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Abstract

Objective Longer initial hospitalizations for preterm infants with bronchopulmonary dysplasia (BPD) can delay family
bonding and attainment of developmental milestones, increase the risk for hospital acquired complications, and increase
healthcare costs. The goal of the study was to identify the characteristics associated with longer lengths of hospitalization in
this high-risk population.

Study design A retrospective analysis was performed on 660 children (born <32 weeks gestation) discharged from 13
Maryland NICUs recruited into an outpatient BPD registry.

Result The mean age of discharge was 4.3 +£2.9 months (median: 3.7 months). Subjects born with lower birthweights and
covered by public insurance had longer lengths of hospitalization. Clinical characteristics at discharge associated with longer
initial hospitalizations included gastrostomy tube, mechanical ventilation, tracheostomy, pulmonary hypertension, and
supplemental oxygen.

Conclusion Identifying the risk factors associated with longer lengths of stay could prompt the implementation of perso-

nalized in-hospital interventions to improve outcomes and minimize length of stay in infants with BPD.

Introduction

In the United States, nearly 10% of all live births are pre-
term (<37 weeks) with over 55,000 infants born in 2015
weighing <1500 g [1]. These premature and very low birth
weight (VLBW) infants are at increased risk for developing
bronchopulmonary dysplasia (BPD) and its associated co-
morbidities. While rates of BPD are variable, estimates
indicate that the incidence of BPD has remained relatively
constant over the past several decades (43% of infants born
22-28 weeks gestation) [2]. This corresponds to a burden of
~15,000 new BPD diagnoses each year. While severity of
BPD in preterm plays a role in length of stay in preterm
infants, recognition of clinical characteristics and risk
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factors associated with longer initial hospitalizations in the
subgroup of preterm infants with BPD is a significant first
step in initiating personalized strategies to optimize the
NICU experience for these critically ill infants, thus favor-
ing long-term outcomes and to initiate attempts to reduce
length of stay in these high-risk infants.

Infants with BPD often spend in excess of four months in
the NICU with some of the sickest patients spending over a
year prior to discharge to home for the first time [3]. Pro-
longed length of NICU stays correlate with increased
exposure to nosocomial infections, developmental delays as
well as impaired parent-infant relationships [4]. Strategies
reported to improve long-term developmental outcomes
could be implemented early on in infants with BPD
recognized to be at increased risk for a longer length of
NICU stay. Some of these interventions may include
increasing the amount of adult talk with preterm infants in
the NICU [5], the use of single family rooms [6], and
increasing utilization of breast milk [7].

Limited data are published on NICU costs, but the mean
cost of care for a ventilated extremely low birth weight
infant in the NICU is estimated at over $200,000 [8].
Reducing the length of stay for infants requiring prolonged
intensive care isS an important measure in minimizing
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morbidities, promoting parental bonding, and controlling
overall medical costs [9].

Early discharge with neonatal home care can be effective,
safe, and cost saving for medically stable infants [10, 11].
Complicating the efforts for early discharge of infants with
BPD, however, are the numerous medical complications
commonly found in this population that are associated with
longer hospitalizations and greater risks for re-admission [2,
12, 13]. Despite these challenges, it is important to identify
clinical characteristics associated with prolonged length of
NICU stay in infants with BPD in order to develop strategies
to safely expedite their discharge from the NICU.

Prior studies have identified some clinical characteristics
that may complicate and prolong the NICU course for
infants with BPD, including respiratory-related character-
istics such as the presence of pulmonary hypertension [14—
16], use of home oxygen [3], and types of inpatient
respiratory support [12, 17]. Non-respiratory characteristics
may also include gastrostomy tube placement [18] and
feeding difficulties [4]. In light of this work, our study
attempts to provide a more comprehensive analysis of the
specific patient characteristics most associated with pro-
longed NICU length of stay in infants with BPD with the
goal of identifying targets to shorten NICU hospitalization
durations. Targeted care (e.g., for discharging patient on
home ventilators) can certainly reduce lengths of stay dra-
matically [19]. Although our study is a retrospective study
focusing on children recruited from an outpatient BPD
clinic, these children were discharged from 13 different
NICUs across the state of Maryland. Variability in care has
been shown across NICUs in the United States [20, 21].
Nevertheless, in this study we were able to demonstrate risk
factors that were consistently associated with an increased
length of stay in a variety of NICU settings.

We hypothesized that demographic and clinical char-
acteristics were associated with increased length of stay
among preterm infants with BPD. Specifically, we hypo-
thesized that children with BPD requiring interventions for
swallowing dysfunction (e.g., gastrostomy tube placement
or Nissen fundoplication), advanced airway management, as
well as those developing pulmonary hypertension would
have prolonged lengths of stay, in part due to their greater
respiratory severity and difficulties with home care man-
agement. Secondary hypotheses of this study included
examining specific medications used while in the NICU for
BPD and pulmonary hypertension and the age at which
infants with BPD underwent tracheostomy and gastrostomy
tube placement in association with length of NICU stay. It
should be acknowledged that our study focused on infants
with BPD, thus we did not study interventions that reduce
the incidence of BPD [22], which could influence length of
stay in our population if BPD was averted. To this end, we
reviewed medical charts from patients recruited from the

Johns Hopkins Outpatient BPD clinic who were previously
hospitalized in 13 different NICUs across the state of
Maryland.

Methods
Study population

Subjects (n = 660) were recruited from the outpatient Johns
Hopkins Bronchopulmonary Dysplasia Clinic (Baltimore,
MD) between January 2008 and April 2017. Patients seen in
clinic were referred from NICUs across the state of Maryland.
Inclusion criteria were being born preterm (<32 weeks
gestation) as well as being diagnosed with BPD by a pediatric
pulmonologist or neonatologist per NICHD criteria [23]. This
study was approved by the Johns Hopkins University Insti-
tutional Review Board (Protocol #: NA_00051884), and oral
informed consent was obtained from parents/guardians. Use
of oral consent was approved by the IRB given the minimal
potential risks incurred by subjects.

Demographics/clinical data

Subjects’ insurance coverage type was established using
billing records. Median household income was derived from
2010 US census tract data using residential zip codes (US
median household income: $50,502; State of Maryland
median household income: $70,004). Birth weight percen-
tiles reflect birth weights corrected for gestational age [24].
Race/ethnicity were self-reported; for the purposes of ana-
lysis, any subjects that were reported to have any non-white
ancestry were coded as non-white. The presence of gas-
trostomy tubes, tracheostomies, Nissen fundoplication,
ventricular shunt, PDA requiring ligation, home oxygen,
ventilator use, and specific medication use as well as dates
of procedures and discharge age were obtained through
chart review and denote status at the time of discharge. PDA
ligation (or device closure) was pursued at the clinical
discretion of the attending neonatologist. Subjects were
categorized as having pulmonary hypertension (PH) based
on clinically obtained echocardiograms with pulmonary
hypertension present on or after 2 months of age [14, 15].
All echocardiograms were reviewed by a board-certified
pediatric cardiologist. All medications (diuretics and med-
ications for pulmonary hypertension) prescribed at dis-
charge were prescribed at the clinical discretion of the
discharging neonatologist.

Statistical methods

First, univariate Cox regressions were used to identify
potential  confounders (demographic  characteristics)
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associated with length of initial hospital stay. Second, uni-
variate Cox regressions using clinical variables (indepen-
dent variable) adjusted for demographic characteristics were
used to identify specific clinical variables associated with
age at initial discharge (independent variable). Third, sig-
nificant clinical variables were used to build a multivariate
Cox regression models to predict age at initial discharge
(again adjusted for appropriate demographic characteristics)
by backwards elimination of non-significant clinical vari-
ables. STATA IC 11 (StataCorp LP, College Station, TX)
was used for analyses. p values <0.05 were considered
statistically significant.

Results
Demographics

A total of 660 subjects were recruited for this study from the
Johns Hopkins Bronchopulmonary Dysplasia clinic. Sub-
jects were more likely to be males (59.6%) and the mean (
+SD) gestational age was 26.1+2.2 weeks (range:
22.7-32.0 weeks; median: 26) (Table 1). The mean age at
initial discharge from the NICU was 4.3+2.9 months
(range: 0.5-26.5 months; median age: 3.7). Subjects born at
an earlier gestational age (HR = 1.15 per additional week;
p<0.001) and with lower birth weights (HR =2.74 per
additional kilogram; p <0.001) were more likely to have an
increased length of stay (Supplemental Table 1). Subjects
with reported non-white race/ethnicity (HR =0.80;
p=0.006) and subjects covered by public insurance
(HR =0.74; p<0.001) were also more likely to have a
longer length of stay. Other demographic characteristics
including sex, birth weight percentile, and estimated
household income were not found to have a statistically
significant association with length of stay (Supplemental
Table 1).

Clinical characteristics

All clinical characteristics assessed in Fig. 1 were found to
be associated with a statistically significant increase in
length of stay (All ¢ tests: p <0.001) with the exception of
critical congenital heart defects (p =0.76) (see also Sup-
plemental Table 2). All of these clinical characteristics
remained associated with prolonged length of stay in Cox
regression analysis controlling for the demographic char-
acteristics that were associated with length of stay (gesta-
tional age, birth weight, race/ethnicity, and public
insurance) (Supplemental Table 3).

After stepwise multivariate Cox regression analysis,
however, only home mechanical ventilation, gastrostomy
tube placement, pulmonary hypertension, supplemental
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Table 1 Demographics

Mean (+SD) [range] Study population

(n=660)
Demographic characteristics
Sex (% male) 59.6
Gestational age (weeks) 26.6+2.2
[22.7-32]
Birth weight (g) 903 £324
[380-2188]
(n=649)
Birth weight percentile (%) 41+23.6
[1-95]
(n=649)
Race/ethnicity (% non-white) 66.4
Public insurance (% yes) 58.2
Estimated household income ($°000) 63.6+224
[15.6-156.6]
Clinical characteristics
Age at initial discharge (months) 43+29
[0.5-26.5]
Supplemental oxygen (% yes) 37.7
Gastrostomy tube (% yes) 20.6
Nissen fundoplication (% yes) 14.2
Diuretic use (% yes) 58.9
(n=0657)
Patent ductus arteriosus ligation (% yes) 19.8
(n=0657)
Critical congenital heart defect (% yes) 0.3
Tracheostomy (% yes) 3.6
Mechanical ventilation (% yes) 3.0
Ventricular shunt (% yes) 8.8
Pulmonary hypertension (% yes) 16.2
Pulmonary hypertension meds (% yes) 39
Inhaled corticosteroid use (% yes) 80.6

oxygen use, and inhaled corticosteroid use (after initial
hospital discharge) remained associated with prolonged
length of stay (Table 2 and Fig. 2). The need to discharge
with home mechanical ventilation was associated with an
increase in length of stay of over 9 months (HR = 0.28; p <
0.001) (Table 2). Gastrostomy tube placement was asso-
ciated with an increase of over 4 months (HR =0.28; p <
0.001). The presence of pulmonary hypertension was
associated with an increase in length of stay of almost
3 months (HR = 0.74; p = 0.01) while the need to discharge
with home supplemental oxygen (HR = 0.83; p =0.04) and
inhaled corticosteroid use (HR = 0.81; p = 0.04) were both
associated with an increase of less than 2 months. Of note,
the adjusted demographic characteristics that still remained
significant in the final model were birth weight (p <0.001)
and public insurance (p = 0.001), while race/ethnicity (p =
0.39) and gestation (p = 0.052) were not.
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“Final multivariate Cox regression performed to assess for association
between clinical characteristics and age of discharge (months) obtained
through stepwise regression models of individual predictors associated
with age of discharge (Supplemental Table 3). Regression includes

Fig. 2 Significant risk factors for prolonged length of stay from
adjusted multivariate model from Table 2 (lower Cox hazard ratios
imply more potent risk factors)

adjustments for gestational age, birth weight, race/ethnicity, and public 2
insurance based on univariate models of potential confounders ?21
(Supplemental Table 2). S 18
E 15
(%)
212
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Within the study population, 59.1% of subjects were pre- 3 I"h ’—h
scribed diuretic therapy at discharge (Table 1). Diuretics 0

prescribed for home use within the population included
spironolactone, bumetanide, chlorothiazide, and fur-
osemide. The range of use included being prescribed no
diuretics to being prescribed a combination of up to three
diuretics. Patients who did not receive diuretic prescriptions
had a mean length of stay of 3.6 + 2.2 months (median: 3.2)
(Fig. 3 and Supplemental Table 4). Those patients receiving
one diuretic had a mean length of stay of 4.5 +2.6 months
(median: 3.7) while those receiving two diuretics had a
mean length of stay of 4.9+2.8 months (median: 4.0).
Finally, patients receiving three diuretics had a mean length

Diuretic Use Pulmonary Hypertension

ONo Pulm HTN @ No Medication ~ EOne Medication

B Two Medications B Three Medications

Fig. 3 Diuretics and pulmonary hypertension medications and length
of stay

of stay of 11.6 8.6 months (median: 10.2). An adjusted
Cox regression of the number of diuretic medications pre-
scribed at discharge revealed an association between
increased number of diuretics prescribed and prolonged
length of stay (HR =0.74; p <0.001).
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In addition, 3.9% of the study population were pre-
scribed medications to treat pulmonary hypertension at
discharge (Table 1). Prescribed medications for manage-
ment of pulmonary hypertension within the population
included sildenafil, treprostinil, and bosentan. Patients with
pulmonary hypertension who were prescribed no medica-
tions had a mean discharge age of 6.0 + 3.1 months (med-
ian: 4.9) (Fig. 3). Patients with pulmonary hypertension
who were prescribed one medication had a mean discharge
age of 7.9 £4.9 months (median: 6.5) while those on two
medications had a mean discharge age of over 14.5=
7.0 months (median: 13.6) (Supplemental Table 5). An
adjusted Cox regression revealed an association between
increased number of medications prescribed and prolonged
length of stay (HR =0.53; p =0.001).

Timing of tracheostomy and gastrostomy tube
placement

The mean age at time of tracheostomy placement was 5.6 +
2.1 months (median: 5.5) with a mean of 6.9 + 5.5 months
(median: 5.3) between tracheostomy placement and initial
discharge (Supplemental Table 6). Tracheostomies were
placed earlier in the four subjects who did not require home
ventilation (mean age: 3.3 months) compared to the
20 subjects who also required home ventilation (mean age:
6.0 months; p = 0.019), but the time between tracheostomy
placement and discharge did not differ significantly between
the not ventilated (3.3 months) and ventilated subjects
(6.0 months; p =0.21). Also of note, four additional sub-
jects had tracheostomies placed on subsequent admissions.

The mean age of gastrostomy tube placement occurred at
5.4+ 1.8 months (median: 5.3) with a mean of 2.3z
3.3 months (median: 0.9) between placement and initial
discharge (Supplemental Table 7). Gastrostomies were not
placed any earlier in the 42 subjects who did not require
home ventilation compared to the 93 subjects who also
required Nissen fundoplication (p =0.84), but the time
between gastrostomy placement and discharge was shorter
for subjects who had gastrostomy tube placement only
(mean time: 1.4 months) compared to those who also
received a Nissen fundoplication (2.7 months; p = 0.030).
Also of note, 39 additional subjects had gastrostomy tubes
placed on subsequent admissions.

Discussion

In this study, we identified demographic and clinical char-
acteristics associated with longer lengths of initial hospita-
lization in children attending an outpatient BPD clinic.
Demographic characteristics associated with longer lengths
of stay included lower birthweight as would be expected
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[25], but also public insurance. Not surprisingly, the chil-
dren who required mechanical ventilation at hospital dis-
charge had the longest length of inpatient days. Other
clinical characteristics associated with prolonged initial
hospitalization included gastrostomy tube placement, the
diagnosis of pulmonary hypertension, and supplemental
oxygen use. The markedly increased lengths of stay asso-
ciated with home ventilators and gastrostomy tubes based
on the Cox hazard ratios does suggest potential targets for
decreasing length of stay, which could involve identifying
patients with these needs earlier to proceed with more
timely surgical procedures and standardizing post-operative
management (e.g., feeding advancement and tracheostomy
training) to facilitate earlier discharges. Identifying strate-
gies to reduce the duration of initial hospitalization is
important in minimizing risks of infection, reducing health
care costs, and mitigating the negative psychological effects
on both the infant and family. Furthermore, infants identi-
fied early on for being at increased risk for prolonged
lengths of stay should be targeted for interventions reported
to improve long-term cognitive and motor outcomes in
preterm infants [26].

In terms of demographic characteristics, we have pre-
viously observed earlier gestational ages and lower birth
percentiles in a subset of the current study population,
suggesting that patients with lower birth weights are more
likely to be categorized as being sicker than preterm infants
with higher birth weights [27]. In addition, in the same prior
study we observed higher rates of public insurance in non-
white subjects, which may explain the observed association
between public insurance and increased length of stay.
Alternatively, many patients in our catchment area with
more complex needs, are enrolled in Medicaid (public
insurance) as secondary insurance. Of note, in a previous
work of a subset of this study population, we found that
public insurance was associated with a lower prevalence of
re-hospitalization [28], but we cannot comment on a causal
link between longer initial length of stay and decreased risk
of re-hospitalization. Prospective studies assessing length of
stay with regard to future hospitalization would be required
to answer this. Social interventions to reduce length of stay
may involve better communication between care providers
and families (e.g., regular family meetings) or earlier
identification of social barriers to discharge.

With regard to clinical characteristics, the diversity of
factors we found to be associated with prolonged length of
stay highlights the complexity of lung disease that these
infants suffer from and the fact that addressing one factor
alone may not reduce length of stay across the entire popu-
lation. More specifically, mechanical ventilation and supple-
mental oxygen use suggest a component of alveolar disease,
with pulmonary hypertension suggesting a component of
vascular disease, and inhaled corticosteroid suggesting a
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component of small airways disease or lung inflammation.
However, targeted inventions can certainly have a large
beneficial effect on specific subgroups. For example, a recent
effort in Colorado to standardize initial discharge of pediatric
ventilated patients resulted in substantial reduction in mor-
tality, length of stay, and costs [19, 29].

We also found that an increased number of medications
(diuretics or anti-pulmonary hypertensive agents) prescribed
at discharge was also associated with longer length of stay
for initial hospitalization. This finding could reflect disease
severity, indicating that infants who require these medica-
tions had more severe alveolar and vascular disease in the
infants. Although Lardon-Fernandez and colleagues repor-
ted an association between diuretic use and development of
BPD, it was unclear whether diuretic use was directly
associated with a longer length of initial hospitalization
[30]. Furthermore, variability in delivery of care by regional
NICUs could influence development of BPD in a preterm
infant as found in California resulting in variability in the
initial length of stay in the NICU [20]. In their study, they
reported that administration of antenatal corticosteroid
varied between regional NICUs in California. Nevertheless,
despite coming from a diverse number of regional NICUs,
we found an association between use of diuretics or anti-
pulmonary hypertensive agents and longer length of initial
hospital stay. A limitation to our study is not knowing the
degree of practice variability between the regional NICUs.
Of some interest however is whether earlier initiation of
these medications during the NICU course could lessen
length of stay in these infants.

We also analyzed the number of tracheostomies placed in
infants with BPD and although the data was limited, sub-
jects who had tracheostomies placed and were not dis-
charged with home ventilators had their tracheostomies
placed almost 3 months earlier than those discharged with
home ventilators. Although the difference for time elapsed
between tracheostomy placement and discharge was not
statistically different between the two groups, we are likely
underpowered to detect this difference. In a retrospective
study, Hysinger and colleagues reported that neonates with
BPD diagnosed with tracheobronchomalacia by broncho-
scopy, were more likely to have longer hospitalizations,
placement of a tracheostomy and to require mechanical
ventilation at discharge [31]. Although clinically we suspect
that many children that require home ventilation have some
degree of tracheobronchomalacia, this was not determined
in our study. In our study population we found no difference
in the timing of gastrostomy tube placement between sub-
jects who received a Nissen fundoplication and those who
did not, nevertheless subjects who underwent Nissen fun-
doplication were hospitalized for over 1 month longer,
perhaps due to additional recovery time, other comorbid-
ities, or difficulties with feeding compression.

Strengths of our study include the use of a large
population of preterm infants diagnosed with BPD while
in the NICU with detailed records of medication use and
interventions performed during their initial hospitaliza-
tion. In addition, the subjects in our study were discharged
from regional NICUs across the state of Maryland, thus
introducing variability in the care of these children during
their initial hospitalization. Our results therefore are less
likely to be influenced by a single center approach to the
treatment of preterm infants in the NICU, potentially
increasing the generalizability of our findings. Never-
theless, our subjects were recruited from a single center’s
outpatient clinic, and patients coming to this center may
not be representative of patients with BPD who do not
receive treatment from this center. Other limitations
include a bias towards a primarily minority population,
which may increase the severity of illness in our popu-
lation and consequently lead to extended NICU stays.
Also, we do not have data on ventilatory modes, systemic
steroid use, or surfactant use in the NICU or outpatient
data on reflux management, which may influence out-
comes. In addition, causality cannot be determined from
our retrospective analyses in this study. Lastly, patients
were recruited over a 9-year period, and it is possible that
clinical care changes over that time period may affect
results.

In conclusion, our study identifies a number of demo-
graphic and clinical risk factors associated with extended
initial hospitalization for infants with BPD. Knowledge of
these risk factors may be helpful in directing efforts to
minimize length of stay in this population, which has
important social and economic ramifications; daily NICU
costs have been estimated to exceed $3500 per infant with
prolonged hospitalizations often approaching $1 million
[32]. In addition, these risk factors may serve as a useful
benchmark for forecasting the duration of initial hospitali-
zation in order to improve communication and expectant
management for families [33] as the experience of having a
newborn with a major medical conditions may negatively
impact family dynamics and infant development [34, 35].
Further studies are needed to confirm our findings as well as
to establish methods to safely reduce NICU length of stay
for infants with BPD. Based on our analyses some potential
interventions to reduce length of stay could include estab-
lishing specific protocols regarding the use of supplemental
oxygen and ventilation in the NICU, advancing gastrostomy
feeding, assessing social barriers to discharge earlier in
hospital courses, specific protocols for pulmonary hyper-
tension management, standardizing family training regi-
mens, etc. Working to minimize the duration of initial
hospitalization for this population may have significant
positive implications for the overall outcome of these
infants and their families.
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