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Abstract Objective: To evaluate the
prevalence and outcome of the
acute respiratory distress syndrome
(ARDS) among patients requiring
mechanical ventilation.
Design: A prospective, multi-insti-
tutional, initial cohort study includ-
ing 28-day follow-up.
Settings: Thirty-six French intensive
care units (ICUs) from a working
group of the French Intensive Care
Society (SRLF).
Patients: All the patients entering
the ICUs during a 14-day period
were screened prospectively. Hy-
poxemic patients, defined as having
a PaO2/FIO2 ratio (P/F) of
300 mmHg or less and receiving
mechanical ventilation, were classi-
fied into three groups, according to
the Consensus Conference on
ARDS: group 1 refers to ARDS
(P/F: 200 mmHg or less and bilateral
infiltrates on the chest X-ray); group
2 to acute lung injury (ALI) without
having criteria for ARDS (200 <
P/F £ 300 mmHg and bilateral infil-
trates) and group 3 to patients with
P/F of 300 mmHg or less but having
exclusion criteria from the previous
groups.
Results: Nine hundred seventy-six
patients entered the ICUs during
the study period, 43 % of them being
mechanically ventilated and 213
(22 %) meeting the criteria for one
of the three groups. Among all the
ICU admissions, ARDS, ALI and
group 3 patients amounted, respec-

tively, to 6.9 % (67), 1.8 % (17) and
13.3 % (129) of the patients, and
represented 31.5%, 8.1 % and
60.2 % of the hypoxemic, ventilated
patients. The overall mortality rate
was 41% and was significantly high-
er in ARDS patients than in the
others (60 % vs 31% p < 0.01). In
group 3, 42 patients had P/F less
than 200 mmHg associated with
unilateral lung injury; mortality was
significantly lower (40.5 %) than in
the ARDS group. In the whole
group of hypoxemic, ventilated pa-
tients, septic shock and severity in-
dices but not oxygenation indices
were significantly associated with
mortality, while the association with
immunosuppression revealed only a
trend (p = 0.06).
Conclusions: In this survey we found
that very few patients fulfilled the
ALI non-ARDS criteria and that
the mortality of the group with
ARDS was high.
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Introduction

Thirty years have elapsed since the first description of
the acute respiratory distress syndrome (ARDS) [1].
The actual incidence and the mortality rate of this syn-
drome are still debated. Significant differences in inci-
dence and mortality rates among studies may be attrib-
uted to differences in the type and strength of study de-
signs, as well as to the wide variety of definitions used
for this syndrome [2, 3].

Recent reports indicate a trend toward a decreasing
mortality rate in ARDS [4]. Because of the frequent
modifications of the definition, however, historical com-
parisons remain difficult [5]. An American-European
Consensus Conference on ARDS proposed new defini-
tions, with the aim of having a universally accepted def-
inition to allow more objective comparisons [6]. These
definitions tried to include a gradation in the level of hy-
poxemia, in order to differentiate the various stages of
acute respiratory failure [7]. To date, however, only a
few studies have used this definition [8, 9, 10, 11, 12].
We thus have little information about the prevalence of
this syndrome, using these definitions.

The purpose of our study was prospectively to evalu-
ate the prevalence, characteristics and outcome of
ARDS among mechanically ventilated patients within
French ICUs, using the most recent definitions pro-
posed by the Consensus Conference. The clinical char-
acteristics of the patients, including etiologies and un-
derlying diseases, and the incidence of associated organ
failures were collected. Mortality rate at 28 days and
risk factors of deaths were analyzed.

Methods

Study design

A prospective initial cohort study was conducted involving pa-
tients admitted during a 14-day period from May 20th to June
2nd, 1996, in 36 (24 medical and 12 mixed medical-surgical) inten-
sive care units (ICUs) (representing 665 ICU beds), participating
in a working group of the French Language Society of Intensive
Care Medicine (SociØtØ de RØanimation de Langue Francaise; in-
cluding Swiss, Belgian and Tunisian members). The 36 ICUs be-
longed to hospitals with 350±2673 beds (median: 925 � 609). They
were located in university hospitals (25 ICUs), non-university affil-
iated referral hospitals (6 ICUs) or private institutions (5 ICUs).

For all the patients entering these ICUs during the 2-week pe-
riod of the study, a daily screening was performed over 7 days after
admission to assess inclusion criteria to the study. Patients fulfill-
ing the entry criteria within this 1-week period were prospectively
followed for 28 days after their inclusion in the study. The three
main entry criteria were: (1) the need for mechanical ventilation
either through endotracheal intubation or with non-invasive venti-
lation for at least 6 h per day, (2) hypoxemia defined as PaO2/FIO2
ratio of 300 mmHg or less and (3) an acute onset of respiratory
failure. Three groups of hypoxemic, mechanically ventilated pa-
tients with acute respiratory failure were defined prospectively.

Bilateral infiltrates on frontal chest radiograph and a capillary
wedge pressure of 18 mmHg or less or no clinical evidence of ele-
vated left atrial pressure were necessary to meet the criteria for
groups 1 and 2 [6]. Group 1 corresponded to the acute respiratory
distress syndrome (ARDS) definition and included patients with
PaO2/FIO2 ratio of 200 mmHg or less regardless of positive end-
expiratory pressure (PEEP) level. Group 2 corresponded to pa-
tients meeting the acute lung injury (ALI) definition but not hav-
ing ARDS (PaO2/FIO2 ratio of 201±300 mmHg, regardless of
PEEP level). Group 3 included patients with PaO2/FIO2 ratio of
300 mmHg or less regardless of PEEP level, but not having other
inclusion criteria for ALI or ARDS or having exclusion criteria
for these groups. Patients having a PaO2/FIO2 ratio of 200 mmHg
or less, but in whom the exclusion criterion from the ARDS group
was the presence of unilateral injury, were included in group 3 and
constituted a particular sub-group (group 3unil). This latter group
was isolated to see whether it differed from patients included as
ARDS [6].

Data collection

Protection of the privacy of personal data satisfied the provisions
of French laws on ªInformatique et LibertØº. For each patient in-
cluded in the study, demographics and previous health status
(Mac Cabe score) [13] were recorded, as well as their general clas-
sification as medical, scheduled or non-scheduled surgical patients.
Immunosuppression was defined by one of the following: recent
chemotherapy, radiation, leukemia, metastatic cancer, immuno-
suppression therapy for organ transplant, AIDS or corticosteroids
(long course of treatment and/or high dosage). The mode of ICU
referral was notified, including duration and location of hospital
stay before ICU admission. The Simplified Acute Physiology
Score II (SAPS II) [14] was calculated after admission to the ICU
(day 1 = SAPSa), and at the time of inclusion in one of the groups
(SAPSi). Because the PaO2/FIO2 ratio is part of SAPS II calcula-
tion, we calculated a corrected score without this value (SAPSi').
An organ failure score (ODIN score) [15] was also calculated on
admission to the ICU (ODINa) and at the time of inclusion when
different (ODINi). ODINi and SAPSi were calculated on the
worst values observed during the 24 h surrounding the patient's in-
clusion.

The causes of acute hypoxemia were notified using standard-
ized definitions in all the centers. Criteria for aspiration of gastric
contents included a strongly suspected aspiration based on predis-
posing factors (difficult intubation, altered mental status, etc.) and
the evidence of vomiting and/or gastric contents in the oropharynx
at the time of intubation, or actually witnessed aspiration [8, 16].
Pneumonia was defined as clinical evidence of primary lung infec-
tion from bacterial, viral, fungal or parasitic infection with positive
blood cultures or Gram's stain and/or culture of distal protected
samples or bronchoalveolar lavage specimens. The etiologies of
hypoxemia were grouped in six mutually exclusive categories: left
cardiac failure, chronic obstructive pulmonary disease (COPD) ex-
acerbation, abdominal sepsis, extra-abdominal sepsis, direct pul-
monary injury (whatever the etiology) and others. Because of the
very small number of cases, acute pancreatitis was included in ªab-
dominal sepsisº.

The presence of the systemic inflammatory response syndrome
(SIRS), of the sepsis syndrome or of septic shock were collected at
inclusion using previously defined criteria [17]. Arterial blood gas
values, ventilator settings and all data used to calculate the lung in-
jury score (LIS) [18], were collected at inclusion.
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Evolution

After the first 24 h of inclusion, episodes of sustained worsening in
ventilatory status, defined as a 20% decrease in PaO2/FIO2 ratio,
were recorded, as well as possible changes from the initial group
of inclusion (i. e., group 2 to group 1). Suspected causes for this
worsening were chosen among a list of 65 previously defined
items.

Outcome

Acute respiratory distress syndrome patients (group 1) were com-
pared to other hypoxemic non-ARDS, patients (groups 2 and 3).
Groups 1 (ARDS) and 3unil (unilateral lung injury with PaO2/
FIO2 ratio of 200 mmHg or less) were also compared. The final
outcome was assessed at day 28 after inclusion. Survivors and
non-survivors were compared to determine the mortality risk fac-
tors among the entire population of hypoxemic patients.

Statistical analysis

Medical records were reviewed in each center by a member of the
Collaborative Group. A test to ensure the quality of the data was
performed by the team of our Medical Information Unit, using
gatekeeper values for extreme values, along with the confirmation
that the entry criteria were truly met in all cases. The quality con-
trol process was reinforced by a daily control performed in each
center by a member of the Collaborative Group. The member of
the Collaborative Group was contacted in cases of any abnormali-
ty, inconsistency or outlier values in the patient's files. Moreover,
investigators' meetings were organized in an attempt to ensure a
homogeneous quality of recording.

Continuous data are presented as means � standard deviations.
Non-categorical and categorical variables were compared using
unpaired t-tests and a chi-square test, respectively. The survival
rate was analyzed using logistic regression allowing for the effects
of the inclusion group (ARDS compared to non-ARDS). The ef-
fects of the following prognostic factors found to influence survival
by univariate analysis (p < 0.2) were explored: age, PaO2/FIO2,
LIS, PaCO2, pH, PEEP, immunosuppression, septic shock, number
of infiltrates, chemotherapy, SIRS, AIDS, SAPS II score at inclu-
sion and ODIN score at inclusion. The results are presented as
odds ratio for mortality effect (survivors compared to non-survi-
vors), the 95% confidence limits for the odds ratio and associated
probability value. The same parameters were included in the logis-
tic regression model for patients included in the ARDS group and
unilateral lung injury group.

Survival curves were estimated using the product-limit method
of Kaplan-Meier and were compared using the log-rank test. A
probability value (p) of less than 0.05 was accepted as indicating
statistical significance. All statistical tests were two-tailed.

Results

Overall characteristics

The characteristics of the 36 ICUs participating in the
study are reported in Table 1. During the 14-day inclu-
sion period, 976 patients were admitted, 424 (43 %) re-
ceived mechanical ventilation and 213 (152 males and

61 females; 22 % of all admissions) fulfilled the study
criteria for acute hypoxemia (PaO2/FIO2 ratio of
300 mmHg or less). Sixty-seven patients entered the
ARDS group (group 1), amounting to 6.9 % of the en-
tire screened population, 15.8 % of the mechanically
ventilated patients and 31.5 % of the hypoxemic, venti-
lated patients. This prevalence of ARDS varied from
0 % (in nine centers accounting for 18 % of all ICU ad-
missions) to 18.75% (in two centers accounting for 3 %
of all ICU admissions). Seventeen patients fulfilled cri-
teria for acute lung injury (ALI) without ARDS (group
2). Among the 129 remaining hypoxemic, ventilated pa-
tients constituting group 3, 41 had left ventricular fail-
ure and 42 patients did not meet the ARDS criteria de-
spite a PaO2/FIO2 ratio of 200 mmHg or less because of
unilateral infiltrate (group 3unil).

More than 80% of the patients met the inclusion cri-
teria within the first 48 h of their admission in the ICU,
as shown on Fig.1, no patient entering after day 5. Sev-
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Table 1 Main characteristics of the 36 Intensive Care Units in-
volved in the study

Mean ± SD Median Extreme
values

Number of ICU beds 18 ± 8 15 8±45
Acute care 15 ± 6 12 6±30
Intermediate care 7 ± 7 6 0±22

Number of ICU admissions
(6 months)*

419 ± 305 308 153±1362

ICU mortality rate (%)* 18 ± 12 16 4±68

Modes of ICU referral (% of admissions)*
Direct admission 37 ± 23 37 1±87
Other units, same hospital 37 ± 24 30 3±83
Other hospital 26 ± 18 20 2±63

* Calculated for the period from January 1th to June 30th, including
the study period

Fig.1 Delay between admission in the ICU and inclusion into the
study (D1). Circles, triangles and squares refer to groups 1, 2 and
3, respectively



enty-seven per cent of the patients were admitted for
medical reasons, 9 % after a scheduled surgery and
14% after emergency surgery, with no differences in
the distribution among the three groups. As shown in
Table 2, 63% of all hypoxemic patients were hospital-
ized prior to their ICU admission. In those, the length
of prior hospital stay was not significantly different
among the three groups. At inclusion, 17 patients were
ventilated non-invasively (12 in group 3 and 1 in group
2). Four (24 %) of them eventually required endotra-
cheal intubation.

Causes of respiratory failure

The etiologies of hypoxemia are reported in Table 3. In
the ARDS, as in the ALI, group there were two main
categories: direct lung injury and abdominal sepsis. By

contrast, in group 3 left cardiac failure, exacerbation of
COPD and direct lung injury represented approximate-
ly one-third of the diagnosis each.

Comparison of ARDS and non-ARDS patients

Differences between ARDS (group 1) and non-ARDS
patients (groups 2 and 3) are shown in Table 4. ARDS
patients were younger, had lower values of oxygenation
and were ventilated with a higher PEEP. SAPSa and
SAPSi did not statistically differ within each group, but
were significantly higher in ARDS compared to others,
even when the PaO2/FIO2 ratio was excluded from the
calculation (SAPSi'). The organ dysfunction score at in-
clusion (ODINi) was significantly higher than at the
time of ICU admission (ODINa) in the two groups. A
significant difference was observed between ARDS
and others for both scores (ODINa and ODINi). Twelve
ARDS patients only (18 % of all ARDS cases) were in-
cluded without any other organ dysfunction, compared
to 53 patients (31 %) in the other two groups (p < 0.01).
The distribution and the number of non-pulmonary or-
gan dysfunctions at inclusion are shown in Figs. 2 and 3.
Lastly, septic shock was more frequently observed in
ARDS patients (51 %).
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Table 2 Patients' location prior to ICU and distribution of the pa-
tients according to different length of hospital stay (days) prior to
their ICU admission

ARDS
(Group I)
(n = 67)

Others (Groups II
and III)
(n = 146)

Overall
(n = 213)

Direct admission 15% 16 % 16%

Emergency Room 23% 20 % 21%

Hospital ward 46% 50 % 49%

Other ICU 6% 14 % 14%

LOS prior to ICU
(days)
K 1 50% 49 % 49%
1±2 8% 15 % 13%
2±7 22% 16 % 18%
> 7 20% 20 % 20%

Abbreviations: LOS: Length of hospital stay

Table 3 Distribution of patients according to the etiology of re-
spiratory failure in each group of patients

Group I
(ARDS)
n (%)

Group II
(ALI)
n (%)

Group III
(Others)
n (%)

Left cardiac failure 0 (0) 0 (0) 41 (32)

COPD exacerbation 2 (3) 3 (17) 31 (24)

Direct lung injury 33 (49) 10 (56) 34 (26)
with:
± infectious pneumonia 16 10 16
± Aspiration 13 0 15
± Others 4 0 3

Abdominal sepsis 21 (31) 4 (22) 1 (1)

Extra abdominal sepsis 3 (5) 0 (0) 2 (1)

Other etiologies 8 (12) 0 (0) 20 (16)

Total 67 (100) 17 (100) 129 (100)

Table 4 Comparison between patients with ARDS and other hy-
poxemic patients

Group I
(ARDS)
(n = 67)

Groups II
and III
(n = 146)

P value

Age (years) 55 ± 17 61 ± 16 0.008
PaO2/FiO2 117 ± 41 179 ± 65 0.001
LIS 3.1 ± 0.8 2.2 ± 0.5 0.001
PaCO2 (mmHg) 48 ± 14 50 ± 12 0.06
pH 7.36 ± 0.08 7.38 ± 0.05 0.17
PEEP (cmH2O) 8 ± 4 6 ± 3 < 10�3

VE (L/mn) 11 ± 7 11 ± 7 0.62
SAPSa 55 ± 22 46 ± 20 0.02
SAPSi 58 ± 21 47 ± 20 0.01
SAPSi¢ 48 ± 21 39 ± 19 0.01
ODINa 2.8 ± 1.3 1.9 ± 1.0 0.03
ODINi 6.0 ± 4.5 3.6 ± 3.1 0.003
SIRS 8% 13% 0.01
Severe sepsis 20% 25% < 10�4

Septic shock 51% 14% < 10�4

Immunosuppression n (%) 14 (21) 22 (15) 0.33
Mac Cabe score 1.7 ± 0.8 1.7 ± 0.7 0.53
Mortality rate at day 28 60% 31% 0.0001

(Abbreviations: PEEP: positive end-expiratory pressure, VE: ex-
pired minute volume, LIS: lung injury score, SAPS: simplified
acute physiology score, ODIN: organ dysfunction and/or infection
score; a and i after SAPS and ODIN refer to the score calculated
at admission for a and at inclusion for i; SAPSi¢ refers to SAPS va-
lue without PaO2/FiO2 ratio value for calculation, SIRS: systemic
inflammatory response syndrome) Mean values are given ± SD



Evolution after inclusion in the study

After initial inclusion in a non-ARDS group, four pa-
tients secondarily fulfilled ARDS criteria (1 from group
3 and 3 from group 2). These four patients were includ-
ed in the ARDS group for analysis. Eighty-five episodes
of worsening of the ventilatory status were recorded in
51 patients, including 71 episodes in 44 ARDS patients.
These episodes were primarily explained by septic
shock (39 %), nosocomial infection (24 %) and blood
transfusion (22 %). Other causes of ventilatory worsen-
ing were found among ARDS patients (cardiac arrest
in 8 patients and dysfunction of the endotracheal tube

in 3). Septic shock following a nosocomial infection
was the cause of the change in group of inclusion in the
four patients mentioned above.

Risk factors for mortality

The overall mortality rate of the patients included in the
study was 40 %. Mortality at day 28 was significantly
higher among ARDS patients than others (60 % versus
31%; p < 0.001) (Fig. 4). A comparison of clinical char-
acteristics between survivors and non-survivors is shown
in Table 5. In a multivariate analysis using the whole
population of hypoxemic, ventilated patients the follow-
ing variables were found to be independently associated
with mortality (Table 6): (1) septic shock (p < 0.002), (2)
SAPS II (p < 0.001) and (3), close to significance, immu-
nosuppression (p = 0.06). The mortality rate of patients
who demonstrated septic shock at inclusion was 73 %
(40/55).

Comparison between patients with ARDS (group 1)
and patients having unilateral lung injury and a PaO2/
FIO2 ratio less than 200 (group 3unil) is shown in Ta-
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Fig.2 Relative percentage of patients demonstrating at least one
organ dysfunction, other than the lung, in the ARDS group (open
bars) and in the other groups of hypoxemic patients (groups 2 and
3) (dashed bars). *p < 0.01, **p < 0.001

Fig.3 Distribution of patients according to the number of organ
dysfunctions in the group of ARDS patients (open bars) and in
the other groups of hypoxemic patients (groups 2 and 3I) (dashed
bars). A single organ dysfunction means lung injury only. *p < 0.01

Table 5 Clinical characteristics of the hypoxemic patients: Com-
parisons of survivors and non survivors

Survivors
(n = 128)

Nonsurvivors
(n = 85)

P value

Age (years) 58 ± 17 61 ± 17 ns
Medical patients 77 % 77% ns
Scheduled surgery 8% 9% ns
Unscheduled surgery 15 % 14% ns
LOS prior to ICU (days) 6 ± 12 6 ± 13 ns
Mac Cabe score 1.63 ± 0.9 1.90 ± 0.8 < 0.01
SAPSa 40 ± 15 61 ± 22 < 0.01
SAPSi 41 ± 14 64 ± 21 < 0.01
SAPSi¢ 32 ± 14 55 ± 20 < 0.01
ODIN a 1.8 ± 0.9 2.7 ± 1.4 < 0.01
ODIN i 1.8 ± 0.4 2.7 ± 1.4 < 0.01
LIS 2.6 ± 1.6 2.3 ± 1.5 ns
Number of quadrants 2.0 ± 1.4 2.6 ± 1.3 0.06
PEEP (cm H2O) 3 ± 7 3 ± 4 ns
PaO2/FiO2 175 ± 21 138 ± 65 < 0.01
PaCO2 (mmHg) 48 ± 38 52 ± 36 0.06
pH 7.40 ± 0.09 7.30 ± 0.15 0.001
VE (L/mn) 11 ± 9 10 ± 3 ns
SIRS 8% 6% 0.08
Severe sepsis 39 % 19% < 0.01
Septic shock 12 % 45% < 0.01
Immunosuppression (n) 15 27 0.07
ARDS/Non ARDS (%) 21/79 45/55 < 0.01

(Abbreviations: PEEP: positive end-expiratory pressure, VE: ex-
pired minute volume, LIS: lung injury score, SAPS: simplified
acute physiology score, ODIN: organ dysfunction and/or infection
score; a and i after SAPS and ODIN refer to the score calculated
at admission for a and at inclusion for i; SAPSi¢ refers to SAPS
value without PaO2/FiO2 ratio value for calculation, SIRS: system-
ic inflammatory response syndrome) Mean values are given ± sd



ble 7. In ARDS patients the LIS score (number of quad-
rants), and the level of PEEP applied were higher,
whereas the mean PaO2/FIO2 was lower. SAPSi' (calcu-
lated without PaO2/FIO2) and ODINi were also differ-
ent between the two groups. At day 28, a difference in
mortality was observed (p = 0.05). As shown in Fig.4,
death occurred significantly earlier in the ARDS group
(p < 0.05). A multivariate analysis, shown on Table 8,
indicates that the differentiation between ARDS and
unilateral lung injury was an independent factor of mor-
tality. Lastly, the 41 patients excluded from the ARDS
group due to left heart failure had a 36% mortality
rate, which again significantly differed from ARDS
mortality (p < 0.01).

Discussion

The prevalence of ARDS in this study was 6.9% of all
ICU admissions and 15.8 % of all mechanically ventilat-
ed patients. The mortality rate of this group was 60%
and was significantly higher than for the other hypoxe-
mic patients. SAPS II and septic shock were indepen-
dently linked to the risk of death, while the association
with immunosuppression revealed a trend (p = 0.06).
The prevalence of ARDS amounted to 7 % among
ICU patients in this study, which is higher than the prev-
alence of 2±3 % reported by others using a similar defi-
nition of ARDS [9, 19].

One of the limitations of this study is the relatively
short period of time (3 weeks) over which it was con-
ducted. This was counterbalanced by the large number
of ICUs included. Previous incidence studies on this
syndrome found totals of 17 [20], 30 [21]and 48 patients
[19] with severe forms of acute respiratory failure and/
or ARDS. As such, our study constitutes one of the larg-
est published databases of patients with this syndrome
and without being selected for intervention trials. An-
other limitation comes from the imprecise nature of the
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Fig.4 Kaplan-Meier survival curves for
time of ICU stay up to day 28 for patients
with ARDS (group 1, n = 67) (lower curve,
-#-), patients with oxygenation criteria for
ARDS but unilateral lung injury (group
3unil, n = 42) (middle curve, full squares),
and all other patients (groups 2 and 3 ex-
cept 3unil, n = 104) (upper curve). p < 0.05
for ARDS vs group 3unil, p < 0.01 for
ARDS vs other hypoxemic patients

Table 6 Multivariate model of variables associated with mortality
in 213 patients with acute hypoxemia (PaO2/FiO2 K 300 mmHg)

Variable Odds Ratio 95% CI p Value

Septic Shock 4.32 1.88±9.95 < 0.001
Immunosuppression 2.31 1.05±5.72 0.06
SAPSII K 40 1
41 K SAPSII < 60 2.38 1.01±5.63 < 0.001
SAPSII L 60 19.2 7.16±51.50

(Abbreviations: SAPS: simplified acute physiology score)

Table 7 Comparisons between ARDS patients (GI) and patients
having an unilateral lung injury with PaO2/FiO2 ratio
K 200 mm Hg (Group III unil)

GI (ARDS)
(n = 67)

Group III unil
(n = 42)

P value

Age (years) 55 ± 17 60 ± 19 0.06
PaO2/FiO2 117 ± 41 148 ± 39 0.05
LIS 3.1 ± 0.8 1.8 ± 0.8 0.01
PaCO2 (mmHg) 45 ± 14 44 ± 14 0.21
pH 7.36 ± 0.08 7.37 ± 0.08 0.72
PEEP (cm H2O) 8 ± 4 6 ± 5 0.04
VE (L/mn) 9 ± 2 9 ± 1 0.59
SAPSi 58 ± 21 46 ± 20 0.09
SAPSi¢ 48 ± 21 37 ± 19 0.01
ODINa 2.8 ± 1.3 1.9 ± 1.0 0.06
ODINi 6.0 ± 4.5 3.5 ± 2.8 0.01
Mac Cabe score 1.7 ± 0.8 1.5 ± 0.7 0.16
Mortality rate (%) at
day 28 60% 40.5% 0.05

(Abbreviations: PEEP: positive end-expiratory pressure, VE: ex-
pired minute volume, LIS: lung injury score, SAPS: simplified
acute physiology score, ODIN: organ dysfunction and/or infection
score; a and i after SAPS or ODIN refer to the score calculated at
admission for a and at inclusion for i; SAPSi¢ refers to SAPS value
without PaO2/FiO2 ratio value for calculation). Mean values are
given ± sd



radiographic definition of ARDS. This, however, is in-
herent in all the published definitions of this syndrome.
Whether more precise guidelines or the use of comput-
ed tomography scanning to define ARDS will be of
some help in the future, needs further investigation. Re-
cent data suggest that a more stringent chest radiograph
definition did not lead to a different outcome [22].

Using the definition of ALI and ARDS proposed by
the American-European Consensus Conference on
ARDS, very few patients were classified in the ALI
non-ARDS group, contrary to what was expected.
Sloane et al. have previously shown, however, that a
more liberal definition of ARDS, such as the definition
used for ALI, resulted in identification of the same pa-
tients, but earlier in their clinical course [23]. A similar
follow-up was used in this study, but most of the patients
entered the study with ARDS criteria, and patients with
ALI non-ARDS (PaO2/FIO2 between 200 and
300 mmHg) were poorly represented in our study; only
three of these patients secondarily fulfilled the criteria
for ARDS. It must be emphasized, however, that 68%
of the patients were already hospitalized before ICU ad-
mission, and their previous respiratory status before
ICU admission was not evaluated. It is possible that
most patients meeting the ALI, but not the ARDS, cri-
teria were still located in the ordinary wards, receiving
additional oxygen and no mechanical ventilation. Some
patients may not be identified because of the need for
mechanical ventilation to measure the PaO2/FIO2 ratio
in this study. Differences in the prevalence of ALI/
ARDS observed in the literature may thus also result
from differences in ICU admission policies. These re-
sults, however, question the interest in an ALI/non-
ARDS definition, in the light of the low number of pa-
tients entered in this group. The classification proposed
may not represent a realistic gradation of the different
stages of acute respiratory failure. Other have also sug-
gested that a threshold of 150 mmHg for PaO2/FIO2
may better identify the most severe patients [8].

The mortality rate of the ARDS patients was 60%,
which contrasts with the results of some recent studies
claiming a marked improvement in ARDS mortality,
nearing 40% [4, 24]. Others, however, have reported
similar results. Doyle and colleagues, defining ARDS

with a PaO2/FIO2 ratio less than 150, reported a mortal-
ity rate of 56% [8]. Lewandowski and colleagues report-
ed a mortality of 58.8% using the score described by
Murray and co-workers (LIS) to diagnose ARDS [18,
20]. Until this study, only a few reports had strictly ad-
hered to the Conference Consensus criteria for ARDS
definition, so making it difficult to ensure the adequacy
of comparisons between the different series [9, 10, 11].
Moreover, patients in this survey were mostly recruited
among medical ICUs and did not include trauma pa-
tients, who usually have a much lower mortality [9, 12].

Although patients with ARDS had a significantly
higher mortality than other hypoxemic, ventilated pa-
tients (61 % vs 35%; p < 0.001), ARDS per se did not
appear as a significant factor associated with mortality.
When the entire population of hypoxemic patients was
considered, only three variables were independently
linked to mortality: SAPS II score at inclusion (with
and without PaO2/FIO2 ratio), septic shock and, close
to reaching statistical significance, immunosuppression.
Different predictive criteria for mortality in ARDS
have been described, including age [4, 19, 20, 23], non-
pulmonary organ system dysfunction [8, 19, 21, 25, 26,
27, 28, 29], sepsis [29, 30, 31] or the severity of acute re-
spiratory failure itself [18, 20, 25]. Most of these studies
did not include a score of severity in their analysis, how-
ever, except for Knaus et al., who demonstrated the ac-
curacy of an APACHE III stratification to predict the
risk of mortality in ARDS [19]. These scores include
age, which probably explains why it did not appear as
an independent predictor in the present study, as found
in other reports [4, 19, 20, 23]. Besides, one recent report
has challenged this criteria in ARDS patients, suggest-
ing that age could be a bias influencing decisions to
withdraw support [32].

We found that patients with ARDS had significantly
more non-pulmonary organ dysfunctions than the other
hypoxemic patients. This finding has been considered as
a predictor of mortality in ARDS [8, 19, 21, 25, 26, 27,
28, 29]. Although 82% of the ARDS patients had at
least one other non-pulmonary organ dysfunction, this
did not appear as an independent predictor of mortality.
However, organ dysfunction criteria are, at least partial-
ly, included in the SAPS II score and are closely linked
with the presence of septic shock.

The severity of acute respiratory failure has often
been shown to predict mortality [18, 20, 25]. In our
study, non-survivors exhibited a lower PaO2/FIO2 than
survivors at inclusion, but the PaO2/FIO2 ratio did not
appear as an independent variable associated with mor-
tality, when all hypoxemic patients were considered.
Thus, the initial severity of the oxygenation defect ap-
pears to have little prognostic value; this finding is con-
sistent with those in other series [8, 9, 22]. However,
the other factors influencing oxygenation, such as the
PEEP level, cardiac output, mixed venous oxygen satu-
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Table 8 Multivariate model of variables associated with mortality
in ARDS (Group I) and Group III unil. (n = 109 patients)

Variable Odds Ratio 95% CI p Value

Septic Shock 2.99 1±10 < 0.05
Immunosuppression 18.8 2.5±139 < 0.01
SAPSII K 40 1
41 K SAPSII < 60 4.62 1±20 < 0.001
SAPSII L 60 29.2 5.6±152
ARDS vs Group III unil 8.5 1±77 < 0.05

(Abbreviations: SAPS: simplified acute physiology score)



ration and time, are not taken into account, which may
totally mask some real associations of oxygenation with
prognosis. In addition, only hypoxemic patients were
included, which makes it more difficult to find the de-
gree of hypoxemia that has a significant prognostic im-
pact.

Immunosuppression appears independently associat-
ed with the risk of mortality. Although it has been dem-
onstrated that ARDS increases the mortality rate in im-
munosuppressed patients [28, 33], only one earlier se-
ries, to our knowledge, has demonstrated that immuno-
suppression is, per se, a factor of mortality in a non-se-
lected population of ARDS [34]. It must be emphasized
that most of the published studies on ARDS mortality
did not include immunocompromised patients. Our
study, however, cannot give a definitive conclusion be-
cause of the borderline statistical significance of the
test (p = 0.06), which may be explained by the low num-
ber of patients involved (n = 36).

The other main predictor of mortality in this series
was septic shock at inclusion. The role of sepsis in this
population is illustrated by the large number of patients
demonstrating the criteria for sepsis, along with the fre-
quent role of sepsis that was observed in a worsening of
ventilatory status. These results are consistent with pre-
vious studies showing the influence of septic shock on
ARDS mortality [9, 29, 35, 36, 37, 38]. ARDS patients
in this study seemed to have a similar mortality rate to
that usually reported in septic shock patients (60 %)
[39, 40, 41].

Panelists of the American-European Consensus
Conference discussed whether patients with severe uni-
lateral disease and severe hypoxemia (group 3unil)
should be included in the ARDS group. In this study,
these two groups differed markedly. Using the same ox-
ygenation criteria, we found that patients with unilateral
versus bilateral lung disease differed in the number of
dysfunctional organs , which probably explains the sig-
nificant difference in mortality (Fig. 4). We also found,
however, that this classification was an independent pre-
dictor of mortality, suggesting that it may well represent
two different syndromes. This also shows that using the
PaO2/FIO2 ratio alone, and not taking into account the
other factors influencing oxygenation, may not be a suf-
ficient means with which to classify patients.

In summary, we found that ARDS patients repre-
sented 6.9 % of all admissions to the ICUs, and had a
28-day mortality rate of 60%. The ALI non-ARDS
group was poorly represented in this study and only a
few patients from this particular group secondarily ful-
filled the criteria for ARDS. Indices of severity and sep-
tic shock correlated with mortality, in contrast to oxy-
genation criteria, which did not. Future prospective ran-
domized trials on ARDS should consider stratification
for severity indices as well as sepsis and immunosup-
pression.
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The trial includes the following institutions and individ-
uals : Hôpital L. Mourier, Colombes, Prof D. Dreyfuss;
Hôpital A. BØcl�re, Clamart, Dr. F. Brivet, Dr. F. Jacobs;
Institut Mutualiste Montsouris Jourdan, Paris, Dr. M.
Wysocki; Centre Hospitalier V. Dupouy, Argenteil, Dr.
H. Mentec; Centre Hospitalier RØgional, La-Roche-
Sur-Yon, Dr. E. Clementi; CMC, Bligny, Dr. P. Andrivet;
CHU du Kremlin Bic�tre, Dr. A. Mercat; CHU St An-
toine, Paris, Dr. E. Maury; Centre Hospitalier Louise
Michel, Evry, Dr. R. Boiteau, Dr. A. Tenaillon; Hôpital
St Camille, Bry-Sur-Marne, Dr. J-F. Loriferne, Dr. I.
Cattaneo; Hôpital Bichat-Claude Bernard, Paris, Dr. F.
Bruneel, Dr. M. Wolff; Prof J. Chastre; Hopital Erasme,
Bruxelles, Prof M. Leeman; Institut Gustave Roussy,
Villejuif, Dr. F. Blot; Hôpital Boucicaut, Paris, Dr. E.
Guerot, Dr. J-L. Diehl; CHU Bourghiba, Monastir,
Prof F. Abroug, Dr. S. Nouira; CHU F. Widal, Paris,
Dr. F. Lapostolle, Prof F. Baud; Hôpital Broussais, Paris,
Dr. B. Tournier, Prof J-Y. Fagon; Hôpital Calmette,
Lille, Dr. N. Lefebvre-Leleu, Dr. C. Poisson; Hôpital Pi-
tiØ-SalpØtri�re, Paris, Dr. T. Similowski; CHU Nord,
Marseille, Dr. L. Tomachot, Prof C. Martin; CHRU, Ni-
mes, Dr. C. Bengler, Dr. C. Arich; Hopital AndrØ
GrØgoire, Montreuil, Dr. S. Nseir, Dr. J-L. Pallot;
CHU, Rouen, Dr. C. Girault, Prof G. Bonmarchand;
CHU Vaudois, Lausanne, Dr. M-D. Schaller; Hôpital
Raymond PoincarØ, Garches, Dr. D. Annane; CHU,
Strasbourg, Dr. F. Schneider, Dr. M-N. Liegeon, Dr. P.
Savoer; Hôpital Central, Nancy, Dr. B. Levy; Hôpital
Sainte-Marguerite, Marseille, Dr. L. Papazian; CHU,
Angers, Dr. G. Bouachour; CMC Foch, Suresnes, Dr. F.
Thaler; Hopital Saint-Joseph, Paris, Dr. B. Misset, Dr.
C. Cheval; Hopital Henri Mondor, CrØteil, Dr. S. Ela-
trous, Dr. E. Roupie, Prof C. Brun-Buisson, Prof F.
Lemaire, Prof L. Brochard, Prof E. Lepage; Centre
Hospitalier Tourcoing, Dr. B. Leroy, Dr. D. Guery; Cen-
tre Hospitalier, Besançon, Dr. T. Jacques, Dr. G. Capel-
lier; Centre Hospitalier Niort, Dr. Martin-Barbaz, Prof
J.-M. Descamps; CHU Bordeaux, Prof Y. Castaing.
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