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Pediatric patients with intractable epilepsy represent a challenging
clinical population. However, recent advances in neuroimaging with a
multimodality imaging approach that combines fluorine 18 fluorode-
oxyglucose positron emission tomography, magnetoencephalography,
diffusion tensor imaging, and magnetic source imaging with conven-
tional magnetic resonance imaging continue to improve diagnosis and
treatment in affected patients. These advances are increasing the un-
derstanding of the underlying disease process and improving the abil-
ity to noninvasively detect epileptogenic foci that in the past went un-
detected and whose accurate localization is crucial for a good outcome
following surgical resection.
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Introduction
Each year approximately 30,000 new cases of pe-
diatric epilepsy are reported (1). Approximately
25% of these cases are refractory to medical ther-
apy, and patients are often severely debilitated
by this disease (2). In patients with refractory
epilepsy, neuroimaging is crucial for precisely
identifying epileptogenic foci that are potentially
amenable to surgical resection for possible cure.
Some, but not all, causes of pediatric epilepsy are
detectable with conventional magnetic resonance
(MR) imaging. Advances in neuroimaging with
use of diffusion tensor images, MR images fused
with fluorine 18 fluorodeoxyglucose (FDG) posi-
tron emission tomographic (PET) images, and
magnetic source images have recently improved
lesion detection and localization. In this article,
we review the latest imaging techniques in pediat-
ric epilepsy and their capacity to help detect vari-
ous pathologic entities, including focal cortical
dysplasia (FCD), tuberous sclerosis, hemimegal-
encephaly, mesial temporal sclerosis (MTS), neo-
plasms, Rasmussen encephalitis, perinatal infarc-
tion, and Sturge-Weber syndrome.

Imaging Techniques
A special consideration encountered in the imag-
ing of pediatric epilepsy is the inability of chil-
dren to cooperate for the long image acquisition
times required. Motion artifact can significantly
hinder the detection of subtle abnormalities as-
sociated with pediatric epilepsy. Ideally, this
limitation is addressed with audio-video distrac-
tion, child-friendly surroundings, and, rarely, im-
mobilization. However, in some cases sedation is
required (3).

Routine MR imaging at our institution in-
cludes axial T1-weighted inversion recovery,
T2-weighted, and fluid-attenuated inversion re-
covery (FLAIR) images; coronal magnetization-
prepared rapid gradient-echo, T2-weighted, and
FLAIR images; and sagittal T 1-weighted images.
All MR images are obtained at a 3-mm section
thickness except magnetization-prepared rapid
gradient-echo images, which are obtained at a
1.8-mm section thickness. In cases in which the
epileptogenic substrate is not identified, further
evaluation with diffusion tensor imaging, MR/
FDG-PET fusion imaging, and magnetic source
imaging is performed.

Diffusion tensor imaging is an MR imag-
ing technique that makes use of the anisotropic
diffusion of water to delineate microstructural
tissue organization. It allows axonal fiber delinea-
tion, based on the observation that the diffusion
of water in white matter is greater in directions
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Palmini Classification System for Cortical
Dysplasias
Type of Cortical
Dysplasia Description
Mild MCD
Type I Ectopically placed neurons in or
adjacent to cortical layer 1
Type 11 Microscopic neuronal heteroto-
pia outside cortical layer 1
FCD
Type I Architectural distortion of the
cortical layer without dysmor-
phic neurons
Type IA Isolated architectural abnormali-
ties of the cortical layer
Type IB Architectural abnormalities, giant
or immature (but not dysmor-
phic) neurons
Type 11
Type ITA Architectural distortion of the
cortical layer with dysmorphic
neurons but without balloon
cells
Type IIB Architectural distortion of the
cortical layer with dysmorphic
neurons and balloon cells
Source.—Reference 13.

parallel to fiber tracts but more limited in other
directions. In diffusion tensor imaging, each voxel
is color coded based on the most prominent di-
rection of water diffusivity in the axial, sagittal,
or coronal plane. Conventionally, blue is used for
tracts in the superior-to-inferior direction, green
for the anterior-to-posterior direction, and red for
left to right. In addition, the data from diffusion
tensor images can be displayed in a three-dimen-
sional format referred to as fiber tractography.
Diffusion tensor imaging has also been investi-
gated in terms of its use in differentiating patho-
logic tissue from normal tissue based on differ-
ences in the anisotropic diffusion of water (4).
MR/FDG-PET fusion imaging is performed
with software that registers MR images with
FDG PET images. The two sets of images are
obtained independently; however, patient posi-
tioning is similar to allow for coregistration of the
images. This technique allows direct correlation
of anatomic abnormalities detected at MR imag-
ing with the metabolic abnormalities detected
at FDG PET. In the interictal state, areas of ab-
normal activity are seen as foci of hypometabolic
activity, whereas in the ictal state, they are seen
as hypermetabolic foci (5,6). Many subtle abnor-
malities that may go undetected at MR imaging
are more readily appreciable with fusion imaging.
Magnetic source imaging is derived from the
coregistration of spatially localized data from a
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magnetoencephalogram with the anatomic data
from MR imaging. This allows more precise
localization of epileptogenic activity than that af-
forded by conventional electroencephalography.
Unlike electroencephalography, magnetoenceph-
alography helps detect the magnetic field pro-
duced by intracellular current flow in the active
neurons instead of the distribution of extracellu-
lar volume currents. From the measured field, by
making appropriate assumptions, it is possible to
calculate the location of the activated brain area.
With use of the anatomic data from MR imaging,
the magnetoencephalographic data are coregis-
tered to form magnetic source images (7). Mag-
netic source imaging, like MR/FDG-PET fusion
imaging, allows the detection of many subtle
abnormalities that may otherwise go undetected
with conventional MR imaging.

Focal Cortical Dysplasia
FCD was first described in 1971 by Taylor et al
(8) as a distinct subtype of malformation of corti-
cal development (MCD). Unlike other MCDs—
which include pachygyria, polymicrogyria, and

Figure 1. (a, b) Type I FCD in a 3-year-old boy.
(a) Coronal T2-weighted MR image shows a very
subtle T2 hyperintense area (arrow) in the white
matter of the left temporal pole. (b) Coronal in-
terictal MR/FDG-PET fusion image shows a focal
area of hypometabolic activity in the left anterior
temporal lobe (arrow). (¢) Type I FCD in a differ-
ent patient with similar imaging findings. Photomi-
crograph (neurofilament stain) shows disorganized
neurons (arrow) near the gray matter—white matter
junction, a finding consistent with type I FCD.

hemimegalencephaly—FCD is not associated
with diffuse abnormal gyration, but rather with
subtle focal changes that at times can only be ap-
preciated microscopically (9). Similar to other
MCDs, FCD is thought to be secondary to ge-
netic, ischemic, toxic, or infectious insult during
cortical development (10). Epilepsy associated
with FCD is often highly refractory to medica-
tion because of the high intrinsic epileptogenicity
of these lesions (11). FCD is now recognized as
one of the most common causes of seizures in
children with intractable epilepsy, accounting for
nearly 80% of all surgically treated cases in chil-
dren under 3 years of age (12).

Pathologic classification of cortical dyspla-
sias is made according to the recently described
method of Palmini et al (13) As shown in the
Table, there are two major subdivisions of FCD.
In type I FCD, there is dyslamination of the
cortical layer compared with the normal cortex
(Fig 1¢). In type II FCD, along with cortical dys-
lamination, there are dysmorphic neurons. An
additional finding of balloon cells associated with
cortical dyslamination and dysmorphic neurons
is more precisely classified as type IIB FCD and
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FCD is now recognized as one of the most common causes of seizures in children with intractable epilepsy, accounting for nearly 80% of all surgically treated cases in children under 3 years of age.

Teaching Point
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Figure 2. (a, b) Type II FCD in a 3-year-old boy. (a) Axial T2-weighted MR image shows focal blurring of

the gray matter—white matter junction (arrowhead) and abnormal T2 hyperintensity in the right inferior fron-
tal gyrus opercular region (arrow). (b) Axial interictal MR/FDG-PET fusion image shows focal hypometabolic
activity (arrow). Pathologic evaluation demonstrated type IIB FCD. (¢) Type II FCD in a different patient.
Photomicrograph (hematoxylin-eosin stain) shows dysmorphic neurons (black arrow) and balloon cells (white
arrow) in the cortex, findings that are consistent with type IIB FCD.
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is similar to the FCD first described by Taylor
et al (8) (Fig 2c¢). Interestingly, the balloon cells
in type IIB FCD show morphologic and im-
munohistochemical features of both neurons
and astrocytes, findings that suggest a failure of
commitment in neuroglial differentiation (14).

These cells are also similar to those seen in tuber-

ous sclerosis, which suggests that FCD may be a
forme fruste of tuberous sclerosis (15,16).

At clinical examination, patients with mild MCD

or type I FCD may or may not have epi- lepsy.
Occasionally, these patients are entirely
asymptomatic or may have learning disorders.
However, because the diagnosis is usually made
retrospectively, clinical and epileptic profiles of
these patients are not well established. Most pa-
tients with type II FCD have medically refractory
epilepsy (13). Regardless of the underlying dis-
ease, patients in whom the lesions are visualized
at preoperative MR imaging tend to have a better
outcome after surgery for epilepsy than do pa-
tients in whom the lesions are not delineated with
MR imaging (17).

Current imaging techniques that make use
of MR imaging, magnetic source imaging, or
FDG PET are unable to reliably help differenti-
ate between mild MCD, type I FCD, and type

II FCD (Figs 1-6). However, the presence of
subcortical T2 hyperintensity, especially when
seen to extend to the ventricle, is most often as-
sociated with type IIB FCD (Fig 2) (13).This T2
hyperintensity is thought to be secondary to the
degree of hypomyelination, rather than from bal-
loon cells themselves (18). Other characteristic
MR imaging findings of FCD include focal corti-
cal thickening, blurring of the gray matter—white
matter junction, and gray matter T2 hyperinten-
sity (Fig 6). The findings of FCD can be subtle
or undetectable at MR imaging alone (Figs 1, 3,
4). However, MR/FDG-PET fusion imaging and
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Figures 3,4. (3) Type I FCD in an 8-year-old boy. (a) Axial magnetic source image shows epilep-
tiform activity in the right anterior temporal lobe. (b) Axial interictal MR/FDG-PET fusion image
demonstrates hypometabolic activity in the right anterior temporal lobe (arrow). (c) T2-weighted
MR image shows subtle white matter T2 hyperintensity on the affected side (arrow) compared with
the normal side (arrowhead), a finding that was appreciated retrospectively. Pathologic analysis dem-
onstrated Palmini type IB FCD. (4) Type I FCD in a young child with intractable epilepsy. (a) Axial
T2-weighted MR image shows no appreciable abnormality. (b) Axial T'1-weighted magnetic source
image shows epileptogenic foci in the right posterior paramedian frontal lobe. (¢) Photomicrograph
(hematoxylin-eosin stain) shows ectopic neurons at the gray matter—white matter border (arrow)
without evidence of dysmorphic neurons, findings that are consistent with type I FCD (confirmed at
pathologic analysis).
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Figure 5. Type II FCD in a 10-month-old boy with congenital epilepsy. (a) Axial T2-weighted MR image
shows focal cortical thickening of the gray matter in the right parietal region (arrow). (b) Axial T'1-weighted
MR image shows blurring of the gray matter—white matter junction (arrow). (c) Axial diffusion tensor image
shows a thin splenium (arrow), a finding that suggests hypomyelination. (d) Interictal MR/FDG-PET fusion
image shows a large area of hypometabolic activity (arrow). Pathologic evaluation revealed type IIA FCD.

magnetic source imaging can help localize subtle areas of hypometabolic activity in regions of the
architectural and signal abnormalities seen at cortex involved by FCD (Figs 1, 3-5). Interictal
MR imaging. Interictal FDG PET demonstrates magnetic source imaging demonstrates areas of

epileptiform spikes arising from the FCD (Figs
3a, 4b).
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Figure 6. FCD. (a) Axial T2-weighted MR image shows thickening of the gray matter (arrows). (b) Coronal
T1-weighted MR image shows blurring of the gray matter—white matter junction (arrows). (c, d) Axial T2-
weighted MR images show hyperintensity of the gray matter (arrow in ¢) and white matter (arrow in d).
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Figure 7. Tuberous sclerosis and intractable epilepsy secondary to a left anterior temporal lobe tuber.
(a) Axial FLAIR image shows multiple cortical and subcortical tubers (arrows). (b) Axial interictal MR/
FDG-PET fusion image shows a large area of hypometabolic activity in the left temporal lobe (arrows). Intra-
operative electrocorticography showed diffuse slowing in the hypometabolic region, a finding that suggests an

epileptogenic zone.

Tuberous Sclerosis
Tuberous sclerosis is an autosomal dominant
disorder that results in multiorgan hamartomas.
It has a prevalence of one in 6000-12,000 live
births (19). At clinical examination, tuberous
sclerosis is characterized by the triad of facial an-
giofibromas, mental retardation, and seizures
(19). As many as 90% of patients with tuberous
sclerosis have seizures (20), a significant propor-
tion of whom are refractory to medical therapy
(21). Central nervous system involvement by
tuberous sclerosis is characterized by cortical tu-
bers, subependymal nodules, and subependymal
giant cell astrocytomas. Often, the ictal onset
zone is related to a tuber and adjoining cerebral
cortex. Cortical tubers are readily identified at
MR imaging as areas of T'1 and T2 signal abnor-
mality that varies depending on the degree of
myelination. In neonates, the tubers are seen as

regions of subcortical T1 hyperintensity and T2
hypointensity, but after about 6 months of age
the signal intensity characteristics are reversed
(22).

Tuberous sclerosis patients with medically
refractory epilepsy usually have multiple tubers.
Therefore, it is crucial to identify precisely which
of the tubers are responsible for epileptogenic
activity. This is not possible with MR imaging
alone. By correlating the MR imaging data with
electroencephalographic data, it is sometimes
possible to localize the lesion (23). More recently,
MR/FDG-PET fusion imaging and magnetic
source imaging have shown promise in the im-
proved localization of epileptogenic foci associ-
ated with tuberous sclerosis (5,24). Interictal
MR/FDG-PET fusion imaging demonstrates tu-
bers with epileptogenic activity as regions of hy-
pometabolic activity that are larger than the cor-
responding regions of signal abnormality (ie, T2
hyperintensity for patients older than 6 months)
at MR imaging (Fig 7). Interictal magnetic
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Interictal MR/FDG-PET fusion imaging demonstrates tubers with epileptogenic activity as regions of hypometabolic activity that are larger than the corresponding regions of signal abnormality (ie, T2 hyperintensity for patients older than 6 months) at MR imaging.
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source imaging demonstrates areas of epilepto-
genic tubers by localizing the epileptiform spikes
to their anatomic location on MR images (Fig 8).

Hemimegalencephaly
Hemimegalencephaly is a severe, rare MCD that
was first described in 1835 by Sims (25). It can
occur on its own or in association with a variety

Figure 8. Tuberous sclerosis and intractable epi-
lepsy secondary to a right posteromedial parietal
lobe tuber. (a) Axial FLAIR image shows multiple
cortical and subcortical tubers (arrows). (b) Axial
interictal MR/FDG-PET fusion image shows multi-
ple areas of hypometabolic activity corresponding to
the tubers (arrows). No focal tuber with dispropor-
tionate hypometabolic activity for its size was identi-
fied at FLAIR imaging. (c) Axial interictal magnetic
source image shows epileptogenic activity secondary
to the right posterior parietal tuber.

of syndromes, including neurofibromatosis type
1, tuberous sclerosis, epidermal nevus syndrome,
hypomelanosis of Ito, and Klippel-Trénaunay-
Weber syndrome. At pathologic analysis, it is
characterized by hamartomatous overgrowth

of all or part of a cerebral hemisphere that is
thought to result from abnormal cell prolifera-
tion and differentiation secondary to an un-
known cause. At clinical examination, it is usually
dominated by severe and drug-resistant epilepsy.
Other common findings include macrocrania,
mental retardation, unilateral motor deficit, and
hemianopia, findings that suggest that the grossly
affected cortex is nonfunctional. Early hemi-
spherectomy or hemispherotomy is the recom-
mended surgical therapy (26).
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Figure 9. Right hemimegalencephaly in a patient with intractable epilepsy. (a) Axial T2-weighted MR image
shows pachygyria and right cortical thickening (arrowhead) and abnormal T2 hypointensity of the subjacent
white matter (arrow). (b) Axial diffusion tensor image shows hypermyelination in the white matter of the right
anterior frontal lobe (arrow), a finding that accounts for the abnormal T2 hypointensity seen in a. (c¢) Tracto-
graph shows more abundant fibers in the right hemisphere than on the normal left side. (d) Axial ictal MR/
FDG-PET fusion image shows an area of hypermetabolic activity (arrow) in the cortex of the right frontal
lobe during a seizure.

Hemimegalencephaly has characteristic MR which is dependent on the underlying myelina-
imaging features. The most notable characteris- tion state (27). Hamartomatous involvement of
tic is unilateral cortical thickening involving all the ipsilateral basal ganglia and olfactory tract
or part of the cerebral hemisphere. The involved may also be present. In addition, ipsilateral en-
hemisphere also demonstrates ipsilateral white largement of the lateral ventricle is often seen
matter changes secondary to hypermyelination, (Fig 9). Advanced neuroimaging techniques such

as diffusion tensor imaging and MR/FDG-PET
fusion imaging have also improved our under-
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standing of this disorder. Diffusion tensor imag-
ing and fiber tractography suggest the presence
of hypermyelination in the abnormal cerebral
hemisphere as a region of asymmetrically in-
creased anisotropic movement of water molecules
(Fig 9b, 9¢). Ictal MR/FDG-PET fusion images
clearly demonstrate areas of asymmetric hyper-
metabolic activity in the involved cerebral cortex
(Fig 9d).

Mesial Temporal Sclerosis
MTS is one of the most common causes of epi-
lepsy in the adolescent and young adult popula-
tion. At pathologic analysis, it is characterized
by neuronal loss with gliosis in the hippocampus
and may also involve the ipsilateral fornix and
mamillary body (28). At clinical examination,
patients often have a history of a cortical insult
such as intracerebral infection, head trauma, or
complicated febrile seizures during the first 4-5
years of life (29). Medical management is usu-
ally sufficient initially, and patients may actually
become seizure free without medication. When

Figure 10. Right hippocampal sclerosis and
Palmini type IA change in the temporal pole in a
15-year-old boy with intractable epilepsy. The im-
ages are slightly degraded by motion. (a) Coronal
T2-weighted MR image shows T2 hyperintensity of
the right hippocampus (arrow). (b) On a coronal
T2-weighted MR image obtained slightly posterior
to a, the white matter of the right temporal pole

is T2 hyperintense (arrow) relative to the normal
white matter on the left side (arrowhead). (c) Coro-
nal interictal MR/FDG-PET fusion image shows
hypometabolic activity in the right temporal pole
(arrow).

seizures recur, they are usually refractory to
medical management (30). This patient popula-
tion benefits the most from accurate diagnosis of
MTS because surgical therapy offers cure rates
near 90% (31).

The diagnosis of MTS is based on concor-
dance of clinical, electroencephalographic, and
imaging data. Characteristic MR imaging fea-
tures of M'TS include atrophy of the hippocam-
pus on T1-weighted images and increased signal
intensity in the mesial temporal region on T2-
weighted images (32,33). However, functional
imaging with FDG PET is likely a more sensitive
test for hippocampal sclerosis and usually shows
an area of hypometabolic activity that is larger
than just the hippocampus (34). This is especially
true with the use of MR/FDG-PET fusion imag-
ing (Fig 10).

Neoplasms
Neoplasms of the central nervous system in pedi-
atric patients often manifest clinically as seizures.
Although any of these neoplasms may result in
pediatric epilepsy, certain tumors are charac-
teristically associated with this clinical manifesta-
tion. A group of these tumors sharing similar
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Figure 11. Left temporal lobe ganglioglioma and FCD. (a) Coronal contrast material-enhanced T'1-
weighted MR image shows a cortically based lesion in the left anterior temporal pole with a nonenhancing
solid component (arrow) and a cystic component (arrowhead). (b) Coronal T2-weighted MR image shows
areas of T2 hyperintensity (arrowheads) surrounding the lesion (arrow), findings that proved to be FCD asso-
ciated with a ganglioglioma at pathologic analysis. Perilesional edema with ganglioglioma is rare.

clinical-pathologic features are referred to as
epilepsy-associated developmental tumors and
include ganglioglioma, gangliocytoma, desmo-
plastic infantile ganglioglioma, dysembryoplastic
neuroepithelial tumor, and pleomorphic xan-
thoastrocytoma (35).

The epilepsy-associated developmental tu-
mors all contain varying amounts of glial and
neural elements. They are usually associated with
benign behavior and a low proliferation index,
and as such they are stable to slow growing over
time, with good demarcation between normal
and abnormal tissue and with minimal or no
edema (36). A small percentage of these tumors
may undergo malignant transformation (37). At
clinical examination, they are most commonly
seen in children and young adults. They may be
seen in association with FCD. Some investiga-
tors have even postulated that FCD and these
tumors may be derived from the same precursor
cells and that the tumor may actually originate
in the dysplastic tissue. Furthermore, the epilep-
togenicity of these developmental tumors may
be related to dysplastic neurons as seen in FCD
(35,38). These tumors have quite similar imaging
features. At MR imaging, they usually appear as
cortically based lesions that are hypo- to isoin-
tense on T'1-weighted images and hyperintense
on T2-weighted images. T2 hyperintensity does
not necessarily reflect underlying cystic disease.
Typically, little or no edema is present. Contrast
material enhancement is common but may not

always be present (Fig 11) (37). Treatment con-
sists of surgical resection (38).

Hypothalamic hamartoma is another neo-
plasm in the pediatric population. It is character-
istically associated with gelastic seizures. Intra-
hypothalamic hamartomas, which extend toward
the third ventricle, are associated with the early
occurrence of epilepsy, whereas parahypotha-
lamic hamartomas, which do not involve the third
ventricle, are more closely associated with central
precocious puberty. At MR imaging, these lesions
are slightly hypointense on T'1-weighted images
and slightly hyperintense on T2-weighted images.
Characteristically, there is no enhancement. Epi-
leptogenic hamartomas always involve the mam-
illary bodies and, in 90% of patients, the tuber
cinereum as well (39). The first-line treatment
is medical therapy with hormonal suppressive
therapy and antiepileptic medications. However,
many cases become refractory to medical therapy
and require surgical resection or radiosurgery
(Fig 12) (35,40).

Rasmussen Encephalitis
Rasmussen encephalitis is a rare childhood
syndrome characterized by medically refractory
focal seizures and progressive multifocal neuro-
logic symptoms such as hemiplegia and cog-
nitive impairment (41). Pathologic analysis dem-
onstrates chronic progressive unilateral inflam-
mation of the brain of uncertain cause that results
in progressive cortical atrophy (42). At present,
early functional or anatomic hemispherectomy is
the recommended treatment for seizure control,
thereby preventing further cognitive impairment
or the spread of inflammation to the contralateral
cortex (43).
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Figure 12. Hypothalamic hamartoma in a 7-year-old girl with gelastic seizures. (a) Axial
T2-weighted MR image shows a slightly hyperintense hypothalamic mass (arrow). (b) On
a sagittal contrast-enhanced T1-weighted MR image, the hypothalamic mass is unen-
hanced and is difficult to distinguish from the tuber cinereum (arrow).

Figure 13. Rasmussen encephalitis in a 7-year-old child with seizures. (a) Axial T2-weighted MR image shows
atrophy of the right temporal lobe and insular cortex that had progressed over time (arrow). (b) Coronal interic-
tal MR/FDG-PET fusion image shows diffuse hypometabolic activity in the right temporal region (arrow).

Both clinical history and characteristic imag-
ing features are necessary to make the diagnosis
of Rasmussen encephalitis. The most com-
monly encountered imaging feature is progres-
sive unilateral cerebral cortical atrophy (44).

In the early phases of the disease, this atrophy
can be seen as unilateral areas of progressive T2

hyperintensity on FLAIR images. Interictal MR/
FDG-PET fusion imaging can help localize the
epileptogenic foci as an area of hypometabolic
activity and help identify areas of abnormality not
detected at MR imaging (Fig 13) (44).
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Figure 14. Perinatal left middle cerebral artery infarction in a 5-year-old child with seizures. (a) Axial T2-
weighted MR image shows encephalomalacia (arrow) in the distribution of the left middle cerebral artery
territory. (b) Axial interictal MR/FDG-PET fusion image shows hypometabolic activity (arrow) in the corre-
sponding territory and left thalamus secondary to deafferentation.

Perinatal Infarction
Perinatal arterial ischemic stroke refers to a
cerebrovascular event occurring around the time
of birth, with pathologic or radiologic evidence
of focal arterial infarction (45). This diagnosis
is becoming more common, likely as a result of
increased detection with modern neuroimag-
ing as well as increased clinical awareness. Its
incidence (20 per 100,000 live births per year)
is now estimated to equal that of large-vessel
ischemic stroke in adults (46). At clinical exami-
nation, seizures in the absence of other signs of
encephalopathy are often the presenting symp-
tom. Paresis and developmental delay are other
clinical features that may not be appreciated until
several months after birth, resulting in a delayed
diagnosis (47). The imaging features of perinatal
infarction are the same as those of adult stroke
and vary similarly depending on the time elapsed
between the ischemic event and image acquisi-
tion (Fig 14) (45).

Sturge-Weber Syndrome
Sturge-Weber syndrome, also known as encepha-
lotrigeminal angiomatosis, is a rare neurocuta-

neous disorder. It is clinically characterized by
epilepsy, progressive mental retardation, and
facial telangiectatic nevi, often in the distribution
of a trigeminal nerve division. The pathogen-
esis is believed to be related to a vascular steal
phenomenon secondary to an extensive cortical
pial angiomatous malformation. Approximately
75%—-90% of patients with Sturge-Weber syn-
drome have epilepsy (48). Adequate pharma-
cologic control of epilepsy is possible in about
40% of these patients (49). Surgical treatment
for medically refractory epilepsy in patients with
Sturge-Weber syndrome can range from limited
cortical excision to anatomic or functional hemi-
spherectomy depending on the extent of vascular
malformation (50,51).

Computed tomographic features of Sturge-
Weber syndrome include (@) intracranial dense
gyriform calcifications, which more commonly
affect the parieto-occipital cortical areas or the
choroid plexus; (b) diffuse high attenuation of
the superficial and deep white matter, presum-
ably due to microcalcifications; (¢) gyriform en-
hancement after the administration of iodinated
contrast material, reflecting pial angiomatosis;
(d) brain atrophy as a consequence of vascular
steal phenomena of the pial angioma on the sur-
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Figure 15. Sturge-Weber syndrome. (a) Unenhanced computed tomographic scan shows subcortical white
matter and gray matter calcifications in the left parietal lobe (arrowhead). (b) Axial contrast-enhanced T'1-
weighted MR image shows leptomeningeal enhancement in the left temporo-occipital lobe (arrow).

rounding cortical structures; and (e¢) thickening
of the calvaria as an indirect feature of loss of the
brain substance (52). MR imaging is considered
to be the standard of reference for the imaging
of Sturge-Weber syndrome. One of the most
important signs is leptomeningeal enhancement
with gadolinium-based contrast agents (Fig 15)
(53). On T1-weighted MR images, enlargement
and abnormally avid enhancement of the ipsilat-
eral choroid plexus may also be seen (54).T2-
weighted images are used to detect areas of glio-
sis and cerebral atrophy likely related to chronic
ischemia (52). Gradient-recalled echo images are
particularly sensitive for the detection of calcifica-
tions (53).

Conclusions
Intractable pediatric epilepsy patients represent
a challenging clinical population, although ad-
vances in neuroimaging continue to improve di-
agnosis and treatment in these patients. Multimo-
dality neuroimaging with MR imaging, diffusion
tensor imaging, MR/FDG-PET fusion imaging,
and magnetic source imaging plays an essential

role in noninvasively localizing epileptogenic foci
for possible surgical resection.
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Page 1080
Many subtle abnormalities that may go undetected at MR imaging are more readily appreciable with
fusion imaging.

Page 1081
Magnetic source imaging, like MR/FDG-PET fusion imaging, allows the detection of many subtle
abnormalities that may otherwise go undetected with conventional MR imaging.

Page 1081
FCD is now recognized as one of the most common causes of seizures in children with intractable
epilepsy, accounting for nearly 80% of all surgically treated cases in children under 3 years of age.

Page 1082

Regardless of the underlying disease, patients in whom the lesions are visualized at preoperative MR
imaging tend to have a better outcome after surgery for epilepsy than do patients in whom the lesions
are not delineated with MR imaging.

Page 1086

Interictal MR/FDG-PET fusion imaging demonstrates tubers with epileptogenic activity as regions of
hypometabolic activity that are larger than the corresponding regions of signal abnormality (ie, T2
hyperintensity for patients older than 6 months) at MR imaging.
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