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Abstract
Objective To determine clinical, demographic, and hospital factors associated with inhaled bronchodilator (IB) use in infants
with bronchopulmonary dysplasia (BPD) and specifically severe BPD.
Study design Retrospective multicenter cohort study of 4986 infants born <32 weeks gestation with developing BPD at
28 days of life. We used the Pediatric Health Information System database to compare hospital experience and the
demographic and clinical characteristics of infants exposed and not exposed to IBs.
Results Twenty-five percent of BPD patients (1224/4986) and 48% of severe BPD patients (664/1390) received IBs.
IB exposure was higher in infants with the tracheostomy, prolonged steroid and diuretic exposure, and longer duration of
respiratory support. IB use varied markedly between hospitals (0–59%). Average annual BPD census was not associated
with IB use.
Conclusion Bronchodilator exposure is common in BPD patients with substantial variability in its use. Hospital experience
did not account for the between-hospital variation in practice.

Introduction

Bronchopulmonary dysplasia (BPD) is a chronic lung dis-
ease affecting an estimated 10,000–15,000 premature infants
annually in the United States [1, 2]. It is associated with
long-term lasting effects including small airway dysfunction,
re-hospitalization for respiratory symptoms, increased need
for respiratory medications into young adulthood, neurologic
impairment, and mortality [1, 3–6]. Although no US Food
and Drug Administration approved indication exists for the
use of bronchodilators in the prevention or treatment of
BPD, inhaled bronchodilators (IBs) are widely used in the
neonatal intensive care unit (NICU) [7].

Inhaled bronchodilators are used to relax the smooth
muscle in the bronchi and bronchioles, resulting in dilation
of the small airways and potentially decreased airway
resistance and increased lung compliance in some infants

with BPD [8–10]. A previous study of IB use in the first
100 days of life demonstrated that in infants with BPD, IB
use increases steadily in the first month of life and peaks on
day of life 99 when ~10% of the population receives an IB
[11]. It is not known whether IB use continues to increase
after the first 100 days, though it is certainly possible given
that the average length of stay for severe BPD is around
4.5 months [12]. The only randomized trial assessing
albuterol use in subjects with evolving BPD patients was
published more than 20 years ago and failed to demonstrate
any difference in survival, incidence and severity of BPD,
or duration of ventilator support or oxygen therapy [13].
More recently, the early use of bronchodilators was shown
to have no significant impact on the risk of BPD or death in
extremely premature infants [14]. Unfortunately, there is no
information on the use of IBs from randomized studies in
infants with established BPD [15]. Despite the lack of
evidence for long-term benefits, IBs may be beneficial in
treating acute symptoms of BPD in those infants that remain
ventilator dependent [16].

The paucity of data surrounding the indications, timing
of use, and effectiveness of IBs in managing symptoms of
BPD, as well as concerns for adverse effects, have likely led
to the wide variation in IB exposure in infants with devel-
oping or established BPD [11, 17]. For those with BPD, and
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especially severe BPD, the extent of IB use and the factors
related to IB use are incompletely understood. This
information is crucial to designing future clinical trials
evaluating the safety and effectiveness of IBs. The
objective of this study was to evaluate the scope of IB
exposure, inter-hospital variation in IB exposure, and the
clinical and demographic factors associated with IB use in
BPD, and severe BPD patients using a national cohort
extracted from the Pediatric Health Information System
(PHIS) database.

Methods

Using the PHIS database (Lenexa, KS, USA), we conducted
a retrospective cohort study of infants born between January
1, 2013 and December 31, 2018. Inclusion criteria were
birth prior to 32 weeks of gestation, birth weight <1500 g,
admission to the NICU in the first week of life, and treat-
ment with supplemental oxygen or respiratory support (i.e.,
nasal cannula (NC), high flow nasal cannula (HFNC),
continuous positive airway pressure (CPAP), bi-level posi-
tive airway pressure (BiPAP), noninvasive positive pressure
ventilation (NIPPV), invasive mechanical ventilation
(IMV), or high frequency ventilation (HFV)) at 28 days of
life. Units that did not care for at least ten infants meeting
the inclusion criteria within the study period were excluded.
Subjects were followed through the cessation of supple-
mental oxygen and respiratory support, discharge from the
hospital, or the day of death, whichever came first.

Inhaled bronchodilator exposure was defined in two
ways. The first was as a continuous variable, defined as the
number of days an infant was exposed to any IB between
day of life 28 and cessation of supplemental oxygen and
respiratory support, discharge from the hospital, or the day
of death, whichever came first. Secondarily, a binary vari-
able was generated, defined as any exposure between day of
life 28 and cessation of supplemental oxygen and respira-
tory support, discharge from the hospital, or the day of
death, whichever came first. BPD was defined using mod-
ified 2018 Eunice Kennedy Shriver National Institute of
Child Health and Human Development workshop guide-
lines [18]. Infants were classified by the level of support
needed at 36 weeks post-menstrual age (PMA). BPD cate-
gories were: (1) mild: no supplemental oxygen or respira-
tory support, (2) moderate: NC, and (3) severe: HFNC,
CPAP, BiPAP, NIPPV, IMV, or HFV at 36 weeks PMA.
Those discharged by 36 weeks PMA were considered mild
BPD, while those who died prior to 36 weeks PMA were
categorized as severe BPD. Further refinement of BPD
based on supplemental oxygens support and x-ray finding is
not possible as PHIS does not record FiO2 data or results of
radiological tests performed.

Data source

The data for this study were obtained from PHIS, an
administrative database containing patient billing and clin-
ical data from members of the Children’s Hospital Asso-
ciation. The PHIS hospitals are 51 of the largest and most
advanced children’s hospitals in America, and constitute the
most demanding standards of pediatric service in America.
Clinical data include patient demographics, diagnoses, level
of respiratory support, and medications. Hospitals with <10
qualifying cases in the study period were eliminated, leav-
ing 44 hospitals included in this analysis. This protocol was
deemed exempt by the Institutional Review Board of the
University of Nebraska Medical Center and Children’s
Hospital & Medical Center.

Study variables

The PHIS database was queried to obtain daily IB admin-
istrations, daily respiratory support (NC, HFNC, CPAP,
BiPAP, NIPPV, IMV, and HFV), length of stay, daily
systemic corticosteroid and diuretic administrations, tra-
cheostomy procedure (ICD-9: 31.2 or 31.29; ICD-10:
0B110F4), and demographic details of each patient. Clinical
Transaction Classification (CTC) codes were used to eval-
uate for IB, diuretics, and corticosteroid administrations,
which included: inhaled albuterol (181211.42), inhaled
levalbuterol (181231.42), inhaled albuterol/ipratropium
combination (181315.42), inhaled ipratropium bromide
(181311.42), acetazolamide (191145), bumetanide
(191131), chlorothiazide (191111), ethacrynic acid
(191133), furosemide (191135), hydrochlorothiazide
(191113), metolazone (191121), spironolactone (191141),
dexamethasone (154035.10 or 154035.20), betamethasone
(154015.10, 154015.20, 154017.20), prednisone
(154083.10), prednisolone (154081.10, 154081.20), triam-
cinolone (154087.10, 154087.20), methylprednisolone
(154071.10, 154071.20), fludrocortisone (154041.10),
hydrocortisone (154063.10, 154063.20), and cortisone
(154027.10). CTC codes were used to determine respiratory
support needs: HFV (521161), mechanical ventilation
(521166), NIPPV (521165), BiPap (521164), CPAP
(521162), HFNC (521172), and oxygen delivery by can-
nula, tent, or mask (521171). International Classification of
Disease, Ninth Revision (ICD-9) Codes were used prior to
October 2015 and ICD, Tenth Revision (ICD-10) Codes
thereafter to determine the diagnoses of intraventricular
hemorrhage (IVH; ICD-9: 772.1, ICD-10 P77, P77.1,
P77.2, P77.3, P77.9, K55.30, K55.31, K55.32, or K55.33),
necrotizing enterocolitis (NEC; ICD-9: 777.5, ICD-10: P52,
P52.0, P52.1, P52.2, P52.21, P52.22, P52.3, P52.4, or
P52.8), and patent ductus arteriosus (PDA; ICD-9: 747.0,
ICD-10: Q25.0).
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Statistical analysis

Odds of IB use were compared across all levels of each
covariate (gestational age, birth weight, sex, race/ethnicity,
payer, average yearly census of BPD patients, level of
respiratory support at 36 weeks PMA, total days of
respiratory support after age 28 days, days of administration
of systemic corticosteroids and diuretics after age 28 days,
presence of a co-morbid condition, small for gestational age
status, and presence of a tracheostomy). The proportion of
patients given an IB was compared across PMA stratified by
severity level using linear regression. The proportion of
patients given an IB after 28 days of life and the proportion
of patient-days (post 28 days of life) that IB use occurred
was compared for each hospital using linear regression
to determine if there was a correlation between the two.
All analyses were conducted using R version 3.5.1 (R Core
Team, Vienna, Austria).

Results

A total of 4986 infants from 44 hospitals required sup-
plemental oxygen or respiratory support at 28 days of life,
and 25% (1224/4986) received at least one dose of an IB
between age 28 days and discharge or death. For those
with severe BPD at 36 weeks PMA, 48% (664/1390)
received an IB after 28 days of age. Increased IB exposure
was associated with lower gestational age, lower birth
weight, need for respiratory support at 36 weeks
PMA, longer duration of respiratory support, need for
tracheostomy, longer systemic steroid exposure, more
days receiving a diuretic, male gender, and diagnosis
with a major co-morbidity of IVH, NEC, or PDA
(Tables 1 and 2).

The proportion of those who received an IB at each PMA
is shown in Fig. 1. Up until 36 weeks PMA, <5% of infants
with BPD received an IB. After this time, the proportion
with mild-to-moderate BPD receiving an IB increased
steadily until 60 weeks PMA, where the proportion
receiving IB reaches 35–50%. The prevalence of IB use
remains relatively unchanged in this range through
92 weeks PMA or 1 year corrected age for those infants still
in the hospital (Fig. 1). Among infants with severe BPD, IB
use rises from 25 weeks to 56 weeks PMA, reaching
35–45% of subjects receiving IBs at that time (Fig. 1).
Those with severe and those with mild or moderate BPD did
not differ in their rate of BPD use at baseline (p for severity
level= 0.92) or across PMA (p for interaction= 0.18).
Because subjects were followed through the cessation of
supplemental oxygen and respiratory support, discharge to
home, or the day of death, whichever came first, the number
of infants studied at each gestational age changed over time
peaking at 3286 at 36 weeks PMA for the mild or moderate

group and decreasing thereafter as also shown in Fig. 1.
While most infants were discharged home from the
NICU, 276 (6%) were transferred to the pediatric ICU
and remained in the study until one of the above endpoints
was met.

Patterns and frequency of IB use were determined for
four IBs. Within this cohort of BPD patients, 1147 (23%)
received albuterol, 191 (3.8%) received levalbuterol, 169
(3.4%) received ipratropium bromide, and 16 (0.3%)
received albuterol/ipratropium combination. Of the BPD
patients classified as severe, 621 (45%) received albuterol,
132 (9.5%) received levalbuterol, 128 (9.2%) received
ipratropium bromide, and 12 (0.9%) received albuterol/
ipratropium combination. Albuterol was the IB most
widely prescribed IB at any point during hospitalization, as
well as the IB prescribed most per patient-days among all
patients (26,454 (4.7%) patient-days) and among those
classified as severe (18,501 (8.8%) patient-days).

All but two hospitals in this cohort prescribed an IB to at
least some of their patients with BPD. The proportion of
BPD infants who received IBs after 28 days of life varied
considerably by hospital, ranging from 0 to 59% of patients
across 44 hospitals (Fig. 2). When IBs are examined indi-
vidually, inter-hospital variability remains. Albuterol use
ranged from 0 to 53% in all BPD infants, whereas leval-
buterol was not used at all in 18 hospitals but was as high as
43% of BPD infants in one hospital. Ipratropium bromide
use varied from 0 to 19%. Experience with BPD patients,
measured by the average number of BPD patients seen by
the hospital each year, was not associated with IB use and
thus could not account for the variation in practice
(Table 2).

To better understand IB use, the association between the
number of patients receiving IBs and the length of therapy
was explored by plotting the proportion of patient-days with
IB exposure by the proportion of BPD patients who were
ever exposed to an IB (Fig. 3). Hospitals that prescribe
IBs more frequently in BPD patients also tend to prescribe
them for longer, with more patient-days of IB use (r2=
0.43, p value ≤ 0.001).

Discussion

This large multicenter retrospective study demonstrates
that the use of IB in NICU patients with BPD is wide-
spread, with 25% of the cohort receiving an IB. The most
important factors associated with IB use in infants with
BPD were those undergoing tracheostomy, duration of
corticosteroid and diuretic treatment, increased number of
days on respiratory support, and need for invasive venti-
lation; all of which are markers of more severe respiratory
disease. We also found considerable variability in IB use
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between hospitals. While some hospitals used the medi-
cines infrequently, in one hospital the majority of infants
with BPD received an IB. No identifiable site characteristic
was found that could explain the inter-hospital variation;
however, those hospitals that used IB in a higher percen-
tage of patients also tended to use the medications for a
longer duration.

Compared with our findings of 48% of severe BPD
patients receiving an IB, Bamat et al., using the PHIS
database to study cumulative medicine exposures in severe
BPD patients between 2007 and 2016, found that 38% of
infants with severe BPD were exposed to albuterol [17].
Similar to our results, another study demonstrated sig-
nificant variability in IB use, showing that the point

Table 1 Clinical associations
between inhaled bronchodilator
use and patient demographicsa.

Ever received inhaled bronchodilators

Total n (%) No n (%) Yes n (%) Odds ratio estimate (95% CI)

Total 4986 3762 (75) 1224 (25) –

Gestational age (weeks)

31–32 300 (6) 252 (84) 48 (16) Reference

29–30 396 (8) 341 (86) 55 (14) 0.85 (0.56,1.29)

27–28 1471 (30) 1252 (85) 219 (15) 0.92 (0.66,1.30)

25–26 1725 (35) 1303 (76) 422 (24) 1.70 (1.24,2.38)

≤24 1094 (22) 614 (56) 480 (44) 4.10 (2.97,5.77)

Birth weight (g)

1250–499 463 (9) 406 (88) 57 (12) Reference

1000–249 1062 (21) 928 (87) 134 (13) 1.03 (0.74,1.44)

750–999 1696 (34) 1358 (80) 338 (20) 1.77 (1.32,2.42)

500–749 1488 (30) 898 (60) 590 (40) 4.68 (3.51,6.35)

<500 277 (6) 172 (62) 105 (38) 4.35 (3.02,6.32)

Sexb

Male 2674 (54) 1962 (73) 712 (27) 1.28 (1.12,1.46)

Race/ethnicity

White 2095 (42) 1611 (77) 484 (23) Reference

African American 1316 (26) 970 (74) 346 (26) 1.19 (1.01,1.39)

Hispanic 850 (17) 639 (75) 211 (25) 1.10 (0.91,1.32)

Other 440 (9) 340 (77) 100 (23) 0.98 (0.76,1.25)

Unknown 285 (6) 202 (71) 83 (29) –

Payor

Public 3085 (62) 2325 (75) 760 (25) Reference

Private 1790 (36) 1357 (76) 433 (24) 0.98 (0.85,1.12)

Other 111 (2) 80 (72) 31 (28) 1.19 (0.77,1.79)

SGA 45 (1) 36 (80) 9 (20) 0.77 (0.35,1.53)

Major comorbidities

IVH 281 (6) 190 (68) 91 (32) 1.51 (1.16,1.95)

NEC 685 (14) 469 (68) 216 (32) 1.50 (1.26,1.79)

PDA 1361 (27) 947 (70) 414 (30) 1.52 (1.32,1.75)

BPD severity

Mild 2607 (52) 2274 (87) 333 (13) Reference

Moderate 989 (20) 762 (77) 227 (23) 2.03 (1.69,2.45)

Severe 1390 (28) 726 (52) 664 (48) 6.25 (5.35,7.31)

SGA small for gestational age, IVH intraventricular hemorrhage, PDA patent ductus arteriosus.
aCohort includes only infants born prior to 32 weeks of gestation with a birth weight <1500 g who were
admitted to the NICU in the first week of life and who received supplemental oxygen or respiratory support
at 28 days of life. Infants were followed up to 1 year after their expected delivery date, cessation of oxygen
or respiratory support, or discharge from the hospital, whichever came first.
bThree infants were of unknown sex of which one received albuterol.
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prevalence of bronchodilator use in severe BPD patients in
eight NICUs was 32% and ranged from 0 to 67% [19]. In a
cohort of infants born between 230/7 and 286/7 weeks of

gestation, 32% received an IB with no statistical difference
between infants with BPD and without BPD at 36 weeks
PMA [20]. Post-discharge use of IBs in infants who

Table 2 Inhaled bronchodilator
use by hospital experience and
clinical managementa.

Ever received inhaled bronchodilators

All n (%) No n (%) Yes n (%) Odds ratio estimate (95% CI)

Total 4986 3762 (75) 1224 (25) –

Patient census (Average/year)

<5 87 (2) 68 (78) 19 (22) Reference

5–9 269 (5) 207 (77) 62 (23) 1.07 (0.61,1.96)

10–19 859 (17) 657 (76) 202 (24) 1.10 (0.66,1.92)

≥20 3771 (76) 2830 (75) 941 (25) 1.19 (0.73,2.04)

Respiratory support at 36 weeks PMA

Dischargedb 1570 (31) 1420 (90) 150 (10) Reference

None 1037 (21) 854 (82) 183 (18) 2.03 (1.61,2.56)

NC 989 (20) 762 77) 227 (23) 2.82 (2.26,3.53)

HFNC 100 (2) 75 (75) 25 (25) 3.16 (1.91,5.05)

CPAP 507 (10) 321 (63) 186 (37) 5.49 (4.29,7.03)

BiPAP 33 (1) 10 (30) 23 (70) 21.8 (10.4,48.7)

NIPPV 5 (0) 2 (40) 3 (60) 14.2 (2.34,108.)

IMV 597 (12) 227 (38) 370 (62) 15.4 (12.2,19.6)

HFV 36 (1) 10 (28) 26 (72) 24.6 (12.0,54.5)

Deceasedb 112 (2) 81 (72) 31 (28) 3.62 (2.29,5.61)

Days on respiratory support

≤20 1443 (29) 1394 (97) 49 (3) Reference

21–35 973 (20) 843 (87) 130 (13) 4.39 (3.15,6.21)

36–53 851 (17) 687 (81) 164 (19) 6.79 (4.91,9.55)

≥54 1719 (34) 838 (49) 881 (51) 29.9 (22.4,40.9)

Cumulative postnatal corticosteroid exposurec

None 2989 (60) 2,730 (91) 259 (9) Reference

1–6 days 675 (14) 457 (68) 218 (32) 5.03 (4.09,6.18)

7–21 days 687 (14) 362 (53) 325 (47) 9.46 (7.78,11.5)

>21 days 635 (13) 213 (34) 422 (66) 20.9 (17.0,25.8)

Cumulative diuretic exposured

None 1773 (36) 1714 (97) 59 (3) Reference

1–6 days 1130 (23) 944 (84) 186 (16) 5.72 (4.25,7.81)

7–21 days 707 (14) 504 (71) 203 (29) 11.7 (8.70,16.0)

>21 days 1376 (28) 600 (44) 776 (56) 37.6 (28.6,50.2)

Tracheostomy 148 (3) 15 (10) 133 (90) 30.5 (18.4,54.4)

PMA post-menstrual age, NC nasal cannula, HFNC high flow nasal cannula, CPAP continuous positive
airway pressure, BiPAP bi-level positive airway pressure, NIPPV noninvasive positive pressure ventilation,
IMV invasive mechanical ventilation, HFV high frequency ventilation.
aCohort includes only infants born prior to 32 weeks of gestation with a birth weight <1500 g who were
admitted to the NICU in the first week of life and who received supplemental oxygen or respiratory support
at 28 days of life. Infants were followed up to 1 year after their expected delivery date, cessation of oxygen
or respiratory support, or discharge from the hospital, whichever came first.
bDischarged or deceased prior to 36 weeks gestational age.
cPostnatal corticosteroids include only systemic corticosteroids given enterally or intravenously and
represents the cumulative exposure measured by number of days the infant received a corticosteroid after 28
days of life. Inhaled steroids are not included.
dDiuretic exposure is measured by the number of days the infant received a diuretic.
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required respiratory support at 36 weeks PMA continued to
increase over the first year of life, from 13% at 3 months
corrected age to 31% at 12 months corrected age [21].
Albuterol was the most common IB used post-discharge,
and IB use was associated with lower gestational age and a
diagnosis of BPD at 36 weeks PMA.

Slaughter et al. [11] recently used the PHIS database to
identify a cohort of patients with evolving BPD and deter-
mined that 33% of infants with BPD at 28 days of life
received at least one dose of an IB and that usage steadily
increased in the first month of life. They also described a
large inter-hospital variation in bronchodilator use in their
population. Similar to our findings, increased duration of
positive pressure respiratory support via CPAP, NIMV, or
mechanical ventilation, birth weight between 500 and
749 g, and birth at 24–26 weeks gestation were identified as
factors associated with higher IB administration. Unlike
their cohort, a birth weight of <500 g and birth at <24 weeks
of gestation were also identified as factors related to IB use
in our cohort of patients with established BPD. They did not
observe a difference in IB exposure in infants with IVH,
PDA, or NEC, though for all three co-morbidities we saw
an increase in the odds of receiving IBs. In addition, they
limited their report on bronchodilator use to the first
100 days of life and did not report data related to gestational
age. For an infant born at 24 weeks, he or she has not
reached their due date by 100 days of life. Thus, while their
peak use of bronchodilators occurred on day 99 at 10.3%,
by following BPD infants during their entire NICU course
or until 1 year after their due date, we found a higher

proportion of hospitalized BPD infants received IBs in the
later PMA period. Lastly, a higher percentage of BPD
infants received IB in their cohort compared with ours (33%
vs. 25%), which may reflect changing user patterns.

We also found that higher rates of IB administration in a
NICU were correlated with increased duration of IB treat-
ment. This finding reflects the wide variability in the use of
these medications, likely due to practitioner or hospital
preference. Like initiating IB, there are no objective stan-
dards describing when to cease bronchodilator therapy,
which likely contributes to the variation in patient-days. For
practitioners who initiate IBs because they believe IBs are
beneficial it may be unsurprising that they also tend to use
them for a longer duration.

Knowing that a quarter of BPD infants and nearly half of
severe BDP infants receive an IB, there is an urgent need to
better understand the safety and efficacy of this medication
in this population. It is unclear if the increased use of IB in
infants with severe BPD was due to a positive clinical
response, a lack of other effective therapies combined with
worsening clinical status, or a result of a change in the
makeup of the medical team caring for the infant. Pulmo-
nologists, who are more familiar with IBs, may be more
likely to be consulted in severe cases of BPD and recom-
mend these drugs. Concerns related to use of albuterol
include worsening bronchomalacia, tachycardia, hyperten-
sion, cardiac arrhythmias, hypokalemia, hyperglycemia,
increased risk of GERD, tremor, and increased agitation
[22–24]. Tolerance also occurs [25, 26] and evidence shows
only a portion of BPD infants even respond to albuterol
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with improvement in their pulmonary mechanics [10]. The
paucity of data surrounding the use of IB in infants with
BPD, and especially those with severe BPD, is concerning
given the common use of these drugs in these populations.
Unfortunately, this is a pattern common in severe BPD
patients as they are exposed to many medications whose
risks and benefits are incompletely understood [17].

Several significant questions remain unanswered in the
current literature regarding the use of IBs in infants with
BPD. Even the definition of BPD itself continues to evolve
with little evidence on how the diagnostic criteria impact
future outcomes [27, 28]. A new definition of BPD that is
based on subsequent childhood mortality rather than clinical
status at 36 weeks PMA has been proposed, but remains to
be thoroughly validated [29]. Another limitation of the
current BPD definition is that it is static and relies on a
single point in time. It is possible the use of the medications
may change the respiratory support needs in a gradual
manner, so studying the effects of medication use on growth

trajectory and continued respiratory support after 36 weeks
PMA will also be important. In addition, future studies
should consider assessing the effects of the use of one
medication on the need for other medications. For example,
in our population higher IB use was associated with more
days receiving postnatal systemic corticosteroids and
diuretics but no causation can be established with our data.
If earlier IB use had the potential to decreases the use or
amount of systemic corticosteroids administered, however,
it may be advantageous to use more IBs given the com-
parative adverse effects between the two groups of drugs.

Our findings must be placed in the context of several
limitations. PHIS maintains quality standards for inclusion
but was initially designed for administrative purposes rather
than research. It collects information from medical record
billing data which is potentially susceptible to error. To
record data on NEC, PDA, IVH, and tracheostomy, ICD-9
and ICD-10 codes were used which can be non-specific.
Hospital charge data was used to collect information about
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Fig. 2 Proportion of infants born <32 weeks or <1500 grams
receiving respiratory support at 28 day of life by hospital who
recieved any bronchodilator and the proportion of infants by
hospital who received albuterol, levalbuterol, or ipratropium

bromide. Ranges: Any 0–59%, albuterol 0–53%, levalbuterol 0–43%,
and ipratropium bromide 0–19%. Hospitals were included if they cared
for at least 10 infants. The hospital number corresponeds across all
four graphs.
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respiratory support and medication use. The PHIS database
does not log FiO2 data, NC flow rates, oxyhemoglobin
saturations, or radiological interpretations which are used to
define BPD according to the 2018 Eunice Kennedy Shriver
National Institute of Child Health and Human Development
workshop guidelines [18]. Including only infants on sup-
plemental oxygen or respiratory support at 28–30 days of
life may underestimate BPD but is practical to use in this
study as the medications of interest are often initiated prior
to 36 weeks PMA. By only including patients who required
respiratory support for three consecutive days, those with
transient respiratory support needs were excluded. Although
a reasonable assumption, categorizing eligible infants who
were discharged home by 36 weeks PMA as mild BPD
and those who died as severe BPD may result in mis-
classification bias. The clinical indications for use and
response are not recorded in the PHIS database. A complete
understanding of the decisions made by the physician is
beyond the scope of this study. Causal effects of IB expo-
sure and clinically useful outcomes such as change in BPD
symptoms or severity, number of ventilator days, need for
tracheostomy, need for systemic steroids, and duration of
hospitalization cannot be determined from the retrospective
PHIS data.

Despite these limitations, there are a number of strengths
to our study. For the first time to our knowledge, this study

examines the use of IB in BPD and severe BPD patients by
PMA, following them during the entire NICU course up
until 1 year after their estimated date of delivery. In addi-
tion, the study population comes from PHIS which com-
prises a large national representation of children’s hospitals
and our findings are likely generalizable to most NICUs
caring for BPD patients in the United States.

In summary, exposure of BPD patients to IB is wide-
spread in the NICU, especially in cases of severe BPD. The
use of IB varies widely between hospitals, with the current
study unable to define any hospital related factors that could
be influencing the variability. For infants with BPD,
bronchodilator administration steadily increases after
36 weeks PMA until about 60 weeks PMA, and its use is
associated with the need for respiratory support at 36 weeks
PMA, duration of respiratory support and corticosteroid
administration, and need for tracheostomy. The high IB use
and variability indicates an urgent need for future research
in this vulnerable population.
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