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Invasive pulmonary aspergillosis (IPA) in
immunocompromised patients is often
difficult to diagnose. Many pathogens
present initially with similar, nonspecific
pulmonary findings. Air crescent forma-
tion has been reported to be highly sug-
gestive of IPA in the appropriate clinical
setting, but this is a late sign in an other-
wise rapidly fatal infection. The authors
reviewed the available chest computed
tomography (CT) scans of nine patients
with acute leukemia and documented
IPA, including four patients with serial
scans obtained during the course of infec-
tion. Typical CT findings of IPA were
multiple inflammatory nodules, often
with one large dominant mass, or a single
peripheral masslike infiltrate. Cavitation
or air crescent formation occurred late in
the course of infection, usually at the
time of bone marrow recovery from che-
motherapy. CT scans obtained early in
the course of infection in two patients
demonstrated a distinctive feature of one
or more pulmonary masslike infiltrates
surrounded by a halo of low attenuation.
These lesions subsequently progressed to
cavitation or air crescent formation typi-
cal of IPA. While this CT halo sign may
not be pathognomonic for Aspergillus,
seen in the appropriate host, it may sug-
gest early on the possibility of IPA.
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Invasive Pulmonary Aspergillosis in
Acute Leukemia: Characteristic

Findings on CT, the CT HaSo Sign,
and the Role of CT in Early
Diagnosisl

nvasive pulmonary aspergillosis (IPA) can occur in any severely
I immunocompromised or chronically debilitated host. By far, the
most common clinical setting is the patient with prolonged granu-
locytopenia during treatment for acute leukemia (1-3). Early recog-
nition of invasive fungal disease in such patients is imperative and
may improve survival, but diagnosis is often difficult, and specific
therapy with amphotericin can result in significant toxic side ef-
fects (2-5). Early clinical and plain film findings of IPA are nonspe-
cific, with many other pathogens manifesting similar features. Spu-
tum cultures are positive in less than 10% of patients with proven
IPA, and results of serologic studies are often unreliable (4). Defini-
tive diagnosis frequently requires aggressive, invasive biopsy pro-
cedures that are often prohibited by the patient's marked thrombo-
cytopenia or compromised respiratory status (4, 6, 7). Any
radiographic finding that might suggest Aspergillus as the infectious
agent over other pathogens would be helpful in instituting earlier
aggressive diagnostic and therapeutic measures.

Air crescent formation has been reported to be highly suggestive
of IPA, but this is a late finding, coinciding with recovery from
granulocytopenia and the resolution phase of the infection (8). To
date, computed tomography (CT) scanning has not been extensive-
ly used for the evaluation of nonspecific pulmonary infiltrates in
the immunocompromised host. After review of the CT scans of nine
patients with acute leukemia and documented IPA, we found a
potential role for CT in the early diagnosis of IPA. The spectrum of
CT findings of IPA are presented as well as a typical pattern of
progression seen on serial scans from four patients. We also de-
scribe two patients with CT scans obtained early in the course of
infection that demonstrate a CT halo sign or zone of low attenua-
tion surrounding a pulmonary mass. The halo sign preceded the
development of typical cavitation or air crescent formation by 2 to 3
weeks. Although this sign may not prove to be specific for Aspergil-
lus, it may indicate early on the possibility of IPA.

MATERIALS AND METHODS

The medical records, chest radiographs, and available chest CT scans of
nine patients with documented IPA were reviewed. CT scans had been
obtained with either a Siemens DR-3 scanner (5 sec, 450 mAs, 120 kVp, and
4-mm collimation; Iselin, N.J.) or an AS&E scanner (10 sec, 200 mAs, 125
kVp, and 4- or 8-mm collimation). All nine patients had acute leukemia
being treated with induction therapy, augmentation therapy, or for relapse.
All patients had received chemotherapy during or before the onset of
infection and were granulocytopenic at the time of infection. Steroid thera-
py had been given to one patient intermittently, and one patient had
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Table 1
Clinical Summary of Case Material

Case/Age (yr)/Sex Diagnosis
1/30/M AML
2/40/F AML
3/57/M AMMOL
4/49/M AML
5/36/M AML
6/31/M AML
7/39/M AML
8/64/M AML
9/36/F AML

Granulocytopenia and
Broad-Spectrum Antibiotics

Culture/Biopsy

Sputum
TNBA

TNBA
Sputum/naris
TNBA

TNBA
Surgery
Sputum
TNBA

R o O e i NS

No. of CT Scans and Time
Obtained During Course of
Infection

3 early and late
4 early and late
5 early and late
3 late
1 late
1 late
1 late
1 late
1 late

Note.—TNBA = transthoracic skinny-needle biopsy aspiration, AML « acute myelogenous leukemia, AMMOL = acute myelomonocytic leukemia. Pluses
indicate that the patient was granulocytopenic and receiving multiple antibiotics at the time of onset of infection.

received a bone marrow transplant. All
patients had persistent spiking fevers de-
spite broad-spectrum antibiotic therapy
for both gram-negative and gram-positive
bacterial organisms. In two patients, pleu-
ritic chest pain preceded the development
of pulmonary infiltrates. Hemoptysis oc-
curred late in the course of infection in
two patients.

The diagnosis of IPA was established
bacteriologically or histologically in all
nine cases by transthoracic skinny-needle
biopsy aspiration (5), surgical lobectomy
(1), or by positive sputum cultures (3). All
nine patients survived their initial infec-
tion, though two subsequently died of
progression of the leukemia and/or rein-
fection. A summary of the clinical case ma-
terial is presented in Table 1. Representa-
tive case histories of two of the four
patients with serial CT scans have been
selected for demonstration.

Case 2. A 30-year-old man with acute
myelogenous leukemia received induc-
tion chemotherapy with cytosine arabino-
side (Cytosar-U; Upjohn, Kalamazoo,
Mich.), daunomycin (Cerubidine; lves
Laboratories, New York), and amsacrine
(Ben Venue Laboratories). Two weeks lat-
er, while the patient was granulocyto-
penic and receiving multiple antibiotics,
persistent fever and pleuritic chest pain
developed. Six days after the onset of
symptoms, the chest radiograph showed
for the first time a left upper-lobe masslike
infiltrate. A CT scan obtained at the time
of initial abnormality on chest radiograph
(Fig. la) showed a peripherally placed 3-
c¢cm mass in the left upper-lobe with a sur-
rounding zone of low attenuation form-
ing a distinctive halo. These findings were
suggestive of an inflammatory process.
Several other similar but smaller nodules
in both lungs were also found (Fig. Ib).
Based on the finding of multiple inflam-
matory masses and the clinical setting, we
made a presumptive diagnosis of IPA. A
biopsy at the time could not be performed
because of severe thrombocytopenia, and
the patient was empirically treated with
amphotericin. Multiple subsequent spu-
tum samples yielded Aspergillus flavus. Six
weeks after induction therapy and three
weeks after the masslike infiltrate devel-
oped, bone marrow recovery occurred. A
CT scan obtained 1 week later (Fig. Ic)
showed cavitation of the left upper-lobe
mass with formation of an air crescen iand

r

Figure 1.

A 30-year-old man with acute myelogenous leukemia, pancytopenia, and new

infiltrate on chest radiograph, (a) CT scan obtained early in the course of IPA infection shows
an inflammatory mass with a halo sign or surrounding zone of low attenuation in the left
upper lobe, (b) A second smaller but similar lesion in the right lung, (c) CT scan obtained 4
weeks later at the time of bone marrow recovery shows cavitation and air crescent formation
in both lesions typical of IPA. (d) Follow-up scan during the recovery phase of IPA shows
further organization and decrease in size of the cavitary lesion.

central sequestrum or fungus ball, which
is characteristic of IPA. Cavitation of a sec-
ond smaller right upper-lobe lesion was
also seen. The patient's condition gradual-
ly improved while receiving extended
amphotericin therapy, and a third scan
(Fig. Id) taken 1 month later showed re-
duction in the size and further organiza-
tion of the cavitary lesions.

Case 2.—A 40-year-old woman with
acute myelogenous leukemia received in-
duction chemotherapy with cytosine ara-
binoside, daunomycin, and amsacrine, fol-
lowed by augmentation therapy. Six
weeks after her second course of chemo-
therapy, while granulocytopenic and re-
ceiving multiple antibiotics, the patient
developed persistent fever. A chest radio-
graph revealed a new masslike infiltrate
in the left upper lobe. A CT scan obtained
at this time (Fig. 2a, 2b) showed a 5-cm

round masslike infiltrate in the left upper
lobe with a variable surrounding zone of
low attenuation, compatible with periph-
eral air space filling. Areas of inhomogen- |
eity and low attenuation could be seen !
within the center of the mass, suggestive j
of very early necrosis. A biopsy was not
performed at this time because of severe ;
thrombocytopenia, and the patient was
empirically treated with amphotericin.
Two and a half weeks later, bone marrow {
recovery began, and chest radiographs
showed development of air crescent for-
mation (Fig. 2c). A CT scan obtained 4 days j
later (Fig. 2d) demonstrated consolidation j
of the masslike infiltrate with no sur-1
rounding zone of low attenuation and the i
appearance of air within the mass compat-j
ible with cavitation. A transthoracic skin-j
ny-needle biopsy aspiration showed As-f
peryillus forms. Follow-up scans obtained 1!
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Tabic 2
CT Findings in II'A

Type of Involvement No. of Cases

Multiple nodules with one larger,

dominant mass 5/9
Single peripheral masslike infiltrate

or nodule 4/9
Wedge-shaped segmental consolidation 1/9
Air crescent formation or cavitation 6
Organizing mass on late scans 6
Halo zone of low attenuation surrounding

a mass or nodule on early scans 2

month later (Fig. 2e) showed further orga-
nization of the left upper-lobe process and
a decrease in its overall size with more
prominent central air collections.

RESULTS

A summary of some of the typical
CT findings in IPA found in our nine
patients is presented in Table 2. Two
basic types of involvement were
found—multiple nodules or fluffy
masses with* one larger, dominant
masslike infiltrate (five cases), or a
single masslike infiltrate or nodule
usually peripherally placed (four
cases). One patient's CT scan showed
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a wedge-shaped consolidation resem-
bling a segmental infarct. Some form
of cavitation or air crescent formation
was found in six of the nine patients,
usually coinciding with bone marrow
recovery. CT scans obtained after
bone marrow recovery, during the
resolution phase of the disease,
showed an organizing mass in six pa-
tients. As illustrated by the case re-
ports, a characteristic pattern of pro-
gression of IPA emerged. Typically,
one or more inflammatory nodules or
masslike infiltrates with surrounding
halos of low attenuation progressed
to enlarged consolidations with sub-
sequent cavitation or air crescent for-

Figure 2. A 40-year-old woman with
acute myelogenous leukemia and neutro-
penia with new infiltrate on chest radio-
graph. (a, b) CT scans obtained early in the
course of IPA infection show large masslike
infiltrate in left upper lobe with variable sur-
rounding zone of low attenuation. Inhomo-
geneity within mass suggests early necrosis, (c)
Chest radiograph 2\2 weeks later at time of
bone marrow recovery shows typical air cres-
cent formation of IPA. (d) CT scan also at this
time shows consolidation of original mass-
like infiltrate and appearance of air within
mass compatible with cavitation, (e) Follow-
up CT scan 1 month later shows further orga-
nization, cavitation, and decrease in overall
size of lesion.

mation at or near the time of granulo-
cyte recovery. Further organization or
solidification of the lesions, with loss
of surrounding halo of low attenua-
tion and decrease in size occurred
during the recovery phase of the leu-
kemia and infection.

DISCUSSION

The pathologic features and natural
history of IPA during the course of
infection have been extensively stud-
ied by Orr et al. and others (4, 9). IPA
is characterized by hemorrhagic in-
farction of lung tissue secondary to
vascular invasion of Aspergillus organ-
isms, causing thrombosis of small ar-
terioles and sometimes larger pulmo-
nary vessels. On macroscopic
examination, the characteristic early
lesions of IPA are 1- to 3-cm nodules
or target lesions that have a central
gray area of necrosis surrounded by a
red peripheral ring from hemorrhage
or hemorrhagic infarction. Often, a
thrombosed artery can be seen at the
edge of the lesion. Target lesions arise
from endobronchial proliferation of
Aspergillus organisms that spread
transbronchially to adjacent pulmo-
nary arterioles, with consequent
thrombosis and ischemic necrosis of
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small areas of lung. Correlation of au-
topsy findings with premortem chest
radiographs reveals that target lesions
correlate with the early nodules or
small fluffy masslike infiltrates seen
on plain films of patients with IPA
(4). 1t is speculative whether the
pathologically identified peripheral
ring of hemorrhage or hemorrhagic
infarction surrounding target lesions
corresponds to the CT halo zone of
low attenuation surrounding IPA le-
sions found on early CT scans. Chro-
nologically, IPA target lesions usually
present during the first 2 weeks of
infection. Some lesions remain stable,
but, characteristically, others progress
to larger pulmonary consolidations
with infarction, cavitation, or air cres-
cent formation, on the average of 2-3
weeks later (4). Less commonly,
wedge-shaped pleural-based infil-
trates develop, representing hemor-
rhagic infarction of major pulmonary
arteries (4). Retraction of the infarcted
center of the target lesions with re-
sorption of necrotic tissue at the pe-
riphery by white blood cells (WBCs)
leads to formation of a sequestrum of
dead tissue intermingled with Asper-
gillus. Filling in with air of the space
between the dead tissue and the pe-
ripheral lung is thought to corre-
spond to the air crescent sign seen on
plain films and CT scans (10, 11).
Since resorption of sequestrum is re-
quired, it is not surprising that air
crescent formation is a relatively late
radiographic finding coinciding with
the recovery of WBCs.

Clinically, the onset of IPA is high-
ly variable. The mostcommon clinical
presentation is unremitting fever or
progression of pulmonary infiltrates
despite therapy with broad-spectrum
antibiotics (3). IPA can appear insid-
iously after a series of bacterial infec-
tions or present dramatically, being
indistinguishable from an acute bac-
terial pneumonia (2). A common pre-
sentation is the onset of pleuritic
chest pain with the appearance of one
or more peripherally based infiltrates
mimicking pulmonary emboli or sep-
tic emboli with infarction on chest ra-
diographs (3, 4).

The plain film findings of IPA are
also variable and nonspecific early in
the course of the disease. Up to 25% of
patients may have a normal chest ra-
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diograph at the onset of symptoms (3,
4, 12). The earliest lesions are single
or multiple nodules or patchy, mass-
like infiltrates, often peripherally lo-
cated (2, 4, 6, 11). Serial chest radio-
graphs, then, demonstrate one of
several patterns of progression. In
some patients, the lesions remain sta-
ble. In others, they progress over sev-
eral weeks to either larger diffuse
consolidations and/or cavitation (2, 4,
6, 9). One of the more characteristic
forms of progression is cavitation of
existing nodules to form air crescents
(8, 11, 13). Less commonly, develop-
ment of large wedge-shaped pleural-
based lesions mimicking bland pul-
monary infarction occurs (4). Lesions
identical to bronchopneumonia and
diffuse interstitial pneumonitis have
also been reported (2).

Serial CT scans in our study showed
a similar progression of IPA lesions
from single or multiple nodules or
masslike infiltrates to larger pulmo-
nary consolidations. Six of nine Cases
showed some form of subsequent cav-
itation or air crescent formation. We
found CT scanning helpful in evalu-
ating nonspecific pulmonary lesions
in immunocompromised hosts. CT
scanning may detect the multiplicity
of lesions, identifying smaller nod-
ules not appreciated on chest films;
identify early cavitation; help in lo-
calization for optimal planning of
transthoracic skinny-needle biopsy;
and differentiate the extent of pleural
versus pulmonary involvement. CT
scanning during the recovery phase
of leukemia and IPA infection has
been used to monitor the conditions
of patients to document regression in
size and organization of lesions,
which often require prolonged outpa-
tient courses of amphotericin. CT
scanning may also play a role in the
early diagnosis of nonspecific pulmo-
nary infiltrates in immunocompro-
mised hosts. In the appropriate clini-
cal setting, the CT halo sign of a zone
of low attenuation surrounding a
nonspecific pulmonary mass or mass-
like infiltrate may prove to be another
clue to the early diagnosis of IPA in
patients with leukemia. Further ob-
servation and study will be necessary
to establish the specificity of the CT
halo sign for IPA. If the development
of a halo depends on small vessel in-

vasion and thrombosis with lung in- |
farction, then other fungi, such as
mucormycosis, might be expected to
cause similar findings (14). In the ap-
propriate clinical setting, however
the CT halo sign may indicate the
need for more aggressive measures to
establish the diagnosis of invasive
fungal disease and to initiate appro-
priate fungal treatment. B
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