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1 | INTRODUCTION

Abstract

Introduction: Neonates with hypoplastic left heart syndrome (HLHS) are at increased risk for
necrotizing enterocolitis (NEC). Initial hospital outcomes are well described, but minimal midterm
data exist. Goal of this study was to compare outcomes of HLHS infants with NEC (HLHS-NEC) to
HLHS without NEC (HLHS-nNEC) during the interstage period.

Methods: Data were reviewed from 55 centers using the NPC-QIC database. Case-control study
with one HLHS-NEC matched to HLHS-nNEC neonates in a 1:3 ratio based on institutional site,
type of surgical repair, and gestational age =1 week was performed. Baseline demographics as well

as outcome data were recorded. The t tests or chi-square tests were performed as appropriate.

Results: There were 57 neonates in the HLHS-NEC (14 Norwood-BT, 37 Norwood-RVPA, and 6
hybrid) and 171 neonates in the HLHS-nNEC group. There were significant differences between
the HLHS-NEC versus HLHS-nNEC for presence of atrioventricular valve regurgitation (7% vs 2%),
use of extracorporeal membrane oxygenation (11% vs 2%), hospital stay (60.4 + 30.0 vs 36.3 =
33.6 days), Z-score weight at discharge (—2.1 vs —1.6), incidence of no oral intake (33% vs 14%),
and use of formula only nutrition at discharge (61% vs 29%), respectively. There were no signifi-
cant differences between groups in readmission rates due to adverse gastrointestinal events, use
of gastrointestinal medications, interstage deaths, or Z-score weight at time of second surgery.
HLHS-NEC continued to be more likely to be entirely tube dependent for enteral intake at time

prior to the second procedure (39% vs 15%).

Conclusions: Despite similar baseline characteristics, HLHS-NEC infants had significant differences
in hospital course compared with HLHS-nNEC neonates. In addition, HLHS-NEC infants were less
likely to be fed orally during the entire interstage period. Future studies are needed minimize NEC
in this high risk population to possibly improve oral feeds.
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physiology are at increased risk for NEC during their initial hospitali-

zation when they undergo the first stage of congenital heart

The incidence of necrotizing enterocolitis (NEC) is higher in neo- repair.t~> NEC is associated with substantial morbidity and mortality
nates with congenital heart disease (CHD) when compared with in these patients.®>®” Potential short-term consequences for any
healthy term infants. In particular, neonates with single ventricle neonate that develops NEC include an increased risk of infectious
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and hematologic complications, the need for ostomy and/or pro-
longed total parental nutrition, and death.>>8-1°

While immediate outcomes have been described for neonates
with single ventricle physiology that develop NEC during their initial
hospitalization, data on more long-term outcomes, including nutritional
health, are lacking. Among infants without CHD, NEC has been associ-
ated with short bowel syndrome, need for G-tube feeds, electrolyte
imbalances, and poor growth in the months posthospitalization.1%:12
For patients with single ventricle physiology, the interstage period,
defined as the time from initial hospital discharge to subsequent sec-
ond stage surgery, is also a high-risk period for poor weight gain and
death.?®>?” The added sequelae of having had NEC on disease-related
morbidity during the interstage period are unknown.

The goal of this study was to compare the midterm outcomes dur-
ing the interstage period for infants with hypoplastic left heart syn-
drome who had survived to hospital discharge that developed NEC
(HLHS-NEC) versus those that did not develop NEC (HLHS-nNEC) dur-

ing their initial hospitalization.

2 | METHODS

This study was a retrospective, case-control analysis of data on infants
with hypoplastic left heart syndrome using data from the National
Pediatric Cardiology Quality Improvement Collaborative (NPCQIC)
from July 2008 to September 2014. This study was deemed exempt
from review by the Institutional Review Board of Nationwide Child-
ren’s Hospital because it did not fit the definition of human subjects
research under 45 CFR46.102(f).

The NPCQIC is a multicenter clinical network of 58 hospitals in 33
states and the District of Columbia. The stated goal of this organization
is “to reduce mortality and improve the quality of life of infants with
hypoplastic left heart syndrome during the interstage period between
discharge from the first stage palliation and readmission for the second
stage palliation.”*® To that end, NPCQIC created a clinical database. In
the first phase of this collaborative, which this data was derived from,
patients were included in the database if they meet all four of the fol-
lowing criteria: (1) participants must have a diagnosis of univentricular
congenital heart disease that required a Norwood or Norwood variant
procedure for palliation (eg, Damus-Kaye-Stansel anastomosis, aortic
arch reconstruction, and modified Blalock-Taussig (BT) shunt; Nor-
wood procedure with either a modified BT shunt or right ventricle-to-
pulmonary artery conduit; or hybrid stage | palliation; (2) patients must
have survived the initial palliative procedure; (3) the patient must have
been discharged alive to home following their initial admission for palli-
ation; and (4) parental consent was acquired for participation.*’

HLHS-NEC : HLHS-nNEC patients were matched in a 1:3 ratio
based on surgical center, gestational age = 1 week, and type of primary
palliative surgery. Participants were matched on all three variables for
study inclusion in order to account for variation in clinical practices
across institutions and clinical factors independently associated with
prematurity and to address impact of variable physiologies created by

different stage | procedures. Patients with CHD diagnoses other than

HLHS were excluded. Antenatal, perinatal, and postnatal demographic
data were recorded. Additional data collected included subsequent
medical diagnoses, complications, and procedural variables throughout
the initial hospitalization during which the first stage of palliative sur-
gery was performed. Inter-stage data was collected as well as data just
prior to the patients’ second stage palliative surgery.

Differences in patient characteristics between HLHS-NEC and
HLHS-nNEC infants were assessed using chi-square tests for categori-
cal data and continuous t tests or Wilcoxon rank-sum tests for continu-
ous data, as appropriate. We determined the proportions of patients
with lack of oral intake at second stage palliation between the two
groups. To evaluate if development of NEC was associated with lack of
oral intake at time of second stage palliation, univariable and multivari-
able conditional logistic regression analyses were performed to calcu-
late unadjusted and adjusted odds ratios (ORs) with 95% confidence
intervals (Cls). Demographic and clinical variables were evaluated as
potential risk factors and retained in the multivariable model if found to
be statistically significant in univariable analyses (P value <.10) or if
were considered a priori to be clinically important. Conditional logistic
regression analyses were performed to account for the 1:3 matching of
HLHS- NEC to HLHS-nNEC infants. All analyses were performed using
STATA 12.1 (StataCorp LP, College Station, Texas).

3 | RESULTS

Over the study period, 1595 neonates were enrolled in the NPC-QIC
database, of which 1163 had HLHS. The incidence of NEC in the total
cohort was 5.8% (68/1163). Among neonates with a gestational age
less than 37 weeks, the incidence of NEC was 18.3% (11/60), com-
pared with an incidence of 5.2% (57/1103) among neonates with a
gestational age greater than 37 weeks.

Although 68 patients were diagnosed with HLHS-NEC, 11 patients
could not be matched in an 1:3 ratio. All of these excluded patients had
a gestational age less than 37 weeks. The final study sample was thus
composed of 57 neonates with HLHS-NEC that were matched 1:3
ratio with 171 neonates with HLHS-nNEC. The initial stage | palliative
surgical procedure for the HLHS-NEC patients was a Norwood with
modified Blalock-Taussig shunt in 14 patients, Norwood with a right
ventricle to pulmonary artery conduit in 37 patients, and a hybrid pro-
cedure in 6 patients.

There were no significant differences in baseline characteristics
between the HLHS-NEC versus the HLHS-nNEC groups (Table 1).
There were also no significant differences in operative characteristics
between the two groups (Table 2). The incidence of extracorporeal
membrane use was higher and length of hospitalization was longer in
the HLHS-NEC patients. HLHS-NEC patients were more likely to have
moderate to severe atrioventricular valve regurgitation on echocardio-
graphic analysis at time of discharge. Weight for Z-score was lower for
HLHS-NEC patients at time of discharge. In addition, HLHS-NEC
patients were more likely to be fed purely via nasogastric or gastros-
tomy tube and fed only formula versus HLHS-nNEC patients upon hos-
pital discharge (Table 3).
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TABLE 1 Demographics

HLHS-NEC HLH-nNEC
Characteristic (n=57) (n=171) P value
Male sex, n (%) 39 (68%) 111 (65%) .62
Race
White 44 (77%) 142 (83%) .61
African American 7 (12%) 15 (9%)
Other 6 (11%) 14 (9%)
Hispanic ethnicity 15 (26%) 36 (21%) 41
Median gestational 39 (38-39) 39 (38-39) 94
age (weeks), IQR
Median birth weight 3.2 (2.9-3.5) 3.3 (3.0-3.6) .32
(kg), IQR
Presence of restrictive 7 (12%) 30 (18%) .35

atrial septum, n (%)

Abbreviation: IQR, interquartile range.

At the time of stage Il procedure, HLHS-NEC patients were less
likely to be taking oral feeds (Table 4) compared with HLHS-nNEC
patients. Other clinical characteristics evaluated at that time were similar
between the two groups. After adjustment, no oral intake at time of dis-
charge (adjusted OR 11.0; 95% Cl: 2.02-60.4) was a significant risk fac-
tor for lack of oral intake at time of stage Il procedure, as was increasing
length of stay of initial hospitalization in days (adjusted OR 1.02 per day;
95% Cl: 1.00-1.03) (Table 5). There were no significant variables, includ-
ing the presence of NEC during initial hospitalization, which predicted
increased odds of readmission during the interstage period due to gas-

trointestinal issues or the use of gastrointestinal medications.

4 | DISCUSSION

The incidence of NEC is high in neonates with congenital heart disease,
especially in those patients with single ventricle physiology. >” The
immediate short-term outcomes have been described, but less is
known about mid-term outcomes in this population. In this study, there
were differences in hospital variables between HLHS-NEC versus
HLHS-nNEC patients. Furthermore, HLHS-NEC patients were less
likely to be orally feeding by their stage Il procedure compared with
HLHS-nNEC patients. However, the development of NEC by itself did
not increase the odds of not feeding orally at the time of the stage Il
procedure.

Baseline demographic risk factors for NEC have been well
described and include, but are not limited to, prematurity/low birth
weight and congenital heart disease.>”?° In this study, no baseline

demographic variable was different between the two groups. Since

TABLE 2 Operative data

HLHS-NEC patients were matched according to gestational age, it was
expected that gestational age and birth weight were not significantly
different between groups. However, the incidence of NEC in neonates
born less than 37 weeks gestation was higher than those born after 37
weeks, consistent with prematurity being a risk factor for NEC. Despite
the overall worse prognosis for HLHS patients with a restrictive atrial
septum, the incidence of this variable in the HLHS-NEC patients was
not higher than the HLHS-nNEC patients 2122

Correspondingly, operative characteristics such as weight and
bypass times during surgery also were not different between the two
groups. Though imperfect, bypass times could be used as a possible
surrogate for the technical difficulty of the procedure. Since bypass
times were not different between groups, this would suggest that at
least some of the technical aspects of the surgery were not major con-
tributing factors in the development of NEC. It must also be added that
since NEC occurs in patients undergoing the hybrid procedure as well,
which does not require cardiopulmonary bypass, it may be the overall
underlying physiology of a circuit in parallel versus series that places
these patients at increased risk for NEC and not just the fact of under-
going cardiopulmonary bypass.* The ability to accurately determine the
presence of residual lesions after the surgical procedure and decisions
to intervene or not intervene were difficult to ascertain from the data-
base, so no comment was made on those issues to determine if there
were differences in those variables.

The higher incidence of significant atrioventricular valve regurgita-
tion or use of extracorporeal membrane oxygenation and longer length
of hospital stay in HLHS-NEC infants may reflect a more ill population
that is at risk for developing NEC. In addition, once NEC has been diag-
nosed in an infant, there is likely a period of no intestinal feeding as
well as a slow escalation to full feeds that contributes to overall hospi-
tal stay. We are unsure why the presence of ventricular dysfunction
was not also higher in the HLHS-NEC patients. Both function and
regurgitation were qualitatively graded, but it may be that more quanti-
tative measures of function are needed to better differentiate between
these two groups.2324

When analyzing nutritional outcomes, HLHS-NEC patients had a
lower weight for age Z-score and were more likely to be fed entirely
via artificial means at time of initial hospital discharge. Although feeding
via artificial means is not ideal, in many cases this is likely needed to
optimize nutrition in these patients. Patients with congenital heart dis-
ease are already known to have feeding abnormalities regardless of any
other issues.?>?® The presence of NEC probably exacerbates these
issues leading to the poorer weight gain and lack of oral motor skills at
time of discharge. An unexpected finding was the fact that the HLHS-
NEC patients were more likely to be fed formula only versus the

Characteristic HLHS-NEC (n = 57) HLHS-nNEC (n=171) P value

Mean weight-for-age Z-score at time of stage I, SD* —0.31 (1.01) —0.16 (0.92) .29
Median cardiopulmonary bypass time (min), IQR 153 (116-183) 146 (110-180) 67
Median circulatory arrest time (min), IQR 62 (48-85) 60 (44-78) .36

Weight-for-age Z-scores calculated using 2006 World Health Organization’s sex-specific weight-for-age charts. Abbreviation: IQR = interquartile range.
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TABLE 3 Hospitalization data
Characteristic
Presence of moderate-to-severe atrioventricular valve regurgitation
Presence of ventricular dysfunction
Presence of arrhythmia requiring treatment
Use of extracorporeal membrane oxygenation

Median length of hospital stay after first stage palliation, days (IQR)

Mean weight-for-age Z-score at time of discharge after first stage palliation, SD?

Route of nutrition at time of discharge after first stage palliation, n (%)
No oral intake
Some oral intake

Type of nutrition at time of discharge after first stage palliation, n (%)
Breast milk only
Formula only
Breast milk and formula

Mean recommended caloric intake, kcal/ounce (SD)

Median oxygen saturation at time of stage | procedure hospitalization discharge, % (IQR)

HLHS-NEC (n=57) HLHS-nNEC (n=171) P value
4 (7%) 3 (2%) <.05
3 (5%) 5 (3%) 41
1(2%) 1 (0.6%) 41
6 (11%) 4 (2%) .01
55 (39-74) 28 (21-42) <.01
-2.1(1.11) —1.64 (1.17) <.01
19 (33%) 24 (14%) <.01
38 (67%) 147 (86%)
10 (18%) 24 (14%) <.01
35 (61%) 39 (29%)
12 (21%) 98 (57%)
24.8 (4.02) 24.3 (2.65) 44
82 (80-85) 83 (80-87) .30

*Weight-for-age Z-scores calculated using 2006 World Health Organization’s sex-specific weight-for-age charts.

Abbreviations: IQR, interquartile range; SD, standard deviation.

HLHS-nNEC patients. The benefits of breast milk over formula are well
known, so encouraging breast milk in the HLHS-NEC patients would
seem to be intuitive.?” The reason for this difference in type of nutri-
tion at time of discharge between these groups cannot be easily
explained unless there is concern for milk protein allergy. This data may

make caregivers more cognizant of this discrepancy. This difference

TABLE 4 Interstage and stage Il data
Characteristic

Median age at time of second stage
palliation, days (IQR)

Mean weight-for-age Z-score at time -1.71(1.12)
of second stage palliation, SD?
Mean rate of change in weight-for-age 0.003 (0.01)
Z-score from discharge after first
stage palliation to time of second
stage palliation, Z-score/day (SD)
Median oxygen saturation at time of 80 (77-82)
second stage palliation, % (IQR)
Type of nutrition at time of second
stage palliation, n (%)
Breast milk only 5 (8.8%)
Formula only 40 (70%)
Breast milk and formula 5 (8.8%)
Missing 7 (12%)
No oral intake at stage Il 22 (39%)
Missing data on oral intake 8 (14%)
Use of gastrointestinal medications 13 (28%)
>1 readmission for poor feeding after 24 (42%)

hospital discharge following stage |
procedure

HLHS-NEC (n = 57)
160 (133-181)

does offer a possible intervention to encourage caregivers of HLHS-
NEC patients to provide breast milk for their children to optimize care
if there are no concerns for milk protein allergy.

Despite the differences observed between groups in initial hospital
course, it was reassuring that number of readmissions for gastrointestinal

issues and use of gastrointestinal medications were not different between

HLHS-nNEC (n=171) P value
142 (128-167) .14
—1.50 (1.08) .23
0.002 (0.01) .33
79 (75-83) .89
23 (14%) .52
106 (62%)
24 (14%)
18 (11%)
26 (15%) <01
20 (12%)
34 (20%) .64
59 (35%) .30

Weight-for-age Z-scores calculated using 2006 World Health Organization’s sex-specific weight-for-age charts.
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TABLE 5 Risk of no oral intake at time of stage Il in HLHS-NEC patients
Unadjusted OR (95% Cl) Adjusted OR (95% 1)
for nutritional route for nutritional route

Characteristic at Glenn P value at Glenn P value
Presence of NEC during Norwood hospitalization 498 (2.14, 11.6) <.01 2.17 (0.63, 7.09) 22
Route of nutrition at time of Norwood hosp. discharge

Some or all oral intake Reference Reference

No oral intake 20.9 (4.82, 90.5) <.01 11.0 (2.02, 60.4) <.01
Type of nutrition at time of Norwood hosp. discharge

Breast milk Reference Ref

Formula 7.51 (1.50, 37.7) .01 4.63 (0.44, 49.0) .20

Breast milk and formula 1.98 (0.38, 10.4) 42 2.44 (0.22, 26.7) 47
Sex

Female Reference

Male 0.99 (0.45, 2.20) .98
Race

White Reference

African American 1.48 (0.35, 6.33) .60

Other 0.74 (0.16, 3.46) .70
Ethnicity

Hispanic Reference

Non-Hispanic 0.84 (0.24, 2.88) .780
Length of hospital stay after Norwood procedure (days) 1.03 (1.01, 1.05) <.01 1.02 (1.00, 1.03) .02
Presence of restrictive atrial septum 1.24 (0.44, 3.52) .68
Presence of moderate-to-severe atrio-ventricular valve regurgitation 5.12 (0.45, 58.2) .19
Presence of ventricular dysfunction 6.00 (0.54, 66.2) 14
Use of extracorporeal membrane oxygenation (ECMO) 4.37 (0.44, 43.1) 21

them. Also, Z-score weight at time of the second surgical procedure was
not different between groups. This would suggest that the HLHS-NEC
infants were able to catch up in growth compared with the HLHS-nNEC
infants. Previous studies have documented poorer weight gain in those
HLHS patients who are not orally fed, however, other studies have
shown good weight gain in institutions that have a instituted a home
monitoring program.>28-3% Most of the institutions participating in NPC-
QIC have instituted some form of home monitoring program with nutri-
tional assistance, and this potentially explains the improved weight gain
even in those patients not orally fed. There was no difference in type of
nutrition that these two groups were fed at time of their second surgery
in comparison to the differences found at initial discharge. Unfortunately,
this was not because of an increase in breast milk use in the HLHS-NEC
infants, but rather a decrease in the HLHS-nNEC group from feeding
both breast milk and formula to feeding formula alone.

There continued to be a significant difference in the ability to
orally feed in the HLHS-NEC infants compared with the HLHS-nNEC
infants at time of their second surgery. This is consistent with data in
noncongenital heart disease patients that documented route of feeding
at time of initial hospital discharge predicting long-term feeding difficul-
ties.3* As stated before, infants with congenital heart disease have
underlying issues that place them at increased risk for feeding issues,

but the inability to orally feed may have cognitive, communication, and

motor implications in these patients.2>243* Though presence of NEC
was associated with increased unadjusted odds of not being fed orally,
adjusted odds ratio found that NEC was not necessarily a significant
risk factor. Though it is reassuring that NEC does not seem to affect
mid-term outcomes after hospital discharge, methods to reduce the
incidence of NEC in this high risk population should be investigated to
possibly improve the incidence of oral feeding in this patient
population.*3>-%7

There are several limitations to this study. This was a retrospective
study of a registry database, so we could not independently verify
registry data and were unable to collect any missing data points. NEC
diagnosis was based on individual institution’s definition and not neces-
sarily on a uniform grading scale for diagnosing NEC.®® Further, results
could be affected by uncontrolled confounding issues due to variables
not routinely collected by the NPCQIC. We were unable to match 11
patients due to their premature gestational age. More quantitative data
such as nutritional laboratory values, echocardiographic data, catheteri-
zation data, and specific surgical techniques (shunt size, conduit size,
stent diameter, and pulmonary artery diameter width) were not avail-
able. Finally, the registry cohort is limited to patients who were dis-
charged home after stage | procedure and whose caregivers gave
consent for them to participate in the study, so risk factors for NEC

could not be fully ascertained. Those patients with the most severe
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cases of NEC are less likely to be included in this database as they may
not have survived or been stable for discharge prior to their second
stage palliation. Despite these limitations, this study is the largest to
describe intermediate, postdischarge outcomes for HLHS patients
who developed NEC during their initial hospitalization in a matched
fashion.

In conclusion, despite similar baseline characteristics, HLHS-NEC
infants had significant differences in hospital course compared with
HLHS-nNEC infants. However, patients who developed NEC were able
to overcome more complicated hospital courses to have comparable
nutritional outcomes to their counterparts without NEC. Future studies
are needed to explore if there are long-term consequences of a lack of

oral feeding among those patients who developed NEC.
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