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Abstract

Aim: To evaluate safety and clinical outcome of rapid enteral feeding advances in
preterm infants <1500 g birthweight (BW).

Methods: In this single-center retrospective cohort study, 293 preterm infants
born during 2015-2018 were comparatively analyzed before (n = 145) and after
(n =148) the implementation of a rapid enteral feeding protocol with daily milk
increments of 20-30 ml/kg of body weight. Major outcome parameters were
focused toward pulmonary morbidities and nutritional variables.

Results: Preterm infants in the rapid feeding advancement group were more
successfully stabilized on noninvasive ventilation (p <0.001) never requiring
mechanical ventilation. Duration of respiratory support (0.465) and frequency of
bronchopulmonary dysplasia (BPD) (p = 0.341) and severe BPD (0.273) did not
differ between both groups. Furthermore, patients in the rapid feeding group
achieved full volume feedings faster (p < 0.001), regained BW earlier (p = 0.009),
and displayed significantly improved somatic growth at 36 weeks gestational age
(p <0.001). There was no increased risk for further morbidities of prematurity
including feeding intolerance, necrotizing enterocolitis (NEC), and focal intestinal
perforation.

Conclusion: Rapid enteral feeding advancements in preterm infants <1500 g BW are

safe and do not impede stabilization on noninvasive ventilation.

KEYWORDS

enteral feeding advancement, noninvasive ventilation, nutrition, very low birthweight infants

Abbreviations: AUC, area under the curve; BW, birthweight; BPD, bronchopulmonary dysplasia; Cl, confidence interval; ELBW, extremely low birth weight; GA, gestational age; IQR,
interquartile range; LISA, less invasive surfactant application; nCPAP, nasal continuous positive airway pressure; NEC, necrotizing enterocolitis; NICU, Neonatal intensive care unit; NIPPV,
nasal intermittent positive pressure ventilation; PEEP, positive end-expiratory pressure; RCT, randomized controlled trial; RD, risk difference; ROC, receiver operating characteristic; RR,
relative risk; STENA, standardized enteral nutritional advances; SGA, small for gestational age.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Pediatric Pulmonology published by Wiley Periodicals LLC.

Pediatric Pulmonology. 2022;57:1117-1126.

wileyonlinelibrary.com/journal/ppul 1117


http://orcid.org/0000-0003-4307-8759
mailto:Harald.Ehrhardt@paediat.med.&QJ;uni-giessen.de
mailto:Harald.Ehrhardt@paediat.med.&QJ;uni-giessen.de
https://wileyonlinelibrary.com/journal/ppul
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fppul.25868&domain=pdf&date_stamp=2022-03-09

BEHNKE ET AL.

1118
—‘—WILEY—“’%
1 | INTRODUCTION

Prevention of bronchopulmonary dysplasia (BPD) and reduction of
its burden for preterm infants is a primary focus of treatment in
this high-risk population. Establishment of early noninvasive ven-
tilation strategies plays a crucial role in the context of pulmonary
morbidity.>? Recent multicentre studies and registry analyses
indicate that further improvements in the management of non-
invasive respiratory support are suited to improve the pulmonary
outcome in the near term while novel therapeutic strategies still
await a substantiated proof of benefit.>*

Enhanced energy and macronutrient intake during the first
4 weeks of life have been associated with improved somatic growth,
neurodevelopmental outcomes, such as improved language scores
and decreased incidence of brain lesions on magnetic resonance
imaging.” Within the recent years, the importance of nutritional
supply to reduce BPD has come into the focus of research which is
best documented for the provision of breast milk supply in a recent
meta-analysis.(’ Besides macronutrient content, the nonnutritive
factors of breast milk including prevention of nosocomial infections
are held responsible for the benefits on the pulmonary outcome.
Additionally, delayed postnatal full enteral feeding is an independent
risk factor of chronic lung disease, and it seems that a critical amount
of protein and caloric intake is required to prevent the development
of BPD.” The immediate period after birth seems particularly
vulnerable for nutritional deficits.® There are wide discrepancies
concerning the introduction and advancement of enteral feeds for
preterm infants and standardized protocols for optimal feeding re-
gimen differ considerably. One of the major concerns responsible for
slow enteral feeding advances is the potential interference with
successful stabilization of the preterm infant on noninvasive re-
spiratory support.”*° Further concerns about rapid advancement of
feeding volumes refer to intestinal intolerance and a potentially
higher risk of focal intestinal perforation (FIP) and necrotizing en-
terocolitis (NEC)."*"** However, conservative feeding regimes delay
establishment of full enteral feeding and extend exposure to par-
enteral nutrition increasing the risk for late-onset sepsis, which in
turn is a major risk factor for BPD.'>!® The recently published
Cochrane analysis of randomized controlled trials indicates no sig-
nificant effects of rapid versus slow feeding advances in the risk of
NEC or all-cause mortality and no difference in survival without
moderate or severe neurodevelopmental disability at 24 months.”*¢
Moreover, a significant delay in establishment of full enteral feeding
and regain of birthweight (BW) were reported for slow advancement.
All these data are mostly based on small sample size, and definitions
substantially differ between studies impeding the propagation of
benefits. Avoidance of mechanical ventilation and sepsis and propa-
gation of enteral nutrition represent key priorities of clinical research
to reduce the burden of BPD in preterm infants.»>¢ 81516

So far it remains speculative whether rapid enteral feeding advances
can be successfully combined with the propagation of noninvasive re-
spiratory support strategies and whether shorter durations of parenteral
nutrition and accompanied reduced incidence of sepsis are suited to

improve the pulmonary outcome. The present observational study in-
vestigated safety and effectiveness of implementing a standardized
feeding protocol in 363 preterm infants <1500 g BW. Special focus was
set to the respiratory management, the pulmonary outcome and somatic
growth that were so far not evaluated in the consideration of treatment
results. The sample size of our cohort allowed the separation into sub-
groups of BW <500g, 500g<BW <1000g, and 1000g<BW <1500g
that specified the outcome for extremely low birthweight (ELBW) infants

at highest risk for long-term morbidities.

2 | MATERIALS AND METHODS

2.1 | Study design

This study was designed as a single-center retrospective cohort study
to evaluate safety and clinical outcome parameters of implementing a
rapid standardized enteral nutritional advances (STENA) protocol in
preterm infants <1500g BW. We included all preterm infants
(n=363) admitted to the perinatal center of the Justus-Liebig-
University Giessen between 2015 and 2018. Exclusion criteria con-
tained major congenital malformations, severe syndromal diseases, or
death before 36 weeks of gestation. After the exclusion criteria were
applied, we had 293 infants left in the study (Figure 1). The study
collective was comparatively analyzed before (n = 145) and after the
implementation of STENA starting 2017 (n = 148) with daily milk in-
crements of 20-30ml/kg of body weight (rapid feeding advance-
ment) (Table S1). Furthermore, items for STENA protocol deviations
were precisely defined and included the following items: gastric re-
siduals >5 ml/bodyweight in 50% of all daily feeds, recurrent vomit-
ing (>4x/day), bilious vomiting, focal intestinal perforation, suspected
or proven necrotizing enterocolitis (NEC), sepsis, surgical procedure,
respiratory instability (repeated prolonged or deep desaturations re-
quiring stimulation at the discretion of the attending physician and
nurse, while pCO,, or the fraction of oxygen applied were not taken
into account), medical abdominal abnormalities (abdominal distension
with pressure pain, clinical signs of ileus, discoloration of the ab-
dominal wall, hematochezia) or no objective reason. In case of STENA
protocol deviation, feeds were either held or restarted at the same
step/volume when symptoms ceased. In infants with protocol de-
viation, the subsequent feeding increments were scheduled as pre-
determined in the next STENA protocol step. Initiation of septic
workup or radiologic imaging was not mandatory in case of STENA
protocol deviation but was left to the discretion of the attending
physician. Data were collected for the first 21 days of life (STENA
observation period) and only five infants achieved full enteral feeding
later on [d23, d26, d39, d42, d135]). Before standardization of our
feeding protocol, we usually started enteral feeding with an amount
of 10 ml/kg/day at the first day of life and increased the volume at a
rate of 10-15 ml/kg/day until reaching full enteral feeds (standard
feeding advancement), defined as 140-160 ml/kg/day. All feeds
were given as bolus or intermittent gravity feed by a nasogastric tube

over 10-30 min at the discretion of the attending nurse with intervals
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Preterm infants with birth weight <1500 g
admitted between 2015 to 2018

n=

363

293 subjec

70 subjects excluded

ts included

Exclusion criteria

Malformation CNS (11)
Gastrointestinal malformation (3)

Hemodynamically relevant congenital heart defect (4)

LUTO (2)
Outborn (2)

Severe syndromal disease (1)

Death (n=47; 2015-2016: n=28; 2017-2018: n=19)

2015-2016

n=14

[slandard feeding advancement group]~
5

2017-2018
rapid feeding advancement group
n=148

|

FIGURE 1 Flowchart of the study population. CNS, central nervous system; LUTO, lower urinary tract obstruct

TABLE 1

Birth weight, g
Gestational age, weeks
z-scores at birth
Weight
Length

Head circumference

Demographics and cohort characteristics

Standard group
(2015-2016)
n=145

1100 (800-1390)
29.00 (27.00-31.14)

-0.73 (-1.29 to -0.14)
-0.60 (-1.09 to -0.27)
-0.77 (-1.22 to -0.33)
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SGA” 41 (28)
Male sex, n (%) 68 (47)
Multiple birth, n (%) 60 (31)
Antenatal corticosteroids, n (%) 134 (94)

Note: Data shown as median (interquartile range) or n (%).
Wilcoxon test.

bSmall for gestational age.

“Pearson test.

of 2, 2.4, or 3 h (tube size Ch 5, 40 cm). In between feeds, the tube
was left open and vented, active decompression of air was performed
routinely during rounds and additionally between rounds in case of
respiratory instability due to a gas-filled stomach. Feeding was in-
itiated within the first 3h of life with standard preterm formula
(Nestlé® BEBA premature baby food level 1 during the observation
period). The own mothers' breast milk was given when available (first
feeds with crude colostrum, holder-pasteurization of breast milk to
prevent postnatally acquired cytomegalovirus infection was started
at Day 5 of life). Nutritional supply was provided as recommended by
the ESPGHAN? and there was no change in nutritional aims such as

Fast group

(2017-2018)

n=148 p value

1065 (850-1383) 0.896°

29.00 (27.00-31.36) 0.869°

-0.73 (-1.41 to -0.17) 0.518°

-0.63 (-1.20 to 0.19) 0.819°

-0.81 (-1.24 to -0.28) 0.936"
45 (30) 0.689°
81 (55) 0.180°
58 (39) 0.702°

137 (93) 0.861°

type of formula, substrates, or ingredients of parenteral nutrition
during the whole study period.

The study collective was divided into three weight categories
(BW=<500g, 500g< BW =1000g, and 1000 g < BW =< 1500 g) for a
complementary subgroup analysis (Table S3). A number of perinatal
variables were retrieved from the medical notes. These included the
infant's perinatal clinical characteristics, gestational age (GA), sex and
somatic parameters at birth and with 36 weeks gestational age. Days
to reach full enteral feeding and regain of BW were of particular
interest. We also collected data on medical treatment, like antenatal
and postnatal corticosteroids, surfactant use with less invasive
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surfactant administration (LISA) as primary standard, medicinal
treatment of apnea, diuretics, antihypertensive therapy at discharge,
and inhalation therapy. Additionally, all kind of surgeries and noso-
comial infections were recorded.

Regarding respiratory stabilization, the mode of ventilatory
support (invasive vs. noninvasive ventilation including nasal con-
tinuous positive airway pressure (nCPAP) and nasal intermittent po-
sitive pressure ventilation [NIPPV]) and the end of oxygen therapy
were recorded (Tables 1 and 2 and Table S2). Standard settings for
noninvasive ventilation were equal in both periods with a positive
end-expiratory pressure (PEEP) of 5-8 cmH,0; a peak inspiratory
pressure of 12-18 cm H,0; a respiratory rate of 40-60/min; and
inspiratory time of 0.3 s. Clinical criteria for intubation were primary
respiratory failure in the delivery room immediately after delivery,
FiO, >40% after a maximum of three LISA maneuvers, pneu-
mothorax, FIP or NEC, and severe and prolonged apnea with bra-
dycardia under standard caffeine treatment. Severity of BPD was
determined according to the most widely used NIH consensus
definition.?° To specify the PEEP level and the fraction of oxygen
supplied via nasal cannula, our recently published approach was

applied.?* Further major short-term outcomes were intraventricular

Standard group
(2015-2016)

Fast group
(2017-2018)

hemorrhage, NEC,%? FIP, occurrence and therapy of retinopathy of

prematurity and presence of a patent ductus arteriosus.

2.2 | Statistical analysis

The statistical analyses were performed using R, version 4.0.2
(R Foundation for Statistical Computing). The demographics in
Table 1 are shown as medians and interquartile ranges. The absolute
and relative frequencies of the parameters are given for counted
data. Comparisons were carried out using the Wilcoxon rank-sum test
for metric data and Pearson's x? with continuity correction/Fisher's
exact test for categorical data. There was no need to control for
possible confounders because there were no differences regarding
baseline demographic and perinatal characteristics (Table 1). For the
calculation of the cutoff weight (Table S4), receiver operating char-
acteristic (ROC) analyses were performed using R-package opti-
malCutpoints (Version 1.1-4). Optimal cutpoints were selected by
maximum specificity. Confidence intervals in ROC analysis were
calculated based on the Wald statistic. Statistical significance was

defined as a p value of <0.05. Supporting information S1 provides

TABLE 2 Outcome variables in the
study collective

n=145 n=148 p value
Days to full enteral feeding 11 (8-14) 7 (6-9) <0.001°
Days to regain birth weight 8 (5-11) 7 (5-9) 0.009
z-scores at 36 weeks gestational age
Weight -1.19 (-1.67 to -0.81) -1.03 (-1.46 to -0.52) 0.004"
Length -1.69 (-2.35 to -0.92) -1.31 (-2.08 to -0.79) 0.015"
Head circumference -1.24 (-1.75 to -0.69) -0.87 (-1.44 to -0.50) <0.0017
Az-score (weight 36 weeks -0.54 (-0.92 to -0.24) -0.24 (-0.58 to 0.11) <0.0017
gestational age-birth)
Intraventricular hemorrhage, n (%)° 23 (16) 14 (9) 0.134°
Necrotizing enterocolitis, n (%) 2 (1) 1(1) 0.986°
Focal intestinal perforation, n (%) 3(2) 6 (4) 0.518°
Retinopathy of prematurity, n (%)° 42 (29) 54 (37) 0.197°¢
Patent ductus arteriosus, n (%) 43 (30) 40 (27) 0.618°
Nosocomial infection 16 (11) 8 (5) 0.079°
Patients with surgery, n (%) 24 (17) 27 (18) 0.820°
Total number of surgeries, n 35 42 0.082¢

Note: Data shown as median (interquartile range) or n (%).
Wilcoxon test.

PAny grade.

“Pearson test.

dFisher's exact test.
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the complete statistical data, including the confidence intervals and

the area under the curve.

3 | RESULTS

The subjects' demographic data are summarized in Table 1, and the
total data set can be found in the supporting information
(Table S2). Infant baseline demographic and perinatal character-
istics were similar and statistically comparable in the two trial
groups. In the standard advancement group, median GA was 29
weeks (interquartile range [IQR] 27.00-31.14) and median BW
1100 g (IQR 800-1390g). In the fast advancement group, median
GA was 29 weeks (IQR 27.00-31.36) and median BW 1065 g (IQR
850-1383g) with balanced gender distribution and presence of a
PDA in both groups (Table 1). Infants born small for gestational age
(SGA) were equally distributed across the evaluation groups
(p=0.689). Postnatal treatment strategies, including the use of
corticosteroids, surfactant, or medicinal treatment of apnea did
not differ between both groups. In total, 60 out of 148 infants
were able to adhere to the fast-feeding advancement regimen
without protocol deviation. Infants who were fed and advanced at
20-30 ml/kg per day according to our STENA protocol achieved
full enteral feeding (140-160 ml/kg/day) within 7 days, thus 4
days earlier than the standard advancement group (p < 0.001). In
addition, days to regain BW were significantly reduced in the rapid
group (median 7 instead of 8 days, p=0.009, Table 2). Somatic
growth with 36 weeks gestational age displayed by the median z-
scores of the auxological parameters was higher in the fast group
(weight p = 0.004, length p = 0.015, head circumference p < 0.001).
Even SGA infants reached full enteral feeding 4 days earlier in the
rapid group (p=0.006) and Az-scores for growth at 36 weeks
postmenstrual age were higher (Az-score median -0.29 to 0.04,
p <0.001, Table S2). Radiologic imaging and septic work-up during
the first 21 days of life (STENA observation period) was performed
less frequently in the STENA group than in the control group.
Thereby, radiological diagnostics significantly differed for pul-
monary but not abdominal X-ray examinations (Table S2).
Focusing on the parameters of respiratory support, significantly
more infants in the fast advancement group were successfully sta-
bilized on noninvasive ventilation and did never require mechanical
ventilation n =78 (54%) before and n =112 (75%) infants after STE-
NA implementation, p < 0.001). The duration of invasive mechanical
ventilation and of noninvasive ventilation did not differ between both
groups, as well as the end of oxygen therapy (Table 3). Within the
categories of enteral feeding intolerances, recurrent vomiting
(17.2%), medical abdominal abnormalities (22.3%), and no objective
reasons (31.5%) were the most common reasons for feed interruption
during the first 3 weeks of life in the fast advancement group.
Respiratory instability accounted for 8.3% of episodes and mostly
occurred within the first 3 days of life (Figure 2). The frequency of
BPD and severe BPD did not differ between both groups (Table 3).
Concerning the further relevant clinical outcome parameters,

i)

we detected no significant differences for FIP, NEC, intraventricular
hemorrhage, and retinopathy of prematurity (Table 2). There was a
trend toward a nonsignificant reduction of nosocomial infections in
the rapid group and no impact on the frequency of surgeries (Table 2
and Table S2).

As BW plays a substantial role in volume-targeted enteral feed-
ing, we also analyzed the total cohort in a ROC analysis concerning
the cut-off for the strongest effect to reach full enteral feeding within
one week. Before implementation of our feeding protocol the cal-
culated BW cut-off was 910 g, afterwards it decreased to 530 g (area
under the ROC curve (AUC) 0.841, Table S4). Moreover, all items
were evaluated in a subgroup analysis of the three BW strata. Major
outcome variables in the subgroup of <500 g BW had no statistical
effect due to the low number of infants included in the analyses
(n=11). In the subgroup of 500 g < BW < 1000 g (n = 126) all items of
interest showed significant changes, by analogy with the total cohort
except for days to regain BW. Infants with 1000g<BW <1500 g

TABLE 3 Respiratory outcome

Standard group  Fast group
(2015-2016) (2017-2018)
n =145 n=148 p value
Bronchopulmonary 60 (42) 54 (36) 0.405°
dysplasia,” n (%)
Mild 34 (24) 35 (23) 0.655°
Moderate 3(2) 2(1) 0.655°
Severe 23 (16) 17 (11) 0.655°¢
Mechanical ventilation, 66 (46) 37 (25) <0.001"
n (%)
Duration, days 2 (1-10) 4 (1-14) 0.226"
Start, day of life 1(0-1) 1(1-3) <0.001
Noninvasive ventilation, 78 (54) 112 (75) <0.001°
n (%)
Duration, days 25 (6-57) 29 (7.5-54.5) 0.465°
End of oxygen therapy, 5 (1-45) 5 (1-36) 0.451¢
day of life
Medicinal treatment of
apnea, n (%)
Caffeine 136 (94) 131 (89) 0.112°
Doxapram 10 (7) 9 (6) 0.777°
Surfactant, n (%) 80 (55) 80 (54) 0.848"
Inhalation therapy, n (%) 31 (21) 21 (14) 0.107°
Postnatal 8 (6) 11 (7) 0.506"
corticosteroids,
n (%)

Note: Data shown as median (interquartile range) or n (%).
236 weeks gestational age.

PPearson test.

‘Fisher's exact test.

dWilcoxon test.
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Feeding regimen not fulfilled

50

404

301

count

201

10

reason
gastric residuals
recurrent vomiting
I sious vomiting
. suspected or proven necrotizing enterocolitis
. sepsis
. surgical procedure
B espiratory instavility

I focal intestinal perforation
. no objective reason

. medical abdominal abnormalities

0 5 10 15
day of life

20

FIGURE 2 There were n = 337 protocol deviations (counts) within n = 3108 evaluation points in n = 148 patients treated according to STENA
over the first 21 days of life. One count represents the leading cause of each infant not meeting that day's feeding regimen, whereby each day
counts separately for the superordinate criterion and count is reset on the next day of life. gastric residuals (n = 10): >5 ml/bodyweight in 50% of
all daily feeds; recurrent vomiting (n = 58): >4x/day; bilious vomiting (n = 4); FIP (n = 41); suspected or proven NEC (n = 1); sepsis (n = 2); surgical
procedure (n = 12); respiratory instability (n = 28): repeated prolonged (>30s) or deep desaturations (<70% of oxygen); medical abdominal
abnormalities (n = 75): abdominal distension with pressure pain, clinical signs of ileus, discoloration of the abdominal wall, hematochezia; no
objective reason (n = 106) [Color figure can be viewed at wileyonlinelibrary.com]

(n = 156) achieved statistical significance for days to reach full enteral
feeding and regaining of BW, as well as for the z-score of head
circumference at term (Table S3). As for the total cohort, in both
subgroups of 500 g < BW =< 1000 and 1000 g < BW = 1500 g the need
for invasive mechanical ventilation was significantly reduced
(p =0.002 and p = 0.004). While in the latter group, BPD was a rare
event, a trend toward reduced risk for BPD and severe BPD became
evident in the 500 g < BW < 1000 g subgroup of infants (Table S3).

4 | DISCUSSION

Improving nutrition for very preterm infants plays a crucial role in the
context of neonatal morbidity and long-term outcome. The pul-
monary outcome is just emerging as another important aspect here.
Enteral feeding practices have been repeatedly evaluated with the
aim to implement risk-reducing strategies, but uniform international
standards are lacking. Our present study on rapid enteral feeding
advances in preterm infants born <1500 g BW adds the factors for
successful implementation of noninvasive ventilation strategies and
improved somatic growth with 36 weeks postmenstrual age during
STENA to the current state of knowledge of this topic. This is of
particular importance against the background that still today many
neonatologists are afraid of rapid enteral feeding advances in the

grounds that these are associated with an increased risk of feeding
intolerance, abdominal distension and subsequent instability on
noninvasive respiratory support. As there were no alterations in
management of ventilatory support during the immediate postnatal
period, especially no change in stabilization procedures such as
noninvasive surfactant application, breast milk provision, and nutri-
tional protocols during the total study period, our cohort is ideally
suited to study the impact of introduction of a regime of rapid enteral
feeding advances. The results of our detailed comparative analysis
clearly indicate that rapid enteral feeding is safe and does not impede
noninvasive ventilation.

Despite the reduced need of invasive mechanical ventilation,
which constitutes a well-known risk factor for BPD, the incidence of
BPD and severe BPD was not impacted by rapid feeding increments
in our total cohort. These results are in line with other studies of
similar size where strategies to reduce the need for invasive me-
chanical ventilation proved successful but failed to reduce the risk of
BPD.>? For these and our analysis, the studies were certainly un-
derpowered to detect a statistically significant difference which can
be attributed to the multifactorial origins of BPD.>* We postulate
that as for the noninvasive application of surfactant after birth,
evaluation of a much larger cohort would have enabled a clearer view
toward the benefits for BPD.?° This was not possible in our cohort to
avoid trade-off effects by extending the observation period. But the
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separate investigation of the subgroup of infants with a BW between
500 and 999 g at highest risk for BPD points toward a trend for the
rapid enteral feeding advances group.

Noninvasive ventilation can cause abdominal distension, and
nCPAP decreases pre- and post-prandial intestinal blood flow in
preterm infants.” The gaseous bowel distension due to CPAP was
termed “CPAP belly syndrome*?” and raised concerns about
abdominal complications like NEC and FIP what can result in with-
holding feeds, prolonging the use of parenteral nutrition and
constitute important risk factors for BPD. For infants born with
500-1500 g BW the mean prevalence of NEC is still unchanging and
about 7% with an estimated rate of death from 20% to 30%.%°
Unfortunately, the connection between early and progressive enteral
feeding and NEC incidence has resulted in prolonged duration of
intravenous nutrition in infants, potentially increasing the risk of in-
fectious complications and the length of hospitalization which in turn
increases the risk for BPD.?” A recent Cochrane analysis comparing
10 randomized controlled trials (RCTs) (n=3753) did not provide
evidence that slow advancements reduce the risk of NEC (typical
relative risk [RR]: 1.07, 95% confidence interval [Cl]: 0.83-1.39; risk
difference [RD]: 0.0, 95% Cl: -0.01 to 0.02) or all-cause mortality
(typical RR: 1.15, 95% CI: 0.93-1.42; typical RD: 0.01, 95% Cl: -0.01
to 0.03).>” In our cohort the cumulative incidence of NEC was much
lower (1.0%; n =2 before and n=1 after implementation of STENA)
than in the before-mentioned studies but did not differ significantly
before and after STENA implementation (Table 2). As well, FIP (3.1%;
n = 3 before vs. n = 6 after implementation of STENA) and death rates
(n =28 before vs. n=19 after implementation of STENA, Figure 1)
were comparable in both study arms. Vice versa, a recent Cochrane
review®® comparing the rates of gastric distension, gastrointestinal
perforation, and NEC with NIPPV and higher gas flows versus
nCPAP found no significant difference for any variables between the
groups. Our data add further evidence to both topics that both
noninvasive ventilation strategies and rapid enteral feeding advances
can be implemented simultaneously and successfully in preterm
infants.

Our observational data showed that infants with increased daily
enteral feeds had statistically significant improved somatic growth at
term in all body measurements (Table 2). This is of special interest,
because preterm infants accumulate significant growth deficits by the
time of discharge from hospital®'*? that persist through infancy and
early childhood into adolescence.®*** Our subgroup analyses pre-
vailed that ELBW and SGA infants with the highest risk for growth
deviations benefited in somatic growth when their feedings are ad-
vanced rapidly using STENA. Additionally, our ROC analysis calcula-
tion indicates that standardized and progressive feeding works even
for these infants at particular risk (530g cut-off for full enteral
feeding within the first week of life for the fast group, Table S4). To
our knowledge, we are the first to report z-score differences for head
circumference which can be seen as surrogate for psychomotor
outcome.®” In addition in our results, the change in z-score from birth
to 36 weeks of gestation was lower compared to the change ob-
served by Rochow et al.,*® though they measured change in z-scores

i)

from birth to 21 postnatal days. The fact that more immature infants
experience a slightly higher z-score difference was similar to our
findings (Table S3). The association between postnatal growth failure
and impaired neurocognitive development is of particular con-
cern.2®” Our data on somatic growth until discharge might argue
toward an additional benefit of rapid feeding increments for the lung
what might be mirrored in the trend toward reduced risk for BPD in
infants between 500 and 999 g of BW. In the literature, advancing
the volume of enteral feeds at a slow rate resulted in several days of
delay in establishing full enteral feeds, may increase the risk of in-
vasive infection and higher risk of BPD.'”?*>3¢ The trend toward a
reduced risk for nosocomial infections in our rapid enteral feeding
advances group might have as well contributed to the trend of re-
duced BPD in the infants born 500-1000 g BW (Table S3).

The sample size of our cohort and demographic characteristics
(Table 1) are of equal value to the published trials on this
topic.t 5121537 Of note, even the SIFT trial'® only included 17 infants
with BW <500¢g (n=7, 0.5% of slow group and n=10, 0.7% of fast
group); therefore, our cohort can be regarded as representative (n = 4,
2.8% of standard group and n=7, 4.7% of fast group; Table S3). The
feeding rates in most of the before published prospective trials were
15-20 ml/kg/day in the slow advancement and 30-40 mi/kg/day in
the fast advancement group, which is in agreement with our standard
and rapid feeding advancement categories. The strengths of our
study are its large sample size, the homogeneous baseline demo-
graphics in both groups and the short observation period. Moreover,
we had no drop-outs of eligible infants in contrast to multicenter
studies where an a priori parental consent is required. Another
strength is the systematic record of protocol compliance with
assessment of feed tolerance for the fast advancement group to
evaluate the STENA protocol adherence (Figure 2). Within our
cohort, primarily objective criteria led to the withholding of the next
STENA step (68.55% of all protocol deviations, Figure 2). As
published within a parallel analysis from our patient cohort, the
nonobjectifiable protocol deviations (31.5%) as a leading event can
serve as an occasion for internal team training and protocol editing in
the future.® It was recently demonstrated that the omission of gastric
residual evaluation in extremely preterm infants increased the de-
livery of enteral nutrition as well as improved weight gain and led to
earlier hospital discharge in a recent RCT.*° This fact might be suited
to further improve the success of STENA in units with a policy of
feeding interruption upon gastric residuals, although gastric residuals
made up only a small percentage (3.0%) of the total protocol devia-
tions in our cohort. This aspect might be traced back to our restrictive
policy for evaluating gastric residuals (Figure 2). Another strength of
our results is that STENA was not associated with increased labora-
tory and radiologic workups for respiratory instability, suspected
abdominal complications, or clinical signs of sepsis. Whether the
statistically significant reduced numbers of evaluation episodes can
be ascribed to the shorter duration until reaching full enteral feeding
remains speculative. Our study also had some limitations, in particular
its retrospective and single-center design and the unstandardized

enteral feeding advances in the slow group. But a large proportion of
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our study collective were ELBW infants (n = 137, 46%); therefore, our
results confirm the applicability of STENA to this particularly
vulnerable patient cohort. Due to the retrospective character of our
study, reasons for cessation of enteral feeding were not system-
atically documented before STENA implementation what prohibits a
before after comparison. It must be noted that significantly more
infants were spared from mechanical ventilation in the STENA cohort
(2017-2018) than in the control group (2015-2016) (p < 0.001).
Although there were no alterations in the general management of
ventilatory support in our neonatal intensive care unit (NICU) during
the 4-year study period, subtle but clinically relevant changes in
noninvasive ventilation strategies and increasing team acceptance
over time might have accounted for the reduction in failure rate on
noninvasive ventilation during STENA. Nevertheless, it can be noted
that higher daily feeding volumes do not preclude preterm infants
from successful stabilization on noninvasive ventilation.

Taken together our data confirm current evidence about the
safety of rapid enteral feeding advances in preterm infants.
Reducing the duration of parenteral nutrition has many theoretical
advantages, but besides shortening of iv access and lengths of
hospital stay, little advantage has been documented despite the
potentially higher risk of acquiring a severe infection.’” In contrast,
there are still major concerns of rapid feeding advances with
respect to NEC and other morbidities. Our data provide novel in-
sights that even in a situation of changing trends toward avoiding
mechanical ventilation to protect the immature lung from shear
stress rapid feeding advances are feasible. The question why
our overall BPD rate did not decline can be answered by its mul-
tifactorial origins and that our study was not powered to detect
this.>>?* Larger, adequately powered trials probably will detect
such a statistically significant reduction of BPD but the expectable
effect size must be rated as moderate. Perhaps other, so far
neglected aspects of nutritional supply may have a higher impact
on BPD than rapid enteral feeding advances or the total caloric
intake.® Nevertheless, the reduction of mechanical ventilation is
known to be associated with a better pulmonary outcome.?® The
trend toward reduced risks for nosocomial infections in the STENA
group is another indicator for a better pulmonary outcome.*!
Furthermore, better somatic growth (z-scores) suggests improved
conditions for lung growth. Therefore, it is of utmost importance
to confirm our data in larger and multicenter cohorts to document
and promote the benefits of improved nutritional strategies for the

pulmonary outcome.

5 | CONCLUSION

Rapid enteral feeding advancements (increments of 30 mlkg/day) in
preterm infants <1500 g BW are safe concerning major clinical short-
term outcome parameters, improve somatic growth, and do not im-
pede noninvasive respiratory support. The systematic re-evaluation

of criteria to withhold rapid feeding advances in daily NICU routine

should be included into future research strategies particularly in
combination with approaches to further promote noninvasive re-

spiratory support.

ACKNOWLEDGMENTS
This study was supported by German Research Foundation (DFG),
Clinical Research Unit KFO309, 284237345. The sponsor had no role

in the design, execution, interpretation, or writing of the study.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

Judith Behnke: conceptualization (lead); writing—review and editing
(equal); writing—original draft (lead). Vanessa Estreich: data curation
(lead); writing—review and editing (equal). Frank Oehme: writing—
review and editing (equal). Klaus-Peter Zimmer: writing—review and
editing (equal). Anita Windhorst: formal analysis (lead); writing—
review and editing (equal). Harald Ehrhardt: conceptualization
(supporting); writing—original draft (supporting); writing—review and

editing (equal); supervision (lead).

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on

reasonable request from the corresponding author.

ORCID

Judith Behnke http://orcid.org/0000-0003-4307-8759

REFERENCES

1. Shahzad T, Radajewski S, Chao C-M, Bellusci S, Ehrhardt H. Patho-
genesis of bronchopulmonary dysplasia: when inflammation meets
organ development. Mol Cell Pediatr. 2016;3(1):23. doi:10.1186/
s40348-016-0051-9

2. Hysinger EB. Central airway issues in bronchopulmonary
dysplasia. Pediatr Pulmonol. 2021;56:3518-3526. do0i:10.1002/
ppul.25417

3. Gopel W, Kribs A, Ziegler A, et al. Avoidance of mechanical
ventilation by surfactant treatment of spontaneously breathing
preterm infants (AMV): an open-label, randomised, controlled
trial. Lancet. 2011;378(9803):1627-1634. doi:10.1016/50140-
6736(11)60986-0

4. Stevens TP, Finer NN, Carlo WA, et al. Respiratory outcomes of the
surfactant positive pressure and oximetry randomized trial (SUP-
PORT). J Pediatr. 2014;165(2):240-249. doi:10.1016/j.jpeds.2014.
02.054

5. Cormack BE, Harding JE, Miller SP, Bloomfield FH. The influence of
early nutrition on brain growth and neurodevelopment in extremely
preterm babies: a narrative review. Nutrients. 2019;11(9), doi:10.
3390/nu11092029

6. Huang J, Zhang L, Tang J, et al. Human milk as a protective
factor for bronchopulmonary dysplasia: a systematic review and
meta-analysis. Archives of disease in childhood. Fetal Neonatal
Ed. 2019;104(2):F128-F136. doi:10.1136/archdischild-2017-31
4205

7. Malikiwi Al, Lee Y-M, Davies-Tuck M, Wong FY. Postnatal nutri-
tional deficit is an independent predictor of bronchopulmonary


http://orcid.org/0000-0003-4307-8759
https://doi.org/10.1186/s40348-016-0051-9
https://doi.org/10.1186/s40348-016-0051-9
https://doi.org/10.1002/ppul.25417
https://doi.org/10.1002/ppul.25417
https://doi.org/10.1016/S0140-6736(11)60986-0
https://doi.org/10.1016/S0140-6736(11)60986-0
https://doi.org/10.1016/j.jpeds.2014.02.054
https://doi.org/10.1016/j.jpeds.2014.02.054
https://doi.org/10.3390/nu11092029
https://doi.org/10.3390/nu11092029
https://doi.org/10.1136/archdischild-2017-314205
https://doi.org/10.1136/archdischild-2017-314205

BEHNKE ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

dysplasia among extremely premature infants born at or less than 28
weeks gestation. Early Hum Dev. 2019;131:29-35. doi:10.1016/j.
earlhumdev.2019.02.005

Thiess T, Lauer T, Woesler A, et al. Correlation of early nutritional
supply and development of bronchopulmonary dysplasia in preterm
infants <1,000 g. Front Pediatr. 2021;9:1028. doi:10.3389/fped.
2021.741365 Available from https://www.frontiersin.org/article/
10.3389/fped.2021.741365

Behnke J, Lemyre B, Czernik C, Zimmer K-P, Ehrhardt H, Waitz M.
Non-invasive ventilation in neonatology. Dtsch Arztebl Int. 2019;
116(11):177-183. doi:10.3238/arztebl.2019.0177

Bozzetti V, Angelis C, de, Tagliabue PE. Nutritional approach to
preterm infants on noninvasive ventilation: an update. Nutrition.
2017;37:14-17. doi:10.1016/j.nut.2016.12.010

Caple J, Armentrout D, Huseby V, et al. Randomized, controlled
trial of slow versus rapid feeding volume advancement in preterm
infants. Pediatrics. 2004;114(6):1597-1600. doi:10.1542/peds.
2004-1232

Karagol BS, Zenciroglu A, Okumus N, Polin RA. Randomized con-
trolled trial of slow vs rapid enteral feeding advancements on the
clinical outcomes of preterm infants with birth weight 750-1250 g.
JPEN J Parenter Enteral Nutr. 2013;37(2):223-228. doi:10.1177/
0148607112449482

Morgan J, Young L, McGuire W. Slow advancement of enteral feed
volumes to prevent necrotising enterocolitis in very low birth weight
infants. The Cochrane Database Syst Rev. 2015;10:CD001241.
doi:10.1002/14651858.CD001241.pubé

Hartel C, Haase B, Browning-Carmo K, et al. Does the enteral
feeding advancement affect short-term outcomes in very low birth
weight infants? J Pediatr Gastroenterol Nutr. 2009;48(4):464-470.
doi:10.1097/MPG.0b013e31818c5fc3

Krishnamurthy S, Gupta P, Debnath S, Gomber S. Slow versus rapid
enteral feeding advancement in preterm newborn infants 1000-
1499 g: a randomized controlled trial. Acta Paediatrica. 2010;99(1):
42-46. doi:10.1111/j.1651-2227.2009.01519.x

Modi M, Ramiji S, Jain A, Kumar P, Gupta N. Early aggressive enteral
feeding in neonates weighing 750-1250 grams: a randomized con-
trolled trial. Indian Pediatr. 2019;56(4):294-298.

QOddie SJ, Young L, McGuire W. Slow advancement of enteral feed
volumes to prevent necrotising enterocolitis in very low birth weight
infants. Cochrane Database Syst Rev. 2017;8(8):CD001241. doi:10.
1002/14651858.CD001241.pub7

Dorling J, Abbott J, Berrington J, et al. Controlled trial of two in-
cremental milk-feeding rates in preterm infants. N Engl J Med. 2019;
381(15):1434-1443. doi:10.1056/NEJMoal1816654

Agostoni C, Buonocore G, Carnielli VP, et al. Enteral nutrient supply
for preterm infants: commentary from the European Society of
Paediatric Gastroenterology, Hepatology and Nutrition Committee
on Nutrition. J Pediatr Gastroenterol Nutr. 2010;50(1):85-91. doi:10.
1097/MPG.0b013e3181adaee0

Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir
Crit Care Med. 2001;163(7):1723-1729. doi:10.1164/ajrccm.163.
7.2011060

Lauer T, Behnke J, Oehmke F, et al. Bacterial colonization within the
first six weeks of life and pulmonary outcome in preterm infants
<1000 g. J Clin Med. 2020;9(7), doi:10.3390/jcm9072240

Bell MJ, Ternberg JL, Feigin RD, et al. Neonatal necrotizing en-
terocolitis. Therapeutic decisions based upon clinical staging.
Ann Surg. 1978;187(1):1-7. doi:10.1097/00000658-197801000-
00001

Poets CF, Lorenz L. Prevention of bronchopulmonary dysplasia in
extremely low gestational age neonates: current evidence. Arch Dis
Child Fetal Neonatal Ed. 2018;103(3):F285-F291. doi:10.1136/
archdischild-2017-314264

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

- 1125
P\ LEY— 2

Gronbach J, Shahzad T, Radajewski S, et al. The potentials and caveats of
mesenchymal stromal cell-based therapies in the preterm infant. Stem
Cells Int. 2018;2018:9652897. doi:10.1155/2018/9652897

Gopel W, Kribs A, Hartel C, et al. Less invasive surfactant adminis-
tration is associated with improved pulmonary outcomes in spon-
taneously breathing preterm infants. Acta Paediatrica . 2015;104(3):
241-246. doi:10.1111/apa.12883

Havranek T, Madramootoo C, Carver JD. Nasal continuous positive
airway pressure affects pre- and postprandial intestinal blood flow
velocity in preterm infants. J Perinatol. 2007;27(11):704-708. doi:10.
1038/sj.jp.7211808

Jaile JC, Levin T, Wung JT, Abramson SJ, Ruzal-Shapiro C,
Berdon WE. Benign gaseous distension of the bowel in premature
infants treated with nasal continuous airway pressure: a study of
contributing factors. AJR Am J Roentgenol. 1992;158(1):125-127.
doi:10.2214/ajr.158.1.1727337

Neu J, Walker WA. Necrotizing enterocolitis. N Engl J Med. 2011;
364(3):255-264. doi:10.1056/NEJMra1005408

Stoll BJ, Hansen N, Fanaroff AA, et al. Late-onset sepsis in very low
birth weight neonates: the experience of the NICHD Neonatal
Research Network. Pediatrics. 2002;110(2 Pt 1):285-291. doi:10.
1542/peds.110.2.285

Lemyre B, Davis PG, Paoli AG, de, Kirpalani H. Nasal intermittent
positive pressure ventilation (NIPPV) versus nasal continuous posi-
tive airway pressure (NCPAP) for preterm neonates after extubation.
Cochrane Database Syst Rev. 2017;2(2):CD003212. doi:10.1002/
14651858.CD003212.pub3

Embleton NE, Pang N, Cooke RJ. Postnatal malnutrition and growth
retardation: an inevitable consequence of current recommendations
in preterm infants? Pediatrics. 2001;107(2):270-273. doi:10.1542/
peds.107.2.270

Clark RH, Thomas P, Peabody J. Extrauterine growth restriction
remains a serious problem in prematurely born neonates. Pediatrics.
2003;111(5 Pt 1):986-990. doi:10.1542/peds.111.5.986

Wood NS, Costeloe K, Gibson AT, Hennessy EM, Marlow N,
Wilkinson AR. The EPICure study: growth and associated pro-
blems in children born at 25 weeks of gestational age or less. Arch
Dis Child Fetal Neonatal Ed. 2003;88(6):F492-F500. doi:10.1136/
fn.88.6.f492

Collaco JM, McGrath-Morrow SA. Bronchopulmonary dysplasia as a
determinant of respiratory outcomes in adult life. Pediatr Pulmonol.
2021;56:3464-3471. doi:10.1002/ppul.25301

Sicard M, Nusinovici S, Hanf M, et al. Fetal and postnatal head cir-
cumference growth: synergetic factors for neurodevelopmental
outcome at 2 years of age for preterm infants. Neonatology. 2017,
112(2):122-129. doi:10.1159/000464272

Rochow N, Raja P, Liu K, et al. Physiological adjustment to postnatal
growth trajectories in healthy preterm infants. Pediatr Res. 2016;
79(6):870-879. doi:10.1038/pr.2016.15

Ehrenkranz RA, Dusick AM, Vohr BR, Wright LL, Wrage LA,
Poole WK. Growth in the neonatal intensive care unit influences
neurodevelopmental and growth outcomes of extremely low birth
weight infants. Pediatrics. 2006;117(4):1253-1261. doi:10.1542/
peds.2005-1368

Wemhoner A, Ortner D, Tschirch E, Strasak A, Ridiger M. Nutrition
of preterm infants in relation to bronchopulmonary dysplasia. BMC
Pulm Med. 2011;11(1):7. doi:10.1186/1471-2466-11-7

Salhotra A, Ramiji S. Slow versus fast enteral feed advancement in
very low birth weight infants: a randomized control trial. Indian
Pediatr. 2004;41(5):435-441.

Parker LA, Weaver M, Murgas Torrazza RJ, et al. Effect of gastric
residual evaluation on enteral intake in extremely preterm infants: a
randomized clinical trial. JAMA Pediatrics. 2019;173(6):534-543.
doi:10.1001/jamapediatrics.2019.0800


https://doi.org/10.1016/j.earlhumdev.2019.02.005
https://doi.org/10.1016/j.earlhumdev.2019.02.005
https://doi.org/10.3389/fped.2021.741365
https://doi.org/10.3389/fped.2021.741365
https://www.frontiersin.org/article/10.3389/fped.2021.741365
https://www.frontiersin.org/article/10.3389/fped.2021.741365
https://doi.org/10.3238/arztebl.2019.0177
https://doi.org/10.1016/j.nut.2016.12.010
https://doi.org/10.1542/peds.2004-1232
https://doi.org/10.1542/peds.2004-1232
https://doi.org/10.1177/0148607112449482
https://doi.org/10.1177/0148607112449482
https://doi.org/10.1002/14651858.CD001241.pub6
https://doi.org/10.1097/MPG.0b013e31818c5fc3
https://doi.org/10.1111/j.1651-2227.2009.01519.x
https://doi.org/10.1002/14651858.CD001241.pub7
https://doi.org/10.1002/14651858.CD001241.pub7
https://doi.org/10.1056/NEJMoa1816654
https://doi.org/10.1097/MPG.0b013e3181adaee0
https://doi.org/10.1097/MPG.0b013e3181adaee0
https://doi.org/10.1164/ajrccm.163.7.2011060
https://doi.org/10.1164/ajrccm.163.7.2011060
https://doi.org/10.3390/jcm9072240
https://doi.org/10.1097/00000658-197801000-00001
https://doi.org/10.1097/00000658-197801000-00001
https://doi.org/10.1136/archdischild-2017-314264
https://doi.org/10.1136/archdischild-2017-314264
https://doi.org/10.1155/2018/9652897
https://doi.org/10.1111/apa.12883
https://doi.org/10.1038/sj.jp.7211808
https://doi.org/10.1038/sj.jp.7211808
https://doi.org/10.2214/ajr.158.1.1727337
https://doi.org/10.1056/NEJMra1005408
https://doi.org/10.1542/peds.110.2.285
https://doi.org/10.1542/peds.110.2.285
https://doi.org/10.1002/14651858.CD003212.pub3
https://doi.org/10.1002/14651858.CD003212.pub3
https://doi.org/10.1542/peds.107.2.270
https://doi.org/10.1542/peds.107.2.270
https://doi.org/10.1542/peds.111.5.986
https://doi.org/10.1136/fn.88.6.f492
https://doi.org/10.1136/fn.88.6.f492
https://doi.org/10.1002/ppul.25301
https://doi.org/10.1159/000464272
https://doi.org/10.1038/pr.2016.15
https://doi.org/10.1542/peds.2005-1368
https://doi.org/10.1542/peds.2005-1368
https://doi.org/10.1186/1471-2466-11-7
https://doi.org/10.1001/jamapediatrics.2019.0800

BEHNKE ET AL.

1126
125 | wi LEY—=5

41. Shah J, Jefferies AL, Yoon EW, Lee SK, Shah PS. Risk factors and
outcomes of late-onset bacterial sepsis in preterm neonates born at
<32 weeks' gestation. Am J Perinatol. 2015;32(7):675-682. doi:10.
1055/s-0034-1393936

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Behnke J, Estreich V, Oehmke F,
Zimmer K-P, Windhorst A, Ehrhardt H. Compatibility of
rapid enteral feeding advances and noninvasive
ventilation in preterm infants—An observational study.
Pediatric Pulmonology. 2022;57:1117-1126.
doi:10.1002/ppul.25868


https://doi.org/10.1055/s-0034-1393936
https://doi.org/10.1055/s-0034-1393936
https://doi.org/10.1002/ppul.25868



