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Background. The aim of our study was to clarify the
indications for operation in invasive pulmonary aspergil-
losis.

Methods. Nineteen patients with hematologic malig-
nancy, in whom invasive pulmonary aspergillosis devel-
oped during the course of neutropenia, had operations.
Neutropenia lasted 28 days (range, 15 to 45 days). The
preoperative diagnosis of invasive pulmonary aspergil-
losis was based on computed tomographic scan findings
(halo or air crescent signs).

Results. Eight patients underwent emergency opera-
tions, before marrow recovery, for prevention of massive
hemoptysis. The criterion for operation was an aspergil-
losis lesion that contacted the pulmonary artery on com-
puted tomography. A lobectomy was performed in all
cases. A sleeve resection of the pulmonary artery was
necessary on two occasions. There was one postoperative
death due to extensive aspergillosis. The length of hos-

pitalization after operation was 13 days (range, 6 to 18
days). Seven patients were treated by elective resection of
a residual mass (before hematologic therapy in 6 cases).
The types of resection performed were lobectomy (n� 4),
lingulectomy (n � 1), and wedge resection (n � 2). There
were no postoperative deaths. The average length of stay
before discharge from the hospital was 11 days (range, 7
to 20 days). The surgical resection was performed as a
diagnostic procedure in the 4 remaining patients after an
allotted time of 14 days (range, 4 to 24 days) from
initiation of antifungal therapy.

Conclusions. The combination of antifungal agents and
surgical resection is an efficient strategy for the treatment
of invasive pulmonary aspergillosis in patients with
hematologic malignancy.

(Ann Thorac Surg 1997;64:1441–7)
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The prognosis of invasive pulmonary aspergillosis
(IPA) remains poor in leukemic patients despite

antifungal treatment. The mortality rate reaches 50% in
leukemic patients during chemotherapy-induced neutro-
penia and can exceed 90% in the setting of bone marrow
transplantation [1]. Massive hemoptysis in 10% to 15% of
patients [2] is one reason for death. Improvement of
prognosis requires early recognition of IPA and effective
antifungal treatment, possibly combined with operation
[3, 4].

Aspergillus has an important tropism for the vascular
wall. During the marrow recovery phase, the white blood
cells accelerate the process of necrosis and increase the
risk of hemorrhage by arterial perforation [5]. Therefore,
an operation could be recommended in the setting of IPA
located near a pulmonary artery (or its dividing branch-
es). When the patient has recovered from neutropenia, a
residual mass persists that will require medical treatment
for several weeks before it disappears. Surgical resection
of this residual mass may be necessary if treatment of the
hematologic disease requires another chemotherapeutic
regimen rapidly, with or without bone marrow trans-
plantation. Finally, a surgical procedure can be used to

confirm the diagnosis of aspergillosis when a pulmonary
nodule persists despite antifungal treatment.

Here, we analyze the different surgical procedures
used for the treatment of IPA and their postoperative
morbidity and mortality rates.

Material and Methods

From November 1988 to March 1997, the diagnosis of IPA
was established in 46 patients in the Department of
Clinical Hematology. Among these 46 patients, 19 under-
went a pulmonary surgical resection. The mean age was
49 years (range, 5 to 67 years), with 8 females and 11
males. The hematologic malignancy was either acute
leukemia (n � 18) or multiple myeloma (n � 1). All
patients received high-dose chemotherapy, followed in 1
case by autologous bone marrow transplantation. In 8
cases, this chemotherapy was indicated for progressive
disease (failure or relapse). The mean duration of severe
neutropenia (absolute neutrophil count [ANC] � 500
cells/�L) was 28 days (range, 15 to 45 days).

The clinical signs that clearly revealed IPA were he-
moptysis in 8 cases, thoracic pain in 13 cases, and
temperature above 39°C for 1 to 7 days in 14 patients. The
neutropenia lasted on average for 16 days (range, 8 to 29
days) when the first symptoms occurred. Before opera-
tion, direct examination and cultures of bronchoalveolar
lavage fluid were positive in 4 patients (Table 1), Aspergil-
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lus antibody test was positive in 3 patients, Aspergillus
antigenemia was positive in 1 patient, and Aspergillus
antigen test was identified as positive in bronchoalveolar
lavage fluid from 10 to 13 examined cases. The identifi-
cation of an infiltrate on chest roentgenogram during a
febrile episode in a neutropenic or bone marrow trans-
plant patient resulted in a systematic search for invasive
aspergillosis (Fig 1).

A computed tomographic (CT) scan was performed
emergently in all patients with suspected IPA. Two signs
were identified: the halo sign [6] (Fig 2) and the air
crescent sign [7] (Fig 3). The halo sign is described as a
mass-like infiltrate with a surrounding halo of ground-

glass attenuation [6]. This sign is highly suggestive of IPA
during neutropenia [6, 8]. The air crescent sign, which is
described as a pulmonary cavitation, appears later at the
time of bone marrow recovery [7]. The air crescent sign is
not pathognomonic of aspergillosis, but in patients with
hematologic malignancies and especially in leukemic
patients, it is highly evocative of filamentous fungal
disease [7]. The halo sign was present in 17 patients and
the air crescent sign was observed in 2 patients. Overall,
the diagnosis of IPA before operation was suspected
because of positive cultures of bronchoalveolar lavage
fluid and CT findings in 4 cases, and CT findings alone in

Fig 1. Chest roentgenogram showing a pulmonary infiltrate. This
lesion was solitary and located in the right inferior lobe.

Fig 2. Computed tomographic scan showing a halo sign in the right
inferior lobe. The halo sign is described as a mass-like infiltrate with
a surrounding halo of ground-glass attenuation.

Table 1. Criteria for the Diagnosis of Invasive Pulmonary Aspergillosis and Antifungal Therapy Used Preoperatively

Patient
No.

Culture of
BAL

CT Scan
Signs

Preoperative
Diagnostic Criteria

First Signs to IPA
Diagnosis (d) Indications

Antifungal
Therapy

1 � Air crescent CT scan 3 PMH AmB�ITZ
2 ND Halo CT scan 2 PMH AmB�ITZ
3 � Halo BAL�CT scan 5 Residual mass ITZ
4 ND Halo CT scan 1 PMH AmB�ITZ
5 ND Halo CT scan 1 PMH AmB�ITZ
6 � Halo BAL�CT scan 4 PMH AmB�ITZ
7 � Halo CT scan 0 PMH VRZ�ITZ
8 � Halo CT scan 2 Diagnostic VRZ
9 � Halo CT scan 0 Diagnostic VRZ

10 ND Halo CT scan 1 PMH AmB�ITZ
11 � Halo CT scan 2 Residual mass ITZ
12 � Halo CT scan 1 Residual mass VRZ
13 � Halo BAL�CT scan 1 PMH AmB�ITZ
14 ND Halo CT scan 1 Diagnostic ITZ
15 � Halo CT scan 3 Residual mass ITZ
16 � Air crescent BAL�CT scan 17 Residual mass AmB�ITZ
17 � Halo CT scan 1 Residual mass ITZ
18 � Halo CT scan 2 Residual mass ITZ
19 � Halo CT scan 3 Diagnostic ITZ

AmB � amphotericin B; BAL � bronchoalveolar; CT � computed tomographic; IPA � invasive pulmonary aspergillosis; ITZ �
itraconazole; ND � not done; PMH � prevention of massive hemoptysis; VRZ � voriconazole.
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the remaining 15 cases (see Table 1). The time between
the first clinical warning sign and the start of antifungal
treatment was 2.6 days (range, 0 to 17 days). The patients
received either amphotericin B combined with itracon-
azole (n � 8), itraconazole alone (n � 7), or a new
antifungal compound, voriconazole (n � 4) (see Table 1).

Blood gases were measured systematically in the pre-
operative period. All pulmonary resections were per-
formed with a double-lumen endotracheal tube. Major
resections were done through a posterolateral thoracot-
omy in the fifth intercostal space with muscle sparing,
whereas a video-assisted thoracic operation was per-
formed for peripheral pulmonary nodules with a diame-
ter of less than 2 cm. Systematic pathologic and myco-
logic examinations of the operative specimen were
performed. Two chest tubes were placed, the endotra-

cheal tube was removed in the operating room, and the
patient went back to the Department of Clinical Hema-
tology the day after pulmonary resection.

The indications for the surgical procedure were classi-
fied into two groups (Fig 4): emergency and elective.
Prevention of massive hemoptysis was an emergency
procedure performed before marrow recovery. The need
for surgical intervention was based on the observation of
repeated chest CT scans showing pulmonary aspergillo-
sis that came into contact with the pulmonary artery or its
dividing branches, with a risk of massive hemorrhage.
An emergency surgical intervention was performed be-
cause the recovery of granulocyte count was a critical
period. In the setting of invasive pulmonary aspergillosis
located near a pulmonary artery, massive hemoptysis
may result from arterial perforation due to an angioinva-
sive fungal process.

Resection of a residual aspergillosis lesion was indi-
cated as an elective procedure before a new myeloabla-
tive treatment (including bone marrow transplantation)
in the following weeks or when the residual mass was
responsible for hemoptysis or lung abscess. In these
cases, operation usually was performed after recovery
from neutropenia. An operation also was used to make a
diagnosis in patients who had persistent lesions despite
receiving antifungal therapy over several weeks.

We calculated the median survival and the probability
of survival at 3, 6, and 12 months by the Kaplan-Meier
method after IPA diagnosis.

Results

Prevention of Massive Hemoptysis
Eight patients underwent emergency operations, before
marrow recovery. Two of these had a previous diagnosis
of chronic obstructive pulmonary disease. The time be-

Fig 3. Computed tomographic scan showing an air crescent sign.
The air crescent sign is described as a pulmonary cavitation. The
aspergillosis lesions are located near the left pulmonary artery.

Fig 4. This algorithm describes the strategy for oper-
ative management in patients with hematologic ma-
lignancy and invasive pulmonary aspergillosis. The
indications for a surgical procedure were classified
into two groups: (1) emergency surgical resection to
prevent massive hemoptysis and (2) elective opera-
tion to resect a residual mass or to diagnose the con-
dition. (CT � computed tomography.)
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tween the diagnosis of IPA and the operation was 9.9
days (range, 2 to 19 days) (Table 2). The average ANC at
the time of operation was 296 cells/�L (range, 0 to 1,000
cells/�L). The average platelet count before operation
was 124,000 cells/�L (range, 75,000 to 199,000 cells/�L).
Seven patients received 5 to 11 platelet packs preopera-
tively (see Table 2).

The criteria for operation were repeated chest CT scans
showing an aspergillosis lesion that came into contact
with the pulmonary artery or its dividing branches (Table
3). We resected only the aspergillosis lesion that threat-
ened the pulmonary artery.

The main pulmonary artery was controlled systemati-
cally at the mediastinum or in the pericardium (Table 4).
On the left side, we performed a sleeve resection of the
pulmonary artery in 2 cases because the aspergillosis
lesion had already infiltrated the vessel wall. In the first
patient, after mobilization of the left upper lobe, we
found that the pulmonary artery was ruptured at the
ostium level of the upper pulmonary artery. This wall
was totally destroyed by the aspergillosis lesion. In this
patient, who had an ANC of 1,000 cells/�L at the time of
operation, a pulmonary cavitation had been observed on
the last CT scan (see Table 3). In another patient, the part
of the left upper pulmonary artery that was infiltrated by
the aspergillosis lesion was removed by segmental resec-
tion. Before segmental resection, the main pulmonary
artery had to be occluded in its intrapericardial course
and peripherally in the lobar fissure. The vascular anas-

tomosis was done with an end to end technique. In a
third patient, we wrapped the left pulmonary artery with
a flap of pericardium because the aspergillosis lesion had
injured the adventitia (see Table 4). We used the ultra-
sound dissector to facilitate the procedure. Altogether,
we performed eight lobectomies, associated with a seg-
mentectomy in 2 patients (Fowler and paracardial seg-
mental) (see Table 4). We performed no pneumonecto-
mies.

To accelerate granulocyte recovery, 6 of the patients
were given granulocyte colony stimulating factor postop-
eratively. The amount of blood transfused averaged 2.8 U
in 5 patients (see Table 2). One patient had a pleural
effusion, which required a new chest tube. One patient
with chronic obstructive pulmonary disease died on
postoperative day 6 of respiratory failure from progres-
sion of IPA despite antifungal treatment. For other pa-
tients, the mean duration was 10 days (range, 3 to 20
days) for temperature normalization and 13 days (range,
6 to 18 days) for discharge from the hospital. The patients
were treated for several weeks with antifungal therapy.
The pathologic examination showed lesions of hemor-
rhagic necrosis of the parenchyma in 4 patients. Micro-
scopic examination confirmed the vessel invasion and
thrombosis by abundant septate hyphae in all cases.
Culture from the resected lung tissue was positive in 7
patients: A fumigatus in 5 patients, A nidulans in 1 patient,
and A flavus in 1 patient.

Table 2. Characteristics of the Patients According to Indication for Operationa

Characteristic

Prevention
of

Hemoptysis

Resection of a
Residual
Mass

Diagnostic
Procedure

No. of patients 8 7 4
Time between IPA diagnosis and operation (days) 9.9 (2–19) 35 (21–180) 14 (4–24)
Preoperative granulocyte count (cells/�L) 296 (0–1,000) 2,520 (0–5,200) 4,200 (3,400–5,200)
Preoperative platelet count (103 cells/�L) 124 (75–199) 202 (105–440) 221 (75–500)
Preoperative transfusions of packed platelets (U) 7 (0–11)b 7c None
Intraoperative and postoperative transfusions of

red blood cell products (U)
2.8 (0–6)d None None

a Except as noted otherwise, data are mean (range). b In 7 patients. c In 1 patient. d In 5 patients.

IPA � invasive pulmonary aspergillosis.

Table 3. Operations for Prevention of Massive Hemoptysis: Preoperative Computed Tomographic Scan Criteria

Patient
No. Localization

Modification of Aspergillosis
Lesion on CT

No. of
Lesions

CT Scan
Signs

1 Left PA Disappearance of fatty border 4 Air crescent
2 Left upper lobe PA Disappearance of fatty border 5 Halo
4 Left lower lobe PA Increase of lesion size 5 Halo
5 Right upper lobe PA Increase of lesion size 4 Halo
6 Left upper lobe PA Disappearance of fatty border 4 Halo
7 Left upper lobe PA Increase of lesion size 5 Halo

10 Right middle and lower lobe PA Increase of lesion size 4 Halo
13 Left PA Disappearance of fatty border 5 Halo

CT � computed tomography; PA � pulmonary artery.
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Elective Operations
In 7 patients, resection of a residual mass was performed
because an important aspergillosis lesion persisted after
antifungal treatment for a mean duration of 35 days
(range, 21 to 180 days) (see Table 2). At the time of
operation, the mean ANC was 2,520 cells/�L (range, 0 to
5,200 cells/�L) and the mean platelet count was 202,000
cells/�L (range, 105,000 to 440,000 cells/�L) (see Table 2).
The first patient, a 48-year-old man, had a voluminous
cavity and a necrotic mass in the left upper lobe. An
operation was scheduled because of repeated severe
hemoptysis and infection. We performed a lobectomy
with pleurectomy. Postoperative bleeding required a
second thoracotomy, but the patient was discharged from
the hospital on postoperative day 20. In 2 other patients
(respectively, 5 and 40 years of age), an operation was
indicated because an allogenic bone marrow transplan-

tation was necessary in the succeeding weeks. We per-
formed a right upper lobectomy in the 40-year-old
woman and a wedge resection of the right upper lobe in
the 5-year-old child. In these 2 patients, no postoperative
complications were observed, and they were discharged
from the hospital at 7 and 12 days after operation,
respectively. Both received allogenic bone marrow trans-
plantation in the succeeding 2 months without any sub-
sequent fungal infection. We opted for operation in the 4
other patients to allow complementary high-dose chemo-
therapy. We performed a lingulectomy in a 55-year-old
man, a wedge resection of the right upper lobe in a
61-year-old man, a right upper lobectomy in a 60-year-
old man, and a left upper lobectomy in a 63-year-old
man. There were no postoperative complications. These 4
patients were discharged from the hospital 8 days after
the procedure. Pathologic examination showed the typi-

Table 4. Principal Techniques and Types of Resection for Prevention of Massive Hemoptysis

Patient
No. Control of PA Angioplasty Lobectomy

Segmentectomy
(if necessary)

1 Intrapericardial Sleeve resection PA Left upper No
2 Intrapericardial No Left upper No
4 Mediastinum No Left lower No
5 Mediastinum No Right upper No
6 Mediastinum Sleeve resection PA Left upper Fowler
7 Intrapericardial No Left upper No

10 Mediastinum No Right middle Paracardial
13 Mediastinum Pericardium flaps PA Left upper No

PA � pulmonary artery.

Table 5. Patients’ Long-Term Follow-Up After Operations

Patient
No.

Evolution
of IPA

Evolution of
Hematologic

Disease

New Courses of
Hematologic

Therapy Death (Causes)
Survival

(mo)

1 Cure CR Chemotherapy . . . 56
2 Cure CR Autologous BMT . . . 53
3 Cure CR Chemotherapy Prog. hemat. dis 11
4 Cure CR Chemotherapy Prog. hemat. dis 4
5 Cure Failure . . . Prog. hemat. dis 12
6 Progression Failure . . . IPA 3
7 Cure Failure . . . Prog. hemat. dis 5
8 Cure CR Chemotherapy Prog. hemat. dis 16
9 Cure CR Chemotherapy Prog. hemat. dis 16

10 Cure CR . . . . . . 19
11 Cure Failure . . . Prog. hemat. dis 6
12 Cure CR Allogenic BMT . . . 20
13 Progression Failure . . . IPA �1
14 Progression Failure . . . IPA 2
15 Cure Failure Allogenic BMT . . . 17
16 Cure CR Chemotherapy . . . 67
17 Cure CR Chemotherapy . . . 8
18 Cure Failure Autologous BMT Prog. hemat. dis 4
19 Cure CR Chemotherapy . . . 2

BMT � bone marrow transplantation; CR � hematologic complete response; IPA � invasive pulmonary aspergillosis; Prog. hemat. dis �
progressive hematologic disease.
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cal histologic features of abundant septate hyphae with
45-degree dichotomous branching in all patients. Culture
of the resected lung tissue was performed in 6 cases and
was positive in 4. Aspergillus fumigatus was isolated in 4
cases.

A surgical procedure was used to make a diagnosis in
4 patients with a persisting peripheral nodule despite
antifungal therapy for a mean duration of 14 days (range,
4 to 24 days) (see Table 2). We performed a wedge
resection using video-assisted thoracic surgery, without
any postoperative complications. The average length of
stay in the hospital was 6 days (range, 2 to 8 days).
Culture of the resected lung tissue isolated A fumigatus in
3 cases, and pathologic examination confirmed the inva-
sive fungal disease.

Long-Term Follow-up
The mean follow-up period was 17 months (range, 1 to 67
months). Sixteen patients (84%) were considered cured of
their aspergillosis (Table 5). In 3 patients, IPA progressed
until death occurred (see Table 5). One patient died on
day 6 after operation, and the 2 remaining patients died
on days 90 and 60, respectively, of progression of both
IPA and hematologic disease. None of them died of
massive hemoptysis. Twelve patients received myeloab-
lative therapy (chemotherapy in 8 and bone marrow
transplantation in 4) (see Table 5). The main reason for
late death was relapse of the hematologic malignancy.
The median duration of survival after diagnosis of IPA
was 15.5 � 4 months. The probability of survival at 3
months was 0.88 � 0.07, at 6 months 0.70 � 0.1, and at 1
year 0.56 � 0.13.

Comment

Although the surgical resection of an IPA residual mass
has been described already [9–11], the prevention of
massive hemoptysis in neutropenic patients remains
poorly studied. In a recently reported series, pulmonary
resection was reported in neutropenic patients with an
ANC lower than 500 cells/�L, but the surgical indications
were different [12].

Since 1991, we have modified our strategy of IPA
diagnosis in febrile neutropenic patients, with systematic
use of thoracic CT to identify the early halo sign [8]. The
systematic use of CT scan was combined with frequent
use of surgical resection for aspergillosis lesions [8]. Since
then, the rate of deaths from IPA has decreased from 41%
to 14% [8].

The operation for IPA in neutropenic patients must be
distinguished from operations for aspergilloma that has
developed in a preexisting cavity [13, 14]. Most previous
studies [11, 15–17] reported surgical management of IPA
(occurring after high-dose chemotherapy) but involved
operations after bone marrow recovery. Hemoptysis is a
severe complication of IPA in neutropenic patients and
occurs when the aspergillosis lesion comes into contact
with the pulmonary artery or its dividing branches.
Marrow recovery induces cavitation, which creates a
major risk of massive hemorrhage when the aspergillosis

lesion is located near a pulmonary artery or its dividing
branches [5, 18]. In the study of Albeda and colleagues
[5], the percentage of massive hemoptysis (�150 mL of
blood per episode) was 27% in patients with bone mar-
row recovery and no hemoptysis in patients with no bone
marrow recovery. Pagano and associates [2] demon-
strated that the principal cause of death in patients with
acute leukemia was massive hemoptysis. In this study [2],
autopsy was performed in 11 of 12 patients who died of
massive hemoptysis and documented a fungal infection.

The angiotropism of Aspergillus could explain the
mechanism of hemoptysis. During the neutropenic pe-
riod following chemotherapy, the hyphae colonize the
bronchi and arteries and cause a local infarction [19].
When marrow recovery occurs, the granulocyte count
increases and proteolytic enzymes are released from
leukocytes at the site of aspergillosis infection; this might
cause a destruction of lung tissue [20]. In the setting of
invasive pulmonary aspergillosis located near a pulmo-
nary artery (or its dividing branches), it might cause
massive hemoptysis by arterial perforation. Therefore,
recovery of the granulocyte count is a critical period [2, 5,
18]. In agreement with this hypothesis, the first reported
patient in our series had recovered from aplasia, as the
ANC was 1,000 cells/�L at the time of surgical interven-
tion; the CT scan showed the air crescent sign; and his
pulmonary artery was destroyed by an aspergillosis le-
sion.

Our criteria for operation were based on analysis of the
CT scan, looking for (1) the halo sign or the air crescent
sign, (2) localization of the aspergillosis lesion near a
pulmonary artery, and (3) disappearance of the fatty
border between the vessel wall and the aspergillosis
lesion or increase in the aspergillosis lesion size. The CT
images were viewed at lung and mediastinal windows.
An enhanced CT scan was performed systematically to
define whether the aspergillosis mass threatened the
integrity of the vessel. In cases of uncertainty, CT was
repeated 24 hours later. The CT images were discussed
among the thoracic surgeon, radiologists, and clinical
hematologists. As soon as we considered that there was a
risk of arterial perforation by the angioinvasive fungal
process, we initiated an emergency surgical procedure.
At an emergency operation, one should resect only the
aspergillosis lesion located near the pulmonary artery or
its dividing branches. This operation should be as con-
servative as possible, being limited to a lobectomy, asso-
ciated, when necessary, with a segmentectomy and a
sleeve-resection pulmonary artery. Pneumonectomy
should be avoided. This conservative attitude could ex-
plain the low rate of postoperative complications ob-
served in our series of patients.

Surgical resection of a residual IPA mass, combined
with antifungal therapy, achieved local control of the
infection in those patients who needed additional che-
motherapy, with or without bone marrow transplantation
[10, 15, 16]. Antifungal therapy alone will not be sufficient
to cure such an important mass in a few weeks. In this
setting, the operation can be a lobectomy, a segmentec-
tomy, or a wedge resection, depending on the location
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and the size of the aspergillosis lesion. An operation also
can be necessary when the residual mass is responsible
for mild hemoptysis or lung abscess [11, 15, 16]. This
surgical procedure can be difficult when the lesion also
involves the chest wall [12, 15, 16, 17].

Finally, an operation can be used for the diagnosis of
IPA, especially in patients who received antifungal ther-
apy for more than 2 or 3 weeks and in whom a lesion
persists. In this setting, an operation is able to confirm
aspergillosis and indicates which treatment is needed.
This indication has been described already in the litera-
ture [17]. The postoperative mortality rate was 0% to 31%,
depending on the series [10–12, 15–17]. The main reason
for death was acute respiratory failure from either pro-
gression of IPA or pneumonia [12, 16]. In the series
reported by Robinson and coworkers [12], the death rate
reached 31%, possibly as a consequence of major lung
resection (bilobectomy, multiple wedge resection, pneu-
monectomy) [12, 17]. The death rate was lower in other
series, ranging from 0% to 6% [10, 11, 15, 16]. In our
series, the only observed death was related to the pro-
gression of aspergillosis in the contralateral lung despite
antifungal therapy. This patient demonstrated a tobacco-
induced chronic obstructive pulmonary disease. Neutro-
penia at the time of operation was not a negative prog-
nostic factor in the study of Robinson and coworkers [12],
the only study reporting operations in patients with ANC
less than 500 cells/�L. In this group of patients, the
operation must be as conservative as possible to avoid
pneumonectomy.

The follow-up results of our patients are comparable to
those in the literature [11, 12, 16]. The main reason for
death after 6 months was relapse of the hematologic
malignancy [11, 12, 16]. No patient died of massive
hemoptysis, as reported previously [11, 12, 16]. The only
2 patients who died of IPA, on days 60 and 90, had
progressive hematologic disease with persistent neutro-
penia. The median survival rates range from 11 to 18
months [11, 16]. The decrease in survival of our patients
at the end of the first year was related to a relapse of the
hematologic malignancy.

We conclude that the combination of antifungal agents
and surgical resection is an efficient strategy for the
treatment of IPA in patients with hematologic malig-
nancy. An operation is indicated emergently (before
marrow recovery) for the prevention of massive hemop-
tysis or for elective resection of a residual mass (most
often after recovery from neutropenia).
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