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Abstract

Rationale: The weaning process concerns all patients receiving
mechanical ventilation. A previous classification into simple,
prolonged, and difficult weaning ignored weaning failure and
presupposed the use of spontaneous breathing trials.

Objectives: To describe the weaning process, defined as starting
with any attempt at separation from mechanical ventilation and its
prognosis, according to a new operational classification working for
all patients under ventilation.

Methods: This was a multinational prospective multicenter
observational study over 3 months of all patients receiving
mechanical ventilation in 36 intensive care units, with daily collection
of ventilation and weaning modalities. Pragmatic definitions of
separation attempt and weaning success allowed us to allocate
patients in four groups.

Measurements and Main Results: A total of 2,729 patients were
enrolled. Although half of them could not be classified using the
previous definition, 99% entered the groups on the basis of our new
definition as follows: 24% never started a weaning process, 57% had a
weaning process of less than 24 hours (group 1), 10% had a difficult
weaning of more than 1 day and less than 1 week (group 2), and 9%
had a prolonged weaning duration of 1 week or more (group 3).
Duration of ventilation, intensive care unit stay, andmortality (6, 17,
and 29% for the three groups, respectively) all significantly increased
from one group to the next. The unadjusted risk of dying was 19%
after the first separation attempt and increased to 37% after 10 days.

Conclusions: A new classification allows us to categorize all
weaning situations. Every additional day without a weaning success
after the first separation attempt increases the risk of dying.

Keywords: mechanical ventilation; weaning; separation attempt;
outcome
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Jean-Pierre Frat20,21,22, Adrien Constan6, Jean-Marie Chretien23, Jordi Mancebo24, Alain Mercat7, Jean-ChristopheM. Richard25,
and Laurent Brochard26,27; for the WIND (Weaning according to a New Definition) Study Group and the REVA (Réseau
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Epidemiology, Patterns of Care, and Mortality
for Patients With Acute Respiratory Distress Syndrome
in Intensive Care Units in 50 Countries
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IMPORTANCE Limited information exists about the epidemiology, recognition, management,
and outcomes of patients with the acute respiratory distress syndrome (ARDS).

OBJECTIVES To evaluate intensive care unit (ICU) incidence and outcome of ARDS and to
assess clinician recognition, ventilation management, and use of adjuncts—for example prone
positioning—in routine clinical practice for patients fulfilling the ARDS Berlin Definition.

DESIGN, SETTING, AND PARTICIPANTS The Large Observational Study to Understand the
Global Impact of Severe Acute Respiratory Failure (LUNG SAFE) was an international,
multicenter, prospective cohort study of patients undergoing invasive or noninvasive
ventilation, conducted during 4 consecutive weeks in the winter of 2014 in a convenience
sample of 459 ICUs from 50 countries across 5 continents.

EXPOSURES Acute respiratory distress syndrome.

MAIN OUTCOMES AND MEASURES The primary outcome was ICU incidence of ARDS.
Secondary outcomes included assessment of clinician recognition of ARDS, the application of
ventilatory management, the use of adjunctive interventions in routine clinical practice, and
clinical outcomes from ARDS.

RESULTS Of 29 144 patients admitted to participating ICUs, 3022 (10.4%) fulfilled ARDS
criteria. Of these, 2377 patients developed ARDS in the first 48 hours and whose respiratory
failure was managed with invasive mechanical ventilation. The period prevalence of mild ARDS
was 30.0% (95% CI, 28.2%-31.9%); of moderate ARDS, 46.6% (95% CI, 44.5%-48.6%); and
of severe ARDS, 23.4% (95% CI, 21.7%-25.2%). ARDS represented 0.42 cases per ICU bed over
4 weeks and represented 10.4% (95% CI, 10.0%-10.7%) of ICU admissions and 23.4% of
patients requiring mechanical ventilation. Clinical recognition of ARDS ranged from 51.3%
(95% CI, 47.5%-55.0%) in mild to 78.5% (95% CI, 74.8%-81.8%) in severe ARDS. Less than
two-thirds of patients with ARDS received a tidal volume 8 of mL/kg or less of predicted body
weight. Plateau pressure was measured in 40.1% (95% CI, 38.2-42.1), whereas 82.6% (95% CI,
81.0%-84.1%) received a positive end-expository pressure (PEEP) of less than 12 cm H2O.
Prone positioning was used in 16.3% (95% CI, 13.7%-19.2%) of patients with severe ARDS.
Clinician recognition of ARDS was associated with higher PEEP, greater use of neuromuscular
blockade, and prone positioning. Hospital mortality was 34.9% (95% CI, 31.4%-38.5%) for
those with mild, 40.3% (95% CI, 37.4%-43.3%) for those with moderate, and 46.1% (95% CI,
41.9%-50.4%) for those with severe ARDS.

CONCLUSIONS AND RELEVANCE Among ICUs in 50 countries, the period prevalence of ARDS
was 10.4% of ICU admissions. This syndrome appeared to be underrecognized and
undertreated and associated with a high mortality rate. These findings indicate the potential
for improvement in the management of patients with ARDS.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT02010073
JAMA. 2016;315(8):788-800. doi:10.1001/jama.2016.0291
Corrected on July 19, 2016.
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1. Physiologiques:
• ↓ travail respiratoire
• ↑ oxygénation
• ↑ ventilation alvéolaire

2. Cliniques:
• Eviter l’intubation
• Eviter d’aggraver les lésions pulmonaires

Buts des traitements non invasifs
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Physiologic Effects of Noninvasive Ventilation during
Acute Lung Injury
Erwan L’Her, Nicolas Deye, François Lellouche, Solenne Taille, Alexandre Demoule, Amanda Fraticelli,
Jordi Mancebo, and Laurent Brochard

Réanimation Médicale–Unité INSERM U492, Hôpital Henri Mondor, Creteil Cedex, France

A prospective, crossover, physiologic study was performed in
10 patients with acute lung injury to assess the respective short-term
effects of noninvasive pressure-support ventilation and continuous
positive airway pressure. We measured breathing pattern, neuro-
muscular drive, inspiratory muscle effort, arterial blood gases, and
dyspnea while breathing with minimal support and the equipment
for measurements, with two combinations of pressure-support ven-
tilation above positive end-expiratory pressure (10–10 and 15–5 cm
H2O), and with continuous positive airway pressure (10 cm H2O).
Tidal volume was increased with pressure support, and not with
continuous positive airway pressure. Neuromuscular drive and inspi-
ratory muscle effort were lower with the two pressure-support ven-
tilation levels than with other situations (p ! 0.05). Dyspnea relief
was significantly better with high-level pressure-support ventilation
(15–5 cm H2O; p ! 0.001). Oxygenation improved when 10 cm H2O
positive end-expiratory pressure was applied, alone or in combina-
tion. We conclude that, in patients with acute lung injury (1 ) nonin-
vasive pressure-support ventilation combined with positive end-
expiratory pressure is needed to reduce inspiratory muscle effort;
(2 ) continuous positive airway pressure, in this setting, improves
oxygenation but fails to unload the respiratory muscles; and (3 )
pressure-support levels of 10 and 15 cm H2O provide similar un-
loading but differ in their effects on dyspnea.

Keywords: acute respiratory failure; diaphragm function; facemask
ventilation; respiratory mechanics

In selected patients with acute lung injury (ALI) (1), early institu-
tion of noninvasive mechanical ventilation (NIV) may reverse
the acute episode, obviating endotracheal intubation (2, 3). Nev-
ertheless, switching to invasive ventilation is required in more
than 40 to 50% of hypoxemic patients receiving NIV in observa-
tional studies (4–7). Physiologic data are needed to assist in
optimizing NIV strategies for patients with ALI. On the one
hand, ventilatory support set too high may cause excessive leak-
age and thus complicate NIV management and produce ineffec-
tive efforts and patient–ventilator asynchrony; on the other hand,
however, insufficient support may translate into insufficient in-
spiratory muscle unloading.

Applying positive end-expiratory pressure (PEEP) to the air-
way opening has been shown to lessen the reduction in functional
residual capacity (FRC) and to improve respiratory mechanics
and gas exchange (3). These data have led intensive care unit
physicians to use continuous positive airway pressure (CPAP)
as a means of preventing subsequent clinical deterioration and
reducing the need for endotracheal intubation (8–11). Nevertheless,
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clinical data do not strongly support the use of CPAP in patients
with ALI (12), and the better outcomes reported with other forms
of noninvasive ventilation may be ascribable to the combined use
of pressure-support ventilation (PSV) and PEEP (13–17).

This study compared the short-term physiologic effects of
two combinations of PSV above PEEP and of CPAP alone, in
terms of breathing pattern, respiratory drive, inspiratory muscle
effort, oxygenation, and dyspnea relief in patients with ALI
treated by NIV. One important reason for the study was to
distinguish the physiologic reasons that may underlie the discrep-
ancies in terms of clinical outcome between these two NIV
modalities. The other objective was to help clinicians at finding
the best combination of inspiratory and expiratory pressures.

This study has been presented in abstract form (18).

METHODS

An expanded Methods is available on the online supplement. The
appropriate institutional review board approved the study, and in-
formed consent was obtained for all patients.

Patients
Ten patients with ALI were enrolled (Table 1). Inclusion criteria were
as follows: acute respiratory insufficiency (PaO2/FiO2 " 300 mm Hg
under oxygen), bilateral lung infiltrates by chest radiograph, and clini-
cal indication for NIV. Exclusion criteria were as follows: age younger
than 18 yr, chronic CO2 retention, systolic blood pressure of less than
90 mm Hg, ventricular arrhythmia, encephalopathy or coma, life-threat-
ening hypoxemia (SpO2 " 80% under oxygen, or " 92% under NIV),
and inability to clear secretions. All patients received NIV within the
12 h before inclusion (Evita 4; Dräger, Lübeck, Germany). Tables 2
and 3 show baseline parameters.

Measurements
Flow was measured using a Fleisch no.1 pneumotachograph (Metabo,
Epalinges, Switzerland), connected to a pressure transducer (MP45;
Validyne, Northridge, CA) located between the mask and the Y connec-
tor. Airway pressure (Paw) was measured between the ventilator and
the pneumotachograph. Esophageal (Pes) and gastric (Pga) pressures
were measured using a double-balloon catheter (Marquat, Boissy-Saint
Léger, France). Correct catheter placement was checked using standard
methods (19, 20). Respiratory center output was estimated based on
the Pes decrease at 100 ms (P0.1) (21). Dyspnea was assessed by asking
the patients to grade treatment effects versus initial baseline as follows:
#2, marked improvement; #1, slight improvement; 0, no change; $1,
slight deterioration; and $2, marked deterioration.

Initial measurements were performed while the patient was breath-
ing spontaneously through the ventilator circuit and measuring equip-
ment. Such equipment is needed to deliver ventilatory assistance, but
increases breathing effort by imposing apparatus dead space and circuit
resistance during spontaneous breathing, and could lead to overestimat-
ing the patient’s effort during initial and final baseline periods. To
estimate as closely as possible spontaneous breathing, a small PSV level
was individually titrated to compensate for the work imposed by the
circuit (3–5 cm H2O). Recordings were performed during three periods,
in random order, followed by a return to a final condition similar to
the initial: (1 ) CPAP, 10 cm H2O; (2 ) PSV, 10 cm H2O above a PEEP
of 10 cm H2O (PSV10/PEEP10); and (3 ) PSV, 15 cm H2O above a
PEEP of 5 cm H2O (PSV15/PEEP5).
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Figure 2. Individual changes in respiratory
variables during the four periods. Expiratory
VT decreased during CPAP was restored dur-
ing PSV10/PEEP10, and increased during
PSV15/PEEP5, as compared with initial and
final periods. Transdiaphragmatic pressure
and occlusion pressure (P0.1) decreased dur-
ing both PSV periods, compared with other
conditions. Pressure-time product of esoph-
ageal pressure decreased in all patients with
PSV compared with other conditions.

spontaneous breathing with no facial mask or equipment. No
PSV level was added during CPAP, because this is not what is
routinely performed in the intensive care unit setting. Although
designed to compensate for the load imposed by the circuit
during spontaneous breathing, one cannot exclude that the pres-
ence of a low PSV level during the initial and final conditions
and not during CPAP could explain part of the Vt decrease
noted after switching from initial baseline to CPAP. From a

Figure 3. Time course of study
variables over the experimen-
tal periods in a representative
patient (Patient 10). In this pa-
tient, esophageal pressure
(Pes) swings increased during
CPAP, whereas only PSV peri-
ods were associated with
greater flows and decreased
Pes and transdiaphragmatic
pressure (Pdi) swings. Only
PSV15/PEEP5 produced a de-
crease in respiratory rate.
Paw ! airway pressure.

different prospective, CPAP has been shown to increase expir-
atory muscle recruitment, an effect that may contribute to reduce
Vt, by worsening mechanical conditions (30, 35). Indeed, tonic
expiratory muscle recruitment may tend to limit tidal excursion
and Vt by decreasing chest wall and respiratory system compliance.
However, this has been observed in conditions where CPAP
tended to increase lung volume above normal FRC, and it is
unknown whether this can also occur in the studied patients.
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In selected patients with acute lung injury (ALI) (1), early institu-
tion of noninvasive mechanical ventilation (NIV) may reverse
the acute episode, obviating endotracheal intubation (2, 3). Nev-
ertheless, switching to invasive ventilation is required in more
than 40 to 50% of hypoxemic patients receiving NIV in observa-
tional studies (4–7). Physiologic data are needed to assist in
optimizing NIV strategies for patients with ALI. On the one
hand, ventilatory support set too high may cause excessive leak-
age and thus complicate NIV management and produce ineffec-
tive efforts and patient–ventilator asynchrony; on the other hand,
however, insufficient support may translate into insufficient in-
spiratory muscle unloading.

Applying positive end-expiratory pressure (PEEP) to the air-
way opening has been shown to lessen the reduction in functional
residual capacity (FRC) and to improve respiratory mechanics
and gas exchange (3). These data have led intensive care unit
physicians to use continuous positive airway pressure (CPAP)
as a means of preventing subsequent clinical deterioration and
reducing the need for endotracheal intubation (8–11). Nevertheless,
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clinical data do not strongly support the use of CPAP in patients
with ALI (12), and the better outcomes reported with other forms
of noninvasive ventilation may be ascribable to the combined use
of pressure-support ventilation (PSV) and PEEP (13–17).

This study compared the short-term physiologic effects of
two combinations of PSV above PEEP and of CPAP alone, in
terms of breathing pattern, respiratory drive, inspiratory muscle
effort, oxygenation, and dyspnea relief in patients with ALI
treated by NIV. One important reason for the study was to
distinguish the physiologic reasons that may underlie the discrep-
ancies in terms of clinical outcome between these two NIV
modalities. The other objective was to help clinicians at finding
the best combination of inspiratory and expiratory pressures.

This study has been presented in abstract form (18).

METHODS

An expanded Methods is available on the online supplement. The
appropriate institutional review board approved the study, and in-
formed consent was obtained for all patients.

Patients
Ten patients with ALI were enrolled (Table 1). Inclusion criteria were
as follows: acute respiratory insufficiency (PaO2/FiO2 " 300 mm Hg
under oxygen), bilateral lung infiltrates by chest radiograph, and clini-
cal indication for NIV. Exclusion criteria were as follows: age younger
than 18 yr, chronic CO2 retention, systolic blood pressure of less than
90 mm Hg, ventricular arrhythmia, encephalopathy or coma, life-threat-
ening hypoxemia (SpO2 " 80% under oxygen, or " 92% under NIV),
and inability to clear secretions. All patients received NIV within the
12 h before inclusion (Evita 4; Dräger, Lübeck, Germany). Tables 2
and 3 show baseline parameters.

Measurements
Flow was measured using a Fleisch no.1 pneumotachograph (Metabo,
Epalinges, Switzerland), connected to a pressure transducer (MP45;
Validyne, Northridge, CA) located between the mask and the Y connec-
tor. Airway pressure (Paw) was measured between the ventilator and
the pneumotachograph. Esophageal (Pes) and gastric (Pga) pressures
were measured using a double-balloon catheter (Marquat, Boissy-Saint
Léger, France). Correct catheter placement was checked using standard
methods (19, 20). Respiratory center output was estimated based on
the Pes decrease at 100 ms (P0.1) (21). Dyspnea was assessed by asking
the patients to grade treatment effects versus initial baseline as follows:
#2, marked improvement; #1, slight improvement; 0, no change; $1,
slight deterioration; and $2, marked deterioration.

Initial measurements were performed while the patient was breath-
ing spontaneously through the ventilator circuit and measuring equip-
ment. Such equipment is needed to deliver ventilatory assistance, but
increases breathing effort by imposing apparatus dead space and circuit
resistance during spontaneous breathing, and could lead to overestimat-
ing the patient’s effort during initial and final baseline periods. To
estimate as closely as possible spontaneous breathing, a small PSV level
was individually titrated to compensate for the work imposed by the
circuit (3–5 cm H2O). Recordings were performed during three periods,
in random order, followed by a return to a final condition similar to
the initial: (1 ) CPAP, 10 cm H2O; (2 ) PSV, 10 cm H2O above a PEEP
of 10 cm H2O (PSV10/PEEP10); and (3 ) PSV, 15 cm H2O above a
PEEP of 5 cm H2O (PSV15/PEEP5).

P<0.005

N=10
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the acute episode, obviating endotracheal intubation (2, 3). Nev-
ertheless, switching to invasive ventilation is required in more
than 40 to 50% of hypoxemic patients receiving NIV in observa-
tional studies (4–7). Physiologic data are needed to assist in
optimizing NIV strategies for patients with ALI. On the one
hand, ventilatory support set too high may cause excessive leak-
age and thus complicate NIV management and produce ineffec-
tive efforts and patient–ventilator asynchrony; on the other hand,
however, insufficient support may translate into insufficient in-
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Applying positive end-expiratory pressure (PEEP) to the air-
way opening has been shown to lessen the reduction in functional
residual capacity (FRC) and to improve respiratory mechanics
and gas exchange (3). These data have led intensive care unit
physicians to use continuous positive airway pressure (CPAP)
as a means of preventing subsequent clinical deterioration and
reducing the need for endotracheal intubation (8–11). Nevertheless,

(Received in original form February 23, 2004; accepted in final form August 3, 2005)

Correspondence and requests for reprints should be addressed to Erwan L’Her,
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clinical data do not strongly support the use of CPAP in patients
with ALI (12), and the better outcomes reported with other forms
of noninvasive ventilation may be ascribable to the combined use
of pressure-support ventilation (PSV) and PEEP (13–17).

This study compared the short-term physiologic effects of
two combinations of PSV above PEEP and of CPAP alone, in
terms of breathing pattern, respiratory drive, inspiratory muscle
effort, oxygenation, and dyspnea relief in patients with ALI
treated by NIV. One important reason for the study was to
distinguish the physiologic reasons that may underlie the discrep-
ancies in terms of clinical outcome between these two NIV
modalities. The other objective was to help clinicians at finding
the best combination of inspiratory and expiratory pressures.

This study has been presented in abstract form (18).

METHODS

An expanded Methods is available on the online supplement. The
appropriate institutional review board approved the study, and in-
formed consent was obtained for all patients.

Patients
Ten patients with ALI were enrolled (Table 1). Inclusion criteria were
as follows: acute respiratory insufficiency (PaO2/FiO2 " 300 mm Hg
under oxygen), bilateral lung infiltrates by chest radiograph, and clini-
cal indication for NIV. Exclusion criteria were as follows: age younger
than 18 yr, chronic CO2 retention, systolic blood pressure of less than
90 mm Hg, ventricular arrhythmia, encephalopathy or coma, life-threat-
ening hypoxemia (SpO2 " 80% under oxygen, or " 92% under NIV),
and inability to clear secretions. All patients received NIV within the
12 h before inclusion (Evita 4; Dräger, Lübeck, Germany). Tables 2
and 3 show baseline parameters.

Measurements
Flow was measured using a Fleisch no.1 pneumotachograph (Metabo,
Epalinges, Switzerland), connected to a pressure transducer (MP45;
Validyne, Northridge, CA) located between the mask and the Y connec-
tor. Airway pressure (Paw) was measured between the ventilator and
the pneumotachograph. Esophageal (Pes) and gastric (Pga) pressures
were measured using a double-balloon catheter (Marquat, Boissy-Saint
Léger, France). Correct catheter placement was checked using standard
methods (19, 20). Respiratory center output was estimated based on
the Pes decrease at 100 ms (P0.1) (21). Dyspnea was assessed by asking
the patients to grade treatment effects versus initial baseline as follows:
#2, marked improvement; #1, slight improvement; 0, no change; $1,
slight deterioration; and $2, marked deterioration.

Initial measurements were performed while the patient was breath-
ing spontaneously through the ventilator circuit and measuring equip-
ment. Such equipment is needed to deliver ventilatory assistance, but
increases breathing effort by imposing apparatus dead space and circuit
resistance during spontaneous breathing, and could lead to overestimat-
ing the patient’s effort during initial and final baseline periods. To
estimate as closely as possible spontaneous breathing, a small PSV level
was individually titrated to compensate for the work imposed by the
circuit (3–5 cm H2O). Recordings were performed during three periods,
in random order, followed by a return to a final condition similar to
the initial: (1 ) CPAP, 10 cm H2O; (2 ) PSV, 10 cm H2O above a PEEP
of 10 cm H2O (PSV10/PEEP10); and (3 ) PSV, 15 cm H2O above a
PEEP of 5 cm H2O (PSV15/PEEP5).
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tion of noninvasive mechanical ventilation (NIV) may reverse
the acute episode, obviating endotracheal intubation (2, 3). Nev-
ertheless, switching to invasive ventilation is required in more
than 40 to 50% of hypoxemic patients receiving NIV in observa-
tional studies (4–7). Physiologic data are needed to assist in
optimizing NIV strategies for patients with ALI. On the one
hand, ventilatory support set too high may cause excessive leak-
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tive efforts and patient–ventilator asynchrony; on the other hand,
however, insufficient support may translate into insufficient in-
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clinical data do not strongly support the use of CPAP in patients
with ALI (12), and the better outcomes reported with other forms
of noninvasive ventilation may be ascribable to the combined use
of pressure-support ventilation (PSV) and PEEP (13–17).

This study compared the short-term physiologic effects of
two combinations of PSV above PEEP and of CPAP alone, in
terms of breathing pattern, respiratory drive, inspiratory muscle
effort, oxygenation, and dyspnea relief in patients with ALI
treated by NIV. One important reason for the study was to
distinguish the physiologic reasons that may underlie the discrep-
ancies in terms of clinical outcome between these two NIV
modalities. The other objective was to help clinicians at finding
the best combination of inspiratory and expiratory pressures.

This study has been presented in abstract form (18).

METHODS

An expanded Methods is available on the online supplement. The
appropriate institutional review board approved the study, and in-
formed consent was obtained for all patients.

Patients
Ten patients with ALI were enrolled (Table 1). Inclusion criteria were
as follows: acute respiratory insufficiency (PaO2/FiO2 " 300 mm Hg
under oxygen), bilateral lung infiltrates by chest radiograph, and clini-
cal indication for NIV. Exclusion criteria were as follows: age younger
than 18 yr, chronic CO2 retention, systolic blood pressure of less than
90 mm Hg, ventricular arrhythmia, encephalopathy or coma, life-threat-
ening hypoxemia (SpO2 " 80% under oxygen, or " 92% under NIV),
and inability to clear secretions. All patients received NIV within the
12 h before inclusion (Evita 4; Dräger, Lübeck, Germany). Tables 2
and 3 show baseline parameters.

Measurements
Flow was measured using a Fleisch no.1 pneumotachograph (Metabo,
Epalinges, Switzerland), connected to a pressure transducer (MP45;
Validyne, Northridge, CA) located between the mask and the Y connec-
tor. Airway pressure (Paw) was measured between the ventilator and
the pneumotachograph. Esophageal (Pes) and gastric (Pga) pressures
were measured using a double-balloon catheter (Marquat, Boissy-Saint
Léger, France). Correct catheter placement was checked using standard
methods (19, 20). Respiratory center output was estimated based on
the Pes decrease at 100 ms (P0.1) (21). Dyspnea was assessed by asking
the patients to grade treatment effects versus initial baseline as follows:
#2, marked improvement; #1, slight improvement; 0, no change; $1,
slight deterioration; and $2, marked deterioration.

Initial measurements were performed while the patient was breath-
ing spontaneously through the ventilator circuit and measuring equip-
ment. Such equipment is needed to deliver ventilatory assistance, but
increases breathing effort by imposing apparatus dead space and circuit
resistance during spontaneous breathing, and could lead to overestimat-
ing the patient’s effort during initial and final baseline periods. To
estimate as closely as possible spontaneous breathing, a small PSV level
was individually titrated to compensate for the work imposed by the
circuit (3–5 cm H2O). Recordings were performed during three periods,
in random order, followed by a return to a final condition similar to
the initial: (1 ) CPAP, 10 cm H2O; (2 ) PSV, 10 cm H2O above a PEEP
of 10 cm H2O (PSV10/PEEP10); and (3 ) PSV, 15 cm H2O above a
PEEP of 5 cm H2O (PSV15/PEEP5).
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TABLE 3. ARTERIAL BLOOD GASES DURING THE FIVE STUDY PERIODS

Variable Initial* CPAP PSV10/PEEP10 PSV15/PEEP5 Final¶

pH 7.37 ! 0.10 7.36 ! 0.12 7.39 ! 0.08 7.40 ! 0.08†§ 7.38 ! 0.10
PaO2/FIO2 mm Hg 131 ! 61 184 ! 74† 206 ! 120‡ 153 ! 41|| 169 ! 83
PaCO2, mm Hg 42.0 ! 11.3 44.4 ! 17.8 40.2 ! 14.3 38.6 ! 12.3§ 42.2 ! 14.4

Definition of abbreviations: CPAP " continuous positive airway pressure; PEEP " positive end-expiratory pressure; PSV " pressure-
support ventilation.

* Initial indicates parameter value measured during the initial baseline
† p # 0.05 compared with initial baseline.
‡ p # 0.005 compared with initial baseline.
§ p # 0.05 compared with CPAP.
|| p # 0.05 compared with PSV10/PEEP10.
¶ Final indicates parameter value measured after the randomized sequences and return to the baseline condition.

blood gases in patients with ALI. The main results of this study
can be summarized as follows: (1) both PSV settings reduced
neuromuscular drive, unloaded the inspiratory muscles, and im-
proved dyspnea; (2) when used alone in this setting, CPAP was
unable to reduce inspiratory effort; (3) a PEEP level of 10 cm
H2O improved oxygenation compared with initial/final baseline
and with PEEP 5 cm H2O; and (4) the greatest improvement
in dyspnea was obtained with the highest level of PSV.

Effects of CPAP

The inspiratory effort expended by patients with acute respira-
tory failure is approximately four to six times the normal value
and can be brought down near the normal range by careful
selection of ventilator settings (25). Noninvasive CPAP, which
is the simplest form of ventilatory support, raises intrathoracic
pressure, decreases arteriovenous shunting, improves oxygen-
ation and dyspnea (8, 26), and lessens WOB in patients with
cardiogenic pulmonary edema (27). Katz and Marks (8) found
that CPAP used alone reduced the transpulmonary WOB in

Figure 1. Dyspnea score assessment. Dyspnea was assessed by the pa-
tients who scored the effect of treatment as compared with initial condi-
tion, on the following scale: $2, marked improvement; $1, slight im-
provement; 0, no change; %1, slight deterioration; and %2, marked
deterioration. Dyspnea improved during all the experimental sequences,
as compared with the initial condition. However, dyspnea improvement
was significantly better under PSV15/PEEP5 than with the other condi-
tions (p & 0.001). CPAP " continuous positive airway pressure; PEEP "
positive end-expiratory pressure; PSV " pressure-support ventilation.

intubated patients, indicating an improvement in respiratory me-
chanics. Our finding that noninvasive CPAP had a minimal effect
on respiratory effort, as compared with marked variations under
PSV, is at variance with results from studies of cardiogenic pul-
monary edema and from clinical studies showing beneficial ef-
fects in a variety of other conditions (9, 28–30). Scant data are
available on the comparative respiratory effects of NIV with
PSV versus CPAP in nonintubated patients. A clinical trial (31)
and a physiologic study in patients with cardiogenic pulmonary
edema (32), together with additional physiologic studies in pa-
tients ventilated by endotracheal intubation (33), suggested that
PSV might be superior over CPAP alone in terms of the clinical
response and/or decrease in respiratory effort. A recent prospec-
tive randomized study evaluated whether noninvasive CPAP,
compared with conventional medical treatment and oxygen
alone, produced physiologic benefits and reduced the need for
endotracheal intubation in patients with ALI (12). Despite a
favorable early physiologic response to CPAP in terms of com-
fort and oxygenation, no benefits in terms of outcome variables
were found. This failure of noninvasive CPAP to provide clinical
benefits may be ascribable to absence of an effect on respiratory
effort, as demonstrated in this study. We cannot exclude, how-
ever, that the disappointing results observed with CPAP in this
study are specific to our experimental setting. It may in part be
explained by the type of patient, the interface, and the ventilator
used to deliver CPAP. According to the observed variations in
Paw in some patients such as Patient 10 (see Figure 3), one could
consider that CPAP was not fairly administered by the ventilator.
Although we think that this merely reflects the high respiratory
drive of the patient, this may have biased comparisons between
the NIV sequences. Whether a different system or type of admin-
istration would give different results may warrant further investi-
gation. Last, our results do not rule out potential clinical indica-
tions for CPAP. For instance, in the postoperative period, loss
in lung volume and oxygenation impairment may be the main
pathophysiologic pathways of respiratory complications, and
CPAP may be useful in this settings (34).

A decrease in Vt occurred only with CPAP. Despite painstak-
ing precautions, leaks occurred during the experimental proce-
dure. Leakage was similar (! 35%) during all ventilation periods,
and leakage alone could not explain the Vt difference seen with
CPAP (Table 2). The reason for this difference is hypothetical
and may be ascribable to two different phenomena. A low level
of PSV was applied during the initial and final periods to compen-
sate for the dead space imposed by the circuit and the measure-
ment apparatus (22), thus avoiding an overestimation of patient’s
effort during baselines due to the measuring equipment. This
low PSV level was determined on a case-by-case basis as the
level providing esophageal and/or transdiaphragmatic pressure
swings of identical or slightly smaller magnitude than during

Oxygénation (PEEP 10 cm H2O) > O2
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In selected patients with acute lung injury (ALI) (1), early institu-
tion of noninvasive mechanical ventilation (NIV) may reverse
the acute episode, obviating endotracheal intubation (2, 3). Nev-
ertheless, switching to invasive ventilation is required in more
than 40 to 50% of hypoxemic patients receiving NIV in observa-
tional studies (4–7). Physiologic data are needed to assist in
optimizing NIV strategies for patients with ALI. On the one
hand, ventilatory support set too high may cause excessive leak-
age and thus complicate NIV management and produce ineffec-
tive efforts and patient–ventilator asynchrony; on the other hand,
however, insufficient support may translate into insufficient in-
spiratory muscle unloading.

Applying positive end-expiratory pressure (PEEP) to the air-
way opening has been shown to lessen the reduction in functional
residual capacity (FRC) and to improve respiratory mechanics
and gas exchange (3). These data have led intensive care unit
physicians to use continuous positive airway pressure (CPAP)
as a means of preventing subsequent clinical deterioration and
reducing the need for endotracheal intubation (8–11). Nevertheless,
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M.D., Ph.D., Réanimation Médicale, CHU de la Cavale Blanche, 29609 Brest
Cedex, France. E-mail: erwan@lher.net

This article has an online supplement, which is accessible from this issue’s table
of contents at www.atsjournals.org

Am J Respir Crit Care Med Vol 172. pp 1112–1118, 2005
Originally Published in Press as DOI: 10.1164/rccm.200402-226OC on August 4, 2005
Internet address: www.atsjournals.org

clinical data do not strongly support the use of CPAP in patients
with ALI (12), and the better outcomes reported with other forms
of noninvasive ventilation may be ascribable to the combined use
of pressure-support ventilation (PSV) and PEEP (13–17).

This study compared the short-term physiologic effects of
two combinations of PSV above PEEP and of CPAP alone, in
terms of breathing pattern, respiratory drive, inspiratory muscle
effort, oxygenation, and dyspnea relief in patients with ALI
treated by NIV. One important reason for the study was to
distinguish the physiologic reasons that may underlie the discrep-
ancies in terms of clinical outcome between these two NIV
modalities. The other objective was to help clinicians at finding
the best combination of inspiratory and expiratory pressures.

This study has been presented in abstract form (18).

METHODS

An expanded Methods is available on the online supplement. The
appropriate institutional review board approved the study, and in-
formed consent was obtained for all patients.

Patients
Ten patients with ALI were enrolled (Table 1). Inclusion criteria were
as follows: acute respiratory insufficiency (PaO2/FiO2 " 300 mm Hg
under oxygen), bilateral lung infiltrates by chest radiograph, and clini-
cal indication for NIV. Exclusion criteria were as follows: age younger
than 18 yr, chronic CO2 retention, systolic blood pressure of less than
90 mm Hg, ventricular arrhythmia, encephalopathy or coma, life-threat-
ening hypoxemia (SpO2 " 80% under oxygen, or " 92% under NIV),
and inability to clear secretions. All patients received NIV within the
12 h before inclusion (Evita 4; Dräger, Lübeck, Germany). Tables 2
and 3 show baseline parameters.

Measurements
Flow was measured using a Fleisch no.1 pneumotachograph (Metabo,
Epalinges, Switzerland), connected to a pressure transducer (MP45;
Validyne, Northridge, CA) located between the mask and the Y connec-
tor. Airway pressure (Paw) was measured between the ventilator and
the pneumotachograph. Esophageal (Pes) and gastric (Pga) pressures
were measured using a double-balloon catheter (Marquat, Boissy-Saint
Léger, France). Correct catheter placement was checked using standard
methods (19, 20). Respiratory center output was estimated based on
the Pes decrease at 100 ms (P0.1) (21). Dyspnea was assessed by asking
the patients to grade treatment effects versus initial baseline as follows:
#2, marked improvement; #1, slight improvement; 0, no change; $1,
slight deterioration; and $2, marked deterioration.

Initial measurements were performed while the patient was breath-
ing spontaneously through the ventilator circuit and measuring equip-
ment. Such equipment is needed to deliver ventilatory assistance, but
increases breathing effort by imposing apparatus dead space and circuit
resistance during spontaneous breathing, and could lead to overestimat-
ing the patient’s effort during initial and final baseline periods. To
estimate as closely as possible spontaneous breathing, a small PSV level
was individually titrated to compensate for the work imposed by the
circuit (3–5 cm H2O). Recordings were performed during three periods,
in random order, followed by a return to a final condition similar to
the initial: (1 ) CPAP, 10 cm H2O; (2 ) PSV, 10 cm H2O above a PEEP
of 10 cm H2O (PSV10/PEEP10); and (3 ) PSV, 15 cm H2O above a
PEEP of 5 cm H2O (PSV15/PEEP5).
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A prospective, crossover, physiologic study was performed in
10 patients with acute lung injury to assess the respective short-term
effects of noninvasive pressure-support ventilation and continuous
positive airway pressure. We measured breathing pattern, neuro-
muscular drive, inspiratory muscle effort, arterial blood gases, and
dyspnea while breathing with minimal support and the equipment
for measurements, with two combinations of pressure-support ven-
tilation above positive end-expiratory pressure (10–10 and 15–5 cm
H2O), and with continuous positive airway pressure (10 cm H2O).
Tidal volume was increased with pressure support, and not with
continuous positive airway pressure. Neuromuscular drive and inspi-
ratory muscle effort were lower with the two pressure-support ven-
tilation levels than with other situations (p ! 0.05). Dyspnea relief
was significantly better with high-level pressure-support ventilation
(15–5 cm H2O; p ! 0.001). Oxygenation improved when 10 cm H2O
positive end-expiratory pressure was applied, alone or in combina-
tion. We conclude that, in patients with acute lung injury (1 ) nonin-
vasive pressure-support ventilation combined with positive end-
expiratory pressure is needed to reduce inspiratory muscle effort;
(2 ) continuous positive airway pressure, in this setting, improves
oxygenation but fails to unload the respiratory muscles; and (3 )
pressure-support levels of 10 and 15 cm H2O provide similar un-
loading but differ in their effects on dyspnea.

Keywords: acute respiratory failure; diaphragm function; facemask
ventilation; respiratory mechanics

In selected patients with acute lung injury (ALI) (1), early institu-
tion of noninvasive mechanical ventilation (NIV) may reverse
the acute episode, obviating endotracheal intubation (2, 3). Nev-
ertheless, switching to invasive ventilation is required in more
than 40 to 50% of hypoxemic patients receiving NIV in observa-
tional studies (4–7). Physiologic data are needed to assist in
optimizing NIV strategies for patients with ALI. On the one
hand, ventilatory support set too high may cause excessive leak-
age and thus complicate NIV management and produce ineffec-
tive efforts and patient–ventilator asynchrony; on the other hand,
however, insufficient support may translate into insufficient in-
spiratory muscle unloading.

Applying positive end-expiratory pressure (PEEP) to the air-
way opening has been shown to lessen the reduction in functional
residual capacity (FRC) and to improve respiratory mechanics
and gas exchange (3). These data have led intensive care unit
physicians to use continuous positive airway pressure (CPAP)
as a means of preventing subsequent clinical deterioration and
reducing the need for endotracheal intubation (8–11). Nevertheless,
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clinical data do not strongly support the use of CPAP in patients
with ALI (12), and the better outcomes reported with other forms
of noninvasive ventilation may be ascribable to the combined use
of pressure-support ventilation (PSV) and PEEP (13–17).

This study compared the short-term physiologic effects of
two combinations of PSV above PEEP and of CPAP alone, in
terms of breathing pattern, respiratory drive, inspiratory muscle
effort, oxygenation, and dyspnea relief in patients with ALI
treated by NIV. One important reason for the study was to
distinguish the physiologic reasons that may underlie the discrep-
ancies in terms of clinical outcome between these two NIV
modalities. The other objective was to help clinicians at finding
the best combination of inspiratory and expiratory pressures.

This study has been presented in abstract form (18).

METHODS

An expanded Methods is available on the online supplement. The
appropriate institutional review board approved the study, and in-
formed consent was obtained for all patients.

Patients
Ten patients with ALI were enrolled (Table 1). Inclusion criteria were
as follows: acute respiratory insufficiency (PaO2/FiO2 " 300 mm Hg
under oxygen), bilateral lung infiltrates by chest radiograph, and clini-
cal indication for NIV. Exclusion criteria were as follows: age younger
than 18 yr, chronic CO2 retention, systolic blood pressure of less than
90 mm Hg, ventricular arrhythmia, encephalopathy or coma, life-threat-
ening hypoxemia (SpO2 " 80% under oxygen, or " 92% under NIV),
and inability to clear secretions. All patients received NIV within the
12 h before inclusion (Evita 4; Dräger, Lübeck, Germany). Tables 2
and 3 show baseline parameters.

Measurements
Flow was measured using a Fleisch no.1 pneumotachograph (Metabo,
Epalinges, Switzerland), connected to a pressure transducer (MP45;
Validyne, Northridge, CA) located between the mask and the Y connec-
tor. Airway pressure (Paw) was measured between the ventilator and
the pneumotachograph. Esophageal (Pes) and gastric (Pga) pressures
were measured using a double-balloon catheter (Marquat, Boissy-Saint
Léger, France). Correct catheter placement was checked using standard
methods (19, 20). Respiratory center output was estimated based on
the Pes decrease at 100 ms (P0.1) (21). Dyspnea was assessed by asking
the patients to grade treatment effects versus initial baseline as follows:
#2, marked improvement; #1, slight improvement; 0, no change; $1,
slight deterioration; and $2, marked deterioration.

Initial measurements were performed while the patient was breath-
ing spontaneously through the ventilator circuit and measuring equip-
ment. Such equipment is needed to deliver ventilatory assistance, but
increases breathing effort by imposing apparatus dead space and circuit
resistance during spontaneous breathing, and could lead to overestimat-
ing the patient’s effort during initial and final baseline periods. To
estimate as closely as possible spontaneous breathing, a small PSV level
was individually titrated to compensate for the work imposed by the
circuit (3–5 cm H2O). Recordings were performed during three periods,
in random order, followed by a return to a final condition similar to
the initial: (1 ) CPAP, 10 cm H2O; (2 ) PSV, 10 cm H2O above a PEEP
of 10 cm H2O (PSV10/PEEP10); and (3 ) PSV, 15 cm H2O above a
PEEP of 5 cm H2O (PSV15/PEEP5).
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TABLE 1. PATIENT CHARACTERISTICS

Chronic Heart
Patient No. Age (yr) Sex (M/F ) SAPS II Main Diagnosis Disease Survival

1 37 M 29 ARDS/Pneumocystis carinii pneumonia No Yes
2 77 M 29 ARDS/CAP No No
3 75 F 27 ARDS/CAP No No
4 78 F 70 ARDS/aspiration No No
5 73 M 33 ARDS/nosocomial pneumonia No Yes
6 42 M 35 ALI/CAP No Yes
7 69 F 22 ALI/CAP Yes Yes
8 64 M 53 ARDS/eosinophilic pneumonia Yes No
9 61 M 34 ARDS/CAP Yes Yes

10 36 F 36 ARDS/aspiration No Yes
Overall 61 ! 17 6 M/4 F 41 ! 17 8 ARDS/2 ALI 30% 60%

Definition of abbreviations: ALI " acute lung injury; ARDS " acute respiratory distress syndrome; CAP " community-acquired
pneumonia; F " female; M " male; SAPSII " Simplified Acute Physiologic Score II.

Data Analysis and Assessment of Patient’s Effort
Because of leaks, expired Vt was considered closer to the true Vt taken
by the patient and was used for data analysis. The patient’s inspiratory
work of breathing (WOB) was computed from Pes and Vt loops, as
previously described (21). Inspiratory WOB was calculated by applying
a correcting factor to the inspiratory flow, based on the expired/inspired
Vt ratio (22).

Any difference between initial Pes and the zero-flow point indicated
intrinsic PEEP (21). This intrinsic PEEP value was corrected for expir-
atory muscle activity, as detected on Pga tracings (23). To improve the
accuracy of inspiratory effort estimates, transdiaphragmatic pressure
(Pdi) and esophageal and transdiaphragmatic pressure-time products
(PTPes, PTPdi) were measured (19, 24). Pressure and flow signals were
digitized using an analog-to-digital converter system (MP100; Biopac,
Santa Barbara, CA). After a stable breathing pattern was established,
data were collected for 5 min under each condition.

Statistical Analysis
Results are given as mean ! SD. Two-way analysis of variance was
performed to determine whether conditions influenced study variables.
The significance of differences across treatments was evaluated using
Fisher’s test. p values of 0.05 or less were considered significant.

RESULTS

Patient characteristics at inclusion are reported in Table 1. The
three ventilation strategies were well tolerated by all patients.
A significant decrease in Vt was observed under CPAP, compared
with initial/final baseline, and both PSV settings (see Table 2).
Mean leakage was similar with CPAP and PSV. A slight, but

TABLE 2. RESPIRATORY PATTERN AND HEMODYNAMIC PARAMETERS DURING THE
FIVE STUDY PERIODS

Variable Initial* CPAP PSV10/PEEP10 PSV15/PEEP5 Final||

VTe, Ml 524 ! 212 394 ! 224† 483 ! 247 591 ! 279‡§ 535 ! 229
RR, breaths/min 29 ! 10 28 ! 11 28 ! 11 26 ! 9† 30 ! 12
V̇E, L/min 15.7 ! 4.4 12.3 ! 3.4 14.6 ! 3.8 17.6 ! 5.4‡ 15.6 ! 5.3
Leaks, % 25 ! 13 39 ! 18† 36 ! 18 37 ! 22† 24 ! 15
MAP, mm Hg 77 ! 13 79 ! 16† 77 ! 16 75 ! 16 84 ! 17†

HR, beats/min 100 ! 13 100 ! 9 95 ! 14 96 ! 16 99 ! 14

Definition of abbreviations: CPAP " continuous positive airway pressure; HR " heart rate; MAP " mean arterial pressure; PEEP "
positive end-expiratory pressure; PSV " pressure-support ventilation; RR " respiratory rate; VTe " expiratory VT.

* Initial indicates parameter value measured during the initial baseline.
† p # 0.05 compared with initial baseline.
‡ p # 0.005 compared with CPAP.
§ p # 0.05 compared with PSV10/10.
|| Final indicates parameter value measured after the randomized sequences and return to the baseline condition.

significant decrease in respiratory rate was recorded during the
PSV15/PEEP5 period (p $ 0.05). No significant change in mean
arterial pressure occurred with PSV, whereas a small increase
was seen with CPAP (p $ 0.05), as compared with initial baseline.

Table 3 reports arterial blood gas parameters during the study
periods. PaO2/FiO2 increased significantly with 10 cm H2O PEEP
(both CPAP and PSV10/PEEP10) but showed no significant
change with PSV15/PEEP5, as compared with initial/final base-
line. Mean PaCO2 was significantly lower under PSV15/5, as com-
pared with CPAP (p $ 0.05).

Dyspnea improved with all three ventilation strategies, and
the improvement was greatest with PSV15/PEEP5 (p $ 0.001;
see Figure 1).

Figure 2 shows the individual values of the main parameters
and Figure 3 depicts representative tracings in a typical patient.
Table 4 illustrates changes in respiratory drive, effort, and intrin-
sic PEEP in the overall patient population during the measure-
ment periods. All respiratory effort parameters (WOB, PTPes,
and PTPdi) were significantly lower during PSV10/PEEP10 and
PSV15/PEEP5 than during initial/final baseline or CPAP. No dif-
ferences were found between PSV10/PEEP10 and PSV15/PEEP5
regarding respiratory effort parameters. A slight but significant
intrinsic PEEP decrease occurred with 10 cm H2O PEEP (with
both CPAP and PSV10/10). Respiratory drive (P0.1) was decreased
with PSV as compared with CPAP and initial/final baseline.

DISCUSSION

To our knowledge, this is the first study evaluating the effects
of various NIV settings on respiratory mechanics and arterial
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Abstract

 

Background.

 

In patients with acute exacer-
bations of chronic obstructive pulmonary disease, nonin-
vasive ventilation may be used in an attempt to avoid en-
dotracheal intubation and complications associated with
mechanical ventilation.

 

Methods.

 

We conducted a prospective, randomized
study comparing noninvasive pressure-support ventila-
tion delivered through a face mask with standard treat-
ment in patients admitted to five intensive care units over
a 15-month period.

 

Results.

 

A total of 85 patients were recruited from
a larger group of 275 patients with chronic obstructive
pulmonary disease admitted to the intensive care units
in the same period. A total of 42 were randomly as-
signed to standard therapy and 43 to noninvasive venti-
lation. The two groups had similar clinical characteris-
tics on admission to the hospital. The use of noninvasive
ventilation significantly reduced the need for endotra-
cheal intubation (which was dictated by objective cri-

teria): 11 of 43 patients (26 percent) in the noninva-
sive-ventilation group were intubated, as compared with
31 of 42 (74 percent) in the standard-treatment group
(P

 

!

 

0.001). In addition, the frequency of complications
was significantly lower in the noninvasive-ventilation
group (16 percent vs. 48 percent, P

 

"

 

0.001), and the
mean (

 

#

 

SD) hospital stay was significantly shorter for
patients receiving noninvasive ventilation (23

 

#

 

17 days
vs. 35

 

#

 

33 days, P

 

"

 

0.005). The in-hospital mortality
rate was also significantly reduced with noninvasive
ventilation (4 of 43 patients, or 9 percent, in the nonin-
vasive-ventilation group died in the hospital, as com-
pared with 12 of 42, or 29 percent, in the standard-treat-
ment group; P

 

"

 

0.02).

 

Conclusions.

 

In selected patients with acute exacer-
bations of chronic obstructive pulmonary disease, nonin-
vasive ventilation can reduce the need for endotracheal
intubation, the length of the hospital stay, and the in-hos-
pital mortality rate. (N Engl J Med 1995;333:817-22.)
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E

 

NDOTRACHEAL intubation and mechanical ven-
tilation can be a life-saving procedure. However,

the use of artificial airways may lead to infectious com-
plications and injury to the trachea.

 

1-3

 

 Noninvasive ven-
tilation is an alternative approach that was developed
to avoid these complications in patients with acute res-
piratory failure.

 

4-9

 

 It is often used for acute exacerba-
tions of chronic obstructive pulmonary disease, because
such exacerbations may be rapidly reversed and be-
cause the hypercapnic ventilatory failure that occurs in
patients with this disorder seems to respond well to
noninvasive ventilation.

 

8,10-16

 

Most studies of noninvasive ventilation in patients
with acute respiratory failure have not been random-
ized.

 

5,7,8,12-15

 

 The results of our previous case–control
study suggest that this approach can reduce the need

for endotracheal intubation and the length of the hos-
pital stay.

 

6

 

 One recent prospective, randomized study
reported a reduction in mortality with the use of nasal
ventilation in patients with chronic obstructive pulmo-
nary disease, when patients who could not tolerate the
procedure were excluded from the comparison.

 

16

 

 How-
ever, the potential benefits of noninvasive ventilation in
terms of reduced morbidity, mortality, and hospitaliza-
tion have not been fully delineated.

 

17

 

 Such data are
particularly important in view of the practical and
technical difficulties that may be encountered with this
new form of therapy.

 

18

 

We conducted a multicenter, prospective, random-
ized trial to compare the efficacy of noninvasive venti-
lation, delivered through a face mask, with standard
medical treatment, in patients admitted because of
acute exacerbations of chronic obstructive pulmonary
disease.

 

M

 

ETHODS

 

Between September 1990 and November 1991, adult patients hos-
pitalized because of acute exacerbations of chronic obstructive pul-
monary disease

 

 

 

were prospectively recruited from five hospitals:
Henri Mondor Hospital, Antoine Béclère Hospital, and International
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Hospital of the University of Paris in France, La Sapienza University
Hospital in Italy, and Sant Pau Hospital in Spain. The study protocol
was approved by the ethics committee of Henri Mondor Hospital,
and patients or their relatives gave informed consent.

Patients enrolled in the study had known chronic obstructive pul-
monary disease

 

 

 

or a high probability of the disease (on the basis of
the clinical history, physical examination, and chest film), with res-
piratory acidosis and an elevated bicarbonate level. Additional crite-
ria for enrollment included an exacerbation of dyspnea lasting less
than two weeks and at least two of the following: a respiratory rate
above 30 breaths per minute, a partial pressure of arterial oxygen be-
low 45 mm Hg, and an arterial pH below 7.35 after the patient had
been breathing room air for at least 10 minutes.

The criteria for exclusion were a respiratory rate below 12 breaths
per minute or the need for immediate intubation (as defined below);
a tracheotomy or endotracheal intubation performed before admis-
sion; the administration of sedative drugs within the previous 12
hours; a central nervous system disorder unrelated to hypercapnic
encephalopathy or hypoxemia; cardiac arrest (within the previous
five days); cardiogenic pulmonary edema; kyphoscoliosis as the cause
of chronic respiratory failure or a neuromuscular disorder; upper
airway obstruction or asthma; a clear cause of decompensation re-
quiring specific treatment (e.g., peritonitis, septic shock, acute myo-
cardial infarction, pulmonary thromboembolism, pneumothorax, he-
moptysis, severe pneumonia, or recent surgery or trauma); a facial
deformity; or enrollment in other investigative protocols. In addition,
patients who refused to undergo endotracheal intubation, whatever
the initial therapeutic approach, were excluded from the study.

Patients were randomly assigned to receive either standard treat-
ment or standard treatment plus pressure-support ventilation through
a face mask. Random assignments were made with sealed envelopes.

 

Standard Treatment

 

Patients assigned to the standard-treatment group received oxygen
limited to a maximal flow rate of 5 liters per minute, by means of nasal
prongs, in order to achieve a level of arterial oxygen saturation above
90 percent. Medications included subcutaneous heparin, antibiotic
agents, and bronchodilators (subcutaneous terbutaline, aerosolized
and intravenous albuterol, and corticosteroids or intravenous amino-
phylline or both), with the correction of electrolyte abnormalities.

 

Noninvasive Ventilation

 

Patients assigned to the noninvasive-ventilation group received the
same medications as the patients in the standard-treatment group,
with the addition of periods of noninvasive ventilation. All the par-

ticipating centers used the same apparatus to deliver noninvasive
pressure-support ventilation (ARM 25, Taema, Antony, France),
which works on the principle of air entrainment.

 

19

 

 The apparatus is
triggered by air flow and maintains a constant pressure during inspi-
ration, with a rapid pressurization rate. It is cycled from inspiration
to expiration according to the flow signal and can be adjusted at a
rate between 10 and 35 liters per minute to compensate for leaks.
Pressure support was initially adjusted at a level of 20 cm of wa-
ter.

 

6,20,21

 

 In the case of leaks, lower levels were used. Expiratory pres-
sure was atmospheric. Oxygen was administered to provide an arte-
rial oxygen saturation above 90 percent. In case of apnea, the
machine provided automatic pressure-controlled cycles. A face mask
was developed for use in the study (Fig. 1).

Patients underwent noninvasive ventilation for at least six hours
each day. The period could be lengthened, depending on the clinical
tolerance of the patients. Each day, however, patients were allowed
to breathe spontaneously, with oxygen but without assistance, for two
hours. The overall duration of noninvasive ventilation was deter-
mined on the basis of clinical criteria and arterial-blood gas levels;
in each case, the decision was made by the physician in charge.

 

Criteria for Intubation

 

To make the decision whether to perform endotracheal intubation
as objective as possible, we established criteria based on the clinical
experience of the participating physicians and on reported data.

 

11,22

 

The major criteria included respiratory arrest, respiratory pauses
with loss of consciousness or gasping for air, psychomotor agitation
making nursing care impossible and requiring sedation, a heart rate
below 50 beats per minute with loss of alertness, and hemodynamic
instability with systolic arterial blood pressure below 70 mm Hg. Mi-
nor criteria were a respiratory rate above 35 breaths per minute and
above the value on admission; an arterial pH value below 7.30 and
below the value on admission; a value for the partial pressure of ar-
terial oxygen below 45 mm Hg, despite oxygen therapy; and an in-
crease in the score for encephalopathy (0, normal; 1, mild asterixis;
2, marked asterixis, mild confusion, or sleepiness during the day;
3, major confusion with daytime sleepiness or agitation; and 4, obtun-
dation or major agitation). In both groups, the presence of one major
criterion was considered to indicate the need for intubation and me-
chanical ventilation, and after the first hour of treatment, the pres-
ence of two minor criteria was considered to indicate the need for in-
tubation. In the noninvasive-ventilation group, however, if a criterion
was present after the withdrawal of ventilatory support, it could be
reintroduced. If the criterion persisted after ventilation had been
resumed, intubation was performed. Patients who needed endotra-

cheal intubation were mechanically ventilated
in the assist-control mode and were weaned
with the pressure-support mode.

 

23

 

Follow-up

 

The respiratory rate, encephalopathy score,
and arterial-blood gas levels were determined
1, 3, and 12 hours after the start of treatment.
On subsequent days in the intensive care unit,
these data were obtained once daily. The sim-
plified acute physiologic score was calculated
at 24 hours.

 

24

 

 Pulmonary-function testing was
performed before discharge, when possible, or
within three months after discharge.

 

Statistical Analysis

 

The primary outcome variable was the
need for endotracheal intubation and me-
chanical ventilation at any time during the
study. Secondary end points were the length
of the hospital stay, complications not pres-
ent on admission (such as pneumonia, baro-
trauma, gastrointestinal hemorrhage, renal
insufficiency, neurologic events, and pulmo-
nary embolism), the duration of ventilatory
assistance, and the mortality rate during hos-
pitalization.

Results are given as means 

 

!

 

SD. All tests

 

Figure 1. Photograph of the Face Mask Used to Deliver Noninvasive Ventilation.
The white piece of foam was placed inside the mask to reduce the amount of internal

dead space.
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ratory rate (34

 

!

 

7 breaths per minute
at base line, 24

 

!

 

8 at 1 hour, 25

 

!

 

7 at
3 hours, and 25

 

!

 

5 at 12 hours), as
well as in the partial pressure of ar-
terial oxygen at 1 hour and the par-
tial pressure of arterial carbon di-
oxide at 12 hours (Fig. 3) (P

 

"

 

0.001
for all comparisons). The encepha-
lopathy score dropped from 1.6

 

!

 

1.3
at base line and 1.3

 

!

 

1.2 at 1 hour to
1.1!1.1 at 3 hours and 0.8!1.0 at 12
hours (P"0.001).

In the standard-treatment group,
the 31 patients who required endo-
tracheal intubation were ventilated
for a total of 17!21 days. In the non-
invasive-ventilation group, the 11 pa-
tients who underwent endotracheal
intubation were intubated for a total
of 25!17 days; the other 32 patients
were ventilated with a face mask for
a mean of 4!4 days.

Complications and events leading
to death are shown in Table 4. The
proportion of patients with one or
more complications was significantly higher in the
standard-treatment group (20 of 42 patients, or 48 per-
cent) than in the noninvasive-ventilation group (7 of
43, or 16 percent; P#0.001). The proportion of pa-
tients who died in the hospital was also significantly
higher in the standard-treatment group (12 of 42 pa-
tients, or 29 percent, vs. 4 of 43, or 9 percent; P#0.02).
Ten of the 12 deaths in the standard-treatment group

and 3 of the 4 in the noninvasive-ventilation group oc-
curred during mechanical ventilation.

Since the numbers of patients requiring intubation
were different in the two groups, we compared mortal-
ity rates after adjustment for endotracheal intubation,
using the Mantel–Haenszel test. After adjustment, we
found no significant difference, suggesting that the
number of patients requiring intubation was the main
factor explaining the difference in mortality.

Reliable pulmonary-function data were obtained
within three months after randomization in 23 of the
patients in the standard-treatment group and in 24 of
those in the noninvasive-ventilation group. The forced
expiratory volume in one second (0.68!0.19 liter, or
28!10 percent of the predicted value, in the standard-
treatment group, and 0.72!0.21, or 31!8 percent, in
the noninvasive-ventilation group), the vital capacity
(1.48!0.58 liters, or 42!13 percent of the predicted
value, and 1.28!0.46 liters, or 43!10 percent, respec-
tively), and the ratio of the two measures (51!16 per-
cent and 57!17 percent, respectively) were similar in
the two groups.

Hospital Stay

The hospital stay was significantly longer in the
group receiving standard treatment (35!33 days) than
in the group receiving noninvasive ventilation (23!17
days, P#0.02). Figure 4 shows the length of the hos-
pital stay in the two groups.

DISCUSSION

This study shows that the use of noninvasive ven-
tilation in selected patients admitted for acute respi-
ratory failure due to chronic obstructive pulmonary
disease can obviate the need for intubation and thus

Figure 2. The Time at Which Endotracheal Intubation Was Per-
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formed in the Two Treatment Groups. 
A total of 17 patients required intubation after the first hour in
the standard-treatment group, as compared with only 3 patients

in the noninvasive-ventilation group.

*Plus–minus values are means !SD. SAPS denotes simplified acute physiologic score, PaO2 partial pressure of arterial
oxygen, and PaCO2 partial pressure of arterial carbon dioxide.

†P values, determined by an analysis of variance, are for the comparison among the four subgroups.

‡P"0.05, by Fisher’s exact test, for the comparison with the patients assigned to standard treatment who did not require
intubation.

§P"0.05, by Fisher’s exact test, for the comparison with the patients assigned to noninvasive ventilation who did not
require intubation.

Table 3. Characteristics at Admission and Mortality Rate, According to Whether En-
dotracheal Intubation Was Required after Assignment to Standard Treatment or

Noninvasive Ventilation.*

CHARACTERISTIC STANDARD TREATMENT NONINVASIVE VENTILATION

P 
VALUE†

INTUBATION

NOT 
REQUIRED

(N # 11)

INTUBATION

REQUIRED

(N # 31)

INTUBATION

NOT 
REQUIRED

(N # 32)

INTUBATION

REQUIRED

(N # 11)

SAPS 10!4 14!5‡ 12!3‡ 15!4§ 0.02
Encephalopathy score 0.7!0.9 1.9!1.2‡ 1.6!1.3‡ 2.5!1.0 0.007
Respiratory rate — breaths/

min
32!8 34!6 34!7 37!7 0.4

PaO2 — mm Hg 43!14 37!12 42!11 37!9 0.3
PaCO2 — mm Hg 59!15 69!16 70!12 73!11 0.1
pH 7.33!0.09 7.27!0.11 7.28!0.10 7.26!0.10 0.1
Bicarbonate — mmol/liter 31.7!7.7 32.6!6.3 33.7!6.0 32.5!8.4 0.2
Length of hospital stay — 

days
20!16 41!36‡ 17!9 40!22§ "0.001

Deaths — no. of patients 
(%)

2 (18) 10 (32) 1 (3) 3 (27)
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Abstract

 

Background.

 

In patients with acute exacer-
bations of chronic obstructive pulmonary disease, nonin-
vasive ventilation may be used in an attempt to avoid en-
dotracheal intubation and complications associated with
mechanical ventilation.

 

Methods.

 

We conducted a prospective, randomized
study comparing noninvasive pressure-support ventila-
tion delivered through a face mask with standard treat-
ment in patients admitted to five intensive care units over
a 15-month period.

 

Results.

 

A total of 85 patients were recruited from
a larger group of 275 patients with chronic obstructive
pulmonary disease admitted to the intensive care units
in the same period. A total of 42 were randomly as-
signed to standard therapy and 43 to noninvasive venti-
lation. The two groups had similar clinical characteris-
tics on admission to the hospital. The use of noninvasive
ventilation significantly reduced the need for endotra-
cheal intubation (which was dictated by objective cri-

teria): 11 of 43 patients (26 percent) in the noninva-
sive-ventilation group were intubated, as compared with
31 of 42 (74 percent) in the standard-treatment group
(P

 

!

 

0.001). In addition, the frequency of complications
was significantly lower in the noninvasive-ventilation
group (16 percent vs. 48 percent, P

 

"

 

0.001), and the
mean (

 

#

 

SD) hospital stay was significantly shorter for
patients receiving noninvasive ventilation (23

 

#

 

17 days
vs. 35

 

#

 

33 days, P

 

"

 

0.005). The in-hospital mortality
rate was also significantly reduced with noninvasive
ventilation (4 of 43 patients, or 9 percent, in the nonin-
vasive-ventilation group died in the hospital, as com-
pared with 12 of 42, or 29 percent, in the standard-treat-
ment group; P

 

"

 

0.02).

 

Conclusions.

 

In selected patients with acute exacer-
bations of chronic obstructive pulmonary disease, nonin-
vasive ventilation can reduce the need for endotracheal
intubation, the length of the hospital stay, and the in-hos-
pital mortality rate. (N Engl J Med 1995;333:817-22.)
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E

 

NDOTRACHEAL intubation and mechanical ven-
tilation can be a life-saving procedure. However,

the use of artificial airways may lead to infectious com-
plications and injury to the trachea.

 

1-3

 

 Noninvasive ven-
tilation is an alternative approach that was developed
to avoid these complications in patients with acute res-
piratory failure.

 

4-9

 

 It is often used for acute exacerba-
tions of chronic obstructive pulmonary disease, because
such exacerbations may be rapidly reversed and be-
cause the hypercapnic ventilatory failure that occurs in
patients with this disorder seems to respond well to
noninvasive ventilation.

 

8,10-16

 

Most studies of noninvasive ventilation in patients
with acute respiratory failure have not been random-
ized.

 

5,7,8,12-15

 

 The results of our previous case–control
study suggest that this approach can reduce the need

for endotracheal intubation and the length of the hos-
pital stay.

 

6

 

 One recent prospective, randomized study
reported a reduction in mortality with the use of nasal
ventilation in patients with chronic obstructive pulmo-
nary disease, when patients who could not tolerate the
procedure were excluded from the comparison.

 

16

 

 How-
ever, the potential benefits of noninvasive ventilation in
terms of reduced morbidity, mortality, and hospitaliza-
tion have not been fully delineated.

 

17

 

 Such data are
particularly important in view of the practical and
technical difficulties that may be encountered with this
new form of therapy.

 

18

 

We conducted a multicenter, prospective, random-
ized trial to compare the efficacy of noninvasive venti-
lation, delivered through a face mask, with standard
medical treatment, in patients admitted because of
acute exacerbations of chronic obstructive pulmonary
disease.

 

M

 

ETHODS

 

Between September 1990 and November 1991, adult patients hos-
pitalized because of acute exacerbations of chronic obstructive pul-
monary disease

 

 

 

were prospectively recruited from five hospitals:
Henri Mondor Hospital, Antoine Béclère Hospital, and International
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Hospital of the University of Paris in France, La Sapienza University
Hospital in Italy, and Sant Pau Hospital in Spain. The study protocol
was approved by the ethics committee of Henri Mondor Hospital,
and patients or their relatives gave informed consent.

Patients enrolled in the study had known chronic obstructive pul-
monary disease

 

 

 

or a high probability of the disease (on the basis of
the clinical history, physical examination, and chest film), with res-
piratory acidosis and an elevated bicarbonate level. Additional crite-
ria for enrollment included an exacerbation of dyspnea lasting less
than two weeks and at least two of the following: a respiratory rate
above 30 breaths per minute, a partial pressure of arterial oxygen be-
low 45 mm Hg, and an arterial pH below 7.35 after the patient had
been breathing room air for at least 10 minutes.

The criteria for exclusion were a respiratory rate below 12 breaths
per minute or the need for immediate intubation (as defined below);
a tracheotomy or endotracheal intubation performed before admis-
sion; the administration of sedative drugs within the previous 12
hours; a central nervous system disorder unrelated to hypercapnic
encephalopathy or hypoxemia; cardiac arrest (within the previous
five days); cardiogenic pulmonary edema; kyphoscoliosis as the cause
of chronic respiratory failure or a neuromuscular disorder; upper
airway obstruction or asthma; a clear cause of decompensation re-
quiring specific treatment (e.g., peritonitis, septic shock, acute myo-
cardial infarction, pulmonary thromboembolism, pneumothorax, he-
moptysis, severe pneumonia, or recent surgery or trauma); a facial
deformity; or enrollment in other investigative protocols. In addition,
patients who refused to undergo endotracheal intubation, whatever
the initial therapeutic approach, were excluded from the study.

Patients were randomly assigned to receive either standard treat-
ment or standard treatment plus pressure-support ventilation through
a face mask. Random assignments were made with sealed envelopes.

 

Standard Treatment

 

Patients assigned to the standard-treatment group received oxygen
limited to a maximal flow rate of 5 liters per minute, by means of nasal
prongs, in order to achieve a level of arterial oxygen saturation above
90 percent. Medications included subcutaneous heparin, antibiotic
agents, and bronchodilators (subcutaneous terbutaline, aerosolized
and intravenous albuterol, and corticosteroids or intravenous amino-
phylline or both), with the correction of electrolyte abnormalities.

 

Noninvasive Ventilation

 

Patients assigned to the noninvasive-ventilation group received the
same medications as the patients in the standard-treatment group,
with the addition of periods of noninvasive ventilation. All the par-

ticipating centers used the same apparatus to deliver noninvasive
pressure-support ventilation (ARM 25, Taema, Antony, France),
which works on the principle of air entrainment.

 

19

 

 The apparatus is
triggered by air flow and maintains a constant pressure during inspi-
ration, with a rapid pressurization rate. It is cycled from inspiration
to expiration according to the flow signal and can be adjusted at a
rate between 10 and 35 liters per minute to compensate for leaks.
Pressure support was initially adjusted at a level of 20 cm of wa-
ter.

 

6,20,21

 

 In the case of leaks, lower levels were used. Expiratory pres-
sure was atmospheric. Oxygen was administered to provide an arte-
rial oxygen saturation above 90 percent. In case of apnea, the
machine provided automatic pressure-controlled cycles. A face mask
was developed for use in the study (Fig. 1).

Patients underwent noninvasive ventilation for at least six hours
each day. The period could be lengthened, depending on the clinical
tolerance of the patients. Each day, however, patients were allowed
to breathe spontaneously, with oxygen but without assistance, for two
hours. The overall duration of noninvasive ventilation was deter-
mined on the basis of clinical criteria and arterial-blood gas levels;
in each case, the decision was made by the physician in charge.

 

Criteria for Intubation

 

To make the decision whether to perform endotracheal intubation
as objective as possible, we established criteria based on the clinical
experience of the participating physicians and on reported data.

 

11,22

 

The major criteria included respiratory arrest, respiratory pauses
with loss of consciousness or gasping for air, psychomotor agitation
making nursing care impossible and requiring sedation, a heart rate
below 50 beats per minute with loss of alertness, and hemodynamic
instability with systolic arterial blood pressure below 70 mm Hg. Mi-
nor criteria were a respiratory rate above 35 breaths per minute and
above the value on admission; an arterial pH value below 7.30 and
below the value on admission; a value for the partial pressure of ar-
terial oxygen below 45 mm Hg, despite oxygen therapy; and an in-
crease in the score for encephalopathy (0, normal; 1, mild asterixis;
2, marked asterixis, mild confusion, or sleepiness during the day;
3, major confusion with daytime sleepiness or agitation; and 4, obtun-
dation or major agitation). In both groups, the presence of one major
criterion was considered to indicate the need for intubation and me-
chanical ventilation, and after the first hour of treatment, the pres-
ence of two minor criteria was considered to indicate the need for in-
tubation. In the noninvasive-ventilation group, however, if a criterion
was present after the withdrawal of ventilatory support, it could be
reintroduced. If the criterion persisted after ventilation had been
resumed, intubation was performed. Patients who needed endotra-

cheal intubation were mechanically ventilated
in the assist-control mode and were weaned
with the pressure-support mode.

 

23

 

Follow-up

 

The respiratory rate, encephalopathy score,
and arterial-blood gas levels were determined
1, 3, and 12 hours after the start of treatment.
On subsequent days in the intensive care unit,
these data were obtained once daily. The sim-
plified acute physiologic score was calculated
at 24 hours.

 

24

 

 Pulmonary-function testing was
performed before discharge, when possible, or
within three months after discharge.

 

Statistical Analysis

 

The primary outcome variable was the
need for endotracheal intubation and me-
chanical ventilation at any time during the
study. Secondary end points were the length
of the hospital stay, complications not pres-
ent on admission (such as pneumonia, baro-
trauma, gastrointestinal hemorrhage, renal
insufficiency, neurologic events, and pulmo-
nary embolism), the duration of ventilatory
assistance, and the mortality rate during hos-
pitalization.

Results are given as means 

 

!

 

SD. All tests

 

Figure 1. Photograph of the Face Mask Used to Deliver Noninvasive Ventilation.
The white piece of foam was placed inside the mask to reduce the amount of internal

dead space.
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ratory rate (34

 

!

 

7 breaths per minute
at base line, 24

 

!

 

8 at 1 hour, 25

 

!

 

7 at
3 hours, and 25

 

!

 

5 at 12 hours), as
well as in the partial pressure of ar-
terial oxygen at 1 hour and the par-
tial pressure of arterial carbon di-
oxide at 12 hours (Fig. 3) (P

 

"

 

0.001
for all comparisons). The encepha-
lopathy score dropped from 1.6

 

!

 

1.3
at base line and 1.3

 

!

 

1.2 at 1 hour to
1.1!1.1 at 3 hours and 0.8!1.0 at 12
hours (P"0.001).

In the standard-treatment group,
the 31 patients who required endo-
tracheal intubation were ventilated
for a total of 17!21 days. In the non-
invasive-ventilation group, the 11 pa-
tients who underwent endotracheal
intubation were intubated for a total
of 25!17 days; the other 32 patients
were ventilated with a face mask for
a mean of 4!4 days.

Complications and events leading
to death are shown in Table 4. The
proportion of patients with one or
more complications was significantly higher in the
standard-treatment group (20 of 42 patients, or 48 per-
cent) than in the noninvasive-ventilation group (7 of
43, or 16 percent; P#0.001). The proportion of pa-
tients who died in the hospital was also significantly
higher in the standard-treatment group (12 of 42 pa-
tients, or 29 percent, vs. 4 of 43, or 9 percent; P#0.02).
Ten of the 12 deaths in the standard-treatment group

and 3 of the 4 in the noninvasive-ventilation group oc-
curred during mechanical ventilation.

Since the numbers of patients requiring intubation
were different in the two groups, we compared mortal-
ity rates after adjustment for endotracheal intubation,
using the Mantel–Haenszel test. After adjustment, we
found no significant difference, suggesting that the
number of patients requiring intubation was the main
factor explaining the difference in mortality.

Reliable pulmonary-function data were obtained
within three months after randomization in 23 of the
patients in the standard-treatment group and in 24 of
those in the noninvasive-ventilation group. The forced
expiratory volume in one second (0.68!0.19 liter, or
28!10 percent of the predicted value, in the standard-
treatment group, and 0.72!0.21, or 31!8 percent, in
the noninvasive-ventilation group), the vital capacity
(1.48!0.58 liters, or 42!13 percent of the predicted
value, and 1.28!0.46 liters, or 43!10 percent, respec-
tively), and the ratio of the two measures (51!16 per-
cent and 57!17 percent, respectively) were similar in
the two groups.

Hospital Stay

The hospital stay was significantly longer in the
group receiving standard treatment (35!33 days) than
in the group receiving noninvasive ventilation (23!17
days, P#0.02). Figure 4 shows the length of the hos-
pital stay in the two groups.

DISCUSSION

This study shows that the use of noninvasive ven-
tilation in selected patients admitted for acute respi-
ratory failure due to chronic obstructive pulmonary
disease can obviate the need for intubation and thus

Figure 2. The Time at Which Endotracheal Intubation Was Per-
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formed in the Two Treatment Groups. 
A total of 17 patients required intubation after the first hour in
the standard-treatment group, as compared with only 3 patients

in the noninvasive-ventilation group.

*Plus–minus values are means !SD. SAPS denotes simplified acute physiologic score, PaO2 partial pressure of arterial
oxygen, and PaCO2 partial pressure of arterial carbon dioxide.

†P values, determined by an analysis of variance, are for the comparison among the four subgroups.

‡P"0.05, by Fisher’s exact test, for the comparison with the patients assigned to standard treatment who did not require
intubation.

§P"0.05, by Fisher’s exact test, for the comparison with the patients assigned to noninvasive ventilation who did not
require intubation.

Table 3. Characteristics at Admission and Mortality Rate, According to Whether En-
dotracheal Intubation Was Required after Assignment to Standard Treatment or

Noninvasive Ventilation.*

CHARACTERISTIC STANDARD TREATMENT NONINVASIVE VENTILATION

P 
VALUE†

INTUBATION

NOT 
REQUIRED

(N # 11)

INTUBATION

REQUIRED

(N # 31)

INTUBATION

NOT 
REQUIRED

(N # 32)

INTUBATION

REQUIRED

(N # 11)

SAPS 10!4 14!5‡ 12!3‡ 15!4§ 0.02
Encephalopathy score 0.7!0.9 1.9!1.2‡ 1.6!1.3‡ 2.5!1.0 0.007
Respiratory rate — breaths/

min
32!8 34!6 34!7 37!7 0.4

PaO2 — mm Hg 43!14 37!12 42!11 37!9 0.3
PaCO2 — mm Hg 59!15 69!16 70!12 73!11 0.1
pH 7.33!0.09 7.27!0.11 7.28!0.10 7.26!0.10 0.1
Bicarbonate — mmol/liter 31.7!7.7 32.6!6.3 33.7!6.0 32.5!8.4 0.2
Length of hospital stay — 

days
20!16 41!36‡ 17!9 40!22§ "0.001

Deaths — no. of patients 
(%)

2 (18) 10 (32) 1 (3) 3 (27)
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Summary

Background Non-invasive pressure support ventilation
(NIPSV) is an effective treatment for acute respiratory failure
in patients with chronic obstructive pulmonary disease. We
assessed the efficacy of this therapy in acute cardiogenic
pulmonary oedema in a randomised comparison with
conventional oxygen therapy.

Methods 40 patients were randomly assigned conventional
oxygen therapy or NIPSV supplied by a standard ventilator
through a face mask, with adjustment of tidal volume and
pressure support in addition to a positive end-expiratory
pressure of 5 cm water. Physiological measurements were
obtained in the first 2 h and at 3 h, 4 h, and 10 h. The main
endpoints were intubation rate and resolution time. Analyses
were by intention to treat.

Findings Three patients were withdrawn on the basis of
clinical and chest radiography results. Endotracheal
intubation was required in one (5%) of 19 patients assigned
NIPSV and in six (33%) of 18 assigned conventional oxygen
therapy (p=0·037). Resolution time (defined as a clinical
improvement with oxygen saturation of 96% or more and
respiratory rate less than 30 breaths/min) was significantly
shorter in the NIPSV group (median 30 [IQR 15–53] vs 105
[50–230] min, p=0·002). NIPSV led to a rapid improvement
in oxygenation in the first 2 h. There were no differences in
hospital length of stay or mortality.

Interpretation In this study of acute cardiogenic pulmonary
oedema, NIPSV was superior to conventional oxygen therapy.
Further studies should compare NIPSV with continuous
positive airway pressure.

Lancet 2000; 356: 2126–32

Introduction
Acute cardiogenic pulmonary oedema is a common cause
of acute respiratory failure. During the past decade,
several studies have shown that continuous positive airway
pressure (CPAP) is effective in this setting, through
improvement in gas exchange and decrease in the need for
intubation.1–3 CPAP is usually obtained with a hermetic
nasal or face mask that has an expiratory valve to maintain
a positive pressure at the end of expiration. With this
modality, patients do not receive any assistance with
respiration. Non-invasive pressure support ventilation
(NIPSV) is a new mode of mechanical ventilation without
intubation, in which a certain volume of air is delivered by
a ventilator during the inspiratory cycle, by means of a
preset pressure and through a nasal or face mask.
Addition of positive end-expiratory pressure to NIPSV
results in a CPAP mode with an assisted inspiration (also
called bilevel positive airway pressure). This assistance
can improve ventilation indices and vital signs4,5 more
rapidly than CPAP alone and also seems to reduce the
work of breathing more effectively in intubated6 and non-
intubated patients.7 In chronic obstructive pulmonary
disease, NIPSV reduces the need for endotracheal
intubation, the length of stay in the intensive-care unit,
and mortality compared with conventional oxygen
therapy.8–10 In patients with acute respiratory failure from
other causes, the effect of NIPSV is less conclusive.11–13

However, good results have been reported,14 especially in
hypercapnic patients.15 No study has tested the efficacy of
NIPSV over conventional oxygen therapy in acute
cardiogenic pulmonary oedema,16 and the available data
come from one prematurely stopped trial of bilevel
positive airway pressure versus CPAP4 and from
uncontrolled studies.17,18 Therefore, we undertook a
controlled prospective randomised study to investigate
whether the use of NIPSV would decrease the need for
intubation and shorten time to recovery as compared with
conventional oxygen therapy in patients with acute
cardiogenic pulmonary oedema.

Methods
Patients
Our institutional ethics committee approved the study
design, and all patients or their next of kin gave written
informed consent. We enrolled patients with acute
respiratory failure. Inclusion criteria were: dyspnoea of
sudden onset with physical findings consistent with
pulmonary oedema (widespread rales with or without
third heart sound) and typical findings of congestion on a
chest radiograph (to initiate treatment as soon as possible,
patients could be assigned randomised treatment on
admission to the intensive-care unit, before chest
radiography). Patients with mild acute cardiogenic
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Summary

Background Non-invasive pressure support ventilation
(NIPSV) is an effective treatment for acute respiratory failure
in patients with chronic obstructive pulmonary disease. We
assessed the efficacy of this therapy in acute cardiogenic
pulmonary oedema in a randomised comparison with
conventional oxygen therapy.

Methods 40 patients were randomly assigned conventional
oxygen therapy or NIPSV supplied by a standard ventilator
through a face mask, with adjustment of tidal volume and
pressure support in addition to a positive end-expiratory
pressure of 5 cm water. Physiological measurements were
obtained in the first 2 h and at 3 h, 4 h, and 10 h. The main
endpoints were intubation rate and resolution time. Analyses
were by intention to treat.

Findings Three patients were withdrawn on the basis of
clinical and chest radiography results. Endotracheal
intubation was required in one (5%) of 19 patients assigned
NIPSV and in six (33%) of 18 assigned conventional oxygen
therapy (p=0·037). Resolution time (defined as a clinical
improvement with oxygen saturation of 96% or more and
respiratory rate less than 30 breaths/min) was significantly
shorter in the NIPSV group (median 30 [IQR 15–53] vs 105
[50–230] min, p=0·002). NIPSV led to a rapid improvement
in oxygenation in the first 2 h. There were no differences in
hospital length of stay or mortality.

Interpretation In this study of acute cardiogenic pulmonary
oedema, NIPSV was superior to conventional oxygen therapy.
Further studies should compare NIPSV with continuous
positive airway pressure.
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Introduction
Acute cardiogenic pulmonary oedema is a common cause
of acute respiratory failure. During the past decade,
several studies have shown that continuous positive airway
pressure (CPAP) is effective in this setting, through
improvement in gas exchange and decrease in the need for
intubation.1–3 CPAP is usually obtained with a hermetic
nasal or face mask that has an expiratory valve to maintain
a positive pressure at the end of expiration. With this
modality, patients do not receive any assistance with
respiration. Non-invasive pressure support ventilation
(NIPSV) is a new mode of mechanical ventilation without
intubation, in which a certain volume of air is delivered by
a ventilator during the inspiratory cycle, by means of a
preset pressure and through a nasal or face mask.
Addition of positive end-expiratory pressure to NIPSV
results in a CPAP mode with an assisted inspiration (also
called bilevel positive airway pressure). This assistance
can improve ventilation indices and vital signs4,5 more
rapidly than CPAP alone and also seems to reduce the
work of breathing more effectively in intubated6 and non-
intubated patients.7 In chronic obstructive pulmonary
disease, NIPSV reduces the need for endotracheal
intubation, the length of stay in the intensive-care unit,
and mortality compared with conventional oxygen
therapy.8–10 In patients with acute respiratory failure from
other causes, the effect of NIPSV is less conclusive.11–13

However, good results have been reported,14 especially in
hypercapnic patients.15 No study has tested the efficacy of
NIPSV over conventional oxygen therapy in acute
cardiogenic pulmonary oedema,16 and the available data
come from one prematurely stopped trial of bilevel
positive airway pressure versus CPAP4 and from
uncontrolled studies.17,18 Therefore, we undertook a
controlled prospective randomised study to investigate
whether the use of NIPSV would decrease the need for
intubation and shorten time to recovery as compared with
conventional oxygen therapy in patients with acute
cardiogenic pulmonary oedema.

Methods
Patients
Our institutional ethics committee approved the study
design, and all patients or their next of kin gave written
informed consent. We enrolled patients with acute
respiratory failure. Inclusion criteria were: dyspnoea of
sudden onset with physical findings consistent with
pulmonary oedema (widespread rales with or without
third heart sound) and typical findings of congestion on a
chest radiograph (to initiate treatment as soon as possible,
patients could be assigned randomised treatment on
admission to the intensive-care unit, before chest
radiography). Patients with mild acute cardiogenic
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Summary
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were by intention to treat.
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in oxygenation in the first 2 h. There were no differences in
hospital length of stay or mortality.

Interpretation In this study of acute cardiogenic pulmonary
oedema, NIPSV was superior to conventional oxygen therapy.
Further studies should compare NIPSV with continuous
positive airway pressure.

Lancet 2000; 356: 2126–32

Introduction
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disease, NIPSV reduces the need for endotracheal
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and mortality compared with conventional oxygen
therapy.8–10 In patients with acute respiratory failure from
other causes, the effect of NIPSV is less conclusive.11–13

However, good results have been reported,14 especially in
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sudden onset with physical findings consistent with
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IMPORTANCE It has not been established whether noninvasive ventilation (NIV) reduces the
need for invasive mechanical ventilation in patients who develop hypoxemic acute
respiratory failure after abdominal surgery.

OBJECTIVE To evaluate whether noninvasive ventilation improves outcomes among patients
developing hypoxemic acute respiratory failure after abdominal surgery.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, randomized, parallel-group clinical trial
conducted between May 2013 and September 2014 in 20 French intensive care units among
293 patients who had undergone abdominal surgery and developed hypoxemic respiratory
failure (partial oxygen pressure <60 mm Hg or oxygen saturation [SpO2] !90% when
breathing room air or <80 mm Hg when breathing 15 L/min of oxygen, plus either [1] a
respiratory rate above 30/min or [2] clinical signs suggestive of intense respiratory muscle
work and/or labored breathing) if it occurred within 7 days after surgical procedure.

INTERVENTIONS Patients were randomly assigned to receive standard oxygen therapy (up to
15 L/min to maintain SpO2 of 94% or higher) (n = 145) or NIV delivered via facial mask
(inspiratory pressure support level, 5-15 cm H2O; positive end-expiratory pressure, 5-10 cm
H2O; fraction of inspired oxygen titrated to maintain SpO2 "94%) (n = 148).

MAIN OUTCOMES AND MEASURES The primary outcome was tracheal reintubation for any
cause within 7 days of randomization. Secondary outcomes were gas exchange, invasive
ventilation–free days at day 30, health care–associated infections, and 90-day mortality.

RESULTS Among the 293 patients (mean age, 63.4 [SD, 13.8] years; n=224 men) included in
the intention-to-treat analysis, reintubation occurred in 49 of 148 (33.1%) in the NIV group
and in 66 of 145 (45.5%) in the standard oxygen therapy group within+ 7 days after
randomization (absolute difference, −12.4%; 95% CI, −23.5% to −1.3%; P = .03). Noninvasive
ventilation was associated with significantly more invasive ventilation–free days compared
with standard oxygen therapy (25.4 vs 23.2 days; absolute difference, −2.2 days; 95% CI, −0.1
to 4.6 days; P = .04), while fewer patients developed health care–associated infections
(43/137 [31.4%] vs 63/128 [49.2%]; absolute difference, −17.8%; 95% CI, −30.2% to −5.4%;
P = .003). At 90 days, 22 of 148 patients (14.9%) in the NIV group and 31 of 144 (21.5%) in the
standard oxygen therapy group had died (absolute difference, −6.5%; 95% CI, −16.0% to
3.0%; P = .15). There were no significant differences in gas exchange.

CONCLUSIONS AND RELEVANCE Among patients with hypoxemic respiratory failure following
abdominal surgery, use of NIV compared with standard oxygen therapy reduced the risk of
tracheal reintubation within 7 days. These findings support use of NIV in this setting.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01971892
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in the standard oxygen therapy group, of whom 3 (42.9%) were
subsequently intubated. There were 3 episodes of cardiac ar-
rest, 2 occurring before intubation (1 in the standard oxygen
therapy group and 1 in the NIV group). Tolerance and adverse
effects of NIV after the first trial in the NIV group are reported
in eTable 2 in Supplement 1.

Discussion
In this multicenter randomized clinical trial conducted among
patients with hypoxemic acute respiratory failure after ab-
dominal surgery, noninvasive ventilation delivered via face
mask reduced the need for reintubation and for invasive me-
chanical ventilation and was associated with fewer episodes
of health care–associated infection compared with standard
oxygen therapy.

Hypoxemia develops in 30% to 50% of patients after
abdominal surgery and can in some patients be well toler-
ated without symptoms.4,22,28 In others, however, hypox-
emia can progress to severe acute respiratory failure. The
genesis of hypoxemic acute respiratory failure postopera-
tively is multifactorial and partly related to atelectasis due
to hypoventilation and collapsed alveoli, retained secre-
tions, and diaphragmatic dysfunction.29,31 Atelectasis pro-
motes bacterial growth and increases lung permeability,
leading to pneumonia.32 In our study, NIV significantly
decreased overall health care–associated infections and
halved the rate of pneumonia. Noninvasive ventilation can
reverse loss of pulmonary volume through the combined
positive effects of PEEP and inspiratory pressure support,
which increase lung ventilation, reopen atelectatic alveoli,
and improve gas exchange.4 Reducing atelectasis by NIV
could also decrease bacterial growth, thus mitigating bacte-
rial translocation from the lung into the bloodstream.32

Avoidance of endotracheal intubation, bypassing the upper
airways, is probably the major reason for the pneumonia
reduction observed in patients treated by NIV.33 Moreover,
NIV has been shown to reduce overall nosocomial infection
rates through reduction in both the number and duration
of invasive devices such as intravenous and bladder
catheters.33 Finally, reducing health care–associated infec-
tions, especially pneumonia, could contribute to the trend
toward lower mortality observed in the NIV group (Table 3
and Figure 3).

Complications have been reported with NIV, such as gas-
tric distention and pulmonary aspiration. Noninvasive venti-
lation may also potentially impede patients’ ability to cough
and expectorate postoperatively. In the present study, no ad-
verse events were reported in either group. We did not ob-
serve higher morbidity and mortality in the NIV group, con-
trary to that reported in another postextubation study because
of delayed reintubation in the NIV group.20 The selection of
appropriate postoperative patients who may benefit from
postextubation NIV is a key factor.4,34 One randomized clini-
cal study by Squadrone et al22 evaluated the use of noninva-
sive continuous positive airway pressure delivered via hel-
met after abdominal surgery. They studied 209 patients who

developed hypoxemia immediately after extubation without
necessarily having signs of respiratory distress. Nonetheless,
their early use of noninvasive continuous positive airway pres-
sure significantly decreased the incidence of reintubation from
10% to 1%. Our study presents several differences: (1) we evalu-
ated the efficacy of NIV delivered with face mask using 2 lev-
els of positive airway pressure and (2) NIV was used as a thera-
peutic application in a more severe patient cohort with
hypoxemic acute respiratory failure and not prophylactically
in patients with hypoxemia alone. As a result, the respective
incidence of reintubation (standard oxygen therapy control
group rate of 10% for the study by Squadrone et al vs 45.5% in
the current study) and mortality (3% in the control group of
the study by Squadrone et al vs 22% in the current study) dif-
fered between the 2 studies (Table 3).

The strengths of the present study are its large sample size,
the selected population base, multicenter design, the explicit
criteria for reintubation, and a complete postoperative follow-
up. Baseline characteristics in the 2 groups were well matched,
and the criteria for health care–associated infection diagnosis
are both validated and robust. The trial excluded patients who
underwent another immediate surgical procedure, and strati-
fication was performed according to study site, age, site of sur-
gery, and use/nonuse of postoperative epidural analgesia.

Figure 2. Cumulative Incidence of Reintubation Between Randomization
and Day 30 According to Study Group
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Figure 3. Probability of Survival Between Randomization and Day 90
According to Study Group
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IMPORTANCE It has not been established whether noninvasive ventilation (NIV) reduces the
need for invasive mechanical ventilation in patients who develop hypoxemic acute
respiratory failure after abdominal surgery.

OBJECTIVE To evaluate whether noninvasive ventilation improves outcomes among patients
developing hypoxemic acute respiratory failure after abdominal surgery.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, randomized, parallel-group clinical trial
conducted between May 2013 and September 2014 in 20 French intensive care units among
293 patients who had undergone abdominal surgery and developed hypoxemic respiratory
failure (partial oxygen pressure <60 mm Hg or oxygen saturation [SpO2] !90% when
breathing room air or <80 mm Hg when breathing 15 L/min of oxygen, plus either [1] a
respiratory rate above 30/min or [2] clinical signs suggestive of intense respiratory muscle
work and/or labored breathing) if it occurred within 7 days after surgical procedure.

INTERVENTIONS Patients were randomly assigned to receive standard oxygen therapy (up to
15 L/min to maintain SpO2 of 94% or higher) (n = 145) or NIV delivered via facial mask
(inspiratory pressure support level, 5-15 cm H2O; positive end-expiratory pressure, 5-10 cm
H2O; fraction of inspired oxygen titrated to maintain SpO2 "94%) (n = 148).

MAIN OUTCOMES AND MEASURES The primary outcome was tracheal reintubation for any
cause within 7 days of randomization. Secondary outcomes were gas exchange, invasive
ventilation–free days at day 30, health care–associated infections, and 90-day mortality.

RESULTS Among the 293 patients (mean age, 63.4 [SD, 13.8] years; n=224 men) included in
the intention-to-treat analysis, reintubation occurred in 49 of 148 (33.1%) in the NIV group
and in 66 of 145 (45.5%) in the standard oxygen therapy group within+ 7 days after
randomization (absolute difference, −12.4%; 95% CI, −23.5% to −1.3%; P = .03). Noninvasive
ventilation was associated with significantly more invasive ventilation–free days compared
with standard oxygen therapy (25.4 vs 23.2 days; absolute difference, −2.2 days; 95% CI, −0.1
to 4.6 days; P = .04), while fewer patients developed health care–associated infections
(43/137 [31.4%] vs 63/128 [49.2%]; absolute difference, −17.8%; 95% CI, −30.2% to −5.4%;
P = .003). At 90 days, 22 of 148 patients (14.9%) in the NIV group and 31 of 144 (21.5%) in the
standard oxygen therapy group had died (absolute difference, −6.5%; 95% CI, −16.0% to
3.0%; P = .15). There were no significant differences in gas exchange.

CONCLUSIONS AND RELEVANCE Among patients with hypoxemic respiratory failure following
abdominal surgery, use of NIV compared with standard oxygen therapy reduced the risk of
tracheal reintubation within 7 days. These findings support use of NIV in this setting.
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in the standard oxygen therapy group, of whom 3 (42.9%) were
subsequently intubated. There were 3 episodes of cardiac ar-
rest, 2 occurring before intubation (1 in the standard oxygen
therapy group and 1 in the NIV group). Tolerance and adverse
effects of NIV after the first trial in the NIV group are reported
in eTable 2 in Supplement 1.

Discussion
In this multicenter randomized clinical trial conducted among
patients with hypoxemic acute respiratory failure after ab-
dominal surgery, noninvasive ventilation delivered via face
mask reduced the need for reintubation and for invasive me-
chanical ventilation and was associated with fewer episodes
of health care–associated infection compared with standard
oxygen therapy.

Hypoxemia develops in 30% to 50% of patients after
abdominal surgery and can in some patients be well toler-
ated without symptoms.4,22,28 In others, however, hypox-
emia can progress to severe acute respiratory failure. The
genesis of hypoxemic acute respiratory failure postopera-
tively is multifactorial and partly related to atelectasis due
to hypoventilation and collapsed alveoli, retained secre-
tions, and diaphragmatic dysfunction.29,31 Atelectasis pro-
motes bacterial growth and increases lung permeability,
leading to pneumonia.32 In our study, NIV significantly
decreased overall health care–associated infections and
halved the rate of pneumonia. Noninvasive ventilation can
reverse loss of pulmonary volume through the combined
positive effects of PEEP and inspiratory pressure support,
which increase lung ventilation, reopen atelectatic alveoli,
and improve gas exchange.4 Reducing atelectasis by NIV
could also decrease bacterial growth, thus mitigating bacte-
rial translocation from the lung into the bloodstream.32

Avoidance of endotracheal intubation, bypassing the upper
airways, is probably the major reason for the pneumonia
reduction observed in patients treated by NIV.33 Moreover,
NIV has been shown to reduce overall nosocomial infection
rates through reduction in both the number and duration
of invasive devices such as intravenous and bladder
catheters.33 Finally, reducing health care–associated infec-
tions, especially pneumonia, could contribute to the trend
toward lower mortality observed in the NIV group (Table 3
and Figure 3).

Complications have been reported with NIV, such as gas-
tric distention and pulmonary aspiration. Noninvasive venti-
lation may also potentially impede patients’ ability to cough
and expectorate postoperatively. In the present study, no ad-
verse events were reported in either group. We did not ob-
serve higher morbidity and mortality in the NIV group, con-
trary to that reported in another postextubation study because
of delayed reintubation in the NIV group.20 The selection of
appropriate postoperative patients who may benefit from
postextubation NIV is a key factor.4,34 One randomized clini-
cal study by Squadrone et al22 evaluated the use of noninva-
sive continuous positive airway pressure delivered via hel-
met after abdominal surgery. They studied 209 patients who

developed hypoxemia immediately after extubation without
necessarily having signs of respiratory distress. Nonetheless,
their early use of noninvasive continuous positive airway pres-
sure significantly decreased the incidence of reintubation from
10% to 1%. Our study presents several differences: (1) we evalu-
ated the efficacy of NIV delivered with face mask using 2 lev-
els of positive airway pressure and (2) NIV was used as a thera-
peutic application in a more severe patient cohort with
hypoxemic acute respiratory failure and not prophylactically
in patients with hypoxemia alone. As a result, the respective
incidence of reintubation (standard oxygen therapy control
group rate of 10% for the study by Squadrone et al vs 45.5% in
the current study) and mortality (3% in the control group of
the study by Squadrone et al vs 22% in the current study) dif-
fered between the 2 studies (Table 3).

The strengths of the present study are its large sample size,
the selected population base, multicenter design, the explicit
criteria for reintubation, and a complete postoperative follow-
up. Baseline characteristics in the 2 groups were well matched,
and the criteria for health care–associated infection diagnosis
are both validated and robust. The trial excluded patients who
underwent another immediate surgical procedure, and strati-
fication was performed according to study site, age, site of sur-
gery, and use/nonuse of postoperative epidural analgesia.

Figure 2. Cumulative Incidence of Reintubation Between Randomization
and Day 30 According to Study Group
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Figure 3. Probability of Survival Between Randomization and Day 90
According to Study Group
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background

 

The need for reintubation after extubation and discontinuation of mechanical ventilation
is not uncommon and is associated with increased mortality. Noninvasive positive-
pressure ventilation has been suggested as a promising therapy for patients with respi-
ratory failure after extubation, but a single-center, randomized trial recently found no
benefit. We conducted a multicenter, randomized trial to evaluate the effect of noninva-
sive positive-pressure ventilation on mortality in this clinical setting.

 

methods

 

Patients in 37 centers in eight countries who were electively extubated after at least 48
hours of mechanical ventilation and who had respiratory failure within the subsequent
48 hours were randomly assigned to either noninvasive positive-pressure ventilation by
face mask or standard medical therapy.

 

results

 

A total of 221 patients with similar baseline characteristics had been randomly assigned
to either noninvasive ventilation (114 patients) or standard medical therapy (107 pa-
tients) when the trial was stopped early, after an interim analysis. There was no differ-
ence between the noninvasive-ventilation group and the standard-therapy group in the
need for reintubation (rate of reintubation, 48 percent in both groups; relative risk in
the noninvasive-ventilation group, 0.99; 95 percent confidence interval, 0.76 to 1.30).
The rate of death in the intensive care unit was higher in the noninvasive-ventilation
group than in the standard-therapy group (25 percent vs. 14 percent; relative risk, 1.78;
95 percent confidence interval, 1.03 to 3.20; P=0.048), and the median time from res-
piratory failure to reintubation was longer in the noninvasive-ventilation group (12
hours vs. 2 hours 30 minutes, P=0.02).

 

conclusions

 

Noninvasive positive-pressure ventilation does not prevent the need for reintubation or
reduce mortality in unselected patients who have respiratory failure after extubation.
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liters], where a value greater than 105 breaths per
minute per liter is associated with an increased risk
of reintubation) was calculated. At the time of ran-
domization, the respiratory rate, heart rate, arterial
blood gas values, and oxygen saturation were re-
corded.

If needed, the time and reason for reintubation
were recorded. Every patient was followed until dis-
charge from the intensive care unit. The length of
stay in the intensive care unit and the vital status at
the time of discharge were recorded.

 

statistical analysis

 

We calculated that 194 patients would be required
in each group to allow detection of a 13 percent ab-

solute reduction in the risk of death with the use of
noninvasive ventilation (relative to a mortality rate
of 33 percent in controls

 

5

 

) with a type I error of
5 percent and a power of 80 percent. One interim
analysis by an independent data-monitoring board
was planned after 200 patients had been recruited.
The interim analysis was based on a comparison of
the mortality in the two treatment groups with the
use of a normal approximation for a two-sided test,
according to the following rules: first, if noninvasive
ventilation was associated with a reduction in mor-
tality, the P value needed to stop the trial should
be less than 0.029 (Pocock’s value for one interim
analysis)
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; and second, if noninvasive ventilation
was associated with an increase in mortality, the

 

Figure 1. Randomization and Patient Outcomes.

 

The numbers of patients with various outcomes in the crossover group are included among the numbers of patients with those outcomes 
in the standard-therapy group.
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Objective: To evaluate the effectiveness of noninvasive ventilation 
in patients with acute hypoxemic nonhypercapnic respiratory fail-
ure unrelated to exacerbation of chronic obstructive pulmonary 
disease and cardiogenic pulmonary edema.
Data Sources: PubMed, EMBASE, Cochrane library, Web of Sci-
ence, and bibliographies of articles were retrieved inception until 
June 2016.

Study Selection: Randomized controlled trials comparing appli-
cation of noninvasive ventilation with standard oxygen therapy in 
adults with acute hypoxemic nonhypercapnic respiratory failure 
were included. Chronic obstructive pulmonary disease exacerba-
tion and cardiogenic pulmonary edema patients were excluded. 
The primary outcome was intubation rate; ICU mortality and hos-
pital mortality were secondary outcomes.
Data Extraction: Demographic variables, noninvasive ventilation 
application, and outcomes were retrieved. Internal validity was 
assessed using the risk of bias tool. The strength of evidence 
was assessed using Grading of Recommendations Assessment, 
Development, and Evaluation methodology.
Data Synthesis: Eleven studies (1,480 patients) met the inclu-
sion criteria and were analyzed by using a random effects 
model. Compared with standard oxygen therapy, the pooled 
effect showed that noninvasive ventilation significantly 
reduced intubation rate with a summary risk ratio of 0.59 
(95% CI, 0.44–0.79; p = 0.0004). Furthermore, hospital mor-
tality was also significantly reduced (risk ratio, 0.46; 95% CI, 
0.24–0.87; p = 0.02). Subgroup meta-analysis showed that 
the application of bilevel positive support ventilation (bilevel 
positive airway pressure) was associated with a reduction 
in ICU mortality (p = 0.007). Helmet noninvasive ventilation 
could reduce hospital mortality (p = 0.0004), whereas face/
nasal mask noninvasive ventilation could not.
Conclusions: Noninvasive ventilation decreased endotracheal intu-
bation rates and hospital mortality in acute hypoxemia nonhyper-
capnic respiratory failure excluding chronic obstructive pulmonary 
disease exacerbation and cardiogenic pulmonary edema patients. 
There is no sufficient scientific evidence to recommend bilevel pos-
itive airway pressure or helmet due to the limited number of trials 
available. Large rigorous randomized trials are needed to answer 
these questions definitely. (Crit Care Med; 45:e727–e733)
Key Words: acute hypoxemic respiratory failure; hospital 
mortality; intensive care unit mortality; intubation rate; 
noninvasive ventilation
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Noninvasive ventilation (NIV) application has become 
increasingly important in the management of acute 
respiratory failure (ARF) in recent years (1). Espe-

cially, the 2011 Canadian guidelines for the use of NIV in critical 
care settings suggest the use of NIV in exacerbation of chronic 
obstructive pulmonary disease (COPD) and cardiogenic pulmo-
nary edema (CPE) patients with a grade 1A recommendation 
(2), mainly because NIV is effective in reducing endotracheal 
intubation and mortality (3–5). Nevertheless, so far the benefits 
of NIV remain on debate in patients with acute hypoxemic non-
hypercapnic respiratory failure particularly unrelated to CPE or 
underlying chronic pulmonary disease.

In 2004, Keenan et al (6) made a systematic review to 
assess the effect of NIV in acute hypoxemic respiratory failure 
(AHRF) patients not due to CPE or an exacerbation of COPD 
according to studies published in the beginning of the 2000s, 
which suggested that the application of NIV could reduce the 
rate of endotracheal intubation. However, it included a part 
of patients with hypercapnia which could lead to an overesti-
mation of the benefits of NIV when compared with standard 
oxygen therapy. What is more important, several most recent 
prospective, randomized trials (7–10) reported conflicting 
results about the effect of NIV on AHRF patients unrelated to 
CPE or COPD exacerbation.

These considerations led us to conduct a systematic review 
and meta-analysis to compare the effect of NIV and standard 
oxygen therapy focusing on acute hypoxemic nonhypercap-
nic respiratory failure patients not due to COPD and CPE. 
Furthermore, the overall failure of NIV occurred in 16–30% 
of patients (11, 12), which depended on not only the severity 
of AHRF but also the multiple technical causes including NIV 
interface (13) and ventilation mode or settings (14, 15). Hence, 
we tried to make subgroup analysis according to different NIV 
interfaces, NIV modes, and hypoxic severity with the intention 
to give specific recommendations for clinicians.

METHODS
Ethical approval and patient consent are not required since this 
is a meta-analysis based on previous published studies.

Data Sources and Searches
Randomized controlled trials (RCTs) of NIV in patients 
with AHRF were independently searched for in PubMed, the 
Cochrane Library, EMBASE, and Web of Science using the fol-
lowing key word terms (“acute respiratory failure” or “acute 
hypoxemic respiratory failure” or “acute hypoxemic respira-
tory distress” or “ARF” or “AHRF”) and (“nippv” or “bipap” 
or “cpap” or “niv” or “nipsv” or “noninvasive positive pressure 
ventilation” or “non invasive positive pressure ventilation” 
or “noninvasive ventilation” or “non invasive ventilation” or 
“bilevel positive airway pressure” or “continuous positive air-
way pressure” or “noninvasive pressure support ventilation” or 
“non invasive pressure support ventilation” or “mask ventila-
tion” or “nasal ventilation”) (6, 16). Our research was limited 
to studies using adult participants.

Study Selection
Figure 1 summarizes the study selection process. Two inves-
tigators (X-P.X., X-C.Z.) assessed the retrieved studies inde-
pendently, including titles, abstracts, and citations. Any 
differences were resolved by consensus. In the absence of 
sufficient detail to inform decision making, full texts were 
sourced and the process repeated. The investigators selected 
the retrieved studies that fulfilled the following inclusion 
and exclusion criteria.

Inclusion Criteria
Inclusion criteria were as follows: 1) A trial was conducted 
comparing NIV with standard oxygen therapy in patients with 
acute hypoxemic nonhypercapnic respiratory failure; 2) acute 
hypoxemic nonhypercapnic respiratory failure, defined as a 
respiratory rate of more than 25 breaths/min, PaO

2
 less than 

60 mm Hg on room air, or a ratio of the PaO
2
/FIO

2
 (P/F) of 

300 mm Hg or less while the patients were breathing oxygen at 
10 L/min ≤ flow rate ≤ 15 L/min for at least 15 minutes; PaCO

2
 

less than or equal to 50 mm Hg; labored breathing or respira-
tory distress or dyspnea at rest; 3) a clinical RCT was employed; 
4) intubation rate, ICU mortality, or hospital mortality were 
available; and 5) the number of patients in the NIV and oxygen 
therapy groups was provided.

Exclusion Criteria
Exclusion criteria were as follows: 1) participants were chil-
dren or adolescents (< 14 yr old); 2) patients with CPE or an 
exacerbation of COPD; 3) patients with hypercapnia (PaCO

2
 

> 50 mm Hg); 4) application of NIV with invasive weaning 
(mechanical ventilation for > 48–72 hr) in intubated patients; 
5) the trial did not use oxygen therapy as a control (e.g., inva-
sive ventilation or high-flow oxygen therapy); 6) the study 
was a review, letter, case report, or other type of publication 
not based on original research (e.g., cell culture and isolated 
organs) or employing animal models; 7) the study did not 
include extractable outcomes or mortality data; and 8) the 
full text was unavailable.

Data Extraction
For each eligible study, two authors (X-P.X., X-C.Z.) indepen-
dently abstracted data. Our primary outcome was intubation 
rate. The secondary outcome was ICU mortality and hospital 
mortality. Disagreements between the two investigators were 
resolved by discussion and consensus.

Subgroup Analysis
For the primary and secondary outcomes, we performed the 
following a priori subgroup analyses: patients with face/nasal 
mask versus helmet (NIV interface); bilevel positive support 
ventilation (BiPAP) versus continuous positive airway pressure 
(CPAP) (NIV mode); and 100 mm Hg ≤ P/F ≤ 200 mm Hg ver-
sus 200 mm Hg < P/F ≤ 300 mm Hg (according to the average 
P/F provided by all RCTs, hypoxic severity). Due to inadequate 
comparative reporting of pulmonary or extrapulmonary orig-
inated AHRF, we were unable to perform subgroup analysis 
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CI, 0.51–1.03; p = 0.08) (Fig. 4). However, we graded the overall 
strength of the evidence as low (Supplemental Table 3, Supple-
mental Digital Content 4, http://links.lww.com/CCM/C522), 
which means the further research will likely change the estimate.

Notably, subgroup analysis showed that NIV significantly 
decreased the ICU mortality of patients with BiPAP mode but 
not with CPAP (Fig. S6A, Supplemental Digital Content 9, http://
links.lww.com/CCM/C527; legend, Supplemental Digital Content 
12, http://links.lww.com/CCM/C530), indicating that NIV with 
BiPAP modes might be effective to improve outcome of acute 
hypoxemia nonhypercapnic respiratory failure patients. In con-
trast, no significant differences in ICU mortality were found 
between two groups of patients with different hypoxic severity 
(Fig. S6B, Supplemental Digital Content 9, http://links.lww.com/
CCM/C527; legend, Supplemental Digital Content 12, http://links.
lww.com/CCM/C530). Among seven RCTs reporting ICU mortal-
ity, there is only one research (20) using helmet NIV. Thus we did 
not show the results of subgroup analysis according to interfaces.

NIV Decreased Hospital Mortality in Hypoxemia 
Nonhypercapnic Respiratory Failure Patients
Investigators reported hospital mortality in six trials, with 
no obvious publication bias (Fig. S7, Supplemental Digital 

Content 10, http://links.lww.com/CCM/C528; legend, Sup-
plemental Digital Content 12, http://links.lww.com/CCM/
C530). Of the 252 patients treated with NIV, 31 (12.3%) died 
when in the hospital, compared with 62 of the 251 (24.7%) 
receiving standard oxygen therapies. Evidently, there is sig-
nificant decrease of hospital mortality in the NIV group (RR, 
0.46; 95% CI, 0.24–0.87; p = 0.02) (Fig. 5). We graded the 
overall strength of the evidence as moderate (Supplemental 
Table 3, Supplemental Digital Content 4, http://links.lww.
com/CCM/C522).

The subgroup analysis showed that NIV decreased 
the hospital mortality of patients especially with helmet 
or 200 mm Hg < P/F ≤ 300 mm Hg but not with face/
nasal mask or 100 mm Hg ≤ P/F ≤ 200 mm Hg (Fig. S8, 
Supplemental Digital Content 11, http://links.lww.com/
CCM/C529; legend, Supplemental Digital Content 12, 
http://links.lww.com/CCM/C530). The results suggest 
that mild AHRF patients could benefit from NIV with hel-
met in reducing the hospital mortality. Similarly, among 
six RCTs reporting hospital mortality, there is only one 
research (19) applying BiPAP mode. Therefore, we did not 
show the results of subgroup analysis according to NIV 
modes.

Figure 3. Intubation rate in acute hypoxemic nonhypercapnic respiratory failure patients randomized to noninvasive ventilation (NIV) versus standard oxy-
gen therapy. M-H = Mantel-Haenszel.

Figure 4. ICU mortality in acute hypoxemic nonhypercapnic respiratory failure patients randomized to noninvasive ventilation (NIV) versus standard oxy-
gen therapy. M-H = Mantel-Haenszel.
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Objectives: High-flow nasal cannula is increasingly used in the 
management of respiratory failure. However, little is known about 
its impact on respiratory effort, which could explain part of the ben-
efits in terms of comfort and efficiency. This study was designed 
to assess the effects of high-flow nasal cannula on indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min) in adults.
Design: A randomized controlled crossover study was conducted in 
12 patients with moderate respiratory distress (i.e., after partial recov-
ery from an acute episode, allowing physiologic measurements).
Setting: Institut Universitaire de Cardiologie et de Pneumologie 
de Québec, QC, Canada.
Subjects: Twelve adult patients with respiratory distress symp-
toms were enrolled in this study.
Interventions: Four experimental conditions were evaluated: base-
line with conventional oxygen therapy and high-flow nasal cannula 
at 20, 40, and 60 L/min. The primary outcomes were the indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min). Secondary 
outcomes included tidal volume, respiratory rate, minute volume, 
dynamic lung compliance, inspiratory resistance, and blood gases.
Measurements and Main Results: Esophageal pressure varia-
tions decreased from 9.8 (5.8–14.6) cm H2O at baseline to 4.9  

(2.1–9.1) cm H2O at 60 L/min (p = 0.035). Esophageal 
 pressure-time product/min decreased from 165 (126–179) to 
72 (54–137) cm H2O • s/min, respectively (p = 0.033). Work of 
breathing/min decreased from 4.3 (3.5–6.3) to 2.1 (1.5–5.0) J/min, 
respectively (p = 0.031). Respiratory pattern variables and capillary 
blood gases were not significantly modified between experimental 
conditions. Dynamic lung compliance increased from 38 (24–64) 
mL/cm H2O at baseline to 59 (43–175) mL/cm H2O at 60 L/min  
(p = 0.007), and inspiratory resistance decreased from 9.6  
(5.5–13.4) to 5.0 (1.0–9.1) cm H2O/L/s, respectively (p = 0.07).
Conclusions: High-flow nasal cannula, when set at 60 L/min, sig-
nificantly reduces the indexes of respiratory effort in adult patients 
recovering from acute respiratory failure. This effect is associated 
with an improvement in respiratory mechanics. (Crit Care Med 
2017; 45:1981–1988)
Key Words: high-flow nasal cannula; oxygen therapy; respiratory 
distress; respiratory inductive plethysmography; work of breathing

The utilization of high-flow nasal cannula (HFNC) in 
ICUs is increasing every day. Recent clinical data sup-
port its use as a first-line strategy for the treatment 

and prevention of hypoxemic respiratory failure. Indeed, sev-
eral high-quality trials recently demonstrated a major clinical 
impact of HFNC in patients with hypoxemic respiratory fail-
ure (1), after extubation in patients at risk of hypoxemia (2) or 
even in patients with low risk of reintubation (3), and in the 
postoperative period of cardiothoracic surgery (4).

Physiologically, HFNC allows a better control of delivered 
FIO

2
 (5) and provides low levels of positive airway pressure 

(6–8) associated with increased end-expiratory lung volume 
and improved oxygenation (9–11). Furthermore, recent bench 
studies have highlighted that the continuous flow delivered in 
the upper airways during HFNC therapy may result in a flow-
dependent anatomical dead space washout, reducing carbon 
dioxide rebreathing (12–15). These data are consistent with 
clinical findings suggesting that HFNC may lead to a reduction 
in respiratory rate (RR) and minute ventilation (11, 16, 17), 
PaCO

2
 remaining constant or slightly reduced (2, 11, 17).
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Objective: To evaluate the effectiveness of noninvasive ventilation 
in patients with acute hypoxemic nonhypercapnic respiratory fail-
ure unrelated to exacerbation of chronic obstructive pulmonary 
disease and cardiogenic pulmonary edema.
Data Sources: PubMed, EMBASE, Cochrane library, Web of Sci-
ence, and bibliographies of articles were retrieved inception until 
June 2016.

Study Selection: Randomized controlled trials comparing appli-
cation of noninvasive ventilation with standard oxygen therapy in 
adults with acute hypoxemic nonhypercapnic respiratory failure 
were included. Chronic obstructive pulmonary disease exacerba-
tion and cardiogenic pulmonary edema patients were excluded. 
The primary outcome was intubation rate; ICU mortality and hos-
pital mortality were secondary outcomes.
Data Extraction: Demographic variables, noninvasive ventilation 
application, and outcomes were retrieved. Internal validity was 
assessed using the risk of bias tool. The strength of evidence 
was assessed using Grading of Recommendations Assessment, 
Development, and Evaluation methodology.
Data Synthesis: Eleven studies (1,480 patients) met the inclu-
sion criteria and were analyzed by using a random effects 
model. Compared with standard oxygen therapy, the pooled 
effect showed that noninvasive ventilation significantly 
reduced intubation rate with a summary risk ratio of 0.59 
(95% CI, 0.44–0.79; p = 0.0004). Furthermore, hospital mor-
tality was also significantly reduced (risk ratio, 0.46; 95% CI, 
0.24–0.87; p = 0.02). Subgroup meta-analysis showed that 
the application of bilevel positive support ventilation (bilevel 
positive airway pressure) was associated with a reduction 
in ICU mortality (p = 0.007). Helmet noninvasive ventilation 
could reduce hospital mortality (p = 0.0004), whereas face/
nasal mask noninvasive ventilation could not.
Conclusions: Noninvasive ventilation decreased endotracheal intu-
bation rates and hospital mortality in acute hypoxemia nonhyper-
capnic respiratory failure excluding chronic obstructive pulmonary 
disease exacerbation and cardiogenic pulmonary edema patients. 
There is no sufficient scientific evidence to recommend bilevel pos-
itive airway pressure or helmet due to the limited number of trials 
available. Large rigorous randomized trials are needed to answer 
these questions definitely. (Crit Care Med; 45:e727–e733)
Key Words: acute hypoxemic respiratory failure; hospital 
mortality; intensive care unit mortality; intubation rate; 
noninvasive ventilation
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Noninvasive ventilation (NIV) application has become 
increasingly important in the management of acute 
respiratory failure (ARF) in recent years (1). Espe-

cially, the 2011 Canadian guidelines for the use of NIV in critical 
care settings suggest the use of NIV in exacerbation of chronic 
obstructive pulmonary disease (COPD) and cardiogenic pulmo-
nary edema (CPE) patients with a grade 1A recommendation 
(2), mainly because NIV is effective in reducing endotracheal 
intubation and mortality (3–5). Nevertheless, so far the benefits 
of NIV remain on debate in patients with acute hypoxemic non-
hypercapnic respiratory failure particularly unrelated to CPE or 
underlying chronic pulmonary disease.

In 2004, Keenan et al (6) made a systematic review to 
assess the effect of NIV in acute hypoxemic respiratory failure 
(AHRF) patients not due to CPE or an exacerbation of COPD 
according to studies published in the beginning of the 2000s, 
which suggested that the application of NIV could reduce the 
rate of endotracheal intubation. However, it included a part 
of patients with hypercapnia which could lead to an overesti-
mation of the benefits of NIV when compared with standard 
oxygen therapy. What is more important, several most recent 
prospective, randomized trials (7–10) reported conflicting 
results about the effect of NIV on AHRF patients unrelated to 
CPE or COPD exacerbation.

These considerations led us to conduct a systematic review 
and meta-analysis to compare the effect of NIV and standard 
oxygen therapy focusing on acute hypoxemic nonhypercap-
nic respiratory failure patients not due to COPD and CPE. 
Furthermore, the overall failure of NIV occurred in 16–30% 
of patients (11, 12), which depended on not only the severity 
of AHRF but also the multiple technical causes including NIV 
interface (13) and ventilation mode or settings (14, 15). Hence, 
we tried to make subgroup analysis according to different NIV 
interfaces, NIV modes, and hypoxic severity with the intention 
to give specific recommendations for clinicians.

METHODS
Ethical approval and patient consent are not required since this 
is a meta-analysis based on previous published studies.

Data Sources and Searches
Randomized controlled trials (RCTs) of NIV in patients 
with AHRF were independently searched for in PubMed, the 
Cochrane Library, EMBASE, and Web of Science using the fol-
lowing key word terms (“acute respiratory failure” or “acute 
hypoxemic respiratory failure” or “acute hypoxemic respira-
tory distress” or “ARF” or “AHRF”) and (“nippv” or “bipap” 
or “cpap” or “niv” or “nipsv” or “noninvasive positive pressure 
ventilation” or “non invasive positive pressure ventilation” 
or “noninvasive ventilation” or “non invasive ventilation” or 
“bilevel positive airway pressure” or “continuous positive air-
way pressure” or “noninvasive pressure support ventilation” or 
“non invasive pressure support ventilation” or “mask ventila-
tion” or “nasal ventilation”) (6, 16). Our research was limited 
to studies using adult participants.

Study Selection
Figure 1 summarizes the study selection process. Two inves-
tigators (X-P.X., X-C.Z.) assessed the retrieved studies inde-
pendently, including titles, abstracts, and citations. Any 
differences were resolved by consensus. In the absence of 
sufficient detail to inform decision making, full texts were 
sourced and the process repeated. The investigators selected 
the retrieved studies that fulfilled the following inclusion 
and exclusion criteria.

Inclusion Criteria
Inclusion criteria were as follows: 1) A trial was conducted 
comparing NIV with standard oxygen therapy in patients with 
acute hypoxemic nonhypercapnic respiratory failure; 2) acute 
hypoxemic nonhypercapnic respiratory failure, defined as a 
respiratory rate of more than 25 breaths/min, PaO

2
 less than 

60 mm Hg on room air, or a ratio of the PaO
2
/FIO

2
 (P/F) of 

300 mm Hg or less while the patients were breathing oxygen at 
10 L/min ≤ flow rate ≤ 15 L/min for at least 15 minutes; PaCO

2
 

less than or equal to 50 mm Hg; labored breathing or respira-
tory distress or dyspnea at rest; 3) a clinical RCT was employed; 
4) intubation rate, ICU mortality, or hospital mortality were 
available; and 5) the number of patients in the NIV and oxygen 
therapy groups was provided.

Exclusion Criteria
Exclusion criteria were as follows: 1) participants were chil-
dren or adolescents (< 14 yr old); 2) patients with CPE or an 
exacerbation of COPD; 3) patients with hypercapnia (PaCO

2
 

> 50 mm Hg); 4) application of NIV with invasive weaning 
(mechanical ventilation for > 48–72 hr) in intubated patients; 
5) the trial did not use oxygen therapy as a control (e.g., inva-
sive ventilation or high-flow oxygen therapy); 6) the study 
was a review, letter, case report, or other type of publication 
not based on original research (e.g., cell culture and isolated 
organs) or employing animal models; 7) the study did not 
include extractable outcomes or mortality data; and 8) the 
full text was unavailable.

Data Extraction
For each eligible study, two authors (X-P.X., X-C.Z.) indepen-
dently abstracted data. Our primary outcome was intubation 
rate. The secondary outcome was ICU mortality and hospital 
mortality. Disagreements between the two investigators were 
resolved by discussion and consensus.

Subgroup Analysis
For the primary and secondary outcomes, we performed the 
following a priori subgroup analyses: patients with face/nasal 
mask versus helmet (NIV interface); bilevel positive support 
ventilation (BiPAP) versus continuous positive airway pressure 
(CPAP) (NIV mode); and 100 mm Hg ≤ P/F ≤ 200 mm Hg ver-
sus 200 mm Hg < P/F ≤ 300 mm Hg (according to the average 
P/F provided by all RCTs, hypoxic severity). Due to inadequate 
comparative reporting of pulmonary or extrapulmonary orig-
inated AHRF, we were unable to perform subgroup analysis 
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CI, 0.51–1.03; p = 0.08) (Fig. 4). However, we graded the overall 
strength of the evidence as low (Supplemental Table 3, Supple-
mental Digital Content 4, http://links.lww.com/CCM/C522), 
which means the further research will likely change the estimate.

Notably, subgroup analysis showed that NIV significantly 
decreased the ICU mortality of patients with BiPAP mode but 
not with CPAP (Fig. S6A, Supplemental Digital Content 9, http://
links.lww.com/CCM/C527; legend, Supplemental Digital Content 
12, http://links.lww.com/CCM/C530), indicating that NIV with 
BiPAP modes might be effective to improve outcome of acute 
hypoxemia nonhypercapnic respiratory failure patients. In con-
trast, no significant differences in ICU mortality were found 
between two groups of patients with different hypoxic severity 
(Fig. S6B, Supplemental Digital Content 9, http://links.lww.com/
CCM/C527; legend, Supplemental Digital Content 12, http://links.
lww.com/CCM/C530). Among seven RCTs reporting ICU mortal-
ity, there is only one research (20) using helmet NIV. Thus we did 
not show the results of subgroup analysis according to interfaces.

NIV Decreased Hospital Mortality in Hypoxemia 
Nonhypercapnic Respiratory Failure Patients
Investigators reported hospital mortality in six trials, with 
no obvious publication bias (Fig. S7, Supplemental Digital 

Content 10, http://links.lww.com/CCM/C528; legend, Sup-
plemental Digital Content 12, http://links.lww.com/CCM/
C530). Of the 252 patients treated with NIV, 31 (12.3%) died 
when in the hospital, compared with 62 of the 251 (24.7%) 
receiving standard oxygen therapies. Evidently, there is sig-
nificant decrease of hospital mortality in the NIV group (RR, 
0.46; 95% CI, 0.24–0.87; p = 0.02) (Fig. 5). We graded the 
overall strength of the evidence as moderate (Supplemental 
Table 3, Supplemental Digital Content 4, http://links.lww.
com/CCM/C522).

The subgroup analysis showed that NIV decreased 
the hospital mortality of patients especially with helmet 
or 200 mm Hg < P/F ≤ 300 mm Hg but not with face/
nasal mask or 100 mm Hg ≤ P/F ≤ 200 mm Hg (Fig. S8, 
Supplemental Digital Content 11, http://links.lww.com/
CCM/C529; legend, Supplemental Digital Content 12, 
http://links.lww.com/CCM/C530). The results suggest 
that mild AHRF patients could benefit from NIV with hel-
met in reducing the hospital mortality. Similarly, among 
six RCTs reporting hospital mortality, there is only one 
research (19) applying BiPAP mode. Therefore, we did not 
show the results of subgroup analysis according to NIV 
modes.

Figure 3. Intubation rate in acute hypoxemic nonhypercapnic respiratory failure patients randomized to noninvasive ventilation (NIV) versus standard oxy-
gen therapy. M-H = Mantel-Haenszel.

Figure 4. ICU mortality in acute hypoxemic nonhypercapnic respiratory failure patients randomized to noninvasive ventilation (NIV) versus standard oxy-
gen therapy. M-H = Mantel-Haenszel.
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Objectives: High-flow nasal cannula is increasingly used in the 
management of respiratory failure. However, little is known about 
its impact on respiratory effort, which could explain part of the ben-
efits in terms of comfort and efficiency. This study was designed 
to assess the effects of high-flow nasal cannula on indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min) in adults.
Design: A randomized controlled crossover study was conducted in 
12 patients with moderate respiratory distress (i.e., after partial recov-
ery from an acute episode, allowing physiologic measurements).
Setting: Institut Universitaire de Cardiologie et de Pneumologie 
de Québec, QC, Canada.
Subjects: Twelve adult patients with respiratory distress symp-
toms were enrolled in this study.
Interventions: Four experimental conditions were evaluated: base-
line with conventional oxygen therapy and high-flow nasal cannula 
at 20, 40, and 60 L/min. The primary outcomes were the indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min). Secondary 
outcomes included tidal volume, respiratory rate, minute volume, 
dynamic lung compliance, inspiratory resistance, and blood gases.
Measurements and Main Results: Esophageal pressure varia-
tions decreased from 9.8 (5.8–14.6) cm H2O at baseline to 4.9  

(2.1–9.1) cm H2O at 60 L/min (p = 0.035). Esophageal 
 pressure-time product/min decreased from 165 (126–179) to 
72 (54–137) cm H2O • s/min, respectively (p = 0.033). Work of 
breathing/min decreased from 4.3 (3.5–6.3) to 2.1 (1.5–5.0) J/min, 
respectively (p = 0.031). Respiratory pattern variables and capillary 
blood gases were not significantly modified between experimental 
conditions. Dynamic lung compliance increased from 38 (24–64) 
mL/cm H2O at baseline to 59 (43–175) mL/cm H2O at 60 L/min  
(p = 0.007), and inspiratory resistance decreased from 9.6  
(5.5–13.4) to 5.0 (1.0–9.1) cm H2O/L/s, respectively (p = 0.07).
Conclusions: High-flow nasal cannula, when set at 60 L/min, sig-
nificantly reduces the indexes of respiratory effort in adult patients 
recovering from acute respiratory failure. This effect is associated 
with an improvement in respiratory mechanics. (Crit Care Med 
2017; 45:1981–1988)
Key Words: high-flow nasal cannula; oxygen therapy; respiratory 
distress; respiratory inductive plethysmography; work of breathing

The utilization of high-flow nasal cannula (HFNC) in 
ICUs is increasing every day. Recent clinical data sup-
port its use as a first-line strategy for the treatment 

and prevention of hypoxemic respiratory failure. Indeed, sev-
eral high-quality trials recently demonstrated a major clinical 
impact of HFNC in patients with hypoxemic respiratory fail-
ure (1), after extubation in patients at risk of hypoxemia (2) or 
even in patients with low risk of reintubation (3), and in the 
postoperative period of cardiothoracic surgery (4).

Physiologically, HFNC allows a better control of delivered 
FIO

2
 (5) and provides low levels of positive airway pressure 

(6–8) associated with increased end-expiratory lung volume 
and improved oxygenation (9–11). Furthermore, recent bench 
studies have highlighted that the continuous flow delivered in 
the upper airways during HFNC therapy may result in a flow-
dependent anatomical dead space washout, reducing carbon 
dioxide rebreathing (12–15). These data are consistent with 
clinical findings suggesting that HFNC may lead to a reduction 
in respiratory rate (RR) and minute ventilation (11, 16, 17), 
PaCO

2
 remaining constant or slightly reduced (2, 11, 17).
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Abstract

Rationale: Noninvasive ventilation (NIV) is increasingly used in
patientswith acute respiratory distress syndrome (ARDS). The evidence
supporting NIV use in patients with ARDS remains relatively sparse.

Objectives: To determine whether, during NIV, the categorization
of ARDS severity based on the PaO2

/FIO2
Berlin criteria is useful.

Methods:TheLUNGSAFE(LargeObservational Study toUnderstand
the Global Impact of Severe Acute Respiratory Failure) study described
the management of patients with ARDS. This substudy examines the
current practice of NIV use in ARDS, the utility of the PaO2

/FIO2
ratio in

classifying patients receiving NIV, and the impact of NIV on outcome.

MeasurementsandMainResults:Of2,813patientswithARDS,436
(15.5%)weremanagedwithNIV onDays 1 and 2 following fulfillment of
diagnosticcriteria.ClassificationofARDSseveritybasedonPaO2

/FIO2
ratio

was associated with an increase in intensity of ventilatory support, NIV
failure, and intensive care unit (ICU) mortality. NIV failure occurred in
22.2% of mild, 42.3% of moderate, and 47.1% of patients with severe
ARDS. Hospital mortality in patients with NIV success and failure was
16.1% and 45.4%, respectively. NIV use was independently associated
with increased ICU (hazard ratio, 1.446 [95% confidence interval,
1.159–1.805]), but not hospital, mortality. In a propensity matched
analysis, ICUmortality was higher in NIV than invasively ventilated
patients with a PaO2

/FIO2
lower than 150 mmHg.

Conclusions:NIVwasused in15%ofpatientswithARDS, irrespective
of severity category. NIV seems to be associated with higher ICU
mortality in patients with a PaO2

/FIO2
lower than 150 mmHg.

Clinical trial registered with www.clinicaltrials.gov (NCT 02010073).

Keywords: noninvasive ventilation; acute respiratory distress
syndrome

(Received in original form June 29, 2016; accepted in final form October 7, 2016 )

Am J Respir Crit Care Med Vol 195, Iss 1, pp 67–77, Jan 1, 2017
Copyright © 2017 by the American Thoracic Society
Originally Published in Press as DOI: 10.1164/rccm.201606-1306OC on October 18, 2016
Internet address: www.atsjournals.org

Bellani, Laffey, Pham, et al.: Noninvasive Ventilation of Patients with ARDS 67

&get_box_var;ORIGINAL ARTICLE

Noninvasive Ventilation of Patients with Acute Respiratory
Distress Syndrome
Insights from the LUNG SAFE Study
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independently associated with NIV failure
included higher nonpulmonary SOFA score
and higher respiratory rate. Evaluating the
patient’s response to NIV is also important,
with the percentage increase of PaCO2

over
the first 2 days of treatment also associated
with NIV failure. A decline of PaO2

/FIO2

ratio between Day 1 and 2 of treatment
was independently associated with an
increased mortality in NIV patients. These
parameters could be used to stratify
patients when deciding to treat patients
with NIV or in deciding to terminate NIV
and proceed to invasive-MV.

Of concern is the finding that NIV use
seems to be associated with increased ICU
mortality. After adjusting for potential
confounders, a patient treated with NIV at
ARDS onset seemed to have a 30% increased
risk of dying in ICU compared with a similar
patient treated with invasive-MV. This
result should be interpreted cautiously,
because it was not confirmed for the hospital
mortality and is partly discrepant with the
propensity matched analysis (affected by a
lower power because of the smaller number
of patients included). Finally, although the
model did not highlight any effect of the

interaction between NIV and PaO2
/FIO2

ratio
on mortality, in the propensity matched
cohort, the ICU mortality was significantly
higher for NIV than for invasive-MV in the
cohort of patients with PaO2

/FIO2
less than

150 mm Hg. In this respect our data are
consistent with previous reports showing
an increase in NIV failure rates, in patients
with a PaO2

/FIO2
ratio less than or equal to

150 mm Hg (29).
The LUNG SAFE study represents one

of the largest prospective datasets of patients
with ARDS treated with NIV. Nonetheless,
it does have limitations. To limit the burden

Table 4. Effect of Treatment and Clinical Parameters at ARDS Onset for Invasive-MV and NIV Patients in the Propensity Score
Matched Sample

Invasive-MV Patients
(n = 353)

NIV Patients
(n = 353) P Value

ARDS severity at onset, n (%)
Mild 100 (28.33) 101 (28.61) 1.000
Moderate 184 (52.12) 165 (46.74) 0.195
Severe 69 (19.55) 87 (24.65) 0.127
Patients with PaO2

/FIO2
ratio ,150 mm Hg at ARDS

onset, n (%)
174 (49.29) 174 (49.29) 1.000

Parameters at ARDS onset, mean6SD
pH 7.356 0.11 7.386 0.09 0.001
FIO2

0.666 0.24 0.606 0.22 0.001
SPO2, % 94.536 5.51 94.996 3.85 0.660
Total respiratory rate, breaths/min 20.666 6.46 25.636 7.01 ,0.001
PEEP, cm H2O 8.096 3.1 7.026 1.95 ,0.001
Peak inspiratory pressure, cm H2O 26.776 7.66 17.436 7.22 ,0.001
PaO2

, mm Hg 94.646 40.32 87.966 32.55 0.031
PaCO2

, mm Hg 46.56 14.41 45.86 17.36 0.320
PaO2

/FIO2
, mm Hg 157.626 65.58 160.946 64.29 0.492

Tidal volume, ml/kg PBW 7.536 1.75 8.466 2.77 0.001
Minute ventilation, L/min 9.316 2.90 13.266 5.60 ,0.001
Base excess, mmol/L 20.746 5.93 0.606 6.55 0.002
HCO3, mmol/L 24.396 5.65 25.46 6.95 0.086
Nonpulmonary SOFA adjusted 3.266 2.82 3.196 2.84 0.423
D (%)* PaO2

/FIO2
ratio 36.316 76.76 28.176 76.77 0.063

D (%)* PaCO2
20.36 29.86 3.376 25.92 0.025

Use of vasopressors, n (%) 80 (24.32) 49 (15.03) 0.005
Duration of mechanical ventilation, d, median (IQR)
All patients 8 (4 to 15) 9 (5 to 13) 0.293
ICU survivors 7 (4 to 14) 10 (7 to 13) 0.744

Length of ICU stay, d, median (IQR)
All patients 10 (6 to 18) 7 (4 to 12) ,0.001
ICU survivors 10 (6 to 19) 7 (4 to 12) ,0.001

All-cause in-ICU mortality, n (%)
All patients 92 (26.06) 99 (28.05) 0.608
Matched patients with PaO2

/FIO2
ratio ,150 mm Hg 43 (24.71) 63 (36.21) 0.033

All-cause in-hospital mortality, n (%)
All patients 115 (32.76) 117 (33.24) 0.871
Matched patients with PaO2

/FIO2
ratio ,150 mm Hg 55 (31.61) 66 (38.15) 0.224

Definition of abbreviations: AHRF = acute hypoxemic respiratory failure; ARDS = acute respiratory distress syndrome; ICU = intensive care unit; IQR =
interquartile range; MV =mechanical ventilation; NIV = noninvasive ventilation; PBW= predicted body weight; PEEP = positive end-expiratory pressure;
SOFA = Sequential Organ Failure Assessment.
Statistical tests accounted for the matched nature of the sample (paired Student’s t test or Wilcoxon signed rank test for continuous variables, McNemar
test for dichotomous variables). For three patients (two invasive-MV and one NIV) vital status at hospital discharge were missing. Vital status was evaluated
at ICU/hospital discharge. Patients who were still in ICU/hospital were censored on Day 90 from AHRF onset.
*Delta (D) was evaluated as difference between the value measured at the second day from ARDS onset and those measured at the ARDS onset day.
Percentage was evaluated as rate between D and value measured at the ARDS onset day.
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independently associated with NIV failure
included higher nonpulmonary SOFA score
and higher respiratory rate. Evaluating the
patient’s response to NIV is also important,
with the percentage increase of PaCO2

over
the first 2 days of treatment also associated
with NIV failure. A decline of PaO2

/FIO2

ratio between Day 1 and 2 of treatment
was independently associated with an
increased mortality in NIV patients. These
parameters could be used to stratify
patients when deciding to treat patients
with NIV or in deciding to terminate NIV
and proceed to invasive-MV.

Of concern is the finding that NIV use
seems to be associated with increased ICU
mortality. After adjusting for potential
confounders, a patient treated with NIV at
ARDS onset seemed to have a 30% increased
risk of dying in ICU compared with a similar
patient treated with invasive-MV. This
result should be interpreted cautiously,
because it was not confirmed for the hospital
mortality and is partly discrepant with the
propensity matched analysis (affected by a
lower power because of the smaller number
of patients included). Finally, although the
model did not highlight any effect of the

interaction between NIV and PaO2
/FIO2

ratio
on mortality, in the propensity matched
cohort, the ICU mortality was significantly
higher for NIV than for invasive-MV in the
cohort of patients with PaO2

/FIO2
less than

150 mm Hg. In this respect our data are
consistent with previous reports showing
an increase in NIV failure rates, in patients
with a PaO2

/FIO2
ratio less than or equal to

150 mm Hg (29).
The LUNG SAFE study represents one

of the largest prospective datasets of patients
with ARDS treated with NIV. Nonetheless,
it does have limitations. To limit the burden

Table 4. Effect of Treatment and Clinical Parameters at ARDS Onset for Invasive-MV and NIV Patients in the Propensity Score
Matched Sample

Invasive-MV Patients
(n = 353)

NIV Patients
(n = 353) P Value

ARDS severity at onset, n (%)
Mild 100 (28.33) 101 (28.61) 1.000
Moderate 184 (52.12) 165 (46.74) 0.195
Severe 69 (19.55) 87 (24.65) 0.127
Patients with PaO2

/FIO2
ratio ,150 mm Hg at ARDS

onset, n (%)
174 (49.29) 174 (49.29) 1.000

Parameters at ARDS onset, mean6SD
pH 7.356 0.11 7.386 0.09 0.001
FIO2

0.666 0.24 0.606 0.22 0.001
SPO2, % 94.536 5.51 94.996 3.85 0.660
Total respiratory rate, breaths/min 20.666 6.46 25.636 7.01 ,0.001
PEEP, cm H2O 8.096 3.1 7.026 1.95 ,0.001
Peak inspiratory pressure, cm H2O 26.776 7.66 17.436 7.22 ,0.001
PaO2

, mm Hg 94.646 40.32 87.966 32.55 0.031
PaCO2

, mm Hg 46.56 14.41 45.86 17.36 0.320
PaO2

/FIO2
, mm Hg 157.626 65.58 160.946 64.29 0.492

Tidal volume, ml/kg PBW 7.536 1.75 8.466 2.77 0.001
Minute ventilation, L/min 9.316 2.90 13.266 5.60 ,0.001
Base excess, mmol/L 20.746 5.93 0.606 6.55 0.002
HCO3, mmol/L 24.396 5.65 25.46 6.95 0.086
Nonpulmonary SOFA adjusted 3.266 2.82 3.196 2.84 0.423
D (%)* PaO2

/FIO2
ratio 36.316 76.76 28.176 76.77 0.063

D (%)* PaCO2
20.36 29.86 3.376 25.92 0.025

Use of vasopressors, n (%) 80 (24.32) 49 (15.03) 0.005
Duration of mechanical ventilation, d, median (IQR)
All patients 8 (4 to 15) 9 (5 to 13) 0.293
ICU survivors 7 (4 to 14) 10 (7 to 13) 0.744

Length of ICU stay, d, median (IQR)
All patients 10 (6 to 18) 7 (4 to 12) ,0.001
ICU survivors 10 (6 to 19) 7 (4 to 12) ,0.001

All-cause in-ICU mortality, n (%)
All patients 92 (26.06) 99 (28.05) 0.608
Matched patients with PaO2

/FIO2
ratio ,150 mm Hg 43 (24.71) 63 (36.21) 0.033

All-cause in-hospital mortality, n (%)
All patients 115 (32.76) 117 (33.24) 0.871
Matched patients with PaO2

/FIO2
ratio ,150 mm Hg 55 (31.61) 66 (38.15) 0.224

Definition of abbreviations: AHRF = acute hypoxemic respiratory failure; ARDS = acute respiratory distress syndrome; ICU = intensive care unit; IQR =
interquartile range; MV =mechanical ventilation; NIV = noninvasive ventilation; PBW= predicted body weight; PEEP = positive end-expiratory pressure;
SOFA = Sequential Organ Failure Assessment.
Statistical tests accounted for the matched nature of the sample (paired Student’s t test or Wilcoxon signed rank test for continuous variables, McNemar
test for dichotomous variables). For three patients (two invasive-MV and one NIV) vital status at hospital discharge were missing. Vital status was evaluated
at ICU/hospital discharge. Patients who were still in ICU/hospital were censored on Day 90 from AHRF onset.
*Delta (D) was evaluated as difference between the value measured at the second day from ARDS onset and those measured at the ARDS onset day.
Percentage was evaluated as rate between D and value measured at the ARDS onset day.
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Objectives: High-flow nasal cannula is increasingly used in the 
management of respiratory failure. However, little is known about 
its impact on respiratory effort, which could explain part of the ben-
efits in terms of comfort and efficiency. This study was designed 
to assess the effects of high-flow nasal cannula on indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min) in adults.
Design: A randomized controlled crossover study was conducted in 
12 patients with moderate respiratory distress (i.e., after partial recov-
ery from an acute episode, allowing physiologic measurements).
Setting: Institut Universitaire de Cardiologie et de Pneumologie 
de Québec, QC, Canada.
Subjects: Twelve adult patients with respiratory distress symp-
toms were enrolled in this study.
Interventions: Four experimental conditions were evaluated: base-
line with conventional oxygen therapy and high-flow nasal cannula 
at 20, 40, and 60 L/min. The primary outcomes were the indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min). Secondary 
outcomes included tidal volume, respiratory rate, minute volume, 
dynamic lung compliance, inspiratory resistance, and blood gases.
Measurements and Main Results: Esophageal pressure varia-
tions decreased from 9.8 (5.8–14.6) cm H2O at baseline to 4.9  

(2.1–9.1) cm H2O at 60 L/min (p = 0.035). Esophageal 
 pressure-time product/min decreased from 165 (126–179) to 
72 (54–137) cm H2O • s/min, respectively (p = 0.033). Work of 
breathing/min decreased from 4.3 (3.5–6.3) to 2.1 (1.5–5.0) J/min, 
respectively (p = 0.031). Respiratory pattern variables and capillary 
blood gases were not significantly modified between experimental 
conditions. Dynamic lung compliance increased from 38 (24–64) 
mL/cm H2O at baseline to 59 (43–175) mL/cm H2O at 60 L/min  
(p = 0.007), and inspiratory resistance decreased from 9.6  
(5.5–13.4) to 5.0 (1.0–9.1) cm H2O/L/s, respectively (p = 0.07).
Conclusions: High-flow nasal cannula, when set at 60 L/min, sig-
nificantly reduces the indexes of respiratory effort in adult patients 
recovering from acute respiratory failure. This effect is associated 
with an improvement in respiratory mechanics. (Crit Care Med 
2017; 45:1981–1988)
Key Words: high-flow nasal cannula; oxygen therapy; respiratory 
distress; respiratory inductive plethysmography; work of breathing

The utilization of high-flow nasal cannula (HFNC) in 
ICUs is increasing every day. Recent clinical data sup-
port its use as a first-line strategy for the treatment 

and prevention of hypoxemic respiratory failure. Indeed, sev-
eral high-quality trials recently demonstrated a major clinical 
impact of HFNC in patients with hypoxemic respiratory fail-
ure (1), after extubation in patients at risk of hypoxemia (2) or 
even in patients with low risk of reintubation (3), and in the 
postoperative period of cardiothoracic surgery (4).

Physiologically, HFNC allows a better control of delivered 
FIO

2
 (5) and provides low levels of positive airway pressure 

(6–8) associated with increased end-expiratory lung volume 
and improved oxygenation (9–11). Furthermore, recent bench 
studies have highlighted that the continuous flow delivered in 
the upper airways during HFNC therapy may result in a flow-
dependent anatomical dead space washout, reducing carbon 
dioxide rebreathing (12–15). These data are consistent with 
clinical findings suggesting that HFNC may lead to a reduction 
in respiratory rate (RR) and minute ventilation (11, 16, 17), 
PaCO

2
 remaining constant or slightly reduced (2, 11, 17).
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study, conducted in a unit highly trained in the management of 
patients under NIV. NIV failure rate and causes of NIV failure 
might therefore be different in other settings. Furthermore, the 
ventilator settings adjustments may differ across centers. In fact, 
whereas some physicians may be prone to decrease the pressure 
support level below 7  cm H

2
O in attempt to further decrease the 

Vte, others may conversely increase the pressure support and 
PEEP levels in attempt to alleviate the respiratory effort and 
derecruitment. It is important to note, however, that the level 
of pressure support was not different between success and fail-
ure (Table 2), whereas failure patients had higher tidal volumes. 
Although the PS level may have been too low, a higher level 
would have led to even higher levels of tidal volumes. Measuring 
the respiratory drive might be useful to better tailor the pressure 
support level, but this is not routinely feasible during NIV. Last, 
Vte was recorded two times per NIV session, but was not con-
tinuously monitored, and no marker of lung injury was assessed.

CONCLUSIONS
A Vte target range of 6–8  mL/kg was impossible to achieve in 
the majority of patients receiving NIV for de novo AHRF. A 
higher Vte was independently associated with NIV failure. In 
the subgroup of patients with a PaO

2
/FIO

2
 ratio up to 200 mm 

Hg, a mean Vte of more than 9.5  mL/kg PBW over the first four 
cumulative hours of NIV accurately predicted NIV failure.
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Figure 4. Kaplan-Meier estimate of the cumulative probability of 
noninvasive ventilation (NIV) failure according to the mean tidal volume 
(Vte) during the first four cumulative hours of NIV (higher or lower than 
9.5 mL/kg) in patients with moderate-to-severe hypoxemia (PaO2/FIO2 
ratio ≤ 200 mm Hg; n = 33).

N=62
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study, conducted in a unit highly trained in the management of 
patients under NIV. NIV failure rate and causes of NIV failure 
might therefore be different in other settings. Furthermore, the 
ventilator settings adjustments may differ across centers. In fact, 
whereas some physicians may be prone to decrease the pressure 
support level below 7  cm H

2
O in attempt to further decrease the 

Vte, others may conversely increase the pressure support and 
PEEP levels in attempt to alleviate the respiratory effort and 
derecruitment. It is important to note, however, that the level 
of pressure support was not different between success and fail-
ure (Table 2), whereas failure patients had higher tidal volumes. 
Although the PS level may have been too low, a higher level 
would have led to even higher levels of tidal volumes. Measuring 
the respiratory drive might be useful to better tailor the pressure 
support level, but this is not routinely feasible during NIV. Last, 
Vte was recorded two times per NIV session, but was not con-
tinuously monitored, and no marker of lung injury was assessed.

CONCLUSIONS
A Vte target range of 6–8  mL/kg was impossible to achieve in 
the majority of patients receiving NIV for de novo AHRF. A 
higher Vte was independently associated with NIV failure. In 
the subgroup of patients with a PaO

2
/FIO

2
 ratio up to 200 mm 

Hg, a mean Vte of more than 9.5  mL/kg PBW over the first four 
cumulative hours of NIV accurately predicted NIV failure.
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Figure 4. Kaplan-Meier estimate of the cumulative probability of 
noninvasive ventilation (NIV) failure according to the mean tidal volume 
(Vte) during the first four cumulative hours of NIV (higher or lower than 
9.5 mL/kg) in patients with moderate-to-severe hypoxemia (PaO2/FIO2 
ratio ≤ 200 mm Hg; n = 33).
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Objectives:�!�LOW�OR�MODERATE�EXPIRED�TIDAL�VOLUME�CAN�BE�DIFlCULT�
TO�ACHIEVE�DURING�NONINVASIVE�VENTILATION�FOR�DE�NOVO�ACUTE�HYPOX-
EMIC� RESPIRATORY� FAILURE� �I�E��� NOT�DUE� TO� EXACERBATION�OF� CHRONIC�
LUNG�DISEASE�OR�CARDIAC�FAILURE	��7E�ASSESSED�EXPIRED�TIDAL�VOLUME�
AND�ITS�ASSOCIATION�WITH�NONINVASIVE�VENTILATION�OUTCOME�
Design:�0ROSPECTIVE�OBSERVATIONAL�STUDY�
Setting:�4WENTYFOUR�BED�UNIVERSITY�MEDICAL�)#5�
Patients:� #ONSECUTIVE� PATIENTS� RECEIVING� NONINVASIVE� VENTILATION�
FOR�ACUTE�HYPOXEMIC�RESPIRATORY�FAILURE�BETWEEN�!UGUST������AND�
&EBRUARY������

Interventions:� .ONINVASIVE� VENTILATION� WAS� UNIFORMLY� DELIVERED�
USING� A� SIMPLE� ALGORITHM� TARGETING� THE� EXPIRED� TIDAL� VOLUME�
BETWEEN���AND���M,�KG�OF�PREDICTED�BODY�WEIGHT�
Measurements:�%XPIRED� TIDAL� VOLUME�WAS�AVERAGED�AND� RESPIRA-
TORY�AND�HEMODYNAMIC�VARIABLES�WERE�SYSTEMATICALLY�RECORDED�AT�
EACH�NONINVASIVE�VENTILATION�SESSION�
Main Results:�3IXTYTWO�PATIENTS�WERE�ENROLLED��INCLUDING����MEETING�
CRITERIA�FOR�ACUTE�RESPIRATORY�DISTRESS�SYNDROME��AND����FAILED�NONIN-
VASIVE�VENTILATION�����	��0NEUMONIA��n����������	�WAS�THE�MAIN�ETI-
OLOGY�OF�ACUTE�HYPOXEMIC�RESPIRATORY�FAILURE��4HE�MEDIAN��INTERQUARTILE�
RANGE	�EXPIRED�TIDAL�VOLUME�AVERAGED�OVER�ALL�NONINVASIVE�VENTILATION�
SESSIONS��MEAN�EXPIRED�TIDAL�VOLUME	�WAS�����M,�KG�PREDICTED�BODY�
WEIGHT�����n�����M,�KG�PREDICTED�BODY�WEIGHT	��4HE�MEAN�EXPIRED�
TIDAL�VOLUME�WAS�SIGNIlCANTLY�HIGHER�IN�PATIENTS�WHO�FAILED�NONINVA-
SIVE�VENTILATION�AS�COMPARED�WITH�THOSE�WHO�SUCCEEDED�������M,�KG� 
PREDICTED� BODY� WEIGHT� ;���n����=� VS� ����M,�KG� PREDICTED� BODY�
WEIGHT�;���n����=��p��������	��AND�EXPIRED�TIDAL�VOLUME�WAS�INDE-
PENDENTLY�ASSOCIATED�WITH�NONINVASIVE�VENTILATION�FAILURE�IN�MULTIVARI-
ATE�ANALYSIS��4HIS�EFFECT�WAS�MAINLY�DRIVEN�BY�PATIENTS�WITH�0AO2�&IO2 
UP�TO�����MM�(G��)N�THESE�PATIENTS��THE�EXPIRED�TIDAL�VOLUME�ABOVE�
����M,�KG�PREDICTED�BODY�WEIGHT�PREDICTED�NONINVASIVE�VENTILATION�
FAILURE�WITH�A�SENSITIVITY�OF�����AND�A�SPECIlCITY�OF�����
Conclusions:�!� LOW�EXPIRED�TIDAL�VOLUME� IS�ALMOST� IMPOSSIBLE� TO�
ACHIEVE� IN� THE�MAJORITY�OF�PATIENTS� RECEIVING�NONINVASIVE� VENTILA-
TION� FOR�DE�NOVO�ACUTE�HYPOXEMIC� RESPIRATORY� FAILURE��AND�A�HIGH�
EXPIRED�TIDAL�VOLUME�IS�INDEPENDENTLY�ASSOCIATED�WITH�NONINVASIVE�
VENTILATION�FAILURE��)N�PATIENTS�WITH�MODERATETOSEVERE�HYPOXEMIA��
THE�EXPIRED�TIDAL�VOLUME�ABOVE�����M,�KG�PREDICTED�BODY�WEIGHT�
ACCURATELY�PREDICTS�NONINVASIVE�VENTILATION�FAILURE���Crit Care Med 
������������n���	
Key Words:�ACUTE� LUNG� INJURY��ACUTE�RESPIRATORY�DISTRESS�SYNDROME��
NONINVASIVE�VENTILATION��PNEUMONIA��RESPIRATORY�INSUFlCIENCY��TIDAL�
VOLUME

There is strong evidence that high tidal volumes increase 
mortality in patients with acute respiratory distress 
syndrome (ARDS) receiving invasive mechanical 
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Objectives:�!�LOW�OR�MODERATE�EXPIRED�TIDAL�VOLUME�CAN�BE�DIFlCULT�
TO�ACHIEVE�DURING�NONINVASIVE�VENTILATION�FOR�DE�NOVO�ACUTE�HYPOX-
EMIC� RESPIRATORY� FAILURE� �I�E��� NOT�DUE� TO� EXACERBATION�OF� CHRONIC�
LUNG�DISEASE�OR�CARDIAC�FAILURE	��7E�ASSESSED�EXPIRED�TIDAL�VOLUME�
AND�ITS�ASSOCIATION�WITH�NONINVASIVE�VENTILATION�OUTCOME�
Design:�0ROSPECTIVE�OBSERVATIONAL�STUDY�
Setting:�4WENTYFOUR�BED�UNIVERSITY�MEDICAL�)#5�
Patients:� #ONSECUTIVE� PATIENTS� RECEIVING� NONINVASIVE� VENTILATION�
FOR�ACUTE�HYPOXEMIC�RESPIRATORY�FAILURE�BETWEEN�!UGUST������AND�
&EBRUARY������

Interventions:� .ONINVASIVE� VENTILATION� WAS� UNIFORMLY� DELIVERED�
USING� A� SIMPLE� ALGORITHM� TARGETING� THE� EXPIRED� TIDAL� VOLUME�
BETWEEN���AND���M,�KG�OF�PREDICTED�BODY�WEIGHT�
Measurements:�%XPIRED� TIDAL� VOLUME�WAS�AVERAGED�AND� RESPIRA-
TORY�AND�HEMODYNAMIC�VARIABLES�WERE�SYSTEMATICALLY�RECORDED�AT�
EACH�NONINVASIVE�VENTILATION�SESSION�
Main Results:�3IXTYTWO�PATIENTS�WERE�ENROLLED��INCLUDING����MEETING�
CRITERIA�FOR�ACUTE�RESPIRATORY�DISTRESS�SYNDROME��AND����FAILED�NONIN-
VASIVE�VENTILATION�����	��0NEUMONIA��n����������	�WAS�THE�MAIN�ETI-
OLOGY�OF�ACUTE�HYPOXEMIC�RESPIRATORY�FAILURE��4HE�MEDIAN��INTERQUARTILE�
RANGE	�EXPIRED�TIDAL�VOLUME�AVERAGED�OVER�ALL�NONINVASIVE�VENTILATION�
SESSIONS��MEAN�EXPIRED�TIDAL�VOLUME	�WAS�����M,�KG�PREDICTED�BODY�
WEIGHT�����n�����M,�KG�PREDICTED�BODY�WEIGHT	��4HE�MEAN�EXPIRED�
TIDAL�VOLUME�WAS�SIGNIlCANTLY�HIGHER�IN�PATIENTS�WHO�FAILED�NONINVA-
SIVE�VENTILATION�AS�COMPARED�WITH�THOSE�WHO�SUCCEEDED�������M,�KG� 
PREDICTED� BODY� WEIGHT� ;���n����=� VS� ����M,�KG� PREDICTED� BODY�
WEIGHT�;���n����=��p��������	��AND�EXPIRED�TIDAL�VOLUME�WAS�INDE-
PENDENTLY�ASSOCIATED�WITH�NONINVASIVE�VENTILATION�FAILURE�IN�MULTIVARI-
ATE�ANALYSIS��4HIS�EFFECT�WAS�MAINLY�DRIVEN�BY�PATIENTS�WITH�0AO2�&IO2 
UP�TO�����MM�(G��)N�THESE�PATIENTS��THE�EXPIRED�TIDAL�VOLUME�ABOVE�
����M,�KG�PREDICTED�BODY�WEIGHT�PREDICTED�NONINVASIVE�VENTILATION�
FAILURE�WITH�A�SENSITIVITY�OF�����AND�A�SPECIlCITY�OF�����
Conclusions:�!� LOW�EXPIRED�TIDAL�VOLUME� IS�ALMOST� IMPOSSIBLE� TO�
ACHIEVE� IN� THE�MAJORITY�OF�PATIENTS� RECEIVING�NONINVASIVE� VENTILA-
TION� FOR�DE�NOVO�ACUTE�HYPOXEMIC� RESPIRATORY� FAILURE��AND�A�HIGH�
EXPIRED�TIDAL�VOLUME�IS�INDEPENDENTLY�ASSOCIATED�WITH�NONINVASIVE�
VENTILATION�FAILURE��)N�PATIENTS�WITH�MODERATETOSEVERE�HYPOXEMIA��
THE�EXPIRED�TIDAL�VOLUME�ABOVE�����M,�KG�PREDICTED�BODY�WEIGHT�
ACCURATELY�PREDICTS�NONINVASIVE�VENTILATION�FAILURE���Crit Care Med 
������������n���	
Key Words:�ACUTE� LUNG� INJURY��ACUTE�RESPIRATORY�DISTRESS�SYNDROME��
NONINVASIVE�VENTILATION��PNEUMONIA��RESPIRATORY�INSUFlCIENCY��TIDAL�
VOLUME

There is strong evidence that high tidal volumes increase 
mortality in patients with acute respiratory distress 
syndrome (ARDS) receiving invasive mechanical 
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Objectives: High-flow nasal cannula is increasingly used in the 
management of respiratory failure. However, little is known about 
its impact on respiratory effort, which could explain part of the ben-
efits in terms of comfort and efficiency. This study was designed 
to assess the effects of high-flow nasal cannula on indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min) in adults.
Design: A randomized controlled crossover study was conducted in 
12 patients with moderate respiratory distress (i.e., after partial recov-
ery from an acute episode, allowing physiologic measurements).
Setting: Institut Universitaire de Cardiologie et de Pneumologie 
de Québec, QC, Canada.
Subjects: Twelve adult patients with respiratory distress symp-
toms were enrolled in this study.
Interventions: Four experimental conditions were evaluated: base-
line with conventional oxygen therapy and high-flow nasal cannula 
at 20, 40, and 60 L/min. The primary outcomes were the indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min). Secondary 
outcomes included tidal volume, respiratory rate, minute volume, 
dynamic lung compliance, inspiratory resistance, and blood gases.
Measurements and Main Results: Esophageal pressure varia-
tions decreased from 9.8 (5.8–14.6) cm H2O at baseline to 4.9  

(2.1–9.1) cm H2O at 60 L/min (p = 0.035). Esophageal 
 pressure-time product/min decreased from 165 (126–179) to 
72 (54–137) cm H2O • s/min, respectively (p = 0.033). Work of 
breathing/min decreased from 4.3 (3.5–6.3) to 2.1 (1.5–5.0) J/min, 
respectively (p = 0.031). Respiratory pattern variables and capillary 
blood gases were not significantly modified between experimental 
conditions. Dynamic lung compliance increased from 38 (24–64) 
mL/cm H2O at baseline to 59 (43–175) mL/cm H2O at 60 L/min  
(p = 0.007), and inspiratory resistance decreased from 9.6  
(5.5–13.4) to 5.0 (1.0–9.1) cm H2O/L/s, respectively (p = 0.07).
Conclusions: High-flow nasal cannula, when set at 60 L/min, sig-
nificantly reduces the indexes of respiratory effort in adult patients 
recovering from acute respiratory failure. This effect is associated 
with an improvement in respiratory mechanics. (Crit Care Med 
2017; 45:1981–1988)
Key Words: high-flow nasal cannula; oxygen therapy; respiratory 
distress; respiratory inductive plethysmography; work of breathing

The utilization of high-flow nasal cannula (HFNC) in 
ICUs is increasing every day. Recent clinical data sup-
port its use as a first-line strategy for the treatment 

and prevention of hypoxemic respiratory failure. Indeed, sev-
eral high-quality trials recently demonstrated a major clinical 
impact of HFNC in patients with hypoxemic respiratory fail-
ure (1), after extubation in patients at risk of hypoxemia (2) or 
even in patients with low risk of reintubation (3), and in the 
postoperative period of cardiothoracic surgery (4).

Physiologically, HFNC allows a better control of delivered 
FIO

2
 (5) and provides low levels of positive airway pressure 

(6–8) associated with increased end-expiratory lung volume 
and improved oxygenation (9–11). Furthermore, recent bench 
studies have highlighted that the continuous flow delivered in 
the upper airways during HFNC therapy may result in a flow-
dependent anatomical dead space washout, reducing carbon 
dioxide rebreathing (12–15). These data are consistent with 
clinical findings suggesting that HFNC may lead to a reduction 
in respiratory rate (RR) and minute ventilation (11, 16, 17), 
PaCO

2
 remaining constant or slightly reduced (2, 11, 17).
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study, conducted in a unit highly trained in the management of 
patients under NIV. NIV failure rate and causes of NIV failure 
might therefore be different in other settings. Furthermore, the 
ventilator settings adjustments may differ across centers. In fact, 
whereas some physicians may be prone to decrease the pressure 
support level below 7  cm H

2
O in attempt to further decrease the 

Vte, others may conversely increase the pressure support and 
PEEP levels in attempt to alleviate the respiratory effort and 
derecruitment. It is important to note, however, that the level 
of pressure support was not different between success and fail-
ure (Table 2), whereas failure patients had higher tidal volumes. 
Although the PS level may have been too low, a higher level 
would have led to even higher levels of tidal volumes. Measuring 
the respiratory drive might be useful to better tailor the pressure 
support level, but this is not routinely feasible during NIV. Last, 
Vte was recorded two times per NIV session, but was not con-
tinuously monitored, and no marker of lung injury was assessed.

CONCLUSIONS
A Vte target range of 6–8  mL/kg was impossible to achieve in 
the majority of patients receiving NIV for de novo AHRF. A 
higher Vte was independently associated with NIV failure. In 
the subgroup of patients with a PaO

2
/FIO

2
 ratio up to 200 mm 

Hg, a mean Vte of more than 9.5  mL/kg PBW over the first four 
cumulative hours of NIV accurately predicted NIV failure.
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Figure 4. Kaplan-Meier estimate of the cumulative probability of 
noninvasive ventilation (NIV) failure according to the mean tidal volume 
(Vte) during the first four cumulative hours of NIV (higher or lower than 
9.5 mL/kg) in patients with moderate-to-severe hypoxemia (PaO2/FIO2 
ratio ≤ 200 mm Hg; n = 33).

Patient Self-Inflicted Lung Injury?

N=62
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study, conducted in a unit highly trained in the management of 
patients under NIV. NIV failure rate and causes of NIV failure 
might therefore be different in other settings. Furthermore, the 
ventilator settings adjustments may differ across centers. In fact, 
whereas some physicians may be prone to decrease the pressure 
support level below 7  cm H

2
O in attempt to further decrease the 

Vte, others may conversely increase the pressure support and 
PEEP levels in attempt to alleviate the respiratory effort and 
derecruitment. It is important to note, however, that the level 
of pressure support was not different between success and fail-
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CONCLUSIONS
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2
/FIO

2
 ratio up to 200 mm 
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Figure 4. Kaplan-Meier estimate of the cumulative probability of 
noninvasive ventilation (NIV) failure according to the mean tidal volume 
(Vte) during the first four cumulative hours of NIV (higher or lower than 
9.5 mL/kg) in patients with moderate-to-severe hypoxemia (PaO2/FIO2 
ratio ≤ 200 mm Hg; n = 33).
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Objective: To comparatively assess the efficacy of four different 
therapeutic strategies to prevent the development of facial pressure 
ulcers (FPUs) related to the use of non-invasive mechanical ventilation 
(NIV) with oro-nasal masks in critically ill hospitalised patients.
Method: This randomised control trial was performed at the high 
dependency unit in the University General Hospital Gregorio Marañón 
in Madrid, Spain. Overall, 152 patients with acute respiratory failure 
were recruited. All patients were hospitalised and received NIV through 
oro-nasal masks. The Norton tool was used to evaluate the general risk 
of developing pressure ulcers (PUs). Subjects were divided into four 
groups, each of them receiving a different treatment. Tissue 

assessment and preventive care were performed by a member of the 
research team. 
Results: The incidence of FPUs was significantly lower in the group 
receiving a solution of hyperoxygenated fatty acids (HOFA) when 
compared with each of the other therapeutic strategies: direct mask 
(p=0.055), adhesive thin dressing (p=0.03) and adhesive foam dressing 
(p<0.001).
Conclusion: The application of HOFA on the facial skin in contact with 
the oro-nasal masks showed the highest efficacy in the prevention of 
NIV-related FPUs.
Declaration of interest: The authors have no conflict of interest. 

A relatively important number of medical 
devices, such as ventilators, ventilation 
masks, catheters and tubes, are used in the 
management of critically ill patients. 
When used appropriately, these devices 

are expected to produce low levels of pressure on the 
skin. However, these patients’ critical condition 
increases the risk of developing medical device-related 
pressure ulcers (PUs).

A medical device-related PU is defined as a localised 
injury to the skin or underlying tissue as a result of 
sustained pressure from a medical device.1 The skin/
tissue injury will often have the same configuration 
(shape) as the device. Medical device-related PUs are 
now included in hospital-acquired PU quality reported 
metrics.1,2 Facial pressure ulcers (FPUs) usually need an 
associated risk factor for their development, and this is 
the case with ventilation masks and other similar 
medical devices. 

Non-invasive mechanical ventilation (NIV) 

facial pressure ulcer ● randomised control trial ● non-invasive medical ventilation ● critical patients

represents an effective strategy to prevent endotracheal 
intubation and has become an integral tool in the 
management of patients with acute and chronic 
respiratory failure.3,4  NIV can be defined as the 
provision of ventilatory support to the patient’s 
spontaneous breathing without using invasive artificial 
airways, such as endotracheal intubation, laryngeal 
masks or Combitube, using instead external devices 
known as interfaces (mouthpiece, nasal mask, face 
mask, helmet mask). As an effective strategy to avoid 
the risks associated with invasive ventilation,1 the 
advantages of NIV include a lower incidence of upper 
airways injury, laryngeal stenosis and nosocomial 
pulmonary infection, as well as a reduction in the need 
for sedative or paralytic drugs, hospital stays and 
mortality rates.5–7

NIV was initially restricted to intensive care units and 
respiratory medicine wards; however, in recent years, 
its use has been extended to emergency departments. 
NIV is also being used in pre-hospital care and for 
managing patients at home with chronic conditions.8  

In 2007, the creation of a high dependency unit 
(HDU) in our hospital—University General Hospital 
Gregorio Marañón (UGHGM)—allowed us to 
implement different types of NIV (continuous positive 
airway pressure (CPAP) and bilevel positive airway 
pressure (BiPAP)) in patients with acute respiratory 
failure, either hypoxaemic or hypercapnic. As a result, 
NIV became a routine technique in the management of 
patients in the HDU.9

Preventing facial pressure ulcers in 
patients under non-invasive mechanical 
ventilation: a randomised control trial 
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152 patients
(14h de VNI)

49% lésions cutanées

Eye irritation

Smaller air leaks near the eyes can cause
irritation or conjunctivitis if they are not
noticed. Assessing for small air leaks by
placing the back of the hand over the area,
and asking the patient about eye irritation
routinely throughout the treatment and every
time the mask is fitted, can help to prevent
this complication. Artificial tears can be
applied if the eyes are affected.

Noise

If air leaks create noise, the mask should be
refitted and a lining can be added to seal it.
There is no problem with air leaks with the
helmet interface, but the high-flow system
creates a higher level of noise within the
device than other interfaces and providing ear
plugs for the patients can be helpful.

Mask pressure

A certain amount of pressure is usually
needed to keep the NIV mask in place and
seal it, but an excessively tight fit is
unnecessary. Too much pressure on the face
causes discomfort, contributes to skin
lesions, and can endanger tolerance and
success of NIV.

One of the most unpleasant and painful
iatrogenic interface-related complications in
NIV is facial pressure ulcers. These are seen
on areas of high pressure, mainly on the nasal
bridge, but can develop at any place where
the mask or headgear has contact with the
skin (fig. 2). The reported occurrence rate in
ARF varies depending on timing of the study,
patient population, masks and skin protective
strategies used. Reports from earlier NIV
trials range from 5% to 56% [22, 23]; although
improvements in mask design have helped to
decrease the problem, more recent reports
still range from 3% to 87% [24–27]. This can
be partly explained by the expansion of NIV
indications towards more severely ill patients
at risk for pressure ulcers, ventilation with
higher inspiratory pressures that promote air
leaks, and the constantly increasing number
of NIV services with initially less experienced
staff and only a small selection of masks
available. The fact that the respiratory support
needed by the patient is naturally rated more
of a priority by medical staff than the local

skincare also contributes to the persistence of
the problem.

Interface-related pressure ulcers are
medical-device related pressure ulcers and
the longer treatment lasts the more likely they
are to develop. A number of patient-depend-
ent risk factors facilitate their occurrence
(table 2), but the literature shows that the
main cause for these pressure ulcers is often
associated with a lack of understanding of
how and how often to remove devices and
inspect the skin, and how to ensure the
device fits appropriately to minimise friction
and pressure [28]. Most of the patient-
dependent risk factors cannot be changed,
but if mask fitting, regular assessment and
skin protection are considered from the
beginning of therapy and adapted to the
individual patient’s needs, skin breakdown
can be avoided or at least reduced in many
cases.

It is important to identify patients at risk
of developing pressure ulcers from the
interface so that preventive strategies can
be initiated early. An initial assessment of
every patient receiving NIV should include
examination of skin integrity on the face and
around the head, in areas where the skin
comes into contact with the headgear, and
the common risk factors for healthcare
and device-related pressure ulcers. The skin
should be reassessed at least once per
nursing shift and ideally every time the mask
is removed.

The most important strategy in the
prevention of pressure ulcers is to keep the
pressure applied to the skin as low as
possible. Admittedly, it can be challenging
to find the ideal strap tension and mask fit

b)a)

Figure 2
a) Grade III pressure ulcer on the nasal bridge and b) grade II pressure ulcers on the
cheeks.
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Effect of Noninvasive Ventilation Delivered by Helmet vs
Face Mask on the Rate of Endotracheal Intubation in Patients
With Acute Respiratory Distress Syndrome
A Randomized Clinical Trial
Bhakti K. Patel, MD; Krysta S. Wolfe, MD; Anne S. Pohlman, MSN; Jesse B. Hall, MD; John P. Kress, MD

IMPORTANCE Noninvasive ventilation (NIV) with a face mask is relatively ineffective at
preventing endotracheal intubation in patients with acute respiratory distress syndrome
(ARDS). Delivery of NIV with a helmet may be a superior strategy for these patients.

OBJECTIVE To determine whether NIV delivered by helmet improves intubation rate among
patients with ARDS.

DESIGN, SETTING, AND PARTICIPANTS Single-center randomized clinical trial of 83 patients
with ARDS requiring NIV delivered by face mask for at least 8 hours while in the medical
intensive care unit at the University of Chicago between October 3, 2012, through September
21, 2015.

INTERVENTIONS Patients were randomly assigned to continue face mask NIV or switch to a
helmet for NIV support for a planned enrollment of 206 patients (103 patients per group).
The helmet is a transparent hood that covers the entire head of the patient and has a rubber
collar neck seal. Early trial termination resulted in 44 patients randomized to the helmet
group and 39 to the face mask group.

MAIN OUTCOMES AND MEASURES The primary outcome was the proportion of patients who
required endotracheal intubation. Secondary outcomes included 28-day invasive
ventilator–free days (ie, days alive without mechanical ventilation), duration of ICU and
hospital length of stay, and hospital and 90-day mortality.

RESULTS Eighty-three patients (45% women; median age, 59 years; median Acute
Physiology and Chronic Health Evaluation [APACHE] II score, 26) were included in the
analysis after the trial was stopped early based on predefined criteria for efficacy. The
intubation rate was 61.5% (n = 24) for the face mask group and 18.2% (n = 8) for the helmet
group (absolute difference, −43.3%; 95% CI, −62.4% to −24.3%; P < .001). The number of
ventilator-free days was significantly higher in the helmet group (28 vs 12.5, P < .001). At 90
days, 15 patients (34.1%) in the helmet group died compared with 22 patients (56.4%) in the
face mask group (absolute difference, −22.3%; 95% CI, −43.3 to −1.4; P = .02). Adverse
events included 3 interface-related skin ulcers for each group (ie, 7.6% in the face mask group
had nose ulcers and 6.8% in the helmet group had neck ulcers).

CONCLUSIONS AND RELEVANCE Among patients with ARDS, treatment with helmet NIV
resulted in a significant reduction of intubation rates. There was also a statistically significant
reduction in 90-day mortality with helmet NIV. Multicenter studies are needed to replicate
these findings.
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remained significantly lower in the helmet NIV group after ad-
justment for APACHE II score ratio (HR, 0.51; 95% CI, 0.23 to
0.99; P = .047; Figure 2).

Adverse Events
Overall, the incidence of adverse events was low. There were
2 instances when the helmet was deflated, which was quickly
corrected and did not result in endotracheal intubation. There
was no statistical difference in the rate of mask-related skin
ulceration between groups with 3 patients (7.6%) in the face
mask group with a nose ulcer and 3 patients (6.8%) in the hel-
met group with a neck ulcer.

Discussion
In this single-center, randomized clinical trial, NIV delivered
by helmet significantly reduced the intubation rate among

patients with ARDS compared with the patients receiving NIV
by face mask. The helmet also was associated with improved
ventilator-free days and significantly reduced ICU length of stay
as well as 90-day mortality.

Avoiding intubation is critical for patients with acute
respiratory failure because endotracheal intubation is asso-
ciated with numerous infectious1 neurologic,28 respiratory,
and musculoskeletal complications.29 Such complications
can have long-standing consequences, particularly among
patients with ARDS.30 The 8-hour period of face mask NIV
was chosen a priori as a study entry criterion to avoid
patients needing NIV for only a short time; this ensured that
only those with high illness acuity and a substantial chance
of requiring endotracheal intubation were enrolled. The sig-
nificant reduction in the intubation rate may be explained
in part by the effective delivery of higher levels of PEEP. We
hypothesized that the helmet’s neck seal would allow for
delivery of higher airway pressures without substantial air

Figure 2. Probability of Survival From Randomization to Day 90
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Table 2. Primary and Secondary Outcomes and Adverse Events

Face Mask
(n = 39)

Helmet
(n = 44)

Absolute
Difference
(95% CI) P Value

Primary outcome, No. (%)

Endotracheal intubation 24 (61.5) 8 (18.2) −43.3 (−62.4 to −24.3) <.001

Reason for intubation

Respiratory failure 20 (83.3) 3 (37.5) −45.3 (−82.5 to −9.1) .01

Circulatory failure 3 (12.5) 0 (0) −12.5 (−25.7 to 0.7) .55

Neurologic failure 1 (4.2) 5 (62.5) 58.3 (24.8 to 92.8) .001

Secondary outcomes, median (IQR), d

Ventilator-free days 12.5 (0.49-28) 28 (13.7-28) 8.4 (13.4 to 3.4) <.001

ICU length of stay 7.8 (3.9-13.8) 4.7 (2.5-8.7) −2.76 (−6.07 to 0.54) .04

Hospital length of stay 15.2 (7.8-19.7) 10.1 (6.5-15.9) −2.92 (−8.47 to 2.63) .16

Mortality, No. (%)

Hospital 19 (48.7) 12 (27.3) −21.4 (−41.9 to −1.0) .04

90 da 22 (56.4) 15 (34.1) −22.3 (−43.3 to −1.4) .02

Adverse events

Mask deflation 0 (0) 2 (4.5)

Skin ulceration 3 (7.6) 3 (6.8)

Abbreviations: ICU, intensive care
unit; IQR, interquartile range.
a 90-d Mortality includes hospital

mortality
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patients with ARDS requiring NIV delivered by face mask for at least 8 hours while in the medical 
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2015.
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Effect of Noninvasive Ventilation Delivered by Helmet vs
Face Mask on the Rate of Endotracheal Intubation in Patients
With Acute Respiratory Distress Syndrome
A Randomized Clinical Trial
Bhakti K. Patel, MD; Krysta S. Wolfe, MD; Anne S. Pohlman, MSN; Jesse B. Hall, MD; John P. Kress, MD

IMPORTANCE Noninvasive ventilation (NIV) with a face mask is relatively ineffective at
preventing endotracheal intubation in patients with acute respiratory distress syndrome
(ARDS). Delivery of NIV with a helmet may be a superior strategy for these patients.

OBJECTIVE To determine whether NIV delivered by helmet improves intubation rate among
patients with ARDS.

DESIGN, SETTING, AND PARTICIPANTS Single-center randomized clinical trial of 83 patients
with ARDS requiring NIV delivered by face mask for at least 8 hours while in the medical
intensive care unit at the University of Chicago between October 3, 2012, through September
21, 2015.

INTERVENTIONS Patients were randomly assigned to continue face mask NIV or switch to a
helmet for NIV support for a planned enrollment of 206 patients (103 patients per group).
The helmet is a transparent hood that covers the entire head of the patient and has a rubber
collar neck seal. Early trial termination resulted in 44 patients randomized to the helmet
group and 39 to the face mask group.

MAIN OUTCOMES AND MEASURES The primary outcome was the proportion of patients who
required endotracheal intubation. Secondary outcomes included 28-day invasive
ventilator–free days (ie, days alive without mechanical ventilation), duration of ICU and
hospital length of stay, and hospital and 90-day mortality.

RESULTS Eighty-three patients (45% women; median age, 59 years; median Acute
Physiology and Chronic Health Evaluation [APACHE] II score, 26) were included in the
analysis after the trial was stopped early based on predefined criteria for efficacy. The
intubation rate was 61.5% (n = 24) for the face mask group and 18.2% (n = 8) for the helmet
group (absolute difference, −43.3%; 95% CI, −62.4% to −24.3%; P < .001). The number of
ventilator-free days was significantly higher in the helmet group (28 vs 12.5, P < .001). At 90
days, 15 patients (34.1%) in the helmet group died compared with 22 patients (56.4%) in the
face mask group (absolute difference, −22.3%; 95% CI, −43.3 to −1.4; P = .02). Adverse
events included 3 interface-related skin ulcers for each group (ie, 7.6% in the face mask group
had nose ulcers and 6.8% in the helmet group had neck ulcers).

CONCLUSIONS AND RELEVANCE Among patients with ARDS, treatment with helmet NIV
resulted in a significant reduction of intubation rates. There was also a statistically significant
reduction in 90-day mortality with helmet NIV. Multicenter studies are needed to replicate
these findings.
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remained significantly lower in the helmet NIV group after ad-
justment for APACHE II score ratio (HR, 0.51; 95% CI, 0.23 to
0.99; P = .047; Figure 2).

Adverse Events
Overall, the incidence of adverse events was low. There were
2 instances when the helmet was deflated, which was quickly
corrected and did not result in endotracheal intubation. There
was no statistical difference in the rate of mask-related skin
ulceration between groups with 3 patients (7.6%) in the face
mask group with a nose ulcer and 3 patients (6.8%) in the hel-
met group with a neck ulcer.

Discussion
In this single-center, randomized clinical trial, NIV delivered
by helmet significantly reduced the intubation rate among

patients with ARDS compared with the patients receiving NIV
by face mask. The helmet also was associated with improved
ventilator-free days and significantly reduced ICU length of stay
as well as 90-day mortality.

Avoiding intubation is critical for patients with acute
respiratory failure because endotracheal intubation is asso-
ciated with numerous infectious1 neurologic,28 respiratory,
and musculoskeletal complications.29 Such complications
can have long-standing consequences, particularly among
patients with ARDS.30 The 8-hour period of face mask NIV
was chosen a priori as a study entry criterion to avoid
patients needing NIV for only a short time; this ensured that
only those with high illness acuity and a substantial chance
of requiring endotracheal intubation were enrolled. The sig-
nificant reduction in the intubation rate may be explained
in part by the effective delivery of higher levels of PEEP. We
hypothesized that the helmet’s neck seal would allow for
delivery of higher airway pressures without substantial air

Figure 2. Probability of Survival From Randomization to Day 90
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Table 2. Primary and Secondary Outcomes and Adverse Events

Face Mask
(n = 39)

Helmet
(n = 44)

Absolute
Difference
(95% CI) P Value

Primary outcome, No. (%)

Endotracheal intubation 24 (61.5) 8 (18.2) −43.3 (−62.4 to −24.3) <.001

Reason for intubation

Respiratory failure 20 (83.3) 3 (37.5) −45.3 (−82.5 to −9.1) .01

Circulatory failure 3 (12.5) 0 (0) −12.5 (−25.7 to 0.7) .55

Neurologic failure 1 (4.2) 5 (62.5) 58.3 (24.8 to 92.8) .001

Secondary outcomes, median (IQR), d

Ventilator-free days 12.5 (0.49-28) 28 (13.7-28) 8.4 (13.4 to 3.4) <.001

ICU length of stay 7.8 (3.9-13.8) 4.7 (2.5-8.7) −2.76 (−6.07 to 0.54) .04

Hospital length of stay 15.2 (7.8-19.7) 10.1 (6.5-15.9) −2.92 (−8.47 to 2.63) .16

Mortality, No. (%)

Hospital 19 (48.7) 12 (27.3) −21.4 (−41.9 to −1.0) .04

90 da 22 (56.4) 15 (34.1) −22.3 (−43.3 to −1.4) .02

Adverse events

Mask deflation 0 (0) 2 (4.5)

Skin ulceration 3 (7.6) 3 (6.8)

Abbreviations: ICU, intensive care
unit; IQR, interquartile range.
a 90-d Mortality includes hospital
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IMPORTANCE—Noninvasive ventilation (NIV) with a face mask is relatively ineffective at 
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Delivery of NIV with a helmet may be a superior strategy for these patients.

OBJECTIVE—To determine whether NIV delivered by helmet improves intubation rate among 
patients with ARDS.

DESIGN, SETTING, AND PARTICIPANTS—Single-center randomized clinical trial of 83 
patients with ARDS requiring NIV delivered by face mask for at least 8 hours while in the medical 
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INTERVENTIONS—Patients were randomly assigned to continue face mask NIV or switch to a 
helmet for NIV support for a planned enrollment of 206 patients (103 patients per group). The 
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concentration achieved by a range of oxygen delivery
devices.

Methods

With Local Research Ethics Committee approval and
following written informed consent, 14 healthy volunteers
were recruited. Basic spirometry was undertaken using a
portable Micro Plus Spirometer (P.M.S. (Instruments)
Ltd., Maidenhead, UK). Forced expiratory volume in 1 s
(FEV1), forced vital capacity (FVC) and peak expiratory
flow rate (PEFR) were measured. The nasal passages were
anaesthetised with 1% lidocaine spray and an oxygen
sampling line inserted a minimum of 10 cm beyond the
external nasal margin. Satisfactory positioning was con-
firmed by the presence of a clear capnograph trace and
visual inspection of the oral cavity. The FIO2 in the
oropharynx was directly measured at rest, breathing oxygen
at 4, 12 (humidified ‘single jet’) and 24 l.min)1 (humidified
‘double jet’), all through a Hudson mask (Lifecare Hospital
Supplies Ltd., Harlow, UK). A flow of 24 l.min)1 was
generated using two wall mounted oxygen flowmeters,
connected to a 4-bar piped gas supply, joined by a
Y-connector. A nonrebreathing mask with an integral
oxygen reservoir bag (Hudson RCI, Temecula CA, USA)
was then applied and oxygen administered at 15 and
110 l.min)1. A flow of 110 l.min)1 (measured using a
Platon flowmeter (Roxspur Measurement & Control Ltd.,
Sheffield, UK)) was generated by fully opening the wall
oxygen flowmeter. Finally, a Vapotherm 2000iTM (Vapo-
therm Inc., Stevensville, MD, USA), a system capable of
delivering air or oxygen at 1–40 l.min)1 at 95–100%
relative humidity via a nasal cannula, was tested, at an
oxygen flow rate of 40 l.min)1. In all cases a minimum of
1 min was allowed for equilibration before each reading
was taken.

This sequence was repeated once chest wall compliance
had been lowered. Light compression bandages (Elset,
Oldham, UK) were applied to the chest wall until FEV1

was reduced by > 50% and respiratory rate increased to
> 25 breaths.min)1. If this was not achieved, subjects
were required to exercise gently in order to obtain the
desired respiratory rate. The subjects’chests were bound
for 20–30 min.

A power calculation was done to estimate sample size
for the difference in performance between the maximal
flow of the Vapotherm 2000i compared with the
Hudson mask at 24 l.min)1 (‘double jet’). A minimum
sample size of 11 assumed paired samples, a mean
difference in FIO2 of 0.125, a SD of 0.1, and values of a
and b of 0.01 and 0.8, respectively. A study sample of
only six would be required if in every subject the
Vapotherm performed better than the Hudson mask. To

allow for spurious results a sample size of 14 was
arbitrarily selected.

Results

The results were analysed from only 13 volunteers as a
50% reduction in FEV1 could not be achieved in one
subject. The mean (SD) reduction in FEV1 after chest
binding was 58.1 (6.6)%; p < 0.001 (Fig. 1). Figure 2
shows the mean FIO2 achieved by each oxygen delivery
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Figure 1 FEV1 before and after binding (in the 13 subjects who
had a greater than 50% reduction).
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Figure 2 Mean (SD) FIO2 achieved before (black) and after
(grey) chest binding in 13 subjects. *p < 0.05.

Table 1 Mean (95% CI) percentage reduction in FIO2 following
chest binding in 13 subjects.

Hudson mask
4 l.min)1 23.8 (17.4–30.3)
12 l.min)1 (humidified ‘single jet’) 17.8 (8.8–26.7)
24 l.min)1 (humidified ‘double jet’) 12.2 (5.0–19.3)

Nonrebreathing mask
15 l.min)1 4.1 ()3.3–11.5)
110 l.min)1 )0.7 ()4.4–3.0)

Vapotherm + nasal prongs
40 l.min)1 (humidified) )0.3 ()3.1–2.5)
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Summary
Oxygen is the commonest drug prescribed in hospitals. The inhaled concentration is altered by the
administered oxygen flow rate, the characteristics of the delivery device and the patient’s respir-
atory pattern. Using healthy volunteers we measured the inspired oxygen concentration achieved
with different devices both at rest and when the breathing pattern of respiratory failure was
simulated by binding the subjects’ chests until the forced expiratory volume in 1 s was reduced by
> 50% and the respiratory rate was > 25 breaths.min)1. With this respiratory pattern, there was a
statistically significant fall in FIO2 while administering oxygen via a Hudson mask at 4 l.min)1

(23.8% (95% CI 17.4–30.3%) reduction), 12 l.min)1, humidified (17.8% (95% CI 8.8–26.7%)
reduction) and 24 l.min)1, humidified (12.2% (95% CI 5.0–19.3%) reduction). There was no
statistically significant change with a nonrebreathing (reservoir) mask at 15 and 110 l.min)1 or with
a Vapotherm 2000iTM at 40 l.min)1, humidified, via nasal prongs. We conclude that the FIO2

delivered by high flow devices is unaffected when the breathing pattern of respiratory failure is
simulated. The FIO2 achieved at rest by a nonrebreathing mask (0.68) is less than that often quoted
in the literature.
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Supplemental oxygen therapy forms the cornerstone of
resuscitation of the acutely unwell patient. Under normal
circumstances, tissue hypoxia occurs within 4 min of
inadequate tissue oxygenation [1]. Oxygen delivery to the
peripheral tissues depends upon the product of cardiac
output and the arterial oxygen content [2], which is partly
dependent on FIO2.

There is a range of devices by which oxygen may be
administered in differing concentrations [3]. Delivered
FIO2 depends on the balance between the oxygen flow
rate and the patient’s inspiratory flow rate, the presence of
a reservoir from which entrainment occurs, the presence
of an expiratory pause [4] which allows a pharyngeal
reservoir of oxygen to build up, and whether the oxygen
is delivered by face mask or nasal cannulae. The patient’s
inspiratory flow rate is dependent on the tidal volume and
respiratory rate.

When respiratory failure develops, there is no universal
breathing pattern. The latter will vary between patients
and in individual patients at different times in their disease,
and will also be affected by the underlying cause of the
respiratory failure. There is little in the scientific literature
regarding breathing patterns in respiratory failure. Clini-
cally, a commonly seen pattern is a high respiratory rate
with small tidal volumes, for example in diseases or
processes that lower compliance such as acute respiratory
distress syndrome [5], left ventricular failure [6], diaphrag-
matic splinting [7] and pulmonary fibrosis [8].

It would be practically and ethically difficult to conduct
a study of oxygen delivery devices in patients who have
acute respiratory failure. Therefore we reproduced the
breathing pattern of low compliance states by artificially
lowering compliance in healthy volunteers, in order to
ascertain the effect of this pattern on the inspired oxygen
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Summary
Oxygen is the commonest drug prescribed in hospitals. The inhaled concentration is altered by the
administered oxygen flow rate, the characteristics of the delivery device and the patient’s respir-
atory pattern. Using healthy volunteers we measured the inspired oxygen concentration achieved
with different devices both at rest and when the breathing pattern of respiratory failure was
simulated by binding the subjects’ chests until the forced expiratory volume in 1 s was reduced by
> 50% and the respiratory rate was > 25 breaths.min)1. With this respiratory pattern, there was a
statistically significant fall in FIO2 while administering oxygen via a Hudson mask at 4 l.min)1

(23.8% (95% CI 17.4–30.3%) reduction), 12 l.min)1, humidified (17.8% (95% CI 8.8–26.7%)
reduction) and 24 l.min)1, humidified (12.2% (95% CI 5.0–19.3%) reduction). There was no
statistically significant change with a nonrebreathing (reservoir) mask at 15 and 110 l.min)1 or with
a Vapotherm 2000iTM at 40 l.min)1, humidified, via nasal prongs. We conclude that the FIO2

delivered by high flow devices is unaffected when the breathing pattern of respiratory failure is
simulated. The FIO2 achieved at rest by a nonrebreathing mask (0.68) is less than that often quoted
in the literature.
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Supplemental oxygen therapy forms the cornerstone of
resuscitation of the acutely unwell patient. Under normal
circumstances, tissue hypoxia occurs within 4 min of
inadequate tissue oxygenation [1]. Oxygen delivery to the
peripheral tissues depends upon the product of cardiac
output and the arterial oxygen content [2], which is partly
dependent on FIO2.

There is a range of devices by which oxygen may be
administered in differing concentrations [3]. Delivered
FIO2 depends on the balance between the oxygen flow
rate and the patient’s inspiratory flow rate, the presence of
a reservoir from which entrainment occurs, the presence
of an expiratory pause [4] which allows a pharyngeal
reservoir of oxygen to build up, and whether the oxygen
is delivered by face mask or nasal cannulae. The patient’s
inspiratory flow rate is dependent on the tidal volume and
respiratory rate.

When respiratory failure develops, there is no universal
breathing pattern. The latter will vary between patients
and in individual patients at different times in their disease,
and will also be affected by the underlying cause of the
respiratory failure. There is little in the scientific literature
regarding breathing patterns in respiratory failure. Clini-
cally, a commonly seen pattern is a high respiratory rate
with small tidal volumes, for example in diseases or
processes that lower compliance such as acute respiratory
distress syndrome [5], left ventricular failure [6], diaphrag-
matic splinting [7] and pulmonary fibrosis [8].

It would be practically and ethically difficult to conduct
a study of oxygen delivery devices in patients who have
acute respiratory failure. Therefore we reproduced the
breathing pattern of low compliance states by artificially
lowering compliance in healthy volunteers, in order to
ascertain the effect of this pattern on the inspired oxygen
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The Effects of Flow on Airway Pressure
During Nasal High-Flow Oxygen Therapy

Rachael L Parke RN MHSc, Michelle L Eccleston RN, and Shay P McGuinness MB ChB

BACKGROUND: Nasal high-flow oxygen therapy increases the mean nasopharyngeal airway pres-
sure in adults, but the relationship between flow and pressure is not well defined. OBJECTIVE: To
determine the relationship between flow and pressure with the Optiflow nasal high-flow oxygen
therapy system. METHODS: We invited patients scheduled for elective cardiac surgery to partic-
ipate. Measurements were performed with nasal high-flow oxygen at flows of 30, 40, and 50 L/min,
with the patient’s mouth both open and closed. Pressures were recorded over one minute of
breathing, and average flows were calculated via simple averaging. RESULTS: With the mouth closed,
the mean ! SD airway pressures at 30, 40, and 50 L/min were 1.93 ! 1.25 cm H2O, 2.58 ! 1.54 cm H2O,
and 3.31 ! 1.05 cm H2O, respectively. There was a positive linear relationship between flow and
pressure. CONCLUSIONS: The mean nasopharyngeal pressure during nasal high-flow oxygen
increases as flow increases. (Australian Clinical Trials Registry http://www.adhb.govt.nz/achicu/
hot_2_airway_pressure.htm) Key words: nasal high-flow therapy; oxygen therapy; airway pressure.
[Respir Care 2011;56(8):1151–1155. © 2011 Daedalus Enterprises]

Introduction

We use nasal high-flow oxygen therapy in the respira-
tory management of patients in the Cardiothoracic and
Vascular Intensive Care Unit (ICU) at Auckland City Hos-
pital, Auckland, New Zealand. With the Optiflow system
(Fisher & Paykel Healthcare, Auckland, New Zealand)

blended air and oxygen can be delivered nasally at flows
up to 60 L/min, with the inspired gas heated to 37°C and
humidified at 44 mg H2O/L. The patient interface is a
wide-bore nasal cannula that is designed to be non-occlu-
sive in the nares.

A previous study with cardiac surgery patients found
that nasal high-flow oxygen at 35 L/min delivered a mean
airway pressure of 2.7 cm H2O, with the mouth closed.1 A
study with healthy volunteers found that, at 40 L/min from
the Optiflow system, mean airway pressure was approxi-
mately 4.6 cm H2O.2 Those 2 studies provide scant evi-
dence to inform clinicians about the airway pressure gen-
erated by nasal high-flow oxygen and the effect of
increasing the flow, so we studied the relationship between
flow and pressure in cardiac surgery patients on the Op-
tiflow system.

Methods

This was a prospective, descriptive study, undertaken in
our tertiary-care Cardiothoracic and Vascular ICU. The
study was approved by our regional ethics committee. The
study was partly supported by Fisher & Paykel, which
supplied the Optiflow circuits and paid for the statistical
analysis. The first author (RLP) designed the study and
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Vascular ICU, Auckland City Hospital, Auckland, New Zealand. At the
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and Vascular ICU, Auckland City Hospital, Auckland, New Zealand. She
is now affiliated with Fisher & Paykel Healthcare, Auckland, New Zea-
land.
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provides some funding to the Auckland District Health Board for the
research nurse’s salary in the Cardiothoracic and Vascular ICU, Auck-
land City Hospital, and which provided some of the supplies used in the
study and paid for the statistical analysis. Michelle Eccleston is now
employed as clinical research scientist by Fisher & Paykel Healthcare
and is part of an employee-sharing arrangement.
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increase in gas flow, the mean pressure increases by
0.35 cm H2O (P ! .03).

Discussion

We found a positive linear relationship between the flow
delivered and the mean airway pressure generated during
nasal high-flow oxygen in cardiac surgery patients. For
every unit increase in flow, there is a resulting increase in
the mean airway pressure generated, and the most airway
pressure is generated with the mouth closed. These find-
ings correlate well with previous studies.1,2,4

We believe that one of the mechanisms for this positive
airway pressure is the resistance to expiration that is gen-
erated by the patient breathing out against the continuous
incoming gas flow. This is evidenced by the higher pres-
sure when the patients breathed with their mouths closed.

It is logical to assume that with the mouth closed the
resistance to expiration is significantly higher due to the
restricted path through which the expired gas must flow. It
also seems reasonable to suggest that as the incoming gas
flow increases, the patient must generate higher expiratory
pressure to overcome the opposing force of the incoming
gas. However, from our observations and those of other
authors, the pressure effect does not seem to be limited to
expiration. Groves and Tobin found a significant increase
in pressure during inspiration.2 One explanation for this
may be that the high velocity of incoming gas pressurizes
the upper airway above atmospheric pressure, which can
be clearly observed on the pressure profile.

In this study, as in the previous study, the pressure
profiles generated with nasal high-flow oxygen show a
general pressure elevation in both the inspiratory and ex-
piratory phases. Figure 4 shows the pressure profiles from
one patient during nasal high-flow oxygen at 30, 40, and
50 L/min, with mouth-open and mouth-closed breathing.
A previous study found “normal” pharyngeal pressure pro-
files in patients breathing with high-flow face mask, and
that these tend to rotate around atmospheric pressure.1 All
of the pressure profiles from the patient in Figure 4 are
above normal throughout the respiratory cycle, though there
are some small dips below atmospheric pressure at the
peak of inspiration, which perhaps differentiate nasal high-
flow oxygen from continuous positive airway pressure.
This observation was fairly typical in this study group.

As in similar studies,1,2,4 we found some inter-patient
variability in airway pressure in patients using the Opti-
flow system (see Fig. 2). We hypothesize that anatomical
and physiological differences between patients affect the

Fig. 2. Mean nasopharyngeal pressure during high-flow oxygen
therapy, with mouth open or closed. The horizontal line in the
middle of each box indicates the median, while the top and bottom
borders of the box mark the 75th and 25th percentiles, respec-
tively. The whiskers above and below the box mark the 90th and
10th percentiles. The points beyond the whiskers are outliers be-
yond the 90th or 10th percentiles.

Table 2. Airway Pressure During Nasal High-Flow Oxygen With
the Optiflow System

Flow
(L/min)

Mouth Closed
(cm H2O)

mean " SD

Mouth Open
(cm H2O)

mean " SD
P

30 1.93 " 1.25 1.03 " 0.67 .046
40 2.58 " 1.54 1.30 " 0.80 .03
50 3.31 " 1.05 1.73 " 0.82 # .001

Fig. 3. Regression analysis of mean nasopharyngeal pressure dur-
ing high-flow oxygen therapy, with mouth open or closed.
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in stable hypercapnic COPD patients, within similar pro-
portions. We decided in our study to enroll both hypoxemic 
and hypercapnic patients, assuming that different underlying 
physiopathology might lead to different response patterns. 
However, we failed to demonstrate significant differences 
between these subgroups, as our sample size was probably too 
small to draw a conclusion. Several underlying mechanisms 
might explain the reduction of respiratory effort we observed 
in our study.

First, the “PEEP effect” described with high flow is part of 
the discussed beneficial effects of HFNC (5, 8, 41, 42). It has 
been shown for a long time that HFNC generates low levels 

of positive airway pres-
sure (6, 8, 43). This pres-
sure depends on the mouth 
position (open or closed) 
(6, 8, 43), on the flow rate 
(7, 8), and reaches its high-
est value at the begin-
ning of expiration (8, 41). 
Interestingly, in the study 
of Vargas et al (19), HFNC 
set at 60 L/min was as effec-
tive as a continuous positive 
aiirway pressure set at 5 cm 
H

2
O in reducing respira-

tory effort. Nevertheless, 
the clinical relevance of this 
PEEP effect remains uncer-
tain (42), and we believe it 
is unlikely that the PEEP 
effect by itself plays a major 
role in the reduction of 
respiratory effort.

Second, several bench 
studies have reported that 
a significant washout of 
nasopharyngeal dead space 
might occur during HFNC 
with proportional impact 
of the flow used (12–15). 
This dead space washout 
could explain in part the 
reduction of the indexes of 
respiratory effort. Indeed, 
it has been demonstrated 
in subjects undergoing 
mechanical ventilation that 
the reduction of instrumen-
tal dead space significantly 
reduced the work of breath-
ing (44–46). It is therefore 
possible that a reduction of 
physiologic dead space dur-
ing HFNC might contrib-
ute to decreasing the work 

of breathing (5, 18). Our data do not support this hypothesis, 
even though we observed a nonsignificant decrease in PaCO

2
 

levels for similar MVs. Here again, our sample size was prob-
ably too small to shed a light on this mechanism.

Third, the reduction of indexes of effort might also be 
explained by an improvement in respiratory mechanics, as 
demonstrated by an increase in CL

dyn
 and a nonsignificant 

reduction in Res. Our data are in agreement with the find-
ings of Mauri et al (36), who showed in patients with acute 
hypoxemic respiratory failure that CL

dyn
 was significantly 

increased with HFNC. Indeed, it has been previously reported 
by several authors that HFNC increased end-expiratory lung 

Figure 2. Indexes of respiratory effort in the tested conditions. Pooled data for esophageal pressure variations (∆Pes) 
(cm H2O) (A), esophageal pressure-time product/min (PTPes/min) (cm H2O s/min) (B), and work of breathing/min 
(WOB/min) (J/min) (C) are reported in the left panels. Medians are expressed as horizontal bars inside the boxes, 
25–75th percentiles as the bottom and the top of the boxes, and maximal-minimal values as whiskers. The right panels 
display individual data (dashed lines) and median (solid line) for ∆Pes (cm H2O) (D), PTPes/min (cm H2O s/min) (E), and 
WOB/min (J/min) (F) at baseline and with high-flow nasal cannula at 60 L/min. *p < 0.05 versus baseline.
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Taken together, these physiologic advantages support the 
hypothesis that some of the benefits of HFNC in terms of 
comfort and efficiency might be explained by a reduction of 
respiratory effort (5, 18, 19). We therefore designed this study 
in order to evaluate the effects of HFNC on the indexes of 
respiratory effort in patients with acute and moderate respira-
tory distress (i.e., after partial recovery from an acute episode, 
allowing physiological measurements) and to assess whether 
there is a dose-response relationship between flow rates and 
respiratory effort.

MATERIALS AND METHODS
The ethics review board of the Institut Universitaire de Cardi-
ologie et de Pneumologie de Québec (IUCPQ) approved the 
study protocol, and written informed consent was obtained 
from all participants before enrollment. This study was regis-
tered with ClinicalTrials.gov (NCT02494154).

Patients
Patients were recruited between May and October 2015. They 
were eligible for inclusion if they presented signs of acute and/
or moderate respiratory distress, defined by a RR greater than 
20 breaths/min associated with either hypoxemia (pulsed oxy-
gen saturation [SpO

2
] < 90% with oxygen supplementation 

≥ 3 L/min; “hypoxemic subgroup”) or hypercapnia (PaCO
2
 ≥ 

45 mm Hg with a respiratory acidosis [pH < 7.38]; “hypercap-
nic subgroup”). Subjects were not included if they had con-
traindications for the insertion of an esophageal catheter or 
if they presented severe and nonstable respiratory or cardiac 
disease deemed likely to be worsened by the study protocol 
(acute coronary syndrome, nontreated pulmonary embolism, 
pneumothorax). Patients at risk for imminent intubation were 
not included.

Protocol
Four periods of 15 minutes were successively evaluated in semi-
recumbent position. First, baseline variables were recorded 
with conventional oxygen therapy (including patients who 
received HFNC before inclusion [n = 3]). Then, three condi-
tions of HFNC were tested in a randomized order (20, 40, and 
60 L/min). HFNC was administered via the Airvo2 (Fisher & 
Paykel Healthcare, Auckland, New Zealand). A washout of 10 
minutes with baseline treatment was performed between each 
period (Supplemental Fig. 1, Supplemental Digital Content 1, 
http://links.lww.com/CCM/C818, which describes the study 
protocol; legend, Supplemental Digital Content 2, http://links.
lww.com/CCM/C819). During the whole protocol, FIO

2
 was 

continuously adjusted in order to achieve a target SpO
2
 of 90% 

± 2% in hypercapnic patients and of 94% ± 2% in hypoxemic 
patients (20).

Physiologic Measurements
The primary outcomes of this study were the indexes of respi-
ratory effort, including esophageal pressure variations (∆P

es
), 

esophageal pressure-time product/min (PTP
es
/min), and work 

of breathing/min (WOB/min). We recognize that “PTP
es
/min” 

has time units in both the numerator and denominator but 
have elected to express it this way to be similar in format to 
WOB/min. Both PTP

es
 and WOB require simultaneous record-

ing of esophageal pressure (P
es
) and tidal volume (Vt) varia-

tions (21–23). We used respiratory inductive plethysmography 
(RIP) (Respitrace; Ambulatory Monitoring, Ardsley, NY) in 
order to estimate variations in Vt during treatment periods. 
Respiratory flow was calculated as the derivation of Vt over 
time. A calibration of RIP bands with a pneumotachograph 
was performed at the end of each study period. Correlation 
coefficients between each RIP bands (thoracic and abdomi-
nal) and the “real” Vt were determined using a multiple linear 
regression model (24, 25), allowing the estimation of Vt during 
treatment periods (Vt = κ + τRIP

rib cage
 + αRIP

abdomen
). P

es
 was 

continuously recorded via a thin catheter (5 F; Cooper Sur-
gical, Trumbull, CT) inserted, after local anesthesia, through 
the nose to the lower third of the esophagus and connected 
to a differential pressure transducer (MP45 ± 2 cm H

2
O; Vali-

dyne Engineering, Northridge, CA). Additional details on the 
method are provided in the supplemental data (Supplemental 
Digital Content 3, http://links.lww.com/CCM/C820).

Data Analysis and Assessment of Patient’s 
Respiratory Effort
Signals were digitized at 200 Hz and sampled using an ana-
logic/numeric system (MP150; Biopac Systems, Santa Barbara, 
CA). Measurement and calculation of respiratory variables 
were performed over at least 10 consecutive respiratory cycles 
during the last 2 minutes of each study period. ∆P

es
, PTP

es
/min, 

WOB/min, Vt, RR, minute volume (MV), Vt-to-inspiratory 
time ratio, dynamic lung compliance (CL

dyn
), inspiratory resis-

tance (Res), and auto positive end-expiratory pressure (PEEP) 
were calculated from respiratory flow and P

es
 signals via an 

open-source respiratory data analysis software (RespMAT) 
(23). For each subject, end-expiratory esophageal pressure 
(EEP

es
) was manually measured for each cycle of each study 

periods. The difference between mean values at baseline and at 
each HFNC period was calculated to assess EEP

es
 variations. All 

signals treatment and data analysis were performed with the 
evaluator blinded to patient’s condition.

Additional Measurements
Pulsed oximetry was continuously recorded, and capillary 
blood gases were sampled at the fingertip at the end of each 
study period to determine pH and PaCO

2
 (26). Respiratory 

comfort was assessed on a 10 cm visual analog scale and dys-
pnea via the modified Börg scale (27).

Statistical Analysis
Data were expressed using median (25–75th interquartile 
range [IQR]) to summarize characteristics of subjects unless 
specified otherwise. Baseline characteristic variables were 
analyzed using a one-way analysis of variance with the Sat-
terthwaite’s degree of freedom. The univariate normality 
assumption was verified with the Shapiro-Wilk tests on the 
error distribution from the statistical model after a Cholesky 
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Objectives: High-flow nasal cannula is increasingly used in the 
management of respiratory failure. However, little is known about 
its impact on respiratory effort, which could explain part of the ben-
efits in terms of comfort and efficiency. This study was designed 
to assess the effects of high-flow nasal cannula on indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min) in adults.
Design: A randomized controlled crossover study was conducted in 
12 patients with moderate respiratory distress (i.e., after partial recov-
ery from an acute episode, allowing physiologic measurements).
Setting: Institut Universitaire de Cardiologie et de Pneumologie 
de Québec, QC, Canada.
Subjects: Twelve adult patients with respiratory distress symp-
toms were enrolled in this study.
Interventions: Four experimental conditions were evaluated: base-
line with conventional oxygen therapy and high-flow nasal cannula 
at 20, 40, and 60 L/min. The primary outcomes were the indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min). Secondary 
outcomes included tidal volume, respiratory rate, minute volume, 
dynamic lung compliance, inspiratory resistance, and blood gases.
Measurements and Main Results: Esophageal pressure varia-
tions decreased from 9.8 (5.8–14.6) cm H2O at baseline to 4.9  

(2.1–9.1) cm H2O at 60 L/min (p = 0.035). Esophageal 
 pressure-time product/min decreased from 165 (126–179) to 
72 (54–137) cm H2O • s/min, respectively (p = 0.033). Work of 
breathing/min decreased from 4.3 (3.5–6.3) to 2.1 (1.5–5.0) J/min, 
respectively (p = 0.031). Respiratory pattern variables and capillary 
blood gases were not significantly modified between experimental 
conditions. Dynamic lung compliance increased from 38 (24–64) 
mL/cm H2O at baseline to 59 (43–175) mL/cm H2O at 60 L/min  
(p = 0.007), and inspiratory resistance decreased from 9.6  
(5.5–13.4) to 5.0 (1.0–9.1) cm H2O/L/s, respectively (p = 0.07).
Conclusions: High-flow nasal cannula, when set at 60 L/min, sig-
nificantly reduces the indexes of respiratory effort in adult patients 
recovering from acute respiratory failure. This effect is associated 
with an improvement in respiratory mechanics. (Crit Care Med 
2017; 45:1981–1988)
Key Words: high-flow nasal cannula; oxygen therapy; respiratory 
distress; respiratory inductive plethysmography; work of breathing

The utilization of high-flow nasal cannula (HFNC) in 
ICUs is increasing every day. Recent clinical data sup-
port its use as a first-line strategy for the treatment 

and prevention of hypoxemic respiratory failure. Indeed, sev-
eral high-quality trials recently demonstrated a major clinical 
impact of HFNC in patients with hypoxemic respiratory fail-
ure (1), after extubation in patients at risk of hypoxemia (2) or 
even in patients with low risk of reintubation (3), and in the 
postoperative period of cardiothoracic surgery (4).

Physiologically, HFNC allows a better control of delivered 
FIO

2
 (5) and provides low levels of positive airway pressure 

(6–8) associated with increased end-expiratory lung volume 
and improved oxygenation (9–11). Furthermore, recent bench 
studies have highlighted that the continuous flow delivered in 
the upper airways during HFNC therapy may result in a flow-
dependent anatomical dead space washout, reducing carbon 
dioxide rebreathing (12–15). These data are consistent with 
clinical findings suggesting that HFNC may lead to a reduction 
in respiratory rate (RR) and minute ventilation (11, 16, 17), 
PaCO

2
 remaining constant or slightly reduced (2, 11, 17).
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Abstract 
Purpose: Limited data exist on the correlation between higher flow rates of high-flow nasal cannula (HFNC) and 
its physiologic effects in patients with acute hypoxemic respiratory failure (AHRF). We assessed the effects of HFNC 
delivered at increasing flow rate on inspiratory effort, work of breathing, minute ventilation, lung volumes, dynamic 
compliance and oxygenation in AHRF patients.

Methods: A prospective randomized cross-over study was performed in non-intubated patients with patients AHRF 
and a  PaO2/FiO2 (arterial partial pressure of oxygen/fraction of inspired oxygen) ratio of ≤300 mmHg. A standard non-
occlusive facial mask and HFNC at different flow rates (30, 45 and 60 l/min) were randomly applied, while maintaining 
constant  FiO2 (20 min/step). At the end of each phase, we measured arterial blood gases, inspiratory effort, based on 
swings in esophageal pressure (∆Pes) and on the esophageal pressure–time product  (PTPPes), and lung volume, by 
electrical impedance tomography.

Results: Seventeen patients with AHRF were enrolled in the study. At increasing flow rate, HFNC reduced ∆Pes 
(p < 0.001) and  PTPPes (p < 0.001), while end-expiratory lung volume (∆EELV), tidal volume to ∆Pes ratio (VT/∆Pes, 
which corresponds to dynamic lung compliance) and oxygenation improved (p < 0.01 for all factors). Higher 
HFNC flow rate also progressively reduced minute ventilation (p < 0.05) without any change in arterial  CO2 tension 
(p = 0.909). The decrease in ∆Pes,  PTPPes and minute ventilation at increasing flow rates was better described by expo-
nential fitting, while ∆EELV, VT/∆Pes and oxygenation improved linearly.

Conclusions: In this cohort of patients with AHRF, an increasing HFNC flow rate progressively decreased inspiratory 
effort and improved lung aeration, dynamic compliance and oxygenation. Most of the effect on inspiratory workload 
and  CO2 clearance was already obtained at the lowest flow rate.
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of Milan, Milan, Italy
Full author information is available at the end of the article
Take-home message: In acute hypoxemic respiratory failure, high-
flow nasal cannula (HFNC) delivered at increasing flow rates induced 
a significant improvement of the patient’s inspiratory effort, minute 
ventilation, lung volume, dynamic compliance and oxygenation. 
However, most of the effect on inspiratory workload and  CO2 clearance 
was already obtained at lowest HFNC flow rate. A personalized setting 
could be considered after careful evaluation of patient’s condition and 
the individual response.
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exploit the clinical benefits. However, in clinical practice, 
time constraints may limit the possibility of assessing 
serial variations of target physiological variables at dif-
ferent flow rates to identify the “personalized” optimum 
flow. Thus, it might also be reasonable to simplify the 
clinical approach to the selection of the highest flow tol-
erated by the patient, starting from 60 l/min.

The patient cohort in this study comprised adult 
patients with AHRF who were diagnosed within a few 
days in the ICU. We explored the effects of HFNC ran-
domly delivered at increasing flow rates on drive and 
effort, lung volumes, mechanics and oxygenation on 
these patients [8]. Vargas et al. measured patient’s drive, 
effort and gas exchange in a population of patients with 
AHRF who had been admitted to the ICU and described 
significant physiologic improvements during HFNC in 
comparison to the facial mask. In that study, the  PTPPes 
was measured with the same method used in our study 
and showed similar variations. However, HFNC was 
delivered only at a single flow rate of 60  l/min, and no 
monitoring of lung volumes (either tidal or end-expira-
tory) was implemented [25]. To date, only a few studies 
have described the effects of increasing HFNC flow rates, 
and all were conducted only on healthy subjects and on 
post-cardiac surgery and weaned patients after long-
term ventilation without actual acute respiratory failure 
[13–18]. The authors of these studies describe increased 
hypo-pharyngeal and tracheal pressures and improved 
EELV at increasing flow rates (both results suggesting a 
PEEP effect), decreased respiratory rate (possibly indi-
cating decreased respiratory drive) and higher arterial 

oxygenation (likely by the better matching of patient’s 
alveolar and set HFNC  FiO2) [10, 13–18]. However, none 
of these studies assessed the physiologic effects of HFNC 
delivered at increasing flow rates in patients with AHRF.

A key beneficial effect of HFNC might be the reduction 
of inspiratory drive and effort induced by improved  CO2 
clearance, improved lung mechanics, external respiratory 
support and decreased hypoxic respiratory drive [12, 25, 
26]. In our study, we observed that swings in the inspira-
tory esophageal pressure and pressure–time product, 
both accepted measures of a patient’s effort, decreased 
during HFNC and that improvement in these variables 
correlated (albeit non-linearly) with increasing flow rates. 
Indeed, among patients, optimum flow distribution for 
ΔPes was more skewed (i.e. 43% had highest reduction 
at 30 or 45  l/min) than was lung volume or oxygena-
tion. These findings may suggest that, in AHRF patients, 
most of the reduction in the effort and work of breath-
ing can be obtained at even the lowest flow rate of 30  l/
min. A possible explanation may be that  CO2 might be 
effectively washed-out from the upper respiratory tract 
already at 30  l/min, as shown also in a previous study 
[27], together with similar decay of the minute ventilation 
needed to maintain physiologic  PaCO2. We could also 
speculate that “physical” barriers (e.g. anatomical confor-
mation of the glottis) might preclude higher HFNC flows 
to reach the trachea, thus impeding further improvement 
in the efficiency of  CO2 wash-out at 45 and 60 l/min. The 
preliminary nature of our data precludes definitive con-
clusions on the correlation between increasing HFNC 
flow rates and inspiratory effort, work of breathing and 

Fig. 2 Linear physiologic effects of HFNC delivered at increasing flow rates. a, b In acute hypoxemic respiratory failure patients, HFNC delivered at 
increasing flow rates of 30, 45 and 60 l/min induced significant changes in the dependent end-expiratory lung volumes (∆EELVdep(a) and improved 
oxygenation [PaO2/FiO2 ratio (oxygen partial arterial pressure/oxygen inspired fraction ratio)] (b) in a linear fashion in comparison to standard facial 
mask oxygen. Filled circles represent individual patients’ value at each flow rate while the horizontal line is the mean value. § indicates p <0.05 by 
post-hoc Bonferroni test vs. Facial mask. ° indicates p <0.05 by post-hoc Bonferroni test vs. HFNC 30
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constant  FiO2 (20 min/step). At the end of each phase, we measured arterial blood gases, inspiratory effort, based on 
swings in esophageal pressure (∆Pes) and on the esophageal pressure–time product  (PTPPes), and lung volume, by 
electrical impedance tomography.

Results: Seventeen patients with AHRF were enrolled in the study. At increasing flow rate, HFNC reduced ∆Pes 
(p < 0.001) and  PTPPes (p < 0.001), while end-expiratory lung volume (∆EELV), tidal volume to ∆Pes ratio (VT/∆Pes, 
which corresponds to dynamic lung compliance) and oxygenation improved (p < 0.01 for all factors). Higher 
HFNC flow rate also progressively reduced minute ventilation (p < 0.05) without any change in arterial  CO2 tension 
(p = 0.909). The decrease in ∆Pes,  PTPPes and minute ventilation at increasing flow rates was better described by expo-
nential fitting, while ∆EELV, VT/∆Pes and oxygenation improved linearly.

Conclusions: In this cohort of patients with AHRF, an increasing HFNC flow rate progressively decreased inspiratory 
effort and improved lung aeration, dynamic compliance and oxygenation. Most of the effect on inspiratory workload 
and  CO2 clearance was already obtained at the lowest flow rate.
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Take-home message: In acute hypoxemic respiratory failure, high-
flow nasal cannula (HFNC) delivered at increasing flow rates induced 
a significant improvement of the patient’s inspiratory effort, minute 
ventilation, lung volume, dynamic compliance and oxygenation. 
However, most of the effect on inspiratory workload and  CO2 clearance 
was already obtained at lowest HFNC flow rate. A personalized setting 
could be considered after careful evaluation of patient’s condition and 
the individual response.
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Abstract 
Purpose: Limited data exist on the correlation between higher flow rates of high-flow nasal cannula (HFNC) and 
its physiologic effects in patients with acute hypoxemic respiratory failure (AHRF). We assessed the effects of HFNC 
delivered at increasing flow rate on inspiratory effort, work of breathing, minute ventilation, lung volumes, dynamic 
compliance and oxygenation in AHRF patients.

Methods: A prospective randomized cross-over study was performed in non-intubated patients with patients AHRF 
and a  PaO2/FiO2 (arterial partial pressure of oxygen/fraction of inspired oxygen) ratio of ≤300 mmHg. A standard non-
occlusive facial mask and HFNC at different flow rates (30, 45 and 60 l/min) were randomly applied, while maintaining 
constant  FiO2 (20 min/step). At the end of each phase, we measured arterial blood gases, inspiratory effort, based on 
swings in esophageal pressure (∆Pes) and on the esophageal pressure–time product  (PTPPes), and lung volume, by 
electrical impedance tomography.

Results: Seventeen patients with AHRF were enrolled in the study. At increasing flow rate, HFNC reduced ∆Pes 
(p < 0.001) and  PTPPes (p < 0.001), while end-expiratory lung volume (∆EELV), tidal volume to ∆Pes ratio (VT/∆Pes, 
which corresponds to dynamic lung compliance) and oxygenation improved (p < 0.01 for all factors). Higher 
HFNC flow rate also progressively reduced minute ventilation (p < 0.05) without any change in arterial  CO2 tension 
(p = 0.909). The decrease in ∆Pes,  PTPPes and minute ventilation at increasing flow rates was better described by expo-
nential fitting, while ∆EELV, VT/∆Pes and oxygenation improved linearly.

Conclusions: In this cohort of patients with AHRF, an increasing HFNC flow rate progressively decreased inspiratory 
effort and improved lung aeration, dynamic compliance and oxygenation. Most of the effect on inspiratory workload 
and  CO2 clearance was already obtained at the lowest flow rate.

*Correspondence:  antonio.pesenti@unimi.it 
1 Department of Pathophysiology and Transplantation, University 
of Milan, Milan, Italy
Full author information is available at the end of the article
Take-home message: In acute hypoxemic respiratory failure, high-
flow nasal cannula (HFNC) delivered at increasing flow rates induced 
a significant improvement of the patient’s inspiratory effort, minute 
ventilation, lung volume, dynamic compliance and oxygenation. 
However, most of the effect on inspiratory workload and  CO2 clearance 
was already obtained at lowest HFNC flow rate. A personalized setting 
could be considered after careful evaluation of patient’s condition and 
the individual response.
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Table 4 Effects of high-flow nasal cannula delivered at increasing flow rate on target physiologic variables

VT, glob tidal volume, PBW predicted body weight, VT, non-dep tidal volume distending non-dependent lung regions, VT, dep tidal volume distending dependent regions, 
ΔEELVnon-dep change of end-expiratory lung volume in non-dependent regions, PaCO2 carbon dioxide partial arterial pressure, SBP systolic arterial blood pressure, MAP, 
mean arterial pressure, HR, heart rate. See Table 2 for all other abbreviations

 Normally distributed variables are expressed as the mean ± standard deviation; non-normal distributed variables are expressed as median with the [interquartile 
range] in parenthesis. Unless indicated otherwise, the post hoc comparison of variables revealed no between-phase significance for the variables compared 

*p < 0.05
a Significant at p < 0.05 vs. facial mask by post hoc Bonferroni test
b Significant at p < 0.05 vs. HFNC 30 l/min post hoc Bonferroni test

Variable Facial mask (12 l/min) HFNC (30 l/min) HFNC (45 l/min) HFNC (60 l/min) p value

∆Pes  (cmH2O) 9.4 (6.8–12.2) 7.9 (5.9–11.8)a 8.1 (5.7–9.5)a 6.8 (5.1–9.3)a <0.001*

PTPPes  (cmH2O s/min) 254.3 (160.2–359.5) 173.5 (126.4–256.4)a 168.9 (110.3–217.2)a 151.4 (111.8–195.6)a <0.001*

VT, glob (ml/kg PBW) 7.2 ± 4.6 7.2 ± 5.0 7.1 ± 4.8 7.0 ± 4.7 0.154

VT, glob (ml) 443 ± 302 437 ± 314 435 ± 307 429 ± 301 0.840

VT, non-dep (ml) 257 ± 228 258 ± 244 259 ± 242 275 ± 232 0.896

VT, dep (ml) 186 ± 126 180 ± 117 176 ± 120 175 ± 112 0.428

∆EELVglob (ml) Baseline 74 ± 174 115 ± 142 230 ± 237a <0.01*

∆EELVnon-dep (ml) Baseline 53 ± 183 64 ± 133 128 ± 185 0.121

∆EELVdep (ml) Baseline 31 ± 119 59 ± 121 93 ± 150a <0.05*

MV (l/min) 9.1 ± 4.0 7.0 ± 2.8a 7.0 ± 2.9a 6.9 ± 2.1 ≤0.001*

Corrected MV (l/min) 8.7 ± 4.2 6.5 ± 2.7a 6.6 ± 3.0a 6.6 ± 2.4 <0.01*

VT, glob/∆Pes (ml/cmH2O) 42 (28–80) 52 (33–81) 57 (34–81) 55 (35–80)a <0.01*

RR (bpm) 24 ± 8 20 ± 7 19 ± 7a 18 ± 7a, b <0.001*

PaO2 (mmHg) 70.0 (64.5–77.5) 81.0 (74.5–88.3)a 89.0 (80.5–101.0)a 97.4 (84.5–115.5)a, b <0.001*

PaO2/FiO2 (mmHg) 151 ± 60 177 ± 74a 187 ± 67a 205 ± 61a, b <0.001*

PaCO2 (mmHg) 38.2 ± 5.0 38.0 ± 5.4 38.1 ± 5.7 38.3 ± 5.4 0.909

pH 7.46 ± 0.05 7.46 ± 0.06 7.46 ± 0.05 7.46 ± 0.06 0.997

SBP (mmHg) 133 ± 26 129 ± 24 130 ± 21 130 ± 23 0.208

MAP (mmHg) 77 (62–102) 77 (62–100) 81 (64–100) 76 (60–101) 0.258

HR (bpm) 86 ± 21 84 ± 22 85 ± 21 85 ± 22 0.705

Fig. 1 Non-linear physiologic effects of high-flow nasal cannula (HFNC) delivered at increasing flow rates. a, b In patients with acute hypoxemic 
respiratory failure, HFNC delivered at increasing flow rate (30, 45 and 60 l/min) reduces the esophageal pressure–time product (PTPPes), which is a 
measure of patient effort (a) and corrected minute ventilation (MV), i.e. the MV needed to maintain a physiologic arterial carbon dioxide tension 
(MVcorr) (b) in an exponential decay manner in comparison to the standard facial mask. Filled circles represent individual patients’ value at each flow 
rate while the horizontal line is the mean value. § indicates p <0.05 by post-hoc Bonferroni test vs. Facial mask
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BACKGROUND
Whether noninvasive ventilation should be administered in patients with acute hypox-
emic respiratory failure is debated. Therapy with high-flow oxygen through a nasal 
cannula may offer an alternative in patients with hypoxemia.
METHODS
We performed a multicenter, open-label trial in which we randomly assigned patients 
without hypercapnia who had acute hypoxemic respiratory failure and a ratio of the 
partial pressure of arterial oxygen to the fraction of inspired oxygen of 300 mm Hg 
or less to high-flow oxygen therapy, standard oxygen therapy delivered through a face 
mask, or noninvasive positive-pressure ventilation. The primary outcome was the 
proportion of patients intubated at day 28; secondary outcomes included all-cause 
mortality in the intensive care unit and at 90 days and the number of ventilator-free 
days at day 28.
RESULTS
A total of 310 patients were included in the analyses. The intubation rate (primary 
outcome) was 38% (40 of 106 patients) in the high-flow–oxygen group, 47% (44 of 94) 
in the standard group, and 50% (55 of 110) in the noninvasive-ventilation group 
(P = 0.18 for all comparisons). The number of ventilator-free days at day 28 was sig-
nificantly higher in the high-flow–oxygen group (24±8 days, vs. 22±10 in the stan-
dard-oxygen group and 19±12 in the noninvasive-ventilation group; P = 0.02 for all 
comparisons). The hazard ratio for death at 90 days was 2.01 (95% confidence interval 
[CI], 1.01 to 3.99) with standard oxygen versus high-flow oxygen (P = 0.046) and 2.50 
(95% CI, 1.31 to 4.78) with noninvasive ventilation versus high-flow oxygen (P = 0.006).
CONCLUSIONS
In patients with nonhypercapnic acute hypoxemic respiratory failure, treatment with 
high-flow oxygen, standard oxygen, or noninvasive ventilation did not result in sig-
nificantly different intubation rates. There was a significant difference in favor of 
high-flow oxygen in 90-day mortality. (Funded by the Programme Hospitalier de 
Recherche Clinique Interrégional 2010 of the French Ministry of Health; FLORALI 
ClinicalTrials.gov number, NCT01320384.)
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BACKGROUND
Whether noninvasive ventilation should be administered in patients with acute hypox-
emic respiratory failure is debated. Therapy with high-flow oxygen through a nasal 
cannula may offer an alternative in patients with hypoxemia.
METHODS
We performed a multicenter, open-label trial in which we randomly assigned patients 
without hypercapnia who had acute hypoxemic respiratory failure and a ratio of the 
partial pressure of arterial oxygen to the fraction of inspired oxygen of 300 mm Hg 
or less to high-flow oxygen therapy, standard oxygen therapy delivered through a face 
mask, or noninvasive positive-pressure ventilation. The primary outcome was the 
proportion of patients intubated at day 28; secondary outcomes included all-cause 
mortality in the intensive care unit and at 90 days and the number of ventilator-free 
days at day 28.
RESULTS
A total of 310 patients were included in the analyses. The intubation rate (primary 
outcome) was 38% (40 of 106 patients) in the high-flow–oxygen group, 47% (44 of 94) 
in the standard group, and 50% (55 of 110) in the noninvasive-ventilation group 
(P = 0.18 for all comparisons). The number of ventilator-free days at day 28 was sig-
nificantly higher in the high-flow–oxygen group (24±8 days, vs. 22±10 in the stan-
dard-oxygen group and 19±12 in the noninvasive-ventilation group; P = 0.02 for all 
comparisons). The hazard ratio for death at 90 days was 2.01 (95% confidence interval 
[CI], 1.01 to 3.99) with standard oxygen versus high-flow oxygen (P = 0.046) and 2.50 
(95% CI, 1.31 to 4.78) with noninvasive ventilation versus high-flow oxygen (P = 0.006).
CONCLUSIONS
In patients with nonhypercapnic acute hypoxemic respiratory failure, treatment with 
high-flow oxygen, standard oxygen, or noninvasive ventilation did not result in sig-
nificantly different intubation rates. There was a significant difference in favor of 
high-flow oxygen in 90-day mortality. (Funded by the Programme Hospitalier de 
Recherche Clinique Interrégional 2010 of the French Ministry of Health; FLORALI 
ClinicalTrials.gov number, NCT01320384.)
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and intubation, as well as the reasons for intuba-
tion, did not differ significantly among the three 
groups (Table 2).

The crude in-ICU mortality and 90-day mor-

tality differed significantly among the three 
groups (Table 2 and Fig. 3). The hazard ratio for 
death at 90 days was 2.01 (95% confidence inter-
val [CI], 1.01 to 3.99) in the standard-oxygen 
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Figure 2. Kaplan–Meier Plots of the Cumulative Incidence of Intubation from Randomization to Day 28.

Results in the overall population and in patients with a Pao2:Fio2 of 200 mm Hg or less are shown. Pao2:Fio2 de-
notes the ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen.
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BACKGROUND
Whether noninvasive ventilation should be administered in patients with acute hypox-
emic respiratory failure is debated. Therapy with high-flow oxygen through a nasal 
cannula may offer an alternative in patients with hypoxemia.
METHODS
We performed a multicenter, open-label trial in which we randomly assigned patients 
without hypercapnia who had acute hypoxemic respiratory failure and a ratio of the 
partial pressure of arterial oxygen to the fraction of inspired oxygen of 300 mm Hg 
or less to high-flow oxygen therapy, standard oxygen therapy delivered through a face 
mask, or noninvasive positive-pressure ventilation. The primary outcome was the 
proportion of patients intubated at day 28; secondary outcomes included all-cause 
mortality in the intensive care unit and at 90 days and the number of ventilator-free 
days at day 28.
RESULTS
A total of 310 patients were included in the analyses. The intubation rate (primary 
outcome) was 38% (40 of 106 patients) in the high-flow–oxygen group, 47% (44 of 94) 
in the standard group, and 50% (55 of 110) in the noninvasive-ventilation group 
(P = 0.18 for all comparisons). The number of ventilator-free days at day 28 was sig-
nificantly higher in the high-flow–oxygen group (24±8 days, vs. 22±10 in the stan-
dard-oxygen group and 19±12 in the noninvasive-ventilation group; P = 0.02 for all 
comparisons). The hazard ratio for death at 90 days was 2.01 (95% confidence interval 
[CI], 1.01 to 3.99) with standard oxygen versus high-flow oxygen (P = 0.046) and 2.50 
(95% CI, 1.31 to 4.78) with noninvasive ventilation versus high-flow oxygen (P = 0.006).
CONCLUSIONS
In patients with nonhypercapnic acute hypoxemic respiratory failure, treatment with 
high-flow oxygen, standard oxygen, or noninvasive ventilation did not result in sig-
nificantly different intubation rates. There was a significant difference in favor of 
high-flow oxygen in 90-day mortality. (Funded by the Programme Hospitalier de 
Recherche Clinique Interrégional 2010 of the French Ministry of Health; FLORALI 
ClinicalTrials.gov number, NCT01320384.)
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BACKGROUND
Whether noninvasive ventilation should be administered in patients with acute hypox-
emic respiratory failure is debated. Therapy with high-flow oxygen through a nasal 
cannula may offer an alternative in patients with hypoxemia.
METHODS
We performed a multicenter, open-label trial in which we randomly assigned patients 
without hypercapnia who had acute hypoxemic respiratory failure and a ratio of the 
partial pressure of arterial oxygen to the fraction of inspired oxygen of 300 mm Hg 
or less to high-flow oxygen therapy, standard oxygen therapy delivered through a face 
mask, or noninvasive positive-pressure ventilation. The primary outcome was the 
proportion of patients intubated at day 28; secondary outcomes included all-cause 
mortality in the intensive care unit and at 90 days and the number of ventilator-free 
days at day 28.
RESULTS
A total of 310 patients were included in the analyses. The intubation rate (primary 
outcome) was 38% (40 of 106 patients) in the high-flow–oxygen group, 47% (44 of 94) 
in the standard group, and 50% (55 of 110) in the noninvasive-ventilation group 
(P = 0.18 for all comparisons). The number of ventilator-free days at day 28 was sig-
nificantly higher in the high-flow–oxygen group (24±8 days, vs. 22±10 in the stan-
dard-oxygen group and 19±12 in the noninvasive-ventilation group; P = 0.02 for all 
comparisons). The hazard ratio for death at 90 days was 2.01 (95% confidence interval 
[CI], 1.01 to 3.99) with standard oxygen versus high-flow oxygen (P = 0.046) and 2.50 
(95% CI, 1.31 to 4.78) with noninvasive ventilation versus high-flow oxygen (P = 0.006).
CONCLUSIONS
In patients with nonhypercapnic acute hypoxemic respiratory failure, treatment with 
high-flow oxygen, standard oxygen, or noninvasive ventilation did not result in sig-
nificantly different intubation rates. There was a significant difference in favor of 
high-flow oxygen in 90-day mortality. (Funded by the Programme Hospitalier de 
Recherche Clinique Interrégional 2010 of the French Ministry of Health; FLORALI 
ClinicalTrials.gov number, NCT01320384.)
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incidence of serious adverse events. Among the 
18 episodes of cardiac arrest, 3 occurred before 
intubation (1 in the standard-oxygen group and 
2 in the high-flow–oxygen group). Two patients 
died during the process of intubation.

DISCUSSION

In this multicenter, randomized, open-label trial, 
neither noninvasive ventilation nor high-flow 
oxygen decreased the rate of intubation (the pri-
mary outcome) among patients with acute hypox-
emic respiratory failure. High-flow oxygen ther-
apy, as compared with standard oxygen therapy 
or noninvasive ventilation, resulted in reduced 
mortality in the ICU and at 90 days.

When planning the study, we assumed an 
intubation rate of 60% in the standard-oxygen 
group on the basis of data from previous random-
ized, controlled trials.7,9,10 Our results showed a 
lower rate than expected in the standard-oxygen 
group (47%) but also a higher rate than expected 
among patients treated with noninvasive ventila-
tion (50%). The intubation rate in the noninva-
sive-ventilation group in our study is, however, 
consistent with the rates of 46 to 54% observed 
in other studies that included patients with acute 
hypoxemic respiratory failure.11-13,29 In a few ob-

servational studies,21,24,30 lower rates of intuba-
tion were seen among patients with hypoxemia 
who were receiving high-flow oxygen therapy 
than among those receiving noninvasive ventila-
tion or standard oxygen therapy.

The lower mortality observed in the high-
flow–oxygen group may have resulted from the 
cumulative effects of less intubation particularly 
in the patients with severe hypoxemia (Pao2:Fio2 
≤200 mm Hg), as compared with other patients, 
and a slightly lower mortality among intubated 
patients who were treated with high-flow oxygen 
therapy than among those who were treated 
with one of the other strategies (Table 2). Two 
studies have also suggested that a failure of non-
invasive ventilation might result in excess mor-
tality, possibly because of delayed intubation,12,31 
but we found no significant difference among 
the groups in terms of the time until intubation 
or the reasons for intubation. In our study, non-
invasive ventilation that was administered to 
patients with severe lung injury could have in-
creased the incidence of ventilator-induced lung 
injury by increasing tidal volumes that exceeded 
9 ml per kilogram of predicted body weight.32-34 
High-flow oxygen was also associated with an 
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Whether noninvasive ventilation should be administered in patients with acute hypox-
emic respiratory failure is debated. Therapy with high-flow oxygen through a nasal 
cannula may offer an alternative in patients with hypoxemia.
METHODS
We performed a multicenter, open-label trial in which we randomly assigned patients 
without hypercapnia who had acute hypoxemic respiratory failure and a ratio of the 
partial pressure of arterial oxygen to the fraction of inspired oxygen of 300 mm Hg 
or less to high-flow oxygen therapy, standard oxygen therapy delivered through a face 
mask, or noninvasive positive-pressure ventilation. The primary outcome was the 
proportion of patients intubated at day 28; secondary outcomes included all-cause 
mortality in the intensive care unit and at 90 days and the number of ventilator-free 
days at day 28.
RESULTS
A total of 310 patients were included in the analyses. The intubation rate (primary 
outcome) was 38% (40 of 106 patients) in the high-flow–oxygen group, 47% (44 of 94) 
in the standard group, and 50% (55 of 110) in the noninvasive-ventilation group 
(P = 0.18 for all comparisons). The number of ventilator-free days at day 28 was sig-
nificantly higher in the high-flow–oxygen group (24±8 days, vs. 22±10 in the stan-
dard-oxygen group and 19±12 in the noninvasive-ventilation group; P = 0.02 for all 
comparisons). The hazard ratio for death at 90 days was 2.01 (95% confidence interval 
[CI], 1.01 to 3.99) with standard oxygen versus high-flow oxygen (P = 0.046) and 2.50 
(95% CI, 1.31 to 4.78) with noninvasive ventilation versus high-flow oxygen (P = 0.006).
CONCLUSIONS
In patients with nonhypercapnic acute hypoxemic respiratory failure, treatment with 
high-flow oxygen, standard oxygen, or noninvasive ventilation did not result in sig-
nificantly different intubation rates. There was a significant difference in favor of 
high-flow oxygen in 90-day mortality. (Funded by the Programme Hospitalier de 
Recherche Clinique Interrégional 2010 of the French Ministry of Health; FLORALI 
ClinicalTrials.gov number, NCT01320384.)
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Whether noninvasive ventilation should be administered in patients with acute hypox-
emic respiratory failure is debated. Therapy with high-flow oxygen through a nasal 
cannula may offer an alternative in patients with hypoxemia.
METHODS
We performed a multicenter, open-label trial in which we randomly assigned patients 
without hypercapnia who had acute hypoxemic respiratory failure and a ratio of the 
partial pressure of arterial oxygen to the fraction of inspired oxygen of 300 mm Hg 
or less to high-flow oxygen therapy, standard oxygen therapy delivered through a face 
mask, or noninvasive positive-pressure ventilation. The primary outcome was the 
proportion of patients intubated at day 28; secondary outcomes included all-cause 
mortality in the intensive care unit and at 90 days and the number of ventilator-free 
days at day 28.
RESULTS
A total of 310 patients were included in the analyses. The intubation rate (primary 
outcome) was 38% (40 of 106 patients) in the high-flow–oxygen group, 47% (44 of 94) 
in the standard group, and 50% (55 of 110) in the noninvasive-ventilation group 
(P = 0.18 for all comparisons). The number of ventilator-free days at day 28 was sig-
nificantly higher in the high-flow–oxygen group (24±8 days, vs. 22±10 in the stan-
dard-oxygen group and 19±12 in the noninvasive-ventilation group; P = 0.02 for all 
comparisons). The hazard ratio for death at 90 days was 2.01 (95% confidence interval 
[CI], 1.01 to 3.99) with standard oxygen versus high-flow oxygen (P = 0.046) and 2.50 
(95% CI, 1.31 to 4.78) with noninvasive ventilation versus high-flow oxygen (P = 0.006).
CONCLUSIONS
In patients with nonhypercapnic acute hypoxemic respiratory failure, treatment with 
high-flow oxygen, standard oxygen, or noninvasive ventilation did not result in sig-
nificantly different intubation rates. There was a significant difference in favor of 
high-flow oxygen in 90-day mortality. (Funded by the Programme Hospitalier de 
Recherche Clinique Interrégional 2010 of the French Ministry of Health; FLORALI 
ClinicalTrials.gov number, NCT01320384.)
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CLINICAL TOLERANCE TO THE OXYGENATION STRATEGY:  

Table S5. Assessment of tolerance to the oxygenation strategy at inclusion and 1 hour after inclusion * 

 

High-Flow 

Oxygen group 

(n=106) 

Standard 

Oxygen group 

(n=94) 

NIV  

group  

(n=110) 

 

P Value 

Respiratory patient-discomfort at inclusion – mm † 38±31 44±29 46±30 0.20 

Respiratory patient-discomfort at H1– mm † 29±26 40±29 43±29 <0.01 

Grade of dyspnea at H1‡    <0.001 

Marked improvement – no. (%) 19 (22.1) 5 (6.8) 13 (14.3)  

Slight improvement– no. (%) 46 (53.5) 26 (35.1) 40 (44.0)  

No change– no. (%)  18 (20.9) 33 (44.6) 23 (25.3)  

Slight deterioration – no. (%)  3 (3.5) 9 (12.2) 8 (8.8)  

Marked deterioration – no. (%)  0 (0.0) 1 (1.3) 7 (7.7)  

Respiratory rate– breaths/min      

H1 28±7 31±7 31±8 <0.01 

H6  27±7 29±8 29±7 0.13 

PaO2 – mm Hg     <0.05 

H1 106±66 91±32 118±72 <0.05 

H6  90±35 93±36 111±59 <0.01 

FIO2 §     

H1 0.82±0.21 0.66±0.16 0.67±0.24 <0.001 

H6  0.75±0.22 0.64±0.18 0.63±0.21 <0.001 

PaO2:FIO2 ratio– mm Hg      

H1 133±73 146±69 183±83 <0.001 

H6  130±60 161±77 186±85 <0.001 

PaCO2 – mmHg      

H1 35±7 35±6 35±7 0.84 

N=310
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Whether noninvasive ventilation should be administered in patients with acute hypox-
emic respiratory failure is debated. Therapy with high-flow oxygen through a nasal 
cannula may offer an alternative in patients with hypoxemia.
METHODS
We performed a multicenter, open-label trial in which we randomly assigned patients 
without hypercapnia who had acute hypoxemic respiratory failure and a ratio of the 
partial pressure of arterial oxygen to the fraction of inspired oxygen of 300 mm Hg 
or less to high-flow oxygen therapy, standard oxygen therapy delivered through a face 
mask, or noninvasive positive-pressure ventilation. The primary outcome was the 
proportion of patients intubated at day 28; secondary outcomes included all-cause 
mortality in the intensive care unit and at 90 days and the number of ventilator-free 
days at day 28.
RESULTS
A total of 310 patients were included in the analyses. The intubation rate (primary 
outcome) was 38% (40 of 106 patients) in the high-flow–oxygen group, 47% (44 of 94) 
in the standard group, and 50% (55 of 110) in the noninvasive-ventilation group 
(P = 0.18 for all comparisons). The number of ventilator-free days at day 28 was sig-
nificantly higher in the high-flow–oxygen group (24±8 days, vs. 22±10 in the stan-
dard-oxygen group and 19±12 in the noninvasive-ventilation group; P = 0.02 for all 
comparisons). The hazard ratio for death at 90 days was 2.01 (95% confidence interval 
[CI], 1.01 to 3.99) with standard oxygen versus high-flow oxygen (P = 0.046) and 2.50 
(95% CI, 1.31 to 4.78) with noninvasive ventilation versus high-flow oxygen (P = 0.006).
CONCLUSIONS
In patients with nonhypercapnic acute hypoxemic respiratory failure, treatment with 
high-flow oxygen, standard oxygen, or noninvasive ventilation did not result in sig-
nificantly different intubation rates. There was a significant difference in favor of 
high-flow oxygen in 90-day mortality. (Funded by the Programme Hospitalier de 
Recherche Clinique Interrégional 2010 of the French Ministry of Health; FLORALI 
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proportion of patients intubated at day 28; secondary outcomes included all-cause 
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In patients with nonhypercapnic acute hypoxemic respiratory failure, treatment with 
high-flow oxygen, standard oxygen, or noninvasive ventilation did not result in sig-
nificantly different intubation rates. There was a significant difference in favor of 
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fails, which would delay intubation,
has adverse effects. The present ret-
rospective observational study
assessed overall ICU mortality and
other hospital outcomes of patients
who received HFNC therapy that
failed. Methods: All consecutive
patients in one tertiary hospital who
received HFNC therapy that failed
and who then required intubation be-
tween January 2013 and March 2014
were enrolled and classified accord-
ing to whether intubation started early
(within 48 h) or late (at least 48 h)

after commencing HFNC. Re-
sults: Of the 175 enrolled patients,
130 (74.3 %) and 45 (25.7 %) were
intubated before and after 48 h of
HFNC, respectively. The groups were
similar in terms of most baseline
characteristics. The early intubated
patients had better overall ICU mor-
tality (39.2 vs. 66.7 %; P = 0.001)
than late intubated patients. A similar
pattern was seen with extubation
success (37.7 vs. 15.6 %; P = 0.006),
ventilator weaning (55.4 vs. 28.9 %;
P = 0.002), and ventilator-free days
(8.6 ± 10.1 vs. 3.6 ± 7.5;
P = 0.011). In propensity-adjusted
and -matched analysis, early intuba-
tion was also associated with better
overall ICU mortality [adjusted odds
ratio (OR) = 0.317, P = 0.005; mat-
ched OR = 0.369, P = 0.046].
Conclusions: Failure of HFNC
might cause delayed intubation and
worse clinical outcomes in patients
with respiratory failure. Large
prospective and randomized con-
trolled studies on HFNC failure are
needed to draw a definitive
conclusion.
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Patient characteristics

The characteristics of all 175 patients and both groups are
shown in Table 1. Many patients had underlying diseases
such as immunosuppressive agents use [40.0 % (70/175)],
hematological malignancies [31.4 % (55/175)], and solid
malignancies [24.6 % (43/175)]. The SOFA score was
higher in the early HFNC failure group than in the late
HFNC failure group.

Etiology of respiratory failure

The main etiologies of respiratory failure indicating
HFNC application are presented in Table 1. The most
common etiologies for respiratory failure were acute de
novo respiratory failure [33.1 % (43/130)] and acute-on-
chronic lung disease [35.6 % (16/45)] in the early and
late HFNC failure groups, respectively. However, there
was no significant difference between the two groups.

Table 1 Baseline characteristics and hospital outcomes for patients who were intubated after HFNC therapy failure

Characteristics All patients
(n= 175)

Early HFNC
failure group
(n= 130)

Late HFNC
failure group
(n= 45)

P valuea

Age, yearsb 66 (57–74) 66 (56–73) 68 (57–75.5) 0.354
Male sex, n (%) 120 (68.6) 85 (65.4) 35 (77.8) 0.123
Body mass index, kg/m2 b 21.8 (19.6–24.2) 22.2 (19.8–24.3) 21.1 (18.9–24.0) 0.326
HFNC treatment time, hb 17.8 (6.5–48.9) 10.1 (4.8–22.4) 126.1 (64.9–178.6) \0.001
Underlying disease
Diabetes mellitus, n (%) 51 (29.1) 44 (33.9) 7 (15.6) 0.020
Hypertension, n (%) 71 (40.6) 53 (40.8) 18 (40.0) 0.928
Solid malignancies, n (%) 43 (24.6) 34 (26.2) 9 (20.0) 0.409
Hematological malignancies, n (%) 55 (31.4) 40 (30.8) 15 (33.3) 0.749
Chronic kidney disease/dialysis, n (%) 22 (12.6) 18 (13.9) 4 (8.9) 0.387
Liver disease, n (%) 31 (17.7) 24 (18.5) 7 (15.6) 0.660
Use of immunosuppressive agents, n (%) 70 (40.0) 48 (36.9) 22 (48.9) 0.158
Coronary artery disease, n (%) 20 (11.4) 13 (10.0) 7 (15.6) 0.313
Heart failure, n (%) 30 (17.1) 22 (16.9) 8 (17.8) 0.896
Chronic obstructive pulmonary disease, n (%) 21 (12.0) 15 (11.5) 6 (13.3) 0.749
Tuberculosis-destroyed lung, n (%) 31 (17.7) 19 (14.6) 12 (26.7) 0.068
PaO2/FiO2 before HFNC, mmHgb 165.6 (118.0–235.7)

(n= 172)
158.6 (112.7–222.8)
(n= 129)

180.0 (138.4–292.0)
(n= 43)

0.061

PaO2/FiO2 before intubation, mmHgb 88.0 (67.0–148.6) 90.6 (69.7–149.0) 86.3 (64.3–156.7) 0.594
APACHE II scoreb 25.0 (21.0–28.0) 25.0 (21.0–28.0) 25.0 (21.0–28.5) 0.832
SOFA scoreb 9.0 (6.0–12.0) 10.0 (7.0–13.0) 7.0 (5.0–11.0) 0.007

Etiology of respiratory failure before HFNC application
Acute de novo respiratory failure, n (%) 58 (33.1) 43 (33.1) 15 (33.3) 0.975
Acute-on-chronic lung disease, n (%) 53 (30.3) 37 (28.5) 16 (35.6) 0.372
Cariogenic pulmonary edema, n (%) 14 (8.0) 11 (8.5) 3 (6.7) [0.999
Pulmonary edema due to renal failure, n (%) 6 (3.4) 5 (3.8) 1 (2.2) [0.999
Septic shock other than respiratory infection, n (%) 15 (8.6) 12 (9.2) 3 (6.7) 0.763
After extubation, n (%) 29 (16.6) 22 (16.9) 7 (15.6) 0.832

Primary outcome
Overall ICU mortality, n (%) 81 (46.3) 51 (39.2) 30 (66.7) 0.001

Secondary outcomes
Extubation success, n (%) 56 (32.0) 49 (37.7) 7 (15.6) 0.006
Ventilator-weaning, n (%)c 85 (48.6) 72 (55.4) 13 (28.9) 0.002
Ventilator-free days to day 28b 7.3 ± 9.7 8.6 ± 10.1 3.6 ± 7.5 0.001
14-Day mortality from HFNC application, n (%) 53 (30.3) 39 (30.0) 14 (31.1) 0.889
14-Day mortality from intubation, n (%) 61 (34.9) 42 (32.3) 19 (42.2) 0.229
28-Day mortality from HFNC application, n (%) 83 (47.4) 60 (46.2) 23 (51.1) 0.566
28-Day mortality from intubation, n (%) 87 (49.7) 60 (46.2) 27 (60.0) 0.109
Length of ICU stayb 12.0 (5.0–22.0) 11.0 (5.0–19.3) 16.0 (7.5–28.5) 0.065

HFNC high-flow nasal cannula, PaO2/FiO2 ratio of partial pressure
arterial oxygen and fraction of inspired oxygen, APACHE Acute
Physiology and Chronic Health Evaluation, SOFA Sequential Or-
gan Failure Assessment
a Statistical comparisons of the data were performed using the chi-
square test for categorical variables and Mann-Whitney U test for
continuous variables

b Continuous variables are presented as median (interquartile
range) or mean ± standard deviation
c Includes both extubation and tracheostomy weaning
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failure, those who immediately underwent invasive me-
chanical ventilation had lower in-hospital mortality than
those who only underwent invasive mechanical ventilation
after NIV failure [33]. A review of Ozyilmaz et al. [25]
reported that NIV failure was strongly associated with poor
outcomes and that prompt endotracheal intubation should
be performed if early or late signs of deterioration are
detected. Moreover, Moretti et al. found that late NIV
failure ([48 h after starting NIV) was associated with
particularly high mortality (67.7 %) and poor prognosis
[9]. Similarly, in our present study, the time to define early
and late was 48 h, and late HFNC failure was associated
with higher overall ICU mortality compared with early
HFNC failure. This result may be because prolonged in-
tubation delay in patients with uncontrolled disease can
induce respiratory muscle fatigue and cardiac dysfunction,
which in turn lead to poor hospital outcomes.

Our data showed that there were no statistical differ-
ences in 14- and 28-day mortality, but overall ICU
mortality was higher in the late HFNC failure group than
early HFNC failure group. This was probably because
more patients in the early HFNC failure group died fol-
lowing ICU discharge and more patients in the late HFNC
failure group died in the ICU after prolonged ventilation
of more than 28 days. Although we analyzed hospital
outcomes according to HFNC failure, we could not de-
termine how to anticipate the patients with late HFNC
failure. There were no statistical differences in most
baseline characteristics between the early and late HFNC

failure groups. Diabetes mellitus and the SOFA score
were somewhat higher in the early HFNC failure group.
Future prospective randomized studies are certainly
warranted to address this question.

Limitations

This study had several limitations. First, it was a retro-
spective observational study. However, we used
propensity score matching and evaluated the influence of
HFNC failure in a group of carefully selected patients to
identify a possible link between late HFNC failure and
poor hospital outcomes. Our retrospective data on early
and late HFNC failure may represent a major departure
from the data that would be available for such a com-
parison from a randomized controlled study. Second, the
study was conducted in a single tertiary referral center,
although we recruited many patients. Selection bias can-
not be excluded, and the results should be carefully
interpreted. Larger scale multicenter studies are required
to confirm the results. Third, the actual delivered FiO2

was not measured; we cannot definitively state that the
FiO2 with HFNC was truly higher than the FiO2 with
conventional oxygen devices. The PaO2/FiO2 data should
be interpreted with caution. Nevertheless, we believe that
HFNC does deliver more FiO2 than conventional devices
because the oxygenation and respiratory variables of our
patients improved when HFNC was applied. Fourth, our

Table 3 Analysis of hospital outcomes for the early HFNC failure group compared with the late HFNC failure group (as reference) using
the propensity score analysis

Variables Crude Propensity-adjusteda Propensity-matchedb

Odds ratio
(95 % CI)

P valuec Odds ratio
(95 % CI)

P valuec Odds ratio
(95 % CI)

P valuec

Primary outcome
Overall ICU mortality 0.323 (0.158–0.658) 0.002 0.317 (0.143–0.700) 0.005 0.369 (0.139–0.984) 0.046

Secondary outcomes
Extubation success 3.284 (1.361–7.923) 0.008 3.091 (1.193–8.013) 0.020 2.057 (0.746–5.672) 0.163
Ventilator-weaning 3.056 (1.470–6.351) 0.003 3.380 (1.492–7.656) 0.004 2.495 (1.039–5.991) 0.041
Ventilator-free days to

day 28
0.542 (0.383–0.768)d 0.001e 0.516 (0.349–0.763)d 0.001e 0.639 (0.431–0.946)d 0.026e

14-Day mortality from
HFNC application

0.949 (0.455–1.977) 0.888 0.712 (0.312–1.622) 0.418 0.608 (0.231–1.606) 0.316

14-Day mortality from
intubation

0.653 (0.325–1.311) 0.231 0.482 (0.218–1.067) 0.072 0.447 (0.168–1.184) 0.105
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130 (74.3 %) and 45 (25.7 %) were
intubated before and after 48 h of
HFNC, respectively. The groups were
similar in terms of most baseline
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patients had better overall ICU mor-
tality (39.2 vs. 66.7 %; P = 0.001)
than late intubated patients. A similar
pattern was seen with extubation
success (37.7 vs. 15.6 %; P = 0.006),
ventilator weaning (55.4 vs. 28.9 %;
P = 0.002), and ventilator-free days
(8.6 ± 10.1 vs. 3.6 ± 7.5;
P = 0.011). In propensity-adjusted
and -matched analysis, early intuba-
tion was also associated with better
overall ICU mortality [adjusted odds
ratio (OR) = 0.317, P = 0.005; mat-
ched OR = 0.369, P = 0.046].
Conclusions: Failure of HFNC
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worse clinical outcomes in patients
with respiratory failure. Large
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needed to draw a definitive
conclusion.
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Patient characteristics

The characteristics of all 175 patients and both groups are
shown in Table 1. Many patients had underlying diseases
such as immunosuppressive agents use [40.0 % (70/175)],
hematological malignancies [31.4 % (55/175)], and solid
malignancies [24.6 % (43/175)]. The SOFA score was
higher in the early HFNC failure group than in the late
HFNC failure group.

Etiology of respiratory failure

The main etiologies of respiratory failure indicating
HFNC application are presented in Table 1. The most
common etiologies for respiratory failure were acute de
novo respiratory failure [33.1 % (43/130)] and acute-on-
chronic lung disease [35.6 % (16/45)] in the early and
late HFNC failure groups, respectively. However, there
was no significant difference between the two groups.

Table 1 Baseline characteristics and hospital outcomes for patients who were intubated after HFNC therapy failure

Characteristics All patients
(n= 175)

Early HFNC
failure group
(n= 130)

Late HFNC
failure group
(n= 45)

P valuea

Age, yearsb 66 (57–74) 66 (56–73) 68 (57–75.5) 0.354
Male sex, n (%) 120 (68.6) 85 (65.4) 35 (77.8) 0.123
Body mass index, kg/m2 b 21.8 (19.6–24.2) 22.2 (19.8–24.3) 21.1 (18.9–24.0) 0.326
HFNC treatment time, hb 17.8 (6.5–48.9) 10.1 (4.8–22.4) 126.1 (64.9–178.6) \0.001
Underlying disease
Diabetes mellitus, n (%) 51 (29.1) 44 (33.9) 7 (15.6) 0.020
Hypertension, n (%) 71 (40.6) 53 (40.8) 18 (40.0) 0.928
Solid malignancies, n (%) 43 (24.6) 34 (26.2) 9 (20.0) 0.409
Hematological malignancies, n (%) 55 (31.4) 40 (30.8) 15 (33.3) 0.749
Chronic kidney disease/dialysis, n (%) 22 (12.6) 18 (13.9) 4 (8.9) 0.387
Liver disease, n (%) 31 (17.7) 24 (18.5) 7 (15.6) 0.660
Use of immunosuppressive agents, n (%) 70 (40.0) 48 (36.9) 22 (48.9) 0.158
Coronary artery disease, n (%) 20 (11.4) 13 (10.0) 7 (15.6) 0.313
Heart failure, n (%) 30 (17.1) 22 (16.9) 8 (17.8) 0.896
Chronic obstructive pulmonary disease, n (%) 21 (12.0) 15 (11.5) 6 (13.3) 0.749
Tuberculosis-destroyed lung, n (%) 31 (17.7) 19 (14.6) 12 (26.7) 0.068
PaO2/FiO2 before HFNC, mmHgb 165.6 (118.0–235.7)

(n= 172)
158.6 (112.7–222.8)
(n= 129)

180.0 (138.4–292.0)
(n= 43)

0.061

PaO2/FiO2 before intubation, mmHgb 88.0 (67.0–148.6) 90.6 (69.7–149.0) 86.3 (64.3–156.7) 0.594
APACHE II scoreb 25.0 (21.0–28.0) 25.0 (21.0–28.0) 25.0 (21.0–28.5) 0.832
SOFA scoreb 9.0 (6.0–12.0) 10.0 (7.0–13.0) 7.0 (5.0–11.0) 0.007

Etiology of respiratory failure before HFNC application
Acute de novo respiratory failure, n (%) 58 (33.1) 43 (33.1) 15 (33.3) 0.975
Acute-on-chronic lung disease, n (%) 53 (30.3) 37 (28.5) 16 (35.6) 0.372
Cariogenic pulmonary edema, n (%) 14 (8.0) 11 (8.5) 3 (6.7) [0.999
Pulmonary edema due to renal failure, n (%) 6 (3.4) 5 (3.8) 1 (2.2) [0.999
Septic shock other than respiratory infection, n (%) 15 (8.6) 12 (9.2) 3 (6.7) 0.763
After extubation, n (%) 29 (16.6) 22 (16.9) 7 (15.6) 0.832

Primary outcome
Overall ICU mortality, n (%) 81 (46.3) 51 (39.2) 30 (66.7) 0.001

Secondary outcomes
Extubation success, n (%) 56 (32.0) 49 (37.7) 7 (15.6) 0.006
Ventilator-weaning, n (%)c 85 (48.6) 72 (55.4) 13 (28.9) 0.002
Ventilator-free days to day 28b 7.3 ± 9.7 8.6 ± 10.1 3.6 ± 7.5 0.001
14-Day mortality from HFNC application, n (%) 53 (30.3) 39 (30.0) 14 (31.1) 0.889
14-Day mortality from intubation, n (%) 61 (34.9) 42 (32.3) 19 (42.2) 0.229
28-Day mortality from HFNC application, n (%) 83 (47.4) 60 (46.2) 23 (51.1) 0.566
28-Day mortality from intubation, n (%) 87 (49.7) 60 (46.2) 27 (60.0) 0.109
Length of ICU stayb 12.0 (5.0–22.0) 11.0 (5.0–19.3) 16.0 (7.5–28.5) 0.065

HFNC high-flow nasal cannula, PaO2/FiO2 ratio of partial pressure
arterial oxygen and fraction of inspired oxygen, APACHE Acute
Physiology and Chronic Health Evaluation, SOFA Sequential Or-
gan Failure Assessment
a Statistical comparisons of the data were performed using the chi-
square test for categorical variables and Mann-Whitney U test for
continuous variables

b Continuous variables are presented as median (interquartile
range) or mean ± standard deviation
c Includes both extubation and tracheostomy weaning
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(n= 172)
158.6 (112.7–222.8)
(n= 129)

180.0 (138.4–292.0)
(n= 43)

0.061

PaO2/FiO2 before intubation, mmHgb 88.0 (67.0–148.6) 90.6 (69.7–149.0) 86.3 (64.3–156.7) 0.594
APACHE II scoreb 25.0 (21.0–28.0) 25.0 (21.0–28.0) 25.0 (21.0–28.5) 0.832
SOFA scoreb 9.0 (6.0–12.0) 10.0 (7.0–13.0) 7.0 (5.0–11.0) 0.007

Etiology of respiratory failure before HFNC application
Acute de novo respiratory failure, n (%) 58 (33.1) 43 (33.1) 15 (33.3) 0.975
Acute-on-chronic lung disease, n (%) 53 (30.3) 37 (28.5) 16 (35.6) 0.372
Cariogenic pulmonary edema, n (%) 14 (8.0) 11 (8.5) 3 (6.7) [0.999
Pulmonary edema due to renal failure, n (%) 6 (3.4) 5 (3.8) 1 (2.2) [0.999
Septic shock other than respiratory infection, n (%) 15 (8.6) 12 (9.2) 3 (6.7) 0.763
After extubation, n (%) 29 (16.6) 22 (16.9) 7 (15.6) 0.832

Primary outcome
Overall ICU mortality, n (%) 81 (46.3) 51 (39.2) 30 (66.7) 0.001

Secondary outcomes
Extubation success, n (%) 56 (32.0) 49 (37.7) 7 (15.6) 0.006
Ventilator-weaning, n (%)c 85 (48.6) 72 (55.4) 13 (28.9) 0.002
Ventilator-free days to day 28b 7.3 ± 9.7 8.6 ± 10.1 3.6 ± 7.5 0.001
14-Day mortality from HFNC application, n (%) 53 (30.3) 39 (30.0) 14 (31.1) 0.889
14-Day mortality from intubation, n (%) 61 (34.9) 42 (32.3) 19 (42.2) 0.229
28-Day mortality from HFNC application, n (%) 83 (47.4) 60 (46.2) 23 (51.1) 0.566
28-Day mortality from intubation, n (%) 87 (49.7) 60 (46.2) 27 (60.0) 0.109
Length of ICU stayb 12.0 (5.0–22.0) 11.0 (5.0–19.3) 16.0 (7.5–28.5) 0.065

HFNC high-flow nasal cannula, PaO2/FiO2 ratio of partial pressure
arterial oxygen and fraction of inspired oxygen, APACHE Acute
Physiology and Chronic Health Evaluation, SOFA Sequential Or-
gan Failure Assessment
a Statistical comparisons of the data were performed using the chi-
square test for categorical variables and Mann-Whitney U test for
continuous variables

b Continuous variables are presented as median (interquartile
range) or mean ± standard deviation
c Includes both extubation and tracheostomy weaning

failure, those who immediately underwent invasive me-
chanical ventilation had lower in-hospital mortality than
those who only underwent invasive mechanical ventilation
after NIV failure [33]. A review of Ozyilmaz et al. [25]
reported that NIV failure was strongly associated with poor
outcomes and that prompt endotracheal intubation should
be performed if early or late signs of deterioration are
detected. Moreover, Moretti et al. found that late NIV
failure ([48 h after starting NIV) was associated with
particularly high mortality (67.7 %) and poor prognosis
[9]. Similarly, in our present study, the time to define early
and late was 48 h, and late HFNC failure was associated
with higher overall ICU mortality compared with early
HFNC failure. This result may be because prolonged in-
tubation delay in patients with uncontrolled disease can
induce respiratory muscle fatigue and cardiac dysfunction,
which in turn lead to poor hospital outcomes.

Our data showed that there were no statistical differ-
ences in 14- and 28-day mortality, but overall ICU
mortality was higher in the late HFNC failure group than
early HFNC failure group. This was probably because
more patients in the early HFNC failure group died fol-
lowing ICU discharge and more patients in the late HFNC
failure group died in the ICU after prolonged ventilation
of more than 28 days. Although we analyzed hospital
outcomes according to HFNC failure, we could not de-
termine how to anticipate the patients with late HFNC
failure. There were no statistical differences in most
baseline characteristics between the early and late HFNC

failure groups. Diabetes mellitus and the SOFA score
were somewhat higher in the early HFNC failure group.
Future prospective randomized studies are certainly
warranted to address this question.

Limitations

This study had several limitations. First, it was a retro-
spective observational study. However, we used
propensity score matching and evaluated the influence of
HFNC failure in a group of carefully selected patients to
identify a possible link between late HFNC failure and
poor hospital outcomes. Our retrospective data on early
and late HFNC failure may represent a major departure
from the data that would be available for such a com-
parison from a randomized controlled study. Second, the
study was conducted in a single tertiary referral center,
although we recruited many patients. Selection bias can-
not be excluded, and the results should be carefully
interpreted. Larger scale multicenter studies are required
to confirm the results. Third, the actual delivered FiO2

was not measured; we cannot definitively state that the
FiO2 with HFNC was truly higher than the FiO2 with
conventional oxygen devices. The PaO2/FiO2 data should
be interpreted with caution. Nevertheless, we believe that
HFNC does deliver more FiO2 than conventional devices
because the oxygenation and respiratory variables of our
patients improved when HFNC was applied. Fourth, our

Table 3 Analysis of hospital outcomes for the early HFNC failure group compared with the late HFNC failure group (as reference) using
the propensity score analysis

Variables Crude Propensity-adjusteda Propensity-matchedb

Odds ratio
(95 % CI)

P valuec Odds ratio
(95 % CI)

P valuec Odds ratio
(95 % CI)

P valuec

Primary outcome
Overall ICU mortality 0.323 (0.158–0.658) 0.002 0.317 (0.143–0.700) 0.005 0.369 (0.139–0.984) 0.046

Secondary outcomes
Extubation success 3.284 (1.361–7.923) 0.008 3.091 (1.193–8.013) 0.020 2.057 (0.746–5.672) 0.163
Ventilator-weaning 3.056 (1.470–6.351) 0.003 3.380 (1.492–7.656) 0.004 2.495 (1.039–5.991) 0.041
Ventilator-free days to

day 28
0.542 (0.383–0.768)d 0.001e 0.516 (0.349–0.763)d 0.001e 0.639 (0.431–0.946)d 0.026e

14-Day mortality from
HFNC application

0.949 (0.455–1.977) 0.888 0.712 (0.312–1.622) 0.418 0.608 (0.231–1.606) 0.316

14-Day mortality from
intubation

0.653 (0.325–1.311) 0.231 0.482 (0.218–1.067) 0.072 0.447 (0.168–1.184) 0.105

28-Day mortality from
HFNC application

0.820 (0.416–1.616) 0.566 0.680 (0.318–1.457) 0.322 0.896 (0.440–1.824) 0.763

28-Day mortality from
intubation

0.571 (0.287–1.138) 0.111 0.557 (0.258–1.198) 0.134 0.802 (0.380–1.692) 0.563

Length of ICU stay 0.827 (0.586–1.169)f 0.282g 0.830 (0.552–0.800)f 0.372g 1.329 (0.598–2.952)f 0.485g

HFNC high-flow nasal cannula, CI confidence interval, ICU in-
tensive care unit
a The individual propensity score was integrated into each outcome
model as a covariable (all study patients were included)
b Of the 175 patients, 37 pairs were matched
c Statistical comparisons of the data were performed using logistic
regression analysis

d Hazard ratios analyzed by Cox proportional hazard regression
model
e Statistical comparisons of the data were performed using Cox
proportional hazard regression analysis
f Relative ratio by negative binomial regression model
g Statistical comparisons of the data were performed using nega-
tive binomial regression analysis
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Take-home message: Using a high-flow
nasal cannula for more than 48 h before
intubation may increase the risk of adverse
hospital outcomes for patients with
respiratory failure. These patients exhibit
lower extubation success, ventilator
weaning, and ventilator-free days, and
higher overall ICU mortality.
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Abstract Purpose: Intubation in
patients with respiratory failure can
be avoided by high-flow nasal can-
nula (HFNC) use. However, it is
unclear whether waiting until HFNC
fails, which would delay intubation,
has adverse effects. The present ret-
rospective observational study
assessed overall ICU mortality and
other hospital outcomes of patients
who received HFNC therapy that
failed. Methods: All consecutive
patients in one tertiary hospital who
received HFNC therapy that failed
and who then required intubation be-
tween January 2013 and March 2014
were enrolled and classified accord-
ing to whether intubation started early
(within 48 h) or late (at least 48 h)

after commencing HFNC. Re-
sults: Of the 175 enrolled patients,
130 (74.3 %) and 45 (25.7 %) were
intubated before and after 48 h of
HFNC, respectively. The groups were
similar in terms of most baseline
characteristics. The early intubated
patients had better overall ICU mor-
tality (39.2 vs. 66.7 %; P = 0.001)
than late intubated patients. A similar
pattern was seen with extubation
success (37.7 vs. 15.6 %; P = 0.006),
ventilator weaning (55.4 vs. 28.9 %;
P = 0.002), and ventilator-free days
(8.6 ± 10.1 vs. 3.6 ± 7.5;
P = 0.011). In propensity-adjusted
and -matched analysis, early intuba-
tion was also associated with better
overall ICU mortality [adjusted odds
ratio (OR) = 0.317, P = 0.005; mat-
ched OR = 0.369, P = 0.046].
Conclusions: Failure of HFNC
might cause delayed intubation and
worse clinical outcomes in patients
with respiratory failure. Large
prospective and randomized con-
trolled studies on HFNC failure are
needed to draw a definitive
conclusion.

Keywords Oxygen inhalation
therapy ! Intubation ! Noninvasive
ventilation ! Oxygen !
Respiratory insufficiency
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the patients included in our study and not treated first with 
mechanical ventilation did not fully fulfill criteria for ARDS. 
We found that bilateral pulmonary infiltrates at baseline were 
more frequent in patients who were intubated. However, this 
variable could not help to predict the need for intubation after 
initiation of oxygenation strategies while severity of hypox-
emia was a predictor of intubation only in patients treated 
with NIV. Therefore, variables related to severity of the initial 
disease seem not to be applicable in our study to predict intu-
bation. Rather than factors associated with disease severity, the 
clinical variables related to response therapy after 1 hour were 
those that help to predict intubation in the different oxygen 
delivery strategies.

Predictors of intubation under HFNC have been poorly 
assessed. It was recently found in an observational study that 

low ratio of SpO
2
/FIO

2
-to-respiratory rate was a good predic-

tor of intubation (15). However, this index was calculated 
after 12 hours of treatment, thereby limiting its interest early 
in patient management. In our study, no respiratory vari-
able monitored after HFNC initiation was associated with 
intubation. However, this index was calculated after 12 hours 
of treatment, thereby limiting its interest early in patient 
management.

Several studies have suggested that delayed intubation 
could be associated with higher mortality by masking signs 
of respiratory distress under NIV (6, 11, 16) as well as under 
HFNC (10). We did not confirm these results. In our study, the 
median time to intubation was less than 24 hours after inclu-
sion, and this delay did not differ between survivors and non-
survivors, either under NIV or under HFNC.

TABLE 3. Multivariate Logistic Regression Analyses of Factors Associated With Intubation
Risk Factors OR (95% CI) p

In patients treated with conventional O2 therapy by nonrebreathing maska   

 Respiratory rate ≥ 30 breaths/min at H1 2.76 (1.13–6.75) 0.03

In patients treated with high-flow nasal cannula oxygen therapya   

 Heart rate at H1 (per beat/min) 1.03 (1.01–1.06) < 0.01

In patients treated with noninvasive ventilationab   

 Tidal volume > 9 mL/kg of predicted body weight at H1 3.14 (1.22–8.06) 0.02

 PaO2/FIO2 ≤ 200 mm Hg at H1 4.26 (1.62–11.16) 0.003
a  (c) Index values for the discrimination ability to predict intubation (area under the curve) are 0.634, 0.657, and 0.726, respectively, in conventional O2 therapy by 
nonrebreathing mask, high-flow nasal cannula oxygen therapy, and noninvasive ventilation groups.

b   There was no interaction between tidal volume, PaO2/FIO2, and intubation, pinteraction = 0.27.
Variables entered in the maximal model of logistic regression were as follows:
In patients treated with standard O2: bilateral pulmonary infiltrates; respiratory rate ≥ 30 breaths/min 1 hr after standard O2 initiation (at H1), respiratory patient 
discomfort at H1, heart rate at H1.
In patients treated with high-flow nasal cannula oxygen therapy (HFNC): heart rate 1 hour after HFNC initiation (at H1), systolic arterial pressure at H1, patient 
discomfort at H1, and class of PaO2/FIO2 ratio at H1.
In patients treated with noninvasive ventilation (NIV): immunosuppression status; heart rate 1 hour after NIV initiation (at H1), respiratory rate ≥ 30 breaths/min at 
H1, class of PaO2/FIO2 ratio at H1, and tidal volume exceeding 9 mL/kg of predicted body weight at H1.

Figure 1. Box plots showing median tidal volumes (25–75th percentiles) 
in mL/kg of predicted body weight (PBW) 1 hour after noninvasive 
ventilation initiation in patients who were not intubated (white) and in 
those who were intubated (gray). The tidal volumes were significantly 
higher in patients who needed intubation as compared to the others: 
8.3 mL/kg (6.9–9.5) of PBW versus 9.2 (8.1–12.5), p = 0.02.

Figure 2. Box plots showing the median delay (25–75th percentiles) in 
hours between noninvasive ventilation (NIV) initiation and intubation in 
survivors (white) and nonsurvivors (gray). This delay did not significantly 
differ between the two groups with a median delay of 16 hr (9–23) versus 
16 (15–28) in NIV group (p = 0.40).
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15 Université Paris Diderot, UMR IAME 1137, Sorbonne Paris Cité, 
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Objectives: High-flow nasal cannula is increasingly used in the 
management of respiratory failure. However, little is known about 
its impact on respiratory effort, which could explain part of the ben-
efits in terms of comfort and efficiency. This study was designed 
to assess the effects of high-flow nasal cannula on indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min) in adults.
Design: A randomized controlled crossover study was conducted in 
12 patients with moderate respiratory distress (i.e., after partial recov-
ery from an acute episode, allowing physiologic measurements).
Setting: Institut Universitaire de Cardiologie et de Pneumologie 
de Québec, QC, Canada.
Subjects: Twelve adult patients with respiratory distress symp-
toms were enrolled in this study.
Interventions: Four experimental conditions were evaluated: base-
line with conventional oxygen therapy and high-flow nasal cannula 
at 20, 40, and 60 L/min. The primary outcomes were the indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min). Secondary 
outcomes included tidal volume, respiratory rate, minute volume, 
dynamic lung compliance, inspiratory resistance, and blood gases.
Measurements and Main Results: Esophageal pressure varia-
tions decreased from 9.8 (5.8–14.6) cm H2O at baseline to 4.9  

(2.1–9.1) cm H2O at 60 L/min (p = 0.035). Esophageal 
 pressure-time product/min decreased from 165 (126–179) to 
72 (54–137) cm H2O • s/min, respectively (p = 0.033). Work of 
breathing/min decreased from 4.3 (3.5–6.3) to 2.1 (1.5–5.0) J/min, 
respectively (p = 0.031). Respiratory pattern variables and capillary 
blood gases were not significantly modified between experimental 
conditions. Dynamic lung compliance increased from 38 (24–64) 
mL/cm H2O at baseline to 59 (43–175) mL/cm H2O at 60 L/min  
(p = 0.007), and inspiratory resistance decreased from 9.6  
(5.5–13.4) to 5.0 (1.0–9.1) cm H2O/L/s, respectively (p = 0.07).
Conclusions: High-flow nasal cannula, when set at 60 L/min, sig-
nificantly reduces the indexes of respiratory effort in adult patients 
recovering from acute respiratory failure. This effect is associated 
with an improvement in respiratory mechanics. (Crit Care Med 
2017; 45:1981–1988)
Key Words: high-flow nasal cannula; oxygen therapy; respiratory 
distress; respiratory inductive plethysmography; work of breathing

The utilization of high-flow nasal cannula (HFNC) in 
ICUs is increasing every day. Recent clinical data sup-
port its use as a first-line strategy for the treatment 

and prevention of hypoxemic respiratory failure. Indeed, sev-
eral high-quality trials recently demonstrated a major clinical 
impact of HFNC in patients with hypoxemic respiratory fail-
ure (1), after extubation in patients at risk of hypoxemia (2) or 
even in patients with low risk of reintubation (3), and in the 
postoperative period of cardiothoracic surgery (4).

Physiologically, HFNC allows a better control of delivered 
FIO

2
 (5) and provides low levels of positive airway pressure 

(6–8) associated with increased end-expiratory lung volume 
and improved oxygenation (9–11). Furthermore, recent bench 
studies have highlighted that the continuous flow delivered in 
the upper airways during HFNC therapy may result in a flow-
dependent anatomical dead space washout, reducing carbon 
dioxide rebreathing (12–15). These data are consistent with 
clinical findings suggesting that HFNC may lead to a reduction 
in respiratory rate (RR) and minute ventilation (11, 16, 17), 
PaCO

2
 remaining constant or slightly reduced (2, 11, 17).

Copyright © 2017 by the Society of Critical Care Medicine and Wolters 
Kluwer Health, Inc. All Rights Reserved.
DOI: 10.1097/CCM.0000000000002693

*See also p. 2103.
1Hôpital du Haut Lévêque, Groupe Hospitalier Sud, Centre Hospitalier 
Universitaire de Bordeaux, Pessac, Franc.

2Centre de Recherche de l'Institut Universitaire de Cardiologie et de 
Pneumologie de Québec, Québec, QC, Canada.

Supplemental digital content is available for this article. Direct URL cita-
tions appear in the printed text and are provided in the HTML and PDF 
versions of this article on the journal’s website (http://journals.lww.com/
ccmjournal).
High-flow nasal cannula devices and consumables were provided by 
Fisher & Paykel Healthcare, who had no other involvement in the study.
The authors have disclosed that they do not have any potential conflicts 
of interest.
For information regarding this article, E-mail: francois.lellouche@criucpq.
ulaval.ca

Effects of High-Flow Nasal Cannula on the Work 
of Breathing in Patients Recovering From Acute 
Respiratory Failure*

Mathieu Delorme, PT, MSc1,2; Pierre-Alexandre Bouchard, RT2; Mathieu Simon, MD, FRCPC2;  
Serge Simard, MSc2; François Lellouche, MD, PhD2



Copyright © 2017 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Frat et al

6  www.ccmjournal.org XXX 2017 • Volume XX • Number XXX

the patients included in our study and not treated first with 
mechanical ventilation did not fully fulfill criteria for ARDS. 
We found that bilateral pulmonary infiltrates at baseline were 
more frequent in patients who were intubated. However, this 
variable could not help to predict the need for intubation after 
initiation of oxygenation strategies while severity of hypox-
emia was a predictor of intubation only in patients treated 
with NIV. Therefore, variables related to severity of the initial 
disease seem not to be applicable in our study to predict intu-
bation. Rather than factors associated with disease severity, the 
clinical variables related to response therapy after 1 hour were 
those that help to predict intubation in the different oxygen 
delivery strategies.

Predictors of intubation under HFNC have been poorly 
assessed. It was recently found in an observational study that 

low ratio of SpO
2
/FIO

2
-to-respiratory rate was a good predic-

tor of intubation (15). However, this index was calculated 
after 12 hours of treatment, thereby limiting its interest early 
in patient management. In our study, no respiratory vari-
able monitored after HFNC initiation was associated with 
intubation. However, this index was calculated after 12 hours 
of treatment, thereby limiting its interest early in patient 
management.

Several studies have suggested that delayed intubation 
could be associated with higher mortality by masking signs 
of respiratory distress under NIV (6, 11, 16) as well as under 
HFNC (10). We did not confirm these results. In our study, the 
median time to intubation was less than 24 hours after inclu-
sion, and this delay did not differ between survivors and non-
survivors, either under NIV or under HFNC.

TABLE 3. Multivariate Logistic Regression Analyses of Factors Associated With Intubation
Risk Factors OR (95% CI) p

In patients treated with conventional O2 therapy by nonrebreathing maska   

 Respiratory rate ≥ 30 breaths/min at H1 2.76 (1.13–6.75) 0.03

In patients treated with high-flow nasal cannula oxygen therapya   

 Heart rate at H1 (per beat/min) 1.03 (1.01–1.06) < 0.01

In patients treated with noninvasive ventilationab   

 Tidal volume > 9 mL/kg of predicted body weight at H1 3.14 (1.22–8.06) 0.02

 PaO2/FIO2 ≤ 200 mm Hg at H1 4.26 (1.62–11.16) 0.003
a  (c) Index values for the discrimination ability to predict intubation (area under the curve) are 0.634, 0.657, and 0.726, respectively, in conventional O2 therapy by 
nonrebreathing mask, high-flow nasal cannula oxygen therapy, and noninvasive ventilation groups.

b   There was no interaction between tidal volume, PaO2/FIO2, and intubation, pinteraction = 0.27.
Variables entered in the maximal model of logistic regression were as follows:
In patients treated with standard O2: bilateral pulmonary infiltrates; respiratory rate ≥ 30 breaths/min 1 hr after standard O2 initiation (at H1), respiratory patient 
discomfort at H1, heart rate at H1.
In patients treated with high-flow nasal cannula oxygen therapy (HFNC): heart rate 1 hour after HFNC initiation (at H1), systolic arterial pressure at H1, patient 
discomfort at H1, and class of PaO2/FIO2 ratio at H1.
In patients treated with noninvasive ventilation (NIV): immunosuppression status; heart rate 1 hour after NIV initiation (at H1), respiratory rate ≥ 30 breaths/min at 
H1, class of PaO2/FIO2 ratio at H1, and tidal volume exceeding 9 mL/kg of predicted body weight at H1.

Figure 1. Box plots showing median tidal volumes (25–75th percentiles) 
in mL/kg of predicted body weight (PBW) 1 hour after noninvasive 
ventilation initiation in patients who were not intubated (white) and in 
those who were intubated (gray). The tidal volumes were significantly 
higher in patients who needed intubation as compared to the others: 
8.3 mL/kg (6.9–9.5) of PBW versus 9.2 (8.1–12.5), p = 0.02.

Figure 2. Box plots showing the median delay (25–75th percentiles) in 
hours between noninvasive ventilation (NIV) initiation and intubation in 
survivors (white) and nonsurvivors (gray). This delay did not significantly 
differ between the two groups with a median delay of 16 hr (9–23) versus 
16 (15–28) in NIV group (p = 0.40).
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This study was coordinated at Réanimation Médicale, CHU de Poitiers, 
Poitiers, France and performed in 23 centers in France and Belgium.
Dr. Frat reports grants, personal fees, and nonfinancial support from the 
“Fisher & Paykel HealthCare” firm, during the conduct of the study; per-
sonal fees and nonfinancial support from SOS oxygène, outside the sub-
mitted work. Dr. Coudroy reports nonfinancial support from MSD, outside 
the submitted work. Dr. Girault reports nonfinancial support and other 
from Fisher & Paykel Healthcare, during the conduct of the study; per-
sonal fees from Fisher & Paykel Healthcare, outside the submitted work. 
Dr. Demoule reports personal fees from Covidien, grants and personal 
fees from Maquet, grants from Philips, personal fees from MSD, nonfinan-
cial support from Dräger, outside the submitted work. Dr. Ricard reports 
coverage by Fisher & Paykel Healthcare of expenses to attend scientific 
meetings. Dr. Mercat reports personal fees from Faron Pharmaceuticals, 
personal fees from Air Liquide Medical Systems, grants and personal 
fees from Fisher-Paykel, grants and personal fees from Covidien, out-
side the submitted work. In addition, Dr. Mercat has a patent General 
Electric licensed. Dr. Brochard reports grants and nonfinancial support 
from Fisher & Paykel, grants and nonfinancial support from Covidien, 
nonfinancial support from Philips, nonfinancial support from Maquet, non-
financial support from General Electric, grants from Air Liquide, outside 
the submitted work. Dr. Robert reports nonfinancial support from Fre-
senius Medical Care, from Baxter Gambro, outside the submitted work. 
The remaining authors have disclosed that they do not have any potential 
conflicts of interest.
For information regarding this article, E-mail: jean-pierre.frat@chu-poitiers.fr

Copyright © 2017 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.Copyright © 2017 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Clinical Investigations

208 www.ccmjournal.org February 2018 • Volume 46 • Number 2

Copyright © 2017 by the Society of Critical Care Medicine and Wolters 
Kluwer Health, Inc. All Rights Reserved.
DOI: 10.1097/CCM.0000000000002818

*See also p. 330.
1CHU de Poitiers, Réanimation Médicale, Poitiers, France. 
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3Université de Poitiers, Faculté de Médecine et de Pharmacie de Poitiers, 
Poitiers, France.

4INSERM, CIC-1402, Biostatistics, Poitiers, France. 
5CIC-1402, Poitiers, France. 
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Objectives: High-flow nasal cannula is increasingly used in the 
management of respiratory failure. However, little is known about 
its impact on respiratory effort, which could explain part of the ben-
efits in terms of comfort and efficiency. This study was designed 
to assess the effects of high-flow nasal cannula on indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min) in adults.
Design: A randomized controlled crossover study was conducted in 
12 patients with moderate respiratory distress (i.e., after partial recov-
ery from an acute episode, allowing physiologic measurements).
Setting: Institut Universitaire de Cardiologie et de Pneumologie 
de Québec, QC, Canada.
Subjects: Twelve adult patients with respiratory distress symp-
toms were enrolled in this study.
Interventions: Four experimental conditions were evaluated: base-
line with conventional oxygen therapy and high-flow nasal cannula 
at 20, 40, and 60 L/min. The primary outcomes were the indexes of 
respiratory effort (i.e., esophageal pressure variations, esophageal 
pressure-time product/min, and work of breathing/min). Secondary 
outcomes included tidal volume, respiratory rate, minute volume, 
dynamic lung compliance, inspiratory resistance, and blood gases.
Measurements and Main Results: Esophageal pressure varia-
tions decreased from 9.8 (5.8–14.6) cm H2O at baseline to 4.9  

(2.1–9.1) cm H2O at 60 L/min (p = 0.035). Esophageal 
 pressure-time product/min decreased from 165 (126–179) to 
72 (54–137) cm H2O • s/min, respectively (p = 0.033). Work of 
breathing/min decreased from 4.3 (3.5–6.3) to 2.1 (1.5–5.0) J/min, 
respectively (p = 0.031). Respiratory pattern variables and capillary 
blood gases were not significantly modified between experimental 
conditions. Dynamic lung compliance increased from 38 (24–64) 
mL/cm H2O at baseline to 59 (43–175) mL/cm H2O at 60 L/min  
(p = 0.007), and inspiratory resistance decreased from 9.6  
(5.5–13.4) to 5.0 (1.0–9.1) cm H2O/L/s, respectively (p = 0.07).
Conclusions: High-flow nasal cannula, when set at 60 L/min, sig-
nificantly reduces the indexes of respiratory effort in adult patients 
recovering from acute respiratory failure. This effect is associated 
with an improvement in respiratory mechanics. (Crit Care Med 
2017; 45:1981–1988)
Key Words: high-flow nasal cannula; oxygen therapy; respiratory 
distress; respiratory inductive plethysmography; work of breathing

The utilization of high-flow nasal cannula (HFNC) in 
ICUs is increasing every day. Recent clinical data sup-
port its use as a first-line strategy for the treatment 

and prevention of hypoxemic respiratory failure. Indeed, sev-
eral high-quality trials recently demonstrated a major clinical 
impact of HFNC in patients with hypoxemic respiratory fail-
ure (1), after extubation in patients at risk of hypoxemia (2) or 
even in patients with low risk of reintubation (3), and in the 
postoperative period of cardiothoracic surgery (4).

Physiologically, HFNC allows a better control of delivered 
FIO

2
 (5) and provides low levels of positive airway pressure 

(6–8) associated with increased end-expiratory lung volume 
and improved oxygenation (9–11). Furthermore, recent bench 
studies have highlighted that the continuous flow delivered in 
the upper airways during HFNC therapy may result in a flow-
dependent anatomical dead space washout, reducing carbon 
dioxide rebreathing (12–15). These data are consistent with 
clinical findings suggesting that HFNC may lead to a reduction 
in respiratory rate (RR) and minute ventilation (11, 16, 17), 
PaCO

2
 remaining constant or slightly reduced (2, 11, 17).
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Travail respiratoire ✓ ✓ (60 l/min)
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Question: VNI vs. OHD???
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Post-laparotomie

VNI > O2



OAP

Exacerbation BPCO

Post-extubation

Sur le plan clinique:

Post-laparotomie

VNI > O2

O2 > VNI



OAP

Exacerbation BPCO

Post-extubation

Hypoxémique

Sur le plan clinique:

Post-laparotomie

VNI > O2

O2 > VNI

OHD > VNI



OAP

Exacerbation BPCO

Post-extubation

Hypoxémique

Place pour 
l’OHD?

Sur le plan clinique:

Post-laparotomie

VNI > O2

O2 > VNI

OHD > VNI Place pour le 
Helmet?


