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Pulmonary edema may be classified as increased hydrostatic pressure edema,
permeability edema with diffuse alveolar damage (DAD), permeability edema
without DAD, or mixed edema. Pulmonary edema has variable manifestations.
Postobstructive pulmonary edema typically manifests radiologically as septal
lines, peribronchial cuffing, and, in more severe cases, central alveolar edema.
Pulmonary edema with chronic pulmonary embolism manifests as sharply de-
marcated areas of increased ground-glass attenuation. Pulmonary edema with
veno-occlusive disease manifests as large pulmonary arteries, diffuse interstitial
edema with numerous Kerley lines, peribronchial cuffing, and a dilated right
ventricle. Stage 1 near drowning pulmonary edema manifests as Kerley lines,
peribronchial cuffing, and patchy, perihilar alveolar areas of airspace consolida-
tion; stage 2 and 3 lesions are radiologically nonspecific. Pulmonary edema fol-
lowing administration of cytokines demonstrates bilateral, symmetric intersti-
tial edema with thickened septal lines. High-altitude pulmonary edema usually
manifests as central interstitial edema associated with peribronchial cuffing,
ill-defined vessels, and patchy airspace consolidation. Neurogenic pulmonary
edema manifests as bilateral, rather homogeneous airspace consolidations that
predominate at the apices in about 50% of cases. Reperfusion pulmonary
edema usually demonstrates heterogeneous airspace consolidations that pre-
dominate in the areas distal to the recanalized vessels. Postreduction pulmo-
nary edema manifests as mild airspace consolidation involving the ipsilateral
lung, whereas pulmonary edema due to air embolism initially demonstrates in-
terstitial edema followed by bilateral, peripheral alveolar areas of increased
opacity that predominate at the lung bases. Familiarity with the spectrum of ra-
diologic findings in pulmonary edema from various causes will often help nar-
row the differential diagnosis.

Abbreviations: ARDS = adult respiratory distress syndrome, DAD = diffuse alveolar damage
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LEARNING
OBJECTIVES

After reading this article
and taking the test, the
reader will:

• Understand the basic
pathophysiology of the
different types of pulmo-
nary edema.

• Be familiar with the dif-
ferent stages and radiologic
manifestations of adult res-
piratory distress syndrome.

• Be familiar with the
spectrum of clinical find-
ings in pulmonary edema
and understand how the
clinical course can help
explain the presence or
absence of diffuse alveolar
damage.
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n INTRODUCTION
Pulmonary edema is defined as an abnormal ac-
cumulation of fluid in the extravascular com-
partments of the lung. The relative amounts of
intravascular and extravascular fluid in the lung
are mostly controlled by the permeability of the
capillary membrane as well as the oncotic pres-
sure (1). This relation is described by the Star-
ling equation, which is used to determine the
theoretic amount of fluid Q

filt
 filtered per unit

area per unit of time:
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In this equation, HP
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intravascular and extravascular hydrostatic pres-
sure, respectively, and OP

iv
 and OP
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 represent

the intravascular and extravascular oncotic pres-
sure, respectively. K

filt
 represents the conduc-

tance of the capillary wall and expresses the
water resistance created by the capillary endo-
thelial cell junctions with changes in HP

iv
 and

HP
ev

. t represents the oncotic reflection coeffi-
cient and expresses the permeability of the cap-
illary membrane to macromolecules. The greater
this reflection coefficient is, the more the pas-
sage of macromolecules will be restricted, thus
decreasing overall fluid filtration. The net flow
F

net
 is defined as Q

filt
 - Q

lymph
, where Q

filt
 repre-

sents fluid transudation or exudation and Q
lymph

represents lymphatic absorption. Pulmonary
edema develops when the equilibrium between
fluid transudation or exudation Q

filt
 and lym-

phatic absorption Q
lymph

 is disturbed. Thus, al-
though under normal conditions the endothe-
lial cells are relatively impermeable to protein
but remain permeable to water and solutes, the
tight intercellular junctions of the alveolar epi-
thelium remain nearly impermeable to water
and solutes, thus constituting an effective bar-
rier that is a major factor in preventing the de-
velopment of pulmonary edema. Lymphatic
drainage (Q

lymph
) represents another way of

eliminating excess lung water. A manifold in-
crease in lymphatic flow has been observed with
chronically increased hydrostatic pressure. This
increase in lymphatic flow is very efficient in
eliminating excess water, especially when there
is diminished oncotic pressure due to hypoal-
buminemia (2). However, its impact requires
time; thus, it may not be as effective in acute
settings.

Pulmonary edema can be divided into four
main categories on the basis of pathophysiol-
ogy: (a) increased hydrostatic pressure edema,
(b) permeability edema with diffuse alveolar
damage (DAD), (c) permeability edema without
DAD, and (d) mixed edema due to simultane-
ous increased hydrostatic pressure and perme-
ability changes (3,4). This classification scheme
is helpful because pulmonary edema is often
seen in the clinical setting, especially in the in-
tensive care unit and emergency department.
The clinical and radiologic manifestations of
acute pulmonary edema are generally well es-
tablished. However, pulmonary edema may
also demonstrate unusual findings.

In this article, we describe the clinical and
radiologic features of pulmonary edema in a se-
ries of 80 patients who were seen over a 10-year
period in the intensive care units and emergency
department at our institution. Pulmonary edema
in these patients was categorized according to
the classification scheme described earlier. Atypi-
cal pulmonary edema is defined as lung edema
with an unusual radiologic appearance but with
clinical findings that are usually associated with
well-known causes of pulmonary edema. Un-
usual forms of pulmonary edema are defined as
lung edema from unusual causes (ie, rare dis-
eases or rare manifestations of common diseases).

n INCREASED HYDROSTATIC PRES-
SURE EDEMA
Two pathophysiologic and radiologic phases
are recognized in the development of pressure
edema: interstitial edema and alveolar flooding
or edema. These phases are virtually identical
for left-sided heart failure and fluid overload,
the two most frequently observed causes of
pressure edema in intensive care and emer-
gency patients. The intensity and duration of
both phases are clearly related to the degree of
increased pressure, which is determined by the
hydrostatic-oncotic pressure ratio.

Interstitial edema occurs with an increase of
15–25 mm Hg in mean transmural arterial pres-
sure and results in the early loss of definition of
subsegmental and segmental vessels, mild en-
largement of the peribronchovascular spaces,
the appearance of Kerley lines, and subpleural
effusions (5,6). If the quantity of extravascular
fluid continues to increase, the edema will mi-
grate centrally with progressive blurring of ves-
sels, first at the lobar level and later at the level
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a. b.

c.

Figure 1. Increased hydrostatic pressure edema in
a 33-year-old man with acute myelocytic leukemia
who was admitted for fluid overload with renal and
cardiac failure. Successive chest radiographs demon-
strate progressive lobar vessel enlargement, peribron-
chial cuffing (arrows in b), bilateral Kerley lines (ar-
rowheads in c), and late alveolar edema with nodular
areas of increased opacity. The fluid overload is con-
firmed by the increasing size of the azygos vein.

of the hilum. At this point, lung radiolucency
decreases markedly, making identification of
small peripheral vessels difficult. Peribronchial
cuffing becomes apparent, particularly in the
perihilar areas (4,7). With increases in transmu-
ral pressure greater than 25 mm Hg, fluid drain-
age from the extravascular compartment is at
maximum capacity and the second phase (al-

veolar flooding) commences, leading to a sud-
den extension of edema into the alveolar spaces
and thus creating tiny nodular or acinar areas of
increased opacity that coalesce into frank con-
solidations (Fig 1). Some investigators have ob-
served that, with such pressure increases, the
onset of alveolar edema may also be associated
with direct pressure-induced damage to the al-
veolar epithelium (8).

Pulmonary artery catheters are frequently
used to assess hydrostatic pressure in intensive
care patients. Pulmonary capillary wedge pres-
sure has been shown to reflect left atrial pres-
sure and correlates well with the radiologic fea-
tures of congestive heart failure and pulmonary
venous hypertension (Table) (4,9). However, in
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acute heart failure, a time lag is often observed
between the increased pulmonary capillary
wedge pressure and the radiologic manifesta-
tion of pulmonary edema due to the relatively
slow movement of water through the widened
capillary endothelial cell junctions (10). Simi-
larly, as pulmonary edema resolves, the radio-
logic findings will persist with decreasing or
even normal pulmonary capillary wedge pres-
sure (Fig 2).

l Bat Wing Edema
Bat wing edema refers to a central, nongravi-
tational distribution of alveolar edema. It is seen
in less than 10% of cases of pulmonary edema
(4) and generally occurs with rapidly develop-
ing severe cardiac failure as seen in acute mitral
insufficiency (associated with papillary muscle
rupture, massive myocardial infarct, and valve
leaflet destruction due to septic endocarditis)
or renal failure (Figs 3, 4). In bat wing edema,
the lung cortex is free of alveolar or interstitial
fluid. This pathologic condition develops so
rapidly that it is initially observed as an alveolar
infiltrate, and the preceding interstitial phase
that is typically seen in pulmonary edema goes
undetected radiologically.

Several theories have been proposed to ex-
plain the pathophysiology of bat wing edema.
One such theory involves an increase in hy-
draulic conductivity. Mucopolysaccharides fill
the spaces in the perivascular cytoskeleton and,
under normal conditions, inhibit the flow of liq-
uid. However, with increased tissue hydration,
this extracellular matrix allows water to easily
flow centrally (4). Other investigators have sug-
gested a pumping effect of the respiratory
cycle, which is more pronounced in the lung
cortex (10) and causes overall fluid flow to-
ward the hilum. Another probable contributing
factor is the contractile property of alveolar
septa, which allows them to expel interstitial
edema toward the hilum (4).

Figure 2. Increased hydrostatic pres-
sure edema in a 53-year-old man with
postoperative fluid overload. Pulmo-
nary capillary wedge pressure was 20
mm Hg. High-resolution computed
tomographic (CT) scan demonstrates
inter- and intralobar septal lines pre-
dominating in the anterior portion of
the left lung field with some peribron-
chial cuffing (arrow). Both lungs dis-
play diffuse ground-glass areas of in-
creased attenuation with a gravita-
tional anteroposterior gradient.

Correlation between Pulmonary Capillary
Wedge Pressure and Radiologic Findings

Pulmonary
Capillary Wedge
Pressure (mm Hg) Radiologic Findings

5–12 Normal findings
12–17 Cephalization of pulmo-

nary vessels (only in
chronic conditions)

17–20 Kerley lines, subpleural
effusions

>25 Pulmonary edema

Source.—Reference 4.
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3a. 4.

3b.

Figures 3, 4. (3) Bat wing edema in a 71-year-old woman with fluid overload and cardiac failure. Chest radio-
graph (a) and high-resolution CT scan (b) demonstrate bat wing alveolar edema with a central distribution and
sparing of the lung cortex. The infiltrates resolved within 32 hours. (4) Bat wing edema in a 66-year-old woman
with fluid overload of renal origin who was undergoing hemodialysis for hypertensive nephroangiosclerosis.
The patient was found unconscious after lying on her right side for several hours. Chest radiograph shows un-
usual recumbent bat wing pulmonary edema with associated right-sided pleural effusion.

l Asymmetric Distribution of In-
creased Pressure Edema
The most frequent cause of asymmetric distri-
bution of pressure edema is morphologic changes
in the lung parenchyma in chronic obstructive
pulmonary disease. In cardiac failure, extensive
lung emphysema of the apices (seen in heavy
smokers) or marked destruction and fibrosis of

the upper and middle portions of the lungs (seen
in end-stage tuberculosis, sarcoidosis, or asbes-
tosis) will result in pulmonary edema that pre-
dominates in the regions that are less affected
by these disease processes (Figs 5, 6).
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Hemodynamic factors can also cause asym-
metric distribution of pulmonary edema. Edema
associated with mitral regurgitation has been
shown to predominate in the right upper lobe
as a result of flow impairment caused by the re-
flux stream that is directed toward the right up-
per pulmonary vein (Fig 7) (11,12). Such asym-
metric distribution occurs in 9% of adults and
22% of children with grade 3 or 4 mitral regur-
gitation (13,14).

Finally, the position of the patient also influ-
ences intra- and extravascular fluid distribution
(Fig 8). In supine patients, axial CT usually dem-

onstrates an anteroposterior gradient, whereas
more asymmetric distribution of edema second-
ary to prolonged surgery or immobilization is
frequently observed in the lung fields in recum-
bent patients. This distribution is typically seen
in congestive heart failure but is also observed
in overhydration.

l Pulmonary Edema with Acute
Asthma
Pulmonary edema with acute asthma is a rare
pathologic condition because the associated
trapped air tends to maintain a positive intraal-
veolar pressure, thus decreasing the hydrostatic
pressure gradient. Its pathogenesis can be asso-

5b. 6.

Figures 5, 6. (5) Asymmetric pulmonary edema in a male patient with marked chronic obstructive pulmonary
disease. Unenhanced CT scans obtained with lung parenchymal (a) and mediastinal (b) windows depict the edema
as areas of diffuse ground-glass attenuation with an anteroposterior gradient. Fluid-filled subpleural bullae are
best seen in b (lower left). (Courtesy of Prof J. Remy, Department of Radiology, Hopital Calmette, Lille, France.)
(6) Asymmetric pulmonary edema in a 70-year-old man with end-stage fibrosis and bullous emphysema due to as-
bestosis who was admitted for cardiac failure. On a chest radiograph, the pulmonary edema infiltrates predomi-
nate at the lung bases because pulmonary blood flow is diverted to these regions by the upper lobe bullae. The
fibrotic interstitial changes from asbestosis facilitate the entry of edema into the alveolar spaces.

5a.
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On the other hand, the lowered pleural pres-
sure results in decreased interstitial pressure,
whereas intravascular pressures are only mini-
mally influenced. The airway obstruction in
acute asthma is not uniform throughout the
lungs, resulting in heterogeneous extravascular
fluid accumulation. During the past 5 years,
pulmonary edema with acute asthma was docu-
mented radiologically only once at our institu-
tion. In that case, chest radiography demon-
strated Kerley lines, peribronchial cuffing, ill-
defined pulmonary vessels, and diffuse alveolar
areas of increased opacity in both lungs (Fig 9).

ciated with the severity of the Müller maneuver
(ie, forced inspiration as the patient struggles
to inhale). Pulmonary edema with acute asthma
has been reported in one series of eight children
(15). During tidal inspiration, children with
episodes of acute asthma have been shown to
have very high negative peak inspiratory pres-
sures (mean, -29 cm of water) compared with
those in healthy subjects (mean, -7 cm). Fur-
thermore, it has been demonstrated that the
mean pleural pressure is markedly decreased
over the entire tidal respiration, reaching -25.5
cm of water compared with -5 cm in healthy
subjects (15). This high negative pleural pres-
sure during acute asthmatic episodes helps
maintain the patency of the narrowed airways.

Figure 8. Asymmetric pulmonary edema in a 37-year-
old woman who had undergone orthopedic interven-
tion of the femur in the right lateral decubitus position.
The patient received 12 liters of blood during surgery.
Chest radiograph demonstrates right-sided predomi-
nance of the pulmonary edema.

Figure 7. Asymmetric pulmonary edema
in a 64-year-old woman with grade 3 mitral
insufficiency. High-resolution CT scan
shows pulmonary edema predominantly
within the right upper lobe.

Figure 9. Pulmonary edema with acute asthma in a
3-year-old child. Chest radiograph demonstrates het-
erogeneous pulmonary edema associated with peri-
bronchial cuffing, ill-defined vessels, enlarged and ill-
defined hila, and alveolar areas of increased opacity.
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These radiologic findings could not be differen-
tiated from those in other causes of cardiogenic
edema.

l Postobstructive Pulmonary Edema
Postobstructive pulmonary edema occurs after
relief from an upper airway obstruction and
represents a pure form of hydrostatic edema
(3,4). It is most frequently caused by an im-
pacted foreign body, laryngospasm, epiglottitis,
or strangulation.

If the obstruction occurs primarily with forced
inspiration as the patient struggles to inhale
(Müller maneuver), it causes a high negative in-
trathoracic pressure that increases venous re-
turn. The resulting edema is caused by a sud-
den, marked decrease in the negative pleural
pressure, which leads to a high hydrostatic
pressure gradient between the intravascular
and extravascular compartments (16,17). An
obstruction that prevents both inspiration and
expiration may create a high positive intratho-
racic pressure that impairs the development of
edema initially. Later, edema develops as the
obstruction is relieved and the intrathoracic
pressure suddenly drops.

At chest radiography and CT, postobstruc-
tive pulmonary edema typically manifests as
septal lines, peribronchial cuffing, and, in more
severe cases, central alveolar edema (Fig 10).
These findings are similar to those in pressure
edema. Cardiac size is usually normal, indicat-
ing a pressure edema that is not related to over-
hydration. Resolution of clinical symptoms and
radiologic findings is rapid and usually occurs
within 2–3 days.

l Edema with Acute and Chronic Pul-
monary Embolism
For many years, pulmonary edema has been
seen occasionally at chest radiography in acute
pulmonary embolism (18). Even with the gen-
eralized use of helical CT for the assessment of
acute pulmonary embolism, pulmonary edema
is seen in less than 10% of cases (19,20). Pulmo-
nary edema usually appears at CT as heteroge-
neous areas of increased ground-glass attenua-
tion localized in the territories of the patent
segmental or subsegmental arteries. However,
some authors have suggested that in chronic
pulmonary embolism these areas of increased
attenuation may also represent relatively nor-
mal lung parenchyma with no underlying pul-
monary edema (with the area of increased at-
tenuation being evident only when compared
with the adjacent hypoperfused lung). Thus,
some authors have suggested that this is the
reason why other high-resolution CT features of
pulmonary edema (eg, septal thickening) are
not seen in these high-attenuation areas (ie, be-
cause they do not actually represent territorial
increases in extravascular fluid) (21). If this is
true, then pulmonary edema (when present)
may be due primarily to hydrostatic causes su-
perimposed on the underlying embolic disease.

On the other hand, it is believed that the
mechanism of pulmonary edema in massive
acute pulmonary embolism is directly related to
pulmonary hypertension (18,22). This hyper-
tension is caused by the occlusion of more than
50% of the pulmonary arterial bed. Because the
right-sided cardiac output is then directed
through a reduced arterial network, the capil-
lary hydrostatic pressure increases markedly.
The resulting increased perfusion of the areas
not involved by the vascular thrombosis leads
to edema (23).

Figure 10. Postobstructive pulmo-
nary edema in a 31-year-old man with
postextubation laryngospasm. High-
resolution CT scan demonstrates
marked pulmonary edema with peri-
bronchial cuffing predominantly in-
volving the central lung parenchyma.
The lung cortex is remarkably free of
alveolar edema and Kerley lines.
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In our experience, pulmonary edema is seen
in many patients with chronic pulmonary em-
bolism, a finding that has also been described
by many other investigators (22,24–26). In this
setting, pulmonary edema manifests as areas of
increased ground-glass attenuation that are sharply
demarcated from areas of regional transparency
distal to the occluded arteries and thus deprived of
blood flow (Fig 11a) (27). Areas of ground-glass
attenuation are closely associated with dilated
pulmonary arteries in more than 70% of cases
of chronic pulmonary embolism (Fig 11b) (28–
30). Therefore, these areas are probably of
mixed origin and are associated with both simple
overperfusion or hyperemia and a component
of extravascular fluid accumulation within the
perfused regions. The pathogenesis of these fo-
cal areas of pulmonary edema has been demon-
strated with single-photon emission CT and
scintigraphy of the lung (28). Juxtaposition of
areas of increased ground-glass attenuation with
areas of hypoperfusion produces a familiar mo-
saic pattern known as mosaic oligemia.

l Edema with Pulmonary Veno-occlu-
sive Disease
Pulmonary veno-occlusive disease is a lethal
condition associated with the narrowing or oc-
clusion of small pulmonary veins and venules
by organized thrombi (30–32). This disease pro-

cess demonstrates widespread involvement of
the lungs but does not involve the large pulmo-
nary veins. Pulmonary veno-occlusive disease
has no sex or age predilection and causes a type
of hydrostatic edema due to the increased hy-
drostatic pressure that is directly associated
with the resulting increase in peripheral resis-
tance. Its pathogenesis remains unclear, al-
though striking similarities with veno-occlusive
disease of the liver have been reported (31–33).
The use of oral contraceptives may play a role
in both pulmonary and hepatic veno-occlusive
disease because they have been found to dra-
matically reduce the endothelial cell produc-
tion and metabolism of prostaglandin and pro-
stacyclin, both of which are strong inhibitors of
coagulation (34). Patients present with rapidly
progressive dyspnea, orthopnea, and acute pul-
monary edema with or without hemoptysis.
The main diagnostic features include a normal
or low pulmonary capillary wedge pressure re-
flecting the patency of the large pulmonary
veins, pulmonary arterial hypertension, and
edema. Chest radiography and CT reveal en-
larged pulmonary arteries, diffuse interstitial
edema with numerous Kerley lines, peribron-
chial cuffing, and a dilated right ventricle (Fig
12) (31).

a. b.

Figure 11. Pulmonary edema in a 56-year-old man with chronic thromboembolic disease. (a) High-resolution
CT scan demonstrates hyperperfused right upper and left lower lobes with ground-glass areas of increased at-
tenuation and enlarged arteries. The hypoperfusion of the left upper lobe is associated with a locally decreased
vessel size. (b) Right pulmonary angiogram obtained at the same time demonstrates numerous segmental webs
(arrows) and vascular occlusions that correlate well with the CT findings (cf a).



1516 n Scientific Exhibit Volume 19 Number 6

l Near Drowning Pulmonary Edema
Near drowning is defined as asphyxiation due
to water inhalation followed by survival for a
minimum of 24 hours (35). Three stages of near
drowning are currently recognized (35,36). Stage
1 manifests as acute laryngospasm that occurs
after inhalation of a small amount of water. In
patients in whom the laryngospasm persists,
thereby preventing outright flooding of the lungs,
one observes “dry drowning.” As in postob-

structive pulmonary edema, the resulting le-
sions are due to negative pressure edema aris-
ing from a prolonged episode of the Müller ma-
neuver (35). Kerley lines, peribronchial cuffing,
and patchy, perihilar alveolar areas of airspace
consolidation are the most important radiologic
findings (Fig 13a). These findings disappear
completely within 24–48 hours following ap-
propriate therapy (Fig 13b, 13c). In stage 2, the
victim still usually presents with laryngospasm
but may begin to swallow water into the stom-
ach. In stage 3, 10%–15% of patients still present
with dry drowning caused by persistence of the
associated laryngospasm; in the remaining 85%–

a. b.

c. d.

Figure 12. Pulmonary edema associated with veno-occlusive disease in a 28-year-old woman who was admit-
ted for acute dyspnea. (a) Chest radiograph demonstrates pulmonary edema. (b) On a pulmonary angiogram
obtained to exclude embolism, the peripheral pulmonary arteries are patent but have a thin, elongated appear-
ance. Pulmonary capillary wedge pressure was normal, but mean pulmonary arterial pressure was 54 mm Hg.
(c, d) High-resolution CT scans (d obtained caudad to c) obtained 2 days after admission demonstrate numer-
ous inter- and intralobular thickened septa, peribronchial cuffing, small pleural effusions, and residual diffuse
ground-glass attenuation. Pulmonary veno-occlusive disease was diagnosed at lung biopsy.
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90% of patients, the laryngospasm relaxes sec-
ondary to hypoxia and large amounts of water
are aspirated (35). In such cases, the lung le-
sions are no longer associated with pressure
edema but mainly with hypoxia, which leads to
cytokine release and subsequent permeability
edema (36–38). In addition to causing hypoxia,
inhaled water has a deleterious effect on the
capillary endothelium, alveolar pneumocytes,
and surfactant production. This in turn leads to
permeability edema with DAD, atelectasis, and
shunting, thereby causing adult respiratory dis-
tress syndrome (ARDS). This situation is often
worsened by the aspiration of gastric fluid and
by infections due to fresh-water saprophytic
bacteria, which may cause further alveolar dam-

age. Stage 2 and 3 lesions are radiologically non-
specific, varying from tiny, ill-defined lesions to
large, lobar airspace consolidations. Lesion size
depends on the volume of inhaled water, the
duration of the ensuing hypoxia, and on whether
fresh or salt water is involved (35,37,38). Clear-
ing of the lungs begins slowly and continues at
a rate that depends on the severity of capillary
and alveolar damage. This process occurs sev-
eral days after the incident if the situation re-
mains uncomplicated by gastric aspiration, in-
fection, or other causes of additional alveolar
damage (37,38).

a.

b. c.

Figure 13. Pulmonary edema in a 5-year-old boy who
was admitted 1 hour after nearly drowning in chlori-
nated water. (a) Chest radiograph obtained at the time
of admission reveals cardiac enlargement, diffuse con-
fluent alveolar patterns of pulmonary edema, and peri-
bronchial cuffing. (b, c) Chest radiograph (b) and high-
resolution CT scan (c) obtained 3 hours later demon-
strate a marked decrease in pulmonary edema, although
it still predominates in the dependent portions of the
lungs. The cortical lung is remarkably free of interstitial
edema, a finding that may suggest either direct alveolar
damage from the inhaled water or edema following
laryngospasm rather than secondary damage from the
associated hypoxia. The laryngospasm was probably
the major component given the rapid clearing of the
areas of increased opacity.
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n PERMEABILITY EDEMA WITH DAD
ARDS is the term used for various acute or sub-
acute, diffuse pulmonary lesions that cause se-
vere hypoxemia. These lesions are associated
with a variety of precipitating factors and are
not caused or influenced by concurrent cardiac
insufficiency. Therefore, ARDS occurs without
an increase in pulmonary capillary pressure.
ARDS represents the most severe form of per-
meability edema associated with DAD (2). DAD
may be the direct result of a local precipitating
factor or may occur secondary to some sys-
temic condition. Primary or direct injuries to
the alveolar and vascular endothelium of the
lung usually result from the exposure of these
cells to chemical agents, infectious pathogens,
gastric fluid, or toxic gas, which destroy or se-
verely damage the cells. Secondary damage is
due to a systemic biochemical cascade creating
oxidating agents, inflammatory mediators, and
enzymes, which also harm these endothelial
cells during sepsis, pancreatitis, severe trauma,
or blood transfusion. On the basis of these etio-
logic differences, two major pathophysiologic
mechanisms in the development of ARDS have
been described: (a) ARDS due to an underlying
pulmonary disease, which is associated with
pulmonary consolidation, and (b) ARDS second-
ary to extrapulmonary disease, which manifests
as interstitial edema and alveolar collapse (39).
These mechanisms are based on physiologic
ventilation mechanics, and, although they have
not yet been pathologically proved, they do
have distinct implications for the treatment of
affected patients.

ARDS encompasses three often overlapping
stages. The first (exudative) stage is character-
ized by interstitial edema with a high protein
content that rapidly fills the alveolar spaces and
is associated with hemorrhage and ensuing hya-
line membrane formation. The rapid extension
of edema into the alveolar spaces probably ex-
plains why findings that are typically seen in in-
terstitial edema (eg, Kerley lines) are not promi-
nent in ARDS. The second (proliferative) stage
manifests as organization of the fibrinous exu-
date. Following this organization, one observes
the regeneration of the alveolar lining and
thickening of the alveolar septa. The third (fi-
brotic) stage is characterized by varying de-
grees of scarring and formation of subpleural
and intrapulmonary cysts.

Initially, most patients present with few if
any clinical symptoms. Soon, however, they de-
velop rapidly progressive dyspnea, tachypnea,
and cyanosis. Hypoxemia is present and re-
mains unresponsive to oxygen therapy mainly
due to the presence of arteriovenous shunting.
Mechanical ventilatory assistance with positive
end-expiratory pressure is often necessary to
adequately expand the lung parenchyma and
increase oxygen diffusion.

The early exudative stage demonstrates few
radiologic findings. Initially, interstitial edema
is observed, followed rapidly by perihilar areas
of increased opacity. The progression from in-
terstitial edema to the filling of alveolar spaces
corresponds to the appearance of widespread
alveolar consolidation on air bronchograms.
Compared with hydrostatic edema, the alveolar
edema in ARDS usually has a more peripheral
or cortical distribution. Radiologic signs that are
typically seen in cardiogenic edema (eg, cardi-
omegaly, apical vascular redistribution, Kerley
lines) are absent. Despite the presence of dif-
fuse, homogeneous DAD, ARDS usually displays
a gravitational gradient that is easily visualized at
CT and can be modified by changing the patient’s
position (Fig 14) (40). This suggests that atelecta-
sis is also an important factor in the inhomoge-
neous regional distribution of ARDS. Further-
more, this gravitational pattern can help ex-
clude concomitant infectious processes because
such dependent atelectasis is more common in
patients with early ARDS without pneumonia
(41).

With progression of the disease into the pro-
liferative stage, an inhomogeneous pattern of
ground-glass areas of increased opacity is seen,
along with early modifications due to fibrosis.
During the fibrotic stage, subpleural and intra-
pulmonary cystic lesions may be observed and
may be the direct cause of pneumothoraces
(2,42). Recurrent exudative episodes can still
occur in the proliferative and fibrotic stages of
ARDS, resulting in mixed radiologic findings
that demonstrate parts of all three stages simul-
taneously.

Atypical ARDS, which is characterized by a
predominance of anterior airspace consolida-
tions in supine patients, was observed in about
5% of patients who underwent CT during the
exudative stage (Fig 15). The pathophysiologic
explanation for this finding remains unclear but
may involve regional differences in mechani-
cally assisted ventilation pressures.
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a.

b. c.

d. e.

Figure 14. ARDS associated with DAD in a 20-year-old man involved in a motor vehicle accident who underwent
massive bronchoaspiration during tracheal intubation. (a–c) Chest radiograph (a) and supine unenhanced CT
scans (10-mm section thickness) (b, c) (c obtained caudad to b) reveal characteristic bilateral diffuse airspace
consolidations with a marked anteroposterior gradient. In addition, bilateral peripheral areas of hyperlucency
representing trapped air are seen. Kerley lines are notably absent, and pleural effusions are minor compared
with the extent of the airspace lesions. (d, e) High-resolution CT scans (e obtained caudad to d) obtained 1 day
later after the patient had been maintained in a prone position for 12 hours demonstrate markedly decreased
posterior airspace consolidations with small, posterior pleural effusions. Note the residual inter- and intralobular
septal thickening. A posteroanterior gradient is now present, clearly demonstrating the importance of depen-
dent atelectasis in ARDS. Note also the presence of numerous dilated small bronchi and bronchioles.
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n PERMEABILITY EDEMA WITHOUT
DAD
As the name implies, permeability edema with-
out DAD refers to pulmonary edema in which
permeability changes are not primarily associ-
ated with DAD. The absence of cellular damage
is often not proved pathologically but may be
inferred from the clinical and radiologic course
of the disease because rapid regression is often
observed, with ventilatory improvements oc-

a. b.

Figure 15. Atypical ARDS secondary to septic shock in a 47-year-old man who had undergone endoscopic
sclerotherapy for esophageal varices. Supine high-resolution CT scans (b obtained caudad to a) demonstrate bi-
lateral airspace consolidations that predominate anteriorly. This distribution is of unknown origin because the
patient was never placed in the prone position during the course of the disease.

a. b.

Figure 16. Heroin-induced pulmonary edema in a 19-year-old male addict with ARDS. (a) Chest radiograph re-
veals massive diffuse pulmonary edema. (b) Chest radiograph obtained 27 hours later reveals substantial resolu-
tion of the pulmonary edema, which is only possible in the absence of DAD. Intubation and positive pressure
ventilation may have partially influenced the edematous change.

curring within a short period of time. Although
some degree of DAD may occur, damage re-
mains minor and usually only partially affects
patient outcome.

l Heroin-induced Pulmonary Edema
Pulmonary edema directly associated with an
overdose of opiates occurs almost exclusively
with heroin but is also rarely encountered with
the use of cocaine and “crack.” Heroin-induced
pulmonary edema is seen in about 15% of cases
of heroin overdose with an overall mortality rate
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l Pulmonary Edema Following Ad-
ministration of Cytokines
Interleukin (IL)–2 is an endogenous glycoprotein
that enhances the in vivo and in vitro tumoricidal
activity of natural killer cells. It is used in pa-
tients with metastatic melanoma and metastatic
renal cell adenocarcinoma. Another cytokine
known as tumor necrosis factor may be admin-
istered by intraarterial infusion and subsequently
increases the production and release of IL-2 via
cytokine cascades with intermediary products
such as IL-8. Both IL-2 and tumor necrosis fac-
tor may cause permeability disruptions without
DAD and lead to pulmonary edema. They pre-
dominantly affect the capillary endothelial cells,
although the precise underlying pathophysiologic
process has yet to be established (2,48,49). Most
patients undergoing therapy with IL-2 and tumor
necrosis factor demonstrate a mild increase in
pulmonary capillary wedge pressure due to the
direct toxic effect of these cytokines on the myo-
cardial cells and on the heart’s conduction system.
Although this toxic effect may lead to arrhythmia
and a decreased ejection fraction, it is not suffi-
cient to explain the onset of pulmonary edema
from pressure gradients: Two studies have dem-
onstrated that pulmonary capillary wedge pres-
sure increases by only about 12 mm Hg (50,51).

of 10% (43–45). Heroin overdose is believed to
directly cause depression of the medullary res-
piratory center and lead to hypoxia and acido-
sis, both of which cause permeability edema
without DAD (46). This absence of DAD can be
directly inferred from the rapid resolution of
the disorder observed in all cases that are not
complicated by aspiration of gastric contents or
by infection. Unlike cocaine, heroin has no di-
rect deleterious effect on myocardial function
(47).

Often, a patient who overdoses on heroin may
lie motionless in a given position for hours or
even days. These recumbent positions give rise
to a markedly asymmetric distribution of edema
associated with gravity dependency and may
lead to extensive crush injuries with associated
muscle damage and ensuing renal insufficiency.
At radiology, heroin-induced pulmonary edema
is indistinguishable from other types of edema
without DAD. It manifests as widespread, patchy,
bilateral airspace consolidations, ill-defined ves-
sels, and peribronchial cuffing and is frequently
complicated by edema due to fluid overload as-
sociated with renal insufficiency (Fig 16). When
heroin-induced pulmonary edema is not associ-
ated with renal insufficiency or other complica-
tions such as aspiration of gastric contents, rapid
resolution of the infiltrates is observed within 1
or 2 days with no parenchymal sequelae (Fig 17).

a. b.

Figure 17. Heroin-induced pulmonary edema in a 24-year-old male addict who was admitted with a Glasgow
coma score of 3. (a) Chest radiograph obtained at the time of admission demonstrates confluent right pulmo-
nary edema due to the right lateral decubitus position the patient had maintained for the previous 24 hours.
(b) Chest radiograph obtained 28 hours later demonstrates rapid resolution of the infiltrates.
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About 75% of patients undergoing intrave-
nous IL-2 therapy and about 15%–20% of those
treated with intraarterial tumor necrosis factor
infusions will demonstrate radiologic signs of
pulmonary edema (3,49). In contrast, only 25%
of patients treated with recombinant IL-2 will
develop clinical signs and symptoms of pulmo-
nary disease (eg, cough, dyspnea, tachypnea,
fever). Approximately 5%–7% of this subgroup
will require respiratory assistance (3). Radiologic
signs are usually seen at conventional chest ra-
diography 1–5 days after the start of cytokine
therapy (Fig 18) and include bilateral, symmet-
ric interstitial edema with thickened septal lines.
Peribronchial cuffing is observed in 75% of cases
(3,49). No alveolar edema is observed unless
there is associated cardiac insufficiency. Inter-
stitial edema is associated with small pleural ef-
fusions in about 40% of cases and, like other
types of permeability edema without DAD, re-
gresses rapidly.

l High-Altitude Pulmonary Edema
High-altitude pulmonary edema is a potentially
fatal condition that occurs in a previously healthy
individual. It is caused by prolonged exposure
to an environment with a lower partial oxygen
atmospheric pressure. High-altitude pulmonary
edema occurs most frequently in young males
24–48 hours after they have made a rapid as-
cent to heights greater than 3,000 meters and
have remained in that environment (52-54). Nu-
merous cases of high-altitude pulmonary edema
have been described in the literature, often dem-
onstrating individual susceptibility (54). High-al-
titude pulmonary edema usually follows acute
mountain sickness, which actually represents a
milder form of the disease and can act as an in-
dicator of impending high-altitude pulmonary
edema (2). Clinical manifestations include dys-
pnea at rest, cough with frothy pink sputum
production, and neurologic disturbances associ-
ated with concomitant brain edema. Arterial
oxygen saturation levels correspond directly to
the severity of the disorder and may be as low
as 38% (52).

The pathophysiology of high-altitude pulmo-
nary edema remains controversial. However,
there is general agreement that this condition
results from acute, persistent hypoxia, which
induces heterogeneous vasoconstriction lead-
ing to marked pulmonary hypertension (52).
This in turn induces endothelial leakage, which
results in interstitial and alveolar edema with-
out DAD. This vascular leakage creates edema
with a high protein content, which explains the
frothy appearance of the sputum (2,52,55). The
clinical manifestations of high-altitude pulmo-
nary edema will resolve rapidly if the patient
quickly descends to a low altitude and under-
goes adequate therapy with oxygen and pulmo-
nary vasodilators (56).

The radiologic features of high-altitude pul-
monary edema vary with the degree of hypox-
emia that is present. Usually, this condition
manifests as central interstitial edema associ-

Figure 18. Pulmonary edema following administra-
tion of a cytokine in a 37-year-old woman with malig-
nant melanoma. The patient was admitted for intraar-
terial extracorporeal tumor necrosis factor perfusion
of the right lower limb. Chest radiograph obtained
48 hours after treatment demonstrates bilateral dif-
fuse pulmonary edema with peribronchial cuffing
(arrow), enlarged hila, ill-defined vessels, and pleural
effusions. Note the absence of alveolar areas of in-
creased opacity. The infiltrates disappeared within 5
days.
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volves a combination of factors associated with
hydrostatic edema and factors associated with
permeability edema without DAD. The cellular
mechanisms that cause capillary leakage are
also not well understood. Modifications in neu-
rovegetative pathways are probably the cause
of sudden, significant increases in microvascu-
lar pressure in the lungs, particularly in the pul-
monary venules. This leads to reduced venous
outflow, which in turn causes pulmonary capil-
lary and arterial hypertension (59). In addition,
there are probably direct effects of various me-
diators that cause leakage of vascular endothe-
lial cells and cell junctions.

Patients may present with varying degrees of
dyspnea, tachypnea, and cyanosis shortly after
suffering the brain insult. These signs and symp-
toms decrease and disappear rapidly in most
cases. Conventional chest radiography demon-
strates the presence of bilateral, rather homoge-
neous airspace consolidations, which predomi-
nate at the apices in about 50% of cases (Fig 20).

ated with peribronchial cuffing, ill-defined ves-
sels, and a patchy, frequently asymmetric pat-
tern of airspace consolidation (Fig 19) (57). A
few Kerley lines may also be visible. In mild
high-altitude pulmonary edema, the airspace
consolidations may be subtle or even absent
with little or no involvement of the lung pe-
riphery. In severe cases, they have a tendency
to become confluent and eventually involve the
entire lung parenchyma (58).

n MIXED EDEMA

l Neurogenic Pulmonary Edema
Neurogenic pulmonary edema is seen in up to
50% of patients who have suffered a severe
brain insult such as trauma, subarachnoid hem-
orrhage, stroke, or status epilepticus (58). Dif-
ferentiation of neurogenic pulmonary edema
from simple fluid overload or postextubation
edema may be difficult if not impossible in
trauma patients or immediately following sur-
gery. Therefore, the diagnosis of neurogenic
pulmonary edema is obtained by exclusion. Its
cause remains controversial but probably in-

a. b.

Figure 19. High-altitude pulmonary edema in an experienced 30-year-old female mountain climber who devel-
oped acute mountain sickness and brain edema at an altitude of 4,500 meters. After resting at this height for 24
hours, she experienced progressive dyspnea and a productive cough. Immediate descent by helicopter was ar-
ranged. Chest radiograph (a) and CT scan (2-mm section thickness) (b) obtained at the time of admission dem-
onstrate numerous small, confluent airspace consolidations that spare the apices and most of the lung cortex.
No Kerley lines or pleural effusions are seen. The heterogeneity of the airspace disease may reflect the heteroge-
neity of the pulmonary vascular constriction. The patient recovered in less than 24 hours, at which time radio-
logic findings were normal.
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More recently, some authors have observed the
predominance of diffuse pulmonary edema that
is rather inhomogeneous in distribution (58).
Radiologic findings in neurogenic pulmonary
edema also disappear within 1–2 days, thereby
confirming the absence of any associated DAD
(59).

l Reperfusion Pulmonary Edema
Reperfusion pulmonary edema is an acute, mixed,
noncardiogenic edema that is observed in up to
90%–100% of patients who have undergone
pulmonary thromboendarterectomy for mas-
sive pulmonary embolism or for webs and seg-
mental stenoses associated with chronic pulmo-
nary embolism (60). The main pathophysiologic
mechanism of this disorder is directly associ-
ated with the rapid increase in blood flow and
blood pressure in the areas distal to the recanal-

ized pulmonary arteries. Other mechanisms
such as mechanical stress due to surgical inter-
vention and biochemical phenomena (eg, re-
lease of oxygen radicals by neutrophils, alter-
ations in surfactant production) must also be
considered (60).

Patients develop dyspnea, tachypnea, and
cough during the first 24–48 hours after the
reperfusion event. They will almost always re-
quire oxygen therapy and will sometimes also
need mechanically assisted ventilatory support.
Radiologic findings of pulmonary edema appear
within the first 2 days following surgery (Fig 21).
Findings at conventional chest radiography usu-
ally consist of heterogeneous airspace consoli-
dations that predominate in the areas distal to
the recanalized vessels (61). Recently, however,
investigators have also found a random distribu-
tion of pulmonary edema in up to 50% of cases
(62). These authors hypothesize that the reper-
fusion pulmonary edema may also be due to
systemic factors that have not yet been identified.

a. b.

Figure 20. Neurogenic pulmonary edema in a 54-year-old woman who was admitted for intracranial hemor-
rhage due to arterial hypertension. (a) Chest radiograph obtained at the time of admission shows airspace con-
solidations predominantly at the apices. There are no pleural effusions or Kerley lines, and heart size is normal.
(b) High-resolution CT scan obtained at the same time demonstrates confluent alveolar consolidations in the
central portions of the lungs. A few thickened interlobular septa are also seen (arrows).
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l Pulmonary Edema Following Lung
Transplantation
Pulmonary edema following lung transplanta-
tion is a noncardiogenic form of edema that is
observed in up to 97% of patients during the
first 3 days following surgery (63). The most
important causal factors are probably those re-

lated to the tissue hypoxia that primarily in-
volves the graft but also the host organs during
the procedure, which is performed with extra-
corporeal circulation. Other factors such as the
disruption of pulmonary lymphatic drainage
and lung denervation with ensuing microvascu-
lar changes are also likely to contribute to the
process. Pulmonary edema following lung trans-
plantation is not due to left ventricular failure,
fluid overload, acute rejection, atelectasis, or in-
fection, although these conditions can coexist
and thus complicate the clinical picture.

The manifestation of this disease entity is
variable. A mixed hydrostatic and permeability
edema is seen at radiology during the first 2 days
following surgery. The infiltrates progress and
are most pronounced on day 5 (Fig 22) (63–67).

a. b.

c.

Figure 21. Reperfusion pulmonary edema in the
same patient as in Figure 14 following bilateral pul-
monary thromboendarterectomy. (a, b) Chest radio-
graphs obtained 1 (a) and 2 (b) days after surgery
demonstrate increased areas of airspace consolida-
tion, particularly in the territories of the recanalized
lobar and segmental arteries. (c) On a chest radio-
graph obtained 4 days after surgical intervention, the
reperfusion pulmonary edema has mostly resolved.
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These signs disappear 2 weeks after surgery
without any sequelae, indicating that if DAD is
present, it is mild and has little or no signifi-
cance (67).

l Reexpansion Pulmonary Edema
Reexpansion pulmonary edema is an uncom-
mon iatrogenic complication that occurs after
the rapid reexpansion of a collapsed lung fol-
lowing drainage or evacuation of pleural dis-
ease such as pneumothorax, hydrothorax, or
hemothorax. In 64% of cases, reexpansion pul-
monary edema appears suddenly within 1 hour
after lung reexpansion. The process usually in-
volves the entire reexpanded lung (68), although
on rare occasions only a single lobe or segment
may be involved (69). In most cases, reexpansion
pulmonary edema increases in severity for 24–
48 hours and then slowly resolves over the next
5–7 days, indicating that the pathophysiologic
process is not purely hydrostatic (2). A pro-
longed local hypoxic event, the abrupt restora-
tion of pulmonary blood flow, and the sudden,
marked increase in negative intrapleural pres-

sure are probably all significant factors in the
development of pulmonary edema (70). How-
ever, the presence of proteins and red blood
cells in the alveolar fluid as well as the persis-
tence of the clinical symptoms and radiologic
findings indicate the presence of a certain de-
gree of DAD. The presence of DAD is also indi-
cated by the inefficiency of the reexpanded
lung in terms of gas exchange, which leads to a
shunt effect that persists for some time (70).

Patients may be asymptomatic despite find-
ings of pulmonary edema at chest radiography.
On the other hand, they may present with se-
vere symptoms associated with frank respira-
tory insufficiency. Sometimes, there is little cor-
relation between the extent of the infiltrates at
radiology and clinical findings. In most cases,
patients present with cough, dyspnea, tachy-
pnea, and tachycardia, although in rare in-
stances large amounts of frothy pink sputum
may be seen (70). Early recognition of reexpan-
sion pulmonary edema is important because
the disease proves fatal in up to 20% of cases
(Fig 23) (68). Although reexpansion pulmonary
edema manifests unilaterally in the reexpanded
lung, its radiologic appearance is usually indis-
tinguishable from that of other forms of mixed
pulmonary edema.

a. b.

Figure 22. Pulmonary edema in a 34-year-old man who had undergone bilateral lung transplantation for end-
stage cystic fibrosis. (a) Chest radiograph obtained 48 hours after transplantation demonstrates diffuse, confluent
alveolar areas of increased opacity. (b) On a chest radiograph obtained 2 days later, the areas of increased opac-
ity have decreased markedly. The heart and vascular axes are normal in size.
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l Postpneumonectomy Pulmonary
Edema
Postpneumonectomy pulmonary edema is a
life-threatening complication that occurs early
in the postoperative period following pneu-
monectomy. It affects the remaining lung and is
usually diagnosed by exclusion. The prevalence
of postpneumonectomy pulmonary edema is
generally reported to range between 2.5% and
5% with a very high associated mortality rate in
all series (71–73). On the other hand, minor
postpneumonectomy pulmonary edema has
been described in up to 20% of patients (74).
Risk factors for postpneumonectomy pulmo-
nary edema have classically included excessive
administration of fluid during surgery, transfu-
sion of fresh frozen plasma, arrhythmia, marked
postsurgical diuresis, and low serum colloidal
osmotic pressure (71,74,75). Recently, however,
some authors no longer consider perioperative
fluid overload to be a major contributing factor
(71,72). Postpneumonectomy pulmonary edema
following administration of fresh frozen plasma
may also represent a variant of transfusion-re-
lated acute lung injury from a leukoagglutinin
reaction, which is probably another cause of
permeability edema with limited DAD. Patients
who undergo right pneumonectomy are con-
sidered to be at higher risk for postpneumonec-
tomy pulmonary edema than are those who un-

dergo left pneumonectomy, probably because
of the smaller volume of the remaining lung (74).

The precise cause and pathophysiology of
postpneumonectomy pulmonary edema remain
controversial and largely unknown. Increased
capillary hydrostatic pressure and altered capil-
lary permeability are both probable contribut-
ing factors in the development of postpneumo-
nectomy pulmonary edema (72,73). They follow
concomitant but separate pathways and may
potentiate each other in the development of al-
veolar edema. Because the remaining lung is
subject to increased pulmonary blood flow due
to the redistribution of cardiac output, an in-
crease in mean pulmonary arterial blood pres-
sure is observed. On the other hand, it has been
postulated that the transient hypoxia seen
perioperatively and immediately following sur-
gery may induce reflex pulmonary vasoconstric-
tion, leading to the release of catecholamines
(75). These catecholamines cause sudden addi-
tional increases in pulmonary capillary pressure
that may prompt edema formation due to hy-
drostatic pressure gradients (“stress failure” of
the alveolar wall) (55). In addition, these changes
in pressure and oxygen level may lead to the
formation of lesions of the pulmonary capillary
endothelium, resulting in alveolar wall damage
and subsequent passage of fluid and proteins
into the alveolar lumina. The latter is suspected
due to the high protein content of the airspace
fluid seen with postpneumonectomy pulmo-
nary edema (72,73,75).

Patients with postpneumonectomy pulmo-
nary edema experience marked dyspnea during
the first 2–3 days following surgery. At conven-
tional chest radiography, severe postpneumo-
nectomy pulmonary edema manifests as infil-
trates with an appearance identical to that of
ARDS. In our experience, the most frequently
seen radiologic findings in milder forms of post-
pneumonectomy pulmonary edema are similar
to those in hydrostatic pulmonary edema with-
out DAD and include Kerley lines, peribron-
chial cuffing, and ill-defined vessels. These find-
ings have a tendency to disappear within a few
days, which strongly indicates that lesions of
the capillary endothelial cells, if present, are
mild in this form of the disorder. Pulmonary
edema following lobectomy has also been de-
scribed in some reports but with an overall
prevalence of less than 1% (72,75).

Figure 23. Reexpansion pulmonary edema in a 57-
year-old man who was admitted for massive left-sided
carcinomatous pleural effusion. Three liters of fluid
were drained within 3 hours. Control chest radio-
graph obtained 2 hours later demonstrates extensive
left pulmonary edema. The radiologic signs disap-
peared within 5 days.
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l Postreduction Pulmonary Edema
In an as yet unpublished series of 21 patients
who underwent lung reduction for severe em-
physema, we found three cases of postreduc-
tion pulmonary edema that, in our opinion, re-
sulted from a pathophysiologic process similar
to that which causes postpneumonectomy pul-
monary edema. At our institution, lung reduc-
tions are performed with video-assisted thora-
coscopy with a totally collapsed ipsilateral lung;
thus, reexpansion pulmonary edema could be
an additional cause of this disorder. Postreduc-
tion pulmonary edema is usually clinically si-
lent. Chest radiography reveals mild airspace
consolidations involving the ipsilateral lung that
appear rapidly within 24 hours after surgical in-
tervention and disappear within 48 hours (Fig
24). Once again, the diagnosis is reached by
means of exclusion.

l Pulmonary Edema due to Air Embo-
lism
Pulmonary edema due to air embolism is seen
infrequently and usually occurs as an iatrogenic
complication of an invasive procedure. Rarely,
it may also be associated with open or closed
chest trauma (76). Air may enter into the low-
pressure venous system when a pressure gradi-
ent favors such access. This occurs most fre-

quently during neurosurgical procedures per-
formed with the patient in the sitting position
and during manipulation or placement of cen-
tral venous lines (77). In addition, two patients
at our institution inadvertently underwent mas-
sive air embolization with volumes approach-
ing 1 L. This occurred at the end of a cardiac
surgical procedure due to mismanagement of a
new flushing system for the extracorporeal cir-
culation device.

The pathophysiologic mechanism of pulmo-
nary edema due to air embolism is quite simple.
The embolized air bubbles cause mechanical
obstruction of the pulmonary microvasculature
due to the relatively low absorption coefficient
of air (76,77). These collections of air create
turbulent flow, which favors platelet aggrega-
tion, fibrin formation, and vasoconstriction,
thus increasing the pressure exerted on the ves-
sel wall. Other, nonmechanical factors (eg, lib-
eration of oxygen radicals from neutrophils)
also contribute to the disruption of the capil-
lary endothelium. Macromolecules, proteins,
and blood cells may then enter the interstitial
and alveolar spaces (77). This creates a variable
pathologic picture that ranges from mild inter-
stitial edema to hemorrhagic airspace consoli-
dations.

Sudden onset of chest pain, tachypnea, dys-
pnea, and hypotension are observed at clinical
examination. During intraoperative transesoph-

a. b.

Figure 24. Postreduction pulmonary edema in a 64-year-old woman who had undergone bilateral lung reduc-
tion for emphysema. (a) Chest radiograph obtained 18 hours after surgery demonstrates the appearance of pul-
monary edema that was observed in 14% of affected patients. Kerley lines are the most prominent finding. The
heart and vascular structures are normal. (b) High-resolution CT scan obtained 2½ hours later demonstrates nu-
merous thickened interlobular septa, predominantly in the right lung field (arrows). Areas of ground-glass at-
tenuation are observed bilaterally, predominantly in the lung cortex. These findings were not present preopera-
tively and disappeared within 48 hours.
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ageal echocardiography, the indwelling air may
be observed within the right-sided cardiac
chambers (Fig 25a). Conventional chest radiog-
raphy initially demonstrates interstitial edema
followed by bilateral, peripheral alveolar areas
of increased opacity that are predominantly
found in the lung bases (Fig 25b). There is no
associated cardiac enlargement, and the lesions
disappear rapidly in patients who survive the
acute event.

n CONCLUSIONS
In this article, we have demonstrated various
conventional radiographic and lung CT patterns
of pulmonary edema associated with different
clinical disorders. Pulmonary edema can be di-
vided into four main categories on the basis of
pathophysiology and will often have clinical
and radiologic characteristics that are specific
to a given category. Pulmonary edema is often
encountered in the clinical setting; therefore,
we believe that recognition and understanding
of the spectrum of findings in this disease are
necessary and will help narrow the differential
diagnosis.

n REFERENCES
1. Starling EH. On the absorption of fluid from the

connective tissue spaces. J Physiol 1896; 19:312–
317.

2. Ingram RH Jr, Braunwald E. Dyspnea and pulmo-
nary edema. In: Fauci AS, Braunwald E, Isselbach-
er KJ, et al, eds. Harrison’s principles of internal

medicine. 14th ed. New York, NY: McGraw-Hill,
1998; 190–194.

3. Ketai LH, Goodwin JD. A new view of pulmonary
edema and acute respiratory distress syndrome:
state of the art. J Thorac Imaging 1998; 13:147–
171.

4. Milne ENC, Pistolesi M. Reading the chest radio-
graph: a physiologic approach. St Louis, Mo:
Mosby–Year Book, 1993; 9–50.

5. Staub NC. New concepts about the pathophysiol-
ogy of pulmonary edema. J Thorac Imaging 1988;
3:8–14.

6. Pistolesi M, Miniati M, Giuntini C. Pleural liquid
and solute exchange: state of the art. Am Rev
Respir Dis 1989; 140:825–847.

7. Pistolesi M, Giuntini C. Assessment of extravascu-
lar lung water. Radiol Clin North Am 1978; 16:
551–574.

8. Bachofen H, Schurch S, Weibel ER. Experimental
hydrostatic pulmonary edema in rabbit lungs: bar-
rier lesions. Am Rev Respir Dis 1993; 147: 997–
1004.

9. Slutsky RA, Higgins CB. Intravascular and ex-
travascular pulmonary fluid volumes. II. Response
to rapid increases in left atrial pressure and the
theoretical implications for pulmonary radio-
graphic and radionuclide imaging. Invest Radiol
1983; 18:33–39.

10. Fleischner FG. The butterfly pattern of acute pul-
monary edema. Am J Cardiol 1967; 20:39–46.

11. Gurney JW, Goodman LR. Pulmonary edema lo-
calized in the right upper lobe accompanying mi-
tral regurgitation. Radiology 1989; 171:397–399.

a. b.

Figure 25. Pulmonary edema due to air embolism in a 72-year-old woman immediately following coronary ar-
tery bypass graft surgery. One liter of air was inadvertently injected during flushing of the extracorporeal circu-
lation device. (a) Intraoperative transesophageal echocardiogram demonstrates a large quantity of air bubbles
passing through the right side of the heart (arrows). RA = right atrium, RV = right ventricle. (Courtesy of D.
Bettex, MD, Zurich, Switzerland.) (b) Chest radiograph obtained 2 hours later after the patient had become
markedly hypoxic demonstrates severe pulmonary edema with a large number of Kerley lines predominating in
the left lung and subpleural edema in the minor fissure.



1530 n Scientific Exhibit Volume 19 Number 6

12. Miyatake K, Nimura Y, Sakakibara H, et al. Local-
ization and direction of mitral regurgitant flow in
mitral orifice studied with combined use of ultra-
sonic pulsed Doppler technique and two dimen-
sional echocardiography. Br Heart J 1982; 48:
449–458.

13. Schnyder PA, Sarraj AM, Duvoisin BE, Kappen-
berger L, Landry MJM. Pulmonary edema associ-
ated with mitral regurgitation: prevalence of pre-
dominant involvement of the right upper lobe.
AJR 1993; 161:33–36.

14. Gudinchet F, Rodoni P, Sarraj A, Payot M, Schny-
der P. Pulmonary oedema associated with mitral
regurgitation: prevalence of predominant right
upper lobe involvement in children. Pediatr Ra-
diol 1998; 28:260–262.

15. Stalcup SA, Mellins RB. Mechanical forces pro-
ducing pulmonary edema in acute asthma. N Engl
J Med 1977; 297:592–596.

16. Cascade PN, Alexander GD, Mackie DS. Negative-
pressure pulmonary edema after endotracheal in-
tubation. Radiology 1993; 186:671–675.

17. Willms D, Shure D. Pulmonary edema due to up-
per airway obstruction in adults. Chest 1988; 94:
1090–1092.

18. Frazer RG, Paré JAP, Paré PD, Frazer RS, Gener-
eux GP. Embolic and thrombotic diseases of the
lung. In: Frazer RG, Paré JAP, Paré PD, Frazer RS,
Genereux GP, eds. Diagnosis of diseases of the
chest. 3rd ed. Philadelphia, Pa: Saunders, 1990;
1701–1813.

19. Remy-Jardin M, Remy J, Wattinne L, Giraud F.
Central pulmonary thromboembolism: diagnosis
with spiral volumetric CT with the single-breath-
hold technique—comparison with pulmonary an-
giography. Radiology 1992; 185:381–387.

20. Remy-Jardin M, Remy J, Deschildre F, et al. Diag-
nosis of pulmonary embolism with spiral CT:
comparison with pulmonary angiography and
scintigraphy. Radiology 1996; 200:699–706.

21. Bergin CJ. Chronic thromboembolic pulmonary
hypertension: the disease, the diagnosis, and the
treatment. Semin Ultrasound CT MR 1997; 18:
383–391.

22. Bergin CJ, Rios G, King MA, Belezzuoli E, Luna J,
Auger WR. Accuracy of high-resolution CT in
identifying chronic pulmonary thromboembolic
diease. AJR 1996; 166:1371–1377.

23. Stern EJ, Müller NL, Swensen SJ, Hartman TE. CT
mosaic pattern of lung attenuation: etiologies and
terminology. J Thorac Imaging 1995; 10:294–297.

24. Roberts HC, Kauczor HU, Schweden F, Thelen M.
Spiral CT of pulmonary hypertension and chronic
thrombembolism. J Thorac Imaging 1997; 12:
118–127.

25. Schwickert HC, Schweden F, Schild HH, et al.
Pulmonary arteries and lung parenchyma in
chronic pulmonary embolism: preoperative and
postoperative CT findings. Radiology 1994; 191:
351–357.

26. Tardivon AA, Musset D, Maitre S, et al. Role of CT
in chronic pulmonary embolism: comparison
with pulmonary angiography. J Comput Assist
Tomogr 1993; 17:345–351.

27. King MA, Bergin CJ, Yeung DWC, et al. Chronic
pulmonary thromboembolism: detection of re-
gional hypoperfusion with CT. Radiology 1994;
191:359–363.

28. Schwickert HC, Kauczor HU, Schweden FJ,
Thelen M. Mosaic oligemia in CT of patients with
chronic pulmonary embolism: correlation with
the diameter of the feeding pulmonary artery
(abstr). Radiology 1995; 197(P):303.

29. Primack SL, Müller NL, Mayo JR, Remy-Jardin M,
Remy J. Pulmonary parenchymal abnormalities
of vascular origin: high-resolution CT findings.
RadioGraphics 1994; 14:739–746.

30. Frazer RG, Paré JAP, Paré PD, Frazer RS, Gener-
eux GP. Pulmonary hypertension and edema. In:
Frazer RG, Paré JAP, Paré PD, Frazer RS, Gener-
eux GP, eds. Diagnosis of diseases of the chest.
3rd ed. Philadelphia, Pa: Saunders, 1990; 1823–
1968.

31. Maltby JD, Gouverne ML. CT findings in pulmo-
nary venoocclusive disease: case report. J Com-
put Assist Tomogr 1984; 8:758–761.

32. Kramer MR, Estenne M, Berkman N, et al. Radia-
tion-induced pulmonary veno-occlusive disease.
Chest 1993; 104:1282–1284.

33. Williams LM, Fussell S, Veith RW, Nelson S, Ma-
son CM. Pulmonary veno-occlusive disease in an
adult following bone marrow transplantation.
Chest 1996; 109:1388–1391.

34. Davis LL, deBoisblanc BP, Glynn CE, Ramirez C,
Summer WR. Effect of prostacyclin on microvas-
cular pressures in a patient with pulmonary veno-
occlusive disease. Chest 1995; 108:1754–1756.

35. Orlowski JP. Drowning, near-drowning, and ice-
water submersions. Pediatr Clin North Am 1987;
34:75–92.

36. Golden FS, Tipton MJ, Scott RC. Immersion, near-
drowning and drowning. Br J Anaesth 1997; 79:
214–225.

37. Goodman LR. Acute inflammatory disease. In:
Goodman LR, Putman CE, eds. Critical care imag-
ing. 3rd ed. Philadelphia, Pa: Saunders, 1992; 83–
105.

38. Putman CE, Tummillo AM, Myerson DA, Myerson
PJ. Drowning: another plunge. AJR 1975; 125:
543–548.

39. Gattinoni L, Pelosi P, Suter PM, Pedoto A, Vercesi P,
Lissoni A. Acute respiratory distress syndrome
caused by pulmonary and extrapulmonary dis-
ease: different syndromes? Am J Respir Crit Care
Med 1998; 158:3–11.

40. Gattinoni L, Pelosi P, Vitale G, Pesenti A, D’An-
drea L, Mascheroni D. Body position changes re-
distribute lung computed-tomographic density in
patients with acute respiratory failure. Anesthesi-
ology 1991; 74:15–23.

41. Winer-Muram HT, Steiner RM, Gurney JW, et al.
Ventilator-associated pneumonia in patients with
adult respiratory distress syndrome: CT evalua-
tion. Radiology 1998; 208:193–199.

42. Morgan PW, Goodman LR. Pulmonary edema and
adult respiratory distress syndrome. Radiol Clin
North Am 1991; 29:943–963.

43. Frazer RG, Paré JAP, Paré PD, Frazer RS, Gener-
eux GP. Drug and poison induced pulmonary dis-
ease. In: Frazer RG, Paré JAP, Paré PD, Frazer RS,



November-December 1999 Gluecker et al n RadioGraphics n 1531

Genereux GP, eds. Diagnosis of diseases of the
chest. 3rd ed. Philadelphia, Pa: Saunders, 1990;
2417–2479.

44. Wilen SB, Ulreich S, Rabinwitz JG. Roentgeno-
graphic manifestations of methadone-induced
pulmonary edema. Radiology 1975; 114:51–55.

45. Duberstein JL, Kaufman DM. A clinical study of
an epidemic of heroin intoxication and heroin-in-
duced pulmonary edema. Am J Med 1971; 51:
704–714.

46. Snyder SH. Opiate receptors in the brain. N Engl J
Med 1977; 296:266–271.

47. Laposata EA. Cocaine-induced heart disease:
mechanisms and pathology. J Thorac Imaging
1991; 6:68–75.

48. Rosenstein M, Ettinghausen SE, Rosenberg SA. Ex-
travasation of intravascular fluid mediated by the
systemic administration of recombinant inter-
leukin 2. J Immunol 1986; 137:1735–1742.

49. Mann H, Ward JH, Samlowski WE. Vascular leak
syndrome associated with interleukin-2: chest ra-
diographic manifestations. Radiology 1990; 176:
191–194.

50. Gaynor ER, Vitek L, Sticklin L, et al. The hemody-
namic effects of treatment with interleukin-2 and
lymphokine-activated killer cells. Ann Intern Med
1988; 109:953–958.

51. Lee RE, Lotze MT, Skibber JM, et al. Cardiorespi-
ratory effects of immunotherapy with interleukin-
2. J Clin Oncol 1989; 7:7–20.

52. Hultgren HN, Honigman B, Theis K, Nicholas D.
High-altitude pulmonary edema at a ski resort.
West J Med 1996; 164:222–227.

53. Bärtsch P. High altitude pulmonary edema. Respi-
ration 1997; 64:435–443.

54. Schoene RB. Pulmonary failure caused by high al-
titude. In: Dantzker DR, Scharg SM, eds. Cardio-
pulmonary critical care. 3rd ed. Philadelphia, Pa:
Saunders, 1998; 639–648.

55. West JB, Mathieu-Costello O. Vulnerability of pul-
monary capillaries in heart disease. Circulation
1995; 92:622–631.

56. Bärtsch P, Maggiorini M, Ritter M, Noti C, Vock P,
Oelz O. Prevention of high-altitude pulmonary
edema by nifedipine. N Engl J Med 1991; 325:
1284–1289.

57. Vock P, Brutsche MH, Nanzer A, Bärtsch P. Vari-
able radiomorphic data of high altitude pulmo-
nary edema: features from 60 patients. Chest
1991; 100:1306–1311.

58. Ell SR. Neurogenic pulmonary edema: a review
of the literature and a perspective. Invest Radiol
1991; 26:499–506.

59. Smith WS, Matthay MA. Evidence for a hydro-
static mechanism in human neurogenic pulmo-
nary edema. Chest 1997; 111:1326–1333.

60. Levinson RM, Shure D, Moser KM. Reperfusion
pulmonary edema after pulmonary artery thrombo-
endarterectomy. Am Rev Respir Dis 1986; 134:
1241–1245.

61. Moser KM, Daily PO, Peterson K, et al. Throm-
boendarterectomy for chronic, major-vessel

thromboembolic pulmonary hypertension: imme-
diate and long-term results in 42 patients. Ann In-
tern Med 1987; 107:560–565.

62. Miller WT Jr, Osiason AW, Langlotz CP, Palevsky
HI. Reperfusion pulmonary edema after throm-
boendarterectomy: radiographic patterns of dis-
ease. J Thorac Imaging 1998; 13:178–183.

63. Murray JG, McAdams HP, Erasmus JJ, Patz EF Jr,
Tapson V. Complications of lung transplantation:
radiologic findings. AJR 1996; 166:1405–1411.

64. Collins J, Kuhlman JE, Love RB. Acute, life-threat-
ening complications of lung transplantation.
RadioGraphics 1998; 18:21–43.

65. Garg K, Zamora MR, Tuder R, Armstrong JD II,
Lynch DA. Lung transplantation: indications, do-
nor and recipient selection, and imaging of com-
plications. RadioGraphics 1996; 16:355–367.

66. O’Donovan PB. Imaging of complications of lung
transplantation. RadioGraphics 1993; 13:787–
796.

67. Engeler CE. Heart-lung and lung transplantation.
Radiol Clin North Am 1995; 33:559–580.

68. Mahfood S, Hix WR, Aaron BL, Blaes P, Watson
DC. Reexpansion pulmonary edema. Ann Thorac
Surg 1988; 45:340–345.

69. Vuong TK, Dautheribes C, Robert J, Laaban JP.
Reexpansion pulmonary edema localized to a
lobe (letter). Chest 1989; 95:1170.

70. Tarver RD, Broderick LS, Conces DJ Jr. Reex-
pansion pulmonary edema. J Thorac Imaging
1996; 11:198–209.

71. Turnage WS, Lunn JJ. Postpneumonectomy pul-
monary edema: a retrospective analysis of associ-
ated variables. Chest 1993; 103:1646–1650.

72. Waller DA, Gebitekin C, Saunders NR, Walker
DR. Noncardiogenic pulmonary edema compli-
cating lung resection. Ann Thorac Surg 1996; 55:
140–143.

73. Waller DA, Keavey P, Woofine L, Dark JH. Pulmo-
nary endothelial permeability changes after major
lung resection. Ann Thorac Surg 1996; 61:1435–
1440.

74. van der Werff YD, van der Houwen HK, Heijmans
PJM, et al. Postpneumonectomy pulmonary
edema: a retrospective analysis of incidence and
possible risk factors. Chest 1997; 111:1278–1284.

75. Mathru M, Blakeman B, Dries DJ, Kleinman B,
Kumar P. Permeability pulmonary edema follow-
ing lung resection. Chest 1990; 98:1216–1218.

76. Orebaugh SL. Venous air embolism: clinical and
experimental considerations. Crit Care Med 1992;
20:1169–1177.

77. Frim DM, Wollman L, Evans AB, Ojemann RG.
Acute pulmonary edema after low-level air embo-
lism during craniotomy: case report. J Neurosurg
1996; 85:937–940.


