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Isolated Leptomeningeal
Enhancement in Anti-N-Methyl
D-Aspartate Receptor
Encephalitis: The Diagnostic
Value of Contrast-Enhanced
Fluid-Attenuated Inversion
Recovery Imaging
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Anti-N-methyl-D-aspartate receptor (anti-NMDAR) encephalitis is a common autoimmune en-
cephalitis that is noted to be a severe but treatable disease entity. Patients with anti-NMDAR
encephalitis often develop psychotic symptoms, including delusions, hallucinations, and para-
noia, as well as memory impairment and persistent loss of attention. However, MRI findings in
such patients show no abnormalities in most cases. Although typical brain abnormality fea-
tures, known as T2 hyperintensities, involve the brain parenchyma and contrast enhancement
at the cerebral cortex or overlying meninges, isolated leptomeningeal enhancement has been
rarely reported in anti-NMDAR encephalitis. Herein, we report a patient with anti-NMDAR en-
cephalitis who presented with isolated leptomeningeal enhancement, additionally showing
the diagnostic value of contrast-enhanced fluid-attenuated inversion recovery imaging.

Index terms Anti-NMDA Receptor Encephalitis; Magnetic Resonance Imaging; Brain

INTRODUCTION

Anti-N-methyl-D-aspartate receptor (anti-NMDAR) encephalitis is a common autoim-
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mune encephalitis, mediated by antibodies against the NMDA receptor subunit 1 (NR1) and
subunit 2 (NR2) heteromers of the NMDA receptor. It results in a characteristic neuropsychi-
atric syndrome (1). The MRI findings of anti-NMDAR encephalitis have poor specificity. Ab-
normal MRI findings include parenchymal T2 signal hyperintensity and faint contrast en-
hancement in the affected area and/or the overlying meninges (2, 3). However, isolated
leptomeningeal enhancement has rarely been reported in anti-NMDAR encephalitis (4).
Here, we report an unusual presentation of isolated leptomeningeal enhancement in anti-
NMDAR encephalitis and show the diagnostic value of contrast-enhanced fluid-attenuated

inversion recovery (CE-FLAIR) imaging.

CASE REPORT

A 23-year-old female showed a history of progressively worsening confusion, disorienta-
tion, and behavioral disorders that began with memory impairment 7 days previously. There
were no abnormalities in peripheral blood tests. Cerebrospinal fluid (CSF) analyses showed a
white blood cell count of 8 cells/mL (98% lymphocytes) with no evidence of bacterial or viral
infection. The CSF biochemistry results, including protein, glucose, chloride, and lactate de-
hydrogenase, were all normal.

A CE MRI was performed on the patient. The contrast agent was administered at the stan-
dard dose of 0.1 mmoL/kg of body weight. Postcontrast images were obtained shortly after
contrast material administration. Axial CE-FLAIR imaging was performed immediately after
the routine CE-coronal and axial T1 weighted imaging (T1WI). Scanning of axial CE-TIWI
and axial CE-FLAIR imaging was started at 2 minutes 40 seconds, and 5 minutes after the in-
jection of contrast material, respectively. The initial MRI revealed diffuse leptomeningeal en-
hancement at the left cerebral convexity without any parenchymal abnormalities. Although
CE-T1WI can show mild meningeal enhancement, CE-FLAIR imaging is highly superior to it
for detecting strengthening lesions (Fig. 1A, B). There were no other findings, including intra-
cranial hemorrhage or diffusion restrictions. Subsequent tests showed that CSF samples test-
ed positive for the anti-NMDA receptor antibody. Ultimately, a diagnosis of anti-NMDAR en-
cephalitis was made. An electroencephalogram showed nonspecific findings. Tumor screening
results were negative.

After combination treatment with high-dose intravenous methylprednisolone, intravenous
immunoglobulin (IVIg), and plasmapheresis, the patient showed a gradual clinical improve-
ment. The leptomeningeal enhancement was significantly improved according to two follow-
up MR images (8 and 25 days later). CE-FLAIR imaging was also far superior to CE-TIWI for
detecting improvement in leptomeningeal enhancement (Fig. 1C-F).

The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki.

DISCUSSION

Anti-NMDAR encephalitis is a common autoimmune encephalitis. Although treatable, it
may result in significant disability and death if the diagnosis is delayed. IgG antibodies to the
subunit of neuronal NMDA receptors selectively and reversibly reduce NMDA receptor sur-
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Fig. 1. MRI of anti-NMDAR encephalitis in a 23-year-old female.

A, B. Initial MR images taken CE-FLAIR imaging (A) and CE-T1WI (B), show diffuse abnormal leptomeningeal enhancement (arrows) along the
left cerebral convexity without significant parenchymal enhancement; however, it is difficult to discriminate between the normally enhanced
vessels and the leptomeningeal lesions on CE-T1WI.

C, D. Eight-day follow-up MR images after steroid pulse therapy, taken CE-FLAIR imaging (C) and CE-T1WI (D); unlike CE-T1WI, it shows the re-
maining leptomeningeal enhancement (arrows on C) only on the CE-FLAIR imaging.

E, F. Twenty-five-day follow-up MR images after steroid pulse therapy, intravenous immunoglobulin, and plasmapheresis, taken using CE-
FLAIR imaging (E) and CE-T1WI (F), show a gradual improvement in leptomeningeal enhancement on CE-FLAIR imaging; CE-FLAIR imaging is
more effective than CE-T1WI for assessing the response to therapy.

CE = contrast-enhanced, FLAIR = fluid-attenuated inversion recovery, NMDAR = N-methy!-D-aspartate receptor, TLIWI = T1 weighted imaging

face density and synaptic localization, leading to disruption of synaptic structures and func-
tions.

The disease predominantly affects young people, and a multicenter observational study
identified a female predominance (4:1) (5). This predominance is less evident in children un-
der 12 years of age and adults over 45 years old. In that study, half of the young affected fe-
male patients had an ovarian teratoma; in men and children, the association with tumors
was less frequent.
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Many patients present with an early viral-like prodrome, and the characteristic symptoms
progress in a multistage manner after a few days, including psychiatric manifestations (anxi-
ety, depression, schizophrenia, and psychosis), temporal lobe dysfunction (amnesia and sei-
zures), and severe neurological deficits (autonomic dysfunction and dystonia/dyskinesia) (6).

MRI findings of anti-NMDAR encephalitis are not specific. Most patients show no abnor-
malities in MRI. Nonspecific abnormal MRI findings show a wide variation in the degree and
distribution of T2/FLAIR signal hyperintensity involving the hippocampi, cerebellar, cerebral
cortex, insular regions, periventricular white matter, basal ganglia, brainstem, and the spinal
cord, as well as leptomeningeal enhancement with concomitant parenchymal lesions (2, 3).
Only one case of anti-NMDAR encephalitis with isolated leptomeningeal enhancement has
been reported (4).

Leptomeningeal enhancement occurs when contrast media leaks from blood vessels into
the CSF. Recent immunochemistry studies have shown that NR1 is expressed in endothelial
cells in the brain, and NMDA receptors are required to increase the permeability of the blood-
brain barrier (7, 8). Therefore, the isolated leptomeningeal enhancement seen in anti-NMDAR
encephalitis could also be due to this leakage. However, the reported case was of limited value
for evaluating abnormal leptomeningeal enhancement, as only CE-T1WIs were obtained. CE-
FLAIR imaging does not demonstrate enhancement in the normal vascular structures or nor-
mal meninges. Additionally, CE-FLAIR imaging is more sensitive to low gadolinium concen-
trations as it is extremely sensitive to modification of the CSF composition (9). Therefore, CE-
FLAIR imaging is more effective than CE-T1WI for detecting abnormal meningeal
enhancement. In the case presented here, CE-FLAIR imaging was vastly superior to CE-TIWI
for detecting leptomeningeal lesions in the initial MRI examination and was more helpful for
evaluating the response to therapy in follow-up MRI.

When we encounter an isolated leptomeningeal enhancement in patients with psychiatric
symptoms that exclude the possibility of infection, although an isolated leptomeningeal en-
hancement is a rare imaging finding of anti-NMDAR encephalitis, anti-NMDAR encephalitis
should be included as a differential diagnosis.

The diagnosis of anti-NMDAR encephalitis was confirmed by identifying antibodies to the
NMDA receptor in the CSF, and the presence of an ovarian teratoma had to be confirmed, as
that could express the NMDA receptor. Immunotherapy is generally used to manage anti-
NMDAR encephalitis, and if a tumor is present, this must be removed to relieve symptoms
and reduce recurrence. Steroids, IVIg, and plasmapheresis can be used as first-line immuno-
therapy, either alone or in combination. Second-line immunotherapy can be used alone or in
combination with cyclophosphamide and rituximab in patients who do not respond to first-
line immunotherapy. One study found that 53% of patients with anti-NMDAR encephalitis
showed clinical improvement within 4 weeks following administration of first-line immuno-
therapy and tumor removal if a tumor was present (5). In that study, a total of 81% of patients
who did not respond to first-line immunotherapy and who received second-line immuno-
therapy showed substantial recovery (i.e., mild or no residual symptoms) at 24 months, and
there was a decrease in the frequency of subsequent recurrence.

In conclusion, the present case suggests that isolated leptomeningeal enhancement could

be an imaging finding in patients with anti-NMDAR encephalitis. CE-FLAIR imaging is well
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known for being vastly superior to CE-TIWI for detecting leptomeningeal pathology. This
case showed that CE-FLAIR imaging can be useful for detecting leptomeningeal enhance-
ment and evaluating treatment response in patient with anti-NMDAR encephalitis. Therefore,
CE-FLAIR should be included in the MRI examinations in patients with suspected anti-NM-
DAR encephalitis.
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