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Abstract

Obijectives: Describe the frequency that inadequate oral feeding (IOF) is the reason why
moderately preterm (MPT) infants remain hospitalized and its association with neonatal
morbidities.

Study Design: Prospective study using the NICHD Neonatal Research Network MPT Registry.
Multivariable logistic regression was used to describe associations between I0F and continued
hospitalization at 36 weeks postmenstrual age (PMA).

Result: 6017 MPT infants from 18 centers were included. 3376 (56%) remained hospitalized at
36 weeks PMA, of whom 1262 (37%) remained hospitalized due to IOF. IOF was associated with
RDS (OR 2.02, 1.66-2.46), PDA (OR 1.86, 1.37-2.52), sepsis (OR 2.36, 95% 1.48-3.78), NEC
(OR 16.14, 7.27-35.90), and BPD (OR 3.65, 2.56-5.21) compared to infants discharged and was
associated with medical NEC (OR 2.06, 1.19-3.56) and BPD (OR 0.46, 0.34-0.61) compared to
infants remaining hospitalized for an alternative reason.

Conclusion: IOF is the most common barrier to discharge in MPT infants, especially among
those with neonatal morbidities.
Table of Contents Summary:

Inadequate oral feedings is the primary reason moderately preterm infants are not ready for
discharge at 36 weeks, contributing to lengthy and costly hospitalizations.

Introduction

Hospitalized premature infants must meet certain physiologic milestones in order to be
discharged to home. These milestones relate to central nervous system maturation and
include temperature control, cessation of apnea and bradycardia, and the ability to orally
feed. Although there is variability in the times at which preterm infants achieve these
markers of maturity, the ability to orally feed is typically the last milestone reached(1),(2).
During the last weeks of hospitalization of preterm infants, the primary clinical aim is often
to develop oral feeding skills(3). Essential skills needed for successful oral feeding include
state regulation, motor organization, endurance, and coordination of a suck-swallow-breath
pattern, and are unlikely to exist prior to 32 weeks postmenstrual age (PMA)(4).
Additionally, intensive care therapeutic interventions such as endotracheal intubation,
suctioning, and orogastric or nasogastric tube feeding may have a negative impact on oral
sensory and oral-motor functioning of the infant(5, 6).

Risk factors that commonly delay discharge in very preterm infants are well described’. By
contrast, the moderately preterm infant population (MPT, 29 0/7 to 33 6/7 weeks gestational
age) is poorly studied despite accounting for five times as many NICU admissions as their
very preterm counterparts(7, 8). While at less risk for major neonatal morbidities, MPT
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infants may experience prolonged, costly hospitalizations due to acquired illnesses or a
delay in the acquisition of these essential milestones(9). The Moderate Preterm Registry of
the Neonatal Research Network (NRN) collected information on common neonatal
morbidities, feeding characteristics (including the dates for initiation of oral feeding and
attainment of full oral feeding), and discharge information. Delayed introduction of oral
feedings was identified as one of the leading reasons for a prolonged initial
hospitalization(9, 10). The Registry data provide an opportunity to further examine
associations between demographics, care practices, morbidities and center variations as they
relate to oral feeding difficulties, and discharge after 36 weeks PMA. We hypothesized that
A) morbidities associated with lower gestational age at birth, such as respiratory distress
syndrome, patent ductus arteriosus, and necrotizing enterocolitis, would be strongly
associated with delayed oral feeding as the primary cause of continued hospitalization after
36 weeks PMA, and B) that after adjustment for characteristics related to lower gestational
age at birth, delayed oral feedings as a cause of discharge after 36 weeks PMA would vary
among centers, and C) certain neonatal demographics, morbidities and complications will be
associated with IOF as reason for prolonged stay even after adjustment for center.

We used prospectively collected data from the NICHD NRN MPT Registry. The MPT
Registry included all live-born infants between 29 0/7 and 33 6/7 weeks gestational age
(GA) who were cared for at 18 NRN sites between January 7, 2012 and October 31, 2013.
Infants were excluded if they had complex congenital heart disease, gastrointestinal or upper
airway malforations, chromosomal anomalies, and/or syndromes. Infants with missing data
regarding 36 weeks PMA status were excluded from this analysis. All participating NRN
sites obtained Institutional Review Board approval for the study, with either written parental
consent or waiver of parental consent.

The status of each infant at 36 weeks PMA, including whether they were hospitalized or
discharged and the reason for continued hospitalization beyond 36 weeks PMA, was
documented. Reasons for continued hospitalization included a primary respiratory condition,
apnea and bradycardia, inadequate oral feedings, or “other.” Full oral feeding was defined as
a volume of 120 ml/kg/day. Data were collected on neonatal morbidities and therapies
including severe (grade 111 or 1V) intraventricular hemorrhage (IVH), presence of
periventricular leukomalacia (PVL), patent ductus arteriosus (PDA), early-onset and late-
onset culture-positive sepsis, medical and surgical necrotizing enterocolitis (NEC),
respiratory distress syndrome (RDS) defined by receipt of surfactant, and bronchopulmonary
dysplasia (BPD) defined as receiving supplemental oxygen at 36 weeks PMA. NEC was
defined using the modified Bell’s criteria of Stage I1A or above. Early sepsis was defined as
a positive blood culture at fewer than 72 hours of life. Late sepsis was defined as a positive
blood culture at greater than 72 hours of life treated with five or more days of antibiotics.
Additionally, data were collected regarding PMA at initiation of oral feeding and PMA at
attainment of full oral feeding volume of 120 ml/kg/d, exposure to breastmilk in the first 28
days of life, and the actual diet being fed at 36 weeks PMA.
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Descriptive statistics were used to compare demographic and morbidity characteristics
between infants who remained hospitalized exclusively for IOF at 36 weeks PMA versus
those discharged and those who remained hospitalized for other indications. Categorical
outcomes were compared using Chi-square and Fisher’s exact tests. Continuous outcomes
were compared using the nonparametric Wilcoxon/Kruskal Wallis test. Associations
between IOF and neonatal morbidities and feeding characteristics were assessed with
logistic regression after adjustment for center and these covariates: GA, small for gestational
age (SGA), male sex, race, Caesarean delivery, 5 minute Apgar score, antenatal steroid use,
and surfactant treatment. Adjusted odds ratios (OR) with 95% confidence intervals (CI) were
reported. We used SAS 9.4 software (Cary, NC) for the statistical analyses.

There were 7057 infants born between 01/07/2012 — 10/31/2013 with a gestational age of 29
to 33 weeks. Approximately 1040 were excluded due to having major syndromes or
anomalies, transferring to another hospital, dying, or having missing status information at 36
weeks. The study cohort after all exclusions had 6017 infants, of whom 3376 (56%)
remained hospitalized at 36 weeks PMA: 1262 (37%) due to IOF alone, 1066 (32%) due to
IOF as well as another reason, and 1048 (31%) were hospitalized for a reason that did not
include 10F. Infants who remained hospitalized due to IOF alone, when compared to those
discharged by 36 weeks PMA, weighed less at birth (p<0.001) and were more likely to be
SGA (p<0.001), male (P<0.001), and delivered by C-section (p<0.001) (Table 1). The
median gestational age at birth differed statistically but not clinically among groups (32
weeks). Postnatal age at discharge (days) did differ: infants discharged by 36 weeks PMA
had a median age of 20 days (IQR 15-29), while those who remained hospitalized for IOF
alone were 35 days (IQR 27-46) old at discharge (P<0.001).

Of the 2114 infants who remained hospitalized for a reason other than 10F, or IOF plus
another reason, 515 (15%) were due to apnea/bradycardia alone, 119 (4%) due to another
primary respiratory issue, 326 (10%) due to “other” reasons, and 1151 (33%) for more than
one reason. One-thousand sixty-six (93%) of these infants remaining hospitalized beyond 36
weeks PMA for more than one reason that included inadequate oral feeding. Infants who
remained hospitalized for an alternative reason had lower GA at birth (p=0.002) and
weighed less at birth (p=0.03) compared to those remaining hospitalized for IOF alone and
were older at both 36 weeks PMA (p<0.001) and at discharge (p=0.004).

The proportion of infants by center who remained hospitalized due to I0OF alone ranged
from 6% to 66%. After adjustment for covariates, there remained significant center variation
among the 18 centers included in the registry with regard to the proportion of infants who
remained hospitalized at 36 weeks PMA for IOF alone (Figure 1). Associations between
IOF and neonatal morbidities were assessed with logistic regression after adjustment for
center and the aforementioned covariates. In comparison to the infants who were discharged
by 36 weeks PMA, those who remained hospitalized for IOF alone were more likely to have
had RDS (OR 2.02, 1.66-2.46), a PDA treated medically (OR 1.86, 1.37-2.52) or surgically
(OR 2.69, 1.36-5.32), sepsis (OR 2.36, 1.48-3.78), NEC (OR 16.14, 7.27-35.90), and BPD
(OR 3.65, 2.56-5.21) (Table 2). When compared to infants who remained hospitalized for an
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alternative reason, those who remained hospitalized for IOF alone were more likely to have
had medical NEC (OR 2.06, 1.19-3.56) and were less likely to have BPD (OR 0.46, 0.34—
0.61).

Infants in the 1OF group were more likely to be exposed to parenteral nutrition (OR 1.88,
1.45-2.43) when compared to the discharged to home group. Additionally, infants who
remained hospitalized for IOF were more likely to be fed human milk in the first 28 days of
life (OR 1.30, 1.05-1.61) than their earlier discharged counterparts. Both the IOF and
alternative reason for hospitalization groups had similar human milk exposure and caloric
density of feeds at 36 weeks PMA with the exception that those in the IOF group were more
likely to have received human milk with fortifier (OR 1.28, 1.05-1.57). Both the alternative
reason for hospitalization and discharged groups started oral feeding sooner than the IOF
group: 33° and 33# weeks compared to 341 weeks (OR 0.11, 0.03-0.19 and OR 0.38, 0.31-
0.44) respectively. Feeding characteristics of the I0OF, alternative reason, and discharged
groups with adjustment for center effect and covariates are noted in Table 3.

There were significant differences between the IOF group and both the alternative reason
and discharged groups in terms of birth weight (p=0.03 and p<0.001 respectively) (Table 4).
Additionally, the IOF group weighed more at 36 weeks PMA than infants in the alternative
reason group (p=0.006), but there was no significant weight difference at discharge. Those
discharged prior to 36 weeks PMA weighed significantly less than the infants who remained
hospitalized for IOF alone (p<0.001).

Discussion

During the last weeks of hospitalization of preterm infants, the primary clinical aim is often
to develop oral feeding skills. Previous studies have found that feeding behaviors of
premature infants matured between 33 and 36 weeks PMA, with swallowing infrequently
interrupting respiration during feeding after 35 weeks PMA (4). Developmental delays in
oral feeding are common. Prolonged use of endotracheal tubes for respiratory support and
nasogastric or orogastric tubes for gavage feeding may cause sensory problems that affect
feeding development of the preterm infant (5, 11). As previously reported in this cohort,
inadequate oral feeding was the most common barrier to discharge in MPT infants(9). Our
study showed that these infants who remained hospitalized at 36 weeks PMA had more
morbidities related to prematurity than their discharged counterparts, with a higher
likelihood of medical and surgical NEC and lower likelihood of BPD in the IOF group as
compared to infants with other reasons for remaining hospitalized. A possible explanation
for these associated morbidities is that by having NEC, premature infants may have had
feeds withheld and missed the PMA critical window for acquiring oral feeding skills; or,
they may have just been “sicker” babies with more procedures and negative experiences
impacting their oral skills. Infants with BPD likely remained hospitalized for several reasons
beyond having oral feeding difficulties alone.

Little is known about how variation in management or discharge policies among
practitioners affects length of stay. A previous study found that inter-NICU variation in
recorded attainment of maturational milestones was the most significant influence on length
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of stay (1). The study suggests that the timing of apnea resolution could be influenced by
differences in monitoring methods between units. For example, longer use of pulse oximetry
was associated with later documentation of apnea resolution(1). Similarly, variation in
feeding practices may delay the recognition of mature feeding behavior. Unfortunately, we
did not have information about the feeding protocols used in each of the 18 centers included
in our study to speculate why there was such variation in the proportion of infants who
remained hospitalized for IOF at 36 weeks PMA. While feeding protocols are commonly
used in the NICU setting, there is no standard practice, and large variations in practice exist.
Our data showed a significant difference in the PMA of the first oral feed attempts, with the
IOF group introduced to oral feeding later than the infants in the alternative reason and
discharged groups. Additionally, those in the discharged group attained full oral feeding 13
days earlier than those in the IOF group.

A previous study found significant inter-unit variation in growth rates and feeding practices
in 450 infants born between 30 and 35 weeks gestation among 15 Massachusetts-based
neonatal intensive care units (12). Infants born before 33 weeks GA received oral feeds
sooner than those in our study at an average of 32.9 weeks PMA, and later initiation of oral
feedings was linked with prolonged gavage feeding. Unlike our study, however, this study
was limited to a homogenous group of healthy premature infants in an effort to minimize the
confounding effects of iliness. We included infants who developed in-hospital morbidities
related to their prematurity in an effort to elucidate why a MPT infant may remain
hospitalized at 36 weeks PMA when theoretically he/she could be physiologically ready to
be discharged. Infants with RDS, PDA, sepsis, NEC, and BPD were more likely to remain
hospitalized at 36 weeks PMA due to IOF after adjusted analyses when compared to infants
who were discharged to home by 36 weeks PMA. Furthermore, gastrointestinal-specific
morbidities such as medical and surgical NEC were associated with delays in oral feeding
when comparing the IOF group to infants who remained hospitalized for an alternative
reason.

Infants who remained hospitalized for IOF actually weighed more on average at 36 weeks
PMA than those hospitalized from an alternative reason despite feeding difficulties being the
primary reason for which they remained hospitalized. A previous study demonstrated
significant inter-NICU variation regarding the time to regain birthweight and net growth
velocity(12). The study notes that gavage feeding likely enhanced growth velocity by both
increasing energy intake and minimizing energy consumption, which could help explain
why the IOF group in our study had greater weight at 36 weeks PMA.

Prolonged hospitalization has been shown to correlate with poorer parent-infant
relationships, failure to thrive, child abuse, and abandonment (13). Additionally, parents
struggle to cope with feeding difficulties in preterm infants, with feeding issues being a
primary concern for families post-discharge(14, 15). A Cochrane review comparing early
discharge home with gavage feeds and health care support to later discharge home when full
oral feeds have been established concluded that there were insufficient numbers of quality
trials to make a practice recommendation (16). Several small studies suggest not only a
reduced length of stay in the intensive care unit, but also a reduction in infection and
improved breastfeeding in the infants sent home with nasogastric (NG) gavage feedings
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(17). Data from a single center demonstrated that home NG feedings as an option for infants
remaining in the NICU with ongoing oral feeding problems may lead to improved feeding
outcomes. The study included 9 preterm and 8 full-term infants enrolled in their medical
home program who were discharged home with supplemental NG feeds with the expectation
that they would be able to attain full oral feeds. Infants were followed closely in their NICU
follow-up clinic after discharge and no infants were re-hospitalized due to complications
such as tube dislodgement, oropharyngeal trauma, and aspiration event. NG feeds were used
on average for 8 weeks after discharge, and only 1 infant required a gastrostomy tube. This
suggests that home nasogastric supplemental tube feeding may be an option to reduce
hospital length of stay and decrease the need for surgical placement of a gastrostomy tube.

There are some limitations to our study. Very little data was collected with regards to
initiation of enteral feedings and feeding intolerance. The feeding protocols and detailed
explanatory data were not available, so we were unable to examine how and when providers
determined oral feeding readiness, recognized feeding cues and initiated oral feeds, and their
progression to full oral feeds. There was no data collected regarding infants who were both
breast and bottle feeding. Some units prioritize the establishment of breastfeeding prior to
introducing bottle feeding, which may reflect a delay in oral feeding. Many units have
feeding teams comprised of speech pathologists and/or occupational therapists; however,
information was not collected on whether such a team was used at each of the centers and
the level of involvement of feeding therapists in the decision-making of oral feeding
initiation and advancement. Furthermore, discharge criteria across centers was not
determined. Consequently, we were unable to decipher inter-unit variations that could
explain why one center had 6% of infants who remained hospitalized at 36 weeks PMA for
IOF and another had 66%. Similarly, decisions as to when to fortify feeds with additional
calories could not be extrapolated from the data available, although many intensive care
units have protocols that help guide such decision-making. Because of limited
anthropometric data collection, we could not assess growth velocity or other growth
parameters. There also was not any post-discharge feeding and growth data collected to
assess the ongoing success of the infant’s feeding. Lastly, our assessment of the relationship
between IOF and intracranial pathology was limited by the fact that cranial imaging was not
universally obtained in this population.

Despite these limitations, our study provides valuable information about a relatively
understudied population, their feeding competencies, and potential reasons for prolonged
hospitalization. We confirmed that IOF was the most common reason MPT infants remained
hospitalized at 36 weeks PMA. We also demonstrated that several morbidities of prematurity
are associated with inadequate oral feeding. The significant center difference observed
suggests that greater standardization may improve recognition of oral feeding readiness and
maturation. The data from this study may lead to the design of future prospective studies that
aim to reduce the length of stay of MPT infants who remain hospitalized for feeding
immaturity.
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Conclusion:

IOF is the most common barrier to discharge in MPT infants, and there is wide center
variation with regard to this discharge competency. Infants hospitalized at 36 weeks PMA
for IOF had more morbidities associated with prematurity than those discharged by 36
weeks PMA; however, those who remained hospitalized for IOF were separated from their
counterparts who remained hospitalized for another reason by only gastrointestinal
morbidities. Further studies are needed to determine therapies and modalities to overcome
feeding as a barrier to discharge in premature infants.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Comparison of Center Effect on IOF as a Reason for Hospitalization at 36 weeks PMA

The red line represents the reference center, which had the fewest patients hospitalized for
I0F at 36 weeks PMA
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