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1 | INTRODUCTION

Epilepsy is a common chronic disease of central nervous system in

children and adolescents (Beghi et al., 2019). Unfortunately,
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Abstract

The aim of this study was to explore the influences of age-matched control and/or
age-specific template on voxel-wise analysis of brain 'F-fluorodeoxyglucose posi-
tron emission tomography (*¥F-FDG PET) data in pediatric epilepsy patients. We, ret-
rospectively, included 538 pediatric (196 females; age range of 12 months to
18 years) and 35 adult subjects (18 females; age range of 20-50 years) without any
cerebral pathology as pediatric and adult control group, respectively, as well as
109 pediatric patients with drug-resistant epilepsy (38 females; age range of
13 months to 18 years) as epilepsy group. Statistical parametric mapping (SPM) anal-
ysis for *8F-FDG PET data of each epilepsy patients was performed in four types of
procedures, by using age-matched controls with age-specific template, age-matched
controls with adult template, adult controls with age-specific template or adult con-
trols with adult template. The numbers of brain regions affected by artifacts among
these four types of SPM analysis procedures were further compared. Any template
being adopted, the artifacts were significantly less in SPM analysis procedures using
age-matched controls than those using adult controls in each age range (p < .001 in
each comparison), except in the age range of 15-18 (p > .05 in each comparison). No
significant difference was found in artifacts, when compared procedures using the
identical control group with different templates (p = 1.000 in each comparison). In
conclusion, the age stratification for age-matched control should be divided as many
layers as possible for the SPM analysis of brain *F-FDG PET images, especially in

pediatric patients <14-year-old, while age-specific template is not mandatory.
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antiepileptic drugs are effective only in approximately 70% of these
patients. Pediatric patients with drug-resistant epilepsy suffer from
poor quality of life (Verrotti & Mazzocchetti, 2016). Neurosurgery, a
widely accepted treatment option for drug-resistant epilepsy, can
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render majority of selected patients seizure-free. Thus, timely access
to tailored surgery for these patients is urgently needed (Lamberink
et al., 2020).

Precise localization of the epileptic foci is one of the most critical
procedure for epilepsy surgery. 8F-fluorodeoxyglucose positron
emission tomography (*F-FDG PET) is a proven technique for the
noninvasive localization of epileptic foci (Lagarde et al., 2020). Visual
assessment is routinely applied in the qualitative analysis of brain 18F-
FDG PET images, whereas its accuracy highly depends on the exper-
tise of nuclear medicine physicians. Statistical parametric mapping
(SPM) approach, a computer-aided statistical software dedicated for
neuroimage, enables higher reproducibility and reliability for the
voxel-wise analysis of brain ®F-FDG PET images (Bernasconi
et al., 2016). This objective method has been widely utilized for inter-
preting brain F-FDG PET data in adult patients with epilepsy, by
using adult control and template (Chassoux et al., 2010; Kumar
et al., 2021; Signorini et al., 1999). However, the age-related alter-
ations of both brain contour and glucose metabolism pattern, may
induce dramatic artifacts in the procedure of SPM analysis for pediat-
ric patients, in the absence of age-matched control and corresponding
template (Muzik et al., 2000). Several studies attempted to introduce
pediatric patients with extracranial diseases as “pseudo-control”
group, combined with pediatric brain template (Archambaud
et al., 2013; De Blasi et al., 2018; Zhu et al., 2017). The respective
influence of age-matched control or age-specific template on voxel-
wise analysis of brain F-FDG PET images in pediatric epilepsy
patients has not yet been elucidated.

The aim of this retrospective study was to establish pediatric con-
trol database of brain ‘®F-FDG PET images, accompanied by corre-
sponding age-specific standard brain templates. In addition, the
influences of age-matched control and/or age-specific template on
interpreting brain '®F-FDG PET data in pediatric epilepsy patients

were explored.

2 | METHODS

21 | Participants
The pediatric control group was derived from patients without any
cerebral pathology. The inclusion criteria were as follows: age <18;
proven or suspected extracranial disease; whole-body ®F-FDG
PET/CT study with a separated brain scan (Archambaud et al., 2013;
Zhu et al., 2017). A total of 1177 pediatric patients from December
2013 to June 2021 were, retrospectively, investigated. Patients were
excluded, if they had any history of neuropsychiatric disorders, cere-
bral structural or glucose metabolism abnormality, or under treatment
(chemotherapy or radiotherapy) (Hua et al., 2015). Finally, 538 pediat-
ric patients (196 females; age range of 12 months to 18 years) were
enrolled to build control data sets. Besides, 35 healthy subjects
(18 females, ranging from 20 to 50 years) were introduced as adult
control group.

A total of 112 pediatric patients with drug-resistant epilepsy
referred to our institution for the evaluation of epileptic foci through

dedicated brain *F-FDG PET/CT scans from December 2013 to June
2021, were, retrospectively, investigated. The inclusion criteria for
epilepsy group consisted of confirmed diagnosis of drug-resistant epi-
lepsy, age <18 years and comprehensive data of history (Kwan
et al., 2010; Zhu et al., 2017). Since a wide range of brain tissue defect
would hamper the normalization procedure in SPM analysis, 1 patient
with porencephaly and 2 patients with head trauma were excluded.
Among the 109 epileptic patients (38 females; age range of
13 months to 18 years) finally included, structural abnormalities were
observed in 32 patients through MRI, including hippocampal sclerosis
or atrophy (n = 19), cortical dysplasia (n = 6), arachnoid cyst (n = 5),
and heterotopias (n = 2). The study design and exemption from
informed consent were approved by the local Institutional Review
Board.

2.2 | Image acquisition

All subjects were requested to fast for at least 4 h before PET/CT
study, and the blood glucose levels were less than 160 mg/dl prior to
*8E-FDG administration (Varrone et al., 2009). Brain '8F-FDG PET
data were acquired in three-dimensional mode at 60 min after intra-
venous injection of *8F-FDG (3.7 MBq/kg) using a PET/CT scanner
(Discovery PET/CT Elite, GE Medical Systems) (Gelfand et al., 2011).
For the control group, the routine whole-body ®F-FDG PET/CT
images were obtained with separated brain scan. The matrix size of
reconstructed brain PET images was 192 x 192 x 47 with a voxel
size of 1.56 x 1.56 x 3.27 mm?®, using a fully three-dimensional itera-
tive reconstruction algorithm of SharpIR + VUE point HD with 2 itera-
tions and 24 subsets. A low-dose noncontrast CT scan was applied for
the attenuation correction of PET data. All subjects were carefully
monitored during the scan and uptake phase, and encouraged to keep
relaxed with minimal movement. When needed, sedation was initiated

as late as possible prior to imaging (Varrone et al., 2009).

2.3 | Image analysis

All PET images were spatially normalized to the default adult template
of tissue probability map (TPM) embedded in SPM12 package
(Welcome Trust Centre for Neuroimaging, London, UK; http://www.
fil.ion.ucl.ac.uk/spm). Then, 125 brain regions (excluding white matter,
ventricle, and cerebrospinal fluid) were automatically segmented by
using the neuromorphometrics atlas with maximum probability tissue
labels (Figure 1). This labeled atlas originating from the OASIS project
(http://www.oasis-brains.org/), was provided by Neuromorpho-
metrics, Inc. (http://Neuromorphometrics.com/) under academic sub-
scription. The ratio of each regional brain SUV,ca, to the whole brain
SUVnean Was calculated as the SUVR. Linear and nonlinear mathe-
matic models were developed for each brain region to explore the var-
iation in regional relative brain metabolism (SUVR) with age. The
adopted nonlinear models were quadratic, cubic, logarithmic, inverse,
power compound, logistic, growth, and exponential. Besides, all raw
PET images were also spatially normalized to the corresponding
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home-made age-specific TPM templates for six age ranges, including
1, 2-3, 4-6, 7-10, 11-14, and 15-18 years of age (Figure 2) (Pilli
et al., 2018; Zhu et al., 2017). To be specific, 1 year denoted the age
range from 12 to 23 months, 2 to 3 years from 24 to 47 months,

and so on.

All normalized PET data were then smoothed with an 8 mm iso-
tropic Gaussian kernel to increase signal-to-noise ratio for statistical
analysis. Subsequently, four types of SPM analysis procedures were
performed by comparing each single pediatric epilepsy patient with
control group (Kumar et al., 2010). SPMma was implemented by using
age-matched controls (with the same age) with adult template, SPMaa
using adult controls with adult template, SPMms using age-matched
controls (with the same age) with age-specific template, and SPMas
using adult controls with age-specific template. ANCOVA designed in
SPM was utilized to identify difference in cerebral glucose metabolism
between the male and female from pediatric control group, with the
age as covariate (Kim et al., 2009). The difference in cerebral glucose
metabolism between patients with lymphoma and other patients from
pediatric control group was explored as well. Decreased or increased
glucose metabolism was regarded as statistically significant, if the
uncorrected p value was under .001 with cluster level above

50 voxels.

FIGURE 1 Neuromorphometrics atlas
with maximum probability tissue labels
embedded in SPM12 package.

Brain *®F-FDG PET images of both epilepsy and control groups
were visually interpreted by two experienced nuclear medicine physi-
cians separately. Discordant results were adjudicated by a third physi-
cian. The abnormal clusters in SPM analysis having a location
concordant with visual assessment (or reassessment guided with the
results of SPM analysis) were defined as true metabolic abnormalities,
and the remaining as artifacts (Archambaud et al., 2013; Zhu
et al., 2017). The significant hypometabolic or hypermetabolic clusters
of SPM analysis and visual assessment were reported at 12 major
brain regions (frontal lobe, temporal lobe, parietal lobe, occipital lobe,
cingulate gyrus, and insular lobe or other regions in each hemisphere).
In subjects with more than one region showing metabolic abnormali-
ties, the severest one was selected for the further comparison

between visual assessment and SPM analysis.

24 | Statistical analysis

All data were analyzed by the SPSS software (IBM SPSS Statistics,
Version 25.0). Values of age were reported as median (interquartile
range), while categorical variables as frequency. Comparison of gender

or age between two groups was performed using chi-square test or
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FIGURE 2 Age-specific brain
templates for different age ranges. The
tissue probability maps of gray matter
(GM), white matter (WM),
cerebrospinal fluid (CSF) and brain
8F_fluorodeoxyglucose positron
emission tomography ([*®F]-FDG PET)
templates, were displayed for six age
ranges: 1 (a), 2-3 (b), 4-6 (c), 7-10 (d),
11-14 (e), and 15-18 (f).

Mann-Whitney test, respectively. The numbers of brain regions when appropriate. The concordance between visual assessment and
affected by artifacts were compared among four types of SPM analy- SPMms analysis was analyzed using kappa test. p value less than .05

sis procedures using Kruskal-Wallis test, followed by post hoc test was considered statistically significant.
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3 | RESULTS
The demographics and age distribution of pediatric control and epi-
lepsy groups are shown in Figure 3 and Table 1. No significant differ-
ence in gender (42 = 0.097, p = .756) or age (p = .430 for month and
p = .342 for year, respectively) was found between these two groups.
For the pediatric control group, the optimal model for the effect
of age (measured in month) on local cerebral glucose metabolism was
cubic (p <.05) in 102 regions (Supplemental Table 1). The

(a) Control group
I Female
I Male
30-
g 20
E
=]
Z 104
0+
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Age (years)
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O
-

Epilepsy group I Female
8- I Male
5 °
E 4
=
4 24
o.

SRAVBEHLOABAIINVIFOLA D
Age (years)
FIGURE 3 The age and gender distributions of pediatric control

and epilepsy groups

Clinical characteristics Control group (n = 538)

Gender

Female/male 196/342 38/71
Age (months) 138 (65-186) 126 (75-173)
Age (years) 11 (5-15) 10 (6-14)

Disease category

Non-Hodgkin's lymphoma 249

Hodgkin's lymphoma 56
Neuroblastoma® 59
Fever of unknown origin 47
LCH 19
Nephroblastoma 17
Germ cell tumor 14
Hepatoblastoma 10
The others 53

Abbreviation: LCH, langerhans cell histiocytosis.
Including ganglioneuro-blastoma.

Epilepsy group (n = 109)

representative curves of regionally heterogeneous growth patterns
are shown in Figure 4. Whereas, the effect of age on local cerebral
glucose metabolism was not statistically significant in the remaining
23 regions, including left pallidum, bilateral anterior cingulate gyrus,
right calcarine cortex, bilateral cuneus, right frontal operculum, bilat-
eral frontal pole, right fusiform gyrus, left gyrus rectus, right inferior
occipital gyrus, right inferior temporal gyrus, bilateral lateral orbital
gyrus, right middle cingulate gyrus, bilateral medial orbital gyrus, bilat-
eral occipital fusiform gyrus, bilateral posterior cingulate gyrus, and
left planum polare. ANCOVA analysis did not show significant differ-
ence in cerebral glucose metabolism either between the male and
female, or between patients with lymphoma and other patients.

For the voxel-wise analysis of brain 8F-FDG PET images of epi-
lepsy patients, significant difference in artifacts were observed among
four types of SPM analysis procedures in each age range (p < .05 in
each comparison, Table 2). Subsequent post hoc test was performed
to compare any two procedures of SPM analysis. Any template being
adopted, the artifacts were significantly less in procedures using age-
matched controls than those using adult controls (i.e., SPMma
vs. SPMaa, SPMma vs. SPMas, SPMms vs. SPMaa, and SPMms
vs. SPMas) in all age ranges (p < .001 in each comparison), except in
the age range of 15-18 (p > .05 in each comparison). Whereas, no sig-
nificant difference was found in artifacts (p = 1.000 in each compari-
son), when compared procedures using different templates with the
identical controls (i.e., SPMma vs. SPMms and SPMaa vs. SPMas) in all
age ranges. Representative images of diverse age ranges are shown in
Figure 5.

For the voxel-wise analysis of brain ®F-FDG PET images of the
controls, significant differences (p < .001, cluster >50 voxels) were
found in cerebral metabolic patterns between pediatric controls aged
1-3years and those aged 4-6vyears (1928 voxels, Figure 6a),
between those aged 4-6 years and those aged 7-10 years (2898 vox-
els, Figure 6b), between those aged 7-10 years and those aged 11-

p value TABLE 1 The demographics and
clinical characteristics of pediatric control
and epilepsy groups

756

430

342
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FIGURE 4 The cubic model for the effect of age on regional cerebral metabolism. The representative curves of regionally heterogeneous
growth patterns were shown in the region of (a) left superior frontal gyrus (SFG) (R? = 423, p < .001); (b) right postcentral gyrus medial segment
(MPoG) (R? = .344, p < .001); (c) left superior parietal lobule (SPL) (R? = .309, p < .001); (d) right amygdala (R? = .240, p < .001); (e) right
hippocampus (R? = .272, p < .001); (f) right parahippocampal gyrus (PHG) (R? = .170, p < .001); (g) right cerebellum exterior (R? = .272, p < .001);
(h) brain stem (R? = .262, p < .001); and (i) right thalamus (R? = .184, p < .001).

TABLE 2 Comparison of artifacts
among four types of SPM analysis

Comparisons

Kruskal-Wallis test

Post hoc test

SPMma vs. SPMms
SPMma vs. SPMaa
SPMma vs. SPMas
SPMaa vs. SPMas

SPMms vs. SPMaa
SPMms vs. SPMas

Age ranges (years)

1-18 1-6
<0.001 <0.001
1.000 1.000
<0.001 <0.001
<0.001 <0.001
1.000 1.000
<0.001 <0.001
<0.001 <0.001

7-10
<0.001

1.000
<0.001
<0.001
1.000
<0.001
<0.001

11-14 15-18
<0.001 0.026
1.000 1.000
<0.001 0.519
<0.001 0.427
1.000 1.000
<0.001 0.100
<0.001 0.078

Note: SPMma was implemented by using age-matched controls with adult template, SPMaa using adult
controls with adult template, SPMms using age-matched controls with age-specific template, and SPMas
using adult controls with age-specific template.
Abbreviation: SPM, statistical parametric mapping.
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14 years (35,473 voxels, Figure 6c), and between those aged 11-
14 years and those aged 15-18 years (11,250 voxels, Figure 6d).
Moreover, differences in cerebral metabolic patterns between the
pediatric controls in each age group and the adult controls gradually
decreased with age (r = —.942, p < .001, Figure 7).

Cerebral metabolic abnormalities were identified by SPMms anal-
ysis in 99 patients (90.8%), including 93 with hypometabolism and
6 with hypermetabolism (Tables 3 and 4). Visual assessment indicated
abnormal metabolism in 96 patients (88.1%), including 90 with hypo-
metabolism and 6 with hypermetabolism. A concordant lateralization
for abnormal cerebral metabolism between the SPMms analysis and

visual assessment was obtained in 104 patients (x = 0.922, p < .001,
Table 3), while a concordant localization in 104 patients as well
(x = 0.936, p < .001, Table 4). Among the 93 patients with hypometa-
bolism identified by SPMms analysis, primary visual assessment failed
to manifest any abnormal metabolism in 4 patients (Table 4 and
Figure 8). These subtle lesions were located at orbitofrontal gyrus and
gyrus rectus in two patients, and cingulate gyrus in two patients, and
representative images are shown in Supplemental Figure 1. In con-
trast, among the 90 patients with hypometabolism identified by visual
assessment, the hypometabolism of 1 patient was not detected by
SPMms analysis.

PET images SPMma SPMaa SPMms SPMas
i A A : v
B PR, S

R BT AR I R L R

(d)

FIGURE 5 Comparison of artifacts

p among four types of statistical parametric
mapping (SPM) analysis procedures. The
- representative positron emission

tomography (PET) images (solid arrow
indicating the focal hypometabolism) and
glass brain displays of corresponding SPM
analysis were demonstrated for six age
ranges: 1 (a), 2-3 (b), 4-6 (c), 7-10 (d), 11-
14 (e), and 15-18 (f). SPMma was
implemented by using age-matched
controls with adult template, SPMaa using
adult controls with adult template, SPMms
using age-matched controls with age-
specific template, and SPMas using adult
controls with age-specific template. The
- abnormal clusters in SPM analysis having a
’ cerebral location concordant with visual
assessment were defined as true
metabolic abnormalities, while the
remaining artifacts.
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FIGURE 6 Comparison of cerebral (a)
metabolic patterns among patients with

different age ranges. Significant differences

(p < .001, cluster >50 voxels) were found in

cerebral metabolic patterns between

pediatric controls aged 1-3 years and

those aged 4-6 years (a, 1928 voxels), i
between those aged 4-6 years and those

aged 7-10 years (b, 2898 voxels), between

those aged 7-10 years and those aged 11- (b)

14 years (c, 35,473 voxels), and between

those aged 11-14 years and those aged

15-18 years (d, 11,250 voxels).

()

5.0x10°«

=-0.942
P <0.001
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compared with adult control

0o 3 6 9 12 15 18
Age (years)

Extent of metabolic differences

FIGURE 7 Differences in cerebral metabolic patterns between
the pediatric controls in each age group and the adult control. The
extent (in voxels) of metabolic differences compared with adult
control was significantly negatively correlated with age
(r=-.942,p < .001).

4 | DISCUSSION

In this retrospective study, we established pediatric control database
of brain *®F-FDG PET images, accompanied by corresponding age-
specific templates for six age ranges. Although age-matched control is
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essential for the SPM analysis of brain ¥F-FDG PET images in pediat-
ric epilepsy patients <14-year-old, age-specific template is not manda-
tory. Besides, the thinner the age stratification for age-matched
control group, the more reliable and precise the results in the SPM
analysis.

In several studies, adult control group and adult brain template
were utilized in the SPM analysis for interpreting *8F-FDG PET images
of pediatric patients with epilepsy (Kumar et al, 2010; Lee
et al., 2005; Muzik et al., 2000). However, in this instance, the age-
related alterations of brain contour and regionally heterogeneous
growth patterns of cerebral glucose metabolism may induce dramatic
artifacts in the image processing procedure (London & Howman-
Giles, 2015; Shan et al., 2014; Trotta et al., 2016; Turpin et al., 2018).
Due to the ethical consideration, brain *8F-FDG PET data sets derived
from completely healthy age-matched pediatric controls are not avail-
able. A variety of control groups with “pseudo-normal” pediatric sub-
jects have been screened from epilepsy patients with normal-
appearing cerebral metabolism, deaf children or extracranial malig-
nancy patients without brain involvement (Archambaud et al., 2013;
Kang et al., 2004; Zhu et al., 2017).

A potential advantage of using “pseudo-norma

I

epilepsy patients
as control is that the effect of the antiepileptics on cerebral metabo-
lism could be partially eliminated in the comparison between groups
(Archambaud et al., 2013). Whereas the present study indicated that
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SPMms analysis

TABLE 3 Comparison of
lateralization value between visual

Visual assessment Negative Left hemisphere Right hemisphere Total assessment and SPMms analysis
Negative 9 1 3 13

Left hemisphere 0 46 0 46

Right hemisphere 1 0 49 50

Total 10 47 52 109

Note: k = 0.922, p < .001.
Abbreviation: SPM, statistical parametric mapping.

TABLE 4 Comparison of localization value between visual assessment and SPMms analysis

SPMms analysis

Visual assessment Negative F
Negative 9 2

F 0 34°
P 0

T 1

o 0

Cl 0 0
Total 10 36

T o cl Total
0 0 2 13
0 0 0 34
0 0 0 13
42° 0 0 43
0 2 0 2
0 0 4 4

13 42 2 6 109

Note: k = 0.936, p < .001; F = frontal lobe; P = parietal lobe; T = temporal lobe; O = occipital lobe; Cl = cingulate gyrus and insular lobe.

Abbreviation: SPM, statistical parametric mapping.
20One patient with hypermetabolism.
bFive patients with hypermetabolism.

SPM analysis may provide the possibility to detect several subtle met-
abolic abnormalities missed by routine visual assessment, which was
also manifested in previous studies (Bernasconi et al, 2016; Zhu
et al., 2017). Besides, as cortical plasticity of cerebral auditory system
can be induced by auditory stimulation, the brain development of deaf
children differs from that of healthy children undoubtedly (Yoshida
et al., 2017). Therefore, it is preferable to introduce pediatric patients
without brain involvement as age-matched control for the voxel-wise
analysis of brain *F-FDG PET images.

Few studies on the normative database of 8F-FDG PET images
in pediatric subjects have been performed (De Blasi et al., 2018; Hua
et al., 2015; London & Howman-Giles, 2014, 2015; Shan et al., 2014).
To our best knowledge, our control data sets provide the largest sam-
ple size, which were further classified into each age for pediatric sub-
jects. To verify the feasibility of the selected age-matched “pseudo-
control” group in our study, the localization value for abnormal metab-
olism of pediatric epilepsy patients was compared between routine
visual assessment and age-matched SPM analysis. Apart from an
equivalent diagnostic efficacy compared with visual assessment, SPM
analysis allowed the detection of focal subtle hypometabolism, which
might be missed in the primary visual assessment (Bernasconi
et al., 2016; Kumar et al., 2010; Zhu et al., 2017).

The prominent finding in the current study was the necessity of
using age-matched control for the SPM analysis in pediatric patients

<14-year-old. In a previous study, a “pseudo-control” data set

including 112 subjects (6-20 years old) were roughly divided into two
groups based on 10-year-old cutoff (De Blasi et al., 2018). However, it
could hardly discern the difference in practically applicable value of
age-matched control data sets between 11-14 and 15-18 years old.
This design flaw also existed in other studies (Archambaud
et al., 2013; Mazzuca et al., 2011). By virtue of sufficiently large sam-
ple size, the age stratification in our study must be more precise than
those using only single or double age ranges.

Theoretically, age-specific brain templates could minimize the
errors in the process for normalizing brain ®F-FDG PET images of
pediatric subjects. It was suggested that normalization procedures
could induce prominent errors in pediatric subjects below 6-year-old,
if using an adult template (Muzik et al., 2000). However, this default
template embedded in the old SPM96 version was produced based on
150-H,0 PET data. Only a few studies have developed age-specific
brain templates for voxel-wise statistical analysis so far (Archambaud
et al, 2013; De Blasi et al., 2018; Jeong et al., 2017; Mazzuca
et al., 2011; Pilli et al., 2018; Zhu et al., 2017). Artifacts in SPM analy-
sis for pediatric subjects might be also partly derived from the com-
parison procedure with an adult control group. As pediatric brain
templates were commonly applied in combination with the age-
matched control group in SPM analysis, whether template or control
should be mainly responsible for the aberrant artifacts remains elu-
sive. In our current study, remarkably, no significant contribution of

age-specific templates was found for the artifacts derived from SPM
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FIGURE 8 Added value of statistical (a) ! L :
parametric mapping (SPM) analysis in the i -~

18F. i - a

interpretation for brain
fluorodeoxyglucose positron emission

tomography ([*8F]-FDG PET) images. A

15-year-old boy affected by drug-

resistant epilepsy received comprehensive P
presurgical evaluation. The statistical
results of SPM analysis for brain [*8F]JFDG
PET data displayed on glass brain (a) or
coregistered with MR template (b),
showed a focal hypometabolism in
cingulate gyrus (solid arrow), which was
missed in the primary visual assessment
(c). T1 isointensity, T2 hypointensity, and
T2-FLAIR hypointensity were also
detected in cingulate gyrus (d)

analysis. We speculated that the errors resulted from the normaliza-
tion procedure could be offset to some extent, when the two com-
pared groups were normalized to the identical template.

Another issue is about the intensity normalization for PET images.
It should be noted that most of the subjects were proven or suspected
extracranial malignancy in the current study. Significantly negative
correlation between total lesion glycolysis and brain glucose uptake
has been reported in oncology patients without brain involvement
(Hanaoka et al., 2010). Considering the competition for capturing
FDG between the tumor and the brain, the value of SUV commonly
used in clinical practice, should be unsuitable for the data comparison
among these patients with varying degrees of tumor burdens (Foster
et al., 2014). This dilemma might be solved by using the absolute
quantitative parameter of cerebral metabolic rate of glucose. How-
ever, this “gold standard” approach cannot be acquired from routine
clinical PET study. Therefore, in the process of voxel-wise analysis,
the intensity in each voxel was normalized by the whole brain before
the implementation of comparison, in order to eliminate the effect of
discrepancy in whole-brain “input” of FDG (Signorini et al., 1999). In
view of this advantage, VOI-based analysis was also performed with a

similar process by choosing the whole brain SUV,can as the reference
to calculate the SUVR.
There were some limitations existed in our study. First, “pseudo-

normal” pediatric controls with extracranial disease were merely sur-
rogates for healthy subjects. However, factors affecting cerebral glu-
cose metabolism were precluded in the selection of age-matched
control data sets, which were considered to closely represent normal
cerebral FDG distribution in their age. Practical application of this
“pseudo-control” in SPM analysis has been also verified (De Blasi
et al., 2018; Zhu et al., 2017). Second, all the separated brain PET
images were acquired immediately after the whole-body PET/CT
scan, which started 60 min after FDG injection in the control group.
Thus, the difference in the time interval between the control group
and the epileptic group with dedicated brain scan was about 10 min.
The uptake pattern of FDG in brain may vary with time after injection,
for example, between the time points of 30 and 60 min (lIshii
et al., 2002). Although the metabolic differences within 10 min cannot
be ruled out yet, the optimal choice for pediatric control group with-
out any cerebral pathology should be derived from patients receiving
whole-body *®F-FDG PET/CT study as far as we know. Third, factorial
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design cannot be performed to explore the effects of control group,
template, and their interaction effects on the SPM analysis for pediat-
ric subjects, due to the skew distribution and unequal variances of
data. However, alternative nonparametric test, post hoc test after
Kruskal-Wallis test, clearly discriminated the divergent impacts of
control group and template on the voxel-wise analysis for pediatric

subjects.

5 | CONCLUSIONS

Age-matched control rather than age-specific template is essential for
the SPM analysis of brain ®F-FDG images in pediatric epilepsy
patients <14-year-old. Besides, the age stratification for pediatric con-
trol database should be divided as many layers as possible, due to the
regionally heterogeneous growth patterns of cerebral glucose

metabolism.
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