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Summary

Few studies have been performed on noninvasive ventilation (NIV) to treat hypoxic acute respiratory failure in patients with acute lung injury (ALI) or acute respiratory distress syndrome (ARDS).
The outcomes of these patients, for whom endotracheal intubation is not mandatory, depend on the
degree of hypoxia, the presence of comorbidities and complications, and their illness severity. The
use of NIV as an alternative to invasive ventilation in severely hypoxemic patients with ARDS (ie,
PaO2/FIO2 < 200) is not generally advisable and should be limited to hemodynamically stable patients
who can be closely monitored in an intensive care unit by highly skilled staff. Early NIV application
may be extremely helpful in immunocompromised patients with pulmonary infiltrates, in whom
intubation dramatically increases the risk of infection, pneumonia, and death. The use of NIV in
patients with severe acute respiratory syndrome and other airborne diseases has generated debate,
despite encouraging clinical results, mainly because of safety issues. Overall, the high rate of NIV
failure suggests a cautious approach to NIV use in patients with ALI/ARDS, including early initiation, intensive monitoring, and prompt intubation if signs of NIV failure emerge. Key words:
noninvasive ventilation; NIV; acute respiratory distress syndrome; ARDS; acute lung injury; ALI; intubation. [Respir Care 2011;56(10):1583–1588. © 2011 Daedalus Enterprises]

Introduction
The application of noninvasive ventilation (NIV) in patients with severe hypoxemic acute respiratory failure
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(ARF) is controversial, despite some promising results.1-4
So far, published clinical randomized and non-randomized
studies on NIV in non-COPD-related hypoxemic ARF have
been mainly focused on single etiologies (cardiogenic pulmonary edema, community-acquired pneumonia, or
both2-7) or on mixed populations with various diagnoses.1,8,9
In the latter studies, the clinical outcome according to the
underlying nature of hypoxemic ARF was seldom assessed.8,9 However, and interestingly enough, some of the
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latter investigations, as well as others,9,10 included noninvasively ventilated patients who had a diagnosis of classical ARDS.11 The application of NIV in hypoxemic ARF
is, however, still controversial. An International Consensus Conference on NIV12 stated that “larger, controlled
studies are required to determine the potential benefit of
adding NIV to standard medical treatment in the avoidance of endotracheal intubation.”
The definition and severity of an episode of hypoxemic
respiratory failure still relies on PaO2/FIO2, which includes
various conditions of different etiology under the same
umbrella. Hypoxemic ARF can be the “end point” of several pathologies, each acting through different pathophysiological mechanisms (shunt, ventilation-perfusion mismatch, impairment of alveolar-capillary diffusion), or to
the pathogenesis of the disease (primary pulmonary or
extrapulmonary ARDS), and it is difficult to draw conclusions about the efficacy of a treatment when the underlying disease is not considered as a confounder in the statistical analysis.
Acute lung injury (ALI) and its more severe form, acute
respiratory distress syndrome (ARDS), are common and
devastating complications during acute illness and after
injury, and ALI and ARDS have high morbidity and mortality and long-term decrease in quality of life.13
Among other strategies aimed to improve the early diagnosis and/or to prevent ALI/ARDS progression, NIV
has been advocated to avoid invasive ventilation and its
infectious pulmonary and non-pulmonary complications.14
However, the benefits of NIV in these critically ill patients
must be balanced against the potential harms of NIV failure and inappropriate delay of intubation, which increases
the risk of death.15
Despite there having been very few studies, and those
mainly observational, we will review the role of NIV in
ALI/ARDS patients and highlight the timing of NIV application (ie, NIV to avoid intubation or as an alternative
to intubation). Most of the studies in the literature described the use of NIV in hypoxemic ARF, and considered
ALI and ARDS almost as a unique entity, so we will also
use a similar approach, while recognizing that in reality
ALI encompasses ARDS.11
Physiological Rationale
From a physiological point of view, the application of
positive airway pressure opens under-ventilated alveoli and
increases functional residual capacity, thus decreasing
right-to-left intrapulmonary shunt and improving lung mechanics.16 In patients with ALI, NIV is proven to increase
oxygenation, reduce dyspnea, and unload respiratory muscles.17. In those patients, continuous positive airway pressure alone improves gas exchange but does not unload the
respiratory muscles, whereas NIV provides a better re-
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sponse, unloading the muscles and relieving dyspnea, compared to continuous positive airway pressure.17 By lowering left-ventricular transmural pressure in patients with
congestive left-heart failure, positive airway pressure may
reduce left-ventricular afterload without compromising cardiac index.18,19
Meta-analyses and Systematic Reviews
A systematic review suggested that the addition of NIV
to standard medical therapy in patients with hypoxemic
ARF reduces the intubation rate, shortens intensive care
unit (ICU) stay, and lowers ICU mortality.20 However,
because of substantial patient heterogeneity in the included
studies, that result cannot be extrapolated to the subset of
patients with ALI and ARDS. Agarwal et al21 conducted a
meta-analysis of randomized controlled trials and included
only patients with ALI/ARDS. The results suggested that
patients with ALI/ARDS were unlikely to have important
outcome benefits from NIV added to standard therapy, but
the analysis included only 3 studies (with a total of 111
patients), so there was a chance of type I and type II errors.
Very recently Agarwal et al22 conducted another metaanalysis in which they included 13 studies (with 540 patients). The intubation rate ranged from 30% to 86%, and
the pooled intubation rate was 48% (95% CI 39 –58%).
The mortality rate ranged from 15% to 71%, and the pooled
mortality rate was 35% (95% CI 26 – 45%). There was
statistically significant heterogeneity in intubation rate or
mortality, and no evidence of publication bias. However,
with few exceptions, the studies analyzed were not randomized, and, most important, the patients had heterogeneous underlying pathologies (eg, community-acquired
pneumonia, sepsis, and near-drowning), which disallows
firm conclusions. An accompanying editorial23 stated that
the conclusions we can draw from that meta-analysis are
limited and that we desperately need a randomized trial on
the risks and benefits of NIV in ALI. So, to summarize a
recent evidence-based review,24 the evidence points to extreme caution in the use NIV in ARDS, and this recommendation is obtained from systematic reviews (with homogeneity) of case-control studies.
NIV to Prevent Endotracheal Intubation
in ALI/ARDS Patients
Few clinical trials have evaluated NIV as a means to
prevent intubation in patients with mild to moderate hypoxemic ARF (ie, PaO2/FIO2 ⬃ 200) of various etiologies.
The results have been controversial. Most of the studies
enrolled patients who did not have indications that would
mandate immediate endotracheal intubation under today’s
standard of care.
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Rocker et al10 reported on 12 episodes of ALI/ARDS in
10 patients treated with NIV. The ARDS etiologies were
malaria, fat emboli, postpartum thrombotic microangiopathy, inhalation injury, near-drowning, and pneumonia.
Rocker et al did not mention how many ARDS patients
they cared for in their ICU who were not included. NIV
succeeded (intubation avoided and no further assisted ventilation for 72 hours) on 6 occasions, and 7 of the 10
patients survived hospitalization. Rocker et al concluded
that in hemodynamically stable patients with severe ALI/
ARDS, NIV had a high success rate, and NIV should be
considered in stable patients who are in the early phase of
ALI/ARDS.
Ferrer et al9 randomized 105 patients with severe hypoxemic ARF to receive, via oronasal mask, either NIV or
high FIO2. The respiratory-failure etiologies were mainly
pneumonia and cardiogenic lung edema, but there were 15
patients with ARDS: 7 in the NIV group, and 8 in the
control group. Ferrer et al did not differentiate ARDS of
primary versus secondary origin. The efficacy of NIV was
poor in the ARDS subgroup, and the multivariate statistical analysis aimed to identify the factors associated with
NIV failure showed a very high relative risk for the patients with ARDS.
The role of NIV in the treatment of ALI was assessed in
critically ill patients with bilateral infiltrates of different
origin in a study from the Mayo Clinic.25 In this observational cohort study, Rana and co-workers prospectively
assessed the outcomes of 54 consecutive patients and tried
to identify specific risk factors for the NIV failure.17 Causes
of ALI were pneumonia, nonpulmonary sepsis, vasculitis,
and exacerbation of interstitial lung disease. They found a
high failure rate and a higher than expected mortality, and
concluded that, unless the underlying shock, metabolic
acidosis, and severe hypoxemia are not rapidly resolved,
the rate of NIV failure is very high and that a “judicious”
trial of NIV should be instituted only with extreme caution
in these patients. NIV success was significantly correlated
with lower mean illness severity scores (Acute Physiology
and Chronic Health Evaluation III or Sequential Organ
Failure Assessment), with higher admission PaO2/FIO2
(147 vs 112), and with less pronounced acidosis.
Yoshida et al26 retrospectively studied 47 consecutive
patients with a diagnosis of ALI of pulmonary and extrapulmonary origin. Thirty-three patients successfully
avoided intubation. Patients who required intubation had a
significantly higher Acute Physiology and Chronic Health
Evaluation II score (⬎ 17) and a significantly lower arterial pH. Respiratory rate decreased significantly within
one hour of starting NIV only in the patients successfully
treated with NIV. Patients who avoided intubation had a
significantly lower ICU mortality rate and hospital mortality rate than patients who required intubation.
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In another observational study, matched with a control
group, Domenighetti and co-workers27 considered an
ARDS group of 12 patients without distant organ failure at
admission, and with a direct pulmonary ARDS due to
pneumonia, near-drowning, or toxic agents. They found
that NIV might be feasible in stable non-immunocompromised patients who meet the definition of a primary ARDS
and present at baseline or during the course of the disease
without extrapulmonary organ dysfunction. Not surprisingly, avoidance of intubation was associated with faster
weaning and fewer complications. By analyzing possible
predictors of NIV failure, Domenighetti et al found that all
patients who needed intubation progressed to sepsis (positive blood cultures) and eventually to multiple-organ dysfunction, contrasting with the absence of bacteremia and
extrapulmonary organ failure in patients who successfully
responded to NIV.
Agarwal et al,28 in prospective observational study over
a one-and-a-half-year period, enrolled consecutive patients
ventilated for hypoxic respiratory failure. The patients were
classified into 2 groups, based on the etiology of respiratory failure: ALI/ARDS, and other causes. During the study
period, 287 patients were admitted in the ICU, and of the
40 who were initiated on NIV, 21 had ALI/ARDS. The
NIV failures, the mean ICU and hospital stay, and the
hospital mortality were similar in the 2 groups; however,
12 of the 21 ALI-ARDS patients needed intubation, versus
7 of the 19 in the other group. In the univariate logistic
regression model the only factor associated with NIV failure was the baseline PaO2/FIO2 (odds ratio 0.97, 95% CI
0.95-0.99).
Guisset et al29 reported the results of their randomized
controlled trial in abstract form. Eighty-four patients were
randomized to receive NIV or standard medical therapy at
the early onset of hypoxemic ARF due to ARDS. The NIV
group had a lower intubation rate and lower ICU and
hospital mortality. These data should be considered with
caution, while waiting for publication in a peer-reviewed
journal.
The 2 most important studies that distinguished primary
and secondary ARDS in addressing NIV in patients with
hypoxic ARF were both by Antonelli et al.8,30 In their first
prospective multicenter cohort study, they investigated factors involved in failure. In a heterogeneous population, the
overall efficacy of NIV in avoiding intubation (70%) contrasted with the highest rate of failure observed in 86 patients fulfilling the diagnosis of ARDS (51%). The intubation rate was similar among patients with ARDS of
pulmonary versus extrapulmonary origin, but sepsis on
admission was associated, among other variables, with NIV
failure.8
A later study30 performed in 3 European ICUs with NIV
expertise clarified the “real life” use of NIV in ARDS
patients. “Only” 17% of the patients admitted with ARDS
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were successfully treated with NIV. Over 2 years, 479
patients were admitted to the 3 ICUs with hypoxemic ARF
due to ARDS. Three-hundred thirty-two (69%) of those
patients were already intubated at admission, so 147 were
eligible for the study. NIV improved gas exchange and
avoided intubation in 79 (54%) of those 147 patients, leading to an overall NIV success rate of ⬍ 20%. This was
associated with less ventilator-associated pneumonia and a
lower ICU mortality rate (6% vs 53%). The response to
NIV was similar in patients with ARDS of pulmonary
versus extrapulmonary origin. Endotracheal intubation was
more likely in patients with higher Simplified Acute Physiology Score (SAPS II) and who needed a higher level of
inspiratory support. A SAPS II ⬎ 34 and inability to improve PaO2/FIO2 after one hour of NIV were predictors of
failure. In summary, the use of NIV as an alternative to
invasive ventilation in severely hypoxemic patients with
ARDS (ie, PaO2/FIO2 ⬍ 200) is not generally advisable and
should be limited to hemodynamically stable patients who
can be closely monitored in an ICU by highly skilled staff.
Early NIV application may be extremely helpful in immunocompromised patients with pulmonary infiltrates not
necessarily associated with ALI, in whom intubation dramatically increases the risk of pneumonia, infection, and
ICU mortality. Two trials evaluated NIV versus standard
treatment alone in immunocompromised patients with respiratory rate ⬎ 30 breaths/min and PaO2/FIO2 of approximately 200. Antonelli et al4 compared NIV versus standard therapy in solid-organ-transplant recipients with
hypoxemic ARF. Within the first hour of treatment, PaO2/
FIO2 improved in 70% of the NIV group and only 25% of
the control group. NIV was associated with significantly
less intubation, fewer complications, lower mortality, and
shorter ICU stay among survivors. In patients with immunosuppression secondary to hematological malignancies,
transplantation, or human immunodeficiency virus infection, Hilbert et al3 compared early NIV to standard treatment. All the patients had fever, bilateral pulmonary infiltrates, and hypoxemia. Fewer patients in the NIV group
required intubation, had serious complications, or died in
the ICU or hospital. The latter 2 studies are now both
about 10 years old. This is relevant because later studies31
on the outcomes of these patients suggest that, if intubated,
they do better than in the past, so that the impressive
results obtained in the late 1990s with NIV in this specific
population may now also be obtained with invasive ventilation.
The use of NIV for severe acute respiratory syndrome
(SARS) and other airborne diseases has generated debate.
Based on the Toronto experience with SARS, in which
some clinicians contracted SARS when a patient was intubated following NIV failure, the use of NIV in these
patients was discouraged.32 Two subsequent observational
studies from China,33,34 however, found no evidence of
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viral spread to clinicians who took appropriate precautions. In the event of a bird flu pandemic, ventilator resources are likely to be severely strained, and NIV may
offer a means of supporting some of the afflicted, mainly
those with initial respiratory failure. However, some consider NIV contraindicated in respiratory failure from airborne respiratory diseases unless it is used in a negativepressure isolation room and strict precautions are taken.
In conclusion, the outcome of NIV in patients with hypoxemic ARF due to ALI, ARDS, or severe pulmonary
infiltrates, and for whom endotracheal intubation is not
mandatory, depends on the degree of hypoxia, the presence of comorbidities and complications, and the illness
severity scores. The high rate of NIV failure suggests a
cautious approach with these patients, consisting of early
NIV trial and no delay of needed intubation. A trial of NIV
is advisable in immunosuppressed patients, in whom intubation is a strong predictor of mortality.
Overall, when using NIV in a patient with hypoxic ARF,
in an attempt to avoid intubation, one should always consider the risks of inappropriate intubation delay. Demoule
et al15 found that the effect of NIV differs between de novo
hypoxemic ARF (including mainly in this definition ALI
and ARDS) and patients with cardiogenic pulmonary edema
or COPD, because NIV failure is associated with higher
mortality in patients with de novo hypoxemic ARF. This
finding should therefore raise a note of caution when applying NIV for this indication
NIV as an Alternative to Endotracheal Intubation
in ALI/ARDS Patients
To our knowledge, only one randomized trial has evaluated the use of NIV in hypoxemic patients considered
sufficiently ill to require mechanical ventilation. Antonelli
et al1 compared NIV to conventional ventilation via endotracheal tube in selected patients with hypoxemic ARF
secondary to cardiogenic pulmonary edema, ALI/ARDS,
or pneumonia, who failed to improve despite aggressive
medical therapy and who met predefined criteria for mechanical ventilation. Sixty-four consecutive patients were
enrolled (32 in each arm). After one hour of mechanical
ventilation, PaO2/FIO2 had improved in both groups. Ten
patients in the NIV group required intubation. The conventional-ventilation patients more frequently developed
serious complications (66% vs 38%,) and, in particular,
infection secondary to intubation (ie, pneumonia and/or
sinusitis). Among survivors, the duration of ventilation
and ICU stay was shorter in the NIV patients. Seven of the
32 NIV patients were affected by ARDS, versus 9 of the
32 conventional-ventilation patients, but no subgroup analysis was performed. Bear in mind, however, that this study
included a selected small group of patients in a highly
experienced center and a heterogeneous population.
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Summary
Few data support routine use of NIV in the treatment of
hypoxic ARF in ALI/ARDS patients. Most of the available
studies suggest that NIV should be avoided as a first ventilatory support in ARDS patients who have a clinical
picture of extrapulmonary organ dysfunction at admission
or in those developing a distant organ failure during the
course of the disease (ie, mainly established septic patients). Moreover, NIV should be avoided unless the underlying shock, metabolic acidosis, and severe hypoxemia
(PaO2/FIO2 ⬍ 150) are rapidly resolved. Older age, higher
SAPS II score at admission, and lower PaO2/FIO2 ⱕ 175) at
one hour of NIV predict intubation in these patients. However, some encouraging results, though with the abovedescribed limitations, suggest that in stable homogeneous
patients with ALI-ARDS, NIV merits further randomized
studies. Timing of application is also important, because
early NIV application to avoid intubation in less hypoxic
patients (PaO2/FIO2 ⬎ 200) may be useful. Until additional
data are available, we recommend a conservative approach
(eg, a brief NIV trial in a less severely ill patient), particularly in centers that are not expert in NIV. Further multicenter randomized controlled trials are needed to assess
the efficacy of NIV to avoid intubation and as an alternative to it, and to better understand the subset of patients
most likely to benefit.
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