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Abstract: With the increased availability of hybrid PET/MRI in recent years, this method is
increasingly used for neuroimaging in clinical practice. It combines the advantages of MRI (including
high-resolution imaging of intracerebral lesions and data provided from specialised MRI sequences)
with the benefits of PET, which visualises functional alterations in the brain, as well as assessing the
myelin quantity changes and the severity of inflammation. The use of PET/MRI may help to eliminate
the limitations of MRI indicated in imaging demyelinating inflammatory diseases (such as low
specificity in imaging demyelination and weak correlation of findings with clinical symptoms), as
well as insufficient sensitivity in detecting lesions present in encephalitis. In addition to supporting
the diagnosis of encephalitis, PET/MRI facilitates monitoring of the disease course and assessing the
treatment efficacy of inflammatory demyelinating diseases and encephalitis, as well as evaluating the
risk of multiple sclerosis relapse. Further multi-centre longitudinal studies are necessary to assess the
real clinical potential of PET/MRI among patients with inflammatory demyelination or encephalitis.
In addition to MS and AIE, these studies should also include other inflammatory demyelinating
diseases (ADEM, NMO, NMOSD, and MOGAD) as well as encephalitis of viral and parasitic
aetiology.

Keywords: PET/MRI; multiple sclerosis; inflammatory demyelination; AIE; encephalitis;
neuroimaging

1. Introduction

Considering the diagnostic challenges in encephalitis (especially in seronegative autoimmune
encephalitis (AIE)) - where it is not uncommon to find a normal magnetic resonance imaging (MRI)
scan [1], as well as the low specificity of MRI in identifying the severity of demyelination and the
activity of the inflammatory process and the poor correlation of imaged lesions with clinical signs in
inflammatory demyelination, the use of a hybrid positron emission tomography/magnetic resonance
imaging (PET/MRI) system may be of potential benefit to patients and clinicians [1-3]. This system
allows to combination of the advantages of PET (i.e., the high specificity in imaging areas of
demyelination, the possibility of assessing the severity of neuroinflammation, as well as detecting
areas of hypo- and hypermetabolism) with the high resolution of MRI. The purpose of our paper is
to evaluate the usefulness of hybrid PET/MRI in inflammatory demyelination and encephalitis in
aspects of the diagnosis and differential diagnosis of these diseases, exploring their
aetiopathogenesis, correlating imaging results with clinical symptoms, assessing the course of the
disease and its prognosis, as well as evaluating the effectiveness of the applied treatment.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods

PubMed, Web of Science and Scopus databases were searched using the combination (1) + (2) of
following keywords: (1): ‘PET-MRI" or ‘PET/MRI’; (2): ‘encephalitis’, ‘autoimmune encephalitis’,
‘parasitic encephalitis’, ‘viral encephalitis’, ‘inflammatory demyelination’, ‘multiple sclerosis’,
"ADEM’, 'NMCO’, ‘NMOSD’, ‘'MOGAD’. Our review includes studies published between 2004 and
2024 (until 01.10.2024). Papers that have not been published in English are excluded. We have
included relevant articles in order to assess the utility of hybrid PET/MR imaging among patients
with inflammatory demyelination and encephalitis as accurately as possible. Included papers were
original research studies or clinical case reports that used hybrid PET/MRI or specialised software
combining PET and MRI scans acquired from patients with inflammatory demyelination or
encephalitis of autoimmune, viral or parasitic aetiology. We analysed these articles in terms of the
diagnostic superiority of PET/MRI over other imaging modalities, its utility in monitoring the course
of disease, its ability to correlate clinical symptoms with imaged lesions, assessing treatment efficacy
and evaluating prognosis among patients with the mentioned diseases. We included data on:
comparison of the sensitivity and specificity of PET/MRI in the diagnosis of inflammatory
demyelinations and encephalitis with the sensitivity and specificity of other imaging modalities
(MRI, PET and CT separately); correlation of results from clinical severity scales with tracer uptake
levels in various brain areas; descriptions of the correlation of PET/MRI findings with patient
prognosis; correlation between tracer uptake in different brain locations with lesions detected with
MRI; as well as correlation between imaging results obtained with different tracers used on the same
patients.

3. Inflammatory Demyelinating Diseases of the Central Nervous System

Inflammatory demyelinating diseases are a heterogeneous group of disorders with an acute or
chronic inflammatory process underlying their aetiopathogenesis, which includes multiple sclerosis
(MS), neuromyelitis optica (NMO), and neuromyelitis optica spectrum disorders (NMOSD), acute
disseminated encephalomyelitis (ADEM) and myelin oligodendrocyte glycoprotein antibody-
associated demyelination (MOGAD) [4]. To our best knowledge, PET/MRI has primarily been used
in MS research, but its potential is also indicated in ADEM.

3.1. Multiple Sclerosis

MS is the most common non-traumatic cause of disability among young adults [5], with an
incompletely elucidated aetiology that takes into account complex interactions between genetic,
environmental and lifestyle factors [6]. Demyelination, central nervous system (CNS) inflammatory
lesions and axonal degeneration are observed in the course of the disease [7]. MRI is the main
diagnostic and monitoring tool for MS, which typically shows focal hypointense lesions on T1
sequences, while T2 and fluid-attenuated inversion recovery (FLAIR) sequences reveal hyperintense
lesions [2,3]. The use of ultrahigh-field MRI and advanced MRI techniques (diffusion tensor imaging
(DTI), magnetisation transfer imaging (MTI), diffusion-weighted imaging (DWI), and T2
relaxometry) may indirectly indicate demyelination [2,8], but these methods are not specific for
quantifying myelin changes, as they are influenced by other conditions such as the presence of
inflammatory infiltrate, oedema, intracellular and extracellular water or axonal damage [9]. A more
specific method for quantifying myelin alterations is PET using radioligands that bind to myelin. In
MS, PET can also be used to investigate the pathophysiology of CNS inflammation by utilizing
markers of microglial activation, as well as to assess neuronal dysfunction [10]. The combination of
PET and MRI in a PET/MRI hybrid system can provide a number of benefits by simultaneously
obtaining complementary anatomical and functional data from both modalities.

3.1.1. Demyelination
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Studies indicate that radiolabels such as [!'C]-labeled Pittsburgh Compound-B (["'C]PIB),
[®F]florbetaben and ['$F]florbetapir, which are used in the quantification of amyloid-p among
patients with Alzheimer’s disease [11], can also be used to quantify myelin content [12].

Studies using ['8F]florbetapir or ["C]PIB and PET/MRI found that lesions visualised in T1/T2
MRI sequences among MS patients had a lower distribution volume ratio (DVR) compared to the
DVR of the normal-appearing white matter (NAWM) of MS patients, as well as the white matter
(WM) of healthy subjects [9,13,14], with no such relationship found by Zhang et al. in lesions smaller
than 5 mm when comparing lesions of MS patients with NAWM [14]. Furthermore, the high intensity
of T2 lesions was associated with lower DVR, and parametric DVR maps were more sensitive in
imaging demyelination within smaller T2 lesions than parametric SUV maps. The lesions detected
were characterised by a centripetal decrease in radioligand binding also involving the NAWM 2-8
mm around the lesions [9,13-15]. Nevertheless, research (except Pitombeira et al. [15]) has shown no
differences between the averaged tracer uptake in the NAWM of MS patients and healthy subjects
[13,14], which appears to be in opposition to alterations detected outside of lesions using advanced
MRI techniques. However, it is worth noting that MRI techniques are not specific to alterations in
myelin integrity, and the results are also affected by factors such as axonal damage or microglia
activation present in the NAWM [9].

Although the study by Carotenuto et al. did not reveal gadolinium-enhanced (Gd+) lesions in
any patient [13], Bodini et al. emphasise that Gd+ lesions were characterised by intermediate tracer
uptake between the NAWM and the lesions observed in T2-weighted sequences, which may indicate
that these lesions are affected by earlier stages of demyelination than T2-weighted MRI lesions [9].

The results of studies associating the degree of demyelination in specific CNS locations with
clinical test outcomes are inconclusive. A study by Pitombeira et al. in 45 MS patients found that
reduced DVR 11C-PIB values in the MRI lesions, corpus callosum and caudatum were associated
with greater patient disability (as measured by Expanded Disability Status Scale (EDSS)) (Table 1.)
[15].

Table 1. Correlations between neuroinflammation and demyelination tracer uptake levels, derived from hybrid
PET/MRI in specific brain structures, with symptoms of disability and cognitive impairment in patients with
multiple sclerosis. (EDSS - Expanded Disability Status Scale; 9-HPT - Nine-Hole Peg Test; SDMT - Symbol Digit
Modalities Test; CVLT-II - California Verbal Learning Test II; BVMT-R - Brief Visuospatial Memory Test-
Revised; 25-FWT - 25-Foot Walk Test; EF/IPS - Executive Functions/Information Processing Speed; PASAT -
Paced Auditory Serial Addition Test; WLG - Word List Generation)).
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However, Carotenuto et al, in a study including 18 patients with relapsing-remitting MS
(RRMS), found that DVR ['$F]florbetapir values in T1 and T2 lesions did not correlate with clinical
test scores (including EDSS) except the Timed 25-Foot Walk (25-FWT) [13] (Table 1.). The authors
suggest that an explanation for the inconsistency in results may be the greater precision of the 25-
FWT test than the EDSS in detecting differences in patient disability. Conducted on 51 patients with
MS, the Campanholo et al. study using hybrid PET/MRI and 11C-PIB to assess myelin imaging as a
predictor of cognitive impairment and psychomotor speed revealed that data from advanced MRI
techniques indirectly quantifying myelin in tissues - magnetization transfer ratio (MTR) (evaluated
in the thalamus and corpus callosum) and DTI fractional anisotropy (FA) (in the thalamus and
caudate) corresponded to differences in patient’s cognitive status. DTI axial diffusivity (AD) and "'C-
PIB (DVR) in none of the regions studied were associated with cognitive function [16]. Only RRMS
patients showed an association between ""C-PIB and MTR uptake in certain areas and cognitive
function and psychomotor speed (Table 1.). Although Zhang et al. did not show a correlation between
the uptake of ['F]florbetapir, FA, Mean Diffusivity (MD), AD, Radial Diffusivity (RD) in lesions and
EDSS scores in the initial scan, they observed that a reduction in disability (decrease in EDSS) in a
follow-up scan of the same patients was associated with a decrease in the global demyelination index,
as well as a decrease in areas of demyelination in damaged white matter (DWM) lesions
demonstrated with ['8F]florbetapir [14]. The authors suggest that a better reflection of clinical severity
could be an assessment of remyelination, or the balance between demyelination and remyelination,
rather than an assessment of demyelination only.

Du et al. indicate that radiomic data obtained with hybrid PET/MR using ['$F]florbetapir may
help predict annual relapse rate (ARR) among patients with RRMS [17]. Their proposed multimodal
model based on deep-learning using radiomic data from PET/MRI predicted the risk of MS
recurrence with greater accuracy than single modality models based on PET or MR.

3.1.2. Neuroinflammation

Herranz et al. conducted a series of studies on the neuroinflammatory process in MS using
PET/MR (two of them also used 7T MRI) with the highly specific expression marker TSPO
(Translocator protein) - "C-PBR28 [18-20]. Patients with MS were reported to have a higher uptake
of the radiolabel in the whole brain, especially in the cortex and cortical lesions, as well as in the deep
grey matter (GM) and NAWM, compared to healthy subjects. In patients with secondary progressive
multiple sclerosis (SPMS), higher whole-brain uptake of "C-PBR28 has been observed compared to
those with RRMS. In SPMS, the frontal and parietal areas appeared to be the main areas most severely
affected by neuroinflammation, while in RRMS, the occipital and temporal regions showed greater
involvement [19]. Another study revealed increased neuroinflammation in cortical lesions (visualised
on T2*-weighted 7T MRI sequences) in both forms of MS, while abnormally high TSPO uptake in the
normal-appearing cortex was found only in patients with SPMS, which may suggest CNS
inflammation and disease progression [20]. There was also a higher percentage of active lesions in
SPMS (62%) than in RRMS (42%). Differences in the two forms of the disease were also observed by
analysing the correlations between q-T2* (whose increase is associated with greater demyelination or
iron loss) and "C-PBR SUVR (standardized uptake value ratio) in cortical lesions. In RRMS, a positive
correlation was observed much more frequently. In contrast, in SPMS, the surface area of negatively
correlated areas was larger, which the authors suggest could be related to inactive areas of chronic
demyelination or tissue regeneration. The intensity of microglia activation in WM lesions in MS was
relatively low. The reduction in cortical volume correlated with the severity of the
neuroinflammatory response in the thalamus, which may suggest the spread of cortical pathology to
the thalamus or the opposite.

The most recent of the studies, conducted on 49 MS patients, found that, in addition to the cortex,
increased TSPO uptake was also present in the meninges (SUVR "C-PBR measured approximately 3
mm above the surface of the pia mater), indicating a role for meningitis in MS pathogenesis [18].
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Interestingly, patients treated with second-line disease-modifying drugs did not show an increase in
TSPO signal in the meningeal and parameningeal tissue, which occurred in patients treated with first-
line drugs. The authors indicate that the severity of neuroinflammation examined by hybrid PET/MR
is related to the clinical symptoms of MS patients (Table 1.).

Barletta et al., using the same TSPO expression marker (1'C-PBR28) in PET-MRI and employing
7T MRI, demonstrated increased TSPO expression also in the cerebellum of MS patients [21].
Microglia activation, as measured by "C-PBR28 SUVR, was found to be higher in cerebellar lesions
compared to the whole cerebellum of healthy subjects, as well as the SUVR of the NAWM and
cerebellar normal appearing grey matter ((NAGM) of MS patients (even after exclusion of the
perilesional area) was higher than in the WM and cortical GM, respectively, of controls. Interestingly,
the presence or absence of treatment did not affect microglia activation. The intensity of microglia
activation in the cerebellum was also shown to be statistically significantly associated with the degree
of disability and cognitive impairment of patients (Table 1.).

Pitombeira et al., using PET/MR and two radiolabels - [''C]PIB and the marker of innate immune
cell activation - (R)-[""C]PK11195 (TSPO)) in opposition to previous studies found no significant
difference in the distribution volume (VT) of (R)-[""C]PK11195 in any of the VOIs (Volume of Interest)
tested between the MS patient group and the healthy subject group [15]. However, it should be noted
that the first-generation TSPO tracer used is a lower sensitivity and specificity tracer than "C-PBR2S,
and the study used a volume-based analysis with predefined anatomical regions, which may have
influenced the study results. However, the authors found diffusely increased uptake of TSPO in WM
in patients with SPMS compared to healthy subjects and lower uptake of TSPO in some regions of
WM in patients with RRMS compared to the healthy group. This study supports the correlation of
the severity of neuroinflammation with the severity of clinical symptoms (Table 1.). Due to the
observed lack of correlation between demyelination and innate immune cell activity in the anatomical
regions studied, the authors suggest that these processes may be independent, which may account
for the different disability profiles observed in patients with MS.

3.1.3. Summary

In conclusion, hybrid PET/MRI systems, thanks to the improved contrast between normal and
damaged brain tissue, the possibility to better identify areas affected by neuroinflammation and
demyelination, as well as the simultaneous provision of radiomic data from the two imaging
modalities, is a promising neuroimaging technique that may be helpful in relating patients’
disabilities and cognitive deficits, to specific regions of CNS neuroinflammation and demyelination,
as well as in predicting MS relapses, or in assessing treatment efficacy.

The severity of neuroinflammation imaged by PET/MRI within lesions detected on MRI in the
cortex, white matter and cerebellum, as well as in the whole cortex and cerebellum, NAWM, limbic
system structures and meningeal tissue may correlate with symptoms of cognitive impairment and
severity of disability in patients with MS. Highlighting the inconclusive nature of the studies
published to date, we indicate that findings suggest that, particularly in RRMS patients, lower uptake
of myelin-binding radioligand in T1- and T2-weighted MRI lesions, the corpus callosum and caudate
may translate into increased motor impairment, while a correlation between cognitive impairment
and increased demyelination in addition to these areas may also be observed in the thalamus, white
matter and cortex.

However, further longitudinal studies on larger groups of patients are required, which, in
addition to the processes of neuroinflammation and demyelination, will also take into account the
remyelination process. The direction of further research should also include evaluating the efficacy
of MS treatment with PET/MRI (including assessment of the severity of the inflammatory process
involving the meninges), and it may also be helpful to use two radioligands (both a marker of
demyelination and neuroinflammation - preferably second-generation TSPO) in the same patients to
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provide more insight into the pathogenesis of MS and to clarify the connections between these
processes.

3.2. Acute Disseminated Encephalomyelitis

ADEM is an acute demyelinating inflammatory CNS disease involving multifocal areas of the
WM, less commonly the GM and spinal cord, which typically shows a temporal association with
infectious disease or vaccination [22,23].

Zhang et al. first described the use of hybrid PET/MRI using '8F-florbetapir in imaging
demyelination in a patient with ADEM [24]. The authors observed a significantly lower SUVR within
the multifocal hyperintense lesions visualised on T2 FLAIR than on NAW), indicating
demyelination of these areas, which supported an accurate diagnosis of ADEM. PET/MRI was also
used to assess response to treatment, visualising a reduction of lesions’ hyperintensity and an
increase in SUVR within the DWM, but this was still lower than normal, suggesting incomplete
remyelination.

Lehaus et al. pointed out that PET/MRI using '$F-fluoro-ethyl-tyrosine (*F-FET), which is mainly
used in neurooncology, was helpful in the diagnosis of ADEM in a patient with MRI findings
suggestive of brain lymphoma [25]. Within the most extensive hyperintense lesion visible on MRI,
heterogeneous '8F-FET uptake was observed, while perivascular lesions showed low tracer uptake.

The above clinical case reports suggest that PET/MRI may be a useful diagnostic tool in ADEM
to assist in the differentiation of ADEM from other disease entities, as well as help assess the efficacy
of treatment. However, further studies on larger groups of patients are necessary to evaluate the real
benefit of using this method among patients with ADEM.

4. Encephalitis

Encephalitis is most often caused by a virus, with Herpes Simplex Virus (HSV) being the most
common. However, our review of the literature indicates that studies using PET/MRI have primarily
focused on autoimmune encephalitis, which has become increasingly recognized [26].

4.1. Autoimmune Encephalitis

AIE refers to a heterogeneous group of central nervous system disorders in which the immune
system generates autoantibodies that target neuronal surface antigens, synaptic receptors, and
intracellular proteins. AIE presents with a wide spectrum of neurological manifestations, including
cognitive impairment, motor dysfunction, psychiatric symptoms, epilepsy, and other potentially
irreversible sequelae [27,28]. In addition to blood serum and cerebrospinal fluid (CSF) analyses,
electroencephalography (EEG) and a clinical examination, neuroimaging plays an essential role in
diagnosing and guiding therapeutic decisions in cases of known or suspected autoimmune
encephalitis [27,29]. The most commonly employed imaging technique is brain MRL. While MRI is
the initial and most frequently utilised imaging modality within the AIE patient demographic, it may
manifest as normal or unremarkable in select patients [30]. Compared to traditional MRI, PET-MR is
perceived to exhibit enhanced sensitivity in evaluating intracranial lesions. The concurrent utilisation
of both methodologies can facilitate more expedient and precise diagnostic determinations [31].

Zhang et al., in their study using hybrid PET/MR, compared the diagnostic utility of 8F-DPA-
714 PET with conventional MRI in 25 AIE patients and assessed the correlation between TSPO PET
uptake and clinical features [27]. The study revealed a positive detection rate of 72% for AIE when
using '8F-DPA-714 PET, as opposed to 44% for conventional MRI. Despite these figures, the statistical
significance was not established. Among patients who showed alterations on PET as well as MRI, a
greater range of abnormalities was often observed on positron emission tomography than on MRI,
while in two patients, MRI showed lesions with a normal PET scan. Additionally, patients who
experienced seizures demonstrated significantly elevated mean SUVR in the cerebral cortex than
patients without seizures. In the group of 13 patients who underwent follow-up PET/MRI scans, 85%
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exhibited a reduction in 8F-DPA-714 uptake, which co-occurred with an improvement in symptoms
following immunosuppressive therapy. Similar observations were also described by Meng et al.,
who, using ¥F-DPA714 PET/MR in patients with seronegative AIE, found that 10/15 (67%) patients
showed lesions on PET, while only 3/15 (20%) patients revealed lesions on MRI [32]. In contrast, four
patients (27%) did not show lesions on either technique. The authors also found that increased tracer
uptake correlated with the Clinical Assessment Scale for Autoimmune Encephalitis (CASE) score.
Furthermore, the presence of ataxia was associated with a significantly higher SUVR in the
cerebellum than in patients without ataxia. In 50% (5/10) of patients, a decrease in tracer uptake was
found at follow-up. These findings indicate the potential usefulness of 8F-DPA-714 PET in
conjunction with MRI in the diagnosis of AIE (due to the complementary results of the two methods)
and in the control of treatment efficacy.

Deuschl et al. studied the use of '*F- fluorodeoxyglucose (**F- FDG)-PET/MRI for diagnosing
limbic encephalitis. Hybrid imaging detected abnormalities in 95% of patients (19/20), demonstrating
superior sensitivity compared to single imaging modalities: MRI at 80% (16/20) and PET at 50%
(10/20) [33]. Gallus et al. also highlight the diagnostic potential of ['®F]DPA-714 PET-MRI in
autoimmune limbic encephalitis [34]. The authors found that increased uptake of the microglial
activation tracer occurred asymmetrically in both mesial temporal lobes, with lateralisation of
increased uptake corresponding to mesial temporal lobe lesions on FLAIR-MRI and abnormalities on
the anterior temporal EEG.

A further study demonstrated the efficacy of FDG PET/MRI and PET/CT (computed
tomography) in supporting the diagnosis of AIE among children as well [31]. Aydos et al. conducted
a retrospective analysis involving six seronegative paediatric patients with a preliminary diagnosis
of autoimmune encephalitis, only two of whom (33%) presented abnormalities on a previous MRI
scan. The initial FDG PET and statistical parametric mapping method analysis findings were
abnormal in all patients, with four cases exhibiting only hypometabolism. All patients had metabolic
abnormalities in the temporal lobes. Additionally, visual and semiquantitative FDG PET findings
revealed hypometabolism in extratemporal regions. One patient exhibited a hypermetabolic pattern
in the right mesiotemporal lobe, while another patient demonstrated a mixed hypohypermetabolic
pattern, characterised by hypermetabolism in the left mesial temporal lobe and hypometabolism in
the left frontal, parietal lobes, posterior cingulate gyrus, and occipital lobe. Interestingly, the areas
affected on MRI scan (mesial temporal lobes) corresponded to areas of hypermetabolism on PET
imaging.

Simultaneous (F-FDG) PET/MRI was the sole factor facilitating the advancement toward a
diagnosis of seronegative AIE in the case described by Taneja et al. [35]. PET/MRI revealed increased
uptake of radiotracer in both temporal lobes and basal nuclei (caudate nuclei and putamen), while
the MRI component revealed a mild FLAIR and T2 hyperintensity affecting the bilateral medial
temporal lobes, including the hippocampus, as well as the bilateral basal ganglia and cingulate gyrus
with minimal gyral thickening/swelling.

Other cases of AIE have been reported in the literature in which PET/MRI using ®F-FDG and
18E-DPA-714 played a key role in diagnosis. The authors indicate that the use of hybrid PET/MRI can
increase diagnostic confidence in seronegative AIE cases [36]. They also describe patients with anti-
NMDAR [37], voltage-gated potassium channel antibody [38], anti-Mal and anti-Maz2 [39], anti-LGI1
[40,41], anti-CASPR?2 [40,42], against SOX1 [42], anti-GABA A receptor [43], and anti-DPPX [44].

In conclusion, employing a combined PET/MRI approach with quantitative analysis in cases of
potential autoimmune encephalitis may be a very effective method to support diagnosis.
Simultaneous PET/MRI offers an advantage over single-modality imaging techniques by combining
high-resolution anatomic and functional information from MRI with metabolic information from PET
within the same imaging session. The metabolic information derived from 8F-FDG or SF-DPA-71
PET has been demonstrated to be particularly beneficial in patients with inconclusive or negative
MRI results. The use of PET/MRI may also help to accelerate the diagnosis of AIE in seronegative
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patients. The observed abnormalities may also reflect clinical symptoms in patients with AIE and
may prove useful in monitoring the course of the disease.

4.2. Viral Encephalitis

There is a shortage of studies and clinical case reports exploring using hybrid PET/MRI in viral
encephalitis. To the best of our knowledge, the application of PET/MRI has been documented for
viral encephalitis caused by HSV and Human Immunodeficiency Virus (HIV).

Schillaci et al., using special software, obtained 8F-FDG PET/MRI images by overlaying images
from separately acquired PET and MRI scans of a patient with Herpes Simplex Encephalitis (HSE)
[45]. In addition to extensive areas of hypometabolism in the left temporal, parietal and occipital lobe
coinciding with areas of hyperintensities in T1- and T2-weighted images, a decreased uptake of
radiolabel in the left thalamus and striatum was demonstrated, which did not correspond with any
alterations on MRI. A focal increased *F-FDG uptake was also observed in the inferior left temporal
cortex, corresponding to a focal area of contrast enhancement in T1-weighted scans, which was
described as a focal inflammatory process with meningeal vasodilation indicating active viral
replication. The authors believe that the PET/MR images obtained may support the identification of
active foci of inflammation, as well as the assessment of the prognosis and treatment of patients with
HSE.

According to Pompanin et al., valuable data in terms of diagnosis, association of functional brain
alterations with clinical symptoms, as well as assessment of treatment response and prognosis '*F-
FDG PET/MRI can also be provided in patients with HIV encephalitis [46]. In a patient with
opsoclonus-myoclonus syndrome, the study showed extensive cortical hypometabolism (with
sparing of the sensory-motor cortex bilaterally) and increased glucose uptake in the cerebellum,
colliculus, red-nucleus and substance nigra, explaining the patient’s symptoms. At follow-up 4
months later, there was a decrease in glucose uptake in areas of hypermetabolism and an increase in
uptake in previously demonstrated regions of hypometabolism, which corresponded with clinical
improvement.

4.3. Parasitic Encephalitis

There is a lack of work describing the use of hybrid PET/MRI in encephalitis of parasitic
aetiology. However, based on the results of the independent use of F-FDG PET/CT and MRI in
neurocysticercosis, we suggest that hybrid PET/MRI is a method worth investigating, as it could have
potential benefits (i.e., facilitating the diagnosis and differentiation of parasitic encephalitis, in which
MRI findings alone may be atypical and suggest other diagnoses) [47].

5. Conclusions

PET/MRI utilizing relevant radioligands to image the severity of demyelination and
inflammation, as well as indicate metabolic alterations within the brain, holds great potential for
assisting clinicians in their practice. In the context of inflammatory demyelination, PET/MRI is
valuable for monitoring disease progression, clarifying symptoms related to cognitive impairment,
and evaluating the severity of disability in patients. Additionally, it may help assess treatment
effectiveness and predict relapses in patients with MS. In cases of encephalitis, especially AIE, studies
have demonstrated that PET/MRI is superior to other imaging modalities, particularly in terms of
diagnosis and differentiation. This technique also has the potential to identify active foci of
inflammation, monitor the progression of the disease, and evaluate response to treatment. To fully
evaluate the potential of hybrid PET/MRI, further longitudinal studies are necessary involving larger
groups of patients with inflammatory demyelinating diseases. These studies should encompass a
range of conditions within this category, including ADEM, NMO, NMOSD, and MOGAD, in addition
to multiple sclerosis. Additionally, more studies using PET/MRI in the field of encephalitis are
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needed, which should include research on viral and parasitic encephalitis in addition to the AIE
studied so far.
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