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ABSTRACT
Background: Scalp video electroencephalography
monitoring (VEM) and brain MRI sometime fail to identify the
epileptogenic focus (EF) in patients with drug resistant
epilepsy (DRE). 18F-FDG PET/CT has been shown to improve
the detection of EF in patients but is not widely used in
Malaysia. Thus, the objective of this study was to identify
whether 18F-FDG PET/CT conferred an added benefit in the
pre-surgical evaluation of DRE. 

Methods: Retrospective review of 119 consecutive
paediatric patients referred for 18F-FDG-PET/CT at the
Department of Nuclear Medicine of the National Cancer
Institute, Putrajaya. All had DRE and underwent evaluation
at the Paediatric Institute, Hospital Kuala Lumpur. Visually
detected areas of 18F-FDG-PET/CT hypometabolism were
correlated with clinical, MRI and VEM findings.

Results: Hypometabolism was detected in 102/119 (86%) 18F-
FDG-PET/CT scans. The pattern of hypometabolism in 73
patients with normal MRI was focal unilobar in 16/73 (22%),
multilobar unilateral in 8/73 (11%), bilateral in 27/73 (37%)
and global in 5/73 (7%) of patients; whilst 17/73 (23%)
showed normal metabolism. In 46 patients with lesions on
MRI, 18F-FDG-PET/CT showed concordant localisation and
lateralization of the EF in 30/46 (65%) patients, and bilateral
or widespread hypometabolism in the rest. Addition of 18F-
FDG PET/CT impacted decision making in 66/119 (55%) of
patients; 24/73 with non-lesional and 30/46 patients with
lesional epilepsies were recommended for surgery or further
surgical work up, whilst surgery was not recommended in
11/46 patients with lesional epilepsy due to bilateral or
widespread hypometabolism. 25 patients subsequently
underwent epilepsy surgery, with 16/25 becoming seizure
free following surgery.

Conclusion: 18F-FDG-PET/CT has an added benefit for the
localization and lateralization of EF, particularly in patients
with normal or inconclusive MRI.
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INTRODUCTION
Epilepsy is a common chronic neurological disorder, with
prevalence of lifetime epilepsy is estimated at 7.8 per 1000
persons in Malaysia.1 For the majority of people with
epilepsy, seizures is controlled with medication but 30% of
patients will continue to have seizures despite appropriate
medication, thus posing significant burden to the patient,
their families and to the overall healthcare system. Drug
resistant epilepsy (DRE) in children is defined as seizures
persisting despite maximally tolerated doses of at least two
appropriately chosen anti-epileptic drugs (AEDs), with an
average frequency of one seizure per month, for more than
18 months and less than 3 months of seizure free period
during these 18 months.2 The percentage of children with
drug resistant epilepsy seen in the neurology clinic of the
Paediatric Institute, Hospital Kuala Lumpur was reported at
45%. This figure likely reflects its’ function as a tertiary
referral centre.3

The diagnosis and management of DRE is essential, given the
adverse effect of recurrent seizures on early brain
development, learning, memory and neurological outcome.
For some well selected children, the definitive treatment is for
the surgical excision of the cortical area of ictal onset and
initial seizure propagation, which is known as the
epileptogenic focus (EF) or zone.4 Young children with DRE
and surgically remediable lesions are considered good
candidates for aggressive surgical treatment due to the fact
that they have increased neuroplasticity of the developing
brain, hence the ability for better recovery post-surgery.5-7

Furthermore, early surgical intervention with successful
resection of EF will give satisfactory long-term social,
psychologic and cognitive development.6,7 A recent meta-
analysis on paediatric epilepsy surgery confirmed that
epilepsy surgery was more effective than medical therapy to
control seizures.8

Pre-surgical evaluation aims to localize precisely the EF, to
optimise seizure-free outcome and minimise unnecessary
brain tissue resection, which may contribute to neurological
deficits in a growing child. Brain magnetic resonance
imaging (MRI) and scalp video electroencephalography
(EEG) monitoring (VEM) are crucial to lateralize and localize
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the EF as well as ascertain the candidacy for surgery in
refractory seizures.4 Patients with clear lesions on MRI and
concordant scalp EEG findings require no further
investigations. However, additional investigations may be
required when there are no lesions discernible on MRI (non-
lesional epilepsy) or when there is discordant or inconclusive
MRI and video EEG findings.9

Currently, the ‘gold standard’ of pre-surgical localisation of
the EF and functional cortex is intracranial
electroencephalogram (iCEEG). iCEEG has high sensitivity
and specificity compared to scalp EEG, but is invasive,
sample-limited, costly and risky with potential complications
such as subdural, intracranial haematomas, bleeding, and
osteomyelitis/infections.10 Therefore, other non-invasive tools
have been used to help with localisation of the EF, including
18F-FDG PET/CT, single photon emission CT (SPECT) and
magnetoencephalography (MEG).9

18F-FDG PET/CT can provide an assessment of the
physiological and pathophysiological processes in patients
by measuring the molecular and biochemical changes that
occur in the brain prior to the onset of structural changes,
which may not be easily discernible on computed
tomography (CT) and MRI. The measurement of cerebral
glucose metabolism acts as a surrogate biomarker of
neuronal pathology in various neurology disease conditions
including dementia.11 As healthy brain cells highly
metabolise glucose, they avidly take up 18F-FDG, which is a
glucose analog.12 However in DRE, 18F-FDG uptake is reduced
in affected brain regions, thus focal or diffuse
hypometabolism is observed. Regions of hypometabolism of
18F-FDG on PET/CT scans have been significantly correlated
with regions of almost continuous epileptiform discharges on
iCEEG and often concordant with histopathological
examination (HPE) results of cortical malformative tissue.13

18F-FDG PET/CT is therefore useful for determining the
suitability of the patients to undergo surgery - especially if the
children have normal or inconclusive MRI, bilateral lesions
or when there are discordant results in the foci detected by
scalp EEG and MRI.14 However, the role of 18F-FDG PET/CT in
the clinical management of paediatric DRE has yet to be
established as a standard of care in Malaysia. 

Thus, the aim of this study was to identify whether 18F-FDG-
PET/CT has an added benefit for the detection of EF in DRE
compared with MRI and scalp EEG in patients with normal
MRI. We also assessed the detection rate of EF on 18F-FDG-
PET/CT as evidenced by foci of hypometabolism in patients
with inconclusive MRI or discordant data. We then identified
the clinical factors that were significantly associated with the
detection of foci of hypometabolism on 18F-FDG-PET/CT in
DRE patients in our institution.

MATERIALS AND METHODS
Study design and subject recruitment
A cross-sectional study was conducted among 119 paediatric
patients (aged 18 years and less) with DRE who were referred
for 18F-FDG-PET/CT from October 2015 to November 2016 at
the National Cancer Institute, Putrajaya, Malaysia.  The
diagnosis of refractory epilepsy was made by the respective

paediatric neurologists based on the consensus by the
International league Against Epilepsy (ILAE) Commission on
Therapeutic Strategies.15 The medical records of all patients
were reviewed. Important clinical information such as
demographic data, age of seizure onset, duration and
frequency of seizures, seizure type, the number of AEDs taken,
the presence of developmental delay or autism, as well as
information as to whether surgical intervention was
performed were recorded and entered in the database. All
patients underwent Video EEG Monitoring (VEM) and MRI
brain as pre-surgical evaluation of DRE. Only patients with
normal or inconclusive MRI were subjected to an 18F-FDG-
PET/CT scan. 

Video electroencephalography (EEG) monitoring (VEM)
All 119 patients underwent scalp VEM using the 10-20 system
at the same centre. Ictal and interictal events were reviewed
and interpreted by trained neurologists, and categorized into
normal, focal, lateralised or bilateral/poorly localised
epileptiform patterns. 

Magnetic resonance imaging (MRI) of the brain
MRI scans were performed using a 1.5T Ingenia (Philips,
Amsterdam, Netherlands) scanner using the institutional
standard epilepsy protocol. The MRI scans of the recruited
study subjects were dichotomised into normal or lesional but
inconclusive MRI. An inconclusive MRI scan was defined as
either i) having discordance with the EEG results, ii) focal or
unilateral MRI detected lesions with subtle changes and
unclear margins, or iii) multiple or bilateral cerebral lesions. 

18F-FDG PET/CT scan protocol
Informed consent was sought from parents of patients prior
to performing the 18F-FDG PET/CT scan. The parents signed
the parental agreement form after receiving an explanation
regarding the procedure. The patients were required to be
fasted for 4-6 hours prior to the scan. Anti-epileptic drugs
were continued on the day of the examination. 

Fasting blood sugar (FBS) level was checked on the day of the
examination. The acceptable range of the FBS was 4 to
10mmol/L. The patients were then administered with
6MBq/kg of 18F-FDG intravenously and directed to lie still with
their eyes open in a quiet and dimly lit room. Hydration and
urination were encouraged to reduced radiation exposure to
radiosensitive organs and excessive activity was discouraged.
Sedation using chloral hydrate or intravenous midazolam
was given to children less than three years old or
uncooperative children by the accompanied doctor prior to
scan acquisition and ensured continuous cardiac monitoring.
The image acquisition began with CT scan imaging for the
purpose of attenuation correction and anatomical
localisation, using a low dose of 140 kV and 180mA. This was
followed by standard PET acquisition using a Discovery ST
(General Electric Company (GE), Boston, USA) scanner, which
had an intrinsic resolution of 20 mm in full width at half
maximum (FWHM). The emission image was acquired for 25
minutes with a two-dimensional acquisition mode (2D), 60
minutes after the radiotracer injection.  Slices of the trans-
axial brain images were reconstructed using a filtered back-
projection method. The reconstructed images were corrected
for attenuation using attenuation maps. The trans-axial
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images were then realigned to yield sagittal and coronal
images. 

18F-FDG PET/CT image interpretation and analysis
Two senior nuclear medicine physicians visually assessed the
regional 18F-FDG metabolism seen on the scans by consensus.
The visualized hypometabolic region(s) on the 18F-FDG-
PET/CT scans were determined to be the EF. 18F-FDG-PET/CT
findings were divided into two categories, i.e., normal and
abnormal. Normal denoted that there was homogeneously
avid FDG metabolism throughout all the cortical regions.
Abnormal was defined as localized or non-localized area(s) of
FDG hypometabolism. The site of hypometabolism was
categorized into focal unilobar, multilobar unilateral,
bilateral or global. The site of hypometabolism was further
categorized into three regions, namely temporal lobe, extra-
temporal represented by the frontal, parietal and occipital
lobes, and temporal-plus represented by temporal with extra-
temporal lobe involvement. 18F-FDG hypometabolism
patterns were dichotomized to localized or lateralised versus
not localized or lateralised when studying the associated
factors. The patients were subsequently followed-up at the
HKL epilepsy clinic to review their clinical data and decide on
the further management of their condition by the treating
physician. 

Statistical analysis
Statistical analysis was performed using online Graphpad
Quickcalcs software (https://www.graphpad.com/
quickcalcs/). Descriptive analysis was used to display the
demographic data and the pattern of 18F-FDG
hypometabolism. Various clinical factors associated with
FDG hypometabolism were analysed using chi-square and
Fisher’s exact tests. A p value of < 0.05 was considered
statistically significant.

RESULTS
Demographic and clinical data
The 119 patients who fulfilled the inclusion and exclusion
criteria 74 males were and 45 females. Their ethnicity
comprised of 68% Malays, 19% Chinese and 13% Indians.
The age of patients at the time of 18F-FDG-PET/CT study
ranged from 1 to 18 years old with mean age of 10.3 years.
The minimum and maximum ages of seizure onset were 0.8
and 13 years old, respectively (mean: 3.6 years old). The
mean duration from seizure onset to the 18F-FDG-PET/CT
study was 6.7 years. 

Focal seizure was the commonest seizure type, noted among
62 patients (52%). This was followed by focal seizures with
secondary generalisation in 21 patients (18%), mixed seizure
types (including spasms) in 21 patients (18%), generalized
seizures in 8 patients (7%) and epileptic spasms as the only
seizure type in 7 patients (5%). All had DRE, with 41% of
patients experiencing daily seizures. 85 patients (74%) had
developmental delay, learning disability, or autistic spectrum
disorder. 

There was no significant difference in the demographic and
clinical features between patients with normal or abnormal
MRI, except for epilepsy duration, which was slightly longer

with patients with abnormal MRI (7.6 vs 6.1 years, p=0.047)
(Table I).

MRI results and aetiology
Brain MRI did not show any clear lesions in 73 children
(61%). 46 patients (39%) showed lesions on their MRI, with
features of atrophy/ encephalomalacia in 15/46 patients
(33%), presumed perinatal stroke in 9/46 (20%), cortical
malformation in 15/46 (33%), hippocampal atrophy in 5/46
(11%), developmental tumour in one (2%) and Rasmussen
encephalitis in one (2%) (Figure 1). 

The aetiologies for the MRI lesions were judged to be acquired
in 21 patients; consisting of hippocampal atrophy in five
patients and sequelae of: traumatic/non-traumatic
intracranial haemorrhage in 5 patients, neonatal
hypoglycaemia in four patients, hypoxic-ischaemic injury in
three patients, meningitis/encephalitis in two patients,
hemiconvulsive-hemiplegic epilepsy syndrome and
Rasmussen encephalitis in one patient each. The aetiologies
were judged to be congenital in 25 patients, consisting of
presumed perinatal stroke in 9 patients, focal cortical
dysplasia in 6 patients, multilobar dysplasia in 5 patients,
hemispheric dysplasia in one patient, tuberous sclerosis
complex in three patients and developmental tumour in one
patient. 

18F-FDG PET/CT results
18F-FDG PET hypometabolism was detected in 102 patients
(86%), whereas the remaining 17 patients had normal 18F-
FDG PET/CT scans. As for the site of 18F-FDG
hypometabolism, the commonest type was the temporal-plus
type (51%), followed by extra-temporal type (25%), and
temporal-only type hypometabolism (24%).  The pattern of
distribution of 18F-FDG hypometabolism in patients with
normal MRI were focal unilobar in 16/73 (22%), multilobar
unilateral in 8/73 (11%), bilateral in 27/73 (37%) and global
in 5/73 (7%) of patients. The distribution of 18F-FDG
hypometabolism in patients with lesional MRI were focal
unilobar in 8/46 (17%), multilobar unilateral in 22/46 (48%),
bilateral in 14/46 (33%) and global in 2/46 (4%) of patients
(Figure 2). 

Factors associated with patterns of 18F-FDG-PET/CT
hypometabolism
In patients with no lesions on their MRI, localised or
lateralised 18F-FDG PET/CT hypometabolism were
significantly associated with lateralised seizure semiology
and focal or lateralised interictal EEG abnormalities. Young
age (less than three years) at seizure onset and presence of
developmental delay, learning disability or autistic features
were associated with a non-lateralised PET hypometabolism.
In patients with lesions on their MRI, localised or lateralised
pattern of 18F-FDG PET/CT hypometabolism concordant with
the lesions were associated with localised/lateralised EEG
abnormalities and congenital (as opposed to acquired)
lesions (Table II). 

Impact of 18F-FDG PET/CT findings on decision-making for surgical
intervention
Overall, the addition of 18F-FDG PET/CT assessment, impacted
66 (55%) of the patients; 24/73 with non-lesional and 30/46
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Table I: Comparison of demographic and clinical data between patients with normal and lesional MRI (AEDs=anti-epileptic drugs,
DD= developmental delay, LD=learning disability, ASD=autistic spectrum disorder, SD=standard deviation)

Total (n=119) Normal MRI (n=73) INCONCLUSIVE MRI (n=46) P value
Sex 
Male 75 45 30
Female 44 28 16

Ethnicity
Malay 70 45 25
Chinese 30 16 14
Indian 19 12 07
Mean age seizure onset in years (SD) 3.6 (3.52) 3.9 (3.58) 3.3 (3.57) 0.410

Mean age at PET in years (SD) 10.3 (4.97) 9.9 (4.70) 10.8 (5.37) 0.328
Mean epilepsy duration in years (SD) 6.7 (3.96) 6.1 (3.52) 7.6 (4.47) 0.047*
Seizure frequency
Daily (%) 49 29 (59%) 20 (41%) 0.706
Weekly (%) 36 27 (75%) 9 (25%) 0.064
Monthly (%) 34 17 (50%) 17 (50%) 0.14

Mean number of current AEDs (SD) 2.3 (0.79) 2.2 (0.77) 2.4 (0.80) 0.226

Table II: Factors associated with focal/ lateralised versus non-lateralised 18F -FDG PET hypometabolism (EEG=
electroencephalogram, AEDs=anti-epileptic drugs, DD= developmental delay, LD=learning disability, ASD=autistic spectrum

disorder). **Ictal EEG only for 55/73 patients with normal MRI, and 36/46 with inconclusive MRI.

Normal MRI (n=73) inconclusive MRI  (n=46)
Focal/ Non- Total P value Focal/ Non- Total P value

lateralised lateralised lateralised lateralised 
PET (n=24) PET (n=49) PET (n=30) PET (n=16) 

SEIZURE Lateralised 13 (54%) 11 (46%) 24 0.009* 16 (76%) 5 (24%) 21 0.217

SEMIOLOGY Not 11 (22%) 38 (78%) 49 14 (56%) 11 (44%) 25
lateralised

INTER-ICTAL Focal/ 13 (50%) 13 (50%) 26 0.036* 22 (88%) 3 (12%) 25 0.031*
lateralised 

EEG Not focal/ 11 (23%) 36 (77%) 47 8 (38%) 13 (62%) 21
lateralised

ICTAL EEG** Focal/ 8 (36%) 14 (64%) 22 0.591 17 (81%) 4 (19%) 21 0.071
lateralised
Not focal/ 16 (29%) 39 (71%) 33 7 (47%) 8 (53%) 15
lateralised

SEIZURE <3 yrs 7 (18%) 33 (82%) 40 0.003* 16 (57%) 12 (43%) 28 0.210
ONSET >3 yrs 17(52%) 16 (48%) 33 14 (78%) 4 (22%) 18

SEIZURE <3 yrs 7 (18%) 33 (82%) 40 0.003* 16 (57%) 12 (43%) 28 0.210
DURATION > 5 yrs 11 (28%) 28 (72%) 39 20 (67%) 10 (33%) 30

SEIZURE Daily 6 (21%) 23 (79%) 29 0.082 11 (58%) 8 (42%) 19 0.531 
FREQUENCY Weekly/ 18 (41%) 26 (59%) 44 19 (70%) 8 (30%) 27

monthly

AEDS <2 6 (22%) 21 (78%) 27 0.198 14 (70%) 6 (30%) 20 0.756
>2 18 (39%) 28 (61%) 46 16 (62%) 10 (38%) 26

DD/LD/ASD Yes 12 (24%) 37 (76%) 49 0.037* 24 (71%) 10 (29%) 34 0.292
No 12 (50%) 12 (50%) 24 6 (50%) 6 (50%) 12

LESION Congenital NA NA 23 (82%) 5 (18%) 28 0.011*
Acquired NA NA 7 (39%) 11 (61%) 18
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Fig. 1: MRI findings and aetiologies in patients with lesional epilepsy (n=46), classified into congenital (25/46) and acquired (21/46)
categories. 

Fig. 1: Patterns of 18F-FDG PET hypometabolism seen in 56/73 patients with normal MRI (top row, A-D) and all patients with lesional MRI
(bottom row, E-H). (E) T1-weighted axial MRI showing abnormal grey-white differentiation over the right orbitofrontal region
and concordant focal hypometabolism, suggestive of focal cortical dysplasia, (F) T1-weighted axial MRI showing left
frontotemporal atrophy in a patient with traumatic brain injury and concordant hypometabolism, (G) T1-weighted axial MRI
shows multilobar encephalomalacia involving the right hemisphere in a patient with history of HSV encephalitis – PET detected
additional left parietal hypometabolism where no clear lesion was seen on the MRI, (H) ) T1-weighted axial MRI showing
thickened cortex and broad gyri in a patient with a poorly defined  left frontal focal cortical dysplasia – PET was not helpful as
it showed global hypometabolism. 
Colour scale: red = highest level of 18F-FDG uptake, dark blue/violet = lowest level of 18F-FDG uptake. Red arrowheads denote
areas of abnormalities.
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patients with lesional epilepsies were recommended for
surgery or further surgical work up, based on localised/
lateralised 18F-FDG PET hypometabolism and concordant pre-
surgical data. A total of 11/46 (24%) of patients with lesional
epilepsy was not recommended for surgery due to bilateral or
non-localising 18F-FDG PET findings.  A further 2 patients were
recommended surgery despite non-concordant 18F-FDG PET
findings; one boy with a left frontal dysplasia who showed
global hypometabolism (likely due to frequent seizures prior
to the 18F-FDG PET/CT scan) and another with left temporal
dysplasia who showed bilateral temporal hypometabolism.
The 18F-FDG PET/CT scan findings in the rest of the  patients
recruited in this study did not significantly influence the
decision-making for surgery. 

At the time of analysis, 25 patients (including 7 with no clear
lesions on the MRI) underwent epilepsy surgery. Seven and 2
patients had frontal and parietal lesionectomies respectively,
assisted by intra-operative electrocorticographic monitoring,
whilst one had an extensive resection of a parieto-occipital
tuber. Eight patients had anterior temporal lobectomies,
including one who had an additional frontal resection.
Functional hemispherotomy was performed in 4 patients and
temporo-parieto-occipital disconnection in 3 patients. 

16/25 patients (64%) remained seizure-free, achieving Engel
class I surgical outcome after a median follow-up of 20
months post-operatively. In contrast, only 13/94 (14%)
patients who were continued on AED medical therapy were
seizure-free. Histopathology of five out of seven patients with
normal MRI who had surgery revealed cortical dysplasia.

DISCUSSION
We were able to show that in Malaysia, 18F-FDG PET/CT
provided useful additional information in patients with DRE
who were being considered for epilepsy surgery.  In patients
with DRE and normal MRI, localised or lateralised 18F-FDG
PET hypometabolism indicative of the EF was seen in 24/73
(33%) of patients. In patients with DRE and poorly defined
MRI lesions or discordant pre-surgical data, concordant
hypometabolism and MRI abnormality was seen in 30/46
(65%) of patients, whilst confirmation of bilateral
abnormalities was observed in 11/46 (24%) of patients. Thus
overall, addition of 18F-FDG PET/CT investigation impact on
more than half of the patients in our cohort (65/119, 55%),
allowing for greater confidence in the selection and rejection
of epilepsy surgery candidates. 

The utility of interictal 18F-FDG PET/CT as a tool for
localization and lateralization of seizure focus has been
demonstrated by many previous studies.13,16,18 The reported
sensitivity of 18F-FDG PET/CT for identifying seizure focus
ranged from 45-90%, with generally higher sensitivity in
temporal versus extratemporal foci.16 It is particularly useful
for detection of hypometabolic area in a subtle cortical
dysplasia which may not be apparent on standard MRI
imaging, and showed good correlation with intracranial EEG
and histopathology findings.  The role of 18F-FDG PET/CT in
the pre-surgical evaluation of refractory epilepsy in Malaysia
has been explored by Lim et al., in 2017.17 In that study,
13/16 patients who underwent stage two evaluation for

epilepsy surgery had 18F-FDG PET/CT scan – at least 5/13
patients had cortical dysplasia confirmed on histopathology;
however the concordance between 18F-FDG PET/CT and other
investigative modalities was not stated. In our study,
histopathology confirmed focal cortical dysplasia in 71% of
patients with normal MRI and focal 18F-FDG PET
hypometabolism who underwent epilepsy surgery. A total of
16 patients became seizure free following surgery, with others
experiencing variable degrees of seizure reduction, suggesting
correct 18F-FDG PET and MRI identified EF in the majority of
patients. Not surprisingly, we found that lateralised seizure
semiology (evidence of clinical seizure starting on side of the
body) and focal/ lateralised interictal EEG abnormalities were
associated with concordant focal/ lateralised 18F-FDG PET
hypometabolism. 

In our experience, not only was 18F-FDG PET/CT useful in
detecting focal areas for resection, it was also useful to look
for hypometabolism in the regions outside the presumed EF,
the presence of which would make one cautious about
recommending epilepsy surgery. It should be noted however,
that a significant number of patients in our study, both with
or without MRI lesions, showed bilateral 18F-FDG PET
hypometabolism. 18F-FDG PET hypometabolism beyond the
epileptogenic foci may reflect seizure propagation, for
example, the spread of 18F-FDG PET/CT abnormalities in
patients with temporal lobe epilepsy (TLE), that extend
beyond the anterior and mesial regions, was observed in 32%
of TLE patients.18 Hypometabolism in other cortical regions
may also be observed due to presence of independent EF that
may not apparent on brain MRI.19 Additionally, other clinical
factors may contribute to 18F-FDG PET hypometabolism, such
as presence of development delay and learning disability20,
anti-epileptic medications (especially phenobarbitone),
duration of seizures and specific epilepsy or genetic
syndromes.19 In our study, young age (less than 3 years) at
seizure onset (but not seizure duration), acquired lesions (as
opposed to congenital lesions) and presence of
developmental delay, learning disability or autism, were
associated with bilateral 18F-FDG PET hypometabolism. 

Technical factors may also influence the degree and
diagnostic accuracy of 18F-FDG PET/CT study in DRE. It is
mandatory to ascertain recent episodes of seizures prior to 18F-
FDG PET study – seizures just prior to or during acquisition
may increase the influx of glucose into the EF, which may in
turn result in contrary 18F-FDG PET hypermetabolism instead
of hypometabolism.21 Adherence to pre-injection preparations
such as optimal fasting of at least 4-6 hours will reduce
endogenous insulin excretion and ensure optimal FDG
uptake into the brain cells. Lying quietly with eyes closed in
dimly lit room with avoidance of activities like reading,
talking or listening few minutes before and during uptake
time will prevent increase of FDG metabolism in visual,
language-motor cortical as well as auditory areas. During
image acquisition, careful precaution must be made to avoid
head movement by using a head rest and reminding older
children to avoid voluntary movements of head as much as
possible. Presence of motion artifact may compromise the
image quality and interpretation. In certain patients
requiring sedation, careful attention to timing of sedation is
crucial. Sedation must not be given too early or too close

9-18F-FDG PET/CT00180_3-PRIMARY.qxd  7/16/21  10:56 PM  Page 507



Original Article 

508 Med J Malaysia Vol 76 No 4 July 2021

(within 20 minutes) to FDG injection as it may interfere with
FDG metabolism and biodistribution in the brain, leading to
erroneous findings.22,23 

There are currently 21 centres in Malaysia with dedicated
PET-CT scanners offering their services mainly for oncological
cases. To date, only two government hospitals, one university
hospital and four private hospitals in Malaysia are offering
18F-FDG-PET/CT for neurological studies, specifically epilepsy.
The limited use of 18F-FDG PET/CT imaging for epilepsy
investigation is probably partly due to the low request for
such imaging from the treating neurologists.  Furthermore,
not many nuclear medicine specialists in Malaysia are well-
versed with 18F-FDG PET/CT imaging interpretation and
reporting in cases of epilepsy. The relatively higher cost
(compared to MRI) and radiation exposure may also limit its’
routine use in evaluation of patients with DRE. At the same
time, improvement in MRI quality have improved lesion
detection and may obviate the need for 18F-FDG PET/CT scan
for some patients with DRE.9

The limitation of this study is our resources, in which we were
unable to utilise any neurology image processing software in
order to perform a semi-quantitative assessment to identify
epileptogenic foci.  Semi-quantitative assessment using
voxel-based analysis with statistical parametric mapping or
three-dimensional stereotactic surface projection sequence
such as Neurostat is an important tool that have been proven
to have added benefit to the physician in the interpretation
of the area of hypometabolism for epileptic focus detection.24

Moreover, our subjects were children in which there is no
establishment of control database for this age group. We
recommend that future studies should deploy the semi-
quantitative processing software methods to improve the
diagnostic accuracy of 18F-FDG PET/CT in drug resistant
epilepsy.

CONCLUSION
18F-FDG-PET/CT is a non-invasive, neuroimaging tools that
can improve the detection of EF in DRE, especially in patients
with normal or inconclusive MRI and clinical data.
Recognition of the indications and limitations of this
important imaging modality may improve the care of
patients with DRE in Malaysia.

ACKNOWLEDGEMENT
The authors would like to thank the Director-General of
Health, Ministry of Health Malaysia for the permission to
publish this original research. The authors also thank the
Hospital Director of Hospital Kuala Lumpur, Ministry of
Health, Malaysia and Director of the National Cancer
Institute, Ministry of Health Malaysia, Putrajaya for giving
permission to use the patients’ clinical data and anonymised
images in this publication. Surgeries were performed by Dr
Benedict Selladurai at Ara Damansara Medical Centre and
Dr Azmi bin Alias at Hospital Kuala Lumpur. 

REFERENCES
1. Fong SL, Lim KS, Tan L, Zainuddin NH, Ho JH, Chia ZJ, et al.

Prevalence study of epilepsy in Malaysia. Epilepsy Res 2021; 170:
106551.

2. Berg AT, Vickrey BG, Testa FM, Levy SR, Shinnar S, DiMario F, et
al. How long does it take for epilepsy to become intractable? A
prospective investigation. Ann Neurol 2006; 60(1): 73-9.

3. Khoo TB. Classification of Childhood Epilepsies in a Tertiary
Pediatric Neurology Clinic Using a Customized Classification
Scheme From the International League Against Epilepsy 2010
Report. JChild Neurol 2012; 28(1): 56-9.

4. Kazemi H, Speckmann EJ, Gorji A. Pre-Surgical Evaluation of
Intractable Epilepsy in Children. Iranian Journal of Child
Neurology 2011; 5(2):1-10.

5. Cristina G, Snead OC. Pharmacologically intractable epilepsy in
children: diagnosis and preoperative evaluation. Neurosurgical
Focus FOC. 2008; 25(3):E2.

6. Maton B, Jayakar P, Resnick TJ, Morrison G, Ragheb J, Duchowny
M. Surgery for medically intractable temporal lobe epilepsy
during early life. Epilepsia 2008; 49(1):80-7.

7. Resnick TJ, Duchowny M, Jayakar P. Early surgery for epilepsy:
redefining candidacy. Journal of child neurology 1994;
9(2_suppl): 2S36-41.

8. Widjaja E, Jain P, Demoe L, Guttmann A, Tomlinson G, Sander
B. Seizure outcome of pediatric epilepsy surgery: systematic
review and meta-analyses. Neurology 2020; 94(7):311-21.

9. Jayakar P, Gaillard WD, Tripathi M, Libenson MH, Mathern GW,
Cross JH. Task Force for Paediatric Epilepsy Surgery, Commission
for Paediatrics, and the Diagnostic Commission of the
International League Against Epilepsy. Diagnostic test utilization
in evaluation for resective epilepsy surgery in children. Epilepsia
2014; 55(4): 507-18.

10. Nagahama Y, Schmitt AJ, Nakagawa D, Vesole AS, Kamm J,
Kovach CK, et al. Intracranial EEG for seizure focus localization:
evolving techniques, outcomes, complications, and utility of
combining surface and depth electrodes. J Neurosurg 2018: 1-13.

11. Aziz SA, Ling LJ, Saad FF, Nordin AJ, Ibrahim N, Nuruddin A, et
al. Voxel-wise analysis of 18F-fluorodeoxyglucose metabolism in
correlation with variations in the presentation of Alzheimer's
disease: a clinician's guide. Medical Journal of Indonesia 2019;
28(3): 300-8.

12. Suppiah S, Didier MA, Vinjamuri S. The Who, When, Why, and
How of PET Amyloid Imaging in Management of Alzheimer’s
Disease—Review of Literature and Interesting Images.
Diagnostics 2019; 9(2): 65.

13. Bansal L, Miller I, Hyslop A, Bhatia S, Duchowny M, Jayakar P.
PET hypermetabolism in medically resistant childhood epilepsy:
Incidence, associations, and surgical outcome. Epilepsia 2016;
57(3): 436-44.

14. Patil S, Biassoni L, Borgwardt L. Nuclear Medicine in Pediatric
Neurology and Neurosurgery: Epilepsy and Brain Tumors.
Seminars in Nuclear Medicine 2007; 37(5): 357-81.

15. Kwan P, Arzimanoglou A, Berg AT, Brodie MJ, Allen Hauser W,
Mathern G, et al. Definition of drug resistant epilepsy: consensus
proposal by the ad hoc Task Force of the ILAE Commission on
Therapeutic Strategies. Epilepsia 2010; 51(6): 1069-77.

16. Kumar A, Chugani HT. The Role of Radionuclide Imaging in
Epilepsy, Part 1: Sporadic Temporal and Extratemporal Lobe
Epilepsy. Journal of Nuclear Medicine 2013; 54(10):1775.

17. Lim KS, Ahmad SA, Narayanan V, Rahmat K, Ramli NM, Mun
KS, et al. Level 4 comprehensive epilepsy program in Malaysia, a
resource-limited country. Neurology Asia 2017; 22(4).

18. Gok B, Jallo G, Hayeri R, Wahl R, Aygun N. The evaluation of
FDG-PET imaging for epileptogenic focus localization in patients
with MRI positive and MRI negative temporal lobe epilepsy.
Neuroradiology 2013; 55(5): 541-50.

19. Chugani HT. The role of PET in childhood epilepsy. Journal of
Child Neurology 1994; 9 Suppl 1: S82-88.

9-18F-FDG PET/CT00180_3-PRIMARY.qxd  7/16/21  10:56 PM  Page 508



Perspective of a nuclear medicine physician 

Med J Malaysia Vol 76 No 4 July 2021 509

20. Kumar A, Chugani HT. PET in the assessment of pediatric brain
development and developmental disorders. PET clinics 2008;
3(4): 487-515.

21. Chugani HT. Hypermetabolism On Pediatric Positron Emission
Tomography Scans Of Brain Glucose Metabolism: What does it
signify?. Journal of Nuclear Medicine 2021.

22. Stanescu L, Ishak GE, Khanna PC, Biyyam DR, Shaw DW, Parisi
MT. FDG PET of the brain in pediatric patients: imaging spectrum
with MR imaging correlation. Radiographics 2013; 33(5): 1279-
303.

23. Varrone A, Asenbaum S, Vander Borght T, Booij J, Nobili F,
Någren K, et al. EANM procedure guidelines for PET brain
imaging using [18 F] FDG, version 2. European journal of nuclear
medicine and molecular imaging 2009; 36(12): 2103-10.

24. Wang K, Liu T, Zhao X, Xia X, Zhang K, Qiao H, et al.
Comparative study of voxel-based epileptic foci localization
accuracy between statistical parametric mapping and three-
dimensional stereotactic surface projection. Frontiers in
neurology 2016; 7:164.

9-18F-FDG PET/CT00180_3-PRIMARY.qxd  7/16/21  10:56 PM  Page 509




