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ORIGINAL

Current definitions of acute lung injury
and the acute respiratory distress
syndrome do not reflect their true severity

and outcome

Abstract Background: Despite in-
tensive research, there are no uni-
versally accepted clinical definitions
for acute lung injury (ALI) or the
acute respiratory distress syndrome
(ARDS). A recent joint American-
European Consensus Conference on
ARDS formally defined the differ-
ence between ALI and ARDS based
on the degree of oxygenation im-
pairment. However, this definition
may not reflect the true prevalence,
severity and prognosis of these syn-
dromes.

Methods: During a 22-month period,
56 consecutive mechanically venti-
lated patients who met the Ameri-
can-European Consensus definition
for ARDS [arterial oxygen tension/
fractional inspired oxygen (PaO,/
FIO, <200 mmHg regardless of the
level of positive end-expiratory
pressure (PEEP), bilateral pulmo-
nary infiltrates, and no evidence of
left heart failure] were admitted into
the intensive care units (ICU) of the
Hospital del Pino, Las Palmas,
Spain, and prospectively studied.
The diagnosis of ALI and ARDS
was made by a PEEP-FIO, trial,

24 h after patients met the Consen-
sus inclusion criteria. Patients were
classified as having ALI ,,,, if the
PaO,/FIO, was > 150 mmHg with
PEEP =5 cmH,0, and ARDS_,,; if
the PaO, /FIO, was < 150 mmHg
with PEEP = 5 cmH,0.

Results: Overall mortality was 43 %
(24 of 56). However, 24 h after in-
clusion, PaO, response to PEEP

5 cmH,0O allowed the separation of
our patients into two different
groups: 31 patients met our ALI ,,;,
criteria (PaO,/F10, > 150 mmHg)
and their mortality was 22.6 %; 25
patients met our ARDS_,,,, criteria
(PaO,/FI10, £ 150 mmHg) and their
mortality was 68 % (p = 0.0016).
The differences in the respiratory
severity index during the first 24 h of
inclusion, PaO,/FIO, ratio at base-
line and at 24 h, maximum plateau
airway pressure, maximum level of
PEEP, and number of organ system
failures during the ICU stay were
statistically significant.

Conclusions: Since the use of PEEP
in the American-European Consen-
sus criteria for ARDS is not manda-
tory, that definition does not reflect
the true severity of lung damage and
outcome. Our data support the need
for guidelines based on a specific
method of evaluating oxygenation
status before the American-Euro-
pean Consensus definition is adopt-
ed.

Key words ARDS - Acute lung
injury - Sepsis - Outcome - Risk
factor - Positive end-expiratory
pressure - Oxygenation index -
Definition
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Introduction

Definitions are an essential component of medical pro-
gress, but they are not immutable and need to be refined
continuously as new knowledge is accrued. In 1967,
Ashbaugh et al (1) studied a cohort of 272 patients who
were receiving ventilatory support and from this cohort
identified 12 patients with a syndrome that was similar
to the infant respiratory distress syndrome. The patients
were identified as having respiratory distress with tac-
hypnea, hypoxemia, decreased respiratory system com-
pliance, and bilateral pulmonary infiltrates. The mortal-
ity was 58 % and at autopsy the non-survivors had heavy
lungs, atelectasis, interstitial and alveolar edema, as well
as hyaline membranes. Since that time, the hallmarks of
the acute respiratory distress syndrome (ARDS) have
included: (1) a risk factor for the development of
ARDS, (2) arterial hypoxemia despite a relatively high
fractional inspired oxygen (F10,); (3) decreased pulmo-
nary compliance, (4) bilateral pulmonary infiltrates, and
(5) all the above in a setting in which cardiogenic pul-
monary edema has been ruled out.

Although there is general agreement on the criteria
on which to base a definition of ARDS, the specific
ranges and conditions under which to evaluate these
variables vary among clinicians and researchers. Fur-
thermore, ARDS is a syndrome that cannot be de-
scribed by any single laboratory test and is not associat-
ed with or caused by any single etiology. This highlights
the question of whether a universal definition of
ARDS is required. In terms of prognosis of patients
with ARDS, there would certainly be some utility in
having a universal definition so that data in the litera-
ture could easily be interpreted for use by individual
physicians. When viewed from the prospective of re-
search into ARDS, a very strong argument can be
made for a universal definition since it would help stan-
dardize experimental and clinical studies related to eti-
ology, pathophysiology and treatment of this syndrome,
as well as improve our ability to compare data among
various studies and centers [2]. In an attempt to over-
come some of these problems, a lung injury scoring sys-
tem [3] and a recent joint American-European Consen-
sus definition [4] have been adopted in a number of
studies. However, these definitions and scoring systems
have not, as yet, been validated. In this study, we hy-
pothesize that the current American European Consen-
sus ARDS criteria do not identify patients with similar
lung injury severity and outcome.

Patients and methods

During a 22-month period, 56 consecutive mechanically ventilated
patients who met the American-European Consensus definition
for ARDS [arterial oxygen tension (PaO,/FIO, <200 mmHg re-

gardless of the level of positive end-expiratory pressure (PEEP),
bilateral pulmonary infiltrates visible on an anterior/posterior
chest radiograph with no clinical evidence of left heart failure]
were admitted into the intensive care units (ICU) of the Hospital
del Pino, a teaching hospital located on the island of Gran Canaria,
Spain. Some of these patients were studied as part of a prospective,
multicenter, European study of the epidemiology of ARDS.

All patients admitted into the ICU with respiratory failure due
to acute lung injury (ALI) were considered for this study. The
term ARDS was reserved for the most severe form of ALI. Inclu-
sion criteria for the diagnosis of ALI or ARDS were: (a) a condi-
tion known to have a clinical association for the development of
ALI or ARDS; (b) bilateral pulmonary infiltrates on chest X-ray,
(c) refractory arterial hypoxemia, (d) no clinical or hemodynamic
(pulmonary capillary wedge pressure < 18 mmHg) evidence of
left atrial hypertension. According to the American-European
guidelines [4], ALI was deemed to exist when the PaO,/FIO, ratio
was < 300 regardless of the PEEP level and ARDS when the PaO,/
FIO, ratio was < 200 regardless of the PEEP level.

Although refractory arterial hypoxemia was defined as the
presence of PaO, <100 mmHg with FIO, > 0.5 regardless of the
PEEP level, a PEEP FIO, trial was performed in every patient af-
ter 24 h of meeting the inclusion criteria in an attempt to define
the impact of lung function improvement on ALI or ARDS out-
come. After 30 min of ventilation at a tidal volume (V) of 10 ml/
kg with a square wave inspiratory flow, F1IO, 0.5, PEEP 5 cmH,0,
and inspiratory/expiratory time ratio of 1/2, an arterial blood sam-
ple was drawn for arterial blood gas analysis. For our purposes, pa-
tients were classified as having ALI if the PaO,/FIO, ratio
was = 150 mmHg with PEEP 5 cmH,0 (ALIL,,,), and ARDS if
the PaO,/FIO, ratio was <150 mmHg with PEEP >5 cmH,O
(ARDS_,,;) [2, 5]. We did not drop PEEP in those patients who re-
quired PEEP > 5 cmH,O to maintain adequate gas exchange.

Data compiled from each patient included the following: (a)
demographic information; b) clinical conditions associated with
the development of ALI/ARDS, (c) routine laboratory measure-
ments, (d) Simplified Acute Physiology Score (SAPS) [6], (¢) num-
ber of days on mechanical ventilation, (f) number of days in the
ICU, (g) pulmonary physiologic and ventilatory measurements, in-
cluding arterial blood gases, level of PEEP, duration of
PEEP > 10 cmH,O, maximum plateau airway pressure, respirato-
ry severity index [P(A-a)O,/PAO, + 0.014 PEEP] [7], FIO,, dura-
tion of FIO, > 0.7, (V,), (h) cardiovascular data, (i) number of or-
gan failures, (j) outcome. Definitions of sepsis and organ failure
were those previously described by Fry et al. [8], Bell et al. [9],
and Villar et al. [10]. We considered renal failure, liver failure, cen-
tral nervous system failure, cardiac failure, shock, gastrointestinal
failure, and disseminated intravascular coagulation as organ sys-
tem failures in addition to lung failure. Any organ failure occurring
during the 12-h period prior to death was considered part of the
terminal event and therefore, not counted. In general, therapeutic
goals were to maintain PaO, > 70 mmHg, systolic systemic blood
pressures > 90 mmHg, right or left end-diastolic ventricular filling
pressures between 5 and 15 mmHg, hemoglobin concentrations of
9 to 14 g/dl, and diuresis > 0.5 ml/kg per h. In addition, no patient
received nitric oxide or other experimental pharmacologic inter-
vention for either ALI and ARDS or for sepsis.

Results of the descriptive statistics are expressed as mean = SE
or median and range, as indicated. Continuous data were com-
pared with the #-test. Pearson’s chi-square test was used to com-
pare frequency distributions of categorized variables between dif-
ferent groups. Mean values from variables without a normal distri-
bution were analyzed using the Mann-Whitney U test. For these
analyses we considered a difference to be statistically significant if
p <0.05. A comparison of survival between the groups was per-
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Table 1 Clinical conditions associated with the development of the acute respiratory distress syndrome. Values are number (%)

Etiology Total ARDS Mortality (%) Group 1 Mortality Group 2 Mortality
(ALL,, , patients) (ARDS_,, , patients)

Trauma 17 5(29.4) 13 3(23.1) 4 2 (50)

Gastric aspiration 13 5(38.4) 8 3(37.5) 5 2 (40)

Sepsis 11 7 (63.6) 3 1(33.3) 8 6 (75)

Pneumonia 9 3(33.3) 5 - 4 3(75)

Acute pancreatitis 4 3(75.0) 1 - 3 3 (100)

Eclampsia 1 - 1 — -

Drug overdose 1 1 (100) - - 1 1 (100)

Total 56 24 (42.9) 31 7(22.6) 25 17 (68)

formed using Kaplan-Meier curves and the log-rank test. All tests
of statistical significance were two-sided. The statistical software
SPSS was used for all statistical calculations.

Results

All assessed data from the 56 enrolled patients were
documented on a specifically designed form. Clinical
conditions associated with the development of ARDS
are shown in Table 1. Age ranged from 17 to 76 years
(mean 39 + 16 SE). There were 39 males (70 %) and 17
females (30%). As a whole, the most common predis-
posing factor for the development of ARDS (meeting
the American-European guidelines) was trauma
(30%), followed by gastric aspiration (23 %), sepsis
(20%), and pneumonia (16 %). Overall mortality was
42.9% (24 of 56). Acute pancreatitis and sepsis were
the factors associated with the highest mortality (75 %
and 63.6 %, respectively).

Twenty-four hours after patients met the inclusion
criteria, the PaO, in response to a PEEP-FIO, trial
with PEEP 5 cmH,0 and FIO, 0.5 separated this popu-
lation into two different groups: 31 patients had a
PaO,/FIO, ratio > 150 mmHg (group 1) and 25 patients
had a PaO,/FIO, ratio < 150 mmHg (group 2). Patients
within group 1 were classified as ALI ,,, and group 2
as ARDS_,,, Mortality of patients in group 1 was signif-
icantly lower than in group 2 (22.6 vs 68 %) (p = 0.0016).
Trauma was significantly more common in patients
within group 1 (42 %) than in group 2 (16 %) and sepsis
was the most common cause of ARDS in group 2 (32
vs 10%) (Fig.1).

The mean + SE for age, SAPS, respiratory severity
index, ventilatory variables and number of organ fail-
ures in each group are summarized in Table 2. The dif-
ferences in the respiratory severity index during the first
24 h of inclusion, PaO,/FIO, ratio at baseline and at
24 h, maximum plateau airway pressure, maximum
PEEP, and number of organ system failures during the
ICU stay were statistically significant. In general, pati-
ents in group 2 (ARDS_,,,) required higher levels of
FIO,, had a maximum inspiratory pressure above

ARDS vs. ALI

risk factors (%)

B ALI
& ARDS

trauma sepsis

aspiration pneumonia

Fig.1 Most common risk factors in 56 patients meeting the Amer-
ican-European Consensus Definition for ARDS. A PEEP-FIO,
trial at 24 h of entry criteria, separated these patients in to two
groups: (a) ALLI ,,,, When the PaO,/FIO, ratio was above
150 mmHg, and (b) aRDS_,,,, when the PaO,/FI10, ratio was be-
low 150 mmHg

40 cmH,0, required higher levels of PEEP, and had
three or more organ failures in addition to the lung. Fig-
ure 2 shows the survival curves for days in the ICU for
the two groups of patients (log rank test, p = 0.0259).
Most deaths occurred in the first 10 days of meeting the
ARDS_,,, inclusion criteria.

Discussion

ARDS is an important life-threatening condition that
commonly affects critically ill patients. Assessing the se-
verity of ARDS is important in determining the progno-
sis in any given patient and in assessing the benefit from
various forms of therapy. However, despite numerous
studies and clinical trials targeted to treat ARDS pati-
ents, there is a lack of demonstrable efficacy in reducing
the mortality associated with the development of this
syndrome. Although a number of studies have identi-
fied various factors that indicate a poor prognosis in pa-
tients with ARDS [11-13], the reported mortality data
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Fig.2 Survival curves for days in the ICU for patients who fulfill
the American-European Consensus Definition for ARDS after a
PEEP-FIO, trial at 24 h of the entry criteria. The group with
ALI ,,, represents the patients with a PaO,/FIO, ratio greater
than 150 mmHg (mortality 22.6 %) and the ARDS_,,, group in-
cludes patients with a PaO,/FIO, below 150 mmHg (mortality
68 %) (log rank test, p = 0.0259)

are greatly dependent on the specific criteria used for
the diagnosis of ARDS [2, 14]. In our study, we have
only focused our attention on how a recent proposed
definition for ARDS [4] might enhance the enrolement
of inappropiate patients into clinical trials and might ex-
plain some of the disparity in death rates among pub-
lished series.

In our cohort of patients, the use of the current defi-
nition of ARDS proved to be incapable of identifying a
uniform group of patients, although the most common
causes associated with the development of ARDS were
similar to those reported in other published ARDS

studies [15-17]. Surprisingly, the 43% mortality in
ARDS in our series was similar to that reported in sev-
eral recent published randomized, clinical studies
[18-21] evaluating ventilatory strategies. Amato et al.
[18] reported a mortality of 38 % in 29 ARDS patients
treated with a protective ventilation strategy, not signif-
icantly different from the 47 % mortality in 60 patients
studied by Stewart et al. [19], the 47 % mortality in 54
patients studied by Brochard et al. [20], and the 46 %
mortality in 26 patients studied by Brower et al. [21].
However, none of these studies used the same definition
for ARDS nor evaluated the same ventilatory ap-
proaches. Only Brower et al. [21] used the Consensus
Conference definition in their study. Stewart et al. [19]
enrolled patients with a PaO,/FIO, ratio below 250 at a
PEEP of 5 cmH,0, a less stringent criterion which may
have included many patients with mild acute lung injury.
Amato et al. [18] and Brochard et al. [20] included pati-
ents with a lung injury score of 2.5 or higher [3]. The
lung injury score considers various pathophysiologic
features but may not be specific for ARDS. Since this
scoring system has not been validated, it is not clear
whether patients with identical lung injury scores have
similar degrees of pulmonary pathology and the same
prognosis.

Our results illustrate the problems experienced when
trying to compare the findings of various clinical trials
since patients with very different levels of lung dysfunc-
tion and disease may have been enrolled. Since the Con-
sensus Conference definition for ARDS does not speci-
fy a level of PEEP for the oxygenation criterion, a pa-
tient could fit the ARDS criteria when a PaO, is mea-
sured with zero PEEP but not when measured at a
PEEP of 5 cmH,0O. Hudson et al. [15] and Doyle et al.
[16] never reported the value of PEEP at the time of
classification in their studies. Doyle et al. [16] found
that the mortality of patients with a PaO,/
FIO, < 150 mmHg at the time of enrollment was the
same as for patients with a PaO,/F10, > 150 mmHg (59

Table 2 Mean age, SAPS, ventilatory values, and number of organ ~ American-European ARDS inclusion criteria. Values are
failures between the ALI ,,, and ARDS ,,, groups. These groups mean + SE (RR relative risk)

were identified after a PEEP-FIO, trial at 24 h of meeting the

Parameter ALI 5, ARDS,,,, p 95 % confidence interval
No. 31 25

Mortality (%) 22.6 68 0.0016* RR (1.5t06.1)

Age (years) 37.4+19.6 409+ 14 0.437%* Uq (- 5.5t0 12.6)

SAPS, 1st day 104+32 112+£35 0.416%* uq (- 1.1t0 2.5)
Respiratory severity index 0.88 £ 0.08 0.93£0.09 0.023** Uq (0.01t0 0.1)

Days on mechanical ventilation 12+9 14+12 0.637%**

PaO,/FI10, (T0) (mm Hg) 116 £31 93+31 0.008%** uq (- 40.1 to — 6.3)
PaO,/FIO, (T24) (mm Hg) 233+ 54 11126 0.0001** Uq (— 145 to — 98)
Maximum plateau airway pressure (cmH,O) 38.6+4.2 49+7 0.0001%* Uq (7.13 to 13.3)
Maximum PEEP (cmH,0) 99+3 122+4.6 0.07 %=

No. of organ failures 1.5+1.5 3+1.5 0.0002%**

* Chi-square; ** t-test; *** Mann-Whitney U test; u, estimation of the mean of the differences
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vs 57 % ). We cannot provide the values of PaO,/FIO, on
admission under the same level of PEEP, but in a recent
analysis of 101 clinical studies on ARDS, Krafft et al.
[22] from Vienna found that neither the PaO,/FIO, ra-
tio nor the lung injury score on admission was a reliable
predictor of outcome. The most clinically relevant find-
ing in our study is that a very simple, easy-to-do bedside
maneuver allowed us to identify within 24 h of inclusion,
based on “standard” inclusion criteria, two groups of pa-
tients with presumably the same initial pulmonary de-
rangements but with different responses to treatment
and outcome. Despite receiving identical ventilatory,
hemodynamic, and general support, the degree of hy-
poxemia within 24 h of meeting entry criteria improved
significantly in more than 50% of our patients, and
only a fifth of them died, mostly due to complications
derived from their underlying disease.

Several studies have reported that differences in pa-
tient selection, severity of underlying disease, patient
age, and predisposition for ARDS may in fact explain
the differences in mortality in most patient series [10,
11, 14, 23-25]. In our study, none of the parameters eval-
uated during the first 24 h distinguished the two groups
of patients, except the respiratory severity index. Dur-
ing the European Collaborative Study, Artigas et al. [5]
partially addressed this issue in a book chapter, but the
data never received peer review evaluation. Bone et al.
[26] analyzed the magnitude of hypoxemia as manifest-
ed by the PaO,/FIO, ratio and its early response to con-
ventional therapy including PEEP in a group of 74 pati-
ents. In that study, the PaO,/FIO, ratio at the time of di-
agnosis of ARDS was the same in patients who lived as
in those who died (50 % mortality). However, by day 1
of conventional therapy, those patients who survived in-
creased their PaO,/F10,, whereas in non-survivors the
ratio was unchanged. That finding was never tested as
an independent predictor, and we could not validate it,
since 32 % of our patients with refractory hypoxemia at
day 1 survived.

Since the highest survival rate is found in patients
with trauma-associated ARDS, and trauma was the
most common etiology in our series, we reanalyzed our
data excluding patients with trauma as a primary cause
or risk factor for ARDS. Excluding trauma, the mortali-
ty was still significantly different between groups:
22.2% in ALI ,,;, (4 of 18) vs 71.4% in ARDS_,,, (15
of 21) (p = 0.006). To exclude the possibility that other
etiologies or parameters could be confounding factors,
we performed a multivariate analysis of predictive fac-
tors of death by using a model of logistic regression
with forward stepwise conditional methods in which we
included classification ALI,,, or ARDS,,;, as the
main independent variable, and SAPS, sepsis, or non-
sepsis as covariates. We found that none of these covari-
ates were confounding (sepsis p =0.6525; SAPS
p =0.6910). These results demonstrated that neither
trauma, sepsis, nor SAPS modifies the probability asso-
ciated with the higher mortality in the ARDS_,,, group
(68 %) compared to ALIL,,, (22.6%) (relative risk
3.011; confidence interval 1.5 to 6.1, as shown in Ta-
ble 2). Since the most common predisposition for
ARDS is infection, we performed the same analysis
with a new covariate (infectious vs non-infectious causes
of ARDS) by adding the cases of ARDS associated with
sepsis and pneumonia and we obtained similar results
(p = 0.8526).

We propose that the evaluation of the oxygenation
defect for those patients who fulfill the Consensus Con-
ference ARDS criteria should be determined with a spe-
cific level of PEEP, since the level of PEEP can marked-
ly alter the degree of hypoxemia. Considering the wide
spectrum of patients developing ALI, a more precise
and less ambiguous definition of ARDS is needed to in-
sure recruitment of uniform populations of patients into
clinical trials. Our data support the need for guidelines
based on a specific method of evaluating oxygenation
status before the American-European Consensus defi-
nitions for ALI and ARDS can be universally adopted.
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