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23.1                                                                                              
Introduction

Thoracic complications and changes are frequent in 
patients with hematological malignancies. In those 
patients with advanced hematological malignancies 
pulmonary complications, mostly related to chemo-
therapy, can be a leading cause of death. Tenholder and 
Hooper found that 98% of leukemic patients showed 
pulmonary complications at autopsy (Tenholder 

and Hooper 1980). Of note however, in recent years 
the frequency of radiation-induced complications 
has decreased. As the number of survivors increases, 

several late effects of treatment are becoming evident, 
some of them – second malignancies, cardiovascular 
complications – emerging as a major threat to the sur-
vival of these patients. To offer the best in patient care, 
it is imperative to understand the natural history of the 
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disease as well as the treatment related complications 
and changes. In this chapter, post-therapeutic thoracic 
changes after chemotherapy and radiation therapy are 
discussed and illustrated.

23.2                                                                                              
Chest Complications Associated 
with Chemotherapy

Although chest radiography is an important modality, 
the fi ndings are often nonspecifi c or diffi cult to detect. 
High-resolution CT (HRCT) is a powerful tool for the 
detection of early or tiny pulmonary lesions occurring 
in immunocompromised patients. With progressive 
improvement in therapy for patients with hemato-
logical malignancies, hemopoietic stem cell trans-
plantation (HSCT) has become a standard method 
for treating aggressive disorders. The frequency of 
pulmonary complications is different in patients 
who have undergone HSCT and those who have not. 
These complications can be divided into two catego-
ries: complications not specifi c to patients treated 
with HSCT (HSCT non-specifi c complications) and 
complications specifi c to patients treated with HSCT 
(HSCT specifi c complications occur in approximately 
50% of transplant recipients) (  et al. 1997a).

Stem cells may be obtained from the patients them-
selves (autologous HSCT) or from related or unrelated 
donors (allogeneic HSCT), and may be harvested in 
the form of bone marrow, peripheral blood stem cells 
or, less frequently, cord blood (Hows 2001). Autolo-
gous HSCT complications are directly related to the 
conditioning regimen (chemotherapy with or without 
total body irradiation). Allogeneic HSCT adds the tox-
icity of the conditioning regimen to a major immu-
nosuppression and, often, graft versus host disease 
(GVHD). Allogeneic HSCT specifi c complications 
occur in a characteristic temporal pattern associated 
with the period following the procedure (Worthy 
et al. 1997a). The period after HSCT is divided into 3 
phases: neutropenic, early and late (Fig. 23.1).

23.2.1                                                                                                         

HSCT non-Specifi c Complications

23.2.1.1                                                                                                      

Infectious Conditions

Sixty to 75% of reported deaths in leukemia, after 
HSCT, are due to infectious diseases (Hildebrand 
et al. 1990). Such infectious conditions tend to occur 
after chemotherapy or in the neutropenic or early 
phase following HSCT.

Fig. 23.1. Pulmonary 
effects of treatment in 
patients with hematologi-
cal malignancies. Pulmo-
nary complications often 
occur in a characteristic 
temporal pattern associ-
ated with hemopoietic 
stem cell transplantation. 
(With permission from 
[Tanaka et al. 2002])
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23.2.1.1.1                                                                                        
Bacterial Pneumonia

Granulocytopenia is a major predisposing factor 
for bacterial infections. This condition occurs after 
chemotherapy, with or without HSCT. Bacterial 
pneumonia in HSCT recipients occurs usually in the 
neutropenic phase, and its incidence is estimated 
as 20 to 50% (Soubani et al. 1996). Gram-negative 
organisms presumably, from the gastro-intestinal 
tract or oral mucosa, are classically considered as 
the predominant group of bacteria, but recent stud-
ies show that gram-positive infections represent 60 
to 70% of isolated organisms, mainly Staphylococ-
cus aureus and coagulase negative Staphylococcus 
(Zinner 1999). Defective function of the mucocili-
ary system caused by bronchial sicca-like damage 
from GVHD, impaired production of secretory IgA, 
abnormal humoral response to pneumococcal poly-
saccharide antigen, and spleen dysfunction (caused 
by total body irradiation and/or allogeneic HSCT) 
are responsible for the increased frequency of these 
infections.

In bacterial pneumonia, airspace consolidation or 
ground-glass opacity with centrilobular, acinar, and 
lobular opacities is observed. Ground-glass opacity 
seems to occur more frequently in immunocompro-
mised patients than in immunocompetent patients 
(Fig. 23.2). Winn and Chandler (1994) reported 
that, because the diminution of the infl amma-
tory change in the immunocompromised host was 
perhaps caused by neutropenia, the radiographic 
fi ndings were markedly altered by the minimal 
infl ammation. There may be a tendency to produce 
ground-glass opacity or small opacities like centri-
lobular opacities on HRCT because the exudative 
reaction in immunodefi ciency states is minimal.

23.2.1.1.2                                                                                        
Pneumocystis carinii Pneumonia

Pneumocystis carinii pneumonia occurs in patients 
with hematological malignancies who undergo inten-
sive chemotherapy, especially with corticoid and 
fl udarabine, or HSCT. In our institution, it occurs 
less frequently in HSCT recipients, probably because 
of the introduction of routine prophylaxis with 
sulfamethoxazole/trimethoprim. The incidence of 
Pneumocystis carinii pneumonia in HSCT recipients 
is reported as less than 10% (Soubani et al. 1996). 
Characteristic pathologic fi ndings include intraalve-
olar histiocytes or a mixture of infl ammatory infi l-
trates with or without associated hemorrhage. The 

classic chest radiographic fi nding of Pneumocystis 
carinii pneumonia is a bilateral perihilar or diffuse 
symmetric interstitial pattern, which may be fi nely 
granular, reticular, or ground-glass in appearance. 
Chest radiography may have normal or nonspecifi c 
fi ndings at the time of initial examination in as many 
as 40% of cases. In a study of 51 cases with a high 
clinical suspicion of Pneumocystis carinii pneumonia 
in which chest radiography showed normal, equivo-
cal or non-specifi c fi ndings by  et al. (1997), 
Pneumocystis carinii pneumonia was detected in six 
of 51 cases. The fi ndings were confi rmed by HRCT, 
which showed abnormal fi ndings in all six cases. It 
is evident that HRCT is needed for the detection of 
early lesion of Pneumocystis carinii pneumonia when 
it is strongly suspected in the clinical setting.

On HRCT, widespread ground-glass opacity, 
which is typically distributed at the perihilar regions, 
is a frequent and characteristic fi nding (Fig. 23.3) 
(Webb et al. 1996; Kuhlman et al. 1990). Exten-
sive ground-glass opacity is usually observed with 
sparing of adjacent secondary pulmonary lobules, 
called a mosaic or geographic pattern. Occasion-
ally, reticulation or intralobular and interlobular 
septal thickening within ground-glass opacity may 
be recognized (crazy-paving appearance), presum-
ably refl ecting a combination of fl uid and cellular 
components within the alveolar space as well as 
thickening of the alveolar septa. Centrilobular opaci-

Fig. 23.2. Bacterial pneumonia in a 25-year-old woman with 
acute lymphocytic leukemia. Axial HRCT scan shows wide-
spread ground-glass opacities and patchy acinar or centri-
lobular opacities mainly along the bronchovascular bundles.
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ties or Y-shaped branching structures (tree-in-bud 
appearance) are sometimes observed, correspond-
ing to bronchiolitis and bronchioles impacted with 
infl ammatory material (Webb et al. 1996; Boiselle 
et al. 1999). In addition to these classical HRCT fi nd-
ings, other atypical fi ndings have been reported in 
patients with AIDS, such as cystic lesions, upper lobe 
distribution, lung nodules or masses, lobar consoli-
dation or interstitial fi brosis (Boiselle et al. 1999). 
However, we have never encountered such atypical 
fi ndings in patients with hematological malignancies 
in our institution.

23.2.1.1.3                                                                                        
Fungal Infections

Fungal infection is a common cause of pneumonia in 
HSCT recipients.  However, it also occurs in patients 
who do not undergo HSCT. In our series, it occurred 
more frequently in patients who without HSCT. 
Granulocytopenia is the most important risk factor 
(Hildebrand et al. 1990). In HSCT recipients, it 
usually occurs in the neutropenic phase. The patho-
gens are Aspergillus, Candida, Cryptococcus, and 
Mucor. The most common pathogen in this entity is 
Aspergillus. In general, infection due to Aspergillus 
frequently occurs when the peripheral white blood 
count decreases to less than 1,000/mm3. Invasive pul-
monary aspergillosis is the most frequent pattern of 
infection caused by Aspergillus in immunocompro-
mised patients.

Characteristic chest radiographic fi ndings include 
solitary or multiple focal opacities or consolida-
tion distributed in the peripheral lung. Detection 
of early lesions of invasive aspergillosis is rather 
diffi cult because about one quarter of patients with 
invasive pulmonary aspergillosis show no abnormal 
chest radiographic fi ndings. CT is needed in the 
early diagnosis of invasive pulmonary aspergillosis. 
Invasive pulmonary aspergillosis includes two types: 
angio-invasive aspergillosis (angio-invasive pulmo-
nary aspergillosis) and airway-invasive aspergillosis 
(airway-invasive pulmonary aspergillosis). Usually, 
invasive pulmonary aspergillosis means angio-inva-
sive pulmonary aspergillosis.

Angio-invasive pulmonary aspergillosis pres-
ents two characteristic CT fi ndings: CT-halo sign, 
an early sign after infection (Fig. 23.4) and the air 
crescent sign, observed in relatively late phase of 
infection (Kuhlman et al. 1988). The CT-halo sign 
is observed at the period of neutropenia, and repre-
sents a hemorrhagic infarction, in which the nodular 
lesion corresponds to a gray-yellow necrotic center, 
and the ground-glass opacity to a rim of hemorrhage 
caused by thrombosis of fungi within pulmonary ves-
sels. This sign was fi rst reported by Kuhlman et al. 
(1985) and thought to be characteristic and specifi c 
to invasive pulmonary aspergillosis. However, it has 
been reported in patients with hemorrhagic nodules 
in the lung, such as candidiasis, CMV infection, 
Wegener granulomatosis and metastatic angiosar-
coma (Primack et al. 1994). The air crescent sign is 
observed at the period when neutropenia is recover-
ing and represents the cavitation of nodules caused by 
resorption of necrotic tissue by returning neutrophils 
(Fig. 23.5) (Tanaka et al. 2002). This sign is usually 

Fig. 23.3a,b. Pneumocystis carinii pneumonia in a 60-year-
old man with acute lymphocytic leukemia. a Posteroanterior 
chest radiograph shows mixed interstitial and alveolar dis-
ease with a right lower lobe predominance. Bilateral hilar and 
mediastinal lymphadenopathies are also noted. b Axial HRCT 
scan shows widespread ground-glass opacity with sparing of 
adjacent pulmonary lobules (arrows), creating a mosaic pat-
tern. Note the reticular opacities within ground-glass opacity, 
showing “crazy-paving appearance” (arrowheads).

a

b
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observed 2–3 weeks after infection. Therefore, it is not 
useful as an early indication of invasive pulmonary 
aspergillosis. However, the existence of air crescent 
sign suggests that the patient is in the recovery phase 
from infection because it is not seen in patients who 
do not recover from neutropenia. In a report by 
Gefter et al. (1985), the air crescent sign was associ-
ated with a good prognosis. We treated a case with 
extensive ground-glass opacity on CT images induced 
by the invasion of Aspergillus into pulmonary arteries 
and subsequent pulmonary infarction (Fig. 23.6). The 
ground-glass opacity was caused by the hemorrhagic 
changes. It must be noted that extensive pulmonary 
alveolar hemorrhage can be induced by fungal infec-
tion as well as thrombocytopenia or HSCT.

There are few reports concerning airway-invasive 
pulmonary aspergillosis. It may be seen in 10–30% of 
patients with invasive pulmonary aspergillosis. Chest 
radiography shows non-specifi c fi ndings indicating 
bronchopneumonia. Pathological fi ndings of airway-
invasive pulmonary aspergillosis include bronchiol-
itis and bronchopneumonia caused by Aspergillus. 
CT fi ndings may show small centrilobular nodules 
and peribronchial airspace consolidation, which 
refl ect the pathological fi ndings. However, these CT 
fi ndings are non-specifi c, and it is diffi cult to differ-
entiate this entity from other infectious diseases.

Candidiasis frequently occurs concomitantly 
with bacterial infection, and the characteristic 
radiographic fi ndings of pulmonary candidiasis 
are diffi cult to describe. In the report of a radio-
graphic-pathologic correlative study of candidiasis 
by Dubois et al. (1977), lesions were divided into 
hematogenous and endobronchial spread. In the 
former, hemorrhagic nodules are the characteristic 
pathologic fi nding. Central areas of necrosis and sur-
rounding hemorrhage are observed. These fi ndings 
are nearly identical to those of angio-invasive pul-
monary aspergillosis (CT-halo sign). Nodules seen 
in patients with candidiasis are usually smaller than 
those in invasive pulmonary aspergillosis (Fig. 23.7), 
therefore, these nodules may be diffi cult to detect by 
chest radiography. Miliary nodules may sometimes 
be seen but in a report of 20 cases of pulmonary 
candidiasis by Buff et al. (1982), there were no cases 
showing a miliary nodular pattern. In the latter type 
of endobronchial spread, bronchopneumonia is the 
radiological and pathologic fi nding.

Cryptococcosis, especially secondary cryptococ-
cosis shows solitary or multiple pulmonary nodules 
or infi ltrative opacities. These lesions may some-
times cavitate. In a CT report of 10 cases with AIDS 
by Sider and Westcott (1994), fi ve patients had 
segmental airspace consolidation with air broncho-

Fig. 23.5. Invasive aspergillosis in a 47-year-old man with 
acute myelocytic leukemia. Axial HRCT scan shows airspace 
consolidation with a crescent-like cavity (air crescent sign) 
(arrow) in the right lower lobe.

Fig. 23.4. Invasive aspergillosis in a 58-year-old man with 
chronic myelocytic leukemia. Axial HRCT scan shows a 
central hyperdense nodule with surrounding halo of ground-
glass opacity (CT-halo sign) (arrow) in the right upper lobe. 
(With permission from [Tanaka et al. 2002])
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gram, fi ve had ground-glass opacity distributed at 
the perihilar or lower lung regions, and three had 
multiple nodules with indistinct borders. It may also 
be diffi cult to distinguish cryptococcosis from other 
infectious conditions based on these reported CT 
fi ndings.

The CT fi ndings of mucormycosis are indistin-
guishable from those of invasive pulmonary asper-
gillosis. Multiple nodules or airspace consolidation 
are frequent. It should be noted that the CT-halo sign 
is frequently observed due to hemorrhagic infarction 
based on the angio-invasive nature of Mucor just as 
with invasive pulmonary aspergillosis (McAdams et 
al. 1997). Cases with pseudoaneurysm or invasive 
change into the thoracic spine have been reported.

There is an unusual condition induced by the spe-
cifi c nature of fungi including Aspergillus and Mucor. 
Hypoxemia without apparent abnormal CT fi ndings 
may sometimes be observed in patients with fungal 
infection. This condition seems to be induced by 
intravascular fungal emboli (Fig. 23.8). The mecha-
nism is the same as that in patients with leukostasis, 
which is characterized by intravascular leukemic cell 
emboli due to high leukocyte count (McKee et al. 
1974).

23.2.1.1.4                                                                                        
Tuberculosis

Pulmonary tuberculosis in immunocompromised 
patients often has an atypical CT pattern com-
pared with that in immunocompetent patients; it 
includes non-segmental distribution and multiple 
small cavities within lesions (Ikezoe et al. 1992). 
Numerous small nodules with random distribution 

Fig. 23.7. Candidiasis in a 28-year-old man with natural killer-
like T-cell leukemia. Axial HRCT scan shows multiple nodules 
with surrounding ground-glass opacities (arrows).

Fig. 23.6a,b. Mycotic thrombosis in a 70-year-old man with plasma cell leukemia. a Posteroanterior chest radiograph shows 
diffuse bilateral air space disease and cardiomegaly. b Axial HRCT scan shows extensive ground-glass opacity with pleural 
effusion in the right upper lobe. Note that the diameter of pulmonary arteries within the ground-glass opacity became wider 
(arrows) compared with those in the normal lung (arrowheads). This patient died after the CT examination. Specimens obtained 
at autopsy showed extensive hemorrhage and hemorrhagic infarction induced by extensive mycotic (Aspergillus) thrombosis 
within pulmonary arteries.

a b
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within secondary pulmonary lobules are a charac-
teristic HRCT fi nding for miliary tuberculosis (Oh 
et al. 1994). Ground-glass opacity may be present 
along with nodules (Fig. 23.9) (Tanaka et al. 2002). 
Ground-glass opacity corresponds pathologically to 
widespread interstitial granuloma of a size below the 
limits of resolution on HRCT (Oh et al. 1994).

23.2.1.2                                                                                                      

Drug Toxicity

Drug-induced lung diseases must always be con-
sidered in the differential diagnosis of pulmonary 
infi ltrates in immunocompromised patients who 
are undergoing chemotherapy, even though the exact 
incidence is uncertain.

Rossi et al. (2000) reported radiographic fi nd-
ings of drug toxicity based on pathologic fi ndings. 
As possible pathologic manifestations of pulmo-
nary drug toxicity, they mentioned diffuse alveolar 
damage, nonspecifi c interstitial pneumonia, bron-
chiolitis obliterans organizing pneumonia (BOOP), 
eosinophilic pneumonia, and others. Diffuse alveo-
lar damage is recognized as a common manifesta-

tion of drug toxicity, and chest radiograph fi ndings 
include bilateral heterogeneous or homogeneous 
opacities, often in a mid and lower lung distribution. 
HRCT shows scattered or diffuse areas of ground-
glass opacity. With the progression of lesions, 
fi brosis, architectural distortion or honeycombing 
may occur. The concept of nonspecifi c interstitial 
pneumonia is relatively new and is thought to be 
a second most frequent entity among idiopathic 
interstitial pneumonia. Rossi et al. (2000) found this 
pattern to be the most frequent in interstitial pneu-
monia in patients with pulmonary drug toxicity. 
Nonspecifi c interstitial pneumonia is characterized 
pathologically by areas of expansion of the intersti-
tium by mononuclear infl ammatory cells and mild 
interstitial pneumonia with temporal and spatial 
homogeneity. Interstitial infl ammation is typically 
more cellular than that seen in idiopathic interstitial 
pneumonia. Chest radiography usually shows dif-
fuse heterogeneous opacities. HRCT shows scattered 
or diffuse areas of ground-glass opacity. BOOP is a 
nonspecifi c pathologic pattern of lung injury that 
can be a manifestation of pulmonary drug toxicity, 
characterized by proliferation of immature fi broblas-

Fig. 23.8a–c. Mycotic thrombosis in a 55-year-old woman 
with chronic myelocytic leukemia. a Posteroanterior chest 
radiograph shows no abnormal fi nding. b Axial HRCT scan 
appears almost normal except for linear-reticular opacities in 
the right lower lobe. This patient showed severe hypoxia and 
died one week after CT examination. c Autopsied specimen 
shows thrombus with Candida fi lling the pulmonary artery 
and arterioles.

a

b

c



450 Benoît Mesurolle et al.

tic plugs within the respiratory bronchioles, alveolar 
ducts, and adjacent alveolar spaces. HRCT shows 
focal airspace consolidation, poorly-defi ned masses, 
or centrilobular nodules. These areas are typically 
peripheral or peribronchovascular in distribution. 
Eosinophilic pneumonia is characterized by the 
accumulation of eosinophils and macrophages in 
the alveolar spaces or thickened alveolar septa. CT 
is useful in demonstrating the peripheral nature of 
the lesions. Rossi et al. (2000) also mentioned the 
possibility of pulmonary hemorrhage, bronchiolitis 
obliterans, pulmonary edema, pulmonary hyper-
tension, or veno-occlusive disease as pathologic 
features of pulmonary drug toxicity. In a report of 
20 patients with drug toxicity who underwent high-
dose chemotherapy and autologous HSCT, Patz et 
al. (1994) found scattered, predominantly peripheral 
ground-glass opacity and airspace consolidation 
in 13 patients (65%). They speculated that a large 
number of alveoli, alveolar macrophages, type 2 
pneumocytes, and a greater density of pulmonary 
arterioles within the cortical or peripheral region of 
the lung might be the mechanism of peripheral dis-
tribution of lesions. Perfusion differences between 
the cortical and medullary portions of the lung and 
longer peripheral blood fl ow transit times permit 

prolonged drug concentration in the cortical lung. 
The pathologic features of pulmonary drug toxicity 
are diverse, and the radiographic and CT fi ndings are 
nonspecifi c. HRCT fi ndings usually include airspace 
consolidation, ground-glass opacity and reticulation 
(Fig. 23.10) (Tanaka et al. 2002). Therefore, it is dif-
fi cult to diagnose this entity by radiologic fi ndings 
only. It must be noted that this entity is usually diag-
nosed by exclusion of alternative diagnoses.

23.2.1.3                                                                                                      

Pulmonary Hemorrhage

This entity is associated with complicated thrombo-
cytopenia, infectious disease or HSCT. Tenholder 
and Hooper (1980) noted that this was the most 
common cause of non-infectious pulmonary com-
plications in patients with leukemia and Bodey et 
al. (1996) found it in 54% of 50 autopsied cases of 
acute leukemia. Diffuse alveolar hemorrhage is also 
observed in about 20% of HSCT patients (Worthy 
et al. 1997a) and occurs especially in the neutropenic 
phase. The clinical manifestation is acute and non-
specifi c; it is diffi cult to diagnose before death since 
hemoptysis is rare. The mortality rate is high, about 
80%. Early diagnosis followed by prompt steroid 

Fig. 23.9a,b. Miliary tuberculosis in a 39-year-old man with acute myelocytic leukemia. a Posteroanterior chest radiograph 
shows diffuse and bilateral pulmonary micronodules with focal consolidations in the left upper and lower lobes. b Axial HRCT 
scan shows numerous miliary nodules throughout both lungs. Some of these nodules are located on the pleural surface or on 
the pulmonary vessels (arrows), showing random distribution of the nodules within the secondary pulmonary lobules. Also 
note patchy ground-glass opacity in the right lower lobe (arrowheads), which probably shows widespread interstitial granuloma 
of a size below the limits of resolution on HRCT. (With permission from [Tanaka et al. 2002])

a b
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therapy is the only way to improve the survival rate. 
It is important to perform bronchoalveolar lavage 
if this entity is suspected because bronchoalveolar 
lavage can show evidence of hemorrhage by reveal-
ing hemosiderin-laden macrophages. The causes of 
this entity are speculated to be damage to the pul-
monary vasculature by GVHD, pre-transplantation 
chemotherapy or total body irradiation. Whether the 
process is a distinct entity or whether it represents 
a part of a spectrum of severe pulmonary edema or 
idiopathic pneumonia syndrome is not yet known.

The most common, but non-specifi c CT fi ndings 
consist of widespread ground-glass opacity or con-
solidation (Fig. 23.11) (  et al. 1995), within 
which reticulation is often recognized (crazy-paving 
appearance). Typically, the most peripheral lung 
zones or subpleural regions are spared.

23.2.2                                                                                                         

HSCT Specifi c Complications

HSCT has made it possible to treat leukemia patients 
with high-dose chemotherapy and total body irradia-
tion. After HSCT, there is a neutropenic phase, last-
ing 10 to 12 days with peripheral stem cells, and up 
to 3 weeks with bone marrow. After the neutropenic 
phase, an immunosuppressive state continues for 
about 1 year after allogeneic HSCT. This period is 

usually divided into early phase and late phase; the 
former, by defi nition, continues for 100 days after 
HSCT and the latter continues for one year (or more) 
after HSCT (Fig. 23.1) (Hasleton and Doran 1996). 
Chest complications after HSCT are a major problem 
and occur in 40 to 60% of such patients (Krowka et 
al. 1985; Worthy et al. 1997a).

23.2.2.1.                                                                                                     

Infectious Conditions

Although any infectious disorder can occur after 
HSCT, especially in the neutropenic or early phase, 
cytomegalovirus pneumonia is the most frequent.

Fig. 23.10. Drug toxicity induced by phosphomycin in a 73-year-
old man with chronic myelocytic leukemia. Axial HRCT scan 
shows patchy ground-glass opacity (arrows) and linear-reticular 
opacities (arrowheads) mainly in the subpleural zone.

Fig. 23.11a,b. Diffuse pulmonary hemorrhage in a 37-year-old 
woman with acute lymphocytic leukemia. a Posteroanterior 
chest radiograph shows interstitial changes predominantly 
distributed in the bilateral lower lung zones. b Axial HRCT 
scan shows extensive ground-glass opacity and airspace con-
solidation which distribute mainly at the medullary region 
with the most peripheral zones less involved (arrows).

a
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23.2.2.1.1                                                                                        
Cytomegalovirus Pneumonia

Cytomegalovirus (CMV) infection occurs in 70% of 
allogeneic HSCT recipients, but less than one-third 
develop CMV pneumonia (Worthy et al. 1997). It 
typically occurs in the early phase. The causes of 
CMV infection include reactivation of endogenous 
latent virus in profoundly immunosuppressed 
recipients, or acquisition of exogenous infection 
from CMV seropositive bone marrow grafts or 
blood products. Reported mortality rate is up to 
85%. Although the detection of early CMV antigen 
using bronchoalveolar lavage fl uid may be a good 
method in CMV related pneumonia, it should be 
noted that CMV is sometimes isolated in the absence 
of active disease. Nowadays, the systematic search 
for CMV antigens in peripheral leucocytes and early 
treatment has dramatically decreased the incidence 
of CMV pneumonia and CMV-related mortality. 
The basic pathologic fi nding is an alveolar pattern 
consisting of alveolar macrophages, fi brin, hyaline 
membranes, proliferating reactive pneumocytes, and 
hemorrhagic exudates, consistent with diffuse alveo-
lar damage. Interstitial thickening without airspace 
disease may sometimes be seen. Interstitial infi ltrates 
consisting of lymphocytes may sometimes result in 
alveolar wall or interlobular septal thickening.

CMV pneumonia shows various CT fi ndings, 
including patchy or widespread ground-glass opac-
ity, air-space consolidation, nodules with the CT-
halo sign, and centrilobular nodules (Fig. 23.12) 
(  and Müller 1994; Webb et al. 1996; 
Kang et al. 1996). In a report of 21 patients with AIDS 
and CMV pneumonia by McGuinness et al. (1994), 
ground-glass opacity or airspace consolidation were 
observed in 13 patients and corresponded mainly to 
an airspace fi lling process of diffuse alveolar damage. 
They also reported pulmonary masses and miliary 
patterns. Nodules with the CT-halo sign correspond 
to the hemorrhagic nodules. These fi ndings are non-
specifi c, and it is often diffi cult to differentiate them 
from those of other entities including Pneumocystis 
carinii pneumonia and pulmonary hemorrhage.

23.2.2.2                                                                                                      

Pulmonary Edema

Pulmonary edema is a common complication in the 
neutropenic phase although the exact incidence is not 
known. The onset is usually rapid and occurs in the 
second or third week post transplantation. The causes 
of this entity are thought to be acute GVHD, cardiac 

or renal impairment induced by intensive chemother-
apy, the increased permeability of pulmonary vessels 
induced by total body irradiation, sepsis, cyclospo-
rine A, prophylactic granulocyte transfusions and the 
infusion of large volumes of fl uid to administer drugs 
(Hasleton and Doran 1996; Worthy et al. 1997a). 
Cardiac dysfunction may be caused by adriamycin, 
cyclophosphamide or radiation therapy.

Chest radiographic fi ndings include diffusely 
increased interstitial markings such as Kerley A, 
B and C lines, peribronchial cuffi ng, hilar haze, 
ground-glass appearance and vascular redistribu-
tion. Characteristic CT fi ndings include enlarge-
ment of pulmonary vessels, ground-glass opacity or 
air-space consolidation in the hilar or peribronchial 
regions, thickening of interlobular septa and pleural 
effusion (Fig. 23.13) (  and Müller 1994; 
Worthy et al. 1997a).

23.2.2.3                                                                                                      

Idiopathic Pneumonia Syndrome

This entity is an early phase complication and occurs 
in approximately 12% of allogeneic HSCT patients. It is 
defi ned as diffuse lung injury occurring after HSCT for 
which an infectious etiology is not identifi ed (Clark et 

Fig. 23.12. Cytomegalovirus pneumonia in a 35-year-old man 
with acute myelocytic leukemia. Axial HRCT scan shows 
extensive ground-glass opacity in the right lower lobe. Note 
that centrilobular nodules can be seen (arrows). It is quite 
diffi cult to differentiate this fi nding from Pneumocystis carinii 
pneumonia.
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al. 1993). It is probably caused by toxicity from the pre-
transplantation chemotherapy and total body irradia-
tion (Clark et al. 1993; Worthy et al. 1997a; Krowka 
et al. 1985). Mortality rate approaches 80%.

The pathologic feature of idiopathic pneumonia 
syndrome is diffuse alveolar damage with an interstitial 
mononuclear cellular infi ltrate. Clinically, diffuse alve-
olar damage is seen in acute interstitial pneumonia or 
acute respiratory distress syndrome (ARDS). Although 
it is not clear if idiopathic pneumonia syndrome is the 
same entity as acute interstitial pneumonia or ARDS, 
the pathologic feature is the same among these 3 enti-
ties. Diffuse alveolar damage is manifested by injury 
to the alveolar lining and endothelial cells, pulmonary 

edema, hyaline membrane formation, and extensive 
fi broblastic proliferation but little mature collagen 
deposition. The pathologic appearance of diffuse alveo-
lar damage can be separated into acute exudative, sub-
acute proliferative and chronic fi brotic phases.

HRCT fi ndings of diffuse alveolar damage, focal 
or diffuse ground-glass opacity were seen in all 
reported cases. Air-space consolidation is slightly less 
common, but seen in most cases. Usually, ground-
glass opacity and airspace consolidation are denser 
in attenuation in the dependent lung zone than in 
the non-dependent lung (Fig. 23.14). Ichikado et al. 
(1997) and Primack et al. (1993) observed areas of 
ground-glass opacity with focally spared regions that 

Fig. 23.13a,b. Pulmonary edema in a 58-year-old man with 
multiple myeloma. a Posteroanterior chest radiograph shows 
extensive airspace consolidation with air bronchogram dis-
tributed mainly in the bilateral hilar regions. Note an associ-
ated cardiomegaly. b Axial HRCT scan shows ground-glass 
opacity and airspace consolidation distributed along the bron-
chovascular bundles. Thickening of interlobular septa is seen 
(arrows). Note that the pulmonary arteries became greater in 
diameter (arrowheads) than accompanying bronchi.

Fig. 23.14a,b. Idiopathic pneumonia syndrome in a 27-year-
old man with acute myelocytic leukemia. a Posteroanterior 
chest radiograph shows bilateral mixed interstitial and alveo-
lar opacities. b Axial HRCT scan shows widespread ground-
glass opacity distributed in the bilateral lung fi eld, especially 
in the dependent lung area, creating a density gradient. 
Autopsied specimens of this patient showed diffuse alveolar 
damage. (With permission from [Tanaka et al. 2002])
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produced a geographic appearance. In this respect, it 
might be diffi cult to distinguish idiopathic pneumo-
nia syndrome from Pneumocystis carinii pneumonia. 
However, a density gradient towards the dependent 
lung zone may be the key fi nding of this entity. Trac-
tion bronchiectasis and architectural distortion are 
relatively common fi ndings and probably indicate 
the proliferative or fi brotic phase. The presence of 
honeycombing is indicative of the fi brotic phase. It 
is essentially a diagnosis of exclusion because HRCT 
fi ndings are non-specifi c.

23.2.2.4                                                                                                      

Bronchiolitis Obliterans

Bronchiolitis obliterans is a late phase complication 
and occurs in approximately 10% of patients who 
develop chronic GVHD. Most patients receive an 
allogeneic HSCT for aplastic anemia or leukemia. 
It rarely occurs in patients who undergo autolo-
gous HSCT. The cause is uncertain, however, it is 
speculated to be direct damage to the small airways 
induced by chronic GVHD (  and Doran 
1996). Risk factors include immunosuppression with 
methotrexate, pre-HSCT chemotherapy, irradia-
tion, and low serum immunoglobulins after HSCT. 
This complication usually occurs 6 months after 
transplantation, with a range of 2–20 months. The 
mortality rate is high, and the value of treatment is 
questionable. The pathologic fi nding of bronchiolitis 
obliterans is constrictive bronchiolitis; submucosal 
and peribronchiolar fi brosis, usually irreversible, is 
present, resulting in extrinsic narrowing and oblit-
eration of the lumen of small bronchi and bronchi-
oles. In the early stages of disease, there is probably a 
cellular infl ammatory and fi broblastic reaction in the 
bronchiole, but the more typical fi nding is fi brosis 
with little active infl ammation.

Chest radiography shows hyperinfl ation with or 
without focal or diffuse opacities. The diagnosis is 
based on the clinical fi ndings and the results of pul-
monary function tests. Although it can be confi rmed 
histologically by surgical lung biopsy specimen, this 
is not always necessary. It is possible to diagnose this 
entity by using the characteristic HRCT fi ndings and 
the evidence of airfl ow obstruction shown by pul-
monary function tests. HRCT including expiratory 
technique is essential for the correct diagnosis of this 
entity. Common HRCT fi ndings consist of patchy 
or diffuse areas of air trapping (Fig. 23.15), mosaic 
perfusion, and bronchial dilatation. Centrilobular 
nodules are sometimes seen. Mosaic perfusion is 
defi ned as marked heterogeneity of lung attenuation, 

with lobules of increased and decreased lung density 
that create a striking patchwork pattern. The areas 
of decreased lung density are presumed to show air 
trapping, with associated pulmonary oligemia. The 
areas of increased lung density may be due to redis-
tribution of blood fl ow to more normal areas of the 
lung. The pulmonary vessels within the decreased 
lung attenuation regions may appear smaller in 
caliber.

Mosaic perfusion is frequently seen in several 
reports, however, in Lau et al. (1998) study, this 
fi nding is not so specifi c for bronchiolitis obliterans 
because the control group with normal pulmonary 
function could represent this fi nding. In their study, 

Fig. 23.15. Bronchiolitis obliterans in a 15-year-old boy 
with acute myelocytic leukemia. a Posteroanterior chest 
radiograph shows no abnormal fi nding except for minimal 
hyperinfl ation, which was not previously visible. b Expiratory 
axial thin-section CT scan shows multiple patchy air trapping 
(arrows).
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the specifi city was 60%. Bronchial dilatation and air 
trapping are thought to be more reliable fi ndings. In 
a study by Worthy et al. (1997b) of 15 patients with 
bronchiolitis obliterans, the sensitivity of bronchial 
dilatation and air trapping was 80% for both, and the 
specifi city of bronchial dilatation and air trapping 
was 78% and 94%, respectively. The combination 
of bronchial dilatation and air trapping was seen 
only in patients with bronchiolitis obliterans, in 
their study. It should be stressed that expiratory CT 
is needed if bronchiolitis obliterans is suspected in 
HSCT patients.

23.2.2.5                                                                                                      

Bronchiolitis Obliterans Organizing Pneumonia

Bronchiolitis obliterans organizing pneumonia 
(BOOP) is also a well-recognized late phase com-
plication in HSCT patients. The incidence rate is 
uncertain. BOOP is characterized pathologically by 
edematous granulation tissue polyps in the lumina 
of alveolar ducts and bronchioles in association with 
a variable degree of interstitial and airspace infi ltra-
tion by mononuclear cells and foamy macrophages, 
which can be followed by fi broblast proliferation 
and collagen deposition. The peribronchial distri-
bution of these changes is a clue to the pathologic 
diagnosis of BOOP. BOOP is a common pathologic 
pattern of lung injury, occurring in a variety of dis-
eases. Because of the patchy nature of BOOP, surgical 
biopsy may be required if transbronchial biopsy is 
nondiagnostic.

Typical and characteristic CT fi ndings are patchy 
ground-glass opacity or air-space consolidation 
often distributed at the peribronchial and subpleural 
regions (Fig. 23.16). In a study by  et al. 
(1996), all 15 patients showed circumscribed areas 
of airspace consolidation, almost identical to large 
nodules. The areas of airspace consolidation were 
almost always multifocal, and in 14 patients the 
areas were bilateral and non-segmental, and usu-
ally distributed at the lung periphery, and showing 
lower lung predominance. Although consolidation 
is more commonly observed in immunocompe-
tent patients, ground-glass opacity or nodules are 
more frequently observed in immunocompromised 
patients. Ground-glass opacity, usually random in 
distribution, is seen in 60% of cases. Nodules are seen 
in 30% of cases. Centrilobular nodules with branch-
ing linear structures mimicking cellular bronchiolitis 
have been reported. In a study of 8 patients, air-space 
consolidation and ground-glass opacity were sharply 
demarcated from each other and from normal lung, 

exhibiting panlobular or geographic distribution. In 
that study, air-space consolidation corresponded 
mostly to organizing pneumonia and ground-glass 
opacity corresponded to alveolar septal infl am-
mation and alveolar cellular desquamation with a 
little granulation tissue in the terminal air space 
(Nishimura and Itoh 1992).

Fig. 23.16. Bronchiolitis obliterans organizing pneumonia 
in a 36-year-old man with chronic myelocytic leukemia. a 
Posteroanterior chest radiograph shows minimal patchy 
subpleural airspace disease. b Axial HRCT scan shows exten-
sive ground-glass opacity and airspace consolidation, which 
predominantly distribute along the bronchovascular bundles 
and/or subpleural zones (arrows). (With permission from 
[Tanaka et al. 2002])
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23.3                                                                                              
Post Radiation Changes

Patients with intrathoracic lymphoma receive radia-
tion therapy as part of their treatment, or in com-
bination with chemotherapy (Brady and Levitt 
1998). For these patients, the battle is often won or 
lost in the thorax. The mantle fi eld used for defi ni-
tive radiation therapy in patients with Hodgkin or 
non-Hodgkin lymphomas includes all the major 
lymph node regions above the diaphragm. The fi eld 
extends from the inferior portion of the mandible 
nearly to the level of the insertion of the diaphragm. 
Lung blocks are designed to conform to patient 
anatomy and tumor distribution. After radiation 
therapy, a variety of changes may occur in the 
thorax. Most patients remain asymptomatic with 
generally subclinical manifestations of radiation-
related changes. Indeed, in recent years, thanks to 
new modalities of irradiation (decreased intensity, 
replacement of “mantle fi eld” by “involved fi eld”, 
hyperfractionated irradiation, etc) the frequency 
of radiation-induced complications has decreased. 
However, as the number of survivors increases, sev-
eral late effects of treatment are becoming evident 
(Table 23.1) (Mesurolle et al. 2000).

23.3.1                                                                                                         

Lung Injuries

23.3.1.1                                                                                                      

Radiation Pneumonitis and Fibrosis

Post radiation therapy effects in the lungs are divided 
into early and late stages (Libshitz 1993; Libshitz 
and Shuman 1984; Ikezoe et al. 1988).

The early stage – radiation pneumonitis – occurs 
usually about 8–12 weeks after completion of radia-
tion therapy but can occur earlier or much later. It 
consists of cellular infi ltration that is predominantly 
composed of macrophages. Radiation pneumonitis 
varies from minimal to extremely marked changes 
in the paramediastinal areas and in both apices 
(Libshitz et al. 1973). In case of splenic irradiation 
(rarely used now), radiation pneumonitis can occur 
in the left lung base. Radiologically, there is a dif-
fuse haze in the irradiated region with obscuring of 
vascular outlines (Fig. 23.17). Patchy consolidations 
appear and then coalesce to form a relatively sharp 
edge that conforms to treatment portals rather than 
to anatomic boundaries (Fig. 23.18). CT may reveal 
radiation changes when the chest X-ray is normal 
(Fig. 23.19) (Ikezoe et al. 1988). Occasionally, a pleu-

Table 23.1. Post-radiation thoracic injuries. (Modifi ed with permission from [Mesurolle et al. 2000])

Target Organ Complication Time to Onset Fractionated Dose Refs

Lung Pneumonitis 8–12 weeks (acute), 6–24 months (late) 30 Gy Mosvas et al. 
(1997)

Pneumothorax 16 months > 30 Gy Penniment and 
O’Brien (1994) 

Lymph nodes Calcifi cations > 12 months No minimal
dose defi ned

Bereton and 
Johnson 1974 

Esophagus Stricture 3–18 months 60 Gy Lepke and Lib-

shitz (1983)

Vascular tree Stenosis
Occlusion
Pseudoaneurysm

10–15 years Aorta and pulmonary 
artery, 24–44 Gy; sub-
clavian artery, 40–60 
Gy

FajardoFF and 
Berthrong 

(1983)

Heart Coronary artery 
disease

10–15 years > 30 Gy 
before 20 years of age

Kopelson and 
Herwig (1978)

Pericarditis 
(3 types)

1. During radiation therapy 
(associated with chemotherapy)
2. Post-therapy, acute effusion 12–18 months
3. Post-therapy, chronic effusion,48 months

40 Gy Applefeld et al. 
(1981)

Conduction 
abnormalities

10 years 40 Gy Cohen et al. 
(1981)

Malignancy Breast carcinoma 15–19 years > 20 Gy 
before 35 years of age

Bhatia et al. 
(1996)

Sarcoma > 5 years No minimal dose 
defi ned

Libshitz (1994)
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ral effusion develops on the irradiated site. Typically, 
this effusion is small and is seen with acute radiation 
pneumonitis (Libshitz 1993).

The late stage is secondary to incompletely 
resolved radiation pneumonitis. Fibrous changes 
take 6–24 months to evolve but remain stable after 
2 years (Logan 1998). These changes are marked by 
collagen deposition and fi brosis. Volume loss causes 
coalescence of any linear infi ltrates that were pres-
ent. The borders of the fi brotic area become straight, 
conforming to the radiation port. Pleural thickening 
develops in lung apices, and the hilar structures 
are superomedially retracted (Fig. 23.20). In case of 
severe changes, marked retraction can induce a nar-
rowing of the cardiomediastinal silhouette (Loyer et 
al. 2000). CT scans may reveal well-defi ned areas of 
atelectasis with parenchymal distortion and traction 
bronchiectases. These changes are variably present 
after 30–40 Gy, and universally seen after more than 
40 Gy. In hematologic patients, the maximum dose 
is 40 Gy (Mosvas et al. 1997). Many factors can alter 
the risk of developing radiation-related pulmonary 
damage. These include (a) prior irradiation; (b) 
chemotherapy (doxorubicin, actinomycin D, busul-
fan, bleomycin, methotrexate and interferon); (c) a 
larger target volume, a higher total radiation dose 
and daily fraction size, and a shorter overall treat-
ment time; and (d) withdrawal of steroid therapy. In 
addition, radiation to the chest, even when limited 
to the mediastinum, has been associated with an 
increased risk of bleomycin-induced pulmonary 
toxicity (Brice et al. 1991). The lung target volume 
irradiated may be the most important factor (Rubin 

Fig. 23.19. Radiation pneumonitis in a 42-year-old man after 
radiation therapy for Hodgkin disease. Axial HRCT scan 
shows mild paramediastinal alveolar and ground glass opaci-
ties confi ned in the radiation port.

Fig. 23.17. Radiation pneumonitis in a 52-year-old man after 
radiation therapy for Hodgkin disease. Posteroanterior chest 
radiograph performed two months after completion of radia-
tion therapy shows typical moderate post-radiation pneu-
monitis with paramediastinal consolidations (arrowheads) 
obscuring vascular outlines.

Fig. 23.18a,b. Radiation pneumonitis in a 38-year-old woman 
after radiation therapy for Hodgkin disease a Axial CT scan 
performed two months after completion of radiation therapy 
shows paramediastinal dense consolidation confi ned to the 
radiation ports. b Axial CT scan performed eighteen months 
after completion of irradiation shows no signifi cant injury 
detected except for slight linear infi ltrate (early stage of 
fi brosis) (arrow).
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and Casarett 1998). A reduction of at least 15–20% 
of the total dose has been recommended when che-
motherapy is administered concurrently (Roswit 
and White 1977) especially with bleomycin, platins 
or gemcitabine.

23.3.1.2                                                                                                      

Spontaneous Pneumothorax

Treatment-related pneumothorax has occasionally 
been reported in patients who received radiation 
therapy for a primary malignancy (Rowinsky et al. 
1985). Pezner et al. (1990) reported a frequency of 
spontaneous pneumothorax of 2% in patients with 
Hodgkin disease who were treated with mantle radia-

tion therapy. The patients reported in the literature 
received more than 30 Gy of radiation (Penniment 
and O’brien 1994). Pneumothorax can be recurrent, 
is rarely bilateral, and occurs 1 to 31 months after 
radiation therapy, with a mean time to onset of 16 
months. It usually occurs in patients with radiologic 
evidence of post-irradiation fi brosis. The volume is 
usually minimal to moderate, and most cases will 
reexpand without treatment (Rowinsky et al. 1985).

23.3.2                                                            
Mediastinal Changes 

23.3.2.1                                                                                                      

Thymic Cysts

Thymic cysts may arise in patients who have under-
gone irradiation for Hodgkin disease. These cysts 
are thought to occur either secondarily to treatment 
of Hodgkin disease of the thymus or exclusively as 
a result of radiation effects on the thymus (Katz et 
al. 1977). They manifest as a stable or progressively 
enlarging cyst with or without calcifi ed parietal 
wall (Fig. 23.21) (Baron et al. 1981). The CT and 
MR imaging appearance is the same as that of a 
benign cyst. Irregular or thick-walled cysts should 
be regarded with suspicion and may necessitate 
biopsy.

23.3.2.2                                                                                                      

Calcifi ed Lymph Nodes

Calcifi cations can arise in lymph nodes after radia-
tion therapy for lymphoma. In Hodgkin disease, 
calcifi cation of a nonenlarged mass after radiation 
therapy signifi es a favorable response to therapy 
(Katz et al. 1977; Rivero et al. 1984). Calcifi cation 
generally begins about 1 year after treatment and may 
become increasingly dense over the years (Fig. 23.22) 
(Bereton and Johnson 1974). Awareness of this 
condition allows one to avoid confusion with the 
changes that typify granulomatous infection.

23.3.2.3                                                                                                      

Benign Esophageal Injuries

Esophageal dysmotility occurs 4–12 weeks after 
radiation therapy (Lepke and Libshitz 1983). Stric-
tures are uncommon but may occur 3–18 months 
after radiation therapy with a median interval of 
6 months. They are usually smooth with tapered 
margins (Fig. 23.23) but may also have an irregular 

Fig. 23.20a,b. Radiation fi brosis in a 39-year-old woman after 
radiation therapy for Hodgkin disease. a Posteroanterior 
close-up view chest radiograph demonstrates superomedially 
retraction of hilar structures associated with moderate post-
radiation paramediastinal fi brosis (arrows). b Axial HRCT 
scan shows paramediastinal post radiation fi brosis confi ned 
to the radiation port. Note traction bronchiectasis, ground 
glass opacity and sharp demarcation between normal and 
irradiated lung. These lesions are related to subacute radia-
tion changes.
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Fig. 23.21a,b. Thymic cyst in a 35-year-old man 10 years after radiation therapy for Hodgkin disease. a Lateral chest radiograph 
shows an ovoid, well defi ned lesion with a calcifi ed parietal wall located anteriorly in the mediastinum (arrows). b Axial CT 
scan shows a thymic cyst with parietal wall calcifi cations (arrows).

Fig. 23.22a-c. Lymph node calcifi cations in a 70-year-old woman after medias-
tinal irradiation for non-Hodgkin lymphoma. a Posteroanterior chest radio-
graph obtained before radiation therapy shows a lymphadenopathy located 
in the aortopulmonary window (arrows). Posteroanterior chest radiographs 
obtained (b) thirteen years and (c) twenty-eight years after radiation therapy 
show mediastinal lymph node calcifi cation in the radiation fi eld (arrows). The 
calcifi cation increased in density over the years.
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surface. A total dose of 50 Gy or more can lead to 
stricture formation. The prevalence of symptomatic 
benign strictures is probably under 2% at doses of 
50 Gy or less and may rise to approximately 15% in 
patients treated with 60 Gy (Coia et al. 1995). How-
ever, esophageal strictures can occur even with low-
dose radiation therapy when chemotherapy (doxoru-
bicin) is administered (Lepke and Libshitz 1983).

23.3.3                                                                                                         

Cardiovascular Injuries

Cardiovascular complications of radiation therapy 
are often delayed and insidious. The majority of 

these complications has been reported in patients 
previously treated for Hodgkin disease. They are 
reported to contribute signifi cantly to mortality in 
long-term survivors of Hodgkin disease, ranking 
behind only second malignancies and Hodgkin dis-
ease itself (Lee et al. 2000; Stewart et al. 1995). The 
absolute risk of cardiac-related deaths in survivors of 
Hodgkin disease is estimated between 9.3 and 28 per 
10,000 patient years, 2 to 3 times the population risk 
(Aisenberg 1999; Hancock et al. 1993). This risk is 
higher in younger patients, in patients who received 
mediastinal doses exceeding 30 Gy (Hancock et 
al. 1993) and in those receiving additive chemo-
therapy (predominantly MOPP in Hodgkin disease) 
(Girinsky et al. 2000). Such radiation therapy tech-
niques as use of a cobalt beam, preferential weighting 
of the anterior fi eld, and large daily fractions have 
been implicated in the development of late cardiac 
toxic effects (Vlachaki et al. 1998).

23.3.3.1                                                                                                      

Vascular Injuries

Radiation-induced vasculopathy usually occurs after 
about 10 years. Radiation injuries within the vascu-
lar tree most often affect the capillaries, sinusoids, 
small arteries, veins, and large arteries (FajardoFF  and 
Berthrong 1983). When major damage (e.g., throm-
bosis or rupture) is sustained by an elastic artery, the 
damage tends to be clinically signifi cant (Stein and 
Jacobson 1993; Benson 1973). The only differentiat-
ing feature from radiation arteritis is that radiation-
induced vasculopathy is limited to the radiation fi eld. 
Stenoses and occlusions are more frequently reported 
than are perforations and pseudoaneurysms (FajardoFF  
and Lee 1975). Mediastinal fi brosis produces oblitera-
tion of normal fat planes and anatomic landmarks, 
which is responsible for distortion and stricture of 
normal vessels (Qanadli et al. 1999).

23.3.3.2                                                                                                      

Coronary Artery Disease

The effect of radiation on the coronary arteries 
continues to fuel debate. Coronary artery stenosis 
occurs after radiation therapy to the mediastinum, 
which is usually given for Hodgkin disease. Although 
some studies indicate that the overall risk of a seri-
ous ischemic event in the coronary arteries is not 
increased in patients who received radiation therapy 
(Boivin and Hutchison 1982), more convincing are 
the reports of young patients with severe coronary 
artery disease in whom previous irradiation is the 

Fig. 23.23. Post radiation esophageal stricture in a 50-year-
old woman one and half years after completion of radiation 
therapy for Hodgkin disease. Barium esophagogram shows 
marked smooth concentric narrowing of the lower third of 
the esophagus.
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only feasible explanation for the development of 
premature coronary artery stenosis (Kopelson and 
Herwig 1978; Totterman et al. 1983). Among sur-
vivors of Hodgkin disease, two studies found a three-
fold higher relative risk for coronary artery disease 
(Cosset et al. 1991; Boivin et al. 1992).

Stenosis generally affects the proximal portions 
of the coronary arteries (Fig. 23.24) (Reinders et 
al. 1999). These sites are rarely stenotic in patients 
who were not treated with radiation therapy, but 
frequently are stenotic in patients who received 
radiation therapy to the mediastinum. Post-mortem 
examinations of young adults treated with radiation 
therapy for Hodgkin disease have shown marked 
atherosclerotic disease at the ostia and proximal 
courses of the coronary arteries, which correspond 
to the anatomic area exposed to radiation therapy 
(Brosius et al. 1981). Radiation therapy to the heart 
has also been associated with coronary artery spasm 
(Miller et al. 1983; Yahalom et al. 1983). It is not 
known whether concurrent use of chemotherapy will 
increase the risk of coronary artery disease (Boivin 
et al. 1992). The results of treatment appear to be 
the same in patients who did not undergo adjuvant 
radiation therapy (Stewart et al. 1995).

23.3.3.3                                                                                                      

Calcifi ed Ascending Aorta

Radiation therapy may give rise to calcifi cations of 
the ascending aorta after radiation-induced aortitis 

(Coblentz et al. 1986). The calcifi cation has a fi ne, 
sharp, pencil-like outline. It is due to deposition of 
calcium salts in tissue as a sequela of a scarred intima 
or media after aortitis.

23.3.3.4                                                                                                      

Pericardial Disease

Historically, the pericardium has been one of the most 
commonly affected structures of the heart (Stewart 
and FajardoFF  1984). Previously affecting 20–40% of 
patients with Hodgkin disease receiving irradiation 
with older techniques, the prevalence of post–radia-
tion therapy pericarditis is now 2–6% and is very 
low when the radiation dose is below 40 Gy, anterior 
and posterior fi elds are weighted equally, subcarinal 
blocking is used and daily fraction size is reduced 
≤ 2.0 Gy (Applefeld et al. 1981). The frequency of 
pericarditis is signifi cantly greater when a higher 
radiation dose is delivered per fraction for Hodgkin 
disease (Cosset et al. 1988). Early acute onset peri-
carditis is defi ned as occurring during radiotherapy 
and is associated with a large tumor contiguous to the 
heart (Stewart and FajardoFF  1984). This rare form 
is thought to be a reaction to necrosis of the tumor 
and has no long-term consequences (Stewart and 
FajardoFF  1984). Two delayed forms of pericarditis may 
occur as well. The most common form – pericardial 
effusion- appears 12–18 months after completion of 
radiation therapy (delayed acute form) (Fig. 23.25). 
The second form appears later, usually more than 
48 months after radiation therapy, and manifests as 
chronic pericardial disease (delayed chronic form) 
(Applefeld et al. 1981). Most effusions clear sponta-
neously, but may take up to 2 years to do so. Constric-
tion is observed in 15–20% of patients with delayed 
pericarditis (Loyer and Delpassand 1993), but it 
may arise in the absence of a prior adverse pericardial 
event (Stewart et al. 1995). The normal pericardium 
is thin, curvilinear, and 1–2 mm thick on CT (Bull et 
al. 1998). A pericardial thickness of 4 mm on CT or 
MR imaging is consistent with constriction. CT and 
MR imaging can provide information about impaired 
right ventricular diastolic fi lling when dilatation of the 
inferior vena cava and right atrium is demonstrated.

23.3.3.5                                                                                                      

Valvular Injuries and Conduction Abnormalities

It is not clear whether radiation therapy causes struc-
tural alterations in valves (Stewart et al. 1995). These 
abnormalities are probably related to radiation or due 
to myocardial fi brosis adjacent to valve rings, resulting 

Fig. 23.24. Premature coronary artery stenosis in a non-smok-
ing 27-year-old man fourteen years after radiation therapy for 
stage IV Hodgkin disease. Selective left coronary arteriogram 
shows a subocclusive ostial stenosis of the left main coronary 
artery (arrow). (With permission from [Mesurolle et al. 
2000])
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in distortion and functional impairment. The mitral, 
aortic, and tricuspid valves are the most frequently 
affected. Changes in cardiac rhythm are rarely seen, but 
the odd event has been attributed to ischemic fi brosis 
affecting the conduction system. Atrioventricular block, 
albeit rare, is the most frequent conduction abnormal-
ity encountered. It tends to occur about 10 years after 
treatment (usually after a radiation dose ≥ 40 Gy) and 
requires insertion of a pacemaker in most cases (Cohen 
et al. 1981; Loyer and Delpassand 1993).

23.3.4                                                                                                         

Chest Wall and Nerve Injuries

23.3.4.1                                                                                                      

Radiation-Induced Brachial Plexopathy

In patients who undergo radiation therapy to the axil-
lary region, the distinction between recurrent or resid-
ual disease and radiation-induced neuropathy can be 
diffi cult. Radiation fi brosis may occur generally 5–30 
months after the completion of therapy with a peak at 
10–20 months and is most likely to occur in patients 
who have received radiation doses in excess of 60 Gy. 
Common symptoms include paresthesias, hyperesthe-
sias, pain, and weakness. The utility of MR imaging is 
in part based on results showing that axillary areas of 
delayed radiation fi brosis are usually iso- or hypoin-
tense relative to muscle on T2-weighted images, thus 
distinguishing them from tumor infi ltration, which is 
hyperintense (Glazer et al. 1985). However, patients 

with post radiation plexopathy may have hyperintense 
signal in or near the plexus on T2-weighted images 
as frequently as patients with tumor infi ltration 
(Thyagarajan et al. 1995). Routine administration of 
gadolinium-based contrast material does not help dif-
ferentiate radiation fi brosis from metastatic disease, 
because both may show some degree of enhancement 
(Wouter Van Es et al. 1997). Thus, the morphologic 
features of the signal abnormalities (absence of a focal 
mass, and stability of the fi ndings on serial studies) 
rather than the hyper- or hyposignal, or enhancement, 
are the key fi ndings that favor a diagnosis of radiation 
induced plexopathy over recurrent tumor or infection 
(Bowen et al. 1996).

23.3.4.2                                                          
Left Sided Vocal Cord Paralysis

Anecdotal cases of left-side vocal cord paralysis 
in patients treated with mediastinal radiotherapy 
due to mediastinal fi brosis have been reported 
(Rosanowski 1995). The difference in anatomy of 
the left and the right recurrent nerve explains the 
prevalence of left side injuries.

23.3.4.3                                                                                                      

Aseptic Necrosis and Osteochondroma

Aseptic necrosis of the humeral heads has been 
reported after radiation therapy. The humeral heads 
can usually be blocked when mantle radiation is 
given (Rossleigh et al. 1986).

Osteochondroma is the only benign bone tumor 
related to radiation therapy. The prevalence of radia-
tion-induced osteochondromas is about 12% in chil-
dren whose epiphyses have been irradiated, whereas 
the prevalence of spontaneous osteochondromas is 
below 1%. The majority of cases of radiation-induced 
osteochondromas have been associated with either 
orthovoltage or megavoltage therapies. The average 
latent period between radiation and identifi cation of 
osteochondroma is 8 years (3 –27 years) after radia-
tion (Gorospe et al. 2002). They tend to be solitary 
rather than multiple. They do not appear to be pre-
malignant (Libshitz and Cohen 1967). In spinal 
locations, their detection is diffi cult on plain radio-
graphs. CT can demonstrate the osseous component 
of the tumor but fails to show the cartilaginous cap 
in the majority of cases. MR imaging better evalu-
ates the cartilaginous cap (cartilaginous malignant 
degeneration should be considered in cartilaginous 
caps more than 2 cm thick) and the intraspinal 
involvement (Gorospe et al. 2002).

Fig. 23.25. Delayed post radiation pericarditis in a 52-year-old 
woman after mediastinal radiation therapy for non-Hodgkin 
lymphoma. Axial CT scan performed eighteen months after 
completion of radiation therapy shows a large amount of peri-
cardial effusion and a diffuse thickening of the pericardium 
(arrowheads).



The Treated Thorax in Patients with Hematological Malignancies 463

23.4                                                                                              
Second Solid Neoplasms

“It is a paradox that radiation can both cure and 
cause cancer” (Alexander 1957). An increasing 
number of treatment-associated secondary neo-
plasms have long been recognized among long-term 
survivors of Hodgkin disease and non-Hodgkin 
lymphoma treated either with conventional che-
motherapeutic agents or irradiation (Bhatia et al. 
1996). However such complications have also been 
reported after HSCT (Bhatia et al. 2001). Such treat-
ment-induced catastrophes are a consequence of one 
of the triumphs of cancer management. After HSCT, 
it is still unclear whether the malignancy is related 
to pretransplant chemotherapy and radiotherapy, 
the result of transplant conditioning regimens, or a 
cumulative effect of all of these factors.

The most commonly reported second malignan-
cies include leukemia and non-Hodgkin lymphoma. 
Solid cancers have a longer latency period, and they 
are increasingly being described because of improved 
survival after treatment. After Hodgkin disease, the 
actuarial risk of cancer, 25 years after treatment, is 
27.7% compared to 4.2% for the general popula-
tion, at the same age. The relative risk of developing 
cancer, compared to the population, is estimated at 
7 (37.5 for leukemia, 21.5 for lymphoma, 6 for solid 
tumor) (  Leeuwen et al. 2000). 

Solid tumors related to radiation-therapy occur in the 
irradiated fi eld. Mantle irradiation should be avoided 
when possible in smokers and young women because of 
lung and breast cancer risks (Aisenberg 1999). 

23.4.1                                                                                                         

Mesothelioma, Lung and Esophageal Carcinomas

Radiation-induced mesothelioma and lung carci-
noma have been described (Hofmann et al. 1994; 
Neugut et al. 1994). A two- to eightfold risk of 
lung carcinoma (compared with the risk in the gen-
eral population) is observed 5 or more years after 
Hodgkin disease treatment and persists through the 
second decade (Van Leeuwen et al. 1994). There is 
general agreement of the excess risk after irradiation 
and combined regimens of alkylating agents (Van 
Leeuwen et al. 1994) with a direct relationship 
between lung cancer risk and dose to the previously 
irradiated lung segments (Van Leeuwen et al. 
1995). The interval between radiation therapy and 
the appearance of mesothelioma ranges from 5 to 
41 years (median 13.5 years) (Hofmann et al. 1994). 

Radiographic and CT features are non-specifi c and 
consist of pleural effusion with or without pleural-
based masses (Hofmann et al. 1994).

Radiation-induced esophageal carcinoma has 
been described (Micke et al. 1999; Audebert et 
al. 2002). The interval between radiation therapy 
and the appearance of esophageal carcinoma ranges 
from 5 to 30 years (Audebert et al. 2002). Imaging 
features are similar to those of other esophageal 
squamous cell carcinomas (Audebert et al. 2002). 
These cancers, which are almost all symptomatic, 
have a poor prognosis.

23.4.2                                                                                                         

Breast Carcinoma

Women who undergo thoracic irradiation before age 
30 have a high risk of developing a second breast 
cancer. In the study of Bhatia et al. (1996), women 
treated for childhood Hodgkin disease had a risk 
of breast cancer 75 times greater than that of the 
general population. Breast sensitivity to radiation 
disappears if the fi rst exposure occurs after 35 years 
of age. The fi rst breast carcinomas appear at the end 
of the fi rst decade after Hodgkin disease irradia-
tion. The mean interval between exposure and the 
development of breast cancer is 15–19 years. Data 
on the relationship between the radiation fi eld and 
breast cancer are inconsistent, but the tumor usu-
ally appears within or at the edge of treatment fi elds. 
Yahalom et al. (1992) found a higher percentage of 
breast cancers in the inner quadrants; in the study of 
Dershaw et al. (1992), the main site was the upper 
outer quadrant, with equal distribution between the 
left and right breasts. Women who undergo thoracic 
irradiation before the age of 30 years should benefi t 
from screening with mammography earlier than 
the general population. Any abnormal clinical or 
mammographic fi nding should prompt a histologic 
examination (Fig. 23.26).

23.4.3                                                                                                         

Sarcomas

Radiation-induced sarcomas are an infrequent but 
well-recognized complication of radiation therapy. 
They were demonstrated in an experimental study 
conducted by Marie et al. (1910). The risk of 
post–radiation therapy sarcoma is very low relative 
to the benefi cial effects of radiation therapy, but they 
deserve attention because of their often unfavorable 
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outcome when they occur after Hodgkin disease 
irradiation. The risk of radiation-induced sarcoma 
is not greater than the risk of death due to surgery 
or anesthesia (Parker 1990). Radiation-induced 
sarcomas occur in approximately 0.1% or fewer of 
patients who receive radiation therapy and survive 5 
years, but constitute a particularly important group 
of treatment induced neoplasms in the pediatric and 
adolescent Hodgkin disease population (Tucker et 
al. 1987). Such sarcomas can occur 3–30 years after 

Fig. 23.26a,b. Breast cancer in a 47-year-old woman who 
underwent radiation therapy at the age 23 for Hodgkin dis-
ease. At clinical examination, there was a palpable nodule in 
the right upper inner quadrant, which yielded an infi ltrating 
ductal carcinoma at histology. a Lateral mammogram shows a 
spiculated area of increased opacity. b A pretreatment photo-
graph shows the radiation fi elds for the treatment of Hodgkin 
disease. The site of the future breast cancer (arrow) overlaps 
the radiation fi eld. (With permission from [Mesurolle et 
al. 2000])

completion of radiation therapy in either bone or 
soft tissue. Osteosarcoma is the most frequent vari-
ety occurring in bone, and malignant fi brous histio-
cytoma is the most common cell type arising in soft 
tissue (Libshitz 1994).

23.4.3.1                                                                                                      

Diagnosis of Radiation-Induced Bone Sarcoma

Criteria for diagnosis of a radiation-induced sarcoma 
arising in bone are: (a) a history of radiation therapy; 
(b) a neoplasm arising within the irradiated area; (c) 
a number of years of latency; and (d) histologic proof 
of sarcoma (Cahan et al. 1948).

23.4.3.2                                                                                                      

Factors Related to Radiation-Induced Sarcomas

A minimal dose, should one exist, has not been 
defi ned. Most patients included in earlier studies 
received orthovoltage radiation therapy. Today, 
most patients receive megavoltage radiation ther-
apy. The energy attenuation in bone achieved with 
megavoltage radiation therapy should result in fewer 
radiation-induced soft-tissue sarcomas. It is not 
known whether chemotherapy compounds the risk 
of developing a radiation-induced sarcoma.

23.4.3.3                                                                                                      

Imaging Appearance

Radiation-induced sarcomas are aggressive, with a 
marked tendency toward local recurrence and dis-
tant metastasis (Fig. 23.27) (Souba et al. 1986). Sal-
vage therapy could be successful in some patients, 
but early diagnosis is necessary. On radiography, 
radiation-induced sarcomas of bone do not differ 
from de novo sarcomas (Smith 1982), appearing 
most frequently as an area of bone destruction on 
conventional radiographs. A radiation-induced sar-
coma should be suspected when changes occur in the 
appearance of previously stable irradiated bone, par-
ticularly if an associated soft-tissue mass is present. 
On CT or MR imaging, a soft-tissue mass and bone 
destruction are the most common fi ndings (Lorigan 
et al. 1989). The differential diagnosis includes 
metastases, infection, and severe benign changes. 
Involvement of bone outside the treatment fi eld 
indicates metastatic disease. Absence of a soft-tissue 
mass is the most helpful fi nding in distinguishing 
extensive benign changes from a radiation-induced 
sarcoma. Nevertheless, histologic proof is mandatory 
in all cases.

a

b
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23.5                                                                                              
Residual Masses and Thymic Rebound

23.5.1                                                                                                         

Residual Mediastinal Masses

The main therapeutic objective in the treatment of 
lymphoma is to achieve a complete response, which 
is associated with a longer disease-free survival 
and a favorable outcome. Response to treatment is 
assessed by clinical, imaging and pathological criteria 
(Cheson et al. 1999). Defi ning a complete response 
on CT, however, may be diffi cult. Residual medias-
tinal masses are frequently observed (10–20%) on 
CT scans in patients with mediastinal lymphoma 
after completed therapy, particularly in patients who 
initially have bulky masses (Tredaniel et al. 1992). 
A residual mass detected on CT after treatment may 
contain viable tumor cells or, alternatively, may 
consist of only fi brotic or necrotic tissue. Therefore 
a common clinical problem arises when a residual 
abnormality persists on follow-up CT, in spite of the 
disappearance of clinical symptoms and the rever-
sion of laboratory tests to normal values. The overall 

prognosis of patients with residual active disease is 
poor, and further second-line therapeutic regimens 
should be initiated as early as possible. In contrast, 
a benign residual mass is associated with a favorable 
prognosis and does not warrant any additional treat-
ment (Zinzani et al. 2001). Apart from calcifi cation 
of a nonenlarged mass after radiation therapy, which 
signifi es a favorable response to therapy (Fig. 23.28) 
(Katz et al. 1977), anatomic imaging with CT does 
not consistently distinguish between dividing tumor 
cells and post-therapy fi brosis. Gallium-67 scintigra-
phy has been shown to be more sensitive for lesions 
in the chest and to accurately demonstrate active 
residual disease when there is uptake of Gallium-67 
in high-grade non-Hodgkin lymphoma and Hodgkin 
disease (Kostakoglu et al. 1992; Kostakoglu et 
al. 2002). However Gallium-67 scintigraphy suffers 
from the low resolution of the single-photon emis-
sion tomography technique in tumors smaller than 
2 cm, and false positives have been reported in cases 
of infection or recent surgery (Gasperini et al. 1993). 
MR imaging has been evaluated and compared to Gal-
lium-67 scintigraphy, but it is no better for predicting 
relapses (Hill et al. 1993). Active tumor foci may be 

Fig. 23.27a-c. Thoracic sarcoma in a 47-year-old man fi fteen 
years after radiation therapy for Hodgkin disease. a Axial CT 
scan nine years after completion of radiation therapy showing 
post radiation changes of the left upper lobe confi ned to the 
radiation port with hilar retraction and linear fi brosis (arrow). 
b Axial CT scan thirteen years after completion of radiation 
therapy demonstrates occurrence of a mass located within the 
radiation fi eld. Biopsy shows evidence of post-radiation high-
grade sarcoma. c More caudal axial CT scan shows extension 
of the disease along the anterior portion of the pericardium 
(arrow). Note the presence of a coronary stent located within 
the left anterior descending branch. This coronary stenosis is 
most likely related to the radiation therapy.

a

c

b
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found within a residual mass with low signal intensity 
on T2-weighted images. Necrosis, immature fi brotic 

tissue, edema, and infl ammation associated with 
responding disease can simulate the hyperintensity of 
a viable tumor, particularly within the fi rst 6 months 
after therapy. MR imaging evaluation of residual 
masses requires a pretreatment baseline study for 
comparison, including both T2-weighting and con-
trast-enhanced sequences (Rahmouni et al. 2001). 
18F-fl uorodeoxyglucose (FDG) is a glucose analog 
known to localize in active lymphoma. Metabolic 
imaging with FDG positron emission tomography 
(PET) is gaining in popularity and has proven to have a 
high sensitivity for the detection of residual tumor and 
is now a mainstay for treatment evaluation in centers 
at which this technology is available (Spaepen and 
Mortelmans 2001; Naumann et al. 2001). It is the 
most effective means of detecting residual tumor after 
therapy (Fig. 23.29). Recent studies indicate that the 
positive predictive value of FDG-PET in lymphoma 
post therapy is greater than 90%, and that the negative 
predictive value is slightly lower (De Wit et al. 1997; 
Jerusalem et al. 1999; Mikhaeel et al. 2000).

23.5.2                                                                                                         

Thymic Rebound Hyperplasia

Excessive regrowth of the thymus after chemo-
therapy, also called thymic rebound hyperplasia 
(regrowth should be 50% greater than baseline 
volume) is a rare but well described phenomenon 
seen in children and young adults (Choyke et al. 
1987). The size of the thymus appears to be extremely 

sensitive to chemotherapy as the thymus atrophies 
during the administration of chemotherapy, with 
regrowth during the recovery phase of chemother-
apy (Langer et al. 1992; Choyke et al. 1987). It is 
generally asymptomatic and detected accidentally 
as a mediastinal mass on CT scan. There is no reli-
able non-invasive technique to distinguish thymic 
rebound hyperplasia from residual or recurrent 
tumor. It is well known that gallium accumulates 
in the hyperplastic thymus, inducing false positive 
Gallium-67 scintigraphy results. The low resolution 
of Gallium-67 scintigraphy can make it diffi cult to 
differentiate homogeneous physiologic uptake of 
the thymus from irregular uptake seen in mediasti-
nal lymphadenopathy (Peylan-Ramu et al. 1989). A 
steroid trial has been suggested but should be used 
cautiously as some lymphomas are steroid-sensi-
tive (Ford et al. 1987).  False positive Thallium-201 
uptake has been reported as well. In fact, if thymic 
rebound hyperplasia is suspected because the patient 
is doing well clinically with no recurrent or residual 
disease evident in other locations, follow-up imaging 
is an acceptable method of clarifying the cause of 
thymic enlargement (Fig. 23.30). Indeed, a gradual 
reduction in size corroborates the benign cause of 
the enlargement (Roebuck et al. 1998).

23.6                                                                                              
Transfusion-Related Acute Lung Injury

Transfusion-related acute lung injury (TRALI) is a 
rare life-threatening complication (fatal in 5–10% 

Fig. 23.28a,b. Residual mediastinal mass in a 35-year-old man treated for non Hodgkin lymphoma. a Pretreatment axial con-
trast-enhanced CT scan shows large anterior mediastinal mass. b Axial unenhanced CT scan performed eleven months after 
completion of chemotherapy and radiation therapy shows a residual calcifi ed nonactive mediastinal mass (arrowheads).

a b
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a

b

Fig. 23.29a,b. Residual mediastinal mass in a 32-year-old man 
after chemotherapy for Hodgkin disease. a Axial CT scan 
performed at the end of treatment shows a residual anterior 
mediastinal mass (arrowheads). b Coronal FDG-PET scan 
of this patient is negative. Note physiologic uptakes in the 
cerebral cortex, liver, spleen, and urinary bladder, and also 
the minimal uptake in the bone marrow. This mass remained 
stable on follow-up CT examinations.
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of cases) occurring within 6 hours of transfusion of 
a plasma-containing blood product. Patients with 
underlying hematologic malignancy appear to be at 
risk (Popovsky and Moore 1985; Silliman et al. 
2003). TRALI consists of the insidious onset of pul-
monary insuffi ciency, manifested by severe dyspnea 
and hypoxia with normal cardiac function. Chest 
radiographs classically demonstrate pulmonary 
edema with “white-out” by interstitial and alveolar 
infi ltrates similar to that seen in acute respiratory 
distress syndrome (Fig. 23.31), but in the fi rst few 
hours, a patchy pattern may be observed. The key 
to distinguishing TRALI from other forms of pulmo-
nary edema is recognition that the pulmonary edema 
is noncardiogenic and that affected patients do not 
have volume overload (Popovsky 2001).

23.7                                                                                              
Conclusion

Various changes in the thorax can occur in patients 
with hematological malignancies in relation to the 
course and/or the phase of therapy. After chemo-
therapy or/and HSCT, chest CT, especially HRCT, is 
more sensitive and specifi c than plain radiography 
in the assessment of both acute and late complica-
tions. Despite the fact that many chest complications 
show non-specifi c and overlapping HRCT fi ndings 
including ground-glass opacity and airspace con-
solidation, HRCT narrows the differential diagnosis 

Fig. 23.30a,b. Thymic rebound in a 25-year-old man treated for non-Hodgkin lymphoma. A CT scan performed three months 
after completion of treatment showed a small residual mediastinal mass. a Axial unenhanced CT scan performed six months 
after completion of the treatment shows enlargement of the thymus (arrowheads). b Axial unenhanced CT scan performed 
eighteen months after completion of the treatment shows an unchanged thymic hyperplasia, associated with early stage of 
calcifi cations in residual mass (arrow).

a b

Fig. 23.31. Transfusion-related acute lung injury in a 38-year-
old man at the time of induction for an acute B-cell lympho-
blastic leukemia. The patient developed a dyspnea two hours 
after a platelet transfusion. Posteroanterior chest radiograph 
before transfusion was normal (not shown). Posteroanterior 
chest radiograph performed six hours after transfusion shows 
extensive and bilateral mixed alveolar and interstitial opaci-
ties consistent with a pulmonary edema.
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and suggests further diagnostic evaluation such as 
bronchoalveolar lavage and lung biopsy.

CT scan and Gallium-67 scintigraphy are consid-
ered the restaging methods of choice for patients 
with mediastinal lymphoma. Gallium-67 scintigra-
phy should be routinely used for early identifi cation 
of any residual disease after induction so as to allow 
timely initiation of the appropriate form of second-
line treatment. In case of indeterminate lesions 
on CT scan and Gallium-67 scintigraphy, PET has 
proven to have a high-sensitivity for the detection of 
residual tumor.

Large numbers of patients now survive for years 
following both conventional therapy (chemotherapy 
and radiation therapy) and HSCT, and several late 
effects of treatment are now becoming evident. 
Radiation-induced changes are usually diagnosed on 
the basis of their characteristic appearance at CT and 
knowledge of the radiation ports, radiation dose, and 
interval since therapy. Most importantly, all patients 
in whom long-term survival is expected should be 
monitored closely with vigilance regarding poten-
tially lethal iatrogenic complications, such as second 
cancers and cardiovascular complications, even long 
after the original disease appears to be cured.
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