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Acute pulmonary edema can be divided into two categories:
edema caused by increased capillary pressure (hydrostatic or
cardiogenic edema) and edema caused by increased capillary
permeability (acute respiratory distress syndrome [ARDS]). In
some cases of pulmonary edema, both pressure and permeabil-
ity are increased.

Pathogenesis

Pulmonary edema is an abnormal, diffuse, extravascular ac-
cumulation of liquid in the pulmonary tissues and air spaces. It
is the most common noninfectious, diffuse parenchymal lung
disease. The pathogenesis of pulmonary edema can be best un-
derstood by examination of the Starling equation, which de-
fines the determinants of liquid flux across the pulmonary cap-
illary membrane:

Q = K[(Pcap – Pint) – σ(πcap – πint)]

where Q is liquid flux; K, the filtration coefficient, which is di-
rectly proportional to the endothelial surface area and inverse-
ly proportional to alveolar capillary wall thickness; Pcap, the in-
travascular (capillary) hydrostatic pressure; Pint, the interstitial
hydrostatic pressure; σ, the reflection coefficient for protein
(i.e., the degree of permeability to macromolecules); πcap, the
plasma oncotic pressure; and πint, the interstitial oncotic pres-
sure. In this equation, Pcap – Pint represents the hydrostatic
force, and πcap – πint represents the colloid osmotic force.

An alteration in any of the factors in the Starling equation
could conceivably lead to an increase in transvascular liquid
flux. However, in clinical practice, only two of these factors com-
monly lead to pulmonary edema: an increase in capillary pres-
sure, which leads to cardiogenic, or hydrostatic, pulmonary ede-
ma, and a decrease in the reflection coefficient, which leads to
noncardiogenic, or permeability, pulmonary edema.

The primary defense against pulmonary edema is provided
by the lymphatic system. Normally, liquid that is filtered
across the capillary membrane is removed by the lymphatic
vessels. The lymphatic reserve is such that even a fourfold to
sixfold increase in transcapillary liquid flux can be tolerated
without an increase in lung water. A secondary defense mech-
anism and pathway for the removal of edema liquid is the ac-
tive transport of Na+ with passive osmotic water reabsorption
in type II alveolar lining cells.1

Once the liquid removal reserve is overwhelmed, lung wa-
ter increases, first in the interstitium around the airways, then
in the interstitium around the alveoli, and finally within the
alveoli. Clinical or radiographic evidence of pulmonary edema
therefore implies a large increase in transcapillary liquid flux.

Approach to the Patient with Suspected Pulmonary
Edema

Because of the different therapeutic approaches in cardio-
genic and noncardiogenic pulmonary edema, it is important to
differentiate these conditions, though this is sometimes difficult,
and some patients have components of both. The patient’s his-
tory provides some important clues [see Table 1]. Patients with
cardiogenic pulmonary edema often have a history of cardiac
disease or hypertension, whereas patients with noncardiogenic
edema may have a history of alcoholism or other problems that
increase the risk of infection. The patient with cardiogenic pul-
monary edema may have symptoms of a new cardiac event (is-
chemic chest pain) or a hypertensive emergency. The patient
with noncardiogenic pulmonary edema will almost always
have a clear precipitating event, such as sepsis, trauma, aspira-
tion of gastric contents, multiple transfusions, or pneumonia.

The symptoms and signs are similar in the two forms of pul-
monary edema, with some important exceptions [see Table 1].
Although both groups of patients experience dyspnea, patients
with cardiogenic pulmonary edema have cool, diaphoretic skin
with evidence of left ventricular (LV) dysfunction (LV heave,
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X P U L M O N A R Y E D E M A

Cardiogenic Pulmonary Edema

Prior MI, hypertension, cardiomyopathy, MI, hyperten-
sive emergency, dietary indiscretion, others

Dyspnea, cough productive of pink sputum

Tachypnea, tachycardia, weak pulse, hypertension, 
cool skin, diaphoresis, central or peripheral cyanosis,
wheezing, rales, LV heave, gallop

Venous cephalization, wide vascular pedicle, increased
cardiothoracic ratio, perihilar infiltrates, Kerley B lines

Decreased LV ejection fraction, diastolic dysfunction,
valvular disease, segmental wall motion abnormalities

Increased PCWP, normal or decreased CO, increased
pulmonary arterial pressure with normal PVR, 
increased SVR

Clinical Features

Clinical setting

Symptoms

Signs

Findings on chest radiography

Findings on echocardiography

Findings on pulmonary artery
catheterization

Table 1 Cardiogenic versus Noncardiogenic Pulmonary Edema

Noncardiogenic Pulmonary Edema

Alcoholism, immunosuppression, sepsis, trauma, aspira-
tion, pneumonia, others

Dyspnea, cough

Tachypnea, fever, hypothermia, bounding pulse, warm
skin, central cyanosis, hyperdynamic precordium

Diffuse infiltrates, air bronchograms

Hyperdynamic LV, RV dilatation, pulmonary 
hypertension

Normal or low PCWP; when sepsis is present: increased
CO, increased pulmonary arterial pressure with in-
creased PVR, decreased SVR

CO—cardiac output LV—left ventricular MI—myocardial infarction PCWP—pulmonary capillary wedge pressure PVR—pulmonary vascular resistance RV—right
ventricular SVR—systemic vascular resistance



gallop); by contrast, most patients with noncardiogenic pul-
monary edema have warm skin and show evidence of a hyper-
dynamic circulation.

Pulmonary edema of either type is typically manifested by
bilateral, symmetrical alveolar opacities that involve all four
quadrants, as seen on a standard anteroposterior chest radi-
ograph [see Table 1].2 A predominantly perihilar distribution is
common, and occasionally, there is a very sharp demarcation
between the central area of pulmonary edema and the lung pe-
riphery, leading to a so-called bat’s-wing or butterfly pattern.
This pattern is more typical of cardiogenic than noncardiogenic
pulmonary edema [see Figure 1]. This sharp line of demarcation
does not correspond to any anatomic boundaries but may be
caused by physiologic gradients of ventilation, perfusion, and
lymph flow from the central to the peripheral portions of the
lung. Less often, the edema is markedly asymmetrical or en-
tirely unilateral. Asymmetrical pulmonary edema can occur as
a result of the patient’s lying on the involved side as the edema
develops, or it may result from vascular obstruction (throm-
boembolism) or attenuation (emphysema) in the more radiolu-
cent regions of the lung. However, the reasons why some cases
are asymmetrical and others are unilateral are often impossible
to determine.

Ancillary features that can be routinely visualized on an an-
teroposterior chest radiograph made with a portable x-ray ma-
chine may help differentiate cardiogenic from noncardiogenic
pulmonary edema. A widened vascular pedicle and an in-
crease in the cardiothoracic ratio suggest increased pulmonary
capillary pressure3; distinct air bronchograms are more com-
mon with noncardiogenic pulmonary edema. The presence or
absence of pleural effusions have less value in making the dif-
ferential diagnosis. Unfortunately, cardiogenic and noncardio-
genic pulmonary edema often cannot be confidently differenti-
ated using bedside radiography, owing to anteroposterior ex-
posure and lack of full inspiration, both of which magnify the
cardiac silhouette.

Bedside echocardiography can be very useful in differentiat-
ing cardiogenic from noncardiogenic pulmonary edema [see

Table 1]. In patients with cardiogenic pulmonary edema, echo-
cardiography can detect and quantitate the abnormal left ven-
tricular function and can be used to diagnose many of the caus-
es (e.g., valvular dysfunction, diastolic dysfunction, cardiomy-
opathy, focal wall motion abnormalities). In patients with non-
cardiogenic pulmonary edema, a normal or hyperdynamic left
ventricle is seen.

If differentiation of cardiogenic from noncardiogenic pul-
monary edema is not possible with the noninvasive evaluation
outlined above, placement of a pulmonary arterial catheter may
be considered. Pulmonary capillary wedge pressure (PCWP) is
the most helpful measurement, but other measurements can
support the diagnosis and may help in treating the patient [see
Table 1].4

Despite the logical appeal of the use of pulmonary arterial
catheters, no beneficial effect on outcome has been attributed to
their use. A study of a large number of patients in intensive
care units has suggested that patients who had pulmonary ar-
terial catheters had a higher mortality at a higher financial cost
than patients who did not undergo catheterization.5 The report
has been criticized but is currently the only published analysis
of the effect of the use of these catheters on the outcome of pa-
tients in the ICU. 

Cardiogenic Pulmonary Edema

pathogenesis

Pulmonary edema caused by increased capillary pressure
can occur as a result of systolic or diastolic dysfunction of the
left ventricle, mitral valvular disease, hypervolemia associated
with normal left heart function (as might occur in a patient
with renal failure), or pulmonary venous obstruction. The most
common cause of cardiogenic pulmonary edema is left ventric-
ular dysfunction. In congestive cardiomyopathy, the systolic
performance of the left ventricle is impaired, the ventricle is di-
lated, and left ventricular end-diastolic pressure (LVEDP) is in-
creased. The rise in LVEDP leads to an increase in pulmonary
capillary pressure. Other types of heart disease can also in-
crease LVEDP, despite normal systolic function and euvo-
lemia, by reducing left ventricular compliance and producing
diastolic dysfunction.6 Reduced compliance may be persistent
(as seen with left ventricular hypertrophy or restrictive car-
diomyopathy from infiltrative heart disease) or transient (as
from myocardial ischemia). Increased capillary pressure de-
spite normal LVEDP is uncommon but does occur with mitral
stenosis or as a result of obstructed flow in the pulmonary
veins (pulmonary veno-occlusive disease).

diagnosis 

The salient clinical features of cardiogenic pulmonary ede-
ma are extreme breathlessness, tachypnea, and signs of in-
creased sympathetic activity, such as tachycardia, hyperten-
sion, and diaphoresis [see Table 1 and Approach to the Patient
with Suspected Pulmonary Edema, above]. Hypotension is un-
common but may occur if pulmonary edema results from a
large myocardial infarction. Breathlessness is rarely alleviated
by correction of hypoxemia, suggesting that the cause may be
activation of intrapulmonary stretch receptors rather than hy-
poxemia. In cardiogenic pulmonary edema, central cyanosis
may be observed if there is profound arterial hypoxemia; more
often, cyanosis is peripheral and results from intense cutaneous
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Figure 1 Bat’s-wing pattern characteristic of acute pulmonary edema
is evident in this chest radiograph.



vasoconstriction and a decreased cardiac output. Use of acces-
sory muscles of respiration is common because of the marked
increase in the work of breathing. The effort required to
breathe is often so great that endotracheal intubation and me-
chanical ventilation are required to correct or prevent the de-
velopment of frank hypercapnic respiratory failure. Early in
the acute course, there may be wheezing caused by airway ede-
ma and intraluminal liquid; later, diffuse coarse rales are heard.

treatment

Supplemental oxygen should be given by mask or nasal can-
nula. If hypoxemia cannot be corrected by establishing maxi-
mum oxygen flow rates and by use of reservoir bags, mechani-
cal ventilation with a mask7 or endotracheal tube will be re-
quired [see 14:VIII Respiratory Failure]. The positive intrathoracic
pressures created by the ventilator open collapsed alveoli and
impede venous return. While hypoxemia is being treated, one or
more of several therapeutic options should simultaneously be
exercised, depending on the underlying pathophysiologic
processes [see Table 2]. The proper combination of therapeutic
measures depends on the pathophysiology. For example, when
pulmonary edema occurs as a complication of malignant hyper-
tension, vasodilators and diuretics may suffice. In the case of a
causative or strongly contributing tachyarrhythmia, antiarrhyth-
mic therapy may be the key intervention. Specific interventions
for causative cardiac conditions are described elsewhere [see Sec-
tion 1 Cardiovascular Medicine]. 

outcome

Patients with acute cardiogenic pulmonary edema often are
elderly and have multiple medical problems, including is-
chemic heart disease, diabetes, and valvular heart disease. As a
consequence, the mortality for these patients ranges from 6% to
30%.8 Of those patients who survive to discharge, approximate-
ly 70% will survive 1 year, and 50% will have relatively good
functional status for longer periods.9

Noncardiogenic Pulmonary Edema: Acute Respiratory
Distress Syndrome 

ARDS is characterized by diffuse pulmonary endothelial in-
jury, which leads to pulmonary edema as a result of an increase
in capillary permeability to water, solutes, and macromole-
cules.10 The pulmonary edema seen in patients with ARDS is

characterized by a higher concentration of protein in the edema
liquid than is seen in patients with cardiogenic pulmonary ede-
ma. In patients with ARDS, this concentration is often as high
as 80% to 90% of the plasma protein. Furthermore, in ARDS
patients, the underlying inflammatory response causes high
levels of neutrophils and their secretory products in bron-
choalveolar lavage liquid; this characteristic distinguishes non-
cardiogenic from cardiogenic edema. 

Many clinical disorders are associated with the development
of ARDS [see Table 3].10 A patient’s risk of developing ARDS
varies with predisposing disorder, and the risk increases as the
number of predisposing disorders increases. The risk of ARDS
may be further increased in patients with a history of alcohol
abuse11 or cigarette smoking,12 or it may be increased by the
presence of low serum pH or hypoproteinemia13 at the time of
the insult.

pathogenesis 

Diffuse alveolar damage is a descriptive term for the non-
specific but predictable sequence of changes that characteristi-
cally occur in patients with ARDS.8 The causative agent or
process usually cannot be determined from the histopathologic
pattern. In addition, the abnormalities may resolve at any point
in the clinical course.

The histologic appearance of diffuse alveolar damage varies
during the period between the precipitating event and the
biopsy or autopsy, progressing through the following three
phases: an acute exudative phase (days 0 through 7); a sub-
acute proliferative, or organizing, phase (days 7 through 14);
and a chronic phase (after day 14).14

The earliest part of the acute exudative phase is character-
ized by interstitial and intra-alveolar edema, neutrophil infil-
tration, hemorrhage, and fibrin deposition. A mixture of fibrin
and cellular debris is deposited in the alveolar space to form
the so-called hyaline membranes that are prominent 3 to 7
days after injury. Sloughing of the cells of the alveolar lining
leaves a denuded basement membrane, which plays an im-
portant role in subsequent repair or fibrosis. An interstitial in-
filtrate of inflammatory cells becomes more pronounced
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Therapeutic Approach

Venodilator
Arteriolar dilator

Diuretic agent
Inotropic agent
Antiarrhythmic agent, pacemaker

Angioplasty, thrombolytic agent,
coronary bypass

Aspirin, other antiplatelet agent, 
anticoagulant

Effect Sought

Decrease venous return
Decrease impedance to ventric-

ular systole
Decrease intravascular volume
Stimulate the myocardium
Correct arrhythmias

Alleviate ischemia

Prevent clot propagation

Table 2 Treatment of  Cardiogenic 
Pulmonary Edema

In the Presence of Coronary Arterial Occlusion

Examples

Bacterial, viral, or fungal pneumonia;
Pneumocystis carinii pneumonia; 
tuberculosis

Aspiration of gastric contents or of
water in near-drowning

Inhalation of smoke, chlorine, or 
nitrous oxide

Automobile accident

Bacteremias, nonbacteremic sepsis,
toxic-shock syndrome

Pancreatitis, trauma, fat embolism,
amniotic fluid embolism

Red cell transfusion
Salicylates, cytotoxic agents
Cardiopulmonary bypass, post–lung

transplantation
Marathon running

Condition

Direct Lung Injury
Diffuse pulmonary infection

Chemical pneumonitis
caused by aspiration

Inhalation injury

Direct pulmonary trauma
Indirect Lung Injury

Systemic reaction to 
nonpulmonary infection

Systemic reaction to 
nonpulmonary tissue 
inflammation or injury

Transfusion reaction
Drug toxicity
Reperfusion injury

Other

Table 3 Causes of ARDS



around day 7 and persists throughout the proliferative
phase.14

Denudation of the basement membrane causes type II pneu-
mocytes to proliferate (days 3 through 7), producing a pattern
of hyperplasia in the cells of the alveolar lining. In patients in
whom the syndrome resolves, these proliferating cells ulti-
mately differentiate into type I pneumocytes, restoring the ep-
ithelial side of the alveolocapillary wall and returning gas ex-
change to normal.

The proliferative phase of ARDS is characterized by inflam-
mation and fibroblast proliferation, initially in the interstitium.
The fibroblasts invade the alveolar spaces through basement
membrane defects, a process that produces regions of intra-
alveolar fibrosis. During this phase, the hyaline membranes
disappear as a result of phagocytosis or of organization involv-
ing the incorporation of the exudate into intra-alveolar plugs of
proliferating fibroblasts.14

The chronic phase of ARDS is characterized by regions of in-
tense fibrosis, focal regions of overexpansion, and pulmonary
vascular obliteration. Histologically, this phase of the disease
can be similar to idiopathic pulmonary fibrosis; in contrast to
idiopathic pulmonary fibrosis, however, the chronic phase of
ARDS may improve with time.14 

Extensive investigations have led to a better understanding
of the mechanisms that lead to ARDS10,14,15 [see Figure 2].

diagnosis 

Clinical Manifestations

The major clinical signs of noncardiogenic pulmonary ede-
ma overlap those of cardiogenic pulmonary edema [see Table 1
and Approach to the Patient with Suspected Pulmonary Edema,
above]. In noncardiogenic pulmonary edema, however, there is
often less sympathetic activity16; cyanosis, if present, is often
caused by arterial hypoxemia. The skin may be warm (rather
than cool, moist, and pallid), and the pulse may be racing. 

Imaging Studies

Typically, portable anteroposterior chest radiography re-
veals a diffuse and homogeneous alveolar filling process.17

When examined by computed tomography, however, the air-
space filling pattern frequently appears less homogeneous. Ra-
diographs with the patient in the supine position typically
show a greater degree of consolidation in posterior lung zones
than in anterior lung zones; this distribution, however, may be
reversed by placing the patient in the prone position for a few
hours. With the patient in the prone position, the anterior re-
gions become more consolidated, because of the influence of
gravity, and the posterior portions of the lung show improved
aeration. This finding demonstrates the contribution of Starling
forces (i.e., capillary pressure) to the severity of edema in the
setting of increased permeability.

Physiologic Testing

Gas exchange in ARDS is characterized initially by hypox-
emia that is refractory to increasing concentrations of inspired
oxygen, implying the presence of increased intrapulmonary
shunting. Intrapulmonary shunting is primarily a consequence
of diffuse alveolar filling, collapse, or both, with microatelecta-
sis. Diffuse alveolar collapse is believed to be caused by abnor-
malities in surfactant, a substance that normally helps maintain
alveolar distention by lowering the surface tension in the air-
liquid interface of the lung.

Initially, arterial carbon dioxide tension (PaCO2) is either low
or in the normal range with only a modest increase in minute
ventilation. However, the ratio of dead space to tidal volume
(VD/VT) tends to increase over time, so that increasing amounts
of minute ventilation are required to achieve a normal PaCO2. In
some cases, the increase in VD/VT is so extreme that hypercap-
nia cannot be avoided even when minute ventilation is in-
creased to the maximal achievable level. This increase in physi-
ologic dead space results from damage to the pulmonary capil-
lary bed, which creates regions of high ventilation relative to
perfusion. A secondary cause of the increased minute-ventila-
tion requirement in ARDS is the presence of increased carbon
dioxide production from hypermetabolism. The high VD/VT in
ARDS is slow to resolve; this, together with the reduction of
lung compliance (which imposes a burden on spontaneous
breathing), accounts in part for the frequent need for mechani-
cal ventilatory support for prolonged periods. Such support of-
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Figure 2 (a) The first site of injury in ARDS is the endothelium of the pulmonary capillaries. In ARDS caused by sepsis, endotoxin
stimulates the production or release of several proinflammatory mediators, such as activated complement fragments, coagulation factors,
platelet activating factor, eicosanoids, and cytokines/chemokines (e.g., tumor necrosis factor–α [TNF-α], interleukin-1 [IL-1], IL-6, IL-8, and
other cytokines), and also anti-inflammatory substances such as IL-10, IL-11, cytokine receptor antagonists, anticytokine autoantibodies,
antioxidants, and antiproteases.41 Release of some of these mediators may be induced by the mechanical ventilation that is often required in
these patients.42 If there is an imbalance in favor of the inflammatory mediators, the mediators act as primers and secretagogues for
neutrophils and other monocytes/macrophages, resulting in aggregation and embolization of these cells in the pulmonary vasculature. (b)
The neutrophils adhere to the endothelium by way of specific receptors on the neutrophils (integrins and L-selectin) and receptors on the
endothelium (intercellular adhesion molecule–1 [ICAM-1] and E- and P-selectin) and release injurious oxidants, proteolytic enzymes, and
arachidonic acid metabolites, resulting in endothelial cell dysfunction and destruction and in denudation of the endothelial side of the
basement membrane. Endotoxin may also injure endothelial cells directly. Increased permeability of the alveolocapillary membrane allows
plasma to enter the interstitial spaces of the lung and, ultimately, the alveoli. (c) The second site of injury is the alveolar epithelium.
Neutrophils penetrate the alveolocapillary membrane and, along with activated macrophages, release oxidants and proteolytic enzymes. As a
result, type I pneumocytes die, denuding the alveolar side of the basement membrane. Macrophages produce procoagulant substances, such
as tissue factor and factor VII, that produce fibrin, and the alveolus becomes filled with proteinaceous exudate and cellular debris. (d) In
response to the death of the type I pneumocytes, type II pneumocytes, under the control of growth factors (keratinocyte growth factor [KGF],
hepatocyte growth factor [HGF], and granulocyte-monocyte colony-stimulating factor [GM-CSF] from macrophages), begin to proliferate and
attempt to cover the denuded basement membrane. If the injury to the epithelial cells and the basement membrane is severe, progressive
interstitial and intra-alveolar fibrosis ensues. Fibroblasts, which are controlled by growth factors (transforming growth factor–β [TGF-β],
platelet-derived growth factor [PDGF], insulinlike growth factor [IGF]) derived from macrophages invade the exudate, where they proliferate
and synthesize collagen (type I), elastin, and other new matrix components. The normal lung architecture is progressively replaced at this
point (approximately 2 weeks from onset) by fibrous tissue that severely impairs gas exchange.
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ten must be continued even though hypoxemia has improved
sufficiently to make only a modest increase in inspired oxygen
concentration necessary.

Lung mechanics in ARDS is characterized primarily by a re-
duction in lung compliance (increased lung elastance); thus,
high transpulmonary pressures are required to achieve normal
tidal ventilation. Early in ARDS, when edema predominates,
much of the distending pressure needed to inflate the lung is
expended in opening collapsed alveoli. Indeed, lung compli-
ance (i.e., the slope of the pressure-volume curve) may be in the
normal range if it is measured after these collapsed alveoli have
been opened. However, there is a significant reduction in com-
pliance as the disease process evolves or when alveolar fibrosis
becomes predominant. This apparent reduction may be caused
by a diffuse thickening of the alveolocapillary membrane as a
result of fibrosis or by the loss of a large percentage of the alve-
olocapillary units that are available for ventilation. It has been
suggested that in patients with ARDS, lung mechanics is best
conceptualized by regarding the lung as being small rather

than stiff.18 Increased airway resistance that responds to in-
haled bronchodilators is also seen in ARDS.19

In addition to their effect on VD/VT, the pulmonary vascular
changes in ARDS also result in increased pulmonary vascular
resistance and pulmonary hypertension. Indeed, the pul-
monary arterial pressure is elevated in nearly all patients who
have moderate to severe ARDS. The etiology of pulmonary hy-
pertension in ARDS is likely to be multifactorial; however, a
major underlying cause seems to be the presence of small pul-
monary arterial thrombi. The pathogenesis of the thrombi in
ARDS is unknown, but it is likely that they are formed in situ. 

Many patients with ARDS have certain markers of accelerat-
ed intravascular coagulation.20 However, despite the apparent
importance of thrombosis in producing pulmonary hyperten-
sion, it has not been determined whether anticoagulation bene-
fits patients with ARDS.20

treatment

The treatment of ARDS includes addressing the precipitat-
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Purpose

Prevent stress ulcers and GI bleeding

Prevent deep vein thrombosis and
pulmonary embolism

Prevent nosocomial infections

Prevent malnutrition

Prevent malnutrition

Alter immune system and prostenoids

Prevent or reduce edema

Reduce inflammation

Prevent or reduce intra-alveolar 
fibroproliferation

Prevent alveolar collapse

Antioxidant

Inhibit thromboxane and leukotriene
synthesis

Reduce inflammation

Inhibit neutrophil activity

Inhibit cytokine secretion

Prevent ARDS

Improve V
.
/Q

.
balance; reduce 

hypoxemia

Improve V
.
/Q

.
balance; reduce 

hypoxemia

Reduce airway resistance, speed ede-
ma resorption

Treatment

Stress ulcer prophylaxis

Prophylaxis of deep vein throm-
bosis and pulmonary embolism

Topical plus systemic prophylac-
tic antibiotics

Enteral nutrition

Parenteral nutrition

Immune-enhancing nutritional
formulations (e.g., omega-3 
fatty acids)

Early fluid restriction or diuresis

Corticosteroids early in course 
of disease

Corticosteroids late in course 
of disease

Exogenous surfactant

Acetylcysteine, procysteine

Ketoconazole

Ibuprofen, other NSAIDs

Alprostadil (prostaglandin E1)

Pentoxifylline, lisofylline

Antiendotoxin and anticytokines

Inhaled nitric oxide

Nebulized prostacyclin
(epoprostenol)

Inhaled beta-adrenergic agonists

Table 4 Treatments of ARDS That Do Not Involve Ventilation

Evidence Grade

A (studied in ICU patients)

A (studied in ICU patients)

A (studied in ICU patients)

Ungraded

Ungraded

B

C

A

B

C

B

A

B

B

B

A

A

C

D

Is This Treatment Recommended?

Yes, gastric acid neutralization allowable

Yes, in the absence of coagulopathy

Controversial; evidence favors

Yes, if GI function satisfactory

Yes, when GI function inadequate

Controversial; evidence favors

Yes, if hemodynamically stable, trial 
under way

No

Controversial; one randomized clinical 
trial reports benefit when given at 7–14
days; large randomized clinical trial is 
in progress

No; no trials under way

No

No

No

No

No

No

No

No

Yes

ARDS—acute respiratory distress syndrome GI—gastrointestinal NSAIDs—nonsteroidal anti-inflammatory drugs Q—perfusion V
.
—ventilation

.



ing cause of ARDS, general ICU support (e.g., nutrition), pre-
vention of complications in the ICU (e.g., stress ulcer prophy-
laxis), and management of edema21 [see Table 4]. Ventilatory
and cardiorespiratory issues in the management of respiratory
failure in patients with ARDS are discussed in detail elsewhere
[see 14:VIII Respiratory Failure].

Treatment of the cause of ARDS, when feasible, should be
instituted as soon as possible. For example, in patients with
ARDS that is associated with sepsis, appropriate antibiotics
should be started immediately, and the source of the infection
should be identified and treated (e.g., abscesses should be
drained).

The initial management in the ICU should include several
general measures. Prevention of stress ulceration and associated
gastrointestinal bleeding, as well as prevention of deep vein
thrombosis and pulmonary embolism, is indicated. Attempts to
reduce nosocomial infection, particularly ventilator-associated
pneumonia, through the use of topical and systemic antibiotics
have had favorable results,22 but concerns about the induction of
resistant organisms have made this type of therapy controver-
sial. Enteral feeding is indicated if the GI tract is functioning;
otherwise, parenteral nutrition should be provided. Use of spe-
cial enteral formulations enriched with “immunonutrients”
(e.g., arginine, glutamine, omega-3 fatty acids, nucleotides) have
been found to reduce length of hospital stay, infection rates, and
duration of mechanical ventilation, but not mortality.23

The treatment of ARDS is focused on reducing existing pul-
monary edema, preventing further edema, and modifying the
evolution of the disease. Once the patient is hemodynamically
stable, fluid restriction, diuresis, or both are indicated.24 Nu-
merous attempts have been made to reduce the inflammatory
response in ARDS. Use of corticosteroids early in the course of
disease has no beneficial effect, but steroids given 7 to 14 days
later may modify the fibroproliferative phase.25 Numerous oth-
er agents have not been found to modify the disease process or
improve outcome [see Table 4].21,26

outcome

Although the prognosis of patients with ARDS is related to
the degree of lung injury, other parameters more accurately
predict outcome; this is not surprising, because ARDS is fre-
quently part of a systemic inflammatory response syndrome.
The cause of the syndrome is often unclear, but the possibilities
include bronchopneumonia, translocation of bacterial products
across the intestine, and persistent release of endogenous me-
diators in the absence of ongoing infection. Sepsis, which is of-
ten associated with vasodilatation that is unresponsive to vaso-
constrictors, is the most common cause of death during the
course of illness. As a result of state-of-the-art ventilatory-sup-
port techniques, respiratory failure is the cause of death in only
10% of early-stage cases and 18% of late-stage cases—a fact that
highlights the importance of dysfunction of other organ sys-
tems (e.g., hemodynamic failure with refractory shock or pro-
gressive renal failure) in causing morbidity and mortality. Data
suggest that the outcome of patients with ARDS may be im-
proving, possibly because of improvements in therapy.10,16

One way to predict mortality is by the number of organ sys-
tems that fail. Mortality increases with the number of failing or-
gans and the number of days of failure [see Figure 3].27 There is a
further increase in mortality in patients who are older than 65
years. For example, in patients younger than 65 years who
have single-organ malfunction for 5 days, mortality is 27%,
whereas in patients with single-organ malfunction who are
older than 65 years, mortality is 48%. Likewise, the failure of
two organs for 2 days results in a 47% mortality in patients
younger than 65 years and a 73% mortality in patients older
than 65 years. The failure of three or more organs for 5 days in
patients of any age is associated with a 97% mortality.27 These
data provide a useful guide for decision making for patients
with catastrophic illness and their families.

If patients survive the acute illness that causes ARDS, the
prognosis for return of lung function is good. Factors associat-
ed with poor pulmonary functional outcome are severity of
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Figure 3 In patients with ARDS, the number of failing organs and the patient’s age have a greater influence on mortality than does
the number of days of failure.



ARDS, lowest measured compliance, and duration of positive
pressure ventilation.10 Lung function improves rapidly over the
first several weeks, then more slowly over a period of as long
as 2 years. Common symptoms and signs include exertional
dyspnea, cough, wheezing, and persistent rales. Pulmonary
function tests may demonstrate the presence of restrictive dis-
ease; obstructive disease, often with increased airway reactivi-
ty; or decreased diffusing capacity. CT may show a persistent
reticular pattern in 85% of patients.28 One year or more after the
onset of ARDS, more than 75% of patients either have normal
respiratory function or suffer only mild impairment. However,
many will suffer neuropsychological sequelae such as im-
paired memory, attention, concentration, decreased mental
processing speed, or all four,29 as well as reduced quality of
life.16,30

Miscellaneous Causes of Pulmonary Edema

neurologic insults

Pulmonary edema can occur as a result of various insults to
the central nervous system, including grand mal seizures, head
trauma, subarachnoid hemorrhage, intracerebral hemorrhage,
and subdural hematoma. The common denominator for these
CNS insults is that they are severe and occur acutely. Most of-
ten, pulmonary edema is acute, occurring minutes to hours af-
ter the CNS event. Occasionally, there may be a more delayed
onset and gradual progression over several days. The patho-
genesis of neurogenic pulmonary edema is not well under-
stood. The acute form, which is more common, may result in
large part from intense sympathetic activity associated with
systemic hypertension and central pooling of blood volume.
This combination of factors can lead to extraordinary, albeit
transient, increases in pulmonary capillary pressure and a pre-
dominantly cardiogenic pattern of pulmonary edema. In-
creased permeability caused by pressure-induced mechanical
injury to pulmonary capillaries or possibly by CNS control
over pulmonary capillary permeability is also believed to play
a role in neurogenic pulmonary edema.31

Clinically, neurogenic pulmonary edema is usually diag-
nosed through its association with a rather dramatic preceding
CNS insult. The major differential diagnosis is aspiration injury
to the lungs. Unlike neurogenic pulmonary edema, chemical
pneumonitis resulting from aspiration frequently persists for
more than a few days and is often complicated by secondary
bacterial infection. If the pulmonary process clears rapidly (i.e.,
over a few days), the likely diagnosis is neurogenic pulmonary
edema. The management of neurogenic pulmonary edema is
basically supportive. Diuretics should not be used in the ab-
sence of hypervolemia because of the risk of hypovolemic hy-
potension, which could aggravate the CNS injury in the setting
of increased intracranial pressure.

exposure to high altitude

High-altitude pulmonary edema (HAPE) has been reported
to occur at heights of 2,500 to 5,000 m (8,202 to 16,404 ft), with an
incidence of 0.5% to 15%; greater risk is associated with young
age, male sex, more rapid ascent, heavy exertion, and cold envi-
ronment.32 HAPE can also occur in persons residing at high alti-
tude who return from a few days’ stay at a lower altitude. Per-
sons with previous episodes of HAPE have a 60% chance of 
recurrence.

Symptoms are cough, which is sometimes productive of pink
or bloody sputum, dyspnea on exertion, and fever; onset of
symptoms is often gradual but typically occurs within 48 to 96
hours at high altitude. Fulminant pulmonary edema may be pre-
ceded by the less severe symptoms of acute mountain sickness.
The edema may be diffuse, yet patchy, or quite asymmetrical.

The primary pathophysiologic abnormality underlying
high-altitude pulmonary edema is thought by some to be in-
creased capillary permeability, yet the mechanism of the in-
creased permeability is uncertain. It has been suggested that
pronounced hypoxia-induced pulmonary vasoconstriction
may lead to overperfusion of the less obstructed portions of the
vascular bed and subsequent endothelial injury.32 Evidence for
this mechanism comes in part from the observation that per-
sons who have experienced high-altitude pulmonary edema
have more exaggerated hypoxic pulmonary vasoconstriction
than those who have not. Impaired production of nitric oxide
(a pulmonary vasodilator) with development of hypoxia may
play a role.33 Edematogenic mediators released from endothe-
lial or inflammatory cells may also be involved.32

The risk of HAPE can be decreased by ascending slowly and
steadily to high altitudes. In addition, nifedipine has been
found to prevent high-altitude pulmonary edema in suscepti-
ble persons.32 Descent to a lower altitude when symptoms of
acute mountain sickness develop should also reduce the risk of
pulmonary edema. Once full-blown pulmonary edema has oc-
curred, administration of oxygen and prompt descent are
mandatory and can be lifesaving. Even descending only a few
hundred meters may be beneficial. Inhalation of nitric oxide
has been shown to improve arterial oxygenation and may be
useful in patients who cannot be evacuated to lower altitude.34

Persons who have experienced high-altitude pulmonary ede-
ma are at increased risk for its recurrence and should be ad-
vised to avoid high altitudes.

reexpansion of collapsed lung

Rapid reexpansion of a collapsed lung may lead to ipsilater-
al or, occasionally, bilateral pulmonary edema.35 The risk of re-
expansion pulmonary edema after evacuation of a pneumotho-
rax or pleural effusion is related to the amount of air or liquid
in the pleural space, the duration of collapse, the rapidity of re-
expansion, and the suctional pressures required to reexpand
the lung. The development of highly negative pleural pressure
during removal of pleural air or liquid, with resultant marked
reduction in interstitial hydrostatic pressure, may be important
in the pathogenesis of reexpansion pulmonary edema. The
high protein concentration in the edema fluid suggests en-
hanced membrane permeability. This increased permeability
could be caused in part by mechanical stretching and deforma-
tion of endothelial pores or by generation of toxic oxygen radi-
cals during reperfusion of the rapidly expanded lung. Deple-
tion of surfactant in the collapsed lung may play a role in the
genesis of the reduction in interstitial hydrostatic pressure dur-
ing reexpansion. The risk of reexpansion pulmonary edema is
very low during evacuation of a pneumothorax that has been
present for a day or less. For a pneumothorax that is thought to
have been present for longer than a day, evacuation under wa-
ter seal, rather than by application of negative pressure, may
reduce the risk of edema. Evacuation of pleural liquid does not
usually lead to pulmonary edema unless more than 1.0 to 1.5 L
of liquid is removed rapidly. It has been suggested that any
amount of pleural liquid can be removed safely as long as
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pleural pressure is maintained at a level higher than –20 cm
H2O. It is not certain, however, that this approach will always
prevent reexpansion pulmonary edema; therefore, it is advis-
able to remove very large effusions gradually over several
hours whenever possible. Treatment of reexpansion pul-
monary edema is supportive. There is no evidence that treat-
ment with diuretics is beneficial.

upper airway obstruction

Pulmonary edema has been reported to occur after episodes
of upper airway obstruction caused by postextubation laryn-
gospasm, tumors, strangulation, or obstructive sleep apnea.36

The pathogenesis is thought to be related to the development
of highly negative intrapleural pressure (–50 to –100 cm H2O)
caused by vigorous inspiratory efforts against an obstructed
airway (Müller maneuver). The highly negative intrapleural
pressure decreases the interstitial hydrostatic pressure, increas-
es venous return, and imposes an afterload on the left ventricle.
In addition, such pressure may lead to intense sympathetic ac-
tivation, systemic hypertension, and central pooling of blood
volume. These factors together can lead to acute pulmonary
edema by increasing the transcapillary pressure gradient (i.e.,
the difference between the capillary pressure and the intersti-
tial hydrostatic pressure). The condition resolves rapidly after
the obstruction is removed.

drugs

Acute noncardiogenic pulmonary edema can occur after ad-
ministration of a number of drugs [see Table 5]. Acute pul-
monary edema can occur after intravenous injection of heroin
or other narcotics.37 Because the edema fluid has a high protein
concentration, it has been suggested that a permeability defect
could be a pathogenetic factor, but this finding could result
from a transient, extreme increase in capillary pressure pro-
duced by a so-called neurogenic mechanism. Onset usually oc-
curs within a few hours after narcotic use, but occasionally, it
may be delayed for as long as 24 hours. In addition to the clini-
cal and radiographic features of pulmonary edema, typical
signs of narcotic intoxication are present, such as pupillary con-
striction, decreased respiration, and altered mentation. Fever
and leukocytosis do not necessarily indicate the presence of in-
fection. As with neurogenic pulmonary edema, the primary
differential diagnostic consideration is aspiration, because of
the altered level of consciousness.

Management is supportive and should generally include in-
tubation with mechanical ventilation, both to guarantee ade-

quate ventilatory support and to provide airway protection
against aspiration. The role of naloxone is uncertain. Certainly,
a patient who has overdosed on narcotics and is experiencing
life-threatening hypotension or bradycardia should be given
naloxone. Likewise, if naloxone is given to an unresponsive
and hypopneic patient who does not necessarily require me-
chanical ventilation for pulmonary edema, the patient may be
spared intubation. In contrast, for a patient who is intubated on
an emergency basis because of acute pulmonary edema and
who becomes clinically stable without hemodynamic compro-
mise, better management may be to allow the narcotic intoxica-
tion to reverse gradually rather than precipitously. There is no
evidence that naloxone helps speed resolution of narcotic-in-
duced pulmonary edema. In fact, naloxone has been reported
to cause pulmonary edema.25 Furthermore, acute reversal of
narcotic intoxication in a long-term addict could result in agita-
tion, with marked sympathetic activation and a less stable clin-
ical course.

Cocaine causes acute pulmonary edema, usually when used
as free-base cocaine.38 The pathophysiology is uncertain. Like
heroin, cocaine leads to a high-protein pulmonary edema that
suggests endothelial cell injury and increased capillary perme-
ability. However, as has been suggested with heroin, cocaine
could lead to extreme sympathetic activation with a steep, ex-
treme increase in capillary pressure that could produce a tran-
sient increase in protein leakage across the capillary mem-
brane. Cocaine also causes coronary vasoconstriction, with
acute myocardial ischemia or infarction, that could lead to pul-
monary edema.

lung resection

Pulmonary edema can occur as a complication after lung re-
section, especially pneumonectomy. The clinical picture is con-
sistent with acute lung injury or ARDS and occurs in approxi-
mately 6% of pneumonectomies, 3.7% of lobectomies, and 1%
of minor resections. Mortality in these patients is 64.5%.39

The pathogenesis of post–lung-resection pulmonary edema
is mutifactorial. Perioperative fluid overload, impaired lym-
phatic drainage from lymph node dissection, damage from
high concentrations of oxygen, and ischemia and reperfusion
injury are probably involved.40

Management of post–lung-resection pulmonary edema in-
cludes mechanical ventilation, with particular attention to air-
way pressures, and fluid restriction.
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Table 5 Drugs Associated 
with Acute Pulmonary Edema
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Nonsteroidal anti-inflam-

matory drugs
Naloxone
Amiodarone (after general

anesthesia)
Thiazide diuretics
Tocolytic agents
Protamine

Cytarabine
Intrathecal methotrexate
Bleomycin
Dextran
Contrast media
Ethchlorvynol
Phenothiazines
Colchicine
Interleukin-2
Insulin
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