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ABBREVIATIONS

CHD Congenital heart disease

CPB Cardiopulmonary bypass

SES Socio-economic status

TEC Test of Emotion Comprehension

TGA Transposition of the great

arteries

ToM Theory of mind

TREFE Test of Facial Recognition of

Emotions for Children

AIM Theory of mind impairments are part of the cognitive morbidities associated with

transposition of the great arteries (TGA). We sought to assess core components of social

cognition in school-aged children with TGA.

METHOD Thirty-eight children with neonatal corrected TGA (27 males, 11 females; mean age

7y 3mo, SD 1y 2mo) and a comparison group (n=31; 24 males, 7 females; mean age 7y 4mo,

SD 1y 1mo) participated in this study. All children completed measures of facial expression

recognition, emotion comprehension, and second-order cognitive and affective false-belief

tasks. The association of medical pre-, intra-, and postoperative variables with cognitive

outcomes was explored.

RESULTS After controlling for potential covariates, children with TGA performed significantly

less accurately in the mental category of the emotion comprehension battery (p=0.002) and

on second-order affective false-belief tasks (p<0.05). Preoperative variables including an

associated ventricular septal defect (p=0.02), a younger age at open-heart surgery (p=0.03),

and a prenatal diagnosis of TGA (p=0.02) were significantly associated with better outcomes.

INTERPRETATION School-aged children with TGA display significant impairment on complex

affective mental state understanding even though facial expression recognition was generally

preserved. Preoperative factors may be important determinants for long-term outcomes after

cyanotic congenital heart disease.

[ToM] tasks) as they had significant difficulties on making
correct inferences on the false-beliefs held by others and
on understanding and predicting their behaviour.9,10 Ado-
lescents with TGA also had significantly worse perfor-
mances on a test of complex inner state attribution
(reading the mind in the eyes test) and exhibit more autis-
tic traits than expected in the general population.11 These
findings opened a new window for the study of neurocog-
nitive consequences associated with CHD; however,
important questions remain concerning the extent and
generalization of these difficulties to the broad domain of
social cognition.
Social cognition is a multifaceted concept that includes

elementary processes such as the recognition of facial
expressions of emotion and more complex abilities refer-
ring to the comprehension of mental and affective states.12

In typical development, early improvements on basic facial
emotion recognition are reported in preschool-aged chil-
dren.13 This progress parallels the comprehension of some
affective states, such as the understanding that people may

Term infants born with cyanotic congenital heart disease 
(CHD), including transposition of the great arteries (TGA) 
have been reported to have significant disturbances in cere-
bral oxidative metabolism1 and mild to moderate white 
matter injuries primarily in the form of periventricular leu-
komalacia before and after neonatal open heart surgery.2,3 

Several medical and patient-related risk factors including 
pre-, intra-, and postoperative variables may contribute to 
their neurological status and long-term neurocognitive out-
comes.4 Despite overall normal general intelligence,5 long-
term cognitive impairments as well as a high prevalence of 
attention-deficit-hyperactivity disorder,6 ‘externalizing’ 
problems (e.g. aggressive behaviour), and ‘internalizing’ 
difficulties (i.e. social withdrawal)7 have been reported. 
Recent studies have also demonstrated significant impair-
ments in understanding other people’s inner emotional 
states, suggesting deficits in social cognition.8 Compared 
with children with typical development, children with 
TGA have been reported to display impairments on mental 
state attribution (first- and second-order theory of mind



hold different desires14 or that emotions may have external
causes (e.g. if somebody gets a present for their birthday,
how would they feel?).15 Cognitive mental state attribution
also undergoes significant progress during this period as
children can recognize first-order false-beliefs.16 Further-
more, in middle childhood, at around 7 to 8 years, chil-
dren are able to understand the possibility of hiding
emotions (e.g. showing a happy face but feeling sad
inside),15 and they come to understand second-order false-
beliefs with affective contents (e.g. Paul thinks that Mary
feels) followed by epistemic contents (Paul thinks that
Mary thinks).17,18 Finally, at around 9 to 11 years, they
begin to master mixed emotions (e.g. feeling happy and
sad at the same time) and some aspects of morality
(e.g. feeling guilt after telling lies).15 From a neurofunc-
tional point of view, emotion recognition and comprehen-
sion in typical development involves networks including
the amygdala19 and the prefrontal cortex.20 Furthermore,
concomitant deficits in facial expression recognition and
emotion understanding as well as in affective and cognitive
ToM have been found in 6- to 8-year-old children after
traumatic brain injury21 and in children with attention-
deficit–hyperactivity disorder.22 Despite the growing con-
cern regarding systematic neurocognitive screening and
remediation strategies for children with CHD,23 no data
concerning the extent and nature of social cognition
impairments including emotional processing are available.
The objective of this study was to assess core components

of social cognition including elementary aspects such as
basic facial expression recognition (perceptual identification
and labelling), as well as main milestones of emotion com-
prehension organized hierarchically according to their
developmental path of acquisition (e.g. from desires to
moral feelings comprehension). In addition, as school-aged
children with TGA have been reported to have significant
delays on the litmus test of ToM (cognitive false-belief attri-
bution),9 we sought to investigate if delays would also be
observed for same-structured tests with an affective compo-
nent (second-order false-belief tasks with a positive or a
negative emotional outcome). In typical development, affec-
tive components in second-order false-belief understanding
seem to facilitate children’s performances.17 We sought to
assess if children with TGA would also benefit from this
affective effect. Finally, we investigated potential neonatal
medical risk factors including pre-, intra-, and postoperative
variables associated with emotional and cognitive outcomes.

METHOD
Participants
All eligible children born between 2003 and 2005 at the
French referral centre for complex congenital heart disease
were enrolled in a prospective study of neurocognitive out-
comes after neonatal open-heart surgery for D-transposi-
tion of the great arteries. No magnetic resonance imaging
data were collected. Inclusion criteria included a diagno-
sis of TGA with or without a ventricular septal defect

(VSD) requiring one arterial switch operation under full-
flow cardiopulmonary bypass (CPB) support (mean CPB
duration 132min; SD 22min) with no requirements for
deep hypothermic circulatory arrest (mean age at operation
7d). Exclusion criteria were birthweight less than 2500g,
the presence of genetic syndromes, complex associated car-
diovascular anomalies including aortic arch reconstruction
or extracardiac pathologies as well as additional surgical
procedures. All exclusion criteria information was extracted
from medical records. Among children who met one or
more of these criteria, two were excluded because of the
presence of a 22q11 deletion. Genetic screening was con-
ducted if clinical concerns were reported. Normal cardiac
condition, parent’s consent to participation, and geo-
graphic location (Paris region) were also taken into account
for children’s enrolment in the study. Forty-five eligible
children were initially enrolled and first examined in 2009
(see Calderon et al.10 for further information on this
cohort), of which seven were lost to follow-up for the pres-
ent study. Thirty-eight children with TGA participated in
this study (11 females, 27 males; mean age 7y 3mo, SD 1y
2mo). Medical related variables were examined. These
included time of diagnosis (prenatal vs postnatal), presence
or absence of a ventricular septal defect, birthweight, gesta-
tional age, Apgar score at 5 minutes, preoperative meta-
bolic acidosis (pH<7.2), the need for balloon-atrial
septostomy, age at arterial switch operation, total bypass
time, total cross-clamp time, and total postoperative inten-
sive care unit stay. No significant differences were found
between participants and non-participants for all medical
related variables (p>0.05).
Forty-five comparison children were also initially

enrolled and first examined at a mean age of 5 years, of
whom 14 were lost to follow-up for the present study.
Comparison children were recruited from public kinder-
gartens and elementary schools in the same geographic
area as children with TGA over the same time period. One
or two classes per school were randomly chosen and exclu-
sion criteria were a known developmental or physical
impairment, confirmed or suspected intellectual disability,
and/or mother language other than French. Parents of all
children meeting the inclusion criteria received a letter of
information and a consent form. A ratio of one female to
three males was applied to match TGA sex ratio by means
of simple randomization among females in each classroom.
Eighty per cent of eligible families gave consent for partic-
ipation. Data presented here are from the last evaluation of

What this paper adds
• Children with TGA do not display significant deficits in facial emotion recog-

nition.

• Children with TGA display significant delays on age-expected measures of
emotion comprehension.

• Affective false-belief understanding is also altered for a significant percent-
age of children with TGA.

• Preoperative variables may play a significant role in the development of so-
ciocognitive abilities after TGA.



scenario. A short story is read about the depicted character
(s), whose face was left blank, and children were asked to
attribute an emotion to the character by pointing to the
correct outcome below. Participants’ responses were non-
verbal and closed. No feedback was given. The general
level of emotion comprehension is measured by the num-
ber of correct answers for all components (range 0–9),
which are also grouped into three main categories accord-
ing to their level of complexity. The first category ‘external
emotions’ includes the recognition of facial expressions,
understanding of the causes of emotions, and the impact of
external events on emotions. The second category ‘mental
emotions’ includes the comprehension of desires, affective
first-order false belief and the distinction between out-
wardly shown and inner emotions. The third and more
complex category ‘reflective emotions’ focuses on the com-
prehension of concurrent mixed feelings, strategies for
emotional regulation, and morality. For each category,
scores can range from 0 (all components are failed) to 3
(all components are passed).

False-belief tasks
One first- and three-second-order false-belief tasks were
used. All tasks were mimed using small puppets in a stan-
dardized scenario. The two most common versions of the
standard false-belief task (first- and second-order)29,30 were
proposed to evaluate children’s ability to attribute cogni-
tive mental states to a character. Two second-order affec-
tive false-belief tasks adapted from the standard version
were selected in order to assess the children’s ability to
attribute mental emotional states.17 In these tasks, two
stories involving a positive and a negative affective out-
come for the main character were presented. Children had
to infer the character’s false belief about a second charac-
ter’s emotions (How does Peter think Mary feels now?).
For all tasks, control questions and one test question per
story were asked. Responses were non-verbal for the cogni-
tive false-belief tasks where children pointed to one of the
two possible locations, and forced-choice verbal for the
emotional false-belief tasks where two possible outcomes
were given (e.g. He thinks she feels happy or sad?). Test
responses were coded in a binary fashion for all tasks
(0 for failure, 1 for success). No feedback was given.

Data analyses
Group (children with TGA vs comparison children) differ-
ences were analyzed using Student’s t-test for independent
measures or non-parametric v2 tests for numerical and cat-
egorical variables. Statistical analyses were performed sepa-
rately on scores on the TREFE labelling and matching
tasks, using a mixed analysis of variance (ANOVA) with
group as a between-participants factor, and emotion (hap-
piness vs fear vs anger vs disgust vs sadness vs neutral) as a
within-participant factor. A one-way ANOVA was com-
puted to elicit the effect of group on the number of cate-
gories achieved on the TEC. Analyses of covariance
(ANCOVAs) were then used to determine the possible

our cohort at a mean age of 7 years. A total of 31 compari-
son children were re-evaluated (seven females, 24 males; 
mean age 7y 4mo, SD 1y 1mo). Parents of all comparison 
children included in this study provided information on 
children’s health status, medical antecedents, and demo-
graphic variables. No abnormal data were reported for any 
child in the comparison group. Parental educational level 
and socio-economic status (SES) were recorded for all chil-
dren. The hospital ethics committee approved this study 
and parental consent was obtained for participation.

Neuropsychological assessment
Global Non-verbal IQ was evaluated using the Columbia 
Mental Maturity Scale24 and language was explored with 
the comprehension subtest from the Neuropsychological 
Assessment Battery (NEPSY).25 Facial expression recogni-
tion was assessed with the Test of Facial Recognition of 
Emotions for Children (TREFE).26,27 The Test of Emo-
tion Comprehension (TEC)15,28 was used to assess differ-
ent components of emotion understanding with gradual 
complexity. Affective false-belief was evaluated with a posi-
tive and a negative outcome task.17 Cognitive false-belief 
was evaluated with a standard first- and second-order false-
belief task.29,30 All tests are commonly used in clinical and 
experimental settings with typical and atypical populations 
and have age-standardized scores based on scores of the 
general population reported in the literature. The first 
author (JC), a trained neurodevelopmental psychologist, 
conducted all assessments. Details are presented in Appen-
dix S1 (online supporting information).

Test of Facial Recognition of Emotions for Children
(TREFE)
The TREFE26,27 is composed of 102 faces, 17 per emotional 
expression (happiness, fear, anger, disgust, sadness, neutral-
ity). The tasks began with six training trials where children 
received positive or negative feedback depending on their 
accuracy. No feedback was given during the further trials. 
Assessment order remained fixed across participants and no 
time limit was set. First, during the labelling task, each face 
is presented one by one to the participant, who is asked to 
label the emotion expressed by the face. Then, a verbal 
matching task is proposed to control for correct visuo-per-
ceptive processing of facial emotional expressions. The par-
ticipant is asked to choose the faces that express the three 
emotions enunciated successively by the experimenter. Six 
faces (one per emotion, three targets and three foils) are pre-
sented at a time. For both tasks, accuracy is evaluated by the 
number of correct answers per emotion (/8) and a total score 
of emotion recognition is computed (/48) for the labelling 
task and the verbal matching task separately.

Test of Emotion Comprehension (TEC)
The TEC15,28 is administered by using a picture book with 
cartoon scenarios in the upper section and four possible 
facial emotional expressions among five possible outcomes 
(sad, angry, scared, happy, and neutral) beneath each



confounding effect of language comprehension, age, SES,
and sex on the group effects for both TREFE and TEC
measures. Post-hoc comparisons were conducted using the
Bonferroni test with a p value of <0.05 threshold. Propor-
tions of children who succeeded or failed on the false-
belief tasks were compared between groups using
non-parametric v2 tests. Multiple logistic regression analy-
ses for group differences in false-belief tasks controlled for
language, age, SES, and sex. McNemar v2 tests for paired
groups were used to compare success rates between affec-
tive and non-affective second-order false-belief tasks. Influ-
ences of medical variables including all pre-, intra-, and
postoperative factors were analyzed using multivariate
regression analysis and multiple logistic regression analysis
depending on the nature of the score analyzed (numeric
for the TREFE and TEC, dichotomic for the ToM tasks).
We reported non-standardized effect sizes for mean differ-
ences, 95% confidence intervals (CIs) for all group com-
parisons and standard errors (SE) for linear regression
analyses. Finally, when data were missing, a method of
case-wise deletion was used. Statistical analyses were per-
formed with Statistical software (version 9.1; StatSoft Inc.,
Tulsa, OK, USA).

RESULTS
Demographic characteristics, IQ, and language scores
As shown in Table I, children with TGA did not signifi-
cantly differ from comparisons for SES scores, father’s
educational level, and mother’s educational level. Age was
not significantly different between groups and neither was
sex. Non-verbal IQ levels were within normal ranges for
all children and did not significantly differ between groups.
Raw language comprehension scores were significantly
lower for children with TGA. When converted to normal-
ized scores reported by the NEPSY for 7-year-olds, how-
ever, children with TGA had a mean standard score of 11,
which is considered within the normal range.

Test of facial emotion recognition (TREFE)
Analyses of variance indicated that children with TGA had
a significantly lower total score (mean [SD]) on the

TREFE labelling task (41.5 [2.58]) than comparison chil-
dren (42.8 [2.02]; F1,66=5.35, p=0.02, mean difference
�0.27; 95% CI �2.4 to �0.13). However, when confound-
ing variables (age, SES, sex, and language scores) were
included in an ANCOVA, this difference between the
groups was no longer significant (F1,51=1.80, p=0.18, 95%
CI �0.51 to 0.10). Moreover, there was no significant dif-
ference between groups on the TREFE matching task for
the group with TGA (45.4 [2.75]) and for comparisons
(45.9 [1.98]; F1,66=1.01, p=0.32, mean difference �0.50,
95% CI �1.68 to 0.68).

Results show that accuracy on the recognition of nega-
tive emotions such as sadness and disgust was significantly
worse for both groups at both parts of the TREFE for the
labelling task (F5,330=62.59, p<0.001) and for the matching
task (F5,330=11.02, p<0.001, Tukey HSD p<0.01) indicating
that these two negative emotions were generally more diffi-
cult to identify for all children.

Test of emotion comprehension (TEC)
Results indicate that the general level of emotion compre-
hension as measured by the mean number of components
(0–9) correctly achieved is significantly lower in the group
of children with TGA (6.7 [1.22]) than in the comparison
group (7.4 [0.91]; F1,67=5.4, p=0.02, mean difference
�0.61, 95% CI �1.14 to �0.08). ANCOVA controlling
for age, language scores, SES, and sex showed a significant
effect of language (F1,54=7.79, p=0.008, 95% CI 0.03–0.24)
but no significant effect of age (F1,54=0.80, p=0.37, 95% CI
�0.17 to 0.44), SES (F1,54=0.11, p=0.73, 95% CI �0.33 to
0.23), sex (F1,54=1.05, p=0.30, 95% CI �0.15 to 0.48), and
no differences between the groups (F1,54=2.47, p=0.12,
95% CI �0.57 to 0.06).

Components of the TEC were grouped into three cate-
gories of gradual complexity. Results from the ANOVA
with post-hoc testing (Bonferroni test) indicated that per-
formances of children with TGA (2.4 [0.60]) are signifi-
cantly lower than comparisons’ (2.9 [0.37]) only for the
mental emotions category (F3,65=4.22, p=0.002, mean dif-
ference �0.39, 95% CI �0.63 to �0.14). This difference
persisted in an ANCOVA after controlling for age,

Table I: Demographic characteristics of children with transposition of the great arteries (TGA) and comparison individuals

Variable
Group with TGA
(n=38)

Comparison
group (n=31) pa Mean difference (95% CI)

Age, y:mo 7:3 (1:2) 7:4 (1:1) 0.72 �0.08 (�0.56 to 0.39)
Sex, male/female, n 27/11 24/7 0.54 –
Father’s educational levelb 3.37 (1.56) 3.83 (0.97) 0.20 �0.46 (�1.18 to 0.25)
Mother’s educational levelb 3.38 (1.67) 3.16 (1.50) 0.58 0.21 (�0.56 to 0.99)
SESc 2.15 (0.91) 2.09 (0.97) 0.78 0.06 (�0.39 to 0.51)
Non-verbal IQ 113 (8.4) 116 (9.6) 0.22 �2.73 (�7.21 to 1.73)
Language comprehensiond 21.1 (1.87) 22.8 (2.6) 0.01 �1.71 (�3.13 to �0.28)

Values are mean (SD) apart from sex. aIndependent samples t-tests and v2 tests; bParental educational level was scored according to the
French National Education Diploma classification (0=primary school education, middle education; 1=high school diploma; 2=college under-
graduate; 3=college graduate⁄masters degree; 4=postgraduate⁄doctoral degree) cSES was scored according to the index from the French
National Demographic Statistical Institute. Scores were grouped into four categories: ‘very low socio-economic status (SES)=0’, ‘low
SES=1’, ‘intermediate SES=2’, and ‘high SES=3’; dLanguage was tested using the Neurological Assessment Battery language comprehen-
sion subtest. Raw scores are reported here (range 0–28).



language scores, SES, and sex (F1,54=6.19, p=0.01, 95% CI
�0.34 to �0.03). Results for all three categories are shown
in Figure 1.

False-belief tasks
All children from the comparison group succeeded at the
first-order ToM task compared with (30 children) of the
children with TGA (v2 (1)=7.38, p=0.006; see Fig. 2).
There was no significant difference in success rates
between the groups for the cognitive second-order false-
belief task. The percentage of children succeeding at the

positive affective second-order false-belief task was signifi-
cantly lower in the group with TGA (v2 (1)=4.18, p=0.04,
95% CI 0.02 to 1.0). Similarly, in the negative affective
second-order false-belief task, the percentage of children
with TGA succeeding was significantly lower (v2 (1)=6.29,
p=0.01, 95% CI 0.14 to 1.14).
Logistic regression analyses also revealed a significant

effect of language comprehension score on performances
on the first-order task (v2 (1)=4.13, p=0.04, 95% CI �1.16
to �0.14) and on the negative affective false belief (v2 (1)
=6.59, p=0.01, 95% CI �0.63 to �0.08) tasks. Age, SES,
and sex did not have a significant effect on performances
on any ToM task. Finally, success rates on the positive and
negative affective second-order false-belief tasks were sig-
nificantly higher compared with the higher order cognitive
false-belief task for both groups (respectively McNemar
test (1)=8.59, p=0.003 and McNemar test (1)=9.5,
p=0.002).

Associated medical factors
Multivariate regression analysis including all medical-
related variables indicated that the presence of a VSD
(b=0.48, SE=0.20, p=0.02, R²=0.32) and a younger age at
the arterial switch operation were significantly associated
with better scores at the TREFE labelling task (b=�0.59,
SE=0.25, p=0.03, R²=0.56). Multiple logistic regression
analysis showed that prenatal diagnosis of TGA is signifi-
cantly associated with better performance at the positive
emotion false-belief task (v2 (1)=5.22, p=0.02, 95% CI
�3.83 to �0.29). No other significant associations were
found between cognitive scores and medical factors.
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DISCUSSION
In recent times there has been a growing concern about
social cognition impairments after CHD,23,31 yet no
research to date has investigated the extent of these defi-
cits. The aim of the current study was to assess the recog-
nition of facial expressions and the gradual comprehension
of emotions, as well as the understanding of affective and
cognitive false-belief. When compared with the compari-
son group, children with TGA had significantly lower
scores on the test of facial expression labelling despite nor-
mal identification of the same emotions when the verbal
label was explicitly given. When a series of potential cova-
riates (age, language scores, SES, and sex) was controlled,
however, this difference was no longer significant. In typi-
cal development, the visuo-perceptive recognition of emo-
tion facial expressions precedes the capacity to produce
and correctly retrieve verbal labels for these emotions.13

The current results suggest that facial expression recogni-
tion generally may be preserved after TGA. Moreover,
children with TGA did not exhibit an atypical pattern of
performance according to the type of emotion. As observed
in typical early development,32 negative emotions are less
accurately recognized than positive ones and this also
applies to our cohort with TGA.
Results demonstrated that children with TGA achieved

significantly fewer components in the TEC than compari-
son children. However, when language comprehension
scores, age, SES, and sex were controlled, this group dif-
ference disappeared. Indeed, it has been reported that
language comprehension levels may explain a significant
portion of variance of this test in normal development.33

When children’s performances were compared according
to each category specifically, however, the group with
TGA performed significantly less well than the comparison
group for the ‘mental emotions’ category even after con-
trolling for all covariates mentioned including language
scores. Children with TGA exhibit significantly lower
scores on components such as dealing with desires, affec-
tive first-order false-belief or understanding concealed
emotions, normally acquired at around 6 to 7 years of
age.28 According to the gradual complexity of the TEC,
our cohort displayed normal scores on the most elementary
category taxing external emotions usually achieved at
around 5 years of age.28 This developmental pattern indi-
cates that basic processing of emotion is not impaired and
difficulties apply to age-expected milestones. Thus, their
performances were not significantly lower than those
observed in the comparison group for the ‘reflective emo-
tions’ category, which is expected to be acquired later in
development. This suggests that children with TGA do
not necessarily have an atypical early onset of complex
emotion comprehension as their performances were similar
to comparison children in the reflective category at age 7.
Instead, it could be hypothesized that developmental lags
may become apparent once these abilities have consoli-
dated enough to age-expected levels, even if it is still

unclear how these weakness may evolve in the long term.
Bellinger et al.11 reported that 16-year-olds with TGA are
significantly impaired in ‘reading the mind in the eyes’ test,
suggesting that the processing of complex cognitive or
affective mental states may have long lasting difficulties.
Our data showed that success rates on first-order cognitive
false-belief and second-order affective (positive and nega-
tive) false-belief were significantly lower for children with
TGA and are in accordance with previous findings showing
significant impairments in cognitive first- and second-order
false-belief understanding in 7-year-old children with
TGA.9 Taken together, these results add to the evidence
for a potential generalization of impairments to emotional
and affective components of social cognition. It is worth
noting, however, that success rates on affective second-
order false-belief understanding were significantly higher
than those on a cognitive, yet similarly structured, second-
order false-belief task. This could mean that the emotional
outcome of the task facilitates inner states attribution for
children with TGA, comparable to what is observed in
typical development.17 The success rate of our comparison
children at the cognitive second-order task (29%) was
lower than that reported in a previous study on typical
development (in Parker et al.17 78% at age 7) and lower
than our previous cohort of typical 7-year-olds.9 This
could partially be explained by the inclusion of 6-year-olds
in the current study, who systematically failed at this task.
It is commonly admitted that typical children can pass sec-
ond-order false-belief tests between the ages of 7 years and
9 years.30 It is also important to note that second-order
ToM tasks, especially standard cognitive versions,30 have
been reported to entail high language comprehension and
information processing requirements. Failure at this task
could reflect not only difficulties in ToM conceptual
understanding per se, but also deficits in decoding and
integrating this information as a result of limited linguistic
and/or executive abilities.18 An important step in dissociat-
ing these deficits would be to test children with a linguisti-
cally facilitated version of second-order tasks that have
been reported to elicit better performances in children
with typical development.34

Neural correlates of emotion processing including
decoding facial emotion expressions and emotional ToM
in typical development have been reported to involve corti-
cal and sub-cortical structures including the amygdala,19

the orbitofrontal cortex,20 medial prefrontal cortex, and
the right temporo-parietal junction.35 These studies have
reported an increased neural specialization of these struc-
tures35 and, more importantly, a crucial role of neural con-
nectivity as white matter volumes progressively increase
with age during childhood.36 The functional relationships
between regions underlying higher-order cognitive skills
such as social cognition may require the integrity of associ-
ation white matter tracts, as has been proposed in adult
models.37,38 Term infants with cyanotic CHD requiring
neonatal interventions have been reported to present white



matter anomalies and delays in myelination, similar to
what can be observed in preterm infants.1,2 No study to
date has established an association between neonatal white
matter disturbances and long-term neurocognitive out-
comes in cardiac patients. It is critical to understand the
impact that these early anomalies could have on the devel-
opment of complex cognitive skills known to rely on intact
brain connectivity throughout childhood.
Our data showed that among the pre-, intra-, and post-

operative variables examined, preoperative factors only
(presence of a VSD, younger age at the arterial switch
operation, and a prenatal diagnosis of TGA) were signifi-
cantly associated with better cognitive results on facial
expression recognition and affective false-belief. An associ-
ated VSD plays a crucial role in cyanosis tolerance in the
newborn infant as it allows for mixing of the arterial and
pulmonary circulations and, therefore, improvement of
oxygen saturation before cardiac surgery.39 Younger age at
the arterial switch operation has been associated with a
reduced risk for white matter injury in the form of periven-
tricular leukomalacia in newborns with TGA and overall
preoperative brain injury seems related to severity and
duration of exposure to hypoxaemia in these patients.3

Finally, our results are in accordance with previous data
showing a beneficial impact of prenatal diagnosis on neu-
rocognitive outcomes in preschool-aged children with
TGA.10 Indeed, prenatal diagnosis of cyanotic CHD is
associated with reduced neonatal morbidity including bet-
ter haemodynamic stability and neurological status as it
reduces the odds of prolonged cyanosis before cardiac
surgery.39

Data from this study may suggest concomitant vulnera-
bilities in all core aspects of social cognition including age-
expected emotion-processing abilities. Nevertheless, several
limitations should be considered. As we sought to limit
potential medical confounding variables including multiple
cardiac operations and chronic cyanosis, we focused on
patients who had TGA as they constitute a homogeneous
group with cyanotic CHD and no associated genetic syn-
dromes. Our results cannot be generalized to all children
with CHD as variations in haemodynamic instability and
operative management should be noted. Our study does
not allow for investigation of the neuropathology related
to cognitive dysfunction because no brain imaging was

available for our patients. In addition, as ToM is also
dependent on language development,40 future evaluations
should systematically test this factor not only as a control
variable but also including less demanding ToM tasks in
terms of linguistic abilities. Moreover, observational studies
(contrary to randomized controlled trials) may be subject
to biases, notably participant selection and multiple con-
founding variables. We provided traditional statistical
methods of adjustment for baseline covariates in all our
models. Covariance analyses, however, should be con-
ducted with caution and future studies in this population
should consider the use of propensity score methods for
optimal bias reduction.41

Finally, future studies should determine the association
of social cognition and emotion processing impairments
assessed with neuropsychological testing to more ecological
parental reports of children’s functioning. This is particu-
larly relevant as children with heart disease may display
high levels of behavioural and emotional problems,8,42

indicating that daily life social functioning may be vulnera-
ble in these patients. Recently, a scientific statement from
the American Heart Association23 categorized children
requiring open-heart surgery as at high risk for develop-
mental disorders and recommended formal evaluations for
these children. Social cognition screening should also be
routinely conducted in all patients with CHD at high-risk,
as deficits could affect social and emotional outcomes.
Remediation or preventive interventions based on formal
cognitive training such as ‘thought-bubble ToM training’
including pictures to depict mental states visually43 or
interventions based on reinforcement of executive func-
tions,44,45 may help reduce social cognition deficits after
CHD.
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