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Management of Invasive Pulmonary Aspergillosis in Hematology Patients:
A Review of 87 Consecutive Cases at a Single Institution
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Eighty-seven patients with hematologic malignancies and invasive pulmonary aspergillosis
(IPA) were identified between 1982 and 1995. Of these, 39 underwent lung resection on the
basis of radiological detection of at least 1 lesion with imaging suggestive of aspergillosis
(LISA). IPA was confirmed histologically in 35. The presence of LISA had 90% positive
predictive value for IPA. The actuarial survival at 2 years was 36% for 37 patients treated
surgically, 20% for 12 patients with unresected LISA but no cultures of Aspergillus species,
and 5% for 21 patients diagnosed only by isolation of Aspergillus from respiratory secretions.
Analysis by proportional hazard models showed a significant independent negative association
between the radiological appearance of LISA and death from all causes. Relapsed hematologic
disease was independently significantly associated with death. Age, sex, surgery, previous bone
marrow transplantation, or Aspergillus isolation were not independent predictors of death.
IPA presenting as LISA carries a relatively good prognosis, possibly explaining the better
survival of patients undergoing surgery for such lesions.

Invasive pulmonary aspergillosis (IPA) is a frequently lethal
complication of hematologic malignancies and occurs following
both conventional chemotherapy and bone marrow transplan-
tation (BMT), as well as in untreated severely neutropenic pa-
tients. The incidence of invasive aspergillosis is increasing [1].

IPA remains a diagnostic and therapeutic challenge. Diag-
nostic difficulties arise from the protean clinical and radiolog-
ical manifestations of the disease as well as from the high in-
cidence of sterile cultures from respiratory secretions, even from
patients exhibiting postmortem evidence of the disease sub-
sequently [2]. In particular, sputum or bronchoalveolar lavage
(BAL) specimens are nearly always negative in focal forms of
IPA [3]. Furthermore, Aspergillus is difficult to culture from
lungs showing histological evidence of aspergillosis, with As-
pergillus culture–negative lungs found at postmortem in up to
30% of untreated patients with IPA [4].

The opposite problem, environmental contamination by As-
pergillus of clinical specimens (usually sputum) taken from a
nonsterile site, also occurs. Because of this, cultures positive
for Aspergillus found on one occasion only are generally clas-
sified as being due to colonization or environmental contami-
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nation. The diagnostic status of patients with such cultures can
be controversial, and only cases satisfying a set of rigorous but
variable criteria [5] tend to be reported in the literature.

For example, criteria for “definite aspergillosis” according to
current published definitions by the Mycoses Study Group [6]
include histological diagnosis with or without positive culture,
or a positive culture from tissue obtained by an invasive pro-
cedure such as transbronchial biopsy or percutaneous needle
aspiration. “Probable aspergillosis,” according to the same def-
initions, is applicable only to pulmonary disease and includes
the radiological appearance of new nodules or new cavities in
a host predisposed to IPA, who must also have a minimum of
2 cultures from sputum or one from BAL fluids or positive
cytology on BAL. Several of these criteria require the use of
invasive procedures often avoided in clinical practice.

The incidence of IPA is therefore almost certainly under-
estimated, and this results in difficulty in assessing prognosis
and therapeutic intervention. On the other hand, IPA is often
treated in clinical practice on the basis of typical radiological
appearances that, when found in patients susceptible to asper-
gillosis, strongly suggest the diagnosis even in the absence of
any microbiological or histological evidence. Such appearances
are well described and include the mycotic lung sequestrum [4]
on plain radiograph or CT scan and the “halo sign” lesion on
CT scan [7–9], as well as cavitating lesions.

For convenience, herein we have grouped mycotic lung se-
questrum, cavitation, and halo sign lesions together and will
refer to them as lesions with imaging suggestive of aspergillosis
(LISA). These lesions by definition are focal and therefore ame-
nable to surgery. If not resected, they can lead to life-threatening
hemoptysis due to pulmonary vascular infiltration.
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Recent guidelines for the investigation of invasive fungal in-
fections [10] state that resection of isolated pulmonary LISA
is the best way to confirm the diagnosis. The therapeutic benefit
of such surgery, on the other hand, is by no means established
[3, 4, 11–18], and encouraging results, such as those previously
reported by our institution [12], must be treated with caution
in view of the lack of randomized trials comparing medical and
surgical treatment of IPA.

Because of the risk of hemoptysis associated with LISA, and
the prospect that excision of diseased lung tissue would cure
the condition, most patients with LISA in our program who
could sustain an operation were referred for resection until the
recent introduction of treatment with granulocyte-macro-
phage–colony stimulating factor (GM-CSF; molgramostim)
and liposomal amphotericin B. Since then surgery has become
the second-line treatment of choice. Patients with typical ra-
diological findings or other evidence of IPA are currently given
a “trial of therapy” with amphotericin B or a lipid-based am-
photericin B formulation plus GM-CSF before surgical inter-
vention is contemplated. The choice of amphotericin B prep-
aration is made according to a local standard protocol. This is
based mainly on factors relating to toxicity, particularly ne-
phrotoxicity, and the concurrent use of other necessary ne-
phrotoxic drugs, although treatment with high-dose lipid-based
amphotericin B is considered for patients with worsening in-
operable lesions.

To optimize the detection of such typical radiological lesions,
CT scans of the thorax (which were previously requested spo-
radically) have been performed routinely since 1990 for all neu-
tropenic patients with a normal chest radiograph who fail to
respond to broad-spectrum antibiotics after 4 days, the time at
which amphotericin B is introduced in our neutropenic fever
protocol. Resections were mostly done in the absence of sup-
portive evidence from culture or examination of a biopsy
specimen.

Data from these cases have been systematically gathered, as
have data from other cases of aspergillosis in patients not un-
dergoing surgery. Three publications have already considered
various aspects of some of the surgically treated cases [3, 4, 12].

This study has examined all of these data with the aim of
establishing the positive predictive value of the radiological
diagnosis of LISA, based on cases with subsequent histological
confirmation after surgery; the operative details and compli-
cation rates of those whose IPA was treated surgically; a com-
parison of outcomes of patients with IPA according to de-
mography, diagnostic criteria, and treatment modalities, with
a particular view to assessing the influence of surgery on prog-
nosis; and the relationship between isolation of Aspergillus from
resected lung tissue and the duration of preoperative treatment
with amphotericin B.

Patients and Methods

Prospective registers of patients with likely or proven systemic
mycoses are kept by the hematology, microbiology, and radiology

departments. We identified all patients with hematologic malig-
nancies who developed IPA (according to our definitions detailed
below), with or without aspergillosis at other sites, during the pe-
riod from 1 March 1982 to the end of 1995 and studied their medical
records.

The following definitions for IPA were used. Patients were clas-
sified as having a “histological diagnosis after surgery,” a “biopsy
diagnosis,” or a “postmortem diagnosis” according to whether lo-
bectomy, biopsy, or postmortem, respectively, yielded lung tissue
that showed evidence of septate hyphal with dichotomous branch-
ing at 457, whether or not Aspergillus was isolated from any source
at any stage.

Patients were classified as having a “radiological diagnosis” if
they were at risk of IPA and >1 LISA was detected in the chest
by radiological examination and they had fever that did not re-
spond to antibiotics.

Patients were classified as having a “microbiological diagnosis”
if they had a clinical course and radiological appearances in keeping
with IPA and Aspergillus cultured from at least 1 sputum or BAL
sample (routinely incubated on Sabouraud medium at 377C for a
minimum of 10 days) but no subsequent histological confirmation.
(In otherwise convincing pulmonary cases, throat or nasal swabs
positive for Aspergillus were also taken as supporting evidence for
IPA).

Patients were classified as having a “cytology diagnosis” if they
had a clinical course and radiological appearances compatible with
IPA and positive cytology for Aspergillus at a relevant site but no
subsequent histological confirmation.

Three of these diagnostic categories are clearly based on different
clinical presentations of IPA. The category “histological diagnosis
after surgery” includes all patients with LISA (therefore likely to be
Aspergillus culture–negative) who underwent surgery, “radiological
diagnosis” includes all patients with LISA who were culture-negative
and did not undergo surgery, and “microbiological diagnosis” in-
cludes patients unlikely to have LISA or sustain an operation. We
determined the actuarial survival rates at various times for these
diagnostic categories and for the biopsy and cytology categories
grouped together, as well as the number of deaths from all causes,
the number of deaths from IPA, and follow-up data. The IPA survival
time was taken as the date of onset of symptoms or signs leading to
the diagnosis of IPA until the date of death, loss to follow-up, or
September 1996, whichever was soonest.

The impact of the following factors on death from all causes was
assessed by use of Cox’s proportional hazards survival analysis
models: age, sex, radiological appearances, isolation of Aspergillus
from respiratory secretions, previous hematologic treatment (BMT
or not), status of hematologic disease (relapsed or not), and whether
IPA was treated or treatable surgically. These models were also
used to adjust for several factors simultaneously to determine which
factors were independently predictive of death. Results are pre-
sented as relative risks with 95% confidence intervals. Statistical
significance was assessed by use of the likelihood ratio statistic.
Survival curves comparing different levels of each individual factor
were constructed by use of the Kaplan-Meier technique.

Results

Demography and previous hematologic treatment. A total
of 87 patients (35 female, 52 male; age range, 13–76 years) fulfilled
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Table 1. Demography and previous hematologic treatment of patients with invasive pulmonary aspergillosis (IPA) according to diagnostic
category and whether the patients underwent surgery, compared with Mycoses Study Group criteria for IPA.

Diagnostic
category

n,
(female/

male)

Age in y,
median
(range)

Prior BMT
Chemotherapy

alone or
no treatment

No.
with
LISA

Mycoses Study Group criteria

Allogeneic Autologous
Definite

IPA
Probable

IPA
Possible

IPA

Histological diagnosis after resection 35 (14/21) 31 (13–76) 7 2 26 35 35 0 0
Radiological diagnosis only 12 (8/4) 37 (13–58) 3 1 8 12 0 0 12
LISA, resection, no diagnosis 2 (1/1) 42 (41–43) 2 0 0 2 0 0 2
Microbiological diagnosis 21 (7/14) 29 (15–55) 10 1 10 3 0 11 10
Cytological diagnosis 5 (3/2) 62 (18–68) 2 0 3 1 0 5 0
Biopsy diagnosis 3 (1/2) 33 (17–38) 1 0 2 2 3 0 0
Postmortem diagnosis 9 (1/8) 37 (15–62) 7 0 2 2 9 0 0

Total 87 (35/52) 36 (13–76) 32 4 51 57 47 16 24

NOTE. For patients with histological diagnosis following surgery and postmortem diagnosis, final Mycoses Study Group status is given. For definitions of
the diagnostic categories, see Methods. BMT, bone marrow transplantation; LISA, lesions with imaging suggestive of aspergillosis.

Table 2. Histology and microbiology results for 59 patients with invasive pulmonary aspergillosis (IPA) and lesions with imaging suggestive
of aspergillosis (LISA) according to whether they underwent surgery.

Surgical
treatment

No.
with
LISA

Supportive findings
from culture or biopsy
at detection of LISA

(no. of patients)

Findings on examination of resected tissue or at PM

IPA confirmed,
no. of patients

Other diagnosis confirmed
(no. of patients)

Resection 39 Positive cultures of sputum (3); positive
nasal swab (1); positive throat swab (1);
positive lung biopsy sample with positive
culture of sputum (1); fungal elements
seen on bronchoalveolar lavage, no
growth (1)

35 Chaetomium species (1); Mycobacterium avium intracellulare (1);
loculated adhesions, decorticated, nonfocal (1); loculated
adhesions, decorticated, no focal lesion (1); no pathology found
(1)

No resection 20 Positive biopsy of facial tissue (1); positive
subcarinal biopsy (1); positive cultures of
sputum (2); positive nose swab (1);
positive pleural cytology (1)

2 (PM) Negative lung biopsy (1)

Total 59 14 37 5

NOTE. Patients from whom Chaetomium species and M. avium intracellulare were isolated are not included in table 1 or in the general IPA data but are
shown here to demonstrate the number of false-positive results (thus the number of patients with LISA is 57 in table 1 but 59 in table 2). Two patients with LISA
who underwent surgery and were not found to have focal IPA at thoracotomy possibly both had IPA and are included in all tables. PM, postmortem.

our criteria for pulmonary aspergillosis during the study period.
Thirty-two (11 female, 21 male; age range, 16–62 years) had
undergone allogeneic BMT before developing IPA. Five of the
allogeneic BMT patients had received transplants from volunteer
unrelated donors. The grafts of 4 patients had failed before they
developed IPA. A further 5 allografted patients had relapse of
their original disease. They were being treated again at the time
they developed IPA. Four patients (2 men, 2 women; ages, 56,
27, 49, and 50 years) had undergone autologous BMT before
they developed IPA. Two of these were being treated for relapsed
leukemia when they developed IPA. The remaining 51 patients
(21 female, 30 male; ages, 13–76 years) had received chemo-
therapy alone ( ) or no treatment ( ) when they de-n p 47 n p 4
veloped IPA. Ten of these patients underwent BMT after their
aspergillosis was treated (1 volunteer unrelated donor, 2 auto-
logous BMT, 7 sibling allogeneic BMT). These data are sum-
marized in table 1.

Table 1 also shows the classification of patients according to
our diagnostic criteria and to Mycoses Study Group criteria
[6]. In cases in which a diagnosis of IPA became definite after
surgical resection or postmortem examination, the final My-
coses Study Group status of the patient is shown.

Positive predictive values of radiological diagnosis of IPA on

the basis of histological and microbiological findings in resected
lung tissue. In all surgical cases, the presumptive diagnosis
based on radiology was IPA, so that histological and micro-
biological analysis of resected samples has enabled us to es-
tablish the predictive values of our radiological diagnosis. The
data are summarized in table 2.

Of 59 patients with LISA, 39 underwent resection, after
which aspergillosis was histologically confirmed in 35. Alter-
native infectious causes for IPA were found for 2 of the re-
maining patients (Chaetomium species in 1 and Mycobacterium
avium intracellulare in the second). Although no pathology was
identified for a third patient, and only adhesions with loculated
fluid were found in a fourth, IPA remained the likely expla-
nation for their lung disease; therefore 57 patients had LISA
due to proven or probable IPA.

Of note, Aspergillus was cultured from respiratory tract sam-
ples or nasal swabs of only 8 (14%) of these 57 patients, in-
cluding preoperatively in 5 (14%) of the 35 cases subsequently
confirmed histologically. The positive throat swab was taken
from the patient with LISA found to have a sterile loculated
pleural effusion at thoracotomy.

The positive predictive value of LISA detection for IPA is
90%, as 2 of 39 cases were “misdiagnosed” and 2 not confirmed.
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In practical terms, however, the patient with the Chaetomium
infection [19] had the same treatment requirements as they
would if they had a case of IPA, and the patient with the M.
avium intracellulare infection also benefited from lung resection.

The decortication performed for the patient with a loculated
pleural effusion had diagnostic and therapeutic intent, but 1
patient did undergo an unnecessary thoracotomy (no lesion was
identified and no tissue was resected). This was 12 days after
the initial diagnosis by CT scan. She had received amphotericin
for the 24 days before surgery. A repeat CT scan 11 days after
surgery confirmed resolution of the lesion, a result in keeping
with late success of the amphotericin B treatment.

The negative predictive value of LISA is more difficult to
establish, but we assume it to approach 100% with CT scanning,
since we have had no postmortem reports of such focal forms
of IPA that did not have LISAs detected in life.

Background of patients with histologically documented IPA
after resection. The demographic details and prior hemato-
logic treatment of the 35 patients who had IPA confirmed his-
tologically after surgery (with or without isolation of Asper-
gillus) are shown in table 1. Nine of these patients had
developed IPA after BMT, of which only 2 were uncomplicated
sibling allogeneic BMTs. Twenty-five patients developed IPA
after receiving chemotherapy alone, and 1 patient with newly
diagnosed myelodysplasia had received no cytotoxics. Eight
subsequently underwent BMT (1 autologous, 7 allogeneic)
without relapse of their aspergillosis. These patients had also
received additional prophylaxis with amphotericin B to cover
the transplant procedure.

Patients underwent the following surgical procedures: partial
lobectomies, 4 patients (including 1 who had a partial pleu-
rectomy simultaneously); multiple lobectomies/segmentecto-
mies, 11; right upper lobectomies, 12; right lower lobectomies,
2; left upper lobectomies, 2 (including a patient whose naso-
pharyngeal aspergillosis was debrided at the same time); left
lower lobectomies, 2; and pneumonectomies, 2.

Complications and recurrence of IPA following surgery.
Eighteen patients had an uncomplicated postoperative course,
including the 1 patient who had emergency surgery for massive
hemoptysis. Three patients had postoperative hemorrhage, and
1 required a repeat thoracotomy. One wound and 1 nonfungal
chest infection were also seen after surgery. In another case,
Aspergillus-infected tissue was accidentally spilled in the tho-
racic cavity during surgery, with no ill effects.

Two patients underwent revision pneumonectomies after in-
itial lobectomies for progressive Aspergillus infection. One of
them (with relapsed refractory acute myelogenous leukemia)
died soon afterwards, and the other is a long-term survivor.
Two patients died of microbiologically proven Aspergillus pneu-
monia 3 and 8 days after surgery. Another died of disseminated
aspergillosis (including Aspergillus fumigatus grown from a bi-
opsy specimen of the vitreous humor) 18 days after surgery.
Three further patients died of respiratory failure 1–10 days after

surgery, although no microbiological cause was found or post-
mortem examination carried out. Another died of apparent
septic shock (culture yielded no organism) 4 days after surgery.
All 4 of these early postoperative deaths were presumed due
to progression of IPA.

Finally, 2 patients died of unclassified interstitial pneumonitis
after allogeneic BMT, including matched unrelated donors
(MUD), 1 at 27 days after surgery and 1 at 52 days. Although
radiologically not typical, recurrent IPA cannot be excluded.
These postoperative complications occurred in 9 (35%) of the
26 who had not undergone BMT before developing IPA,
whereas all but 1 of the BMT patients (89%) had postoperative
complications.

Reasons for not operating on patients with radiological and
microbiological diagnosis. We examined the reasons for not
operating on the patients with radiological diagnosis and also
on those with a microbiological diagnosis who did not have
diffuse lung disease. Ten patients with microbiological diagnosis
but without diffuse lung disease did not undergo a surgical
procedure. The reasons were as follows: 1 patient (the only
patient with single LISA) improved and survived, 2 had dis-
seminated aspergillosis, 3 had refractory hematologic disease,
and 4 deteriorated very rapidly, including 1 patient who had
initially improved.

The 12 patients with radiological diagnosis did not undergo
surgery for the following reasons: 1 had multiorgan failure, 1
improved, 6 had untreatable hematologic malignancies (of
whom 2 had stable aspergillosis until their death from other
causes), and 4 had multiple lesions in sites that precluded op-
eration, all but 1 of whom made complete recoveries. Thus,
only 3 patients could be operated on but did not undergo
surgery.

Survival. Table 3 shows the survival data for patients ac-
cording to their diagnostic category; some of the data are rep-
resented in the form of a survival curve in figure 1. Both the
table and the figure show that for patients with microbiological
diagnosis, the survival rate was low at all points, and there was
a high proportion of early deaths. The survival rate at 2 years
was only 5%, which represents the single patient with 1 LISA
and positive Aspergillus culture from the nose (rather than from
lower respiratory secretions). Of the deaths in this group, 85%
were due to IPA. The cytology or biopsy group had a 2-year
survival rate of 14%, and 80% of deaths were due to IPA.

Table 3 and figure 1 also show the higher survival rate for
the 2 groups constituted exclusively of patients with LISA,
namely the postoperative group, with 36% actuarial survival
rate at 2 years, and the radiological diagnosis group, with 20%.
The percentages of deaths due to IPA were very similar in these
groups, at 54% and 50% of all deaths, respectively.

Table 4 and figure 2 show Cox’s proportional hazards anal-
ysis of the impact of various individual factors on death from
all causes and corresponding survival curves. The adjustments
for several factors simultaneously are shown in table 5.
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Table 3. Survival rates of patients with invasive pulmonary aspergillosis (IPA), by diagnostic category.

Diagnostic category n

Patients who died
No. lost

to
follow-up

Days of
follow-up,

median (range)

% of patients surviving at

Total no.
No. from IPA
(% of total) 2 w 1 mo 3 mo 12 mo 2 y

Radiological diagnosis only 12 8 4 (50) 3 77 (30–1243) 100 91 31 20 20
Microbiological diagnosis 21 20 17 (85) 0 13 (0–982) 45 29 9 5 5
Cytological or biopsy diagnosis 8 5 4 (80) 2 106 (3–1469) 87 58 44 29 14
Histological diagnosis after resectiona 37 22 12 (54) 10 81.5 (9–3538) 94 89 56 45 36

All patientsb 87 64 44 (69) 15 46 (0–3538) 79 67 41 26 26

NOTE. For definitions of the diagnostic categories, see Methods.
a Excluding 1 patient from whom Chaetomium was isolated and 1 patient from whom Mycobacterium avium intracellulare was isolated, but including 1

patient with a normal thoracotomy and 1 patient with sterile loculated effusion (thus, 35 of 37 patients fit the diagnostic category “histological diagnosis
after resection”).

b Includes postmortem diagnosis.

Figure 1. Survival rate of patients with invasive pulmonary aspergillosis, according to method of diagnosis and whether patients received
surgical treatment or not.

Analysis by individual risk factor reveals a nonsignificant
trend toward increased risk of death with older age, with he-
matologic relapse, and with BMT as a previous hematologic
treatment. The actuarial curves also show that although sur-
vival rate was similar at 2 years between the BMT and non-
BMT groups, most deaths occurred very early in the BMT
group.

On the other hand, compared with radiological presentation
as LISA, other radiological changes were significantly associ-
ated with increased risk of death, particularly if diffuse. Other
factors that decreased the risk of death considerably were hav-
ing undergone pulmonary resection for IPA and being able to
sustain an operation (although only 3 patients who could be
operated on were not in fact operated on).

The isolation of Aspergillus species from sputum and male
sex were associated with a 2-fold increased risk of death, but
these relative risks were attenuated and no longer significant
when several factors were adjusted for simultaneously (table
5). In this adjusted model, the only factors that had a significant
independent effect on risk of death were radiological present-
ation and hematologic relapse. Hematologic relapse more than

doubled the risk of death, but its effect was not apparent in
unadjusted analysis because of the higher proportion of re-
lapsed patients who had LISA rather than other radiographic
presentation.

Because radiological findings and pulmonary resection were
very strongly correlated, it is not surprising that these 2 vari-
ables were not independent predictors of mortality. In the ad-
justed model, radiological findings remained strongly predictive
of death: findings other than LISA increase the risk 4-fold,
whereas the RR associated with not undergoing resection was
greatly reduced. This seems to suggest that the apparent fa-
vorable prognosis for patients undergoing resection is due to
their underlying form of IPA rather than to the surgery itself.
However, it is difficult to disentangle the effects of these 2 fac-
tors in this study because nearly all patients who could be
operated on actually underwent resection.

The outcome in a group of 8 patients whose IPA was treated
with lung resection before BMT (allogeneic in 7, autologous in
1) is worth noting. Their actuarial survival rate was high, 71%
at 2 years. Both deaths were from leukemic relapse and none
of these 8 patients suffered a relapse of their aspergillosis.
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Table 4. Impact of individual patient characteristics on deaths from all causes
in patients with invasive pulmonary aspergillosis (IPA), expressed as unadjusted
relative hazards (RH).

Characteristic n
Unadjusted RH

(95% CI)
Likelihood ratio
statistic x2 (df) P

Age, years 1.6 (2) .45
!30 41 1
30–49 28 1.1 (0.6–1.9)
>50 18 1.5 (0.8–2.9)

Sex 6.8 (1) .009
Female 35 1
Male 52 2 (1.2–3.4)

Isolate grown from sputum sample 9.7 (1) .002
No 55 1
Yes 32 2.2 (1.4–3.7)

BMT before infection 2.2 (1) .14
No 51 1
Yes 36 1.5 (0.9–2.4)

Radiological findings 29.2 (2) !.001
LISA 57 1
No (diffuse) 12 5.2 (2.6–10.3)
No (other) 18 4.0 (2.2–7.1)

Could be operated on 25.6 (2) !.001
Yes 40 1
No (bulky IPA) 12 6.3 (3.0–13.3)
No (other) 35 2.9 (1.6–5.0)

Operated on 11.1 (1) !.001
Yes 37 1
No 50 2.4 (1.4–4.0)

Relapsed hematologic diseasea 2.0 (1) .16
No 45 1
Yes 41 1.4 (0.9–2.4)

NOTE. BMT, bone marrow transplantation; LISA, lesions with imaging suggestive of
aspergillosis.

a One patient did not have hematologic malignancy (aplastic anemia).

Aspergillus isolates from resected lung and correlation with
duration of amphotericin B before resection. Aspergillus iso-
lates were obtained from lung tissue obtained during surgery
from 14 (54%) of 26 patients with a histological diagnosis after
resection and no positive Aspergillus culture before surgery
whose tissue was submitted to the microbiology laboratory. The
operative lung samples were not submitted for microbiological
study for 4 patients, and cultures from the remaining 12 were
sterile (46%).

In addition, 5 patients with histological diagnosis after re-
section had Aspergillus isolated from a sputum sample or nose
swab before surgery. The resected lung was culture-positive for
Aspergillus for 4 of these patients and culture-negative for 1.

Five patients had Aspergillus isolated before surgery; of these
isolates, 3 (60%) were A. fumigatus, 1 (20%) was Aspergillus
flavus, and 1 (20%) was a combination of A. fumigatus and A.
flavus. Fourteen patients had no Aspergillus isolated before sur-
gery, but cultures from resected lung tissue were positive for
Aspergillus. A. fumigatus was cultured from tissue samples of
11 (79%) of these patients; and A. flavus from samples of 3
(21%).

The 14 patients with no Aspergillus isolate before surgery but
Aspergillus growth from resected lung specimens received am-
photericin B for 0–29 days (median, 15 days; mean, 13.7 days)

before surgery. The 12 patients without Aspergillus isolates from
resected lung specimens received amphotericin B for 0–45 days
(median, 12.5 days; mean, 16 days). There was no statistical
difference in the duration of amphotericin B treatment between
these 2 groups ( , Student’s t test).P 1 .5

Discussion

We have demonstrated that radiological detection of LISA
has a positive predictive value of 90% for IPA in cases in which
histological verification took place. This compares with a posi-
tive predictive value of 81.5% reported by another group [18]
and suggests that cases of IPA diagnosed in this manner could
usefully be included in epidemiological studies and in trials of
antifungal agents. It should be noted that a joint European
Organization for Research on Treatment of Cancer/Mycoses
Study Group proposal to modify the current Mycoses Study
Group criteria has been published [20]. This takes into account
CT scanning evidence and antigenemia, as well as the patient’s
underlying disease, and will have the effect of assigning a more
definite initial diagnosis of invasive aspergillosis to many of
these cases.

We have confirmed that Aspergillus is only occasionally iso-
lated from respiratory secretions of patients with LISA (14%).
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Table 5. Effect of several patient characteristics simultaneously on
death from all causes in patients with invasive pulmonary aspergillosis,
expressed as adjusted relative hazards (RH).

Characteristic
Adjusted RH

(95% CI)
Likelihood ratio
statistic x2 (df) P

Age, years 3.0 (2) .22
!30 1
30–49 0.8 (0.5–1.6)
>50 1.6 (0.8–3.3)

Sex 1.7 (1) .19
Female 1
Male 1.5 (0.8–2.7)

Isolate grown from sputum sample 0.7 (1) .38
No 1
Yes 1.4 (0.7–2.7)

BMT before infection 2.0 (1) .15
No 1
Yes 1.5 (0.8–2.8)

Radiological findings 11.7 (2) .003
LISA 1
Diffuse 4.1 (1.4–12)
Other 4.2 (1.8–9.7)

Relapsed hematologic results 7.4 (1) .007
No 1
Yes 2.3 (1.3–4.3)

Operated on 0.1 (1) .75
Yes 1
No 1.1 (0.5–2.3)

NOTE. BMT, bone marrow transplantation; df, degrees of freedom; LISA,
lesions with imaging suggestive of aspergillosis.

This compares well with the postmortem series of Young et al.
[2], in which only 13% of patients with IPA had a single sputum
or BAL specimen culture-positive for Aspergillus while alive,
and only 7.5% had >2 such positive cultures.

We have also shown that isolation of Aspergillus from sputum
is significantly associated with death. This significance is lost
when analysis is adjusted for other factors, and radiological
appearances different from LISA become most significantly as-
sociated with death. The isolation of Aspergillus from secretions
thus appears to be only a poor prognostic indicator because of
its association with cases that do not present as LISA.

We have recorded Aspergillus isolates from lung tissue spec-
imens of 54% of patients with histological aspergillosis; in these
cases the organism had survived despite a mean of 13.7 days
of amphotericin B treatment. The duration of preoperative
treatment with amphotericin B is not significantly different for
those whose resected lung with histological aspergillosis was
sterile.

We have shown that surgical resection of LISA is both fea-
sible and safe in a population of patients with hematologic
malignancies. This is in contrast to a series of 36 patients treated
surgically (wedge biopsy in 13, resection in 23) and subsequently
shown to have fungal infections (IPA in 23 cases), in which
39% early postoperative mortality was reported [13]. The single
most important predictor of death following surgery was angio-
invasive fungal disease, which was associated with severe neu-
tropenia ( /L).9! 0.1 3 10

On the other hand, a French group [14] undertook pulmo-
nary resections in 16 patients with LISA and subsequently
proven IPA, at least 6 of whom were stated to have residual
granulocytopenia. The death rate was only 6.25%. Twenty fur-
ther patients were treated conservatively. There was a 72% im-
provement or cure rate from IPA in the group of 36 surgical
and nonsurgical patients, although no comparison of the prog-
nosis was made on the basis of whether surgery took place or
not. Half of the operated patients underwent surgery for pro-
phylaxis of hemoptysis on the basis of the novel criterion of
CT evidence of a lesion adjacent to the pulmonary artery or
its main branches.

The same authors subsequently reviewed the indications for
surgery in a series of 19 patients with IPA suspected on the
basis of radiological findings, among whom there was only 1
death from IPA [15, 16]. Another group [17] reports 69% clear-
ance of IPA in 13 immunocompromised patients treated sur-
gically, with 31% of deaths from IPA.

In our study, surgical resection, in conjunction with prophy-
lactic conventional or liposomal amphotericin B, prevented re-
lapse of IPA in 100% of cases (all but 1 reported in [3]) who
underwent resection of lesions before BMT and had an actu-
arial survival rate of 71% at 2 years. Another group, however,
published a similar success in 7 patients treated with ampho-
tericin B, of whom only 3 underwent surgery [11].

All but 3 of our patients eligible for surgery underwent pul-
monary resections. The actuarial survival rate of patients who
had surgery for LISA was 89% at 1 month and 36% at 2 years
(compared with 23% at 21 months in [17]), whereas the actuarial
survival rate of patients with radiological diagnosis—that is,
with LISA but not able to sustain an operation—was 91% at
1 month and 20% at 2 years. Although the patients treated
surgically appear to have a somewhat better prognosis, analysis
of the data with adjustment for several factors simultaneously
demonstrates that it is likely that presentation of IPA as LISA
is the most influential factor.

No direct comparison between medical and surgical treat-
ment of IPA has been published. A review of the literature [5]
reports a response rate of 51% among patients with IPA (some
with diffuse and some with focal forms) who were treated with
systemic antifungals. However, this cannot be usefully com-
pared with outcomes of patients treated surgically because only
focal forms of IPA are amenable to resection and because dif-
fuse and focal forms of IPA may respond differently to am-
photericin B.

We conclude that IPA presenting as LISA has in itself the
best prognosis, and that this, rather than any benefit conveyed
by the operation itself, may be the reason surgical resection of
such lesions appears to improve the survival rate. A randomized
trial would be necessary to determine the respective advantages
of conservative treatment versus surgical plus systemic anti-
fungal treatment in operable cases of IPA.
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Figure 3. Suggested algorithm for the management of a lesion with imaging suggestive of aspergillosis (LISA) in patients with invasive pulmonary
aspergillosis (IPA). Allo, allogeneic; BMT, bone marrow transplantation; GM-CSF, granulocyte-macrophage–colony stimulating factor; 4/52, 4
weeks; 3/12, 3 months. *Amphotericin B should be replaced by lipid-based amphotericin B if it is poorly tolerated or if other nephrotoxic drugs
are added to the treatment regimen.

Our current recommendation is that patients with LISA
should first be treated with a combination of amphotericin B
or a lipid-based formulation plus GM-CSF (5 mg/kg/day). The
choice of amphotericin B preparation should be made accord-
ing to a local standard protocol. This should be based on factors
relating to toxicity, especially nephrotoxicity, and on the con-
current use of other necessary nephrotoxic drugs. A CT scan
should be done weekly and medical management should be
continued for those with stable or improved lesions, unless he-
moptysis threatens or occurs, in which case a resection should
be performed immediately. Surgery should be done for those
with worsening lesions when technically feasible and should
also be considered before allogeneic/MUD BMT. The main
circumstances that preclude surgery are the following: predicted
death from hematologic disease within 3 months, inability of
the patient to tolerate a surgical procedure, and/or a lesion that
is technically inoperable. A suggested algorithm for the man-
agement of LISA is presented in figure 3.
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