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Abstract
Background The addition of budesonide to surfactant in very-low-birth-weight infants with less severe RDS decreased
bronchopulmonary dysplasia (BPD) severity. Long-term neurodevelopmental follow-up was needed to monitor for systemic
effects of budesonide.
Methods Infants ≤1250 g who received intratracheal budesonide (0.25 mg/kg) with surfactant (n= 173) were compared to a
historical cohort who received surfactant alone (n= 294). Peabody Developmental Motor Scales II at 4–6 months corrected
age and Bayley Scales of Infant & Toddler Development III at 18–22 months corrected age were compared.
Results There were no differences in muscle tone or motor skills by Peabody exam. There were no differences in the
cognitive, language, or motor domains between cohorts on Bayley III.
Conclusions In a cohort of infants treated with budesonide mixed with surfactant, there were no differences in develop-
mental outcomes at 4–6 months or 18–22 months corrected age.

Introduction

Nearly half of extremely low birth weight infants will require
mechanical ventilation and surfactant administration, and
many of these infants will develop bronchopulmonary dys-
plasia (BPD) [1–3]. Lung inflammation is central to the
pathophysiology of BPD, and anti-inflammatory medications
have been shown decrease BPD rates [4–7]. Delivery of
steroids directly to the lungs, with either inhaled budesonide
or budesonide instilled with surfactant, have recently been
shown to decrease BPD rates and severity [8–12]. Budesonide
is a corticosteroid commonly used to treat lung inflammation

in asthma and remains primarily in the airways as budesonide
esters when used as an aerosolized therapy [13, 14]. However,
when mixed with surfactant, the budesonide is transported
throughout the distal lung where the alveolar simplification of
BPD occurs [9, 15, 16]. The combination of budesonide
(0.25 mg/kg) and surfactant improves gas exchange, matures
the lung, and reduces lung inflammation in respiratory distress
syndrome (RDS) animal models [9, 15–19]. Unfortunately,
budesonide is detected in the plasma of both preterm infants
and preterm sheep given budesonide mixed with surfactant
[9, 18–20]. Thus systemic effects of budesonide, including in
the brain, need to be monitored closely.

Early postnatal steroids have been associated with worse
neurologic outcomes, so it is crucial to understand the role of
intratracheal budesonide in neurodevelopment [7]. Since BPD
and postnatal corticosteroids are both associated with poor
neurologic outcomes, exposing preterm infants with a high
risk of BPD to short-burst of steroids might decrease
inflammation and shift the balance towards improved out-
comes [4, 21, 22]. In infants with moderately severe RDS
(FiO2 > 0.5 and mechanical ventilation), surfactant with
budesonide did not alter neurologic outcome at 18 months
corrected age [9]. Infants randomized to prolonged inhaled
budesonide had similar long-term neurodevelopmental
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outcomes to controls, but with a slight increase in mortality
[8]. We have previously reported a decrease in BPD severity
with no increase in mortality with intratracheal budesonide
mixed with surfactant [10]. Since our NICU administered
budesonide with surfactant to all infants ≤1250 g who failed
CPAP, it is critical to evaluate the effects of a potent gluco-
corticoid on the neurodevelopment of infants with less severe
RDS than previous randomized trials [10, 23]. The infants in
our previous observational study were followed clinically in
our high-risk follow-up clinic, and we now report available
data for motor developmental exams at 6 months corrected
age (CA) and neurodevelopmental data at 18–22 months CA.

Methods

The Division of Neonatology at Saint Louis University and
SSM Health Cardinal Glennon Children’s Hospital made a
local clinical practice change in 2016 to include intra-
tracheal budesonide with pulmonary surfactant due to a
high, local BPD rate. Hospital outcomes of the cohorts have
been previously published [10]. All patients ≤1250 g are
enrolled in our high-risk follow-up clinic, though the per-
cent that are followed is dependent on parental decisions
and distance from NICU. Retrospective data collection and
analysis of available follow-up data was extracted from the
medical record with approval by the Saint Louis University
Institutional Review Board.

Beginning on August 1st, 2016, our level III/IV NICUs at
SSM Health Cardinal Glennon Children’s Hospital and St.
Mary’s Hospital began to administer budesonide 0.25mg/kg
(Pulmicort Respules 0.5 mg/2mL, AstraZeneca Pharmaceu-
ticals) mixed with beractant surfactant 4 mL/kg (Survanta,
100mg/kg, AbbVie) to all preterm born infants ≤1250 g who
were intubated and would have normally received surfactant
alone [10]. Our clinical practice, regardless of gestational age
(GA) or weight, is an initial trial of continuous positive airway
pressure (CPAP) with bubble CPAP and to utilize non-
invasive ventilation failure guidelines similar to the SUP-
PORT trial [24, 25]. Very preterm infants who fail CPAP
within the first 24 h of life or who are intubated during the
newborn resuscitation receive surfactant. Infants who received
the combination of budesonide and surfactant (August 2016
to August 2018) were compared to a historical cohort of
infants born ≤1250 g who received surfactant alone (August
of 2013 until July of 2016) [10]. Infants born <23 weeks
gestation, <500 g, who died within the first 12 h, or with
congenital anomalies were excluded.

Hospital data

Retrospective data were extracted from the electronic
medical record (Epic Systems Corporation) using Microsoft

SQL server and verified via chart review. BPD was defined
as the need for oxygen on day of life (DOL) 28 and any
level of respiratory support at 36 weeks corrected gesta-
tional age (CGA) [26]. BPD was then further sub-
categorized by severity: 1) No BPD: room air or CPAP with
an FiO2 of 0.21 at DOL 28 and no respiratory support at
36 weeks CGA; 2) Mild BPD: respiratory support on DOL
28 and room air at 36 weeks CGA; 3) Moderate BPD: FiO2

> 0.21 but <0.30 at 36 weeks CGA; 4) Severe Type 1:
FiO2 ≥ 0.30 or the need for CPAP at 36 weeks CGA; 5)
Severe Type 2: non-invasive positive pressure ventilation
(NIPPV) or mechanical ventilation at 36 weeks CGA [27].
BPD severity was also categorized based on the grading
system outlined by the NICHD Workshop in 2018 [28].
Grade 3 BPD (Severe) included invasive ventilation with
FiO2 > 0.21 or non-invasive respiratory support (CPAP,
NIPPV, nasal cannula >3 L/min) with FiO2 > 0.30. Intra-
ventricular hemorrhage (IVH) grading and periventricular
leukomalacia (PVL) were identified by ultrasound or MRI
by board-certified Pediatric Radiologists at 7–10 days after
birth and at 36 weeks corrected gestational age. Retinopathy
of prematurity (ROP) stage and treatment (laser therapy or
bevacizumab) were determined by board-certified Pediatric
Ophthalmologists [29].

Long term neurodevelopmental data

Infants born ≤1250 g typically follow up with our high-risk
follow-up clinic at Cardinal Glennon Children’s Hospital for
oxygen therapy management, nutritional support, and eva-
luation by Occupation or Physical therapy (OT/PT) and
Psychology. We typically can only follow about 80% of
very-low-birth-weight (VLBW) patients due to long-distance
referrals to our regional NICU. Patients are assessed by OT/
PT at 4–6 months CA with a modified Peabody Develop-
mental Motor Scales II for fine and gross motor skills [30].
Results are scaled and reported as chronologic age equivalent
in months. These values are then compared with the cor-
rected age of the infant at the time of the exam. Some infants
also received a second Peabody assessment at 8–10 months
CA. At 18–22 months CA, infants are evaluated with
the Bayley Scales of Infant Development III by trained
Psychologists for the cognitive domain, language domains
(receptive and expressive), and motor domains (fine and
gross) [3, 23]. The standardized mean Bayley score for each
domain is 100, with a standard deviation of 15. Bayley scores
were labeled abnormal for a domain if the composite score
for corrected age was <85, and as extremely low for scores of
<70. A “Combined Cognitive Bayley III score” was calcu-
lated as the mean composite scores in the cognitive and
language domains for comparison with Bayley II Mental
Developmental Indexes (MDI) scores [3]. Infants unable to
perform cognitive testing due to severe neurodevelopmental
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disability were assigned scores of <70. Due to Covid-19
precautions, all in person Bayley exams were stopped in
March 2020 and thus some infants reached 22 months CA
without an exam in the surfactant and budesonide cohort.
Neuromuscular exams were extracted from the medical
record near 6 months CA (either from follow-up clinic,
Pediatrician, Physical Therapy or Neurology notes) and
labeled either hypertonic, hypotonic or normal tone. Data on
weight and length at 6 months CA plus/minus 2 weeks and
22 months CA plus/minus 1 month were determined through
electronic chart review. Visits to the Emergency Department
at Cardinal Glennon Children’s Hospital or other hospitals in
the SSM Health network, and admission to the hospitals
during the first 2 years of life were collected. Albuterol use
was determined from prescriptions written in the outpatient
setting during the first 2 years of life.

Statistical analysis

Numerical data were analyzed with student’s t tests or
Mann–Whitney tests when values were not uniformly dis-
tributed. Results are displayed as mean ± standard deviation
or median (25th quartile, 75th quartile). Dichotomous data
was analyzed by chi-squared tests with a two-tailed p value
< 0.05 considered significant. When both Peabody and
Bayley III scores were available, Pearson correlations were
calculated (r value and p value for correlation) and linear
regression performed for best fit line (R2 value reported).
Statistics were generated on GraphPad Prism 6, Vassarstats.
net, and IBM SPSS.

Results

The surfactant only cohort (August 2013 to July 2016) had
294 infants and the surfactant and budesonide cohort
(August 2016 to July 2018) had 173 infants (Table 1). There
were no differences in the birth weights or gestational ages
of the infants between cohorts. There were no differences
in the rates of severe ROP, intraventricular hemorrhage,
periventricular leukomalacia, or need for a VP shunt or
reservoir, which are all morbidities that occur in the NICU
and are associated with poor neurologic outcomes at
18–22 months CA [31]. Previously reported hospital out-
come data are included in Table 1 [10]. Although there were
no differences in the number of infants with moderate/
severe BPD or death between the two cohorts, the severity
of the BPD shifted to a less severe phenotype. When
evaluated with the more traditional definitions of BPD [27],
the number of infants with severe type 2 BPD or death were
lower in the surfactant and budesonide cohort. Utilizing the
newer grading system of BPD, grade 3 BPD or death also
decreased in the surfactant and budesonide cohort [28].

Evaluation at 4–6 months corrected age with
Peabody motor assessment

Of the infants in the initial study cohorts, 263 of the 294
infants (89%) in the surfactant only cohort and 158 of the
173 infants (91%) in the surfactant and budesonide cohort
were alive at 6 months CA (Table 2). A similar percent of
infants received Peabody testing between groups at an

Table 1 Cohort demographics
and hospital outcomes.

Surfactant only Surfactant and budesonide p value

Cohort Years August 2013 to July 2016 August 2016 to August 2018

Infants in Cohort 294 173

Gestational Age (weeks) 26.7 ± 2.1 26.7 ± 2.1 0.71a

Birthweight (g) 846 ± 205 863 ± 214 0.39a

Outcomes during hospitalization associated with Neurodevelopment

ROP ≥ Stage 2 18% (52/294) 15% (26/173) 0.52b

IVH: Grade III or IV 16% (48/294) 16% (27/173) 0.90b

PVL 5% (15/294) 6% (10/173) 0.83b

VP Shunt or Reservoir 4% (12/294) 5% (8/173) 0.82b

Moderate/Severe BPD/Death 74% (218/294) 70% (121/173) 0.39b

Severe BPD Type 2 or Death 19% (57/294) 12% (20/173) 0.03b

Grade 3 BPD or death [28] 31% (91/294) 21% (36/173) 0.02b

Death during initial admission 10.5% (31/294) 8.7% (15/173) 0.53b

Mean ± SD.

IVH Intraventricular Hemorrhage, PVL Periventricular Leukomalacia, ROP Retinopathy of prematurity, VP
Ventriculoperitoneal Shunt, Severe Type 2 BPD Mechanical Ventilation or NIPPV at 36 weeks, Grade 3
BPD Mechanical ventilation or CPAP/NIPPV with FiO2 > 0.30.
aUnpaired t-test.
bChi-squared.
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average CA of 5 months. Both cohorts had a delay in their
fine motor and gross motor skills by slightly more than a
half a month, and there were no differences between the
groups. About 40% of parents or PT/OT evaluators were
concerned about motor skills at 5 months CA in both
groups. The number of infants with abnormal muscle tone
was similar between groups, noted on a physical exam at
6 months CA in 19% of the surfactant only cohort and 14%
of the surfactant and budesonide cohort (p= 0.24).

Bayley III exams on infants at 18–22 months
corrected age

A similar percent of infants in both cohorts were alive at
18 months CA (88% in the surfactant cohort and 91% in the
surfactant and budesonide cohort, p= 0.30) (Table 3).

Bayley exams were completed in a similar percent of both
cohorts (62% in the surfactant only cohort and 54% in the
surfactant and budesonide cohort). The COVID pandemic
decreased the number of infants able to be evaluated in
person with Bayley III testing in the surfactant and bude-
sonide cohort. Of the infants who received Bayley testing,
there were no differences in the gestational ages or birth
weights of the infants between cohorts. The infants were
evaluated at roughly 18 months CA in both groups. There
were no differences in the cognitive, language, or motor
domain scores between the cohorts (Table 3). A similar per-
cent of infants had severe impairment with at least one
domain score <70 (24% vs 21%, p= 0.63), and one or more
domain with scores <85 (64% vs 58%, p= 0.34). For
the cognitive domain, 24% of infants in the surfactant only
cohort and 21% of infants in the surfactant and budesonide

Table 2 4–6 months follow-up
data: Peabody exam,
muscle tone.

Surfactant only Surfactant and
Budesonide

p value

Infants Alive at 6 Months 263 (89%) 158 (91%) 0.53b

Infants with Peabody Evaluation (n, %) 184 (70%) 97 (62%) 0.09b

Corrected Age at Peabody (months) 5.2 ± 1.2 5.0 ± 1.4 0.24a

Peabody Fine Motor (months) 4.6 ± 1.4 4.5 ± 1.1 0.22a

Individual’s Fine Motor delay (months) −0.73 ± 1.34 −0.63 ± 1.2 0.62a

Peabody Gross Motor (months) 4.7 ± 1.2 4.4 ± 1.2 0.30a

Individual’s Gross Motor delay (months) −0.61 ± 1.2 −0.50 ± 1.2 0.49a

Motors Concerns noted by evaluator or parents at
Peabody

40% (73/184) 42% (41/97) 0.76b

Abnormal Muscle Tone at 6 months on any note in
medical record (%)

19% (46/236) 14% (20/141) 0.24b

Mean ± SD.
aUnpaired t-test.
bChi-squared.

Table 3 Bayley exam results at
18 months corrected age.

Surfactant only Surfactant and Budesonide p value

Infants Alive at 18 Months 260 (88%) 158 (91%) 0.35b

Infants with Bayley Evaluation (%) 161 (62%) 85 (54%)a 0.12b

Gestational Age of Bayley infants (weeks) 26.6 ± 2.0 26.6 ± 1.9 0.90c

Birth weight of Bayley infants (g) 850 ± 194 845 ± 199 0.85c

Corrected Age at Bayley (months) 18.9 ± 3.1 18.2 ± 1.4 0.06c

Cognitive Domain Score 91 ± 15 93 ± 14 0.27c

Language Domain Score 83 ± 15 85 ± 15 0.36c

Motor Domain Score 86 ± 16 87 ± 17 0.53c

Infants with 1 or more domains <70 23% (39/166) 21% (18/85) 0.75b

Infants with 1 or more domains <85 62% (103 /166) 58% (49/85) 0.58b

Combined Bayley III score <80 29% (48/166) 24% (20/85) 0.54b

Mean ± SD.
aCOVID 19 restrictions decreased Bayley testing.
bChi-squared.
cUnpaired t-test.
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cohort had scores <85 (p= 0.63). For the motor component,
38% of the surfactant only cohort and 39% of the surfactant
and budesonide cohort had scores <85 (p= 0.89). And for the
language component, 52% of the surfactant only cohort and
55% of the surfactant and budesonide cohort had scores <85
(p= 0.78). The combined Bayley III (average language and
cognitive) scores were similar between cohorts, and the per-
cent of infants with scores <80 were similar between cohorts.
The infants with severe BPD types 1 and 2 had worse neu-
rologic outcomes than patients with no/mild/moderate BPD.
The cognitive scores were lower in infants with severe BPD
(89 ± 15) than in mild/moderate BPD (95 ± 15) (p < 0.001),
as were language (82 ± 14 vs 86 ± 16, p= 0.04) and motor
(84 ± 17 vs 90 ± 13, p < 0.001) scores. There were no differ-
ences between the cohorts when Bayley scores were divided
into BPD severity categories (data not shown).

Comparison of neurodevelopmental evaluations at
6 months and 18–22 months

To evaluate the ability to predict Bayley III scores at earlier
ages, each infant’s Peabody II exam and neurologic exam at
6 months CA were correlated with their Bayley III scores at
18 months CA. Since no differences were found between
cohorts, infants were combined into one analysis. This
produced 219 infants from both cohorts that had a docu-
mented neurologic exam at 6 months CA and a Bayley
exam at 18–22 months CA. In infants with an exam noting
abnormal tone at 6 months CA, 71% (30/42) of infants later
had a Bayley Motor Composite score <85 and 29% (12/42)
had a motor score >85. Of infants with a normal motor
exam, 33% (59/177) later had a motor composite score <85
and 67% (118/177) had a motor score >85. When the
average Peabody score at 4–6 months CA, represented as
month delay/advance, was compared to the Bayley scores at
18 months CA (Fig. 1), there was only a modest correlation
between the two. The Peabody exam had a Pearson

correlation coefficient of 0.46 (p < 0.0001) with the motor
domain on Bayley III, a coefficient of 0.40 (p < 0.0001)
with the cognitive domain, and a 0.33 (p < 0.0001) with the
language domain. For the different motor components at
4–6 months CA, there was a similar modest correlation of
0.32 (p < 0.0001) between the Peabody and Bayley for fine
motor and 0.43 (p < 0.0001) for gross motor. A few infants
(n= 15) received Peabody evaluations at 8–10 months CA,
and these had a higher positive correlation to the Bayley at
18 months CA: a fine motor correlation of 0.62 (p= 0.02)
and a gross motor correlation of 0.57 (p= 0.03).

Other follow-up data

The weights and lengths at 6 months CA and 20 months CA
were similar between the two cohorts (Table 4). The num-
ber of infants prescribed albuterol outside the hospital
within the first two years of life was slightly smaller in the
surfactant and budesonide group (44% in surfactant only
cohort and 33% in the surfactant and budesonide cohort,
p= 0.024). The percent of infants with visits to the emer-
gency room and the number of visits were similar between
the two groups. The percent of infants hospitalized in the
first 2 years were similar between cohorts (47% vs 38%,
p= 0.09), as were the number of hospitalizations.

Discussion

The addition of budesonide 0.25 mg/kg to surfactant for the
treatment of respiratory distress syndrome was associated
with a decrease in the severity of BPD compared with a
historical cohort of infants who received only surfactant.
There were no differences in the neurodevelopmental
assessment of the two cohorts at 5 months CA on Peabody
exam or neurologic exams near 6 months CA. Similar
scores were obtained on the Bayley III assessment for

Fig. 1 Correlation of Bayley III scores with Peabody II scores. A
Peabody II scores at 5 months, represented as average month delay/
advance (fine and gross motor) for corrected age, show a moderate
positive correlation with Bayley III motor scores at 18 months CA
(r= 0.46, p < 0.001). B Peabody II scores correlated slightly less well

with cognitive scores (r= 0.40, p < 0.001). C Peabody II scores had a
significant, but minimal correlation with language scores at 18 months
CA (r= 0.33, p < 0.001). Line represents linear regression for best
fit with R2. Pearson Correlation coefficient r calculated for each
component.

Budesonide mixed with surfactant did not affect neurodevelopmental outcomes at 6 or 18 months corrected. . . 1685



cognitive, language and motor domains at 18 months CA.
Hospitalizations and emergency room visits were similar
between the two cohorts, but there was slightly less use of
albuterol in the surfactant and budesonide cohort. Although
these infants were part of an observational cohort and
follow-up was based on parental participation in our high-
risk follow-up clinic, the lack of a difference between
treatment cohorts gives additional safety information for
NICUs incorporating surfactant and budesonide into their
clinical practice. Large, randomized trials (NICHD Bude-
sonide in Babies (BiB) trial (NCT04545866) and the Aus-
tralian/New Zealand trial Preventing Chronic Lung Disease
in Extremely Preterm Infants Using Surfactant+ Steroid
(PLUSS) (ACTRB12617000322)) are underway to fully
evaluate this promising new therapy for decreasing the rates
of BPD.

The Peabody exam is often done at 5–6 months CA to
assist with qualification for early intervention services for
developmental delays. The Peabody is able to discern motor
abnormalities, but it is not extremely predictive of outcome
at 18–22 months CA on the Bayley exam. It had a stronger
correlation for the few babies tested at 8–10 months CA.
The Peabody II has been shown to have a poor correlation
with the Bayley II at 12 months CA, but this correlation
improved with the updated Bayley III exam [30, 32]. When
the Peabody was administered at the same time as the
Bayley at 18 months CA it had a strong correlation for gross
motor (r= 0.88) and fine motor (r= 0.77) [33]. Early
intervention improved neurodevelopment outcomes [34].
There are positive correlations with gross skills and cog-
nition in toddlers, so focusing resources on developmental
physical therapies may be useful [35]. Some of the lack
of correlation between the Peabody II at 5 months CA
and the Bayley exams could be due to the fact that infants
who show delays at 6 months CA receive additional
early intervention activities, whereas normally developing
infants could miss out on these activities. Although the

correlations were not very strong, the Peabody exam may
be useful for helping stress the need for services with par-
ents or providers.

There were no differences between the two cohorts in
any of the three domains studied (cognitive, language,
motor) of the Bayley Scales of Infant Development III at
18 months CA. Our findings are similar to the randomized
trials with intratracheal budesonide by Yeh et al. and
inhaled budesonide by Bassler et al. which demonstrated no
neurodevelopmental differences between budesonide
exposed infants and controls [8, 9]. The infants in our
cohorts were of a similar size and gestational age to the
infants in other budesonide studies. Both previous budeso-
nide studies used the Bayley Scales Version II, so direct
comparison is more difficult with our observational study.
The Bayley III may underestimate the neurodevelopmental
outcome compared with the Bayley II exam, as less infants
score a value <70 on the Bayley III [36]. A Combined
Cognitive Bayley III score, which averages the cognitive
and language score, of <80 correlates moderately well with
a Bayley II MDI < 70 [3]. The percent of infants in our
cohorts with a combined Bayley III score <80 (29% in
surfactant cohort and 24% in surfactant and budesonide
cohort) were similar to the 21% of infants in Yeh study with
a Bayley II MDI < 70. In a NICHD network analysis of the
Bayley III, 19% of infants had one domain with a score <70
and 34% had at least one domain score <85 [37]. Our data
similarly showed 21% of infants with one domain with a
score <70 at 21%. Our cohorts’ percentage of infants <85
(58%) for the cognitive and motor domains are slightly
higher than NICHD data, but were similar to recently
reported values in the randomized trials of erythropoietin
[37, 38]. The Bayley evaluations are done in our clinical
practice and parents can choose whether or not to complete
them (65% complete them). This means we may not capture
the infants who are doing either extremely well or extremely
poor, or parents who do not want to drive to the hospital or

Table 4 Other follow-up data.
Surfactant only Surfactant and Budesonide p value

Weight at 6 months (kg) 5.3 ± 0.8 5.5 ± 0.9 0.15a

Length at 6 months (cm) 56.4 ± 3.0 56.4 ± 3.3 0.75a

Weight at 20 month (kg) 10.1 ± 1.6 10.0 ± 1.5 0.46a

Length at 20 months (cm) 78.2 ± 3.8 77.2 ± 4.3 0.07a

Prescribed Albuterol in first 2 years (%) 44% (115/261) 33% (52/160) 0.024b

% with ER visits in first 2 years 61% (159/261) 63% (101/160) 0.68b

Average Number of ER visits 3.1 ± 2.2 3.4 ± 2.6 0.39a

% Hospitalized in first 2 years 47% (122/261) 38% (61/160) 0.09b

Average Number of Hospitalizations 2.0 ± 1.4 2.1 ± 1.5 0.50a

Mean ± SD.
aUnpaired t-test.
bChi-squared.
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pay the co-pay. We were further limited by the COVID-19
pandemic. Overall, the lack of difference between cohorts is
reassuring for the early use of budesonide, a potent corti-
costeroid, for the prevention of BPD.

The introduction of a change in a local standard of care
requires careful planning and surveillance. A decision in the
absence of an overwhelming quantity of data, revolves
around when there is sufficient evidence to incorporate a
new practice change into a local standard of care. The use of
budesonide and surfactant had been evaluated in two ran-
domized trials by Yeh et al. and demonstrated a larger
change in BPD rates than any of the previous trials of non-
invasive mechanical ventilation. In the setting of an insti-
tution with a higher rate of BPD, then local practice change
based on available evidence can ethically be started. Similar
to the introduction of early CPAP at many institutions prior
to the results of SUPPORT and COIN trials [25], the local
practice was changed to no longer give early surfactant
without a CPAP trial even though it had yet been con-
clusively proven to be beneficial. Like with all clinical
practice changes, ongoing surveillance for efficacy and
safety are important to ensure that the changes are positive
without unintended effects. Our IRB was consulted when
we realized our practice change may have interest to an
audience outside of our institution. They approved this
study after determining that it could be done in a retro-
spective manner using de-identified data and a waiver of
consent. Each institution considering changes in practice
should utilize similar methods when conducting a retro-
spective study of a clinical practice change. One should also
consider a possible publication bias, where NICUs with
negative results choose not publish them. Larger rando-
mized trials with budesonide, listed above, are underway
and will give more definitive answers about this promising
new treatment.

There are multiple limitations to the follow-up of our
observational study. Since we are a large referral center,
some of the infants do not return to follow-up clinic or
return to follow-up in their local areas. We were limited to
only 64% of patients following up for Bayley exams.
Similar follow-up was seen between groups and demo-
graphics were similar between groups. Unfortunately, the
COVID-19 pandemic forced us to close all in person
Bayley testing, leading to only 54% follow-up in the
surfactant and budesonide cohort prior to the infants
becoming out of the CA range. Six of the missed infants
had telemedicine evaluations using the Vineland Adaptive
Behavior Scales-Third Edition, and these results were
similar to the cohort as whole. Our Bayley testing on
average was performed in the younger portion of the age
range (18.9 months CA) for the testing and thus may not
compare with the 18–22 month CA range in many studies.

Since there were no differences in the ages between the
cohorts, the lack of a difference at 18 months CA would
likely remain at later time points as well. Only a small
fraction of infants at 8–10 months CA received a Peabody
exam, as our clinic protocols do not typically have the
Physical Therapists see them at this time point, so the
statistical significance of correlations was lower in this age
group. The Peabody exams are primarily completed to
identify infants needing early intervention services, and
were not completed in a research protocol. Other important
long-term morbidities, such as cerebral palsy, deafness, or
blindness, were not formally assessed in these infants. We
were only able to capture the Emergency Room visits and
hospitalizations within the SSM Health system, so infants
could have gone to other facilities. The rate of albuterol
prescription could be due to changes in prescriber habits
over time. We have used similar guidance for respiratory
management,intubation/extubation, and non-invasive
ventilation since 2012, but small changes could have
occurred [39]. As these were observational cohorts over
multiple years, other confounders could exist. Even with
these limitations, we did not find trends for differences
between the two cohorts.

Conclusions

In the developmental follow-up of our observational study
of infants exposed to intratracheal budesonide for the
reduction of BPD [10], the infants who received budesonide
had similar fine and gross motor skills at 4–6 months CA,
similar muscle tone on physician exams at 6 months CA,
similar scores at 18–22 months CA on the Bayley III, and
less prescriptions for albuterol in the first 2 years, when
compared to infants who received surfactant alone. There
were only minimal correlations between Peabody II motor
evaluations at 4–6 months CA with Bayley III develop-
mental scores at 18 months CA. In this cohort of infants
with less severe RDS than the Yeh trials [9], the addition of
budesonide to surfactant at birth was associated with a
lower severity of BPD and without differences in neurologic
outcomes at 6 months or 2 years CA.
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