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Abstract Objective: Noninvasive
ventilation (NIV) fails more fre-
quently for de novo acute respiratory
failure (de novo) than for cardiogenic
pulmonary edema (CPE) or acute-
on-chronic respiratory failure (AOC).
The impact of NIV failure and success
was compared between de novo and
CPE or AOC after adjustment for
disease severity. Settings: Patients
requiring ventilatory support were
enrolled in a prospective survey in
70 French ICUs. Of 1076 patients re-
quiring ventilatory support, 524 were
eligible, including 299 de novo (NIV
use, 30%) and 225 CPE-AOC (NIV
use, 55%). Design and analysis:
Independent risk factors associated
with mortality and length of stay
were identified by logistic regression
analysis. The adjusted outcome of
NIV success or failure was compared
to that with endotracheal intubation
without NIV. Results: NIV success
was independently associated with
survival in both de novo, adjusted
OR 0.05 (95% CI 0.01–0.42), and
CPE-AOC OR 0.03 (CI 0.01–0.24).
NIV failure was associated with
ICU mortality in the de novo group
(OR 3.24, CI 1.61–6.53) but not in

the CPE-AOC group. Nosocomial
pneumonia was less common in
patients successful with NIV. NIV
failure was associated with a longer
ICU stay in CPE-AOC only. The
overall use of NIV was independently
associated with a better outcome only
in CPE-AOC patients (OR 0.33, CI
0.15–0.73). Conclusion: The effect
of NIV differs between de novo and
CPE-AOC patients because NIV
failure is associated with increased
mortality for de novo patients. This
finding should raise a note of caution
when applying NIV in this indication.

Keywords Chronic obstructive
pulmonary disease · Nosocomial
pneumonia · Cardiogenic pulmonary
edema · Endotracheal intubation ·
Acute respiratory failure

Introduction

The ability of noninvasive ventilation (NIV) to reduce
intubation and mortality has been clearly established
in patients with acute-on-chronic respiratory failure
(AOC) [1, 2, 3, 4, 5] or to reduce intubation and compli-

cations for cardiogenic pulmonary edema (CPE) [6, 7, 8].
In patients with acute de novo respiratory failure (de
novo), i.e., not that exacerbating a chronic lung or car-
diac insufficiency, randomized controlled trials showed
reduced mortality with NIV in highly selected popu-
lations such as patients with immunosuppression [9]



1757

or specific postoperative conditions [10, 11]. Although
several studies have demonstrated the ability of this
technique to reduce endotracheal intubation (ETI) in
highly selected patients [12, 13, 14, 15], there are no
multicenter studies showing that NIV reduces mortality
in large populations of patients with de novo respiratory
failure due to a broad array of causes excluding acute
pulmonary edema [15, 16]. By contrast, observational
studies in patients with community-acquired pneumonia,
i.e., probably with less strict selection criteria, found high
NIV failure rates [17, 18, 19]. In addition, a number of
studies suggested that NIV may be harmful at least in
specific circumstances or indications by delaying intuba-
tion [20, 21, 22]. This important question has not yet been
resolved.

We therefore examined whether the risks and benefits
of NIV differ between patients with de novo and those
with CPE or AOC. To investigate this we took the oppor-
tunity to analyze data from a large survey on mechanical
ventilation performed in 2002 and presented in a compan-
ion paper [23]. Patients included in the survey were di-
vided into a group with de novo and a group with either
CPE or AOC. Intensive care unit (ICU) mortality, inci-
dence of nosocomial pneumonia, and ICU length of stay
were compared in these two groups after adjustment for
disease severity.

Methods
Participating centers and patients

A prospective observational study was conducted in
70 French ICUs between 4 and 24 March 2002. All ICU
patients who required ventilatory assistance for acute
respiratory failure at any time during the ICU stay were
included. The investigators completed a questionnaire
for each patient to collect data from admission to ICU
discharge or death. The major characteristics of the
participating centers and patients are presented in the
companion paper [23]. During the 3-week study period
1,943 patients were admitted to the participating ICUs,
1,076 of whom received ventilatory support. Because
the study sought to compare patients with ETI vs. those
with NIV, we restricted our analysis to the following
group [23], we excluded 21 patients who were already
tracheostomized before ICU admission, 358 ventilated for
coma, and 130 following surgery as NIV is not widely
used in these two situations [23]. Finally, because a main
end-point was patient outcome, we also excluded the
35 patients treated with NIV who had a do-not-intubate
order, and 8 who were discharged in another ICU still
intubated with no data on final ICU outcome. This left
524 patients for the analysis: 299 in the de novo group and
225 in the CPE-AOC group, including 152 patients with
AOC and 73 with pulmonary edema.

Data collection

Patients’ data included age, gender, location before hos-
pital and ICU admission, Simplified Acute Physiology
Score (SAPS) II, Logistic Organ Dysfunction (LOD)
score [24, 25], and severity of underlying disease [26].
We recorded data on immunosuppression (defined
as neutropenia below 1000/mm3 after bone marrow
transplantation or anticancer chemotherapy, immuno-
suppressive therapy for solid organ transplantation, or
connective tissue disorder requiring corticosteroid therapy
of at least 20 mg/day for at least 3 weeks). The ventilation
modality was recorded as NIV or ventilation via ETI.
In patients given NIV as first-line ventilatory support,
efficacy was recorded as successful NIV (no need for ETI)
or failed NIV (secondary need for ETI or death before
ETI). ICU mortality, nosocomial pneumonia, ICU length
of stay, and length of mechanical ventilation (NIV and
conventional mechanical ventilation) were recorded.

Data quality

All patient forms were reviewed by the principal investiga-
tor. Investigators were contacted about errors and missing
data. A double data-entry procedure was used, and data
that triggered the alert system or showed discrepancies
were checked.

Statistical analysis

The median and interquartile range (IQR) are reported for
continuous variables and absolute and relative frequencies
for categorical variables as well as the 95% confidence in-
tervals (95% CI) where appropriate. Each potential risk
factor for death, nosocomial pneumonia, longer length of
mechanical ventilation, or longer ICU length of stay was
evaluated in a univariate model. For continuous data we
used Student’s t test or the Mann-Whitney U test as appro-
priate and for categorical variables the χ2 test or Fisher’s
exact test. All factors yielding p values less than 0.25 were
entered into the logistic regression models. We separated
the population in two major groups of interest (the de novo
group and the CPE-AOC group), and eight logistic regres-
sion models were first constructed (four different outcomes
in these two different populations). Continuous variables
were dichotomized according to the median in the pop-
ulation. In these multivariate analyses ventilatory support
was entered as a single variable with three distinct cate-
gories: invasive mechanical ventilation was the reference
category with an adjusted odds ratio (OR) at 1.00 and was
compared to NIV success and NIV failure. All selected
variables were entered in the models and were examined
for collinearity (e.g., the LOD score was not included be-
cause of collinearity with the SAPS II score). Three other
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logistic regression models were also performed, one in the
NIV failure group, and finally in the de novo group and
in the CPE-AOC group looking at the use of NIV and
its association with outcome. Goodness-of-fit was assessed
using the Hosmer–Lemeshow χ2 test, and discrimination
using the area under the receiver operating characteristic
(ROC) curve for each model. Accuracy was considered
good when the value ranged from 0.70 to 0.80 and excel-
lent when it was greater than 0.80. The adjusted OR and
95% confidence interval (CI) were calculated for each fac-
tor that was statistically significant in the logistic regres-
sion model. Any p values less than 0.05 were considered
significant. All tests were two-tailed. Statistical tests were
performed using Intercooled STATA 8.2 software (Stat-
Corp LP, Texas, USA).

Results

Mortality

Overall mortality was 32% (95% CI, 28–37%). Mortality
was significantly lower in the NIV group, i.e., patients re-
ceiving NIV as first-line treatment, than in the ETI group,
i.e., patients receiving ETI as first-line treatment (23%,
95% CI 18–30%, vs. 39%, 95% CI, 33–44%; p < 0.0001),
and was higher in the de novo group than in the CPE-AOC
group (Table 1).

In the de novo group factors significantly associated
with death in the univariate analysis were older age, worse
SAPS II, ultimately or rapidly fatal disease, and immuno-
suppression (Table 2). The NIV success rate was higher in

De novo patients CPE-AOC patients p
(n = 299) (n = 225)

Patient characteristics
Age (years) 64 (49–74) 72 (63–78) < 0.0001
SAPS II 47 (35–62) 38 (32–54) 0.0001
LOD score 5 (3–8) 4 (1–7) 0.002
Ultimately or rapidly fatal disease 166 (56%) 151 (67%) 0.007
Immunosuppression 57 (19%) 22 (10%) 0.003
Transfer from hospital 55 (18%) 73 (32%) < 0.0001
Type of respiratory support

Conventional MV 209 (70%) 102 (45%) < 0.0001
Successful NIV 36 (12%) 85 (38%)
Failed NIV 54 (18%) 38 (17%)

Chronic heart failure (NYHA III or IV) 30 (10%) 74 (34%) < 0.0001
Hospital admission in the past year 131 (45%) 136 (62%) < 0.0001
Previous NIV 12 (4%) 52 (24%) < 0.0001
PaO2/FIO2 < 200 (mmHg)* 161 (55%) 107 (50%) 0.31
PaCO2 (mmHg) 39 (32–48%) 59 (44–80%) < 0.0001
pH 7.37 (7.27–7.44) 7.30 (7.21–7.38) < 0.0001

Outcome variables
ICU mortality rate 124 (41%) 46 (20%) < 0.0001
VAP rate 48 (16%) 19 (8%) 0.01
ICU length of stay (days) 10 (5–21) 7 (4–13) 0.0001
Duration of mechanical ventilation (days) 8 (3–18) 5 (2–10) 0.0002

* Threshold: median

Table 1 Comparison of patients
with de novo respiratory failure
and of patients with cardiogenic
pulmonary edema or
acute-on-chronic respiratory
failure: median (and interquartile
range) or absolute number (and
percentage) (de novo de novo
acute respiratory failure,
CPE-AOC cardiogenic
pulmonary edema or
acute-on-chronic respiratory
failure, FIO2 fraction of inspired
oxygen, LOD Logistic Organ
Dysfunction system, NIV
noninvasive ventilation, PaCO2
arterial carbon dioxide tension,
PaO2 arterial oxygen dioxide
tension, SAPS Simplified Acute
Physiology Score, VAP
ventilator-associated pneumonia,
MV mechanical ventilation)

survivors, and the NIV failure rate was higher in nonsur-
vivors. In the logistic regression analysis successful NIV
was independently associated with survival, whereas NIV
failure, worse SAPS II, and immunosuppression were in-
dependently associated with death (Fig. 1).

In the CPE-AOC group the univariate analysis iden-
tified worse SAPS II, ultimately or rapidly fatal underly-
ing disease, and nosocomial pneumonia as significantly as-
sociated with death (Table 3). The NIV success rate was
higher in survivors, but the failure rate did not differ be-
tween survivors and nonsurvivors. In the logistic regres-
sion analysis NIV failure had no independent association
with death, but successful NIV remained independently as-
sociated with survival. A worse SAPS II and an ultimately
or rapidly fatal disease were independently associated with
death (Fig. 1).

Nosocomial pneumonia

Sixty-seven patients (13%, 95% CI, 10–16%) experienced
at least one episode of nosocomial pneumonia. Nosoco-
mial pneumonia rates were not statistically different in
the NIV and ETI groups (10%, 95% CI 7–15%, vs. 14%,
11–19%; p = 0.16). The causative pathogen was identified
in protected samples in 55 of the 56 cases (24 bronchoalve-
olar lavage, 22 plugged telescopic catheter, 9 protected
specimen brush) and in unprotected samples in 12 cases.
In the NIV group 7 patients acquired pneumonia while
receiving NIV and 15 while receiving endotracheal venti-
lation after NIV failure. The nosocomial pneumonia rate
was higher in the de novo group than in the CPE-AOC
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Table 2 Potential risk factors for death, longer ICU stay, longer
length of mechanical ventilation, and nosocomial pneumonia in
patients with de novo acute respiratory failure (n = 299): percentage
(and 95% confidence interval) (ICU intensive care unit, LOS length

of stay, LOMV length of mechanical ventilation, NIV noninvasive
ventilation, SAPS Simplified Acute Physiologicy Score, MV
mechanical ventilation)

Variable ICU mortality LOS ≥ 10 days LOMV ≥ 8 days Nosocomial pneumonia

Age (p = 0.009) (p = 0.82) (p = 1.00) (p = 0.33)
≤ 64 years 34 (26–42) 53 (45–61) 50 (42–58) 14 (8–20)
> 64 years 49 (41–57) 58 (51–66) 50 (42–58) 18 (12–24)

SAPS II score at ICU admission (p ≤ 0.0001) (p ≤ 0.02) (p = 0.13) (p = 0.24)
≤ 47 points 27 (20–35) 58 (51–66) 54 (46–62) 13 (8–19)
> 47 points 58 (50–66) 45 (37–53) 45 (37–53) 18 (12–25)

McCabe score (p = 0.002) (p = 0.05) (p = 0.41) (p = 0.29)
No fatal disease 32 (24–40) 59 (50–67) 53 (44–61) 14 (8–19)
Ultimately or rapidly fatal disease 49 (42–57) 47 (40–55) 48 (40–56) 18 (12–24)

Immunosuppression (p = 0.01) (p = 0.14) (p = 0.32) (p = 0.67)
No 38 (32–45) 55 (48–61) 51 (45–58) 16 (12–21)
Yes 56 (42–69) 44 (31–57) 44 (31–57) 14 (5–23)

Transfer from (p = 0.95) (p = 0.95) (p = 0.65) (p = 0.63)
Community 41 (35–48) 52 (46–59) 51 (44–57) 16 (11–20)
Hospital 42 (29–56) 53 (39–66) 47 (34–61) 18 (8–29)

Nosocomial pneumonia (p = 0.32) (p ≤ 0.0001) (p ≤ 0.0001) –
No 40 (34–47) 46 (39–52) 41 (35–47) –
Yes 48 (33–63) 88 (78–97) 98 (94–100) –

Type of respiratory support (p ≤ 0.0001) (p = 0.002) (p ≤ 0.0001) (p = 0.03)
Conventional MV 42 (35–49) 56 (49–63) 52 (46–59) 16 (11–21)
NIV success 0 (0–10) 25 (10–40) 19 (6–33) 0 (0–0)
NIV failure 69 (54–80) 56 (42–69) 61 (48–75) 26 (14–38)

Table 3 Potential risk factors for death, longer ICU stay, longer
length of mechanical ventilation, and nosocomial pneumonia in pa-
tients with cardiogenic pulmonary edema or acute-on-chronic res-
piratory failure (n = 225): percentage (and 95% confidence interval)

(ICU intensive care unit, LOS length of stay, LOMV length of me-
chanical ventilation, NIV noninvasive ventilation, SAPS Simplified
Acute Physiology Score, MV mechanical ventilation)

Variable ICU mortality LOS ≥ 7 days LOMV ≥ 5 days Nosocomial pneumonia

Age (p = 0.58) (p = 0.002) (p = 0.002) (p = 0.16)
≤ 72 years 22 (14–29) 61 (52–70) 61 (52–70) 6 (1–10)
> 72 years 19 (11–26) 41 (31–50) 40 (30–49) 11 (5–17)

SAPS II score at ICU admission (p = 0.003) (p = 0.31) (p = 0.02) (p = 0.75)
≤ 38 points 12 (6–18) 48 (38–57) 42 (33–52) 8 (3–13)
> 38 points 28 (20–37) 55 (45–64) 59 (49–68) 9 (4–15)

McCabe score (p = 0.004) (p = 0.99) (p = 0.57) (p = 0.25)
No fatal disease 9 (3–16) 51 (40–63) 53 (42–65) 5 (1–11)
Ultimately or rapidly fatal disease 26 (19–33) 51 (43–59) 49 (41–57) 10 (5–15)

Immunosuppression (p = 0.06) (p = 0.22) (p = 0.69) (p = 0.09)
No 19 (14–24) 50 (43–57) 50 (43–57) 8 (4–11)
Yes 36 (15–58) 64 (42–85) 55 (32–77) 18 (1–36)

Transfer from (p = 0.70) (p = 0.32) (p = 0.89) (p = 0.27)
Community 20 (13–26) 49 (41–57) 51 (43–59) 10 (5–15)
Hospital 22 (12–32) 56 (45–68) 50 (38–62) 5 (1–11)

Nosocomial pneumonia (p ≤ 0.0001) (p ≤ 0.0001) (p = 0.0004) –
No 17 (12–22) 47 (40–54) 47 (40–54) –
Yes 58 (33–82) 100 (100–100) 89 (74–100) –

Type of respiratory support (p ≤ 0.0001) (p ≤ 0.0001) (p ≤ 0.0001) (p = 0.01)
Conventional MV 32 (23–42) 59 (49–69) 56 (46–66) 11 (5–17)
Successful NIV 0 (0–0) 29 (19–38) 29 (20–39) 1 (0–4)
Failed NIV 34 (18–50) 82 (69–94) 84 (72–96) 18 (6–31)

group (16% vs. 8%, p = 0.01; Table 1). In both groups type
of ventilatory support was the only factor significantly
associated with the risk of nosocomial pneumonia in the
univariate analysis (Tables 2, 3). In the logistic regression

analysis successful NIV was the only independent factor
associated with absence of nosocomial pneumonia in both
the de novo and CPE-AOC groups. NIV failure was not
associated with a higher risk of pneumonia (Fig. 2).
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Fig. 1 Independent risk factors for death in patients with acute
de novo respiratory failure (de novo, black squares) and in those
with cardiogenic pulmonary edema or acute-on-chronic respiratory
failure (CPE-AOC, white squares). In all multivariate analy-
ses presented in the figures ventilatory support was entered as
a single variable with three distinct categories: invasive mechanical
ventilation was the reference category with an OR at 1.00 and
was compared to NIV success and NIV failure. NA Not available

(variable not entered in the logistic regression model); NIV non-
invasive ventilation; SAPS Simplified Acute Physiology Score;
*age above 64 years in patients with acute de novo respiratory
failure and 72 years in those with cardiogenic pulmonary edema or
acute-on-chronic respiratory failure; **SAPS II above 47 points in
patients with acute de novo respiratory failure and 38 points in those
with cardiogenic pulmonary edema or acute-on-chronic respiratory
failure; § presence of an ultimately or rapidly fatal disease

ICU stay length

As shown in Table 1, the ICU stay was significantly shorter
in the NIV than in the ETI group (7 days, IQR 4–15 days,
vs. 10 days, 5–20 days; p = 0.03). The de novo patients
spent more time in the ICU than the CPE-AOC patients
(10 days, 5–21 days, vs. 7 days, 4–13 days; p = 0.0001). In
the de novo group worse SAPS II and occurrence of noso-
comial pneumonia were independently associated with
a longer stay, whereas successful NIV was associated with
a shorter stay (Table 2, Fig. 3). NIV failure did not predict
longer ICU stay. In the CPE-AOC group occurrence of
nosocomial pneumonia and NIV failure were independent
risk factors for a longer stay, whereas successful NIV and
younger age were significantly associated with a shorter
stay (Table 3). The logistic regression analysis confirmed
these results (Fig. 3). Entering length of mechanical ven-
tilation as the dependent variable in the logistic regression
models produced nearly identical results (Fig. 4).

Balance between risks from failure
and benefits from success

The last analysis looked at the overall effect of using
NIV (taken as an independent variable) on outcome in the
two groups. In the CPE-AOC group, the use of NIV was
significantly associated with a better outcome, indicating
a positive balance in favor of the use of NIV (adjusted
OR 0.33, 95% CI 0.15–0.73; p = 0.007). In the de novo
group, the use of NIV was not significantly associated
with a better or worse outcome, indicating that the bal-
ance was neutral (adjusted OR 1.18, 95% CI 0.66–2.10;
p = 0.569).

Discussion

The results of the present study show that NIV, when suc-
cessful, was independently associated with survival, a de-
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Fig. 2 Independent risk factors for nosocomial pneumonia in pa-
tients with acute de novo respiratory failure (de novo, black squares)
and in those with cardiogenic pulmonary edema or acute-on-chronic
respiratory failure (CPE-AOC, white squares). For details see leg-
end of Fig. 1. NA Not available (variable not entered in the logis-
tic regression model); NIV noninvasive ventilation; SAPS Simplified

Acute Physiology Score; *age above 64 years in patients with acute
de novo respiratory failure and 72 years in those with cardiogenic
pulmonary edema or acute-on-chronic respiratory failure; **SAPS
II above 47 points in patients with acute de novo respiratory failure
and 38 points in those with cardiogenic pulmonary edema or acute-
on-chronic respiratory failure

creased risk of nosocomial pneumonia in the CPE-AOC
group, and a shorter ICU stay than with ETI used as the
standard treatment for acute respiratory failure in both de
novo and CPE-AOC patients. NIV failure was indepen-
dently associated with death in the de novo group but not in
the CPE-AOC group, and with longer durations of mech-
anical ventilation and ICU stay in the CPE-AOC group but
not the de novo group, and was not associated with a higher
rate of nosocomial pneumonia.

The 2002 survey on mechanical ventilation showed
a significant increase in NIV use in French ICUs [23]
since 1997 [27]. In the multivariate analysis good NIV
tolerance and a high body mass index were associated with
successful NIV, whereas a worse SAPS II or a diagnosis
of de novo respiratory failure was associated with NIV
failure and subsequent ETI. The term “de novo” is used
here to designate pneumonia, gastric content aspiration,
atelectasis, and pulmonary, and extrapulmonary acute
respiratory distress syndrome in patients free of chronic
lung disease. As opposed to de novo, the two other
common patterns of acute respiratory failure, namely,
CPE and AOC, were associated with successful NIV [27].
Thus the cause of respiratory failure affects the likelihood
that NIV will be successful. However, the main goal is not
to achieve successful NIV but rather to reduce mortality
and morbidity, as with all new treatments. Consequently

in the present study we assessed the interaction between
diagnosis and NIV use on mortality, length of stays, and
nosocomial pneumonia.

Impact of NIV on outcome

In both the de novo and the CPE-AOC groups independent
risk factors associated with death in the multivariate
model were a higher SAPS II, an ultimately or rapidly
fatal underlying disease, and immunosuppression, whereas
successful NIV was independently associated with sur-
vival. Successful NIV has been found beneficial in clinical
trials in various populations and was also an indepen-
dent predictor of survival in the 1997 French survey on
mechanical ventilation [27], establishing that the benefits
observed in patients selected to clinical trials occurred
also in the unselected patients seen in everyday practice.
Moreover, the dramatic increase in NIV use shown in the
2002 French survey [23] combined with the unchanged
NIV success rate translated into an increase in the absolute
number of patients successfully treated with NIV. A worse
SAPS II at admission, an ultimately or rapidly fatal
disease, and immunosuppression independently predicted
mortality, in keeping with findings from the 1997 French
survey on mechanical ventilation [27].
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Fig. 3 Independent risk factors for longer ICU length of stay
(LOS) in patients (higher than the median LOS) with acute de novo
respiratory failure (de novo, black squares) and in those with car-
diogenic pulmonary edema or acute-on-chronic respiratory failure
(CPE-AOC, white squares). For details see legend of Fig. 1. NA Not
available (variable not entered in the logistic regression model); NIV
noninvasive ventilation; SAPS simplified acute physiology score;
*age above 64 years in patients with acute de novo respiratory

failure and 72 years in those with cardiogenic pulmonary edema or
acute-on-chronic respiratory failure; **SAPS II above 47 points in
patients with acute de novo respiratory failure and 38 points in those
with cardiogenic pulmonary edema or acute-on-chronic respiratory
failure; § presence of an ultimately or rapidly fatal disease; † ICU
length of stay 10 days or longer in patients with acute de novo
respiratory failure and 7 days in those with cardiogenic pulmonary
edema or acute-on-chronic respiratory failure

In the present study the impact of NIV on ICU
mortality differed between the two groups, and this is
explained by the different impact of NIV failure: NIV
failure was independently associated with ICU mortality
in the de novo group but not in the CPE-AOC group. This
association may reflect either a causal effect (with NIV
failure contributing to cause death) or a confounding effect
(with NIV failure merely being a marker for more severe
disease). Our analysis incorporated important prognostic
scores, age, and indicators of underlying disease to adjust
on severity, making less likely that this association was
simply a marker of severity. In addition, the different
results obtained with the same analysis in the other group,
where the most severe patients are also expected to be
found in the subgroup of NIV failure, suggests that there
is a real difference in the effect of NIV failure per se
between the two subgroups. Although data from studies
of NIV have suggested potential harmful effects of NIV

in patients [14, 21, 22], this important finding has not
been reported previously. In a randomized controlled
trial excluding patients with chronic respiratory failure
Wysocki et al. [14] found no significant reduction in ICU
mortality in the NIV group (33% vs. 50% in the control
group); however, in the subgroup with acute hypoxemic
nonhypercapnic respiratory failure a trend to a higher
mortality existed among patients treated with NIV. In de
novo patients, a beneficial effect of NIV on mortality has
been found chiefly in specific patient subgroups such as
patients with immunosuppression [9], solid organ trans-
plantation [10], or lung resection [10] or in very selected
patients [13]. In the only multicenter study to date in
patients with acute hypoxemic nonhypercapnic respiratory
failure, Delclaux et al. [20] found that continuous posi-
tive airway pressure was associated with a higher adverse
event rate (cardiac arrest and gastrointestinal bleeding) and
failed to improve outcomes compared to oxygen alone. In
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Fig. 4 Independent risk factors for longer length of mechanical ven-
tilation (LOMV) in patients (higher than the median LOMV) with
acute de novo respiratory failure (de novo, black squares) and in
those with cardiogenic pulmonary edema or acute-on-chronic res-
piratory failure (CPE-AOC, white squares). For details see legend
of Fig. 1. NA Not available (variable not entered in the logistic re-
gression model); NIV noninvasive ventilation; SAPS simplified acute
physiology score; * age above 64 years in patients with acute de

novo respiratory failure and 72 years in those with cardiogenic pul-
monary edema or acute-on-chronic respiratory failure; ** SAPS II
above 47 points in patients with acute de novo respiratory failure
and 38 points in those with cardiogenic pulmonary edema or acute-
on-chronic respiratory failure; † ICU length of stay 10 days or longer
in patients with acute de novo respiratory failure and 7 days in those
with cardiogenic pulmonary edema or acute-on-chronic respiratory
failure

a recently published multicenter trial evaluating the impact
of NIV in postextubation respiratory failure, mortality was
higher with NIV than with standard medical therapy [21].

In the present study the patients with CPE or AOC
benefited the most from NIV. This finding is consistent
with previous studies. In patients with AOC relatively large
randomized controlled trials showed reductions in ETI and
mortality rates [3, 4]. In a mixed population of patients
with CPE or AOC, Girou et al. [7, 28] recently found that
ICU mortality was lowered thanks to an increasing use of
NIV replacing ETI. Lastly, two studies comparing patients
with chronic obstructive pulmonary disease treated with
NIV or endotracheal intubation at a very late stage of respi-
ratory acidosis did not find any evidence of worse outcome
despite a high rate of failure [29, 30]. In addition, the out-
come of NIV failure in this subgroup seemed superimpos-
able on that of patients receiving endotracheal intubation
at onset [30].

Nosocomial pneumonia

The rate of nosocomial pneumonia was lower in the NIV
group, but this difference was not statistically significant.

The rate of nosocomial pneumonia was lower in the CPE-
AOC than in the de novo group. In both groups success-
ful NIV was the only factor independently associated with
a lower nosocomial pneumonia rate. This protective ef-
fect of NIV has been reported in single [28] and multicen-
ter [17] studies and can be attributed both to the absence of
an endotracheal tube bypassing the upper airways and to
decreased invasiveness of the overall management. Noso-
comial pneumonia is associated with increased in morbid-
ity and mortality in ICU patients [31]. In the present study
ETI after NIV failure did not lead to a higher nosocomial
pneumonia rate compared to first-line ETI.

Length of stay

The median length of ICU stay was significantly lower in
the NIV group (7 days, IQR 4–15) than in the ETI group
(10 days, 5–20; p = 0.003) and was significantly lower in
the CPE-AOC group (7 days, 4–13) than in the de novo
group (10 days, 5–21; p = 0.0001). Similar patterns were
observed for the duration of mechanical ventilation. In
both groups nosocomial pneumonia was independently
associated with a longer duration of mechanical ventila-
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tion and therefore a longer ICU stay, whereas successful
NIV was independently associated with a shorter ICU
stay. NIV has not consistently been shown to affect ICU
length of stay in randomized control trials. Two trials
found a reduction in ICU length of stay with NIV in de
novo patients [9, 32]. In AOC patients NIV reduced ICU
length of stay in one randomized controlled trial and one
retrospective matched case-control study [3, 28]. Our find-
ings suggest that, compared to first-line ETI, successful
NIV may reduce the ICU length of stay. NIV failure was
not associated with a longer length of ICU stay in the de
novo patients. Although NIV failure was associated with
increased length of ICU stay in the CPE-AOC patients,
there was no increase in mortality, indicating that failed
NIV followed by timely ETI involved no loss of chance of
survival in this population.

Clinical consequences

NIV failure followed by ETI was independently associated
with ICU mortality in de novo patients but not CPE-AOC
patients. This explained the different impact of the use
of NIV in the two populations of patients. As discussed
above, this study does not provide a definitive explanation

for this association, but there is the possibility that in
de novo patients NIV failure is associated with loss of
chance. The interest of this study is also to represent
real life and not the context of a randomized controlled
trial with carefully selected patients. This may have
important clinical implications because one plausible
explanation is that inadequate or prolonged use of NIV
delays ETI in de novo patients, thereby jeopardizing
the patient’s chance of survival. Criteria predicting NIV
failure would help clinicians choose between NIV and
ETI as first-line treatment [17, 19]. In CPE-AOC patients
NIV failure may independently prolong length of stay.
Again, it is difficult to infer a causal relationship, but this
finding may suggest a need for caution in order to avoid
inappropriate delays in switching from NIV to ETI. In this
population, however, the overall impact of NIV is clearly
beneficial.

In conclusion, the use of NIV overall in patients with
AOC or CPE and, when successful in all patients, is bene-
ficial in terms of mortality, nosocomial pneumonia, and
ICU length of stay. Nevertheless, NIV failure is associated
with higher mortality in patients with de novo respiratory
failure. This may at least indicate the need for some cau-
tion in this indication and for closely monitoring patients
on NIV and switching promptly to ETI when necessary.
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