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Abstract

Objective—Infants with congenital heart disease (CHD) receiving prostaglandins (PGE) may be 

at increased risk for necrotizing enterocolitis (NEC). Enteral feeding may further increase risk of 

NEC in these patients. We evaluated the incidence of NEC and its association with enteral feeding 

in infants with ductal-dependent CHD.

Study Design—We examined a cohort of infants with CHD receiving PGE in neonatal intensive 

care units managed by the Pediatrix Medical Group between 1997 and 2010. We used logistic 

regression to evaluate the association between NEC and enteral feeding, as well as other risk 

factors including antacid medications, inotropic and ventilator support, and anatomic 

characteristics, controlling for gestational age.

Results—We identified 6710 infants with ductal-dependent CHD receiving PGE for 17,158 

infant days. NEC occurred in 21 of 6710 (0.3%) infants, of whom 12/21(57%) were <37 weeks 

gestational age. The incidence of NEC was 1.2/1000 infant days while on enteral feeds versus 

0.4/1000 infant days while not on enteral feeds (p=0.27). Enteral feeding was not associated with a 

statistically significant increased odds of NEC on the day of diagnosis (odds ratio [OR] 2.08; 95% 

confidence interval [CI] 0.38, 11.7). Risk factors associated with a significant increased odds of 

NEC included a diagnosis of single-ventricle heart defect (OR 2.82; 95% CI 1.23, 6.49), although 

the overall risk in this population remained low (8/1631, 0.5%).

Conclusion—The incidence of NEC in our cohort of infants with ductal-dependent CHD on 

PGE therapy was low and did not increase with enteral feeding.
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Necrotizing enterocolitis (NEC) is a life-threatening, multifactorial disease process caused 

by gastrointestinal ischemia leading to excessive inflammation and ultimately necrosis of 

tissue.1–3 Ductal-dependent congenital heart disease (CHD) may lower diastolic gut 

perfusion pressures and limit systemic oxygenated blood flow, directly contributing to 

gastrointestinal hypoperfusion and ischemia and increasing the risk of NEC.3–7

Enteral feeding also plays a role in the pathogenesis of NEC, possibly due to carbohydrate 

and lipid maldigestion resulting in bacterial overgrowth and mucosal injury.8,9 The risks of 

enteral feeds in infants with CHD are less clear.10,11 Some investigators have argued for 

rapid advancement of high–caloric-density feeds, while others propose more conservative 

approaches.12,13 The role of enteral feeds in the pathogenesis of NEC may also be 

significantly altered by perioperative hemodynamic changes including low systemic 

saturation, low cardiac output, increased central venous pressure, and diastolic run-off, 

resulting in inadequate oxygen delivery to the intestines.12 As a consequence, there is 

widespread variability in enteral feeding regimens in infants with CHD, particularly while 

receiving prostaglandin (PGE) therapy.8,14,15

We reviewed a large retrospective cohort of infants with ductal-dependent CHD to evaluate 

the association between enteral feeding, as well as other known risk factors, and NEC. We 

hypothesize that enteral feeds are not a risk factor for NEC in this patient population.

Methods

Study population

The study population consisted of a cohort of all infants both inborn and outborn discharged 

from 322 neonatal intensive care units (NICUs) managed by the Pediatrix Medical Group 

between 1997 and 2010 who were diagnosed with potentially ductal-dependent CHD and 

treated with PGE during their initial hospitalization. These inclusion criteria were chosen to 

eliminate infants treated with PGE without a cardiac diagnosis (possibly while awaiting 

cardiac evaluation) and infants with cardiac diagnoses that may potentially be ductal-

dependent but were not severe enough to require patency of the ductus (e.g., tetralogy of 

Fallot). Days of hospitalization without PGE therapy were not included in the analysis. Data 

were obtained from an administrative database that prospectively captures information from 

daily progress notes generated by clinicians on all infants managed by the Pediatrix Medical 

Group.16

Definitions

The primary outcome of our study was a diagnosis of NEC while infants were exposed to 

PGE. Diagnosis of NEC was defined based on the documentation of NEC diagnosis by the 

treating neonatologist. We recorded all cases of medically or surgically treated NEC 

diagnosed on a day the infant was exposed to PGE. All cases of “suspected” or “presumed” 

NEC were excluded.

We defined ductal-dependent CHD as any of the following diagnoses: hypoplastic left heart 

syndrome (HLHS), hypoplastic right ventricle, tricuspid atresia, other single-ventricle 

defects, double-outlet right ventricle (DORV), Ebstein’s anomaly of the tricuspid valve, 
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tetralogy of Fallot, truncus arteriosus, transposition of the great vessels, atrioventricular 

canal defect, coarctation of the aorta, interrupted aortic arch, pulmonary atresia, and 

pulmonary stenosis. We excluded all infants who received PGE therapy diagnosed with 

normal cardiac anatomy or with heart defects other than the above diagnoses. We defined 

single-ventricle disease as diagnosis of HLHS, tricuspid atresia, hypoplastic right ventricle, 

atrioventricular canal defect, or other single-ventricle anatomy.

We defined inotropic support as the administration of dopamine, dobutamine, epinephrine, 

norepinephrine, phenylephrine, or vasopressin for each day. We defined antacid exposure as 

the administration of rantidine, famotidine, cimetidine, nizatidine, omeprazole, 

pantoprazole, or lansoprazole for each day. We defined mechanical ventilation as the need 

for conventional or high-frequency mechanical ventilation for each day. We defined 

supplemental oxygen administration as the highest fraction of supplemental oxygen (FiO2) 

administered for each day. We defined nil per os (NPO) as the absence of enteral nutrition 

on a given day. We defined breast milk exposure as exposure to either maternal or donor 

breast milk on a given day. Infants who remained NPO for the duration of this study were 

defined as having never fed.

Statistical analysis

The unit of observation for this study was an infant day of exposure to PGE. Continuous 

variables are reported as medians and interquartile ranges, and categorical variables as 

counts and percentages. We compared infant-level continuous and categorical variables 

between infants with and without a diagnosis of NEC using Wilcoxon rank sum and Fisher’s 

exact tests, respectively. We performed univariable logistic regression to examine the 

association between individual daily predictors and NEC diagnosis. Predictors evaluated by 

logistic regression included: NPO status, administration of inotropic therapy, administration 

of antacid therapy, use of mechanical ventilation, the highest daily FiO2, single-ventricle 

anatomy, and a diagnosis of HLHS. We then performed multivariable logistic regression of 

each of the above models, controlling for gestational age (GA). We used the method of 

generalizing estimating equations to account for within-infant correlation for all models. We 

performed complete case analysis only and did not impute values of missing data. All 

analyses were performed using Stata 12 (College Station, TX), and a p <0.05 was considered 

statistically significant.

Results

Patient demographics

We identified 17,019 infants with CHD and 7986 infants exposed to PGE. Of those, 6710 

(39% and 84% of the original cohorts, respectively) had both a cardiac diagnosis consistent 

with ductal-dependent CHD and were treated with PGE and constituted our final cohort. The 

median GA and birth weight were 38 weeks (interquartile range: 37, 39) and 3045 g (2555, 

3433) (Table 1), and total duration of PGE exposure was 17,158 infant days. The majority of 

infants had 2-ventricle CHD (5079/6710, 76%), and the most common CHD diagnosis was 

transposition of the great arteries (1271/6710, 19%) (Table 2).
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NEC incidence and risk

Of the 6710 infants identified, 21 (0.3%) were diagnosed with NEC. The median postnatal 

age at NEC diagnosis was 16 days (10, 27). A greater proportion of infants <37 weeks 

gestation were diagnosed with NEC compared with infants ≥37 weeks gestation (12/21 

[57%] vs. 1575/6689 [24%], p=0.001). Infants with NEC also had a lower median GA (33 

weeks [31, 38] vs. 38 weeks [37, 39], p<0.001) and lower birth weight (2020 g [1310, 2861] 

vs. 3045 g [2558, 3435], p<0.001) (Table 1). The incidence of NEC in our cohort decreased 

with increasing GA: <28 weeks 3/83 (4%); 28–34 weeks 8/704 (2%); 35–36 weeks 1/800 

(<1%); >36 weeks 9/5107 (<1%). Premature infants were diagnosed with NEC at a higher 

median postnatal age compared with term infants (22 [16, 36] vs. 10 [4, 11], p=0.01). Of the 

21 cases of NEC, 13 were treated medically, and 8 required surgical intervention. Median 

postnatal age at the time of surgical intervention for NEC was 13 days (4, 31). Infants with 

NEC received PGE for a longer duration compared with infants without NEC (26 days [2, 

66] vs. 1 day [1, 87], p<0.001), but PGE was started at a similar age in both groups (0 days 

[0, 2] vs. 0 [(0, 1], p=0.38). The most common CHD diagnosis in infants with NEC was 

HLHS (5/21, 24%), and 8/21 (38%) infants had a single-ventricle heart defect. The presence 

of any single-ventricle heart defect increased the odds of NEC after controlling for GA 

(odds ratio [OR] 2.82, 95% confidence interval 1.23, 6.49) (Table 3). The specific diagnosis 

of HLHS was also associated with increased odds of NEC after controlling for GA (OR 3.12 

[1.16, 8.43]) (Table 3). Of the 21 infants with NEC, 10 (48%) died prior to hospital 

discharge. Of those infants, 7/10 (70%) were premature, and 4/10 (40%) had a single-

ventricle heart defect. Only 1 infant with NEC was full-term and did not have a single-

ventricle heart defect. Mortality was significantly higher in infants with NEC compared with 

those without: 10/21 (47%) vs. 440/6689 (7%), p<0.001. The median duration from NEC 

diagnosis to death was 4 days (1, 21).

Enteral feeding status

A large proportion of infants in our cohort were never enterally fed (2409/6710, 36%) while 

on PGE. The proportion of infants never fed was significantly smaller in the NEC group 

(3/21, 14%) compared with the non-NEC group (2406/6689, 36%, p<0.001). The median 

NPO time was not significantly different in infants with NEC compared with infants without 

NEC (1 day [0, 14] vs. 1.5 days [0, 5], p=0.35) but the median time to first enteral feed was 

longer in infants who developed NEC (5 [3, 7] vs. 2 [1, 4], p<0.001). The incidence of NEC 

with enteral feeding was 1.2/1000 infant days, and the incidence of NEC without enteral 

feeding was 0.4/1000 infant days (p=0.27). The incidence of NEC while fed breast milk was 

1.1/1000 infants days, and the incidence of NEC when fed formula was 1.3/1000 infant days 

(p=0.62). Enteral feeding demonstrated a trend towards increased odds of NEC but was not 

statistically significant (Table 3).

Temporal relationship between enteral nutrition and NEC

The median delay between first day of enteral feeds and diagnosis of NEC was 13 days (5, 

21). To evaluate whether NEC risk was delayed in relation to enteral feeding, we repeated 

our model, including enteral feeding on the day prior to NEC diagnosis. Again, we found 

increased but non-significant odds of NEC (OR 4.54 [0.98, 21.0]). Results were unchanged 
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when including any enteral feeds during 48 hours prior to NEC diagnosis (OR 4.54 [0.98, 

21.0]).

NEC incidence in premature infants with CHD

When limiting our cohort to premature infants only (<37 weeks GA, n=1587), the 

proportion of NEC was similarly low (12/1587, 0.8%). Of the 12 premature infants with 

NEC, 3 had a single-ventricle heart defect, and 1 had HLHS. The incidence of NEC with 

enteral feeding was 1.7/1000 infant days for premature infants, and there was no diagnosis 

of NEC while infants were kept NPO. Median postnatal age at NEC diagnosis was older 

than in the overall cohort (22 days [16, 36]). Of the 12 premature infants with NEC, 7 (58%) 

died prior to hospital discharge.

Discussion

We present a large cohort of infants with ductal-dependent CHD treated with PGE and 

describe the association between NEC and enteral feedings. Overall, the proportion of 

infants with NEC was low (21/6710, 0.3%), and a majority of NEC cases was observed in 

infants born <37 weeks gestational age (12/21, 57%) and in infants with single-ventricle 

heart defects (8/21, 38%). In contrast, only 4 term infants with 2-ventricle CHD developed 

NEC while receiving PGE therapy. Furthermore, enteral feeding on the day of diagnosis was 

not associated with increased odds of NEC. Of the other risk factors examined, only the 

presence of a single-ventricle heart defect, particularly HLHS, was associated with NEC.

In infants with ductal-dependent CHD, systemic desaturation, decreased abdominal aortic 

blood flow, abdominal aortic “run-off” in diastole, and overall decreased cardiac output may 

contribute to mesenteric circulatory insufficiency, which may predispose an infant to the 

development of NEC.12,17,18 Despite all of these theoretical risk factors, we report a 

relatively low NEC risk of 0.3% in infants with ductal-dependent CHD on PGE. This is 

almost 10-fold lower than the 3% reported in the only prior analysis of pre-operative NEC 

risk in infants with ductal-dependent CHD.5,19 In contrast to our cohort, 28/67 (42%) of 

infants in this single-center study had single-ventricle CHD (28/67, 42%), which may have 

contributed to a higher incidence of NEC. Other analyses of CHD influence on NEC 

development have combined pre- and postoperative NEC risk.12,20–23 In an analysis of the 

National Inpatient Sample and Kids’ Inpatient Databases, the incidence of NEC was 1.6%,21 

while other single-center reports have reported a much higher incidence.12,20,22 Recent 

studies have suggested that the majority of NEC cases in infants with CHD occur in the 

post-operative phase, which might explain the substantially lower incidence of NEC that we 

report.12

Among infants diagnosed with NEC, we found a delay between day of first enteral feed and 

diagnosis of NEC. To evaluate whether NEC risk was delayed in relation to enteral feeding, 

we repeated our model, once including enteral feeding on the day prior to NEC diagnosis 

and once including enteral feeding within 48 hours prior to NEC diagnosis. Again, we found 

increased but non-significant odds of NEC. These findings are consistent with prior 

observations from single-center cohort studies where pre-operative enteral feeding has 
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generally been well tolerated.5,15 Likewise, single-center analyses in the post-operative 

setting have not found an association between NEC risk and enteral feeding.12,20

Despite the reassuring findings from these studies, concerns about the safety of enteral 

feeding may still limit its use in some centers. In an international survey, 44% of infants 

were never enterally fed.24 Survey responders listed concerns about directionality of ductal 

shunting, doses of PGE, and presence of umbilical arterial or venous catheters, among 

others. These same concerns may explain why a similar proportion of infants (36%) were 

never fed while on PGE in our cohort. It is worth noting that, while that the proportion of 

infants never fed was smaller in the NEC group (3/21, 14%) compared with the non-NEC 

group (2406/6689, 36%), the incidence of NEC in infants who fed was still only 18/4301 

(0.4%) compared with 3/2409 (0.1%) in the never-fed group. This is consistent with prior 

reports in both the pre- and post-operative settings that have identified that absence of 

enteral feeding does not prevent NEC.12,25

Much of the concern related to enteral feeding in these patients is likely a consequence of 

the high morbidity and mortality associated with NEC. Indeed, in our population, mortality 

in infants with NEC was substantially higher (48%) than in the remainder of the patient 

cohort (6.7%). Importantly, 7 of the 10 deaths occurred in premature infants. Excluding the 

premature infants, mortality for infants with NEC (14%) was comparable to the 19–24% 

mortality reported in recent studies.12,21 This mortality risk highlights that NEC is a serious 

comorbidity in infants with ductal-dependent CHD, and further study is needed to reduce 

mortality in affected patients.18,26,27

The strengths of our study include its large multi-center cohort of infants with diverse forms 

of ductal-dependent CHD and varying gestational ages. This allows us to evaluate risks of 

NEC across a wider range of baseline risk conferred by both gestational age and CHD. Our 

analysis at the infant-day level allows us to control for variable duration of PGE exposure in 

our database, as well as several surrogates of severity of illness such as inotropic 

medication, mechanical ventilation, and supplemental FiO2 that vary on a daily basis. Our 

study is limited by the retrospective nature of the analysis and the fact that the data are 

derived from electronic documentation. The diagnosis of NEC was made by treating 

neonatologists as recorded in the database and did not include Bell staging. We did not have 

detailed information on cardiac diagnoses or physiologic states, including no information 

about prenatal diagnoses. To provide a better understanding of the cardiac anatomy and 

physiology of our population, we included only those infants with a subset of clearly defined 

potentially ductal-dependent CHD who were also treated with PGE. While our sample size 

was large overall, the incidence of NEC in this population of mainly term infants was low. 

We were therefore not able to perform more extensive analyses of NEC risk factors and only 

controlled for GA in the regression analysis. Although the incidence of NEC was greater in 

premature infants than in term infants with CHD, fewer numbers of premature infants with 

CHD precluded us from performing any further analyses on feeding and the development of 

NEC in this population. Sample size limitations such as these are a concern for any analysis 

of a rare condition and highlight the utility of registry data, such as the Pediatrix dataset, that 

include large numbers of hospitalized infants. Retrospectively, our sample size proved us 

with >80% power to detect a 0.5% difference in NEC incidence between infants of all GA 
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who fed vs. those who never fed. Similarly for full term infants, we had 80% power to detect 

a 0.6% difference, while the smaller sample of premature infants increased the detectable 

difference level to 1.7%. The sample size of premature infants did not provide sufficient 

power to detect statistically significant differences in the incidence of NEC between those 

who were fed vs. those who were never fed. Several important covariates, including the 

volume and osmolarity of enteral feeds, the rate of advancement of enteral feeds, and blood 

transfusions, were not captured in the database at the time of this analysis. Lastly, it is 

important to note that we focused our analysis on the pre-operative setting and thus cannot 

generalize these results to address the risk factors, specifically the risk of enteral feeding, 

among infants with CHD in the post-operative state.

In summary, in this study of mainly term infants receiving PGE for ductal-dependent CHD, 

we observed an overall low incidence of NEC. Enteral feeding was not associated with a 

statistically significant increase in the odds of NEC even after adjusting for GA. In the 

absence of a randomized controlled trial and given the benefits of enteral feedings, our study 

supports the practice of enteral feeding in an infant cohort of varying gestational ages with 

CHD requiring PGE. Future studies might include larger cohorts of premature infants with 

CHD in whom the incidence of NEC is higher.
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Table 1

Demographics

NEC (N=21, 0.3%) No NEC (N=6689, 99.7%) p value

Birth weight (g) <0.001

 < 1000 2 (10%) 104 (2%)

 1000–1499 5 (24%) 237 (4%)

 1500–2499 6 (28%) 1159 (17%)

 2500–3499 7 (33%) 3724 (55%)

 ≥ 3500 1 (5%) 1440 (22%)

Gestational age (weeks) <0.001

 < 28 3 (14%) 80 (1%)

 28–34 8 (38%) 696 (11%)

 35–36 1 (5%) 799 (12%)

 > 36 9 (43%) 5098 (76%)

Male 12 (57%) 3995 (60%) 0.83

Race/ethnicity 0.11

 White 7 (35%) 3524 (55%)

 Black 4 (20%) 754 (12%)

 Hispanic 9 (45%) 1752 (28%)

 Other 0 (0%) 345 (6%)

Inborn 11 (55%) 4498 (68%) 0.23

Never fed 3 (14%) 2406 (36%) <0.001

Inotropes (days/patient)a 2 (0, 8) 0 (0, 29) <0.001

NPO (days/patient)a 1.5 (0, 5) 1 (0, 14) 0.35

Prostaglandins (days/patient)a 26 (2, 66) 1 (1, 87) <0.001

a
Median and interquartile range.

Abbreviations: NEC, necrotizing enterocolitis; NPO, nil per os.
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Table 2

Congenital heart defects in the study population

NEC (N=21) No NEC (N=6689)

Single-ventricle defects 8 (38%) 1623 (24%)

 Hypoplastic left heart 5 (24%) 1106 (17%)

 Tricuspid atresia 1 (5%) 194 (3%)

 Hypoplastic right ventricle 0 (0%) 8 (<1%)

 Other single ventricle 0 (0%) 115 (2%)

Non–single-ventricle defects 13 (62%) 5161 (80%)

 Pulmonary stenosis 3 (14%) 451 (7%)

 Coarctation of the aorta 2 (10%) 1071 (16%)

 Tetralogy of Fallot 2 (10%) 602 (9%)

 Interrupted aortic arch 2 (10%) 256 (4%)

 Pulmonary atresia 1 (5%) 744 (11%)

 Transposition of great arteries 1 (5%) 1270 (19%)

 Truncus arteriosus 1 (5%) 79 (1%)

 Aortic valve stenosis 0 (0%) 286 (4%)

 Ebstein’s anomaly 0 (0%) 150 (2%)

 Double outlet right ventricle 1 (5%) 257 (4%)

Abbreviation: NEC, necrotizing enterocolitis.
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Table 3

Risk of necrotizing enterocolitis while on prostaglandin infusion, odds ratio (95% confidence interval)

Unadjusted Adjusteda

Enteral feeding 2.86 (0.57, 14.3) 2.08 (0.38, 11.7)

Inotropic support 1.79 (0.72, 4.46) 1.88 (0.75, 4.73)

Antacid medication 3.76 (1.15, 12.30) 2.65 (0.71, 9.81)

Mechanical ventilation 1.87 (0.82, 4.28) 1.61 (0.69, 3.78)

FiO2

 21% Reference Reference

 22–50% 1.64 (0.63, 4.25) 1.34 (0.49, 3.66)

 >50% 1.61 (0.51, 5.04) 1.77 (0.55, 5.64)

Single-ventricle heart defect 2.40 (1.07, 5.38) 2.82 (1.23, 6.49)

Hypoplastic left heart syndrome 2.20 (0.86, 5.63) 3.12 (1.16, 8.43)

a
Adjusted models control for gestational age.

Abbreviation: FiO2, fraction of supplemental oxygen.
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