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Sex diVerences in patients with mesial temporal
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Abstract
Possible sex diVerences in the pattern of
interictal hypometabolism were investi-
gated, and also seizure spread in patients
with mesial temporal lobe epilepsy (n=48)
and hippocampal sclerosis (MTLE). Male
patients (n=21) more often had a frontal
lobe hypometabolism ipsilateral to the
seizure onset (p<0.0001) and a spread of
epileptiform activity to this region
(p=0.001). By contrast, female patients
more often exhibited hypometabolism
(p=0.0052) and an ictal spread to the con-
tralateral temporal lobe (p=0.0097). These
findings suggest sex diVerences in spatial
distribution of brain dysfunction in
MTLE, perhaps reflecting sexual dimor-
phism in regional cerebral connectivity.
(J Neurol Neurosurg Psychiatry 1998;65:910–912)
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Sex diVerences are suggested in the functional
and anatomical organisation of the human
brain.1–9 Males perform better in visuospatial
tasks, which can be attributed to their higher
relative grey matter volume in the right tempo-
roparietal area2 and, perhaps, stronger connec-
tions with the ipsilateral frontal cortex, which is
coactivated during visuospatial tasks.7 Females
show better verbal abilities and have a larger
relative grey matter volume in the planum
temporale.6 They also activate both hemi-
spheres during language tasks, and show a bet-
ter recovery after lesions in the language medi-
ating structures.8 9

These findings have led to the hypothesis
about sex diVerences in interhemispheric and
intrahemispheric cerebral connections, re-
cently supported by a finding of a higher
number of interhemispheric correlations in
regional cerebral metabolite rate for glucose
(rCMRglu) in women and intrahemispheric
correlations in men.3

Mesial temporal lobe epilepsy associated
with hippocampal sclerosis (MTLE) is patho-
physiologically a well defined condition, often
associated with complex partial seizures of
mesial temporal lobe origin.10 Despite the
stereotyped pathology, patients with MTLE
show a variable seizure semiology, probably
due to diVerences in seizure spread.11

About 80% of patients with MTLE show an
interictal hypometabolism within the areas of
seizure onset.10 As seizure semiology and
spread, its regional pattern varies in these
patients.

Because seizure spread as well as the
anatomical pattern of epileptogenic brain areas
may result from inherently preferential intra-
cerebral connections, and because these con-
nections may diVer between male and female
subjects, we postulated the existence of sex dif-
ferences in the pattern of hypometabolism in
patients with MTLE.

The distribution of glucose hypometabolism
was retrospectively analysed in 27 female and
21 male patients with postsurgically defined
MTLE. The results were related to the data on
regional spread patterns of ictal epileptiform
activity recorded with EEG telemetry.

Methods
PATIENTS

Among patients with mesial temporal lobe sei-
zures who underwent surgical treatment at the
UCLA Seizure Disorder Center between 1993
and 1997 we included patients with: (1)
hippocampal sclerosis and absence of other
brain pathology on morphological analysis of
the resected tissue; (2) clinically and electro-
physiologically well defined and stereotyped
onsets and evolution of seizures. Exclusion cri-
teria were: (1) diVuse or regional cerebral
abnormality outside the area of seizure onset,
determined by neuropsychological tests, EEG
recordings, or MRI (1.5 tesla GE scanner, 3D
SPGR sequences,TR 40 ms, TE 9 ms, Flip
angle 9, slice thickness 1.7–1.9 mm); (2)
secondarily generalised seizures (>three/year,
or within 2 weeks before PET); (3) bilateral
abnormality on the Wada test. Inclusion crite-
ria were met by 48 patients (21 males). The
area of seizure onset was right sided in 11 sub-
jects in each group. Apart from having seizures
the patients were healthy.

POSITRON EMISSION TOMOGRAPHY (PET)
In all the patients PET was preceded by a
habitual seizure. Measurements with [18F]-
FDG PET were conducted according to the
previously described procedure.13–15 Anatomi-
cal regions of interest (ROIs), with minimum
size of 1.5 cm3, were drawn using a standard-
ised template of anatomical regions. Three
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separate ROIs were delineated in the temporal
lobes (anterior, mesial, and lateral), and seven
in the frontal lobes (the orbitofrontal, insular,
dorsolateral frontal, and frontopolar cortex, the
anterior cingulate, and the precentral and
postcentral gyrus).13 The ROIs were collapsed
into several main gross areas—lobes (the fron-
tal, occipital, and parietal lobe ipsilateral to the
seizure onset, the contralateral frontal, tempo-
ral, and occipital cortex.

The average local count rate from each ROI
was divided by the mean value of the whole
suprasylvian brain, including the ventricles,
yielding ROI:brain ratios.15 Regions of interest
with ratios outside the 95% confidence interval
of 14 sex matched controls (seven males) were
then identified, enabling selection of gross
areas with hypometabolic ROIs. The regional
metabolic ratios of controls showed no sex dif-
ferences, which allowed the use of mean values.
During evaluation of PET data the investigator
was unaware of the sex, and definite location of
the epileptogenic region.

EEG RECORDINGS

The EEG recordings were evaluated for clinical
purposes, before the study was conducted, by
consensus of three electrophysiologists. With-
drawal of antiepileptic medication during EEG
telemetry monitoring did not diVer between
male and female patients. The location of ictal
discharge was evaluated sequentially during 15
second epochs. The spread of ictal discharge
was defined as any significant change in the
frequency and composition of the ongoing
EEG that was sustained, and underwent evolu-
tion. Two aspects were taken into considera-
tion: (1) the location of the first sign of spread;
(2) the regions involved in the spread during
the entire seizure. The localisation of spread
was evaluated using the same classification of
gross areas as in the analyses of PET data. The
sex comparisons considered all the gross
regions exhibiting epileptiform activity during
the course of seizures.

STATISTICS

Possible sex diVerences in rCMRglu and
pattern of seizure spread were evaluated by ÷2

test. Sex diVerences in the mean hypometabo-
lism within and outside the epileptogenic tem-
poral lobe were tested with unpaired Student’s
t tests. Finally, the demographic data (age, age
at seizure onset, duration of seizures, medi-
cation) were compared using Mann-Whitney
statistics. The level of significance was taken as
p<0.05 after the Bonferroni correction for the
multiple comparisons.

Results
Male patients had a significantly higher inci-
dence of frontal lobe hypometabolism ipsilat-
eral to the area of seizure onset than female
patients (p<0.0001, table). They also more
often showed spread of epileptiform activity to
the ipsilateral frontal lobe (p=0.001). Notably,
no sex diVerence was found in the frontal lobe
contralateral to the area of seizure onset, which
presumably was not involved in the epilep-
togenic process (the ROI:cortex ratio was 1.2
(SD 0.02) in both groups). Female patients
more often exhibited a reduced metabolic ratio
in the contralateral temporal lobe (p=0.0052)
and a spread of epileptiform activity to this area
(p=0.0097). Hypometabolism outside the epi-
leptogenic zone in male patients was most
often found in the ipsilateral orbitofrontal
(n=5) and frontopolar cortex (n=5), and in
females in the contralateral mesial temporal
structures (n=7).

The metabolic ratio in the area of seizure
onset was 0.805 (SD 0.07) in male and 0.808
(SD 0.08) in female patients; the correspond-
ing ratios of hypometabolic ROIs outside the
area of onset were 0.870 (SD 0.03) and 0.867
(SD 0.03). The mean age (33 (SD 7) v 30 (SD
7), age at seizure onset (16 (SD 10) v 10 (SD
11), duration of seizures (16 (SD 12) v 20 (SD
12)), and the antiepileptic medication were
similar in the two groups of patients, as was the
number of patients with hypometabolism
within (n=41) and outside (n=30) the epilep-
togenic zone.

In accordance with previous data, 80% of
patients are reported seizure free 1–3 years
after surgery.10

Discussion
METHODOLOGICAL CONSIDERATIONS

Because PET and MRI were not coregistered,
possible partial volume eVects were not cor-
rected. Each ROI was delineated on several
slices. Also, patients with MR abnormalities
outside the epileptogenic zone were excluded,
as were patients with visible hippocampal
changes in the contralateral temporal lobe.
Two male patients had slighly smaller contral-
ateral hippocampi than normal. Because volu-
metric mesurements were not available, possi-
ble sex diVerences in hippocampal atrophy
cannot be excluded, although the Wada tests
and neuropsychological battery indicated uni-
lateral abnormalities, and bilateral interictal
EEG spikes were found only in two male
patients. A finding of bilateral hippocampal
sclerosis in females would, however, be in
favour of the present findings.

Results from (A) PET and (B) EEG analyses. Some patients had several hypometabolic areas outside the seizure onset
region

Sex Il frontal Cl frontal Cl temporal Il parietal Cl parietal No spread

(A) Regions with hypometabolism outside the epileptogenic region:
Male (n=21) 13† 4 3†† 2 1 8
Female (n=27) 6 2 14 4 3 10

(B) Spread of epileptiform activity during seizures:
Male (n=21) 13* 3 5** 2 2 4
Female (n=27) 4 1 17 6 3 7

Il=ipsilateral; Cl=contralateral. * p=0.001; ** p=0.0097. †p<0.0001; ††p=0.0052.
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The scalp-sphenoidal EEG is not the opti-
mal method for tracing seizure spread. Possible
eVects of its low resolution were minimised by
using large regions in the comparisons, and by
including all the regions involved in spread of
the seizure. It is unlikely that low resolution
would result in a systematically diVerent spread
pattern in males v females.

IMPLICATIONS OF THE GENERATED DATA

Both the interictal hypometabolism and the
pattern of seizure spread is thought to reflect
epilepsy related synaptic reorganisation.13 14

DiVerential findings may be due to inherent
sexual dimorphism in cerebral connectivity.
This interpretation is suggested by the intra-
hemispheric seizure spread and location of
hypometabolism in male and corresponding
interhemispheric dominance in female pa-
tients. The results are thus not surprising when
considering available data on sexual dimorhism
in healthy subjects. The present findings there-
fore encourage future studies on possible sex
diVerences in partial epilepsy. Such studies
may be of general interest, as partial epilepsy to
some extent can be regarded as a human model
for studies on cerebral connectivity.
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