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For more than 40 years, noninvasive ventilation has been the first-line preferred therapy for
acute-on-chronic conditions, such as COPD and cardiogenic pulmonary edema. The use of nonin-
vasive ventilation in the treatment of hypoxemic respiratory failure, however, has been met with
mixed results associated with higher risks of intubation (failure of therapy) and with higher risks
of mortality. The purpose of this review was to describe the current evidence and important
considerations when patients with hypoxemic respiratory failure are managed with noninvasive
ventilation. Key words: acute hypoxemic respiratory failure; high-flow nasal cannula; noninvasive
ventilation. [Respir Care 2019;64(6):638–646. © 2019 Daedalus Enterprises]

Introduction

Acute hypoxemic respiratory failure usually refers to a
patient with an increased breathing frequency and low

oxygen saturation or PaO2
/FIO2

while receiving supplemen-
tal oxygen (eg, breathing frequency of �25 breaths/min
with a PaO2

/FIO2
of �300 mm Hg). It can have many

causes, and the use of noninvasive ventilation (NIV) in
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these patients requires a deep understanding of available
data to determine the appropriateness of use. Patient se-
lection should involve a cautious approach, with knowl-
edge of the risk factors associated with NIV failure. This
review described the evidence related to the treatment of
acute hypoxemic respiratory failure with NIV and consid-
erations related to patient selection, risk factors, and in-
terface options, including the use of high-flow nasal can-
nula (HFNC). For the purpose of this article, NIV refers to
bi-level positive airway pressure; otherwise, continuous
positive airway pressure is referred to as CPAP.

Review of the Evidence

NIV has long been known as an effective treatment for
acute hypercapnic respiratory failure secondary to COPD.1

However, the use of NIV as a general approach to man-
aging respiratory failure in the absence of hypercapnia has
shown mixed results in the literature, particularly in pa-
tients with hypoxemic respiratory failure. In 1995, Wysocki
et al2 were one of the first groups to evaluate the effects of
NIV in subjects without hypercapnia, and they found no
benefit. Specific etiologies have since been studied, such
as acute cardiogenic pulmonary edema, immunosuppres-
sion, postoperative management, community-acquired
pneumonia (CAP), postextubation management, and acute
lung injury and ARDS, with mixed results.3-11 Despite the
exponential growth in publications about NIV in the past
40 years, many of the studies were small and included a
wide variety of etiologies of respiratory failure. When these
relatively small studies were grouped together into a sys-
tematic review or meta-analysis, the underlying difference
among the causes of acute hypoxemic respiratory failure
resulted in significant heterogeneity.12-15

Systematic Review and Meta-Analyses

In 2004 Keenan et al12 published one of the earliest
systematic reviews that assessed the use of NIV for hy-
poxemic respiratory failure. They found that there seemed
to be a benefit for reducing endotracheal intubation, ICU
length of stay, and mortality. However, many of the stud-
ies included subjects with mixed etiologies: some who
would likely benefit from NIV and others who would not.
The heterogeneity among studies precluded any recom-
mendation for the routine use of NIV in patients with acute
hypoxemic respiratory failure. In 2017, the same conclu-
sion persisted in a meta-analysis published by Xu et al.14

Despite mentions of potential benefits when using NIV in
the management of acute hypoxemic respiratory failure,
there was insufficient evidence to recommend its general-
ized use outside of a clinical trial.12,14

Clinical Practice Guidelines

Clinical practice guidelines are developed by using a
systematic approach to review the available evidence and
come to a decision on whether the evidence supports the
use of a therapy for a specific group of patients. In 2011,
the Canadian Critical Care Trials Group published clinical
practice guidelines for the use of NIV.15 In these guide-
lines, a variety of patient populations and clinical scenar-
ios were addressed and recommendations for or against
the use of NIV were provided.15 The most recent clinical
practice guidelines were published as a joint effort by the
American Thoracic Society and the European Respiratory
Society.13 Many of the recommendations (for and against
using NIV) were similar (or unchanged) from the previous
Canadian Critical Care Trials Group guidelines,15 with the
addition of some specific clinical scenarios. A summary of
the recent recommendations is provided in Table 1.

The American Thoracic Society/European Respiratory
Society guidelines13 provide no recommendation for the
use of NIV in the management of de novo hypoxemic
respiratory failure. The term de novo hypoxemic respira-
tory failure refers to acute hypoxemic respiratory failure in
the absence of underlying chronic lung disease or cardiac
failure. These patients generally have PaO2

/FIO2
� 200

mm Hg, and breathing frequencies � 30 breaths/min, and
could involve many potential causes of acute hypoxemic
respiratory failure (eg, sepsis, atelectasis, pneumonia). The
goal of NIV is to reduce the work of breathing while
improving gas exchange for the purpose of avoiding intu-

Table 1. Current Guidelines for Adult Noninvasive Ventilation

Patient Category Recommendation
Certainty

of Evidence

Hypercapnic COPD exacerbation Do it* High
Cardiogenic pulmonary edema Do it* Moderate
Postoperative patients Do it Moderate
Palliative care Do it Moderate
Immunocompromised Do it Moderate
Postextubation in patients at

high risk
Do it Low

Trauma Do it Moderate
Weaning patients who are

hypercapnic
Do it Moderate

Prevention of hypercapnia
COPD exacerbation

Do not do it Low

Postextubation respiratory failure Do not do it Low
Acute asthma exacerbation No recommendation
De novo respiratory failure No recommendation
Pandemic viral illness No recommendation

* Indicates a strong recommendation, all other recommendations (for or against) are
conditional; further evidence may impact the certainty of effect for conditional
recommendations (From Reference 13).
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bation. Although NIV can reduce the work of breathing in
acute lung injury (PaO2

/FIO2
200–300) mm Hg, it may

require a significant amount of inspiratory pressure. This
introduces other issues with interface leakage, patient tol-
erance, excessive transpulmonary pressure, and, possibly,
excessive tidal volume.16,17 These combined issues may
contribute to the overall poor outcomes when NIV has
been studied in this population.18

Patient Selection

When Benefit Is Known

There are groups of patients mentioned in the current
guidelines that typically present with acute hypoxemic re-
spiratory failure and the benefits of NIV are known.13

These include cardiogenic pulmonary edema, postopera-
tive patients, and trauma patients. The recommendation
for treating cardiogenic pulmonary edema is strong but
with a moderate level of evidence.13 The largest study to
date found no difference in the intubation rate or mortality
when comparing NIV, CPAP, or standard oxygen ther-
apy.3 However, there was a large degree of crossover from
standard oxygen therapy to NIV that could make interpre-
tation difficult. This study has been combined with smaller
studies in a Cochrane Review that found significantly re-
duced hospital mortality and less need for intubation.19

The strength of evidence is due to many small studies, and
more, larger studies would be beneficial. The available
evidence does not suggest a benefit of NIV over CPAP;
the goal should be to decrease work of breathing with
either mode.

The certainty of evidence for using NIV in the postop-
erative setting is moderate for specific patients after lung
resection and after abdominal surgery.5,11 Lung resection
subjects had a significantly reduced need for intubation
and hospital mortality, whereas subjects after abdominal
surgery had significantly lower intubation rates with NIV
and lower (but not significant) 90-d mortality.13 In trauma
patients, the recommendation is a result of combining data
from the few small randomized controlled trials available,
and it is specific to patients with chest trauma. The pooled
analysis found lower intubation rates, lower mortality, less
nosocomial pneumonia, and a shorter ICU length of stay
when using NIV.13 Similar to cardiogenic pulmonary
edema, whether NIV or CPAP should be used in this pop-
ulation is less clear.

When Benefit Is Less Clear

Delivering NIV to patients in acute hypoxemic respira-
tory failure is associated with both benefits and risks. The
risk of NIV failing in patients with acute hypoxemic re-
spiratory failure is well described in the literature, and

there is a large range of reported failure rates, between 25
and 87%. When NIV is successfully used to treat acute
hypoxemic respiratory failure, there is a reduction in mor-
tality. However, the risks of NIV failing are different for
patients with de novo respiratory failure. Therefore, clini-
cians should take a judicious approach when choosing
NIV to treat acute hypoxemic respiratory failure. The way
to properly select patients for NIV and determine when
therapy is failing relies on the use of established risk vari-
ables available in the literature. In the following sections,
clinical findings associated with NIV failure and increased
risk of mortality will be discussed.

Risk Factors for NIV Failing

PaO2
/FIO2

The PaO2
/FIO2

is probably one of the most commonly
used variables to quantify the degree of hypoxemia be-
cause it takes into consideration the level of FIO2

required
to achieve the arterial oxygen level. It has also been one of
the key components for defining and classifying ARDS.20

In addition, it is simple to determine with the collection of
an arterial blood gas sample. As expected, the more severe
(lower) a patient’s PaO2

/FIO2
, the higher the risk he or she

has of NIV failing. Most studies found through multivar-
iate analyses that a PaO2

/FIO2
� 150 mm Hg at baseline and

up to 1 h after NIV initiation predicts NIV failure.21-24 In
addition, a more recent study found a PaO2

/FIO2
of

�200 mm Hg to also be predictive of failure, particularly
in acute hypoxemic respiratory failure in subjects treated
with NIV.25

Severity Scores

There are several severity scores available to clinicians
to assess the overall condition of the patient. A variety of
physiologic values are used to calculate these scores, and
they usually correlate with a potential risk of mortality.
The most common scores used in studies of NIV include
the Simplified Acute Physiology Score II, Sequential Or-
gan Failure Assessment score, and Acute Physiology and
Chronic Health Evaluation II score. As expected, the higher
the severity score, the higher the risk of poor outcomes.
Some of these severity scores have been tested in multi-
variate analyses with various cutoff points for predicting
not only NIV failure but also mortality.21,22,24,26 The var-
ious cutoff values for the Simplified Acute Physiology
Score II and Sequential Organ Failure Assessment score
are included in Table 2. Clinicians should also be con-
scious of the presence of septic shock because septic shock
and also the use of vasoactive drugs are associated with
failure of NIV.21,24
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Tidal Volume

Although many standalone NIV devices use a single-
limb–type circuit, many ventilators that use dual-limb cir-
cuits in the ICU can deliver NIV with the ability to mea-
sure exhaled tidal volume. Devices that use single-limb
circuits may be able to estimate exhaled volume but may
be less accurate in the presence of significant leaks.27 Re-
cent studies looked at the ability of exhaled tidal volume to
predict failure of NIV in subjects with de novo acute hy-
poxemic respiratory failure.28,29 In a study that targeted an
exhaled tidal volume of 6–8 mL/kg of predicted body
weight, the researchers found that an exhaled tidal volume
of �9.5 mL/kg of predicted body weight predicted NIV
failure with a sensitivity and specificity of 82% and 87%,
respectively.28

A post hoc analysis of the FLORALI study29 found that
a tidal volume � 9 mL/kg of predicted body weight at 1 h
was associated with the need for intubation.25 However,
the tidal volume range permitted in the FLORALI study
was 7–10 mL/kg of predicted body weight, which allowed
(by protocol design) delivery of tidal volume now found to
be associated with NIV failure. Despite these differences
in tidal volume (6–8 mL/kg vs. 7–10 mL/kg)28,29 a similar
level of tidal volume was found to be associated with NIV
failure. This may be due to the difficulty in controlling the
underlying respiratory drive of patients in acute hypox-
emic respiratory failure. Further prospective studies that
control tidal volume are needed to confirm if this is a
useful target to prevent NIV failure.

Community Acquired Pneumonia

None of the guidelines for NIV includes a recommen-
dation for treating CAP. Many of the earlier studies had
mixed subject types with mixed results and high failure
rates.18 In addition, pneumonia as the etiology of respira-
tory failure is independently associated with the risk of
NIV failing.21 Patients with pneumonia share the same risk
factors as other patients with acute hypoxemic respiratory
failure but are also at risk of NIV failing if the infiltrates
found on chest radiograph worsen in the 24 h after treat-
ment with NIV.24 Furthermore, delaying intubation in pa-
tients with pneumonia who are being treated with NIV
increases the risk of mortality in de novo respiratory fail-
ure.23 The ability to successfully treat a patient with pneu-
monia that does not have underlying acute-on-chronic re-
spiratory failure requires careful attention to risk factors of
failure and an experienced team of health-care providers.18

The literature has been consistent over the years, patients
without underlying cardiac or respiratory disease are at a
higher risk of NIV failing when being treated for acute
hypoxemic respiratory failure.

Acute Respiratory Distress Syndrome

The group of investigators behind the LUNG SAFE
study published evidence that NIV is commonly used in
patients who meet criteria for ARDS.23,30 As expected,
increasing ARDS severity (measured by PaO2

/FIO2
) re-

sulted in an increased risk of NIV failure.23 Subjects

Table 2. Risk Factors and Mortality Risk Associated With NIV

Parameter Value Reference(s)

Risk factor
PaO2

/FIO2
, mm Hg �150 Antonelli et al,21 Bellani et al,23 Carrillo et al,24 Demoule et al22

Severity scores SAPS II � 35, SOFA � 7, APACHE II* Antonelli et al,21 Carrillo et al24

Tidal volume, mL/kg �9 Carteaux et al,28 Frat et al25

Age, y �40 Antonelli et al21

Etiology CAP, ARDS, immunosuppression Antonelli et al,21 Bellani et al,23 Demoule et al,22 Carteaux et al28

Score HACOR � 5 Duan et al34

Mortality risk
Severity scores SAPS II � 47, SOFA � 12, APACHE II† Carrillo et al,24 Demoule et al22

Delayed intubation �12 h Duan et al34

NIV failure Required intubation Rodriguez et al,35 Duan et al,34 Demoule et al22

Score HACOR � 5 Duan et al34

Age, y �64 y Demoule et al22

* Median 14 vs 17 (success vs failure).
† Median 15 vs 19 (survivors vs nonsurvivors).
NIV � noninvasive ventilation
SAPS � Simplified Acute Physiology Score
SOFA � Sequential Organ Failure Assessment
APACHE � Acute Physiology and Chronic Health Evaluation
CAP � community-acquired pneumonia
HACOR � heart rate, acidosis, consciousness, oxygenation, and respiratory rate
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with PaO2
/FIO2

� 150 mm Hg had higher ICU mortality
when treated with NIV compared with subjects treated
with invasive ventilation.23

The most common NIV interface used in clinical prac-
tice to treat acute hypoxemic respiratory failure is an oro-
nasal mask (which covers the mouth and nose). A recent
randomized controlled trial9 that compared the helmet de-
vice with the oronasal mask in subjects with ARDS dem-
onstrated a significant reduction in intubation rates and
mortality when a helmet interface was used. Helmet
devices are unique and require the use of equipment
capable of delivering higher flows to ensure proper wash-
out of exhaled CO2 and a clinical team familiar with the
nuances of its use. The reasons for improved outcomes
could be related to the ability to deliver and maintain
higher levels of PEEP, improved patient tolerance, or
longer sessions of NIV, but further data are required to
confirm these results.

Immunosuppression

For patients with immunosuppression and who present
with respiratory failure, clinical guidelines have recom-
mended using NIV as a preference over invasive ventila-
tion.13,15 However, in subjects with de novo respiratory
failure, immunosuppression has been associated with a
risk of NIV therapy failing.22,25,28 Data have been pub-
lished in subjects with immunosuppression and respiratory
failure treated with HFNC, which demonstrate that HFNC
may be preferred instead of NIV for patients with immu-
nosuppression.31,32 However, HFNC may not have the ad-
ditional benefit over standard oxygen therapy.33

Combined Factors: The HACOR Score

By using common risk factors already found in the lit-
erature, Duan et al34 tested and validated a score that uses
heart rate, acidosis, consciousness, oxygenation, and RR
(HACOR) (Table 3). A HACOR score of �5 after 1 h of
NIV treatment had a diagnostic accuracy to predict NIV
failure of 81.8% in their testing cohort and 86% in their
validation cohort. Subjects with a HACOR score � 5 at
1 h also had higher hospital mortality than subjects with a
HACOR score � 5 (65.2% and 21.6%, respectively).34

This was a single-center study and needs further testing to
confirm its external validity. Furthermore, many values in
the score would individually meet the criteria for intuba-
tion, despite the score of other values. A scoring system
that uses less-obvious or less-severe criteria to predict fail-
ure might be more beneficial at aiding clinical decisions
when uncertainty is present.

Risk of Higher Mortality

NIV Failure

Closely monitoring patients with acute hypoxemic re-
spiratory failure who were treated with NIV is important
because failure is associated with an increased risk of mor-
tality.22,34,35 This risk of mortality when NIV fails in a
patient does not seem to be the same for a patient with
acute-on-chronic respiratory failure.22 Although patients
with higher severity scores may be at higher risk of NIV
failure and, therefore, would have a higher rate of mortal-
ity, NIV failure has been established as an independent
risk factor for mortality.

Delaying Intubation

Another finding of the HACOR article was that, when
subjects met the cutoff HACOR score of � 5 at 1 h if they
were intubated � 12 h after starting NIV, then they had
significantly higher mortality than those who were intu-

Table 3. HACOR Score

Parameter HACOR Score

Heart rate
�120 beats/min 0
�121 beats/min 1

pH
�7.35 0
7.30–7.34 2
7.25–7.29 3
�7.25 4

Glasgow coma scale score
15 0
13–14 2
11–12 5
�10 10

PaO2
/FIO2

�201 mm Hg 0
176–200 mm Hg 2
151–175 mm Hg 3
126–150 mm Hg 4
101–125 mm Hg 5
�100 mm Hg 6

Frequency
�30 breaths/min 0
31–35 breaths/min 1
36–40 breaths/min 2
41–45 breaths/min 3
�46 breaths/min 4

When receiving NIV for hypoxemic respiratory failure, a HACOR score of �5 at 1 h of NIV
predicted failure.
HACOR � heart rate, acidosis, consciousness, oxygenation, and respiratory rate
NIV � noninvasive ventilation
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bated before 12 h of therapy.34 The subjects in the HACOR
study had de novo acute hypoxemic respiratory failure of
various etiologies.34 In subjects with CAP as the underly-
ing cause of respiratory failure, delaying intubation be-
yond 3 d was associated with a lower chance of survival.24,36

Careful attention to patient selection and monitoring for
risk factors of NIV failure should be a priority when any
patient is being treated with a therapy that lacks a solid
evidence base for its use. There is evidence that NIV for
acute hypoxemic respiratory failure has the potential to be
beneficial, but the fact that there is significant potential for
harm requires these patients to be monitored closely to
avoid delaying intubation.

NIV Settings and Equipment

Another key element of NIV therapy that is not ad-
dressed in the clinical practice guidelines is device set-
tings. Although the lack of setting recommendations could
be taken as positive because therapy should be individu-
alized, this leaves clinicians the freedom to choose settings
that may, on the surface, improve physiologic variables,
for example, oxygenation, but may negatively impact the
tolerance of therapy. In addition, clinicians need to be
aware that there are differences between NIV devices re-
garding the inspiratory pressure; ICU ventilators normally
provide pressure relative to the expiratory pressure (� pres-
sure), whereas standalone devices normally provide pres-
sure relative to atmosphere (absolute pressure). The ap-
plication of higher expiratory positive airway pressure
(EPAP/PEEP) may improve oxygenation in a patient with
acute lung injury, but this may result in increasing leaks
when the inspiratory positive airway pressure is elevated.16

Dyspnea is best relieved with a sufficient support level
above EPAP/PEEP (inspiratory positive airway pressure
minus EPAP/PEEP), and finding the ideal balance be-
tween support and EPAP can be challenging. For these
reasons, the upper limit of EPAP/PEEP in most studies of
NIV, particularly those that involve acute hypoxemic re-
spiratory failure, is no higher than 10 cm H2O. As men-
tioned previously, the ability to maintain higher levels of
PEEP with the helmet interface may have contributed to
the surprising outcomes,9 but further data are needed to
confirm this.

Currently, the primary options for NIV delivery in the
acute environment include standalone devices, transport
ventilators, and ICU ventilators. A device dedicated to the
delivery of NIV (standalone) may provide the most syn-
chronous delivery of NIV, and this aspect is important.37

Alternatively, when standalone devices are not readily
available, ICU and transport ventilators with NIV algo-
rithms can effectively deliver NIV therapy. An important
aspect of NIV delivery is patient comfort and tolerance of
therapy. There is controversy regarding the use of humid-

ification due to the typically short duration of NIV therapy
required in some patients. Humidification has been shown
to improve comfort and tolerance of therapy, and may play
an important role in tolerance of therapy when the under-
lying cause of respiratory failure is not known or is not
rapidly reversible.38,39 Once delivery of NIV has started,
the optimal dosage in terms of duration of sessions is still
not certain. Whether longer sessions of NIV with short
breaks are better than shorter periods with multiple breaks
(but with similar daily totals) has not been a primary focus
of any prospective trial to date.

The Role of HFNC

The more recent evidence regarding HFNC involves
devices that deliver air-oxygen mixtures at flows up to
60 L/min. To deliver gas at this flow requires conditioning
(ie, heating), the gas for patient comfort. The use of HFNC
in the management of acute hypoxemic respiratory failure
has gained tremendous popularity after the paper by Frat et al29

in 2015: the FLORALI study. They compared the use of
HFNC, NIV, and standard oxygen therapy in subjects with
acute hypoxemic respiratory failure. Patients with hypercap-
nic respiratory failure were excluded. Although the primary
outcome (ie, the need for intubation) was not significantly
different for the entire study population (PaO2

/FIO2
�

300 mm Hg), the secondary outcome of 90-d mortality
was lower in the subjects treated with HFNC. The lower
mortality in subjects with an HFNC was likely because the
subgroup of subjects with a PaO2

/FIO2
� 200 mm Hg had

significantly lower intubation rates. It is worth noting that,
although there currently is no recommendation for NIV
specifically in the treatment of CAP, it was the most-
common reason for respiratory failure in the FLORALI
trial. Further studies are required to determine if HFNC is,
in fact, the ideal treatment strategy for patients with CAP.

The use of HFNC has also been studied in the emer-
gency department to treat patients with acute respiratory
failure (not specifically hypoxemic respiratory failure). A
study by Jones et al40 randomized 303 subjects to receive
HFNC or standard oxygen therapy and found less need for
escalation of therapy within 24 h, but this was not statis-
tically significant. Doshi et al41 published a randomized
noninferiority trial of 204 subjects that compared HFNC
with NIV and found HFNC to be noninferior for the treat-
ment of acute respiratory failure. However, in this study,
there was a significant amount of crossover from HFNC to
NIV (23/104 [22%]). In the subjects who crossed over
to NIV, 87% (20/23) avoided intubation by being treated
with NIV.41 The results of this trial would have been signif-
icantly different if crossover was not allowed. Currently, there
is insufficient evidence to support using HFNC instead of
NIV to treat all forms of respiratory failure. The current guide-
lines are based on the available evidence, and, the use of
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HFNC for conditions when NIV is currently recommended
should only be done in the context of a clinical trial.

The treatment of patients who are immunosuppressed is an
area in which HFNC may be impacting the current guidelines
(conditional recommendation with a moderate certainty of
evidence).31,32 A post hoc analysis of the FLORALI trial
demonstrated that subjects with immunosuppression had bet-
ter outcomes (lower intubation and lower mortality) when
randomized to HFNC than those randomized to NIV.32 An
observational cohort study also found that NIV used as a
first-line therapy in subjects who were immunosuppressed
was independently associated with worse outcomes (higher
intubation and higher mortality) compared with those treated
with HFNC.31 There are a number of physiologic benefits for
the use of HFNC described in the literature, including re-
duced breathing frequency and the work of breathing, flush-
ing of anatomic dead space, improved tolerance of therapy,
and the humidification of airways.42-44 The literature most
certainly will describe an increasingly diverse group of pa-
tients for which HFNC may benefit, as evident by the current
rate of publications on the subject.

Summary

The use of NIV in the general management of acute
hypoxemic respiratory failure lacks clinical practice guide-
lines, particularly in the presence of de novo respiratory
failure. Although there is potential to avoid intubation in
these patients by using NIV, the wide range of failure rates
precludes NIV as a viable first-line therapy. If experienced
clinicians choose to manage a patient in acute hypoxemic
respiratory failure with NIV, then risk factors need to be
observed. The use of HFNC has an increasing amount of
supportive data, particularly in patients when NIV recom-
mendations are lacking. Further data are needed to confirm
the role of HFNC in patients with acute-on-chronic respi-
ratory failure, although it seems safe and may be more
effective than NIV in the management of acute hypoxemic
respiratory failure and patients who are immunosuppressed.
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11. Auriant I, Jallot A, Hervé P, Cerrina J, Le Roy Ladurie F, Fournier
JL, et al. Noninvasive ventilation reduces mortality in acute respi-
ratory failure following lung resection. Am J Respir Crit Care Med
2001;164(7):1231-1235.

12. Keenan SP, Sinuff T, Cook DJ, Hill NS. Does noninvasive positive
pressure ventilation improve outcome in acute hypoxemic respira-
tory failure? A systematic review. Crit Care Med 2004;32(12):2516-
2523.

13. Rochwerg B, Brochard L, Elliott MW, Hess D, Hill NS, Nava S,
et al.; Raoof S Members of the Task Force. Official ERS/ATS clin-
ical practice guidelines: noninvasive ventilation for acute respiratory
failure. Eur Respir J 2017;50(2). pii: 1602426.

14. Xu XP, Zhang XC, Hu SL, Xu JY, Xie JF, Liu SQ, et al. Noninva-
sive ventilation in acute hypoxemic nonhypercapnic respiratory fail-
ure: a systematic review and meta-analysis. Crit Care Med 2017;
45(7):e727-e733.

15. Keenan SP, Sinuff T, Burns KE, Muscedere J, Kutsogiannis J, Mehta
S, et al.; Canadian Critical Care Trials Group/Canadian Critical Care
Society Noninvasive Ventilation Guidelines Group. Clinical practice
guidelines for the use of noninvasive positive-pressure ventilation
and noninvasive continuous positive airway pressure in the acute
care setting. CMAJ 2011;183(3):E195-E214.

16. L’Her E, Deye N, Lellouche F, Taille S, Demoule A, Fraticelli A,
et al. Physiologic effects of noninvasive ventilation during acute lung
injury. Am J Respir Crit Care Med 2005;172(9):1112-1118.

17. Kallet RH, Diaz JV. The physiologic effects of noninvasive venti-
lation. Respir Care 2009;54(1):102-115.

18. Brochard L, Lefebvre JC, Cordioli RL, Akoumianaki E, Richard JC.
Noninvasive ventilation for patients with hypoxemic acute respira-
tory failure. Semin Respir Crit Care Med 2014;35(4):492-500.

19. Vital FM, Ladeira MT, Atallah AN. Non-invasive positive pressure
ventilation (CPAP or bilevel NPPV) for cardiogenic pulmonary oe-
dema. Cochrane Database Syst Rev 2013;(5):CD005351.

20. ADT Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson
BT, Ferguson ND, Caldwell E, et al. Acute respiratory distress syn-
drome: the Berlin Definition. JAMA 2012;307(23):2526-2533.

NONINVASIVE RESPIRATORY SUPPORT IN ACUTE HYPOXEMIC RESPIRATORY FAILURE

644 RESPIRATORY CARE • JUNE 2019 VOL 64 NO 6



21. Antonelli M, Conti G, Moro ML, Esquinas A, Gonzalez-Diaz G,
Confalonieri M, et al. Predictors of failure of noninvasive positive
pressure ventilation in patients with acute hypoxemic respiratory
failure: a multi-center study. Intensive Care Med 2001;27(11):1718-
1728.

22. Demoule A, Girou E, Richard JC, Taille S, Brochard L. Benefits and
risks of success or failure of noninvasive ventilation. Intensive Care
Med 2006;32(11):1756-1765.

23. Bellani G, Laffey JG, Pham T, Madotto F, Fan E, Brochard L, et al.;
LUNG SAFE Investigators, ESICM Trials Group. Noninvasive ven-
tilation of patients with acute respiratory distress syndrome. Insights
from the LUNG SAFE Study. Am J Respir Crit Care Med 2017;
195(1):67-77.

24. Carrillo A, Gonzalez-Diaz G, Ferrer M, Martinez-Quintana ME, Lo-
pez-Martinez A, Llamas N, et al. Non-invasive ventilation in com-
munity-acquired pneumonia and severe acute respiratory failure. In-
tensive Care Med 2012;38(3):458-466.

25. Frat JP, Ragot S, Coudroy R, Constantin JM, Girault C, Prat G, et al.;
REVA network. Predictors of intubation in patients with acute hy-
poxemic respiratory failure treated with a noninvasive oxygenation
strategy. Crit Care Med 2018;46(2):208-215.

26. Chawla R, Mansuriya J, Modi N, Pandey A, Juneja D, Chawla A,
Kansal S. Acute respiratory distress syndrome: Predictors of nonin-
vasive ventilation failure and intensive care unit mortality in clinical
practice. J Crit Care 2016;31(1):26-30.

27. Ergan B, Nasilowski J, Winck JC. How should we monitor patients
with acute respiratory failure treated with noninvasive ventilation?
Eur Respir Rev 2018;27(148). pii: 170101

28. Carteaux G, Millán-Guilarte T, De Prost N, Razazi K, Abid S, Thille
AW, et al. Failure of noninvasive ventilation for de novo acute
hypoxemic respiratory failure: role of tidal volume. Crit Care Med
2016;44(2):282-290.

29. Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, et al.;
FLORALI Study Group, REVA Network. High-flow oxygen through
nasal cannula in acute hypoxemic respiratory failure. N Engl J Med
2015;372(23):2185-2196.

30. Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, et al.;
LUNG SAFE Investigators, ESICM Trials Group. Epidemiology,
patterns of care, and mortality for patients with acute respiratory
distress syndrome in intensive care units in 50 countries. JAMA
2016;315(8):788-800.

31. Coudroy R, Jamet A, Petua P, Robert R, Frat JP, Thille AW.; REVA
network. High-flow nasal cannula oxygen therapy versus noninva-
sive ventilation in immunocompromised patients with acute respira-
tory failure: an observational cohort study. Ann Intensive Care 2016;
6(1):45.

32. Frat JP, Ragot S, Girault C, Perbet S, Prat G, Boulain T, et al. Effect
of non-invasive oxygenation strategies in immunocompromised pa-

tients with severe acute respiratory failure: a post-hoc analysis of a
randomised trial. Lancet Respir Med 2016;4(8):646-652.

33. Azoulay E, Lemiale V, Mokart D, Nseir S, Argaud L, Pène F, et al.
Effect of high-flow nasal oxygen vs standard oxygen on 28-day
mortality in immunocompromised patients with acute respiratory
failure: The HIGH randomized clinical trial. JAMA 2018;320(20):
2099-2107.

34. Duan J, Han X, Bai L, Zhou L, Huang S. Assessment of heart rate,
acidosis, consciousness, oxygenation, and breathing frequency to
predict noninvasive ventilation failure in hypoxemic patients. Inten-
sive Care Med 2017;43(2):192-199.

35. Rodríguez A, Ferri C, Martin-Loeches I, Díaz E, Masclans JR, Gordo
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Discussion

Hill: Very nice job, Tom, you covered
a lot of ground very well. I have a cou-
ple of comments on the risk factors that
you listed for NIV failure. One is a
VT � 9.5 mL/kg. I agree that it is of
concern based on studies we have seen
recently, but the study by Carteaux et al1

is an association study, and you cannot
conclude anything about causality. High
VT values could be a marker of worse

disease rather than a causal factor, and I
think that we have to be careful about
how the VTs were measured. I think in
that study that they used critical care
ventilators with dual-limb circuits and
that is a more accurate way of mea-
suring VT, but, if you read off a VT

on a bi-level device, it can be inac-
curate, especially in the face of non-
intentional air leaks. The FLORALI
trial2 targeted VT of 7-10 mL/kg in

their NIV group, and it was thus no
surprise that their average VT was
9.2 mL/kg. Then, they speculated
that that’s why the mortality was higher
in the NIV group. You could say that
theystacked thestudyagainstNIV.They
also didn’t measure VT in their HFNC
group, so we don’t know for sure that
their VT values were lower than those
of subjects who used NIV. I wonder
about your thoughts.
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Piraino: I agree. In the study by Car-
teaux et al,1 they explicitly said it
should be tested in a randomized con-
trolled trial, that it was just an asso-
ciation so they can’t say this is fact. I
also mentioned it’s only something
that can be done on a ventilator with
an exhalation limb. One of the rea-
sons why I wanted to bring this up is
that many respiratory therapists don’t
pay attention to exhaled VT values dur-
ing NIV, maybe because they are not
used to seeing them on standalone NIV
devices. The type of device determines
whether it can be monitored, and both
of these studies used ICU ventilators
to monitor exhaled VT. Yes, the mean
VT in the FLORALI trial2 for the NIV
group was 9.2 mL/kg of predicted body
weight, and the researchers purpose-
fully targeted 7-10 mL/kg of predicted
body weight. But, with a mean pres-
sure support level of 8 cm H2O, I think
what it may suggest is subjects’ in-
spiratory drive was perhaps excessive.
As I mentioned, the sicker someone is
and the lower his or her PaO2

/FIO2
, the

more challenging it is to control VT. I
think in the future what we should
probably do is somehow measure in-
spiratory drive during NIV, not by
sticking catheters in them but perhaps
noninvasively by looking at something
like diaphragm-thickening fraction.
This increased drive may be why, in
all the previous studies, there’s a high
failure rate with patients who are hy-
poxemic.

Hill: I don’t see any obvious reason
why HFNC should reduce inspiratory

drive any more than NIV. So it’s pos-
sible we’ll see the same VT effects in
people using HFNC.

Piraino: There may be, and the im-
pact might be transpulmonary pres-
sure. So, with NIV, even with reduced
effort, you still have positive pressure
going up, and, with that effort, you
have transpulmonary pressure that is
significantly higher than it would be
with HFNC.

Hill: With regard to PaO2
/FIO2

, you list
150-200 mm Hg as a reason to watch
patients on NIV closely and to be pre-
pared to intubate. The question I have
is it makes a difference whether you’re
talking about the PaO2

/FIO2
at baseline

or at hour 1 or 2 after NIV initiation.
In the studies by Antonelli et al3,4 you
showed an increase in PaO2

/FIO2
to 150-

175 mm Hg after the first hour of NIV
is actually a favorable prognostic fac-
tor. Are you talking baseline or after
an hour or two?

Piraino: If it’s �150 mm Hg and you
can’t increase it to �150 mm Hg after
1 h, I would consider that high risk.
The 200 mm Hg was at 1 h as well,
but I think it’s clear that the lower the
PaO2

/FIO2
, the higher the risk, but 150-

200 mm Hg is not without risk. Also,
I think it is important to not focus on
just one parameter because there
clearly are a lot more to look at.

Hill: Certainly, and I’m hearing you
agree that it’s the 1-2 h measurement
is what we should focus on and how it

compares with baseline. It should be
going up.

Piraino: Exactly. Usually, as clini-
cians, we have that baseline blood gas,
but I think that re-evaluation after 1-2 h
and if it’s increased from 110 to
150 mm Hg, I would still highly sus-
pect that the patient may not tolerate
NIV or that NIV may fail for him or
her later and I would definitely start
looking at the other factors. What is
the breathing frequency, is his or her
Glasgow coma scale score still intact,
is he or she becoming hypotensive,
and so forth.
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