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Abstract
Introduction In the diagnostic assessment of autoimmune encephalitis (AE) associated with antineural antibody (Ab) imag-
ing with 18F-fluorodeoxyglucose (FDG), positron emission tomography (PET) was initially only used to screen for occult 
malignancies in paraneoplastic cases. Today accumulating evidence also supports the use of PET imaging for the objective 
assessment of metabolic changes in the brain of patients with AE. On the other hand, magnetic resonance imaging (MRI) 
of the brain reveals a variable picture depending on the specific syndrome and associated antibody, and may be normal in a 
sizable proportion of patients.
Acquisition of evidence Among all the articles retrieved, we selected only studies and case series describing 18F-PET/CT, or 
multimodal imaging assessments (with both PET/CT and MRI performed in the same patient) on at least five patients with 
AE confirmed by the presence of antineural Ab. Studies describing MRI but not PET/CT findings on at least 20 cases were 
also included to strengthen the morphological considerations.
Summary of evidence We summarize the findings in the literature, commenting on studies involving the use of FDG-PET/CT 
in patients with AE, focusing on the added value and unsolved issues of using FDG-PET as opposed to MRI, and discussing 
them in the context of the available diagnostic criteria for AE. We also describe neuroimaging (PET and MRI) differences 
between AE with Ab against surface antigens vs AE with Ab against intracellular antigens. The timing of neuroimaging after 
the onset of symptoms is also considered.
Conclusions From a systematic review of the literature, it seems that some specific metabolic patterns correlate with the 
presence of specific Ab, such as a cerebral posterior hypometabolism in anti-NMDAR encephalitis, and a mesiotempo-
ral hypermetabolism (associated with hyperintensities and swollen structures on MRI T2) in encephalitis with LGI1 and 
onconeural Ab. To ascertain the prognostic value of FDG-PET and its role in driving therapy, larger (preferably longitudinal) 
studies are needed on age-matched, untreated patients with the same Ab status, who undergo imaging at a similar time after 
the onset of their symptoms. This would enable a systematic correlation between MRI and FDG-PET findings, and help to 
clarify a number of unsolved clinical and technical issues.
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Introduction

Autoimmune encephalitis (AE) is a spectrum of disorders 
characterized by inflammation involving brain structures, 
sometimes triggered by a neoplasm outside the central nerv-
ous system via immunological mechanisms. The clinical signs 
of AE vary. The temporal lobes are often involved, leading to 
epileptic seizures, memory deficits, and psychiatric symptoms. 
This form used to be recognized as the typical picture of limbic 
encephalitis [1]. More recently, other forms of AE have been 
described as involving extratemporal structures, and appearing 
with motor disorders, ataxia, dysautonomia, coma or hypoven-
tilation, for instance [2].

At first, antibodies (Ab) targeting intracellular neuronal 
antigens (“onconeural Ab”, e.g., Hu or Ma2-Abs) were 
recognized as highly specific markers in classic paraneo-
plastic AE. Later, Ab against neuronal membrane anti-
gens (e.g., synaptic proteins like N-methyl-D-aspartate 
receptor, NMDAR) were described in AE that were fre-
quently not paraneoplastic and that were more respon-
sive to immunotherapy [3]. A pathogenic role has been 
clearly established for some of these “neuronal surface 
Ab” (NSAbs) [2].

Despite the growing number of Ab being identified, a care-
ful search of Ab may still prove negative in a proportion of 
patients with AE: this may be because of the presence of an Ab 
that has yet to be characterized, or due to the limited accuracy 
of Ab detection techniques. Such patients are usually termed 
“autoantibody-negative” or “seronegative”.

The diagnostic assessment of patients suspected of hav-
ing AE relies on clinical and paraclinical data coming from 
Ab detection, cerebrospinal fluid (CSF) analysis, electro-
encephalography (EEG), and neuroimaging [4]. Magnetic 
resonance imaging (MRI) of the brain can reveal a variable 
picture, depending on the specific syndrome involved (e.g., 
limbic encephalitis) and the associated Ab, but brain MRI 
can be normal in a sizable proportion of patients [5]. Meta-
bolic imaging with 18F-fluorodeoxyglucose (FDG) positron 
emission tomography (PET) was initially used only to screen 
for occult malignancies in paraneoplastic cases. Nowadays, 
thanks partly to its widespread availability in clinical practice, 
accumulating data also support the use of PET imaging in 
the objective evaluation of metabolic changes in the brain of 
patients with AE.

This review aims to summarize the available data on the 
structural and metabolic neuroimaging findings in patients 
with AE, highlighting the most often recognized patterns, their 
correlation with Ab, and their role in clinical practice.

Acquisition of evidence

We searched the PubMed (https ://www.ncbi.nlm.nih.
gov) PMC, Google Scholar, and Medline databases (as at 
December 2017), using the following as both text and as 
MeSH (Medical Subject Headings) terms: “positron emis-
sion tomography—PET”, “PET/CT”, “PET/MRI”, “MRI”, 
and “autoimmune encephalitis”, “limbic encephalitis” and 
“paraneoplastic encephalitis”. No language restriction was 
applied to the search, but only articles in the English lan-
guage were reviewed. Among all the articles retrieved, we 
selected only studies and case series describing assessments 
involving functional imaging (18F-PET/CT) or multimodal 
imaging (with both PET/CT and MRI performed in some 
patients) conducted on at least five patients, and with AE 
confirmed by the presence of antineural Ab. The articles 
were few enough to be discussed separately by the main Ab 
reported in the paper:

• Studies against surface antigens (Table 1) divided into 
three sections: (1) studies concerning anti-NMDAR Ab; 
(2) those concerning anti-VGKC complex Ab (anti-LGI1 
and CASPR2 Ab); and (3) those concerning mixed/uncom-
mon/undefined superficial Ab;

• Studies against intracellular antigens (Table 2).

Studies describing evidence acquired on MRI but not on 
PET/CT, with confirmed AE (positivity for antineural Ab), and 
at least 20 cases were also included to strengthen the morpho-
logical considerations.

Summary of evidence

We summarize the findings in the literature by selecting the 
studies that involved the use of FDG-PET/CT in patients 
with AE, and focusing on the added value of using FDG-
PET vis-à-vis MRI, and any still unsolved issues relating 
to the former. We discuss these aspects in the context of 
the available diagnostic criteria for AE. We also describe 
the differences in the neuroimaging findings (PET and MR) 
between AE associated with Ab against surface antigens 
(Table 1), and AE associated with Ab against intracellular 
antigens (Table 2).

Where possible (details of this aspect were frequently 
imprecise and variable), the timing of the imaging studies after 
the onset of a patient’s signs and symptoms is also considered 
in the discussion.

https://www.ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov
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18F‑FDG‑PET and MRI in AE

Diagnostic criteria for AE and PET

The criteria for diagnosing autoimmune encephalitis 
proposed by Zuliani et al. [3] relied mainly on Ab test-
ing. This meant potential delays in the start of treatment, 
which may significantly affect a patient’s final outcome 
[3]. For this reason, a group of experts led by Francesc 
Graus published a position paper in 2016 suggesting the 
need for a new syndrome-based diagnostic approach to 
AE. The aim was to provide an earlier diagnosis of “pos-
sible AE” and thus enable immunotherapy to be started 
without delay [4]. The criteria proposed by Graus et al. 
were based on:

1. the reasonable exclusion of alternative causes;
2. a subacute onset of working memory deficits, altered 

mental status, or psychiatric symptoms;
3. conventional neurological evaluation and standard diag-

nostic tests (i.e., MRI, CSF, or EEG).

Accordingly, MRI abnormalities such as T2-weighted 
fluid-attenuated inversion recovery in the bilateral medial 
temporal lobes were the imaging-based criteria used to 
support a hypothesis of possible AE. In this setting, FDG-
PET was defined as a suitable tool for fulfilling the MRI 
positivity criterion in patients with limbic AE. Although 
FDG-PET was acknowledged as having a potentially 
greater sensitivity in mesiotemporal lobes (MTL) appear-
ing normal on MRI, its inclusion in the flowchart was 
less clearly defined. Now, despite an increasing body of 
evidence to support its use [29], our systematic review of 
the pertinent literature confirms that available data on the 
use of FDG-PET in the diagnosis of AE still derive from 
retrospective studies or case series that:

1. involved relatively small groups of patients (ranging 
from 6 to 61 patients in studies concerning Ab against 
surface antigens, and from 10 to 53 patients in studies 
on paraneoplastic patients with Ab against intracellular 
antigens);

2. included patients found positive for Ab targeting dif-
ferent neuronal antigens, such as intracellular Ab (Ri, 
Hu, Yo, cv2/CRMP5, amphiphysin, Ma1, Ma2, SOX1, 
GAD), and surface Ab (VGKC complex: LGI1 and 
CASPR2, GABA-B, NMDAR, AMPA1, AMPA2), 
among others;

3. systematically used MRI and FDG-PET in all patients, 
in only a few cases;

4. included imaging studies performed at very different 
times in the course of the disease (i.e., at the baseline 
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and after therapy, or over a very broad time span ranging 
from days to years);

5. relied in the majority of cases on a simple visual inspec-
tion of the FDG-PET findings (very few studies included 
any semiquantification of the findings, mainly using sta-
tistical parametric mapping or three-dimensional stereo-
tactic surface projections);

6. the possible pharmacological interactions (e.g., a num-
ber of patients underwent PET under propofol narcosis 
in Wegner et al. [6].) at the time of imaging were either 
totally disregarded, or given very little consideration.

Metabolic (PET) and morphological (MRI) patterns

We identified 24 studies matching our inclusion criteria. 
Studies involving homogeneous groups of patients were only 
available for AE associated with anti-NMDA receptor Ab (6 
studies; the largest multimodal study included 10 patients, 
the largest MRI-only study involved 106 patients), or with 
anti-VGKC complex (5 studies; the largest multimodal study 
concerned 18 patients, and the largest MRI-only study 42 
patients). Another six studies (including the largest pub-
lished study on FDG-PET in patients with AE) concerned 
patients with mixed, uncommon or undefined superficial Ab. 
Five more studies with both FDG-PET and MRI findings 
included patients with anti-Hu/Ta/Ma/Gad Ab, but more 
than 5 patients (n = 10) underwent FDG-PET in only one of 
these studies [26].

Tables 1 and 2 provide details of the sample size, mean 
age (or age range), associated Ab, clinical symptoms, PET 
and MRI findings, and time of neuroimaging acquisitions 
after the onset of symptoms, and during the course of the 
disease.

In this framework, the largest study involving both 
FDG-PET and MRI in patients with AE was published 
by Probasco et  al. in 2017 [18]. The authors compared 
the rate of abnormal metabolism identified on FDG-PET 
with the other paraclinical findings (EEG, MRI and CSF) 
in 61 patients with AE (57 of them underwent both MRI 
and FDG-PET; 32 were found seropositive). The FDG-PET 
scans obtained about 4 weeks after symptom onset were 
fused and projected onto predefined surfaces (three-dimen-
sional stereotactic surface projections) after anatomical 
standardization. Qualitative and quantitative analyses were 
performed using a commercially available software and find-
ings were compared with a database of over 250 age-strati-
fied healthy controls. Z scores were calculated for standard 
brain regions, and only the Z scores with a magnitude ≥ 2.00 
were interpreted as significant. FDG-PET was abnormal in 
85% of patients, and proved more sensitive than EEG, MRI, 
or routine CSF findings. Regional 18F-FDG hypometabolism 
was the most common finding (68.8%), while some patients 
revealed areas of both hyper- and hypometabolism (13.1%), 

and a few of them (3.3%) showed hypermetabolism alone. 
Compared with PET, MRI was positive in 39% of cases, 
while showing unspecific findings in about 61%. It is worth 
noting that the study was not homogeneous, however, since 
it included a significant number of patients with Ab against 
intracellular (21.8%) or undefined (12.5%) antigens.

A further study by the same group [9] included 29 
patients with AE (8 with anti-NMDA receptor Ab and 21 
with other types of AE), and aimed to compare the semi-
quantitative findings on brain FDG-PET in the acute phase 
of the disease in two subgroups of patients (unfortunately, 
no MRI findings were reported in this study). FDG-PET 
was abnormal in all patients with anti-NMDA receptor AE, 
usually showing medial occipital hypometabolism, alone 
or combined with hypermetabolism in other regions. This 
finding proved to be more typical of AE patients with anti-
NMDA receptor Ab (and especially those with the most 
severe neurological disabilities) than of cases with other 
subtypes of AE.

Similarly, Solnes et al. [19] retrospectively compared 
the proportions of patients found positive for AE on MRI 
vs FDG-PET during the initial diagnostic work-up of 23 
seropositive AE patients (again with a variety of Ab: 56.5% 
superficial; 34.8% intracellular; and 8.7% of uncommon anti-
gens). They found an abnormal pattern on semiquantitative 
analysis of FDG-PET images in 22/23 cases. In keeping with 
the other two larger studies, these Authors demonstrated that 
hypometabolism (particularly in the parietal and occipital 
lobes) was the most common finding. Here again, FDG-PET 
proved highly sensitive, i.e., it revealed an abnormal picture 
more frequently than MRI (the proportion of negative or 
unspecific findings on MRI was 56.6%, much the same as 
in the larger studies), particularly in cases of AE associated 
with anti-NMDA receptor Ab (5 patients, all with normal 
MRI findings).

These recent studies on larger samples than the previously 
published case series confirm the potentially greater sensi-
tivity of FDG-PET over MRI in the acute phase of AE. They 
also go to show that the pattern of MTL hypermetabolism 
seen in previous case series, and mentioned in the position 
paper published in 2016, might not be the most common 
metabolic alteration in AE [4, 5]. Hypometabolism can fre-
quently occur too, and both hypo- and hypermetabolism may 
be apparent beyond the boundaries of the MTL.

The FDG-PET pattern may be affected by the different 
autoantibodies involved, and the consequently paraneo-
plastic or other nature of AE. MTL hypermetabolism was 
reported in a homogeneous group of patients (n = 16) with 
anti-LGI1 Ab [12], in whom both MRI (68.7%) and PET 
(77.7%) revealed mesiotemporal abnormalities (mainly T2/
FLAIR hyperintensity or hypermetabolism, and frequently 
bilateral). PET showed unilateral hippocampal hyperme-
tabolism in 2/5 cases with negative MRI findings.
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MTL hypermetabolism was also demonstrated in 
a series of patients [5] with mixed Ab (against surface 
antigens in 50% of cases): 4/4 patients with Ab against 
intracellular antigens showed MTL hypermetabolism, 
while only 2/9 patients with Ab against surface antigens 
exhibited mesiotemporal hypermetabolism. The MRI find-
ings were similar (though the association was less evident 
than on PET): patients with Ab against intracellular anti-
gens showed mesiotemporal findings (hyperintensities) in 
75% of cases, while the majority (62.4%) of patients with 
superficial Ab did not. Seronegative patients were ran-
domly distributed across the two groups, probably under-
ling unknown Ab.

As for the MRI findings, several cases (57% [27], 85% 
[28], 50% [25], 80% [26]) support the idea of a more likely 
involvement of the mesiotemporal structures (swollen struc-
tures and T2/Flair hyperintensities) in patients with para-
neoplastic syndromes and Ab against intracellular antigens, 
rather than in non-paraneoplastic AE with Ab against anti-
NMDAR (16.6% [7], 0% [8], 16.6% [6], 37% [11]).

Among the cases of AE associated with superficial Ab, 
those with VGKC Ab seem to show mesiotemporal structure 
involvement on MRI (50% [5] 68.7% [12], 64.3% [13]) more 
frequently than cases associated with anti-NMDAR Ab. This 
impression is also supported (69% [16], 81% [17]) by MRI 
studies on larger populations.

Using serial MRI in cases of paraneoplastic AE associ-
ated with mixed Ab (including onconeural Ab), Urbach 
et al. [28] showed that swollen mesiotemporal structures 
became apparent within 3 months after the onset of symp-
toms in 85% of patients, and later on in only 15%. Three 
months after the onset of acute AE, the mesiotemporal 
structures seem to show progression of atrophy (a finding 
confirmed by larger studies in cases associated with super-
ficial Ab too [11, 16, 17],). The progression of atrophy of 
certain structures in a given AE subtype, and especially 
in limbic encephalitis, should be considered in longitu-
dinal imaging assessments (using PET), and partial vol-
ume effect should be corrected in the light of MRI [30], 
if available, to ensure robust visual and semiquantitative 
evaluations.

In this context, simultaneous PET/MRI acquisitions 
would provide an interesting opportunity to study the mor-
phological (T2-Flair, DWI,) and functional (18F-FDG, fMRI) 
features of AE at the same time (Fig. 1), and to correct for 
partial volume effects (PVE).

Changes in metabolism on PET depending on the time 
elapsing between symptom onset and imaging have rarely 
been studied in AE. We can guess from the work done by 
Yuan et al. [10], however, that different patterns could be 
expected at different timepoints, for AE associated with 
anti-NMDAR Ab at least. In the acute phase (5–6 weeks 
after onset), severe hypometabolism of the bilateral 

occipital lobes and hypermetabolism of the frontal lobe, 
temporal lobe, and basal ganglia has been described, 
while during the early recovery phase (9–13 weeks) it 
evolves into diffuse cortical hypometabolism (Fig. 2), 
with a relative hypermetabolism in the basal ganglia. 
Then a complete recovery phase (> 20 weeks) has been 
identified with metabolism returning almost to normal.

Metabolism: pathogenic hypotheses

Different hypotheses have been advanced to explain the 
hypermetabolism that occurs in patients with AE. In the 
MTL (or even elsewhere), hypermetabolism might be due to 
the underlying inflammatory process [31, 18, 32], to a direct 
interference related to the synaptic and neuronal properties 
of the Ab, or (in some patients at least) to seizure activity 
[33, 18, 34]. In this setting, the correlation between brain 
hypermetabolism and inflammation is supported by rising 
levels of inflammatory markers in the CSF of AE patients 
[26]. In one [31] of the few cases with a pathological exami-
nation conducted on the region corresponding to the hyper-
metabolism (a patient with anti-glutamic acid decarboxylase 
antibody-associated AE), there was evidence of microglial 
proliferation and perivascular lymphohistiocytic infiltrates. 
On the other hand, receptors or associated proteins, such 
as NMDA or GABA receptors that target ion channels may 
interfere directly with synaptic transmission and neuronal 
plasticity. Using rfMRI, Heine et al. [33] demonstrated a 
reduced functional connectivity in patients with AE associ-
ated with anti-NMDA receptor Ab, thus suggesting further 
potential underlying mechanisms. In this framework, assess-
ing metabolic connectivity by means of interregional corre-
lation analyses on FDG-PET findings might also be suitable 
for addressing any abnormal patterns of connectivity, but to 
the best of our knowledge no such analyses are available for 
patients with AE.

There is little support in the literature for any relation-
ship between seizure activity and brain hypermetabolism in 
patients with AE. To significantly affect brain metabolism, 
seizures should recur rapidly during the FDG uptake period 
[35]. EEG during FDG uptake is not easy to achieve in all 
clinical scenarios, but it would be the only way [36] to rule 
out multiple subclinical seizure activity as the cause of the 
hypermetabolism seen in AE. As far as we know, consistent 
data on this matter are still lacking.

While several studies tried to discuss the pathophysiologi-
cal grounds for hypermetabolism in AE, hypometabolism 
has been less directly addressed, and it remains unclear 
whether this results from functional or structural changes, 
or a combination of the two. It is also important to remem-
ber that hypometabolic PET patterns might also be related 
[26] to a generalized hypoactivity caused by paraneoplastic 
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syndromes or pharmaceuticals (corticosteroids or sedatives, 
for instance) administered to patients.

Finally, studies [37] aiming to explain the imaging dif-
ferences between cases of AE associated with Ab against 
intracellular vs superficial antigens have hypothesized:

• A cytotoxic T-cell effector mechanism for AE associated 
with intracellular Ab, which would induce inflammatory 
damage, and consequent tissue repair and gliosis, which 

in turn would lead to an increased energy turnover and 
FDG uptake;

• Antibody-mediated damage and a lesser T-cell involve-
ment for AE associated with superficial Ab (a mechanism 
that probably also differs between different superficial 
Ab).

Larger studies are needed on patient groups with the 
same Ab status, and with a systematic correlation between 

Fig. 1  MR and 18F-FDG-PET/MR of a VGKC (LGI1) patient: a T2 
weighted (Flair) MR (early after onset of symptoms) showing T2 and 
swollen temporomesial structures bilaterally; b, c 18F-FDG-PET/RM 
(Biograph mMR, Siemens, Erlangen, Germany) of the same patient 

3 months later showing slightly reduced bilateral T2 weighted (Flair) 
hyperintensities on MR (B) and clear mesiotemporal hypermetabo-
lism on 18F-FDG-PET (c) particularly intense on the right side

Fig. 2  Imaging results in a patient with anti-voltage-gated potassium 
channel (VGKC) antibody-associated limbic encephalitis. a 18F-FDG-
PET shows extensive left mesiotemporal hypermetabolism and a 
less severe hypermetabolism in contralateral medial temporal cortex 
(red arrows). Relative hypometabolism is evident in the left poste-
rior parietal cortex and in lateral frontal cortex in both hemispheres 

(yellow arrows). b MRI (Flair) depicts only mild left mesiotemporal 
hyperintensity (red arrow). Described findings are in agreement with 
the emerging evidence that both hypo- and hypermetabolism can be 
observed in patients with autoimmune encephalitis also outside the 
boundaries of the medial temporal lobes
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their MRI and FDG-PET findings, to shed light on such 
hypotheses.

Technical biases

From the technical standpoint, there are other relevant 
issues that still need to be clarified to support the inclusion 
of FDG-PET in the diagnostic work-up of patients with AE 
in clinical practice, including:

1. the need to systematically include a dedicated brain and 
whole-body acquisition in patients who undergo PET for 
paraneoplastic encephalitis;

2. the interference of ongoing treatments (corticosteroids 
and others);

3. the added value of normalization, semiquantification and 
partial volume effect correction (PVEc) vis-à-vis visual 
inspection of brain FDG-PET findings in patients with 
AE.

The detection of occult cancer in suspected paraneoplastic 
neurological syndrome (PNS) poses a diagnostic challenge. 
A recently-published systematic review and meta-analysis 
[38] aiming to assess the diagnostic performance of FDG-
PET for the detection of occult malignant disease responsi-
ble for PNS showed a very good diagnostic performance of 
FDG-PET in detecting malignancies responsible for PNS. 
The accuracy of FDG-PET was also unaffected by the pres-
ence of onconeural Ab or patients’ clinical characteristics. 
Whole-body FDG-PET is consequently often added to the 
paraneoplastic work-up of young and old AE patients when 
screening for malignancies (as PET/CT is more sensitive 
than CT alone). It generally adds no more than 20 min to 
the total time taken for the examination so a dedicated brain 
scan should be included in the same PET session. Brain scan 
could also be used to monitor response to therapy, or in the 
context of suspected recurrent disease [39].

Although this has not been investigated systematically, 
a generalized reduction in cortical metabolism was dem-
onstrated in brain tumor patients taking corticosteroids, by 
comparison with other brain tumor patients or normal volun-
teers [40]. On the other hand, two of the studies published by 
the Johns Hopkins group found no such differences in brain 
metabolism between patients who were or were not given 
corticosteroids 24 h before undergoing FDG-PET [18, 9]. 
The theoretically more frequent occurrence of a hypometa-
bolic pattern in patients with AE being treated with corti-
costeroids needs to be thoroughly explored to enable a more 
robust interpretation of PET findings. Fisher et al. [20] tried 
to address the regional effect of corticosteroid administration 
by comparing the effect on brain metabolism in patients with 
AE and in age-matched patients with oncological diseases. 
They found that no specific pattern of hypometabolism can 

be highlighted in either group. Further studies are needed to 
address the potential effects of corticosteroids, and possibly 
other pharmaceuticals too (such as sedatives), on FDG-PET 
patterns and sensitivity.

A systematic investigation of pharmacological interfer-
ences is closely connected to the role of semiquantitative 
approaches in AE patients. In the field of neurodegenerative 
diseases too, despite a huge amount of literature, studies 
have shown a very wide range of values for the sensitivity 
and specificity of FDG-PET. This variability has also been 
related to the different methods used to analyze the images 
(visual vs semiquantitative reading using different types of 
software) [41]. In patients with AE, as in other patients who 
undergo brain FDG-PET, a visual inspection by a trained 
neuroimaging physician should be the first step, taking all 
available morphological (MR) and functional (PET) infor-
mation into account. Although the use of semiquantitative 
measures to obtain an objective assessment is desirable, it 
may sometimes prevent the recognition of the actual disease 
pattern (coinciding with the patient’s clinical presentation). 
Using software for the semiquantification of FDG-PET find-
ings in patients with AE is also complicated by the fact that 
some automated approaches are unsuitable for identifying 
areas of hypermetabolism because they were developed for 
the purpose of diagnosing hypometabolic patterns in Alzhei-
mer’s disease [42]. Similarly, the potential bias introduced 
by the reference region used for intensity normalization is 
a crucial issue when dealing with AE too. In the field of 
neurodegenerative diseases, some authors have argued over 
how to interpret hypermetabolic clusters highlighted by 
voxelwise statistical parametric analysis: do they reflect a 
true hypermetabolism (due to neural inflammation or micro-
glial activation) or merely a less severe hypometabolism? 
This aspect, and how it relates to FDG-PET sensitivity and 
specificity in patients with AE, has never been systemati-
cally addressed. Despite the possible biases, it is nonetheless 
undeniable that—on a group basis at least—semiquantifica-
tion may enable a more precise identification of concurrent 
hypo- and hypermetabolic patterns, and a consequently more 
accurate correlation with neurological and cognitive symp-
toms in patients with AE [43].

Conclusions and clinical considerations

Neuroimaging is a fundamental aid in the diagnosis and 
management of AE.

In the early diagnostic phase, when approaching clini-
cal manifestations resembling AE, alongside laboratory and 
electroencephalographic data, brain MRI helps to differenti-
ate between AE and other diagnoses with a metabolic, toxic, 
infectious or neoplastic etiology [4, 44].
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In a variable proportion of patients, brain MRI shows 
specific alterations that depend on the clinical syndrome 
and related Ab. Limbic encephalitis with typical hyperin-
tensity of mesiotemporal lobes (MTL) is found associated 
with onconeural [27, 28], LGI1 [45, 46], CASPR2 [47, 48], 
GABA-B R [49] and AMPAR [50] Ab. The involvement 
of extratemporal regions has also been reported, includ-
ing: brainstem and diencephalic involvement in Ma2 Ab 
encephalitis [25]; and multifocal cortical–subcortical T2/
fluid-attenuated inversion recovery abnormalities in GABA-
A Ab encephalitis [51]. In the context of LGI1 autoimmun-
ity, some patients with faciobrachial dystonic seizures show 
T1 and/or T2 hyperintensity in the basal ganglia [52].

While these specific patterns have been amply recog-
nized, a sizable proportion of patients reveal a normal pic-
ture or nonspecific findings on brain MRI [5]. That is why 
FDG-PET can improve the sensitivity of neuroimaging 
assessments in the diagnostic work-up. The greater sensi-
tivity of PET imaging over MRI in detecting pathological 
changes in AE has been widely reported [5, 6, 18, 19, 53]. 
As mentioned earlier, some specific metabolic patterns seem 
to emerge as correlating with specific Ab, such as the pos-
terior hypometabolism in anti-NMDAR encephalitis [8, 9]. 
Another typical pattern is MTL hypermetabolism in limbic 
encephalitis associated with LGI1 Ab [12] and onconeural 
antibodies [5, 26, 25], a condition seen much less frequently 
for anti-NMDAR AE.

In our view, when dealing with AE in the clinical set-
ting, using brain FDG-PET as a mandatory supplement to 
whole-body acquisition should aim to identify these specific 
patterns and correlate them with a patient’s clinical mani-
festations, rather than focusing on nonspecific focal areas 
of hyper- or hypometabolism. Recognizing these patterns 
could be particularly important in seronegative cases of AE, 
or when Ab detection methods complying with the criteria 
proposed by the international panel are unavailable [4].

In the diagnostic phase, brain PET imaging can also help 
AE to be differentiated from diseases with other specific 
metabolic patterns, such as rapidly neurodegenerative or 
prion diseases [14].

Neuroimaging has a role in monitoring the clinical course 
of AE as well. Increasingly consistent data from brain MRI 
imaging show an atrophic evolution of the hippocampal 
structures in limbic encephalitis associated with LGI1 Ab 
[17, 54], and onconeural Ab [28]. There have been reports 
of reversible cerebral atrophy (and irreversible cerebellar 
atrophy with a poor outcome) in NMDAR encephalitis [55], 
confirming a more likely functional than structural neuronal 
damage.

Finally, some case reports [39, 56], and series [10, 21], 
have highlighted the role of PET imaging in correlating 
metabolic changes with symptom severity and response to 
therapy. The study by Yuan et al. [10] associated various 

metabolic patterns with clinical course and Ab titers in 
NMDAR encephalitis. While comparing the lateral and 
medial occipital hypometabolism in NMDAR encephalitis 
with other types of AE, Probasco et al. found that this pat-
tern was more evident in patients with more severe disease.

To assess the prognostic value of FDG-PET, and its role 
in driving therapy, larger (preferably longitudinal) studies 
are needed in age-matched untreated patients with the same 
Ab status, who undergo imaging studies at much the same 
time after the onset of their symptoms. Only then, a sys-
tematic correlation between MRI and FDG-PET findings 
will help to clarify a number of still unsolved clinical and 
technical issues.
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