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Abstract

Post-operative oral feeding difficulties in neonates and infants with CHD is common. While
pre-operative oral feedingmay be normal, oral feeding challengesmanifest in the post-operative
period without a clearly defined aetiology. The objective of this scoping review was to examine
post-operative oral feeding in full-term neonates and infants with a CHD. Electronic databases
query (1 January 1975–31 May 2021), hand-search of the reference lists of included studies,
contact with experts, and review of relevant conferences were performed to identify quantitative
studies evaluating post-operative oral feeding in full-term neonates and infants with a CHD.
Associations with additional quantitative variables in these studies were also examined.
Twenty-five studies met inclusion criteria. Eighty per cent were cohort studies that utilised
retrospective chart review from a single institution. The primary variable of interest in all stud-
ies was oral feeding status upon discharge from neonatal hospitalisation. The most common
risk factors evaluated with poor feeding at time of discharge were birth weight (36% of included
studies), gestational age (44%), duration of post-operative intubation (48%), cardiac diagnosis
(40%), and presence of genetic syndrome or chromosomal anomaly (36%). The most common
health-related outcomes evaluated were length of hospital stay (40%) and length of ICU stay
(16%). Only the health-related outcomes of length of hospital stay and length of ICU stay were
consistently significantly associated with poor post-operative oral feeding across studies in this
review. A clear aetiology of poor post-operative oral feeding remains unknown.

CHD is the most common neonatal congenital defect, impacting approximately 9 per 1000 live
births, with about 3 per 1000 infants requiring surgical intervention in the neonatal period.1,2

Surgical care along with medical and nursing care advances in the field of CHD have led to
increased survival rates among this population. As children with CHD are now surviving into
adulthood, they have been identified as at risk for neurodevelopmental delays and disabilities.
Thus, there has been a shift in their needs to include a greater focus on neurodevelopmental
outcomes.3,4 Tied to neurodevelopmental outcomes, growth failure, and malnutrition are
common consequences of CHD, and children with univentricular and cyanotic heart lesions
are at highest risk for both acute and chronic growth failure.5,6 Although the exact aetiology
of growth failure in infants with CHD remains overall unknown, poor oral feeding has been
implicated as an important early contributor to the extensive long-term feeding challenges seen
within this population.5

The act of sucking requires normal function of the oromotor system and coordination of the
central nervous system. Thus, dysfunction or injury to any of these components can lead to
impaired ability to generate an adequate suck and result in poor oral feeding.5,7–9 Although
the coordination of sucking, swallowing, and breathing is crucial for adequate oral feeding, feed-
ing is also an important neurodevelopmental milestone. Many neonates with complex CHD,
defined as those that require cardiac intervention in the neonatal period for survival, often
require urgent medical attention at birth with surgery in the first month of life. They therefore
do not have the opportunity to meet this important neurodevelopmental milestone within the
typical time frame. This lack of oral feeding early in the neonatal period potentially influences
their long-term feeding abilities and overall growth trajectories.6,10 The challenge to understand-
ing the exact aetiology of poor oral feeding during the neonatal hospitalisation and long-term
growth failure in children with CHD has been attributed to concurrent congenital problems,
such as underlying genetic syndromes and acquired neurologic problems (e.g., structurally
abnormal brain).11

Typically, successful pre-operative oral feeding does not predict efficacious post-operative
oral feeding in neonates with complex CHD.5 Therefore, further vulnerabilities acquired from
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the time of surgery through the post-operative period, such as
brain injury and vocal cord paralysis, may play a role in successful
post-operative oral feeding. Given that many of these neonates
have normal oral feeding mechanisms pre-operatively, the cause
of the decline in their oral feeding abilities requires further
inquiry.9 As over 50% of neonates and infants with complex
CHD are discharged home with tube feeding assistance5, further
investigation into potential causative factors influencing poor
post-operative oral feeding in neonates after cardiopulmonary
bypass surgery may provide insight for potential interventions
to support oral feeding success in survivors of neonatal cardiac
surgery.

Although studies document poor oral feeding as a challenge in
neonates with complex CHD, this evidence is representative of sin-
gle studies and, to date, there has not been a comprehensive assess-
ment and synthesis of published and unpublished single studies.
Therefore, the purpose of this scoping review is to map the extent,
range, and nature of the available research evidence on factors
associated with oral feeding in full-term neonates or infants
6 months of age or younger with CHD. Mapping of the available
research evidence will identify which factors have been studied,
where the evidence lends itself to undertaking a future systematic
review, and current gaps in the literature.

Materials and methods

This scoping review was conducted utilising the framework of Arksey
and O’Malley (2005) that is guided by the requirement of identifying
all relevant literature on a topic of interest regardless of the study
design. The framework (2005) follows five steps: identification of
the research question, identification of relevant studies, study selec-
tion, charting of the data, and collation, summarisation, and report
of the results. It is important to note that congruent with this frame-
work for scoping reviews, the quality of the included studies was not
critically appraised. This scoping review was not registered; however,
the original protocol (to which no amendments were made) can be
obtained from the corresponding authors.

Inclusion criteria

Participants
This scoping review focused onneonates and infants less than or equal
to 6 months of age with CHD; participants were all full-term, defined
as greater than or equal to 36 weeks gestational age. The decision was
made to include neonates and infants less than 6 months of age to
ensure inclusion of all currently published literature on oral feeding
in neonates and young infants with CHD. Studies that included both
premature and full-term neonates were only included in this scoping
review if subanalyses were performed to separate the cohorts, as pre-
maturity can be associated with specific neurodevelopmental chal-
lenges that are different from full-term neonates. Studies that
included infants older than 6months of age were only included if sub-
analyses were performed to separate the results of the infants
6 months of age or younger from the older cohort.

Setting
All studies analysing full-term neonates and infants less than or
equal to 6 months of age with CHD regardless of setting were
included in this scoping review. All studies that analysed the out-
come variable of interest regardless of inpatient versus outpatient
setting were included. The rationale for inclusion of studies regard-
less of setting was that the variable of oral feeding is a chronic

challenge in the population of interest, and there is often longi-
tudinal evaluation of this variable beginning in the neonatal hospi-
talisation period and continuing into the outpatient environment.

Study designs
The following study designs were included: randomised control
trials, non-randomised controlled trials, cluster-randomised con-
trol trials, non-randomised cluster-controlled trials (including
controlled before and after studies), interrupted time series, one
group pre–post-test studies, cohort studies, case–control studies,
and cross-sectional studies. Mixed methods studies were included
only if they clearly defined a quantitative methodology consistent
with one of the included quantitative study designs. Qualitative
studies were excluded from this review.

Variables of interest
Studies were included if they evaluated full oral feeding, whether as
a dependent or independent variable. For the purposes of this scop-
ing review, oral feeding was defined as “nutrient intake via the oral
route” to enable a comprehensive view of the currently published
literature. Studies that evaluated dysphagia were included only if
the aim of the study was to evaluate oral feeding. There were no
restrictions on how and when oral was measured; however, this
information was extracted from the included studies. Additional
variables that were evaluated in association with full oral feeding
were also considered to be of interest. In synthesising the evidence,
these additional variables were categorised as either risk factors or
health-related outcomes.

Search strategy

The search strategy included bibliographic electronic databases to
identify both unpublished and published evidence relevant to the
identified question. The search strategy and database inclusion
were developed in collaboration with a team member (RJ) who
has expertise in medical and nursing literature inquiry. The follow-
ing electronic databases were queried from 1 January, 1975,
through 31 May, 2021, using search terms appropriate for each
database (see Supplementary Table 1): PubMed, Embase,
Cumulative Index of Nursing and Allied Health Literature
(CINAHL), Web of Science (WoS), Scopus, Psychological
Abstracts (PsycINFO), and ProQuest Dissertations and
Abstracts. The year 1975 was chosen as a start date for the database
search based on the history of CHD surgical strategies and high
mortality rates of neonates and infants with critical CHD, as
1975 marked the first arterial switch operation performed for an
infant with transposition of the great arteries.12

In addition to the electronic database search, a hand-search of
the reference lists of included studies was conducted. To identify
grey literature, experts in the field were contacted and the following
online sites for relevant conference proceedings, abstracts, and
reports were searched: The Children’s Hospital of Philadelphia
(CHOP) Cardiology, Pediatric Cardiac Intensive Care Society
(PCICS), Cardiac Neurodevelopmental Outcome Collaborative
(CNOC), and Pediatric Academic Society (PAS).

Study selection

Two reviewers (MJ and JD) independently screened potential titles
and abstracts and full text (see Supplementary Table 2) for inclu-
sion in this scoping review using Distiller SR software. The screen-
ing forms, reflective of the inclusion criteria, for both levels were
piloted with the reviewers (MJ and JD). During title and abstract
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screening, if one reviewer screened the citation as relevant based on
the screening criteria (“yes”) or insufficient information to
adequately evaluate the relevance (“unsure”), the reference was
moved to full-text screening. For a citation to be excluded during
title and abstract screening, both reviewers had to deem the citation
as not being relevant to the inclusion criteria (“no”). Agreement
was required between reviewers for full-text screening for inclusion
(“yes”) or exclusion (“no”), with discrepancies able to be resolved
via discussion between the reviewers.13

Data extraction

One author (MJ) created a standardised data extraction form with
guidance from team member (JY), who has extensive expertise in
the conduct of evidence syntheses. The data extraction form was
piloted by two reviewers (MJ and JD) prior to proceeding with data
extraction. No changes weremade to the data extraction form prior to
implementation. Two reviewers (MJ and JD) extracted data inde-
pendently using this form within Distiller SR software (see
Supplementary Table 3) and resolved discrepancies through
discussion.

Results

Reference retrieval

The electronic database search initially identified 2004 references
relevant to the research question, with no references identified

through additional searching mechanisms. After removal of dupli-
cates, 1361 references underwent title and abstract screening (see
Figure 1, Search Strategy Development). Of these, 269 were iden-
tified for full-text screening. Through full-text screening, 25 refer-
ences relevant to the review question were identified and
included.7,14–37 The primary reasons for exclusion of references
at title and abstract and full-text screening are identified in
Figure 1. See Supplementary Table 4 for characteristics of the
included studies.

Study designs

Of the 25 references included in the final narrative synthesis, study
designs were as follows: 20 cohort studies7,14,15,17,19–21,23,25–29,31–37,
2 cross-sectional studies18,30, 1 quasi-experimental with non-
equivalent group design16, 1 case–control study22, and 1 non-
randomised control trial.24 Data collection methods were
retrospective chart review (n= 17)7,14,15,17,20,22,25–27,29,31–37 or pro-
spective enrolment (n= 7).17,18,21,23,24,28,30 In one intervention
study16, details of recruitment for the intervention group were
not recorded, and historical controls were used as the comparison
group. Recruitment of subjects was based on referred clinical pop-
ulations in 96% (24/25) of the included studies.

Population

Geographic location of the 25 included studies varied, with the
majority of studies from the United States (n= 21).7,14–17,19–28,31–36
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Other locations of included studies were Brazil (n= 2)18,30, Australia
(n= 1)29, and the Republic of Korea (n= 1).37 Sample sizes ranged
from 15 to 2201 subjects, with the majority of the studies having
sample sizes greater than 50 patients with CHD
(n= 19).7,14,15,17,19,20,25–29,31–37

Nine studies recruited only subjects with single-ventricle
physiology14–16,23,25,28,31,33,36, 2 studies recruited only subjects
with transposition of the great arteries21,22, and 14 studies
recruited subjects with various critical congenital heart
lesions.7,17–20,24,26,27,29,30,32,34,35,37 Eight studies recruited only neo-
nates with CHD that were full-term gestation (greater than
36 weeks gestation)7,16,21–24,28,37, 10 studies included both prema-
ture and full-term neonates with CHD15,17,20,26,27,29,31–33,35, and 7
studies did not record the gestational age of the recruited sub-
jects.14,18,19,25,30,34,36 Seventeen studies included neonates less than
1 month of age7,14,16,19,20,23–29,32–36, one study included children
less than 12 months of age37, two studies included infants at
2 weeks and 2 months of age21,22, one study included infants less
than 56 days old15, one study included infants less than 2 months
of age31, one study included infants 0 to 6 months old18, and one
study included infants less than 7 months old.30 One study
defined the age of subjects as “infancy,” but other details were
not provided17 (see Supplementary Table 4).

Variables

A function of the research question and inclusion criteria, the pri-
mary variable of interest in all studies is oral feeding status upon
discharge from neonatal hospitalisation. Oral feeding as a termwas
not defined in any of the studies. Instead, terms such as dysphagia
were used to describe and define oral feeding. In some instances,
how oral feeding was measured provided the best explanation of
the variable; however, measurement techniques also varied
between studies (see Supplementary Table 5). The term “dyspha-
gia” was used in four studies, but how dysphagia was defined dif-
fered among the studies. Six studies measured oral feeding as the
time (in days) to achieve full oral feeding prior to discharge from
the neonatal hospitalisation.7,16,20,24,25,27 Fourteen studies mea-
sured feeding status by the mechanism of feeding at discharge
(i.e., full oral feeding, oral and nasogastric tube, nasogastric tube
only, and gastrostomy tube).14,15,17,19,23,28,29,31–37 Two studies uti-
lised high-frequency heart rate variability during oral feeding as
a surrogate for oral feeding success or failure.18,30 Two studies mea-
sured oral feeding using two different validated feeding readiness
tools.21,22 One study did not provide details on how oral feeding
was measured.26

Oral feeding was evaluated as the dependent variable in 18 stud-
ies and as an independent variable in 7 studies. Of the 18 stud-
ies7,15–18,20,21,23,24,28–35,37 where oral feeding was the dependent
variable, an association with 75 different independent variables
was evaluated (see Table 1). Of the 7 studies14,19,22,25–27,36 in which
oral feeding was an independent variable, 14 different dependent
variables were evaluated as outcome measures (see Table 2).

Factors associated with oral feeding

For the purposes of this scoping review, risk factors were categor-
ised as follows: pre-operative (n= 22 studies), intraoperative
(n= 12 studies), and post-operative (n= 41 studies; See
Table 1). Health-related outcomes were categorised for the pur-
poses of this scoping review similarly to risk factors including
pre-operative, intraoperative, and post-operative studies; however,

only post-operative health-related outcomes were identified (n= 9
studies; See Table 2).

The most commonly evaluated risk factors were gestational age
(n= 11 studies), cardiac diagnosis (n= 10 studies), birth weight (n
= 9 studies), presence of genetic syndrome or chromosomal abnor-
mality (n= 9 studies), and duration of post-operative intubation
(n= 12 studies). The most commonly evaluated health-related
outcomes were length of hospital stay (n= 10 studies) and length
of ICU stay (n= 4 studies). Of the risk factors described, those with
a consistent significant relationship were cardiac diagnosis (4/10 or
40%), presence of genetic syndrome or chromosomal abnormality
(5/9 or 56%), and duration of post-operative intubation (6/12 or
50%; See Table 1). Of the health-related outcomes described, length
of hospital stay (9/10 or 90%) and length of ICU stay (3/4 or 75%)
had the most consistently reported (see Table 2).

In the included studies, when factors associated with oral feed-
ing are considered, there is a lack of consistency with risk factors,
but some reliability with health-related outcomes. For example,
greater consistency was reported for length of hospital stay
(9 of 10, or 90% of studies) and length of ICU stay (3 of 4, or
75% of studies) compared to 56% of studies for the presence of
genetic syndrome or chromosomal abnormality (5 of 9 studies),
duration of post-operative intubation (6 of 12, or 50% of studies),
or 56% of studies), and cardiac diagnosis (4 of 10, or 40% of stud-
ies) (see Supplementary Table 6). The health-related outcome of
length of hospital stay and length of ICU stay were consistently
associated with oral feeding in full-term neonates and infants
with CHD.

Discussion

This scoping review is the first to identify and examine the existing
literature regarding post-operative feeding ability and challenges
for neonates and infants with CHD. Although feeding difficulties
is a clearly identified problem in clinical practice, the variability in
the literature in this scoping review suggests this problem is not
sufficiently addressed in currently published studies. To date, 25
studies have evaluated factors that are associated with oral feeding
in this population.

In applying a broad definition of oral feeding to capture studies
that mentioned, studied, or otherwise addressed the problem, this
scoping review identified that oral feeding was not clearly defined
in the studies reviewed. However, all the included studies measured
oral feeding at discharge from the neonatal hospitalisation. In the
four studies that used the term “dysphagia,” definition of the term
was different between the studies. Although the oral feeding mea-
surement methods had similarities across some studies, none of the
25 studies measured oral feeding in the same way. This suggests a
noteworthy inconsistency in the literature on oral feeding in neo-
nates and infants with CHD and makes comparisons among stud-
ies difficult.

Among the included studies, there was inconsistency in the risk
factors associated with oral feeding and some consistency among
the health-related outcomes. Risk factors more commonly inves-
tigated in the reviewed studies include gestational age (n= 11 stud-
ies) and cardiac diagnosis (n= 10 studies). However, these risk
factors were not evaluated in all or even the majority of the 25
included studies. Of particular interest is that only one study ana-
lysed brain MRI data to determine the presence of any correlation
between structural brain characteristics and/or acquired brain
injury, with oral feeding ability at time of discharge in subjects with
single-ventricle physiology. Further, to this and acknowledging the
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Table 1. Risk factors

Variable
Total number of

studies
Number (%) of studies reporting
statistically significant association

Pre-operative risk factors

Gestational age measured in weeks 11 1 (9%)

Cardiac diagnosis 10 4 (40%)

Birth weight 9 0 (0%)

Presence of genetic syndrome or chromosomal abnormality 9 5 (56%)

Infant weight at surgery 7 2 (29%)

Pre-operative feeding assistance 6 1 (17%)

Pre-operative intubation 6 1 (17%)

Age at surgery measured in days 5 1 (20%)

Age measured in days 3 0 (0%)

Basic Aristotle score 3 2 (67%)

Pre-operative cardiac complications 3 0 (0%)

Breastfeeding versus bottle feeding 2 2 (100%)

Non-cardiac abnormalities 2 0 (0%)

Prenatal cardiac diagnosis 2 0 (0%)

Total Aristotle score 2 1 (50%)

Abnormal pre-operative feeding evaluation 1 0 (0%)

Birth head circumference 1 0 (0%)

Brain MRI maturity score 1 1 (100%)

Cyanotic versus acyanotic cardiac lesion 1 0 (0%)

Corrected gestational age for pre-operative brain MRI 1 0 (0%)

Day of life pre-operative brain MRI 1 0 (0%)

Gender 1 0 (0%)

Risk Adjustment for Congenital Heart Surgery (RACH) score 1 1 (100%)

STAT category 1 0 (0%)

Intraoperative risk factors

Cardiopulmonary bypass time (minutes) 6 0 (0%)

Deep hypothermic circulatory arrest time in minutes 5 1 (20%)

Aortic cross-clamp time in minutes 4 0 (0%)

Proximity of surgery to recurrent laryngeal nerve 2 0 (0%)

Perioperative brain injury severity score 1 0 (0%)

Selective cerebral perfusion time in minutes 1 0 (0%)

Stage I Norwood versus Aortic Arch repair 1 1 (100%)

Single ventricle with arch obstruction versus biventricle without arch
obstruction

1 1 (100%)

Type of cardiac surgery 1 0 (0%)

Palliation prior to biventricle repair 1 1 (100%)

Post-operative risk factors

Duration of post-operative intubation 12 6 (50%)

Post-operative vocal cord dysfunction/palsy 6 2 (33%)

Post-operative complications 5 0 (0%)

Failed extubation 4 1 (25%)

Neurologic complications 4 0 (0%)

Days to initiation of post-operative oral feeding 3 2 (67%)

(Continued)
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complexity of understanding predictors of oral feeding in this
heterogeneous population, even with the same cardiac diagnosis,
neonates and infants often have different pre-operative and
post-operative clinical courses that potentially impact their oral
feeding abilities. Conversely, length of ICU stay and hospital length
of stay were the health-related outcomes most commonly evalu-
ated and were also the factorsmost consistent with significant asso-
ciations of oral feeding ability.

There are also amultitude of risk factors and health-related out-
comes important to understanding oral feeding in neonates and

infants with CHD that were not represented within the included
studies. For example, pre-operative oral and enteral feeding is
believed to be confounded by the use of prostaglandins, which
may increase the risk of necrotising enterocolitis, delaying the ini-
tiation of oral or enteral feeding pre-operatively.27 Variation in
feeding practices between institutions was also not acknowledged
as a potential variable, as some cardiac programmes adhere to
standardised post-operative feeding protocols which dictate when
oral feeding is initiated post-operatively. This was not evaluated as
a factor in the studies included in this review.

Table 1. (Continued )

Variable
Total number of

studies
Number (%) of studies reporting
statistically significant association

Post-operative cardiac arrest 3 0 (0%)

Time to full post-operative oral feeding measured in days 3 2 (67%)

Diagnosis of gastroesophageal reflux 2 0 (0%)

Gastrointestinal complications 2 1 (50%)

Number of discharge medications 2 1 (50%)

Post-operative reintervention/reoperation 2 1 (50%)

Surgical repair 2 0 (0%)

Abnormal swallow study 2 0 (0%)

Necrotising enterocolitis 2 1 (50%)

Abnormal ear, nose, and throat clinical evaluation 1 0 (0%)

Abnormal post-operative feeding evaluation 1 0 (0%)

Change in breastfeeding characteristics 1 0 (0%)

Change in bottle feeding characteristics 1 1 (100%)

Corrected gestational age at post-operative brain MRI 1 0 (0%)

Duration of sedative/narcotic infusions measured in days 1 1 (100%)

Duration withholding oral feeds post-operatively measured in days 1 1 (100%)

Heart failure score at discharge 1 0 (0%)

Weight change birth to discharge 1 0 (0%)

Nutritional status (low weight for age versus normal weight for age) 1 0 (0%)

Occupational therapy (OT)/speech therapy (ST) consult 1 1 (100%)

Oxygen saturation at discharge 1 0 (0%)

Presence of cardiac shunt 1 0 (0%)

Enteral sedation wean 1 1 (100%)

Total gavage amount 1 1 (100%)

Time on non-invasive respiratory support measured (days) 1 1 (100%)

Use of alternative feeding route 1 0 (0%)

White matter injury severity score 1 0 (0%)

Clinical aspiration events 1 0 (0%)

Post-operative days to reach full feed volume (enteral or oral) 1 1 (100%)

Post-operative laryngopharyngeal dysfunction 1 0 (0%)

Post-operative swallowing dysfunction 1 0 (0%)

Post-operative vocal cord dysfunction 1 0 (0%)

Post-operative vocal cord dysfunction and swallowing dysfunction 1 1 (100%)
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Themajority of the studies were cohort studies that utilised retro-
spective chart review for data collection. Sample size was inconsis-
tent between studies, with the majority of studies representative of
single institutions. In studies with small sample sizes, this precluded
identification of statistically significant correlations by the authors
and, when correlations were identified, they limited the generalis-
ability of the findings. The gestational age of the subjects was incon-
sistent between studies, with either all full-term subjects included or
a mixed sample of full-term and pre-term subjects. Some studies
performed sub-analyses for gestational age to determine the differ-
ence in oral feeding ability between the full-term and premature
cohorts, whereas other studies did not clearly state or report findings
of additional sub-analyses conducted. Excluding premature neo-
nates in future studies or performing sub-analyses if premature neo-
nates are included is recommended because premature neonates
have a constellation of additional risk factors for poor oral feeding,
which can confound the conclusions when not taken into consider-
ation during statistical analysis.

Possible reasons for the lack of consistency in findings pertain-
ing to factors associated with oral feeding in the current literature
include the variation in how oral feeding was defined across stud-
ies, along with the differences in study design and data collection
methods. In addition, the use of univariate analysis as the only stat-
istical analysis technique in 12 of the studies did not allow for the
identification of independent risk factors. Small sample sizes and
single-institution studies also prevent adequate assessment of sig-
nificant findings related to oral feeding in this population. Even
when significant findings are revealed, the small sample sizes
and single-institution studies limit their generalisability to the
wider population of neonates with CHD and the practical signifi-
cance of the findings. Some studies exclude neonates with an
underlying genetic syndrome to avoid confounding the results.
However, as has been identified, up to 35% of children with
CHD have an underlying genetic syndrome that can certainly
influence oral feeding abilities both pre-operatively and post-
operatively.39 It is therefore crucial to include neonates with under-
lying genetic syndromes to determine if presence of a known
genetic disorder does, in fact, have predictive value for poor
post-operative oral feeding in this population.

Neonates and infants with CHD who require cardiopulmonary
bypass in the neonatal period are extremely complex. While pre-
dictors of poor post-operative oral feeding are likely multifactorial,
further rigorous investigation is needed to better understand this

phenomenon within this high-risk paediatric population. Based on
this scoping review, several recommendations for research are
identified. Future quantitative studies with large sample sizes of
neonates and infants inclusive of all CHD lesions requiring cardio-
pulmonary bypass are needed, as these are reflective of the true
population and therefore will improve the external validity of
the findings. Including neonates and infants with known genetic
syndromes and/or chromosomal abnormalities is crucial across
studies, as specific types of CHD can be associated with known,
suspected, or unknown genetic abnormalities.32,39 Therefore,
excluding neonates and infants with genetic syndromes removes
a subset of the population that may be clinically relevant.

Limitations of this scoping review should be acknowledged. The
language of the included references was limited to English due to
the language fluency of the research team. In addition, although the
search strategy was developed by a project team member with
expertise in library science, it is possible that potential studies
may have been missed for inclusion. Lastly, the framework of
Arksey and O’Malley used to guide this scoping review does not
include the determination of the quality of individual studies;
therefore, while some indications of quality (e.g., study design
and sample size) were highlighted, this synthesis does not provide
a comprehensive understanding of the quality of the included stud-
ies nor how quality may have influenced the results (i.e., significant
associations).13 Of note, an abbreviated electronic database search
for scoping reviews and systematic reviews on oral feeding out-
comes in similar neonatal surgical populations as a comparison
for this scoping review was conducted. However, the search yielded
no applicable reviews. Another potential limitation was the exclu-
sion of premature neonates from this scoping review given the
potential confounding factors known to be associated with poor
oral feeding outcomes related to prematurity. Future syntheses
should consider including this population with planned analysis
to evaluate differences in factors and outcomes between the prema-
ture and full-term infant populations. Lastly, the authors inten-
tionally allowed for a broad definition of oral feeding for this
review; however, the lack of a more specific and refined definition
may have contributed to the variability of the included studies.

Conclusion

It is widely established that poor oral feeding is a major, long-stand-
ing challenge for neonates and infants with CHD. Understanding

Table 2. Health-related outcomes

Variable Total number of studies
Number (%) of studies reporting statistically significant

association

Health-related outcomes

Length of hospital stay 10 9 (90%)

Length of ICU stay 4 3 (75%)

Discharge home with a gastrostomy tube 2 0 (0%)

Mortality 2 1 (50%)

Discharged prior to full oral feeding 1 0 (0%)

Day of life post-operative brain MRI 1 0 (0%)

Readmission to ICU 1 0 (0%)

High-frequency heart rate variability 1 0 (0%)

Parent/infant/dyadic subscale 1 0 (0%)
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what influences oral feeding is important to potentially reduce long-
term morbidities in a vulnerable population that is now surviving
into adulthood. The findings of this scoping review indicate that fac-
tors associated with oral feeding among neonates and infants with
CHD are being evaluated in the literature. Although the application
of Arksey and O’Malley’s (2005) framework does not incorporate a
formal assessment of the risk of bias or quality of the included stud-
ies, there is some indication that the studies may be sub-optimal in
their methodology for various reasons. In addition to the use of a
broad range of study designs, there is inconsistency in the variables
evaluated and results reflecting the association of these variables
with oral feeding across studies. This indicates the need for more
rigorous study designs that allow for larger sample sizes and more
consistent evaluation of the variables that have been understudied.
Despite this variation among studies, this scoping review has iden-
tified a sufficient number of studies evaluating similar variables that
warrant future conduct of a more focused systematic review. A sys-
tematic reviewwould formally appraise and synthesise available evi-
dence to determine if consistently evaluated variables can be
considered true factors influencing post-operative oral feeding
among neonates and infants with CHDwith an identification of cer-
tainty in the findings based on an evaluation of methodological rig-
our.38 Findings from such a review could assist in developing and
implementing interventions to address significant factors to pro-
mote improvement of short- and long-term neurodevelopmental
outcomes in neonates and infants with CHD.
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