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Pneumonectomy is the treatment of choice for bronchogenic carci-
noma and intractable end-stage lung diseases such as tuberculosis and
bronchiectasis, but it is often followed by postoperative complications,
which account for significant morbidity and mortality. Knowledge of
the radiologic features of such complications is of critical importance
for their early detection and prompt management. Complications of
pneumonectomy are classified as early or late, depending on when they
occur in relation to the hospitalization period. Early complications of
pneumonectomy include pulmonary edema, bronchopleural fistula,
pneumonia of the contralateral lung, empyema, and adult respiratory
distress syndrome, which may occur separately or in combination. Late
postpneumonectomy complications include recurrent disease, infec-
tion, effects of radiation therapy or chemotherapy, and surgical compli-
cations such as late-onset bronchopleural fistula, postpneumonectomy
syndrome, and esophagopleural fistula. Sequential examinations with
chest radiography after pneumonectomy are an invaluable method of
screening for these complications, especially in the early postoperative
period. When the radiographic findings are inconclusive, computed
tomography is helpful for establishing a diagnosis and obtaining de-
tailed information about the disease process.
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Abbreviations: ARDS = adult respiratory distress syndrome, BOOP = bronchiolitis obliterans with organizing pneumonia
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Introduction
The overall incidence of complications after
pneumonectomy has been reported to be as high
as 20%—-60% (1-6), although the associated mor-
bidity and mortality have decreased in recent de-
cades. The nature of these complications differs
according to the length of time between pneumo-
nectomy and the onset of the complication. Com-
plications that develop in the early postoperative
period are largely related to the surgical proce-
dure or a preexisting condition. Early and late
complications of pneumonectomy, and their inci-
dence as observed in a series of 273 consecutive
patients who underwent pneumonectomy at our
institution during a recent 5-year period, are
shown in Tables 1 and 2.

Chest radiographs and CT scans obtained in
patients who have undergone pneumonectomy
show numerous normal alterations that are results
of the surgical procedure. Many of the acute al-
terations are of little clinical significance, while
others may herald major clinical problems.
Therefore, familiarity with the clinical and imag-
ing features of the expected alterations as well as
the various possible complications after pneumo-
nectomy is essential. In this article, the radio-
graphic and CT features of postpneumonectomy
complications are described and correlated with
the clinical setting.

Normal Postpneumonectomy

Changes on Chest Radiographs
Initial chest radiographs after pneumonectomy
should demonstrate a midline position of the tra-
chea, slight congestion in the remaining lung, and
a postpneumonectomy space that contains gas
and fluid. The rate of accumulation of fluid in the
postpneumonectomy space is extremely variable
(7). In most cases, within the first 4—5 postopera-
tive days, approximately half of the space is filled
with fluid. After the 1st week, the air-fluid level
gradually rises (Fig 1). Thereafter, the mediasti-
num either remains stationary or gradually shifts
toward the postpneumonectomy space as a result
of hyperextension of the remaining lung as gas
from the surgical site is reabsorbed. Progressive
mediastinal shift and lung herniation into the
postpneumonectomy space indicate continuing
fluid reabsorption (7-9). Total obliteration of the
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Table 1
Complications in the Early Postoperative
Period

Complication No. of Patients*

Postpneumonectomy pulmonary

edema 8 (2.9)
Bronchopleural fistula 7 (2.6)
Pneumonia of contralateral lung 6 (2.2)
Postpneumonectomy empyema 5(1.8)
Postpneumonectomy ARDS 3(1.1)
Other 6 (2.2)

Total 35 (12.8)

*Numbers in parentheses are percentages.
ARDS = adult respiratory distress syndrome.

Table 2
Complications in the Late Postoperative
Period

Complication No. of Patients*
Delayed surgical complications 27 (9.9)
Late-onset bronchopleural
fistula 25 (9.2)
Postpneumonectomy syn-
drome 1 (0.3)
Esophagopleural fistula 1(0.3)
Infections 23 (8.4)
Pneumonia 20 (7.3)
Late-onset postpneumonec-
tomy empyema 3 (1.1)
Complications related to treat-
ment 9 (3.3)
Radiation pneumonitis 4 (1.5)
Radiation-induced pleural
and pericardial effusion 1 (0.3)
Radiation-induced BOOP 3 (1.1)
Chemotherapy-induced lung
disease 1 (0.3)
Recurrence of primary disease 26 (9.5)
Tumor 23 (8.4)
Tuberculosis 3 (1.1)
Other 2 (0.7)
Total 87 (31.7)

*Numbers in parentheses are percentages.
BOOP = bronchiolitis obliterans with organizing
pneumonia.

postpnemonectomy space usually takes weeks to
months (7). As obliteration of the space occurs,
the heart rotates toward the posterior, and the


Teaching Point
Familiarity with the clinical and imaging features of the expected alterations as well as the various possible complications after pneumonectomy is essential.
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Figure 1. Normal postoperative anatomy at chest radiography in a 55-year-old man who underwent left pneumo-
nectomy for squamous cell carcinoma. (a) Radiograph on postoperative day 1 shows pneumothorax in the postpneu-
monectomy space, a midline trachea, and slight congestion in the remaining right lung. (b) Radiograph on postop-
erative day 2 shows fluid in the lower one-third of the postpneumonectomy space. (¢) Radiograph on postoperative
day 14 shows that the air-fluid level has risen in the postpneumonectomy space. (d) Radiograph on postoperative day
30 shows total opacification of the postpneumonectomy space and elevation of the left hemidiaphragm.

remaining lung herniates across the midline to a toward the remaining lung is indicative of a de-
position anterior to the heart and aorta (7). In the layed complication (7,8,10). Familiarity with
immediate postoperative period, a rapid mediasti- these chest radiographic findings is important

nal shift toward the remaining lung indicates atel- because they are often the first indications of a
ectasis of the lung or an abnormal accumulation complication, especially in the early postoperative
of air or fluid in the postpneumonectomy space, period (7).

with the latter most often resulting from a bron-
chopleural fistula, hemorrhage, or empyema. In
the late postoperative period, a mediastinal shift
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Early Postoperative Complications

Pulmonary Edema

Postpneumonectomy pulmonary edema is a life-
threatening complication of pneumonectomy,
with a reported prevalence of 2.5%-5% and an
associated mortality rate of 80%—100% (11-13).
The causal mechanism of this complication re-
mains largely undetermined. Increased hydro-
static pressure and altered permeability of
capillaries are probably contributing factors
(12,14,15). Predisposing factors include an exces-
sive perioperative fluid load, transfusion of fresh
frozen plasma, arrhythmia, marked postsurgical
diuresis, and low serum colloidal osmotic pres-
sure (12). Postpneumonectomy pulmonary
edema occurs more commonly after right pneu-
monectomy, probably because a larger amount of
fluid in the post-right pneumonectomy space re-
sults in an increased pulmonary blood flow
through the left lung, which normally receives
only about 45% of the total pulmonary blood flow
and contains approximately 45% of the total lym-
phatic capacity of the lungs (11,12). Postpneu-
monectomy pulmonary edema is diagnosed pri-
marily through a process of exclusion; the diagno-
sis is valid only if there is no clinical or radiologic
evidence of aspiration pneumonia, bacterial pneu-
monia, heart failure, thromboembolism, broncho-
pleural fistula, or other possible causes of ARDS
(13). On serial chest radiographs, severe post-
pneumonectomy pulmonary edema appears as
increased opacity identical to that seen in ARDS
(Fig 2). In less severe cases, the imaging findings
resemble those in hydrostatic pulmonary edema:
The most frequently observed features include
Kerley lines, peribronchial cuffing (ie, thickening
of the bronchial wall), and ill-defined vessels.
These features have a tendency to disappear
within a few days, a tendency that strongly indi-
cates that lesions of the capillary endothelial
cells, if present, are mild in this form of the disor-
der (12).

Bronchopleural Fistula

Bronchopleural fistula is a potentially fatal com-
plication of pneumonectomy, although its inci-
dence has decreased over the years: An incidence
of 0%—-9% (16) and an associated mortality rate
of 16%—-23% (17) have been reported. The most
common cause of death associated with this con-
dition is aspiration pneumonia with subsequent
ARDS (18). A bronchopleural fistula is more
likely to occur after right pneumonectomy than
after left pneumonectomy (10,17,18), probably
because of the shorter length and less effective
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Figure 2. Pulmonary edema in a 58-year-old man
after right pneumonectomy for multidrug-resistant tu-
berculosis. Chest radiograph on postoperative day 2
shows perihilar consolidation and an air bronchogram
in the left lung.

concealment of the bronchial stump, as well as
the greater vulnerability to ischemia with blood
supplied via a single bronchial artery, in right
pneumonectomy (10,16). Other predisposing
factors are uncontrolled preoperative pleuro-
pulmonary infection, trauma, preoperative
radiation therapy, postoperative positive ventila-
tion, and faulty closure of the bronchial stump
(16,17,19,20). The radiographic features sugges-
tive of a bronchopleural fistula in the postpneu-
monectomy patient can be summarized as fol-
lows: failure of the postpneumonectomy space to
fill; persistent or progressive pneumothorax de-
spite adequate tube drainage; progressive subcu-
taneous or mediastinal emphysema; a 2-cm drop
in the air-fluid level, with a shift of the mediasti-
num to the side opposite the postpneumonec-
tomy space; consolidation in the remaining lung
because of a transbronchial spill; and a sudden
pneumothorax or reappearance of air in a previ-
ously opaque postpneumonectomy space (7,17)
(Fig 3). A decrease in the height of the fluid level
by 1.5 cm or more is indicative of a fistula (17). A
minor decrease (<1.5 cm) may be due to differ-
ences in posture or in the degree of inspiration
and should be ignored unless it is accompanied
by a mediastinal shift away from the postpneumo-
nectomy space (8,17). There is no good correla-
tion between the extent of fluid filling and the
length of the postoperative period. Therefore,
because increased air and decreased fluid are car-
dinal signs of bronchopleural fistula, it is impor-
tant to monitor changes in the air-fluid level in
patients who have undergone a pneumonectomy
(10).

Teaching
Point



Teaching Point
Because increased air and decreased fluid are cardinal signs of bronchopleural fistula, it is important to monitor changes in the air-fluid level in patients who have undergone a pneumonectomy.
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Figure 3. Bronchopleural fistula in a 65-year-old man after right pneumonectomy for large cell carcinoma.

(a) Chest radiograph on postoperative day 18 shows near complete opacification of the postpneumonectomy space.
(b) Chest radiograph on postoperative day 20 shows recurrent air-fluid levels in the middle of the postpneumonec-

tomy space. (¢) Chest radiograph on postoperative day 22 shows tension pneumothorax, subcutaneous emphysema
(*), and a leftward shift of mediastinal structures, including the trachea. A chest tube subsequently was inserted for

drainage. (d) Axial CT image demonstrates a fistula (arrow).

Empyema

Advanced surgical techniques and potent antibi-
otics have rendered empyema an uncommon
complication of pneumonectomy. Its reported
incidence varies between 1% and 10%, with most
sources citing an incidence of less than 5% (7,21-

23). However, empyema remains a potentially
fatal complication of pneumonectomy. The infec-
tion may be manifested in the early postoperative
period or may develop months or even years after
surgery (22,24-26). Empyema in the early post-
operative period is attributed to intraoperative
contamination or residual infection in the pleural
cavity, whereas hematogenous spread is the usual
cause of infections that occur at a later time after
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Figure 4. Empyema in a 74-year-old man after left
pneumonectomy for sarcomatoid carcinoma. (a) Chest
radiograph on postoperative day 21 shows a midline
position of the trachea, mediastinum, and tracheos-
tomy tube and total opacification of the postpneumo-
nectomy space. (b) Chest radiograph on postoperative
day 50 shows a rightward deviation of the trachea with
tracheostomy tube and of the mediastinum because

of overexpansion of the postpneumonectomy space.
(c) Axial CT image on postoperative day 52 shows ir-
regular pleural thickening in the postpneumonectomy
space and an abscess (arrow) in the posterior chest
wall, findings suggestive of empyema. A chest tube was
inserted for drainage.

surgery (22). Empyema most often occurs after
completion pneumonectomy (pneumonectomy
performed after a previous lobectomy), right
pneumonectomy, preoperative irradiation, gross
contamination of the pleura, surgery-related sep-
sis, mediastinal lymph node dissection, and post-
operative mechanical ventilation. It also occurs
more commonly in long bronchial stumps than in
short ones (24). Those affected by empyema ex-
perience some degree of systemic toxicity, an el-
evated white blood cell count, and a general dete-
rioration in status (23). The radiographic features
of postpneumonectomy empyema include rapid
filling of the postpneumonectomy space with
fluid; a mediastinal shift toward the side opposite
that of pneumonectomy; a decrease in the air-
fluid level in the postpneumonectomy space, ac-
companied by communication to the outside via
the bronchus or through the skin; and a new air-
fluid level in a previously opacified postpneumo-
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nectomy space, indicative of a bronchopleural
fistula or a gas-forming organism (7) (Fig 4).
Chest radiographs may not be helpful in cases in
which there is no change in the air-fluid level to
provide a clue. CT is superior to radiography for
assessing patients in whom the presence of post-
pneumonectomy empyema is suspected on clini-
cal grounds. Postpneumonectomy empyema is
characterized on CT images by an expansion of
the postpneumonectomy space, with a mass ef-
fect; convexity or straightening of the normally
concave mediastinal border of the postpneumo-
nectomy space; irregularly increased thickening of
the residual parietal pleura; and bronchopleural
or esophagopleural fistula, which may either
cause or coexist with empyema (27,28) (Fig 4).

Teaching
Point



Teaching Point
Postpneumonectomy empyema is characterized on CT images by an expansion of the postpneumonectomy space, with a mass effect; convexity or straightening of the normally concave mediastinal border of the postpneumonectomy space; irregularly increased thickening of the residual parietal pleura; and bronchopleural or esophagopleural fistula, which may either cause or coexist with empyema.
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Figure 5. ARDS in a 62-year-old man after right pneumonectomy for squamous cell carcinoma. (a) Chest radio-
graph on postoperative day 6 shows mild peribronchial cuffing and ill-defined nodular areas of opacity in the left lung.
(b) Chest radiograph on postoperative day 19 shows increased opacification signifying progressive infiltration of the
left lung. ARDS was diagnosed on the basis of clinical and radiographic findings.

ARDS and Acute Lung Injury

Postpneumonectomy acute lung injury is a recog-
nized complication with a likely fatal outcome.
The overall incidence of ARDS and acute lung
injury has been reported to be approximately 5%
(29-31). Patients who develop ARDS after pneu-
monectomy have a very poor prognosis, with
mortality of more than 80%, compared with over-
all mortality of 65% for all patients with ARDS
(29). Although the precise mechanism that causes
ARDS or acute lung injury after pneumonectomy
remains unclear, it has been postulated that in-
creased postoperative blood flow through the
remaining lung may disrupt the capillary endo-
thelial cell-alveoli barrier (29). Alterations in
respiratory mechanics during thoracic surgery,
particularly in patients with compromised pulmo-
nary function, also may contribute to the develop-
ment and severity of lung injury (29-31). The
diagnosis of ARDS or acute lung injury is largely
based on the observation of the characteristic pul-
monary opacity on chest radiographs and a pul-
monary artery wedge pressure lower than 18 mm
Hg. However, it is somewhat difficult to establish
this diagnosis after pneumonectomy, when wedge
pressure measurements may be falsely low (31).
Serial chest radiographs show the rapid develop-
ment of diffusely increased opacity in the remain-
ing lung (Fig 5). CT depicts ground-glass opac-
ity, increased visibility of interlobular septa, and

an anteroposterior opacity gradient (32). ARDS
also may develop in combination with other post-
pneumonectomy complications, such as pneumo-
nia and bronchopleural fistula with or without
empyema (33,34).

Pneumonia

The reported incidence of pneumonia in the re-
maining lung after pneumonectomy is 2%—-15%
(1,3-5,35). Pneumonia after pneumonectomy is
associated with a mortality rate of 25% (4). Aspi-
ration (overt or silent) of gastric secretions and
bacterial colonization of atelectatic lung tissue are
the most common causes of postoperative pneu-
monia (36). Intubation and mechanical ventila-
tion may contribute to the prevalence of aspira-
tion with subsequent pneumonia. The transbron-
chial spill of fluid via a bronchopleural fistula is
another possible cause of aspiration pneumonia.
As a rule, clinical signs and symptoms lead to the
overdiagnosis of pneumonia in the postoperative
setting. On the other hand, an overlooked (undi-
agnosed) case of pneumonia may be fatal. A lack
of radiographic evidence does not rule out the
possibility of postoperative pneumonia, because
the radiologic signs of pneumonia often appear
later than the clinical manifestations (18,35).
Features on chest radiographs vary, from foci of



RadieGraphics

1456 September-October 2006

increased opacity or bronchopneumonia to lobar
consolidation (Fig 6). Infection due to aspirated
material may be manifested as necrotizing pneu-
monia or abscess formation (37,38). CT is espe-
cially useful for the evaluation of aspiration pneu-
monia caused by transbronchial spill in patients
with a bronchopleural fistula, because CT images
can directly depict the fistula.

Cardiac Herniation
Cardiac herniation is a very rare postpneumonec-
tomy complication, and it requires urgent reduc-
tion. Most cases of cardiac herniation are the re-
sult of a prolapse of the heart muscle through the
pericardial defect created for surgical exposure of
the hilar vessels of the lung (39—-41). The mortal-
ity rate among patients affected by this complica-
tion is 40%—-50% (40,42). Patients typically
manifest sudden hypotension, cyanosis, and cir-
culatory distress (39). Although this complication
usually has an immediate postsurgical onset or
begins within 24 hours after pneumonectomy,
late development and a gradual onset of symp-
toms also have been reported (39). The triggering
event may be a change in the patient’s position,
coughing, extubation, or the connection of a
chest tube to a negative pressure source (21,39).
Radiographic signs of cardiac herniation in-
clude the following: in herniation toward the left
side, a hemisphere-shaped left border with an in-
cisura between the great vessels and the more lat-
erally herniated cardiac margin; in herniation to-
ward the right side, displacement of the cardiac
apex to the right hemithorax. The apex is found
either in the lateral costophrenic sulcus or, if
counterclockwise rotation has occurred, in the
posterior costophrenic sulcus (43). Another ra-
diographic sign of cardiac herniation is a pericar-
dial sac containing air from an associated pneu-
mothorax or the postpneumonectomy space
(18,40,44). The immediate differential diagnosis
includes massive intrathoracic hemorrhage, atel-
ectasis of the remaining lung, and acute cardiac
tamponade (42).

Other Early Complications

Other complications of pneumonectomy that may
occur in the early postoperative period include
hemothorax, chylothorax, wound infection or
disruption, atelectasis, cardiac arrhythmia, and
pulmonary embolism.
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Figure 6. Pneumonia in a 72-year-old man after left
pneumonectomy for adenocarcinoma. Chest radio-
graph on postoperative day 9 shows consolidation and
an air bronchogram, findings suggestive of pneumonia,
in the lower zone of the right lung. The patient had a
productive cough, fever, and leukocytosis. Cultures of
his sputum and blood grew a Gram-negative bacillus
that was identified as Enterobacter aerogenes.

Late Postoperative Complications
Surgery-related Complications

Postpneumonectomy Syndrome.—Postpneu-
monectomy syndrome is a delayed complication
seen primarily in children and young adults
within a year after surgery (45—47). The syn-
drome is manifested in exertional dyspnea, in-
spiratory stridor, and recurrent pulmonary infec-
tions. Most cases of postpneumonectomy syn-
drome have been described as occurring after
right pneumonectomy, when the powerful nega-
tive pressure of the involved hemithorax and over-
expansion of the remaining lung move the medi-
astinum rightward. As the overexpanded lung
further displaces the mediastinum toward the
right side, the heart descends in the hemithorax
and rotates counterclockwise along its main axis.
The trachea also is displaced toward the right
side, with resultant stretching of the left main
bronchus, which is compressed downward by the
aortic arch and the left main pulmonary artery
(45). When tracheobronchomalacia occurs in
combination with the classic symptoms of post-
pneumonectomy syndrome, the deleterious ef-
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Figure 7.

Postpneumonectomy syndrome in a 34-year-old woman after right pneumonectomy for multidrug-resis-

tant tuberculosis. (a) Chest radiograph at 11-month follow-up shows overexpansion and anterior herniation of the
left lung and rightward deviation of the trachea. (b) Axial CT image depicts stretching of the left main bronchus,
which is visible between the left pulmonary artery and the vertebral body. (c) Chest radiograph obtained after silicone
insertion shows normal locations of the trachea and the left lung. (d) Axial CT image obtained at the same time as ¢
shows a patent left main bronchus and reexpansion of the postpneumonectomy space (*).

fects of bronchial compression are compounded
(46). The frequency with which this syndrome
occurs in infants, young children, and women is
believed to be related to the increased elasticity
and compliance of their lungs and mediastinum,
compared with those of older patients and men
(45-47). Chest radiographic findings include dis-
placement of the heart and trachea toward the
right side and the posterior. CT images show ab-
normal narrowing of the distal part of the trachea
and the left main bronchus because of compres-
sion of the airway between the pulmonary artery
anteriorly and the aorta and spine posteriorly (47)

(Fig 7). Various surgical procedures have been
used to reposition the mediastinum. Silicone
breast implants have been used in the postpneu-
monectomy space to prevent rotational shifting
after pneumonectomy in children, a method that
has brought good results (45,48,49). In patients
with a history of right pneumonectomy and sub-
sequent dyspnea and recurrent pulmonary infec-
tion, a proper radiologic evaluation is crucial to


Teaching Point
CT images show abnormal narrowing of the distal part of the trachea and the left main bronchus because of compression of the airway between the pulmonary artery anteriorly and the aorta and spine posteriorly.
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Figure 8. Esophagopleural fistula in a
53-year-old man after right pneumo-
nectomy for squamous cell carcinoma.
(a) Chest radiograph 2 years after
pneumonectomy shows a recurrent air-
fluid level (arrow) in the postpneumo-
nectomy space. (b) Axial CT image
demonstrates a fistula between the
esophagus and the postpneumonec-
tomy space (arrowhead). (¢) Esophago-
gram shows leakage of oral contrast ma-
terial through the esophagopleural fis-

tula (arrow).

establish a diagnosis of postpneumonectomy syn-
drome. CT is the best method for obtaining infor-
mation about the status of the postpneumonec-
tomy space; the position of the mediastinal blood
vessels, bronchi, and thoracic spine; and the spe-
cific site of bronchial narrowing (18,48).

Esophagopleural Fistula.—Esophagopleural
fistula is a devastating pathologic condition that
occurs in 0.2%-1.0% of patients after pneumo-
nectomy (50,51). Patients with esophagopleural
fistula represent a very heterogeneous group be-
cause this condition can result from at least three
different mechanisms: surgical injury, mediastinal
cancer recurrence, and chronic infection (18,51).
In the early postoperative period, the fistula is
usually secondary to direct esophageal injury or
compromise of the blood supply to the lower
esophagus at the time of surgery (7). In the late
postoperative period, a recurrent tumor or
chronic inflammation with origins in the esopha-

gus, the bronchial stump, or the surrounding tis-
sues may be the causal mechanism (50,51). Like
recurrent cancers, most esophagopleural fistulas
occur within the first 2 years after cessation of
cancer treatment (18,50,51). The diagnosis of an
esophagopleural fistula may be confirmed with
various investigations, including chest radiogra-
phy, esophagoscopy, and bronchoscopy (50). The
features of an esophagopleural fistula at chest ra-
diography are similar to those of a bronchopleural
fistula and include a decrease in the air-fluid level
during the postoperative period and the reappear-
ance of an air-fluid level in a previously opacified
postpneumonectomy space. Esophagography is
another potentially useful diagnostic modality;
however, a barium swallow performed with the
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Figure 9. Late-onset empyema in a 69-year-old woman after right pneumonectomy for squamous cell carcinoma.
(a) Axial CT image obtained at the time of discharge shows a slight leftward deviation of the heart. (b) Axial CT im-
age obtained 8 months later shows marked leftward deviation of the heart due to overexpansion of the postpneumo-
nectomy space (arrows) with a mass effect.

patient in the upright position may fail to opacify
a tiny fistulous tract. CT can directly depict the
fistula and any additional abnormalities, such as
a recurrent tumor mass, inflammatory lymph
nodes, empyema in the postpneumonectomy
space, and aspiration pneumonia in the contralat-
eral lung (Fig 8). Patients with an esophagopleu-
ral fistula must cease oral intake and undergo
drainage of the pleural cavity and surgical closure
of the fistula (51-53).

Late-Onset Bronchopleural Fistula.—Ap-
proximately half of all bronchopleural fistulas oc-
cur early, within the 1st postoperative week (24).
Late-onset bronchopleural fistulas usually are due
to an infection or a recurrent tumor in the bron-
chial stump. Radiologic findings in delayed-onset
bronchopleural fistulas are the same as those in
bronchopleural fistulas in the early period after
pneumonectomy. The reappearance of an air-
fluid level, a change in an existing air-fluid level,
and the development of tension pneumothorax
with or without subcutaneous emphysema are
findings suggestive of air leakage into the post-
pneumonectomy space. Although such findings
are usually verified with bronchoscopy, CT with a
three-dimensional reconstruction technique is
useful to identify the fistula and to provide addi-
tional information regarding the amount of re-
sidual fluid, pleural reaction, mediastinal abnor-
mality, local tumor recurrence, and the state of
the remaining lung.

Infections

Late-Onset Empyema.—Empyema may occur
within 1 day or several weeks after pneumonec-
tomy. Although postpneumonectomy empyema is
usually diagnosed during the same hospitaliza-
tion, some cases are not detected until months or
even several years later (25,26). The pathogenesis
of late-onset empyema is sometimes difficult to
establish because of the many possible sources of
infection of the postpneumonectomy space. In
two-thirds of all patients who undergo pneumo-
nectomy, the postpneumonectomy space remains
fluid filled and marginated by a thickened pleura,
whereas in the other one-third of patients the
space is obliterated by fibrous tissue or normal
mediastinal structures. The persistence of fluid in
the postoperative space exposes patients to the
risk of late-occurring empyema (9,26). Further-
more, late-onset postpneumonectomy empyema
may be very difficult to diagnose. In cases of
bronchopleural or esophagopleural fistula, mul-
tiple air-fluid levels in the postpneumonectomy
space on chest radiographs are suggestive of the
diagnosis of empyema or make it obvious (25,26).
A sudden bulge in the postpneumonectomy space
and a consequent mediastinal shift toward the
opposite side, without the reappearance of an air-
fluid level, also are suggestive of late-onset empy-
ema (Fig 9). Postpneumonectomy empyema
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Figure 10. Pneumonia of the contralateral lung in a 62-year-old man after left pneumonectomy for squamous cell
carcinoma. (a) Chest radiograph 8 months after surgery shows consolidation in the upper lobe of the right lung (ar-
row). (b) Axial CT image obtained at the same time as a shows areas of consolidation and ground-glass opacity in
the upper lobe of the right lung. Streprococcus pneumoniae was cultured from the patient’s sputum.

alone, in the absence of a bronchopleural fistula,
may produce minimal changes on chest radio-
graphs. CT in such cases may provide important
diagnostic information. In addition, fluid in the
postpneumonectomy space may be aspirated and
the samples used to obtain cell counts, cultures,
and cytologic analyses. In patients with a bron-
chopleural or esophagopleural fistula, CT can
help identify the fistula and provide information
about the position of the mediastinum, the
amount of residual fluid and local pleural reac-
tion, and the status of the remaining lung (24).

Pneumonia of the Contralateral Lung.—
Pneumonia that is diagnosed after a patient’s dis-
charge following pneumonectomy is mainly com-
munity acquired (unlike that diagnosed in the
early postoperative period, which is mainly due to
aspiration). Newly developed opacity in the con-
tralateral lung parenchyma is suggestive of this
condition (Fig 10). The differential diagnosis in-
cludes radiation- and chemotherapy-induced in-
creases in pulmonary opacity and recurrences of

primary diseases such as cancer (metastases) or
tuberculosis.

Treatment-related Complications

Radiation Pneumonitis.— The occurrence of
radiation pneumonitis as a complication of medi-
astinal radiation therapy after pneumonectomy is
not uncommon. According to the results of previ-
ous studies in patients with Hodgkin disease and
non-Hodgkin lymphoma, mediastinal radiation
therapy led to radiation pneumonitis in 6.4% of
patients (54). Radiographic changes due to radia-
tion pneumonitis are generally confined to the
field of irradiation. Deviation of the mediastinum
and lung toward the side of pneumonectomy is a
familiar finding. The retrosternal shift may have a
dual effect: A substantial portion of the lung vol-
ume may be inadvertently included within the
“mediastinal” radiation port; in addition, the ster-
nal and vertebral silhouettes may significantly
obscure the radiographic manifestations of radia-
tion pneumonitis (54). CT is helpful for evaluat-
ing this retrosternal pulmonary-mediastinal shift
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Figure 11. Radiation pneumonitis in a 43-year-
old man after right pneumonectomy for squamous
cell carcinoma. (a) Chest radiograph obtained 5
months after completion of radiation therapy shows
fibrosis and nodular areas of opacity with a volume
decrease in the upper lobe of the left lung. (b) Chest
radiograph obtained 8 months after completion of
radiation therapy shows progression of fibrotic
change. (c) Axial CT image obtained at the same
time as b shows fibrotic consolidation and bronchi-
ectasis in the area of fibrotic change.

Radiation-induced BOOP.—BOOP differs
from classic radiation pneumonitis because of the
o migration of the alveolar areas of increased opac-
ity and the absence of significant sequelae (55).
BOOP usually occurs within 6 weeks to 10

as well as associated radiation pneumonitis. Ra-
diation pneumonitis usually occurs approximately
4-12 weeks after completion of radiation therapy.
Fibrous changes take 6—24 months to evolve but
usually remain stable after 2 years. The imaging
characteristics of radiation pneumonitis, includ-
ing ground-glass opacity or consolidation in the
acute phase and traction bronchiectasis, volume
loss, and consolidation in the later phase, are well
described in the literature (55-57) (Fig 11).

months after radiation therapy (55). The most
common feature at chest radiography and CT is
multiple bilateral areas of patchy consolidation or
ground-glass opacity, frequently in subpleural or
peribronchial locations, with a characteristic mi-
gratory pattern on serial chest images (55) (Fig
12).
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Figure 12. Radiation-induced BOOP in a 69-year-old man after right pneumonectomy for squamous cell carci-
noma. (a) Chest radiograph obtained 1 month after completion of radiation therapy shows multiple foci of patchy
increased opacity in the left lung. (b) Axial CT image shows multiple foci of patchy consolidation along the broncho-
vascular bundle in the left lung. The results of a video-assisted thoracoscopic lung biopsy showed a BOOP reaction in
the left lung.

< . a
a. b.

Figure 13. Radiation-induced pericarditis and pleuritis in a 63-year-old man after left pneumonectomy for squa-
mous cell carcinoma. (a) Axial CT image obtained with a mediastinal window setting 4 months after completion of
radiation therapy shows extensive pericardial and pleural effusion in the right hemithorax. (b) Axial CT image ob-
tained with a lung window setting at the same time as a shows combined radiation pneumonitis in the upper parame-
diastinal zone of the right lung.
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Figure 14. Recurrent tumor in a 52-year-old man after right pneumonectomy for squamous cell carcinoma. (a) Ax-
ial CT image shows a newly developed soft-tissue mass (arrow) with a diameter of 3 cm that surrounds the surgical
clip at the bronchial stump site. (b) Image from fluorine 18 fluorodeoxyglucose positron emission tomography shows
a hypermetabolic lesion that corresponds to the soft-tissue mass in a. The results of a bronchoscopic biopsy con-
firmed the recurrence of squamous cell carcinoma at the stump site.

Radiation-induced Pericarditis and Pleuri-
tis.—The prevalence of radiation-induced peri-
carditis is 2%—6% in patients receiving radiation
therapy after pneumonectomy (55). Radiation-
induced pericarditis usually is manifested 6—9
months after therapy, and nearly all cases occur
within 18 months after radiation therapy (55,58).
Acute and chronic variants occur with equal fre-
quency. Constriction of the cardiac chambers is
observed in 15%-20% of patients with pericardi-
tis, but it also may occur in the absence of peri-
cardial disease (55). The typical appearance of
radiation-induced pericarditis is symmetric en-
largement of the cardiac silhouette (Fig 13). Peri-
cardial effusion and thickening are best evaluated
with CT or MR imaging (59—61). The major
consideration in the differential diagnosis is a ma-
lignant pericardial effusion (58). The identifica-
tion of eccentric pericardial thickening or adja-
cent mediastinal lymph nodes may aid in the di-
agnosis of malignancy (58).

Pleural effusions also may develop, and this
usually occurs within 6 months of completion of
therapy (58). Distinguishing a radiation-induced
pleural effusion from a malignant pleural effusion
can be difficult. If effusions do not spontaneously
resolve, thoracentesis may be required; unfortu-
nately, a cytologic analysis is not always diagnos-

tic (58). Decreased pulmonary venous return due
to radiation-induced constrictive pericarditis may
be the cause of pleural effusion in patients with

concomitant pericardial and pleural effusions (62).

Recurrence of Primary Disease

Tumors.—The recurrence of lung cancers and
metastases after a curative resection suggests the
presence of micrometastases that were not recog-
nized at any examination at the time of surgery.
The recurrence rate at the bronchial stump is
2.2%-37% for all resected lung cancers, accord-
ing to previous reports (63,64). Most such recur-
rences take place within 2 years after surgery
(63,64). The detection of recurrent tumors at
postpneumonectomy chest radiography has been
difficult. One of the most sensitive indicators of
a recurrent tumor in the postpneumonectomy
space or mediastinum is a lateral shift in the posi-
tion of the mediastinum on chest radiographs;
however, this finding may be subtle and not easily
detected (65). CT images depict a recurrent tu-
mor as a soft-tissue mass at or near the bronchial
stump (65,66) (Fig 14). CT also can help detect
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Figure 15. Recurrent tumor in a 39-year-old man
after left pneumonectomy for squamous cell carci-
noma. (a) Chest radiograph shows segmental con-
solidation that was presumed to be due to aspira-
tion pneumonia in the lower lobe of the right lung.
(b) Esophagram shows a thin linear area of contrast
material (arrow) that has leaked from the esophagus
at the level of the carina. (¢) Coronal CT image de-
picts a necrotic lymph node, which is indicative of

recurrent metastatic carcinoma, and a resultant
esophago-nodo-bronchial fistula at the carina.

abnormalities such as pleural seeding and en-
larged mediastinal lymph nodes (Fig 15). Almost
all patients with a postpneumonectomy local tu-
mor recurrence undergo radiation therapy, espe-
cially if they did not undergo previous postopera-
tive irradiation. CT is helpful in accurately delin-
eating the extent of recurrent disease in patients
who have undergone previous postoperative ra-
diation therapy and is useful for assessing the ex-
tent of tumor regression after repeated radiation
therapy.

Tuberculosis.—Pneumonectomy is a high-risk
procedure in patients with a chronic infectious
disease such as tuberculosis, and many surgeons
recommend that indications for this surgery be
strictly defined and carefully considered (67-70).
However, there are conditions in which pneumo-
nectomy or pleuropneumonectomy is the only
curative treatment modality; these include mas-
sive destruction of the lung tissue, significant he-

moptysis, stenosis of the main bronchus, and
multidrug-resistant infection. Bronchopleural
fistula and empyema, because they are fairly com-
mon complications after pneumonectomy and are
associated with high rates of morbidity and mor-
tality, have been well studied. In contrast, to our
knowledge, studies of recurrent tuberculosis after
pneumonectomy have been infrequent. In one
small case series, long-term follow-up data were
available for 33 patients who underwent lung re-
section (either lobectomy or pneumonectomy)
(67). According to these results, only 5% of the
patients tested positive for tuberculosis at long-
term follow-up sputum analyses, and the reacti-
vated infection in these patients was easily con-
trolled with further treatment (67). In our patient
series, serial chest radiography played an impor-
tant role, in conjunction with sputum testing, in
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Recurrent disease in a 57-year-old man after left pneumonectomy for multidrug-resistant tuberculosis.

(a) Chest radiograph obtained 7 months after pneumonectomy shows irregular pleural thickening in the postpneu-
monectomy space. (b) Axial CT image depicts a newly developed soft-tissue lesion (arrow) near the surgical clip at
the bronchial stump site. Clinical findings were indicative of combined bronchopleural fistula and empyema. The
results of a bronchoscopic biopsy indicated recurrent pulmonary tuberculosis at the bronchial stump site.

helping detect postpneumonectomy reactivation
of tuberculosis in the remaining lung paren-
chyma. Occasionally, an initial manifestation of
reactivation at the bronchial stump may mimic a
bronchopleural fistula or empyema on chest ra-
diographs. Lymph node necrosis due to reacti-
vated tuberculosis also may occur and may lead
to an esophago-nodo-bronchial fistula. CT best
depicts these findings, with the use of axial source
images and three-dimensional reconstructions
(Fig 16).

Summary
In our experience, the most common complica-
tions in the early period after pneumonectomy are
pulmonary edema, bronchopleural fistula, and
pneumonia of the contralateral lung. An under-
standing of the normal postsurgical alterations at
serial chest radiography after pneumonectomy is
essential for detecting complications during this
period. Sequential examinations with chest radi-
ography after pneumonectomy are an invaluable
method of screening for complications, especially
in the early postoperative period. When radio-
graphic findings are subtle or equivocal, CT may
be used to obtain more detailed diagnostic infor-
mation. The most common complications in the
late postpneumonectomy period, in our experi-
ence, are delayed surgical complications and re-
currences of primary disease. In the late postop-
erative period, CT is often superior to chest radi-
ography for detecting complications.

The radiologist plays a major role in the diag-
nosis of complications after pneumonectomy.
Recognition of the clinical and radiologic features
of the various complications that may occur after
pneumonectomy is imperative to achieve prompt
and accurate diagnoses that may help reduce
morbidity and mortality.
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Page 1450
Familiarity with the clinical and imaging features of the expected alterations as well as the various
possible complications after pneumonectomy is essential.

Page 1452
Because increased air and decreased fluid are cardinal signs of bronchopleural fistula, it is important
to monitor changes in the air-fluid level in patients who have undergone a pneumonectomy.

Page 1454

Postpneumonectomy empyema is characterized on CT images by an expansion of the
postpneumonectomy space, with a mass effect; convexity or straightening of the normally concave
mediastinal border of the postpneumonectomy space; irregularly increased thickening of the residual
parietal pleura; and bronchopleural or esophagopleural fistula, which may either cause or coexist with
empyema.

Page 1457

CT images show abnormal narrowing of the distal part of the trachea and the left main bronchus
because of compression of the airway between the pulmonary artery anteriorly and the aorta and spine
posteriorly.

Page 1465
Sequential examinations with chest radiography after pneumonectomy are an invaluable method of
screening for complications, especially in the early postoperative period.



