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in patients with acute exacerbations of chronic 
obstructive pulmonary disease9-11 or cardiogenic 
pulmonary edema.12

Potential advantages of NIV in the manage‑
ment of patients with ARDS are mainly related to 
the avoidance of complications linked to overse‑
dation, paralysis, and invasive ventilation.13 How‑
ever, the evidence supporting the use of NIV in 
patients with ARDS is sparse and based on clin‑
ical studies with relatively small sample sizes. 
Moreover, in most studies, patients treated with 
NIV were compared to patients treated with ox‑
ygen administration or to historical cohorts.14,15 
Therefore, the objective of this review was to cri‑
tique the evidence regarding the current role of 
NIV in ARDS, to discuss the potential advantag‑
es and pitfalls, and to highlight the best practice 
regarding patient selection and technical aspects 
of NIV application.

Use of noninvasive ventilation in acute hypoxemic re‑
spiratory failure and acute respiratory distress syn‑
drome: evidence and current practice Acute hypox‑
emic respiratory failure The use of NIV in acute 
hypoxemic respiratory failure (AHRF) has in‑
creased over years,16,17 together with the evidence 

Introduction Invasive mechanical ventila‑
tion (IMV) is a  life ‑saving procedure and re‑
mains the cornerstone of supportive therapies 
for patients with acute respiratory distress syn‑
drome (ARDS).1 However, while advances such as 
low‑tidal‑volume ventilation,1 prone positioning,2 
and short ‑term use of neuromuscular blockade3 
may improve outcomes, IMV remains associat‑
ed with the risk of ventilator ‑associated pneu‑
monia,4,5 complications from tracheal intubation 
and tracheostomy,6,7 and ventilator ‑induced lung 
injury.8 Consequently, strategies to avoid or de‑
lay IMV, such as noninvasive ventilation (NIV), 
have received attention in patients with ARDS.

In NIV, positive pressure is applied to the air‑
ways of the patient by means of an interface, such 
as a mask, with the aim of preventing alveolar 
derecruitment and to support the patient’s re‑
spiratory muscles. NIV modes include the appli‑
cation of a single pressure, termed continuous 
positive airway pressure (CPAP), or 2 alternate 
pressure levels (as in pressure support ventila‑
tion), or biphasic positive airway pressure. NIV 
has become an established treatment modali‑
ty for certain patient subgroups with respirato‑
ry failure, with strong evidence for its benefits 
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AbsTRACT

Noninvasive ventilation (NIV) has a well ‑established role in the treatment of acute ‑on ‑chronic respira‑
tory failure and cardiogenic pulmonary edema. Its role in acute hypoxemic respiratory failure has been 
increasingly investigated, but its impact on the management and outcome of the subset of patients with 
acute respiratory distress syndrome (ARDS) is still to be determined. ARDS could be a risk factor for 
NIV failure, and in these patients, delayed endotracheal intubation can lead to an increased mortality. On 
the other hand, in a subset of patients with ARDS, endotracheal intubation can be avoided when NIV is 
applied. This review summarizes the current practice of NIV use in patients with ARDS and underlines 
the importance of proper patient selection before an NIV trial as well as criteria that should be used to 
predict failure early enough. A brief overview of high ‑flow nasal cannula is also provided. The use of 
NIV in ARDS is still debated, and it is important to be aware of the potential limitations and pitfalls of 
this treatment, which, when properly applied, could reduce the incidence of endotracheal intubation.
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oxygen therapy, but it did not have effects on ICU 
or in ‑hospital mortality.26 These results were con‑
firmed also by a small retrospective study on pa‑
tients with ARDS treated by NIV.27

The recently published LUNG SAFE study28 pro‑
vided an overview of the worldwide use of NIV 
during ARDS. According to this study, almost 
15% of the patients who developed ARDS on days 
1 and 2 from ICU admission were treated with 
NIV as the first ‑line intervention for at least 24 
hours. Among those, 65% were maintained with 
NIV, while the others were switched to IMV. An‑
other study, which analyzed the NIV population 
of the LUNG SAFE study, found that NIV was at‑
tempted in 15% of the patients with ARDS, inde‑
pendently from the severity of the disease, but 
that patients with more severe ARDS had a low‑
er rate of success (from 78% in mild to 53% in 
severe ARDS).29 NIV use was also burdened with 
a higher mortality rate than IMV in patients with 
the most severe disease (PaO2/FiO2 <150 mm Hg). 
Moreover, it was associated with a lower rate of 
ARDS recognition by the treating physician, rais‑
ing concern about the adequacy of the treatment 
in those patients.

In summary, the use of NIV gives an advantage 
in terms of the lower intubation rate when con‑
sidering the overall hypoxemic population, while 
the diagnosis of ARDS increases the probability of 
NIV failure, and some evidence suggests a possi‑
ble negative effect of NIV on survival of patients 
with more severe forms of ARDS. On the other 
hand, it seems quite attractive to avoid ETI in 
50% of patients with ARDS who undergo a NIV 
trial. The question to be asked might then prob‑
ably be: Can we correctly identify the 50% of pa‑
tients with ARDS who would succeed in a NIV tri‑
al without harm and possibly avoid the complica‑
tions related to ETI?

Patient selection and prediction of failure As sum‑
marized above, NIV failure is associated with 
an increased risk of death in patients with ARDS, 
particularly when endotracheal intubation is de‑
layed. In fact, in some studies the failure of NIV 
and thus the need for delayed ETI are associat‑
ed with a worse outcome than the one predicted 
from the baseline patient condition. Rana et al30 
found that patients with acute lung injury who 
needed intubation after a NIV trial had a mor‑
tality rate of 68% versus the 39% predicted by 
APACHE II. Carrillo et al31 observed that a longer 
duration of NIV before intubation was associat‑
ed with higher in ‑hospital mortality, but only in 
patients with de novo AHRF. Antonelli et al22 re‑
ported a high mortality rate among patients who 
failed NIV (54%) and raised doubts that delaying 
a necessary intubation could worsen prognosis. 
In another study, patients who were intubated af‑
ter 12 hours of NIV had a lower in ‑hospital mor‑
tality rate than those whose intubation was de‑
layed for more than 12 hours, although in both 
groups, the mortality rate was extremely high.32 
Lastly, in the LUNG SAFE study,28 patients with 

supporting its use, especially in specific popula‑
tions of hypoxemic patients. Some studies fo‑
cused on postsurgical hypoxemic respiratory fail‑
ure,14,16,18-20 either after solid organ transplanta‑
tion, lung resection, or abdominal surgery. All of 
them found that in the case of AHRF, NIV could 
significantly reduce the intubation rate when 
compared with standard oxygen therapy and led 
to lower mortality rates. In a study by Antonel‑
li et al,20 NIV reduced the intubation rate also in 
the subgroup of patients with ARDS. Similarly, 
in 2013, Ferrer et al15 treated patients affected by 
AHRF with NIV or high oxygen concentrations. 
The causes of AHRF were heterogeneous, from 
cardiogenic pulmonary edema to ARDS to tho‑
racic trauma. NIV reduced the overall risk of in‑
tubation and increased the 90 ‑day survival rates 
versus oxygen therapy alone. Interestingly, in 
this study, ARDS was a risk factor for intubation 
and for decreased 90 ‑day survival rates in both 
groups. On the contrary, Delclaux et al21 found 
that in patients with AHRF the use of CPAP led 
to a brief improvement in physiological param‑
eters (the ratio of partial pressure of oxygen to 
fraction of inspired oxygen [PaO2/FiO2]) but did 
not change the intubation rate nor survival in 
comparison with oxygen therapy. A systematic 
review of those studies found that NIV reduced 
the intubation rate, intensive care unit (ICU) and 
hospital length of stay, and ICU mortality in pa‑
tients affected by AHRF, including both patients 
with and without ARDS.9

Acute respiratory distress syndrome All the cit‑
ed studies involved a mixed population of hy‑
poxemic patients. In 2007, Antonelli et al22 con‑
ducted a prospective study to observe the use 
and outcome of NIV in patients with ARDS only. 
The study was multicentered and found that 31% 
of the patients could be considered suitable for 
a NIV trial. With this approach, the use of endo‑
tracheal tube intubation (ETI) could be avoided 
in 54% of the patients.22 Subsequently, Agarwal 
et al23 conducted the first meta ‑analysis specifi‑
cally addressing the role of NIV in ARDS. They 
analyzed the results of the above randomized 
controlled trials (RCTs) by Antonelli et al,20 Fer‑
rer et al,15 and Delclaux et al21 only looking at the 
subgroups of patients with ARDS and did not 
find any advantage provided by NIV in terms of 
the intubation rate or survival. Later, the same 
authors conducted another meta ‑analysis that 
included not only RCTs but also observation‑
al trials24 in order to increase the number of pa‑
tients with ARDS involved in the analysis. De‑
spite being an inconclusive study because of 
the large statistical heterogeneity of the trials 
included, this meta ‑analysis showed that NIV in 
ARDS was successful in 50% of the patients, a re‑
sult very similar to that obtained in the prospec‑
tive study conducted by Antonelli et al in 2001 
and 2006.22,25 A more recent meta ‑analysis in‑
cluding 6 RCTs clearly showed that NIV reduced 
the intubation rate when compared with standard 
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to rapidly institute IMV. The factors related to 
the patient include baseline severity of the patient 
condition, as assessed with the SAPS II, SOFA, or 
APACHE II scores. A SAPS II score exceeding 35,25 
38,22 or 45,37 an average maximum SOFA score of 
9,31 or an APACHE II score exceeding 1736,38 were 
associated with the need of endotracheal intu‑
bation. Other patient characteristics that were 
related to NIV failure included the presence of 
shock and metabolic acidosis30,39 and ARDS itself. 
In fact, as already mentioned, in the studies that 
included patients who were hypoxemic for which‑
ever cause, ARDS was listed as a cause of NIV fail‑
ure.25,31 In a very interesting study, Thille et al40 
compared non ‑ARDS AHRF versus ARDS. They 
were able to stratify the probability of NIV suc‑
cess based on ARDS severity and found that pa‑
tients without ARDS and those with mild ARDS 
had almost the same intubation rate during NIV 
(31%–35%), while this rate almost doubled in 
moderate ARDS (62%). They also reported that 
it might not be worth attempting NIV in patients 
with severe ARDS, where the failure rate is 84%.

After the NIV trial has been started, a rapid 
improvement in the patient condition should 
be observed. Indeed, a factor often demonstrat‑
ed to be associated with the outcome of NIV is 
the change of the PaO2/FiO2 ratio. Some cut ‑off 
values have been defined: a PaO2/FiO2 ratio of less 
than 146 mm Hg25 or less than 175 mm Hg22 after 
1 hour of NIV predicts failure, or in general a de‑
cline or small improvement of the PaO2/FiO2 ra‑
tio.30,31 The study by Thille et al40 supports the use 
of NIV in patients with mild ARDS and suggests 
attempting it in those with moderate ARDS only 
if the PaO2/FiO2 ratio is higher than 150 mm Hg. 
These criteria for prediction of failure demand 
a close monitoring of patients with ARDS dur‑
ing NIV by expert personnel, who should be able 
to institute IMV as soon as needed. During NIV, 
adjunctive factors that were associated with fail‑
ure were the worsening of chest X ‑ray results after 
24 hours, not decrease of heart rate, and the de‑
crease of bicarbonates after 1 hour.31

Recently, a new score has been developed and 
validated to easily predict the probability of NIV 
failure at the bedside.32 The HACOR score assess‑
es 5 parameters already demonstrated to be asso‑
ciated with a high rate of NIV failure (heart rate, 
acidosis, consciousness, oxygenation, and respira‑
tory rate) and ranges from 0 to 25 points (TAbLE 1). 
In a validation study, the score was significantly 
higher in the group that failed NIV at each time 
point tested (1, 12, 24, and 48 hours), and a cut‑
‑off value of 5 after 1 hour of NIV was found to 
have a high diagnostic accuracy for predicting NIV 
failure, making this score an easy and reproduc‑
ible tool to evaluate the patient.

Lastly, an interesting French study evaluat‑
ed the role of expired tidal volume (VTe) on NIV 
outcome.41 The first finding was that, despite 
a NIV setting aimed at maintaining a VTe of 6 
to 8 ml/kg, this was never obtained in patients 
with ARDS, whose median VTe was 9.8 ml/kg of 

the most severe disease had a worse prognosis 
when treated with NIV than with IMV. For this 
reason, it is of paramount importance to select 
the cohort of patients in whom NIV is most like‑
ly to succeed, while monitoring closely for early 
signs of failure.

The first important element of stratification is 
based on the category of respiratory failure: “de 
novo” versus “acute on chronic” (ie, exacerbat‑
ing an underlying cardiac or pulmonary condi‑
tion).16,31,33 NIV failure was associated with high‑
er mortality only in the “de novo” respiratory fail‑
ure group, while NIV success was associated with 
a better outcome only in “acute ‑on ‑chronic” pa‑
tients. Even if these studies do not specifically in‑
volve patients with ARDS, they raise major con‑
cern about those patients who do not have an un‑
derlying chronic disease.

In clinical practice, 15%29 to 31%22 of patients 
with ARDS undergo a NIV trial. The contraindi‑
cations to NIV are well known22,34 and include se‑
vere hypoxemia or acidemia, inability to protect 
the airways, coma, upper airway obstruction, an‑
atomical abnormalities (facial trauma), respira‑
tory arrest/apnea, cardiac arrest, increased risk 
of aspiration/gastrointestinal bleeding, and mul‑
tiple organ failure. Some studies include severe 
ARDS among the contraindications to NIV and 
advocate the use of NIV only in mild to moder‑
ate ARDS.35,36

When a patient is considered suitable for a NIV 
trial, it is critical to be aware of the factors that 
can predict the failure of the trial and to be able 

TAbLE 1 The HACOR score

Variable Category Assigned points

Heart rate, beats/min ≤120 0

≥121 1

pH ≥7.35 0

7.30–7.34 2

7.25–7.29 3

<7.25 4

Glasgow Coma Scale 15 0

13–14 2

11–12 5

≤10 10

PaO2/FiO2 ratio, mm Hg ≥201 0

176–200 2

151–175 3

126–150 4

101–125 5

≤100 6

Respiratory rate, breaths/min ≤30 0

31–35 1

36–40 2

41–45 3

≥46 4

Abbreviations: Fi02, fraction of inspired oxygen; PaO2, partial pressure of oxygen
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these patients without the need of ETI appears 
particularly appealing.44 In 2001, Hilbert et al45 
showed that in a small group of immunocompro‑
mised patients, the use of NIV reduced the intu‑
bation rate, mortality, and serious complications. 
These data and those on AHRF following solid or‑
gan transplantation20 led to the introduction of 
NIV as the first ‑line approach for AHRF manage‑
ment in immunocompromised patients in some 
local recommendations and guidelines.16,46 Nev‑
ertheless, the need of an RCT was strongly ad‑
vocated.47 A multicenter RCT, published in 2015, 
aimed to confirm the previous findings, attempt‑
ing to show an advantage in terms of survival.48 
It recruited 347 patients, stratified by the cause 
of immunosuppression. Surprisingly, no differ‑
ences were found in a 28 ‑day mortality rate be‑
tween the NIV group and controls. Unfortunate‑
ly, the study turned out to be underpowered, also 
because the mortality rate in the control group 
was lower than expected; moreover, high ‑flow na‑
sal cannulas (HFNC) were used in both groups, 
thereby probably reducing the need for intuba‑
tion. Moreover, the post hoc analysis of the study 
by Frat et al,49 which involved immunocompro‑
mised patients randomly allocated to NIV, HFNC, 
and standard oxygen therapy, showed that the use 
of NIV was independently associated with an in‑
creased risk of ETI and mortality in these patients. 
In summary, these recent data do not allow us to 
make a recommendation about the use of NIV in 
immunocompromised patients, unless specific 
subgroups that could benefit from the treatment 
are identified. On the other hand, promising re‑
sults have emerged from the studies on the use 
of HFNC, as detailed below.

How to apply noninvasive ventilation: interface, moni‑
toring, and sedation Optimizing NIV settings and 
choosing an adequate interface is critical for NIV 
outcome. Indeed, poor compliance with the in‑
terface was described as an additional risk fac‑
tor for NIV failure.50 A very recent study by Pa‑
tel et al51 compared the application of NIV via 
face mask versus via helmet.52 The study was pre‑
maturely interrupted due to evidence of superi‑
ority of the helmet interface (intubation rate of 
18% vs 61%, along with more ventilator ‑free days, 
shorter ICU stay, and lower mortality).51 The hel‑
met seems to be better tolerated by patients, al‑
lowing for longer ventilation trials.53 Moreover, 
the positive end ‑expiratory pressure applied in 
the study was significantly higher in the helmet 
versus the face‑mask group, because of a low‑
er leak. Even if some methodological concerns 
have been raised,54 this study might suggest that 
the interface choice brings significant differences 
in terms of the effectiveness of ventilation, which 
could affect the outcome. It was suggested that 
unlike the face or nose mask, the helmet inter‑
face could reduce hospital mortality.55

Particular attention has to be paid to the ap‑
propriate setting of inspiratory flow and cycling‑
‑off time during helmet ventilation to reduce CO2 

predicted body weight (PBW), albeit VTe measure‑
ment in NIV might not be entirely accurate, ow‑
ing to apparatus dead space and leaks. Still, “pro‑
tective ventilation” is difficult to achieve in clini‑
cal practice during NIV. Secondarily, the authors 
stratified the patients according to ARDS severity 
(mild and moderate to severe, with a PaO2/FiO2 
ratio of up to 200 mm Hg). In the second group, 
a VTe higher than 9.5 ml/kg PBW during the first 
4 hours of NIV was an independent predictor 
of failure in a multivariate analysis, along with 
the SAPS II score. The reasons for this finding, ac‑
cording to the authors, could be twofold: a higher 
VTe is a marker of more severe disease or a high‑
er VTe is a cause of ventilation‑induced lung in‑
jury, further aggravating the lung injury. Anoth‑
er study looking at VTe30 found a similar cut ‑off, 
where NIV failure occurred in patients with a VTe 
higher than 9 ml/kg PBW. All the factors associ‑
ated with NIV failure are summarized in TAbLE 2.

The above results underline the necessity of in‑
tensive monitoring of patients undergoing a NIV 
trial, or even the opportunity to develop a specif‑
ic flow chart in each institution in order to appro‑
priately select patients and timely stop NIV (an 
example is reported in FIgURE 1).22,34,42

Noninvasive ventilation in immunocompromised pa‑
tients Survival of immunocompromised patients 
(ie, the ones affected by cancer, either solid or 
hematologic, and the ones who are pharmaco‑
logically immunosuppressed) has increased over 
the years, but still, patients with ARDS and can‑
cer have a higher mortality than those without 
cancer.43 Of these patients, 15% to 20% are ad‑
mitted to ICU for complications, the majority of 
whom have respiratory failure of infectious origin. 
In these patients, endotracheal intubation was 
shown to carry an augmented risk of superinfec‑
tion and death. Hence, the possibility to manage 

TAbLE 2 Predictors of noninvasive ventilation failure

Predictor Studya

Scores of severity (SAPS II, APACHE II, SOFA) 20,22,31,33,36,38,67

Age 20

PaO2/FiO2 ratio 20,22,30–32,36,38,68

ARDS severity 20,31,38,40

Metabolic acidosis/bicarbonates 30–32

Shock 30,38,40

Community ‑acquired pneumonia 20

Worsening chest X‑ray results 31

Heart rate 31,32

Respiratory rate 32,67

Consciousness (low Glasgow Coma Scale score) 32,40

De novo respiratory failure 33

Cancer 40

Low positive end ‑expiratory pressure 40

High tidal volume 30,41

a see the References
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among patients with AHRF. A recent review had 
nicely summarized the physiologic basis of the ef‑
ficacy of this device, namely, the possibility to 
deliver high and stable FiO2 levels, the effective 
humidification and warming of gases, the abili‑
ty to create a low positive pressure which stabi‑
lizes the alveoli, and the reduction of anatom‑
ical dead space by CO2 washing.61 All these ef‑
fects could result in a reduction of the work of 
breathing and improved alveolar ventilation.62,63 
Patient’s comfort and improvement of dyspnea 
have been demonstrated,64 and strong evidence in 
favor of HFNC came from a study by Frat et al.65 
This RCT, with the intubation rate as primary out‑
come, included patients affected by AHRF with 
a PaO2/FiO2 ratio of 300 mm Hg or less. The pa‑
tients were randomized to receive either NIV or 
HFNC or standard oxygen therapy. While the pri‑
mary outcome showed no differences among the 3 
treatments, the secondary outcomes, that is, ICU 
and 90 ‑day mortality, favored HFNC over both 
NIV and standard oxygen therapy. The results of 
the trial strongly encourage to consider the use 
of HFNC in patients with AHRF as the first ‑line 

rebreathing and improve the patient–ventilator 
interaction.56,57 The helmet appears to be a very 
promising interface for delivering NIV in patients 
with ARDS. It can be used to deliver both contin‑
uous free ‑flow CPAP or pressure support. Helmet 
features can be optimized depending on the appli‑
cation: a larger, more compliant helmet for free‑
‑flow CPAP, and a smaller and less compliant for 
pressure support. The delivery of pressure sup‑
port by helmet could appear somehow compli‑
cated, requiring several skills and adjustments.58

A  recent editorial59 advocated a  very pru‑
dent approach to sedation use during NIV, be‑
cause side effects could overcome benefits. In 
the case of a difficult patient–ventilator interac‑
tion, an approach based on the appropriate set‑
ting of the ventilator should be tried first. A sedat‑
ed patient during NIV should be carefully moni‑
tored. In this setting, the use of dexmedetomidine 
could confer an advantage when compared to oth‑
er drugs in terms of the efficacy and side effects.60

High ‑flow nasal cannula Even if HFNC was not 
primarily designed to deliver positive pressure 
ventilation, its use is becoming more popular 

FIgURE 1 Example of 
a flow chart for 
noninvasive ventilation 
application (reproduced 
with permission from 
Antonelli et al22) 

Abbreviations: ARDS, 
acute respiratory distress 
syndrome; ECG, 
electrocardiogram; ETI, 
endotracheal intubation; 
NPPV, noninvasive 
positive pressure 
ventilation; others, see 
TAbLE 1

ARds
(European / American Consensus Conference)

PaO2 / FiO2 <200 mm Hg
Bilateral pulmonary infiltrates on chest X‑ray

Absence of left ventricular failure

A.  Coma, seizures, or neurological disturbances
B. Hemodynamic or ECG instability
C. Active bleeding
D.  Need for endotracheal intubation to protect airways or manage copi‑

ous secretions
E.  Recent facial trauma or gastroesophageal surgery
F. More than 2 organ failures

A.  Intolerance (pain, discomfort, or claustrophobia)
B.  Failure to maintain a PaO2 >65 mm Hg with a FiO2 ≤0.6 with per‑

sistent dyspnea, tachypnea, and activation of accessory respiratory 
muscles

C.  Hemodynamic instability or evidence of cardiac ischemia or ventricu‑
lar dysarrythmia (see text)

D.  Need for urgent endotracheal intubation to manage secretions or 
protect the airways

Yes

Yes

No

No

NPPV
(mask or helmet)

Continue NPPV

ETI
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treatment, even if also in this case priority has to 
be given to not delaying intubation.66

Conclusions In addition to its well ‑known role 
in “acute ‑on ‑chronic” respiratory failure, the use 
of NIV in “de novo” ARDS has received a grow‑
ing interest over the last decades. NIV might help 
avoid several complications related to IMV, but 
several concerns remain, such as the positive 
end ‑expiratory pressure applied is lower than 
during IMV and protective ventilation is hard‑
ly guaranteed.

This treatment should probably be limited to 
carefully selected patients with mild  to moder‑
ate ARDS (failure is higher than 50% in severe 
ARDS) and applied in experienced centers with 
a close monitoring of blood gases and respiratory 
mechanics, since delayed intubation in the case 
of failure is detrimental to patients.
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