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Executive Summary 

Background
Acute Respiratory Distress Syndrome (ARDS) is a syndrome of inflammation 
and injury to the lung that has a number of causes. The end result of the 
syndrome is the presence of persistently low levels of oxygen in the blood, 
which may lead to other organ system injury and dysfunction. People afflicted 
with ARDS are among the most acutely ill and highly unstable groups cared 
for in the adult intensive care unit. Treatment strategies are directed at the 
initial cause of ARDS as well as at supportive care. Advances in conventional 
management and knowledge about the pathophysiology of ARDS have 
resulted in improvements in outcomes over the past 20 to 30 years. However, 
because of limitations with these conventional management strategies, 
clinicians are frequently forced to consider the use of other non-conventional 
strategies to improve oxygen delivery.

Nitric oxide is one of the non-conventional strategies used as a last-resort 
therapy in ARDS. When inhaled, it produces changes within the lung 
that reduce the blood pressure and help to improve the amount of oxygen 
transferred into the blood. The potential degree of improvement depends on 
a number of factors and, in some cases (approximately 40% of patients), there 
is no response at all. Health Canada and the Food and Drug Administration in 
the United States have not approved nitric oxide for use in adults with ARDS, 
and therefore it is considered experimental. 

Objectives
This report will examine the published scientific evidence regarding the 
safety and efficacy of inhaled nitric oxide (iNO) in the management of 
hypoxemic respiratory failure in adult ARDS patients. The goal of this 
project is to produce new insights on the use of this experimental therapy. 
Therefore, the information provided may provide the support for a more 
selective allocation of this therapy in the Calgary Health Region and in 
other healthcare jurisdictions.  

Methodology
The systematic review, primary and follow-up studies, and background 
information were identified by systematically searching The Cochrane 
Library, National Health Service Centre for Reviews and Dissemination 
databases (Economic Evaluation Database, HTA, Database of Abstracts 

iv
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of Review of Effects), PubMed, EMBASE, CINAHL, and Web of Science, 
as well as relevant practice guidelines resources, regulatory agencies, 
evidence-based resources, and other health technology assessment (HTA) 
agency resources from 1999 to November 2006. Search was limited to 
English language, human studies in adults. There was no assessment for 
methodological quality for the randomized controlled trials (RCTs) included 
in this report.  

Results
No published HTAs or clinical practice guidelines for the use of iNO  
in this population were identified.

The results from one systematic review, five RCTs, and one follow-up  
study indicate that there is now more evidence to suggest that using iNO  
in ARDS does not translate into improvements in mortality as compared  
to conventional management with or without placebo.  

Conclusions and Recommendations
People with ARDS from a non-pulmonary infection source (such as sepsis) 
and those with multiorgan failure or an irreversible underlying condition have 
poor outcomes in general. iNO in this population does not appear to alter 
outcomes, and therefore its use should be reconsidered. 

A transient improvement in oxygenation can be expected in approximately 
60% of people who receive iNO early in the progression of ARDS (within 
72 hours). This improvement, when present, is typically evident within 10 
minutes from initiation of the therapy, and may be present for up to 48 hours. 
Beyond this time, continued use should be re-evaluated on the basis of the 
patient’s current condition, including an assessment for potential complications. 

iNO should be used in concentrations of less than 40 parts per million (ppm), 
with the best available evidence indicating a range of 5 to 10 ppm as being 
most effective (when there is a response in oxygenation present). Daily dose 
assessment or challenges should be conducted throughout the duration of use 
in order to re-establish optimal dosing. Discontinuation of iNO in a stepwise 
approach should be conducted if there is no ongoing positive response in 
oxygenation or in intensity of ventilation. 

v
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The use of iNO is not without potential and serious complications. Although 
the incidence of serious complications was not clinically significant in the 
studies presented, one must not forget that even a slight complication in a 
critically ill ARDS patient can have serious results. While there have been 
suggestions that iNO may be considered as a last resort in the most severely 
refractory hypoxemic patients to obviate the need for more expensive 
therapeutic options such as extracorporeal membrane oxygenation; the degree 
of benefit in this population however has yet to be studied and therefore has 
not been established. 

Glossary 
Barotrauma – High mechanical ventilatory pressures in the lung causing 
alveolar rupture and subsequent pneumothorax

Biotrauma – A biological response to the lung damage caused by barotrauma 
and volutrauma resulting in a systemic inflammatory response similar to that 
seen in sepsis

Compliance – The distensibility of an elastic structure (the lung)

Dyspnea – Difficulty breathing

Hypoxemia – Insufficient levels of oxygen in the blood

Oxygenation index – Fraction of inspired oxygen (FiO2) x Mean airway 
pressure/Partial pressure of arterial oxygen (PaO2). This measurement 
provides an assessment of the intensity of ventilation in addition to 
measurements of oxygenation.

Plateau Pressure – Ventilation pressure measured at end inspiration with 
breath hold

Refractory hypoxemia – Persistent hypoxemia unresponsive to increasing FiO2

Tachypnea – Rapid breathing

Tidal volume – Volume of air received during mechanical ventilation 

Volutrauma – Overdistension of the alveoli during mechanical ventilation, 
resulting in capillary and epithelial injury

vi
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Introduction

This report was prepared in collaboration with the Health Technology 
Assessment program of the Institute of Heath Economics, SEARCH Canada, 
and Calgary Health Region. It focuses on the published scientific evidence 
regarding the safety and efficacy of inhaled Nitric Oxide (iNO) in the 
management of hypoxemic respiratory failure in adult patients with acute 
respiratory distress syndrome (ARDS). This report also includes local context 
data from the Calgary Health Region regarding outcomes from ARDS, and 
utilization of iNO therapy. 

The purpose of this report is to examine the scientific evidence on the use 
of iNO in this population with the goal of producing new insights regarding 
the optimal use of this experimental therapy. These insights are relevant to 
all regional health authorities in Alberta and Canada who care for ARDS 
patients. Therefore, the information provided within this document may 
provide the impetus and support for optimizing the use of this therapy in 
other jurisdictions. 

Background

Definitions of Acute Lung Injury and ARDS
Acute lung injury (ALI) is defined as a “syndrome of inflammation and 
increased permeability that is associated with a constellation of clinical, 
radiographic, and physiological abnormalities that cannot be explained by, 
but may coexist with, left atrial or pulmonary capillary hypertension”.1 The 
term ARDSi is reserved for the most severe form of ALI, therefore ALI is a 
precursor to the development of ARDS. Thus, all patients with ARDS have an 
ALI, but not all patients with ALI have ARDS.1

The most widely accepted definition of and distinction between ALI and 
ARDS comes out of the 1992 American-European Consensus Conference, 
and focuses on the chest radiograph, the exclusion of cardiogenic etiological 
factors, and an evaluation of an oxygenation score for specific diagnosis (see 
Table 1).1 Prior to this conference, Murray and colleagues2 proposed the 
addition of a lung-injury scoring system to expand on the original description 
of ARDS by Ashbaugh and colleagues.3 This “Murray” scoring system was 
designed to quantify the degree of physiological respiratory impairment with 
the use of a four-point scoring system based on the level of positive end 
expiratory pressure (PEEP), partial pressure of arterial oxygen to the fraction 
of inspired oxygen ration (PaO2/FiO2), static lung compliance, and degree of 
pulmonary infiltration seen on chest radiograph (see Table 2)

i  ARDS was originally referred to as “adult” respiratory distress syndrome; however, since the syndrome 
is not limited to adults the term “acute” is preferred.1
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Table 1: Recommended criteria for ALI and ARDS

Timing Oxygenation Chest Radiograph
Pulmonary Artery  
Wedge Pressure

Ali 
Criteria

Acute onset PaO2/FiO2 ratio  
≤ 300 mm Hg
(regardless of  
PEEP level)

Bilateral infiltrates 
seen on frontal chest 
radiograph

≤ 18 mm Hg when 
measured, or no evidence 
of left atrial hypertension 
during clinical assessment

ARDS 
Criteria

Acute onset PaO2/FiO2 ratio  
≤ 200 mm Hg

(regardless of  
PEEP level)

Bilateral infiltrates 
seen on frontal chest 
radiograph

≤ �8 mm Hg when 
measured, or no evidence 
of left atrial hypertension 
during clinical assessment

From Bernard et al.� 
ALI: Acute Lung Injury, ARDS: Acute Respiratory Distress Syndrome, PaO2/FiO2: Partial pressure of 
arterial oxygen to the fraction of inspired oxygen ratio, mm Hg: millimeters of mercury, PEEP: Positive 
end expiratory pressure

Table 2: Components and individual values of the lung injury score

Value

� Chest radiograph score:

No alveolar consolidation

Alveolar consolidation confined to � quadrant

Alveolar consolidation confined to 2 quadrants

Alveolar consolidation confined to 3 quadrants

Alveolar consolidation in all 4 quadrants

0

1

2

3

4

2 Hypoxemia score:

PaO2/FiO2

PaO2/FiO2

PaO2/FiO2

PaO2/FiO2

PaO2/FiO2

≥ 300

225 - 299

175 - 224

100 - 174

< 100

0

1

2

3

4
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Table 2: Components and individual values of the lung injury score (continued)

Value

3 PEEP score (when ventilated):

PEEP

PEEP

PEEP

PEEP

PEEP

≤ 5 cm H2O

6 - 8 cm H2O

9 - 11 cm H2O

12 - 14 cm H2O

≥ �5 cm H2O

0

1

2

3

4

4 Respiratory system compliance score (when available):

Compliance

Compliance

Compliance

Compliance

Compliance

≥ 80 mL/cm H2O

60 - 79 mL/cm H2O

40 - 59 mL/cm H2O

20 - 39 mL/cm H2O

≤ �9 mL/cm H2O

0

1

2

3

4

The final value is obtained by dividing the aggregate sum by the number of components that were used

Score

No lung injury

Mild to moderate lung injury

Severe lung injury (ARDS)

0

0.1 – 2.5

> 2.5

Adapted From Murray et al2

PaO2/FiO2: Partial pressure of arterial oxygen to the fraction of inspired oxygen ratio; PEEP:  
Positive end expiratory pressure

There are advantages and disadvantages to both the Murray lung-injury 
score and the consensus conference definitions in terms of variability in the 
interpretation of chest radiographs and the extent to which they predict 
outcomes in the presence of other organ system involvement and in the early 
stages of ARDS. Nonetheless, it is currently recommended that clinicians use 
the American-European Consensus Conference definition alone or perhaps 
in conjunction with the Murray lung-injury score to allow for a standardized 
methodology in the comparison of ARDS patients enrolled in clinical studies.4,5

Apart from the lesser degree of hypoxemia in ALI, the clinical features are  
the same for both ALI and ARDS and include (adapted from Marini6):

1. Non-cardiogenic pulmonary edema as identified by bilateral infiltrates  
on chest radiograph

2. Delay of 24 to 48 hours between the precipitating event and rapidly 
developing dyspnea

3. Reduced lung compliance
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4. Markedly reduced aerated lung volume

5. Hypoxemia refractoryii to modest levels of inspired oxygen and PEEP levels

6. Delayed resolution of these signs and symptoms

For the remainder of this report, the term ARDS will be used since it includes 
all the components of ALI. The only exception will be in situations where 
distinction between the two syndromes is required. 

Incidence of ARDS
The incidence of ARDS varies within the medical literature and country 
of origin. Published rates may under-report true incidence rates as a 
result of differences in diagnostic criteria and disease classification. Whole 
number estimates in the United States indicate that there may be as many 
as between 15,000 to 200,000 cases per year.5,12 Per capita estimates within 
various countries have varied significantly over the past 25 years from an 
initial estimate of 75 cases per 100,000 population per year to a low of 1.5 
cases per 100,000 population per year.7-10,14,27 More recent estimates suggest 
that the incidence of ALI is 20 to 50 cases per 100,000 population per year, 
with 75% to 82% of these cases meeting the ARDS criteria as defined by the 
American-European Consensus Conference definition.5 Currently, there 
are no published data regarding the incidence and overall mortality rate for 
ARDS patients in Canada.  

Etiology of ARDS
It is important to appreciate that ARDS is not a disease in and of itself, but 
rather, the signs and symptoms of a pathophysiological response to a lung 
injury. The etiology of ARDS is typically classified into two categories: 
causes that result in direct injury to the lung cells (such as aspiration of 
gastric contents) and causes that result in indirect injury to the lung from a 
systemic process, most commonly due to the activation of an acute systemic 
inflammatory process (such as sepsis). Table 3 classifies the most common 
causes of ARDS based on the nature of the injury. Of these risk factors, 
sepsis is associated with the highest incidence of progression to ARDS7,8,9 
(up to 50%10,11), followed closely by multiple emergency transfusions in the 
presence of severe trauma (up to 40%10). Up to 35% of patients with aspiration 
pneumonia will progress to ARDS versus 12% of intensive care unit (ICU) 
patients with pneumonia from another cause.8 Additionally, it is important 
to note that ARDS may occur in the presence of both a direct and indirect 

ii  Refractory hypoxemia exists when a patient’s PaO2 cannot be maintained above 50 mm Hg despite an 
FiO2 ≥ 0.50.13
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injury (such as pneumonia progressing to sepsis). Finally, the extent of lung 
dysfunction may differ with direct and indirect causes of ARDS, which may 
have implications for patient management.12 

Pathology and Pathophysiology of ARDS
The pathophysiology of ARDS is somewhat predictable; although there 
is considerable variation in the progression and manifestation of signs and 
symptoms which likely is a result of the variable etiology. The pathophysiology 
of ARDS, however, is most often characterized by two main and possibly 
overlapping phases: an acute exudative phase followed by a fibroproliferative 
phase. An understanding of the timing of these phases along with the 
identification of the specific abnormalities present within each phase of ARDS 
is essential because these phases represent potential therapeutic targets within 
which treatment options may prevent or minimize further injury.

Pre-exudative phase: Although not a specific ‘phase’ of ARDS, the time period 
of up to 24 hours following the initial insult to the lung, there may be pathologic 
changes without obvious symptoms. There may be no radiographic changes 
despite mild hypoxemia, dyspnea, and tachypnea. There may or may not be 
evidence of pulmonary edema or pneumonia, and neutrophil sequestration 
can occur without the presence of cellular damage. It is during this time period 
where treatments may produce the most effective results.9 

Acute exudative phase: Within 24 hours of the initial insult, an acute 
exudative phase develops that can last up to seven days. During this time, 
an inflammatory process is initiated within either the alveolar space or 
the pulmonary vasculature, resulting in damage to the alveolar-capillary 
membrane. This process is mediated by a number of cytokines released from 

Table 3: Etiology of ARDS

Direct Injury (Primary or Pulmonary) Indirect Injury (Secondary or Non-Pulmonary)

Common causes:

Pneumonia 

Aspiration

Less common causes:

Pulmonary contusion

Fat emboli

Near drowning 

Inhalation injury

Reperfusion pulmonary edema after lung  
transplantation or pulmonary embolectomy

Common causes:

Sepsis

Severe non-thoracic trauma with shock  
and multiple transfusions

Less common causes:

Cardiopulmonary bypass

Acute pancreatitis

Drug overdose 

Burns

Transfusion of blood products

Adapted from Ware3
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neutrophils and macrophages, resulting in increased permeability of the 
alveolar-capillary membrane with subsequent accumulation of protein-rich 
fluid (edema) in the alveolar spaces. Surfactant production is reduced and 
the remaining surfactant is inactivated as a result of increased oxidant stress 
and protease activity, leading to widespread atelectasis. More recent evidence 
suggests that the activity of elastases and the procoagulation tendency in 
these patients leads to further damage and impairment of gas exchange via 
thrombosis formation within the alveolus and pulmonary capillaries.12

Fibroproliferative phase: The “fibroproliferative” phase begins sometime 
after day 2 from the onset of ARDS and can last for 10 days or longer. 
Characteristics of this phase include acute and chronic inflammation, fibrosis, 
hyaline membrane formation, collagen depositing and neovascularisation.  
A systemic inflammatory response develops resulting in hemodynamic 
instability and other organ involvement. Partial resolution of the alveolar 
edema can occur, however, damage to the pulmonary capillary bed often 
results in pulmonary hypertension. Persistent hypoxemia results from 
increased dead space, reduced pulmonary compliance, and edema.7,12,14 

Prognosis of Patients with ARDS
Evidence indicates that the mortality rate in ARDS has improved over the 
last 20 to 30 years; although it was not uncommon to see mortality rates 
in the 60% to 80% range 20 years ago, a recent observational report of 
randomized trials indicates that the mortality rates may be as low as 30%.12 
Within the references of this report, however, mortality rates in the 35% 
to 40% range are noted in surveys,12 and the low mortality rate of 30% was 
not apparent when assessing reported mortality rates in the general ICU 
population.15 The variability in reported mortality is likely due to differences 
in patient population, precise definitions used to classify ARDS, and the use 
of inclusion/exclusion criteria in randomised trials. Nonetheless, the general 
feeling is that improvements in survival over the past three decades is likely 
due to advancements in conventional management and supportive care 
such as the use of permissive hypercapneaiii, and lung-protective ventilation 
strategies, and treatment of the underlying condition.8,10,12,14

Survival in ARDS depends on a number of variables, for example, 
etiological factors, age, chronic disease burden, other organ involvement, 
and complications such as ventilator-associated pneumonia. In most cases, 
death within the first 72 hours of onset of symptoms is usually a result of 
the underlying illness or injury, versus beyond 72 hours in which case death 

iii  Permissive hypercapnea is a strategy used in ARDS which allows alveolar ventilation and peak ventilatory 
pressures to fall and carbon dioxide levels in the blood (PaCO2) to rise, in an effort to reduce damage to 
the lung and enhance survival.2
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is most often a result of sepsis or multiple organ failure.15 Patients with an 
indirect source of ARDS (i.e. sepsis), or those with a direct lung injury that 
go on to develop sepsis have a higher mortality rate.1,15 Many reports suggest 
that regardless of the cause, the majority of ARDS patients die either from 
complications arising from the management of the initial insult8,17,18, or from 
multiple organ failure rather than from respiratory insufficiency or refractory 
hypoxemia.19-21 This hypothesis is supported by examining the results of the 
ARDS network trial22 in which lung-protective ventilation with low tidal 
volumes resulted in a overall survival benefit despite worsening in short-term 
oxygenation.21 Although persistent hypoxemia may have a greater positive 
predictive value than the initial degree of hypoxemia12, it is interesting that 
overall, the degree of hypoxemia does not seem to be an important prognostic 
factor in ARDS.15 Early diagnosis may also play an important role in the 
reduction of mortality in ARDS as it will allow the initiation of management 
strategies early in the course of ARDS when outcomes are more likely to 
be improved. Likewise, the identification and awareness of the specific 
pathophysiological phase of ARDS may also play an important role in timing 
of targeted treatment regimes.

Morbidity in ARDS remains a problem. While there were initial concerns 
with potential persistent lung function abnormalities after survival from ARDS, 
recent evidence indicates that survivors typically demonstrate improvement 
in pulmonary function studies of 90% or more at 6 to 12 months and beyond. 
This result again seems to be related to the improvements in supportive 
care and conventional management, specifically, the use of lung-protective 
ventilation strategies.1,8 However, it now appears that significant and 
persistent impairment in neurocognitive and neuromuscular function often 
results in long-term disability and subsequent delay or inability to return to 
work/school.1,8,23-26 As a result, recent evidence suggests that in addition to 
measurements of mortality, long-term and quality of life outcomes should also 
be evaluated when studying these patients.23-26

Treatment of ARDS
Initial management strategies for the treatment of adult patients with  
ARDS are typically directed at the inciting clinical disorder. While many  
of the causes of ARDS do lend themselves to direct treatment, others do  
not, and therefore treatments must be directed to prevent recurrences  
(if applicable) and to provide optimal supportive care.28 The exact nature of 
optimal supportive care, however, is still undetermined as the etiology and 
pathogenesis in ARDS is highly complex with significant variability between 
patients. As such, it would be a daunting task to create an overarching patient 
care guideline to manage all aspects of care in these patients while creating 
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something that would be feasible in all care centers. Consequently, the 
treatment options presented in this section reflect some of the key aspects  
of supportive care in this population. 

Mechanical ventilation and support of arterial oxygenation: The intrapulmonary 
shunt and ventilation-perfusion (V/Q) mismatching that occurs within the 
ARDS lung results in severe and life-threatening hypoxemia. Additionally, 
ventilatory failure (hypercapnea and acidosis) occurs as a result of increased 
work of breathing from greater alveolar deadspace and reduced pulmonary 
compliance. It is for these pathophysiological reasons that mechanical 
ventilation is a mainstay in the supportive treatment of ARDS patients. The 
initiation of mechanical ventilation stabilizes respiration thereby allowing 
time for the treatment of the inciting clinical condition and for the natural 
healing process to occur.28 Ventilation is supported with the use of intermittent 
positive airway pressure, and support for arterial oxygenation primarily comes 
from the manipulation of the FiO2 and PEEP levels. Typical ventilatory and 
oxygenation goals for managing these patients incorporates the use of the 
lowest level of ventilatory support, oxygen, and PEEP to achieve relatively 
normal or perhaps slightly conservative arterial blood gas, acid-base, and 
hemodynamic parameters. Since the use of excessive oxygen and PEEP can 
directly result in additional lung injury or unwanted hemodynamic effects, 
current recommendations are to adjust PEEP levels to maintain an FiO2  
≤ 0.60 in a standardized approach while limiting the negative effects of  
PEEP on hemodynamics.28,29 However, these recommended parameters are 
often difficult to maintain when the patient condition continues to deteriorate. 
When the oxygen has been increased to 100% and the use of additional 
PEEP will have deleterious effects, clinicians are forced to considering other 
treatment options in an attempt to achieve adequate oxygenation.

Lung protective ventilation strategies: Although mechanical ventilation 
is the mainstay in the support of ARDS patients, it does not come without 
potential side affects. Mechanical ventilation when applied incorrectly or 
excessively can cause barotraumaiv, volutraumav, and biotraumavi resulting 
in further mechanical and biochemical insult to the lung tissue. As a result, 
lung-protective ventilation strategies are designed to support ventilation, while 
at the same time minimizing the degree of ventilator-induced lung injury. 
Not without controversy, these lung-protective strategies as described in the 
ARDS Network trial22 employ a tidal volume in the range of 4 to 6 mL/kg 
predicted body weight in an attempt to limit ventilation plateau pressures 

 iv Barotrauma: results from high mechanical ventilatory pressures in the lung causing alveolar rupture 
and subsequent pneumothorax8

 v Volutrauma: results from overdistension of the alveoli during mechanical ventilation resulting in 
capillary and epithelial injury8

 vi Biotrauma: is a biological response to the damage caused by barotrauma and volutrauma resulting  
in a systemic inflammatory response similar to that seen in sepsis8
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to ≤ 30 cm H2O. These ventilatory strategies are currently considered the 
standard of care when ventilating ARDS patients8,27-30 with evidence to suggest 
a mortality benefit.31 However, similar to the limitations with the use of 
oxygen and PEEP, manipulation of the ventilatory parameters outside of these 
recommendations are often necessary as a “last ditch” effort to minimize the 
effects and progression of the acute ventilatory failure present in these patients.

Hemodynamic management: Fluid management in ARDS is controversial 
since pulmonary edema occurs at lower pulmonary capillary pressures due to 
the increased permeability of the pulmonary vasculature.28 Therefore, optimal 
left atrial filling pressures in these patients are unknown.32 The challenge is 
to maintain optimal filling pressures while minimizing situations of increased 
pulmonary edema or systemic hypoperfusion. Current opinion favours a 
fluid-conservative management strategy aimed at reducing extravascular lung 
water27,29,32; however, some clinicians believe that the prudent course of action 
is to restore the patients intravascular volume to euvolemic levelsvii and then 
add a vasopressor to raise the mean arterial blood pressure to the 55 to 65 
mmHg range.28 

Since improved oxygen delivery is the end result of optimal hemodynamic 
management, both fluid and vasopressor therapy must be guided by 
changes in end-organ perfusion indices such as urine output, blood pH, 
base deficit, and lactate levels.28 The ARDS network recently completed 
a large scale trial investigating the manipulation of fluid balance in ARDS 
patients.33 Their findings support the use of a fluid conservative management 
strategy and suggest the current trends in usual care appear to more closely 
resemble a liberal fluid approach. Therefore, changing to a conservative fluid 
management approach to optimize care of these patients is recommended. 
Finally, because oxygen delivery also depends on the adjustment of the FiO2, 
PEEP and other ventilatory settings, interdependent effects often occur during 
the manipulation of hemodynamic, ventilatory, and oxygenation parameters 
that make the optimization of oxygen delivery in ARDS a challenge for clinicians.

Nutrition: High levels of carbohydrates in nutritional support can potentially 
have a negative impact because of increased carbon dioxide production, 
resulting in a need for increased minute ventilation to compensate.29 The 
increase in minute ventilation will result either in larger tidal volumes or in 
increases in the ventilatory rate, which can potentially negate the benefit 
of lung protective ventilation strategies. Additionally, dietary supplements 
low in carbohydrates and high in fat (specifically antioxidant formulas with 
eicosapentaenoic acid and gama-linoleic acid) can reduce inflammation 
and alveolar-capillary membrane permeability.29 Other authors suggest that 

 vii Euvolemia: implies a central venous pressure in the 4-12 mmHg range or pulmonary capillary wedge 
pressure in the 6-14 mmHg range.
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additional studies are required to confirm these findings8,27,28, and that standard 
nutritional formulas with the avoidance of overfeeding are recommended.28

Vasodilators: It is important to note that although mortality appears to be 
decreasing as a result of improvements in general treatment options and 
supportive care, there are limitations within each of these options that 
impact overall care decisions. To that end, the door remains open to the 
investigation of new treatment modalities targeting various microbiological and 
physiological aspects in the pathogenesis of ARDS. Although two therapeutic 
agents directed at improving oxygenation in ARDS (prostacycline and nitric 
oxide) have been extensively studied over the past 10 years, for the purposes 
of this report we will focus only on iNO. Please refer to the next section for 
background information, rationale, safety, and cost of iNO therapy.

Nitric Oxide

Only as recently as 1987 was nitric oxide first identified as being synonymous 
with endothelium-derived relaxing factor (EDRF).34,35 This determination 
provided the basis for the understanding of the mechanism of action of 
iNO, generating a significant amount of interest into its research potential. 
Endogenous nitric oxide (or EDRF) is produced in the lung by a number of 
cells including macrophages, nonadrenergic noncholinergic neurons, mast 
cells, and pulmonary vascular, endothelial, and smooth muscle cells.35,36 
Additionally, significant amounts of endogenous nitric oxide can be produced 
by platelets and neutrophils that migrate to the lung during injury and 
inflammation. As a result, exhaled nitric oxide has become an important 
biomarker of the degree of airway inflammation.37 It was, however the ability 
of nitric oxide to selectively dilate (or “relax”) the pulmonary vasculature that 
has generated particular interest and excitement regarding the potential use of 
this therapy in the management of hypoxemia in the ARDS patient. 

Nitric oxide chemical and biochemical interactions
Nitric oxide is a colorless, odourless gas and is relatively insoluble in water.19,20 
It is, however, highly lipid soluble, which allows it to freely diffuse through 
the cellular membrane where it has a strong affinity for many biologically 
important enzymes and proteins containing a heme functional group such 
as soluble guanylate cyclase and hemoglobin.37 Nitric oxide has many intra 
and extrapulmonary biological effects including the modulation of vascular 
tone, capillary permeability, bronchodilation, reduction or prevention of 
inflammation, neurotransmission, inhibition of platelet aggregation and 
neutrophil adhesion, and other antiproliferative effects.19-21,37-41 Additionally, 
because of the presence of an unpaired electron, nitric oxide reacts rapidly 
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with other free radicals giving it the potential to elicit cytotoxic activities 
within the alveolar and vascular spaces.19,37 Nitric oxide occurs naturally where 
atmospheric levels range between 10 and 500 parts per billion (ppb).19 These 
levels result from the partial oxidation of nitrogen when, for example, internal 
combustion engines and tobacco smoke produce nitric oxide levels of 1.5 and 
1000 ppm respectively.19,20 Additional information regarding the chemistry, 
biochemical interactions, physiological actions, and background of endogenous 
and exogenous nitric oxide can be found in a number of articles.19-21,36-41 

Rationale for iNO therapy
When inhaled, nitric oxide enters the alveolar space, diffuses across the 
alveolar-capillary membrane, and then enters the vascular cells and ultimately 
the vascular space, where excess nitric oxide is rapidly bound to and 
inactivated by the hemoglobin within the red blood cells (resulting in a half 
life of only a few seconds).19-21,36-39 Within the epithelium of the pulmonary 
vasculature, iNO activity results in selective vasodilation of the pulmonary 
vasculature associated with the ventilated lung units within reach of the gas 
diffusing across the alveolar-capillary membrane. This process is in contrast to 
intravenously administered vasodilators in which ‘non-selective’ vasodilation 
results in worsening intrapulmonary shunt and increased VQ mismatching. 
The selective vasodilatory effect of iNO can result in marked improvements 
in VQ matching, hypoxemia, and pulmonary hypertension associated with 
ARDS. These effects, however, only last a few seconds because of the short 
half-life of nitric oxide. As a result, a continuous delivery of iNO is required 
to sustain these effects.36,38 Because the excess nitric oxide is rapidly bound 
to hemoglobin, most recent reviews suggest that iNO has no effects on the 
systemic circulation20,21,37,39,40; however, some experimental studies and reviews 
demonstrating systemic effects during iNO administration.19,38,42-45 Ultimately, 
the effectiveness of iNO in ARDS is likely dependent to a large extent on 
the degree to which pulmonary vasoconstriction, VQ mismatching, and 
pulmonary shunt contributes to impaired oxygenation.19,20,37,38,40,46

Continuous delivery of iNO at >100 ppm is not recommended as at these 
levels iNO appears to promote rather than protect against lung injury45 
and therefore levels above 100 ppm are considered potentially toxic.19,47 
Therapeutic levels of iNO in early studies used concentrations in the 
range of 5 to 80 ppm, however, it has since been determined that in most 
patients, concentrations of iNO greater than 20 ppm provide little additional 
hemodynamic effects due to maximal pulmonary vasodilation. In ARDS, 
current recommendations are to limit iNO concentrations to less than 20 ppm 
for short-term use and less than 10 ppm when long-term iNO is required.38

Not every patient who receives iNO will respond with an improvement in 
hemodynamics or oxygenation. In fact, up to 50% of ARDS patients receiving 
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this therapy are considered non-responders38,48 and consequently will not 
benefit from the therapy. It is because of this variable response rate and 
inconclusive outcome evidence that the authors of a number of recent review 
articles do not recommend iNO for routine use in ARDS, but suggest that 
iNO may be reserved for use as salvage therapy in the situation of severe 
refractory hypoxemia.19,21,27-29,32,37,38 To date there have been no studies that 
have specifically set out to evaluate the efficacy of iNO as a salvage therapy 
in severe refractory hypoxemic ARDS patients. Although not the primary 
purpose of their study, Christenson and colleagues48 reported an extremely 
low survival rate (16.1%) when iNO was used in situations consistent with 
salvage therapy in this population. Therefore, it is suggested that the relatively 
brief window of opportunity for the potentially favourable effect of iNO on 
oxygenation may be too short to affect outcomes in ARDS.37  

Potential complications and safety concerns associated  
with iNO therapy

iNO is generally considered safe when delivered in concentrations less than 
40 ppm under controlled conditions with appropriately trained/experienced 
staff present. However, since ARDS patients are often amongst the most 
highly unstable and critically ill patients treated in our ICUs, awareness of the 
potential negative effects of any therapy is still necessary. With advancements 
in the understanding of the biochemical and physiological interactions of 
iNO within the body, targeted assessment and monitoring for some of these 
potential safety concerns is necessary throughout the course of therapy. Some 
of the most clinically relevant safety concerns that have the potential to have  
a negative impact on patient status will be reviewed here.

Nitrogen dioxide formation: One of the three major clinical complications 
related to iNO is the formation of nitrogen dioxide (NO2), which depends 
on the level of iNO, the FiO2, and the time iNO and oxygen are exposed to 
one another.19,20,45,47 NO2 at ≥ 5 ppm has direct toxic effects on the lung tissue 
that is thought to be several times greater than that of iNO.45 The major 
toxicological effect of NO2 at > 5 ppm is the potential for the development 
of pulmonary edema.19,20,38,45,47 In the ARDS patient, the development or 
exacerbation of pulmonary edema will result in worsening gas exchange 
and subsequent decrease in PaO2. However, the authors of recent review 
articles suggest that there is no evidence of direct iNO toxicity or significant 
NO2 production when iNO is delivered in clinically relevant doses of up to 20 
ppm20,38 with the appropriate equipment19,38 and in the appropriate location.19,38,47

Methemoglobin formation: Excess iNO is rapidly bound to hemoglobin 
in the red blood cells of the pulmonary circulation. This combination can 
produce nitrosylhemoglobin, which is rapidly converted to methemoglobin 
(metHb) during the administration of iNO.45,46,49,50 The development of 
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methemoglobinemia (metHb levels > 5%) can cause tissue hypoxia because of 
a shift of the oxygen dissociation curve to the left with the resultant decrease 
in release of oxygen at the cellular level. More importantly, the development 
of metHb blocks the ability of hemoglobin to carry oxygen, which therefore 
results in decreased oxygen delivery to the cells of the body. Since metHb is 
converted back to functional hemoglobin by the enzyme metHb reductase, a 
situation of metHb reductase deficiency provides the physiological basis for 
the major contraindication to the use of iNO.19,38 Marked metHb levels are, 
however, uncommon when iNO is delivered in concentrations of < 20 to 40 
ppm.19,38,45,47 Since the potential for development of methemoglobinemia exists, 
and since ARDS patients are often highly unstable, routine monitoring of 
metHb levels are recommended throughout iNO use.19,38,45

Rebound effect: A rebound effect can occur when iNO is abruptly 
discontinued and an increase in pulmonary artery pressure, a decrease 
in PaO2, or both, results.19,20,37,38,48-50 There have been suggestions that this 
rebound effect occurs as a consequence of the down-regulation of endogenous 
nitric oxide synthase, or increases in plasma concentrations of a potent 
vasoconstrictor endothelioum-1, or both19,20,37,48, a point that would be 
supported by the observation of this phenomenon in both the responder 
and non-responder groups when receiving iNO.48 The precise mechanism 
for this phenomenon, however, remains to be elucidated. Regardless of the 
mechanism, the rebound phenomena may be of particular concern in these 
highly unstable patients, a percentage of whom will not display a response to 
iNO, but may subsequently deteriorate when the therapy is removed. Only a 
few studies have reported the rebound effect48,51-53; however, to minimize the 
potential for rebound, current recommendations for weaning iNO is to use a 
slow, stepwise approach in its reduction and discontinuation.19,20,49,50

Additional side effects/adverse events related to iNO: Other reported side 
effects/adverse events related to the use of iNO include pulmonary edema 
associated with severe left ventricular dysfunction54,55, dose errors related to 
the delivery system50, and headaches in hospital staff associated with the use 
of iNO for patients.50 Coagulopathy is one other potential area of concern 
during the delivery of iNO as its use has been shown to prolong bleeding  
time and inhibit platelet aggregation.19,45 The extent to which these additional 
adverse events may contribute to morbidity and mortality is unclear. 

Cost of iNO therapy 
The cost of iNO is now relatively consistent regardless of where it is delivered. 
That is, whether iNO is delivered to neonates or adults, the cost of iNO 
is now the same (costs applied on an hourly rate as opposed to volume 
consumption rate or cost per tank of iNO). As such, general concerns 
regarding the cost of iNO in the neonatal population have also been recently 
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published57,58, with some institutions reporting huge increases in the daily cost 
for iNO surpassing previous annual expenditures.58 Cost-effective analysis 
within the neonatal population are conflicting with some stating a favourable 
profile59 but a more recent trial indicating an unfavourable profile.60 Because 
of different care practices between neonates and adults, it is difficult to extend 
the results of these cost-effective analyses to the adult population; however, 
recent marketing changes have prompted researchers to look more closely at 
the cost-effectiveness of iNO in all populations. 

Cost-effectiveness of iNO therapy
Within the confines of our search strategy, no cost-effectiveness analyses  
were identified regarding the use of iNO in the adult population. Although 
cost-effectiveness was not a focus of the present report, a recurrent topic within 
the background articles was the reference to the cost of iNO therapy (review 
articles19,32,38,44, editorials21, commentaries56). Many centres are reporting up 
to 20 fold increases as a result of iNO being marketed and distributed by a 
single company throughout North America and Europe57, where it is now not 
uncommon to see daily iNO charges reaching $3,000.32 As a result, there are 
suggestions that with the recent increased cost of iNO, there will inevitably be 
a further need to justify the administration of iNO to adults.19,38 

Regulatory Status

Regulatory status and practices regarding iNO varies significantly across 
countries and jurisdictions. In Canada, iNO has two drug information 
numbers (DINs) under the trade name INOmax® for both the 100 and 800 
ppm cylinders (02270838 and 02270846 respectively).61,62 As of September 
7, 2006, Health Canada is adding iNO to Schedule F of the Food and 
Drug Regulations for it to be considered a prescription drug. A notice of 
decision for INOmax® was recently released by Health Canada, which 
documents that it is only indicated for “the treatment of term or near term 
(≥ 34 weeks) neonates with hypoxic respiratory failure associated with 
clinical or echocardiographic evidence of pulmonary hypertension, where it 
improves oxygenation and reduces the need for extracorporeal membrane 
oxygenation”.63 Note that Health Canada does not provide any indications 
for the use of iNO in the adult population. INOmax® is registered to INO 
Therapeutics (Clinton, New Jersey, USA).

In the USA, the Food and Drug Administration granted new drug approval 
to INO Therapeutics for INOmax® under NDA # 020845 on December 
23rd, 1999 for “the treatment of term or near term (> 34 weeks) neonates 
with hypoxic respiratory failure associated with clinical or echocardiographic 
evidence of pulmonary hypertension, where it improves oxygenation and 
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reduces the need for extracorporeal membrane oxygenation”.64 According to 
the INOmax® drug label information (Label No. 300-200.01) “INOmax® is 
not indicated for use in ARDS”, and “Nitric oxide is not indicated for use in 
the adult population...”.49,50

Local Context

The Calgary Health Region is one of the largest health regions in Canada 
serving a population of 1.2 to 1.3 million. Over 2200 adult patients are  
admitted into the three ICUs each year. The incidence of ARDS is based  
on the documentation of either the primary or secondary diagnosis of 
 ‘non-cardiogenic pulmonary edema’ within the electronic charting system  
used throughout the adult ICUs in Calgary. There are no specific pre-defined 
ARDS diagnostic criteria used within this charting system (i.e. American-
European Consensus Conference definition) therefore diagnosis is based 
on the individual physician interpretation of the patient condition/status. 
Additionally, due to inconsistencies in the attending physician group regarding 
the documentation and maintenance of the primary and secondary diagnosis 
within this system, some patients may have incomplete or non-updated 
diagnosis information. Therefore, incidence data collected from the electronic 
charting system will likely under-report the actual rate of ARDS in the Calgary 
Health Region. With that known, approximately 3.4% of adult ICU admissions 
present with or develop ARDS each year. This estimate translates to an overall 
estimated incidence of ARDS in the Calgary Health Region of 3.2 to 10.4 per 
100,000 population per year. 

In Calgary over the past 5 years, the average ICU and hospital mortality 
rates for patients with ARDS is 35.7% and 44.9% respectively (see Figure 1). 
Conventional therapies used to manage these patients include the use 
of lung protective ventilation strategies to minimize iatrogenic lung 
injury, optimization of cardiovascular support and fluid management, 
pharmacological support, and specific treatments directed at the original 
cause of the lung injury. No protocol or clinical guidelines currently exist 
for the ventilatory management and standard supportive therapies for 
ARDS/ALI patients in the Calgary Health Region.

Nitric oxide utilization data over the past 5 years indicates a consistent use of 
this therapy in terms of the number of patients on iNO, total hours of iNO 
use per quarter, and average duration of iNO use per patient (see Figures 2, 3, 
and 4). These data represent the application of iNO in the situation of acute 
hypoxemic respiratory failure associated with ARDS in adults (i.e. refractory 
hypoxemia, salvage therapy, or both). Data regarding the utilization of iNO in 
the cardiac failure and postcardiac surgery patients, as well as in the neonatal 
population, were removed prior to data analysis.
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Figure 1:  ICU and hospital mortality with an ARDS diagnosis  
in the Calgary Health Region

The impact of recent marketing changes for INOmax® has resulted in a 
dramatic increase in the budgetary expenditure for this therapy (see Figure 5). 
Although the provision, maintenance, and repair of the devices used to deliver 
INOmax® is included within the hourly cost of the therapy, the overall 
expenditure still represents a significant increase compared to historical 
Calgary Health Region data. Additionally, when compared to the average cost 
to care for an ICU patient in the Calgary Health Region, the addition of iNO 
therapy to an ARDS patient’s treatment regimen almost doubles the daily cost 
of care (personal communication, Dr. Paul J.E. Boiteau, March, 2007). 
 

Figure 2:  Total number of adult patients on iNO therapy per quarter  
in the Calgary Health Region (excluding cardiovascular applications) 
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Figure 3: Total iNO therapy usage (hours) per quarter  
in the Calgary Health Region
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Figure 4: Average Usage of iNO per patient in the Calgary Health Region

With drug expenditure being of particular concern nationally65 and 
provincially66,67, awareness of the increased cost of iNO therapy is essential 
in order to determine where our health care dollars are best allocated. In 
Canada, with the mean cost of the initial hospital stay for a patient with 
ARDS at $128,860.00, and 76% of the total costs for the initial hospital stay 
related to the ICU costs,26 every effort to reduce expenditure should be 
undertaken, where appropriate. The total cost to care for an ARDS patient 
in the Calgary Health Region has not been determined. Ultimately, it was 
the dramatic increase in the cost of iNO therapy that provided the impetus 
for this review.
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Fiscal Year (April 1st - March 31st)

Figure 5: Quarterly nitric oxide expenditure for the adult ICUs  
in the Calgary Health Region
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Efficacy of Inhaled Nitric Oxide in ALI/ARDS

One systematic review68, five randomized controlled trials (RCTs)69-73, and one 
follow-up study74 were located through a comprehensive literature search for 
the period between January and June 2006, and updated November 2006 (see 
Appendix A for search Methodology). Potential conflict of interest was noted 
in four studies70,71,73,74, as funding was provided by the manufacturer/supplier of 
the treatment gas. 

Evidence from systematic reviews

Sokol and colleagues68 conducted a systematic review to examine RCTs  
that assessed the effect of iNO, compared with placebo inhaled gas, on 
mortality and morbidity in patients with ARDS. They searched Medline (1966 
– August 2002), EMBASE (1980 – March 2001), CINAHL (1982 – July 2002), 
Cochrane Central Register of Controlled Trials (Issue 2, 2002) and selected 
RCTs comparing iNO with maximal conventional therapy and inhaled 
placebo, in either children or adults with ARDS. Five RCTs (535 patients), 
published between 1998 and 1999, were included. Three RCTs included 
adults only, one RCT included children only, and one RCT included both 
adults and children. Because of the focus of this report, only the results from 
three RCTs on adults69-71 within this systematic review are presented.
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Methodological quality of each study was assessed using the criteria 
developed by Schultz (1995)75 with particular emphasis on: 1) concealment  
of treatment allocation, 2) generation of allocation sequence, 3) inclusion of  
all randomized participants in the analysis, and 4) double-blinded design.  
No scoring or grading was applied to their evaluation. Qualitative assessment 
and analyses of each trial was performed according to statistical methods in 
Review Manager MetaView 4.1. Outcome measures for this review included:

1. Improvement in oxygenation, measured by oxygenation indexix (OI)  
and hypoxemia score (PaO2/FiO2)

2. Ventilator free days over a 30 day period

3. Duration of stay in the intensive care unit

4. Duration of stay in hospital 

5. Mortality (both early and late, defined as less than and greater  
than 30 days respectively)

6. Adverse events(methemoglobinemia, nitrogen dioxide formation, 
platelet effects)

The dose of iNO used in each RCT varied (1.25, 5, 20, 40 or 80 ppm in 1 RCT, 
2.5, 5, 10, 20, 30, to 40 ppm in another RCT, and 2, 10, to 40 ppm in the third 
RCT) as did the comparators (placebo gas in 1 RCT, ‘no treatment’ in 2 RCTs).

The summary of the findings from the systematic review of the three RCTs 
are as follows: 

Oxygenation (defined by the OI and PaO2/FiO2 ratio) at 24 hourly 
intervals was reported by only one study70. Baseline OI between the 
control and study groups were equal at the start of the treatment. The 
OI was significantly improved in the treatment group versus placebo at 
each 24 period for 96 hours. Marginal statistically significant difference at 
72 hours was deemed not clinically significant. There was no continued 
improvement in OI after 48 hours in either group. After 96 hours there 
was no significant difference in the mean OI between groups. Changes in 
the PaO2/FiO2 ratio also reflected the transient improvement in OI when 
similar baseline PaO2/FiO2 ratios at the start of treatment were significantly 
improved for the first 24 hours in the iNO group versus control. There was 
no significant difference in the PaO2/FiO2 ratio beyond 24 hours. 
Ventilator-free days were reported but differently in each of the three 
studies.69-71 Regarding the Dellinger et al.70 study, there was no significant 
difference in the weighted mean difference between iNO and placebo 
groups for ventilator-free days (alive and extubated at 28 days). Authors 
reported a significantly more ventilator-free days between iNO at 5 ppm 

ix Oxygenation index = FiO2 x Mean airway pressure/PaO2. This measurement provides an assessment 
of the intensity of ventilation in addition to measurements of oxygenation.



versus control in a post hoc analysis (p<0.05). The Lundin et al.71 study 
demonstrated a significant proportion of patients in the ‘no treatment’ 
group to be alive and extubated at 30 days via a post hoc analysis (p<0.05). 
Troncy et al.69 described a subgroup of survivors treated with iNO that had 
20% fewer ventilator days than did the control group, but this difference 
was not statistically significant.
Duration of stay in the ICU and hospital were reported in only one 
study71. There was no difference between the iNO group and control 
groups regarding duration of stay in the ICU and numbers of survivors 
between groups at both 30 and 90 days. There was no statistically significant 
difference in duration of hospital stay between those randomized to either 
the iNO or the control group at either 30 or 90 days.
Mortality was reported in all 3 studies69-71, but only one study reported both 
early (30 days) and late (90 days) mortality.71 No studies were adequately 
powered to assess mortality as a primary outcome measure. Although there 
were more deaths in the iNO group versus the control group in the Lundin 
et al.71 study, there was no significant difference in mortality at 30 or 90 days. 
In the Dellinger et al.70 study, there were no differences in the total number 
of deaths between groups, and subgroup analysis indicated no significant 
difference with any specific dose of treatment or placebo gas. Overall 
mortality in the Troncy et al.69 study as statistically similar occurring in  
9/15 (60%) in the iNO group and 8/15 (53%) in the control group.
Regarding adverse events, only descriptive comments were reported 
as there were insufficient data to incorporate into the meta-analysis. 
Methemoglobinemia levels > 5% were reported in one 40 ppm group 
subject, one 80 ppm group subject and one control group subject in 
the Dellinger et al.70 study. Lundin et al.71 reported only one case of 
methemoglobinemia in each treatment group, but levels were lower in the 
iNO group. Of the three studies, increased NO2 formation (> 3 ppm) was 
detected only in three patients receiving iNO in the Dellinger et al. study.70 
Only Lundin et al.71 reported on coagulation, and found no difference 
between groups regarding platelets, bleeding, or clotting disorders. 

The authors conclude that the use of iNO does not appear to have any 
statistically significant effect on mortality. iNO transiently improves 
oxygenation in patients with ARDS and thus may be useful as a rescue 
treatment for a short period of time (24 to 96 hours). Data are lacking from 
most potentially clinically relevant end points (mortality, ventilator-free days, 
length of intensive care and hospital stay, and long-term follow-up). No 
clinically significant difference of adverse effects between the treatment and 
placebo groups was noted. The authors comment that caution should be 
taken in interpreting the results of this review as each trial had some degree  
of flawed methodology.

Institute of Health Economics, The use of nitric oxide in acute respiratory distress syndrome, April 2007 20
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Evidence from randomized controlled trials
Only five RCTs69-73 and one follow-up study74 were identified that evaluated 
iNO in adult ARDS. Although three of the RCTs69-71 were included in a 
systematic review68, each of the five RCTs will be examined individually here 
because there were particular elements of our data extraction that were not 
included in the systematic review and it focused on the adult population only. 
As a result, two RCTs69,70 dated before our search criteria (1999) are included. 
Details regarding the study objectives, patient characteristics, intervention 
and comparators, results, adverse events, and conclusions are summarized 
in Appendix B. There was no assessment for methodological quality for the 
RCTs included in this report. 

Troncy et al.69 evaluated the impact of iNO on lung function, morbidity and 
mortality in adults with ARDS. Their single centre pilot RCT was the first 
controlled study of the use of iNO in the adult population. They enrolled a 
total of 30 patients with ARDSx resulting primarily from an indirect insult 
(25/30 having sepsis as the cause of the lung injury). No information regarding 
the timing of ARDS or duration of mechanical ventilation prior to enrolment 
was presented. Patients were randomly assigned to two groups, either the study 
group or control group with 15 in each group. The control group was treated 
with usual care without placebo control. The study group was treated with 
iNO initially at 2.5 ppm then optimized via daily dose-response assessments 
(average dose being 8.5 ± 2.6 ppm). Five out of 15 patients in the study group 
were considered responders to iNO. Both groups had their initial FiO2, tidal 
volume, ventilatory mode, and PEEP levels applied via a standardized protocol. 
Weaning from the ventilator was also conducted in a protocolized approach 
for both groups. Assessments of lung function status along with hemodynamics 
were conducted on a regular basis in each group. The study was continued 
until 30 days after initial administration of iNO or usual care.

The groups were well balanced in terms of most baseline demographic and 
prognostic variables. Overall the baseline lung function and APACHE II 
scores did indicate that the patients in both groups were acutely ill. Patients 
in the iNO group did have hypoxemia, Murray lung injury, and APACHE 
II scores that indicated that on average they were more acutely ill than the 
control group, but this did not reach statistical significance. No negative 
response to the introduction of iNO was observed, NO2 and metHb levels 
were within a safe range or not detected. PaO2, hypoxemia score, and shunt 
% were statistically improved as compared with the control group up to 24 
hours, with no statistical difference between groups after day one. Thirty day 
mortality and average duration of mechanical ventilation were not different 

x According to a Murray lung injury score of ≥ 2.5 with non-cardiogenic pulmonary edema



between the iNO and control groups (60% vs. 53% respectively). The authors 
conclude that their study results confirm that the initial efficacy of iNO 
on lung function was not followed by a beneficial effect on lung function, 
duration of ventilation, and mortality. In addition, since their pilot study was 
primarily representative of sepsis-induced ARDS, mortality benefit in this 
population would be difficult to achieve even with a large multicenter trial 
because the population has other organ system involvement. As such the 
authors suggest that future larger scale studies should be directed at early 
treatment on selected populations with ARDS caused by a direct lung injury 
or those responsive to the therapy whatever the cause.

Dellinger et al.70 conducted the first multicentre trial of iNO to evaluate the 
safety and physiological response in patients with early ARDS (diagnosis 
within 72 hours of randomization), as well as the effect of various doses of 
iNO on clinical outcome parameters.

A total of 177 patients with non sepsis-induced ARDSxi were enrolled. Fifty- 
seven patients were randomly assigned to receive the placebo gas (nitrogen), 
while 120 were assigned to receive iNO at varying doses (1.25, 5, 20, 40, and 
80 ppm). Although sepsis patients were excluded, approximately 33% of 
patients in both study groups developed ARDS as a result of an indirect injury. 
Sixty percent of the patients in the iNO group and 24% of the patients in the 
placebo group were considered responders to the study gas. Clinical endpoints 
were the number of days alive and off mechanical ventilation to the end of the 
trial (day 28), and the number of days alive after reaching oxygenation criteria 
for extubation. Standardized predetermined guidelines for ventilatory support 
(included the use of PEEP and FiO2 combinations, and criteria for weaning 
PEEP, FiO2, and plateau pressures) were used. Standardized management 
guidelines/protocols regarding ventilator mode, tidal volume, and general 
care for the ARDS patient was not reported. Oxygenation and hemodynamic 
parameters were evaluated at specified intervals for the 28 day study period.

The groups were well balanced with regards to the primary cause of ARDS, 
baseline respiratory dysfunction (Murray lung injury scoring was not 
conducted), age, sex, and baseline acuity assessments (APACHE II scores). 
Overall, there were no significant differences in the rates of adverse events 
across placebo and iNO groups. Increased levels of metHb (> 5%) and NO2 

(> 3 ppm) were more common in the high dose iNO group. The overall 
mortality rate and days alive after reaching oxygenation criteria for extubation 
were not statistically different. There was a significant improvement in mean 
pulmonary artery pressure (MPAP) and FiO2 for the first day and in OI for the 
first three days. The authors conclude that iNO appears to be well tolerated 

xi American-European Consensus Conference definition of ARDS
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up to 40 ppm, however, at levels above 40 ppm close monitoring of NO2 
and metHb concentrations is needed. iNO produces an acute increase in 
oxygenation with a modest decrease in MPAP. There was a trend to decreased 
intensity of ventilation and improved patient benefit at iNO of 5 ppm, but did 
not reach statistical significance. The authors conclude that additional studies 
are needed to confirm their findings.

Lundin et al.71 conducted a European multicentre RCT with a parallel group 
to determine whether iNO can increase the frequency of reversal of ALI, and 
to assess the impact of prolonged iNO on frequency of severe respiratory 
failure, time to achieve reversal of ALI, adverse events and mortality. A total  
of 268 patients with early ALI (diagnosis within 18 to 96 hours or less than  
10 days of mechanical ventilation) fulfilling the inclusion and exclusion criteria 
then went on to have at least one iNO dose-response titration test. As a 
result of the initial dose-response assessment, 180 of the 268 patients were 
determined to be responders to iNO. Responders were randomly assigned to 
receive either conventional therapy without placebo (n=87) or iNO (n=93) at 
the lowest effective dose. Eighty eight non-responder patients were followed 
as a parallel group. Conventional ventilator management and general care of 
the study patients was done in accordance with clinical practice at each centre 
and therefore was not standardized. Guidelines were used to wean iNO, and 
all endpoints in the study were determined within 30 days of randomization. 
Follow up of all 268 patients was carried out to 30 and 90 days after inclusion.

The three groups were well balanced in terms of baseline age, gender, 
PaO2/FiO2 ratio, APACHE II score, liver and renal function. Murray lung 
injury scores and frequency of pulmonary infections at baseline were 
significantly lower in the iNO group. The number of adverse events were 
significantly increased in the iNO group with respect to circulatory failure, 
encephalopathy, sepsis, and abnormal renal function as compared to 
conventional and non-responder groups. All other measures of safety and 
adverse events were not significantly different with the exception of the use of 
extracorporeal membrane oxygenation therapy in two of the conventionally 
treated group versus none in the iNO group. There was no difference 
between the iNO and control group with respect to reversal of ALI within 
30 days, time to reversal of ALI, as well as for mortality at 30 and 90 days. 
A significantly lower percentage of patients were, however, alive and off the 
ventilator in the conventionally managed group compared with the iNO 
group. Conversely, a significantly lower percentage of patients in the iNO 
group than the control group experienced severe respiratory failure. The 
authors concluded that their study failed to show that iNO administered to 
adult patients with moderate and early ALI who demonstrated a response to 
iNO increased the frequency of ALI, time to reversal, or both. Although 30 
and 90 day mortality was unchanged with the use of iNO, a significantly lower 
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portion of the iNO patients developed severe respiratory failure suggesting 
that iNO may prolong the period for treatment of other underlying problems 
in the most severely hypoxic patients. The authors suggest that further studies 
should attempt to address if the observed increase in renal dysfunction in the 
study group is a result of iNO or selection bias in their open study.

Gerlach et al.72 conducted a small single centre RCT to characterize the effect 
of 10 ppm iNO on systemic oxygenation and pulmonary vascular resistance 
with a special objective of determining time-dependent variations in dose 
response. The study included 40 adult patients with severe ARDS from either 
a direct or indirect cause. Approximately half of the study participants had 
ARDS as a result of a direct lung injury caused by pneumonia in the majority 
of cases. Sepsis accounted for the majority of ARDS as a result of indirect 
lung injury in both groups. Patients were randomized to two groups, either 
study or control with 20 patients in each group. The control group received 
conventional therapy without placebo. The study group was treated with 
continuous iNO at 10 ppm. Dose response curves (with varying doses of 
iNO – 0.00, 0.01, 0.10, 1.0, 10 and 100 ppm) as well as ventilator parameters, 
hemodynamics, and gas exchange were assessed on a regular basis in each 
group. Standardized management guidelines/protocols regarding ventilation 
and general care for the ARDS patient were used; however, no specific details 
were reported. The study was continued until weaning from the ventilator  
was initiated.

Both groups were comparable with regard to age, sex, the ARDS-inducing 
event, previous history of an ICU stay, hemodynamics, gas exchange, 
ventilator parameters, mechanical ventilation days, and occurrence of 
additional organ failure. Overall level of acuity (APACHE II scores) was 
not reported. There was no differentiation with regards to percentage of 
responders versus non-responders. The outcome of the patients in terms of 
survival, ICU stay, and ventilation days was also comparable in both groups. 
A transient significant improvement in PaO2/FiO2 ratio and the ability to 
wean the oxygen was noted in the study group for up to 24 hours. Patients in 
the iNO group required less extracorporeal membrane oxygenation therapy 
compared with the control group (criteria for extracorporeal membrane 
oxygenation initiation was not reported), therefore, the authors indicate that 
iNO may be considered as a bridging therapy for severe hypoxemia in order 
to obviate more invasive and expensive therapies. Side-effects from iNO such 
as bleeding complications, metHb, NO2, and rebound effect did not occur. 
Day 4 dose-response measurement in the study group indicated a peak 
response at 1 ppm, while 10 and 100 ppm doses resulted in a deterioration 
of oxygenation. Thus, the authors concluded that continuous iNO at 10 ppm 
leads to enhanced sensitivity after several days, thereby not allowing the 
reduction of ventilator parameters. The authors suggest that the phenomenon 
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of iNO overdosing and redeterioration of systemic oxygenation is potentially 
related to the long-term constant dose of iNO and, as a result, may be a 
possible factor in the negative results of recent studies with this therapy in 
adult ARDS patients.

Taylor et al.73 assessed the efficacy of low-dose iNO (5 ppm) in patients with 
early, moderately severe ALI (diagnosis within 72 hours of randomization). 
A multicentre format was used, which enrolled 385 adult patients with 
moderately severe ALIxii from causes other than sepsis and a greater 
percentage with ALI from a direct, rather than an indirect, source (breakdown 
not provided). One hundred and ninety-three patients were randomly 
assigned to the placebo control group (nitrogen gas) and 192 were assigned to 
receive iNO treatment. Endpoints for treatment were day 28 (end of the trial), 
death, or when adequate oxygenation was achieved (as defined by an oxygen 
saturation via pulse oximetry [SpO2] ≥ 92% or PaO2 ≥ 63 mm Hg without 
treatment gas and with an FiO2 ≤ 0.4 and PEEP ≤ 5 cm H2O). A standardized 
approach was used for prioritizing ventilator parameter changes. Oxygenation 
and ventilation parameters were recorded at baseline and at regular intervals.

The groups were well balanced with regards to the primary cause of ARDS, 
degree of baseline respiratory dysfunction, age and sex. A statistically higher 
baseline MPAP was noted in the iNO group; however the author deemed this 
difference to be not clinically relevant and likely not to influence response. 
Overall level of acuity (APACHE II scores) and Murray lung injury scores 
were not reported. There was no differentiation with regards to percentage of 
responders versus non-responders. There was a higher incidence of infections 
reported in the iNO group, however, they were judged not to be related to iNO. 
Respiratory system adverse events were higher in the control group versus the 
iNO group (61% vs. 51% respectively) including adverse events. There was no 
difference between the two groups in the primary outcome variables (days alive 
and not receiving assisted breathing to day 28). Furthermore, there were no 
differences in mortality rate, number of days patients were alive and meeting 
oxygenation criteria for extubation, and number of days patients were alive 
following a successful unassisted ventilation test. There was a statistically 
significant difference in the PaO2 in the treatment group which resolved 
between 24 and 48 hours. The authors conclude that their data do not support 
the routine use of iNO in the treatment of ARDS. iNO may be considered as 
a salvage therapy in ARDS when patients continue to have life-threatening 
hypoxemia despite optimizing conventional mechanical ventilatory support.

xii Authors used a modified American-European Consensus Conference definition of ARDS using a 
PaO2/FiO2 ratio of ≤ 250 rather than ≤ 200.
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Angus et al.74 recently published the results of a one-year follow-up study of 
subjects enrolled in a multicentre RCT from 46 centres in the United States 
to determine the long-term outcome and healthcare costs after their phase 
III trial of iNO in ARDS.73 Follow-up was performed at hospital discharge, six 
months and one year. Survival, quality of life, and resource use was assessed by 
means of telephone interview at six and twelve months following enrolment. 
Full detailed billing records were obtained from each of the participating 
hospitals. All costs were adjusted to the year 2005 with the use of the 
Consumer Price Index. A total of 385 (96%) of the subjects from the phase 
III trial were enrolled in this follow-up study with 184 subjects in each of the 
iNO and control groups. Overall, there were no baseline differences between 
the 368 subjects who consented to the study, and the 17 subjects who did 
not (those who refused consent were more likely to be Hispanic). Full billing 
information was available for 312 (85%) of those who consented (154 in the 
iNO arm, and 158 in the control arm). Of the 274 patients alive at discharge, 
post-discharge resource use for 145 subjects at six months and 168 subjects at 
one year were collected. This information represents data collected on a total 
of 181 out of the 274 (66.1%) subjects. There were no differences in baseline 
characteristics between those patients for whom resource use information was 
obtained and for those whom it was not.

Most of the deaths occurred in the initial 28 days following enrollement into 
the study. Mortality fell an additional 10.2% over the following 12 month 
period. At one year there were no differences between groups regarding 
mortality (with follow-up of 90.2% of the patients). The mean length of 
hospital stay was 30.6 days with the majority of these days in ICU. Mean  
cost of care for these patients was $57,400. Main ICU costs were room, 
supplies, pharmacy, and radiology. Day one costs were far more expensive 
than subsequent days. 

There was no difference in hospital length of stay between survivors and 
non-survivors. Survivors tended to incur higher costs ($59,800 versus 
$49,800) versus non-survivors, however, non-survivors tended to have more 
intense post enrolment ICU stays as indicated by a significantly higher 
daily Therapeutic Intervention Scoring System (TISS) score. There was no 
difference between treatment arms regarding hospital survival or resource use. 
Post discharge resource use, activities of daily living, quality of well being and 
quality of adjusted survival were not different between groups. The authors 
conclude that their study demonstrates that there are considerable individual 
and societal consequences for those who develop ARDS, which persist well 
beyond hospital discharge. They found that iNO did not affect mortality at one 
year, and found no beneficial effect on hospital costs, ICU workload, discharge 
location, post discharge resource use, functional status, or quality of life. Their 
data demonstrates that iNO use does not have long-term harmful effects. 
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The authors conclude that despite the initial beneficial physiological effects 
of 5 ppm iNO given to subjects with ARDS and limited extra-pulmonary 
involvement, there is no short-term or long-term improvement in both clinical 
and economic outcomes. They suggest that iNO should not be routinely used 
in ARDS outside the research setting, and that future ARDS research should 
include assessments of long-term outcomes in addition to short-term mortality 
and lung-specific endpoints. 

Expert Opinion
Expert opinion was obtained from clinical experts located in Alberta 
and Quebec. According to expert advice, there is no standard treatment 
methodology in ARDS, which is consistent with a study of 117 intensive 
care physicians at the Mayo clinic.76 There are, however, many optimal 
management strategies in ARDS that are commonly used and based 
on recent evidence such as lung protective ventilation strategies22, 
conservative approach to fluid management33, pharmacological and other 
treatment modalities, which have resulted in an overall improvement in 
the management of these patients. Some centres are showing a decrease 
in incidence of ARDS by more than 50%77 and improvements in mortality. 
There is, however, marked variability in practice amongst intensive care 
practitioners, a point which is highlighted by a recent Ontario survey 
demonstrating a wide variation in the management of ARDS.78 Meade et al.77 
determined that this variation in practice is related to limited awareness of 
relevant research, conflicting interpretations of the research findings, as well 
as adherence to varying local practice patterns.

Although there are no specific clinical practice guidelines for the 
management of patients with ARDS, there are a number of review and 
treatment management articles which present the current evidence and 
recommendations for this population.11,28,38 The challenge with applying these 
recommendations is that many are not generalizable to all ARDS patients 
since ARDS is a syndrome and not a specific disease entity.

According to expert opinion, the use of iNO in Canada is still considered 
experimental as part of a multiple therapeutic approach. Since there is no 
evidence of improved survival or improvements in specific clinical outcomes, 
iNO has not been approved for use in ARDS, and therefore, its use in this 
population is clearly ‘off label’. Despite this situation, the Ontario survey 
identified earlier78 indicates that, when treating an ARDS patient, 2.8% of 
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respondents use iNO in all patients, 35.8% in selected patients, rarely in 14%, and 
never in 46.8%. Also, if a clinician has previously used iNO to treat ARDS, then 
they would always consider using it if the therapy is available. Additionally, iNO 
can distinguish responders from non-responders. Since responders tend to have 
more favourable outcomes than non-responders, the decision to maintain iNO 
therapy is often based on the initial response to the therapy.

iNO is considered safe in the short term and long term provided that basic 
precautions are in place. iNO must be delivered in a well calibrated device 
with close monitoring of the delivered concentration. Since high iNO levels 
can combine with oxygen to produce toxic oxynitrate products and metHb 
can develop in these patients, careful monitoring and testing for these 
complications is necessary. iNO therapy is therefore not recommended in 
rural or regional hospital settings where specific clinical expertise is lacking, 
since this therapy is still considered experimental.

Some evidence shows that iNO may exacerbate the development of 
pulmonary edema in severe left ventricular dysfunction54, and experimental 
data suggest that iNO has some systemic effects.19 However, the weight 
of clinical evidence indicates that iNO is safe and useful in improving 
oxygenation in patients with severe refractory hypoxemia, in initial 
responders, in ARDS with a direct lung injury, and in ARDS with pulmonary 
hypertension—although the lack of outcome data does make it difficult to 
make a clear case in this population.

Clinical Guidelines and Ongoing Clinical Trials

A search of the clinical guidelines databases did not yield any clinical 
guidelines for the administration of iNO for acute hypoxemic respiratory 
failure in adult patients with ARDS as of November 23, 2006. The fact that 
our search did not retrieve any guidelines may not be surprising as the use  
of iNO therapy is still considered ‘off-label’ in this population.

Only one ongoing adult clinical study was identified by searching the clinical 
trails databases as of November 23, 2006. The phase I study “A Controlled 
Prospective Randomized Open-Label Study of Methylene Blue and Inhaled 
Nitric Oxide in Patients with Septic Shock and Acute Lung Injury” is being 
conducted at Northern State Medical University and is currently recruiting patients.
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Discussion

Efficacy
This report focused on providing safety and efficacy information from studies 
with optimal study design (i.e. RCTs), however, there was no appraisal of 
methodological quality.

In comparison with the systematic review68, two additional RCTs72,73 and one 
follow-up study74 were presented in this report. However, cautions similar 
to those outlined in the systematic review remain for the interpretation of 
the results. As suggested in the Cochrane review, comparisons between the 
individual five RCTs should be done cautiously, as there were a number of 
methodological differences between them. A major limitation was the use of 
small sample sizes in two of the studies.69,72 Also, the baseline level of acuity 
(both APACHE II and Murray lung injury score), inclusion and exclusion 
criteria, duration of ventilation, and timing of ARDS/ALI were inconsistently 
reported within the five RCTs. The use of differing levels and duration of iNO 
therapy also makes comparisons difficult. Placebo control was only used in 
two of the five studies thereby increasing the potential for treatment bias.  
The use of standard management protocols or strategies (such as lung 
protective ventilation, oxygenation, hemodynamic management, and 
nutritional support protocols or guidelines) were inconsistently reported 
and in some cases left to the discretion of the individual sites involved in the 
studies. Finally, the variability with reporting of outcome parameters such 
as oxygenation, measures of mortality, and other clinically relevant outcome 
parameters were present. Having said this, there is value in assessing the five 
RCTs in terms of the following clinically relevant questions.

Does the use of iNO result in decreased overall mortality as 
compared to either placebo or conventional management? 

Assessment of the two additional adult RCTs72,73 not included in the review 
by Sokol et al.68 supports their suggestion that iNO does not appear to have 
a statistically significant effect on mortality. Gerlach et al.72 study revealed no 
difference between groups in terms of survival (length of follow-up was not 
reported) The Taylor et al. study, was the largest RCT to date and clearly 
indicates no difference in mortality with the use of iNO over placebo (iNO 
group mortality was 23% versus the control group of 20%). In addition, the 
Angus et al.74 reported no difference in mortality between groups at one year 
follow-up. Therefore, considering the additional RCTs, there is now further 
evidence which supports the systematic review statement suggesting no 
difference in mortality rates with the use of iNO over standard care at  
28 to 30 days or at one year follow-up.
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Does the use of iNO result in therapeutic success as compared  
to either placebo or conventional management? 

Classification of therapeutic success differed between the five RCTs 
thus making comparisons difficult. Troncy et al.69 reported no difference 
between the iNO and control groups with regards to successful weaning 
and extubation within 30 days. Although the success rate was higher and 
achieved earlier in the iNO group versus the control group, it did not 
reach statistical significance. In the Dellinger et al.70 study, therapeutic 
success was defined as the percentage of patients alive and off mechanical 
ventilation at day 28. Therapeutic success was the same in both groups. 
The group receiving 5 ppm iNO in comparison to the other groups (1.25, 
20, 80 ppm) showed an initial difference versus placebo but the difference 
was not statistically significant. Lundin et al.71 examined the percentage of 
patients with the reversal of ALI at 30 days. Although there were a higher 
percentage of patients in the iNO group with therapeutic success, it did not 
reach statistical significance. This was interesting as in this study there were 
also more patients in the control group with severe respiratory failure, yet 
the significantly lower percentage of patients alive and off the ventilator over 
time in the iNO group was compared to the control group. The Taylor et 
al.73 study reported no difference between the iNO and control groups with 
regards to days alive and not receiving assisted breathing to 28 days, days 
alive after successful 2 hour unassisted breathing trial, and days alive after 
reaching oxygenation criteria. The Gerlach et al.72 study did not directly 
report therapeutic success. Overall, the use of iNO does not appear to 
significantly alter specific measures of therapeutic success.

Does the use of iNO result in improvements in oxygenation, duration  
of ventilation, and intensity of ventilation, as compared to either 
placebo or conventional management? 

Four out of the five RCTs reported oxygenation response as one of the clinical 
outcome parameters.69,70,72,73 In these studies, the iNO group regardless of the 
concentration of iNO administered experienced a significant improvement 
in oxygenation response to the therapy as compared to either placebo or 
conventional management. This response, although significantly improved, 
was not sustained beyond 24 hours (i.e. by 48 hours the differences in 
oxygenation between the iNO groups and control were not statistically 
significant). This observation differed slightly from the Sokol et al.68 review 
where the authors conclude that iNO may be useful as a rescue therapy for 
24 to 96 hours. From the analysis of the five RCTs, it would appear that the 
beneficial effect of iNO on oxygenation in the adult population alone does not 
last beyond 48 hours, therefore the usefulness of iNO as a rescue therapy in 
the adult population may exist in a shorter time frame (24 to 48 hours versus  
24 to 96 hours as indicated in the Cochrane review).
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Duration of ventilation was directly measured in only two of the five RCTs.69,72 
In these two studies the duration of ventilation was not different between the 
iNO groups and standard care groups. Although the numbers of participants 
in these two studies were small, it does suggest that use of iNO does not alter 
the duration of ventilation. More studies are needed to confirm these results.

Only one study directly measured the intensity or aggressiveness of ventilation 
via an OI assessment.70 As the authors indicate, this index takes into 
consideration the intensity of ventilation in addition to the usual parameters 
of the hypoxemia score. This assessment differs from the PaO2/FiO2 ratio 
where the general degree of intrapulmonary oxygen exchange is measured. 
They demonstrated a statistical difference in the intensity of ventilation that 
was apparent two full days longer than the statistical improvements to the 
FiO2 or PaO2/FiO2 ratio. Unfortunately, this was the only study to measure the 
OI; therefore, it is difficult to determine the impact of iNO on the intensity of 
ventilation. Future studies should include this measure to determine if the use  
of iNO results in a decreased intensity of ventilation.

Does the initial level of acuity predict outcomes in ARDS? 

Although this was not the focus of the report and would warrant a different 
search strategy, there may be some utility in examining this question. 
Therefore, based on the studies included in this review, the initial level 
of acuity (APACHE II scores) for patients with ARDS/ALI may predict 
outcomes in conjunction with other factors such as baseline lung function, 
etiological factors, and stage of ARDS. Unfortunately, only three RCTs69-71 
reported baseline APACHE II scores. The average acuity level in the Troncy 
et al.69 study was in the range of 23.3 ± 1.4 for the control group and 27.9 ± 
2.6 in the iNO group which is not surprising as the majority of patients in the 
study developed ARDS as a result of sepsis. These numbers for the APACHE 
II score predicted a mortality rate of approximately 40% to 55% which is 
similar to the observed 53% and 60% mortality rate for the control group and 
iNO group respectively. This was in contrast to the Dellinger et al.70 study 
where the baseline APACHE II scores for their non-sepsis induced ARDS 
was 17 ± 7 for the iNO group and 18 ± 6 for the control group. These scores 
predict a mortality rate of approximately 25%, which again was similar to the 
observed mortality of 30% in each group. Finally, in the Lundin et al.71 study, 
which included a minority of sepsis patients reported APACHE II scores of 
18 ± 6.1 and 18.7 ± 6.1 for the iNO and control groups respectively. Although 
these numbers predict a mortality rate of ~ 25%, the observed mortality 
rate was between 40% and 50% for all participants in the study. This result 
indicates that the APACHE II scores alone may not always accurately predict 
mortality. In the case of the Lundin et al.71 study, the appreciation of baseline 
PaO2/FiO2 ratio in the range of 100 would indicate a significantly reduced 
lung function and therefore an additional factor to consider regarding baseline 
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acuity in an effort to predict outcomes. Since all of the RCTs in this review 
did not report APACHE II scores, it is difficult to determine how predictive 
APACHE II scores are in this population. Having said this, overall patient 
acuity scoring still remains an important baseline assessment parameter that 
can help to predict outcomes in this population.

Murray score as a measure of baseline lung injury score was also not 
consistently reported within the five RCTs therefore making the predictive 
value of this test indeterminate. The three RCTs that did report baseline 
Murray scores demonstrated a wide variation in the reported mortality from 
a low of 15 to 20% to a high of 60%.69,71,72 These results again suggest that no 
one measurement or test can adequately predict outcomes in ARDS with its 
multifactorial etiology and variable pathogenesis.

On the basis of etiology, are there specific subsets of ARDS/ALI 
patients that would potentially benefit more from iNO? 

Data from the five RCTs were not stratified for etiology and therefore it 
becomes difficult to make overarching statements regarding benefit in one 
particular subset of ARDS within each individual study not to mention 
between studies. There are however, some general observations when 
comparing the five RCTs that may suggest benefit within a subset of ARDS 
patients. The presence of primary or secondary sepsis in ARDS/ALI is 
suggestive of poor prognosis. Troncy et al.69 enrolled primarily sepsis patients 
into their study (with associated high APACHE II scores) that were equally 
distributed between study groups. Mortality rates were in the range of 50 
to 60%. Similarly, Lundin et al.71 reported mortality rates in the 40 to 50% 
range with the inclusion of sepsis patients (although they represented a lower 
overall percentage of all ALI patients as compared to the Troncy study) who 
were relatively equally distributed within each group. The mortality rate was 
still quite high in their study despite the general exclusion of those highly 
unstable, acutely or chronically ill, and moribund state patients at the onset. 
This is again suggestive of the particular poor prognosis in the sepsis patient 
population. These mortality rates are in contrast to the Dellinger et al.70 and 
Taylor et al.73 studies where sepsis patients were excluded and mortality rates 
in the 20 to 30% range were reported and not significantly different between 
study groups. The Gerlach et al.72 study was the only RCT which included 
more than 50% sepsis patients yet reported mortality rates in the 15% to 20% 
range. The authors did not discuss possible factors for the low mortality rate 
in their study relative to other published studies. Also, exclusion criteria for 
their study and APACHE II scores were not reported which would factor into 
the interpretation of these results.

Inferences from the patient selection criteria in two of the RCTs70,73 may 
provide some indication of situations where iNO may not produce an added 
benefit. According to these authors, since iNO was expected to affect only the 
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lung, patients were excluded if their condition had a poor prognosis or the 
duration of ventilation was unlikely to be altered with improvements in lung 
function (i.e. oxygenation). Therefore, those patients with non-pulmonary 
infection source or sepsis-induced ARDS/ALI, those having multiorgan 
system failure, and in those situations were the underlying disease process was 
felt to be irreversible were excluded. With all else being similar, the presence 
or development of these criteria does suggest a subset of ARDS/ALI patients 
where iNO likely should not be initiated.

Does the initiation of iNO early (within 72 to 96 hours of diagnosis  
of ARDS/ALI) result in better clinical outcomes as compared to  
standard treatment? 

Of the five RCTs only three reported randomization within 72 to 96 hours 
after developing ARDS/ALI.70,71,73 Lundin et al.71 randomized their ALI 
patients between 18 to 96 hours of meeting their inclusion criteria. Although early 
randomization was conducted, patients in both groups suffered high 30 and 90 
day mortality which was likely related to the presence of sepsis patients with poor 
baseline oxygenation scores. Dellinger et al.70 and Taylor et al.73 on the other hand 
required inclusion within 72 hours of the diagnosis of ARDS/ALI not as a result 
of sepsis. The early diagnosis and randomization would theoretically allow for 
the optimization of all management strategies (including iNO) early on in the 
course of the syndrome where treatments would likely produce more obvious 
results. Additionally, the Taylor et al.73 study utilized a modified American-
European Consensus Conference definition of ARDS that allowed a PaO2/FiO2 
ratio of ≤ 250 instead of ≤ 200 which should also help to identify patients 
earlier in the progression of ARDS. These two studies were similar in that 
they were the only two RCTs that used a placebo controlled control group, 
in addition to usual care guidelines. Overall mortality rates did not differ 
significantly between the iNO and placebo groups in either study, suggesting 
that iNO does not alter mortality when initiated early within the course 
of ARDS. What this data does suggest however is that an improvement 
in mortality may occur simply with the initiation of general management 
strategies targeting the early phase of ARDS/ALI (such as lung protective 
ventilation strategies, oxygenation guidelines, and other standardized 
management strategies). Mortality rates in these two studies were amongst 
the lowest in the reported literature. This point is further emphasised in that 
24% of the placebo group in the Dellinger et al.70 study also “responded” 
with a ≥ 20% increase in the baseline PaO2 suggesting that some aspect 
of the optimization of these general management strategies resulted in an 
improvement in oxygenation.
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Do initial responders to iNO have better outcomes than non-responders? 

Only one study separated responders (responders were patients whose PaO2 
increased by more than 25% from baseline after receiving 0, 2, 10, and 40 ppm 
for 10 minutes within 96 hours of study entry for the first 140 patients, then 
PaO2 increased by more than 20% from baseline for the remainder) from  
non-responders prior to randomization.71 On the basis of this study, the 
presence or absence of an initial response to iNO appears to have no effect 
on 30 or 90 day mortality outcomes. Unfortunately, the authors did not 
report on efficacy in terms of changes in oxygenation between the study 
groups (who were responders) versus the non-responder group. What these 
data do confirm is that not all patients produce a response to iNO; therefore 
maintaining non-responders on iNO is not indicated as they will clearly not 
benefit from the therapy. Data from this study also suggests that a trial of iNO 
for 10 minutes should be sufficient time to appreciate this response (if the 
patient is to be classified a responder). Having no response to iNO beyond  
10 minutes (PaO2 increased by more than 20% from baseline) is suggestive  
of a non-responder and since there are specific and potential side effects 
associated with iNO, the therapy should be discontinued.

What is the most effective dose of iNO in terms of clinically  
relevant outcomes/parameters? 

It is difficult to determine the most effective dose of iNO in terms of outcome 
parameters as the data presented in the five RCTs does not demonstrate 
consistent improvement in any one clinically relevant outcome parameter 
with the exception of a transient improvement in oxygenation over the first 24 
to 48 hours. Data from the five RCTs does suggest a range of effective doses 
of iNO for this transient improvement in lung function. Most of the RCTs 
utilized iNO in the 5 to 10 ppm range either by direct setting or indirectly 
as a average dose obtained from the daily dose-response assessments.69,71-73 
The Dellinger et al.70 study was the only RCT to pre-select varying doses of 
iNO for the duration of the study period. In this study the 5 ppm subset of 
the experimental group had the lowest mortality rate at 24% (not statistically 
significant as compared to the other doses and to the placebo group). This 
mortality rate was very similar to the Taylor et al.73 study where at 5 ppm the 
28 day mortality was 23% (not statistically different from the placebo control). 
These data do suggest that iNO in the range of 5 to10 ppm is sufficient for this 
population. Increasing the dose beyond 10 ppm does not appear to correlate 
to improved outcomes. Although generally considered safe up to 40 ppm, 
increasing the iNO dose beyond 10 ppm may unnecessarily subject the patient 
to a higher potential of unwanted side effects.
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Another important consideration regarding iNO dosing has been identified 
with the use of dose-titration over time. While 10 ppm produced the greatest 
initial response in the Gerlach et al.72 study, after four days on 10 ppm, the 
dose-response procedure indicated that peak oxygenation occurred at one 
ppm. This suggests that over a period of up to 96 hours after the initiation 
of iNO at 10 ppm, one may expect a decrease in the required concentration 
of iNO required to produce the same results as initially. The mechanism 
for the phenomena is not fully understood, however a number of possible 
pathomechanisms have been suggested by the authors. First, since there is 
some evidence that a bioactive form of nitric oxide is transported via the 
plasma without being inactivated by hemoglobin, it is theoretical that with 
the use of higher doses of iNO, this mechanism may contribute to the dilation 
of downstream vasculature in the lung which may lead to V/Q mismatching 
and subsequent deterioration of oxygenation. Next, since there is evidence 
that iNO produces an inhibitory effect on endogenous nitric oxide synthases 
within the pulmonary vasculature, this would increase the response to iNO 
and possibly result in sensitization with continuous use. Another possible 
pathway for the reduced response over time with continuous iNO is the 
activation of endothelin-1, an endogenous vasoconstrictor. Increased levels 
of this vasoconstrictor would compete with the dilatory effect of iNO 
and possibly counteract its benefits. Interestingly, the authors suggest the 
modification of the endothelin receptor expression that occurs in sepsis may 
be an explanation for the reduced iNO response in that population. Also, 
the reduced response to iNO over time may be a result of local blood flow 
distributions within the lung, as well as the reaction of iNO with oxygen free 
radicals and carbon dioxide which can form toxic metabolites and contribute 
to endothelial inflammation. Finally, it has also been suggested that the use of 
high concentrations of iNO or its prolonged use may lead to the equilibration 
of the vasodilatory effect in poorly ventilated lung units, thereby resulting in 
non-selective vasodilation and worsening oxygenation.19,70

In summary, based on the RCTs, an initial iNO dose of 5 to 10 ppm appears 
to be optimal. The use of a daily dose assessment or challenge is also 
recommended in order to optimize the lowest effective dose of iNO being used.

Has the use of iNO resulted in decreased ICU or hospital length of stay? 

Of the five RCTs included in this review, only one reported ICU length of 
stay72, while another study quantified the number of patients still in the ICU and 
hospital at 30 and 90 days which can give an indirect measurement of length of 
stay.71 Data from the Gerlach et al.72 study found no difference in ICU length of 
stay for all patients as well as for survivors with the use of iNO as compared to 
conventional management. Lundin and coworkers71 also found no difference 
in the number of patients in ICU or in hospital at 30 and 90 days between 
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the iNO and control group. Both studies indicated a similar trend towards 
decreased length of ICU stay in the control groups; however this did not 
reach statistical significance. 

In the follow-up study by Angus et al.74 there was no difference between 
treatment arms in terms of hospital costs and resource use both within the 
hospital setting and for one year following hospital discharge. While not 
directly comparing length of stay, this study does indicate that the overall 
resource use while in hospital and after discharge is similar between the 
iNO and control groups. An assessment of resource use is likely more 
encompassing than the measurement of the number of days a specific patient 
is in the ICU or hospital length of stay since it includes the cost of all patient 
care and treatment regimens.

From these limited data, it does not appear that the use of iNO alters the 
length of ICU or hospital stay, and overall resource use during the hospital 
course and up to one year following hospital discharge. 

Does the use of iNO obviate the need for more expensive therapeutic 
interventions (such as extracorporeal membrane oxygenation)? 

Only two studies offered extracorporeal membrane oxygenation therapy  
as a treatment option in their study.71,72 Lundin et al.71 reported the need for 
extracorporeal membrane oxygenation therapy in two of the patients in the 
control group versus none in the iNO group. Gerlach and colleagues72 noted 
a decreased use of extracorporeal membrane oxygenation in the iNO group 
as compared to the control group. Due to the small sample size in this study, 
it is difficult to determine the significance of these findings. Further studies 
are required to determine if the use of iNO obviates the need for more 
expensive therapies.

Regarding overall resource use both within the hospital setting and post-
discharge, Angus et al.74 reported no beneficial effect of iNO on hospital costs, 
ICU workload, discharge location, and post discharge resource use versus 
standard therapy.

Should iNO be utilized as a rescue or salvage therapy in the 
treatment of refractory hypoxemia in ARDS? 

One of the conclusions within four of seven articles included in this review 
is that iNO should be reserved for use as a rescue therapy in ARDS where 
situations of severe refractory hypoxemia are present despite the optimization 
of conventional mechanical ventilatory support.68,71-73 None of these studies set 
out to evaluate the use of iNO in this population, therefore, it is unclear how 
this conclusion has been reached. The suggestion for use in this population 
is likely due to the continued off-label use of this therapy in the adult ARDS 
population where there are no current indications. iNO is currently used 
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in many patients who, if enrolled in one of the above studies, would have 
been excluded due to poor prognosis and the low potential to reverse the 
underlying condition. Therefore the use of iNO in this setting becomes more 
of an ethical decision where a balance between outcomes and expenditure, 
between benefit and potential harm need to be considered. Decisions 
regarding the use of iNO as a rescue therapy is truly patient-specific, however, 
the increased cost and mounting evidence regarding the lack of improvement 
in mortality rates, may compel bedside clinicians to question under what 
circumstances iNO therapy should be initiated. 

Safety and Adverse Events

Safety concerns and adverse events associated with the use of iNO did vary 
within the five RCTs presented. While the general feeling is that iNO is safe 
and without an increased incidence of side effects and adverse events, some 
studies did point out several areas that may be of potential concern.

Regarding NO2 formation, most studies did not report situations of increased 
NO2 production when iNO was delivered in concentrations up to 40 ppm69-73. 
Only one study indicated a situation of increased NO2 levels greater than 3 
ppm when iNO was delivered at 80 ppm.70

The development of methemoglobinemia (MetHb levels > 5%) was reported 
in two of the studies.70,73 MetHb appeared only in the control group (one 
case) in the Taylor et al.73 study while in the Dellinger et al.70 study, MetHb 
appeared in both iNO and control groups (one case) with an increased 
incidence in the 40 (one case), and 80 ppm iNO groups (two cases).

Of the five RCTs only one commented on the rebound phenomena, stating 
that there was no indication of this adverse event after the withdrawal of 
iNO.72 Most of the studies incorporated a specific approach to the weaning of 
iNO, which likely resulted in the absence of clinically significant rebound.69-71,73

Three studies commented on the coagulation status of the study paitents.70-72  
Of these only one study reported one patient on 40 ppm iNO having 
developing a coagulopathy70, otherwise there were no difference noted 
between iNO and control groups regarding bleeding disorders. In the  
Lundin et al.71 study, there was a significantly higher incidence of abnormal 
renal function seen in the iNO group. Abnormal renal function was also seen 
in one patient in the Dellinger et al.70 study, however, subsequent studies did 
not provide data on renal failure.72,73 Finally, there was an overall increased 
incidence of nosocomial infections in the iNO group versus placebo in the 
Taylor et al.73 study; however, the authors did not feel that these infections ere 
as a result of iNO. Overall, the infrequent incidence of complications with the 
use of iNO in these studies does reinforce the notion that it is relatively safe 
when administered in concentrations of less than 40 ppm.



Institute of Health Economics, The use of nitric oxide in acute respiratory distress syndrome, April 2007 38

Cost of iNO therapy

None of the five RCTs included a cost-effectiveness analysis as part  
of their study design. As such, no inferences can be made regarding the 
cost-effectiveness of iNO versus conventional management from the studies 
included in this review.

Summary and Conclusion

ARDS is a complex clinical syndrome with many treatment strategies directed 
at the inciting clinical disorder as well as supportive care. Recent advances 
with conventional management and knowledge around the pathophysiology 
of ARDS has resulted in improved outcomes for these patients. Treatment 
strategies have aimed to reduce the extent of iatrogenic injury and other side 
effects in an effort to buy time for healing and treatment of the etiological 
cause of the lung injury. 

Nitric oxide is synonymous with the endogenous EDRF. When inhaled, it 
produces selective pulmonary vasodilation, reduce elevated pulmonary artery 
pressure, and improve VQ matching with an associated increase in arterial 
oxygenation. The potential degree of improvement in oxygenation with iNO is 
dependent on the extent to which pulmonary vasoconstriction, VQ mismatching, 
shunt, and the inciting clinical disorder contribute to impaired gas exchange. No 
clinical guidelines currently exist for the use of iNO in the adult ARDS patient.

While the assessment of cost-effectiveness of iNO therapy was not within the 
scope of this document and search, information from the background sources 
does suggest that recent changes to the marketing of INOmax® may play an 
additional role in the future off-label use of this therapy.

Considerable methodological variations existed between the five RCTs 
presented in this report which make comparisons more challenging. Despite 
this difficulty, inferences from the evaluation of the latest evidence provide 
the end-user with some usable information. There is now more evidence to 
indicate that using iNO does not translate to improvement in mortality as 
compared to either placebo or conventional management. Additionally, it 
appears that improvements in supportive care, early treatment, and the use of 
evidence-based management strategies such as lung-protective ventilation over 
the past 10 years have resulted in dramatic improvements in overall mortality. 

ARDS from a non-pulmonary infection source (such as sepsis), and in 
patients with multiorgan failure or an irreversible underlying condition have 
poor outcomes in general. iNO in this population does not appear to alter 
outcomes, and thus its use should be reconsidered. 
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A transient improvement in oxygenation can be expected in approximately 
60% of those who receive iNO early in the progression of ARDS. This 
improvement, when present, is typically apparent within 10 minutes from 
initiation of iNO, and may be present for up to 48 hours. Beyond this, iNO 
use should be re-evaluated on the basis of the patient’s current condition, 
including potential adverse effects. 

iNO should be used in concentrations of less than 40 ppm, with the best 
evidence indicating a range of 5 to 10 ppm being most effective. Daily  
dose-assessment or challenges should be conducted throughout iNO use in 
order to re-establish optimal dosing. Discontinuation of iNO should occur in  
a stepwise approach if there is no ongoing positive response in oxygenation  
or the intensity of ventilation. 

The use of iNO is not without potential and serious complications. There is 
agreement that the incidence of increased NO2, metHb production, and the 
rebound effect is not clinically significant when the dose of iNO is less than 
20-40 ppm and administered with proper equipment and close monitoring 
by experienced staff. One must not forget that even a slight complication in 
a critically ill ARDS patient can have serious results. There are suggestions 
that iNO may be considered as a last resort in the most severely refractory 
hypoxemic patients to obviate the need for more expensive therapeutic 
options such as extracorporeal membrane oxygenation; however, the  
degree of benefit in this patient population has yet to be established.

This report was prepared in response to the dramatic increased cost of iNO 
therapy, with the need to re-evaluate the available evidence on the use of 
this therapy in the adult ARDS/ALI population. Ultimately, the goal of this 
assessment was to determine if there is new evidence that would suggest 
changes in the way this therapy is delivered in the Calgary Health Region. 
Although many unanswered questions still remain regarding the future role of 
iNO in the management of adults with ARDS/ALI, research evidence will be 
taken into consideration during the revision of practice guidelines and clinical 
policies. The ultimate goal for the Calgary Health Region is to optimize the 
application of iNO in the most clinically and economically appropriate manner.
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Appendix A: Methodology

Literature Search 
The literature search was conducted with the assistance of the AHFMR 
Research Librarian initially in January 2006 with the latest update completed 
in November 2006. The publication date of the literature search was limited 
from 1999 onward, since 1999 was the search complete date of the most 
recent systematic review.68 Search was limited to English language, human 
studies in adults.

Major electronic databases used include: The Cochrane Library, National 
Health Service Centre for Reviews and Dissemination (CRD) Databases-  
NHS EED, HTA, DARE, PubMed, EMBASE, CINAHL, and Web of Science. 
In addition, web sites of practice guidelines, regulatory agencies, evidence-
based resources and other HTA related agency resources (INAHTA, AETMIS, 
CADTH, ECRI, etc.) were searched. The e-tables of contents pertinent 
journals were monitored. Internet search engines Google and Google Scholar 
were also used to locate grey literature.

Medical Subject Headings (MeSH) terms relevant to this topic are: 
Nitric oxide; Endothelium-dependent relaxing factors; Respiratory distress 
syndrome, Adult; Hypoxemia; Anoxemia.

Keywords used: Nitric oxide; Endothelium-derived relaxing factor; EDRF; 
Adult respiratory distress syndrome; Acute respiratory distress syndrome; 
Acute lung injury; ARDS; Hypoxaemia.

Table A.1: Databases and search terms used in the search strategy†

Database and Platform
Edition or 
Search Date Search Terms††

Core Databases

The Cochrane Library, 
CENTRAL, Methodology 
Reviews, Cochrane Methodology 
Register, About the Cochrane 
Collaboration

http://www.mrw.interscience.
wiley.com/cochrane

200�, Issue 4

(Searched  
200�-��-23)

((nitric NEXT oxide) OR (nitric oxide*) OR 
(EDRF) OR (endotheli* NEXT derived NEXT 
relax* NEXT factor*) OR (endothelium-derived 
NEXT relax* NEXT factor*) OR (endotheli* 
NEXT depend* NEXT relax* NEXT factor*)) 
AND ((acute NEXT lung NEXT injur*) OR 
(ARDS) OR (respiratory NEXT distress NEXT 
syndrome) OR (hypoxem*) OR (hypoxaem*))

CRD Databases (DARE, NHS 
EED, HTA)

http://www.crd.york.ac.uk/crdweb/

200�-��-23 (nitric oxide OR EDRF OR endotheli derived 
relax factor OR endotheli depend relax factor) 
AND (acute lung injur OR ARDS OR 
respiratory distress syndrome OR hypoxem  
OR hypoxaem)
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Database and Platform
Edition or 
Search Date Search Terms††

Core Databases (continued)

PubMed

www.pubmed.gov

200�-��-23 �. (nitric oxide OR (endothelium derived relaxing 
factor) OR (endothelium derived relaxing factors)) 
AND (acute lung injury OR acute lung injuries 
OR acute lung injur* OR hypoxemia OR ARDS 
OR “respiratory distress syndrome”[Text Word]) 
Limits: All Adult: �9+ years, Humans

2. (nitric oxide OR (endothelium derived relaxing 
factor) OR (endothelium derived relaxing factors)) 
AND (acute lung injury OR acute lung injuries OR 
acute lung injur* OR hypoxemia OR ARDS OR 
“respiratory distress syndrome”[Text Word]) AND 
(in process[sb] OR publisher[sb])

3. #� OR #2

CINAHL (OVID) 200�-��-23 �. exp Nitric Oxide/

2. endothelium derived relaxing factor.mp.

3. exp Respiratory Distress Syndrome, Acute/

4. acute lung injury.mp.

5. endothelium derived relaxing factors.mp.

�. acute lung injuries.mp.

7. exp Anoxemia/

8. hypoxemi$.mp.

9. hypoxaemi$.mp.

�0. endothelium dependent relaxing factors.mp.

��. endothelium dependent relaxing factor.mp.

�2.#� or #2 or #5 or #�0 or #��

�3. #3 or #4 or #� or #7 or #8 or #9

�4. #�2 and #�3

EMBASE (Ovid) up to 200� 
Week 4�

�. exp Nitric Oxide/ 

2. exp Endothelium Derived Relaxing Factor/

3. Endothelium Derived Relaxing Factor$.mp.

4. endothelium dependent relaxing factor$.mp. 

5. exp Adult Respiratory Distress Syndrome/ 

�. exp Acute Lung Injury/ 

7. exp Hypoxemia/ 

8. hypoxemi$.mp. 

9. hypoxaemi$.mp. 

�0. acute lung injuries.mp. 

��. � or 2 or 3 or 4

�2. 5 or � or 7 or 8 or 9 or �0

�3. �� and �2 

�4. limit #�3 to yr=”�999 - 200�” 

�5. limit #�4 to human 

��. limit #�5 to (adult <�8 to �4 years> or  
  aged <�5+years>)
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Database and Platform
Edition or 
Search Date Search Terms††

Core Databases (continued)

ISI Web of Science 

Science Citation Index Expanded 
(SCI-EXPANDED)

Social Sciences Citation  
Index (SSCI)

Search 
performed on 
200�-��-27 

TI=((nitric oxide OR EDRF OR endotheli* 
derived relax* factor* OR endotheli* depend* 
relax* factor*) AND (acute lung injur* OR 
ARDS OR respiratory distress syndrome* OR 
hypoxem* OR hypoxaem*)) NOT TS=(dog OR 
dogs OR sheep* OR lamb OR lambs OR rat 
OR rats OR mice OR mouse OR rabbit* OR 
animal* OR pig OR pigs OR piglet*)

Guidelines

National Guideline Clearinghouse

http://www.guideline.gov/

200�-��-29 nitric oxide; acute lung injury; hypoxemia; 
hypoxaemia; ARDS

AMA Guidelines

http://www.albertadoctors.org/

200�-��-29 Nitric oxide; Acute lung injury; Hypoxemic 
Respiratory Failure; ARDS

National Electronic  
Library for Health

http://libraries.nelh.nhs.uk/
guidelinesFinder/

200�-��-29 nitric oxide; nitric; acute lung injury; 
hypoxemia; hypoxaemia; ARDS

Canadian Medical Association 
- InfoBase

http://mdm.ca/cpgsnew/cpgs/
search/english/advancedsearch.asp

200�-��-29 nitric oxide; nitric; acute lung injury; 
hypoxemia; hypoxaemia; ARDS

Clinical Trials

ClinicalTrials.Gov

http://clinicaltrials.gov/

200�-��-23 Nitric oxide AND (acute lung injury OR ARDS)

National Research Register

http://www.nrr.nhs.uk/

200�-��-29 ((nitric next oxide) and (acute next  
lung next injury)); ARDS

Regulatory Agencies

Health Canada

http://www.hc-sc.gc.ca/

200�-��-29 Nitric oxide; Acute lung injury;  
Hypoxemic Respiratory Failure; ARDS

Health Canada  
- Drug Product Database

http://www.hc-sc.gc.ca/hpb/ 
drugs-dpd/

200�-��-23 nitric oxide

US Food and Drug Administration

http://www.fda.gov/

200�-��-23 nitric oxide

Center for Disease Control

http://www.phppo.cdc.gov/

200�-��-29 nitric oxide; nitric; acute AND lung AND injury; 
hypoxemia; hypoxaemia; ARDS
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Database and Platform
Edition or 
Search Date Search Terms††

Regulatory Agencies (continued)

Alberta Health and Wellness

http://www.health.gov.ab.ca/

200�-��-29 Nitric oxide; Acute lung injury; Hypoxemic 
Respiratory Failure; ARD

World Health Organization 
- European Health  
 Evidence Network

http://www.euro.who.int/HEN

200�-��-29 Nitric oxide; Acute lung injury; Hypoxemic 
Respiratory Failure; Hypoxemia; ARDS

European Commission

http://ec.europa.eu/ 
index_en.htm

200�-��-23 nitric oxide; nitric AND oxide; nitric*; ARDS; 
Acute lung injury

US Occupational Safety and 
Health Administration

http://www.osha.gov/index.html

200�-��-29 nitric oxide; “nitric oxide” ; ARDS

Other HTA and Web Resources

NHS Health Technology 
Assessment Programme

http://www.hta.nhsweb.nhs.uk/

200�-��-23 nitric oxide; acute lung injury;  
hypoxemia, hypoxaemia, ARDS,  
respiratory distress syndrome

CADTH

http://www.cadth.ca

200�-��-23 nitric oxide; acute lung injury;  
hypoxemia; hypoxaemia; ARDS;  
respiratory distress syndrome

INAHTA

http://www.inahta.org/inahta_
web/index.asp

200�-��-23 nitric oxide; acute lung injury;  
hypoxemia; hypoxaemia; ARDS;  
respiratory distress syndrome

IHE: HTA Publications

www.ihe.ca/HTA/HTA_unit.html

200�-��-23 nitric oxide; acute lung injury;  
hypoxemia; hypoxaemia; ARDS;  
respiratory distress syndrome

AETMIS

http://www.aetmis.gouv.qc.ca/site/
index.php?home

200�-��-29 Nitric oxide; Acute lung injury; Hypoxemic 
Respiratory Failure; ARDS

ECRI

http://www.ecri.org/

200�-��-27 nitric oxide; acute AND lung AND injury*; 
“acute lung injury”; ARDS

ABI/INFORM Global

http://proquest.umi.com/

200�-��-29 nitric oxide; (nitric oxide AND acute lung 
injury); hypoxemia; hypoxaemia; ARDS

Agency for Healthcare Research 
and Quality (AHRQ)

http://www.ahrq.gov/

200�-��-29 nitric oxide; acute lung injury; “acute lung 
injury”; hypoxemia; hypoxaemia; ARDS

UK National Institute for Health and 
Clinical Excellence (NICE)

http://www.nice.org.uk/

200�-��-29 nitric oxide; nitric; acute lung injury; 
hypoxemia; hypoxaemia; ARDS
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Database and Platform
Edition or 
Search Date Search Terms††

Other HTA and Web Resources (continued)

Bandolier

http://www.jr2.ox.ac.uk/bandolier/
knowledge.html

200�-��-29 nitric oxide; nitric; acute lung injury; hypoxemia; 
hypoxaemia; ARDS

Systematic Reviews in Social 
Sciences (Campbell Collaboration

http://www.campbellcollaboration.
org/index.html

200�-��-29 Nitric oxide; Acute lung injury; Hypoxemic 
Respiratory Failure; ARDS

Clinical Evidence

http://www.clinicalevidence.com

200�-��-23 Browsed relevant sections and conditions

Center For Clinical Effectiveness 
- Monash University

http://www.mihsr.monash.org/cce/
res/evidr-date.html

200�-��-27 Browsed website for relevant reports

Health Evidence

http://health-evidence.ca/

200�-��-29 Nitric oxide; Acute lung injury; Hypoxemic 
Respiratory Failure; ARDS

EBM online

http://ebm.bmjjournals.com/

200�-��-29 “Nitric oxide”; “Acute lung injury”; “Hypoxemic 
Respiratory Failure”; ARDS

Scirus

http://www.scirus.com/

200�-��-23 title:”Nitric Oxide” AND (title:”Acute Lung 
Injury”); title:”Nitric Oxide” AND (title:”ARDS”)

The following journals’ e-table of contents were monitored for new relevant articles during 200�:

- Chest

- Critical Care Medicine

- American Journal of Respiratory and Critical Care Medicine

- New England Journal of Medicine

- Medscape

Note:
† Limits: Searches were limited to publication dates: �999 to current; Studies: human studies only. 
These limits are applied in databases where such functions are available.
†† “*”, “#”, and “?” are truncation characters that retrieve all possible suffix variations of the  
root word e.g. surg* retrieves surgery, surgical, surgeon, etc. Semicolons, “;”, are used when terms  
are entered separately.
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Study Selection
The studies identified by the search strategy were retrieved, reviewed, and 
assessed to determine relevance. This screening and assessment process was 
conducted independently by two reviewers (GD and BG). Study eligibility 
was determined according to inclusion criteria and final selection was based 
on consensus between the two reviewers. 

Inclusion Criteria for the selection of studies based on the best level of 
evidence available were as follows:

Intervention: Inhaled Nitric Oxide. 
Indication: Management of acute hypoxemic respiratory failure in patients 
with ALI or ARDS.
Comparator: Conventional management/placebo.
Study Design: Systematic reviews or RCTs published.
Study Focus: Safety and efficacy of Nitric Oxide in the management of 
patients with ALI/ARDS.
Population: Adult patients (age 19+). No limitations on gender or severity 
of disease or nature of the etiology.
Language: English.
Publication Limits: Starting with 1999 (two RCTs69,70 dated before   
1999 were included in this review. This resulted from the fact that  
they were already referenced within the systematic review68, but the   
systematic review combined results from children and adults and hence  
these two RCTs were looked at individually).
Outcome Measurement: At least one of the following outcome 
measurements: mortality, length of stay in ICU, length of hospitalization, 
duration of mechanical ventilation. 

Exclusion Criteria:

Study Design: non-randomized comparative studies, cohort studies,  
case report or case series, conference abstracts, letters, or comments.
Study focus:Nitric oxide combined with another therapy or intervention 
(other than conventional management) 
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Data extraction for the Systematic Review

Data extraction was performed independently by two different researchers 
(GD and BG) using a standardized data extraction system, which included  
the following:

Study (author, year of publication, country, and competing interest).
Objective of the review
Characteristics of the search strategy and studies included (quality 
assessment, data collection and analysis procedure).
Characteristics of the outcome measures, study descriptions, and main 
findings from the studies selected.
Summary and outcomes reported (efficacy of iNO, mortality, duration  
of ventilation, duration of ICU stay, adverse events, and conclusion by  
the author [s]).
Data extraction for the RCTs

Data extraction was conducted independently by two different researchers (GD 
and BG) using a standardized data extraction form which included the following:

Study (author, year of publication, country).
Objective of the study
Characteristics of the participants/study setting (number of patients, 
condition, age, gender, duration of ventilation and timing of ARDS, baseline 
oxygenation/lung injury scores, baseline level of acuity, and study location).
Characteristics of the intervention (Nitric Oxide) and other ventilatory 
management practices (protocols, ventilation goals, additional therapies 
offered), and follow up.
Outcomes reported (efficacy of iNO, mortality, duration of ventilation, 
duration of ICU stay, adverse events, and conclusion by the author [s]).
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TABLE B.1: RANDOMIZED CONTROLLED TRIALS DATA EXTRACTION TABLES

Study/objective Participant/setting Intervention Outcome Author(s) conclusion

Troncy et al. 1998�9

Canada

Single-centre trial

Objective(s): to determine: (�) the 
efficacy of iNO on lung function; 
(2) the impact of iNO on morbidity 
and mortality; (3) the chances of 
success and necessary conditions for 
implementing a larger multi-centre trial

Total Number: N = 30

iNO group (EG): n = �5

Control group (CG): n = �5

Condition: ARDS (Murray lung injury score ≥ 2.5)

Inclusion Criteria: Pts between �8 to 75 years of  
age admitted to medical or surgical ICUs

Exclusion Criteria: Pregnancy, pts with cardiogenic  
pulmonary edema or with severe immunodepression  
from end-stage neoplasia 

Age (mean ± SE) (years): 

EG: 55.7 ± 3.� vs. CG: 54.8 ± 3.7 

Gender (% Male):

EG: ��.7% vs. CG: �0.0%

Duration of MV before enrolment (days):

Not reported

Causes of ARDS:

% direct vs. indirect: EG: �2/�5 were indirect (sepsis) and 
3/�5 direct vs. CG: �3/�5 were indirect (sepsis) and 2/�5 
direct. No trauma-induced ARDS in either group.

Stage of ARDS:

Timing of ARDS: Not defined

Moderate vs. severe: Not differentiated

Baseline Oxygenation/Lung Function:

PaO2/FiO2 (mean ± SE): EG: ��9.4 ± �3.� vs.  
CG: �52.� ± �8.5

Murray score (mean ± SE): EG: 2.92 ± 0.� vs.  
CG: 2.8� ± 0.�

Level of Acuity:

APACHE II (mean ± SE): EG: 27.9 ± 2.� vs.  
CG: 23.2 ± �.4

Setting: Medical or surgical ICUs

Intervention: iNO plus usual care

Concentrations of iNO: EG pts 
had iNO initiated at 2.5 ppm 
followed by an initial assessment 
to determine optimal levels of iNO 
by increasing iNO and assessing 
changes in PaO2. Mean iNO 
throughout the study, based on 
optimal determination, was 8.5 ± 
2.� ppm

Duration of iNO (mean ± SD) 
(days): 8.� ± �.3 days  
(range: 28 to 452 hours)

Discontinuation of iNO: Daily 
dose assessments used to slowly 
reduce iNO. iNO was D/C where 
daily assessment iNO = 0 ppm 
with PaO2 ≥ 70 mmHg with FiO2 
≤ 0.4 and PEEP ≤ 8 cm H2O

Responders vs. non-responders: 
5/�5 in the EG were considered 
non-responders (increase in PaO2/
FiO2 ≤ 20% from baseline) to iNO

Comparator: Usual care

Ventilation protocol: Standardized 
protocol for tidal volume and 
ventilator mode

Oxygenation/PEEP protocol: 
Standardized protocol for  
FiO2 and PEEP

Standard management protocol/
guidelines: Standardized 
sedation, curarization, intravenous 
perfusion, blood transfusion, 
parenteral or enteral feeding

Follow-up: 30 days

Adverse events: 

NO2 formation: Levels always < � ppm

MetHb formation: Excessive (not 
defined) metHb not detected

Rebound Effect: Not reported

Other adverse events: Not reported

Efficacy: 

Oxygenation: PaO2, Hypoxemia score, 
and shunt% were statistically improved 
in EG vs. CG up to 24 hours (P = 0.03, 
0.02, and 0.05 respectively). No statistical 
difference between groups after day one

Clinical Outcomes:

Mortality (30 day): 

EG = 9/�5 vs. CG = 8/�5 (nss)

Length of ICU/Hospital stay (days): 

Not reported

Duration of ventilation (mean ± SE) (days): 

For all pts:

EG: 22.3 ± 2.5 vs. CG: 24.� ± 2.5 (nss)

For survivors:

EG: �0.8 ± 4.2 vs. CG: �2.8 ± 4.2  
(P = 0.44)

Therapeutic success rate (defined as 
successful weaning from mechanical 
ventilation with extubation within 30 day 
after inclusion in the study): 

No difference between the two groups 
(P = 0.83)

The final therapeutic success rate was 
slightly higher (40%) and reached earlier 
(at Day �5) in EG than in CG (33.3% at 
Day 30) (nss)

This study showed that 
treatment of iNO in 
pts with ARDS (mostly 
caused by sepsis) may 
improve gas exchange 
but did not affect 
mortality and duration of 
mechanical ventilation. 

Future research should 
focus on early treatment 
of iNO in pts with ARDS 
induced by direct lung 
injury or those responsive 
to iNO therapy whatever 
the etiology. These 
populations should 
benefit the most from 
the use of iNO with a 
putative effect not only 
on gas exchange but 
also on mortality.

AECC: American-European Consensus Conference; ALI: acute lung injury; APACHE II: acute physiologic 
and chronic health evaluation II score; ARDS: acute respiratory distress syndrome; CG: control group;  
D/C: discontinued; ECMO: extracorporeal membrane oxygenation; EG: experimental group; FiO2: 
fraction of inspired oxygen; I:E: inspiratory to expiratory ratio; ICU: intensive care unit; iNO: inhaled nitric 
oxide; MAP: mean airway pressure; MetHb: methemoglobin; MV: mechanical ventilation; N: total number; 

NRG: non responder group; nss: not statistically significant; PaO2: partial pressure of arterial oxygen; 
PCWP: pulmonary capillary wedge pressure; PEEP: positive end expiratory pressure; ppm: parts per 
million; pt(s): patient(s); RRT: renal replacement therapy; SD: standard deviation; SE: standard error;  
SRF: severe respiratory failure.

P - value: all P values are > 0.05 unless indicated

Appendix B: Randomized Controlled Trials  
Data Extraction Tables
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TABLE B.1: RANDOMIZED CONTROLLED TRIALS DATA EXTRACTION TABLES

Study/objective Participant/setting Intervention Outcome Author(s) conclusion

Troncy et al. 1998�9

Canada

Single-centre trial

Objective(s): to determine: (�) the 
efficacy of iNO on lung function; 
(2) the impact of iNO on morbidity 
and mortality; (3) the chances of 
success and necessary conditions for 
implementing a larger multi-centre trial

Total Number: N = 30

iNO group (EG): n = �5

Control group (CG): n = �5

Condition: ARDS (Murray lung injury score ≥ 2.5)

Inclusion Criteria: Pts between �8 to 75 years of  
age admitted to medical or surgical ICUs

Exclusion Criteria: Pregnancy, pts with cardiogenic  
pulmonary edema or with severe immunodepression  
from end-stage neoplasia 

Age (mean ± SE) (years): 

EG: 55.7 ± 3.� vs. CG: 54.8 ± 3.7 

Gender (% Male):

EG: ��.7% vs. CG: �0.0%

Duration of MV before enrolment (days):

Not reported

Causes of ARDS:

% direct vs. indirect: EG: �2/�5 were indirect (sepsis) and 
3/�5 direct vs. CG: �3/�5 were indirect (sepsis) and 2/�5 
direct. No trauma-induced ARDS in either group.

Stage of ARDS:

Timing of ARDS: Not defined

Moderate vs. severe: Not differentiated

Baseline Oxygenation/Lung Function:

PaO2/FiO2 (mean ± SE): EG: ��9.4 ± �3.� vs.  
CG: �52.� ± �8.5

Murray score (mean ± SE): EG: 2.92 ± 0.� vs.  
CG: 2.8� ± 0.�

Level of Acuity:

APACHE II (mean ± SE): EG: 27.9 ± 2.� vs.  
CG: 23.2 ± �.4

Setting: Medical or surgical ICUs

Intervention: iNO plus usual care

Concentrations of iNO: EG pts 
had iNO initiated at 2.5 ppm 
followed by an initial assessment 
to determine optimal levels of iNO 
by increasing iNO and assessing 
changes in PaO2. Mean iNO 
throughout the study, based on 
optimal determination, was 8.5 ± 
2.� ppm

Duration of iNO (mean ± SD) 
(days): 8.� ± �.3 days  
(range: 28 to 452 hours)

Discontinuation of iNO: Daily 
dose assessments used to slowly 
reduce iNO. iNO was D/C where 
daily assessment iNO = 0 ppm 
with PaO2 ≥ 70 mmHg with FiO2 
≤ 0.4 and PEEP ≤ 8 cm H2O

Responders vs. non-responders: 
5/�5 in the EG were considered 
non-responders (increase in PaO2/
FiO2 ≤ 20% from baseline) to iNO

Comparator: Usual care

Ventilation protocol: Standardized 
protocol for tidal volume and 
ventilator mode

Oxygenation/PEEP protocol: 
Standardized protocol for  
FiO2 and PEEP

Standard management protocol/
guidelines: Standardized 
sedation, curarization, intravenous 
perfusion, blood transfusion, 
parenteral or enteral feeding

Follow-up: 30 days

Adverse events: 

NO2 formation: Levels always < � ppm

MetHb formation: Excessive (not 
defined) metHb not detected

Rebound Effect: Not reported

Other adverse events: Not reported

Efficacy: 

Oxygenation: PaO2, Hypoxemia score, 
and shunt% were statistically improved 
in EG vs. CG up to 24 hours (P = 0.03, 
0.02, and 0.05 respectively). No statistical 
difference between groups after day one

Clinical Outcomes:

Mortality (30 day): 

EG = 9/�5 vs. CG = 8/�5 (nss)

Length of ICU/Hospital stay (days): 

Not reported

Duration of ventilation (mean ± SE) (days): 

For all pts:

EG: 22.3 ± 2.5 vs. CG: 24.� ± 2.5 (nss)

For survivors:

EG: �0.8 ± 4.2 vs. CG: �2.8 ± 4.2  
(P = 0.44)

Therapeutic success rate (defined as 
successful weaning from mechanical 
ventilation with extubation within 30 day 
after inclusion in the study): 

No difference between the two groups 
(P = 0.83)

The final therapeutic success rate was 
slightly higher (40%) and reached earlier 
(at Day �5) in EG than in CG (33.3% at 
Day 30) (nss)

This study showed that 
treatment of iNO in 
pts with ARDS (mostly 
caused by sepsis) may 
improve gas exchange 
but did not affect 
mortality and duration of 
mechanical ventilation. 

Future research should 
focus on early treatment 
of iNO in pts with ARDS 
induced by direct lung 
injury or those responsive 
to iNO therapy whatever 
the etiology. These 
populations should 
benefit the most from 
the use of iNO with a 
putative effect not only 
on gas exchange but 
also on mortality.

AECC: American-European Consensus Conference; ALI: acute lung injury; APACHE II: acute physiologic 
and chronic health evaluation II score; ARDS: acute respiratory distress syndrome; CG: control group;  
D/C: discontinued; ECMO: extracorporeal membrane oxygenation; EG: experimental group; FiO2: 
fraction of inspired oxygen; I:E: inspiratory to expiratory ratio; ICU: intensive care unit; iNO: inhaled nitric 
oxide; MAP: mean airway pressure; MetHb: methemoglobin; MV: mechanical ventilation; N: total number; 

NRG: non responder group; nss: not statistically significant; PaO2: partial pressure of arterial oxygen; 
PCWP: pulmonary capillary wedge pressure; PEEP: positive end expiratory pressure; ppm: parts per 
million; pt(s): patient(s); RRT: renal replacement therapy; SD: standard deviation; SE: standard error;  
SRF: severe respiratory failure.

P - value: all P values are > 0.05 unless indicated
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Appendix B: Randomized Controlled Trials Data Extraction Tables (continued)

Study/objective Participant/setting Intervention Outcome Author(s) conclusion

Dellinger et al. 199870

USA

Multi-centre trial

Objective(s): to evaluate the safety 
and physiologic response of iNO in 
pts with ARDS as well as the effect 
of various doses of iNO on clinical 
outcome parameters

Total Number: N = �77

iNO group (EG): n = �20

Control group (CG): n = 57

Condition: ARDS (AECC definition)

Inclusion Criteria: Nonpregnant adults  
(≥ �8 years old) with onset of ARDS within 72  
hours of randomization, minimum FiO2 of 0.5  
and PEEP of 8 cm H2O

Exclusion Criteria: Pts with sustained hypotension, 
vasopressor requirement, head injury, or multiple  
organ dysfunction syndrome (or high risk of developing  
this syndrome, i.e. pts with ARDS from non-pulmonary  
infection sources or severe immunocompromise)

Age (mean ± SE) (years): 

EG: 49 ± �8 vs. CG: 47 ± �8

Gender (% Male):

EG: �4% vs. CG: 70%

Duration of MV before enrolment (days):

Not reported

Causes of ARDS:

% direct vs. indirect: EG: 38/�20 were indirect and  
82/�20 direct vs. CG: �9/57 were indirect and 38/57 
direct. No sepsis-induced ARDS in either group.

Stage of ARDS:

Timing of ARDS: ARDS diagnosis within  
72 hours of randomization

Moderate vs. severe: Not differentiated

Baseline Oxygenation/Lung Function:

PaO2/FiO2 (mean ± SE): 

EG: �27 ± 39 vs. CG: �29 ± 38

Murray score (mean ± SE): not reported

Level of Acuity:

APACHE II (mean ± SE): 

EG: �7 ± 7 vs. CG: �8 ± �

Setting: ICUs from 30 academic,  
teaching, and community hospitals

Intervention: iNO plus usual care

Concentrations of iNO: In 
addition to usual care (described 
below) EG pts had iNO �.25 
ppm (n = 22), 5 ppm (n = 34), 
20 ppm (n = 29), 40 ppm (n = 
27), or 80 ppm (n = 8)

Duration of iNO  
(days): not reported

Discontinuation of iNO: Pts 
maintained on iNO until day 28 
or until the pt met an oxygenation 
criteria threshold (PaO2 > �3 
mmHg, with an FiO2 ≤ 0.5 and 
PEEP ≤ 8 cm H2O for the first 
52 pts, and FiO2 ≤ 0.4 and PEEP 
≤ 5 cm H2O for the remaining 
pts), at which point iNO was 
decreased by 20% every 30 
minutes as long as the threshold 
criteria were maintained

Responders vs. non-
responders: Approximately 
�0% of those in the EG were 
considered responders (increase 
in PaO2 ≥ 20% from baseline) 
to iNO but varied over time. 
24% of the pts in the CG were 
considered responders at 4 hours

Comparator: Placebo  
(nitrogen gas)

Ventilation protocol: Inspiratory 
plateau pressure limited to ≤ 
35 cm H2O. Tidal volume and 
ventilator mode standardization 
not reported

Oxygenation/PEEP protocol: 
Standardized guidelines for 
prioritizing FiO2 and 
 PEEP settings.

Standard management 
protocol/guidelines: not reported

Follow-up: 28 days

Adverse events: 

NO2 formation: Three pts in the 80 ppm 
iNO group had NO2 levels > 3 ppm, no 
pts had NO2 levels > 4 ppm

MetHb formation: MetHb > 5 % noted 
in 4 pts (� pt in CG, � pt in 40 ppm iNO 
group, and 2 pts in 80 ppm iNO group). 
None of the pts in the iNO group had 
metHb levels > 7%

Rebound Effect: Not reported

Other adverse events: 8 (in 5 pts) 
were judged by the investigators to be 
possibly related to iNO: hypertension  
(� pt in CG); myopathy and agitation  
(� pt in �.25 ppm iNO group); abnormal 
liver enzymes (� pt in �.25 ppm iNO 
group); apnea, lung hemorrhage, and 
coagulation disorder (� pt in 40 ppm 
iNO group); renal dysfunction  
(� pt in 40 ppm iNO group)

Efficacy: 

Oxygenation: PaO2/FiO2 and FiO2 were 
statistically improved in EG vs. CG up 
to 24 hours (P < 0.05). No statistical 
difference between the two groups 
after day �.

Clinical Outcomes:

Mortality (28 day): 

EG (pooled) 30% vs. 30% in CG (nss). 
Morality across EGs: 32% in �.25 ppm, 
24% in 5 ppm, 3�% in 20 ppm, 30% 
in 40 ppm, and 38% in 80 ppm iNO 
group (nss)

Length of ICU/Hospital stay (days): 

Not reported

Duration of ventilation (days):  
Not reported

Therapeutic success rate (defined as  
% of pts alive and off MV at day 28): 

Higher percentage in 5 ppm iNO group 
than CG (P < 0.05). The P value did 
not reach statistical significance when 
adjusted for multiple comparisons. No 
other comparison achieved a P < 0.05 
by post hoc analysis

This study demonstrated 
that iNO appears to 
be well tolerated in 
doses between �.25 
ppm and 40 ppm in the 
population of ARDS pts 
studied. With mechanical 
ventilation held constant, 
iNO is associated with a 
significant improvement 
in oxygenation compared 
with placebo over the 
first 4 hours of treatment. 
The number and types of 
reported adverse events 
were similar across all 
dose groups and there 
was no difference in 
mortality rates among 
dose groups.
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Appendix B: Randomized Controlled Trials Data Extraction Tables (continued)

Study/objective Participant/setting Intervention Outcome Author(s) conclusion

Dellinger et al. 199870

USA

Multi-centre trial

Objective(s): to evaluate the safety 
and physiologic response of iNO in 
pts with ARDS as well as the effect 
of various doses of iNO on clinical 
outcome parameters

Total Number: N = �77

iNO group (EG): n = �20

Control group (CG): n = 57

Condition: ARDS (AECC definition)

Inclusion Criteria: Nonpregnant adults  
(≥ �8 years old) with onset of ARDS within 72  
hours of randomization, minimum FiO2 of 0.5  
and PEEP of 8 cm H2O

Exclusion Criteria: Pts with sustained hypotension, 
vasopressor requirement, head injury, or multiple  
organ dysfunction syndrome (or high risk of developing  
this syndrome, i.e. pts with ARDS from non-pulmonary  
infection sources or severe immunocompromise)

Age (mean ± SE) (years): 

EG: 49 ± �8 vs. CG: 47 ± �8

Gender (% Male):

EG: �4% vs. CG: 70%

Duration of MV before enrolment (days):

Not reported

Causes of ARDS:

% direct vs. indirect: EG: 38/�20 were indirect and  
82/�20 direct vs. CG: �9/57 were indirect and 38/57 
direct. No sepsis-induced ARDS in either group.

Stage of ARDS:

Timing of ARDS: ARDS diagnosis within  
72 hours of randomization

Moderate vs. severe: Not differentiated

Baseline Oxygenation/Lung Function:

PaO2/FiO2 (mean ± SE): 

EG: �27 ± 39 vs. CG: �29 ± 38

Murray score (mean ± SE): not reported

Level of Acuity:

APACHE II (mean ± SE): 

EG: �7 ± 7 vs. CG: �8 ± �

Setting: ICUs from 30 academic,  
teaching, and community hospitals

Intervention: iNO plus usual care

Concentrations of iNO: In 
addition to usual care (described 
below) EG pts had iNO �.25 
ppm (n = 22), 5 ppm (n = 34), 
20 ppm (n = 29), 40 ppm (n = 
27), or 80 ppm (n = 8)

Duration of iNO  
(days): not reported

Discontinuation of iNO: Pts 
maintained on iNO until day 28 
or until the pt met an oxygenation 
criteria threshold (PaO2 > �3 
mmHg, with an FiO2 ≤ 0.5 and 
PEEP ≤ 8 cm H2O for the first 
52 pts, and FiO2 ≤ 0.4 and PEEP 
≤ 5 cm H2O for the remaining 
pts), at which point iNO was 
decreased by 20% every 30 
minutes as long as the threshold 
criteria were maintained

Responders vs. non-
responders: Approximately 
�0% of those in the EG were 
considered responders (increase 
in PaO2 ≥ 20% from baseline) 
to iNO but varied over time. 
24% of the pts in the CG were 
considered responders at 4 hours

Comparator: Placebo  
(nitrogen gas)

Ventilation protocol: Inspiratory 
plateau pressure limited to ≤ 
35 cm H2O. Tidal volume and 
ventilator mode standardization 
not reported

Oxygenation/PEEP protocol: 
Standardized guidelines for 
prioritizing FiO2 and 
 PEEP settings.

Standard management 
protocol/guidelines: not reported

Follow-up: 28 days

Adverse events: 

NO2 formation: Three pts in the 80 ppm 
iNO group had NO2 levels > 3 ppm, no 
pts had NO2 levels > 4 ppm

MetHb formation: MetHb > 5 % noted 
in 4 pts (� pt in CG, � pt in 40 ppm iNO 
group, and 2 pts in 80 ppm iNO group). 
None of the pts in the iNO group had 
metHb levels > 7%

Rebound Effect: Not reported

Other adverse events: 8 (in 5 pts) 
were judged by the investigators to be 
possibly related to iNO: hypertension  
(� pt in CG); myopathy and agitation  
(� pt in �.25 ppm iNO group); abnormal 
liver enzymes (� pt in �.25 ppm iNO 
group); apnea, lung hemorrhage, and 
coagulation disorder (� pt in 40 ppm 
iNO group); renal dysfunction  
(� pt in 40 ppm iNO group)

Efficacy: 

Oxygenation: PaO2/FiO2 and FiO2 were 
statistically improved in EG vs. CG up 
to 24 hours (P < 0.05). No statistical 
difference between the two groups 
after day �.

Clinical Outcomes:

Mortality (28 day): 

EG (pooled) 30% vs. 30% in CG (nss). 
Morality across EGs: 32% in �.25 ppm, 
24% in 5 ppm, 3�% in 20 ppm, 30% 
in 40 ppm, and 38% in 80 ppm iNO 
group (nss)

Length of ICU/Hospital stay (days): 

Not reported

Duration of ventilation (days):  
Not reported

Therapeutic success rate (defined as  
% of pts alive and off MV at day 28): 

Higher percentage in 5 ppm iNO group 
than CG (P < 0.05). The P value did 
not reach statistical significance when 
adjusted for multiple comparisons. No 
other comparison achieved a P < 0.05 
by post hoc analysis

This study demonstrated 
that iNO appears to 
be well tolerated in 
doses between �.25 
ppm and 40 ppm in the 
population of ARDS pts 
studied. With mechanical 
ventilation held constant, 
iNO is associated with a 
significant improvement 
in oxygenation compared 
with placebo over the 
first 4 hours of treatment. 
The number and types of 
reported adverse events 
were similar across all 
dose groups and there 
was no difference in 
mortality rates among 
dose groups.
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Appendix B: Randomized Controlled Trials Data Extraction Tables (continued)

Study/objective Participant/setting Intervention Outcome Author(s) conclusion

Lundin et al. �9997�

Sweden

European multi-centre trial

Primary objective: to determine 
whether iNO can increase the frequency 
of reversal of ALI in iNO responders.

Secondary objective(s): (�) to 
determine whether prolonged iNO 
in addition to conventional therapy 
could reduce the frequency of SRF 
when treatment with iNO was initiated 
early in ALI, (2) to evaluate whether 
prolonged iNO could reduce the time 
(days) taken to achieve reversal of ALI 
compared to the control group, (3) to 
study the safety of long-term iNO, in 
particular methemo-globinemia and 
the frequency of organ failure, and (4) 
to monitor 30 and 90 day mortality 
and hospitalization status

Total Number: N = 2�8

Responders: iNO group (EG): n = 93

Control group (CG): n = 87

Non-responder group (NRG): n = 88

Condition: Early ALI (unilateral or bilateral lung  
infiltrates, ventilated for �8 to 9� hours with  
PaO2/FiO2 < ��5 mm Hg, PEEP ≥ 5 cm H2O,  
MAP > �0 cm H2O, pressure/volume ventilation,  
and I:E ratio between �:2 and 2:�)

Inclusion Criteria: Adult pts (age range not defined)  
with ALI as described above

Exclusion Criteria: Prolonged mechanical ventilation,  
high dose of intravenous vasodilators, SRF, treatment  
with extracorporeal lung assist, severe cardiac failure,  
severe ongoing intracranial hemorrhage, ongoing treatment 
for malignancy, AIDS, previous history of severe chronic  
kidney, liver, or pulmonary disease, age <�8 years,  
pregnancy, or with irreversible underlying disease

Age (mean ± SE) (years): 

EG: 58 ± �5 vs. CG: 5� ± �7 vs. NRG: 54 ± ��

Gender (% Male):

EG: 75 vs. CG: �2 vs. NRG: 73

Duration of MV before enrolment (days):

Less than �0 days or less than 9� hours with FiO2 ≤ 0.50 

Causes of ALI:

% direct vs. indirect: EG: ��% were direct vs. CG:  
�0% direct (pulmonary infection occurred significantly  
less in the EG vs. CG, P = 0.0�) vs. NRG 72%. For  
indirect lung injury, sepsis accounted for approximately  
50% of ARDS

Stage of ALI:

Timing of ALI: Between �8 to 9� hours 

Moderate vs. severe: Not differentiated

Baseline Oxygenation/Lung Function:

PaO2/FiO2 (mean ± SE): 

EG: �02.8 ± 32.3 vs. CG: �00.5 ± 33  
vs. NRG: ��2.5 ± 34.5

Murray score (mean ± SE):

EG: 2.�� ± 0.53 vs. CG: 2.79 ± 0.52 (P < .05)

Level of Acuity:

APACHE II (mean ± SE): EG: �8.0 ± �.�  
vs. CG: �8.7 ± �.�

Setting: General ICUs in 43 university and regional  
hospitals in Europe

Intervention: iNO plus 
conventional therapy

Concentrations of iNO: iNO � 
to 40 ppm at the lowest effective 
dose for up to 30 days or until 
an end point was reached (mean 
iNO dose of 9 ppm ± 8 ppm)

Duration of iNO (mean ± SD) 
(days): 9 ± � days

Discontinuation of iNO: 
Guidelines were given to the 
investigators to begin reducing 
iNO to the lowest possible level 
when FiO2 < 0.5, and to wean 
the pt from iNO before endpoint 
definition when FiO2 ≤ 0.3. 
Changes in iNO doses were 
conducted according to  
clinical practice

Responders vs. non-responders: 
�7% of the 28� pts included 
in the study were considered 
responders (increase in PaO2 
≥ 25% for the first �40 pts, 
then increase in PaO2 ≥ 20% 
for the remainder – protocol 
amendment). Responders were 
randomised to the EG and CG

Comparator: Conventional therapy

Ventilation protocol: No 
standardized protocol, ventilator 
settings adjusted according to 
clinical practice at individual sites

Oxygenation/PEEP protocol: 
No standardized protocol, 
ventilator settings adjusted 
according to clinical practice at 
individual sites

Standard management 
protocol/guidelines:  
not reported

Follow-up: 30 and 90 days

Adverse events: 

NO2 formation: Not reported

MetHb formation: MetHb > 5 %:  
� in EG vs. � in CG

Rebound Effect: Not reported

Other adverse events: Serious adverse 
events, including circulatory failure, 
encephalopathy, abnormal renal function, 
and sepsis, were reported more 
frequently in EG compared to CG  
and NRG

Medication related adverse events: �0 in 
EG vs. 3 in CG. No significant difference 
in the number of pts with reported 
platelet, bleeding and clotting disorders 
among the three groups 

Statistically significant increase use  
of RRT noted in the EG vs. CG  
(P < 0.025)

Efficacy: 

Oxygenation: Not reported

Clinical Outcomes:

Mortality (30 day and 90 day): 

30 day mortality: 44.� in EG vs. 40.2%  
in CG vs. 45.5% in NRG (P > 0.2)

90 day mortality: 5�.�% in EG vs. 
43.7% in CG vs. 47.7% in NRG  
(P > 0.2)

Length of ICU/Hospital stay (days): 

No significant difference between EG 
and CG in the number of pts who were 
still in ICU or in hospital at 30 days and 
90 days after randomization

Duration of ventilation (days):  
Not reported

Therapeutic success rate (defined as % 
of pts with the reversal of ALI at 30 days 
after randomization): 

��.3% in EG vs. 54.0% in CG (nss) 

No significant difference in time to  
reversal of ALI between two groups

Higher percentage of pts in CG that 
were alive and off the ventilator over  
time compared to EG (P < 0.0�) via 
post hoc analysis

This study failed to show 
that iNO administrated to 
adult pts with moderate 
and early ALI increased 
the frequency of reversal 
of ALI, or shorten the 
time to such reversal. 
Although mortality at 
days 30 and 90 after 
randomization was 
unchanged, a 
significantly lower 
proportion of pts 
randomized to iNO 
developed severe 
respiratory failure, 
suggesting that iNO  
may prolong the period 
for the treatment of other 
underlying problems in the 
most severely hypoxic pts. 

Further studies should 
attempt to address if the 
observed increase in 
renal dysfunction in the 
EG is a result of iNO or 
selection bias in their 
open study.
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Appendix B: Randomized Controlled Trials Data Extraction Tables (continued)

Study/objective Participant/setting Intervention Outcome Author(s) conclusion

Lundin et al. �9997�

Sweden

European multi-centre trial

Primary objective: to determine 
whether iNO can increase the frequency 
of reversal of ALI in iNO responders.

Secondary objective(s): (�) to 
determine whether prolonged iNO 
in addition to conventional therapy 
could reduce the frequency of SRF 
when treatment with iNO was initiated 
early in ALI, (2) to evaluate whether 
prolonged iNO could reduce the time 
(days) taken to achieve reversal of ALI 
compared to the control group, (3) to 
study the safety of long-term iNO, in 
particular methemo-globinemia and 
the frequency of organ failure, and (4) 
to monitor 30 and 90 day mortality 
and hospitalization status

Total Number: N = 2�8

Responders: iNO group (EG): n = 93

Control group (CG): n = 87

Non-responder group (NRG): n = 88

Condition: Early ALI (unilateral or bilateral lung  
infiltrates, ventilated for �8 to 9� hours with  
PaO2/FiO2 < ��5 mm Hg, PEEP ≥ 5 cm H2O,  
MAP > �0 cm H2O, pressure/volume ventilation,  
and I:E ratio between �:2 and 2:�)

Inclusion Criteria: Adult pts (age range not defined)  
with ALI as described above

Exclusion Criteria: Prolonged mechanical ventilation,  
high dose of intravenous vasodilators, SRF, treatment  
with extracorporeal lung assist, severe cardiac failure,  
severe ongoing intracranial hemorrhage, ongoing treatment 
for malignancy, AIDS, previous history of severe chronic  
kidney, liver, or pulmonary disease, age <�8 years,  
pregnancy, or with irreversible underlying disease

Age (mean ± SE) (years): 

EG: 58 ± �5 vs. CG: 5� ± �7 vs. NRG: 54 ± ��

Gender (% Male):

EG: 75 vs. CG: �2 vs. NRG: 73

Duration of MV before enrolment (days):

Less than �0 days or less than 9� hours with FiO2 ≤ 0.50 

Causes of ALI:

% direct vs. indirect: EG: ��% were direct vs. CG:  
�0% direct (pulmonary infection occurred significantly  
less in the EG vs. CG, P = 0.0�) vs. NRG 72%. For  
indirect lung injury, sepsis accounted for approximately  
50% of ARDS

Stage of ALI:

Timing of ALI: Between �8 to 9� hours 

Moderate vs. severe: Not differentiated

Baseline Oxygenation/Lung Function:

PaO2/FiO2 (mean ± SE): 

EG: �02.8 ± 32.3 vs. CG: �00.5 ± 33  
vs. NRG: ��2.5 ± 34.5

Murray score (mean ± SE):

EG: 2.�� ± 0.53 vs. CG: 2.79 ± 0.52 (P < .05)

Level of Acuity:

APACHE II (mean ± SE): EG: �8.0 ± �.�  
vs. CG: �8.7 ± �.�

Setting: General ICUs in 43 university and regional  
hospitals in Europe

Intervention: iNO plus 
conventional therapy

Concentrations of iNO: iNO � 
to 40 ppm at the lowest effective 
dose for up to 30 days or until 
an end point was reached (mean 
iNO dose of 9 ppm ± 8 ppm)

Duration of iNO (mean ± SD) 
(days): 9 ± � days

Discontinuation of iNO: 
Guidelines were given to the 
investigators to begin reducing 
iNO to the lowest possible level 
when FiO2 < 0.5, and to wean 
the pt from iNO before endpoint 
definition when FiO2 ≤ 0.3. 
Changes in iNO doses were 
conducted according to  
clinical practice

Responders vs. non-responders: 
�7% of the 28� pts included 
in the study were considered 
responders (increase in PaO2 
≥ 25% for the first �40 pts, 
then increase in PaO2 ≥ 20% 
for the remainder – protocol 
amendment). Responders were 
randomised to the EG and CG

Comparator: Conventional therapy

Ventilation protocol: No 
standardized protocol, ventilator 
settings adjusted according to 
clinical practice at individual sites

Oxygenation/PEEP protocol: 
No standardized protocol, 
ventilator settings adjusted 
according to clinical practice at 
individual sites

Standard management 
protocol/guidelines:  
not reported

Follow-up: 30 and 90 days

Adverse events: 

NO2 formation: Not reported

MetHb formation: MetHb > 5 %:  
� in EG vs. � in CG

Rebound Effect: Not reported

Other adverse events: Serious adverse 
events, including circulatory failure, 
encephalopathy, abnormal renal function, 
and sepsis, were reported more 
frequently in EG compared to CG  
and NRG

Medication related adverse events: �0 in 
EG vs. 3 in CG. No significant difference 
in the number of pts with reported 
platelet, bleeding and clotting disorders 
among the three groups 

Statistically significant increase use  
of RRT noted in the EG vs. CG  
(P < 0.025)

Efficacy: 

Oxygenation: Not reported

Clinical Outcomes:

Mortality (30 day and 90 day): 

30 day mortality: 44.� in EG vs. 40.2%  
in CG vs. 45.5% in NRG (P > 0.2)

90 day mortality: 5�.�% in EG vs. 
43.7% in CG vs. 47.7% in NRG  
(P > 0.2)

Length of ICU/Hospital stay (days): 

No significant difference between EG 
and CG in the number of pts who were 
still in ICU or in hospital at 30 days and 
90 days after randomization

Duration of ventilation (days):  
Not reported

Therapeutic success rate (defined as % 
of pts with the reversal of ALI at 30 days 
after randomization): 

��.3% in EG vs. 54.0% in CG (nss) 

No significant difference in time to  
reversal of ALI between two groups

Higher percentage of pts in CG that 
were alive and off the ventilator over  
time compared to EG (P < 0.0�) via 
post hoc analysis

This study failed to show 
that iNO administrated to 
adult pts with moderate 
and early ALI increased 
the frequency of reversal 
of ALI, or shorten the 
time to such reversal. 
Although mortality at 
days 30 and 90 after 
randomization was 
unchanged, a 
significantly lower 
proportion of pts 
randomized to iNO 
developed severe 
respiratory failure, 
suggesting that iNO  
may prolong the period 
for the treatment of other 
underlying problems in the 
most severely hypoxic pts. 

Further studies should 
attempt to address if the 
observed increase in 
renal dysfunction in the 
EG is a result of iNO or 
selection bias in their 
open study.
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Study/objective Participant/setting Intervention Outcome Author(s) conclusion

Gerlach et al. 200372

Germany

Single-centre trial

Primary objective: to examine the 
effect of long-term, high dose (�0 
ppm) iNO on systematic oxygenation 
and pulmonary vascular resistance in 
adult ARDS pts

Secondary objective: to determine 
time-dependent variations in dose 
response to the use of long-term,  
high dose iNO 

Total Number: N = 40

iNO group (EG): n = 20

Control group (CG): n = 20

Condition: ARDS (AECC definition)

Inclusion Criteria: Adult pts (age range not defined) with 
severe ARDS as defined above with mechanical ventilation  
≥ 48 hours with an FiO2 ≥ 0.�, PEEP ≥ �0 cm H2O leading  
to a PaO2 ≤ �50 mmHg, and a PCWP ≤ �8 mmHg

Exclusion Criteria: not defined

Age (median with range) (years): 

EG: 34.5 (�� to �4) vs. CG: 28.0 (�8 to �2) 

Gender (% Male):

EG: �0% vs. CG: 50%

Duration of MV before enrolment  
(median with range) (days):

EG: �4 (3 to 3�) vs. CG: ��.5 (4 to 24)

Causes of ARDS:

% direct vs. indirect: EG: 50% were direct vs.  
CG: 55% direct. Pneumonia accounted for the  
majority of ARDS in direct injury ARDS  
(EG: 80% vs. CG: 9�%). Sepsis accounted  
for the majority of indirect lung injury ARDS  
(EG: 50% vs. CG: �7%)

Stage of ARDS:

Timing of ARDS: Not indicated

Moderate vs. severe: severe ARDS

Baseline Oxygenation/Lung Function:

PaO2/FiO2 (mean ± SD): 

EG: ��3.8 ± 28 vs. CG: �04 ± 2�

Murray score (median and range):

EG: 3.4 (2.7 to 3.8) vs. CG: 3.3 (2.5 to 3.8)

Level of Acuity:

APACHE II: Not reported

Setting: ICU

Intervention: iNO plus  
standard care

Concentrations of iNO:  
iNO at �0 ppm

Duration of iNO:  
Minimum of 9� hours

Discontinuation of iNO:  
Not described

Responders vs. non-responders: 
unclear, data not shown for 
control group

Comparator: Standard care

Ventilation protocol:  
Standardized protocols were 
used but no specific details

Oxygenation/PEEP protocol: 
Standardized protocols were 
used. FiO2 was set to keep PaO2 
between 55 and �0 mmHg. No 
other specific details

Standard management 
protocol/guidelines: 
Standardized protocols were 
used but no specific details

Follow-up: Not directly reported

Adverse events: 

NO2 formation: No  
(increased levels not defined)

MetHb formation: No  
(increased levels not defined)

Rebound Effect: No

Other adverse events: No bleeding 
complications occurred. Six pts in  
the CG were treated with ECMO  
vs. one in the EG

Efficacy: 

Oxygenation: FiO2 was statistically 
improved in EG vs. CG up to 24 hours 
(P < 0.05). No statistical difference 
between groups after day one. Effects 
of iNO on oxygenation did not differ 
between pulmonary and extrapulmonary 
causes of ARDS

Clinical Outcomes:

Mortality: 28 or 30 day mortality  
was not reported

Overall mortality (time frame not 
defined): 3/20 (�5%) in the in EG  
vs. 4/20 (20%) in CG (P = 0.999)

Length of ICU stay (days): 

For all pts: EG: 48 (�0 to 77)  
vs. CG: 39 (7 to 9�) (P = 0.2��)

For survivors: EG: 5� (2� to 77)  
vs. CG: 44 (�7 to 9�) (P = 0.335)

Duration of ventilation  
(median and range) (days): 

For all pts: EG: 34 (8 to 58)  
vs. CG: 32 (� to 5�) (P = 0.78) 

For survivors: EG: 3� (�2 to 58)  
vs. CG: 33 (8 to 5�) (P = 0.748)

ECMO use: 

For all pts: EG: �/20  
vs. CG: �/20 (P = 0.045)

This study revealed no 
difference in respect 
of survival, duration of 
ventilation and intensive 
care unit stay. However, 
there was a reduced 
requirement for ECMO 
treatment in the iNO 
treatment group. iNO 
might be considered 
as a bridging therapy 
for severe hypoxemia to 
obviate more invasive 
and more expensive 
strategies.
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Study/objective Participant/setting Intervention Outcome Author(s) conclusion

Gerlach et al. 200372

Germany

Single-centre trial

Primary objective: to examine the 
effect of long-term, high dose (�0 
ppm) iNO on systematic oxygenation 
and pulmonary vascular resistance in 
adult ARDS pts

Secondary objective: to determine 
time-dependent variations in dose 
response to the use of long-term,  
high dose iNO 

Total Number: N = 40

iNO group (EG): n = 20

Control group (CG): n = 20

Condition: ARDS (AECC definition)

Inclusion Criteria: Adult pts (age range not defined) with 
severe ARDS as defined above with mechanical ventilation  
≥ 48 hours with an FiO2 ≥ 0.�, PEEP ≥ �0 cm H2O leading  
to a PaO2 ≤ �50 mmHg, and a PCWP ≤ �8 mmHg

Exclusion Criteria: not defined

Age (median with range) (years): 

EG: 34.5 (�� to �4) vs. CG: 28.0 (�8 to �2) 

Gender (% Male):

EG: �0% vs. CG: 50%

Duration of MV before enrolment  
(median with range) (days):

EG: �4 (3 to 3�) vs. CG: ��.5 (4 to 24)

Causes of ARDS:

% direct vs. indirect: EG: 50% were direct vs.  
CG: 55% direct. Pneumonia accounted for the  
majority of ARDS in direct injury ARDS  
(EG: 80% vs. CG: 9�%). Sepsis accounted  
for the majority of indirect lung injury ARDS  
(EG: 50% vs. CG: �7%)

Stage of ARDS:

Timing of ARDS: Not indicated

Moderate vs. severe: severe ARDS

Baseline Oxygenation/Lung Function:

PaO2/FiO2 (mean ± SD): 

EG: ��3.8 ± 28 vs. CG: �04 ± 2�

Murray score (median and range):

EG: 3.4 (2.7 to 3.8) vs. CG: 3.3 (2.5 to 3.8)

Level of Acuity:

APACHE II: Not reported

Setting: ICU

Intervention: iNO plus  
standard care

Concentrations of iNO:  
iNO at �0 ppm

Duration of iNO:  
Minimum of 9� hours

Discontinuation of iNO:  
Not described

Responders vs. non-responders: 
unclear, data not shown for 
control group

Comparator: Standard care

Ventilation protocol:  
Standardized protocols were 
used but no specific details

Oxygenation/PEEP protocol: 
Standardized protocols were 
used. FiO2 was set to keep PaO2 
between 55 and �0 mmHg. No 
other specific details

Standard management 
protocol/guidelines: 
Standardized protocols were 
used but no specific details

Follow-up: Not directly reported

Adverse events: 

NO2 formation: No  
(increased levels not defined)

MetHb formation: No  
(increased levels not defined)

Rebound Effect: No

Other adverse events: No bleeding 
complications occurred. Six pts in  
the CG were treated with ECMO  
vs. one in the EG

Efficacy: 

Oxygenation: FiO2 was statistically 
improved in EG vs. CG up to 24 hours 
(P < 0.05). No statistical difference 
between groups after day one. Effects 
of iNO on oxygenation did not differ 
between pulmonary and extrapulmonary 
causes of ARDS

Clinical Outcomes:

Mortality: 28 or 30 day mortality  
was not reported

Overall mortality (time frame not 
defined): 3/20 (�5%) in the in EG  
vs. 4/20 (20%) in CG (P = 0.999)

Length of ICU stay (days): 

For all pts: EG: 48 (�0 to 77)  
vs. CG: 39 (7 to 9�) (P = 0.2��)

For survivors: EG: 5� (2� to 77)  
vs. CG: 44 (�7 to 9�) (P = 0.335)

Duration of ventilation  
(median and range) (days): 

For all pts: EG: 34 (8 to 58)  
vs. CG: 32 (� to 5�) (P = 0.78) 

For survivors: EG: 3� (�2 to 58)  
vs. CG: 33 (8 to 5�) (P = 0.748)

ECMO use: 

For all pts: EG: �/20  
vs. CG: �/20 (P = 0.045)

This study revealed no 
difference in respect 
of survival, duration of 
ventilation and intensive 
care unit stay. However, 
there was a reduced 
requirement for ECMO 
treatment in the iNO 
treatment group. iNO 
might be considered 
as a bridging therapy 
for severe hypoxemia to 
obviate more invasive 
and more expensive 
strategies.
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Appendix B: Randomized Controlled Trials Data Extraction Tables (continued)

Study/objective Participant/setting Intervention Outcome Author(s) conclusion

Taylor et al. 200473 

USA

Multi-centre trial Objective: 

to evaluate the clinical effectiveness of  
low dose (5 ppm) iNO in pts with acute  
lung injury

 
Angus et al. 200674

(Follow-up study of Taylor et al. 200473)

Objective(s): To determine the costs 
and long-term outcomes of ARDS in 
previously healthy adults. To determine 
whether treatment with iNO affects 
these costs and outcomes.

Total Number: N = 385

iNO group (EG): n = �92

Placebo control group (CG): n = �93

Condition: Moderately severe ALI (modification of

the AECC ARDS definition using a PaO2/FiO2  
≤ 250 instead of ≤ 200)

Inclusion Criteria: Nonpregnant adults (≥ �8 years 
old) developing ALI (as above) within the preceding 
72 hours due to causes other than sepsis, with an 
FiO2 of 0.5 to 0.95 or a set PEEP ≥ 8 cm H2O

Exclusion Criteria: Pts with a history of  
immunocompromise, persistent systemic hypotension,  
evidence of nonpulmonary organ dysfunction, severe 
head injury, and severe burns

Age (mean ± SD) (years):

EG: 50 ± �7 vs. CG: 50 ± �7

Gender (% Male):

EG: 52% vs. CG: 54%

Duration of MV before enrolment (days): Not reported

Causes of ARDS: 
% direct vs. indirect: Not directly indicated, greater 
percentage of pts having ALI from a direct than 
indirect lung injury

Stage of ALI: 
Timing of ALI: Diagnosis within 72 hours  
of randomization

Moderate vs. severe: moderately severe ALI

Baseline Oxygenation/Lung Function:

PaO2/FiO2 (mean ± SD):

EG: �33 ± 42 vs. CG: �38 ± 43

Murray score: Not reported

Level of Acuity:

APACHE II: Not reported

Setting: ICUs of 4� centres in the United States

Intervention: 

iNO plus standard care 

Concentrations of iNO: iNO at 5 
ppm (with ventilatory support) 

Duration of iNO: until 28 days, 
death, or adequate oxygenation 
as achieved

Discontinuation of iNO: 

Pts maintained on iNO until day 
28, death, or until adequate 
oxygenation was achieved (PaO2 
> �3 mmHg, with an FiO2 ≤ 
0.4 and PEEP ≤ 5 cm H2O), at 
which point iNO was decreased 
by 20% every 30 minutes as  
long as adequate oxygenation 
was maintained

Responders vs. non-responders:
Not reported

Comparator: Placebo  
(nitrogen gas) plus standard care 
Ventilation protocol: Participating 
investigators agreed to guidelines 
for prioritizing MV settings that 
include limiting plateau pressures 
to ≤ 35 cm H2O

Oxygenation/PEEP protocol: 
Participating investigators agreed 
to guidelines for prioritizing MV 
settings that included FiO2 and 
PEEP guidelines 

Standard management  
protocol/guidelines: 

No other management guidelines 
provided to investigators

Follow-up: 

28 days

� months*

One year*

Adverse events:

NO2 formation: No levels > 2 ppm 
MetHb formation: None of the pts in the 
EG had clinical relevant metHb formation 
(level not defined), one pt in the CG 
had a metHb level > 5%

Rebound Effect: Not reported

Other adverse events: �� infections in 
the EG vs. 4� in the CG (none judged  
to be a result of the intervention) (nss). 
Respiratory system adverse event was 
�5% in the CG vs. 5�% in the 
EG (related to more pneumonia, 
pneumothorax, and apnea) (nss)

Efficacy:

Oxygenation: PaO2 was statistically 
improved in EG vs. CG during the initial 
24 hours (P < 0.0� and P < 0.05) which 
became non-significant by 48 hours

Clinical Outcomes:

Mortality (28 day): EG: 44 (23%)  
vs. CG:39 (20%) (P = 0.54)

Length of ICU/Hospital stay: 

Not reported

Duration of ventilation (days): 

Not reported

Therapeutic success rate (defined as 
days pts alive and not receiving assisted 
breathing to day 28) (mean ± SD):

EG: �0.7 (9.7) vs.  
CG: �0.� (9.8) (P =0.97)

Days alive after successful 2-hour 
unassisted breathing trial (mean ± SD):

EG: ��.4 (9.8) vs.  
CG: ��.9 (9.9) (P = 0.54)

Days alive after reaching oxygenation 
criteria (mean ± SD):

EG: ��.7 (�0.3) vs.  
CG: �7.0 (�0.�) (P = 0.89)

iNO at a dose of 5 ppm 
in pts with acute lung 
injury not due to sepsis 
and without evidence 
of non-pulmonary organ 
system dysfunction results 
in short-term oxygenation 
improve-ments but has 
no substantial impact on 
the duration of ventilation 
support or mortality.
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Study/objective Participant/setting Intervention Outcome Author(s) conclusion
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Multi-centre trial Objective: 

to evaluate the clinical effectiveness of  
low dose (5 ppm) iNO in pts with acute  
lung injury

 
Angus et al. 200674

(Follow-up study of Taylor et al. 200473)

Objective(s): To determine the costs 
and long-term outcomes of ARDS in 
previously healthy adults. To determine 
whether treatment with iNO affects 
these costs and outcomes.

Total Number: N = 385

iNO group (EG): n = �92

Placebo control group (CG): n = �93

Condition: Moderately severe ALI (modification of

the AECC ARDS definition using a PaO2/FiO2  
≤ 250 instead of ≤ 200)

Inclusion Criteria: Nonpregnant adults (≥ �8 years 
old) developing ALI (as above) within the preceding 
72 hours due to causes other than sepsis, with an 
FiO2 of 0.5 to 0.95 or a set PEEP ≥ 8 cm H2O

Exclusion Criteria: Pts with a history of  
immunocompromise, persistent systemic hypotension,  
evidence of nonpulmonary organ dysfunction, severe 
head injury, and severe burns

Age (mean ± SD) (years):

EG: 50 ± �7 vs. CG: 50 ± �7

Gender (% Male):

EG: 52% vs. CG: 54%

Duration of MV before enrolment (days): Not reported

Causes of ARDS: 
% direct vs. indirect: Not directly indicated, greater 
percentage of pts having ALI from a direct than 
indirect lung injury

Stage of ALI: 
Timing of ALI: Diagnosis within 72 hours  
of randomization

Moderate vs. severe: moderately severe ALI

Baseline Oxygenation/Lung Function:

PaO2/FiO2 (mean ± SD):

EG: �33 ± 42 vs. CG: �38 ± 43

Murray score: Not reported

Level of Acuity:

APACHE II: Not reported

Setting: ICUs of 4� centres in the United States

Intervention: 

iNO plus standard care 

Concentrations of iNO: iNO at 5 
ppm (with ventilatory support) 

Duration of iNO: until 28 days, 
death, or adequate oxygenation 
as achieved

Discontinuation of iNO: 

Pts maintained on iNO until day 
28, death, or until adequate 
oxygenation was achieved (PaO2 
> �3 mmHg, with an FiO2 ≤ 
0.4 and PEEP ≤ 5 cm H2O), at 
which point iNO was decreased 
by 20% every 30 minutes as  
long as adequate oxygenation 
was maintained

Responders vs. non-responders:
Not reported

Comparator: Placebo  
(nitrogen gas) plus standard care 
Ventilation protocol: Participating 
investigators agreed to guidelines 
for prioritizing MV settings that 
include limiting plateau pressures 
to ≤ 35 cm H2O

Oxygenation/PEEP protocol: 
Participating investigators agreed 
to guidelines for prioritizing MV 
settings that included FiO2 and 
PEEP guidelines 

Standard management  
protocol/guidelines: 

No other management guidelines 
provided to investigators

Follow-up: 

28 days

� months*

One year*

Adverse events:

NO2 formation: No levels > 2 ppm 
MetHb formation: None of the pts in the 
EG had clinical relevant metHb formation 
(level not defined), one pt in the CG 
had a metHb level > 5%

Rebound Effect: Not reported

Other adverse events: �� infections in 
the EG vs. 4� in the CG (none judged  
to be a result of the intervention) (nss). 
Respiratory system adverse event was 
�5% in the CG vs. 5�% in the 
EG (related to more pneumonia, 
pneumothorax, and apnea) (nss)

Efficacy:

Oxygenation: PaO2 was statistically 
improved in EG vs. CG during the initial 
24 hours (P < 0.0� and P < 0.05) which 
became non-significant by 48 hours

Clinical Outcomes:

Mortality (28 day): EG: 44 (23%)  
vs. CG:39 (20%) (P = 0.54)

Length of ICU/Hospital stay: 

Not reported

Duration of ventilation (days): 

Not reported

Therapeutic success rate (defined as 
days pts alive and not receiving assisted 
breathing to day 28) (mean ± SD):

EG: �0.7 (9.7) vs.  
CG: �0.� (9.8) (P =0.97)

Days alive after successful 2-hour 
unassisted breathing trial (mean ± SD):

EG: ��.4 (9.8) vs.  
CG: ��.9 (9.9) (P = 0.54)

Days alive after reaching oxygenation 
criteria (mean ± SD):

EG: ��.7 (�0.3) vs.  
CG: �7.0 (�0.�) (P = 0.89)

iNO at a dose of 5 ppm 
in pts with acute lung 
injury not due to sepsis 
and without evidence 
of non-pulmonary organ 
system dysfunction results 
in short-term oxygenation 
improve-ments but has 
no substantial impact on 
the duration of ventilation 
support or mortality.
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