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Catatonia is one of the main symptoms of anti-N-Methyl-D-aspartate receptor (NMDAR) encephalitis.
However, it is unknown whether metabolic changes observed with '®F-Fluorodeoxyglucose positron-
emission tomography (FDG-PET) are correlated with the severity of the catatonic symptoms and clinical
course. Three patients with anti-NMDAR encephalitis showing variable degrees of catatonia were
performed with FDG-PET scans during the acute and recovery phase. PET findings showed hyper-
metabolism in the frontotemporoparietal regions and bilateral basal ganglia in the patient with mild
catatonia, but more widespread hypermetabolic regions including the thalamus and brainstem were
observed in the patients with more severe catatonia. Follow-up PET scans in one patient showed mild
hypermetabolism in the right basal ganglia that correlated with mild rigidity and tonic posturing in the left
extremities. Extent of cerebral metabolic changes correlates with the severity of catatonia accompanied
by behavioural, motor, autonomic, and breathing abnormalities in anti-NMDAR encephalitis. (2014;4:69-73)
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focal intense hypermetabolic lesion in the right cerebellar cortex.” In
addition, a recent FDG-PET study reported an increased cerebral me-

Anti-N-Methyl-D-aspartate receptor (NMDAR) encephalitis is a re-
cently described form of autoimmune encephalitis that has charac-
teristic clinical features that include psychosis, dyskinesia, encephal-
opathy, seizures, and autonomic dysfunctions. As one of the main
symptom in anti-NMDAR encephalitis, catatonia presents with motor
and behaviour abnormalities that include alterations in thought,
mood, and vigilance. The common signs of catatonia are posturing,
rigidity, mutism, and negativism.* Half of anti-NMDAR encephalitis
patients do not display any abnormalities in brain magnetic resonance
image (MRI) exams and the other half only show nonspecific changes
in grey and white matter.’

There are only a few studies that assess anti-NMDAR encephalitis
with "®F-Fluorodeoxyglucose positron-emission tomography (FDG-
PET) scans. These studies found reduced glucose metabolism in tem-
poral cortex regions® and global hypometabolism with a prominent

tabolism gradient along the frontotemporal to occipital axis that cor-
relates with disease severity as assessed by a modified Rankin Scale.”
However, no studies have correlated metabolic changes in PET with
detailed dlinical symptoms such as the severity of catatonia and
rigidity.

Recently we experienced three serologically confirmed anti-
NMDAR encephalitis with FDG-PET scan who presented with varia-
ble degrees of catatonia symptoms such as behavioural, motor, auto-
nomic, and breathing abnormalities. We hereby report clinical course
and PET findings with anti-NMDAR encephalitis

Case

Summary of clinical history

Three patients were admitted to the Asan Medical Centre in Seoul,
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Table 1. Summary of the clinical characteristics of all three patients

Patient 1 (22/F)

Patient 2 (30/F)

Patient 3 (17/F)

Initial presentation

Clinical symptoms
at initial PET

MRI finding

CSF findings
Anti-NMDA Ab
Underlying tumor

Treatment

Outcome

Intermittent involuntary movement on
the Lt hand, blepharospasm,
irrelevant speech, anxious, irritability,
visual hallucination

Catatonia, Lt U/E abnormal
movement, tonic posture (Lt>Rt),
irrelevant speech, mutism (-) obey
command (+)

Hyperintense signal on the bilateral
hemispheres

WBC 4/mm’
Positive in CSF and serum
No underlying tumor

Methylprednisolone

Normalized

Anxiousness, Lt head deviation and Lt
hand tonic seizure, irritable, violent
behavior, decreased verbal output,
visual hallucination

Catatonia, rigidity (Lt tonic posture),
mutism (+), obey command (-),
autonomic dysfunction (mild fever,
tachycardia)

Normal

WBC 6/mm’
Positive in serum and negative in CSF
No underlying tumor

Methylprednisolone, electroconvulsive
treatment

Normalized

Anxiety, focal seizure on the Lt U/E
and face, psychotic behavior, visual
hallucination

Catatonia, rigidity, tonic posture
(Lt>Rt), opisthotonic posture,
oro-facial-tongue dyskinesia, mutism,
obey command (-), autonomic
dysfunction (mild fever, tachycardia,
tachypnea, intermittent
hypoventilation)

Diffuse hyperintense lesions involving
cingulate gyrus and multifocal high
signal intensities in bilateral cortices,
more prominent on the right
hemisphere

WBC 2/mm’

Positive in CSF and Serum

No underlying tumor

Methylprednisolone, intravenous
immunoglobulin, electroconvulsive
treatment

Mild left U/E tonic movement

F, frontal; Lt, left; PET, positron-emission tomography; U/E, upper extremities; Rt, right; MRI, magnetic resonance image; CSF, cerebrospinal

fluid; WBC, white blood cell; NMDA, N-methyl-D-aspartate; Ab, antibody.

Korea between 2011 and 2012. Clinical findings in all three patients
were summarized in Table 1. These patients initially presented with
marked agitation, psychotic behaviour, dyskinesis, and intermittent
seizures. Seizures were observed in two patients (Patients 2 and 3)
and disappeared 2-3 weeks after symptom onset. After admission,
these patients showed varied degrees of catatonia symptoms such as
behavioural, motor, autonomic, and breathing abnormalities. The
patients were diagnosed with anti-NMDAR encephalitis after anti-
bodies to NMDARs were found in their serum and cerebrospinal fluid
(CSF).

During this acute phase of the encephalitis, all three patients had
catatonia with rigidity and tonic posturing in their extremities that
was more severe on the left side. The catatonic symptoms were rela-
tively mild in Patient 1, were moderate in Patient 2, and were severe
in Patient 3 (Table 1). Clinical improvements were obtained after
methyl-prednisolone therapy in Patient 1, after methyl-prednisolone
with electroconvulsive therapy (ECT) in Patient 2, and after meth-
yl-prednisolone, immunoglobulin, and ECT in Patient 3.

FDG-PET image were acquired 6-7 weeks after the onset of dlinical
symptoms (acute phase) and follow-up PET studies were performed
at 11-23 weeks from the onset of symptoms (recovery phase; Patient
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1 at 11 weeks, Patient 2 at 23 weeks, and Patient 3 at 21 weeks).
None of the patients had clinical seizures the day before the PET
scans.

To compare the brain area of metabolic change, the brain images
were normalised with the Statistical Parametric Mapping software
package (SPM2) with a 12 mm full width at half maximum (FWHM).
For single-subject analyses, the scaled FDG-PET brain image of a pa-
tient was compared voxel-by-voxel with corresponding images from
the age-matched normal control groups. One-sided, two sample
t-tests for detecting areas of hypermetabolism and hypometabolism
was done with false discovery rate (FDR) <0.05 in the acute phase
(multiple comparisons with voxel size > 100) and uncorrected p<
0.001 in the recovery phase (multiple comparisons with voxel size
>100).

Results of PET findings

The clinical symptoms and PET findings from the three patients are
summarised in Table 2. The PET images in all three patients showed
the various extent of increased metabolism in the right frontotempo-
parietal regions including the right orbitofrontal cortex, in the right
insular cortex, in the bilateral basal ganglia (more prominent on the
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Figure 1. PET findings of acute phase in three patients with anti-NMDAR encephalitis. Increased metabolism is expressed as red color and decreased
metabolism as blue color. (A) Patient 1; increased metabolism in the right frontotemporoparietal regions including the right orbitofrontal cortex, in the right
insular cortex, in the bilateral basal ganglia, and in the left cerebellum. Decreased metabolism in the bilateral occipital areas and in the left frontal area. (B)
Patient 2; increased metabolism in the right frontotemporoparietal regions including the right orbitofrontal cortex, in the bilateral basal ganglia, in the left
parietal cortex, in the bilateral amygdala, in the right insular cortex, in the right thalamus, and in the bilateral cerebellum. Decreased metabolism in the
bilateral occipital areas and in the left frontal and parietal areas. (C) Patient 3; increased metabolism in the right frontotemporoparietal regions including the
right orbitofrontal cortex, in the bilateral basal ganglia, in the left parietal cortex, in the bilateral amygdala, in the right insular cortex, in the bilateral
cerebellum, in the right thalamus, and in the brainstem. Decreased metabolism in the bilateral occipital areas, in the right frontal area, and bilateral parietal
areas. PET, positron-emission tomography; NMDAR, N-Methyl-D-aspartate receptor.

right side), in the cerebellum, and in the left frontal cortex depending
on the severity of catatonia. No increase was observed in the thala-
mus or brainstem in Patient 1 (Fig. 1A). By contrast, increased me-
tabolism was observed in the brainstem and right thalamus of
Patients 2 (Fig. 1B) and 3 (Fig. 1C), with the increase being more
prominent in Patient 3. Widespread decreased metabolism in the bi-
lateral occipital cortex and the various extent of hypometabolism in
the frontal lobe was observed in all three patients. This hypo-
metabolism was more extensive in Patient 2 and 3 compared to
Patient 1.

Follow-up PET showed normal finding in two patients (Patient 1
and 2) who did not show catatonia or tonic rigidity, but, showed mild
increased metabolism in the right basal ganglia in Patient 3 who
showed mild intermittent rigidity and tonic posturing in the left ex-
tremities without behavioural abnormalities (Fig. 2).

Discussion

The results in our patients revealed that the extent of the metabol-

Figure 2. PET findings in follow-up period in patient 3. Mild intermittent ri-

gidity and tonic posturing in her left extremities without behavioural ab-
normalities correlated with mild increased metabolism in the right basal
ganglia. PET, positron-emission tomography.

ic changes in the PET images was well correlated with the severities
of catatonia accompanied by behavioural and motor abnormalities.
Hypermetabolism was observed in the frontotemporoparietal regions
and bilateral basal ganglia in the mild catatonic patient, whereas the
severe catatonic patient displayed more widespread and intense
metabolic changes in the above mentioned areas and hyper-
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Table 2. Brain areas that displayed metabolic changes in the acute and recovery phases and correlation with catatonic symptoms and clinical

improvements

Patient 1 (22/F)

Patient 2 (30/F) Patient 3 (17/F)

Initial Follow-up Initial Follow-up Initial Follow-up
(6 wk) (11 wk) (7 wk) (23 wk) (6 wk) (21 wk)
Increase PET Rt F, T, P, Rt BG, Rt  Normal Rt F, T, Rt BG, Rt Tm, Normal Rt T, Rt BG, Rt Tm, Rt Rt BG

Insular, Lt BG, Lt Cbll,
Lt F

metabolism

Rt insular, Lt BG, Lt T

OF, Rt Insular, Lt F, Lt
BG, Lt Cbll, brainstem

Decreased PET Both occipital, Lt sup. F Normal Both occipital, Lt F Normal Both occipital, Lt F, Lt Normal
metabolism angular G
Clinical Cognitive  Anxiety, irritability, Normal Mute, echolalia, Normal Mute, echolalia, obey  Normal
symptoms function psychotic symptoms, intermittent obey command (-)
obey command (+) command (-)
Motor Catatonia, Lt U/E tonic Normal Catatonia, tonic Normal Catatonia, rigidity, Intermittent
symptom posture (Lt>Rt) posture rigidity tonic posture (Lt>Rt), Lt tonic
(Lt>Rt), mild opisthtonic posture, rigidity
autonomic oro-facio-tongue
dysfunction dyskinesia, cataplexy,
autonomic
dysfunction, breath
abnormality
Visual Visual hallucination Normal Visual hallucination Normal Visual hallucination Normal
symptom

F, frontal; wk, weeks from the onset of symptoms; PET, positron-emission tomography; Rt, right; T, temporal; P, parietal; BG, basal ganglia;
Lt, left; Cbll, cerebellum; Tm, thalamus; OF, orbitofrontal; sup., superior; G, gyrus; U/E, upper extremities.

metabolism in the thalamus and brainstem. These results were con-
sistent with previous reports, which found that only right fronto-
|ateral hypermetabolism or occipital hypometabolism is observed in
less severe cases’ and that wider metabolic changes in severe
cases.® But, until now there have been no reports about brainstem
involvement in severe cases.

Anti-NMDAR antibodies cause a selective and reversible decrease
in surface NMDARSs, which results in variable clinical symptoms that
depend on the extent of the decrease.” Decreased NMDAR provokes
frontostriatal syndrome through inactivation of gamma-aminobutyric
acid (GABA) ergic neurons, orofacial and limb movements through
disinhibition of a brainstem central pattern generator, breathing ab-
normalities through direct effects on the medullary-pontine respira-
tory network, and autonomic manifestations such as hypersalivation,
hypertension, hyperthermia, and cardiac dysrhythmia through de-
creased regulation of dopaminergic, cholinergic, and noradrenergic
systems.” The extent of the affected brain areas by anti-NMDAR anti-
bodies was well correlated with the severity of clinical symptoms and
with the extent of hypermetabolic changes in our cases.

Although catatonia may be caused by GABAergic abnormalities in
the orbitofrontal cortex that lead to dysfunctional dopaminergic in-
teractions between the motor/premotor cortices and the subcortical
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%1% the pathogenesis and anatomical substrates of cat-

basal ganglia,
atonia remain poorly defined. The behavioural, emotional, and affec-
tive symptoms may correlate with dysfunctions in orbitofrontal cort-
ical activity. Furthermore, the motor symptoms may be mediated by
dysregulation of cortical-subcortical circuits between the motor/pre-
motor cortices and the basal ganglia. In addition, alterations in the
brainstem may underlie the severe vegetative symptoms.® In this
study, Patient 1 displayed mild catatonic symptoms such as irrelevant
speech, and tonic rigidity without displaying mutism, autonomic ab-
normalities, and breathing abnormalities. These findings were corre-
lated with increased metabolism in frontotemporoparietal regions
and in both basal ganglia without hypermetabolism in the thalamus
or the brainstem. Patients 2 and 3 displayed more severe catatonic
symptoms that included mutism, rigidity, tonic posturing, and auto-
nomic dysfunctions, demonstrating diffuse hypermetabolism in the
above mentioned areas and in the thalamus, and in the brainstem.
Patient 3 showed more severe motor symptoms such as opisthotonic
posture, orolingual dyskinesia, and breathing abnormalities than
Patient 2. The most prominent difference between Patients 2 and 3
was that Patient 3 showed increased brainstem hypermetabolism. In
contrast, the extent of the hypometabolic changes was not markedly
different among these three patients even though Patient 2 and 3



slowed slightly wide hypometablic changes compared to Patient 1.
Taken together, these data suggest that the severity of catatonic
symptoms may be associated with the extent of increased metabo-
lism rather than decreased metabolism.

Interestingly, Patient 3 showed intermittent tonic rigidity in her left
extremities without any behavioural abnormalities during the fol-
low-up period. The follow-up PET images showed mild hypermeta-
bolism in the right basal ganglia. These findings suggest that tonic ri-
gidity in catatonia is likely caused by hypermetabolism in the con-
tralateral basal ganglia even though the statistical threshold of the
second PET study was lower than the first study at acute phase. A
previous study reported a patient with marked limb rigidity that
showed basal ganglia hypermetabolism." In addition, reduced N-
acetyl-asparatate was observed in the basal ganglia of a patient in
the acute phase of anti-NMDAR encephalitis.* The results of these
studies are consistent with our findings.

In conclusion, the results of the present cases revealed that the ex-
tent of cerebral hypermetabolic changes correlates with the severity
of catatonia accompanied by behavioural, motor, autonomic, and
breathing abnormalities in anti-NMDAR encephalitis patients. The
behavioural abnormalities were correlated with diffuse fronto-tem-
pro-parietal, especially orbitofrontal, hypermetabolism, and tonic ri-
gidity was correlated with hypermetabolism in the basal ganglia. In
addition, hypermetabolism in the brainstem may provoke more se-
vere clinical symptoms such as hypoventilation and autonomic
dysfunctions.
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