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CASE PRESENTATION

A 29-yr-old woman with medically intractable com-
plex partial seizures was referred for consideration of
epilepsy surgery. She was the product of full-term nor-
mal pregnancy and delivery, and her early development
was unremarkable. At the age 18 mo, she had a febrile
convulsion. Shortly thereafter she developed recurrent
afebrile seizures, which have persisted to the present.
Her seizures began with an aura described as an un-
pleasant rising sensation in the epigastrium, followed
by unresponsiveness and flexion of the left arm. Postic-
tally, she was confused for ~15 min. At times, she
experienced the aura without subsequent impairment
of consciousness. Some seizures were secondarily gen-
eralized with bilateral tonic-clonic movements. The
seizures gradually increased in frequency over the past
ten years. At the time of admission, she experienced
four to five complex partial seizures per month and one
secondarily generalized seizure per month.

She had been treated with maximum doses of phen-
ytoin, carbamazepine, mysoline, valproate, and phe-
nobarbital, alone and in combination, but these were
ineffective. Her past medical history was otherwise un-
remarkable, and there were no other known risk factors
for epilepsy. The family history was also negative.

The general physical examination was normal with
no evidence of hemiatrophy. Mental status testing re-
vealed fluent speech, but a poor fund of knowledge and
mild-moderate memory impairment. Cranial nerves II-
XII were normal. Tone, muscle bulk and strength, and
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coordination were normal, and the reflexes were active
and symmetric. Sensation was intact. Gait and station
were normal.

Her preliminary studies suggested right temporal lobe
seizure origin but were not definitive. Video-EEG mon-
itoring with scalp and sphenoidal (basal temporal lobe)
electrodes demonstrated right sphenoidal spike dis-
charges only when asleep. Four seizures were recorded;
one was not localized in origin and three displayed early
right temporal lobe activity. A thiopental activation test
was negative. Neuropsychometric studies disclosed mild
impairment of both verbal and visuo-spatial (including
facial recognition) memory. Intracarotid amobarbital
injection demonstrated left hemisphere dominance for
language and intact memory in the left hemisphere.

Because of the inconclusive preliminary testing, fur-
ther diagnostic procedures were performed to establish
a firm diagnosis. A positron emission tomography
(PET) scan using fluorine-18-fluorodeoxyglucose
(FDG) was performed to determine regional cerebral
metabolism. This showed a significant reduction in the
metabolic activity in the right temporal region and
ipsilateral thalamus (Fig. 1). Intracranial electrodes were
placed bilaterally in the temporal lobes and frontal lobes
and the EEG was recorded to determine the source of
her seizures. During her 19-day intensive monitoring
session, five complex partial seizures and one second-
arily generalized seizure were observed. All began in
the right hippocampus and amygdala.

The patient underwent a right anterior temporal
lobectomy shortly thereafter without complication. His-
topathologic examination of the specimen showed me-
sial temporal sclerosis, with gliosis and cell loss in limbic
structures. In the 6 mo since surgery, she has not
experienced any auras or seizures, and reports a signif-
icant improvement in her mood and work performance.
Postoperative neuropsychometric testing revealed im-
provement in facial recognition and visual scanning,
and no change in verbal memory or language.
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FIGURE 1

(A & B) Interictal PET scan illustrates diminished FDG uptake
in the right temporal lobe, which is pronounced mesially (A).
Also, ipsilateral thalamic activity appears decreased (B) (note
arrows).

DISCUSSION

Epilepsy Considerations

This patient’s history is typical for temporal lobe
epilepsy. Many such patients have unremarkable pre-
natal and perinatal periods and appear in good health
until they experience a febrile convulsion, usually be-
fore the age of 3 yr. Although the vast majority of febrile
convulsions are benign (/), early childhood convul-
sions, whether febrile or nonfebrile, are common ante-
cedents in patients with long-standing partial complex
seizures (2,3). While recurrent seizures unrelated to
febrile episodes may immediately follow an early child-
hood convulsion, they usually do not commence for
several years. Once they begin, often the prognosis is
poor. As many as 70% of patients with temporal lobe
epilepsy whose seizures began in childhood require
long-term anticonvulsant therapy, and half of these
individuals may continue to experience seizures in spite
of adequate treatment (3-5).

Persistent seizures that interfere with consciousness,
particularly when associated with other neurologic im-
pairments, often lead to permanent disability, psychi-
atric disorders, and social maladjustment (6,7). When
seizures produce such impairments, consideration
should be given to surgical therapy. Resection of epilep-
tic tissue can eliminate or substantially mitigate seizures
and the disabilities they cause, so that patients may live
a relatively normal and more satisfying life (8,9). The
probability of a successful outcome after surgery ranges
from 50% to 90%, depending upon the underlying
factors in each individual case, whereas serious perma-
nent neurologic morbidity ranges from less than 1% to
5% depending on the surgical procedure performed
(<1% for anterior temporal lobectomy in experienced
hands) (9).

Presurgical Evaluation Process
The purpose of the presurgical evaluation process is
to identify and delimit the region of the brain to be
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resected. Since surgical results are best when the excised
tissue contains a histopathologic lesion, preoperative
testing attempts to detect such an abnormality and
establish that it is epileptogenic. The pathologic findings
in temporal lobe epilepsy in the absence of tumor are
usually confined to mesial temporal structures. The
most common abnormality is mesial temporal sclerosis
(Ammon’s horn sclerosis), which is characterized by
gliosis and neuronal loss in the hippocampus (10,11).
This is not reliably detected by magnetic resonance
imaging (/2) and, therefore, physiologic methods must
be used to diagnose this condition.

A variety of procedures are utilized to evaluate pa-
tients for epilepsy surgery (9). Current diagnostic pro-
tocols employ multiple localization techniques. When
data from several different tests are concordant, the
probability of accurate localization and a favorable
outcome increases considerably.

EEG Techniques

The surface EEG frequently reveals abnormalities in
the interictal (interseizure) period (/3). These include
localized spike discharges, which are a hallmark of
hyperexcitable cortex, and focal slow waves in the EEG
background, which may indicate an underlying struc-
tural abnormality. The intravenous injection of thio-
pental may not induce high frequency beta waves in
the EEG in the involved temporal lobe, which often
indicates gliosis in that region. Studying the EEG during
seizures is especially helpful in locating their source,
though scalp recording is often inadequate for definitive
localization of seizure origin.

Intracranial EEG recording, using electrodes either
implanted directly into the substance of the brain or
placed in the subdural or epidural spaces, is considered
the most accurate means of identifying the region re-
sponsible for seizures (/4). However, this technique is
invasive and carries a small degree of risk (1%-5%), so
it is desirable to reserve its use for situations when
noninvasive techniques are inadequate for diagnosis.

Cognitive Testing

Cognitive testing may also help identify an abnormal
temporal lobe. Mesial temporal structures are particu-
larly crucial for the registration of new memories, and
assessment of verbal and spatial memory, largely sub-
served by the left and right temporal lobes, respectively,
may help lateralize hippocampal damage. The intraca-
rotid amobarbital injection (Wada test) establishes
which hemisphere is language dominant, and also can
be used to assess memory capabilities of each temporal
lobe independently (/5).

Imaging Techniques

Imaging techniques also play an important role in
evaluating patients for epilepsy surgery. Magnetic res-
onance imaging (MRI), positron emission tomography
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(PET), and single-photon emission tomography
(SPECT) have all been used to identify epileptic tissue
for resection.

MRI. MRI is especially sensitive for detecting neo-
plasms in patients with epilepsy. They have been re-
ported in 12%-48% of patients who have undergone
surgical treatment (/2,16-18). MRI is particularly in-
formative for middle fossa tumors since bone artifacts
on computed tomography (CT) images render this re-
gion uninterpretable (/9). The tumors most commonly
reported in MRI series have been indolent, and include
low-grade astrocytomas, gangliogliomas, arteriovenous
malformations, and hamartomas. The use of paramag-
netic contrast agents has not significantly enhanced the
sensitivity of MRI in detecting brain tumors in patients
with epilepsy (20). While CT scanning frequently re-
veals atrophy in patients with epilepsy (2/), MRI ap-
pears to be superior for this purpose because it more
readily visualizes the cerebrospinal fluid spaces. MRI
can detect hemispheric and temporal lobe atrophy, as
well as focal atrophy of the hippocampus (22-26). A
nonspecific increase in signal intensity in T2-weighted
images in mesial temporal regions has also been re-
ported in patients with refractory partial epilepsy (17,
22-25). It has been suggested that this may indicate
mesial temporal sclerosis, but this remains unproven.
The increased signal intensity does not always correlate
well with the precise location of pathologic changes
(22), and has not been noted in some series reporting
patients with proven mesial temporal sclerosis (/4,16).

PET. PET has also proven informative in epilepsy.
Most PET studies have examined cerebral metabolism
with FDG. Interictally, the most common abnormality
in epilepsy is focal cortical decreased FDG uptake (hy-
pometabolism) (/2,27-36). Interictal diminished blood
flow has been noted in the hypometabolic region (33,
37,38). Single hypometabolic cortical regions occur in
55%-80% of patients with partial epilepsy, though mul-
tiple hypometabolic regions are occasionally seen in
this population. Subcortical hypometabolism, involving
thalamus and basal ganglia, has also been reported (39).
While the usual pathologic abnormality underlying the
temporal lobe hypometabolism is mesial temporal scle-
rosis, the area of hypometabolism typically extends well
beyond the structural lesion (/2,40). The reason for
hypometabolism is uncertain. Reduced glucose metab-
olism may be related to cortical atrophy and the dimin-
ished number of cells. The distant hypometabolism may
reflect diminished synaptic activity. Though exceptions
occur, the hypometabolic region corresponds to the area
of seizure origin, so PET-FDG scanning is helpful in
selecting patients with partial epilepsy for resective sur-
gery (29,41). The hypometabolism is reversible. Gur
and colleagues (42) reported normalization of temporal
lobe hypometabolism after corpus callosotomy in a
patient with generalized epilepsy. Dashieff and associ-
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ates (43) noted increased temporal lobe metabolism
after excision of a parietal lobe vascular malformation
with relief of seizures. Effects of behavioral activation
on the hypometabolic region are still unknown.

During partial seizures, energy requirements are in-
creased. Therefore, increased FDG uptake is noted in
previously hypometabolic regions (33,44,45). During
seizures, the hypermetabolic zones may be highly re-
stricted or multifocal, involving areas to which seizures
propagate. Because of these complex patterns, ictal PET
studies are of uncertain value for localizing an epileptic
focus for surgery.

PET also has been used in selecting infants with
intractable seizures for surgery (46). Abnormal interic-
tal and ictal zones helped identify tissue for resection.

More recently, neurotransmitter receptor imaging
studies have been performed in patients with seizure
disorders. Savic and colleagues (47) noted diminished
benzodiazepine receptor binding in the mesial temporal
lobe of patients with partial epilepsy. This could reflect
a disturbance of local inhibitory mechanisms, but is
also consistent with neuronal loss in that area without
impairment of inhibition in remaining neurons. Since
the area of abnormality was more restricted than in
FDG studies, benzodiazepine studies may offer more
precise localization of epileptic foci for surgical inter-
vention. Opiate receptors are also altered in partial
epilepsy. They were increased in temporal lobe neocor-
tex but appeared normal in mesial structures (48). The
receptor increase was postulated to represent a neuronal
response that might limit seizure spread from other
temporal lobe structures. Additional studies with these
and new receptor ligands should prove informative.

SPECT. SPECT findings are similar to those of PET.
Interictal cerebral hypoperfusion (and rarely interictal
hyperperfusion), and ictal and immediate post-ictal hy-
perperfusion in partial epilepsy with iodine-123-labeled
radiopharmaceuticals or xenon-133 (49-52) have been
shown. This has been confirmed with technetium-99-
labeled compounds (53-61). Hypoperfused regions are
seen in perhaps 50% of patients with partial epilepsy
interictally and they often correspond to the EEG focus,
though exceptions are not infrequent. Homan and col-
leagues (62) also found that localized cognitive deficits
apparent on neuropsychological testing corresponded
to these hypoperfused regions. Interictal hypoperfusion
has also been described in West syndrome (63).

Ictal, or rather, immediate post-ictal SPECT scanning
with technetium-labeled HMPAO may be more accu-
rate and sensitive for localizing a seizure focus than
interictal scanning (6/,64). Rowe and associates (61)
found focal hyperperfusion in immediate post-ictal
scans. The area of hyperperfusion was more restricted,
confined to mesial temporal regions, and corresponded
more closely to the pathologic lesion than the interictal
SPECT abnormality.
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CONCLUSION

As surgery becomes more widely utilized as a treat-
ment for intractable partial epilepsy, the challenge re-
mains to improve methods for accurate localization
and prediction of outcome. PET and SPECT have
several advantages that make them ideally suited for
this purpose. They noninvasively provide physiologic
and anatomic information about the seizure focus and
are of proven value in the preoperative assessment of
patients for epilepsy surgery. The major limitation of
perfusion and metabolic studies is that of specificity,
since not all abnormal zones are responsible for trigger-
ing seizures. However, combining PET or SPECT data
with that obtained by other noninvasive tests, such as
EEG, MRI, or cognitive tests, may prove to be a pow-
erful approach for determining which patients are suit-
able for surgery. The potential contributions of PET
and SPECT neurotransmitter receptor studies to epi-
lepsy are especially exciting. They may lead to a more
precise definition of a seizure focus, and also could
provide information regarding the pathophysiology of
epilepsy.
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