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Syndromes, diseases and the challenge of 
definitions in intensive care medicine: the case 
of acute respiratory distress syndrome

SUMMARY. The development of Intensive Care Units (ICUs) has been 
associated with the emergence of new iatrogenic diseases, which 
reflect a continuous “cross-talk” between various different noxious 
stimuli, the preserved through the evolution of homeostatic patho-
physiological mechanisms and the treatment effects upon organ 
systems. One such disease or syndrome is the acute respiratory 
distress syndrome (ARDS). The majority of currently used defini-
tions for ARDS, including that proposed by the American-European 
Consensus Conference (AECC), apply common diagnostic criteria 
for different pathological processes, resulting in misclassification 
of heterogeneous groups of patients within the same syndrome. 
This brief overview emphasizes the significant questions that were 
raised by investigators regarding the description of ARDS in the 
early years. Despite the progress that has been made, many meth-
odological issues remain unresolved. The incorporation of new 
knowledge into appropriate definitions is a challenge, since the 
better understanding of the pathophysiology, and the design of 
clinical trials with positive results both depend on an appropriate 
description of ARDS. In this article, an attempt is made to emphasize 
the challenges of adopting a reliable and valid definition for ARDS, as 
indirectly proposed in the most recent relevant literature. Pneumon 
2009, 22(3):223-229. 

Editorial

Looking for an appropriate definition for ARDS

‘Physicians think they do a lot for a patient when they give his disease a 
name’

Immanuel Kant

The evolution of intensive care medicine has given rise to a unique chal-
lenge in medical taxonomy. The problem of description and classification 
is as old as medicine itself. The development of intensive care units (ICUs) 
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Πινακας 3. Ο τρέχων ορισμός της AECC και ο ορισμός του Ferguson με την τεχνική Delphi.

Υποξυγοναιμία Ακτινογραφία θώρακα Έναρξη

Πίεση ενσφήνωσης  
των πνευμονικών 

τριχοειδών (PAOP)
Bernard και συν. (1994)8

Ορισμός AECC
Διάγνωση του ARDS 
όταν όλα τα κριτήρια 
ισχύουν 

PaO2/FiO2 ≤ 300 (ALI)
PaO2/FiO2 ≤200 (ARDS)

Αμφοτερόπλευρες 
διηθήσεις

Οξεία έναρξη (δεν 
εξειδικεύεται)

≤18 mmHg ή απουσία 
κλινικής υπόνοιας υψηλών 
πιέσεων του αριστερού 
κόλπου 

Ferguson και συν. 
(2005)7

Τεχνική Delphi
Διάγνωση του ARDS 
με την παρουσία των 
κριτηρίων 1-4 και ενός 
από τα 5 ή 6

1. PaO2/FiO2 ≤200
με PEEP≥10 cm H2O

2. Αμφοτερόπλευρη νόσος 
των αεροφόρων οδών 

3. Εντός 72 ωρών 4. Μη καρδιακής αιτιολογίας 
(απουσία κλινικών 
ενδείξεων συμφορητικής 
καρδιακής ανεπάρκειας 
– περιλαμβάνοντας 
τη μέτρηση της ΡΑΟΡ 
με καθετήρα Swan-
Ganz και/ή τη χρήση 
υπερηχοκαρδιογραφίας)

5. Ελαττωμένη 
πνευμονική ευενδοτότητα 
(στατική ευενδοτότητα 
του αναπνευστικού 
συστήματος <50 mL/cm 
H2O, με τον ασθενή σε 
καταστολή, αναπνεόμενο 
όγκο [tidal volume -VT] = 
8 mL/Kg and PEEP ≥10 cm 
H2O) 

6. Προδιαθεσικοί 
παράγοντες
(άμεσα και/ή 
έμμεσα αίτια 
σχετιζόμενα με 
πνευμονική βλάβη)

has increased the complexity of this problem, since the 
expression of critical illness reflects a limited number of 
pathological responses to a remarkably heterogeneous 
group of stimuli. Acute respiratory distress syndrome 
(ARDS) is induced by a diverse group of insults but its clini-
cal phenotype is common to all insults, and reflects not 
only the causative stimulus but also the response of the 
lung to injury. With supportive treatment, the dominant 
clinical picture becomes no longer that of the primary 
disease, but the expression of a combination of various 
different pathological and homeostatic mechanisms 
and the consequences of treatment, since life-sustaining 
interventions, such as mechanical ventilation, themselves 
carry a significant risk of causing harm.1

The complex nature of critical illness generates a 
significant descriptive challenge. Intensive care physi-
cians debate the optimal definition of ARDS when its 
presentation has been characterized as iatrogenic, since 
it develops only in patients whose death has been fore-
stalled by the use of controlled mechanical ventilation. 
In addition, as Marshal and Aarts have commented, in 
contemporary intensive care medicine the physicians are 
treating illnesses rather than diseases.1 In the case if illness, 
they are dealing mainly with specific signs and symptoms 
because they lack a fundamental understanding of how 
these combine as manifestations of a common biologi-
cal process (i.e., a disease). The transition from illness to 
disease and syndrome, that is a particular combination 
of clinical and laboratory findings having a common 
pathological basis, reflects an advancing understanding 
of pathogenetic mechanisms, and ultimately, an increased 
probability of therapeutic success.

In the meantime, what is really happening with ARDS? 
Why, since 1967 when Ashbaugh first described ARDS2, 
have so many attempts been undertaken to adopt a 
more accurate and valid definition of the syndrome, 
questioning the value of the American-European Consen-
sus Conference (AECC) definition?3-11 The answer to this 
dilemma, according to Phua, is associated with a paradox: 
defining ARDS demands more data on pathophysiology 
and prognosis, while studying and understanding the 
disease entity is based on having a reliable and valid 
definition.9 Reliability, both intraobserver and interob-
server, characterizes a definition the results of which are 
reproducible, whereas validity describes a definition that 
can distinguish those patients with that disease from 
those without the disease.12 When attempts are made 
to further extend definitions in order to provide more 
pathophysiological information, such syndrome defini-

tions become more difficult to use. Oxygen-refractory 
hypoxaemia, stiff lungs and diffuse radiographic infiltrates 
not easily explained by haemodynamic factors have been 
described as a constellation of signs that reflect high 
permeability inflammatory oedema, associated with 
injury to the alveolar-capillary membrane.13 This inflam-
matory response may arise from either the airspace or 
the vascular side of the membrane.13 In addition, basic 
research has demonstrated a cross-tack between the two 
sides of that interface, making the understanding of the 
pathophysiology of the process even more confused.14 
Incorporation of such complex interrelationships into 
one simple definition seems impossible.

Their lack of simplicity may be the reason that intensive 
care physicians never fully adopted previous definitions 
of ARDS (Table 1),2-6 the Lung Injury Score (LIS) (Table 2)8 
or the score developed more recently by Ferguson based 
on the Delphi technique (Table 3).7 In contrast, the 1994 
criteria of the AECC definition (Table 3)8 were easy to 
understand and were finally applied by the vast major-
ity of physicians in the clinical setting. Adoption of this 

Table 1. Past definitions of acute respiratory distress syndrome 
(ARDS)
Authors Criteria
Ashbaugh et al 
(1967)2

• Severe dyspnoea, tachypnoea
• Cyanosis refractory to oxygen therapy
• Loss of lung compliance
• Diffuse alveolar infiltration on chest radio-

graph
• Hyperaemia, atelectasis, intersitial and 

alveolar haemorrhage and oedema, with 
hyaline membranes at autopsy

Bone et al 
(1976)3

• PaO2 ≤70 mmHg with FiO2 ≥0.5 with PEEP 
(amount of PEEP not specified)

Pepe et al 
(1982)4

• PaO2 ≤75 mmHg with FiO2 ≥0.5
• New diffuse bilateral chest infiltrates with 

all lung fields involved
• PAOP <18 mmHg
• Not due to heart failure, pleural effusion, 

atelectasis or bacterial pneumonia
Fowler et al 
(1983)5

• Sudden onset of bilateral pulmonary 
infiltrates

• PAOP ≤12 mmHg
• Compliance ≤50 mL/cm H2O
• PaO2/PAO2 ≤0.2

PAO2 = alveolar oxygen partial pressure, PaO2 = arterial oxygen 
partial pressure, PEEP = positive end-expiratory pressure, PAOP = 
pulmonary artery occlusion pressure.
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definition boosted research on therapeutic interventions 
and many randomized controlled trials (RCTs) aimed at 
evaluating measures for reducing mortality from ARDS 
have been conducted recently. Unfortunately, only a few 
of these studies have demonstrated improved survival,15-17 
which may be due to ineffectiveness of the interventions, 
or may be because the current AECC definition captures 
a heterogeneous group of patients whose problems 
might respond differently to those interventions. As 
Phua has suggested in a recent review, the confidence 
intervals of a treatment effect in a RCT are proportional 
to the square root of the sample size and the signal/noise 
ratio;9,18 signal reflects the absolute risk reduction, and 
noise is dependent on every source of variation that might 
affect this reduction. Failure of therapeutic trials can arise 
from a poor signal as a result of limited understanding 
of basic pathophysiology, or from excess noise through 
the inclusion of patients without ARDS. The diagnostic 

criteria for inclusion may affect the required sample size, 
since a narrow definition reduces explanatory accuracy 
of a therapeutic trial whereas a rather ‘liberal’ definition 
weakens the signal/noise ratio, with a risk of failing to 
detect a true treatment effect.9 In conclusion, improved 
understanding of possible pathophysiological mecha-
nisms has allowed researchers to recognize that there are 
no simple diagnostic tests for complex syndromes such 
as ARDS, and that the definition of ARDS per se suffers 
from significant limitations.

Evaluating the components  
of the American-European Consensus 
Conference (AECC) definition for ARDS

One problem in the evaluation of any ARDS definition 
is the lack of a gold standard. Diffuse alveolar damage 
(DAD) is the histological equivalent of ARDS.13 However, 

Table 3. Current American-European Consensus Conference (AECC) definition of acute respiratory distress syndrome (ARDS) 
and Delphi technique developed by Ferguson.

Hypoxaemia Chest radiograph Onset
Pulmonary artery 
occlusion pressure (PAOP)

Bernard et al (1994)8

AECC definition
Diagnose ARDS when all 
criteria are present

PaO2/FiO2 ≤300 (ALI)
PaO2/FiO2 ≤200 (ARDS)

Bilateral infiltrates Acute onset (not 
specified)

≤18 mmHg or no clinical 
suspicion of left atrial hyper-
tension

Ferguson et al (2005)7

Delphi definition
Diagnose ARDS by the 
presence of criteria 1-4 
and one of 5 or 6

1. PaO2/FiO2 ≤ 200 with 
PEEP≥ 10 cm H2O

2. Bilateral airspace 
disease

3. Within 72 hours 4. Noncardiogenic pulmo-
nary edema (no clinical 
evidence of congestive 
heart failure-including use 
of PAOP measurement 
and/or cardiac echo)

5. Decreased lung compli-
ance (static respiratory 
compliance <50 mL/cm 
H2O with patient se-
dated, tidal volume (VT) 
= 8 mL/Kg and PEEP ≥10 
cm H2O) 

6. Predisposition 
(direct and/or 
indirect factor 
associated with 
lung injury)

PaO2 = arterial oxygen partial pressure, PEEP = positive end-expiratory pressure

Table 2. Lung injury score (LIS).

Murray et al (1988)6 Hypoxaemia PaO2/FiO2

Consolidation on 
chest radiograph PEEP (cm H2O) Compliance (mL/cm H2O)

0
1
2
3
4

≥ 300
225-299
175-224
100-174

<100

No alveolar
1 quadrant
2 quadrants
3 quadrants
4 quadrants

≤ 5
6-8

9-11
12-14
≥ 15

≥ 80
60-79
40-59
20-39
<20

PEEP= positive end-expiratory pressure, Sum scores from each domain and divide by number used. ARDS is diagnosed when LIS >2.5.
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both Esteban and Ferguson who studied separately the 
findings from 382 patients who were autopsied after 
dying in an ICU in Madrid, found that the sensitivity 
and specificity of the AECC definition, the LIS, and the 
definition of ARDS based on the Delphi technique were 
only moderate when compared with the autopsy find-
ings of DAD.19,20 Ferguson concluded that the sensitivity 
of the AECC definition was higher (0.83) than that of the 
lung injury score (0.74) and the criteria based on Dephi 
technique (0.69), whereas the specificity was highest with 
the third method (0.82), suggesting that ARDS had been 
under-recognized by clinicians in non-survivors.20 In addi-
tion, Patel and colleagues, looking at patients who initially 
presented with the AECC definition criteria for ARDS, found 
that 60% of all open-lung biopsies performed in these 
patients did not reveal the presence of DAD.21

The first criterion of the AECC definition is acute onset.8 
This definition excludes chronic respiratory failure but 
does not specify the timelines for ‘acute’, while the ARDS 
definition according to the Delphi technique defines 
specifically onset within 72 hours.7

The second AECC criterion refers to hypoxaemia, and 
differentiates between acute lung injury (ALI) with a 
PaO2/FiO2 ratio (P/F) ≤300, and ARDS with P/F ≤200.8 The 
relationship between FiO2 and the P/F ratio varies consid-
erably, however, according to the magnitude of the true 
shunt. Different mathematical models have shown that 
this relationship exhibits a nonlinear evolution, particularly 
at high levels of inspired O2.

22 The magnitude of the true 
shunt largely influences the shape of the relationship 
curve, which remains flat or slightly decreased in patients 
with a high shunting fraction (≥25-30%).22,23 Application 
of high levels of positive end-expiratory pressure (PEEP) 
can reverse the above effect on oxygenation. Recently, 
Villar and colleagues have demonstrated that many 
patients who fulfill the AECC criteria show an improved 
oxygenation index 24 hours after application of PEEP ≥ 
10cmH2O and FiO2 ≥0.5, implying that AECC definition 
can include patients with varying levels of lung injury 
and mortalities.24 Gattinoni et al noted that patients with 
recruitable lungs had higher mortality than those with 
non-recruitable lungs25, but this study included subjects 
after 5±6 days of mechanical ventilation, meaning that the 
‘history’ of ventilatory support and/or the pathological 
process may affect disease evolution over time. Conversely 
to the findings of Villar and co-workers, the patients from 
Gattinoni’s study with pulmonary causes of ARDS had a 
worse outcome than those with extrapulmonary causes 
and did not respond to PEEP ≥10cmH2O and FiO2 ≥0.5. 

In conclusion, lack of mention of application of PEEP, 
respiratory mechanical properties or other ventilatory 
conditions at the time of oxygenation assessment limit 
both the reliability and the validity of the current AECC 
ARDS definition.

The other 2 criteria required for a definite diagnosis 
of ARDS are bilateral infiltrates on chest radiograph which 
‘should be consistent with pulmonary oedema’ and 
absence of clinical evidence of left atrial hypertension or 
pulmonary artery occlusion pressure (PAOP) ≥18 mmHg.8 
Radiological findings are confusing, since interobserver 
agreement between intensive care physicians concerning 
whether radiographic opacities qualify for the ARDS defini-
tion, was moderate and highly variable in a survey aimed 
at reviewing 28 randomly selected chest radiographs from 
critically ill patients with hypoxemia.26 Moreover, Rouby 
et al found that chest computed tomography (CT) of 10 
patients showed parenchymal abnormalities when the 
plain chest X-ray films were unhelpful.27

Distinction of ARDS from cardiogenic pulmonary 
oedema is based mainly on findings from the pulmonary 
artery catheter (PAC) and use of PAOP cutoff values of 18 
mmHg, based on the Forester classification of heart failure 
after acute myocardial infarction.28 However, PAOP may 
be increased due to aggressive iv fluid administration, 
low pulmonary compliance and high levels of PEEP and 
mean airway pressure.29-31 Increase in both PAOP and 
cardiac output in patients with septicaemia may deter 
the development of pulmonary oedema from hydrostatic 
origin. As Marini has suggested, unlike the vascularisa-
tion of healthy lungs, injured vessels leak at all pressures 
and since there is no sharp pressure cutoff for oedema 
formation, patients may slip from acute lung injury (ALI) 
to ARDS or vice versa according to fluid management.10 In 
addition, extensive use of echocardiography has shown 
that both systolic and diastolic left and/or right ventricular 
dysfunction may arise temporarily during severe sepsis 
and septic shock even in the absence of pre-existing 
heart disease.32 Ferguson has determined the incidence 
and severity of PAOP elevations in 71 patients with ALI/
ARDS in 8 ICUs and found that those who met the AECC 
criteria were more likely to develop high PAOP, and also 
had increased mortality, even in the absence of risk fac-
tors for congestive heart failure.31 He concluded that the 
exclusion of patients with PAOP ≥18mmHg probably 
increases the specificity of the AECC definition, but at the 
cost of significant reduction in sensitivity. Using indirect 
cardiac echo derived measures for evaluation of PAOP can 
overcome known pitfalls that arise from its measurement 
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from the PAC, such as placement outside the West zone 
III or unknown left ventricular compliance.33,34

Do we really need a new definition  
for ARDS?

Based on earlier discussions, many researchers have 
suggested that in order to improve reliability and validity 
a new definition of ARDS incorporating various aspects 
of the mechanical properties of the respiratory system 
needs to be applied.9,10,35 The inclusion of heterogeneous 
groups of patients with different pathologies, the lack of 
suitable biomarkers for early detection of a high perme-
ability inflammatory pulmonary edema, and confusion 
with left heart failure, all decrease the signal/noise ratio 
and lead to negative results in many clinical trials. The 
debate between ‘lumbers’ who adopt a more liberal 
definition for ARDS and ‘splitters’ who support a restric-
tive definition originates from 1975, when Tom Petty as 
a ‘lumber’ and John Murray as a ‘splitter’ were discussing 
differences in survival for the various predisposing causes 
of ARDS.36,37 Ultimately, the ‘lumbers’ won out, although 
as Marini has commented, at the present time the concept 
of ARDS is more or less like that of congestive heart failure, 
but ‘no modern day cardiologist would apply treatment 
without knowing which specific category of congestive 
heart failure he is dealing with’,10 and for that reason, ‘our 
ARDS image resembles one painted by Picasso, but what 
is really needed is the detail of Van Eyck’.10 Interstitial 
lung disease (ILD) constitutes a similar situation, in that 
it consists of different diseases presenting clinically and 
on chest radiographs in a similar way. In the case of ILD, 
however, the different entities respond differently to vari-
ous treatments, which facilitates effective management 
when the subgroup category is identified.38

Another issue that has emerged recently concerns 
the possibility of diagnosing and treating patients with 
ARDS outside the ICU. In a retrospective study by Quartin 
and co-workers, it was found that a subgroup of patients 
diagnosed as ARDS using the AECC criteria was adequately 
and safely treated in a non-ICU setting.39 This group had 
a mortality rate significantly lower than that of patients 
with ALI/ARDS who were initially admitted to the ICU. The 
importance of these findings is related to the possibility 
that non-ICU ALI/ARDS patients with single-organ failure 
represent a less severe manifestation of the syndrome, 
and that the inclusion of a severity score for the design 
of new RCTs might help in deciding which patients need 
admission to the ICU and which can safely stay in a non-

ICU environment, reducing the cost of treatment without 
increasing their risk.35

The second AECC for ARDS definition, held in 1998, 
reviewed different aspects of the clinical definition and 
its impact on clinical trials, but decided not to change it.40 
However, it proposed an alternative system for classifica-
tion of patients, similar to the Tumor-Node-Metastases 
(TNM) staging for malignancies, the so called GOCA system 
(i.e., Gas exchange, Organ failure, Cause, Associated dis-
ease).40 This system is not aimed at evaluating prognosis 
but rather describing with simplicity and clarity all the 
available clinical data related to the syndrome. It appears 
that the solution to the ‘definition paradox’ of ARDS lies 
in the deeper understanding of its pathophysiology and 
pathogenesis. The more we learn the more we approach 
an ideal definition by elucidating the underlying mecha-
nisms of the disease. In the meantime, perhaps the most 
realistic method for dealing with the limitations of the 
definition is to use the current AECC criteria and then 
modify them for each individual RCT, using a standard 
framework. For example, alveolar recruitment should be 
applied to those with a true treatment effect.9 Patients 
with different causes of ARDS, mechanical respiratory 
properties or pulmonary artery pressures have demon-
strated different therapeutic responses to various forms 
of treatment, such as selection of PEEP and FiO2,17 or prone 
positioning.41 Advances in basic research could unmask 
potential pathogenetic mechanisms that might become 
therapeutic targets in the near future.

In conclusion, as Roger Bone liked to remind us, since 
we are dealing with such complex diseases we must 
become better clinicians and enhance our judgment 
continuously at the patient’s bedside, in order to improve 
quality of care and generate clinically relevant questions 
that could be answered with well designed RCTs.42 In 
the meantime, to quote Faruqi and co-workers ‘when all 
patients with ARDS are receiving what we already know 
to be the best available care, then we may seek more 
stringent definitions’.11
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