ture of the brain, joining the two cerebral hemispheres [1, 2].

of neurogenesis and neuronal migration in which multiple
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Abstract

Introduction. Corpus callosum abnormalities are complex, aetiologically diverse, and clinically heterogeneous conditions.
Counselling parents regarding their causes and associated syndromes, and predicting the neurodevelopmental and seizure
risk prognosis, is challenging.

Material and methods. We describe the clinical characteristics, associated anomalies, and neurodevelopmental outcomes of
children with agenesis of corpus callosum (ACC). Fifty-one neonates with ACC/hypoplasia of the corpus callosum were identified
over a 17-year period, and their medical records were retrospectively reviewed.

Results. Patients were classified into two groups depending on the presence or absence of associated abnormalities. The first
group (17 patients, 33.4%) presented with isolated callosal anomalies. The second group included 34 patients (66.6%) with as-
sociated cerebral and extracerebral anomalies. We achieved an identifiable genetic aetiology in 23.5% of our cohort. Magnetic
resonance imaging was performed in 28 patients (55%), and of these 39.3% had additional brain anomalies. During the study
period, five patients died early in the neonatal period and four were lost to follow up. Of the 42 followed patients, 13 (31%)
showed normal neurodevelopment, 13 (31%) showed mild delay, and 16 (38%) had a severe delay. Fifteen (35.7%) had epilepsy.

Conclusions and clinical implications. We have confirmed that callosal defects are frequently accompanied by brain and so-
matic anomalies. Additional abnormalities were shown to be significantly associated with developmental delay and increased
risk of epilepsy.

We have highlighted essential clinical features that may provide diagnostic clues to physicians and we have given examples of
underlying genetic disorders. We have provided recommendations about extended neuroimaging diagnostics and widespread
genetic testing that may impact upon daily clinical practice. Paediatric neurologists may therefore use our findings to help base
their decisions regarding this matter.

Key words: agenesis of corpus callosum, developmental delay, somatic anomalies, brain malformation, genetic anomalies

(Neurol Neurochir Pol 2023; 57 (3): 269-281)

Introduction genes are involved. Agenesis of the corpus callosum (ACC) can
result from disruption of its formation at numerous develop-

The corpus callosum (CC) is the largest connective struc- mental stages, leading to a total or partial absence of the CC,

Development of the ACC comprises variable mechanisms splenium) is missing. It may also present as hypoplasia of the
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VEd

when one of its components (rostrum, genu, body, isthmus, or

CC (HCC), when the CCis fully formed, but thinner. ACC can
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occur as an isolated condition, or in association with various
brain and extracranial malformations, as well as with a broad
range of genetic disorders [3-8].

ACC can result from antenatal infections, vascular or
toxic factors. Foetal alcohol spectrum disorders (FASD) and
inborn errors of metabolism are also considered as causes of
ACC [6, 8-10]. The reported prevalence of callosal anomalies
ranges between 1.47-2.05 per 10,000 live births to 2.49 per
10,000 births [10-13].

Prenatal diagnosis of ACC s possible on the mid-trimester
ultrasound, when there is a failure in visualisation of CC in
mid-sagittal plan [14-16]. Callosal anomalies can also be de-
tected based on the presence of indirect ultrasound signs, such
as the absence of the cavum septi pellucidi (CSP), colpocephaly
(dilatation of the occipital horns of the lateral ventricles),
increased separation of the hemispheres, abnormally elevated
third ventricle, and lack of pericallosal arteries [15, 17].

The clinical course of ACC varies remarkably widely,
ranging from asymptomatic cases to severe developmental
delays. A lack of CC affects intelligence and behaviour,
leading to motor and intellectual disability, epilepsy, and
social and language deficits [3, 6, 18]. Parental counselling
as to its causes and associated syndromes, and predicting
the prognosis for neurodevelopment and seizures is difficult.
Asymptomatic neonates without an antenatal diagnosis of
ACC can be discharged without a congenital callosal defect
being recognised. Thus, early diagnosis and prediction of
long-term complications can help towards earlier intervention
and better outcomes.

Objective

The clinical and diagnostic features of a group of children
with CC anomalies born in a single tertiary perinatal care cen-
tre were analysed to show the possible diagnostic difficulties
encountered in paediatric practice. Isolated and non-isolated
cases were compared to show the impact of extracallosal ab-
normalities on long-term outcomes. We focused on the key
steps in the diagnosis, assessment, investigation, and man-
agement of neonates and children presenting with ACC. We
wanted to highlight any essential clinical features that could
provide diagnostic clues to physicians.

Materials and methods

This study was conducted at the Department of Neonatology
of the University Clinical Centre in Gdansk associated with
the Medical University of Gdansk, Poland.

We evaluated prenatal findings and postnatal outcomes of
neonates who presented with a congenital anomaly diagnosis
during hospitalisation in our centre from 1 January, 2001 to
31 December, 2017.

Fifty-seven neonates demonstrating CC anomalies were
found during this 17-year study period. Of these, we elim-
inated six infants in whom the CC was missing due to the

presence of severe destructive central nervous system (CNS)
lesions (two cases of holoprosencephaly, two neonates with
bilateral schizencephaly, one with schizencephaly and hemi-
sphere atrophy, and one with hemisphere atrophy coexisting
with hypoplasia of the CC after intracranial haemorrhage
following prematurity).

This left a total of 51 cases with callosal anomalies included
in the study. Of these, 43 (84.3%) underwent postnatal head
ultrasound following prenatal suspicion of congenital defects,
including callosal anomalies and other brain or organ defects.
The remaining eight (15.7%) cases underwent ultrasound due
to prematurity (one case), intrauterine growth restriction (one
case), the presence of dysmorphic features (four cases), being
aneonate of a diabetic mother (one case), and coexisting pre-
maturity, dysmorphic features and other anomalies, namely
congenital heart defect and cleft lip and palate (one case).

Children with anomalies of the CC were initially identified
during their stay in the Neonatal Department. The following
data was assessed: gestational age (GA) at birth, birth weight
(BW), gender, prenatal and postnatal diagnoses, brain mag-
netic resonance imaging (MRI) if carried out, genetic test
results (if available), and the presence of additional cerebral
and extracerebral malformations. Mothers were asked to
complete a questionnaire regarding pregnancy course, parity,
comorbidities and place of residence. Prenatal diagnoses were
also taken into consideration. After assigning an identifica-
tion number and anonymisation, data was transferred to the
hospital database. Written informed consent was obtained
from parents or authorised representatives of all the subjects
included in this study. Informed consent to collect subsequent
patient observations and patient information to be published
was also provided. Clinical records of the selected patients
were retrospectively reviewed for additional examinations
(e.g. brain neuroimaging, genetic tests), developmental course,
and neurological status by researching the hospital database.

Patients showing callosal anomalies were classified into
two groups depending on the presence or absence of accom-
panying anomalies.

Group 1
Isolated callosal anomalies; no other malformations
identified. Patients with an interhemispheric cyst, a lipoma,
or colpocephaly were included in this group, as we considered
these findings to be a part of callosal anomalies [1,2,7,11, 12].

Group 2

Callosal anomalies associated with both CNS and other
organ anomalies, including genetic disorders.

The main characteristics and developmental outcomes of
each group were compared.

The extent of the defects in each baby was defined based
on head ultrasound; MRI was performed in 28 patients (55%
of the 51 studied). In cases of neonatal death, post mortem
reports were available. Callosal defects were classified as
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either agenesis of the CC, complete — ACC, or agenesis of the
ACC, partial — pACC, or HCC, according to the description
provided by the radiologist or pathologist. The assessment of
neurological development was conducted by paediatricians or
paediatric neurologists during hospitalisations or follow-up
visits. The patient’s age at the time of the last examination was
taken into consideration. We relied on clinical descriptions
of neurological conditions from children’s medical records,
as this was a retrospective study. The phrase “children with
motor delay” is a description of patients who were not diag-
nosed with an intellectual disability, but who did show delayed
motor milestones. Intellectual disability, social problems, and
speech delay were defined by hospital psychologists without
providing the type of tools used for the diagnosis.

Statistical analysis

Data was analyzed using Statistica 13.3 software (TIBCO,
Palo Alto, CA, USA). Descriptive statistics were calculated sep-
arately for groups of patients with callosal defects. Analysis of
variance (ANOVA) and Chi-square test were used to compare
data between groups of children with ACC depending on the
ACC pattern. Contrast analysis and Fisher’s LSD test were used
to evaluate the differences between these groups. A P-value <
< 0.05 was considered statistically significant.

Ethical approval
This study is consistent with the Helsinki Declaration,
and was approved by the Independent Bioethics Committee
for Scientific Research at the Medical University of Gdansk,
Poland, approval number NKBBN/65/2014.

Results

Over the study period, 36,145 neonates were born at
our centre. Congenital malformations were identified in
1,163 (3.2%) infants. CNS anomalies were found in 217 cases
(18.7% of all inborn defects and 0.6% of the general popula-
tion). Of them, 51 infants had ACC/HCC diagnosed, resulting
in a prevalence of 14.1 per 10,000 births.

In patients with ACC, the mean GA at birth was 37.1 weeks
(range 24-41) and the mean BW was 2,891.4 g (range 600-
-4,730). Newborns with an isolated ACC/HCC had a signifi-
cantly higher BW (3,433.8 g) than those presenting with addi-
tional somatic and CNS defects (2,614.0 g, p = 0.027). Similarly,
they had a significantly higher GA at birth (38.6 weeks), than
the remaining patients (36.3 weeks, p = 0.018). There were
30 (58.8%) males and 21 (41.2%) females. Twenty-eight (55%)
neonates had complete ACC, 14 (27.4%) had pACC, and nine
(17.6%) had HCC.

A prenatal diagnosis was made in 11 (21.5%) foetus-
es. Mean GA at diagnosis was 25 weeks (range 21-30).
Finding one of the indirect signs of failed commissuration
was strongly associated with a prenatal diagnosis of ACC
(Table 1). Ventriculomegaly (VM) was found in five (45.5%) of

Table 1. Correlation between presence of indirect symptoms and prenatal
diagnosis of agenesis of corpus callosum

Prenatal diagnosis
of colpocephaly

Prenatal diagnosis of ACC

Not Diagnosed  Row
diagnosed (%) (%)
(%)
Not diagnosed 38(95.0) 5(45.5) 43
Diagnosed 2(5.0) 6 (54.5) 8
Totals 40 (100.0) 1" 51
p = 0.00059
Prenatal finding Prenatal diagnosis of ACC
of interhemispheric Not Diagnosed  Row
: cyst or.W|den_|ng of diagnosed (%) )
interhemispheric fissure )
Not diagnosed 39(97.5) 8(72.7) 47
Diagnosed 1(2.5) 3(27.3) 4
Totals 40 (100) 11 (100) 51
p=0.028
Non-visualisation of Prenatal diagnosis of ACC
cavum septi pellucidi Not Diagnosed  Row
diagnosed (%) (%)
(%)
Not diagnosed 40 (100) 7 (63.6) 47
Diagnosed 0 4(36.4) 4
Totals 40 (100) 11 (100) 51
p=0.00132

ACC — agenesis of corpus callosum

11 foetuses with a correct diagnosis of ACC and in 33 (82.5%)
of 40 cases without antenatal diagnosis (p = 0.102). There
were 40 (78.5%) cases in which CC anomalies were not sus-
pected during pregnancy despite other abnormalities being
diagnosed. In this group, the most common abnormality was
hydrocephalus in 17 foetuses, VM in seven, Dandy Walker
Syndrome in four, cardiac defects in three (Hypoplastic Left
Heart Syndrome, Ebstein anomaly, dextrocardia), chromo-
somal aberration in one, and arm and leg deformations in
two foetuses.

In total, 29 (57%) neonates were born by caesarean deliv-
ery (CD) and 22 (43%) by vaginal delivery (VD). Newborns
with a prenatal diagnosis of CNS anomalies were more likely
to be born by CD, either planned or emergency (p = 0.060).
Prenatal diagnosis of ACC did not affect the plan of delivery
(Tab. 2).

There was no difference in the level of care received by
neonates born by CD and VD (p = 0.466). Six (20.7%) neonates
born by CD and five (22.7%) born by VD received normal
neonatal care, and 18 (62.0%) born by CD and 13 (59.1%) by
VD required special care in the Neonatal Intermediate Care
Unit. Five (13.7%) born by CD and two (9.1%) born by VD
required admission to the Neonatal Intensive Care Unit, and
two (9.1%) born by VD received palliative care.
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Table 2. Impact of prenatal diagnosis on mode of delivery

Mode of delivery

Elective CD
n (%)
Prenatally diagnosed ACC 4(36.5)
Prenatally diagnosed CNS anomalies 14 (52.0)
Prenatally diagnosed other organ anomalies 1(20.0)
Cases without prenatal diagnosis 1(12.5)
20(39.2)

Emergency CD
2(18.0) 5 (45.5) 11(100) 0.525
4(15.0) 9(33.0 27(100) 0.060
2 (40.0) 2(40.0) 5(100) 0.817
1(12.5) 6 (75.0%) 8(100) 0.042
9(17.8) 22 (43.0) 51(100)

ACC — agenesis of corpus callosum; CD — caesarean delivery; CNS — central nervous system; VD — vaginal delivery

Patients were classified into two groups on the basis of
accompanying anomalies. Group 1 included 17 (33.4%) pa-
tients who presented with isolated callosal anomalies. In one
child, a congenital cytomegalovirus infection was diagnosed
postnatally; this baby died at the age of one year. Three cases
were lost to follow-up. The characteristics of this group are
set out in Table 3.

Group 2 comprised 34 (66.6%) patients who presented
with CC anomalies associated with extracallosal CNS anom-
alies and/or other organ anomalies or genetic syndromes.
The characteristics of this group are set out in Tables 4-6. The
most frequent extracallosal brain anomalies were agenesis
of the septum pellucidum (9/51; 17.6%) and hydrocephalus
(8/51; 15.6%).

Of the 28 (55%) patients who underwent MRI, 11 (39.3%)
had additional brain abnormalities, including cortical mal-
formations (seven cases), and septo-optic dysplasia, Chiari
syndrome, lack of other cerebral commissures, and stenosis
of aqueduct of Sylvius (one case each, see Tab. 4-6).

Genetic testing was conducted in 43% (22/51) of cases, in-
cluding karyotype analysis, fluorescence in situ hybridisation,
and array comparative genomic hybridisation (aCGH). Two of
our patients were screened for FRAS1 and EPG5 mutations.
An underlying diagnosis was found in 12 of the 51 patients
(23.5%). Chromosomal disorders were confirmed in seven
patients (13.7%), with one case each of mosaic trisomy chro-
mosome 8, sex chromosome aneuploidy (47, XYY), trisomy 13/
/trisomy 18 mosaicism, 22q11.2 deletion syndrome, 5p de-
letion syndrome, and Vici syndrome. The last of these new-
borns had a disorder of sex development, in which the female
phenotype did not correspond to the genetic sex (46, XY). In
five (9.8%) cases, the genetic analysis did not reveal any abnor-
malities, although specific dysmorphic features were present.
The following genetic syndromes were recognised: Fraser
syndrome (one case), Smith-Lemli-Opitz syndrome (one case),
Rubinstein-Taybi syndrome (one case), and Apert syndrome
(two cases). The main features of these patients are set out in
Table 6. In eight (15.6%) patients demonstrating unspecific
dysmorphic features, the genetic basis remained unknown.

Neurodevelopmental outcomes were available for
42 (82.3%) of our patients. Four children were lost to fol-
low-up, and five died early in the neonatal period. The mean

age at the last neurological assessment was 4.7 years (range
4 months to 18 years).

Development at the last follow-up was normal in 31%
(13/42) of patients. Of these, nine were in the isolated ACC
group, while four were in the other group (p = 0.001, Tab. 7).

Of 14 patients who presented with isolated ACC, five had
transient hypotonia, two had speech delay in early childhood,
one had learning difficulties at school age, one demonstrated
cognitive and social problems, and one developed epilepsy
(see Tab. 3).

All of the 12 infants with chromosomal disorders or
known genetic syndromes had mild to severe developmental
delay (see Tab. 6).

Epilepsy occurred in 35.7% (15/42) of children. The risk
of seizures was almost 13-fold higher for babies with addi-
tional abnormalities (OR = 12.99; 95% confidence interval
(CI): 1.49-111.11), compared to cases with isolated callosal
defects. Of 28 patients with callosal defects accompanied by
other abnormalities, 14 (50%) developed epilepsy, while in the
14 patients with isolated callosal anomalies, only one (7.1%)
had epilepsy (p = 0.008).

In a total of 51 ACC cases, nine deaths occurred (15.6%).
The presence of extracallosal anomalies significantly affected
mortality. Infants with ACC/HCC accompanied by additional
defects were 10 times more likely to die compared to those
with an isolated ACC/HCC (OR = 10.70; 95% CI: 1.20-95.23).

Discussion

The detection of callosal anomalies in infants always raises
concerns among parents and healthcare professionals. The
diagnosis of ACC is possible antenatally, which could allow
for medical care for the mother and her child to be optimised
after birth [10, 15, 19]. Postnatal detection of ACC may be
limited, as ACC can be asymptomatic, especially if not asso-
ciated with other anomalies. Head ultrasound in neonates is
usually undertaken following prenatal suspicion of congenital
anomalies, or as a neuroimaging investigation in newborns
who have neurological abnormalities or risk factors for in-
tracranial lesions [20].

The current study confirmed a relatively high frequency
of clinical indications for brain imaging in the context of
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Table 7. Neurodevelopmental outcomes in all patients with corpus callosum anomalies: isolated callosal anomalies versus callosal anomalies associated with

other abnormalities

Group
Normal
Isolated ACC 9 (64.3%)
ACC + other brain defects + other organ defects 4(14.3%)
Sum 13 (31%)

p=0.001

ACC — agenesis of corpus callosum

postdelivery ACC diagnosis. In more than three-quarters
of patients from our series, a neonatal head ultrasound and
a subsequent diagnosis of ACC resulted from a prenatal sus-
picion of CNS defects [1].

Neonatal head ultrasound is usually the first step in the
diagnosis of ACC; however, it has some limitations; it does not
provide enough information to determine whether the lesion
is isolated or not. Including MRI in the diagnostic pathway
helps to confirm the diagnosis and to identify associated
brain anomalies, especially cortical malformations previously
undiagnosed during the prenatal and postnatal ultrasound
[10, 21, 22].

Some clinicians value the reliability and reproducibility
of a neonatal ultrasound in an accurate diagnosis of callosal
anomalies, and this can lead them to abstain from performing
MRI. MRI s typically undertaken in the context of evaluation
for either developmental delay or epilepsy, and is not con-
sidered to be a standard procedure for a detailed diagnosis
of callosal abnormalities. We noticed a similar trend in our
study. MRI was performed most often in the group of patients
presenting with additional defects and displaying neurological
symptoms. In those cases in which an MRI was carried out,
previously undiagnosed brain defects were revealed.

Like most previous series, we confirmed that callosal de-
fects are frequently accompanied by a large number of brain
and somatic anomalies [11, 13, 21, 23]. Isolated cases com-
prised only one-third of our cohort, while the remaining cases
were accompanied by other defects. Most of these associated
defects were found after birth, as has been shown in previous
studies [24, 25]. Malformations of cortical development and
heterotopia have been identified as the most common con-
comitant brain abnormalities, and their presence dramatically
alters the prognosis [11, 13, 21, 22, 24, 25].

Chromosomal aberrations or gene mutations have been
reported as common underlying factors of ACC. However,
due to the presence of unknown causative genes and techni-
cal problems, approximately half of all ACC cases cannot be
identified [3-5, 8, 13].

Although trisomy 18 and trisomy 13 have been previously
shown as the genetic basis of ACC, the rare reported cases of
their mosaicism did not include callosal defects [26].

To the best of our knowledge, this is the first study
to describe a patient presenting with trisomy 13/trisomy

Development Sum
Mild delay Severe delay
4 (28.6%) 1(7.1%) 14 (100%)
9(32.1%) 15 (53.6%) 28 (100%)
13 (31%) 16 (38%) 42 (100%)

18 mosaicism accompanied by pACC. Other chromosomal
disorders may impact upon CC morphogenesis [27-29]. Our
study found DiGeorge and 5p deletion syndromes as an under-
lying aetiology of ACC. ACC accompanied by these syndromes
has been previously presented in case reports [30, 31].

The challenge of identifying the underlying disorder of pa-
tients with ACC is significant. Patients should be offered pae-
diatric genetic testing following a diagnosis of ACC. Genetic
investigation usually starts with karyotyping. Molecular
diagnostics with aCGH may be a valuable method, allowing
re-investigation of cases in which conventional cytogenetic
techniques reached no conclusion. Although the implemen-
tation and availability of molecular gene analysis is increasing,
it is still not performed as a routine diagnostic protocol. It is
more often undertaken in children with developmental delay,
epilepsy or multiorgan manifestations, than in patients with
normal or slightly delayed neurodevelopment. We observed
a similar trend in our survey.

There are numerous conditions in which ACC may be
afeature, as in Vici or Fraser syndromes. All previously report-
ed cases of Vici syndrome featured ACC. In our patient suffer-
ing from this condition, ACC was also found. Vici syndrome is
caused by mutations in the EPG5 (ectopic P granules protein 5)
gene, while Fraser syndrome is caused by mutations in the
FRASI and FREM2 gens. Fraser syndrome is rare, without
clear genotype-phenotype correlations, and FRASI gene has
many exons, which impedes the investigation of mutations in
affected patients. For Vici syndrome, almost 40 EPG mutations
have been already detected, making it difficult to identify the
mutation in some patients [9, 32, 33]. Two of our patients were
screened for FRASI and EPG5 mutations. Unfortunately, in
a patient who met the clinical diagnostic criteria for Fraser
syndrome, genetic testing did not prove this diagnosis. Patients
with Fraser syndrome described so far have presented with
several brain abnormalities, but, callosal anomalies have not
been among those reported [32].

The differential diagnosis of ACC is wide. Subsets of
callosal anomalies, dysmorphic features, other anatomical
malformations and neurological impairment can be encoun-
tered in different syndromes, which can result in difficulties
in choosing the relevant molecular screening test.

Apert, Aicardi, Smith-Lemli-Opitz, and Rubinstein-Taybi
syndromes are among the known genetic syndromes that
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could manifest with ACC [3, 8, 10]. Our results are in line
with these findings, although we did not include any patients
with Aicardi syndrome.

Defects of the CC, neurodevelopmental delay, epilepsy, and
dysmorphism are frequently reported in patients presenting
with various types of dystonia and other hereditary movement
disorders with childhood onset. Results of the latest gene anal-
yses have revealed varied molecular bases of these disorders
(34, 35].In neurodegenerative diseases with onset in the 4"
and 5" decades of life, in which brain macrophages known as
microglia play an important role in their formation, defects
of the CC may also be present. Microglia proliferation and
development requires the activation of a Colony Stimulating
Factor 1 Receptor (CSF1R), the gene previously associated
with adult-onset leukoencephalopathy with axonal spheroids
and pigmented glia (ALSP). However, the role played by brain
microglia in nervous system development has been recently
noted. Individuals with homozygous CSFIR mutations who
presented paediatric phenotypes distinct from ALSP have been
described. This mutation has been found in infants with ACC
and in adolescents with severe developmental regression, epi-
lepsy and leukodystrophy [36, 37]. It has also been described
in paediatric patients as BANDDOS, a syndrome consisting of
brain abnormalities including ACC, neurodegeneration and
dysosteosclerosis [34, 35].

A CSFIR mutation was identified in a Polish patient
with a diagnosis of ALSP accompanied by thin CC [38]. The
clinical features of CSF1R-related leukoencephalopathy oc-
cupy a broad spectrum, encompassing seizures, movement
disorders and psychiatric features, seen also in individuals
with ACC [39].

Therefore, in patients with callosal abnormalities, genetic
testing should also include this gene mutation.

The clinical course in children with callosal anomalies
is unpredictable and varies from asymptomatic cases to
a wide range of neurodevelopmental impairments [21-23].
Establishing the prognosis for further neurodevelopment of
affected individuals remains difficult, as these infants may
not show symptoms during the neonatal period, especially if
they have no other associated malformations. Poor outcomes
have often been reported when ACC has been associated
with extracallosal anomalies, while patients without other
associated malformations or chromosomal abnormalities
have been shown to be more likely to obtain better neurolog-
ical outcomes [6, 19, 25, 40-42]. Our results are consistent
with these findings. The majority of children with normal
development in our study were patients with isolated ACC.
However, even in isolated cases, the prognosis remains un-
clear, and the neurodevelopmental outcome can range from
normal development in 75% of patients, to differing levels
of intellectual disability. Some clinical features may become
more apparent during infancy and childhood, including sei-
zures, abnormal muscle tone, poor coordination, cognitive
impairment, and language developmental delay [24, 40, 41].

Similarly to previous works, a third of our isolated ACC cases
showed (mostly mild) developmental disabilities. Hypotonia
and slight motor delay occurred in the first six months of life,
while cognitive disabilities manifested at school age.

The presence of extracallosal CNS and extra-CNS malfor-
mation, together with the detection of a genetic aetiology, have
been linked to abnormal developmental outcomes [3, 6, 19].

Our study confirmed these findings: delayed neurodevel-
opment and intellectual disability were evident in all patients
displaying chromosomal disorders and known genetic syn-
dromes. Unfavourable neurological findings were also seen
in the majority of children with additional serious CNS and
non-CNS abnormalities.

Like most earlier studies, the present paper confirms that
the coexistence of other defects significantly increases the risk
of epilepsy [42].

Limitations of study

Firstly, as this was a retrospective study, some data may
be missing or not fully reported (e.g. genetic testing reported
for 43%, MRI imaging available for 55% of patients). MRI
data was reported mostly in patients with poor neurological
outcomes. It remains unknown how many patients with
normal intelligence, mild behavioural problems, or assessed
as having isolated ACC, actually had additional brain abnor-
malities. Secondly, intellectual disability, social problems, and
speech delay were defined by hospital psychologists without
providing the type of tools used for the diagnosis. Moreover,
the assessment of neurological impairments relied on our
review of medical records. However, our diverse cohort was
a strength of this study; based on our hospital database, we
obtained a diverse sample of ACC cases which were not limited
to patients with neurodevelopmental delays. With respect to
developmental outcomes, the results in our cohort may reflect
those to be expected for the overall population of children
with callosal defects.

Conclusions

Callosal defects are frequently accompanied by a large
number of brain and somatic anomalies. Therefore, both chil-
dren with additional malformations, and those with apparently
isolated callosal anomalies, should undergo a detailed brain
and cardiac examination. Thorough neuroimaging should
also be carefully planned at a later date to confirm partial or
complete agenesis and other accompanying abnormalities.

Since several chromosomal aberrations may be an under-
lying cause of callosal anomalies, genetic testing should be
offered to all ACC patients. Patients presenting with ACC may
exhibit different degrees of neurodevelopmental impairment.
The coexistence of extracallosal abnormalities significantly
worsens the neurological prognosis and increases the risk of
epilepsy. Individuals with isolated ACC show better neurode-
velopmental outcomes.
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