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WI has been used to study normal fetal brain develop-

ment in utero and offers promise for studying abnormal-
ities of fetal brain development. We recently reported our ex-
perience with MR imaging in fetuses with callosal agenesis and
observed abnormal cortical infoldings in approximately 40%
of fetuses." Interestingly, we observed abnormal low T2 signal
intensity in the parenchyma underlying the abnormal cortical
infoldings in most patients. We, therefore, chose to retrospec-
tively study the parenchyma underlying areas of cortical mal-
formations in these fetuses by using DWI to determine
whether there were structural differences in the developing
white matter. To use the contralateral side as an internal con-
trol for comparison, we chose to examine only those fetuses
that had unilateral cortical malformations. Although these
cortical malformations were presumed on the initial MR im-
aging, they were confirmed by either follow-up fetal or post-
natal MR imaging in 2 patients. The conventional MR imaging
findings of these fetuses have been reported previously.' This
study was approved by our institutional review board.

Case Reports

Patient 1

A 32-year-old woman was referred for a fetal MR imaging at 21 weeks,
3 days of gestation for sonographically detected agenesis of the corpus
callosum, abnormal sulcation in the left frontal lobe, and nodular
heterotopia. Fetal MR imaging demonstrated callosal agenesis and
abnormal infoldings along the medial left frontal and parietal lobes,
consistent with cortical malformation and left atrial periventricular
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Diffusion-Weighted Imaging in Fetuses with
Unilateral Cortical Malformations and Callosal

SUMMARY: DWI was performed in fetuses with callosal agenesis and unilateral cortical malforma-
tions. ADC values were retrospectively measured in the developing white matter underlying the
cortical malformation and compared with the corresponding contralateral white matter. In all 3
patients, ADC values were lower under the areas of cortical malformation compared with the normal
contralateral side. Our findings suggest that there are structural differences in the developing white
matter underlying areas of cortical malformation.

ABBREVIATIONS: ADC = apparent diffusion coefficient; DWI = diffusion-weighted imaging

nodular heterotopia (Fig 1). There was subtle T2 hypointensity in the
parenchyma underlying the cortical malformation with absence of
the multilayered pattern. Single-shot spin-echo echo-planar DWI was
performed on a 1.5T scanner during a single maternal breath-hold by
using b-values of 0 and 600 s/mm” applied in 3 orthogonal directions
(TR, 4500 ms; TE, minimum; FOV, 32 cm; matrix, 128 X 128; section
thickness, 5 mm; skip, 2 mm). Images were transferred off-line, and
ADC maps were calculated. Regions of interest were placed in the
developing white matter underlying the cortical malformation and in
contralateral developing white matter on the same section. ADC was
10% lower in the developing white matter underlying the cortical
malformation compared with the contralateral side.

The patient underwent a second fetal MR imaging 7 weeks later,
which demonstrated an interval increase in the number and extent of
abnormal cortical infoldings in the left frontal and parietal lobes, with
persistent subtle T2 hypointensity in the parenchyma underlying the
cortical malformations. The difference in ADC between the 2 sides
was 16%, with the ADC remaining lower underlying the cortical mal-
formation. The patient elected to terminate the pregnancy, and post-
mortem examination was not performed.

Patient 2

A 36-year-old woman presented with bilateral ventriculomegaly and
suspected agenesis of the corpus callosum on sonography performed
at 26 weeks, 1 day of gestation. Fetal MR imaging was performed at 28
weeks, 6 days of gestation and demonstrated callosal agenesis, ven-
triculomegaly, and multiple abnormal infoldings of the right frontal
and parietal lobes and insula, consistent with cortical malformation
(Fig 2). Subtle T2 hypointensity in the developing white matter un-
derlying the abnormal infoldings was identified. DWI was performed
as in case 1, and ADC maps were calculated. Regions of interest were
drawn in the developing white matter underlying the right cortical
malformation and in corresponding white matter in the left brain on
the same section. ADC values were 20% lower in the developing white
matter underlying the cortical malformation compared with the con-
tralateral side. The patient elected to terminate the pregnancy; post-

mortem examination was declined.

Patient 3

A 22-year-old woman underwent sonography at 26 weeks, 1 day of
gestation, which demonstrated multiple abnormalities, including cal-
losal agenesis, a large interhemispheric cyst, absent vermis, and mild



Fig 1. Patient 1. A, Abnormal infoldings along the left frontal and parietal lobes (arrows), with subtle T2 hypointensity in the underlying developing white matter (arrowheads), are seen
on the axial single-shot fast spin-echo T2-weighted image. B, Regions of interest are drawn on the corresponding ADC map in the white matter underlying the cortical malformation and
in the corresponding contralateral white matter. C, Follow-up scan demonstrates increased extent of the cortical malformation in the left frontal and parietal lobes (arrows), with persistent
T2 hypointensity in the underlying white matter (arrowheads). D, Corresponding ADC map with regions of interest in the white matter underlying the cortical malformation and in the

corresponding contralateral white matter.

Fig 2. Patient 2. A, Axial single-shot fast spin-echo T2-weighted image demonstrates several abnormal infoldings along the medial right frontal and parietal lobes (arrows), with subtle
T2 hypointensity in the underlying developing white matter (arrowheads). B, Regions of interest are drawn on the corresponding ADC map in the white matter underlying the area of

abnormal cortical infoldings and in the corresponding contralateral white matter.

ventriculomegaly. Fetal MR imaging performed on the same day con-
firmed these findings and identified multiple abnormal infoldings of
the right frontal, parietal, and temporal lobes, consistent with exten-
sive cortical malformation (Fig 3). There was subtle T2 hypointensity
in the right frontal, parietal, and temporal lobes, with a lack of a
normal multilayered pattern. Additional abnormalities identified by
fetal MR imaging included right atrial periventricular nodular heter-
otopia, a small and dysmorphic brain stem and cerebellar hemi-

spheres, and cleft palate. DWI was performed as in case 1, and regions
of interest were placed in the parenchyma underlying the areas of
cortical malformation and in contralateral areas on the same section.
ADC values were 8.7% lower in the developing white matter under-
lying the cortical malformation compared with the contralateral
white matter. The neonate was delivered at term and diagnosed with
orofacial digital syndrome type I. Postnatal MR imaging performed at
3 months of age confirmed the fetal MR imaging findings.
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Fig 3. Patient 3. A, Axial single-shot fast spin-echo T2-weighted image demonstrates extensive abnormal infoldings in the right temporal, parietal, and frontal lobes (arrows). There is subtle
T2 hypointensity in the underlying white matter. B, Regions of interest are drawn on the corresponding ADC map in the white matter underlying the areas of abnormal cortical infolding

and in the corresponding contralateral white matter.

Discussion

We observed lower ADC values in the white matter underlying
areas of cortical malformation compared with the contralat-
eral normal-appearing side in fetuses with unilateral cortical
malformations and callosal agenesis. Previous studies on nor-
mative fetal ADC values have demonstrated no significant dif-
ference between right and left ADC values.>” Thus, our find-
ings suggest that the development of the white matter
subjacent to cortical malformations is different from that on
the contralateral side, perhaps in part due to abnormal orga-
nization and increased cellularity in the developing white mat-
ter. Indeed, heterotopic neurons have been observed in the
white matter subjacent to cortical malformations in postmor-
tem studies of children with polymicrogyria.*” In addition,
neuronal heterotopia has also been observed in the white mat-
ter adjacent to areas of cortical malformation in an autopsy
study of a 21-week-gestation fetus with callosal agenesis and
orofacial digital syndrome type V1.°

Our findings are interesting because previous diffusion
studies of cortical malformations have focused on patients
with epilepsy and cortical malformations. These studies have
primarily used diffusion tensor imaging and have shown that
fractional anisotropy values are decreased and ADC values are
unchanged or increased in areas of cortical malformations and
adjacent white matter compared with contralateral normal-
appearing brain and/or control values.””'" Although we were
only able to perform DWI and measure ADC values, our find-
ings differ from what has been observed in children and sug-
gest that there are structural differences in the white matter
underlying cortical malformations in fetuses compared with
children. Most interesting, low ADC values were also observed
in the parenchyma of a 32-gestational-week fetus with
hemimegalencephaly.'*

Itis possible that the effects of chronic seizures occurring in
childhood result in the differences observed between fetuses
and children. More specifically, animal models have shown
that status epilepticus results in cell degeneration and death,
even in chronic stages.13 Moreover, studies have shown in-
creased ADC values in the chronic phase in animals with status
epilepticus.'®'> Thus, the chronic effects of repeated child-
hood seizures could result in increased ADC values, even if
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there is increased cellularity underlying the cortical malforma-
tions in the fetus.

In summary, we observed lower ADC values in the devel-
oping fetal white matter underlying areas of cortical malfor-
mation compared with the contralateral developing white
matter. Future studies using diffusion tensor imaging in the
fetus and neonate are needed to better understand these struc-
tural differences as well as changes that may occur during ges-
tation and childhood.
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