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Hippocampal Alterations in Children with
Temporal Lobe Epilepsy with or without a
History of Febrile Convulsions: Evaluations with
MR Volumetry and Proton MR Spectroscopy
Wen-Chau Wu, Chao-Ching Huang, Hsiao-Wen Chung, Michelle Liou, Chun-Jen Hsueh,
Chang-Shin Lee, Ming-Long Wu, and Cheng-Yu Chen

BACKGROUND AND PURPOSE: The causal effect of early febrile convulsions (FC) on
later-onset temporal lobe epilepsy (TLE) remains unclear. In this study, we sought to examine
the hippocampal alterations in epileptic children with or without FC history by using MR
spectroscopy and volumetry.
METHODS: Fifty-five children ranging in age from 18 months to 15 years were enrolled in
this study. Subjects were divided into three groups: the control group without either TLE or
history of FC (n ⴝ 16), the TLE group with early history of FC (TLE ⴙ FC; n ⴝ 22), and the
TLE group without FC history (n ⴝ 17). Measurement of hippocampal volume (HV) was
performed on thin section T1-weighted images acquired with a 3D gradient echo MR image and
normalized by the intracranial volume. Each individual subject had two measures of lateralization; one gives the smaller side of HV and the other the contralateral larger side of HV,
assuming that the side with smaller HV is the possible primary site of seizure focus and the
contralateral larger HV the secondary or normal site. Single-voxel proton MR spectroscopy of
the hippocampi was performed, with metabolic ratio N-acetylaspartate (NAA)/choline (Cho) ⴙ
creatine plus phosphocreatine (Cr) calculated and grouped separately as were with volumetry.
RESULTS: The overall mean HV for the control group was 2.61 ⴞ 0.21 cm3 at an average
intracranial volume of 965 ⴞ 241 cm3, and the asymmetry index for hippocampal volume was
(2.32 ⴞ 1.58)%. The overall mean HV was 2.30 ⴞ 0.33 cm3 for TLE ⴙ FC group and 2.34 ⴞ 0.33
cm3 for TLE group. Mean HV differed significantly for the three groups (P < .01). When the
small and large sides were analyzed separately, significant differences were found between
control and TLE as well as between control and TLE ⴙ FC for the smaller side (P < .05),
whereas for the larger side significant differences were found only between control and TLE ⴙ
FC. In MR spectroscopic measurements, the mean NAA/(Cr ⴙ Cho) of bilateral hippocampi
was 0.77 ⴞ 0.06 for control group, 0.62 ⴞ 0.12 for TLE ⴙ FC group, and 0.66 ⴞ 0.11 for TLE
group. In terms of statistically significant difference between groups, spectroscopic results were
similar to volumetric measurements, except that there was no significant interaction effect
between groups and measures of asymmetrical indices (P ⴝ .272).
CONCLUSION: Children with TLE and early history of FC tend to have lower hippocampal
volumes and NAA/(Cr ⴙ Cho) ratios than do TLE children without FC history. The TLE ⴙ FC
group seems to have increased vulnerability of the contralateral hippocampus as compared with
TLE group. MR volumetry and spectroscopy are equally capable of showing the trends of
hippocampal alternations in children with TLE with or without FC history.
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Febrile convulsion (FC) is the most common convulsive disorder in young children, affecting 2– 4% before the age of 5 years (1, 2). One-third of those with
FC have recurrent FC by age 6 years, and the incidence of subsequent epilepsy is 2– 8% (1, 2). The
causal relationship between FC and subsequent epilepsy has been a focus of intense investigation. Population studies have not revealed the associations
between early-life FC and temporal lobe epilepsy (1).
Nonetheless, a history of prolonged FC was commonly elicited in individuals with mesial temporal
lobe epilepsy (1–3).
Hippocampal sclerosis (HS) is the most common
pathologic finding in adults with intractable temporal
lobe epilepsy (TLE), reported in approximately 65%
of adult temporal lobectomy series (4). According to
Falconer’s investigations, TLE with surgical verified
mesial temporal sclerosis often occurs in adult patients whose onset traces back to childhood (5). Several investigators have reported a link between the
presence of HS in adults and a history of FC in early
childhood (6 – 8), although the causal nature of this
relation remains unclear. A frequently proposed hypothesis is that a subtle, pre-existing malformation
due to embryogenesis, perinatal trauma, or other intracranial lesions of the medial temporal lobe facilitates FC and acts as a crystallization point for the
development of subsequent TLE and HS (9 –11). On
the other hand, the findings of VanLandingham et al
(12 ) and Lynch et al (13 ) suggest that focal prolonged or repetitive FC can produce an acute insult to
the hippocampus that may evolve to HS. Whether HS
is a cause or consequence of FC is still a controversial
issue in epilepsy study (14, 15).
Although the relationship of HS with respect to
TLE in children has been reported in previous MR
imaging studies (16 –18), to the best of our knowledge
the added complexity of FC to TLE in school-age
children and their causal nature has not been investigated. The purpose of our study was to examine the
differences of hippocampal alterations of TLE in
school-age children with and those without FC in
early childhood by using MR spectroscopy and volumetry. Normative data on hippocampal volume and
N-acetylaspartate (NAA)/(Cr ⫹ Cho) ratio were also
measured for children ⬍15 years of age.

Methods
Subjects
Children with TLE who visited outpatient clinic for epilepsy
at the National Cheng-Kung University Hospital from January
1999 to July 2001 were enrolled. The hospital ethics committee
approved the study, and informed consent was obtained from
all participants before their inclusion. A thorough neurologic
assessment was conducted by one of the investigators (C.C.H.). In the neurologic evaluation, data on the patients’ previous medical histories and seizure presentations were collected from the medical records and by interviewing the
patients and their parents. Seizure type and the site of seizure
onset were determined by a comprehensive evaluation, including detailed clinical seizure semiology, neurologic examination,
neuropsychological evaluation, and interictal scalp EEG local-
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ization. The diagnosis of TLE was based on seizure semiology;
that is, definitive interictal epileptiform discharges (spikes or
sharp waves) on one or both temporal regions by repeated
interictal electroencephalographic (EEG) recordings. The epilepsies and epileptic syndromes were grouped according to the
classification proposed by the International League against
Epilepsy in 1989. Patients were defined according to the type of
epilepsies as partial and generalized and also according to their
syndromic characteristics. Twenty four-hour in-hospital ictal
EEG was not available in our hospital and thus was not performed in our patients. None of the patients with temporal lobe
seizure had received surgical treatment for seizure control. All
patients were evaluated for the following parameters: age at
onset of FC, type of FC (simple versus complex, partial versus
generalized), age at onset of TLE, interval between the first FC
and TLE, recurrence rate of FC and TLE, and family history of
epilepsy and FC.
Among the patients with TLE, those children with a history
of early childhood FC were age matched to those without FC
for MR imaging studies.
Hippocampal Volume Measurement
High-spatial-resolution MR images for hippocampal volumetry were acquired by using 3D T1-weighted gradient-echo
technique on a 1.5-T unit (Siemens Vision⫹, Erlangen, Germany) with all sections obtained perpendicular to the long-axis
of the hippocampus (TR/TE/NEX ⫽ 9.7/4.0/2, flip angle ⫽ 9°,
resolution ⫽ 0.59 ⫻ 0.78 ⫻ 2.0 mm3). The boundary of the
hippocampus was manually traced by one rater (W.-C.W.) who
received thorough training from an experienced radiologist
(C.-Y.C.) before undertaking this study. The anterior boundary
was the first section where the amygdala was not seen. The
in-plane boundary, adapted from the definition proposed by
Jack (19), was traced laterally along the temporal horn, superiorly by CSF in the choroidal fissure, medially by the CSF in
the uncal and ambient cistern, and inferiorly by the gray-white
matter in the parahippocampal gyrus. The posterior boundary,
an intrinsic landmark proposed by Watson et al (20) in 1992,
was the section before the crus of the fornix.
Segmentation was histogram-based and was performed by
using National Institutes of Health Image 1.60 software on a
Macintosh computer. The threshold, defined by the rater, was
kept the same during the measurement of image series in one
subject but redefined among different subjects. The selected
area was then segmented into CSF, gray matter, and white
matter. Only gray matter pixels were counted (Fig 1). To
compare the hippocampal volume (HV) measured from different subjects, the measured volume was normalized according to
the following equation:
HVi,n ⫽
/ HVi ⫻

IV
IVi

where IV is the mean intracranial volume of all subjects included in this study, IVi is the intracranial volume of the ith
children, HVi is the measured HV of the ith children and HVi,n
is the normalized HV of the ith children. For intracranial
volume, conventional spin-echo T1-wighted MR images were
obtained in each subject (TR/TE/NEX, 700/14/1; resolution,
0.59 ⫻ 0.78 ⫻ 5 mm3; transverse with 2-mm gap). Intracranial
volume measurements provide an estimate of maximum premorbid brain size and, unlike cerebral volume, should be unaffected by atrophy due to neurodegeneration or aging (21).
Some studies have either used simple estimates of size that
correlate with intracranial volume, like cross-sectional area
(22), or modeled the head as an oblate spheroid (23). These
measures, however, cannot satisfactorily account for the individual difference in head shape. In this study, one rater (W.C.W.) performed all intracranial volume measurements. In
addition, volumetric asymmetry index (AIv), defined as the
absolute difference between the two hippocampal volumes
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FIG 1.
Segmentation procedure. After
manually tracing the in-plane boundaries,
histogram-based segmentation was used
to categorize the region of interest into
CSF (black), gray matter (gray), and white
matter (white). Only pixels of gray matter
are counted to exclude the region of gliosis and atrophy.

divided by their mean, was also calculated. To test the reproducibility and precision of the volume calculation, repeated
measurements of the hippocampal volume by using our approach were done by the same rater (W.-C.W.).
Each individual subject had two measures of hippocampi;
one gives the smaller side of HV and the other the contralateral, larger side of HV, assuming that the side with smaller HV
is the possible primary site of seizure focus and the contralateral larger HV the secondary or normal site.
MR Spectroscopy
Single-voxel proton MR spectra were obtained following
localization with scout MR images obtained in three orthogonal planes by using fast low-angle shot gradient echo sequence.
Shimming on the water proton was performed to obtain spectra
with full-width-at-half-maximum ⬍25 Hz and 10 Hz for global
and localized shimming, respectively. Single-voxel proton MR
spectroscopy was performed by using a point-resolved spectroscopic sequence technique (TR/TE/NEX, 1500/135/128; 1 ⫻
1 ⫻ 2 cm3) with region of interest specifically conforming to the
volume of each hippocampus. Brain spectra contain three
peaks: one primarily from the N-trimethyl protons of cholinecontaining metabolites at 3.2 ppm (Cho), one from the Nmethyl protons of creatine and phosphocreatine at 3.0 ppm
(Cr), and one primarily from the methyl protons of NAA at 2.0
ppm. Relative quantification of NAA, Cho, and Cr signals were
performed after Gaussian curve fitting by using standard spectroscopic analysis software (Siemens Numaris, Erlangen, Germany). NAA/(Cho ⫹ Cr) ratios were calculated from both
sides of hippocampi, following which the spectral asymmetry
index (AIs) was derived using similar definition as the volumetric asymmetry index (i.e., absolute difference divided by
their mean value). Similar to volumetric measurements, the
precision of NAA/(Cho⫹Cr) value was assessed by comparing
repeated estimations with one operator (W.-C.W.).
Statistical Analysis
According to previous studies, there exists asymmetry between the two measures of human hippocampal volume. Without being complicated by the asymmetry, the analysis of variance (ANOVA) with repeated measures was used to test
statistical significance for interaction effect between groups
and volume measures and for the main effect of group differences. The ANOVA design had subjects nested within groups,
each with two volume measures distinguished as larger and
small sides. The post hoc analysis was conducted by using the
Tukey wholly significant difference test, which had better control over the family wise risk for type I error at the level of
significance. By analogy, the same analyses were applied to the

TABLE 1: 55 children were included for MR volumetry and MR
spectroscopy study

Groups

Number
(male/female)

Age at MR imaging (yrs)
mean ⫾ std (range)

Control
TLE ⫹ FC
TLE

16 (10/6)
22 (12/10)
17 (6/11)

9.1 ⫾ 3.6 (3–15)
8.8 ⫾ 3.5 (3–15)
8.2 ⫾ 3.9 (1.5–14)

Note.—TLE indicates temporal lobe epilepsy; FC, febrile convulsion.

spectroscopic study in which the NAA/(Cho ⫹ Cr) ratios were
compared between groups. For each subject, the ratios measured on both sides of hippocampi are also distinguished as
larger and small sides.

Results
Patient Characteristics
A cohort of 55 subjects ranging in age from 18
months to 15 years was included in this study (28 boys
and 27 girls). Children were divided into three groups
(Table 1): the control group, without either TLE or
history of FC (n ⫽ 16); the TLE group, with early
history of FC (TLE ⫹ FC; n ⫽ 22); and the TLE
group, without FC history (n ⫽ 17).
By visual inspection, MR imaging characteristics of
mesial temporal sclerosis were noted in 27.3% (6/22)
of the TLE ⫹ FC group, which showed no significant
difference from that of 17.7% (3/17) in the TLE
group. No clinically significant correlations were
found between hippocampal volumes and age at onset of first afebrile seizure, duration of temporal lobe
epilepsy, or complex partial and secondarily generalized seizure frequency, in patients with and those
without FC.

Volumetry
To test reproducibility, repeated measurements of
the hippocampal volume by using our approach were
done. The variation was within 6.0%. In the control
group, the mean normalized HV of both sides was
2.61 ⫾ 0.21 cm3 at an average intracranial volume of
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FIG 2. For each subject, two sides of HV are divided into large
and small sides. In the control group, the asymmetry index (AIv)
is 2.2% on average. The plot shows different relationships
among three groups in large and small sides. The interaction
between groups and sides is statistically significant (P ⬍ .01).
TABLE 2: Values of asymmetry indices in three groups

AIv
AIs

Control

TLE ⫹ FC

TLE

2.32 ⫾ 1.58%
8.47 ⫾ 5.08%

9.22 ⫾ 6.79%
18.10 ⫾ 16.24%

6.79 ⫾ 5.73%
16.81 ⫾ 10.02%

Note.—TLE indicates temporal lobe epilepsy; FC, febrile convulsion; AIv, volume asymmetry index; and AIs, spectroscopy asymmetry
index. Both AIv and AIs are statistically smaller in Control than TLE ⫹
FC and TLE (P ⬍ .01 with AIv and P ⬍ .05 with AIs). No significant
difference exists between TLE ⫹ FC and TLE either in AIv or AIs. As
to conditions of normal hippocampal volume at both sides in epileptic
groups, AIv culls 5/8 and 4/10 in TLE ⫹ FC and TLE, respectively. On
the other hand, AIs picks out 1/6 and 1/4 of the subjects with bilaterally
normal NAA/(Cho ⫹ Cr) in TLE ⫹ FC and TLE, respectively.

965 ⫾ 241 cm3. In addition, AIv was (2.32 ⫾ 1.58)%.
The mean normalized HV of both sides was 2.30 ⫾
0.33 cm3 in TLE ⫹ FC and 2.34 ⫾ 0.33 cm3 in TLE.
The plots in Figure 2 suggest that there was an interaction effect between groups and volume measures
(P ⬍ .01)—that is, the trends of group means were
not parallel for the two volume measures. The overall
means for the three groups also differed significantly
(P ⬍ .01). Because of the interaction effect, the posthoc comparisons were analyzed at each level of volume measures. The results indicate that, for the mean
hippocampal volume for the smaller side, there were
significant differences between the control and TLE
groups (P ⬍ .01) and between the control and TLE ⫹
FC groups (P ⬍ .01). For the larger side, the control
and TLE ⫹ FC groups also differed significantly in
mean hippocampal volume (P ⬍ .05). The mean values in AIv were significantly larger in the TLE ⫹ FC
and TLE groups than in the control group (Student t
test, P ⬍ .01), whereas no statistical AIv difference
was found between the TLE ⫹ FC and TLE groups
(Table 2).

MR Spectroscopy
Repeated estimations of NAA/(Cr ⫹ Cho) yielded
a variation ⬍3.8%, showing highly reproducible measurements. In the control group, the mean NAA/(Cr
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FIG 3. For each subject, two sides of NAA/(Cho ⫹ Cr) ratios
are divided into large and small sides. The asymmetry index (AIs)
scatters in a wide range. In the control group, the AIs is 0.77 on
the average. The plot shows that the relationships among three
groups in large and small sides are quite parallel. There is a trend
of lowering NAA/(Cho ⫹ Cr) ratios in TLE ⫹ FC, but no statistical
interaction between groups and sides was found (P ⫽ .272).

⫹ Cho) of the bilateral hippocampi was 0.77 ⫾ 0.06.
The asymmetry index AIs varied in a rather divergent
range, with mean and standard deviation as (8.46 ⫾
5.05)%. The overall mean NAA/(Cr ⫹ Cho) of the
bilateral hippocampi was 0.62 ⫾ 0.12 in TLE ⫹ FC
and 0.66 ⫾ 0.11 in TLE. For the spectroscopy results
plotted in Figure 3, the interaction effect between
groups and ratios was not significant (P ⫽ .272), but
the overall test for mean differences between groups
was significant (P ⬍ .01). The post hoc analysis for the
overall differences in the mean values of NAA/(Cr ⫹
Cho) between groups indicated that the difference
between the control and TLE⫹FC groups was significant (P ⬍ .01) regardless of their sides, but the
difference between the control and TLE groups was
significant only on the smaller side. Compared with
the control group, AIs was significantly larger in
the TLE group (P ⬍ .05); however, AIs was larger
in a nonsignificant trend in the TLE ⫹ FC group
(P ⫽ .074). On the other hand, no statistical AIs
difference was found between TLE ⫹ FC and TLE
groups (Table 2).

Discussion
In this study we sought to examine the possible
influence of FC on TLE in children. Retrospective
studies of adult patients who underwent surgery for
refractory TLE found a relation between history of
early FC, TLE, and the development of HS. There
are at least three hypotheses that explain the causal
relation (24 –26): First, mesial temporal sclerosis precedes infantile FC (27). This hypothesis implies a
prior insult producing the HS, such as prenatal or
perinatal injury, meningitis, encephalitis, or head
trauma. Second, prolonged or focal FC produces
acute hippocampal injury that evolves into HS (28).
Third, dual disease in TLE includes cerebral dysgenesis and mesial temporal sclerosis (29). In other
words, complex FC produces additional injury to a
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preexisting hippocampal malformation. Kalviainen
and Salmenpera proposed that recurrent seizures
might cause progressive damage to the hippocampus
throughout the lifetime of the TLE patients (30). In
contrast, a recent MR volumetric study on hippocampal formation and amygdala in adult epilepsy patients
with childhood FC found that no occurrence of HS in
this group after a mean follow-up time of 12.3 years
by comparing age-matched control (31). Our study
showed that, although there was no difference in the
MR evidence of mesial temporal sclerosis between
the TLE ⫹ FC and TLE groups, the HV in the
control group is significantly larger than in the TLE ⫹
FC or TLE group on the impaired hippocampi. Moreover, significant difference on the contralateral side is
also found between the control and TLE ⫹ FC
groups. In addition, our results demonstrated statistical interaction between groups and sides of hippocampus. This indicates the different impacts of
TLE and FC on the volume of the impaired and
contralateral hippocampi. Children with TLE and FC
history seem to have increased vulnerability of the
contralateral hippocampi. In other words, unilateral
focal onset of TLE following early childhood FC
appears to have more likelihood of causing damage to
the contralateral hippocampus, compared with children with TLE but without FC history.
More recently, MR spectroscopy was proposed to
provide useful information for detection or lateralization of TLE (32). Our results showed that the NAA/
(Cho ⫹ Cr) ratio is significantly higher in the control
and TLE ⫹ FC groups on both sides of hippocampi,
whereas difference between the control and TLE was
significant only on the smaller side. It should be
noted, however, that the sensitivity of MR spectroscopy might have been underestimated because of the
partial volume effect in our spectroscopic data that
might include the whole hippocampus where most
areas are intact.
In our study, both MR volumetry and spectroscopy
fail to show the difference between TLE ⫹ FC and
TLE groups. It may be that the differences between
TLE ⫹ FC and TLE may not lie in HV or NAA/(Cho
⫹ Cr) themselves at all but in the interaction between
sides and groups instead. Nevertheless, MR spectroscopy and volumetry still likely provide the trends of
hippocampal alterations in the evaluation of childhood TLE and FC. It is also noted that, although both
FC and TLE cause changes in metabolite concentration and HV reduction, the alterations seem to be
independent of each other.
Traditionally, visual discrimination of a normal
from an abnormal hippocampus with MR images is
straightforward when one is clearly normal and the
other is grossly abnormal. This visual binary paradigm, however, may break down in the presence of
mild unilateral disease, bilateral disease, or both.
Therefore, absolute quantitative measurements are
necessary to accurately determine the presence and
severity of hippocampal atrophy in both hippocampi.
This concept is also reflected by several previous
reports that the presence and severity of HS in both
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hippocampi may provide useful prognostic information about postoperative seizure control and memory
outcome (33–35). In our study, quantitative information was obtained from the noninvasive assessment of
hippocampi in children with or without TLE. In addition to the cut-off value of NAA/(Cr ⫹ Cho) ratio
and HV, AIv and AIs were also used as a measure of
bilateral or unilateral atrophy in light of the interaction between groups and measures of lateralization as
demonstrated in our results. As compared with the
control group, AIv revealed marked asymmetry in the
TLE ⫹ FC and TLE groups, which coincided with our
analysis indicating the interaction of statistical groups
with sides in the volumetric method. On the other
hand, AIs, varying in a wide range, was also found to
be significantly larger in TLE than the control groups,
although the groups’ interaction was less significant
with sides by metabolic ratio. Indeed, on the basis of
structural symmetry, the asymmetry indices, AIv and
AIs, should be able to detect the “unilateral” lesion.
Unfortunately, FC followed by TLE sometimes brings
about damage to both sides of hippocampi, as shown
in the results, which makes it difficult to come up with
a concise conclusion for asymmetry indexes. Low AIv
(⬍ 5%) or AIs (⬍ 19%) may exist in bilateral alteration as well as in normal subjects. Nevertheless, in
case of mild damage of hippocampus where HV and
NAA/(Cho ⫹ Cr) are both in normal ranges, asymmetry indexes may potentially help lateralize the
lesion.
The finding of HS on MR images in young children
with a brief history of seizure challenges the view that
HS is primarily an older child or adult lesion that
results from a long period of recurrent seizures during early childhood and adolescence. Moreover, studies on younger children with HS apparently require
reliable normative measurements from control. In
our study, we measured both normative hippocampal
volume (2.61 ⫾ 0.21 cm2, normalized to intracranial
volume of 965 ⫾ 241 cm2) and NAA/(Cr ⫹ Cho) ratio
(0.77 ⫾ 0.06) for children younger than 15 years.
Because quantitative MR imaging studies on controls
and children with TLE were rare (36), this normative
volume and NAA/(Cr ⫹ Cho) ratio, although small in
subject size, might be a helpful reference for epileptic
researches in children. One weakness of this study,
however, is the relatively small patient population,
which may not meet the criteria of normal distribution even though statistical difference has been obtained. Further study, including a larger number of
patients, is necessary.

Conclusion
Although there is no statistical significance on HV
or metabolic ratio means between TLE ⫹ FC and
TLE groups, our study shows that children with TLE
and history of FC in early childhood tend to have
lower hippocampal volumes and lower NAA/(Cr ⫹
Cho) ratios than do TLE children without FC history.
The TLE ⫹ FC group seems to have increased vulnerability of the contralateral hippocampus compared

AJNR: 26, May 2005

HIPPOCAMPAL ALTERATIONS

with TLE group. MR volumetry and spectroscopy are
equally capable of showing the different trends of hippocampal alterations in children with TLE with or without FC history. Further studies with more sophisticated
tools are needed to unravel the link between early childhood FC and later-onset TLE.

References
1. Shinnar S. Febrile seizures. In: Swaiman KF, Ashwal S, eds. Pediatric neurology: principles and practice. 3rd ed. St. Louis:
Mosby;1999:676 – 682
2. Huang CC, Wang ST, Chang YC, et al. Risk factors for a first
febrile convulsion in children: a population study in southern
Taiwan. Epilepsia 1999;40:719 –725
3. Shinnar S. Prolonged febrile seizures and mesial temporal sclerosis. Ann Neurol 1998;43:411– 412
4. Babb TL, Brown WJ. Pathological findings in epilepsy. In: Engel J,
ed. Surgical Treatment of the Eilepsies. New York: Raven
Press;1987:511–540
5. Falconer MA. Mesial temporal (Ammon’s horn) sclerosis as a
common cause of epilepsy: etiology, treatment and prevention.
Lancet 1974;2:767–770
6. Davies KG, Hermann BP, Dohan FC Jr, et al. Relationship of
hippocampal sclerosis to duration and age of onset of epilepsy and
childhood febrile seizures in temporal lobectomy patients. Epilepsy
Res 1996;24:119 –126
7. Cendes F, Andermann F, Gloor P, et al. Atrophy of mesial temporal structures in patients with temporal lobe epilepsy: cause or
consequence of repeated seizures? Ann Neurol 1993;34:795– 801
8. Lewis DV. Febrile convulsions and mesial temporal sclerosis. Curr
Opin Neurol 1999;12:197–201
9. Scheibel AB. Are complex partial seizures a sequela of temporal
lobe dysgenesis? In: Smith D, Treiman D, Trimbel M, eds. Advances in neurology. New York: Raven Press;1991:59 –77
10. Margerison JH, Corsellis JAN. Epilepsy and the temporal lobes: a
clinical, electroencephalographic and neuropathological study of
the brain with particular reference to the temporal lobes. Brain
1966;89:499 –530
11. Fish DR, Anderman F, Oliver A. Complex partial seizures and
small posterior temporal or extratemporal structural lesions: surgical management. Neurology 1991;41:1781–1784
12. VanLandingham KE, Heinz ER, Cavazos JE, Lewis DV. Magnetic
resonance imaging evidence of hippocampal injury after prolonged
focal febrile convulsions. Ann Neurol 1998;43:413– 426
13. Lynch MW, Rutecky PA, Sutula TP. The effects of seizures on the
brain. Curr Opin Neurol 1996;9:97–102
14. Spanaki MV, Kopylev L, Liow K, et al. Relationship of seizure
frequency to hippocampus volume and metabolism in temporal
love epilepsy. Epilepsia 2000;41:1227–1229
15. Keller SS, Wieshmann UC, Mackay CE, et al. Voxel based morphometry of gray matter abnormalities in patients with medically intractable temporal lobe epilepsy: effects of side of seizure onset and epilepsy
duration. J Neurol Neurosurg Psychiatry 2002;73:648–655
16. Grattan-Smith JD, Harvey AS, Desmond PM, Chow CW. Hippocampal sclerosis in children with intractable temporal lobe epilepsy: detection with MR imaging. Am J Roentgenol 1993;161:1045–1048

1275

17. Murakami N, Ohno S, Oka E, Tanaka A. Mesial temporal lobe
epilepsy in childhood. Epilepsia 1996;37:52–56
18. Kodama K, Murakami A, Yamanouchi N, et al. MR in temporal
lobe epilepsy: early childhood onset versus later onset. AJNR Am J
Neuroradiol 1995;16:523–529
19. Jack CR Jr, Bentley MD, Twomey CK, Zinsmeister AR. MR
imaging-based volume measurements of the hippocampal formation and anterior temporal lobe: validation studies. Radiology
1990;176:205–209
20. Watson C, Andermann F, Gloor P, et al. Anatomic basis of amygdaloid and hippocampal volume measurement by magnetic resonance imaging. Neurology 1992;42:1743–1750
21. Jenkins R, Fox NC, Rossor AM, et al. Intracranial volume and
alzheimer disease. Arch Neurol 2000;57:220 –224
22. Laakso MP, Lehtovirta M, Partanen K, et al. Hippocampus in
Alzheimer’s disease: a 3-year follow-up MRI study. Biol Psychiatry
2000;47:557–561
23. Sullivan EV, Rosenbloom MJ, Desmond JE, Pfefferbaum A. Sex
differences in corpus callosum size: relationship to age and intracranial size. Neurobiol Aging 2001;22:603– 611
24. Harvey AS, Grattan-Smith JD, Desmond PM, Berkovic SF. Febrile
seizures and hippocampal sclerosis: frequent and related findings
in intractable temporal lobe epilepsy of childhood. Pediatr Neurol
1995;12:201–206
25. Kuks JBM, Cook MJ, Fish DR, et al. Hippocampal sclerosis in
epilepsy and childhood febrile seizures. Lancet 1993;342:1391–1394
26. Sagar HJ, Oxbury JM. Hippocampal neuron loss in temporal lobe
epilepsy: correlation with early childhood convulsions. Ann Neurol
1987;22:334 –340
27. Bower SPC, Kilpatrick CJ, Vogrin SJ, et al. Degree of hippocampal
atrophy is not related to a history of febrile seizures in patients
with proved hippocampal sclerosis. J Neurol Neurosurg Psychiatry
2000;69:733–738
28. Annegers JF, Hauser WA, Shirts SB, Kurland LT. Factors prognostic of unprovoked seizures after febrile convulsions. N Engl
J Med 1987;316:493– 498
29. Ho SS, Kuzniecky R, Gilliam F, et al. Temporal lob development
malformations and epilepsy. Neurology 1998;50:748 –754
30. Kalviainen R, Salmenpera T. Do recurrent seizures cause neuronal
damage? A series of studies with MRI volumetry in adults with
partial epilepsy. Prog Brain Res 2002;135:279 –295
31. Tarkka R, Paakko E, Pyhtinen J, et al. Febrile seizures and mesial
temporal sclerosis: no association in a long-term follow-up study.
Neurology 2003; 60:215–218
32. Van Paesschen W, Connelly A, King MD, et al. The spectrum of
hippocampal sclerosis: a quantitative magnetic resonance imaging
study. Ann Neurol 1997;41:41–51
33. Trenerry MR, Jack CR, Ivnik RJ, et al. MRI hippocampal volumes
and memory function before and after temporal lobectomy. Neurology 1993;43:1800 –1805
34. Arruda F, Cendes F, Andermann F, et al. Mesial atrophy and
outcome after amygdalohippocampectomy or temporal lobe removal. Ann Neurol 1996;40:446 – 450
35. Watson C, Jack CR Jr, Cendes F. Volumetric magnetic resonance
imaging. Arch Neurol 1997;54:1521–1531
36. Pfluger T, Weil S, Weis S, et al. Normative volumetric data of the
developing hippocampus in children based on magnetic resonance
imaging. Epilepsia 1999;40:414 – 423

