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Abstract
Objective Severe bronchopulmonary dysplasia (sBPD) can lead to long term morbidity. We created a sBPD multi-
disciplinary team in 2011 to optimize care and improve outcomes.
Study design Retrospective chart review of three groups between 2008 and 2016: patients with sBPD born before 2011,
patients with sBPD born after 2011, and patients with moderate BPD born after 2011.
Results Infants with sBPD after 2011 had a shorter NICU length of stay compared with children born before 2011 (mean
140 days vs 170 days p < 0.007), weighed more at discharge (z-score −0.8 vs −1.35 p= 0.01), had less failure to thrive post
discharge (32% vs 51% p= 0.05) and had more well visits in the first six months of life (mean 6.7 vs 5.3 p= 0.04). No
difference was observed in the rate of readmissions in the first two years of life.
Conclusion Our multidisciplinary team has improved the inpatient management of patients with sBPD.

Introduction

Bronchopulmonary dysplasia (BPD) due to prematurity is
one of the most common chronic lung diseases affecting
children today and the most common late morbidity of pre-
term birth [1, 2]. With advances in obstetrical and neonatal
management, the advent of surfactant, more sophisticated
ventilators and increased survival of children born at the
extremes of viability and birth weight, the prevalence of
severe bronchopulmonary dysplasia (sBPD) has been
increasing [1–4]. Nationally the incidence of sBPD has been
reported as 16% for all children born <32 weeks [5–9].
Using this estimate there are approximately 13,000 new
patients across the United States who develop sBPD every
year [5–9]. Children with sBPD are at greater risk for many
co-morbid conditions: gastro-esophageal reflux, failure to

thrive (FTT), pulmonary hypertension, asthma, tracheo-
broncho malacia, tracheostomy, ventilator dependence and
neurodevelopmental delays, to name a few. The majority of
neonatal research has focused on strategies aimed at pre-
venting BPD, but there is a paucity of research on the care
and best practice management in children who have already
developed BPD.

The 2001 National Institute of Child Health and Human
Development (NICHD) definition of BPD uses the level of
respiratory support patients are receiving at 36 weeks to
divide BPD into three separate categories (mild, moderate,
severe) [10]. Because this definition uses respiratory sup-
port, the focus of BPD research has been on the lungs.
However, children with BPD have multiple organ system
involvement, and children with sBPD carry the greatest
burden of morbidity and mortality. The multiple co-
morbidities result in the involvement of multiple sub-
specialists, potentially leading to miscommunication
between care teams and poor continuity of care. It has been
proposed that an interdisciplinary team made up of multiple
subspecialists dedicated to the care of infants with sBPD
should be utilized to improve outcomes [11]. In November
of 2011 we created a multidisciplinary severe Broncho-
pulmonary Dysplasia Team (BIT:s) consisting of a pediatric
pulmonologist, cardiologist, intensivist, pharmacist and a
neonatologist with an interest in BPD. A dedicated pediatric

* Robin L. McKinney
Robin_mckinney@brown.edu

1 Department of Pediatrics, The Warren Alpert School of Medicine
at Brown University, Providence, RI, USA

2 Lifespan Biostatistics Core and Departments of Orthopedics and
Surgery, Warren Alpert Medical School, Brown University,
Providence, RI, USA

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-020-00863-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-020-00863-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-020-00863-0&domain=pdf
http://orcid.org/0000-0002-6107-0841
http://orcid.org/0000-0002-6107-0841
http://orcid.org/0000-0002-6107-0841
http://orcid.org/0000-0002-6107-0841
http://orcid.org/0000-0002-6107-0841
http://orcid.org/0000-0002-9964-664X
http://orcid.org/0000-0002-9964-664X
http://orcid.org/0000-0002-9964-664X
http://orcid.org/0000-0002-9964-664X
http://orcid.org/0000-0002-9964-664X
mailto:Robin_mckinney@brown.edu


ear, nose and throat surgeon and later gastroenterologist
were available to consult based on criteria developed by the
team. Referral to BIT:s was based on the diagnosis of severe
BPD per the 2001 NICHD definition of BPD and broadened
to include patients we agreed would benefit from the care of
this multidisciplinary team. To test the effectiveness of our
team we performed a retrospective review of patients
referred to BIT:s compared with historical controls of
patients with sBPD who would have met the criteria for
referral to BIT:s had the team been in existence. We
included infants with BPD who did not meet the criteria for
inclusion in the BIT:s service as a second reference cohort
of BPD infants with less severe disease.

Methods

Electronic medical records were reviewed from 2008–2016
to identify infants with a diagnosis of moderate to severe
BPD using the NICHD definition. Infants were classified as
either: (1) patients referred to our multidisciplinary BIT:s
team (created November 2011), (2) a cohort of patients
meeting the inclusion/exclusion criteria for BIT:s referral
born before the program’s inception, or (3) patients who
met the NICHD criteria for moderate BPD born after 2011,
and did not meet the criteria for referral to BIT:s. The BIT:s
and Pre-BIT:s groups were matched for disease severity at
36 weeks PMA based off the NICHD definition of sBPD.

The criteria for referral to the BIT:s team are infants with
a postmenstrual age ≥36 weeks and any of the following:
pulmonary hypertension, on non-invasive positive pressure
ventilation, on continuous positive airway pressure, high
flow nasal cannula ≥2 L/min, or FiO2 > 0.3. Patients were
referred to the BIT:s team at 36 weeks PMA.. 36 weeks
PMA was used as the comparison point for disease severity
because regardless of birth characteristics BPD is defined at
36 weeks PMA. Patients were excluded if they were
referred to the BIT:s team, but did not meet the criteria for
sBPD, were lost to follow up before their first outpatient
appointment, or if they had less than 1.5 years of follow
data available from the date of their birth within the study
period.

All infants were born at Women and Infants Hospital, or
transferred to Women and Infants Hospital within the first
12 h of life. Women and Infants is a tertiary care academic
NICU and the only level 4 NICU in the state. All premature
and high risk pregnancies in the state are referred to Women
and Infants. There are no infants less than 32 weeks who
require respiratory support cared for anywhere else in the
state. There are approximately 9000 deliveries, at our hos-
pital and 140 admissions to the NICU of infants born less
than 32 weeks per year. Between 2012 and 2017 an average
of 24 patients per year were diagnosed with sBPD all of

whom were referred to the BIT:s team. All follow up visits,
subspecialty visits and readmissions occurred either at
Women and Infants Hospital or Hasbro Children’s Hospital.
There are no other hospitals within the state that offer
subspecialty care, and no other hospitals have a pediatric
ED or pediatric intensive care unit. All young pediatric
patients are referred to Hasbro Children’s Hospital.

The BIT:s team met and rounded on all referred patients
every two weeks with the primary NICU team. At the time
referral (36wks PMA), a screening echocardiogram for
pulmonary hypertension and structural anomalies was per-
formed on all patients regardless of any previous echo-
cardiograms. If no pulmonary hypertension was identified,
then an echocardiogram was performed either just before
discharge or any time the patient had significant clinical
deterioration. If pulmonary hypertension was identified
recommendations were made to have O2 saturations main-
tained above 96%, to optimize respiratory support. Medi-
cations (inhaled nitric oxide, sildenafil or diuretics) were
started as clinically indicated. One patient with significant
pulmonary hypertension was referred for cardiac catheter-
ization and found to have pulmonary vein stenosis. Right
ventricular (RV) systolic pressure was assessed by peak
tricuspid regurgitant (TR) doppler velocity plus estimated
right atrial pressure, or peak Doppler velocity across a
patent ductus arteriosus or ventricular septal defect if pre-
sent. If there were inadequate TR envelopes, the inter-
ventricular end-systolic septal position was assessed in high
parasternal short axis view. Pulmonary pressures based on
the position of the septum were estimated as follows: fully
rounded left ventricle (LV) suggested estimated RV systolc
pressure less than or equal to half systemic pressure,
if flattened estimated RV systolic pressure 50–100% of
systemic pressure was assumed, dependent on degree of
flattening. If the septum was concave (bowing into the LV)
estimated RV systolic pressure was supra-systemic. In all
cases the presence of RV hypertrophy, RV dilation, RV
function, Doppler pattern of right heart outflow tract flow,
main pulmonary artery size and direction and amount of
shunting across the interatrial septum were also assessed as
corroborating evidence if interventricular septal position
was used as a primary assessment [12]. All echocardio-
grams were reviewed by the cardiologist on the BIT:s team
who has a special interest in pulmonary hypertension and
the findings relayed to the primary team.

Recommendations regarding respiratory support were
standardized with an emphasis on optimally supporting the
patient vs rapid weaning from respiratory support. For
intubated patients a high PEEP (typically greater than
10 cmH2O), long inspiratory time (0.6 s or longer), high
tidal volume (8–12 mL/kg) and low rate (20–30 bpm) were
recommended with an emphasis on weaning the PEEP
slowly typically no more than by 1 cmH2O per week while
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monitoring the patients spontaneous respiratory rate, O2

saturations, weight gain and length. Using these parameters
to guide recommendations, ventilator settings were adjusted
to promote growth as measured by weekly weights and
monthly lengths. Tracheostomy was recommended when
patients required high ventilator settings beyond 40–42 wks
PMA and prolonged need for distending pressure was
anticipated. Patients on non-invasive positive pressure
ventilation (nasal CPAP, or high flow nasal cannula) were
also weaned slowly with an emphasis on adequate support
vs rapid weaning. The use of steroids and diuretics were
discussed in the context of each individual patient and
recommended as clinically indicated in cases where wean-
ing had stalled. The need for optimal nutritional support
while avoiding excessive calories and carbohydrate were
always emphasized.

Patients with a weak cry, hoarse voice or inability to
wean from support were evaluated by ENT for airway
malacia or other problems. Patients with poor weight gain
(Weight z-score below −1.5 @ 36weeks PMA, or a
decrease in z-score greater than 0.8 from birth), feeding
dysphagia with a gastrostomy tube or on anti-reflux
medications were referred to gastroenterology and their
feeding team prior to discharge. Gastroesophageal reflux
was diagnosed using an impedance study with pH probe.
Significant reflux was defined as 100 episodes/24 h or
more [13].

Demographic data including the patient’s gestational age at
birth, age at re-admission and outpatient visits, sex, growth
chart, past medical history, surgical history, and specific
medical history that pertains to bronchopulmonary dysplasia
were extracted from the electronic medical records at both
Women and Infants Hospital and Hasbro Children’s Hospital.
Number of hospital admissions, reasons for admission,
emergency department (ED) visits, and co-morbidities such as
pulmonary hypertension, asthma, albuterol use, failure to
thrive (FTT) or feeding difficulties, Gastro-esophageal reflux,
gastrostomy tube, nasogastric tube placement, tracheostomy
placement were also recorded. Data on readmissions, well and
ED visits were collected from discharge until the child
was five years of age, or until January 1st, 2016, whichever
came first.

Statistical methods

SAS version 9.4 (The SAS Institute, Cary, NC) was used
for all analyses. Generalized linear models (proc glimmix)
were constructed to compare patients falling into the three
classifications of patient types. Patients who met the criteria
for BIT:s referral prior to program inception represented a
control for the BIT:s patients in reference to improvement,
while patients with less severe BPD were included as a
reference for other infants receiving treatment in the NICU

concurrent with BIT:s. The distribution for each generalized
model was chosen based on the nature of the dependent
variable and examination of model residuals where appro-
priate. Classical sandwich estimation was applied to adjust
for model misspecification (e.g., differences in variances not
explained by the distribution chosen). Raw p values com-
paring the cohorts were reported and used to draw conclu-
sions along with raw 95% confidence intervals.

This study was approved and overseen by the Institu-
tional review board of both institutions with waiver of
consent.

Results

Demographic data for the 143 infants included in this
analysis are shown in Table 1. There was no difference in
birth characteristics between the three groups. There was no
difference between the BIT:s and Pre-BIT:s groups in terms
of the respiratory support they were receiving at 36 weeks
PMA. Infants enrolled in the BIT:s program had sig-
nificantly shorter average lengths of stay than the infants
with sBPD born prior to the creation of BIT:s (140 days vs.
170 days, p < 0.007) and were discharged from the hospital
at a significantly earlier postmenstrual age (46 weeks vs.
50 weeks, p= 0.01). Infants enrolled in BIT:s had sig-
nificantly better weight gain based on their z-score at dis-
charge (−0.8 vs −1.35 p= 0.02) than the pre-BIT:s group,
but their z-score for length (−1.78 vs −2.31 p= 0.15) at
time of discharge, though somewhat improved was not
statistically different (Table 2).

Post discharge there was no difference in the time to first
admission or the percentage of patients that were admitted
after discharge from the NICU, between the Pre-BIT:s, BIT:s
and mBPD groups in the first two years of life (61%, 55 and
53% respectively, Fig. 1a). At least one ED visit occurred in
71% of BIT:s patients, 65% of patients with mBPD and 53%
of patients born pre-BIT:S (Fig. 1b). The BIT:s patients vis-
ited the ED sooner after discharge in their first two years of
life than pre-BIT:s patients. This was statistically significant
between the BIT:s and Pre-BIT:s group (p= 0.02), but not
between mBPD patients and BIT:s or mBPD and pre-BIT:s
patients (p= 0.1 and 0.4 Fig. 1b).

The average number of admissions and ED visits was
not significantly different within the first 6 months after
discharge between the groups (p= 0.27 and p= 0.43,
respectively Table 3). Patients in the BIT:s group had
significantly more well visits in the first six months after
discharge than those in the pre-BIT:s group (mean of 6.7
vs 5.3, p= 0.04 Table 3).

Patients in the BIT:s group were less likely to be dis-
charged home on oxygen than patients in the pre-BIT:s
group (70% vs 92% p= 0.017). Patients in the BIT:s group
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were less frequently diagnosed with asthma in the first five
years of life compared with patients in the pre-BIT:s group,
but this failed to reach statistical significance (20% vs 38%
p= 0.06). Despite this difference, both groups had the same
rate of albuterol prescriptions (64% vs 65% p= 0.9).
Patients in the BIT:s group had a 32% rate of FTT/feeding
difficulties compared with 51% in the pre-BIT:s group (p=
0.05) Table 4. The rate of tracheostomy was about 50% less
in the BIT:s group compared to the Pre-BIT:s group, but
failed to reach statistical significance (p= 0.08). No patient
was sent home with a nasogastric feeding tube in the three
groups. There was no significant difference in the rates of
other co-morbid conditions.

Discussion

Despite advances in neonatal care, the rate of BPD remains
constant with an incidence as high as 16,000 across the US
annually [5, 7]. There is wide variation in treatment among
centers due to lack of evidence on how best to manage this
disease [7]. The average NICU length of stay for all infants
with BPD (mild, moderate and severe) has been reported as
139 days; children with sBPD have disproportionately
longer length of stay than children with mild disease [14].
Children with sBPD also have increased number of re-
hospitalizations after hospital discharge. Up to 50% of all
children with BPD are readmitted with respiratory infec-
tions during the first two years of their life [1–3]. We have
shown in this single-center retrospective study that after the
creation of a multidisciplinary team we were able to
improve discharge weight z-scores and decrease the length

of stay of infants with sBPD by an average of 30 days
without putting them at increased risk for readmission.
Interestingly while these patients went home earlier, a lower
percentage of them went home with oxygen than patients in
the pre-BIT:s group. This could represent a change in
practice over time, but if this were the case we would expect
their length of stay to be longer while they were weaned off
O2 in the hospital prior to discharge. There was also a 50%
reduction in tracheostomies at discharge from the NICU.
This did not reach statistical significance but may be
explained by the small sample size. The trend cannot be
explained by a difference in the severity of BPD between
the groups as they were matched for disease severity at
36 weeks PMA using the NICHD definition of sBPD.
All interventions by the multi-disciplinary team were
targeted after 36 weeks PMA with the goal of providing
better support. Earlier discharge cannot be explained by the
increased use of tracheostomies because the number of
tracheostomies was less in the BIT:s group. This may
represent a potential benefit of the multidisciplinary team
recommending more optimal and timely respiratory support
leading to shorter lengths of stay.

Most neonatologists and neonatology research focus on
preventing BPD with less attention being paid to best
practices once BPD has developed. Because severe BPD is
relatively uncommon, the evidence base for care is incom-
plete. Thus, many aspects of the care of infants with sBPD
may be poorly understood by practicing neonatologists. For
example, respiratory support for this chronic condition still
often follows the acute care model with different treatment
paradigms [11]. Creating a multidisciplinary BPD team
brings diverse expertise, familiarity with available literature

Table 1 Demographic
characteristics of patients in the
three groups.

BIT:s (n= 69) Pre-BIT:s (n= 37) mBPD (n= 37) p value

Birthweight (gm) 817 (739–895) 774 (674–875) 791 (729–853) 0.8154

Gestational age (wks) 25.8 (25.4–26.2) 25.8 (25–26.6) 25.8 (25.3–26.3) 0.998

% Male (n) 64% 59% 46% 0.179

Values are means and 95% confidence intervals.

P values represent a three way comparison between the groups using ANOVA.

Table 2 Mean NICU length of
stay (LOS), postmenstrual age
(PMA) at discharge and
corrected Z-score weight and
length at time of discharge
between the three groups with
95% confidence intervals.

BIT:s
N= 69

Pre-BIT:s
N= 37

mBPD
N= 37

p value BIT:s vs
Pre-BIT:s

Mean NICU LOS (days) 140 (CI 131–149) 170 (150–192) 109 (CI 102
−116)

0.007

PMA at discharge (wks) 46 (44–47) 50 (47–53) 41 (40−42) 0.01

Weight at discharge z-score −0.80 (−1.03
to −0.57)

−1.35 (−1.72
to −0.98)

–0.73 (–1.07
to –0.40)

0.02

Length at discharge z-score −1.78 (−2.19
to −1.37)

−2.31 (−2.90
to −1.72)

–1.32 (–1.77
to –0.88)

0.15

P values represent comparison between BIT:s and Pre-BIT:s.
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and perhaps most importantly, personal commitment to the
care of this unique and challenging patient population.
Other strengths of the multidisciplinary approach are the

standardization of practice at our institution across multiple
providers and creating continuity of care with subspecialists
from inpatient to outpatient. Our findings suggest that by
standardizing the care across the different NICU providers
and rounding with multiple specialists with clinical exper-
tise in sBPD we have been able to improve the care of these
infants with a substantial reduction in length of stay that
should translate into reduced cost of hospitalization.

We also documented a rate of pulmonary hypertension
that was half of what was seen in the pre-BIT:s era. This
difference did not reach statistical significance, but may
reflect the focus of the BIT:s team on optimizing respiratory
care and avoiding factors known to increase the risk of
pulmonary hypertension. Some of the strategies recom-
mended by the BIT:s team were higher oxygen saturation
targets (95–98%) for patients with identified pulmonary
hypertension and early adoption of chronic ventilation
strategies that emphasized providing adequate support of
the patient so that they could grow, both in length and
weight, and avoiding rapid weaning aimed at removing
support and discharging the patient home. More complete
ascertainment of pulmonary hypertension in the BIT:s
patients may have contributed to the lack of statistical sig-
nificance, as echocardiograms were not universally done
prior to the advent of BIT:s, whereas every patient enrolled
with BIT:s received a screening echocardiogram for pul-
monary hypertension.

We expected to find that the increased outpatient referral
to specialists was associated with fewer emergency
department (ED) visits, but this wasn’t the case. BIT:s
patients had more ED visits than the pre-BIT:s group.
Interestingly, patients in the moderate BPD group had more
ED visits than the pre-BIT:s group too. Ehrenkranz et al.
showed that the rates of re-hospitalization are lower in
moderate BPD compared to sBPD so it was surprising to
see an increase use of the ED in both the moderate BPD and
BIT:s groups [9]. Given that this study is comparing
patients from two different time periods this may represent
the national trend of increased emergency department uti-
lization for low acuity problems, previously cared for in
outpatient doctor’s offices [15].

Table 3 Average number of
admissions, ED visits and well
visits in the first 6 months after
discharge from the NICU with
95% confidence intervals.

BIT:s
N= 69

Pre-BIT:s
N= 37

mBPD
N= 37

p value BIT:s
vs Pre-BIT:s

Mean number of admissions in
1st 6 mo after discharge

0.74 (0.52–1.03) 1.03 (0.64–1.66) 0.57 (0.38–0.86) 0.27

Average number of ED visits in
1st 6 mo after discharge

1.05 (0.78–1.44) 0.81 (0.45–1.45) 0.78 (0.52–1.18) 0.43

Mean well visits in first 6 mo
after discharge

6.74 (5.76–7.89) 5.27 (4.46–6.23) 3.57 (2.90–4.38) 0.04

There was no difference in the number of admissions or ED visits between the three groups, but BIT:S had
significantly more well visits compared to Pre-BIT:S (p= 0.04).

Fig. 1 Kaplan-Meier curves showing the time to first admission
and ED visit. a The percentage and timing of 1st admissions in the
first two years of life between Pre-BIT:s, BIT:s and mBPD (61%, 55
and 53% respectively). There was no difference in the percentage or
timing of admissions between BIT:s and Pre-BIT:s (p= 0.86). b The
percentage and timing of 1st ED visits in the first two years of life
between Pre-BIT:s, BIT:s and mBPD (53%, 71 and 65%, respec-
tively). There was a difference in the percentage and timing of ED
visits between BIT:s and Pre-BIT:S (p= 0.02).
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We saw increased referral to outpatient specialists as
demonstrated by the larger number of well visits in the BIT:
s group. We were unable to show a decrease in sick visits,
because these were not reliably captured in the electronic
medical records system. Infants with sBPD have a high
incidence of postnatal growth failure prior to discharge
which adversely affects lung development [11, 16]. Up to
50% of children with BPD have a weight less than the 10th
percentile at discharge [16, 17], a finding that was mirrored
in our historical control group. After the creation of the
multidisciplinary team, infants had better weight gain as
demonstrated by their z-score at discharge. Further evidence
of this impact can be found in the lower number of patients
with failure to thrive (FTT) or feeding intolerance after
discharge in the BIT:s era. Early referral to the outpatient
gastrointestinal clinic and associated feeding team not only
improved their objective weight gain, but subjectively
improved the quality of the family’s lives, as difficulties
with feeding and weight gain is often cited by parents as one
of their leading concerns [18]. In the first five years of life,
we saw a reduction in the number of patients with an asthma
diagnosis (20% vs 37% p= 0.06), but not in the albuterol
prescriptions (64% vs 65% p= 0.9). It is unclear if this is a
true difference, given that we did not see a difference in the
number of ED visits, or readmissions for respiratory ill-
nesses (data not reported). We feel confident that we have
captured all of the readmissions and subspecialty visits as
we are the only children’s hospital in the state and the only
hospital that provides subspecialty services to children.

The limitations of the study were the small sample size
use of historical controls and retrospective nature. All
patients in the Pre-BIT:s group had five years of follow up
collected. Because not all of the patients in the BIT:s and
moderate BPD groups had been alive for five years at the
end of 2016 we limited our analysis of readmissions, ED
and outpatient visits to within the first 2 years of life to try
and statistically account for this difference between the
groups. The limitation of the multidisciplinary BIT:s team is
that it is primarily based in the NICU without an outpatient

home. There is wide recognition that medically complex
patients account for a disproportionate amount of hospital
ED visits and admissions and that medical homes may help
combat this trend [19].

Conclusion

The creation of a multidisciplinary team improved the
inpatient outcomes of children with sBPD.

We shortened the NICU length of stay significantly
without increasing re-admissions. While there have been
many other advances made in the care of premature infants
we think that this difference is in large part attributable to
the creation of our multidisciplinary team. Weight gain,
feeding difficulties and outpatient referrals to specialists
were better in the BIT:s group, but these health effects did
not appear to have long-lasting effects. We did not decrease
the overall readmission rate in the first two years of life or
change the percentage of common co-morbid conditions
such as pulmonary hypertension. This is our first iteration of
this team and we have already seen some success. More
work needs to be done to create an outpatient care center
that is able to consult on these patients when they are in the
ED or re-admitted to see if we can improve long term
outcomes and decrease health care utilization.
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