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Pourquoi	ventiler	?

•Protéger	les	voies	aériennes	à Intubation
• Indications	respiratoires:

•Hypoxémie
•Hypercapnie
•Défaillance	multiple,	choc	septique,	

à « protéger	les	poumons »

Mise	en	sécurité	avant	le	transfert	vers	un	
service	de	soins	intensifs	ou	réanimation



2	questions	

Diagnostic
Thérapeutique

Efficacité
Tolérance



Cas	clinique	1



Mr	B
• 67	ans		novembre	2017
• Antécédents:

• Tabagisme	sevré	15	PA
• Alcool	occasionnel

• Histoire	de	la	maladie:
• « moins	bien	depuis	4-5	jours »
• T° 39°
• Non	vacciné	grippe
• Toux	grasse
• Glasgow	14
• SpO2=91	%	sous	oxygénothérapie	à	débit	croissant
• PA=	90/65	Pouls	=110/min

pH 7,47
PaO2 61	mmHg
PaCO2 34	mmHg
SaO2 91%



Radio	initiale

• Oxygène	15L/min



Quel	est	votre	diagnostic	?
Que	proposez	vous	?

1. Oxygénothérapie	à	haut	débit	humidifié

2. Ventilation	non	invasive

3. Ventilation	invasive
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set with a flow rate of 40 L/min (11). Nonetheless, HFNC 
is likely to perform better during ARF than traditional 
oxygen supplementation with high FiO2 more reliably 
delivered. Indeed, HFNC may also generate a low level of 
positive pressure in the upper airway directly proportional 
to the gas flow delivered, thereby possibly improving 
oxygenation. However, due to air leakage the pressure levels 
are quite variable. The large nasal prongs could create some 
nasal obstruction, while continuously delivered high flow 
causes resistance during expiration, thereby generating 
positive pressure. Consequently, positive pressure is 
markedly reduced when the patient opens his mouth. Parke  
et al. measured nasopharyngeal pressure in postoperative 
patients at different levels of flow using HFNC (14). The 
pressure recorded during spontaneous breathing on HFNC 
correlated linearly with administered flow-rate and was 
significantly higher when subjects breathed with their 
mouths closed: exceeding 3 cmH2O with a gas flow rate 
of 50 L/min with mouth closed, and less than 2 cmH2O 
with mouth open (14). This low positive airway pressure 
generates a PEEP effect including alveolar recruitment 
that might also improve gas exchange (Figure 1). In a 
physiological study measuring pulmonary volumes after 
cardiac surgery using electrical impedance tomography 
(EIT), increased end-expiratory lung volume was found 
with HFNC, suggesting alveolar recruitment induced by 
PEEP effect (15). In ARF, Mauri et al. found that during 
inspiration tidal volume did not change under HFNC after 
starting with standard oxygen, suggesting homogeneous 
distribution of tidal volume, i.e., better distribution of 

lung densities, suggesting less regional lung strain with  
HFNC (16). 

However, clinical studies have shown less improvement 
in oxygenation with HFNC than with NIV, probably due 
to lower impact of the PEEP effect with HFNC than with 
NIV (10,17). In a pilot study successively assessing standard 
oxygen, HFNC and NIV in patients with ARF, PaO2 
increased from standard oxygen to HFNC without changes 
in PaO2/FiO2 ratio (17). This suggests that oxygenation 
improvement was mainly due to increased FiO2. By contrast, 
PaO2 further increased with NIV with a significant increase 
in PaO2/FiO2 ratio reflecting probable alveolar recruitment 
induced by PEEP. These results were confirmed in a large 
multicenter study comparing standard oxygen, HFNC and 
NIV (10). 

Ventilatory support

Respiratory muscle activity in hypoxemic ARF is especially 
high due to high respiratory drive. In this situation, 
spontaneous breathing may be deleterious, aggravating lung 
injury through changes in global or regional pressure, even 
without any ventilatory support (18-20). Brochard et al. 
consequently developed the concept of patient self-inflicted 
lung injury (P-SILI) (19). Hence, oxygenation strategies are 
aimed at unloading inspiratory muscles while preserving 
superimposed lung injuries, in addition to improve 
oxygenation. 

The PS delivered under NIV during inspiration is 
one of the determinants of the tidal volume generated 

Figure 1 Physiological effects of HFNC oxygen therapy. HFNC, high-flow nasal cannula.
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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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in respiratory effort parameters was encountered at 60 L/min 
with a median reduction of 27.8% (18.2–61.8%) for ∆P

es
 

(p = 0.026), 25.6% (20.8–57.1%) for PTP
es
/min (p = 0.022), 

and 43.3% (18.5–53.8%) for WOB/min (p = 0.023) (Fig. 2, 
D–F). Most of indexes of respiratory effort at 20 and 40 L/min  
were reduced but not significantly different from baseline. 
No significant difference of respiratory effort was evidenced 
between flow rates of HFNC.

Respiratory Pattern and Blood Gases
Respiratory pattern parameters and capillary blood gases vari-
ations are displayed in Table 2 (28, 29). No significant modifi-
cation was evidenced between the study periods.

Respiratory Mechanics
Median auto-PEEP at baseline was 0.2 cm H

2
O (0.0–1.1 cm 

H
2
O). Neither auto-PEEP nor EEP

es
 was affected by treat-

ment modality (Supplemental Table 1, Supplemental Digital 
Content 4, http://links.lww.com/CCM/C821). CL

dyn
 increased 

from 38 mL/cm H
2
O (24–64 mL/cm H

2
O) at baseline to 59 mL/

cm H
2
O (43–175 mL/cm H

2
O) at 60 L/min (p = 0.007), and 

resistance decreased from 9.6 (5.5–13.4) to 5.0 (1.0–9.1) cm 
H

2
O/L/s, respectively (p = 0.07) (Fig. 3).

Respiratory Comfort
Baseline dyspnea level assessed via the modified Börg scale was 
2 (1–3)/10. No relevant modification was observed during the 
protocol (Supplemental Table 1, Supplemental Digital Content 
4, http://links.lww.com/CCM/C821).

Subgroup Analysis
A subgroup analysis was performed in order to assess whether 
hypoxemic (n = 7) or hypercapnic patients (n = 5) exhibited 
different response profile to HFNC in terms of respiratory 
effort. No significant difference was evidenced within these 
subgroups. Data are presented in the supplemental digital con-
tent (Supplemental Table 2, Supplemental Digital Content 5, 
http://links.lww.com/CCM/C822).

DISCUSSION
In this study, we showed that the use of HFNC in patients recov-
ering from acute respiratory failure leads to an important and 

significant reduction in all the 
indexes of respiratory effort 
(i.e., ∆P

es
, PTP

es
/min, and 

WOB/min), when the flow is 
set at 60 L/min. We did not 
evidence a clear dose-response 
relationship between flow rates 
and WOB and found no signifi-
cant improvement of respira-
tory effort with the use of flows 
below 60 L/min.

To date, little is known about 
the effects of HFNC on respira-
tory effort in adult patients and 

especially on the work of breathing. This lack of data is prob-
ably related to the technical complexity of estimating Vt during 
HFNC, which is required for the determination of both PTP

es
 

and WOB (21–23). Here, we used RIP, which has been previously 
used for the same purpose in neonates (25) and adult patients 
(30), and has been shown to give satisfactory estimation of Vt 
(31, 32). Using a similar methodology, Biselli et al (30) recently 
reported in a subset of 6 chronic obstructive pulmonary dis-
ease (COPD) outpatients that HFNC reduced the WOB during 
sleep, in a greater extent than conventional oxygen therapy alone. 
Along with our results, this reduction of indexes of respiratory 
effort with HFNC corroborates clinical findings that previously 
suggested that part of the benefits of this therapy might be attrib-
utable to a reduction in respiratory load, as demonstrated by an 
improvement of supraclavicular retraction (33) or thoracoab-
dominal asynchrony (33, 34).

Several studies conducted among patients with high base-
line RRs (25 ± 3 breaths/min) (9, 17, 19, 34–36) have shown that 
HFNC was likely to improve the breathing pattern. We did not 
find such effect in the present study, which may be explained 
by a relatively low RR (around 20 breaths/min) in the included 
patients. Furthermore, Sztrymf et al (33) showed in a study 
performed in critical care patients that the effects of HFNC on 
respiratory distress symptoms may be related to the duration of 
exposure, and we cannot exclude that the shortness of the study 
periods of our protocol may also explain the absence of effect of 
HFNC on respiratory pattern variables (16, 17).

Associated with lower RRs, baseline values for indexes of 
effort were lower in the present study than previously reported 
values in patients with acute respiratory distress syndrome or 
acute lung injury, as half of the patients in the present study 
were included outside ICUs (37–39). This might have limited 
the impact of HFNC on breathing pattern in our population 
and may explain that we did not observe any significant effect 
of lower flows (20 and 40 L/min) on respiratory effort in com-
parison with baseline values.

However, our results are consistent with recent data from 
Vargas et al (19) and Mauri et al (36) who showed in patients 
with acute hypoxemic respiratory failure that HFNC reduced 
PTP

es
 by approximately 25%, compared with conventional 

oxygen therapy. Interestingly, Pisani et al (40) also recently 
reported that HFNC could reduce transdiaphragmatic PTP 

Figure 1. Time course of study variables over the experimental conditions in a representative patient (Patient 
number 6). The respiratory flow is estimated from respiratory inductive plethysmography (RIP) bands variations. 
In this patient, both esophageal pressure (Pes ) swings and tidal volumes were reduced with the use of high-flow 
nasal cannula at 60 L/min while respiratory rate remained unchanged. 
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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.

CCM	2017



Inclusion
Dyspnée	malgré	9-15L/min

ued for all subjects admitted to the ICU. Seven were suc-
cessfully weaned from HFNC after a median time of use
of 13.5 h (4–34.5 h) and fully recovered. Two required
invasive mechanical ventilation, and one subject ultimately
died. In the ED’s hospitalization unit, 5 subjects for whom
do-not-resuscitate orders had been given died; the remain-
ing 4 subjects were ultimately discharged.

Nine subjects were able to give their opinion of the
device. All but one stated greater comfort with HFNC than
with the face mask. Two of them declared having been
disturbed by the noise. Objective sound level measurement
indicated that HFNC generated 55 dB, oxygen via the face
mask 50 dB, and ambient noise in the ED oscillated be-
tween 60–70 dB.

All caregivers (n ! 17) judged HFNC more efficient
than conventional oxygen therapy through the face mask.
There were 82% who estimated that subjects were more
comfortable with this device. In terms of set-up and man-
agement, 65% found no difference between HFNC and
conventional oxygen therapy, while 24% found HFNC
less difficult and 12% more difficult to set up and manage.
Altogether, 76% of healthcare givers declared preferring
HFNC, as compared to conventional oxygen therapy.

Discussion

Our study shows for the first time the beneficial effects
of HFNC to alleviate dyspnea and improve respiratory
status of patients presenting to the ED with respiratory
failure. These beneficial effects were seen in both objec-
tive parameters (respiratory rate and SpO2

) and subjective
ones (Borg score and visual analog scale). Our results
highlight the fact that this technique is feasible and effec-
tive in the ED and that it could be used as the first line
therapy in the most severe patients. Whether or not this
technique can reduce the number of patients requiring ICU
admission and mechanical ventilation remains to be fur-
ther addressed.

Several factors can account for the beneficial effects of
HFNC observed in our study. High gas flow enhances
washout of the nasopharyngeal dead space19 and improves

oxygenation through greater alveolar oxygen content.20 In
addition, high oxygen flow reduces ambient air entrain-
ment by providing a better matching between patient’s
inspiratory demand and oxygen flow, thus considerably
reducing oxygen dilution. The increase in patient oxygen-
ation may blunt the respiratory drive induced by hypox-
emia and decrease the sensation of dyspnea. A decrease in
inspiratory nasopharyngeal resistance may also result from
the use of high oxygen flow, enabling a decrease in the
work of breathing.20 The use of high flows also generate a
certain level of positive pressure,16,17,21 contributing to the
pulmonary distending pressure and recruitment. Finally,
by providing heated and humidified oxygen, HFNC re-
duces the metabolic cost of gas conditioning and improves
lung and airway mechanics through adequate inspiratory
gas flow rheology.

Of note, we were able to start HFNC very shortly after
the patients’ admission to the ED. Whether a prompt al-
leviation of respiratory distress and a faster correction of
hypoxemia can alter the course of these patients and lead
to less ICU admission and potential intubation, in com-
parison with conventional oxygen therapy, remains to be
proven in a randomized controlled trial. Nonetheless, our
results constitute a prerequisite for this trial to be con-
ducted.

One noticeable aspect of HFNC is its good tolerance.
Some patients in respiratory distress receiving high flow
oxygen through face masks often tend to pull off their face
mask after some time because of discomfort or claustro-
phobia, and whenever they want to talk or drink. HFNC
offers the advantage of enabling oral intake, and patients
are able to speak. In addition, nasal cannulae are less often
dislodged at nighttime then face masks.22 Finally, accep-
tance of the new device by the caregivers was good; it was
not found more difficult to set up than ordinary oxygen
therapy. Potential indications for HFNC encompass acute
hypoxemic respiratory failure, whatever its origin, al-
though, because of the limited PEEP effect with HFNC,
patients with severe cardiogenic pulmonary edema should
be initially managed with CPAP.23,24

Table. Changes in Dyspnea and Respiratory Parameters Comparing Conventional Oxygen Therapy to High Flow Nasal Cannula

H0 H " 15 min H " 30 min H " 60 min

Borg scale (n ! 9) 6 (5–7) 4 (3–4)* 4 (2–4)† 3 (2–4)†
Visual analog scale (n ! 9) 7 (5–8) 5 (2–6)* 4 (2–6)† 3 (1–5)‡
Respiratory rate, breaths/min (n ! 17) 28 (25–32) 25 (23–30)* 25 (21–30)‡ 25 (21–28)†
SpO2

, % (n ! 17) 90 (88.5–94) 96 (90–99)‡ 95 (90–100)† 97 (92.5–100)†

Values are median (1QR).
* P # .05.
† P # .001.
‡ P # .01.
H0 ! time just before switching from conventional oxygen therapy to high flow nasal cannula;
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Humidified High Flow Nasal Oxygen During Respiratory Failure
in the Emergency Department: Feasibility and Efficacy

Hugo Lenglet MD, Benjamin Sztrymf MD, Christophe Leroy MD, Patrick Brun MD,
Didier Dreyfuss MD, and Jean-Damien Ricard MD PhD

OBJECTIVE: Heated and humidified high flow nasal cannula oxygen therapy (HFNC) represents
a new alternative to conventional oxygen therapy that has not been evaluated in the emergency
department (ED). We aimed to study its feasibility and efficacy in patients exhibiting acute respi-
ratory failure presenting to the ED. METHODS: Prospective, observational study in a university
hospital’s ED. Patients with acute respiratory failure requiring > 9 L/min oxygen or with ongoing
clinical signs of respiratory distress despite oxygen therapy were included. The device of oxygen
administration was then switched from non-rebreathing mask to HFNC. Dyspnea, rated by the
Borg scale and a visual analog scale, respiratory rate, and SpO2

were collected before and 15, 30, and
60 min after beginning HFNC. Feasibility was assessed through caregivers’ acceptance of the device
in terms of practicality and perceived effect on the subjects, evaluated by questionnaire. RESULTS:
Seventeen subjects, median age 64 y (46–84.7 y), were studied. Pneumonia was the most common
reason for oxygen therapy (n ! 9). HFNC was associated with a significant decrease in both
dyspnea scores: Borg scale from 6 (5–7) to 3 (2–4) (P < .001), and visual analog scale from 7 (5–8)
to 3 (1–5) (P < .01). Respiratory rate decreased from 28 breaths/min (25–32 breaths/min) to
25 breaths/min (21–28 breaths/min) (P < .001), and SpO2

increased from 90% (88.5–94%) to 97%
(92.5–100%) (P < .001). Fewer subjects exhibited clinical signs of respiratory distress (10/17 vs 3/17,
P ! .03). HFNC was well tolerated and no adverse event was noted. Altogether, 76% of healthcare
givers declared preferring HFNC, as compared to conventional oxygen therapy. CONCLUSIONS:
HFNC is possible in the ED, and it alleviated dyspnea and improved respiratory parameters in
subjects with acute hypoxemic respiratory failure. Key words: acute lung injury; acute respiratory
distress syndrome; dyspnea; oxygen inhalation therapy; mouth dryness; intensive care equipment and
supplies. [Respir Care 2012;57(11):1873–1878. © 2012 Daedalus Enterprises]

Introduction

Dyspnea is one of the most common complaints in pa-
tients presenting to the emergency department (ED). Ox-
ygen therapy is then one of the first treatments provided,
according to current guideline.1,2 It can be delivered—

depending on the severity of the patient’s respiratory dis-
tress—during either unassisted (via nasal cannulas or face
masks) or assisted breathing with noninvasive or invasive
mechanical ventilation.3 In patients who do not require
immediate mechanical ventilation, important drawbacks
are associated with conventional oxygen therapy. These
include the limited amount of oxygen supplied (15 L/min
is usually the maximum flow delivered via a face mask),
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a new alternative to conventional oxygen therapy that has not been evaluated in the emergency
department (ED). We aimed to study its feasibility and efficacy in patients exhibiting acute respi-
ratory failure presenting to the ED. METHODS: Prospective, observational study in a university
hospital’s ED. Patients with acute respiratory failure requiring > 9 L/min oxygen or with ongoing
clinical signs of respiratory distress despite oxygen therapy were included. The device of oxygen
administration was then switched from non-rebreathing mask to HFNC. Dyspnea, rated by the
Borg scale and a visual analog scale, respiratory rate, and SpO2

were collected before and 15, 30, and
60 min after beginning HFNC. Feasibility was assessed through caregivers’ acceptance of the device
in terms of practicality and perceived effect on the subjects, evaluated by questionnaire. RESULTS:
Seventeen subjects, median age 64 y (46–84.7 y), were studied. Pneumonia was the most common
reason for oxygen therapy (n ! 9). HFNC was associated with a significant decrease in both
dyspnea scores: Borg scale from 6 (5–7) to 3 (2–4) (P < .001), and visual analog scale from 7 (5–8)
to 3 (1–5) (P < .01). Respiratory rate decreased from 28 breaths/min (25–32 breaths/min) to
25 breaths/min (21–28 breaths/min) (P < .001), and SpO2

increased from 90% (88.5–94%) to 97%
(92.5–100%) (P < .001). Fewer subjects exhibited clinical signs of respiratory distress (10/17 vs 3/17,
P ! .03). HFNC was well tolerated and no adverse event was noted. Altogether, 76% of healthcare
givers declared preferring HFNC, as compared to conventional oxygen therapy. CONCLUSIONS:
HFNC is possible in the ED, and it alleviated dyspnea and improved respiratory parameters in
subjects with acute hypoxemic respiratory failure. Key words: acute lung injury; acute respiratory
distress syndrome; dyspnea; oxygen inhalation therapy; mouth dryness; intensive care equipment and
supplies. [Respir Care 2012;57(11):1873–1878. © 2012 Daedalus Enterprises]

Introduction

Dyspnea is one of the most common complaints in pa-
tients presenting to the emergency department (ED). Ox-
ygen therapy is then one of the first treatments provided,
according to current guideline.1,2 It can be delivered—

depending on the severity of the patient’s respiratory dis-
tress—during either unassisted (via nasal cannulas or face
masks) or assisted breathing with noninvasive or invasive
mechanical ventilation.3 In patients who do not require
immediate mechanical ventilation, important drawbacks
are associated with conventional oxygen therapy. These
include the limited amount of oxygen supplied (15 L/min
is usually the maximum flow delivered via a face mask),
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des Urgences, Hôpital Louis Mourier, F-92700, Colombes, France.
Drs Dreyfuss and Ricard are also affiliated with the Université Paris
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Randomized Controlled Trial of Humidified High-Flow Nasal
Oxygen for Acute Respiratory Distress in the Emergency Department:

The HOT-ER Study

Peter G Jones MSc MBChB, Sinan Kamona MBChB, Owen Doran MBChB, Frann Sawtell RN,
and Margaret Wilsher MD MBChB

BACKGROUND: Humidified high-flow nasal cannula (HFNC) is a novel method of oxygen delivery
with increasing use in emergency departments and intensive care settings despite little evidence
showing benefit over standard oxygen delivery methods (standard O2). The aim of this study was
to determine whether HFNC compared with standard O2 given to subjects in acute respiratory
distress would reduce the need for noninvasive ventilation or invasive ventilation. METHODS: This
was a pragmatic open randomized controlled trial in adult subjects with hypoxia and tachypnea
presenting to a tertiary academic hospital emergency department. The primary outcome was the
need for mechanical ventilation in the emergency department. RESULTS: We screened 1,287
patients, 322 met entry criteria and 19 were excluded from analysis. Of these, 165 randomized to
HFNC and 138 to standard O2 were analyzed. Baseline characteristics were similar. In the HFNC
group, 3.6% (95% CI 1.5–7.9%) versus 7.2% (95% CI 3.8–13%) in the standard O2 group required
mechanical ventilation in the emergency department (P ! .16), and 5.5% (95% CI 2.8–10.2%) in
HFNC versus 11.6% (95% CI 7.2–18.1%) in the standard O2 group required mechanical ventilation
within 24 h of admission (P ! .053). There was no difference in mortality or stay. Adverse effects
were infrequent; however, fewer subjects in the HFNC group had a fall in Glasgow coma score due
to CO2 retention, 0% (95% CI 0–3%) versus 2.2% (95% CI 0.4–6%). One in 12 subjects did not
tolerate HFNC. CONCLUSIONS: HFNC was not shown to reduce the need for mechanical venti-
lation in the emergency department for subjects with acute respiratory distress compared with
standard O2, although it was safe and may reduce the need for escalation of oxygen therapy within
the first 24 h of admission. Key words: emergency service; hospital; respiratory distress; humidified
high-flow nasal oxygen; noninvasive ventilation; randomized controlled trial; equipment and supplies.
[Respir Care 2016;61(3):291–299. © 2016 Daedalus Enterprises]

Introduction

Humidified high-flow nasal oxygen (HFNC) is a novel
method of oxygen delivery that is increasing in popularity

despite a paucity of evidence of its benefit over standard
oxygen delivery methods (standard O2). HFNC uses a large
bore nasal cannula to deliver up to 60 L/min of heated
humidified gas, while the FIO2

can be titrated from .21 to
1 as needed.1 Purported benefits include washout of naso-
pharyngeal dead space, attenuation of inspiratory resis-
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165	vs	138

71/93, 76.3% (95% CI 67–84%), P ! .044. There was a
difference in the proportion of participants who felt that
HFNC was worse than previous oxygen therapy com-
pared with those who received standard O2: 17/85, 20%
(95% CI 13–30%) versus 3/57, 5.3% (95% CI 1–15%),
P ! .01. Free text comments reflected survey scores,
with generally positive comments about both therapies;
however, 13 participants felt that HFNC was too hot,
compared with only 1 in the standard O2 group (rest of
data not shown).

Post Hoc Exploratory Analyses

Only 13/303, 4.3% (95% CI 2–7%) participants were
admitted to the ICU, and 4, 1.3% (95% CI 0–3%) required
endotracheal intubation with no difference between the
groups (Table 2). In-hospital mortality was the same
15/156, 9.1% (95% CI 6–15%) in the HFNC group and
11/138, 8.0% (95% CI 4–14%) in the standard O2 group
(P ! .73). Fewer participants in the HFNC group required
mechanical ventilation either in the emergency department
or within 24 h of leaving the emergency department 9/165,
5.5% (95% CI 3–10%) compared with the standard O2

group, 16/138, 11.6% (95% CI 7–18%), P ! .05.

Discussion

To our knowledge, this is the first randomized con-
trolled study of HFNC in an emergency department. No
statistically significant difference in conversion to mechan-
ical ventilation in the emergency department between the
groups was demonstrated, and there was also no difference
in LOS in the emergency department or the hospital or
90-d mortality. There were few adverse effects, although
more participants in the standard O2 group had a clinically
important drop in Glasgow coma score than in the HFNC
group, which in the 3 cases was due to CO2 retention. This
may have been due to the higher FIO2

and corresponding
saturations that were seen in the first few hours of treat-
ment with standard O2. We postulate that this may be due
to the ability to titrate FIO2

more precisely with the HFNC
device compared with wall oxygen. However, because few
participants suffered this adverse event, it may simply have
been a chance occurrence.

The subject experience survey showed that most partic-
ipants were happy with the oxygen delivery method that
they received, although approximately 1 in 12 participants
did not tolerate HFNC. One prior case series of 17 partic-
ipants found that HFNC was well tolerated in the emer-
gency department setting with improved dyspnea scores;
however, the study was an uncontrolled before and after

Fig. 2. Physiological variables. For peripheral oxygen saturation (B) and breathing frequency (C), the leftmost data point represents the mean
value at presentation either pre-hospital or in the emergency department (these were the physiological inclusion criteria for the study). The
next data point is T0, immediately before randomization. Subsequent data points are T1–T11, representing half-hourly intervals of treatment
during emergency department stay. For the other variables, the data points are T0–T11. Data are shown as mean (95% CI).
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tional-ventilation group, died of cardiogenic shock
due to a new myocardial infarction. The other pa-
tients were successfully discharged from the hospital
without further complications.

The complications and events leading to death are
shown in Table 2. More patients in the convention-
al-ventilation group than in the noninvasive-ventila-
tion group had serious complications (66 percent vs.
38 percent, P=0.02) and had pneumonia or sinusi-
tis related to the endotracheal tube (31 percent vs.
3 percent, P=0.003). The rate of serious complica-
tions was higher in patients in the conventional-ven-
tilation group. Among the patients in the noninva-
sive-ventilation group, 12 (38 percent) had serious
complications after undergoing endotracheal intuba-
tion. One of the 12 patients in whom noninvasive
ventilation failed had pneumonia diagnosed six days
after undergoing endotracheal intubation.

Further details of patient outcomes are shown in
Table 3. In the noninvasive-ventilation group, there
was a sustained improvement in gas exchange over

time in 17 of the 22 patients who did not undergo in-
tubation but in only 2 of the 10 patients who required
intubation (P=0.003). Avoiding intubation was as-
sociated with a lower incidence of septic compli-
cations (P=0.006). Among the 40 patients who
survived to be discharged from the intensive care unit,
the patients in the noninvasive-ventilation group had
a shorter duration of mechanical ventilation (3±3 vs.
6±5 days, P=0.006) and a shorter stay in the inten-
sive care unit (6.6±5 vs. 14±13 days, P= 0.002) than
those in the conventional-ventilation group.

Among the patients in the conventional-ventila-
tion group, those who died had a higher simplified
acute physiologic score (P=0.02). A post hoc sub-
group analysis was performed for patients with sim-
plified acute physiologic scores lower than 16 and
for those with scores of at least 16. The 19 patients
with simplified acute physiologic scores of at least 16
had similar outcomes regardless of the type of ven-
tilation, whereas in the 45 patients with simplified
acute physiologic scores lower than 16, noninvasive
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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
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characteristics. Twenty-nine patients had mild hypoxemia, and 
33 patients had moderate-to-severe hypoxemia. Etiologies of 
the AHRF were the followings: pneumonia (n = 51), intra-
alveolar hemorrhage (n = 5), ARDS from extrapulmonary 
cause (n = 4), drug-induced pneumonia (n = 1), or interstitial 
pneumonia (n = 1). Fifteen patients had unilateral infiltrates 
on the chest radiograph and 47 fulfilled ARDS criteria.

Tidal Volume
We analyzed 968 Vte values over a total of 484 NIV sessions 
(two Vte per NIV session with no missing data). Despite pres-
sure support adjustments aiming at targeting a Vte between  
6 and 8 mL/kg PBW, the median value of Vte averaged over all 
NIV sessions (mean Vte) was 9.8 mL/kg PBW (8.1–11.1 mL/kg 
PBW), with a median value of pressure support level of 7 cm 
H

2
O (7–9 cm H

2
O). Only 14 patients (23%) had a mean Vte 

between 6 and 8 mL/kg PBW during all NIV sessions, and all 
other patients (77%) having a mean Vte above 8 mL/kg PBW 
(Fig. 1). The mean Vte during NIV was similar between patients 
with mild or moderate-to-severe hypoxemia (9.9 mL/kg  
PBW [8.2–10.9] vs 9.2 mL/kg PBW [7.9–11.5], respectively;  
p = 0.90).

When invasive mechanical ventilation was required after 
NIV failure, the Vte set by the clinician after intubation was 
decreased by a median of 39% (28–47%) as compared with Vte 
under NIV (Table 2).

NIV Outcome
NIV failed in 32 patients (52%; 95% CI, 35–64), including two 
patients with hypoxemic cardiac arrest before intubation. Rea-
sons for NIV failure included refractory hypoxemia (recorded 
as the main cause for intubation in all patients, n = 32; 100%), 

persistent signs of respiratory distress and hypercarbia (n = 4; 
12%), shock (n = 2; 6%), and poor tolerance and psychomotor 
agitation (n = 3; 9%). Twenty-one patients (34%) died in the 
ICU. The SAPS II–based standardized mortality ratio was 1.62 
(95% CI, 2.49–0.99).

Characteristics associated with NIV failure by univariate 
analysis included immunosuppression, lower value of PaO

2
/

FIO
2
 ratio before the initiation of NIV treatment, SAPS II score 

at ICU admission and SOFA score at NIV initiation, minute 
ventilation, and Vte under NIV (Table 2). Although the PaO

2
/

FIO
2
 ratio differed between the success and failure groups 

before initiation of NIV, this difference did not persist after 1 
hour of NIV (Tables 1 and 2). The multivariate analysis identi-
fied the mean Vte as an independent risk factor for NIV failure, 
along with the SAPS II at admission (Table 3).

Among patients who failed NIV, the duration of NIV treat-
ment did not differ significantly between survivors and non-
survivors [12.0 hr (6.2–25.2) vs 15.9 hr (6.7–20.3), respectively; 
p = 0.87].

Subgroup Analyses
The difference in mean Vte observed between NIV success and 
failure was mainly driven by patients with moderate-to-severe 
hypoxemia (Fig. 2). In this subgroup, the area under the ROC 
curve assessing the accuracy of mean Vte in predicting NIV 
failure reached 0.85 (95% CI, 0.71–1.00; p = 0.001) (Fig. 3). 
The mean Vte threshold value of 9.5 mL/kg PBW was identi-
fied from the ROC curve as the most accurate to predict NIV 
failure, with a sensitivity of 82% and specificity of 87%, a posi-
tive predictive value of 87%, and a negative predictive value of 
82%. ROC curves assessing the mean Vte in predicting NIV 
failure at various duration of NIV treatment are available in 
eFigure 1 (Supplemental Digital Content 1, http://links.lww.
com/CCM/B480). Patients with a PaO

2
/FIO

2
 ratio up to 200 mm 

Hg having a mean Vte above 9.5 mL/kg PBW over the first  
4 hours of NIV had a significantly higher cumulative probabil-
ity of NIV failure as compared with others (p = 0.003, Log-
rank test) (Fig. 4).

DISCUSSION
The main finding of our study was that targeting a 6–8 mL/kg 
PBW range of Vte during NIV for de novo AHRF could not be 
obtained in the majority of patients. A higher mean Vte (aver-
aged over all NIV sessions) was independently associated with 
NIV failure. In patients with moderate-to-severe hypoxemia, 
a mean Vte more than 9.5 mL/kg PBW recorded over the first 
four cumulative hours of NIV accurately predicted NIV failure.

Tidal Volume Ranges
To our knowledge, our study is the first to explore values of 
Vte over the whole duration of NIV in patients with AHRF. In 
most clinical studies assessing NIV in AHRF, Vte values were 
not reported (21–29). In a physiologic assessment of NIV effects 
in 10 patients with ARDS, L’Her et al (11) recorded a Vte of 
483 ± 247 mL and 591 ± 229 mL with a pressure support level of 
10 and 15 cm H

2
O, respectively. Thille et al (12) observed a mean 

Figure 1. Relative distribution of mean expired tidal volume (Vte) over the 
total duration of noninvasive ventilation according to predefined ranges 
in the overall population (n = 62) and in patients with mild hypoxemia 
(200 < PaO2/FIO2 ratio ≤ 300 mm Hg; n = 29) or moderate-to-severe 
hypoxemia (PaO2/FIO2 ratio ≤ 200 mm Hg; n = 33). No patient had a mean 
Vte below 6 mL/kg predicted body weight (PBW).
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confirming previous studies reporting success rates ranging 
from 34% to 75% (21–31).

We found that a higher mean Vte was associated with NIV 
failure, with a 29% increased risk of failure for each 1 mL/
kg PBW increase of mean Vte (Table 3). Different hypotheses 
that are not mutually exclusive may be proposed to explain this 
observation. First, a high Vte may represent a surrogate for the 
severity of the ongoing disease process. However, Vte remained 

an independent risk factor for NIV failure when controlling for 
patient severity and organ failures. Second, a high Vte may act as 
a worsening factor during NIV for de novo AHRF, by inducing 
superimposed ventilator-induced lung injury (VILI). In inva-
sively ventilated patients, Needham et al (35) recently pointed 
out the importance of controlling Vte at the very onset of the 
ARDS. In fact, one of the main determinants of VILI in experi-
mental reports is the tidal volume size, and injury has been 
demonstrated or suggested whether mechanical ventilation 
is delivered via a positive or a negative pressure (36–38). Lung 
injury was also reported during pharmacologically induced 
spontaneous hyperventilation in an experimental animal study 
(39). A preexisting insult (e.g., pneumonia) may potentiate the 
deleterious effect of nonprotective ventilation (according to the 
“double hit” theory) (40), and lung injury may also worsen dur-
ing spontaneous breathing, especially if the preexisting insult is 
severe (41–43). In our study, the impact of Vte on NIV outcome 
was mainly driven by the most hypoxemic patients with the 
worst lung injury. Interestingly, in the recently published clinical 
trial comparing oxygen therapy, high-flow oxygen therapy, and 
NIV in de novo AHRF, Frat et al (30) reported that adding NIV 
to high-flow oxygen therapy increased the intubation rate as 
compared with high-flow oxygen therapy alone in patient with 
a PaO

2
/FIO

2
 ratio up to 200 mm Hg. Our data are, therefore, con-

sistent with these results and may contribute to explain them.

Clinical Implications
Our study suggests that high Vte is a possible worsening factor 
during NIV for de novo AHRF, while it may be difficult to con-
trol its value in this setting. During NIV, Vte results both from the 
pressure support level delivered by the ventilator and the respi-
ratory muscles pressure generated by the patient. When pressure 
support level is reduced during pressure support ventilation, 
Vte usually decreases (44); however, the pressure support level 
often reached the lowest value allowed (7 cm H

2
O) in our study, 

suggesting that the persistently high Vte was mainly driven by 
continued strong patient’s inspiratory efforts as discussed above. 
Administering sedative drugs to decrease spontaneous breathing 
efforts might be considered. In the few reports available where 
sedatives drugs were administered during NIV to improve NIV 
tolerance (45, 46), their effect on Vte was not reported. The use 
of sedatives with the goal of decreasing the respiratory drive 
during NIV for de novo AHRF should, therefore, be specifi-
cally assessed in dedicated studies before being considered in the 
clinical settings. Early intubation represents another possibility 
to limit high Vte under NIV. Assessing the mean Vte during the 
first hours of NIV could help selecting patients at risk of NIV 
failure. The potential benefit of a strategy of early intubation in 
patients receiving NIV for de novo AHRF and having a persis-
tently high Vte should be tested in randomized clinical trials.

Strengths and Limitations
Strengths of our study include the comprehensive collec-
tion of respiratory parameters during all NIV sessions and the 
standardization of NIV settings adjustments. Several limita-
tions should also be underlined. First, this was a single-center 

Figure 2. Expired tidal volume (Vte) averaged over the whole duration of 
noninvasive ventilation (NIV) in patients with mild hypoxemia (200 < PaO2/
FIO2 ratio ≤ 300 mm Hg; n = 29) or moderate-to-severe hypoxemia (PaO2/
FIO2 ratio ≤ 200 mm Hg; n = 33). The box plots represent median (thick 
horizontal bar), 25th and 75th percentiles (extremities of the boxes), fifth 
and 95th percentiles (thin horizontal bars). *p < 0.05 versus NIV success.

Figure 3. Receiver operating characteristic (ROC) curves of mean 
expired tidal volume (Vte) during noninvasive ventilation (NIV) to predict 
NIV failure in patients with moderate-to-severe hypoxemia (PaO2/FIO2 ratio 
≤ 200 mm Hg; n = 33). AUC = area under the ROC curve.
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Vte of 613 mL after 1 hour of NIV in patients with moderate-
to-severe ARDS. In a more recent clinical study, Frat et al (30) 
reported a mean Vte of 9.2 ± 3.0 mL/kg PBW at the initiation of 
NIV in 110 patients with de novo AHRF. Our results are con-
sistent with these previous reports, as the absolute and relative 
values of mean Vte in our study were 592 mL (507–704) and 
9.8 mL/kg PBW (8.1–11.1), respectively. These results demon-
strate that targeting a Vte between 6 and 8 mL/kg PBW during 
NIV for AHRF (as proposed for mild ARDS) (19) is not achiev-
able in most patients in clinical practice. It is unclear whether the 
use of pressure levels below 7 cm H

2
O may mitigate the increase 

in Vte during NIV for de novo AHRF. Anjos et al (31) reported a 

Vte above 550 mL with a pressure support level of 5 cm H
2
O and 

a PEEP level at least 5 cm H
2
O in 30 patients with AHRF compli-

cating acquired immune deficiency syndrome.

NIV Outcome
In patients with AHRF, NIV fails far more frequently in case of 
de novo respiratory failure than in patients with cardiogenic 
pulmonary edema (21–29, 32–34). Previous studies assessing 
NIV in AHRF, however, frequently mixed these two groups of 
patients (22, 23, 26, 29), clouding interpretation of the out-
come of NIV regarding the de novo subgroup. In our cohort, 
about 50% of patients with ARDS (25/47) succeeded NIV, 

TABLE 3. Multivariate Analysis of Risk Factors for Noninvasive Ventilation Failure in 
Patients With De Novo Acute Hypoxemic Respiratory Failure

Risk Factors Unadjusted Hazard Ratio (95% CI) p
Adjusted Hazard Ratio  

(95% CI)a p

Simplified Acute Physiology Score II (30) 1.026 (1.008–1.043) 0.011 1.024 (1.007–1.041) 0.013

Immunosuppression 2.207 (1.054–4.622) 0.045 1.351 (0.598–3.056) 0.476

PaO2/FIO2 before NIV 0.995 (0.990–1.001) 0.114 0.995 (0.989–1.001) 0.109

Mean expired tidal volume during NIV, per 
mL/kg predicted body weight

1.318 (1.109–1.567) 0.002 1.286 (1.069–1.547) 0.008

a  

Respiratory rate, cycles/min

    Before NIV 33 (30–39) 36 (30–40) 0.61

    During NIV 30 (27–34) 30 (26–37) 0.69

    After intubation NA 30 (27–35)

Systolic blood pressure, mm Hg

    Before NIV 132 (119–154) 128 (116–140) 0.15

    During NIV 127 (115–134) 127 (112–137) 0.85

Heart rate, cycles/min

    Before NIV 111 (90–125) 110 (89–132) 0.89

    During NIV 100 (92–111) 103 (87–108) 0.89

Respiratory mechanics after intubation

    Static compliance of the respiratory  
 system, mL/cm H2O

NA 27 (18–36)

    Resistance of the respiratory system, cm H2O/L/s NA 11 (10–20)

 

a  

b  p
c  

TABLE 2. (Continued ). Ventilatory and Hemodynamic Variables During Noninvasive 
Ventilation and After Intubation in Case of Noninvasive Ventilation Failure in Patients 
With De Novo Acute Hypoxemic Respiratory Failure

Ventilatory and Hemodynamic Data NIV Success (n = 30) NIV Failure (n = 32) p
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confirming previous studies reporting success rates ranging 
from 34% to 75% (21–31).

We found that a higher mean Vte was associated with NIV 
failure, with a 29% increased risk of failure for each 1 mL/
kg PBW increase of mean Vte (Table 3). Different hypotheses 
that are not mutually exclusive may be proposed to explain this 
observation. First, a high Vte may represent a surrogate for the 
severity of the ongoing disease process. However, Vte remained 

an independent risk factor for NIV failure when controlling for 
patient severity and organ failures. Second, a high Vte may act as 
a worsening factor during NIV for de novo AHRF, by inducing 
superimposed ventilator-induced lung injury (VILI). In inva-
sively ventilated patients, Needham et al (35) recently pointed 
out the importance of controlling Vte at the very onset of the 
ARDS. In fact, one of the main determinants of VILI in experi-
mental reports is the tidal volume size, and injury has been 
demonstrated or suggested whether mechanical ventilation 
is delivered via a positive or a negative pressure (36–38). Lung 
injury was also reported during pharmacologically induced 
spontaneous hyperventilation in an experimental animal study 
(39). A preexisting insult (e.g., pneumonia) may potentiate the 
deleterious effect of nonprotective ventilation (according to the 
“double hit” theory) (40), and lung injury may also worsen dur-
ing spontaneous breathing, especially if the preexisting insult is 
severe (41–43). In our study, the impact of Vte on NIV outcome 
was mainly driven by the most hypoxemic patients with the 
worst lung injury. Interestingly, in the recently published clinical 
trial comparing oxygen therapy, high-flow oxygen therapy, and 
NIV in de novo AHRF, Frat et al (30) reported that adding NIV 
to high-flow oxygen therapy increased the intubation rate as 
compared with high-flow oxygen therapy alone in patient with 
a PaO

2
/FIO

2
 ratio up to 200 mm Hg. Our data are, therefore, con-

sistent with these results and may contribute to explain them.

Clinical Implications
Our study suggests that high Vte is a possible worsening factor 
during NIV for de novo AHRF, while it may be difficult to con-
trol its value in this setting. During NIV, Vte results both from the 
pressure support level delivered by the ventilator and the respi-
ratory muscles pressure generated by the patient. When pressure 
support level is reduced during pressure support ventilation, 
Vte usually decreases (44); however, the pressure support level 
often reached the lowest value allowed (7 cm H

2
O) in our study, 

suggesting that the persistently high Vte was mainly driven by 
continued strong patient’s inspiratory efforts as discussed above. 
Administering sedative drugs to decrease spontaneous breathing 
efforts might be considered. In the few reports available where 
sedatives drugs were administered during NIV to improve NIV 
tolerance (45, 46), their effect on Vte was not reported. The use 
of sedatives with the goal of decreasing the respiratory drive 
during NIV for de novo AHRF should, therefore, be specifi-
cally assessed in dedicated studies before being considered in the 
clinical settings. Early intubation represents another possibility 
to limit high Vte under NIV. Assessing the mean Vte during the 
first hours of NIV could help selecting patients at risk of NIV 
failure. The potential benefit of a strategy of early intubation in 
patients receiving NIV for de novo AHRF and having a persis-
tently high Vte should be tested in randomized clinical trials.

Strengths and Limitations
Strengths of our study include the comprehensive collec-
tion of respiratory parameters during all NIV sessions and the 
standardization of NIV settings adjustments. Several limita-
tions should also be underlined. First, this was a single-center 

Figure 2. Expired tidal volume (Vte) averaged over the whole duration of 
noninvasive ventilation (NIV) in patients with mild hypoxemia (200 < PaO2/
FIO2 ratio ≤ 300 mm Hg; n = 29) or moderate-to-severe hypoxemia (PaO2/
FIO2 ratio ≤ 200 mm Hg; n = 33). The box plots represent median (thick 
horizontal bar), 25th and 75th percentiles (extremities of the boxes), fifth 
and 95th percentiles (thin horizontal bars). *p < 0.05 versus NIV success.

Figure 3. Receiver operating characteristic (ROC) curves of mean 
expired tidal volume (Vte) during noninvasive ventilation (NIV) to predict 
NIV failure in patients with moderate-to-severe hypoxemia (PaO2/FIO2 ratio 
≤ 200 mm Hg; n = 33). AUC = area under the ROC curve.
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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
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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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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.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01680783

JAMA. 2016;315(22):2435-2441. doi:10.1001/jama.2016.6338
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Editorial page 2401

Video at jama.com

Supplemental content at
jama.com

CME Quiz at
jamanetworkcme.com and
CME Questions page 2463

Author Affiliations: University of
Chicago, Department of Medicine,
Section of Pulmonary and Critical
Care, Chicago, Illinois.

Corresponding Author: John P.
Kress, MD, Section of Pulmonary and
Critical Care, University of Chicago,
5841 S Maryland Ave, MC6026,
Chicago, IL 60637 (jkress@medicine
.bsd.uchicago.edu).

Research

Preliminary Communication | CARING FOR THE CRITICALLY ILL PATIENT

(Reprinted) 2435

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From:  on 03/14/2018

Copyright 2016 American Medical Association. All rights reserved.

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.

Helmet vs Face Mask and Endotracheal Intubation in Patients With ARDS Preliminary Communication Research

jama.com (Reprinted) JAMA June 14, 2016 Volume 315, Number 22 2439

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From:  on 03/14/2018

39	patients

44	patients

À	confirmer

Patel		2016



VNI	et	IRA	hypoxémique		OUI	mais…

• Si	succès…
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2INSERM, CIC-1402, équipe 5 ALIVE, Poitiers, France. 
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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, outside 
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 sup-
port from Philips, nonfinancial support from Maquet, nonfinancial support 
from General Electric, grants from Air Liquide, outside the submitted work. 
Dr. Robert reports nonfinancial support from Fresenius 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.

Critical Care Medicine www.ccmjournal.org 1

Copyright © 2017 by the Society of Critical Care Medicine and Wolters 
Kluwer Health, Inc. All Rights Reserved.
DOI: 10.1097/CCM.0000000000002818
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Orléans, France.
12 Groupe Hospitalier Universitaire Pitié Salpêtrière, Service de Pneumolo-
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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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Cas	clinique	2



Mme	G.

• 70	ans	
• BPCO	post-tabagique
• Cardiopathie	ischémique	stentée
• Pace	maker

• Désaturation	SpO2=	86%	en	AA
• Glasgow	12
• ETT:	FeVG 35%,	pressions	de	remplissage	augmentées
• BNP	1300pg/mL troponine	US	450ng/mL

pH 7,13
PaO2 83	mmHg
PaCO2 91 mmHg
SaO2 90,6%





Quel	est	votre	diagnostic	?
Que	proposez	vous	?

1. Ventilation	invasive

2. Oxygénothérapie	à	haut	débit	humidifié

3. Ventilation	non	invasive
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THE OCCURRENCE OF NOSOCO-
mial infections is a major
source of morbidity and mor-
tality in critically ill pa-

tients.1-4 Among the various risk fac-
tors for acquiring an infection in the
intensive care unit (ICU), the use of in-
vasive devices, such as intravenous
catheters, urinary catheters, and endo-
tracheal tubes, is the leading factor.5-7

Whereas many of these devices can-
not be avoided in the routine care of the
patient, intubation of the trachea can
be avoided in selected groups of pa-
tients by delivering ventilation through
a full face mask or a nasal mask.8,9

This approach may have several ad-
vantages from the standpoint of infec-
tions. It may reduce the risk of nosoco-
mial pneumonia by maintaining the
natural barriers provided by the glottis
and the upper respiratory tract and also
by reducing the duration of mechani-
cal assistance, the need for sedation, and
the length of stay in the ICU.10-13 All these

factors may lead to a decrease in other
types of nosocomial infections by re-
ducing the overall invasiveness of the
care delivered to the patient.

Noninvasive ventilation (NIV) has
been shown to reduce the need for en-
dotracheal intubation in patients with
acute respiratory failure11,14 and to re-
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Context Invasive life-support techniques are a major risk factor for nosocomial in-
fection. Noninvasive ventilation (NIV) can be used to avoid endotracheal intubation
and may reduce morbidity among patients in intensive care units (ICUs).

Objective To determine whether the use of NIV is associated with decreased risk of
nosocomial infections and improved survival in everyday clinical practice among pa-
tients with acute exacerbation of chronic obstructive pulmonary disease (COPD) or
hypercapnic cardiogenic pulmonary edema (CPE).

Design and Setting Matched case-control study conducted in the medical ICU of
a French university hospital from January 1996 through March 1998.

Patients Fifty patients with acute exacerbation of COPD or severe CPE who were
treated with NIV for at least 2 hours and 50 patients treated with mechanical venti-
lation between 1993 and 1998 (controls), matched on diagnosis, Simplified Acute Physi-
ology Score II, Logistic Organ Dysfunction score, age, and no contraindication to NIV.

Main Outcome Measures Rates of nosocomial infections, antibiotic use, lengths
of ventilatory support and of ICU stay, ICU mortality, compared between cases and
controls.

Results Rates of nosocomial infections and of nosocomial pneumonia were signifi-
cantly lower in patients who received NIV than those treated with mechanical ventilation
(18% vs 60% and 8% vs 22%; P,.001 and P=.04, respectively). Similarly, the daily risk
of acquiring an infection (19 vs 39 episodes per 1000 patient-days; P=.05), proportion
of patients receiving antibiotics for nosocomial infection (8% vs 26%; P=.01), mean (SD)
duration of ventilation (6 [6] vs 10 [12] days; P=.01), mean (SD) length of ICU stay (9
[7] vs 15 [14] days; P=.02), and crude mortality (4% vs 26%; P=.002) were all lower
among patients who received NIV than those treated with mechanical ventilation.

Conclusions Use of NIV instead of mechanical ventilation is associated with a lower
risk of nosocomial infections, less antibiotic use, shorter length of ICU stay, and lower
mortality.
JAMA. 2000;284:2361-2367 www.jama.com

See also pp 2352 and 2376 and
Patient Page.
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such a ventilatory technique in which
the motivation and the skills of the cli-
nicians applying it are so important.
Therefore, different and complemen-
tary information is generated by the case-
control study than is generated by ran-
domized clinical trials.

We used a careful matching process
to avoid selecting more seriously ill pa-
tients in the conventional MV group. Pa-
tients considered to have contraindica-
tion to NIV,26 those presenting with
coma, severe shock, or acute lung in-
jury were not enrolled as controls. Simi-
larly, patients treated with NIV but who
had a do-not-resuscitate order or who
declined or were denied intubation were
not enrolled as cases, since these pa-
tients would not have received endotra-
cheal intubation in any case and could
not have been matched with controls.

One limitation of this design, how-
ever, may come from the lack of suffi-
cient control patients or from the lim-
ited number of matching variables. The
possibility that the choice of endotra-
cheal intubation was based on a higher
clinical severity may exist in some cases.

However, this was not apparent when
comparing laboratory data or severity
indices on admission. The only differ-
ence between cases and controls con-
cerned the number of patients receiv-
ing antibiotics on admission. This was
frequently related to suspected bron-
chitis, however, and not to docu-
mented infection. This lack of differ-
ence in severity indices suggests that if
any difference in severity still existed,
it was modest and largely insufficient
to explain most of the major differ-
ences in nosocomial infection rates ob-
served in this study and that corrobo-
rated the results of previous studies.11,12

Lower rates of nosocomial pneumo-
nia in patients receiving NIV has been
suggested in several studies.27,28 In a ran-
domized controlled trial of patients with
COPD, Brochard et al11 found that treat-
ment with NIV reduced the total num-
ber of adverse events associated with
mechanical ventilation and length of
stay in the ICU and that the rate of
nosocomial pneumonia was reduced
from 17% to 5%. While this difference
in rate of pneumonia was not signifi-

Figure 2. Frequency of Nosocomial
Infections in the 2 Groups
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Figure 3. Kaplan-Meier Curves for
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Kaplan-Meier curves for patients who remained free
of nosocomial infection during the intensive care unit
stay in the noninvasive ventilation (NIV) and conven-
tional mechanical ventilation (MV) groups. A, The prob-
ability of remaining free of infection was significantly
higher in patients treated with NIV than in those treated
by conventional MV (P=.04 by the log-rank test). B,
The probability of remaining free of infection in pa-
tients who succeeded (n=44) or failed (n=6) NIV treat-
ment and in patients who received conventional MV
(n=50).

Table 2. Comparison of Outcome Variables in Cases and Controls*

Outcome Variables
NIV Cases

(n = 50)

Conventional
MV Controls

(n = 50) P Value

Nosocomial infections
Patients with nosocomial infection, No. (%) 7 (14) 19 (38) .006
Nosocomial infections, No. (%) 9 (18) 30 (60) ,.001
Nosocomial infections per patient, mean (SD) 0.2 (0.5) 0.6 (1.0) .006
Incidence density of nosocomial infections† 19 39 .05
Nosocomial pneumonia, No. (%) 4 (8) 11 (22) .04
Incidence density of nosocomial pneumonia‡ 14 23 .40

Antibiotics administered for nosocomial infections
Patients receiving at least 1 antibiotic, No. (%) 4 (8) 13 (26) .01
Antibiotics per patient, mean (SD) 0.1 (0.5) 0.5 (1.0) .01
Duration of antibiotic therapy, mean (SD), d§ 1 (4) 4 (8) .01
Incidence density of antibiotics\ 11 24 ,.001

General outcome
Crude ICU mortality, No. (%) 2 (4) 13 (26) .002
Length of ICU stay, mean (SD), d 9 (7) 15 (14) .02
Duration of ventilation, mean (SD), d¶ 6 (6) 10 (12) .01
Omega points scored during

the ICU stay, mean (SD)
100 (88) 194 (206) ,.001

*NIV indicates noninvasive ventilation; MV, mechanical ventilation; and ICU, intensive care unit.
†Number of infectious episodes per 1000 patient-days.
‡Number of pneumonia cases per 1000 ventilation-days (whatever the type of ventilation).
§Total number of days of all antibiotics administered. For each patient given combination therapy, the total duration of

antibiotics administered was calculated by adding the duration of each individual antibiotic.
\Number of antibiotic-days per 100 patient-days.
¶Duration of ventilation in the NIV group included the time spent receiving mechanical ventilation after NIV failure.
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such a ventilatory technique in which
the motivation and the skills of the cli-
nicians applying it are so important.
Therefore, different and complemen-
tary information is generated by the case-
control study than is generated by ran-
domized clinical trials.

We used a careful matching process
to avoid selecting more seriously ill pa-
tients in the conventional MV group. Pa-
tients considered to have contraindica-
tion to NIV,26 those presenting with
coma, severe shock, or acute lung in-
jury were not enrolled as controls. Simi-
larly, patients treated with NIV but who
had a do-not-resuscitate order or who
declined or were denied intubation were
not enrolled as cases, since these pa-
tients would not have received endotra-
cheal intubation in any case and could
not have been matched with controls.

One limitation of this design, how-
ever, may come from the lack of suffi-
cient control patients or from the lim-
ited number of matching variables. The
possibility that the choice of endotra-
cheal intubation was based on a higher
clinical severity may exist in some cases.

However, this was not apparent when
comparing laboratory data or severity
indices on admission. The only differ-
ence between cases and controls con-
cerned the number of patients receiv-
ing antibiotics on admission. This was
frequently related to suspected bron-
chitis, however, and not to docu-
mented infection. This lack of differ-
ence in severity indices suggests that if
any difference in severity still existed,
it was modest and largely insufficient
to explain most of the major differ-
ences in nosocomial infection rates ob-
served in this study and that corrobo-
rated the results of previous studies.11,12

Lower rates of nosocomial pneumo-
nia in patients receiving NIV has been
suggested in several studies.27,28 In a ran-
domized controlled trial of patients with
COPD, Brochard et al11 found that treat-
ment with NIV reduced the total num-
ber of adverse events associated with
mechanical ventilation and length of
stay in the ICU and that the rate of
nosocomial pneumonia was reduced
from 17% to 5%. While this difference
in rate of pneumonia was not signifi-

Figure 2. Frequency of Nosocomial
Infections in the 2 Groups
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with noninvasive ventilation (NIV) and 50 controls
treated with conventional mechanical ventilation (MV).
P values between the 2 groups are .04 for nosoco-
mial pneumonia, .03 for urinary tract infections, and
.002 for catheter-related infections.

Figure 3. Kaplan-Meier Curves for
Nosocomial Infection

1.0

0.6

0.4

0.8

NIV Success

NIV Failure

Conventional MV

Conventional MV

NIV

0.2

0

A

Cumulative Proportion of Patients 
Remaining Free of Nosocomial Infection

1.0

0.6

0.4

0.8

0.2

0 842 6 10 12 16 18 242014 22
Time, d

B

P
ro

po
rti

on
 o

f P
at

ie
nt

s

Kaplan-Meier curves for patients who remained free
of nosocomial infection during the intensive care unit
stay in the noninvasive ventilation (NIV) and conven-
tional mechanical ventilation (MV) groups. A, The prob-
ability of remaining free of infection was significantly
higher in patients treated with NIV than in those treated
by conventional MV (P=.04 by the log-rank test). B,
The probability of remaining free of infection in pa-
tients who succeeded (n=44) or failed (n=6) NIV treat-
ment and in patients who received conventional MV
(n=50).

Table 2. Comparison of Outcome Variables in Cases and Controls*

Outcome Variables
NIV Cases

(n = 50)

Conventional
MV Controls

(n = 50) P Value

Nosocomial infections
Patients with nosocomial infection, No. (%) 7 (14) 19 (38) .006
Nosocomial infections, No. (%) 9 (18) 30 (60) ,.001
Nosocomial infections per patient, mean (SD) 0.2 (0.5) 0.6 (1.0) .006
Incidence density of nosocomial infections† 19 39 .05
Nosocomial pneumonia, No. (%) 4 (8) 11 (22) .04
Incidence density of nosocomial pneumonia‡ 14 23 .40

Antibiotics administered for nosocomial infections
Patients receiving at least 1 antibiotic, No. (%) 4 (8) 13 (26) .01
Antibiotics per patient, mean (SD) 0.1 (0.5) 0.5 (1.0) .01
Duration of antibiotic therapy, mean (SD), d§ 1 (4) 4 (8) .01
Incidence density of antibiotics\ 11 24 ,.001

General outcome
Crude ICU mortality, No. (%) 2 (4) 13 (26) .002
Length of ICU stay, mean (SD), d 9 (7) 15 (14) .02
Duration of ventilation, mean (SD), d¶ 6 (6) 10 (12) .01
Omega points scored during

the ICU stay, mean (SD)
100 (88) 194 (206) ,.001

*NIV indicates noninvasive ventilation; MV, mechanical ventilation; and ICU, intensive care unit.
†Number of infectious episodes per 1000 patient-days.
‡Number of pneumonia cases per 1000 ventilation-days (whatever the type of ventilation).
§Total number of days of all antibiotics administered. For each patient given combination therapy, the total duration of

antibiotics administered was calculated by adding the duration of each individual antibiotic.
\Number of antibiotic-days per 100 patient-days.
¶Duration of ventilation in the NIV group included the time spent receiving mechanical ventilation after NIV failure.
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such a ventilatory technique in which
the motivation and the skills of the cli-
nicians applying it are so important.
Therefore, different and complemen-
tary information is generated by the case-
control study than is generated by ran-
domized clinical trials.

We used a careful matching process
to avoid selecting more seriously ill pa-
tients in the conventional MV group. Pa-
tients considered to have contraindica-
tion to NIV,26 those presenting with
coma, severe shock, or acute lung in-
jury were not enrolled as controls. Simi-
larly, patients treated with NIV but who
had a do-not-resuscitate order or who
declined or were denied intubation were
not enrolled as cases, since these pa-
tients would not have received endotra-
cheal intubation in any case and could
not have been matched with controls.

One limitation of this design, how-
ever, may come from the lack of suffi-
cient control patients or from the lim-
ited number of matching variables. The
possibility that the choice of endotra-
cheal intubation was based on a higher
clinical severity may exist in some cases.

However, this was not apparent when
comparing laboratory data or severity
indices on admission. The only differ-
ence between cases and controls con-
cerned the number of patients receiv-
ing antibiotics on admission. This was
frequently related to suspected bron-
chitis, however, and not to docu-
mented infection. This lack of differ-
ence in severity indices suggests that if
any difference in severity still existed,
it was modest and largely insufficient
to explain most of the major differ-
ences in nosocomial infection rates ob-
served in this study and that corrobo-
rated the results of previous studies.11,12

Lower rates of nosocomial pneumo-
nia in patients receiving NIV has been
suggested in several studies.27,28 In a ran-
domized controlled trial of patients with
COPD, Brochard et al11 found that treat-
ment with NIV reduced the total num-
ber of adverse events associated with
mechanical ventilation and length of
stay in the ICU and that the rate of
nosocomial pneumonia was reduced
from 17% to 5%. While this difference
in rate of pneumonia was not signifi-

Figure 2. Frequency of Nosocomial
Infections in the 2 Groups
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mial pneumonia, .03 for urinary tract infections, and
.002 for catheter-related infections.
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Kaplan-Meier curves for patients who remained free
of nosocomial infection during the intensive care unit
stay in the noninvasive ventilation (NIV) and conven-
tional mechanical ventilation (MV) groups. A, The prob-
ability of remaining free of infection was significantly
higher in patients treated with NIV than in those treated
by conventional MV (P=.04 by the log-rank test). B,
The probability of remaining free of infection in pa-
tients who succeeded (n=44) or failed (n=6) NIV treat-
ment and in patients who received conventional MV
(n=50).

Table 2. Comparison of Outcome Variables in Cases and Controls*

Outcome Variables
NIV Cases

(n = 50)

Conventional
MV Controls

(n = 50) P Value

Nosocomial infections
Patients with nosocomial infection, No. (%) 7 (14) 19 (38) .006
Nosocomial infections, No. (%) 9 (18) 30 (60) ,.001
Nosocomial infections per patient, mean (SD) 0.2 (0.5) 0.6 (1.0) .006
Incidence density of nosocomial infections† 19 39 .05
Nosocomial pneumonia, No. (%) 4 (8) 11 (22) .04
Incidence density of nosocomial pneumonia‡ 14 23 .40

Antibiotics administered for nosocomial infections
Patients receiving at least 1 antibiotic, No. (%) 4 (8) 13 (26) .01
Antibiotics per patient, mean (SD) 0.1 (0.5) 0.5 (1.0) .01
Duration of antibiotic therapy, mean (SD), d§ 1 (4) 4 (8) .01
Incidence density of antibiotics\ 11 24 ,.001

General outcome
Crude ICU mortality, No. (%) 2 (4) 13 (26) .002
Length of ICU stay, mean (SD), d 9 (7) 15 (14) .02
Duration of ventilation, mean (SD), d¶ 6 (6) 10 (12) .01
Omega points scored during

the ICU stay, mean (SD)
100 (88) 194 (206) ,.001

*NIV indicates noninvasive ventilation; MV, mechanical ventilation; and ICU, intensive care unit.
†Number of infectious episodes per 1000 patient-days.
‡Number of pneumonia cases per 1000 ventilation-days (whatever the type of ventilation).
§Total number of days of all antibiotics administered. For each patient given combination therapy, the total duration of

antibiotics administered was calculated by adding the duration of each individual antibiotic.
\Number of antibiotic-days per 100 patient-days.
¶Duration of ventilation in the NIV group included the time spent receiving mechanical ventilation after NIV failure.
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and ICU-acquired pneumonia, only
SAPS II and ICU-acquired infections
were entered into the multivariate
model. Noninvasive ventilation, bron-
chodilators, and year were also en-
tered in the model. Continuous vari-
ables were not dichotomized.

In addition to adjusting for signifi-
cant covariates in multivariate analy-
sis, residual confounding and selection
effects were addressed using propen-
sity scores.21,22 To develop the propen-
sity score for NIV use, we first per-
formed a stepwise logistic regression
analysis of all factors that differed in the
NIV and CMV groups, using a signifi-
cance criterion of P!.10. These factors
included age, SAPS II, LOD score, year
of admission, diagnosis, and broncho-
dilator use. In the propensity regres-
sion analysis, we assigned mean levels
of continuous covariates (LOD score)
and modal levels of binary covariates
(administration of antibiotics, broncho-
dilators, diuretics, steroids) to patients
with missing data (n=30).

With NIV use as the dependent vari-
able, we fitted a model predicting the
propensity of NIV use. Using this
model, patients were classified by quin-

tile of increasing probability of receiv-
ing NIV. We then incorporated the pro-
pensity score as a covariate in a stepwise
logistic regression model using mor-
tality as the dependent variable.

The statistical analysis was per-
formed using Epi-Info 6.0 (Centers for
Disease Control and Prevention, At-
lanta, Ga) and STATISTICA 4.5 (Stat-
soft Inc, Tulsa, Okla).

RESULTS
During the 8-year period of this study,
8206 patients were admitted to the ICU,
of whom 521 received NIV, CMV, or
both for acute exacerbation of COPD or
severe CPE. Among these, 479 (92%)
fulfilled our criteria for inclusion in the
cohort (FIGURE 1). The number of pa-
tients included, their severity on admis-
sion, and the medical treatment pro-
vided during the 8-year study period are
shown in TABLE 1. No change over these
years occurred in severity level or medi-
cal treatment except for the use of NIV.

As shown in FIGURE 2, the utiliza-
tion rate of NIV during the 8-year study
period gradually and significantly in-
creased among these 479 patients re-
ceiving ventilatory support in the unit

(P!.001). Meanwhile, the crude ICU
mortality rate of these patients signifi-
cantly decreased from 21% in 1994 to
7% in 2001 (P=.04). A significant re-
duction was also found in the in-
hospital mortality rates over the years,
from 24% in 1994 to 11% in 2002
(P=.009). These results, however, do not

Figure 1. Flow of Study Patients

479 Included in the Study Cohort

427 Did Not Receive
Ventilatory Support

42 Excluded
24 Had Shock
13 Had Coma
5 Had DNR Order

521 Received NIV or CMV

948 Had an Acute Exacerbation
of COPD or Severe CPE

8206 Patients Admitted to 
Intensive Care Unit

DNR indicates do-not-resuscitate; NIV, noninvasive
ventilation; CMV, conventional mechanical ventila-
tion; COPD, chronic obstructive pulmonary disease;
and CPE, cardiogenic pulmonary edema.

Table 1. Changes Over Time of Patients’ Severity, Medical Treatment, and Outcome During the Study Period

Variable

Outcome by Year

P
Value

1994
(n = 39)

1995
(n = 52)

1996
(n = 64)

1997
(n = 61)

1998
(n = 70)

1999
(n = 63)

2000
(n = 58)

2001
(n = 72)

Diagnosis, No. (%)
Exacerbation of COPD 33 (85) 37 (71) 41 (61) 45 (74) 52 (74) 51 (81) 43 (74) 56 (78)

.49
Severe CPE 6 (15) 15 (29) 23 (36) 16 (26) 18 (26) 12 (19) 15 (26) 16 (22)

Diagnostic score, median (IQR),
points*

SAPS II 35 (28-41) 40 (30-47) 36 (32-42) 38 (31-46) 40 (33-47) 37 (31-47) 36 (30-41) 36 (30-40) .21
LOD 3 (1-5) 4 (3-6) 3 (1-5) 4 (2-6) 4 (2-6) 4 (2-6) 4 (2-6) 3 (2-5) .68

Age, median (IQR), y 67 (64-76) 67 (64-73) 70 (62-77) 71 (65-76) 73 (67-77) 72 (61-80) 71 (66-76) 70 (62-75) .62
Initial ICU medication,

No./total (%)
Antibiotics 13/35 (37) 27/42 (64) 23/57 (40) 29/56 (52) 24/66 (36) 20/63 (32) 23/58 (40) 28/72 (39) .08
Bronchodilators 12/35 (34) 9/42 (21) 21/57 (37) 22/56 (39) 23/66 (35) 28/63 (44) 23/58 (40) 28/72 (39) .13
Diuretics 12/35 (34) 22/42 (52) 32/57 (56) 33/56 (59) 40/66 (60) 37/63 (59) 30/58 (52) 31/72 (43) .97
Steroids 7/35 (20) 10/42 (24) 11/57 (19) 9/56 (16) 12/66 (18) 8/63 (13) 12/58 (21) 13/72 (18) .55

ICU-acquired pneumonia,
No. (%)

8 (20) 5 (10) 10 (16) 6 (10) 11 (16) 6 (10) 3 (5) 6 (8) .04

ICU length of stay,
median (IQR), d

10 (6-17) 9 (6-15) 9 (6-17) 8 (4-12) 8 (5-12) 8 (4-12) 9 (5-14) 9 (6-14) .26

Abbreviations: COPD, chronic obstructive pulmonary disease; CPE, cardiogenic pulmonary edema; ICU, intensive care unit; IQR, interquartile range; LOD, Logistic Organ Dys-
function; SAPS, Simplified Acute Physiology Score.

*SAPS II is an ICU severity score that includes 15 physiologic, demographic, and underlying disease variables recorded within 24 hours after ICU admission. SAPS II values range
from 0 to 163 points. The higher the score, the more severe the illness. The LOD score assesses dysfunction in 6 organ systems: respiratory, cardiovascular, renal, hematologic,
hepatic, and neurologic. LOD scores range from 0 to 22 points. The higher the score, the more severe the illness.
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Secular Trends in Nosocomial Infections
and Mortality Associated With Noninvasive
Ventilation in Patients With Exacerbation
of COPD and Pulmonary Edema
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RANDOMIZED CONTROLLED
trials have shown that nonin-
vasive ventilation (NIV) re-
duces the need for endotra-

chea l in tubat ion and invas ive
mechanical ventilation and reduces
complication rates and mortality in se-
lected groups of patients.1-5 The best evi-
dence of this was obtained from pa-
tients with exacerbation of chronic
obstructive pulmonary disease (COPD)
and severe cardiogenic pulmonary
edema (CPE).1-4,6-8 Application of the
results of randomized controlled trials
of NIV to patients admitted to inten-
sive care units (ICUs) might therefore
result in an improved survival rate. Co-
hort studies have also suggested that
implementation of NIV results in a de-
crease in the rate of nosocomial pneu-
monia and infections.9,10

However, evidence from random-
ized trials may not translate into clini-
cal practice for several reasons. The
implementation of NIV out of the con-
text of a clinical trial may necessitate
extensive education and training of the
medical and nonmedical staff.4 The first
hours of NIV are associated with an in-
creased workload for health care per-
sonnel4,11,12 that requires a specific man-
agement protocol, including monitoring

mask ventilation and monitoring pa-
tients because they do not receive se-
dation. Managing patients receiving
NIV differs from managing patients re-
ceiving mechanical ventilation in par-
ticular because they less frequently re-
ceive arterial lines or central venous
access, both allowing close monitor-
ing. All of these factors may limit the
application of NIV by clinicians and
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Context Randomized controlled trials have shown that the use of noninvasive ven-
tilation (NIV) reduces the need for endotracheal intubation and invasive mechanical
ventilation and reduces complication rates and mortality in selected groups of pa-
tients. But whether these benefits translate to a clinical setting is unclear.

Objective To evaluate longitudinally the routine implementation of NIV and its
effect on patients admitted to the intensive care unit (ICU) with acute exacerbation of
chronic obstructive pulmonary disease (COPD) or severe cardiogenic pulmonary
edema (CPE).

Design Retrospective, observational cohort study using prospectively collected data
from January 1, 1994, through December 31, 2001.

Setting A 26-bed medical intensive care unit (ICU) of a French university referral
hospital.

Participants A cohort of 479 consecutive patients ventilated for acute exacerba-
tion of COPD or CPE.

Main Outcome Measures The ICU mortality and incidence rates of ICU-acquired
infections.

Results A significant increase in NIV use and a concomitant decrease in mortality
and ICU-acquired infection rates were observed over the study years. With adjust-
ment for relevant covariates and propensity scores, NIV was identified as an indepen-
dent factor linked with a reduced risk of death in the cohort (odds ratio [OR], 0.37;
95% confidence interval [CI], 0.18-0.78), whereas a high severity score on admission
(OR, 1.05; 95% CI, 1.01-1.10) and the occurrence of a nosocomial infection (OR,
3.08; 95% CI, 1.62-5.84) were independently associated with death. Rates of ICU-
acquired pneumonia decreased from 20% in 1994 to 8% in 2001 (P = .04).

Conclusion Implementing routine use of NIV in critically ill patients with acute ex-
acerbation of COPD or severe CPE was associated with improved survival and reduc-
tion of nosocomial infections.
JAMA. 2003;290:2985-2991 www.jama.com
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incorporate the outcome from long-
term facilities or other hospitals, to
which some patients were transferred,
which limits their significance. The me-
dian length of ICU stay was signifi-
cantly shorter for patients treated with
NIV than for patients treated with in-
vasive mechanical ventilation (10 days;
IQR, 5-17 days vs 8 days; IQR, 5-12 days,
respectively, P=.02). Overall, NIV was
used for 313 patients (65%), among
whom 35 (11%) eventually required en-
dotracheal intubation and CMV. The

rate of ICU-acquired pneumonia pro-
gressively decreased from 20% in 1994
to 8% in 2001 (P=.04). Among the 35
cases of NIV failure, ICU-acquired pneu-
monia occurred in 17 patients (49%),
whereas the incidence of ICU-acquired
pneumonia was 11% in the overall popu-
lation. Among the 166 invasively ven-
tilated patients, neither trends in mor-
tality, SAPS II, LOD score, or age varied
significantly over the 8 years.

Clinical variables associated with mor-
tality in the univariate analysis are shown

in TABLE 2. These included the SAPS II
and the LOD score, ICU-acquired infec-
tions and pneumonia, use of NIV, ad-
ministration of bronchodilators, and year
of admission. In the covariate–adjusted
logistic regression analysis, the use of
NIV, occurrence of ICU-acquired infec-
tion, and SAPS II were identified as in-
dependently associated with ICU out-
come (TABLE 3). The risk of death was
3-fold lower in patients with COPD or
CPE who had received NIV (adjusted
OR, 0.39; 95% CI, 0.19-0.81), whereas
a high SAPS II and occurrence of noso-
comial infection were independently as-
sociated with increased mortality.

The mean propensity score, reflect-
ing the probability of each patient re-
ceiving NIV, was 0.65 (range, 0.04-0.98).
The cohort was divided into quintiles
based on the propensity to receive NIV
(TABLE 4). The probability that a pa-
tient would receive NIV (as opposed to
CMV) increased from quintile 1 to quin-
tile 5. Patients within a quintile were
similar in their likelihood to receive NIV.
As a validation of the propensity score,
the balance of all covariates within each
quintile was examined. The prevalence
of all covariates was consistent between
NIV and CMV groups within each quin-
tile. After entering the propensity score
into the stepwise logistic regression
model along with the other covariates,
results were comparable to those de-
scribed above, especially regarding the
effects of NIV use on mortality (Table 3).

COMMENT
This study describes the secular trends
in ICU mortality over an 8-year pe-
riod for patients admitted with acute ex-
acerbation of COPD and severe CPE.
We speculate that an improvement in
the delivery of NIV over time is asso-
ciated with a reduction in mortality and
nosocomial infections. After adjust-
ment for risk factors for death, NIV was
independently associated with a bet-
ter outcome, whereas a high severity
score and occurrence of nosocomial in-
fection were associated with death.

No change over the 8 years oc-
curred in the therapeutic manage-
ment of these patients except for the use

Figure 2. Long-term Noninvasive Ventilation–Use Trends Over 8 Years
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mission ! 7.30 and 18% (23/128) in those having a
pH ! 7.30 (P " .15). The in-ICU mortality rate of intu-
bated subjects was 36% (13/36).

Factors Associated With NIV Failure

Among variables recorded on ICU admission, the eti-
ology of AHRF and tachypnea (# 30 breaths/min) was
independently associated with NIV failure (Table 2). Non-
AOCRF was an independent predictor of NIV failure, as
compared to subjects with AOCRF and CPE.
Pressure-support level adjusted by nurses was signifi-

cantly greater 1 hour after NIV initiation than at NIV
initiation (9.5 $ 3.0 cm H2O vs 9.2 $ 2.6, P " .036),
while tidal volume remained similar (468 $ 144 mL vs
465 $ 135, P " .64). Although not significantly different,
expiratory tidal volume 1 hour after NIV initiation tended
to be lower in subjects who failed NIV, compared to those
who succeeded in NIV.
Among variables recorded at one hour after NIV initi-

ation, ventilatory settings and subject tolerance to NIV or

amount of leaks had no influence on outcome, whereas
severe hypoxemia (PaO2/FIO2 " 200 mm Hg) and severe
acidosis (pH ! 7.30) were independently associated with
NIV failure.
After adjustment, altered consciousness at admission

was not associated with NIV failure and only 23% (14/60)
of subjectswhohad encephalopathywere intubated.Among
the 31 comatose subjects, 15 (48%) succeeded in NIV
without need for endotracheal intubation.

Discussion

In hypercapnic patients receiving NIV as first-line ven-
tilatory support for acute respiratory failure of various
origins, we found that the overall rate of intubation was
only 15%. However, this rate differed markedly according
to the underlying cause of acute respiratory failure, and
reached 38% in patients without chronic respiratory dis-
ease (non-AOCRF). Among patients with AOCRF, no dif-
ference was found between COPD and non-COPD pa-
tients.

Rate of NIV Failure According to the Cause for
Acute Hypercapnic Respiratory Failure

The intubation rate of only 4% in subjects receiving
NIV for CPE compares favorably with the 14% rate re-
ported in a meta-analysis3 and the 18% rate reported in a
survey from the United States.12 Some studies have even
reported intubation rates exceeding 20% in the subset of
hypercapnic patients.18 Our results are, however, consis-
tent with those of Nava et al,19 who reported an intubation
rate of only 6% in hypercapnic patients with CPE treated
in an ICU having extensive experience with NIV.
The 15% intubation rate we recorded in subjects with

AOCRF is also lower than the 20–30% rates usually re-
ported in studies evaluating NIV in COPD patients.5,8-10,12
Plant et al reported an overall intubation rate of only 15%
in patients receiving NIV in respiratory wards, but this
rate reached 36% in patients with a pH ! 7.30,20 whereas
only 18% of our subjects with a pH ! 7.30 needed intu-
bation. A recent study reported a rate of NIV failure of
only 11% in severe COPD patients admitted to a special-
ized respiratory ICU,21 with an ICU mortality rate of 8%,
which is close to the 5% recorded in our study. In this
large observational study, rates of NIV failure and mor-
tality were significantly lower in patients with obesity-
hypoventilation syndrome than in those with COPD.21 We
found a similarly low risk of NIV failure (15%) in subjects
having COPD or another underlying chronic respiratory
disease. Indeed, NIV has been successfully used in obese
patients with severe obstructive sleep apnea syndrome21-23
or bronchiectasis,24 andmayalsobe effective, despitemixed

Fig. 1. Flow chart. NIV " noninvasive ventilation.
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BACKGROUND: Failure of noninvasive ventilation (NIV) is common in patients with COPD
admitted to the ICU for acute hypercapnic respiratory failure (AHRF). We aimed to assess the rate
of NIV failure and to identify early predictors of intubation under NIV in patients admitted for
AHRF of all origins in an experienced unit. METHODS: This was an observational cohort study
using data prospectively collected over a 3-year period after the implementation of a nurse-driven
NIV protocol in a 24-bed medical ICU of a French university hospital. RESULTS: Among 242
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and 47 with other chronic respiratory diseases), and 29 had non-AOCRF (mostly pneumonia).
Overall, the rates of intubation and ICU mortality were respectively 15% and 5%. The intubation
rates were 4% in CPE, 15% in AOCRF, and 38% in non-AOCRF (P < .001). After adjustment,
non-AOCRF was independently associated with NIV failure, as well as acidosis (pH < 7.30) and
severe hypoxemia (PaO2/FIO2 < 200 mm Hg) after 1 hour of NIV initiation, whereas altered con-
sciousness on admission and ventilatory settings had no influence on outcome. CONCLUSIONS:
With a nurse-driven NIV protocol, the intubation rate was reduced to 15% in patients receiving
NIV for AHRF, with a mortality rate of only 5%. Whereas the risk of NIV failure is associated with
hypoxemia and acidosis after initiation of NIV, it is also markedly influenced by the presence or
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Introduction

Noninvasive ventilation (NIV) reduces the rates of in-
tubation and mortality in patients with severe exacerbation
of COPD1,2 or cardiogenic pulmonary edema (CPE).3 In
our ICU, NIV has been used since the late 1980s, and was
shown by Brochard et al4 to be beneficial in patients ad-

mitted with exacerbation of COPD. A subsequent prospec-
tive randomized study demonstrated that NIV was associ-
ated with reduced rates of endotracheal intubation and
mortality in these patients.5
Several large surveys show that the use of NIV has

become widespread in treatment of severe exacerbation of
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Dr Contou presented a version of this paper at the 2012 meeting of the
European Society of Intensive Care Medicine, held October 13–17, 2012,
in Lisbon, Portugal.

Supplementary material related to this paper is available at http://
www.rcjournal.com.

The authors have disclosed no conflicts of interest.

Correspondence: Damien Contou MD, Réanimation Médicale, Hôpi-
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mission ! 7.30 and 18% (23/128) in those having a
pH ! 7.30 (P " .15). The in-ICU mortality rate of intu-
bated subjects was 36% (13/36).

Factors Associated With NIV Failure

Among variables recorded on ICU admission, the eti-
ology of AHRF and tachypnea (# 30 breaths/min) was
independently associated with NIV failure (Table 2). Non-
AOCRF was an independent predictor of NIV failure, as
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reported intubation rates exceeding 20% in the subset of
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results, in patients with restrictive pulmonary disease,25
myasthenia gravis,26 or neuromuscular disease.27 Identifi-
cation of an underlying chronic respiratory disease other
than COPD could be of major interest to better assess the
risk of NIV failure in hypercapnic patients.

By contrast, we found a markedly higher rate (38%) of
NIV failure in hypercapnic subjects with non-AOCRF,
mostly associated with pneumonia. High intubation rates
of 38%12 or 47%11 have already been reported in non-

Table 1. Characteristics and Outcomes of 242 Subjects Receiving Noninvasive Ventilation for Acute Hypercapnic Respiratory Failure of All
Origins

All AHRF
n ! 242

CPE
n ! 67

AOCRF
n ! 146

Non-AOCRF
n ! 29 P

Age, y 70 " 15 76" 11* 70 " 12 56 " 21* # .001
Male, no. (%) 144 (60) 36 (54) 88 (60) 20 (69) .36
SAPS II 35 " 14 38" 14† 33" 12* 37 " 18 # .05
Systolic arterial pressure, mm Hg 143" 50 165 " 81* 136 " 28* 130 " 25 # .001
Heart rate, beats/min 99" 21 95" 20 100 " 21 105 " 25 .11
Breathing frequency, cycles/min 29" 8 32 " 7† 28 " 8* 30" 10 .01
Glasgow coma score 14" 2 14 " 2 14 " 2 14 " 3 .06
SpO2, % 91 " 10 90 " 12 91 " 9 94 " 5 .17
pH 7.28 " 0.09 7.26 " 0.10† 7.28 " 0.07 7.31" 0.10† .02
PaCO2, mm Hg 68 " 17 62" 15* 72" 16* 59 " 16* # .001
PaO2, mm Hg 99 " 65 118 " 77* 91 " 62† 96" 38 # .001
Bicarbonate, mmol/L 33" 7 29 " 6* 35 " 6* 29" 7* # .001
PaO2/FIO2 at NIV initiation, mm Hg 229 " 86 235 " 88 233 " 79 199" 107 .10
Duration of NIV the first day,
median (IQR) h

8 (4–11) 7 (4–8)† 9 (4–12)* 6 (4–10) .01

Total duration of NIV, median (IQR) d 2 (1–4) 2 (1–3)* 3 (1–5)* 1 (1–3) # .001
Rate of NIV failure, no. (%) 36 (14) 3 (4)* 22 (15) 11 (38)* # .001
ICU stay, median (IQR) d 6 (4–9) 4 (3–6)* 7 (5–9) 8 (6–14)† # .001
ICU mortality, no. (%) 13 (5) 2 (3) 7 (5) 4 (14) .09

" Values are mean " SD.
* P # .02 as compared to all other subjects using the Student t test.
† P # .05 as compared to all other subjects using the Student t test.
AHRF ! acute hypercapnic respiratory failure
CPE ! cardiogenic pulmonary edema
AOCRF ! acute-on-chronic respiratory failure
SAPS ! Simplified Acute Physiology Score
NIV ! noninvasive ventilation

Fig. 2. Intubation rate in subjects receiving noninvasive ventilation
for acute hypercapnic respiratory failure, overall and according to
the reason for admission. AOCRF ! acute-on-chronic respiratory
failure.

Fig. 3. ICU mortality in subjects receiving noninvasive ventilation
for acute hypercapnic respiratory failure, overall and according to
the reason for admission. AOCRF ! acute-on-chronic respiratory
failure.
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Introduction

Noninvasive ventilation (NIV) reduces the rates of in-
tubation and mortality in patients with severe exacerbation
of COPD1,2 or cardiogenic pulmonary edema (CPE).3 In
our ICU, NIV has been used since the late 1980s, and was
shown by Brochard et al4 to be beneficial in patients ad-

mitted with exacerbation of COPD. A subsequent prospec-
tive randomized study demonstrated that NIV was associ-
ated with reduced rates of endotracheal intubation and
mortality in these patients.5
Several large surveys show that the use of NIV has

become widespread in treatment of severe exacerbation of
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results, in patients with restrictive pulmonary disease,25
myasthenia gravis,26 or neuromuscular disease.27 Identifi-
cation of an underlying chronic respiratory disease other
than COPD could be of major interest to better assess the
risk of NIV failure in hypercapnic patients.

By contrast, we found a markedly higher rate (38%) of
NIV failure in hypercapnic subjects with non-AOCRF,
mostly associated with pneumonia. High intubation rates
of 38%12 or 47%11 have already been reported in non-

Table 1. Characteristics and Outcomes of 242 Subjects Receiving Noninvasive Ventilation for Acute Hypercapnic Respiratory Failure of All
Origins

All AHRF
n ! 242

CPE
n ! 67

AOCRF
n ! 146

Non-AOCRF
n ! 29 P

Age, y 70 " 15 76 " 11* 70" 12 56" 21* # .001
Male, no. (%) 144 (60) 36 (54) 88 (60) 20 (69) .36
SAPS II 35 " 14 38 " 14† 33 " 12* 37" 18 # .05
Systolic arterial pressure, mm Hg 143" 50 165 " 81* 136" 28* 130 " 25 # .001
Heart rate, beats/min 99" 21 95 " 20 100" 21 105 " 25 .11
Breathing frequency, cycles/min 29" 8 32 " 7† 28" 8* 30 " 10 .01
Glasgow coma score 14" 2 14 " 2 14 " 2 14 " 3 .06
SpO2, % 91 " 10 90" 12 91 " 9 94 " 5 .17
pH 7.28 " 0.09 7.26" 0.10† 7.28 " 0.07 7.31 " 0.10† .02
PaCO2, mm Hg 68 " 17 62" 15* 72" 16* 59 " 16* # .001
PaO2, mm Hg 99 " 65 118" 77* 91" 62† 96 " 38 # .001
Bicarbonate, mmol/L 33" 7 29 " 6* 35 " 6* 29 " 7* # .001
PaO2/FIO2 at NIV initiation, mm Hg 229 " 86 235" 88 233 " 79 199 " 107 .10
Duration of NIV the first day,
median (IQR) h

8 (4–11) 7 (4–8)† 9 (4–12)* 6 (4–10) .01

Total duration of NIV, median (IQR) d 2 (1–4) 2 (1–3)* 3 (1–5)* 1 (1–3) # .001
Rate of NIV failure, no. (%) 36 (14) 3 (4)* 22 (15) 11 (38)* # .001
ICU stay, median (IQR) d 6 (4–9) 4 (3–6)* 7 (5–9) 8 (6–14)† # .001
ICU mortality, no. (%) 13 (5) 2 (3) 7 (5) 4 (14) .09

" Values are mean " SD.
* P # .02 as compared to all other subjects using the Student t test.
† P # .05 as compared to all other subjects using the Student t test.
AHRF ! acute hypercapnic respiratory failure
CPE ! cardiogenic pulmonary edema
AOCRF ! acute-on-chronic respiratory failure
SAPS ! Simplified Acute Physiology Score
NIV ! noninvasive ventilation

Fig. 2. Intubation rate in subjects receiving noninvasive ventilation
for acute hypercapnic respiratory failure, overall and according to
the reason for admission. AOCRF ! acute-on-chronic respiratory
failure.

Fig. 3. ICU mortality in subjects receiving noninvasive ventilation
for acute hypercapnic respiratory failure, overall and according to
the reason for admission. AOCRF ! acute-on-chronic respiratory
failure.
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admitted to the ICU for acute hypercapnic respiratory failure (AHRF). We aimed to assess the rate
of NIV failure and to identify early predictors of intubation under NIV in patients admitted for
AHRF of all origins in an experienced unit. METHODS: This was an observational cohort study
using data prospectively collected over a 3-year period after the implementation of a nurse-driven
NIV protocol in a 24-bed medical ICU of a French university hospital. RESULTS: Among 242
subjects receiving NIV for AHRF (PaCO2 > 45 mm Hg), 67 had cardiogenic pulmonary edema
(CPE), 146 had acute-on-chronic respiratory failure (AOCRF) (including 99 subjects with COPD
and 47 with other chronic respiratory diseases), and 29 had non-AOCRF (mostly pneumonia).
Overall, the rates of intubation and ICU mortality were respectively 15% and 5%. The intubation
rates were 4% in CPE, 15% in AOCRF, and 38% in non-AOCRF (P < .001). After adjustment,
non-AOCRF was independently associated with NIV failure, as well as acidosis (pH < 7.30) and
severe hypoxemia (PaO2/FIO2 < 200 mm Hg) after 1 hour of NIV initiation, whereas altered con-
sciousness on admission and ventilatory settings had no influence on outcome. CONCLUSIONS:
With a nurse-driven NIV protocol, the intubation rate was reduced to 15% in patients receiving
NIV for AHRF, with a mortality rate of only 5%. Whereas the risk of NIV failure is associated with
hypoxemia and acidosis after initiation of NIV, it is also markedly influenced by the presence or
absence of an underlying chronic respiratory disease. Key words: noninvasive ventilation; acute
respiratory failure; acute-on-chronic respiratory failure; cardiogenic pulmonary edema; COPD; hyper-
capnic coma; endotracheal intubation. [Respir Care 2013;58(12):2045–2052. © 2013 Daedalus Enter-
prises]

Introduction

Noninvasive ventilation (NIV) reduces the rates of in-
tubation and mortality in patients with severe exacerbation
of COPD1,2 or cardiogenic pulmonary edema (CPE).3 In
our ICU, NIV has been used since the late 1980s, and was
shown by Brochard et al4 to be beneficial in patients ad-

mitted with exacerbation of COPD. A subsequent prospec-
tive randomized study demonstrated that NIV was associ-
ated with reduced rates of endotracheal intubation and
mortality in these patients.5
Several large surveys show that the use of NIV has

become widespread in treatment of severe exacerbation of
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France. Dr Thille is also affiliated with Institut National de la Santé et de
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results, in patients with restrictive pulmonary disease,25
myasthenia gravis,26 or neuromuscular disease.27 Identifi-
cation of an underlying chronic respiratory disease other
than COPD could be of major interest to better assess the
risk of NIV failure in hypercapnic patients.

By contrast, we found a markedly higher rate (38%) of
NIV failure in hypercapnic subjects with non-AOCRF,
mostly associated with pneumonia. High intubation rates
of 38%12 or 47%11 have already been reported in non-

Table 1. Characteristics and Outcomes of 242 Subjects Receiving Noninvasive Ventilation for Acute Hypercapnic Respiratory Failure of All
Origins

All AHRF
n ! 242

CPE
n ! 67

AOCRF
n ! 146

Non-AOCRF
n ! 29 P

Age, y 70 " 15 76 " 11* 70" 12 56" 21* # .001
Male, no. (%) 144 (60) 36 (54) 88 (60) 20 (69) .36
SAPS II 35 " 14 38 " 14† 33 " 12* 37" 18 # .05
Systolic arterial pressure, mm Hg 143" 50 165" 81* 136 " 28* 130" 25 # .001
Heart rate, beats/min 99" 21 95" 20 100" 21 105" 25 .11
Breathing frequency, cycles/min 29" 8 32 " 7† 28 " 8* 30" 10 .01
Glasgow coma score 14" 2 14 " 2 14 " 2 14 " 3 .06
SpO2, % 91 " 10 90 " 12 91" 9 94 " 5 .17
pH 7.28 " 0.09 7.26" 0.10† 7.28 " 0.07 7.31 " 0.10† .02
PaCO2, mm Hg 68 " 17 62" 15* 72 " 16* 59 " 16* # .001
PaO2, mm Hg 99 " 65 118 " 77* 91 " 62† 96" 38 # .001
Bicarbonate, mmol/L 33 " 7 29 " 6* 35" 6* 29" 7* # .001
PaO2/FIO2 at NIV initiation, mm Hg 229 " 86 235 " 88 233 " 79 199 " 107 .10
Duration of NIV the first day,
median (IQR) h

8 (4–11) 7 (4–8)† 9 (4–12)* 6 (4–10) .01

Total duration of NIV, median (IQR) d 2 (1–4) 2 (1–3)* 3 (1–5)* 1 (1–3) # .001
Rate of NIV failure, no. (%) 36 (14) 3 (4)* 22 (15) 11 (38)* # .001
ICU stay, median (IQR) d 6 (4–9) 4 (3–6)* 7 (5–9) 8 (6–14)† # .001
ICU mortality, no. (%) 13 (5) 2 (3) 7 (5) 4 (14) .09

" Values are mean " SD.
* P # .02 as compared to all other subjects using the Student t test.
† P # .05 as compared to all other subjects using the Student t test.
AHRF ! acute hypercapnic respiratory failure
CPE ! cardiogenic pulmonary edema
AOCRF ! acute-on-chronic respiratory failure
SAPS ! Simplified Acute Physiology Score
NIV ! noninvasive ventilation

Fig. 2. Intubation rate in subjects receiving noninvasive ventilation
for acute hypercapnic respiratory failure, overall and according to
the reason for admission. AOCRF ! acute-on-chronic respiratory
failure.

Fig. 3. ICU mortality in subjects receiving noninvasive ventilation
for acute hypercapnic respiratory failure, overall and according to
the reason for admission. AOCRF ! acute-on-chronic respiratory
failure.
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On	décide	de	faire	de	la	VNI…



Aide	Inspiratoire	en	VNI	:	risque	de	fuites
Débit	d’emblée	maximum

Le	ventilateur	atteint	
la	consigne	de	pression	
le	plus	vite	possible

Niveau	d’AI

25%	du	débit	
maximum	=	
CYCLAGE

1. Consigne	de	pression
2. Tous les	cycles	sont	

déclenchés	par	le	patient
3. Cyclage expiratoire	sur	le	

débit	max



Quels	réglages	pour	commencer	?

•AI=	12	cmH2O
•PEP=	4	cmH2O
•Pente=	maximum	tolérée
• Trigger	Inspi =	3	L/min
• Trigger	Expi =	50%

•Dr	+	IDE	bedside pendant	au	moins	20	min
Di	Marco	Crit care	2011



Optimiser	la	VNI	en	Limitant	
les	asynchronies



Asynchronies en	VNI

• 60	patients	en	VNI	

Vignaux ICM	2009
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Table 4 Asynchrony events and respiratory parameters

Ineffective efforts Auto- triggering Double-triggering Premature cycling Late cycling AI [ 10%

Absent
(n = 52)

Present
(n = 8)

Absent
(n = 48)

Present
(n = 12)

Absent
(n = 51)

Present
(n = 9)

Absent
(n = 53)

Present
(n = 7)

Absent
(n = 46)

Present
(n = 14)

Absent
(n = 34)

Present
(n = 26)

VTe
(ml) 516 (22) 346 (52)* 504 (23) 452 (55) 489 (22) 523 (44) 483 (21) 570 (91) 517 (25) 419 (27) 508 (25) 475 (37)
(ml/kg) 7.6 (2.8) 3.9 (1.9)* 7.2 (3.3) 6.6 (3.1) 6.9 (2.8) 8.2 (4.1) 6.7 (2.5) 10.4 (4.3)* 7.6 (3.1) 5.7 (3.1)* 7.8 (2.5) 7.2 (3.6)

MVe (l/min) 12.8 (0.6) 8.3 (1.2)* 12.4 (0.7) 11.1 (1.5) 12.1 (0.7) 12.9 (1.7) 12.2 (0.6) 12.1 (1.7) 13.0 (0.7) 9.5 (0.48)* 13.1 (0.8) 10.9 (0.8)*
RR (n/min) 25 (0.9) 25 (1) 25 (0.8) 25 (2) 25 (0.8) 26 (3) 25 (0.8) 22 (3) 25 (1) 23 (1) 26 (1) 24 (1)
Leak
(l/min) 3.5 (0.4) 4.5 (1.2)* 3.4 (0.4) 6.1 (1.7)* 4.2 (0.6) 3.9 (0.9) 4.3 (0.6) 3.7 (0.9) 3.4 (0.4) 5.2 (1.5)* 3.1 (0.5) 5.7 (0.9)*
(%) 27.3 54.2 47.2 54.9 34.7 30.2 35.2 30.5 26.1 54.7 23.6 52.3

tip (ms) 796 (45) 773 (47) 786 (47) 820 (63) 758 (22) 992 (23)* 752 (23) 1,100 (28)* 791 (50) 800 (39) 730 (27) 874 (82)*
tiexcess (ms) 32 (3) 61 (5)* 37 (5) 30 (3) 40 (4) 15 (4)* 40 (4) 1 (7) 28 (3) 62 (9)* 34 (4) 38 (8)
PSL (cmH2O) 11 (0.5) 12 (1.1) 11 (0.6) 11 (1.3) 12 (0.5) 8 (1.4)* 11 (1.5) 12 (1.1) 11 (0.6) 12 (1.1) 10 (0.6) 12 (0.8)

All parameters were for baseline cycles in each sub-category, not those cycles during which the asynchrony event occurred. All data mean (SD)
* P \ 0.05 versus absence of event
MVe minute volume; PSL pressure support level; RR respiratory rate; tip neural inspiratory time; tiexcess duration of pressurization by the ventilator in excess of tip; VTe expired
tidal volume
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Asynchronies

were the only two asynchronies associated likely to be
grouped (P = 0.003). An AI [ 10%, indicating severe
asynchrony, was present in 26 patients (43%), in whom
the median (IQR) AI was 26 (15–54) %. In the random
sample of 21 patients, the number of ineffective breaths
and auto-triggering events detected clinically and from
tracings were compared and found to be statistically not
different (P = 0.81). Table 4 lists the respiratory
parameters recorded in patients with and without the

various asynchrony events, indicating the significant dif-
ferences, if any, between these two conditions.
Parameters not shown in Table 4 exhibited no significant
difference between presence and absence of any of the
asynchrony events. No difference was noted between the
groups in terms of cause of acute respiratory failure,
except for pneumonia which was more prevalent in
patients with premature cycling (14 vs. 5 patients,
P \ 0.028). Linear regression analysis showed that the
magnitude of leak was significantly associated with the
number of ineffective breaths (increase of mean leak flow
of 0.67 l/min per one additional ineffective breath,
P = 0.006) and the presence of delayed cycling (increase
of mean leak flow of 3.3 l/min if delayed cycling was
present vs. no delayed cycling, P = 0.005). No

Double triggering

Late cycling and in effective triggering

Paw

V'

EMGdi

Paw

V'

EMGdi

Auto triggering

Premature cycling

Ineffective efforts

V'

Paw

EMGdi

Fig. 1 Representative tracings
of the five types of asynchrony.
EMGdi diaphragmatic
electromyography tracing; Paw
airway pressure; V’
instantaneous flow. Downward
pointing arrows indicate
relevant event

Table 1 Main clinical characteristics of the patients (n = 60)

Demographics and initial respiratory parameters mean (SD)
Age (year) 70 (12)
M:F 41:19
BMI (kg/m2) 26 (7)
SAPS II 43 (15)
RR (n/min) 29 (7)
PaO2/FIO2 186 (83)
PaCO2 (mmHg) 48 (16)

Cause of acute respiratory failure n (%)
Acute on chronic respiratory failure 25 (38)
Community-acquired pneumonia 19 (20)
Post-extubation 15 (25)
Cardiogenic pulmonary edema 9 (25)
Post-operative 4 (7)
Thoracic trauma 3 (5)

BMI body mass index; M:F male:female ratio; SAPS II admission
Simplified Acute Physiologic Score; RR respiratory rate

Table 2 Main outcome parameters (n = 60 pts)

Number of days during which NIV was applied 4.8 (3)
Number of NIV sessions/day during ICU stay 5 (1.6)
Duration of NIV sessions (min) 59 (48)
Endotracheal intubation (n pts (%)) 12 (20)
ICU mortality (n pts (%)) 6 (10)
LOS in ICU (days) 10 (5.8–17)
LOS in hospital (days) 21 (16–45)

All values mean (SD) or median (25–75 interquartile range)
NIV noninvasive ventilation; LOS length of stay in ICU or hospital
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Efforts	inefficaces
appel inefficace

Thille et coll. Intensive Care Med 2006

effort inspiratoire sans déclenchement

Thille ICM	2006
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Fig.7 Illustration of simultaneous airway (PAw) and esophageal 
(PEs) pressure tracings in a patient with dynamic hyperinflation, 
revealing negative inspiratory excursions that do not trigger a 
breath alternating with triggered breaths. If end-expiratory alveo- 
lar pressure (i. e. auto-PEEP) remains at 10 cm HaO then, the pa- 
tient must reduce intrapleural pressure (measured by an esopha- 
geal manometer-Pes) to less than - 10 cm HzO to drop alveolar 
pressure to less than atmospheric pressure and initiate inspiratory 
flow. The mechanically ventilated patient with dynamic hyperinfla- 
tion must first overcome this inspiratory threshold load and then, 
depending on the triggering mechanism of the ventilator, further 
reverse flow (flow-triggering) or lower the airway pressure (pres- 
sure-triggering) prior to delivery of a breath 

way and esophageal pressure tracings reveal negative in- 
spiratory excursions that do not trigger a breath, alter- 
nating with those that do (see Fig. 7) [72]. Carefully ap- 
plying extrinsic P E E P  increases the proximal airway 
pressure and reduces the pressure gradient required to 
reverse flow on inspiration (see Fig. 6B)  [38, 40-42, 53, 
73]. Applied P E E P  can be t i trated to a level at which ev- 
ery inspiratory effort triggers a breath, resulting in sharp 
reductions in the patient 's WOB. 

Patients with emphysema, characterized by compli- 
ant or floppy airways poorly te thered by damaged elas- 
tic fibers, develop an early "equal  pressure point" as 
the positive extramural pressure exceeds the elastic re- 
coil forces of the airway and the positive intramural air- 
way pressure. Theoretically, the application of extrinsic 
P E E P  less than the original level of au to-PEEP should 
serve to prevent  this early dynamic airway closure at 
the equal pressure point by maintaining a positive air- 
way pressure that counterbalances the positive extra- 
mural pressure that surrounds the airways [48]. 

Unfortunately,  the concept  that applied P E E P  thus 
"stents" open airways and facilitates lung emptying is 
not supported by clinical studies. The application of ex- 
ternal P E E P  rarely leads to actual reductions in lung 
volume [42, 46, 74, 75]. As the level of applied P E E P  ap- 
proaches that of auto-PEER lung volume actually in- 
creases [34, 42, 46, 53, 74, 75]. This is in keeping with 
the waterfall analogy: as the downstream water rises 
above the dam, the water backs up behind the dam. In 
fact, the greatest risk of applied P E E P  in the COPD pa- 
tient is inducing further hyperinflation with cardiovas- 
cular compromise. Progressive increments of P E E P  
compared with zero P E E P  induce hemodynamic im- 
pairment when the levels of applied P E E P  exceed 85 % 
of the measured au to-PEEP [46]. 

Table 3 General principles of mechanical ventilation in patients 
with chronic obstructive pulmonary disease 
Rest patient while pharmacotherapy takes effect 

Provide full ventilatory support, regardless of ventilation mode 
employed (e. g. enough ventilation to keep total respiratory rate 
below 30 breaths/min) 

Prevent dynamic hyperinflation (auto-PEEP) and its complications 
Increase expiratory time 

Tidal volume 5-8 ml/kg 
High peak inspiratory flow (70-100 l/rain) 
Low respiratory rate to avoid relative hyperventilation 
Non-compressible ventilator tubing 
Sedation as required 

Add extrinsic PEEP at 80 % of auto-PEEP level to reduce pa- 
tient triggering effort 

Provide controlled hypoventilation (permissive hypercapnia) 
Avoid alkalemia, allowing patient to maintain compensatory 
metabolic alkalosis 
Provide sufficient ventilation to maintain pH > 7.15-7.20 

Resulting PaCO 2 value is less important than avoidance of 
alkalemia 
Bicarbonate infusion may be necessary at very low pH if 
cardiovascular instability is present 

Ventilator mode used is relatively unimportant if above principles 
are followed 

Assist-control ventilation (A/C, AMV): 
Use high inspiratory flow rate 
Minimize patient triggering effort 
Use sedation if necessary to reduce minute ventilation 

Synchronized intermittent mandatory ventilation (SIMV): 
Use high inspiratory flow rate 
Monitor patient's total rate as index of comfort (should be 
< 30/min) 
Sedate patient if necessary 

Pressure support ventilation (PSV): 
May be more comfortable than other modes, at least for some 
patients 
For safe use patient's ventilatory drive must remain intact 
Adjust inspiratory pressure to keep respiratory rate 
< 30 breaths/rain 

Pressure control ventilation (PCV): 
Reduce inspiratory time (e. g. 25 %) to maximize expiration 
Adjust inspiratory pressure to keep respiratory rate < 30/min 
Sedate patient if necessary 

Auto-PEEP will have different effects on different ventilator modes 
With AMV and SIMV: increase in Pplat and PIP with no change 
in tidal volume 
With PSV and PCV: reduction in delivered VTwith no change in 
Pplat and PIP 

It is therefore  reasonable judiciously to apply P E E P  
to about 80 % of the measured au to-PEEP level, to re- 
duce WOB associated with patient-initiated mechanical 
ventilation. However,  there is no rationale for its use 
during controlled mechanical ventilation when there is 
no patient inspiratory effort, or in an at tempt to "stent" 
open airways to reduce lung volume. 
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rate of 1,000 Hz, and the transdiaphragmatic pressure (Pdi) curve ob-
tained by subtracting the Pes signal from the Pga signal.

Diaphragmatic EMG activity (EMGd) was recorded with surface
electrodes placed bilaterally over the costal margin, one reference elec-
trode being placed over the sternum (14). The analog signal was first
filtered and digitized at a sampling rate of 1,000 Hz by means of the
Biopac EMG module, then rectified and integrated.

Measured and Computed Variables
Data were continuously recorded during the last 5 min at each ET setting
and stored for subsequent analysis (AcqKnowledge software; Biopac
Systems, Inc.). Then, a 1-min period devoid of artifacts (cough, esopha-
geal spasm, patient movement) was selected from the 5-min tracing. For
each variable, the reported results are the average of all breaths during
that 1-min period. The following parameters were determined:

1. Ventilatory profile. Patient inspiratory effort duration (ti), mea-
sured as the interval between the initial positive deflection of Pdi
and the initial rapid decrease of electrical activity on the pro-
cessed EMGd signal (7, 15). The choice of using Pdi to determine
the onset of ti was dictated by the difficulty with which EMGd
reflects the initiation of inspiratory effort, due to the potential
interferences from background noise and/or neuromuscular un-
coupling. On the other hand, accuracy is not lost with regard to
determining the end of patient inspiratory effort; respiratory rate
indicated by the ventilator (RRvent); patient respiratory rate
(RRpat); ineffective (nontriggering) inspiratory efforts: IEineff !
RRpat " RRvent; Vt and V̇e: obtained by analysis and integration
of the V̇ tracing; trigger delay (td): the time interval between
the initial Pdi deflection and the start of pressurization by the
ventilator; ventilator duty cycle (VentTi/Ttot), where Ti is the dura-
tion of inspiratory flow, Ttot that of inspiratory and expiratory
flows; delayed cycling: expressed as tiexcess, which is the difference
between the end of patient inspiratory effort and the duration
of pressurization by the ventilator; premature cycling: interrup-
tion of pressurization by the ventilator before the end of patient
inspiratory effort. Occurrence of premature cycling at each ET
level was quantified as the number of events over the 1-min
evaluation period. A representative tracing of the recordings
from one patient is shown in Figure 1.

2. Respiratory mechanics. Expiratory time constant (RCe): slope of
the expiratory flow–volume curve (16); peak expiratory airway

Figure 1. Representative tracing in one patient of airway
pressure (Paw), Flow, transdiaphragmatic pressure (Pdi),
and rectified diaphragmatic EMG recording (EMGd) show-
ing pertinent measured intervals: triggering delay (td),
duration of inspiratory effort (ti), duration of pressurization
by the ventilator extending beyond that of inspiratory
effort (tiexcess).

resistance (Rexp): from the equation Rexp ! (Pes " Paw)/peak
expiratory flow, where Paw ! airway pressure; PEEPi: the differ-
ence between the value of Pes at the start of inspiration and that
when instantaneous flow (V̇) reaches 0. The value of PEEPi was
corrected for expiratory muscle activity (17).

3. Inspiratory workload. Due to the presence of numerous nontrig-
gering breaths despite the initial ventilator setting optimization,
only those indices independent of flow were used. Pdi ! Pga "
Pes; Pdi–time product (PTPdi) ! area under the Pdi tracing
during patient ti (as defined above, i.e., the interval between the
initial Pdi deflection and the initial rapid decrease of electrical
activity on the processed EMGd signal); triggering pressure–time
product (PTPt), which estimates the magnitude of inspiratory
effort required to trigger the ventilator: area under the Pes tracing
between the initial Pes deflection and the onset of pressurization
by the ventilator.

Arterial blood gases were measured immediately before protocol
initiation and at the end of the ET modification sequence. Finally,
systemic pressure, measured by an indwelling radial artery catheter,
and pulse oxymetry were monitored continuously during the protocol.

Data from the 1-min period were averaged, and are expressed as
mean # SD. Comparisons were made with an analysis of variance on
ranks for repeated measurements and Dunn’s test. A p value of less
than 0.05 was considered significant.

RESULTS

Ten patients were included in the study, whose main clinical
characteristics are summarized in Table 1. All patients had severe
obstructive mechanics, as reflected by the results of pulmonary
function tests and expiratory time constants. Peak expiratory
resistance was 30 # 12 cm H2O · l"1 · s"1. Patients were ventilated
with 14.3 # 3 cm H2O of pressure support, which resulted in a
Vt of 9 # 2 ml/kg (mean # SD). Baseline PaO2/FiO2 and PaCO2
were 230 # 15 and 50 # 4 mm Hg, respectively (mean # SD).
All patients exhibited signs of poor patient–ventilator synchrony,
as shown by the presence of nontriggering breaths, increased
trigger delay, and delayed cycling (Table 2).
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Figure 2. Representative tracing in one patient of Paw, Flow, Pdi, and rectified EMGd changes over several breaths at expiratory trigger (ET)
settings of 10, 25, and 70% of peak inspiratory flow.

4. Finally, decreasing the ET setting to less than 25% led
to a worsening of parameters reflecting patient–ventilator
asynchrony.

Before discussing these results further, some limitations of
the study should be addressed. First, our study was conducted
in a small group of patients. Nonetheless, as reflected by the
individual tracings, there was a very similar interpatient response
to the changes in ET, suggesting that our patients were represen-
tative of at least a certain category of intubated patients with

Figure 3. Individual variations in the number of nontriggering breaths
at each of the four ET settings (10, 25, 50, and 70% of peak inspiratory
flow rate).

COPD. Second, patients had severe obstructive mechanics, as
shown by their pulmonary function tests and respiratory system
time constants, and presented signs of poor synchrony with the
ventilator. Therefore, our results might not apply to patients
with less severe obstruction and no signs of asynchrony. Third,
the duration of inspiratory effort is difficult to determine in
obstructive disease with dynamic hyperinflation, due to a vari-
able degree of neuromuscular uncoupling. We used the EMGd
signal, a validated approach (15), but one which carries limita-
tions as to the quality of the tracing due to artifacts stemming
from cardiac electrical activity background noise, or expiratory
muscle activity. However, cardiac artifact and expiratory muscle
activation (appearing as a secondary burst of electrical activity
occurring immediately after diaphragmatic activation) are easy to
identify and exclude from ti measurement. Background noise, on
the other hand, can impede proper EMGd interpretation, thus
requiring analysis of the Pdi tracing to determine ti. Fourth,
quantifying the magnitude of inspiratory effort can prove very
difficult, as the work of breathing cannot be interpreted properly
in the presence of nontriggering breaths. Indeed, in the classical
approach, only triggering breaths are used to compute the work
of breathing, even though nontriggering breaths also require
energy. For these reasons, only those indices of inspiratory work-
load that are independent of flow (thereby including nontrig-
gering breaths) have been used in the present study. Finally,
patients remained at each ET setting for only 15 min, and steady-
state conditions might not have been achieved. However, the
duration was in line with that of two recent similar studies on
the effects of cycling criteria modifications (8, 9). Nonetheless,
this short time frame still leaves open the question of whether
the observed effects are long lasting, and whether any additional
effects might be observed over a longer time period.

Effects of Increasing ET

As predicted, increasing ET from 10 to 70% of peak inspiratory
flow led to a decrease in the duration of inspiration and an
increase in that of expiration, the earlier interruption of pressur-
ization leading to a reduction of Vt. PEEPi was also reduced,
likely as a consequence of both these mechanisms. In turn, the
reduction in PEEPi induced less effort to trigger the ventilator,
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TABLE 3. PATIENTS’ INSPIRATORY EFFORT

ET 10 ET 25 ET 50 ET 70

Pdi, cm H2O
All 6.8 (4.2–8.8) 5.5 (3.9–8.1) 6.6 (4.8–7.6) 6.6 (4.4–8.4)
Triggering* 7.6 (5.9–9.5) 6.4 (4.2–8.2)§ 6.5 (4.6–7.7)§ 6.6 (4.4–8.4)§

Nontriggering† 4.1 (3.4–6.5)‡ 4 (2.8–5.5)‡ 4.5 (3.7–5)‡ 6.5 (4.5–8)¶

PTPdi, cm H2O · s
All 3.9 (2.2–6.19) 3.8 (1.4–7.4) 4 (2.3–5.2) 4.4 (2.2–7.1)
Triggering 6 (3–7) 6.4 (1.1–7.7) 4.5 (2.6–6.2)§|| 4.4 (2.2–7.1)§||

Nontriggering 2.5 (1.3–4.4)‡ 1.8 (1.09–4.1)† 2 (1.6–2.5)‡ 2.1 (1.4–2.9)¶

PTPt, cm H2O · s
Triggering 2.09 (1.3–2.8) 2.1 (0.5–3) 1.5 (0.9–1.9)§|| 0.9 (0.7–1.8) §||

Definition of abbreviations: ET ! expiratory trigger; Pdi ! transdiaphragmatic pressure; PTPdi ! transdiaphragmatic pressure-
time product; PTPt ! triggering pressure-time product.

Values expressed as median (25–75% confidence interval). Analysis of variance on ranks.
* Inspiratory efforts succeeding triggering the ventilator.
† Inspiratory efforts not succeeding in triggering of the ventilator.
‡ p " 0.05 versus triggering breath at same ET.
§ p " 0.05 versus ET setting (ETS) 0.10.
|| p " 0.05 versus ETS 0.25.
¶ Data from three patients only (the seven other patients had no ineffective inspiratory attempts).

a lower trigger delay, and a decrease in the number of nontrig-
gering breaths. The ET 70 level provided the best results, in line
with mathematical predictions for the degree of airway obstruc-
tion witnessed in our patients (3, 7). Of note, at that setting, the
magnitude of delayed cycling was 0.25 s (Table 3), which is the
optimal range of 0.2 to 0.4 s that one would expect. Indeed, cycling
should not occur immediately on cessation of neural inspira-
tory effort, but slightly after that, due to persistent inspiratory
muscle activity after neural ti ceases (18). Nonetheless, ET 70
should not be considered as an optimal setting in all patients
with obstructive disease, nor should one infer that, in obstructive
disease, the higher the ET the better. Indeed, increasing ET
above a certain level carries the risk of an excessive reduction

Figure 4. Individual variations in excess duration of pressurization by
the ventilator relative to patient’s inspiratory time (tiexcess) at each of the
four ET settings (10, 25, 50, and 70% of peak inspiratory flow rate).

in Vt stemming from premature cycling. Illustrating this point,
Tokioka and colleagues (8) observed premature cycling in four
of eight patients with acute lung injury when ET was increased
to 45%. Of interest, expiratory time (te) remained unchanged
at the various ET settings in our study, as opposed to the findings
of two studies in which te increased in the presence of delayed
cycling (6, 19). However, Kondili (19) studied patients with acute
lung injury, COPD being an exclusion criteria, which makes any
comparison speculative. Younes and colleagues (6) studied a het-
erogeneous group of 50 patients, 45 of whom exhibited an increase
in te in the presence of delayed cycling. The five patients in whom
te did not increase had COPD, which is in line with our findings,
suggesting that, in these patients, modifying the ventilator’s
inspiratory duration has little effect on neural te. Increasing te

Figure 5. Individual variations in trigger delay (td) at each of the four
ET settings (10, 25, 50, and 70% of peak inspiratory flow rate).
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with mathematical predictions for the degree of airway obstruc-
tion witnessed in our patients (3, 7). Of note, at that setting, the
magnitude of delayed cycling was 0.25 s (Table 3), which is the
optimal range of 0.2 to 0.4 s that one would expect. Indeed, cycling
should not occur immediately on cessation of neural inspira-
tory effort, but slightly after that, due to persistent inspiratory
muscle activity after neural ti ceases (18). Nonetheless, ET 70
should not be considered as an optimal setting in all patients
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disease, the higher the ET the better. Indeed, increasing ET
above a certain level carries the risk of an excessive reduction
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in Vt stemming from premature cycling. Illustrating this point,
Tokioka and colleagues (8) observed premature cycling in four
of eight patients with acute lung injury when ET was increased
to 45%. Of interest, expiratory time (te) remained unchanged
at the various ET settings in our study, as opposed to the findings
of two studies in which te increased in the presence of delayed
cycling (6, 19). However, Kondili (19) studied patients with acute
lung injury, COPD being an exclusion criteria, which makes any
comparison speculative. Younes and colleagues (6) studied a het-
erogeneous group of 50 patients, 45 of whom exhibited an increase
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were the only two asynchronies associated likely to be
grouped (P = 0.003). An AI [ 10%, indicating severe
asynchrony, was present in 26 patients (43%), in whom
the median (IQR) AI was 26 (15–54) %. In the random
sample of 21 patients, the number of ineffective breaths
and auto-triggering events detected clinically and from
tracings were compared and found to be statistically not
different (P = 0.81). Table 4 lists the respiratory
parameters recorded in patients with and without the

various asynchrony events, indicating the significant dif-
ferences, if any, between these two conditions.
Parameters not shown in Table 4 exhibited no significant
difference between presence and absence of any of the
asynchrony events. No difference was noted between the
groups in terms of cause of acute respiratory failure,
except for pneumonia which was more prevalent in
patients with premature cycling (14 vs. 5 patients,
P \ 0.028). Linear regression analysis showed that the
magnitude of leak was significantly associated with the
number of ineffective breaths (increase of mean leak flow
of 0.67 l/min per one additional ineffective breath,
P = 0.006) and the presence of delayed cycling (increase
of mean leak flow of 3.3 l/min if delayed cycling was
present vs. no delayed cycling, P = 0.005). No

Double triggering

Late cycling and in effective triggering

Paw

V'

EMGdi

Paw

V'

EMGdi

Auto triggering

Premature cycling

Ineffective efforts

V'

Paw

EMGdi

Fig. 1 Representative tracings
of the five types of asynchrony.
EMGdi diaphragmatic
electromyography tracing; Paw
airway pressure; V’
instantaneous flow. Downward
pointing arrows indicate
relevant event

Table 1 Main clinical characteristics of the patients (n = 60)

Demographics and initial respiratory parameters mean (SD)
Age (year) 70 (12)
M:F 41:19
BMI (kg/m2) 26 (7)
SAPS II 43 (15)
RR (n/min) 29 (7)
PaO2/FIO2 186 (83)
PaCO2 (mmHg) 48 (16)

Cause of acute respiratory failure n (%)
Acute on chronic respiratory failure 25 (38)
Community-acquired pneumonia 19 (20)
Post-extubation 15 (25)
Cardiogenic pulmonary edema 9 (25)
Post-operative 4 (7)
Thoracic trauma 3 (5)

BMI body mass index; M:F male:female ratio; SAPS II admission
Simplified Acute Physiologic Score; RR respiratory rate

Table 2 Main outcome parameters (n = 60 pts)

Number of days during which NIV was applied 4.8 (3)
Number of NIV sessions/day during ICU stay 5 (1.6)
Duration of NIV sessions (min) 59 (48)
Endotracheal intubation (n pts (%)) 12 (20)
ICU mortality (n pts (%)) 6 (10)
LOS in ICU (days) 10 (5.8–17)
LOS in hospital (days) 21 (16–45)

All values mean (SD) or median (25–75 interquartile range)
NIV noninvasive ventilation; LOS length of stay in ICU or hospital
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included. Five were excluded after recording because
their electromyography curves were not analyzable. The
final study population was therefore 65 patients, whose
main clinical characteristics are outlined in Tables 1 and
2. All received NIV via a classical face mask (i.e., oro-
nasal, Vygon, Ecouen, France). Inclusion was made
1 ± 0.3 days after initiation of NIV. Thirty-three patients
(51%) were hypercapnic (PaCO2 [ 42 mm Hg or
5.6 kPa). Causes of ARF were consistent with those
reported in the literature: 23 patients (35%) had an acute
episode of their chronic pulmonary disease, 18 (28%)
received NIV after extubation, 17 (26%) had a commu-
nity acquired pneumonia, 14 (22%) were post-operative,
2 (3%) had an acute pulmonary edema and 1 (2%) a
thoracic traumatism.

Ventilators used were 28 Evita 4 (43%), 19 Evita XL
(29%), 14 Servoi (22%), 3 Engström Carestation (5%)
and 1 G5 (2%). Ventilator settings and main respiratory
parameters are presented in Table 3. Among these
respiratory parameters, the only significant difference
between NIV0 and NIV? was the tiexcess, with a median
of 28% (16–37) and 19% (9–27), respectively.

Comparison of different types of events, with and
without the NIV algorithm, is illustrated in Table 4.

Auto triggering

The number of auto triggerings was significantly lower if
the NIV algorithm was activated (p = 0.01). If patients
are separated into two groups, one with ‘‘low’’ assistance
(B14 cm H2O) and another with ‘‘high’’ assistance
(C15 cm H2O), one can observe that the NIV algorithm

Table 1 Demographic and clinical characteristics of the patients
(n = 65)

Demographics and
main respiratory
parameters

Mean ± standard
deviation

Age (years) 69 ± 12
Men:women (n) 41:24
BMI (kg/m2) 25 ± 5
SAPS II 44 ± 14
BR (n/min) 28 ± 8
PaO2/FiO2 225 ± 72
PaCO2 (mmHg) 47 ± 15

Values are expressed as mean ± standard deviation
Main respiratory parameters were recorded at study inclusion
BMI body mass index; SAPS II simplified acute physiology score II
[38, 39]; BR breath rate; FiO2 inspired fraction of oxygen

Table 2 Chronic conditions

Condition n (%)

Chronic obstructive pulmonary disease 25 (38)
Cardiac insufficiency 9 (14)
Obesity (BMI [ 30) 7 (10)
Bronchial carcinoma 2 (3)
Mixed obstructive/restrictive disease 1 (2)
Pulmonary hypertension 1 (2)
Neuromuscular disease 1 (2)

Several chronic conditions can co-exist in a given patient
Values are expressed as number (%)
BMI body mass index

Table 3 ventilator settings and main respiratory parameters

Ventilator settings Mean (SD) or median
(25th–75th)

PSL (cmH2O) 13 (3)
PEEP (cmH2O) 5 (5–7)
Slope (ms) 200 (100–200)
Inspiratory trigger
Flow (l/min) (n = 64) 1 (0.3–2)
Pressure (cm H2O) (n = 1) -1
ETS (%PIF) 25
FiO2 0.37 (0.1)

Respiratory parameters during NIV NIV0 NIV?

Breath rate (patient) 26 (8) 26 (7)
tip (ms) 830 (260) 840 (240)
tiexcess (%) 28 (16–37) 19 (9–27)*
VTE
ml 570 (220) 560 (210)
ml/kg 9 (3) 9 (3)
MV (l/min) 13.4 (5) 13.4 (5)

Leaks
l/min 4 (1–7) 3.5 (1–7)
% MV 28 (10–56) 23 (9–52)

All values are expressed in mean (standard deviation) or median
(25th–75th percentile), according to the parametric or non-para-
metric nature of their distribution
PSL pressure support level, PEEP positive end expiratory pressure;
ETS expiratory trigger setting; expressed in percentage of peak
inspiratory flow (PIF); NIV0 and NIV? without and with NIV
mode respectively; RRp respiratory rate of the patient; tip. inspi-
ratory time of the patient; tiexcess inspiratory time of the ventilator in
excess reported to the tip; VTE expired tidal volume, expressed in
absolute value and in ml/kg of ideal body weight (IBW). Leaks are
expressed in absolute value and in percentage of minute ventilation
(MV)
* p \ 0.05 vs. NIV0

Table 4 number of asynchronies with and without NIV mode

NIV0 NIV? NIV0 NIV?
Mean ± SD Mean ± SD n (%) n (%)

Auto triggering 1.2 ± 2.8 0.5 ± 0.8* 14 (22) 10 (15)
Ineffective efforts 1.4 ± 3.1 0.5 ± 1.1* 15 (23) 5 (8)*
Late cycling 0.6 ± 1.6 0.2 ± 0.6* 11 (17) 5 (8)*
Premature cycling 2.1 ± 5 3.3 ± 7 22 (34) 21 (32)
Double triggering 0.2 ± 0.5 0.3 ± 0.8 3 (5) 6 (9)
Asynchrony index

(AI)
18 ± 20 19 ± 27 30 (46) 25 (38)

AIleaks 9 ± 12 5 ± 7* 18 (28) 8 (12)*

n Number of patients presenting each type of asynchrony ([1/min)
or an AI [ 10%
* p \ 0.05 vs. NIV0
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without the NIV algorithm, is illustrated in Table 4.

Auto triggering
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the NIV algorithm was activated (p = 0.01). If patients
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(B14 cm H2O) and another with ‘‘high’’ assistance
(C15 cm H2O), one can observe that the NIV algorithm
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BMI (kg/m2) 25 ± 5
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BR (n/min) 28 ± 8
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FiO2 0.37 (0.1)
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were performed using Stata/IC 13.1 (STATA Corp,
Texas, USA).

Results

At admission in the ICU, 1169 patients received NPPV.
For the purpose of the current analysis we excluded 327
patients (27.9 %) because they underwent less than 2 h of
NPPV.

From the remaining 842 patients, 165 patients
(19.6 %) received some kind of analgesic and/or sedative
drugs at any time during NPPV: 88 patients received
analgesia, 44 patients received sedation, and 33 patients
received both analgesics and sedatives drugs (Fig. 1).
Midazolam and morphine were the most commonly used
sedative and analgesic drugs. Table 1 displays the dif-
ferences between patients who received analgesic and/or
sedative drugs and patients who did not.

Relationship between sedation–analgesia and failure
of NPPV

Patients who received analgesic or sedative drugs had
similar duration of NPPV—analgesics [median 24 h (in-
terquartile range 13–85)], sedatives [median 29 h
(interquartile range 11–77)], and analgesics and sedatives
[median 39 h (interquartile range 7–58)]—to those who
received neither [median 26 h (interquartile range
12–59)] (p = 0.938).

Overall, 269 of 842 patients (32 %) failed NPPV.
Table 2 shows the differences between patients with

successful NPPV and NPPV failure. Patients who failed
NPPV had higher severity of illness at ICU admission,
and more commonly had hypoxemic respiratory failure.

In the unadjusted analysis analgesia was not sig-
nificantly associated with failure of NPPV (Table 3).
After adjusting for confounders, the marginal structural
model by IPTW analysis showed that neither analgesia
(odds ratio 1.8, 95 % confidence interval 0.6–5.4) nor
sedation (odds ratio 2.8, 95 % CI 0.85–9.4) was sig-
nificantly associated with NPPV failure. However, the
simultaneous use of analgesics and sedatives was sig-
nificantly associated with failure of NPPV: odds ratio 5.7,
95 % CI 1.8–18.4 (Table 3). A full description of the
development of the model is showed in ESM.

Clinical outcomes

ICU length of stay was longer in patients who received
sedative drugs with analgesics [median 6 days (interquar-
tile range 3.5–10 days)] or without analgesics [median
7 days (interquartile range 4–18 days)] vs. those who did
not receive drugs [median 5 days (interquartile range
3–10 days)]. Patients who received only analgesia had a
length of stay in the ICU [median 6 days, interquartile
range 3–10 days) similar to patients who did not receive
any drug.

Crude 28-day mortality was higher in patients who re-
ceived analgesic or sedative drugs compared with those who
did not (34 vs. 23 %, p = 0.014). The combination of anal-
gesics and sedativedrugsduringNPPVremained significantly
associated with 28-day mortality after adjustment for con-
founders: odds ratio 4.6, 95 % CI 2.1–9.9 (Table 4). Also,
crude ICU mortality was higher (31 vs. 21 %, p = 0.007).

Non-invasive positive pressureventilation
as firstsupport

N = 1169

Exclusionbecause NPPV
lessthan 2 hours

N = 327
Failure NPPV: 22%

28-day Mortality: 17%

Included in analysis
N = 842

Non-sedoanalgesia
N = 677 (80%)

Failure NPPV: 31%
28-day Mortality: 23%

Analgesia
N = 88 (10%)

Failure NPPV: 36%
28-day Mortality: 35%

Sedation
N = 44 (5%)

Failure NPPV: 47%
28-day Mortality: 27%

Analgesia &Sedation
N = 33 (4%)

Failure NPPV: 51%
28-day Mortality: 47%

Fig. 1 Flowchart of outcome
according to sedoanalgesia
status. NPPV Non-invasive
positive pressure ventilation
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findings support the conclusion that the administration of
sedoanalgesia, whatever the indication, did not improve
the outcome of NPPV. Second, as a result of the design of
the study, we did not register any variable related to the
assessment of the tolerance to NPPV or to patient–ven-
tilator interaction. Third, owing to the characteristics of
this observational and non-interventional study, there was
no protocol for analgesic or sedation drug dosing and we
only collected the drugs administered but not their
dosage. Four, the decision to start and finish NPPV was
based on the clinical judgment of the physician in charge
of the patients; however, this study represents the routine
clinical practices in the use of NPPV in the ICU. Last,
there are probably remaining unmeasured confounders. In
observational studies, the control of confounding is a
fundamental problem in analyzing data and interpreting
results. A confounder variable is associated with both the
occurrence of the outcome event (failure of NPPV) and
the treatment (sedation and/or analgesia). Use of standard
regression models for the analysis of cohort studies with
time-updated measurements may result in biased esti-
mates of treatment effects if time-dependent confounders
affected by prior treatment are present. If past treatment
predicts the current covariate value (e.g., if the covariate
is on the causal pathway between treatment and the out-
come), standard survival analyses with time-updated
treatment effects will give biased treatment effect esti-
mates. We have performed a marginal structural model to
analyze the results of this observational study to avert

time-dependent confounders. The results evaluated by the
MSM are valid only under the assumption that all co-
variates influencing the use of NPPV were introduced in
the analysis [21]. However, we included numerous mea-
sured covariates but the assumption of positivity would
have not been fulfilled. The use of truncated weight would
attenuate this limitation [22].

In conclusion, we observed no benefit of the use of
sedation or analgesia in patients receiving noninvasive
positive pressure ventilation. The association of sedation
and analgesia may be related to NPPV failure.
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Appendix 1: Investigators in the Third International
Study on Mechanical Ventilation (2010)

Argentina: Coordinators: Fernando Rı́os (Hospital Na-
cional Alejandro Posadas), Damian Violi (Hospital
Hospital Interzonal General de Agudo Profesor Dr. Luis
Guemes, Haedo)

Table 3 Effect of sedoanalgesia on failure of noninvasive positive pressure ventilation

Failure
NPPV (%)

Crude (GEE model) Adjusted by age, SAPS II, interface for NPPV,
reason for NPPV, RASS, pH and PaCO2

Odds ratio (95 % CI) p value Odds ratio (95 % CI) p value

Non-sedoanalgesia 31 1 1
Analgesia 36 1.5 (1.0–2.3) 0.063 1.8 (0.6–5.4) 0.266
Sedation 47 2.3 (1.3–3.9) 0.003 2.8 (0.8–9.4) 0.095
Sedation and Analgesia 51 6.6 (3.3–12.8) \0.001 5.7 (1.8–18.4) 0.004

NPPV noninvasive positive pressure ventilation, GEE generalized estimating equation, CI confidence interval, SAPS Simplified Acute
Physiology Score, RASS Richmond Agitation Sedation Scale

Table 4 Relationship between sedoanalgesia and 28-day mortality in patients with noninvasive positive pressure ventilation

28-day
mortality (%)

Crude (GEE model) Adjusted by age, SAPS II, reason for NPPV

Odds ratio (95 % CI) p value Odds ratio (95 % CI) p value

Non-sedoanalgesia 23 1 1
Analgesia 35 1.8 (1.0–2.3) 0.013 1.5 (0.9–2.4) 0.101
Sedation 27 1.7 (0.9–3.3) 0.134 1.8 (0.9–3.6) 0.085
Sedation and analgesia 47 4.8 (2.3–10.3) \0.001 4.6 (2.1–9.9) \0.001

NPPV noninvasive positive pressure ventilation, GEE generalized estimating equation, CI confidence interval, SAPS Simplified Acute
Physiology Score
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Compared with medical therapy, noninvasive ventilation
(NIV) improves outcome and reduces complications in
selected patients with acute respiratory failure (ARF)
[1–3].

Mask intolerance because of pain, discomfort, or
claustrophobia may lead the patient to refuse ongoing
NIV, causing its discontinuation and subsequent require-
ment for endotracheal intubation with rates of 9–22 %
[4]. For some of these patients, sedation during NIV could
be a valuable option to avert the need for intubation.

In the present issue, Muriel et al. aimed to assess the
impact of analgesic and/or sedative drugs on the risk of
NIV failure [5]. They conducted an ancillary study from a
previous prospective international multicenter observa-
tional trial of mechanically ventilated patients carried out
in 322 intensive care units (ICU) from 30 countries [6].
They selected patients who received at least 2 h of NIV as
first-line ventilatory support at ICU admission, and NIV
failure was defined as the need for invasive mechanical
ventilation. The authors reported that less than 20 % of
patients (165/842) received sedation–analgesia during
NIV. Using a specific marginal structural model (MSM)
analysis, they showed no deleterious effect on NIV out-
come when sedation or analgesia was used alone, but their
combination was significantly associated with NIV fail-
ure, ICU mortality, and 28-day mortality.

The study has limitations, most of which the authors prop-
erly discuss. Some of these limitations, however, warrant
further comments and some others need to be also considered.
Firstwe do not knowwhether analgesics and/or sedativeswere
always given with respect to the interface tolerance or also
administered for associated causes not strictly depending on
NIV, such as agitation, pain, dyspnea, or tachypnea unrelated
to NIV. Also, it is unclear whether analgesics and/or sedatives
were administered to prevent or treat NIV intolerance. In
addition, it is uncertain for how long the patients underwent
NIV before being sedated. Noteworthy, the study cannot dif-
ferentiate among the route of administration (intravenous,
intramuscular, oral, subcutaneous), type of drugs (short acting
vs. long lasting),modalityof administration (continuousversus
bolus), duration of sedatives and/or analgesics administration,
or specific protocols used.

In addition to the present trial [5], several observational
studies [7–11] and three randomized trials comparing
midazolam and dexmedetomidine or placebo [12–14]
have assessed the potential use of sedative and/or anal-
gesic drugs to reduce discomfort and risk of NIV failure.
The main characteristics and results of these studies are
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Do not use analgesia and sedation for NIV
without appropriate monitoring by experienced staff

Intensivists and nurses working in ICUs are very expe-
rienced with the administration of sedative and analgesic
drugs. Dosing of these drugs can be very challenging
because of the different sensitivities and rates of meta-
bolism between patients. For example, chronic users of
benzodiazepines or opiates may have high tolerance to
these drugs and require high doses, whereas naı̈ve users,
especially those with respiratory failure and chronic CO2

retention, may exhibit profound respiratory depression,
even with relatively small doses. Intravenous bolus
dosing may be particularly hazardous in this regard.
Considering that we are seeing fewer COPD patients
with acute respiratory failure admitted to the ICU [7]
and more use of NIV on regular medical/surgical wards
[8], we must be particularly cautious about the use of
sedation and analgesia in these less intensively moni-
tored environments. Such applications may not only be
dangerous for patients but may also have legal impli-
cations if there are adverse outcomes, at least in litigious
countries.

Thus, sedation and analgesia should be administered
by experienced staff using the minimum doses required to
achieve tolerance, avoiding oversedation. This should be
in a setting where, at the very least, electrocardiogram and
oximetry tracings can be monitored continuously. Several
sedation scales are available that may be helpful in
ensuring that level of sedation is minimized; but, once
again, application of these requires trained staff.

Dangerous side effects of sedation

The depressant effects of sedation and analgesia on res-
piratory function vary between individuals depending on
the choice and dose of the drug, its sedative or analgesic
effects, and sensitivity and metabolic capabilities of the
recipient [9–12]. In the (few) studies examining the
clinical use of sedatives in patients receiving NIV [13–17]
or more correctly in patients failing NIV for interface
intolerance, two classes of drugs have been used most
often: GABAergic agonists (usually midazolam or
propofol) or opiates (usually morphine or remifentanil).
Both classes of drugs may blunt the output of the respi-
ratory center. The electrical activity of the diaphragm
(EAdi) provides a direct assessment of respiratory drive
and timing close to respiratory centers, permitting a better
understanding of patient–ventilator interaction.

By adopting EAdi monitoring, Vaschetto et al. [18]
showed in intubated patients that propofol significantly
interferes with patient–ventilator synchrony in pressure
support ventilation (PSV) at doses producing deep seda-
tion. Both during PSV and neurally adjusted ventilator
assistance (NAVA), propofol reduced neural drive and
effort, while not significantly affecting respiratory timing.

Figure 1 depicts the depressant effects on drive,
causing asynchrony in a patient with postoperative
pneumonia receiving NIV under propofol sedation.

Conversely, a continuous infusion of opiates has not
been shown to reduce respiratory drive, but has shown
detrimental effects on respiratory timing both when air-
way occlusion pressure at 0.1 s (P0.1), a surrogate of

Eadi 
(microvolt) 

Flow 
(L/sec) 

Paw 
(cmH2O) 

Time (s.) 
0                                                                                                         40 

Fig. 1 Depicts the depressant
effects on drive, causing
asynchrony (as assessed by
EAdi tracing) in a patient with
postoperative pneumonia
receiving NIV (PSV 12, PEEP
8 cmH2O) through a face mask
under propofol moderate
sedation (RASS-3)
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Sedation is not used in the large majority of patients

Sedation and analgesia are commonly used in the ICU to
improve patient comfort and tolerance, to minimize
reactions to painful stimuli and the physiologic stress
response, and to modulate patient respiratory effort, drive,
or timing. Although intolerance is commonly perceived as
an important reason for NIV failure that should respond to
sedation and analgesia, recent studies suggest that they
are not used very often for that indication. Muriel et al. [1]
found that sedation and analgesia were used in ‘‘only’’
about 20 % of patients using NIV, confirming the results
of an earlier web-survey performed in North America and
Europe [2]. Therefore, the large majority of patients

(approximately 80 %) treated with NIV for acute respi-
ratory failure do not receive any form of sedation and yet
tolerate NIV and usually succeed with it [1].

Do not sedate your patients unless non-
pharmacologic approaches to achieving patient
tolerance have been tried first

There are other measures that can be applied to improve
tolerance of NIV before consideration of sedation or
analgesia. Improvements in interface technology have
enabled us to choose between numerous different mask
types and sizes and employ the so-called rotation strategy,
avoiding intolerance due to excessive use of a single mask
type [3]. Furthermore, advances in software technology
offer newer algorithms that enhance interactions (and
synchrony) between the patient and the ventilator [4].
They also have led to improved ventilator monitoring
capabilities and graphics that permit analysis of flow and
pressure tracings on ventilator screens that may be of help
in ‘‘fine tuning’’ the ventilator [5]. Successful application
of these enhancements also depends on the expertise of
the NIV team, which performs better as it gains more
experience in the administration of NIV [6]. This exper-
tise not only enables the team to efficiently make
appropriate adjustments in equipment and ventilator set-
tings but also imparts a feeling of confidence to the
patient, both factors that are likely to contribute to suc-
cess. Thus, numerous approaches may be employed to
avert NIV failure before considering sedation and anal-
gesia. Nonetheless, we acknowledge that some patients
remain intolerant and uncooperative with poor patient–
ventilator synchrony despite application of the afore-
mentioned non-pharmacological strategies; under these
circumstances, administration of analgesia and sedation in
an attempt to reverse the situation may be worthwhile
before resorting to intubation.
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Optimization of ventilator setting by flow and
pressure waveforms analysis during noninvasive
ventilation for acute exacerbations of COPD: a
multicentric randomized controlled trial
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Abstract

Introduction: The analysis of flow and pressure waveforms generated by ventilators can be useful in the
optimization of patient-ventilator interactions, notably in chronic obstructive pulmonary disease (COPD) patients. To
date, however, a real clinical benefit of this approach has not been proven.

Methods: The aim of the present randomized, multi-centric, controlled study was to compare optimized
ventilation, driven by the analysis of flow and pressure waveforms, to standard ventilation (same physician, same
initial ventilator setting, same time spent at the bedside while the ventilator screen was obscured with numerical
data always available). The primary aim was the rate of pH normalization at two hours, while secondary aims were
changes in PaCO2, respiratory rate and the patient’s tolerance to ventilation (all parameters evaluated at baseline,
30, 120, 360 minutes and 24 hours after the beginning of ventilation). Seventy patients (35 for each group) with
acute exacerbation of COPD were enrolled.

Results: Optimized ventilation led to a more rapid normalization of pH at two hours (51 vs. 26% of patients), to a
significant improvement of the patient’s tolerance to ventilation at two hours, and to a higher decrease of PaCO2

at two and six hours. Optimized ventilation induced physicians to use higher levels of external positive end-
expiratory pressure, more sensitive inspiratory triggers and a faster speed of pressurization.

Conclusions: The analysis of the waveforms generated by ventilators has a significant positive effect on
physiological and patient-centered outcomes during acute exacerbation of COPD. The acquisition of specific skills
in this field should be encouraged.

Trial registration: ClinicalTrials.gov NCT01291303.

Keywords: chronic obstructive pulmonary disease, acute exacerbation, non invasive ventilation, ventilators

Introduction
Noninvasive positive pressure ventilation (NIV) is to
date the first-line intervention for patients suffering
from acute exacerbation of chronic obstructive pulmon-
ary disease (COPD) and respiratory acidosis, reducing
intubation rate and mortality [1-3]. The failure rate of
NIV (that is, the need for endotracheal intubation or

death) for this collective is up to 25% [1,4-6], a percen-
tage varying significantly according to the timing of NIV
application and the fast response to this treatment [5].
During the most commonly used mode of NIV-Pressure
Support Ventilation (PSV)-the “independent” variables
to be set by the operator (that is, external positive end-
expiratory pressure, PEEPext, level of support, speed of
pressurization, sensitivity of the inspiratory triggering
and expiratory cycling systems) influence the “depen-
dent “ variables (that is, the tidal volume, respiratory
timing and frequency). The setting of the ventilator
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Table 2. Clinical, laboratory and functional parameters between HFNC and NIV groups 

 

BP = blood pressure; FEF25-75% = forced expiratory flow 25-75%; FEV1 = forced expiratory volume in 1 second; 
FiO2 = the fraction of inspired oxygen; FVC = forced vital capacity; Hb = hemoglobin; HFNC = high-flow nasal 
cannulae; hs-CRP = high selective C-reactive protein; IQR = interquartile range; min = minutes; NIV = non-
invasive ventilation; n = number; PaCO2 = arterial carbon dioxide partial pressure; PaO2 = arterial oxygen 
partial pressure; PR = pulse rate; RR = respiratory rate; SD = standard deviation 
 
*Laboratory and functional variables were expressed as mean ± standard deviation.  
 
 
 

 

 

 

 

 

 

 

 

Variables Total (n=88) HFNC (n=44) NIV (n=44) P-value 
Clinical, median (IQR)     

Mean BP, mm Hg 92.3 (79.5-108.7) 90.5 (79.2-101.0) 99.5 (81.7-113.7) 0.242 

PR, beats/min 106.5 (93.25-120) 106 (89.5-119.5) 106.5 (94.5-120) 0.277 

RR, /min 24 (20.5-28) 24 (20-28) 24 (22-29) 0.235 

Laboratory, mean ± SD*     
Oxygen saturation, % 89.1 ± 3.1 88.9 ± 3.0 88.2 ± 3.2 0.660 
pH 7.32 ± 0.03 7.32 ± 0.28 7.31 ± 0.29 0.595 
PaO2/FiO2, mm Hg 134.6 ± 7.4 134.8 ± 7.3 134.5 ± 7.5 0.877 
paCO2, mmHg 54.5 ± 9.6 56.4 ± 10.1 52.6 ± 8.8 0.067 
Hb, g/dL 12.7 ± 2.2 12.5 ± 2.5 12.9 ± 1.7 0.342 
Albumin, g/dL 3.4 ± 0.5 3.4 ± 0.5 3.4 ± 0.5 0.983 
hs-CRP, mg/dL 8.6 ± 8.5 8.9 ± 8.0 8.2 ± 9.0 0.678 

Functional (before an admission)     
FEV1, % 51.0 ± 18.9 52.8 ± 21.2 49.1 ± 16.3 0.364 
FVC, % 72.0 ± 20.4 73.8 ± 21.1 70.3 ± 19.7 0.418 
FEV1/FVC, % 49.9 ± 13.2 49.1 ± 13.4 50.6 ± 13.1 0.591 
FEF25-75% 28.4 ± 21.6 26.8 ± 22.3 29.9 ± 21.0 0.508 
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Fig 3 shows the pH, PaO2 and PaCO2 levels after 6 and 24 hours with HFNC and NIV therapy, respectively. 
The pH (7.38 ± 0.59 vs. 7.36 ± 0.10, P = 0.295), PaO2 (82.2 ± 24.9 vs. 81.6 ± 21.7 mmHg, P = 0.899) 

and PaCO2 (46.8 ± 15.2 vs. 51.7 ± 17.2 mmHg, P = 0.160) after 6 hours are not significantly different. The 
pH (7.39 ± 0.07 vs. 7.39 ± 0.08, P = 0.743), PaO2 (84.3 ± 18.5 vs. 84.7 ± 23.2 mmHg, P = 0.934) and 

PaCO2 (47.0 ± 16.0 vs. 49.6 ± 13.7 mmHg, P = 0.422) after 24 hours are not significantly different 
between two groups.  

 
HFNC = high-flow nasal cannulae; NIV = non-invasive ventilation; PaCO2 = arterial carbon dioxide partial 

pressure; PaO2 = arterial oxygen partial pressure; vs. = versus  
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Table 3. Primary and secondary outcomes between HFNC and NIV groups 

 

AECOPD = acute exacerbations of chronic obstructive pulmonary disease; HFNC = high-flow nasal cannulae; 
HR = hazard ratio; IQR = interquartile range; NIV = non-invasive ventilation; n = number; OR = odds ratio 
 
* Intubation rate at 30 day and 30-day mortality were expressed as p-value by the log-rank test and hazard ratio. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Outcomes, n (%) HFNC (n=44) NIV (n=44) P-value HR (or OR) (95% CI) 
Intubation rate at day 30* 11 (25.0) 12 (27.3) 0.857 0.927 (0.409 – 2.102) 
30-day mortality* 7 (15.9) 8 (18.2) 0.845 0.904 (0.328 – 2.493) 
Duration of device application, 
days, median (IQR) 

7.0 (5 – 10) 8.0 (6 – 10) 0.978 0.822 (-1.657 – 1.611) 

Cause of mortality     
Pneumonia 4/7 (57.1) 3/8 (37.5) 0.694  
Severe AECOPD 2/7 (28.6) 5/8 (62.5) 0.434  
Sepsis 1/7 (14.3) 0/8 (0.0) 1.000  

This article is protected by copyright. All rights reserved.

Lee	MK	Clin	respir J	2018



Mme	G.

• 70	ans	
• BPCO	post-tabagique
• Cardiopathie	ischémique	stentée
• Pace	maker

• Désaturation	SpO2=	86%	en	AA
• Glasgow	12
• ETT:	FeVG 35%,	pressions	de	remplissage	augmentées
• BNP	1300pg/mL troponine	US	450ng/mL

GDS	1 GDS	2
pH 7,20 6,98
PaO2 96	mmHg 83
PaCO2 74	mmHg 147
SaO2 93,6	% 91



Conclusion
• Technique	maitrisée	
• Compromis	EFFICACITÉ	TOLÉRANCE

Selon	E	L’her

• Surveillance
• Réévaluation


