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Background: Invasive pulmonary aspergillosis (IPA) is an opportunistic fungal infection

affecting patients who are undergoing chemotherapy for hematological malignancies, have

hematopoietic stem cell transplants, and are immunosuppressed. Surgical treatment for IPA is

remains challenging and controversial due to the potentially high risk of mortality and

morbidity.

Methods: We discuss 4 leukemia patients who underwent surgery for IPA in our hospital

who were successfully treated with curative lobectomy or wedge resection. All patients had

uneventful postoperative courses, and all resumed long-term follow-up for their leukemia.

Results: All patients have suffered at least once of hemoptysis with radiological findings of

lung nodules appearing as ovoid soft-tissue opacities in the lung parenchyma and had

undergone antifungal agent treatment for at least 2 weeks. The symptoms and infection

sites were not better. Lobectomy was performed in 3 cases and wedge resection in 1 case.

Two of the cases suffered Aspergillus infection, 1 suffered Trichoderma and 1 suffered

Candida albicans. Median hospital stay after surgery was 17.25 days. There was only 1

patient who had prolonged air leak (n=1; 25%) with empyema. There were no mortalities

during the perioperative period or within 30 days of surgery, all patients survived without

recurrence and resumed anti-leukemia treatment as soon as possible.

Conclusion: Surgical resection of focal invasive pulmonary aspergillosis can be a safe and

feasible treatment option in appropriately selected cases.
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Introduction
Fungal infection is a ubiquitous pathogen. Invasive pulmonary fungal infections

such as aspergillosis, less commonly mucormycosis, and fusariosis are serious and

potentially deadly complication of myelosuppressive chemotherapy in patients with

hematological malignancies.1 Opportunistic fungal infections have been estimated

to affect over 200,000 people worldwide, and invasive pulmonary aspergillosis

(IPA) is relatively common in immunocompromised and critically ill patients,2

including those who are undergoing chemotherapy for hematological malignancies,

hematopoietic stem cell transplant (HSCT), or other forms of immunosuppression.3

Patients who are undergoing allogeneic HSCT or remission induction chemotherapy

for acute myelogenous leukemia/myelodysplastic syndrome (AML/MDS) are at an

especially high risk, with 20-fold higher rates of aspergillosis compared to patients

with underlying lymphoma or multiple myeloma.4 The incidence of IPA during
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bone marrow transplantation is about 5%, and mortality

rates as high as 82%, despite antifungal treatment, are

reported.5 Furthermore, treatment with antifungal medica-

tions may interrupt life-saving cancer chemotherapy in

these patients.1 In addition, some fungal infection abutting

the main pulmonary vessels is the cause of fatal

hemoptysis.2 Despite aggressive treatment with new or

more antifungal agents, these infections are an important

cause of morbidity and mortality, especially in these cases.

Surgery for IPFI is infrequently and the secondary choice.

There are few reports about the perioperative management.

Although risk assessment is imprecise and new antifungal

medications may ameliorate some surgical risks, contro-

versy remains regarding the surgical management of IPA.

Surgery has traditionally been reserved for patients with

unilateral localized fungal infection, for which curative

resection is possible, or for patients with infection abutting

the main pulmonary vessels, who may be at risk of fatal

hemoptysis.2,6 Some researchers also reported that single

or multiple Aspergillus nodules, which may or may not be

cavitating, were risk factors for carcinoma of the lung,

making biopsy or surgical resection inevitable.7

However, the opportunity, method and indication of surgi-

cal treatment these patients were not described. We herein

present 4 cases of IPFI in patients with underlying leuke-

mias that were treated with curative resection. We try to

discuss the opportunity, method, indication, outcomes, and

the perioperative treatment of surgical treatment for IPFI.

Methods
Four leukemia patients with IPA were identified from the

Department of Lung Surgery, Tianjin Medical General

Hospital, Tianjin, China. The diagnosis of IPA was con-

firmed by colony isolation in culture and histologic doc-

umentation of hyphae in tissue samples. Hematoxylin and

eosin-stained sections were reviewed in all cases.8

Table 1 Preoperative data of four patients

Patient
no.

Age/sex Underlying
disease

Chemotherapy Antifungal therapy Time from diagno-
sis to operation

Culture

1 51/male AML DA Caspofungin

70 mg D1, 50 mg D1~D10

13 days Trichoderma

2 18/male Erythroleukemia/

MDS

IA None 3 days Aspergillus

3 47/female APL Retin-A+IA Voriconazole

6 mg/kg ivdripQ12 D1, 4 mg/kg

ivdrip Q12 D2~D5

5 days Aspergillus

4 23/male AML DA Voriconazole

6 mg/kg ivdrip Q12 D1, 4 mg/

kg ivdrip Q12 D2~14

17 days Candida

albicans

Abbreviations: AML, acute myeloid leukemia; APL, acute promyelocytic leukemia; MDS, myelodysplastic syndrome; DA, daunorubicin + cytosine arabinoside; IA, idarubicin

+ cytosine arabinoside.

Table 2 Operative and postoperative data of four patients

Patient
no.

Operation Complications Antifungal
therapy

Hospital
stay

Cost
(USD)

Follow-
up

Outcome

1 Lobectomy None Caspofungin 13 days $11,291 3 months Alive, reinduction

chemotherapy

2 Lobectomy None Voriconazole 14 days $20,788 3 months Alive, reinduction

chemotherapy

3 Wedge

resection

None Voriconazole 20 days $15,009 3 months Alive, reinduction

chemotherapy

4 Lobectomy Prolonged air leak,

empyema

Voriconazole 22 days $19,648 3 months Alive, reinduction

chemotherapy
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Salient clinical features are summarized in Tables 1

and 2. Four patients who were receiving chemotherapy

for hematologic malignancies, 3 men and 1 woman, aged

18–51 years (mean 34.75 years), underwent curative resec-

tion for IPA. Presenting symptoms included cough,

hemoptysis, fever, and chest pain.

Results
All patients had radiological findings of lung nodules

appearing as ovoid soft-tissue opacities in the lung par-

enchyma, size>1 cm, obscuring the underlying bronch-

ovasculature, with or without a halo sign, which is

defined as a perimeter of ground glass opacity surround-

ing the nodule through which the background of under-

lying bronchovasculature remains visible, as shown in

Figure 1. Complete remission of leukemia was demon-

strated by normal white blood cell, neutrophil, red blood

cell, and platelet counts. Baseline serum chemistry

screening and urinalysis at admission were normal. All

of 4 patients have suffered at least once of hemoptysis

and antifungal agents’ treatment at least two weeks. The

symptoms and infection sites were not better (Table 1).

Curative resection of the nodules was achieved by

lobectomy in 3 cases and wedge resection in 1 case. All

of these operations were video-assisted thoracic surgery

(VATS). All patients received postoperative antifungal

therapy.

Histopathological examination of the resected speci-

mens showed IPA nodules characterized by areas of cen-

tral necrosis containing numerous hyphae and surroundedFigure 1 Aspergilloma on chest computed tomography (Patient 2). The lesion is

visible as a cavitation within normal lung tissue in the left lower lobe.

Figure 2 Histopathology of patients. Broad septated hyphae mixed with non-septated hyphae are visible in tissue sections. (A) Patient 1, Trichoderma; (B) Patient 2,
Aspergillus; (C) Patient 3, Aspergillus; (D) Patient 4, Candida albicans. (hematoxylin and eosin. ×100).
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by granulomatous inflammation with scattered multinucle-

ate giant cells. Hyphae are the most important character-

istic for the identification of aspergillosis. The surrounding

lung parenchyma showed fibrosis and a chronic inflamma-

tory cell infiltrate (Figure 2). Two of the cases suffered

Aspergillus infection, 1 suffered Trichoderma, and 1 suf-

fered Candida albicans.

Median hospital stay after operation was 17.25 days (range

14–22 days). The average cost was $16,684 (range $11,291 to

$20,788). Among the 4 patients, 1 patient had prolonged air

leak (n=1; 25%) and the same patient (n=1, 25%) had

empyema. There were no mortalities during the perioperative

period or within 30 days after surgery, and all patients survived

without recurrence and resumed anti-leukemia treatments as

soon as possible (Table 2).

Discussion
Patients with AML/MDS who are undergoing remission

induction chemotherapy are at especially high risk of

aspergillosis, with an estimated 20-fold higher rate of

infection compared to patients with underlying lymphoma

or multiple myeloma.4 Recent diagnostic advances and

newer antifungal therapies have been associated with

improved survival rates, but invasive fungal infection is

still fatal in up to one-third of cases, and furthermore,

affected patients may face an interruption of life-saving

cancer chemotherapy during treatment of the mold

infection.1,9

The diagnosis of IPFI can be challenging, as up to one-

third of patients may have no early clinical signs or may

present with non-specific signs, such as progressive fever

and cough. Pneumothorax and chest pain may also accom-

pany IPFI.10 Thoracic computed tomography (CT) can be

essential to diagnosis, particularly for IPA, when typical

findings are present with an early halo sign. The halo sign

is highly specific for IPA during the early stages of the

infection but usually disappears after about 14 days.

During the later course of IPA, a crescent air sign may

be present. This sign is suggestive of IPA, but it is not as

specific as the halo sign. Bronchoalveolar lavage (BAL) or

other laboratory tests may lack sensitivity,11 and lung

biopsy, quantitative real-time polymerase chain reaction,

or galactomannan assay (ie, the Platelia® brand assay) of

BAL fluid are additional diagnostic tools.12 In our patients,

diagnosis was based on serial CT scans and clinical

findings.

Aggressive treatment with antifungal agents is the

first choice for these patients. However, in some

special cases, such as long-term treatment with anti-

fungal medications may interrupt life-saving cancer

chemotherapy or infection abutting the main pulmonary

vessels, who may be at risk of fatal hemoptysis, surgi-

cal treatment maybe a good choice. Aggressive surgical

resection has still been associated with improved out-

come, although invasive aspergillosis is a multifocal

disease at least at microscopic level, even surgical

excision does not guarantee a complete cure.13 One

of surgical intervention is indicated for patients with

hemoptysis. Especially when medical treatment is inef-

fective for hemoptysis, surgery offers an efficacy ther-

apeutic option. Caillot et al showed that aggressive

surgery has a role in preventing fatalities due to mas-

sive hemorrhages in patients with invasive pulmonary

aspergillosis and hemoptysis.14

Surgical intervention is also indicated for patients with

radiologic findings suggesting persistence of IPA cavities

because persistent intracavitary fungal growth is associated

with a high risk of relapse in patients who are neutropenic

from chemotherapy or immunosuppression. Furthermore,

long-term treatment with ineffective antifungal medications

may interrupt life-saving cancer chemotherapy in these

patients.1 The standard surgical approaches to localized pul-

monary mycoses include anatomic pulmonary resection,

such as segmentectomy or lobectomy, while wedge resection

should be reserved for patients with small, simple lesions,

and pneumonectomy may be indicated for those with over-

lapping areas of destroyed lung tissue.15 All 4 patients had

resection of infection sites via video-assisted thoracoscopic

surgery (VATS). VATS, in comparison with open lobectomy,

has been associated with relatively improved prognosis,

decreased morbidity, less complications, shorter anesthesia

times, and reduced length of hospital stay.16 The less com-

plications and reduced length of hospital stay allowed the

patients to continue the treatment of leukemia as soon as

possible.

However, antifungal therapy remains the mainstay of

treatment for invasive fungal infection.17 Perioperative

antifungal treatments may also be warranted until clinical

symptoms have been relieved. It has been shown that the

combination of antifungal treatment and surgical resection

can improve the prognosis of invasive fungal infection.

When the risk of leukemia relapse or the presence of multi-

ple and bilateral lesions does not allow for the surgery,

secondary antifungal prophylaxis is the main option for

such patients. The recent updated guidelines of the

European Conference on Infectious Complications in
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Leukemic patients stated that combination antifungal ther-

apy is optional in patients who need rescue treatment. Three

of the 4 patients were treated with preoperative antifungal

medications (voriconazole or caspofungin), and all patients

received postoperative voriconazole or Amphotericin

B (Table 2). All of our 4 patients were able to resume anti-

leukemia treatments within 3 months after surgery.

The results of our literature review are summarized in

Table 3. As yet, no randomized prospective trial identify-

ing an optimal treatment, including antifungal therapies

and surgical approaches, has been reported. And the treat-

ment with antifungal agents is the first choice for IPFI

patients. But in some special cases, surgical resection may

be indicated in patients with progressive disease, in those

with stable radiological findings during antifungal treat-

ment, in those who require further immunosuppressive

treatment for underlying malignancies, in those who with

non-disseminated mycoses, and in those who may be at

risk of fatal hemoptysis after antifungal agents’ treatment.

In our patients, surgical intervention allowed prompt,

curative treatment of IPA at a relatively low cost, and

patients were able to resume their anti-leukemia treatments

as early as possible. In planning the surgical procedure, the

size of the fungal infection site and the underlying pul-

monary disease must be considered. The main goal is to

resect the mycotic site, including afferent pulmonary ves-

sels. At the same time, because most patients will have

decreased pulmonary reserve, the parenchymal resection

should be limited as much as possible to avoid further

impairment to lung function. As noted, VATS resection,

when possible, can be expected to reduce the risk of

comorbidity and allow for shorter anesthesia times and

a shorter hospital stay.

Conclusion
IPFI is a potentially fatal complication of chemotherapy

or immunocompromise in patients with leukemia, and

mortality rates may reach 100% without treatment.5 The

standard treatment is antifungal chemotherapy and

recovery of immunocompetence. Surgery may be

Table 3 Literature review of the leukemia patients with IPA

Patients Period Underlying disease Operative
procedure (%)

Operative mortal-
ity/morbidity (%)

Histology for
Aspergillus
(%)

Author

16 1987–1993 AML (14), LTX (2) P (12.5), L (62.5),

W (25)

31.2/12.5 56.3 Robinson et al18

15 1988–1997 AML (15) L (53), W (47) 6.7/13.2 100 Bernard et al19

18 1988–1996 AML (13), ALL (3), Myeloma

( 2)

P (5.6), L (61.1),

W (33.3)

0/unknown 66.6 Baron et al20

27 1983–1997 AML (11), ALL (4), AA (7),

CML (3), NHL (1), MDS (1)

L (74), W (26) 1.4/18.5 81.5 Reichenberger

et al21

13 1986–1996 AML (6), ALL (3), MDS (1),

HL (1), AA (1), MM (1)

L (34), W (77) 7.6/7.6 n.g Salerno et al22

13 1988–1998 AML (6), ALL (6), breast

cancer (1)

P (7.6), L (30.8),

W (61.6)

15.3/15.3 76 Pidhorecky

et al23

35 1982–1995 n.g, all patients received

BMT

P (11), L (89) 22.8/11.4 100 Yeghen.et al24

10 1991–2000 AML(6), ALL(3) L (80), W (20) 0/20 40 Al-Kattan et al25

41 1983–2002 A/CML (26), AA (7), NHL

(8)

L (56), W (39),

E (5)

10/10 75.6 Matt et al26

10 2001–2007 AML (4), ALL (4), LTx (1),

NHL(1)

L (60), W (40) 20/10 60 Danner et al5

Abbreviations: A/CML, acute/chronic myeloid leukaemia; ALL, acute lymphoblastic leukemia; (N)HL, (Non)Hodgkin lymphoma; AA, aplastic anemia; MM, multiple myeloma;

BMT, bone marrow transplantation; LTx, liver transplantation; MDS, myelodysplastic syndrome; P, pneumectomy; L, lobectomy; W, wedge resection/segmentectomy; E,

enucleation; n.g., not given; po, postoperative.
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indicated for patients with risk of fatal hemoptysis, and

long-term treatment with ineffective antifungal medica-

tions may interrupt life-saving cancer chemotherapy.

Perioperative antifungal treatments may also be war-

ranted until clinical symptoms have improved. Further

related multicenter studies are required to determine the

role of surgical treatment of IPA in patients with leuke-

mia, particularly in the context of immunosuppressive

and chemotherapy.

Abbreviation list
IPFI, invasive pulmonary fungal infection; IPA, invasive

pulmonary aspergillosis; HSCT, hematopoietic stem cell;

AML/MDS, Acute myelogenous leukemia/myelodysplas-

tic syndrome; BAL, Bronchoalveolar lavage; VATS,

video-assisted thoracoscopic surgery.
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