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Abstract
Purpose  Positron emission tomography (PET) with 18F-fluorodeoxyglucose ([18F]-FDG) has been increasingly applied in 
precise localization of epileptogenic focus in epilepsy patients, including pediatric patients. The aim of this international 
consensus is to provide the guideline and specific considerations for [18F]-FDG PET in pediatric patients affected by epilepsy.
Methods  An international, multidisciplinary task group is formed, and the guideline for brain [18F]-FDG PET/CT in pedi-
atric epilepsy patients has been discussed and approved, which include but not limited to the clinical indications, patient 
preparation, radiopharmaceuticals and administered activities, image acquisition, image processing, image interpretation, 
documentation and reporting, etc.
Conclusion  This is the first international consensus and practice guideline for brain [18F]-FDG PET/CT in pediatric epilepsy 
patients. It will be an international standard for this purpose in clinical practice.

Keywords  FDG · PET/CT · Epilepsy · Pediatric patients · Brain imaging

This article is part of the Topical Collection on Pediatric

 *	 Mei Tian 
	 meitian@zju.edu.cn

 *	 Hong Zhang 
	 hzhang21@zju.edu.cn

1	 Department of Nuclear Medicine and PET Center, The 
Second Affiliated Hospital of Zhejiang University School 
of Medicine, 88 Jiefang Road, Hangzhou 310009, Zhejiang, 
China

2	 Key Laboratory of Medical Molecular Imaging of Zhejiang 
Province, Hangzhou 310009, China

3	 Laboratory for Pathophysiological and Health Science, 
RIKEN Center for Biosystems Dynamics Research, Kobe, 
Hyogo 650‑0047, Japan

4	 Department of Nuclear Medicine, Seoul National University 
Hospital, Seoul 03080, Korea

5	 Department of Radiology, Juntendo University Hospital, 
Tokyo 113‑8431, Japan

6	 Department of Biomedical Sciences, Humanitas University, 
20090 Pieve Emanuele, Milan, Italy

7	 IRCCS Humanitas Research Hospital, Via Manzoni 56, 
20089 Rozzano, Milan, Italy

8	 Department of Nuclear Medicine, Hospital Sant Pau, 
Autonomous University of Barcelona, 08025 Barcelona, 
Spain

9	 Department of Radiology and Radiological Science, Johns 
Hopkins Medicine, Baltimore, MD 21287, USA

10	 Department of Pediatrics, The Second Affiliated 
Hospital of Zhejiang University School of Medicine, 
Hangzhou 310009, China

11	 Department of Neurosurgery, The Second Affiliated 
Hospital of Zhejiang University School of Medicine, 
Hangzhou 310009, China

12	 Department of Neurology, The Second Affiliated 
Hospital of Zhejiang University School of Medicine, 
Hangzhou 310009, China

13	 The College of Biomedical Engineering and Instrument 
Science of Zhejiang University, Hangzhou 310007, China

14	 Key Laboratory for Biomedical Engineering of Ministry 
of Education, Zhejiang University, Hangzhou 310007, China

/ Published online: 28 August 2021

European Journal of Nuclear Medicine and Molecular Imaging (2021) 48:3827–3834

http://orcid.org/0000-0002-1587-2114
http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-021-05524-8&domain=pdf


1 3

Introduction

More than 50 million people worldwide are affected by 
epilepsy, which is caused by brain insults such as trauma, 
stroke, tumor, infection, hippocampus sclerosis, and 
abnormal cortical development [1]. A major proportion 
of patients with epilepsy falls in the pediatric group and 
approximately 20% of them are affected by drug-resistant 
epilepsy [2]. Children and adolescents with drug-resistant 
epilepsy are at increased risk for poor long-term intel-
lectual and psychosocial outcomes, along with poor 
health-related quality of life. Apart from poor control of 
seizures due to insufficient treatment, excessive use of 
antiepileptic medications (AEDs) would induce consid-
erable adverse effects, especially on cognitive function 
[3]. Epilepsy surgery is proven to benefit drug-resistant 
pediatric patients with focal epilepsy by increasing their 
seizure-free episodes [4]. The key to a successful surgery 
is defining the epileptogenic focus precisely, whether it is 
an apparent anatomic focus or a functional one, such as 
in non-lesional epilepsy. To date, however, the safety and 
efficacy of reported brain imaging modalities for precise 
localization of the epileptogenic focus in focal epilepsy 
have varied widely [5–8].

Positron emission tomography (PET) is the most fre-
quently performed pre-surgical evaluation functional 
neuroimaging technique in patients with drug-resistant 
focal epilepsy [9–12]. Interictal PET with 18F-fluorode-
oxyglucose ([18F]-FDG PET) has an established role in 
the noninvasive localization of epileptogenic focus and 
reflects dynamic seizure-related changes in cerebral func-
tions [13–15]. It is worth noting that the etiology, prog-
nosis, and glucose metabolic profile of epilepsy in pedi-
atric patients are markedly different from those in adults 
[15–18]. Therefore, standards or guidelines for [18F]-FDG 
PET practice will be helpful in harmonizing image acqui-
sition and analysis and standard reporting, and promoting 
reproducibility in pediatric patients with epilepsy.

Although other PET radiopharmaceuticals might be 
used in pediatric epilepsy, this consensus pertains only 
to [18F]-FDG PET/CT. The use of other positron-emitting 
radiopharmaceuticals, and indications of PET/CT in chil-
dren other than those of epilepsy, is not discussed in this 
consensus.

Goals

The goal of this expert consensus is to provide a reference 
for nuclear medicine physicians in procedurally preparing 
and performing [18F]-FDG PET/CT scans, and reasonably 

interpreting and reporting the results of [18F]-FDG PET/
CT in pediatric patients with epilepsy (Fig. 1).

Definitions

1.	 The PET/CT scanner is an integrated hybrid imaging 
device that combines PET and CT scanners to acquire 
functional information and anatomic details of the body 
parts simultaneously.

2.	 Reconstructed software equipped by PET/CT scanner 
achieves spatial registration (fusion) of PET and CT 
images.

3.	 In pediatric patients with epilepsy, the CT scanner’s role 
in PET/CT system is to achieve attenuation correction 
(AC) and provide anatomic localization utilizing low-
dose CT scan images.

Clinical indications

The most common indication for [18F]-FDG PET/CT imag-
ing in pediatric epilepsy is the preoperative evaluation of 
partial or localization-related epilepsy to identify epilep-
tic region lateralization, and to a lesser extent localization 
[19]. [18F]-FDG PET/CT may be beneficial in other specific 
clinical scenarios in pediatric epilepsy (such as in general-
ized epilepsy, comorbidities of epilepsy, or treatment with 
ketogenic diet) [20]. It is more beneficial if a multidiscipli-
nary team would discuss and decide on whether to perform 
this examination or not.

The purpose of the study, clinical indication, the genetic 
testing if available, clinical findings, findings of previous 
relevant tests (e.g., MRI and EEG), previous and current 
interventions/therapies, extensive medical history, includ-
ing the history of diabetes, recent infection or inflammation, 
whether sedation or analgesia, and whether a diagnostic CT 
with or without contrast should all be clarified before proto-
coling the study [12].

Qualifications and responsibilities 
of personnel

Physician

Preferably, a qualified nuclear medicine physician supervises 
the procedure of PET/CT imaging, such as confirming the 
pre-set image acquisition, processing parameters setting, and 
image quality. Alternatively, a qualified pediatric radiologist 
with nuclear medicine experience could replace a nuclear 
medicine physician’s role under the adherence of local, state, 
and national regulations set by authorities.
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Technologist

PET/CT scanners should be operated by a qualified and experi-
enced nuclear medicine technologist. The following two docu-
ments could provide more details about the requirements for 
nuclear medicine technologists: Performance Responsibility 
and Guidelines for Nuclear Medicine Technologists 3.1 and 
the EANM Benchmark Document Nuclear Medicine Tech-
nologists’ Competencies [21, 22].

Medical physicist/technologist

A medical physicist or technologist is required to supervise 
the operation of a PET/CT scanner, ensure the safe use of radi-
opharmaceuticals, and optimize reconstruction algorithms. 
The American College of Radiology (ACR-AAPM) technical 
standard for medical physics performance monitoring of PET/
CT imaging equipment and the European guidelines on medi-
cal physics expert could provide more details [23, 24].

Procedure/specifications of the examination

Patient preparation

Pre‑arrival

Providing the procedural details of [18F]-FDG PET scanning 
verbally and in a written form would reduce the anxiety of 
the child and the parents. Written interpretation or on the 
phone or in-person interpretation services might be available 
when needed. When applicable, a pre-arrival phone contact 
option could be helpful to answer the parents’ questions.

a.	 Patients should fast, and intravenous fluid containing 
dextrose or parenteral feeding be withheld for at least 
4–6 h, to restrict serum glucose levels so that optimal 
cerebral FDG uptake could be obtained [25] (Fig. 2). 
The fasting duration and the amount of fluid intake for 
infants should be discussed with the patient’s pediatri-

Fig. 1   Flowchart for a recommended approach for the use of [18F]-FDG PET/CT in pediatric epilepsy patients
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cian and adjusted for infants. Avoid intake of caffeine or 
drugs that may affect cerebral glucose metabolism.

b.	 Antiepileptics and other required medications are per-
mitted.

c.	 It is necessary to collect the detailed seizure history prior 
to imaging.

Pre‑injection

a.	 The ambiance sensory stimulations should be eliminated 
or minimized. Patients should be seated or reclining 
comfortably in a quiet and dim room at least 30 min 
before [18F]-FDG injection and in the next 30 min of 
the uptake phase. Only background noise is acceptable 
in the waiting room. Patients are instructed to relax with 
eyes closed, not to speak, read, or sleep. Motor move-
ments should be avoided. An intravenous line should be 
established beforehand for intravenous administration of 
the [18F]-FDG.

b.	 The patient should be rescheduled, when hyperglyce-
mia is present (blood glucose levels > 11.1 mmol/L) 
before [18F]-FDG administration. Acute usage of insu-
lin in patients with hyperglycemia may have no benefit 
in improving brain image quality. In patients with dia-
betes, optimal [18F]-FDG PET brain imaging could be 
achieved by adequate therapy for glucose level manage-
ment.

c.	 To reduce pelvic radiation burden, it is most desirable, 
and every effort should be made to have the patients 
empty the bladder before and after the [18F]-FDG PET 
study.

d.	 Continuous electroencephalogram (EEG) monitor-
ing at least 2 h before and 30 min after the injection of 
the [18F]-FDG is strongly recommended. For adequate 
image interpretation, it is important to distinguish the 
interictal, postictal, ictal, or even subclinical ictal stage 

at the time of [18F]-FDG administration and the uptake 
phase.

Precautions

The continuous supervision of pediatric patients during the 
procedure is essential. The parents and staff are instructed to 
notify the physician when an ictal sign, such as convulsion, 
buzzing or ringing sensation, or palpitation, occurs during 
the uptake phase. Antiepileptics and other needed medica-
tions should be available in the division or scanning room. 
The occurrence of an ictal state needs to be recorded and 
taken into consideration when interpreting the PET images. 
Access to the pediatric code team should be available. It is 
not recommended to perform PET studies on patients with 
an unstable condition (e.g., status epilepticus, hypoxemia, 
and failure of cardiac, kidney, or liver).

Sedation

To minimize the effects of sedation/anesthesia on the brain 
metabolism, delaying the start of the necessary deep seda-
tion or general anesthesia administration at least 30–60 min 
after the [18F]-FDG injection is strongly advised.

Radiopharmaceuticals and administered activities

The [18F]-FDG production process should strictly adhere to 
national or local regulations. The manufacturer performs the 
radiopharmaceutical quality control before its release to the 
imaging centers. The administered activity of the patients 
should be the lowest possible dose that produces the diagnos-
tic image quality. A baseline activity of 14.0 MBq (minimum 
14 MBq) is recommended in 3-D mode (the ENAM dosage 
card should be used as reference) [26]. Based on ENAM 
dosage card, we proposed a simplified version dosage card 
dedicated for [18F]-FDG administration in pediatric patients 

Fig. 2   Procedures of patient 
preparation, radiopharma-
ceuticals administration, and 
imaging recommended for 
[18F]-FDG PET/CT in pediatric 
epilepsy patients
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(Table 1). Alternatively, the North American recommendation 
of a weight-based administered activity (3.7 MBq/kg) can be 
considered [27].

Image acquisition protocol

Positioning

The standard brain imaging position is applied; the imaging 
plane parallels to the canthomeatal line. The movement of 
the child should be avoided. Head fixation devices might be 
utilized.

Transmission scan

Since the detailed anatomic information is already obtained 
from the brain MRI study, a low-dose CT scan is sufficient 
for AC purpose.

Static emission scan

The 20-min three-dimensional (3D) brain FDG scan acqui-
sition typically begins 30–60 min after the injection of the 
tracer. The acquisition protocol may vary from institution to 
institution based on utilized imaging protocols and equipment 
used. The 3D image acquisition method with appropriate scat-
ter correction is preferred over the image acquisition [28]. The 
image resolution and the contrast may improve with a longer 
uptake time interval of up to 60 min.

The use of standardized image acquisition and processing 
protocols provides the ability of improved image quality as 
well as the comparability of the patient studies obtained in 
different imaging centers.

Dynamic emission scan

Dynamic studies are not recommended for the routine clinical 
practice in pediatric epilepsy patients, due to its prolonged 
scanning duration and additional demand of determining the 
arterial input function [29].

Image processing

PET images are reconstructed in a 128 × 128 or more image 
matrix size. The pixel size varies based on the PET/CT system 
and the imaging protocol used. The reconstructed method is 
usually selected as the 3D ordered-subset expectation maxi-
mization (OSEM). Best choices of iterations, subsets, and 
smoothness derived from the camera manufacturer’s recom-
mendations should be followed.

Image display

A 3D display of the dataset (maximal intensity projections 
images, MIP) can be helpful for more accurate topographic 
orientation in delineation of lesions. Additional re-sliced 
images along the hippocampal axis (parallel to the temporal 
lobe) are preferred for evaluation of suspected temporal lobe 
epilepsy. 3D co-registration with individual MR structural data 
can facilitate anatomically accurate reporting.

Table 1   Simplified version 
dosage card dedicated for [18F]-
FDG administration in pediatric 
patients

Weight (kg) Administrated 
dose

MBq mCi

3 14.00 0.38
4 15.96 0.43
6 23.94 0.65
8 29.96 0.81
10 37.94 1.03
12 43.96 1.19
14 49.98 1.35
16 56.00 1.51
18 62.02 1.68
20 68.04 1.84
22 74.06 2.00
24 79.94 2.16
26 85.96 2.32
28 90.02 2.43
30 96.04 2.60
32 102.06 2.76
34 108.08 2.92
36 112.00 3.03
38 118.02 3.19
40 124.04 3.35
42 127.96 3.46
44 133.98 3.62
46 140.00 3.78
48 144.06 3.89
50 149.94 4.05
52–54 158.06 4.27
56–58 168.00 4.54
60–62 177.94 4.81
64–66 188.02 5.08
68 196.00 5.30
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Interpretation

Visual interpretation

Images should be viewed on a computer screen to 
permit interactive adjustment of contrast, background 
subtraction, and color and intensity scales. Projection 
data should be critically assessed for the presence and 
degree of patient motion, target-to-background ratio, and 
other potential artifacts.

Images should be evaluated with reference to recent ana-
tomic individual brain MR images. Specific attention should 
be paid to the extent of metabolic abnormalities relative to 
underlying morphologic defects as well as to the possible 
effects of atrophy and partial volume effect. Matching of 
cortical hypometabolism or hypermetabolism with morpho-
logical abnormalities on MRI and the EEG focus is recom-
mended for planning of epilepsy surgery.

Quantitative analysis

Automated or semi-automated brain mapping techniques 
(e.g., automatic segmentation technique, three-dimensional 
stereotactic surface projection (3D-SSP) and statistical 
parametric mapping (SPM)) can be applied to routine clini-
cal studies [30–32]. Observer-independent analysis makes 
allowance for comparing the brain PET images of pediat-
ric epilepsy patients with normal datasets (e.g., pediatric 
“pseudo-controls” with extracranial tumor), especially in 
young patients below 6 years of age [15, 33, 34]. Results 
should be interpreted in combination with the visual inspec-
tion and should only be considered as abnormal if they are 
significantly outside the range of normal data obtained from 
age-matched controls (e.g., voxel-based analyses using mul-
tiple comparisons with false discovery rate or family-wise 
error correction in SPM analysis). It must be noted that 
the quality of the normal database may affect diagnostic 
accuracy.

Fully automated diagnostic systems, including deep 
learning framework, are still under development [35]. These 
methods should be applied with caution until they are scien-
tifically validated and approved for clinical use, and pitfalls 
and artifacts are fully understood by potential users.

Documentation/reporting

General information

The report should include the patient identifiers and all per-
tinent basic information (list of relevant medications, serum 
glucose level at the time of injection, uptake time, date of 

the examination, mCi of the administered activity, injection 
site, and patient’s history).

Body of the report

Procedures and materials

A description of image acquisition should be included 
in the report. If the patient was sedated, the procedure 
should be described, including the type of medication 
and time of sedation in relation to the radiotracer injec-
tion. The procedure of EEG recording should be briefly 
described.

Finding

Abnormalities should be described, including location, 
hyper- or hypometabolism, extent, symmetry or asymme-
try. Quantitative or semi-quantitative measures should be 
stated, if performed.

Comparative data

Comparisons with previous examinations and reports, if 
available, should be part of the report. Results of morpho-
logical imaging modalities (CT, MRI) should be consid-
ered in interpretation. Non-diagnostic CT scans used only 
for attenuation in PET/CT should be used with caution for 
structural interpretation.

Interpretation and conclusions

It integrates all other pertinent facts including history, labo-
ratory information, comorbidities, medications, trauma, and 
additional diagnostic studies such as CT, MRI, or EEG. The 
impact of atrophy or structural lesions as well as partial vol-
ume effects should be considered. It should be noted that 
patients on ketogenic diet might demonstrate diffuse and 
severe cortical hypometabolism [20].

If the PET examination reveals an abnormal pattern, this 
should be reported in the conclusion, using a statement that 
indicates the most probable epileptic foci. If relevant clini-
cal or additional testing results are not available for review, 
these tests should be recommended in the conclusion.

Equipment specifications

See the EANM procedure guidelines for PET brain imaging 
using [18F]-FDG (version 2.0) and the Society of Nuclear 
Medicine Procedure Guideline for FDG PET Brain Imaging 
(Version 1.0) [25, 36].
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Quality control and improvement

For quality control of PET, see the following:

1.	 EANM procedure guidelines for PET brain imaging 
using [18F]-FDG (version 2) [25].

2.	 Society of Nuclear Medicine Procedure Guideline for 
FDG PET Brain Imaging (Version 1.0) [36].

For quality control of CT, see the “Quality Control” sec-
tions of ACR–ASNR–SPR practice parameter for the per-
formance of computed tomography (CT) of the head [37].

Safety, infection control, and patient 
education concerns

Imaging should follow local safety protocols. See also the 
SNMMI Guideline for General Imaging and ACR Position 
Statement on Quality Control and Improvement, Safety, 
Infection Control, and Patient Education [38].

Radiation safety in imaging

Please see the following:

1.	 The new EANM pediatric dosage card: additional notes 
with respect to F-18 [39].

2.	 Update of the North American consensus guidelines for 
pediatric administered radiopharmaceutical activities 
[27].

3.	 Pediatric radiopharmaceutical administered doses: 2010 
North American consensus guidelines [40].

4.	 Radiation doses for pediatric nuclear medicine studies: 
comparing the North American consensus guidelines 
and the pediatric dosage card of the European Associa-
tion of Nuclear Medicine [41].
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