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ABSTRACT

Background

Acute hypoxaemic respiratory failure (AHRF) and mostly acute respiratory distress syndrome (ARDS) are critical conditions. AHRF results
from several systemic conditions and is associated with high mortality and morbidity in individuals of all ages. Inhaled nitric oxide (INO)
has been used to improve oxygenation, but its role remains controversial. This Cochrane review was originally published in 2003, and has
been updated in 2010 and 2016.

Objectives

The primary objective was to examine the effects of administration of inhaled nitric oxide on mortality in adults and children with ARDS.

Secondary objectives were to examine secondary outcomes such as pulmonary bleeding events, duration of mechanical ventilation, length
of stay, etc. We conducted subgroup and sensitivity analyses, examined the role of bias and applied trial sequential analyses (TSAs) to
examine the level of evidence.

Search methods

In this update, we searched the Cochrane Central Register of Controlled Trials (CENTRAL; 2015 Issue 11); MEDLINE (Ovid SP, to 18 November
2015), EMBASE (Ovid SP, to 18 November 2015), CAB, BIOSIS and the Cumulative Index to Nursing and Allied Health Literature (CINAHL).
We handsearched the reference lists of the newest reviews and cross-checked them with our search of MEDLINE. We contacted the main
authors of included studies to request any missed, unreported or ongoing studies. The search was run from inception until 18 November
2015.

Selection criteria

We included all randomized controlled trials (RCTs), irrespective of publication status, date of publication, blinding status, outcomes
published or language. We contacted trial investigators and study authors to retrieve relevant and missing data.

Data collection and analysis

Two review authors independently extracted data and resolved disagreements by discussion. Our primary outcome measure was all-
cause mortality. We performed several subgroup and sensitivity analyses to assess the effects of INO in adults and children and on various
clinical and physiological outcomes. We presented pooled estimates of the effects of interventions as risk ratios (RRs) with 95% confidence
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intervals (Cls). We assessed risk of bias through assessment of trial methodological components and risk of random error through trial
sequential analysis.

Main results

Our primary objective was to assess effects of INO on mortality. We found no statistically significant effects of INO on longest follow-up
mortality: 250/654 deaths (38.2%) in the INO group compared with 221/589 deaths (37.5%) in the control group (RR 1.04,95% C1 0.9 to 1.19;
12 statistic = 0%; moderate quality of evidence). We found no statistically significant effects of INO on mortality at 28 days: 202/587 deaths
(34.4%) in the INO group compared with 166/518 deaths (32.0%) in the control group (RR 1.08,95% C10.92 to 1.27; I statistic = 0%; moderate
quality of evidence). In children, there was no statistically significant effects of INO on mortality: 25/89 deaths (28.1%) in the INO group
compared with 34/96 deaths (35.4%) in the control group (RR 0.78, 95% CI 0.51 to 1.18; I? statistic = 22%; moderate quality of evidence).

Our secondary objective was to assess the benefits and harms of INO. For partial pressure of oxygen in arterial blood (PaO,)/fraction of
inspired oxygen (FiO,), we found significant improvement at 24 hours (mean difference (MD) 15.91, 95% CI 8.25 to 23.56; I? statistic = 25%; 11

trials, 614 participants; moderate quality of evidence). For the oxygenation index, we noted significant improvement at 24 hours (MD -2.31,
95% Cl-2.73 to -1.89; I? statistic = 0%; five trials, 368 participants; moderate quality of evidence). For ventilator-free days, the difference was
not statistically significant (MD -0.57, 95% Cl -1.82 to 0.69; |2 statistic = 0%; five trials, 804 participants; high quality of evidence). There was
a statistically significant increase in renal failure in the INO groups (RR 1.59, 95% Cl 1.17 to 2.16; |? statistic = 0%; high quality of evidence).

Authors' conclusions

Evidence is insufficient to support INO in any category of critically ill patients with AHRF. Inhaled nitric oxide results in a transient
improvement in oxygenation but does not reduce mortality and may be harmful, as it seems to increase renal impairment.

PLAIN LANGUAGE SUMMARY

Use of inhaled nitric oxide in patients with acute respiratory failure with low blood oxygen does not improve survival
Background

When a person has acute respiratory failure, some physicians administer nitric oxide (NO), which is a colourless gas that can dilate the
pulmonary vasculature. This gas has been hypothesized to improve acute respiratory failure, as it could improve oxygenation by selectively
improving blood flow to healthy lung segments.

Our objective was to evaluate whether this treatment improves outcomes of adults and children with acute respiratory failure.
Study characteristics

We included in this updated review 14 trials with 1275 participants. We found the overall quality of trials to be moderate, with little
information provided on how experiments were carried out. Results were limited, and most included trials were small. In most trials, we
identified risk of misleading information. Thus, results must be interpreted with caution. The evidence is up-to-date to 18 November 2015.

Key results

No strong evidence is available to support the use of INO to improve survival of adults and children with acute respiratory failure and low
blood oxygen levels. In the present systematic review, we set out to assess the benefits and harms of its use in adults and children with
acute respiratory failure. We identified 14 randomized trials comparing INO versus placebo or no intervention. We found no beneficial
effects: despite signs of oxygenation and initial improvement, INO does not appear to improve survival and might be hazardous, as it may
cause kidney function impairment.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. INO compared with control group for acute respiratory distress syndrome (ARDS) and acute lung

injury (ALI) in children and adults

INO compared with control group for acute respiratory distress syndrome (ARDS) and acute lung injury (ALI) in children and adults

Patient or population: critically ill participants with ALI and ARDS

Setting: intensive care units, worldwide

Intervention: INO

Comparison: control

Outcomes Illustrative comparative risks* (95% Relative effect  Number of par- Quality of the Comments
Cl) (95% Cl) ticipants evidence
(studies) (GRADE)
Assumed risk Corresponding risk
Control INO
Overall mor- 375 per 1000 382 per 1000 RR 1.04 1243 DODO TSA alfa-spending-adjusted analysis results in an
tality (0.9to 1.19) (13 studies9) moderatea,b RR of 1.04 (95% CI 0. to 1.23; I* = 0%, diversity D* =
(337 to 415) (346 to 420) 0%). Only 41.92% of the required information size
is actually available at this stage for rejection or ac-
ceptance of a 4% RRI for overall mortality. Howev-
er, solid evidence may be obtained with fewer par-
ticipants if eventually the cumulative meta-analy-
sis z-curve crosses the trial sequential monitoring
boundary constructed for a required information
size of 3015 randomized participants (Figure 1)
Overall mor- 320 per 1000 344 per 1000 RR1.08 (0.92to 1105 SODO
tality at 28 1.27) (9 studies) moderateb
days (282 to 362) (307 to 383)
Mortality in 354 per 1000 281 per 1000 RRO0.78 185 (3 paedi- ®PPO
paediatric (0.51t01.18) atric studies) moderateb
population (266 to 454) (181t0 382)
(subgroup)
PaO,/FiO, up Mean Pa0,/FiO, MD 15.91 614 ODDO TSA-adjusted results with a mean difference of
to 24 hours up to 24 hours was (8.25t0 23.56) (11 studies) moderateb 15.91 with substantial heterogeneity and diversity

higher

(95% Cl 8.25 to 23.56; 12 = 25%, diversity D = 49%)
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(15.91, 95% C1 8.25
to 23.56 higher) in
the intervention

group

TSA alfa-spending-adjusted confidence interval
for the meta-analysis in a random-effects mod-

el results in an MD of 15.91 with substantial het-
erogeneity and diversity (95% Cl 9.67 to 22.15; 1 =
25%, diversity D? = 49%) with a required informa-
tion size of 315 (Figure 2). However, the required
information size based on the 2 trials with low risk
of bias is 5137 participants (MD 14.94, TSA-adjust-
ed 95% Cl -73.70 to -103.58; I? = 87%, diversity D* =
91%)

Oxygenation Mean oxygenation MD -2.31 368 SDPO
index, 24 hours index at 24 hours (-2.73t0 -1.89) (5 studies) moderate

was lower

(2.31,95% Cl 2.73 to

1.89) in the interven-

tion group
Ventila- No statistically sig- MD -0.57 (-1.82 804 (5 studies) BTOO
tion-free days, nificant difference t0 0.69) high¢
up to 30 days was noted between

control and interven-

tion groups
Renal impair- 115 per 1000 181 per 1000 RR 1.59 945 DODD
ment (1.17t0 2.16) (4 studies) highc

(89 to 149) (150 to 217)

*The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl)
Cl: confidence interval; INO: inhaled nitric oxide; MD: mean difference; RR: risk ratio; RRI: relative risk increase; TSA: trial sequential analysis; vs: versus

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: We are very uncertain about the estimate

aSensitivity analysis excluding trials published as abstracts did not change the overall mortality effect estimate

bThe outcome was upgraded from low to moderate quality of evidence because most trials had moderate risk of bias

¢The outcome was upgraded from moderate to high quality of evidence because most trials had low risk of bias
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Figure 1. TSA of all trials of the effect of INO on mortality (longest follow-up). The TSA-adjusted confidence interval for the meta-analysis of the
primary outcome with continuity correction for zero events trials (0.001 event in each arm) in a fixed-effect model results in an RR of 1.04 (95%
C10.90 to 1.19; I2 statistic = 0%, diversity D2 = 0%). With an accrued information size of 1243 participants and no boundaries crossed so far, only
41.92% of the required information size is actually available at this stage for rejection or acceptance of a 4% RRI for overall mortality. However,

solid evidence may be obtained with fewer participants if eventually the cumulative meta-analysis z-curve crosses the trial sequential monitoring
boundary constructed for a required information size of 3015 randomized participants. However, regarding the TSA analysis for this outcome, it is
important to bear in mind that only 4 out of the 14 included studies are classified as low risk of bias trials. Therefore, TSA is not able to directly adjust
for the impact of bias.
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Figure 2. TSA of all trials of the effect of INO on Pa0O,/FiO, ratio at 24 hours. Application of TSA to analysis of the Pa0O,/FiO, ratio at 24 hours indicates
statistical significance in favour of improved oxygenation, even with adjustment for repetitive testing on accumulating data in the cumulative meta-

analysis, because the z-curve crossed the trial sequential monitoring boundary. The a priori information size (335 participants) is determined by
a TSA-adjusted mean difference (MD) of 15.91. The cumulative z-curve (blue line with filled squares) at the current accrued information size of 614
participants crosses the boundary (red lines with open diamonds) (with 80% power and alpha 0.05, assuming a double-sided type 1 risk of 5% and
type 2 risk of 20%). However, it is important to note that only two trials had low risk of bias and the TSA-adjusted confidence interval for the meta-
analysis in a random-effects model results in an MD of 15.91 with substantial heterogeneity and diversity (95% CI 8.25 to 23.56; I? statistic = 25%,

diversity D2 =49%).
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BACKGROUND

Description of the condition

Since this review was first published (Sokol 2003a), the definition
of acute respiratory failure has changed. Acute respiratory distress
syndrome (ARDS) and acute lung injury (ALI) in any adult or child
olderthan one month of age were initially defined by the American-
European Consensus Conference (AECC) in 1994 (Bernard 1994)..
The ARDS definition task force produced the latest definition and
has developed the Berlin definition (ARDS Definition Task Force
2012). Acute lunginjury no longer exists and has been replaced by a
gradation of ARDS that is based on the severity of hypoxaemia: mild
(200 mm Hg < partial pressure of oxygen in arterial blood (Pa0O,)/
fraction of inspired oxygen (FiO5) < 300 mm Hg with positive end-
expiratory pressure (PEEP) or continuous positive airway pressure
(CPAP) = 5 cm H,0), moderate (100 mm Hg < PaO,/FiO; <200 mm
Hg with PEEP = 5 cm H,0) or severe (PaO,/FiO, < 100 mm Hg with
PEEP =5 cm H,0). The Berlin criteria also include onset within one
week of a known clinical insult or worsening respiratory symptoms,
bilateral opacities on chest x-ray not explained by effusion, collapse
or nodule and no cardiac failure or fluid overload.

ARDS is characterized by an inflammatory process of the
alveolar-capillary membrane that may arise from a primary lung
disease or secondary to several systemic disease processes (Jain
2006). It is mainly due to a ventilation-perfusion mismatch,
resulting in increased intrapulmonary shunting due to pulmonary
vasodilatation in non-ventilated lung regions and vasoconstriction
in ventilated areas, as well as pulmonary hypertension (Dahlem
2007).

The incidence of ARDS is reported to be between 14 and 86 persons
per 100,000 per year in a general adult population (Luhr 1999;
Rubenfeld 2005). However, a recent report from Finland indicates a
smaller incidence of ARDS of five per 100,000 per year (Linko 2009).
In Minnnesota, during an eight-year period of study between 2001
and 2008, the incidence decreased from 82.4 to 38.9 per 100,000
person-years (Li 2011). Mortality among adults with ARDS has been
reported as 24% to 60%, depending on age and underlying health
status of the patient (Anderson 2003; MacCallum 2005; Rubenfeld
2005). The worst prognosis is seen among patients with sepsis or
multi-organ failure, those who areimmunocompromised and those
without improvement in oxygenation after six days (TenHoor 2001;
Ware 2000).

Recent evidence indicates that the incidence of ARDS among
children is 2.0 to 12.8 persons per 100,000 per year (Zimmerman
2009). Paediatricin-hospital mortality was recently reported at 18%
to 27%, with pneumonia, aspiration and sepsis as primary causes
of the condition (Dahlem 2003; Dahlem 2007; Flori 2005; Lopez-
Fernandez 2012; Zimmerman 2009).

Description of the intervention

Nitric oxide (NO) is a potent endogenous vasodilator that can
be exogenously administered via inhalation. It is synthesized by
conversion of the terminal guanidine nitrogen atom of L-arginine
via endothelial cell calcium-dependent enzyme nitric oxide
synthetase, then diffuses across the cell membrane to activate the
enzyme guanylate cyclase. This enzyme enhances the synthesis
of cyclic guanosine monophosphate (cGMP), causing relaxation of
vascular and bronchial smooth muscle and vasodilatation of blood

vessels (Palmer 1998). Inhaled NO (INO) was first used in clinical
practice in 1991 (Hsu 2008; Rossaint 1993).

Inhaled NO has the ability to provide selective pulmonary
vasodilatation in well-ventilated lung units, to improve ventilation-
perfusion mismatch and subsequently to reduce the elevated
pulmonary vascular resistance and pulmonary hypertension seen
in ARDS (Dellinger 1998; Sokol 2003b). A reduction in pulmonary
arterial pressure and a decrease in intrapulmonary shunting
occur within 40 minutes of INO treatment initiation (Rossaint
1993). Inhaled NO also increases the right ventricular ejection
fraction and decreases right end-systolic volume, thus preventing
decompensation of acute cor pulmonale (Fierobe 1995).

How the intervention might work

Inhaled NO has a half-life of three to five seconds and is
rapidly inactivated on contact with haemoglobin. As a result,
its vasodilatory effect may be limited to well-ventilated regions
of the lung (Hsu 2008). Nitric oxide is involved in production
of and protection from oxidative injury, regulates both immune
and inflammatory responses, decreases neutrophil sequestration
in the lung, decreases oedema formation and regulates its own
production (McAndrew 1997; Prodhan 2004).

Inhaled NO is rapidly converted to active intermediates, including
nitrogen dioxide, peroxy-nitrite and nitro-tyrosine, in the presence
of superoxide (Pryor 1995). However, systemic exposure to INO,
which is a cytotoxic free radical, or accumulation of its degradation
products could result in deleterious side effects through formation
of other free radicals, causing further lung tissue damage (Beckman
1990), impaired surfactant function (Haddad 1996) or aggravated
circulatory failure (Kostler 2005).

Nitric oxide alters immune function by modifying the release of
cytokines and other components of the inflammatory cascade from
alveolar macrophages (Chollet-Martin 1996; Thomassen 1997); it
inhibits active adhesion molecules and the neutrophil oxidative
burst involved in neutrophil migration (Kubes 1991).

Inhaled NO rapidly binds to haemoglobin, with high affinity, to form
methaemoglobin at doses of 40 ppm or greater (Sokol 2003a). This
occurs after INO diffuses from alveoli to vascular smooth muscle
cells adjacent to the alveoli.

Adenosine diphosphate (ADP) and collagen-induced platelet
aggregation are significantly inhibited by INO via an increase in
intraplatelet cGMP during passage of platelets through the lung,
and bleeding time is significantly prolonged in a non-dose-related
manner duringinhalation (Barrington 2007; Gries 1998; Gries 2000).

Why it is important to do this review

Inhaled NO is still used extensively worldwide as a rescue agent
in severely hypoxaemic patients with ARDS. A survey from Canada
found that 39% of specialists still used INO in the treatment of
ARDS (Meade 2004). Most patients with ARDS who receive INO
respond with improved oxygenation, but the benefit appears to
be transient, lasting less than 72 hours (Adhikari 2007; Calfee
2007). Furthermore, two systematic reviews found little evidence
on clinical outcomes and increased risk of adverse effects, for
example, renal dysfunction (Adhikari 2007; Sokol 2003a; Sokol
2003b). Thus INO application remains controversial, especially in
the light of recent evidence. The aim of this review was to update
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the best available evidence on this topic and to assess whether INO
therapy has any role in the treatment of patients with ARDS.

We aimed to systematically review randomized controlled trials
(RCTs) of INO administration in children and adults with ARDS. More
compelling evidence is needed on this topic and on its potential
benefits. This is an update of a review first published in 2003 (Sokol
2003a) and updated in 2010 (Afshari 2010).

OBJECTIVES

The primary objective was to examine the effects of administration
of inhaled nitric oxide on mortality in adults and children with
ARDS.

Secondary objectives were to examine secondary outcomes such
as pulmonary bleeding events, duration of mechanical ventilation,
length of stay, etc. We conducted subgroup and sensitivity analyses,
examined the role of bias and applied trial sequential analyses
(TSAs; Trial Sequential Analysis (TSA)) to examine the level of
evidence.

METHODS

Criteria for considering studies for this review
Types of studies

We included RCTs irrespective of publication status, date of
publication, blinding status, outcomes published or language.
We contacted trial investigators and study authors to ask for
relevant data. We included unpublished trials only if trial data
and methodological descriptions were provided in written form or
could be retrieved from the trial authors. We excluded cross-over
trials. We identified no cluster-RCTs but planned to include these, if
found, in future updates.

Types of participants

We included participants with a diagnosis of ARDS or AL, according
to the various definitions present in the literature. In the case
of an intervention effect, we performed a subgroup analysis
based on enrolment of participants to the ARDS groups. We
chose to accept the terms 'standard treatment' of ARDS and
critically ill patients as reported by many study authors, despite the
ongoing controversy. We excluded neonates described as having
'bronchopulmonary dysplasia' or 'chronic lung disease' because of
different pathophysiology, treatment, prognosis and progression
of the disease.

Types of interventions

Weincluded trials comparing INO versus placebo or nointervention
in adults and children with ARDS. We included any type or dose
of INO and any duration of administration. We permitted a co-
intervention if it was administered in both groups. We excluded
trials that compared only different INO treatment regimens and
those in which INO was compared with interventions other than
placebo or no intervention.

Types of outcome measures
Primary outcomes

1. Overall mortality (longest follow-up, regardless of the duration
of follow-up).

2. Overall 28-day mortality (studies reporting mortality at 25 to 30
days were included in the same analysis).

Secondary outcomes

1. Bleeding events: defined as pulmonary bleeding or systemic
bleeding requiring transfusion.

2. Complications during the in-patient stay (e.g. hypotensive
episodes, direct irritation on administration, thrombosis,
congestive cardiac failure, myocardial infarction, renal failure,
cerebrovascular accident).

Pa0,/FiO, ratio.

Ventilator-free days.

Duration of mechanical ventilation.

Oxygenation index.

Improvement in mean pulmonary arterial pressure (mm Hg).

Methaemoglobin concentration > 5%.

Nitric oxide concentration >3 ppm.

10.Resolution of multi-organ failure (according to different organ
dysfunction scores).

11.Quiality of life assessment, as defined by authors of included

studies.

N Uk W

12.Length of stay in intensive care unit and in hospital.
13.Cost-benefit analyses.

Search methods for identification of studies
Electronic searches

For this review update, we performed a search update to 18
November 2015. Thus, we searched the Cochrane Central Register
of Controlled Trials (CENTRAL; 2015, Issue 11); SilverPlatter
MEDLINE (WebSPIRSOvid SP, 1950 to 18 November 2015);
SilverPlatter EMBASE (WebSPIRSOvid SP, 1980 to 18 November
2015); SilverPlatter BIOSIS Previews (WebSPIRS 1993 to 18
November 2015); International Institute for Scientific Information
(ISI) Web of Science (1964 to 18 November 2015); Latin American
Caribbean Health Sciences Literature (LILACS) (via BIREME) (1982
to 18 November 2015); the Chinese Biomedical Literature Database;
advanced Google; and the Cumulative Index to Nursing and Allied
Health Literature (CINAHL) (via EBSCO host) (1980 to 18 November
2015) (see Appendix 1).

Searching other resources

We handsearched the reference lists of reviews, randomized and
non-randomized studies and editorials for additional studies. We
contacted the main authors of included studies to ask about any
missed, unreported or ongoing studies. We searched for ongoing
clinical trials and unpublished studies on the following Internet
sites.

1. http://www.controlled-trials.com
2. http://clinicaltrials.gov
3. http://www.centerwatch.com

We applied no language restriction to eligible reports and
performed the latest search on 18 November 2015.

Inhaled nitric oxide for acute respiratory distress syndrome (ARDS) in children and adults (Review) 8
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Data collection and analysis

Three review authors (FG, OK, AA) independently screened and
classified all citations as potential primary studies, review articles
or other. All review authors independently examined all potential
primary studies and decided on theirinclusion in the review (Figure
3). We evaluated all trials for major potential sources of bias
(random sequence generation, allocation concealment, blinding,

intention-to-treat analysis, funding and completeness of follow-up)
(Figure 4; Figure 5). We assessed each trial quality factor separately
and defined trials as having low risk of bias only if they adequately
fulfilled all of the criteria. We independently extracted from each
trial and evaluated data on methods and outcomes in accordance
with the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). We resolved disagreements by reaching consensus
among review authors.

Inhaled nitric oxide for acute respiratory distress syndrome (ARDS) in children and adults (Review) 9
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Figure 3. INO search result.

New Electronic Database
Search, hand search of the
reference lists and other
sources according to our search
strategy, n=1352

i

Excluded trials, n=1350
(Animal studies, no RCT, dose-
response trials, trials with no
control group, trials with active
therapygiven to control group,
reviews, search overlap,
irrelevantendpoints)

New full paper review, n=2

Excluded trial, n=1
(ongoingtrial)

Newlyincluded trial, n=1

Previouslyincludedtrial: 15
reports of 13 trials

Totalincluded trials: 16 reports
of 14 trials
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Figure 3. (Continued)
| of 14 trials

Figure 4. Methodological quality graph: review authors' judgements about each methodological quality item
presented as percentages across all included studies.
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Figure 5. Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.
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Selection of studies

We assessed the articles identified via the described searches
and excluded obviously irrelevant reports. Three review authors
(FG, OK, AA) independently examined articles for eligibility and
screened titles and abstracts to identify studies for eligibility (Figure
3; see Characteristics of included studies and Characteristics of
excluded studies). We performed this process without blinding
of study authors, institutions, journals of publication or results.
We resolved disagreements by reaching consensus among review
authors. We provide here a detailed description of the search and
assessment.

Data extraction and management

We independently extracted and collected data without blinding
to study authors, source institutions or publication source of trials.
We resolved disagreements by discussion and approached all first
authors of included trials for additionalinformation on risks of bias.
For more detailed information, please see Contributions of authors.

Assessment of risk of bias in included studies

We evaluated the validity and design characteristics of each trial.

We evaluated trials for major potential sources of bias (random
sequence generation, allocation concealment, blinding, intention-
to-treat (ITT) analysis and completeness of follow-up; see Appendix
2). We assessed each trial quality factor separately and defined
trials as having low risk of bias only if they adequately fulfilled all
of the criteria described below.

Measures of treatment effect
Dichotomous data

We calculated risk ratios (RRs) with 95% confidence intervals
(Cls) for dichotomous data (binary outcomes). These included the
following:

Primary outcomes

1. Mortality by duration and overall mortality.

Secondary outcomes

1. Number of infectious complications.
2. Adverse events.

Continuous data

We used the mean difference (MD) or the RR if data were continuous
and were measured in the same way between trials as follows:

1. Length of stay in an intensive care unit (ICU).
2. Number of days on a ventilator.

3. Length of hospital stay.

Unit of analysis issues

Cross-over trials

We excluded cross-over trials from our meta-analyses because of
the potential risk for “carry-over” of treatment effect.

Studies with multiple intervention groups

In studies designed with multiple intervention groups, we
combined groups to create a single pair-wise comparison in

accordance with Higgins 2011. In trials with two or more groups
receiving different doses, we combined data for primary and
secondary outcomes.

Dealing with missing data

We contacted the authors of trials with missing data to retrieve
the relevant information. For all included studies, we noted levels
of attrition and any exclusion of participants. In cases of missing
data, we chose ‘complete-case analysis’ for our primary outcomes,
thus excluding from the analysis all participants with missing
outcomes. Selective outcome reporting, which occurs when non-
significant results are selectively withheld from publication (Chan
2004), is defined as selection, on the basis of results, of a subset
of the original variables recorded for inclusion in publication
of trials (Hutton 2000). The most important types of selective
outcome reporting are selective omission of outcomes from
reports; selective choice of data for an outcome; selective reporting
of different analyses using the same data; selective reporting of
subsets of the data; and selective under-reporting of data (Higgins
2011).

Assessment of heterogeneity

We explored heterogeneity using the I? statistic and the Chi? test.
An I? statistic higher than 50% represents substantial heterogeneity
(Higgins 2011). In case of an I? statistic > 0%, we tried to
determine the cause of heterogeneity by performing relevant
subgroup analyses. We used the Chi? test to obtain an indication
of heterogeneity between studies, with P value < 0.1 considered
significant.

Assessment of reporting biases

Funding bias is related to possible publication delay or
discouragement of undesired results in trials sponsored by the
industry (Higgins 2011). To explore the role of funding, we planned
to conduct a sensitivity analysis based on our primary endpoint.

Data synthesis

We used Review Manager software (RevMan 5.3.5) and calculated
RRs with 95% Cls for dichotomous variables and MDs with 95%
Cls for continuous outcomes. We used the Chi? test to obtain an
indication of heterogeneity between studies, with P value < 0.1
considered significant. We quantified the degree of heterogeneity
observed in the results by using the I? statistic, which can be
interpreted as the proportion of total variation observed between
studies that is attributable to differences between studies rather
than to sampling error (Higgins 2011). An |? statistic value > 75%
is considered very heterogeneous. We used both a random-effects
model and a fixed-effect model. If the |2 statistic value was 0%,
we reported only results from the fixed-effect model, and with an
12 statistic value > 0%, we reported only results from the random-
effects model.

Trial sequential analysis

Risk of type 1 errors in meta-analyses due to sparse data and
repeated significance testing following updates with new trials
remains a serious concern (Brok 2009; Thorlund 2009; Wetterslev
2008; Wetterslev 2009). As a result, spurious P values due to
systematic errors from trials with high risk of bias, outcome
reporting bias, publication bias, early stopping for benefit and
small trial bias may result in false conclusions. In a single trial,
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interim analysis increases the risk of type 1 errors. To avoid type
1 errors, group sequential monitoring boundaries (Lan 1983) are
used to decide whether a trial could be terminated early because of
a sufficiently small P value, thus the cumulative Z curve crosses the
monitoring boundary.

Equally, sequential monitoring boundaries can be applied to meta-
analyses and are labelled "trial sequential monitoring boundaries’.
In 'trial sequential analysis’ (TSA), the addition of each new trial to
a cumulative meta-analysis is viewed as an interim meta-analysis,
which provides useful information on the need for additional trials
(Wetterslev 2008).

Itis appropriate and wise to adjust new meta-analyses for multiple
testing on accumulating data to control overall type 1 error risk in
cumulative meta-analysis (Pogue 1997; Pogue 1998; Thorlund 2009;
Wetterslev 2008).

When TSA is performed, the cumulative Z curve crossing the
boundary indicates that a sufficient level of evidence has been
reached; as a consequence, one may conclude that no additional
trials may be needed. However, evidence is insufficient to allow a
conclusion if the Z curve does not cross the boundary or does not
surpass the required information size.

To construct trial sequential monitoring boundaries (TSMBs), one
needs a required information size, which is calculated as the least
number of participants required in a well-powered single trial with
low risk of bias (Brok 2009; Pogue 1998; Wetterslev 2008).

In this updated review, we adjusted the required information
size for heterogeneity by using the diversity adjustment factor
(Wetterslev 2009). We applied TSA, as it prevents an increase in the
risk of type 1 errors (20%). If the actual accrued information size was
too small, we provided the required information size in the light of
actual diversity (Wetterslev 2009).

Subgroup analysis and investigation of heterogeneity

We conducted the following subgroup analyses:

1. Benefitsand harmsof INO in participants with ALI or ARDS based
on the cause (primary lung injury vs secondary lung injury).

2. Benefits and harms of INO in paediatric participants (paediatric
participants (< 18 years) vs adult participants).

3. Benefits and harms of INO based on duration of drug
administration (short-term vs long-term administration).

If analyses of various subgroups were significant, we performed a
test of interaction (Altman 2003). We considered P values < 0.05
as indicating significant interaction between INO treatment and
subgroup categories.

Sensitivity analysis

We decided to carry out a sensitivity analysis on the results by
applying fixed-effect and random-effects models to assess the
impact of heterogeneity on our results.

Summary of findings

We used the principles of the GRADE (Grades of Recommendation,
Assessment, Development and Evaluation Working Group)
approach to provide an overall assessment of evidence related to
all of our outcomes. We constructed a 'Summary of findings' table

using GRADEpro software. As outcomes of public interest, we chose
to present overall mortality (regardless of the follow-up period), ICU
length of stay, days on ventilator and length of hospital stay (see
Summary of findings for the main comparison).

RESULTS

Description of studies

See Characteristics of included studies; Characteristics of excluded
studies; Characteristics of studies awaiting classification; and
Characteristics of ongoing studies.

Results of the search

In this updated review, we identified two new trials via the search
strategy; we included one of them (Bronicki 2015), and the second
one is ongoing. A total of 1275 participants were included in this
review update. We found one of the studies (Bronicki 2015) by
handsearching. We have provided the flow chart for this updated
review in Figure 3.

Included studies

Allincluded trials except two (Day 1997; Taylor 2004) used the ARDS
definition based on the European-American consensus statement
as an entry criterion (Table 1). No currently included study used
the Berlin ARDS definition, as patient enrolment for the most
recent study took place from 2003 through 2005 (Bronicki 2015).
One trial used the Murray Lung Injury Score > 2.5 (Troncy 1998),
and another used oxygenation index (Ol) criteria (Dobyns 1999).
Two trials (Ibrahim 2007; Lundin 1999) used a definition of ALI
that was modified from that used the consensus statement. Two
studies were published in abstract form (Payen 1999; Schwebel
1997). We identified no duplicate reports. In Angus 2006, study
authors described the 'activity of daily living scale' (ADL) and the
'quality of well being scale' (QWB), hospital costs and resource
use, as well as long-term mortality, on the basis of Taylor 2004. All
studies except one (Schwebel 1997) reported mortality. Analyses
of the impact of INO on oxygenation were hindered as the result
of application of different indicators of oxygenation, different
time points for oxygenation measurement and demonstration of
therapeutic effects in graphic form without adjacent numerical
data in most publications. Investigators inconsistently reported
other clinical outcome variables in line with our defined primary
and secondary outcomes.

We classified four trials as paediatric trials (Bronicki 2015; Day
1997; Dobyns 1999; Ibrahim 2007); one trial included a few
children (Michael 1998); and the remaining trials consisted of mixed
populations of critically ill adults with ALl and ARDS. Sample size
varied from 14 to 385 participants with ALl or ARDS (Table 1).

Intervention duration ranged from less than 24 hours to four weeks.
The estimated median length of interventions was seven days.
Follow-up ranged from 24 hours to one year. The comparison group
received placebo in six trials (Bronicki 2015; Dellinger 1998; Dobyns
1999; Payen 1999; Schwebel 1997; Taylor 2004). Nitrogen was used
as placebo, except in one trial, which used air (Dobyns 1999).

Ninetrials applied a fixed dose of INO (median 10 ppm; range 5to 10
ppm) (Bronicki2015; Day 1997; Dobyns 1999; Gerlach 2003; Ibrahim
2007; Park 2003; Payen 1999; Schwebel 1997; Taylor 2004). Four
trials used the lowest dose to achieve an oxygenation response
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(Lundin 1999; Mehta 2001; Michael 1998; Troncy 1998), and one trial
used different doses of INO (Dellinger 1998). One trial enrolled only
INO responders (Lundin 1999).

In five trials, a few participants allocated to the control group
crossed over to INO as rescue therapy after randomization,
according to predefined protocols (Dobyns 1999; Lundin 1999;
Michael 1998; Payen 1999; Schwebel 1997). In one trial, all
randomized participants (in control and INO groups) received INO
after 24 hours (Day 1997). Thus, we chose to report only mortality
data gathered before this cross-over took place (Day 1997). At
the clinician's discretion, nitric oxide treatment was discontinued
(Schwebel 1997) or was tapered after a pre-specified time period
(Dobyns 1999; Ibrahim 2007; Michael 1998) or after pre-defined
gas exchange endpoints were reached (Day 1997; Dellinger 1998;
Lundin 1999; Mehta 2001; Michael 1998; Payen 1999). Only one
trial did not provide information on INO discontinuation criteria
(Park 2003). Investigators applied various co-interventions, such
as the recruitment manoeuvre (Park 2003), the prone position
(Bronicki 2015; Gerlach 2003; Ibrahim 2007; Taylor 2004)) and use
of corticosteroids (Dellinger 1998).

Four unblinded trials (Gerlach 2003; Ibrahim 2007; Park 2003;
Troncy 1998) and one blinded trial used pre-defined protocols
for mechanical ventilation (Schwebel 1997); three unblinded trials
adhered to guidelines (Dellinger 1998; Dobyns 1999; Taylor 2004).

Excluded studies

We excluded nine potentially relevant publications (Cuthbertson
2000; Johannigman 1997; Khan 2009; Meade 2003; Perrin 2006;
Puybasset 1994; Puybasset 1995; Rossaint 1995; Tang 1998;) for
reasons detailed in the Characteristics of excluded studies section.

Studies awaiting assessment

No studies are awaiting assessment.
Ongoing studies

We identified one ongoing study (Godinez). This study was reported
to be completed in 2006 but no results have been published so far;
for details, see the Characteristics of ongoing studies section.

Risk of bias in included studies

We classified four trials as having low risk of bias for the
main outcome - overall mortality (Dellinger 1998; Dobyns 1999;
Payen 1999; Taylor 2004) (see Analysis 2.1). For a more detailed
description of individual trial qualities, see the table Characteristics
of included studies. We have presented the various bias domainsin
the 'Risk of bias graph' and a 'Risk of bias summary"' figure (Figure
4; Figure 5).

Allocation

Six trials (43%) adequately reported random sequence generation
(Dellinger 1998; Dobyns 1999; Lundin 1999; Mehta 2001; Payen
1999; Taylor 2004), whereas seven trials (50%) reported allocation
concealment (Dellinger 1998; Dobyns 1999; Gerlach 2003; Lundin
1999; Payen 1999; Schwebel 1997; Taylor 2004) (see Appendix 3).

Blinding

Six trials provided sufficient data to be categorized as double-
blinded (46%) (Bronicki 2015; Dellinger 1998; Dobyns 1999; Payen
1999; Schwebel 1997; Taylor 2004). Remaining trials were open-
label studies or did not provide sufficient data on how double-
blinding was achieved (see Appendix 3).

Incomplete outcome data

All trials except two provided complete follow-up for the primary
outcome (Angus 2006; Schwebel 1997) (see Appendix 3). The Angus
2006 publication is based on one-year follow-up of the same cohort
of participants as were described in Taylor 2004, which presented
complete follow-up. Study authors reported 90.2% follow-up at
one year (Angus 2006). In Schwebel 1997, study authors did not
provide data on mortality nor on length of follow-up. Six trials
(43%) performed analysis according to the ITT method or provided
sufficient data to permit ITT analyses (Dellinger 1998; Gerlach 2003;
Lundin 1999; Payen 1999; Taylor 2004; Troncy 1998). Additionally,
some trials did not provide explicit information on duration of the
longest follow-up (Appendix 3). Many of our analyses were subject
to limitations because most studies demonstrated therapeutic
effects in graphic form, without providing numerical data.

We found one trial on Clinical Trial.gov (Godinez) and found that
no other data had been published yet. We tried to contact study
authors without success.

Selective reporting

Thirteen trials provided adequate information to be classified as
low-risk trials (Bronicki 2015; Day 1997; Dellinger 1998; Dobyns
1999; Gerlach 2003; Ibrahim 2007; Lundin 1999; Mehta 2001;
Michael 1998; Park 2003; Payen 1999; Taylor 2004; Troncy 1998).
Supplementary information was often obtained through online
registration, available protocols or clarifying responses to our
questions as provided by study authors. One trial did not provide
sufficient data on selective reporting (high-risk) (Schwebel 1997).

Other potential sources of bias

Seven trials reported a sample size calculation (Dellinger 1998;
Gerlach 2003; Lundin 1999; Mehta 2001; Michael 1998; Payen 1999;
Taylor 2004), but only two were powered to show statistically
significant benefit for primary endpoints (Lundin 1999; Taylor 2004)
(see Appendix 3). Lundin 1999 was stopped early for slow enrolment
(at 45% of calculated sample size), Taylor 2004 enrolled only 75% of
the planned sample size, for unknown reasons, and Bronicki 2015
was terminated prematurely because of slow enrolment (planned
338 participants, enrolled 55 participants).

The funnel plot of standard error versus risk ratio for overall longest
follow-up mortality (Figure 6) and the funnel plot for 28-day to 30-
day mortality (Figure 7) showed a symmetrical distribution that
indicated no bias or publication bias. As we noted no asymmetry
or heterogeneity in the funnel plot, we found no need to apply
the arcsine-Thompson test, as proposed by Riicker (Riicker 2008).
Additionally, we found no statistical significance (P value = 0.33)
upon applying Egger's regression intercept test.
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Figure 6. Funnel plot of comparison: 1 Mortality, outcome: 1.1 Longest follow-up, mortality.
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Figure 7. Funnel plot of comparison: 1 Mortality, outcome: 1.2 28- to 30-day mortality.
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Effects of interventions

See: Summary of findings for the main comparison INO
compared with control group for acute respiratory distress
syndrome (ARDS) and acute lung injury (ALI) in children and adults

Primary outcomes

Overall mortality (longest follow-up, regardless of the duration
of follow-up)

Combining data from the 13 included trials (1243 participants)
and applying complete-case analysis revealed no statistically
significant effects of INO on longest follow-up mortality: 250/654
deaths (38.2%) in the INO group compared with 221/589 deaths
(37.5%) in the control group (RR 1.04, 95% CI 0.9 to 1.19; I> = 0%)
(see Analysis 1.1). We upgraded the outcome from low to moderate
quality of evidence because most trials had moderate risk of bias.

Overall 28-day mortality (studies reporting mortality as 25 to 30
days were included in the same analysis)

We combined nine trials (Bronicki 2015; Dellinger 1998; Lundin
1999; Mehta 2001; Michael 1998; Park 2003; Payen 1999; Taylor 2004;
Troncy 1998) (1105 participants) in the 28-day mortality analysis
and obtained the following results: 202/587 deaths (34.4%) in the
INO group and 166/518 deaths (32%) in the control group (RR 1.08,
95% Cl 0.92 to 1.27; I* = 0%) (see Analysis 1.2). We upgraded the
outcome from low to moderate quality of evidence because most
trials had moderate risk of bias.

100

We carried out a total of five subgroup and sensitivity analyses
regarding our primary outcomes. We detected no statistically
significant effects in any of these analyses.

Secondary outcomes
Bleeding events

Data from five trials (Dellinger 1998; Lundin 1999; Mehta 2001;
Michael 1998; Payen 1999; 614 participants) show no statistically
significant increase in bleeding events in the INO group compared
with the control group (RR 0.88, 95% Cl 0.43 to 1.79; I* = 0%) (see
Analysis 3.1). We upgraded the outcome from low to moderate
quality of evidence because most trials had moderate risk of bias.

Complications during the in-patient stay

Inhaled nitric oxide increased the risk of renal impairment,
according to data from four adult trials (Dellinger 1998; Lundin
1999; Payen 1999; Taylor 2004, 945 participants; RR 1.59, 95%
Cl 1.17 to 2.16; 12 = 0%) (see Analysis 4.1). However, the test of
interaction for the RR of renal impairment from trials with low risk
of bias (Dellinger 1998; Payen 1999; Taylor 2004; 765 participants)
(see Analysis 4.1) versus the one trial with high risk of bias (Lundin
1999; 180 participants) (see Analysis 4.1) did not reach statistical
significance (P value = 0.22). We accepted various definitions of
renal impairment as proposed by study authors (see Appendix
4). We upgraded this outcome from moderate to high quality of
evidence because most trials had low risk of bias.
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One trial (Lundin 1999) involving 180 participants revealed that
the rate of respiratory failure decreased in the INO group (RR 0.21,
95% Cl 0.05 to 0.94) (see Analysis 4.3). One trial (Lundin 1999)
involving 180 participants provided data on reversal of ALI, showing
no statistically beneficial effects of INO (RR 1.13, 95% CI 0.88 to
1.46). No trial provided data on reversal of ARDS (see Analysis 10.1).
The quality of evidence was moderate.

Other adverse events were variably reported, and events such
as pneumothorax (see Analysis 4.2), circulatory failure and shock
(see Analysis 4.4), pneumonia, sepsis, encephalopathy, myocardial
infarction, liverimpairment, myopathy, agitation and hypertension
(Table 2) did not reach statistical significance. The quality of
evidence was high for pneumothorax and circulatory failure but
was moderate for the other adverse events.

Only one trial (Taylor 2004; 385 participants) provided data
indicating increased risk of infection in the INO group (RR 1.62, 95%
Cl 1.16 t0 2.26; 1> = 0) (Table 2). The quality of evidence was high.

PaO0,/FiO; ratio

Eleven trials (Day 1997; Dellinger 1998; Dobyns 1999; Gerlach
2003; Ibrahim 2007; Lundin 1999; Mehta 2001; Michael 1998; Park
2003; Schwebel 1997; Troncy 1998 ; 614 participants) indicated
an improved Pa0,/FiO, ratio at 24 hours (MD 15.91, 95% Cl 8.25
to 23.56; 12 = 25%) (Analysis 5.1). An additional analysis of PaO,/
FiO, difference from baseline at 24 hours, based on data from
three trials (Dobyns 1999; Park 2003; Troncy 1998; 155 participants),
revealed a similar finding (MD 42.90, 95% Cl 20.57 to 65.23; | =
58%) (see Analysis 5.5). The PaO,/FiO, ratio at 48 and 72 hours
no longer showed a statistically significant beneficial effect (see
Analysis 5.2; Analysis 5.3), but the analysis at 96 hours, based on
four trials (Dellinger 1998; Gerlach 2003; Lundin 1999; Mehta 2001,
334 participants), showed improved oxygenation in the INO group
(MD 14.51, 95% Cl| 3.64 to 25.38; 12 = 0%) (see Analysis 5.4). We
upgraded the outcome from low to moderate quality of evidence
because most trials had moderate risk of bias.

Ventilator-free days

Data from five trials (Dellinger 1998; Park 2003; Payen 1999; Taylor
2004; Troncy 1998; 804 participants) show no statistically significant
effect of INO on ventilator-free days up to day 28 or 30 (MD -0.57,
95% Cl -1.82 to 0.69; I* = 0%) (see Analysis 6.1). We upgraded the
outcome from moderate to high quality of evidence because most
trials had low risk of bias.

Duration of mechanical ventilation

Six trials (Day 1997; Dobyns 1999; Gerlach 2003; Lundin 1999; Park
2003; Troncy 1998; 390 participants) reported no effects of INO on
duration of mechanical ventilation (MD 1.02,95% CI -2.08 to 4.12; |2
=76%) (see Analysis 7.1). The quality of evidence was moderate.

Oxygenation index

Five studies (Bronicki 2015; Day 1997; Dellinger 1998; Dobyns 1999;
Ibrahim 2007; 368 patients) reported that the oxygenation index
was significantly lower in the INO group at 24 hours (MD -2.31, 95%
Cl -2.73 to -1.89; I> = 0%). Two studies (Day 1997; Dellinger 1998;
183 participants) noted no statistically significant differences at 48
hours (MD 1.99, 95% Cl -10.40 to 14.38; 12 = 74%) but Dellinger 1998
and Dobyns 1999 (245 participants) reported statistically significant

differences at 72 hours (MD -3.48, 95% Cl -6.80 to -0.15; 1> = 0%) (see
Analysis 8.3; Analysis 8.4; Analysis 8.5) (Table 3). We upgraded the
outcome from low to moderate quality of evidence because most
trials had moderate risk of bias.

Mean pulmonary arterial pressure (mm Hg)

Differences in mean pulmonary arterial pressure were significant at
day one (MD -1.76,95% CI -3.41 to -0.12; I* = 1%) but were no longer
significant on days two, three and four (see Analysis 9.1; Analysis
9.2; Analysis 9.3; Analysis 9.4; 1275 participants). The quality of
evidence was moderate.

Methaemoglobin > 5%

All trials assessed methaemoglobin concentrations (1275
participants). Four participants in the INO group and three in the
control group had methaemoglobin values > 5% (RR 0.88, 95% Cl
0.20t03.79;1=0%) (see Analysis 11.1). The quality of evidence was
moderate.

NO, concentration > 3 ppm

Seven trials (Dellinger 1998; Dobyns 1999; Gerlach 2003; Ibrahim
2007; Mehta 2001; Payen 1999; Taylor 2004; 959 participants)
reported data on nitrogen dioxide, but only one trial reported three
of 385 participants with raised concentrations; all had received 80
ppm INO (Taylor 2004). The quality of evidence was high.

Resolution of multi-organ failure (according to different organ
dysfunction scores)

Only one trial (Taylor 2004; 385 participants) met our requirements
in terms of trial intervention effects on resolution of multi-
organ failure based on various illness scores, with no statistically
beneficial effects reported (TISS score) (Table 4). The quality of
evidence was high.

Quality of life assessment

One trial assessed quality of life (Taylor 2004; 385 participants)
using the 'activities of daily living scale' (ADL) and the 'quality
of well being scale' (QWB). Neither assessment supported
intervention with INO. The ADL score at six months and at
one year did not indicate an improvement (Table 5), and the
QWB of survivors at six months and at one year showed similar
improvementsin INO and control groups, with slightly better scores
in the control group, although this finding was not statistically
significant (Table 5). The quality of evidence was high.

Length of stay in intensive care unit and in hospital

Length of stay in ICU and in hospital was provided by only one trial
(Taylor 2004; 385 participants), which did not indicate reduced stay
in ICU or hospital (Table 6). The quality of evidence was high.

Cost-benefit analyses

Only one trial (Taylor 2004; 385 participants) provided data for cost-
benefit analysis.. Study authors described similar hospital costs in
the INO group (48,500 USD) and in the control group (47,800 USD; P
value =0.8) (Table 7). The quality of evidence was high.
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Sensitivity and subgroup analyses
Sensitivity analysis

Sensitivity analysis excluding data from articles published as
abstracts did not change overall results regarding significance (see
Analysis 1.5).

Benefits and harms of INO in participants with ALI or ARDS based on
the cause (primary lung injury vs secondary lung injury)

Only onetrial provided data for analysis of mortality based on origin
of the lesion (primary vs secondary lung injury) without showing
statistical significance (Troncy 1998) (Table 8).

Benefits and harms of INO in paediatrics (paediatric participants (age
< 18 years) vs adult participants)

Three paediatric trials (Bronicki 2015; Day 1997; Dobyns 1999)
with a total of 185 participants showed no statistically significant
beneficial effects of INO (RR 0.78, 95% Cl 0.51 to 1.18; 12 =22%), nor
did the adult population subgroup (RR 1.08, 95% CI 0.93 to 1.25; |2
=0%) (Analysis 1.3). The quality of evidence was moderate.

Benefits and harms of INO based on duration of drug administration
(short-term vs long-term administration)

A total of 12 trials (Day 1997; Dellinger 1998; Dobyns 1999; Gerlach
2003; Lundin 1999; Mehta 2001; Michael 1998; Park 2003; Payen
1999; Schwebel 1997; Taylor 2004; Troncy 1998) with a total of 1190
participants had a median duration of intervention longer than one
week (see Analysis 1.4). Current evidence does not support a longer
duration of intervention (RR 1.07, 95% CI 0.89 to 1.29; 12 = 0%) nor
a shorter duration of intervention (RR 1.04, 95% Cl 0.84 to 1.29; 12 =
0%). We did not conduct a subgroup analysis to assess the effects
of different INO dosages as no evidence appears to support this and
many reported trials did not use a fixed dose of INO but applied
dose titration (Adhikari 2007; Sokol 2003a) (Table 1).

Definition of respiratory failure

Studies designed before 2012 used the AECC definition (Bernard
1994) of acute respiratory distress syndrome, whereas more recent
studies use the 2012 definitions (ARDS Definition Task Force 2012).
Sensitivity analysis performed to examine the role of inclusion by
AECC criteria did not alter the overall result (see Analysis 1.6).

Bias assessment

Comparison of estimates of the pooled intervention effect based
onrandom sequence generation, allocation concealment, blinding,
follow-up, sample size calculation, early stopping and overall risk
of bias revealed no statistically significant findings in any of the
subgroups examined (see Analysis 2.1; Appendix 3). We identified
four trials with low risk of bias (Dellinger 1998; Dobyns 1999;
Payen 1999; Taylor 2004), which showed no statistically significant
findings for our primary endpoint.

Trial sequential analysis (TSA)

We conducted trial sequential analysis (TSA) of INO versus control
to examine longest follow-up mortality (see Analysis 1.1; Figure
1). The TSA alfa-spending-adjusted confidence interval for meta-
analysis of the primary outcome with continuity correction for
zero event trials (0.001 event in each arm) in a fixed-effect model
resulted in an RR of 1.04 (95% Cl 0.87 to 1.23; I* = 0%, diversity D?
= 0%). However, for trials with low risk of bias, the TSA-adjusted
RR was 1.02 with 95% Cl of 0.79 to 1.33 (1> = 0%, diversity D? =

0%). With an accrued information size of 1243 participants (for all
trials) and no boundaries crossed so far, only 41.92% of the required
information size is actually available at this stage for rejection
or acceptance of a 4% relative risk increase for overall mortality.
However, solid evidence may be obtained with fewer participants
if eventually the cumulative meta-analysis z-curve crosses the
trial sequential monitoring boundary constructed for a required
information size of 3015 randomized participants. However, when
the TSA analysis for this outcome is examined, it is important to
bear in mind that only four out of the 14 included studies are
classified as trials with low risk of bias. Therefore, TSAis not able to
directly adjust for the impact of bias.

Application of TSA to analysis of the PaO,/FiO; ratio at 24 hours did
indicate statistical significance in favour of improved oxygenation,
even with adjustment for repetitive testing of accumulating data
in the cumulative meta-analysis, as the z-curve crossed the trial
sequential monitoring boundary (Figure 2). The a prioriinformation
size (335 participants) is determined by a TSA alfa-spending-
adjusted mean difference (MD) of 15.91. The cumulative z-curve
(blue line with filled squares) at the current accrued information
size of 614 participants crosses the boundary (red lines with open
diamonds) (with 80% power and alpha 0.05, assuming a double-
sided type 1 risk of 5% and type 2 risk of 20%). However, it is
important to note that only two trials were at low risk of bias, and
the TSA alfa-spending-adjusted confidence interval for the meta-
analysis in a random-effects model results in an MD of 15.91 with
substantial heterogeneity and diversity (95% Cl 9.67 to 22.15; |2
= 25%, diversity D* = 49%). However, the required information
size based on the two trials (Dellinger 1998; Dobyns 1999; 276
participants) with low risk of bias is 5137 participants (MD 14.94,
TSA-adjusted 95% Cl -73.70 to -103.58; 12 = 87%, diversity D* = 91%).

DISCUSSION

In this systematic review of 14 trials with 1275 participants with
acute hypoxaemic respiratory failure (AHRF), we found no benefits
of inhaled nitric oxide (INO) for survival. The analysis on mortality
showed no heterogeneity and was robust when different subgroup
and sensitivity analyses were performed. Conversely, INO increased
the risk of renal failure among an adult population and transiently
improved oxygenation, only for the first 24 hours. Sparse data on
mortality are not promising but do not provide evidence of the
absence of a beneficial effect; the data suggest that a potentially
beneficial effect of INO must be modest, and the actual point
estimate suggests harm (see Analysis 1.1; Analysis 1.2). In addition,
our mortality analysis on the longest follow-up may have been
influenced by the fact that only one trial (Taylor 2004) provided
long-term follow-up for more than six months (Angus 2006).

The pointestimate of the potential intervention effect, as suggested
by low-bias trials, shows a 2% relative risk increase (RRI) (Analysis
1.1). To demonstrate or reject an a priori anticipated beneficial
effect on mortality in a single trial, assuming a relative risk
reduction (RRR) of 10%, at least 3015 participants should be
randomized (Figure 1) (with 80% power and alpha 0.05, assuming
a double-sided type 1 risk of 5% and type 2 risk of 20%). However,
solid evidence may be obtained with fewer participants if the
RRR is higher than 10%, that is, if the cumulative meta-analysis
z-curve crosses the trial sequential monitoring boundary before
the required information size of 3015 randomized participants is
reached.
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We found no statistically significant differences when examining
effects in subgroups according to duration of the intervention,
looking at interventions among different populations (paediatric,
adult) and performing sensitivity analyses, which excluded trials
published only as abstracts. The three paediatric trials (Bronicki
2015; Day 1997; Dobyns 1999) that provided information on
mortality had a combined total of 185 participants, which is
insufficient to demonstrate any benefits or harms of INO therapy
in paediatric acute lung injury (ALI) and acute respiratory distress
syndrome (ARDS).

Subgroup and sensitivity analyses assessing the impact of varied
primary origins, reversal of ALl resolution of multi-organ failure
and assessments of quality of life and bias did not result
in statistically significant findings. Additional analyses, such
as those involving adverse events, indicated increased risk of
renal failure among adults with no signs of increased risk of
bleeding, methaemoglobinaemia or increased nitrogen dioxide
concentration, except possibly among participants receiving INO
doses greater than 80 ppm. Outcomes such as duration of stay in
both ICU and hospital and other clinically relevant outcomes were
inconsistently reported. We did not perform a subgroup analysis of
reversal of ARDS, as insufficient data were provided. We contacted
study authors to request missing data. Few responded, and they
did not provide much additional information beyond that originally
published.

Despite evidence of initial but transient improved oxygenation in
the INO group, these analyses were hampered by the fact that
various trials described effects on oxygenation differently, thus
preventing adequate pooling of data. Even though a beneficial
effect may be noted, oxygenation may be only a surrogate outcome,
and it is uncertain whether it predicts any clinical benefits.
Additionally, many trials were conducted before the general
recommendation of a lung protective, low tidal volume ventilation
strategy was introduced (Petrucci 2013). The latter combined with
oxygen toxicity, surfactant inhibition and ongoing fibrosis resulting
from ARDS may have influenced the results of these trials. However,
given that no differences in the mode of ventilation were noted
between INO and control groups, this should not account for our
findings of lack of benefit for survival and potential harm.

We suggest several possible explanations for why INO may not
be beneficial. By reducing ventilation-perfusion mismatch in
patients with ARDS, INO appears to initially improve oxygenation.
However, theoretically, INO could worsen the clinical condition
by reversing hypoxic pulmonary vasoconstriction, thereby
causing vasodilatation of poorly ventilated areas, increasing
the ventilation-perfusion mismatch and resulting in worsening
oxygenation (Kass 1998). However, we found little evidence to
supportthe latter based on both published data and our respiratory
analyses (Adhikari 2007) (see Analysis 5.1).

Additonally, prolonged exposure to INO and its toxic metabolites
could cause sensitization, over-riding the possible benefits of
INO (Gerlach 2003). Improved oxygenation is not associated
with increased survival because improved oxygenation does not
necessarily indicate improved lung function, reduction of lung
injury or resolution of the underlying cause of ARDS and often co-
existing multi-organ failure (ARDS network 2000; Petrucci 2013).
Nitric oxide (NO) is an important regulator of renal vascular tone
and a modulator of glomerular function. At the same time, it
has been suggested that changes in NO production could cause

acute renal failure by altering the function of mitochondria, various
enzymes, deoxyribonucleic acid and membranes (Adhikari 2007;
Valdivielso 2002). The latter suggestion is consistent with our
finding of a possible harmful effect of INO on renal function.

Summary of main results

Our systematic review showed that INO, despite transiently
improving oxygenation, partial pressure of oxygen in arterial blood
(Pa0,)/fraction of inspired oxygen (FiO,) and the oxygenation
index, and despite providing signs of reducing the rate of severe
respiratory failure, does not reduce mortality or length of stay in ICU
or hospital. Conversely, it appears that INO results in impairment
of renal function among adults. We conducted multiple subgroup
and sensitivity analyses, and none indicated relevant benefits of
INO. We classified only four trials as having low risk of bias.
Current evidence does not support the routine use of INO for severe
respiratory failure.

Overall completeness and applicability of evidence

The overall quantity of data on which robust conclusions can
be based is limited to 14 trials with 1275 participants. Evidence
indicating that INO was not beneficial for patients with acute
respiratory failure is of moderate to high quality. The definition of
acute respiratory failure was usually that provided by the American-
European Consensus Conference (AECC) in 1994 (Bernard 1994),
which allows for appropriate comparison between trials. Primary
outcomes of mortality were generally well reported, and secondary
outcomes were often reported as well.

Therefore, despite the limited number of studies and participants
identified, available evidence seems to be applicable to intensive
care patients.

Quality of the evidence

The randomized controlled trial (RCT) is considered the
most rigorous method of determining whether a cause-effect
relationship exists between an intervention and an outcome. The
strength of the RCT lies in the process of randomization.

The quality of findings ranks from moderate to high across different
outcomes. The main limiting factors that accounted for a decrease
in quality included high risk of bias and small and poorly described
trials.

Four trials were reported as having low risk of bias (Dellinger
1998; Dobyns 1999; Payen 1999; Taylor 2004). We applied several
statistical methods to explore and reduce the extent of bias,
such as complete case analysis, trial sequential analysis, overall
methodological bias assessment and analyses of various relevant
clinical and physiological outcomes.

Application of the GRADE (Grades of Recommendation,
Assessment, Development and Evaluation Working Group)
approach enables us to incorporate risk of bias, directness of
evidence, heterogeneity, precision of effect estimate and risk of
publication bias. On the basis of the criteria mentioned above, we
deemed the quality of evidence in this review to be moderate to
high.
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Potential biases in the review process

Upon reading the systematic review (Adhikari 2007) and
acknowledging that very few trials had been published
subsequently, we became aware of some of the conclusions that we
would reach. Addtitionally, we realized that retrieving data from the
authors of included trials relatively close to the latest systematic
review could be difficult because providing additional data is a
time-consuming process for trial authors. This has been the case.

Our systematic review has several potential limitations, that is, our
findings and interpretations are limited by the quality and quantity
of available evidence. We assessed the risk of bias of included
trials mainly by using published data, which ultimately may not
reflect the truth. We contacted all study authors, but only a few
responded and provided further information. We were not able
to retrieve protocols of the published trials and thus could not
compare published outcomes versus outcomes proposed in the
protocols. The value of these analyses is limited by the fact that only
asmall number of trials contributed to our subgroup and sensitivity
analyses. Further, two trials with 51 participants did not report
mortality during the trial (Ibrahim 2007; Schwebel 1997).

We noted variation in participant populations; type, dose and
duration of INO treatment; and length of follow-up, along with
consistent lack of improved survival across trials; we found the
most beneficial effect among the subgroup of trials with high
risk of bias, although these findings did not reach statistical
significance (see Analysis 2.1). This minimizes the possibility that
some subgroups of patients may benefit from INO. No trial has used
short-term INO among the subgroup of patients with critically low
oxygenation to buy valuable time to instigate other treatments to
improve lung function, and this issue remains controversial.

Although we noted minimal heterogeneity among trial results
on mortality, we are aware that we pooled heterogeneous trials
in terms of age, participants, settings and treatment regimens.
Thus, the validity of our meta-analysis may be criticized. However,
all trials included patients with acute respiratory failure with
similar inflammatory pathways, providing in our opinion good
biological reasons to perform a broad meta-analysis, which also
considerably increases the generalizability and usefulness of the
review. Further, a broad meta-analysisincreases power, reduces the
risk of erroneous conclusions and facilitates exploratory analyses
that can generate hypotheses for future research (Gotzsche 2000).

Agreements and disagreements with other studies or
reviews

In general, our review presents the same conclusions as were
provided by Adhikari et al (Adhikari 2007) and by authors of
previous versions of this Cochrane review. However, we included
more trials and thus were able to determine more precise estimates
of mortality. Furthermore, we applied several sensitivity and
subgroup analyses, trial sequential analysis and GRADE, which
supported the overall results. It is important to note that Dr. Neill
Adhikari has provided us with valuable data on physiological and
clinical outcomes, such as PaO,/FiO,, oxygenation index, mean
pulmonary arterial pressure, duration of mechanical ventilation
and number of ventilator-free days up to 30 days, on behalf of
several authors of included trials.

AUTHORS' CONCLUSIONS

Implications for practice

Evidence is insufficient to support the use of INO in patients
with any category of ARDS and ALI. Despite signs of improved
oxygenation, we did not find a statistically significant effect of INO
on mortality or other clinical outcomes. Additionally, INO appeared
to increase the risk of renal failure. Subgroup analyses performed
according to duration of intervention, length of follow-up and
different patient groups did not show differencesin the estimates of
intervention effects. In terms of the paediatric population, data are
insufficient to support or refute the routine use of INO. Therefore,
it is important to emphasize that no evidence from randomized
trialsis available to support application of INO in the clinical setting
among children or adults.

The GRADE approach only reaffirmed our interpretation of the level
of evidence, and we are confident that at this stage, the quality of
evidence related to our outcomes is moderate to high, despite the
fact that many trials have some risk of bias.

Implications for research

Large randomized trials with low risk of bias with a sample size
of up to several thousand participants are needed to evaluate INO
for adults and children before this intervention can be definitively
rejected or accepted for critically ill patients with ALI and ARDS.
However, current results are not promising, and the potential
for benefit seems modest, with the actual point estimate of the
intervention effect on mortality suggesting harm. Despite the
heterogeneity that might exist in the patient population of included
trials, and despite the high mortality rate among patients with ARDS
and ALI, we believe that INO should be used as only one part of
randomized clinical trials. Additional trials need to focus on other
relevant outcomes, such as long-term survival, duration of stay in
the intensive care unit and hospital, number of ventilator-free days
and assessment of quality of life.
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* Indicates the major publication for the study

Methods
ITT: no

Sample size calculation reported

Prospective, multi-centre (9), placebo-controlled RCT

Participants

53 children from 44 weeks post-conceptional age to 16 years of age with oxygenation index (Ol) 2 12;

chest radiograph with pulmonary infiltrates; mechanically ventilated < 7 days; with signed institutional
research board-approved informed consent

Exclusion criteria: immunocompromised host, history of bone marrow transplantation, active oncolog-
ical condition, long-term (> 30 days) or recent (< 72 hours) high-dose glucocorticoids, right to left car-
diac shunt, cardiovascular surgery within the past 14 days, status asthmaticus, treatment with INO or
other investigational medications within 24 hours before study initiation, chronically ventilated, and
decision by primary care physician to not provide full support

Interventions
(whichever came first)

INO group: 24 participants, 5 ppm INO until death, ventilator-free or at day 28 after enrolment

Control group: 29 participants, 5 ppm nitrogen
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Bronicki 2015 (continued)

Gas initiation and daily gas manipulation performed by study therapist. Ventilation strategy and wean-
ing of INO standardized

CMV management: low-volume tidal strategy (4 to 8 mL/kg and plateau pressure <30 cm H,0); PEEP

based on serial chest radiographs (every 6 to 12 hours) with the goal of 8 ribs posteriorly. Target arterial
blood gas values: Sa0, 88% to 95% with FiO, < 0.60; PaO, 55 to 80 mm Hg; pH 7.25 to 7.40

HFOV settings: based on serial chest radiographs (as CMV); target FiO, and PaO, same as for CMV. FiO,
weaned over mean airway pressure until FiO, < 0.60. Transfer to CMV before weaning

Prone position = 8 hours daily

Outcomes Primary outcomes: ventilator-free days at 28 days after randomization
Secondary outcomes: oxygen index at 4 and 12 hours, survival at 28 days, ECMO-free survival
Notes Country: USA
Participant enrolment from 2003 to 2005
Authors' conclusion: We found that INO led to a significant decrease in duration of ventilation and a
significant increase in ECMO-free survival among paediatric patients with ARDS.Given the limitations
of this study and of previous studies on children, the high mortality rate of ARDS among children and
the findings of this trial, a larger, prospective, randomized controlled trial on the impact of INO on out-
comes among children with ARDS is indicated
Rate of ECMO-free survival: placebo group 51.7% vs intervention group 91.7%; 7 participants in the
placebo group and 1 in the iNO group received ECMO
Oxygenation index favoured INO at 4 and 12 hours, but findings became insignificant at 24 hours. Study
authors provide no numbers in the manuscript
Funded by industry
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Randomization by central registry. Lack of information about sequence gener-
tion (selection bias) ation
Allocation concealment Unclear risk No information provided
(selection bias)
Blinding (performance Low risk Attending physician and care team blinded to study gas used and not allowed
bias and detection bias) to manipulate blinded delivery system
All outcomes
Incomplete outcome data  Low risk All participants followed until 28 days
(attrition bias)
All outcomes
Selective reporting (re- Low risk Yes. Unable to compare versus protocol but appears to be free of selective re-
porting bias) porting
Other bias High risk Study terminated prematurely owing to slow enrolment (planned 338 partici-
pants, enrolled 55 participants)
Lack of explicit protocol for management of mechanical ventilation
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Methods

Two-group parallel RCT, 1 centre
ITT: no
Overall study quality: high risk of bias

Participants

Twenty-four children with acute bilateral lung disease (chest x-ray infiltrates) requiring PEEP > 6 cm
H,0 and FiO, > 0.5 for more than 12 hours. Enrolment < 48 hours after meeting study criteria

Exclusion criteria: unrepaired congenital heart defect or a poor neurological prognosis

Interventions

INO group: 12 participants, 10 ppm INO until ventilatory support was decreased to PEEP of 6 cm H,0
and FiO; of 0.5

Control group: 12 participants initially maintained on a regimen of conventional therapy alone. No
placebo. After 24 hours, all participants received 10 ppm INO

Ventilation at discretion of the clinician. No additional co-intervention described. No cross-over before
24 hours. INO therapy withdrawn in gradual decrements over a period of 6 hours

Outcomes Primary outcomes: improved oxygenation (oxygenation index) or improved ratio of pulmonary vascu-
lar resistance to systemic vascular resistance (PVR/SVR)
Secondary outcomes: mortality, adverse events, FiO,, mean airway pressure (cm H,0), pH, PCO, (mm
Hg), PO, (mm Hg)

Notes Country: USA
Letter sent to study authors in June 2009. Reply received in June 2009
Length of follow-up: unclear. Mortality for longest follow-up was 6 in the INO group and 4 in the control
group. As both groups received INO at the same concentration in the initial 24 hours, we have included
only 24-hour mortality data in our analyses
Study authors' conclusions: Pulmonary vascular resistance and systemic oxygenation are acutely im-
proved by 10 ppm inhaled nitric oxide in some children with severe lung disease. However, sustained
improvement in oxygenation may not occur during prolonged therapy. Thus, inhaled nitric oxide may
have a limited therapeutic role in children with acute hypoxaemic respiratory failure
Funding: not for profit

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Unclear, no information provided

tion (selection bias)

Allocation concealment High risk Blinded draw of 1 lot per participant

(selection bias)

Blinding (performance High risk No blinding

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk Complete follow-up

(attrition bias)

All outcomes

Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-

porting bias)

porting
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Day 1997 (Continued)
Other bias

Unclear risk No apparent other type of bias except that no sample size calculation was re-
ported

Dellinger 1998

Methods

Prospective, phase 2, multi-centre, placebo-controlled RCT

ITT: yes

Overall study quality: low risk of bias despite funding bias

Sample size calculation reported. Not powered to show statistically significant benefit for any outcome

Participants

Included: 177 adults from 30 centres with ARDS < 72 hours before randomization. ARDS defined by
American-European Consensus Conference and minimal FiO5 of 0.5 and minimal PEEP of 8 cm H,0
Exclusion criteria: pregnancy, < 18 years old, immunocompromised, sepsis-induced ARDS, > 20% body
surface burns, persistent hypotension (inotropic support) and multi-system organ failure

Interventions

NO group: 120 participants at doses of 1.25, 5, 20, 40 or 80 ppm, for 28 days or until extubation
Control group: 57 participants, placebo gas (nitrogen)

Ventilation strategy and weaning of INO standardized (plateau airway pressure < 35 cm H,0; PEEP to
optimize compliance; FiO, minimized). No cross-over of treatment failures

Outcomes Primary outcomes: duration of mechanical ventilation
Secondary outcomes: changes in oxygenation (PaO,, PaO,/FiO,, Ol), percent responders, mortali-
ty, number of participants alive and off ventilator at 28 days, decrease in mean PA pressure, adverse
events, methaemoglobin, hypotension, renal failure, pneumothorax

Notes Country: USA
Letter sent to study authors in June 2009. No reply received
Follow-up: 28 days. Treatment stopped before oxygenation threshold criteria were reached in 56 par-
ticipants. 20 participants in INO group received steroids after day 6, and only 6 in the control group re-
ceived steroids. Only 8 participants received 80 ppm INO; 80 ppm INO dose was eliminated mid-study
because international consensus suggests an unlikely advantage over lower concentrations. Data ac-
counted for in analysis. Post hoc assessment for ventilator-free days. Not stratified for origin
Data on ventilator-free days for the INO group provided by Dr. Neill Adhikari on the basis of his work on
his recent systematic review in BMJ (Adhikari 2007)
Study authors' conclusions: "Inhaled NO appears to be well tolerated in the population of ARDS pa-
tients studied. With mechanical ventilation held constant, inhaled NO is associated with a significant
improvement in oxygenation compared with placebo over the first 4 hrs of treatment. An improvement
in oxygenation index was observed over the first 4 days. Larger phase Il studies are needed to ascertain
if these acute physiologic improvements can lead to altered clinical outcome"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Blocked for each site, unclear method. Considered adequate

tion (selection bias)

Allocation concealment Low risk Sealed, opaque envelopes

(selection bias)

Blinding (performance Low risk Clinicians and outcome assessors blinded during entire course of the trial. One

bias and detection bias)

unblinded investigator at each site, responsible for determining treatment al-
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Dellinger 1998 (Continued)
All outcomes location for each participant by using a supplied masked randomization code
and daily recording of NO, NO, and methaemoglobin concentrations. These

values were kept strictly confidential

Incomplete outcome data  Low risk Follow-up: adequate, no post-trial follow-up
(attrition bias)
All outcomes

Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-
porting bias) porting
Other bias Low risk No apparent bias except funding bias (industry)

Dobyns 1999

Methods Prospective, multi-centre, placebo-controlled RCT
ITT: not stated
Overall study quality: low risk of bias despite no information on sample size calculation

Participants 108 children > 1 month old, from 7 centres, median age 2.5 years, with acute hypoxaemic respiratory
failure and oxygenation index > 15, x 2 values within 6 hours and chest infiltrates

Exclusion criteria: congenital heart disease, cardiac surgery within 14 days and treatment considered
futile

Interventions INO group: 53 children, 10 ppm for 3 days, then weaned if failure criteria not met. Maximum of 7 days
after entry

Control group: 55 children, placebo gas (air)

Usual care in both groups. Ventilation strategy and weaning of gas standardized (peak airway pressure
<3510 40 cm H,0, tidal volume limitation, titrated PEEP, high-frequency oscillatory ventilation by clini-

cian discretion). Cross-over of participants meeting treatment failure criteria

Follow-up: 7 days

Outcomes Primary outcome: acute effect on oxygen index and PaO,/FiO,

Secondary outcomes: rate of decline in oxygenation; oxygenation, PEEP, MAP, mortality, adverse event,
methaemoglobin and NO, levels

Notes Countries: USA and UK
Letter sent to study authors in June 2009. Reply received in June 2009. No additional data supplied
27 participants from the control group received INO. Two dropouts from the control group

Post hoc analysis of immunocompromised participants. Follow-up unclear, but ventilation data report-
ed at day 108

Additonal data on PaO,/FiO,, duration of mechanical ventilation and oxygenation index provided in
Dobyns 2002 based on mode of ventilation (high-frequency oscillatory ventilation (HFOV) and conven-
tional mechanical ventilation (CMV)). Participants were divided into 4 groups (HFOV, HFOV + INO, CMV,
CMV +INO). Data for our meta-analyses of PaO,/FiO, up to 72 hours, duration of mechanical ventilation
and oxygenation index at 72 hours provided by Dr. Neill Adhikari on the basis of his work on his recent
systematic review in BMJ (Adhikari 2007)

Study not stratified for origins. According to data provided by Adhikari 2007, this trial fulfils the criteria
set by American-European Consensus Conference for ARDS
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Dobyns 1999 (continued)

Study authors' conclusions: "INO causes an acute improvement in oxygenation in children with severe
AHRF. Two subgroups (immunocompromised and an entry oxygen index > 25) appear to have a more
sustained improvement in oxygenation, and we speculate that these subgroups may benefit from pro-
longed therapy"

Trial funded by industry

Funding: not for profit

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Appears adequate, randomization cards, type not stated

tion (selection bias)

Allocation concealment Low risk Envelopes sealed, sequentially numbered and opaque

(selection bias)

Blinding (performance Low risk Clinicians and outcome assessors blinded during entire course of the trial. One

bias and detection bias) unblinded investigator (respiratory therapist or nurse) at each site determined

All outcomes treatment allocation for each participant and monitored INO and NO, concen-
trations

Incomplete outcome data  Low risk Yes. Appears to have complete follow-up during trial period

(attrition bias)

All outcomes

Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-

porting bias) porting

Other bias Unclear risk No apparent other type of bias, except that no sample size calculation report-

ed

Gerlach 2003

Methods

Two-group parallel RCT, 1 centre

Follow-up: adequate. No post-trial follow-up
ITT: yes

Overall study quality: high risk of bias

Participants

40 adults with ARDS according to American-European Consensus Conference: FiO, = 0.6, PaO,/FiO, <
150 mm Hg, PEEP =10 cm H,0, PAOP < 18 mm Hg

No exclusion criteria defined specifically

Median duration of ventilation before randomization: 5.3 vs 5.9 days (INO vs control)

Interventions

INO group: 20 participants, 10 ppm with daily dose response analysis until weaning initiated
Control group: 20 participants, no placebo

Standard care according to standardized protocols. No cross-overs. Protocols for prone position (4 to
6 hours), extracorporeal membrane oxygenation (ECMO), permissive hypercapnia and measures to re-
duce pulmonary oedema

Outcomes

Primary outcomes: PaO,/FiO,, mean pulmonary artery pressure, FiO, reduction
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Gerlach 2003 (continued)

Secondary outcomes: duration of ventilation, intensive care unit stay, ECMO use, additional organ fail-
ure, mortality, cardiac index, central venous pressure, mean arterial pressure, various respiratory pres-
sures, MPAP, PCWP

Notes Country: Germany
Letter sent to study authors in June 2009. No reply received
Length of follow-up: unclear, but data for length of stay reported at day 91
Study authors' conclusion: "Long-term inhaled NO with constant doses of 10 ppm leads to enhanced
sensitivity"
Funding: not for profit
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Unclear
tion (selection bias)
Allocation concealment Low risk Drawing a closed lot. Envelopes sealed and sequentially numbered and
(selection bias) opaque
Blinding (performance High risk No
bias and detection bias)
All outcomes
Incomplete outcome data  Low risk Follow up: adequate. No post-trial follow-up
(attrition bias)
All outcomes
Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-
porting bias) porting
Other bias Unclear risk No apparent other type of bias except that no sample size calculation reported
Ibrahim 2007
Methods Two-group parallel RCT, 1 centre

ITT: no
Overall study quality: high risk of bias

Participants

32 children 8 weeks to 10 years of age with the diagnosis of ARDS and on mechanical ventilation (PaO,/
FiO, =200 mm Hg, positive inspiratory pressure =30 cm H50, FiO, = 0.5 for > 12 hours), divided into 3
groups. Study period of 24 hours

Exclusion criteria: cardiac or neurological disease (cyanotic), chest or abdominal trauma, neurological
surgeries, haemodynamic instability, extracorporeal membrane oxygenation

Interventions

INO group with children in supine position during 24-hour study period: 11 participants
INO group with children in prone position during 24-hour study period: 11 participants
INO used continuously for 20 hours (5 ppm for 18 hours, then decreased to 1 ppm in the last 2 hours)

INO administered at 5 ppm for 18 hours, then decreased to 1 ppm
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Ibrahim 2007 (continued)

Control group: 10 participants kept in prone position for 20 hours, then back to supine position for re-
maining 4 hours. No placebo. No cross-overs

Standard care. Lung protective strategy (tidal volume 5 to 10 mL/kg), permissive hypercapnia (PaCO, >
50 mm Hg) as long as arterial pH > 7.2. Ventilation and weaning protocol for all participants

Outcomes Pa0,/FiO,, oxygenation index, methaemoglobin, NO,, critical incidents related to prone position or
repositioning

Notes Country: Egypt

Letter sent to study authors in June 2009. No reply received. Two children withdrawn from the trial and
did not have oxygenation measured

For Pa0O,/FiO, and oxygenation index meta-analyses, we have chosen to include data from the con-
trol group (prone position) and INO with prone position group, thus having the same co-intervention
(prone position). No mortality data provided. Although bilateral infiltrates are not explicitly mentioned
as a criterion for inclusion, it does appear from reading the article that they have been used clinically to
include participants. Thus this trial has been characterized as fulfilling the American-European Consen-
sus Conference definition of ARDS

Length of follow-up: 24 hours

Study authors' conclusion: "The present study showed that in mechanically ventilated paediatric pa-
tients with ARDS, the combined use of prone position and INO is safe and has an additive effect, which
causes a greater sustained improvement in oxygenation than either treatment strategy alone"

Funding: unknown

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Unclear, no information provided

tion (selection bias)

Allocation concealment High risk Alternate allocation
(selection bias)

Blinding (performance High risk No blinding
bias and detection bias)
All outcomes

Incomplete outcome data  Low risk Follow-up: adequate, no post-trial follow-up
(attrition bias)
All outcomes

Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-
porting bias) porting
Other bias Unclear risk No apparent other type of bias except that no sample size calculation or fund-

ing reported

Lundin 1999
Methods Prospective, multi-centre, open, phase 3 RCT
ITT: yes
Overall study quality: high risk of bias
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Lundin 1999 (continued)

Sample size calculation reported

Participants

After a test response to INO, 180 adult INO responders with ALI (unilateral or bilateral lung infiltrates,
ventilated for 18 to 96 hours with PaO,/FiO, <165 mm Hg, PEEP > 5 cm H,0, MAP > 10 cm H,0, pres-
sure- or volume-controlled ventilation and I:E ratio between 1:2 and 2:1) were randomized. Duration of
ventilation before randomization: 0.75 to 4 days

Exclusion criteria: pregnancy, age < 18 years, mechanical ventilation > 10 days or ventilator treatment
>96 hours at FiO, > 0.5, independent lung ventilation, ongoing high-dose vasodilators, treatment with
extracorporeal lung assist, malignancy, severe heart failure, ongoing intracranial haemorrhage, AIDS,
immunocompromised, chronic renal, liver or pulmonary disease

Interventions

INO group: 93 participants randomized after INO test response with 2, 10, 40 ppm for 10 minutes dai-

ly until response, up to 30 days. Considered responders if positive PaO, increased by 25% (20% after
protocol amendment). When randomized, participants received 1 to 40 ppm INO at the lowest effective
dose for up to 30 days, or until endpoint was reached. Mean INO dose was 9 ppm, and mean number of
days of INO was 9

Control group: 87 participants, no placebo gas

Ventilation strategy and weaning of test gas was performed according to usual standards of care of
each hospital. Cross-over of treatment failures allowed

Outcomes

Primary outcome: reversal of ALI

Secondary outcomes: reduction of frequency of severe respiratory failure, mortality, ICU and hospital-
isation status at 30 and 90 days, safety (methaemoglobinaemia, organ failure), reduction in days to re-
verse ALI

Notes

Country: multi-centre (43) European study, main country Sweden
Letter sent to study authors in June 2009. No reply received

Powered for 600 participants, stopped early because of slow recruitment. 268 patients were evaluated
but only 67% were included on the basis of INO response. Protocol amendment after 140 participants
randomized. Stratified per study centre and to APACHE Il for 140 participants, then according to hypox-
ia score (Pa0,/FiO, ratio) for remaining participants. Post hoc analysis of reversal of ALI (participants
alive and off ventilator over time). 6 participants in the control group received NO. Length of follow-up:
90 days

Study authors defined severe respiratory failure (SRF) as follows: "FiO, > 0.9 with PaO, < 8 kPa in three

blood gas analyses each 4 hours apart, with pressure controlled/limited ventilation, respiratory fre-
quency between 5 and 30, a PEEP = 10 cmH,0 and mean airway pressure 220 cmH,0. SRF could also

be defined as two arterial blood gases 2 hours apart at a FiO, = 1.00 resulting in a PaO, < 6 kPa." Addi-
tionally, reversal of ALI was defined as participants on ventilator/mask CPAP system, PEEP <5 cm H,0,
Pa0,/FiO, > 31 kPa if <60 years and PaO,/FiO, > 29 kPa if > 60 years

Additional data on duration of mechanical ventilation provided by Dr. Neill Adhikari, who extracted da-
ta from a Kaplan-Meier curve of participants alive and off mechanical ventilation over time (Adhikari
2007)

Study authors' conclusion: "Improvement of oxygenation by INO did no increase the frequency of re-
versal of ALI. Use of inhaled NO in early ALI did not alter mortality although it did reduce the frequency
of severe respiratory failure in patients developing severe hypoxaemia"

Funding: funded in part by industry

Risk of bias

Bias

Authors' judgement  Support for judgement
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Lundin 1999 (continued)

Random sequence genera-  Low risk Central computer randomization

tion (selection bias)

Allocation concealment Low risk Central computer allocation

(selection bias)

Blinding (performance High risk No blinding

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk Follow-up: adequate, 90 days

(attrition bias)

All outcomes

Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-

porting bias) porting

Other bias High risk Powered for 600 participants, stopped early because of slow recruitment. 268
patients evaluated, but only 67% included on the basis of INO response. Proto-
col amendment after 140 participants randomized

Mehta 2001
Methods Two-group parallel RCT, 1 centre

Follow-up: adequate. No post-trial follow-up
ITT: no

Overall study quality: high risk of bias
Sample size calculation reported

Participants

14 adults with ARDS < 5 days, bilateral chest infiltrates, PaO,/FiO, <200 mm Hg, PAOP < 18 cm H,0,
PEEP > 8 cm H,0

Exclusion criteria: intravenous nitroglycerin or prostacyclin, high-dose corticosteroids (> 10 mg methyl-
prednisolone per day), unconventional modes of mechanical ventilation (e.g. high-frequency ventila-
tion, prone position), myocardial infarction < previous 72 hours, 2,3-DPG deficiency, entry criteria>5
days

Interventions

INO group: 8 participants, daily titration for 4 days of INO at 5, 10 and 20 ppm for 30 minutes at each
dose, with the dose resulting in use of the highest PaO,/FiO, until the following day. INO continued un-

til PaO,/FiO, > 200 mm Hg on FiO, < 0.5. Mean duration of INO treatment 8 days

Control group: 6 participants, no placebo gas, conventional therapy

Usual care for all participants. No cross-overs

Outcomes Pa0,/FiO,, peak inspiratory pressure, PEEP, cardiac output, oxygen delivery index, mean arterial pres-
sure, heart rate, PAOP, central venous pressure, systemic and pulmonary vascular resistances, arterial
blood gas values, methaemoglobin, NO,, mortality, adverse events

Notes Country: USA
Letter sent to study authors in June 2009. Reply received in June 2009
Additional data on ventilator-free days, duration of mechanical ventilation, PaO,/FiO,; oxygenation in-
dex for the INO group provided by Dr. Neill Adhikari on the basis of his work on his recent systematic re-
view in BMJ (Adhikari 2007). Length of follow-up unclear, data on ARDS duration provided for day 25
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Mehta 2001 (Continued)

Study authors' conclusion: "In patients with ARDS, NO reduces mean pulmonary artery pressure and
improves oxygenation acutely but fails to improve these variables beyond 24 hours"

Funding: financed in part by industry

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random number sequence

tion (selection bias)

Allocation concealment High risk At the time of randomization, investigator was granted access to entire ran-
(selection bias) domization list
Blinding (performance High risk Neither participants nor medical personnel

bias and detection bias)
All outcomes

Incomplete outcome data  Unclear risk Unable to assess degree of follow-up
(attrition bias)
All outcomes

Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-
porting bias) porting
Other bias Unclear risk No apparent bias except funding bias (financed in part by industry)

Michael 1998

Methods Two-group parallel RCT, 1 centre
ITT: no
Overall study quality: high risk of bias
Sample size calculation reported

Participants 40 adults and children 1 to 79 years of age. Only 3 participants younger than 18 years of age. ARDS de-
fined by American-European Consensus Conference, except PaO2/FiO2 < 150 mm Hg and FiO, > 0.8 for
>12 hours or 0.65 for = 24 hours
Exclusion criteria: pregnancy, patients not expected to survive hospitalisation because of underlying
disease such as active malignancy, heart failure or left atrial hypertension
Time period of study: January 1994 to June 1996

Interventions INO group: 20 participants, increasing doses of INO each 6 hours (at 5, 10, 15, and 20 ppm) for 24 hours,
then clinically adjusted. Mean dose of INO was 13 ppm. INO tapered if oxygenation did not improve by
72 hours

Control group: 20 participants. No placebo gas

All participants received conventional therapy. Mode of ventilation remained unchanged throughout
the study period, with similar PEEP between groups for 72 hours. Cross-over in case of treatment fail-
ure, pre-defined criteria for clinical deterioration

Outcomes Primary outcomes: improvement in oxygenation within 72 hours of treatment, correlation between
changes in Pa0,/FiO, ratio acutely and after 72 hours
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Michael 1998 (continued)

Secondary outcomes: PEEP, PaO,, FiO,, PaO,/FiO,, respiratory compliance, pulmonary artery pres-

sure, central venous pressure, pulmonary and systemic vascular resistance and mortality, adverse
events, methaemoglobin levels, bleeding diathesis

Notes

Country: USA

Letter sent to study authors in June 2009. No reply received. Length of follow-up unclear, but data on
ARDS duration were provided for day 25

Two participants in control group received INO before 72 hours, and seven received INO after 72 hours

Powered to detect 35% to 40% difference in frequency of persistent decrease in FiO, = 0.15, not mortal-
ity

Study authors' conclusion: "In patients with severe ARDS, our results indicate that INO does not lead to
sustained improvement in oxygenation as compared with conventional therapy"

Funding: not for profit

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  High risk Randomized within each ICU with balanced blocks of 14 participants
tion (selection bias)
Allocation concealment Unclear risk Unclear, no information provided
(selection bias)
Blinding (performance High risk No blinding
bias and detection bias)
All outcomes
Incomplete outcome data  Low risk Follow-up: adequate, no post-trial follow-up
(attrition bias)
All outcomes
Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-
porting bias) porting
Other bias Low risk Appears to be free of other types of bias
Park 2003
Methods Three-group parallel RCT, 1 centre

ITT: no

Overall study quality: high risk of bias

Participants

23 adults with ARDS defined by American-European Consensus Conference

Exclusion criteria: COPD, cardiac disease

Interventions

INO and lung recruitment manoeuvre (LRM) group: 11 participants, 5 ppm, and 1 LRM 2 hours after INO
treatment initiation, twice daily; mean duration of INO treatment 3.5 days. No stopping criteria report-
ed

INO group: 6 participants received INO 5 ppm, mean duration of INO treatment 8.2 days
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Park 2003 (continued)

Control group: 6 participants, LRM twice daily, no placebo gas

Standard care for all participants. Weaning protocol. Ventilation protocol (LRM with inflation pressure
of 30 to 35 cm H,0 for 30 seconds, volume control mode, tidal volume of 6 mL/kg ideal body weight,

respiratory rate 20 to 25/min, plateau airway pressure < 30 cm H,0, PEEP to optimize PaO,, FiO, mini-
mized). No cross-overs. No prone position

Outcomes Mechanical variables, mortality, blood pressure, heart rate, central venous pressure, mean pulmonary
arterial pressure, pulmonary artery occlusion pressure, cardiac index. No data on distinction between
primary vs secondary outcomes

Notes Country: South Korea
Letter sent to study authors in June 2009. Reply received in June 2009
Mortality data from groups 1 and 3 were combined, as we considered use of the recruitment maneu-
ver as standard care. We have included data from INO + LRM group vs control group in meta-analyses of
Pa0,/FiO,. Length of follow up: 28 days
Additional data on ventilator-free days, duration of mechanical ventilation, PaO,/FiO,; oxygenation in-
dex for the INO group provided by Dr. Neill Adhikari on the basis of his work on his recent systematic re-
view in BMJ (Adhikari 2007)

Study authors' conclusion: "the combined application of NO inhalation and recruitment maneuver
could be beneficial and safe for patients with ARDS, showing an enhancing effect in improvement of
oxygenation"

Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Unclear, no information provided

tion (selection bias)

Allocation concealment High risk Inadequte. One random number generated when patient eligible

(selection bias)

Blinding (performance High risk No blinding

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk Follow-up: adequate, no post-trial follow-up

(attrition bias)

All outcomes

Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-

porting bias) porting

Other bias Unclear risk No apparent other type of bias except that no sample size calculation or fund-

ing reported
Payen 1999

Methods Two-group parallel RCT, 23 centres
ITT: yes
Overall study quality: low risk of bias, despite publication bias (not published)

Inhaled nitric oxide for acute respiratory distress syndrome (ARDS) in children and adults (Review) 38

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Payen 1999 (continued)

Sample size calculation reported

Participants

203 adults (> 15 years old) with ARDS according to American-European Consensus Conference and Mur-
ray Score, range 2to 3

Exclusion criteria: pregnancy, chronic respiratory insufficiency, haemorrhagic disorder, malignancy,
haematological disease

Interventions

INO: 98 participants, fixed INO of 10 ppm until oxygenation and PEEP criteria were met with median
INO administration of 5 days

Control group: 105 participants, placebo gas (nitrogen)

Various ventilation guidelines were applied. Cross-overs when treatment failure

Outcomes Primary outcome: participants alive and off mechanical ventilation at day 28
Secondary outcomes: 28-day mortality and at hospital discharge, duration of mechanical ventilation,
proportion of participants weaned from adjunctive inhaled therapy, proportion of participants with
a shift of inhaled gas before day 28, methaemoglobin, N,0, haemodynamics, oxygenation variables,
PEEP levels, length of stay in hospital

Notes Country: France
This trial was published only as an abstract. Letter sent to study authors in April and June 2009. Re-
ply received in April and June 2009. Additional and valuable information received (unpublished manu-
script). 19 participants in the control group and 12 in the INO group crossed over. Length of follow-up:
90 days
Additional data on ventilator-free days, duration of mechanical ventilation, PaO,/FiO,, oxygenation in-
dex for the INO group provided by Dr. Neill Adhikari on the basis of his work on his recent systematic re-
view in BMJ (Adhikari 2007)
Study authors' conclusion: "In ARDS patients (Murray score 2-3), 10 ppm of NO did not alter either dura-
tion of mechanical ventilation, 28 day mortality, or clinical worsening of their ARDS"
Funding: not for profit, industry supplied gas

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Central computer randomization

tion (selection bias)

Allocation concealment Low risk Adequate, central allocation

(selection bias)

Blinding (performance Low risk Adequate, blinding of participants, caregivers, data collectors, assessors of

bias and detection bias) outcomes

All outcomes

Incomplete outcome data  Low risk Follow-up: adequate, no post-trial follow-up

(attrition bias)

All outcomes

Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-

porting bias) porting

Other bias High risk Publication bias. This trial was not published
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Schwebel 1997

Methods

Two-group parallel RCT, multi-centre (17 centres)
Overall study quality: high risk of bias
Sample size calculation not reported

Participants

19 participants with ARDS defined by PaO,/FiO, <200, 6 < PEEP < 10, 10 < pulmonary capillary wedge
pressure < 18 and = 1 infiltrate on chest x-ray

Exclusion criteria: COPD, haemodynamic instability

Interventions

INO group: 9 participants, 10 ppm INO for 17 hours, then at the clinician's discretion. Mean INO treat-
ment 4.6 days

Control group: 10 participants, placebo gas (nitrogen)

Standard care. Fixed mechanical ventilation. If PaO,/FiO, < 100 before 17 hours of treatment, cross-
over and thereafter clinician free to add NO, other technic, or to change respiratory variables

Outcomes Haemodynamics, PaO,/FiO,, arterial oxygenation and other gas exchange variables, methaemoglobin
Notes Country: France, 17 centres
Published only as abstract. At least 5 participants in the control group received INO
Letter sent to study authors in June 2009. Reply received in June 2009. No data on length of follow-up.
No data on mortality
Additional data on ventilator-free days, duration of mechanical ventilation, PaO,/FiO,; oxygenation in-
dex for the INO group provided by Dr. Neill Adhikari on the basis of his work on his recent systematic re-
view in BMJ (Adhikari 2007)
Study authors' conclusion: "Beneficial effects of inhaled NO on arterial oxygenation may be delayed,
not necessary related to high baseline PVR level, as it has been previously suggested by uncontrolled
studies. Delayed NO administration still improve gas exchanges. Finally this prospective trial is in
favour of early clinical use of inhaled NO in ALI"
Funding: not for profit, industry supplied gas
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Unclear, no information provided
tion (selection bias)
Allocation concealment Low risk Table of gas cylinder codes revealed in sequence
(selection bias)
Blinding (performance Low risk Clinicians and outcome assessors blinded
bias and detection bias)
All outcomes
Incomplete outcome data  Unclear risk Unclear follow-up
(attrition bias)
All outcomes
Selective reporting (re- High risk No data on mortality provided in the abstract although this was an outcome
porting bias)
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Other bias High risk Publication bias (published only as an abstract)
Taylor 2004
Methods Prospective, phase 2, multi-centre (46 centres), placebo-controlled RCT

ITT: yes

Overall study quality: low risk of bias despite funding bias
Sample size calculation reported

Participants

385 adults with moderately severe acute lung injury due to causes other than severe sepsis (modified
American-European Consensus Conference definition): PaO,/FiO, < 250, regardless of amount of PEEP,
bilateral infiltrates on frontal chest radiograph, PAOP < 18 mm Hg when measured or no clinical evi-
dence of left atrial hypertension, FiO, of 0.5 to 0.95 or set PEEP = 8 cm H,0

Exclusion criteria: pregnancy, age < 18 years, ALI > 72 hours, sepsis-induced ARDS, non-pulmonary or-
gan system dysfunction at randomization, history ofimmunocompromise, persistent systemic hy-
potension and shock

Interventions

INO: 192 participants, INO at 5 ppm until end of trial (28 days)

Control: 193 participants, placebo (nitrogen gas), until end of trial (28 days) or until oxygenation and
PEEP criteria were met

Standard care, ventilation and weaning protocol for both groups. No cross-overs

Outcomes Primary outcome: days alive and off assisted breathing to day 28
Secondary outcomes: mortality, days alive and meeting oxygenation criteria for extubation, days alive
following a successful unassisted ventilation test, adverse events, methaemoglobin, NO,, oxygenation

Notes Country: USA. 46 centres
Letter sent to study authors in June 2009. No reply received
One-year follow-up data published as Angus 2006. Letter sent to study authors in June 2009 and reply
received in 2009. No additional data provided
10 participants in INO group and 14 in control group received prone position ventilation
Study authors' conclusion: "Inhaled nitric oxide at a dose of 5 ppm in patients with acute lung injury
not due to sepsis and without evidence of non-pulmonary organ system dysfunction results in short-
term oxygenation improvements but has no substantial impact on the duration of ventilatory support
or mortality"
Funding: funded by industry

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Central computer randomization

tion (selection bias)

Allocation concealment Low risk Adequate, central allocation

(selection bias)

Blinding (performance Low risk Blinding of participants, caregivers, data collectors, assessors of outcomes

bias and detection bias)

and data analysts (triple-blind)
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Taylor 2004 (continued)
All outcomes

Incomplete outcome data  Low risk Follow-up sufficient during the trial period. However, Angus 2006 describes 1-
(attrition bias) year follow-up of the same trial, and some participants were lost to follow-up.
All outcomes Despite this fact, this is the only trial with long-term follow-up, thus we have

labelled it as having complete outcome data

Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-
porting bias) porting
Other bias Unclear risk No apparent other type of bias except possible funding bias (industry)

Troncy 1998

Methods Prospective, single-centre RCT
ITT: yes
Overall study quality: high risk of bias

Participants Included: 30 participants with ARDS, between 18 and 75 years of age. Lung injury score minimum 2.5

Exclusion criteria: pregnancy, severe immunosuppression from end-stage neoplasia, pulmonary capil-
lary wedge pressure > 18 mm Hg

Interventions INO group: 15 participants, with increasing doses initially from 2.5, 5, 10, 20, 30 to 40 ppm every 10 min-
utes and daily re-titration until oxygenation and PEEP criteria were met Mean duration of INO treat-
ment 8 days and mean dose 5.3 ppm

Control group: 15 participants, no placebo gas

Standard care and no cross-overs. Ventilation strategy and weaning of INO standardized (tidal volume
of 10 mL/kg, goal PaCO, 35 to 45 mm Hg, maximum PEEP 15 cm H,0, goal PaO, > 85 mm Hg, no prone
position). Standardized protocols for sedation, curarization, intravenous perfusion, blood transfusion,
parenteral or enteral feeding

Outcomes Primary outcomes: therapeutic failure, death before 30 days, continued ventilation after 30 days, ef-
fects of INO on lung function
Secondary outcomes: lung compliance, pulmonary arterial pressure, PaO,, PaCO,, pH, bicarbonate,
volume dead space/tidal volume, alveolar-arterial oxygen difference, cardiac output, adverse events,
methaemoglobin levels

Notes Country: Canada
Letter sent to study authors in June 2009. No reply received. Length of follow-up: 30 days

Additional data on ventilator-free days, duration of mechanical ventilation, PaO,/FiO,; oxygenation in-
dex for INO group provided by Dr. Neill Adhikari on the basis of his work on his recent systematic review
in BMJ (Adhikari 2007). Troncy et al reported duration of ventilation but assigned participants who died
a duration of ventilation of 30 days. Adhikari et al assumed that all participants who died before day 30
were ventilated and derived the mean number of ventilator-free days to 30 days

Study authors' conclusion: "This study shows that inhNO, in this population, may improve gas ex-
change but does not affect mortality"

Funding: not for profit

Risk of bias
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Troncy 1998 (Continued)

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Unclear, no information provided
tion (selection bias)

Allocation concealment High risk Inadequate, sealed envelopes sequentially numbered and opaque
(selection bias)

Blinding (performance Unclear risk Unclear, no information provided
bias and detection bias)
All outcomes

Incomplete outcome data  Low risk Follow-up: adequate, no post-trial follow-up
(attrition bias)
All outcomes

Selective reporting (re- Low risk Yes. Unable to compare with protocol but appears to be free of selective re-
porting bias) porting
Other bias Unclear risk No apparent other type of bias except no sample size calculation reported

AHRF: acute ischaemic heart failure; AIDS: acquired immune deficiency syndrome; ALI: acute lung injury; APACHE: Acute Physiology and
Chronic Health Evaluation; ARDS: acute respiratory distress syndrome; BMJ: British Medical Journal; cm: centimetre; CMV: continuous
mandatory ventilation; COPD: chronic obstructive pulmonary disease; DPG: diphosphoglycerate; ECMO: extracorporeal membrane
oxygenation; FiO,: inspired fraction of oxygen; HFOV: high-frequency oscillatory ventilation; ICU: intensive care unit; INO: inhaled nitric

oxide; ITT: intention-to-treat; kg: kilogram; kPa: kilopascal; LRM: lung recruitment manoeuvre; MAP: mean arterial pressure; mL: millilitres;
mm Hg: millimetre of mercury; MPAP: mean pulmonary artery pressure; NO: nitric oxide; NO,: nitrogen dioxide; Ol: oxygen index; PA:

pulmonary artery; PAOP: pulmonary artery occlusion pressure; PCO,: partial pressure of carbon dioxide; PCWP: pulmonary capillary wedge
pressure; PEEP: positive end-expiratory pressure; pH: potential hydrogen; PO,: partial pressure of oxygen; ppm: parts per million; PVR:
pulmonary vascular resistance; RCT: randomized controlled trial; SaO,: peripheral capillary saturation; SRF: severe respiratory failure; SVR:
systemic vascular resistance; vs: versus

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Cuthbertson 2000 Two-group parallel RCT, 1 centre. ITT: no evaluation of reversal of ALI in participant receiving INO
compared with participant given no treatment other than conventional therapy. Study excluded
because most participants (24 of 30 randomized) were included in a European multi-centre study
(Lundin 1999) and therefore would be counted twice if both studies were included

Johannigman 1997 Prospective non-blinded RCT, evaluating clinical response to 4 randomly administered concentra-
tions (1, 15, 30 and 60 ppm) of INO, each for a 3-hour period in 20 adults with ARDS. Study excluded
because of short period of treatment and documentation of outcomes only up to 3 hours. Method
of randomization and blinding to doses of administered gas unclear

Khan 2009 Prospective, randomized, cross-over pilot trial comparing nitric oxide and prostacyclin in the treat-
ment of pulmonary hypertension, refractory hypoxaemia and right ventricular dysfunction in tho-
racic transplant recipients. Study excluded owing to inclusion of a different patient category

Meade 2003 Prospective placebo-controlled RCT enrolling 84 participants to evaluate effects of inhaled NO (20
ppm NO or nitrogen) initiated 10 minutes after reperfusion on outcomes after lung transplantation.
Study excluded owing to different patient category, diagnosis and outcomes
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Study Reason for exclusion

Perrin 2006 Prospective RCT with 32 double-lung transplant recipients randomized to control or to 20 ppm INO
at the time of reperfusion. Study excluded owing to different patient category, diagnosis and out-
comes

Puybasset 1994 Prospective non-blinded RCT to determine the dose-response curve of inhaled INO in 6 adult par-

ticipants with ARDS. 8 concentrations of inhaled NO administered at random: 100, 400, 700, 1000,
1300, 1600, 1900 and 5000 parts per billion (ppb), with measurements made after 20 minutes of ex-
posure. Study excluded because of short-term administration of INO and assessment at 20 minutes
post treatment only

Puybasset 1995 Prospective RCT examining effects of INO with and without PEEP in 21 adults with ARDS. Exclud-
ed because of short-term documentation of outcomes and short-term administration of INO at 30
minutes post stabilization only

Rossaint 1995 Prospective non-blinded RCT in which 10 adult participants with ARDS in random sequence in-
haled NO at a concentration of 18 parts per million (ppm) followed by 36 ppm, and received an in-
travenous infusion of prostaglandin PGI2 (4 ng/kg/mn) compared with conventional therapy. Study
excluded as intravenous prostacyclin was included in the treatment regimen, because it is an ac-
tive intervention not provided to the control group

Tang 1998 Prospective non-blinded RCT examining effects of 3 concentrations of INO (1, 10 and 20 parts per
million (ppm) in random order) for 12 children with ARDS. Study excluded because measurements
were taken 1 hour after administration of study gas only

ALI: acute lung injury; ARDS: acute respiratory distress syndrome; INO: inhaled nitric oxide; ITT: intention-to-treat; kg: kilogram; mn:
minutes; NO: nitric oxide; PEEP: positive end-expiratory pressure; PGIl: prostaglandin; ppb: parts per billion; ppm: parts per million; RCT:
randomized controlled trial

Characteristics of ongoing studies [ordered by study ID]

Godinez
Trial name or title Nitric Oxide Administration for Acute Respiratory Distress Syndrome
Methods Prospective, 1-centre, group-controlled RCT
Participants 52 children from 1 month to 18 years of age, mechanically ventilated with PaO,/FiO, ratio < 100,
FiO, = 0.60, PEEP = 10 and Murray score = 2.5
Exclusion criteria: neonates (1 week to 28 days) and/or patients on extracorporeal membrane oxy-
genation
Interventions INO group: 28 participants; 10 ppm NO for 4 hours; initiation after 4 hours
Control group: 24 participants; no intervention; initiation after administration of INO for 4 hours
(then stop)
Outcomes Primary outcome: mean Pa0O,/FiO, ratio
Secondary outcomes: duration of FiO, > 0.60, effect of early vs delayed onset of NO therapy, evalu-
ation of characteristics of patients who respond to NO compared with those who do not
Starting date October 14,2005
Contact information Richard Lin, The Children's Hospital of Philadelphia; e-mail: linr@email.chop.edu
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Godinez (continued)

Notes According to the data available on ClinicalTrials.gov, the study was completed in February 2006.

However, no results have been published so far. We tried to contact study authors but unsuccess-

fully.

FiO,: fraction of inspired oxygen;
INO: inhaled;
NO: nitric oxide;

Pa0,: partial pressure of oxygen in arterial blood;

PEEP: positive end-expiratory pressure;
RCT: randomized controlled trial

DATA AND ANALYSES

Comparison 1. Mortality: INO versus control group

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Overall mortality: INO vs control 13 1243 Risk Ratio (M-H, Fixed, 95% 1.04[0.90, 1.19]
cl)

2 28- to 30-day mortality: INO vs con- 9 1105 Risk Ratio (M-H, Fixed, 95% 1.08[0.92,1.27]

trol Cl)

3 Mortality: subgroup analysis, paedi- 13 1243 Risk Ratio (M-H, Fixed, 95%  1.04[0.90, 1.19]

atric vs adult population Cl)

3.1 Paediatric 3 185 Risk Ratio (M-H, Fixed, 95% 0.78[0.51, 1.18]
Cl)

3.2 Adult 10 1058 Risk Ratio (M-H, Fixed,95%  1.08[0.93, 1.25]
cl)

4 Mortality: subgroup analysis based 12 1190 Risk Ratio (M-H, Fixed, 95% 1.06[0.92,1.22]

on duration of drug administration Cl)

4.1 Shorter than median duration of 5 394 Risk Ratio (M-H, Fixed, 95% 1.04[0.84,1.29]

INO d)

4.2 Longer than median duration of 7 796 Risk Ratio (M-H, Fixed, 95% 1.07[0.89, 1.29]

INO cl)

5 Sensitivity analysis: excluding ab- 11 1021 Risk Ratio (M-H, Fixed, 95% 1.02[0.87,1.21]

stracts, INO vs control Cl)

6 Sensitivity analysis: excluding trials 10 834 Risk Ratio (M-H, Fixed, 95% 1.08[0.92, 1.26]

not fulfilling AECC criteria, INO vs con-
trol

cl)
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Analysis 1.1. Comparison 1 Mortality: INO versus control group, Outcome 1 Overall mortality: INO vs control.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bronicki 2015 2/24 8/29 —_— 3.2% 0.3[0.07,1.29]
Day 1997 1/12 2/12 —_— & 0.88% 0.5[0.05,4.81]
Dellinger 1998 35/120 17/57 - 10.18% 0.98[0.6,1.59]
Dobyns 1999 22/53 24/55 — 10.41% 0.95[0.61,1.47]
Gerlach 2003 3/20 4/20 S e— 1.77% 0.75[0.19,2.93]
Lundin 1999 48/93 38/87 ™= 17.35% 1.18[0.87,1.61]
Mehta 2001 4/8 3/6 —t 1.51% 1[0.35,2.88]
Michael 1998 11/20 9/20 -t 3.98% 1.22[0.65,2.29]
Park 2003 8/17 2/6 — Tt 1.31% 1.41[0.41,4.87]
Payen 1999 53/98 53/105 - 22.61% 1.07[0.82,1.39]
Schwebel 1997 0/9 0/10 Not estimable
Taylor 2004 54/165 53/167 - 23.27% 1.03[0.75,1.41]
Troncy 1998 9/15 8/15 —t 3.53% 1.13[0.6,2.11]
Total (95% Cl) 654 589 ¢ 100% 1.04[0.9,1.19]
Total events: 250 (INO), 221 (Control)
Heterogeneity: Tau?=0; Chi*=4.92, df=11(P=0.93); 1>=0%
Test for overall effect: Z=0.48(P=0.63) ‘ ‘ ‘ ‘

Favours experimental 001 0.1 1 10 100 Favours control

Analysis 1.2. Comparison 1 Mortality: INO versus control group, Outcome 2 28- to 30-day mortality: INO vs control.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bronicki 2015 2/24 8/29 _— 4.21% 0.3[0.07,1.29]
Dellinger 1998 35/120 17/57 —— 13.4% 0.98[0.6,1.59]
Lundin 1999 41/93 35/87 - 21.02% 1.1[0.78,1.55]
Mehta 2001 4/8 2/6 e e — 1.33% 1.5[0.4,5.65]
Michael 1998 11/20 9/20 Tt 5.23% 1.22[0.65,2.29]
Park 2003 8/17 2/6 e — 1.72% 1.41[0.41,4.87]
Payen 1999 48/98 46/105 - 25.82% 1.12[0.83,1.5]
Taylor 2004 44/192 39/193 - 22.61% 1.13[0.77,1.66]
Troncy 1998 9/15 8/15 -t 4.65% 1.13[0.6,2.11]
Total (95% CI) 587 518 ’ 100% 1.08[0.92,1.27]
Total events: 202 (INO), 166 (Control)
Heterogeneity: Tau?=0; Chi*=3.82, df=8(P=0.87); 1>=0%
Test for overall effect: Z=0.91(P=0.36)

-

Favours experimental ~ 0-01 0.1 10 100 Favours control
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Analysis 1.3. Comparison 1 Mortality: INO versus control group,
Outcome 3 Mortality: subgroup analysis, paediatric vs adult population.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 Paediatric
Bronicki 2015 2/24 8/29 I a—— 3.2% 0.3[0.07,1.29]
Day 1997 1/12 2/12 e E— 0.88% 0.5[0.05,4.81]
Dobyns 1999 22/53 24/55 — 10.41% 0.95[0.61,1.47]
Subtotal (95% Cl) 89 96 L _d 14.49% 0.78[0.51,1.18]
Total events: 25 (INO), 34 (Control)
Heterogeneity: Tau?=0; Chi*=2.57, df=2(P=0.28); 1?=22.27%
Test for overall effect: Z=1.17(P=0.24)
1.3.2 Adult
Dellinger 1998 35/120 17/57 - 10.18% 0.98[0.6,1.59]
Gerlach 2003 3/20 4/20 S e— 1.77% 0.75[0.19,2.93]
Lundin 1999 48/93 38/87 ™= 17.35% 1.18[0.87,1.61]
Mehta 2001 4/8 3/6 —t 1.51% 1[0.35,2.88]
Michael 1998 11/20 9/20 -t 3.98% 1.22[0.65,2.29]
Park 2003 8/17 2/6 — Tt 1.31% 1.41[0.41,4.87]
Payen 1999 53/98 53/105 - 22.61% 1.07[0.82,1.39]
Schwebel 1997 0/9 0/10 Not estimable
Taylor 2004 54/165 53/167 - 23.27% 1.03[0.75,1.41]
Troncy 1998 9/15 8/15 —t 3.53% 1.13[0.6,2.11]
Subtotal (95% Cl) 565 493 ’ 85.51% 1.08[0.93,1.25]
Total events: 225 (INO), 187 (Control)
Heterogeneity: Tau?=0; Chi*=1.22, df=8(P=1); 1>=0%
Test for overall effect: Z=0.99(P=0.32)
Total (95% Cl) 654 589 ¢ 100% 1.04[0.9,1.19]
Total events: 250 (INO), 221 (Control)
Heterogeneity: Tau?=0; Chi*=4.92, df=11(P=0.93); 1>=0%
Test for overall effect: Z=0.48(P=0.63)
Test for subgroup differences: Chi*=2.06, df=1 (P=0.15), 1’=51.44% ‘ ‘ ‘ ‘
Favours experimental 001 0.1 1 10 100 Favours control
Analysis 1.4. Comparison 1 Mortality: INO versus control group, Outcome
4 Mortality: subgroup analysis based on duration of drug administration.
Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 Shorter than median duration of INO
Day 1997 1/12 2/12 e E— 0.91% 0.5[0.05,4.81]
Dobyns 1999 22/53 24/55 —— 10.75% 0.95[0.61,1.47]
Michael 1998 11/20 9/20 - 4.11% 1.22[0.65,2.29]
Payen 1999 53/98 53/105 - 23.35% 1.07[0.82,1.39]
Schwebel 1997 0/9 0/10 Not estimable
Subtotal (95% Cl) 192 202 ¢ 39.13% 1.04[0.84,1.29]
Total events: 87 (INO), 88 (Control)
Heterogeneity: Tau?=0; Chi*=0.86, df=3(P=0.83); 1>=0%
Test for overall effect: Z=0.37(P=0.71)
0.01 0.1 1 10 100 Favours control

Favours experimental
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Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.2 Longer than median duration of INO
Dellinger 1998 35/120 17/57 - 10.52% 0.98[0.6,1.59]
Gerlach 2003 3/20 4/20 e E— 1.83% 0.75[0.19,2.93]
Lundin 1999 48/93 38/87 ™ 17.92% 1.18[0.87,1.61]
Mehta 2001 4/8 3/6 —t 1.56% 1[0.35,2.88]
Park 2003 8/17 2/6 — Tt 1.35% 1.41[0.41,4.87]
Taylor 2004 54/165 53/167 - 24.04% 1.03[0.75,1.41]
Troncy 1998 9/15 8/15 —t 3.65% 1.13[0.6,2.11]
Subtotal (95% Cl) 438 358 * 60.87% 1.07[0.89,1.29]
Total events: 161 (INO), 125 (Control)
Heterogeneity: Tau?=0; Chi*=1.07, df=6(P=0.98); 1>=0%
Test for overall effect: Z=0.72(P=0.47)
Total (95% CI) 630 560 ¢ 100% 1.06[0.92,1.22]
Total events: 248 (INO), 213 (Control)
Heterogeneity: Tau?=0; Chi*=1.97, df=10(P=1); 1>=0%
Test for overall effect: Z=0.8(P=0.42)
Test for subgroup differences: Chi*=0.04, df=1 (P=0.84), 1>=0% ‘ ‘ ‘
Favours experimental 0.1 1 10 100 Favours control
Analysis 1.5. Comparison 1 Mortality: INO versus control group,
Outcome 5 Sensitivity analysis: excluding abstracts, INO vs control.
Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bronicki 2015 2/24 8/29 —_— 4.14% 0.3[0.07,1.29]
Day 1997 1/12 2/12 e E— 1.14% 0.5[0.05,4.81]
Dellinger 1998 35/120 17/57 —— 13.16% 0.98[0.6,1.59]
Dobyns 1999 22/53 24/55 — 13.45% 0.95[0.61,1.47]
Gerlach 2003 3/20 4/20 s m— 2.28% 0.75[0.19,2.93]
Lundin 1999 48/93 38/87 ™ 22.41% 1.18[0.87,1.61]
Mehta 2001 4/8 3/6 e — 1.96% 1[0.35,2.88]
Michael 1998 11/20 9/20 Tt 5.14% 1.22[0.65,2.29]
Park 2003 8/17 2/6 e e — 1.69% 1.41[0.41,4.87]
Taylor 2004 54/165 53/167 - 30.07% 1.03[0.75,1.41]
Troncy 1998 9/15 8/15 -t 4.57% 1.13[0.6,2.11]
Total (95% Cl) 547 474 ¢ 100% 1.02[0.87,1.21]
Total events: 197 (INO), 168 (Control)
Heterogeneity: Tau?=0; Chi*=4.92, df=10(P=0.9); 1>=0%
Test for overall effect: Z=0.29(P=0.77)
0.1 1 10 100 Favours control

Favours experimental
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Analysis 1.6. Comparison 1 Mortality: INO versus control group, Outcome 6

Sensitivity analysis: excluding trials not fulfilling AECC criteria, INO vs control.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dellinger 1998 35/120 17/57 —— 14.02% 0.98[0.6,1.59]
Dobyns 1999 22/53 24/55 —— 14.33% 0.95[0.61,1.47]
Gerlach 2003 3/20 4/20 e e— 2.43% 0.75[0.19,2.93]
Lundin 1999 48/93 38/87 - 23.88% 1.18[0.87,1.61]
Mehta 2001 4/8 3/6 —t 2.09% 1[0.35,2.88]
Michael 1998 11/20 9/20 - 5.47% 1.22[0.65,2.29]
Park 2003 8/17 2/6 — Tt 1.8% 1.41[0.41,4.87]
Payen 1999 53/98 53/105 - 31.12% 1.07[0.82,1.39]
Schwebel 1997 0/9 0/10 Not estimable
Troncy 1998 9/15 8/15 — 4.87% 1.13[0.6,2.11]
Total (95% CI) 453 381 ¢ 100% 1.08[0.92,1.26]
Total events: 193 (INO), 158 (Control)
Heterogeneity: Tau?=0; Chi*=1.46, df=8(P=0.99); 1>=0%
Test for overall effect: Z=0.91(P=0.37) ‘ ‘ ‘ ‘

Favours experimental 001 0.1 1 10 100 Favours control

Comparison 2. Mortality: INO versus control (bias assessment)

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Mortality: sensitivity analysis based 13 1243 Risk Ratio (M-H, Fixed, 95% 1.04[0.90, 1.19]
on overall risk of bias Cl)
1.1 Overall high risk of bias 9 423 Risk Ratio (M-H, Fixed, 95% 1.06 [0.83,1.34]
Cl)
1.2 Overall low risk of bias 4 820 Risk Ratio (M-H, Fixed, 95% 1.02[0.86, 1.22]

Cl)

Analysis 2.1. Comparison 2 Mortality: INO versus control (bias assessment),
Outcome 1 Mortality: sensitivity analysis based on overall risk of bias.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.1.1 Overall high risk of bias

Bronicki 2015 2/24 8/29 s — 3.2% 0.3[0.07,1.29]
Day 1997 1/12 2/12 e E— 0.88% 0.5[0.05,4.81]
Gerlach 2003 3/20 4/20 s — 1.77% 0.75[0.19,2.93]
Lundin 1999 48/93 38/87 ™ 17.35% 1.18[0.87,1.61]
Mehta 2001 4/8 3/6 e — 1.51% 1[0.35,2.88]
Michael 1998 11/20 9/20 -t 3.98% 1.22[0.65,2.29]
Park 2003 8/17 2/6 — Tt 1.31% 1.41[0.41,4.87]
Schwebel 1997 0/9 0/10 Not estimable

Favours experimental 0.1 1 10 100 Favours control
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Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Troncy 1998 9/15 8/15 —"'_ 3.53% 1.13[0.6,2.11]
Subtotal (95% Cl) 218 205 # 33.53% 1.06[0.83,1.34]
Total events: 86 (INO), 74 (Control) ‘
Heterogeneity: Tau?=0; Chi*=4.49, df=7(P=0.72); 1>=0% ‘
Test for overall effect: Z=0.46(P=0.65)
2.1.2 Overall low risk of bias ‘
Dellinger 1998 35/120 17/57 + 10.18% 0.98[0.6,1.59]
Dobyns 1999 22/53 24/55 —‘<— 10.41% 0.95[0.61,1.47]
Payen 1999 53/98 53/105 +‘ 22.61% 1.07[0.82,1.39]
Taylor 2004 54/165 53/167 '+‘ 23.27% 1.03[0.75,1.41]
Subtotal (95% Cl) 436 384 * 66.47% 1.02[0.86,1.22]
Total events: 164 (INO), 147 (Control) ‘
Heterogeneity: Tau?=0; Chi*=0.26, df=3(P=0.97); 1>=0% ‘
Test for overall effect: Z=0.27(P=0.79)
Total (95% CI) 654 589 * 100% 1.04[0.9,1.19]
Total events: 250 (INO), 221 (Control) ‘
Heterogeneity: Tau?=0; Chi*=4.92, df=11(P=0.93); 1>=0% ‘
Test for overall effect: Z=0.48(P=0.63) ‘
Test for subgroup differences: Chi*=0.04, df=1 (P=0.84), 1>=0% ‘ ‘ ‘ ‘ ‘
Favours experimental 001 0.1 1 10 100 Favours control
Comparison 3. Bleeding events: INO versus control
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Bleeding events: INO vs control 5 614 Risk Ratio (M-H, Fixed, 95% CI)  0.88[0.43,1.79]

Analysis 3.1. Comparison 3 Bleeding events: INO versus control, Outcome 1 Bleeding events: INO vs control.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dellinger 1998 1/120 0/57 } 4 4.44% 1.44[0.06,34.76]
Lundin 1999 7/93 8/87 —-— 54.26% 0.82[0.31,2.16]
Mehta 2001 0/8 0/6 Not estimable
Michael 1998 2/20 0/20 t 3.28% 5[0.26,98]
Payen 1999 3/98 6/105 — 38.02% 0.54[0.14,2.08]
Total (95% Cl) 339 275 - 100% 0.88[0.43,1.79]
Total events: 13 (INO), 14 (Control)
Heterogeneity: Tau?=0; Chi?=1.93, df=3(P=0.59); 1>=0%
Test for overall effect: Z=0.36(P=0.72) ‘ ‘

FavoursINO 001 0.1 1 10 100 Favours control
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Comparison 4. Complications during the in-patient stay: INO versus control

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Renal impairment: INO vs control 4 945 Risk Ratio (M-H, Fixed, 95% 1.59[1.17,2.16]
Cl)

1.1 Trials with overall high risk of bias 1 180 Risk Ratio (M-H, Fixed, 95% 2.18[1.19, 4.02]
cl

1.2 Trials with overall low risk of bias 3 765 Risk Ratio (M-H, Fixed, 95% 1.41[0.98,2.01]
cl

2 Pneumothorax: INO vs control 2 565 Risk Ratio (M-H, Fixed, 95% 0.81[0.53, 1.26]
Cl)

3 Severe respiratory failure: INO vs 1 180 Risk Ratio (M-H, Fixed, 95% 0.21[0.05, 0.94]

control Cl)

4 Circulatory failure and shock: INO 2 288 Risk Ratio (M-H, Fixed, 95% 1.49[0.90, 2.47]

vs control

Cl)

Analysis 4.1. Comparison 4 Complications during the in-patient stay:
INO versus control, Outcome 1 Renal impairment: INO vs control.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 Trials with overall high risk of bias
Lundin 1999 28/93 12/87 —— 23.41% 2.18[1.19,4.02]
Subtotal (95% CI) 93 87 L 4 23.41% 2.18[1.19,4.02]
Total events: 28 (INO), 12 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=2.51(P=0.01)
4.1.2 Trials with overall low risk of bias
Dellinger 1998 20/120 7/57 +— 17.92% 1.36[0.61,3.02]
Payen 1999 33/98 26/105 47.38% 1.36[0.88,2.1]
Taylor 2004 10/192 6/193 — 11.3% 1.68[0.62,4.52]
Subtotal (95% ClI) 410 355 76.59% 1.41[0.98,2.01]
Total events: 63 (INO), 39 (Control)
Heterogeneity: Tau?=0; Chi>=0.15, df=2(P=0.93); 1>=0%
Test for overall effect: Z=1.86(P=0.06)
Total (95% Cl) 503 442 100% 1.59[1.17,2.16]
Total events: 91 (INO), 51 (Control)
Heterogeneity: Tau?=0; Chi*=1.69, df=3(P=0.64); 1>=0%
Test for overall effect: Z=2.94(P=0)
Test for subgroup differences: Chi*=1.48, df=1 (P=0.22), 1>=32.64%

Favours experimental 001 0.1 10 100 Favours control
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Analysis 4.2. Comparison 4 Complications during the in-patient
stay: INO versus control, Outcome 2 Pneumothorax: INO vs control.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Lundin 1999 7/93 8/87 + 21.1% 0.82[0.31,2.16]
Taylor 2004 25/192 31/193 ' 78.9% 0.81[0.5,1.32]
Total (95% Cl) 285 280 * 100% 0.81[0.53,1.26]
Total events: 32 (INO), 39 (Control) ‘

Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.99); 1>=0% ‘

Test for overall effect: Z=0.93(P=0.35) ‘

FavoursINO 001 0.1 1 10 100 Favours control

Analysis 4.3. Comparison 4 Complications during the in-patient stay:
INO versus control, Outcome 3 Severe respiratory failure: INO vs control.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Lundin 1999 2/93 9/87 e 100% 0.21[0.05,0.94]
Total (95% ClI) 93 87 —~l—— 100% 0.21[0.05,0.94]
Total events: 2 (INO), 9 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=2.05(P=0.04)

FavoursINO  0.01 0.1 1 10 100 Favours control

Analysis 4.4. Comparison 4 Complications during the in-patient stay: INO
versus control, Outcome 4 Circulatory failure and shock: INO vs control.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dobyns 1999 1/53 2/55 B — 10.05% 0.52[0.05,5.55]
Lundin 1999 29/93 17/87 B 89.95% 1.6[0.95,2.69]
Total (95% CI) 146 142 > 100% 1.49[0.9,2.47]
Total events: 30 (INO), 19 (Control)
Heterogeneity: Tau?=0; Chi*=0.83, df=1(P=0.36); 1>=0%
Test for overall effect: Z=1.54(P=0.12)
FavoursINO  0.01 0.1 1 10 100 Favours control
Comparison 5. PaO,/FiO; (mm Hg): INO versus control
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Pa0,/FiO, up to 24 hours 11 614 Mean Difference (IV, Random, 95%  15.91 [8.25, 23.56]
Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.1 High risk of bias trials 9 338 Mean Difference (IV, Random, 95%  14.27[8.23, 20.30]
Cl)
1.2 Low risk of bias trials 2 276 Mean Difference (IV, Random, 95%  14.94 [-27.10, 56.98]
Cl)
2 Pa0,/FiO, up to 48 hours 5 416 Mean Difference (IV, Random,95%  8.65 [-2.80, 20.11]
Cl)
3 Pa0,/FiO5 up to 72 hours 5 450 Mean Difference (IV, Fixed, 95% Cl) 6.88[-3.91, 17.68]
4 Pa0,/FiO; up to 96 hours 4 334 Mean Difference (IV, Fixed, 95% CI)  14.51[3.64, 25.38]
5 Pa0,/FiO, difference from 3 155 Mean Difference (IV, Random, 95%  42.90 [20.57, 65.23]
baseline up to 24 hours Cl)

Analysis 5.1. Comparison 5 Pa0,/FiO, (mm Hg): INO versus control, Outcome 1 Pa0O,/FiO; up to 24 hours.

Study or subgroup INO Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl| Random, 95% Cl
5.1.1 High risk of bias trials
Day 1997 11 77.3 (35.7) 10 81.2 (37.7) s E— 5.17% -3.9[-35.38,27.58]
Gerlach 2003 20 142 (46) 20 129 (43) I s — 6.48% 13[-14.6,40.6]
Ibrahim 2007 11 170 (9.5) 10 155 (8.5) —& 29.14% 15[7.3,22.7]
Lundin 1999 78 138 (48) 66 131 (53) —T+— 13.99% 7[-9.64,23.64]
Mehta 2001 8 115 (48) 6 96 (29.3) —— 3.26% 19[-21.69,59.69]
Michael 1998 16 92 (30) 16 72 (26) —t 11.26% 20[0.55,39.45]
Park 2003 11 254.2 6 247.8 (89.1) * ; 0.62% 6.4[-89.88,102.68]

(109.5)

Schwebel 1997 9 213 (67) 10 177 (40) B e— 2.19% 36[-14.31,86.31]
Troncy 1998 15 189.8 (40.1) 15 166.3 (53.2) S e — 4.58% 23.5[-10.21,57.21]
Subtotal *** 179 159 L 2 76.7% 14.27[8.23,20.3]

Heterogeneity: Tau?=0; Chi*=3.47, df=8(P=0.9); I>=0%
Test for overall effect: Z=4.63(P<0.0001)

5.1.2 Low risk of bias trials

Dellinger 1998 120 166 (54) 57 131 (43) — 16.28% 35[20.24,49.76]
Dobyns 1999 49 127 (59) 50 135 (74) e 7.01% -8[-34.34,18.34]
Subtotal *** 169 107 e 23.3% 14.94[-27.1,56.98]

Heterogeneity: Tau?=805.85; Chi*=7.79, df=1(P=0.01); 1>=87.17%
Test for overall effect: Z=0.7(P=0.49)

Total *** 348 266 <& 100% 15.91[8.25,23.56]
Heterogeneity: Tau?=36.89; Chi*=13.34, df=10(P=0.21); 1>=25.02%
Test for overall effect: Z=4.07(P<0.0001)

Test for subgroup differences: Chi?=0, df=1 (P=0.98), I*=0%

Favours control ~ -100 -50 0 50 100 Favours INO
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Analysis 5.2. Comparison 5 PaO,/FiO; (mm Hg): INO versus control, Outcome 2 Pa0O,/FiO; up to 48 hours.

Study or subgroup INO Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Dellinger 1998 114 156 (46) 52 157 (69) —— 19.93% -1[-21.57,19.57]
Gerlach 2003 20 255 (23) 19 231 (26) —a— 27.7% 24[8.56,39.44]
Lundin 1999 91 153 (56) 74 145 (54) —— 25.27% 8[-8.85,24.85]
Mehta 2001 8 100 (34) 6 117 (36.7) —_ 7.94% -17[-54.65,20.65]
Michael 1998 16 94 (24) 16 86 (36) — 19.16% 8[-13.2,29.2]
Total *** 249 167 2 100% 8.65[-2.8,20.11]
Heterogeneity: Tau?=61.28; Chi*=6.32, df=4(P=0.18); 1*=36.72%
Test for overall effect: Z=1.48(P=0.14)

Favours control ~ -100 -50 0 50 100 Favours INO

Analysis 5.3. Comparison 5 Pa0O,/FiO, (mm Hg): INO versus control, Outcome 3 PaO,/FiO; up to 72 hours.

Study or subgroup INO Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Dellinger 1998 102 155 (53) 46 143 (48) —— 39.06% 12[-5.27,29.27]
Dobyns 1999 49 168 (111) 50 175(128) —+7 5.24% -7(-54.17,40.17]
Lundin 1999 89 167 (64) 71 155 (53) T 35.43% 12[-6.13,30.13]
Mehta 2001 6 108 (34) 5 133(35.8) — 6.75% -25[-66.53,16.53]
Michael 1998 16 101 (50) 16 101 (33) s e— 13.52% 0[-29.35,29.35]
Total *** 262 188 R 4 100% 6.88[-3.91,17.68]
Heterogeneity: Tau?=0; Chi*=3.45, df=4(P=0.49); 1>=0%
Test for overall effect: Z=1.25(P=0.21) ‘ ‘ ‘ ‘

Favours Control ~ -100 -50 0 50 100 Favours INO

Analysis 5.4. Comparison 5 PaO3/FiO, (mm Hg): INO versus control, Outcome 4 PaO,/FiO; up to 96 hours.
Study or subgroup INO Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Dellinger 1998 95 155 (50) 40 143 (62) —— 25.12% 12[-9.69,33.69]
Gerlach 2003 18 281 (23) 18 266 (26) —l— 45.94% 15[-1.04,31.04]
Lundin 1999 84 181 (74) 69 162 (64) e 24.69% 19[-2.87,40.87]
Mehta 2001 6 126 (44) 4 128 (40) — 4.26% -2[-54.69,50.69]
Total *** 203 131 <o 100% 14.51[3.64,25.38]
Heterogeneity: Tau?=0; Chi*=0.59, df=3(P=0.9); I>=0%
Test for overall effect: Z=2.62(P=0.01)
Favours experimental ~ -100 -50 0 50 100 Favours control
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Analysis 5.5. Comparison 5 PaO,/FiO; (mm Hg): INO versus control,
Outcome 5 Pa0,/FiO, difference from baseline up to 24 hours.

Study or subgroup INO Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Dobyns 1999 53 47 (73) 55 18 (52) —— 35.71% 29[5.02,52.98]
Park 2003 11 78 (83) 6 52 (39) 11.87% 26[-32.13,84.13]
Troncy 1998 15 70.4 (13.4) 15 14.2 (18.1) B = 52.42% 56.2[44.8,67.6)
Total *** 79 76 e 100% 42.9[20.57,65.23]
Heterogeneity: Tau?=213.82; Chi*=4.73, df=2(P=0.09); 1*>=57.72%
Test for overall effect: Z=3.77(P=0)

Favours control ~ -100 -50 0 50 100 Favours INO

Comparison 6. Ventilator-free days up to day 30: INO versus control

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Ventilator-free days (28-30 days), INO 5 804 Mean Difference (1V, Fixed, -0.57[-1.82,0.69]
vs control 95% Cl)
Analysis 6.1. Comparison 6 Ventilator-free days up to day 30: INO versus
control, Outcome 1 Ventilator-free days (28-30 days), INO vs control.
Study or subgroup INO Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Dellinger 1998 112 6.1(7.7) 57 7.2(9.6) —_— 19.05% -1.1[-3.97,1.77]
Park 2003 11 9.1(10.8) 6 5.9 (8.4) D 183% 3.2[-6.07,12.47]
Payen 1999 98 12(8.9) 105 13.5(6.3) —— 34.47% -1.5[-3.63,0.63]
Taylor 2004 192 10.7 (9.7) 193 10.6 (9.8) —— 41.4% 0.1[-1.85,2.05]
Troncy 1998 15 7.7(9.7) 15 5.9(9.7) 3.26% 1.8[-5.14,8.74]
Total *** 428 376 S 4 100% -0.57[-1.82,0.69]
Heterogeneity: Tau?=0; Chi*=2.4, df=4(P=0.66); 1>=0%
Test for overall effect: Z=0.89(P=0.37)
FavoursINO  -10 0 5 10 Favours control
Comparison 7. Duration of mechanical ventilation: INO versus control
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants

1 Duration of mechanical ventilation 6

390

Mean Difference (IV, Random,

95% Cl)

1.02 [-2.08, 4.12]
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Analysis 7.1. Comparison 7 Duration of mechanical ventilation:
INO versus control, Outcome 1 Duration of mechanical ventilation.

Study or subgroup INO Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Day 1997 12 3.8(L.8) 12 2.8(0.7) " 32.14% 1[-0.09,2.09]
Dobyns 1999 49 19.9 (17) 50  29.2(51.2) —_— 3.8% -9.3[-24.27,5.67]
Gerlach 2003 20 34 (12.5) 20 32(11.3) —— 11.58% 2[-5.37,9.37]
Lundin 1999 93 24 (21) 87 15(12) —— 18.04% 9[4.04,13.96]
Park 2003 11 17.6(14.9) 6  23.7(13.5) e 4.31% -6.1[-20.04,7.84]
Troncy 1998 15 22.3(2.5) 15 24.1(2.5) L 30.12% -1.8[-3.59,-0.01]
Total *** 200 190 > 100% 1.02[-2.08,4.12]
Heterogeneity: Tau?=7.47; Chi*=21.11, df=5(P=0); 1>=76.32%
Test for overall effect: Z=0.64(P=0.52)

FavoursINO  -50 -25 0 25 50 Favours control
Comparison 8. Oxygenation index: INO versus control
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Oxygenation index at4 hours 1 50 Mean Difference (IV, Fixed, 95% -11.8[-19.38,-4.22]
Cl)

2 Oxygenation index at 12 1 50 Mean Difference (IV, Fixed, 95% -9.8 [-18.59,-1.01]
hours Cl)
3 Oxygenation index at 24 5 368 Mean Difference (IV, Fixed, 95% -2.31[-2.73,-1.89]
hours Cl)
4 Oxygenation index at 48 2 183 Mean Difference (IV, Random, 1.99[-10.40, 14.38]
hours 95% Cl)
5 Oxygenation index at 72 2 245 Mean Difference (IV, Fixed, 95% -3.48 [-6.80, -0.15]
hours Cl)

Analysis 8.1. Comparison 8 Oxygenation index: INO versus control, Outcome 1 Oxygenation index at 4 hours.

Study or subgroup INO Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% ClI Fixed, 95% Cl
Bronicki 2015 22 143 (5.5) 28 26.1(19.5) B 100% -11.8[-19.38,-4.22]
Total *** 22 28 <& 100% -11.8[-19.38,-4.22]
Heterogeneity: Not applicable
Test for overall effect: Z=3.05(P=0)
FavoursiNO  -100 -50 0 50 100 Favours control
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Analysis 8.2. Comparison 8 Oxygenation index: INO versus control, Outcome 2 Oxygenation index at 12 hours.

Study or subgroup INO Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Bronicki 2015 24 14.7 (6) 26 24.5(22) .‘ 100% -9.8[-18.59,-1.01]
Total *** 24 26 0\ 100% -9.8[-18.59,-1.01]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=2.19(P=0.03) ‘
FavoursiNO  -100 -50 0 50 100 Favours control

Analysis 8.3. Comparison 8 Oxygenation index: INO versus control, Outcome 3 Oxygenation index at 24 hours.

Study or subgroup INO Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Bronicki 2015 24 16.1(10.3) 27 17.3(16.8) —_— 0.31% -1.2[-8.76,6.36]
Day 1997 11 33.2(23.4) 10 33.7(16.4) + 0.06% -0.5[-17.66,16.66]
Dellinger 1998 120 14 (6) 56 17 (8) — 3.18% -3[-5.35,-0.65]
Dobyns 1999 49 24.8 (21.5) 50 24.3(22) e e— 0.24% 0.5[-8.07,9.07]
Ibrahim 2007 11 11.6 (0.5) 10 13.9(0.5) . 96.21% -2.3[-2.73,-1.87]
Total *** 215 153 ) 100% -2.31[-2.73,-1.89]
Heterogeneity: Tau?=0; Chi*=0.87, df=4(P=0.93); 1>=0%
Test for overall effect: Z=10.79(P<0.0001)

Favours INO -20 -10 0 10 20 Favours control

Analysis 8.4. Comparison 8 Oxygenation index: INO versus control, Outcome 4 Oxygenation index at 48 hours.

Study or subgroup INO Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Day 1997 10 28 (16) 9 18(12) %I— 38.37% 10[-2.64,22.64]
Dellinger 1998 113 13 (6) 51 16 (10) - 61.63% -3[-5.96,-0.04]
Total *** 123 60 ¢ 100% 1.99[-10.4,14.38]
Heterogeneity: Tau?=62.56; Chi*=3.85, df=1(P=0.05); 1*=74.04% ‘
Test for overall effect: Z=0.31(P=0.75) ‘

FavoursINO  -100 -50 0 50 100 Favours control

Analysis 8.5. Comparison 8 Oxygenation index: INO versus control, Outcome 5 Oxygenation index at 72 hours.

Study or subgroup INO Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Dellinger 1998 101 14 (7) 45 18 (11) . 90.66% -4[-7.49,-0.51]
Dobyns 1999 49 19.7 (31.2) 50 18.1(23.4) + 9.34% 1.6[-9.28,12.48]
Total *** 150 95 ﬂ 100% -3.48[-6.8,-0.15]
Heterogeneity: Tau?=0; Chi?=0.92, df=1(P=0.34); 1>=0% ‘
FavoursINO  -100 -50 0 50 100 Favours control
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Study or subgroup INO Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% ClI Fixed, 95% Cl

Test for overall effect: Z=2.05(P=0.04)

FavoursINO  -100 -50 0 50 100 Favours control

Comparison 9. Mean pulmonary arterial pressure (mm Hg): INO versus control

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

1 MPAP up to 24 hours 5 205 Mean Difference (IV, Fixed, 95% Cl) -1.76 [-3.41,-0.12]
2 MPAP up to 48 hours 3 167 Mean Difference (IV, Fixed, 95% Cl) -1.39[-3.43, 0.65]
3 MPAP up to 72 hours 2 111 Mean Difference (IV, Fixed, 95% Cl) -1.92 [-4.36, 0.52]
4 MPAP up to 96 hours 3 130 Mean Difference (1V, Fixed, 95% Cl) -1.74[-3.77,0.30]

Analysis 9.1. Comparison 9 Mean pulmonary arterial pressure
(mm Hg): INO versus control, Outcome 1 MPAP up to 24 hours.

Study or subgroup Experimental Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Day 1997 4 42.5(7.1) 2 33.5(6.4) # 2.14% 9[-2.25,20.25]
Dellinger 1998 81 29.8 (5.9) 47 32.1(5.8) - 61.46% 2.3[-4.4,-0.2)
Gerlach 2003 20 25 (6) 20 26 (7) — 16.56% -1[-5.04,3.04]
Mehta 2001 8 31(6) 6 32(5) R 8.12% -1[-6.77,4.77]
Park 2003 11 27 (4.5 6 29.5 (5) —tT 11.72% -2.5[-7.3,2.3]
Total *** 124 81 L 4 100% -1.76[-3.41,-0.12]
Heterogeneity: Tau?=0; Chi*=4.06, df=4(P=0.4); 1>=1.48%
Test for overall effect: Z=2.1(P=0.04)

FavoursINO  -20 -10 0 10 20 Favours control

Analysis 9.2. Comparison 9 Mean pulmonary arterial pressure
(mm Hg): INO versus control, Outcome 2 MPAP up to 48 hours.

Study or subgroup Experimental Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Dellinger 1998 72 31.5(6.9) 42 33.1(7) B 59.23% -1.6[-4.25,1.05)
Gerlach 2003 20 24 (5) 19 26 (7) - 28.28% -2[-5.84,1.84]
Mehta 2001 8 32(6) 6 31(5) —— 12.49% 1[-4.77,6.77]
Total *** 100 67 ¢4 100% -1.39[-3.43,0.65]
Heterogeneity: Tau?=0; Chi*=0.78, df=2(P=0.68); 1>=0%
Test for overall effect: Z=1.33(P=0.18) ‘ ‘ ‘ ‘

FavoursINO  -50 -25 0 25 50 Favours control
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Analysis 9.3. Comparison 9 Mean pulmonary arterial pressure
(mm Hg): INO versus control, Outcome 3 MPAP up to 72 hours.

Study or subgroup Experimental Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl

Dellinger 1998 63 31.6(6.9) 37 33.5(6.7) . 78.91% -1.9[-4.65,0.85]
Mehta 2001 6 30(5) 5 32(4) —‘+ 21.09% -2[-7.32,3.32]
Total *** 69 42 q 100% -1.92[-4.36,0.52]
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.97); 1>=0% ‘

Test for overall effect: Z=1.54(P=0.12) ‘

FavoursINO  -50 -25 0 25 50 Favours control

Analysis 9.4. Comparison 9 Mean pulmonary arterial pressure
(mm Hg): INO versus control, Outcome 4 MPAP up to 96 hours.

Study or subgroup INO Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Dellinger 1998 54 31(5.8) 30 33.7(7.5) I* 43.28% -2.7[-5.8,0.4]
Gerlach 2003 18 22 (3) 18 23(7) + 33.55% -1[-4.52,2.52]
Mehta 2001 6 30(2) 4 31(4) —+ 23.17% -1[-5.23,3.23]
Total *** 78 52 q 100% -1.74[-3.77,0.3]
Heterogeneity: Tau?=0; Chi*=0.66, df=2(P=0.72); 1>=0% ‘
Test for overall effect: Z=1.67(P=0.1) ‘
Favours experimental  -50 -25 0 25 50 Favours control
Comparison 10. Reversal of ALI: INO versus control
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants

1 Reversal of ALI

180

Risk Ratio (M-H, Fixed, 95% Cl)

1.13[0.88, 1.46]

Analysis 10.1. Comparison 10 Reversal of ALI: INO versus control, Outcome 1 Reversal of ALI.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Lundin 1999 57/93 47/87 +| 100% 1.13[0.88,1.46]
Total (95% Cl) 93 87 * 100% 1.13[0.88,1.46]
Total events: 57 (INO), 47 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.98(P=0.33) ‘

FavoursINO  0.01 0.1 1 10 100 Favours control
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Comparison 11. Methaemoglobin concentration > 5%: INO versus control

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Methaemoglobin > 5% 13 1275 Risk Ratio (M-H, Fixed, 95% Cl) 0.88[0.20, 3.79]

Analysis 11.1. Comparison 11 Methaemoglobin concentration
> 5%: INO versus control, Outcome 1 Methaemoglobin > 5%.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Day 1997 0/12 0/12 Not estimable
Dellinger 1998 3/120 1/57 —— 34.9% 1.43[0.15,13.4]
Dobyns 1999 0/53 0/55 Not estimable
Gerlach 2003 0/20 0/20 Not estimable
Ibrahim 2007 0/22 0/10 Not estimable
Lundin 1999 1/93 1/87 26.6% 0.94[0.06,14.73]
Mehta 2001 0/8 0/6 Not estimable
Michael 1998 0/20 0/20 Not estimable
Park 2003 0/17 0/6 Not estimable
Payen 1999 0/98 0/105 Not estimable
Schwebel 1997 0/9 0/10 Not estimable
Taylor 2004 0/192 1/193 B 38.51% 0.34[0.01,8.17]
Troncy 1998 0/15 0/15 Not estimable
Total (95% CI) 679 596 —l— 100% 0.88[0.2,3.79]
Total events: 4 (INO), 3 (Control)
Heterogeneity: Tau?=0; Chi?=0.53, df=2(P=0.77); 1>=0%
Test for overall effect: Z=0.18(P=0.86)

FavoursINO  0.01 0.1 1 10 100 Favours control

Comparison 12, NO, concentration >3 ppm: INO versus control

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 NO;, concentration >3 ppm 7 959 Risk Ratio (M-H, Fixed, 95% Cl)  3.36 [0.18, 63.89]

Analysis 12.1. Comparison 12 NO, concentration >3 ppm:
INO versus control, Outcome 1 NO, concentration >3 ppm.

Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dellinger 1998 3/120 0/57 + 100% 3.36[0.18,63.89]
FavoursINO ~ 0.001 0.1 1 10 1000 Favours control
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Study or subgroup INO Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dobyns 1999 0/53 0/55 Not estimable
Gerlach 2003 0/20 0/20 Not estimable
Ibrahim 2007 0/22 0/10 Not estimable
Mehta 2001 0/8 0/6 Not estimable
Payen 1999 0/98 0/105 Not estimable
Taylor 2004 0/192 0/193 Not estimable
Total (95% Cl) 513 446 —— 100% 3.36[0.18,63.89]
Total events: 3 (INO), 0 (Control)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.81(P=0.42) ‘ ‘ ‘
FavoursINO ~ 0.001 0.1 10 1000 Favours control
ADDITIONAL TABLES
Table 1. Details of included studies
Study Population and in- INO group charac-  Control Ventilation strategy Duration Co-inter-
clusion criteria teristics and de- group charac- of longest ventions
tails of INO admin- teristics follow-up
istration
Bronicki 53 children, 9 cen- 24 participants, 29 partici- CMV: low-volumetidal 28 days Prone posi-
2015 tres, oxygenationin- 5 ppm INO un- pants, 5 ppm strategy (4-8 mL/kg tion
dex (Ol) = 12; chest til death, ventila- nitrogen and plateau pressure
radiograph with pul-  tor-free or at day <30 cm H,0); PEEP
monary infiltrates; 28 after enrolment based on serial chest
mechanically venti- (whichever came radiographs. Target
lated = 7 days first) arterial blood gas val-
ues: Sa0, 88%-95%
with FiO, < 0.60; PaO,
55-80 mm Hg; pH
7.25-7.40
HFOV settings: based
on serial chest radi-
ographs (as CMV); tar-
get FiO, and PaO,
same as for CMV. FiO,
weaned over mean
airway pressure until
FiO, <0.60. Transfer to
CMV before weaning
Day 1997 24 children, 1 centre,  INO group: 12 par- 12 partici- Ventilation at clinician ~ Unclear, Not de-
acute bilateral lung ticipants, 10 ppm pants, initial- discretion. INO thera- only 24- scribed
disease (chest x-ray INO until ventila- ly conven- py withdrawn in grad-  hour data
infiltrates), PEEP > tory support de- tional thera- ual decrementsovera  included
6 cm H,0, Fi0,>0.5 creased to PEEP of py alone, no period of 6 hours because of
for>12 hours. Enrol- 6 cmH,0 and FiO, placebo. After cross-over
ment < 48 hours of of 0.5. INO with- 24 hours, all
meeting study crite-  drawn over6 hours  participants
ria received 10
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Table 1. Details of included studies (continued)

ppm INO. No
cross-over be-
fore 24 hours

Dellinger 177 adults, 30 cen- 120 participants at 57 partici- Ventilation strategy 28 days Corticos-
1998 tres, ARDS <72 hours  dosesof 1.25,5,20,  pants, usual and weaning of INO teroids re-
before randomiza- 40 or 80 ppm, for28  care, placebo standardized (plateau ceived by
tion, AECC criteria days or until extu- gas (nitrogen),  airway pressure <35 more par-
and FiO, = 0.5, PEEP bation no cross-over  c¢m H,0; PEEP to opti- ticipantsin
>8cmH,0 of treatment mize compliance, FiO, INO group
failures minimized) after day 6
(20/112vs
6/57)
Dobyns 108 children, 7 cen- 53 children, 10 ppm 55 children, Ventilation strategy Unclear, Not de-
1999; tres, oxygenationin-  for 3 days, then usual care, and weaning of gas ventilation  scribed
(Dobyns dex>15o0n 2 arte- weaned if failure placebo gas standardized (peak data re-
2002) rial blood gases < criteria not met. (air), cross- airway pressure < ported for
6 hours, chest infil- INO for maximum over of partici-  35-40 cm H50, tidal day 108
trates. Mean dura- of 7 days afterentry  pants meeting  volume limitation,
tion of ventilation treatment fail-  titrated PEEP, high-
before randomiza- ure criteria (27 frequency osci“atory
tion: 3.5 vs 3.7 days participants) ventilation by clinician
(INO vs control) discretion)
Gerlach 40 adults with ARDS 20 participants, 20 partici- Ventilation protocols,  Unclear, Standard
2003 (AECC criteria), Fi0, 2 10 ppm with dai- pants, usual unspecified length of care ac-
0.6, Pa0,/Fi0, <150 ly dose response care, no place- stay in ICU cording to
mm Hg, PEEP = 10 analysis until wean-  bo, no cross- reported standard-
cm H,0, PAOP < 18 ing initiated overs for day 91 ized proto-
. cols. Pro-
mm Hg, median du-
- S tocols for
ration of ventilation
before randomiza- prone po-
tion: 5.3 vs 5.9 days sition (4-6
(INO vs control) hours), ex-
tracorpo-
real mem-
brane oxy-
genation
(ECMO),
permis-
sive hyper-
capnia and
measures
to reduce
pulmonary
oedema
Ibrahim 32 children, sin- 22 children, INO + 10 partici- Lung protective strat- 24 hours Prone
2007 gle-centre, ARDS supine position (11~ pants kept egy (tidal volume 5-10 position
(Pa0,/Fi0; <200 mm  children) and INO+  in prone po- mL/kg), permissive hy- (11/22in
Hg, positive inspira- prone position (11 sition for 20 percapnia (PaCO, > 50 INO group
tory pressure 2 30cm patients). INO at 5 hours, then mm Hg) as [ong as ar- and 10/10
H,0, Fi0, = 0.5 for > ppm for 18 hours, back to supine  terial pH > 7.2. Ventila- in control
12 hours) then decreasedto1l  position for tion and weaning pro- group)
ppm for 2 hours remaining tocol
4 hours. No
placebo, usu-
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Table 1. Details of included studies (continued)

al care. No
cross-over
Lundin 80 adults, 43 centres, 93 participants, 87 partic- Ventilation strategy 90 days Not de-
1999 INO responders with  1-40 ppm INO at ipants, no and weaning test gas scribed
ALI (lung infiltrates, lowest effective placebo gas, according to usual
ventilated for 18-96 dose for up to 30 cross-over standards of care and
hours, PaO,/FiO; < days or until end of treatment at clinician discretion
165 mm Hg, PEEP > point reached. failures al-
5cm H,0, MAP > 10 Mean INO dose: 9 lowed (6 par-
cm H,0, pressure-or ~ PPM (SD 8), mean ticipants)
number of days of
volume-controlled .
ventilation, I:E ratio INO: 8 (SD 6)
between 1:2 and 2:1,
duration of ventila-
tion before random-
ization 0.75-4 days
Mehta 2001 14 adults, single-cen- 8 participants, daily Clinician discretion Unclear, Not de-
tre, ARDS <5 days, titration for 4 days mortality scribed.
bilateral chest infil- (5,10,20 ppm every 6 participants, data pro- Prone posi-
trates, PaO,/FiO, < 30 minutes), dose no Placgbo) vided at tion proto-
200 mm Hg, PAOP < with highest PaO/ conventional day 68 col but not
18cmH,0, PEEP=8  FiO,used untilnext  therapy-No used in any
cm H,0 day. INO until PaO,/ cross-overs participant
FiO, >200 mm Hg
on Fi0, <0.5. Mean
duration of INO:
8 days (SD9). INO
5-10 ppm used for
most participants
on days 2-4
Michael 40 adults and chil- 20 participants, Mode of ventilation Unclear, Not de-
1998 dren, single-centre. INO titration each 6 o unchanged through- dataon scribed
ARDS, AECC criteria hours (5,10, 15,20 20 partici- out study period with  ARDS dura-
except PaO,/FiO, < ppm) for 24 hours, pant.s, con- similar PEEP between  tion provid-
150 mm Hg and Fi0,  thenclinically ad- ventional groups for 72 hours. ed for day
>0.8for=12 hoursor Justed, tapered if therapy. No Pre-defined criteriafor 25
0.65 for = 24 hours no oxygenationim-  Placebo gas. clinical deterioration,
provement by 72 Cross-over: 2 clinician discretion
hours. Mean INO participants
dose: 13 ppm received INO
before and 7
participants
after 72 hours
Park 2003 23 adults, single-cen- 6 participants re- 6 participants, Ventilation protocol 28 days Not de-
tre, ARDS (AECC cri- ceived INO 5 ppm. convention- (LRM + inflation pres- scribed.
teria) Mean duration of al therapy, sure of 30-35 cm H,0 Prone posi-
INO treatment: 8.2 lung recruit- for 30 seconds, vol- tion proto-
days ment ma- ume control mode, col but not
noeuvre (LRM)  tidal volume 6 mL/kg/ used in any
twice daily, ideal body weight, res- participant
no placebo piratory rate 20-25/

gas. No cross-
overs

min, plateau airway
pressure<30cm
H,0, PEEP to opti-
mize Pa0,, FiO5 mini-
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Table 1. Details of included studies (continued)

mized), weaning pro-
tocol

Payen 1999 203 adults, 23 cen- 98 participants, 105 partici- Various ventilation 90 days Not de-
tres,> 15 years, ARDS  fixed INO of 10 ppm  pants, place- guidelines (e.g. re- scribed
(AECC criteria and until oxygenation bo gas (nitro- cruitment manoeu-
Murray lung injury and PEEP criteria gen), conven-  vres, prone position,
score: 2-3 after 24- met with median tional thera- limited tidal volume,
hour optimization INO administration ~ py. 19 partici-  peak and plateau in-
period), mean dura- of 5 days. 12 partici-  pantscrossed  spiratory pressures)
tion of ventilation pants crossed over over to INO applied before ran-
before randomiza- to control group group owing domization. No infor-
tion: 5.3 vs 5.9 days owing to treatment  to treatment mation after random-
(INO vs control) failure failure ization
Schwebel 19 participants, 17 9 participants, 10 10 partici- Fixed mechanical ven-  Unclear Not de-
1997 centres, ARDS < 24 ppm INO for 17 pants, place- tilation. If PaO,/FiO, < scribed
hours, Pa0O,/FiO, < hours followed by bo gas (nitro- 100 before 17 hours of
200, PEEP 6-10 cm clinician discretion.  gen), conven-  treatment, cross-over,
H,0, PAOP 10-18cm  Mean INO treat- tional thera- thereafter INO or oth-
H,0, chest x-ray infil- ~ Ment: 4.6 days py. At least 5 er technic or change
trates participants in respiratory parame-
crossed over ters
to INO
Taylor 385 adults, 46 cen- 192 participants, 5 193 partici- Ventilation proto- 1year Prone po-
2004; (An- tres, ALl < 3 days of ppm INO until oxy- pants, place- col (FiO, minimized, sition (INO
gus 2006) duration, modified genation and PEEP bo (nitrogen PEEP to optimize com- 10/192 vs
AECC criteria: PaO,/ criteria met or un- gas), until pliance and prevent control
Fi0, <250, bilateral ~tilend of trial (28 end of trial shear force injury, 14/193)
infiltrates on x-ray, days) (28 days), no plateau pressure <
PAOP < 18 mm Hg or Cross-overs, 35 cm H,0). Weaning
no signs of left atrial conventional  protocol
hypertension, FiO, therapy
0.5-0.950r PEEP =8
cm H,0
Troncy 30 participants, sin- 15 partic- Ventilation protocol 30 days Protocols
1998 gle-centre, ARDS, o ipants, no (tidal volume: 10 mL/ for seda-
Murray lung injury 15 participants, placebo gas, kg, PaCO, < 35-45 mm tion, cu-
score=2.5 dose titration (2.5, convention- Hg, PEEP < 15 cm H,0, rariza-
5,10,20,30,40 altherapy,no  pa0. > 85 mm Hg, no tion, in-
ppmevery 10 min-  cross-overs " travenous
utes), daily re-titra- prone position). Wean- perfu-
tion. Mean duration ing protocol sion, blood
of INO: 8 days (SD transfu-
5), mean dose: 5.3 sion, par-
ppm enteral
or enter-
al feeding.
Prone posi-
tion proto-
col but not
used in any
participant

AECC: American-European Consensus Conference; ALI: acute lung injury; ARDS: acute respiratory distress syndrome; cm: centimetre; cm
H,0: centimetre of water; CMV: continuous mandatory ventilation; ECMO: extracorporeal membrane oxygenation; FiO,: fraction of inspired

Inhaled nitric oxide for acute respiratory distress syndrome (ARDS) in children and adults (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

64


http://archie.cochrane.org/sections/documents/#STD-Payen-1999
http://archie.cochrane.org/sections/documents/#STD-Schwebel-1997
http://archie.cochrane.org/sections/documents/#STD-Schwebel-1997
http://archie.cochrane.org/sections/documents/#STD-Taylor-2004
http://archie.cochrane.org/sections/documents/#STD-Taylor-2004
http://archie.cochrane.org/sections/documents/#REF-Angus-2006
http://archie.cochrane.org/sections/documents/#REF-Angus-2006
http://archie.cochrane.org/sections/documents/#STD-Troncy-1998
http://archie.cochrane.org/sections/documents/#STD-Troncy-1998

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

oxygen; HFOV: high-frequency oscillatory ventilation; ICU: intensive care unit; I:E: ventilator inspiratory-to-expiratory time ratio; INO:
inhaled nitric oxide; LRM: lung recruitment manoeuvre; MAP: mean arterial pressure; min: minutes; mL/kg: millilitres per kilogram; mm
Hg: millimetre of mercury; Ol: oxygen index; PaCO,: partial pressure of carbon dioxide in arterial blood; PaO,: partial pressure of oxygen
in arterial blood; PAOP: pulmonary artery occlusion pressure; PEEP: positive end-expiratory pressure; pH: potential hydrogen; ppm: parts
per million; Sa0,: arterial oxygen saturation; SD: standard deviation; vs: versus; x-ray: chest radiography

Table 2. Complications during in-patient stay: INO versus control, single-study analyses

Subgroup analysis  Study Participants Statistical method Effect estimate
Hypertension Dellinger 1998 177 Risk ratio (M-H, fixed, 95% Cl) 0.16[0.01, 3.86]
Myopathy/Agitation  Dellinger 1998 177 Risk ratio (M-H, fixed, 95% Cl) 1.44[0.06, 34.76]
Liver impairment Dellinger 1998 177 Risk ratio (M-H, fixed, 95% Cl) 1.44[0.06, 34.76]
Encephalopathy Lundin 1999 180 Risk ratio (M-H, fixed, 95% Cl) 6.55[0.34, 125.07]
Sepsis Lundin 1999 180 Risk ratio (M-H, fixed, 95% Cl) 2.18[0.58, 8.18]
Myocardial infarc- Michael 1998 40 Risk ratio (M-H, fixed, 95% Cl) 3.00[0.13,69.52]
tion

Infection Taylor 2004 385 Risk ratio (M-H, fixed, 95% Cl) 1.62[1.16, 2.26]
Pneumonia Taylor 2004 385 Risk ratio (M-H, fixed, 95% Cl) 0.80[0.52, 1.22]

Table 3. Oxygenation index: INO versus control, single-study analyses

Subgroup analysis Study Participants Statistical method Effect estimate

Oxygenation index at 72 hours Dellinger 1998 134 Mean difference (1V, fixed, -4.00 [-7.69, -0.31]
95% Cl)

Oxygenation index change from Dobyns 1999 108 Mean difference (1V, fixed, 5.00[-1.21,11.21]

baseline up to 24 hours 95% Cl)

Table 4. Resolution of multi-organ failure, INO versus control, single-study analyses

Subgroup analysis  Study Participants Statistical method Effect estimate

TISS score Taylor 2004 385 Mean difference (1V, fixed, 95% ClI) 4.60 [-57.24, 66.44]

TISS score: Therapeutic Intervention Scoring System

Table 5. Quality of life assessment: INO versus control, single-study analyses

Subgroup analysis Study Participants Statistical method Effect estimate
ADL score at 6 months: INO vs Taylor 2004 368 Mean difference (IV, fixed, 95% -1.00 [-5.09, 3.09]
control Cl)
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Table 5. Quality of life assessment: INO versus control, single-study analyses (continued)

ADL score at 12 months: INO vs Taylor 2004 368 Mean difference (IV, fixed, 95% -2.00 [-5.07, 1.07]
control Cl)

ADL = activity of daily living

Table 6. Length of stay in ICU and hospital: INO versus control, single-study analyses

Subgroup analysis Study Participants Statistical method Effect estimate
Number of days in hospital Taylor 2004 368 Mean difference (IV, fixed, 95% Cl) 0.10[-4.51,4.71]
Mean length of stay in ICU Taylor 2004 368 Mean difference (IV, fixed, 95% Cl) 1.40[-1.99, 4.79]

ICU: intensive care unit

Table 7. Cost-benefit analysis: INO versus control, single-study analyses

Subgroup analysis Study Participants Statistical method Effect estimate
Total hospital costin USS  Taylor 2004 312 Mean difference (1V, fixed, 95% Cl) 700.00 [-9595.70,
10995.70]

Table 8. Mortality: INO versus control group, single-study analyses

Subgroup analysis Study Participants Statistical method Effect estimate
Mortality, primary lunginjury ~ Troncy 1998 10 Risk ratio (M-H, fixed, 95% Cl) 1.00[0.58,1.72]
Mortality, secondary lungin-  Troncy 1998 20 Risk ratio (M-H, fixed, 95% Cl) 1.14[0.69, 1.90]
jury

Mortality Bronicki 2015 53 Relative risk (95% Cl) 0.28[0.06,1.19]

Table 9. Abbreviations

Abbreviations

ADL: activity of daily living; AECC: American-European Consensus Conference; AHRF: acute hypoxaemic respiratory failure; ALI: acute
lung injury; APACHE score: Acute Physiology and Chronic Health Evaluation score; APHIS: a priori heterogeneity adjusted informa-
tion size; ARDS: acute respiratory distress syndrome; BMJ: British Medical Journal; Cl: confidence interval; CINAHL: Cumulative In-
dex to Nursing and Allied Health Literature; cm: centimetre; CMV: conventional mechanical ventilation; COPD: chronic obstructive
pulmonary disease; ECMO: extracorporeal membrane oxygenation; FiO,: fraction of inspired oxygen; HFOV: high-frequency oscilla-
tory ventilation; ICU: intensive care unit; I:E ratio: inspiratory:expiratory ratio; INO: inhaled nitric oxide; ITT: intention-to-treat analy-
sis; LBHIS: low bias heterogeneity adjusted information size; LILACS: Latin American Caribbean Health Sciences Literature; LRM: lung
recruitment manoeuvre; MAP: mean arterial pressure; min: minutes; mL/kg: millilitres per kilogram; MPAP: mean arterial pulmonary
pressure; ng: nanogram; NO: nitric oxide; NO,: nitrogen dioxide; PaCO,: partial pressure of carbon dioxide in arterial blood; PaO,:
partial pressure of oxygen in arterial blood; PAOP: pulmonary artery occlusion pressure; PEEP: positive end-expiratory pressure; P/

F ratio: Pa0O,/FiO,; ppm: parts per million; PVR: pulmonary vascular resistance; QWB: quality of well being scale; RCT: randomized
controlled trial; RD: risk difference; RR: risk ratio; RRI: relative risk increase; RRR: relative risk reduction; SVR: systemic vascular resis-
tance; TSA: trial sequential analysis; WMD: weighted mean difference
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APPENDICES

Appendix 1. Search strategy

Database

Search strategy

CENTRAL

#1 MeSH descriptor Anoxia explode all trees

#2 MeSH descriptor Respiratory Paralysis explode all trees

#3 MeSH descriptor Respiratory Insufficiency explode all trees

#4 MeSH descriptor Respiratory Distress Syndrome, Adult explode all trees

#5 MeSH descriptor Respiratory Distress Syndrome, Newborn explode all trees
#6 (Acute near (hypox* or respiratory)):ti,ab

#7 (respirat™ near (distress or failure)):ti,ab

#8 lung injury

#9 (hypoxia or hypoxemia):ti

#10 AHRF or ARDS or ALI

#11 (#1 OR #2 OR#3 OR # OR #5 OR #6 OR #7 OR #8 OR #9 OR #10)

#12 MeSH descriptor Nitric Oxide explode all trees

#13 MeSH descriptor Endothelium-Dependent Relaxing Factors explode all trees
#14 Nitric near oxide

#15 (#12 OR #13 OR #14)

#16 (#11 AND #15)

EMBASE (Ovid SP)

. exp respiratory-distress/

. exp acute-respiratory-tract-disease/

exp acute-respiratory-failure/

. exp adult-respiratory-distress-syndrome/
. exp neonatal-respiratory-distress-syndrome/
. exp acute-lung-injury/

. exp idiopathic-respiratory-distress-syndrome/
. exp transfusion-related-acute-lung-injury/
. exp hypoxemia/ or hypoxia/

10. (Acute adj3 (hypox* or respirator*)).mp.
11. (respirat* adj3 (distress or failure)).mp.
12. lung injury.mp.

13. (hypoxia or hypoxemia).ti.

14. (AHRF or ARDS or AL).mp.

15.0r/1-14

16. nitric-oxide/

17. endothelial?derived relax*.mp.

18. Endothelium?Dependent Relax*.mp.

19. Nitric oxide.ti,ab.

20.0r/16-19

21.20and 15

©WONOUAWNRF

22. (placebo.sh. or controlled study.ab. or random*.ti,ab. or trial*.ti,ab.) and human*.ec,hw;fs.

23.22and 21

ISI Web of Science and

BIOSIS Previews

#1TS=(Respirat* SAME Insufficiency) or TS=(Respirat* SAME Paralysis) or TS=(Respirat* SAME Dis-
tress*) or TS=(Respirat* SAME failure) or TS=(Anoxemia or Anoxia) or TS=(Acute SAME hypox*) or

TS=(Acute SAME respiratory) or TS=(lung injur*) OR TS=(AHRF or ARDS or ALI)
#2 TS=(nitric oxide) or TS=(Endothel* SAME Depend* SAME Relaxi*)

#3#2 AND #1

#4 TS=random* or TS=placebo or TS=(controlled trial*)

#5 #4 AND #3
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(Continued)

LILACS (via BIREME) ("RESPIRATORY DISTRESS" or "RESPIRATORY INSUFFIENCY" or ((lesion$ or ferimento) and pulm
$) or ((insuficiéncia or escasez) and respirat$) or (sindrome de distress respiratorio agudo) or (dis-
tress and sindrome) or (SDRA or VAFO or ARDS) or (alta frecuencia oscilatoria) or (lung and injury)
or (AnoxS$) or (Acute and (hypox$ or respirator$))) and (nitric$ and oxid$)

MEDLINE (Ovid SP) 1. Anoxia/ or Anoxemia/ or exp Respiratory-Paralysis/ or exp Respiratory-Insufficiency/ or exp Res-
piratory-Distress-Syndrome-Newborn/ or exp Respiratory-Distress-Syndrome-Adult/ or (Acute adj3
(hypox* or respiratory)).mp. or (respirat* adj3 (distress or failure)).mp. or lung injury.mp. or (hypox-
ia or hypoxemia).ti,ab. or (AHRF or ARDS or ALI).mp.
2. exp nitric-oxide/ or exp Endothelium-Dependent-Relaxing-Factors/ or (Nitric adj3 oxide).mp.
3. ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or
clinical trials as topic.sh. or randomly.ab. or trial.ti.) and humans.sh.
4.1land2and3

CINAHL (EBSCO host) S1 MW Anoxia
S2 MW Anoxemia
S3 (MH "Respiratory Failure+")
S4 (MH "Respiratory Distress Syndrome+") or (MM "Respiratory Distress Syndrome, Acute")
S5 Acute and (hypox* or respiratory)
S6 respirat* and (distress or failure)
S7 TX lung injury
S8 Tl hypoxia or hypoxemia
S9 TX AHRF or ARDS or ALI
S10 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9
S11 (MM "Nitric Oxide")
S12 TX Nitric oxide
S13S11o0rS12
S$14 S10 and S13
S15 ("random") or (MH "Random Assignment") or (MM "Random Sample+") or (MM "Clinical Tri-
als+")
S16 (MM "Double-Blind Studies") or (MM "Single-Blind Studies") or (MM "Triple-Blind Studies") or
(MM "Concurrent Prospective Studies")
S17 (MM "Placebos")
S18 TX placebo* or random*
S19 Tl trail*
S20 S150r S16 or S17 or S18 or S19
S21S14 and S20

Appendix 2. Assessment of risk of bias in included studies
1. Random sequence generation

Assessment of randomization: sufficiency of the method in producing two comparable groups before intervention.

Grade:’low risk’: a truly random process (e.g. random computer number generator, coin tossing, throwing dice); ’high risk’: any non-random
process (e.g. date of birth, date of admission by hospital or clinic record number or by availability of the intervention); or ’unclear risk’:
insufficient information.

2. Allocation concealment

Allocation method prevented investigators or participants from foreseeing assignment.

Grade: ’low risk’: central allocation or sealed opaque envelopes; ’high risk’ use of open allocation schedule or other unconcealed
procedure; or 'unclear risk’: insufficient information.

3. Blinding

Assessment of appropriate blinding of the team of investigators and participants: person responsible for participant care, participants and
outcome assessors.
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Grade: ’low risk’: blinding considered adequate if participants and personnel were kept unaware of intervention allocations after inclusion
of participants into the study, and if the method of blinding involved a placebo indistinguishable from the intervention, as mortality is an
objective outcome; ’high risk’: not double-blinded, categorized as an open-label study, or without use of a placebo indistinguishable from
the intervention; ‘unclear risk’: blinding not described.

4. Incomplete outcome data

Completeness of outcome data, including attrition and exclusions.

Grade: ’low risk’: numbers and reasons for dropouts and withdrawals in the intervention groups described, or no dropouts or withdrawals
specified; ’high risk’: no description of dropouts and withdrawals provided; 'unclear risk’: report gave the impression of no dropouts or
withdrawals, but this was not specifically stated.

5. Selective reporting
The possibility of selective outcome reporting.

Grade: ’low risk’: reported outcomes are pre-specified in an available study protocol, or, if this is not available, published report
includes all expected outcomes; ’high risk’: not all pre-specified outcomes reported, reported using non-pre-specified subscales, reported
incompletely or report fails to include a key outcome that would have been expected for such a study; 'unclear risk’: insufficient
information.

6. Funding bias

Assessment of any possible funding bias:
Grade: ’low risk’: reported no funding, funding from universities or public institutions; ’high risk’: funding from private investors,
pharmaceutical companies or trial investigator employed by the pharmaceutical company; 'unclear risk’: insufficient information.

7. Other bias

Assessment of any possible sources of bias not addressed in domains 1 to 6.

Grade: ’low risk’: report appears to be free of such biases; ’high risk’: at least one important bias is present that is related to study
design, early stopping because of some data-dependent process, extreme baseline imbalance, academic bias, claimed fraudulence or
other problems; or 'unclear risk’: insufficient information, or evidence that an identified problem will introduce bias.

Appendix 3. Bias assessment of mortality: INO versus control (sensitivity analysis)

Outcome Studies Participants Statistical Method Effect Estimate
Sensitivity analysis based 13 1243 Risk Ratio (M-H, Fixed, 95% Cl) 1.04[0.90,1.19]
on random sequence gener-

ation

- Adequate 6 1014 Risk Ratio (M-H, Fixed, 95% Cl) 1.06[0.91, 1.23]
- Inadequate or unclear 7 229 Risk Ratio (M-H, Fixed, 95% CI) 0.91[0.62, 1.35]
Sensitivity analysis based 12 911 Risk Ratio (M-H, Fixed, 95% Cl) 1.04[0.89,1.21]

on allocation concealment

- Adequate 6 727 Risk Ratio (M-H, Fixed, 95% Cl) 1.06[0.89, 1.25]
- Inadequate or unclear 6 184 Risk Ratio (M-H, Fixed, 95% Cl) 0.94 [0.65, 1.38]
Sensitivity analysis based 13 1243 Risk Ratio (M-H, Fixed, 95% CI) 1.04[0.90, 1.19]
on blinding
- Adequate 6 892 Risk Ratio (M-H, Fixed, 95% CI) 0.99[0.83, 1.18]
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- Inadequate or unclear 7 351 Risk Ratio (M-H, Fixed, 95% Cl) 1.14[0.89, 1.44]
Sensitivity analysis based 13 1243 Risk Ratio (M-H, Fixed, 95% Cl) 1.04[0.90,1.19]
on degree of follow-up
- Adequate 11 1116 Risk Ratio (M-H, Fixed, 95% Cl) 1.04[0.90, 1.21]
- Inadequate or unclear 2 127 Risk Ratio (M-H, Fixed, 95% CI) 0.95[0.61, 1.47]
Sensitivity analysis based 13 1243 Risk Ratio (M-H, Fixed, 95% CI) 1.04[0.90, 1.19]
on sample size calculation
and early stopping
- Adequate 5 766 Risk Ratio (M-H, Fixed, 95% Cl) 1.05[0.88, 1.25]
- Inadequate or unclear 8 477 Risk Ratio (M-H, Fixed, 95% Cl) 1.01[0.81,1.27]

Appendix 4. Definition of variables and outcome measures and abbreviations in included studies

Outcome measure/ Definition

variable/ abbreviation

Studies

Oxygenation index 100 x mean airway pressure/(Pa0,/FiO,)

or

(mean airway pressure x FiO, x 100)/systemic arterial oxygen tension

Bronicki 2015; Day 1997;
Dellinger 1998; Dobyns
1999; Ibrahim 2007

PaOz/FiOZ

Partial pressure of arterial oxygen/fraction of inspired oxygen

Day 1997; Dellinger 1998;
Dobyns 1999; Gerlach
2003; Ibrahim 2007;
Lundin 1999; Mehta 2001;
Michael 1998; Park 2003;
Schwebel 1997; Troncy
1998

Reversal of ALI Ability to maintain PaO, =11 kPa if < 60 years and PaO, = 10 kPa if > 60 with Lundin 1999
FiO, <0.35 and PEEP <5 cm H,0;
On ventilator/mask CPAP system, PEEP <5 cm H,0, PaO,/FiO, > 31 kPa if <
60 years and Pa0,/FiO, > 29 kPa if > 60 years

Severe respiratory fail- Defined as FiO, 1.0 with PaO, < 8 kPa for at least 8 hours, pressure-con- Lundin 1999

ure

trolled ventilation (rate 5 to 30 beats/min), peak airway pressure =20 cm
H,0, mean airway pressure >10 cm H,0; or as FiO, > 0.9 with PaO, < 8 kPa

in 3 blood gas analyses (4 hours apart), pressure-controlled/limited ventila-
tion (rate 5-30), PEEP = 10 cm H,0, mean airway pressure =20 cm H,0; or 2

arterial blood gases 2 hours apart at FiO, = 1.00, resulting in PaO, <6 kPa

Renal dysfunction

New renal replacement therapy + new raised creatinine concentration (>
300 umol/L) or creatinine concentration > 177 pmol/L or 2 265 pmol/L

Dellinger 1998; Lundin
1999; Payen 1999; Taylor
2004
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Liver impairment Bilirubin 2 0.4 mg/dL, platelets < 50 x 103/mm3 and prothrombin time > 1.5  Dellinger 1998
times normal
ADL score Activity of daily living scale Angus 2006 (Taylor 2004)
TISS score Therapeutic Intervention Scoring System Angus 2006 (Taylor 2004)
AECC criteria American-European Consensus Conference criteria for ALI and ARDS Dellinger 1998; Dobyns

1999; Gerlach 2003;
ARDS: acute non-cardiogenic pulmonary oedema, acute severe hypoxaemia  |prahim 2007; Lundin

(Pa0,, to FiO, ratio (P/F ratio) < 200, bilateral infiltrates on chest radiogra- 1999; Mehta 2001; Michael
phy, pulmonary artery occlusion pressure (PAOP) < 18. ALl = hypoxia score 1998; Park 2003; Payen
200-300 mm Hg + ARDS criteria 1999; Schwebel 1997;
Troncy 1998
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