behaviors observed
in this patient — psychotic symptoms.

PSYCHOSIS
The disorganized thought process and the sense
of fragmentation reported by the patient are con-
sistent with psychosis. Patients with primary psy-
chiatric disorders that cause psychosis usually
have prodromal symptoms for a year or more
before the onset of psychosis. This patient had
a history of mild depressive symptoms but no
known history of academic or vocational de-
cline, social withdrawal, self-neglect, or other
more prominent mood or cognitive symptoms
that would be typical for a primary psychiatric
disorder.* In addition, new neurologic symp-
toms, aside from nondescript cognitive symp-
toms, are rare in patients presenting with a first
episode of psychosis due to a primary psychiat-
ric disorder.*> Overall, a primary psychiatric dis-
order is unlikely in this patient.

Many medical conditions can lead to psychotic
symptoms — especially when the only symp-
tom of psychosis is disorganization. In consid-
ering the differential diagnosis for this patient’s
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presentation, I will use a diagnostic schema that
places medical disorders into categories on the
basis of disease prevalence (common or un-
common) and whether psychosis as a present-
ing symptom is typical or atypical, with the un-
derstanding that the most likely diagnosis will
also need to account for seizure and possible
catatonia.®

Common Disorders in Which Psychosis Is Typical
Toxidromes that result from substance use are
common, and psychosis is a typical feature. Sub-
stance use may include recreational use of dex-
tromethorphan or synthetic cannabinoids, which
may not be detected on routine toxicology screen-
ing. However, substance-induced psychosis is an
unlikely diagnosis in this patient given the persis-
tence of her symptoms over the course of 10 days
in an observed hospital setting.

Common Disorders in Which Psychosis Is Atypical
Cancer, stroke, and severe traumatic brain injury
are all unlikely causes of this patient’s presen-
tation, given the normal imaging studies. Most
endocrine and metabolic considerations are ruled
out on the basis of normal laboratory test re-
sults. Although the blood level of thyrotropin
was not provided for this patient, she had no
other signs or symptoms of thyroid disease,
which makes severe thyrotoxicosis or hypothy-
roidism unlikely.

The normal imaging studies of the brain make
multiple sclerosis an unlikely diagnosis in this
patient. No other signs of systemic lupus erythe-
matosus, such as cytopenia, arthralgia, or rash,
were observed. Similarly, no signs or symptoms
suggestive of vasculitis were found.

Patients with central nervous system infec-
tions can occasionally present with psychosis.
This patient’s time course would be most consis-
tent with a viral infection, such as viral encepha-
litis due to herpes simplex virus (HSV) or vari-
cella—zoster virus.” Neurocysticercosis, a parasitic
infection, is a consideration in this patient, who
was born and raised in South Asia, but no char-
acteristic cystic lesions were identified on neuro-
imaging.

In New England, tickborne infections such as
Lyme disease, which can cause meningoencepha-
litis, are an important consideration. Tuberculo-
sis is endemic in many countries in South Asia,
and despite the absence of other signs or symp-

toms of systemic infection, performing a lum-
bar puncture for analysis of cerebrospinal fluid
(CSF) would be useful. Human immunodefi-
ciency virus (HIV) infection and syphilis should
be ruled out, although no sexual history was
provided and they are unlikely to be the cause of
this patient’s presentation.

Rare Disorders in Which Psychosis Is Atypical
Genetic syndromes and neurodegenerative dis-
eases rarely manifest in the second decade of
life. Wilson’s disease is unlikely in this patient
without signs of liver disease, which are usually
present by the time of onset of psychosis. There
was no reported use of nutraceuticals or tradi-
tional medicines to suggest exposure to heavy
metals.

Rare Disorders in Which Psychosis Is Typical

Acute intermittent porphyria occurs in young
women and is characterized not only by psycho-
sis but also by seizure and changes in behavior.
However, this patient had persistent symptoms
over the course of weeks as opposed to the
discrete episodes that usually characterize acute
intermittent porphyria. In addition, she had no
abdominal pain or other gastrointestinal symp-
toms. Creutzfeldt-Jakob disease is unlikely in
the context of normal EEG and neuroimaging
studies.

Autoimmune encephalitis is an uncommon
but increasingly recognized disorder, and more
than half of patients initially present with psy-
chiatric symptoms, the most common of which
is psychosis.®? Associated motor changes, sei-
zure, and catatonia commonly occur, particu-
larly in patients with autoimmune encephalitis
caused by antibodies against N-methyl-D-aspar-
tate (NMDA) receptors.®® Normal findings on
MRI of the head can occur in up to 50% of these
patients.’ New onset of neurologic symptoms,
such as the seizures in this patient, are less
common than psychiatric symptoms in the ini-
tial presentation of autoimmune encephalitis.
However, the co-occurrence of psychosis and
possible catatonia is highly consistent with en-
cephalitis associated with anti-NMDA receptor
antibodies. To establish this diagnosis, I would
obtain a sample of CSF for analysis to rule out
infections that can mimic autoimmune encepha-
litis, and I would test both serum and CSF
samples for anti-NMDA receptor antibodies,
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since the presence of antibodies may be limited
to the CSF in approximately 15% of patients.
Because results of antibody testing are usually
not available for 7 to 10 days, I would consider
empirical treatment with immunosuppressive
therapy.

DR. JUDITH A. RESTREPO’S
DIAGNOSIS

Anti—-NMDA receptor encephalitis.

INITIAL MANAGEMENT

Dr. Leah W. Morelli: Lumbar puncture was per-
formed on hospital day 2. Gram’s staining of the
CSF revealed rare white cells and no bacteria.
Analysis of the CSF showed 19 white cells per
microliter (reference range, 0 to 5), of which 89%
were lymphocytes, 8% were monocytes, and 3%
were neutrophils. The CSF glucose and total
protein levels were normal. Empirical treatment
with intravenous acyclovir for a possible diagno-
sis of HSV infection was started. The blood level
of thyrotropin was normal, and screening tests
for HIV and syphilis were negative. On hospital
day 3, results of nucleic acid testing became
available; HSV DNA was not detected in the CSF,
and treatment with acyclovir was stopped. On the
basis of this patient’s presentation and available
data, a presumptive diagnosis of anti-NMDA re-
ceptor encephalitis was considered while await-
ing the results of anti-NMDA receptor antibody
testing.

Dr. Nagagopal Venna: In patients with presumed
anti-NMDA receptor encephalitis, early treat-
ment with immunosuppressive therapy aims to
reduce circulating levels of antibodies that dis-
rupt complex neuronal functions through inter-
action with glutamate NMDA receptors, which
are widely distributed on cerebral neuronal mem-
brane surfaces. Synergistic immunosuppressive
regimens, including intravenous glucocorticoids
and intravenous immune globulin (IVIG), are
the mainstay of treatment based on clinical ex-
perience and expert opinion.!! Treatment is
started as soon as possible to mitigate progres-
sive neurologic deterioration, which may include
catatonia, dystonia, dysautonomia, central hy-
poventilation, and coma.’? Treatment is usually
initiated once important mimics, such as HSV

encephalitis, have been ruled out. Approximately
50% of young women presenting with anti—
NMDA receptor encephalitis will have an ovari-
an teratoma as the occult trigger of paraneo-
plastic disease.’* Pelvic imaging may provide
additional early support for the diagnosis while
awaiting results of antibody testing. If a terato-
ma is detected, prompt resection is critical.

Dr. Morelli: Treatment with intravenous methyl-
prednisolone was started for a presumptive diag-
nosis of anti-NMDA receptor encephalitis on hos-
pital day 3. Abdominal imaging was performed.

Dr. Amirkasra Mojtahed: A transabdominal ultra-
sound image of the pelvis obtained on hospital
day 5 revealed a heterogeneous mass, measuring
17 cm in diameter with mixed echogenicity, lo-
cated in the right adnexa (Fig. 1A). The next day,
CT of the abdomen and pelvis, performed after
the administration of intravenous contrast mate-
rial, showed a 17-cm heterogeneous mass in the
midline of the pelvis containing fat, calcifications,
and fluid and soft-tissue attenuation (Fig. 1B and
1C). The findings were consistent with an imma-
ture cystic ovarian teratoma of uncertain lateral-
ity. Additional bilateral adnexal masses were seen
more inferiorly in the pelvis, which contained fat
and soft-tissue elements and were more homoge-
neous than the larger mass (Fig. 1D). The find-
ings were consistent with mature cystic ovarian
teratomas.

Dr. Morelli: The patient was treated with a
5-day course of intravenous methylprednisolone,
followed by a tapering course of oral prednisone.
Treatment with IVIG was started on hospital day
6. On hospital day 7, the patient underwent left
salpingo-oophorectomy and right ovary-sparing
cystectomy.

PATHOLOGICAL DISCUSSION

Dr. Gulisa Turashvili: On gross examination, the
left ovary was enlarged, measuring 16.5 cm in
the greatest dimension, with a tan-white and
diffusely nodular external surface (Fig. 2A) and
a tan-white to brown-red to gelatinous yellow
cut surface with hair and bone. Heterogeneous
nodules and multiloculated cysts containing se-
rous fluid were also seen. The specimen obtained
from the right ovarian cystectomy measured 5 cm
in the greatest dimension and revealed nodularity
with a yellow cut surface and hair. The right
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Figure 1. Imaging Studies of the Abdomen and Pelvis.

A transabdominal ultrasound image of the pelvis (Panel A) shows a 17-cm heterogeneous mass with mixed echo-
genicity in the right adnexa. Axial (Panel B) and coronal (Panel C) CT images of the abdomen and pelvis show a 17-cm
heterogeneous mass in the midline of the pelvis containing fat, calcifications, and fluid and soft-tissue attenuation
(arrows). An axial image of the pelvis (Panel D) taken at a more inferior level shows bilateral adnexal masses that
contain fat and soft-tissue elements (arrows) and are more homogeneous than the larger mass.

ovarian nodules were white and firm and mea-
sured up to 1.4 cm in diameter.

Microscopic examination of specimens ob-
tained from the left ovary, right ovarian cyst,
and right ovarian nodules revealed mature tissue
derived from all three germ layers (Fig. 2B). The
left ovary specimen also showed diffuse sheets,
primitive tubules, and pseudorosettes and ro-
settes of immature neuroepithelium comprising
primitive-appearing cells with scant cytoplasm,
hyperchromatic nuclei, and brisk mitotic activi-
ty. These features are consistent with an imma-
ture teratoma, which represented approximately
70% of the overall tumor volume (Fig. 2C and
2D). In addition, there were anastomosing chan-
nels and variably sized cysts lined by primitive
cells with clear-to-eosinophilic cytoplasm, fea-
tures that are consistent with a yolk-sac tumor

and represented approximately 30% of the over-
all tumor volume (Fig. 2E). Immunohistochemi-
cal staining was positive for glypican-3 in both
the immature teratoma and yolk-sac tumor com-
ponents (not shown).

HOSPITAL COURSE

Dr. Jack: On hospital day 11, results of anti-
NMDA receptor testing were reported. Antibod-
ies targeting the glutamate NR1 subunit of
NMDA were detected in the serum. CSF testing
for NMDA receptor antibodies was not possible
because of the limited amount of CSF available.

PATHOLOGICAL DIAGNOSIS

Malignant mixed germ-cell tumor.
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Figure 2 (facing page). Left Salpingo-Oophorectomy
Specimen.

A photograph of the left ovarian mass shows a tan-
white and diffusely nodular external surface (Panel A).
Hematoxylin and eosin staining of a section of a ma-
ture teratoma specimen obtained from the left ovary
(Panel B) shows tissue composition derived from all
three germ layers, including the ectoderm (keratinizing
squamous epithelium and skin adnexal structures),
mesoderm (bone and adipose tissue), and endoderm
(intestinal epithelium). Hematoxylin and eosin staining
of a specimen of the immature teratoma from the left
ovary (Panel C) shows tissue composed of diffuse
sheets, primitive tubules, and pseudorosettes and
rosettes of immature neuroepithelium (Panel C, aster-
isk); high-grade cytologic atypia with brisk mitotic
activity within immature neuroepithelium (Panel D,
asterisk) was present, as was a yolk-sac tumor compo-
nent comprising anastomosing channels and variably
sized cysts lined by primitive-appearing cells (Panel E,
asterisk). The immature teratoma was approximately
70% of the overall tumor volume, and the yolk-sac
tumor was approximately 30% of the overall tumor
volume.

LABORATORY DIAGNOSIS

Anti—-NMDA receptor encephalitis.

ADDITIONAL MANAGEMENT

Dr. Morelli: After surgery, the patient’s hospital
course was complicated by infection with se-
vere acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and aspiration pneumonia. Deliri-
um developed in the context of many precipitating
and perpetuating factors, and despite nonphar-
macologic interventions, the patient continued
to have disorientation, confusion, paranoia, agita-
tion, and physical aggression. First-line treatment
with benzodiazepines and «,-adrenergic ago-
nists is recommended for agitation in patients
with anti-NMDA receptor encephalitis. Treatment
with antipsychotic medications can lead to a
paradoxical worsening of agitation, extrapyrami-
dal symptoms, neuroleptic malignant syndrome,
and catatonia, with a risk of progression to
malignant catatonia.’ When antipsychotic med-
ications are indicated, agents with low potency
are used cautiously at low doses and in combi-
nation with benzodiazepines. This patient was
treated with clonidine and lorazepam, and a low
dose of quetiapine was administered as needed
for refractory agitation.

On hospital day 16, a clinical diagnosis of
catatonia was made on the basis of observation
and physical examination, aided by the use of
the Bush—Francis Catatonia Rating Scale, a 23-
item clinician-administered scale that helps to
identify and measure the severity of catatonia.”
It is most likely that catatonia in this patient was
a manifestation of anti-NMDA receptor enceph-
alitis, given that it occurs in up to 60% of per-
sons with this disease.’® However, because it
developed after treatment with quetiapine, an
adverse reaction to this medication may have
contributed. Treatment with quetiapine was
stopped, and all antipsychotic medications were
avoided. Treatment of catatonia in this patient
included administration of lorazepam and treat-
ment of the underlying disease process. Patients
with catatonia who do not have a response to
treatment with benzodiazepines and immuno-
therapy may ultimately undergo electroconvul-
sive therapy, which has been shown to be safe
and effective.”

Dr. Venna: This patient received additional
immunosuppression in the context of worsen-
ing symptoms 2 weeks after first-line therapy.'®
Therapeutic plasma exchange was initiated in
addition to induction doses of rituximab, a com-
bination that is often used in patients who do
not have a response to first-line therapy.!

Dr. Morelli: After the patient received addi-
tional immunosuppressive therapy and thera-
peutic plasma exchange, her condition improved
substantially, and she showed remarkable in-
sight into her illness without any further evi-
dence of psychosis. After a 6-week inpatient
hospitalization, she was transferred to a reha-
bilitation facility for ongoing speech and lan-
guage therapy, occupational therapy, physical
therapy, and monitoring of catatonia while lo-
razepam was tapered.

During the first 24 months of treatment for
anti-NMDA receptor encephalitis, the risk of re-
lapse is 12%.° Relapses are most likely to mani-
fest with isolated psychiatric symptoms and can
occur up to 13 years after initial diagnosis.’>*

Dr. Venna: In patients with anti-NMDA recep-
tor encephalitis, immunosuppression is main-
tained for many months. One regimen with a
favorable safety profile is administration of intra-
venous methylprednisolone, initially with weekly
infusions, followed by infusions at 2-week inter-
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vals and then at 4-week intervals over the course
of 6 to 12 weeks. At her last follow-up with the
neurology consultant 7 months after discharge,
the patient had completed treatment with meth-
ylprednisolone. She continues to receive ritux-
imab infusions every 6 months, and there have
been no signs of relapse.

FINAL DIAGNOSIS

Malignant mixed germ-cell tumor and anti-NMDA

This case was presented at Psychiatry Grand Rounds.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Dr. Kathy M. Tran for her contributions to the or-
ganization of this conference.
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