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Abstract
Objective Pulmonary hypertension (PH) is associated with bronchopulmonary dysplasia (BPD). Screening strategies, a
thorough investigation of co-morbidities, and multidisciplinary involvement prior to anti-PH medications have been advocated
by recent guidelines. We sought to evaluate current practices of neonatologists caring for premature infants with PH.
Design Electronic survey of American Academy of Pediatrics neonatology members.
Results Among 306 neonatologist respondents, 38% had an institutional screening protocol for patients with BPD; 83%
screened at 36 weeks for premature neonates on oxygen/mechanical ventilation. In those practicing more than 5 years, 54%
noted increasing numbers of premature infants diagnosed with PH. Evaluation for PH in BPD patients included evaluations
for micro-aspiration (41%), airways anomalies (29%), and catheterization (10%). Some degree of acquired pulmonary vein
stenosis was encountered in 47%. A majority (90%) utilized anti-PH medications during the neonatal hospitalization.
Conclusions Screening for PH in BPD, and subsequent evaluation and management is highly variable.

Introduction

A large number of births occur at less than 28 weeks of
estimated gestational age (GA) in the US every year

(>55,000 per year) [1]. Although numerous strategies have
been implemented to limit the pulmonary complications of
this fragile population, bronchopulmonary dysplasia (BPD)
remains a significant burden with a diagnosis in up to 68%
of extremely premature infants [2]. The association between
pulmonary parenchymal disease and pulmonary vascular
disease is well described [2–10]. Recognized risk factors for
BPD include extreme prematurity, severity of pulmonary
disease, duration of mechanical ventilation and oxygen
exposure, growth restriction, necrotizing enterocolitis, and
maternal hypertensive disorders [2, 7, 10, 11]. One of the
most devastating sequelae of BPD is pulmonary hyperten-
sion. The incidence of PH associated with BPD remains
poorly defined but is in the range of 25% [10, 12], and the
approach to screening, diagnosing and managing BPD-
associated PH varies widely.

Recent (2015) guidelines endorsed by the American
Heart Association (AHA) and the American Thoracic
Society (ATS) have advocated echocardiography (ECHO)
based screening for pulmonary hypertension (PH) in pre-
mature newborns with established moderate to severe BPD
[11]. Some have argued, and instituted, even more aggres-
sive screening as there are numerous reports of PH affecting
premature newborns with, at most, mild BPD, and
increasing awareness of pulmonary vein stenosis in this
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population suggests a potential multi-factorial etiology [10,
13–19].

When PH is diagnosed, the guidelines recommend eva-
luation and management of underlying pulmonary disease,
hypoxemia, aspiration, and structural airway disease before
initiation of systemic anti-PH therapy. Cardiac catheteriza-
tion to assess disease severity and contributing factors has
also been recommended when considering therapy in this
population. The purpose of this study was to solicit and
report the national, current practice of neonatologists (i.e. a
“state of the union”) with respect to the evaluation and
treatment of BPD-associated PH a few years after the
publication of the AHA/ATS guidelines.

Material and methods

Recruitment and distribution

The survey was developed after review of the literature and
consisted of 29 questions (Supplementary material). It was
designed by three neonatologists and one cardiologist
(specialist in PH) at our institution for content. The study
was approved by the institutional review board of Stanford
University and by the American Academy of Pediatrics
(AAP) section on neonatal-perinatal medicine (SoNPM) for
electronic distribution by email. Target respondents were
neonatologists practicing in a tertiary care nursery with
babies born ≤28 weeks of estimated GA. A cover letter
outlining the objectives of the survey and estimated time for
completion was provided to the participant. All respondents
were required to consent to participation in the survey and
confirm that they were practicing neonatologists caring for
the target population. A reminder for survey participation
was sent by the SoNPM 2 weeks after the initial invite and
responses were collected for a total of 4 weeks. Study data
were collected and managed using Research electronic data
capture (REDCap) tools hosted at the Stanford Center for
Clinical Informatics [20]. REDCap is a secure, web-based
application designed to support data capture for research
studies.

The survey consisted of the following sections: the par-
ticipant demographics, the general approach to BPD diag-
nosis and management, the PH screening, evaluation and
management, as well as the avenues for future research. The
term “bronchopulmonary dysplasia” was used for “chronic
lung disease” or “chronic neonatal lung disease.” Partici-
pants were queried on their definition of BPD with choices
including the National Institute of Child Health and Human
development (NICHD) Workshop definition [21] and/or the
physiologic definition based on the oxygen reduction test
[22]. Participants were also queried on the use of the “6 to
12 h pulse oximetry monitoring during all levels of activity”

criteria for the use of home oxygen therapy in the context of
BPD [23].

Data analysis

Results are described as mean with standard deviation or
median with interquartile range for continuous variables and
counts with proportions for categorical variables. We
compared answers provided by neonatologists working in a
university-based environment, vs. those working in a public
or private non-university based unit. The Fisher’s exact and
chi-square tests were used to compare categorical char-
acteristics. Student's t test and Wilcoxon–Mann–Whitney
test were used to compare continuous variables for para-
metric and non-parametric variables, respectively. Statistical
analyses were completed with Stata SE (Version 14.2,
College Station, Texas). The level of significance was set at
0.05 for all comparisons.

Results

Demographic characteristics

SoNPM confirmed 3000 professionals on the mailing list of
the section, including 100 neonatal nurse practitioners and
350 fellows, which resulted in an estimated 2550 neona-
tologists in the SoNPM email list. A total of 306 surveys
were analyzed and only 1 additional survey excluded
because the responder was not caring for babies less than
28 weeks of estimated GA at birth. This resulted in a
response rate of 12%, in line with a reported usual survey
response rate of 10 to 15% by SoNPM [24].

Demographic characteristics of respondents are shown in
Table 1. A majority were confronted with various pathol-
ogies in their practice, which included: prematurity, hypoxic
ischemic encephalopathy, and cardiac and surgical condi-
tions. Most had more than 20 years of experience, were
working in a NICU with more than 30 beds and were in a
university based setting. A very small proportion of
respondents had another subspecialty, with only 1.4 %
being trained in PH.

Bronchopulmonary dysplasia

A majority of neonatologists reported utilizing the NICHD
definition of BPD, with one-third using a combination of
the NICHD and the oxygen reduction test (Table 2). Home
oxygen therapy for BPD was mostly based on neonatolo-
gist’s advice and on oxygen targets. Only half of the
respondents answered that they consistently performed a
prolonged pulse oximetry study for patients with estab-
lished moderate to severe BPD to determine the need for
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home oxygen therapy (49% always, 13% sometimes, 33 %
never and 4% who did not know). For a majority of clin-
icians, minimum saturation targets at 36 weeks post-
menstrual age (PMA) were 90–92%.

Pulmonary hypertension

Among those with more than 5 years of practice, 54% noted
an increasing number of extremely premature infants diag-
nosed with PH. Only 10% of respondents had a universal
(i.e. ±BPD) institutional protocol for babies born at
<28 weeks of estimated GA to screen for PH by ECHO
when they were close to 36 weeks of PMA (or before dis-
charge). Thirty-eight percent had a formal protocol for those
with BPD of any severity level and 46% for those with
moderate to severe BPD. However, in their personal

practice, 83% of respondents indicated they would screen
an extremely preterm infant requiring oxygen and/or
mechanical ventilation by ECHO at 36 weeks PMA, while
11% did not routinely screen for PH, and 11% screened all
extreme preterm patients in their practice. Acquired PV
stenosis had been encountered by 45% of respondents in
association with BPD.

When investigating comorbidities related to PH and
BPD, and establishing etiology for PH, most would involve
cardiology (83%) and pulmonology (53%), order a blood
gas (71%) and a chest X-ray (81%), and ensure follow-up
with an ECHO (89%) (Table 3), while only a minority
would initially evaluate for microaspiration (41%) and air-
way obstruction (21%) or would order a formal cardiac
catheterization study (11%). In most institutions, follow-up
of these patients occurred with separate outpatient visits
with cardiology, pulmonology, and high-risk infant follow-
up clinics. Only 30% reported having a PH clinic and
program at their institution.

Table 1 Demographic characteristics

Characteristics % of respondents (n= 306)

Female 48.0

Beds in NICU

10–15 5.9

16–20 6.5

21–25 6.9

26–30 7.5

>30 73.2

Patients in NICU

Premature infants 100.0

HIE 89.5

Surgical 85.3

Cardiac 59.5

Years of practice

0–5 12.4

6–10 16.3

11–15 13.4

16–20 11.1

>20 46.7

Type of practice

University based 67.0

Private practice 19.0

Public practice 14.0

Subspecialty

Pediatric intensive care 1.4

Anesthesia 0.3

Pulmonary hypertension 1.4

Pulmonology 0.3

Cardiology 2.1

Echocardiography 3.1

Pulmonary medicine 0.3

No additional training 93.8

Table 2 Bronchopulmonary dysplasia–diagnosis and management

% of respondents

BPD diagnosis definition

NICHD 62.1

Oxygen reduction test 2.3

Both NICHD and oxygen reduction test 33.7

None of previous 1.3

Do not know their definition 0.7

Home oxygen based on:

Neonatologist 86.6

Pulmonology 38.2

Cardiology 25.5

Ophthalmology 2.3

ENT 3.9

Based on an arterial blood gas 2

Based on a pulse oximetry study 26.8

If PH is diagnosed 36

Based on need to meet oxygen targets 76.8

Other 0.7

Lower SpO2 target

85 2.1

88 3.8

89 0.4

90 28.1

91 0.9

92 29.8

93 16.6

94 7.7

95 10.6
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Once PH diagnosed, home oxygen therapy was an
absolute indication for BPD patients in 65% of respondents,
though only 37% would order a prolonged oximetry study
(regardless of the degree of BPD). Management of PH in
BPD patients, during the neonatal hospitalization, included
use of systemic PH medications (e.g., phosphodiesterase 5
inhibitors, endothelin antagonists, and/or prostacyclines) by
90.3% of respondents. Before starting such medications
33% never obtain a cardiac catheterization, 36% do so
rarely, 23% sometimes, 7% often, and 1% always. Of the
respondents who reported encountering PV stenosis and
using PH therapies, a majority started medication without a
cardiac catheterization (sometimes= 33%; rarely= 38%,
never= 17%).

Future research

A majority of neonatologists would be supportive of parti-
cipating in studies that randomize neonatal patients with PH
at 36 week PMA to different therapeutic regimens (yes
75.5%, no 4.8%, unsure 19.7%). When looking at different
categories of patients, most would be amenable to rando-
mizing patients still requiring invasive mechanical ventila-
tion (74%) and showing signs of suprasystemic PH on
ECHO (81%) or isosystemic PH on ECHO (56%) to ther-
apeutic interventions. Patients requiring only oxygen (45%)
or with less than systemic-level PH (37%) were considered
less urgent patient populations for investigation.

University practice

Respondents who were practicing within an academic set-
ting (67% of all respondents) were compared to those
practicing in a non-academic (private and public) neonatal
unit (Table 4). University-based neonatologists practiced in
larger units and were more inclined to have noted an
increased number of cases of PH and BPD, and acquired PV
stenosis in the past 5 years. University centers had more
protocols to screen premature infants for PH at 36 weeks
PMA. Although most neonatologists had used systemic
anti-PH medications, a higher proportion of those practicing
in a university setting utilized them in the NICU.

Discussion

We sought to determine the current practices related to
prematurity and BPD with or without PH amongst neona-
tologists subsequent to the 2015 publication of PH guide-
lines by the AHA and ATS. While these guidelines
recommend screening for PH by ECHO in patients with
established BPD, only 46% of respondents declared that a
formal screening protocol was in place at their institution
targeting this population; practice in an academic center was
associated with a higher proportion of formal screening.
Nonetheless, 83% of all respondents indicated that they
would obtain an ECHO at 36 weeks PMA in their own
clinical practice, for premature infants with moderate to
severe BPD. The published guidelines recommend the
evaluation of airway obstruction and reflux when facing PH
in a BPD infant, as airway co-morbidities such as subglottic
stenosis, vocal cord movement anomalies, laryngomalacia
and tracheo-bronchomalacia can lead to obstructive airway
disease and CO2 retention [25], yet only 29% of respon-
dents mentioned ordering such evaluation for airway
obstruction. Finally, although a majority mentioned that
they have prescribed an anti-PH medication, only a minority
followed the 2015 guidelines recommending evaluation of

Table 3 Evaluation and follow-up

% of respondents

Evaluation of patient with PH/BPD

Evaluation for micro-aspiration 41.1

Evaluation for airway obstruction (ENT
consultation)

28.8

Formal consultation of cardiology 82.5

Formal consultation of pediatric pulmonology 52.7

Chest X-ray 80.5

Blood gas 70.9

NT pro-BNP or BNP levels 39

Follow-up echocardiography in the upcoming
months

88.7

CT scan of the chest 4.1

Catheterization study 10.6

Oximetry study 37.3

Electrocardiogram 27.1

Genetic consultation 2.4

Polysomnography 6.5

Sweat chloride testing or other cystic fibrosis
testing

2.4

No particular work-up 4.1

Follow-up of BPD and PH

Not followed necessarily 0.3

Pediatric cardiology 81.8

Neonatal follow-up (developmental follow-up)
program

79.8

General pediatrics (not part of a formal neonatal
follow-up or developmental program)

39.4

Pediatric pulmonology 70.9

Occupational therapy 20.2

Otolaryngology 3.1

Physical Therapy 21.6

Speech therapy 17.5

Nutritionist and/or GI specialist 19.2
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these patients by cardiac catheterization (7% often, 1%
always).

BPD definition and pulmonary hypertension

Understanding of ante-natal and post-natal contributors to
pulmonary vascular and parenchymal disease of the pre-
mature infant has evolved since 2001, when clinical defi-
nition of BPD was established by the NICHD. Since then,
studies on oxygen targets and approach to ventilation may
have altered the practice in many centers [26–28]. Despite
attempts to standardize the definition of BPD, wide varia-
tion among centers has been reported with the diagnosis of
BPD ranging from 6 to 57% depending on the definition
chosen [29]. Hence, it is not surprising to find such het-
erogeneity in the criteria used for diagnosis of BPD
amongst neonatologists in our survey. With the increasing
recognition that PH is a strong contributor to mortality and
morbidities in the context of BPD, an updated unified
definition should consider including oxygen saturation tar-
gets, degree of respiratory support and PH.

There are increasing reports of premature newborns with
pulmonary vascular disease and relatively benign respira-
tory phenotype [10, 13]. These patients would fall out from
the current recommendations for screening. About 10% of
respondents mentioned that their institutional protocol was
screening all premature infants born at <28 weeks of GA,
regardless of their BPD status. The question remains about
the cost-effectiveness and test characteristics of extending
screening practices and the significance of PH in this
category of patients. Indeed, lack of natural history data and

of consensus for grading severity of PH remains a chal-
lenge. Premature infants with no or mild BPD may benefit
from screening with a relatively inexpensive and non-
invasive test. Furthermore, refinement of criteria for
screening may include recognized risk factors for PH in this
population other than respiratory phenotype, such as small
for GA status or history of necrotizing enterocolitis.

Home oxygen therapy

While guidelines and expert recommendations have advo-
cated for prolonged monitoring of oxygen while awake,
asleep, and feeding, only a minority of the respondents have
been using this as a criterion for initiation of home oxygen
therapy [13, 23]. Repeated intermittent episodes of hypox-
emia have been reported to be associated with PH, with
some data indicating that adults are susceptible to devel-
opment of PH at saturations of 88 to 92% [23]. Recent
AHA/ATS guidelines have recommended the use of sup-
plemental oxygen to maintain saturations between 92 and
95 % in the context of PH. In our survey, most neonatol-
ogists had a lower target of saturation of 90 to 92% in the
context of BPD and only 65% considered PH to be an
absolute indication for home oxygen therapy.

Therapeutic approaches to PH for BPD patients

Factors contributing to PH in premature infants are
numerous and include ventilation/perfusion mismatch,
abnormal vascular growth and muscularization, disturbed
response to endogenous and exogenous dilators and

Table 4 University based practice vs. public/private non-university based practitioners

University-based (n
= 205)

Non-university based
(n= 101)

p-value

Male respondents 50.0 55.4 0.40

>20 years of practice 46.3 47.5 0.90

>30 Beds in NICU 86.8 45.5 0.0001

Subspecialty other than NICU 7.1 4.3 0.44

Noticed increasing cases of BPD-PH in last 5 years 66.3 46.3 0.002

Formal screening in all premature infants 12.8 5.1 0.04

Formal screening in mild-mod-severe BPD 40.4 33.7 0.26

Formal screening in mod-severe 51.2 35.7 0.01

Clinician screening if requires oxygen and/or
mechanical ventilation at 36 weeks PMA (or
discharge)

84.7 78.4 0.78

Encountered patients with acquired pulmonary
vein stenosis and BPD

56.9 25 <0.001

Have used systemic pulmonary hypertension
medications in BPD-PH

94.1 82.3 0.001

PH in BPD is an absolute indication for home
oxygen

68.8 56.3 0.03
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constrictors, abnormal venous vasculature with possible
stenosis leading to postcapillary obstruction, concomitant
left ventricular hypertrophy with potential for increased
end-diastolic pressure, as well as chronic aspiration, reflux,
airway obstruction, inflammation, and altered nutrition [7,
30, 31]. Limited data exists pertaining to the medical
management of PH in BPD patients [13]. Effects of pul-
monary vasodilator therapy in the population of BPD-PH
remains unclear in light of the heterogeneous pulmonary
vascular disease in this population. In the recent years,
acquired PV stenosis has been reported increasingly in
association with prematurity and BPD [14–19]. While this
entity has been reported in case series, a surprisingly high
number of neonatologists have described encountering it in
their clinical practice (45 %). Most respondents encoun-
tering PV stenosis reported having used anti-PH medica-
tions, with a majority not formerly assessing these patients
by cardiac catheterization. Pulmonary vasodilators in the
context of post-capillary obstruction may lead to a hetero-
genous pulmonary vascular congestion, altered pulmonary
mechanics and disturbed gas exchange. These medications
may also theoretically promote redistribution of pulmonary
vascular flow towards the unaffected area and, as such,
could hypothetically provide some benefit. Patients with
BPD and PH may have a component of reversible pul-
monary vascular constriction with response upon vasor-
eactivity testing during cardiac catheterization. [32].
However, the component of decreased vascular surface area
and/or post-capillary PH will not be reversed by these
treatments and may even cause harm. Future studies should
investigate the optimal approach for diagnosis and man-
agement of PH in the BPD population. No randomized
control trials have been done to evaluate the safety and
efficacy of these medications in the BPD patient. However,
there is a great sense of urgency to better study these
medications amongst neonatologists.

Cardiac catheterization

AHA/ATS guidelines have advocated for cardiac catheter-
ization prior to initiation of anti-PH medication. Few
respondents of our survey were following this recommen-
dation. This is not surprising considering concern for
exacerbation of pulmonary disease or for PH crisis in the
context of re-intubation and/or sedation. Patients already
intubated at PH diagnosis are also at high risk for perio-
perative complications [33]. As such, these patients may not
tolerate transport within the institution or to another hospital
with expertize in cardiac catheterization in the PH popula-
tion (as recommended by AHA/ATS [11]). Some clinicians
may therefore prefer to defer these evaluations and opt for
empiric therapy in the hope to improve clinical status.
Beyond the catheterization, recovery in the days following

the procedure is of concern, especially in patients who had
prior difficulty with extubation, prolonged respiratory sup-
port, and poor respiratory reserve. PH has been recognized
in both adults and children as a risk factor for cardiac arrest
(2.5 to 5.7%) and death (1.4%) from cardiac catheterization
[34]. Pediatric patients with suprasystemic PH seem to be
the most at risk for cardiac arrest and PH crisis (up to 6%
reported) [35, 36]. A recent PPHNet review, published after
this survey, is consistent with our findings of current clinical
practice, suggesting that catheterization should be “con-
sidered” prior to initiation of medications, but may be
delayed by the treating team based on the possible risks of
the procedure [32].

Conclusions

Multiple studies have reported an association between BPD
and pulmonary hypertension. Recent guidelines have
advocated for screening by ECHO of patients with BPD at
36 weeks of PMA and most clinicians have adopted this
recommendation in their practice. Limited data exist about
the incidence, natural history and optimal management of
BPD-PH patients. Hence, in our survey, the evaluation, the
treatment, and the follow-up of these patients was highly
variable across centers in the US. Guidelines have advo-
cated for cardiac catheterization prior to the initiation of
anti-PH therapies, but only a minority of neonatologists
have adopted this practice. Most clinicians have used anti-
PH medications, but a majority are in agreement that there
is an urgency to better study the efficacy of these therapies
in the BPD-PH population.
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