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A Pilot Study of Schizophrenia-Like Psychosis in Epilepsy
Using Single-Photon Emission Computerised Tomography

E. JANE MARSHALL, G. M. S. SYED, P. B. C. FENWICK and W. A. LISHMAN

In a pilotstudy, SPECTwas usedto exploredifferencesin rCBFbetween a groupof patients
with schizophrenia-like psychoses of epilepsy (SLPE) and a matched group of epileptic controls.
Five patientsin each group were investigatedand those with SLPE showed significant
reductionsinthe indexof rCBF inthe leftmedialtemporalregion.These differencesarebeing
investigatedfurther.

The psychoses of epilepsy are of interest because they
constitute a natural paradigm for schizophrenia, and
could illuminate its pathogenesis. Early descriptions
of the psychotic features highlighted paranoid
symptoms and retention of affective warmth (Hill,
1953; Pond, 1957; Slater eta!, 1963). An association
between temporal lobe epilepsy, particularly left
sidedlesions,and thenuclearschizophrenia(NS)
CATEGO category (Wing et al, 1974) has been

reported (Perez & Trimble, 1980; Perez eta!, 1985).
Individuals with schizophrenia-like psychoses of

epilepsy (SLPE) typically have little genetic pre
disposition to schizophrenia. The onset of the
psychosis follows some 10â€”15years after the onset
of the epilepsy. Patients commonly have complex
partial seizures, with a mediobasal-limbic focus, and
the psychosis usually starts as the seizure frequency
diminishes (Slater et a!, 1963; for-Henry, 1969;
Trimble, 1991).

for-Henry (1969) reported a possible association
between SLPE and epileptic foci in the left temporal
lobe. In a clinical series of patients who had
undergone unilateral temporal lobectomy, Taylor
(1975)reportedthatwomen, especiallythosewho
were left handed and had â€˜¿�alientissue lesions',
appeared to be at special risk of developing SLPE.
Lesions of the left hemisphere carried higher risk
than those in the right hemisphere. Sherwin (1981),
investigating patients who had undergone a temporal
lobectomy, found that left-handed patients, with
epileptogenic lesions in the left temporal lobe, seemed
particularly predisposed to SLPE. However, these
findings have not been substantiated by Kristensen
& Sindrup(1978)orJensen& Larsen(1979).

Several of the above studies incorporated air
encephalography (AEG) and computerised tomo
graphy (CT). The studies of Slater et a! (1963)
and Kristensen& Sindrup(1978)showed AEG
evidence of deep midline or diffuse brain damage in
epileptic patients with psychosis. Toone et al's (1982)

CT evaluation of SLPE reported an excess of
abnormalities in the left hemisphere in the psychotic
group, but this failed to reach significance. In a
magnetic resonance imaging study of epileptic
psychosis, Conlon et a! (1990) found no significant
differences in T1relaxation time between 12 patients
with epilepsy and psychosis (â€˜NS'subclass on the
Present State Examination) and 17 patients with
epilepsy and no psychiatric illness. However, patients
experiencing hallucinations had a significantly higher
T1 value in the left temporal lobe compared with
patients without hallucinations.

Positron emission tomography (PET) and single
photonemissioncomputerisedtomography(SPECT)
allow the study of brain function as opposed
to structure. In a PET study, using oxygen-iS
inhalation, Gallhofer et a! (1985) showed that
individuals with SLPE had a lower regional oxygen
extraction rate than epileptic and normal controls,
especially in the frontal, temporal and basal ganglia
regions. The psychotic group also had significantly
lower regional cerebral blood flow (rCBF) and
oxygen metabolism in the temporal areas on the left
side.

The objective of this pilot study was to use SPECT
toinvestigaterCBF intwogroupsofpatientswith
epilepsy,one witha historyof SLPE and one
without. The aims were: (a) to ascertain whether
there was any difference in rCBF between the two
groups, (b) whether the epileptics with psychosis had
more widespread dysfunction, and, if so, (c) whether
this dysfunction was more pronounced in the left
than the right hemisphere.

Method

The case notes of all patients attending the specialist
EpilepsyClinicat the MaudsleyHospital,a tertiaryreferral
centreforepilepsyandrelatedproblems,werescreened,
with special attention being paid to the detailed clinical
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histories and results of electroencephalographic (EEG)
studies, neuroradiological (CT) and neuropsychological
investigations. Exclusion criteria for entry into the study
included alcohol and drug abuse, a history of status
epilepticus, progressive brain disease, space-occupying
lesions on CT brain scan, and left handedness. Patients with
a history of psychosis were not included if the psychotic
illness was affective, of less than three months' duration,
and only postictal. Ten men were selected.

The SLPE group consisted of five men with epilepsyand
a diagnosisof schizophreniaby ResearchDiagnosticCriteria
(RDC; Spitzer et al, 1978). All five were on neuroleptic
medication and none was psychotic at the time of the
SPECT scan. The epileptic control group consisted of five
men matched with the SLPE group for age, age at onset
of epilepsy, type of epilepsy, and side of EEG focus. The
mean (s.d.) age of the SLPE group was 37.6 (7.7) years
and that of the controlgroupwas 38.0(8.7) years.The mean
age at onset of epilepsy was 12.5 (12.!) years and 9.95 (10.4)
yearsrespectively.All 10patientsweretakinganticonvulsant
medication of equivalent type and dose and had levels
within the therapeutic range. The five men in the SLPE
group were each interviewed with the Schizophrenia and
Affective Disorders Schedule â€”¿�Lifetime version (SADS-L;
Spitzer & Endicott, 1978) to confirm the RDC diagnosis
of schizophrenia. All patients were right handed (Annett
Handedness Schedule; Annett, 1970). Verbal and per
formance IQ were rated using the Wechsler Adult
Intelligence Scale (WAIS-R; Wechsler, 1981).

Interictal rCBF was evaluated with SPECT following
an intravenous injection of the single-photon tracer
technetium-99m-labelled HMPAO (Ceretec, Amersham,
UK). Within minutes, @â€œ¿�Tc-HMPAOcrosses the blood
brain barrier and is taken up by brain cells in proportion to
blood flow (Lassenetal, 1988).Onceinthebrain, it becomes
lipophobic, and there is insignificant washout during
scanning. It thus gives a â€˜¿�snapshot'of the rCBF for the
two to four minutes after the injection (Sharpeta!, 1986).
Each patientwas restingsupine, with eyesclosed at the time
of injection with 550 MBq of @â€œ¿�Tc-HMPAO.The @â€œ¿�Tc
HMPAO for injection was freshly prepared and adminis
tered within 10 minutes. The lipophilic component
was assessed using the chromatography (ITLC) method.

An SME-8!0 multidetector head-dedicated SPECT
system, based in the Department of Nuclear Medicine at
King's College Hospital, was used to obtain images. This
system has a spatial resolution of approximately 7.5 mm
at full-width half-maximum. At least eight overlapping
slices, each 15 mm thick, were acquired in the horizontal
plane, using the orbitoâ€”meatal (OM) line as baseline.
Reconstruction was carried out using Wiener filters and the

iterative method. Coronal sections were generated from the
transverse sections using the related software package
(SME 2.5!).

Image analysis

Analysis was carried out blind to patient/control status.
Regions of interest were outlined by hand, tracing on the
transverse and the reconstructed coronal sections, with
computer guidance for the peripheral regions in order to

standardise a width of five to six pixels over cortical areas.
Four transverse slices were chosen for analysis. The first
was at the level of the OM line where the cerebellum was
outlined. The secondslice, 10mm abovethe OM line, was
used to outline inner and outer temporal regions. The third
slice was midventricular and was located about 40â€”55mm
above the OM line. It was divided into four equal parts
on the brain convexity bilaterally (as described by Lewis
et a!,1992)anda stripof mesialfrontalcortexwasoutlined
on either side of the midline within the first segment. Two
subcortical regions, the caudate and thalamus, were
measured bilaterally on this slice. Finally, a slice at the
supraventricular level (60 mm above the OM line) was
divided into two equal portions bilaterally. Two regions of
interest, each five pixels in width, were outlined on either
side, and were termed â€˜¿�highfrontal' and â€˜¿�highparietal'
regions. The frontal poles and anterior temporal lobes were
outlined on reconstructed coronal sections, and the
temporal lobes were further divided into equal thirds on
either side (medial, mid and lateral regions).

All measurements were performed using an Apple
Mackintosh analysis package. The software calculated the
mean uptake per pixel in each region. The measurement
of relative rCBF by normalising the mean count per unit
volume in each region of interest to a reference region,
usually the cerebellum, has been used in investigations of
Alzheimer'sdisease(Montaldieta!, 1990)and schizophrenia
(Bajc et a!, 1989). In this study epileptic patients were on
anticonvulsant medication, which can cause cerebellar
atrophy;thereforethe meancount perunit volume for each
region could not be normalised against the cerebellum.
Because three patients in the SLPE group (cases 2, 4 and
5) had some brain atrophy on their CT scans (visible right
temporal horn, cerebellaratrophy and right hemiatrophy
respectively)the rCBF index for each regioncould not be
expressed as a percentage of the total uptake in the relevant
slice. Instead, the following normalisation procedure was
used. The mean value of counts per unit volume in each
region of interest was taken as the numerator. This was
divided by the unweighted mean of the average values of
counts per unit volume in each region of interest, using all
regions of interest in the relevant slice. This normalised
count rate was termed the â€˜¿�normalisedrCBF index' and
is used as our indicator, indirect though it is, of rCBF.

The data were analysed using the s@ss-pcprogram. The
Wilcoxon matched-pairs signed-ranks test was used to test
the difference in ratios of regional uptake between the two
groups.

Results

Clinical data on the two groups are shown in Table 1,
with information on each matched pair being presented
together. Threepairshad predominantlyright-sidedlesions
and two pairs had predominantly left-sided lesions. Tables
2 and 3 show the results of the normalised rCBF index on
transverse sections and reconstructed coronal sections
respectivelyfor the matchedgroups. Analysis of transverse
slices (Table 2) reveals a significant between-group
difference for the right thalamus only (P=0.04), the
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Control
or SLPEAge:yearsAge

at onset
of seizures:

yearsAge

at onset
of SLPE:

yearsSeizure
typeSeizure

frequencyEEGCTVerbal
IQPerfor mance

lQ1C

SIPE40 4010 5â€” 32CPS
GTC
CPS
GTC1

per3 months
(occasional)
1 per3months
(occasional)I

IN N110 97111962C

SLPE31 2912 18â€” 18CPS
GTC
GTC1

per3 months
(occasional)
Seizurefree for 2 yearsR>L R>LN RTH94 â€”¿�90â€”¿�3C

SIPE28 311.5 0.75â€” 17CPS
GTC
CPS
GTClpermonth

(occasional)
1-2permonth
(occasional)L

LN N111 981181074C

SLPE45 3933 24â€” 29GTC GTC3
per month

Seizurefree for 1 yearN R;FTN CA96 8976805C

SLPE44 516 2â€” 50CPS CPS4
permonth

Seizurefree for 1 yearR RN RH116 85115 92

Epileptic
controls
(17=5)Schizophrenia-like

psychosisgroup
(17=5)Cerebellumright

1.005 (0.005)1.019(0.024)NSleft
1.010 (0.025)1.002(0.014)NSOuter

temporalright
0.252 (0.015)0.250(0.024)NSleft
0.254 (0.009)0.256(0.012)NSInner

temporalright
0.246 (0.010)0.251(0.011)NSleft
0.249 (0.004)0.243(0.007)P=0.07Caudateright

0.075 (0.005)0.079(0.005)NSleft
0.075(0.004)0.078(0.015)NSThalamusright

0.083 (0.003)0.078(0.005)P=0.O4left
0.086 (0.003)0.079(0.008)P0.07Medial

frontalright
0.071 (0.008)0.071(0.003)NSleft
0.072 (0.007)0.073(0.004)NSHigh

frontalright
0.239 (0.016)0.248(0.010)NSleft
0.243 (0.005)0.250(0.021)NSHigh

parietalright
0.262 (0.013)0.248(0.042)NSleft
0.256 (0.014)0.255 (0.022)NS

Epileptic
control group

(17=5)Schizophrenia-like

psychosisgroup
(n=5)Frontal

poleright
0.509(0.024)0.487(0.013)NSleft
0.491 (0.024)0.513(0.013)NSMedial

temporalright
0.153 (0.017)0.160(0.012)NSleft
0.179 (0.009)0.158(0.009)P=0.04Mid

temporalright
0.170(0.011)0.170(0.010)NSleft

0.165(0.017)0.170(0.011)NSLateral
temporalright

0.169(0.017)0.171(0.011)NSleft
0.163(0.010)0.171 (0.015)NS
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Table 1
Clinical features of five men with schizophrenia-like psychosis (SLPE) and five controls (C)

CPS= complexpartialseizure;GTC=generalisedseizure;FT=fronto-temporal; RTH= right temporalhornvisible; CA= cerebellaratrophy;
RH= righthemiatrophy;N= normal;A= right-sided;L= left-sided;IQ=measuredon WAIS-R.

Table 2
Group means (s.d.) of normalised count rates (normalised
rCBF index) on transverseslices, comparingmatched
epileptic control group with schizophrenia-like psychosis
of epilepsygroup usmgthe Wilcoxon matched-pairssigned

ranks test

Table 3
Group means (s.d.) of normalised count rates (normalised
rCBF index) on reconstructed coronal slices, comparing
matched epileptic control group with schizophrenia-like
psychosisgroup usingthe Wilcoxon matched-pairs signed

ranks test

SLPEgroupshowingalowernormalisedrCBFindex.Two
other regions almost reach significance, the left thalamus
(P= 0.07) and left inner temporal region (P= 0.07),
where the SLPE group again show a lower normalised
rCBF index. On the reconstructed coronal slices, the
normalised rCBF index is significantly reduced in
the left medial temporal region (P=0.04) in the SLPE
group.
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would not explain the reduction in rCBF in the left
inner and medial temporal regions.

We are also cautious about our conclusions
because of the technical limitations of SPECT.
Quantitative analysis of rCBF with PET is superior
when intra-arterial blood sampling is used. Also,
sophisticated methods of analysis, such as statistical
parametric maps, have been developed for PET
(Friston et a!, 1991; Liddle et a!, 1992). However,
SPECT and PET have one methodological problem
in common, and that is the anatomical definition of
regions of interest. We did not carry out MRI on
our patients, and thus could not use MRI templates
to assistwithoutliningtheregionsof interest.
Although the regions of interest were drawn
manually, they were standardised by using a grid in
the midventricular and supraventricular slices and
by drawing the regions of interest five to six pixels
in width in cortical areas.

This study supports the hypothesis that damage
to limbic-related cortex in epilepsy may predispose
to psychosis. Further functional imaging research on
SLPE should aim to correlate the various psychotic
syndromes of SLPE with patterns of cerebral blood
flow. Such a study is presently being carried out in
our department.
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