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MR Evaluation of the Hippocampus in Patients with
Congenital Malformations of the Brain

Noriko Sato, Shinitsu Hatakeyama, Nobuzou Shimizu, Akio Hikima, Jun Aoki, and Keigo Endo

BACKGROUND AND PURPOSE: Developmental changes in hippocampal formations (HFs)
have been reported in association with agenesis of the corpus callosum, lissencephaly, and
holoprosencephaly. The purpose of this study was to evaluate the developmental changes in
HFs in patients with a variety of other congenital brain malformations.

METHODS: MR images of 44 patients with congenital brain malformations associated with
11 different brain disorders were reviewed retrospectively. Five patients had more than two
anomalies. Imaging and clinical findings were evaluated for the shape, size, degree of inversion,
and side of abnormal HF.

RESULTS: Vertically oriented or globular-shaped HFs were observed in 28 patients (64%)
on coronal MR images. All patients with agenesis of the corpus callosum (n 5 7), lissencephaly
(n 5 1), holoprosencephaly (n 5 3), and Fukuyama muscular dystrophy (n 5 3) had an ab-
normal HF. A high prevalence of abnormalities was observed in patients with polymicrogyria
(11/12, 92%), heterotopia (4/5, 80%), tuberous sclerosis (2/3, 67%), and schizencephaly (2/4,
50%). Patients whose abnormalities were symmetrical had bilateral abnormal HFs, whereas
those with polymicrogyria, schizencephaly, and heterotopia, whose abnormalities were local-
ized, tended to have unilateral abnormal HFs.

CONCLUSION: Hippocampal developmental abnormalities are found in a high percentage
of patients with congenital malformations. Focusing on the morphologic abnormalities of the
HF on coronal MR images may help in the detection of diseases associated with brain anom-
alies, especially subtle cortical disorders.

The advent of MR imaging has allowed the clear
depiction of anatomic structures of the brain and
has contributed to the investigation of brain devel-
opment. Various developmental brain anomalies,
such as several types of cortical dysgenesis, can
now be diagnosed using MR imaging. For example,
mesial temporal sclerosis has been reported to be
one of the major causes of temporal lobe epilepsy
(1, 2), but the underlying structural abnormality re-
mained undetected in vivo until the emergence of
MR imaging.

Hippocampal abnormalities have been observed
not only in mesial temporal sclerosis but also in
other diseases. Developmental changes in hippo-
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campal formations (HFs) have been reported in
agenesis of the corpus callosum, lissencephaly, and
holoprosencephaly (3–5). Such investigations have
found that HFs were small in 62% of cases and
that abnormal vertical orientation was present in
82% of patients (6). These findings seem to be rea-
sonable, because inversion of the HF is one of the
expressions of normal gyration. Hippocampal ab-
normalities may be expected to be observed in as-
sociation with other cortical developmental disor-
ders; however, no such investigation has been
undertaken.

The purpose of this study was to evaluate the
developmental changes in HF on MR images ob-
tained in patients with a wide variety of congenital
brain malformations (7) and to explore the rela-
tionship between disease and epilepsy and between
the side of abnormal HF and the laterality of ab-
normal cerebral areas.

Methods

Patients

MR images of 44 patients with congenital malformations of
the brain were reviewed retrospectively. Disorders included
neural tube closures (Chiari malformations, cephaloceles, cor-
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TABLE 1: MR and clinical findings in 44 patients with congenital and developmental malformations of the brain

MR Finding of
Hippocampal Formations

MR Finding of Localized

Disease
No. of
Patients

No. (%)
with

Epilepsy

No. (%) with
Incomplete

Inversion, or
Globular Shape

No. (%) with Abnormal Sites

Bilateral Right Left

Abnormal Cerebral Area

No. (%) with Abnormal Hemisphere

Bilateral Right Left

Agenesis of corpus callosum
Lissencephaly
Polymicrogyria
Schizencephaly
Heterotopia

7
1

12*
4*
6*

7 (29)
1 (100)
8 (67)
2 (50)
5 (83)

7 (100)
1 (100)

11 (92)
2 (50)
4 (67)

7 (100)
1 (100)
6 (55)
0 (0)
1 (25)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
5 (45)
2 (100)
3 (75)

· · ·
· · ·
3 (25)
1 (25)
4 (67)

· · ·
· · ·
1 (8)
2 (50)
0 (0)

· · ·
· · ·
8 (67)
1 (25)
2 (33)

Holoprosencephaly
Dandy-Walker complex
Neurofibromatosis
Tuberous sclerosis
Sturge-Weber syndrome
Fukuyama muscular dystrophy

3*
2
7
3
2
3

0 (0)
1 (50)
0 (0)
2 (67)
2 (100)
1 (33)

3 (100)
1 (50)
0 (0)
2 (67)
0 (0)
3 (100)

3 (100)
1 (100)
0 (0)
2 (100)
0 (0)
3 (100)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

· · ·
· · ·
· · ·
· · ·
0 (0)
· · ·

· · ·
· · ·
· · ·
· · ·
2 (100)
· · ·

· · ·
· · ·
· · ·
· · ·
0 (0)
· · ·

* Two patients had both heterotopia and polymicrogyria; one patient had heterotopia, polymicrigyria, and schizencephaly; one patient had both
polymicrogyria and schizencephaly; and one patient had both polymicrogyria and holoprosencephaly.

† Patients with diffuse and symmetrical brain anomalies were not evaluated for the laterality of focal cerebral abnormalities.

pus callosum anomalies), diverticulation and cleavage (holo-
prosencephaly), sulcation and cellular migration (lissencepha-
ly, polymicrogyria, heterotopia, schizencephaly, and unilateral
megalocephaly), posterior fossa malformations (Dandy-Walker
malformations), and neurocutaneous syndrome (neurofibro-
matosis, tuberous sclerosis, Sturge-Weber syndrome) (7). Con-
genital muscular dystrophy (Fukuyama muscular dystrophy,
Walker-Warburg syndrome) was also investigated in this study,
because some types of this disorder are associated with anom-
alies of the brain and eyes (8, 9).

We identified 78 patients by medical or radiologic records
who were referred to our institutes between January 1993 and
September 1999. To evaluate HFs on MR studies, we selected
coronal MR images that had been obtained with a slice thick-
ness of less than 5 mm. Thirty-four patients were excluded
from the study because they had not undergone MR exami-
nation (n 5 7) or coronal MR studies were not obtained (n 5
24) or the slice thickness was greater than 5 mm (n 5 3). No
patients with hydrocephalus were included. The remaining 44
patients (24 male and 20 female, ranging in age from 1 month
to 50 years; mean age, 11 years) had a variety of diseases that
included agenesis of the corpus callosum (n 5 7), lissenceph-
aly (n 5 1), polymicrogyria (n 5 12), schizencephaly (n 5
4), heterotopia (n 5 6), holoprosencephaly (n 5 3), Dandy-
Walker complex (n 5 2), neurofibromatosis (n 5 7), tuberous
sclerosis (n 5 3), Sturge-Weber syndrome (n 5 2), and Fu-
kuyama muscular dystrophy (n 5 3) (five patients had more
than two anomalies, see Table 1). The presence or absence of
seizure disorder was noted for each patient.

Imaging Protocol and Evaluation

All MR studies were performed on 1.5-T MR units. Axial
T1- and T2-weighted images were routinely obtained with or
without sagittal T1-weighted axial or coronal fluid-attenuated
inversion-recovery (FLAIR) sequences. Twenty coronal im-
ages were obtained with spin-echo (SE) T1-weighted sequenc-
es, eight with inversion-recovery (IR) sequences, eight with
3D spoiled gradient-recalled acquisition in the steady state
(3D-SPGR) sequences, five with SE T2-weighted sequences,
one with both SE T1- and T2-weighted sequences, one with
both SE T2- and IR sequences, and one with both 3D-SPGR
and FLAIR sequences. For SE T1-weighted sequences, imag-
ing parameters were 400–570/9–18/2–4 (TR/TE/excitations);
for SE T2-weighted images, 2000–4000/90–128/1–2; for IR

sequences; 2000/16–25/1–2, IR 5 900; for 3D-SPGR sequenc-
es, 11.2–14.2/4.2–5.5/1, flip angle 5 458; and for FLAIR se-
quences, 8000–10002/140–162/1, IR 5 2000–2200. The ma-
trix was 256 3 165 or 256 3 192 or 256 3 224 or 514 3
384. The field of view ranged from 16 to 22 cm. The slice
thickness of the coronal images varied from 3 to 5 mm with
a 0- to 2.5-mm intersection gap. Two radiologists evaluated
the size, shape, and degree of inversion of the HF and the side
of abnormal HFs on coronal MR images as well as the location
of abnormal cerebral areas.

Results
The MR and clinical findings of the 44 subjects

with congenital malformations of the brain are list-
ed in Table 1. In general, we found no significant
correlation between epilepsy and hippocampal ab-
normality. A high prevalence of epilepsy was noted
in patients with lissencephaly, polymicrogyria,
schizencephaly, heterotopia, tuberous sclerosis, and
Sturge-Weber syndrome. Twenty-eight patients
(64%) had an abnormal HF (more vertically ori-
ented, or globular in shape) on MR images. In 22
of these, the HF had an oval shape with a long axis
and was vertically oriented; seven were small. In
the remaining six, the HF was globular in shape
and four of these were small. Fourteen (74%) of
19 patients with epilepsy had an abnormal HF, and
13 (46%) of 28 patients with an abnormal HF had
epilepsy. In patients with lissencephaly, polymicro-
gyria, schizencephaly, heterotopia, or tuberous
sclerosis, the rate of both epilepsy and hippocampal
abnormality was high, but no such relationship was
observed in patients with holoprosencephaly or
Sturge-Weber syndrome (Table 1).

Abnormal HFs were observed in all patients with
agenesis of the corpus callosum, lissencephaly, hol-
oprosencephaly (Fig 1), and Fukuyama muscular
dystrophy (Fig 2). Eleven (92%) of the 12 patients
with polymicrogyria had an abnormal HF (Fig 3),
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TABLE 2: Relationship between the laterality of abnormal hippo-
campal formations and localized hemicerebral abnormalities in 12*
patients with heterotopia, polymicrogyria, and schizencephaly

Abnormal Site of
Hippocampal
Formation

(No. of
Cases)

Localization of Hemicerebral
Abnormalities (No. of Cases)

Bilateral Right Left

Bilateral 4 1 1 2
Left 3 0 0 3
Right 0 0 0 0
None 5 2 1 2

* Five patients were excluded because they had more than two
anomalies.

FIG 3. Nine-year-old boy with bilateral polymicrogyria and schizencephaly. Coronal T1-weighted image (420/15/2) shows vertical left
HF (thin arrow). Bilateral frontotemporal polymicrogyria (arrowheads) and right schizencephaly (thick arrow) are also present.

FIG 4. 23-year-old woman with left temporooccipital heterotopia. Contrast-enhanced coronal 3D-SPGR image (11.2/4.2/1, flip angle 5
458) shows left hippocampal formation, located medially and globular in shape (arrow), with asymmetrically dilated inferior horn of left
lateral ventricle (arrowhead).

FIG 5. One-month-old baby with tuberous sclerosis. Coronal 3D-SPGR image (14.2/5.5/1, flip angle 5 458) shows both HFs are small
and vertical (arrows). Tiny high-intensity subependymal tubers (arrowhead) are also evident.

FIG 1. 11-year-old boy with holoprosen-
cephaly. Coronal T1-weighted image (420/
15/2) shows bilateral vertically oriented
HFs (arrows).

FIG 2. One-year-old infant with congenital
Fukuyama muscular dystrophy. On coro-
nal FLAIR image (10002/162/1, TI 5
2200), neither HF shows inversion (ar-
rows), their configurations are straight and
vertical. Both temporal lobes have a
smooth cortical surface (lissencephaly)
with abnormal low-intensity white matter.
Both frontal lobes have shallow sulci.

and hippocampal abnormalities were found in four
(67%) of the six patients with heterotopia (Fig 4),
two (67%) of the three patients with tuberous scle-
rosis (Fig 5), two (50%) of the four patients with
schizencephaly (Fig 3), and one (50%) of the two
patients with Dandy-Walker complex. HFs were
normal in all patients with neurofibromatosis and
Sturge-Weber syndrome.

All patients with agenesis of the corpus callos-
um, holoprosencephaly, Dandy-Walker complex,
tuberous sclerosis, and Fukuyama muscular dystro-
phy, whose abnormalities were diffuse or symmet-
rical, had bilateral abnormal HFs (Table 1; Figs 1,
2, and 5). On the other hand, patients with polym-
icrogyria, schizencephaly (Fig 3), and heterotopia
(Fig 4), whose abnormalities were localized, had
same-sided abnormal HFs (Table 1).

The relationship between the location of the
hemicerebral abnormalities of heterotopia, polym-
icrogyria, and schizencephaly and the side (left,

right, or bilateral) of the abnormal HF is shown in
Table 2. Seventeen patients had either heterotopia,
polymicrogyria, or schizencephaly; however, five
patients were excluded because they had more than
two anomalies, and the relationship was evaluated
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in the remaining 12 patients. When bilateral HFs
were abnormal, localized cortical disorders were
identified on either one or both hemispheres. In all
three patients who had abnormal left HFs, the ab-
normal cerebral area was also located on the left
side (Table 2).

Discussion
Among the 44 patients with congenital malfor-

mations of the brain, abnormal HFs were observed
in as many as 28 patients (64%) on coronal MR
images. Agenesis of the corpus callosum is well
known to be associated with varying degrees of
limbic system malformations (10). The anterior
commissure may be absent or hypoplastic, and for-
nices are usually laterally displaced or absent. In-
complete inversion of the HF is one such abnor-
mality. Keyhole deformity of the temporal horns
was also noted in association with a deficient HF
(10). Similar hippocampal developmental malfor-
mations have also been detected in patients with
lissencephaly and holoprosencephaly. Baker and
Barkovich (6) examined the morphologic abnor-
malities of HF in patients with agenesis of the cor-
pus callosum, lissencephaly, or holoprosencephaly
and found abnormal vertical orientation of the HF
in 82% of patients (eight of eight with agenesis of
the corpus callosum, four of four with lissenceph-
aly, and one of four with holoprosencephaly). Our
study indicated an arrest of the normal process of
hippocampal inversion in all patients with holopro-
sencephaly, agenesis of the corpus callosum, or lis-
sencephaly. These hippocampal abnormalities were
also noted in some patients with other diseases,
such as heterotopia, polymicrogyria, schizencepha-
ly, Dandy-Walker complex, tuberous sclerosis, and
Fukuyama muscular dystrophy.

The biometric data are useful for evaluating se-
lective hippocampal atrophy in patients with in-
tractable partial seizures, Alzheimer-type dementia,
amnesic syndromes, or schizophrenia. Obvious hip-
pocampal atrophy on MR images corresponds to
severe neuronal loss (11). To detect the abnormal-
ity, volumetric studies of the hippocampus have
been performed. Normal hippocampal volumes
have been found to be variable, ranging from 2.6
to 7.7 cm3 (11–15). Right hippocampal volumes
are slightly greater than those on the left. Increases
in total hippocampal volume were significantly cor-
related with age in children 15 to 83 months old
(13) and in adolescents and young adults (15), ow-
ing to myelination and synaptogenesis.

The HF is the first cortical area to differentiate,
and the hippocampal sulcus first appears in human
fetuses at 10 weeks’ gestation. As a result of the
marked expansion of the neocortex and unequal
growth of the various components of the hippocam-
pus, there is gradual infolding of the components
into a progressively smaller temporal horn. At 13
to 14 weeks, the unfolded hippocampus is located
on the medial surface of the temporal lobe and the

neocortex is located along the lateral aspect of the
temporal lobe. The neocortex grows more rapidly
than the allocortex, resulting in medial displace-
ment and internal ‘‘inversion’’ of the dentate gyrus,
hippocampus, and subiculum precursors into the
temporal horn regions. At 15 to 16 weeks, the den-
tate gyrus and cornu ammonis start to infold. By
18 to 20 weeks, the hippocampus begins to resem-
ble the adult hippocampus: the dentate gyrus and
cornu ammonis have folded into the temporal lobe,
the hippocampus and subiculum approximate each
other across a narrow hippocampal sulcus, and the
HF fissure becomes reoriented from vertical to hor-
izontal (16).

Nearly all the diseases associated with hippo-
campal abnormalities in this study involved mal-
formations of cerebral cortical development. Be-
cause hippocampal neurons have to migrate from a
germinal zone to get to their proper final location,
we presume that the abnormal hippocampal config-
urations in these patients are a result of abnormal
hippocampal neuronal migration. Various hippo-
campal abnormalities were observed. Figure 1 (hol-
oprosencephaly) shows vertical hippocampi that
are normal in size. Figure 5 (tuberous sclerosis)
shows small and vertically oriented HFs, which ap-
pear similar to those in a 16-week-old fetus (16).
Figure 2 (Fukuyama muscular dystrophy) shows
straight perpendicular HFs without hippocampal
sulci, corresponding in appearance to those in a fe-
tus 13 weeks old or younger. We also observed an
abnormal globular-shaped HF (Fig 4), which we
think resulted from an unfolded hippocampus or
from arrested growth with or without the rudiment.
Fukuyama muscular dystrophy is a severe form of
such arrested growth.

In some studies of hippocampal developmental
changes in patients with temporal lobe epilepsy (3,
17–19), abnormal HFs were observed in 1.7% to
7.2% of a global population of patients with partial
epilepsy. These hippocampal abnormalities includ-
ed incomplete rotation/translation, atrophy, round
hippocampi, and an abnormally medial location,
and were either isolated or associated with hetero-
topia, cerebral dysgenesis, or limited schizencepha-
ly (3, 17–19). However, these studies were exam-
ined from the aspect of epilepsy. The present MR
study indicates a high rate (64%) of vertical or
globular HF in many kinds of congenital brain
malformations.

HF changes are pronounced abnormalities in pa-
tients with congenital malformations, especially
cortical disorders. These are sometimes difficult to
detect, and one may miss subtle cortical disorders,
such as polymicrogyria and heterotopia, on routine
MR images. Therefore, it is important to use good
T1-contrast MR images with thin slices. It has been
reported that focal polymicrogyria cannot be iden-
tified by using an ordinary head coil but rather re-
quires a special surface head coil (20). Our study
demonstrated the laterality of abnormal sites of HF
in focal cortical disorders. If coronal MR images
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show a unilateral abnormal HF, the focal cortical
disorder would be located on the same side, caus-
ing epilepsy and/or developmental delay. HF is a
visible component of a more extensive disorder,
and the evaluation of HF on MR images may help
in the detection of these abnormalities.

Conclusion
A high prevalence of abnormal HFs was ob-

served in a wide variety of congenital malforma-
tions. Focusing on the morphologic abnormalities
of HF on coronal MR images may help in the de-
tection of brain anomalies, especially subtle corti-
cal disorders.
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