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Introduction

Acute respiratory failure (ARF) results from a disorder in which lung function is
inadequate for the metabolic requirements of the individual. ARF in critically ill
patients is associated with mortality rates of between 40 and 65 % [1–13], and
represents a wide spectrum of syndromes with different severities, which should
be viewed in the context of the underlying pathology and associated organ dysfunc-
tion. Most of the published literature has focused on the severest forms of ARF,
namely acute lung injury (ALI) and acute respiratory distress syndrome (ARDS).

Mechanical ventilation is imperative in many forms of ARF, with additional
concerns about associated complications, e.g., hazards related to endotracheal
intubation  [14], ventilator induced  lung injury  (VILI) [15, 16] and ventilator
associated pneumonia (VAP) [17]. Clinical and experimental evidence [15, 16,
18–20] suggest that mechanical ventilation may influence end organ function, a
major determinant of outcome in this population.

The Spectrum of ARF

Failure of the respiratory system represents the final common pathway for a wide
range of respiratory disorders. The spectrum of ARF varies widely (Fig. 1) from the
severest form, namely ARDS, with severely impaired oxygenation (PaO2/FiO2 ≤
200 mmHg, regardless of the level of positive end-expiratory pressure [PEEP]),
bilateral pulmonary infiltrates on chest radiograph, and pulmonary-artery occlu-
sion pressure (PAOP) ≤ 18 mmHg or no evidence of elevated left atrial pressure on
the basis of chest radiograph and other clinical data [21]. ALI is a broader category
that involves patients with a less severe form of impaired oxygenation (PaO2/FiO2
≤ 300 mmHg) but presenting other clinical and radiographic features of ARDS [21].
Other forms of ARF are not uncommon, as for patients with respiratory failure with
atypical radiographic changes requiring respiratory support. While these patients
are not included in the ALI/ARDS definitions, they represent an important source
of concern for intensive care unit (ICU) practitioners.

Few studies have reported the incidence of ARDS in a general ICU population.
Knaus et al. [22] reported that only 2.4 % (423/17,440) of all ICU admissions met
the diagnostic criteria for ARDS. However, the diagnosis was not based on respi-



ratory variables, so this incidence is probably an underestimate. Other studies have
reported an incidence of around 7 % [9, 11, 23, 24]. A cohort multicenter European
study (ALIVE) reported that 7.4 % (2.8 % ALI and 5.3 % ARDS) of ICU patients
were admitted with ALI/ARDS, or developed it during their stay [25], with consid-
erable variations among countries, ranging from 1.7 % in Switzerland to 19.5 % in
Portugal, although the criteria used to define ALI/ARDS were the same for all
countries. Higher incidences of ARDS have been reported (11–23 %) in mechani-
cally ventilated patients [13, 26–28].

The epidemiology of ARF in the ICU has been studied less. Lewandowski et al.
[3] reported that ARF, defined as the need for intubation and mechanical ventila-
tion > 24 hours, accounted for 69 % of all ICU bed usage in an urban population.
The severity of lung disease was evaluated using the lung injury score (LIS); 3.6 %
of evaluated patients had severe lung injury after 24 hours of intubation and
mechanical ventilation, only 2.8 % had severe injury after 48 hours. The sequential
organ failure assessment (SOFA) database of 1449 patients, excluding patients with
routine postoperative surveillance, showed ARF to be present in 32 % of patients
on ICU admission, with a further 24 % of patients developing ARF during their ICU
stay (Fig. 2) [29]. ARF was defined as PaO2/FiO2 < 200 mmHg and the need for
respiratory support, denoting a severe form of respiratory failure, and addressing
the magnitude of this problem in a heterogeneous ICU population. Recently,

Fig. 1. Schematic representation of various ARF subpopulations and their relation to mechanical
ventilation (MV mechanical ventilation, ALI acute lung injury, ARDS acute respiratory distress
syndrome)
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Esteban et al. [28], reported that 33 % (5183/15,757) of patients admitted to the
participating centers received mechanical ventilation for more than 12 hours;
ARDS was the cause of ARF in only 4.5% of ventilated patients.

In the recent sepsis occurrence in acutely ill patients (SOAP) study (unpublished
observations) including a total of 3147 ICU patients, excluding uncomplicated
postoperative patients, 58.8 % received mechanical ventilation on admission (2.6
% non-invasive ventilation), and another 5.5 % later during the ICU stay for a
median of 3 days. Ventilatory days accounted for 55.6 % of total ICU days. Three
hundred ninety three patients (12.5 %) had ALI/ARDS as defined by hypoxemia
(PaO2/ FiO2 < 300 mm Hg), bilateral chest infiltrates, and the need for mechanical
ventilation in the absence of a history of chronic obstructive pulmonary disease
(COPD) or manifestations of left ventricular failure.

Mortality from ARF

Reported mortality rates from ARF, ALI, and ARDS are largely influenced by the
definitions used and by differences in the populations studied. The ALI and ARDS
definitions proposed by the American-European Consensus Conference are widely
accepted and used, but no universal definitions exist to describe the remaining part
of the ARF spectrum (Fig 1).

Mortality rates from ARDS are cited within the range 40–60 % [2, 5, 6, 9–11, 13,
23, 27, 28, 30–43]. Only Ullrich et al. [35] reported a very low mortality rate of 20
%. In the SOAP study (unpublished observations), the ICU mortality of patients
with ALI/ARDS was 38.9 % versus 15.6 % for patients without ALI or ARDS. The
ICU mortality rate for patients with ARDS was 42.2 %. Luhr et al. [13] reported a
90 day mortality rate of 41 % in 1231 patients mechanically ventilated > 24 hours.
Two other large studies reported similar mortality rates of around 40 % [4, 44]. In
615 patients mechanically ventilated > 24 hrs, Luhr et al [13] showed that mortality
rates were comparable among patients who had ARDS and those who did not (44
vs. 41 %), underlining ARF as an entity with an outcome as bad as ARDS. The SOFA
database [29] (Fig 2) showed a mortality rate of 31 % in patients with a severe form
of ARF, an observation confirmed recently by Esteban et al. [28], although in a
different population of patients with less severe ARF.

Despite increased understanding of the pathophysiology ARF related syn-
dromes and apparent advances in respiratory support technology, there has been
no clear decrease in mortality rates from ARDS over time [45]. However, there may
have been changes in the case-mix of the ARDS population, with sicker patients
being treated in our ICUs.

Factors Influencing Outcome from ARF

Preexisting comorbid diseases can be associated with increased mortality in ARF.
In a multivariate analysis, Luhr et al. [13] reported that immunosuppression was
associated with mortality in ARF patients. The SOFA database [29] identified a
history of hematologic or chronic renal or liver failure as independent risk factors
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for death from ARF. Chronic liver disease has been associated with mortality from
ARDS in several studies [2, 9, 13]. Zilberberg and Epstein [10] identified organ
transplantation, human immunodeficiency virus (HIV) infection, cirrhosis, active
malignancy, and sepsis as independent factors for hospital mortality in patients
with ALI. Monchi et al. [9] reported that the length of mechanical ventilation prior
to ARDS, cirrhosis, and the occurrence of right ventricular failure were associated
with an increased risk of death.

Many investigators have found death from ARDS to be primarily related to the
degree of organ dysfunction [24, 29, 46]. Doyle et al. [2] found that multiple organ
failure (MOF), liver disease, and sepsis were the main factors contributing to death.
Other important prognostic factors include age [28, 29, 47] and the development
of acute renal failure [48]. The prognostic value of the degree of hypoxemia is not
well established. Luhr et al. [37] emphasized that the degree of hypoxemia was
unimportant in terms of mortality prediction. Likewise, Valta et al. [36] reported
that the PaO2/FiO2 ratio at the onset of ARDS was similar in survivors and nonsur-
vivors.

The cause of death in ARDS patients is usually nonrespiratory, i.e., they die with,
rather than from ARDS. Montgomery et al. [49] showed that only 16 % of deaths
were due to refractory respiratory failure; early death (within 72 hours) was due to
the underlying illness or injury whereas late death (beyond 72 hours) was due to

Fig. 2. Flow chart of the study and different subgroups [29]. 1 = description of the differences
between ARF and non-ARF patients on ICU admission; 2 = study of risk factors for the develop-
ment of ARF in the ICU; and 3 = study of the risk factors for death in the ARF patients; *outcome
was undefined in four ARF patients and in one non-ARF patient. From [29] with permission
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sepsis. Ferring and Vincent [5] reported similar findings in 129 patients with ARDS
of whom 67 (25 %) died: 50 % from sepsis/MOF, 16 % from respiratory failure, 15
% from cardiac failure/arrhythmia, 10 % from neurologic failure, and 8 % from
other causes. Bersten et al. [23] reported that respiratory failure was the only cause
of death in 9 % of patients with ARDS and contributed to death in just 24 % of ARDS
patients. Recently Estenssoro and colleagues [24] noted in 217 patients with ARDS
that MOF was the major cause of death in 88 patients, sepsis in 84, and refractory
hypoxemia in 19; 56% of patients had more than one cause of death with 17 of the
19 patients with refractory hypoxemia also having sepsis or MOF.

The Time Course of Acute Respiratory Failure

Despite its limited prognostic value, the degree of hypoxemia can be an important
predictor of disease progression in patients with ARF. As early as 1989, Bone et al
[50] emphasized that survivors and nonsurvivors differed in the early response of
the PaO2/FiO2 ratio to conventional therapy. Likewise, higher degrees of organ
failure are likely to be present in nonsurvivors than in survivors, as MOF is the
cause of death in the majority of patients; however, the time course of organ failure
can follow different patterns before reaching this final stage.

In a prospective study of 182 patients with ARF in our institution (unpublished
observations), we separated 133 patients who had early ARF (an onset < 48 hours
after ICU admission) and 49 with late ARF (an onset <48 hours after ICU admis-
sion). On admission, the cardiovascular SOFA score was higher in early than in late
ARF, whereas the neurologic score was higher in late than in early ARF. In early
ARF, a high SOFA score and low Glasgow Coma Score were predictors of mortality,
and in late ARF, a low Glasgow Coma Score at 48 hours predicted mortality. These
findings suggest that there may be important differences in the epidemiology and
outcome of ARF that are dependent on the time of onset.

Conclusion

ARF comprises a spectrum of diseases that includes ALI and ARDS, and impor-
tantly is a valid entity in its own right. Indeed, the severity of ARF is similar to that
of ALI/ARDS and it is more easily defined. ARF is common in ICU patients and
associated with considerable mortality and morbidity.
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