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HE acute respiratory distress syndrome is a

common, devastating clinical syndrome of

acute lung injury that affects both medical and
surgical patients. Since the last review of this syn-
drome appeared in the Journal,! more uniform def-
initions have been devised and important advances
have occurred in the understanding of the epidemi-
ology, natural history, and pathogenesis of the dis-
case, leading to the design and testing of new treat-
ment strategies. This article provides an overview of
the definitions, clinical features, and epidemiology of
the acute respiratory distress syndrome and discusses
advances in the areas of pathogenesis, resolution,
and treatment.

HISTORICAL PERSPECTIVE
AND DEFINITIONS

The first description of acute respiratory distress
syndrome appeared in 1967, when Ashbaugh and
colleagues described 12 patients with acute respira-
tory distress, cyanosis refractory to oxygen therapy,
decreased lung compliance, and diffuse infiltrates ev-
ident on the chest radiograph.? Initially called the
adult respiratory distress syndrome,? this entity is now
termed the acute respiratory distress syndrome, since
it does occur in children. Because the initial defini-
tion lacks specific criteria that could be used to iden-
tify patients systematically, there was controversy over
the incidence and natural history of the syndrome
and the mortality associated with it. In 1988, an ex-
panded definition was proposed that quantified the
physiologic respiratory impairment through the use
of a four-point lung-injury scoring system that was
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based on the level of positive end-expiratory pressure,
the ratio of the partial pressure of arterial oxygen to
the fraction of inspired oxygen, the static lung com-
pliance, and the degree of infiltration evident on
chest radiographs.* Other factors included in the as-
sessment were the inciting clinical disorder and the
presence or absence of nonpulmonary organ dysfunc-
tion (Table 1). Although the lung-injury scoring sys-
tem has been widely used to quantify the severity of
lung injury in both clinical research and clinical tri-
als, it cannot be used to predict the outcome during
the first 24 to 72 hours after the onset of the acute
respiratory distress syndrome and thus has limited
clinical usefulness.” When the scoring system is used
four to seven days after the onset of the syndrome,
scores of 2.5 or higher may be predictive of a com-
plicated course with the need for prolonged me-
chanical ventilation.$

In 1994, a new definition was recommended by the
American—European Consensus Conference Com-
mittee (Table 1).5> The consensus definition has two
advantages. First, it recognizes that the severity of
clinical lung injury varies: patients with less severe
hypoxemia (as defined by a ratio of the partial pres-
sure of arterial oxygen to the fraction of inspired ox-
ygen of 300 or less) are considered to have acute lung
injury, and those with more severe hypoxemia (as
defined by a ratio of 200 or less) are considered to
have the acute respiratory distress syndrome. The rec-
ognition of patients with acute lung injury may fa-
cilitate earlier enrollment of affected patients in clin-
ical trials. Second, the definition is simple to apply
in the clinical setting. However, this simplicity is also
a disadvantage, since factors that influence the out-
come, such as the underlying cause and whether other
organ systems are affected, do not need to be as-
sessed.67911 In addition, the criterion for the pres-
ence of bilateral infiltrates on chest radiography con-
sistent with the presence of pulmonary edema is not
sufficiently specific to be applied consistently by ex-
perienced clinicians.!213 Nevertheless, the widespread
acceptance of both the 1994 consensus definition
and the 1988 lung-injury scoring system has improved
the standardization of clinical research and trials. We
recommend that clinicians routinely use the 1994
consensus definition to allow comparison of their
patients with patients enrolled in clinical trials.

CLINICAL, PATHOLOGICAL,
AND RADIOGRAPHIC FEATURES

The definitions discussed above identify patients
carly in the course of acute lung injury and the acute
respiratory distress syndrome. However, the syndrome
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TABLE 1. DEFINITIONS OF THE ACUTE RESPIRATORY DISTRESS SYNDROME. *

REFERENCE YEAR DEFINITION OR CRITERIA
Petty and 1971 Severe dyspnea, tachypnea
Ashbaugh? Cyanosis refractory to oxygen therapy
Decreased pulmonary compliance
Dittuse alveolar infiltrates on chest radiography
Atelectasis, vascular congestion, hemorrhage,
pulmonary edema, and hyaline membranes
at autopsy
Murray et al.4 1988 Preexisting direct or indirect lung injury
Mild-to-moderate or severe lung injury
Nonpulmonary organ dysfunction
Bernard et al.> 1994 Acute onset

Bilateral infiltrates on chest radiography
Pulmonary-artery wedge pressure <18

mm Hg or the absence of clinical evidence

of left atrial hypertension

Acute lung injury considered to be present if

PaO,:FiO, is <300

Acute respiratory distress syndrome considered

to be present if PaO,:FiO, is <200

ADVANTAGES DISADVANTAGES

First description
Summarizes clinical features well

Lacks specific criteria to
identify patients system-
atically

Includes 4-point lung-injury scoring
system

Specifies clinical cause of lung injury

Includes consideration of the pres- exclude a diagnosis of
ence or absence of systemic dis- cardiogenic pulmonary
case edema

Lung-injury score not pre-
dictive of outcome
Lacks specific criteria to

Simple, easy to use, especially in
clinical trials

Recognizes the spectrum of the
clinical disorder

Does not specify cause

Does not consider the pres-
ence or absence of multi-
organ dysfunction

Radiographic findings not
specific

*Pa0O, denotes partial pressure of arterial oxygen, and FiO, fraction of inspired oxygen.

is often progressive, characterized by distinct stages
with different clinical, histopathological, and radio-
graphic manifestations. The acute, or exudative, phase
is manifested by the rapid onset of respiratory failure
in a patient with a risk factor for the condition. Ar-
terial hypoxemia that is refractory to treatment with
supplemental oxygen is a characteristic feature. Ra-
diographically, the findings are indistinguishable from
those of cardiogenic pulmonary edema.l* Bilateral
infiltrates may be patchy or asymmetric and may in-
clude pleural effusions (Fig. 1).!5 Computed tomo-
graphic scanning has demonstrated that alveolar fill-
ing, consolidation, and atelectasis occur predominantly
in dependent lung zones, whereas other areas may
be relatively spared (Fig. 1).1617 However, broncho-
alveolar-lavage studies indicate that even radiograph-
ically spared, nondependent areas may have substan-
tial inflammation.’8 Pathological findings include
diffuse alveolar damage, with neutrophils, macrophag-
es, erythrocytes, hyaline membranes, and protein-
rich edema fluid in the alveolar spaces,!® capillary
injury, and disruption of the alveolar epithelium
(Fig. 2).2022

Although acute lung injury and the acute respira-
tory distress syndrome may resolve completely in
some patients after the acute phase, in others it pro-
gresses to fibrosing alveolitis with persistent hypox-
emia, increased alveolar dead space, and a further
decrease in pulmonary compliance.!?20 Pulmonary hy-
pertension, owing to obliteration of the pulmonary-
capillary bed, may be severe and may lead to right
ventricular failure.2? Chest radiographs show linear

opacities, consistent with the presence of evolving fi-
brosis (Fig. 1). Pneumothorax may occur,2* but the
incidence is only 10 to 13 percent and is not clearly
related to airway pressures or the level of positive
end-expiratory pressure.2s Computed tomography of
the chest shows diffuse interstitial opacities and bullae
(Fig. 1).17 Histologically, there is fibrosis along with
acute and chronic inflammatory cells and partial res-
olution of the pulmonary edema (Fig. 2).19:2!

The recovery phase is characterized by the gradual
resolution of hypoxemia and improved lung compli-
ance. Typically, the radiographic abnormalities re-
solve completely. The degree of histologic resolution
of fibrosis has not been well characterized, although in
many patients pulmonary function returns to normal.

EPIDEMIOLOGY
Incidence

An accurate estimation of the incidence of acute
lung injury and the acute respiratory distress syn-
drome has been hindered by the lack of a uniform
definition and the heterogeneity of the causes and
clinical manifestations. An early estimate by the Na-
tional Institutes of Health (NIH) suggested that the
annual incidence in the United States was 75 per
100,000 population.2¢ More recent studies reported
lower incidences of 1.5 to 8.3 per 100,000.272° How-
ever, the first epidemiologic study to use the 1994
consensus definition reported considerably higher an-
nual incidences in Scandinavia: 17.9 per 100,000 for
acute lung injury and 13.5 per 100,000 for the acute
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Figure 1. Radiographic and Computed Tomographic (CT) Findings in the Acute, or Exudative, Phase (Panels A and C) and the Fi-
brosing-Alveolitis Phase (Panels B and D) of Acute Lung Injury and the Acute Respiratory Distress Syndrome.

Panel A shows an anteroposterior chest radiograph from a 42-year-old man with the acute respiratory distress syndrome associated
with gram-negative sepsis who was receiving mechanical ventilation. The pulmonary-artery wedge pressure, measured with a pul-
monary-artery catheter, was 4 mm Hg. There are diffuse bilateral alveolar opacities consistent with the presence of pulmonary ede-
ma. Panel B shows an anteroposterior chest radiograph from a 60-year-old man with acute lung injury and the acute respiratory
distress syndrome who had been receiving mechanical ventilation for seven days. Reticular opacities are present throughout both
lung fields, a finding suggestive of the development of fibrosing alveolitis. Panel C shows a CT scan of the chest obtained during
the acute phase. The bilateral alveolar opacities are denser in the dependent, posterior lung zones, with sparing of the anterior lung
fields. The arrows indicate thickened interlobular septa, consistent with the presence of pulmonary edema. The bilateral pleural
effusions are a common finding.'415 Panel D shows a CT scan of the chest obtained during the fibrosing-alveolitis phase. There are
reticular opacities and diffuse ground-glass opacities throughout both lung fields, and a large bulla is present in the left anterior
hemithorax. Panels C and D are reprinted from Goodman’e with the permission of the publisher.

respiratory distress syndrome.30 On the basis of the | Clinical Disorders and Risk Factors

results of screening of large numbers of patients by the
NIH Acute Respiratory Distress Syndrome Network
over the past three years, some investigators believe
that the original estimate of 75 per 100,000 per year
may be accurate. To settle this issue, a prospective
epidemiologic study that is using the 1994 consen-
sus definition is under way in Seattle.

1336 May 4, 2000

The ability to identify patients at risk for acute lung
injury and the acute respiratory distress syndrome is
important if therapies are to be developed to prevent
the disorder. The commonly associated clinical dis-
orders can be divided into those associated with di-
rect injury to the lung and those that cause indirect
lung injury in the setting of a systemic process (Ta-
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Figure 2. Findings on Light Microscopy and Electron Microscopy during the Acute Phase (Panels A and D) and the Fibrosing-Alve-
olitis Phase (Panels B, C, and E) of Acute Lung Injury and the Acute Respiratory Distress Syndrome.

Panel A shows a lung-biopsy specimen obtained from a patient two days after the onset of the syndrome as a result of the aspira-
tion of gastric contents. Characteristic hyaline membranes are evident (arrow), with associated intraalveolar red cells and neutro-
phils, findings that are consistent with the pathological diagnosis of diffuse alveolar damage (hematoxylin and eosin, X90). Panels
B and C show lung-biopsy specimens obtained 14 days after the onset of sepsis-associated acute lung injury and the acute respiratory
distress syndrome. Panel B shows granulation tissue in the distal air spaces with a chronic inflammatory-cell infiltrate (hematoxylin
and eosin, X60). Trichrome staining in Panel C reveals collagen deposition (dark blue areas) in the granulation tissue, a finding that
is consistent with the deposition of extracellular matrix in the alveolar compartment (X60). Panel D shows a specimen of lung tissue
from a patient who died four days after the onset of acute lung injury and the acute respiratory distress syndrome; there is injury
to both the capillary endothelium and the alveolar epithelium. There is an intravascular neutrophil (LC) in the capillary (C). Vacuo-
lization and swelling of the endothelium (EN) are apparent. Loss of alveolar epithelial cells is also apparent, with the formation of
hyaline membranes on the epithelial side of the basement membrane (BM¥*). Panel E shows a specimen of lung tissue obtained
from a patient during the fibrosing-alveolitis phase in which there is evidence of reepithelialization of the epithelial barrier with
alveolar epithelial type Il cells. The arrow indicates a typical type Il cell with microvilli and lamellar bodies containing surfactant.
The epithelial cell immediately adjacent to this cell is in the process of changing to a type | cell, with flattening, loss of lamellar
bodies, and microvilli. The interstitium is thickened, with deposition of collagen (C). Panels A, B, and C were supplied by Dr. Martha
Warnock. Panel D was reprinted from Bachofen and Weibel2 with the permission of the publisher. Panel E was reprinted from
Anderson and Thielen?' with the permission of the publisher.
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ble 2).6.931-33 Qverall, sepsis is associated with the
highest risk of progression to acute lung injury or
the acute respiratory distress syndrome, approximate-
ly 40 percent.31:33 The presence of multiple predis-
posing disorders substantially increases the risk,3! as
does the presence of secondary factors including
chronic alcohol abuse,3334 chronic lung disease,?* and
a low serum pH.33

Outcomes

Until recently, most studies of acute lung injury
and the acute respiratory distress syndrome have re-
ported a mortality rate of 40 to 60 percent.6.79:32,35-38
The majority of deaths are attributable to sepsis or
multiorgan dysfunction rather than primary respira-
tory causes,®%%10.36 although the recent therapeutic
success of ventilation with low tidal volumes indi-
cates that in some cases death is directly related to
lung injury. Two reports suggest that mortality from
this disease may be decreasing. The first, from a
large county hospital in Seattle, found that the mor-
tality rate was 36 percent in 1993 as compared with
rates of 53 to 68 percent in the period from 1983
to 1987.38 The second, from a hospital in the United
Kingdom, reported a decline in the mortality rate
from 66 percent to 34 percent between 1990 to
1993 and 1994 to 1997.3 Possible explanations for
the decrease include more effective treatments for sep-
sis, changes in the method of mechanical ventilation,
and improvement in the supportive care of critically
ill patients. The possibility that mortality is decreas-
ing emphasizes the importance of the use of random-
ized control subjects rather than historical controls
in clinical studies of the disorder.

Factors whose presence can be used to predict the
risk of death at the time of diagnosis of acute lung
injury and the acute respiratory distress syndrome in-
clude chronic liver disease, nonpulmonary organ dys-
function, sepsis, and advanced age.6710:30 Surprisingly,
initial indexes of oxygenation and ventilation, in-
cluding the ratio of the partial pressure of arterial ox-
ygen to the fraction of inspired oxygen and the lung-
injury score, do not predict outcome. In three large
studies, the mortality rate among patients with an
initial ratio of partial pressure of arterial oxygen to
fraction of inspired oxygen of 300 or less was similar
to that among patients with a ratio of 200 or less.6730
However, the failure of pulmonary function to im-
prove during the first week of treatment is a negative
prognostic factor.8

In most patients who survive, pulmonary function
returns nearly to normal within 6 to 12 months, de-
spite the severe injury to the lung.*® Residual impair-
ment of pulmonary mechanics may include mild re-
striction, obstruction, impairment of the diffusing
capacity for carbon monoxide, or gas-exchange abnor-
malities with exercise, but these abnormalities are usu-
ally asymptomatic.442 Severe disease and prolonged
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TABLE 2. CLINICAL DISORDERS ASSOCIATED
WITH THE DEVELOPMENT OF THE ACUTE
RESPIRATORY DISTRESS SYNDROME.

DiRecT LUNG INJURY INDIRECT LUNG INJURY

Common causes Common causes
Pneumonia

Aspiration of gastric contents

Sepsis
Severe trauma with
shock and multiple

Less common causes .
transfusions

Pulmonary contusion

Fat emboli

Near-drowning

Inhalational injury

Reperfusion pulmonary edema
after lung transplantation or
pulmonary embolectomy

Less common causes

Cardiopulmonary bypass

Drug overdose

Acute pancreatitis

Transfusions of blood
products

mechanical ventilation identify patients at highest risk
for persistent abnormalities of pulmonary function.+043
Those who survive the illness have a reduced health-
related quality of life as well as pulmonary-disease—
specific health-related quality of life.40.44-46

PATHOGENESIS
Endothelial and Epithelial Injury

Two separate barriers form the alveolar—capillary
barrier, the microvascular endothelium and the alve-
olar epithelium (Fig. 3). The acute phase of acute lung
injury and the acute respiratory distress syndrome is
characterized by the influx of protein-rich edema flu-
id into the air spaces as a consequence of increased
permeability of the alveolar—capillary barrier.*” The
importance of endothelial injury and increased vas-
cular permeability to the formation of pulmonary
edema in this disorder has been well established.

The critical importance of epithelial injury to both
the development of and recovery from the disorder
has become better recognized.!8:2248 The degree of
alveolar epithelial injury is an important predictor of
the outcome.*-5° The normal alveolar epithelium is
composed of two types of cells (Fig. 3). Flat type 1
cells make up 90 percent of the alveolar surface area
and are easily injured. Cuboidal type II cells make up
the remaining 10 percent of the alveolar surface area
and are more resistant to injury; their functions in-
clude surfactant production, ion transport, and prolif-
eration and differentiation to type I cells after injury.

The loss of epithelial integrity in acute lung injury
and the acute respiratory distress syndrome has a num-
ber of consequences. First, under normal conditions,
the epithelial barrier is much less permeable than the
endothelial barrier.#8 Thus, epithelial injury can con-
tribute to alveolar flooding. Second, the loss of ep-
ithelial integrity and injury to type II cells disrupt
normal epithelial fluid transport, impairing the re-
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