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Abstract

Introduction: Infants undergoing stage 1 palliation for hypoplastic left heart syndrome may
have post-operative feeding difficulties. Although the cause of feeding difficulties in these
patients is multi-factorial, residual arch obstruction may affect gut perfusion, contributing
to feeding intolerance. We hypothesised that undergoing arch reintervention following stage
1 palliation would be associated with post-operative feeding difficulties. Methods: This was a
retrospective cohort study. We analysed data from the National Pediatric Cardiology
Quality Improvement Collaborative, which maintains a multicentre registry for infants with
hypoplastic left heart syndrome discharged home following stage 1 palliation. Patients who
underwent arch reintervention (percutaneous or surgical) prior to discharge following stage
1 palliation were compared with those who underwent non-aortic arch interventions after stage
1 palliation and those who underwent no intervention. Median post-operative days to full
enteral feeds and weight for age z-scores were compared. Predictors of post-operative days
to full feeds were identified. Results: Among patients who underwent arch reintervention,
post-operative days to full enteral feeds were greater than for those who underwent non-aortic
arch interventions (25 versus 16, p= 0.003) or no intervention (median days 25 versus 12,
p< 0.001). Arch intervention, multiple interventions, gestational age, and the presence of a gas-
trointestinal anomaly were predictors of days to full feeds. Conclusions: Repeat arch interven-
tion is associated with a longer time to achieve full enteral feeding in patients with hypoplastic
left heart syndrome after stage 1 palliation. Further investigation of this association is needed to
understand the role of arch obstruction in feeding problems in these patients.

Despite improvements in outcomes in recent decades, infants with hypoplastic left heart
syndrome have high rates of morbidity and mortality following stage 1 palliation.1,2 Patients
with hypoplastic left heart syndrome also have high rates of feeding complications in the
post-operative period, including poor oral feeding, feeding intolerance, and necrotizing
enterocolitis.3–7 Infants with hypoplastic left heart syndrome tend to take longer to reach full
feeds post-operatively and have poor growth during the interstage period.8–10 Prolonged intu-
bation and vocal cord paralysis8,9,11 have been identified as risk factors for feeding problems.

Recoarctation after stage 1 palliation occurs in 9–40% of patients with hypoplastic left heart
syndrome, with many requiring repeat intervention on the arch obstruction within the first
6 months of stage 1 palliation.11–16 Recoarctation was associated with ventricular dysfunction
and tricuspid regurgitation in some studies,14,17 but not in all.11,16 Less is known about other
potential consequences of arch obstruction in this patient group.

The feeding problems in patients with hypoplastic left heart syndrome are complex and the
aetiology is multi-factorial. In the post-operative period, hemodynamic factors likely influence the
ability to tolerate feeds. Diastolic runoff (from a patent ductus arteriosus or aortopulmonary
shunt) has been theorized as one reason for the increased risk of necrotizing enterocolitis in infants
with hypoplastic left heart syndrome,3 although the risk does not appear to be lower in patients
who underwent Sano modification or hybrid palliation.18–20 Rates of necrotizing enterocolitis are
higher in hypoplastic left heart syndrome and in single ventricle patients with arch obstruction
compared to other forms of congenital heart disease.3,5 Infants with hypoplastic left heart
syndrome have been shown to have differences in intestinal blood flow,21–23 and it is possible that
residual arch obstruction may further alter intestinal blood flow patterns. The association of arch
obstruction with necrotizing enterocolitis or feeding outcomes has not been examined.

Most studies examining the feeding difficulties in this patient population have been
performed on single-centre, small populations.5–8,18 Since the aetiologies of feeding difficulties
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are likely multi-factorial, larger populations are needed to deter-
mine the risk factors that influence post-operative feeding in
infants with hypoplastic left heart syndrome. Large multicentre
databases are likely to be the best source of such information; how-
ever, few have sufficient levels of detail about post-operative feed-
ing to allow for such analysis.

The National Pediatric Cardiology Quality Improvement
Collaborative is a multicenter group focused on improving the qual-
ity of care for patients with hypoplastic left heart syndrome. This
involves quality improvement work as well as collection of data
on patients enrolled in a data registry. As the initial goal was focused
on improving interstage care, the enrolled patients in Phase I were
infants with hypoplastic left heart syndrome who were discharged
home following stage 1 palliation. The data collected included
information about the stage 1 palliation admission and details about
feeding in the post-operative period. We hypothesized that residual
or recurrent arch obstruction following stage 1 palliation would be
associated with feeding difficulties in the post-operative period.

Materials and methods

A retrospective analysis of data from the National Pediatric
Cardiology Quality Improvement Collaborative data registry was
performed. This data registry includes data collected from patients
with hypoplastic left heart syndrome, and in Phase I, included those
patientswhowere discharged home following stage 1 palliation from
60 centres. Institutional review board approval is obtained from
individual centres, parental informed consent is obtained at the
individual centres, and deidentified data are submitted to a central
registry. The data include demographic information, pre-operative,
surgical, and post-operative details, and post-discharge interstage
course through stage 2 (Glenn) palliation, death, or study exit.
University of Maryland School of Medicine institutional review
board approval for this analysis was also obtained.

Gender and pre-operative information, including gestational age,
birth weight and length, birth weight for age z-score, cardiac diag-
nosis, major syndromes and other anomalies (including gastrointes-
tinal anomalies), age and weight at surgery, were collected from the
registry. Data for all post-operative reinterventions were collected.
For the purposes of this analysis, residual and/or recurrent arch
obstruction was defined as requiring arch reintervention prior to
stage 1 palliation discharge. Post-operative reinterventions were
grouped in two different ways: no arch intervention versus arch
intervention; and no intervention versus non-arch intervention
versus arch intervention. If patients underwent more than one
intervention, they were included in the arch intervention group if
this was one of the interventions. Arch intervention included surgi-
cal arch revision and balloon and stent angioplasty of the aorta.
Post-operative feeding data in the database included age at initial
and full post-operative feeds (as defined by individual centres).
Post-operative days to initial and full feeds were calculated. Age,
weight, weight for age z-score, length, and feeding route at discharge
were recorded.

Patients enrolled between June 2008 and June 2016 were
included in this study. Patients were excluded if there were incom-
plete data regarding post-operative days to full feeds or post-
operative arch reintervention.

Analysis

Categorical data are presented as counts with percentages.
Continuous data are presented as medians with interquartile

ranges. Post-operative days to full feeds were the primary
dependent variable.

The Mann–Whitney U-test was used to compare medians
between two groups. Stepwise linear regression was used to deter-
mine variable associations with post-operative days to full feeds.
For variables with a significant association with post-operative
days to full feeds, for example gestational age, major syndrome,
gastrointestinal anomaly, and repeat intervention type (arch versus
no arch reintervention), analysis of variance was performed along
with their interaction factors in a predictive model for days to
post-operative full feeds. These variables were also analysed using
chi-square, analysis of variance, and linear regression to determine
if they were confounders or effect modifiers. All statistical analyses
were performed using IBM SPSS Statistics Version 25 (IBM Corp.,
Armonk, New York, United States of America). Results were
considered significant if the p value was less than 0.05.

Results

Data for 2201 patients were available in the National Pediatric
Cardiology Quality Improvement Collaborative registry. The
exclusion criteria removed 140 patients for analysis, leaving a
cohort of 2061 patients. Patient characteristics and repeat interven-
tion following stage 1 palliation data are shown in Table 1. None of
these patient characteristics were significantly associated with
repeat intervention. Patients who underwent a repeat arch inter-
vention were more likely to undergo multiple interventions than
those who underwent non-arch interventions (67 versus 26%,
p< 0.001), undergoing amedian of two repeat interventions versus
one repeat intervention (p< 0.001).

Post-operative outcome data for the entire cohort are presented
in Table 2. Median post-operative days to full feeds was signifi-
cantly longer in patients who underwent arch reintervention
compared to patients who did not undergo any reintervention
(25 versus 12 days, p< 0.001) and to patients who underwent a
non-arch reintervention (25 versus 16 days, p= 0.003) (Fig 1).
Patients who underwent one repeat intervention (of any type)
versus multiple repeat interventions (>1) had a longer time to full
feeds (14 versus 24 days, p< 0.001); there was a similar trend in
patients who underwent repeat arch intervention (19 versus
28 days), but it was not statistically significant (p = 0.125).

Gestational age was inversely related to post-operative days to
full feeds. Presence of a gastrointestinal anomaly or major syn-
drome was associated with longer median post-operative days
to full feeds (12 versus 17 days, p< 0.001; 12 versus 14 days,
p= 0.007). Gender and weight at birth or surgery were not asso-
ciated with post-operative days to full feeds.

There were no confounding or effect modifier variables identi-
fied. There were no differences in the pre-operative factors among
intervention groups. Gestational age (p < 0.001), arch reinterven-
tion (p= 0.023), multiple repeat interventions (p < 0.001), and
gastrointestinal anomaly (p= 0.006) were significantly associated
with days to post-operative full feeds. When included in this
model, major syndrome was no longer significantly associated with
days to post-operative full feeds. Based on the predictive model,
each additional week of gestational age decreased the days to full
feeds by approximately 1 day. Undergoing arch reintervention
increased the days to full feeds by 4.5 days, undergoing multiple
interventions increased it by 13 days, and the presence of a
gastrointestinal anomaly by almost 6 days.

Weight for age z-score at discharge was significantly lower in
patients who underwent any type of repeat intervention after stage
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1 palliation compared to those who did not (−1.69 versus −1.43,
p< 0.001), but was not significantly different between non-arch
and arch reintervention (−1.65 versus −1.64, p= 0.97) (Fig 2).

Patients who underwent repeat arch intervention were more
likely to be discharged home receiving only tube feeds than patients
who underwent no repeat intervention or a repeat non-arch
intervention (p< 0.001), although patients undergoing a repeat
non-arch intervention were also more likely to be discharged
home on only tube feeds than patients undergoing no repeat inter-
vention. These data are presented in Table 3. Post-operative days to
full feeds were significantly different by discharge feeding route
(Table 3).

Discussion

Feeding intolerance in infants with hypoplastic left heart syndrome
remains a significant problem following stage 1 palliation. The
association of arch obstruction with feeding outcomes in this pop-
ulation has not been described. Our study showed an association
between more post-operative days to reach full enteral feeds in the
stage 1 palliation post-operative period and arch intervention

prior to discharge. In addition, younger gestational age, multiple
interventions, and the presence of a gastrointestinal anomaly were
also associated with a longer time to full enteral feeds.

Evaluation of feeding in infants with hypoplastic left heart
syndrome after stage 1 palliation has focused on four main out-
comes: necrotizing enterocolitis, feeding mode, feeding intoler-
ance (variably defined), and growth. Prolonged intubation has
been identified as a risk factor for a longer time to full feeds
following congenital heart disease surgery.8 It has also been
identified as a risk factor for non-oral feeding at discharge.4,8

The use of feeding protocols has variable effects on time to full
feeds, perhaps based on the centre’s pre-protocol practices
and some studies suggest a decreased risk of necrotizing entero-
colitis.24–26 Our study suggests that arch obstruction or interven-
tion is an additional risk factor for feeding intolerance. Residual
arch obstruction after surgery had not previously been studied as
a risk factor for feeding outcomes, but arch intervention at the
time of surgery was shown to be a risk factor for non-oral feeds
in patients undergoing a variety of neonatal congenital heart
disease surgeries.4

There are many potential reasons why our study showed that
undergoing arch reintervention was associated with prolonged
post-operative feeding advancement. This could in part be
explained by the fact that sicker infants may require additional
procedures in the post-operative period or that undergoing an
additional procedure may cause interruptions in feeding advance-
ment. In our cohort, patients who underwent any type of addi-
tional intervention took longer to reach full feeds than those
who did not, but we also found that the time to full feeds was sig-
nificantly longer in those requiring an arch reintervention com-
pared to other types of interventions, suggesting that arch
obstruction or reintervention has a unique effect. Patients who
underwent multiple repeat interventions also took longer to reach
full feeds. The patients who underwent repeat arch intervention
were more likely to undergo multiple interventions; however,
repeat arch intervention remained a significant independent
predictor of days to full feeds even when multiple interventions
were included in the multivariate model.

Table 1. Patient characteristics

Patient characteristics (n= 2061)
Number (%) or median

[IQR]

Male 1294 (62.8)

Gestational age (weeks) 39 [38, 39]

Premature (<37 weeks) 176 (8.5)

Birth weight (kg) 3.20 [2.87–3.54]

Birth WAZ −0.51 [−1.09 to 0.13]

Weight at surgery (kg) 3.27 [2.9–3.6]

Age at S1P (days) 6 [4–8]

Gastrointestinal anomaly 45 (2.2)

Diagnosis

HLHS, MA/AA 677 (33)

HLHS, MS/AA 381 (18.6)

HLHS, MA/AS 58 (2.8)

HLHS, MS/AS 281 (13.6)

Double inlet left ventricle 87 (4.2)

Double inlet right ventricle 9 (0.4)

Unbalanced atrioventricular septal defect 116 (5.6)

Double outlet right ventricle 106 (5.1)

Other 337 (16.4)

Reintervention after S1P and before hospital discharge

Any reintervention 586 (28.4)

Reoperation 412 (20)

Catheterisation-based intervention 247 (12)

Non-arch reintervention (surgical or
catheterization)

522 (25.3)

Arch intervention (surgical or catheterisation) 64 (3.1)

AA= aortic atresia; AS= aortic stenosis; MA=mitral atresia; MS=mitral stenosis;
HLHS = hypoplastic left heart syndrome; S1P= stage 1 palliation; WAZ=weight for age
z-score.

Table 2. Post-operative outcomes

Number (%) or median
[IQR]

Post-operative days to feed initiation (days)
(n= 931)

4 [3–7]

Post-operative days to full feeds (days)
(n= 2061)

13 [8–16]

Age at S1P discharge (days) (n= 2041) 36 [25–55]

S1P discharge weight (kg) (n= 2038) 3.6 [3.3–4.1]

S1P discharge WAZ (n= 2034) −1.48 [−2.08 to (−0.87)]

S1P discharge length (cm) (n= 1407) 52 [50−54]

Feeding route at discharge (n= 2043)

Oral only 720 (34.9)

Nasogastric/jejunal tube only 253 (12.3)

Gastrostomy tube only 292 (14.2)

Oral and nasogastric/jejunal tube 565 (27.4)

Oral and gastrostomy tube 213 (10.3)

S1P= stage one palliation; WAZ=weight for age z-score.
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One potential reason for the association of arch obstruction
with feeding intolerance is alteration in intestinal blood flow.
This has already been noted in patients with hypoplastic left heart
syndrome. Resistive indices in the mesenteric vessels are higher
than normal,21,22 in part due to retrograde flow in patients with
aortopulmonary shunts. Miller et al23 showed that patients with
hypoplastic left heart syndrome and necrotizing enterocolitis
had lower abdominal aorta pulsatility indices than those who
did not develop necrotizing enterocolitis. Infants with residual arch
obstruction are likely to have lower pulsatility indices.

In our study, we do not know when the arch intervention
occurred in relationship to the feeding advancement, so we do
not know if it was the arch obstruction or the intervention that
influenced the number of post-operative days to full feeds. If
significant arch obstruction were present and then relieved, it is
possible that reperfusion injury to the intestines would influence
feeding tolerance. It is also possible that feed advancement was
purposely slower in patients with known arch obstruction and does
not reflect true feeding intolerance. Infants who underwent arch
reintervention were able to grow similarly to those undergoing

other interventions, suggesting that feeding intolerance may
improve by the time of discharge.

Our study also examined the association of arch reintervention
with growth parameters at the time of stage I palliation discharge.
Arch reintervention was not a predictor of lower weight for age
z-score, but patients who underwent any intervention after stage
1 palliation had lower weight for age z-scores than those who
underwent no repeat interventions. Hong et al10 showed that
infants who were in the intensive care unit (ICU) longer had less
improvement in weight for age z-scores by the time of discharge
than those with shorter ICU stays. Similarly, the patients in our
study who underwent repeat intervention had a longer length of
stay overall. Hong et al10 also found that growth was directly
related to caloric intake and that patients with moderate to severe
tricuspid regurgitation did not grow as well as those with lesser
degrees of tricuspid regurgitation. Slower growth in infants under-
going additional interventions may be due to similar reasons, such
as interruptions in feeds in the peri-procedural time or the
increased need for calories related to residual hemodynamic
problems or recovery from procedures.

Figure 1. Post-operative days to full feeds by
post-stage 1 palliation intervention type. Annota-
tion indicates significant difference compared to
arch intervention, *p< 0.001, #p= 0.003.

Figure 2. Discharge WAZ by post-stage 1 palliation inter-
vention type. WAZ = weight for age z-scores.
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We found an association between type of repeat intervention
and need for tube feeds at the time of discharge after stage 1 pal-
liation. Patients were more likely to be discharged on only tube
feeds if they underwent a non-arch repeat intervention, and still
more likely if they underwent an arch repeat intervention.
Patients who were discharged home on tube feeds only or some
tube feeds had a longer time to full feeds in the post-operative
period. We did not evaluate for other predictors of feeding mode
at discharge or confounders of this association in this study, so
there are limitations to the conclusions that can be drawn from
these findings.

There are other limitations to our study. The patients enrolled
in the National Pediatric Cardiology Quality Improvement
Collaborative registry during this phase of data collection only
included those who were discharged home following stage 1 pal-
liation; thus, we do not know how these findings would differ if
patients who died or remained inpatient during the interstage
were included. These patients are included in the second phase
of data collection in the National Pediatric Cardiology Quality
Improvement Collaborative registry, which is ongoing, and further
evaluation with this patient population included should be per-
formed. We are using post-operative days to full feeds as a marker
for feeding intolerance; however, there are other factors that may
affect this variable for which we were not able to account. There are
incomplete data in the registry, including missing information
about when feeds were initiated post-operatively. Since these data
were not available in over half the patients, we used the post-
operative days to full feeds, which weremore consistently collected,
as our feeding outcome. The number of days that it took from feed
initiation to full feeds may be a better marker of feeding tolerance;
an analysis of the subgroup with these data available showed more
days for feed advancement in the non-arch reintervention group
and longer still in the arch reintervention group, but the arch rein-
tervention group did not reach significance. We used arch inter-
vention as a marker of arch obstruction in the post-operative
period. There may be additional patients who had arch obstruction
but who did not undergo intervention. The timing of the arch
intervention in relationship to feeding is not known and, as previ-
ously discussed, limits our ability to theorize as to why this asso-
ciation was found. These data may be available in the second phase
of data collection for the National Pediatric Cardiology Quality
Improvement Collaborative registry and future analysis would
be helpful in better understanding the association that we have
identified.

These limitations affect our ability to draw causal conclusions
from the association of arch obstruction and feeding intolerance,
but our study does suggest that further evaluation is needed.
Feeding intolerance and complications are common occurrences
in patients with hypoplastic left heart syndrome. If arch obstruc-
tion itself is a risk factor, it is potentially modifiable with
post-operative intervention or improvements in operative tech-
niques. Further evaluation is needed to determine if infants with

feeding intolerance with no clear aetiology should undergo more
extensive evaluation for arch obstruction and to determine what
degree of arch obstruction might be associated with feeding intol-
erance. Additionally, further research is needed to see if arch
obstruction is associated with other feeding complications and
feeding outcomes after discharge from stage 1 palliation.

In conclusion, our study demonstrates an association between
arch reintervention and post-operative feeding advancement in
infants with hypoplastic left heart syndrome following stage 1
palliation. Future studies should better define this association
and how it affects care of this population of patients.
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