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Abstract

Autoimmune encephalitis encompasses a group of inflammatory disorders that are mediated by autoimmune mechanisms and

can lead to severe disability and even death. Early diagnosis and treatment are essential for improving clinical outcomes. However,

the diagnosis of autoimmune encephalitis in the clinical setting presents some challenges because of the diversity of clinical presen-

tations and the delay in obtaining antibody panel results. Conventional imaging techniques, including magnetic resonance imaging

(MRI) and positron-emission tomography (PET), may facilitate early diagnosis. This article reviews in detail the changes observed on

brain MRI and PET in patients with autoimmune encephalitis.
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Introduction

Autoimmune encephalitis encompasses a group of autoim-
mune-mediated inflammatory disorders, which are being increas-
ingly recognized in clinical practice [1,2]. Autoimmune encephalitis
is histopathologically characterized by the perivascular aggrega-
tion and infiltration of inflammatory cells, mainly lymphocytes, in
many brain regions. Although the underlying pathogenesis is un-
clear, T-cells, B-cells, and complement are thought to be involved
[3-6]. Autoimmune encephalitis is generally classified into two
categories: (i) classic paraneoplastic limbic encephalitis associ-
ated with the so-called well-characterized onconeural autoanti-

bodies against intracellular neuronal antigens (e.g. Hu and Ma2),

and (ii) newer types of autoimmune encephalitis associated with
autoantibodies to the neuronal surface or synaptic antigens [7]. An
intermediate form between these two categories also exists. Anti-
N-methyl-D-aspartate receptor (NMDAR) encephalitis is the most
common form among the newer types of autoimmune encephali-
tis, accounting for 79.7% of all cases of autoimmune encephalitis,
followed by anti-leucine-rich glioma-inactivated 1 (LGI1) receptor

encephalitis [8].

In recent years, the number of patients admitted to the inten-
sive care unit to be treated for autoimmune encephalitis has been

increasing [9]. These disorders place a higher financial burden on
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patients than do other types of encephalitis (e.g. herpes simplex
encephalitis) [10]. Autoimmune encephalitis may cause severe dis-
ability and even death [11]. Many researchers have investigated
various methods for the accurate diagnosis and timely treatment of
patients with autoimmune encephalitis [12-14]. It has been dem-
onstrated that the early initiation of immunosuppressive therapy
may improve clinical outcomes [15-19]. Because early diagnosis is
the basis of early treatment, the development of more accurate di-
agnostic examinations is imperative. The diagnostic criteria for au-
toimmune encephalitis include clinical features, laboratory results,
and auxiliary examination findings [20,21]. The clinical presenta-
tion of autoimmune encephalitis includes seizures, psychiatric
disorders, hallucinations, catatonia, paranoid thoughts, and behav-
ioral and mood disorders. These symptoms are heterogeneous and
nonspecific. Only about 50% of patients who undergo cerebrospi-
nal fluid analysis show mild-to-moderate lymphocytic pleocytosis
and increased protein concentration at the time of symptom onset
[20]. Antibody tests are confirmatory but may be negative in some
patients [22]. Furthermore, these tests are only available at special-
ized centers, and the results are obtained after several days. The
limited availability of antibody tests and the lengthy waiting period
for the results often delay diagnosis and complicate the treatment
of autoimmune encephalitis [23,24]. Abnormal neuroimaging find-
ings can provide clues to the central nervous system pathology,
prompting further diagnostic work up and treatment. In this re-
view, we focus on the neuroimaging characteristics of autoimmune

encephalitis.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is a relatively economical
and convenient auxiliary examination that is widely used in the
diagnosis and treatment of nervous system diseases. MRI abnor-
mality is one of the diagnostic criteria for autoimmune encephalitis
[20]. Brain MRI is not only an auxiliary diagnostic tool for autoim-
mune encephalitis but also plays a role in follow-up, monitoring,

and prognostic evaluation.

Autoimmune encephalitis is a type of limbic encephalitis medi-
ated by autoantibodies. However, it is now known that extra-limbic
structures can also be affected. The imaging findings characteristic
of various types of autoimmune encephalitis are distinct. Kamble.,
et al. [25] retrospectively analyzed the MRI results of 15 patients
with autoimmune neuronal synaptic encephalitis, including 9 pa-
tients with anti-NMDA antibodies, 4 patients with anti-TPO anti-
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bodies, and 2 patients with anti-VGKC antibodies. Both patients
with anti-VGKC antibodies had abnormal imaging findings, while
only 60% of the patients with anti-NMDA antibodies had abnor-
mal imaging findings. Among the four patients with anti-TPO anti-
bodies, one presented normal MRI findings, while the other three
patients exhibited diffuse brain atrophy. This suggests that the in-
cidence of MRI abnormalities differs among the various types of

autoimmune encephalitis.

The nature of the MRI changes associated with various types
of autoimmune encephalitis has previously been investigated.
Newey, et al. [26] evaluated six patients with anti-VGKC receptor
autoimmune encephalitis, all of whom had abnormal MRI findings.
Most of these patients had mesial temporal lobe hyperintensity on
T2-weighted/fluid-attenuated inversion recovery (FLAIR) images.
Anti-VGKC receptor autoimmune encephalitis may also manifest on
MRI as restricted diffusion in the hippocampus, anterior cingulate
gyrus, and insular cortex [25]. A study of patients with anti-NMDAR
encephalitis found that 50% of the patients had no abnormal MRI
findings and that the other half showed only nonspecific changes in
the grey and white matter [27]. Bacchi,, et al. [28] analyzed the MRI
abnormalities described in 41 studies of anti-NMDAR encephalitis.
They found that the most common abnormalities were hyperin-
tensity in the temporal lobe, usually in the medial region, on T2-
weighted/FLAIR images. The incidence of gray-matter changes in
the cerebral cortex was approximately equal to that of subcortical
white-matter changes. High signal changes were also seen in the
frontal lobe, hippocampus, periventricular region, and cerebellum
(Figure 1). Other affected structures included the basal ganglia,
insula, brainstem, and thalamus. Brain atrophy was seen on diffu-
sion-weighted MRI in two patients with temporal lobe atrophy and
one patient with hippocampal atrophy (Figure 2). Leptomeningeal
enhancement was the most common manifestation on enhanced
scans, followed by cortical enhancement. Pediatric patients with
definite autoimmune encephalitis also showed MRI abnormalities
within the limbic structures, especially the anteromedial temporal
lobe (56%) [29]. The deep white matter of the brain, rather than
the limbic system, was found to be most prone to MRI abnormali-
ties in patients with autoimmune encephalitis of non-neoplastic
etiology, especially those with anti-GABABR encephalitis [30].
Extra-limbic involvement has also been reported in patients with
anti-GAD antibody-associated autoimmune encephalitis [31]. T2-
weighted /FLAIR images revealed hyperintense mass-like lesions

in the left anterior superior frontal gyrus and the right temporal
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lobe. Involvement of the right internal and external capsules was
also detected. The lesions did not exhibit gadolinium enhancement.
Furthermore, an association between clinical manifestations and
MRI lesions was found during the treatment process. MRI revealed
enlargement of the lesions when the disease worsened and new
non-enhancing hyperintense lesions appeared on T2-weighted/

FLAIR images when the disease recurred [31].

Figure 1

Figure 2

At present, the etiology and pathophysiology of AIE remain un-
clear. Finke., et al. [32] conducted a case-control study of 24 pa-

tients with an established diagnosis of anti-NMDAR encephalitis
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and age- and gender-matched controls. They found significantly
reduced functional connectivity of the left and right hippocampus
in the patients with anti-NMDAR encephalitis as compared with
controls. In addition, diffusion tensor imaging revealed extensive
white-matter changes, which were most prominent in the cingu-
lum and were correlated with disease severity. However, they ob-
served no significant differences between patients and controls in
T1/T2-weighted structural imaging or gray-matter morphology.
Peer, et al. [33] observed alterations in functional connectivity, in-
cluding impaired hippocampal functional connectivity, decoupling
of the medial temporal and default-mode networks, and overall im-
pairment of frontotemporal connections, in patients with autoim-
mune encephalitis. These alterations were associated with memo-
ry impairment and schizophrenia-like symptoms. Szots., et al. [34]
examined structural and metabolic brain abnormalities in patients
with LGI1 encephalitis by using various MRI techniques, includ-
ing automated volumetry, diffusion tensor imaging, and magnetic
resonance spectroscopy (MRS). The results showed that the patho-
logical changes affected not only the temporomesial structures
but also the frontal lobes and the cerebellum. Global brain atrophy
and disintegration of the white-matter tracts were associated with
poor clinical outcomes among patients with LGI1 encephalitis. MRS
revealed lower levels of glutamine/glutamate in the white matter
in patients with LGI1 encephalitis than in controls. Notably, altera-
tions in functional connectivity may not only impair connectivity

but also increase connectivity [35].

Few studies have assessed the association between various MRI
features and disease prognosis. In a study of patients with anti-
NMDAR encephalitis, lizuka., et al. [36] reported that cerebellar
atrophy was progressive, irreversible, and associated with poor
long-term outcomes. However, diffuse cerebral atrophy without
cerebellar atrophy was reversible and not associated with poor
outcomes. Another study on patients with relapsing anti-NMDAR
encephalitis found that the incidence of relapse was not correlated
with the incidence of MRI abnormalities [37]. Further research is
needed to characterize the correlation between MRI changes and

clinical outcomes.

In studies of autoimmune encephalitis, the proportion of nor-
mal MRI scans varies widely [38,39]. Therefore, negative MRI find-
ings cannot be used as evidence to exclude a diagnosis of autoim-
mune encephalitis. Some studies have reported that the incidence

of positive MRI findings decreases after the acute phase of the
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disease [25,36]. However, other studies have described conflicting
results, i.e. the proportion of MRI abnormalities increases with dis-
ease progression [40,41]. Thus, it is necessary to continue to study
the MRI manifestations of various types of autoimmune encephali-

tis in different stages.

Positron-emission tomography

Positron-emission tomography (PET) functional neuroimaging
may help overcome the diagnostic limitations of MRI [42,43] by
improving the diagnostic sensitivity in autoimmune encephalitis
[44]. 8F-Fluorodeoxy-glucose PET (®F-FDG PET) is currently the
functional imaging method used most commonly in clinical prac-
tice for evaluating brain metabolism and this method is able to de-
tect abnormalities with greater sensitivity than MRI [26]. Solnes.,
et al. [45] retrospectively reviewed 23 cases of antibody-positive
autoimmune encephalitis to determine the rate of positive MRI and
18F-FDG PET abnormalities. They found that abnormalities were
more often observed on *®F-FDG PET than on MRI. The most com-
mon abnormality on brain ®F-FDG PET imaging was lobar hypo-
metabolism, which was most frequently observed in the parietal
lobe, followed by the occipital lobe. Although ®F-FDG PET is more
sensitive than MRI, not all autoimmune encephalitis patients have
positive PET scans. In one study, only 85% of patients were found
to have abnormalities on FDG-PET: hypometabolism in 69% of pa-
tients, hypermetabolism in 3% of patients, and both hyper- and hy-
pometabolism in 13% of patients [46]. Thus, the most common ab-
normality of brain metabolism in patients with antibody-positive

autoimmune encephalitis is hypometabolism.

Various metabolic abnormalities have been detected in patients
with autoimmune encephalitis. For example, patients with anti-
GAD receptor encephalitis have anomalies of brain metabolism
ranging from hypermetabolism in the basal ganglia and brainstem,
to bilateral hypermetabolism in the basal ganglia and mesial tem-
poral lobe with hypometabolism in the parieto-temporal lobe, to
cerebellar hypometabolism alone [18]. However, patients with an-
ti-NMDAR encephalitis have a common pattern of brain metabolic
changes: glucose hypermetabolism in the frontal and temporal
lobes and hypometabolism in the occipital lobes [47]. Furthermore,
the abnormal metabolic pattern is related to disease severity [48].
Novy, et al. [49] confirmed an anteroposterior metabolic gradient
and found a significant increase in FDG uptake in the caudate nu-

clei in patients with anti-NMDAR encephalitis. Yuan.,, et al. [50] re-

64
viewed the PET scans of patients at various stages of anti-NMDAR
encephalitis. They observed changes in anteroposterior metabolic
gradient and found that these changes in brain metabolism were
related to the clinical course and antibody level. In the acute and
subacute phases, severe hypometabolism was observed bilaterally
in the occipital lobes, with relatively mild hypermetabolism in the
parietal and frontal lobes, as well as the basal ganglia. Antibody
levels were also high during these phases. Extensive cortical hy-
pometabolism and low antibody levels were observed during the
early recovery phase. During the recovery phase, PET images were
almost within the normal range, and all antibody tests yielded neg-
ative results. The relapsing phase was characterized by heteroge-

neous abnormalities of brain metabolism.

Changes in brain metabolism have also been associated with
the severity of the clinical manifestations of autoimmune enceph-
alitis. Patients with mild catatonia had hypermetabolism in the
frontotemporoparietal regions and bilaterally in the basal ganglia.
However, patients with severe catatonia had more significant and
widespread hypermetabolic changes in the thalamus and brain-
stem. The extent of the hypometabolic changes did not markedly
differ among patients. This pattern suggests that the severity of
catatonia may be associated with hypermetabolism rather than hy-
pometabolism [51]. Upon recovery from autoimmune encephalitis,
brain metabolism returned to normal [48,52]. One study on pedi-
atric patients with anti-NMDAR encephalitis patients found that
changes in cerebral metabolism were related to clinical severity
and paralleled prognosis [43]. FDG-PET imaging has clinical appli-
cations in the follow-up evaluation and therapeutic monitoring of
patients with autoimmune encephalitis [53]. However, few reports
have evaluated prognostication based on FDG-PET in autoimmune
encephalitis and the utility of this technique in predicting the prog-

nosis of these patients remains to be determined [54].

Conclusion

In summary, autoimmune encephalitis may involve the limbic
system as well as extra-limbic structures. The clinical manifesta-
tions of autoimmune encephalitis are nonspecific and heterog-
enous. Although the imaging features of different types of auto-
immune encephalitis vary widely, some previous studies [36,44]
suggest that neuroimaging helps in detecting abnormalities early,
making an accurate diagnosis, determining disease severity, and

predicting prognosis.
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The existing studies on neuroimaging in autoimmune encephali-
tis are almost all retrospective studies with relatively small sample
sizes. Additional large-scale studies will be necessary to systemati-
cally evaluate the value of neuroimaging in the early diagnosis and
timely evaluation of therapeutic efficacy, as well as the prediction

of prognosis, in patients with autoimmune encephalitis.
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