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IMPORTANCE Pulmonary hypoplasia affects a very small percentage of preterm neonates,
but its presence is associated with high rates of mortality.

OBJECTIVE To determine whether treatment with inhaled nitric oxide during the first week
of life was associated with improved in-hospital survival in a cohort of extremely preterm
neonates with pulmonary hypoplasia.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from the Pediatrix Medical
Group’s Clinical Data Warehouse, a data set containing information from more than 350
neonatal intensive care units in 35 US states and Puerto Rico. Since inhaled nitric oxide was
not randomly prescribed, we used 1-to-1 propensity score matching to reduce the imbalance
of measured covariates between the 2 treatment groups. The initial, unmatched cohort
included singleton neonates who were born between 22 and 29 weeks’ gestation, had a birth
weight of 400 g or more, were diagnosed with pulmonary hypoplasia as a cause of their
respiratory distress, remained free of major anomalies, and were discharged between
January 1, 2000, and December 31, 2014. We defined exposure as the initiation of inhaled
nitric oxide on day t in days 0 to 7 of the life of a neonate. Each exposed neonate was
matched 1-to-1 to a neonate who had not initiated inhaled nitric oxide on a given day.

MAIN OUTCOMES AND MEASURES The primary outcome was mortality defined as death prior
to transfer or discharge home. Secondary outcomes were any-stage necrotizing enterocolitis,
retinopathy of prematurity requiring treatment, chronic lung disease, and periventricular
leukomalacia.

RESULTS Among 92 635 neonates in our study sample, we identified 767 (0.8%) with
pulmonary hypoplasia who met all study inclusion criteria, of whom 185 (0.2%) were exposed
to inhaled nitric oxide. Among 151 matched pairs of exposed and unexposed neonates, we did
not identify a significant association between inhaled nitric oxide use and mortality (hazard
ratio [HR], 0.79; 95% CI, 0.57-1.11). Subgroup analyses of neonates with and without
persistent pulmonary hypertension (PPHN) likewise revealed no significant association
between inhaled nitric oxide use and mortality (pulmonary hypoplasia with PPHN: HR, 0.67;
95% CI, 0.45-1.01; pulmonary hypoplasia without PPHN: HR, 1.11; 95% CI, 0.61-2.02), but
these findings may have been influenced by ascertainment bias.

CONCLUSIONS AND RELEVANCE Early treatment with inhaled nitric oxide is not associated
with improved survival among extremely preterm neonates with pulmonary hypoplasia.
Clinical trials are warranted to clarify the matter.
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P ulmonary hypoplasia (PH) is a relatively rare diagnosis
that is associated with high rates of mortality and mor-
bidity, especially in preterm neonates.1-7 Most cases

occur in association with complications of pregnancy that dis-
rupt lung development, such as oligohydramnios or rupture
of membranes at periviable gestational ages.8,9 Because blood
vessel growth in the lung parallels airway development, PH is
often complicated by persistent pulmonary hypertension of
the newborn (PPHN). Pulmonary hypertension is a major con-
tributor to physiologic compromise in these patients, includ-
ing severe, refractory hypoxemic respiratory failure. To date,
to our knowledge, no postnatal therapy has been shown to con-
sistently increase survival in preterm neonates with PH.

Inhaled nitric oxide (iNO) is an approved treatment for neo-
nates older than 34 weeks’ gestational age who have hypox-
emic respiratory failure associated with PPHN. The drug has
been tested in preterm neonates,10-27 but in aggregate, these
trials demonstrate that iNO neither reduces mortality nor pre-
vents major morbidities. As a selective pulmonary vasodila-
tor, iNO would be expected to benefit patients whose hypox-
emic respiratory failure is predominantly characterized by
vascular pathophysiology, as is the case with PH. Small sub-
group analyses of preterm trial data and several case series sug-
gest that preterm neonates with PH may derive a survival ben-
efit from iNO.28-38 Unfortunately, the infrequency of PH limits
our ability to derive meaningful conclusions from these stud-
ies and, some would argue, precludes the future conduct of
randomized clinical trials.39-41

Some have called for alternative study designs to address
the knowledge gap.39,41,42 In response to this unmet need, we
performed a propensity score–matched cohort study using a
large data set to test our hypothesis that early iNO exposure
improves survival in preterm neonates with PH.

Methods
Study Design and Data Source
We performed this cohort study using a deidentified data set
approved by the Western institutional review board and con-
sidered exempt by the Mayo Clinic institutional review board.
The data set was extracted from the Pediatrix Medical Group
Clinical Data Warehouse.43-50 The Clinical Data Warehouse
stores clinical information documented by Pediatrix Medical
Group clinicians in more than 350 neonatal intensive care units
in 35 US states and Puerto Rico. Data generated from daily medi-
cal documentation (eg, admission, progress, and discharge
notes) and billing worksheets are consolidated within the ware-
house at the end of each neonate’s neonatal intensive care unit
stay, deidentified, and made compliant with the Health Insur-
ance Portability and Accountability Act of 1996. Data can then
be configured into tables that can be joined and queried for
quality improvement and research.43,51,52

Study Population
We identified all neonates who were admitted to a Pediatrix
Medical Group neonatal intensive care unit and were dis-
charged during the calendar years 2000 through 2014. Our ini-

tial sample included those who were born at 22 weeks 0 days’
to 28 weeks and 6 days’ gestation with a birth weight of 400 g
or more who were diagnosed with at least 1 form of respira-
tory distress. We identified those who received the specific di-
agnosis of PH and excluded neonates with other forms of pa-
renchymal lung disease (eg, pneumonia). We also excluded
nonsingletons; those diagnosed with aneuploidy, congenital
diaphragmatic hernia, congenital heart disease, hydrops, or
other major congenital anomalies; and neonates who died in
the delivery room or were not admitted for neonatal inten-
sive care (eg, comfort care measures only).

The resulting unmatched cohort was composed of neo-
nates diagnosed with PH, some of whom also received a con-
comitant diagnosis of PPHN. There were no predetermined
criteria for either the PH or PPHN diagnoses—in other words,
the presence or absence of these conditions was entirely at the
discretion of the treating neonatologist. For each neonate, we
obtained various maternal and baseline neonatal characteris-
tics, including birth size assessment based on intrauterine
growth curves.49 The Clinical Data Warehouse does not con-
tain information on specific iNO dosages, oxygenation indi-
ces, or echocardiographic findings.

Outcomes
The primary outcome was in-hospital mortality, which was de-
fined as death prior to transfer or discharge home. Secondary
outcomes were any-stage necrotizing enterocolitis (NEC); reti-
nopathy of prematurity requiring treatment (tROP); chronic
lung disease (CLD; defined as supplemental oxygen use and/or
positive pressure requirement at 36 weeks’ postmenstrual age);
and periventricular leukomalacia (PVL).

Statistical Analyses
Statistical analyses were performed using SAS, version 9.4 (SAS
Institute, Inc). Because iNO exposure was not randomly as-
signed in this retrospective cohort, we used propensity score
(PS) matching to reduce the imbalance of measured baseline
characteristics between patients who received iNO during the
first 7 days of life and their matched referents.53,54 Since iNO
could have been initiated at any time during the first 7 days of

Key Points
Question Does early treatment with inhaled nitric oxide improve
survival in extremely preterm neonates diagnosed with pulmonary
hypoplasia?

Findings This cohort study compared outcomes within a
propensity score–matched cohort of neonates born at less than
29 weeks’ gestation with respiratory failure and a clinical diagnosis
of pulmonary hypoplasia who were or were not treated with
inhaled nitric oxide. Treatment during the first week of life was not
significantly associated with improved in-hospital survival, even
among neonates with a concomitant diagnosis of pulmonary
hypertension.

Meaning There may not be a benefit to prescribing inhaled nitric
oxide to extremely preterm neonates with pulmonary hypoplasia,
whether or not pulmonary hypertension is also suspected.
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life, we used a sequential iterative risk set approach to match
a patient who initiated iNO on day t (exposed) with another
patient (referent) with similar baseline characteristics who had
not received iNO as of day t, separately, for t = 0 to 7.55,56 First,
we created a risk set of all patients at risk for receiving iNO on
day t. Using all the patients in this risk set, we fit a multivari-
able logistic model to estimate PS values (defined as the prob-
ability that a patient would receive iNO on day t, conditional
on the measured baseline covariates). This model included

main effect terms for each of the variables listed in Table 1; ges-
tational age, birth weight, and calendar year were modeled as
linear terms, with an interaction between gestational age and
birth weight. For each patient who received iNO on day t, 1 pa-
tient was randomly selected without replacement from the pool
of patients who did not receive iNO on day t and matched on
the respiratory diagnosis (PH without PPHN or PH with PPHN)
and within 0.2 SDs of the logit of the PS values. We repeated
this matching process sequentially for each of days t 0 through

Table 1. Baseline Characteristics of the Full, Unmatched, and Propensity Score–Matched Cohorts by iNO Status

Characteristic

Full Cohort, No. (%) Matched Cohort, No. (%)

iNO Within
First 7 d
(n = 185)

No iNO Within
First 7 d
(n = 582)

Standardized
Difference
(Absolute
Value)

Exposed
(n = 151)

Referent
(n = 151)

Standardized
Difference
(Absolute Value)

Maternal Characteristics

Prolonged rupture of membrane 89 (48.1) 335 (57.6) 0.19 77 (51.0) 77 (51.0) 0

Oligohydramnios 13 (7.0) 87 (14.9) 0.26 13 (8.6) 15 (9.9) 0.05

Antenatal steroids given 163 (88.1) 462 (79.4) 0.24 131 (86.8) 133 (88.1) 0.04

Infant Characteristics

Respiratory diagnosis group

Pulmonary hypoplasia without PPHN 46 (24.9) 478 (82.1)
1.40

46 (30.5) 46 (30.5)
0

Pulmonary hypoplasia with PPHN 139 (75.1) 104 (17.9) 105 (69.5) 105 (69.5)

Gestational age, mean (SD), wk 26.8 (1.7) 26.1 (1.8) 0.42 26.7 (1.7) 26.7 (1.6) 0

Birth weight, mean (SD), kg 1.04 (0.29) 0.90 (0.28) 0.49 1.02 (0.30) 1.03 (0.27) 0.03

Birth size assessment

Small for gestational age 10 (5.4) 62 (10.7) 0.19 10 (6.6) 7 (4.6) 0.09

Appropriate for gestational age 141 (76.2) 444 (76.3) 0.002 113 (74.8) 112 (74.2) 0.02

Large for gestational age 34 (18.4) 76 (13.1) 0.15 28 (18.5) 32 (21.2) 0.07

Sex

Male 108 (58.4) 341 (58.6)
0.004

87 (57.6) 89 (58.9)
0.03

Female 77 (41.6) 241 (41.4) 64 (42.4) 62 (41.1)

Race/ethnicity

White 97 (52.4) 311 (53.4) 0.02 79 (52.3) 78 (51.7) 0.01

Asian 1 (0.5) 16 (2.7) 0.17 1 (0.7) 1 (0.7) 0

Black 41 (22.2) 131 (22.5) 0.01 32 (21.2) 37 (24.5) 0.08

Hispanic 30 (16.2) 93 (16.0) 0.01 25 (16.6) 26 (17.2) 0.02

Other 16 (8.6) 31 (5.3) 0.13 14 (9.3) 9 (6.0) 0.13

Calendar yeara

2000-2004 18 (9.7) 193 (33.2)

0.71

18 (11.9) 27 (17.9)

0.142005-2009 62 (33.5) 202 (34.7) 51 (33.8) 51 (33.8)

2010-2014 105 (56.8) 187 (32.1) 82 (54.3) 73 (48.3)

Inborn/outborn status

Inborn 160 (86.5) 548 (94.2)
0.26

131 (86.8) 135 (89.4)
0.08

Outborn 25 (13.5) 34 (5.8) 20 (13.2) 16 (10.6)

Surfactant given 172 (93.0) 472 (81.1) 0.36 139 (92.1) 137 (90.7) 0.05

Maximal respiratory support
over days 0-2

Room air 0 7 (1.2)

0.45

0 0

0.03
Nasal CPAP 0 6 (1.0) 0 0

Conventional mechanical ventilation 10 (5.4) 117 (20.1) 9 (6.0) 10 (6.6)

High-frequency oscillatory ventilation 175 (94.6) 452 (77.7) 142 (94.0) 141 (93.4)

At least 1 vasopressor reported
on days 0-3

154 (83.2) 309 (53.1) 0.68 122 (80.8) 122 (80.8) 0

Abbreviations: CPAP, continuous positive airway pressure; iNO, inhaled nitric oxide; PPHN, persistent pulmonary hypertension of the newborn.
a This is categorized for presentation purposes.
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7, only excluding patients from each risk set who had died, been
transferred or discharged, or received iNO prior to time t. We
combined all matched pairs (exposed and their matched ref-
erents) into a single PS-matched cohort for analysis. The date
of iNO initiation for the iNO exposed was defined as the index
date for both the iNO-exposed patients and their matched
referents.

We evaluated covariate imbalance between the iNO-
exposed group and unexposed group by determining the
standardized difference for each baseline covariate. We
defined the standardized difference for a continuous covari-
ate as the absolute difference in group means divided by an
estimate of the pooled standard deviation. The derivation
was similar for nominal covariates. We considered a stan-
dardized difference less than 0.10 as negligible covariate
imbalance between groups.57

To assess the association between iNO status and in-
hospital mortality using the PS-matched cohort, we used a Cox
proportional hazards model using age as the time scale.58 The
counting process formulation of a Cox model was used to
handle the delayed entry of the patients into the risk sets since
patients entered a risk set at their respective age at the index
date (instead of birth) and exited at the age of their death, trans-
fer, or discharge. To account for patients included in both
groups in the matched cohort, we used robust sandwich co-
variance estimates in the Cox models. We summarized asso-
ciations using the HR and corresponding 95% CI.

We used the same time-to-event analysis methods to com-
pare NEC between the matched treatment groups. For the 3
remaining secondary outcomes, we identified separate PS-
matched subcohorts of patients who were eligible for evalu-
ation of these diagnoses: for tROP, patients evaluated for ROP;
for CLD, patients hospitalized at 36 weeks’ corrected gesta-
tional age; for PVL, patients with brain imaging. Because iNO
treatment status was known at the time these secondary out-
comes were assessed, we performed matching in a single step
for each subcohort. We then evaluated the association be-
tween iNO and each secondary outcome using logistic regres-
sion, handling iNO status as a standard baseline covariate. As-
sociations were summarized using odds ratios (ORs) and
corresponding 95% CIs.

A sensitivity analysis was performed for the mortality and
NEC outcomes to alternatively handle those matched refer-
ents who subsequently received iNO within the first 7 days of
life. Among the 151 referents in the PS-matched cohort, 35 re-
ceived iNO within the first 7 days of life, of whom only 12 were
also included in the matched cohort as exposed because there
were no matched referents for the remaining 23 based on our
matching calipers. In the sensitivity analysis using all 151 PS-
matched pairs, we censored the follow-up of these 35 refer-
ents at the age they received iNO rather than at the age of their
death, transfer, or discharge. In this manner, the 12 matched
referents who were also in the exposed group were handled
as unexposed in the time interval prior to receiving iNO and
as exposed in the time interval after receiving iNO. These pri-
mary and sensitivity analysis methods were also used to as-
sess outcomes in subgroups defined based on diagnosis sta-
tus (PH with PPHN and PH without PPHN).

Results

Of the 92 635 neonates meeting gestational age, birth weight,
and calendar year criteria, 1256 (1.4%) were diagnosed with PH
as a cause of their respiratory distress (Figure 1). After exclu-
sion of neonates with congenital anomalies and those from
nonsingleton pregnancies, 767 remained as the unmatched
analysis cohort. Of these neonates, 185 of 767 (24.1%) had iNO
initiated within the first 7 days after birth, with most exposed
on the first day of life (n = 123 [66.5%] on day 0; n = 54 [29.2%]
on day 1; n = 5 [2.7%] on day 2; and n = 3 [1.6%] on days 3
through 7). Baseline characteristics of neonates in the full (un-
matched) cohort are shown in Table 1. Compared with neo-
nates untreated with iNO, those who did receive iNO were more
often diagnosed with both PH and PPHN, received high-
frequency oscillatory ventilation more frequently, and were
more likely to be prescribed at least 1 vasopressor during the
first 3 days of life. The use of iNO in patients with PH in-
creased from 18 of 211 (8.5%) in 2000 through 2004 to 105 of
292 (36.0%) in the period of 2010 through 2014; this meant
that most neonates exposed were discharged within these last
5 years (n = 105; 56.8%).

All of the variables listed in Table 1 were included in the
model to derive the PS values. The PS-matched cohort con-
sisted of 151 pairs of exposed and unexposed neonates. Com-

Figure 1. Study Diagram

92 635 Neonates born at 22 to 29 weeks’ gestation and
discharged during years 2000 through 2014

1256 Diagnosed with pulmonary hypoplasia

767 Unmatched cohort

302 Propensity score matched

185 Exposed to iNO 582 Not exposed to iNO

91 379 Excluded because of
noneligible diagnoses

489 Excluded
314 Major anomalies
175 Nonsingleton births

151 Neonates exposed to iNO
62 Died

7 Had NEC

151 Unexposed, matched neonates
72 Died

8 Had NEC

105 Had PPHN
37 Died

5 Had NEC

46 Did not have
PPHN
25 Died

2 Had NEC

105 Had PPHN
49 Died

7 Had NEC

46 Did not have
PPHN
23 Died

1 Had NEC

iNO indicates inhaled nitric oxide; NEC, necrotizing enterocolitis;
PPHN, persistent pulmonary hypertension of the newborn.
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pared with the full unmatched cohort, the measured covari-
ates in the matched cohort were more balanced, with most
standardized differences falling below the recommended
threshold of 0.10 (eFigure 1 in the Supplement) and a slight re-
sidual imbalance for calendar year and the racial/ethnic cat-
egory other. Half of the neonates in the matched cohort were
born following prolonged rupture of membranes, and nearly
90% were exposed to antenatal steroids (Table 1). All matched
pairs were mechanically ventilated during the first 2 days of
life, including more than 90% in each group receiving high-
frequency oscillatory ventilation. Approximately 80% of these
neonates required at least 1 vasopressor during the first 3 days
of life.

Among the 151 neonates in the iNO group, 62 died in-
hospital at a median age of 1 day (interquartile range [IQR], 1-9
days) and the remaining 89 were discharged or transferred at
a median age of 81 days (IQR, 59-103 days). Among the 151
matched referents, 72 died in-hospital at a median age of 1 day
(IQR, 1-5 days), and the remaining 79 were discharged or trans-
ferred at a median age of 86 days (IQR, 62-104 days). Con-
trary to our hypothesis, we did not observe a statistically sig-
nificant association between iNO treatment and mortality
among these patients (HR, 0.79; 95% CI, 0.57-1.11, adjusted for
calendar year to address the residual imbalance in the pro-
pensity matching; Figure 2).

Necrotizing enterocolitis was diagnosed in 7 exposed neo-
nates at a median of 26 days of life (IQR, 14-32 days) and in 8
referents at a median of 14 days of life (IQR, 10-21 days). There
was no statistically significant association between iNO expo-
sure and NEC (HR, 0.73; 95% CI, 0.27-2.01, adjusted for cal-
endar year; eFigure 2 in the Supplement). Additionally, early
treatment with iNO was not associated with differences in any
of the other secondary outcomes (Table 2).

When the matched cohort was further stratified by the
presence or absence of a concomitant diagnosis of PPHN,

the covariates were slightly more unbalanced, in part
because of small sample sizes (eTable 1 in the Supplement).
Among neonates diagnosed with both PH and PPHN, those
who received iNO had a 33% reduced risk of in-hospital mor-
tality compared with matched referents; however, this dif-
ference was not significant (HR, 0.67; 95% CI, 0.45-1.01;
Figure 3). Patients whose PH was not accompanied by a con-
comitant diagnosis of PPHN experienced similar mortality
irrespective of iNO treatment status (HR, 1.11; 95% CI, 0.61-
2.02; Figure 3). Last, among the PH with PPHN and PH with-
out PPHN subgroups, we were unable to detect statistically
significant associations between iNO treatment and NEC (PH
with PPHN: HR, 0.55; 95% CI, 0.18-1.73; PH without PPHN:
HR, 2.16; 95% CI, 0.19-24.1) or any other secondary outcome
(eTable 2 in the Supplement).

The results from the sensitivity analysis were consistent
with the main analysis. In the sensitivity analysis, we found
that there was no significant difference in the risk of in-
hospital mortality between exposed neonates and their
matched referents (HR, 0.86; 95% CI, 0.60-1.23, adjusted for
calendar year; eFigure 3 in the Supplement) or in the risk of
NEC between the 2 groups (HR, 0.63; 95% CI, 0.21-1.92, ad-
justed for calendar year; eFigure 4 in the Supplement). Like-
wise, in subgroup sensitivity analysis, the HRs for in-hospital
mortality were consistent with the main analysis (PH with
PPHN: HR, 0.72; 95% CI, 0.45-1.15; PH without PPHN: HR, 1.09;
95% CI, 0.62-1.92; eFigure 5 in the Supplement).

Figure 2. Overall Survival by iNO Exposure Status of Patients
in the Matched Cohort
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The survival estimates were derived from a Cox model with patients entering
the risk set with their respective age as the index date. iNO indicates inhaled
nitric oxide; NEC, necrotizing enterocolitis; PH, pulmonary hypoplasia;
PPHN, persistent pulmonary hypertension of the newborn.

Table 2. Comparison of Secondary Outcomes With Matched Pairs
of Exposed and Referent Neonates

Clinical Characteristic

No. (%)
Odds Ratio
(95% CI)Exposed Unexposed

ROP treated

No. of neonates with
ROP evaluated

108 191 NA

No. of matched pairs
used with ROP
evaluated

44 44 NA

No 44 (100) 44 (100) NA

Yes 0 (0) 0 (0) NAa

Chronic lung disease

No. of neonates still in
hospital at CGA ≥36 wk

91 162 NA

No. of matched pairs
used that were still in
hospital at CGA ≥36 wk

38 38 NA

No 11 (29) 9 (24) NA

Yes 27 (71) 29 (76) 0.78 (0.28-2.19)b

Periventricular
leukomalacia

No. of neonates with
cranial imaging

149 293 NA

No. of matched pairs
used with cranial
imaging

80 80 NA

No 75 (94) 76 (95) NA

Yes 5 (6) 4 (5) 1.27 (0.33-4.90)

Abbreviations: CGA, corrected gestational age; iNO, inhaled nitric oxide; NA, not
applicable; PS, propensity score; ROP, retinopathy of prematurity.
a The odds ratio was not estimated because of the lack of events in both groups.
b Adjusted for inborn/outborn status.
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Discussion

We determined that iNO treatment during the first week of life
was not associated with improved survival in this cohort, which
is to our knowledge the largest reported cohort of extremely pre-
term neonates with PH. Similarly, iNO treatment was not asso-
ciated with reductions in tROP, CLD, or PVL among those who
survived to be evaluated for these comorbidities. Among our ini-
tial sample of more than 90 000 patients, we observed a preva-
lence of PH similar to levels reported previously.1-3,5-7 Addition-
ally, the patient characteristics and clinical outcomes of our
matched cohort are similar to those of prior studies.1,2,10,28-38

We hypothesized that early iNO treatment would be asso-
ciated with lower mortality among preterm neonates diag-
nosed with PH. Previous studies suggested that preterm neo-
nates with PH secondary to prolonged rupture of membranes
may represent a subpopulation for whom iNO might confer a
survival advantage.29-32,34,36-38,59-61 This is especially compel-
ling given that these neonates may be affected by a transient
defect in nitric oxide generation.28 In fact, the possibility that
preterm neonates with prolonged rupture of membranes–
induced PH might benefit from iNO has been acknowledged
by some organizations that otherwise discourage the routine
or rescue use of iNO in preterm neonates.41,62,63

Yet we did not disprove the null hypothesis in this study.
One explanation could be that our matched cohort contains
patients who were affected by a broad spectrum of disease, be-
cause PH may range from negligible to severe.64 The unequivo-
cal diagnosis of PH requires lung biopsy or autopsy, and so, for
the practicing neonatologist, PH is essentially a diagnosis of
exclusion.34 This lack of certainty or diagnostic precision could
have influenced the manner in which clinicians documented
the presence of PH, although this would have affected both ex-
posed and referent groups.

The targeted use of iNO in preterm neonates with PH and
PPHN is supported by some organizations, including the Ameri-
can Heart Association, the American Thoracic Society, and the
Pediatric Pulmonary Hypertension Network.41,65,66 This seems

rational, given that PH-related PPHN has characteristics that
may render it more acutely responsive to iNO than PPHN that
results from parenchymal lung disease.59,65,67,68 However, an
acute clinical response to iNO may not translate into a sur-
vival benefit.69

While we did not identify a beneficial association between
iNO exposure and survival among extremely preterm neonates
with PH, there is sufficient uncertainty in our subgroup analy-
sisofthosewithPPHNthataprospectiverandomizedclinicaltrial
is warranted. Others have argued that such a trial would be im-
practical, given the relative rarity of the disease,39-41,68 the
associated high mortality rates, and complicating comorbid
conditions,33,67 as well as the lack of equipoise regarding the
safety and efficacy of iNO.40,41,68 In our sample of more than
90 000 neonates born before 29 weeks’ gestation, 1.4% were di-
agnosed with PH, of whom 75% had no major anomalies. Con-
sidering these results, and that nearly 30 000 neonates are born
before 28 weeks’ gestation in the United States each year,70 per-
haps 300 patients could qualify annually for a randomized study.
Based on the in-hospital mortality rates (41% and 48%) and HR
(0.79) observed in this PS-matched cohort, approximately 600
neonates in each group (iNO exposed and unexposed) would
be required to detect such a difference in a randomized study
with 80% power (α = .05, 2-sided).

Limitations
We did not observe improved survival among neonates whose
PH was accompanied by a concomitant diagnosis of PPHN, al-
though the benefit of iNO therapy may have been underesti-
mated because of the small size of our study population and/or
other confounding factors. In addition, ascertainment bias
could have influenced the classification of patients between
the 2 subgroups. We were surprised to find that the mortality
of referents in the PH with PPHN cohort was not significantly
worse than that of referents in the PH without PPHN cohort
(HR, 0.74; 95% CI, 0.44-1.27), because the concomitant diag-
nosis of PPHN is associated with higher mortality among
extremely preterm neonates with respiratory distress
syndrome.69 This finding raises the possibility that some pa-

Figure 3. Overall Survival by Inhaled Nitric Oxide Exposure Status of Patients in the Matched Cohort Diagnosed
With Pulmonary Hypoplasia With and Without Persistent Pulmonary Hypertension of The Newborn
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tients in the PH without PPHN cohort were affected by PPHN
that either was clinically undetected or was simply undocu-
mented. There is evidence of the second explanation: pa-
tients in the PH with PPHN subgroup were more likely to have
documented echocardiographic examinations than were those
in the PH without PPHN cohort (50.0% vs 29.3%, respec-
tively). While we cannot be sure, a lower rate of cardiac imaging
could have prevented Pediatrix Medical Group clinicians from
identifying comorbid PPHN among these patients.

Conclusions

Early treatment with iNO is not associated with improved
survival in preterm neonates diagnosed with PH, including
those with a concomitant diagnosis of PPHN. A randomized
clinical trial of iNO in this population of infants with PH and
concomitant PPHN is needed, despite the perceived barriers
thereto.
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