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Factors Associated with Delayed Transition to Oral Feeding in
Infants with Single Ventricle Physiology

Joshua D. Kurtz, MD, Shahryar M. Chowdhury, MD, MSCR, Francis K. Woodard, PNP, Jacob R. Strelow, MPH,

and Sinai C. Zyblewski, MD, MSCR

Objectives To describe the duration of time to achieve exclusive oral feeding in infants with single ventricle phys-
iology and to identify risk factors associated with prolonged gastrostomy tube dependence.
Study design Single center, retrospective study of infants with single ventricle physiology. The primary outcome
was duration of time required to achieve oral feeding. Transition periods were defined as exclusive oral feeding by
Glenn palliation (early), by 1 year of age (mid), or after 1 year of age (late).
Results Seventy-eight infants were analyzed; 46 (59%)were discharged to homewith a gastrostomy tube after the
initial hospitalization. Overall, 39 infants (50%) achieved early transition, 14 (18%)mid, and 18 (23%) late. The group
who achieved early transition had a higher percentage of preoperative oral feeding (P < .01), greater weight-for-age
z score at initial discharge (P = .03), shorter initial intensive care unit duration (P < .01), shorter initial hospital length
of stay (P < .01), and greater weight-for-age z score at Glenn admission (P = .02). No preoperative oral feeding
(OR = 0.12, P = .02) and greater number of cardiac medications at initial discharge (OR = 3.8, P = .03) were asso-
ciated with failure to achieve early transition. No preoperative oral feeding (OR = 0.09, P = .01) and longer initial
intensive care unit duration (OR = 1.1, P = .03) were associated with failure to achieve mid transition.
Conclusion Preoperative oral feeding may potentially be a modifiable factor to help improve early transition to
oral feeding. (J Pediatr 2019;211:134-8).
See editorial, p 7 and related
article, p 126
espite improved surgical and survival outcomes, infants with single ventricle physiology (SVP) remain at risk for sig-
Dnificant comorbidities including prolonged feeding tube dependence.1,2 Feeding tube dependence has been associated
with developmental delays, increased risk of interstage mortality, and longer hospitalization at the time of bidirectional

Glenn palliation.3-6 In an analysis of the National Pediatric Cardiology Quality Improvement Collaborative registry, Cross et al
identified feeding route as the most potentially modifiable risk factor for interstage mortality.4 Tube feeding in medically fragile
children and feeding concerns in the interstage period are significant causes of anxiety among caregivers.7 Despite the preva-
lence of prolonged feeding tube dependence amongst infants with SVP, there is a paucity of data describing the duration of
feeding tube dependence and the risk factors for delayed transition to oral feeding.
GT Gastrostomy tube

ICU Intensive care unit

SVP Single ventricle physiology
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Methods
This was a retrospective, single center, chart review study. The Institutional Review Board at the Medical University of South
Carolina approved the project. The study cohort included all infants with SVP who underwent staged surgical palliation and
survived to hospital discharge between January 1, 2012 and March 30, 2017. Infants were excluded if they did not require sur-
gery in the neonatal period and underwent the Glenn shunt as their first surgery. The primary outcome of this study was the
duration of time required to achieve exclusive oral feeding. Feeding transition periods were defined as exclusive oral feeding by
bidirectional Glenn palliation (early), by 1 year of age (mid), or after 1 year of age (late). Data were collected from the electronic
From the Department of Pediatrics, Division of Pediatric
Cardiology, Medical University of South Carolina
medical record and included birth, initial hospitalization, interstage period,
Glenn hospitalization, and post-Glenn data.

As part of standard institutional practice, all infants who underwent aortic arch
reconstruction or had a hoarse cry after extubation had vocal cord evaluation
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Table I. Study cohort and initial hospitalization
characteristics

Sex
Male 46 (59)
Female 32 (41)

Gestational age at birth (wk) 38.2 � 1.7
Birth weight (kg) 3.1 � 0.6
Chromosomal abnormality

Yes 10 (13)
No 65 (83)
Unknown 3 (4)

Extracardiac anomalies
Yes 12 (15)
No 66 (85)

Ventricular morphology
Left 28 (36)
Right 47 (60)
Indeterminate/mixed 3 (4)

Peak preoperative lactate (mmol/L) 3.8 � 3.7
Cardiopulmonary bypass time (min) 114.7 � 107.3
Aortic cross clamp time (min) 26.9 � 32.7
Days on ventilator (d) 13.9 � 14.2
ECMO

Yes 5 (6)
No 73 (94)

Neurologic injury
Yes 14 (18)
No 64 (82)

Vocal cord paralysis
Yes 6 (8)
No 72 (92)

Aspiration on swallow study
Yes 28 (36)
No 50 (64)

GT placement
Yes 46 (59)
No 32 (41)

Preoperative oral feeding
Yes 36 (46)
No 42 (54)

Preoperative enteral feeding (oral or tube)
Yes 52 (67)
No 26 (33)

Prolonged enteral sedation taper
Yes 43 (55)
No 35 (45)

Number of GI medications at initial discharge 1.5 (0-3)
Number of cardiac medications at initial discharge 2.0 (0-4)
Weight-for-age z score at initial discharge �1.7 � 1.1
Length of initial hospitalization (d) 54.1 � 29.9
Initial surgery
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with direct laryngoscopy prior to hospital discharge. All in-
fants who underwent aortic arch reconstruction or demon-
strated impaired swallowing function by bedside evaluation
underwent formal swallowing assessment with a speech ther-
apist and modified barium swallow study prior to hospital
discharge. Infants who were unable to achieve goal caloric re-
quirements by oral feeding underwent laparoscopic gastro-
stomy tube (GT) placement prior to hospital discharge.
Inpatient nutrition and feeding management were discussed
on a daily basis with the cardiac dietitian as part of multidis-
ciplinary rounds. Standardized perioperative feeding prac-
tices, including preoperative management, were adopted in
2013 and mirrored the algorithms published by the National
Pediatric Cardiology Quality Improvement Collaborative.8

As part of standard clinical care, infants with SVPwere closely
followed in an interstage monitoring program until the bidi-
rectional Glenn and then subsequently in theMedical Univer-
sity of South Carolina cardiac neurodevelopmental clinic.
Nutrition and feeding during the interstage period were
managed by the same multidisciplinary team throughout
the duration of the study period.

Neurologic injury was defined as documented clinical sei-
zures, abnormal electroencephalography, or abnormality on
brain magnetic resonance imaging or computed tomogra-
phy. As part of standard institutional cardiac intensive care
unit (ICU) practice, infants who required a continuous
opiate and/or benzodiazepine infusion for longer than
7 days were transitioned to an enteral methadone and/or lor-
azepam taper. Prolonged enteral sedation was defined as a
methadone and/or lorazepam taper that exceeded 7 days in
duration.

Continuous variables were described using mean and SD
or median with IQR. Differences between group were as-
sessed using ANOVA with Bonferroni post-hoc analysis. Cat-
egorical variables were described using frequency and
percentages. Between group analyses were performed with
the Fisher exact test. Stepwise multinomial logistic regression
was used to identify independent risk factors for delayed
transition to oral feeding. Statistical analyses were performed
with IBM SPSS (Armonk, New York).
Norwood 29 (37)
Hybrid 15 (19)
Systemic to pulmonary shunt 26 (33)
Pulmonary artery band 8 (10)

ECMO, extracorporeal membrane oxygenation; GI, gastrointestinal.
Categorical variables are listed n (%), continuous are mean � SD or median (IQR).
Results

Seventy-eight infants were included in the analysis. The study
cohort’s clinical characteristics and initial hospitalization are
described in Table I. All infants who were unable to achieve
goal caloric requirements by oral feeding during their initial
hospitalization underwent laparoscopic GT placement prior
to hospital discharge, and no infants were discharged to
home with a naso- or orogastric tube. Thirty-nine infants
(50%) achieved transition to exclusive oral feeding by
Glenn palliation (early) and within this group, 32 (41%)
infants were exclusively orally fed by initial hospitalization
discharge and never required GT. Fourteen infants (18%)
achieved transition to exclusive oral feeding by 1 year of
age (mid), and 18 infants (23%) achieved transition to
exclusive oral feeding after 1 year of age (late) (Figure).
Seven infants (9%) died prior to transitioning to exclusive
oral feeding. Of those 7 deaths, 6 infants died during the
interstage period, the time between their initial hospital
discharge and Glenn admission.
Comparison of early, mid, and late feeding transition

groups are presented in Table II. Compared with the mid
transition group, infants who had early transition to
exclusive oral feeding had a higher percentage of
preoperative oral feeding (69% vs 21%, P < .01), fewer
135



Figure. Transition groups.
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cardiac medications at initial discharge (2.0 � 0.7 vs
2.7 � 0.9, P < .01), shorter length of initial hospitalization
(36.9 � 13.7 vs 67.3 � 39.7, P < .01), higher O2 saturations
at initial discharge (87.0 � 3.5 vs 83.5 � 4.6, P = .03), and
higher weight-for-age z score at Glenn admission
(�1.0 � 0.9 vs �2.0 � 1.1, P = .02). Compared with the
late transition group, infants who had early transition to
Table II. Comparison of feeding transition groups

Variable

Preoperative oral feeding
Preoperative enteral feeding
Weight-for-age z score at initial discharge
Number of intubations during initial hospitalization
Days of intubation during initial hospitalization (d)
Vocal cord paralysis
Prolonged enteral sedation taper
NEC during initial hospitalization
Number of cardiac meds at initial discharge
Number of GI meds at initial discharge
Initial ICU duration (d)
Length of initial hospitalization (d)
O2 saturation at initial discharge (%)
Received speech, occupational, and/or physical therapies after initial hospitalizationz

Weight-for-age z score at Glenn admission
AV valve regurgitation at Glenn dischargez

Mild
Moderate
Severe

Received speech, occupational, and/or physical therapies after Glennz

Presence of extracardiac anomalies

AV, atrioventricular valve; NEC, necrotizing enterocolitis.
Categorical variables are listed n (%), continuous are mean � SD or median (IQR).
*P < .05 between early and mid-groups.
†P < .05 between early and late groups.
zMissing data in some subjects.
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exclusive oral feeding had a higher percentage of
preoperative oral feeding (69% vs 11%, P < .01), higher
weight-for-age z-score at initial discharge (�1.3 � 1.0 vs
�2.1 � 1.2, P = .03), fewer intubation days during initial
hospitalization (9.2 � 10.8 vs 23.7 � 19.7, P < .01), fewer
cardiac medications at initial discharge (2.0 � 0.7 vs
2.7 � 0.8, P < .01), shorter initial ICU duration
(22.9 � 11.7 vs 54.4 � 31.7, P < .01), and shorter length of
initial hospitalization (36.9 � 13.7 vs 75.3 � 30.2, P < .01).
Multivariable logistic regression demonstrated that no

preoperative oral feeding (OR 0.12, 95% CI 0.02-0.75,
P = .02) and greater number of cardiac medications at initial
discharge (OR 3.82, 95% CI 1.16-12.54, P = .03) were inde-
pendently associated with an inability to achieve exclusive
oral feeding by Glenn palliation. No preoperative oral feeding
(OR 0.09, 95% CI 0.01-0.59, P = .01) and longer initial ICU
duration (OR 1.05, 95%CI: 1.01-1.10, P = .03) were indepen-
dently associated with an inability to achieve exclusive oral
feeding by 1 year of age.

Discussion

Preoperative oral feedingmay be a potentially modifiable fac-
tor to improve feeding dysfunction amongst infants with sin-
gle ventricle heart disease. In this study cohort, preoperative
oral feeding, even if just trophic volumes, was associated with
an earlier transition to oral feeding. This finding suggests that
early preoperative oral feeding prior to surgery may have pro-
tective benefits against postoperative oral feeding dysfunc-
tion. Feeding protocols in cardiac ICUs have shown
benefits in identifying candidates for early feeding and safely
advancing feeds to maximize both nutrition and oral motor
Early Mid Late P value

27 (69) 3 (21) 2 (11) <.01*,†

28 (76) 6 (43) 10 (56) .07
�1.32 � 0.97 �1.94 � 1.12 �2.06 � 1.16 .03†

1 (1-2) 1 (1-2) 1 (1-2) .33
9.2 � 10.8 13.8 � 11.6 23.7 � 19.7 <.01†

1 (3) 1 (7) 3 (17) .1
15 (39) 11 (79) 12 (67) .02
2 (5) 3 (21) 4 (22) .08
2 (2-2) 2 (2-4) 3 (2-3) <.01*,†

1 (0-2) 2 (0-2.25) 2 (1-3) .12
22.9 � 11.7 38.3 � 30.8 54.4 � 31.7 <.01†

36.9 � 13.7 67.3 � 39.7 75.3 � 30.2 <.01*,†

87.0 � 3.5 83.5 � 4.6 87.1 � 5.5 .03*
22 (60) 10 (71) 14 (78) .36

�1.00 � 0.90 �1.98 � 1.06 �1.72 � 1.61 .02*
.02

18 (55) 7 (54) 3 (23)
14 (42) 3 (23) 10 (77)
1 (3) 3 (23) 0 (0%)
15 (47) 9 (69) 11 (85) .06
4 (10) 1 (7) 6 (33) .07
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coordination.8-10 Studies in the neonatal ICUs have shown
that there is a sensitive period when infants are ready for spe-
cific developmental activities such as feeding to occur. If
feeding does not occur during these “critical periods,” infants
may develop oral aversion and refuse later oral feeding at-
tempts.11 Implementing a comprehensive oral feeding pro-
gram can encourage earlier transition to full oral feeds in
neonates.11,12 This concept may be translatable to the cardiac
infant population including neonates with SVP.

Fetal environment, brain development, and maturation
play a significant role in early ability to feed, and these factors
may be pathologically altered in fetuses with single ventricle
heart disease.13 There is evidence that fetuses with cyanotic
congenital heart disease have a decline in global brain growth
and cerebral anaerobic metabolism compared with normal
fetuses.13,14 Specifically, fetuses with hypoplastic left heart
syndrome have been shown to have a progressive decline in
volumes of gray and white matter compared with healthy
controls.13 Decreases in subcortical gray matter were associ-
ated with lower neonatal neurobehavioral assessment
scores.15 Postnatal brain magnetic resonance imaging of in-
fants with critical congenital heart disease has demonstrated
findings of periventricular leukomalacia similar to those of
premature neonates.14,16 Although not directly measured in
these studies, neurophysiologic changes of periventricular
leukomalacia have been associated with feeding diffi-
culties.11,13,15,16 Future studies examining the relationships
of fetal brain development, an infant’s ability to feed by
mouth, and the effects of a comprehensive early oral feeding
therapy program are warranted in the single ventricle popu-
lation.

Although the results of this study support preoperative
enteral feeding, safety concerns and practice variation pose
barriers to the use of enteral nutrition in actual clinical prac-
tice. The concern for mesenteric ischemia because of poor
cardiac output, diastolic steal, and excessive pulmonary
blood flow increase the risk for necrotizing enterocolitis.17-
20 In addition, clinicians may be uncomfortable with enteral
feeding concomitantly with vasoactive medications and pros-
taglandins.20 However, despite the safety concerns, several
recent single and multi-institutional studies have demon-
strated that preoperative enteral feeding is not associated
with an increased risk of necrotizing enterocolitis in
neonates with significant cardiac disease.9,17-19 With appro-
priate monitoring and clinical judgment, it seems reasonable
to consider preoperative enteral feeding, at least trophic vol-
umes, in the hemodynamically stable infant.

No preoperative oral feeding, greater number of cardiac
medications at initial discharge, and longer initial ICU dura-
tion were associated with delayed transition to oral feeding in
this study cohort. Secondary analysis of the Pediatric Heart
Network’s Single Ventricle Reconstruction Trial also demon-
strated similar findings with significant associations between
tube feeding dependence, longer ICU course, and greater
number of cardiac medications at hospital discharge. Howev-
er, that study did not examine if these factors predicted later
transition to oral feeding.21 Infants who required longer ICU
Factors Associated with Delayed Transition to Oral Feeding in Inf
courses and more cardiac medications at hospital discharge
may have worse overall illness including congestive heart fail-
ure and compromised ventricular function, contributing to
an inability to transition to oral feeding at an earlier age.
An inability to transition to oral feeding may represent
increased severity of illness and can be used to risk stratify in-
fants.5,21

The morbidities of feeding tube dependence during in-
fancy have profound lifelong consequences in the single
ventricle population, manifesting as continued feeding
dysfunction and parental stress through the childhood years.6

Hill et al found that patients with SVP who required supple-
mental feeding had significantly more resistance to oral
feeding and parental stress around feeding compared with
other children referred to feeding clinic for noncardiac rea-
sons, such as cerebral palsy or extreme prematurity.6 The sig-
nificant impact of feeding dysfunction on a family’s overall
quality of life highlights the importance of identifying modi-
fiable factors to improve transitions to oral feeding.
There were limitations to this study. The retrospective na-

ture of the study restricts the ability to predict if intervening
on these variables would lead to earlier oral feeding. We did
not take into account whether or not an infant was small for
gestational age. We did not include the mortality risk of sup-
plemental tube feeding in our analysis. The Single Ventricle
Reconstruction trial found that failure to feed orally prior
to Norwood hospital discharge conferred an increased risk
for mortality.21,22 This study studied risk factors for delayed
transition to oral feeding, but was not designed to determine
adverse outcomes for those who were unable to transition to
oral feeding. Lastly, clinical feeding practices changed during
the study time period, specifically attitudes toward preoper-
ative oral feeding. It is possible that the feeding protocol im-
plemented in more recent years had an impact on the
cohort’s ability to transition to oral feeding.
With the increasing utilization of standardized feeding

protocols in cardiac ICUs, future studies are required to
determine if protocol adherence improves transition to oral
feeding. Further investigation of the role of fetal brain devel-
opment and early comprehensive oral feeding therapy pro-
grams are also warranted. n
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