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The Contribution of CT to Early Diagnosis and
Aggressive Management
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Over 80 percent of patients with invasive pulmonary as-

pergillosis (IPA) undergoing intensive antileukemic chemo-

therapy in a recent two-year period survived the pulmonary
infection as a result of early diagnosis and aggressive

therapy with high-dose amphotericin B and 5-fluorocyto-

sine. CT played an important role in establishing the early
diagnosis of IPA and affected management. Since our
original communication describing the CT findings of IPA,

we have added ten new cases, each subsequently substanti-
ated by lung biopsy (two), autopsy (two), and/or positive

cultures of sputum or extrapulmonary sites (seven). The CT
halo sign, or zone of lower attenuation surrounding a

pulmonary aspergillosis (IPA) has become an

increasingly important cause of morbidity and mor-

tality in myelosuppressed patients.’’ Successful out-

come in these patients depends on early diagnosis and

intensive treatment.’ CT evaluation plays an integral

role in the aggressive management approach to IPA at

our institution. Of patients with documented IPA un-

dergoing intensive antileukemic chemotherapy in a

recent two-year period, 87 percent (13/15 patients) sur-

vived their pulmonary infection without residual renal

or pulmonary compromise.4 This improved rate of sur-

vival can be attributed to early presumptive diagnosis

with prompt institution of high-dose antifungal ther-

apy. CT provides a noninvasive method for establish-

ing or substantiating the early diagnosis of IPA, often at

a time when radiographic chest film findings are

nonspecific, fungal cultures remain negative, and bi-

opsy procedures are prohibited by thrombocytopenia.

Since our original communication describing the CT

findings of nine patients with documented IPA,5 we

have added ten new cases, each subsequently con-

firmed or substantiated. The frequency and signifi-

cance of the CT halo sign, or zone of lower attenuation

surrounding a pulmonary mass, in the early diagnosis

of IPA isfurther evaluated. The effect of CT on patient
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pulmonary mass, was present in eight of nine patients with
early CT scans obtained during bone marrow aplasia.
Characteristic CT progression from multiple fluffy masses
to cavitation or air crescent formation suggested [PA in five
of seven patients with serial CT scans. CT directly affected

patient management in seven of ten cases. Scan findings
were one criterion for increasing to high-dose amphotericin
B or for adding 5-fluorocytosine. CT characteristics of

healing IPA lesions were similar to resolving pulmonary

infarcts and were used to monitor disease activity in patients
on long-term amphotericin B and prior to retreatment
chemotherapy.

management is also discussed. CT assessment of IPA

has become important at all stages of the disease

process, from early detection to guiding therapy, and

monitoring for potential recurrences during retreat-

ment chemotherapy. CT has made a significant impact

on the diagnosis and management of IPA at our

institution.

MATERIALS AND METHODS

The medical records, chest roentgenograzns, and chest CT scans

of ten adult acute leukemia patients with IPA were reviewed. CT

scans were obtained with either a Siemens DR-3 scanner (5 sec, 450

mAs, 120 kVp, and 4-mm collimation) or an AS&E scanner (10 see,

200 mAs, 125 kVp, and 5-or 10-mm collimation). All ten patients had
acute leukemia being treated with intensive induction chemother-

apy or intensive augmentation chemotherapy in early first complete

remission.’ All patients had profound therapy-induced gran-

ulocytopenia (<500/cu mm3) at the time of IPA development, with

median duration of the granulocytopenia being 33 days. Both

patients with adult acute lymphocytic leukemia had received two to

three weeks of high-dose steroid therapy prior to the institution of

intensive cytotoxic chemotherapy; no patient received high-dose

steroid therapy during the period of intensive chemotherapy and

attendant prolonged bone marrow aplasia. All patients had persist-

ent fevers despite broad-spectrum antibiotic therapy fOr both Gram-

negative and Cram-positive bacterial organisms.

A presumptive diagnosis of IPA was made by CTby demonstrating

either (1) the CT halo sign-a discrete zone or halo surrounding a

pulmonary nodule with attenuation slightly lower than the center of

the mass but higher than the surrounding lung, or (2) a typical

pattern of progression from multiple fluffy nodules or masses, to

cavitation or air crescent formation on serial CT scans.

Antifungal therapy for IPA consisted of standard-dose

amphotericin B (0.3 to 0.5 mg/kg/day), high-dose ansphotericin B
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(1 to 1.5 mg/kg/day), or high-dose amphotericin B plus low-dose

5-fluorocytosine (5FC) (to achieve serum 5FC levels of 30 to

60 p.gfml), depending on the certainty of the diagnosis. Typically,

empiric amphotericin B at standard dose was started for continued

fevers despite broad-spectrum antibiotics.7 If clinical or radiographic

evidence, such as pleuritic chest pain, hemoptysis, or development

of a new pulmonary infiltrate, suggested the presence of IPA,

amphotericin dose was increased to ito 1.5 mg/kg/day. Five FC was

added to high-dose amphotericin B therapy if progression of infec-

tion occurred or further confirmatory evidence of IPA became

available. The use of 5FC in the treatment of invasive fungal disease

in acute leukemia is controversial. Data accumulated by Burch et al4

and Karp and Merz7 indicate no added bone marrow toxicity or

morbidity from the drug at serum levels of 30 to 60 �g/ml, and use of

this agent has been incorporated into the treatment of invasive

fungal disease in selected patients at our institution.4 Bone marrow

toxicity from 5FC has been reported, but at much higher serum

levels (iOO �g/ml) than used in our patients.’

Diagnosis of IPA was eventually established or substantiated in all

ten cases, either mycologically or histologically, by surgical lobec-

tomy (one), lung biopsy (one), autopsy (two), or positive cultures from

sputum (five) and/or extrapulmonary sites, in particular deep tissue

cultures of infected, chest wall Hickman catheter sites (four). A

summary of the clinical case material is presented in Table 1.

RESULTS

The CT halo sign consists of a pulmonary mass or

nodule surrounded by a zone or halo of attenuation less

than the center of the mass but greater than air in the

surrounding uninvolved lung (Fig IA and B). It was

present in eight out of nine patients who had early CT

scans obtained during the period of profound bone

marrow aplasia (peripheral WBC count <500/cu mm),

an average of 25 days after induction chemotherapy or

22 days after onset of aplasia. Mean duration of aplasia

was 33 days. One patient’s CT scan had lesions too

small to identify a definite halo. The CT halo sign

antedated cavitation or air crescent formation typical of

IPA, by one to two weeks (average, nine days). This

provided early confirmatory evidence of IPA, at a time

when plain film findings were nonspecific (seven

patients) or questionably present (one patient), and

fungal cultures remained negative (five patients). In

two of three patients, transthoracic needle aspiration

had also failed to provide a diagnosis early in the course

of infection.

The characteristic CT progression from one or more

fluffy nodules or pulmonary masses to cavitation or air

crescent formation was present in five of seven patients

with serial CT scans, either suggesting the diagnosis of

IPA, or adding confirmatory evidence to the clinical

suspicion (Fig 2A, B). Cavitation or air crescent forma-

tion occurred at the time of bone marrow recovery in

all five patients. The other two patients with serial CT

scans died before bone marrow recovery occurred.

Based on the presumptive diagnosis of IPA provided

by CT or the confirmatory evidence supplied by CT,

patient management was altered in seven of ten

patients. CT established the presence of pulmonary

infection before plain films were able to detect infil-

trates in two patients, and CT confirmed the presence

of a possible chest film infiltrate in a third patient. Scan

findings were one criterion for (a) instituting antifungal

therapy (one case); (b) increasing from standard dose

amphotericin to high-dose amphotericin (three cases);

or (c) adding 5FC to the therapeutic regimen (four

cases). Four patients with Aspergillus-infected

Hickman catheter sites were evaluated by CT to assess

the extent of extrapulmonary chest wall infection.

Occult pulmonary lesions compatible with IPA were

Table 1-Summary of Case Material*

Case Age, Yr Sex Diagnosis

Substantiating Evidence

of IPA

Serial

CT Scans

Obtained

1st Scan Obtained

Prior to Bone

Marrow Recovery

1 41 M AML Surgical lobectomy (Aspergillus

fumlgatus)

Yes Yes

2 72 F AML Hickman site culture

(Aspergillusfiavus)

Yes Yes

3 29 M ALL Autopsy (Aspergillus sp)t Yes Yes

4 33 M AML Hickman site culture

(Aspergillusftavus)

Yes Yes

5 51 F AML Hickman site and sputum culture

(Aspergillus flavus)

Yes No

6 59 M AML Sputum culture (Aspergillus

fumigatus)

No Yes

7 53 M AML Hickman site, sputum culture,

lung biopsy (Aspergillus

flavus)

Yes Yes

8 60 M ALL Autopsy (Aspergillus sp) No Yes

9 20 M AML Sputum culture (Aspergillus sp) Yes Yes

10 56 M AML Sputum culture (Aspergillus sp) Yes Yes

*AML = acute myelogenous leukemia; ALL = acute lymphocytic leukemia; Hickman site culture = positive deep tissue cultures of infected

chest wall Hickman catheter sites.

tAspergillus species = direct examination of sputum and/or tissue revealed hyphae morphologically compatible with Aspergillus.
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FIGURE IA (left) and B (right). Examples of the CT halo sign or zone of lower attenuation surrounding a
pulmonary mass or masses (k), seen early in the course of IPA infection in two different patients. The halo has

an attenuation lower than the center of the mass, but greater than surrounding lung.
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FIGURE 2A, B, C. Characteristic CT progression and resolution of

IPA. Active IPA with CT halo (top), followed by air crescent
formation during bone marrow recovery (center). Two months later

during remission and prior to chemotherapy retreatment, healed

IPA lesion has formed a thin wall cyst with a linear scar to the pleura
(bottom). IPA heals in a pattern similar to a resolving pulmonary

infarct. (Reproduced with permission, J Clin Oncol.)

detected by CT in two of these patients (Fig 3).

Serial CT scans throughout the course of IPA infec-

tion were obtained in seven of ten patients, four of

whom had examinations during extended follow-up

after active infection had cleared. These scans pro-

vided further observations on the CT characteristics of

healing IPA lesions (Table 2). IPA heals In a pattern

similar to resolving pulmonary infarcts. After bone

marrow recovery and characteristic cavitation or air

crescent formation, pulmonary lesions gradually be-

come smaller by shrinking or resolving from the

periphery to form small, thin walled cysts with linear

scars extending out to the pleural surface (Fig 2A, B,

C). This pattern was seen in four of four patients on

examinations obtained during remission after active

infection had cleared. CT characteristics of healing IPA

lesions were used to monitor disease activity in pa-

tients receiving continued outpatient amphotericin B

after bone marrow recovery, and to establish a baseline

examination prior to chemotherapy retreatment. CT

monitoring for reactivation of IPA during leukemia

retreatment was also performed in four patients.

DIScuSSIoN

The patient with prolonged granulocytopenia dur-

ing treatment for acute leukemia is particularly vul-

nerable to infection from invasive pulmonary as-

pergillosis (IPA).”#{176}Prognosis is poor and mortality is as

high as 65 to 70 percent in some series.3” Early

recognition of invasive fungal disease is imperative and

may improve survival in these patients, but early

diagnosis is often difficult.3”2 The initial clinical and

radiographic presentation of IPA is frequently indis-

tinguishable from other infectious pneumonias.’3”4

Furthermore, at a time when institution of high-dose

antifungal therapy may improve survival, sputum
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FIGURE 3A, B. CT scan performed to assess the extent of extrapulmonary chest wall infection of Hickman

catheter site by Aspergillus (curved arrow). Occult lung lesion was detected, establishing diagnosis of

unsuspected IPA (arrow).
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cultures are positive in less than 10 percent of patients,

and invasive biopsy procedures are prohibited by the

patient’s marked thrombocytopenia or compromised

respiratory status.2’3”3” Even when invasive biopsy

procedures are attempted early in the course of infec-

tion, diagnostic yield is often frustratingly low, with a

significant percentage of false negative results from

bronchoscopy, percutaneous transthoracic needle as-

piration, and even open lung biopsies.2”16 For these

reasons, antemortem diagnosis of IPA is rarely estab-

lished by culture in the immediate period between

three and 14 days after the appearance of symptoms or

a pulmonary infiltrate.’6 Specific therapy of IPA with

amphotericin B can result in significant toxicity, and

clinicians traditionally have been reluctant to use the

drug empirically without supporting diagnostic evi-

dence.2 Since many patients with suspected IPA have

no confirmatory cultures and cannot withstand in-

vasive diagnostic procedures, any noninvasive method

Table 2-CT Findings of IPA in 10 Patients Undergoing

Treatment of Leukemia

Finding

CT halo sign on early scans 8/9

Typical pattern of progression from multiple fluffy nodules

or masses to cavitation or air crescent formation 5/7

Resolution similar to pulmonary infarct on extended

follow-up 4/4

Occult IPA detected in patients with Aspergillus-infected

Hickman catheter sites 2/4

of substantiating the clinical suspicion of IPA would be

helpful in instituting earlier, more aggressive therapy.

At our institution, a greater than 80 percent survival

from IPA, despite prolonged granulocytopenia, has

been achieved as a result of early detection and

aggressive, high-dose antifungal therapy.4 A presump-

tive diagnosis of IPA is made based on clinical findings,

radiographic abnormalities, if any, and substantiating

evidence provided by CT In the appropriate clinical

setting, the presence of a CT halo sign strongly sup-

ports the diagnosis of IPA in these patients and appears

early in the course of infection, prior to air crescent

formation or recovery from aplasia. It should be noted

that in our series, diagnosis of IPA was established

definitively by examination of lung tissue from biopsy

or autopsy in four of ten patients. The presumptive

diagnosis of IPA in the remaining six patients was

substantiated by positive cultures of sputum and/or

infected Hickman catheter sites, plus a clinical course

and response to therapy consistent with IPA. Although

positive sputum cultures for Aspergillus are reported

to be nonspecific and of limited value in the ante-

mortem diagnosis of invasive pulmonary infection, a

recent report by Yu and associates” strongly reaffirms

the diagnostic significance of positive sputum cultures

in patients with acute leukemia and neutropenia. In

their three-year prospective study, positive respiratory

secretions were highly predictive of invasive as-

pergillosis, with 17/17 patients with positive sputum

cultures for Aspergillus showing invasive pulmonary
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disease on subsequent diagnostic biopsy procedures.

The authors concluded that in patients with neutro-

penia or leukemia, isolation of Aspergillus from respi-

ratory secretions was virtually diagnostic for IPA.” In

four of our patients, the CT diagnosis of IPA was

substantiated by positive cultures of infected Hickman

catheter sites. Because these were deep tissue cultures

obtained from debrided, necrotic chest wall infections,

we believe they represented either hematogenous

seeding of the catheter sites, indicative of dissemi-

nated infection, with subsequent infarction of chest

wall tissue, or primary cutaneous infection followed by

secondary pulmonary involvement via hematogenous

spread. In no case was the chest wall infection a direct

extension of parenchymal lung involvement.

The specificity of the CT halo sign has yet to be

determined. In our experience of scanning patients

with acute leukemia and bone marrow aplasia we have

yet to find a case demonstrating the CT halo sign that

was due to a documented infection other than As-

pergillus; nor in our general experience scanning

solitary pulmonary nodules of various etiologies have

we found this CT halo pattern present. However, other

invasive fungi, such as Mucor, that demonstrate the

same propensity as Aspergillus to invade and throm-

bose small blood vessels, causing lung infarction,

might be expected to cause similar findings. Contin-

ued investigation of patients with acute leukemia and

pulmonary infiltrates with both invasive and nonin-

vasive culture techniques will be required before the

CT findings of IPA can be considered definitive.

To date, chest CT scanning has not been extensively

used in the patient with acute leukemia. Initially, we

found a role for CT in early diagnosis by evaluating

nonspecific pulmonary infiltrates. CT assessment of

patients with leukemia and IPA has now proved valu-

able at all stages of the disease process, contributing to

early detection and diagnosis with prompt institution

of aggressive antifungal therapy, monitoring progres-

sion or resolution of IPA, and detecting potential

recurrence during subsequent chemotherapy retreat-

ment.’9 CT surveillance as a rapid and noninvasive

procedure that provides early detection of IPA has a

positive major impact on both early presumptive

diagnosis and aggressive management of IPA in acute

leukemia and on overall morbidity and mortality

during intensive aplasia-producing chemotherapy.
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