
Epilepsy is one of the most common and debilitating neurological
disorders, with a prevalence of 5–10 per 1000 population.1 The
lifetime risk of psychiatric disorder in temporal lobe epilepsy is
estimated to be as high as 60%.2 Specifically, temporal lobe
epilepsy carries a substantial risk of psychosis at a prevalence rate
of 2–7%, which is several times greater than that seen in the
general population.3–7 Although temporal lobe epilepsy represents
one of the highest known risk factors for the development of
psychosis, very little is known about the neurobiology of temporal
lobe epilepsy and associated psychosis.

The relationship between the temporal lobe and psychosis was
first reported in 1963 by Slater and colleagues8 and some forms of
temporal lobe epilepsy with psychosis have been noted to closely
resemble schizophrenia.9 Temporal lobe epilepsy with psychosis
has also been postulated to arise from abnormalities in fetal brain
development, and to represent a model or ‘mock-up’ of
schizophrenia.10 It is recognised that these conditions possibly
share common genetic or environmental causes,11 and recently
the mean interval between the onset of epilepsy and that of
psychosis has been reported to be approximately 14.4 years.12

Temporal lobe epilepsy has been associated with a variety of
environmental insults such as birth injury, febrile convulsions,
head trauma or central nervous system infection and where
associated with genetic vulnerability may lead to acquired changes
in brain anatomy.13 Up until the 1980s such changes in neuro-
anatomy were assessed through post-mortem neuropathological

studies; however, with the advent of magnetic resonance imaging
(MRI), most of such changes have been readily imaged in vivo
and have been quantified using manual and computerised
statistical methods. These methods provide an opportunity to
improve our understanding of the pathogenesis of not only the
psychosis associated with temporal lobe epilepsy but the causative
mechanisms of psychosis in general.

So far, there have only been a limited number of MRI studies
that have assessed regional volumetric differences in people with
temporal lobe epilepsy and psychosis specifically. Three previous
studies used manual region of interest (ROI) volumetry to
compare participants with temporal lobe epilepsy only versus
those with temporal lobe epilepsy with psychosis. Findings have
included reduction of volume in the temporal, frontal and parietal
lobes and superior temporal gyrus and left hippocampus grey
matter volumes and also bilateral amygdala enlargement.14–16

Overall, however, the findings from manual ROI studies
have not been consistent. A more recent study attempted to
overcome the difficulties of reproducibility introduced by manual
volumetry by using automated whole brain voxel-based
morphometry (VBM). This study limited the assessment to
grey matter and observed no cortical differences between
groups.17 As this was not consistent with neuroimaging
findings in schizophrenia,18,19 the authors suggested that temporal
lobe epilepsy with psychosis may be a distinct entity to
schizophrenia.
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Background
Temporal lobe epilepsy is associated with a significant risk of
psychosis but there are only limited studies investigating the
underlying neurobiology.

Aims
To characterise neuroanatomical changes in temporal lobe
epilepsy and comorbid psychosis.

Method
The study population comprised all individuals with temporal
lobe epilepsy on the epilepsy database at the National
Centre for Epilepsy and Epilepsy Neurosurgery in Ireland
(Beaumont Hospital) between 2002 and 2006. Ten people
with temporal lobe epilepsy with psychosis were matched for
age, gender, handedness, epilepsy duration, seizure
laterality, severity of epilepsy and anti-epileptic medication
with ten comparison participants with temporal lobe epilepsy
only. Participants received a magnetic resonance imaging
scan and voxel-based morphometry analyses were applied to
grey and white matter anatomy.

Results
Significant grey matter reduction was found bilaterally in
those with temporal lobe epilepsy with psychosis in the
temporal lobes in the inferior, middle and superior temporal

gyri and fusiform gyri, and unilaterally in the left
parahippocampal gyrus and hippocampus. Significant extra-
temporal grey matter reduction was found bilaterally in the
insula, cerebellum, caudate nuclei and in the right cingulum
and left inferior parietal lobule. Significant white matter
reduction in those with temporal lobe epilepsy with
psychosis was found bilaterally in the hippocampus,
parahippocampal/fusiform gyri, middle/inferior temporal gyri,
cingulum, corpus callosum, posterior thalamic radiation,
anterior limb of internal capsule and white matter fibres from
the caudate nuclei, and unilaterally in the left lingual gyrus
and right midbrain and superior temporal gyrus.

Conclusions
Significant grey and white matter deficits occur in temporal
lobe epilepsy with psychosis. These encompass the medial
temporal lobe structures but also extend to lateral temporal
and extratemporal regions. Some of these deficits overlap
with those found in schizophrenia.
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As reports thus far have inconsistently reported neuro-
pathology in several brain regions and the application of ROI
volumetry to investigate structural abnormalities in people with
temporal lobe epilepsy is difficult to reproduce and time
consuming,20 we undertook the first VBM study of temporal lobe
epilepsy with psychosis using unbiased, automated, quantitative
voxel-based techniques to encompass both grey and white matter
measures at a whole brain level. As this is the first study of its kind,
the VBM approach was considered the most appropriate because
it allows a hypothesis-free survey of the entire brain. This may
subsequently permit hypotheses generation and areas to be
investigated in future projects or the further application of
advanced neuroimaging techniques.

Given the previous findings using manual volumetry, in the
current study we hypothesised that individuals with temporal lobe
epilepsy with psychosis when compared to those with temporal
lobe epilepsy without psychiatric disorder would demonstrate:
reduction in total brain and grey and white matter content; grey
and white matter reduction in the temporal lobe; and structural
differences that overlap with those found in schizophrenia.

Method

Study population

Our study was carried out at the National Centre for Epilepsy and
Epilepsy Neurosurgery, Beaumont Hospital, Dublin, Ireland. We
used a retrospective approach to identify people with temporal lobe
epilepsy and ethics approval was provided by the Beaumont Hospital
Medical Research Ethics Committee (reference number: 04/55).

Our study population included all individuals on our
hospital’s research and clinical epilepsy database. The database
represents ongoing efforts to develop a register of patients with
epilepsy within Ireland (more details available at www.
epilepsyprogramme.ie). We assessed individuals on the database
attending the in-patient and out-patient neurology service at
Beaumont Hospital between 2002 and 2006 (n= 860). As our
centre has an epilepsy surgery programme where appropriate
candidates receive presurgical evaluation, the epilepsy population
under study represents a combination of medically managed and
those with medically intractable or surgically remediable epilepsies.

Two epileptologists (C.P.D. and N.D.) examined a combination
of seizure semiology, electroencephalogram (EEG), video-EEG
telemetry and neuroimaging data. A diagnosis of epilepsy was
based on the International League Against Epilepsy classification
system,21 and our study participants had already been examined
in prior studies22–24 and had consented to further assessment.
The neurology service routinely refers people with epilepsy and
suspected psychiatric disorder for neuropsychiatric assessment
and these assessments are comprehensive, documented in detail
and include diagnoses/neuropsychiatric formulation based on
the ICD–10 classification system.25

Exclusion criteria for participation were a clinically detectable
medical disorder known to affect gross brain structure (e.g.
tumour, haemorrhage), pervasive developmental disorders (e.g.
autism-spectrum disorder), individuals with an extratemporal
epileptic focus, generalised or unclassified seizures, an IQ570 on
WAIS–R,26 age 518 years, previous neurosurgery, non-right-
handedness and individuals with contraindications to MRI
scanning or no suitable MRI scan. As the software on our MRI
scanner was upgraded in 2002, people scanned prior to this date
were excluded to ensure homogeneity of scan parameters.

Participants with temporal lobe epilepsy with psychosis

The clinical syndrome we were interested in was defined as
complex partial seizures with clinical findings and investigations

(EEG and MRI) compatible with temporal lobe epilepsy. Further,
the presence of delusions and/or hallucinations resulting in an
ICD–10 diagnosis for psychosis was essential. Acute confusional
states or depressive symptomatology alone were not deemed
sufficient. Individuals with a drug-induced psychosis or episodes
of psychosis provoked by excessive alcohol consumption or those
representing complex partial status were also excluded.

Of the 860 individuals with epilepsy identified on the
database, 280 had a diagnosis of temporal lobe epilepsy of whom
26 had been diagnosed with psychosis by the neuropsychiatric
service. However, of these 26 with temporal lobe epilepsy with
psychosis, 7 had previous neurosurgery for medically intractable
seizures, 2 had an existing tumour, 1 was left-handed, 4 had an
MRI scan at another institution either in Ireland or abroad and 2
had incomplete MRI scans. Consequently, ten individuals with
temporal lobe epilepsy with psychosis (the epilepsy+psychosis group)
were considered suitable for participation in our study (Fig.1).

Comparison group

Using the Beaumont Hospital research and clinical epilepsy
database, each epilepsy+psychosis participant included in the
study was then matched for age (s.d. = 5 years), gender,
handedness, epilepsy duration, seizure laterality, severity of
epilepsy and anti-epileptic medication with an individual with
temporal lobe epilepsy but no psychosis who was attending the
same neurology service. None of the comparison group
(epilepsy-only group) had a lifetime history of prior psychosis and
all were free of comorbid psychiatric disorder in the preceding year.

Chart review

Chart reviews were conducted for both the epilepsy + psychosis
group and epilepsy-only group. The clinical assessments of the
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Patients on the epilepsy database
at the National Centre for Epilepsy
and Epilepsy Neurosurgery, Ireland,

between 2002 and 2006
n = 860

With other forms
of epilepsy

n = 580 (67.4%)

With temporal
lobe epilepsy

n = 280 (32.6%)

With temporal lobe
epilepsy-psychosis

n = 26 (3.0%)

Cases included
n = 10 (1.2%)

Individuals excluded
n = 16 (1.8%)

7 previous neurosurgery
2 existing tumour
4 MRI scans elsewhere
2 incomplete MRI scans
1 left-handed

With temporal lobe
epilepsy only

n = 254 (29.6%)

7

6

6 6

6 6

Fig. 1 Summary of participant selection. MRI, magnetic
resonance imaging.
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epilepsy + psychosis group completed by the specialised neuro-
psychiatry service were objectively assessed using the
Operational Criteria Checklist for Psychotic Illness (OPCRIT).27

This was used as it offers a polydiagnostic classification system
that yields operationally defined psychiatric diagnoses with good
reliability.28

All the epilepsy+psychosis group had to fulfil ICD–10 criteria
for psychotic disorder that encompassed schizophrenia, persistent
delusional disorder or other non-organic psychotic disorder;
affective psychoses were excluded. With regard to timing of

psychoses relative to seizure events, post-ictal psychoses were
included where MRI and neuropsychiatric assessments were
performed within a week of psychotic episodes, whereas inter-ictal
psychoses were included where the same assessments were
completed within a month of commencement of psychosis in
the absence of antecedent seizure activity. Neither the epilepsy +
psychosis group nor the epilepsy-only group had features of
intellectual disability, non-epileptic seizures or history of poor
adherence with their anti-epileptic medication. For a summary
of participant characteristics see Tables 1 and 2.
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Table 1 Characteristics of cohort: epilepsy+psychosis v. epilepsy-only group

Epilepsy+psychosis group (n= 10) Epilepsy-only group (n= 10) Pa

Age: years, mean (s.d.) 35 (5.2) 33 (6.1) 0.36

Male/female, n 7/3 7/3

Right-handed, n 10 10

Age at diagnosis of epilepsy, mean (s.d.) 12 (11.0) 16 (8.2) 0.41

Epilepsy duration: years, mean (s.d.) 23 (12.4) 17 (8.6) 0.20

Site of epileptic focus

Right-sided 6 6

Left-sided 4 4

Lesional v. non-lesional

Mesial temporal sclerosis 6 (4 right and 2 left) 5 (4 right and 1 left)

Non-lesional 4 5

Age at first psychotic event: years, mean (s.d.) 30 (5.6) N/A

Duration of epilepsy at time of first psychotic event: years, mean (s.d.) 18 (9.9) N/A

N/A, not applicable.
a. All values represent t-tests.

Table 2 Clinical characteristics and prescribed antipsychotic and anti-epileptic medication in epilepsy+psychosis group and

anti-epileptic medication in matched epilepsy-only group

Timing of psychosis Epilepsy clinical data Epilepsy+psychosis Matched epilepsy-only

Participant

relative to seizure

event

Antipsychotic

medication

Daily

dosage

Seizure

frequency Aura CPS SG Refract

group anti-

epileptic medication

group anti-

epileptic medication

1 Inter-ictal Haloperidol 20 mg 1/week Y Y N N Levetiracetam Levetiracetam

Oxcarbazepine

Lamotrigine

2 Post-ictal Amisulpride 800 mg 1/month N Y N N Valproate

Levetiracetam

Valproate

3 Inter-ictal Risperidone 6 mg 1/week N Y N N Levetiracetam

Phenytoin

Valproate

Levetiracetam

Carbamazepine

Topiramate

4 Inter-ictal Haloperidol 2 mg 2/day Y Y Y Y Carbamazepine

Levetiracetam

Gabapentin

Carbamazepine

5 Post-ictal Olanzapine 5 mg 1/day Y Y Y Y Levetiracetam

Valproate

Lamotrigine

Levetiracetam

Valproate

Oxcarbazepine

6 Post-ictal Thioridazine/

Olanzapine

400 mg/

30 mg

1/day Y Y Y Y Oxcarbazepine

Topiramate

Oxcarbazepine

Clobazam

7 Post-ictal Haloperidol/

Olanzapine

5 mg/

20 mg

1/2 weeks Y Y N N Carbamazepine

Valproate

Vigabatrin

Carbamazepine

8 Post-ictal Olanzapine 20 mg 3–4/week Y Y Y Y Topiramate

Oxcarbazepine

Topiramate

Carbamazepine

Clobazam

Phenobarbitone

9 Inter-ictal Olanzapine 20 mg 1/month Y Y N N Carbamazepine

Valproate

Carbamazepine

Levetiracetam

Vigabatrin

10 Inter-ictal Olanzapine 12.5 mg 2–3/week Y Y Y Y Carbamazepine

Phenobarbitone

Levetiracetam

Carbamazepine

Lamotrigine

CPS, complex partial seizures; SG, secondary generalisation; Refract, refractory to medical treatment.
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MRI brain image acquisition

All participants had a volumetric spoiled gradient recalled (SPGR)
acquisition in the steady-state MRI brain scan at Beaumont
Hospital using a 1.5 T scanner (GE Signa Systems, Paris). Coronal
thin-cut 1.5 mm slices were obtained via a three-dimensional
(3D)-volume gradient echo-pulse sequence that was radio-
frequency spoiled. A sagittal localiser was first acquired and the
volume of interest was then arranged to include the whole brain.
The 3D-SPGR sequence was acquired over a period of 14 min with
the following MRI parameters: repetition time (TR) = 35 ms, echo
time (TE) = 15 ms, readout bandwidth of 16 kHz and excitation
flip angle of 35o. The data were collected with an in-plane image
matrix of 2566256 pixels over a field of view (FOV) of
24624 cm, leading to a voxel size of 0.0937560.09375 cm. In
total, 128 partitions were collected, of which 4 were discarded
during reconstruction to minimise wraparound artefacts, resulting
in a final 124 1.5 mm slices covering a field of view of 18.6 cm.

Image analysis

Investigators were masked to participant group and each scan was
checked for movement artefact and corruption prior to inclusion
in the image-processing pipeline. In brief we used VBM that offers
an unbiased and fully automated whole brain measurement
technique that normalises all the images to the same stereotactic
space and subsequently segments, modulates and smoothes
images (as described in more detail below); a statistical analysis
is finally performed on the smoothed images to localise and make
inferences about group differences.29 Registration into standard
space, segmentation, modulation and smoothing was performed
using Statistical Parametric Mapping software (SPM5, Wellcome
Department of Imaging Neurosciences, University College London,
UK; www.fil.ion.ucl.ac.uk/spm/) within Matlab 7.0 (The Math-
Works, Natick, Massachusetts, USA; www.mathworks.com/
products/matlab/) run on UNIX and statistical analyses were applied
in the Brain Activation and Morphological Mapping (BAMM;
www-bmu.psychiatry.cam.ac.uk/BAMM/index.html) package.

With previous versions of SPM, a set of processing steps
commonly known as ‘optimised VBM’30 was needed to ensure
high-quality segmentations. However, the methodology was
inherently circular as the registration required an initial tissue
classification, and the tissue classification requires an initial
registration. In SPM5 both components are integrated into a
single model and it also includes correction of the effects of image
intensity non-uniformity termed ‘the bias field’.31 Grey and white
matter were extracted from the normalised images and
‘modulated’ to compensate for the effects of spatial normalisation.
This is achieved by multiplying each voxel value by its relative
volume before and after warping, in order to compensate for
the fact that spatial normalisation expands/contracts some brain
regions.31 After modulation, the total amount of grey (or white)
matter is the same as in the original images. Good and colleagues
note that ‘in effect, an analysis of modulated data tests for regional
differences in the absolute amount (volume) of grey matter’.30 The
maps so produced are referred to as images of ‘grey (or white)
matter volume’ to distinguish them from the images of
‘concentration’ or ‘density’ that result if the modulation stage is
omitted. In this study, however, in order to avoid potential
confusion with manual volumetry measures such as stereology,
we refer to them as ‘maps of grey (or white) matter content’, or
simply ‘grey (or white) matter maps’.

Scans need to be smoothed in order to reduce confounds as
a result of individual variation in neuroanatomy. Smoothing
the data in order to coerce it into the appropriate statistical
distribution is also a prerequisite for some analytical approaches,

but is not necessary for our non-parametric approach (see below).
The degree of smoothing to apply is still a subject of much
discussion as different smoothing levels result in varying results.
We applied a smoothing filter (Gaussian, 8 mm full-width at half
maximum) as the literature suggests that this would aid the detection
of potentially widespread changes in the neocortex and changes in
smaller subcortical structures,32 between-participant anatomical
matching and to improve the signal-to-noise ratio.29,33 Additionally,
total global, grey matter and white matter volumes were extracted
via SPM5 and between-group differences were compared using
non-parametric Mann–Whitney U-tests. If these volumes were
to significantly differ, they are then entered as covariates in
between-group analyses. Similarly, characteristics such as epilepsy
duration or age are entered as covariates in the analytical model
should they significantly differ between groups.

Brain activation and morphological mapping

As structural brain changes are likely to extend over a number of
contiguous voxels, test statistics incorporating spatial information
such as 3D cluster mass (the sum of suprathreshold voxel
statistics), are generally more powerful than other possible test
statistics, which are informed only by data at a single voxel.34

Given that no parametric distribution is known for cluster mass,
permutation-based testing that is implemented in the BAMM
package (a joint development of the Brain Mapping Unit,
Department of Psychiatry, University of Cambridge and The
Institute of Psychiatry, London, UK) was used to assess statistical
significance at both the voxel and cluster levels.34

Between-group differences in grey and white matter volume
were estimated by fitting an analysis of covariance (ANCOVA)
model at each intracerebral voxel in standard space where
proportional volume for each tissue class (grey or white matter)
was the dependent variable and group classification as the key
predictor variable.35 Instead of setting a single a priori P-value
below which we regard findings as significant at the cluster level,
we calculated, for a range of P-values, the number of clusters that
would be expected by chance alone. We started by setting a
relatively lenient P (P40.05) to detect voxels putatively
demonstrating differences between groups; subsequently, we
searched for spatial clusters of such voxels and tested the ‘mass’
of each cluster (the sum of suprathreshold voxel statistics it
comprises) for significance.

We then set the statistical threshold for cluster significance
such that the expected number of false positive clusters arising
by chance alone would be less than one over the whole imaging
volume. As SPM was used initially for segmentation, BAMM
yielded coordinates of clusters in Montreal Neurological Institute
(MNI) space; MNI coordinates were subsequently converted to
Talairach space via a non-linear transformation36 (further details
can be found at http://imaging.mrc-cbu.cam.ac.uk/imaging/
MniTalairach) and interpreted with the aid of widely accepted
atlases.37

Our non-parametric or distribution-free hypothesis testing
procedure allows us to use cluster-level statistics even if their
distribution is non-Gaussian (even after smoothing); further,
there is significant evidence in the literature that cluster-level
statistics incorporating information about the spatial neighbour-
hood of each voxel may be more sensitive than voxel test
statistics.35,38,39 As voxel-level statistics are associated with
multiple comparisons and thus increased risk of type I error,
cluster-level statistics reduce such error due to the performance
of fewer comparisons of several orders of magnitude.35 Finally,
although variance of the data may differ with brain area, our
clusters are evaluated over the whole brain and we also inspected
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the voxel-level maps, in order to check for any gross discrepancies
between cluster and voxel level. More details can be found at
www-bmu.psychiatry.cam.ac.uk/software/docs/xbamm/.

Results

Total tissue volumes

There were no significant differences in median total global, grey
or white matter volumes between the groups at the P= 0.05 level,
although there was an approximate reduction of 6, 5 and 7%
respectively in these tissue classes in the epilepsy+psychosis group
(Table 3).

VBM of grey and white matter content

We found regional deficits affecting both grey and white matter
but these changes were confined to the epilepsy+psychosis group.
We found significant regional grey matter reduction unilaterally in
the medial temporal lobe structures such as the left parahippo-
campal gyrus and hippocampus. Deficits also extended to the
lateral temporal lobes encompassing the bilateral inferior, middle
and superior temporal gyri and fusiform gyri. However, grey
matter reduction was not limited to the temporal lobe structures
but also extended to extratemporal regions. The most significant
extratemporal deficits were distributed bilaterally and included
the insula, cerebellum and caudate nuclei, and unilaterally in
the right cingulum and left inferior parietal lobule (Fig. 2).

We also found significant regional white matter reduction in
the epilepsy+psychosis group. Within the medial temporal lobe,
these deficits were distributed bilaterally in the hippocampus
and parahippocampal gyrus. White matter deficits were also
found in the lateral temporal lobes bilaterally in the middle and
inferior temporal gyri and fusiform gyri, whereas unilateral
deficits were found in the right superior temporal gyrus.
Reduction of white matter extended beyond the boundaries of
the temporal lobes and bilaterally involved the cingulum, corpus
callosum (genu, splenium and tapetum), anterior limb of internal
capsule, posterior thalamic radiation and white matter fibres from
the caudate nuclei, whereas unilateral deficits were found in the
left lingual gyrus and right midbrain (Fig. 3). Tables 4 and 5
provide a summary of the anatomical locations of grey and white
matter deficits.

Discussion

Main findings

Although Slater and colleagues8 observed the occurrence of
schizophrenia-like psychoses in association with epilepsy some
50 years ago, very few MRI studies have been undertaken since
then and even fewer have attempted to accurately quantify in vivo
the brain changes seen in the psychoses related to temporal lobe
epilepsy. In this study we conducted the first ever comparison
(at a whole brain level) of grey and white matter tissue classes
of a well-matched group of adults with temporal lobe epilepsy
with psychosis versus those with temporal lobe epilepsy only,

using unbiased automated voxel-based statistical methods. Each
participant had a robust diagnosis of temporal lobe epilepsy based
on clinical, neuroimaging and electrophysiological criteria.
Further, individuals that had been clinically diagnosed with
psychosis were then confirmed objectively via a validated poly-
diagnostic classification system and were subsequently matched
with controls that had temporal lobe epilepsy only and were free
from psychiatric disorder. The MRI scans were based on a
standardised epilepsy brain imaging protocol to ensure homo-
geneity of scan parameters where the timing of MRI scan
acquisition was close to the development of psychosis and
therefore we explored the relationship between acute (rather than
chronic) psychosis and potential brain changes. We found
significant temporal and extratemporal lobe deficits among those
with comorbid psychosis.

We found both grey and white matter regional deficits in
temporal lobe epilepsy with psychosis compared with temporal
lobe epilepsy only where deficits were mainly localised to the
temporal lobe. For example, significant grey matter deficits were
found in the medial temporal lobes in the left hippocampus and
parahippocampal gyrus. These findings are compatible with the
neuroanatomical and neuropsychological deficits described in
schizophrenia.18,40,41 However, we also found evidence of deficits
bilaterally in the lateral temporal lobes and in extratemporal
regions perhaps suggesting that the psychosis seen in temporal
lobe epilepsy is the result of more widespread abnormalities.

Strengthening our argument that psychosis in temporal lobe
epilepsy may be a more widely distributed disorder is the finding
of grey matter deficits in the cingulum, insula and cerebellum;
grey matter reduction in the insula and cingulum have been
associated with psychosis35,40 and the cerebellum is emerging as
an organ not only involved in motor coordination but also in
higher cortical functions. Abnormalities in the cerebellum have
previously been postulated to result in a ‘cognitive dysmetria’42

characterised by impairments in coordination of the perception,
encoding, retrieval and prioritisation of experience and
information and may arise from a defect in circuitry connecting
the thalamus, frontal cortex and cerebellum. Although cerebellar
grey matter deficits have been previously reported in people with
temporal lobe epilepsy without comorbid psychiatric disorder,43

given that there are reciprocal neural pathways between the
hippocampus and cerebellum, the cerebellum in those with
psychosis may perhaps be particularly vulnerable to excitotoxic
damage as a result of its connectivity with a pathological hippo-
campus. Currently, cerebellar abnormalities are also recognised
to contribute to the development of schizophrenia40,44 and
although we found evidence of grey matter reduction in the
cerebellum, these were not specifically quantified and should be
thus considered preliminary.

Pronounced white matter deficits were also found in our study
in regions that included the corpus callosum, hippocampi,
cingulum and parahippocampal gyri. Impaired intra- and inter-
hemispheric connectivity has been suggested to play a major role
in the development of schizophrenia35,45 and currently there is
strong evidence of widespread altered cortico–cortical and
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Table 3 Median total volume of tissue classes in epilepsy+psychosis v. epilepsy-only group

Epilepsy+psychosis group, median (s.d.) Epilepsy-only group, median (s.d.) Pa

Total brain volume, ml 1142.7 (133.8) 1212.1 (114.9) 0.07

Total grey matter volume, ml 687.5 (76.6) 722.6 (56.0) 0.08

Total white matter volume, ml 455.1 (59.5) 490.8 (67.6) 0.11

a. All values represent asymptotic significance (2-tailed) Mann–Whitney U-tests.
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transcallosal connections between homologous brain regions in
schizophrenia.46 Abnormalities in such tracts may also contribute
to the development of psychosis seen in temporal lobe epilepsy.
Given our finding of greater white matter content deficits relative
to grey matter in temporal lobe epilepsy with psychosis, assess-
ment of white matter microstructure and connectivity should
therefore be considered in future studies using a combination of
VBM and advanced neuroimaging techniques such as diffusion
tensor imaging as has been applied in other disorders where white
matter is preferentially affected.47

Findings from other studies

Although the left temporal lobe has been associated with temporal
lobe epilepsy with psychosis in older reports,48 the literature is not
entirely consistent.49 Suboptimal matching may have contributed
to this inconsistency. Furthermore, the majority of studies have
employed manual volumetric region of interest techniques for
example hand-tracing or stereology that may not be easily
reproducible. One such manual volumetry study that compared
temporal lobe epilepsy, temporal lobe epilepsy with psychosis
and schizophrenia with healthy controls via hand-tracing methods
reported ventricular enlargement and smaller temporal, frontal

and parietal lobes and superior temporal gyrus grey matter
volumes in all groups with the most pronounced differences being
found in the temporal lobe epilepsy with psychosis group.14

Based on their findings, the authors concluded that cortical grey
matter deficits in temporal lobe epilepsy with psychosis and
schizophrenia predispose to chronic psychosis.

In another manual volumetry study, participants with
temporal lobe epilepsy with psychosis were reported to have
smaller total brain volumes than either individuals with temporal
lobe epilepsy alone or healthy volunteers. No group differences
were observed in hippocampal volumes, although bilateral
amygdala enlargement of the order of 16–18% was reported in
those with temporal lobe epilepsy with psychosis.15 However, as
some of the participants with temporal lobe epilepsy only were
dysthymic, this may have confounded findings. Hippocampal
volume deficit was found in a further manual volumetry study
of temporal lobe epilepsy with psychosis relative to healthy
controls where the left hippocampus was reported as significantly
smaller than the right.16

Overall, manual volumetry-based studies of temporal lobe
epilepsy with psychosis have not reported consistent findings.
Keller and colleagues20 argue that there are inherent difficulties
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Fig. 2 Ascending transverse sections demonstrating regional grey matter reduction (blue) in participants with temporal lobe epilepsy
with psychosis (image is flipped so left is right and right is left).
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with manual volumetry (for instance stereology) that may account
for such inconsistent evidence. For example, there is subjectivity
associated with point counting on MRIs and in judgement of
boundaries of structures under investigation (e.g. delineation
between hippocampus, white matter and cerebrospinal fluid).
These differences in judgement may lead to differing volume
estimates between raters. Additionally, the calibration of MRIs
with settings such as image brightness may influence the
perception of brain tissue contrasts. Despite the inconsistencies
reported with manual volumetry, automated techniques have only
been applied on a limited basis in temporal lobe epilepsy with
psychosis.

In one such automated computerised statistical study,17 the
authors retrospectively explored cortical grey matter differences
between 26 participants with temporal lobe epilepsy with
psychosis, 24 with temporal lobe epilepsy only and 20 healthy
comparisons. This was the same cohort as previously examined
by Tebartz Van Elst and colleagues;15 VBM based on SPM99 was
used to assess for morphometric differences and no significant
cortical grey matter differences between the temporal lobe epilepsy
with psychosis and the temporal lobe epilepsy only groups were
found. However, the temporal lobe epilepsy only group showed

a significant increase in grey matter concentration in the right
temporal lobe relative to healthy controls. The authors concluded
that since they observed no differences between temporal lobe
epilepsy with psychosis and the temporal lobe epilepsy only
groups, and since cortical pathology is prominent in
schizophrenia,18 temporal lobe epilepsy with psychosis may
represent a clinically distinct entity from schizophrenia.

In another VBM analysis, 20 people with temporal lobe
epilepsy with psychosis were compared with 20 participants with
temporal lobe epilepsy without psychosis where they were
matched with respect to conventional MRI findings.50 Global
and hippocampal volumes were assessed. No significant
differences were found between those with and without psychosis
but significant reductions of magnetisation transfer ratio (an
index of signal loss derived from magnetisation transfer imaging)
in the absence of atrophy was found in the left superior and
middle temporal gyri in participants with psychosis.

Our finding of cortical grey matter abnormalities are in
keeping with those of Flugel and colleagues50 but contrast with
those of Rusch et al.17 Although our sample size was smaller than
that of Rusch et al (26 v. 10 with temporal lobe epilepsy with
psychosis), the participants in our study were more tightly
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Fig. 3 Ascending transverse sections demonstrating regional white matter reduction (blue) in participants with temporal lobe epilepsy
with psychosis. (image is flipped so left is right and right is left).
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matched for psychiatric disorder and handedness. Furthermore,
Rusch and colleagues utilised a neuroimaging protocol involving
a brain template derived from healthy participants. Given that
individual variability of brains in the study population is
substantially increased by injury or disease, achieving satisfactory
alignment across individual brains may have resulted in

registration difficulties. Additionally, we report widespread grey
and white matter changes not confined to the temporal lobes
where our findings may contrast with previous automated
statistical methods as our approach utilised instead unified
segmentation that combined tissue classification, bias correction
and non-linear warping within the same framework31 and our
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Table 4 Significant grey matter deficits in epilepsy+psychosis group v. epilepsy-only groupa

Talairach and Tournoux coordinates

Cluster size: voxels, n x y z Region Hemisphere

1770

725 76 733 Inferior temporal gyrus Left

740 765 727 Posterior lobe of cerebellum Left

721 710 720 Parahippocampal gyrus Left

737 734 715 Fusiform gyrus Left

739 73 713 Hippocampus Left

756 717 79 Middle temporal gyrus Left

475

49 713 733 Inferior temporal gyrus Right

44 730 721 Fusiform gyrus Right

41 1 714 Superior temporal gyrus Right

52 12 8 Superior temporal gyrus Right

354

2 2 710 Anterior cingulum Right

1 71 1 Caudate Right

79 6 14 Caudate Left

597

743 716 10 Insula Left

752 733 24 Inferior parietal lobule Left

632

43 712 76 Insula Right

39 719 19 Insula Right

a. Cluster significance threshold P= 0.002.

Table 5 Significant white matter deficits in epilepsy+psychosis group v. epilepsy-only groupa

Talairach and Tournoux coordinates

Cluster size: voxels, n x y z Region Hemisphere

1733 741 78 727 Fusiform gyrus Left

736 76 723 Inferior temporal gyrus Left

736 78 720 Parahippocampal gyrus Left

736 718 713 Hippocampus Left

744 77 710 Middle temporal gyrus Left

729 750 3 Lingual gyrus Left

713 16 3 Anterior limb of internal capsule Left

733 743 6 Posterior thalamic radiation Left

714 22 8 Genu of corpus callosum Left

714 16 10 Caudate Left

721 741 17 Splenium of corpus callosum Left

714 715 27 Cingulum Left

1106

35 74 723 Inferior temporal gyrus Right

49 724 716 Fusiform gyrus Right

14 715 713 Midbrain Right

32 716 79 Hippocampus Right

31 718 76 Parahippocampal gyrus Right

41 727 2 Posterior thalamic radiation Right

45 727 5 Superior temporal gyrus Right

22 18 6 Anterior limb of internal capsule Right

21 20 14 Genu of corpus callosum Right

28 736 20 Splenium of corpus callosum Right

18 71 26 Cingulum Right

a. Cluster significance threshold P= 0.006.

https://doi.org/10.1192/bjp.bp.110.080218 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.bp.110.080218


Sundram et al

non-parametric or distribution-free hypothesis testing procedure
permits us to use cluster-level statistics even if their distribution
is non-Gaussian (even after smoothing).

Limitations

There are other methodological considerations and limitations to
our study. We only used MRI data-sets from 2002 onwards so as to
ensure homogeneity of scans while applying strict exclusion
criteria for recruitment into the study; although this may have
limited the number of participants and affected the power of
our study, there are several other studies that have applied VBM
in schizophrenia where significant differences in grey and white
matter have been reported using similar sample sizes.51,52

Therefore it is unlikely that type I error fully accounts for our
findings.

The clinical psychiatric diagnoses that were obtained through
neuropsychiatric assessment were not achieved through formal
structured clinical interviews but they contained comprehensive
clinical information that could be retrospectively evaluated
through OPCRIT. Future studies investigating temporal lobe
epilepsy with psychosis may wish to consider a methodological
design that prospectively examines individuals with temporal lobe
epilepsy through structured clinical interviews, for example the
Structured Clinical Interview for DSM–IV,53 and further, to utilise
objective rating scales for psychosis, for example the Brief
Psychiatric Rating Scale54 or the Positive and Negative Syndrome
Scale.55 However, to recruit reasonable numbers prospectively
would take many years; despite our retrospective recruitment,
finding appropriate participants once exclusion criteria have been
applied (surgery, tumours, etc.) left us with ten participants in
a 4-year period; thus recruitment is a problem in the study of
temporal lobe epilepsy with psychosis.

Moreover, in a recent study, although widespread neocortical
abnormalities were found in both temporal lobe epilepsy with
and without mesial sclerosis, the pattern of thinning in the former
contrasted with the latter; which led the authors to suggest that
these might constitute two distinct temporal lobe epilepsy
syndromes.56 Future studies may wish to separately characterise
the neurobiology of these disorders. Similarly, the assessment of
post-ictal and inter-ictal forms of psychoses related to temporal
lobe epilepsy should perhaps be investigated separately in future
studies. However, when these factors are taken together, they
may restrict further the overall number of study participants
and given that it is not uncommon for the post-ictal form to
progress to the inter-ictal variant,57 assessing both forms of
psychoses in the same study represents a valid approach.17

We did not include normal controls in the study as we were
primarily interested in the brain changes in temporal lobe epilepsy
associated specifically with psychosis rather than the effects of
epilepsy. Further, the absence of a control group is because this
was a study based on an epilepsy patient database and therefore
no individuals without epilepsy were recruited. However, the lack
of a healthy control group limits the extent to which we can
interpret our findings in the context of the general population.
The current literature would suggest that people with temporal
lobe epilepsy will have some regional volume loss compared with
healthy controls, usually ipsilaterally and predominantly in
temporal lobe regions. Undoubtedly, the recruitment of healthy
controls poses an ongoing need and future studies at our centre
should involve a healthy comparator group so as to enable
meaningful differentiation of brain changes across both healthy
and disease groups.

Tissue loss commonly affects disease groups, and tissue gain is
less likely (apart from for instance a developmental disorder that

might be accounted for by ‘differential pruning’). In our study,
however, clearly both groups are ‘disease groups’ with tissue loss
most likely occurring in both. Even if the differences we are seeing
are being driven by the non-psychosis group (i.e. grey matter
increase), this still implies that these regions are somehow
affected. It may also reflect that the psychosis group could be
lacking a potential ‘neuroprotective response’ that is preventing
the controls with temporal lobe epilepsy only from developing
psychosis. Although this is one possibility, another is that
SPM99 has been used in previous reports in temporal lobe
epilepsy, whereas we have used SPM5 with better algorithms for
tissue classification and bias correction. Indeed, Keller and
colleagues20 suggest that the grey matter concentration excesses
they found using SPM99 in their study reflects diminished
grey–white matter demarcation, underlying white matter atrophy,
or structural displacement as a result of cerebrospinal fluid
expansion. This may also have accounted for an apparent increase
in grey matter concentration in temporal lobe epilepsy relative to
healthy controls in the report by Rusch and colleagues.17

Implications

Overall, our study recruited a population of people with temporal
lobe epilepsy with strong diagnostic validity (both neurological
and psychiatric) and through VBM, permitted an unbiased
computerised statistical analysis of grey and white matter
measures. The findings show that participants with temporal lobe
epilepsy with psychosis have marked cortical, subcortical and
extratemporal grey and white matter deficits compared with those
with temporal lobe epilepsy alone and thus provide support for
the psychosis literature that also shows this pattern of change.
Our study has provided evidence allowing specific hypotheses to
be tested in future studies, although recruitment of suitable
individuals to investigate may prove to be an issue. Owing to such
difficulties, it is important to conduct ‘pilot’ work such as ours to
determine very specific hypotheses before attempts are made to
recruit even larger cohorts.
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492

Hannah: a case of infertility and depression

George Stein

Childlessness was a tragedy for a woman in the ancient near East and the barren wife was likely to be despised by her husband,
family and society at large. In the Old Testament, three childless women are described whose infertility was relieved by divine
intervention, resulting in the birth of important patriarchal leaders.

Sarah, the mother of Isaac, was 90 years old when she heard she was to have a baby.

Gen. 18:13 ‘And the Lord said to Abraham, why did Sarah laugh and say shall I indeed bear a child now that I am old’.

The only other recorded emotional reaction Sarah has to her infertility is that she was harsh to Hagai, Abraham’s other wife and the
mother of Ishmael – ‘then Sarah dealt harshly with her (Hagai) and she ran away from her’.

We know even less about the infertility of the mother of Samson. Her story is described in the book of Judges and she is known only as
the wife of Manoah.

Judg. 13:13 ‘And the angel of the Lord appeared to the woman and said to her ‘‘although you are barren, having no children you shall
conceive and bear a son.’’ ’ In due course she gave birth to Samson. Her existence in the Bible relates solely to her maternal function
and the text says nothing about her personal feelings, her relationships, or even her name as she is identified only through her
husband, as ‘the wife of Manoah’.

The third woman, Hannah, is also childless but eventually gives birth to another important biblical prophet, Samuel. However, her
story is very different from the other two women’s stories and the Bible gives a very personal account of her feelings, her sadness
at the infertility, her relationship with her husband, Elkanah, the difficulties and envy of living with Elkanah’s other wife, Peninnah, who
did have children, as well as her misery, described in sufficient detail to make a diagnosis of depression likely.

1 Sam. 1:2 ‘He (Elkanah) had two wives: the name of one Hannah, and the name of the other Peninnah. Peninnah had children, but
Hannah had none . . . 1:6 her rival (Penninah) used to provoke her severely, to irritate her because the Lord had closed her womb.
7 Therefore Hannah wept and would not eat. 8 Her husband said to her ‘Hannah why do you weep? Why do you not eat? Why is your
heart so sad? . . . 10 She was deeply distressed and prayed to the Lord and wept bitterly. 11 She made this vow ‘‘Oh Lord of hosts, if
only you will look on the misery of your servant and remember me and not forget your servant but will give to your servant a male
child then I will set him before you as a Nazirite until the day of his death.’’ 12 As she continued praying before the Lord, Eli (the priest)
observed her mouth. 13 Hannah was praying silently, but her voice was not heard; therefore Eli thought she was drunk. 14 So Eli said
to her ‘‘How long will you make a drunken spectacle of yourself.’’ But Hannah answered ‘‘No my Lord, I am a woman deeply troubled,
I have drunk neither wine nor strong drink, but I have been pouring out my soul before the Lord. 16 Do not regard your servant as a
worthless woman, for I have been speaking out of my great anxiety and vexation all the time.’’ 17 Then Eli answered ‘‘Go in Peace; the
God of Israel will grant the petition you have made to him’’ . . . 18 Then the woman went to her quarters, ate and drank with her
husband and her countenance was no longer sad . . . 19 And then they went back to their house at Ramah. Elkanah knew his wife
Hannah and the Lord remembered her. In due time Hannah conceived and bore a son. She named him Samuel for she said ‘‘I have
asked him of the Lord’’.’

In this account we learn of Hannah’s great distress because of her infertility and a sufficient number of symptoms are mentioned to
make a diagnosis of depression. Thus, Hannah is weeping, feels bitterness, misery and sadness, but after her prayer her countenance
is no longer sad (possible depressive facies which is then relieved). Further, there is irritability, especially with Peninnah, loss of
appetite, general distress, vexation and anxiety. There is also a curious loss of voice while she prays. This could be no more than
silent prayer, but as she is mouthing the words, the high priest Eli believes her to be intoxicated. This picture is typical of aphonia,
a hysterical conversion symptom commonly associated with depression.

The biblical feminist literature attributes great significance to Hannah’s tale. It is the story of a woman with infertility and her
psychological reactions, her relationships with her husband and God, her feelings towards her husband’s other wife and the
depression associated with her infertility. It stands in stark contrast to the earlier impersonal accounts of the childlessness of Sarah
and the wife of Manoah where only their impaired maternal function is reported. Hannah’s tale is also of great importance to
psychiatry, particularly to the history of psychiatry. There are very few accounts of depression in the literature of the ancient world,
and they appertain only to men, even though depression is more common in women. Hence it is likely that Hannah’s story represents
the first description of depression (and hysterical aphonia) in a woman.

Hannah is thought to have lived in the 11th century BCE, but the books of I and II Samuel were probably compiled sometime between
the 7th and the 9th century BCE, more than two millennia before the more definitive accounts of depression written by Burton in the
17th century AD. Liaison psychiatry concerns the association between a psychiatric disorder and a general medical condition. Infertility
is a recognised gynaecological disorder and so Hannah’s tale represents the first recognisable case of liaison psychiatry.
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