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A b s t r a c t .  In treating cases of malignancy, the use of che- 
motherapy carries a high risk of lower respiratory tract in- 
fections, especially fungal pneumonopathy. This compli- 
cation is a major cause of mortality and is often difficult to 
diagnose because of non-specific clinical or radiological 
changes, but the early recognition of invasive fungal dis- 
ease is imperative. CT is an important non-invasive 
method for the detection and evaluation of opportunistic 
fungal infections. In these patients an improved survival 
rate can be achieved when early detection by CT leads to 
the prompt institution of high-dose antifungal therapy. We 
illustrate the spectrum of CT findings of invasive pulmo- 
nary aspergillosis encountered in children with cancer. 
These patients had previously been treated with high- 
dose chemotherapy with or without bone marrow rescue, 
and underwent radiological examinations because of 
clinical evidence of pneumonopathy. Representative 
cases demonstrate the clinical applications of CT in the 
evaluation and management  of invasive fungal disease. 

Infection and graft-versus-host disease are major causes 
of mortality in patients undergoing bone marrow trans- 
plantation (BMT) or conventional chemotherapy for 
childhood malignancies [1, 2]. Most of these patients de- 
velop fever, neutropenia and other clinical signs of infec- 
tion and often there is clinical and radiological evidence of 
pneumonia as a consequence of chemotherapy-induced 
immunosuppression [1-3]. 

Fungi are a common cause of opportunistic pulmonary 
infections, and the clinical and radiological manifestations 
of fungal pneumonia in immunocompromised patients 
have been described by several authors [4--6]. Their  in- 
cidence ranges from 20 % to 50 % and the mortality rate is 
approximately 80 %. In most cases fungal pneumonias 
occur in patients with prolonged granulocytopenia and/or 
those who have received antibiotic therapy for bacterial 
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infections. Aspergillus spp. and Candida albicans are the 
most common infecting agents. 

We reviewed retrospectively the CT images of febrile 
immunocompromised patients with documented invasive 
pulmonary Aspergillosis (IPA), to evaluate the usefulness 
~ f  CT in the clinical assessment of infectious complica- 
tibns. 

M a t e r i a l s  a n d  m e t h o d s  

Twenty patients with malignancy and pulmonary fungal infection 
were studied between June 1987 and November 1991. Fourteen 
(70%) of these developed IPA (Table 1). There were 8 males and 
6 females, ranging in age from 7 to 18 years (mean' 11years 
3 months). 

Seven underwent bone marrow transplantation (BMT), per- 
formed for acute lymphoblastic leukemia (ALL, 5), or non-lympho- 
blastic acute leukemia (nLAL, 2). Seven patients were treated with 
high-dose chemotherapy, without bone marrow rescue, for ALL (2), 
Ewing's sarcoma (ES, 2), nLAL (2) or acute undifferentiated leuke- 
mia (AUL, 1). 

Three patients had fever and 11 had fever associated with cough 
(10) and/or dyspnea (3) and chest pain (4). The diagnosis of IPA was 
based on either histological findings (4 cases: 1 biopsy, 1 surgical 
drainage, 1 autopsy, i broncho-alveolar lavage) or culture results 
(10 cases: 4 sputum, 2 blood and 4 nose culture) (Table 1). All cases 
were associated with probative CT findings. Contiguous CF scans 
from the thoracic inlet to the diaphragm were obtained using a 
10-mm section thickness, 3-s scanning time, 120 kV and 250 mAs. A 
section thickness of 5 mm was occasionally used at the hili and at the 
main regions of interest. 

R e s u l t s  

A summary of the clinical data and some of the typical CT 
findings in our patients is presented in Table 1. Two basic 
types of involvement were found: multiple nodules or fluf- 
fy masses (Fig. 1) and an infiltrate which looked like a 
mass lesion. An area of hyperlucency surrounding paren- 
chymal opacities (halo sign) was found in two patients 
(Fig. 2). 

Cavitation occurred in 6 of the 14 patients. Three  of the 
six cavities showed the air crescent sign (Figs. 2-4). In the 
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Table 1. Invasive pulmonary aspergillosis in children with cancer: clinical and CT findings 
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Case Patient Source of data Days after therapy WBC (ram-3) Cough Fever Dyspnea Chest CTappearance 

Age Sex Diagnosis pain 

1 12 F 

2 7 F 

3 11 M 

4 15 M 

11 

6 12 M 

7 13 M 

8 12 M 

9 15 M 

10 8 F 

11 13 M 

12 10 M 

13 7 F 

14 11 F 

nLAL Nose culture 15 < 500 - + - - Fluffy nodules 

ALL Sputum 30 < 500 - + - - Nodule with cavity 

nLAL Nose culture 36 < 100 + + - - Fluffy nodules 

nLAL Sputum t5 < 500 - + - - Hilar mass with hazy 
margin 

AUL Nose culture 30 13000 + + + + Nodules with cavity; 
pneumothorax 

ALL Nose culture 11 < 500 + + - - Fluffy nodules 

ALL Surgical 18 800 + - - - Mass with air crescent; 
finding nodule with cavitation 

ALL BAL 11 < 100 + + - + Nodules with sharp 
margin 

ALL Sputum 14 < 500 + + - + Mass with halo 

nLAL Sputum 30 500 + + - - Mass with air crescent 

ES Serum 10 < 100 + + + + Mass-lesion-like 
infiltrate; 
nodule with air crescent; 
nodule with cavity 

ALL Biopsy 25 < 500 + + - - Segmental pneumonia 
with air bronchograms 

ES Autopsy 15 < 500 + + + - Mass with halo 

ALL Serum 21 500 + + - - Mass with air crescent; 
pleural effusion 

WBC, white blood cells; nLAL, non-lymphoblastic acute leukemia; ALL, acute lymphoblastic leukemia; AUL, acute undifferentiated leuke- 
mia; ES, Ewing's sarcoma; BAL, bronchoalveolar lavage 

other  three  pat ients  small  cavities resembl ing  septic em- 
boll  were noted.  In  8 of the 14 pat ients  no cavities de- 
ve loped dur ing  the per iod of observat ion.  Pleural  effu- 
sions were no ted  in one  case. In  one  case p n e u m o t h o r a x  
resul t ing f rom pleura l  pe r fora t ion  of a cavitat ing lesion 
was also observed (Fig. 4). 

In  these cases the chest radiographs  were cons idered  
no rma l  or beheved  to show non-specif ic  infi l trates prior  to 
CT examina t ion  (Figs. 1,5). 

Fig.la, b. Case 1. a Lesions are not clearly seen on chest radio- 
graphs, b CT scan demonstrates multiple small fluffy masses caused 
by septic emboli 

Fig.2a-e. Case 11. a CT scan shows an infiltrate like a mass lesion 
with halo sign or surrounding zone of low attenuation in the left 
upper lobe. b Two weeks later, after white blood cell recovery, the 
CT scan shows a smaller spherical nodule in the right lung with an air 
crescent, e Residual cavitating lesion 1 month later. The mass-le- 
sion-like infiltrate in the left upper lobe remained stable 

Fig. 3. Case 14. Large infiltrate like a mass lesion in the right lung, air 
crescent cavitation within the mass, and extension into the pleural 
space 

Fig. 4 a,b. Case 5. a Cavitating lesion with pneumothorax resulting 
from pleural perforation, b In the lower scan, a spherical nodule 
with target cavitation is seen. There is adjacent smaller consolidation 
(arrows) 
Fig.5a, b. Case 4. a Normal chest radiograph, b Inhomogeneous 
infiltrate like a mass lesion in the right lower lobe (arrows) 

Mixed fungal  infections were present  in three  patients.  
The  t ime be tween  B M T  and diagnosis,  and  the corre la t ion 
be t w e e n  white b lood  cell count  and  the CT features,  were 
eva lua ted  (Table 1). 

Discussion 

P u l mona r y  fungal  infect ions are an ext remely  serious 
compl ica t ion  in i m m u n o c o m p r o m i s e d  patients .  This  
p rob lem is f requent ly  encoun te r ed  in aplastic pat ients  
with con t inued  fever in spite of antibiotics and chest films 
that  are unchanged  or show a ques t ionable  new infi l t rate 
[6]. A n  early recogni t ion  of invasive fungal  disease in such 
pat ients  is essent ial  and  may  improve  survival. Defini t ive  
diagnosis f requent ly  requires  aggressive, invasive biopsy 
procedures  that  of ten canno t  be  pe r fo rmed  because  of 
marked  th rombocy topen ia  or compromised  respira tory 
status [5]. CT provides a more  characterist ic and  recogniz- 
able pa t t e rn  of pa renchymal  i nvo lvemen t  of disease than  
p la in  radiography,  especially in cases of IPA. CT scanning 
can detect  mul t ip le  lesions, identify smaller  nodules  which 
are not  apprecia ted on  chest films, and  reveal  early target  
lesions or cavi ta t ion [5, 7]. 

The  pathological  features and  na tu ra l  history of IPA 
dur ing the course of infect ion have been  s tudied exten- 
sively [8-10]. Cor re la t ion  of autopsy f indings with pre-  
m o r t e m  chest radiographs reveals that  target  lesion corre- 
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late with the early nodules or small fluffy infiltrates seen 
on plain films of patients with IPA [8]. 

It is speculative whether the pathologically identified 
peripheral ring of hemorrhage or hemorrhagic infarction 
surrounding target lesions corresponds to the halo zone of 
low attenuation surrounding IPA lesions seen in early CT 
scans. Since the resorption of sequestrum is required, it is 
not surprising that air crescent formation is a relatively 
late radiographic findings coinciding with the recovery of 
the white cells 2-3 weeks after treatment. 

CT may also have a role in proven cases of infected em- 
boli when a clinical response to appropriate therapy is 
slow or not forthcoming. In these cases, CT can be used to 
evaluate and follow the extent of disease and to detect 
potential complications such as lung abscess formation 
and extension into the pleural space [7]. Clearly, though, 
not every immunocompromised patient with septicemia 
needs a CT examination to detect the presence of signifi- 
cant lung infection; the conventional chest radiograph re- 
mains the screening test of choice. 

The authors conclude that chest CT scanning has 
become an important method for evaluating the immuno- 
compromised patient at high risk for opportunistic fungal 
infection. In the proper clinical setting, characteristic CT 
features of IPA can suggest the correct diagnosis, making 
a major contribution to better management of patients. 
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