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Review Article

Are children with congenital cardiac malformations at
increased risk of deficits in social cognition?

David C. Bellinger

Children’s Hospital Boston, Harvard Medical School, Harvard School of Public Health, Boston, Massachusetts,
United States of America

Abstract In this review, I summarize observations suggesting that social cognition deficits are an important
element of the neurodevelopmental morbidities of children with congenital cardiac malformations. Referred to
as “theory of mind” deficits, they pertain to the ability to “read” other people, that is, to infer their internal
states and thus to interpret their actions appropriately. I also hypothesize that children with such congenital
cardiac malformations have difficulty identifying and describing their own internal states, which is referred to
as alexithymia. These hypotheses are based on data collected as part of a prospective study of the neurologic
outcomes of children with concordant atrioventricular and discordant ventriculo-arterial connections, or
transposition. On a variety of tasks that assess pragmatic language and discourse skills, such as elicited
personal narratives, free play with a parent, and written narratives, the children consistently performed below
age-expected levels and in ways that suggested the presence of “theory of mind” deficits. Their narratives
lacked coherence, failed to include critical information required by a listener, and made infrequent reference to
internal states. In ongoing evaluations of the children as adolescents, we are testing these hypotheses more
systematically by administering several instruments specifically developed to assess “theory of mind” and
alexithymia.
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HILDREN WITH CONGENITALLY = MALFORMED the prevalence of deficits in this domain being

hearts are at increased risk of neurodevelop-

mental deficits,”” although the potential
aetiologic factors, which include genetic poly-
morphisms, perioperative state, and intraoperative
methods, remain uncertain.” In most cases, the
deficits investigated have pertained to intelligence
and neuropsychological domains, such as motor
skills, attention, visual-spatial skills, executive
functions, attention, and academic achievement. It
is increasingly apparent, however, that the psycho-
social function of the children is also impaired, with
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described as “atlztrming”.4 Their nature and range of
severity have yet to be adequately characterized. It is
my belief that an important dimension of the
neurodevelopmental morbidities of these children,
and one that might contribute to psychosocial
maladjustment, involves social cognition.

Social cognition refers to the ability to process
social information, and to interpret accurately social
situations and cues. A child with a deficit in social
cognition will experience difficulty in “reading”
other people, deducing their thoughts and emo-
tions, and thus interpreting and responding appro-
priately to their actions. Such difficulties interfere
with the judgments that are required in order to
establish and maintain social relationships. In the
psychiatric literature, these are referred to as “theory
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of mind” deficits.” Another form of such deficits is
difficulty reading one’s own internal states, that
is identifying and communicating emotions. This is
described as “alexithymia”. In this review, I describe
the empirical bases of the hypothesis that children
with congenitally malformed hearts have deficits in
social cognition, including alexithymia. The hypo-
thesis is based on observations made in the course
of conducting a single-centre prospective study of
children with concordant atrioventricular and
discordant ventriculo-arterial connections, or trans-
position, who underwent the reparative arterial
switch operation before 3 months of age. Children
were randomly assigned to strategies supporting the
vital organs involving deep hypothermia with either
total circulatory arrest or low-flow continuous
cardiopulmonary bypalss.6 Their neurodevelopment
was evaluated post-operatively, and at ages 1, 4,
and 8 years of age. Evaluations of the children at
16 years of age are ongoing. Informed consent was
obtained from the parents on each occasion, and
then from the children when they were aged 8 and
16 years. All protocols for the study have been
approved by the committee at Children’s Hospital,
Boston, overseeing human experimentation.

Early development of speech and language

At the 1l-year evaluations, something was clearly
amiss in the development of language, as the
children were extremely quiet, rarely babbled, and
almost never produced recognizable words.” At
25 years of age, compared to typically-developing
children, their scores on the parent-reported
MacArthur Communicative Development Inventory
were delayed by 2 to 4 months in terms of
production of vocabulary, use of words, word
endings, irregular forms, over-regularizations, and
complexity of sentences.” In addition, the propot-
tion of children who were not yet combining words
at this age was higher than expected. At 4 and
8 years of age, abnormal oral-motor planning and
coordination, in many cases severe enough to
warrant a diagnosis of apraxia of speech, resulted
in reduced ability to imitate oral movements and
speech sounds, such as “stick out your tongue”,
“repeat ‘pa-ta-ka”’, phonological deviations, cluster
reductions and simplifications, omission of medial
and final consonants, and sequencing difficulties,
such as transposition of syllables.”' The result was
connected speech that was difficult to understand,
particularly in the absence of contextual cues to
aid the listener in identifying its referents. We
confirmed that these difficulties were not due to
reduced hearing, or to abnormalities in the
structures required to produce speech.
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Elicited personal narratives

As the children grew older, it became apparent that
the atypicality of their speech and language was not
limited to motor-speech programming, but also
included pragmatic language skills. Such skills per-
tain to the ability to use language to accomplish
communication goals within the context of a social
interaction.'" Performance of the children on standar-
dized assessments, which tend to focus on structural
aspects of language, such as word knowledge,
morphology, and syntax, generally will not reveal
difficulties in the instrumental use of language. With
the assistance of psycholinguists, therefore, we
identified several conversation-eliciting tasks that
have proven useful in characterizing pragmatic skills
in typically-developing children. One task involved
the elicitation of personal narratives. When the
children were 4 and 8 years of age, the examiner
used a script to model the production of short
narratives relating to events experienced by most
children.'? For instance, one narrative was elicited
using the following prompt: “You know what I did
last summer? I went on vacation, and I went up north.
I went to a beach and went swimming. Did you ever
go swimming at a beach?” Two additional prompts
were used, one having to do with a bee sting, and the
other with an accident involving spilling. A narrative
was defined as a sequence of two or more topically
related utterances that reported a specific past
experience. We selected the most sophisticated
narrative from each child for analysis. A variety of
features were coded, such as the extent to which the
narrative oriented the listener regarding who, what,
where, when, and why? The organization of the
narrative was also evaluated in terms of whether it had
an opening and closing, included character speech,
temporal markers to aid the listener, and a dramatic
evaluative “high point”. Based on the composite score,
a narrative was classified as below average, average, or
above average depending on whether it was within
plus or minus 1 standard deviation of the composite
score for the narratives of children in the control
group. The narratives were also rated on a 5-point
scale in terms of informational adequacy and narrative
coherence. The categories were:

® no narrative
fragmentary accounts, story participants and
key events not clearly specified, story incompre-
hensible

® clear but minimal descriptive accounts of a
single happening

® clear information about central participants and
key events, despite multiple instances of missing
or contradictory information about the setting or
consequences
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® clearly specified sequence of key events, no
contradictory information; missing information
minor.

Children with transposition had substantial
difficulty on this task. Whereas all control children
produced a sequence of utterances that met our
definition of a narrative in response to at least one of
the prompts, one-sixth of children with transposi-
tion were unable to do so. Furthermore, the
narratives that children with transposition did
produce did not match those of control children
in quality, as two-fifths of them were considered to
be below average, versus one-eighth in the control
group. With regard to information adequacy and
coherence, the narratives of the children with
transposition were more difficult to follow than
were the narratives of the control children. On the
S-point scale, their mean score was significantly
lower than the mean score of the control children, at
2.3, with standard deviation of 1.4, as opposed to
3.1, with standard deviation of 0.9, respectively.
Overall, the narrative thread was sparser, often
omitting critical events, placing greater demands on
the listener to infer information about the identities
and roles of the characters involved and the physical
context of the event.

Analyses of content revealed that the children
with transposition differed from controls in terms
of the material they included in their narratives.
For instance, they made less frequent reference to
participants’ affective states, i.e., whether they were
sad, happy, scared, or surprised about the event
described, and made less frequent reference to
participants’ plans and intentions. This is note-
worthy because other research has shown that
preschoolers’ reporting of internal states in narra-
tives is related to their ability to understand
complex emotions.'” Overall, the narratives pro-
duced at 4 vyears of age by the children with
transposition more closely resembled the narratives
of typically-developing 2—3 year olds than those of
normally-developing 4-year olds. One hypothesis is
that the children with transposition were not able to
work out the information needs of the listener, that
is to place themselves in the position of the listener
and identify the information the listener needed to
have in order to understand the narrative. Another
hypothesis is that the children were able to identify
the information needs of the listener but lacked the
linguistic skills needed to respond to these needs.
At 8 years of age, the narratives produced by the
children with transposition were more sophisticated
than they had been at 4 years of age, but they
remained immature, resembling those produced by
typically-developing 5 year olds (unpublished data).
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Symbolic language: free play with a parent

At the 4-year assessment, each child also engaged
in a 10-minute free play session with a parent.’
All pairs of parent and child were provided with
a standard set of materials, which included a toy
house, two adult figures, two child figures, a dog,
furniture, and a car. Sessions were videotaped and
transcribed, and a coding system used to character-
ize the language of the children, and the activities
in which the pair engaged. Of particular interest
was the extent to which a child’s language was
“symbolic” or “non-symbolic”. Symbolic talk estab-
lished the imagined story setting, such as “Let’s
pretend that...”, and reported the actions of the
play characters, their speech, and their internal
states. In contrast, non-symbolic talk was more
concrete, involving the labelling of play objects,
such as “Here’s the dog”, and speech that related
logistical information but did not involve any
imagined event, such as “Let’s put this here”, “You
can have this one”. In addition, the number of story
episodes in which a pair engaged was counted.
An episode was defined as a symbolic sequence
of at least two actions that were logically linked.
For example, some sequences involved enacting a
routinized event, such as giving the baby a bath and
putting her to bed, carrying out an intention, such
as the dog chasing the car, or resolving a conflict
between characters, such as the boy and girl
fighting over a ball.

The control children, and the children with
transposition, did not differ in terms of overall
verbal production or the mean length of turn-
taking, but the groups did differ significantly in the
proportion of utterances that were symbolic or non-
symbolic. Among control children, almost half of
utterances were symbolic, and almost one-fifth non-
symbolic. Among children with transposition, the
proportions were more balanced, with non-symbolic
utterances being somewhat more frequent than
symbolic utterances, at 35% versus 28%, respec-
tively. The group difference in the frequencies of
story episodes was even more striking. Almost two-
thirds of control pairs engaged in three or more
episodes, compared to less than one-tenth of
the pairs that included a child with transposition.
The percentages of pairs who did not engage in any
sequences that met the criteria were similarly
discrepant, two-thirds of the transposition group,
and 7% of the control group. Content analyses of
the free play activities also revealed notable group
differences. Control children took a major role in
constructing and verbally elaborating the play
episodes, as they role-played characters and narrated
the action. In contrast, children with transposition
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frequently merely provided sound effects to accom-
pany the actions. These children tended to combine
isolated symbolic actions with repetition of actions,
leaving parents to provide most of the verbal
scaffolding that organized and integrated the
activities.

Written narratives

At the 8-year assessment, children were asked to
write a brief story, called “The Bear Story,” based on
a three-picture prompt showing a group of bears
flying a kite that becomes stuck in a tree (see
Fig. 1)."> The stories of children with transposition
were more likely than the stories of controls to omit
reference to key elements of the events, in particular
those that were important in giving the overall
narrative a temporal coherence. For instance, some
children failed to relate the event that precipitated
the fall of the bear from the tree, namely that the
kite became stuck, or the dramatic consequence of
the fall such that it resulted in injury. As with the
elicited personal narratives, the stories of children
with transposition resembled those of typically-
developing children who were several years younger
in chronological age. Like the elicited personal
narratives, the written narratives did not adequately
address the information needs of the target
audience, although it is unclear here, as well,
whether this reflects a social cognition deficit, a
linguistic deficit, or both.

Ongoing assessments in adolescence

These are our observations of children with
transposition suggesting that they have difficulty
interpreting the emotional responses of others and,
perhaps, their own emotional responses. Whether
these observations are specific to children with
transposition, or can be generalized to children with
other forms of congenitally malformed hearts, is not
known. Moreover, the deficits we have observed
might be attributable, in part, to the methods used
for surgical treatment and support during the
period when these children underwent the arterial
switch operation, namely from 1988 through 1992.
Current methods might not place children at
similarly increased risk.

We are currently re-evaluating the children in
our trial cohort at 16 years of age. In order to clarify
the nature and severity of their deficits in social
cognition, we are administering several instruments
developed to assess aspects of higher-order “theory
of mind” skills in individuals with autism, or
disorders in the spectrum of autism.
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Figure 1.
The three photographs that served as the basis for writing “The
Bear Story.”

Of these instruments, 4 are questionnaires on
which a child indicates, using a 4- or 5-point scale,
the degree to which a statement is true for him or
her, namely strongly agree, somewhat agree,
neutral, somewhat disagree, strongly disagree. One
is the Autism Spectrum Quotient.16 Sample items
include: “I usually notice car licence plates or
similar strings of information” and “I tend to have
very strong interests, which I get upset if I can’t
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pursue.” In addition to identifying individuals at
risk of disorders in the spectrum of autism, this
questionnaire also appears to discriminate among
subgroups of individuals in the general population.
Scientists, especially mathematicians, tend to score
higher, and hence perform worse, than individuals
in the humanities. A second questionnaire is the
Empathy Quotient.'” Sample items include: “I can
easily tell if someone else wants to enter into a
conversation” and “I find it difficult to explain to
others things that I understand easily, when they
don’t understand it the first time.” The third
questionnaire is the Systematizing Quotient,18
which includes items such as, “When travelling
by train, I often wonder exactly how the rail
networks are coordinated” and “In mathematics,
I am intrigued by the rules and patterns governing
numbers.” The fourth questionnaire is the Toronto
Alexithymia Scale,'” which assesses the degree of
difficulty a respondent experiences in identifying
and describing his or her own internal states.
Sample items include, “When I am upset, I don’t
know if I am sad, frightened, or angry,” and “It is
difficult for me to find the right words for my
feelings.” The fifth instrument being administered
is the “Reading the Mind in the Eyes” task,”® which
involves the presentation of 36 photographs of faces
that show only the region around the eyes. Using a
multiple choice format, the child must select which
of four emotions best describes what the individual
in the photograph is feeling or thinking. This test
can be accessed at http://glennrowe.net/BaronCohen/
Faces/EyesTest.aspx. The possible neural bases of
“theory of mind” skills in these adolescents is being
evaluated by means of volumetric magnetic reso-
nance imaging and segmentation, diffusion tensor
imaging, and functional imaging.

Co-morbidity of social cognition deficits and
other neurocognitive deficits

The plausibility of the hypothesis that children
with congenitally malformed hearts have deficits in
social cognition is supported, indirectly, by studies
that show co-morbidities of cognitive dysfunction,
pragmatic language deficits, alexithymia, impaired
face processing, and interpersonal problems in
children and adults with other congenital or
acquired neurodevelopmental disorders. For exam-
ple, children with learning disabilities often present
with deficits in social cognition and discourse
skills.”""** Emotional and interpersonal difficulties,
as well as deficits in narrative discourse and story
telling, are prominent features of children with a
“nonverbal learning disability”.*>~*> Investigators
have noted the similarities between the neuropsy-
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chological presentations of children with a non-
verbal learning disability and children with certain
forms of congenital cardiac disease, such as
velocardiofacial syndrome.26 An elevated prevalence
of autism has also been reported in children
with the 22ql1 microdeletion.”” Deficits in
narrative discourse are frequently observed in
children who experience traumatic brain inju-
ries.”>* For example, compared to those of children
with mild injuries, the stories produced by children
with severe closed head injuries are impoverished in
content, organization, and complexity.’® Moreover,
the quality of discourse was inversely related to the
executive function skills of the children, a domain
that is weak in those with transposition.'® In adults
with traumatic brain injuries, deficits in conversa-
tional discourse skills are associated with Jpoorer
social integration and lower quality of life.”’ The
narratives of adults with high-functioning autism or
Asperger syndrome tend to include fewer personal
pronouns, temporal markers to aid the listener, and
fewer referential expressions.””

Face processing is often noted to be deficient in
children with neurodevelopmental disorders. For
example, children with attention deficit hyperactiv-
ity disorder, another domain of particular concern in
children with congenitally malformed hearts,’”>°
are less accurate than controls in decoding facial
expression, a deficit that puts a child at risk
of interpersonal problems.*®*” Children with
attention deficit hyperactivity disorder also lack
self-awareness of the difficulty they have interpret-
ing facial expressions accurately.’” Individuals with
alexithymia tend to have poor interpersonal rela-
tionships®® and to be relatively inaccurate
in recognizing facial express.ions.”’40 Studies using
magnetic resonance and positron emission show that
individuals with alexithymia differ from controls in
many  respects 2in the way that they process fac.ial
expressions.” '~ Among parents of children with
autism, those who are less accurate on the Mind in the
Eyes Test have poorer pragmatic language skills
and more impaired interpersonal relations.

The reason why children with congenitally
malformed hearts might have deficits in social
cognition is unclear. Several causal models can be
postulated. First, the same developmental event that
results in abnormal development of the heart could
damage the area or areas of the brain involved in
processing social and affective information. Second,
the deficits might result from damage that occurs as
a result of the interventions undertaken to correct a
cardiac malformation. Third, the deficits might be
secondary to the neuropsychological deficits asso-
ciated with congenital cardiac disease or its repair.
For example, the accurate processing of facial
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expressions dapends, to some extent, on visual-
spatial skills,** another domain in which children
with congenitally malformed hearts are particularly
weak.”> Fourth, because of the intensive, often
repeated, medical interventions which many chil-
dren with congenitally malformed hearts must
undergo, their early interpersonal experiences might
not permit the normal development of emotion
regulation and inter-subjectivity that enables one
to “read” other people or oneself.**™** Moreover,
parents might chronically view such children as
vulnerable and interact with them in ways that
limit the development and expression of these skills.
At present, data are insufficient to choose among
these hypotheses, and they are not mutually-
exclusive.

To provide children with congenitally malformed
hearts with the assistance they require to achieve a
satisfactory psychosocial adjustment, it is necessary
to broaden our scope of inquiry regarding the
neurodevelopmental domains for which they are at
increased risk. Deficits in social cognition, which
can seriously impair psychosocial functioning,
warrant greater consideration.
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