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The corpus callosum is the largest connective structure in 
the brain, facilitating transfer of information between the 
hemispheres. The corpus callosum develops prenatally, 
with the major structures in place by 20 weeks of gestation; 
although pruning and myelination of the corpus callosum 
continues postnatally.1 Agenesis of the corpus callosum 
(AgCC) is a congenital brain malformation in which the 
corpus callosum fails to develop, either completely or par-
tially.2 AgCC is one of the more common congenital neu-
rological disorders, occurring in at least one in every 4000 
live births3 and 2% to 3% of individuals with developmental 
disorders.4 The most common cause of AgCC is a genetic 
mutation with up to 45% of individuals having an identi-
fied genetic syndrome.3 AgCC can co-occur with another 
significant neurological abnormality or be the result of a 
viral infection during pregnancy, but for many the reason 
for the disruption in development of the corpus callosum 
remains unknown.

Despite being a relatively common neurological disor-
der, the impact of AgCC on neurocognitive functioning is 
highly variable and difficult to predict from the brain scan 
conducted at diagnosis.5 Whether the corpus callosum is 
completely absent (complete AgCC) or a remnant remains 
(partial AgCC) does not reliably determine outcome.2 When 
AgCC is an isolated finding, that is, without accompanying 
neurological abnormalities, outcomes can be more favour-
able.4,6 However, a recent study with a relatively large and 
representative sample found no relationship between addi-
tional neurological factors (i.e. complex AgCC) and general 
cognitive ability.7 The definition of isolated AgCC can in-
clude the presence of interhemispheric cysts, enlarged ven-
tricles, or hippocampal volume changes:8 all factors that may 
also determine outcome.

Recent work in the field has moved towards characteriz-
ing the neuropsychological profile of AgCC, despite the het-
erogeneity in outcome. Brown et al.3 were interested in the 
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Abstract
Aim: To understand the wide variety of clinical outcomes in children with agenesis 
of the corpus callosum (AgCC) and examine evidence for the proposed neuropsy-
chological syndrome reported in adults with primary AgCC.
Method: PsycINFO, PsycArticles, Medline, Embase, and Web of Science (January 
2007–November 2021) were searched to identify studies reporting on cognitive or 
neuropsychological outcome in children with AgCC aged up to 18 years. Twenty-
three articles investigating the cognitive profile were found; their methodology was 
evaluated against quality criteria.
Results: While there was a high degree of heterogeneity across studies, including the 
methodological quality, there was evidence for some features of the neuropsycho-
logical syndrome in children with AgCC. Vulnerabilities in executive function and 
social cognition were found, with particular difficulties on complex and novel tasks.
Interpretation: Data on the neuropsychological outcomes in children with AgCC 
are limited. Broad assessments are necessary to determine the extent to which core 
features of the neuropsychological syndrome may characterize children with AgCC 
and how additional neuroanatomical features contribute to outcome.

 14698749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.15532 by U
niversity C

ollege L
ondon U

C
L

 L
ibrary Services, W

iley O
nline L

ibrary on [15/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.wileyonlinelibrary.com/journal/dmcn
mailto:﻿
https://orcid.org/0000-0003-0133-8110
http://creativecommons.org/licenses/by/4.0/
mailto:rhonda.booth@ucl.ac.uk


2  |      WRIGHT and BOOTH

impact of the absence of the corpus callosum itself, and there-
fore studied individuals with AgCC with few, if any, other 
structural brain abnormalities and Full-Scale IQ (FSIQ) 
within normal limits. AgCC was considered to be the pri-
mary contributor to cognitive outcome in these individuals 
who were identified as having ‘primary AgCC’. In their syn-
thesis of 25 years of anecdotal reports and research mainly 
with adults, Brown et al. proposed that primary AgCC may 
be understood as a core neuropsychological syndrome char-
acterized by limited interhemispheric transfer of complex 
information, slow processing speed, and restricted ability to 
process novel and complex information. They propose the 
syndrome may be less pronounced in children than adults as 
the corpus callosum in typically developing children is still 
undergoing myelination, reducing the differences between 
children with AgCC and their peers.3 However, contrary to 
this hypothesis, a systematic review conducted by Siffredi 
et al.5 concluded that general intellectual function was lower 
in children than adults with AgCC; they also report wide 
variability and no ‘characteristic profile’ of neuropsycho-
logical outcomes in AgCC. The developmental trajectory of 
individuals with AgCC, as well as the proposed neuropsy-
chological syndrome, therefore requires further study.

Several limitations can be identified in articles that have 
reviewed the neuropsychological profile of individuals with 
AgCC. Studies that report favourable outcomes with chil-
dren with isolated AgCC often base this on IQ alone. There 
is evidence that children with AgCC have multiple cogni-
tive difficulties such as in executive functioning and social 
cognition despite having IQ scores within the typical range.7 
Furthermore, categorizing developmental outcome as ‘nor-
mal’ versus ‘abnormal’ can be limiting.9

A comprehensive review was completed by Paul et al.;2 
however, the review was descriptive, non-systematic, and did 
not provide detail on neuropsychological profiles in AgCC. 
The systematic review conducted by Siffredi et al.5 only in-
cluded published research up to 2011. A recent systematic 
review on neurodevelopmental outcomes by Bernardes da 
Cunha et al.4 only included children with a prenatal diag-
nosis of isolated AgCC, omitting current studies on neu-
ropsychological outcomes that include individuals with a 
postnatal diagnosis.7

In this scoping review, we aim to extend these earlier 
reviews by (1) identifying articles characterizing the neuro-
psychological profile of children with AgCC published from 
January 2007 to November 2021, and (2) map the evidence 
for the proposed neuropsychological syndrome of AgCC in 
a variety of clinical outcomes.3 As the neuropsychological 
syndrome of AgCC is primarily an adult-based model, the 
current review will appraise published research on children 
aged 18 years and below, with either a prenatal or postna-
tal diagnosis of AgCC, to establish whether the syndrome 
is evident across all ages of development and level of gen-
eral functioning. Secondary explorations will be made on 
whether the heterogeneity in the neuropsychological profile 
of AgCC can be explained by (1) the presence of other neuro-
logical abnormalities, (2) if the AgCC is partial or complete, 

and (3) age effects. The overarching aim of this review was 
to provide greater clarity of the neuropsychological profile of 
children with AgCC to help inform the direction of assess-
ment and intervention.

M ETHOD

The scoping review was written in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Extension for Scoping Reviews (PRISMA-ScR) 
criteria10 and the methodology described in the online JBI 
reviewer's manual.11

Search strategy

Five electronic databases (Embase, Medline, PsycINFO, 
PsycArticles, Web of Science) were systematically searched 
using subject headings and keywords selected based on the 
research question and those used by Siffredi et al.5 Two 
searches were made using terms related to AgCC and neu-
ropsychological/cognitive assessment; the searches were 
then combined using the Boolean operator ‘AND’ to re-
trieve relevant articles published between January 2007 and 
November 2021 (see Table S1 for search terms used). No a 
priori protocol was registered, but further information on 
the process can be obtained from the corresponding author 
on request.

Study selection and synthesis

The first author was solely responsible for conducting the re-
view and collecting all data from articles. As the review was 
originally submitted in partial fulfilment of an MSc degree, 
it was a requirement for the review to be entirely the result 
of their own work.

After the removal of duplicates, titles were reviewed re-
moving those where the title indicated the article did not 
relate to AgCC or included only those with an identified 
genetic syndrome. Abstracts of all remaining articles were 
reviewed and studies not meeting the inclusion and exclu-
sion criteria (Table 1) were removed. If there was any uncer-
tainty the full article (including online supplementary data 

What this paper adds

•	 Features of the proposed neuropsychological syn-
drome of primary agenesis of the corpus callo-
sum (AgCC) are evident in children.

•	 Broad assessments of neuropsychological out-
come in AgCC are needed throughout the 
lifespan.
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if available) was reviewed for eligibility. All data relevant to 
inform the scoping review objectives were extracted and 
summarized in Table S2.

Appraisal criteria

The methodological quality of the selected articles was 
appraised using an adapted version of the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) criteria for methods and results.12 
Recommendations relevant to the topic were selected 
along with additional criteria relating to the method used 
to diagnose AgCC (magnetic resonance imaging [MRI] is 
considered criterion standard)5 and reporting comorbidi-
ties (e.g. other neurological conditions, neurodevelopmen-
tal disorders, and mental health concerns). An assessment 
of whether articles considered sources of potential bias in 
recruitment was also included in the appraisal (i.e. only 
including individuals with a prenatal diagnosis or certain 
IQ level). Criteria were rated as being completely covered, 
partly covered, absent, or not applicable because of study 
design or aims. Full details of the quality criteria are pro-
vided in Table S3.

R E SU LTS

The database search identified 16 823 records in 2020 and 
an additional 2298 records when updated in 2021. Similar 
to Siffredi et al.,5 the broad keyword and subject heading 
searches had high sensitivity and after removing 8074 du-
plicates, 11 047 titles were reviewed, from which 173 ab-
stracts were identified for further review. This identified 66 
articles eligible for full-text review from which 23 articles 
met the inclusion and exclusion criteria. The study selection 

process and reason for exclusion at each stage are detailed in 
Figure S1.

Methodological quality

Most studies reported key criteria relating to the setting and 
participants including confirming diagnosis by MRI scan, 
except for Badaruddin et al.13 who confirmed diagnosis 
through parental report and Raile et al.14 where diagnosis 
was based on postnatal imaging using MRI or ultrasound. 
Describing the neuropsychological assessment was less 
comprehensive with only 10 from 23 studies providing full 
details including relevant psychometric properties of the in-
struments used. A significant weakness highlighted in the 
quality review was in the declaration of comorbidities in 
participants with AgCC. All studies covered this criterion 
to some extent; however only Folliot-Le Doussal et al.15 and 
Uccella et al.16 were comprehensive in detailing associated 
neurological and genetic abnormalities, neurodevelopmental 
disorders, and how these were detected. Other studies6,7,17–20 
provided information on the presence of comorbidities, but 
did not detail the method of assessment. Reporting the pres-
ence of neurodevelopmental disorders, such as autism spec-
trum disorder (ASD) and attention-deficit/hyperactivity 
disorder, was limited, with studies not stating if these ad-
ditional conditions were included/excluded in their sample 
and how this was confirmed. This is a particular concern as 
des Portes et al.21 found 40% of their participants with ap-
parently isolated AgCC had attention difficulties while Lau 
et al.22 reported 33% of their participants with isolated AgCC 
met criteria for ASD. Children with ASD and attention-
deficit/hyperactivity disorder have a range of neuropsycho-
logical weaknesses23 and therefore declaring the presence of 
additional diagnoses is important when interpreting find-
ings specific to AgCC.

Most studies sampled a subgroup of children with AgCC 
by only including those diagnosed prenatally, with a mini-
mum ability level, or sufficient clinical need for an MRI scan 
(i.e. because of epilepsy or head injury), all sample selection 
biases which may limit the generalizability of findings.22 
Of the 10 studies that included children with a prenatal di-
agnosis, only three studies referred to this subgroup when 
drawing conclusions from their results.18,24,25 Furthermore, 
of the 10 studies that limited the sample by ability level (e.g. 
by applying a minimum IQ or capacity to engage in neuro-
psychological testing), six considered the potential of this to 
limit generalization.7,13,15,22,26,27

General intellectual function

Seventeen studies assessed general intelligence in their sam-
ple. Of these studies, 13 reported FSIQ, Performance IQ, or 
Verbal IQ scores from the Wechsler intelligence tests28–30 or 
Stanford Binet Intelligence Scales.31 There was a wide range 
in FSIQ scores reported, ranging from ‘extremely low’ (30) 

T A B L E  1   The eligibility (inclusion and exclusion) criteria employed 
for the review.

Inclusion criteria Exclusion criteria

•	 Published between 
January 2007 and 
November 2021

•	 Includes children 
under the age of 
18 years

•	 Participants have a 
diagnosis of AgCC

•	 Reports a 
neuropsychological 
outcome (i.e. 
general cognitive 
ability, social 
cognition/social 
skills, attention, 
memory, or 
executive 
functioning)

•	 Includes children but does not report 
their results separately from adult 
participants

•	 Includes only those with AgCC and 
another neurological condition not 
typically associated with AgCC

•	 Only includes those with a specific 
genetic syndrome (i.e. Aicardi syndrome)

•	 Single-case studies
•	 Only reports non-specific 

neuropsychological outcomes (i.e. 
developmental delay) with no details 
on measure or uses a non-standardized 
measure such as review of clinical notes to 
determine outcome

•	 Conference abstracts and posters

Abbreviation: AgCC, agenesis of the corpus callosum.
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4  |      WRIGHT and BOOTH

to ‘superior’ (126). Six studies reported average FSIQ of their 
sample more than one SD below the normative mean for the 
general population (i.e. FSIQ <85).6,7,14,26,32,33 The remaining 
seven studies reported average FSIQ (or Performance/Verbal 
IQ) within one SD of the normative mean.15,17,19,21,27,34,35 
However, two of these studies17,19 included participants with 
prenatally-diagnosed isolated AgCC with FSIQ above 70, 
thereby restricting their sample IQ range.

In preference to reporting IQ scores, four studies8,16,24,25 
stated the number of children falling within a classifica-
tion (see Table  S2). This classification was determined by 
a combination of general intelligence and developmental 
assessments, with atypical development being defined dif-
ferently across studies. Three further studies reported de-
velopmental quotients (see Table  S2 for details of measure 
used). Mangione et al.18 reported an average developmental 
quotient of 89 in their sample of 22 children with prena-
tally diagnosed isolated AgCC (with four participants later 
identified as complex AgCC). Raile et al.14 reported a mean 
mental developmental index of 87 in young children with 
both complex and isolated AgCC. Yeh et al.20 did not include 
a mean score but reported 45% of participants were in the 
typically developing range on standardized assessments of 
infant development with the majority (70%) having complex 
AgCC.

In summary, the general intellectual abilities of individ-
uals with AgCC were found to vary widely. At a group level, 
mean FSIQ were reported to be within average range (within 
one SD of the normative mean) in seven of the articles re-
viewed. The method of reporting of intellectual function 
varied across studies, with the inclusion criteria applied in 
some studies constraining the true range of IQ/developmen-
tal quotient scores in the AgCC population.

Evidence for the neuropsychological syndrome

Of the 23 studies under review, only 12 considered aspects of 
neuropsychological functioning beyond general intellectual 
ability. No study fully examined the pattern of neuropsy-
chological weaknesses consistent with the proposed neu-
ropsychological syndrome.3 Only Folliot-Le Doussal et al.15 
reported on processing speed, with this found to be in the 
average range in their sample of 15 4- to 14-year-olds with 
prenatally diagnosed isolated AgCC, although scores varied 
widely (mean Processing Speed Index from the Weschler 
Intelligence Scale for Children: 92.5, range 64–106). Nine 
studies investigated executive functioning and/or social 
skills, where impairments could be seen to reflect difficul-
ties processing complex and novel information and these are 
detailed below.

Social skills

When assessing social competence, most studies relied on 
parent or teacher report, with AgCC experiencing greater 

difficulty in this area compared to controls. In the Siffredi 
et al.7,32 and Shi et al.33 studies (with 60%, 63%, and 32% 
of participants having complex AgCC respectively), more 
than half of parents and teachers reported clinical lev-
els of ASD symptoms using the Social Skills Improvement 
System36 which included ratings of communication, coop-
eration, assertion, responsibility, empathy, engagement, and 
self-control. Similarly, Lau et al.22 found a high percentage 
of individuals with isolated AgCC (45% of children aged 
4–11 years, 35% of adolescents aged 12–15 years) scored be-
yond the autism-screening cut-off on the Autism-Spectrum 
Quotient,37,38 a parent-report questionnaire measure of au-
tistic traits including socio-communication skills, imagina-
tion, attention to detail, and attention switching/tolerance of 
change.

Badaruddin et al.13 assessed behavioural difficulties, 
including social competence, using the Child Behaviour 
Checklist39 in their sample of 61 children (2–11 years; 51% 
with potentially complex AgCC). They found 39% of their 
older sample (6–11 years) were rated by parents as having 
a clinically significant level of problem in social interac-
tions. Main difficulties  included initiating and sustaining 
conversation, developing peer relationships, showing social 
and emotional give-and-take, and understanding nonverbal 
communication.

Zhan et al.40 administered the Chinese version of the 
Infant-Toddler Social and Emotional Assessment to as-
sess the socio-emotional development young children with 
AgCC aged 12 to 36 months (70% with isolated AgCC). They 
found a significant proportion of children (43%) were re-
ported as having problems by parents, particularly on the 
Competence domain (30%) which rated prosocial peer rela-
tions, empathy, imitation in play, attention, and compliance.

Labadi et al.17 went beyond parent/teacher report and di-
rectly assessed elements of social cognition. In their sample 
of 18 children with prenatally diagnosed isolated AgCC aged 
6 to 8 years, Labadi et al. found impairments in recognizing 
emotions and understanding theory of mind compared to 
age- and IQ-matched typically developing children. They 
concluded that reduced callosal connectivity may contribute 
to the development of social-cognitive deficits, particularly 
when required to process complex and rapidly presented so-
cial information. This aligns closely to the neuropsycholog-
ical syndrome proposed by Brown et al.3 where core deficits 
in processing novel and complex information quickly may 
negatively impact social and emotional cognition.

Executive functions

Siffredi et al.7 found children with AgCC (aged 8–17 years, 
60% with complex AgCC) scored significantly below what 
would be expected on parental and teacher ratings of everyday 
behaviours indicative of difficulties with executive function 
(Behavioral Rating Inventory of Executive Function).41 Shi 
et al.33 and Siffredi et al.32 further reported that children with 
AgCC (aged 8–17 years, 32% and 63% with complex AgCC 
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respectively) were significantly lower than typically develop-
ing controls on measures of cognitive inhibition, flexibility, 
and processing speed as measured by the Stroop Color–Word 
Interference Test and Trail Making Test from the Delis–Kaplan 
Executive Function System.42 Poor verbal fluency and cogni-
tive switching have also been reported in several studies.7,32,33,40

Moutard et al.19 reported all children with isolated AgCC 
in their sample (followed-up at age 10 years) experienced dif-
ficulties on the Rey–Osterrieth Complex Figure Test, with 
50% demonstrating severe impairment on this measure of 
visuo-construction ability, visual memory, and executive 
planning.43 In sum, the executive difficulties found in flu-
ency, planning, inhibition, flexibility, and processing speed 
may all stem from the core deficits outlined by Brown et al.3

Other cognitive/sensory difficulties

Difficulties on other measures, not necessarily accounted for 
by the proposed syndrome were also identified. Demopoulos 
et al.34 used the Adolescent/Adult Sensory Profile44 reporting 
that 57% of their sample (which included adults) with isolated 
AgCC had atypically high scores indicating challenges with 
sensory processing. Siffredi et al.26 reported that children with 
AgCC (62% with complex AgCC) had poorer attention (switch-
ing and selective) than controls. Furthermore, Siffredi et al.32 
and Shi et al.33 (63% and 32% with complex AgCC respectively) 
reported difficulties with short- and long-term verbal memory 
when compared to typically developing controls. In contrast, 
Siffredi et al.27 (44% complex AgCC) and Moutard et al.19 (all 
isolated AgCC) both reported short-term memory scores fall-
ing within the typically developing range. Moutard et al.19 also 
assessed long-term memory, reporting that delayed recall of a 
list of words was in the typical range for all participants.

Although evidence for the neuropsychological syndrome 
was not explicitly examined, there was indication of diffi-
culties in processing complex and novel information in the 
studies reviewed. This was observed across measures of ex-
ecutive function, attention, social cognition, and visuospa-
tial perception and construction.

Factors impacting neuropsychological outcome

Presence of other neuroanatomical abnormalities

Only three articles systematically explored differences in 
outcome between those with isolated AgCC and those with 
additional neuroanatomical abnormalities of the central 
nervous system (CNS) not considered secondary to AgCC. 
Additional neuroanatomical abnormalities of the CNS (i.e. 
complex AgCC) included hydrocephalus, grey matter heter-
otopia, holoprosencephaly, microcephaly, interhemispheric 
cyst, and gyral abnormalities.

Bayram et al.6 found general intelligence was signifi-
cantly higher in children with isolated AgCC (mean IQ 
82) compared to complex AgCC (mean IQ 60, age range 

6 months–16 years). Siffredi et al.7 reported additional neu-
rological abnormalities were associated with poorer teacher 
ratings on the Strengths and Difficulties Questionnaire45 
and, alongside social risk, poorer math computation scores 
in their sample of school-aged children (8–17 years) diag-
nosed with AgCC. Siffredi et al.26 reported that children 
with isolated AgCC (8–17 years) had better attention scores 
compared to those with other neurological abnormalities. 
Chadie et al.,24 Folliot-Le Doussal et al.,15 Glatter et al.,25 
and Mangione et al.18 (all samples between 2 and 16 years) 
also considered the comparison of complex versus isolated 
AgCC, but only report descriptive data which suggested that 
significant disabilities were more common in those with ad-
ditional neurological abnormalities.

In contrast to these findings, Yeh et al.20 found no sig-
nificant differences in the presence of other neurological 
abnormalities for those with typical compared to delayed de-
velopment (9 months–5 years). Raile et al.14 further reported 
more children with other CNS abnormalities were classified 
as having typical outcomes than those with isolated AgCC 
(8 months–9 years). However, both studies assessed very 
young children; Yeh et al.20 only considered the developmen-
tal quotient in children at an average of 2 years and for Raile 
et al.,14 the mean age for those with other CNS malforma-
tions was 2 years 11 months.

Findings from neuroimaging studies

Diogo et al.8 conducted a qualitative assessment of the 
structural features of fetal MRI scans of those with isolated 
AgCC. Using an anatomical scoring system which consid-
ered factors such as gyration, asymmetry, lamination, and 
ventricular size, Diogo et al. found a significant correlation 
with postnatal neurodevelopmental outcome with those 
with fewer abnormalities having better cognitive, motor, and 
language skills (as assessed between 6 months and 6 years). 
Using the same scoring system, Glatter et al.25 reported that 
a cut-off score was 91% accurate in predicting outcomes 
in young children with AgCC (mean age 3 years 1 month, 
SD = 2.1; 82% with isolated AgCC).

Three recent studies using both structural and functional 
MRI methods examined the impact of neurological connec-
tivity on cognitive outcome. Bartha-Doering et al.46 studied 
the functional organization of the language network in six 
children with AgCC (aged 6–15 years, one child with com-
plex AgCC). Using a linguistic task-based functional MRI 
paradigm, where participants judged whether a definition 
accurately described a given noun, Bartha-Doering et al. 
found reduced interhemispheric and right intrahemispheric 
language network connectivity in children with AgCC as 
compared to controls. Interestingly, they also found better 
language abilities were associated with stronger functional 
connectivity between the left and right temporal areas in 
AgCC but not in controls.

Siffredi et al.,32 using diffusion-weighted imaging 
and resting-state functional MRI, reported increased 
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intrahemispheric and reduced interhemispheric structural 
and functional connectivity was associated with improved 
scores in memory, attention, and executive functioning 
in AgCC (8–17 years, 63% complex AgCC). In contrast 
Shi et al.33 found no association between graph metrics of 
structural connectivity using diffusion-weighted imaging 
and a range of neuropsychological outcomes (8–17 years, 
32% complex AgCC).

Despite some inconsistent findings, emerging evidence 
from structural and functional neuroimaging studies sug-
gests that the presence of anatomical abnormalities, struc-
tural features, and the degree of functional connectivity, can 
impact on neuropsychological outcome in AgCC.

Impact of partial versus complete AgCC

Twelve studies considered if there was a difference in neu-
ropsychological outcomes for partial AgCC versus complete 
AgCC, with five of these studies reporting no statistically 
significant difference between the subgroups.13,19–21,27 Three 
studies provide descriptive data for partial AgCC separately 
to complete AgCC but did not consider if any differences 
were significant.15,24,25

In the four studies that report a difference, poorer 
performance was found in complete compared to par-
tial AgCC. This pattern of performance was reported by 
Siffredi et al.7 on the Word Reading subtest from the Wide 
Range Achievement Test, Fourth Edition47 and parent-
rated Behavioral Rating Inventory of Executive Function 
scores41 in their participants aged 8 to 17 years (60% com-
plex AgCC). Bartha-Doering et al.46 detected impair-
ments only in children with complete AgCC (6–15 years, 
83% isolated AgCC) in specific language domains (verbal 
f luency on the Regensburger Wortf lüssigkeitstest,48 and 
naming on the Wortschatz- und Wortfindungstest).49 
Relatively better outcome for partial AgCC was also re-
ported by Raile et al.:14 all participants with partial AgCC 
(8 months–9 years) were classified as having typical out-
come (as defined by mental developmental index on the 
Bayley Scales of Infant Development, Second Edition50 or 
a FSIQ greater than 85 and neither language nor motor im-
pairment), while only 50% with complete AgCC met this 
classification. Finally, Siffredi et al.26 found children with 
partial AgCC had better attention scores than children 
with complete AgCC (8–17 years; 62% complex AgCC), but 
the difference was not significant.

Overall, comparisons of the neuropsychological profiles 
of complete versus partial AgCC were inconclusive with 
studies either reporting no difference or relatively better out-
come in partial compared to complete AgCC.

Impact of age

Six studies considered the impact of age on neuropsy-
chological outcome in AgCC. Badaruddin et al.13 found 

older children with AgCC (6–11 years) were reported 
to have problems in attention, social function, thought, 
and somatic complaints as rated by parents on the Child 
Behaviour Checklist,39 whereas younger children with 
AgCC (2–5 years) were rated as primarily having sleep 
problems. Siffredi et al.7 reported that older age at testing 
(range 8–17 years, 60% complex AgCC) was associated with 
poorer parent ratings on the Behavioral Rating Inventory 
of Executive Function Behaviour Regulation Index (ability 
to shift cognitive set and modulate emotions and behav-
iour through appropriate inhibitory control) and the overall 
Global Executive Composite.41 In contrast, Lau et al.22 found 
proportionally more children (45%, 4–11 years) than adoles-
cents (35%, 12–15 years) exceeded the autism-screening cut-
off on the Autism-Spectrum Quotient37,38 suggesting that 
autistic traits such as poor social skills, imagination, and 
mind-reading may be more apparent in younger children 
with isolated AgCC.

Evidence for higher general intellectual ability with 
older age was also found in two studies. Uccella et al.16 
reported 31% of children with complex AgCC and mild 
global developmental delay assessed during infancy had 
typical cognitive abilities when reassessed, on average, 
7 years later. Des Portes et al.21 found younger children 
(3–5 years) had significantly lower Performance IQ (but 
not Verbal IQ) compared to older children (7 years), all 
with apparent isolated AgCC. Stable intellectual develop-
ment was also evident, with Raile et al.14 reporting 86% of 
children (8 months–9 years, 61% isolated AgCC) for whom 
long-term data were available did not change outcome cat-
egorization, with one child shifting from moderate to se-
vere delay over 3 years 6 months.

Overall, there was little converging evidence of a system-
atic change in the neuropsychological profile in AgCC with 
age; some studies report more evidence of behavioural and 
executive problems in older cohorts, while some cited im-
provements in social and intellectual functioning.

DISCUSSION

This review identified 23 articles reporting on neuropsycho-
logical outcomes in individuals with AgCC aged 1 month 
to 18 years. General intellectual function was found to vary 
widely in AgCC, with many studies quoting average FSIQ 
scores in the typically developing range in both complex and 
isolated AgCC. This is consistent with recent reviews,4,9 al-
though the inclusion criteria set by several studies, such as a 
minimum IQ level or the ability to engage in neuropsycho-
logical testing, may mask the true reporting of intellectual 
functioning in AgCC.

The opportunity to map the wide variety of clinical out-
comes and review evidence for the proposed neuropsycho-
logical syndrome in children with AgCC was limited by only 
half the studies reviewed going beyond general intellectual 
ability when reporting cognitive outcome. Only one study 
reported on the Processing Speed Index (from the Weschler 
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Intelligence Scale for Children) and no study considered if 
variability in test scores could be explained by slowed sen-
sory and motor reaction times. As processing speed is highly 
vulnerable to disruptions in white matter connectivity, it 
seems pertinent for studies assessing children with AgCC to 
consider whether slow processing speed may impact social 
and cognitive development. This evidence is also needed to 
verify whether cognitive processing speed is a core deficit 
in children with AgCC, irrespective of overall level of func-
tioning and additional neuroanatomical features (i.e. be-
yond those considered to have primary AgCC). There was 
some evidence across the reviewed studies for impairments 
in processing complex and novel information which was 
seen across domains of social cognition, executive function-
ing, and attention. More research is required to determine 
whether difficulties in complex reasoning and problem-
solving are core deficits in children with AgCC, or whether 
underlying deficits in emotion recognition, inferring others' 
mental states, and limited imagination, are more fundamen-
tal (and akin to ASD; Happé et al.).51

Confirmation of the third aspect of the proposed syn-
drome, reduced interhemispheric transfer of sensory-motor 
information, was restricted by test selection (i.e. no stud-
ies reported on bimanual coordination or bilateral visual 
field matching to assess interhemispheric transfer at a be-
havioural level).3 However, recent studies of structural and 
functional MRI have enabled the study of interhemispheric 
and intrahemispheric connectivity and its relationship to 
neuropsychological outcome. Although the findings so far 
have been mixed in terms of whether the strength of func-
tional interhemispheric connectivity reflects stronger or 
poorer cognitive outcome,32,33,46 the methods hold promise 
for future work into the efficacy of interhemispheric and 
intrahemispheric transfer of sensory-motor information in 
AgCC.

Brown et al.3 hypothesized that features of the neuropsy-
chological syndrome would become more pronounced in 
later adolescence and adulthood as greater reliance is placed 
on the functional connectivity of the corpus callosum from 
this age. However, the current review identified several areas 
of weakness in individuals younger than 18 years compared 
to age- and ability-matched peers. While less than a third of 
studies reported on the developmental trajectory in AgCC, 
there was not a clear pattern of findings. Relatively more be-
havioural and executive problems (e.g. inhibitory control, 
ability to modulate emotions) were found in late childhood 
and adolescence compared to early childhood, whereas 
higher ratings of autistic traits and poorer intellectual func-
tioning were found in younger cohorts of AgCC.

Of the studies that compared individuals with partial 
versus complete AgCC, around half found no differences 
in neuropsychological outcome. When a difference was re-
ported, outcome was more favourable for those with par-
tial AgCC. In line with previous findings,4,6 outcomes were 
also generally more favourable for individuals without ac-
companying neurological abnormalities to their AgCC. 
Interestingly, two studies of very young children found no 

evidence of poorer outcomes in those with additional CNS 
abnormalities,14,20 although differences may become ap-
parent with age. There is a clear need for more longitudinal 
follow-up studies in order to map the neurodevelopmental 
trajectories in AgCC and identify neurobiological factors 
that contribute to outcome.

Strengths and limitations

Strengths of this review included the number of databases 
searched for the identification of potentially eligible stud-
ies and the use of broad search terms. Selected search terms 
were more relevant to the core syndrome than secondary 
symptoms however, and specific terms relating to social and 
emotion processing were not included. This omission may 
have limited the final set of articles selected for the scoping 
review.

Further limitations included the rated quality of the ar-
ticles with studies not always disclosing comorbidities in 
their sample or reporting relevant data such as mean scores. 
Differing inclusion criteria and how typical neurodevelop-
mental outcome was defined also limited the ability to make 
direct comparisons across studies.

Most studies under review recruited individuals with 
AgCC diagnosed through routine ultrasound screening. 
This recruitment method overcomes the bias towards only 
including individuals with sufficient clinical need for a scan 
to be requested. However, AgCC is not always detected pre-
natally. Zhan et al.,40 for example, reported that for 8.7% of 
their participants, AgCC was diagnosed postnatally, despite 
having routine prenatal ultrasounds. A representative co-
hort should therefore include both prenatally and postna-
tally diagnosed individuals.

CONCLUSION

Assessing the neuropsychological profile of a child diag-
nosed with AgCC needs to go beyond the global measure 
of intellectual function. Cognitive and psychosocial dif-
ficulties were seen at an earlier age than suggested by the 
model proposed by Brown et al.3 and the profile may also 
change during childhood and the teenage years. Key areas 
to assess and monitor over time include processing speed, 
attention, and processing novel and complex information. 
These core skills are likely to impact the ability to follow so-
cial interactions and perform other cognitive ‘online’ tasks. 
Neuropsychological assessments should include both infor-
mant ratings and cognitive testing in order to obtain a full 
picture of the primary deficits seen in children with AgCC.

Further study into the developmental trajectory of 
AgCC is also needed to clarify the neuropsychological 
syndrome in children. It is encouraging that sample size 
and outcome measures have increased since the review by 
Siffredi et al.5 Advances in neuroimaging methods have 
also enabled the study of structural and functional factors 
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associated with neuropsychological outcome. Appropriate 
educational support for children with AgCC is often hin-
dered by inconsistent understanding of the impact on 
functioning. Although the clinical outcomes for children 
with AgCC are highly variable, the proposed neuropsy-
chological syndrome for adults with primary AgCC is a 
viable starting point to understanding the core deficits 
these children may encounter.
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