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Abstract

Objectives To describe the neurological phenotype of children with prenatal diagnosis of agenesis of corpus callosum (ACC)
and interhemispheric cysts associated with malformations of cortical development (MCD).

Methods We reviewed the neuroimaging, neurologic, EEG, and genetic data of 36 patients (21 males, mean age 7 years)
with ACC and interhemispheric cysts. Associations were tested with Chi-squared and Fisher exact tests.

Results According to the 2001 Barkovich classification, we found 4 type 1c (11.1%), 6 type 2a (16.6%), 18 type 2b (50%,
6/18 girls with Aicardi syndrome), and 9 type 2c cysts (22.2%). EEG showed specific epileptic activity in 27/36 patients
(75%). Epilepsy was diagnosed in 16 subjects (16/36, 44.4%), including all Aicardi patients, and was associated with cogni-
tive impairment (p =0.032). Severe intellectual disability and epilepsy were associated with type 2b cysts, always due to
Aicardi patients (p <0.05). After excluding Aicardi patients, all subjects with type 2b cysts had mild neurological phenotype.
Patients with 2a and 2c cysts more frequently had normal cognition (83.3% and 62.5% of cases, respectively). Patients with
type lc cyst mostly had mild/moderate cognitive impairment. Severe neurologic deficits were associated with 1c cysts and
2b cysts with Aicardi syndrome (p < 0.05). Multilobar and/or bilateral MCD were associated with severe neurological and
epileptic phenotypes (p <0.05).

Conclusion Once excluded Aicardi syndrome, most patients with ACC and interhemispheric cysts have a mild clinical
phenotype characterized by borderline/normal cognition and minor neurological signs. Despite the high prevalence of EEG
epileptic abnormalities, epilepsy in these cases is infrequent and usually responsive to antiepileptic drugs.
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Introduction

Agenesis of corpus callosum (ACC) is one of the most
frequent brain malformations with an incidence of
0.05-0.7% [1-3], and interhemispheric cysts represent an
important feature of such malformation, being associated
in 14-33.3% of cases [4-6]. ACC is no longer viewed as
a narrowly defined specific disorder, but as a spectrum
of genetic or acquired malformative conditions variably
associated with other brain or extracranial malformations
[2, 7]. Accordingly, a wide array of clinical phenotypes
has been described, ranging from normal development or
mild neurological impairment (usually in isolated ACC) to
severe cognitive deficits, motor disabilities, and epilepsy
(mostly in syndromic ACC) [8—14]. Therefore, the accu-
rate characterization of concomitant brain anomalies and
stratification of cases based on clinical and imaging fea-
tures are pivotal for defining the prognosis [4, 7]. Rarely,
ACC may be associated with interhemispheric cysts result-
ing from midline meningeal dysplasia. The current classi-
fication scheme, proposed by Barkovich et al. [15], catego-
rizes interhemispheric cysts into two types based on the
presence (Type 1) or absence (Type 2) of communication
with the ventricular system [15]. Further subdivision into
subgroups depends on the presence of other associated
brain anomalies or clinical features including macro- or
microcephaly, hydrocephalus, malformations of cortical
developments (MCD) [16], and multiloculated or arach-
noid cysts [15].

ACC and interhemispheric cysts are easily identified in
utero. Thanks to the improvement of prenatal ultrasound
screening and fetal MRI, the identification of associated
MCD has increased during pregnancy, raising relevant
prognostic questions. Indeed, the presence of MCD is
potentially associated with an increased risk of mental dis-
ability, epilepsy and cerebral palsy in subjects with ACC
[8, 9]. Of note, ACC associated with multiple cysts (type
2b cysts), MCD, ocular anomalies, and infantile spasms in
girls corresponds to the Aicardi syndrome, one of the most
severe epileptic encephalopathies [9, 15, 17, 18]. Con-
versely, variable clinical phenotypes have been described
in patients with non-syndromic ACC and interhemispheric
cysts [15, 19]. Unfortunately, limited data on neurological
characterization and long-term follow-up of these patients
are available in the literature [20-23]. Therefore, the clini-
cal significance of ACC with interhemispheric cysts and
MCD remains elusive, with important consequences for
prenatal parental counselling and clinical prognosis.

In this study, we aimed to describe the clinical and neu-
roradiological phenotypes, EEG patterns, and neurological
outcomes in a group of 36 children diagnosed prenatally
or soon after birth with ACC and interhemispheric cysts
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variably associated with MCD, and to provide information
on 185 additional published cases. Moreover, we explored
the associations between clinical and neuroimaging data
based both on the 2001 Barkovich classification and on
single malformative features.

Methods

This was a double-center retrospective observational study
performed at the Istituto Giannina Gaslini Children’s Hos-
pital (Genoa, Italy) and McGill University (Montreal, Can-
ada). Ethical Committees of both institutions waived written
parental consent due to the retrospective nature of the study.

Subjects

We selected subjects with ACC and interhemispheric cysts
who were consecutively diagnosed from January 1996 to
January 2018 in the two Institutions. Subjects who met all
the following inclusion criteria were included in the study:
(1) prenatal or immediate postnatal diagnosis of ACC and
interhemispheric cysts, confirmed on postnatal brain MRI;
(2) available data on extra-CNS malformations detected at
postnatal imaging or clinical evaluation; and (3) neurologi-
cal evaluation with EEG examinations. Exclusion criteria
were: (1) history of perinatal asphyxia or other acquired
injuries and (2) poor MR imaging quality.

Neuroimaging assessment

Brain MRI studies were performed on 1.5T and 3T scan-
ners with different protocols; however, all included 3D
T1-weighted, 3 mm-thick axial and coronal T2-weighted,
axial FLAIR, and diffusion weighted imaging sequences.
Two neuroradiologists blinded to the clinical status reviewed
all images in consensus and classified patients according to
the 2001 Barkovich classification [15]. In particular, type la
presents with macrocephaly and hydrocephalus, type 1b with
macrocephaly and hydrocephalus associated with third ven-
tricular obstruction due to diencephalic anomalies (thalamic
fusion, hamartoma), and type 1c presents with microcephaly.
Type 2a is characterized by hydrocephalus and a grossly
normal brain, while type 2b is made of multiple cysts differ-
ent from CSF with malformations of cortical development
(MCD), such as polymicrogyria and periventricular nodular
heterotopias [16], type 2c usually affects males and presents
with multiloculated cysts and large subcortical heterotopia,
and type 2d corresponds to a histologically proven arach-
noid cyst [15]. Of note, we decided to classify into type 2a
group also patients with minor neuroimaging features, such
as mild pontine hypoplasia or minor basal ganglia dysmor-
phisms, since the main discriminant distinguishing type 2a
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from type 2b and 2c cysts is the absence of MCD, while type
2d cysts may be proven only by histology [15]. Moreover,
in some patients cortical thinning around the cysts was vis-
ible only after ventricular shunting on high-resolution 3D
T1-weighted images.

The cyst signal, distribution, and extension were
recorded. The type of ACC and other commissural anoma-
lies were noted. Agenesis or hypoplasia of Probst bundles,
fornices, cingulate gyri and mammillary bodies were quali-
tatively evaluated on coronal reformatted 3D T1-weighted
images. Hemispheric and/or cortico-spinal tract hypoplasia
were also assessed. The type and location of MCD or corti-
cal thinning around the cysts were considered. Finally, other
associated brain anomalies were described.

Clinical and epileptologic evaluation

Clinical, neurological, and genetic data were extracted
from patient medical records. Neurological examinations
were performed by experienced pediatric neurologists in
both Institutions. Clinical follow-up was performed every
6—12 months on average (depending on clinical state),
always including a neurological examination and EEG
recording. For children younger than 1 year, neurological
follow-up was performed at 1 month, 3 months, 6 months,
and 12 months with EEG every 6 months. Developmental
milestones were evaluated by the Griffith’s Mental Devel-
opmental Scales-Extended and Revised (GMDS-ER) below
the age of 5 years, while cognitive impairment was assessed
by the Wechsler scales in older children or with the Leiter
scales in non-verbal or severely intellectually disabled
patients. On average, GMDS-ER scales were performed
every 12 months, while children older than 5 years were re-
evaluated at least once with Weschler scales or Leiter scale.
Global developmental delay (GDD) was defined according
to the Diagnostic and Statistical Manual of Mental Disor-
ders-5th edition (DSM-5) as a significant persistent (at least
for 6 months) delay in two or more developmental domains,
including motor, speech, cognition, social functioning, and
activities of daily living, in children below the age of 5 years
[24]. Conversely, the term intellectual disability (ID) was
applied to older children in whom IQ testing could be per-
formed. Of note, ID was defined as a disability originating
before age 18 years, characterized by significant limitations
both in intellectual functioning and in adaptive behavior
as expressed in conceptual, social, and practical adaptive
skills [24]. Patients were thus divided into global catego-
ries of normal intelligence, borderline intelligence, or mild,
moderate, or severe intellectual disability (ID), according to
the DSM-5 definitions. Finally, we provided for all patients
a global measure of developmental or cognitive disabil-
ity, called disability outcome score, considering the latest
available neuropsychological assessment. In particular, for

patients too young to perform a IQ testing, we considered
only the GMDS-ER subscales associated with cognitive out-
come, such as the C (language), D (eye—hand coordination),
and E (performance) scales [25]. Patients were thus divided
as having a global normal functioning (corresponding to a
score of 0); borderline functioning (corresponding to a score
of 1), mild impairment (corresponding to a score of 2), mod-
erate impairment (corresponding to a score of 3), and severe
impairment (corresponding to a score of 4).

Sleep disorders and psychiatric comorbidities were also
considered. In particular, psychiatric symptoms were investi-
gated by specific tests, including the Multidimensional Anxi-
ety Scale for Children (MASC) and the Children’s Depres-
sion Inventory (CDI2) for depressive symptoms.

Attention-deficit hyperactivity disorder (ADHD) was
diagnosed when frequency and duration of the patient’s
symptoms fulfilled the criteria set out in the DSM-5. The
diagnosis of Aicardi syndrome was based on the criteria pro-
posed by Aicardi [17, 18]. The presence of extra-CNS mal-
formations and facial dysmorphisms was recorded. Results
of genetic tests, such as basal metabolic screening, karyo-
type, array-CGH, and target genetic testing were mentioned
when available. Data regarding neurosurgical interventions
(when performed) were recorded, including indications, age
at intervention, type of surgery, and outcome.

Data on the age of onset of epilepsy and types of epileptic
seizures were recorded, taking into account the type and
number of antiepileptic drugs (AE), drug sensitivity (DS)
or drug resistance (DR), and episodes of status epilepticus
(SE). Drug resistance was defined as failure of adequate tri-
als of two tolerated, appropriately chosen and used antiepi-
leptic drug schedules whether as monotherapies or in com-
bination [26]. All patients underwent EEG recordings during
wakefulness and sleep. Parameters taken into consideration
were: (1) the presence and localization (focal, multifocal,
or generalized) of epileptiform abnormalities; (2) activation
of the abnormalities during sleep; (3) presence of continu-
ous spike and wave occupying more than 85% of slow-wave
sleep associated with cognitive impairment (CSWS); and (4)
presence of hypsarrhythmia. Aspecific EEG abnormalities,
such as focal or diffuse slow activity or voltage asymmetry,
were also reported.

Statistical analysis

Continuous variables were summarized as mean, and cat-
egorical variables were summarized as frequencies and
percentages. The associations between clinical, EEG, and
neuroradiological findings based both on the 2001 Barko-
vich classification and on single malformative features were
evaluated by the Chi-squared and Fisher exact test. Statis-
tical significance was set at p =0.05. Statistical analyses
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were performed using SPSS Statistics software, v21 (IBM,
Armonk, NY, USA).

Results

36 patients with ACC and interhemispheric cysts satis-
fied the inclusion criteria (21 males, mean age at last
follow-up 7.08 years, range 7 month-22 years) (Online
Fig. 1). The mean follow-up period was 7.08 years (range
7 months—22 years). One patient (Pt#18), who was previ-
ously developing normally, died of hemolytic-uremic syn-
drome at age 2 years. The vast majority of patients were
diagnosed in utero by fetal US screening (32/36, 88.8%) and
confirmed by fetal MRI in almost half of the cases (15/32).
In the remaining four cases, the diagnosis was made in the
neonatal period in two subjects who presented with macro-
cephaly and seizures, respectively, and at 6 months of age
in two other patients presenting with motor deficits. Online
Table 1 shows clinical, neuroimaging, and genetic data for
every patient.

Neuroradiological data

According to the 2001 Barkovich classification, four patients
were classified with type 1c cysts (4/36, 11.1%), 6 with type
2a cysts (6/36, 16.6%), 18 with type 2b cysts (18/36, 50%),
and eight patients with 2c cysts (8/36, 22.2%). Six girls with
type 2b cysts were diagnosed with Aicardi syndrome (6/18,
30%). Table 1 shows the imaging features based on the type
of cysts.

Neurological and epileptic phenotype

GDD was observed in 24/36 patients (66.6%) and was rated
as borderline in 1/24 (4.2%) cases, mild in 13/24 (54.2%),
moderate in 4/24 (16.6%), and severe in 6/24 (25%) sub-
jects. In 22 patients, the cognitive outcome was re-assessed
after the age of 5 years, revealing normal cognition in 14/22
(63.6%) subjects, borderline cognition in 4/22 (18.2%)
patients, mild ID in 2/22 (9.1%), and severe ID in 2/22
(9.1%) cases. Two patients with normal IQ had specific
learning disorders. Mild ID was present in 2/21 (9.5%)
cases, while severe ID was found in 2 other cases (9.5%).
Individualized teaching was needed in 15/25 (60%) subjects
attending school or preschool.

Overall, the disability outcome score was stratified as
follows: normal cognitive functioning in 17/36 (47.2%)
subjects, borderline functioning in 5/36 (13.8%) cases, mild
cognitive impairment in 7/36 (19.4%) patients, moderate
cognitive impairment in 1/36 (2.7%) subjects, and severe
cognitive impairment 6/36 (16.6%) patients (all affected by
Aicardi syndrome).
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Neurological deficits were present in 26/36 (72.2%)
cases: minor neurological signs in 18/26 (69.2%), tetra-
paresis in 6/26 (23%), and hemiparesis in 2/26 of patients
(7.8%).

Epilepsy was diagnosed in 16 subjects (16/36, 44.4%),
including all Aicardi patients. Age of onset was variable,
ranging from birth to 16 years, and the frequency of sei-
zures varied from multiple per each day to a few seizures
per year. Concerning seizure outcome, 3/16 (18.7%) patients
became seizure free at the last follow-up and were off treat-
ment. The remaining patients (13/16, 81.3%) were still under
AE therapy. All patients with Aicardi syndrome and one
without Aicardi syndrome were drug resistant. Concern-
ing drug-responsive patients (9/10 non-Aicardi patients
with epilepsy), AE monotherapy was initially introduced,
with good seizure control in all except three patients: in one
(#35), substitution of the AE drug was sufficient in control-
ling epilepsy; in the other two (#2 and #22), polytherapy
with two AE drugs was effective. No specific AE strategy
was associated with a higher likelihood of seizure freedom.
Epilepsy was associated both with developmental delay and
cognitive impairment (p =0.032).

Table 2 describes the seizure characteristics in patients
with and without Aicardi syndrome. The median age at
seizure onset for Aicardi syndrome was earlier compared
with those without Aicardi syndrome (p =0.001). Most
patients from both groups had multiple coexisting seizure
types. Focal seizures, mostly clonic or tonic—clonic, some-
times with secondary generalization, were present in 9/36
(25%). Infantile spasms were present in 7/36 (19%) female
patients, 6 of whom were diagnosed with Aicardi syndrome,
as by definition, and the remaining one received a molecular
diagnosis of frontonasal dysplasia. Seizure frequency was
higher in Aicardi syndrome (all patients having more than
one seizure/day) compared with non-Aicardi patients (only
1 patient having more than one seizure/day) (p =0.007).

EEG recording displayed voltage asymmetry of the back-
ground activity in 24/36 (66%) cases, with decrease of the
amplitude on derivations located near the cysts. All Aicardi
subjects (6/36, 16%) showed additional typical asynchrony
of the EEG hemispheric activity. The remaining 6/36 (16%)
had a normal EEG background activity. We found a hypsar-
rhythmic pattern in 6/6 Aicardi patients alone.

Epileptiform abnormalities were present in the majority
of cases (27/36 patients, 75%); in 17/36 (47%) the abnormal-
ities were concordant to the area of PMG and in 13/36 (36%)
concordant to the subcortical gray matter heterotopia (GMH)
localization. Activation of the epileptic abnormalities during
sleep was depicted in 11/36 (30.5%). Of interest, no CSWS
was found in our cohort (Fig. 1). Psychiatric comorbidities
were present in 12/36 patients (33.3%), including anxiety
disorder (6/36; 16.6%), ADHD (3/36; 8.3%), and autism
spectrum disorders (3/36; 8.3%).
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Table 1 Neuroimaging features according to the type of cyst (2001 Barkovich classification)

Type lc (n=4) Type2a(n=06) Type2b((n=18) Type2c(n=38) Total

2b_Aicardi (n = 6)

Complete ACC 3/4 (75%) 1/6 (16.6%)
Partial ACC 1/4 (25%) 3/6 (50%)
CC hypo-dysgenesis 0/0 (0%) 2/6 (33.3%)
AC anomalies 3/4 (75%) 5/6 (83.3%)
PB hypoplasia/agenesis® 4/4 (100%) 3/6 (50%)
Fornix hypoplasia/agenesis® 3/4 (75%) 4/6 (66.6%)
Cingulate hypoplasia/agenesis®  3/4 (75%) 4/6 (66.6%)
Hemispheric asymmetry 1/4 (25%) 0/6 (0%)
CST hypoplasia 2/4 (50%) 0/6 (0%)
Cortical thinning 0/4 (0%) 1/6 (16.6%)
BG and/or MHB anomalies 3/4 (75%) 2/6 (33.3%)
PMG 1/4 (25%) 0/6 (0%)
Frontal 1/1 0/0
Precentral 1/1 0/0
Parietal 1/1 0/0
Postcentral 1/1 0/0
Insular 1/1 0/0
Temporal 0/0 0/0
Occipital 0/0 0/0
Cingulate gyrus 0/0 0/0
Single lobe 171 0/0
Multiple lobes 0/0 0/0
Bilateral 0/0 0/0
GMH 2/4 (50%) 0/6 (0%)
Periventricular 2/2 0/0
Subcortical 0/2 0/0
Frontal 172 0/0
Precentral 172 0/0
Parietal 172 0/0
Postcentral 172 0/0
Insular 172 0/0
Temporal 0/2 0/0
Occipital 12 0/0
Cingulate gyrus 0/2 0/0
Single lobe 12 0/0
Multiple lobes 12 0/0
Bilateral 0/2 0/0

12/18 (66.6%)  6/8 (75%) 22/36 (61.1%)  6/6 (100%)
5/18 (27.7%) 2/8 (25%) 11/36 30.5%)  0/6 (0%)
1/18 (5.5%) 0/8 (0%) 3/36 (8.4%)  0/6 (0%)
9/18 (50%) 2/8 (25%) 19/36 (69.4%)  6/6 (100%)
17/18 (94.4%)  8/8 (100%) 32/36 (88.8%)  6/6 (100%)
17/18 (94.4%)  8/8 (100%) 32/36 (88.8%) 6/6 (100%)
17/18 (94.4%)  8/8 (100%) 32/36 (88.8%)  6/6 (100%)
9/18 (50%) 6/8 (75%) 16/36 (36.1%)  5/6 (83.3%)
7/18 (38.8%) 4/8 (50%) 13/36 (36.1%)  5/6 (83.3%)
3/18 (16.6%) 0/8 (0%) 436 (11.1%)  0/6 (0%)
11/18 61.1%)  4/8 (50%) 20136 (55.5%)  6/6 (100%)
18/18 (100%) 8/8 (100%) 2736 (15%)  6/6 (100%)
1718 6/8 24/27 (88.8%) 6/6

8/18 5/8 14/27 (51.8%)  6/6
12/18 8/8 2127 (777%) 506

5/18 8/8 14/27 (51.8%) 4/6

6/18 2/8 9/27 (33.3%)  5/6
6/18 2/8 8/27 (29.6%)  4/6
1/18 2/8 327 (11.1%)  1/6
9/18 5/8 14/27 (51.8%) 3/6

6/18 1/8 8/27 (29.6%)  0/6
12/18 78 19/27 (70.3%)  6/6

9/18 0/8 927 (33.3%)  6/6
13/18 (72.2%)  8/8 (100%) 23/36 (63.8%)  6/6 (100%)
13/13 8/8 23/23 (100%)  6/6
10/13 8/8 18/23 (78.2%)  6/6
13/13 5/8 19/23 (82.6%) 6/6

8/13 4/8 13/23 (56.5%) 6/6
12/13 8/8 21/23 (91.3%) 5/6

5/13 6/8 12/23 (52.1%)  4/6

2/13 1/8 423 (174%)  1/6
6/13 2/8 8/23 (29.6%)  4/6
1/13 2/8 423 (174%)  0/6
6/13 5/8 11/23 (47.8%) 1/6

5/13 2/8 8/23 (34.8%)  0/6
8/13 6/8 15/23 (65.2%)  6/6

7/13 0/8 8/23 (34.8%)  6/6

AC anterior commissure, ACC agenesis of the corpus callosum, BG basal ganglia, CC corpus callosum, CST cortico-spinal tract, GMH gray mat-
ter heterotopia, MHB midbrain—hindbrain, PB Probst bundle, Unilat unilateral

*Defined in the coronal reformatted 3D T1-weighted images as a significant reduction in size (hypoplasia or agenesis) of one or both Probst bun-

dles, fornices, or cingulate gyri

The karyotype was performed in all patients, revealing
chromosomal abnormalities in 3/36 (8.3%) cases. In par-
ticular, we found an inherited pericentric chromosome Y
inversion (Y:46, XY, inv(Y)(p11.2q11.23) in patient #13, an
inherited pericentric inversion of the chromosome 5 (46XY
inv(5)(p13.1-q13-1) in patient #14, and partial 14q tetras-
omy in patient #30. Array-CGH tests were performed in 31

out of 36 patients, and were normal in 29/31 cases (93.5%).
In patient #30, they confirmed the partial 14q tetrasomy,
while in the remaining subject (patient #11) they revealed
4q34.3 and 15q11.2 deletions inherited from the healthy
mother.

22 patients were surgically treated (22/36, 61.1%): 7
cases with endoscopic fenestration of the cysts, 10 with
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Table 2 Epilepsy phenotype

. ! N . Patients without Aicardi Patients with Aicardi p value
mApatlcj,nts with and without syndrome 7 = 10° syndrome 7 = 6
Aicardi syndrome
Mean age of onset, months (SD) 34 (55) 1.2 (1.1)
EEG epileptic abnormalities 10/10 6/6 1
EEG hypsarrhythmia 0/10 6/6 < 0.001
EEG background asynchrony 0/10 6/6 < 0.001
Seizure frequency:
> 10/day 0/ 10 1/5 0.375
1-9/day 1/10 5/6 0.007
Monthly 1/10 0/6 1
Occasional 8/10 0/6 0.007
Prevalent seizure type:
Infantile spasms 1/10 6/6 < 0.001
Focal with or without secondary gen- ~ 9/10 0/6 < 0.001
eralization
Status epilepticus 4/10 5/6 0.145
Activation during sleep 5/10 6/6 0.093
CSWS 0/10 0/6 1
AE monotherapy 9/10 0/6 < 0.001
AE polytherapy 1/10 6/6 < 0.001
Drug resistance 1/10 6/6 < 0.001
AE withdrawal 3/10 0/6 0.5

Items in bold indicate statistically significant results

AE antiepileptic drug, CSWS continuous spike waves during slow-wave sleep syndrome
*Patients with type 1c (1/10), 2a (2/10), 2b without Aicardi (4/10), and 2¢ (3/10) cysts

cystoperitoneal shunting, and 5 with both fenestration and
cystoperitoneal shunting.

Clinical-radiological associations

Table 3 summarizes the clinical features according to the
type of cysts. In particular, a quarter of patients with type 1c
cysts were affected by epilepsy, never with infantile spasms
(p =0.034) or requiring polytherapy (p =0.034). All of
these patients had neurological deficits, in particular half
presented with hemiplegia (p =0.042). In one of the sub-
jects with hemiparesis, there was a contralateral cyst associ-
ated with PMG in the motor area. Conversely, in the other
patient, a gliotic cavity in the contralateral basal ganglia
and a hypoplastic internal capsule indicative of a prenatal
ischemic infarct were noted. Most patients had borderline,
mild or moderate cognitive impairment, while none had
normal cognition (p =0.047) or severe cognitive impair-
ment (p=0.042). One-third of patients with type 2a cysts
were affected by epilepsy, but never with infantile spasms or
requiring polytherapy (p =0.034). Half of patients presented
minor neurological deficits, while none had hemi- or tetra-
paresis (p =0.04). The majority (83.3%) had normal cogni-
tion (p=0.047), and none had severe cognitive impairment
(p=0.042). More than half of patients with type 2b cysts
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presented with epilepsy (55.5%). Infantile spasms and AE
polytherapy were associated with this group (p =0.034) due
to the presence of Aicardi patients (p <0.001). Similarly,
tetraparesis was noted only in this group (p =0.049) due to
Aicardi syndrome (p <0.001). Severe cognitive impariment
was more frequent than in other groups (p =0.042), again
due to Aicardi patients (p <0.001). In addition, subjects
with Aicardi syndrome more frequently presented status
epilepticus (p=0.002), AE drug resistance (p <0.001), sleep
problems (p=0.02), and retinal/optic nerve malformations
(<0.001). Finally, more than one-third of patients with type
2c¢ cysts had epilepsy (37.5%), but never experienced infan-
tile spasms or required polytherapy (p =0.034). The majority
of these patients showed minor neurological signs (87.5%)
and none had hemi- or tetraparesis (p =0.04). More than half
of subjects had normal cognition (p =0.047), while none
presented severe cognitive impairment (p =0.042).

Tables 4 and 5 report clinical-radiological correlations
in our cohort based on single brain malformative features.
In particular, regarding the epileptic phenotype, bilateral
PMG was associated with EEG abnormalities, epilepsy,
status epilepticus, infantile spasms, AE polytherapy, and
drug resistance (p < 0.05). PMG involving multiple lobes
was associated with EEG abnormalities, status epilepticus,
infantile spasms, and AE polytherapy (p <0.05). Bilateral
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Fig. 1 Brain MRI and EEG recordings of every cyst type: bipolar
montage, high-frequency filter sets at 70 Hz and time constant sets
at 0.1 s. Vertical marker 100 pV, horizontal marker, 1 s. a Type lc
(EEG at 4 years of age in therapy with VPA e TPR). Wake. Slowing
posterior background activity and nonspecific abnormalities (theta
waves) prevalent in the posterior regions of the right hemisphere. b
Type 2b Aicardi syndrome (EEG at 22 years of age, DR epilepsy, in
the past infantile spasms). Wake. Eyes opened; subcontinuous syn-
chronous and asynchronous spikes and spike waves of medium and

GMH and GMH involving multiple lobes were associated
with epilepsy, status epilepticus, infantile spasms, AE
polytherapy, and drug resistance (p <0.05). Hemispheric
asymmetry and cortico-spinal tract (CST) hypoplasia were
associated with status epilepticus and infantile spasms, and
need of AE polytherapy (p <0.05).

Tetraparesis was associated with bilateral PMG
(p<0.001), PMG involving multiple lobes (p =0.024),
bilateral GMH (p <0.001), and GMH involving multi-
ple lobes (p =0.003). Developmental delay was associ-
ated with bilateral PMG (p =0.016). Cognitive problems
were associated with bilateral GMH (p =0.020) and
GMH involving multiple lobes (p =0.049). In particular,
severe ID was associated with bilateral PMG (p <0.001),
PMG involving multiple lobes (p =0.024), bilateral GMH
(p <0.001), GMH involving multiple lobes (p =0.003),
and CST hypoplasia (p =0.016). Psychiatric problems
were associated with bilateral PMG (p =0.005).

high amplitude predominant on the right frontal regions. ¢ Type 2a
(EEG at 6 years of age). Wake. Eyes opened, despite presence of
muscle artefacts, no clear-cut epileptic abnormalities are evident. d
Type 2b. Craniofrontonasal syndrome (EEG at 12 months of age).
Wake. Asymmetric infantile spasms recorded. e Type 2b (EEG at 12
years of age). Wake. Eyes closed, normal background activity. f Type
2c. Drowsiness. Slowing and epileptic anomalies in the left posterior
regions

Discussion

In this study, we describe the clinical course of ACC with
interhemispheric cysts in a cohort of 36 patients diagnosed
prenatally or soon after birth, and in 185 patients reported
in the literature (Table 6), thus providing relevant informa-
tion regarding outcome and prognosis of this malformative
condition.

Neurological phenotype

Several studies have confirmed that the prognosis of ACC
depends mainly on whether associated brain anomalies
and/or syndromic conditions are present [8]. Similarly, in
our cohort, the most important factor correlating with an
adverse neurological outcome was the diagnosis of Aicardi

@ Springer
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Table 3 Clinical features according to the type of cyst (Barkovich et al. [15] classification)

Type lc(n=4) Type2a(n=6) Type2b(n=18) Type2c(n=8) P 2b_Aicardi (n=6) p
Sex (males) 2/4 (50%) 3/6 (50%) 8/18 (44.4%) 8/8 (100%) 0.059  0/6 (0%) 0.003
Macrocephaly 2/4 (50%) 3/6 (50%) 8/18 (44.4%) 3/8 (37.5%) 0.377  0/6 (0%) 0.370
Microcephaly 0/4 (0%) 0/6 (0%) 4/18 (22.2%) 0/8 (0%) 0.094 5/6 (83.3%) 1
Epilepsy 1/4 (25%) 2/6 (33.3%) 10/18 (55.5%) 3/8 (37.5%) 0.579  6/6 (100%) 0.004
Status epilepticus 0/4 (0%) 1/6 (16.6%) 7/18 (38%) 1/8 (12.5%) 0.254  5/6 (83.3%) 0.002
Infantile spasms 0/4 (0%) 0/6 (0%) 7/18 (38%) 0/8 (0%) 0.034 6/6 (100%) < 0.001
Focal, SG 1/4 (25%) 2/6 (33.3%) 4/18 (22.2%) 3/8 (37.5%) 0.810 1/6 (16.6%) 1
AE treatment 1/4 (25%) 1/6 (16.6%) 10/18 (55.5%) 3/8 (37.5%) 0.413  6/6 (100%) 0.003
Monotherapy 1/4 (25%) 1/6 (16.6%) 4/18 (22.2%) 3/8 (37.5%) 0.452  0/6 (0%) 0.157
Polytherapy 0/4 (0%) 0/6 (0%) 6/18 (33.3%) 0/8 (0%) 0.034 6/6 (100%) < 0.001
Drug resistance 1/4 (25%) 0/6 (0%) 7/18 (38%) 0/8 (0%) 0.075  6/6 (100%) < 0.001
Neurological deficits 4/4 (100%) 3/6 (50%) 12/18 (66.6%) 718 (87.5%) 0.585  6/6 (100%) 0.145
Minor neurological signs  2/4 (50%) 3/6 (50%) 6/18 (33.3%) 7/8 (87.5%) 0.285 0/6 (0%) < 0.001
Hemiparesis 2/4 (50%) 0/6 (0%) 0/18 (0%) 0/8 (0%) 0.042  0/6 (0%) 1
Tetraparesis 0/4 (0%) 0/6 (0%) 6/18 (33.3%) 0/8 (0%) 0.049 6/6 (100%) < 0.001
Developmental delay 3/4 (75%) 3/6 (50%) 14/18 (77.7%) 4/8 (50%) 0411 6/6 (100%) 0.079
Disability outcome score
(0) Normal 0/4 (0%) 5/6 (83.3%) 7/18 (38.8%) 5/8 (62.5%) 0.047 0/6 (0%) 0.020
(1) Borderline 1/4 (25%) 0/6 (0%) 3/18 (16.6%) 1/8 (12.5%) 0.680 0/6 (0%) 0.564
(2) Mild 2/4 (50%) 1/6 (16.6%) 2/18 (11.1%) 2/8 (25%) 0.338  0/6 (0%) 0.317
(3) Moderate 1/4 (25%) 0/6 (0%) 0/18 (0%) 0/8 (0%) 0.066 0/6 (0%) 1
(4) Severe 0/4 (0%) 0/6 (0%) 6/18 (33.3%) 0/8 (0%) 0.042 6/6 (100%) < 0.001
Individualized teaching 2/3 (66.6%) 3/5 (60%) 7/10 (70%) 3/7 (42.8%) 3/3 (100%)
Sleep problems 2/4 (50%) 2/6 (33.3%) 9/18 (50%) 3/8 (37.5%) 0.677  6/6 (100%) 0.020
Psychiatric disorders 2/4 (50%) 2/6 (33.3%) 3/18 (16.6%) 4/8 (50%) 0.145  0/6 (0%) 0.058
Endocrinology problems 1/4 (25%) 1/6 (16.6%) 0/18 (0%) 1/8 (12.5%) 0.214  0/6 (0%) 1
Facial dysmorphisms 3/4 (75%) 3/6 (50%) 13/18 (72.2%) 4/8 (50%) 0.584 5/6 (83.3%) 0.640
Extra-cranial anomalies 3/4 (75%) 2/6 (33.3%) 9/18 (50%) 2/8 (25%) 0.353  2/6 (33.3%) 0.672
Retinal/ON malformations  1/4 (25%) 0/6 (0%) 6/18 (33.3%) 0/8 (0%) 0.129  6/6 (100%) < 0.001

Items in bold indicate statistically significant results

SG secondary generalization, ON optic nerve, AE antiepileptic

syndrome that was always associated with severe cogni-
tive impairment, tetraparesis, and epilepsy. Conversely,
the majority of patients without Aicardi syndrome pre-
sented normal or borderline cognition (73.4%), and only
a quarter of them (26.6%) had mild or moderate cognitive
impairment. Interestingly, several patients with mild or
borderline GDD did not receive the diagnosis of intel-
lectual disability at a later date. In particular, of the eight
patients with mild GDD who were re-assessed after the
age of 5 years, six had a normal cognitive level (2/6 with
specific learning disability), while two had a borderline
cognitive level. Of note, although moderate or severe GDD
is generally related with a poor cognitive outcome, an ini-
tial diagnosis of GDD is not necessarily associated with
objective cognitive impairment in all cases [25]. These
data suggest a potential role of early identification and
appropriate intervention and treatment of GDD in infants

@ Springer

and young children with ACC and interhemispheric cysts
to improve the cognitive prognosis.

Minor neurological signs such as clumsiness were rela-
tively frequent (56%), but only two patients were hemiplegic
(6%). These data confirm prior reports on ACC and inter-
hemispheric cysts [5, 1315, 19-23, 27-41]. Indeed, from
the present literature review, the neurological and cognitive
profile after a median follow-up of 7 years was satisfac-
tory with normal or borderline cognition in 69.1% of cases,
while relevant neurological problems such as hemiplegia
or other focal motor abnormalities were reported in 24% of
subjects. Moreover, despite the high prevalence of macrocra-
nia (70.7%), overt signs of raised intracranial pressure with
headaches, vomiting, and papilledema were rarely reported,
due to the compliance of the infant skull. Of note, the neuro-
logical phenotype of non-syndromic patients with ACC and
interhemispheric cysts might be even milder, since almost
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Table 4 Correlation between clinical, EEG, and single brain malformative features

EEG Epilepsy Status epi-  Infantile Focal w/o AE treat- AE mono-  AE poly- Drug resist-
epileptic lepticus spasms secondary ment therapy therapy ance
abnormali- generaliza-
ties tion
Hemispheric 12/16 (75%) 9/16 (56.3%) 7/16 6/16 4/16 25%) 9/16 4/16 25%) 6/16 6/16 (37.5%)
asymmetry (43.75%) (37.5%) (56.2%) (37.5%)
(n=16)
P 1 0.313 0.049 0.03 1 0.182 1 0.03 0.103
CST 11/13 9/13 (69.2%) 7/13 (53.8%) 6/13 4/13 (30.8%) 9/13 4/13 6/13 7/13 (53.8%)
hypoplasia  (84.6%) (46.2%) (69.2%) (30.8%) (46.2%)
(n=13)
p 0.270 0.058 0.005 0.005 0.693 0.032 1 0.005 0.001
PMG 22/27 14/27 9/27 (33.3%) /27 7/27 (25.9%) 13/27 8/27 7127 7127 (25.9%)
(n=27) (81.5%) (51.9%) (25.9%) (48.1%) (29.6%) (25.9%)
p 0.079 0.245 0.076 0.156 1 0.244 1 0.156 0.648
Bilateral 9/9 (100%)  8/9 (88.9%) 7/9(77.8%) 7/9 (77.8%) 2/9(222%) 8/9 (88.9%) 1/9(11.1%) 7/9(77.8%) 7/9 (77.8%)
(n=9)
p 0.039 0.005 < 0.001 < 0.001 1 0.002 0.392 < 0.001 < 0.001
Single lobe ~ 4/7 (57.1%) 3/7(42.9%) 1/7 (14.3%) 0/7 (0%) 2/7 (28.6%) 2/6/33.3%) 2/7(28.6%) 0/7 (0%) 0/7 (0%)
(n="7)
P 0.370 1 0.652 0.303 1 0.680 1 0.303 0.309
Multiple 18/20 (90%) 11/20 (55%) 8/20 (40%)  7/20 (35%)  5/20 (25%) 11/20 (55%) 6/20 (30%) 7/20 (35%)  7/20 (35%)
lobes
(n=20)
D 0.011 0.191 0.026 0.011 1 0.167 1 0.011 0.053
GMH 18/23 11/23 7/23 (30.4%) 7/23 523 (21.7%) 11/23 5/23 7/23 7/23 (30.4%)
(n=23) (78.3%) (47.8%) (30.4%) (47.8%) (21.7%) (30.4%)
p 0.440 0.731 0.438 0.034 0.693 0.489 0.440 0.034 0.213
Bilateral 8/9 (88.9%) 7/9(77.8%) 6/9 (66.7%) 7/9 (77.8%) 1/9 (11.1%) 7/9 (77.8%) 0/9 (0%) 7/9 (77.8%)  7/9 (77.8%)
(n=9)
)4 0.392 0.049 0.003 < 0.001 0.396 0.022 0.039 < 0.001 < 0.001
Single lobe  5/8 (62.5%) 1/8 (12.5%) 0/8 (0%) 0/8 (0%) 1/8 (12.5%) 1/8 (12.5%) 1/8 (12.5%) 0/8 (0%) 0/8 (0%)
(n=28)
D 0.658 0.053 0.160 0.309 0.648 0.101 0.397 0.309 0.156
Multiple 13/15 10/15 7/15 (46.7%) 1/15 4/15 (26.7%) 10/15 4/15 7/15 7/15 (46.7%)
lobes (86.7%) (66.7%) (46.7%) (66.7%) (26.7%) (46.7%)
(n=15)
p 0.142 0.041 0.019 0.001 1 0.019 1 0.001 0.005

Items in bold indicate statistically significant results

AE antiepileptic, CST corticospinal tract, GMH gray matter heterotopia, PMG polymicrogyria, w/o with or without

half the reported cases (47%) were diagnosed after birth.
Indeed, postnatal studies are likely to be biased by the fact
that the large majority of patients were referred because of
symptoms, including macrocrania, developmental delay, or
seizures.

Seizures were found in 44% of our patients. However,
when Aicardi patients were excluded, this percentage
decreased to 27.7%. Remarkably, we found that cognitive
impairment was significantly related to epilepsy. Similarly,
31.2% of subjects with ACC and interhemispheric cysts
reported in the literature were affected by epilepsy. As
expected and previously reported by other authors [9],

Aicardi subjects had different epileptic and EEG pheno-
types characterized by earlier seizure onset, higher seizure
frequencies, infantile spasms, drug resistance despite AE
polytherapy, and hypsarrhythmia and background asyn-
chrony at EEG. Conversely, patients without Aicardi syn-
drome exhibited a milder epileptic phenotype, character-
ized by occasional focal seizures with sometime secondary
generalization, activated during sleep only in half of cases,
with good response to single AE therapy, and resolving
in 9/10 cases. Status epilepticus was observed in 9/16
(56.2%); of interest, 4/10 non Aicardi epileptic patients

@ Springer
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presented at least one episode of SE, by the way presenting
a final good outcome (only 1/10 patient was DR).

EEG studies revealed mainly multifocal and/or general-
ized epileptiform abnormalities. Aspecific EEG abnormali-
ties such as amplitude asymmetry or slow activities were
reported in half of non-epileptic patients, without differ-
ence between the type of interhemispheric cysts. Of inter-
est, 12/36 (33,3%) of non-epileptic patients showed focal or
multifocal abnormalities on the EEG.

Neuroimaging correlations and classification issues

One important issue when dealing with prognosis of ACC
and interhemispheric cysts regards the lack of systematic
use of classification schemes. Indeed, apart from our study,
only four other studies [19, 23, 42, 43] have used the clas-
sification of Barkovich et al. [15], whereas the majority
did not provide information on the type of cysts and often
lacked detailed descriptions of associated brain malforma-
tions. Interestingly, we found that patients with 2a and 2c
cysts more frequently had normal cognition (respectively,
in 83.3% and 62.5% of cases), while no patients with type
Ic cyst had normal IQ. Severe ID was associated only with
type 2b cysts, due to the presence of Aicardi patients in that
group. Remarkably, after excluding Aicardi patients, all sub-
jects with type 2b cysts had normal IQ, borderline cognition,
or mild ID. Hemiplegia was associated with type 1c cysts,
while tetraparesis was associated with type 2b cysts, again
due to the presence of Aicardi patients. Conversely, there
were no significant differences regarding the prevalence of
minor neurological signs among different cyst types. Like-
wise, we found similar prevalence of developmental delay
(50-75%), sleep problems (33-50%), psychiatric disorders
(16-50%), mild facial dysmorphisms, and extracranial mal-
formations in all cyst types. Finally, there was no significant
relationship between epilepsy and any specific type of cyst.

Interestingly, we noticed a discrepancy between the sever-
ity of neuroimaging features and the neurological pheno-
type in patients with type 2b and 2c cysts. Indeed, despite
the presence of large areas of PMG and subcortical gray
matter heterotopia (GMH) in type 2c cysts, only 37.5% of
subjects developed epilepsy, mostly characterized by focal
seizures with secondary generalization and well controlled
by AE monotherapy, and associated with status epilepticus
in only one case. Moreover, none of these patients were
affected by hemiplegia, but only showed clumsiness and/or
poor eye—hand coordination. In addition, we did not find a
perfect correspondence between type 2b cysts and the diag-
nosis of Aicardi syndrome. Indeed, ten male patients with
neuroradiological findings typical of type 2b cysts presented
a significantly milder clinical phenotype, while two girls did
not fulfill the diagnostic criteria of Aicardi syndrome. These
findings raise important considerations regarding prenatal

@ Springer

counseling, since not all patients with type 2b cysts will have
a poor neurological outcome, especially if they are males.
Furthermore, these data suggest the need of implementing
previous classification schemes with further stratification
of patients according to clinical and genetic data. In par-
ticular, ophthalmological data are fundamental to identify
the typical abnormalities described in Aicardi syndrome,
such as chorioretinal lacunae, eye and optic nerve anomalies,
persistent pupillary membrane, and anterior synechiae [44].

Independently of the type of cyst, we found that spe-
cific neuroimaging features correlated well with the neu-
rological and epilepsy profile. Intriguingly, neurologi-
cal problems or epilepsy was not simply associated with
PMG or GMH, but rather related to bilateral extension of
MCD, involvement of multiple lobes, and other associated
neuroradiological features such as hemispheric asymme-
try and/or CST hypoplasia. Indeed, bilateral PMG and/
or PMG involving more lobes was frequently associated
with developmental delay, severe ID, tetraparesis, epilepsy
(especially infantile spasms and status epilepticus), AE
polytherapy, drug resistance, EEG epileptic abnormali-
ties, psychiatric disorders, and ocular anomalies. Simi-
larly, bilateral GMH and/or GMH involving multiple lobes
were related to severe ID, tetraparesis, epilepsy (especially
infantile spasms and status epilepticus), AE polytherapy,
drug resistance, and ocular anomalies. As a descriptive
observation, we noted that patients with PMG and/or
GMH involving the frontal precentral regions, the insular
regions, and temporal areas more frequently presented a
severe neurologic and epileptic phenotype associated with
ocular anomalies.

Similarly, hemispheric and CST hypoplasia were noted
more frequently in patients with status epilepticus, infantile
spasms, and AE polytherapy. Of note, the combination of all
these neuroimaging features was found almost exclusively
in patients with Aicardi syndrome, and might be useful for
raising the diagnostic suspicion on fetal MRI. Indeed, ocular
anomalies are very rarely identified in utero both with US
and MRI, thus making this malformative condition almost
impossible to diagnose before birth.

When compared with literature data, a higher preva-
lence of MCD was found in our cohort (75%). Indeed, PMG
and/or GMH was described in only 25% of reported cases
[13-15, 19, 20, 22, 30, 33, 38, 39]. This discrepancy is likely
explained by the low resolution of MR studies and CT scans
used in the past. Moreover, MCD may not be evident at
presentation due to the mass effect of large interhemispheric
cysts on the surrounding brain parenchyma, and are more
easily detected after cystic fenestration or shunting, as we
observed in seven cases. These data underlie the need of
accurate neuroimaging evaluation using high spatial resolu-
tion (possibly 3D) MR sequences, both pre- and postnatally,
and after surgery.
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Genetic data and embryological considerations

Besides Aicardi syndrome, only a few syndromes have been
associated with commissural anomalies, intracranial cysts,
and/or MCD. Overall, these syndromes are very rare and
only a minority of patients with ACC and interhemispheric
cysts are affected by a genetic condition (Online Table 2).
In ciliopathies, such as orofaciodigital syndrome type I and
acrocallosal syndrome, recent data established that callosal
anomalies are due to specific patterning defects of the corti-
cal septum boundary leading to altered distribution of guide-
post cells required to guide the callosal axons through the
midline [45, 46]. Conversely, in other disorders character-
ized by ACC and interhemispheric cysts, such as Aicardi and
oculocerebrocutaneous syndromes, the underlying molecular
mechanism remains to be elucidated.

In the present study, most patients presented minor
facial dysmorphisms and/or extracranial anomalies. Apart
from the six patients with Aicardi syndrome, one patient
was diagnosed with craniofrontonasal syndrome due to a
frameshift EFNB1 mutation, and two other cases presented
clinical features consistent with a complex phenotype. Over-
all, karyotype and array-CGH studies were mostly nega-
tive (91.3%) or showed copy number variants (CNVs) of
unknown significance. Craniofrontonasal syndrome (MIM
304,110) is an X-linked disorder due to mutation in ephrin-
B1 gene (EFNBI), characterized paradoxically by a more
severe phenotype in heterozygous females than in hemizy-
gous males. EFNBI encodes a transmembrane ligand for
Eph receptor tyrosine kinases that is crucial for cell adhesion
and axon guidance during CNS development [47]. Heterozy-
gous females have craniofrontonasal dysplasia and possible
extracranial manifestations including midline defects and
skeletal abnormalities, whereas hemizygous males usually
show mild features such as hypertelorism and cleft lip or
palate. Interestingly, while ACC has been described in crani-
ofrontonasal syndrome, interhemispheric cysts have never
been reported before.

While abnormal neuronal migration, axonal guidance,
cell division, and patterning during early CNS development
are common pathomechanism among syndromic cases of
interhemispheric cysts/ACC, the etiology of the non-syndro-
mic cases, that are the majority, remains unknown.

Nowadays, it is still controversial whether the constella-
tion of associated features seen in the ACC-interhemispheric
cyst spectrum are a consequence of a primary meningeal
defect that prevents commissuration and proper develop-
ment of other midline structures or, rather, an epiphenom-
enon of a complex (acquired or genetic) defect during early
development. Indeed, while noncommunicating interhemi-
spheric cysts (often multiloculated) have been considered as
extra-axial cysts due to defects of the arachnoid/neuroepi-
thelial membrane, communicating cysts are thought to be

an expansion of the diencephalic roof plate, with possible
associated anterior commissure defects when falx celebri
development is impaired. Accordingly, the roof of the third
ventricle is displaced inferiorly and superiorly in the non-
communicating and communicating cysts, respectively [48].
However, these embryological speculations are based on a
dated classification that needs to be revisited, integrating
novel neuroradiogical, histopathological, and genetic data.

Limitations

This study has several limits, including the relatively small
number of cases and the retrospective design. Moreover, the
correlation with the 2001 Barkovich classification scheme
was partial since patients with 1a and 1b cysts were not
included. Finally, genetic testing with array-CGH and WES
was not performed in all cases, thus limiting the possibil-
ity of genotype—phenotype correlations. Future prospective
studies on larger cohort of prenatally diagnosed patients
with ACC, interhemispheric cysts, and MCD are awaited to
clarify the natural history and neurological outcome of this
rare malformative condition.

Conclusions

Despite the underlined limitations, the strength of our study
is principally related to the amount of detailed clinical, neu-
roradiological, and electrophysiological information. Moreo-
ver, the long-term follow-up in this population has allowed
us to pinpoint some clinical relevant aspects. In particular,
our findings and data from the literature indicate that, once
Aicardi syndrome and other rare genetic conditions have
been ruled out, ACC with intehemispheric cysts may be
associated with a favorable neurological outcome with bor-
derline or normal cognition and no major neurological signs
in the majority of patients. Despite the presence of EEG
abnormalities, the occurrence of epilepsy in these cases is
low and usually responsive to antiepileptic drugs. A careful
neuroradiologic assessment is pivotal pre- and postnatally
as well as after surgery to detect associated MCD that, when
multilobar and/or bilateral, may influence the neurological
and epileptic phenotype. Finally, current neuroimaging clas-
sification schemes must be implemented, stratifying patients
also according to clinical and genetic data, thus prompting
a multidisciplinary approach to these rare malformations.
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