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Take-home message: NIV use and success
rates have increased over time. Use of NIV
is associated with decreased mortality.
Indications and modalities have also
changed (pre-ICU and post-extubation
NIV). In patients with de novo acute
respiratory failure, NIV use has decreased
and NIV failure is no longer associated with
mortality, suggesting better patient
selection.
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Abstract Purpose: Over the last
two decades, noninvasive ventilation
(NIV) has been proposed in various
causes of acute respiratory failure
(ARF) but some indications are
debated. Current trends in NIV use
are unknown. Methods: Compar-
ison of three multicenter prospective
audits including all patients receiving
mechanical ventilation and conducted
in 1997, 2002, and 2011 in franco-
phone countries. Results: Among
the 4132 patients enrolled, 2094
(51 %) required ventilatory support
for ARF and 2038 (49 %) for non-
respiratory conditions. Overall NIV
use was markedly increased in
2010/11 compared to 1997 and 2002
(37 % of mechanically ventilated
patients vs. 16 % and 28 %,
P\ 0.05). In 2010/11, the use of
first-line NIV for ARF had reached a
plateau (24 % vs. 16 % and 23 %,
P\ 0.05) whereas pre-ICU and post-
extubation NIV had substantially
increased (11 % vs. 4 % and 11 % vs.
7 %, respectively, P\ 0.05). First-

line NIV remained stable in acute-on-
chronic RF, continued to increase in
cardiogenic pulmonary edema, but
decreased in de novo ARF (16 % in
2010/11 vs. 23 % in 2002, P\ 0.05).
The NIV success rate increased from
56 % in 2002 to 70 % in 2010/11 and
remained the lowest in de novo ARF.
NIV failure in de novo ARF was
associated with increased mortality in
2002 but not in 2010/11. Mortality
decreased over time, and overall, NIV
use was associated with a lower
mortality. Conclusion: Increases in
NIV use and success rate, an overall
decrease in mortality, and a decrease
of the adverse impact NIV failure has
in de novo ARF suggest better patient
selection and greater proficiency of
staff in administering NIV. Trial
registration: Clinicaltrials.gov
Identifier NCT01449331.

Keywords Acute respiratory failure �
Mechanical ventilation �
Non-invasive ventilation � Outcome

Introduction

Over the last two decades, noninvasive ventilation (NIV)
has become a cornerstone for the supportive therapy of
acute respiratory failure (ARF) requiring intensive care
unit (ICU) admission, particularly in COPD exacerbation
and cardiogenic pulmonary edema. NIV has been proven
to decrease the risks of endotracheal intubation and death
in specific situations including acute-on-chronic respira-
tory failure [1, 2], acute cardiogenic pulmonary edema
[3], and de novo respiratory failure in immunocompro-
mised patients [4, 5]. To determine whether the benefits
observed in clinical trials also occurred in everyday
practice, we conducted two prospective audits in French
ICUs in 1997 [6] and 2002 [7]. The audits showed an
increase in NIV use, both overall and in specific patient
populations. Adjusted analysis comparing intubated and
NIV patients indicated clear benefits for patients with
acute-on-chronic respiratory failure or cardiogenic pul-
monary edema, but suggested higher mortality in
immunocompetent patients with de novo ARF intubated
after NIV failure [7].

Since our last survey, several studies by various
groups worldwide have further documented new indica-
tions and possible benefits of NIV and established the
usefulness of this intervention in the emergency room [8,
9] and after extubation [10], including in postoperative
patients [11, 12]. In 2006, a consensus conference panel
recommended using NIV only in situations for which a
high level of evidence supported beneficial effects [13].
International studies have shown an increase in the use of
NIV over time [14, 15]. Whether current clinical practice
reflects these research findings and recommendations is,
however, unclear.

We designed a new prospective audit and a compar-
ative study to compare NIV use in terms of both
frequency and indications with previous surveys and to
assess the effects of NIV on ICU survival. In this study,
we thus combined data from a new observational cohort
study of patients with ARF and data from our two pre-
vious studies on NIV using a similar methodology in
order to get trends in use and results over a 15-year period
[6, 7]. Some of these data have been previously reported
in the form of abstracts [16].
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Patients and methods

Study centers

We conducted a prospective observational study in 54
French and Belgian ICUs (Table E1), including 43
(80 %) belonging to the REVA (Research Network in
Mechanical Ventilation) or FAMIREA (to improve the
effectiveness of communication with the relatives of ICU
patients) network. Each center included consecutive
adults who required ventilatory assistance over a 2-month
period between November 2010 and April 2011. Another
study from this cohort has been published elsewhere [17].
The present study has only marginal overlap (less than
1 %) with the Schnell et al. study [18].

The study was approved by the institutional review
board of the French-language Society for Respiratory
Medicine (Société de Pneumologie de Langue Française).
Written informed consent was obtained from all patients
and relatives.

Patients

For the new survey, performed over a 2-month period
between November 2010 and April 2011, we used the
same methodology as in our two previous studies [6, 7].
Participating ICUs prospectively included consecutive
adults who required endotracheal or noninvasive venti-
lation for ARF at any time during the ICU stay over a
4-week enrollment period and patients were followed
until ICU discharge.

Each day, the study investigator completed a stan-
dardized electronic case report form, recording data from
ICU admission to ICU discharge. Demographic data and
history consisted of age, gender, Simplified Acute Phys-
iologic Score (SAPS) II [19], underlying diseases such as
a history of chronic obstructive pulmonary disease
(COPD) or other causes of chronic respiratory failure (i.e.,
restrictive, obesity, neuromuscular), and the need for
home oxygen therapy or NIV, chronic heart failure
(NYHA III or IV), and immunosuppression (defined as
neutropenia below 1000/mm3, malignancy with anti-
cancer chemotherapy, immunosuppressive therapy for
solid organ transplantation, corticosteroid therapy of
20 mg or more per day for at least 3 weeks, or AIDS).
Patients were classified as endotracheal intubation (ETI)
for either a non-respiratory cause (coma, postoperative
management, other) or ARF. The precipitating factor of
ARF was either an acute-on-chronic respiratory failure
defined as a respiratory failure occurring in a patient with
a preexisting respiratory disease (COPD or restrictive
such as obesity hypoventilation syndrome or neuromus-
cular disease), a cardiogenic pulmonary edema, or a de
novo ARF defined as a respiratory failure not exacerbat-
ing a chronic lung or cardiac insufficiency, also called

hypoxemic ARF. Main physiological data (respiratory
rate, heart rate, and systolic arterial blood pressure) and
arterial blood gas values before initiation of ventilatory
support were recorded on admission.

The following parameters were recorded daily in
patients receiving NIV: physiological data, available
arterial blood gas values under NIV, and the character-
istics of noninvasive ventilatory support, including
duration of NIV (prescribed and effective), type of ven-
tilator (ICU-type, NIV ventilator defined as a ventilator
specifically designed for in-hospital NIV, and home
device defined as a ventilator devoted to home ventila-
tion), mode of ventilation, whether a NIV mode was used,
main ventilator settings, type of mask (facial, nasal,
integral mask, or helmet). The tolerance of NIV was also
recorded daily by caregivers (scored from 1, very good
tolerance to 4, very poor tolerance; a score of 1 or 2 was
considered as a good tolerance) and the extent of air leaks
during NIV sessions (scored from 1, very small or none to
4, massive; a score of 3 or 4 was considered as a high
level of leaks). The need for invasive mechanical venti-
lation, ICU mortality, and length of stay were recorded.
Treatment-limitation decisions were classified into two
groups according to NIV goals [20]: do-not-intubate
(DNI) decision and NIV for comfort care only. The
patients who received ETI or who died in the 24 h fol-
lowing NIV discontinuation were classified as NIV
failure. The patients treated with NIV until they no longer
required assistance were classified as NIV success.

Data quality

Inconsistencies in the data entered by the investigators
were resolved by an ICU physician not involved in the
study and who compared the study case report forms with
the medical charts. The database was audited by means of
an independent check of all ICU variables on a random
sample of 10 % of patients.

Statistical analysis

The median and interquartile range (IQR) were calculated
for continuous variables and the absolute and relative
frequencies for categorical variables, together with the
95 % confidence intervals (95 % CI) where appropriate.
We compared the data from 2010/11 with those from the
1997 and 2002 studies [6, 7]. The Mann–Whitney U test
or Kruskal–Wallis test was chosen for continuous data, as
appropriate, and the Chi square test or Fisher exact test for
categorical variables.

Univariate analyses were performed to assess factors
potentially associated with NIV failure. This analysis was
restricted to first-line NIV patients defined as those who
received NIV as the first-line ventilation modality in the
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ICU, and patients who received comfort-only NIV were
excluded. Factors associated with NIV failure at the 5 %
level were entered into a multivariate logistic regression
model.

To assess the possible impact of NIV use, NIV suc-
cess, and NIV failure on hospital mortality rates, we
confined this analysis to patients with ARF. The primary
endpoint of this analysis was survival to ICU discharge
and we therefore excluded DNI patients since NIV failure
is strongly associated with mortality in DNI patients. We
classified patients into two subgroups: de novo ARF on
the one hand and either acute-on-chronic respiratory
failure or cardiogenic pulmonary edema on the other
hand. To assess NIV success and NIV failure, we con-
sidered that invasive mechanical ventilation was the
reference category [adjusted odds ratio (aOR), 1.00].

P values less than 0.05 were considered significant.
All tests were two-tailed. Statistical tests were performed
using SPSS 18 software (IBM, Armonk, NY).

Results

Table 1 displays the main characteristics of the partici-
pating ICUs and causes of ARF. Of 4132 enrolled
patients, 2094 (51 %; 95 % CI 50–52) required ventila-
tory support for ARF and 2038 (49 %; 95 % CI 48–50)

for non-respiratory conditions. Figure 1 displays the flow
chart of the study. Twenty-eight ICUs participated in the
1997 and 2002 studies, 34 in the 2002 and 2010/11
studies, and 19 participated in all three studies.

NIV use

NIV was the first-line ventilation modality in 24 % (95 %
CI 22–26) of patients in 2010/11, a proportion similar to
that observed in 2002 and higher than that in 1997
(P\ 0.05). In 2010/11, 11 % (95 % CI 10–12) of patients
received NIV before ICU admission (outside the hospital,
in the emergency room, or in a ward (Fig. 2; Table E2);
this proportion was significantly higher than in 2002 and
1997 (P\ 0.05). NIV was used after extubation in 11 %
(95 % CI 10–12) of patients, a significant increase com-
pared to 2002 (P\ 0.05); in this situation, NIV was more
often delivered preventively in high-risk patients (64 %)
than to treat ARF (36 %).

The proportion of patients who received NIV before
ICU admission, as first-line treatment in the ICU, or after
extubation was 37 % (95 % CI 35.0–39), which was
significantly higher than in 2002 and 1997 (P\ 0.05).

Compared to 1997 and 2002, 2010/11 differed
regarding the causes of ARF treated with NIV (Fig. 3;
Table E2). In acute-on-chronic ARF, NIV use increased
between 1997 and 2002 (P\ 0.05) but not further in

Table 1 Main characteristics of participating intensive care units in the three prospective audits and reasons for ventilatory support

1997 2002 2010/11 p

Participating units 42 70 54
University hospital 31 (74) 38 (54) 34 (62) 0.11
ICU type
Medical 23 (55) 28 (40) 29 (54) 0.19
Medical-surgical 19 (45) 42 (60) 25 (46)

Number of ICU beds 12 (10–14) 11 (8–14) 13 (10–18)$ 0.001
Number of step-up/down unit beds integrated to the ICU 0 (0–2) 0 (0–0) 6 (2–10)*,$ 0.001
Number of admissions/year 580 (450–750) 458 (350–618) 600 (472–890)$ 0.001
Number of patients receiving MV/year 290 (214–382) 240 (180–313) 373 (280–483)$ \0.0001
Number of attending physicians and fellows 4 (3–5) 4 (3–4) 6 (5–7)*,$ \0.0001
Number of residents 3 (1–3) 2 (0–3) 4 (2–5)$ \0.0001

Total number of patients included n = 689 n = 1076 n = 2367
MV for acute respiratory failure 361 (52) 588 (55) 1145 (48)$ 0.002
Acute-on-chronic respiratory failure 85 (12) 167 (16) 467 (20)*,$ \0.0001
COPD 63 (9) 114 (11) 320 (14)
Restrictive disease 22 (3) 46 (4) 147 (6)

Acute cardiogenic pulmonary edema 49 (7) 84 (8) 140 (6) 0.09
De novo acute respiratory failure 227 (33) 337 (31) 538 (23)*,$ \0.0001
Pneumonia 95 (14) 163 (15) 360 (15)
Extrapulmonary sepsis 49 (7) 65 (6) 62 (3)
Other 93 (12) 109 (10) 116 (5)

MV for a non-respiratory cause 328 (48) 488 (45) 1222 (52)$ 0.002
Coma 201 (29) 358 (33) 719 (30)
Postoperative management 103 (15) 130 (12) 240 (10)
Other 24 (3) 263 (11)

Continuous variables are expressed as median (interquartile range) and categorical variables as absolute value (%)
ICU intensive care unit, MV mechanical ventilation, COPD chronic obstructive pulmonary disease
* P\ 0.05 vs. 1997; $ P\ 0.05 vs. 2002
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2010/11. In patients with cardiogenic pulmonary edema,
NIV was used significantly more often in 2010/11 than in
2002 and 1997 (P\ 0.05). Lastly, in de novo ARF, NIV
use increased significantly between 1997 and 2002 but
then decreased significantly from 2002 to 2010/11
(P\ 0.05).

Patient and NIV characteristics

This analysis excluded the 61 patients who received
comfort-only NIV in the ICU [21] and 26 patients with

missing data on ICU characteristics (Fig. 1). Compared to
the earlier studies, we found higher proportions of
immunocompromised patients and of patients with DNI
(Table 2). Illness severity at ICU admission remained
unchanged over time. The use of NIV-dedicated ventila-
tors has increased, use of home ventilators decreased, and
ICU ventilators remained the most widely used devices
(with NIV algorithm use in 78 % of patients). Pressure
support was the most widely prescribed mode and has
increased, whereas continuous positive airway pressure
use decreased. The frequency of face mask use was
unchanged; full-face masks were used more often and
nasal masks less often. The average tolerance of NIV
remained similar, whereas estimated leak levels
diminished.

4132 patients needed ventilatory support

2094 for 
acute respiratory failure

33 lost to follow-up

2038 for 
a non-respiratory cause

All intubated

939 received NIV 
as first line treatment
209 received NIV before 

ICU admission
- 131 DNI -

1155 were 
intubated

97 received NIV before ICU 
admission

3193 patients received invasive 
mechanical ventilation
as first line treatment

536 NIV 
success

316 NIV failure
268 intubated

3461 patients eventually intubated
374 received post-extubation NIV

61 comfort NIV

26 missing data

Fig. 1 Flow chart of the study.
NIV noninvasive ventilation,
ICU intensive care unit, DNI
do-not-intubate
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Fig. 2 Changes in the use of noninvasive ventilation across the
three study periods. NIV noninvasive ventilation; pre-intensive care
unit (ICU) NIV is NIV given before ICU admission, in the
ambulance, emergency room, or ward. *P\ 0.05 compared to
1997, $P\ 0.05 compared to 2002
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Fig. 3 Changes in the use of noninvasive ventilation according to
the cause of acute respiratory failure. *P\ 0.05 compared to 1997,
$P\ 0.05 compared to 2002
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Factors associated with NIV outcome

This analysis excluded the 61 patients who received
comfort-only NIV in the ICU [21] and 26 patients with
missing data on either ICU characteristics or NIV success
(Fig. 1). The NIV success rate was significantly higher in
2010/11 than in 2002 and 1997 (Table 2). Table 3 shows
the factors associated with NIV success identified by
univariate analysis. By multivariate logistic regression
analysis, six of these factors independently predicted the
result of NIV. Three factors were associated with NIV
success: receiving NIV in 2010/11 (OR 2.02; 95 % CI
1.39–2.93; P\ 0.0001), PaO2/FiO2 ratio (per 25 mmHg,
OR 25.075; 95 % CI 25.025–25.125; P = 0.004), and
good NIV tolerance as defined by ICU nurses (OR 2.76;

95 % CI 1.71–4.43; P\ 0.0001). Three factors were
associated with NIV failure: SAPS II (OR per point 0.94;
95 % CI 0.93–0.96; P\ 0.0001), high level of leaks (OR
0.39; 95 % CI 0.19–0.81; P = 0.012), de novo ARF (OR
0.47; 95 % CI 0.32–0.48; P\ 0.0001).

Associations between NIV use and mortality

This analysis was restricted to patients with ARF. The
patients who received comfort-only NIV in the ICU, the
DNI patients, and those with missing data or lost to fol-
low-up were excluded (Fig. 1). Crude ICU mortality was
lower in 2010/11 than in the earlier studies (Table 4).
This decrease was observed in the overall population, in

Table 2 Characteristics of first-line noninvasive ventilation episodes (n = 855)

1997 (n = 108) 2002 (n = 248) 2010/11 (n = 499) P value

Patient characteristics
Male, n (%) 67 (62) 158 (64) 319 (64) 0.968
Age (years) 67 (54–74) 71 (59–77) 69 (59–78) 0.081
BMI (kg m-2) ND 25 (22–29) 26 (22–32) 0.097
Chronic cardiac disease, n (%) 19 (18) 63 (25) 105 (21) 0.086
Chronic respiratory disease, n (%) 58 (54) 147 (59) 300 (60) 0.42
Immunosuppression, n (%) 21 (19) 40 (16) 131 (26)$ 0.002
DNI, n (%) ND 33 (13) 98 (20)$ \0.0001
SAPS II 32 (23–43) 37 (30–46)* 35 (27–45) 0.007

NIV episode
Prior to NIV initiation
Respiratory rate/min 30 (25–35) 30 (24–35) 31 (25–36)$ 0.002
Blood gases
PaO2/FiO2 (mmHg) 217 (165–263) 211 (166–263) 216 (160–280) 0.845
PaCO2 (mmHg) 51 (37–75) 55 (37–76) 52 (39–70) 0.784
pH 7.34 (7.27–7.42) 7.34 (7.24–7.41) 7.34 (7.27–7.41) 0.393

At NIV initiation
Ventilator, n (%)
ICU ventilator 77 (73) 178 (72) 238 (82) 0.12
NIV-dedicated 8 (7) 27 (11) 51 (18)* 0.02
Home ventilator 3 (3) 11 (4) 2$ 0.015
CPAP-dedicated 16 (15) 19 (8)* 0*,$ \0.0001

Mode, n (%)
Pressure support 69 (64) 207 (83)* 187/222 (84)* \0.0001
Assist control 16 (15) 18 (7)* 35/222 (14)$ \0.0001
CPAP 20 (19) 19 (8)* 0*,$ \0.0001

NIV mode, n (%) ND ND 430 (86)
Mask, n (%)
Face 95 (88) 205 (83) 411 (82) 0.243
Full-face 0 22 (9)* 84 (17)*,$ \0.0001
Nasal 10 (9) 14 (6) 5 (1)*,$ \0.0001

Good NIV tolerance, n (%) 86 (80) 202 (81) 397 (80) 0.894
High level of leaks, n (%) 18 (17) 15 (6)* 29 (6)* 0.001
Blood gases on NIV
PaO2/FiO2 (mmHg) 204 (144–260) 219 (149–288) 213 (161–256) 0.846
PaCO2 (mmHg) 54 (41–71) 49 (38–71) 53 (40–66) 0.789
pH 7.37 (7.30–7.41) 7.36 (7.30–7.42) 7.36 (7.29–7.40) 0.341

NIV success, n (%) 65 (60) 139 (56) 348 (70)$ \0.0001
Duration of NIV (days) 3 (1–5) 3 (2–5) 2 (1–5) 0.590

Continuous variables are expressed as median (interquartile range)
and categorical variables as absolute value (%)
BMI body mass index, ND not determined, DNI do-not-intubate
order, SAPS Simplified Acute Physiology Score, NIV noninvasive
ventilation, CPAP continuous positive airway pressure

* P\ 0.05 vs. 1997; $ P\ 0.05 vs. 2002
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the patients given first-line NIV (including those who
failed NIV), and in those who received first-line endo-
tracheal intubation. Mortality decreased for all causes of
ARF but the decrease was larger in patients with de novo
ARF than in those with other causes of ARF.

In this cohort of 1843 patients, two factors were
independently associated with lower mortality: NIV (OR
0.68; 95 % CI 0.51–0.90; P = 0.007) and admission in
2010/11 (OR 0.39; 95 % CI 0.28–0.55; P\ 0.0001).
Three factors were independently associated with higher
mortality: higher SAPS II (OR per point, 1.05; 95 % CI
1.04–1.06; P\ 0.0001), immunosuppression (OR 2.11;
95 % CI 1.60–2.77; P\ 0.0001), and de novo ARF (OR
1.73; 95 % CI 1.34–2.24; P\ 0.0001).

Duration of mechanical ventilation and ICU length of
stay were shorter in 2010/11 than in 1997 and 2002.

Impact of NIV use and failure on survival according
to the cause of ARF and time period

Considering all intubated and NIV patients with acute-on-
chronic respiratory failure or cardiogenic pulmonary
edema from the three prospective audits in a multivariate
analysis, NIV use was associated with lower mortality
(OR 0.36; 95 % CI 0.23–0.57; P\ 0.0001); NIV failure
was not associated with higher mortality (OR 1.26; 95 %
CI 0.77–2.08; P = 0.36) and this was consistent
throughout the three prospective audits.

In patients with de novo ARF, impact of NIV use and
failure was different. Indeed, NIV use was not associated
with a better survival in the analysis of pooled data. When
the three prospective audits were analyzed separately, we
found an inconsistent effect over time of the impact of NIV
failure on survival. NIV failure was indeed associated with
a higher mortality in 1997 and in 2002 (OR 3.39; 95 % CI
1.88–6.11; P\ 0.0001) but not anymore in 2010/11.

Discussion

Our study of NIV use in everyday clinical practice in a
large number of ICUs over 15 years has three main
findings. First, we found an increase in the overall use of
NIV over time as well as changes in the distribution of
NIV indication. Noticeably, pre-ICU and post-extubation
NIV have substantially increased. We also found changes
in the distribution of ARF causes treated with NIV. In
particular, NIV was less often used to treat de novo ARF.
Second, NIV success rates increased over time. Third, in
patients with de novo ARF, NIV failure remained more
common than in other causes of ARF but was no longer
associated with mortality in 2010/11, in contrast to our
previous findings in 1997 and 2002.

The significant increase in overall NIV use over time
is consistent with other retrospective and prospective
cohort studies [15, 22, 23]. Importantly, however, NIV

Table 3 Univariate analysis: factors associated with failure of noninvasive ventilation for first-line episodes (n = 852)

NIV failure (n = 316) NIV success (n = 536) P value

Study year
1997, n (%) 51 (16) 54 (10) \0.0001
2002, n (%) 109 (34) 139 (26)
2010/11, n (%) 156 (49) 343 (64)

Chronic respiratory disease, n (%) 159 (50) 345 (64) 0.002
Cause of ARF
Acute-on-chronic ARF, n (%) 116 (37) 323 (60) \0.0001
Acute cardiogenic pulmonary edema, n (%) 46 (15) 76 (14) 0.87
De novo ARF, n (%) 152 (48) 134 (25) \0.0001

NIV episode
At ICU admission
SAPS II 42 (33–54) 32 (26–40) \0.0001
Blood gases prior to NIV
PaO2/FiO2 (mmHg) 194 (132–256) 226 (177–280) 0.0001
PaCO2 (mmHg) 47 (35–70) 56 (41–72) 0.0001

At NIV start
Good NIV tolerance, n (%) 219 (69) 454 (85) \0.0001
High level of leaks, n (%) 33 (56) 25 (42) \0.0001
Blood gases under NIV
PaO2/FiO2 (mmHg) 171 (117–235) 237 (185–297) \0.0001
PaCO2 (mmHg) 47 (35–68) 55 (43–69) 0.026
pH 7.35 (7.25–7.42) 7.37 (7.31–7.41) 0.028

Duration of NIV (days) 2 (1–4) 3 (3–5) \0.0001
DNI, n (%) 62 (20) 69 (13) \0.0001

Continuous variables are expressed as median (interquartile range) and categorical variables as absolute value (%)
NIV noninvasive ventilation, ARF acute respiratory failure, ICU intensive care unit, SAPS Simplified Acute Physiology Score, DNI do-
not-intubate order
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use did not increase to the same degree for each of the
main indications. Significant increases occurred in NIV
use before ICU admission (during out-of-hospital care, in
the emergency room, and in the wards) and after extu-
bation. These results illustrate the implementation in
everyday practice of the results of studies showing pos-
sible benefits of NIV delivered in the emergency room [8,
9, 24–27] or to prevent ARF after extubation (the indi-
cation for 64 % of our patients receiving NIV after
extubation). There was no increase in first-line NIV
between 2002 and 2010/11. However, the distribution of
ARF causes treated with first-line NIV changed. NIV was
less often used to treat de novo ARF, in keeping with
studies suggesting a possible harmful effect of NIV in this
indication [18, 28]. Consensus panels have concluded that
the use of NIV in de novo ARF is controversial [29]. In
acute-on-chronic respiratory failure, NIV use did not
increase between 2002 and 2010/11, suggesting a need for
further efforts to promote NIV in this indication. A recent
study conducted in Austria showed an increase in NIV
treatment of patients with acute-on-chronic respiratory
failure between 1998 and 2008 [30].

One of the main findings of the present study is the
higher NIV success rate in 2010/11 compared to 2002 and

1997. Many factors may have contributed to this
improvement [31], including better patient selection, as
suggested by the decreased use of NIV in de novo ARF, a
major contributor to NIV failure [7]. Importantly, critical
illness severity in patients given NIV did not decrease over
time, as shown by the similarity in SAPS II scores and
blood gas values in our three studies [6, 7]. Changes in NIV
practices and devices may also have contributed to improve
NIV success rates. This includes replacement of home
ventilators by NIV-dedicated ventilators [32], use of the
NIV algorithm [33], and increased use of a face mask or
full-face mask instead of a nasal mask [34]. Finally, in a
recent study, more widespread use of NIV to treat acute-on-
chronic respiratory failure was associated with lower NIV
failure rates [35], suggesting a learning curve or case-vol-
ume effect [36]. The increased use of NIV in our study may
have had a similar impact on NIV success rates.

Successful NIV therapy was associated with lower
mortality in all categories of ARF, in keeping with earlier
data [6, 7, 37]. This finding suggests that the benefits of
NIV in randomized controlled trials also occur in unse-
lected patients seen in everyday clinical practice.
However, the impact of NIV failure varied across patient
groups. NIV failure in acute-on-chronic respiratory failure

Table 4 Comparisons of mortality, duration of mechanical ventilation, and length of intensive care unit stay

1997
(n = 356)

2002
(n = 526)

2010/11
(n = 961)

P value

Overall ICU mortality, n (%) 130/356 (37) 170/526 (32)* 203/961 (21)*,$ \0.0001
In first-line NIV 23/107 (21) 50/215 (23) 34/399 (9)*,$ \0.0001
In first-line NIV success 1/55 (2) 0/123 (0) 4/293 (1) 0.463
In first-line NIV failure 22/52 (37) 50/92 (54) 30/106 (28)$ 0.002
In first-line invasive mechanical ventilation 107/243 (44) 120/311 (39) 169/562 (30)*,$ \0.0001
ICU mortality in de novo ARF, n (%) 93/208 (45) 124/300 (41) 135/482 (28)*,$ \0.0001
In first-line NIV 16/45 (36) 37/91 (41) 19/121 (16)*,$ \0.0001
In first-line NIV success 1/22 (1) 0/37 (0) 2/68 (3) 0.497
In first-line NIV failure 15/22 (70) 37/54 (70) 17/53 (32)*,$ \0.0001
In first-line invasive mechanical ventilation 77/163 (47) 87/209 (42) 116/361 (32)*,$ \0.0001
ICU mortality in acute-on-chronic ARF and acute

cardiogenic pulmonary edema, n (%)
33/134 (25) 46/226 (20) 144/828 (17)*,$ 0.004

In first-line NIV 7/61 (11) 13/124 (10) 14/275 (5)*,$ 0.017
In first-line NIV success 0/31 (0) 0/86 (0) 2/222 (1) 0.591
In first-line NIV failure 7/30 (23) 13/38 (34) 12/51 (24) 0.351
In first-line invasive mechanical ventilation 26/73 (36) 33/102 (32) 51/193 (26) 0.280
Duration of mechanical ventilation (days)
All patients 6 (3–12) 6 (3–13) 5 (2–11)$ 0.005
First-line NIV 5 (2–11) 5 (2–12) 3 (2–6)*,$ \0.001
First-line NIV success 5 (2–7) 3 (2–5) 2 (1–4)*,$ \0.001
First-line NIV failure 9 (3–21) 11 (5–19) 8 (5–15) 0.172
First-line invasive mechanical ventilation 6 (3–13) 7 (3–16) 7 (3–15) 0.446

ICU length of stay
All patients 9 (4–18) 8 (4–18) 7 (4–15)* 0.005
First-line NIV 9 (5–18) 7 (4–15) 5 (3–9)*,$ \0.001

First-line NIV success 8 (5–13) 5 (3–8)* 4 (2–6)*,$ \0.001
First-line NIV failure 13 (4–26) 14 (6–23) 12 (7–22) 0.890
First-line invasive mechanical ventilation 10 (4–18) 10 (5–20) 11 (5–19) 0.512

Continuous variables are expressed as median (interquartile range) and categorical variables as absolute value (%)
NIV noninvasive ventilation, ICU intensive care unit
* P\ 0.05 vs. 1997; $ P\ 0.05 vs. 2002
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and acute cardiogenic pulmonary edema was not associ-
ated with death in excess. Overall, first-line NIV itself
was beneficial in these two situations. These results are
consistent with reports of successful NIV therapy and
good survival rates in patients with acute-on-chronic
respiratory failure even with very advanced respiratory
acidosis or coma, despite a higher frequency of NIV
failure [38, 39]. In contrast, in patients with de novo ARF,
first-line NIV was not associated with decreased mortal-
ity, as confirmed in a recent study [18]. Moreover, in
2002, NIV failure in de novo ARF was associated with
significantly higher mortality compared to first-line
invasive mechanical ventilation [28]. Several randomized
controlled trials have demonstrated beneficial effects of
NIV in de novo ARF. However, these trials were con-
ducted in highly selected patient subgroups [2, 40] such as
immunocompromised patients [4, 5, 41], patients after
lung resection [42, 43], or selected patients with severe
hypoxemic ARF and no hypercapnia [44]. Importantly, in
2010/11 NIV failure was no longer associated with an
excess in mortality in patients with de novo ARF. The
decline in NIV use in this population suggests a better
selection of patients with de novo ARF for NIV therapy.
A greater proficiency of staff in administering NIV may
also have contributed to the fact that NIV failure did not
seem to be harmful in this population anymore.

Finally, ICU mortality decreased over time, which is
consistent with recently reported data [15]. This decrease
was seen in all categories of ARF but was the largest in de
novo ARF. During the same period, declines occurred in
mechanical ventilation duration and ICU stay length.

The limitations of our study need to be acknowledged.
We may have underestimated NIV hospital use, as we did
not include patients who received NIV purely outside the

ICU. However, this was not within the scope of our study
that aimed at evaluating NIV conducted in the ICU. The
patients were recruited in only two European countries.
This, however, allowed us to compare our findings to
those from our previous prospective audits, which were
performed in France. Finally, although high overlap
occurred among the ICUs that participated in the three
studies, these ICUs were not exactly the same. It would
have been very difficult to conduct three studies over a
14-year period in exactly the same ICUs.

In conclusion, changes in NIV practices and increased
use of NIV in French and Belgian ICUs were documented
and have resulted in an observed increase in NIV success
rates. Although NIV is beneficial overall, the highest
failure rates are seen in patients with de novo ARF.
Although in 2010/11 NIV failure in de novo ARF was no
longer associated with an excess in mortality, this result
probably reflects better patient selection, as NIV use in
this population was lower than in previous years. Thus, in
de novo ARF, NIV should be used with discernment and
the need for invasive mechanical ventilation promptly
recognized. Studies designed to identify criteria for
determining which patients with de novo ARF are likely
to benefit from NIV would be welcome.
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Dräger, Fisher and Paykel, Hamilton, and Maquet. Laurent Brochard

declares research contracts with Covidien, Dräger, General Electrics, and
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