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In the past decade, lung transplantation has become established as an
accepted therapy for end-stage pulmonary disease. Complications of
lung transplantation that may occur in the immediate or longer postop-
erative term include mechanical problems due to a size mismatch be-
tween the donor lung and the recipient thoracic cage; malposition of
monitoring tubes and lines; injuries from ischemia and reperfusion;
acute pleural events; hyperacute, acute, and chronic rejection; pulmo-
nary infections; bronchial anastomotic complications; pulmonary
thromboembolism; upper-lobe fibrosis; primary disease recurrence;
posttransplantation lymphoproliferative disorder; and native lung com-
plications such as hyperinflation, malignancy, and infection. Radiologic
imaging—particularly chest radiography, computed tomography (CT),
and high-resolution CT—is critical for the early detection, evaluation,
and diagnosis of complications after lung transplantation. To enable
the selection of an effective and relevant course of therapy and, ulti-
mately, to decrease morbidity and mortality among lung transplant
recipients, radiologists at all levels of experience must be able to recog-
nize and understand the imaging manifestations of posttransplantation
complications.
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Introduction
Since the first successful single-lung transplanta-
tion, which was performed in 1983 by the To-
ronto General Hospital group for treatment of
pulmonary fibrosis (1), adult lung transplantation
has become an established technique for the
treatment of end-stage pulmonary diseases.
Single lung transplantation is commonly per-
formed, but double lung transplantation, which in
the past was reserved primarily for patients with
suppurative lung disease and pulmonary arterial
hypertension, is currently the preferred option for
all patients with end-stage pulmonary disease,
because of better long-term survival (2,3). Overall
survival after lung transplantation also has greatly
improved because of advances in surgical tech-
nique, careful harvesting and preserving of donor
organs, improvements in immunosuppressive
therapy, and earlier recognition of complications
with the use of various imaging techniques. The
reported 1-, 5-, 10-, and 15-year survival rates are
75%, 50%, 35%, and 25%, respectively (3,4).
The most common causes of mortality are bacte-
rial infection in the first 6 months and chronic
graft dysfunction thereafter (3).

Postoperative complications may have nonspe-
cific and sometimes confusing clinical and radio-
logic manifestations. To help reduce mortality
and morbidity among lung transplant recipients,
it is important that radiologists understand and
recognize the various postoperative complications
of lung transplantation. These complications are
best classified in relation to the point at which
they occurred along the postoperative time con-
tinuum, to help clinicians narrow the differential
diagnosis.

The article describes the salient radiologic fea-
tures of complications at postoperative chest radi-
ography, computed tomography (CT), and high-
resolution CT. Where appropriate, pathologic
features also are described. Complications are
classified and discussed according to the period in
which they typically occur within a postoperative
time continuum, as follows: immediate (<24
hours), early (24 hours to 1 week), intermediate
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(8 days to 2 months), primary late (2—4 months),
and secondary late (=4 months) (Table).

Immediate Com-
plications (<24 Hours)

Malpositioned Moni-

toring Tubes and Lines

Complications associated with the malposition of
a monitoring tube or line are evident radiographi-
cally in less than 24 hours. Accidental intubation
of a main bronchus may result in rapid collapse of
the contralateral lung, pneumomediastinum,
pneumothorax, or pulmonary interstitial emphy-
sema secondary to barotrauma from mechanical
ventilation. Improper placement of a central ve-
nous catheter or a Swan-Ganz catheter may lead
to pneumothorax, hemorrhagic events such as
hemothorax and intra- and extrathoracic hemato-
mas, perforation of the mediastinal vasculature,
and cardiac dysrhythmias. Improper placement of
a chest tube leads to inadequate or ineffective
drainage of postoperative air and fluid from the
thoracic cavity.

Donor-Recipient Size Mismatch

A size mismatch between the donor lung and the
recipient thoracic cage may cause mechanical
complications. Atelectasis and impaired ventila-
tion may result from the implantation of a large
donor lung in a thoracic cage that is too small.
These complications are immediately evident on
postoperative radiographs (5). In patients who
undergo single lung transplantation for emphy-
sema, the implantation of a small donor lung
within a thoracic cage that is too large results in
allograft compression by the hyperexpanded em-
physematous native lung. Size differences of
10%—-25% between a donor lung and a recipient
thoracic cage have been reported to be acceptable

5).

Hyperacute Rejection

The presence of preformed antibodies to donor
organ—specific HLLA or ABO antigens is thought
to play a central role in hyperacute rejection,
which is a fulminant, rapidly evolving, fatal clini-
cal syndrome that may occur immediately after
transplantation (6). Radiographically, hyperacute
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The reported 1-, 5-, 10-, and 15-year survival rates are 75%, 50%, 35%, and 25%, respectively.
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Postoperative Complications of Lung Transplantation and Time of Occurrence

Time of Occurrence and Type of Complication

Common Radiologic Features

Immediate (<24 h)
Abnormality due to malposition of postoperative
lines and tubes
Size mismatch between donor lung and recipient
thoracic cage
Hyperacute rejection
Early (24 h to 1 wk)
Reperfusion injury
Pleural complications
Intermediate (8 d to 2 mo)
Acute rejection

Bronchial dehiscence

Pneumonia due to Candida infection
Primary late (2—4 mo)

CMV infection

Aspergillus infection

Pulmonary embolism

Bronchial stenosis

Native lung abnormality
Secondary late (=4 mo)

Mycobacterial infection

Organizing pneumonia
Chronic rejection

Posttransplantation lymphoproliferative disorder
Primary disease recurrence

Upper-lobe fibrosis
Bronchogenic carcinoma

Pneumothorax, hemothorax, hemomediastinum, lung
collapse, barotrauma
Atelectasis or hyperinflation

Massive infiltration of the allograft parenchyma

Perihilar haze, peribronchial thickening
Hemothorax, pneumothorax, empyema

Ground-glass opacities with intra- and interlobular sep-
tal thickening

Perianastomotic air leak or flap and bronchial wall ir-
regularity

Miliary nodules, ground-glass and airspace opacities

Nodules, ground-glass opacities and consolidation
Irregular nodules with surrounding halos, consolidation
Filling defects

Abnormal airway narrowing and air trapping
Hyperinflation, infection

Multiple small nodules, ground-glass and tree-in-bud
opacities, consolidation, pleural effusions, low-den-
sity adenopathy

Consolidation, bronchial wall thickening

Bronchiectasis, bronchial wall thickening, nodular and
linear branching opacities, mosaic lung attenuation
and air trapping

Multiple or solitary pulmonary nodules or lymphad-
enopathy

Pulmonary nodules in sarcoidosis

Architectural distortion

Noncalcified spiculated nodule or mass

rejection appears as diffuse homogeneous infiltra-
tion of the entire allograft (6).

Early Complications
(24 Hours to 1 Week)

Ischemia-Reperfusion

Injury (Reperfusion Edema)
Ischemia-reperfusion injury is a noncardiogenic
pulmonary edema that typically occurs more than
24 hours after transplantation, peaks in severity
on postoperative day 4, and generally improves by
the end of the 1st week. This condition also is
referred to as a pulmonary reimplantation re-

sponse. The edema may continue up to 6 postop-
erative months; however, in most lung transplant
recipients, it has cleared completely by 2 months.
Ischemia-reperfusion injury has many possible
causes, including surgical trauma, donor lung
ischemia, interruption of the bronchial circulation
or lymphatic flow, and denervation of the donor
lung (7). The radiographic and CT features are
nonspecific and may include perihilar ground-
glass opacities, peribronchial and perivascular
thickening, and reticular interstitial or airspace
opacities located predominantly in the middle
and lower lung lobes (7,8) (Fig 1).
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Ischemia-reperfusion injury is a noncardiogenic pulmonary edema that typically occurs more than 24 hours after transplantation, peaks in severity on postoperative day 4, and generally improves by the end of the 1st week.
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Figure 1. Ischemia-reperfusion injury in a patient with bilateral lung transplants for idiopathic pulmonary

hypertension. (a) Chest radiograph, obtained 24 hours after lung transplantation, demonstrates bilateral lower-
lobe heterogeneous airspace opacities (arrow) with peribronchial and perivascular thickening. (b) Chest radio-
graph, obtained more than 48 hours after transplantation, demonstrates interval resolution. Although the find-
ings are nonspecific, the temporal relationship with regard to lung transplantation and the rapid resolution of
the abnormal radiographic features are suggestive of this diagnosis.

Acute Pleural Complications
Pneumothorax, hemothorax, pleural effusion,
empyema, and persistent or temporary air leaks
usually are seen in the early postoperative period,
with a reported frequency of 22% (Fig 2). The
most common pleural complication is pneumo-

thorax (9). Postoperative effusion tends to resolve

by 2 weeks. Air leaks are due to various factors,
including airway ischemia and bronchial dehis-

cence. A persistent air leak, defined as continuous

leakage for more than 7 days, manifests as persis-
tent pneumothorax, pneumomediastinum, or
subcutaneous emphysema. These leaks and em-
pyema are associated with increased mortality (9).

Intermediate Compli-
cations (8 Days to 2 Months)

Acute Rejection
Acute rejection due to a cell-mediated immune
response commonly occurs in the 2nd postopera-
tive week (10). Repeated episodes of acute rejec-
tion are considered a predisposing factor for
chronic rejection or bronchiolitis obliterans syn-
drome (10). Chest radiographic features sugges-
tive of (although not specific for) acute rejection
include perihilar and lower-lobe opacities, inter-
lobular septal thickening, and pleural effusions
(Fig 3a, 3b) (10).

High-resolution CT features also are relatively
nonspecific and may include ground-glass opaci-
ties (often with basal distribution), peribronchial

P o

Figure 2. Hemothorax in a patient with bilat-
eral lung transplants for idiopathic pulmonary
hypertension. Axial chest CT image (soft-tissue
window), obtained more than 5 days after lung
transplantation, demonstrates a moderate-sized
high-attenuating collection of blood (40 HU)
that extends into the major fissure (black arrow).
A thoracostomy tube also is visible (white arrow).

cuffing, inter- and intralobular septal thickening,
and new or increased pleural effusions. These
features have reported sensitivities of 35%—65%
for the diagnosis of acute rejection (10,11). Ab-
sence of ground-glass opacities almost excludes
acute rejection in a postoperative lung transplant.
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Figure 3. Acute rejection in a patient with bilateral lung
transplants for end-stage pulmonary fibrosis secondary to
sarcoidosis. (a) Radiograph, obtained over 3 weeks after
transplantation, shows pleural effusions, airspace opacities
(arrow), and interlobular septal thickening. (b) Axial CT
image shows patchy and multifocal bilateral ground-glass
opacities, peribronchial and septal thickening (arrow), and
pleural effusion due to acute cellular rejection. (¢) High-
power photomicrograph (original magnification, X200;
hematoxylin-eosin [H-E] stain) of a transbronchial biopsy
specimen shows moderate (A3) acute rejection, with a
marked perivascular inflammatory infiltrate of mono-
nuclear cells (arrow) that extends into alveolar septa and
without evident pneumocyte damage.

c. In contrast, the dramatic improvement of abnor-

mal radiologic features within 48 hours after in-
travenous administration of methylprednisolone

favors a diagnosis of acute rejection. Currently,
transbronchial biopsy is the reference standard
procedure for diagnosing acute rejection. Perivas-
cular and parenchymal lymphocytic infiltrates are
typical histologic findings (11,12).

Teaching
Point

Bronchial Anastomotic Complications
Bronchial anastomotic complications that are

common after lung transplantation include steno- |Teaching
sis, tissue degeneration, infection, and dehis- Point
cence. The overall prevalence of such complica-

tions is approximately 15% (13). Donor bronchus

ischemia caused by disruption of the native bron-

chial circulation is a key factor underlying airway-

: : : _ related complications. Other risk factors include

A S A =g recurrent infection and rejection.

Figure 4. Bronchial dehiscence in a patient with a Bronchial dehiscence usually occurs within the

right lung transplant for a;-antitrypsin deficiency. Axial 1st month after lung transplantation. The pres-

chest CT image, obtained more than 4 weeks after lung ence of a bronchial wall defect, fixed or dynamic

transplantation, shows a crescent of air outside the air- . . . . .

. . . bronchial narrowing, bronchial wall irregularity,
way (black arrow), medial to the right main bronchus. luminal ai binati f these f
This finding was due to an anastomotic leak. A small extra umlna- a?r, (?r a -COI’l’l mnation o t ese .ea-
pneumothorax (white arrow) represents a broncho- tures at CT is indicative of anastomotic dehis-

pleural fistula. cence (Fig 4). Indirect findings that are suggestive
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The dramatic improvement of abnormal radiologic features within 48 hours after the intravenous administration of methylprednisolone favors a diagnosis of acute rejection.
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Bronchial anastomotic complications that are common after lung transplantation include stenosis, tissue degeneration, infection, and dehiscence. The overall prevalence of such complications is approximately 15%.
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of an air leak or poor allograft aeration include
pneumothorax, pneumomediastinum, and ipsilat-
eral lung volume loss (14). Bronchial dehiscence
may resolve without sequelae, may result in a
stricture that requires stent placement, or may be
fatal. Small soft-tissue irregularities and linear air
pockets with a diameter of less than 4 mm ante-
rior to the site of anastomosis are normally seen in
lung transplants in which the telescoping tech-
nique of anastomosis was used (the donor bron-
chus is intussuscepted into the recipient bronchus
or vice versa) (14). Unfortunately, CT does not
reliably depict mucosal necrosis, which is the ear-
liest sign and a useful predictor of dehiscence. If
CT findings are negative, direct bronchoscopy
should be performed to identify mucosal necrosis.

Infections

Pulmonary infections are a leading cause of mor-
bidity and mortality and may occur at any time
after transplantation. Certain organisms are more
common than others or occur most frequently in
a particular postoperative period. Factors that
predispose transplant recipients to infection in-
clude aspiration, colonization of an atelectatic
lobe, impaired mucociliary function due to allo-
graft denervation, altered phagocytosis, commu-
nication of the donor lung with the atmosphere,
absence of a cough reflex, interruption of the lym-
phatic flow, and administration of immunosup-
pressive drug therapy (15).

Risk factors for early postoperative infection
include an excessive duration of donor organ
ischemia (>76 hours), insufficient donor arterial
oxygen tension (<350 mm Hg) before organ har-
vest, recipient age of more than 40 years, positive
donor sputum culture, prolonged ventilatory sup-
port, and excessive tracheobronchial secretions.
CT is useful for confirming and quantifying infil-
trates, selecting appropriate regions of the lung
for bronchoscopy, and determining the response
to specific antimicrobial treatment. However, im-
aging features are relatively nonspecific to the
causative organism (15).

Bacteria are the most common cause of infec-
tion in postoperative lung transplant recipients,
particularly Gram-negative bacteria such as
Pseudomonas aeruginosa and Klebsiella species.
Pneumonia is the most frequent manifestation of
such bacterial infections; it occurs in as many as
75% of lung transplant recipients within 3

RG H Volume 27 « Number 4
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Figure 5. Bacterial infection. (a) Chest radiograph
obtained in a patient with bilateral lung transplants for
pulmonary fibrosis shows patchy and confluent air-
space consolidation with air bronchograms (arrows)
within the lingula. Transbronchial biopsy cultures
revealed the presence of P aeruginosa. (b) Chest CT
image obtained in another patient, who received a right
lung transplant for chronic obstructive pulmonary dis-
ease (COPD), demonstrates foci of consolidation (ar-
rows) within the right middle and lower lobes of the
allograft lung, findings indicative of bacterial pneumo-
nia.

months after transplantation (16). The risk of
bacterial infection is greatest within the 1st month
after lung transplantation (16). Features that may
be observed on chest radiographs and CT images
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Figure 7. Bronchial stenosis in a patient with bilateral lung transplants for pulmonary fibrosis due to
systemic sclerosis. (a) Axial chest CT image, obtained more than 12 weeks after transplantation, shows
stenosis of the bronchus intermedius (arrow). Esophageal food residue from dilatation caused by sclero-
derma also is visible. (b) Axial chest CT image, obtained after balloon dilation of the intermediate bron-
chus, shows mild residual stenosis (arrow).

Figure 6. Pneumonia in a patient with a right lung trans-
plant for end-stage emphysema. High-resolution axial CT
image, obtained more than 8 weeks after transplantation,
shows extensive multifocal ground-glass and airspace
opacities within the middle and lower lobes of the right
lung. Sputum cultures later revealed the presence of Can-

dida.

include atelectasis; bronchocentric opacities; sub-
segmental, segmental, or lobar airspace consoli-
dation (Fig 5); branching nodular and linear
opacities (a “tree-in-bud” appearance); interlobu-
lar septal thickening; and pleural effusions (16).
Candida infections typically occur within the
first 3 months after lung transplantation (17).
Many imaging manifestations have been observed
in such cases of candidiasis, specifically pneumo-
nia, mediastinitis, bronchial anastomotic inflam-
mation, and catheter-associated esophagitis (17).
Radiologic findings include patchy and confluent
regions of infiltration, nodules (occasionally mili-
ary), masslike foci of consolidation or airspace

consolidation, and interstitial lung patterns (Fig
6) (17).

Primary Late Com-
plications (2-4 Months)

Bronchial Stenosis and Bronchomalacia
Bronchial anastomotic stenosis and bronchomala-
cia are usually seen within 4 months of lung trans-
plantation, although the overall incidence of air-
way-related complications is decreasing with im-
provements in preservation methods, surgical
techniques, and immunosuppressive therapy.
Fixed bronchial narrowing because of stricture,
with a significant stenosis defined as a reduction
of more than 50% in bronchial diameter (18,19),
may be demonstrated at CT (Fig 7). With regard
to bronchomalacia, airway collapse or transient
narrowing of the anastomosis or other airway seg-
ments may be detected with expiratory CT or
with dynamic CT during respiration (19). Bron-
chomalacia also may be detected at bronchoscopy
during spontaneous breathing (19).
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Figure 8. Pneumonia due to CMYV infection in a patient with bilateral lung transplants for end-stage pulmonary
fibrosis. (a) Axial chest CT image, obtained more than 8 weeks after lung transplantation, shows patchy and conflu-
ent ground-glass nodularity (arrows) within the middle and lower lobes of the allograft right lung. A transbronchial
biopsy specimen from the right middle lobe later demonstrated inclusion bodies, a finding suggestive of viral infec-
tion. (b) High-power photomicrograph (original magnification, X400; H-E stain) reveals a markedly enlarged endo-
thelial cell with an intranuclear eosinophilic inclusion surrounded by a clear halo (arrow). Perivascular mononuclear
cell inflammatory infiltration also is evident.

Figure 9. Respiratory viral infection in a patient with a right lung transplant for lymphangioleiomyomatosis and

a 2-week history of increasing cough and shortness of breath. (a) Chest radiograph, obtained 12 weeks after lung
transplantation, shows diffuse ground-glass opacification with bronchial wall thickening in the allograft lung.
(b) Axial chest CT image helps confirm diffuse ground-glass opacification and bronchial wall thickening (arrow) in
the allograft lung. The native left lung shows diffuse disease with multiple thin-walled cysts, findings characteristic of
lymphangioleiomyomatosis. Respiratory cultures were positive for RSV antigen.

Viral Infection tion. The rate of CMV infection in lung trans-
plant recipients has been reported to be at least

Cytomegalovirus.—Cytomegalovirus (CMYV) is 50% (7). Seronegative recipients who receive se-

the most common cause of opportunistic infec- ropositive donor lungs are at the highest risk for

primary infection after transplantation (7). CMV
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Figure 10. Aspergillus infection in a patient with bilateral lung transplants for cystic fibrosis. Axial high-resolution
CT images, obtained more than 8 weeks after lung transplantation, demonstrate dense airspace consolidation of the
left lower lobe (a) and bilateral ground-glass nodules (arrows in b) with surrounding halos of decreased attenuation
(halo sign). A bronchoalveolar lavage culture was positive for Aspergillus.

infection typically occurs between 1 and 6 months
and is rarely seen earlier than 2 weeks after lung
transplantation. Pneumonia is the most common
manifestation of CMV infection (7). Frequently
seen radiographic patterns include focal or diffuse
parenchymal haziness, lobar consolidation, and
small pleural effusions. CT better depicts the ra-
diologic manifestations of CMV infection, which
affect the allograft almost exclusively. The most
common CT manifestations include ground-glass
opacities, tree-in-bud opacities, airspace consoli-
dation, nodules, interlobular septal thickening,
pleural effusions, thickened and enhancing
pleura, and bronchiectasis (Fig 8) (16,20).

Other Respiratory Viruses.—In addition to
CMYV, a number of community-acquired vi-
ruses—particularly respiratory syncytial virus
(RSV), parainfluenza virus, adenovirus, and influ-
enza viruses—may infect lung transplant recipi-
ents. Most such infections occur from 2 weeks to
2 years after transplantation, relatively late in the
postoperative temporal continuum (21,22). The
rate of occurrence of community-acquired viral
infection varies between 8% and 14%. Such in-
fection is considered a significant risk factor for
development of bronchiolitis obliterans. CT and
chest radiographic findings (21,22) include peri-
hilar and heterogeneous ground-glass opacities
(parainfluenza virus and RSV infections) (Fig 9);
bronchial wall thickening (adenovirus, influenza

virus, and RSV infections); bronchial dilatation
(RSV infection); peribronchial, peribronchiolar,
and centrilobular opacities (parainfluenza virus
infection); airspace opacities (adenovirus and
RSV infections); masslike foci of consolidation
(adenovirus infection); and pleural effusions (ad-
enovirus infection). RSV infection should be con-
sidered, particularly during the winter and spring,
in the presence of these imaging features in asso-
ciation with acute bronchiectasis and tree-in-bud
opacities.

Aspergillus Infection

With prevalence rates ranging up to 40%, infec-
tion due to Aspergillus occurs 1-6 months after
lung transplantation, with the peak incidence
within the first 3 postoperative months (17). As-
pergillus infections may manifest as ulcerative tra-
cheobronchitis, bronchial anastomotic infection,
aspergilloma, necrotizing pneumonia, invasive
pulmonary disease, disseminated infection, or
empyema (23). Typical features on chest radio-
graphs and CT images include focal nodular and
masslike regions of consolidation; cavitation; nod-
ules (solitary or multiple) with a surrounding rim
of ground-glass opacity, referred to as the “halo”
sign; and pleural thickening (Fig 10).
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Figure 11. Acute pulmonary embolism in a patient with a right lung transplant for usual interstitial pneumo-
nitis. (a) Axial chest CT image, obtained more than 12 weeks after lung transplantation, shows fibrosis in

the native left lung (black arrow) and acute pulmonary emboli in arteries within the allograft (white arrow).

(b) Magnified view of an axial chest CT image demonstrates a central filling defect (arrow) and local distention
of a middle-lobe segment of the right pulmonary artery.
e —— P TR,
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Figure 12.
tient with a left lung transplant for COPD. Axial
chest CT image, obtained more than 12 weeks after
transplantation, depicts masslike consolidation (ar-
row) in the posterior basal segment of the lower lobe
of the native right lung. Fluid from bronchoalveolar

Pneumonia of the native lung in a pa-

lavage was positive for Scedosporium apiospermum.

Pulmonary Embolism and Infarction
Pulmonary thromboembolic events tend to occur
within 4 months after transplantation, and most
occur within the allograft (24). An incidence of
27% has been reported (24). Prolonged (>48
hours) mechanical ventilation in the early post-
transplantation period has been cited as a risk
factor, and the postulated mechanism is increased
perfusion within the allograft and the arterial
anastomosis, which acts as a thrombogenic sur-
face. Radiographic findings are relatively nonspe-
cific and indirect, including regional vascular at-
tenuation and parenchymal hyperlucency, periph-
eral wedge-shaped consolidation, pleural effusion,
dilated central pulmonary arteries, and cardio-
megaly. CT pulmonary arteriography offers a su-
perior method of diagnosis of suspected pulmo-
nary thromboembolic disease. Vascular findings
of acute pulmonary embolism include central ar-

A

terial filling defects, localized arterial distention,
and abrupt arterial occlusion (Fig 11). Nonvascu-
lar findings include wedge-shaped consolidation,
“mosaic hypoperfusion” or oligemia, atelectasis,
and pleural effusion (25).

Complications That

Affect the Native Lung

Native lung complications may occur at any time
after a single-lung transplantation and may in-
clude infection (Fig 12), pneumothorax, primary
lung malignancy, and, less commonly, pulmonary
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Figure 13. Mycobacterium infection in a patient with bilateral lung transplants for end-stage pulmonary
fibrosis. (a, b) Axial chest CT images, obtained more than 12 weeks after lung transplantation, demon-
strate tree-in-bud nodularity and multiple ground-glass opacities (arrows in a) in the middle and lower
lobes of the right lung and consolidation (arrow in b) in the lower lobe. Subsequent bronchoalveolar la-
vage cultures from the right middle and lower lobes were positive for nontuberculous Mycobacterium.

(c¢) Medium-power photomicrograph (original magnification, X 100; H-E stain) shows granulomatous
inflammation with giant cells obliterating a bronchiole (arrow). Note the presence of organizing pneumo-

nia with intraalveolar fibrous plugs ().

embolism and pulmonary infarction (26). Within
the context of single-lung transplantation for end-
stage emphysema, hyperinflation of the native
lung is a common finding.

Secondary Late Com-
plications (=4 Months)

Mycobacterial Infection
Mycobacterial infections caused by typical or
atypical species are relatively uncommon and

generally occur late in the postoperative time con-
tinuum, 4 months or more after surgery (17,27).
In this regard, both primary and postprimary tu-
berculosis have been reported. Radiologic find-
ings include clusters of multiple small nodules,
nodular ground-glass opacities or infiltrates, con-
solidation, cavitation, interlobular septal thicken-
ing, pleural thickening, unilateral or bilateral
pleural effusions, and low-density mediastinal
lymphadenopathy (17,27) (Fig 13).

Chronic Rejection

Chronic rejection of a lung transplant is a clinico-
pathologic syndrome characterized by bronchiol-
itis obliterans, a dense development of eosino-
philic fibrous scarring of the small airways. The
term bronchiolitis obliterans syndrome is used to de-
scribe the less specific graft dysfunction with a
physiologic airflow obstruction and a decline in
forced expiratory volume in 1 second from the
posttransplantation baseline. Chronic allograft
rejection remains the major late complication of
lung transplantation; it affects at least 50% of re-
cipients at 5 years, irrespective of specific risk fac-
tors. Nevertheless, a number of conditions are
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Figure 14. Chronic rejection in a patient with bilateral lung transplants for COPD. (a) Inspiratory axial
chest CT image shows mosaic attenuation (regions of mixed hypo- and hyperattenuation). (b) Expiratory high-
resolution CT image shows a hypoattenuating region (arrow) produced by air trapping, a hallmark of chronic
rejection due to bronchiolitis obliterans. (c) Inspiratory high-resolution CT image demonstrates bilateral hy-
poattenuating regions, nodularity, interlobular septal thickening (arrow), bronchial wall thickening, and patchy
regions of ground-glass opacity. (d) Medium-power photomicrograph (original magnification, X 100; Masson
trichrome stain) of a specimen from a right lung biopsy reveals active bronchiolitis obliterans with fibroblastic
proliferation (straight black arrow), mononuclear cell inflammatory infiltration (curved black arrow), and dense
fibrous scarring (white arrow) of the lamina propria. The presence of intraalveolar foamy macrophages (*),
which in this case are due to obstructive pneumonitis, is nonspecific but usually indicative of small-airway
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obstruction.

considered risk factors for rejection. These in-
clude acute cellular rejection, lymphocytic bron-
chitis, pulmonary infections with CMV and other
viruses, and HLLA mismatch (28). Chronic rejec-
tion usually occurs at approximately 6 months
after lung transplantation (29) but has been re-
ported to occur at 3 months.

Chest radiographic findings may include hy-
perinflation, decreased peripheral vascularity,
regional volume contraction, subsegmental atel-
ectasis, increased linear opacities, and bronchiec-

tasis (30); however, radiographs often may appear
normal. CT findings of chronic rejection include
bronchiectasis, bronchial wall thickening, nodular
and linear branching opacities, air trapping, re-
gional volume expansion or contraction, mosaic
lung attenuation, decreased or distorted periph-
eral arteries, interlobular septal thickening, and
peribronchovascular infiltrates (Fig 14) (30,31).
It has been suggested that bronchiectasis, bron-
chial wall thickening, and air trapping with result-
ant mosaic lung attenuation are predictive of the
development of bronchiolitis obliterans or bron-

Teaching
Point
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CT findings of chronic rejection include bronchiectasis, bronchial wall thickening, nodular and linear branching opacities, air trapping, regional volume expansion or contraction, mosaic lung attenuation, decreased or distorted peripheral arteries, interlobular septal thickening, and peribronchovascular infiltrates.
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Figure 15. Cryptogenic organizing pneumonia in a patient with a right lung transplant for end-stage pulmonary
fibrosis secondary to sarcoidosis. (a) Axial chest CT image, obtained more than 16 weeks after lung transplantation,
shows patchy ground-glass and airspace opacities predominantly in subpleural regions (black arrows) and bronchiec-
tasis (white arrow) of the right lung. In the native left lung, fibrosis with cicatricial bronchiectasis (arrow) is evident.
(b) Low-power photomicrograph (original magnification, X40; H-E stain) shows arborizing polypoid plugs of fibro-
blastic tissue within the distal airways (arrowheads). The fibroblastic tissue consists of plump spindle cells within a
collagen-poor, slightly basophilic extracellular matrix.

chiolitis obliterans syndrome (31). However, air
trapping at expiratory high-resolution CT is most
indicative of chronic rejection.

Cryptogenic Organizing Pneumonia
Cryptogenic organizing pneumonia occurs in
10%—-28% of patients after lung transplantation
and is characterized by the presence of inflamma-
tion and fibromyxomatous granulation tissue
within the alveoli, alveolar ducts, and small air-
ways (32). Although bronchiolitis obliterans with
organizing pneumonia has been reported to occur
in conjunction with chronic rejection and with
bacterial and CMY infections, the condition is
most commonly associated with acute rejection,
and it responds rapidly to high-dose corticoste-
roid therapy.

High-resolution CT often shows evidence of
airspace consolidation, ground-glass opacities,
nodular or masslike consolidation, and linear or
reticular opacities. Additional findings include
bronchiectasis, bronchiolectasis, fibrosis, lung
volume loss, and air trapping (Fig 15) (32,33).

Posttransplantation
Lymphoproliferative Disorder
Posttransplantation lymphoproliferative disorder
typically manifests within the 1st year and has

been reported to occur as early as 1 month after
transplantation. It is represented by a spectrum of
lymphoid neoplasms that are primarily of B-cell
origin (34). Epstein-Barr virus is found in ap-
proximately 90% of patients with this disorder;
seronegative status for Epstein-Barr virus prior to
transplantation is thought to be a major risk factor
for the development of posttransplantation lym-
phoproliferative disorder (34). The incidence of
the disorder varies between 2.8% and 6.1% at 1
year after transplantation (34,35). When the dis-
order occurs early in the postoperative period, it
tends to follow a benign course and responds fa-
vorably to antiviral therapy and a reduction of
immunosuppression. Its manifestations include
multiple pulmonary nodules (with or without the
“halo” sign), consolidation, interlobular septal
thickening, pleural effusion, and mediastinal
lymphadenopathy (Fig 16). Late disease, which is
treated primarily with chemotherapy and irradia-
tion, may develop more than 1 year after trans-
plantation and is predominantly associated with
extrathoracic involvement.
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Figure 16. Posttransplantation lymphoproliferative disorder in a patient with a
left lung transplant for COPD. (a, b) Axial chest CT images, obtained more than
12 months after lung transplantation, demonstrate a large left hilar mass (arrow
in a) and two nodules in the lingula and left lower lobe (arrows in b). (¢) High-
power photomicrograph (original magnification, X200; H-E stain) of a biopsy
specimen shows marked infiltration of the bronchiolar wall with destruction of the
smooth-muscle layer by large atypical lymphocytes (arrows).

Figure 17. Fi-
brosis in a patient
with a right lung
transplant for se-
vere centrilobular
emphysema re-
lated to cigarette
smoking. High-
resolution CT
image, obtained
more than 24
months after lung
transplantation,
demonstrates re-
gions of fibrosis
(arrows) in the
upper lobe of the
allograft.
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Figure 18. Recurrence of sarcoidosis in a patient with bilateral lung transplants for end-stage pulmonary fibrosis
secondary to sarcoidosis. (a) High-resolution CT image, obtained more than 16 weeks after lung transplantation,
shows multiple pulmonary nodules (small white arrows), nodularity along the right major fissure (large white arrow),
peribronchial thickening, ground-glass opacities, and patchy architectural distortion (black arrow). (b) High-power
photomicrograph (original magnification, X200; H-E stain) of a specimen from bronchoscopic biopsy reveals mul-
tiple discrete nonnecrotizing granulomas (arrows) in the wall of a bronchiole (*).

a.

Figure 19. Recurrence of pulmonary capillary hemangiomatosis in a patient with bilateral lung transplants for pul-
monary hypertension associated with pulmonary capillary hemangiomatosis. (a) High-resolution CT image, obtained
more than 16 weeks after transplantation, demonstrates multiple bilateral bronchocentric ground-glass opacities
(white arrows) and an enlarged pulmonary trunk (black arrow). Enlargement of the main pulmonary artery to 42 mm
is indicative of hypertension. (b) High-power photomicrograph (original magnification, X200; H-E stain) of a bron-
choscopic biopsy specimen reveals thickened alveolar septa with proliferating capillaries (arrows), findings indicative

of recurrent pulmonary capillary hemangiomatosis.

Upper-Lobe Fibrosis

Progressive upper-lobe fibrosis occurs 1-4 years
after transplantation (Fig 17). Radiographic fea-
tures include interlobular septal thickening and
reticular or ground-glass opacities, traction bron-
chiectasis, honeycombing, architectural distor-
tion, and loss of lung volume. The relatively non-
specific high-resolution CT findings likely repre-
sent inflammatory and fibrotic changes found at
histopathologic analysis that are believed to be
associated with chronic rejection (36).

Recurrence of Primary Disease
Recurrence of primary disease in the allograft
may appear as early as 2 weeks or as late as 2

years after transplantation. Sarcoidosis is the most
commonly recurrent primary disease, with a re-
ported recurrence rate of approximately 35%

(Fig 18) (37,38). Other diseases that have been
reported to recur in lung transplants include
lymphangioleiomyomatosis, Langerhans cell his-
tiocytosis, talc granulomatosis, giant cell pneumo-
nitis, panbronchiolitis, pulmonary alveolar pro-
teinosis, and pulmonary capillary hemangiomato-
sis (Fig 19). The radiologic features are specific to
the recurrent disease, which often is discovered
incidentally at CT or biopsy because the patient is
asymptomatic.
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Figure 20. Bronchogenic carcinoma in a patient with a left lung transplant for COPD. (a) Axial chest
CT image of the native right lung, obtained 4 years after transplantation, shows a new spiculated solid
pulmonary nodule (arrow) that later was proved to be a non—small cell lung carcinoma. (b) High-power
photomicrograph (original magnification, X200; H-E stain) of a specimen from a needle biopsy reveals
an admixture of keratinizing squamous cell carcinoma (*) and micropapillary adenocarcinoma.

Figure 21. Focal hematoma after a transbronchial bi-
opsy in a patient with a right lung transplant. High-resolu-
tion CT image, obtained 2 days after the biopsy, demon-
strates a new solitary nodule (arrow). The nodule later

spontaneously resolved.

Bronchogenic Carcinoma

Bronchogenic carcinoma typically occurs in the
native lung at least 1 year after transplantation,
with a frequency of less than 1% in the population
of lung transplant recipients and of 2% and 4% in
those who received a lung transplant for treat-
ment of emphysema or pulmonary fibrosis, re-
spectively (39,40). It usually manifests as a non-
calcified solitary pulmonary nodule or mass with
irregular margins (Fig 20), and the prognosis is
generally poor. Risk factors are heavy tobacco use
(most common), advanced age, impaired immu-
nosuppression, and lung fibrosis or emphysema
preexistent to transplantation.

Transbronchial Biopsy-
associated Complications
Bronchoscopy with transbronchial biopsy may be
performed at any time after lung transplantation
to aid in the diagnosis of acute and chronic allo-
graft rejection, infection, and recurrence of pri-

mary disease (16). Overall complication rates
for this procedure range between 6% and 12%.

Complications such as alveolar hemorrhage, pul-
monary hematoma, pulmonary laceration, in-
trapulmonary or air-filled cysts, pneumothoraces,
and infection have been described (16,41). The
radiologic appearances vary, depending on the
complication. The most common features are
small (<1.5-cm) focal nodular or nonspecific al-
veolar opacities that usually are located within 2
cm of the pleura and correspond to biopsy sites
(Fig 21) (16,42). These nodules may be solid

or cavitary, often are surrounded by a halo of
ground-glass opacity, and may persist up to 1
month after biopsy.
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Conclusion

By recognizing the relevant radiologic manifesta-
tions and identifying their temporal relationships
to transplantation, radiologists can help clarify the
wide spectrum of nonspecific, overlapping, and
sometimes confusing clinical and imaging find-
ings of complications after lung transplantation.

Acknowledgment: We thank David T. Nelson, Di-
rector, Media Services, Media Center, David Geffen
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organizing the images.
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The reported 1-, 5-, 10-, and 15-year survival rates are 75%, 50%, 35%, and 25%, respectively.
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Ischemia-reperfusion injury is a noncardiogenic pulmonary edema that typically occurs more than 24
hours after transplantation, peaks in severity on postoperative day 4, and generally improves by the
end of the 1st week.

Page 961
The dramatic improvement of abnormal radiologic features within 48 hours after the intravenous
administration of methylprednisolone favors a diagnosis of acute rejection.
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Bronchial anastomotic complications that are common after lung transplantation include stenosis,
tissue degeneration, infection, and dehiscence. The overall prevalence of such complications is
approximately 15%.
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CT findings of chronic rejection include bronchiectasis, bronchial wall thickening, nodular and linear
branching opacities, air trapping, regional volume expansion or contraction, mosaic lung attenuation,
decreased or distorted peripheral arteries, interlobular septal thickening, and peribronchovascular
infiltrates.





