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Introduction
The majority of the treatments for epilepsy are anticonvulsant drugs. 

These medications include carbamazepine, diazepam, ethosucimide, 
gabapentin, levetiracetam, phenobartital, phenytoin, etc. Early 
identification of epilepsy non-responders allows prompt switching to 
an alternative therapy, as well as saving significant time and money 
and increasing patient and physician satisfaction. Clinicians must use 
sensitive and specific measurements to decide what works in individual 
patients.

For those patients whose seizures are not controlled by medications, 
re-evaluation is necessary and surgery is an alternative treatment for 
epilepsy. A key issue in epilepsy surgery is the accurate localization 
of the “epileptogenic zone (EZ)”. However, the EZ in human epilepsy 
is not limited to one discrete focal brain area, but related to the 
activity of dynamic epileptogenic cortical networks [1]. To date, pre-
surgical evaluation of the epileptogenic network can be performed by 
electroencephalogram (EEG), video-EEG, magnetic resonance imaging 
(MRI), magneto-encephalography, single-photon emission computed 
tomography (SPECT) and positron emission tomography (PET). 

Previously 99mTc-hexamethyl propylene amine oxime (99mTc-
HMPAO) SPECT has been utilized to directly image the location 
of epilepsy [2]. At the ictal phase, 99mTc-HMPAO SPECT shows the 
increased rate of regional cerebral blood flow (rCBF) from the epileptic 
focus during the seizure [2]. At the interictal phase, the epileptic focus 
reveals decreased rate of rCBF. Differently from SPECT, positron 
emission tomography (PET) utilizes 18Fluoro-2-deoxyglucose 
(18F-FDG) to measure glucose metabolism. The interictal FDG-
PET reveals hypometaboism at the epileptic focus. It has been 
demonstrated that the interictal FDG-PET is much more sensitive than 
the interictal SPECT, and similarly sensitive to the ictal SPECT for the 
accurate localization of epileptogenic foci prior to surgical therapy [3]. 

Visual assessment of 18F-FDG-PET is associated with very 
significant interobserver and intraobserver variability. To resolve this 
problem, we have studied the issues of rigorous quantitation of FDG 
brain PET studies [4,5]. Recently we have developed self-normalization 
of FDG PET-CT scans using the normal intact portions of that patient’s 

brain, allowing for precise quantification of every area of the brain 
in relationship to the most normally functioning portions of that 
patient’s brain. The brain area that is between the hypometabolic and 
hypermetabolic spectrum is considered normal for that patient at 
that time point. We have devised computer programs to normalized 
quantification based on the normal portions of a patient’s brain. Self-
normalization identifies the least metabolically disturbed areas of 
the patient brain by excluding hypometabolic and hypermetabolic 
areas from the calculation of the mean, and then the entire data set 
is rescaled based upon normal for that patient. Self-normalization has 
been covered by two issued US patents by Robert G Carroll assigned 
to Quantitative Imaging Inc.:  US patent 8,938,102 (issued on Jan 
20, 2015) [6] and US patent 9,025,845 (issued on May 5, 2015) [7]. 
This revolutionary self-normalization technique avoids the pitfalls 
of “normal” age matched control groups who by definition have not 
had the patient’s experiential background, and greatly increases inter-
comparability, reproducibility and sensitivity in the measurement. 
In addition to our self-normalization approach, Peter and colleagues 
(2015) have developed global quantitative analysis technique to 
evaluate temporal lobe epilepsy, and showed that it can more accurately 
detect seizure lateralization and the potential therapeutic effect that can 
improve patient’s quality of life [8].

Besides FDG-PET imaging, PET receptor imaging has also been 
demonstrated to provide significant insight into the mechanism of 
neurotransmitters in epileptogenesis. Pathophysiologically, different 
kinds of neurotransmitters and receptor subtypes are associated 
with epilepsy, including acetylcholine, adenosine, dopamine, gamma-
aminobutyric acid (GABA), glutamate, opiates, and serotonin. Various 
types of radiopharmaceuticals have been developed targeting to 
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Abstract

For epilepsy patients who are not responding to anticonvulsant medications, surgery is an alternative treatment. A 
key issue in epilepsy surgery is the accurate localization of the “epileptogenic zone”. To date, pre-surgical evaluation 
of the epileptogenic network can be carried out by electroencephalogram (EEG), video-EEG, magnetic resonance 
imaging, magneto-encephalography, single-photon emission computed tomography (SPECT) and positron 
emission tomography (PET). The interictal FDG-PET reveals hypometaboism at the epileptic focus, and it has been 
demonstrated to be much more sensitive than the interictal SPECT, and similarly sensitive to the ictal SPECT 
for the accurate localization of epileptogenic foci prior to surgical therapy. Visual assessment of 18F-FDG-PET is 
associated with interobserver and intraobserver variability. We have studied the issues of rigorous quantitation of 
FDG-PET brain studies and developed self-normalization technique. In addition to FDG-PET imaging, PET receptor 
imaging has also been demonstrated to provide significant insight into the mechanisms of neurotransmitters in 
epileptogenesis. In conclusion, we believe that nuclear medicine imaging can facilitate the identification of epileptic 
foci and investigate novel treatment for epilepsy.  
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specific receptors. 11C-flumazenil can bind specifically to GABAA-
central benzodiazepine receptor. An 11C-flumazenil PET study 
revealed that regions of cortex with a normal MRI appearance 
from epilepsy patients showed abnormally increased binding of 
11C-flumazenil [9,10]. 2’-Methoxyphenyl-(N-2’-pyridinyl)-p-18F-
fluoro-benzamidoethylpiperazine (18F-MPPF) is a specific 5-HT1A 
serotonin antagonist [11]. Didelot and colleagues (2010) utilized 
asymmetry index analysis of 18F-MPPF PET, and demonstrated that 
it was more sensitive and specific to localize the epileptogenic foci for 
pre-surgical assessment of patients with temporal lope epilepsies [12]. 
11 C-cerfentanil is a mu opiate agonist receptor radioligand [13], it has 
been shown that there was increased binding of 11 C-cerfentanil in 
the temporal neocortex of unilateral temporal lobe epilepsy patients. 
Similarly, N1’-([11C] Methyl) naltrindole ([ 11 C]-MeNTI) is a specific 
delta opiate receptor antagonist, and its binding also increased in the 
temporal cortex ipsilateral to the epilepsy focus [14].

In addition to PET receptor imaging, nuclear medicine imaging has 
also been utilized to investigate other mechanisms in epileptogenesis. 
Recently, Zhang and colleagues (2015) have utilized Indium-111-bis-
5-hydroxytryptamide-diethylenetriaminepentaacetate to image brain
matrix metalloproteinase (MPO) activity by SPECT, and demonstrated 
the upregulation of MPO activity during epileptogenesis. This
animal experiment result was consistent with the positive MPO
immunostaining in the resected temporal lobe tissue from a patient
with refractory epilepsy [15].

In summary, nuclear medicine imaging can promote our 
understanding of the mechanisms involved in epileptogenesis, facilitate 
the identification of epileptic foci and investigate novel treatment 
approaches for epilepsy.
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