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OBJECTIVE: To estimate the association of transpyloric feeding (TPF) with the composite outcome of tracheostomy or death for
patients with severe bronchopulmonary dysplasia (sBPD).
STUDY DESIGN: Retrospective multi-center cohort study of preterm infants <32 weeks with sBPD receiving enteral feedings. We
compared infants who received TPF at 36, 44, or 50 weeks post-menstrual age to those who did not receive TPF at any of those
timepoints. Odds ratios were adjusted for gestational age, small for gestational age, male sex, and invasive ventilation and FiO2 at
36 weeks.
RESULTS: Among 1039 patients, 129 (12%) received TPF. TPF was associated with an increased odds of tracheostomy or death (aOR
3.5, 95% CI 2.0–6.1) and prolonged length of stay or death (aOR 3.1, 95% CI 1.9–5.2).
CONCLUSIONS: Use of TPF in sBPD after 36 weeks was infrequent and associated with worse in-hospital outcomes, even after
adjusting for respiratory severity at 36 weeks.
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INTRODUCTION
Bronchopulmonary dysplasia (BPD) affects 10,000 preterm infants
annually in the United States, and is the most common
complication of preterm birth [1]. Despite improving outcomes
of survival in preterm infants, incidence of BPD has not improved
over time [2]. Most research in BPD focuses on its pathophysiology
and strategies to prevent BPD [3, 4]. There is less evidence, and
widely variable practices in the management of established BPD,
in particular, severe BPD (sBPD), which is generally defined by the
need for positive pressure respiratory support at 36 weeks post-
menstrual age [5–7]. In particular, there is a lack of clear evidence
to guide the nutritional management of these infants, though it is
known that growth in infants with sBPD correlates with in-hospital
outcomes including survival without tracheostomy [8–11].
One strategy employed in these infants is to administer feeds

transpylorically, directly into the small intestine [12–15]. This is
based on evidence that microaspiration of gastric contents might
contribute to ongoing lung injury in infants with sBPD [16, 17].
Transpyloric feeds (TPF) are employed as a lung protective
strategy in other critically ill children [18, 19]. However, the
efficacy of TPF in sBPD is unclear, with one meta-analysis
suggesting no benefit [12, 13]. In fact, at least one recent study
suggested that some infants might experience an increase in
hypoxemic events when receiving TPF compared to gastric feeds
[20]. This suggests that TPF may, in fact, result in harm to certain
infants with established sBPD. Consequently, it remains unclear if
use of TPF to decrease microaspiration into the lungs from

gastroesophageal reflux may lessen pulmonary inflammation and
improve disease outcomes over time. Additionally, the safety and
effect of TPF on growth is unclear [21].
This study aims to leverage a national registry of infants with

sBPD from the BPD Collaborative to examine if survival without
tracheostomy is associated with the use of TPF in established sBPD
compared to those who receive exclusively gastric feeds at 36, 44,
and 50 weeks post-menstrual age. In addition, we evaluated
secondary outcomes of prolonged length of stay or death,
gastrostomy placement, and late weight and linear growth
velocities. We hypothesized that sBPD infants who received TPF
would have no difference in rate of survival without tracheostomy
compared to infants who received exclusively gastric feeds.

SUBJECTS AND METHODS
Data source
We selected study participants enrolled in the BPD Collaborative Registry.
The BPD Collaborative is a consortium of interdisciplinary BPD programs
with expertise in caring for sBPD that aims to promote research to improve
the care of this population [5, 22]. The BPD Collaborative Registry includes
patients with BPD cared for at member institutions after 36 weeks PMA
during their initial NICU hospitalization. The registry includes demographic
data, discharge data, and interim clinical data at three key timepoints:
36 weeks PMA, 44 weeks PMA, and 50 weeks PMA. This includes
information about the subjects’ ventilatory support and nutrition at the
three key timepoints. In this study, we queried the registry for patients with
sBPD born between January 1, 2015 and September 20, 2022. At the time
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of the analysis, twelve BPD Collaborative Centers had contributed data
meeting study inclusion criteria: Children’s Hospital of Philadelphia, Boston
Children’s Hospital, Nationwide Children’s Hospital, Children’s Mercy
Hospital, Joe DiMaggio Children’s Hospital, Vanderbilt University Medical
Center, University of Massachusetts Memorial Medical Center, Women and
Infants Hospital of Rhode Island, Arkansas Children’s Hospital, Children’s
Hospital of Los Angeles, Phoenix Children’s Hospital, and University of
Michigan C.S. Mott Children’s Hospital. Each contributing hospital obtained
institutional review board approval to participate in the BPD Collaborative
Registry. Informed consent was obtained at sites where the local review
board determined doing so was necessary.

Study population
This retrospective cohort study was performed in accordance with STROBE
reporting guidelines [23]. The registry includes subjects admitted to BPD
centers born <32 weeks gestation who develop sBPD, as defined by the
2001 National Institutes of Health Consensus criteria (premature infants
requiring invasive mechanical ventilation, non-invasive positive airway
pressure, or nasal cannula with effective FiO2 0.30 at 36 weeks PMA), and
do not have a significant congenital or genetic abnormality contributing to
their lung disease [24]. All registry subjects who were admitted at one or
more of the key timepoints (36, 44, and 50 weeks PMA) were included.
Subjects were excluded who were not on enteral feeds at any of the key
timepoints (i.e. NPO at 36 weeks, 44 weeks, and 50 weeks), had no
information on enteral feeding route at the key timepoints, or did not have
outcome data recorded.

Definition of exposure variable
The exposure variable of TPF was defined in the registry as receiving
jejunal feeding at one or more of the three key timepoints assessed –
36 weeks, 44 weeks, or 50 weeks PMA. Non-exposed subjects were those
who received gastric or oral feeding at all of the key timepoints. Data from
timepoints that occurred after the primary study outcome (tracheostomy
and/or death) were excluded.

Study outcomes
The primary outcome of our study was the composite outcome of death
or tracheostomy, which has been reported in other studies examining
outcomes in more severe forms of BPD [25–28]. A tracheostomy is meant
to represent an outcome related to the severity of an infant’s lung
disease rather than an adverse outcome in itself [29, 30]. As death and
tracheostomy can be competing in-hospital adverse outcomes, a
composite outcome of death or tracheostomy was used. The following
secondary outcomes were examined in statistical analyses: the
composite outcome of death or prolonged length of stay (defined as
PMA at discharge ≥75th percentile for the cohort, 56.4 weeks), death
alone, tracheostomy among survivors, gastrostomy or jejunostomy in
survivors, and weight velocity from 36 weeks PMA until discharge.
Weight velocity was calculated in g/kg/d using an exponential model
[31].

Covariates
We identified covariates to be included in the regression models a priori
known to be associated with disease severity in established BPD, which
could therefore be associated with both the exposure (jejunal feeding) and
outcome. [7, 32, 33]. These a priori covariates included: gestational age in
weeks, small for gestational age (SGA) status (defined as <10th percentile
for weigh at birth), and sex. In addition, we included invasive mechanical
ventilation (type 2 severe BPD) and FiO2 at 36 weeks PMA as covariates to
adjust for baseline severity of lung disease when sBPD is diagnosed. Each
covariate had complete data for all participants and was included in final
multivariate regression models.

Statistical analysis
Descriptive statistics for the cohort are presented as median with
interquartile range (IQR) for continuous data and number (n) with
percentage (%) for categorical data. Univariable analyses between the
primary and secondary outcomes and exposure to TPF are tested using the
chi-square test. Logistic regression models were fit to the composite
outcome of death or tracheostomy to determine the adjusted association
with TPF. Logistic regression models were also constructed for the
outcomes of prolonged length of stay or death, and death alone. Linear

models were constructed for the outcome of weight velocity after
36 weeks.
Sub-group analyses with similar outcomes and models were conducted

using exposure to TPF at 36 weeks, 44 weeks, and 50 weeks PMA
individually, to test for different effects of TPF at each of the key timepoints
in the registry. Additionally, a sensitivity analysis was performed restricting
the population to invasively ventilated infants at 36 weeks PMA.
R Version 4.1.1 (R Foundation for Statistical Computing, Vienna, Austria)

was used for statistical analysis. All P-values are two-sided with a
significance threshold of <0.05.

RESULTS
Of 1254 eligible patients enrolled in the BPD Collaborative registry
for the study period, 1039 were included in the final cohort (Fig. 1).
These represented patients across twelve centers. Among the
1039 included patients, 129 (12%) were exposed to TPF at one or
more of the three key timepoints; 59/931 (6%) at 36 weeks PMA,
74/588 (13%) at 44 weeks PMA, and 45/337 (13%) at 50 weeks
PMA. They were compared to the 910 (88%) who were not
receiving TPF at any of the key timepoints after 36 weeks. TPF use
and outcomes varied by center (Supplemental Fig. 1).
The demographics and clinical characteristics of the cohort,

stratified by exposure to TPF, are shown in Table 1. Subjects
exposed to TPF were born to mothers who were older, more likely
to have mothers of Black race, had lower birthweight, and were
more likely to be SGA.
Infants exposed to TPF at any of the key timepoints were

more likely to be invasively ventilated, require higher ventilator
pressures at each of the key timepoints, and require higher FiO2

at 36 and 44 weeks PMA, than those who did not receive TPF at
any key timepoint (Table 2). Total fluids (ml/kg/day) were lower
only at 50 weeks PMA in the TPF exposed group, and weight
was lower at 36 and 44 weeks PMA in the TPF exposed group.
Infants receiving TPF at any point were less likely to be
receiving any oral feeds at 36, 44, and 50 weeks PMA, and were
less likely to be receiving oral feeds at discharge (19% vs 69%,
p < 0.001).
Weight velocity from 36 weeks PMA to discharge was not

different between groups (9.2 g/kg/day in TPF exposed infants,
9.6 g/kg/d in non-exposed infants, p= 0.7 by t-test). Infants who
received TPF at any point were more likely to receive acid
blockade (36% vs 19%, p < 0.001), including histamine-2
blockers or proton pump inhibitors. Only three infants in each
group received prokinetic agents. Thirty-one infants (24%) in
the TPF group underwent Nissen fundoplication, while only 15
infants (1.6%) in the no-TPF group underwent the procedure
(p < 0.001).
Among surviving subjects with discharge feeding route data,

only 3 of 100 (3%) who received TPF at any point of the study
remained on TPF at hospital discharge. Among infants receiving
TPF at 36 or 44 weeks’ PMA, many were not maintained on TPF at
later key timepoints (see Supplemental Table 1).
In unadjusted analyses, the primary outcome of tracheostomy

or death occurred in 49 (42%) of patients exposed to TPF versus
111 (12%) of patients not-exposed to TPF (p < 0.001, Fig. 2).
Prolonged length of stay or death occurred in 65 (56%) of patients
exposed to TPF versus 183 (21%) of patients not-exposed to TPF
(p < 0.001). Death alone occurred in 11 (9.5%) and 31 (3.5%) of
exposed and non-exposed patients, respectively (p= 0.006).
Among survivors, 38 (36%) of TPF exposed infants and 80 (9.3%)
of non-exposed infants required tracheostomy, and 87 (75%) of
TPF exposed infants and 296 (33%) of non-exposed infants
required gastrostomy or jejunostomy (both p < 0.001).
In adjusted analyses (Fig. 3), controlling for GA, SGA, male sex,

FiO2 at 36 weeks, and invasive ventilation at 36 weeks PMA, TPF
was associated with an increased adjusted odds of tracheostomy
or death (aOR 3.5, 95% CI 2.0–6.1, p < 0.001). TPF was also
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associated with an increased odds of prolonged length of stay
(discharge PMA > 56.4 weeks) or death (aOR 3.1, 95% CI 1.9–5.2,
p < 0.001) and placement of tracheostomy (aOR 4.0, 95% CI
2.2–7.3, p < 0.001) and gastrostomy or jejunostomy (aOR 4.9,
95% CI 2.6–8.6, p < 0.001) among survivors, but was not
associated with an increased odds of death alone (aOR 1.5,
95% CI 0.5–3.5).
Subanalyses were conducted using the exposure variable of TPF

at 36, 44, and 50 weeks PMA individually in order to determine if

there were different effects of TPF at different ages (Supplemen-
tary Fig. 2). TPF exposure at 44 weeks and 50 weeks PMA was
associated with tracheostomy and/or death, and exposure at
36 weeks PMA nearly reached significance for this association as
well. In addition, a sensitivity analysis restricted to infants who
were invasively ventilated at 36 weeks PMA (n= 256) yielded
similar results; the aOR for tracheostomy or death with TPF was
slightly lower but still significant (aOR 2.5, 95% CI 1.2–5.4)
(Supplementary Fig. 3).

Table 1. Baseline demographics by group.

No transpyloric feeds (n= 910) Transpyloric feeds (n= 129) p

Mat age (yr) (median [IQR]) 29.00 (24, 33) 31 (27, 35) <0.001

Maternal Race - Black 253 (33) 47 (55) <0.001

Maternal Chorioamnionitis (%) 131 (15) 25 (23) 0.05

Any Prenatal Steroids (%) 775 (87) 113 (93) 0.08

Completed Prenatal Steroids (%) 569 (76) 85 (81) 0.27

Female (%) 372 (41) 55 (43) 0.75

BW (g) (median [IQR]) 755 (600, 954) 661 (540, 856) <0.001

GA (wk) (median [IQR]) 26 (24, 27) 25 (24, 27) 0.55

SGA (%) 181 (20) 43 (34) 0.001

Surfactant in DR (%) 399 (45) 50 (40) 0.42

Any Surfactant (%) 418 (82) 66 (82) 1.0

P-values calculated by chi-squared test or Wilcoxon-ranked sum test.
BW birthweight, GA gestational age, SGA small for gestational age, DR delivery room, IQR interquartile range.

Total subjects
included
n = 1039

Never receive TPF
n = 910

TPF at any keypoint
n = 129

Infants in the registry
<32 weeks GA with

severe BPD
n = 1254

Excluded
Discharge outcomes unavailable n = 139
Not on enteral feeds n = 25
No feeding route data n = 24
No data prior to primary outcome n = 27

At 36 weeks = 59
At 44 weeks = 74
At 50 weeks = 45

Fig. 1 Study flow diagram. BPD bronchopulmonary dysplasia. Severe BPD defined by 2001 National Institutes of Health Consensus criteria,
defined as requiring invasive mechanical ventilation, non-invasive positive airway pressure, or nasal cannula with effective FiO2 0.30 at
36 weeks PMA.
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DISCUSSION
In this study, we show that among infants being treated for
sBPD after 36 weeks PMA at BPD collaborative centers, use of
TPF at 36, 44, or 50 weeks PMA was associated with worse in-
hospital outcomes, including higher rates of tracheostomy or
death as well as prolonged length of stay or death and
tracheostomy and gastrostomy or jejunostomy among survivors.
This remained true after controlling for respiratory illness
severity at 36 weeks PMA (use of invasive ventilation and FiO2

at 36 weeks). The association we observed between TPF and
adverse in-hospital outcomes raises uncertainty regarding the
purported benefits of routine TPF use in infants with
established sBPD.

This is the first study, to our knowledge, to estimate the
association of TPF and in-hospital outcomes in babies with
established sBPD. TPF has been employed as a nutritional strategy
to treat sBPD based on the suspicion that chronic microaspiraton
of gastric contents from esophageal reflux contributes to
respiratory pathology in these patients. This was based on the
finding of a correlation between biomarkers in tracheal aspirates
suggesting chronic aspiration and pulmonary outcomes in
preterm infants [16]. However, TPF has not been shown to
consistently improve pulmonary outcomes in preterm infants,
though only a small amount of evidence exists on this subject [13].
The results of this analysis are congruent with the results of one
prior n-of-1 crossover trial, which suggested worse episodes of

Table 2. Clinical data at key timepoints by group.

No transpyloric feeds Transpyloric feeds ever p

36 weeks PMA n= 892 n= 116

Ventilatory Support (%) <0.001

Cannula oxygen 109 (12) 11 (9.5)

Non-invasive ventilation 578 (65) 54 (47)

Invasive Ventilation 205 (23) 51 (44)

FiO2 (median [IQR]) 0.29 (0.23, 0.36) 0.37 (0.30, 0.50) <0.001

Delta P (cm H20) (median [IQR]) 0 (0, 5.25) 0 (0, 14) 0.005

PEEP/CPAP (cm H20) (median [IQR]) 7 (6, 8) 8 (6, 9) <0.001

Weight (g) (median [IQR]) 2125 [1860, 2400] 2015 [1700, 2295] 0.01

Total Fluids (cc/kg/d) (median [IQR]) 140 [134, 150] 141 [134, 152] 0.73

Any oral intake (%) 54 (6.1) 0 (0) 0.01

Acid blockade (%) 14 (1.6) 3 (2.6) 0.68

44 weeks PMA n= 505 n= 109

Ventilatory Support (%) <0.001

Cannula oxygen 256 (51) 28 (26)

Non-invasive ventilation 127 (25) 31 (28)

Invasive Ventilation 122 (24) 50 (46)

FiO2 (median [IQR]) 0.28 (0.25, 0.35) 0.32 (0.26, 0.50) <0.001

Delta P (cm H20) (median [IQR]) 0 (0, 9) 0 (0, 18) 0.004

PEEP/CPAP (cm H20) (median [IQR]) 0 (0, 8) 8 (0, 10) <0.001

Weight (g) (median [IQR]) 3745 (3288, 4128) 3530 (3020, 4070) 0.025

Total Fluids (cc/kg/d) (median [IQR]) 135 (130, 140) 139 (130, 149) 0.11

Any oral intake (%) 231 (46) 9 (8.3) <0.001

Acid blockade (%) 62 (12) 13 (12) 1

50 weeks PMA n= 671 n= 82

Ventilatory Support (%) <0.001

Supplemental oxygen 151 (55) 28 (37)

Non-invasive ventilation 66 (24) 14 (18)

Invasive Ventilation 59 (21) 34 (45)

FiO2 (median [IQR]) 0.29 (0.24, 0.35) 0.30 (0.25, 0.42) 0.11

Delta P (cm H20) (median [IQR]) 0 (0, 1) 0 (0, 16) 0.06

PEEP/CPAP (cm H20) (median [IQR]) 0 (0, 8) 8 (0, 10) <0.001

Weight (g) (median [IQR]) 4955 (4445, 5415) 4620 (4000, 5420) 0.06

Total Fluids (cc/kg/d) (median [IQR]) 130 (120, 140) 139 (128, 145) 0.003

Any oral intake (%) 127 (19) 4 (4.9) 0.003

Acid blockade (%) 61 (9.1) 16 (19.5) 0.006

P-values calculated by chi-squared test or Wilcoxon-ranked sum test.
IQR interquartile range, Delta P Delta pressure (i.e. pressure control above PEEP), PEEP positive end expiratory pressure, CPAP continuous positive airway
pressure. Acid blockade includes histamine-2 blockers and proton pump inhibitors.

J.C. Levin et al.

310

Journal of Perinatology (2024) 44:307 – 313



hypoxemia of babies receiving TPF compared to continuous
gastric feeds [20]. This may be due to the reflux of gastric contents
containing higher concentrations of acid and pepsin without a
dilutional or neutralizing effect from feeds, as well as increased
risk of bile acid reflux due to tube-related pyloric stenting [34]. TPF
when used without benefit may add to the medical burden of
these infants, as it requires near-continuous feeding into the small
intestine which cannot accommodate bolus feeds, and requires
skilled expertise to replace if the feeding tube becomes dislodged
[35].
The results of this study do not necessarily suggest that TPF

results in worse outcomes; as a retrospective study, we are limited
by confounders on the indications for TPF in infants with sBPD.
Those infants with greater respiratory support needs at 36 weeks
PMA were most likely to receive TPF; however, a sensitivity
analysis restricted to infants receiving invasive ventilation at
36 weeks yielded similar results. Even after controlling for
respiratory illness severity at 36 weeks PMA, those who received
TPF were most likely to need long-term respiratory support via a
tracheostomy or die prior to discharge. We were also limited by
the availability of data at specific time points – 36, 44, and
50 weeks PMA – without detail to how long these patients were
receiving TPF; for example, an infant who received 3 days of TPF at
44 weeks PMA would be considered in the exposed cohort, much
like an infant who received 8 weeks of TPF from 36 weeks PMA to
44 weeks PMA. Additionally, as we did not look at TPF prior to
36 weeks, it remains possible that TPF has a protective role in
preterm babies with evolving lung disease prior to the formal
diagnosis of BPD [12]. It is also notable as only a small percentage
of babies in this study who received TPF were discharged with TPF
or with Nissen fundoplication.
Prospective studies are needed to better determine if and at

what age specific nutritional interventions, including TPF, affect in-
hospital outcomes in sBPD patients or patients with evolving lung

disease. Nonetheless, this retrospective analysis does not suggest
an advantage to employing TPF as a strategy to reduce the
likelihood of tracheostomy or death in infants with established
sBPD. This may be due to a number of reasons. First of all, it is
possible that reflux aspiration is just as frequent, and perhaps
worse, with TPF as with gastric feeds. In fact, it has been shown
that the number of reflux events per hour during feeding periods
is higher than non-feeding periods in infants receiving TPF [36].
Additionally, gastric feeding may serve as an important buffer for
the low stomach pH caused by gastric secretions, and thus may
reduce injury to the esophageal and respiratory tract caused by
the enzymes contained in gastric secretions. Lastly, TPF is not
physiologic, and may have unintended results in feed tolerance,
which could have impacts on respiratory stability and support
required.
Strengths of this study include its large size, specifically the

largest to our knowledge cohort of sBPD infants receiving TPF. It
also benefits from being a multicenter study, as indications for TPF
may vary by institution. At sBPD centers, these indications may
include severe respiratory failure, inability to wean from invasive
or non-invasive ventilation approaching term age, and gastric
feeding intolerance or reflux thought to worsen respiratory
disease. The detailed respiratory and nutritional support at
multiple time points after 36 weeks PMA is also unique among
neonatal registries, and particularly advantageous the study of
infants with established sBPD.
There are important limitations of this study. First, as above, the

retrospective nature of the study does not imply causality
between TPF and the outcomes of interest, particularly tracheost-
omy and death; TPF may simply be a marker of illness severity,
and there may be residual confounding beyond ventilation
support and FiO2 at 36 weeks’ PMA. However, our results suggest
that there does not seem to be a significant benefit to the use of
TPF in this cohort. We also did not have information on the
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indication for use of TPF; specifically, if they were employed due to
a diagnosis of gastroesophageal reflux, severity of respiratory
illness, a specific phenotype of sBPD (such a pulmonary
hypertension or airway malacia), or as a general treatment
strategy for sBPD in itself. Likewise, we did not have available
data if gastric feeds were run continuously or via bolus. As
previously mentioned, we were also unable to account for any
dose-dependent effect based on true duration of TPF or effect of
TPF at other time points than the three data points analyzed;
however, subanalyses at individual data points (36, 44 and
50 weeks PMA) suggest similar trends at each data point. There
also may be center by center variability in the indications for TPF
that is unaccounted for that do in fact correlate with the
outcomes of interest, specifically tracheostomy, which may also
vary center by center. This practice variability was not accounted
for in the analysis, and could have resulted in confidence
intervals that are artificially more narrow. Regarding safety, we
were also unable to account for history of necrotizing
enterocolitis or gastrointestinal complications of postpyloric
feeding, which were not available in the registry. Finally, the
cohort studied includes sBPD patients who are being cared for at
BPD collaborative centers; these patients are most likely to have
severe disease and adverse in-hospital outcomes. The results of
this study are not generalizable to premature infants prior to
36 weeks PMA who are at risk for development of BPD; further
study is needed in this population.
To conclude, among infants with sBPD, the use of TPF after

36 weeks PMA was associated with adverse in-hospital outcomes,
including: (1) tracheostomy or death prior to discharge, (2)
prolonged length of stay or death prior to discharge, and (3)
tracheostomy and gastrostomy or jejunostomy among survivors.
Weight trends were similar in each population. Future prospective
trials are needed to determine how specific nutritional interven-
tions, including TPF, affect respiratory and growth outcomes for
patients with established sBPD, and if there are subpopulations or
phenotypes of sBPD that may respond favorably to this strategy.

DATA AVAILABILITY
A de-identified dataset is available upon request.
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