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Abstract
Background Neonatal transpyloric feeding (TPF) has not been rigorously studied since the 1980s. Our objective was to
evaluate early TPF, deﬁned as TPF initiated within the ﬁrst week after birth, among preterm infants in the setting of modern
neonatal practice.
Study design A retrospective cohort study was conducted between 2013 and 2017 for all extremely low birth weight (ELBW)
infants born in a tertiary neonatal intensive care unit where early TPF is a common practice. Infants were excluded if they did not
receive enteral feeding within the ﬁrst week after birth or if they died prior to initiation of enteral feeding. The primary outcome
was death or bronchopulmonary dysplasia (BPD). The association between early TPF and the primary outcome was assessed
using multivariable logistic regression, with adjustment for gestational age, birth weight, and intubation status.
Result The study sample included 368 ELBW infants. Twenty-seven percent received early TPF. Death or BPD occurred in
58% of infants who received early TPF compared with 67% of infants who received gastric feeding, adjusted odds ratio 0.6,
95% conﬁdence interval 0.3–0.9. Growth and adverse gastrointestinal outcomes did not differ between the two groups.
Conclusion Early TPF is associated with reduced risk of death or BPD among ELBW infants. Further investigation in the form
of a randomized controlled trial is required to conﬁrm a causal association between early TPF and improved clinical outcomes.

Introduction
Lung disease is the primary cause of death for preterm
infants [1–3]. Strategies designed to reduce or eliminate
lung injury have transformed neonatology over the past
several decades and decreased neonatal mortality worldwide. However, pulmonary aspiration remains a ubiquitous
source of lung injury among preterm infants today [4, 5].
Two studies found that aspiration of gastric contents is
pervasive among preterm infants and that the quantity of
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aspirated contents directly correlates with the severity of
lung disease and development of bronchopulmonary dysplasia (BPD) [4, 5]. Transpyloric feeding (TPF), an effective strategy to reduce aspiration risk in adults and children
[6, 7], was once a common practice in the early era of
neonatal intensive care, but it fell out of favor in the 1980s
due to safety concerns and has not been rigorously studied
since that time [8–17].
As a result, TPF is considered a bygone practice by most
neonatologists, despite its potential to prevent aspirationassociated lung injury among critically-ill preterm infants
[18]. Our primary objective was to evaluate early TPF,
deﬁned as TPF initiated within the ﬁrst week after birth,
among extremely low birth weight (ELBW) infants in a
tertiary NICU where early TPF is common practice.

Methods
A retrospective cohort study was conducted for all ELBW
infants admitted to the Fairfax Neonatal Associates Neonatal
Intensive Care Unit (NICU) at Inova Children’s Hospital in
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Falls Church, Virginia between January 2013 and December
2017. This study population represents a sample of available
and extractable data from electronic health records. All inborn
patients with birth weights less than 1001 g were screened for
eligibility. Infants were excluded if they did not receive enteral feeding within the ﬁrst week after birth or if they died
prior to initiation of enteral feeding. There were no additional
exclusion criteria. The study adhered to institutional ethical
human research guidelines and was approved by the Institutional Review Board with waiver of informed consent at
Inova Children’s Hospital.
Maternal, baseline, and outcome data were collected,
including the primary composite outcome of neonatal death
or BPD, deﬁned by supplemental oxygen or positive pressure (includes high ﬂow nasal cannula) requirement at
36 weeks’ postmenstrual age (PMA). Secondary outcomes
included weight at 36 weeks’ PMA, delta z-score (z-score
for weight at 36 weeks’ PMA minus z-score at birth),
duration of mechanical ventilation, duration of central lines
(all types, including umbilical), and umbilical lines (arterial
and/or venous), length of stay, necrotizing enterocolitis (Bell
stage II or greater), spontaneous intestinal perforation
(pneumoperitoneum without pneumatosis), intraventricular
hemorrhage (IVH) grade 3 or 4, periventricular leukomalacia, surgical patent ductus arteriosus (PDA) ligation, culture
positive sepsis, and antibiotic duration greater than 7 days.
All infants adhered to an institution-speciﬁc feeding protocol. For infants less than 26 weeks’ gestation, the protocol
consisted of trophic feeds (10 ml/kg/day) for 3 days, followed
by daily advancement of 10–15 ml/kg/day to a goal of
160 ml/kg/day, with fortiﬁcation beginning at 100 ml/kg/day.
For infants ≥26 weeks’ gestation, the protocol consisted of
trophic feeds (10 ml/kg/day) for 2 days, followed by daily
advancement of 10–20 ml/kg/day to a goal of 160 ml/kg/day,
with fortiﬁcation beginning at 100 ml/kg/day. Patients less
than 26 weeks’ gestation that were born prior to October 2014
adhered to a slightly different feeding protocol, in which they
received trophic feeds (5 ml/kg/day) for 3 days, followed by
daily advancement of 5–10 ml/kg/day to a goal of 160 ml/kg/
day. Gastric feeds were given as boluses every 3 or 4 h or
continuously. TPF was always given continuously at the same
total daily volume in ml/kg/day. With rare exception, all
infants received maternal breast milk or donor breast milk.
During the period of study at Inova Children’s Hospital,
TPF was a common management strategy for the prevention
of aspiration and feeding intolerance among ELBWs, but
there was no formal protocol to guide clinical practice. The
decision to initiate TPF was at the discretion of the attending
neonatologist. As a result, there was substantial variation in
the timing of initiation of TPF among the study population
—though the majority of ELBWs received TPF at some
point during their NICU stay. Typical indications for initiating TPF included, but were not limited to, signs of

gastroesophageal reﬂux, pulmonary aspiration, or feeding
intolerance in an infant receiving positive pressure ventilation or continuous positive airway pressure—e.g., abdominal distension, emesis, apnea, or bradycardia, among others.
Statistical analysis was performed with Statistical Analysis Software, version 9.4 (SAS Institute, Cary, NC).
Measures of central tendency were used to describe continuous variables, including mean, median, and interquartile
range. Categorical variables were described using frequencies and percentages. Infants who received early TPF,
deﬁned as TPF initiated within the ﬁrst week after birth,
were compared to infants who received gastric feeding
using the Student’s t-test, Wilcoxon rank sum test, Chisquared test, Fisher’s exact test, and Wald chi-squared test
as appropriate. Note that infants in the gastric-feeding group
may have received TPF later in their hospital course.
Multivariable logistic regression was used to estimate odds
ratios, 95% conﬁdence intervals (CI), and Wald chi-squared
test, adjusting for potentially confounding variables,
including gestational age, birth weight, and intubation status. Statistical signiﬁcance was set at p-value < 0.05.

Results
Between January 2013 and December 2017, 418 inborn
ELBW infants were admitted to the NICU at Inova Children’s
Hospital. Thirty-one infants died prior to initiation of enteral
feeding and 19 did not receive enteral feeding during the ﬁrst
week after birth, leaving 368 infants that were included in the
ﬁnal analysis. Among these 368 infants, 27% received early
TPF, deﬁned as TPF initiated within the ﬁrst week after birth.
Baseline characteristics are shown in Table 1. Infants who
Table 1 Baseline characteristics
Variables

Early TPFa
(n = 100)

Gastric feeding
(n = 268)

P Valueb

Gestational age (weeks) 26.0 ± 1.7

26.0 ± 2.2

0.87

Birth weight (grams)

741.8 ± 165.2

0.31

760.2 ± 120.3

Gender (female)

51 (51)

133 (50)

0.81

Cesarean delivery

85 (85)

226 (84)

0.87

Apgar 1 min

4 (4)

4 (3)

0.10

Apgar 5 min

7 (2)

7 (2)

0.17

Never intubated

19 (19)

88 (33)

<0.01

Antenatal steroids (at
least one dose)

95 (95)

258 (96)

0.58

Data reﬂect mean ± standard deviation or n (%) or median (interquartile range)
Early TPF: early, initiated within the ﬁrst week after birth; TPF,
transpyloric feeding

a

T-test for continuous variables, Chi-squared test for categorical
variables, Wilcoxon rank sum for apgar 1 min and apgar 5 min

b
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(aOR 0.6, 95% CI 0.3–0.9). There were no signiﬁcant differences between groups for other adverse outcomes,
including necrotizing enterocolitis and spontaneous intestinal
perforation. Additional analysis conﬁrmed that BPD, IVH,
and NEC did not co-occur with substantial frequency.

received gastric feeding were less likely to have been intubated after birth compared to infants who received early TPF
(p < 0.01), otherwise there were no signiﬁcant differences
between the two groups.
Growth outcomes are shown in Table 2 and did not differ
between the two groups. Primary and secondary outcomes are
shown in Table 3. Death or BPD occurred in 58% of infants
who received early TPF compared with 67% of infants who
received gastric feeding, with an adjusted odds ratio (aOR) of
0.6 (95% CI 0.3–0.9). Early TFP was also associated with
shorter duration of mechanical ventilation (12.7 vs 20.6 days,
p < 0.01), shorter duration of umbilical lines (5.9 vs 6.6 days,
p < 0.05), and less antibiotic use for greater than 7 days
Table 2 Growth outcomes

Discussion
In this retrospective cohort study, early TPF was associated
with reduced risk of death or BPD, shorter duration of
mechanical ventilation, fewer umbilical line days, and less
prolonged antibiotic use, compared with gastric feeding.

Outcomes

Early TPFa (n = 100)

Gastric feeding (n = 268)

Weight at 36 weeks PMA (grams)

P Valueb

2052.4 ± 321.3

2063.2 ± 335.1

0.79

Z-score 36 weeks PMA

−1.8 ± 0.5

−1.8 ± 0.6

0.95

Z-score birth

−0.5 ± 0.7

−0.6 ± 0.8

0.31

Delta Zc

−1.3 ± 0.6

−1.2 ± 0.6

0.29

Data reﬂect mean standard deviation
a

Early TPF: early, initiated within the ﬁrst week after birth; TPF, transpyloric feeding
T-test for continuous outcomes

b
c

Delta Z = z-score for weight at 36 weeks PMA − z-score for birth weight

Table 3 Adverse outcomes
Outcomes

Early TPFa
(n = 100)

Gastric Feeding
(n = 268)

Crude OR
(95% CI)

aOR
(95% CI)b

Crude
P valuec

Adjusted
P valuec

Death or BPD

58 (58)

179 (67)

0.7 (0.4,1.1)

0.6 (0.3,0.9)

0.12

0.03

Death

3 (3)

19 (7)

0.4 (0.1,1.4)

0.4 (0.1,1.6)

0.15

0.22

BPD

55 (57)

160 (64)

0.7 (0.5,1.2)

0.6 (0.3,1.0)

0.19

0.06

NEC, stage 2 or greater

4 (4)

13 (5)

0.8 (0.3,2.6)

0.7 (0.2,2.2)

0.73

0.54

Spontaneous intestinal
perforation

4 (4)

16 (6)

0.7 (0.2,2.0)

0.6 (0.2,2.0)

0.46

0.43

PVL

2 (2)

12 (5)

0.4 (0.1,1.9)

0.3 (0.1,1.4)

0.26

0.13

IVH grade 3 or 4

5 (5)

26 (10)

0.5 (0.2,1.3)

0.4 (0.2,1.2)

0.16

0.10

Surgical PDA ligation

15 (15)

55 (21)

0.7 (0.4,1.3)

0.6 (0.3,1.2)

0.23

0.18

Culture positive sepsis

9 (9)

27 (10)

0.9 (0.4,1.9)

1.0 (0.4,2.3)

0.76

1.00

Received > 7 days abx

47 (47)

150 (56)

0.7 (0.4,1.1)

0.6 (0.4,1.0)

0.13

<0.05

Mechanical ventilation days

12.7 ± 16.5

20.6 ± 24.1

<0.01

<0.01

Central line daysd

35.6 ± 20.5

35.5 ± 18.8

0.92

0.60

5.9 ± 2.0

6.6 ± 2.6

0.03

0.02

108.4 ± 29.9

110.4 ± 39.7

0.66

0.19

Umbilical line days

e

Length of stay (days)

Data reﬂect mean ± standard deviation or n (%). Infants with death outcome excluded from analysis of BPD, PVL, and continuous variables
Outcomes for mechanical ventilation days and central line days were log-transformed due to non-normality distribution at the original scale
a

Early TPF: early, initiated within the ﬁrst week after birth; TPF, transpyloric feeding

b

Adjusted for gestational age, birth weight, and intubation status

c

Wald chi-squared test for binary outcomes and t- test for continuous outcomes

d

Central line: any type of central line, including umbilical lines

e

Umbilical line: umbilical artery catheter and/or umbilical venous catheter
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Growth and other adverse outcomes were no different
between the two groups. Our ﬁndings suggest that early
TPF may improve outcomes for ELBW infants.
However, we could not rule out confounding by indication, given the retrospective design and limited availability of patient data. To address this, we controlled for
potentially confounding variables, including gestational
age, birth weight, and intubation status, which served as a
proxy for baseline illness severity. We found that infants
who received early TPF may have been sicker at baseline
compared to infants who received gastric feeding (19%
never intubated in early TPF group vs 33% in gastric
feeding group), which would favor a causal rather than
confounded relationship with improved outcomes. The
difference in illness severity at baseline was anticipated,
given that typical indications for early TPF tend to occur
more frequently among sicker patients (see Patients and
Methods section). Shorter duration of mechanical ventilation in the early TPF group, in spite of having a signiﬁcantly
higher proportion of intubated patients at baseline, further
supports a causal relationship. Nevertheless, it is still possible that the two groups had different baseline characteristics that we were unable to measure—characteristics that
might independently predict both a positive outcome and
receipt of early TPF. It is also conceivable that the decision
to initiate early TPF reﬂected a difference in experience
among neonatal providers, which might also predict positive outcomes.
The most compelling argument for a causal relationship
between early TPF and improved outcomes is its biological
plausibility. It is intuitive that aspiration of caustic stomach
contents is likely to exacerbate lung disease in preterm
infants. Extrapolation from the adult literature is also persuasive. Meta-analysis of 14 clinical trials found that TPF
effectively reduces the risk of aspiration [7], which is
widely known to exacerbate lung disease and increase
mortality in adults [19].
Among neonates, the data are sparse but intriguing.
Farhath et al. collected 495 tracheal aspirate samples from
104 ventilator-dependent infants less than 32 weeks’
gestation [4, 5]. The authors detected pepsin, a sensitive and
speciﬁc marker of gastric contents [20–22], in 92% of tracheal aspirate samples and in 100% of infants at least once.
A similar study among critically-ill adults detected pepsin in
only 10% of patients [23]. Aspiration is uniquely prevalent
among preterm infants due to immature tone of the lower
esophageal sphincter, delayed gastric emptying, and use of
uncuffed endotracheal tubes, among other factors [24–27].
Further analysis by Farhath et al. revealed that infants who
developed BPD or died had three-fold higher tracheal pepsin
concentrations in the ﬁrst week after birth, compared with
infants who did not develop BPD (865 vs 269 ng/mg protein,
p < 0.01). In addition, the authors found evidence of a dose-

response effect, in which the concentration of pepsin in tracheal aspirates directly correlated with severity of BPD [4].
Early (or prophylactic) TPF, which is initiated shortly
after birth and is the focus of the present study, should be
distinguished from late (or indicated) TPF, which is initiated
after lung injury has already occurred among older neonates
with severe BPD or clinically-apparent gastroesophageal
reﬂux. The latter is a relatively common practice in NICUs
today. Two retrospective studies among preterm infants
with suspected gastroesophageal reﬂux found that late TPF
reduced episodes of apnea and bradycardia, compared to
gastric feeding [28, 29]. One of these studies found potential hazard associated with use of formula during TPF [28].
To the best of our knowledge, the present study represents the ﬁrst evaluation of early TPF in almost three
decades. Early TPF was common practice among neonatologists until a single trial demonstrated increased mortality
in the 1980s [10], causing a chilling effect on further
research. A 2013 Cochrane review of nine randomized
controlled trials (primarily from the 1970s and 1980s) of
transpyloric vs gastric feeding found no signiﬁcant difference in mortality after controlling for allocation bias,
although the author does note that “some evidence of harm
exists” [8]. In the decades since the most recent TPF trial,
neonatology has made progress in nearly every other facet
of preterm lung injury. Lung injury from aspiration, however, remains understudied and unabated as a result [18].
There are several limitations that should be noted. In
addition to the potential for residual confounding described
above, our study population was obtained from a single
NICU with unique management strategies, which casts
some doubt on the generalizability of our ﬁndings. We were
also unable to collect detailed patient data that would have
been informative, including duration of TPF and additional
measures of baseline illness severity. As a result, our ﬁndings should be interpreted with caution.

Conclusion
Early TPF is associated with reduced the risk of death or
BPD among ELBW infants. Further investigation in the
form of a randomized controlled trial is required to conﬁrm
a causal relationship between early TPF and improved
clinical outcomes.
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