
O R I G I N A L  R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Rodrigo et al. EJNMMI Research           (2024) 14:34 
https://doi.org/10.1186/s13550-024-01088-4

EJNMMI Research

*Correspondence:
Catherine Chiron
catherine.chiron2@gmail.com

Full list of author information is available at the end of the article

Abstract
Background In juvenile systemic lupus erythematosus (j-SLE) with neuropsychiatric (NP) symptoms, there is a lack of 
diagnostic biomarkers. Thus, we study whether PET-FDG may identify any metabolic dysfunction in j-NPSLE.

Methods A total of 19 18FDG-PET exams were consecutively performed using PET-MRI system in 11 non-sedated 
patients presenting with j-NPSLE (11-18y) for less than 18 months (m) and without any significant lesion at MRI. 
Psychiatric symptoms were scored from 0 (none) to 3 (severe) at PET time. PET images were visually analyzed and 
voxel-based analyses of cerebral glucose metabolism were performed using statistical parametric mapping (spm) 
with an age-matched control group, at threshold set > 50 voxels using both p < 0.001 uncorrected (unc.) and p < 0.05 
corrected family wise error (FWE).

Results Patients exhibited mainly psychiatric symptoms, with diffuse inflammatory j-NPSLE. First PET (n = 11) was 
performed at a mean of 15y of age, second/third PET (n = 7/n = 1) 6 to 19 m later. PET individual analysis detected 
focal bilateral anomalies in 13/19 exams visually but 19/19 using spm (unc.), mostly hypermetabolic areas (18/19). 
A total of 15% of hypermetabolic areas identified by spm had been missed visually. PET group analysis (n = 19) did 
not identify any hypometabolic area, but a large bilateral cortico-subcortical hypermetabolic pattern including, by 
statistical decreasing order (unc.), thalamus, subthalamic brainstem, cerebellum (vermis and cortex), basal ganglia, 
visual, temporal and frontal cortices. Mostly the subcortical hypermetabolism survived to FWE analysis, being most 
intense and extensive (51% of total volume) in thalamus and subthalamus brainstem. Hypermetabolism was strictly 
subcortical in the most severe NP subgroup (n = 8, scores 2–3) whereas it also extended to cerebral cortex, mostly 
visual, in the less severe subgroup (n = 11, scores 0–1), but difference was not significant. Longitudinal visual analysis 
was inconclusive due to clinical heterogeneity.
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Background
Juvenile systemic lupus erythematosus (j-SLE) is a rare 
pediatric chronic auto-immune disease (prevalence rate: 
3.76/100 000 in France in 2010) affecting multiple organs 
including brain leading to possible neuropsychiatric (NP) 
features [1]. Juvenile NP SLE (j-NPSLE) occurs in more 
than 20% j-SLE, respectively inducing a tenfold to three-
fold increase in mortality rate [2, 3]. Morbidity is also 
important, thus impacting considerably quality of life 
[4]. Although NPSLE classification diagnosis criteria and 
scores have been developed, attributing NP features to 
SLE often remains a challenge, especially in patients with 
mainly psychiatric symptoms, which may have implica-
tions for the therapeutic management of these mani-
festations [5]. No specific NPSLE biomarker has been 
validated so far, even if interferon and neopterins in CSF 
were recently reported as promising biological targets [3, 
6].

Regarding brain imaging, conventional MRI is nega-
tive, or abnormalities are non-specific in more than 50% 
of NPSLE patients [7]. FDG-PET could be a more infor-
mative technique, as it may explore the two principal 
pathogenic processes involved in NPSLE: ischemia and 
inflammation [3]. Schematically, the former results in 
hypometabolism, the latter in hypermetabolism [8, 9]. 
More generally, both processes are involved in the wide 
field of the autoimmune encephalitis (AE), of which 
NPSLE is one of many subtypes. Large series of patients 
with AE, both adults and children, underwent PET-FDG 
examination: a mixed pattern of hypo- and hypermetabo-
lism is currently considered to support the diagnosis of 
AE [10–12]. However, the specific FDG-PET characteris-
tics of the different types of AE within this heterogeneous 
generic group have not been addressed, especially for 
SLE.

Most FDG-PET studies dedicated to NPSLE have 
involved adult patients and focused on hypometabo-
lism without investigating any potential hypermetabo-
lism [13–16]. More recently, hypermetabolic areas were 
reported in anecdotical pediatric cases [10, 17, 18]. But, 
the purely visual image analysis used in these studies, 
or based on predetermined regions of interest, leads to 
substantial bias in the detection and localization of meta-
bolic anomalies. The same applies to the previously men-
tioned FDG-PET studies in AE.

We report here the first pediatric series of NPSLE 
patients explored by FDG-PET. To minimize analy-
sis bias, cases with significant ischemic lesions were 
excluded and patients were studied on a PET/MR scan-
ner using whole brain voxel-based method against a 
previously published FDG-PET data base of pediatric 
controls [19].

Methods
This is a monocentric retrospective study on an exhaus-
tive series of consecutive patients. The study was 
approved by our institutional review board and the 
requirement to obtain informed consent was waived.

Patients
Inclusion criteria were the following: (i) SLE diagnosis 
based on the 2019 American College of Rheumatology 
(ACR)/ European Alliance of Associations for Rheuma-
tology (EULAR) criteria (ii) SLE onset before 16 years of 
age (j-SLE) (iii) Patient followed in the Reference center 
for Rheumatic, AutoImmune and Systemic diseases in 
children (RAISE) and assessed in the Excellence Cen-
ter for Neuro-developmental Disorders (InovAND) (iv) 
with NP features, occurring before the age of 18 years 
and attributed to SLE (j-NPSLE), (v) brain MRI previ-
ously performed (vi) PET examination feasible without 
sedation. Patients with extended cortical infarcts on MRI 
(involving at least a complete lobe) were excluded. Some 
patients were longitudinally assessed after first FDG-PET 
evaluation.

NP symptoms were attributed to SLE after clinical 
assessment by the multidisciplinary team of RAISE and 
InovAND (pediatric neurologist, psychiatrist, rheuma-
tologist and psychologist) according to NPSLE 1999 ACR 
criteria. Several scores were recorded at NPSLE diagnosis 
and at time of PET: SLE Disease Activity Index (SLEDAI) 
and a local clinical NP score of 0 (none), 1 (mild), 2 (mod-
erate), 3 (severe) for each of the ten main NP symptoms 
in SLE (mood disorders, depression, anxiety, inversion 
of the nocturnal rhythm, visual/auditive hallucinations, 
catatonia, acute confusion, cognition disorders, psycho-
motor slowing, acute confusion).

PET imaging
PET was performed using a 3 T PET-MRI scanner (Signa 
PET/MR, GE Healthcare, Waukesha, WI, USA), except 

Conclusions j-NPSLE patients showed a robust bilateral cortico-subcortical hypermetabolic network, focused 
subcortically, particularly in thalamus, proportionally to psychiatric features severity. Further studies with larger, but 
homogeneous, cohorts are needed to determine the sensitivity and specificity of this dysfunctional pattern as a 
potential biomarker in diffuse inflammatory j-NPSLE with normal brain MRI.

Keywords Fluorodeoxyglucose, Positron emission tomography, Juvenile systemic lupus erythematosus, 
Neuropsychiatric systemic lupus erythematosus, Children, Statistical parametric mapping, Hypermetabolism
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in 3 exams for whom we used an ECAT HRRT Siemens 
PET scanner because of an unremovable dental device. 
Patients fasted for a minimum of 4 h prior to PET. They 
received intravenous injection of 3.7 MBq of 18F-FDG 
and were isolated in a dedicated room during the uptake 
period in the presence of their family with the instruction 
to rest with minimal auditory and visual stimulation. No 
subject received sedation for the purpose of PET. After 
30 min the subject was installed in the PET-MRI system 
for 15 min of brain image acquisition.

PET individual analysis
First, visual analysis was performed to identify and local-
ize both hypometabolic and hypermetabolic brain areas. 
Images were independently reviewed by three nuclear 
medicine specialists (SR, VL, CC) who were not blind 
from clinical data. Their consensus analysis is reported 
here.

Second, SPM analysis was performed comparing each 
individual PET exam to our pediatric database of 24 
pseudo-controls aged 5 to 18 years, previously exam-
ined using ECAT HR + with the same 18F-FDG dose 
and acquisition procedures as for PET-MRI [19]. It was 
achieved using MATLAB2016 (Mathworks Inc., Natick, 
MA, USA) and the SPM12 (www.fil.ion.ucl.ac.uk). Each 
subject was spatially normalized using a specific pedi-
atric FDG template previously built from the control 
group using affine and nonlinear registration algorithm 
by means of SPM and then smoothed (gaussian kernel, 
8  mm full width at half maximum). We compared each 
individual against controls using a 2-sample t test, age as 
covariate. Both hypometabolic and hypermetabolic areas 
were detected using uncorrected p < 0.001 and > 50 voxels 
extent threshold. From each SPM map we extracted from 
all significant sets of voxels (clusters) the volume (clus-
ter volume) and the mean statistical value (cluster mean 
Z-score) using the following set of regions of interest 
(ROI): whole brain, hemispheric cortical ribbon, subcor-
tical areas, i.e. striatum (caudate & pallidum), putamen, 
thalamus, subthalamic brainstem, cerebellar hemispheres 
and cerebellar vermis. We then proceeded correlation 
tests between each individual cluster volume or cluster 
mean Z-score against individual NP global score. The 
ROIs were extracted from AAL (Automated Anatomical 
Labeling) [20].

PET group analyses
SPM analyses were performed by means of full facto-
rial analysis, age as covariate to estimate any age effect, 
in order to capture disease-related differences when 
comparing each of the following patient groups to the 
pseudo-control group mentioned above: all PET exams 
(n = 19), first PET exams (n = 11), second/third PET exams 
(n = 8), PET with minor NP disorders (all scores ≤ 1) 

(n = 11), PET with major NP disorders (at least one 
score ≥ 2) (n = 8). In addition to the same uncorrected 
thresholds as in individual analysis, we used family wise 
error (FWE) corrected p < 0.05 and 50 voxels extent 
threshold. Additionally, we proceeded to the same analy-
sis, adding NP scores as covariate.

Results
Patients (Table 1)
Twelve pediatric patients with diagnosed NPSLE were 
referred for brain FDG-PET between September 2019 
and July 2022. Eleven of them were prospectively 
included in this study, the remaining one being excluded 
for an infarct of the whole left temporal lobe with 
extended loss of substance. Mean age at diagnosis was 
14y6m (SD 2y4m). NP scores are detailed in Table 1. Of 
note, the patients presented with central nervous system 
(CNS) impairment, mainly psychiatric manifestations; 
none of them had seizures, motor deficit, or abnormal 
movements at time of PET. No patient displayed periph-
eral nervous system (PNS) features.

PET was repeated 2 times in 6 patients and 3 times in 
1 patient, so that a total of 19 PET scans were studied. 
Mean age was 15y (SD 2y5m) at first PET and 15y7m 
(SD 8 m) at second PET, with timelag between j-NPSLE 
diagnosis and first PET ranging from 0 to 18  m (mean 
7 m, SD 3 m) and timelag between two PET exams rang-
ing from 6 to 19 m (mean 9 m, DS 9 m). All exams but 
one, were performed upon treatment, which usually 
associated oral glucocorticoids (n = 15/18), immunosup-
pressive therapy (mycophenolate, ciclophosphamide, 
abatacept or endoxan) (n = 16/18), and hydroxychloro-
quine (n = 15/18). Treatment remained unchanged from 
one PET to the next, except for stopping the immunosup-
pressor in 2 cases and glucocorticoids in 1 case (Table 1).

Cerebral MRI at time of PET disclosed significant 
abnormalities in 2 patients: two limited infarct lesions in 
the left superior temporal gyrus and the right temporal 
operculum (patient #1), diffuse hypersignal in the cor-
tex and basal ganglia (patient #5). Abnormalities were 
insignificant in 4 other patients (punctiform subcortical 
hypersignals in 2, mild to moderate cortico-subcortical 
atrophy in 2) and MRI was negative in the 5 remaining 
ones.

PET group analysis (Table 2).
Comparing all PET exams (n = 19) to controls an exten-
sive cortical and subcortical bilateral hypermetabolic 
pattern was identified, but no significant hypometabolic 
area emerged. Using uncorrected p < 0.001 and 50 vox-
els threshold, significant hypermetabolism extended 
through the occipital, temporal and frontal cortices as 
well as thalamus, basal ganglia (caudate, putamen, palli-
dum, subthalamic brainstem) and cerebellum (vermis and 

http://www.fil.ion.ucl.ac.uk
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hemispheres) (Table 2; Fig. 1). Occipital cortex (primary 
and associative visual areas) and cerebellum showed the 
largest hypermetabolic clusters, subcortical areas the 
strongest ones. Using corrected FWE p < 0.05 the whole 
subcortical hypermetabolic network remained signifi-
cant, but only the occipital cortex did (Table 2). Thalamus 
was the predominant hypermetabolic structure, show-
ing the highest Z-score (6.56) and accounting for 36% of 
the whole brain hypermetabolic volume (51% together 
with the subthalamic brainstem), followed by cerebel-
lum (26%), while basal ganglia (striatum & putamen) and 

cerebral cortex represented only 1% and 8% respectively 
(Table 2).

Restricting the analysis to the group of first PET exams 
(n = 11) a similar hypermetabolic pattern was identifiable 
using uncorrected p < 0.001. No significant voxels sur-
vived to FWE corrected p < 0.05 except the thalamus.

PET individual analysis (Table 3)
PET visually analyzed was abnormal in 68% of the exams 
(13/19), showing only hypometabolisms (3/13), only 
hypermetabolisms (8/13), or both (2/13). Hypometabo-
lisms corresponded to cortical lesions on MRI in 2/4 

Table 2 SPM group analysis
SPM statistical thresholds* p < 0.001 

uncorrected
p < 0.05 FWE corrected

PET group vs. controls All PET exams 
(n = 19)

All PET exams (n = 19) First PET exams
(n = 11)

PET with minor NP 
scores (n = 11)

PET with major NP 
scores (n = 8)

Mean
Z-score

Mean
volume

Mean
Z-score

Mean
volume

Mean
Z-score

Mean 
volume

Mean
Z-score

Mean
volume

Mean
Z-score

Mean
volume

Whole brain 4,24 150,248 6,20 15,232 5,94 600 6,11 7744 5,85 4832
Cortex & 
hippocampus

Occipital** 4,06 25,888 5,77 1144 0 0 5,89 1720 0 0
Hippo-
campus & 
amygdala

3,93 6112 6 144 0 0 6 120 0 0

Frontal 
lobe

3,88 8384 0 0 0 0 5,69 432 0 0

Subcortical 
areas

Striatum & 
putamen

4,17 8328 5,75 192 0 0 0 0 5,72 192

Thalamus 5,40 11,064 6,56 5536 5,94 600 6,30 3752 5,83 1952
Sub-
thalamic 
brainstem

4,85 7064 6,37 2256 0 0 6,05 1256 5,99 672

Cerebellar 
cortex

4,24 29,736 5,98 2816 0 0 5,50 16 5,89 1272

Vermis 4,52 6632 5,56 1088 0 0 0 0 0 0
*extent threshold set to 50 voxels

**primary & associative visual cortex, SPM Statistical Parametric Mapping, PET Positron Emission Tomography, NP Neuropsychiatric

Minor NP score = all scores ≤ 1 (n = 11), Major NP scores = at least one score ≥ 2 (n = 8)

Fig. 1 Hypermetabolic network - SPM group analysis (uncorrected). Comparing all PET exams (n = 19) to age-matched pseudo-controls using uncor-
rected p < 0.001 and 50 voxels threshold, significant hypermetabolism extended bilaterally through the occipital (primary and associative occipital areas), 
temporal and frontal cortices as well as thalamus, basal ganglia (caudate, putamen, pallidum, subthalamic brainstem) and cerebellum (vermis and 
hemispheres)
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cases. Hypermetabolisms were always reported without 
underlying lesions; they were mostly located in visual 
cortex (primary and associative), basal ganglia and thala-
mus (Table 3).

Using SPM analysis (uncorrected p < 0.001 and > 50 
voxels) PET was abnormal in 100% of the exams, showing 
only hypermetabolisms (12/19), only hypometabolisms 
(1/19), or both (6/19) (Table 3). There were at maximum 
2 areas of hypometabolism identified in 6 exams, mesial 
frontal or temporal in location; the 5 others did not dis-
close any. Among hypometabolisms visually detected, 
only the two corresponding to MRI lesions were con-
firmed by SPM. By contrast, there were multiple and 
bilateral areas of hypermetabolism identified by SPM in 
all PET exams but one (Table 3, Supplementary Fig. 1). A 
total of 15% of the hypermetabolisms identified by SPM 
had been visually missed, resulting in 9/19 PET exams 
without any hypermetabolism visually compared to only 
1/19 using SPM.

PET – relationship with disease time course and NP scores
SPM comparison between the first (n = 11) and second/
third PETs (n = 8) showed no significant difference, using 
either individual or group analysis.

No significant correlation was found between NP 
scores and SPM hypermetabolic cluster values (volume 
or Z-score) using individual or group analysis, neither 
for each nor for global NP score. However, splitting NP 
scores into two conditions according to severity, with and 
without major NP symptoms (NP scores 2–3 vs. 0–1, n = 8 
vs. n = 11), a different group pattern emerged using SPM 
group analysis (Table 2): hypermetabolism concentrated 

on subcortical areas in the most severe group whereas it 
also involved cortical areas in the less severe one (Sup-
plementary-Figure). At corrected FWE p < 0.05, subcor-
tical hypermetabolism accounted for 85% of the whole 
brain volume and no cluster survived on cerebral cortex 
in the most severe group, whereas cerebral cortex (highly 
preferentially the visual cortex) accounted for 29% of 
the whole brain volume in the less severe one (Table 2). 
Regardless of the NP condition, thalamus was the pre-
dominant hypermetabolic structure, both in volume 
and intensity. In addition, it accounted for half and two-
thirds of the whole brain volume in the two NP groups 
respectively, when associated with subthalamic area. No 
other subcortical clusters remained significant in the 
less severe NP group; in the most severe one, cerebellum 
accounted for a quarter of the whole brain volume and 
basal ganglia for less than 5%.

In patients who underwent multiple PET examinations, 
the search for a possible correspondence between image 
changes and clinical condition was inconclusive, due to 
individual variability. For instance, while the overall NP 
score improved, the hypermetabolisms could regress (1 
case) or remain unchanged (1 case) (Fig.  2); while the 
NP score worsened, the hypermetabolisms could worsen 
(1 case) or remain unchanged (2 cases). Similarly, the 
attempt to match hypermetabolisms’ location with a 
specific NP semiology was disappointing. For instance, 
visual hallucinations still present by the time of PET in 
3/19 cases (they had been reported at j-NPSLE diagno-
sis in 7/11 patients) were associated to bilateral hyper-
metabolism in visual cortex in 2 of them, but a similar 
hypermetabolism was also found in 10 other PET exami-
nations, without any visual hallucinations.

Discussion
In this study we have evaluated for the first time with 
FDG-PET the brain dysfunction in j-NPSLE. Using a 
whole pediatric brain voxel-based methodology, FDG-
PET group analysis identified a robust and widespread 
pattern of bilateral cortico- subcortical hypermetabolism, 
predominantly subcortical and mostly thalamic, but no 
hypometabolic area. Hypermetabolism was essentially 
subcortical in case of major NP symptoms, whereas it 
also extended to cerebral cortex in cases of minor NP 
symptoms. At the individual level, hypermetabolic abnor-
malities were detected in 95% of PET exams provided 
visual analysis was complemented by SPM analysis; oth-
erwise, they were missed in 40% of cases. This particular 
metabolic profile could be of some diagnostic help, espe-
cially in patients with psychiatric symptoms but normal 
neurological examination and negative MRI. Of note, the 
patients reported in this cohort presented homogeneous 
j-NPSLE NP features, mainly psychiatric; none displayed 
neurological defect or seizures (nor PNS impairment), as 

Fig. 2 Hypermetabolism at 2 consecutive PET exams. Comparing the 
two consecutive PET exams using SPM individual analysis (uncorrected 
p < 0.001 and > 50 voxels) in 2 patients whose the overall neuropsycho-
logical score improved, PET1 on the left side (hypermetabolic network in 
blue), PET2 on the right side (hypermetabolic network in red), hypermeta-
bolic network regressed (case #9, at the top) or remain unchanged (case 
#10, at the bottom)
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it may sometimes more rarely be reported in j-NPSLE. 
Therefore, we do not know if such clinical signs would be 
associated to similar FDG patterns, and these observa-
tions would need to be evaluated on a larger cohort.

The metabolic abnormalities identified in the present 
study are particularly robust. A strict methodology was 
used to minimize the biases of most clinical PET studies 
in this field. Firstly, this is an exhaustive series, with all 
eligible patients included for analysis; it is a monocentric 
series, with a confirmed and relatively recent diagnosis, 
which reduces clinical and treatment heterogeneity; per-
forming PET without sedation prevents the impact of 
drugs on metabolism; the absence of epileptic seizures 
and abnormal movements eliminates confounding factors 
for hypermetabolism, and the absence of neurological 
deficits and extensive/multiple clastic lesions confound-
ers for hypometabolism. Secondly, the classic clinical 
visual analysis of the images, which is highly investigator-
dependent and has limited sensitivity, was supplemented 
by an SPM analysis, which enables the detection of all 
the clusters significantly different from controls, with-
out any a priori on pre-determined regions of interest. 
An age-matched pediatric database was used to avoid 
any bias associated with adult controls [19]. This data-
base has proved useful in previous studies of childhood 
epilepsy [21–23]. In addition to the already relatively 
high uncorrected threshold p < 0.001 used in individual 
analysis, a more stringent corrected one was added for 
group analysis. Finally, the patients were explored on a 
PET-MR scanner, a notable benefit to optimize PET/MRI 
registration and thus the anatomical localization of PET 
anomalies.

To date, there are very few cases of j-NPSLE having 
experienced FDG-PET: in 3 patients, only hypermetabo-
lism was detected, in basal ganglia using a priori ROI-
localization [10], while in 3 others, analyzed visually, 
there was hypometabolism associated in cerebral cor-
tex [17, 18]. Note that the latter had a purely psychiatric 
form of j-SLE, while the former exhibit solely neurologi-
cal signs (seizures, ataxia). By contrast, many FDG-PET 
studies were carried out in adult NPSLE patients 10 to 20 
years ago, but none using SPM: they all reported corti-
cal hypometabolisms, frontal, parietal, temporal, and/or 
occipital in location, with a predominance on parieto-
occipital, including in patients without any lesion on MRI 
[13–16]. It is likely that hypermetabolisms were missed at 
this time, partly because the methodology used for image 
analysis was not favorable to identify any. Hypermetab-
olisms had only been searched for in patients with cho-
reiform movements (thus with a clinical hypothesis) and 
visually identified in basal ganglia [24].

Interest in hypermetabolism has really developed in the 
last few years, principally in the autoimmune encephali-
tis (AE). A meta-analysis on more than 700 adult patients 

shows an excellent sensitivity of PET (90% detection of 
abnormalities against 60% for MRI) with a strong diag-
nostic value [11]. Various metabolic patterns are reported 
according to the type of AE hypometabolism only (mesial 
temporal lobes, cerebellum, etc.), hypermetabolism only 
(basal ganglia, mesial temporal lobes, etc.), or both. Simi-
lar results are reported in pediatrics: in 34 children with 
AE, PET was retrospectively abnormal in 100% of cases, 
associating large cortical hypometabolisms to hyperme-
tabolisms in 82%, the latter in basal ganglia in 59% of 
cases [10]; in 104 other children, 70% of whom with NP 
disorders, PET prospectively shows large cortical hypo-
metabolisms with (57%) or without (36%) hypermetabo-
lisms (especially in the basal ganglia 82%) [12]. In this last 
series PET sensitivity, specificity, positive predictive value 
and negative predictive value for AE reach 93%, 84%, 89% 
and 91% respectively. Based on these data, PET is now 
considered a diagnostic marker in AEs and hypermetabo-
lism of basal ganglia suggestive of an autoimmune pro-
cess. However, note that patients with associated clastic 
lesions have largely been included in these AE studies, 
increasing the incidence of hypometabolism, and none of 
them have used SPM, making the definite detection and 
localization of hypo- and hypermetabolisms open to dis-
cussion. Moreover, the potential differences in metabolic 
pattern according to the type of AE have not been for-
mally studied. Interestingly, the 3 SLE children included 
in the aforementioned AE series disclosed exclusively 
hypermetabolisms (in basal ganglia), while hypometabo-
lisms were missing, as in the present series [10].

Only one series has used SPM so far in SLE, but in 
adults and without NP features [25, 26]. They directly 
compared the whole group of SLE patients to healthy sub-
jects. The pattern reported is close to ours at comparable 
thresholds: a largely predominant hypermetabolism, 
bilaterally in putamen/pallidum/thalamus, hippocam-
pus, occipital and frontal cortex at uncorrected p < 0.001, 
surviving in hippocampi and unilaterally in putamen/pal-
lidum/thalamus and frontal cortex at corrected p < 0.05. 
However, in our pediatric series of NPSLE, subcortical 
hypermetabolism is more intense (Z-score max at 6.6 
vs. 4.7), it remains bilateral at corrected threshold, and it 
predominates in thalamus (instead of striatum in Mack-
ay’s). It also significantly involves the subthalamic nuclei 
and cerebellum, which are not affected in Mackay’s study. 
These differences could reflect the gap in age between 
both studies (15 vs. 40 years in mean), particularly for the 
thalamus, whose metabolism is known to increase with 
brain maturation until around 25 years and then decrease 
[27]. However, age-matched control groups are similarly 
affected by this physiological phenomenon, thus elimi-
nating any interference of aging process. Clinical symp-
tomatology could therefore be responsible for the slight 
differences rather than age, NP symptoms having been 



Page 9 of 11Rodrigo et al. EJNMMI Research           (2024) 14:34 

excluded by Mackay, whereas our patients were more 
severely impaired, with NPSLE diagnosis confirmed. One 
might hypothesize a physiopathology continuum of NP 
features in j-SLE, as adult patients reported mood and 
cognitive disorders to a lesser extent than our patients.

The correspondence between hypermetabolism and 
NP features is a difficult issue. As opposed to hypometab-
olism, specific cortical patterns of which have been sig-
nificantly linked to many conditions - dementia [28–30], 
hallucinations [31, 32], or anxiety/depression, includ-
ing in children [33], hypermetabolism is much rarer. It 
has been found, apart from AEs, in narcolepsy [34] and 
Tourette’s [35]. The classical SLEDAI score in SLE was 
not presently optimal for correlations as it includes many 
non-NP components. We therefore used a NP focused 
scoring. A significant association between hippocam-
pal hypermetabolism and poor spatial memory perfor-
mance was identified in adult non-NPSLE patients [26]. 
In the present j-NPSLE study, no significant correlation 
was found between NP features, their type, number or 
severity and hypermetabolism, its localization, exten-
sion or severity. These results were expected given the 
limited number of patients and the heterogeneity of NP 
symptoms, despite a homogeneous cohort, as no patient 
displayed vascular or focal j-NPSLE feature. However, 
our group analyses suggest a metabolic spectrum, which 
seems to follow the intensification of NP symptoms: the 
cortical hypermetabolism tends to vanish behind the 
subcortical one and concentrate particularly in thalamus, 
to the detriment of the visual cortex and hippocampus. 
This is consistent with the fact that the thalamus plays 
a major role of connective hub in brain organization, 
even stronger than cortex does [36]. Thalamic hubs are 
thought to be involved in many cognitive and behavioral 
domains, including those involved in j-NPSLE.

Despite stringent methodology, our study retains some 
limitations. Small samples and symptoms heterogeneity, 
inherent to such a rare disease, preclude drawing defi-
nite conclusions on the course of hypermetabolism and 
its potential relationships with clinical features. Similarly, 
exclusively psychiatric patients should be compared with 
exclusively neurological patients, in order to gain a bet-
ter understanding of their respective metabolic signa-
tures. Exploring a control group of non-j-NPSLE patients 
would be the only way to determine what metabolic 
abnormalities are related to j-SLE pathology per se, but 
such a study is ethically not feasible in children.

Finally, having identified such a hypermetabolic group 
pattern of j-NPSLE does not mean that it can be identi-
fied in clinical practice on a given patient’s PET. Visual 
analysis is prone to significant interpretation bias, espe-
cially in the case of bilateral abnormalities, which prevent 
the perception of any asymmetry. In addition, the inter-
pretation of an anomaly as hyper- or hypometabolism 

depends on the contrast scale setting. Moreover, this pat-
tern may be variably pronounced in different individu-
als and associated with other anomalies. Single subject 
against controls SPM analysis is therefore highly rec-
ommended for the clinical interpretation of FDG-PET 
images in this context: in our experience, it has been ben-
eficial in 40% of cases.

Conclusion
These preliminary results reveal bilateral cortico-sub-
cortical dysfunction in j-SLE with psychiatric manifesta-
tions, such as FDG-PET hypermetabolism, prominent in 
the thalamus. Although it is not possible at this stage to 
conclude on the specificity of this pattern, FDG-PET may 
represent an interesting imaging biomarker in the future 
in the context of j-NPSLE. FDG-PET as additional inves-
tigation and carefully analyzed may possibly constitute 
diagnostic help, especially if cerebral MRI is negative. 
FDG-PET also opens the way to the still unknown local-
ization of neuronal dysfunctions underlying psychiatric 
features of j-NPSLE [5].
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