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SUMMARY
The International League Against Epilepsy
(ILAE) Subcommittee for Pediatric Neuroimaging
examined the usefulness of, and indications for,
neuroimaging in the evaluation of children with
newly diagnosed epilepsy. The retrospective and
prospective published series with n ‡30 utilizing
computed tomography (CT) and magnetic resonance imaging (MRI) (1.5 T) that evaluated children with new-onset seizure(s) were reviewed.
Nearly 50% of individual imaging studies in children with localization-related new-onset seizure(s) were reported to be abnormal; 15–20% of
imaging studies provided useful information on
etiology or and seizure focus, and 2–4% provided
information that potentially altered immediate
medical management. A significant imaging
abnormality in the absence of a history of a locali-

zation-related seizure, abnormal neurologic
examination, or focal electroencephalography
(EEG) is rare. Imaging studies in childhood
absence epilepsy, juvenile absence epilepsy, juvenile myoclonic epilepsy, and benign childhood epilepsy with centrotemporal spikes (BECTS) do not
identify significant structural abnormalities. Imaging provides important contributions to establishing etiology, providing prognostic information,
and directing treatment in children with recently
diagnosed epilepsy. Imaging is recommended
when localization-related epilepsy is known or suspected, when the epilepsy classification is in doubt,
or when an epilepsy syndrome with remote symptomatic cause is suspected. When available, MRI is
preferred to CT because of its superior resolution,
versatility, and lack of radiation.
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For the purposes of this discussion, localization-related epilepsy refers to simple partial, complex partial, and secondarily generalized epilepsy, and
is often alternately called focal or partial epilepsy. The etiology for the localization-related epilepsies may be ‘‘remote’’ symptomatic (e.g., a past historical event, such as ischemia or encephalitis, or an underlying structural abnormality, such as a brain tumor), idiopathic (genetic), or cryptogenic
(nonlesional, symptomatic cause is suspected but not confirmed). The idiopathic (genetic) epilepsies may be primary generalized (e.g., juvenile
absence) or localization related [e.g., benign childhood epilepsy with centrotemporal spikes (BECTS)]. Some of the catastrophic pediatric epilepsy
syndromes in which generalized seizures are prominent such as infantile spasms and Lennox-Gastaut syndrome, may have a symptomatic cause.
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Here we propose guidelines for imaging children with
newly diagnosed epilepsy. We confine our discussion to
children with afebrile seizures and those in whom acute
symptomatic causes have been excluded (such as hyponatremia, meningitis). We also exclude evaluation of children
with neonatal seizures. We presume that electroencephalography (EEG) will be obtained to assist in establishing
the diagnosis of seizures, characterizing syndromes, and
providing prognosis (King et al., 1998; Hirtz et al., 2000;
Jallon et al., 2001). The role of advanced imaging techniques—including specialized structural magnetic resonance (MR) imaging, high-field magnetic resonance
imaging (MRI), magnetic resonance spectroscopy (MRS),
functional MRI (fMRI), positron emission tomography
(PET), and single photon emission computed tomography
(SPECT)—for the evaluation of the child with catastrophic (recent, abrupt onset, frequent, associated with
developmental arrest, and difficult to control) or medically refractory epilepsy for whom epilepsy surgery is a
consideration will be the topic of a later document. Prior
guidelines have primarily focused on adults with epilepsy
and the evaluation of patients considered for epilepsy surgery (Recommendations for neuroimaging of patients
with epilepsy, 1997; Guidelines for neuroimaging evaluation of patients with uncontrolled epilepsy considered for
surgery, 1998). The role of imaging in the setting of the
first unprovoked afebrile seizure has recently been
reviewed (Hirtz et al., 2000); here we update that discussion based on MEDLINE search and focus on recent-onset
epilepsy, but also include imaging data on children with
new-onset seizures (Bernal & Altman, 2003). We provide
guidelines for optimal care, but acknowledge that these
may not be practicable or readily available especially
when resources are scarce.
It is important to stress that few studies have prospectively examined substantial pediatric epilepsy populations
with a primary view to evaluate imaging (Wang et al.,
1997; King et al., 1998; Berg et al., 2000; Shinnar et al.,
2001; Chang et al., 2002). Aside from studies in emergency departments where CT is the imaging modality of
choice (McAbee et al., 1989; Warden et al., 1997; Garvey
et al., 1998; Maytal et al., 2000; Chang et al., 2002;
Sharma et al., 2003), none have sought to define indications for MRI and thus are uncontrolled studies and do not
meet criteria for class 1 studies (Landfish et al., 1992;
Gibbs et al., 1993; Bronen et al., 1996; Caraballo et al.,
1997; Harvey et al., 1997; Garvey et al., 1998; Guidelines
for neuroimaging evaluation of patients with uncontrolled
epilepsy considered for surgery, 1998; King et al., 1998;
Kramer et al., 1998; Berg et al., 2000; Hirtz et al., 2000;
Jallon et al., 2001; Chang et al., 2002; Kuzniecky &
Knowlton, 2002; Bernal & Altman, 2003; Gelisse et al.,
2003; Eltze et al., 2005; Korff & Nordli, 2005). Table 1
lists prospective and retrospective studies since 1989 that
incorporate some form of imaging using CT and/or MRI
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that involve more than 30 children. Studies that include
patients evaluated before 1989 do not include current MRI
technology with 1.5 Tesla. It is uncertain at present to
what extent 3 Tesla MRI or higher strength magnets will
affect clinical imaging practices and standards. Important
for childhood epilepsies is recognition of the high incidence of ‘‘idiopathic’’ epilepsies in contrast to localization-related epilepsy and epilepsy syndromes that may
have a remote symptomatic cause (Stroink et al., 1998;
Shinnar et al., 1999; Berg et al., 2000, 2001a; Jallon et al.,
2001; Arts et al., 2004).
Most published pediatric imaging studies are directed
toward evaluation of the first seizure and are targeted to
identify an acute symptomatic cause such as febrile illness (encephalitis, meningitis), trauma, or central nervous
system (CNS) hemorrhage that will influence immediate
treatment. These studies principally assess the utility of
CT; MRI, when performed, is typically obtained on a
selected subset of these children. These studies are
instructive, as children with recently diagnosed epilepsy
are likely to have a similar spectrum of static findings
indicating remote cause, and some will have subacute
etiologies, such as tumor, vascular malformation, or
vasculitis that warrant change in medical/surgical
management. Approximately one-third of children in
studies from emergency departments who are evaluated
for a ‘‘first’’ seizure will be recognized as having epilepsy. These studies show that CT identifies clinically
relevant abnormalities in 7–24% of children but alters
immediate medical management in only a minority.
These studies also suggest that it is possible to identify
children who are unlikely to benefit from CT imaging:
older than 2 years, generalized seizures, normal examination, and either generalized EEG abnormalities or normal
EEG (McAbee et al., 1989; Warden et al., 1997; Garvey
et al., 1998; Maytal et al., 2000; Chang et al., 2002;
Sharma et al., 2003).
Imaging is most often abnormal in children with localization-related or remote symptomatic epilepsy. In contrast, imaging in the typical idiopathic generalized
epilepsies is normal (see subsequent text). Close to 50% of
imaging studies in children with localization-related newonset seizures/epilepsy will be abnormal; 15–20% will
provide useful information on etiology and focus, and
2–4% will alter immediate medical management (King
et al., 1998; Berg et al., 2000; Shinnar et al., 2001; Chang
et al., 2002). It is rare to find a significant imaging abnormality in the absence of a history of a localization-related
seizure, abnormal neurologic examination, or focal EEG.
Infants may be a higher risk population, as it is unusual for
infants to have a primary generalized epilepsy; rather they
are more likely to have a localization-related epilepsy, an
epileptic syndrome with remote symptomatic cause, or
metabolic disorder (Korff & Nordli, 2005). Furthermore,
infants are more likely to have focal malformation of
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Table 1. Summary of imaging studies involving substantial children and adolescents, for evaluation
of first seizure and epilepsy; listed by year, and whether prospective or retrospective studies; only
King and Wang set out to systematically evaluate MRI as a primary aim
Study

Age

Design

Epilepsy

Location

Number

CT (abnormal)

MRI (abnormal)

Sztriha et al., 2002
Chang et al., 2002
Shinnar et al., 2001
Berg et al., 2000
King et al., 1998
Wang et al., 1997
Harvey et al., 1997
Sharma et al., 2003
Maytal et al., 2000
Al-Sulaiman & Ismail, 1999
Kramer et al., 1998
Stroink et al., 1998
Garvey et al., 1998
Warden et al., 1997
Resta et al., 1994
Gibbs et al., 1993
Landfish et al., 1992
McAbee et al., 1989

c
c/t
c/t
c/t
c/t/a
c
c
c/t
c/t
c
c/t
c/t
c/t
c/t
c/t
c/t
c/t
c/t

Prospective
Prospective
Prospective
Prospective
Prospective
Prospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective

TLE
1st seizure
1st seizure
All seizures
All seizures
Partial epilepsy
TLE
1st seizure
1st seizure
New dx epilepsy
Partial epilepsy
1st seizure
1st seizure
1st seizure
Partial epilepsy
1st seizure
1st seizure
1st seizure

Community
ED
Community
Community
Clinic
Clinic
Community
ED
ED
Community
Clinic
Clinic
ED
ED
Clinic
Clinic
ED
ED

30
712
412
613
300
300
63
500
66
263
143
156
107
203
111
157$
56
101

NA
653 (156/77*)
159 (35)
197 (NA)
>42 (NA)
128 (NA)
48 (11/10*)
475 (38*)
66 (14)
162 (64/23*)
101 (NA)
112 (12)
107 (19)
203 (25)
98 (20)
121 (26/19*)
23 (0)
101 (7)

30 (13/10*)
390 (191 /108*)
59 (20)
388 (80/62*)
263 (35*)
300 (125)
58 (23 /22 *)
NA
NA
NA
42 (NA)
NA
NA
NA
111 (57)
NA
2(0)
NA

c, child; t, teen (adolescent); a, adult; ED, emergency department; dx, diagnosis; TLE, temporal lobe epilepsy; NA, not available.
* clinically significant (for those that note clinical significance).
Comments:
King: 59 children (20%) sample; of the total, 35 were clinically significant. 26/154 (17%) partial, 9/59 unclassified (CT with no MRI)
added two more; CT missed 12 of 28 abnormal MRIs; 19 had tumor or vascular malformation and so changed medical management.
Warden: 30% of patients were febrile.
Garvey: Eight ultimately not seizures, 49 provoked (including fever), 50 unprovoked.
McAbee: 80 afebrile, 21 complicated febrile (one with abnormal imaging study had fever).
Resta: 30 with normal CT had abnormal MRI.
Wang: >30 children treatable disease: tumor, vascular malformation, vasculitis; another 35 focal cortical dysplasia/mesial temporal sclerosis (MTS).
Chang: 38 patients with abnormal MRI had normal CT.
Stroink: CT abnormalities mostly nonspecific (e.g., atrophy).
Gibbs: Identified 964 children and teens who had EEG, 182 had a single seizure, 530 had epilepsy; they report on 157 with (persistent) focal EEG.
Harvey: CT and MRI both identified tumors and dysplasia, CT did not identify any MTS, but did identify calcification not seen on
MRI presumed to be hamartoma in one child.

cortical development (MCD) as a cause of seizures than
are older pediatric populations (Vanderver et al., 2003).

Reasons for Structural
Neuroimaging
Structural neuroimaging plays an important role in the
evaluation, management, and treatment of the child with
epilepsy. The role of neuroimaging is to detect an underlying cerebral lesion(s) that may be causally related to
the child’s seizure disorder or associated neurodevelopmental impairment. Imaging is obtained to establish
etiology, to provide prognosis, and to plan appropriate
clinical care. For example, children with remote
symptomatic localization-related epilepsy have a poorer
prognosis than children with idiopathic or cryptogenic
epilepsy (Shinnar et al., 1994; Sillanpaa et al., 1998;

Berg et al., 2001b; Arts et al., 2004). However, which
patients require neuroimaging, when imaging should be
obtained, and the optimal imaging modality are often
debated.
Imaging early in the course of epilepsy is directed at
identifying an etiology for seizures that requires other
medical or surgical attention. It is important to bear in
mind the distinction between:
1 Identifying an abnormality on an imaging study that is
nonspecific (e.g., periventricular leukomalacia, atrophy).
2 Identifying (or confirming) static remote lesions (e.g.,
porencephaly, MCD).
3 Finding a focal lesion responsible for the seizures that
does not require immediate intervention but would be
potentially amenable to epilepsy surgery (e.g., focal
cortical dysplasia or mesial temporal sclerosis).
Epilepsia, 50(9):2147–2153, 2009
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4 Finding a subacute or chronic process that has therapeutic implications [e.g., requires more immediate intervention (brain tumor), or that has important diagnostic
or prognostic implications (e.g., leukodystrophies,
metabolic disorder)].
5 Identifying an acute process that requires urgent intervention (e.g., hydrocephalus, acute stroke or hemorrhage, encephalitis, metabolic cytopathy) or need for
additional urgent diagnostic evaluation and counseling.
The last two of these reasons provide the impetus for
imaging after the first seizure; the others may be reserved
for once the diagnosis of epilepsy is established.

4 Children with characteristics of a symptomatic generalized epilepsy syndrome, including infantile spasms or
early Lennox-Gastaut syndrome (e.g., tonic, atonic,
mixed seizures), as focal MRI findings may be found in
a substantial proportion of these children.
5 Failure to control seizures, worsening seizures, changes
is seizure manifestations, or developmental regression
also merit neuroimaging if not previously performed.
6 Finally, new-onset seizures/epilepsy presenting with
evidence for a medical emergency such as increased
intracranial pressure or status epilepticus always merit
emergency imaging.

Indications for Structural
Neuroimaging

Situations Where Imaging May
Not Be Necessary

Imaging is most useful for children with a suspected or
confirmed localization-related or remote symptomatic
generalized epilepsy. Early in the course of epilepsy it
may be difficult to decide whether a child has a localization-related epilepsy. Therefore, it is proposed that children with epilepsy undergo neuroimaging if one or more
of the following are present (Table 2):
1 If there is any evidence to suggest the epilepsy is localization related (e.g., focal), with the exception of typical
benign idiopathic partial epilepsy (see subsequent text).
The basis for establishing localization-related seizures
includes the characteristics of the seizure, abnormalities
on EEG, focal examination (including Todd’s paralysis), and history or examination to suggest remote
symptomatic cause (such as extreme prematurity, meningitis, encephalitis, complicated febrile convulsion, or
significant head injury).
2 Abnormal neurologic examination, including focal
deficits, stigmata of neurocutaneous, cerebral malformation syndrome, or a history of significant developmental delay, arrest, or regression.
3 Children younger than 2 years, excluding those with
simple febrile seizures.

A substantial proportion of children with newly diagnosed epilepsy have an idiopathic focal or generalized epilepsy (King et al., 1998; Stroink et al., 1998; Shinnar et al.,
1999; Berg et al., 2000; Jallon et al., 2001). The natural
history of these syndromes has resulted in their ‘‘benign’’
designation: they are outgrown, readily treated, and not
associated with neurologic deterioration, and imaging is
unremarkable (Loiseau et al., 1983, 1988; Shinnar et al.,
1994; Sillanpaa et al., 1998). Recent imaging data at 1.5 T
supports the absence of significant imaging abnormalities
when the clinical presentation is typical, the neurologic
examination is normal, and characteristic electrographic
features are present (King et al., 1998; Berg et al., 2000)
(Table 2). These include BECTS, childhood absence epilepsy (CAE), juvenile absence epilepsy (JAE), and juvenile myoclonic epilepsy (JME). Although approximately
15% of the patients with BECTS exhibit abnormal MRI,
the structural abnormalities found do not influence the
favorable prognosis of the epilepsy (Gelisse et al., 2003).
Similarly, a study using statistical MRI maps of gray matter provides evidence for the existence of structural abnormalities in idiopathic generalized epilepsy (Woermann
et al., 1998), especially in JME (Woermann et al., 1999).
However, MRI is normal in all of the patients with IGE in
whom routine visual analysis of MRI has been performed
(King et al., 1998; Berg et al., 2001a; Wieshmann, 2003),
provided patients have not experienced focal seizures or
focal spikes on EEG (Berg et al., 2000). There is a cautionary note: Because some nonidiopathic epilepsies may
sometimes mimic these idiopathic epilepsy syndromes,
MRI is recommended in these patients if they present any
atypical features such as abnormal neurologic or intellectual development, difficult-to-treat seizures, or unusual
course. There is insufficient evidence to comment on the
role of not imaging in other less common ‘‘benign’’ or
generalized epilepsies and which may be difficult to
differentiate from symptomatic epilepsies [e.g., other
idiopathic focal epilepsies (childhood epilepsy with
occipital paroxysms), primary reading epilepsy, and

Table 2. Summary of populations who do and
do not warrant imaging
Imaging indicated

Imaging not indicated
a

Localization related seizures
Focal history, abnormal exam,
focal EEG abnormalitiesa
Developmental regression
<2 years old
Symptomatic generalized epilepsy
syndrome
Increased intracranial pressure
History of status epilepticus
Atypical course for BECTS/IGE
a

Except for BECTS.
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Childhood absence epilepsy
Juvenile absence epilepsy
Juvenile myoclonic epilepsy
BECTS
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idiopathic generalized epilepsies (benign neonatal convulsions, benign myoclonic epilepsies of infancy and
epilepsy with seizures precipitated by specific modes of
activation)] (Caraballo et al., 1997).

Recommendations for Imaging
MRI is considered the imaging modality of choice
because of superior anatomic resolution and characterization of pathologic processes (Table 1). CT confers some
advantages with regard to identifying blood and calcification (as found in congenital infection). Studies in adults
with childhood-onset epilepsy and in children in both
recent-onset and chronic epilepsy find that MRI identifies
more abnormalities than CT. Furthermore CT does not
identify abnormalities found on MRI (Resta et al., 1994;
Bronen et al., 1996; Wang et al., 1997; Berg et al., 2000;
Shinnar et al., 2001; Chang et al., 2002; Kuzniecky &
Knowlton, 2002). MRI will identify focal cortical dysplasia, mesial temporal sclerosis, small tumors (such as
oligodendrogliomas and gangliogliomas), and vascular
malformations (AVM, cavernous angioma); CT will not
or may not identify these. However, CT is more widely
available than MRI, is less expensive, and is less likely to
require sedation for younger children.
Therefore, a minimum standard is to use history, examination, and EEG to characterize the epilepsy in order to
identify patients with BECTS or IGE in whom imaging is
not useful versus those with a localization-related epilepsy
for whom imaging is likely to be abnormal and contribute
to establishing cause and identify the seizure focus. CT
with and without contrast can be performed on these
patients if MRI is not available, recognizing that some
symptomatic causes for epilepsy—such as MTS, small
tumors, small or subtle focal cortical dysplasia—will not
be identified. When resources are very limited an argument can been made to obtain imaging when a trial of one
or two medications has been ineffective. There are no
data, however, upon which to base this supposition. Identifying a static lesion will not affect immediate medical
therapy. In this setting, imaging is pursued to identify children in need of surgical intervention, such as tumor or vascular malformation, and to identify children with other
medical conditions that require intervention or evaluation
of other organ systems (e.g., tuberous sclerosis), although
here the diagnosis can often be established by other clinical features and laboratory examination. Here MRI
remains superior to CT, but CT serves as a screening
modality. MRI would be performed if there were persistent seizures, a deteriorating neurological examination
to define abnormalities found on CT, or, if resources are
available, when there is clinical suspicion of a focal
process.
There is no agreement on specific imaging protocols or specifics of the MRI sequences proposed, but

there is general agreement that the following be
performed (Bronen et al., 1996): An anatomic, thinslice volumetric T1-weighted gradient-recalled-echo
sequence, axial and coronal T2-weighted sequence,
fluid attenuated inversion recovery (FLAIR) sequence
(axial, and coronal if possible), and high resolution
oblique coronal T2-weighted imaging of the hippocampus (fast or turbo spin echo weighted sequence).
Maximal slice thickness should not exceed 4–5 mm.
In cases of focal epilepsy, thinner slices (2 or 3 mm)
or else three- dimensional (3D) volume acquisitions
(with thickness of 1–2 mm) may be necessary to
identify or characterize subtle cortical malformations.
There is debate, and there are limited data, about the
utility of newer sequences such as magnetization
transfer imaging and diffusion tensor imaging.
When metabolic disorders are suspected MRS may be
helpful.
Children younger than 2 years require special
sequences, as immature myelination affects the ability to
identify common causes of epilepsy. Lesions may
‘‘appear’’ or ‘‘disappear’’ with the changing pattern of
myelination, they may be seen as ‘‘enhanced myelination’’
indicative of areas of possible cortical malformation, and
may not appear on scans acquired at an older age (Sankar
et al., 1995; Takanashi & Barkovich, 2003; Eltze et al.,
2005). In addition to a 3D dataset, imaging in children
younger than 2 years should include sagittal, axial, and
coronal T1-weighted sequences. Volumetric T1-weighted
sequences are less useful before age one year due to
incomplete myelination on T1 sequences. MR imaging
(especially high-resolution T2 images) performed early in
the first year of life in infants with epilepsy is important to
identify areas of cortical or subcortical dysplasia, which
can become difficult to identify after myelination. Conversely, if MR imaging before the age of 2 years is normal,
and seizures persist, then MRI may be repeated at 6-month
intervals, and certainly after age 24–30 months when
more mature myelination can reveal otherwise unsuspected cortical dysplasia. Repeat imaging in older children is a topic for the evaluation of chronic epilepsy and is
not considered here.
Gadolinium contrast is reserved for circumstances
where tumor, vascular malformations, inflammation, and
infectious concerns arise or are suspected based on
review of noncontrast studies. Routine administration of
Gadolinium contrast provides little advantage in children
with epilepsy. For younger children (generally <7 years)
sedation requires a dedicated pediatric sedation team
and/or skilled pediatric anesthesia. Infants, especially
those younger than 3 months, may not need sedation if
the infant is fed just before imaging. It is preferable,
especially for younger children, that studies be interpreted by professionals skilled in interpreting pediatric
imaging studies.
Epilepsia, 50(9):2147–2153, 2009
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Summary and Conclusion
Structural neuroimaging is recommended for all children with recently diagnosed localization-related or generalized epilepsy who do not have the clinical and EEG
features characteristic of classical idiopathic focal or generalized epilepsy (BECTS, CAE, JAE, or JME) and for
any child younger than 2 years of age. These children
have the highest likelihood of identifying a symptomatic
etiology for their seizures. The imaging modality of
choice is MRI because of its superior resolution compared
to CT. However when scarce resources may preclude
MRI, CT can be used in its place. Children younger than
the age of 2 years require different MR imaging sequences
because of the affect of developmental myelination on the
ability to detect certain lesions such as cortical dysplasia.
Imaging is performed to establish etiology, assist in determining prognosis, and identifying patients in whom alteration in medical or surgical management would ensue.

Acknowledgment
We confirm that we have read the Journal’s position on issues
involved in ethical publication and affirm that this report is consistent
with those guidelines.
Disclosure: We confirm that there is no conflict of interest for any of the
authors.

References
Al-Sulaiman AA, Ismail HM. (1999) Clinical pattern of newly-diagnosed
seizures in Saudi Arabia: a prospective study of 263 children. Childs
Nerv Syst 15:468–471.
Arts WF, Brouwer OF, Peters AC, Stroink H, Peeters EA, Schmitz PI,
van Donselaar CA, Geerts AT. (2004) Course and prognosis of childhood epilepsy: 5-year follow-up of the Dutch study of epilepsy in
childhood. Brain 127:1774–1784.
Berg AT, Testa FM, Levy SR, Shinnar S. (2000) Neuroimaging in children with newly diagnosed epilepsy: a community-based study. Pediatrics 106:527–532.
Berg AT, Shinnar S, Levy SR, Testa FM, Smith-Rapaport S, Beckerman
B. (2001a) Early development of intractable epilepsy in children: a
prospective study. Neurology 56:1445–1452.
Berg AT, Shinnar S, Levy SR, Testa FM, Smith-Rapaport S, Beckerman
B, Ebrahimi N. (2001b) Two-year remission and subsequent relapse
in children with newly diagnosed epilepsy. Epilepsia 42:1553–1562.
Bernal B, Altman NR. (2003) Evidence-based medicine: neuroimaging
of seizures. Neuroimaging Clin N Am 13:211–224.
Bronen RA, Fulbright RK, Spencer DD, Spencer SS, Kim JH, Lange RC,
Sutilla C. (1996) Refractory epilepsy: comparison of MR imaging,
CT, and histopathologic findings in 117 patients. Radiology 201:97–
105.
Caraballo RH, Cersosimo RO, Medina CS, Tenembaum S, Fejerman N.
(1997) Idiopathic partial epilepsy with occipital paroxysms. Rev Neurol 25:1052–1058.
Chang T, Acosta MT, Rosser T, Conry JA, Pearl PL, Weinstein SL, Kolodgie M, Johnson P, Vezina LG, Dubovsky EC, Gaillard WD.
(2002) Neuroimaging in children during the acute evaluation of new
onset seizures. Ann Neurol 52:S134.
Eltze CM, Chong WK, Bhate S, Harding B, Neville BG, Cross JH.
(2005) Taylor-type focal cortical dysplasia in infants: some MRI
lesions almost disappear with maturation of myelination. Epilepsia
46:1988–1992.

Epilepsia, 50(9):2147–2153, 2009
doi: 10.1111/j.1528-1167.2009.02075.x

Garvey MA, Gaillard WD, Rusin JA, Ochsenschlager D, Weinstein S,
Conry JA, Winkfield DR, Vezina LG. (1998) Emergency brain computed tomography in children with seizures: who is most likely to
benefit? J Pediatr 133:664–669.
Gelisse P, Corda D, Raybaud C, Dravet C, Bureau M, Genton P. (2003)
Abnormal neuroimaging in patients with benign epilepsy with centrotemporal spikes. Epilepsia 44:372–378.
Gibbs J, Appleton RE, Carty H, Beirne M, Acomb BA. (1993) Focal electroencephalographic abnormalities and computerised tomography
findings in children with seizures. J Neurol Neurosurg Psychiatry
56:369–371.
Guidelines for neuroimaging evaluation of patients with uncontrolled
epilepsy considered for surgery. (1998) Commission on Neuroimaging of the International League Against Epilepsy. Epilepsia 39:1375–
1376.
Harvey AS, Berkovic SF, Wrennall JA, Hopkins IJ. (1997) Temporal
lobe epilepsy in childhood: clinical, EEG, and neuroimaging findings
and syndrome classification in a cohort with new-onset seizures. Neurology 49:960–968.
Hirtz D, Ashwal S, Berg A, Bettis D, Camfield C, Camfield P, Crumrine
P, Elterman R, Schneider S, Shinnar S. (2000) Practice parameter:
evaluating a first nonfebrile seizure in children: report of the quality
standards subcommittee of the American Academy of Neurology,
The Child Neurology Society, and The American Epilepsy Society.
Neurology 55:616–623.
Jallon P, Loiseau P, Loiseau J. (2001) Newly diagnosed unprovoked epileptic seizures: presentation at diagnosis in CAROLE study. Coordination Active du Reseau Observatoire Longitudinal de l’ Epilepsie.
Epilepsia 42:464–475.
King MA, Newton MR, Jackson GD, Fitt GJ, Mitchell LA, Silvapulle
MJ, Berkovic SF. (1998) Epileptology of the first-seizure presentation: a clinical, electroencephalographic, and magnetic resonance
imaging study of 300 consecutive patients. Lancet 352:1007–1011.
Korff C, Nordli DR Jr. (2005) Do generalized tonic-clonic seizures in
infancy exist? Neurology 65:1750–1753.
Kramer U, Nevo Y, Reider-Groswasser I, Sheuer E, Meyer JJ, Leitner Y,
Phatal A, Harel S. (1998) Neuroimaging of children with partial seizures. Seizure 7:115–118.
Kuzniecky RI, Knowlton RC. (2002) Neuroimaging of epilepsy. Semin
Neurol 22:279–288.
Landfish N, Gieron-Korthals M, Weibley RE, Panzarino V. (1992) New
onset childhood seizures. Emergency department experience. J Fla
Med Assoc 79:697–700.
Loiseau P, Pestre M, Dartigues JF, Commenges D, Barberger-Gateau C,
Cohadon S. (1983) Long-term prognosis in two forms of childhood
epilepsy: typical absence seizures and epilepsy with rolandic (centrotemporal) EEG foci. Ann Neurol 13:642–648.
Loiseau P, Duche B, Cordova S, Dartigues JF, Cohadon S. (1988) Prognosis of benign childhood epilepsy with centrotemporal spikes: a follow-up study of 168 patients. Epilepsia 29:229–235.
Maytal J, Krauss JM, Novak G, Nagelberg J, Patel M. (2000) The role of
brain computed tomography in evaluating children with new onset of
seizures in the emergency department. Epilepsia 41:950–954.
McAbee GN, Barasch ES, Kurfist LA. (1989) Results of computed
tomography in ‘‘neurologically normal’’ children after initial onset of
seizures. Pediatr Neurol 5:102–106.
Recommendations for neuroimaging of patients with epilepsy. (1997)
Commission on Neuroimaging of the International League Against
Epilepsy. Epilepsia 38:1255–1256.
Resta M, Palma M, Dicuonzo F, Spagnolo P, Specchio LM, Laneve A,
Bellomo R, Lauriero F, La Selva L. (1994) Imaging studies in partial
epilepsy in children and adolescents. Epilepsia 35:1187–1193.
Sankar R, Curran JG, Kevill JW, Rintahaka PJ, Shewmon DA, Vinters
HV. (1995) Microscopic cortical dysplasia in infantile spasms: evolution of white matter abnormalities. AJNR Am J Neuroradiol 16:1265–
1272.
Sharma S, Riviello JJ, Harper MB, Baskin MN. (2003) The role of
emergent neuroimaging in children with new-onset afebrile seizures.
Pediatrics 111:1–5.
Shinnar S, Berg AT, Moshe SL, Kang H, O’Dell C, Alemany M, Goldensohn ES, Hauser WA. (1994) Discontinuing antiepileptic drugs in
children with epilepsy: a prospective study. Ann Neurol 35:534–545.

2153
Guidelines for Imaging Infants
Shinnar S, O’Dell C, Berg AT. (1999) Distribution of epilepsy syndromes
in a cohort of children prospectively monitored from the time of their
first unprovoked seizure. Epilepsia 40:1378–1383.
Shinnar S, O’Dell C, Mitnick R, Berg AT, Moshe SL. (2001) Neuroimaging abnormalities in children with an apparent first unprovoked seizure. Epilepsy Res 43:261–269.
Sillanpaa M, Jalava M, Kaleva O, Shinnar S. (1998) Long-term prognosis
of seizures with onset in childhood. N Engl J Med 338:1715–1722.
Stroink H, Brouwer OF, Arts WF, Geerts AT, Peters AC, van Donselaar
CA. (1998) The first unprovoked, untreated seizure in childhood: a
hospital based study of the accuracy of the diagnosis, rate of recurrence, and long term outcome after recurrence. Dutch study of epilepsy in childhood. J Neurol Neurosurg Psychiatry 64:595–600.
Sztriha L, Gururaj AK, Bener A, Nork M. (2002) Temporal lobe epilepsy
in children: etiology in a cohort with new-onset seizures. Epilepsia
43:75–80.
Takanashi J, Barkovich AJ. (2003) The changing MR imaging appearance of polymicrogyria: a consequence of myelination. AJNR Am J
Neuroradiol 24:788–793.

Vanderver A, Chang T, Kennedy C, Acosta M, Conry JA, Pearl PL,
Weinstein SL, Kolodgie MJ, Pastor W, Johnson P, Vezina LG, Gaillard WD. (2003) MR Imaging for the diagnosis of cerebral dysplasia
in new onset seizures in children. Ann Neurol 54:S114.
Wang PJ, Liu HM, Fan PC, Lee WT, Young C, Tseng CL, Huang KM,
Shen YZ. (1997) Magnetic resonance imaging in symptomatic/cryptogenic partial epilepsies of infants and children. Zhonghua Min Guo
Xiao Er Ke Yi Xue Hui Za Zhi 38:127–136.
Warden CR, Brownstein DR, Del Beccaro MA. (1997) Predictors of
abnormal findings of computed tomography of the head in pediatric
patients presenting with seizures. Ann Emerg Med 29:518–523.
Wieshmann UC. (2003) Clinical application of neuroimaging in epilepsy.
J Neurol Neurosurg Psychiatry 74:466–470.
Woermann FG, Sisodiya SM, Free SL, Duncan JS. (1998) Quantitative
MRI in patients with idiopathic generalized epilepsy. Evidence of
widespread cerebral structural changes. Brain 121:1661–1667.
Woermann FG, Free SL, Koepp MJ, Sisodiya SM, Duncan JS. (1999)
Abnormal cerebral structure in juvenile myoclonic epilepsy demonstrated with voxel-based analysis of MRI. Brain 122:2101–2108.

Epilepsia, 50(9):2147–2153, 2009
doi: 10.1111/j.1528-1167.2009.02075.x

