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Failure to thrive is common in infants with hypoplastic left heart syndrome and its variants and
those with poor growth may be at risk for worse surgical and neurodevelopmental outcomes. The
etiology of growth failure in this population is multifactorial and complex, but may be impacted
by nutritional intervention. There are no consensus guidelines outlining best practices for
nutritional monitoring and intervention in this group of infants. The Feeding Work Group of the
National Pediatric Cardiology Quality Improvement Collaborative performed a literature review
and assessment of best nutrition practices from centers participating in the collaborative in order to
provide nutritional recommendations and levels of evidence for those caring for infants with single
ventricle physiology.
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Introduction
Despite improving surgical outcomes following Norwood palliation for hypoplastic left
heart syndrome (HLHS) and its variants, there has not been commensurate improvement in
interstage mortality and long-term morbidities.1-4 The first interstage period, the time
between hospital discharge following the Norwood procedure and presentation for superior
cavopulmonary connection (SCPC), continues to be significantly high risk, with some
centers reporting interstage mortality rates as high as 22%.4-6 Through the growing
experience of many centers focused on reducing interstage mortality, normal infant growth
has been recognized as an important sign of health which is associated with improved
operative and long-term outcomes.7,8 Despite the high prevalence of growth failure in this
population and the unique challenges patients with single ventricle physiology face related
to feeding and growth, there are no consensus guidelines available which address this issue.
Therefore, the Feeding Work Group (FWG) of The National Pediatric Cardiology Quality
Improvement Collaborative (NPC-QIC) was formed to develop consensus recommendations
for feeding and nutrition in infants with single ventricle heart disease through a review of the
literature and survey of participating centers.

Growth failure occurs when the rate of growth is below expectations based on age and
gender.9 This is traditionally defined as weight-for-age decreasing across two major
percentile channels from a previously established growth pattern or weight-for-length <80%
of ideal body weight.10 Most children who experience growth failure as infants have
adequate catch-up growth by the time they reach school years.11 However, several studies
have shown that children with early growth failure may experience long-term problems,
including short stature, poor arithmetic performance, attention problems, aggressive
behavior, and poor overall emotional, social, and cognitive development.8,12,13 In addition,
poor nutrition is associated with worse outcomes in children undergoing surgery and those
with critical illness.14-16 Growth failure is common in infants with congenital heart disease
(CHD) and is especially prevalent in infants with single ventricle physiology, including
those with HLHS.5,17-19 Factors contributing to growth failure in single ventricle infants
include inadequate calorie intake, high metabolic demands, gastrointestinal pathology, and
genetic and extracardiac abnormalities.20,21 Despite the importance of weight gain,
advancement to nutrition goals is often slow in the perioperative period and is often
hampered by concerns for poor systemic output, the need for inotropic support, limitations
of fluid intake, the risk of necrotizing enterocolitis (NEC), and frequent interruptions in
nutrient delivery.18,22 Following the immediate perioperative period and during the
interstage period, many children continue to experience suboptimal growth.23 Nutrition
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protocols in this population are largely based on single center experience and are influenced
by hospital culture as well as care provider opinion.22,24

The NPC-QIC is the first multicenter quality improvement collaborative within pediatric
cardiology and was organized under the leadership of the Joint Council on Congenital Heart
Disease.25 The NPC-QIC leadership defined the aim of the initial collaborative project “To
reduce mortality and improve the quality of life of infants with HLHS during the interstage
period between discharge from the Norwood and admission for the SCPC.”25 The
collaborative is a nationwide network currently comprising 57 pediatric cardiology centers
in North America who contribute to an HLHS registry. The formation of this collaborative
has allowed teams caring for patients with HLHS to work together to come up with new
solutions to problems commonly seen caring for this population of patients. One of the
primary drivers of reduction in mortality is improvement in growth in this high-risk
population. The FWG of the NPC-QIC has focused on identifying best nutritional practices
in order to improve growth in this high-risk population. In the following guidelines, we
identified areas of relative consensus and controversy, and outlined the existing levels of
evidence supporting best feeding and nutrition practices during the pre-Norwood, post-
Norwood, and interstage phases.

Methods
Etiology of the NPC-QIC FWG

In order to identify best nutritional practices in infants with HLHS, the FWG of the NPC-
QIC was developed. NPC-QIC leadership sought volunteers from centers participating in the
collaborative to form the FWG, ultimately comprised of a multidisciplinary team of
dietitians, physicians, and nurse practitioners from 10 centers caring for children with CHD.
The FWG conducted a literature review and assessment of best nutrition practices from
centers participating in the collaborative with the objective of developing nutritional
guidelines for those caring for infants with single ventricle physiology.

Data Collection/Literature Review
The FWG met via several conference calls over 3 months to answer the following question:
“What is the most effective way to feed infants with HLHS and its variants, to achieve
improved growth and survival with minimal complications?”

This question was approached using two different methodologies: First, an in-depth
literature search was performed using several databases: PubMed, Scopus, and CINAHL.
We searched for any publication <10 years old using the following search terms: for
PubMed: “heart diseases/congenital, infant, child or adolescent” or “infant food,” or “infant
nutrition disorders” or “nutritional requirements”; for Scopus: “congenital heart disease” and
“nutrition”; and for CINAHL: “heart defects, congenital” and “child nutritional physiology”
or “nutrition” or “nutritional assessment” or “nutritional requirements” or “nutritional
status,” or “nutritional support.” The literature search results were reviewed and articles that
did not pertain to feeding algorithms, guidelines, or protocols were eliminated. Second, a
collection and assessment of current feeding practices among centers participating in the
NPC-QIC were performed. Unpublished individual institution guidelines and policies
related to feeding infants with CHD were contributed by various members of the
collaborative and reviewed by the FWG.

Levels of Evidence and Grading of Feeding Recommendations (Table 1)
Table 1 describes the grading scheme used to evaluate the level of evidence of articles
considered in this review. The system used was based on the modified Delphi methodology,

Slicker et al. Page 3

Congenit Heart Dis. Author manuscript; available in PMC 2013 April 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



as published by Dellinger et al.26 This was chosen as it has been used in the most recent
American Society for Parenteral and Enteral Nutrition pediatric guidelines, and is commonly
used in the Critical Care literature.8 All investigational articles were reviewed by two FWG
members and assigned a grade of level of evidence.

Practices that had a scientific basis in the literature and those that were consistent among
sites were used to form the foundation for the nutrition recommendations. Practices that
were variable among sites were discussed at length and only added to the feeding program
once a consensus was reached. Nutrition recommendations were divided into three separate
time periods: (1) Pre-Norwood procedure recommendations; (2) Immediate post-Norwood
procedure recommendations; and (3) Interstage recommendations. The review of the
literature also allowed us to identify gaps in our knowledge in this area, giving us a road
map for future research. Recommendations found within the below guidelines were assigned
a grade as described in Table 1, where those with clear consensus among the FWG members
and the benefits clearly outweighed the risks was assigned “strongly recommended.”

Results/Recommended Feeding Guidelines
Our initial literature search identified 71 articles eligible for review. After initial screening,
26 articles were eliminated, leaving 45 available for further review and grading by the work
group. Of these, 13 articles were specifically related to feeding infants with single ventricle
physiology, while 32 articles were related to the care of infants with CHD in general.
Figures 1-6 represent the consensus recommendations of the FWG following literature
review and assessment of best practices among the centers participating in the NPC-QIC.

Preoperative Enteral Feeding Guideline (Figure 1)
The decision to feed enterally in the pre-Norwood period remains controversial. While case
reports and case series of successful preoperative feeding exist, the risk of impaired systemic
perfusion and potential gastrointestinal complications such as NEC may outweigh any
potential benefit of achieving full enteral nutrition (EN) preoperatively. Practitioners are
often averse to initiate and advance early EN due to the risk of NEC in this tenuous
population.27-30 However, several studies among other population groups have
demonstrated that early EN decreases infection rates, decreases length of stay, improves
wound healing, and shortens the duration of mechanical ventilatory support.8,61-64 Benefits
to early feeding may include the initiation of normal feeding patterns and mechanics,
immunologic benefits, and prevention of bacterial translocation.8,61-64 Enteral feeding in
the patient with unstable ductal-dependent systemic blood flow may result in gastrointestinal
complications.17,28,29,34,53

Below we outline the level of evidence and rationale supporting the consensus guidelines for
preoperative feeding found in figure 1. Our literature review revealed significant gaps in the
understanding of the potential benefits of preoperative feeding, and their impact on
outcomes.

1. Total parenteral nutrition (PN) should be initiated early and advanced to full calorie and
protein goals; “Strongly Recommend”; Level of evidence: 2. The Norwood hospitalization
and early perioperative period is associated with a significant decrease in weight-for-age z-
score (WAZ) and failure to thrive for most patients.17,18,31-33 In addition, many patients
will not be considered candidates for full enteral feeding due to local practice or patient
condition.34,35 This patient population is at high risk for malnourishment.17,18,22,31
Therefore, it is reasonable to start PN early.
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2. Enteral feeding is safe in hemodynamically stable patients under appropriate level of
monitoring. “Recommend”; Level of evidence: 2. The use of preoperative enteral feeding
varies considerably by center.28,29,36 While rigorous assessment of the safety of this
practice is lacking, there is a growing number of observational studies documenting this
practice.37,38 However, the benefits of early enteral feeding are extrapolated from other
patient populations: no study has assessed the benefit of enteral feeding to any degree in this
patient population.36,37 In addition, there are multiple case reports, case series, and
observational studies documenting a high incidence of gastrointestinal complications and
systemic perfusion abnormalities in this patient population.27,32,34,39,40 While risk factor
analysis has failed to reveal a single modifiable cause for NEC, it has become clear that
implementation of standard feeding practice alone can reduce the incidence of NEC.
8,30,41-43 In addition, there is a growing body of literature that indicates that with
appropriate vigilance and intensive monitoring, enteral feeding can be achieved safely.
37,38,43-45 While in some patients the risk of impaired systemic perfusion may outweigh
the potential benefits of advancing to full enteral feeding preoperatively, it is reasonable to
assess safety and initiate preoperative feeds on an individual patient basis.

3. The use of nasogastric tube feeding may be utilized to deliver enteral feeding. “No
Recommendation”; Level of evidence: 3. The use of nasogastric feeds in order to advance
the preoperative Norwood patient to full enteral feeding preoperatively has been
documented in the literature; however, this practice lacks rigorous evaluation of safety.36-38
Feeding intolerance is an important clinical sign of poor systemic perfusion in these patients,
and some authors and experts argue that the deterioration in oral feeding behavior can be an
early yet subtle sign of impending shock and/or NEC. However, this practice is currently in
use, reflecting the wide variation in preoperative management, and is therefore included as
an option in this protocol. This practice is not universally accepted.28,29,46

4. Patients with an umbilical arterial catheter may be fed enterally: “Strongly Recommend”;
Level of evidence: 4. While many practitioners withhold feeds in this scenario due to
concerns of arterial catheters compromising blood flow to the splanchnic bed, there is
limited evidence to support this.29 In addition, there are a number of case series and
observational studies where feeding with umbilical catheters in place has not resulted in
increased adverse outcomes.27,38 Given the limited evidence in either direction and lack of
a controlled study, it is reasonable to feed in this scenario if consistent with local practice.

5. Patients may be fed while on prostaglandin infusion: “Strongly Recommend”; Level of
evidence: 3. Prostaglandin infusions are cited as an indication to withhold enteral feeding
due to concerns for development of gastrointestinal complications related to shunting from
the systemic to pulmonary circulation across a patent ductus arteriosus.28,36 In addition,
PGE may result in systemic vasodilatation, respiratory depression, edema, and increased
secretions over time. However, safe enteral feeding has been documented in this scenario in
a number of case series and observational studies, and is reasonable to attempt.37,38

6. Human milk is the preferred option for initiation of enteral feeds: “Recommend”; Level of
evidence: 3. The nutritional and immunologic benefits to human milk are numerous.47
Human milk has a high biologic value of protein content and is easily absorbed by the infant
gut. Protocols have been previously published for feeding single ventricle infants
recommending a preference for rehydralyte or elemental formula for the single ventricle
population, although no concrete evidence for this practice exists.29 To date, there has been
no study comparing the benefits of breast milk vs. infant formula in this population; the
authors have based this recommendation on extrapolation from the preterm infant
population.47 When human milk is unavailable, it is reasonable to initiate standard infant
formula as there is no evidence supporting deviation from this practice.28 While there may
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be benefits to breastfeeding, the practice is limited by physiologic instability and reliance on
intravenous access for prostaglandin delivery.

Parenteral Nutrition Guideline (Figure 2)
It should be anticipated that all patients will require PN in the pre-Norwood and early
postoperative period in order to deliver adequate nutrition during this critical time. Studies
have demonstrated an acute decline in WAZ and growth velocity in the early postoperative
time period.7,17-19,23 Li and colleagues found a surprisingly high energy deficit in the
early postoperative period following the Norwood operation.65 Neo-nates were found to be
hypermetabolic and did not reach a positive energy balance until postoperative day number
3 despite the use of standard regimens of PN. It should be noted that PN is costly, and
initiation should be carefully considered for cost-effectiveness and ability to achieve proper
electrolyte and fluid balance. Later, we outline current level of evidence and rationale
supporting the consensus guidelines for PN in Figure 2. These recommendations are
extrapolated for the most part from general pediatric intensive care nutrition guidelines.
48,49,65 More investigation is needed into the calorie and macronutrient needs of this high-
risk population during the perioperative period.49

1. Total initial calorie goals for PN: 90–100 cal/kg/day.35 “Recommend”; Level of
Evidence: 5. Other guidelines for PN support in children recommend providing resting
energy expenditure with a stress factor (i.e., 55 cal/kg/day × 1.2–1.4).48 The thermogenic
effect of food is negated when receiving PN support; therefore, energy needs are
approximately 10% less than EN requirements.35

2. Total fluid should begin at 100–120 mL/kg/day and be adjusted daily in the postoperative
period49: “Recommend”; Level of Evidence: 5. Fluid management should be discussed
daily with the healthcare team and PN should be altered accordingly as other fluid sources
are weaned. PN should be withheld until it can provide approximately 30–40 mL/kg or more
of total fluid intake; at lower volumes, it is not cost-effective and may result in inappropriate
concentrations of its constituents.

3. The initiation and advancement of macronutrients for PN are described in detail in Figure
2.35 “Recommend”; Level of Evidence: 5. Initial dextrose should approximate a glucose
infusion rate of 4–6 mg/kg/h. In cases of extreme hyperglycemia, advancement of dextrose
may be delayed until blood sugar control is improved. Initiation of amino acids is
recommended at 1.5–3 g/kg/day. Amino acids may be limited due to postoperative volume
restrictions or in cases of renal impairment or azotemia. Initial lipids are recommended to
start at 1–3 g/kg. Contraindications to initiating full lipid calories are rare but include
elevated liver enzymes and triglyceride levels above 400 mg/dL.

4. Micronutrient recommendations for PN are also described in Figure 2. “Recommend”;
Level of Evidence: 5. We also recommend that the practitioner consider additional zinc due
to potential losses from chest tube drainage or open wounds.50 Zinc can be initiated at 250–
400 mcg/kg/day and be increased to a total of 2000–4000 mcg/day. Carnitine is
recommended in neonatal PN due to a potential deficit in endogenous stores in infancy, and
should be initiated at 8–10 mg/kg/day.51 Carnitine supplementation is only beneficial if
there is a deficiency, although supplementation in the presence of normal levels is benign.

Postoperative Enteral Feeding Guideline (Figures 4 and 5)
Practice varies as to the timing and mode of post-operative enteral feeding, which may
contribute to consistently poor growth patterns throughout the hospital course reported in the
literature.17,18,22,54 Early initiation of postoperative feeds may be delayed for many
reasons, including low cardiac output, high inotrope requirement, prolonged intubation or
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respiratory insufficiency, excessive chest tube drainage, or gastrointestinal complications.
During this time, PN is necessary to supplement the infants nutritional demands.8,34,35,55
Once feeds are initiated, advancement may be hindered by ongoing concerns for cardiac and
respiratory insufficiency, feeding intolerance, and vocal cord dysfunction. The initiation of a
postoperative feeding protocol may ameliorate these challenges in postoperative feeding and
growth. Several studies have shown a benefit to the initiation of a postoperative feeding
protocol in this population, including a decreased length of hospital stay, decreased
incidence of NEC, shorter time to achieve goals of caloric intake, and reduced requirement
for parental nutrition.27-30

Below we outline current level of evidence and rationale supporting the consensus
guidelines for postoperative enteral feeding guidelines found in Figures 4 and 5. The early
postoperative period has received perhaps the least attention from past studies on the topic,
and we have identified significant knowledge gaps in this area. While a significant decline in
WAZ between Norwood surgery and hospital discharge has been shown universally
demonstrated in past studies, the factors responsible are poorly understood. To date, no
study has rigorously assessed modifiable risk factors for poor postoperative growth.

1. EN should be initiated as soon as the patient is hemodynamically stable.
8,28,29,34,35,52,53 “Strongly Recommend”; Level of Evidence: 2. Figure 4 provides an
algorithm for initiation and advancement of EN. A trophic rate of 20 mL/kg/day or 1–2 mL/
kg/h is recommended.17,28,29 Human milk is recommended; however, standard infant
formula is an acceptable alternative.47 PN should continue during enteral feed advancement
to ensure adequate caloric intake.8,34,35 There is no clear evidence to support one method
of enteral tube feeding (intermittent vs. continuous) over another, but it has been shown that
using continuous feeding requires more time to reach goal feeds.23,24 For this reason,
coupled with the fact that intermittent feeds are more physiologic, intermittent feeds should
be considered when possible. Feeds should be advanced 20 mL/kg/day to a goal of 120–140
mL/kg/day and 120–150 kcal/kg/day.34,46,55 When continuous feeding goals are initially
used, transition to bolus feeds by first turning off the continuous enteral infusion for 2 hours
and then providing 3 hours of volume over 1 hour.17,29 If the patient tolerates this
transition, then feedings can be continued over 1 hour, eight times per day. The time in
which each bolus feed is running may then be gradually decreased from 60 minutes down to
20–30 minutes per feed or run by gravity.

2. Oral feeds should be initiated following feeding evaluation. “Strongly Recommend”;
Level of Evidence: 2. Figure 5 depicts guidelines for oral feeding. Due to the high incidence
of vocal cord injury and feeding dysfunction, a feeding evaluation should be conducted on
all infants postoperatively to evaluate oral-motor coordination and aspiration risk.
17,46,54,56 This can be performed per institution preference either by bedside nurses or
ancillary staff such as speech or occupational therapists. Once the infant is deemed safe for
oral feeding, trial feeds should be attempted prior to each NG feed or on top of continuous
drip feeds.17,46 During initial oral feedings, infants should continually be evaluated for
evidence of low cardiac output and respiratory compromise. Once the infant is able to take
≥50–75% of their caloric goal orally for 48 hours, we recommend removing the enteral
feeding tube and attempting a complete oral feeding regimen.46 If the infant struggles with
oral feedings, consider ongoing therapies from a speech therapist and/or a video
fluoroscopic swallow study and exam by an otolaryngologist.17,46 Once adequate growth is
established, breastfeeding may be considered on an individual basis with close monitoring of
physiologic stability and demonstration of ongoing normal infant weight gain. Often,
supplemental bottle feeds with a higher caloric density are required to achieve optimal
growth in this population.24,46,53
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3. During feeding advance, close monitoring for gastrointestinal and cardiac complications
is required.17,27-30,34 “Strongly Recommend”; Level of Evidence: 2. Figure 3 lists both
gastrointestinal and cardiac symptoms to continuously evaluate. These signs and symptoms
may indicate marginal cardiac output, limited respiratory reserve, the presence of an
intercurrent illness, or specific feeding complications. Once significant cardiac pathology
has been ruled out, the practitioner may consider several interventions to reduce feeding
complications. These may include decreasing caloric density, decreasing volume,
maximizing antireflux medications, or changing formula type.17,18,24,28,29,46,53
Prophylactic use of anti reflux medication has not been shown to be efficacious in all
patients but may be beneficial on an individual basis. Other antireflux precautions include
elevating the head of the bed, smaller frequent feedings, and upright positioning of the
patient.24 Nasojejunal feedings may also be considered if there is continued feeding
intolerance.8,52 Motility agents could also be considered if feeding intolerance persists.

Interstage Feeding Guideline (Figure 6)
Continued assessment of growth and nutrition is critical for the infant following discharge
from Norwood palliation and through presentation for SCPC. Poor growth velocity during
this high-risk interstage period is common and has been associated with worse outcomes.
17,18,23,31 However, there is recent evidence from the NPC-QIC registry and others
demonstrating tremendous variability in infant growth between programs, with some
documenting that normal infant growth can be achieved and that normal growth may be
associated with an interstage monitoring program.32,46,56

Below outline current level of evidence and rationale supporting the consensus guidelines
for preoperative feeding in Figure 6. Several gaps in knowledge regarding interstage growth
were identified. While there is mixed evidence in the literature regarding the efficacy and
safety of the use of nasogastric or gastrostomy tubes in promoting interstage growth, these
systems may be effective in individual patients. There continues to be a lack of
understanding regarding the physiology leading to poor interstage growth in these infants. A
better understanding of the etiology of their growth problems will ultimately allow us to
tailor interventions to individual patients.

1. Close monitoring of weight changes in the interstage period is critical to identifying
growth faltering early and allowing for intervention “Strongly Recommend”;24,46,56-59
Level of Evidence: 4. “Red flags” for inappropriate weight change during the interstage
period should trigger evaluation by the interstage home monitoring team and/or primary
cardiologist, and are listed in Figure 6.24,56-60 Interventions following identification of a
red flag may include outpatient diet modification, or hospital admission with nutritional
assessment as well as medical assessment for infection, gastrointestinal pathology, or
cardiac workup.

2. When growth faltering is identified in the interstage period, changes in nutritional
management should be made. “Strongly Recommend”; Level of Evidence: 2. In the absence
of significant cardiac pathology and when oral intake is inadequate to support growth,
nasogastric supplementation or placement of gastrostomy tube may be warranted.
8,35,46,57,66 If there are no red flags present but nutrition is still considered inadequate,
consider increasing volume of feeds or increasing calorie concentration to promote
improved growth.24,46,56,60,66 We recommend increasing calorie concentration by 2–3
calories per ounce every 24 hours to a maximum concentration of 30 calories per ounce.29
Other interventions for feeding intolerance may include treating constipation, assessing for
allergic disease (i.e., stool guaiac), or trialing semi-elemental or amino acid-based formula.
In all patients, consider referring the patient for speech and occupational therapy to improve
their oral-motor skills. Feeding specialists will be able to assess the infant for choking or
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gagging with feeds, weak cry, or stridor as well as evidence of respiratory distress with oral
feedings.17,22,54,57

3. A registered dietitian should be involved in assessment and management of growth at
each clinic visit and when nutritional concerns arise.46,58 “Strongly Recommend”; Level of
Evidence: 4. Necessary components at each evaluation include: anthropometrics, daily
weight change or change in anthropometric percentiles, review of feeding regimen and
recipe mixing, calculated total daily volume and caloric intake, medication review, and
review of any social service needs (i.e., home nursing, supplemental services like Women
Infant Children or Early Intervention).8 Weight gain goals should be clearly communicated
and parents or caregivers should demonstrate competency of new nutrition goals and recipe
mixing by routine parent teach-back methods at each evaluation during the interstage period.
Weight gain of >20 g per day during the interstage period should be communicated as the
goal to achieve adequate growth.17-19,22,23,31,46

Limitations
These feeding guidelines are based upon the limited literature available on the subject as
well as expert opinion of nutrition professionals who have attempted to balance current
practice guidelines, published literature reviews on the topic, and potential benefits of
nutrition support for infants with single ventricle physiology. These guidelines should not
replace clinical judgment of the health practitioner caring for individual patients. Given the
limitations of existing evidence to support individual practices supporting these guidelines,
prospective validation is required. Specifically, further work to understand the gaps in
knowledge in this area is vital.

Conclusions
Infants with HLHS are known to be at risk for poor nutrition and growth failure. There is
little published information regarding successful nutrition interventions for infants with
single ventricle physiology. Feeding protocols have been shown to maximize the benefits
and minimize the risks of EN in the management of critically ill patients. The FWG
reviewed the literature as well as current nutritional practices at several centers participating
in the NPC-PIC in order to develop guidelines summarizing best nutritional practices for this
high-risk group.
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Figure 1.
Preoperative enteral feeding (EN).8,12,18,22,27-47 Benefits of preoperative enteral nutrition
may include: development of normal feeding patterns, prevention of bacterial translocation,
and promotion of immunologic and gut mucosal health. Oral feeding should be attempted
only in the stable patient. PN, total parenteral nutrition; IL, intravenous lipid solution; NG,
nasogastric; UA, umbilical arterial catheter; PGE prostaglandin infusion; GI,
gastrointestinal.
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Figure 2.
Total parenteral nutrition (PN).35,48-51 Goal: PN should be initiated in all single ventricle
patients preoperatively, and as soon as feasible postoperatively to minimize nutritional
deficiencies. GIR, glucose infusion rate.
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Figure 3.
Considerations/possible contraindications to enteral feeding (EN).27-30,39,46,52
*Implications of inotropic support may differ during various phases of the hospital course.
In the preoperative period, the need for inotropic support implies unstable systemic
circulation, while in the patient with stabilized postoperative physiology, it is appropriate to
enterally feed with evidence of good systemic output while weaning inotropic support. CO,
cardiac output; AVO2, arteriovenous oxygen difference; NIRS, near-infrared spectroscopy;
MVO2, mixed venous oxygen saturation; NEC, necrotizing enterocolitis.
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Figure 4.
Postoperative enteral feeding (EN).8,17,18,23,24,27-30,34,35,46,52-56 Goal: Postoperative
enteral nutrition should begin as soon as safe and feasible. PN, total parenteral nutrition; IL,
intravenous lipid solution; NG, nasogastric; NJ nasojejunal.
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Figure 5.
Postoperative oral feeding.8,17,18,23,24,27-30,34,35,46,52-56 Goal: Postoperative oral
feeding should begin as soon as is safe and feasible in order to assess potential
complications and promote natural feeding behavior. PO, by mouth; NG, nasogastric; EN,
enteral nutrition; GERD, gastroesophageal reflux disease; ENT, ear, nose, and throat
specialist; GI, gastrointestinal.
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Figure 6.
Interstage feeding program.8,17-19,22-24,29,31,32,35,46,54,56-60 Goal: Achieve normal
infant growth during the interstage period. OFC, occipitofrontal head circumference; GI,
gastrointestinal; FTT, failure to thrive; GER, gastroesophageal reflux; CHF, congestive heart
failure; BNP, brain natriuretic peptide; ECHO, echocardiogram; cath, cardiac
catheterization; S2R, stage two reconstruction.
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Table 1

Grading System for Levels of Evidence and Feeding Recommendations

Grading of feeding recommendations

 “Strongly recommend” There is consensus that benefits
clearly outweigh risks

 “Recommend” There is consensus that benefits
outweigh risks

 “No recommendation made” There is no consensus

Levels of evidence*

 I Large, randomized control trials
with clear-cut results

 II Small, randomized trials with
uncertain results

 III Nonrandomized cohort with
contemporaneous controls

 IV Nonrandomized cohort with
historical controls

 V Case series, uncontrolled studies,
and expert opinion

*
Adapted from Dellinger RP.
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