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Nutrition and growth in congenital heart disease:
a challenge in children
Barbara Medoff-Cooper a and Chitra Ravishankar b

Purpose of review
Growth failure secondary to feeding problems after complex neonatal cardiac surgery is well documented,
but not well understood. The purpose of this review is to describe feeding and growth pattern in children
with congenital heart defects.
Recent findings
Nearly half of the infants with univentricular heart defects require supplementation with nasogastric or
gastrostomy tube at discharge from neonatal surgery. Feeding challenges contribute to parental stress, and
persist beyond infancy. These infants are ‘stunted’ with both weight and height being below normal.
Nearly a quarter of these infants meet the definition of ‘failure to thrive’ in the first year of life. Short stature
is a significant problem for many of these children, and has an impact on neurodevelopmental outcomes.
A structured nutritional program can have a positive impact on growth in the interstage period prior to the
superior cavopulmonary connection.
Summary
Optimizing nutritional intake has been targeted as a key component of the National Pediatric Cardiology
Quality Improvement Collaborative. This initiative has enabled the development of best practices that have
the potential to mitigate poor growth in children with congenital heart defects.
Keywords
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INTRODUCTION
Malnutrition and failure to thrive have long been
recognized as common systemic consequences
of congenital heart defects (CHDs). Infants with
cyanotic CHD and complex univentricular lesions
are particularly susceptible to acute and chronic
malnutrition [1–3]. Adequate nutrition is essential
for growth, wound healing, and immune function.
The cause of growth failure is multifactorial and
likely includes a hypermetabolic state, inadequate
caloric intake, swallowing dysfunction, malabsorption, gastroesophageal reflux, immaturity of
the gastrointestinal tract, and genetic factors.
Inadequate caloric intake is probably a major
contributor to growth failure in children requiring
cardiac surgery in the neonatal period. Although
caloric intake standards exist for healthy neonates,
such standards are lacking for those with CHD.
Due to the enormity of the problem, growth has
been targeted as a key component in improving
interstage outcome in infants with hypoplastic left
heart syndrome (HLHS) by the National Pediatric
Cardiology Quality Improvement Collaborative
www.co-cardiology.com

(NPC-QIC) initiated by the Joint Council on
Congenital Heart Disease Quality Improvement
Task Force [4]. In this study, we report findings from
several published reports on nutrition and growth
in children with CHD, with particular emphasis on
univentricular CHD.

FACTORS CONTRIBUTING TO GROWTH
FAILURE IN CHILDREN WITH
UNIVENTRICULAR CONGENITAL HEART
DEFECT
The cause of growth failure is multifactorial, but
basically related to imbalance between caloric
a
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KEY POINTS
 Feeding difficulties and growth failure are significant
issues in children with congenital heart defects (CHDs),
particularly prior to the superior cavopulmonary
connection (SCPC).
 Nutritional surveillance should continue after
hospital discharge.
 Establishing best nutritional practices may mitigate
growth failure.

intake and energy expenditure. Children with
univentricular CHD undergo a two or three-staged
reconstruction to achieve completion of the
Fontan operation or total cavopulmonary connection (TCPC). A majority require a systemicpulmonary shunt or a right ventricle–pulmonary
artery connection/Sano shunt as part of the
Norwood operation as neonates, and have an inherently inefficient circulation. The single ventricle
which supplies both systemic and pulmonary
blood flow has a significant volume load. Thus,
energy expenditure may be increased secondary to
congestive heart failure. In addition, the inflammatory cascade activated by cardiopulmonary bypass
may further increase energy expenditure in the postoperative period. In critically ill children, energy
requirements can increase by approximately 30%
for mild to moderate stress, 50% in severe stress, and
100% in major burns [3]. In the setting of increased
metabolic demands, these infants often have
decreased caloric intake. In a retrospective review
of daily enteral caloric intake in 100 consecutive
infants, including 52 with univentricular physiology, the median intake was less than 100 kcal/kg/
day, the minimum amount required for normal
infants [5]. In a study measuring oxygen consumption using respiratory mass spectrometry, a hypermetabolic response was demonstrated in the first
72 h after the Norwood operation, while caloric
and protein intake was inadequate to meet energy
requirements [6].
Other factors contributing to feeding difficulty
include vocal cord injury, uncoordinated sucking
and swallowing, uncharacterized genetic influences,
and alteration in serum growth factors and growth
hormone [7,8]. The recurrent laryngeal nerve
is vulnerable during arch reconstruction, which
is an essential part of the Norwood operation. The
reported incidence of vocal cord abnormalities,
including paralysis, after the Norwood operation
is approximately 30% [9,10 ]. Feeding evaluation
by modified barium study reveals swallowing
&&

dysfunction in nearly 50% of infants after the
Norwood operation [9]. Unfortunately, feeding
dysfunction persists beyond infancy. In a study of
2-year-old children who had experienced neonatal
surgery for CHD, 22% had feeding disorders [11 ].
There was a strong relationship between feeding
disorders and the duration of perioperative tube
feeding, length of stay during first hospitalization,
and duration of mechanical ventilation.
In addition to swallowing dysfunction, relative
immaturity and edema of the gastrointestinal
tract may impair digestion and absorption [12].
Patients with a systemic–pulmonary shunt may
have relative splanchnic ischemia due to diastolic
run-off from the shunt, and are at increased risk
for necrotizing enterocolitis [13,14]. A theoretical
advantage of the ‘Sano’ modification or the right
ventricle-to-pulmonary artery shunt is limitation of
diastolic flow reversal. Studies have demonstrated
flow reversal in the mesenteric or celiac artery in a
higher proportion of patients with a systemicpulmonary shunt compared with those with the
right ventricle-to-pulmonary artery shunt. In a
multicenter study that included 44 patients undergoing the Norwood operation, the celiac artery
resistive index was higher in the systemicpulmonary shunt group (P ¼ 0.02), but this did
not translate to gastrointestinal outcomes, including risk of necrotizing enterocolitis or feeding
intolerance [15,16 ].
&

&

DOES TYPE OF FORMULA HAVE AN
IMPACT ON GROWTH?
Human milk is better absorbed and may have ‘healing properties’ for the intestinal mucosa; however, it
may not have adequate caloric strength to support
growth in infants with CHD. Several studies support
the judicious use of higher-concentration formula
in alleviating growth failure in children with CHD
[17]. Interestingly, a recent study does not support
this concept [18 ]. In an observational study of 122
infants undergoing surgery for both univentricular
and biventricular CHD, postoperative growth rate or
length of stay was not influenced by type of milk
(human milk, standard or hypercaloric premature
infant formulas). Although human milk may have
other properties which are beneficial for long-term
outcomes, there are no current studies on this topic.
&

METHOD OF FEEDING
Nearly 50% of infants with univentricular CHD
require supplementation with nasogastric tube or
gastrostomy tube prior to discharge from initial
hospitalization [19,20 ,21 ]. Feeding practice varies
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across centers. A majority of centers discharge
these infants home on supplemental nasogastric
tube feedings, and limit gastrostomy tube placement to those with vocal cord injury and documented aspiration (clinical or by milk scan) or
those with the inability to tolerate any oral feeds.
On the contrary, some centers are much more
aggressive with gastrostomy tube placement due
to the potential risks associated with both replacement and inadvertent displacement of the nasogastric tube. A retrospective study was performed to
evaluate the association between method of feeding
at discharge and interstage mortality in infants
undergoing surgery for univentricular CHD [22 ].
One hundred and ninety of 334 (57%) were discharged home with supplemental nasogastric feedings, 17% underwent placement of a gastrostomy
tube, and 26% were discharged feeding entirely by
mouth. Indications for gastrostomy tube placement
included the presence of significant gastroesophageal reflux along with failure to thrive or aspiration.
The relative risk of interstage mortality in infants
with a gastrostomy tube versus those without a
gastrostomy tube was 2.38 (P ¼ 0.04). For infants
who did not undergo gastrostomy tube, use of nasogastric tube feeding did not increase the risk of
interstage mortality. Infants with gastrostomy tube
were more likely to have undergone the Norwood
operation, and had a more complicated postoperative course. Thus, gastrostomy tube was a
marker for greater severity of illness rather than
the cause of mortality.
&&

Infants with univentricular CHD frequently require
surgery during this period of rapid growth. Several
studies have demonstrated that poor growth is a
significant problem in infants with univentricular
CHD, particularly prior to performance of the superior cavopulmonary connection (SCPC) [19,20 ,
25,26]. In 50 infants with HLHS who underwent
the Norwood operation, median weight at discharge
was unchanged from admission weight [25]. In a
prospective study of 61 infants with univentricular
CHD undergoing neonatal surgery, the mean change
in weight-for-age z-score (WAZ) between surgery and
discharge was 1.5  0.8 [19]. Similar findings were
noted in the ISV trial, where growth was the primary
outcome [26]. In this prospective randomized trial of
enalapril in infants with univentricular CHD, weight,
height, and head circumference were measured
longitudinally from enrolment, and clinical course
was characterized throughout the first 14 months of
life. Infants between 1 week and 45 days of age with
stable systemic and pulmonary blood flow in whom a
SCPC was planned were eligible for participation
in the trial. Exclusion criteria included prematurity
(gestational age <35 weeks), small for gestational age,
and presence of chromosomal or phenotypic syndromes known to be associated with growth failure.
One hundred and forty-five of 230 (63%) had a
diagnosis of HLHS. In a secondary analysis of these
data, WAZ and height-for-age z-scores decreased significantly from baseline to pre-SCPC or period one,
and then increased significantly from pre-SCPC to
14 months of age or period two (P < 0.01 for each
paired comparison) [20 ]. This growth pattern is
illustrated in Fig. 1. The mean change in WAZ for
period one was 0.37  1.15 (n ¼ 197), and period
two 1.12  0.89 (n ¼ 173) (Fig. 2). Greater gestational
age, younger age at study enrollment, tube feeding at
discharge from neonatal hospitalization, and clinical
center were associated with worse growth in period
one, whereas younger age and greater caloric intake
at the time of SCPC were associated with better
growth in period two. Thus, supplemental tube feeding did not mitigate growth failure. It was interesting
to note that HLHS was not a risk factor for poor
growth as compared with other forms of univentricular CHD. Similarly, height z-score decreased by
0.26  1.16 in period one; however, there was a less
dramatic improvement by 0.34  0.97 in period two.
Infants with WAZ less than 2 were 26% at study
enrollment, 36% pre-SCPC, and 11% at 14 months.
Thus, infants with univentricular CHD undergoing
staged reconstruction are ‘stunted’ with both weight
and height being below normal.
Anthropometric abnormalities persist even after
the TCPC. In a retrospective study of 65 children
undergoing staged reconstruction from 1990 to
&&

&&

GROWTH PATTERN IN CHILDREN WITH
UNIVENTRICULAR CONGENITAL HEART
DEFECT AND RISK FACTORS FOR POOR
GROWTH
In an analysis of 1245 infants with univentricular
CHD screened across 10 centers in North America as
part of the prospective Infant Single Ventricle (ISV)
trial, low birth weight, defined as birth weight less
than 2.5 kg, occurred in 18 versus 8% in normal
children (P < 0.001), and small for gestational
age, defined as weight below 10th percentile
for gestational age, occurred in 22 versus 10%
(P < 0.001) [23]. The percentage of low birth weight
and small for gestational age was similar in patients
with and without HLHS. Thus, growth failure may
begin in utero due to alterations in fetal blood flow,
and other uncharacterized factors. The disruption of
normal fetal growth is further supported by the
higher prevalence of microcephaly in infants with
HLHS [24]. Following the expected initial physiologic weight loss, a healthy neonate is expected to
gain 20–30 g/day during the first 6 months of life.
124
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FIGURE 1. Growth pattern of weight and height in the first 14 months of age in children with univentricular heart defects.
Modified from [20 ].
&&

1995, mean height z-score was 1.15  1.2 at midterm follow-up of 4.4  1.4 years after the TCPC, and
was significantly less compared with parents and
siblings [27]. In another study of anthropometry
in 544 children, 8.4  3.4 years after the TCPC,
mean height z-score was 0.8  1.3 and the mean
BMI z-score was 0.6  1.5 [28]. Nearly a quarter

Growth
z-score

4
3

p* < .01

had height z-score less than 1.5, compared with
the expected 13.4% in the normal population.
Factors independently associated with lower height
z-score were the presence of at least moderate
atrioventricular valve regurgitation prior to TCPC,
and behavioral and orthopedic problems. Onetenth had BMI-z less than 1.5, 8% had BMI-z at
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FIGURE 2. Boxplots of weight and height z-scores at baseline, pre-Superior Cavopulmonary Connection (SCPC) and
14 months. Modified from [20 ].
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least 1.5, whereas a majority, 82%, had a midrange
BMI-z (between 1.5 and 1.5). The cause of shorter
stature in the long term is unclear, and may be
secondary to chronic hypoxemia and low cardiac
output, which is quite typical after TCPC.

GROWTH IN CHILDREN WITH
BIVENTRICULAR CONGENITAL HEART
DEFECT
Growth failure is well described in infants with heart
failure secondary to left-to-right shunt lesions such
as ventricular septal defect, atrioventricular canal
defect and patent ductus arteriosus. In a series of
476 children undergoing ‘corrective’ surgery or
catheter-based interventions in India, WAZ and
height z-score less than 2 were present in 59 and
26% of children, respectively, at presentation at a
mean age of 15.2  16.2 months [29]. Nearly twothirds were infants and had left-to-right shunt
lesions. Children were followed by a registered dietician for 2 years postintervention. WAZ improved
significantly from 2.2  1.2 to 1.4  1 (P < 0.001),
but there was no change in height z-score.
Factors independently associated with worse growth
included birth weight less than 2.5 kg, nutritional
status at presentation, and parental height. Thus,
similarly to children with univentricular CHD,
those with biventricular physiology demonstrate
catch-up growth with weight but not height.
There are limited data on nutrition and growth
in children with complex heart defects undergoing
surgery resulting in biventricular physiology. In a
secondary analysis of data from a prospective cohort
study, factors affecting growth were assessed in
76 infants undergoing biventricular repair [30].
Infants with known risk factors for poor growth
such as low birth weight, chromosomal abnormalities, congenital and acquired neurologic insults,
and congenital facial and gastrointestinal abnormalities were excluded. The most common diagnosis
was transposition of great arteries, followed by
tetralogy of Fallot. Median age at surgery was 5 days
(1 to 44). The median change in WAZ from surgery
to discharge was 1.0 (2.3 to 0.2). Delayed postoperative nutrition (P ¼ 0.001) and reintubation following initial postoperative extubation (P ¼ 0.001)
were independently associated with decrease in
WAZ.

IMPLICATIONS OF POOR GROWTH AND
NUTRITION
Malnutrition and poor growth can adversely affect
postoperative outcomes and neurodevelopment,
as shown by the studies summarized below.
126
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Impact of poor growth on postoperative
outcomes
Poor nutrition has been associated with longer
hospital length of stay and infections in adults. Even
though growth failure is quite prevalent in the CHD
population, there are few reports of its impact on
postoperative outcomes. In a retrospective case series
of 100 infants undergoing SCPC at a single center,
length of stay was the primary outcome [31].
Similarly to other reports, WAZ decreased from
0.3 (2.6–3.2) at neonatal admission to 1.3
(3.9–0.6) at SCPC. The median length of stay for
the cohort was 6 days (3–56). Lower WAZ at the time
of SCPC was independently associated with longer
length of stay (P ¼ 0.02). In another study, WAZ less
than 2 at TCPC was associated with a higher risk of
infection [32].

Poor growth and neurodevelopment
Growth failure during early infancy has been
implicated in impaired executive function and
worse school performance in children without
CHD [33–35]. In the ISV trial, neurodevelopment
was assessed at 14 months using the Bayley Scale of
Infant Development [36 ]. Mean psychomotor
(PDI) and mental developmental indices (MDIs)
were 80  18 and 96  14, respectively (normal
100  15; P < 0.001 for each). In this multicenter
study that excluded known risk factors for growth
failure, height had the greatest impact on neurodevelopment. Infants with closer-to-normal height
z-scores had predicted PDI scores 15 points higher
than those who on average had low height z-scores
over the first 14 months of life. Height similarly
affected MDI scores as well. This is the first study
in the CHD population showing an association
between short stature and adverse neurodevelopmental outcomes in infancy.
In the cross-sectional TCPC study, lower height
z-score was associated with worse functional health
status [28]. Since formal neurodevelopmental testing was not performed, the impact of short stature
on neurodevelopment could not be ascertained.
&&

Association of poor growth with mortality
Eskedal et al. [37] described the growth pattern of
children who died late (>30 days) after surgery for
CHD. Of 2247 surgeries performed at one center in
Norway from 1990 to 2002, 204 patients died during
follow-up, including 80 who died late. Mean followup from birth was 8.1 years (0–15.2 years). The study
included 74 children with sufficient weight data
and their matching surviving controls. The Aristotle
score, for complexity of the congenital heart surgical
Volume 28  Number 2  March 2013
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procedure, which included both univentricular and
biventricular CHD, was 8 (3–14.5). Median time
of follow-up from last recorded operation was
4.8 months; 70% died before 2 years of age. WAZ
at birth, time of surgery, and last recorded weight was
0.07, 1.21, and 2.01, respectively, in 31 children
without extra-cardiac abnormalities or trisomy 21,
compared with 0.05, 1.10, and 0.99 in matched
surviving controls. The odds ratio for death was
13.5 [95% confidence interval (CI) 3.6 to 51.0] if
there was a decrease in WAZ of at least 0.67 after
the last operation. This is the first study to show that,
in children without obvious noncardiac causes of
growth failure, a significant decrease in WAZ in the
first few weeks to months after cardiac surgery can be
an ominous sign, and should alert clinicians to look
for hemodynamic causes for poor weight gain.

Parental stress related to feeding and growth
Concerns about infant feeding behaviors contribute
to ongoing family stress [38 ]. Once an infant
survives the surgical procedure, weight gain emerges
as the most salient stressor for parents. Given that
50% of infants with univentricular CHD are discharged to home with tube feeds, the demands
around feeding times are significant. During focus
group sessions, mothers expressed concern about
the time and energy involved in using the tube,
cleaning, and replacement of the tube should it
become dislodged. They reported increased stress
with feedings lasting up to 2 hours, frequent vomiting episodes, confusing infant hunger cues, and
night-time tube feedings. Most of all, many of the
participants worried about the long-term effects
of tube feeding on their infants’ ability to feed
normally in the future.
&

STRATEGIES TO PREVENT/TREAT
GROWTH FAILURE
On the basis of the available literature and clinical
experience, we have summarized interventions that
may have a significant impact on growth in children
with CHD.

Does preoperative feeding make a difference
to postoperative nutritional outcomes?
The physiologic and nutritional benefits of early
enteral feedings in neonates are well documented;
however, the risks of enteral feedings for infants
with prostaglandin-dependent CHD have not been
well defined [39 ]. In a survey of 200 caregivers,
routine preoperative feeding in prostaglandindependent infants ranged from 56% (US) to 93%
&

(outside the US). In two separate studies, it appears
that feeding prostaglandin-dependent infants is
safe, with no increase in necrotizing enterocolitis
[40–42]. While there is a general assumption
that preoperative enteral nutrition may lead to
improved feeding behaviors postsurgery, there was
no difference in the need for nasogastric feedings
at discharge between presurgical and postsurgical
feeding groups [40].

Nutritional surveillance and intervention
A potential intervention is close monitoring of
growth and nutrition both in the inpatient setting
and after discharge. Centers have established feeding protocols in an attempt to standardize care
for inpatients, with ongoing surveillance as outpatients. The novel idea of a home monitoring
program (HMP) for infants with HLHS in the
‘high-risk’ interstage period between the Norwood
operation and SCPC was first introduced in 2000
[43]. Nutritional surveillance and management is
an integral part of this program. Patients are required
to consume a minimum of 110 kcal/kg/day, and
demonstrate adequate weight gain before discharge.
Families are discharged home with a pulse oximeter
and weighing scale, and trained to record daily
weights. The HMP team performs nutritional assessments during regular phone conversations and
interstage clinic visits. Parents notify the team for
the following ‘red flags’ or breaches in nutritional
criteria: enteral intake less than 100 ml/kg/day,
weight loss above 30 g/day, or failure to gain at least
20 g in 3 days. Once the team establishes that failure
to gain weight is not related to an anatomic problem
(such as coarctation), worsening heart failure, or
intercurrent illness, adjustments in the nutritional
plan are made. Hehir et al. and Ghanayem et al.
recently evaluated the growth patterns of patients
enrolled in the HMP from 2000 to 2009 [10 ].
One hundred and forty-five of 148 (98%) patients
discharged to home after the Norwood operation
survived to SCPC. HLHS was the diagnosis in 84%
of infants. Median age at the time of SCPC
was 3.8 months (1.6–9.1), and mean weight was
5.68  0.7 kg. WAZ decreased from 0.4  0.9 at
birth to 1.3  0.9 at Norwood discharge. However,
unlike previous studies, WAZ increased by 0.4 to
0.9  1 at the time of SCPC. The growth velocity
of the entire cohort was 26  8 g/day, and parallels
normal infant growth. Two-thirds gained at least
20 g/day. The mean caloric density during the
interstage period was 26.6  2.1 kcal/ounce. Further
sub-group analysis demonstrated greater growth
velocity in infants who fed entirely orally, and those
followed in the most recent era. This is the first study
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of a structured nutritional program resulting in
growth in infants with CHD paralleling that of
normal infants. The important role of nutritional
surveillance is also confirmed by a retrospective
review of feeding practices reported by several
centers in the United States to the NPC-QIC [21 ].
This study showed significant variation in interstage
growth in 132 infants with HLHS among 16 centers.
Centers that used a standard feeding evaluation
before discharge and closely monitored weight in
the interstage period demonstrated better growth
than those that did not use these practices.
&

Recommendations based on lessons learned
from the NPC-QIC
The NPC-QIC is the first multicenter quality
improvement collaborative in Pediatric Cardiology.
The goal of the first project is ‘to improve survival
and quality of life in infants with HLHS in the
interstage period between discharge from Norwood
hospitalization and SCPC’ [4]. Currently more than
50 centers in the US contribute data to this HLHS
registry. A feeding working group was established in
an attempt to identify best nutritional practices
[44 ]. Based on an extensive review of the available
literature, the group has made recommendations,
which have the potential to improve nutrition and
growth in the interstage period (given below).
Recommendations for feeding in the preoperative and postoperative period, and after hospital
discharge:
&&

(1) Preoperative period
(a) Use of enteral nutrition in prostaglandindependent infants who are hemodynamically stable, with appropriate monitoring
(b) Early use of parenteral nutrition
(2) Postoperative period
(a) Active involvement of a registered dietician
(b) Use of parenteral nutrition in the early postoperative period and while enteral feeds are
being advanced
(c) Initiation of enteral feeds as soon as hemodynamic stability is established
(d) Advancing feeds based on a standardized
protocol developed at each institute
(e) Incorporating swallowing evaluation by
laryngoscopy and modified barium study
(MBS) when vocal cord dysfunction is suspected in the setting of feeding difficulties
(f) Maximizing treatment for gastroesophageal
reflux
(3) After discharge
(a) Ongoing nutritional surveillance and intervention after discharge
128
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(b) Use of ‘red flags’ to guide appropriate
evaluation and intervention (see section
on nutritional surveillance for details)

CONCLUSION
Feeding difficulties and growth failure are life-long
issues in children with CHD, particularly in those
with univentricular CHD. Growth failure in infancy
can have an impact on postoperative outcomes and
long-term neurodevelopment. Short stature is a significant problem in children with CHD. Clinicians
should be attentive to poor linear growth in the
first year of life as a marker for potential neurodevelopmental abnormalities. Preoperative feeding,
standardizing nutritional practice, ongoing nutritional surveillance, and timing of SCPC can have
a positive impact on growth. Future research should
concentrate on measures to improve growth and
nutrition in the early postoperative period.
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The National Pediatric Cardiology Quality Improvement Collaborative established
a feeding working group in an attempt to identify best nutritional practices in infants
with hypoplastic left heart syndrome in the interstage period. Based on an
extensive review of the available literature, the group has made recommendations,
which have the potential to improve nutrition and growth in infants with congenital
heart defects.
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