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Early inhaled nitric oxide in preterm infants o34 weeks
with evolving bronchopulmonary dysplasia
Q Jiang1, X Gao2, C Liu3, D Chen4, X Lin5, S Xia6, D Zhuang7, C Yang8, W Zhu9, L Liu10, C Chen1, B Sun1 and on behalf of
Chinese Collaborative Study Group for Neonatal Respiratory Diseases11

OBJECTIVE: To investigate whether early treatment with inhaled nitric oxide (iNO) could prevent bronchopulmonary dysplasia
(BPD) in very preterm infants.
STUDY DESIGN: A non-randomized, controlled trial was conducted prospectively in 27 neonatal intensive care units over
12 months. Preterm infants with gestational age o34 weeks and after 7 days of life, who received invasive mechanical ventilation
(MV) or nasal continuous positive airway pressure for 42 days, were treated either with low-dose iNO (from 5 as initial dose to 2
parts per million as maintenance dose for ⩾ 7 days, n= 162) or as non-placebo control (n= 240). Primary outcome was the incidence
of moderate-to-severe BPD at 36 weeks postmenstrual age and/or death before discharge. Secondary outcomes were major
complications.
RESULTS: iNO was started on average on day 19 of life (median duration 18 days, range 7 to 55 days). Rate of survival without BPD
was significantly lower in the iNO than in the control group, whereas overall rates of BPD, death and major complications were
similar between the two groups. Infants who started MV and iNO on postnatal days 15 to 21 had significantly increased survival
without BPD (47.6% vs 17.1%, P= 0.03, relative risk 2.7, 95% confidence interval 1.1 to 6.5). Additionally, pooled data from both
groups showed that rates of perinatal co-morbidities and postnatal complications were higher in BPD infants than in non-BPD
infants. The overall incidence of BPD was 55.6% and 75.9% for birth weight o1500 and o1000 g, respectively, or 1.6% for the total
population o34 weeks of gestation admitted through the network.
CONCLUSION: Treatment with low-dose iNO did not decrease the overall risk of BPD and death nor showed adverse effects in
short-term morbidities among very preterm infants. The benefit of delayed iNO treatment on BPD warrants further studies.
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INTRODUCTION
With the establishment and dramatic expansion of neonatal
special care and a universal health insurance policy for rural
families, there have been advances in perinatal–neonatal care
across China. These advances have resulted in significant
reductions in maternal and neonatal mortality and improved
survival of very preterm infants.1–3 Bronchopulmonary dysplasia
(BPD), or chronic lung disease, and other chronic conditions
related to prematurity are more frequently encountered in
neonatal intensive care units (NICUs) in the postsurfactant
era as a result of improved survival of very preterm infants.4 In
the developed countries, BPD occurs in 20 to 30% of newborns
with birth weight (BW) o1500 g and gestational age (GA)
o30 weeks.5–7 So far, there is no report of the incidence
of BPD based on either NICU admissions or the total birth
population in China. Prenatal risks, lung immaturity, invasive
mechanical ventilation (MV), oxygen toxicity, persistent infection
and inflammation have been reported to be involved in the
etiology of BPD.8–10 Existing interventions such as non-invasive
ventilation, surfactant, postnatal corticosteroids, fluid restriction,
caffeine and nutrition have shown inconsistent or limited effects,

often with controversies over their values.8–13 It remains unknown
whether the main etiological factors of BPD and the responses of
BPD patients to various interventions are the same across different
regions of the world.
Inhaled nitric oxide (iNO), a selective pulmonary vasodilator,

is routinely used for the treatment of term and late preterm
newborns with hypoxemic respiratory failure and persistent
pulmonary hypertension of the newborn.14 The use of iNO has
been extended to very preterm neonates, albeit off-label, for both
hypoxemic respiratory failure/persistent pulmonary hypertension
of the newborn and those at risk of BPD.15–23 The prevalence of
BPD and the efficacy of iNO to prevent BPD may be associated
with ethnicity and timing of the intervention.15–20 Some of the
benefits of iNO in preterm neonates may be associated with
alveolarization24–25 and suppression of inflammation.26 However,
randomized controlled trials investigating the efficacy of iNO to
reduce the risk of BPD and death rate showed no significant
reduction in BPD and/or death.15–23

The purpose of this non-randomized, controlled study was to
evaluate the efficacy and safety of iNO among very preterm
infants with evolving BPD in the background of a growing
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network of neonatal units in China. Thereby we also sought to
assess the quality of current respiratory care, with primary
outcomes being the survival in the absence of BPD as well as
overall incidence and outcome of BPD in very preterm infants. We
hypothesized that iNO given in a low-dose regimen after 7 days of
postnatal life may reduce the overall incidence and severity of
BPD without causing major complications.

MATERIALS AND METHODS
Characteristics of participating NICUs
Twenty-seven NICUs across the country participated in this study,
including 13 maternity hospitals, 8 children’s hospitals and 6 general
hospitals, all of which were tertiary referral centers. Coordination was
carried out by Children’s Hospital of Fudan University, the ethics
committee of which approved the study protocols and ensured that the
protocol was adopted by all participating centers according to Chinese
regulations for clinical investigation.

Study design and protocols
Based on our previous experience in routine treatment of high-risk
premature patients,4 a randomized trial would be very difficult, if not
impossible, to be carried out in the current neonatal network.27 The actual
incidence of BPD in hospitalized very preterm infants in China is not
known yet, we therefore conducted a prospective, non-randomized
and controlled trial (Clinical trial registry number: NCT01503801 at
ClinicalTrials.gov).
Definition of preterm birth with GA was based on best obstetrical

estimate, prenatal ultrasound, last menstrual period and neonatal
examination using modified Ballard/Dubowitz score and expressed
according to the Tenth revision of International Statistical Classification
of Disease and Related Health Problems (ICD-10, WHO, 1993). Based on an
estimated BPD prevalence of 50% in neonates with GA 25 to 33 weeks,4,5

combined with an intervention related BPD reduction of 10% (that is, to
40%), a type I (α) error of 0.05 and type II (β) 0.2 (power 0.8), our power
calculations yielded a sample size of 382 cases for each group.28 The
enrollment was continued for 12 consecutive months, followed by an
interim assessment for safety and efficacy. If the interim results showed an
increased trend for adverse events in the absence of potential benefits, the
study would be terminated.
All maternal pathologies and pregnancy-associated complications such

as prenatal medical conditions, intrapartum and early postnatal complica-
tions related to intrauterine stress, delivery mode, resuscitation and
stabilization and neonatal illnesses present before enrollment were
recorded according to the definitions from previous randomized trials,
15–20 domestically enforced obstetric routines and internationally recog-
nized definitions and recommendations.29

Patient population
From 1 July 2011 to 30 June 2012, all neonates admitted to the 27 NICUs
with GA o34 weeks were enrolled if they required MV via an endotracheal
tube or nasal continuous positive airway pressure (nCPAP; with supple-
mental oxygen at FiO2430%) to treat hypoxemic respiratory failure for at
least 48 h after 7 postnatal days. Enrollment was not dependent on
respiratory support before 7 days of age. Exclusion criteria included
life-threatening conditions such as complex congenital anomalies,
active pulmonary hemorrhage, tension pneumothorax, preexisting bilat-
eral grade III/IV intraventricular hemorrhage30 and thrombocytopenia
o50 000 mm− 3,31 as well as duration of MV or CPAP o48 h. Informed
consent was obtained from parents or guardians prior to the enrollment.
Patients were either enrolled into a group with inhaled NO (iNO) or a
control group, based on the availability of iNO at the individual facility. The
enrollment was also influenced by the attending physician’s discretion and
parents’ decision.

Study monitoring and data collection
Relevant personnel of all participating NICUs were trained in order to
optimize their compliance with the iNO treatment protocol, which was
deemed to be the best available practice, and to enhance the quality
of data collection. For all infants who met the entry criteria, on-site
investigators collected information on case record forms in both groups.

Management of all other conditions and complications was left to the
discretion of attending physicians.

Diagnosis of BPD
BPD was diagnosed according to the previous definitions and expert
recommendations.6,15–20,32,33 Mild BPD was diagnosed if a patient had
oxygen therapy for 428 days but not at 36 weeks of postmenstrual age
(PMA) or at discharge. On the other hand, moderate BPD was defined for
those on O2 428 days and at 36 weeks PMA or at discharge and severe
BPD for those requiring 430% oxygen, CPAP or MV at 36 weeks of PMA.
Those who were receiving CPAP or MV on day 28 of postnatal life but died
before 36 weeks of PMA, with clinical manifestation resembling moderate-
to-severe BPD, were categorized as death related to BPD.

End point and primary and secondary outcomes
The end point was death or survival at discharge from the hospital, and the
primary outcome was survival without moderate-to-severe BPD. Secondary
outcomes included major clinical complications such as patent ductus
arteriosus, necrotizing enterocolitis, sepsis or retinopathy of prematurity.
The co-morbidities identified at birth and/or at NICU admission were also
followed up to the completion of the study.

iNO treatment protocol
iNO was delivered into the inspiratory arm of the ventilator circuit using an
iNO delivery system in a range of 0 to 200 ml min− 1.34 The NO and
nitrogen dioxide (NO2) levels were continuously monitored at the end of
the inspiratory limb using electrochemical techniques.34 Initial iNO
dose was 5 p.p.m. for the first 24 h, then decreased to 2 p.p.m. until
weaning, with a minimum duration of 7 days.15–20 We measured blood or
transcutaneous methemoglobin concentrations (Masimo Rainbow
SET(R) Radical-7 Pulse CO-Oximeter, Masimo, Irvine, CA, USA) at baseline,
within 24 h of the initiation of iNO and once daily thereafter.35,36 If the
concentration of NO2 exceeded 3 p.p.m. or methemoglobin exceeded 5%,
the iNO concentration would be decreased or the intervention ceased
to reduce the risk of severe adverse events. MV and iNO therapies were
supervised by the attending neonatologists who were aware of the
treatment assignment.

Estimation of incidence of BPD and associated risk factors
In order to calculate the incidence of BPD for premature infants admitted
to the NICUs in our network, we divided the number of cases by the total
number of admissions under 34 weeks’ gestation. To identify the risk
factors for BPD, we merged the iNO and control groups and calculated the
relative risks or odds ratios of BPD for infants with and without certain risk
factors. We performed logistic regression of selected risk factors for BPD
and death, accounting for GA, BW, SNAPPE-II (Score for Neonatal Acute
Physiology with Perinatal Extension-II) and major complications to
determine the independent predictive power of each factor.

Statistical analysis
Statistical analysis was performed using the SPSS software (version. 21.0;
IBM, New York, NY, USA). Continuous variables were summarized as
median with interquartile range or range or as means and s.d., and
differences were compared using Mann–Whitney test. Categorical
variables were presented as numbers and proportions in percentage,
and differences were compared using Chi square test or Fisher’s exact test.
A P-value o0.05 was considered statistically significant. Assessment of
individual clinical risk factors associated with mortality and BPD was
performed by univariate or bivariate logistic regression, and variables
detected with Po0.1 in univariate logistic regression and closely related to
mortality and BPD were further tested in binary multivariate logistic
regression (forward). The goodness of fit of the model was examined by
Hosmer–Lemeshow test. Results were reported as odds ratio or relative risk
and 95% confidence interval (CI).

RESULTS
As preliminary statistic analysis failed to show clear benefits of iNO
with regard to major outcomes, the study was terminated
prematurely (see below for details in Tables 1 and 2).
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General characteristics of the two groups at study entry
This study was carried out in strict compliance with the protocol
from the start but terminated at interim assessment with 433
cases enrolled, of which 402 fulfilled the criteria for statistical
analysis (Figure 1). Supplementary Table S1 shows the patients’
perinatal and baseline demographic characteristics, with no
significant between-group differences in gender, GA and BW
(and strata) and maternal complications except hypertension.
Baseline co-morbidities were similar between the two groups, and
75% of the total population received surfactant. Postnatal steroids
were more frequently used in the iNO than in the control group.
More infants in the iNO group had a history of previous pulmonary
hemorrhage, which was inactive at entry. There were no
significant differences between the two groups in terms of other
preexisting co-morbidities and conditions.
The median (interquartile range) age at entry was 19 (13, 28)

days in the iNO group, 4 days later than the control group
(15 (12, 19)), with an average duration of 18 (range 7, 55) days of
iNO. More patients in the iNO group were born in non-tertiary
hospitals, but the median oxygenation index for the two groups
was similar at study entry. More infants in the control group
received nCPAP at study entry.

Major outcome and risks measurement
Fewer patients in the iNO group survived without BPD to
discharge as compared with the control group (Table 1). Although
the individual risk of BPD or death was similar in both groups,
the combined rate of BPD and death before discharge was
significantly higher in the iNO than in the control group. Overall

rates of BPD and death were similar between the two groups.
However, when cases with pulmonary hemorrhage prior to the
entry were excluded, the differences of survival without BPD
between the two groups (n= 137 vs n = 227) were not statistically
significant (48 (35.0%) vs 101 (44.5%), relative risk 0.8 (95% CI 0.6
to 1.0), P= 0.075). The same was also observed for the outcome
of death or survival with BPD (89 (65.0%) vs 126 (55.5%), relative
risk 1.2 (1.1 to 1.4), P= 0.075, respectively).
Ventilation mode at study entry categorized under BW strata

and the disease severity (Table 1) showed no significant
differences between the two groups. The disease severity as well
as the combined risk of death and BPD were less in those with
nCPAP than in those with MV (conventional MV (CMV), high-
frequency oscillation ventilation (HFOV)). The median (and range)
duration of iNO in those with nCPAP, CMV and HFOV was 13 (7 to
35), 16 (7 to 55) and 20 (7 to 54) days, respectively. There were no
significant differences in the incidence of BPD between the two
groups by different ventilation modes.
Infants enrolled at 15 to 21 days of age receiving MV (CMV and/

or HFOV) showed improved outcome after iNO treatment,
indicating that the onset of intervention may be related with
the outcome. At entry, infants on iNO were less likely to have birth
asphyxia but more likely to have pulmonary hemorrhage than the
control group. Moreover, no significant differences were found
between both subsets in gender, GA, BW, antenatal steroids or
previous surfactant, whereas the incidence of BPD and the
combined risk of BPD and death before discharge were
significantly lower in the iNO than in the control group. However,
the rate of death was similar in both groups (Table 1). Regarding
the initial ventilation mode, fewer patients in the iNO group were

Table 1. Primary outcomes and ventilation mode-stratified analyses of the patients at risk of bronchopulmonary dysplasia (BPD)

Variables, n (%)a iNO (n= 162) Control (n= 240) Relative risk (95% CI) P

Overall patients
Survival without BPD 53 (32.7) 103 (42.9) 0.8 (0.6–1.0) 0.047
Death or survival with BPD 109 (67.3) 137 (57.1) 1.2 (1.1–1.4) 0.047
Survival with BPD 67 (41.4) 92 (38.3) 1.1 (0.8–1.4) 0.146
Death 42 (25.9) 45 (18.8) 1.3 (0.9–2.0) 0.087

BPD 75 (46.3) 106 (44.2) 1.0 (0.8–1.3) 0.674
Death of BPD 8/75 (10.7) 14/106 (13.2) 0.8 (0.3–2.0) 0.606

nCPAP at entry 52 (32.1) 135 (56.2) 0.4 (0.2–0.6) 0.000
Survival without BPD 24 (46.2) 78 (57.8) 0.8 (0.6–1.1) 0.19
Death or survival with BPD 28 (53.8) 57 (42.2) 1.6 (0.8–3.0) 0.153
Survival with BPD 20 (38.5) 47 (34.8) 1.1 (0.7–1.6) 0.734
Death 8 (15.4) 10 (7.4) 2.3 (0.8–6.1) 0.097

CMV at entry 86 (53.1) 85 (35.4) 1.5 (1.2–1.9) 0.000
Survival without BPD 22 (25.6) 23 (27.1) 0.9 (0.6–1.6) 0.863
Death or survival with BPD 64 (74.4) 62 (72.9) 1.0 (0.8–1.2) 0.863
Survival with BPD 37 (43.0) 37 (43.5) 1.0 (0.7–1.4) 0.947
Death 27 (31.4) 25 (29.4) 1.1 (0.6–2.1) 0.778

HFOV at entry 24 (14.8) 20 (8.3) 1.8 (1.0–3.1) 0.041
Survival without BPD 7 (29.2) 2 (10.0) 2.9 (0.7–12.4) 0.15
Death or survival with BPD 17 (70.8) 18 (90.0) 0.8 (0.6–1.1) 0.15
Survival with BPD 10 (41.7) 8 (40.0) 1.0 (0.5–2.1) 0.911
Death 7 (29.2) 10 (50.0) 0.6 (0.3–1.3) 0.218

Age of 15–21 days at entry in CMV/HFOV 21 (12.9) 35 (14.6) 0.9 (0.5–1.5) 0.645
Survival without BPD 10 (47.6) 6 (17.1) 2.7 (1.1–6.5) 0.03
Death or survival with BPD 11 (52.4) 29 (82.9) 0.6 (0.4–0.9) 0.03
Survival with BPD 5 (23.8) 19 (54.2) 0.4 (0.2–1.0) 0.03
Death 6 (28.6) 10 (28.6) 1.0 (0.4–2.4) 1.0

Abbreviations: CI, confidence interval; CMV, conventional mechanical ventilation; HFOV, high-frequency oscillation ventilation; iNO, inhaled nitric oxide; nCPAP,
nasal continuous positive airway pressure. All the variables are given as n (%). aPercentage of either grand total of each group or composite of the total of each
ventilation mode.
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on nCPAP and HFOV than in the control group. There were no
significant differences in each ventilation mode by BW strata in
terms of incidence of death, BPD, death or survival with BPD.
When cases with pulmonary hemorrhage prior to the entry were
excluded (n= 15 (10.9%) in iNO vs n= 34 (14.9%) in control), the
between-group statistical difference in survival without BPD
remained (8 (53.3%) vs 6 (17.6), relative risk 0.6 (0.3 to 0.9),
P= 0.011). The same was also observed for the outcome of death
or survival with BPD (7 (46.7%) vs 28 (82.4%), relative risk 3.0 (95%
CI 1.3 to 7.2), P= 0.011). It is notable that this postadjustment
between-group statistical difference only persisted in the sub-
group with delayed iNO treatment. These differences were found
only in these time window subsets.
In the iNO group, none had significantly elevated methemo-

globin level. The methemoglobin concentration was 0.3 to 0.4% at
baseline, 0.5 to 0.7% in 1 to 24 h, and 0.4 to 0.6% on day 2 and
ensuing days. There were no significant differences between the
two groups in the incidence and severity of complications or co-
morbidities of prematurity resulting from intrapartum events
(Table 2). The incidence of pulmonary hemorrhage was low in
both groups.

Incidence of BPD from the merged data
As there were no significant differences between the two groups
in the major outcome measures, data were merged for bivariate
analysis of overall risks of major outcome including co-morbidities
and complications (Supplementary Table S2). Results of binary

logistic regression analysis of variables associated with the
mortality and incidence of moderate-to-severe BPD are shown
in Table 3. As compared with infants who did not develop BPD,
those who developed BPD had higher scores of SNAPPE-II and
were more likely to have delivery room resuscitation, complica-
tions requiring intervention, respiratory distress syndrome, MV,
surfactant and postnatal corticosteroids.
The overall incidence of moderate-to-severe BPD was 1.6%

(2.5% if mild BPD were included) among the total NICU admissions
of those o34 weeks of gestation (10 972), with a case-specific
death rate of 13.4% (54/402) (Supplementary Table S2). The
incidence (95% CI) of BPD (including the deaths from BPD) at
36 weeks of PMA in those with GA o28, o32 and o34 weeks
was 64.5% (54.4 to 73.6%), 55.1% (49.8 to 60.4%) and 53.0% (48.1
to 57.9%), respectively, and in those with BW o1000, o1250 and
o1500 g, 75.9% (66.5 to 85.3%), 57.1% (50.7 to 63.5%) and 55.6%
(50.2 to 61.0%), respectively.

DISCUSSION
This study was our first observation in a rapidly developing NICU
network through a prospective, non-randomized iNO trial for very
preterm infants with evolving BPD. As compared with the control
group, the combined rate of death or survival with BPD was
significantly higher, and survival without BPD lower, in the iNO
group. These findings were different from previous randomized
trials17–20 but similar to that of a meta-analysis.37 The dose and
timing of iNO in the current study were close to, and the enrolled
subjects relatively more mature and the main outcomes worse
than, those of the previous trials or survey.18–20,23 A subset of
neonates treated with iNO at 15 to 21 days of life with MV showed
better outcome despite a small sample size. No severe adverse
events were reported, and some of the perinatally acquired co-
morbidities of prematurity, such as severe IVH and pulmonary
hemorrhage, did not aggravate during iNO treatment. Further-
more, stratified data analysis showed no significant difference in
death and/or moderate-to-severe BPD when patients with prior
pulmonary hemorrhage were excluded in the final outcome
analysis.
The study protocol had both advantages and disadvantages.

First, despite a non-randomized design, this study ensured the
enrollment of a large sample of eligible cases. The vast majority of
the baseline variables except gestational hypertension and entry
time were similarly distributed between the two groups
(Supplementary Table S1), indicating a low risk of heterogeneity.
Discrepancy was found in the initial ventilation mode as neonates
in the iNO group were more frequently exposed to MV, had a
longer MV duration of 47 days and higher proportion of post-
natal corticosteroid use than the control group (Supplementary
Table S1). This is probably due to more pulmonary hemorrhage
and sepsis in the iNO group at entry, suggesting an early and
persistent pulmonary dysfunction23,38 prior to and during the
enrollment for iNO treatment. Nevertheless, SNAPPE-II, oxygena-
tion index levels and prior surfactant use, reflecting the initial
baseline perinatal status and underlying diseases of those
enrolled, were similar between the two groups. Second, all the
variables for assessment of the primary and secondary end points,
as well as perinatal co-morbidities and postnatal complications/
severe adverse events, were obtained, reflecting the comprehen-
siveness and validity of the study. Given the fact that the overall
incidence of BPD and its related outcomes were evenly distributed
between both groups, patients of the two groups at entry should
have been derived from the population with very similar risks of
developing BPD. This, in combination with an identical procedure
carried out throughout the trial, may have counterbalanced, at
least in part, the above-mentioned discrepancies. As observational
or controlled trials of a larger sample size as compared with ours
are likely to be achieved in regions where the perinatal and

Table 2. Comparison of clinical co-morbidities and complications/
severe adverse events of the patients after study entry and during
treatmenta

Co–morbidities
and complications

iNO (n=162) Control
(n= 240)

Relative risk
(95% CI)

P

Oxygen therapy
Duration
Median (IQR),
days

43.5
(23.9–62.3)

38.4
(25.1–51.0)

0.046

Mean± s.d.,
days

47.3± 30.2 40.0± 20.5 0.004

Maximum FiO2

Median (IQR) 0.54 (0.4–0.8) 0.43 (0.4–0.6) 0.000
Range, days 4.6–202 6.0–136

Air leak 11 (6.8) 11 (4.6) 1.5 (0.6–3.6) 0.340

Pulmonary
hemorrhage

27 (16.7) 16 (6.7) 2.8 (1.5–5.3) 0.001

After entry 2 (1.2) 3 (1.25) 1.0 (0.2–5.8) 1.00

Sepsis 62 (38.3) 100 (41.7) 0.9 (0.5–1.3) 0.496
Shock 6 (3.7) 8 (3.3) 1.1 (0.3–3.3) 0.824
PDA 89 (54.9) 138 (57.5) 0.9 (0.6–1.3) 0.611
NEC 12 (7.4) 23 (9.6) 0.8 (0.4–1.6) 0.448
ROP 55 (35) 64 (27.7) 1.4 (0.9–2.1) 0.125
IVH 84 (52.5) 124 (53.2) 1.0 (0.6–1.5) 0.888
IVH III–IV 26 (16.3) 25 (10.7) 0.9 (0.7–1.8) 0.161
PVL 12 (7.5) 27 (11.7) 0.6 (0.3–1.2) 0.170
PVL/IVH III–IV 34 (21.1) 45 (19.4) 1.1 (0.7–1.8) 0.675

Abbreviations: CI, confidence interval; iNO, inhaled nitric oxide; IVH,
intraventricular hemorrhage; IQR, interquartile range; NEC, necrotizing
enterocolitis; PDA, patent ductus arteriosus; PVL, periventricular leukoma-
lacia; ROP, retinopathy of prematurity. All the variables are given as n (%).
aThe co-morbidities and complications/severe adverse events, including
those already identified as complications of prematurity before the study
entry, are shown in Supplementary Table S1.
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neonatal care is emerging or well advanced,21,39–43 the non-
randomized design may be an approach of more value to reflect
the actual NICU care standard than randomization-based proce-
dures, given the limitation of our current health-care system and
validity of results demonstrated by our study as compared with

similar randomized, controlled trials. Other alternative approaches,
such as specific case registries, were used to generally assess the
efficacy of iNO therapy and BPD outcome in the total NICU
admissions or birth population profiles by data integration and
sample adjustment.21–23,40

Our iNO treatment protocol concur with the clinical experience
and trial by Ballard et al.19 in that the improvement of survival
without BPD by iNO was associated with specified timing and
dosing, with the risk of bleeding and methemoglobinemia
accounted for.31,35,36 Similar as the EUNO trial, we enrolled those
with CPAP as initial ventilation mode.20 Our results did not
support the hypothesis that iNO could prevent BPD; however, the
outcome analysis did help in understanding the efficacy of early
therapeutic iNO and the risks of developing BPD and respiratory
failure in very preterm infants. Notably, this iNO regimen did show
benefit for a subgroup with delayed iNO and MV at 15 to 21 days,
suggesting a potential effect of iNO on the lungs that were more
maturely developed. This contrasts the overall efficacy with regard
to MV strength and MV 47 days at study entry and requires
further large-sample study to verify. The CPAP subgroups did not
show any benefit from iNO, which was consistent with the results
from EUNO trial20 and a recent trial by Kinsella et al.44

Our study showed that BPD occurred in 55.6% of very low BW
and 75.9% of extremely low BW based on the merged data,
though the overall incidence of BPD in very preterm infants was
low. By comparing with similar iNO trials15–20 based on population
or NICU admission data,43 our BPD rates were much higher,
indicating that our standard of care may have lagged behind

Figure 1. Flow chart and profile of patients enrolled and finalized in the study.

Table 3. Binary logistic regression analysis of variables associated with
the incidence of bronchopulmonary dysplasia (BPD) and mortality of
the patients

Variables OR (95% CI) P-values

Incidence of BPD
Born in non-tertiary hospital 8.459 (2.690–26.603) 0.000
Analgesics 15.341 (1.156–23.56) 0.038
Severity of IVH 2.224 (1.131–4.374) 0.021
MV47 days at entry 18.939 (6.083–58.96) 0.000

Mortality
BWo1000 g 2.557 (1.060–6.167) 0.037
Vaginal delivery 2.923 (1.300–6.571) 0.009
NEC 4.796 (1.433–16.05) 0.011
Shock 10.446 (2.298–47.48) 0.002
MV47days at entry 9.755 (3.465–27.458) 0.000

Abbreviations: BW, birth weight; CI, confidence interval; IVH, intraventri-
cular hemorrhage; MV, mechanical ventilation; NEC, necrotizing entero-
colitis; OR, odds ratio.
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North America and Nordic countries by nearly two decades.5,7

From our previous complete birth-population-based regional
survey, those with GAo34 weeks and BWo2000 g accounted
for 0.8 to 1% of all births and had a survival rate of 80%. Among all
births, 1 to 1.5% required NICU admission after birth.45 Current
data show that the national annual births are 16.5 million, of
which 5% are preterm and 1% are with a GAo34 weeks.2,45,46 In
view of this, and with reference to the current BPD incidence and
outcome data, there should be 2 00 000 infants requiring NICU
admission after birth. No o2%, or rather 4000 cases annually, may
develop moderate-to-severe BPD or BPD-related death. In fact, no
450% of the total birth population are accessible to medical care
of a standard equivalent to the current NICU network standard,
and the proportion would be up to 60 to 70% in the next decade
to come. This will be a definitive challenge and burden to the
entire emerging perinatal–neonatal care system. However, this
speculation awaits further large-scaled study to confirm.5,7,21,39–43

In conclusion, the prolonged, low-dose iNO treatment conferred
no benefits nor inflicted any adverse effects on preterm infants
o34 weeks with evolving BPD. Notably, a lower rate of survival
without BPD was found in the iNO group. To accurately assess the
risk and incidence of BPD, further studies of iNO in this population
should be more specified on time window and ventilation mode.
Complete GA and BW stratified outcome measurement as well as
long-term follow-up are also needed. The advantage and
limitation of the trial methodology warrant further investigation.
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