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Abstract

Objective: Determine whether weight gain velocity (g/day) 30 days after initiating feeds
following cardiac surgery and other clinical outcomes improve in infants with single-ventricle
physiology fed an exclusive human milk (EHM) diet with early fortification compared to
non-protocolised “standard of care.” Methods: This retrospective cohort study compares term
infants with single-ventricle physiology who underwent neonatal surgical palliation. The
retrospective control group (RCG) was fed according to non-protocolised standard of care at a
single centre and was compared with infants in a previous protocolised multi-site randomised
controlled trial assigned to either an EHM group or a control group (TCG). The primary
outcomemeasure is weight gain velocity. Secondary outcomes include change in weight z-score,
and incidence of feeding intolerance and necrotising enterocolitis. Results: We evaluated
45 surgically palliated neonates with single-ventricle physiology compared to the prior trial
patients (EHM= 55, TCG= 52). Baseline demographics were similar between groups, except
the RCG had fewer patients with hypoplastic left heart syndrome (51% vs. 77% vs. 84%,
p= 0.0009). The RCG grew similarly to the TCG (7.5 g/day vs. 8.2 g/day), and both groups had
significantly lower growth than the EHM group (12 g/day). Necrotising enterocolitis/suspected
necrotising enterocolitis were similar in the RCG versus TCG but significantly higher in the
RCG compared to the EHM group (20.5% vs. 3.6%, p= 0.033). Incidences of other morbidities
were similar. Conclusions:Neonates with single-ventricle physiology have improved short-term
growth and decreased risk of necrotising enterocolitis or suspected necrotising enterocolitis
when receiving an EHM diet after surgical palliation compared to non-protocolised feeding
with bovine formula.

Introduction

Infants with single-ventricle physiology (~15% of all CHD) face a significant challenge in terms
of growth, both short and long term, particularly after the first palliative surgery during the
interstage.1–4 Growth impairment is well documented in this population and is associated with
adverse outcomes, both developmental and surgical.5 Inadequate growth in this population is
multifactorial and may be due to a combination of factors including inadequate calorie intake,
high metabolic demands, gastrointestinal pathology, and genetic and extracardiac abnormal-
ities.6,7 Optimisation of growth with aggressive nutritional support may result in improved
outcomes.

The use of feeding protocols in infants with CHD has been shown to positively impact
feeding and growth outcomes both pre-operatively and post-operatively.8–13 In 2013, the
Feeding Work Group (FWG) within the National Pediatric Cardiology Quality Improvement
Collaborative (NPC-QIC) conducted a literature review along with expert opinion of centres
within the collaborative to develop best practice guidelines around feeding infants with
hypoplastic left heart syndrome.14 The consensus statement suggested to begin fortification once
targeted volume was achieved.14 In a recent review, Salvatori and colleagues proposed a
decisional algorithm for clinicians to guide nutrition and growth optimisation during the pre-
operative and post-operative phases but does not provide protocolised steps for advancement of
feeds.15 Further research has identified continued variation in feeding practices both
perioperatively and following stage 2 palliation within this population.16–18 Slicker and
colleagues surveyed 46 centres within the collaborative and reported a utilisation of< 10% of the
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previously published guidelines.17 Therefore, further development
of standardisation around feeding practices remains warranted
within this population.

The benefits of humanmilk use in infants with CHD along with
extremely premature infants have been widely recognised and
recommended to improve clinical outcomes.8,14,19–22 In very low
birth weight premature infants, an EHM diet has been shown to
result in significantly lower rates of necrotising enterocolitis and
decreased incidence of sepsis.19,23 Many paediatric cardiac
programmes have limited experience with utilisation of an EHM
diet in term infants with single-ventricle physiology as the use of
human milk-based fortifiers is often restricted to preterm infants;
therefore, the cardiac programmes rely on bovine milk-based
products for fortification.

A recent multi-centre randomised controlled trial showed that
infants with single-ventricle physiology following stage 1 surgical
palliation who received an exclusive human milk diet with early
fortification had improved short-term growth and decreased risk
of necrotising enterocolitis.22 A criticism of the randomised
controlled trial was a difference in the feed advancement protocol
between the two groups where the formula fed patients progressed
slower due to investigator concerns for tolerance and necrotising
enterocolitis. The purpose of this study was to examine growth in a
group of single-ventricle CHD patients whose feeding was not
dictated by a study feeding algorithm compared to patients
enrolled in the randomised controlled trial (both the TCG and
EHM groups). We sought to assess the impact of protocolised
feeding and an exclusive human milk diet on growth and feeding
tolerance.

Methods

Study design

We conducted a retrospective cohort study to evaluate growth
velocity and clinical outcomes in infants with single-ventricle
physiology fed with cow’s milk formula (either primarily or as
fortification added to maternal breast milk) using clinician driven
fortification as per standard of care (the retrospective control
group; RCG) compared to those fed a protocolised exclusive
humanmilk diet (EHM) or cowmilk-based formula in a previously
published randomised controlled trial, of which Cincinnati
Children’s Hospital Medical Center (CCHMC) was a participating
site. Details regarding the feeding advancement and the timing
of fortification between each group (TCG vs. EHM vs. RCG) are
summarised in Table 1. The study was approved by the
Institutional Review Board at CCHMC.

Participants

RCG patients (e.g., controls) were identified by searching EPIC for
patients who underwent surgical palliation for single-ventricle
physiology (Norwood procedure, BT shunt, PA band) and
received clinical care at CCHMC between January 2016 and
December 2020.

Term infants (≥ 37 and 0/7 weeks gestational age at birth)
7 days old with a diagnosis of single-ventricle physiology who
required surgical palliation within the first 1 month of life were
included in the study. Infants were excluded from the study if they
were<37 weeks gestation, required cardiopulmonary resuscitation
or extracorporeal membrane oxygenation prior to surgical repair,
or if they had any of the following: major congenital abnormalities
that could significantly affect survival (such as confirmed or

suspected major genetic abnormalities (lethal or with extremely
low probability for survival), major organ system abnormalities not
related to a genetic syndrome that are lethal or have extremely low
probability for survival, heterotaxy syndrome, metabolic disorders
affecting growth, evidence of intracerebral haemorrhage and/or
intraventricular haemorrhage ≥ Grade 3, or any comorbidity or
significant clinical event prior to enrolment that was deemed by the
investigator as likely to affect survival.

“Protocolised” study patients (trial controls and trial EHM)
were enrolled during the same study period. Inclusion and
exclusion criteria and variables of interest were similar to study
patients. Details have been previously published.22

Outcomes

The primary objective was to evaluate growth velocity (weight
velocity [g/day]) from birth to 30 days after the first post-operative
feed (or hospital discharge, whichever came first) for infants with
single-ventricle physiology who were fed according to CCHMC
standard of care (non-protocolised) compared to the protocolised
TCG and those fed an EHM diet with early fortification in the
randomised controlled trial.

The secondary objectives were to evaluate weight z-scores from
birth to 30 days after the first post-operative feed (or hospital
discharge, whichever came first), the rate of linear growth
(cm/week and z-score fromWHO growth charts), and incremental
rate of head circumference growth (cm/week and z-score from
WHO growth charts) over the duration of the initial 30-day
feeding period after surgery or discharge, whichever came first.

Feeding intolerance was also evaluated and defined as nothing
by mouth (NPO) for at least 24 hours in the 30-day feeding period
(day 1 is the first day of feeding post-op) not related to procedures.
Feeding intolerance was further classified based on intestinal
versus non-intestinal causes. Intolerance was classified as being
due to intestinal disease if the patient had abdominal clinical
signs documented (such as abdominal distension or discolor-
ation), radiographic evidence of intestinal disease, bloody
stools, or progress notes specifying necrotising enterocolitis
concerns. Intolerance was classified as being due to non-
intestinal disease if the patient became NPO due to acute
cardiorespiratory decompensation or related events (such as
bradycardic episodes, hypoxic episodes, pulmonary oedema,
respiratory distress, myocardial infarction, ischemia, and code
event), cannulation for extracorporeal membrane oxygenation,
other unrelated diseases (such as seizures or sepsis), or if they
were placed NPO>24 hours and<72 hours and was resumed on
full fortified feeds within this period.

Additional outcomes evaluated include post-operative length of
stay in the hospital and in the ICU/cardiac unit, days of parenteral
nutrition, and incidence of key morbidities in the 30days post-
surgical period, such as necrotising enterocolitis (defined as
stage 2 or greater per Bell’s criteria) and suspected necrotising
enterocolitis, confirmed sepsis, wound infections, and/or wound
dehiscence.

Statistical methods

Categorical variables were summarised using frequency and
percentages and compared between groups using Chi-square/
Fisher’s exact test with a Bonferroni correction for pairwise
comparisons. Continuous variables were summarised using
mean ± standard deviation and/or median/interquartile range
and compared using ANOVA with Bonferroni or Kruskal–Wallis
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tests with the Dwass-Steel-Critchlow-Fligner (DSCF) correction.
Length of stay outcomes, time from surgery to the end of study, and
total parenteral nutrition days were analysed using Kaplan–Meier
analysis with the log-rank test and adjusted for multiple
comparisons using a Bonferroni correction. Growth velocity was
compared between groups using multivariable linear regression
adjusting for baseline factors (small for gestational age, hypoplastic
left heart syndrome, and type of surgical repair). In all analyses, (p
< 0.05) was considered significant.

Results

We identified 45 retrospective control patients who underwent
cardiac surgical palliation. Demographics and growth character-
istics are summarised in Tables 2 and 3, respectively. The
retrospective patients were similar in gestational age, gender, race,
birth size, method of delivery, and pre-operative support. The RCG
consisted of a statistically significant lower proportion of patients with
hypoplastic left heart syndrome compared to both the TCG andEHM
group (51% vs. 77% vs. 84%, respectively, p= 0.0009). Growth
velocity in g/day was similar for the RCG compared to the TCG
(7.5 g/day [IQR 2.3–13.9 g/day] vs. 8.2 g/day [IQR 0–13.8 g/day]),
but the RCG had significantly lower growth than the EHM group
(12 g/day [IQR 4.7–18.4], p= 0.05). The RCG patients had higher
head circumference growth but lower growth in length velocity and
significantly lower length z-score at discharge. Although not
statistically significant, the EHM group demonstrated superior
length velocity by the end of study among all groups.

RCG participants started enteral feeds on average by post-
operative day 4 (range of 1–14). The feeding modalities consisted
of oral, nasogastric, or transpyloric tube or a combination of these.
Most patients (69% or 31/45) were fed by a combination of oral and
tube (nasogastric or transpyloric) throughout their post-operative
course. Approximately 29% of patients were fed only by a tube
(either nasogastric or transpyloric) and only one patient fed
exclusively by mouth within the 30 days after surgery. Eighty per
cent (36/45) of patients were fed a combination of expressed
breastmilk and formula. Only one patient received all expressed
breastmilk and two patients received standard formula with the
remaining six patients on all formula (either partially hydrolysed
or elemental) during the post-operative period. The maximum
concentration prescribed was 28 calorie/oz with a mean concen-
tration among all patients of 24 calorie/oz.

Secondary outcomes are shown in Table 4. Total parenteral
nutrition days, ICU length of stay and hospital length of stay were
all significantly shorter in the RCG compared to both the TCG and
the EHM group. Necrotising enterocolitis and suspected necrotis-
ing enterocolitis were similar in the RCG versus the TCG but
significantly higher in the RCG compared to the EHM group
(20.5% vs. 3.6%, p= 0.033). At the time of necrotising enterocolitis
diagnosis, patients in the RCGwere mostly fed by nasogastric tube.
All three were on different types of feeds. One patient was receiving
fortified human milk with a partially hydrolysed fortifier. Another
patient was on a partially hydrolysed formula, and the remaining
patient was on a term formula specifically intended to treat
chylothorax. Two of the three patients were at 24 calories
concentration at the time of developing necrotising enterocolitis,
which is the same as the trial control group in which two patients
who developed necrotising enterocolitis were on 24 calories
concentration and one patient was on 20 calories concentration.
All patients were greater than 2 weeks post-operative with a mean
onset of necrotising enterocolitis at 2.8 weeks. All patients
diagnosed with necrotising enterocolitis were less than 3 kg in
size (Table 5).

Feeding intolerance developed in 40% (n= 18) of patients in the
RCG compared to 27% (n= 14) of TCG patients and 31% (n= 17)
of patients in the trial EHM group. There were 23 episodes of
feeding intolerance (intestinal vs. non-intestinal) among the 18
patients. Of those episodes, 8/23 were intestinal signs of intolerance
which included abdominal clinical signs (emesis, distention,
and residuals), blood in stool, and radiographic evidence (bowel
dilation or pneumatosis or perforation). The remaining
15 episodes of intolerance were due to acute cardiorespiratory
decompensation (Table 6).

Discussion

The use of an EHM diet for our most vulnerable critical infants has
been demonstrated to be most protective from necrotising
enterocolitis or suspected necrotising enterocolitis while
promoting optimisation of nutritional intake. In this study,
patients in the RCG grew similar to the patients in the TCG, but
both groups exhibited inferior growth compared to the EHM
group of the randomised controlled trial. These growth findings
are comparable to the growth outcomes of EHM diets published
in the very premature literature. Sullivan and colleagues

Table 1. Feeding advancement and fortification for TCG versus EHM versus RCG

TCG feeding protocol EHM feeding protocol RCG standard of care feeding practice

Goal volume (mL/kg) 130–140 130–140 150

Goal calories (kcal/kg) 120–140 120–140 120

Goal fortification
(kcal/oz)

≥26 or pending institution 30 24

Fortification timing -Fortify to 24 kcal/oz at 100 mL/kg and
hold × 24 hours

-Increase volume to goal then fortify
to 26 kcal/oz

-Fortify to 24 kcal when at 60 mL/kg with
continued volume increase

-When reach 100 mL/kg, increase to
26 kcal/oz and hold × 24 hours-
Continue increase to volume goal,
then increase to 28 kcal/oz

-Increase to 30 kcal/oz after 24 hours

-Once at goal volume and
tolerating × 24 hours, increase to
22 kcal/oz × 24 hours, then
increase to 24 kcal/oz

Type of feed Human milk/formula Human milk only Human milk/formula

TCG= trial control group; EHM= exclusive human milk; RCG= retrospective control group.
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conducted a randomised trial in infants weighing 500–1250 g at
birth looking at the benefits of an EHM diet compared with a
diet of both human milk and bovine milk-based products and
found significantly lower rates of necrotising enterocolitis in

those infants receiving an EHM diet.19 Furthermore, an article
by Fleig and colleagues looked at the impact of an EHM diet in
small for gestational age preterm infants on growth outcomes
and neonatal morbidities from birth to discharge.23 They noted

Table 2. Summary of demographic characteristics

TCG (N= 52) EHM (N= 55) RCG (N= 45) p-Value

Birth characteristics

Gestational age (weeks) 38.83 ± 0.81 38.74 ± 0.94 38.64 ± 0.74 0.53

Gender 0.91

Female 20 (38.5%) 19 (34.5%) 16 (35.6%)

Male 32 (61.5%) 36 (65.5%) 29 (64.4%)

Race 0.067

Black 4 (7.7%) 3 (5.5%) 9 (20.0%)

Hispanic 8 (15.4%) 13 (23.6%) 2 (4.4%)

Other 1 (1.9%) 1 (1.8%) 1 (2.2%)

White 39 (75.0%) 38 (69.1%) 33 (73.3%)

Head circumference (cm) 33.97 ± 1.41 33.99 ± 2.48 33.11 ± 2.12 0.073

Length (cm) 49.43 ± 2.57 49.53 ± 2.71 48.88 ± 2.86 0.45

SGA 4 (7.7%) 10 (18.2%) 5 (11.1%) 0.25

LGA 1 (1.9%) 4 (7.3%) 0 (0.0%) 0.1

Vaginal delivery 33 (63.5%) 31 (56.4%) 27 (60.0%) 0.76

Chorioamnionitis 1 (1.9%) 0 (0.0%) 0 (0.0%) 0.38

Mechanical ventilator 17 (32.7%) 14 (25.5%) 6 (13.3%) 0.083

Prenatal steroid 3 (5.8%) 3 (5.5%) 0 (0.0%) 0.27

Cardiac disease and intraoperative data

HLHS 40 (76.9%) 46 (83.6%) 23 (51.1%) 0.0009

RV-dominant AVSD 1 (1.9%) 0 (0.0%) 1 (2.2%) 0.56

DORV/mitral atresia 7 (13.5%) 4 (7.3%) 4 (8.9%) 0.54

Double-inlet LV 2 (3.8%) 2 (3.6%) 3 (6.7%) 0.73

LV-dominant AVSD 0 (0.0%) 1 (1.8%) 1 (2.2%) 0.58

Tricuspid atresia 3 (5.8%) 3 (5.5%) 7 (15.6%) 0.13

DORV/pulmonary atresia 0 (0.0%) 1 (1.8%) 0 (0.0%) 0.41

Surgical operation 0.042

BTT shunt 5 (9.6%) 3 (5.5%) 6 (13.3%)

MPA band 4 (7.7%) 3 (5.5%) 2 (4.4%)

Norwood with BTT shunt 10 (19.2%) 18 (32.7%) 23 (51.1%)

Norwood with Sano 31 (59.6%) 28 (50.9%) 14 (31.1%)

Other 2 (3.8%) 3 (5.5%) 0 (0.0%)

Cardiopulmonary bypass 48 (92.3%) 50 (90.9%) 39 (86.7%) 0.63

Cardiopulmonary bypass (min) 145.25 ± 67.05 151.04 ± 69.98 181.97 ± 37.78 0.014

Aortic cross-clamp (min) 62.71 ± 40.91 72.15 ± 41.78 89.09 ± 44.51 0.02

DHCA 37 (71.2%) 39 (70.9%) 24 (53.3%) 0.11

DHCA (min) 14.63 ± 21.57 17.13 ± 25.08 20.04 ± 9.91 0.59

TCG= trial control group, EHM= exclusive human milk, RCG= retrospective control group; SGA= small for gestational age, LGA= large for gestational age, HLHS= hypoplastic left heart
syndrome, RV= right ventricle, AVSD= atrioventricular septal defect, DORV= double-outlet right ventricle, LV= left ventricle, BTT= Blalock–Taussig Thomas, MPA=main pulmonary artery,
DHCA= deep hypothermic circulatory arrest.
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similar growth compared to cow’s milk diet but overall
decreased incidence of necrotising enterocolitis and sepsis.23

Although growth was not statistically significant in these
studies, there was a positive trend in growth parameters of those
fed an EHM diet along with improved neonatal morbidities.

Interestingly, the TCG patients did not demonstrate superior
growth despite being on a feeding protocol compared to the RCG
patients who were not on a feeding protocol. This finding is
discrepant with multiple studies that have shown that the use of
feeding protocols positively impacts feeding and growth out-
comes.8–13We postulated that despite the lack of a feeding protocol
in our retrospective control patients, we had dedicated dietitian
support on rounds every day, which provided our RCG patients
with consistency, or essentially a pseudo-protocol based on their
recommendations for nutritional management.

This study showed that our RCG patients received a shorter
duration of total parenteral nutrition compared to both trial
groups. For patients to have fewer total parenteral nutrition days,
they would either have their feeds initiated sooner or advanced
more rapidly or have fewer feeding complications requiring NPO
(such as necrotising enterocolitis). However, given that the RCG
had a significantly higher occurrence of necrotising enterocolitis,
and all three groups had feeds started on median post-operative

day 10, it can be inferred that the RCG patients had fewer total
parenteral nutrition days because in the absence of a feeding
protocol the feeding volume advancement likely occurred faster.
However, this more aggressive feeding approach occurred at
the expense of significantly more necrotising enterocolitis.
Surprisingly, despite receiving a high-calorie concentration,
infants enrolled in the trial EHM group had a significantly
lower risk of necrotising enterocolitis compared to the RCG
(37/55 infants in EHM group received >26 calorie/oz, max of
30 calorie/oz concentration compared to 2/45 with a maximum of
28 calorie/oz in the RCG). Furthermore, one may have predicted
infants in the EHM group would have higher risk of necrotising
enterocolitis due to larger proportion of hypoplastic left heart
syndrome diagnosis; however, they received higher caloric
concentration enterally and had a lower incidence of necrotising
enterocolitis and better growth.

Interestingly, there is a disconnect between weight velocity and
weight z-score results. Specifically, the weight velocity (measured
in g/day) was significantly better in the EHM group, yet there is no
significant difference among groups in change in weight z-score
from baseline to end of study. This was also present in the prior
randomised controlled trial.22 We hypothesise that the disconnect
between weight velocity (the rate at which a child’s weight changes

Table 3. Summary of growth characteristics

TCG (N= 52) EHM (N= 55) RCG (N= 45) p-Value

Growth measurements: baseline

Weight z-score −0.01 (−0.62, 0.56) −0.4 (−1.21, 0.53) −0.48 (−1.1, 0.32) 0.29

Length z-score −0.2 (−1, 0.84) −0.08 (−1, 0.59) −0.08 (−1.61, 0.94) 0.78

HC z-score −0.23 (−1.15, 0.52) −0.36 (−1.16, 0.11) −0.76 (−1.94, −0.28) 0.047

Growth measurements: end of study (30 days or discharge)

Weight z-score −1.33 (−1.82, −0.84) −1.53 (−2.55, −0.58) −1.86 (−2.77, −1.01) 0.075

Length z-score −0.86 (−1.45, −0.06) −1.15 (−1.92, −0.48) −2.07 (−2.63, −1.43) < 0.0001

HC z-score −1.04 (−2.28, −0.4) −1.68 (−2.5, −0.93) −2.51 (−3.04, −1.74) 0.0002

Weight velocity (g/kg/day), Actual 2.46 (0, 4.14) 3.48 (1.73, 5.43) 2.44 (0.73, 4.15) 0.061

Weight velocity (g/day) 8.17 (0, 13.81) 12.01 (4.74, 18.38) 7.52 (2.31, 13.87) 0.05

Length velocity (cm/week) 0.50 (0.31, 0.98) 0.53 (0.15, 0.83) 0.49 (0, 0.96) 0.76

HC velocity (cm/week) 0.30 (0, 0.52) 0.24 (0.11, 0.46) 0.47 (0.18, 1.04) 0.29

Growth measurements: discharge

Weight z-score −1.32 (−1.94, −0.86) −1.92 (−2.85, −0.97) −1.89 (−2.68, −0.85) 0.13

Length z-score −1.16 (−2.09, −0.33) −1.38 (−2.58, −0.52) −1.95 (−3.19, −0.93) 0.045

HC z-score −1.49 (−2.46, −0.92) −1.74 (−2.65, −1.04) −2.41 (−3.46, −0.97) 0.082

Growth measurements: end of study – Baseline

Weight z-score −1.28 (−1.62, −0.91) −1.22 (−1.61, −0.8) −1.35 (−2.02, −1.04) 0.26

Length z-score −0.89 (−1.58, −0.19) −1.20 (−1.74, −0.41) −1.96 (−2.77, −0.36) 0.009

HC z-score −1.05 (−1.81, −0.37) −1.40 (−1.95, −0.6) −1.43 (−2.34, −0.67) 0.23

Growth measurements: discharge – baseline

Weight z-score −1.40 (−1.78, −0.99) −1.49 (−2.12, −0.89) −1.35 (−2.02, −1.04) 0.91

Length z-score −1.25 (−2.11, −0.52) −1.34 (−2.48, −0.75) −1.96 (−2.77, −0.36) 0.27

HC z-score −1.34 (−2.08, −0.71) −1.51 (−2.32, −0.76) −1.43 (−2.34, −0.67) 0.86

TCG= trial control group, EHM= exclusive human milk, RCG= retrospective control group; HC= head circumference.
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over time) and weight z-score (a measure of how a child’s weight
compares to a reference population) arises because they measure
different aspects of growth. Weight velocity measures the rate of
weight gain or loss over a specified period. It provides a short-term
view of how quickly a child’s weight is changing. The weight
z-scoremeasures a child’s weight relative to a reference population,
standardised for age and sex. It provides a longer-term view,
showing how a child’s weight compares to a population norm,
which assume a normal distribution of weight for a given age and
sex. Furthermore, this can be skewed because there are no reference
norms for children with CHD.

There was a higher incidence of necrotising enterocolitis noted
in both non-EHM groups (both the RCG and the TCG). These
findings are consistent with prior studies that show infants fed
using cow’s milk-based fortifiers/formulas tend to have higher
incidence and severity of necrotising enterocolitis.19,21,24 This
finding supports the aforementioned studies among extremely
premature infants regarding the use of an EHM diet and the
associated significant reduction in necrotising enterocolitis rates,

including surgical necrotising enterocolitis.19–23 It is likely that the
combination of a higher enteral caloric concentration with an
EHM diet translated into improved growth without increasing
intestinal risk.

We noted several important centre-specific differences in the
retrospective patients compared to the trial patients. Those
patients had longer bypass and cross-clamp times than the trial
data, but these times are consistent for this specific centre (data not
shown). Retrospective patients also experienced shorter ICU and
hospital length of stay related to centre-specific interstage
discharge practices.25,26 Institutions that perform Norwood
operations have variable practices regarding progression to
discharge, and some centres maintain all single-ventricle patients
in the hospital until after their second stage palliation, but our
centre progresses patients to discharge unless remaining inpatient
is clinically indicated, and our length of stay is comparatively short.

Our study has several important limitations. The retrospective
nature of the review introduces the potential for selection bias of
the retrospective patients; however, patients were selected in

Table 4. Safety and other event data

TCG (N= 52) EHM (N= 55) RCG (N= 45) p-Value

Adverse events

NEC (stage 2 or higher) 3 (5.8%) 1 (1.8%) 3 (7.0%) 0.44

NECþ suspected NEC 8 (15.4%) 2 (3.6%) 9 (20.5%) 0.033

Sepsis 4 (7.7%) 2 (3.6%) 2 (4.4%) 0.62

Tracheostomy 1 (1.9%) 1 (1.8%) 0 (0.0%) 0.65

Mechanical circulatory support 5 (9.6%) 5 (9.1%) 4 (9.1%) 0.99

Unplanned re-operation 5 (9.6%) 6 (10.9%) 3 (6.7%) 0.76

Need for interventional cardiac catheterisation 11 (21.2%) 11 (20.0%) 0 (0.0%) 0.004

Wound infection 2 (3.8%) 3 (5.5%) 0 (0.0%) 0.3

Wound vac 0 (0.0%) 2 (3.6%) 0 (0.0%) 0.29

Other events

Time from birth to surgical repair (days) 6 (4, 8) 5 (4, 7) 6 (4, 7) 0.66

Post-operative day of feed initiation 10 (8, 16) 10 (7, 14) 10 (9, 12) 0.79

ICU length of stay (days) 39 (27, 68) 41 (32, 90) 19 (15, 33) < 0.0001

Total TPN days 11 (9, 15) 13 (9, 23) 8 (5, 16) 0.026

Total hospital length of stay (days) 50 (32, 125) 62 (37, 137) 32 (23, 45) < 0.0001

Surgery to end of stay (days) 26 (17, 34) 30 (18, 34) 22 (14, 30) 0.0002

TCG= trial control group, EHM= exclusive human milk, RCG= retrospective control group, NEC = necrotising enterocolitis, ICU= intensive care unit, TPN= total parenteral nutrition.

Table 5. Details regarding RCG patients with NEC

Patient
number

Stage
of
NEC

POD of
NEC

diagnosis
Feed

modality
Calorie
strength

Day of
feeding when

initial
fortification Type of feed

Volume intake
day before NEC
diagnosis (mL)

Calorie intake
day before NEC
diagnosis (kcal)

Weight
(kg)

7 II A 16 PO/NG 24 10 EBM fortified
w/Partially hydrolysed

410 (164/kg) 329 (130/kg) 2.53

31 II A 20 NG 20 n/a Term formula
w/high MCT

303 (104/kg) 201 (69/kg) 2.92

38 II A 23 NG 24 7 Partially hydrolysed 400 (156/kg) 324 (126/kg) 2.57

NEC = necrotising enterocolitis, POD= post-operative day, mL = milliliters, kcal = kilocalories, kg = kilograms.
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reverse order of presentation (from most recent backward) and all
eligible patients were included. The non-contemporary nature of
the controls could introduce biases in care based on the time frame
they were managed and any particular institutional practices at
that time. However, there were no new protocols initiated or
significant changes in personnel during all time points, and some
of the time frame was overlapping between the retrospective
patients and the trial patients. In addition, the infants in the RCG
were not on any sort of feeding protocol which would allow for
provider variability in feeding practices, and therefore there could
have been potential under-estimation in feeding intolerance as
adjustments in their feeding regimen could have been made at any
time based on provider preference rather than any objective
criteria.

In conclusion, this study shows that neonates with single-
ventricle physiology after stage I palliation have improved short-
term growth and a decreased risk of necrotising enterocolitis or
suspected necrotising enterocolitis when receiving an exclusive
human milk diet with early fortification compared to standard
of care. Additionally, even though the control group of the
randomised controlled trial had a slower feeding advancement
(due to standards of care and clinician concerns about tolerance
when fortifying sooner when feeding non-EHM), the retrospective
control group was not limited by a feeding protocol and grew
similarly to the trial control group, but both groups exhibited

inferior growth compared to the trial EHM group. A randomised
controlled trial in which patients are fed either standard of care or
an EHM diet utilising equivalent feeding protocols may be
warranted.
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