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Nutritional Approach of Pediatric Patients 
Diagnosed with Congenital Heart Disease
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Congenital heart defects are among the most frequent anomalies present at birth, representing a heterogeneous group of malformations, both 

in terms of pathogenesis and clinical signifi cance of the lesion. Failure to grow is well documented in infants with complex congenital heart de-

fects; the presence of associated chromosomal abnormalities, cyanosis, and cardiac failure adds to the complexity and challenge. Malnutrition 

etiology can be grouped into the following three categories: inadequate intake, ineffi cient absorption and utilization, and/or increased energy 

needs. The consequences of malnutrition are both short and long term, timely nutritional intervention being necessary in order to maintain an 

adequate nutritional state. Because there are several types of congenital heart defects and multiple mechanisms by which they produce failure 

to thrive, no single strategy will be adequate to treat all cases. Medical complications such as chylotorax, necrotizing enterocolitis, laryngeal 

and neurological dysfunction play a major role in the requisite nutrition therapy in infants with congenital heart defect; limited access to human 

milk and parenteral concerns, as well as stress about feeding are also factors that can contribute to poor outcomes concerning nutrition and 

growth. Protocols are being considered and designed, and a systematic approach is always needed. The quality of life for patient and family, 

as well as getting the child back on track for age-appropriate development are always at the fore-front of each care plan. 
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Introduction
Congenital heart disease (CHD) represents a heterogene-
ous group of malformations, both in terms of pathogenesis 
and clinical signifi cance of the lesion, defi ned by Mitchell 
et al. as structural abnormalities of the heart and great ves-
sels, present at birth, that have, or will have a functional 
response at some point in life [1]. CHDs are among the 
most frequent anomalies present at birth, with a reported 
incidence of 8/1000 live births, with high impact on neo-
natal morbidity and mortality (33%) [2]. 

Infants with CHD are usually born at full term, with a 
weight that is appropriate for the gestational age. Nutri-
tional issues often emerge shortly after birth, and growth 
failure becomes apparent in the neonatal period, if hemo-
dynamically signifi cant CHD is present. In some instanc-
es, the delay can be relatively mild, whereas in other cases, 
the failure to thrive can result in permanent physical or de-
velopmental impairment. Th e degree and type of malnutri-
tion may be related to the CHD characteristics, including 
the presence of cyanosis, congestive heart failure or pul-
monary hypertension. Infants with cyanosis tend to have 
similar alterations in both weight and length, while infants 
with acyanotic lesion tend to have more pronounced de-
creases in weight gain velocity as compared to length [3,4]. 
Descriptions of growth status in acyanotic and cyanotic 
lesions have changed over the past 25 years, as surgical in-
tervention now occurs earlier in infancy for children with 
cyanotic lesions. As such, recent studies have shown an 

emergence of more pronounced growth retardation and 
wasting in acyanotic infants [5]. 

Feeding, the most complex task the infant must per-
form, requires coordination and integration of motor and 
sensory pathways of the oropharynx. Abnormalities in 
swallowing in these infants include variability in sucking, 
an uncoordinated suck, swallow and breathing, and oral 
transit time. Poor skills in feeding and any dysfunctional 
swallowing can directly aff ect the ability to feed, and hence 
the infant’s achievement of an adequate nutritional state 
and growth [6]. 

In consequence, failure of growth in itself is associated 
with an array of health problems, its cause being multifac-
torial and directly related to challenges encountered with 
intake of substrate for energy.

Etiology of malnutrition
Children with CHD face many challenges to achieve opti-
mal short-term and long-term growth, and the presence of 
associated chromosomal abnormalities, cyanosis, and car-
diac failure adds to the complexity and challenge. 

Th e etiology of malnutrition in the pediatric patient 
diagnosed with CHD can be grouped into the following 
three categories: inadequate intake, ineffi  cient absorption 
and utilization, and/or increased energy needs. Any or all 
of these factors may be present in a child with CHD, mak-
ing the delineation of optimal nutrition and medical ther-
apy diffi  cult. In addition, the association of genetic defects, 
prematurity or any other congenital or acquired medical 
issues further complicates the nutritional management of 
these patients. 
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Inadequate energy intake 
Decreased caloric intake has been shown to be the most 
important cause of malnutrition in pediatric patients with 
CHD [7]. A study published by Hansen and Dorup [8]
showed that caloric intake in patients with CHD was 76% 
that of normal age-matched controls. Fatigue upon feed-
ing may represent a possible cause to explain the decreased 
intake [7,9]. Chronic hypoxia leads to both dyspnea and 
tachypnea during feeding, causing the child to tire easily 
and thus reduce the quantity of food consumed. 

Ineffi cient absorption and utilization
Intestinal dysfunction caused by reduced blood fl ow to 
and from the splanchnic circulation is often encountered 
in patients with CHD, leading to malabsorption. Th is sug-
gests that even children with CHD whose caloric intake 
is normal for their age may not be receiving enough calo-
ries to achieve normal weight. It has to be mentioned that 
there is still considerable controversy regarding the role 
of malabsorption in growth disturbances, therefore this 
mecanism should be considered until further research is 
presented [7,9,10]. 

Increased energy expenditure
A study published in 2002 [11] showed that infants with 
failure to thrive due to ventricular septal defects have a 
40% elevation in total energy expenditure (TEE). Surpris-
ingly, resting energy expenditure (REE) was found to be 
the same between control and children with ventricular 
septal defects. Th e diff erence between REE and TEE was 
2.5 times higher in the ventricular septal defect group than 
the control, indicating that their energy during activity is 
much higher.

Th e body composition of children with CHD modifi es, 
by having an elevated percentage of lean body mass, com-
pared with fat deposition. Th is is explained by the decreased 
caloric intake and greater energy expenditure encountered 
in these children, having in consequence less energy avail-
able for fat deposition. Th e increased percentage of lean 
body mass tends to increase the basal metabolic rate [12], 
further increasing metabolic rate, which, if left untreated, 
can dramatically worsen the child’s overall health status.

Consequences of malnutrition
Malnutrition has both short and long term consequences. 
In the short term, infants and children with pre-operative 
malnutrition have a reduced ability to fi ght infection or 
to heal optimally from surgical wounds [13,14,15], there-
by prolonging intensive care unit and total hospital stay 
for post-operative CHD infants. In the long term, mal-
nutrition in infancy can produce suboptimal growth and 
physical and cognitive development later in childhood and 
adolescence. It was shown by clinical studies that infants 
operated on earlier, experience more signifi cant catch-up 
growth in weight and length, having a better chance for 
achieving maximal genetic potential [16]. Delayed puberty 

is possible in children with impaired linear growth, as pu-
berty does not typically begin until the child reaches the 
height of a normal 12–13-year old [13,17]. Another study 
showed that children, especially under 3 years of age and 
with a cyanotic lesion, tend to have lower than normal in-
telligence scores, which could be a result of alterations in 
brain weight, yielding reduced cognitive functioning [17]. 

Studies in developed countries have shown normaliza-
tion of somatic development after early surgical correction 
of CHD. In developing countries, due to limited material 
resources, corrective surgery is performed later, which leads 
to a vicious cycle of heart failure and respiratory infections. 
Th is predisposes to an increased prevalence of preoperative 
malnutrition in children with CHD [18].

Management of growth disturbances
While timely nutritional intervention is necessary to main-
tain an adequate nutritional state, fi nding strategies that 
enhance feeding skills and ensure an adequate nutritional 
intake has eluded both professionals working in pediatric 
cardiology and colleagues working in primary care. Many 
pediatric cardiac centers are striving to develop a protocol 
for feeding after cardiac surgical procedures that is effi  cient 
and eff ective in ensuring an adequate intake of substrates 
for energy, that fosters a gain in weight and allows for an 
objective assessment of the skills with feeding and progress 
achieved by the infant. Protocols are being considered and 
designed and a systematic approach is always needed [6].

Based on the premise that inadequate caloric intake is 
the leading cause of growth failure in children with CHD, 
it seems logical that increasing the number of consumed 
calories would have a positive eff ect on growth and devel-
opment. Unger et al. showed that dietary intervention in-
cluding nutritional analysis and counseling increased mean 
intake from 90% to 104% of the RDA for calories and in-
creased weight from 83.1% to 88.3% of ideal body weight 
[19]. In consequence, because counseling alone increased 
the caloric intake and weight in these children, parental 
education from a dietitian plays an important role in opti-
mizing their feeding.

Even with nutritional counseling, some children with 
CHD are incapable of consuming larger quantities of food 
due to the high energy consumption that eating presumes. 
Authors like Jackson and Poskitt have proposed supple-
menting formula or breast milk with glucose polymers, 
increasing mean energy intake by 31.7% and resulting in 
a weight gain improvement from 1.3 g/kg/day in controls 
to 5.8 g/kg/day with high energy feeding [20]. Th is meth-
od has its drawbacks, because another study found that 
feeding malnourished children high-energy formula may 
stimulate greater diet-induced thermogenesis and increase 
metabolic ineffi  ciency, canceling some of the positive eff ect 
[12]; for these children it can also be diffi  cult to tolerate the 
concentrated glucose, thereby they need close monitoring.

Unfortunately, there are cases when despite the most 
aggressive feeding programs, children are still unable to 
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ingest enough calories in order to achieve or maintain a 
normal body weight. In these cases it may become ad-
visable to provide direct gastric nutritional support using 
percutaneous endoscopic gastrotomy (PEG). Th e advan-
tage of this method relies in the fact that the child does 
not need to expend any energy to feed, therefore more is 
available for growth. One study has shown that 12 new-
born patients of the 13 studied, diagnosed with CHD, 
who were fed using PEG, had normal growth rates for 
their age, suggesting that PEG could be used to prevent 
growth disturbances in newborns with CHD [21]. In con-
sequence, prophylactic enteral nutrition may be indicated 
in patients with CHD even before growth disturbances 
become apparent [21,22]. 

Breast feeding or bottle feeding?
Th e decision of whether to breast or bottle feed an infant 
is very important for both the child and the parents. Th e 
benefi ts of breast feeding are well known for both the child 
and the mother, the most important of all being that it 
helps foster the bond between mother and child, while 
providing the best source of nutrients. Surprisingly, many 
parents opt to bottle feed their children, considering that 
breast feeding may be too diffi  cult for children with CHD. 
Th ey believe that by using the bottle, they can control the 
fl ow rate and therefore deliver more volume with less ef-
fort. In order to study the advantages and potential dis-
advantages of breast feeding compared to bottle feeding, 
Marino et al. discovered that oxygen saturation in infants 
with CHD was lower in the group that was bottle feeding 
than in the group that was breast feeding (p < 0.0001), 
indicating that it is less stressful for the infant to breast 
feed than bottle feed [23]. In this case, it is important to 
consider a potential contribution of non-cardiac factors, 
such as parent-child interaction during feeding, by giving 
the mothers of children with CHD additional support and 
education in breast feeding techniques to reduce stress and 
increase success. 

Th e answer to this question remains a challenge, because 
breast feeding exclusively in children with CHD contra-
dicts other studies that have shown increased weight gain 
in children on high energy supplemented breast milk or 
formula [20]. 

Based on the study published by Marino et al. [23], 
choosing between breast and bottle feeding depends heav-
ily on the type of cardiac lesion. For example, in infants 
with cyanotic lesions, because keeping their oxygen satura-
tion as high as possible represents the most important goal, 
it may be necessary to breast feed at the expense of energy 
needs. Conversely, in children with acyanotic lesions it 
may be perfectly acceptable to bottle feed, as this will have 
little adverse eff ect on oxygen saturation. 

Surgical correction
Most CHDs require surgical correction at some point, and 
the timing of the surgery depends not only on the type of 

the cardiac lesion, but also on the child’s weight. Surgical 
correction is performed in most cases as soon as possible, 
after the child reaches ideal weight. Multiple studies pub-
lished in the international literature showed improvement 
of the Z scores for weight and height after surgery [18]. 
Th e explanation given by two recent studies was that surgi-
cal correction of the cardiac defect lowers energy expendi-
ture in these children, one of the main causes of growth 
failure [24]. In consequence, surgical correction represents 
a therapeutic measure for failure to thrive in children with 
CHD, and must be indicated when all nutritional meas-
ures have been exhausted, despite increased morbidity and 
mortality associated with cardiac surgery in underweight 
infants [10].

Nutrition remains an important factor to be followed 
after the surgery, as well. In complex CHD, after surgery, 
there might be a period when only parenteral and/or en-
teral nutrition is indicated. Parenteral nutrition is indicat-
ed when the expected time to begin and achieve adequate 
enteral nutrition is more than 3–5 days [13,25] or when 
the gastrointestinal tract cannot be used for other reasons 
besides cardiac complications, such as other congenital 
anomalies involving the gut. Enteral nutrition should be 
commenced as soon as it is medically feasible, in order to 
reduce the risk of gut atrophy and loss of the intestinal 
mucosal barrier, which increases the risk of bacterial trans-
location and bacteremia [13,26,27]. Enteral nutrition can 
be delivered using a nasogastric tube or a small bowel tube, 
noting that in case of a longer estimated period than 6–8 
weeks for a feeding tube to be needed for nutrition, a gas-
trostomy tube should be considered.

Nutrition management of complications and comor-
bidities 
CHD and cardiac surgery are often associated with nu-
trition-related complications and comorbidities: laryngeal 
dysfunction, acute renal failure, necrotizing enterocolitis, 
chylothorax and protein-losing enteropathy being the 
most encountered ones [26,28–35]. 

Laryngeal dysfunction has an incidence of 1.7–9% af-
ter cardiac surgery, and it may be due to operative trauma 
to the recurrent laryngeal nerve, prolonged intubation or 
neurological injury. Management of these cases includes 
thickening feeds to nectar or honey consistency, feeding 
positioning (right side down), and/or supplemental/sole 
tube feeding [26,28–35]. 

Acute renal failure occurs in 1–42% after cardiac surgery, 
and it is caused by ischemic and infl ammatory insults occur-
ring during cardio-pulmonary bypass (the longer the bypass 
times, the higher the risks). Nutrition measures to be con-
sidered in these cases are: fl uid restriction, concentrated for-
mula caloric density or parenteral nutrition, using formulas 
low in electrolytes, and in case of dialysis – supplement with 
water soluble vitamins and trace elements, providing 2–3 
g/kg/day protein for continuous renal replacement therapy 
and 4 g/kg/day for peritoneal dialysis [26,28–35]. 
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Necrotizing enterocolitis has an incidence of 3.3–6.8% 
after cardiac surgery, and it may be secondary to poor gut 
perfusion due to diastolic fl ow reversal in the superior mes-
enteric artery, particularly in single ventricle physiology, 
deep hypothermia during cardio-pulmonary bypass caus-
ing decreased gut perfusion or proinfl ammatory response 
to CHD and cardio-pulmonary bypass [14]. Measures in 
these cases are as follows: provision of adequate parenteral 
nutrition if feeds are held, and when feeds are restarted, use 
of hypoallergenic infant formula [26,28–35]. 

Chylothorax occurs in 2.5–4.7% after cardiac surgery 
and is most often due to the injury of the thoracic duct 
during surgery, thrombosis of the superior vena cava re-
sulting in occlusion, or to the elevated central venous 
pressure following surgery. Nutrition measures to be fol-
lowed in these cases are: limit dietary long-chain triglyc-
erides for up to 6 weeks after surgery by off ering very 
high medium-chain triglycerides formula for infants or 
a diet very low (< 10 g/day) in total fat for toddlers and 
children; breast milk can be skimmed with a centrifuge, 
then fortifi ed with high medium-chain triglycerides for-
mula or oil; ensure 2–4% of calories from long chain fat 
to prevent essential fatty acid defi ciency; ensure adequate 
protein, electrolyte, and vitamin intake, as nutrients are 
lost in chyle drained via chest tube; parenteral nutrition 
may be required in cases refractory to nutrition and med-
ical management [26,28–35]. 

Protein-losing enteropathy (PLE) is a disorder that 
appears as a complication of Fontan procedures, and is 
characterized by abnormal and often profound enteric 
protein loss. Fontan circulation is a procedure used in 
palliation of complex CHD, and represents a total cavo-
pulmonary anastomosis, meaning that the systemic ve-
nous blood fl ows to the lungs without passing through 
a ventricle. PLE is a relatively rare complication. In an 
international multicentre study, involving 35 centres 
and 3029 patients with Fontan repair between 1975 and 
1995, PLE occurred in 114 patients – 3.8% [36]. While 
some progress in understanding the PLE epidemiology 
and prognosis has been made in the last decades, accurate 
data about its pathogenesis and pathophysiology remain 
limited. Possible causes of PLE are as follows: problems 
in the Fontan circuit (gradient at connection, poor de-
sign), problems of the pulmonary vasculature (increased 
pulmonary vascular resistance, hypoplasia, distorsion), 
cardiac problems (atrioventricular valve regurgitation, 
myocardial dysfunction). Th erapeutic measures in PLE 
are as follows: non-specifi c medical therapy, consisting in 
diets high in protein and low in fat, anti-congestive car-
diovascular medical regimens, periodic albumin infusions 
and specifi c medical therapy, including the use of unfrac-
tionated heparin, corticosteroids, transcatheter therapy 
(dilation and/or stenting of obstructions in blood fl ow, 
coil embolisation of signifi cant aorto-pulmonary collater-
als, fenestration of the circuit), heart transplant. Despite 
improvement in therapies used in Fontan patients with 

PLE, their prognosis has not signifi cantly improved and 
mortality related to PLE remains high [37]. 

Conclusion
Failure to thrive represents a serious, well documented 
problem in children with CHD, proving to be a challenge 
for the clinician. Along with medical and surgical treat-
ment of these patients, developing a nutritional strategy 
plays a key role in the management of cardiac malforma-
tions. Because there are several types of CHD and multiple 
mechanisms by which they produce failure to thrive, no 
single strategy will be adequate to treat all cases. Th ere is 
great need for a systematized approach to feeding that in-
corporates physiological, neurological, and behavioral as-
sessments, including a concerted eff ort between parents, 
physicians, nurses and other healthcare professionals to de-
velop a plan that will be appropriate on an individual basis. 
Th e quality of life for patient and family, as well as getting 
the child back on track for age-appropriate development, 
is always at the fore-front of each care plan. Further studies 
are needed to identify the most eff ective therapeutic meas-
ures in managing various causes of growth failure.
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