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Due to a variety of clinical manifestations anti-N-methyl-D-aspartate (NMDA) receptor encephalitis may
be difficult to diagnose. Magnetic resonance imaging (MRI) may be used as a component of the workup
for encephalopathy. However, the use of MRI in anti-NMDA encephalitis is complicated by wide-ranging
reports regarding the frequency of normal MRI findings in this disease. Positron emission tomography
(PET) is a modality of imaging that may assess functional rather than structural disturbances.
Therefore, this review was conducted to summarise published studies regarding the use of MRI and
PET in the diagnosis of anti-NMDA receptor encephalitis. The terms (MR OR magnetic resonance OR PET
OR positron emission tomography) AND (NMDA encephalitis OR N-methyl-D-aspartate encephalitis) were
used to search the databases PubMed, EMBASE and Scopus on 10/5/2017. These searches returned
1534 results. Sixty studies met the inclusion criteria. The results indicated that fewer than half of MRIs
in anti-NMDA receptor encephalitis show abnormal findings. When abnormal findings are present they
most commonly include T2/FLAIR medial temporal and frontal hyperintensity, and leptomeningeal
contrast enhancement. Cortical grey matter changes were reported in the same number of patients as
subcortical white matter changes. The only MRI finding with prognostic significance at this stage is pro-
gressive cerebellar atrophy. FDG-PET has been assessed in a few small studies and can demonstrate
abnormalities in cases where MRI does not. Further research should aim for larger sample sizes and to
report (and attempt to control for) the time between symptom onset and the scan being conducted,
and pre-imaging treatments.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Anti-N-methyl-D-aspartate (NMDA) receptor encephalitis is an
inflammatory condition that may result in significant disability
and death. Currently the diagnostic criteria for anti-NMDA receptor
encephalitis include clinical features and lab-based findings [1].
The lab-based findings typically provide the most definitive evi-
dence in the diagnosis of anti-NMDA receptor encephalitis, with
the detection of anti-NMDA receptor antibodies in the serum or
cerebrospinal fluid (CSF). However, these tests may not be avail-
able at all hospitals and awaiting results from antibody testing
may delay a definitive diagnosis.
To further add to the difficulty in diagnosing anti-NMDA recep-
tor encephalitis, standard tests such as an MRI may not demon-
strate any abnormalities in some instances. There have been
widely varying reports regarding the frequency of abnormal find-
ings on MRI in anti-NMDA receptor encephalitis, ranging from
11% to 83% [2,3]. This variety of reported results may make it
challenging to interpret a normal MRI in the setting of suspected
anti-NMDA receptor encephalitis.

Functional neuroimaging, using positron emission tomography
(PET), is being investigated to help address this unmet clinical
need. Fludeoxyglucose (FDG) may be used to investigate brain
glucose metabolism. It has been suggested that detecting
abnormal glucose metabolism may be more sensitive for detecting
anti-NMDA receptor encephalitis than MRI [4].

The aim of this paper is to identify peer-reviewed publications
that have used either MRI or PET in patients with NMDA receptor
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encephalitis, to detail the frequency of positive findings, and to
summarise the prognostic implications of imaging findings.
2. Methods

This review was designed using the PRISMA-P guidelines [5].
The terms (MR OR magnetic resonance OR PET OR positron emission
tomography) AND (NMDA encephalitis OR N-methyl-D-aspartate
encephalitis) were used to search the databases PubMed, EMBASE
and Scopus from the respective commencements of these data-
bases until 10/5/2017. No earliest date was set before which stud-
ies would be excluded. An English language filter was then applied
to the search results.

The titles and abstracts of the articles identified by this search
were reviewed to determine whether they fulfilled inclusion crite-
ria. Articles that possibly fulfilled inclusion criteria were retrieved
and read in full-text.

To be included a paper needed to fulfil each of the following
criteria: (1) Primary clinical publication (not a review/editorial –
assessed humans rather than cell or animal model) (excluding pub-
lished abstracts); (2) Involved �5 patients with anti-NMDA
receptor encephalitis (antibody positive) who received some form
of MRI/PET imaging (excluding individual case reports and case
series with <5 patients); (3) Reported on any of the following forms
of brain imaging in the anti-NMDA patients (specifically – not as
part of a larger group including other diseases): (a) frequency of
MR/PET changes (including differences between age groups/sexes
etc), (b) nature of MR/PET findings, when findings are present
(including details of MR data collected – such as conventional
structural imaging, diffusion weighted imaging (DWI), MR spec-
troscopy, and/or perfusion MRI), (c) Sensitivity/specificity of MR/
PET findings, (d) implications for any MR/PET finding on prognosis;
(4) Available in full text.

SB/KF/DW used a standardized form to complete eligibility
determination, quality analysis and data extraction in duplicate.
A search of the reference lists of the included articles was
conducted to assess for further studies that may fulfil the inclusion
criteria. Questions adapted from QUADAS-2 were used to assess
the quality of the included articles [6].
3. Results

The initial searches returned a total of 1534 results. After title/
abstract review 78 articles were viewed in full-text, resulting in 43
studies fulfilling the inclusion criteria. The reference lists of these
articles were searched for further studies that may fulfil the inclu-
sion criteria, yielding a further 17 studies to be included, resulting
in the total of 60 included studies (see Fig. 1). Of these, 56 of the
studies presented relevant data on MRI [2,3,7–60] (see Supplemen-
tary Information 1 – and Lagarde et al. and Wegener et al. in
Supplementary Information 2) and four of the studies presented
relevant data on PET scans (see Supplementary Information 2)
[61–64].

The majority of the included studies that presented MRI data
were not conducted with the primary aim of assessing MRI find-
ings. Instead, the MRI findings were presented as a component of
the workup of patients with anti-NMDA receptor encephalitis
being assessed for another reason. Accordingly, there were com-
mon limitations including a lack of information regarding when
in the disease course the MRI was obtained, whether treatment
had been commenced prior to MRI, the range of data acquired,
and the number and blinding of assessors who evaluated the MRIs.
The studies involving PET often provided more information regard-
ing the timing of scan and blinding of assessors to clinical status.
However, these studies were generally limited by small sample
sizes, likely due to the expense of the PET modality and rarity of
anti-NMDA receptor encephalitis. All studies used cerebrospinal
fluid antibody positivity, and/or serum antibody positivity, in
patients with consistent clinical presentations, as the reference
standard for anti-NMDA diagnosis. Neither MRI nor PET studies
reported on the specificity of any particular aspects of their imag-
ing abnormalities. The frequency of abnormalities (number of
cases with abnormal scans divided by the number with the disease,
as confirmed by antibody positivity, in patients who received the
investigation) discussed below may be viewed as a surrogate of
sensitivity of the technique.

3.1. Studies reporting on MRI

3.1.1. Frequency of MRI abnormalities
Fifty-six of the included studies presented findings regarding

the frequency of abnormal MRI findings in anti-NMDA receptor
encephalitis [2,3,7–60]. Several of these studies reported the
frequency of abnormal MRI findings in clinical subsets of anti-
NMDA receptor encephalitis, such as those presenting with con-
current ovarian teratoma or presenting with status epilepticus
(which may influence MRI findings). Thirty-five studies reported
the frequency of abnormal findings on MRI in all patients with
anti-NMDA receptor encephalitis (rather than a subset) [2,3,7–
9,11,18–22,24–27,29–32,34,36,37,42,44,46,48,49,53–55,57,61–63].
Of these studies the highest abnormal MRI frequency reported was
83.3% (n = 12)[2] and lowest was 11.1% (n = 9 and n = 44) [3,54].
Collectively, in the acute phase (if specified) these studies assessed
a total of 1167 patients and found 440 abnormal MRIs (37.7%,
35.0–40.5 95%CI).

There were a number of studies that focused solely on paedi-
atric cases (defined as �18 years of age) of anti-NMDA receptor
encephalitis, or presented paediatric cases separately to adult
cases. Excluding studies that presented a clinical subset of anti-
NMDA patients (for example specific presentations or admission
to ICU) there was a total of 242 paediatric cases presented.
Eighty-four of these presented cases were reported to have an
abnormal MRI (34.7%, 29.0–40.9 95%CI) [2,3,7–9,18,19,21,22,24–
27,29,31,32,34,42,43,55,57,61]. If cases with only those >18 years
of age are assessed this provides 92 abnormal MRIs from 198
patients (46.5%, 39.7–53.4 95%CI). Note that adding the paediatric
cases to the adult cases will not provide the total number of cases
because there were some studies presented results in such a way
that it was not possible to separate paediatric results from adult
results.

As indicated above, one common limitation was that studies did
not provide an indication of the stage of the disease, or how long
since symptom onset, MRIs were conducted. However, there were
several studies that presented results from multiple MRIs of each
individual throughout the time course of the disease. Iizuka et al.
(46.7% vs 33.3% 3–70 months later, n = 15) and Kamble et al.
(60% vs 10% uncertain duration of time before follow-up MRI,
n = 10) showed that the number of MRI abnormalities decreased
after the acute stage of the disease [26,27]. However, this was
not a consistent finding, with Hacohen et al. (15% vs 31% 6 months
later, n = 13) and Holzer et al. (12.5% vs 50% uncertain duration of
time before follow-up MRI, n = 8) reporting a higher frequency of
abnormal MRIs later in the disease [21,23].

3.1.2. Nature of MRI abnormalities
Forty-one studies reported on the nature of MRI abnormalities

in patients with anti-NMDA receptor encephalitis [2,7–10,
15–18,23–27,30–41,46,47,49–52,54–57,59–61,63,65]. The degree
of anatomical precision in the reporting of the abnormalities
varied, with some studies classifying all abnormalities as either
temporal or extra-temporal rather than isolating the specific



Fig. 1. Diagram demonstrating the results from a systematic search for articles reporting on MRI or PET findings in anti-NMDA receptor encephalitis.
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region affected. The most commonly reported abnormalities were
T2/FLAIR hyperintensity in the temporal lobes (reported in 91
cases), of which 53 were reported as medial temporal lobe. Cortical
grey matter changes were reported in the same number of patients
as subcortical white matter changes (42 patients respectively). The
frontal lobes (25), hippocampus (25), periventricular region (19)
and cerebellum (14) were also frequently reported as sites of
hyperintensity. Other sites that were reported to demonstrate
T2/FLAIR hyperintensity included the basal ganglia (11), the insula
(9), the brainstem (8) and thalamus (7). See Figs. 2 and 3 for a case
demonstrating T2/FLAIR hyperintensity in anti-NMDA receptor
encephalitis. Atrophy seen on MRI was also commonly described
in a general diffuse pattern (7). However, there were two instances
in which temporal atrophy and one case in which hippocampal
atrophy were described. The most common pattern of contrast
enhancement was leptomeningeal enhancement (25), followed
by cortical enhancement (19). DWI changes were infrequently
reported (4 studies), the most common site of which were the tem-
poral lobes (3 patients). In all of the cases with reported DWI
abnormalities, these diffusion changes were accompanied by T2/
FLAIR abnormalities. No studies described abnormalities on
susceptibility-weighted imaging.
Figs. 2 and 3. Coronal FLAIR demonstrating increase in T2 signal at the hippocampi
(white arrows) and subtle signal through parts of the cerebral cortex (black arrows)
in a case of anti-NMDA receptor encephalitis.
Finke et al. used MRI to assess structural changes, functional
connectivity and diffusion tensor abnormalities in 24 patients with
confirmed anti-NMDA receptor encephalitis and a group of 24 sex
and age-matched controls [17]. This study identified significant
findings including decreased hippocampal connectivity and altered
white matter fractional anisotropy, particularly affecting the cin-
gula, in the anti-NMDA group. These changes correlated with
memory dysfunction and disease severity respectively and would
not have been detected with standard MRI [17].
3.1.3. Prognostic implications of MRI findings
Few studies assessed correlation between different MRI fea-

tures and disease prognosis. The most notable MRI finding in terms
of prognosis, reported by Iizuka et al., was that cerebellar atrophy
was associated with poor outcome in both of the patients in which
it was observed in their cohort (p = 0.01, 2 out of 2 vs 0 out of 13
patients) [26]. This cerebellar atrophy is progressive and non-
reversible. Conversely, Iizuka et al. found that diffuse cerebral atro-
phy was reversible. This diffuse cerebral atrophy was associated
with hospital length of stay (p = 0.002, median 11.1 vs 2.4 months),
requirement for ventilation (p = 0.04, 5 out of 5 vs 4 out of 10
patients) and serious complications (p = 0.004, 4 out of 5 vs 0 out
of 10 patients). Another study that included an assessment of prog-
nosis based upon MRI, by Gabilondo et al., found no significant
association between frequency of MRI abnormalities and likeli-
hood of relapse of anti-NMDA receptor encephalitis (n = 25) [20].
3.2. Studies reporting on PET

3.2.1. Frequency of PET abnormalities
In all four studies that used PET it was found that all anti-NMDA

receptor encephalitis patients had abnormal FDG-PET scans
[61–64]. For example, Leypoldt et al. found that all six anti-
NMDA receptor encephalitis patients in their study had abnormal
FDG-PET scans in the active phase of the disease relative to con-
trols. This was compared to 2/6 anti-NMDA receptor encephalitis
patients having abnormal MRI [62]. In all three of the studies in
whichMRI results were presented in addition to PET findings, there
were multiple individuals who had normal MRI that demonstrated
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abnormalities on PET (4/6 in Leypoldt et al., 4/6 in Lagarde et al.
and 3/6 in Wegner et al.) [61–63].
3.2.2. Nature of PET abnormalities
Commonly reported abnormalities in the four FDG-PET studies

in the active phase of the disease included frontal and temporal
hypermetabolism, and parietal and occipital hypometabolism. For
example, in a sample of six anti-NMDA receptor encephalitis
patients Wegener et al. identified a predominant pattern of fron-
totemporal hypermetabolism and parietal hypometabolism [63].
This was statistically significantly different from the control group
(p < 0.005). Similarly, Leypoldt et al. reported that, when compared
to controls, patients with anti-NMDA receptor encephalitis showed
mesial temporal hypermetabolism, frontobasal hypermetabolism
and occipital hypometabolism. Two composite measures of these
abnormalities (fronto-occipital ratio and temporo-occipital ratio)
were statistically significantly different from the control group
(p < 0.001) [62].

Sedating medication may contribute to cerebral hypometabo-
lism on PET studies and have the potential to confound results.
Two of the four PET studies (Lagarde et al. and Leypoldt et al.) were
reported to have had scans performed without sedation [61,62].
While it is not stated in the Leypoldt et al. publication itself, in
the Wegener et al. paper it is reported that personal communica-
tion with the authors of Leypoldt et al. indicated that no sedation
was required in the Leypoldt et al. study [63]. This is in contrast
to Wegener et al. in which 5/6 patients required propofol sedation
to minimize movement artefact [63]. In Yuan et al. use of sedation
was not explicitly reported [64].

In the studies that provided serial or follow-up FDG-PET it was
observed that disordered cerebral glucose metabolism improved
with the resolution of the disease. For example, in Lagarde et al.,
with a median 5-month follow-up FDG-PET there was improve-
ment in hypometabolism in the 5 patients who had clinically
improved [61]. The one patient who had clinically worsened
demonstrated further deterioration of regional glucose hypometa-
bolism. Yuan et al. also identified this pattern of glucose metabo-
lism normalization in anti-NMDA receptor encephalitis patients
who had scans at different points in their disease course [64]. In
the acute phase of the illness frontal hypermetabolism and
occipital hypometabolism were identified. Following this phase,
in the early recovery phase, diffuse cortical hypometabolism was
noted. Normalization of metabolism occurred in the late recovery
phase [64].
3.2.3. Prognostic implications of PET findings
Only one study reported specifically on the prognostic value of

PET. Wegener et al. found that there were no consistent results
regarding FD-PET results in anti-NMDA receptor encephalitis
patients and impairment as indicated by the modified Rankin Scale
(mRS) [63].
4. Discussion

Anti-NMDA receptor encephalitis is one of the most common
forms of autoimmune encephalitis that, although potentially
treatable, may be complicated by delayed diagnosis. Given the
frequency of apparently normal MRIs, it is clear that a negative
MRI should not be a reason to discount a possible diagnosis of
anti-NMDA receptor encephalitis. The studies assessing PET in
anti-NMDA receptor encephalitis indicate that this technique
may be able to detect abnormalities in cases in which MRI studies
are normal. Accordingly, further investigation of this method of
imaging may be appropriate to facilitate timely diagnosis.
The restriction of this review to published articles meant that
published conference or poster abstracts were excluded. However,
some of these published abstracts have reported interesting
results. One published abstract on this topic has previously
reported that visual cortex hypometabolism on PET may distin-
guish anti-NMDA receptor encephalitis from other causes of
autoimmune encephalitis [66]. It has also been reported that dif-
ferent patterns of FDG-PET uptake may be observed with different
causes of anti-NMDA receptor encephalitis [67].

In terms of an approach to neuroimaging in suspected anti-
NMDA receptor encephalitis there are several practical considera-
tions that should be noted. For example, it should be remembered
that MRI, even if no abnormalities are demonstrated, has an impor-
tant role in excluding differential diagnoses. Also, while PET may
reveal positive findings in the absence of MRI abnormalities, the
current diagnostic criteria requires antibody detection, in addition
to consistent symptomatology, for a definite diagnosis of anti-
NMDA receptor encephalitis [1]. Therefore PET positivity, in the
absence of detectable antibodies, leaves a differential diagnosis
including other forms of encephalitis, vasculitis and metabolic
disturbances. In such instances a brain biopsy may need to be
considered.

This review is limited by the exclusion of non-English articles.
No formal assessment of publication bias was conducted. The fre-
quent inability to determine how long following the onset of
symptoms MRI scans were performed, and whether treatment
had been initiated before the scans, limits the generalizability of
the results of the review. Similarly, the inability to standardize
the treatments received prior to PET scanning may have influenced
study results. In particular, the use of sedative or anaesthetic drugs
in mechanically ventilated patients could substantially confound
PET findings.

Future studies should aim to standardize (as far as possible) and
report the duration of time from symptom onset that each scan is
taken and the treatments provided before each scan. Larger sample
sizes, in particular for PET studies, would also be beneficial. Areas
in which further investigation may be warranted include the use
of functional connectivity assessment in the acute phase of the dis-
ease and the specificity and sensitivity of PET findings in the
diagnosis of anti-NMDA receptor encephalitis.

5. Conclusion

Over half of MRIs performed in anti-NMDA receptor encephali-
tis show no abnormalities. When abnormalities are present, typical
features may include T2/FLAIR hyperintensity of the medial tem-
poral lobe, frontal lobe subcortical white matter and periventricu-
lar region as well as leptomeningeal and cortical contrast
enhancement. Progressive cerebellar atrophy on MRI is a poor
prognostic marker. FDG-PET has been assessed in a few small
studies and can demonstrate abnormalities in cases where MRI
does not. Typical findings on FDG-PET in the acute phase of the
illness may include fronto-temporal hypermetabolism and
occipito-parietal hypometabolism.
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