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ABSTRACT Objective: To eval-
uate current practice of mechanical
ventilation in the ICU and the char-
acteristics and outcomes of patients
receiving it.
Design: Pre-planned sub-study of a
multicenter, multinational cohort
study (SAPS 3).
Patients: 13,322 patients admitted
to 299 intensive care units (ICUs)
from 35 countries.
Interventions: None.
Main measurements and results:
Patients were divided into three
groups: no mechanical ventilation
(MV), noninvasive MV (NIV), and
invasive MV. More than half of the
patients (53% [CI: 52.2-53.9%]) were
mechanically ventilated at ICU
admission. FIO2, VT and PEEP used
during invasive MV were on average
50% (40-80%), 8 mL/kg actual body
weight (6.9-9.4 mL/kg) and 5 cmH2O
(3-6 cmH2O), respectively. Several

invMV patients (17.3% (CI:16.4-
18.3%)) were ventilated with zero
PEEP (ZEEP). These patients exhib-
ited a significantly increased risk-
adjusted hospital mortality, compared
with patients ventilated with higher
PEEP (O/E ratio 1.12 [1.05-1.18]).
NIV was used in 4.2% (CI: 3.8-4.5%)
of all patients and was associated with
an improved risk-adjusted outcome
(OR 0.79, [0.69-0.90]).
Conclusion: Ventilation mode and
parameter settings for MV varied
significantly across ICUs. Our results
provide evidence that some ventila-
tory modes and settings could still be
used against current evidence and
recommendations. This includes
ventilation with tidal volumes[8mL/
kg body weight in patients with a low
PaO2/FiO2 ratio and ZEEP in invMV
patients. Invasive mechanical venti-
lation with ZEEP was associated with
a worse outcome, even after control-
ling for severity of disease. Since our
study did not document indications
for MV, the association between MV
settings and outcome must be viewed
with caution.
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INTRODUCTION

Mechanical ventilation (MV) is a mainstay of supportive
therapy for patients with acute respiratory failure, both to
maintain adequate systemic oxygenation and to rest the
respiratory muscles. After its introduction into clinical
practice (1), physiological studies advanced the basic
understanding of MV to the point where randomized
controlled trials could be undertaken to evaluate the
impact of different ventilator strategies on clinical out-
come variables. Such trials usually compare a new
treatment with conventional MV therapy. However, the
difficulty of defining ‘‘conventional’’ MV has emerged
because of the extreme variability in its use. Esteban et al.
found that, although indications for ventilation were
similar in different countries, profound differences were
observed in the percentage of ventilated patients, selec-
tion of ventilatory modes, and weaning strategies (2). This
marked heterogeneity has been associated with the lack of
defined standards of care (2-4) and with the observed gap
between the results of clinical trials and clinical practice
(2–5). This may be of concern, as ventilatory management
has been shown to have an important impact on prognosis
(2, 4, 6–8).

A pre-planned secondary analysis of the SAPS 3 study
(9) was performed aiming to describe the characteristics
of patients receiving MV, the modes of mechanical ven-
tilation and ventilator settings used and the effects of
these variables on clinical outcome;

METHODS

The study represents a prospective, multinational pre-
planned cohort substudy of the SAPS 3 project (9, 10).
Data were collected at ICU admission (± 1 h), and on
days 1, 2 and 3 after ICU admission, and in the last 24 h
of the ICU stay. Data included socio-demographics,
chronic conditions, diagnostic information, physiological
derangement at ICU admission, number and severity of
organ dysfunctions as evaluated by the Sequential Organ
Failure Assessment (SOFA) score [11], and vital status at
ICU and hospital discharge. SOFA scores were computed
as proposed by Moreno et al. [12]. A complete description
of the study protocol and patient and ICU characteristics
can be found elsewhere (9).

Database

From the SAPS 3 Hospital Outcome Cohort (comprising
16,784 patients from 303 ICUs), 2,946 postoperative
patients with planned ICU admission, scheduled surgery,
an length of stay (LOS) in the ICU of\=2 days who were

discharged alive from the ICU were excluded. Further
patients with missing ventilatory support on either all
days (n=219) or at admission (n=297) were excluded.
Thus, the study cohort comprises of 13,322 patients from
299 ICUs. A list of countries, ICUs and patient numbers
can be found in the Appendix of the ESM.

Patients were divided into three mutually exclusive
subgroups according to their ventilatory status at ICU
admission: patients not receiving any type of MV (noMV;
n = 6,261); patients receiving positive-pressure MV via a
noninvasive interface (facial, oro-nasal or nasal masks or
helmet) (NIV; n = 554), and patients receiving MV via
an invasive interface (endotracheal tube or tracheostomy)
(invMV; n = 6,507).

Documentation of mechanical ventilation

Ventilatory settings were registered at ICU admission.
Ventilatory modes registered during NIV were Continu-
ous Positive Airway Pressure (CPAP), and Pressure
Support Ventilation (PSV). Ventilatory modes registered
during invMV were CPAP, PSV, Synchronized Inter-
mittent Mandatory Ventilation (SIMV), SIMV?PSV,
Pressure Control Ventilation (PCV), Assisted / Controlled
Mechanical Ventilation (CMV and A/CMV). Further
modalities used during NIV and invMV were captured as
‘‘others’’. The exact definitions can be found in the
Appendix of the ESM.

The following ventilatory settings were registered:
tidal volume (VT) (mL/kg of actual body weight), positive
end-expiratory pressure (PEEP) (cm H2O) and fraction of
inspired oxygen (FIO2). Unless otherwise indicated, set-
tings from the day of ICU admission were used for
analysis.

Data quality

Quality of the recorded data was evaluated for com-
pleteness of the documentation and reliability. Inter-rater
quality control was performed through rescoring of the
data and calculation of kappa coefficients and intra-class
correlation coefficients, as appropriate (13). Results of
this analysis are presented in detail in the Electronic
Supplementary Material (ESM) file of the SAPS 3 pri-
mary report [9].

Statistical analysis

Statistical analysis was performed using the SAS system,
version 9.1 (SAS Institute Inc., Cary, NC, USA). A P
value of \ 0.05 was considered significant. Unless
otherwise specified, results are expressed as median and
quartile ranges. The chi-square test was used for
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categorical data, and the Wilcoxon rank sum test or the
Kruskal-Wallis test was used to compare two or more
groups. Missing values (4%) were replaced by imputed
values (using SAS procedure MI). For this purpose,
imputations were done five times (n=13,322 each) for
missing values, thus providing five datasets.

To explain which factors contributed to the use of MV,
a stepwise multiple logistic regression was performed in
each of the five imputed data sets. Those variables were
selected for the final model, which showed a significant
contribution at a two-sided level of 0.05 in all five anal-
yses. The final estimates of the coefficients were
determined by a weighted average of the coefficients
found in the five imputed data sets (using SAS procedure
MIANALYZE). In order to adjust for regional differ-
ences, regions were entered as fixed effects into the
model. To evaluate the impact of imputation on the
results, a sensitivity analysis with the complete cases
dataset, excluding patients with at least one missing value
in the explanatory variables, was performed.

To explain which factors contributed to the use of
either NIV or invMV, a stepwise multiple logistic
regression was performed in the same way as described
above. The list of variables which were entered as inde-
pendent variables into the models can be found in the
ESM (Appendix A).

Moreover, to analyze the association between PEEP
level and hospital mortality, a multivariate analysis was
done using different PEEP categories as independent and
hospital mortality as dependent variables. SAPS 3 was
used to adjust for severity of illness.

RESULTS

The SAPS 3 ventilation cohort comprises 13,322 patients
admitted to 299 participating ICUs from 35 countries.
Median SAPS 3 score was 51 (41-63), and 60.2% of
patients were male, with a median age of 63 (48-74)
years. More than two thirds of the patients were admitted
to the ICU from the same hospital, mostly from emer-
gency departments, operating rooms, and normal wards
(Table 1). Since planned surgical admission with a
LOS \ 2 days were excluded from the study cohort, most
admissions were unplanned. Roughly half of the patients
(52.7%) were admitted for medical reasons.

Use of Mechanical Ventilation

Of the 13,322 admitted patients, 53% were mechanically
ventilated at admission, with the majority being inva-
sively (48.8%), and only a small number of patients
(4.2%) noninvasively ventilated. 61.5% (8,196) were
mechanically ventilated during the first 3 days of

intensive care, with 7.3% being managed by NIV. Of the
5,970 patients still in the ICU by day 3, still 59.1%
(3,527) were ventilated. Significant differences between
ICUs and regions were observed (ESM, Table E2, Figure
E1). Surgical patients had a significantly higher relative
risk (RR) of being mechanically ventilated at ICU
admission (RR, 1.613; 95% confidence interval [95% CI],
1.546-1.684) compared with medical patients.

The main acute medical diseases responsible for ICU
admission were cardiovascular, respiratory and digestive
diseases (ESM Table E1). The use of MV (noninvasive or
invasive) varied significantly by acute medical disease:
Patients with traumatic brain injury had the highest inci-
dence of invMV (72.1%), and pregnant women had the
lowest (37.2%) (ESM Table E3). Several organ dys-
functions and failures increased the relative risk of
receiving MV (Table 2). Multivariate analysis showed
several variables to be associated with the use of MV
(Table 3): increasing age, chronic heart failure class
NYHA III or IV; basic observational care, neurologic and
respiratory reasons for admission; emergency surgery;
lower respiratory tract infection; hospital acquired infec-
tion; lower GCS score, increasing heart rate, increasing
white blood count, decreasing pH;

Noninvasive Mechanical Ventilation

CPAP was the most used mode of NIV (69.7%), followed
by PSV (28.3%). 67.3% of non-invasively ventilated
patients had a medical reason for admission. Acute
exacerbation of COPD was the main indication for NIV
(24.7% of NIV patients). However, only a minority of
COPD patients received NIV (17.4%). Whether or not
hospitals were university affiliated did not seem to
influence the use of NIV (4.4% vs. 3.9%; p = 0.136).
Multivariate analysis showed several variables to be
independently favouring the use of NIV (Table E4, ESM).

Invasive Mechanical Ventilation

In patients receiving invasive MV, A/CMV was the main
mode of invasive ventilation (46.4%), followed by PCV
(19.7%) and SIMV ? PSV in 16.3%. PSV was used in
6.4%, SIMV in 6.3%, ‘‘other’’ types of invMV in 3.3% and
CPAP in 1.6%. The use of invMV varied between regions
(ESM Table E2, Figure E1), and also between different
groups of acute medical diseases (ESM, Table E3).

FIO2, VT and PEEP used during invasive MV were on
average 50% (40-80%), 8 mL/kg body weight (6.9-
9.4 mL/kg) and 5 cmH2O (3-6 cmH2O), respectively.
More than half (51.6%) of patients were ventilated with a
VT C 8 mL/kg body weight, and still 25% were venti-
lated with a VT C 9.4 mL/kg. More than a third (33.4%)
with a PEEP of \5 cm H2O, with 17.3% (n=1,128)
patients with ZEEP.
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For reasons of analysis, patients were grouped into
four quartiles of the PaO2/FiO2 ratio: 106.5 (79.3-131.4),
196.9 (175.0-219.6), 294.5 (267.5-320.0) and 430 (386.7-
494.0) respectively. With decreasing PaO2/FiO2 ratio,
patients were more often ventilated with a PEEP C 5 cm
H2O and tidal volumes \8 mL/kg (Figure 1, ESM Table
E5). In patients with evidence for severe respiratory
failure (lowest PaO2/FIO2 ratio quartile) this difference
was statistically significant (both p\0.001). Moreover, in
the subgroup of patients with ALI/ARDS (n=998), 15.9%
of patients were ventilated with a PEEP \ 5cm H2O and
30.5% with a VT C 8 mL/kg body weight.

Outcome

Mechanically ventilated patients exhibited a significantly
increased raw mortality rate compared to noMV patients
(36.4 vs. 17.5%, p\0.001). However, after risk

adjustment, mortality rates were not different between the
two groups (1.01 [0.99-1.04] and 1.00 [0.95-1.05],
respectively). Patients assisted with NIV exhibited a sig-
nificantly reduced risk-adjusted mortality compared to
patients assisted with invMV (0.79 [0.69-0.90] vs. 1.03
[1.00-1.06, respectively]. The excluded postsurgical
patients (n=2,946) exhibited a hospital mortality of 2.5%.

Hospital mortality was not different whether VT was
higher or lower than 8mL/kg in the whole cohort (35.7 vs.
37.4%; n.s., O/E ratio 1.01 (0.97-1.05) and 1.02 (0.97-
1.06), respectively). However, in the least hypoxemic
patients a VT C 8mL/kg was associated with a trend for
an increased risk of death, (relative risk 1.08, (95% CI:
0.98 - 1.19).

There was no difference in mortality rates whether
PEEP was higher or lower than 5 cm H2O in the whole
cohort (36.3 vs. 35.4%, O/E ratio 0.99 (0.96-1.02) and
1.03 (0.98-1.08), respectively) or in the different PaO2/
FIO2 quartiles. However, in invMV patients, ZEEP was

Table 1 Demographic and clinical data

n % n % n % p-value
Number of patients 6261 554 6507
ICU LOS, days (median, Q1-Q3) 3.0 (1.0-4.9) 4.0 (1.7-8.3) 4.0 (1.8-10.3) <0.001
Gender <0.001
   Female 2614 41.8 219 39.5 2460 37.8
   Male 3641 58.2 335 60.5 4042 62.1
   Missing 6 0.1 5 0.1
Age, years (median, Q1-Q3) 63 (48-74) 69 (56-77) 64 (48-74) <0.001
ICU admission status <0.001
   Planne 036 16. 4 13. 463 22.5
   Unplanned 5050 80.7 463 83.6 4874 74.9
   Missing 175 2. 7 3.1 170 2.6
Acute Infection at ICU admission <0.001
   No infectio 781 76.4 323 58.3 4608 70.8
   Clinically improbable/colonization 91 1. 4 4.3 154 2.4
   Clinically probable/documented 940 15.0 156 28.2 1213 18.6
   Microbiologically documented 446 7. 1 9.2 524 8.1
   Missing 3 0.0 8 0.1
Surgical status <0.001
   No surgical procedure 3903 62.3 373 67.3 2748 42.2
   Scheduled surgery 1054 16. 8 15. 530 23.5
   Emergency surgery 876 14. 0 10.8 1896 29.1
   Missing 428 6.

1d 75

18

4n
25

51

88
60
38 3 6.0 333 5.1

SOFA score (median, Q1-Q3) 2 (1-4 5)  (3-6  (3-8) <0.001
SAPS 3 score (median, Q1-Q3) 45 (37-54) 58 (51-66) 58 (47-70) <0.001
Outcome
  ICU mortality (%) 12.1 18.

4 1

9 1

24 9.8
  Hospital mortality (%) 17.5 27.8 37.1

NoMV NI nvMV

NoMV, NIV and inv MV are explained in the Methods section. LOS: length of stay; Q1, Q3: first and third quartiles;
The exact definition of all variables can be found in the ESM of the original SAPS 3 report [9].
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associated with significantly increased odds to die in the
hospital (OR 1.29 [1.08-1.53], ESM Table E7). This
resulted also in a significantly increased risk-adjusted
mortality for these patients (O/E ratio 1.12 [1.05-1.18],
ESM Figure E2].

Sensitivity analysis revealed that that some influence
factors which were significant in the imputed data set did
not reach statistical significance within the complete cases
data set (data not shown).

DISCUSSION

This study is, to the best of our knowledge, one of the
largest ever performed on the epidemiology of mechani-
cal ventilation in the ICU. Most of the previous studies

involved specific patient typologies (e.g., acute lung
injury, acute respiratory distress syndrome or COPD) or
were done in fewer centres. On the other hand, this study
used a high-quality multinational database that, although
not primarily designed for the assessment of the epide-
miology of mechanical ventilation, may in fact reflect the
heterogeneity of current ICU case mix and typology from
299 ICUs in 35 countries all over the world.

We found that mechanical ventilation is one of the
most common interventions employed in intensive care:
More than half of the patients were ventilated in the first
24 h after ICU admission, a value greater than that
described in some studies (2, 3, 14, 15) but similar to that
in others (16, 17). Regarding this figure, it should be
noted that 2946 post-surgical patients were excluded,
since they represent a cohort that needs rather interme-
diate then intensive care. The fact that these patients

Table 2 Organ dysfunction / failure and the use of mechanical ventilation

Organ System
n % n % P-value RR LCL UCL

Cardiovascular
Normal 4404 62.4 4985 79.6 <.0001
Dysfunction 1383 19.6 871 13.9 1.31 1.26 1.36
Failure 1253 17.7 390 6.2 1.63 1.57 1.68
Missing 21 0.3 15 0.2

CNS
Normal 3831 54.3 3676 58.7 <.0001
Dysfunction 842 11.9 530 8.5 1.20 1.15 1.26
Failure 1626 23.0 164 2.6 1.78 1.73 1.83
Missing 762 10.8 1891 30.2

Hematological
Normal 4562 64.6 4504 71.9 <.0001
Dysfunction 1930 27.3 1113 17.8 1.26 1.22 1.30
Failure 365 5.2 248 4.0 1.18 1.11 1.27
Missing 204 2.9 396 6.3

Hepatic
Normal 4056 57.4 3615 57.7 <.0001
Dysfunction 2323 32.9 1786 28.5 1.07 1.03 1.11
Failure 501 7.1 531 8.5 0.92 0.86 0.98
Missing 181 2.6 329 5.3

Renal
Normal 5388 76.3 5162 82.4 <.0001
Dysfunction 1402 19.9 894 14.3 1.20 1.15 1.24
Failure 261 3.7 195 3.1 1.12 1.03 1.22
Missing 10 0.1 10 0.2

Respiratory
Normal 996 14.1 3377 53.9 <.0001
Dysfunction 2778 39.3 2884 46.1 2.15 2.03 2.29
Failure 2770 39.2 0 0.0 4.39 4.16 4.64
Missing 517 7.3 0 0.0

MV No MV

MV: mechanical ventilation; RR: relative risk; LCL: lower confidence limit; UCL: upper confidence limit; LCL-UCL depicts
the 95% confidence interval; CNS: Central nervous system
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exhibited an extremely low hospital mortality of 2.5%
supports this.

Despite the widespread recommendation for the use of
NIV in patients with acute exacerbation of COPD and
with cardiogenic pulmonary edema, immuno-suppression
and specific postoperative conditions (18), our study
shows that NIV was used only in a minority of ventilated
patients (4.2% at admissi\\\on, 7.3% during the first three
days). These values are lower than the 11% reported by
Esteban et al. in a worldwide cohort (15) or the 23% of
the French survey (17). Consistently we found that use of
NIV varied significantly with ICU type and region. The
fact, that patients assisted with NIV exhibited a better
outcome than invasively ventilated patients confirms the
need for a careful selection of possible candidates for NIV
(18, 19, 20).

As reported by others, A/CMV was the main invasive
ventilatory mode, (3, 15, 19). Our data confirm the
widespread use of SIMV as an isolated ventilatory mode.
SIMV was used in 6.3% of invasively ventilated patients,

which is similar to the 5.8% reported by Esteban et al. in
2000 (3) (see also ESM, Figure E1 ? E2).

Ventilation with high VT has been repeatedly linked
to lung injury in ALI/ARDS (4, 24-26) and in normal
lungs (6, 7, 27). In our cohort, setting of VT varied sig-
nificantly: more than half of invMV patients were
ventilated with a VT C 8 mL/kg actual body weight.
Moreover, a third of patients admitted due to ALI/ARDS
were ventilated with such a setting. This finding is con-
sistent with data from previous studies (21-23) and might
be cause for concern. Especially if we consider that
actual body weight usually exceeds predicted body
weight by 20% [4], but ventilator settings should rather
use the latter one. Unfortunately, there were too many
missing data on patients’ height to calculate predicted
body weight in our cohort. This means that our median
VT of 8.0 mL/kg of actual body weight might even
underestimate the really used VT – which could be as
high as 9.6 mL/kg of predicted body weight, a value
similar to that described in previous series [28].

Table 3 Multivariate analysis: Predictors for the use of mechanical ventilation (MV versus no MV)

 Unit Odds Ratio 95%-CI p-value 
Age Age 10 1.01 1.001 1.009 0.0081 

CHF NYHA III or IV  1.07 1.032 1.107 0.0014 
Haematological cancer  0.92 0.874 0.972 0.0092 

Comorbidities 

Cancer  0.94 0.893 0.979 <.0001 
Emergency room  0.80 0.778 0.820 <.0001 
Other ICU  0.84 0.817 0.862 <.0001 

Intrahospital location 
(Reference: OR) 

Other  0.76 0.742 0.781 <.0001 
Basic observation and care  1.04 1.019 1.062 0.0047 
Haematological cancer  0.94 0.896 0.982 0.0005 
Metabolic  0.95 0.924 0.977 <.0001 
Neurologic  1.09 1.065 1.113 <.0001 
Renal  0.93 0.906 0.963 <.0001 
Respiratory  1.26 1.238 1.286 <.0001 

Reasons for ICU
  admission 

Other  1.10 1.071 1.134 <.0001 
Surgical status No surgery  0.90 0.882 0.927 0.0002 
(Reference: Scheduled
  surgery) 

Emergency surgery  1.03 1.002 1.049 0.0006 

Lower respiratory tract  1.06 1.030 1.084 0.0046 Infection - Site 
Urinary tract  0.92 0.878 0.971 0.0002 

Infection - Acquisition Hospital acquired  1.06 1.029 1.090 <.0001 
GCS (score) -3 1.13 1.134 1.118 0.0371 
Bilirubine (mg/dL) 5 1.01 1.002 1.024 <.0001 
Body temperature, highest (°C) 1 0.98 0.977 0.990 <.0001 
Heart rate, highest 10 1.01 1.009 1.015 0.0032 
Leucocytes, highest (103/mm3) 10 1.01 1.004 1.017 <.0001 
pH, lowest -0,1 1.04 1.047 1.032 <.0001 
Platelets (G/L) 100 0.98 0.973 0.987 <.0001 

Physiological variables 

Systolic blood pressure,  
  lowest (mmHg) 

10 0.98 0.980 0.984 <.0001 

CHF: Chronic heart failure; Intrahospital location: location before ICU admission. GCS: Glasgow Coma Scale Score; OR: Operation
room; The exact definition of all variables can be found in the ESM of the original SAPS 3 report [9]. Odds ratios [ 1 favor mechanical
ventilation.
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Patients with the lowest PaO2/FIO2 ratios were venti-
lated more often with tidal volumes \8mL/kg body
weight, than were patients with higher PaO2/FiO2 ratios
(Figure 1, white bars). This is consistent with results from
previous studies showing that lower values of VT were
used in patients with a higher severity of lung injury (21,
23). However, it should be noticed that in our cohort still
45.8% of these patients were ventilated with tidal vol-
umes C8 mL/kg. Since a low PaO2/FIO2 might be
indicative for ALI, this seems to be at least a reason for
concern. Correspondingly, higher PEEP values were used
in these patients (Figure 1, grey bars). Again it should be
noticed, that still approximately a third of patients with
the lowest PaO2/FIO2 ratio (27.8%) and 15.9% of patients
with the admission diagnosis ALI/ARDS were ventilated
with PEEP values \5 cm H2O (Figure 1, ESM Table E5).

A substantial portion of invasively ventilated patients
was managed without any PEEP at all. Invasive
mechanical ventilation with ZEEP was independently
associated with mortality (ESM Table E6, Figure 2). It is
well known that PEEP may prevent alveolar de-recruit-
ment associated with lower VT, thus reducing shear stress
and also reduce the impact of denitrogenation atelectasis
(observed in patients ventilated with high oxygen con-
centrations) (29-32). Moreover, Ferguson et al. (23) have
shown an association between low values of PEEP and
mortality in ARDS patients. Although an independent
association between ZEEP and higher mortality has not
been consistently found in all patient typologies, a large
amount of data exists which supports this finding (4, 22,
24, 25, 33-37).

Our study has obviously some limitations: First, data
on the use of MV were limited to the first 3 days of the
ICU stay. Second, due to the epidemiologic nature of our
study, no data concerning ventilatory mechanics or

specific morbidity potentially associated with MV, such
as barotrauma or infection are available. Moreover, data
about the eventual use of MV before study enrolment
were not available. Also, data about indications for MV
were not available. For this reason we cannot fully
exclude a potential bias which might confound the asso-
ciation between MV settings and outcome.

With respect to the use of NIV we cannot present data
on the use of NIV before ICU admission, nor about those
patients who were failing on NIV and therefore later
during the ICU stay switched to invMV. Thus, the
improved outcome (although risk-adjusted) must be
viewed with caution and needs further prospective
studies.

Multiple imputations to compensate for missing values
were performed in cases of missing values (which made
up 4%). However, differences were found between the
complete cases data set and the imputed data sets in a
sense that some influence factors in the imputed data set
did not reach statistical significance within the complete
cases data set. This may be explained by the much smaller
sample size of the complete cases dataset (n= 7,.050) and
is furthersupported by the observation, that most of the
non-significant odds ratios in the complete cases data set
were further away from one than the corresponding sig-
nificant odds ratios in the imputed data set. For this reason
we decided to report only the imputed values here.

In conclusion, MV is one of the most common inter-
ventions employed in the intensive care unit, with more
than half of the patients being mechanically ventilated.
However, the use of MV is still variable and possibly also
a reason for concern: Several patients with evidence for
acute lung injury (low PaO2/FiO2 ratios) were ventilated
with tidal volumes [8 mL/kg actual body weight.
Moreover, ZEEP was found to be used in a high
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Fig. 1 Tidal Volume and PEEP
according to PaO2/FiO2 ratios.
The graph shows the percentage
of patients ventilated with a
PEEP C5cmH2O (grey bars) or
tidal volumes \8mL/kg body
weight (white bars) for different
groups of the PaO2/FiO2 ratio
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percentage of invasively ventilated patients and this was
associated with a worse outcome, even after controlling
for severity of disease.
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M, Soto L, Abroug F, Brochard L; Me-
chanical Ventilation International Study
Group (2005) Airway pressures, tidal
volumes, and mortality in patients with
acute respiratory distress syndrome.
Crit Care Med 33:21-30

24. Amato MB, Barbas CS, Medeiros DM,
Schettino GD, Lorenzi Filho G, Kairalla
RA, Deheinzelin D, Morais C,
Fernandes ED, Takagaki TY (1995)
Beneficial effects of the ‘‘Open lung
approach’’ With low distending
pressures in acute respiratory distress
syndrome. A prospective randomized
study on mechanical ventilation. Am J
Respir Crit Care Med 152:1835–1846

25. Amato MB, Barbas CS, Medeiros DM,
Magaldi RB, Schettino GP, Lorenzi-
Filho G, Kairalla RA, Deheinzelin D,
Munoz C, Oliveira R, Takagaki TY,
Carvalho CR (1998) Effect of a
protective-ventilation strategy on
mortality in the acute respiratory
distress syndrome. N Engl J Med
338:347–354

26. Ranieri VM, Suter PM, Tortorella C,
De Tullio R, Dayer JM, Brienza A,
Bruno F, Slutsky AS (1999) Effect of
mechanical ventilation on inflammatory
mediators in patients with acute
respiratory distress syndrome: A
randomized controlled trial. JAMA
282:54–61
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