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Children with complex congenital heart defects often show delays and deficits in cognitive,
language, motor, and social-emotional functioning. As such, the American Academy of Pediatrics
and the American Heart Associated recommend ongoing monitoring and support of development.
In conjunction with the formal therapeutic supports frequently recommended for young children
with CHD, caregivers are instrumental in providing an enriching environment to enhance devel-
opment in the hospital, at home, and in early childhood settings. In this article, we review the
common developmental sequelae associated with CHD, underlying causes, and ways in which
parents, family members, and professional caregivers can support development for children with
CHD from birth to three years old. Key words: congenital beart defects, congenital beart
disease, developmental support, early child development, parent guidance

VER TWO million children are living

with congenital heart defects (CHD) in
the United States and nearly one in four of
these individuals have complex CHD requir-
ing intervention in infancy (Centers for
Disease Control, 2022). Generally, CHD is
defined as a structural abnormality of the
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heart and (or) great vessels that is present
at birth (Liu et al., 2019). Advances in the
diagnosis and management of complex
CHD have significantly improved the rates
of survival. However, the risk of associated
developmental deficits and delays remain
high across different domains of develop-
ment, including cognitive, language, motor,
feeding, behavioral, and psychosocial devel-
opment (Bellinger et al., 2009; Gaynor et al.,
2015; Marino et al., 2012; Mussatto et al.,
2014; Ryan et al., 2019; Snookes et al.,
2010; Triedman & Newburger, 2016;
Wernovsky, 2006; Wernovsky & Licht,
2016). While many developmental delays
and deficits associated with CHD are mild,
there is a wide range of outcomes ranging
from slight concern to more profound devel-
opmental disability across domains.

There are many underlying risk factors
accounting for developmental delays in chil-
dren with CHD, starting in the perinatal
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period (Donofrio & Massaro, 2010;
Wernovsky & Licht, 2016). Brain develop-
ment, metabolism, and cerebral blood flow
are affected in utero among infants with cri-
tical CHD with smaller fetal brain volumes
and delays in brain maturation noted at birth
compared to healthy newborns (Donofrio &
Massaro, 2010; Licht et al., 2009;
Limperopoulos et al., 2010; Miller et al.,
2007). After birth, management of complex
CHD requires hospitalization and surgical in-
tervention in infancy. In addition to develop-
mental delays associated with extended
hospitalization, infants with CHD are at an
increased risk of experiencing negative neu-
rologic events in the pre-, peri-, and post-
operative periods, such as seizure, cardiac
arrest, and stroke (Chen et al., 2009; Chock,
Reddy, Bernstein, Madan, 2006; Ryan et al.,
2019). As a result, children with complex
CHD are at risk for a range of developmental
sequelae beginning in infancy and spanning
across the lifespan (Butler et al., 2022, 2019;
Donofrio & Massaro, 2010; Gaynor et al.,
2015; Jerrell, Shuler, Tripathi, Black, Park,
2015; Massaro, El-Dib, Glass, Aly, 2008).
Many newborns with CHD are easily over-
whelmed by social and sensory stimulation,
difficult to console, and challenged in main-
taining in state organization. They also show
delays in motor skills and oral feeding (Butler
et al., 2019; Massaro et al., 2011; Owen et al.,
2014; Ryan et al., 2019). The difficulties in the
newborn period contribute to the risks of
poor feeding, decreased attention, delayed
motor milestones, suboptimal autonomic reg-
ulation, behavior problems, and specific cog-
nitive challenges in infancy and toddlerhood
(Gaynor et al., 2015; Majnemer et al., 2009;
Ryan et al., 2019). School age children with
CHD are more likely to show deficits in learn-
ing, attention, social skills, executive func-
tioning and memory, organization, and
motor functioning, often requiring additional
supports in school (Gerstle, Beebe, Drotar,
Cassedy, Marino, 2016; Miatton, De Wolf,
Francois, Thiery, Vingerhoets, 2007; Ryan
et al., 2019; Shillingford et al., 2008). These
concerns can persist throughout adolescence

and adulthood with support required for
executive functioning, attention, memory,
learning, social/emotional skills, and tran-
sitioning to independence in adulthood
(Cassidy, White, DeMaso, Newburger,
Bellinger, 2016; Karsdorp, Everaerd,
Kindt, Mulder, 2007; Luyckx, Goossens,
Van Damme, Moons, 2011; Lyon, Kuehl,
MccCarter, 2006; Ryan et al., 2019; Schaefer
et al., 2013).

Given the known long-term risk of neuro-
developmental challenges for children with
CHD, the American Heart Association (AHA)
recommends regular surveillance, screening,
and evaluation of neurodevelopment in the
pediatric CHD population beginning early in
infancy (Marino et al., 2012). Young children
with complex CHD also require develop-
mental support through formal therapeutic
services such as physical therapy (PT), occu-
pational therapy (OT), feeding therapy, de-
velopmental education, speech and language
therapy services, and support for parent cop-
ing in the newborn period and early infancy
(Butler, Huyler, Kaza, Rachwal, 2017; Butler
et al., 2019; Lisanti et al., 2019). These ser-
vices are often provided while inpatient in
the hospital, but they are also often required
in the home environment after hospital dis-
charge. Programs such as Early Intervention
(ED, Head Start, and Early Head Start have
been shown to improve children’s long-term
outcomes in multiple domains (Anderson
et al., 2003; Blauw-Hospers, de Graaf-peters,
Dirks, Bos, Hadders-Algra, 2007; Landa,
2018; McCormick et al., 2006; Puthussery,
Chutiyami, Tseng, Kilby, Kapadia, 2018).
In the United States, EI services are publicly
funded programs, which provide home based
services for free or at reduced cost for any
child who is eligible and are available in
every state and territory (see www.cdc.gov/
ncbdd for more information).

This article was created with a multidisci-
plinary team of professionals and a parent
of a young child with CHD. We review the
common developmental concerns and chal-
lenges for children with CHD from birth to
three years of age along with therapeutic


www.cdc.gov/ncbdd
www.cdc.gov/ncbdd

Fostering Development in Young Children With CHD 5

options and recommendations for families
and providers. We focus on concerns and
supports across developmental domains, in-
cluding motor, speech and language, cogni-
tive, feeding, social, emotional, sleep, and
behavioral development. In addition, we ad-
dress concerns for increased health-related
stress, anxiety, and depression for children
with CHD and their families. Across each
area, we highlight common causes and pre-
sentations of delay as well as specific recom-
mendations to support development.
Caregivers that are helpful in support of
development include family members, inpa-
tient and outpatient therapy teams such as
speech and language therapy, occupational
therapy, physical therapy, a developmental
specialist and music therapy, along with
other opportunities such as structured play-
groups and early intervention services.
Recommendations provided in this manu-
script complement rather than replace formal
therapeutic supports. The developmental re-
commendations are beneficial for all young
children with CHD regardless of whether or
not a development concern is identified pro-
fessionally. Table 1 provides an overview of
common challenges and recommendations to
support development for each domain.

MOTOR SYSTEM

Motor delays and disabilities are relatively
common among infants and toddlers with
CHD (Brandlistuen et al., 2010; Freier et al.,
2004; Gaynor et al., 2015; Majnemer et al.,
2006; Miatton, De Wolf, Francois, Thiery,
Vingerhoets, 2006; Newburger et al., 2012;
Ryan et al., 2019; Sarajuuri et al., 2010;
Snookes et al., 2010). Some of these concerns
occur because infants with CHD often have
limited opportunities to develop their fine
and gross motor skills that are routinely
available to healthier infants. When infants
have CHD, they frequently experience weak-
ness and fatigue associated with their illness
and may not have the energy nor motor tone
required for motor exploration. Infants with
CHD also are frequently restricted in their

movements before and after cardiac surgery
given their need for medical interventions
and hemodynamic concerns making it diffi-
cult to receive early and regular movement.
Sternal precautions following surgery to
protect the healing chest incision may vary
in timeframe from 0 to 6 weeks across insti-
tutions (Clifton, Cruz, Patel, Cahalin, Moore,
2020; Uzark et al., 2022). These precautions
typically include restrictions in lifting, pull-
ing to sit, and tummy time. Limited strength
and opportunities for gross motor movement
can lead to muscle weakness, decreased
head control, difficulty achieving and cross-
ing midline, and poor balance and
coordination.

Children with CHD may also demonstrate
altered muscle tone, typically lower tone
and strength, which can lead to delayed
attainment of gross motor skills such as roll-
ing, sitting, crawling, supporting weight,
walking, and running. They often show
asymmetrical gait, difficulties with high-
level balance and coordination, and re-
duced core strength. Furthermore, static
positioning postoperatively can lead to
cervical rotation preferences, torticollis
(difficulty turning head to one side), and
plagiocephaly (head flattening) further im-
pacting development and gross motor skills
(Brandlistuen et al., 2010; Donofrio &
Massaro, 2010; Freier et al., 2004; Gaynor
et al., 2015; Newburger et al., 2012; Ryan
et al., 2019; Sarajuuri et al., 2010).

To support motor skill development,
young children with CHD often require phy-
sical therapy and occupational therapy,
which generally occur through inpatient
care, EI, preschool, and outpatient clinics.
In addition, there are many activities that
facilitate the practice of motor skills that
families and providers can incorporate at
home and in early childhood settings to en-
hance motor development (Blauw-Hospers
et al., 2007; Hughes, Redsell, Glazebrook,
2016; Morgan et al., 2016; Riethmuller,
Jones, Okely, 2009; Stieber et al., 2012;
Vanderveen, Bassler, Robertson, Kirpalani,
2009).
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Table 1. Developmental Concerns and Recommendations for Young Children With CHD

Area

Main Challenges

Recommendations

Gross motor

Fine motor

Language

Cognitive

Feeding &
nutrition

Social,
emotional,
and
behavioral

Head control

Balance, coordination, and strength
High and low motor tone
Asymmetry

Delayed mastery of gross motor
milestones

Tight, fisted grip with thumb tightly
in grasp

® Asymmetrical use of hands
® Decreased strength and dexterity
® Sensory sensitivity

Hearing loss

Reduced oral-motor coordination
Reduced exposure to language
Delayed mastery of language
milestones

® Reduced energy and exploration
® Decreased reaction to environment
® Reduced fine motor skills impact the

acquisition and demonstration of
cognitive skills

Delayed mastery of cognitive and
problem-solving skills

Slow growth and weight gain

Need for additional calories

Tire quickly

Reflux, gagging, choking, aspiration
Oral aversions

e Attachment
® Decreased social engagement,

including eye contact, facial
expressions, imitation
Difficulty with soothing and
regulation

Easily overwhelmed

Tummy time while being held in
prone position and on a flat surface
Lying on both sides and looking in
both directions

Hanging toys to reach for, grasp, and
kick

® Supported sitting
® Ball play (rolling, throwing, kicking)
® Navigating play structures with

support

Offer objects to feel with hand and
fingers

Gently move thumb from grasp
Support bringing hands to midline
and mouth

Present objects at midline

Build, stack, and string blocks

Use play dough, clay, and sand
Imitate cooing and facial expressions
Use speech that is clear and simple
for your child to copy

Read and point out pictures in a book
Sing simple songs with hand move-
ments and nursery rhymes

Provide toys to feel and explore

Use mirrors

Hide toys and help find them

Play imitation games

Reduce screen time

High-calorie diet (milk, formula, or
breast milk)

Supplemental tube feedings
Consistent schedule
Feeding/mealtimes should be
positive

Oral muscle activities: straws,
bubbles, pacifiers

Games with food: touching/
smearing, smell

Provide soothing and reduced
stimulation if needed

Talk to your infant all the time
Read, or sing to child
Participation in play groups
Use visual schedules

(continues)
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Table 1. Developmental Concerns and Recommendations for Young Children With CHD

-

(Continued)

Area Main Challenges Recommendations

® Hyperactivity and inattention\ Use positive discipline strategies

® Maladaptive social behaviors, such such as praise to promote wanted
as hitting, biting, and throwing behavior and ignoring and time-outs
for unwanted behaviors

Child ® Separation from caregivers Cluster care and bring child to treat-

coping ® Anxiety related to hospital and med- ment room for procedures

Parent coping ®

ical professionals

Concerns with child health and
development

Trauma and grief related to child’s
illness

® Anxiety about future procedures
® Stressors related to finances, trans-

portation, balancing care for other
children, work, appointments
Symptoms of concern: avoidance,
restlessness, fatigue, irritability,

® Encourage medical play
® Develop social stories for medical ap-

pointments and procedures

Read children’s books related to
medical procedures

Basic self-care: eating healthy, regu-
lar meals, good sleep, taking time for
oneself

Connecting with other parents of
children with CHD

Connect with regional and national
support group

Talking to a trained mental health
professional

worry, angry outbursts, guilt

Tummy time is helpful in promoting
core strengthening and head control, and
recommended to begin as early as possible,
even in the newborn period. For infants
following cardiac surgery, this should be
discussed with the medical team (Clifton
et al., 2020; Uzark et al., 2022). Caregivers
can start to introduce tummy time early
postoperatively by holding the infant in
the prone position on the caregiver’s
chest while in a seated position, progres-
sing to a reclined seated position. When
medically ready, caregivers can support
infants to practice tummy time on a flat
surface by slowly rolling infants from
back to belly. When on their belly, support
the infant to lay with their arms tucked
under their chest and their legs tucked
under their body.

In addition, it is important to offer a flat
unobstructed surface to practice moving.
A soft surface on the ground with toys
which hang over head, such as a play mat,

can provide babies with an opportunity
reach, grasp, and kick. This is helpful in
practicing gross motor skills. Caregivers
can assist infants to bring their hands to-
gether at midline, reach for toys, roll to
their sides and stomach, and support the
infant in sitting. Side-lying play is a way to
first achieve hands to midline and facilitate
reaching and kicking without the impacts of
gravity that are present in the supine posi-
tion. Holding the infant in a supported sit-
ting position allows for visual exploration of
their environment while engaging their
proximal and core muscles to work on
head and postural control.

Toddlers and preschoolers benefit from
toys that encourage motor skills such as
pushing, pulling, kicking, jumping oft and
over, and riding. Caregivers can arrange for
motor play at playgrounds or in the home by
supporting children to navigate stairs, climb
over play structures or furniture, and to roll,
throw, catch, and kick balls. Additionally,
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social games with movement and imitation
offer engaging ways to develop motor skills,
such as imitating the way animals walk, hav-
ing dance parties, playing “Simon Says,”
or setting up obstacle courses with opp-
ortunities to crawl, jump, run, climb, and
balance.

Fine motor development is also often
delayed among infants and toddlers with
complex CHD (Donofrio & Massaro, 2010;
Gaynor et al., 2015; Limperopoulos et al.,
2002; Majnemer et al., 2009; Ryan et al.,
2019; Uzark, Spicer, Beebe, 2009). Infants
with CHD may have trouble fully opening
their hands and extending their thumbs.
Instead, they may keep their hands in
a fisted posture much longer than other in-
fants their age and are less likely to sponta-
neously explore objects. Once they begin
using their hands, young children with
CHD often continue to present with fine
motor delays, including slow transition to
a pincer grasp, difficulty with tasks such as
reaching, holding, and transferring objects,
and asymmetry with early hand preference
and limited bilateral integration (Majnemer
et al., 2009; Sarajuuri et al., 2010).

There are numerous strategies that are
effective in promoting early fine motor de-
velopment in home, hospital, and early
childhood settings (Duff & Charles, 2004;
Lobo, Galloway, Heathcock, 2015; Morgan
et al., 2016; van Hof, van der Kamp,
Savelsbergh, 2002). Caregivers can provide
plentiful opportunities, even in young in-
fants, to hold and manipulate objects that
vary in shape, size, weight, and texture
to promote individual finger movements.
Presenting objects in midline and provid-
ing toys to grasp with both hands at once
provides the child with opportunities to
cross midline, use hands symmetrically,
and transfer objects from one hand to an-
other. As an infant’s fine motor skills de-
velop, caregivers can start to introduce
activities that require more refined fine
motor movements such as building with
blocks, using Play-Doh or putty, painting,

stringing beads, and drawing or writing.
Across each of these activities, caregivers
can scaffold support as needed to reduce
frustration, improve confidence, increase
independent exploration, and increase
enjoyment in participating in fine motor
tasks.

SPEECH AND LANGUAGE
DEVELOPMENT

Young children with CHD are at in-
creased risk of experiencing speech and
language delay and disability (Marino
et al., 2012; Miatton et al., 2006; Mussatto
et al., 2014; Ryan et al., 2019; Uzark et al.,
2009). Potential concerns include reduced
use of facial expressions, eye contact and
gestures, delays in meeting language mile-
stones, poor speech-motor coordination,
and impaired articulation. Several factors
can contribute to early language delays for
children with CHD. For example, infants in
hospital settings typically experience re-
duced opportunities for language exposure
and practice (Caskey, Stephens, Tucker,
Vohr, 2011). Additionally, some infants with
CHD experience medical complications that
can affect their ability to understand and
produce verbal language, including cogni-
tive-related language impairment secondary
to neurologic injury, hearing loss, visual im-
pairment, and vocal cord paralysis (Grasty
et al., 2018; Ryan et al., 2019; Sachdeva
et al., 2007). Current standards recommend
that all children with CHD receive an audiol-
ogy and vision evaluation to determine if
they have appropriate hearing sensitivity
and vision, respectively (Marino et al.,
2012). Furthermore, interventions may need
adaptation to accommodate any sensory lim-
itations that may affect the ways in which
a child can interact with the environment.

Caregivers are in an ideal position to en-
courage positive language development
starting in early infancy and even during
hospitalization. In fact, while infants benefit
from increased exposure to adult language
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in the hospital setting, they benefit most
from hearing their family speaking regularly
from early in the newborn period (Caskey
et al., 2011). For family members who can-
not be at the bedside, recordings of their
voice talking, reading, or singing can be
played for the child. Caregivers are encour-
aged to talk to their child as frequently as
possible, narrating what they are seeing and
doing, describing the child’s own actions,
carrying on back and forth “conversations”
with infants, alternating between listening
to and imitating sounds and facial expres-
sions and responding to infant sounds as if
they are meaningful (Topping, Dekhinet,
Zeedyk, 2013). Reading to children regu-
larly, beginning in early infancy, is recom-
mended. Reading books and singing songs
provides a rich and enjoyable language ex-
perience for young children. With infants,
simple colorful books are recommended,
and books with repeated lines and rhymes
are excellent for toddlers and preschoolers.

Imitation is a foundational building block
of learning and language development
(Hanika & Boyer, 2019). Caregivers can pro-
vide opportunities to model and practice
imitation skills through social interaction
and play. For example, holding their infant
6-10 inches from their face, caregivers can
model imitation by mimicking the noises,
cooing, babbling, laughter, and facial ex-
pressions of their child. They also can
make facial expressions (e.g., smiling,
sticking out their tongue) and sounds
(e.g., cooing with vowels, babbling with
simple consonant-vowel sequences) for
their child to imitate.

As infants grow to toddlers, caregivers
can further encourage language develop-
ment by using language that is clear, simple,
and consistent, and acknowledging and ex-
panding on all of a child’s attempts to com-
municate. Caregivers often become skilled
at meeting their child’s needs even when the
child is not communicating in clear, com-
plex ways. As a child’s language develops,
it is important for caregivers to purposefully
create opportunities for communication

(e.g., providing choices for snack time,
play time) time to respond to the adult’s
communication. Caregivers can introduce
more complex language by repeating and
then expanding on what their children say.
For example, if a child says “truck” the care-
giver could respond and say “big truck!” or
“fast truck!” Asking questions can be
a difficult way to encourage young children
to talk, as questions will not allow for con-
tinuation of the conversation or interaction.
For example, questions such as “What does
the cow say?” or “What is that?” may show
a child’s knowledge, but do not support the
next conversational turn from the adult. If
a child is very quiet or delayed, using
“forced choice” questions (e.g., “A or B?”)
may be more helpful than yes/no questions,
as they require the child to say (i.e., prac-
tice) a more specific vocabulary word (e.g.,
“Should we read a book or color?”). In gen-
eral, however, it is best to keep test-like ques-
tioning to a minimum, and instead, provide
“out loud” narration of the day in the form of
labeling objects and actions, commenting,
describing, and wondering to get more re-
sponse and interactive communication (e.g.,
“Wow, look at that bird! Tweet tweet!” “Oh
no, my cereal spilled!”). Songs and rhymes
are also excellent for promoting language
and early sound awareness that eventually
develop into the phonological processing
that underlies more complex language skills
such as independent reading and writing.
Using “fill in” opportunities in verbal
games, book sharing, and songs is also
a wonderful way to support a young child’s
language, as the adult takes the burden of the
message, leaving out just a word or two at the
end for the child to complete (e.g., “Ready,
set...,” “Wheels on the bus goround and ...,”
“Brown Bear Brown Bear, what do you see?
I see a red bird looking at...”) (Dunst, Meter,
Hamby, 2011; Justice & Pullen, 2003). In ad-
dition, many children benefit from seeing
and using sign language and pictures to sup-
port their understanding of language and
ability to communicate, and such supports
can reduce communicative frustration.
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COGNITIVE DEVELOPMENT

As with other domains of development,
early cognition can be compromised in chil-
dren with CHD (Bellinger, Bernstein,
Kirkwood, Rappaport, Newburger, 2003;
Butler et al., 2019; Dittrich et al., 2003;
Gaynor et al., 2015; Marino et al., 2012;
McCusker et al., 2007; Miatton et al., 20006;
Ryan et al., 2019; Snookes et al., 2010). In
addition to neurological injury in the perina-
tal period and innate infant characteristics
(e.g., genetic conditions, extra cardiac
anomalies), several factors can impact early
cognitive development for children with
CHD. During the stage of cognitive develop-
ment classically characterized by sensorimo-
tor exploration and learning, infants with
CHD often have reduced energy and less
ability to explore the world using their
senses. They may experience increased ex-
posure to painful procedures and prolonged
periods of intubation and sedation. Infants
with CHD often demonstrate decreased reac-
tion to people, objects, and activity in their
environment and thus delays in achievement
of early cognitive milestones such visual
tracking and object permanence are noted.
In addition, fine motor delays limit sensori-
motor and thus independent exploration of
the environment in infancy. Cognitive chal-
lenges often persist as children become tod-
dlers and then preschoolers with particular
difficulties with visual spatial skills
(Bellinger et al., 2003; Marino et al., 2012).

Caregivers are instrumental in providing
an enriching environment to support the
development of cognitive skills for infants
and young children with CHD across set-
tings (Britto et al., 2017; Butler et al., 2017;
McCusker et al., 2010; Poehlmann & Fiese,
2001; Smith, Landry, Swank, 2006). For
example, caregivers can provide frequent
developmental stimulation and play opp-
ortunities for infants such as opportunities
to look at moving objects, faces, mirrors,
and pictures which allows for children
to explore and learn about their world.
Additionally, caregivers can engage infants

by touching and talking to them, reading
books and showing pictures as well as pro-
viding opportunities to swat, reach, and
grasp objects. It is also important to provide
toys of different textures and sounds to feel
and explore. At the same time, it is critical
that while presenting objects, caregivers
read infant behavior to identify when in-
fants are prepared to learn and explore and
when they might be overstimulated and
need a calming break or less stimulation.
In infants, behaviors such as looking away
from the caregiver, color changes, and hic-
cupping, coughing, or sneezing may be
a sign of stress and indicate that the infant
needs a break before re-engaging.

Cause and effect toys help children to de-
velop curiosity and an understanding of their
world as well as their place as an agent within
it. For example, rattles, bells, or other objects
that can be manipulated to make noise encou-
rage the understanding of relationships
among people, objects, and actions. Games
such as peek-a-boo and hiding toys under
blankets reinforce object and people perma-
nence and supports early precursors of pro-
blem solving.

Toddlers and preschoolers benefit from op-
portunities for more complex types of play
that promote social engagement, pretend
play skills, problem solving, and visual spatial
skills. Activities to promote cognitive develop-
ment include playing with pegboards, shape
sorters, and puzzles, replicating blocks in
different designs, finding objects hidden in
sand or rice, and matching games.
Caregivers can model and participate in
pretend play activities using props with
dolls, action figures, and stuffed animals
to act out scenes (e.g., feeding, playing at
the park, taking a bath). Screen time should
be limited and avoided for children under
two years of age (Brown, Council on
Communications and Media, 2011).

FEEDING AND NUTRITION

Adequate nutrition is critical for develop-
ment as it is required for appropriate growth
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and development of muscles, bones, and the
brain. However, many risk factors place
young children with CHD at risk of experien-
cing impaired acquisition of nutrition, slow
growth, and difficulty with oral feeding skills
(Daymont, Neal, Prosnitz, Cohen, 2013;
Jadcherla, Vijayapal, Leuthner, 2009; Kurtz,
Chowdhury, Woodard, Strelow, Zyblewski,
2019; Maurer et al., 2011; Medoff-Cooper &
Ravishankar, 2013; Steltzer, Rudd, Pick,
2005). Infants with CHD may tire quickly
and not have enough energy to engage in
typical oral feeding. They frequently have
low oral muscle tone, struggle to coordinate
sucking, swallowing, and breathing, and ex-
perience temporary or permanent vocal cord
paralysis which can affect the safety of swal-
lowing (Einarson & Arthur, 2003; Kohr et al.,
2003). Aspiration and difficulty swallowing
can lead to respiratory complications, requir-
ing monitoring respiratory status. Children
with CHD often require fluid restrictions,
tube feedings, or specialized formulas or
thickened feeds, all which can limit their
opportunity to practice typical oral feeding.
Some young children experience aspiration,
gagging, choking, and vomiting, which af-
fects exploration of new textures or tastes.
Additionally, poor postural control and dis-
ruptions to feeding schedules influence de-
velopmentally appropriate feeding practices,
and impact sleep.

Regardless of what a child eats, and even
if a child is exclusively tube-fed or on an
altered diet, caregivers can help promote
healthy habits and emotions around food
and eating. Even when in the hospital, par-
ents play a central role in their child’s care,
and infants benefit from feeding with their
parents, family members, and professional
caregivers in a calm and comforting envir-
onment. Adults can support an infant’s
postural control during feeding, ideally by
physically holding the infant. If possible,
infants benefit from holding or closeness
with family during feedings. Special posi-
tioning, such as sidelying or supportive
seating, may be recommended by the med-
ical team to optimize feeding. Infants are

more likely to engage when caregivers are
attentive to their infant’s cues (of hunger,
stress, discomfort and comfort) and feeding
is based on these child-directed cues.
Caregivers should pause or cease feeding
when an infant is distressed, disengaged,
or overwhelmed. When there are restric-
tions to oral feeding, infants and young chil-
dren can often continue to practice oral
stimulation and feeding skills by sucking
their own hand, a caregiver’s finger, or
a pacifier, often with tastes of expressed
breastmilk or formula for positive oral
experiences.

Many young children with CHD continue
to demonstrate disrupted feeding patterns
throughout childhood (Maurer et al., 2011).
Feeding challenges during the toddler and
preschool years can include reduced oral in-
take, slow growth, oral aversion, picky eat-
ing, and strong preferences for certain flavors
or textures. Healthy habits can be encouraged
among young children by working to ensure
that mealtimes are social, fun and free from
pressure. Encourage inclusion of children in
mealtimes, even if they have a reduced ability
to eat by mouth. Participation in family meals
models eating, social skills and also promotes
language development. Provide opportu-
nities to feel successful during meals includ-
ing praise for efforts and progress. Providing
food on a tray supports independence in
feeding and fine motor skills of manipulating
small objects. Introducing foods slowly with
at least one preferred food is helpful. As chil-
dren are ready for new foods, adults can
“link” foods by introducing new foods that
are similar to ones already in a child’s reper-
toire. Food play also can help to address food
aversions, as children explore foods through
touch, taste, and smell. Caregivers can encou-
rage healthy feeding and nutrition by helping
children to develop the physical and motor
skills necessary for eating by mouth. Oral
motor skills for spoon feeding or chewing
may develop later in children with CHD due
to inexperience or oral aversion. Activities
such as using straws, chewing practice, and
blowing bubbles can provide positive oral
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motor experiences and practice with different
oral movements. Caregivers can help to pro-
mote independent eating by encouraging
young children to hold the spoon using
hand-over-hand support as needed. Even if
tube-fed, provide children with opportunities
to practice using utensils, such as using uten-
sils to cut Play-Doh, dig in sand, and transfer
objects from one container to another.

SLEEP

Sleep is critical for brain development,
overall growth and physical develop-
ment (Davis, Parker, Montgomery, 2004).
Establishing appropriate patterns of sleep
and awakening is an important accomp-
lishment of infancy and toddlerhood. The
National Sleep Foundation (Hirshkowitz
et al.,, 2015) and the American Academy of
Sleep Medicine (Paruthi et al., 2016) have
released consensus statements on recom-
mended total hours of sleep for young chil-
dren, though variations in sleep patterns exist
(Sadeh, 2004). Early sleep challenges are as-
sociated with later social-emotional, beha-
vioral, and executive functioning difficulties
(Bernier, Carlson, Bordeleau, Carrier, 2010;
Mindell, Leichman, DuMond, Sadeh, 2017).

Sleep problems are prominent in infants
and toddlers with CHD. These include re-
ceiving fewer hours of sleep at night, sleep-
ing too much during the day, difficulties
falling asleep and frequent night-time awa-
kenings (Sadhwani et al., 2023). Young chil-
dren with CHD are also more likely to sleep
in their parent’s bedroom compared to
a normative sample. The etiology of these
sleep concerns is often multifactorial. In ad-
dition to typical causes of sleep concerns in
early childhood, young children with CHD
have additional factors impacting sleep
that are physiological in nature, including
reduced cardiac functioning, oxygen desa-
turation leading to increased sleep-disor-
dered breathing, and reduced endurance.
While there are cultural reasons families
may choose to co-sleep, families of young
children with CHD may also be influenced

by factors related to increased parental vig-
ilance and concern about the child’s medical
condition.

Establishing good sleep hygiene is key to
managing sleep challenges. It is critical that
caregivers develop a consistent regular
bedtime routine, including setting aside
time to prepare for sleeping and activities
to transition from awake and alert to calm-
ing. Consider maintaining sleep routines
and schedules for consistency at night and
during the day. Caregivers should ensure
that the physical environment is supportive
of sleep including a quiet, dark room with
the temperature regulated. There exists a
variety of behavioral and responsive prac-
tices to support families in sleep hygiene for
their child. From this range of practices fa-
milies can choose to implement those that
work best for them and their child. Sleep
interventions can be provided by a specia-
list and several sleep programs provide step
by step guidance to help caregivers navigate
sleep concerns (Galland & Mitchell, 2010).
It is recommended that families speak
to their EI providers, neurodevelopmental
specialists or pediatricians for guidance
around the best strategy for themselves
and their child.

Along with sleep hygiene is the impor-
tance of “safe sleep.” Sudden unexpected
infant death (SUID) remains the third leading
cause of infant mortality in the United States
(Centers for Disease Control and Prevention,
2022). SUID is a term that includes sudden
infant death (SIDs), infant accidental suff-
ocation and strangulation in bed, and all
other unknown causes of death for infants
younger than 1 year. Infants with medical
complications such as preterm birth, cardior-
espiratory disorders, low birthweight, and
neurological concerns are at higher risk for
SIDS (Moon & Carlin, 2022; Moon, Darnell,
Goodstein, 2016). The American Academy of
Pediatrics (AAP) created guidelines for safe
sleep in order to reduce the incidence of
SIDS (Moon et al., 2016). The recommenda-
tions for safe sleep include: supine position-
ing on a flat firm sleep surface, removal of all



Fostering Development in Young Children With CHD 13

soft objects such as stuffed animals and loose
bedding away from the infant’s sleep area,
and the use of a pacifier without a blanket
or soft toy attached. Other recommenda-
tions such as encouraging breastfeeding
and limiting exposure to smoke, alcohol
and illicit drugs were also included (Moon
et al., 2016). Many of these safe sleep re-
commendations are different from the
sleep environment an infant experiences
in the hospital when they are critically ill.
Hospital providers should teach, model
and encourage safe sleep practices prior
to discharge. Once home, families should
discuss with their medical providers their
child’s risk of SUIDS and how to closely fol-
low the AAP guidelines to prevent SUIDS.

SOCIAL, EMOTIONAL, AND
BEHAVIORAL DEVELOPMENT

Young children with CHD often experience
prolonged hospitalizations with exposure to
frequent stressors placing them at an in-
creased risk of disrupted social, emotional,
and behavioral development (Brandlistuen
et al., 2010, 2011; Butler et al., 2019;
Majnemer et al., 2009; Ryan et al., 2019).
Hospitalized infants are exposed to patterns
of both under- and overstimulation with re-
duced opportunities for physical closeness
and positive interactions with caregivers
(Butler et al., 2017; Lisanti et al., 2019; Sood
et al., 2016). In addition, as children grow,
caregivers often struggle to provide social in-
teraction while also keeping their child safe
from new illness and at times report they must
restrict their interactions outside of the family.

It is not surprising that young infants
often show difficulties with maintaining
state regulation that interferes with their
ability to self-regulate and socially engage
with their caregivers. Ongoing behavioral
concerns include reduced frustration toler-
ance, difficulty with self-regulation, hyper-
activity, and inattention which often persist
throughout childhood (Majnemer et al.,
2009; Miatton et al., 2007; O’Reilly et al.,
2013; Ryan et al., 2019; Shillingford et al.,

2008). Additionally, communication chal-
lenges, including both reduced comprehen-
sion of what is being said or asked, and
reduced ability to expressively communi-
cate, can increase a child’s frustration and
exacerbate behavioral problems.

Beginning in early infancy, caregivers can
help to support state regulation and encou-
rage healthy social, emotional, and beha-
vioral development in young children with
CHD (Butler et al., 2017; Lisanti et al., 2019;
McCusker et al., 2010). Infants display cues
when they are feeling stressed and caregivers
can learn to identify these cues and support
the infant. Common signs of stress in infants
include color changes, variable breathing and
heart rate, wide eyes and adverted gaze,
splaying fingers, negative facial expressions
(e.g., wrinkling forehead), crying, hiccup-
ping, and sneezing. Caregivers can respond
to such cues with soothing and reduced
stimulation (Als, 1999; Lisanti et al., 2019).
When calm and alert, offer infants opportu-
nities for increased stimulation and social in-
teraction, such as looking and listening while
caregivers speak, reading to them and sing-
ing. Infants require attention, patience, and
lots of face-to-face time, which can help
develop the capacity for self-control and
resilience (Bernier, Carlson, Whipple, 2010;
Sanders & Mazzucchelli, 2013). Remember-
ing that newborns best focus on objects 6-
10 inches away, hold young infants near
your face while engaging with them.

Caregivers can continue to promote curi-
osity and self-regulation by providing a con-
sistent schedule and offering empathetic,
responsive, and sensitive care (Bernier
et al., 2010; Sanders & Mazzucchelli, 2013).
Encourage opportunities to engage in activ-
ities that inspire social interaction with
other children and adults, including imita-
tion games with adults and peers. Inviting
a child to accompany family during errands
and participate in structured playdates, de-
velopmental play groups, and music classes
increases social interaction with modeled
behavior. Caregivers can further promote
the development of healthy social,
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emotional, and behavioral skills through
modeling the behaviors they want to see in
their children. Play is an excellent medium
to help with modeling and facilitating social
interaction and self-regulation. As children
get older, adults should emphasize social,
emotional, and behavioral competencies.
Once children develop language, they can
begin to identify and name their emotions.
Positive behavioral strategies can help to
encourage positive behaviors and reduce
unwanted behaviors (Dishion et al., 2008).
For example, family and professional care-
givers who use rewards, visual supports,
specific labeled praise, differential atten-
tion, and logical consequences help chil-
dren learn the implications of their actions.

HEALTH-RELATED STRESS, ANXIETY,
AND DEPRESSION

Although medical care is lifesaving for
children with CHD, the required surgeries,
hospitalizations, and other treatments can be
distressing or even traumatizing for patients
and their families (Boat et al., 2020). Children
with chronic health conditions are at substan-
tially elevated risk of mental health problems,
including anxiety, mood, and behavioral
disorders (Adams et al., 2019). In addition,
caring for a chronically ill child imposes
long-term stressors for the family including
anxiety, depression, and traumatic stress
(Boat & Amin, 2017; van Oers et al., 2014).
Mental health problems in this growing popu-
lation pose a high cost to individuals, families,
communities, and society.

Professionals should proactively address
both the physical and emotional health
challenges for both patients and families
that are inherent within childhood chronic
illness (Boat & Amin, 2017; Pickles et al.,
2020; Sood, Kenowitz, Goldberg, Butler,
2023). Although some level of stress and
discomfort during medical procedures is
unavoidable, family and professional care-
givers can reduce fear and create positive
associations with medical environments
(Butler et al., 2017; Lisanti et al., 2019).

Young children benefit from opportunities
to engage in medical play with families and
professional caregivers (Li et al., 2016).
Furthermore, social stories can help chil-
dren prepare for routine medical checkups
and procedures and manage the child’s ex-
pectations. Caregivers provide necessary
support for a child at any age with their
presence during hospitalizations and proce-
dures. Providing access to comfort items,
such as pacifiers, blankets, stuffed animals,
and other familiar items from home can be
reassuring in the hospital. Child Life is an
invaluable resource before, during, and
after procedures to comfort, distract, en-
tertain, and support coping for patients.
Whenever possible, provide choices for
a child so that they can maintain a sense of
control (Lerwick, 2016). For example, chil-
dren could help pack their bag for overnight
stays, choose which arm to use for their
blood pressure cuff, and decide what color
bandage they want. Books also can help
children to predict and understand their
medical experiences. Some good choices
include Franklin Goes to the Hospital by
Paulette Bourgeois, Curious George Goes to
the Hospital by Margret and H.A. Rey,
Matty’s Heart by Jean Clabough, Zip-Line,
by David Humphreys and Dawiel Visits the
Hospital by Alexandara Cassel Schwartz.
Parental mental health is a major compo-
nent of child and family well-being. Parents
and families of children with CHD are at
high risk of stress, anxiety, depression, and
post-traumatic stress disorder (PTSD)
(Biber et al., 2019; Bishop et al., 2019;
Helfricht et al., 2008; Uzark & Jones, 2003).
Family members may display symptoms at
any point during their child’s medical jour-
ney from the prenatal period onward.
Symptoms of concerns with well-being can
include avoidance, restlessness, intrusive
thoughts or nightmares, excessive fatigue,
problems concentrating, irritability, inces-
sant worrying, angry outbursts, reduced in-
terest, a sense of detachment, and feelings
of hopelessness and guilt. Physical manifes-
tations of stress can include poor sleep,
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changes in appetite and weight, tense mus-
cles, and pain.

Medical and therapeutic professionals are
encouraged to proactively discuss family
emotional health and wellness early on
(Demianczyk et al., 2022; McWhorter et al.,
2022; Sood et al., 2023). For many families,
understanding that their concerns and feel-
ings are normal and that it is safe to discuss
feelings with trusted health care professionals
is sufficient to promote emotional health and
wellness, while other families could benefit
from professional mental health care and the
support of a trained mental health profes-
sional to manage symptoms of anxiety, de-
pression, or PTSD. In addition, parents and
family members often find connecting with
other families of children with CHD and en-
gagement with regional and national support
groups (such as Mended Little Hearts, Sisters
by Heart, and Conquering CHD) helpful in
processing the reality of having a child
with CHD.

DISCUSSION

Children with complex CHD are at risk
for long-term developmental delays and
concerns across all areas of development
(Bellinger et al., 2009; Cassidy et al., 2016;
Gaynor et al., 2015; Marino et al., 2012; Ryan
et al., 2019; Snookes et al., 2010; Wernovsky,
20006). Ongoing developmental monitoring
provided by licensed professionals and for-
mal therapeutic interventions (Marino et al.,
2012) are recommended for all young chil-
dren with complex CHD. In addition, EI
early in infancy is recommended to prevent
delays and is suggested to begin even before
concerns are noted. To fully optimize devel-
opment, parents, family members and care-
givers are recognized and supported as
crucial facilitators of development from birth
onward.

REFERENCES

It is important for family members, pro-
fessional caregivers and therapists to be
aware of the common developmental con-
cerns for young children with CHD in order
to support the development of foundational
developmental skills. In this article, we pro-
vided an overview of the literature describ-
ing developmental concerns often
associated with complex CHD such as de-
lays in motor, language, cognitive, feeding,
sleep and difficulty with state regulation im-
pacting daily living skills, behavior, atten-
tion, feeding, and coping concerns for
family and child. We highlighted activities
and interventions for parents, families and
professional caregivers to help support de-
velopment across domains in the hospital,
home, and early childhood settings. By
working together, families and professional
caregivers can optimize development for
young children with CHD by providing an
enriching environment and ongoing devel-
opmental supports across all settings.

While there is a great deal of information
regarding long-term outcomes for children
with CHD (Marino et al., 2012), limited re-
search exists on the impact of developmen-
tal interventions to support enhancement
of long-term outcomes. Current literature
advocates for early developmental interven-
tion for children with CHD and their fa-
milies (Cassidy et al., 2021; Lisanti et al.,
2023; Ware et al., 2020); however, the spe-
cific developmental therapies, timing of im-
plementation, and frequency necessary to
impact long-term outcomes are unclear.
Future research should investigate the po-
tential relationship of caregiver engagement
and developmental stimulation implemen-
ted early in infancy on the quality of life for
children with CHD. This would help pro-
vide additional evidence to strongly support
the early provision of developmental inter-
vention by families and caregivers.

Adams, J. S., Chien, A. T., & Wisk, L. E. (2019). Mental
illness among youth with chronic physical

conditions. Pediatrics, 144(1), e20181819. https://
doi.org/10.1542/peds.2018-1819


https://doi.org/10.1542/peds.2018-1819
https://doi.org/10.1542/peds.2018-1819

16 INFANTS & YOUNG CHILDREN/JANUARY—-MARCH 2025

Als, H. (1999). Reading the Premature Infant.
In Goldson, E. (Ed.), Nurturing the premature in-
fant: developmental interventions in the Neonatal
Intensive Care Nursery (pp. 18-85). Oxford
University Press.

Anderson, L. M., Shinn, C., Fullilove, M. T.,
Scrimshaw, S. C., Fielding, J. E., & Normand, J;
Task Force on Community Preventive Services.
(2003). The effectiveness of early childhood devel-
opment programs. A systematic review. American
Journal of Preventive Medicine, 24(3), 32-46.

Bellinger, D. C., Bernstein, J. H., Kirkwood, M. W.,
Rappaport, L. A., & Newburger, J. W. (2003).
Visual-spatial skills in children after open-heart
surgery. Journal of Developmental and Bebavioral
Pediatrics, 24(3), 169-179. https://doi.org/10.1097/
00004703-200306000-00007

Bellinger, D. C., Newburger, J. W., Wypij, D,
Kuban, K. C. K., duPlesssis, A. J., & Rappaport, L. A.
(2009). Behaviour at eight years in children with
surgically corrected transposition: The Boston
Circulatory Arrest Trial. Cardiology in the
Young, 19(1), 86-97. https://doi.org/10.1017/
$1047951108003454

Bernier, A., Carlson, S. M., Bordeleau, S., & Carrier, J.
(2010). Relations between physiological and cog-
nitive regulatory systems: infant sleep regulation
and subsequent executive functioning. Child
Development, 81(6), 1739-1752. https://doi.org/
10.1111/j.1467-8624.2010.01507.x

Bernier, A., Carlson, S. M., & Whipple, N. (2010).
From external regulation to self-regulation: early
parenting precursors of young children’s execu-
tive functioning. Society for Research in Child
Development, 81(1), 326-339. https://doi.org/10.
1111/j.1467-8624.2009.01397.x

Biber, S., Andonian, C., Beckmann, J., Ewert, P.,
Freilinger, S., & Nagdyman, N., ... Neidenbach,
R. C. (2019). Current research status on the
psychological situation of parents of children
with congenital heart disease. Cardiovascular
Diagnosis and Therapy, 9(Suppl 2), $S369-S376.
https://doi.org/10.21037/cdt.2019.07.07

Bishop, M. N, Gise, J. E., Donati, M. R., Shneider, C. E.,
Aylward, B. S., & Cohen, L. L. (2019). Parenting
stress, sleep, and psychological adjustment in par-
ents of infants and toddlers with congenital heart
disease. Journal of Pediatric Psychology, 44(8),
980-987. https://doi.org/10.1093/jpepsy/jsz026

Blauw-Hospers, C. H., de Graaf-peters, V. B., Dirks, T.,
Bos, A. F., & Hadders-Algra, M. (2007). Does early
intervention in infants at high risk for a develop-
mental motor disorder improve motor and cogni-
tive development? Neuroscience and Biobebavioral
Reviews, 31(8), 1201-1212. https://doi.org/10.
1016/j.neubiorev.2007.04.010

Boat, F. & Amin, R. S. (2017). Wellness for families of
children with chronic health disorders. JAMA

Pediatrics, 171(9), 825-826. https://doi.org/10.
1001/jamapediatrics.2017.1682

Boat, R., Hunte, R., Welsh, E., Dunn, A., Treadwell, E., &
Cooper, S. B. (2020). Manipulation of the duration of
the initial self-control task within the sequential-task
paradigm: effect on exercise performance. Frontiers
in Neuroscience, 14, 571312. https://doi.org/10.
3389/fnins.2020.571312

Brandlistuen, R. E., Holmstrom, K., Landolt, H.,
Landolt, M. A., Eskedal, L. T., & Vollrath, M. E.
(2010). Motor and social development in 6-month-
old children with congenital heart defects. The
Journal of Pediatrics, 156(2), 265-9.el. https://
doi.org/10.1016/j.jpeds.2009.08.035

Brandlistuen, R. E., Holmstrgm, K., Landolt, H.,
Landolt, M. A., Eskedal, L. T., & Vollrath, M. E.
(2011). Symptoms of communication and social
impairment in toddlers with congenital heart
defects. Child: Care, Health and Development, 37
(1), 37-43. https://doi.org/10.1111/j.1365-2214.
2010.01148.x

Britto, P., Lye, S., Proulx, K., Yousafzai, A., Matthews, S.,
Perez-Escamilla, R., & Bhutta, Z. (2017). Nurturing
care: science and effective interventions to promote
early childhood development. The Lancet, 389
(10064), 91-102. https://doi.org/10.1016/S0140-
6736(16)31390-3

Brown, Council on Communications and Media.
(2011). Media use by children younger than 2
years. Pediatrics, 128(5), 1040-1045. https://doi.
org/10.1542/peds.2011-1753

Butler, S. C., Huyler, K., Kaza, A., & Rachwal, C. (2017).
Filling a significant gap in the cardiac ICU: imple-
mentation of individualised developmental care.
Cardiology in the Young, 27(9), 1797-1806.
https://doi.org/10.1017/51047951117001469

Butler, S. C., Sadhwani, A., Rofeberg, V., Cassidy, A. R.,
Singer, J., & Calderon, J.; Cardiac Neurodevelop-
mental Program at Boston Children’s Hospital
Group. (2022). Neurological features in infants
with congenital heart disease. Developmental
Medicine & Child Neurology, 64(6), 762-770.

Butler, S. C., Sadhwani, A., Stopp, C., Singer, J., Wypij, D.,
Dunbar-Masterson, C., & Newburger, J. W. (2019).
Neurodevelopmental assessment of infants with
congenital heart disease in the early postoperative
period. Congenital Heart Disease, 14(2), 236-245.
https://doi.org/10.1111/chd.12686

Caskey, M., Stephens, B., Tucker, R., & Vohr, B. (2011).
Importance of parent talk on the development of
preterm infant vocalizations. Pediatrics, 128(5),
910-916. https://doi.org/10.1542/peds.2011-0609

Cassidy, A. R., Butler, S. C., Briend, J., Calderon, J.,
Casey, F., Crosby, L., & Butcher, J. L. (2021).
Neurodevelopmental and psychosocial interven-
tions for individuals with CHD: a research
agenda and recommendations from the Cardiac
Neurodevelopmental Outcome Collaborative.


https://doi.org/10.1097/00004703-200306000-00007
https://doi.org/10.1097/00004703-200306000-00007
https://doi.org/10.1017/S1047951108003454
https://doi.org/10.1017/S1047951108003454
https://doi.org/10.1111/j.1467-8624.2010.01507.x
https://doi.org/10.1111/j.1467-8624.2010.01507.x
https://doi.org/10.1111/j.1467-8624.2009.01397.x
https://doi.org/10.1111/j.1467-8624.2009.01397.x
https://doi.org/10.21037/cdt.2019.07.07
https://doi.org/10.21037/cdt.2019.07.07
https://doi.org/10.1093/jpepsy/jsz026
https://doi.org/10.1016/j.neubiorev.2007.04.010
https://doi.org/10.1016/j.neubiorev.2007.04.010
https://doi.org/10.1001/jamapediatrics.2017.1682
https://doi.org/10.1001/jamapediatrics.2017.1682
https://doi.org/10.3389/fnins.2020.571312
https://doi.org/10.3389/fnins.2020.571312
https://doi.org/10.1016/j.jpeds.2009.08.035
https://doi.org/10.1016/j.jpeds.2009.08.035
https://doi.org/10.1111/j.1365-2214.2010.01148.x
https://doi.org/10.1111/j.1365-2214.2010.01148.x
https://doi.org/10.1016/S0140-6736(16)31390-3
https://doi.org/10.1016/S0140-6736(16)31390-3
https://doi.org/10.1542/peds.2011-1753
https://doi.org/10.1542/peds.2011-1753
https://doi.org/10.1017/S1047951117001469
https://doi.org/10.1017/S1047951117001469
https://doi.org/10.1111/chd.12686
https://doi.org/10.1111/chd.12686
https://doi.org/10.1542/peds.2011-0609

Fostering Development in Young Children With CHD 17

Cardiology in the Young, 31(6), 888-899.
https://doi.org/10.1017/51047951121002158

Cassidy, A. R., White, M. T., DeMaso, D. R., Newburger,
J. W., & Bellinger, D. C. (2016). Processing speed,
executive function, and academic achievement in
children with dextro-transposition of the great ar-
teries: Testing a longitudinal developmental cas-
cade model. Neuropsychology, 30(7), 874-885.
https://doi.org/10.1037/neu0000289

Centers for Disease Control and Prevention. (2022).
Sudden Unexpected Infant Death and Sudden
Infant Death Syndrome. Centers for Disease
Control and Prevention. https://www.cdc.gov/
sids/index.htm

Centers for Disease Control (CDC). (2022, January 25).
Data and Statistics on Congenital Heart Defects.
Centers for Disease Control and Prevention.
https://www.cdc.gov/ncbddd/heartdefects/data.
html

Chen, J., Zimmerman, R. A., Jarvik, G. P., Nord, A. S.,
Clancy, R. R., Wernovsky, G., & Ichord, R. (2009).
Perioperative stroke in infants undergoing open
heart operations for congenital heart disease. The
Annals of Thoracic Surgery, 88(3), 823-829.
https://doi.org/10.1016/j.athoracsur.2009.03.030

Chock, V. Y., Reddy, V. M., Bernstein, D., & Madan, A.
(2006). Neurologic events in neonates treated sur-
gically for congenital heart disease. Journal of
Perinatology, 26(4), 237-242. https://doi.org/10.
1038/sj.jp.7211459

Clifton, A., Cruz, G., Patel, Y., Cahalin, L. P., &
Moore, J. G. (2020). Sternal precautions and
prone positioning of infants following median
sternotomy: a nationwide survey. Pediatric
Physical Therapy, 32(4), 339-345. https://doi.
org/10.1097/PEP.0000000000000734

Davis, K. F., Parker, K. P., & Montgomery, G. L. (2004).
Sleep in infants and young children: Part one: nor-
mal sleep. Journal of Pediatric Health Care, 18(2),
65-71. https://doi.org/10.1016/s0891-5245(03)
00149-4

Daymont, C., Neal, A., Prosnitz, A., & Cohen, M. S.
(2013). Growth in children with congenital heart
disease. Pediatrics, 131(1), e236-e242. https://
doi.org/10.1542/peds.2012-1157

Demianczyk, A. C., Bechtel Driscoll, C. F., Karpyn, A.,
Shillingford, A., Kazak, A. E., & Sood, E. (2022).
Coping strategies used by mothers and fathers
following diagnosis of congenital heart disease.
Child: Care, Health and Development, 48(1),
129-138. https://doi.org/10.1111/cch.12913

Dishion, T. J., Shaw, D., Connell, A., Gardner, F.,
Weaver, C., & Wilson, M. (2008). The family
check-up with high-risk indigent families: prevent-
ing problem behavior by increasing parents’ posi-
tive behavior support in early childhood. Child
Development, 79(5), 1395-1414. https://doi.org/
10.1111/j.1467-8624.2008.01195.x

Dittrich, H., Biihrer, C., Grimmer, L., Dittrich, S., Abdul-
Khaliq, H., & Lange, P. E. (2003). Neurodevelopment
at 1 year of age in infants with congenital heart
disease. Heart, 8X(4), 436-441. https://doi.org/10.
1136/heart.89.4.436

Donofrio, M. T. & Massaro, A. N. (2010). Impact of
congenital heart disease on brain development
and neurodevelopmental outcome. International
Journal of Pediatrics, 2010(1), 359390. https://
doi.org/10.1155/2010/359390

Duff, S. V. & Charles, J. (2004). Enhancing prehension
in infants and children: fostering neuromotor
strategies. Physical & Occupational Therapy in
Pediatrics, 24(1-2), 129-172. https://doi.org/10.
1300/j006v24n01_06

Dunst, C. J., Meter, D., & Hamby, D. W. (2011).
Relationship between young children’s nursery
rhyme experiences and knowledge and phonolo-
gical and print-related abilities. Center for Early
Literacy Learning, 4(1), 1-2.

Einarson, K. D. & Arthur, H. M. (2003). Predictors of
oral feeding difficulty in cardiac surgical infants.
Pediatric Nursing, 29(4), 315-319.

Freier, M. C., Babikian, T., Pivonka, J., Burley Aaen, T.,
Gardner, J. M., Baum, M., & Chinnock, R. E. (2004).
A longitudinal perspective on neurodevelopmen-
tal outcome after infant cardiac transplantation.
The Journal of Heart and Lung Transplantation,
23(7), 857-864. https://doi.org/10.1016/j.healun.
2003.08.003

Galland, B. C. & Mitchell, E. A. (2010). Helping chil-
dren sleep. Archives of Disease in Childbood, 95
(10), 850-853. https://doi.org/10.1136/adc.2009.
162974

Gaynor, J. W., Stopp, C., Wypij, D., Andropoulos, D. B.,
Atallah, J., & Atz, A. M.; International Cardiac
Collaborative on Neurodevelopment (ICCON)
Investigators. (2015). Neurodevelopmental out-
comes after cardiac surgery in infancy. Pediatrics,
135(5), 816-825.

Gerstle, M., Beebe, D. W., Drotar, D., Cassedy, A., &
Marino, B. S. (2016). Executive functioning and
school performance among pediatric survivors of
complex congenital heart disease. The Journal of
Pediatrics, 173, 154-159. https://doi.org/10.1016/
j.jpeds.2016.01.028

Grasty, M. A., Ittenbach, R. F., Knightly, C., Solot, C. B.,
Gerdes, M., Bernbaum, J. C., & Burnham, N. B.
(2018). Hearing loss after cardiac surgery in in-
fancy: an unintended consequence of life-saving
care. The Journal of Pediatrics, 192, 144-151.el.
https://doi.org/10.1016/j.jpeds.2017.09.049

Hanika, L. & Boyer, W. (2019). Imitation and social
communication in infants. Early Childhood
Education Journal, 47(5), 615-626. https://doi.
0rg/10.1007/s10643-019-00943-7

Helfricht, S., Latal, B., Fischer, J. E., Tomaske, M., &
Landolt, M. A. (2008). Surgery-related posttraumatic


https://doi.org/10.1017/S1047951121002158
https://doi.org/10.1017/S1047951121002158
https://doi.org/10.1037/neu0000289
https://doi.org/10.1037/neu0000289
https://www.cdc.gov/sids/index.htm
https://www.cdc.gov/sids/index.htm
https://www.cdc.gov/ncbddd/heartdefects/data.html
https://www.cdc.gov/ncbddd/heartdefects/data.html
https://doi.org/10.1016/j.athoracsur.2009.03.030
https://doi.org/10.1016/j.athoracsur.2009.03.030
https://doi.org/10.1038/sj.jp.7211459
https://doi.org/10.1038/sj.jp.7211459
https://doi.org/10.1097/PEP.0000000000000734
https://doi.org/10.1097/PEP.0000000000000734
https://doi.org/10.1016/s0891-5245(03)00149-4
https://doi.org/10.1016/s0891-5245(03)00149-4
https://doi.org/10.1542/peds.2012-1157
https://doi.org/10.1542/peds.2012-1157
https://doi.org/10.1111/cch.12913
https://doi.org/10.1111/j.1467-8624.2008.01195.x
https://doi.org/10.1111/j.1467-8624.2008.01195.x
https://doi.org/10.1136/heart.89.4.436
https://doi.org/10.1136/heart.89.4.436
https://doi.org/10.1155/2010/359390
https://doi.org/10.1155/2010/359390
https://doi.org/10.1300/j006v24n01%5F06
https://doi.org/10.1300/j006v24n01%5F06
https://doi.org/10.1016/j.healun.2003.08.003
https://doi.org/10.1016/j.healun.2003.08.003
https://doi.org/10.1136/adc.2009.162974
https://doi.org/10.1136/adc.2009.162974
https://doi.org/10.1016/j.jpeds.2016.01.028
https://doi.org/10.1016/j.jpeds.2016.01.028
https://doi.org/10.1016/j.jpeds.2017.09.049
https://doi.org/10.1016/j.jpeds.2017.09.049
https://doi.org/10.1007/s10643-019-00943-7
https://doi.org/10.1007/s10643-019-00943-7

18 INFANTS & YOUNG CHILDREN/JANUARY—-MARCH 2025

stress disorder in parents of children undergoing
cardiopulmonary bypass surgery: a prospective
cohort study. Pediatric Critical Care Medicine,
9(2), 217-223. https://doi.org/10.1097/PCC.
0b013e318166eec3

Hirshkowitz, M., Whiton, K., Albert, S. M., Alessi, C.,
Bruni, O., DonCarlos, L., & Ware, J. C. (2015).
National Sleep Foundation’s updated sleep dura-
tion recommendations: final report. Sleep Health, 1
(4), 233-243. https://doi.org/10.1016/j.sleh.2015.
10.004

Hughes, A. J., Redsell, S. A., & Glazebrook, C. (2016).
Motor development interventions for preterm in-
fants: a systematic review and meta-analysis.
Pediatrics, 138(4). https://doi.org/10.1542/peds.
2016-0147

Jadcherla, S. R., Vijayapal, A. S., & Leuthner, S. (2009).
Feeding abilities in neonates with congenital
heart disease: a retrospective study. Journal of
Perinatology, 29(2), 112-118. https://doi.org/10.
1038/jp.2008.136

Jerrell, J. M., Shuler, C. O., Tripathi, A., Black, G. B, &
Park, Y. M. M. (2015). Long-term neurodevelop-
mental outcomes in children and adolescents with
congenital heart disease. The Primary Care
Companion to CNS Disorders, 17(5). https://doi.
org/10.4088/PCC.15m01842

Justice, L. & Pullen, P. (2003). Promising interventions
for promoting emergent literacy skills: three
evidence-based approaches. Topics in Early
Childbood Special Education, 23(3), 99-113.
https://doi.org/10.1177/02711214030230030101

Karsdorp, P. A., Everaerd, W., Kindt, M. &
Mulder, B. J. M. (2007). Psychological and cogni-
tive functioning in children and adolescents with
congenital heart disease: a meta-analysis. Journal
of Pediatric Psychology, 32(5), 527-541. https://
doi.org/10.1093/jpepsy/jsl047

Kohr, L. M., Dargan, M., Hague, A., Nelson, S. P.,
Duffy, E., Backer, C. L., & Mavroudis, C. (2003).
The incidence of dysphagia in pediatric patients
after open heart procedures with transesophageal
echocardiography. The Annals of Thoracic Surgery,
76(5), 1450-1456. https://doi.org/10.1016/s0003-
4975(03)00956-1

Kurtz, J. D., Chowdhury, S. M., Woodard, F. K.,
Strelow, J. R., & Zyblewski, S. C. (2019). Factors
associated with delayed transition to oral feeding
in infants with single ventricle physiology. The
Journal of Pediatrics, 211, 134-138. https://doi.
org/10.1016/j.jpeds.2019.02.030

Landa, R. J. (2018). Efficacy of early interventions for
infants and young children with, and at risk for,
autism spectrum disorders. International Review
of Psychiatry, 30(1), 25-39. https://doi.org/10.
1080/09540261.2018.1432574

Lerwick, J. L. (2016). Minimizing pediatric healthcare-
induced anxiety and trauma. World Journal of

Clinical Pediatrics, 5(2), 143-150. https://doi.
org/10.5409/wjcp.v5.i2.143
Li, W. H. C., Chung, J. O. K., Ho, K. Y., & Kwok, B. M. C.
(2016). Play interventions to reduce anxiety and
negative emotions in hospitalized children. BMC
Pediatrics, 16(1), 36. https://doi.org/10.1186/
$12887-016-0570-5
Licht, D.J., Shera, D. M., Clancy, R. R., Wernovsky, G.,
Montenegro, L. M., Nicolson, S. C., &
Vossough, A. (2009). Brain maturation is delayed
in infants with complex congenital heart defects.
The Journal of Thoracic and Cardiovascular
Surgery, 137(3), 529-536. https://doi.org/10.
1016/j.jtcvs.2008.10.025
Limperopoulos, C., Majnemer, A., Shevell, M. L,
Rohlicek, C., Rosenblatt, B., Tchervenkov, C., &
Darwish, H. Z. (2002). Predictors of developmen-
tal disabilities after open heart surgery in young
children with congenital heart defects. The Journal
of Pediatrics, 141(1), 51-58. https://doi.org/10.
1067/mpd.2002.125227
Limperopoulos, C., Tworetzky, W., McElhinney, D. B.,
Newburger, J. W., Brown, D. W., Robertson, R. L.,
& du Plessis, A. J. (2010). Brain volume and meta-
bolism in fetuses with congenital heart disease.
Circulation, 121(1), 26-33. https://doi.org/10.
1161/CIRCULATIONAHA.109.865568
Lisanti, A. J., Uzark, K. C., Harrison, T. M.,
Peterson, J. K., Butler, S. C., & Miller, T. A
Council on Hypertension. (2023). Developmental
care for hospitalized infants with complex conge-
nital heart disease: a science advisory from the
American Heart Association. Journal of the
American Heart Association, 12(3), e028489.
Lisanti, A. J., Vittner, D., Medoff-Cooper, B., Fogel, J.,
Wernovsky, G., & Butler, S. (2019). Individualized
family-centered developmental care: an essential
model to address the unique needs of infants
with congenital heart disease. The Journal of
Cardiovascular Nursing, 34(1), 85-93. https://
doi.org/10.1097/JCN.0000000000000546
Liu, Y., Chen, S., Ziihlke, L., Black, G. C., Choy, M.-K.,
Li, N., & Keavney, B. D. (2019). Global birth pre-
valence of congenital heart defects 1970-2017: up-
dated systematic review and meta-analysis of 260
studies. International Journal of Epidemiology,
48(2), 455-463. https://doi.org/10.1093/ije/dyz009
Lobo, M. A., Galloway, J. C., & Heathcock, J. C. (2015).
Characterization and intervention for upper extre-
mity exploration & reaching behaviors in infancy.
Journal of Hand Therapy, 28(2), 114-124. https://
doi.org/10.1016/j.jht.2014.12.003
Luyckx, K., Goossens, E., Van Damme, C., & Moons, P.;
& i-DETACH (2011). Identity
formation in adolescents with congenital cardiac

investigators.

disease: a forgotten issue in the transition to
adulthood. Cardiology in the Young, 21(4),
411-420.


https://doi.org/10.1097/PCC.0b013e318166eec3
https://doi.org/10.1097/PCC.0b013e318166eec3
https://doi.org/10.1016/j.sleh.2015.10.004
https://doi.org/10.1016/j.sleh.2015.10.004
https://doi.org/10.1542/peds.2016-0147
https://doi.org/10.1542/peds.2016-0147
https://doi.org/10.1038/jp.2008.136
https://doi.org/10.1038/jp.2008.136
https://doi.org/10.4088/PCC.15m01842
https://doi.org/10.4088/PCC.15m01842
https://doi.org/10.1177/02711214030230030101
https://doi.org/10.1177/02711214030230030101
https://doi.org/10.1093/jpepsy/jsl047
https://doi.org/10.1093/jpepsy/jsl047
https://doi.org/10.1016/s0003-4975(03)00956-1
https://doi.org/10.1016/s0003-4975(03)00956-1
https://doi.org/10.1016/j.jpeds.2019.02.030
https://doi.org/10.1016/j.jpeds.2019.02.030
https://doi.org/10.1080/09540261.2018.1432574
https://doi.org/10.1080/09540261.2018.1432574
https://doi.org/10.5409/wjcp.v5.i2.143
https://doi.org/10.5409/wjcp.v5.i2.143
https://doi.org/10.1186/s12887-016-0570-5
https://doi.org/10.1186/s12887-016-0570-5
https://doi.org/10.1016/j.jtcvs.2008.10.025
https://doi.org/10.1016/j.jtcvs.2008.10.025
https://doi.org/10.1067/mpd.2002.125227
https://doi.org/10.1067/mpd.2002.125227
https://doi.org/10.1161/CIRCULATIONAHA.109.865568
https://doi.org/10.1161/CIRCULATIONAHA.109.865568
https://doi.org/10.1097/JCN.0000000000000546
https://doi.org/10.1097/JCN.0000000000000546
https://doi.org/10.1093/ije/dyz009
https://doi.org/10.1016/j.jht.2014.12.003
https://doi.org/10.1016/j.jht.2014.12.003

Fostering Development in Young Children With CHD 19

Lyon, M. E., Kuehl, K., & McCarter, R. (2006). Transition
to adulthood in congenital heart disease: missed
adolescent milestones. The Journal of Adolescent
Health: Official Publication of the Society for
Adolescent Medicine, 39(1), 121-124. https://doi.
org/10.1016/j.jadohealth.2005.09.008

Majnemer, A., Limperopoulos, C., Shevell, M.,
Rosenblatt, B., Rohlicek, C., & Tchervenkov, C.
(2006). Long-term neuromotor outcome at school
entry of infants with congenital heart defects requir-
ing open-heart surgery. The Journal of Pediatrics,
148(1), 72-77. https://doi.org/10.1016/j.jpeds.2005.
08.036

Majnemer, A., Limperopoulos, C., Shevell, M. L,
Rohlicek, C., Rosenblatt, B., & Tchervenkov, C.
(2009). A new look at outcomes of infants with
congenital heart disease. Pediatric Neurology,
40(3), 197-204. https://doi.org/10.1016/j.pedia
trneurol.2008.09.014

Marino, B. S., Lipkin, P. H., Newburger, J. W.,
Peacock, G., Gerdes, M., & Gaynor, J. W.; Stroke
Council. (2012). Neurodevelopmental outcomes in
children with congenital heart disease: evaluation
and management: a scientific statement from the
American Heart Association. Circulation, 126(9),
1143-1172.

Massaro, A. N., EI-Dib, M., Glass, P., & Aly, H. (2008).
Factors associated with adverse neurodevelop-
mental outcomes in infants with congenital heart
disease. Brain and Development, 30(7), 437-446.
https://doi.org/10.1016/j.braindev.2007.12.013

Massaro, A. N., Glass, P., Brown, J., Chang, T.,
Krishnan, A., Jonas, R. A., & Donofrio, M. T.
(2011). Neurobehavioral abnormalities in new-
borns with congenital heart disease requiring
open-heart surgery. The Journal of Pediatrics,
158(4), 678-681.e2. https://doi.org/10.1016/j.
jpeds.2010.11.060

Maurer, 1., Latal, B., Geissmann, H., Knirsch, W.,
Bauersfeld, U., & Balmer, C. (2011). Prevalence
and predictors of later feeding disorders in chil-
dren who underwent neonatal cardiac surgery for
congenital heart disease. Cardiology in the
Young, 21(3), 303-309. https://doi.org/10.1017/
$1047951110001976

McCormick, M. C., Brooks-Gunn, J., Buka, S. L.,
Goldman, J., Yu, J., Salganik, M., ... Casey, P. H.
(20006). Early intervention in low birth weight
premature infants: results at 18 years of age for
the Infant Health and Development Program.
Pediatrics, 117(3), 771-780. https://doi.org/10.
1542/peds.2005-1316

McCusker, C. G., Doherty, N. N., Molloy, B., Casey, F.,
Rooney, N., Mulholland, C., & Stewart, M. (2007).
Determinants of neuropsychological and beha-
vioural outcomes in early childhood survivors of
congenital heart disease. Archives of Disease in

Childhood, 92(2), 137-141. https://doi.org/10.
1136/adc.2005.092320

McCusker, C. G., Doherty, N. N., Molloy, B., Rooney, N.,
Mulholland, C., Sands, A., & Casey, F. (2010).
A controlled trial of early interventions to promote
maternal adjustment and development in infants
born with severe congenital heart disease. Child:
Care, Health and Development, 36(1), 110-117.
https://doi.org/10.1111/j.1365-2214.2009.01026.x

McWhorter, L. G., Christofferson, J., Neely, T.,
Hildenbrand, A. K., Alderfer, M. A., Randall, A., &
Sood, E. (2022). Parental post-traumatic stress, over-
protective parenting, and emotional and behavioural
problems for children with critical congenital heart
disease. Cardiology in the Young, 32(5), 738-745.
https://doi.org/10.1017/51047951121002912

Medoff-Cooper, B. & Ravishankar, C. (2013).
Nutrition and growth in congenital heart disease:
a challenge in children. Current Opinion in
Cardiology, 28(2), 122-129. https://doi.org/10.
1097/HCO.0b013e32835dd005

Miatton, M., De Wolf, D., Francois, K., Thiery, E., &
Vingerhoets, G. (2006). Neurocognitive conse-
quences of surgically corrected congenital heart de-
fects: A review. Neuropsychology Review, 16(2),
65-85. https://doi.org/10.1007/s11065-006-9005-7

Miatton, M., De Wolf, D., Francois, K., Thiery, E., &
Vingerhoets, G. (2007). Neuropsychological per-
formance in school-aged children with surgically
corrected congenital heart disease. The Journal of
Pediatrics, 151(1), 73-78,78.e1l. https://doi.org/
10.1016/j.jpeds.2007.02.020

Miller, S. P., McQuillen, P. S., Hamrick, S., Xu, D.,
Glidden, D. V., Charlton, N., & Vigneron, D. B.
(2007). Abnormal brain development in newborns
with congenital heart disease. The New England
Journal of Medicine, 357(19), 1928-1938. https://
doi.org/10.1056/NEJM0a067393

Mindell, J. A., Leichman, E. S., DuMond, C., & Sadeh, A.
(2017). Sleep and social-emotional development in
infants and toddlers. Journal of Clinical Child and
Adolescent Psychology, 46(2), 236-246. https://
doi.org/10.1080/15374416.2016.1188701

Moon, R. Y., Carlin, R. F., Hand, Ivan, & Task Force
on Sudden Infant Death Syndrome and The
Committee on Fetus and Newborn. (2022).
Evidence base for 2022 updated recommenda-
tions for a safe infant sleeping environment to
reduce the risk of sleep-related infant deaths.
Pediatrics, 150(1). https://doi.org/10.1542/
peds.2022-057991

Moon, R. Y., Darnell, F.-W., Goodstein, H. & Task
Force on Sudden Infant Death Syndrome.
(2016). SIDS and other sleep-related infant
deaths: evidence base for 2016 updated recom-
mendations for a safe infant sleeping
environment. Pediatrics, 138(5). https://doi.
org/10.1542/peds.2016-2940


https://doi.org/10.1016/j.jadohealth.2005.09.008
https://doi.org/10.1016/j.jadohealth.2005.09.008
https://doi.org/10.1016/j.jpeds.2005.08.036
https://doi.org/10.1016/j.jpeds.2005.08.036
https://doi.org/10.1016/j.pediatrneurol.2008.09.014
https://doi.org/10.1016/j.pediatrneurol.2008.09.014
https://doi.org/10.1016/j.braindev.2007.12.013
https://doi.org/10.1016/j.braindev.2007.12.013
https://doi.org/10.1016/j.jpeds.2010.11.060
https://doi.org/10.1016/j.jpeds.2010.11.060
https://doi.org/10.1017/S1047951110001976
https://doi.org/10.1017/S1047951110001976
https://doi.org/10.1542/peds.2005-1316
https://doi.org/10.1542/peds.2005-1316
https://doi.org/10.1136/adc.2005.092320
https://doi.org/10.1136/adc.2005.092320
https://doi.org/10.1111/j.1365-2214.2009.01026.x
https://doi.org/10.1111/j.1365-2214.2009.01026.x
https://doi.org/10.1017/S1047951121002912
https://doi.org/10.1017/S1047951121002912
https://doi.org/10.1097/HCO.0b013e32835dd005
https://doi.org/10.1097/HCO.0b013e32835dd005
https://doi.org/10.1007/s11065-006-9005-7
https://doi.org/10.1016/j.jpeds.2007.02.020
https://doi.org/10.1016/j.jpeds.2007.02.020
https://doi.org/10.1056/NEJMoa067393
https://doi.org/10.1056/NEJMoa067393
https://doi.org/10.1080/15374416.2016.1188701
https://doi.org/10.1080/15374416.2016.1188701
https://doi.org/10.1542/peds.2022-057991
https://doi.org/10.1542/peds.2022-057991
https://doi.org/10.1542/peds.2016-2940
https://doi.org/10.1542/peds.2016-2940

20 INFANTS & YOUNG CHILDREN/JANUARY—-MARCH 2025

Morgan, C., Darrah, J., Gordon, A. M., Harbourne, R.,
Spittle, A., Johnson, R., & Fetters, L. (2016).
Effectiveness of motor interventions in infants with
cerebral palsy: a systematic review. Developmental
Medicine & Child Neurology, 58(9), 900-909.
https://doi.org/10.1111/dmcn.13105

Mussatto, K. A., Hoffmann, R. G., Hoffman, G. M.,
Tweddell, J. S., Bear, L., Cao, Y., & Brosig, C.
(2014). Risk and prevalence of developmental
delay in young children with congenital heart
disease. Pediatrics, 133(3), e570-e577. https://
doi.org/10.1542/peds.2013-2309

Newburger, J. W., Sleeper, L. A., Bellinger, D. C.,
Goldberg, C. S., Tabbutt, S., & Lu, M.; Pediatric
Heart Network. (2012). Early developmental out-
come in children with Hypoplastic Left Heart
Syndrome and related anomalies the single ventri-
cle reconstruction trial. Circulation, 125(17),
2081-2091.

O’Reilly, D., Labrecque, M., O’Melia, M., Bacic, J.,
Hansen, A., & Soul, J. S. (2013). Passive cooling
during transport of asphyxiated term newborns.
Journal of Perinatology, 33(6), 435-440. https://
doi.org/10.1038/jp.2012.138

Owen, M., Shevell, M., Donofrio, M., Majnemer, A.,
McCarter, R., Vezina, G., & Limperopoulos, C.
(2014). Brain volume and neurobehavior in new-
borns with complex congenital heart defects. The
Journal of Pediatrics, 164(5), 1121-1127.el.
https://doi.org/10.1016/j.jpeds.2013.11.033

Paruthi, S., Brooks, L. J., D’Ambrosio, C., Hall, W. A.,
Kotagal, S., Lloyd, R. M., & Wise, M. S. (2016).
Recommended amount of sleep for pediatric po-
pulations: a consensus statement of the American
Academy of Sleep Medicine. Journal of Clinical
Sleep Medicine, 12(6), 785-786. https://doi.org/
10.5664/jcsm.5866

Pickles, D., Lannon, C., Wooton, S., Eversole, M.,
Rychik, J., & Wright, G. (2020). The future is
now for transforming outcomes nationally: the
Fontan Outcomes Network. Progress in Pediatric
Cardiology, 59, 101302. https://doi.org/10.1016/j.
ppedcard.2020.101302

Poehlmann, J. & Fiese, B. H. (2001). Parent-infant
interaction as a mediator of the relation between
neonatal risk status and 12-month cognitive
development. Infant Bebavior and Development,
24(2), 171-188. https://doi.org/10.1016/s0163-
6383(01)00073-x

Puthussery, S., Chutiyami, M., Tseng, P.-C., Kilby, L., &
Kapadia, J. (2018). Effectiveness of early interven-
tion programs for parents of preterm infants: a meta-
review of systematic reviews. BMC Pediatrics, 18(1),
223 https://doi.org/10.1186/s12887-018-1205-9

Riethmuller, A. M., Jones, R., & Okely, A. D. (2009).
Efficacy of interventions to improve motor devel-
opment in young children: a systematic review.

Pediatrics, 124(4), €782-e792. https://doi.org/10.
1542/peds.2009-0333

Ryan, K. R., Jones, M. B., Allen, K. Y., Marino, B. S.,
Casey, F., Wernovsky, G., & Lisanti, A. J. (2019).
Neurodevelopmental outcomes among children
with congenital heart disease: at-risk popu-
lations and modifiable risk factors. World
Journal for Pediatric and Congenital Heart
Surgery, 10(6), 750-758. https://doi.org/10.11
77/2150135119878702

Sachdeva, R., Hussain, E., Moss, M. M., Schmitz, M. L.,
Ray, R. M., Imamura, M., & Jaquiss, R. D. B. (2007).
Vocal cord dysfunction and feeding difficulties after
pediatric cardiovascular surgery. The Journal of
Pediatrics, 151(3), 312-315,315.e1-2. https://doi.
0rg/10.1016/j.jpeds.2007.03.014

Sadeh, A. (2004). A brief screening questionnaire for
infant sleep problems: validation and findings for
an Internet sample. Pediatrics, 113(6), €570-e577.
https://doi.org/10.1542/peds.113.6.€570

Sadhwani, A., Butler, S., Rofeberg, V., Espinosa, K.,
Wood, L., Cassidy, A. R., & Ware, J. (2023). Sleep
patterns in young children with congenital heart
disease. The Journal of Pediatrics, 252, 198-203.
e2. https://doi.org/10.1016/j.jpeds.2022.08.031

Sanders, M. R. & Mazzucchelli, T. G. (2013). The pro-
motion of self-regulation through parenting inter-
ventions. Clinical Child and Family Psychology
Review, 16(1), 1-17. https://doi.org/10.1007/
$10567-013-0129-z

Sarajuuri, A, Jokinen, E., Puosi, R., Mildh, L., Mattila, I.,
Lano, A., & Lonngqyvist, T. (2010). Neurodevelopment
in children with hypoplastic left heart syndrome. The
Journal of Pediatrics, 157(3), 414-420,420.e1-4.
https://doi.org/10.1016/j.jpeds.2010.04.027

Schaefer, C., von Rhein, M., Knirsch, W., Huber, R.,
Natalucci, G., Caflisch, J., & Latal, B. (2013).
Neurodevelopmental outcome, psychological
adjustment, and quality of life in adolescents with
congenital heart disease. Developmental Medicine
& Child Neurology, 55(12), 1143-1149. https://doi.
org/10.1111/dmcen. 12242

Shillingford, A. J., Glanzman, M. M., Ittenbach, R. F.,
Clancy, R. R., Gaynor, J. W., & Wernovsky, G.
(2008). Inattention, hyperactivity, and school per-
formance in a population of school-age children
with complex congenital heart disease. Pediatrics,
121(4), €759-e767. https://doi.org/10.1542/peds.
2007-1066

Smith, K. E., Landry, S. H., & Swank, P. R. (2000).
The role of early maternal responsiveness in
supporting school-aged cognitive development
for children who vary in birth status. Pediatrics,
117(5), 1608-1617. https://doi.org/10.1542/
peds.2005-1284

Snookes, S. H., Gunn, J. K., Eldridge, B. J., Donath, S. M.,
Hunt, R. W., Galea, M. P., & Shekerdemian, L.
(2010). A systematic review of motor and cognitive


https://doi.org/10.1111/dmcn.13105
https://doi.org/10.1111/dmcn.13105
https://doi.org/10.1542/peds.2013-2309
https://doi.org/10.1542/peds.2013-2309
https://doi.org/10.1038/jp.2012.138
https://doi.org/10.1038/jp.2012.138
https://doi.org/10.1016/j.jpeds.2013.11.033
https://doi.org/10.1016/j.jpeds.2013.11.033
https://doi.org/10.5664/jcsm.5866
https://doi.org/10.5664/jcsm.5866
https://doi.org/10.1016/j.ppedcard.2020.101302
https://doi.org/10.1016/j.ppedcard.2020.101302
https://doi.org/10.1016/s0163-6383(01)00073-x
https://doi.org/10.1016/s0163-6383(01)00073-x
https://doi.org/10.1186/s12887-018-1205-9
https://doi.org/10.1542/peds.2009-0333
https://doi.org/10.1542/peds.2009-0333
https://doi.org/10.1177/2150135119878702
https://doi.org/10.1177/2150135119878702
https://doi.org/10.1016/j.jpeds.2007.03.014
https://doi.org/10.1016/j.jpeds.2007.03.014
https://doi.org/10.1542/peds.113.6.e570
https://doi.org/10.1542/peds.113.6.e570
https://doi.org/10.1016/j.jpeds.2022.08.031
https://doi.org/10.1007/s10567-013-0129-z
https://doi.org/10.1007/s10567-013-0129-z
https://doi.org/10.1016/j.jpeds.2010.04.027
https://doi.org/10.1016/j.jpeds.2010.04.027
https://doi.org/10.1111/dmcn.12242
https://doi.org/10.1111/dmcn.12242
https://doi.org/10.1542/peds.2007-1066
https://doi.org/10.1542/peds.2007-1066
https://doi.org/10.1542/peds.2005-1284
https://doi.org/10.1542/peds.2005-1284

Fostering Development in Young Children With CHD 21

outcomes after early surgery for congenital heart
disease. Pediatrics, 125(4), e818-e827. https://doi.
org/10.1542/peds.2009-1959

Sood, E., Berends, W. M., Butcher, J. L.,
Lisanti, A. J., Medoff-Cooper, B., Singer, J., &
Butler, S. (2016). Developmental care in north
american pediatric Cardiac Intensive Care
Units: survey of current practices. Advances
in Neonatal Care, 16(3), 211-219. https://doi.
org/10.1097/ANC.0000000000000264

Sood, E., Kenowitz, J., Goldberg, S. W., & Butler, S. C.
(2023). Normalize-ask-pause-connect: a clinical
approach to address the emotional health of pe-
diatric patients with chronic conditions and their
families. The Journal of Pediatrics, 255, 247-252.
https://doi.org/10.1016/j.jpeds.2022.10.019

Steltzer, M., Rudd, N., & Pick, B. (2005). Nutrition care
for newborns with congenital heart disease.
Clinics in Perinatology, 32(4), 1017-1030.

Stieber, N. A., Gilmour, S., Morra, A., Rainbow, J.,
Robitaille, S., Van Arsdell, G., & Longmuir, P. E.
(2012). Feasibility of improving the motor devel-
opment of toddlers with congenital heart defects
using a home-based intervention. Pediatric
Cardiology, 33(4), 521-532. https://doi.org/10.
1007/s00246-011-0144-0

Topping, K., Dekhinet, R., & Zeedyk, S. (2013). Parent—
infant interaction and children’s language devel-
opment. Educational Psychology Review, 33(4).
https://doi.org/10.1080/01443410.2012.744159

Triedman, J. K. & Newburger, J. W. (2016).
Trends in congenital heart disease. Circulation,
133(25), 2716-2733. https://doi.org/10.1161/
CIRCULATIONAHA.116.023544

Uzark, K. & Jones, K. (2003). Parenting stress and chil-
dren with heart disease. Journal of Pediatric
Health Care, 17(4), 163-168. https://doi.org/10.
1067/mph.2003.22

Uzark, K., Smith, C., Yu, S., Lowery, R., Tapley, C.,
Romano, J. C., & Butcher, J. (2022). Evaluation of
a “tummy time” intervention to improve motor
skills in infants after cardiac surgery. Cardiology
in the Young, 32(8), 1210-1215. https://doi.org/
10.1017/51047951121003930

Uzark, K., Spicer, R., & Beebe, D. W. (2009).
Neurodevelopmental outcomes in pediatric
heart transplant recipients. The Journal of
Heart and Lung Transplantation, 28(12),
1306-1311.  https://doi.org/10.1016/j.healun.
2009.05.002

van Hof, R., van der Kamp, J., & Savelsbergh, G. J. R.
(2002). The relation of unimanual and bimanual
reaching to crossing the midline. Child
Development, 73(5), 1353-1362. https://doi.org/
10.1111/1467-8624.00476

van Oers, H. A., Haverman, L., Limperg, P. F.,
van Dijk-lokkart, E. M., Maurice-Stam, H., &
Grootenhuis, M. A. (2014). Anxiety and depres-
sion in mothers and fathers of a chronically ill
child. Maternal & Child Health Journal, 18(8),
1993-2002. https://doi.org/10.1007/s10995-014-
1445-8

Vanderveen, J. A., Bassler, D., Robertson, C. M. T., &
Kirpalani, H. (2009). Early interventions involving
parents to improve neurodevelopmental out-
comes of premature infants: a meta-analysis.
Journal of Perinatology, 29(5), 343-351. https://
doi.org/10.1038/jp.2008.229

Ware, J., Butcher, J. L., Latal, B., Sadhwani, A.,
Rollins, C. K., Brosig Soto, C. L., &
Wernovsky, G. (2020). Neurodevelopmental eva-
luation strategies for children with congenital
heart disease aged birth through 5 years: recom-
mendations from the cardiac neurodevelopmen-
tal outcome collaborative. Cardiology in the
Young, 30(11), 1609-1622. https://doi.org/10.
1017/51047951120003534

Wernovsky, G. (2006). Current insights regarding
neurological and developmental abnormalities
in children and young adults with complex con-
genital cardiac disease. Cardiology in the Young,
16(Suppl 1), 92-104. https://doi.org/10.1017/
$1047951105002398

Wernovsky, G. & Licht, D. J. (2016). Neurodevelop-
mental outcomes in children with congenital heart
disease—what can we impact? Pediatric Critical
Care Medicine, 17(8 Suppl 1), S232-S242. https://
doi.org/10.1097/PCC.0000000000000800


https://doi.org/10.1542/peds.2009-1959
https://doi.org/10.1542/peds.2009-1959
https://doi.org/10.1097/ANC.0000000000000264
https://doi.org/10.1097/ANC.0000000000000264
https://doi.org/10.1016/j.jpeds.2022.10.019
https://doi.org/10.1016/j.jpeds.2022.10.019
https://doi.org/10.1007/s00246-011-0144-0
https://doi.org/10.1007/s00246-011-0144-0
https://doi.org/10.1080/01443410.2012.744159
https://doi.org/10.1080/01443410.2012.744159
https://doi.org/10.1161/CIRCULATIONAHA.116.023544
https://doi.org/10.1161/CIRCULATIONAHA.116.023544
https://doi.org/10.1067/mph.2003.22
https://doi.org/10.1067/mph.2003.22
https://doi.org/10.1017/S1047951121003930
https://doi.org/10.1017/S1047951121003930
https://doi.org/10.1016/j.healun.2009.05.002
https://doi.org/10.1016/j.healun.2009.05.002
https://doi.org/10.1111/1467-8624.00476
https://doi.org/10.1111/1467-8624.00476
https://doi.org/10.1007/s10995-014-1445-8
https://doi.org/10.1007/s10995-014-1445-8
https://doi.org/10.1038/jp.2008.229
https://doi.org/10.1038/jp.2008.229
https://doi.org/10.1017/S1047951120003534
https://doi.org/10.1017/S1047951120003534
https://doi.org/10.1017/S1047951105002398
https://doi.org/10.1017/S1047951105002398
https://doi.org/10.1097/PCC.0000000000000800
https://doi.org/10.1097/PCC.0000000000000800

