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SPECT in the localisation of extratemporal and
temporal seizure foci

Mark R Newton, Samuel F Berkovic, Mark C Austin, Christopher C Rowe,
W John McKay, Peter F Bladin

Abstract
The yield of ictal, postictal, and interictal
SPECT was compared in the localisation
of seizure foci in 177 patients with partial
epilepsy. In 119 patients with known uni-
lateral temporal lobe epilepsy ictal
SPECT (97% correct localisation) was
superior to postictal SPECT (71% cor-
rect), which was better than interictal
studies (48% correct). Similarly, in cases
of known or suspected extratemporal
epilepsy the yield of ictal SPECT studies
was high (92%). By contrast, the yield of
postictal studies was much lower (46%)
and usually only very early postictal stud-
ies were diagnostic. Interictal SPECT
was of little value. The accuracy of ictal
SPECT in localising temporal lobe
seizures is now well established.
Extratemporal seizures are often brief
and difficult to localise. This report
shows that ictal SPECT also has a high
diagnostic yield in a wide range of
extratemporal epilepsies. The brevity of
many extratemporal seizures means that
true ictal SPECT examinations can be
difficult to achieve, but the high diagnos-
tic yield justifies the special organisa-
tional effort needed to obtain such
studies.
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Surgical treatment of epilepsy is most success-

ful in patients with unilateral temporal lobe
epilepsy, which is the commonest form of
refractory partial epilepsy.' 2 Such patients
usually have seizures of amygdalohippocam-
pal onset and show recognisable clinical
seizure patterns, typically comprising an expe-
riential aura, followed by an arrest reaction,
oroalimentary automatisms, and postictal
confusion.2 Preoperative localisation of the
focus in nearly all such patients can now be
achieved with clinical assessment, extracranial
ictal EEG recordings, MRI, and functional
imaging with interictal PET' or peri-ictal single
photon emission computed tomography
(SPECT),' 13 without resorting to invasive
intracranial recordings.

Patients with extratemporal epilepsies and
temporal lobe epilepsies with unusual seizure
patterns present a greater challenge for preop-
erative localisation. In some cases a discrete

lesion on MRI or a clearcut focal onset on
ictal EEG will provide definitive localising
information, but often localisation is difficult
and requires intracranial EEG recordings.
Intracranial recordings may not always be
diagnostic, and even when the focus is
thought to be localised, the surgical results are
inferior to those of temporal lobe surgery. 415

Interictal PET in cases without structural
lesions has yielded generally disappointing
results. 16

Here we examine the value of SPECT in
177 consecutive patients with refractory par-
tial seizures studied with ictal or postictal
SPECT. We summarise our previously pub-
lished results57 13 in cases of well charac-
terised unilateral temporal lobe epilepsy, now
totalling 119 (plus seven patients with bitem-
poral foci), and compare these with the find-
ings in the remaining 51 patients with
established or probable extratemporal foci,
possible temporal lobe epilepsy with unusual
seizure patterns, and cases with unsolved
localisation. We sought strategies whereby
SPECT could help seizure focus localisation
in patients with these complicated and hetero-
geneous partial epilepsies.

Methods
PATIENTS
One hundred and seventy seven patients were
investigated for refractory partial seizures
between 1987 and 1991 in the
Comprehensive Epilepsy Programme at the
Austin Hospital. All patients underwent clini-
cal evaluation, video-EEG monitoring of
seizures, MRI, and neuropsychological
assessment. In addition, SPECT was per-
formed on all patients after ictal or postictal
injection of the blood flow imaging agent
technetium-99m hexamethylpropyleneami-
neoxime (99mTc-HMPAO).IO

SPECT STUDIES
SPECT was performed after injection of
99mTc-HMPAO during (ictal study) or after a
seizure (postictal study) on at least one occa-
sion during video-EEG monitoring, which
allowed precise timing of the ligand injection
relative to end of seizure. The methods for
rapid preparation of 99mTc-HMPAO, ictal
injection of tracer, SPECT data acquisition,
and display have been previously described.10
Our previous experience of SPECT in tempo-
ral lobe seizures has shown that the ictal
hyperperfusion of the anterior temporal lobe
persists up to 60 seconds into the immediate
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Table 1 Percentage localisation accuracy of epileptic foci
using interictal, postictal, and ictal SPECT in 119 cases of
unilateral temporal lobe epilepsy

SPECT Lateralisation* Interictal Postictalt Ictalt
(n = 119) n = 77) n = 51)

Correct 48 71 97
Inconclusive 42 25 3
Incorrect 10 4 0

*The first 46 cases were interpreted independently by two
blinded reviewers, and the next 73 cases by three blinded
reviewers. Values shown are the percentage means for the
whole series.
t77 studies in 77 patients ofwhom nine also had ictal studies.
t51 studies in 51 cases. 49 of 51 cases were correctly later-
alised by all three independent blinded reviewers. One case
that was not lateralised by any reviewer had a repeat ictal study
that showed correct lateralisation. A second case was not later-
alised by only one of three reviewers.

postictal period, so that very early postictal
injection would produce an ictal pattern of
regional blood flow.9 We therefore classified
such studies of temporal lobe epilepsy as ictal,
and injections after the 30 second postictal
period were defined as postictal studies.
Studies in the non-temporal seizure group
were called postictal when isotope was
injected at any time after end of seizure.
These studies were compared with interictal
SPECT which were made when the patients
had been seizure free for 24 hours (or as many
hours postictally as their seizure frequency
allowed). Ligand was injected with the
patients supine and silent, with eyes closed in a
suite, with minimal background noise.

DATA REVIEW
The methods of analysis of the SPECT data
for the unilateral temporal lobe series has
been reported previously.5 7-10 For the other
patients with either atypical temporal or
extratemporal seizures two of the authors
made provisional localisations from all clini-
cal, video-EEG, and MRI data before exam-
ining the SPECT scans. Each patient was
classified on the basis of these data as either
definitely or probably localised, or unlo-
calised. The SPECT scans were then visually
assessed by two of us (MRN and SFB) and
classified as localising or non-localising on the
basis of the finding of focal hyperperfusion.

Results
One hundred and nineteen patients were
found to have unilateral temporal lobe
epilepsy, and seven had proved or suspected
bilateral temporal foci. Fifty one were consid-
ered to have partial seizures that were either
not of temporal origin or were atypical for

Table 2 Localisation information from interictal, postictal, and ictal SPECT in 51 cases
ofproved or probable extratemporal foci, possible temporal lobe epilepsy with unusual
seizure patterns, and unlocalised cases

Interictal Postictal Ictal
SPECT SPECT SPECT

Parietal (n = 5) 0% (0/5) 0% (0/1) 100% (4/4)
Frontal (n = 5) 20% (1/5) 33% (1/3) 100% (3/3)
Occipital (n = 2) 50% (1/2) 100% (1/1) 100% (2/2)
Atypical temporal (n = 9) 55% (5/9) 83% (5/6) 86% (6/7)
Unlocalised (n = 30) 33% (10/30) 38% (10/26) 89% (8/9)
Total (n = 51) 33% 46% 92%

temporal lobe epilepsy. Their mean age was
29 (range 11-60) years and mean duration of
seizures was 15 (range 1-49) years.

TEMPORAL LOBE SEIZURES
Table 1 summarises our previously published
data on 119 patients with unilateral temporal
lobe epilepsy.5 7-10 Interictal SPECT may show
focal hypoperfusion in the region of the
seizure focus, whereas the ictal SPECT studies
showed pronounced hyperperfusion in the
discharging anterior temporal lobe. By con-
trast, postictal SPECT was characterised by
lateral temporal hypoperfusion with preserva-
tion of the mesial temporal perfusion on the
side of seizure focus. Ictal SPECT was clearly
superior to postictal SPECT, which was bet-
ter than interictal SPECT in localising the
focus (table 1).
An additional five patients had well defined

independent bilateral temporal lobe foci. In
each case when an electroclinical right sided
seizure was studied with ictal or postictal
SPECT, the SPECT localised to the right
side. Similarly, electroclinical left sided
seizures localised to the left side with ictal or
postictal SPECT. A further two patients had
complex partial seizures, clinically suggestive
of temporal lobe origin, that could not be
definitively localised on electrical grounds,
but ictal and postictal SPECT studies sug-
gested bitemporal foci.

EXTRATEMPORAL AND ATYPICAL TEMPORAL
CASES
Table 2 shows the SPECT data in this hetero-
geneous group of cases. The value of SPECT
in temporal lobe seizures (table 1) was
assessed by comparing SPECT localisation to
rigorous localisation by other means. In the
remaining cases (table 2) putative localisation
was made in 21 cases, but localisation was not
possible in 30 patients. Localising information
from ictal SPECT was obtained in 92% of
cases studied, compared with 46% of postictal
and 33% of interictal studies (table 2).

PARIETAL LOBE SEIZURES
Seizures arose from a parietal focus in five
patients (table 2). The typical clinical pattern
was a hemisensory aura followed by a sudden
motor disturbance of one or more limbs,
sometimes without alteration of conscious-
ness. The most useful lateralising feature in
four patients was the history of a unilateral
sensory aura.

Although the ictal EEG tracings were
unhelpful because of artefact, interictal EEG
provided localising data in four patients.
Magnetic resonance imaging showed a focal
abnormality (cortical dysplasia) in only one
case. The brevity of these seizures provided a
difficult challenge for ictal SPECT study as
preparation and injection of the 99mTc-
HMPAO usually requires at least 30 sec-
onds.'0 Despite this, ictal injections were
achieved and discrete regions of obvious
hyperperfusion were seen in four of the
SPECT studies (figure) providing clear evi-
dence of the site of seizure origin. The site of
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Ictal SPECT study in a

patient with seizures
arisingfrom the left
parietal region due to focal
cortical dysplasia. There is

pronounced hyperperfusion
in the left parietal area

(arrow). Interictal SPECT
was normal (not shown).

ictal SPECT hyperperfusion accorded with
localisation deduced from other data in all
four cases. The patterns of regional hyperper-
fusion were remarkable for the lack of wide-
spread hypoperfusion distal to the discharging
site that was commonly seen in the temporal
ictal SPECT studies.8 9 The one postictal
SPECT study did not demonstrate any asym-

metry of perfusion, and all interictal SPECT
studies were normal.

FRONTAL LOBE SEIZURES

Frontal lobe foci were found in five patients.
Features that allowed confident lateralisation
were lateralised auras (reported by three
patients) and unilateral and dystonic or tonic
posturing (in three) and clonic activity (in
one). Interictal or ictal EEG (including two

with intracranial electrodes) gave localising
information in these five patients. Frontal
atrophy was seen on MRI in three and one

patient had central hemispheric dysplasia.
The regional hyperperfusion of ictal SPECT
confirmed the site of epileptic discharge in
three, whereas postictal SPECT showed focal
hypoperfusion in one and was unhelpful in
another. Like the parietal studies, the ictal
SPECT appearances were not associated with
extensive distal hypoperfusion.

OCCIPITAL LOBE SEIZURES

Two patients had evidence of seizure foci
involving the occipital lobe. Both had com-

plex partial seizures with visual aura and later-
alising ictal dystonia with normal MRI. In one

patient surface ictal EEG showed temporo-
occipital discharge and ipsilateral hyperperfu-
sion of the mesial occipital cortex during an

uncommon seizure type consisting of staring
and unresponsiveness. Study of his more typi-
cal complex partial seizures showed ictal EEG
discharge from the right posterior quadrant
and hyperperfusion of the lateral temporal
and occipital cortex was seen with ictal
SPECT. Electrocorticography at operation
showed abundant epileptic activity over the
posterior parietal and lateral occipital regions,
so a resection of those areas was made (leav-
ing him with a left inferior quadrantanopia).
Pathology showed discrete areas of dysplastic

cortex. The patient improved for six months
but seizures returned. The patient was rein-
vestigated and a second ictal SPECT showed
hyperperfusion in the parietal region superior
to the resected margin so further cortical
resection was undertaken after confirmation
of the epileptic zone with ECG. Pathology
again showed cortical dysplasia. The patient
had been seizure free until three months after
operation when a series of seizures were pro-
voked by sleep deprivation and alcohol use.
Freedom from seizures was restored with
lifestyle correction.
Video-EEG recording of seizures from the

other patient showed the origin of epileptic
activity in the right posterior quadrant and
ictal SPECT showed hyperperfusion through-
out the right temporal and occipital lobes,
maximal at the junction of the temporal, pari-
etal, and occipital lobes. The patient's
epilepsy responded to one of the new
antiepileptic drugs before further investigation
with intracranial EEG.

ATYPICAL SEIZURES OF PROBABLE TEMPORAL

LOBE ORIGIN
Nine patients had seizures not typical of tem-
poral lobe epilepsy yet EEG or other data sug-
gested a temporal lobe origin. The ictal
features of this group included hyperkinesis,
unilateral clonic jerking, peculiar vocalisations
with bilateral upper limb posturing, and inter-
mittent giggling; MRI showed temporal lobe
lesions in six patients; EEG suggested a uni-
lateral temporal focus in six and another
showed a temporo-occipital focus.
The patient with the temporo-occipital

focus had a gliotic area in the left occipital
lobe on MRI. Ictal scalp EEG revealed poste-
rior temporal origin of seizures, confirmed
with intracranial EEG study. Cortical resec-
tion of the temporo-occipital cortex, however,
showed no specific pathology and seizures
returned. Two preoperative ictal SPECT
studies showed anterior mesial and lateral
temporal hyperperfusion respectively, and a
repeat ictal SPECT study postoperatively
again showed anterior hyperperfusion. A stan-
dard anterior temporal lobectomy was then
performed and the patient has had auras only
at two years follow up.

Ictal SPECT was obtained in another six
cases. Three showed unilateral temporal
hyperperfusion that accorded with the side of
the focus suggested by MRI, EEG, or both.
Two showed symmetric bitemporal hyperper-
fusion on ictal SPECT; both had prominent
vocalisation and bilateral upper limb postur-
ing during their seizures, which began with
bilateral temporal EEG discharge in both
cases; MRI was normal in one and showed
bilateral hippocampal sclerosis in the other.
Another patient had ambiguous changes in his
ictal scans. Postictal and interictal scans pro-
vided some lateralising information but were
inferior to ictal studies (table 2).

UNLOCALISED FOCAL SEIZURES
The seizure focus was not clearly localised in
30 patients, although some lateralising or
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localising information was obtained from clin-
ical, EEG, and MRI studies in certain cases.
Clinically useful features in the seizures of this
group were scarce, and the duration of
seizures was often brief. There was a wide
range of ictal manifestations, which included
dystonic cruciate posturing of upper limbs,
brief tonic posturing of one arm, giggling with
incontinence, whooping and grimacing with
dystonic posturing of either hand, and staring
with immobility of all limbs.

Thirty nine SPECT peri-ictal scans were
obtained in the 30 patients (table 2). There
were 29 postictal studies in 26 patients, with a
mean delay in injection of 3-2 minutes (range
15 seconds to 6-5 minutes), and 10 ictal
SPECT studies in nine patients. Five patients
underwent both postictal and ictal SPECT.

Ictal SPECT gave new diagnostic informa-
tion in four patients, supported the clinical or
EEG data in four, and was not helpful in one.
Postictal scans provided novel information in
three, supported the localisation in seven, and
gave no useful data in 16 patients. Only the
ictal SPECT showed focal changes in four of
the five patients who had both ictal and pos-
tictal studies, but both SPECT studies were
helpful in the remaining patient.

Overall, SPECT contributed corroborative
localising data in 10 of the 30 patients and
provided the only localising information for
another five. The suspected foci were unilat-
eral temporal (five), bitemporal (two),
parasagittal (two), frontotemporal (two),
orbitofrontal (two), parietal (one), and multi-
focal (one).

Discussion
The techniques of EEG remain the principal
investigation for localising seizure foci or con-
firming the site suggested by clinical features.
Uncontaminated scalp EEG recordings, how-
ever, cannot often be obtained in patients
with pronounced ictal motor activity, as seen
in many of the seizures studied here.
Furthermore, intracranial electrode studies
should only be used when a specific region or
regions are suspected as being epileptogenic,
as these invasive studies cannot explore the
whole cortex. When clinical features and EEG
are not localising, and structural neuroimag-
ing studies are normal, there is left little diag-
nostic scope for the further investigation of
these patients. It is in this context that func-
tional imaging with SPECT will be of great
value. The relative simplicity of ligand injec-
tion and data acquisition allows the technique
to be exploited in most epilepsy monitoring
programmes.
The clinical value and reliability of SPECT

in the identification of temporal lobe foci has
only recently been established." Ictal SPECT
study yields a greater proportion of correct
lateralising data than either postictal or interic-
tal SPECT (table 1). Although inferior to ictal
SPECT, postictal SPECT in temporal lobe
seizures remains a more powerful and reliable
study than interictal SPECT.
The value of SPECT in the localisation of

extratemporal foci is not clear. Reports of

99mTc-HMPAO SPECT in this domain of par-
tial epilepsy are few.6 17-19 The abruptness of
onset, brevity, and pronounced motor activity
of many of the seizure types militate against
ready capture with the ligand. This contrasts
with seizures arising from the temporal lobe,
which are often heralded by an aura, last more
than a minute, and rarely contain violent
movements thereby making ligand injection
easier. Despite these inherent difficulties, we
obtained SPECT data from many patients
with suspected extratemporal foci over a five
year period to evaluate the clinical utility of
SPECT in this subgroup of refractory focal
epilepsy.
The results of the 51 cases as a whole (table

2) show the superiority of ictal SPECT over
postictal and interictal studies. Not only was
the yield of diagnostic studies higher in a
quantitative sense, but the studies were also
easier to interpret. These overall results were
also applicable to the individual subgroups;
ictal SPECT accurately localised all parietal,
frontal, and occipital cases where a confident
electroclinical diagnosis had been made.
Postictal study was less rewarding, however,
and interictal study the least (table 2). Ictal
study also suggested a temporal site of origin
in 86% of patients with seizures atypical of
temporal lobe epilepsy in whom there was
some other evidence for a temporal focus
despite the unusual clinical features.

Ictal SPECT was also helpful in cases unlo-
calised on clinical or EEG criteria. This
included four patients in whom SPECT pro-
vided the only useful data that can now direct
further investigation, if clinically appropriate,
with invasive EEG studies. This clearly repre-
sents a great advance in the investigation of
this very difficult subgroup of refractory focal
epilepsies.

Although ictal SPECT was the more
rewarding study in the unlocalised group, pos-
tictal SPECT studies were the most com-
monly performed. Two factors accounted for
this. Half of these patients were investigated
before the refinement of 99mTc-HMPAO
preparation that made the ligand ready for
injection in 30 seconds, so that injections
before this important development were
always postictal. Also, the combined delays of
seizure alert, summons of the person to inject,
and ligand preparation precluded capture of
the ictal phase in seizures of very brief dura-
tion (for example, less than 45 seconds).
The excellent localising information

derived from ictal SPECT in the unlocalised
group was expected with capture of the
regional hyperperfusion that accompanies the
focal cortical discharge. There was, however,
a discrepancy between the localisation rates of
their postictal SPECT and those of the tem-
poral series. The relatively poor performance
of the postictal SPECT in the unlocalised
group compared with the temporal series
prompted further analysis.

Postictal SPECT provided localising data
in only 10 of the 26 patients of the unlocalised
group studied in that condition. The mean
delay in injection was 4-1 (range 1-15) min-
utes and a temporal focus was identified in
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eight of the patients. Frontotemporal and cen-
tral parasagittal foci were found in the other
two patients who were injected at 16 seconds
and 20 seconds postictally. Postictal SPECT
was of no value in the other 16 patients where
the mean delay in injection was 3-1 (range
0 25-0 65) minutes. Three of these patients
were proved to have extratemporal foci on
ictal SPECT study.
Thus despite similar delays in ligand injec-

tion, the diagnostic yield of the SPECT in the
patients with extratemporal focus was differ-
ent from the temporal group. This suggests
that postictal perfusion patterns in temporal
lobe seizures and in seizures of extratemporal
origin evolve at different rates. It is likely that
the sequence of ictal to postictal changes in
regional cortical perfusion in extratemporal
seizures evolves over a much shorter time
frame than in temporal lobe seizures. In tem-
poral lobe seizures, the characteristic postictal
perfusion patterns are established in the sec-
ond postictal minute9 and persist for up to 15
minutes before returning to the interictal
state.7

In addition, the topography of cortical
blood flow distribution after extratemporal
lobe seizures seemed to differ from that of
temporal lobe seizures. The examples of pos-
tictal hypoperfusion shown by SPECT in
extratemporal lobe seizures were restricted to
the immediate region of the seizure focus. By
contrast, temporal lobe seizures are usually
followed by the characteristic widespread ipsi-
lateral cortical depression of blood flow, often
sparing the mesial temporal region.579 These
findings likely reflect variations in the underly-
ing physiology of regional cortical blood flow
that accompany seizures arising from different
sites, and have important implications for the
use of SPECT. The lower yield of diagnostic
information from postictal SPECT in sus-
pected extratemporal seizures demands that
the ligand should be injected during the
seizure to exploit the easily interpretable ictal
hyperperfusion.
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