
Number 195 
 
 
Inhaled Nitric Oxide in Preterm Infants 
 
Prepared for:  

Agency for Healthcare Research and Quality 

U.S. Department of Health and Human Services 

540 Gaither Road 

Rockville, MD  20850 

www.ahrq.gov 
 
Contract No. 290-2007-10061-I 

 
Prepared by: 

The Johns Hopkins University Evidence-based Practice Center 

Baltimore, MD 

 
Investigators:   

Marilee C. Allen, M.D. 

Pamela Donohue, Sc.D. 

Maureen Gilmore, M.D. 

Elizabeth Cristofalo, M.D., M.P.H. 

Renee F. Wilson, M.S.  

Jonathan Z. Weiner, B.A. 

Karen Robinson, Ph.D. 

 
 
 
 
 
 
 
 
AHRQ Publication No. 11-E001 

October 2010



 

This report is based on research conducted by the Johns Hopkins University Evidence-based 

Practice Center (EPC) under contract to the Agency for Healthcare Research and Quality (AHRQ), 

Rockville, MD (Contract No. 290-2007-10061-I). The findings and conclusions in this document 

are those of the author(s), who are responsible for its content, and do not necessarily represent the 

views of AHRQ. No statement in this report should be construed as an official position of AHRQ 

or of the U.S. Department of Health and Human Services. 

 

The information in this report is intended to help clinicians, employers, policymakers, and others 

make informed decisions about the provision of health care services. This report is intended as a 

reference and not as a substitute for clinical judgment.  

 

This report may be used, in whole or in part, as the basis for the development of clinical practice 

guidelines and other quality enhancement tools, or as a basis for reimbursement and coverage 

policies. AHRQ or U.S. Department of Health and Human Services endorsement of such 

derivative products may not be stated or implied.   



ii 

 

This document is in the public domain and may be used and reprinted without permission except 

those copyrighted materials noted for which further reproduction is prohibited without the 

specific permission of copyright holders. 

 

 

Suggested Citation: 

Allen MC, Donohue P, Gilmore M, Cristofalo E, Wilson RF, Weiner JZ, Robinson K. Inhaled 

Nitric Oxide in Preterm Infants. Evidence Report/Technology Assessment No. 195. (Prepared by 

Johns Hopkins University Evidence-based Practice Center under Contract No. 290-2007-10061-

I). AHRQ Publication No. 11-E001. Rockville, MD: Agency for Healthcare Research and 

Quality. 

 

 

 

 

 

 

No investigators have any affiliations or financial involvement (e.g., employment, 

consultancies, honoraria, stock options, expert testimony, grants or patents received or 

pending, or royalties) that conflict with material presented in this report. 



iii 

 

Preface 
 

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based 

Practice Centers (EPCs), sponsors the development of evidence reports and technology 
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Structured Abstract 
 

Objectives. To systematically review the evidence on the use of inhaled nitric oxide (iNO) in 

preterm infants born at or before 34 weeks gestation age who receive respiratory support. 

 

Data sources. We searched MEDLINE, EMBASE, the Cochrane Central Register of Controlled 

Studies (CENTRAL) and PsycInfo in June 2010. We also searched the proceedings of the 2009 

and 2010 Pediatric Academic Societies Meeting and ClinicalTrials.gov. We identified additional 

studies from reference lists of eligible articles and relevant reviews, as well as from technical 

experts. 

 

Review methods. Questions were developed in collaboration with technical experts, including 

the chair of the upcoming National Institutes of Health Office of Medical Applications of 

Research Consensus Development Conference. We limited our review to randomized controlled 

trials (RCTs) for the question of survival or occurrence of bronchopulmonary dysplasia (BPD) 

and for the question on short-term risks. All study designs were considered for long-term 

pulmonary or neurodevelopmental outcomes, and for questions about whether outcomes varied 

by subpopulation or by intervention characteristics. Two investigators independently screened 

search results, and abstracted data from eligible articles.  

 

Results. We identified a total of 14 RCTs, reported in 23 articles, and eight observational 

studies. Mortality rates in the NICU did not differ for infants treated with iNO versus those not 

treated with iNO (RR 0.97 (95% CI 0.82, 1.15)). BPD at 36 weeks for iNO and control groups 

also did not differ (RR 0.93 (0.86, 1.003) for survivors). A small difference was found between 

iNO and control infants in the composite outcome of death or BPD (RR 0.93 (0.87, 0.99)). There 

was inconsistent evidence about the risk of brain injury from individual RCTs, but meta-analyses 

showed no difference between iNO and control groups. We found no evidence of differences in 

other short term risks. There was no evidence to suggest a difference in the incidence of cerebral 

palsy (RR 1.36 (0.88, 2.10)), neurodevelopmental impairment (RR 0.91 (0.77, 1.12)), or 

cognitive impairment (RR 0.72 (0.35, 1.45)). Evidence was limited on whether the effect of iNO 

varies by subpopulation or by characteristics of the therapy (timing, dose and duration, mode of 

delivery, or concurrent therapies). 

 

Conclusions. There was a seven percent reduction in the risk of the composite outcome of death 

or BPD at 36 weeks PMA for infants treated with iNO compared to controls, but no reduction in 

death or BPD alone. Further studies are needed to explore particular subgroups of infants and to 

assess long term outcomes including function in childhood. There is currently no evidence to 

support the use of iNO in preterm infants with respiratory failure outside the context of 

rigorously conducted randomized clinical trials. 
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Executive Summary 
 

Background 
 

Neonatal lung disease is the most common complication of preterm delivery and causes 

significant morbidity and mortality. Disorders of prematurity and respiratory distress are among 

the leading causes of infant mortality in the U.S. 

The use of inhaled nitric oxide (iNO) has been approved by the U.S. Food and Drug 

Administration for respiratory failure of the term and near-term
 
infant and is recommended by 

professional societies, such as the American Academy of Pediatrics. Evidence supporting the use 

of iNO in term or near term infants is summarized by a Cochrane review that found that use of 

iNO therapy reduced the need for extracorporeal membrane oxygenation in term and near term 

(> 34 weeks gestation) infants with respiratory failure, but did not change neurodevelopmental 

outcomes at two to three years of age. There is a need to consider the evidence about the use of 

iNO therapy in preterm infants < 34 weeks of gestation. 

 

This report summarizes the available evidence on the use of iNO in preterm infants born at or 

before 34 weeks gestation age who receive respiratory support. The report addresses the 

following questions: 

 

1. Does iNO therapy increase survival and/or reduce the occurrence or severity of 

bronchopulmonary dysplasia (BPD) among premature infants who receive respiratory 

support? 

 

2. Are there short-term risks of iNO therapy among premature infants who receive respiratory 

support? 

 

3. Are there effects of iNO therapy on long-term pulmonary and/or neurodevelopmental 

outcomes among premature infants who receive respiratory support? 

 

4. Does the effect of iNO therapy on BPD and/or death or neurodevelopmental impairment vary 

across subpopulations of premature infants? 

 

5. Does the effect of iNO therapy on BPD and/or death or neurodevelopmental impairment vary 

by timing of initiation, mode of delivery, dose and duration, or concurrent therapies?  
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Methods 
 

We searched MEDLINE, EMBASE, the Cochrane Central Register of Controlled Studies 

(CENTRAL) and PsycInfo in June 2010. We also searched the proceedings of the 2009 and 2010 

Pediatric Academic Societies Meeting and ClinicalTrials.gov. We identified additional studies 

from reference lists of eligible articles and relevant reviews, as well as from technical experts. 

Questions were developed in collaboration with technical experts, including the chair of the 

upcoming National Institutes of Health Office of Medical Applications of Research Consensus 

Development Conference. We limited our review to randomized controlled trials (RCTs) for the 

question of survival or occurrence of bronchopulmonary dysplasia (BPD) and for the question on 

short-term risks. All study designs were considered for long-term pulmonary or 

neurodevelopmental outcomes, and for questions about whether outcomes varied by 

subpopulation or by intervention characteristics. Two investigators independently screened 

search results, and abstracted data from eligible articles. 

 

Results 
 

We identified a total of 14 RCTs, reported in 23 articles, and eight cohort studies addressing 

our questions. Our major findings are summarized by key question.  

 

Key Question 1. Does iNO therapy increase survival and/or reduce the occurrence or 

severity of bronchopulmonary dysplasia (BPD) among premature infants who receive 

respiratory support? 

 

● There is no statistically significant effect of iNO compared to placebo on survival or 

mortality rates in preterm NICU infants requiring mechanical ventilation. 

● There is insufficient evidence to determine whether iNO reduces the rate of 

bronchopulmonary dysplasia (BPD), as defined by requiring supplemental oxygen at 36 

weeks postmenstrual age, in preterm NICU infants requiring mechanical ventilation.  

● There is small but statistically significant reduction in the composite variable of death or 

BPD at 36 weeks PMA for infants treatment with iNO compared to infants in control 

groups.  

● Preterm infants who required mechanical ventilation and were the subjects of randomized 

controlled trials of inhaled nitric oxide were a high risk population with high mortality 

and BPD rates during NICU hospitalization. 

 

 Fourteen RCTs addressed death or BPD. The definition of outcomes, specifically the time 

outcomes were assessed, differed across studies. Evidence on the outcome of death was 

considered of moderate strength as was BPD at 36 weeks PMA.  

 

Key Question 2. Are there short-term risks of iNO therapy among premature infants who 

receive respiratory support? 

 

● There is insufficient evidence of a neuroprotective effect of iNO in preterm infants.  

● There is no evidence that treatment of preterm infants with iNO influences the rates of 

other complications of prematurity, including patent ductus arteriosus (PDA), sepsis, 
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necrotizing enterocolitis (NEC), severe retinopathy of prematurity (ROP), pulmonary 

hemorrhage, or air leaks.  

● No study reported accumulation of toxic levels of methemoglobin or nitrogen dioxide. 

 

Fourteen RCTs provided data on short term risks of iNO therapy. There was moderate 

strength of evidence on IVH, PVL, PVL, PDA and NEC.  

 

Key Question 3. Are there effects of iNO therapy on long-term pulmonary and/or 

neurodevelopmental outcomes among premature infants who receive respiratory support? 

 

● There is insufficient evidence to determine whether iNO therapy in preterm infants who 

require respiratory support influences the incidence of cognitive, motor or sensory 

impairments, or neurodevelopmental disability. 

● There is evidence suggesting that iNO therapy in preterm infants who require respiratory 

support may decrease the need for respiratory medications at one year of age.  

● There is insufficient evidence to determine whether iNO therapy in preterm infants who 

require respiratory support impacts long-term health outcomes such as respiratory 

symptoms, rehospitalization after NICU discharge, and growth. 

 

Twelve articles reported long term outcomes; nine RCTs and three observational studies. 

Evidence was considered to be of low strength for neurodevelopmental and coginitive outcomes 

and for cerebral palsy. Evidence for death as a long term outcome was moderate. Evidence on all 

of the other long term outcomes was considered low or insufficient. 

 

Key Question 4. Does the effect of iNO therapy on BPD and/or death or 

neurodevelopmental impairment vary across subpopulations of premature infants? 

 

● There is insufficient evidence to determine whether the effect of iNO therapy on 

mortality, BPD, or motor impairment differs by the birth weight of the treated infants. 

● There is insufficient evidence to evaluate the relationship between iNO therapy and infant 

sex, race/ethnic group, gestational age, or socioeconomic status. 

● There are no published data available to evaluate the association between iNO therapy 

and, antenatal steroids, chorioamnionitis, multiple birth, or growth restriction. 

● There is insufficient evidence concerning the relationship between iNO therapy and the 

severity of illness.  

● There is insufficient evidence that iNO therapy improves outcome of infants suffering 

respiratory failure from pulmonary hypoplasia, respiratory distress syndrome or 

pulmonary hypertension. 

● There is no consistent pattern of infants that respond to iNO therapy and those that do 

not.  

● There is no consistent pattern of infants that respond to iNO therapy and those that do 

not.  

 

We identified six RCTs with five followup studies, and six other studies, that addressed this 

question. The definition of outcomes varied across studies, and many of the subgroup analyses 

were by post hoc analyses. Death, BPD at 36 weeks PMA and survival without BPD had 
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moderate strength of evidence. All other outcomes for this question had evidence judged to be 

low strength. 

 

Key Question 5. Does the effect of iNO therapy on BPD and/or death or 

neurodevelopmental impairment vary by timing of initiation, mode of delivery, dose and 

duration, or concurrent therapies? 

 

● There is insufficient evidence to determine if initiating iNO therapy for acute respiratory 

distress at < 3 days reduces the risk of death or bronchopulmonary dysplasia (BPD) at 36 

weeks PMA, or death and neurodevelopmental disability at 1 year of age, corrected for 

gestational age at birth.  

● In infants with developing BPD, there is insufficient evidence to determine if treatment 

with iNO during the second week after birth improves survival without BPD compared 

with treatment during the third week after birth.  

● There is insufficient evidence to determine the effect of delivery of iNO by high 

frequency ventilation on either death or BPD, or neurodevelopmental outcome compared 

with conventional ventilation.  

● There is insufficient evidence to support an optimal dose of iNO or duration of exposure 

to improve outcome or prevent harm. 

● There is insufficient evidence to determine the effect of iNO with concurrent therapy. 

 

We identified 14 RCTs addressing this question. No studies allowed for assessment of 

duration of therapy. Comparison across studies was limited by differences in definitions of 

outcomes. All but two of the studies provided data based on post hoc analysis, and so should be 

interpreted with caution. Strength of evidence was moderate for survival without BPD and BPD 

at 36 weeks. For all other outcomes, evidence was low strength. 

 

Future Research 
  

Current evidence does not support the routine use of iNO to treat premature infants. 

However, we should not abandon the possibility that iNO may someday become a component of 

a treatment strategy for some preterm infants receiving respiratory support. Several factors 

contribute to our recommendation to continue the study of iNO: 1)  our finding a small but 

statistically significant difference in death or BPD at 36 weeks PMA, the common primary 

outcome variable of 73% of RCT conducted to-date; 2) the statistically significant finding of a 

diminished need for chronic pulmonary medication at one year corrected age, suggesting less 

severe lung disease in those treated with iNO, and 3) no studies have been powered to detect 

meaningful differences in infant functional outcome or quality of life with iNO treatment 

compared to standard therapy.  

Specific considerations for future research are listed below. 

  

Patients 
 

 RCTs must be adequately powered to assess the effect of iNO on subgroups of preterm 

infants, such as those of varying birth weight.  
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 Special care must be taken if infants born at the limit of viability are included in RCTs. 

These infants do not yet have alveoli (gas exchange occurs through their terminal 

bronchioles) and their brains do not yet have gyri or sulci. They are most vulnerable to 

organ injury, which may be most evident on long-term follow-up. Every effort must be 

taken to obtain pulmonary, neurodevelopmental and health follow-up for all infants in 

this category.  

 There may be a value to viewing the use of iNO in terms of postmenstrual age, which is a 

better measure of degree of maturation and takes into account both gestational age and 

chronologic age in developing preterm infants. 

 

Intervention 
 

 Since the goal is to support pulmonary and brain development in the NICU, courses of 

iNO given for weeks, not days, should be studied.  

 Mode of ventilation should be considered in randomization schemes for trials restricted to 

infants < 1500 grams, those at highest risk for death, BPD and neurodevelopmental 

impairment, to adequately address the question concerning mode of delivery.  

 As many of the smallest preterm infants are managed with CPAP or high flow nasal 

cannula alone, without intubation, information concerning iNO delivery with these 

devices is needed. 

Outcomes 
 

 Future RCTs should require neuroimaging by standardized protocols before trial 

enrollment, to detect the occurrence and progression of brain injury during iNO 

treatment. 

 Studies should be powered to assess long term neurodevelopmental, pulmonary and other 

health outcomes. 

 Outcomes should focus on functional status and quality of life, as well as 

neurodevelopmental disabilities. 

 Studies are needed to provide information on resource utilization such as 

rehospitalizations, medications, physicians’ visits. Future focus should be on the real 

pulmonary problems of prolonged hospitalizations, use of supplemental oxygen and 

pulmonary medications after NICU discharge, prevalence of reactive airway disease and 

recurrent hospitalizations. 

 Consideration should be given to assess longer term childhood outcomes (e.g., pulmonary 

function tests, school performances).  

 Cost benefit analyses should be conducted with multicenter RCTs of iNO.
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Chapter 1. Introduction 
 

Background 
 

 Neonatal lung disease is the most common complication of preterm delivery, and results in 

significant morbidity and mortality.
1
 Preterm infants suffer from both acute and chronic 

respiratory failure as a result of anatomic and biochemical disruption of lung function, lung 

inflammation and oxidative stress, nutritional deficiencies, and arrest of tracheobronchial and 

pulmonary vascular growth (see Appendix A
a
, List of Acronyms). Treatment for acute 

respiratory failure often contributes to evolving bronchopulmonary dysplasia (BPD) and chronic 

respiratory failure, due to barotrauma and oxygen toxicity from prolonged respiratory support, 

deficient nutrition, as well as immaturity of lung growth, vascular development and immunologic 

defenses. Pulmonary hypertension may occur in association with acute and/or chronic respiratory 

failure.
2
 Multiple etiologies make finding an effective treatment for respiratory failure in preterm 

infants challenging. Disorders related to prematurity and respiratory distress are among the 

leading causes of infant mortality in the U.S.
3
  

 

Treatment Options  
 

Treatment options for respiratory failure in preterm infants include a variety of modalities. 

Prenatal steroids, antibiotics, exogenous surfactant replacement, tidal volume ventilation, 

conventional ventilation, continuous positive airway pressure, high flow oxygen administration, 

and high frequency ventilation are all used as therapeutic modalities. Treatment of preterm 

infants with inhaled nitric oxide (iNO) as a rescue therapy for refractory hypoxemic respiratory 

failure is an extension of the relative success of the treatment of term and near term infants with 

iNO.
4
  

 

Mechanism of Action 
 

Endogenous nitric oxide (NO), produced in vascular endothelial cells, regulates vascular 

tone. 
5
 NO diffuses into adjacent vascular smooth muscle cells and activates soluble guanylyl 

cyclase, leading to the activation of cGMP-dependent protein kinase.
6
 The subsequent signal 

transduction cascade results in vascular smooth muscle cell relaxation and vasodilatation.
6, 7

 

When exogenous nitric oxide is inhaled, it is a selective pulmonary vasodilator decreasing 

pulmonary vascular resistance without affecting systemic vascular tone.
8
 This occurs because the 

low molecular weight and high lipid solubility of inhaled NO allows rapid diffusion in the 

ventilated lung from the alveoli to direct contact with arterioles.
9
 In addition, NO has a very short 

half-life,
5, 10

 and NO is rapidly deactivated by heme in hemoglobin reducing its effect on other 

smooth muscle in the body.
11, 12

 

 Since 1999, iNO has been approved by the U.S. Food and Drug Administration (FDA) for 

the treatment of severe hypoxemia and persistent pulmonary hypertension of the newborn 

                                                      
a
 Appendixes and evidence tables for this report can be found at: 

http://www.ahrq.gov/downloads/pub/evidence/pdf/inoinfants/inoinfants.pdf  
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(PPHN) in term and near term infants.
13

 PPHN is a syndrome associated with several neonatal 

cardio pulmonary etiologies, and is characterized by high pulmonary vascular resistance (PVR).
7
 

High PVR causes extrapulmonary shunting of blood right to left across the ductus arteriosus 

and/or foramen ovale and may cause critical hypoxemia.
7, 14

 In newborns, the use of iNO therapy 

to selectively lower PVR and reduce extrapulmonary shunting accounts for the acute 

improvement in oxygenation observed with PPHN.
15

 

In severe respiratory failure, hypoxemia may also occur with intrapulmonary shunting, due to 

atelectasis and ventilation/perfusion inequality.
7
 Thus, inhaled nitric oxide may also benefit 

preterm infants with parenchymal lung disease by redistributing pulmonary blood flow, thereby 

reducing intrapulmonary shunting and ventilation: perfusion mismatching.
16

 Both mechanisms 

reduce secondary lung injury from barotrauma, volutrauma, and oxygen toxicity by reducing the 

need for prolonged respiratory support. 

Inhaled NO may have other characteristics beneficial to preterm infants. Ballard, 2006 

demonstrated that iNO therapy in a preterm baboon model of evolving BPD increased maximal 

lung volume, decreased the total protein:phospholipid (PL) ratio of surfactant, and had little 

effect on the composition of surfactant PL or proteins, suggesting that iNO may be associated 

with less severe lung injury and improved surfactant function.
17

 In a companion study, again in a 

premature baboon model, McCurnin, 2005 reported lung growth after iNO therapy mimicked 

that seen in utero.
18

 Inhaled NO has also been shown to reduce inflammation and oxidant injury 

in animal models of hyperoxic lung injury.
19, 20

 Furthermore, NO may play a role in early lung 

development. A newborn rat model with both structural and functional characteristics of BPD
21

 

showed a reduction in pulmonary hypertension and a preservation of lung growth with early 

introduction of iNO therapy.
21

 Similarly, following exposure to hyperoxia in neonatal rats, Lin, 

2005 found that iNO exposure during recovery restored distal lung growth and alveolarization.
22

  

Inhaled NO has several potential toxic complications from both direct and indirect effects.
23

 

The preterm infant is particularly vulnerable to reactive oxidant species induced damage due to 

the relative inadequacy of antioxidant enzymes in the lung.
24

 In the presence of oxygen, nitric 

oxide forms nitrogen dioxide (NO2), a potent inflammatory agent leading to pulmonary edema 

and lung injury, but the formation is slow at low levels of NO2.
11, 25

 A NO2 dose of 5 ppm is 

considered the maximum environmentally safe dose, necessitating careful monitoring of infants 

receiving iNO therapy.
26

 In simulation, delivery of 20 ppm iNO at high oxygen concentrations 

resulted in the formation of < 1 ppm NO2. NO may also adversely affect platelet aggregation and 

adhesion,
27

 although the evidence is conflicting
28

 and has not been reported in trials with infants. 

Methemoglobinemia, the resultant reaction of nitric oxide with hemoglobin, reduces oxygen 

carrying capacity at high concentrations. Accumulation of toxic levels of methemogolobin have 

not been demonstrated when iNO is delivered at < 80ppm,
29

 the range in which most infants are 

treated, but requires constant monitoring during treatment. 

 

FDA Approved Indication and Usage 
 
 The U.S. FDA approved iNO for use in intubated full term and late preterm infants with 

hypoxemic respiratory failure in 1999
13

 Current labeling of iNO is for use in respiratory failure 

in term and near term infants (> 34 weeks gestation). The initial recommended starting dose for 

these infants is 20 ppm with continued use for 14 days or until improvement in the underlying 

disease process results in normal oxygen saturations. The dose is weaned incrementally with 

improving oxygen saturations beginning as soon as four hours after the initiation of therapy, to 5 
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ppm before discontinuation. For infants that do not respond to initial iNO therapy, the dose may 

be increased to 40 to 80 ppm. Brief exposure to these higher doses appears to be safe, but 

sustained treatment with 80 ppm will increase the risk of methemoglobinemia,
7
 with little added 

clinical benefit. 

Utilization of iNO 
 

Since the FDA approval for use of iNO in full term and late preterm infants, a number of 

studies have been conducted on the use of iNO in clinically diverse populations of preterm 

infants.
30-40

 These studies demonstrate significant variability in their clinical indications for the 

use of iNO, from its prophylactic use in preterm infants with mild acute respiratory distress to 

prevent BPD and chronic lung disease, to its use as a late rescue therapy for preterm infants with 

severe BPD, with resulting wide variations in inclusion and exclusion criteria for study samples. 

There has been considerable variation in dosage and timing of iNO among studies. Differing 

findings regarding pulmonary effects and effects on the most common primary outcome variable, 

death or BPD, raises concerns about gaps in our understanding of physiological effects of iNO in 

the rapidly developing preterm lung. In addition, differences in the direction of effect on the 

developing preterm brain raise questions as to whether treatment of preterm infants with iNO 

increases or decreases the incidence of brain injury.  

This controversy has resulted in wide variations in clinical practice, as reports of the longer 

term pulmonary and neurodevelopmental outcomes at ages two to six years are just emerging.  

 

Purpose of This Evidence Report 
 

Inhaled NO has demonstrated efficacy in improving oxygenation and reducing the need for 

extracorporeal membrane oxygenation (ECMO) in late preterm infants born after 34 weeks 

gestation and full term infants with respiratory failure, with no evidence of long term benefits.
4
 

Despite the approved use of iNO in full term and late preterm infants, the developmentally 

distinct mechanisms of respiratory failure and differing cardiovascular, pulmonary, and 

pharmacokinetic characteristics of more immature infants require systematic study of the short 

and long term outcomes for preterm infants treated with iNO to prevent or treat respiratory 

failure.  

A 2006 meta-analysis included five randomized controlled trials (RCTs) with 808 infants 

born before 34 weeks gestation.
32

 The authors concluded that while preterm infants treated with 

iNO had reduced treatment failure (death or chronic lung disease (CLD); RR 0.81 (0.70, 0.93)) 

further research was needed on risks and on later neurodevelopmental outcomes. A 2007 

Cochrane review of 11 RCTs analyzed data on 3,251 preterm infants (defined as < 35 weeks 

gestation) in terms of illness severity, dose and timing of iNO. 
31

 The Cochrane review 

concluded that iNO has no proven efficacy as a rescue therapy to treat very ill ventilated preterm 

infants, and it may increase the incidence of brain injury (one trial was stopped early).
31

 It did 

not appear to prevent chronic lung disease or BPD in preterm infants. Subgroup analyses in some 

of the multicenter RCTs of iNO in preterm infants suggest that iNO may be beneficial in some 

preterm infants (e.g., those with higher birth weights, milder respiratory illness, or persistent 

pulmonary hypertension).
32, 40-42

 

The Cochrane review acknowledged very limited data on long term outcomes of preterm 

infants treated with iNO. If iNO is beneficial, the number need to treat would be very large. 
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Papers published or presented from 2007 to present report conflicting results as to whether, in 

preterm infants, iNO has beneficial, adverse, or no effects on long term neurodevelopmental and 

pulmonary outcomes.
30, 43-46

  

Despite the ongoing controversy, iNO continues to be used for hypoxemic respiratory failure 

in preterm infants < 34 weeks gestation even with potential harm to the developing lungs and 

brain.
47

 There is an urgent need to weigh the current evidence as to whether iNO is a safe and 

effective treatment in preterm infants.  

The Office of Medical Applications of Research (OMAR) at the National Institutes of Health 

(NIH) scheduled an NIH Consensus Development Conference: Inhaled Nitric Oxide in Preterm 

Infants to be held in October 2010. The Evidence-based Practice Center at the Johns Hopkins 

University (JHU) was asked by OMAR and the Agency for Healthcare Research and Quality 

(AHRQ) to prepare an evidence report for this conference. 

 

Key Questions 
 
 We sought to identify and synthesize evidence addressing the following questions: 

 

1. Does inhaled nitric oxide (iNO) therapy increase survival and/or reduce the occurrence or 

severity of bronchopulmonary dysplasia (BPD) among premature infants who receive 

respiratory support? 

2. Are there short term risks of iNO therapy among premature infants who receive respiratory 

support? 

3. Are there effects of iNO therapy on long term pulmonary and/or neurodevelopmental 

outcomes among premature infants who receive respiratory support? 

4. Does the effect of iNO therapy on BPD and/or death or neurodevelopmental impairment vary 

across subpopulations of premature infants? 

5. Does the effect of iNO therapy on BPD and/or death or neurodevelopmental impairment vary 

by timing of initiation, mode of delivery, dose and duration, or concurrent therapies?  

 

 For the purposes of our review, we sought studies that included infants less than or equal to 

34 weeks gestation age. The outcomes of interest are described in detail in Chapter 2. 
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Chapter 2. Methods 
 

 Our objective was to review and synthesize the evidence on the use of inhaled nitric oxide 

(iNO) in preterm infants born at or before 34 weeks gestation age who require respiratory 

support. This review addresses the short term outcomes bronchopulmonary dysplasia, 

cardiopulmonary risks, infectious risks, neurological risks, as well as short term survival and 

death. Long term outcomes including pulmonary outcomes, neurodevelopmental outcomes, 

growth, chronic medical conditions, and survival to childhood were also assessed. The results of 

this report will be presented to an NIH Consensus Panel in October 2010. 

 

Topic Development 
 

 The core team worked with technical experts, the NIH Consensus Panel Chair, to develop 

and refine the Key Questions that are presented in Chapter 1 (Introduction). Prior to searching 

for literature, we clarified the definitions of these key questions and the types of evidence which 

we would include in our review. Topic development was facilitated by the results of preliminary 

searches, discussions among team members, and input from our Technical Expert Panel. 

Key Questions 1 and 2 address short term impact of iNO use on preterm infants. Key 

Question 1 addresses the impact of iNO on survival and/or bronchoplulmonary dyplasia. Key 

Question 2 addresses short term risks to preterm infants receiving iNO therapy. Based on 

discussion with our experts, we decided to limit our review to randomized controlled trials for 

these two questions.  

Key Question 3 addresses long term outcomes of iNO use in preterm infants. This question 

focuses on pulmonary and neurodevelopmental outcomes. We did not limit the consideration of 

studies by study design. We identified, and abstracted separately case reports and case series. 

However, we ultimately chose not to include case reports and case series in our formal review as 

the level of detail in these reports was generally insufficient.  

 The impact of iNO therapy on bronchopulmonary dyplasia, death, and/or 

neurodevelopmental outcomes across subpopulations of premature infants is addressed in Key 

Question 4, and influence of the timing of initiation, mode of delivery, dose and duration, or 

concurrent therapies is addressed in Key Question 5. Included studies for this question were not 

limited by study design except for the exclusion of case reports and case series, as for Key 

Question 3. 

 

Analytic Framework  
 

 We developed a framework (Figure 1) to illustrate the components of the key questions, 

including the population, intervention and outcomes. The framework also delineates the 

subgroups; treatment characteristics, such as dose of iNO; and specific short and long term 

outcomes of interest. Short term outcomes were defined as adverse events and clinical outcomes 

associated with iNO treatment that occur during the initial hospitalization after birth. Long term 

outcomes were defined as the effects of iNO treatment on infant health and functional outcome 

in early childhood and include measures of chronic pulmonary disease, growth, developmental 

delay and disability, and survival. 
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Search Strategy 
 

 Searching the literature involved identifying reference sources, formulating a search strategy 

for each source, and executing and documenting each search. For the searching of electronic 

databases we used controlled vocabulary terms (i.e., MeSH, EMTREE), combined with text 

words for iNO (see Appendix B
b
, Detailed Search Strategies) We also looked for eligible studies 

by reviewing the references in pertinent reviews, by scanning conference proceedings, by 

querying our experts, and through knowledge shared at core team meetings. 

 

Sources 
 

Our search included electronic and hand searching. On November 9, 2009, we ran searches 

of MEDLINE
®
 (using PubMed), EMBASE®, the Cochrane Central Register of Controlled 

Studies (CENTRAL), and PsycInfo databases. These searches were run again on June 23, 2010. 

We also searched the references of articles included in this study and those tagged as of interest 

during the screening process. As information on long term outcomes for infants treated with iNO 

is just emerging, we also scanned the proceedings of the Pediatric Academic Societies Meetings 

in 2009 and 2010. ClinicalTrials.gov was searched for ongoing or completed trials. Investigators 

of ongoing trials were not contacted for information. We decided that the investigators 

conducting ongoing trials would only be contacted if they were studying outcomes with no 

published information. There were no limits used in the searches, including any based on 

publication date. 

 

Search Terms and Strategies 
 
 We developed a strategy for MEDLINE, accessed via PubMed, based on an analysis of the 

MeSH terms and text words of key articles identified a priori. The PubMed strategy formed the 

basis for the strategies developed for the other electronic databases (see Appendix B). 

 

Organization and Tracking of the Literature Search 
 

 The results of the searches were downloaded into ProCite
®
 version 5.0.3 (ISI ResearchSoft, 

Carlsbad, CA). Duplicate articles retrieved from the multiple databases were removed prior to 

initiating the review. From ProCite, the articles were uploaded to Distiller SR 
© 

(Evidence 

Partners, Ottawa, Ontario). We used this software to store full articles in portable document 

format (PDF) and to track the results of the abstract screen, article screen, and data abstraction.  

                                                      
b
 Appendixes and evidence tables for this report can be found at: 

http://www.ahrq.gov/downloads/pub/evidence/pdf/inoinfants/inoinfants.pdf  
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Figure 1. Analytic framework
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Study Selection 
 

Abstract Screen 
 

 Each abstract was independently screened by two reviewers. An abstract was excluded at this 

level if it did not reporting any original data, did not include human data, did not include infants 

born at less than or equal to 34 weeks of gestation, did not include preterm infants requiring 

respiratory support, did not include preterm infants treated with inhaled nitric oxide, did not 

address any of the key questions, or addressed Key Question 1 and or 2 but was not a 

randomized controlled trial. An option was provided for reviewers to indicate other reasons for 

exclusion. Articles tagged as non English were reviewed by individuals fluent in the language of 

publication to determine eligibility. (Appendix C, Abstract Review Form). 

 Abstracts were promoted to be screened using full text article if both reviewers agreed that 

the abstract could apply to one or more of the key questions. An abstract could be excluded for 

different reasons by the two reviewers. Disagreements about the eligibility of an abstract were 

resolved by discussion between the two reviewers or by adjudication of a third reviewer. 

 

Article Screen  
 

 Full text articles underwent another independent review by paired investigators to determine 

whether they should be included in the full data abstraction (see Appendix C, Article 

Inclusion/Exclusion Form). If articles were deemed to have applicable information, they were 

included in the data abstraction. Articles could be excluded at this level for the same set of 

reasons used at the abstract screen level with an additional exclusion criterion of no abstractable 

data. Articles that had English language abstracts that were promoted to this level but were 

tagged for exclusion as “not English language” were reviewed by investigators fluent in the 

specific language for eligibility. 

 Articles were promoted to data abstraction if both reviewers agreed. An article could be 

excluded for different reasons by the two reviewers. Disagreements about the eligibility of an 

article were resolved by discussion between the two reviewers or by adjudication of a third 

reviewer. 

 

Data Abstraction 
 

 We used an independent review process to abstract data from the included articles. In this 

process, both a clinical expert and a research assistant completed all relevant data abstraction 

forms independently. Reviewers were not masked to the articles’ authors, institutions, or 

journal.
48

 Disagreements that could not be resolved between the reviewers were resolved through 

consensus adjudication at team meetings.  

 For all articles, reviewers extracted information on general study characteristics: study 

design, whether the study was a followup or additional analysis of another study, location, 

recruitment start and end dates, inclusion and exclusion criteria, description of the study 

intervention, iNO dose and duration, and length of followup (see Appendix C, Study 
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Characteristics Form). Participant characteristics were also abstracted: number of participants, 

gestational age, birth weight, participant age, sex, and relevant background data such as disease 

severity, mode of ventilation, and concurrent medications. Maternal characteristics were also 

collected on this form (see Appendix C, Participant Characteristics Form). 

 Reviewers abstracted data, for all study arms and subgroups, on a predefined set of outcomes 

(see Appendix C, All Outcomes). Case reports were abstracted separately to identify whether 

they included data relevant to this study (see Appendix C, Case report form). These data were 

ultimately not included as the level of detail in these reports was generally insufficient. 
 

Quality Assessment of Individual Studies 
(Risk of Bias Assessment) 

  

 In order to assess the risk of bias in randomized controlled trials, we used the Cochrane 

Collaboration Tool for Assessing Risk of Bias from the Cochrane Handbook for Systematic 

Reviews of Interventions.
49

 This tool was used to assess six categories of potential bias; (1) 

sequence generation, (2) allocation concealment, (3) blinding, (4) incomplete data reported, (5) 

selective reporting bias as well as (6) other sources of bias. For each bias category reviewers 

answered one or more questions and entered “Yes” for a low risk of bias, “No” for a high risk of 

bias or “Unclear.” 

 For the observational studies we adapted the Newcastle-Ottawa Scale in order to determine 

the risk of bias of the reported data in both cohort and case control studies.
50

 This form assessed 

possible sources of bias including (1) representativeness of the study cohort, (2) selection of the 

control cohort (if applicable), (3) selection of treated patients, (4) presence of the outcome of 

interest at the start of the study, (5) comparability of the cohorts, (6) reporting bias, (7) whether 

the followup was long enough for outcomes to occur, and (8) incomplete data reported. Similar 

to the risk of bias forms for randomized control trials, we used question based forms where 

reviewers entered “Yes” for a low risk of bias, “No” for a high risk of bias or “Unclear” for 

questions about each source of bias.  

 The risk of bias forms were completed independently by paired reviewers. In the case of a 

disagreement, the two original reviewers conferred and agreed upon a single answer. These 

assessment instruments are included in Appendix C, Risk of Bias Forms. 

  

Grading of the Body of Evidence 
 

 At the completion of our review, we assessed the quantity, quality and consistency of the 

body of available evidence addressing Key Questions 1 through 5. We used an evidence grading 

scheme recommended by the GRADE Working Group, and adapted by AHRQ in their Draft 

Methods Guide,
51

 and recently published in the Journal of Clinical Epidemiology.
52

 We 

considered the strength of the study designs with randomized controlled trials as the highest level 

of evidence, followed by observational studies. If an outcome was evaluated by at least one 

randomized controlled trial as well as observational studies our evidence grade was based on the 

randomized controlled trials and followed by the quality of the cohort studies. If an outcome was 
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evaluated by one or no randomized controlled trials, our evidence grade was based on the single 

randomized controlled trial in addition to the best available observational study.  

 We assessed the quality and consistency of the best available evidence, including assessment 

of the risk of bias in relevant studies, as well as aspects of consistency, directness, and precision 

as described in the Draft Methods Guide
51

 and Owens, 2010.
52

  

For each outcome of interest, two investigators graded the major outcomes for each Key 

Question and then the entire team discussed their recommendations and reached consensus. 

 

Data Synthesis 
 

 We created a set of detailed evidence tables containing information extracted from eligible 

studies. We stratified the tables according to applicable key question. Once evidence tables were 

created, we rechecked selected data elements against the original articles. If there was a 

discrepancy between the data abstracted and the data appearing in the article, this discrepancy 

was brought to the attention of the investigator in charge of the specific data set and the data 

were corrected in the final evidence tables. 

 Meta-analyses were completed using MetaAnalyst. The program was developed by the Tufts 

Evidence-based Practice Center under contract with AHRQ.
53

 The analyses were performed 

using a Der-Simonian Laird random effects model.
54

 In this program, a Woolf-Haldane 

continuity correction of 0.5 was used when a cell contained zero events.
55

 In all analyses, we 

examined the risk ratio for each outcome. Sensitivity analyses were performed to determine 

stability of the results. In general, meta-analyses were completed for outcomes reported across 

more than one study where the definition and measurement of the outcome was determined to be 

similar. Where relevant, further details regarding the decision to conduct or not conduct meta-

analyses, the inclusion and exclusion of articles from the meta-analysis, and any sensitivity 

analyses, are provided in the results section. 

 

Peer Review 
 

We recruited external technical experts from diverse professional backgrounds, including 

neonatology, pulmonology, cardiology, and neurodevelopment. The technical experts were asked 

for input regarding key steps of the process, including development of the analytic framework, 

outcomes, and search strategies. In addition to the technical experts, three peer reviewers were 

recruited from various clinical and methodological settings.  

 Throughout the project, the core team sought feedback from the external technical experts 

and the NIH Panel Chair. A draft of the report was sent to the technical experts and peer 

reviewers, as well as to representatives of AHRQ, and the NIH Office of Medical Applications 

Research Panel Chair for this project. In response to the comments from the technical experts 

and peer reviewers, we revised the evidence report and submitted a summary of the comments 

and their disposition.  
 



19 

 

Chapter 3. Results 
 

Literature Search/Abstract/Article Review 
 

 The literature search process identified 3104 unique citations. During the abstract review 

process, we excluded 2650 citations that did not meet one or more of the eligibility criteria (see 

Chapter 2 for details). At article review, we excluded an additional 423 articles that did not meet 

one or more of the eligibility criteria (see Appendix D
c
, Excluded Articles). Thirty-one articles 

were eligible for inclusion in the review. There were 14 RCTs described in 23 articles, and eight 

observational studies (Figure 2). 
 

Description of the Types of Studies Retrieved 
 

 There were 14 articles that applied to Key Question 1. Fourteen articles (all RCTs) applied to 

Key Question 2. Twelve articles applied to Key Question 3; three original RCTs with six 

followup studies, and three observational studies. Seventeen articles applied to Key Question 4; 

six RCTs with four followup studies, and seven cohort studies. Twenty-one articles applied to 

Key Question 5; 14 RCTs with seven followup studies (Table 1). Eight studies containing 13 

case reports were also examined. As mentioned in Chapter 2, we reviewed the case reports and 

determined that the data were not of sufficient detail to be considered further.  

 

Risk of Bias 
 

 As described in Chapter 2, we assessed each individual study for risk of bias using a study 

design specific tool. (See Appendix E, Evidence Tables 1 and 2.) 

 The RCTs and their followup studies were not assessed separately for risk of bias. Six of the 

14 RCTs (along with their five followup studies) were assessed as having low risk of bias.
30, 34, 36, 

37, 39, 40,  44, 56, 57,  58, 59
 Three of the RCTs were determined to be at fair risk of bias.

60-62
 The 

remaining five RCTs were assessed as having a high risk of bias.
63-67

 Figure 3 provides a 

summary of the risk of bias for the RCTs. (Appendix E, Evidence Table 1). 

 None of the eight observational studies were considered to have a low risk of bias. Five 

received a fair risk of bias assessment, and received this score for a variety of reasons.
38, 68-71

 

Three observational studies were assessed at high risk of bias.
72-74

 (Appendix E, Evidence Table 

2). 
 
 
 

                                                      
c
 Appendixes and evidence tables for this report can be found at: 

http://www.ahrq.gov/downloads/pub/evidence/pdf/inoinfants/inoinfants.pdf  
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Electronic Databases 
 

MEDLINE® (1747) 
Cochrane (260) 
EMBASE® (2464) 
PsycInfo (13) 
PAS-Abstracts (81) 

 

Retrieved 
4672 

Title/Abstract Review 
3104 

Duplicates 
1567 

Excluded 
2650 

Article Review 
454 

Included articles 
31 (14 RCTs with 9 

followup studies and 8 
cohort studies) 

 
KQ1- 14  
KQ2- 14  
KQ3- 13 
KQ4- 17 
KQ5- 21 

 

 

Excluded 
415 

Reasons for Exclusion at Article Review Level* 
 
No original data: 101  
No human data included: 5 
Article does not include infants born at less than 34 

weeks gestation: 131 
Article does not include pre-term infants who were 

treated with inhaled nitric oxide: 21 
Article does not address any of the Key Questions: 166 

(included 63 non-English articles) 
Article addresses Key Question 1 or 2 ONLY and is not 

a randomized controlled trial: 18 
Other reasons: 44 
No abstractable data: 42 
Meeting Abstracts (not applicable to any KQ): 9 
Unobtainable: 12 
 

 

Reasons for Exclusion at Title/Abstract Review 
Level* 
No original data: 872 
No human data included: 474 
Not written in English and cannot determine eligibility; 
39 
Article does not include infants born at less than 34 
weeks gestation: 843 
Article does not include pre-term infants who required 
respiratory support: 124 
Article does not include pre-term infants who were 
treated with inhaled nitric oxide: 525 
Article does not address any of the Key Questions: 
1008 
Article addresses Key Question 1 or 2 ONLY and is not 
a randomized controlled trial: 15 
Other reasons: 146 

Hand Searching 

(107)  

Figure 2. Summary of literature search (number of articles) 

 * Total may exceed number in corresponding box, as articles excluded by two reviewers at this 

level.  

 

Case Reports 
8 
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Figure 3. Summary of risk of bias for RCTs 
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Table 1. Included articles 

        
Author, year Design Followup of KQ1 KQ2 KQ3 KQ4 KQ5 

Ballard, 2006
34,

 
75

 RCT  x x  x x 

Banks, 1999
70

 Phase II pilot 
study 

    x  

Bennett, 2001
76

 RCT Subhedar, 1997
64

   x  x 

Cheung, 1998
72

 Prospective 
cohort 

   x   

Chock, 2009
77

 RCT Van Meurs, 2005, 
2007

39, 40
 

   x  

Clark, 2002
71

 Prospective 
cohort 

   x   

Dani, 2006
67

 RCT  x x   x 

Dewhurst, 2010
74

 Pilot study     x  

Franco-Belgium, 1999
60

 RCT  x x   x 

Field, 2005
63

 RCT  x x x x x 

Hamon, 2005 
78

 RCT Hascoet, 2005
61

     x 

Hascoet, 2005
61

 RCT  x x   x 

HIbbs, 2007
44

 RCT Ballard, 2006
34

   x   

Hintz, 2007 
30

 RCT Van Meurs, 2005
40

   x x x 

Huddy, 2008
35

 RCT Field, 2005
63

   x  x 

Kinsella, 1999
59

 RCT  x x   x 

Kinsella, 2006
37

 RCT  x x  x x 

Kumar, 2007
68

 Retrospective 
cohort 

    x  

Mercier, 2010
62

 RCT  x x  x x 

Mestan, 2005
56

 RCT Schreiber, 2003
58

   x x x 

Schreiber, 2003
58

 RCT  x x  x x 

Srisuparp, 2002
66

 RCT  x x   x 

Su, 2008
65

 RCT  x x   x 

Subhedar, 1997
64

 RCT  x x   x 

Tanaka, 2007
38

 Retrospective 
cohort 

   x x  

Uga, 2004
69

 Retrospective 
cohort 

    x  

Van Meurs, 2005
40

 RCT  x x  x x 

Van Meurs, 2007
39

 RCT  x x x  x 

Walsh, 2010
57

 RCT Ballard, 2006
34

   x x x 

Watson, 2009
36

 RCT Kinsella, 2006
37

   x x x 

Yadav, 1999
73

 Retrospective 
cohort 

    x  

 



23 

 

Key Question 1: Does inhaled nitric oxide (iNO) therapy 
increase survival and/or reduce the occurrence or severity of 

bronchopulmonary dysplasia (BPD) among premature 
infants who receive respiratory support? 

 
Major Findings 
 
● There is no statistically significant effect of iNO compared to placebo on survival or 

mortality rates in preterm NICU infants requiring mechanical ventilation. 

● There is insufficient evidence to determine whether iNO reduces the rate of 

bronchopulmonary dysplasia (BPD), as defined by requiring supplemental oxygen at 36 

weeks postmenstrual age, in preterm NICU infants requiring mechanical ventilation.  

● There is a small but statistically significant reduction in the composite variable of death or 

BPD at 36 weeks PMA for infants treated with iNO compared to infants in control groups.  

● Preterm infants who required mechanical ventilation and were the subjects of randomized 

controlled trials of inhaled nitric oxide were a high risk population with high mortality and 

BPD rates during NICU hospitalization. 

 

Detailed Analysis 
 
 We identified 14 RCTs that compared treatment with iNO to standard treatment in preterm 

infants requiring mechanical ventilation (Table 2). They varied as to inclusion and exclusion 

criteria; age of enrollment; dose, timing and duration of iNO; and outcome variables reported. 

Current labeling of iNO is for use in infants born after 34 weeks gestation with respiratory 

failure, so we included two RCTs of preterm infants born at or before 34 weeks gestation.
59, 79

 

All but one RCT began enrollment and started iNO during the first week after birth; the RCT that 

differed from the others enrolled infants and started iNO at seven to 21 days after birth.
34

 The 14 

RCTs varied widely as to severity of respiratory illness, birth weight (BW), gestational age, 

chronological age from birth, and postmenstrual age (PMA, gestational age plus chronological 

age, a proxy for degree of prematurity) when treatment was initiated (Table 3). Their study 

designs varied widely in terms of dose (5 to 40 parts per million (ppm)), duration (1 to 24 days), 

and mode of delivery. The 14 RCTs varied so widely that it was difficult to group them together 

in a way that took these important variables into account. For Key Question 1 (and Key Question 

2), we viewed the aggregation of these 14 RCTs as providing data on a continuum of exposures 

to iNO (as listed above). This discussion of death and BPD includes all 14 RCTs that provide 

data for the variables we were charged with systematically reviewing: death or survival, BPD 

and the composite variable of death or BPD at 36 weeks PMA. Key Questions 4 and 5 explore 

data regarding subgroups and variations in administration of iNO, respectively.  

 Each of the 14 RCTs reported mortality data (three reported only death at 7 or 28 days), and 

11 reported data on BPD (Table 2). Three studies focused on changes of oxygenation index (OI) 

at 2 to 24 hours after starting iNO therapy.
60, 61, 65

 Six RCTs reported using placebo gas in the 

control group and keeping NICU staff masked as to study arm assignment.
34, 37, 39, 40, 58, 62

 There 

were four multicenter RCTs and one single center RCT that had at least 100 infants per study  
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Table 2. Summary of outcomes for RCTs addressing KQ1 

Outcomes Number of studies Total Sample size 

Survival / Death 14
34, 37, 39, 40, 58-67

 4754 

BPD at 36 weeks PMA 12
34, 37, 39, 40, 58-60, 62-65, 67

 2655 

BPD other measures 11
34, 37, 39, 40, 58-60, 62, 63, 65, 67

 3315 

Death or BPD 12
34, 37, 39, 40, 58-60, 62-65, 67

 3301 

BPD = Bronchopulmonary dysplasia; PMA= Postmenstrual age 

 

arm.
37, 62

 The findings of the 14 RCTs are discussed below by outcome variable: death/survival, 

BPD rate, severity of BPD and the composite variable of death or BPD (Appendix E, Evidence 

Tables 3 and 4; Table 2 and 3).  

 Survival and death. Each of the 14 RCTs reported mortality data, but there was some 

variation as to the time point cutoff they used for reporting death (e.g., 7 days, 28 days, 36 weeks 

PMA, death while in the NICU, or death while in the NICU or in the first 365 days for infants 

who had prolonged NICU stays). We assumed that death occurred in the NICU in the few studies 

that did not specify the time point cutoff they used for reporting death as they reported only 

NICU outcomes. One pilot study for a larger single center RCT focused on toxicity of iNO, and 

reported only death in the first seven days.
66

 One study that focused on physiologic response to 

iNO reported death at seven and 28 days.
61

 For the INNOVO RCT, Field, 2005 reported death in 

the first day after birth, at two to six days, at seven to 27 days and at 28 days to one year 

corrected for degree of prematurity.
63

 We included these three RCTs in the Evidence Table for 

death (Appendix E, Evidence Table 5). No matter how the 14 RCTs defined and reported death 

or survival, none of the 14 RCTs reported a statistically significant difference between iNO and 

control groups. 

  Our discussion and meta-analysis focuses on the 11 RCTs that report death by 36 weeks 

PMA or in the NICU, a specified variable we were asked to include in our systematic review. Six 

of the RCTs used the composite variable, death or BPD, as their primary outcome variable,
37, 39, 

40, 58, 64, 67
, and two RCTs used survival without BPD at 36 weeks PMA as their primary outcome 

variable.
34, 62

 All three RCTs, Su 2008, Hascoet, 2005, and Srisuparp, 2002, that focused on 

immediate physiologic found no significant differences in mortality between the iNO and control 

groups. 
60, 61, 65

 Survival to NICU discharge was the primary outcome in only one study, an early 

multicenter RCT published by Kinsella, 1999.
59

 A lower than expected recruitment rate, in 

combination with an interim analysis that suggested they were unlikely to find a difference in 

survival, prompted them to terminate this trial early. The survival rates for the iNO group and 

controls were 25 percent versus 20 percent, respectively with a Relative Risk (RR) of 1.11 (95 

percent confidence interval 0.70, 1.80). To make their data comparable to the other RCTs, we 

report not survival to NICU discharge, but their NICU mortality rates (i.e., 75 percent versus 80 

percent) (Appendix E, Evidence Table 5). 

 The largest multicenter RCT (the EUNO trial), Mercier, 2010, was conducted at 36 centers in 

nine European countries.
62

 They enrolled 800 preterm infants born between 24 weeks and 28 6/7 

weeks gestation with a BW at or above 500 g who were treated with surfactant and mechanical 

ventilation or continuous positive airway pressure (CPAP) for respiratory distress syndrome. 

Within 24 hours after birth, infants were enrolled and treated with low dose iNO (5 ppm) or 

placebo gas for a minimum of seven days. There was no statistically significant difference in 

survival at 36 weeks PMA between the iNO group and controls, 86 percent versus 90 percent, 

respectively, RR 0.74 (0.48, 1.15), adjusted for gestational age, baseline severity of illness, mode 

of ventilation and country. For comparison with the other RCTs, we present their data in Table 3 
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and our meta-analyses in terms of death by 36 weeks PMA, 14 percent versus 10 percent for iNO 

and control groups, respectively.  

 The second largest multicenter RCT, published by Kinsella, 2006, enrolled 793 preterm 

infants born at or before 34 weeks gestation with birth weight below 1250 g on mechanical 

ventilation in the first two days after birth.
37

 Study infants were treated with low dose iNO (5 

ppm) or placebo gas for 21 days or until extubation. The NICU mortality rates were 20 percent in 

the iNO group and 25 percent in the placebo group, RR 0.79 (0.61, 10.3) (p-value = 0.08) 

(Appendix E, Evidence Table 5). 

 Ballard, 2006, enrolled 582 infants born before 33 weeks gestation or less with birth weight 

below 1250 g who were on positive pressure ventilation (ventilator or CPAP) beyond the first 

week, seven to 21 days after birth.
34

 Since preterm mortality is highest during the first week after 

birth, this RCT had the lowest mortality rates at 36 weeks PMA of all the RCTs of iNO in 

preterm infants, 5.4 percent in the iNO group and 6.3 percent in placebo controls. Mortality rates 

were only slightly higher after term, at 44 weeks PMA (6.9 percent versus 6.8 percent) 

(Appendix E, Evidence Table 5). 

 In the NICHD Neonatal Research Network’s two RCTs of preterm infants born before 34 

weeks gestation (BW 401 to 1500 g in the 2005 study and BW > 1500 g in the 2007 study), Van 

Meurs reported death before discharge to home or 365 days for preterm infants still 

hospitalized.
39, 40

 For both RCTs, the Data Safety and Monitoring Committee noted higher than 

expected mortality rates, and recommended lowering the OI inclusion criteria. Despite this 

change to include infants with less severe respiratory failure, mortality rates for preterm infants 

with BW 400 to 1500 g were 52 percent for the iNO group versus 44 percent for placebo controls 

(RR 1.16 (0.96, 1.39)), adjusted for study center, BW group, and OI group.
40

 As might be 

expected, mortality rates were somewhat lower for infants with birth weight above 1500 g, 36 

percent in the iNO group versus 27 percent in controls (RR 1.26 (0.47, 3.41)) when adjusted for 

OI stratum.
39

 (Appendix E, Evidence Table 5). 

 In the largest single center RCT with 207 infants born before 34 weeks gestation with BW 

below 2000 g, Schreiber, 2003 found no differences in death in the NICU or by six months: 15 

percent for iNO versus 23 percent for placebo gas controls (RR 0.68 (0.38, 1.2)), adjusted for 

type of ventilation. 
58

 There were no statistically significant differences in NICU mortality in the 

Franco-Belgium, 1999 RCT (27 percent in the iNO group and 35 percent in controls), despite 

having an initial OI that was higher in the iNO group (median 20.2, interquartile range (IQR) 

8.3) than in the control group (median 18.0, IQR 7.4) 
60

 Neither of two small single center RCTs 

that each enrolled 40 to 42 infants found statistically significant differences between the iNO and 

control groups: mortality was 20 percent versus 30 percent, respectively, as reported by Dani, 

2006, and 50 percent versus 32 percent with RR 1.57 (0.76, 3.38) as reported by 

Subhedar,1997
64, 67

 (Appendix E, Evidence Table 5).  
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Table 3. Study design of randomized controlled trials of inhaled nitric oxide in preterm infants* 

Author, year  
Birth 
Years 

Sample 
Size Age 

GA, 
wks BW, gm Respiratory 

Exclusion 
Criteria

†
 

Placebo/ 
Mask 
Staff 

Start/  
Max 
iNO, 
ppm  

Duration 
of iNO, 
days Sites, n 

Mercier, 
2010

62
 

2005-
2008 

800 <24 hr 24-28.9 >500 Inborn, MV, 
surfactant, FiO2>0.3 

FiO2>0.5, lung 
hypoplasia, lethal 
congenital 
anomaly  

Yes/Yes 5/5  7-21  36 

Su, 2008
65

 2000-
2006 

65 Mean 
24-25 
hr 

<32 <1500 RDS, MV + OI>25 Severe IVH or 
IPH  

No/No 5/20  Mean 4.9 1 

Van Meurs, 
2007

39
 

2001-
2003 

29 24-25 
hr 

<34 >1500 MV, OI>15/12.5 + 
surfactant 

Platelets<50k Yes/Yes 5/10  Max 14 16 

Ballard, 
2006

34 80
 

2000-
2005 

582 7-21 d <32 500-
1250 

MV (or CPAP if 
BW<800 g) for lung 
disease 

Lethal congenital 
anomaly, 
bilateral IPH, 
prior iNO 
exposure 

Yes/Yes 20/20  Min 24 21 

Kinsella, 
2006

37
 

2001-
2005 

793 <48 hr <34 500-
1250 

MV Lethal congenital 
anomaly, active 
air leak 

Yes/Yes 5/5  Max 21 16 

Dani, 2006
67

 2001-
2004 

40 <7 d <30  Inborn, RDS, MV, 
surfactant, FiO2> 0.5 
+ a/AO2 <0.15 

Hydrops fetalis, 
major congenital 
anomaly, 
Platelet<50k 

No/No 10/10  Mean 4.1 1 

Hascoet, 
2005

61
 

1999-
2001 

145 6-48 hr <32  MV, FiO2>40% + 
a/AO2<0.22 

FiO2 1.0 pO2<50 
+ PCO2 <50, 
major congenital 
anomaly, 
platelets<50k  

No/No 5/10   10 

Field, 2005
63

 1997-
2001 

108 <28 d, 
med 1 
d 

<34  MV + severe resp 
failure 

Platelets<50k, 
IPH, lethal 
congenital 
anomaly 

No/No  5/40  Mean 3.5 15 



27 

 

Table 3. Study design of randomized controlled trials of inhaled nitric oxide in preterm infants (continued)* 

Author, year  
Birth 
Years 

Sample 
Size Age 

GA, 
wks 

BW, 
gm Respiratory Exclusion Criteria

†
 

Placebo/ 
Mask 
Staff 

Start/  
Max 
iNO, 
ppm  

Duration 
of iNO, 
days 

Sites, 
n 

Van Meurs, 
2005

40
 

2001-
2003 

420 Mean 
26-28 
hr 

<34 401-
1500 

MV, OI> 
10/7.5 + 
surfactant 

Congenital lung anomaly, 
platelets<50k 

Yes/Yes 5/10  Max 14 16 

Schreiber, 
2003

58
 

1998-
2001 

207 <72 hr <34 <2000 RDS, MV + 
surfactant 

Hydrops fetalis, major 
congenital anomaly 

Yes/Yes 10/10  7  1 

Srisuparp, 
2002

66
 

1997-
1998 

34 <72 hr  <2000 MV, 
surfactant, 
RDS, + 
OI>4-12 
(based on 
BW) 

Hydrops fetalis, major 
congenital anomaly, no 
arterial catheter 

No/No 20/20  Max 7  1 

Kinsella, 
1999

59
 

 80 <7 
days 

<34  MV, 
a/AO2<0.1 + 
surfactant 

Lethal congenital anomaly No/Yes 5/5  7-14  12 

Franco-
Belgian, 
1999

60
 

1995-
1997 

85 <7 
days 

<33  MV + 
OI=12.5-30 

OI>30, severe asphyxia, 
septic shock, IVH, IPH, 
lung or lethal congenital 
anomaly 

No/No 10/20   33 

Subhedar, 
1997

64
 

1995-
1996 

42 4 days <32  MV, 
surfactant + 
high CLD 
score

‡
 

Sepsis, IVH with IPH, 
major congenital anomaly, 
platelets<50k 

No/No 20/20  3-4  1 

TOTAL: 14  1995-
2008 

3,425 Birth to 
21 
days 

<34 401-
2000 

  6 with 
placebo 
gas 

5-20 
/5-40  

<1 to 21  1-36 

 
* All included infants were on either on a mechanical ventilator (MV) or continuous positive airway pressure (CPAP).  
†All RCTs excluded infants with uncorrected bleeding problems, severe congenital heart disease or a decision to not provide full treatment (or contraindication of continuing 

intensive care). 
‡high CLD score = chronic lung disease score that is composed of risk factors for chronic lung disease.81 

 
a/AO2 = alveolar/arterial oxygen ratio; BW – birth weight; CLD = chronic lung disease; CPCAP = continuous positive airway pressure; GA = gestational ages; IPH = 

intraparenchymal hemorrhage; MV = mechanical ventilator; OI = Oxygenation index; RDS = Respiratory distress syndrome; severe IVH = Intraventricular hemorrhage with 

ventricular dilation 
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 There were no statistically significant differences (neither increase nor decrease) in NICU 

mortality rates with iNO in any of the individual fourteen RCTs that reported on death or 

survival. A meta-analysis of the 11 RCTS that reported death by 36 weeks PMA or in the NICU 

found no statistically significant differences between the iNO and control groups (RR 0.97 (0.82, 

1.15)) (Figure 4). 

 The relatively high mortality rates for infants enrolled in most of these RCTs are striking. 

Regardless of group assignment, seven studies reported mortality rates as high as 25 percent to 

65 percent,
39, 40, 59-61, 63, 64

 and another four reported mortality rates of 15 to 30 percent.
37, 58, 65, 67

 

The Ballard, 2006 RCT reported the lowest mortality rates (5.4 percent for the iNO group and 

6.3 percent for controls).
34

 Most preterm infants who die in the NICU die during the first week 

after birth. The low mortality rates reported in Ballard, 2006 reflects a difference of study design 

in that they enrolled preterm infants on mechanical ventilation or CPAP at one and to three  

 
Figure 4. Meta-analysis of 11 studies describing death at 36 weeks PMA or in the NICU 
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Figure 5. Meta-analysis of 10 studies describing death at 36 weeks PMA or in the NICU without Ballard, 2006 
 

weeks after birth. We therefore removed the data from the Ballard RCT, and repeated the meta-

analysis for the remaining ten RCTs. The results did not change: RR 0.98 (0.81, 1.17) (Figure 5). 

This sensitivity analysis confirmed no statistically significant effect of iNO compared to control 

on NICU death or survival to discharge from the NICU in preterm infants requiring positive 

pressure ventilation. 

 Bronchopulmonary dysplasia. The term bronchopulmonary dysplasia was introduced in 

1967 when Northway reported a case series of preterm infants with respiratory distress syndrome 

(RDS) who developed a chronic lung disease with characteristic radiographic and pathologic 

features.
82

 Although it has always been defined clinically, the definition of BPD has evolved 

with neonatal intensive care.
83

 The clinical, radiographic and pathologic features of BPD have 

changed as new technologies, medications and management strategies have been introduced, 

leading to dramatic reductions in gestational age specific neonatal mortality and a lowering of 

the limit of viability to now 22 to 24 weeks gestation. The evolution of BPD is reflected in its 

various definitions, including definitions based on persistent respiratory symptoms, radiographic 

features, and treatments (e.g., requiring supplemental oxygen at 28 days from birth, or a more 

severe BPD, requiring oxygen at 36 weeks PMA).  

  Twelve RCTs provide data on BPD at 36 weeks PMA, but there was some variation in how 

each RCT defined BPD. Six RCTs defined BPD simply as requiring supplemental oxygen at 36 

weeks PMA.
39, 40, 59, 60, 63, 67

 One multicenter study
37

 and three single center studies
58, 64, 65

 refined 
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the definition of BPD by adding the requirement of radiological evidence of BPD. Although 

there is general agreement that infants on mechanical ventilation or supplemental oxygen above 

30 percent FiO2 at 36 weeks PMA have BPD, some question whether infants on low flow nasal 

cannulas with a FiO2 of 30 percent or less should be included in the BPD at 36 weeks PMA 

category.  

 Walsh published in 2003 an algorithm for physiologic BPD at 36 weeks PMA that includes 

an oxygen challenge test for infants on less than 30 percent FiO2.
84

 Four RCTs used these 

criteria for categorizing BPD at 36 weeks PMA.
34, 39, 40, 62

 Van Meurs, 2005 and 2007 reported 

that the rate of BPD as defined by Walsh was somewhat lower than the rate of BPD defined as 

on supplemental oxygen at 36 weeks PMA.
39, 40

 In the NICHD trial of infants born before 34 

weeks gestation with birth weight below 1500 g, physiologic BPD rates, 50 percent in the iNO 

group and 60 percent in controls, RR 0.87 (0.68, 1.10), were lower than rates of BPD defined as 

requiring oxygen at 36 weeks PMA, 60 percent versus 68 percent, RR 0.90 (0.75, 1.08) (both RR 

were adjusted for study center, BW group and OI group).
40

 In the NICHD RCT of infants with 

birth weight above 1500 g, the physiological definition classified one more infant treated with 

iNO as having BPD, and one less control infant as having BPD, resulting in BPD rates of 36 

percent versus 40 percent respectively, RR 0.74 (0.26, 2.09) adjusted for OI stratum.
39

 

(Appendix E, Evidence Table 6). Using the physiologic definition at 36 weeks PMA, Mercier, 

2010
62

 reported lower BPD rates, 24 percent in the iNO group compared to 27 percent in 

controls, RR 0.84 (0.58, 1.17), adjusted for gestational age, baseline severity of illness mode of 

ventilation, and country. Their inclusion criteria differed from two RCTs reported by Van 

Meurs
39, 40

 (Table 3) in their focus on gestational age (i.e., gestational age 24 to 28 6/7 weeks) 

rather than BW and lower severity of initial illness (mechanical ventilation with FiO2 at or above 

30 percent).  

 The twelve RCTs also vary as to the denominator used when calculating rate of BPD at 36 

weeks PMA: Five used the total number of infants in each group,
34, 63-65, 67

 and seven RCTs used 

the number of survivors in each group.
37, 39, 40, 58-60, 62, 85

 The small single center Subhedar, 1997 

RCT reported BPD rates both for the total group (50 percent for the iNO group versus 64 percent 

for controls) and for survivors (100 percent versus 90 percent).
64

 

 Dani, 2006 noted that infants treated with iNO had half the rate of BPD at 36 weeks PMA 

than the controls (30 percent versus 60 percent, respectively, p-value = 0.067, BPD rate for the 

total group).
67

 An unplanned interim analysis revealed a statistically significant reduction in their 

primary outcome, death or BPD (p-value = 0.016). On the recommendation of their consulting 

statisticians and two independent observers, the study was terminated early, with enrollment of 

only 40 of the anticipated 52 infants. Another small single center RCT found no statistically 

significant differences in rate of BPD at 36 weeks PMA (31 percent for the total iNO group and 

33 percent for the total control group).
65

 Field, 2005 reported that 26 of 55 infants in the iNO 

group and 15 of 53 infants in the control group had BPD at 36 weeks PMA, 47 percent versus 28 

percent. Ballard, 2006 reported rates of BPD at 36 weeks PMA for the total iNO group as 

compared with the total placebo gas control group: 50.7 percent versus 56.9 percent, respectively 

(Appendix E, Evidence Table 6).  

  In addition to the Mercier and two Van Meurs NICHD Neonatal Research Network RCTs, 

Kinsella, 2006 reported BPD rates using as denominator the number of infants alive at 36 weeks 

PMA
37, 39, 40

 There was no statistically significant differences between the iNO and placebo gas 

control groups, 65 percent versus 68 percent, respectively, RR 0.96 (0.86, 1.09). Using the 

number of survivors as denominator, Kinsella, 1999 and Schreiber, 2003 reported differences in 
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rates of BPD at 36 weeks PMA that were not statistically significant.
58

 Kinsella, 1999 reported 

that 60 percent of survivors in the iNO group had BPD at 36 weeks PMA as compared with 80 

percent of control survivors.
59

 Schreiber, 2003 reported that 39 percent of iNO group survivors 

compared to 53 percent of control group survivors had BPD at 36 weeks PMA, RR 0.74 (0.53, 

1.03) (Figure 6).
58

 (Appendix E, Evidence Table 6). 

 Despite variations in how BPD was defined and calculated, there were no statistically 

significant differences in rates of BPD at 36 weeks PMA between the iNO group and controls in 

any of the RCTs. Subhedar, 1997
64

 demonstrated how drastically BPD rates can differ when they 

are calculated using survivors as compared with the total group as denominator. For this reason, 

we did not do a meta-analysis with all 12 RCTs. We included eight studies in a meta-analysis of 

the rate of BPD at 36 weeks PMA in survivors. The small difference was not statistically 

significant (RR 0.93 (0.86, 1.003)) (Figure 6) (Appendix E, Evidence Table 6). 
37, 40, 58, 59, 64

 

 

Figure 6. Meta-analysis of eight studies describing BPD at 36 weeks PMA among survivors 
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 Other measures of severity of bronchopulmonary dysplasia. Although the most accepted 

BPD definition is based on being on supplemental oxygen at 36 weeks PMA, there are other 

measures of severity of lung disease (e.g., duration of mechanical ventilation and oxygen 

supplementation, treatment with medications for lung disease), and other time points for 

reporting the need for mechanical ventilation of supplemental oxygen (e.g., at 40 weeks PMA, 

44 weeks PMA and NICU discharge). We found no RCTs that reported number of infants on 

mechanical ventilation at 36 weeks PMA.  

 Ballard, 2006 reported statistically significantly fewer infants in the iNO group than controls 

remained in the hospital, and on mechanical ventilation, nasal continuous positive airway 

pressure (CPAP) or supplemental oxygen at 40 weeks PMA (p-value = 0.01), and at 44 weeks 

PMA (p-value = 0.03).
34

 At 40 weeks PMA (i.e., full term), six percent in the iNO group and 10 

percent of controls were hospitalized and on mechanical ventilation, and 22 percent versus 29 

percent were hospitalized and on supplemental oxygen. Kinsella, 1999 reported that 54 percent 

of infants in the iNO group were discharged home on oxygen as compared with 80 percent of 

control infants, RR 0.65 (0.41, 1.02).
59

 In contrast, only nine percent of all infants in each group 

were discharge home on supplemental oxygen in Field, 2005.
63

 

 Kinsella, 2006 reported no differences between the iNO group and controls in proportion of 

infants ever treated with postnatal corticosteroids (60 percent versus 56 percent).
37

 There were no 

statistically significant differences in proportion of survivors at 36 weeks PMA who were on 

bronchodilators (20 percent versus 20 percent), corticosteroids (15 percent versus 12 percent) or 

diuretics (37 percent versus 38 percent). In Franco-Belgium, 1999 there were also no statistically 

significant differences between the 29 survivors in the iNO group who were treated with steroids 

(54 percent versus 72 percent) or beta-mimetics (21 percent versus 39 percent) than the 29 

control survivors.
63

 Field, 2006 reported that 40 percent and 34 percent of the iNO versus control 

group were treated with corticosteroids
63

 (Appendix E, Evidence Table 6). Eight RCTs reported 

mean duration of supplemental oxygen, mechanical ventilation or CPAP.
39, 40, 58, 60, 62, 63, 65, 67

 

Dani, 2006 reported a statistically significant lower mean duration of supplemental oxygen 

reached statistical significance for all infants in the iNO compared to all in the control group 

(47.3+/-39.4 versus 69.4+/-30.2, p-value = 0.05), but no statistically significant differences in 

mean days of mechanical ventilation or CPAP .
67

 Two other RCTs found no statistically 

significant differences between the total iNO group and controls in mean duration of mechanical 

ventilation 
60, 65

 nor mean duration of supplemental oxygen.
60

 (Appendix E, Evidence Table 6). 

The largest multicenter RCT published in 2010 by Mercier reported no statistically significant 

differences in mean duration of mechanical ventilation between the iNO group and controls, 

44+/-26 versus 45+/-29, respectively, p-value = 0.68, but did not specify whether these data were 

for the total groups or survivors.
62

 Three RCTs reported mean duration of supplemental oxygen 

or mechanical ventilation in survivors.
39,40, 58

 Van Meurs, 2007 RCT of preterm infants with birth 

weight above 1500 g, the mean duration of mechanical ventilation was 8.7+/-5.4 days for the 

nine survivors in the iNO group and 16.8+/-13.9 for the 11 controls (p-value = 0.08).
39

 In their 

RCT of preterm infants with birth weight 400 to 1500 g, there were no statistically significant 

differences between the iNO and control groups in mean duration of mechanical ventilation 

(39+/-45 versus 47+/-53) or supplemental oxygen (84+/-63 versus 91+/-61).
40

 In Schreiber, 

2003, the median duration of mechanical ventilation was 16 days for the iNO group (the 

interquartile range was 8 to 48) and 28.5 days (IQR 8 to 48) for controls p-value = 0.19.
58

 

(Appendix E, Evidence Table 6). 
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 As a part of their analyses of costs and resource utilization, Field, 2005 reported data 

regarding mechanical ventilation and supplemental oxygen for infants who survived and for the 

total group.
63

 Median (interquartile range) for days on mechanical ventilation after 

randomization was 7.0 (2.0, 28.0) for all infants in the iNO group versus 4.0 (1.0, 9.0) in all 

controls, and 15.0 (6.0, 28.0) for survivors in the iNO group versus 12.0 (5.0, 36.0) in surviving 

controls. The data for days on supplemental oxygen after randomization were similar.
63

 

(Appendix E, Evidence Table 6). 

 Of the eight RCTs that reported various measures of severity of BPD, only two reported 

differences between the iNO and control groups that approached statistical significance, and both 

favored iNO. Ballard, 2006 reported a statistically significant reduction in hospitalization and 

respiratory support at 40 and 44 weeks PMA with iNO (p-value = 0.01 and p-value = 0.03, 

respectively).
34

 Dani, 2006 reported a lower duration of supplemental oxygen with iNO (p-value 

= 0.05).
67

 There are insufficient data to perform a meta-analysis for any measure of severity of 

BPD due to lack of uniformity in definitions used. Although a number of RCTs reported duration 

of mechanical ventilation and/or supplemental oxygen, they varied as to whether they used mean 

+/- standard deviation or median (interquartile range), and whether the data were calculated for 

the total group or only for survivors. 

 Death or bronchopulmonary dysplasia at 36 weeks PMA. The composite outcome of 

death or BPD at 36 weeks PMA was reported in 11 RCTs: it was the primary outcome variable 

for six RCTs
39

; its complement, survival without BPD at 36 weeks PMA, was the primary 

outcome variable in the Mercier, 2010 RCT
34, 62

; in two RCTs the primary variable was OI at a 

specified time
60, 65

; in one RCT the primary outcome variable
34, 37, 40, 58, 64

 was survival to 

discharge from the NICU
59

; and for one RCT the primary outcome variable was death or severe 

neurodevelopmental impairment.
59, 63

 In one multicenter RCT and two single center RCTs, there 

were statistically significant differences between the iNO group and controls in the composite 

outcome of death or BPD.
34, 58, 67

 All eleven RCTs were included in our meta-analysis. 

(Appendix E, Evidence Table 7). 

 Ballard, 2006 found a statistically significant benefit in their primary outcome, survival 

without BPD at 36 weeks PMA, for the iNO group compared to placebo controls, 44 percent 

versus 37 percent, RR 1.23 (1.01, 1.51).
34

 The number needed to treat was 14. Although their 

study sample was similar to other RCTs (birth before 33 weeks gestation with birth weight at or 

below 1250 g), infants were enrolled later than in other studies (at 7 to 21 days, compared to 

within the first week), and the minimum duration of treatment for the Ballard study was 21 days. 

For comparison with the other RCTs, we used the complement composite variable, rates of death 

or BPD at 36 weeks PMA, 56 percent of the iNO group versus 63 percent of the placebo control 

group) in Appendix E, Evidence Table 7 and Figure 7.  

 Schreiber, 2003, the largest single center trial, reported a statistically significant difference in 

rate of death or BPD.
58

 In the iNO group (n = 105), 49 percent died or developed BPD compared 

to 64 percent in the placebo control group (n = 102), RR 0.76, (0.60, 0.97). This RCT enrolled 

infants born before 34 weeks gestation as other RCTs but with birth weight below 2000 g, and 

they treated study infants with iNO for seven days (Appendix E, Evidence Table 7).  

 The other single center RCT that found a statistically significant difference between the iNO 

group and controls in the outcome of death or BPD was reported by Dani, 2006.
67

 This RCT was 

stopped early (n = 40) because an unplanned interim analysis found a statistically significant 

difference (p-value = 0.02) in death or BPD, their primary outcome. Only 50 percent of infants in 

the iNO group died or developed BPD, compared to 90 percent of infants in the control group, 
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RR 0.11 (0.02, 0.61). In this study, the controls were not treated with placebo gas but received 

standard care and NICU staff was not masked as to study status. The mean duration of treatment 

with iNO was 98.5 +/- 21.4 hours (4.1 days) (Appendix E, Evidence Table 7). 

 The largest multicenter RCT published in 2010 by Mercier reported no statistically 

significant difference between 395 infants in the iNO group compared to 400 in the placebo gas 

control group in their primary outcome variable, survival without BPD at 36 weeks PMA.
62

 They 

used low dose 5 ppm iNO for seven to 21 days and the physiologic definition of BPD, as 

published in 2003 by Walsh.
57

 Sixty-five percent of the infants in the iNO group and 66 percent 

of infants in the placebo gas control group survived without BPD at 36 weeks PMA, RR 1.05 

(0.78, 1.43). For comparison with other RCTs, we use the complement combined variable death 

or BPD at 36 weeks PMA, 35 percent versus 34 percent, respectively (Appendix E, Evidence 

Table 7 and Figure 7. 

 Just as they found no statistically significant differences in mortality or BPD rates, the two 

Van Meurs Neonatal Research Network RCTs, the large multicenter Kinsella, 2006 RCT, and 

Subhedar’s small single center RCT found no statistically significant differences in the 

composite variable of death or BPD at 36 weeks PMA.
37, 39, 40, 64

 Both NICHD trials were 

terminated at the second interim data analysis of this study, at the recommendation of their data 

safety monitoring committee, based on no statistically significant differences in death or BPD 

and concerns about significantly higher rates of severe intracranial hemorrhage or periventricular 

leukomalacia (PVL) in the larger RCT.
39, 40

 Rate of death or BPD at 36 weeks PMA was 80 

percent for the iNO group and 82 percent for controls, RR 0.97 (0.86, 1.06) adjusted for study 

center, birth weight group and OI group.
40

 The NICHD trial of infants birth weight above 1500 g 

reported that rate of death or BPD at 36 weeks PMA was 50 percent for the iNO group and 60 

percent for controls, RR 0.80 (0.43, 1.48) adjusted for OI.
39

 The rate of death of death or BPD in 

the large Kinsella, 2006 multicenter RCT was 72 percent in the iNO group compared to 75 

percent in controls, RR 0.95 (0.87, 1.03).
37

 Kinsella, 1999, a trial that included infants with more 

severe respiratory failure, reported much higher rates of death or BPD at 36 weeks PMA, 77 

percent versus 91 percent, RR 0.85 (0.70, 1.03), but no significant differences between groups.
59

 

Subhedar, 1997 reported even higher rates of death or BPD at 36 weeks PMA, 95 percent in the 

iNO group and 100 percent in controls, RR 1.04 (0.92, 1.19).
64

 (Appendix E, Evidence Table 7).  
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Figure 7. Meta-analysis of studies describing death or BPD at 36 weeks PMA 
 

 Two RCTs focused on early physiologic response to the administration of iNO gas. They both 
had oxygen index (OI) as their primary outcome variable, and differed only as to timing. Franco-
Belgium, 1999 found no statistically significant differences in OI at two hours after administration 
of iNO,60 whereas Su, 2008 reported an OI at 24 hrs after administration of iNO that was 
statistically significantly lower in the iNO group.65 Rates of the composite variable, death or BPD 
at 36 weeks PMA, in the iNO versus control groups were 45 percent versus 53 percent, 
respectively, for the Franco-Belgium, 1999 and 50 percent versus 64 percent, respectively, for Su, 
2008.  
 Our meta-analysis of pooled data from all 11 RCTs for death or BPD at 36 weeks PMA found 
a small but statistically significant difference in favor of iNO, RR 0.927 (0.870, 0.988) (Figure 7). 
It has been suggested that the study by Ballard, 2006,34 should not be included in meta-analyses as 
it had a very different study design as well as the lowest mortality rates when compared to the 
other RCTs. In a sensitivity analysis, removing Ballard, 2006 from this meta-analysis did not 
change the effect estimate (RR 0.93). However, not surprising given the size of this study, 
removing it from the analysis did influence the confidence intervals; the confidence interval for the 
meta-analysis without Ballard, 2006 included 1 (0.87, 1.000). Running the analysis without 
Ballard, 2006 did not reduce the statistical heterogeneity, as measured by I2 (Figure 8).  
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Figure 8. Meta-analysis of 10 studies describing death or BPD at 36 weeks PMA, without Ballard, 2006 

 

Conclusion 
 

Neither our meta-analysis nor any of the fourteen RCTs found any statistically significant 

differences in death in the NICU or survival to NICU discharge with iNO. Similarly, there were 

no statistically significant differences in any of the 12 RCTs that reported rates of BPD at 36 

weeks PMA. Our meta-analysis of eight RCTs that reported rate of BPD at 36 weeks PMA for 

survivors did not find a statistically significant difference between the iNO or control groups, 

though most of these studies favored the iNO group. Two of eight RCTs that reported other 

pulmonary outcomes reflecting severity of BPD reported statistically significant findings in favor 

of iNO: a reduction in rates of hospitalization and respiratory support at 40 and 44 weeks PMA,
34

 

and a statistically significant reduction in mean duration of supplementary oxygen.
67

 Three of 11 

RCTs reported a statistically significant reduction of the composite variable, death or BPD at 36 

weeks PMA or its complement, improved survival without BPD at 36 weeks PMA.
34, 58, 67

 There 

was a small but statistically significant reduction in favor of iNO in our meta-analysis of all 11 

RCTs that reported data for the composite variable, death or BPD at 36 weeks PMA. Ballard, 

2006 is considered by some as different from the other studies in terms of study design (i.e., not 

enrolling or initiating treatment until a week or more after birth, and a minimum treatment 

duration of 21 days), and it had the lowest mortality rate of all 14 RCTs. Excluding data from the 

Ballard, 2006 and rerunning the meta-analysis resulted in the same effect estimate but a wider 

confidence interval that included 1. A meta-analysis with all 11 trials may provide a more 



 

37 

 

complete picture of the available evidence, when considering the effect of iNO in a continuum of 

exposure at various postmenopausal ages. When death or BPD at 36 weeks PMA is viewed in 

terms of its complement, the pooled estimate of risk favors iNO with a small but statistically 

significant improvement in survival without BPD at 36 weeks PMA by seven percent. This 

finding leads to questions about short term risks, longer term neurodevelopmental, pulmonary 

and other health outcomes, whether iNO is more effective in certain subgroups, and optimal 

doses, and methods of drug administration, which are discussed in Key Questions 2, 3, 4 and 5.  

Key Question 2: Are there short term risks of iNO therapy 
among premature infants who receive respiratory support? 

 

Major Findings 
 
● There is insufficient evidence of a neuroprotective effect of iNO in preterm infants.  

● There is no evidence that treatment of preterm infants with iNO influences the rates of other 

complications of prematurity, including patent ductus arteriosus (PDA), sepsis, necrotizing 

enterocolitis (NEC), severe retinopathy of prematurity (ROP), pulmonary hemorrhage, or air 

leaks.  

● No study reported accumulation of toxic levels of methemoglobin or nitrogen dioxide. 

 

Detailed Analysis 
 
 Preterm birth requires infants to utilize organ systems that are not yet fully mature.

86
 The 

many complications of prematurity are multifactorial in etiology, but the highest risk factor is 

degree of prematurity. Infants born at 22 to 23 weeks gestation, the lower limit of viability, have 

the highest risks of all the complications of prematurity. Many biologic and environmental risk 

factors have been identified, and often overlap. For example, inflammation is associated with 

preterm birth and the development of BPD, white matter brain injury, necrotizing enterocolitis 

(NEC), and retinopathy of prematurity (ROP). How iNO exposure will influence the incidence of 

these complications of prematurity has been a major concern. Laboratory data suggest iNO may 

increase or decrease inflammation, cause bleeding by interfering with platelet aggregation and 

adhesion, and/or lead to accumulation of toxic substances (e.g., methemoglobin, formed by 

reaction of NO with hemoglobin, or nitrogen dioxide). 

 All 14 RCTs that compared treatment with iNO to standard treatment in preterm infants 

reported data regarding short term risks, including methemoglobin levels, and many 

complications of prematurity. The complications of prematurity we review in this section include 

brain injury, patent ductus arteriosus (PDA), sepsis, NEC, ROP, pulmonary hemorrhage, air leak, 

and pulmonary hypertension. Evidence of brain injury, obtained by serial head ultrasounds, 

includes intraventricular hemorrhage (IVH), intraparenchymal hemorrhage (IPH), 

hydrocephalus, periventricular leukomalacia (PVL), and other signs of white matter injury, 

including ventriculomegaly (Appendix E, Evidence Tables 3 and 4; Table 4). Meta-analyses 

were performed for all short term outcomes and are presented in a table at the end of this section. 

Not all RCTs reviewed in the text are included in the meta-analyses because of differences in the 

denominators across studies (e.g., all infants enrolled versus only survivors), and in the definition  
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Table 4. Summary of outcomes for RCTs addressing KQ2 

Outcomes Number of studies Total Sample size 

Brain Injury 13
65,

 
34, 37, 39, 40, 58-62, 64, 66, 67

 2936 

PDA 11 
34,37, 58, 59, 61-67

 2870 

Sepsis 8
34,37, 58, 62, 63, 65-67

 2958 

NEC 8
34, 37, 58, 61, 62, 64, 65, 67

 2683 

ROP 8
34, 37, 39, 40, 58, 59, 63, 64

 2025  

Pulmonary hemorrhage 7
37, 58, 59, 62-65

 2089 

Air leak or pneumothorax 10
37, 39, 40, 58, 59, 62-66

 2361 

Methemoglobinemia 12
34, 37, 39, 40, 58, 59, 62-67

 3190 

 
PDA = Patent ductus arteriosus, NEC = Necrotizing enterocolitis, ROP = retinopathy of prematurity, treated 

of the condition (e.g. any air leak versus only new air leak occurring after randomization). We 

grouped trials for analysis of each condition based on similar measurement characteristics, and 

indicate which trials were included in the table.  

 Evidence of brain injury. The nomenclature that describes injury to the preterm infant’s 

brain has changed since the publication of the earliest RCTs of iNO in preterm infants in 1997. 

Severity of IVH was often reported using the grading system proposed by Papile, 1978.
87

 Grade 

1 is a germinal matrix hemorrhage (GMH), grade 2 is blood in the ventricle but not filling or 

dilating the ventricle, grade 3 is a large amount of blood in the ventricle and ventricular dilation, 

and grade 4 is blood in the brain parenchyma, i.e., intraparenchymal hemorrhage (IPH). In terms 

of its association with neurodevelopmental outcome, GMH is the most benign form of IVH, and 

despite the IVH grading system, it does not denote blood in the ventricle. In the very immature 

infant’s brain, the germinal matrix is a rich capillary network adjacent to the lateral ventricles, 

and very vulnerable to injury. Hemorrhage in the germinal matrix can extend into the ventricle, 

causing an intraventricular hemorrhage (IVH). The hemorrhage can also originate in the choroid 

plexus of the ventricle, and extend into the ventricle, causing an IVH. Blood in the ventricle may 

fill the ventricle and dilate it (Papile grade 3 IVH), or blood may be present in the ventricle with 

no ventricular dilation (Papile grade 2 IVH). However, there may be other causes of enlarged 

ventricles (called ventriculomegaly). Resorption of injured brain parenchyma can produce 

ventriculomegaly, as well as cysts in the brain parenchyma. Intraparenchymal hemorrhage (IPH) 

is more often caused by hemorrhagic infarction of brain tissue than by blood from an IVH 

extending into the brain parenchyma (Papile grade 4 IVH). An IPH may be due to blood filling 

the ventricles and compressing the venous network, or may be an injury to the brain that is 

unrelated to IVH. Periventricular leukomalacia (PVL) is seen when injured brain tissue, 

especially white matter, is resorbed and replaced by fluid. PVL manifests as small cysts, large 

cysts, larger ventricles with irregular borders, or any combination of these findings. PVL may be 

in the frontal, parietal or occipital lobes, and it may be on one side (unilateral) or bilateral. Some 

preterm infants who did not have an IVH develop ventriculomegaly due to resorption of injured 

brain. IVH with ventriculomegaly (Papile grade 3 IVH), IPH, PVL with or without 

ventriculomegaly are each associated with a high risk of neurodevelopmental impairment 

(NDI).
87

  

 Thirteen RCTs compared rate of brain injury on serial head ultrasounds in the iNO and 

control groups.
34, 37, 39, 40, 58-62, 64-67 

Brain injury may occur in utero, during labor and delivery, and 

immediately after birth, and is common in preterm infants on mechanical ventilation. Studies that 

compared head ultrasounds before treatment with head ultrasounds obtained after treatment can 

best determine whether exposure to iNO has a toxic or neuroprotective effect on brain injury. 

Few studies were able to obtain pretreatment head ultrasounds due to logistical problems. Only 
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four RCTs obtained head ultrasounds at or before enrollment, and compared these to serial 

ultrasounds obtained during the remainder of the infant’s NICU hospitalization
34, 37, 59, 64

 

(Appendix E, Evidence Table 8). The other seven RCTs did not obtain head ultrasounds before 

study entry.  

 Kinsella, 2006, enrolled 420 preterm infants born at and before 34 weeks gestation with a 

birth weight (BW) of 500 to 1250 g on mechanical ventilation within the first two days after 

birth, and treated them with low dose iNO (5 ppm) or placebo gas for 21 days. 
37

 Head 

ultrasounds at study entry revealed no statistically significant differences between the iNO and 

placebo control groups in rates of GMH or IVH without ventriculomegaly (Papile grades 1 or 2 

IVH, 18.4 percent versus 21.9 percent, respectively) or of IVH with ventriculomegaly (Papile 

Grade 3 IVH) or IPH (6.1 percent versus 6.6 percent, p-value = 0.41). Infants with GMH, IVH 

with or without ventriculomegaly or IPH (Papile grades 1 to 4 IVH) at study entry were reported 

in the outcome data if their condition worsened during or after treatment. Ultrasonographers 

were masked as to treatment category. They found no statistically significant differences of IVH 

with ventriculomegaly or IPH between iNO and placebo control groups, 12.3 percent versus 16.0 

percent, RR 0.77 (0.54, 1.09) or of ventriculomegaly, 5.2 percent versus 8.9 percent, RR 0.58 

(0.37, 1.01), p-value = 0.05. There was a statistically significant reduction of PVL in infants in 

the iNO group (5.2 percent) compared to placebo controls (9.0 percent), RR 0.58 (0.33, 1.00), p-

value = 0.048. The infants in the iNO group had a statistically significant reduction in the rate of 

the composite variable of IVH with ventriculomegaly (Papile grade 3 IVH), IPH, PVL or 

ventriculomegaly than placebo controls, 17.5 percent versus 23.9 percent respectively, RR 0.73 

(0.55, 0.98), p-value = 0.03 (Appendix E, Evidence Table 8).  

 Ballard, 2006 enrolled infants with a BW at or below 1250 g on ventilator support or CPAP 

at seven to 21 days, and treated them for a minimum of 21 days.
34

 Most preterm infants develop 

IVH or IPH within the first seven days after birth. Head ultrasounds were performed before 

enrollment and during and/or after administration of iNO or gas placebo. At baseline, there were 

no statistically significant differences in rate of unilateral IVH with ventriculomegaly or IPH, 

11.9 percent versus 15.6 percent respectively; infants with bilateral IVH with ventriculomegaly 

or IPH were excluded. There were no differences between the iNO group and controls in the 

evolution of neurologic findings on head ultrasounds, 5.0 percent versus 4.1 percent, RR 1.21 

(0.53, 2.76). (Appendix E, Evidence Table 8). 

 Two smaller RCTs were also able to perform head ultrasounds before initiating treatment. 

Kinsella, 1999 found that at study entry, 15 percent in the iNO group and 19 percent of controls 

had IVH with or without ventriculomegaly or IPH (Papile’s grades 2 to 4 IVH). 
59

 There were no 

statistically significant differences in rate of IVH or IPH with or without ventriculomegaly in 

survivors in the iNO group compared to controls, 28 percent versus 33 percent. They reported no 

statistically significant differences in rates of new or higher grade of IVH or IPH (44 percent 

versus 42 percent) 
59

 (Appendix E, Evidence Table 9). In Subhedar, 1997, 42 infants born before 

32 weeks gestation were enrolled at four days after birth and randomized to iNO or a control 

group.
64

 They obtained head ultrasounds at baseline and at weekly intervals for a month. No 

infant in either the iNO or the control group had an extension of an existing IVH
64

 (Appendix E, 

Evidence Table 8).  

 The small pilot RCT reported by Srisuparp, 2002 is the only RCT whose primary outcome 

variable was IVH with ventriculomegaly (Papile grade 3 IVH or IPH).
66

 They were unable to 

obtain head ultrasounds in all infants before study entry, however, as most were enrolled on the 
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day of birth. They found no statistically significant differences between the iNO and control 

groups in brain injury, 25 percent versus 28 percent respectively. 

 Schreiber, 2003, enrolled 207 infants born before 34 weeks gestation with BW below 2000 g 

on mechanical ventilation for respiratory distress syndrome during the first week after birth.
58

 

After randomization to the iNO or the gas placebo group, infants in the iNO group were given 

iNO at 10 ppm for 12 to 24 hours then 5 ppm for six days. They did not obtain head ultrasounds 

before study entry; all ultrasounds were interpreted by a pediatric radiologist masked to 

treatment assignments. Infants in the iNO group had statistically significantly lower rates of the 

composite variable, IVH with ventriculomegaly (Papile grade 3 IVH), IPH or PVL than placebo 

controls, 12.4 percent versus 23.5 percent respectively, (RR 0.53 (0.28, 0.98), p-value = 0.04). 

They found no statistically significant differences in the rate of posthemorrhagic hydrocephalus, 

11.4 percent versus 9.8 percent, RR 1.17 (0.53, 2.58). (Appendix E, Evidence Table 8).  

 The secondary hypothesis of the Van Meurs 2005 RCT of infants born before 34 weeks 

gestation with BW 401 to 1500 g who had severe respiratory failure was that iNO would not 

increase the incidence of the composite variable, IVH with ventriculomegaly (Papile grade 3 

IVH), IPH or PVL.
40

 This study was terminated after the second planned analysis because of a 

higher rate of the composite brain injury variable in the iNO group than in controls reached 

statistical significance. However, when outcomes were analyzed for all 420 enrolled infants (the 

plan was for 440 infants) there were no statistically significant differences in rates of the 

composite brain injury variable (Papile grade 3 IVH, IPH or PVL) whether ultrasounds were 

read by each center’s local radiologists, 39 percent in the iNO group and 32 percent in controls, 

RR 1.25 (0.95, 1.66); or when they were read by a central masked reader after the study was 

terminated, 37 percent versus 38 percent, RR 0.97 (0.74, 1.27). Infants enrolled in this RCT had 

similar BW as in Kinsella 2006, and both RCTs had lower BW than in Schreiber, 2003.
37 58

 

However, infants in Van Meurs, 2005 were sicker than those in either Schreiber, 2003 or 

Kinsella, 2006, with OI 22 to 23 compared to five to seven at enrollment (Appendix E, Evidence 

Table 8).  

 In a meta-analysis of five RCTs
34, 37, 39, 40, 58

 that reported the composite brain injury variable, 

defined by a combination of IVH with ventriculomegaly, IPH, or PVL (Kinsella, 2006 included 

ventriculomegaly as a separate variable), there was no statistically significant difference between 

infants treated with iNO and controls, RR 0.86 (0.58, 1.29). Results were unaffected by removal 

of the Ballard trial,
34

 a study that enrolled infants much later than the other trials included in the 

analysis and reported only new or worsening brain injury: RR 0.79 (0.50, 1.27) (Figure 9). There 

was a substantial degree of heterogeneity among the five studies in this meta-analysis of brain 

injury (I
2
 = 0.657). The two RCTs with the lowest RR of brain injury (Van Meurs, 2007 and 

Schreiber, 2003) differed from the other studies by including larger preterm infants, with BW 

above 1500 g.
39, 58

 Brain injury tends to occur during the first week after birth and is associated 

with cardiovascular instability in sick preterm infants. We can speculate that the larger preterm 

infants derived greater benefit from the effect of iNO on cardiovascular stability, as is seen with 

more mature full term infants. Smaller, more preterm infants may not benefit as much from this 

effect, due to immature autoregulation of their cerebral blood flow. 
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Figure 9. Meta-analysis of five studies describing brain injury 

 

 Similarly, a meta-analysis of RCTs that reported the incidence of PVL showed no difference 

between the iNO and control groups, RR 0.78 (0.37, 1.62) (Table 5). 

 In summary, one large multicenter RCT and one large single center RCT found a lower rate 

of brain injury (IVH with ventriculomegaly, IPH, PVL, +/- ventriculomegaly) in infants treated 

during the first week after birth with iNO compared to placebo controls. Another large 

multicenter RCT was terminated early for concern that the iNO group had a higher rate of IVH 

with ventriculomegaly, IPH or PVL than controls, but on final analyses, there were no 

statistically significant differences between the iNO and control groups. All the other RCTs 

found no statistically significant differences between the iNO and control groups in rates of all 

IVH (Papile grades 1 to 4), IVH with ventriculomegaly IPH, PVL, hydrocephalus, or 

combinations of these variables. What makes these findings important is that these signs of brain 

injury on serial head ultrasounds in the NICU are some of the best predictors for 

neurodevelopmental impairment in preterm infants. Key Question 3 addresses more long term 

outcomes, at a year or more, including cerebral palsy (CP), cognitive abilities, and 

neurodevelopmental impairments.  

 Patent ductus arteriosus. In the fetus, the ductus arteriosus allows most of the blood to 

bypass the lungs (and circulate through the placenta). In preterm infants, especially the most 

immature, failure of this duct to close can interfere with their transition to extrauterine life and 

lead to heart failure. By altering pulmonary blood flow, iNO may influence duct closure. Eleven 

RCTs described in 12 articles compared incidence of PDA in the iNO group and controls.
34, 37, 58, 
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59, 61-67, 78  
Some trials reported only those infants who underwent surgical ligation of their PDA, 

and others included all infants diagnosed with PDA, whether they were treated medically or 

surgically. Kinsella, 2006 reported rates of symptomatic PDA that were medically treated (54.0 

percent in the iNO group versus 53.7 percent of controls), and rates of PDA treated with surgical 

ligation (21.6 percent versus 21.8 percent).
37

 None of the eleven RCTs (Appendix E, Evidence 

Table 9) or a meta-analysis (RR 1.01(0.86, 1.19); Table 5) found a statistically significant 

difference in incidence of PDA between the iNO groups or controls. 

 Sepsis. Eight RCTs reported data on infants who developed sepsis. Schreiber, 2003 reported 

the incidence of sepsis diagnosed after the first day, to distinguish between infants who were 

septic at birth from those that developed sepsis during their NICU course.
58

 Some studies 

reported sepsis only if the infant’s blood culture was positive.
34, 63, 66, 67

 None of the eight RCTs
34, 

37, 58, 62, 63, 65-67
 that reported rate of sepsis found statistically significant differences between their 

iNO and control groups (Appendix E, Evidence Table 9). All eight trials were included in a 

meta-analysis that found no difference in the development of sepsis between infants treated with 

iNO and controls, RR 1.06 (0.95, 1.18) (Table 5). 

 Necrotizing enterocolitis. NEC is an acute inflammation of the intestines that can lead to 

intestinal perforation, surgical resection of injured bowel and placement of an ostomy. Bowel 

perforation is generally associated with sepsis, and treatment consists of intravenous antibiotics, 

bowel rest, parenteral nutrition, and cautious refeeding. NEC can therefore have an impact on 

subsequent health and growth. Eight RCTs reported in nine articles
34,37, 58, 61, 62, 64, 65, 67,78

 

compared the incidence of NEC in iNO and control groups. Ballard, 2006 was the only study to 

distinguish between NEC treated medically and infants who needed surgery. The They found no 

statistically significant differences in incidence of NEC, 7.8 percent in the iNO group versus 6.6 

percent in controls, RR 1.17 (0.64, 2.13) or NEC requiring surgery (3.4 percent in the iNO group 

and 2.8 percent in controls, RR1.20 (0.46, 3.13).
34

 None of the eight RCTs (Appendix E, 

Evidence Table 9) nor our meta-analysis (RR 1.23 (0.94, 1.62; Table 5)) found any statistically 

significant differences in NEC between iNO and control groups.  
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Table 5. Meta-analyses of short term risks of iNO therapy 

Variable Studies included Pooled RR 95 % CI 

Brain injury, 

IVH, IPH and/or PVL 

Ballard, 2006
34

 
Kinsella, 2006

39
 

Schreiber, 2003
58

 
Van Meurs, 2005

40
 

Van Meurs, 2007
39

 

0.86 0.58, 1.29 

PVL alone Dani, 2006
67

 
Kinsella, 1999

59
 

Kinsella, 2006
39

 
Mercier,2010

62
 

Su, 2008
65

 

0.78 0.374, 1.62 

PDA, medically or surgically treated*
 

Ballard, 2006
34

 
Field, 2005

63
 

Kinsella, 1999
59

 

Kinsella, 2006
39

 
Mercier, 2010

62
 

Schreiber, 2003
58

 

Srisuparp, 2002
66

 

Su, 2008
65

 
Subhedar, 1997

64
 

1.01 0.86, 1.19 

Sepsis, clinical or culture positive 

 

 

Ballard, 2006
34

 
Dani, 2006

67
 

Field, 2005
63

 
Kinsella, 2006

39
 

Mercier, 2010
62

 

Schreiber, 2003
58

 

Srisuparp, 2002
66

 

Su, 2008
65

 

1.06 0.95, 1.18 

NEC, medically or surgically treated
† 

 

 

Ballard, 2006
34

 
Dani, 2006

67
 

Kinsella, 2006
39

 
Mercier, 2010

62
 

Schreiber, 2003
58

 

Srisuparp, 2002
66

 

Su, 2008
65

 

1.23 0.94, 1.62 

ROP, surgically treated  

 

 

Ballard, 2006
34

 
Field, 2005

63
 

Kinsella, 1999
59

 

Kinsella, 2006
39

 
Schreiber, 2003

58
 

Subhedar, 1997
64

 

Van Meurs, 2005
40

 
Van Meurs, 2007

39
 

1.01 0.82, 1.24 

Pulmonary hemorrhage 
‡
  Field, 2005

63
 

Kinsella, 2006
39

 
Mercier, 2010

62
 

Su, 2008
65

 

0.89 0.60, 1.33 

Air leak or pneumothorax 
§
  

 

 

Field, 2005
63

 
Kinsella, 2006

39
 

Mercier, 2010
62

 

Schreiber, 2003
58

 

Srisuparp, 2002
66

 

Su, 2008
65

 
Subhedar, 1997

64
 

0.96 0.71, 1.28 
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Table 5. Meta-analyses of short term risks of iNO therapy (continued) 
 
*Studies excluded: Hascoet,61 outcomes measured at 28 days; Dani67 PDA diagnosed prior to treatment  
†Studies excluded: Hamon78 and Hascoet61 outcomes measured at 28 days  

‡ Included only studies that excluded infants with bleeding disorders from enrollment. 
§ Included only studies where all enrolled infants were considered in the denominator. 

 

 Retinopathy of prematurity. Retinopathy of prematurity is a neovascular retinal disorder, 

which can result in severe visual impairment. Serial eye examinations determine whether ROP is 

present as the retina is vascularized, and if it is progressing. Visual outcomes are improved for 

severe ROP, especially if there are dilated, tortuous blood vessels in the posterior pole of the eye 

(i.e. plus disease) with laser surgery. Eight RCTs report the incidence of severe ROP treated with 

laser surgery.
34, 37, 39, 40, 58, 59, 63, 64

 Ballard, 2006 found a high incidence of any degree of ROP in 

their high risk study population, 83.7 percent in the iNO group and 81.9 percent in controls, RR 

1.00 (0.93, 1.07).
34

 Their incidence of severe ROP requiring treatment was 24.5 percent in the 

iNO group versus 23.6 percent in controls, RR 0.97 (0.72, 1.31). This is similar to the incidence 

of ROP requiring treatment in the other seven RCTs, and none found statistically significant 

differences between iNO and control groups (Appendix E, Evidence Table 9). A meta-analysis 

confirmed no statistically significant difference in ROP between infants treated with iNO and 

controls, RR 1.01 (0.82, 1.24; Table 5). 

 Pulmonary complications. In Key Question 1, we addressed the primary pulmonary 

complication of prematurity, BPD. In this section, we report other pulmonary complications: 

pulmonary hemorrhage, air leak or pneumothorax, pulmonary hypertension or right heart failure. 

An important consideration is whether infants were excluded from studies if they had evidence 

of bleeding or air leak before entry into the study. If they were not excluded, the most 

meaningful data are the rate of pulmonary hemorrhage or air leak once entered into the study. 

Five RCTs, described in six articles, excluded infants with low platelets or bleeding problems,
40, 

61, 63, 65, 67, 62
 and four excluded infants with severe intracranial or pulmonary hemorrhage.

34, 37, 60
  

 Seven RCTs report data on pulmonary hemorrhage. Whether they excluded infants with 

bleeding problems
37, 63, 65 ,74

 or not
58, 59, 64

 they did not find any statistically significant differences 

between iNO and control groups in rates of pulmonary hemorrhage (Appendix E, Evidence 

Table 9). Our meta-analysis with trials that excluded infants with bleeding problems showed no 

difference in pulmonary hemorrhage between iNO treated infants and controls, RR 0.89 (0.60, 

1.33) (Table 5). 

 Ten RCTs reported rates of air leak or pneumothorax, and none found any statistically 

significant differences between the iNO and control groups.
37, 39, 40, 58, 59, 62-66

 Schreiber, 2003 

reported pneumothorax and pulmonary interstitial emphysema separately, finding no statistically 

significant differences in rate of pneumothorax (10.5 percent versus 16 percent, respectively) or 

pulmonary interstitial emphysema (27 percent versus 34 percent, respectively).
58

 The rates of air 

leak varied from a low of four to six percent
58, 64, 65

 to as high as 35 to 38 percent
40, 63

 (Appendix 

E, Evidence Table 9). Our meta-analysis with trials that included all infants in the denominator 

also found no difference in the risk of air leak between the iNO treated infants and controls, RR 

0.96 (0.71, 1.28) (Table 5). 

 The only trial that reported pulmonary hypertension as an outcome variable documented 50 

percent of infants in the iNO and control group with the condition.
67

 No study specifically 

documented right heart failure (Appendix E, Evidence Table 8). 

 Methemoglobinemia. Twelve RCTs measured methemoglobin levels, and some measured 

nitrogen dioxide levels in administered gas.
34, 37, 39, 40, 58, 59, 62-67

 Most reported that 



 

45 

 

methemoglobin levels in all infants were not elevated,
34, 59, 66, 67

 or were below 2.5 percent,
65

 

three percent,
64

 or four percent.
39

 The Van Meurs, 2005 RCT of infants born before 34 weeks 

gestation with BW 400 to 1500 g found two infants (1 percent) in each group who had 

methemoglobin levels above four percent.
40

 One infant in the iNO group had a methemoglobin 

level of at least eight percent, and the nitrogen dioxide level was at or above 3 ppm in two 

percent, and at or above 5 ppm in one percent. The multicenter Kinsella, 2006 trial reported a 

transient mild elevation of methemoglobin level in two of 398 (0.05 percent) infants, but 

elevation was not defined.
37

 Three infants treated with iNO in the Schreiber, 2003 RCT had 

elevation in methemoglobin level that never rose above seven percent, and nitrogen dioxide was 

never above 2 ppm.
58

 The Field RCT allowed the highest maximum dose of iNO, up to 40 ppm, 

and as many as eight of 55 (14.5 percent) preterm infants had methemoglobin levels above two 

percent; only one infant (1.8 percent) had nitrogen dioxide above 2 ppm for 30 minutes
63

 

(Appendix E, Evidence Table 9). 

 

Conclusion 
 
 Key Question 2 analyzed 14 RCTs of iNO in preterm infants on mechanical ventilation for 

evidence of toxicity or short term risks of iNO. None of the 14 RCTs reported statistically 

significant effects of iNO on rates of PDA, sepsis, NEC, treated ROP, pulmonary hemorrhage, or 

air leaks. No study reported toxic accumulations of methemoglobin. None of the 13 RCTs that 

reported head ultrasound evidence of brain injury reported a statistically significant increase with 

iNO treatment. Two large RCTs, with more than 100 subjects in each group, reported a 

statistically significant reduction of a composite brain injury variable (IVH with 

ventriculomegaly, IPH or PVL) in the iNO group compared with placebo gas controls.
37, 58

 These 

two RCTs raise the question as to whether iNO has neuroprotective effects. There was no 

statistically significant difference between the iNO and control groups in a meta-analysis that 

pooled data from five RCTs that reported rates of the composite brain injury variable (IVH with 

ventriculomegaly, IPH or PVL). There was also no statistically significant difference in our 

meta-analysis of four RCTs with data on rates of PVL. However, not only do the RCTs vary 

widely in study design, but there is also little uniformity among studies as to when head 

ultrasounds were performed, who interpreted them (locally at each center or at more uniformly at 

one site), categories reported, and criteria used for each category. These RCTs were generally 

powered for death and BPD, and not for short term risks or brain injury. There is insufficient 

evidence for assessing the effect of iNO on the preterm infant’s brain. There is a need for RCTs 

that obtain neuroimaging before initiation of treatment and at regular prespecified intervals, 

provide for uniform interpretation of neuroimaging studies, carefully define categories of types 

of brain injury, and clearly report rates of each type, and composites of brain injury in terms of 

surviving infants. Because they are so vulnerable as they are rapidly maturing, the effects of any 

intervention on the brain should be studied in every RCT involving preterm infants. Key 

Question 3 reviews the evidence of effects of iNO on longer term neurodevelopmental, 

pulmonary, and other health outcomes.  
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Key Question 3: Are there effects of iNO therapy on long 
term pulmonary and/or neurodevelopmental outcomes 

among premature infants who receive respiratory support? 
 

Major Findings  
 
● There is insufficient evidence to determine whether iNO therapy in preterm infants who 

require respiratory support influences the incidence of cognitive, motor or sensory 

impairments, or neurodevelopmental disability. 

● There is evidence suggesting that iNO therapy in preterm infants who require respiratory 

support may decrease the use of respiratory medications at one year of age.  

● There is insufficient evidence to determine whether iNO therapy in preterm infants who 

require respiratory support impacts long term health outcomes such as lung growth and 

development, pulmonary morbidity, rehospitalization after NICU discharge, and growth. 

 

Detailed Analysis  
 
 Nine articles representing six RCTs report long term followup of health and 

neurodevelopmental outcomes at one year corrected for degree of prematurity or later (see Table 

6). Field, 2005 reported on some health and neurodevelopmental outcomes at one year corrected 

for degree of prematurity of the multicenter INNOVO RCT.
63

 Mestan, 2005 reported 

neurodevelopmental outcomes and growth at two years of the infants enrolled in Schreiber, 

2003, the largest single center RCT.
56

 Hintz, 2007
58

 reported on survival, CP, cognitive abilities 

and neurodevelopmental impairment (NDI) in 18 to 22 month old survivors enrolled in the 

NICHD RCT of infants born before 34 weeks gestation with birth weight below 1500 g.
30, 40

 

Neurodevelopmental impairment at one year corrected for degree of prematurity is included in 

the Van Meurs, 2007 paper that reported results from the NICHD RCT on infants born before 34 

weeks gestation with birth weight above 1500 g.
39

 For surviving infants in Ballard, 2006, Walsh, 

2010 reported on neurodevelopmental outcomes and growth at two years of age, corrected for 

degree of prematurity, and Hibbs, 2008 reported on pulmonary and health outcomes at one 

year.
34, 44, 57

 In a paper focused mostly on economic costs and resource utilization, Watson, 2009 

reported on survival and some neurodevelopmental outcomes at one year of age, corrected for 

degree of prematurity, for infants enrolled in Kinsella, 2006.
36, 37

 Bennett, 2001 reported on 30 

month survival for all study participants who were discharged from the NICU, and 

neurodevelopmental outcomes for 21 of the 22 children alive at 30 months, corrected for degree 

of prematurity.
76

 Huddy, 2008 followed the group of infants in Field, 2005 up to four to five 

years, and reported on several health and neurodevelopment related outcomes; this is the longest 

followup for any of the RCTs
35

 (Appendix E, Evidence Tables 3 and 4; Table 6). 

 Trials that reported comparable neurodevelopmental outcomes were included in meta-

analyses. There was some variability in the incidence of outcomes among the few trials that 

reported conditions such as CP, vision, and hearing impairment. The variability is likely due to 

the low prevalence of these conditions and small samples, as studies were not powered to detect 

difference in these outcomes. Few trials reported other long term health outcomes in a consistent 

manner, making pooled estimates of risk impossible, with the exception of pulmonary outcomes.  
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Table 6. Summary of outcomes for RCTs addressing KQ3 

Outcomes Number of studies Total Sample size 

Death and Survival 6
30, 35, 36, 39, 44, 56, 57, 63, 76

 2635 

Cerebral palsy 7
30, 35, 38, 39, 56, 57, 76

 914 

Cognitive outcomes 5
30, 35, 39, 56, 57

 896 

Sensory impairment 7
30, 35, 36, 39, 56,  57,  63, 76

 951 

NDI 7
39,

 
30, 35, 36, 56, 57, 76

 1312 

Death or NDI 4
30, 36, 39, 76

 1236 

Seizures 2
35, 63

 81 

Growth 6
30, 35, 56, 57, 63, 72

 978 

Oral feeding 1
63

 43 

Pulmonary and other health 
outcomes 

6
35, 36, 44, 63, 71, 72

 1344 

 

 Death and survival beyond the NICU. Followup studies of two RCTs reported survival 

into early childhood. Huddy, 2008
35

 followed children from Field, 2005
63

 until four to five years 

of age. A total of 108 infants were enrolled in the RCT, 44 survived to their first birthday. 

Overall survival to four to five years was 44 percent in the iNO group and 36 percent in controls. 

Mestan, 2005
56

 reported that 85 percent of the iNO group and 77 percent of placebo controls 

from Schreiber, 2003
58

 were alive at two years. Additionally, seven followup studies reported 

long term mortality rates for six RCTs. Study results are displayed in Table 7. None of the 

studies revealed a significant difference in mortality when comparing infants treated with iNO to 

controls. (Appendix E, Evidence Table 10).  
 
Table 7. Studies addressing death and/or survival beyond the NICU 

Author, Year Original Trial  Followup Control, n/N (%) iNO, n/N (%) 

Walsh, 2010
57

 Ballard, 2006
34

 2 years  23/288 (8.9)  24/294 (9.0)  

Watson, 2009
36

 Kinsella, 2006
37

 1 year  98/384 (25.5)  80/385 (20.8)  

Huddy, 2008
35

 Field, 2005
63

 4-5 years   

Hibbs, 2007
44

 Ballard, 2006
34

 1 year 2/230 (0.87) 2/225 (0.89) 

Van Meurs, 2007
39

   18 – 22 months  4/15 (26.7)  5/14 (35.7)  

Hintz, 2007
30

 Van Meurs, 2005
40

 18 – 22 months  98/210 (47)  109/210 (52)  

Mestan, 2005
56

 Schreiber, 2003
58

 2 years 23/102 (22.5)  16/105 (15.2)  

Field, 2005
63

  1 year 30/55 (54.5)  34/53 (64.2)  

Bennett, 2001
76

 Subhedar, 1997
64

 30 months 10/22 (32)  7/20 (50)  

 

 A meta-analysis was conducted with all the trials that reported death at any time after NICU 

discharge, regardless of the age of the children at the time of the measurement. Two studies were 

excluded (Hibbs
44

 and Huddy
35

) because there was more than one followup study for the Ballard 

and Field trials. The pooled estimate shows no difference in mortality with iNO therapy 

compared to placebo, RR 1.02 (0.86, 1.20) (Figure 10). 
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Figure 10. Meta-analysis of death at followup after NICU discharge 

 

 Cerebral palsy and motor outcomes. Cerebral palsy is a disorder of movement and posture 

caused by malformation or injury to the developing brain that cannot be diagnosed in the 

neonate, but requires a neurological examination and assessment of motor function at one or 

more years after birth. Cerebral palsy varies in terms of type (spasticity, extrapyramidal or 

mixed), anatomic distribution (diplegia, hemiplegia, etc.) severity, and associated disabilities 

(cognitive and/or sensory impairments). The more severe the CP, the earlier it can be diagnosed; 

diagnosis of mild CP is generally not made until two years or more. Diagnosis of CP requires a 

comprehensive neurodevelopmental examination focusing on abnormalities of muscle tone, deep 

tendon and other reflexes, movement and posture, as well as an assessment of motor function. 

The most common type of CP in preterm infants is spastic diplegia, which involves increased 

muscle tone and reflexes in both lower extremities with little or no involvement of the upper 

extremities. CP prevalence increases with decreasing gestational age and birth weight. Most 

studies reported moderate to severe CP. The functional classification for CP is included in the 

description of each study that reported this outcome. 

 The Hintz, 2007
30

 18 to 22 month followup study of Van Meurs, 2005
40

 RCT of infants with 

birth weight 400 to 1500 g found CP in 20 percent of the iNO group and 11 percent of controls. 

CP functional impairment was defined as the ability to sit independently or with support but not 

ambulate independently (moderate CP), or the inability to sit or walk without support (severe 

CP). The initial RR was not significant at 1.85 (0.93, 3.71). When adjusted for birth weight, OI 

entry criterion strata, sex, BPD, IVH 3 or 4 or PVL, postnatal steroid exposure, study center, and 
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length of iNO exposure, the RR was significant at 2.41, indicating a higher rate of CP in iNO 

treated infants, but with a wide 95 percent confidence interval (1.01, 5.75) (Appendix E, 

Evidence Table 11). 

 Tanaka, 2007
38

 evaluated a cohort of children at three years of age who had received iNO or 

100 percent oxygen in the neonatal period for hypoxic respiratory failure with pulmonary 

hypertension. Cerebral palsy, defined as abnormal muscle tone in one extremity and abnormal 

control of movement and posture, was diagnosed in 12.5 percent of those treated with iNO 

compared to 46.7 percent who had been treated with 100 percent oxygen (p-value = 0.054) 

(Appendix E, Evidence Table 11). There was also a significantly lower odds of CP in children 

who had received iNO versus 100 percent oxygen (OR=0.16; 0.03, 0.98). This association 

persisted in several multivariate models.  

 The other five RCTs that evaluated for CP found no significant differences in the incidence 

of CP in the iNO group compared to controls. The Van Meurs, 2007 RCT of infants with birth 

weight above 1500 g found that none of the 17 infants who were followed to one year corrected 

for degree of prematurity developed CP.
39

 In the Mestan, 2005 paper that reported two year 

outcomes of survivors of the Schreiber, 2003 RCT, CP rates were virtually the same, nine 

percent in the iNO group and 10 percent in controls.
56

 They based their diagnoses of CP and its 

type on abnormalities in neuromotor tone, deep tendon reflexes, primitive reflexes, postural 

reactions, movement or coordination, and delay in motor milestones.
58

 Walsh, 2010 reported 

similar findings from the Ballard, 2006 cohort: six percent of iNO treated infants and five 

percent of control infants developed CP by two years.
34, 57

 Motor functional impairment for CP 

was determined by Palisano’s Gross Motor Function Classification Scale (at or above 2).
88

 Of 

the seven infants in the iNO group of Subhedar, 1997 that were followed to 30 months none 

developed CP, compared to two of 14 controls (14 percent), who had significant abnormalities of 

tone or movement.
64, 76

 In the Huddy, 2008 report of four to five year outcomes of Field 2005, 

the CP rate (moderate to severe disability of motor function) was 13.6 percent in the iNO group 

and 12.5 percent in controls.
35, 63

  

 A meta-analysis of the seven trials that evaluated motor outcome found no statistically 

significant difference in CP among infants treated with iNO compared with controls, RR 1.07 

(0.67, 1.71) (Figure 11). A separate meta-analysis was performed with four trials that used the 

Bayley Scales Psychomotor Developmental Index below 70 to define motor delay.
30, 39, 56, 76

 

Individually, none of these trials found a statistically significant difference in the incidence of 

motor delay when comparing those who had received iNO to controls. Similarly, the meta-

analysis showed no statistically significant difference in the incidence of a motor delay with iNO 

therapy, compared with controls, RR 0.95 (0.66, 1.36) (Figure 11). 
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Figure 11. Meta-analysis of cerebral palsy 

 Cognitive outcomes. There were six RCTs and one cohort study that reported cognitive 

outcomes. The majority used the Bayley Scales of Infant Development Mental Developmental 

Index (MDI) for assessment and defined cognitive impairment as MDI < 70, two standard 

deviations below the mean. The only followup study to report a statistically significant difference 

in cognitive impairment between the iNO group and controls was the followup of Schreiber, 

2003 reported by Mestan, 2005.
56, 58

 Their followup rate was 82 percent at two years corrected 

for degree of prematurity. They found that only 19 percent of the iNO group had a Bayley MDI 

score more than two standard deviations below the mean compared to 35 percent of controls, p-

value = 0.03. This result must be considered in the context of the significantly lower rate of the 

combined variable of grade 3 IVH, IPH, and PVL in the iNO group compared to controls as 

reported in Schreiber, 2003 (Appendix E, Evidence Table 12). 

 Hintz, 2007 evaluated participants with birth weight 400 to 1500 g enrolled in Van Meurs, 

2005 at 18 to 22 months of age. Forty-three percent of infants in the iNO group had MDI scores 

more than two standard deviations below the mean compared to 36 percent of controls, RR 1.2 

(0.84, 1.73).
30

 Infants in the Van Meurs, 2007 RCT with birth weight above 1500 g were 

followed to one year corrected for degree of prematurity. In the iNO group, 11 percent had MDI 

scores more than two standard deviations below the mean, compared to 25 percent of controls, 

RR 0.44 (0.50, 4.02).
39

 

 A meta-analysis was performed using these three studies in which cognitive impairment was 

defined as MDI < 70. This revealed no statistically significantly difference between those treated 



 

51 

 

with iNO therapy and controls, RR 0.78 (0.39, 1.60) (Figure 12). As in the meta-analysis for the 

brain injury, there is substantial heterogeneity, reflecting that many of the same infants are 

included in this meta-analysis. Again, the Van Meurs, 2007
39

 and Mestan, 2005
56

 (followup of 

Schreiber, 2003) studies included infants with birth weight above 1500 g with a lower risk for 

brain injury and subsequent cognitive impairment than the Hintz
30

 study (followup of Van 

Meurs, 2005) that restricted enrollment to those with birth weight of 400 to 1500 g. 

 In their two year followup of Ballard, 2006, Walsh, 2010 reported cognitive outcomes in 

terms of normal intelligence, defined as MDI score above 85, one standard deviation below the 

mean.
34, 57

 There was no significant difference in proportion of survivors with MDI above 85; 

there were 39 percent in the iNO group and 35 percent in the placebo control group. Translating 

these data into the proportion with cognitive delay, 61 percent in the iNO group and 65 percent 

in the placebo control group had MDI scores one standard deviation below the mean or lower. 

They also reported mean MDI scores for each group and found no significant difference: 81 +/- 

20 versus 79 +/- 22 (Appendix E, Evidence Table 12). Bennett, 2001 reported the incidence of 

cognitive delay, defined as MDI < 85 in survivors from Subhedar, 1997 at 30 months of age 

corrected for prematurity.
76

 There was no significant difference in the incidence of cognitive 

neurodevelopmental delay when comparing those treated with iNO to controls, RR 0.89 (0.37, 

1.75). 

 

 
 
Figure 12. Meta-analysis of cognitive development as measured by the Bayley Scales Mental Developmental 
Index below 70 
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 To evaluate cognition at four to five years, the Huddy, 2008
35

 followup of the Field, 2005 

cohort used the British Ability Scales (BAS),
89

 which has norms similar to the Bayley and other 

intelligence tests, with a standardized mean of 100 and a standard deviation value of 15.
35

 Three 

children in the iNO group and one control had severe impairments that precluded using the BAS. 

There were no statistically significant differences in mean General Conceptual Ability Score 

(GCAS) between the 19 children in the iNO group and the 15 children in the control group: 91.2 

+/- 21.1 versus 81.3 +/- 22.5. They also found no statistically significant differences in the BAS 

cluster scores for verbal ability, pictorial reasoning, spatial abilities, and the nonverbal composite 

scores. There were six of 22 children (27 percent) in the iNO group with GCAS scores two or 

more standard deviations below the mean, compared with six of 16 controls (38 percent) 

(Appendix E, Evidence Table 12). 

 Sensory impairment. There were no significant differences between the iNO and control 

groups in proportion of children with visual impairment or hearing impairment in seven studies 

(representing six original trials) that report these outcomes. Visual impairments occurred in zero 

to four percent of children in the iNO group compared to zero to four percent in controls in the 

six studies that reported this outcome. 
63

 Our meta-analysis that included trials reporting early 

childhood blindness revealed no significant difference between those treated with iNO therapy 

and controls, RR 1.09 (0.52, 2.30) (Figure 13). Hearing impairments occurred in zero to nine 

percent of children in the iNO group compared to zero to seven percent of controls in the same 

six followup studies 
30, 39, 56, 57, 63, 76

 (Appendix E, Evidence Table 13). The pooled risk ratio for 

hearing loss also showed no significant difference with iNO therapy compared to controls, RR 

1.50 (0.69, 3.27) (Figure 14).  

 Neurodevelopmental impairment. Seven studies reported the proportion of children with 

neurodevelopmental impairment (NDI), a combined variable that included cognitive, 

neuromotor, and sensory impairments. Children with moderate to severe CP were included, as 

were children with severe visual or hearing impairments. All studies defined “cognitive 

impairment” as two or more standard deviations below the mean score for the assessment tool 

that was used. Most studies also included children with Psychomotor Developmental Index 

scores two or more standard deviations below the mean from the Bayley Scales of Infant 

Development
30, 36, 39, 56, 57, 76

 (Appendix E, Evidence Table 14, Table 8).  
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Figure 13. Meta-analysis of visual impairment 
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Figure 14. Meta-analysis of hearing impairment 

 

 Just as they found statistically significant differences in cognitive impairment, the Mestan, 

2005 two year followup study of Schreiber, 2003 found that NDI rates were lower in the iNO 

group compared to placebo controls: 24 percent versus 46 percent, RR 0.53 (0.33, 0.87), p-value 

= 0.01. The six other followup studies revealed no significant differences between the two 

groups.
35, 39, 56-58, 76

 In two large RCT two year followup studies, as many as half of the survivors 

in both the iNO and control groups had NDI: 45 percent versus 49 percent respectively, RR 0.92 

(0.75, 1.12) reported by Walsh, 2010 using Ballard, 2006 cohort; and 51 percent versus 47 

percent respectively, RR 1.07 (0.8, 1.44) reported by Hintz, 2007 for the Van Meurs, 2005 

multicenter RCT.
57,

 
30

 The Van Meurs, 2007 RCT of infants with birth weight above 1500 g 

reported a lower rate of NDI in both iNO and control groups, with no statistically significant 

difference between the two groups: 11 percent versus 25 percent, RR 0.44 (0.5, 4.02).
30, 39

 

Despite the finding in Kinsella, 2006 of a lower rate of grade 3 IVH, IPH or PVL in infants in the 

iNO group, Watson, 2009 reported no statistically significant differences in the rate of NDI at 

one year corrected for degree of prematurity in infants in the iNO group compared to controls, 35 

percent versus 34 percent.
36, 37

 Huddy, 2008 reported no significant differences in four to five 

year old children from the Field, 2005 cohort, with NDI in 36 percent of children in the iNO 

group and in 44 percent of controls.
35, 63

 Bennett, 2001 reported that for 30 month old children in 

the Subhedar, 1997 RCT, none of the seven survivors had NDI compared to 36 percent of 

controls
64, 76

 (Appendix E, Evidence Table 14).  
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Table 8. Studies addressing neurodevelopmental impairment 

Author, 
Year 

Age Definition Control, n/N (%) iNO 

Walsh, 
2010

57
 

2 years MDI or PDI<70, GMLS>2, 
blind, deaf 

115/234 (49) 109/243 (45) 

Watson, 
2009

36
 

1 year CP, blind, severe HI, MDI or 
PDI<70 

73/218 (33.5) 84/237 (35.4) 

Huddy, 
2008

35
 

4-5 years Mod-Sev Disability 7/16 (44) 8/22 (36) 

Hintz, 2007
30

 18-22 
months 

MDI/PDI<70, mod-severe 
CP, VI 

48/102 (47) 45/89 (51) 

Van Meurs, 
2007

39
 

18-22 
months 

MDI or PDI<70, mod-severe 
CP, blind, deaf  

2/8 (25) 1/9 (11) 

Mestan, 
2005

56
 

2 years CP, blind, HI, MDI<70 31/68 (46) 17/70 (24) 

Bennett, 
2001

76
 

30 months MDI or PDI<70, CP, blind, HI 5/14 (36) 0/7 (0) 

 
HI = hearing impairment; VI = visual impairment; GMLS = Palisano gross motor level score; MDI = mental development index; 

PDI = physical development index; CP = cerebral palsy 

  

 Our meta-analysis of trials that measured outcome at 12 to 30 months suggests no 

statistically significant difference in the proportion of infants with NDI between those given iNO 

versus the control group (RR 0.91 (0.77, 1.12)) (Figure 15). 

Two followup studies reported the rate of children in each group who had no impairment. For 

the followup of infants from Kinsella, 2006, Watson, 2009 defined “no impairment” to include 

only those children who had MDI and Bayley Physical Developmental Index (PDI) above 85, 

and no CP or severe visual or hearing impairment.
36, 37

 They found no statistically significant 

differences in the proportion of children with no impairments at one year corrected for degree of 

prematurity between the iNO group and controls: 38 percent versus 37 percent. In reporting the 

18 to 22 month followup results from Van Meurs, 2005 RCT on preterm infants with birth 

weight 400 to 1500 g, Hintz, 2007 used a similar definition of “unimpaired”: MDI and PDI > 85, 

no moderate to severe CP and not blind or deaf. 
30

 They found that 23 percent in the iNO group 

and 25 percent in placebo controls were unimpaired. The low proportion of survivors with no 

impairments is an indication of how sick the infants enrolled in the RCTs were. Conversely, 

there was a higher survival rate among infants with NDI. (Appendix E, Evidence Table 13). 
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Figure 15. Meta-analysis of studies reporting NDI

 

 

 Death or neurodevelopmental impairment. None of the four studies that reported the rate 

of the composite variable, death or NDI, for infants enrolled in four RCTs found any significant 

differences between the iNO and control groups.
30, 36, 39, 76

 Although Kinsella, 2006 reported 

lower rates of grade 3 IVH, IPH or PVL in infants in the iNO group compared to controls, 

Watson, 2009 reported no significant differences in the rate of death or NDI at one year 

corrected for degree of prematurity: 42.4 percent in the iNO group and 44.5 percent in placebo 

controls.
36

 Similarly, in the two Van Meurs RCTs, there were no significant differences between 

the iNO groups and placebo controls; Hintz, 2007 reported that 78 percent of preterm infants 

with birth weight 400 to 1500 g in the iNO group died or had NDI compared to 73 percent of 

controls, RR 1.07 (0.95, 1.19)
30

; while Van Meurs, 2007 reported that 43 percent of preterm 

infants with birth weight above 1500 g in the iNO group died or had NDI compared to 50 percent 

of placebo controls, RR 0.86 (0.37, 1.96).
39

 In the Bennett, 2001 followup of Subhedar, 1997, 63 

percent in the iNO group and 59 percent in the control group died or had NDI at 30 months
64, 76 

(Appendix E, Evidence Table 14). 

 Long term health outcomes. 

 Seizures. Seizures can accompany complications that occur in the antenatal period or in the 

NICU, including perinatal asphyxia, hypoxia, hypoglycemia and other electrolyte abnormalities, 

intraventricular hemorrhage and meningitis. Seizures in premature infants that persist beyond the 

NICU are usually a result of brain injury and associated with other neurodevelopmental sequelae. 

Field, 2005
63

 included “on anticonvulsants” and “fits in previous four weeks” with neuromotor 

outcomes at one year corrected age. These outcomes are based on available pediatrician 
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assessments. In the iNO group, three of the 25 infants, and one of the 18 control infants with 

available reports were being treated with anticonvulsants. Three infants in the iNO group and 

none of the 18 control infants had experienced a fit or seizure in the four weeks prior to the 

assessment. Seizures were included in the General Health domain of the four to five year 

assessments of infants enrolled in the Field, 2005 RCT performed by Huddy, 2008.
35

 Children 

could be categorized as normal, impaired, or mildly, moderately, or severely disabled with 

regard to seizures. Of the five children who had seizures in the 12 months prior to assessment (3 

of 22 iNO, 2 of 16 controls), three iNO and one control were on regular seizure medications, and 

considered to be impaired. One iNO child had more than one seizure per month and was 

classified as mildly disabled (Appendix E, Evidence Table 15).  

 Growth. There are five RCTs and one cohort study in which growth parameters were 

included with early childhood outcomes. Cheung, 1998 evaluated the 10 survivors from a cohort 

of 24 infants who received rescue iNO therapy for severe hypoxemic respiratory failure. One or 

more anthropometric measures (weight, length, head circumference) of four of the 10 (40 

percent) infants evaluated at 13 to 40 months were below the third percentile on a standard 

growth curve when plotted at their corrected age.
72

 In the followup of survivors from the Van 

Meurs, 2005 RCT at 18 to 22 months,
30

 Hintz, 2007 measured weight and head circumference. 

When comparing the infants who had received iNO to controls, there was no difference in the 

measures of weight and head circumference, or percentage of infants with weight or head 

circumference below the fifth percentile for corrected age, based on CDC growth charts
90

 

(Appendix E, Evidence Table 15). 

 Infants enrolled in the Field, 2005 trial had growth parameters reported at one year corrected 

age, 
63

 and four to five years chronologic age. 
35

 At one year, there were pediatrician reports on 

25 infants who had received iNO, and 18 controls.
63

 Infants were categorized by the number of 

standard deviations their length and weight were from a standardized height and weight.
91

 There 

was no reported analysis to determine whether this distribution was different between the two 

groups. The actual measure of head circumference was reported. The mean head circumference 

was similar in the two groups, within one standard deviation: iNO 45.5 cm (1.8), control 45.2 cm 

(1.6). In the followup study by Huddy, 2008, weight, length, and head circumference were 

measured in 22 participants from the iNO group and 15 controls at four to five year of age.
35

 

There were no differences in the standardized mean values
91

 for any of the three parameters 

between the iNO and control groups. It was noted that values were lower in both groups than 

those of normal population. Walsh, 2010
57

 and Mestan, 2005
56

 both evaluated infants at two 

years of age corrected for prematurity from Ballard 2006 multicenter RCT, and Schreiber 2003 

single center RCT, respectively. In the former, there were no significant differences in measures 

of weight, length or head circumference. Mestan, 2005
56

 reported the measures and generated z-

scores using the CDC growth charts,
90

 which revealed that both the iNO and control groups were 

smaller than the reference population for all measures. Unlike the others who reported growth 

measures, Mestan, 2005
56

 found that those in the iNO group were significantly heavier than 

participants in the control group (median weights 11.7 kg versus 10.8 kg, p-value = 0.04; z-

scores -0.49 versus -1.07, p-value = 0.02); and measures of length and head circumference were 

not different (Appendix E, Evidence Table 15). Participants lost to followup had a higher birth 

weight and greater gestational age at delivery, which could influence followup weight if they 

were not equally distributed among the iNO and control groups. 

 Oral feeding. Successful oral feeding requires the coordination of basic reflexes, more 

complicated motor skills, and effective breathing. Infants must coordinate these efficiently in 
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order to take in enough to support the energy expenditure required for this task, as well as 

growth. Any of the required skills can be adversely affected by premature birth and associated 

complications. Lung disease can increase the required energy expenditure that is necessary for 

maintenance and catch up growth. Only Field, 2005
63

 reported oral feeding and did so as a 

secondary outcome measure. Reports from pediatricians revealed that three of 25 infants who 

received iNO had a stoma for feeding. Of these infants, only one was limited to feeding through 

the stoma only; two infants also took some pureed feeds orally. One infant who did not receive 

iNO (of 18) was limited to liquid feeds through a tube but did not have a surgical ostomy placed 

for feeding. Five iNO infants and four controls could only manage pureed foods. The remainder 

(17 iNO and 13 control infants) could also manage eating lumps (Appendix E, Evidence Table 

15).  

 Pulmonary and other health outcomes. There were two cohort studies and four randomized 

controlled trials that reported pulmonary outcomes beyond NICU hospitalization. The reported 

markers of pulmonary health varied among studies and included the use of supplemental oxygen 

or respiratory medications, asthma or wheezing, respiratory disability, feeding tube, and 

recurrent aspiration.  

 The safety and efficacy study by Clark, 2002
71

 included infants < 1250 grams birth weight, 

on mean airway pressure of > 7cm H20 and FiO2 > 40 percent at 10 to 30 days of age. The focus 

of the study was safety and short term efficacy. However, records of 25 of the 29 survivors were 

available at six months of age and revealed that 10 of the infants continued to require 

supplemental oxygen (40 percent) (Appendix E, Evidence Table 15).  

 Cheung, 1998 reported on the ten survivors from the cohort of 24 infants who received iNO 

as rescue therapy for severe hypoxemic respiratory failure. Eight were diagnosed with 

bronchopulmonary dysplasia; all had supplemental oxygen discontinued by 10 months corrected 

age. Other pulmonary issues reported at followup that occurred in the range of 13 to 40 months 

corrected age include recurrent aspiration pneumonia (1/10), and chronic lung disease requiring 

bronchodilator therapy on a regular basis (1/10). Four of the 10 children had recurrent wheezing 

episodes and used bronchodilator therapy intermittently
72

 (Appendix E, Evidence Table 15). 

 Hibbs, 2007 reported the pulmonary outcomes at one year of 85 percent of the survivors 

enrolled in Ballard, 2006. 
34, 44

 The control group had a greater prevalence of reported pulmonary 

morbidity at one year of age when compared to the iNO group, based on respiratory symptoms 

(56.4 percent versus 49.6 percent ; OR 0.70 (0.48–1.03)), use of diuretics (28.4 percent versus 

18.6 percent; OR 0.54 (0.34, 0.85)), systemic (17.7 percent versus 11 percent; OR 0.56 (0.32, 

0.97)), and inhaled steroids (32.4 percent versus 19.8 percent; OR 0.50 (0.32, 0.77)), inhaled 

bronchodilators (54.1 percent versus 40.1 percent; OR 0.53 (0.36, 0.78)), and supplemental 

oxygen (9.4 percent versus 3.0 percent; OR 0.30 (0.13, 0.73)) at time of followup. Similarly, a 

greater percentage of the control infants had received supplemental home oxygen at some time 

since NICU discharge when compared to infants who had received iNO (49.5 percent versus 

38.4 percent; OR 0.65 (0.44, 0.95)). However, there was no difference between the two groups in 

the percent who were rehospitalized for respiratory complications, or for any reason (21.9 

percent versus 22.6 percent; OR 1.03 (0.65, 1.62)) (Appendix E, Evidence Table 15). 

 Field, 2005
63

 reported respiratory outcomes from assessments by pediatricians in the first 

year of life for 25 of 55 who had received iNO and 18 of 53 infants who had not. Three iNO 

infants required respiratory support day or night, and three required supplemental oxygen. Ten 

used bronchodilators since discharge, and five used steroids. Respiratory symptoms in the three 

months prior to assessment included coughing at night (8 infants) and wheezing day or night (13 
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infants). Nine iNO infants had respiratory signs and symptoms on exam by the pediatrician. Two 

control infants required respiratory support day or night, and one required supplemental oxygen. 

Seven had used bronchodilators since discharge and five had used steroids. Respiratory 

symptoms in the three months prior to assessment included coughing at night (5 infants) and 

wheezing day or night (11 infants). Four control infants had respiratory signs and symptoms on 

exam by the pediatrician (Appendix E, Evidence Table 15).  

 Watson, 2009
36

 assessed the outcomes of premature infants with respiratory failure who were 

randomized to receive iNO versus standard therapy. One year outcomes for these infants focused 

on health resource utilization and neurodevelopment. Use of supplemental oxygen at home was 

not a primary outcome variable but was reported as: 1) percentage of infants using supplemental 

oxygen prior to one year corrected age; 2) percentage on oxygen at one year of age; 3) duration 

of supplemental home oxygen. There were no significant differences in any of these measures by 

study arm when the entire group was evaluated. However, when stratified into birth weight 

categories, the smallest infants (500 to 749 g) who did not receive iNO had an advantage; fewer 

required supplemental oxygen at one year corrected age (4 percent versus 11.7 percent, p-value < 

0.04).  

 Our meta-analysis including the trials of Field, 2005 and Hibbs, 2007, showed a statistically 

significant lower risk for those receiving iNO therapy compared to controls in the need for 

bronchodilator, RR 0.75 (0.62, 0.91), and steroid therapy, RR 0.62 (0.46, 0.85), but not in 

wheezing, RR 1.14 (0.56, 2.32). 

 Respiratory health was one of the domains assessed at four to five year followup by Huddy, 

2008.
35

 Twenty of 22 iNO infants and 15 of 16 control infants were reported to have no 

respiratory disability. The remaining infants in each group (2 iNO, 1 control) had mild 

respiratory disability (Appendix E, Evidence Table 15). 

 

Conclusion 
 
 Our search identified twelve articles that included outcomes into early childhood. Six 

randomized controlled trials provided the baseline population for nine followup studies. Only 

Field, 2005 includes any post NICU followup among primary outcome measures, and this study 

included just over half of the planned sample size for this outcome. We also identified three 

cohort studies addressing long term outcomes. The two prospective cohort studies do not include 

controls for comparison. The controls in the retrospective cohort study are chosen from an earlier 

time period when practice standards other than just iNO use may have differed. Therefore, 

evidence to definitively answer any facet of this key question is not adequate. 

 Few individual studies and none of the meta-analyses revealed a significant association 

between neonatal iNO exposure and any neurodevelopmental outcome up to five years of age. 

For CP the two studies that did show associations conflicted in the direction of association. 

Tanaka, 2007 reports a decreased incidence of CP in the iNO group and Hintz reports an increase 

in CP in the iNO group. Both studies also had design or statistics issues that limit interpretation 

of the results. Mestan, 2005 reported a lower incidence of MDI < 70, NDI and the composite 

variable, death or NDI in those treated with iNO from Schreiber, 2003. This provides 

consistency, as the latter found a lower rate of CLD or death, and significant perinatal brain 

injury in the iNO treated infants. Of the studies that report growth parameters, Mestan, 2005 also 

reported the only difference in any anthropometric measure; the iNO treated infants were heavier 

at the time of followup. This set of results provides an incentive to pursue additional randomized 
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controlled trials of iNO in premature infants with primary outcomes, such as neurodevelopment, 

that extend into early childhood.  

 Of the studies that reported pulmonary outcomes after NICU discharge, only Hibbs, 2008
44

 

found significant associations that favor iNO use in the NICU; iNO treated infants from Ballard, 

2006 were less likely to use bronchodilators and steroids at one year of age corrected for 

prematurity than controls. Field, 2005 provided the only other comparable data for meta-

analyses. This study increased total sample in the meta-analyses by only 10 percent and the 

addition of this study to the meta-analysis did not have any significant influence on the results. 

Meta-analyses found statistically significantly lower use of bronchodilators and steroids in the 

iNO treated infants at followup. Ballard, 2006 treated infants with iNO or study gas at a later 

chronological age than most RCTs (at 7 to 21 days) and for the longest duration, a minimum of 

24 days. This is compelling evidence, but it is not sufficient to recommend routine use of iNO 

for protection against chronic respiratory illnesses of childhood. It does, however, warrant 

directing focus to additional RCTs of iNO use in premature infants in the NICU and considering 

that the timing of initiation and duration of therapy may play an important role in outcome. 

Design of future studies should focus on early childhood outcomes, with definitive and objective 

outcome measures. 

 
Key Question 4. Does the effect of iNO therapy on BPD 

and/or death or neurodevelopmental impairment vary 
across subpopulations of premature infants? 

 
Major Findings 
 
● There is insufficient evidence to determine whether the effect of iNO therapy on mortality, 

BPD, or motor impairment differs by the birth weight of the treated infants. 

● There is insufficient evidence to evaluate the relationship between iNO therapy and infant 

sex, race/ethnic group, gestational age, or socioeconomic status. 

● There are no published data available to evaluate the association between iNO therapy and, 

antenatal steroids, chorioamnionitis, multiple birth, or growth restriction. 

● There is insufficient evidence concerning the relationship between iNO therapy and the 

severity of illness.  

● There is insufficient evidence that iNO therapy improves outcome of infants suffering 

respiratory failure from pulmonary hypoplasia, respiratory distress syndrome or pulmonary 

hypertension. 

● There is no consistent pattern of infants that respond to iNO therapy and those that do not.  

 

Detailed Analysis 
 
 Six randomized controlled trials,

34, 37, 40, 58, 63, 62
 four with long term followup,

30, 36, 56, 57
 and 

seven other studies
38, 68, 69, 70, 73, 74, 77

 addressed one or more subpopulations of interest in this Key 

Question (Table 9).  

 Four RCTs investigated whether iNO therapy has a differential effect by birth weight
37, 40, 58,

 
34

; three of the trials
34, 37, 40

 reported long term followup.
30, 36,

 
57

 Birth weight subgroup analyses 
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were planned a priori in two trials
34, 37, 58

 and were done post hoc for the other two trials.
40, 58

 

Three trials enrolled infants at < three days of age,
40, 58, 92

 while the fourth RCT enrolled infants 

at seven to 21 days of age. 
34

 

 Only small numbers of trials have addressed the effect of iNO therapy on other 

subpopulations including the severity of infant illness, as measured by the oxygenation index 

(OI)
40, 58, 63

 or respiratory severity score,
34

 race,
34, 37, 57, 62

 sex,
34, 57, 62

 gestational age, 
62

 

pulmonary hypertension,
38

 and pulmonary hypoplasia.
69, 77

  

 Descriptions of studies that evaluate iNO therapy in subgroups of infants by demographic 

characteristics are reviewed first below. Studies that evaluated iNO therapy by severity of illness 

indicators and causes for respiratory failure follow (Appendix E, Evidence Tables 3 and 4; Table 

9). 

 Birth weight. The evidence for the effect of iNO is presented in standard birth weight 

groupings: < 750 g, 750 to 999 g, 1000 to 1250 g, < 1000 g, > 1000 g, and others. For individual 

studies, the birth weight stratum may vary slightly from the category heading. For instance, 

results for a study using the stratum < 750 g are included under the heading < 750 g. Ballard, 

2006
34

 is an exception as infants were categorized into birth weight groups of 500 to 799 g and 

800 to 1250 g. This trial has been reviewed in the birth weight category of < 750 grams and 1000 

to 1250 grams birth weight  

 Birth weight < 750 g. In two trials,
30, 71

 including one with 384 infants with birth weight 

between 500 g and 749 g, there was no difference in mortality in the NICU,
37

 or survival without 

chronic lung disease
58

 between those treated with iNO and controls. In followup to a third trial,
40

 

mortality at 18 to 22 months was significantly higher in the iNO group compared with the 

controls (73 percent versus 56 percent; p-value = 0.01).
30

 A fourth trial, Ballard 2006
34

, reported 

no significant difference between infants treated with iNO and controls in survival without CLD 

at 36 wks PMA (RR 1.26 (0.98, 1.62)) or death (RR 1.02 (0.96, 1.08)), among infants with birth 

weight of 500 to 799 g
80

 (Appendix E, Evidence Table 16). 

 No difference was reported in the incidence of BPD at 36 weeks PMA between groups for 

the three trials that reported the outcome.
34, 37, 40

 At one year corrected age, Watson 2009
36

 

reported more infants treated with iNO in Kinsella, 2006 
37

 remained on oxygen compared with 

control infants (11.7 percent versus 4 percent, p-value = 0.04). (Appendix E, Evidence Tables 

16).  
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Table 9. Summary of outcomes for RCTs addressing KQ4 

Subanalysis Outcome Number of Studies Total sample 
size 

Birth weight < 750 g 
 

Death 3
30

 573 

BPD at 36 weeks PMA 5
34, 36, 37, 40, 44

 1464 

Death or BPD 4
37,34, 36, 58

 1355 

Survival without BPD 2
34, 58

 601 

NDI 2
30, 36

 254 

Death or NDI 1
30 

 94 

Birth weight 750-999 g 
 

Death 2
37, 40

 388 
BPD at 36 weeks PMA 1

37, 40
 380 

Death or BPD 2
36, 37, 40

 865 
Survival without BPD 1

58
 57 

NDI 2
36, 37, 40

 384 

Death or NDI 1
36

 273 

Birth weight <1000 g 
 

Death 1
30, 40

 316 

BPD at 36 weeks PMA 1
40

 155 

Death or BPD 1
40

 316 

Birth weight 1000-1250 g 
 

Death 1
36, 37

 129 

BPD at 36 weeks PMA 1
37

 129 

Death or BPD 2
36, 37

 251 

NDI 1
36

 77 

Other Birth weight 
categories 
 

Death 3
34

,*
58

,†40
,
‡30

 343 
BPD at 36 weeks PMA 3

34
,
§58

,†40‡
 343 

Death or BPD 1
40‡

 104 
Survival without BPD 2

34
,
§58† 239 

Survival with BPD 2
34

,
§58† 239 

Gestational age Survival without BPD 1
62

 795 

Sex Survival without BPD 1
62

 795 

Race 
 

Survival without BPD 1
34

 582 

Death, ICH, and PVL 1
37

 793 

Socioeconomic status NDI 1
57

 396 

OI 
 

Risk of Death 1
40, 63

 108 

BPD and Death or BPD 3
40, 58, 63

 726 

NDI 1
56

 138 

Death or disability 1
63

 108 

Respiratory severity 
score 

Survival w/o BPD 1
34

 582 

NDI 1
57

 477 

RDS 
 

BPD at 36 weeks PMA 1
63

 108 

Death or NDI 1
63

 108 

Pulmonary hypoplasia Death 2
69, 77

 30 

BPD at 36 weeks PMA 2
69, 77

 25 

Death or BPD 1
77

 12 

NDI 1
77

 4 

Pulmonary HTN Cerebral Palsy 1
38

 31 

Responders vs. 
nonresponders 
 

Death 3
68, 70, 73, 74

 169 

BPD, ventilator dependant 
survivors 

1
70, 74

 105 

Survival to discharge 1
73

 41 

* Birth weight 500-799g 
† Birth weight 1000-1500g 
‡
Birth weight >1000g 

§
Birth weight 800-1250g 

 

BPD = Bronchopulmonary Dysplasia; PMA = Post menstrual age; NDI = Neurodevelopmental impairment; IVH = 

Intraventricular hemorrhage; ICH: Intracranial Hemorrhage; PVL = Periventricular leukomalacia; CP = Cerebral palsy 
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 No meta-analyses were conducted for this Key Question because of the differences in the 

definitions of subgroups across studies and the reported outcomes measured.  

 Similar rates of the composite outcome death or BPD at 36 weeks PMA were reported for 

iNO treated infants and controls in all three studies that reported this outcome. 
34, 37, 58

 In one 

followup study, the combined outcome of death or an oxygen requirement to one year of age 

occurred in 37 percent of infants in each group
36

 (Appendix E, Evidence Tables 16). 

 Inhaled nitric oxide therapy did not improve neurodevelopmental outcome in this birth 

weight category. Neurodevelopmental impairment (NDI) was similar between iNO treated 

infants and controls when measured by Hintz 2007 at 18 to 22 months corrected age (NDI 

defined as including any of the following: moderate to severe CP, blind, deaf, MDI < 70, or PDI 

< 70),
36

 by Walsh, 2010 at 24 months corrected age (NDI defined as moderate or severe CP, 

bilateral blindness, bilateral hearing loss requiring amplification, or score <70 on the Bayley 

Scales MDI or PDI) (RR 0.85 (0.67, 1.08))
57

, and by Watson 2009 at one year of age corrected 

for gestational age at birth (NDI defined as including any of CP, blindness, severe hearing loss, 

MDI < 70 or PDI < 70). 
30

 In two followup studies
30, 36

 the composite outcome death or NDI was 

similar between the groups. The composite death or moderate to severe CP occurred more 

frequently in the iNO treated infants than controls (81 percent versus 62 percent, p-value = 

0.0039), in one study. 
30

 (Appendix E, Evidence Table 16).  

 Birth weight 750 to 999 g. No differences were reported between iNO and control infants in 

this subgroup with respect to mortality, BPD, the combined outcome of death or BPD, 

neurodevelopmental impairment (NDI),
37, 40

 or survival without BPD
58

 in the three studies. 

Watson, 2009 reported that iNO treated infants had lower rates of death or NDI at one year 

compared with controls (32.1 percent versus 44.4 percent, p-value=0.04), as well as a decreased 

rate of the combined outcome of death, on oxygen, or NDI at one year corrected age (32.9 

percent versus 45.1 percent, p-value = 0.04)
36

 (Appendix E, Evidence Table 16).  

 Birth weight <1000 g. Only one study examined this birth weight subgroup, using post hoc 

analyses. The iNO treated infants had a higher mortality rate than the control group (62 percent 

versus 48 percent, RR 1.28 (1.06, 1.54)), but they also had a higher rate of severe (Grade 3 or 4) 

IVH (43 percent versus 33 percent, RR 1.40 (1.03, 1.88)). No difference was found in the 

incidence of BPD, or the composite outcome death or BPD
40

 (Appendix E, Evidence Table 16). 

 At followup to 18 to 22 months corrected age, the iNO group had a higher rate of death 

(98/152, 64 percent) than the control group (79/152, 52 percent; p-value=0.04). Those treated 

with iNO also had a 22 percent greater rate of death or moderate to severe CP at 74 percent 

(111/151) compared to 59 percent (89/152) in the control group (RR 1.22 (1.05, 1.43) p-value = 

0.01) 
30

 (Appendix E, Evidence Table 16).  

 Birth weight 1000 to 1250 g. The largest RCT that described birth weight subgroups and 

outcomes is Kinsella, 2006.
37

 For this higher birth weight stratum, Kinsella reported a significant 

reduction in the combined outcome of death or BPD for the iNO treated infants (38.5 percent 

versus 64.1 percent, RR 0.60 (0.42, 0.86)), as well as a lower rate of BPD alone (29.8 percent 

versus 59.6 percent, RR 0.50 (0.32, 0.79)), although there was no difference in death alone. In 

followup at one year corrected age, there were no significant differences in the incidence of NDI, 

death, subjects on oxygen, or any composite outcomes
36

 (Appendix E, Evidence Table 16). 

 In the Ballard, 2006 RCT,
34

 which stratified infants across the wider birth weight category of 

800 to 1250 g, there was no significant difference for iNO treated infants compared with controls 

for death (RR 1.00 (0.95, 1.06)) or survival without BPD at 36 wks PMA (RR 1.25 (0.88, 

1.79)).
80

 There was also no significant difference between iNO treated infants and controls for 
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BPD alone (51.5 percent versus 61.5percent) nor death or survival with BPD (54.6 percent 

versus 64.8 percent).
80

 In followup at two years corrected age,
57

 there was no difference between 

groups in the incidence of NDI (RR 1.07 (0.76, 1.50)). 

 Other birth weight groups including infants larger than 1250 g. No differences were reported 

for any outcome in studies that reported birth weights of 1000 to 1500 g
40, 58

 or >1500 g.
58

 

However, in post hoc analyses for the subgroup of infants with birth weight > 1000g, Van 

Meurs, 2005
40

 found a lower rate of the composite outcome of death or BPD for the iNO treated 

group compared to controls (50 percent versus 69 percent, p-value = 0.03; RR 0.72 (0.54, 0.96)), 

but no difference in death or BPD alone (Appendix E, Evidence Table 16). 

 We determined that meta-analyses of trials reporting outcomes by birth weight subgroups 

would not be performed due to the differences in definitions of birth weight categories, the 

marked variability in iNO administration and differences in outcomes reported in these few 

trials.  

 Gestational age. Mercier, 2010
62

 assessed the relationship between iNO and gestational age 

at birth in infants born at less than 29 weeks. A similar incidence in survival without BPD at 36 

weeks PMA was reported for infants treated with iNO therapy and controls resulting in a risk 

ratio for those with gestational age <26 weeks of RR 1.14 (0.71, 1.82), and for those with 

gestational age ≥26 weeks of RR 0.94 (0.64, 1.38) (Appendix E, Evidence Table 16). 

 Sex. Two RCTs commented on the association of iNO therapy and an infant’s sex. In post 

hoc analysis, Ballard, 2006
34

 stated that there was no difference in the response to iNO according 

to sex, but no data were shown. In the two year followup to Ballard, 2006, Walsh, 2010 reported 

there was no interaction between treatment with iNO and infant sex for the composite outcome 

NDI.
57

 

 Mercier, 2010
62

 also showed no treatment effect by sex with similar relative risks of survival 

without BPD at 36 weeks PMA among girls treated with iNO compared with controls, RR 1.18 

(0.76, 1.83), and boys treated with iNO compared with controls, RR 0.85 (0.58, 1.26) (Appendix 

E, Evidence Table 16).  

  Race/ethnicity. Kinsella, 2006
37

 performed post hoc analyses and found no significant effect 

of race or ethnic group on the composite outcome of death, ICH or PVL following iNO 

treatment. In a post hoc analysis by Ballard, 2006
34

 the effect of iNO did not differ significantly 

according to race or ethnicity (p-value = 0.06).
75

 The risk ratios for survival without BPD at 36 

weeks PMA by individual race follow: whites RR 1.06 (0.76, 1.47), blacks RR 1.72 (1.20, 2.47), 

Hispanics RR 1.66 (1.06, 2.59), and other 0.54 (0.25, 1.14).
80

 Walsh 2010, in two year followup 

to the Ballard, 2006 trial, found no significant interaction between iNO treatment and race, white 

infants versus non-white infants, in NDI .
57

 Mercier 2010
62

 reported no difference between those 

receiving iNO and controls in survival without BPD for black infants, RR 1.49 (0.61, 3.65), or 

non-black infants, RR 0.94 (0.69, 1.28). (Appendix E, Evidence Table 16). None of the studies 

reporting on race/ethnicity were powered to address these subgroups. 

 Socioeconomic status. In the only study to consider socioeconomic indicators of outcome, 

Walsh, 2010 reported no statistically different risk of NDI at two year followup for infants 

treated with iNO and controls when mothers had less than a high school education, RR 0.77 

(0.46, 1.30), compared to those that had a high school education or greater, RR 0.92 (0.72, 

1.17)
57

; no data was provided in the original trial
34

 (Appendix E, Evidence Table 16). 

 Other subgroups. There were no trials that specified outcomes by subgroups of exposure to 

antenatal steroids, chorioamnionitis, multiple births, and small for gestational age. 
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 Description of trials based on severity of illness. 

 Oxygenation index. Three RCTs used the oxygenation index (OI, OI = mean airway pressure 

in cm H2O x fraction of inspired O2 x 100)/postductal arterial partial pressure of O2 (PaO2) in 

mm Hg) as a surrogate measure of severity of illness.  

 The study of Van Meurs, 2005
40

 required an OI  >  10 on two consecutive arterial blood 

gases (ABGs) for study entry. Following the first interim analysis, due to a higher than expected 

mortality rate in both treatment and control arms, the respiratory criteria for study entry were 

revised to an OI >  five followed by an OI > 7.5. In infants with birth weight 401 to 1500 g, the 

mean OI (SD) at randomization was 23+17 for the iNO treated infants and 22 + 17 for the 

controls. Post hoc analysis indicated no interaction between iNO treatment and OI stratum. The 

risk of death, BPD, and death or BPD were similar between the iNO treatment and control 

groups for those with a median OI < 17 and for those with OI > 17 at the time of randomization. 

Severe IVH or PVL rates were similar between groups within the OI strata
40

 (Appendix E, 

Evidence Table 16).  

 Field, 2005 reported on a total cohort of 108 subjects with a notably high severity of illness 

as assessed by OI. At study entry, the iNO treated group had a median (IQR) OI of 32.9 (22.2, 

49.8), and 55 percent had an OI > 30 as compared to the control group median OI 31.9 (17.4, 

51.8), and 53 percent with an OI > 30. When primary outcomes were stratified by OI < 30 or > 

30, there were no significant differences in death or severe disability (defined as no/minimal 

head control or inability to sit unsupported or no/minimal responses to visual stimuli) (RR 0.99 

(0.76, 1.28), p-value = 0.62); death or supplemental O2 at expected date of delivery (RR 0.83 

(0.68, 1.02), p-value = 0.87); or death or supplemental O2 at 36 weeks PMA (RR 0.98 (0.87, 

1.12), p-value = 0.81) in the iNO group compared to controls
63

 (Appendix E, Evidence Table 

16). 

 In Schreiber, 2003,
58

 a post hoc analysis was performed, stratified by OI as a measure of 

severity of illness. For the group of iNO treated infants with OI < 6.94 (median), there was a 

significantly decreased risk of the composite outcome death or survival with CLD compared 

with the placebo group (36 percent versus 67.4 percent; RR 0.53 (0.35, 0.81)). There was no 

significant difference for the subgroup with OI > 6.94. Mestan, 2009
56

 reported the 

neurodevelopmental outcomes at a corrected age of two years for the cohort of survivors (N = 

138). In a post hoc analysis, in comparison with the placebo group the iNO treated group with 

initial OI < 6.94 had no significant difference in abnormal neurodevelopmental outcome (defined 

as either disability (CP, bilateral blindness, or bilateral hearing loss) or delay (MDI < 70 or PDI 

<70), RR 0.52 (0.26, 1.01), but for the iNO treated infants with initial OI > 6.94 there was 62 

percent lower risk for abnormal neurodevelopmental outcome, RR 0.38 (0.16, 0.93) (Appendix 

E, Evidence Table 16).  

 We opted not to undertake a meta-analysis since these three RCTs had such a wide disparity 

in the OI criteria used, rendering them much less clinically comparable. The relatively low 

median OI in the Schreiber trial
58

 reflects a population of infants presumably less critically ill 

than those in the Van Meurs trial
40

 with a median OI of 17, and markedly less critically ill then 

those infants in the Field trial
63

 with more than half having an OI > 30. The Mestan study is the 

only one to report neurodevelopmental outcomes by OI. 

 Respiratory severity score. In Ballard, 2006,
34

 a simplified respiratory severity score was 

used, calculated as the mean airway pressure x FiO2, since actual PaO2 (needed to calculate the 

OI) was often not available. At study entry, the median severity score was 3.5 for both iNO 

treated and control groups, and was noted to be equivalent to an OI in the range of five to nine. 
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In post hoc analyses, there was no interaction between the severity score at study entry and 

treatment for the outcome survival without CLD at 36 weeks PMA.
34, 80

 Followup at two years 

corrected age showed no difference in NDI between iNO treated and control infants if the 

respiratory severity score was < 3.5, RR 0.93 (0.69, 1.26) or > 3.5, RR 0.93 (0.72, 1.19)
57

 

(Appendix E, Evidence Table 16). 

 Other measures of severity of illness. We found no trials that studied the effect of iNO 

therapy by subgroups defined by oxygen requirement alone.  

 Description of trials based on causes of respiratory failure. 

 Respiratory distress syndrome. In Field, 2005, the primary outcome measures were stratified 

by principal diagnoses, defined as acute preterm lung disease (presenting immediately after birth 

and randomized at < 3 days of age), chronic preterm lung disease (presenting immediately after 

birth and randomized for continuing problems after 3 days of age), and other (developed lung 

disease after recovering from an initial respiratory problem). There were no differences between 

iNO treated infants and controls in death or supplemental O2 at 36 weeks PMA, RR 0.98 (0.87, 

1.11); death or supplemental O2 at the expected date of delivery, RR 0.83 (0.68, 1.01); or death 

or severe disability, RR 0.99 (0.76, 1.28) 
63

 (Appendix E, Evidence Table 16). 

 Pulmonary hypoplasia. In very low birth weight preterm infants, pulmonary hypoplasia can 

occur following maternal preterm premature rupture of membranes (PPROM) > five days with 

subsequent oligohydramnios, and may further be complicated by persistent pulmonary 

hypertension. Two groups of investigators conducted retrospective analyses of infants with 

suspected pulmonary hypoplasia. In a subset analysis of infants with suspected pulmonary 

hypoplasia from the two Van Meurs trials, Chock, 2009
77

 compared six infants exposed to iNO 

with six controls; the infants were similar at baseline. There was no statistically significant 

difference between iNO treated infants and controls in death (33 percent versus 67 percent, p-

value = 0.57), BPD at 36 weeks PMA in the seven survivors (2/5 (40 percent) versus 2/2 (100 

percent), p-value = 0.43)), or death or BPD (50 percent versus 100 percent, RR 0.50 (0.22, 

1.11)). At 18 to 22 months followup, none of the four surviving iNO treated infants assessed had 

NDI (defined as moderate to severe CP, blindness, or deafness); the two survivors from the 

placebo group were lost to followup, and thus no comparisons were made. Uga, 2004
69

 

compared eight infants treated with iNO to 10 controls. All eight infants treated with iNO 

survived to 28 days compared to 5/10 control infants (p-value < 0.05). The groups had similar 

rates of BPD (undefined) (Appendix E, Evidence Table 16).  

 A meta-analysis was not performed for these two retrospective cohort studies with very 

limited numbers of infants enrolled, and widely different time points for death, i.e., prior to 

discharge home or within 365 days in hospitalized infants
77

 versus seven and 28 days.
69

 

 Pulmonary hypertension. In persistent pulmonary hypertension of the newborn (PPHN), the 

pulmonary vascular resistance remains elevated in the newborn period, and it is the primary U.S. 

FDA approved indication for iNO in the term and near term infant population. In a retrospective 

case control study of 31 singleton preterm infants at median 25 weeks gestational age (IQR 24 – 

28 weeks) with clinical pulmonary hypertension confirmed by echocardiography, Tanaka, 2007 

reported that at three years of age 2/9 (22.2 percent) infants with CP had been treated with iNO 

compared to 14/22 (63.6 percent) infants without CP
38

 (Appendix E, Evidence Table 16).  

 iNO responders compared to nonresponders. Four studies reported primary outcomes by the 

presence or absence of response to iNO therapy. Yadav, 1999 reported results from a 

retrospective study of iNO given to 41 preterm infants with a mean OI of 40 on maximal medical 

therapies. Response to an initial 10 ppm iNO was defined as a decrease in OI by > 10 at one hour 
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of treatment. The 26 responders and 15 nonresponders were similar with respect to birth weight, 

gestational age, and OI at the start of treatment. Death was reported as 11/26 (42 percent) for 

responders but 14/15 (93 percent) for nonresponders. In a multivariable model, early response to 

iNO was associated with survival to discharge (p-value = 0.01)
73

 (Appendix E, Evidence 

Table16). 

 Banks, 1999 studied iNO usage in severe BPD in 16 ventilator dependent preterm infants 

more than a month old (range 1 to 7 months). In this open label non controlled trial, iNO was 

administered at 20 ppm for the first 72 hours, then titrated slowly (median duration 27 days) for 

responders or discontinued in 24 hrs for nonresponders. Non response was defined as a 10 

percent increase in oxygen requirement, a PaCO2 of 70 mm Hg on baseline ventilator settings, 

worsening chest x ray, or a methemoglobin of > five percent within 72 hours of starting iNO 

therapy. Mortality for the overall cohort was 44 percent (7/16). For iNO responders, 4/11 (36 

percent) died over the range of 11 days to five months, while in the nonresponder group 3/5 (60 

percent) died and the two survivors remained ventilator dependent
70

 (Appendix E, Evidence 

Table 16).  

 Kumar, 2007 performed a retrospective chart review of preterm infants < 37 weeks 

gestational age at birth with pulmonary hypertension treated with iNO. Pulmonary hypertension 

was diagnosed by echocardiography within the first four weeks of life; iNO treatment at doses of 

5 to 15 ppm was at the discretion of the clinical team after an infant failed standard medical 

management. Within the gestational age range of interest in this evidence report, < 34 weeks 

gestation, response to iNO was least likely to occur in the most immature infants: only 1/6 (16 

percent) of infants < 29 weeks responded to iNO, defined as an increase in postductal PaO2 of 20 

mm Hg or greater within 30 minutes without any change in inspired oxygen, while 5/6 (83 

percent) of infants 29 to 31 weeks gestation, and 5/6 (83 percent) of infants 32 to 34 weeks 

gestation responded to iNO
68

 (Appendix E, Evidence Table 16). Mortality was significantly 

higher for the non responders (6/8, 75 percent) compared to iNO responders (4/15, 26 percent) (p 

< 0.04) (Appendix E, Evidence Table 16). 

 In a pilot study of the European iNO Registry, Dewhurst 2010,
74

 reported the outcome for 44 

preterm infants <34 weeks gestational age at birth. Infants with congenital heart disease were 

excluded. Infants were treated with a median starting dose of iNO of 20 ppm (range 3.3 to 25 

ppm), and a median maintenance dose of 10 ppm (range 0.7 to 25 ppm). Response to iNO was 

defined as a 15 percent reduction in the baseline OI within 30 to 60 minutes of starting therapy; 

26 infants responded and eight did not. Infants that responded to iNO were younger than non 

responders (median (IQR) gestational age at birth, 26 (25 to 29) weeks versus 29 (27 to 30) 

weeks, p-value = 0.043) and had a significantly higher baseline oxygen requirement (median 

(IQR) Fi02 1.0 (0.9, 1.0) responders versus 0.8 (0.5, 1.0) non responders; p-value = 0.021). Birth 

weight, age at starting iNO, starting dose, and baseline OI were similar between responders and 

non responders. There was no difference in mortality: 12 of the 21 responders for whom 

complete data were available died; 5/8 non responders died (Appendix E, Evidence Table 16). 

 No meta-analysis for the iNO responder versus non responder studies was undertaken due to 

the wide variations in iNO dosage and timing, as well as the variability and incomplete 

description of the diagnoses underlying the respiratory failure in these preterm cohorts. 
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Conclusions  

For the question of whether iNO therapy has an effect on the major outcomes of interest 

(death and/or BPD or neurodevelopmental impairment) across various subpopulations of 

premature infants, we reviewed 17 studies which included six original RCTs,
34,

 
37, 40, 58, 63, 74

 with 

four followup studies,
30, 36, 56, 57, 77

 and seven other studies,
38, 68, 69, 73, 70, 74, 77

 As noted in the 

conclusion of Key Question 1, some of the studies that reported no significant differences in 

rates of death, BPD at 36 weeks PMA, or the composite outcome death or BPD at 36 weeks 

PMA for the overall cohort did find statistically significant subgroup differences. For example, 

two studies
37, 40

 report decreased rates of one or more of the major outcomes among infants with 

birth weight > 1000 grams.
36, 56

 The lack of consistency in defining or subdividing certain 

subgroups, (e.g., by birth weight, or oxygenation index) hampered the ability to answer this Key 

Question. In addition, many of the subgroup analyses performed were by post hoc analyses (e.g., 

birth weight, race), increasing the need for cautious interpretation of results. Some of the specific 

subpopulations of interest had little or no outcomes related data at all. Based on the current body 

of evidence, no definitive and generalizable conclusions may be made about iNO treatment in 

specific subpopulations. Future research is needed to examine the role of iNO treatment in these 

and alternative subgroups, so as to more clearly define populations of preterm infants which may 

benefit most from this therapy.  

Key Question 5. Does the effect of iNO therapy on BPD 
and/or death or neurodevelopmental impairment vary by 

timing of initiation, mode of delivery, dose and duration, or 
concurrent therapies? 

 
Major Findings 
 
● There is insufficient evidence to determine if initiating iNO therapy for acute respiratory 

distress at < three days reduces the risk of death or bronchopulmonary dysplasia (BPD) at 36 

weeks PMA, or death and neurodevelopmental disability at one year of age, corrected for 

gestational age at birth.  

● In infants with developing BPD, there is insufficient evidence to determine if treatment with 

iNO during the second week after birth improves survival without BPD compared with 

treatment during the third week after birth.  

● There is insufficient evidence to determine the effect of delivery of iNO by high frequency 

ventilation on either death or BPD, or neurodevelopmental outcome compared with 

conventional ventilation.  

● There is insufficient evidence to support an optimal dose of iNO or duration of exposure to 

improve outcome or prevent harm. 

● There is insufficient evidence to determine the effect of iNO with concurrent therapy. 
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Detailed Analysis 
 
 Fourteen RCTs reported in 21 papers addressed this key question. Two trials investigated the 

timing of the initiation of iNO therapy,
34, 63

 and two the mode of drug delivery, conventional or 

high frequency ventilation.
40, 58

 The dose of iNO varied considerably among the 14 studies. To 

examine the effect of dose on the primary outcomes, studies were categorized into those that 

administered iNO at only 5 ppm,
37, 59, 62

 those that delivered a maximum dose of 10 ppm,
39, 40, 58, 

61, 67
 and those that gave 20 ppm or titrated the dose to the patients’ response.

34, 60, 63-66
 Duration 

of iNO exposure also varied considerably among the 14 studies, from three to four days
64

 to a 

minimum of 24 days.
34

 As the majority of the studies administered iNO therapy until extubation, 

the evidence for the effect of duration of exposure of iNO on the primary outcomes of BPD 

and/or death or neurodevelopmental impairment could not be evaluated. Only two studies 

explicitly considered concurrent therapies, specifically systemic steroids, on the effect of iNO 

treatment.
64, 76

  

 All trials reported death or survival, although the time of ascertainment of the outcomes 

varied across studies. If death or survival was reported at multiple endpoints in either the original 

study or in a long term followup publication (e.g., before NICU discharge, and at one year of 

age, corrected for gestational age at birth), the data are included in this evidence report. Seven of 

the randomized trials have reported long term followup.
30, 35, 36, 56, 57, 76, 78

 The followup studies 

have varying definitions of neurodevelopmental impairment (NDI), and use different measures 

of developmental progress, making direct comparison difficult. For questions concerning some 

subgroups (timing of initiation of iNO therapy, and mode of iNO delivery) the analyses are post 

hoc, therefore the results must be considered exploratory, as infants were neither randomly 

assigned to the subgroup, nor was the study powered to consider the variable (Appendix E, 

Evidence Tables 3 and 4; Table 10). The differences in treatment protocols in studies reporting 

on subgroups of infants may make pooled estimates of the effect of iNO therapy spurious, so 

meta-analyses were performed only with RCTs using similar dosing regimens.  

 Timing: Early versus late iNO administration. Two populations of preterm infants have 

been treated with iNO, those with early acute respiratory distress (immediately after birth), and 

those with evolving BPD. Early treatment generally begins within the first three days after birth 

in an effort to improve oxygenation in infants with acute hypoxemia, as in respiratory distress 

syndrome (RDS) or pneumonia. Late treatment may begin any time after three days, with 

evidence of progressive respiratory failure. Theoretically, late treatment avoids exposing an 

infant to iNO who would otherwise have resolving RDS during the first week. The goal of both 

strategies is to prevent the development of BPD and all its sequelae. Although the age at 

initiation of iNO therapy was available for all trials, aggregating studies into meaningful 

categories was problematic; RCTs started iNO therapy at < 48 hours, < 72 hours, < 96 hrs, four 

to 120 hours, < seven days, seven to 21 days, and < 28 days of age. Some trials also had varying 

additional entry criteria concerning severity of illness, further complicating the ability to 

combine studies into clinically meaningful groups. Because of this variability we did not conduct 

meta-analyses; instead we report the results of two RCTs that specifically considered the timing 

of the initiation of iNO therapy, both in post hoc analyses (Appendix E, Evidence Table 17).  
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Table 10. Summary of outcomes for RCTs addressing KQ5 

Subanalysis Outcome Number of Studies  Total sample 
size 

Timing: Early vs. late iNO 
administration 
 

Death 1
34

 582 

Death or BPD 1
63

 108 

Death or Severe 
Disability 

1
63

 108 

Survival without BPD 1
34

 582 

Mode of drug delivery 
 

Death 2
30, 40

 838 

Death or BPD 1
58

 207 

Death or CP 1
30

 399 

Motor Developmental 
Impairment 

1
30 58

 184 

NDI 2
40, 58

 627 

Dose of iNO, 5 ppm 
 

Death 3
37, 59, 62

 1666 

BPD at 36 weeks 3
37, 59, 62

 1563 

Death or BPD 3
37, 59, 62

 1661 

NDI 1
36

 455 

Dose of iNO, 10 ppm 
 

Death 5
39, 40, 58, 61, 67

 839 

BPD at 36 weeks 4
39, 40, 56, 58, 67

 696 

Death or BPD 4
39, 40, 58, 67

 694 

Dose of iNO 20 ppm 
 

Death 6
34, 60, 63-66

 962 

BPD at 36 weeks 5
34, 60, 63-65

 55 

Death or BPD 4
34, 60, 63, 64

 774 

NDI 7
30, 35,  56, 57,  63 ,64, 76 

 977 

iNO with concurrent therapies 
 

Death 2
64, 76

 84 

BPD at 36 weeks 2
64,76

 84 

Death or BPD 2
64,76

 84 
 

BPD = Bronchopulmonary dysplasia; iNO = Inhaled nitric oxide; NDI = Neurodevelopmental impairment;  

CP = Cerebral palsy 

 

 In a small sample, Field, 2005
63

 found a similar risk of death or BPD at 36 weeks PMA in 

infants treated with iNO within three days of birth (25/38, 66 percent) and those treated at four to 

28 days (12/17, 71 percent; RR 0.98 (0.87, 1.11)). There was an advantage to early iNO 

administration when death or BPD was measured at the expected date of delivery (61 percent 

versus 94 percent when iNO was initiated at 4 to 28 days), but the difference was attenuated after 

adjustment for diagnosis (acute lung disease beginning at birth and treated at < three days, 

chronic lung disease with respiratory distress at birth and continuing at four to 24 days; and other 

respiratory distress after recovery from an initial respiratory problem), and severity of illness (OI 

< 30 versus > 30), RR 0.83 (0.69, 1.01). The time of initiation of iNO had no effect on death or 

severe disability, defined as no/minimal head control or the inability to sit unsupported or 

no/minimal response to visual stimuli, at one year of age corrected for gestational age at birth 

(RR 0.99 (0.76, 1.28)). No data were provided on the median time that iNO therapy was initiated 

in the early or late group, but the median (IQR) age of initiation for all infants receiving iNO 

therapy in the study was 1 (0, 6) days, making it unlikely that the groups were very different 

(Appendix E, Evidence Table 17). 

 In a large sample of nearly 600 infants with developing BPD, Ballard, 2006
34

 reported a 

similar incidence of death at 36 weeks PMA between the iNO and placebo groups for those 

entering treatment at seven to 14 days (10.7 percent iNO versus 11.3 percent placebo), or those 

entering treatment at 15 to 21 days (6.6 percent iNO versus 5.8 percent placebo) 
34

 However, the 

likelihood of survival without BPD increased for infants beginning treatment at 7 to 14 days (RR 

1.91 (1.31, 2.78)), a result that was not observed in those beginning treatment later, at 15 to 21 
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days (RR 0.99 (0.77, 1.28)).
34

 This result may have been observed because of damage already 

done to the developing lung before late enrollment (Appendix E, Evidence Table 17).  

 In both of these studies analyses were conducted post hoc, so neither study was powered to 

find a statistically significant difference between the groups (Appendix E, Evidence Table 17).  

 Mode of drug delivery. Two randomized controlled trials, Van Meurs, 2005
40

 and 

Schreiber, 2003
58

 reported outcomes for infants treated with iNO and conventional mechanical 

ventilation compared with those treated with iNO and high frequency ventilation. Patients were 

randomly assigned to ventilation strategy in one trial,
58

 but in the other, analyses were done post 

hoc. 
40

 Both studies reported neurodevelopmental followup to 18 to 24 months of age, corrected 

for gestational age at birth. 
30, 56

 Patients in the two trials differed by birth weight inclusion 

criteria (401 to 1500 grams, 
40

 < 2000 grams 
58

) (Appendix E, Evidence Table 17).  

 Schreiber, 2003
58

 found no difference in the combined outcome of death or BPD at 36 weeks 

PMA between infants randomized to treatment with iNO and conventional ventilation (RR 0.61 

(0.41, 0.90)) compared with placebo and those randomized to iNO and high frequency 

ventilation (RR 0.92 (0.67, 1.26)) compared to placebo. Among survivors, the risk of abnormal 

neurodevelopmental outcome, defined as disability (CP, bilateral blindness, or bilateral hearing 

loss) or developmental delay (a score of <70 on the Bayley Scales of Infant Development II, but 

no disability) was not statistically different between high frequency ventilation and conventional 

ventilation, RR 0.92 (0.58, 1.46) 
56

 (Appendix E, Evidence Table 17). 

 In post hoc analysis, Van Meurs, 2005
40

 reported that iNO delivered by conventional 

mechanical ventilation was associated with a 46 percent increase in the risk of death before 

discharge to home or within 365 days of birth among infants still hospitalized compared with 

placebo (RR 1.46 (1.10, 1.92)). The risk remained elevated at 18 to 22 months of age (RR 1.37 

(1.05, 1.79)).
30

 There was no increase in death, at either time, among infants treated with iNO 

delivered by high frequency ventilation compared to placebo. The risk of developing BPD at 36 

weeks PMA was similar if iNO was delivered by conventional ventilation (RR 0.90 (0.65, 1.24)), 

or high frequency ventilation (RR 0.89 (0.72, 1.10)) (Appendix E, Evidence Table 17). Motor 

development was impaired at 18 to 22 months of age, in those treated with iNO and conventional 

ventilation (CP RR 1.29 (1.03, 1.60)), and there was an increased risk of death or moderate to 

severe CP (moderate CP was defined as the ability to sit independently or with support but 

cannot independently ambulate; severe CP was defined as unable to sit or walk even with 

support), RR 1.29 (1.03, 1.60)
30

 (Appendix E, Evidence Table 17). The risk of disability, defined 

as moderate/severe CP, bilateral blindness, deafness, or MDI or PDI < 70, was not affected by 

mode of iNO delivery, nor was the combined outcome of death or disability (high frequency 

ventilation RR 0.97 (0.70, 1.35); conventional ventilation RR 1.07 (0.64, 1.80)
30

 (Appendix E, 

Evidence Table 17).  

 Although treatment with iNO and conventional ventilation was associated with some 

measures of adverse outcome, the estimates of harm are the result of post hoc analyses and so 

must be considered cautiously (Appendix E, Evidence Table 17). We did not perform a meta-

analysis for mode of delivery as only one study prospectively randomized infants to conventional 

versus high frequency ventilation and the other generated comparisons by post hoc analyses. 

 No data are available on other methods of iNO delivery, such as high or low flow nasal 

cannula, or continuous positive airway pressure. 

 Dose of iNO. The initial dose of iNO varied from 5 ppm to 20 ppm among the 14 

randomized trials. Data in preterm animal models of RDS indicates improvement in oxygenation 

in this range.
93

 Fear of adverse side effects, specifically bleeding with resulting IVH, resulted in 
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limitation of iNO exposure in some studies (Appendix E, Evidence Table 17). For this review, 

studies were grouped as follows: dose restricted to 5 ppm; dose restricted to 10 ppm; dose 

titrated to response with a maximum of dose 20 ppm to 40 ppm, or dose given as 20 ppm. The 

effect of iNO doses on the primary outcomes are reviewed below. Meta-analyses were conducted 

with trials that reported death in the NICU at 36 weeks PMA or later; trials that reported death at 

seven days or 28 days were excluded. Separate meta-analyses were done that excluded Ballard 

2006, because it was the only RCT that delivered iNO for a prolonged period of time (minimum 

24 days); the results did not differ from what is reported. 

 Death. When the dose of iNO was restricted to 5 ppm there was no difference in death at 36 

weeks PMA in two trials with 800 infants enrolled in each, RR 0.79 (0.61, 1.03) 
37

 and RR 1.34 

(0.92, 1.95) 
62

, or in death prior to hospital discharge, RR 0.90 (0.58, 1.40), in one trial with 80 

infants
59

 (Appendix E, Evidence Table 17). The pooled estimate of the risk of death showed no 

significant differences in treatment with this dose of iNO, RR 0.97 (0.70, 1.35) (Figure 16). 

 The risk of death was similar in infants that received iNO therapy at a maximum dose of 10 

ppm compared with those receiving placebo in five randomized controlled trials
39, 40, 58, 61, 67

 

(Appendix E, Evidence Table 17). In the two studies by Van Meurs the risk of death before 

discharge home or within 365 days for those still hospitalized was not improved with iNO 

therapy in infants weighing 401 to 1500 grams birth weight, RR 1.16 (0.96, 1.39),
40

 or those with 

birth weight greater than 1500 grams, RR 1.34 (0.45, 4.00) 
39

 (Appendix E, Evidence Table 17). 

Three other studies found no significant decrease in death in the NICU (RR 0.68 (0.38, 1.20))
58

; 

20 percent iNO versus 30 percent placebo, p-value = 0.494 
67

, or at 28 days (41 percent iNO 

versus 31 percent placebo, no significant difference)
61

 (Appendix E, Evidence Table 17). Meta-

analysis of the four studies that reported death in the NICU at 36 weeks PMA or later confirmed 

no statistically significant difference in death for infants treated with 10 ppm iNO compared to 

controls, RR 1.00 (0.73, 1.38) (Figure 16).  

 No study found a difference in death between infants that were treated with iNO at 20 ppm or 

iNO titrated to response and those given standard care, regardless of whether the outcome was 

measured at seven days,
66

 during NICU hospitalization,
60, 64, 65

 at 36 weeks PMA,
34

 40 weeks 

PMA,
34

 44 weeks PMA,
34

 at one year of age corrected for gestational age at birth
63

, or four to 

five years of age 
35

 (Appendix E, Evidence Table 17). The pooled estimate of the relative risk of 

death at 36 weeks PMA or later during NICU hospitalization showed no statistically significant 

difference between infants given iNO therapy delivered at 20 ppm or titrated to response and 

controls, RR 0.91 (0.63, 1.30) (Figure 16).  

 The RR is similar across each dose category, with little heterogeneity, suggesting that the 

effect of iNO on the outcome of death does not vary by dose. 
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Figure 16. Meta-analysis for dose-stratified death, including only studies that reported death in the NICU at 
36 weeks PMA or later 

 

 BPD at 36 weeks PMA. Bronchopulmonary dysplasia developed as frequently in those 

treated with 5ppm iNO as those treated with standard therapy when measured at 36 weeks PMA 
37, 59, 62

 and when measured prior to hospital discharge 
59

 (Appendix E, Evidence Table 17) The 

pooled estimate of the risk of BPD for the three trials that reported the outcome at 36 weeks 

PMA was RR 0.94 (0.87, 1.02) (Figure 17). 

  The risk of BPD at 36 weeks PMA was mixed when iNO was given at a maximum dose of 

10 ppm. The largest trial, conducted by Van Meurs 2005, with more than 420 infants, reported a 

24 percent decrease in the risk of BPD compared to controls, RR 0.76 (0.58, 0.98).
40

 Three other 

trials, with a combined enrollment of 276 infants, reported no significant difference between 

infants treated with iNO and controls
39, 40, 58, 67

 (Appendix E, Evidence Table 17). A meta-

analysis with all four RCTs found a 25 percent reduction in the risk of BPD at 36 weeks for 

infants treated with iNO at 10 ppm compared to controls, RR 0.75 (0.61, 0.91) (Figure 17). 

 BPD at 36 weeks PMA was common, affecting one third to one half of all infants; the rate 

was not different between infants treated with 20 ppm or iNO titrated to response and those 

receiving standard care in the four RCT that used this dosing strategy.
 34, 63, 64, 65

 The rate of BPD 

was also similar between the groups when defined as an oxygen requirement measured at 40  
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Figure 17: Meta-analysis for dose-stratified BPD at 36 weeks PMA 
 

weeks PMA (22 percent iNO versus 29 percent placebo)
34

, 44 weeks PMA (9 percent iNO versus 

12 percent placebo),
34

 and at one year, corrected for gestational age at birth (15 percent iNO 

versus 6 percent placebo)
60

 (Appendix E, Evidence Table 17). A meta-analysis confirmed no 

significant difference in the risk of BPD at 36 weeks with iNO therapy at this dose, RR 1.00 

(0.74, 1.34) (Figure 17). 

 Death or BPD. There was no reduction in the composite outcome of death or BPD with 

5ppm iNO compared with controls, when measured at 36 weeks PMA, 
37,

 
62

 or prior to hospital 

discharge 
59

 (Appendix E, Evidence Table 17). Meta-analysis with these three trials resulted in a 

RR 0.94 (0.88, 1.01) (Figure 18).  

 Evidence concerning the risk of death or BPD was mixed among the trials that gave 10 ppm 

iNO (Appendix E, Evidence Table 17). In the largest trial,
40

 with more than 200 patients in each 

arm, the RR of death or BPD at 36 weeks PMA in the iNO group was 0.97 (0.88, 1.07). A 

similar lack of benefit was found in a small trial of infants with birth weight > 1500 g when 

death was measured before hospital discharge or at 365 days for infants still hospitalized (RR 

0.83 (0.43 1.62)).
39

 However, two other studies reported iNO was associated with a decreased 

risk of death or BPD at 36 weeks PMA. In Schreiber, 2003,
58

 with more than 100 infants in each 

arm, the risk of death or BPD was decreased 23 percent in the iNO treated group (RR 0.77 (0.60, 

0.98)),and in a small study with 20 infants in each group, Dani, 2006
67

 reported an 89 percent 

decrease in risk (OR 0.11 (0.02, 0.61)) among the iNO treated group (Figure 18).  
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 The opposite direction of the effect of iNO therapy at 10 ppm in the two largest trials may be 

accounted for by the degree of illness of infants at study entry. Infants in the study of Schreiber, 

2003
58

 had a substantially lower oxygenation index at study entry (OI median (IQR) 7.3 (4.1, 

12.3 ) iNO group versus 6.8 (4.4, 12.7) control group) than infants in the study of Van Meurs, 

2005
40

 ( OI mean (SD), 23 (17) iNO group versus 22 (17) placebo group) (see discussion of OI 

under Key Question 4) (Appendix E, Evidence Table 17). A meta-analysis revealed no 

significant difference in the risk of the combined outcome of death or BPD at 36 weeks PMA for 

infants treated with iNO at 10 ppm compared to controls, RR 0.81 (0.64, 1.03) (Figure 18). 

 In the four studies
34, 60, 63, 64

 that dosed iNO at 20 ppm or titrated to response, 50 percent to 

100 percent of infants in each arm died or had BPD at 36 weeks PMA (Appendix E, Evidence 

Table 17). The pooled relative risk, RR 0.94 (0.84, 1.06), confirmed no difference to iNO 

treatment under these treatment protocols (Figure 18).  

 Neurodevelopmental impairment. In a followup study of Kinsella, 2006, Watson 2009
36

 

reported the rate of neurodevelopmental impairment (CP, severe hearing loss, blindness, or MDI 

or PDI < 70) at one year of age, corrected for gestational age at birth, was similar in the infants 

that received iNO at 5 ppm (35.4 percent) and those that received standard therapy (33.5 percent) 

groups (Appendix E, Evidence Table 17). 

 

 

 
Figure 18: Meta-analysis for dose-stratified death or BPD. 
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 Only two of the studies giving iNO at 10 ppm evaluated long term neurodevelopmental 

outcome and they found opposite effects. 
40, 58

 Reporting the followup of Van Meurs, 2005, 

Hintz, 2007,
30

 found no improvement in the combined outcome of death or neurodevelopmental 

impairment, defined as moderate to severe CP, blindness, deafness or an MDI or PDI < 70, at 18 

to 22 months of age for infants treated with iNO compared to placebo, RR 1.07 (0.95, 1.19), or in 

death or moderate to severe CP, RR 1.17 (0.99, 1.38). Moderate to severe CP was increased in 

the iNO group (20 percent versus 11 percent), a difference that was not significant in univariate 

analysis, but reached significance in multivariable models after adjustment for infant 

characteristics at study entry in one model, RR 2.01 (1.01, 3.98), and infant characteristics and 

NICU morbidities in another model, RR 2.41 (1.01, 5.75). In both models the confidence 

intervals are wide (Appendix E, Evidence Table 17). 

 However, Mestan, 2005,
56

 reporting on the outcome of survivors at two years of age of the 

Schreiber, 2003 study, described a 47 percent decrease in the risk of cognitive impairment, 

defined as an a MDI < 70 (RR 0.53 (0.29, 0.94)), but no effect on motor impairment, defined as a 

PDI < 70 (RR 0.73 (0.33, 1.61)). Fewer infants treated with iNO had neurodevelopmental 

impairment, a composite variable including CP, blindness, hearing loss, and developmental 

delay, than infants treated with placebo (24 percent versus 46 percent respectively, p-value = 

0.01). This difference in the composite outcome was the result of fewer infants with cognitive 

impairment in the iNO group as there was no difference between the groups in the rate of CP, 

vision or hearing loss (Appendix E, Evidence Table 17). 

 Three of the RCTs that gave iNO at 20 ppm or titrated the dose based on response reported 

long term developmental followup.
35, 57, 76

 Walsh, 2010
57

 found no improvement in function at 

two years of age among infants treated with iNO in the study of Ballard, 2006.
34

 Rates of CP, 

cognitive delay, vision impairment, and hearing impairment were similar between the groups. In 

30 month followup of infants enrolled in the Subhedar, 1997,
64

 and Bennett, 2001
76

 studies 

similar rates of neurodevelopmental delay (MDI or PDI < 85), severe disability (defined as MDI 

or PDI < 70, or hearing loss or blindness), or death and severe disability were found between 

iNO treated infants and those receiving standard care. Huddy, 2008
35

 found no difference at four 

to five years of age between the groups enrolled in the study of Field, 2005
63

 in the rates of CP, 

cognitive delay, vision, and hearing impairment, combined moderate to severe disability, or in 

those free of impairment (23 percent iNO versus 19 percent placebo) (Appendix E, Evidence 

Table 17). 

 No meta-analyses were conducted for dose of iNO and neurodevelopmental impairment as 

the definition of impairment varied significantly between studies. 

 In summary, a meta-analysis of studies of 10 ppm dose of iNO found a statistically 

significantly reduction in BPD at 36 weeks PMA but meta-analyses found no statistically 

significant effect on death, or the combined outcome of death or BPD compared to control. The 

finding of a statistically significant effect at 10 ppm may be spurious as there is no clinical 

rationale for why that dose would be different from the others.
34, 63-66

 Results for 

neurodevelopmental impairment at this dose were inconsistent. There was no statistically 

significant different between iNO and control at doses of 5 ppm, 20 ppm or titrating the dose to 

the patients’ response. 
37

  

 iNO with concurrent therapies. Two studies directly addressed the effect of iNO with 

concurrent therapies. In a factorial design, Subhedar, 1997
64

 randomized 20 infants to treatment 

with iNO and dexamethasone and compared their outcome to 22 infants randomized to 

dexamethasone alone. Dexamethasone was given intravenously every 12 hours for six days at 
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0.5 mg/kg/dose for six doses, and 0.25 mg/kg/dose for the remaining six doses. All infants were 

less than 32 weeks gestational age at birth (Appendix E, Evidence Table 17). There was no 

difference between groups in the risk of death (RR 1.57 (0.76, 3.38)); BPD at 36 weeks PMA, 

defined as an oxygen requirement beyond 36 weeks PMA and an abnormal chest radiograph (RR 

0.79 (0.44, 1.33)); the combined outcome of death or BPD at 36 weeks PMA (RR 1.05 (0.84, 

1.25)); or BPD in survivors (RR 1.07 (0.71, 1.37)) (Appendix E, Evidence Table 17). 

 In a post hoc analysis, Ballard, 2006 
34

 reported that there were no significant differences in 

response to iNO by exposure to postnatal corticosteroids, though data were not shown. In two 

year followup, Walsh 2010
57

 found that there was no interaction between iNO treatment and 

postnatal dexamethasone therapy given > three days after study enrollment compared with 

dexamethasone given < three days from enrollment in a multivariable model of NDI. 

 
Conclusion 
 
 Only two of the 14 randomized controlled trials that reported death, BPD, death or BPD, or 

neurodevelopmental impairment planned a priori to evaluate infants by subgroups,
58, 64

 so the 

evidence to answer this Key Question is not optimal. There is insufficient evidence to support 

treatment with iNO for acute lung disease within the first three days after birth. The one trial that 

compared infants treated at < three days with those treated at four to 28 days found no difference 

between the groups. Given that none of the 14 RCTs reviewed in Key Question 1 found a 

significant difference in mortality or survival between those treated with iNO controls, many of 

which initiated therapy at less than three days, it is likely that early treatment is not beneficial. 

However, the duration of exposure to iNO varied in the trials and has yet to be systematically 

studied. For infants with developing BPD, earlier treatment (7 to 14 days) may prove to be more 

beneficial than later treatment (15 to 21 days) as shown by improved survival without BPD in the 

Ballard 2006 trial; an RCT with this primary hypothesis needs to be done. It is not surprising that 

delivery of iNO by high frequency ventilation conferred no convincing benefit, as high 

frequency ventilation alone has not been shown to reduce mortality, BPD, or improve 

neurodevelopmental impairment in preterm infants compared to conventional ventilation in 

systematic review.
94

 The optimal dose of iNO has yet to be determined. Our meta-analysis found 

a statistically significant effect for 10 ppm for BPD at 36 weeks PMA, but this may be a spurious 

finding. A similar effect was not seen for death or the composite outcome of death or BPD. Dose 

may be
34, 37, 63-66

 less important than the duration of iNO exposure, but data are insufficient to 

make that determination. The effect of concurrent therapies other than postnatal dexamethasone 

and iNO administration has not been studied in preterm infants. 
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Chapter 4. Discussion 
 

 The most prevalent finding of this report is the lack of effectiveness of iNO in improving 

survival or decreasing pulmonary morbidity or neurodevelopmental impairment for preterm 

infants who receive respiratory support. A systematic review of the evidence and meta-analyses 

revealed no significant difference between preterm infants < 34 weeks gestational age treated 

with iNO and control infants in the risk for mortality, BPD at 36 weeks PMA, short term risks 

(PDA, sepsis, NEC, treated ROP, pulmonary hemorrhage, or air leak), brain injury, motor or 

cognitive impairment, sensory impairments, growth or many other health outcomes.  

 The most important positive finding of this review is a meta-analysis of pooled data from 11 

RCTs that reported the composite outcome of death or BPD at 36 weeks PMA which found a 

small (7 percent) but statistically significant reduction in the risk with iNO therapy. Power 

calculations for sample size determination were performed a priori for death or BPD or its 

complement, survival without BPD, in eight of the 11 (73%) trials in the meta-analysis. It has 

been suggested that the study by Ballard, 2006
34

 should not be included in meta-analyses as it 

had a very different study design as well as the lowest mortality rates when compared to the 

other RCTs. In a sensitivity analysis, removing Ballard, 2006 from this meta-analysis did  

not change the effect estimate (RR 0.93) but did result in wider confidence interval that included 

1. We feel that the meta-analysis with all 11 trials provides a more complete picture of the 

available evidence, considering the effect of iNO as a continuum of exposure 

 By analyzing reported outcomes from the 14 RCTs and, where appropriate, other cohort 

studies, we tried to glean as much evidence as possible of how exposure to iNO influences 

preterm outcomes. Some statistically significant differences were reported for a few individual 

RCTs included in this review. Two large trials
37, 58

 reported a statistically significant reduction of 

brain injury in favor of iNO, and raised hopes that iNO may be neuroprotective. One followup 

study of a RCT found a statistically significant reduction in cognitive and neurodevelopmental 

impairment.
56

 One large multicenter trial was stopped early for concern that the iNO group had a 

higher rate of brain injury,
40

 and on followup at two years, found a statistically significant 

increase in the rate of CP with iNO compared to the control group. In contrast, a smaller trial in 

preterm infants with pulmonary hypertension found a reduction in CP rate with iNO
38

 None of 

our meta-analyses of these variables found statistically significant effects of iNO exposure, but 

variability in definitions of outcome variables hindered our ability to aggregate all of the 

available data and perform meaningful meta-analyses. 

 Once iNO was found to be an effective treatment for full term and late preterm infants with 

hypoxemic respiratory failure,
4
 attention turned to using it in more immature preterm infants. 

Some of the earlier and smaller studies of iNO in preterm infants focused on immediate 

physiological response to iNO (i.e., improvement in oxygenation index, arterial-alveolar 

oxygenation ratio, changes in echocardiographic estimates of pulmonary artery  pressure) and 

toxicities, including methemoglobinemia, and pulmonary and intracranial hemorrhages.
59-61, 64-67 

72
 Some early studies started with the iNO dose recommended for full term infants, 20 ppm,

64, 66, 

72
 whereas other early studies started at 5 to 10 ppm, and some increased to 20-40 ppm  if there 

was no response.
60, 63, 65

 The majority of the earlier RCTs began weaning iNO within two to six 

hours.
60, 61, 64-67

  An alternative approach views iNO as a potential growth promoter of the lung 

and its underlying vascular bed, requiring a longer duration of treatment. Since 2003, four well 

conducted multicenter RCTs and one single center RCT have published their outcomes for 200 

or more infants randomized to receive iNO or placebo gas for one or more weeks.
34, 37, 40, 58, 62
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 Barrington and Finer conducted a systematic review of the evidence for efficacy and 

toxicities of iNO in preterm infants born before 35 weeks gestation, updated in 2007.
31

  They 

grouped 11 RCTs into categories based on inclusion criteria: 1) the early routine use of iNO (i.e., 

RCTs that treated preterm infants on mechanical ventilation in the first three days after birth) 

found a marginally significant  reduction in death or BPD, RR 0.91 (95 percent CI 0.84, 0.99), 

and, in severe IVH, IPH or PVL, RR 0.70 (CI 0.53, 0.91); 2) early rescue treatment based on 

oxygenation inclusion criteria found no significant differences in death or BPD but a trend 

toward increased risk of severe IVH; and 3) enrollment based on increased risk of BPD at four or 

more days after birth, and there were no statistically significant effects of iNO on mortality or 

BPD or increase progression of IVH. They were able to report on neurodevelopmental outcomes 

from only two RCTs.
56, 76

  

 The strength of the evidence was graded for all outcomes included in each key question and 

the results are presented below (Tables 11 to 15). A summary of the meta-analyses completed, 

by key question and outcome, is provided in Table 16. 

 Our review differs from the Barrington and Finer Cochrane review
31

 in that there have been 

three more RCTs published: 1) a small Asian RCT of 65 infants with severe respiratory distress 

syndrome (Su, 2008
65

),  2) a report of the 29 infants born below 34 weeks gestation but with 

birth weight above 1500 g from the NICHD Neonatal Research Network (Van Meurs, 2007),
39

 

and 3) a large multicenter trial of 800 infants with gestational ages of  24 to 28 weeks.
62

  In 

addition, we were charged with a broader mission: to review the data regarding a number of 

short term risks, long term pulmonary and neurodevelopmental outcomes, outcomes among 

subpopulations, and the effects of iNO dose, timing, duration, and concurrent therapies on 

outcomes. By using a broader definition to include outcome at one year corrected for degree of 

prematurity, and finding more recent outcome studies, including one with outcomes at four to 

five years, we were able to review long term outcomes for eight RCTs.
30, 35, 36, 39, 44, 56, 57, 76

 The 

Barrington and Finer Cochrane systematic review
31

 makes a valid point that the studies of iNO in 

preterm infants vary substantially in their eligibility criteria. The RCTs also vary widely in dose, 

method, and duration of administration of iNO. But the focus of studying effects of iNO on 

preterm infants has evolved from immediate pulmonary or cardiovascular effects, to how it may 

influence the growth and maturation of the developing lung and its cardiovascular support. To 

provide another perspective, we chose to view the variation in respiratory disease severity, iNO 

dose, method, and duration of iNO administration as varying degrees of iNO exposure on a 

continuum of degree of organ maturation, as measured by postmenstrual age. Postmenstrual age 

is the sum of gestational age at birth and chronological age, and is currently the best measure of 

preterm maturation that we have. We view brain injury and neurodevelopmental outcomes also 

in terms of degree of maturation (i.e., PMA) when exposed to iNO. The heterogeneity of our 

meta-analyses for the composite brain injury variable and for cognitive impairment could be 

explained by the effect of iNO in the two trials that included preterm infants with birth weights 

over 1500 g (Schreiber, 2003 and Van Meurs, 2007).
39, 58

 The bigger infants are more likely to be 

the more mature infants, and may benefit more from iNO effects on pulmonary blood flow 

because they are better able to autoregulate their cerebral blood flow. 
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Table 11. Strength of evidence for articles addressing Key Question 1 

Outcome Number of 
Studies; 
Subjects 

Risk of Bias 
Design/ 
Quality 

Consistency Directness Precision Strength of 
Evidence 

Death/Survival 14; 4754 RCT/ fair Consistent Direct Imprecise Moderate 

Death or BPD 12; 3301 RCT/ fair Inconsistent Direct Imprecise Low 

BPD at 36 Weeks 12; 2665 RCT/ fair Consistent Direct Imprecise Moderate 

BPD, other 
measures 

11; 3315 RCT/ fair Inconsistent Indirect Imprecise Low 

 

BPD = bronchopulmonary dysplasia 

 

Table 12. Strength of evidence for articles addressing Key Question 2 

Outcome Number of 
Studies; 
Subjects 

Risk of Bias 
Design; 
Quality 

Consistency Directness Precision Strength 
of 
Evidence 

Pulmonary 
Hemorrhage 

7; 2085 RCT/ fair Consistent Direct Imprecise Moderate 

Air leak or 
Pneumothorax 

10; 2361 RCT/ fair Consistent Direct Imprecise Moderate 

Methemoglobine
mia 

12; 3190 RCT/ fair Consistent Direct Imprecise Moderate 

Brain Injury 13; 2936 RCT/ good Unknown Direct Imprecise Low 

PDA 11; 2870 RCT/ fair Consistent Direct Imprecise Moderate 

Sepsis 8; 2958 RCT/poor Consistent Indirect Imprecise Low 

NEC 8; 2683 RCT/ fair Consistent Direct Imprecise Moderate 

ROP 8; 2025 RCT/fair Consistent Direct Imprecise Moderate 

 

PDA = patent ductus arteriosus; NEC = necrotizing enterocolitis; ROP = severe retinopathy of prematurity  
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Table 13. Strength of evidence for articles addressing Key Question 3 

Outcome Number of 
Studies; 
Subjects 

Risk of 
Bias 
Design; 
Quality 

Consistency Directness Precision Strength 
of 
Evidence 

Death and 
Survival 

9; 2635 RCT/ fair Consistent Direct Imprecise Moderate 

Cerebral palsy 6; 914 RCT/ fair Inconsistent Direct Imprecise Low 

 1; 9 Cohort/fair 

Sensory 
Impairment 

7; 951 RCT/ poor Consistent Direct Imprecise Moderate 

Cognitive 
Outcomes 

5; 896 RCT/ poor Inconsistent Direct Imprecise Low 

Neurodevelopme
ntal Impairment 

7; 1315 RCT/ good Inconsistent Direct Imprecise Low 

Death or 
Neurodevelopme
ntal Impairment 

4; 1236 RCT/ good Consistent Direct Imprecise Moderate 

Growth 5; 968 RCT/ fair Consistent Direct Imprecise Low 

 1; 10 Cohort/poor  Unknown Direct Unknown Insufficient 

Pulmonary and 
other health 
outcomes 

4; 1329 RCT/poor Inconsistent Direct Imprecise Low 

 2; 35 Cohort/poor 

Oral feeding 1; 108 RCT/ poor Unknown Direct Unknown Insufficient 

 
Table 14. Strength of Evidence for articles being addressed by Key Question 4 

Outcome Number of 
Studies; 
Subjects 

Risk of Bias 
Design/ 
Quality 

Consistency Directness Precision Strength of 
Evidence 

Death 6; 1444 RCT/ fair Consistent Direct Imprecise Moderate 

 2; 57 Cohort/ poor 

Death or BPD 6; 1529 RCT/ fair Inconsistent Direct Imprecise Low 

Death or NDI 3; 851 RCT/ fair Consistent Direct Imprecise Low 

BPD at 36 weeks 4; 1321 RCT/ good Consistent Direct  Imprecise Moderate 

BPD not defined 1; 18 Cohort/fair Unknown Indirect Imprecise Low 

Severe BPD, 
Mechanical vent 
(survivors) 

1; 16 Cohort/fair Unknown Direct Imprecise Low 

On O2 at 1 year 1: 502 RCT/Good Inconsistent  Direct Imprecise Low 

Survival without 
BPD 

2; 790 RCT/ fair Consistent Direct Imprecise Moderate 

Survival to 
discharge 

1; 41 Cohort/ poor Unknown Direct Imprecise Low 

Survival > 28 days 1; 18 Cohort/fair Unknown Direct Imprecise Low 

Survival with BPD 1; 208 RCT/good Unknown Direct Imprecise Low 

Cerebral palsy 1; 31 Cohort/ fair Unknown Direct Imprecise Low 

Neuro-
developmental 
Index-related 
outcomes 

5; 1442 RCT/ good Inconsistent Direct Imprecise Low 

Severe IVH (3-4) or 
PVL 

1; 420 RCT/ good Unknown Direct Imprecise Low 
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Table 14. Strength of Evidence for articles being addressed by Key Question 4 (continued) 
BPD = bronchopulmonary dyplasia; NDI = neurodevelopmental impairment; IVH = intraventricular hemorrhage; PVL = 

periventricular leukomalacia 

 
Table 15. Strength of Evidence for articles being addressed by Key Question 5 

Outcomes Number of 
Studies; 
Subjects 

Risk of Bias 
Design/ 
Quality 

Consistenc
y 

Directness Precision Strength 
of 
Evidence 

Death 14; 2693 RCT/ fair Consistent Direct Imprecise Low 

Death or BPD 11; 2365 RCT/ fair Inconsistent Direct Imprecise Low 

Death or cerebral 
palsy 

1; 420 RCT/good Inconsistent Direct Imprecise Low 

Survival without 
BPD 

2; 734 RCT/ good Consistent Direct Imprecise Moderate 

BPD at 36 weeks 11; 1690 RCT/ fair Consistent Direct Imprecise Moderate 

Cerebral palsy 1; 420 RCT/good Inconsistent Direct Imprecise Low 

NDI 5; 1034 RCT/ fair Consistent Direct Imprecise Low 

Severe Disability 1; 420 RCT/good Inconsistent Direct Imprecise Low 

 
Table 16. Summary of meta-analyses 

Key 
Question Outcome 

Studies, 
N 

Studies 
included 
in the 
meta-
analysis GRADE RR (95% CI) 

1 Survival/Death 14 11 Moderate 0.97 (0.82, 1.15) 

 Survival/Death 2* 14 10 Moderate 0.98 (0.81, 1.17) 

 BPD at 36 weeks PMA 12 8 Moderate 0.93 (0.86, 1.003) 

 Death or BPD at 36 
weeks PMA 

12 11 Low 0.93 (0.87, 0.99) 

 Death or BPD at 36 
weeks PMA* 

12 10 Low 0.93 (0.87, 1.00) 

2 Brain injury 13 5 Low 0.86 (0.56, 1.29) 

 PDA 11 9 Moderate 1.01 (0.86, 1.19) 

 Sepsis 8 8 Low 1.05 (0.95, 1.18) 

 NEC 8 7 Moderate 1.23 (0.94, 1.26) 

 ROP 8 8 Moderate 1.01 (0.82. 1.24) 

 Pulmonary hemorrhage 7 4 Moderate 0.89 (0.60, 1.33) 

 Air leak 10 7 Moderate 0.95 (0.71, 1.28) 

3 Survival/Death 9 7 Moderate 1.02 (0.86, 1.20) 

 Cerebral palsy 7 7 Low 1.07 (0.67, 1.71) 

 PDI < 70 4 4 Low 0.95 (0.66, 1.36) 

 MDI < 70 3 3 Low 0.78 (0.39, 1.60) 

 Sensory impairment 
(visual) 

7 6 Moderate 1.09 (0.52, 2.034 

 Sensory impairment 
(hearing) 

7 6 Moderate 1.50 (0.69, 3.27) 

 NDI 7 6 Low 0.91 (0.74, 1.12) 

4 NO META-ANALYSES      
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Table 16. Summary of meta-analyses (continued) 

Key 
Question Outcome 

Studies, 
N 

Studies 
included 
in the 
meta-
analysis GRADE RR (95% CI) 

5 Dose stratified death 14 11 Low 0.97 (0.82, 1.15) 

 5 ppm iNO 3 3  0.97 (0.70, 1.35) 

 10 ppm iNO 5 4  1.00 (0.73, 1.38) 

 20 ppm iNO 6 4  0.91 (0.63, 1.30) 

 BPD at 36 weeks PMA 13 11 Moderate 0.90 (0.82, 0.98) 

 5 ppm iNO 3 3  0.94 (0.87, 1.02) 

 10 ppm iNO 5 4  0.75 (0.61, 0.91) 

 20 ppm iNO 5 4  0.99 (0.74, 1.34) 

 Death or BPD at 36 
weeks PMA 

11 11 Low 0.93 (0.87, 0.99) 

 5 ppm iNO 3 3  0.94 (0.88, 1.01) 

 10 ppm iNO 4 4  0.08 (0.64, 1.03) 

 20 ppm iNO 4 4  0.94 (0.84, 1.06) 

*Analysis does not include the Ballard, 200634 data 

RR = Risk ratio; CI = confidence interval; BPD = bronchopulmonary dysplasia; PMA = post menstrual age; PDA = patent ductus 

arteriosis; NEC = Necrotizing enterocolitis, ROP = retinopathy of prematurity, treated; PDI = physical development index; MDI 

= mental development index; ppm = parts per million 

 A recent individual patient data meta-analysis has been presented,
95

 but has not yet been 

published. A synthesis of data on short term outcomes on 3298 preterm infants (< 37 weeks) 

from 11 trials found no statistically significant differences in death or CLD, RR 0.96 (0.92, 1.01) 

or in severe neurological abnormalities on neuroimaging, RR 1.12 (0.98, 1.28).
95

 They concluded 

that there was a lack of evidence to support the “indiscriminate” use of iNO in treating preterm 

infants with respiratory failure.  

 The driving force behind the studies of iNO in preterm infants who receive respiratory 

support is the search for an effective treatment that improves survival and pulmonary health 

without increasing the risk of adverse short and long term outcomes. As many as one third to one 

half of the preterm infants enrolled in the studies discussed in this report died in the NICU. Most 

of the survivors had residual chronic lung disease (BPD) that significantly prolonged their 

hospitalization and influenced their quality of life after discharge home from the NICU. In the 

two studies that reported it, only 20 to 40 percent of survivors in both the iNO and control groups 

had normal neurodevelopmental outcomes at one to two years.
30, 35, 36

 As cohort studies and 

RCTs of iNO in preterm infants born at or before 34 weeks gestation were being conducted, off 

label use of iNO in this population dramatically increased. One publication reported a six fold 

increase in its use between 2000 and 2008 in a large multisite pediatric group.
47

  

 Whether the small statistically significant reduction of death or BPD we found on meta-

analysis is clinically meaningful depends on one’s point of view. When compared to the 

evidence amassed for the efficacy iNO in treating full term infants and preterm infants born after 

34 weeks gestation with respiratory failure, a reduction of death or BPD by less than 10% is very 

weak. But many parents would grasp at even that small a difference in their sick preterm infant’s 

chances in surviving without BPD or NDI. We agree with Barrington and Finer in their 2007 

Cochrane review 
31

 and Askie, 2010 (abstract)
96

 that current evidence does not support the 

routine use of iNO to treat preterm infants. We do not conclude, however, that we should 

abandon the possibility that iNO may someday become a component of a treatment strategy for 

some preterm infants receiving respiratory support. Several factors contribute to our 
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recommendation to continue the study of iNO: 1)  our finding a small but statistically significant 

difference in death or BPD at 36 weeks PMA, the common primary outcome variable of 73 

percent of RCT conducted to date; 2) the statistically significant finding of a diminished need for 

chronic pulmonary medication at one year corrected age, suggesting less severe lung disease in 

those treated with iNO, and 3) no studies have been powered to detect meaningful differences in 

infant functional outcome or quality of life with iNO treatment compared to standard therapy.  

 Treatment of preterm infants born at or below 34 weeks gestation with iNO should occur 

only in the context of rigorously conducted RCTs that have the power to detect meaningful long 

term outcomes.  Strategies for treatment need to consider how different preterm infants are from 

full term infants. Their immature organs are not prepared to support extrauterine life, persistent 

pulmonary hypertension is not as much of a problem early in the disease process, they lack 

important natural defenses (e.g., surfactant, cortisol, immune responses), and their response to 

organ injury seems to vary depending on degree of maturation. Studies of iNO therapy to date 

have enrolled and treated infants based on gestational age and chronological age, both imperfect 

measures of maturity. Degree of lung and brain maturation seems to be a very important 

variable, and treatment should be viewed in terms of postmenstrual age, a construct that better 

reflects organ maturation. Consideration of postmenstrual age at the time of initiation and 

duration of iNO therapy may help select subgroups of infants most like to benefit from the 

therapy. Funded, ongoing basic research into the mechanisms by which iNO may influence the 

developing lung can provide insight into how to design future clinical trials. Evaluating the effect 

of iNO on brain injury requires neuroimaging before treatment, as well as on serial studies. BPD 

at 36 weeks PMA and evidence of brain injury are important mediators. Prolonged 

hospitalizations, use of supplemental oxygen and pulmonary medications after NICU discharge, 

prevalence of reactive airway disease and recurrent hospitalizations (as reported by Ballard, 

2006
34

 and Hibbs, 2007
44

) are more important indicators of pulmonary function and health. 
44

 

Neurodevelopmental outcomes and functional abilities in childhood are far more important 

outcomes than evidence of brain injury on neuroimaging studies. Careful assessment of the few 

statistically significant but inconsistent differences with iNO exposure, combined with ongoing 

basic science and clinical research on the developing lung and brain, their response to and 

recovery from injury can provide insights that lead to testable hypotheses for future randomized 

controlled trials. 
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Chapter 5. Future Research 
 
 Future studies on the efficacy of iNO therapy for preterm infants that require respiratory 

support should have strong conceptual frameworks that test hypotheses on the mechanism by 

which iNO therapy improves pulmonary or neurodevelopmental outcomes. Such research should 

measure biomarkers of this mechanism of action, beyond improvement in oxygenation and 

neuroimaging. Inhaled NO has been given to infants as prophylaxis to prevent the development 

of BPD, as rescue therapy for respiratory failure, and as treatment in those with evolving BPD. 

Future studies should postulate and test hypotheses concerning the role of iNO in improving 

outcomes for any of these conditions or groups of preterm infants.  

 Bronchopulmonary dysplasia at 36 weeks PMA and intraventricular hemorrhage, 

intraparenchymal hemorrhage, and periventricular leaukomalacia are useful intermediate 

variables and should be thought of in that context. Although neuroimaging of brain injury can 

monitor for safety, the more important outcomes for future RCTs are neurodevelopmental 

outcomes and function in childhood. Standardized tools that measure childhood quality of life 

and functional outcomes would assess the long term impact of iNO on health and development. 

Considerations of the frequency of pulmonary rehospitalization, chronic and episodic pulmonary 

medication, and missed school days would provide a broader context in which to view the 

efficacy of iNO. Studies should be powered to assess pulmonary, neurodevelopmental, and 

health outcomes at two to five years or more. Measuring such outcomes will require substantial 

investment by funders. What follows are considerations for future research. 

  

Other Future Research Needs 
 

Patients 
 

 RCTs must be adequately powered to assess the effect of iNO on subgroups of preterm 

infants, such as those of varying birth weight.  

 Special care must be taken if infants born at the limit of viability are included in 

randomized controlled trials. These infants do not yet have alveoli (gas exchange occurs 

through their terminal bronchioles) and their brains do not yet have gyri or sulci. They are 

most vulnerable to organ injury, which may be most evident on long term followup. 

Every effort must be taken to obtain pulmonary, neurodevelopmental and health followup 

for all infants in this category.  

 There may be a value to viewing the use of iNO in terms of postmenstrual age, which is a 

better measure of degree of maturation and takes into account both gestational age and 

chronologic age in developing preterm infants. 

 

Intervention 
 

 Since the goal is to support pulmonary and brain development in the NICU, courses of 

iNO given for weeks, not days, should be studied.  
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 Mode of ventilation should be considered in randomization schemes for trials restricted to 

infants < 1500 grams, those at highest risk for death, BPD, and neurodevelopmental 

impairment, to adequately address the question concerning mode of delivery.  

 As many of the smallest preterm infants are managed with CPAP or high flow nasal 

cannula alone, without intubation, information concerning iNO delivery with these 

devices is needed. 

 

Outcomes 
 

 Future RCTs should require neuroimaging by standardized protocols before trial 

enrollment, to detect the occurrence and progression of brain injury during iNO 

treatment. 

 Studies should be powered to assess long term neurodevelopmental, pulmonary, and 

other health outcomes. 

 Outcomes should focus on functional status and quality of life, as well as 

neurodevelopmental disabilities. 

 Studies are needed to provide information on resource utilization such as 

rehospitalizations, medications, physicians’ visits. Future focus should be on the real 

pulmonary problems of prolonged hospitalizations, use of supplemental oxygen, and 

pulmonary medications after NICU discharge, prevalence of reactive airway disease, and 

recurrent hospitalizations. 

 Consideration should be given to assess longer term childhood outcomes (e.g., pulmonary 

function tests, school performances).  

 Cost benefit analyses should be conducted with multicenter RCTs of iNO. 
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Acronym Definition
AHRQ Agency for Healthcare Research and Quality 
ArtrCath Arterial catheter 
BPD Bronchopulmonary dysplasia 
BSID Bayley scale of infant development 
BW Birth weight 
CMV Conventional mechanical ventilation 
Congen Congenital anomaly/malformation 
CP Cerebral palsy 
CPAP Continuous Positive Airway Pressure 
DQ Developmental quotient 
Dshunting Ductal Shunting 
ECMO Extracorporeal membrane oxygenation 
EDC Estimated date of confinement 
F/U Follow- up 
FDA Food and Drug Administration 
FiO2 Fraction of Inspired Oxygen 
g grams 
GA Gestational age 
GCAS General conceptual ability 
HFFI High-frequency flow interruption 
HFOV High-frequency oscillatory ventilation 
HFV High-frequency ventilation 
HRF Hypoxemic respiratory failure 
iNO inhaled Nitric Oxide 
intrprncyml Intraparenchymal lesion 
IPH intraparenchymal hemorrhage 
IQR Inter-quartile range 
IVH Intraventricular Hemorrhage 
JHU Johns Hopkins University 
KG Kilograms 
MAP Mean airway pressure 
MDI Mental developmental index 
mmHg millimeters of mercury 
NDI Neurodevelopmental impairment 
NEC Necrotizing enterocolitis 
NICU Neonatal intensive care unit 
NIH National Institutes of Health 
NO Nitric oxide 
NO2 Nitrogen dioxide 
OI Oxygenation Index 
Oligho Oligohydramnios 
OMAR Office of Medical Applications of Research 
PDA Patent Ductus Arteriosis 
PDI Physical developmental index 
PMA post menstrual age 
PPHN Persistent Pulmonary Hypertension of the Newborn 
ppm parts per million 
Pulmhyp Pulmonary hypoplasia 
PVL Periventricular leukomalacia 
RCT Randomized controlled trial 
RDS Respiratory distress syndrome 
Respfail Respiratory failure 
ROP Retinopathy of Prematurity 
RX treatment 
SD Standard deviation 
Vent Support Ventilation Support 
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MEDLINE Strategy 

Terms Returns 

(("nitric oxide"[tiab] OR "nitric oxide"[mh] OR iNO[tiab]) AND ("infant, 
newborn"[mh] OR premature[tiab] OR preterm[tiab] OR prematurity[tiab])) NOT 
(Animal[mh] NOT Human[mh]) 

1747 

 

EMBASE Strategy 

(('nitric oxide':ab,ti OR 'nitric oxide'/exp OR 'ino':ab,ti) AND ('newborn'/exp OR 
'newborn':ab,ti OR 'prematurity'/exp OR 'premature':ab,ti OR 'prematurity':ab,ti 
OR 'preterm':ab,ti)) NOT ([animals]/lim NOT [humans]/lim) 

2464 

 

 

The Cochrane Central Register of Controlled Trials (CENTRAL) 

((((nitric oxide):ti,ab,kw OR (iNO):ti,ab,kw) AND ((infant):ti,ab,kw OR 
(newborn):ti,ab,kw OR (premature):ti,ab,kw OR (preterm):ti,ab,kw)) NOT 
((animals) NOT (humans))) 

260 

 

Psycinfo Strategy 

( TX "nitric oxide" or TX "iNO" ) and ( TX "infant, newborn" or TX "premature" or TX 
"preterm" or TX prematurity ) 

13 
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 Caution over nitric oxide. Pharm. J. 2003; 271(7279):818.  
No original data 
 
Nitric oxide to prevent bronchopulmonary dysplasia. Arch. 
Dis. Child. 2006; 91(12):1022. 
No original data 
 
Abman, S. H. and Kinsella, J. P.. Inhaled nitric oxide for 
persistent pulmonary hypertension of the newborn: the 
physiology matters!. Pediatrics 95; 96(6):1153-5. 
No original data 
 
Abman, S. H. and Kinsella, J. P.. Inhaled nitric oxide 
therapy of pulmonary hypertension and respiratory failure 
in premature and term neonates.. Adv. Pharmacol. 95; 
34:457-474. 
No original data 
 
Abman, S. H.. Inhaled nitric oxide therapy of severe 
neonatal pulmonary hypertension. ACTA Anaesthesiol. 
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No original data 
 
Abman, S. H.. Neonatal pulmonary hypertension: A 
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No original data 
 
Abman, S. H.. New developments in the pathogenesis and 
treatment of neonatal pulmonary hypertension.. Pediatr 
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No original data 
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No original data 
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No original data 
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No abstractable data 
No original data 
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S., Midgley, P., Hardy, P., Tomlin, K., and Elbourne, D.. A 
dose response study of inhaled nitric oxide in hypoxic 
respiratory failure in preterm infants. Early Hum. Dev. 
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Article does not address any of the Key Questions 
 
Aikio, O., Saarela, T., Pokela, M. L., and Hallman, M.. 
Nitric oxide treatment and acute pulmonary inflammatory 
response in very premature infants with intractable 

respiratory failure shortly after birth. Acta Paediatr. Int. J. 
Paediatr. 2003; 92(1):65-69. 
Article does not address any of the Key Questions 
Article address Key Question 1 or 2 ONLY and is not a 
randomized controlled trial 
 
Aikio, O. and Hallman, M. Nitric oxide in the acute care of 
newborns and premature infants: Typpioksidi 
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Unobtainable 
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Article does not include infants born at less than 34 
weeks gestation 
 
Albert Bretons, D., Girona Comas, J., Casaldaliga Ferrer, 
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47(6):633-635. 
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Article does not address any of the Key Questions 
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No abstractable data 
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Article does not include infants born at less than 34 
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Arioni, C., Bellini, C., Mazzella, M., Zullino, E., Serra, G., 
and Toma, P.. Congenital right diaphragmatic hernia. 
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No original data 
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Ashida, Y., Miyahara, H., Sawada, H., Mitani, Y., and 
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a randomized controlled trial 
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outcome 
data 
adequately 
addressed 
(LT) 

reports of 
the study 
free of 
suggestion 
of selective 
outcome 
reporting 

free of 
other 
problem
s that 
could put 
it at a 
high risk 
of bias 

RoB 
Score 

Ballard, 
20061 

HIbbs, 
20072 
 
Walsh, 
20103 

+ + + + + + + + + + good 

Dani, 
20064 

 0 + - -   +  + - poor

Fanco-
Belgium, 
19995 

  +  + - - 0 0 + + fair

Field, 
20056 

Huddy, 
20087 

- + - - - - - - - - poor

Hascoet, 
20058 

Hamon, 
2005 9 

+ + 0 0 0 0 + + 0 + fair

Kinsella, 
199910 

 + + + + + + + + + + good 

KinsellaM, 
200611 

Watson, 
200912 

+ + + +   +  + + good 

Mercier, 
2010{#122
62} 

  +  +  +  +  +  +  +  0    +  fair 



Appendix E. Evidence Tables 

  E‐2

Evidence Table 1: Risk of bias ion randomized controlled trials (continued). 

Author, 
year 

Followup 
studies 

sequence 
adequately 
generated 

allocation 
adequately 
concealed 

allocated 
intervention 
adequately 
prevented 
for 
personnel 
during the 
study(ST) 

allocated 
intervention 
adequately 
prevented 
for 
outcome 
assessors 
during the 
study (LT) 

allocated 
intervention 
adequately 
prevented 
for 
personnel 
during the 
study(LT) 

allocated 
intervention 
adequately 
prevented 
for 
outcome 
assessors 
during the 
study (LT) 

incomplete 
outcome 
data 
adequately 
addressed 
(ST) 

incomplete 
outcome 
data 
adequately 
addressed 
(LT) 

reports of 
the study 
free of 
suggestion 
of selective 
outcome 
reporting 

free of 
other 
problem
s that 
could put 
it at a 
high risk 
of bias 

RoB 
Score 

Schreiber, 
200313 

Mestan, 
200514 

+ + + +   +  + + good 

Srisuparp, 
200215 

 + 0 0 0 0 0 - + - - poor

Su, 200816  + 0 - 0 - 0 - 0 + 0 poor

Subhedar, 
199717 

Bennett, 
200118 

+ 0 - - 0 0 + 0 0 - poor

Van 
Meurs, 
200519 

Chock, 
200920 
 
Hintz, 
2007 21 

+ + + +   +  + + good 

Van 
Meurs, 
200722 

Chock20 + + + + + + + + + + good 
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Evidence Table 1: Risk of bias ion randomized controlled trials (continued). 

KEY    
Category Question Yes No Unclear
Sequence generation: Was the allocation sequence adequately generated? + - 0 

Allocation concealment: Was the allocation adequately concealed + - 0 

Blinding of personnel (short-
term outcomes) 

Was knowledge of the allocation intervention adequately 
prevented for personnel during the study? 

+ - 0 

Blinding of outcome 
assessors (short-term 
outcomes) 

Was knowledge of the allocated intervention adequately 
preventes for outcome assessors during the study? 

+ - 0 

Blinding of personnel long-
term outcomes) 

Was knowledge of the allocation intervention adequately 
prevented for personnel during the study? 

+ - 0 

Blinding of outcome 
assessors Long-term 
outcomes) 

Was knowledge of the allocated intervention adequately 
preventes for outcome assessors during the study? 

+ - 0 

Incomplete outcome data 
(short-term) 

Were incomplete data adequately addressed? + - 0 

Incomplete outcome data 
(short-term) 

Were incomplete data adequately addressed? + - 0 

Selective outcome reporting Are reports of the study free of suggestion of selective 
outcome reporting? 

+ - 0 

Other sources of bias Was the study apparently free of other problems that could 
put it at high risk of bias? 

+ - 0 

 

good = all criteria were present "yes" 

fair = greater than or equal to 50% of criteria are present   

poor = less than 50% of criteria are present or unclear 
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Evidence Table 2: Risk of bias in observational studies. 
 

Author, 
year 

Represent-
ativeness of 
the treated 
cohort 

Selection 
of the 
control 
cohort  

Selection 
of treated 
patients 

Demonstration 
that outcome of 
interest was 
present at start 
of study 

Comparability 
of cohorts on 
the basis of the 
design or 
analysis  

Assessment 
of outcome 

Was followup 
long enough 
for outcomes 
to occur?  

Were 
incomplete 
outcome data 
adequately 
addressed? 

RoB 
score 

Banks, 
19991 

+  0 +  0 0 + fair

Cheung, 
19982 

-  - -  0 - - poor

Clark, 
20023 

0  + +  0 + - fair

Dewhurst, 
20104 

0 0 0 0  0 0 0 poor

Kumar, 
20075 

+ - + + + 0 0 + fair

Uga, 20046 0 + 0 + 0 0 + + fair
Tanaka, 
20077 

+ + + + 0 0 + 0 fair

Yadav, , 
19998 

-  + +  0 0 - poor
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Evidence Table 2: Risk of bias in observational studies (continued). 
 
KEY       
Category Question Score     

Selection 
Representativeness 
of treated cohort 

Truly 
representative 

Somewhat 
representative 

No 
description   

  + - 0   

 
Selection of control 
cohort 

Same NICU 
or group of 
NICUs 

Different 
source 

No 
description   

  + - 0   

 
Selection of treated 
patients 

Medical 
record other 

no 
description   

  + - 0   

 

Demonstration that 
outcoems of 
interest was not 
present at start of 
study Yes No Unclear   

  + - 0   

Comparability 

Comparability of 
cohorts on the 
basis of the design 
or analysis Yes No Unclear   

  + - 0   

Outcome 
Assessment of 
outcome 

Independent 
blind 
assessment record linkage 

parent 
report 

teacher 
report 

not 
description 

  + + - - 0 

 

Was follow-up long 
enough four 
outcomes to occur? Yes 

Yes for at 
least 1 
outcome of 
interest No  Unclear  

  + + - 0  

 

Were incomplete 
outcome data 
adequately 
addressed Yes No unclear   

  + - 0   
 
good = all criteria were present "yes" 
fair = greater than or equal to 50% of criteria are present   
poor = less than 50% of criteria are present or unclear 
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Evidence Table 3: Study characteristics 

Author, Year Study 
Design 

Study site-
Study location 

Recruitment date Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria Risk of 
Bias 

Ballard, 20061 RCT Multi-Center  - 
North America 

Start date: May-2000 – 
End date: Apr-2005 

60 Weeks 
PMA 

Age: 7-21 days   
 
GA:<= 32 weeks   
 
BW: 500-1250 
  
Vent support: "undergoing 
mechanical ventilation" 
between 7-21 days of age 
 
Other: NCPAP for those with 
BW 500-799g 

Congen: complex 
anomalies 
 
IVH: bilateral grade IV  
 
Other: previous iNO 
exposure 

Good 

Follow-up of 
Ballard, 20061 
 
Hibbs, 20072 
 

RCT Multi-Center  - 
North America 

  12 Months Age: 7-21 days of age 
 
BW: 500-1250 grams 
 
Vent support: required vent 
support via CPAP or 
tracheal intubation 

  Good 

Follow-up of 
Ballard 20061 
 
Walsh, 20103 

RCT Multi-Center  - 
North America 

    Age: 7-21 days from birth 
 
BW: <1250 g 
 
Vent support: intubated and 
on mechanical ventilation 

  Good 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

Banks, 19994 Phase II 
open label, 
non-
controlled 
pilot study 

Single Center  - 
North America 

Start date: Oct-1995 – 
End date: Aug-1997 

  Age: >4 weeks chronologic 
age  
 
FiO2: >/=45% 
 
MAP: >/=10mmHg 
 
BPD: vent dependent 
 
Other: No improvement in 
resp. status in previous 3 
days with optimal use of all 
standard BPD therapy: 
glucocorticoids, 
bronchodilators, diuretics 
per attending physician 

Congen: congenital 
heart disease 

Fair 

Cheung, 
19985 

Prospective 
cohort 

Single Center  - 
North America 

Start date: Dec-1993 – 
End date: Oct-1997 

Early 
childhood 

GA:24-30 weeks 
 
BW: </=1500 grams 
 
Hypoxemia: hypoxemia with 
FiO2 > 90%, and MAP 15+/- 
2 

Congen: "congenital 
anomalies" 

Poor 

Clark, 20026  Multi-Center  - 
North America 

Start date: Jun-97—
End date: Jun-99 

44 wks PMA Age: < 30 days but > 10 
days;   
 
BW: <1250;   
 
FiO2: > 40% w/o fluctuations 
of > 25% in the preceding 24 
hours;  
 
Oligho: clinical and 
radiographic finding 
consistent with CLD 

Bleeding: Plts< 
100,000;  
 
Congen: CHD, and 
lethal anomalies;   
 
iBetaAnt: if given 
within preceding 48 
hours;   
 
IVH: progressive IVH;   
 
Corticostrds: initiation 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

of  drug within 
preceding 48 hours;   
 
Sepsis: 2 blood 
cultures yielding single 
organism in preceding 
48 hours 

Dani, 20067 RCT Single Center  - 
Europe 

Start date: Jan-2001 –  
End date: Jun-2004 

  Age: <=7 days 
 
GA:< 30 wks;  
 
Inborn 
 
RDS: Classic symptoms 
(need for O2, tachypnea, 
retractions, and grunting) 
and typical Xray findings 
(reduced air content, 
reticulogranular pattern of 
lungs and air bronchograms) 
 
FiO2: FIO2>0.5 (50%)  and 
arterial-alveolar oxygen ratio 
<0.15 
 
Surfactant  
 
Vent support 

Bleeding: Platelet 
count <50,000/mm3 
and bleeding tendency 
(hematuria; blood from 
ETT; gastric aspirate 
or stools; oozing from 
puncture sites) 
 
Congen: major 
congenital 
malformations 
 
Hydrops 

Fair 

Dewhurst, 
2010 8 

Retrospecti
ve Cohort 

Multi-Center - 
Europe 

Start date: Jan- 2006 
End date: Dec- 2007 

 Age: <10 days 
 
GA: <31 weeks 

  

Field, 20059 RCT Multi-Center  - 
Europe 

Start date: Feb-1997 – 
End date: Dec-2001 

1 year 
Corrected age 

Age: <28 days 
 
GA:<34 weeks   
 
Surfactant: treatment if 
appropriate 

Bleeding: Plts < 
50,000 and PTT>72 
sec   
 
IVH: Grade 4 IVH 
 
Other: severe 

Poor 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

anomalies; lethal 
chromosomal anomaly 

Follow-up of 
Field 20059 
 
Huddy, 
200810 
 
 

RCT Multi-Center  - 
Europe 

Start date: Feb-1997 – 
End date: Dec-2001 

4-5 Years Age: <28 days 
 
GA:<34 wks 
 
Respfail: severe  
 
Vent support: intubation and 
mechanical ventilation 

  Poor 

Franco-
Belgium 
Collaborative 
NO Trial 
Group, 199911 

 

RCT Multi-Center  - 
Europe 

Start date: Apr-1995 – 
End date: Jun-1997 

Until hospital 
discharge 

Age: <7 days of age   
 
GA:<33 weeks 
 
OI: 12.5-30 

OI: > the upper limits 
requiring inhaled nitric 
oxide; according to the 
French Drug Agency 
recommendations   
 
Congen: fatal 
anomalies; cardiac 
anomalies 
 
Dshunting: PDA with 
severe left to right 
shunting 
 
Hypoxemia: Other 
forms of pulmonary 
hypoplasia   
 
IVH: grade 3 or 4   
 
Pulmonary hypoplasia: 
raised pulmonary 
blood flow   
 
Refractory septic 
shock   
 
Other: abnormal neuro 

Fair 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

exam due to birth 
asphyxia or  grade 3-4 
IVH 

Hascoet, 
200512 

RCT Multi-Center  - 
Europe 

Start date: Jul-1999 –  
End date: Feb-2001 

28 Days GA:<32 weeks Bleeding: platelets 
<50,000/mm3 
 
Congen: major fetal 
abnormality 
 
Hypoxemia: refractory 
hypoxemia (PO2<50 
mmHg & PCO2 
<50mmHg on FiO2 
100% prior to 6 hours 
of age) 

Fair 

Follow-up of 
Hascoet 
200512 
 
Hamon, 
200513  

RCT Single Center  - 
Europe 

Start date: Jul-1999 –  
End date: Feb-2001 

28 Days Age: < 48 hours 
 
GA:< 32 wks 
 
FiO2: > 0.40 
 
Other: aAO2 < 0.22 

Bleeding: Plts < 
50,000  
 
Congen: major 
abnormality 
 
Refractory hypoxemia 

Fair 

Kinsella, 
199914 

RCT Multi-Center  - 
North America 

  Hospital 
discharge 

Age: =< 7 days 
chronological age 
 
GA: 34 weeks or less 
 
Hypoxemia: Arterial/alveolar 
oxygen ratio <0.1 on 2 
sequential ABGs despite 
mechanical vent and 
surfactant 
 
Vent Support:  mechanical 
ventilation 

Congen: fatal 
congenital anomaly; 
congenital heart 
disease (except ASD; 
VSD) 

Good 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

Kinsella, 
200615 

RCT Multi-Center  - 
North America 

Start date: Mar- 2001 – 
End date: Jun -2005 

  Age: <48 hours 
 
GA:<=34 wks 
 
BW: 500-1250g 
 
Respfail: requiring intubation 
and mechanical vent 
 
Vent Support:  intubation & 
mechanical ventilation 
 
 

Congen: lethal, 
congenital heart 
disease except atrial 
septal defect <= 1 cm 
or ventricular septal 
defect <=2 mm) 
 
Pneumothorax: 
unevaluated 
 
Pulmhem: active 
 
Vent Support: 
expected duration of 
mechanical ventilation 
of <48 hours 

Good 

Follow-up of 
Kinsella 
200615 
 
Watson, 
200916 
 
 

RCT Multi-Center  - 
North America 

Start date: Mar 2001 – 
End date: Jun- 2005 

1 Year Age: <48 hours 
 
GA:<=34 weeks 
 
BW: 500-1250g 
 
Vent Support:  mechanical 
ventilation 

Congen: lethal 
anomalies, CHD  
 
Pneumothorax: 
unevacuated 
 
Pulmhem: active 
hemorrhage 
 
Vent Support: 
expected mechanical 
ventilation for < 48 
hours 

Good 

Mercier, 2010 
17 

RCT Multi-center - 
Europe 

Start date: May-2005 
End date: May-2008 

1, 2 and 7 
years 

GA: <34 weeks   

Schreiber, 
200318 

RCT Single Center  - 
North America 

Start date: Oct-1998 –  
End date : Oct-2001 

  Age: <72 hours 
 
GA:<34 weeks 
 
BW: <2000 g 
 
RDS: clinical diagnosis 

Congen: Major 
congenital 
malformations 
 
Hydrops 

Good 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

 
Surfactant: Must be treated 
with surfactant 
 
Vent support: Require 
intubation and mechanical 
ventilation 

Follow-up of 
Schreiber, 
200318 
 
Mestan, 
200519 

RCT Single Center  - 
North America 

Start date: Oct-1998 –  
End date : Oct-2001 

Two years of 
age 

    Good 

Srisuparp, 
200220 

RCT Single Center  - 
North America 

Start date: Jul-1997 – 
End date: Jan-1998 

Neonatal 
period, to 28 
days of age 

Age: < 72 hours 
 
BW: <2000g 
 
OI: >=4 if birthweight (BW) 
<= 1000g; >=6 if BW 1001-
1250g; >= 8 of BW 1251-
1500g; >= 10 if BW 1501-
1750 g; >=12 if BW 1751-
2000g  
 
ArtrCath 
 
RDS 
 
Vent Support:  mechanical 
ventilation 

Congen: major 
anomalies  
 
Hydrops 
 

Poor 

Su, 200821 RCT Single center  - 
Asia 

Start date: Jul-2000 – 
End date: Jul-2006 

  GA:</= 31 weeks 
 
BW: </= 1500g 
 
RDS: severe RDS - clinical 
signs (IC rtxs, flaring, 
grunting) or CXR findings 
severe diffuse reticulo- 

Bleeding: 
uncorrectable   
 
Congen: severe 
congenital 
abnormalities   
 
IVH: Severe III or IV  

Fair 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

granular infiltrates w/low 
lung volumes 
 
Respfail: OI >/=25  
 
Vent Support:  mechanical 
ventilation 

 
Other: lethal 
chromosomal 
anomalies 

Subhedar, 
199722 

RCT Single Center  - 
Europe 

Start date: Aug-1995 – 
End date: Sep-1996 

Not specified 
in article 

Age: 96 hours of age   
 
GA:<32 weeks 
 
RDS: requiring mechanical 
ventilation 
 
Surfactant 
 
Vent Support: mechanically 
ventilated since birth 
 
Other: high risk for CLD by 
prediction score 

Bleeding: Plts< 50 
 
Congen: major 
anomalies; structual 
cardiac anomalies 
 
Dshunting: significant 
 
IVH: with parenchymal 
involvement 
 
Pulmhem 
 
Sepsis: Culture 
positive  
 
Other: GI bleed 

Poor 

Follow-up of 
Subhedar, 
199722 
 
Bennett, 
200123 

RCT Single Center  - 
Europe 

  30 Months 
corrected age 

GA:<32 weeks Intrprncyml: 
parenchymal 
involvement at trial 
entry 

Poor 

Tanaka, 
200724 

Retrospecti
ve cohort 

Single Center  - 
Asia 

Start date: Jan-1988 –  
End date: Dec-1999 

3 Years GA:< 34 weeks 
 
Shuting: Rt-to-L shunt at 
PDA or R-to-L at arterial 
level 
 
Hypoxemia: due to PPHN 
 

 Multiple birth: 
Singleton only  
 
Congen: No structural 
heart disease   

Fair 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

PPHN: Clinical: >5% 
difference in Pre- & Post-
ductal SaO2, or recurrent 
desats <85% over 12hours 
despite optimal treatment of 
lung disease, AND Echo 
evidence (w/o structural 
heart disease): peak systolic 
PAP >35mmHg or >2/3 
systemic systolic pressure - 
indicated by R-to-L shunting 
at PDA or arterial level 

Uga, 200425 Retrospecti
ve cohort 

Single Center  - 
Asia 

Start date: Jan-1999 
End date: NS 

NS BW: <1500 grams 
 
FiO2: 100% 
 
MAP: >8 
 
Oligho: >5 days with PROM 
 
PPHN: defined by no 
response to surfactant, 
 oligohydramnios/PROM>5 
days,  
 
refractory hypoxemia 
 
PPROM: >5 days 
 
Respfail: insufficient arterial 
oxygenation on 100% FiO2, 
MAP >8cmH20 
 
Surfactant: with no response 

   

Van Meurs, 
200526 

RCT Multi-Center  - 
North America 

Start date: Jan-2001 –  
End date: Sep-03 

  Age: 4 to 120 hours after 
birth 
 
GA:< 34 weeks  

Bleeding: Bleeding 
diathesis or platelet 
count at or below 
50,000 per cu. mm. 

Good 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

 
BW: 401-1500g 
 
OI: at least 10 on 2 ABGs 
between 30 min and 12 
hours apart; revised to OI of 
at least 5.0 followed within 
30 min to 12 hours of OI of 
at least 7.5 
 
ArtrCath: eligible from 4 to 
120 hours after birth 
 
Congen: Ventricular Septal 
Defect, patent ductus 
arteriosus and atrial level 
shunt permitted 
 
PPHN: idiopathic 
 
Pneumonia 
 
Pulmonary hypoplasia: 
suspected 
 
RDS 
 
Sepsis 
 
Surfactant: at least 4 hours 
before 
 
Vent Support:  required 
assisted ventilation 
 
Other: Aspiration Syndrome 

(thrombocytopenia) 
 
Congen: Congenital 
Heart Disease, major 
congenital anomaly 
involving respiratory 
system 

Sub analysis 
of 

RCT Multi-Center  - 
North America 

Start date: Jan- 2001 – 
End date: Sep- 2003 

18 to 22 
Months 

GA:<34 wks; <34 wks  
 

 Good 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

Van Meurs, 
200526 
 
Chock, 
200927 
 

BW: 401-1500g (iNO trial); 
some >1500g (larger 
Preemie Pilot study) 
 
Oligho: documented on U/S 
5+ days prior to delivery 
 
Pulmhyp: interpretation of 
CXR w/small, hypoplastic-
appearing lungs 
 
Respfail: 4 hours following 
surfactant 

Follow-up of 
Van Meurs, 
200526 
 
Hintz, 200728 
 
 

RCT Multi-Center  - 
North America 

Start date: Jan -2001–  
End date: Sep- 03 

18 - 22 Months 
corrected age 

GA:< 34 wks 
 
BW: 401 - 1500 g 
 
OI: >/=10 on 2 consecutive 
blood gases 30 min to 12 h 
apart; revised to OI >/=5 
followed by OI>/=7.5 w/in 30 
min to 24 hours 
 
Respfail: severe (defined in 
original iNO trial) 
 
Surfactant:x1 dose at least 
4hr before meeting OI 
criteria 
 
Vent support: Mechanical 

  Good 
 

Van Meurs, 
200729 

RCT Multicenter  - 
North America 

Start date: Jan- 2001–  
End date: Sep- 2003 

18-22 Months GA:<34 wks 
 
BW: >1500 g 
 
OI: OI >/=15 x2 ABGs 30  
min-12 hrs apart; OI >/=10 
then OI>/=12.5 within 30 

Bleeding: Platelets 
<50,000; or bleeding 
diathesis 
 
Congen heart disease 
 
Other: decision not to 

Good 
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Evidence Table 3: Study characteristics (continued)
 

Author, Year 
Study 
Design 

Study site-
Study location Recruitment date  

Planned 
length of 
follow-up 

Inclusion criteria Exclusion criteria 
Risk of 
Bias 

min-24 hrs   
 
PPHN: idiopathic 
 
Pneumonia   
 
Pulmonary hypoplasia 
 
Sepsis 
 
RDS 
 
Surfactant: at least 1 dose 
>4hrs prior 
 
Vent Support:  mechanical 
ventilation 
 
Other: Aspiration syndromes 

provide full treatment 

Yadav, 
199930 

Retrospecti
ve cohort 

Single Center  - 
Europe 

Start year: 1993 –  
End year: 1997 

Hospital 
discharge 

GA: "preterm" 
 
Hypoxemia: "severe 
hypoxemia despite max 
therapy 

Congen: major 
malformation;  
 
 

Poor 

 
ArtrCath: Arterial catheter, BPD: Bronchopulmonary dysplasia , BW: Birth weight,  Congen: Congenital anomaly/malformation, Dshunting: Ductal Shunting,  FiO2: Fraction of 
Inspired Oxygen, g:grams,  GA: Gestational age,  iNO: inhaled Nitric Oxide, intrprncyml:Intraparenchymal lesion,  IVH: Intraventricular Hemorrhage, MAP: Mean airway 
pressure, OI: Oxygenation Index, Oligho : Oligohydramnios,  PMA:  post menstrual age, PPHN: Persistent Pulmonary Hypertension of the Newborn, Pulmhyp: Pulmonary 
hypoplasia,  RDS: Respiratory distress syndrome,  Respfail: Respiratory failure , Vent Support: Ventilation Support 
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Evidence Table 4.  Participant Characteristics 

Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth 
weight 
(grams) 

Race
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose iNO 
Duration 

Ballard, 
20061 
 

Placebo   288 Mean: 26 
SD: 1.5 

Mean: 759  
SD: 155 

W: 145 
(50.3) 
 
B: 90 
(31.3) 
 
H: 43 
(14.9) 
Other: 10 
(3.) 

HFV: 74 
(25.7) 
 
CMV: 191 
(66.3) 
 
CPAP: 23 
(8) 

Median:16 
Range:13-19 
IQR 
Units: Days 

NA 
 

  

iNO 294 Mean: 26 
SD: 1.5 

Mean: 766  
SD: 161 

W: 170 
(57.8) 
 
B: 76 
(25.9) 
 
H: 32 
(10.9) 
 
 Other: 16 
(5.4) 

HFV: 65 
(22.1) 
 
CMV: 202 
(68.7) 
 
CPAP: 27 
(9.2) 

Median:16 
Range:12-19 
IQR 
Units: Days 

NA 
 

20ppm x48-
96hours: 
titrate every 
7days for a 
minimum of 2 
days exposure 
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

Follow-up 
of 
Ballard, 
20061 
 
Hibbs, 
20072 
 

Placebo 225 Mean: 25.7  
SD: 1.5 

Mean: 762  
SD: 150 

W: 121 
(53.8) 
 
B: 64 
(28.4) 
 
H: 31 
(13.8) 
 
Other: 9 
(4) 

 NA 
 

NA 
 

NA 
 

  

iNO 230 Mean: 25.8  
SD: 1.4 

Mean: 769  
SD: 163 

W: 141 
(61.3) 
 
B: 56 
(24.2) 
 
H: 22 (9.5) 
 
Other:: 11 
(4.8) 

 NA 
 

NA 
 

NA 
 

20ppm: 
weaned over 
at least 
24days 

 

Follow-up 
of Ballard 
20061 
 
Walsh, 
20103 

Placebo gas 234 Mean: 25.7 
SD:1.5 

Mean: 764 
SD: 153 

W: 
124(53) 
 
Other: 
110(47) 

NA 
 

Median: 16 
Range: 13-
20 IQR 
Unit: days 

NA 
 

  

iNO 243 Mean:25.8 
SD: 1.4 

Mean: 765 
SD:163 

W: 
151(62) 
 
Other: 
92(38) 

NA 
 

Median: 17 
Range: 13-
19 IQR 
Unit: days 

NA 
 

20ppm 
x24hours: 
decrease to 
10ppm 
x1week 
decrease to 
5ppm x1week 
decrease to 
2ppm x1week 

 

Banks, 
19994 

iNO 16 Median: 25.5 
Range: 24-

Median: 
787 Range: 

 NA 
 

HFV: 5 
(31.25) 

Median: 2.5 
Range: 1-7 

NA 
 

20ppm 
x72hours: 
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

 29 448-1790  
CMV :11 
(68.75) 

Units: 
Months 

responders 
weaned by 
20% every 
3day 

Cheung, 
19985 
 

iNO treated 
cohort 

24 Median: 25 
Range: 24-
27 (25% and 
75 %) 

Median: 
860 Range: 
668-1068 
(25% and 
75 %) 

 NA 
 

CMV : 24 
(100) 

 
NA 
 

Median:32 
Range: 28- 
52 (25% and 
75 %) 

20ppm: 
decrease by 
5ppm within 
2hours s/p 
initial dose 
decrease by 
5ppm q15-
30min to 
lowest dose w/ 
+ response 

 

Clark, 
20026 

iNO 33 Mean: 25.3; 
Range: 23-
29 

Mean: 736 
Range: 
509-1250 

W: 11 (33) 
 
B: 21 (64) 
 
H: 1 (3) 

 Mean: 19 
Range: 9-29 
Units: Days 

 20ppm 
x36hours: 
decrease to 
15ppm and 
decrease by 2-
3ppm 
every12hours; 
discontinued 
by 7 days. 

 

Dani, 20067 
 

Control 20 Mean: 26.7  
SD: 1.9 

Mean: 825 
SD: 299 

 NA 
 

HFV: 11 (55) NA 
 

Mean: 15.1 
SD: 4.9 

  

iNO 20 Mean: 26.3  
SD: 2.6 

Mean: 937 
SD: 298 

 NA 
 

HFV: 10 (50)  
NA 
 

Mean:16.4 
SD: 5.1 

5ppm: 
Increase by 
5ppm  every 
30min to max 
15ppm 

 

No 
responders 

6 Mean: 25.4  
SD: 2.6 

Mean: 748 
SD: 321.4 

 NA 
 

CPAP: 4 
(67) 

 
NA 
 

Mean:18.1 
SD: 4.2 

5ppm: 
Increase by 
5ppm every 
30min to max 
15ppm 

 

Responders 14 Mean: 26.7  
SD: 1.9 

Mean: 
1022.7 SD: 
243.1 

 NA 
 

CPAP: 13 
(93) 

 
NA 
 

Mean:14.7 
SD: 3.9 

5ppm: 
Increase by 
5ppm every 
30min to max 
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

15ppm 

Dewhurst, 
2010 8 

Responders 26 Median: 26 
Range: 25-
29 

Median: 
920 Range: 
655-1538 

NA  Median: 53 
Range: 37-
217 
Units: Hours 

Median: 47 
Range: 30-78 

10ppm: 
titrated 

 

Non-
responders 

8 Median: 29 
Range: 27-
30 

Median: 
915 Range: 
723-183 

NA  Median: 75 
Range: 20-
183 
Units: Hours 

Median: 23 
Range: 8-54 

20ppm: 
titrated 

Field, 20059 
 

Control 53 Mean: 26.3  
SD: 2.4 

Mean: 890  
SD: 343 

 NA 
 

HFV: 39 
(74%) 

Median:1 
Range:1-5 
IQR 
Units: Days 
 
 
 

Median:31.9 
Range: 17.4-
51.8 IQR  

  

iNO 55 Mean: 27.4  
SD: 2.6 

Mean: 1006 
SD: 395 

 NA 
 

HFV: 33 (60) Median:1 
Range:0-6 
IQR 
Units: Days 
 

Median:32.9 
Range: 22.2-
49.8 IQR,  
 

5ppm: double 
dose every 
15min to max 
40ppm 

 

Follow-up 
of 
Field 20059 
 
Huddy, 
200810 
 

Control 16 Mean: 28.2  
SD: 2.7 

Mean: 1142 
SD: 440 

 NA 
 

 NA 
 

Median: 1 
Range: IQR 
1.5 
Units: Days 
 
 

Median: 25.9 
Range: IQR 
41.3 

  

iNO 22 Mean: 28.5  
SD: 2.4 

Mean: 1191 
SD: 403 

 NA 
 

 NA 
 

Median: 1 
Range: IQR 
3 
Units: Days 
 
 

Median: 30.1 
Range: IQR 
20.5 

5ppm: double 
dose every 
15min until 
PaO2 
increases 
>22.5mmHg to 
max 40ppm 

 

Franco-
Belgium 
Collaborativ
e NO Trial 
Group, 

Control 45 Median: 29 
Range: 3.1 
IQR 

Median: 
1150 
Range: 520 
IQR 

 NA 
 

HFV: 34 (76) 
 
CMV : 11 
(24) 

Median:1 
Range: 1 
IQR 
Units: Days 
 

Median: 18 
Range: 7.4 
IQR 
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

199911 
 

 

iNO 40 Median: 29.6 
Range: 2.6 
IQR 

Median: 
1200 
Range: 570 
IQR 

 NA 
 

HFV: 30 (75) 
 
CMV : 10 
(25) 

Range: 1.5 
Units: Days 
 
 

Median:20.2 
Range: 8.3 
IQR 

10ppm x2-
3hours: 
decreased to 
5ppm then 
slowly wean 
off if 
deteriorating 
condition, 
increased 
dose to 20ppm 

 

Hascoet, 
200512 
 

Control with 
hypoxemic 
respiratory 
failure 

84  NA 
 

 BW<750: 
19 (22) 
  
BW 750-
999: 17 
(20), 
 
BW 1000-
1500: 32 
(39) 
 
BW >1500: 
16 (19) 

 NA 
 

 NA 
 

NA 
 

Mean:12 
SD: 5.6 

  

iNO with 
hypoxemic 
respiratory 
failure 

61  NA 
 

 BW <750g: 
10 (16.5) 
  
BW 750-
999g: 14 
(23) 
 
BW 1000-
1500g: 27 
(44) 
 
 BW 
>1500g: 10 
(16.5) 

 NA 
 

 NA 
 

NA 
 
 

OI  
Mean:14.6 
SD: 8.9 

5ppm: if aAO2 
increase >0.22 
decrease iNO 
to 2ppm if 
aAO2 increase 
<0.22 but 
>25% iNO 
remains at 
5ppm if aAO2 
unchanged 
increase iNO 
to 10ppm 
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

Follow-up 
of 
Hascoet 
200512 
 
Hamon, 
200513 

Hypoxemic 
respiratory 
failure, no 
iNO 

39 Mean: 27.9  
SD: 0.4 

Mean: 1102 
SD: 54 

 NA 
 

 NA 
 

Mean:15.9 
SD: 1.8 
Units: Hours 
 
 
 

NA 
 

  

iNO treated 
hypoxemic 
respiratory 
failure 

37 Mean: 27.3  
SD: 0.4 

Mean: 1083 
SD: 58 

 NA 
 

 NA 
 

Mean:14.1 
SD:1.4 
Units: Hours 
 

NA 
 

5ppm: aAO2 
increase >0.22 
decrease iNO 
to 2ppm aAO2 
increase <0.22 
but >25% iNO 
remains at 
5ppm aAO2 
unchanged 
increase iNO 
to 10ppm 

Median: 
35.1 hours 

Kinsella, 
199914 
 

Control 32 Mean: 26.8  
SD: 2.5 

Mean: 988  
SD: 387 

 NA 
 

 NA 
 

Mean: 27 
SD:37 
Units: Hours 

NA 
 

  

iNO 48 Mean: 27.1  
SD: 2.5 

Mean: 1040 
SD: 461 

 NA 
 

 NA 
 

Mean:30 
SD:  38 
Units: Hours 

NA 
 

5ppm x 7days: 
if OI increase 
>15%, iNO 
restarted 

 

Kinsella, 
200615 
 

Placebo gas, 
Total sample 

395 Mean: 25.6  
SD: 1.8 

Mean: 788  
SD: 185 

W: 234 of 
394 (59.4) 
 
B: 98 of 
394 (24.9) 
 
H: 48 of 
394 (12.2) 
 
Other: 14 
of 394 
(3.6) 

HFV: 113 of 
389 (29) 
 
CMV : 276 
of 389 (71) 

Mean:30.1 
SD:13.2 
Units: Hours 
 
 

Mean:5.8,  
SD:6.7 

  

iNO, Total 398 Mean: 25.6  Mean: 796  W: 249 of HFV: 113 of Mean:30.5 Mean:5.4 5ppm x Median: 14 
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

sample SD: 1.7 SD: 190 397(62.7) 
 
B: 94 of 
397(23.7) 
 
H: 41 of 
397(10.3) 
 
Other: 13 
of 397 
(3.3) 

393 (28.8) 
 
CMV : 280 
of 393 (71.2) 

SD:13.4 
Units: Hours 
 
 

SD: 5.2 21days days 

Follow-up 
of 
Kinsella 
200615 
 
Watson, 
200916 
 

Control -
detailed 
outcome 
cohort 

320 Mean: 25.7  
SD: 1.9 

Mean: 791  
SD: 186 

W: 192 
(60) 
 
B: 71 
(22.2) 
 
H: 44 
(13.8) 
 
Asian/Oth
er: 13 
(4.1) 

 NA 
 

NA 
 

Median:4.1 
 Range: 2.7-
6.4 IQR 

  

iNO- detailed 
outcome 
cohort 

332 Mean: 25.6  
SD: 1.7 

Mean: 797 
SD: 190 

W: 205 
(61.8) 
 
B: 76 
(22.9) 
 
H: 38 
(11,5) 
 
Asian/Oth
er: 13 
(3.9) 

 NA 
 

NA 
 

Median:4.1 
Range: 2.8-
6.2 IQR 

5ppm x21days 
or until 
extubated 

 

Mercier, 
2010 17 

Control 401 Mean: 26.6 
SD: 1.3 

Mean: 864 
SD: 192 

W: 328 
(82) 
 
B: 48 (12) 

CPAP: 42 
(10) 

NA Mean: 8.6 
SD: 12.7 

5ppm  
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

 
A: 2 (<1) 
 
Other: 23 
(6) 

iNO 399 Mean: 26.4 
SD: 1.3 

Mean: 851 
SD: 207 

W: 329 
(82) 
 
B: 39 (10) 
 
A: 4 (1) 
 
Other: 27 
(7) 

CPAP: 41 
(10) 

NA Mean: 8.0 
SD: 10.7 

5ppm 

Schreiber, 
200318 
 

Placebo 102 Mean: 27 
SD: 2.8 

Mean: 949 
SD: 387 

W: 12 
(11.8) 
 
B: 74 
(72.6) 
 
Other: 16 
(15.7) 

HFV: 48 (47) 
 
CMV : 54 
(52.9) 

Median:14 
Range: IQR 
7.6-28.5 
 
 

Median:6.8 
Range: 4.4-
12.7 IQR 

  

 iNO 105 Mean: 27.4 
SD: 2.5 

Mean: 1017 
SD: 369 

W: 18 
(17.1) 
 
B: 71 
(67.6) 
 
 Other: 16 
(15.2) 

HFV: 54 
(51.4) 
 
CMV : 51 
(48.6) 

Median: 12.9 
Range: IQR 
7.0-25.2 
 
 
 

Median:7.3 
 Range: IQR 
4.1-12.3 

10ppm x12-
24hours: 
decrease to 
5ppm and hold 
6day or 1hour 
before 
extubation if 
PaO2 
decrease by 
15%, restart 
iNO and 
decrease by 
1ppm every 
6hours 

 

Follow-up Control 68 Mean: 27.2  Mean: 958  W: 8 (12)  NA SD: 8.4 Median: 7.2   
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

of 
Schreiber, 
200318 
 
Mestan, 
200519 

SD: 2.6 SD: 356  
B: 52 (76)  
 
Other:: 8 
(12) 

 Units: 
Months 
 
 

 Range: IQR 
4.5-14.3 

iNO 70 Mean: 27.5  
SD: 2.4 

Mean: 1026 
SD: 366 

W: 14 (20) 
 
B: 44 (63), 
 
Other:: 12 
(17) 

 NA 
 

Mean: 24.9 
SD: 7.9 
Units: 
Months 
 
 

Median: 6.6 
Range: IQR 
4-11.5 

10ppm 
x24hours: 
decrease to 
5ppm and hold 
6d or 1hours 
before 
extubation 

 

Srisuparp, 
200220 
 

Control  18 Mean: 27.2  
SD: 0.5 

Mean: 901  
SD: 73 

B: 16 (89) HFV: 7 
(38.9) 

NA 
 

Mean:11.9 
SD: 2.2 

  

iNO 16 Mean: 26.8  
SD: 0.5 

Mean: 874  
SD: 70 

B: 16 
(100) 

HFV: 7 
(43.8) 

NA 
 

Mean:10.8 
SD: 1.5 

20ppm x6-
12hours: 
decrease to 
10ppm 
x12hours 
decrease to 
5ppm 
x12hours 
decrease by 
1ppm every 
12hours 

 

Su, 200821 
 

Received 
inhaled 
oxygen 
placebo only 

33 Mean: 27.9  
SD: 1.8 

Mean: 1050 
SD: 210 

NA 
 

  NA 
 
 

Mean:2.5 
SD: 1.8 
Units: Days 
 

Mean: 30.5 
SD: 4.7 
 

  

iNO 32 Mean: 27.4  
SD: 2.3 

Mean: 1020 
SD: 230 

  NA 
 
 

CMV : 
32(100) 

Mean: 2.45 
SD: 1.7 
Units: Days 
 
 

Mean:30.3 
SD: 3.5 

5ppm x6hours: 
if + response, 
decrease 
1ppm every 
6hours to min 
1ppm if – 
response, 

Mean: 4.9  
SD: 2.3  
Unit: days 
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

increase 5ppm 
every 6hours 
to max. 20ppm 

Subhedar, 
199722 
 

Dexamethaso
ne and 
standard of 
care 

22 Median: 27 
Range: 22-
31 

Median: 
750 Range: 
520-1400 

 NA 
 

 NA 
 

Median: 104 
Range: 96-
120 
Units: Hours 
 
 
 

Median: 3.9 
 Range: 1.2-
11.5 

  

iNO + iNO 
and 
dexamethaso
ne) 

20 Median: 27  
Range: 24-
30 

Median: 
882 Range: 
416-1354 

 NA 
 

 NA 
 

Median: 99 
Range: 96-
113 IQR 
Units: Hours 
 
 
 

Median: 7.9 
 Range: 1.6-
46.7 

20ppm: iNo 
started at 
20ppm, given 
for 2 hours, if 
responsive 
weaned by 5 
ppm  every 15 
minutes until 
5ppm then 
continued for 
72 hours, then 
discontinued. 

 

 
Dexamethaso
ne alone AND 
dex + iNO) 

21 Median: 27  
Range: 22-
31 

Median: 
870 Range: 
530-1400 

 NA 
 

NA 
 

Median: 104 
Range: 96-
120 
Units: Hours 
 
 
 

Median: 7.9 
 Range: 1.2-
46.7 

20ppm: iNo 
started at 
20ppm, given 
for 2 hours, if 
responsive 
weaned by 5 
ppm  every  15 
minutes until 
5ppm then 
continued for 
72 hours, then 
discontinued. 

 

iNO AND 21 Median: 27  Median:  NA NA Median: 98 Median: 4.1 20ppm: iNo  
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

standard of 
care 

Range: 22-
31 

818 Range: 
520-1222 

  Range: 96-
114 
Units: Hours 
 
 

 Range: 1.4-
28 

started at 
20ppm, given 
for 2 hours, if 
responsive 
weaned by 5 
ppm every 15 
minutes until 
5ppm then 
continued for 
72 hours, then 
discontinued. 

Follow-up 
of 
Subhedar, 
199722 
 
Bennett, 
200123 

Control 22  NA 
 

 NA 
 

 NA 
 

CMV :22 
(100) 

Mean: 96 
Units: Hours 

NA 
 

  

iNO 20  NA 
 

 NA 
 

 NA 
 

CMV :20 
(100) 

Mean: 96 
Units: Hours 

NA 
 

5-20ppm iNO 
x 72hours or 
until extubated 

 

Tanaka, 
200724 
 

Control 15 Median: 26  
Range: 24-
30 

Median: 
818  
Range: 
720-1400 
IQR 

  NA 
 
 

HFV: 9 (60) NA 
 
 

Median: 23.3  
Range:16-45 

  

iNO  16 Median: 25.5 
Range: 25-
28.8 

Median: 
838  
Range: 
628-1144 
IQR 

  NA 
 
 

HFV: 14 
(87.5) 

NA 
 

Median: 23.3  
Range: 16-45 
IQR 

10ppm: 
Increase 
10ppm  every 
30min to max 
30ppm 

 

Uga, 200425 
 

Control 10 Mean: 25.8  
SD: 2.4 
Range: 24-
30 

Mean: 809  
SD: 316 
Range: 
426-1453 

 NA 
 

 NA 
 

NA 
 

Mean: 13.9 
SD: 10.2 

  

iNO 8 Mean: 27.2  
SD: 2.2 
Range: 24-
30 

Mean: 996  
SD: 294 
Range: 
570-1317 

 NA 
 

 NA 
 

NA 
 

Mean: 28.8 
SD: 18.3 

30-40ppm  
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

Van Meurs, 
200526 
 

Control 210 Mean: 26 
SD: 2 

Mean: 837  
SD: 260 

W: 96 (46) 
 
B: 78 (37) 
 
H: 32 (15) 
 Other: 4 
(2) 

HFV: 124 
(59) 
 
CMV: 86 
(41) 

Mean:28 
SD: 22 
Units: Hours 
 
 

Mean:22 
SD:17 

  

iNO 210 Mean: 26 
SD: 2 

Mean: 840  
SD: 264 

W: 95 (45) 
 
B: 69 (33) 
 
H: 36 (17) 
 
 Other: 10 
(5) 

HFV: 125 
(59) 
 
CMV : 85 
(40) 

Mean:26 
SD: 23 
Units: Hours 
 
 

Mean:23 
SD:17 

5ppm: Hold if 
PaO2 
increases 
>=20mmHg or 
increase to 
10ppm  

Mean: 76  
SD: 73  
Unit: hours 

Sub 
analysis of 
Van Meurs, 
200526 
 
Chock, 
200927 
 

Control 6 Mean: 29 
SD: 3 

Mean: 1179 
SD: 369 

W: 4 (67) 
 
B: 1 (17) 
 
H: 0 (0)  
 
Other: 1 
(17) 

HFV: 6 (100) Mean:11 
SD: 4 
Units: Hours 
 
 

Mean:44 
SD: 30 
Median:39 
 Range:10-
100 

  

iNO  6 Mean: 27 
SD: 2 

Mean: 1039 
SD: 355 

W: 2 (33) 
 
B: 1 (17) 
 
H: 2 (33)  
 
Other: 1 
(17) 

HFV: 6 (100) Mean:12 
SD: 8 
Units: Hours 
 
 

Mean:20 
SD:27 
 Median: 19 
 Range: 11-
64 

5ppm x30min: 
increase 5ppm 
if PaO2 did not 
increase 
>20mmHg 

Mean: 1  
SD: 0.2 
Unit: hours 

Follow-up 
of 
Van Meurs, 
200526 
 
Hintz, 
200728 
 

Placebo 102 Mean: 26.2  
SD: 2.2 

Mean: 864  
SD: 271 

W: 46 (45) 
 
B: 35 (34) 
 
H: 18 (18) 
 
Other: 1 
(1) 

HFV: 57 (56) NA 
 

Mean: 18.1 
SD:11.3 
Median: 14.9 
Range:.5 - 
21.6 

 Median: 2  
Range: 1-
75 IQR 
Unit: hours 
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Evidence Table 4.  Participant Characteristics (continued)
 
Author, 
year 

Control 
 
Interventions 

N at 
baseline 

Gestational 
age (weeks) 
 

Birth weight 
(grams) 

Race 
n(%) 

Mode of 
Ventilation, 
n(%) 

Participant  
age at 
enrollment 

Oxygenation 
Index 

iNO Dose  iNO 
Duration 

 iNO Follow-
up of group 

91 Mean: 26.8  
SD: 2.3 

Mean: 958  
SD: 276 

W: 43 (47) 
 
B: 27 (30) 
 
H: 17 (19) 

HFV: 61 (67) NA 
 

Mean: 20 
SD:12.9 
Median: 16.3 
Range: 12-24 

5ppm titrated Median:72 
Range: 42-
115IQR 

Van Meurs, 
200729 
 

Control 15 Mean: 31.4  
SD: 1.1 

Mean: 2168 
SD: 441 

W: 5 (33) 
 
B: 4 (27) 
 
H: 6 (40) 

HFV: 11 (73) 
 
CMV : 2(13) 
 
HFFI: 2 (13) 

 
NA 
 
 

Mean: 28.2 
SD:17.3 
 

  

iNO  14 Mean: 31.1  
SD: 1.2 

Mean: 1970 
SD: 391 

W: 7 (50) 
 
B: 5 (36) 
 
H: 1 (7) 
  
Other:1 
(7) 

HFV: 6 (43) 
 
CMV : 8 (57) 
 
HFFI 0 (0) 

 
NA 
 

Mean:25.1 
SD:19.4 

5ppm x30min: 
Increase to 
10ppm 

 

Yadav, 
199930 
 
 

iNO 41 Mean:27  
SD:2.6 

Mean: 
1000 
SD: 46 

 NA 
 

 NA 
 

NA 
 

Mean: 40 
SD: 17 

10ppm  

B:Non-hispanic black; H:Hispanic; W:non-hispanic white; HFV: High-frequency ventilation; CMV: Conventional mechanical ventilation; CPAP: Continuous Positive Airway 
Pressure;  HFFI: High-frequency flow interruption; mmHg: millimeters of mercury; ppm: parts per million; iNO: inhaled nitric oxide 
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Evidence Table 5. Death and survival outcomes for KQ1. 

 

Author, 
Year 

Outcome Time of 
outcome 
measure 

Arm Description N
(Number of 
Participants 
Measured) 

Participants 
with Outcome 
n (%) 

Relative Effect 
(95% CI)  
 
OR (95% CI) 

Adjusted Relative 
Effect (95% CI) 
 
Adjusted OR (95% CI) 

Adjustments

Ballard, 
20061 

Death 36 weeks 
PMA 

Control 288 18 (6.3)   
  

  
  

  
  

iNO 294 16 (5.4)    

40 weeks 
PMA 

Control 288 19 (6.6)   
  

  
  

  
  

iNO 294 19 (6.5)    

44 wks 
PMA 

Control 288 20 (6.9)   
  

  
  

  
  

iNO 294 20 (6.8)    

Dani, 
20062 

NICU Control 20 6 (30)     P-value: 0.494 birth weight 

iNO 20 4 (20) 

Nonresponders 6 4 (66)  P-value: 0.078   
  

  
  Responders 14 3 (21) 

Field, 
20053 

1 year  Control 53 34 (64)   
  

  
  

  
  

iNO 55 30 (55)    

Franco-
Belgium 
Collaborati
ve NO 
Trial 
Group, 
19994 

in NICU Control 45 16 (35) P-value: Not 
significant 
  

  
  

  
  

iNO 40 11 (27)    

Hascoet, 
20055 

7 days of 
life 

Control with HRF 84 14 (17) P-value: 0.58 1   
  iNO with HRF 61 8 (13) 

28 days of 
life 

Control with HRF 84 26  (31) P-value: Not 
significant 
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Evidence Table 5. Death and survival outcomes for KQ1 (continued)

Author, 
Year 

Outcome Time of 
outcome 
measure 

Arm Description N
(Number of 
Participants 
Measured) 

Participants 
with Outcome 
n (%) 

Relative Effect 
(95% CI)  
 
OR (95% CI) 

Adjusted Relative 
Effect (95% CI) 
 
Adjusted OR (95% CI) 

Adjustments

   iNO with HRF 61 25  (41)    
Kinsella, 
19996 

 Discharge Control 32 17 (53) P-value: 0.65 
RR: 1.11(0.7-1.8) 

  
  

  
  

iNO 48 23 (48)    

Kinsella, 
20067 

 36 wks 
PMA 

Control 392 98 (25)    P-value: 0.08       
RR: 0.79 (0.61-1.03) 

 randomization 
strata, study 
sight 

iNO, Total 
sample) 

394 78 (19.8)    

Mercier, 
2010 8 

 24-28 
weeks 

Control 401 42 (10.5)    

iNO 399 56 (14) 

Schreiber, 
20039 

 NICU Control 102 23 (22.5) P-value: 0.18        
RR: 0.68 (0.38-
1.20) 

 RR: 0.68 (0.38-1.20)  type of 
ventilation 

iNO 105 16 (15.2)    

Srisuparp, 
200210 

 7 days Control 22 2 (11.1) P-value: 1   
  

  
  

iNO 16 2 (12.5)    

Su, 200811  During 
Study (9 
death 
within 96 
hours) 

Control 33 10 (30.3)   
  

  
  

 

iNO 32 6 (18.8)  
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Evidence Table 5. Death and survival outcomes for KQ1 (continued) 
 
Author, 
Year 

Outcome Time of 
outcome 
measure 

Arm Description N
(Number of 
Participants 
Measured) 

Participants 
with Outcome 
n (%) 

Relative Effect 
(95% CI)  
 
OR (95% CI) 

Adjusted Relative 
Effect (95% CI) 
 
Adjusted OR (95% CI) 

Adjustments 

groups 1&3; iNO 
+ iNO and 
dexamethasone) 

20 10 (50)    

Van 
Meurs, 
200513 

 death 
before 
discharge 
to home or 
within 365 

Control 208 93 (45)    P-value: 0.11   
RR:1.16 (0.96-1.39) 

Birthweight, 
study center, 
OI 

iNO) 210 109 (52)    

Van 
Meurs, 
200714 

Death 
before 
discharge 
to home or 
within 365 

Control 15 4 (27) P-value: 0.7  
RR: 1.34 (0.45-4.0) 

p-value: 0.65  
RR: 1.26 (0.47-3.41) 

 OI Stratum 

iNO  14 5 (36)    

Ballard, 
20061 

Survival 
without 
BPD 

36 weeks 
PMA 

Control 288 105 (36.5) p-value:0.04 
RR: 1.26 (1.02-
1.55) 

 RR: 1.45 (1.03-2.04) cluster 
(multiples) 
using GEE; 
from the letter 
to the editor 
correction 

iNO 294 129 (43.9)    
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Hascoet, 
20055 

 28 days Control with HRF 84 18 (21.4) p-value:NS   

iNO with HRF 61 14 (23) p-value:NS   

Schreiber, 
20039 

 Survived 
NICU 

iNO 89 54 (60.7)  
Control 79 37 (46.8)  

Schreiber, 
20039 

Survival 
with BPD 

Survived 
NICU 

Control 102 42 (53.2) p-value:0.07 
RR:0.74 (0.53-
1.03) 

  

iNO 105 35 (39.3)    
   

Subhedar, 
199712 

Not 
Specified 

Control 
dexamethasone 
and standard of 
care 

22 14 (64) RR: 1.07 (0.71-
1.37) 
  
RR: 0.92 (0.67-
1.28) 

   
  
 

Groups 1&3; iNO 
+ iNO and 
dexamethasone 

10 10 (100)    

Dexamethasone 
alone AND dex + 
iNO 

21 11 (52)    

iNO AND standard 
of care 

21 13 (62)    

Schreiber, 
20039 

Survival, 
BPD not 
specific 

Survived 
NICU 

Control 102 79 (77.5)     

iNO 105 89 (84.8)     

 

 
Evidence Table 5. Death and survival outcomes for KQ1 (continued) 
 
Author, 
Year 

Outcome Time of 
outcome 
measure 

Arm Description N
(Number of 
Participants 
Measured) 

Participants 
with Outcome 
n (%) 

Relative Effect 
(95% CI)  
 
OR (95% CI) 

Adjusted Relative 
Effect (95% CI) 
 
Adjusted OR (95% CI) 

Adjustments 



Appendix E. Evidence Tables 

  E‐39

BPD: Bronchopulmonary Dysplasia, CI: Confidence Interval, GEE: Generalized estimating equation, HRF: Hypoxemic Respiratory Failure , iNO: Inhaled nitric oxide, NICU: 
Neonatal intensive care unit, NS: Not significant, OI: Oxygenation Index, OR: Odds ratio, PMA: Post-menstrual age , RR: Relative risk  
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Evidence Table 6. BPD for KQ1 

Author, 
Year 

Time of 
outcome 
measure 

Study Arm N
(number 
of 
participan
ts 
measured
) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustmen
ts 

Duration 
(days) 

Differenc
e in 
Duration 
(p-value) 

Ballard, 
20061 

36 weeks 
PMA 

Control 288 164 (56.9)      
iNO 294 149 (50.7)     

Dani, 
20062 

36 weeks 
PMA 

Control 20 12 (60) P-value: 
0.067 

  Mean: 
69.4  
SD: 30.2 

0.054 

iNO 20 6 (30)    Mean: 
47.3  
SD: 39.4 

 

Nonrespond
ers 

6 2 (33)    Mean: 
19.8  
SD: 11.5 

0.084 

Responders 14 7 (50)    Mean: 
48.6  
SD: 37.3 

 

Field, 
20053 

36 weeks 
PMA 

Control 55 15 (27)    Mean: 6 
IQR:1.0-
17.0  

 

iNO 53 26 (49)    Mean: 15 
IQR:2-71 
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Evidence Table 6. BPD for KQ1 (continued) 
Author, 
Year 

Time of 
outcome 
measure 

Study Arm N 
(number 
of 
participan
ts 
measured
) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustmen
ts 

Duration 
(days) 

Differenc
e in 
Duration 
(p-value) 

Franco-
Belgium 
Collabor
ative 
NO Trial 
Group, 
19994 

during 
hospitalizati
on 

Control 29 8 (29) p-value: NS     Median: 
23 
IQR:41  

0.38 

iNO 29 7 (24) p-value: NS  
OR: 0.95 
(0.44–2.04) 

   Median: 
14 
IQR:43  

Kinsella, 
20065 

36 weeks 
PMA 

Control  309 210 (68) P-value: 0.43 
 

RR:0.96 
(0.86–1.09) 

randomizati
on strata, 
study sight 

  
iNO 326 212 (65) 

Kinsella, 
19996 

36 weeks 
PMA 

Control 15 12 (80) p-value: 0.3 
RR: 0.75(0.5-
1.13) 

    

iNO 25 15 (60)     

Mercier, 
2010 7 

24-28 
weeks 

Control 358 96 (27)      

iNO 339 81(24) 

Schreib
er, 
20038 

36 weeks 
PMA 

Control 102 42 (53.2)  P-value: 
0.07 
RR: 0.74 
(0.53–1.03) 

type of 
ventilation 

  

iNO 105  35 (39.3) 
 

     

Su, 
20089 

36 weeks 
PMA 

Control 33 11 (33.3)      
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Evidence Table 6. BPD for KQ1 (continued) 
Author, 
Year 

Time of 
outcome 
measure 

Study Arm N 
(number 
of 
participan
ts 
measured
) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustmen
ts 

Duration 
(days) 

Differenc
e in 
Duration 
(p-value) 

iNO 32 10 (31.3)      

Subhed
ar, 1997 
10 

36 weeks 
PMA 

Dexamethas
one and 
standard of 
care 

22 14 (64)      

Groups 1&3; 
iNO + iNO 
and 
dexamethas
one 

20 10 (50) 

Dexamethas
one alone 
AND dex + 
iNO 

21 11 (52) 

iNO AND 
standard of 
care 

21 13 (62) 

Van 
Meurs, 
200711 

36 weeks 
PMA 

Control 11 5 (45) p-value: 0.66 

RR: 0.66 
(0.21-2.08) 

p-value: 0.21 

RR: 0.40 
(0.09-1.71) 

OI stratum Mean: 32 
SD: 23 

0.45 

iNO 10 3 (30) Mean: 
23.8 SD: 
24.4 

Van 
Meurs, 
200512 

36 weeks 
PMA 

Control 127 86 (68) P-value: 0.26 RR: 0.90 
(0.75–1.08) 

   

iNO 109 65 (60)    

Ballard, 
20061 

40 weeks 
PMA 

Control 288 84 (29.2)          
iNO 294 66 (22.4)          

44 weeks 
PMA 

Control 288 35 (12.2)          
iNO 294 27 (9.2)          

Dani, 
2006 2 

Duration of 
supplement

Control 20 69.4 days*      
iNO 20 47.3 days* 
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Evidence Table 6. BPD for KQ1 (continued) 
Author, 
Year 

Time of 
outcome 
measure 

Study Arm N 
(number 
of 
participan
ts 
measured
) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustmen
ts 

Duration 
(days) 

Differenc
e in 
Duration 
(p-value) 

al oxygen Nonrespond
ers 

6 19.8 days* 

Responders 14 48.6 days* 
Field, 
20053 

1 year 
corrected 
age 

Control 18 
survivors 

1 (6)          

iNO 20 
survivors 

3 (15)          

At term 
(EDC) 

Control 53 12 (23)      Median: 
81 
IQR:14-
100  

  

iNO 55 16 (29)      Median: 
59 
IQR:30-
78  

  

Franco-
Belgium 
Collabor
ative 
NO Trial 
Group, 
19994 

28 days Control 29 14 (48) p-value: NS         

iNO 29 13 (45)          

Kinsella, 
19996 

Hospital 
discharge 

Control 15 12 (80) p-value: 0.1         

RR: 0.65 
(0.41-1.02) 

   

iNO 25 13 (54) p-value: 0.1 
1.02) 

       

RR: 
0.65(0.41- 

   

Kinsella, 
2006 5 

Post-natal 
corticostero
ids 

Control 365 204 (56) p-value: 0.24     

iNO 369 222 (60) 

Schreib Duration of Control 102 28.5 days*      
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Evidence Table 6. BPD for KQ1 (continued) 
Author, 
Year 

Time of 
outcome 
measure 

Study Arm N 
(number 
of 
participan
ts 
measured
) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustmen
ts 

Duration 
(days) 

Differenc
e in 
Duration 
(p-value) 

er, 2003 
8 

Mechanical 
Ventilation 

iNO 105 16 days 

Su, 
20089 

Duration of 
Mechanical 
Ventilation 

Control 33 14.2 days*      
iNO 32 12.8 days * 

Van 
Meurs, 
200512 

Days on 
Mechanical 
Ventilation 

Control 210 47 days*      
iNO 210 39 days* 

Van 
Meurs, 
2007 11 

Physiologic 
BPD as per 
Walsh 
criteria 

Control 10 4 (40)  p-value: 1  
RR: 0.91 
(0.31-2.70) 

 p-value: 
0.61  
RR: 0.74 
(0.26-2.09) 

     

iNO 11 4 (36)      

Ballard, 
20061 

40 weeks 
PMA, 
severe 

Control 288 30 (10.4)      

iNO 294 18 (6.1)         

44 weeks 
PMA, 
severe 

Control 288 12 (4.2)         

iNO 294 6 (2)   
  

    

  

  
  

Dani, 
20062 

In NICU, 
severe 

Control 20 20 (100)     14.9 
(Mean) 
18.1 (SD) 

  

iNO 20 20 (100) 1   12.5 
(Mean) 

0.608 
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Evidence Table 6. BPD for KQ1 (continued) 
Author, 
Year 

Time of 
outcome 
measure 

Study Arm N 
(number 
of 
participan
ts 
measured
) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustmen
ts 

Duration 
(days) 

Differenc
e in 
Duration 
(p-value) 

10.1 (SD) 

Nonrespond
ers 

6 6 (100)     19 
(Mean) 
12.7 (SD) 

  

Responders 14 14 (100) 1   15.8 
(Mean) 
17.3 (SD) 

0.69 

Field, 
20053 

During 
hospitalizati
on, severe 

Control 53       4 (Mean) 
1.0-9.0 
IQR 

  

iNO 55       7 
(Median) 
2-26 IQR 

  

Hascoet
, 200513 

48 hours of 
life, severe 

Control with 
HRF 

84 30  (35.7) 0.024       

iNO with 
HRF 

61 49 (80.3) 0.024       

Franco-
Belgium
, 19994 

during 
hospitalizati
on, severe 

Control 29       16 
(Median) 
14 IQR 

ns 

iNO 29       12 
(Median) 
32 IQR 

0.78 
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Evidence Table 6. BPD for KQ1 (continued) 
Author, 
Year 

Time of 
outcome 
measure 

Study Arm N 
(number 
of 
participan
ts 
measured
) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustmen
ts 

Duration 
(days) 

Differenc
e in 
Duration 
(p-value) 

Schreib
er, 
20038 

Before 
Discharge, 
severe 

Control 79 
survivors 

      28.5 
(Median) 
IQR 8-48 

  

iNO 89 
survivors 

      16 
(Median) 
IQR 8-37 

0.19 

Subhed
ar, 
199710 

Before 
Discharge, 
severe 

Dexamethas
one and 
standard of 
care 

22       19 
(Median) 
5-39 
range 

  

Groups 1&3; 
iNO + iNO 
and 
dexamethas
one 

20       11 
(Median) 
5-44 
range 

  

Dexamethas
one alone 
AND dex + 
iNO 

21       23 
(Median) 
6-44 
range 

  

iNO AND 
standard of 
care 

21       13 
(Median) 
5-39 
range 

  

Time to 
extubation, 
severe 

Dexamethas
one and 
standard of 
care 

22       11 
(Median) 
range 5-
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Evidence Table 6. BPD for KQ1 (continued) 
Author, 
Year 

Time of 
outcome 
measure 

Study Arm N 
(number 
of 
participan
ts 
measured
) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustmen
ts 

Duration 
(days) 

Differenc
e in 
Duration 
(p-value) 

35 

Groups 1&3; 
iNO + iNO 
and 
dexamethas
one 

20       6.5 
(Median) 
range 5-
28 

  

Dexamethas
one alone 
AND dex + 
iNO 

21       8.5 
(Median) 
5-35 
range 

  

iNO AND 
standard of 
care 

21       11 
(Median) 
5-28 
range 

  

Van 
Meurs, 
200512 

NICU, 
severe 

Control 117     
  

  Mean:47 
SD: 53    

  

iNO 101     Mean:39  
SD:45  

0.56 

 

* Measure given in days, not number of participants 

BPD: Bronchopulmonary Dysplasia, EDC: Estimated date of confinement, HFOV: High-frequency oscillatory ventilation, HRF: Hypoxemic respiratory failure, iNO: 
Inhaled Nitric Oxide, IQR: Inter-quartile range, NICU: Neonatal Intensive Care Unit, NS: Not significant, PMA: Post-menstrual age, SD: Standard Deviation 
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Evidence Table 7. Death of BPD outcomes for KQ1 

Author, Year Time of 
outcome 
measure 

Arm 
Description 

N
(Number of 
Participants 
Measured) 

Participants 
with Outcome 
n (%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

OR (95% CI) Adjusted OR (95% CI)

Ballard, 20061 36 weeks 
PMA 

Control 288 182 (63.2)       
  

iNO 294 165 (56.1)       
  

Dani, 20062 NICU Control 20 18 (90) P-value: 0.016      
OR:  0.111 
(0.02-0.610) 

  
  

  
  

iNO 20 10 (50)    

Nonresponders 6 6 (100)  P-value: 0.035   
  

  
  

Responders 14 10 (71)    

Field, 20053 36 weeks 
PMA 

Control 53 48 (91)   
  

  
  

  
  

iNO 55 49 (89)    

Franco-
Belgium 
Collaborative 
NO Trial 
Group, 19994 

In NICU Control 45 24 (53)    
iNO 40 18 (45) 

Kinsella, 
19995 

Discharge Control 32 29 (91) P-value: 0.14 
RR: 0.85(0.7-
1.03) 

    
  

iNO 48 37 (77)     
  

Kinsella, 
20066 

36 wks 
PMA 

Control 392 295 (75.3)    P-value: 0.24   RR: 
0.95 (0.87-1.03) 

Study sight, 
randomization strata 

iNO 394 282 (71.6)    

Mercier, 2010 
7 

24-28 
weeks 

Control 400 138 (35)    
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BPD: Bronchopulmonary Dysplasia, iNO: Inhaled nitric oxide, NICU: Neonatal intensive care unit, OI: Oxygenation Index, OR: Odds ratio, PMA: Post-menstrual 
age , RR: Relative risk  

Evidence Table 7. Death of BPD outcomes for KQ1 (continued)

Author, Year Time of 
outcome 
measure 

Arm 
Description 

N
(Number of 
Participants 
Measured) 

Participants 
with Outcome 
n (%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

OR (95% CI) Adjusted OR (95% CI)

  iNO 395 137 (35)    

Schreiber, 
20038 

NICU Control 102 65 (63.7) P-value: 0.03       
RR: 0.76 (0.60-
0.97) 

RR: 0.77 (0.60-0.98) type of ventilation 

iNO 105 51 (48.6)    

Su, 2008 9 36 weeks 
PMA 

Control 33 21 (64)    

iNO 32 16 (50) 

Subhedar, 
1997 10 

Before 
Discharge 

Control 22 21 (95) RR = 1.05 
(0.84-1.25) 

  

iNO 20 20 (100) 

Van Meurs, 
200711 

Death 
before 
discharge 
to home or 
within 365 

Control 15 9 (60) P-value: 0.87        
RR: 0.83 (0.43-
1.62) 

p-value: 0.5  
RR: 0.80 (0.43-1.48) 

 OI Stratum 

iNO 14 7 (50) 

Van Meurs, 
200512 

before 
discharge 
to home or 
within 365 
days 
among 
hospitalized 
infants 

Control 208 170 (82)    P-value: 0.52 RR: 0.97 
(0.86-1.06) 

 Birth weight, study site, 
Oxygenation index 

iNO 210 167 (80)    
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Evidence Table 8. Brain injury outcomes for KQ2. 

Author, 
Year Outcomes 

Time of 
outcome 
measure Arm Description 

N (number 
of 
participants 
measured) 

Participants 
with outcome—
n (%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) Adjustments 

Dani, 20061 Brain injury, 
any IVH 

before 
discharge 

Control 20 4 (20) P-value: 
0.725 

  
iNO 20 5 (25) 

Hascoet, 
20052 

28 days Control 84 6 (7) P-value: 
NS 

  
iNO 61 4 (6) 

Kinsella, 
19993 

7 days or 36 
weeks 
postconception
al age 

iNO 32 18 (56) P-value: 
NS 

  
Control 17 10 (59) 

Su, 20084 Not specified Control 33 12 (36.3)    

iNO 32 8 (25) 
Dani, 20061 Brain injury, 

IVH grades 3 
and 4 

Before 
discharge 

Control 20 2 (10)  P-value: 
1 

  
  

 
iNO 20 2 (10) 

Nonresponders 6 3 (50) P-value: 
0.225 

  
  

 
Responders 14 3 (21) 

Kinsella, 
1999 3 

7 days Control 43 16 (37)    
iNO 26 10 (40) 

Kinsella, 
20065 

7 to 14 days of 
age and / or at 
more than 30 
days of age 

Control 394 63 (16)  p-value 0.14 
RR: 0.77 (0.54-
1.09) 

study sight, 
randomization 
strata 

iNO 398 49 (12.3)  

Mercier, 
2010 6 

24-28 weeks Control 397 32 (8)    
iNO 395 24 (6.1) 

Srisuparp, 
20027 

72 hours Control 18 5 (27.8)   
  

  
  

 
iNO 16 4 (25.1) 

Su, 20084 Not specified Control 33 8 (24.2)    
  

 
iNO 32 4 (12.5) 
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Evidence Table 8. Brain injury outcomes for KQ2 (continued)
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm Description N (number 
of 
participants 
measured) 

Participants 
with outcome—
n (%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Ballard, 
20068 

Brain Injury, 
IVH Grades 3 
or 4 and / or 
PVL 

after study 
entry 

Control 288 10 (4.1) P-value: 0.67 
RR:1.21(0.53-
2.76) 

  
iNO 294 13 (5) 

Franco-
Belgium 
Collaborativ
e NO Trial 
Group, 
19999 

during 
hospitalization 

Control 45 12 (27) P-value: NS   
iNO 40 13 (32) 

Kinsella, 
2006 5 

21 days until 
extubation 

Control 364 87 (24)    
iNO 366 64 (17) 

Schreiber, 
200310 

NICU Control 102 24 (23.5) P-value: 0.04 
RR: 0.53 (0.28-
0.98) 

  
iNO 105 13 (12.4) 

Van Meurs, 
200711 

28 +/- 3 days Control 9 (HUS 
available) 

2 (22) P-value: 0.47   

iNO 9 0 (0) 
Van Meurs, 
200512 

Not specified Control 155 50 (32)  P-value: 0.11 
RR: 1.25 (0.95-
1.66) 

  
iNO 170 69 (39) 

Dani, 20061 Brain Injury, 
PVL 

Before 
discharge 

Control 20 1 (5) P-value: 
0.5 

  
  

 
iNO 20 0 (0) 

Nonresponders 6 0 (0) P-value: 
1 

   
Responders 14 0 (0)   

Kinsella, 
20065 

7 to 14 days of 
age and / or at 
more than 30 
days of age 

Control 356 32 (9)   
 

P-value: 0.048 
RR: 0.58 (0.33-
1.00) 

 study site, 
randomization 
strata 

iNO 365 19 (5.2) 

Kinsella, 7 days or 36 
weeks 

Control 15 2 (13) P-value: 0.62    
iNO 25 2 (8) 
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Evidence Table 8. Brain injury outcomes for KQ2 (continued)
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm Description N (number 
of 
participants 
measured) 

Participants 
with outcome—
n (%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

19993 postconception
al age 

  

Mercier, 
2010 6 

24-28 weeks Control 397 1 (0.2)    
iNO 395 7 (1.7) 

Su, 20084 Not specified Control 33 4 (12.1)    
  

 
iNO 32 3 (9.4) 

 

CI: Confidence Interval, iNO: Inhaled nitric oxide, IVH: Intraventricular hemorrhage, NS: Not significant, PVL: Periventricular leukomalacia, RR: Relative risk 

 

 

Reference List 

 

 
 1.  Dani C, Bertini G, Pezzati M, Filippi L, Cecchi A, Rubaltelli FF. Inhaled 

nitric oxide in very preterm infants with severe respiratory distress 
syndrome. Acta Paediatr 2006; 95(9):1116-23. 

 2.  Hascoet JM, Fresson J, Claris O et al. The safety and efficacy of nitric oxide 
therapy in premature infants. J. Pediatr. 2005; 146(3):318-23. 

 3.  Kinsella JP, Walsh WF, Bose CL  et al. Inhaled nitric oxide in premature 
neonates with severe hypoxaemic respiratory failure: A randomised 
controlled trial. Lancet 1999; 354(9184):1061-5. 

 4.  Su PH, Chen JY. Inhaled nitric oxide in the management of preterm infants 
with severe respiratory failure. J Perinatol 2008; 28(2):112-6. 

 5.  Kinsella JP, Cutter GR, Walsh WF et al. Early inhaled nitric oxide therapy in 
premature newborns with respiratory failure. N Engl J Med 2006; 
355(4):354-64. 

 6.  Mercier JC, Hummler H, Durrmeyer X et al. Inhaled nitric oxide for 
prevention of bronchopulmonary dysplasia in premature babies (EUNO): a 
randomised controlled trial. Lancet 2010. 

 7.  Srisuparp P, Heitschmidt M, Schreiber MD. Inhaled nitric oxide therapy in 
premature infants with mild to moderate respiratory distress syndrome. J 

Med Assoc Thai 2002; 85 Suppl 2:S469-78. 
 8.  Ballard RA, Truog WE, Cnaan A et al. Inhaled nitric oxide in preterm 

infants undergoing mechanical ventilation. New Engl. J. Med. 2006; 
355(4):343-53. 

 9.  Franco-Belgium Collaborative NO Trial Group. Early compared with 
delayed inhaled nitric oxide in moderately hypoxaemic neonates with 
respiratory failure: a randomised controlled trial. The Franco-Belgium 
Collaborative NO Trial Group. Lancet 1999; 354(9184):1066-71. 

 10.  Schreiber MD, Gin-Mestan K, Marks JD, Huo D, Lee G, Srisuparp P. 
Inhaled Nitric Oxide in Premature Infants with the Respiratory Distress 
Syndrome. New Engl. J. Med. 2003; 349(22):2099-107. 

 11.  Van Meurs KP, Hintz SR, Ehrenkranz RA et al. Inhaled nitric oxide in 
infants >1500 g and <34 weeks gestation with severe respiratory failure. J 
Perinatol 2007; 27(6):347-52. 

 12.  Van Meurs KP, Wright LL, Ehrenkranz RA et al. Inhaled nitric oxide for 
premature infants with severe respiratory failure. N Engl J Med 2005; 
353(1):13-22.



Appendix E. Evidence Tables 

  E‐55

 
Evidence Table 9. Other short term outcomes addressing KQ2 including PDA, sepsis, NEC, ROP, Pulmonary outcomes, and methemoglobinemia. 

Author, 
Year Outcomes 

Time of 
outcome 
measure 

Arm 
Description 

N (number 
of 
participants 
measured) 

Participants 
with 
outcome—n 
(%) 

Relative Effect 
(95% CI) Adjusted Relative 

Effect (95% CI) Adjustments 
Ballard, 
20061 

Cardiac 
Outcomes, 
PDA 
Requiring 
Medical or 
Surgical 
Treatment 

after study 
entry 
 

Control 288 55 (19.1) P-value: 0.85 
RR: 0.96 (0.68-
1.35) 

  
iNO 294 54 (18.4) 

Field, 20052 
 

during 
hospitalizatio
n 
 

Control 53 13 (25)    
iNO 55 9 (16) 

Schreiber, 
20033 

Before 
discharge  

Control 102 26 (25.5) P-value: 0.27 

RR: 0.75 (0.45-
1.25) 

  
iNO 105 20 (19) 

Kinsella, 
20064 

Cardiac 
Outcomes, 
PDA 
Requiring 
Medical 
Treatment 

Before 
discharge 
 

Control 395 212 (53.7)  P-value: 0.92 study sight, 
randomization 
strata 

iNO 398 215 (54) 

Srisuparp, 
20025 

Before 
discharge 

Control 18 1 (5.6) P-value: 1   
iNO 16 0 (0) 

Su, 20086 Before 
discharge 
 

Control 33 8 (24.2)    
iNO 32 9 (28.1) 

Subhedar, 
19977 

Before 
discharge  

Control 
dexamethaso
ne and 
standard of 
care 

22 1 (5)    
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Evidence Table 9. Other short term outcomes addressing KQ2 including PDA, sepsis, NEC, ROP, Pulmonary outcomes, and methemoglobinemia 
(continued) 
 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm 
Description 

N (number 
of 
participants 
measured) 

Participants 
with 
outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

   Groups 1&3; 
iNO + iNO 
and 
dexamethaso
ne 

20 3 (15)    

Dexamethaso
ne alone AND 
dex + iNO 

21 1 (5)  

iNO AND 
standard of 
care 

21 2 (10)  

Kinsella, 
20064 

Cardiac 
Outcomes, 
PDA requiring 
surgical 
treatment 

Before 
discharge 
 

Control 395 86 (21.8)  P-value: 0.96 study sight, 
randomization 
strata 

iNO 398 86 (21.6) 

Mercier, 
2010 8 

24-28 weeks Control 397 45 (11.3)    
iNO 395 59 (14.9) 

Srisuparp, 
20025 

Before 
discharge  

Control 18 0 (0) P-value: 0.47   
iNO 16 1 (6.3) 

Subhedar, 
19977 

Before 
discharge  

Control 
dexamethaso
ne and 
standard of 
care 

22 2 (10)    

Groups 1&3; 
iNO + iNO 
and 
dexamethaso
ne 

20 1 (5)  

Dexamethaso
ne alone AND 

21 2 (10)   
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Evidence Table 9. Other short term outcomes addressing KQ2 including PDA, sepsis, NEC, ROP, Pulmonary outcomes, and methemoglobinemia 
(continued) 
 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm 
Description 

N (number 
of 
participants 
measured) 

Participants 
with 
outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

dex + iNO 
iNO AND 
standard of 
care 

21 2 (10)  

Dani, 20069 Cardiac 
Outcomes, 
Incidence of 
PDA 

Before 
discharge  

Control 20 18 (90) P-value: 0.421   
iNO 20 16 (80) 
Nonresponde
rs 

6 5 (60) P-value: 0.657   

Responders 14 11 (80)    
Kinsella, 
199910 
 

Cardiac 
Outcomes, 
Symptomatic 
PDA 

Before 
discharge  

Control Unclear 
 

Unclear (19) P-value: NS   
iNO Unclear (21)  

Subhedar, 
19977 

Before 
discharge  

Control 
dexamethaso
ne and 
standard of 
care 

22 3 (15)    

Groups 1&3; 
iNO + iNO 
and 
dexamethaso
ne 

20 4 (20)  

Dexamethaso
ne alone AND 
dex + iNO 

21 3 (14)   

iNO AND 
standard of 
care 

21 4 (19)  

Hascoet, 
200511 
 

Cardiac 
Outcomes, 
Undefined 
PDA 

28 days 
 

Control with 
Hypoxemic 
Respiratory 
Failure 

84 31 (37) P-value: NS   

iNO with 
Hypoxemic 
Respiratory 

61 20.74 (34) 
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Evidence Table 9. Other short term outcomes addressing KQ2 including PDA, sepsis, NEC, ROP, Pulmonary outcomes, and methemoglobinemia 
(continued) 
 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm 
Description 

N (number 
of 
participants 
measured) 

Participants 
with 
outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

Failure 
Dani, 2006 9 Sepsis 

Defined by 
Positive 
Culture 

before 
discharge 

Control 20 10 (50)    

iNO 20 8 (40) 0.751   

Responders 6 2 (33)    

Nonresponde
rs 

14 6 (43) 0.545   

Field, 2005 2 during 
hospitalizatio
n 

Control 53 21 (40)    

iNO 55 23 (42)    

Srisuparp, 
2002 5 

Unspecified Control 18 7 (38.9) 1   

iNO 16 7 (43.8) 1   

Field, 2005 2 Sepsis 
Defined by 
Clinician 

during 
hospitalizatio
n 

Control 53    

iNO 55 12 (22)    

Su, 2008 
{#200) 

Undefined 
Sepsis 

Unspecified Control 33 2 (6.1)    

iNO 32 3 (9.4)    
Kinsella, 

2006 4 
Unspecified Control 369 118 (32)    

iNO 381 139 (0.365)  0.19 randomization 
strata, study sight 

Ballard, 
2006 1 

after study 
entry 

Control 288 118 (41) 0.91   
0.98(0.80-1.20) 

iNO 294 121 (41.2) 0.91   
0.98(0.80-1.20) 

Schreiber, 
2003 3 

After 24 hours 
of age 

Control 102 50 (49)    

iNO 105 54 (51.5) 0.73   
1.05 (0.80-1.38) 

Ballard, Cardiac after study Control 288 19 (6.6) P-value: 0.63    
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Evidence Table 9. Other short term outcomes addressing KQ2 including PDA, sepsis, NEC, ROP, Pulmonary outcomes, and methemoglobinemia 
(continued) 
 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm 
Description 

N (number 
of 
participants 
measured) 

Participants 
with 
outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

20061 Outcomes, 
NEC requiring 
surgical 
treatment 

entry iNO 294 23 (7.8) RR: 1.17(0.64-
2.13) 

   

Ballard, 
20061 

Cardiac 
Outcomes, 
NEC requiring 
medical 
treatment 

after study 
entry 

Control 288 8 (2.8) P-value: 0.84 
RR:1.20(0.46-
3.13) 
 

  
  

 
iNO 294 10 (3.4)  

Dani, 20069 Cardiac 
Outcomes, 
NEC 
diagnosed by 
clinical criteria 

Before 
discharge 

Control 20 0 (0) P-value: 0.5   
  

 
iNO 20 1 (5)  

Before 
discharge 

Nonresponde
rs 

6 0 (0) P-value: 0.7   
  

 

Responders 14 1 (7)  
Hascoet, 
200511 

Cardiac 
Outcomes, 
NEC 
undefined 

28 days of life 
 

Control with 
Hypoxemic 
Respiratory 
Failure 

84  (6) NS 
 

  
  

 

iNO with 
Hypoxemic 
Respiratory 
Failure 

61  (8)  

Kinsella, 
20064 

Before 
discharge 
 

Control 369 46 (12.5)     
0.54 

study site, 
randomization 
strata 

iNO 379 53 (14)  
Mercier, 
2010 8 

Before 
discharge 

Control 397 7 (1.8)    
iNO 395 11 (2.8) 

Schreiber, before Control 102 6 (5.9) P-value: 0.11    
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Evidence Table 9. Other short term outcomes addressing KQ2 including PDA, sepsis, NEC, ROP, Pulmonary outcomes, and methemoglobinemia 
(continued) 
 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm 
Description 

N (number 
of 
participants 
measured) 

Participants 
with 
outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

20033 discharge iNO 105 13 (12.4) RR: 2.10 (0.83-
5.32) 

  

Su, 20086 Before 
discharge 

Control 33 2 (6.1) 
 

   

iNO 32 2 (6.3)  
Subhedar, 
19977 
 

before 
discharge 
 

Control 
dexamethaso
ne and 
standard of 
care 

22 2 (10)  
  

  
  

 

Groups 1&3; 
iNO + iNO 
and 
dexamethaso
ne 

20 1 (5)  

Dexamethaso
ne alone AND 

dex + iNO 

21 2 (10)    
  

 

iNO AND 
standard of 
care 

21 1 (5)  

Ballard, 
2006 1 

ROP 
requiring 
treatment by 
cryo or laser 

After study 
entry 

Control 288 68 (23.6) p-value: 0.95 
 
RR = 0.97 
(0.72-1.31) 

  
iNO 294 72 (24.5) 

Field, 20052 Before 
hospital 
discharge 

Control 49 4 (8)    
iNO 50 8 (16) 

Kinsella, 
199910 

Before 
hospital 
discharge 

Control 15 3 (20) P-value: 0.1   
  

 
iNO 25 1 (4) 

Kinsella, 
20064 

Before 
Discharge 

Control 395 60 (15.2) P-value: 0.59   
  

 
iNO 398 66 (16.6) 

Schreiber, Before Control 102 10 (9.8) P-value: 0.27    
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Evidence Table 9. Other short term outcomes addressing KQ2 including PDA, sepsis, NEC, ROP, Pulmonary outcomes, and methemoglobinemia 
(continued) 
 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm 
Description 

N (number 
of 
participants 
measured) 

Participants 
with 
outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

20033 hospital 
discharge 

iNO 105 6 (5.7)   

Subhedar, 
19977 

Before 
Hospital 
Discharge 
 

Control 
dexamethaso
ne and 
standard of 
care 

22 0 (0)    
  
  
  

 

Groups 1&3; 
iNO + iNO 
and 
dexamethaso
ne 

20 2 (10)  

Dexamethaso
ne alone AND 
dex + iNO 

21 2 (10)  

iNO AND 
standard of 
care 

21 0 (0)  

Van Meurs, 
200712 

Before 
Discharge 

Control 5 2 (40) P-value: 0.44   
  

 
iNO 5 0 (0)  

Van Meurs, 
200513 

before 
hospital 
discharge 

Control 112 36 (32)  P-value: 0.42 Study center, 
Oxygenation 
index, birth weight 

iNO 98 29 (30) 

Field, 20052 Pulmonary 
Hemorrhage 

Hospital 
discharge 
 

Control 53 5 (9)    
  

 
iNO 55 4 (7)  

Kinsella, 
20064 
 

Before 
discharge  

Control 395 26 (6.6)  0.75 study sight, 
randomization 
strata 

iNO 398 24 (6)  
Mercier, 
2010 8 

Discharge Control 397 14 (3.5)    
iNO 395 12 (3) 

Schreiber, Before Control 102 4 (3.8) P-value: 0.37    
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Evidence Table 9. Other short term outcomes addressing KQ2 including PDA, sepsis, NEC, ROP, Pulmonary outcomes, and methemoglobinemia 
(continued) 
 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm 
Description 

N (number 
of 
participants 
measured) 

Participants 
with 
outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

20033 
 

discharge  iNO 105 7 (6.9) RR:0.56 (0.17-
1.84) 
  

   

Su, 20086 
 

Before 
discharge  

Control 33 2 (6.1)    
  

 
iNO 32 3 (9.4)  

Field, 20052 
 

Air Leak Hospital 
discharge 
 

Control 53 20 (38)    
  

 
iNO 55 20 (36)  

Kinsella, 
1999 10 

       
   

Kinsella, 
20064 
 

Before 
discharge  

Control 395 24 (6.1)   
 

P-value:  0.94 study sight, 
randomization 
strata  

iNO, Total 
sample) 

398 25 (6.3) 

Mercier, 
2010 8 

24-28 weeks Control 397 13(3)    
iNO 395 12 (2) 

Schreiber, 
20033 
 

Before 
discharge  

Control 102 16 (15.7)  P-value: 
0.27 
RR: 0.67 (0.33-
1.37) 

  
  

 
iNO 105 11 (10.5) 

Before 
discharge  

Control 102 Pulmonary 
interstitial 
emphysema 
35 (34.3) 

P-value: 0.23 
RR: 0.78 (0.51-
1.18) 

   

iNO 105 Pulmonary 
interstitial 
emphysema 
28 (26.7) 

   

Srisuparp, 
2002 5 

72 hours Control 18 1 (5.6) p-value: 0.59   
iNO 16 2 (12.5) 

Su, 20086 
 

Before 
discharge  

Control 33 2 (6.1)    
  

 
iNO 32 2 (6.3) 
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Evidence Table 9. Other short term outcomes addressing KQ2 including PDA, sepsis, NEC, ROP, Pulmonary outcomes, and methemoglobinemia 
(continued) 
 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm 
Description 

N (number 
of 
participants 
measured) 

Participants 
with 
outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

Subhedar, 
19977 
 

Before 
discharge 
 

Control 
dexamethaso
ne and 
standard of 
care 

22 1 (5)    
  

 

Groups 1&3; 
iNO + iNO 
and 
dexamethaso
ne 

20 3 (15)  

Dexamethaso
ne alone AND 
dex + iNO 

21 3 (14)    
  

 

iNO AND 
standard of 
care 

21 1 (5)  

Van Meurs, 
200513 
 

Before 
discharge  

Control 117 37 (32)  P-value: 0.55 
RR: 1.12 (0.78-1.61) 

  
center, 
Oxygenation 
index, birth weight 

iNO 101 35 (35) 

Van Meurs, 
200712 
 

discharge 
 

Control 11 2 (18) P-value:0.48   
  

 
iNO 9 0 (0) 

 
Schreiber, 
20033 

Cardiac 
Outcomes, 
Methemoglobi
nemia >4% 

Before 
discharge 

Control 102 0  (0)    

iNO 105 3 (2.9)  

Van Meurs, 
200712 

Before 
discharge 

Control 14 0 (0)    
iNO 14 0 (0)  

Van Meurs, 
200513 

Before 
discharge 

Control 210 2 (1)   center, 
Oxygenation index 

iNO 210 2 (1)  
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Evidence Table 9. Other short term outcomes addressing KQ2 including PDA, sepsis, NEC, ROP, Pulmonary outcomes, and methemoglobinemia 
(continued) 
 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Arm 
Description 

N (number 
of 
participants 
measured) 

Participants 
with 
outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted Relative 
Effect (95% CI) 

Adjustments

Schreiber, 
20033 

Cardiac 
Outcomes, 
Methemoglobi
nemia >8% 

Before 
discharge 

Control 102 0 (0)    
 

 
iNO 105 0 (0)  

Van Meurs, 
200513 

Before 
discharge 

Control 210 0 (0)   P-value: 0.99 center, 
Oxygenation index 

 

CI: Confidence Interval; HRF: Hypoxemic respiratory failure; iNO: Inhaled nitric oxide; NEC: Necrotizing enterocolitis; NS: Not significant,: Relative risk; PDA:  Patent Ductus 
Arteriosis; ROP: Retinopathy of Prematurity; RR: Relative risk;  
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Evidence Table 10. Death and survival beyond the NICU for KQ3. 

Study, year Outcomes 

Time of 
outcome 
measure Study Arm 

N (Participant 
Measured) 

Participants 
with 
Outcome—n 
(%) 
 

Relative 
Effect (95% 
CI) 

Adjusted. 
Relative Effect 
(95% CI) Adjustments 

Bennett, 
20011 

Death 30 months 
corrected age 

Control 22 7 (32) P-value: 0.13 
RR: 1.65 
(0.87–3.3) 

  
  

 
iNO 20 10 (50) 

Hintz, 2007 2 18-22 months Control 98 210 (47)    
iNO 109 210 (52) 

Huddy, 
20083 

4-5 years, 
median 4.52 
(IQR 0.9) 

Control 19 0 (0)      

4-5 years, 
median 4.63, 
IQR 0.84) 

iNO 25 1 (4) 

Walsh, 
20104 

2 years 
 

Control 288 23 (8) RR: 1.02 
(0.59-1.77) 

  
  

 
iNO 294 24 (8.2) 

Watson, 
20095 

1 year corrected 
age 
 

Control 384 98 (25.5) P-value: 0.12 
  

  
  

 
iNO 385 80 (20.8) 

Mestan KK, 
20056 

Survival 25.2+/-8.4 
months corrected 
age 

Control 102 79 (0.775)   
  

  
  

 

24.9 +/-7.9 
months corrected 
age 

iNO 105 89 (84.8) 

 

CP: Cerebral palsy, iNO: Inhaled nitric oxide, IQR: Inter-quartile range, MDI: Mental developmental index, NDI: Neurodevelopmental impairment, NS: Not significant,OI: 
Oxygenation index, PDI: Physical developmental index 
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Evidence Table 11. Cerebral palsy outcomes in KQ3. 

Refid Outcome Time of 
Outcome 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Bennett, 
20011 
 
 

Moderate / Severe 
CP 
 

18 to 22 
months 
 

Control 14 2 (14.3)  

 

 
 

 
 

iNO 
 

7 0 (0)    

Hintz SR, 
20072 

Moderate / Severe 
CP 
 

3 years Control 102 11 (11) P-value; 0.11 
RR: 1.85 
(0.93-3.71) 

P-value: Model 
#1: 0.0453; 
Model #2: 
0.048 
RR: Model #1: 
2.01 (1.01-
3.98); Model 
#2: 2.41 (1.01-
5.75) 
 
 

Model #1: 
adjusted for 
BWt, center, 
sex, and OI 
entry criterion, 
birth weight, 
Model #2: 
adjusted for 
BWt, center, 
OI entry 
criterion, sex, 
BPD, IVH gr 3 
or 4 or PVL, 
length of iNO 
exposure, 
postnatal 
steroids 

iNO 
 

90 18 (20) 

Huddy, 
20083 
 
 

 
Mild CP 
 

 
4-5 years 

iNO 
 

16 4 (25)    
 
 Control 22 6 (27.3) 

Moderate / Severe 
CP 
 

4-5 years Control 16 2 (12.5)   
 

 
 

iNO 22 3 (13.6) 
Mestan KK, 
20054 

Any CP 
 

25.2+/-8.4 
months 
corrected 
age 
24.9+/-7.9 
months 
corrected 
age 

Control 68 7 (10) P-value: 0.78 
 

  
 

iNO 
 

70 6 (9)  
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Evidence Table 11. Cerebral palsy outcomes in KQ3 (continued)
 
Author, 
Year 

Outcome Time of 
Outcome 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Tanaka, 
2007 5 

Any CP 3 years Control 15 7 (46.7)    

   iNO 16 2 (12.5)    
Van Meurs, 
2007 6 

Moderate/Severe 
CP 

18-22 
months 

Control 0 8 (0)    

   iNO 0 9 (0)    
Walsh, 
20107 

Moderate / Severe 
CP 
 

2 years 
 

Control 234 12 (5.1) RR: 1.23 
(0.59-2.55) 

 
 

 
 

  24.9+/-7.9 
months 
corrected 
age 

iNO 
 

243 15 (6.2)    

 

CI: Confidence Interval, CP: Cerebral Palsy, iNO: Inhaled Nitric Oxide, OI: Oxygenation Index, RR: Risk Ratio 
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Evidence Table 12. Cognitive outcomes for KQ3 

Author, 
year 

Outcome Time of 
Outcom
e 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Hintz, 20071 NDI: any of the 
following: mod-
severe CP, blind, 
deaf, MDI<70 or 
PDI<70 
 

18-22 
months 
 

Control 102 48 (47) P-value:0.74 

RR: 1.07 
(0.80 - 1.44) 

 

 Model #1: BW, center, 
OI entry criterion strata, 
sex, Model #2: same as 
model #1 + BPD, IVH gr 
3 or 4 or PVL, length of 
iNO exposure, postnatal 
steroids 
 

iNO 
 

89 45 (51)    

Isolated delay = 
MDI<70 or 
PDI<70 in 
absence of mod-
severe CP, 
deafness or 
blindness 
 

Control 102 35 (34) P-value:0.37 

RR:0.79 
(0.51-1.23) 

 

P-value: 
Model #1: 0.78: 
Model #2 0.37 
RR: Model #1: 
1.04 (0.79-
1.36); Model 
#2: 1.19 (0.81-
1.73) 
 

Model #1: BW, center, 
OI entry criterion strata, 
sex 
 

iNO 
 

88 24 (27)    

Huddy, 
20082 

Any cognitive 
disability 
(GCAS<85) 
 

4-5 yrs, 
median 
4.52 
(IQR 0.9) 

Control 16 9 (56.2)    

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 11 (50)  
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Evidence Table 12. Cognitive outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcom
e 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

 Moderate or 
severe cognitive 
disability 
(GCAS<70) 
 

4-5 yrs, 
median 
4.52 
(IQR 0.9) 

Control 16 6 (37.5)    

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 6 (27.3)  

Severe cognitive 
disability (GCAS 
<50) 
 

4-5 yrs, 
median 
4.52 
(IQR 0.9) 

Control 16 3 (18.7)    

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 3 (13.6)  

GCAS>84 
 

4-5 yrs, 
median 
4.52 
(IQR 0.9) 

Control 16 7 (43.7)    

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 11 (50)  

Overall outcome: 
severe disability 
 

4-5 yrs, 
median 
4.52 
(IQR 0.9) 

Control 16 3 (18.7)    

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 3 (13.6)  

Overall outcome: 
Moderate 
disability 

4-5 yrs, 
median 
4.52 

Control 16 4 (25)    
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Evidence Table 12. Cognitive outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcom
e 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

 (IQR 0.9) 
4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 5 (22.7)  

Overall outcome: 
Normal 
 

4-5 yrs, 
median 
4.52 
(IQR 0.9) 

Control 16 3 (18.7)  
 

  

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 5 (22.7)  

Overall outcome: 
mild disability 
 

4-5 yrs, 
median 
4.52 
(IQR 0.9) 

Control 16 4 (25)    

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 6 (27.3)  

Mestan, 
20053 

Abnormal 
neurodevelopme
ntal outcome 
(any disability or 
any BSID II score 
<70) 

25.2+/-
8.4 
months 
corrected 
age 
24.9 +/-
7.9 
months 
corrected 
age 

Control 67 31 (46) P-value:0.01 
RR: 0.53 
(0.33-0.87) 

P-value: Model 
#1: 0.50: Model 
#2: 0.79 
RR: Model #1: 
0.85 (0.54-
1.35); Model 
#2: 0.91 (0.46-
1.81) 
 

 
iNO 
 

70 17 (24) 

Abnormal 
neurodevelopme
ntal outcome 
(any disability or 
any BSID II score 
<70) 

25.2+/-
8.4 
months 
corrected 
age 

Control 67    birth weight 
 

24.9 +/- iNO 70  
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Evidence Table 12. Cognitive outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcom
e 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

7.9 
months 
corrected 
age 

 

Abnormal 
neurodevelopme
ntal outcome 
(any disability or 
any BSID II score 
<70) 

25.2+/-
8.4 
months 
corrected 
age 

Control 67   P-value:0.002 
RR:0.57(0.35-
0.93 

sex 
 

24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

70  

Abnormal 
neurodevelopme
ntal outcome 
(any disability or 
any BSID II score 
<70) 

25.2+/-
8.4 
months 
corrected 
age 

Control 67   P-value:0.006 
RR:0.52 (0.32-
0.82) 

Mother graduation from 
high school 
 

24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

70  

Abnormal 
neurodevelopme
ntal outcome 
(any disability or 
any BSID II score 
<70) 

25.2+/-
8.4 
months 
corrected 
age 

Control 67   P-value:0.007 
RR:0.48 (0.28-
0.82) 

household without 
employed person 
 

24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

70  

Abnormal 
neurodevelopme
ntal outcome 

25.2+/-
8.4 
months 

Control 67   P-value:0.006 
RR:0.49 (0.29-
0.82) 

type of ventilation 
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Evidence Table 12. Cognitive outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcom
e 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

(any disability or 
any BSID II score 
<70) 

corrected 
age 
24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

70  

Abnormal 
neurodevelopme
ntal outcome 
(any disability or 
any BSID II score 
<70) 

25.2+/-
8.4 
months 
corrected 
age 

Control 67   P-value:0.01 
RR:0.53 (0.33-
0.87) 

chronic lung 
disease and severe IVH 
or PVL 

24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

70   

Abnormal 
neurodevelopme
ntal outcome 
(any disability or 
any BSID II score 
<70) 

25.2+/-
8.4 
months 
corrected 
age 

Control 67   
 

P-value:0.03 
RR:0.6 (0.38-
0.96) 

prolonged postnatal 
exposure to 
corticosteroids 
 

24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

70  

Abnormal 
neurodevelopme
ntal outcome 
(any disability or 
any BSID II score 
<70) 

25.2+/-
8.4 
months 
corrected 
age 

Control 67   P-value:0.01 
RR:0.53 (0.33-
0.87) 

birth weight and sex 
 

24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

70   
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Evidence Table 12. Cognitive outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcom
e 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Abnormal 
neurodevelopme
ntal outcome 
(any disability or 
any BSID II score 
<70) 

25.2+/-
8.4 
months 
corrected 
age 

Control 67   P-value:0.01 
RR:0.55 (0.35-
0.99) 

severe intraventricular 
hemorrhage or 
periventricular 
leukomalacia 
 

24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

70  

Abnormal 
neurodevelopme
ntal outcome 
(any disability or 
any BSID II score 
<70) 

25.2+/-
8.4 
months 
corrected 
age 

Control 67   P-value:0.01 
RR:0.55 (0.34-
0.89) 

chronic lung disease 
 

24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

70  

Delay without 
disability 

25.2+/-
8.4 
months 
corrected 
age 

Control 67 23 (34)  P-value:0.03 
RR:0.59 (0.36-
0.95) 

 

24.9 +/-
7.9 
months 
corrected 
age 

iNO 69 11 (16) 

Disability (CP, 
bilateral 
blindness or 
bilateral hearing 
loss) 

25.2+/-
8.4 
months 
corrected 
age 

Control 68 8 (12)    

24.9 +/-
7.9 

iNO 
 

67 6 (9) 
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Evidence Table 12. Cognitive outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcom
e 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

months 
corrected 
age 

MDI or PDI < 70 25.2+/-
8.4 
months 
corrected 
age 

Control 67 28 (42) P-value: 0.03   

24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

69 16 (23) 

MDI and PDI < 
70 

25.2+/-
8.4 
months 
corrected 
age 

Control 67 8 (12) P-value: 0.58   

24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

69 6 (9) 

Van Meurs, 
20074 

NDI = any one of 
the following: 
moderate to 
severe CP, blind, 
deaf, MDI <70, or 
PDI <70 
 

18 to 22 
months 
 

Control 8 2 (25) P-value:0.58 
RR: 0.44 
(0.05-4,02) 

 OI stratum 
 iNO 

 
9 1 (11) 

Walsh, 
20105 
 
 

MDI>85 
 

2 years Control 214 83 (35)    
24.9 +/-
7.9 
months 
corrected 
age 

iNO 
 

210 95 (45.2) 

PDI>85 2 years Control 212 73 (31)    
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Evidence Table 12. Cognitive outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcom
e 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

 iNO 
 

207 75 (36.2) 

NDI in subset 
with complete 
evaluations 
 

2 years Control 212 (51) RR:0.93 
(0.76-1.14) 

  
iNO 
 

207 (48) 

Neurodevelopme
ntal Impairment 
(NDI = MDI<70, 
PDI<70, unable 
to crawl or walk 
(GMFCS>=2), 
bilateral 
blindness, or 
bilateral deafness 
requiring 
amplification). 
 

2 years Control 234 114 (49) RR: 0.92 
(0.75-1.12) 

  

iNO 
 

243 109 (44.8)  

 

BSID: Bayley Scale of Infant Development, BW: Birth weight, CP: Cerebral Palsy, GCAS: General conceptual ability score, GMFCS: Gross Motor Function Classification 
System, iNO: Inhaled Nitric Oxide, IQR: Inter-quartile range, IVH: Intravascular hemorrhage, MDI: Mental Development Index, NDI: Neurodevelopmental Impairment, OI: 
Oxygenation Index, PDI: Psychomotor Development Index,  PVL: Periventricular leukomalacia, RR: Relative Risk 
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Evidence Table 13. Sensory impairment for KQ3. 

Author, 
year 

Outcome Time of 
Outcome 
Measure 

Study Arm N (Participants 
Measured) 

Number of 
Participants with 
Outcome—n (%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustments

Bennett, 
2001 1 

Sensorineural 
Impairment 

 Control 22 1 (5)    
iNO 20 0 (0) 

Field, 2005 2 Visual 
Impairment 

1 year 
corrected 
age 

Control 53 0 (0)    
iNO 55 1 (2) 

Hearing 
Impairment 

Control 53 0 (0)    
iNO 55 3 (5) 

Huddy, 
20083 

Visual 
Impairment 

4-5 years 
 
 

Control 16 7 (43.7)    

iNO 
 

22 13 (59.1)    

Hearing 
Impairment 

4-5 years 
 

Control 16 0 (0)  

 

 
 

 

iNO 
 

22 2 (9.1)    

Mestan KK, 
20054 

Hearing Aid 
 

25.2+/-8.4 
months 
corrected 
age 
24.9+/-7.9 
months 
corrected 
age 

Control 68 1 (1) P-value: 0.49 

 

  

iNO 
 

70 0 (0)    

Blindness 
 

25.2+/-8.4 
months 
corrected 
age 
24.9+/-7.9 

Control 68 2 (3) P-value: 0.24   

iNO 70 0 (0)    

Van Meurs, 
20075 

Deafness 4-5 years 
 

Control 16 0 (0)  
 

  
iNO 
 

22 1 (4.5)  
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Evidence Table 13. Sensory impairment for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcome 
Measure 

Study Arm N (Participants 
Measured) 

Number of 
Participants with 
Outcome—n (%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustments

 No 
recognizable 
speech 
 

4-5 years 
 

Control 16 0 (0)  
 

  
iNO 22 3 (13.6)  

Any disability 
of hearing or 
communication 
 

4-5 years 
 

Control 16 3 (18.7)    
iNO 
 

22 3 (13.6)  

Deafness 
 

18 to 22 
months 
 

Control 8 0 (0)  
 

  
iNO 
 

9 0 (0)  

Walsh, 
20106 

Deafness 
 

2 years 
 

Control 234 3 (1) RR: 2.56 (0.68-
9.52) 

  

24.9+/-7.9 
months 
corrected 
age 

iNO 
 

243 8 (3.2)  

Blindness 
 

2 years 
 

Control 234 9 (4) RR: 0.97 (0.40-
2.40) 

  

24.9+/-7.9 iNO 

 

243 9 (3.7)  

Watson, 
2009 7 

Sensory impairment included in NDI but not individually. 

 

CI: Confidence Interval, iNO: Inhaled nitric oxide, NDI: Neurodevelopmental Impairment, RR: Relative Risk 

 



Evidence Table : Cerebral Palsy for KQ3 continued 

  E‐80

Reference List 

 

 

 1.  Bennett AJ, Shaw NJ, Gregg JE, Subhedar NV. Neurodevelopmental outcome 
in high-risk preterm infants treated with inhaled nitric oxide. Acta Paediatr 
2001; 90(5):573-6. 

 2.  Field D, Elbourne D, Truesdale A et al. Neonatal Ventilation With Inhaled 
Nitric Oxide Versus Ventilatory Support Without Inhaled Nitric Oxide for 
Preterm Infants With Severe Respiratory Failure: the INNOVO multicentre 
randomised controlled trial (ISRCTN 17821339). Pediatrics 2005; 115(4):926-
36. 

 3.  Huddy CL, Bennett CC, Hardy P et al. The INNOVO multicentre randomised 
controlled trial: neonatal ventilation with inhaled nitric oxide versus ventilatory 
support without nitric oxide for severe respiratory failure in preterm infants: 
follow up at 4-5 years. Arch Dis Child Fetal Neonatal Ed 2008; 93(6):F430-5. 

 4.  Mestan KK, Marks JD, Hecox K, Huo D, Schreiber MD. Neurodevelopmental 
outcomes of premature infants treated with inhaled nitric oxide. N Engl J Med 
2005; 353(1):23-32. 

 5.  Van Meurs KP, Hintz SR, Ehrenkranz RA et al. Inhaled nitric oxide in infants 
>1500 g and <34 weeks gestation with severe respiratory failure. J Perinatol 
2007; 27(6):347-52. 

 6.  Walsh MC, Hibbs AM, Martin CR et al. Two-year neurodevelopmental 
outcomes of ventilated preterm infants treated with inhaled nitric oxide. J 
Pediatr 2010; 156(4):556-61.e1. 

 7.  Watson RS, Clermont G, Kinsella JP et al. Clinical and economic effects of 
iNO in premature newborns with respiratory failure at 1 year. Pediatrics 2009; 
124(5):1333-43. 



Evidence Table : Cerebral Palsy for KQ3 continued 

  E‐81

Evidence Table 13. Sensory impairment for KQ3. 

Author, 
year 

Outcome Time of 
Outcome 
Measure 

Study Arm N (Participants 
Measured) 

Number of 
Participants with 
Outcome—n (%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative 
Effect (95% 
CI) 

Adjustments

Bennett, 
2001 1 

Sensorineural 
Impairment 

 Control 22 1 (5)    
iNO 20 0 (0) 

Field, 2005 2 Visual 
Impairment 

1 year 
corrected 
age 

Control 53 0 (0)    
iNO 55 1 (2) 

Hearing 
Impairment 

Control 53 0 (0)    
iNO 55 3 (5) 

Huddy, 
20083 

Visual 
Impairment 

4-5 years 
 
 

Control 16 7 (43.7)    

iNO 
 

22 13 (59.1)    

Hearing 
Impairment 

4-5 years 
 

Control 16 0 (0)  

 

 
 

 

iNO 
 

22 2 (9.1)    

Mestan KK, 
20054 

Hearing Aid 
 

25.2+/-8.4 
months 
corrected 
age 
24.9+/-7.9 
months 
corrected 
age 

Control 68 1 (1) P-value: 0.49 

 

  

iNO 
 

70 0 (0)    

Blindness 
 

25.2+/-8.4 
months 
corrected 
age 
24.9+/-7.9 

Control 68 2 (3) P-value: 0.24   

iNO 70 0 (0)    

Van Meurs, 
20075 

Deafness 4-5 years 
 

Control 16 0 (0)  
 

  
iNO 
 

22 1 (4.5)  
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Evidence Table 13. Sensory impairment for KQ3 (continued)
 
Author, year Outcome Time of 

Outcome 
Measure 

Study Arm N (Participants 
Measured) 

Number of 
Participants with 
Outcome—n (%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments 

 No 
recognizable 
speech 
 

4-5 years 
 

Control 16 0 (0)  
 

  
iNO 22 3 (13.6)  

Any disability 
of hearing or 
communication 
 

4-5 years 
 

Control 16 3 (18.7)    
iNO 
 

22 3 (13.6)  

Deafness 
 

18 to 22 
months 
 

Control 8 0 (0)  
 

  
iNO 
 

9 0 (0)  

Walsh, 
20106 

Deafness 
 

2 years 
 

Control 234 3 (1) RR: 2.56 (0.68-
9.52) 

  

24.9+/-7.9 
months 
corrected 
age 

iNO 
 

243 8 (3.2)  

Blindness 
 

2 years 
 

Control 234 9 (4) RR: 0.97 (0.40-
2.40) 

  

24.9+/-7.9 iNO 

 

243 9 (3.7)  

Watson, 
2009 7 

Sensory impairment included in NDI but not individually. 

 

CI: Confidence Interval, iNO: Inhaled nitric oxide, NDI: Neurodevelopmental Impairment, RR: Relative Risk 
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Evidence Table 14. NDI and death or NDI outcomes for KQ3. 

Author, 
year 

Outcome Time of 
Outcome 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Bennett, 
20011 
 
 

Severe 
neurodisability - 
one or more of: 
moderate or 
severe 
developmental 
delay; CP; 
sensorineural 
impairment 
(hearing loss 
requiring hearing 
aids and 
blindness) 
 

30 months 
corrected 
age 
 

Control 14 5 (36) P-value: 0.12 

 

  

iNO 
 

7 0 (0)    

Hintz SR, 
20072 

NDI: any of the 
following: mod-
severe CP, blind, 
deaf, MDI<70 or 
PDI<70 
 

18-22 
months 
 

Control 102 48 (47) P-value:0.74 
RR: 1.07 (0.80 - 
1.44) 
 

 Model #1: BWt, 
center, OI entry 
criterion strata, 
sex, Model #2: 
same as model 
#1 + BPD, IVH 
gr 3 or 4 or PVL, 
length of iNO 
exposure, 
postnatal 
steroids 
 

iNO 
 

89 45 (51) 
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Evidence Table 14. NDI and death or NDI outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcome 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

 Isolated delay = 
MDI<70 or PDI<70 
in absence of mod-
severe CP, 
deafness or 
blindness 
 

 Control 102 35 (34) P-value:0.37 
RR:0.79 (0.51-
1.23) 
 

P-value: 
Model #1: 0.78: 
Model #2 0.37 
RR: Model #1: 
1.04 (0.79-1.36); 
Model #2: 1.19 
(0.81-1.73) 
 

Model #1: BWt, 
center, OI entry 
criterion strata, 
sex 
 

iNO 
 

88 24 (27)  

Unimpaired = MDI 
& PDI>85, no 
mod-severe CP, 
and not blind or 
deaf 
 

 Control 102 26 (25) P-value:0.86 
RR:0.92 (0.56 - 
1.51) 
 

P-value: Model 
#1: 0.10; Model 
#2: 0.43 
RR: Model #1: 
0.72 (0.48-1.07); 
Model #2: 0.79 
(0.44-1.42) 

Model #1: BWt, 
center, OI entry 
criterion strata, 
sex 
 

Huddy, 
20083 

Overall outcome: 
severe disability 
 

4-5 yrs, 
median 
4.52 (IQR 
0.9) 

Control 16 3 (18.7)    

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 3 (13.6)  

Overall outcome: 
Moderate disability 
 

4-5 yrs, 
median 
4.52 (IQR 
0.9) 

Control 16 4 (25)    

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 5 (22.7)  

Overall outcome: 
Normal 

4-5 yrs, 
median 

Control 16 3 (18.7)  
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Evidence Table 14. NDI and death or NDI outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcome 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

 4.52 (IQR 
0.9) 
4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 5 (22.7)  

Overall outcome: 
mild disability 
 

4-5 yrs, 
median 
4.52 (IQR 
0.9) 

Control 16 4 (25)    

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 6 (27.3)  

Mestan, 
20054 

Abnormal 
neurodevelopment
al outcome (any 
disability or any 
BSID II score <70) 

25.2+/-8.4 
months 
corrected 
age 
24.9 +/-7.9 
months 
corrected 
age 

Control 68 31 (46) P-value:0.01 
RR: 0.53 (0.33-
0.87) 

P-value: Model 
#1: 0.50: Model 
#2: 0.79 
RR: Model #1: 
0.85 (0.54-1.35); 
Model #2: 0.91 
(0.46-1.81) 
) 

 
iNO 
 

70 17 (24) 

Abnormal 
neurodevelopment
al outcome (any 
disability or any 
BSID II score <70) 

25.2+/-8.4 
months 
corrected 
age 

Control 68   birth weight 
 

24.9 +/-7.9 
months 
corrected 
age 

iNO 
 

70 

Abnormal 
neurodevelopment

25.2+/-8.4 
months 

Control 68  P-value:0.002 
RR:0.57(0.35-0.93 

sex 
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Evidence Table 14. NDI and death or NDI outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcome 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

al outcome (any 
disability or any 
BSID II score <70) 

corrected 
age 
24.9 +/-7.9 
months 
corrected 
age 

iNO 
 

70 

Abnormal 
neurodevelopment
al outcome (any 
disability or any 
BSID II score <70) 

25.2+/-8.4 
months 
corrected 
age 

Control 68  P-value:0.006 
RR:0.52 (0.32-
0.82) 

Mother 
graduation from 
high school 
 

24.9 +/-7.9 
months 
corrected 
age 

iNO 
 

70 

Abnormal 
neurodevelopment
al outcome (any 
disability or any 
BSID II score <70) 

25.2+/-8.4 
months 
corrected 
age 

Control 68  P-value:0.007 
RR:0.48 (0.28-
0.82) 

household 
without 
employed 
person 
 24.9 +/-7.9 

months 
corrected 
age 

iNO 
 

70 

Abnormal 
neurodevelopment
al outcome (any 
disability or any 
BSID II score <70) 

25.2+/-8.4 
months 
corrected 
age 

Control 68  P-value:0.006 
RR:0.49 (0.29-
0.82) 

type of 
ventilation 
 

24.9 +/-7.9 
months 
corrected 
age 

iNO 
 

70 

Abnormal 
neurodevelopment
al outcome (any 
disability or any 
BSID II score <70) 

25.2+/-8.4 
months 
corrected 
age 

Control 68  P-value:0.01 
RR:0.53 (0.33-
0.87) 

chronic lung 
disease and 
severe IVH or 
PVL 

24.9 +/-7.9 
months 
corrected 

iNO 
 

70  
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Evidence Table 14. NDI and death or NDI outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcome 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

age 
Abnormal 
neurodevelopment
al outcome (any 
disability or any 
BSID II score <70) 

25.2+/-8.4 
months 
corrected 
age 

Control 68  
 

P-value:0.03 
RR:0.6 (0.38-0.96) 

prolonged 
postnatal 
exposure to 
corticosteroids 
 24.9 +/-7.9 

months 
corrected 
age 

iNO 
 

70 

Abnormal 
neurodevelopment
al outcome (any 
disability or any 
BSID II score <70) 

25.2+/-8.4 
months 
corrected 
age 

Control 68  P-value:0.01 
RR:0.53 (0.33-
0.87) 

birth weight and 
sex 
 

24.9 +/-7.9 
months 
corrected 
age 

iNO 
 

70  

Abnormal 
neurodevelopment
al outcome (any 
disability or any 
BSID II score <70) 

25.2+/-8.4 
months 
corrected 
age 

Control 68  P-value:0.01 
RR:0.55 (0.35-
0.99) 

severe 
intraventricular 
hemorrhage or 
periventricular 
leukomalacia 
 

24.9 +/-7.9 
months 
corrected 
age 

iNO 
 

70 

Abnormal 
neurodevelopment
al outcome (any 
disability or any 
BSID II score <70) 

25.2+/-8.4 
months 
corrected 
age 

Control 68  P-value:0.01 
RR:0.55 (0.34-
0.89) 

chronic lung 
disease 
 

24.9 +/-7.9 
months 
corrected 
age 

iNO 
 

70 

Van Meurs, 
20075 

NDI = any one of 
the following: 
moderate to 
severe CP, blind, 

18 to 22 
months 
 

Control 8 2 (25) P-value:0.58 
RR: 0.44 (0.05-
4.02) 

 OI stratum 
 

iNO 
 

9 1 (11)  
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Evidence Table 14. NDI and death or NDI outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcome 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

deaf, MDI <70, or 
PDI <70 
 

Walsh, 
20106 
 
 

NDI in subset with 
complete 
evaluations 
 

2 years Control 212 (51) RR:0.93 (0.76-
1.14) 

  
24.9 +/-7.9 
months 
corrected 
age 

iNO 
 

207 (48)  

Neurodevelopment
al Impairment (NDI 
= MDI<70, 
PDI<70, unable to 
crawl or walk 
(GMFCS>=2), 
bilateral blindness, 
or bilateral 
deafness requiring 
amplification). 
 

2 years Control 234 114 (49) RR: 0.92 (0.75-
1.12) 

  

iNO 
 

243 109 (44.8)  

Watson, 
20097 

NDI (CP, severe 
hearing loss, MDI 
or PDI< 70,or 
blindness) 
 

1 year 
corrected 
age 
 

Control 218 73 (33.5) P-value: 0.66   
iNO 
 

237 84 (35.4)  

Van Meurs, 
20075 
 

Death or NDI, 
Death and/or NDI 

18 to 22 
months 

Control 12 6 (50) P-value: 1 
RR: 0.86 (0.37-
1.96) 

P-value: 0.8 
RR: 0.90 (0.40-
2.02) 

OI Strata 
iNO 14 6 (43) 

Van Meurs, 
20075 
 

Death or NDI, 
Death and/or 
moderate to 
severe CP 

18 to 22 
months 

Control 12 4 (33)  P-value: 1 
RR: 1.07 (0.37-
3.11) 

 P-value: 0.88 
RR: 1.08 (0.39-
3.03) 

OI Strata 
iNO 14 5 (36) 

Bennett, 
20011 

Death or NDI, 
Death or severe 
neurodisability 

30 months 
corrected 
age 

Control 22 13 (59) P-value: 0.79 
RR: 1.1 (0.57-
2.3) 

  
  

 
iNO 19 12 (63) 

Watson, 
20097 

Death or NDI, 
Death or NDI (CP, 
severe hearing 

1 year 
corrected 
age 

Control 384 171 (44.5) P-value: 0.55   
  

 
iNO 387 164 (42.4) 
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Evidence Table 14. NDI and death or NDI outcomes for KQ3 (continued)
 
Author, 
year 

Outcome Time of 
Outcome 
Measure 

Study Arm N 
(Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Relative Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

loss, MDI or PDI< 
70,or blindness) 

Watson, 
20097 

Death or NDI, 
Death, on oxygen, 
or NDI (CP, 
severe hearing 
loss, MDI or PDI< 
70,or blindness) 

1 year 
corrected 
age 

Control 384 175 (45.6) P-value: 0.65   
  

 
iNO 387 170 (43.9) 

Hintz SR, 
20072 

Death or NDI, 
Death or NDI:any 
of the following: 
mod-severe CP, 
blind, deaf, 
MDI<70 or 
PDI<70 

18-22 
months 

Control 200 146 (73) P-value: 0.32 
RR:1.07 (0.95-
1.19) 

P-value: 0.3 
RR: Model #1: 
1.06 (0.95-1.17) 

Model #1: BWt, 
center,  OI entry 
criterion strata, 
sex 

iNO 198 154 (78) 

Hintz SR, 
20072 

Death or NDI, 
Death or 
moderate to 
severe CP 

18-22 
months 

Control 200 109 (54) P-value: 0.07 
RR:1.17 (0.99-
1.38) 

P-value: 0.07 
RR: Model #1: 
1.15 (0.99-1.34) 

Model #1: BWt, 
center,  OI entry 
criterion strata, 
sex  
 

iNO 199 127 (64) 

 

 
CI: Confidence Interval; CP: Cerebral Palsy; GMFCS: Gross motor function classification system; iNO: Inhaled nitric oxide; IQR: Inter-quartile range; MDI: Mental 
developmental index; NDI: Neurodevelopmental impairment; NS: Not significant,OI: Oxygenation index; OI: Oxygenation Index; PDI: Physical developmental index;  
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Evidence Table 15. Other long term outcomes included in KQ3 including seizures, growth, oral feeding, pulmonary outcomes. 

Refid Outcome 

Time of 
Outcome 
Measure Study Arm 

N (Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Z-
score Measurement 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect 
(95% CI) 

Field, 20051 Seizures 1 year 
corrected age 
 

Control 18 0 (0)     

iNO 
 

25 3 (12)     

Huddy, 
20082 

Seizures 4-5 years 
 

Control 16 2 (9.1)  
iNO 22 3 (13.6)   

Field, 20051 Oral feeding 1 year 
corrected 
 

Control 53 20 (38)    

 

 

iNO 
 

55 28 (51)     

Huddy, 
20082 

Steroids, 
Inhaled 

4-5 years 
 

Control 
 

16 3 (18.8)       
  

iNO 22 4 (18.2)   

Field, 20051 Steroids, 
Unspecified 

1 year 
corrected age 
 

Control 18 5 (28)     
  

  
  

   

iNO 25 5 (20)   

Hibbs, 2007 
3 
 

12 +/- 3 
months 
 

Control 225  (17.7)   OR: 0.5 (0.32-
0.77) 
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Evidence Table 15. Other long term outcomes included in KQ3 including seizures, growth, oral feeding, pulmonary outcomes (continued)
 
Refid Outcome Time of 

Outcome 
Measure 

Study Arm N (Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Z-
score 

Measurement Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect 
(95% CI) 

   iNO 230  (11)     

12 +/- 3 
months 
 

Control 225  (32.4)   OR: 0.56 
(0.32-0.97) 
 

  
  

iNO 230  (19.8)   

Cheung, 
19984 

Bronchodilator
s 

  iNO 10 1 (10)       

Field, 20051 1 year 
corrected age 

Control 18 7 (39)       

1 year 
corrected age 

iNO 25 10 (40)       

Hibbs, 2007 
3 
 

12 +/- 3 
months 
 

Control 225  (54.1)   OR:0.53(0.36-
0.78) 
 

  
  

iNO 230  (40.1)   

Huddy, 
20082 

4-5 years 
 

Control 16 4 (25)     
  

  
  

iNO 22 7 (31.8)   

Hibbs AM, 
20073 

Diuretics 12 +/- 3 
months 
 

Control 225  (28.4)    OR: 0.54 
(0.34-0.85) 
 

  
  

iNO 230  (18.6)   

Huddy, 
20082 

Long-Term 
Pulmonary 
Outcomes, 
Asthma 

4-5 yrs, 
median 4.52 
(IQR 0.9) 

Control 16 4 (25)     
  

 

4-5 yrs, 
median 4.63, 

iNO 22 9 (40.9)    
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Evidence Table 15. Other long term outcomes included in KQ3 including seizures, growth, oral feeding, pulmonary outcomes (continued)
 
Refid Outcome Time of 

Outcome 
Measure 

Study Arm N (Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Z-
score 

Measurement Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect 
(95% CI) 

IQR 0.84) 

Huddy, 
20082 

Long-Term 
Pulmonary 
Outcomes, 
Respiratory 
Disability 

4-5 yrs Control 16 1 (6.2)     
  

 

iNO 22 2 (9.1)    

Field, 20051 Long-Term 
Pulmonary 
Outcomes, 
Feeding tube 

1 year 
corrected age 

Control 18 1 (6)     
  

 

iNO 25 1 (4)    

Cheung, 
19984 

Long-Term 
Pulmonary 
Outcomes, 
Wheezing 

> 1 year 
corrected age 

iNO 10 4 (40)     
  

 

Field, 20051 1 year 
corrected age 

Control 18 5 (28)      

iNO 25 13 (52)   
Hibbs, 20073 12 +/- 3 

months 
Control  225  (56.4)   OR: 0.7 (0.48-

1.03) 
 

iNO 230  (49.6)   
Huddy, 
20082 

4-5 yrs, 
median 4.52 
(IQR 0.9) 

Control 16 6 (50)     

4-5 yrs, 
median 4.63, 
IQR 0.84) 

iNO 22 9 (40.9)    

Cheung, 
19984 

Long-Term 
Pulmonary 
Outcomes, 
Recurrent 
Aspiration 
Pneumonia 

> 1 year 
corrected age 

iNO 10 1 (10) 

Clark, 2002 5 Long-Term 
Pulmonary 
Outcomes, 
Supplemental 
Oxygen 

6 months 
PCA 

iNO 25 10 (40) 

Field, 2005 1 1 year 
corrected age 

Control 18 1 (6) 
iNO 25 3 (12) 

Hibbs, 2007 Any Home Control 225 (49.5) 
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Evidence Table 15. Other long term outcomes included in KQ3 including seizures, growth, oral feeding, pulmonary outcomes (continued)
 
Refid Outcome Time of 

Outcome 
Measure 

Study Arm N (Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Z-
score 

Measurement Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect 
(95% CI) 

3 Oxygen Use iNO 230 (38.4) 

Persistent 
Oxygen use 
at time of 
followup 

Control 225 (9.4) 

iNO 230 (3) 

Huddy, 2008 
2 

4-5 years 
(Oxygen 
discontinued 
prior to 
follow-up) 

Control 16 4 (25) 

iNO 22 4 (18) 

Watson, 
2009 6 

1 year 
corrected age 
500-749g 

Control 192 3 (2) 
iNO 192 13 (7) 

1 year 
corrected age 
750-999g 

Control 139 5 (4) 
iNO 141 4 (3) 

1 year 
corrected age 
1000-1250g 

Control 64 3 (5) 
iNO 65 0 (0) 

Huddy, 
20082 

Height 4-5 years Control 16  -0.68   
  

  
  

  
  

iNO 22   -0.9   
  

Mestan KK, 
20057 

 2 years Control 79 68 (86) -0.59 
(IQR -
1.25 to 
0.41) 

Median:83.9 
cm IQR 81-
88.3 cm 

0.55 
 

0.32 

iNO 138 70 (51) -0.23 
(IQR -
0.83 to 
0.36) 

Median:84.5 
cm IQR 81.2-
88.5 

Walsh, 20108 2 Years Control  234     Mean: 85.3 
cm SD:6 cm 
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Evidence Table 15. Other long term outcomes included in KQ3 including seizures, growth, oral feeding, pulmonary outcomes (continued)
 
Refid Outcome Time of 

Outcome 
Measure 

Study Arm N (Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Z-
score 

Measurement Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect 
(95% CI) 

iNO  243   Mean: 85.2 
cm SD:5.2 cm 
  

  

Hintz SR, 
20079 

Weight 2 Years Control 102     Mean 10.6 kg 
SD:1.7 kg 
  

 0.72   
  

iNO 91     Mean:10.6 kg 
SD:1.4 kg 
  

 
Huddy, 
20082 

4-5 years Control 16   -1.02   
  

  
  

  
  

iNO 22   -0.86   
  

Mestan KK, 
20057 

2 years Control 79 68 (.86) -1.07 
(IQR -
2.25 to 
-0.38) 

Median:10.8 
kg IQR 9.5-
12.2 kg 

 0.04  0.02 

iNO 138 70 () -0.49 
(IQR -
1.51 to 
0.61 

Median:1.17 
kg IQR 1.05-
1.35 k g  

Walsh, 20108 2 Years Control  234     Mean:11.5 kg 
SD:1.7 kg 
  

  
  

  
  

iNO  243     Mean:11.4 kg 
SD:1.7 
  

513 
Field, 20051 

Head 
Circumferance 

1 year  Control 18 15 (83)   Mean:45.2 
cm SD:1.6 cm 
  

  
  

  
  

iNO 25 23 (92)   45.5 SD:1.8 
cm 
  

Hintz SR, 
20079 

18-22 Months Control 102     Mean:46.7 
cm SD:1.9 cm 
  

 0.64   
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Evidence Table 15. Other long term outcomes included in KQ3 including seizures, growth, oral feeding, pulmonary outcomes (continued)
 
Refid Outcome Time of 

Outcome 
Measure 

Study Arm N (Participants 
Measured) 

Number of 
Participants 
with 
Outcome—n 
(%) 

Z-
score 

Measurement Relative 
Effect (95% 
CI) 

Adjusted 
Relative 
Effect 
(95% CI) 

iNO 91     Mean:46.8 
cm SD:1.7 cm 
  

160 
Huddy, 
20082 

4-5 years Control 16   -1.53   
  

  
  

  
  

iNO 22   -1.48   
  

Walsh, 20108 2 Years Control  234   Mean:47.8 
cm SD:1.9 cm 
  

  
  

  
  

iNO  243   Mean:47.6 
cm SD:2.1 cm 
  

Cheung, 
1998 4 

Slow Weight, 
Height or Head 
Circumference 
Development 

1 year iNO 10 4     

 
CI: Confidence Interval; CP: Cerebral Palsy; iNO: Inhaled Nitric Oxide; IQR: Inter-quartile range; OI: Oxygenation Index; RR: Risk Ratio 
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Preterm Infants With Severe Respiratory Failure: the INNOVO multicentre 
randomised controlled trial (ISRCTN 17821339). Pediatrics 2005; 
115(4):926-36. 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy. 

Author, 
Year Outcomes 

Time of 
outcome 
measure Study Arm  

N 
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) Adjustments 

Chock, 2009 
1 

BPD at 36 weeks 36 weeks PMA Control 2 2 (100) P-value: 0.43   
iNO 5 2 (40) 

Field, 20052 36 weeks PMA Control 55 15 (27)    
iNO 53 26 (49) 

Kinsella, 
20063 

36 weeks PMA Control  309 210 (68) P-value: 0.43 
 

RR:0.96 (0.86–
1.09) 

randomization 
strata, study sight iNO 326  

 
212 (65) 

36 weeks PMA Control  
Birth weight 
of 500–749 
g 

189 66 (34.9)  P-value: 0.20 
RR: 0.82 (0.61-
1.11)  

randomization 
strata, study sight 

iNO Birth 
weight of 
500–749 g 

191 55 (28.8) 

36 weeks PMA Control Birth 
weight of 
750–999 g 

139 24 (17.3)  P-value: 0.19 
RR: 0.63 (0.35-
1.15) 

randomization 
strata, study sight 

iNO Birth 
weight of 
750–999 g 

138 15 (10.9) 

36 weeks PMA Control Birth 
weight of 
1000–1250 
g 

64 8 (12.5)  P-value: 0.97 
RR: 0.98 (0.39-
2.46) 

randomization 
strata, study sight 

iNO   Birth 
weight of 
1000–1250 
g 

65 8 (12.3) 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Schreiber, 
20034 

 36 weeks PMA Control 102 42 (53.2)  P-value: 0.07 
RR: 0.74 (0.53–
1.03) 

type of ventilation 

iNO 105  35 (39.3) 
 

Van Meurs, 
20055 

36 weeks PMA Control 127 86 (68) P-value: 0.26 RR: 0.90 (0.75–
1.08) 

center, birth-
weight group, and 
oxygenation-index 
stratum 

iNO 109 65 (60) 

Control 
BW<=1000g 

88 64 (73) P-value:  0.84 
 

RR: 1.02 (0.85–
1.23) 

center, birth-
weight group, and 
oxygenation-index 
stratum 

Arm B 
BW<=1000 
g 

67 49 (73) 

Control 
BW>1000 g 

37 21( 57) P-value: 0.08 
 

RR: 0.68 (0.45–
1.05) 

center, birth-
weight group, and 
oxygenation-index 
stratum 

iNO 
BW>1000g 

42 16 (38) 

Control 
OI<=17 

76 50 (66) P-value: 0.12 RR: 0.80 (0.61–
1.06) 

center, birth-
weight group, and 
oxygenation-index 
stratum 

iNO OI<=17 59 30 (51) 

Control 
OI>17 

49 36 (72) P-value: 0.85 RR: 0.98 (0.77–
1.24) 

center, birth-
weight group, and 
oxygenation-index 
stratum 

iNO OI>17 50 35 (70) 

Ballard, 
20066 

Survival without BPD 36 weeks PMA 
 

Control 288 105 (36.5) P-value: 0.04 
RR: 1.45 
(1.03-2.04) 
 

   

iNO 

 

294 129 (43.9) 

36 weeks PMA Control 500-
799 g) 

197 74 (37.6) P-value: 0.07  
RR: 1.20 
(0.94–1.54) 

  
  

 

iNO 500-799 
g  

197 85 (43.1) 

36 weeks PMA Control 800- 91 32 (35.2) P-value: 0.14    
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

1250 grams 
birth weight) 

RR: 1.30 
(0.91-1.87) 
 

  

iNO 800-
1250 grams 
birth weight 

97 44 (45.4) 

36 weeks PMA Control OI at 
study entry < 
3.5 

149 68 (45.6) RR: 
1.28(1.02-
1.61) 
 

  
  

 

iNO OI at 
study entry < 
3.5 

162 92 (56.8) 

36 weeks PMA Control OI at 
study entry 
>= 3.5) 

139 37 (26.6) RR: 
1.11(0.74-
1.66) 

  
  

 

iNO OI at 
study entry 
>= 3.5 

132 37 (28) 

Schreiber, 
20034 

Survived NICU 
 

Control 79 37 (46.8)    

iNO 

 

89 54 (60.7) 

Survived NICU Control 
BW<=750 g 

40 4 (10)     

iNO 
BW<=750 g 

32 7 (21.9) 

Survived NICU iNO BW 
751-1000 g 

28 14 (50)    
  

 

Control BW 
751-1000 g 

29 11 (37.9) 

Survived NICU Control BW 
1001-1500 g 

21 12 (57.1)    
  

 

iNO BW 
1001-1500 g 

30 18 (60) 

Survived NICU Control BW 12 10 (83.3)    
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

>1500 g 

iNO BW 
>1500 g 

15 15 (100) 

Survived NICU Control OI 
<6.94 
(median) 

49 16 (32.7)    

iNO OI 
<6.94 
(median) 

50 32 (64) 

Survived NICU Control 
OI>=6.94 
(median) 

48 20 (41.7)    

iNO 
0I>=6.94 
(median)) 

51 21 (41.2) 

Schreiber, 
2003 4 

Survival with BPD Survived NICU Control 102 42 (53.2) p-value = 
0.07 
RR = 0.74 
(0.53-1.03) 

0.75 (0.54-1.05)  

iNO 105 35 (39.3) 

Banks, 
19997 
 

Death 3-24 months 
from 
enrollment 
 

iNO 16 7 (44) 
iNO 
responders 

11 4  (36) 

iNO non-
responders 

5 3 (60) 

Chock, 
20091 

Death prior to 
discharge 
home or within 
365 days 
 

Control 6 4 (67) P-value:  0.57   
  

 

iNO 

 

6 2 (33) 

Field, 2005 2 36 weeks Control 53 34 (64)    
iNO 55 30 (55) 

Hintz SR, 18-22 months Control Birth 152 79 (52) P-value: 0.04 RR: 1.22 (1.10- OI criterion, birth 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

20078  weight 
</=1000g, 
F/U cohort 

 1.46) weight, study 
center, sex 
 

iNO tx, Birth 
weight </= 
1000gm 

152 98 (64)   

Control Birth 
weight 
>1000g, F/U 
Cohort 

48 19  (40) P-value: 0.08 
 

RR: 0.58 (0.31-
1.07) 

OI criterion, birth 
weight, study 
center, sex 
 

iNO Tx, Birth 
weight 
>1000g 

48 11 (23)   

Control 
Placebo, 
Birth weight 
401-
750grams 

99 55 (56) P-value: 0.01   OI criterion, birth 
weight, study 
center, sex 
 

iNO tx, Birth 
weight 401-
750grams 

94 / 400 (for 
analysis 
cohort) 

69 (73)   

Control 
Placebo, 
Birth weight 
751-
1000grams 

53 24 (45) P-value: 0.63   OI criterion, birth 
weight, study 
center, sex 
 

iNO tx, Birth 
weight 751-
1000grams) 

58 / 400 
(analysis 
cohort) 

29 (50)   

Control 
Placebo, 
Birth weight  
1001 -1500 
grams 

48 / 400 
(analysis 
cohort) 

19 (40) P-value: 0.07   OI criterion, birth 
weight, study 
center, sex 
 

iNO tx. Birth 
weight 1001-
1500grams 

48 / 400 
(analysis 
cohort) 

11 (23)   
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Kinsella, 
20063 

36 wks PMA 
 

Control 392 98 (25)  P-value:  0.08 
RR: 0.79 (0.61-
1.03) 

 randomization 
strata, study sight 

iNO 

 

394 78 (19.8) 

36 wks PMA Control BW 
500-749 g; 
mean 639, 
SD 71 

189 66 (34.9)  P-value:0.2 
 RR: 0.82 (0.61-
1.11) 

 randomization 
strata, study sight 

iNO BW 
500-749 g; 
mean 642, 
SD 76 

191 55 (28.8) 

36 wks PMA Control BW 
750-999 g; 
mean 843, 
SD 71 

139 24 (17.3)   P-value: 0.13 
RR:  0.63 (0.35-
1.15) 

 randomization 
strata, study sight 

iNO BW 
750-999 g; 
mean 851, 
SD 71 

138 15 (10.9) 

36 wks PMA Control BW 
1000-1250 
g; mean 
1113 g, SD 
77g 

64 8 (12.5)  P-value: 0.97  
RR: 0.98 (0.39-
2.46)  

 randomization 
strata, study sight    

iNO BW 
1000-1250 
g; mean 
1129 g, SD 
68g 

65 8 (12.3) 

Kumar, 2007 
9 

 Control      

iNO 23  
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Schreiber, 
20034 

NICU 
 

Control 102 23 (22.5)    P-value: 0.18 
RR: 0.68 (0.38-
1.20) 

type of ventilation 

iNO 

 

105 16 (15.2) 

Van Meurs, 
20055 
 

Death before 
discharge to 
home or within 
365 days 
among 
hospitalized 
infants 
 

Control 208 93 (44)  P-value: 0.11 
RR: 1.16 (0.96-
1.39) 

 birth weight, 
study center, 
Oxygenation index iNO 

 

210 109 (52) 

Death before 
discharge to 
home or within 
365 days 
among 
hospitalized 
infants 

Control 
BW<=1000g 

158 76 (48)   P-value: 0.01 
RR: 1.28 (1.06-
1.54)  

birth weight, study 
center, 
Oxygenation index iNO 

BW<=1000 
g 

158 98 (62) 

Death before 
discharge to 
home or within 
365 days 
among 
hospitalized 
infants 

Control 
BW>1000 g) 

52 17 (33)   P-value: 0.16  
RR: 0.65 (0.36-
1.18)  

birth weight, study 
center, 
Oxygenation index iNO 

BW>1000g 
52 11 (21) 

Death before Control 
OI<=17 

110 40 (36)   P-value: 0.09  birth weight, study 
center, 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

discharge to 
home or within 
365 days 
among 
hospitalized 
infants 

iNO OI<=17 100 45 (45) RR: 1.27 (0.96-
1.68)  

Oxygenation index 

Death before 
discharge to 
home or within 
365 days 
among 
hospitalized 
infants 

Control 
OI>17 

100 53 (53)   P-value: 0.39  
RR: 1.11 (0.88-
1.4)  

birth weight, study 
center, 
Oxygenation index iNO OI>17 110 64 (58) 

Yadav, 
199910 

 

Prior to 
hospital 
discharge 
 

iNO 

 

41 25 (61) 

iNO 
responders 
to iNO 
based on 
decrease in 
IO by 10 in 
first 60 
minutes of 
treatment

26 11 (42) 

iNO 
noesponders 
based on 
failure to 
decrease OI 
by 10 in 60 
minutes of 

15 14  (93) 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

treatment 

Chock, 
20091 

 

Death or BPD Death prior to 
discharge 
home or within 
365 days 
 

Control 6 6 (100)   
P-value: 0.18 

   
  

iNO 

 

6 3 (50)  

Field, 20052 
 

36 weeks PMA 
 

Control 53 48 (91)   
  

  
  

Diagnosis, OI 
severity 

iNO 55 49(89) 

36 weeks PMA 

 

Control 
acute 
diagnosis at 
study 
entry(lung 
disease 
immediately 
after birth 
and 
randomizing 
at <= 3 
days) 

36 
 

32 (89) 
 

  
  

RR: 0.98(0.87-
1.11) 

  
  

Diagnosis, OI 
severity 
  

 

iNO acute 
diagnosis at 
study 
entry(lung 
disease 
immediately 

35 30 (86) 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

after birth 
and 
randomizing 
at <= 3 
days) 

36 weeks PMA 

 

Control 
chronic 
diagnosis 
(presenting 
with lung 
disease 
immediately 
after birth 
with 
continuing 
problems 
and 
randomizing 
>3 days)) 

9 9 (100)   

  
  

  
  

Diagnosis, OI 
severity 
  

 

iNO chronic 
diagnosis 
(presenting 
with lung 
disease 
immediately 
after birth 
with 
continuing 
problems 
and 
randomizing 
>3 days)) 

10 10 (100) 

36 weeks PMA 

 

Control other 
diagnosis 
(developed 
lung disease 
after initial 
recovery 

8 7 (88)   

  
  

RR: 0.98(0.87-
1.12) 
 

Diagnosis, OI 
severity 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

from 
respiratory 
problems) 

iNO other 
diagnosis 
(developed 
lung disease 
after initial 
recovery 
from 
respiratory 
problems) 

10 9 (10) 

36 weeks PMA 

 

Control 
OI<=30 at 
study entry 

25 22 (88)   
  

  
  

 
  

Diagnosis, OI 
severity 

iNO OI<=30 
at study 
entry 

25 22 (88) 

36 weeks PMA 

 

Control 
OI>30 at 
study entry 

28 26 (93)   
  

 RR: 0.98(0.87-
1.12) 

Diagnosis, OI 
severity 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

iNO OI>30 
at study 
entry 

30 27 (90) 

Term EDC Control 
acute 
diagnosis at 
study 
entry(lung 
disease 
immediately 
after birth 
and 
randomizing 
at <= 3 
days) 

36 29 (81)   
  

  
  

  

 

iNO acute 
diagnosis at 
study 
entry(lung 
disease 
immediately 
after birth 
and 
randomizing 
at <= 3 
days) 

35 22 (63)   

Term EDC Control 
chronic 

9 9 (100)       
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

diagnosis 
(presenting 
with lung 
disease 
immediately 
after birth 
with 
continuing 
problems 
and 
randomizing 
>3 days) 

      

 

iNO chronic 
diagnosis 
(presenting 
with lung 
disease 
immediately 
after birth 
with 
continuing 
problems 
and 
randomizing 
>3 days) 

10 10 (100)  

Term EDC Control other 
diagnosis 
(developed 
lung disease 
after initial 
recovery 
from 
respiratory 
problems) 

8 7 (88)   
  

  
  

  
  

 

iNO other 
diagnosis 
(developed 
lung disease 

10 7 (70)   
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

after initial 
recovery 
from 
respiratory 
problems) 

Term EDC Control 
OI<=30 at 
study entry 

25 20 (80)   
  

  
  

  

 
iNO OI<=30 
at study 
entry 

25 17 (68)  

 Control 
OI>30 at 
study entry 

28 25 (89)   
  

  
  

  
  

  

 

iNO OI>30 
at study 
entry 

30 22 (73)  

Kinsella, 
20063 

 

36 wks PMA 
 

Control 392 295 (75.3)  P-value: 0.24 
RR: 0.95 (0.87-
1.03) 

study sight, 
randomization 
strata 

 
iNO 

 

394 282 (71.6)  

36 wks PMA Control BW 
500-749 g; 
mean 639, 
SD 71) 

189 159 (84.1)  P-value: 0.85 
RR: 1.01 (0.92-
1.1) 

study sight, 
randomization 
strata 

 iNO BW 
500-749 g; 
mean 642, 
SD 76 

191 162 (84.8)  

36 wks PMA Control BW 139 95 (68.3)  P-value: 0.93 study sight, 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

750-999 g; 
mean 843, 
SD 71 

RR: 1.01 (0.86-
1.18) 

randomization 
strata 

 iNO BW 
750-999 g; 
mean 851, 
SD 71 

138 95 (68.8)  

36 wks PMA Control BW 
1000-1250 
g; mean 
1113 g, SD 
77 g) 

64 41 (64.1)  P-value: 0.004 
RR: 0.6 (0.42-
0.86) 

study sight, 
randomization 
strata 

 
BW 1000-
1250 g; 
mean 1129 
g, SD 68g 

65 25 (38.5)  

Schreiber, 
2003 4 

Survived NICU Control 102 51 (48.6) p = 0.03 
 
RR = 0.76 
(0.60-0.97) 

0.77 (0.60-0.98)  

iNO 105 65 (63.7) 

Van Meurs, 
200711 

Death before 
discharge to 
home or within 
365 

Control 15 9 (60) P-value: 0.87    
RR: 0.83 
(0.43-1.62) 

p-value: 0.5  
RR: 0.80 (0.43-
1.48) 

OI Stratum 

 

iNO 14 7 (50)  
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Van Meurs, 
20055 

 

Before 
discharge to 
home or within 
365 days 
among 
hospitalized 
infants 

Control 208 

 

170 (82)  P-value: 0.52 
RR: 0.97 (0.86-
1.06) 

Birth weight , 
study site, 
Oxygenation index 
  
 

iNO 

 

210 167 (80)  

Before 
discharge to 
home or within 
365 days 
among 
hospitalized 
infants 

Control 
BW<=1000 
g 

158 133 (85)  P-value: 0.29 
RR: 1.04 (0.96-
1.13)  
  

Birth weight , 
study site, 
Oxygenation index 
 

iNO 
BW<=1000 
g 

158 141 (89)  

Before 
discharge to 
home or within 
365 days 
among 
hospitalized 
infants 

Control 
BW>1000 g 

52 35 (69)  P-value: 0.03 
RR: 0.72 (0.54-
0.96)  
  

Birth weight , 
study site, 
Oxygenation index 
 

iNO 
BW>1000 g 

52 26 (50)  

Before 
discharge to 
home or within 
365 days 
among 
hospitalized 
infants 

Control 
OI<=17 

110 83 (75)  P-value: 0.37 
RR: 0.93 (0.81-
1.08)  
  

Birth weight , 
study site, 
Oxygenation index 
 

iNO OI<=17 100 71 (71)  
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

Before 
discharge to 
home or within 
365 days 
among 
hospitalized 
infants 

Control 
OI>17 

100 85 (86)  P-value: 0.75 
RR: 1.02 (0.92-
1.12)  
  

Birth weight , 
study site, 
Oxygenation index 
 

iNO OI>17 110 96 (87)  

Watson, 
200912 

 

1 year 
corrected age 
 

Control 383 110 (28.7) P-value: 0.29 
 

  
  

  
  

  

 

iNO 

 

384 97 (25.3)  

1 year 
corrected age 

Control birth 
weight 500-
749 g 

187 70 (37.4) P-value: 0.99 
  

  
  

 
 

iNO birth 
weight 500-
749 g 

187 70 (37.4)  

1 year 
corrected age 

Control birth 
weight 750-
999 g 

133 29 (21.8) P-value: 0.08 
  

  
  

  
  

 

iNO birth 
weight 750-
999 g 

139 19 (13.7)  

1 year 
corrected age 

Controlbirth 
weight 1000-
1250 g 

64 11 (17.2) P-value: 0.61 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

iNO birth 
weight 1000-
1250 g 

58 8 (13.8)   

Van Meurs, 
2005 5 

 

Brain Injury, Severe 
IVH (grades 3-4) or 
PVL 

36 weeks Control 210 50 (32) p-value = 
0.11  

RR= 1.25 
(0.95-1.66) 

  

iNO 210 69 (39)  

Kinsella, 
20063 

 

Death or Brain Injury, 
Death or grade 3 or 4 
ICH or PVL 

30 days Control 391 151 (38.6)  P-value: 0.02 

RR: 0.79 (0.65-
0.96) 

study site, 
randomization  
 

iNO 392 120 (30.6)  

30 days Control BW 
500-749 g; 
mean 639, 
SD 71 

189 89 (47.1)  P-value: 0.18 

RR: 0.86 (0.68-
1.08) 

study site, 
randomization  
 

iNO BW 
500-749 g; 
mean 642, 
SD 76 

191 77 (40.3)  

30 days Control BW 
750-999 g; 
mean 843, 
SD 71 

139 47 (33.8)  P-value: 0.02 

RR: 0.63 (0.42-
0.93) 

study site, 
randomization  
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

iNO BW 
750-999 g; 
mean 851, 
SD 71) 

137 29 (21.2)  

30 days Control BW 
1000-1250 
g; mean 
1113 g, SD 
77 g 

63 15 (23.8)  P-value: 0.8 

RR: 0.92 (0.48-
1.74) 

study site, 
randomization  
 

iNO BW 
1000-1250 
g; mean 
1129 g, SD 
68 g) 

64 14 (21.9)   

Field, 20052 

 

Death or NDI 1 year 
corrected 

Control 
acute 
diagnosis at 
study 
entry(lung 
disease 
immediately 
after birth 
and 
randomizing 
at <= 3 
days) 

36 24 (67)  RR: 0.99(0.76-
1.28) 

diagnosis, OI 
severity 
 

iNO acute 
diagnosis at 
study 
entry(lung 
disease 
immediately 

35 23 (66)  
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

after birth 
and 
randomizing 
at <= 3 
days) 

1 year 
corrected 

Control 
chronic 
diagnosis 
(presenting 
with lung 
disease 
immediately 
after birth 
with 
continuing 
problems 
and 
randomizing 
>3 days)) 

9 7 (78)   
 

diagnosis, OI 
severity 

iNO chronic 
diagnosis 
(presenting 
with lung 
disease 
immediately 
after birth 
with 
continuing 
problems 
and 
randomizing 
>3 days)) 

10 8 (10)  

1 year 
corrected 

Control other 
diagnosis 
(developed 
lung disease 
after initial 
recovery 

8 5 (63)   diagnosis, OI 
severity 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

from 
respiratory 
problems) 
iNO other 
diagnosis 
(developed 
lung disease 
after initial 
recovery 
from 
respiratory 
problems) 

10 6 (60)  

1 year 
corrected 

Control 
OI<=30 at 
study entry 

25 15 (60) RR: 
0.99(0.76-
1.28) 

 diagnosis, OI 
severity 
 

iNO OI<=30 
at study 
entry 

25 16 (64)   

1 year 
corrected 

Control 
OI>30 at 
study entry 

28 21 (75)    

iNO OI>30 
at study 
entry 

30 21 (70)   

iNO 387 164 (42.4)   

Hintz SR, 
20078 

18-22 months 
 

Control 196 146 (73) P-value: 0.32 
RR: 1.07 
(0.95-1.19) 

P-value: 0.3 
RR: Model #1: 
1.06 (0.95-1.17) 

Model #1: Birth 
weight, center, OI 
entry criterion 
strata, sex 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

 iNO 198 154 (78)   

18-22 months 
 

Control Birth 
weight 
</=1000g, 
F/U cohort 

152 120 (79)  P-value: 0.12 

RR: 1.08 (0.98-
1.20) 

OI criterion, 
center, and sex 

iNO tx, Birth 
weight </= 
1000gm 

151 131 (87)  

18-22 months 
 

Control Birth 
weight 
>1000g, F/U 
Cohort 

48 26 (54)  P-value: 0.63 
RR: 0.91 (0.63-
1.33) 

OI criterion, 
center, and sex 
 

iNO Tx, Birth 
weight 
>1000g 

47 23 (49)  

18-22 months 
 

Control 
Placebo, 
Birth weight 
401-
750grams 

99 / 400 
(analysis 
cohort) 

81 (82)  P-value 0.051 OI criterion, 
center, and sex 
Birth weight, 
center, OI entry 
criterion strata, 
sex 

iNO tx, Birth 
weight 401-
750grams 

94 / 400 (for 
analysis 
cohort) 

86 (91)  
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

18-22 months 
 

Control 
Placebo, 
Birth weight 
751-
1000grams 

53 39 (74)  P-value: 0.51 OI criterion, 
center, and sex 
Birth weight, 
center, OI entry 
criterion strata, 
sex iNO tx, Birth 

weight 751-
1000grams 

58 / 400 
(analysis 
cohort) 

45 / 57 (79)  

18-22 months 
 

Control 
Placebo, 
Birth weight  
1001 -1500 
grams 

48 / 400 
(analysis 
group) 

26 (54)  P-value: 0.54 OI criterion, 
center, and sex 
Birth weight, 
center, OI entry 
criterion strata, 
sex iNO tx. Birth 

weight 1001-
1500grams 

48 / 400 
(analysis 
group) 

23 / 47 (49)  

18-22 months 
 

Control 200 109 (54) P-value: 0.07 
1.17 RR: 
(0.99-1.38) 

P-value: 0.07 
RR: Model #1: 
1.15 (0.99-1.34) 

OI criterion, 
center, and sex 
Birth weight, 
center, OI entry 
criterion strata, 
sex 

iNO 199 127 (64)  

18-22 months 
 

Control Birth 
weight 
</=1000g, 
F/U cohort 

152 89 (59) P-value: 0.01 RR: 1.22 (1.05-
1.43) 

OI criterion, 
center, and sex 
Birth weight, 
center, OI entry 
criterion strata, 
sex 

iNO tx, Birth 
weight </= 

152 111/151 (74)  
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

1000gm 

18-22 months 
 

Control Birth 
weight 
>1000g, F/U 
Cohort 

48 20 (42) P-value: 0.39 RR: 0.80 (0.48-
1.33) 

OI criterion, 
center, and sex 
Birth weight, 
center, OI entry 
criterion strata, 
sex 

iNO Tx, Birth 
weight 
>1000g 

48 16 (33)  

18-22 months 
 

Control 
Placebo, 
Birth weight 
401-
750grams 

99 / 400 
(analysis 
cohort) 

61 (62)   Center, and sex 
 

iNO tx, Birth 
weight 401-
750grams 

94 / 400 (for 
analysis 
cohort) 

75 / 93 (81)  

18-22 months 
 

Control 
Placebo, 
Birth weight 
751-
1000grams 

53 28 (53)  Center, and sex 
 

iNO tx, Birth 
weight 751-
1000grams) 

58 / 400 
(analysis 
cohort) 

36 (62)  

18-22 months 
 

Control 
Placebo, 
Birth weight  
1001 -1500 
grams) 

48 / 400 
(analysis 
group) 

20 (42)   Center, and sex 
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

iNO tx. Birth 
weight 1001-
1500grams) 

48 / 400 
(analysis 
group) 

16 (33)  

Watson, 
200912 

 

1 year 
corrected age 

Control birth 
weight 500-
749 g 

187 96 (51.3) P-value: 0.57   

iNO birth 
weight 500-
749 g 

188 102 (54.3)  

1 year 
corrected age 

Control birth 
weight 750-
999 g 

133 59 (44.4) P-value: 0.04   

iNO birth 
weight 750-
999 g) 

140 45 (32.1)  

1 year 
corrected age 

Control birth 
weight 1000-
1250 g 

64 16 (25) P-value: 0.63 
 

  

iNO birth 
weight 1000-
1250 g 

59 17 (28.8)  

1 year 
corrected age 

Control 384 171 (44.5) P-value: 0.55 
 

  
iNO 387 164 (42.4) 

1 year 
corrected age 

Control 384 175 (45.6) P-value: 0.65 
 

  

iNO 387 170 (43.9)  

1 year 
corrected age 

Control birth 
weight 500-
749 g 

187 98 (52.4) P-value: 0.38   

iNO birth 
weight 500-
749 g 

188 107 (56.9)  
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Evidence Table 16. All outcomes addressing the KQ4 populations subgroups including death, BPD at 36 weeks PMA, death or BPD, Survival without 
BPD, Survival with BPD, NDI, death or NDI, Dath, ICH, and PVL, death or disability, cerebral palsy (continued) 
Author, 
Year 

Outcomes Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect (95% 
CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjustments

1 year 
corrected age 

Control birth 
weight 750-
999 g 

133 60 (45.1) P-value: 0.04   

iNO birth 
weight 750-
999 g 

140 46 (32.9)  

1 year 
corrected age 

Control birth 
weight 1000-
1250 g 

64 17 (26.6) P-value: 0.78   

iNO birth 
weight 1000-
1250 g) 

59 17 (28.8)  

Uga, 2004 13 Survival 28 days Control 5 10 (50)    

iNO 8 8 (100) 

Field, 2005 2 Severe Disability 1 year Control 53 2 (4)    

iNO 55 7 (13) 

Yadav, 1999 
10 

Survival to Discharge 27 weeks Responders 15 26    

Non-
responders 

1 15 

Hintz, 2007 8 Death or Moderate to 
severe CP 

18-22 months Control  109 (54) P = 0.07 RR 
= 1.17 (0.99-
1.38) 

  

iNO 199 127 (64) 

Watson, 
2009 12 

Death/Oxygen/NDI 1 year Control  175 (45.6) P = 0.65   

iNO  170 (43.9) 

BW: 500-749g Control  98 (52.4)    
iNO  107 (56.9) 

BW: 750-999g Control  60 (45.1)    
iNO  46 (32.9) 

BW: 1000-
1250g 

Control  17 (26.6)    
iNO  17 (28.8) 

 
BPD: Bronchopulmonary Dysplasia; BPD: Bronchopulmonary Dysplasia; BSID: Bayley scale of infant development; BW: Birth weight; CI: Confidence Interval; CP: Cerebral 
palsy; DQ: Developmental quotient; EDC: Estimated date of confinement; F/U: Follow: up; GEE: Generalized estimated equations; HFOV: High-frequency oscillatory ventilation; 
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HFV: High-frequency ventilation; HRF: Hypoxemic respiratory failure; ICH: Intracranial Hemorrhage; iNO: Inhaled nitric oxide; IQR: Inter-quartile range; IVH: Intraventricular 
hemorrhage ; MDI: Mental developmental scale; NDI: Neurodevelopmental impairment; NICU: Neonatal intensive care unit; NS: Not significant; OI: Oxygenation index; PMA: 
Postmenstrual age; PVL: Periventricular leukomalacia; RR: Relative risk; SD: Standard deviation; tx: treatment;  
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI 

Author, 
Year Outcome 

Time of 
outcome 
measure Study Arm  

N 
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments Duration 

Difference in 
Duration (p-
value) 

Ballard, 
20061 

BPD 36 weeks 
PMA 

Control 288 164 (56.9)      
iNO 294 149 (50.7)     

Dani, 
20062 

36 weeks 
PMA 

Control 20 12 (60) P-value: 
0.067 

  Mean: 69.4  
SD: 30.2 

0.054 

iNO 20 6 (30)    Mean: 47.3  
SD: 39.4 

Nonrespon
ders 

6     Mean: 19.8  
SD: 11.5 

0.084 

Responder
s 

14     Mean: 48.6  
SD: 37.3 

Field, 
20053 

36 weeks 
PMA 

Control 49 15 (28)    Mean: 6 
IQR:1.0-17.0  

 

iNO 50 26 (47)    Mean: 15 
IQR:2-71  

Franco-
Belgium 
Collabor
ative 
NO Trial 
Group, 
19994 

during 
hospitaliza
tion 

Control 29 8 (29) p-value: NS      
  

Median: 23 
IQR:41  

0.38 

iNO 29 7 (24) p-value: NS  
OR: 0.95 
(0.44–2.04) 

   Median: 14 
IQR:43  

Kinsella, 
19995 

36 weeks 
PMA 

Control 15 12 (80) p-value: 0.3 
RR: 0.75(0.5-
1.13) 

    

iNO 25 15 (60)   



Evidence Table : Cerebral Palsy for KQ3 continued 

  E‐127

 

Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

Kinsella, 
20066 

 36 weeks 
BDP at 36 
weeks 
PMA 

Control  309 210 (68) P-value: 0.43 
 

RR:0.96 (0.86–
1.09) 

randomi
zation 
strata, 
study 
sight 

  

iNO 326  
 

212 (65)  

Mercier, 
2010 7 

36 weeks 
PMA 

Control 358 96 (27)      
iNO 339 81(24) 

Schreib
er, 
20038 

36 weeks 
PMA 

Control 102 42 (53.2)  P-value: 0.07 
RR: 0.74 (0.53–
1.03) 

type of 
ventilati
on 

  

iNO 105  35 (39.3) 
 

     

Su, 
20089 

36 weeks 
PMA 

Control 33 11 (33.3)      
iNO 32 10 (31.3)     

Subhed
ar, 
199710 

36 weeks 
PMA 

Control 
dexametha
sone and 
standard of 
care 

22 14 (64)      

Groups 
1&3; iNO + 
iNO and 
dexametha
sone 

20 10 (50) RR: 
0.79(0.44-
1.33) 

   

Dexametha
sone alone 
AND dex + 
iNO 

21 11 (52)     

iNO AND 
standard of 
care 

21 13 (62) RR: 
0.85(0.48-
1.44) 

   

Van 
Meurs, 

36 weeks 
PMA 

Control 11 5 (45) p-value: 0.66 p-value: 0.21 OI 
stratum 

Mean: 32 SD: 
23 

0.45 
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

200711 iNO 10 3 (30) RR: 0.66 
(0.21-2.08) 

RR: 0.40 (0.09-
1.71) 

 Mean: 23.8 
SD: 24.4 

Van 
Meurs, 
200712 

36 weeks 
PMA 

Control 127 86 (68) P-value: 0.26 RR: 0.90 (0.75–
1.08) 

   

iNO 109 65 (60)  

Ballard, 
20061 

40 weeks 
PMA 

Control 288 84 (29.2)          
iNO 294 66 (22.4)          
Control 288 35 (12.2)          
iNO 294 27 (9.2)          

Field, 
20053 

At term 
(EDC) 

Control 53 12 (23)   Median: 81 

IQR:14-100  

iNO 55 16 (29)   Median: 59 

IQR:30-78  

Field, 
20053 

1 year 
corrected 
age 

Control 18 survivors 1 (6)   

iNO 20 survivors 3 (15) 

Franco-
Belgium 
Collabor
ative 
NO Trial 
Group, 
19994 

28 days Control 29 14 (48) p-value: NS         

iNO 29 13 (45)          

Hamon, 
200513 

28 days Control 
Hypoxemic 
Respiratory 
Failure, no 
iNO 

29 15 (55.6)   
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

iNO treated 
Hypoxemic 
Respiratory 
Failure 

22 8 (36.4)  

Kinsella, 
19995 

Hospital 
discharge 

Control 15 12 (80) p-value: 0.1         

RR: 0.65 
(0.41-1.02) 

 

iNO 25 13 (54) p-value: 0.1 
1.02) 

       

RR: 
0.65(0.41- 

 

Van 
Meurs, 
200512 

Physiologi
c BPD as 
per Walsh 
criteria 

Control 115 69 (60) P-value: 0.17 RR: 0.87 (0.68–
1.10) 

center, 
birth-
weight 
group, 
and 
oxygena
tion-
index 
entry 
stratum 

  

iNO 100 50 (50)    

   OR (95% CI) Adjusted OR 
(95% CI) 

Ballard, 
20061 

Death 36 weeks 
PMA 

Control 288 18 (6.3)   
  

  
  

  
  

  

iNO 294 16 (5.4)    

40 weeks 
PMA 

Control 288 19 (6.6)   
  

  
  

  
  

  

iNO 294 19 (6.5)    

44 wks 
PMA 

Control 288 20 (6.9)   
  

  
  

  
  

  

iNO 294 20 (6.8)    
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

36 weeks 
PMA 
 

Control 7-
14 days 
age at 
study entry 

115 13 (11.3)   
  

  
  

   

7-14 days 
age at 
study entry 

112 12 (10.7)    

36 weeks 
PMA 
 

Control 15-
21 days 
age at 
study entry 

173 10 (5.8)   
  

  
  

   

iNO 15-21 
days age at 
study entry 

182 12 (6.6)    

Banks, 
199914 
 

3-24 
months 
from 
enrollment 
 

iNO  16 7 (44)   
  

  
  

   

Bennett, 
200115 

30 months 
corrected 
age 

Control 22 7 (32) P-value: 0.13 
RR: 1.65 
(0.87–3.3) 

  
  

   

iNO 20 10 (50)    

24.9 +/-
7.9 
months 
corrected 
age 

iNO 105 89 (85)    
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

Dani, 
20062 

NICU Control 20 6 (30)     P-value: 0.494 birth 
weight 
  
  

  

iNO 20 4 (20)    

Nonrespon
ders 

6 4 (66)  P-value: 
0.078 

  
  

   

Responder
s 

14 3 (21)    

Field, 
20053 

1 year  Control 53 34 (64)   
  

  
  

  
  

  

iNO 55 30 (55)    

Franco-
Belgium 
Collabor
ative 
NO Trial 
Group, 
19994 

in NICU Control 45 16 (35) P-value: Not 
significant 
  

  
  

  
  

  

iNO 40 11 (27)    

Hascoet
, 200516 

7 days of 
life 

Control with 
Hypoxemic 
Respiratory 
Failure 

84 14 (17) P-value: 0.58 1   
  

  

iNO with 
Hypoxemic 
Respiratory 
Failure 

61 8 (13)    

28 days of 
life 

Control with 
Hypoxemic 
Respiratory 
Failure 

84 26  (31) P-value: Not 
significant 

  
  

  
  

  

iNO with 
Hypoxemic 
Respiratory 
Failure 

61 25  (41)    
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

Hintz 
SR, 
200717 

18-22 
months 

Control 210 98 (47)  P-value: 0.27 birth 
weight 
categor
y, OI 
strata 

  

iNO 210 109 (52)    

Huddy, 
200818 

4-5 years, 
median 
4.52 (IQR 
0.9) 

Control 19 0 (0)      

4-5 years, 
median 
4.63, IQR 
0.84) 

iNO 25 1 (4)      

Kinsella
, 20066 

36 wks 
PMA 

Control 392 98 (25)    P-value: 0.08      
RR: 0.79 (0.61-
1.03) 

  
randomi
zation 
strata, 
study 
sight 

  

iNO 394 78 (19.8)      

Kinsella
, 19995 

Discharge Control 32 17 (53) P-value: 0.65 
RR: 1.11(0.7-
1.8) 

  
  

  
  

  

iNO 48 23 (48)    

Mercier, 
2010 7 

 Control 401 42 (10.5)      

iNO 399 56 (14)   

Schreib
er, 
20038 

NICU Control 102 23 (22.5) P-value: 0.18    
RR: 0.68 
(0.38-1.20) 

 RR: 0.68 (0.38-
1.20) 

  
type of 
ventilati
on 

  

iNO 105 16 (15.2)      
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

Srisupar
p, 
200219 

7 days Control 22 2 (11.1) P-value: 1   
  

  
  

  

iNO 16 2 (12.5)    

Su, 
20089 

During 
Study (9 
death 
within 96 
hours) 

Control 33 10 (30.3)   
  

  
  

   

iNO 32 6 (18.8)    

Subhed
ar, 
199710 

36 wks 
PMA 

Control 
dexametha
sone and 
standard of 
care 

22 7 (32)   
RR: 
1.57(0.76-
3.38) 

  
  

  
  
  
  

  

Groups 
1&3; iNO + 
iNO and 
dexametha
sone 

20 10 (50)    

Dexametha
sone alone 
AND dex + 
iNO 

21 9 (43) RR: 1.13 
(0.54-2.36) 
  

  
  

   

iNO AND 
standard of 
care 

21 8 (38)    

Van 
Meurs, 
200512 

death 
before 
discharge 
to home or 
within 365 

Control 208 93 (45)    P-value: 0.11   
RR:1.16 (0.96-
1.39) 

Birthwei
ght, 
study 
center, 
Oxygen
ation 
index 

  

  iNO 210 109 (52)      
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

Van 
Meurs, 
200711 

Death 
before 
discharge 
to home or 
within 365 

Control 15 4 (27) P-value: 0.7  
 
RR: 1.34 
(0.45-4.0) 

p-value: 0.65  
RR: 1.26 (0.47-
3.41) 

 OI 
Stratum 

  

iNO 14 5 (36)      

Walsh, 
201020 

2 years 
 

Control 288 23 (8) RR: 1.02 
(0.59-1.77) 

  
  

   

iNO 294 24 (8.2)    

Watson, 
200921 

1 year 
corrected 
age 
 

Control 384 98 (25.5) P-value: 0.12 
  

  
  

   

iNO 385 80 (20.8)    

Ballard, 
20061 

Death or 
BPD 

36 weeks 
PMA 

Control 288 182 (63.2)       
  

  

iNO 294 165 (56.1)        

Dani, 
20062 

NICU Control 20 18 (90) P-value: 
0.016      
OR:  0.111 
(0.02-0.610) 

  
  

  
  

  
  

  

iNO 20 10 (50)    
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

Nonrespon
ders 

6 6 (100)  P-value: 
0.035 

  
  

   

Responder
s 

14 10 (71)    

Field, 
20053 

36 weeks 
PMA 

Control 53 48 (91)   
  

  
  

  
  

  

iNO 55 49 (89)    

36 weeks 
PMA 

Control trial 
entry <= 3 
days 

37 32 (86)   RR: 0.98(0.87-
1.11) 

  
  

   

iNO trial 
entry <= 3 
days) 

38 32 (84)    

36 weeks 
PMA 

Control trial 
entry > 3 
days 

16 16 (100)   
  

  
  

  
  

   

iNO trial 
entry > 3 
days 

17 17 (100)    

Franco-
Belgium 
Collabor
ative 
NO Trial 
Group, 
19994 

in NICU Control 45 24 (53)         

iNO 40 18 (45)    

Kinsella
, 19995 

Discharge Control 32 29 (91) P-value: 0.14 
RR: 0.85(0.7-
1.03) 

    
  

  

iNO 48 37 (77)      
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

Kinsella
, 20066 

36 wks 
PMA 

Control 392 295 (75.3)     
P-value: 0.24   
RR: 0.95 (0.87-
1.03) 

Study 
sight, 
randomi
zation 
strata 

  

iNO 394 282 (71.6)    

Schreib
er, 
20038 

NICU Control 102 65 (63.7) P-value: 0.03    
RR: 0.76 
(0.60-0.97) 

RR: 0.77 (0.60-
0.98) 

type of 
ventilati
on 

  

iNO 105 51 (48.6)    

Subhed
ar, 
199710 

36 weeks 
PMA 

Control 
dexametha
sone and 
standard of 
care 

22 21 (95)   
RR: 1.05 
(0.84-1.25) 

  
  

  
  

  
  

  

Groups 
1&3; iNO + 
iNO and 
dexametha
sone 

20 20 (100)    

Dexametha
sone alone 
AND dex + 
iNO 

21 20 (95)  RR: 0.95 
(0.79-1.18) 

  
  

   

iNO AND 
standard of 
care 

21 21 (100)    

Van 
Meurs, 
200711 

Death 
before 
discharge 
to home or 

Control 15 9 (60) P-value: 0.87    
RR: 0.83 
(0.43-1.62) 

p-value: 0.5  
RR: 0.80 (0.43-
1.48) 

  
OI 
Stratum 
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

within 365 iNO 14 7 (50)    

Van 
Meurs, 
200512 

before 
discharge 
to home or 
within 365 
days 
among 
hospitalize
d infants 

Control 208 170 (82)    P-value: 0.52 
RR: 0.97 (0.86-
1.06) 

  
birth 
weight, 
study 
site, 
Oxygen
ation 
index 

  

iNO 210 167 (80)     

Watson, 
200921 

1 Year 
corrected 

Control 385 110 (28.7) P-value: 0.29     

iNO 384 97 (25.3)    

Hintz 
SR, 
200717 
 

Death or 
NDI, 
Death or 
moderate 
to severe 
CP 

18-22 
months 

Control 200 109 (54) P-value: 0.07 
RR:1.17 
(0.99-1.38) 

P-value: 0.07 
RR: Model #1: 
1.15 (0.99-1.34) 

Model 
#1: 
BWt, 
center,  
OI entry 
criterion 
strata, 
sex  
 

  

iNO Follow-
Up group 

199 127 (64)    
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

Hintz 
SR, 
200717 

Death or 
NDI, 
Death or 
NDI:any of 
the 
following: 
mod-
severe 
CP, blind, 
deaf, 
MDI<70 or 
PDI<70 

18-22 
months 

Control 200 146 (73) P-value: 0.32 
RR:1.07 
(0.95-1.19) 

P-value: 0.3 
RR: Model #1: 
1.06 (0.95-1.17) 

Model 
#1: 
BWt, 
center,  
OI entry 
criterion 
strata, 
sex  
 

  

iNO Follow-
Up group 

198 154 (78)    

18-22 
months 
 

Control 
HFV, F/U 
cohort 

119 93 (78) P-value: 0.91 
 

RR: 1.01 (0.88-
1.15) 

OI 
criterion
, center, 
and sex 
Birth 
weight, 
center, 
OI entry 
criterion 
strata, 
sex 

  

iNO tx, 
HFV 

115 90 (78)    

18-22 
months 
 

Control 
Convention
al vent, F/U 
cohort 

81 53 (65) P-value: 0.12 
 

RR: 1.15(0.97-
1.36) 

OI 
criterion
, center, 
and sex 
Birth 
weight, 
center, 
OI entry 
criterion 
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

strata, 
sex 

iNO tx, 
Convention
al Vent 

83 64 (77)    

Field, 
20053 

 

Death or 
Severe 
Disability 

1 year 
corrected 

Control trial 
entry <= 3 
days 

37 24 (65)  RR: 0.99(0.76-
1.28) 

diagnosi
s, OI 
severity 
 

  

iNO trial 
entry <= 3 
days 

38 25 (66)    

1 year 
corrected 

Control trial 
entry > 3 
days 

16 12 (75)   diagnosi
s, OI 
severity 
 

  

iNO trial 
entry > 3 
days 

17 12 (71)    

Bennett, 
200115 

Survival 30 months 
corrected 
age 
 

Control 22 14 (63.6)  P-value: 0.13 
RR:1.65(0.87-
3.3) 

      

iNO 20 8 (40)    

Hamon, 
200513 

28 days Control 
Hypoxemic 
Respiratory 
Failure, no 
iNO 

39 27 (69.3)       

iNO treated 
Hypoxemic 
Respiratory 
Failure 

37 22 (59.5)      

Mestan, 
200522 

25.2+/-8.4 
months 

Control 102 79 (78)      
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

corrected 
age 

Schreib
er, 
20038 

Survived 
NICU 

Control 102 79 (77.5)   
  

    

iNO 105 89 (84.8)    

Ballard, 
20061 

Survival 
without 
BPD 

36 weeks 
PMA 

Control 288 105 (36.5) p-value:0.04 
RR: 1.26 
(1.02-1.55) 

 RR: 1.45 (1.03-
2.04) 

cluster 
(multiple
s) using 
GEE; 
from the 
letter to 
the 
editor 
correcti
on 

  

iNO 294 129 (43.9)      

Control 7-
14 days 
age at 
study entry 

115 31 (27) RR: 1.91 
(1.31-2.78) 
 

    

iNO 7-14 
days age at 
study entry 

112 55 (49.1)      

Control 15-
21 days 
age at 
study entry 

173 74 (42.8) RR: 0.99 
(0.77-1.28) 
 

    

iNO 15-21 
days age at 
study entry 

182 74 (40.7)      

Hamon, 
2005 13 

28 days Control 39 12 (31)      

iNO 37 14 (38)   
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

Bennett, 
200115 

Severe 
neurodisa
bility - one 
or more 
of: 
moderate 
or severe 
developm
ental 
delay; CP; 
sensorine
ural 
impairmen
t (hearing 
loss 
requiring 
hearing 
aids and 
blindness) 

30 months 
corrected 
age 

Control 14 5 (36) P-value: 0.12   

  

  
  

  

iNO 
 

7 0 (0)     

Field, 
20053 

Severe 
disability 
defined as 
no /little 
head 
control or 
inability to 
sit 
unsupport
ed or 
no/minima
l response 
to visual 
stim 
(equivalen
t to DQ 
<50 age 

1 year 
corrected 
age 

Control  18 2 (11)   
  

  
  

  
  

  

iNO 

 

 25 7 (28)    
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

adjusted) 

Hintz 
SR, 
200717 

NDI: any 
of the 
following: 
mod-
severe 
CP, blind, 
deaf, 
MDI<70 or 
PDI<70 
 

18-22 
months 
 

Control 102 48 (47) P-value:0.74 
RR: 1.07 
(0.80 - 1.44) 
 

    
iNO 
 

89 45 (51)   

Huddy, 
200818 

Moderate 
or severe 
cognitive 
disability 
(GCAS<7
0) 
 

4-5 yrs, 
median 
4.52 (IQR 
0.9) 

Control 16 6 (37.5)      

4-5 yrs, 
median 
4.63, IQR 
0.84) 

iNO 
 

22 6 (27.3)    

Moderate / 
Severe 
CP 
 

4-5 years Control 16 2 (12.5)      
iNO 
 

22 3 (13.6)    

Mestan, 
200522 

Abnormal 
neurodeve
lopmental 
outcome 
(any 
disability 
or any 
BSID II 
score <70) 

25.2+/-8.4 
months 
corrected 
age 
24.9 +/-
7.9 
months 
corrected 
age 

Control 68 31 (46) P-value:0.01 
RR: 0.53 
(0.33-0.87) 

    
iNO 
 

70 17 (24)   

Van 
Meurs, 
200711 

NDI = any 
one of the 
following: 
moderate 
to severe 
CP, blind, 

18 to 22 
months 
 

Control 8 2 (25)      
iNO 
 

9 1 (11)   



Evidence Table : Cerebral Palsy for KQ3 continued 

  E‐143

Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

deaf, MDI 
<70, or 
PDI <70 
 

Walsh, 
201020 

NDI in 
subset 
with 
complete 
evaluation
s 
 

2 years Control 212 (51) RR:0.93 
(0.76-1.14) 

    

iNO 
 

207 (48)    

Neurodev
elopmenta
l 
Impairmen
t (NDI = 
MDI<70, 
PDI<70, 
unable to 
crawl or 
walk 
(GMFCS>
=2), 
bilateral 
blindness, 
or bilateral 
deafness 
requiring 
amplificati
on). 
 

2 years Control 234 114 (49) RR: 0.92 
(0.75-1.12) 

    
iNO 
 

243 109 (44.8)    

Moderate / 
Severe 
CP 
 

2 years 
 

Control 234 12 (5.1) RR: 1.23 
(0.59-2.55) 

 
 

 
 

  

iNO 
 

243 12 (4.9)    

Watson, 
200921 

NDI (CP, 
severe 
hearing 
loss, MDI 

1 year 
corrected 
age 
 

Control 218 73 (33.5) P-value: 0.66     
iNO 
 

237 84 (35.4)    
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Evidence Table 17. All outcomes addressed in the KQ5 subgroups including death, BPD, and NDI (continued)
Author, 
Year 

Outcome Time of 
outcome 
measure 

Study Arm N
(number of 
participants 
measured) 

Participants 
with 
Outcome—
n (%) 

Relative 
Effect 
(95% CI) 

Adjusted 
Relative Effect 
(95% CI) 

Adjust
ments 

Duration Difference in 
Duration (p-
value) 

or PDI< 
70,or 
blindness) 
 

Van 
Meurs, 
200711 

Moderate / 
Severe 
CP 
 

18 to 22 
months 
 

Control 8 0 (0)  
 

 
 

 
 

  

iNO 
 

9 0 (0)      

 

BPD: Bronchopulmonary Dysplasia; BSID: Bayley scale of infant devleopment; BW: Birth weight; CI: Confidence Interval; CP: Cerebral palsy; DQ: Developmental quotient; 
EDC: Estimated date of confinement; F/U: Follow: up; HFOV: High-frequency oscillatory ventilation; HFV: High-frequency ventilation; HRF: Hypoxemic respiratory failure; 
iNO: Inhaled nitric oxide; IQR: Inter-quartile range; IVH: Intraventricular hemorrhage ; MDI: Mental developmental scale; NDI: Neurodevelopmental impairment; NICU: 
Neonatal intensive care unit; NS: Not significant; OI: Oxygenation index; OR: Odds ratio; PDI: Psychomotor Development Index; PMA: Post-menstrual age; PVL: Periventricular 
leukomalacia; RR: Relative risk; SD: Standard Deviation; tx: Treatment;  
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