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Abstract

Background: Premature infants who cannot achieve full oral feeds may need a gastrostomy tube (GT) to be discharged from the

neonatal intensive care unit (NICU). We previously developed a model to predict which infants born <30 weeks (w) gestational

age (GA) will require a GT before discharge. Here we report the detailed respiratory variable data to describe the general

respiratory course for infants in the NICU <30w GA at birth and the association between different levels of respiratory support

with postmenstrual age (PMA) at the time of first oral feeding attempt (PMAff), including later need for GT for discharge.

Methods: Retrospective chart review of 391 NICU admissions comprising test (2015-2016) and validation (2017-2018) cohorts.

Data, including respiratory support, were collected on 204 infants, 41 GT and 163 non-GT, in the test cohort, and 187 infants,

37 GT and 150 non-GT, in the validation cohort. Results: Respiratory data were significantly different between GT and non-GT

infants. Infants who required GT for discharge were on significantly higher respiratory support at 30 days of age, 32w PMA,

and 36w PMA. Respiratory parameters were highly correlated with PMAff. Conclusion: Respiratory status predicts PMAff,

which was the variable in our previously described model that was most predictive of failure to achieve full oral feeing. These

data provide a catalyst to develop strategies for improving oral feeding outcome for infants requiring prolonged respiratory

support in the NICU.
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Abstract:

Background : Premature infants who cannot achieve full oral feeds may need a gastrostomy tube (GT) to
be discharged from the neonatal intensive care unit (NICU). We previously developed a model to predict
which infants born <30 weeks (w) gestational age (GA) will require a GT before discharge. Here we report
the detailed respiratory variable data to describe the general respiratory course for infants in the NICU
<30w GA at birth and the association between different levels of respiratory support with postmenstrual
age (PMA) at the time of first oral feeding attempt (PMAff), including later need for GT for discharge.

Methods : Retrospective chart review of 391 NICU admissions comprising test (2015-2016) and validation
(2017-2018) cohorts. Data, including respiratory support, were collected on 204 infants, 41 GT and 163
non-GT, in the test cohort, and 187 infants, 37 GT and 150 non-GT, in the validation cohort.

Results : Respiratory data were significantly different between GT and non-GT infants. Infants who
required GT for discharge were on significantly higher respiratory support at 30 days of age, 32w PMA and
36w PMA. Respiratory parameters were highly correlated with PMAff.

Conclusion : Respiratory status predicts PMAff, which was the variable in our previously described model
that was most predictive of failure to achieve full oral feeing. These data provide a catalyst to develop
strategies for improving oral feeding outcome for infants requiring prolonged respiratory support in the
NICU.

Introduction:

Very preterm infants experience high rates of medical complications and frequently have prolonged hospi-
talizations associated with the inability to achieve full oral feedings, often necessitating a gastrotomy tube
(GT) or other form of feeding tube to be placed prior to discharge.1 It is the practice at our institution
to surgically place a GT for secure home feeding in infants unable to attain full oral feeds. To facilitate
earlier GT placement and expedite discharge home, we developed a model to identify infants at highest
risk for needing a GT. In the process of developing this predictive model, several respiratory variables were
identified as being associated with the inability to obtain full oral feeding prior to discharge. Despite many
respiratory variables collected in the original cohort, exposure to high frequency ventilation (HFV) was the
only respiratory variable that remained independently in the final predictive model. We aim to demonstrate
the respiratory course of infants born at <30w GA, and how these data are associated with the ability
to obtain full oral feeding. It has previously been suspected that positive pressure support in infants can
interfere with the development of the swallowing reflex needed to obtain full oral feeds.2,3 In addition, since
postmenstrual age (PMA) at the time of first oral feeding (PMAff) was the single most predictive factor in
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. attaining full oral feeding prior to NICU discharge, we wanted to test the hypothesis that respiratory status
predicts PMAff.

Methods:

The two-year test cohort consisted of 204 infants born < 30w GA admitted to the NICU at the Medical
University of South Carolina in 2015 and 2016. The cut-off of 30w GA was derived from earlier work that
eliminated infants who received a GT for non-prematurity-related reasons, such as congenital anomalies.4

Infants who died before discharge or who were admitted after 7 days of age were excluded. We collected
retrospective data including demographics, feeding, and other disease variables which are reported elsewhere.4

Respiratory data were collected at three time points in the original cohort: 30 days (d) of age, 32w PMA and
36w PMA. Variables included FiO2 and mode of respiratory support: none, low-flow nasal cannula (NC),
heated humidified high-flow NC (HFNC), continuous positive airway pressure (CPAP), nasal intermittent
positive pressure ventilation (NIPPV), conventional ventilation (CV) or high frequency jet or oscillatory
ventilation (HFV), used as a rescue measure. We also collected total ventilator days, total ventilator +
CPAP days, PMA at last ventilator day, PMA at last CPAP day, and PMAff. Some infants never had an
oral feeding attempt due to severity of illness or need for tracheostomy; for this data to contribute to the
model variable, these infants were arbitrarily assigned a PMAff of 52w, which was one week beyond the
highest PMAff found for all GT infants (51w).

The validation cohort consisted of 187 infants born <30w GA admitted to the NICU at the Medical University
of South Carolina from 2017-2018. We recorded the same demographic data for each cohort. In the original
cohort, respiratory mode at 32w PMA was the most predictive timepoint for respiratory parameters to
predict GT outcome, so respiratory variables were only recorded at 32w PMA in the validation cohort. Any
exposure to HFV was also again recorded. In the original model development, we did not look specifically
at bronchopulmonary dysplasia (BPD). BPD diagnoses were retroactively assigned to infants in the original
cohort using the Shennan et al definition of “oxygen use at 36 weeks PMA.”5 This data is not available in
the original model report.

These data were collected with approval of the MUSC Institutional Human Subjects Review Board. Normally
distributed continuous data are presented as mean ± standard deviation and P-value derived by t-test;
non-normally distributed continuous data are presented as median, interquartile range and compared with
Wilcoxon rank sum test; categorical data are presented as number (percent) and tested by chi-squared test.
A 2 (GT) by 3 (Fio2) repeated measures ANOVA was utilized to examine Fi02 rates by GT status over the
time periods of 30 days, 32 weeks, and 36 weeks. P-values of < 0.05 were considered significant. Pearson’s
coefficient was used to test for correlation between respiratory variables and PMAff. Univariate analyses
were performed using STATA (State College, TX) and SPSS version 25 (Armonk, NY: IBM Corp). Some
figures were created using SPSS version 25.

Results:

In the original cohort of 204 infants, 41 needed GT placement before discharge. In the validation cohort of
187 infants, 37 needed GT placement. Respiratory parameters were highly associated with need for GT at
discharge in the original test cohort (Table 1) and the validation cohort (Table 2).

We examined both a broader categorization of respiratory support defined as high support (CPAP, NIPPV,
CV, HFV) vs. low support (HFNC, LFNC, no support) (Figure 3), as well as the more detailed distribution of
respiratory mode (Figure 4). When examined in more detail, the difference in respiratory support in the two
groups (GT vs. non-GT) is quite striking. Infants who failed to achieve full oral feeding were on significantly
more respiratory support, as well as higher oxygen (Figure3), throughout the NICU course. Both FiO2 and
the level of respiratory support do improve over time regardless of GT outcome (Figure 1). Every variable
examining duration of continuous respiratory support, including total ventilator days, total ventilator +
CPAP days, PMA at last ventilator day, and PMA at last CPAP day (Figure 4), were significantly different
between the GT and non-GT infants.
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. We also looked specifically at need for HFV and GT status. At MUSC, HFV is used as a rescue mode after
failure to achieve adequate ventilation and/or oxygenation on conventional ventilator support; hence, infants
exposed to HFV at some point during their NICU course would have had significantly higher respiratory
support needs at that time. In both the original and validation cohorts, infants who later received a GT were
significantly more likely to have some exposure to HFV (P<0.0001).

Given the large differences between respiratory variables in GT and non-GT infants, we also examined the
association between respiratory support and PMAff (Figure 2). In the original test cohort for the predictive
model, infants who received a GT had their first oral feeding attempt at 40.3w PMA while the non-GT
infants’ PMAff on average was 33.6 weeks.6 All variables measuring duration of respiratory support were
also highly correlated with PMAff with r values of 0.642- 0.884 and with p values all < 0.001.

To further investigate an additional pulmonary complication seen in the NICU, we examined the incidence
of bronchopulmonary dysplasia (BPD) between GT and non-GT infants in the original test cohort (Table
1).

Discussion:

The respiratory course of premature infants in the NICU plays a significant role in determining oral feeding
success. Preterm infants <30w GA are at increased risk for pulmonary complications, especially BPD.7,8

BPD can lead to higher respiratory support requirements, delaying the initiation of oral feeding attempts.9

Gianni et al demonstrated that PMA at the time of achieving full oral feeding was significantly earlier as
gestational age or birth weight increased. BPD was significantly associated with an older PMA at full oral
feeding.8Our data supports this conclusion as well. We showed that BPD is associated with an older PMAff,
the most important variable in our original model describing risk for GT placement.4

Premature infants do not have mature suck-swallow-breathe coordination, limiting their ability to orally feed.
Preterm infants are prone to initiate swallowing at unsafe phases of the respiratory cycle, increasing the risk of
desaturation and aspiration.10The earliest successful synchronization of sucking, swallowing, respiration and
esophageal function has been reported to occur in premature infants sometime between 32-34w PMA.11 The
development of this coordination is further delayed in premature infants with BPD, who often require higher
levels of respiratory support for longer periods of time.12,13 Positive pressure support has been suspected to
inhibit closure of the larynx and interfere with the swallowing reflex.2,3 Infants on nasal CPAP have been
shown to have increased risk of aspiration during oral feeds, likely due to interfering signals from the positive
pressure.11

In our original model development, although every respiratory variable was associated with the GT/no GT
outcome in univariate analysis, only exposure to HFV remained in the final model.4 We suspected that
respiratory status is highly correlated to the most significant variable in the model, PMAff, and now provide
evidence supporting that hypothesis. However, this conclusion may be confounded because there is variability
amongst NICUs regarding when infants may or may not receive oral feeding attempts.14 For instance, our
NICU policy restricted oral feeding attempts to infants who were on nasal cannula flow < 0.5 LPM. This
fact provides an interesting area for further study. Additionally, this suggests we should be more thoughtful
about when we introduce or withhold oral feeding for infants requiring high respiratory support during their
NICU course. There are likely critical periods of neurodevelopment during which we need to engage neural
and muscular pathways for oral feeding; if this window of time is missed, it may become much more difficult
for later development of this skill.15

We noted a significant gender difference in infants requiring a GT (63% male) versus infants not requiring a
GT (45% male) in the original test cohort. This was significant in the test cohort on univariate analysis but
did not remain in the multivariate model. In the separate validation cohort, this was no longer significant
(57% vs. 49%). However, when the two cohorts are combined, the p value is again significant: 47/78 (60%)
males in the GT infants, vs. 148/313 (47%) in the non-GT cohort, P = 0.040 by chi-square. Two recent
studies reviewing GT trends by collecting retrospective data across multiple hospitals reported no gender
differences in infants who received GTs (n = 333 and 360). Studies have shown that males are more likely

4
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. to develop BPD and more likely to have more severe BPD and this may explain the sex difference in GT
outcome.16 Since this finding seems quite variable, it should be examined in larger data sets to assess its
reproducibility.

In conclusion, our data show how NICU respiratory course affects achieving full oral feeding. The documen-
tation of respiratory progression during the NICU course, showing improvement in the need for respiratory
support from day 30 of age to 32w PMA, and finally 36w PMA, may guide us in finding an opportunity
to allow more oral stimulation and feeding during this time. One example, currently being employed at UH
Rainbow Babies & Children’s Hospital for older NICU infants with BPD who are on HFNC, is decreasing
flow to 2 LPM just for the 20-30 minutes of an oral feeding, which has proven successful thus far (personal
communication, Dr. Monika Bhola). The unit policy is to allow oral feeding if an infant is on [?]2 LPM. We
are hoping to study this practice as part of a quality improvement project. Are the differences among NICU
practices something that can teach us best practice? Our data offers the impetus for those who are experts
in oral feeding to help us do better.
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