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Abstract

Infants with heart disease are at high risk of feeding difficulties and complications. Feeding practices amongst acute care
cardiology units are not standardized. This study aims to describe feeding practices for infants at the time of discharge from
a Pediatric Acute Care Cardiology Collaborative (PAC?) center and practice variation between centers. Discharge encounters
for infants in the PAC? registry between February 2019 and October 2021 were included. Nutrition type and feeding route at
discharge were summarized with descriptive statistics and a modified bump plot. Center variation was assessed using funnel
plots with control limits set at the 99.9% confidence interval from the group mean. A total of 15,414 encounters across 24
PAC? centers were recorded from 8313 unique patients (median encounters 1, range 1-25). Nutrition at discharge consisted
of standard formula in 8368 (54%), human milk in 6300 (41%), and elemental formula in 3230 (21%), either alone or in
combination. Feeds were fortified to >24 kcal/oz in 12,359 (80%). Discharge supplemental tube feeding was present in 7353
(48%) encounters with 4643 (63%) receiving continuous feeds, 2144 (29%) bolus feeds, and 566 (8%) a combination. Funnel
plots demonstrated variability in nutrition type and feeding route at discharge. Infants with heart disease commonly require
high calorie nutrition and supplemental tube feedings at discharge. Feeding strategies at discharge vary widely between PAC?
centers. Collaborative approaches to identify best practices in feeding strategies are needed.
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Introduction high metabolic demand, necrotizing enterocolitis, gastro-
esophageal reflux, and other genetic and endocrine factors
Infants with congenital heart disease are at high risk of feed-  [1-3]. In addition, several commonly used medical thera-

ing difficulties and complications in the neonatal period both  pies such as prostaglandins and positive-pressure respiratory
before and after surgical intervention. Feeding challenges  support may affect provider comfort with oral and enteral

may begin prior to surgery due to altered hemodynamics,  feeding. Surgical repair including the necessary intubation,
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transesophageal echocardiogram, and cardiopulmonary
bypass may further contribute to feeding issues. Post-opera-
tive complications including necrotizing enterocolitis, vocal
cord dysfunction, dysphagia, aspiration, and oral aversion
are common and further contribute to feeding challenges [2,
4-8]. Center specific interventions have been implemented
to minimize feeding risks in acute care settings [2, 5, 8, 9].
These interventions focus on timing and type of nutrition
before and after surgery, most commonly in the cardiac
intensive care setting. Most recommendations are based on
single center experience. Many patients continue to require
nutritional support, including supplemental feeding strat-
egies, throughout their hospitalization and at the time of
discharge from the hospital. There are little data regarding
practice variation and best practices in nutrition therapy at
the time of discharge.

The Pediatric Acute Care Cardiology Collaborative
(PAC?) collects detailed feeding data on all infants admit-
ted to an acute care cardiology unit in hospitals throughout
the US and Canada. The objective of this study is to describe
variation in feeding practices for infants discharged from
PAC? centers.

Methods

All data were obtained from centers participating in PAC?.
PAC? is a quality improvement collaborative that collects
data on all patients with primary cardiac disease admitted to
the acute care cardiology units of participating centers. PAC?
maintains a clinical registry to support research and quality
improvement initiatives [10, 11]. Trained data managers col-
lect and enter data in accordance with the standardized PAC?
Data Definitions Manual. The PAC? registry shares com-
mon terminology and definitions with applicable data points
from the Pediatric Cardiac Critical Care Consortium, Inter-
national Pediatric and Congenital Cardiac Code, Society of
Thoracic Surgeons Congenital Heart Surgery Database and
American College of Cardiology Improving Pediatric and
Adult Congenital Treatment Registry. Participating centers
are audited on a regular schedule, and audit results suggest
complete, accurate, and timely submission of data across
centers, with the most recent results demonstrating a major
discrepancy rate of 0.12—1.14% across 295 mandatory fields.
Only centers that have been audited can contribute data for
analysis. The University of Michigan Institutional Review
Board provides oversight for the PAC® Data Coordinating
Center; this study was reviewed and approved with waiver
of informed consent.

All infants in the PAC? registry between February 2019
and October 2021 that were discharged from a PAC?® hos-
pitalization prior to 1 year of age were included. For each
hospitalization, only data from the final acute care unit stay
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preceding discharge were collected. For patients with multi-
ple hospitalizations, each discharge encounter was included.
Age < 1 year was chosen due to higher feeding challenges in
this age group and the availability of additional feeding data
for this age group in the PAC? registry.

Nutrition variables collected at discharge included:
nutrition type (human milk, standard formula, elemental
formula), caloric fortification at discharge (>24 kcal/oz),
caloric intake at discharge (kcal/kg/day), feeding route [oral,
nasogastric tube, gastric tube, and other (post-pyloric or
TPN)] and feeding rate (bolus, continuous, or both). Nutri-
tion at discharge was summarized with descriptive statistics
including chi squared comparison between groups. Center
variation was assessed using funnel plots with control limits
set at the 99.9% confidence interval from the group mean.
Funnel plots demonstrate control limits based on the group
mean and center specific volume. Centers that fall outside of
the confidence interval are 3.3 standard deviations from the
group mean [12]. Center variation was assessed for nutrition
type at discharge and feeding route at discharge. Changes in
discharge feeding route over age ranges were demonstrated
using a modified bump plot analysis. This analysis demon-
strates monthly frequency of each feeding route at discharge
by counting the total number of discharges for each feeding
route by month and ordering them from most common on
top to least common on bottom.

Results

At the time of the analysis 24 PAC> centers were contribut-
ing data. A total of 15,414 encounters were recorded from
8313 unique patients (median encounters 1, range 1-25).
Demographic and clinical variables are summarized in
Table 1. Nutrition at discharge consisted of standard formula
in 8368 (54%), human milk in 6300 (41%), and elemen-
tal formula in 3230 (21%), either alone or in combination.
Feeds were fortified to > 24 kcal/oz in 12,359 (80%) and
were unfortified (20 kcal/oz) in 2087 (14%). The median
caloric intake for patients less than 1 month was 111 kcal/
kg/day (IQR 99, 122), for patients between 1-3 months
109 kcal/kg/day (IQR 96, 120) and for patients 3—6 months
97 kcal/kg/day (IQR 82, 112). Patients were discharged on
supplemental tube feeds in 7,353 (48%) of encounters. Sup-
plemental tube feeds were gastric in 6723 (91%) and post
pyloric in 630 (9%). Of patients discharged with feeding
tubes, 4,643 (63%) received continuous feeds, 2,144 (29%)
bolus feeds, and 566 (8%) a combination.

Variation in discharge nutrition type by center are dem-
onstrated in Fig. 1. For the entire cohort 41% of patients
were discharged on human milk with a range of 20-61%.
A total of 11 (46%) centers were outside the 99.9% con-
fidence interval for the group mean. The group mean for
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Table 1 Patient demographics

Demographic n=15,414 (%)
Sex

Male 8632 (56)

Female 6782 (44)
Age at Encounter Start

0-30 days 3239 (21)

31-90 days 3726 (24)

91-180 days 4647 (30)

> 180 days 3802 (25)
Race

White 9175 (60)

Black 2278 (15)

Multiracial 1697 (11)

Asian 456 (3)

Native American 96 (1)

Not stated 1712 (11)
Ethnicity 2253 (9)
Hispanic/Latino
Premature 2904 (19)
Syndrome Present 4289 (28)
Encounter Type

Medical 6424 (42)

Surgical 8990 (58)
Benchmark Operation

One Ventricle 1657 (11)

Two Ventricles 3433 (22)
Weight for age Z-score at discharge Mean (SD)

0-30 days -0.94 (2.63)

31-90 days -2.02 (1.82)

91-180 days -1.97 (2.07)
> 180 days -1.51 (1.56)

discharge on standard formula at discharge was 54% (range:
41-83%) with 12 (50%) centers falling outside 99.9% con-
fidence intervals. The group mean for elemental formula at
discharge was 21% (range:3-40%) with 13 (54%) centers
outside the 99.9% confidence interval.

Impact of patient characteristics on feeding route at dis-
charge are summarized in Table 2. Patients with prematurity,
syndromes, and single ventricle heart diseases had higher
proportions of nasogastric and gastric feeding tubes at dis-
charge. Variation in discharge feeding route by center are
demonstrated in Fig. 2. The group mean for oral feeding
only at discharge was 48% (range: 35-78%) with 10 (42%)
centers falling above or below the 99.9% confidence inter-
val. The group mean for nasogastric tube feeding only at
discharge was 36% (range: 7-55%) with 19 (79%) centers
falling outside the 99.9% confidence intervals. The group
mean for gastrostomy tube feeding only at discharge was
13% (range: 4-32%) with 16 (67%) centers falling outside

the 99.9% confidence interval. Feeding route at discharge
did vary based on age as demonstrated in Fig. 3. The most
common feeding route at discharge is oral for all ages, but
the second most common feeding route at discharge transi-
tions from nasogastric and oral feeds combined to nasogas-
tric only by 3 months of age and then to gastric tube only by
7 months of age.

Discussion

Appropriate nutrition is essential for infants with heart dis-
ease. However, despite the importance of adequate nutrition
in this population and known morbidity and mortality related
to feeding challenges, we demonstrate that within acute care
cardiology units there is no clear standard for nutritional
support. Wide practice variation currently exists between
centers with respect to the type of nutrition at discharge and
the route of feeding at discharge. While the results of this
analysis demonstrate practice variability between centers, it
does not evaluate which of these feeding practices is associ-
ated with the best outcomes. Our analysis evaluated centers
based on the group mean and 99.9% confidence intervals
based on the number of encounters. This was an arbitrary
cutoff to demonstrate the variation between centers. For each
of the variables evaluated the “ideal” is unknown and there-
fore the measurement is not meant to act as a recommenda-
tion. Demonstrating practice variability between centers is
the first step in PAC™’s effort to establish feeding guidelines
for infants with heart disease. A feeding workgroup within
the registry has been established to study feeding variabil-
ity and outcomes within the collaborative. It is feasible to
measure the impact of inpatient feeding practice on inpatient
feeding complications such as NEC and outcomes such as
hospital length of stay and these analyses have been done
in some settings [8, 13, 14]. Registries, including PAC?,
are currently working to answer these questions as well.
However, a more challenging question is how each of these
feeding practices impacts children and families in the outpa-
tient setting. The importance of nutrition and weight gain in
infants with congenital heart disease has been demonstrated
to improve outcomes; particularly in the single ventricle
population [5]. The means to achieve optimal weight gain
are not standardized and our data demonstrate the ongoing
variability between centers. Each feeding method, particu-
larly the feeding route, has considerable implications for the
caregivers of children with congenital heart disease. Opti-
mizing safe and adequate enteral feeding is commonly one
of the final medical indications for cardiac patients to require
hospital care [15], and waiting for children to achieve full
oral feeds may prolong the hospital stay. Earlier discharge
utilizing nasogastric or gastrostomy tubes places additional
stress and anxiety on parents and may be associated with
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Fig. 1 Funnel Plot demonstrating variation in nutrition type at dis-
charge from Pediatric Acute Care Cardiology Collaborative (PAC)
centers by A human milk only, B standard formula only, C elemental
formula only. Center line is group mean with dashed lines represent-
ing the +£99.9% confidence interval (3.3 standard deviations). Fun-

complications [16]. Feeding methods to achieve appropri-
ate weight gain are a high priority for families participating
in the PAC? registry, and our Parent and Family Advocacy
Committee consistently list standardization of feeding as a
high priority for improvement work. Unfortunately, the lack
of a clear best practice limits the direction of improvement
efforts in this area. Additionally, inpatient registries such as
PAC? are well suited to measure inpatient complications,
but the longitudinal impact of outpatient feeding practices
is not easily captured and would require additional data. We
did attempt to utilize subsequent hospitalizations within the
first year of life to demonstrate the impact of feeding route
at discharge, but the heterogeneity of the population and lack
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nel plots account for sample size of individual centers. The data are
displayed in an increasing order of center volume. As small sample
sizes have the largest variability, the control limits are wide on the left
side and become narrower toward the right, as sample size increases

of additional data points for most encounters made this chal-
lenging. The modified bump plot is included to demonstrate
the impact of age on feeding route at discharge. The shift
in the most common methods of feeding toward permanent
feeding tubes is most likely representative of a higher com-
plexity patient population that requires multiple hospitali-
zations and is biased toward the sickest patients. However,
future work directed at early identification of clinical vari-
ables in our cohort that predict gastrostomy tube insertion
during the first year of life may expedite permanent feeding
tube placement especially for centers that use these tubes
less commonly.
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Table 2 Patient Characteristics

. . Variable n Oral Only Nasogastric Only ~ Gastrostomy P value
and Feeding Route at Discharge (N=15,414) Tube Only

Sex <0.001
Male 8632 4268 (49.4) 1156 (13.4) 762 (8.8)
Female 6782 3060 (45.1) 1037 (15.3) 712 (10.5)

Age at Encounter Start <0.001
0-30 days 3239 2067 (63.8) 278 (8.6) 13 (0.4)
31-90 days 3726 1603 (43.0) 636 (17.1) 218 (5.9)
91-180 days 4647 2147 (46.2) 778 (16.7) 528 (11.4)
> 180 days 3802 1511 (39.7) 501 (13.2) 715 (18.8)

Race <0.001
White 9175 4309 (47.0) 1347 (14.7) 899 (9.8)
Black 2278 1101 (48.3) 329 (14.4) 223 (9.8)
Multiracial 1697 723 (42.6) 225 (13.3) 182 (10.7)
Asian 456 211 (46.2) 77 (16.9) 33(7.2)

Ethnicity <0.001
Hispanic/Latino 2253 1014 (45.0) 334 (14.8) 245 (10.9)
Not Hispanic/Latino 11,194 5231 (46.7) 1659 (14.8) 1061 (9.5)

Gestational Age <0.001
Premature 2904 1,111 (38.3) 483 (16.6) 404 (13.9)
Full Term 12,309 6077 (49.4) 1697 (13.8) 1058 (8.6)

Syndrome <0.001
Present 4289 1449 (33.8) 783 (18.3) 656 (15.3)
None 11,124 5879 (52.9) 1409 (12.7) 818 (7.4)

Benchmark Operation <0.001
One Ventricle 1657 514 (31.0) 346 (20.9) 195 (11.8)
Two Ventricle 3433 1968 (57.3) 401 (11.7) 199 (5.8)

Percentages are calculated by row. Categories do not add up to total N based on inclusion of only listed

feeding routes

Limitations

As stated earlier, this study does not demonstrate outcomes
related to the feeding practices evaluated. Comparisons
between groups are intentionally limited in scope and addi-
tional analyses are necessary to fully understand patient vari-
ables that may impact feeding decisions at discharge. The
data in this manuscript are limited to the acute care setting
and do not evaluate factors related to the intensive care unit
course. Data are limited to inpatient data and there is not
currently an ability to evaluate the impact of various feed-
ing strategies in the outpatient setting. Longitudinal data
requires repeat inpatient admissions and are biased toward
sicker patients.

Conclusion

Infants with heart disease discharged from an acute care unit
commonly require high calorie nutrition and supplemental
tube feedings. Variations in nutrition type and utilization
of nasogastric and gastrostomy tubes vary widely between
PAC? centers. Collaborative approaches to identify best
practices in feeding strategies for children with congenital
heart disease are needed.
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Fig.2 Funnel Plot demonstrating variation in feeding route at dis-
charge from Pediatric Acute Care Cardiology Collaborative (PAC)
centers by A oral feeding only, B nasogastric tube feeding only, C
gastrostomy tube feeding only. Center line is group mean with dashed
lines representing the+99.9% confidence interval (+3.3 standard

Fig.3 The modified bump plot
demonstrates types of feeding
route at encounter discharge
each month. At each month
mark, the color depicting
feeding routes are organized

in descending order from most
frequent (top) to least frequent
(bottom)

Encounters
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deviations). Funnel plots account for sample size of individual cent-
ers. The data are displayed in an increasing order of center volume.
As small sample sizes have the largest variability, the control limits
are wide on the left side and become narrower toward the right, as
sample size increases
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