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Anterior Temporal Changes on MR Images of
Children with Hippocampal Sclerosis: An Effect
of Seizures on the Immature Brain?

L. Anne Mitchell, A. Simon Harvey, Lee T. Coleman,
Simone A. Mandelstam, and Graeme D. Jackson

BACKGROUND AND PURPOSE: Ipsilateral loss of anterior temporal gray-white matter
definition, due mainly to white matter signal intensity abnormality, is frequently seen on MR
images of patients with hippocampal sclerosis. Our aim was to determine the prevalence and
clinical correlations of these anterior temporal changes in pediatric cases of hippocampal
sclerosis and to determine whether cumulative damage from seizures is important for their
development.

METHODS: We reviewed the MR images and clinical details of 54 children (age range, 1.5-19
years) with typical hippocampal sclerosis. Specific imaging features noted included hippocam-
pal sclerosis, anterior temporal changes, anterior temporal atrophy, and extra-hippocampal
abnormality.

RESULTS: Thirty-one (57%) of 54 children with hippocampal sclerosis had associated
ipsilateral anterior temporal changes. Ipsilateral anterior temporal atrophy was associated
with anterior temporal changes (P < .03). Children whose images showed anterior temporal
changes were younger at onset of epilepsy (P < .01) and younger at antecedent cerebral insult
(P < .03) than those with normal anterior temporal lobes. Most (84%) children whose images
showed anterior temporal changes had experienced the onset of epilepsy or antecedent cerebral
insult before the age of 2 years (P < .0009). Eighty-one percent of children with anterior
temporal changes shown on their images experienced seizures at the time of antecedent insult.

CONCLUSION: Ipsilateral anterior temporal changes identical to those observed in adult
cases are seen on the MR images of young children with hippocampal sclerosis, with a similar
prevalence, and are associated with either epilepsy onset or seizure-related cerebral insult
before the age of 2 years. We suggest that the loss of gray-white matter definition may represent
a persistent immature appearance, including an abnormality of myelin or myelination, possibly

a result of seizures occurring during maturation of the temporal pole.

Ipsilateral anterior temporal changes are described as
part of the spectrum of MR imaging features found in
adult cases of hippocampal sclerosis and in cases of
intractable temporal lobe epilepsy per se (1-3). This
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abnormality typically consists of loss of gray-white
matter definition, with abnormal signal intensity pre-
dominantly in white matter, best seen on T2-weighted
images (Figs 1-4), with signal intensity abnormality
also visible on T1-weighted images in some cases (Fig
4). The prevalence in adult cases ranges between 32%
and 66% (3, 4). Ipsilateral temporal atrophy is asso-
ciated with both anterior temporal changes (2) and
hippocampal sclerosis (1, 5). The clinical correlations
and underlying histopathology of these anterior tem-
poral changes have not been conclusively established
in adults (1-4, 6-9). Also, it is not known whether the
imaging abnormality reflects damage from chronic
epilepsy or early injury or whether anterior temporal
changes are present before the onset of epilepsy.
These anterior temporal changes have been labeled
dual pathology by some authors (6-9). We prefer to
use a more descriptive label because uncertainty still
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Fic 1. Images of a 10-year-old male pa-
tient who had meningitis at age 6 months
and then onset of temporal lobe epilepsy at
age 3 years.

A, Coronal view fast spin-echo image
(2975/98) shows typical left hippocampal
sclerosis, with loss of volume and increased
signal intensity in the left hippocampus
(arrow).

B and C, Coronal view proton attenua-
tion-weighted images (2975/17) show lack
of anterior temporal gray-white matter def-
inition (arrows) and atrophy compared with
the normal right side.

D, Coronal view fast spoiled gradient-
recalled volume acquisition T1-weighted
image shows subtle decreased signal in-
tensity within the anterior temporal white
matter compared with the left side, with no
cortical thickening.

Fic 2. Coronal view fast spin-echo T2-weighted images (2975/98) of an 11-year-old female patient who had experienced complex
partial seizures since the age of 4 years after prolonged febrile convulsions during infancy. At age 12 years, the patient underwent a
temporal lobectomy. Histologic examination showed hippocampal sclerosis, with no dysplasia in the temporal specimen.

A and B, Subtle asymmetry of signal intensity in the white matter of the left temporal pole compared with the right (arrows) is shown,
with apparent shrinkage of the white matter due to the slightly increased white matter signal intensity. The appearances on coronal view
T1-weighted fast spoiled gradient-recalled volume acquisition images were normal.

C, More posteriorly, right hippocampal sclerosis is shown (arrow), with normal signal intensity within posterior right temporal white

matter.

exists regarding the underlying histology and pathogen-
esis. The same appearance has also been termed tem-
poro-polar MRI abnormalities (10). However, because
these appearances often extend beyond the temporal
pole, we prefer the term anterior temporal changes.

We have observed anterior temporal changes in pe-
diatric cases of epilepsy and hippocampal sclerosis, with
appearances identical to those found in adult cases.
With the current study, our aim was to examine the
prevalence and clinical correlations of anterior temporal
changes in pediatric cases of hippocampal sclerosis. In
addition, we aimed to determine whether these changes

occur early during the course of epilepsy or whether
they are seen less often in pediatric cases than in adult
cases, which might imply that this is an acquired abnor-
mality. We postulate that if anterior temporal changes
occur as a result of damage induced by repeated sei-
zures occurring over a long period, then prevalence is
likely to be lower in children.

Methods

We searched the radiology database at our institution, a
tertiary pediatric hospital, for cases of possible hippocampal
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Fic 3. Coronal view T2-weighted fast spin-echo images (2975/98)
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of a male patient who experienced onset of epilepsy at age 4

months, soon after drainage of a large left frontal subdural empyema. Clusters of complex partial seizures occurred every week during

the first year of epilepsy.

A and B, Images obtained when the patient was 18 months old. An immature appearance persists in both temporal poles, but the
ipsilateral left temporal pole is small (arrows), with abnormal increased white matter signal intensity.

C, Image obtained when the patient was 18 months old. Left hippocampal sclerosis with volume loss and increased signal intensity
is shown (arrow). Note also the abnormal increased signal intensity in the temporal lobe white matter, compared with the delayed

myelination seen elsewhere.

D and E, Images obtained at similar section positions when the patient was 5 years old. The myelination pattern in the frontal lobes
and right temporal lobes is now mature. The left temporal pole is atrophic, and the ipsilateral left temporal white matter is now of similar
signal intensity to gray matter, although still slightly hyperintense (arrows).

F, Image obtained when the patient was 5 years old. Typical left hippocampal sclerosis is shown (arrow), with a slight increase in white
matter signal intensity on the left compared with the right on this more posterior section. Atrophy of the parahippocampal and fusiform

gyri can be seen.

sclerosis revealed by MR imaging performed between 1991 and
2001. We identified 64 children with radiologic reports suggest-
ing hippocampal sclerosis. We identified 52 control images of
children of similar ages by searching the database for patients
who had undergone MR imaging examinations for minor non-
seizure symptoms, such as headaches, and who had a normal
radiologic report. All patients and control participants had
undergone imaging on a 1.5-T system (GE, Milwaukee, WI),
with pulse sequences that included tilted coronal view T2-
weighted and proton attenuation-weighted (2975/17-98/3 [TR/
TE/number of excitations]) fast spin-echo images angled per-
pendicular to the long axis of the hippocampus, axial view
T2-weighted (4600/102/3) fast spin-echo images, and a fast
spoiled gradient-recalled volume acquisition (17.7/3.4 [TR/
minimum TE]; inversion time, 300 ms) with tilted coronal,
axial, and sagittal view reformatted images.

Patient and control images were mixed together, and three
experienced radiologists who were blinded to the clinical infor-
mation and presence of hippocampal sclerosis assessed the
presence of anterior temporal changes. The purpose of the
control images was to ensure that the detected anterior tem-
poral changes did represent abnormal appearance rather than
artifact. Initially, coronal view T2-weighted and proton atten-
uation-weighted images showing only the anterior temporal
lobes were assessed for anterior temporal changes, with the

hippocampi and the rest of the brain obscured. Images were
first reviewed independently, and in the rare cases of disagree-
ment, the images were reviewed together, resulting in a con-
sensus report. All available images were then assessed for the
presence of hippocampal sclerosis and other pathologic abnor-
malities. MR imaging assessment was limited to a qualitative
assessment; volumetric analysis was not performed. When fol-
low-up MR imaging examinations were available, they were
reviewed to assess whether anterior temporal changes devel-
oped over a time interval or, if anterior temporal changes were
present on the initial images, whether they had increased in
severity after an interval.

Anterior temporal changes were defined as loss of gray-
white matter definition on T2-weighted and proton attenua-
tion-weighted images with abnormal increased white matter
signal intensity, with or without visible atrophy, as previously
described ( 1-3, 10). Hippocampal sclerosis was diagnosed
according to previously recognized criteria: loss of hippocam-
pal volume, increased hippocampal signal intensity on T2-
weighted images, decreased hippocampal signal intensity on
T1-weighted images, and loss of internal hippocampal archi-
tecture (11, 12).

After the MR imaging assessment, we reviewed the clinical
histories of patients with definite hippocampal sclerosis. Clin-
ical details noted included age, sex, age at onset of epilepsy,
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Fic 4. Images of a 22-month-old male patient with severe left temporal lobe epilepsy that was recognized at age 9 months after

bacterial meningitis at age 6 months.

A and B, Coronal view T2-weighted fast spin-echo images (2975/98) show an immature myelin pattern in the right temporal pole and
frontal poles. The left anterior temporal lobe white matter shows abnormal increased signal intensity (arrows) compared with the normal

right side with subtle ipsilateral atrophy.

C, Coronal view heavily T1-weighted inversion recovery image (8000/68; inversion time, 400 ms) shows left hippocampal sclerosis
(arrowhead) and abnormal decreased signal intensity within temporal white matter (asterisk). Abnormal decreased signal intensity within
the temporal, insular, and inferior frontal cortex also can be seen, compared with the right side (small arrows), with no cortical thickening.

type of and age at occurrence of any antecedent cerebral insult
(including febrile convulsions), time from insult to epilepsy
onset, and duration of epilepsy before MR imaging. Seizure
frequency and overall number of seizures were estimated. Sei-
zure frequency during the 6 months before the MR imaging
examination was also estimated. In addition, we noted any
family history of epilepsy and whether surgery had been per-
formed. The pathologic reports of the resected temporal lobe
specimens were noted in surgically treated cases.

Statistical analyses included x? tests for all contingency data
and Student’s ¢ tests for comparison of the groups as stated.
P < 0.05 was considered statistically significant. This study was
performed in accordance with the principles governing human
research as determined by the Ethics and Human Research
Committee at our institution.

Results

MR Imaging

Review of the 64 patients with previously reported
hippocampal sclerosis revealed that only 55 patients
had definite hippocampal sclerosis. The nine patients
with normal hippocampi and no anterior temporal
changes on blinded review were not evaluated fur-
ther. One additional patient with hippocampal scle-
rosis and hydrocephalus was not included in the fol-
lowing analysis because his anterior temporal lobes
could not be readily classified because of markedly
dilated temporal horns. Our hippocampal sclerosis
study group therefore consisted of 54 patients (31
female and 23 male patients; age range, 1.5-19 years;
mean age, 11.3 years): 51 with unilateral hippocampal
sclerosis (26 right, 25 left) and three with bilateral
hippocampal sclerosis. The control images of 52 chil-
dren of similar ages (age range, 3.7-17.5 years; mean
age, 11.5 years) showed that none had hippocampal
sclerosis or other significant abnormalities; incidental
findings included two choroidal fissure cysts, one
small pineal cyst, and one mild plagiocephaly.

Thirty-one (57%) of 54 children with hippocampal
sclerosis had anterior temporal changes, and 23

(43%) had no anterior temporal changes. Anterior
temporal changes occurred only on the side of the
hippocampal sclerosis in 29 cases of unilateral hip-
pocampal sclerosis. In the two patients with anterior
temporal changes and bilateral hippocampal sclero-
sis, one had bilateral anterior temporal changes and
the other had anterior temporal changes only on the
side of the most severe hippocampal atrophy. The
side of hippocampal sclerosis made no difference
regarding the presence of anterior temporal changes
(P < .86, X test). Ipsilateral anterior temporal atro-
phy was present in 12 patients with anterior temporal
changes and in three without anterior temporal
changes (P < .03, x* test). Extra-hippocampal patho-
logic abnormality was found in eight patients with
anterior temporal changes and in 10 with no anterior
temporal changes (previous hypoxic ischemic enceph-
alopathy or periventricular leukomalacia in five, focal
or diffuse gliosis in seven, microcephaly in one, gan-
glioglioma in one, previous cerebral infarcts in three,
and multiple cavernomas in one) (P < .17, x* test).
None of the control images showed anterior temporal
changes.

The MR imaging features of anterior temporal
changes in pediatric cases were the same as those
previously described in adult cases (1-3, 10). Typi-
cally, gray matter and white matter were of similar
signal intensity on T2- and proton attenuation-
weighted images (Figs 1 and 2). Two patients with
anterior temporal changes underwent imaging before
development of a mature anterior temporal myelin
pattern. Both underwent imaging just more than a
year after epilepsy onset and showed considerably
increased signal intensity within the temporal pole
white matter on T2-weighted images (Figs 3 and 4).
One of these patients underwent follow-up imaging at
age 5 years; by that age, similar signal intensity was
observed between gray and white matter, with re-
duced white matter hyperintensity, similar to the pat-
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TABLE 1: Clinical findings for 54 children with hippocampal sclerosis, with and without anterior temporal changes

Clinical Finding

AT Signal Changes

No AT Signal Changes

n = 54 n =31 n=23
Mean age at onset of epilepsy (years =SD) 4.3 (£2.8) 6.7 (+3.6) P < .01
Age at previous cerebral insult (years =SD) 0.9 (%0.7) 3.2(%£3.6) P <.03
Duration of epilepsy (years =SD)* 6.9 (=4.1) 4.4 (+4.5) P<.04
Mean number of seizures (=SD)* 1730 (=3730) 325 (%480) P < .05
Number treated surgically (%)* 19 (61%) 5(22%) P < .004
Mean age at time of MR imaging (years =SD) 11.2 (+4.2) 11.4 (x4.6) ns
Gender (male:female) 15:16 8:15 ns
Number with previous cerebral insult 27 17 ns
Time from insult to epilepsy onset (years +SD) 3.1(%2.8) 3.9 (£35) ns
Overall seizure frequency (sz/wk +=SD) 7(*15.8) 3(%6.2) ns
Seizure frequency before MR imaging (sz/wk =SD) 4.6 (%7.6) 4.4 (£8.7) ns
Number with previous febrile convulsions (%) 15 (48%) 9 (39%) ns
Number with family history of epilepsy (%) 10 (32%) 7 (30%) ns

Note.—AT indicates anterior temporal; sz, seizures; wk, week; ns, not significant.

* Dependent on the age at onset of epilepsy.

tern of anterior temporal signal intensity changes
observed in adult cases (Fig 3). On T1-weighted fast
spoiled gradient-recalled volume acquisition images,
subtle decreased white matter signal intensity (Figs 1
and 4) was observed in 14 cases but flow artifact
obscured detail in many cases. No evidence of cortical
thickening was shown on T1-weighted images, and a
sharp boundary between gray and white matter was
usually visible (Figs 1 and 4), although gray-white
matter contrast was reduced in more severe cases.
Heavily T1-weighted (8000/68; inversion time, 400
ms) inversion recovery images were obtained in 15
cases, and decreased signal intensity, not visible on
the T1-weighted fast spoiled gradient-recalled volume
acquisition images, was seen within the ipsilateral
temporal cortex in two cases (Fig 4).

MR imaging was performed between 0 and 14 years
after epilepsy onset (mean time interval, 6 years).
Two patients with anterior temporal changes were
imaged within a month of seizure onset. Thirteen
patients (seven with and six without anterior temporal
changes) underwent follow-up MR imaging at least a
year after their initial examinations. All patients with
anterior temporal changes on their initial images had
these confirmed by subsequent imaging. We did not
observe the development of anterior temporal
changes on follow-up images of any patient. When
anterior temporal changes were present on the initial
images, the appearance did not appear to worsen on
follow-up images.

Clinical Findings

The clinical findings for patients with hippocampal
sclerosis with and without anterior temporal changes
are summarized in Table 1. The mean age and sex
ratios of the two groups were the same, although a
larger proportion of boys had anterior temporal
changes. Patients with anterior temporal changes
were younger at onset of epilepsy (mean age, 4.3
years), compared with those with no anterior tempo-
ral changes (mean age, 6.7 years) (P < .01, Student’s

t test). Ten (32%) of the patients with anterior tem-
poral changes experienced onset of epilepsy before 2
years of age, whereas none of the patients without
anterior temporal changes experienced such early on-
set of epilepsy. Fifty-one patients had temporal lobe
epilepsy with complex partial seizures. Two patients
did not have epilepsy at the time of MR imaging: one
patient with anterior temporal changes was investi-
gated for developmental delay and microcephaly but
was lost to follow-up after her MR imaging examina-
tion, and the other without anterior temporal changes
was investigated for events that were eventually
thought to be pseudoseizures and had not developed
typical epilepsy as of the time of this writing. One
additional patient without anterior temporal changes
was referred with epilepsy, but no details of seizures
were available because of minimal clinical records.

An antecedent cerebral insult was present in 27
(87%) patients with anterior temporal changes and in
17 (74%) with no anterior temporal changes (P < .6,
X* test) (Table 1). Patients with anterior temporal
changes were younger at the time of antecedent insult
(mean age, 0.9 years) than children without anterior
temporal changes (mean age, 3.2 years) (P < .03,
Student’s ¢ test). The type of insults varied slightly
between the groups (Table 2), with more cases of
previous febrile convulsions, meningitis, and early
ischemic or hypoxic events in children with anterior
temporal changes. In contrast, slightly more cases of
previous head injury (three patients with coma and
intensive care admission) existed among those with
no anterior temporal changes. Both groups had sim-
ilar numbers with previous febrile convulsions (P <
.5, x* test) and family history of epilepsy (P < .85, x*
test) (Table 1). Seizures at the time of early insult
were slightly more common in patients with anterior
temporal changes, occurring in 22 (81%) of 27 pa-
tients with anterior temporal changes and in 11 (65%)
of 17 patients without anterior temporal changes (P <
.21) (Table 2).

Overall, patients with anterior temporal changes
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TABLE 2: Type of antecedent cerebral insult with and without ante-
rior temporal changes

AT Signal No AT Signal

Type of Antecedent Insult Changes Changes
n = 44 n =27 n =17
Febrile convulsions 13 (13)* 50)
Meningitis 6 (6) 1(1)
Encephalitis 1(0) 2(2)
Early ischemic/hypoxic/hypoglycemic 6(2) 3(1)
event(s)
Head injury 3(2)
Other 1(1) 3(1)
Subdural empyema 1(1)
Cavernoma complicated by 1(1)
hemorrhage
Hypertensive encephalopathy 1(0)
Leukemia and encephalopathy 1(0)

Note.—AT indicates anterior temporal.
* Numbers in parentheses indicate the number of patients with
seizures during the illness.

were more likely to have either epilepsy onset or a
previous cerebral insult before age 2 years than pa-
tients with no anterior temporal changes (P < .0009,
x> test). Only four of 31 patients with anterior tem-
poral changes did not have epilepsy onset or an an-
tecedent cerebral insult before 2 years (one temporal
ganglioglioma and epilepsy onset at 6 years, one de-
velopmental delay without seizures, one meningitis
and epilepsy onset at age 2.8 years, and one without
antecedent event and temporal lobe epilepsy onset at
age 7.3 years). Conversely, nine of 23 patients without
anterior temporal changes had an event before age 2
years (four febrile convulsions, one previous head
injury, one encephalitis, two neonatal ischemic
events, and one intracerebral hemorrhage and multi-
ple cavernomas), eight of these with seizures.
Patients with anterior temporal changes had a
longer duration of epilepsy at the time of their MR
imaging examination (P < .04, Student’s ¢ test) (Table
1) and a greater overall number of seizures (P < .05,
Student’s ¢ test), reflecting the earlier age at onset of
epilepsy in this group. Imaging revealed typical ante-
rior temporal changes for four patients with mild
epilepsy (<40 seizures) and one with no epilepsy. The
estimated mean seizure frequency was similar for
both groups, both in the 6 months before MR imaging
(P < .93, Student’s ¢ test) and when averaged over the
duration of epilepsy (P < .19, Student’s ¢ test). The
length of the silent period between a previous cere-
bral insult and the onset of epilepsy was the same in
both groups (P < .43, Student’s ¢ test) (Table 1).
Surgery was performed in 24 patients. The indica-
tion for surgery was recurrent seizures that were re-
sistant to anti-epileptic medication and had signifi-
cant impact on the life of the child and family, as
determined by our comprehensive children’s epilepsy
program. Nineteen patients with anterior temporal
changes were treated surgically with anterior tempo-
ral lobectomy, compared with five patients with no
anterior temporal changes (P < .004, x* test) (Table
1). Histologic confirmation of hippocampal sclerosis
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was obtained for all 24 operated patients. Focal dys-
plasia was not revealed by histology, but the anterior
temporal specimens were not sufficient for detailed
review.

Discussion

Our results indicate that ipsilateral anterior tempo-
ral changes occur early during the course of temporal
lobe epilepsy associated with hippocampal sclerosis.
The prevalence of this appearance in pediatric cases
of hippocampal sclerosis is similar to that in adult
cases (3), with a similar association between anterior
temporal changes and ipsilateral anterior temporal
atrophy. When MR imaging is performed after a
mature myelin pattern has developed, the appear-
ances in children are identical to those seen in adults,
with similar signal intensity seen in gray and white
matter on T2-weighted images and resultant loss of
gray-white matter definition (Figs 1 and 2). In two
patients examined before development of a mature
cerebral myelination pattern, increased signal inten-
sity was shown within ipsilateral white matter on T2-
weighted images (Figs 3 and 4). On the follow-up
images of one of those patients, the white matter
hyperintensity became less marked (Fig 3), closer to
the appearance seen on images of older children and
adults (1, 2). The cause for this initial hyperintensity
is unknown but could be analogous to the hippocam-
pal hyperintensity reported in some cases of develop-
ing hippocampal sclerosis, thought to represent an
early edematous phase before hippocampal volume
loss occurs (13-15).

We found that anterior temporal changes are asso-
ciated with very early onset of epilepsy and early
cerebral insult, typically occurring before the age of 2
years. Most patients with anterior temporal changes
had either onset of epilepsy or other antecedent ce-
rebral insult before the age of 2 years, and most of the
antecedent insults involved seizures. Similar associa-
tions have not been conclusively found in adult cases
(2), although Choi et al (4) found that adults with
anterior temporal changes had earlier onset of epi-
lepsy. This may be because details of the change early
in the patients’ history are often more vague when
obtained in adulthood and early details not well
remembered. We suggest that a cerebral event such
as onset of epilepsy or other seizure-related insult
occurring before 2 years of age may be an impor-
tant factor causing these changes to develop.

We do not think that anterior temporal changes per
se cause early onset of epilepsy; this would not ac-
count for the difference in acquired antecedent in-
sults. On the other hand, we have found no evidence
to support the hypothesis that cumulative damage
from repeated seizures in the course of chronic tem-
poral lobe epilepsy causes anterior temporal changes.
In addition to the similar prevalence in children and
adults, anterior temporal changes were observed in
mild cases of epilepsy and in one case without epi-
lepsy. We observed anterior temporal changes within
a month after the onset of epilepsy, and the severity
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did not appear to increase with time based on fol-
low-up MR images. Although children with anterior
temporal changes experienced longer duration of ep-
ilepsy and greater total number of seizures than those
without anterior temporal changes, this probably re-
flected the earlier onset of epilepsy; the overall sei-
zure frequency was not different between the two
groups. Similarly, although children with anterior
temporal changes were more often treated surgically,
this most probably reflected the longer duration of
epilepsy and cumulative seizures during this period.
Thus, we found no evidence that epilepsy is more
severe in patients with anterior temporal changes, in
concordance with previous studies of adult cases (2,
4). If seizures are the cause, anterior temporal
changes probably develop at or soon after the onset of
seizures.

An alternative view presented by some authors,
which we think to be incorrect in all except a small
minority of cases, is that anterior temporal changes
represent cortical dysplasia and therefore predate
hippocampal sclerosis (6, 9). Three independent stud-
ies have been conducted, comprised of approximately
80 surgically treated patients with anterior temporal
changes, that have found only subtle histologic abnor-
malities in resected specimens, with no cortical dys-
plasia (2-4). In addition, the MR imaging appear-
ances are atypical for focal cortical dysplasia with less
hyperintensity on T2-weighted images (10) and a
sharp boundary often maintained between gray and
white matter without cortical thickening on T1-
weighted images. We found one patient with a tem-
poral ganglioglioma that may have contributed to the
anterior temporal appearances, but based on previous
studies (2-4), we think that cortical dysplasia and
foreign tissue lesions only rarely cause this appear-
ance in hippocampal sclerosis. In their study of 18
patients with temporal lobe epilepsy with anterior
temporal changes, Choi et al (4) found increased
numbers of isolated ectopic neurons in the white
matter but conceded that these subtle abnormalities
were unlikely to constitute the entire explanation.
Other authors have proposed that architectural cor-
tical dyslamination is the cause (7, 8) but have not
explained how these intracortical changes can pro-
duce diffuse white matter signal intensity abnormality
as the predominant MR imaging finding (Figs 1-4).
Overall, because anterior temporal changes are often
dramatic, with only subtle identified histologic abnor-
malities, it seems likely that an important component
of the underlying abnormality is a lesion that is diffi-
cult to identify histologically, such as an alteration of
myelin or an alteration in tissue water content (1-3).
Although there are many myelinated fibers within the
cortex, the presence of cortical signal intensity ab-
normality in some cases (2) (Fig 4) may indicate
pathologic abnormality in addition to abnormality
of myelin.

If abnormality of anterior temporal myelin is the
cause of the white matter component of anterior
temporal changes, when might this abnormality be
expected to occur? It is thought that once the myelin
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sheath has formed, it is relatively insensitive to insult
and that the period of active myelination is the most
vulnerable to injury (16, 17). Myelination commences
around term and is virtually complete by 2 years (17,
18), with most activity occurring during the first 8
months after term (17). It proceeds from central ar-
eas toward the poles, reaching the tips of the frontal
and temporal lobes last (17). Considerable normal
variation exists (17, 18) with mature myelin found
postmortem in the temporal poles of 50% of infants
by 82 weeks after term (17), but maturation of the
subcortical association fibers of the temporal poles
continues after 2 years (18). Therefore, myelin in the
temporal poles may be vulnerable to injury for up to
2 years or beyond.

Our finding that most children whose images show
anterior temporal changes have experienced epilepsy
onset or other seizure-associated insult during the
vulnerable period of active myelination suggests that
the seizures or injury could interrupt or prevent nor-
mal anterior temporal myelination. It is not known
whether seizures can disturb myelination in humans
(16), but in immature rats with repeated seizures,
defects in lipid metabolism and myelin accumulation
have been shown, with the most severe defects found
when seizures occurred early, during the phase of
glial proliferation (19-21). We suggest that the lack
of normal gray-white matter definition on T2-
weighted images showing anterior temporal changes
may represent abnormal persistence of an immature
myelin pattern in the temporal poles. However, if
abnormal myelin is the explanation, it is likely that
other unidentified factors such as genetic susceptibil-
ity or severity of injury are important, because not all
children with early injury develop anterior temporal
changes and vice versa.

Because anterior temporal changes have been ob-
served in cases of intractable temporal lobe epilepsy
without hippocampal sclerosis, albeit infrequently (2),
it is likely that they do not develop as a consequence
of hippocampal sclerosis. However, the pathogenesis
of anterior temporal changes and hippocampal scle-
rosis may overlap, particularly because they are al-
ways ipsilateral to the hippocampal sclerosis in this
and other reported series. Although the cause of
hippocampal sclerosis is not known, recent cytoarchi-
tectural studies of anterior temporal specimens have
suggested that hippocampal sclerosis may be partly
due to abnormal mesial temporal organization (22).
Cajal-Retzius cells, a specific early developmental
population of interneurons, can persist abnormally
until after childhood in the hippocampus and tempo-
ral neocortex of patients with hippocampal sclerosis
(22, 23). Also, features suggesting neurogenesis can
be found in resected anterior temporal specimens,
either indicating ongoing postnatal neurogenesis or
an abnormally long period of maturation (22). For
these reasons, Blumcke et al (22) suggest that hip-
pocampal sclerosis may have early onset, with persis-
tent focal immaturity or delayed maturation as an
important part of the pathogenesis. We speculate that
the pathogenesis of anterior temporal changes may
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partly mirror the pathogenesis of hippocampal scle-
rosis and also represent persistent immaturity. The
subtle cortical dyslamination found in some anterior
temporal specimens (7, 8) suggests maldevelopment,
but these small histopathologic changes do not nec-
essarily occur before birth (22, 24, 25). Acquired in-
jury during the first years of life, while the immature
temporal lobe continues to develop (17, 18), could
give rise to all these “developmental” abnormalities
and lead to the persistent appearance of an immature
anterior temporal lobe.

Conclusion

We found that ipsilateral anterior temporal
changes associated with hippocampal sclerosis can be
seen on images obtained during early childhood, with
prevalence and MR imaging appearances similar to
those in adult cases. They are part of the spectrum of
hippocampal sclerosis and may indicate widespread ab-
normality affecting the temporal lobe. Further large
studies of new onset and intractable temporal lobe ep-
ilepsy, with and without hippocampal sclerosis, may help
to determine these relationships. We found that ante-
rior temporal changes are associated with early onset of
epilepsy and early cerebral insult that usually involves
seizures, typically occurring before the age of 2 years.
We think that the lack of gray-white matter definition
on T2-weighted images represents an abnormal persis-
tent immature appearance, including an abnormality of
myelin or myelination, and may be the result of seizure-
related injury to the anterior temporal lobe during mat-
uration.
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