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been an increase in the use of molecular biomarkers such as galacto-
mannan (GM) and polymerase chain reaction (PCR) for identifying
Aspergillus and in the use of various PCR platforms for identifying
non-Aspergillus fungi. Noninfectious causes of pulmonary abnormal-
ities, including malignancy and hemorrhage, are also important.

We recently published a guideline for the management of FN in
pediatric patients.1 In this guideline, we noted the absence of data that
identify the procedure with the greatest yield and lowest procedure-
related risk for the evaluation of pulmonary lesions. A comparison of
the benefits and risks of BAL and lung biopsy may help guide decision
making when a patient presents with a potentially infectious pulmo-
nary process. A systematic literature review specifically of patients with
cancer and recipients of HSCT is important because the presence of
neutropenia and thrombocytopenia may change the risk-benefit
profile for these procedures. Consequently, the primary objective
of this systematic review was to describe the diagnostic yield of BAL
and lung biopsy in the evaluation of pulmonary lesions in patients
with cancer and in recipients of HSCT. The secondary objectives
were to describe the rate of complications and procedure-related
mortality of BAL and lung biopsy. An exploratory objective was to
describe the diagnostic properties of BAL GM and Aspergillus PCR
in diagnosing invasive aspergillosis.

METHODS

This systematic review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses recommendations for reporting.4

Data Sources and Searches
We performed electronic searches of Ovid MEDLINE from 1980 to

March 14, 2014, EMBASE from 1980 to 2014 week 10, and Cochrane Central
Register of Controlled Trials to January 2014. The search strategy included the
Medical Subject Heading terms and text words that identified adult or pediat-
ric patients with neoplasms and HSCT recipients combined with identifica-
tion of BAL and lung biopsy procedures (the full search strategy can be found
in Appendix Table A1 [online only]). A manual search of reference lists of
identified articles was also conducted.

Study Selection
Inclusion and exclusion criteria were defined a priori. Studies were in-

cluded if patients had cancer or were recipients of HSCT and if they underwent
BAL or lung biopsy for the evaluation of a pulmonary lesion. We limited
studies to full-text articles published in English after 1980. If a study met any of
the following criteria, it was excluded: (1) was not a full-text publication; (2)
contained fewer than 10 procedures; (3) was a case-control study (which does
not allow calculation of prevalence of diagnoses); (4) had noncancer or non-
HSCT patients; (5) had a lung procedure that was conducted for initial diag-
nosis of cancer, surveillance (not for the purpose of diagnosis), or evaluation of

Potentially relevant references identified
(N = 14,148)

Citations screened by title/abstract
(n = 11,932)

Full-text references retrieved for
detailed evaluation

(n = 266)

Studies included in meta-analysis
(n = 95)

Duplicates removed
(n = 2,216)

Articles excluded as did not meet
eligibility criteria

(n = 11,666)

)171 = n( dedulcxE
  Not full-text publication (n = 45)
  Fewer than 10 procedures (n = 1)

)6 = n( yduts lortnoc esaC  
  Noncancer/HSCT human population (n = 64)
  Procedure for initial diagnosis of cancer (n = 7)
  Procedure for surveillance (n = 8)
  Procedure for drug toxicity (n = 1)
  Studies focused only on PCP (n = 1)
  All patients with infection/disease (n = 12)
  Diagnostic test not validated (n = 5)
  Did report results of procedures (n = 16)
  Duplicate publications (n = 5)

Fig 1. Flow diagram illustrating flow of studies identified from the search
strategy and reasons for exclusion. HSCT, hematopoietic stem-cell transplanta-
tion; PCP, Pneumocystis jirovecii.

Table 1. Characteristics of Included Studies by BAL and Lung
Biopsy Procedures

Characteristic and Stratum

BAL
(n ! 72)

Lung Biopsy
(n ! 31)

No. of
Studies %

No. of
Studies %

Study population age, years
Pediatric (younger than 18) 12 17 6 19
Adult (! 18) 37 51 13 42
Both 20 28 10 32

Study population diagnosis
Cancer 10 14 5 16
HSCT 32 44 17 55
Both 30 42 9 29

Year of publication
2002 or earlier 38 53 16 52
After 2002 34 47 15 48

Study design
Retrospective 52 72 28 90
Prospective 20 28 3 10

EORTC/MSG criteria used! 16 22 1 3
Aspergillus testing

Galatomannan 12 17 NA
PCR 10 14 1 3

Brushing used for BAL 14† 19 NA
Biopsy type

Transbronchial NA 5 16
Transthoracic NA 26 84

Biopsy-image guided NA 7 23
Patient selection low-risk bias 54 75 24 77
Index test low-risk bias 16 22 2 6

Abbreviations: BAL, bronchoalveolar lavage; EORTC/MSG, European Organi-
sation for Research and Treatment of Cancer/Mycoses Study Group; HSCT,
hematopoietic stem-cell transplantation; NA, not applicable; PCR, polymerase
chain reaction.

!Used criteria from the European Organisation for Research and Treatment of
Cancer to define invasive fungal infection.
†Brushing done sometimes (n ! 12) or always (n ! 2).
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A B S T R A C T

Purpose
The objective of this study was to describe the diagnostic yield and complication rate of
bronchoalveolar lavage (BAL) and lung biopsy in the evaluation of pulmonary lesions in patients
with cancer and recipients of hematopoietic stem-cell transplantation (HSCT).

Methods
We conducted a systematic literature review and performed electronic searches of Ovid
MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials. Studies were included if
patients had cancer or were recipients of HSCT, and if they underwent BAL or lung biopsy for the
evaluation of pulmonary lesions. Only English language publications were included.

Results
In all, 14,148 studies were screened; 72 studies of BAL and 31 of lung biopsy were included. The
proportion of procedures leading to any diagnosis was similar by procedure type (0.53 v 0.54; P !
.94) but an infectious diagnosis was more common with BAL compared with lung biopsy (0.49 v
0.34; P " .001). Lung biopsy more commonly led to a noninfectious diagnosis (0.43 v 0.07; P "
.001) and was more likely to change how the patient was managed (0.48 v 0.31; P ! .002)
compared with BAL. However, complications were more common with lung biopsy (0.15 v 0.08;
P ! .006), and procedure-related mortality was four-fold higher for lung biopsy (0.0078) compared
with BAL (0.0018).

Conclusion
BAL may be the preferred diagnostic modality for the evaluation of potentially infectious
pulmonary lesions because of lower complication and mortality rates; thus, choice of procedure
depends on clinical suspicion of infection. Guidelines to promote consistency in the approach to
the evaluation of lung infiltrates may improve clinical care of patients.

J Clin Oncol 33:501-509. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Patients who receive chemotherapy or who undergo
hematopoietic stem-cell transplantation (HSCT)
experience considerable toxicities of therapy: fever
and neutropenia (FN) are two of the most common
complications of treatment. When FN occurs, ob-
taining blood cultures from all lumens of central
venous catheters and a careful clinical examination
for a source of infection are recommended.1 In the
setting of persistent fever without an identified
source, it is essential to evaluate other potential
sites of infection. The lungs are a common site of
infection2 and thus should be considered in second-
ary evaluations.

Radiographic investigation can reveal nonspe-
cific findings such as pulmonary nodules or other

lung findings. These radiographic findings present a
therapeutic dilemma because they can represent a
pulmonary infection from bacteria, viruses, and/or
fungi. Mold infections are of particular concern
given the need for prolonged therapy and the high
attributable mortality rate.3 Specimen sources for
diagnostic procedures that may provide insight into
the etiology of pulmonary lesions include sputum
evaluation, bronchoscopy with bronchoalveolar la-
vage (BAL), and lung biopsy in addition to blood
and urine samples.

In addition to knowing whether pulmonary
abnormalities are infectious or noninfectious,
knowledge of the specific pathogen is helpful for
making treatment decisions. The diagnostic capabil-
ities for identifying the etiology of infectious pneu-
monic processes are changing over time. There has
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(42%) identified a true pathogen respectively. The microorganisms 

isolated	 from	 BAL	 samples	 from	 both	 auto-		 and	 allo-	SCT	 recipi-
ents are listed in Table 2. Of the true pathogens isolated, 31% were 

bacteria, 24% fungi, 24% viruses, and 21% were mixed organisms. Of 

the	BALs	in	which	a	true	pathogen	was	identified,	92%	of	the	patients	
had received broad- spectrum antimicrobial therapy in the 48 hours 

before	BAL	 collection.	 Empirical	 antimicrobial	 therapy	 prior	 to	 BAL	
was  administered to 88% and 94% in the auto- SCT and allo- SCT 

 subgroups respectively.

The following pathogens were evaluated in more detail: 

MRSA,	 Pseudomonas speies, Legionella species, Aspergillus species, 

TABLE  1 Demographic characteristics of 125 SCT recipients who 
underwent	BAL	for	infectious	pulmonary	work-	up

Characteristic Value

Total	no.	of	BALs 179

Allogeneic,	no.	(%) 136 (76)

Autologous,	no.	(%) 43 (24)

Male to female ratio 2:1

Age,	years

Mean 50

Median (range) 53 (19- 77)

Post-	transplant	period,	median,	days

Allogeneic	SCT 155

Autologous	SCT 187

All 161

Indication for SCT, no. of patients

Acute	myelogenous	leukemia 32

Myelodysplasia or myeloproliferative neoplasm 20

Multiple myeloma 20

Non-	Hodgkin	lymphoma 14

Acute	lymphoblastic	leukemia 13

Hodgkin lymphoma 7

T- cell leukemia 4

Chronic myelogenous leukemia 3

Chronic lymphocytic leukemia 3

Aplastic	anemia 2

Testicular carcinoma 2

POEMS	syndrome 1

Amyloidosis 1

Pure	red	cell	aplasia 1

Pleuropulmonary	blastoma 1

Burkitt lymphoma 1

ANC	>500×109/L,	no.	(%) 138 (78)

ANC	≤500×109/L,	no.	(%) 25 (14)

BALs	per	patient,	no.	of	patients

1 92

2 22

≥3 11

Patients	receiving	empirical	antimicrobial	therapy	48	hours	before	
BAL,	ratio	(%)

Total 166/179 (92)

Antibacterial 154/166 (93)

Antifungal 110/166 (66)

Antiviral 37/166 (22)

Patient	death	during	index	hospitalization,	no.	(%) 22 (12)

BAL,	bronchoalveolar	lavage;	SCT,	stem	cell	transplant;	POEMS,	polyneu-
ropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and 
skin	changes;	ANC,	absolute	neutrophil	count.

TABLE  2 Microorganisms	detected	in	BAL	specimens

Positive BAL Test, no.

Auto- SCT Allo- SCT

Bacterium (n=39)

Pseudomonas aeruginosa 2 12

Methicillin- resistant Staphylococcus 
aureus

0 5

Legionella pneumophila 2 3

Streptococcus pneumoniae 1 2

Escherichia coli 0 1

Mycobacterium kansasii 0 1

Stenotrophomonas maltophilia 1 0

Mycobacterium canariasense 0 1

ESBL	Klebsiella pneumoniae 0 1

Mycobacterium avium complex 1 0

Mycobacterium gordonae 0 1

Nocardia brasiliensis 0 1

Moraxella catarhallis 1 0

Actinomyces 0 1

Rhodococcus equii 0 1

Virus (n=33)

Parainfluenza	3 2 12

Respiratory syncytial 0 5

Cytomegalovirus 0 5

Influenza	A/B 3 2

Coronavirus 0 2

Adenovirus 0 2

Herpes simplex 0 1

Fungus (n=42)

Aspergillus species 5 15

Pneumocystis jirovecii 3 5

Penicillium species 0 3

Saccharomyces species 0 3

Rhizopus species 0 3

Coccidioides species 0 3

Paecilomyces species 0 1

Trichoderma species 0 1

BAL,	bronchoalveolar	 lavage;	Auto-	SCT,	autologous	stem	cell	 transplant;	
Allo-	SCT,	 allogeneic	 stem	 cell	 transplant;	 ESBL,	 extended	 spectrum	
β- lactamase–producing.
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Rationale: Invasive aspergillosis (IA) is an important cause of mortal-
ity in patients with hematologic malignancies. However, IA appears
to be gaining a foothold in the intensive care unit (ICU) in patients
without classical risk factors. A recent study described 89 cases of IA
in patients in a medical ICU without leukemia or cancer. The
diagnosis of IA remains difficult and is often established too late.
Galactomannan (GM) is an exo-antigen released from Aspergillus
hyphae while they invade host tissue.
Objectives: This prospective single-center study was conducted to
investigate the role of GM in bronchoalveolar lavage (BAL) fluid as
a tool for early diagnosis of IA in the ICU.
Methods: All patients with risk factors identified in our earlier study
were evaluated. BAL for culture and GM detection, serum GM levels,
and computed tomography scan were obtained for all included
patients with signs of pneumonia. Patients were classified as having
proven, probable, or possible IA.
Measurements and Main Results: A total of 110 patients out of 1,109
admissions were eligible. There were 26 proven IA cases. Using
a cutoff index of 0.5, the sensitivity and specificity of GM detection in
BAL fluid was 88 and 87%, respectively. The sensitivity of serum GM
was only 42%. In 11 of 26 proven cases, BAL culture and serum GM
remained negative, whereas GM in BAL was positive.
Conclusions: IA is common in immunocompromised, critically ill
patients. GM detection in BAL fluid seems to be useful in establishing
or excluding the diagnosis of IA in the ICU.

Keywords: Aspergillus; bronchoscopy; intensive care unit; galactomannan;
immunosuppression

Invasive aspergillosis (IA) has emerged as an important cause
of morbidity and mortality in transplant recipients and in
patients with hematologic disorders (1–3). Recent data indicate
that IA may be an underestimated opportunistic fungal in-
fection in critically ill patients, even in the absence of hemato-
logic malignancy (4–8). Several autopsy studies from intensive
care unit (ICU) patients confirm that invasive fungal infections
are among the most common missed diagnoses (9, 10). Patients
with chronic obstructive pulmonary disease (COPD), patients
with cirrhosis, and patients receiving steroids are especially at
risk and were not included in the original criteria for definition
of proven and probable IA according to the widely accepted
European Organization for Research and Treatment of Cancer/
Mycoses Study Group guidelines (11, 12).

Establishing a diagnosis of IA at an early stage of disease is
necessary for successful treatment but challenging in patients
with hematologic diseases, and even more difficult to achieve in
the poorly defined, broad group of critically ill patients at risk.
Definite diagnosis is rarely established before death or before
overwhelming fungal proliferation. The utility of radiology (e.g.,
high-resolution computed tomography [CT] scan with the ‘‘halo’’
sign) is of limited value in mechanically ventilated patients (13).

Tissue biopsy as a means of making a definite diagnosis is not
without risk in the critically ill patient, and its sensitivity is
unknown. Conventional diagnostic tests, such as culture and
microcopy of respiratory tract samples, have only a sensitivity
and specificity of around 50% (14, 15).

Galactomannan (GM) is a polysaccharide fungal cell wall
component that is released during tissue invasion by Aspergillus
hyphae and that can be detected in body fluids. The presence of
b-lactam antibiotics, such as piperacillin–tazobactam may give
rise to false-positive results. GM serum levels have been
evaluated most extensively in allogeneic bone marrow or stem
cell transplant recipients and/or neutropenic patients (16, 17).
Data on the performance of GM detection in serum are sparse
in nonneutropenic patients but suggest that serum GM is
probably not a good marker for IA in these patients (18, 19).

Sandwich ELISA methods have also been used to detect GM
in bronchoalveolar lavage (BAL) fluid of neutropenic patients,
yielding sensitivities between 76 and 100% (20, 21). The use of
GM detection in BAL samples may be also useful in the subset
of patients without neutropenia, as demonstrated in an exper-
imental model of IA (22).

To investigate the role of GM in BAL for the diagnosis of IA
in the ICU, we conducted a prospective trial in critically ill
patients at risk for IA and compared the diagnostic perform-
ances of GM detection in BAL, radiologic signs, culture results,
and serum GM detection.

METHODS

Study Population and Data Collection

Between July 2005 and December 2006, all patients older than 18 years
admitted to our medical ICU were screened for inclusion in a pro-
spective study.
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patients, but diagnosis remains challenging.
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as a means of establishing early diagnosis of invasive
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proven group (median value, 4.1) than in the truly negative
group (median value, 0.1; P , 0.0005).

Serum GM levels. A total of 397 serum samples were tested for
GM (mean, 3.6 samples per patient). A total of 125 samples were

analyzed from 26 patients with proven IA; 44% of these serially
analyzed samples tested positive. The median value of GM in
serum in the proven cases was 0.3 (Figure 2B). Fourteen patients
did not have a serum index > 0.5 at the time of BAL positivity.

TABLE 1. BASELINE CHARACTERISTICS OF 110 CRITICALLY ILL PATIENTS AT RISK FOR INVASIVE ASPERGILLOSIS

Patients with

Characteristics Proven IA Probable IA Possible IA No IA Proven IFI Colonization Total

No. of patients (%) 26 (24) 8 (7) 27 (25) 43 (39) 3 (3) 3 (2) 110
No. of deaths (%) 24 (92) 1 (12) 3 (11) 43* 2 (66) 0 (0) 73 (66)
No. of autopsies (%) 24 (100) 0 (0) 0 (0) 43* 2 (100) — 69 (95)
Age, mean, yr 62 57 55 64 59 50 60
Sex, no. male/no. female 15/11 6/2 17/10 32/11 2/1 2/1 74/36
SAPS II, mean 57 49 48 55 58 30 53
Length of stay, mean, d 13 5 19 16 13 30 16
Mechanical ventilation (%) 25 (96) 5 (63) 23 (85) 40 (93) 3 (100) 3 (100) 99 (90)
Neutropenia (%) 10 (38) 1 (12) 2 (7) 9 (21) 2 (66) 0 (0) 24 (22)
Steroids (%) 15 (58) 4 (50) 10 (37) 21 (49) 3 (100) — 53 (48)
No. with disease

Hematologic (%) 11 (42) 3 (38) 7 (26) 13 (30) 2 — 36 (33)
GVHD 5 1 2 3 2 — 13

Nonhematologic (%) 15 (60) 5 (62) 20 (74) 30 (70) 1 3 74 (67)
Cirrhosis 3 1 10 9 — — 23
COPD 2 2 5 6 — — 15
Solid organ transplants 2 — 2 1 1 — 6
Systemic diseases 4 2 — 10 — — 16
Solid cancer 4 — 1 3 — — 8
Other — — 2 1 — 3 6

BAL culture: Aspergillus 15 (60) 6 (75) 0 (0) 11 (26) — 3 (100) 35 (26)
No. of samples tested

GM serum 125 16 97 129 15 12 397
Mean no. of samples (per patient) 4.8 2 3.6 3.1 5 4 3.6

GM BAL 38 10 41 59 6 4 158
Mean no. of samples (per patient) 1.5 1.25 1.5 1.37 2 1.3 1.4

Definition of abbreviations: BAL 5 bronchoalveolar lavage; COPD 5 chronic obstructive pulmonary disease; GM 5 galactomannan; GVHD 5 graft-versus-host disease;
IA 5 invasive aspergillosis; ICU 5 intensive care unit; IFI 5 invasive fungal infection (non-Aspergillus molds); SAPS II 5 Simplified Acute Physiology Score II.

* By definition, all cases died and were autopsied.

Figure 1. Classification of study patients before and after post mortem examination. classif 5 classification.
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hyphae and that can be detected in body fluids. The presence of
b-lactam antibiotics, such as piperacillin–tazobactam may give
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cell transplant recipients and/or neutropenic patients (16, 17).
Data on the performance of GM detection in serum are sparse
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probably not a good marker for IA in these patients (18, 19).

Sandwich ELISA methods have also been used to detect GM
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yielding sensitivities between 76 and 100% (20, 21). The use of
GM detection in BAL samples may be also useful in the subset
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that steroid patients had more inflammation and less fungal
burden in the lungs than neutropenic patients (24).

Recent studies indicate that IA may be considered an
emerging problem in critically ill patients (4–8). Patients re-
ceiving steroids and patients with COPD or liver cirrhosis are
especially at risk.

The diagnosis of IA remains difficult. Clinical signs are
frequently lacking in mildly immunosuppressed patients. The
main problem with the fungal culture as a diagnostic tool is its
limited performance and the delay in diagnosis of 48 to 72
hours. Early diagnosis is of great importance because early start
of antifungal treatment improves survival (25).

The use of antigen markers have been studied in an effort to
improve rapidity and performance of the diagnostic procedure.
GM is a polysaccharide cell wall component that is released by

Aspergillus during growth. Several large, prospective studies in
neutropenic patients reported sensitivities above 90% for GM
detection by ELISA in serum (17). However, most ICU patients
who are at risk for IA are not neutropenic (78% of the patients
in the current study). In addition, it has been hypothesized that
neutrophils are capable of clearing GM from the blood by its
mannose-binding receptors (17). This might explain the lower
sensitivity of serum GM levels (50%) for the diagnosis of IA in
our previous study (6). Therefore, we decided to focus on the
lungs, reflecting the primary site of entry of Aspergillus conidia.

Other studies examining GM values in BAL fluid have
mainly been done in liver and lung transplant recipients and
showed rather poor sensitivities (30%) (18, 19). A possible
explanation is the less severe disease status of the patients
included in these studies and the lack of histologic data in most

Figure 2. (A) Distribution of bronchoalveolar lavage
galactomannan (BAL GM) results on Day 1 of inclu-
sion. (B) Distribution of serum GM results on Day 1 of
inclusion. EORTC 5 European Organization for the
Research and Treatment of Cancer; IA 5 invasive
aspergillosis. P values by Kruskal-Wallis test. Boxes show
interquartile range; whiskers show 95% confidence
intervals. EORTC criteria include the ‘‘classical’’ host
factors proposed by Ascioglu and colleagues (12) and
three additional ICU-related host factors (cirrhosis,
COPD, and steroids). Asterisks represent outliers.
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Galactomannan in Bronchoalveolar Lavage Fluid
A Tool for Diagnosing Aspergillosis in Intensive Care Unit Patients

Wouter Meersseman1, Katrien Lagrou2, Johan Maertens3, Alexander Wilmer1, Greet Hermans1,
Steven Vanderschueren1, Isabel Spriet4, Eric Verbeken5, and Eric Van Wijngaerden1

1Medical Intensive Care Unit and Infectious Diseases Unit, Department of General Internal Medicine; 2Department of Medical Diagnostic Sciences;
3Department of Hematology, 4Department of Pharmacy; and 5Department of Pathology, University Hospital Leuven, Leuven, Belgium

Rationale: Invasive aspergillosis (IA) is an important cause of mortal-
ity in patients with hematologic malignancies. However, IA appears
to be gaining a foothold in the intensive care unit (ICU) in patients
without classical risk factors. A recent study described 89 cases of IA
in patients in a medical ICU without leukemia or cancer. The
diagnosis of IA remains difficult and is often established too late.
Galactomannan (GM) is an exo-antigen released from Aspergillus
hyphae while they invade host tissue.
Objectives: This prospective single-center study was conducted to
investigate the role of GM in bronchoalveolar lavage (BAL) fluid as
a tool for early diagnosis of IA in the ICU.
Methods: All patients with risk factors identified in our earlier study
were evaluated. BAL for culture and GM detection, serum GM levels,
and computed tomography scan were obtained for all included
patients with signs of pneumonia. Patients were classified as having
proven, probable, or possible IA.
Measurements and Main Results: A total of 110 patients out of 1,109
admissions were eligible. There were 26 proven IA cases. Using
a cutoff index of 0.5, the sensitivity and specificity of GM detection in
BAL fluid was 88 and 87%, respectively. The sensitivity of serum GM
was only 42%. In 11 of 26 proven cases, BAL culture and serum GM
remained negative, whereas GM in BAL was positive.
Conclusions: IA is common in immunocompromised, critically ill
patients. GM detection in BAL fluid seems to be useful in establishing
or excluding the diagnosis of IA in the ICU.

Keywords: Aspergillus; bronchoscopy; intensive care unit; galactomannan;
immunosuppression

Invasive aspergillosis (IA) has emerged as an important cause
of morbidity and mortality in transplant recipients and in
patients with hematologic disorders (1–3). Recent data indicate
that IA may be an underestimated opportunistic fungal in-
fection in critically ill patients, even in the absence of hemato-
logic malignancy (4–8). Several autopsy studies from intensive
care unit (ICU) patients confirm that invasive fungal infections
are among the most common missed diagnoses (9, 10). Patients
with chronic obstructive pulmonary disease (COPD), patients
with cirrhosis, and patients receiving steroids are especially at
risk and were not included in the original criteria for definition
of proven and probable IA according to the widely accepted
European Organization for Research and Treatment of Cancer/
Mycoses Study Group guidelines (11, 12).

Establishing a diagnosis of IA at an early stage of disease is
necessary for successful treatment but challenging in patients
with hematologic diseases, and even more difficult to achieve in
the poorly defined, broad group of critically ill patients at risk.
Definite diagnosis is rarely established before death or before
overwhelming fungal proliferation. The utility of radiology (e.g.,
high-resolution computed tomography [CT] scan with the ‘‘halo’’
sign) is of limited value in mechanically ventilated patients (13).

Tissue biopsy as a means of making a definite diagnosis is not
without risk in the critically ill patient, and its sensitivity is
unknown. Conventional diagnostic tests, such as culture and
microcopy of respiratory tract samples, have only a sensitivity
and specificity of around 50% (14, 15).

Galactomannan (GM) is a polysaccharide fungal cell wall
component that is released during tissue invasion by Aspergillus
hyphae and that can be detected in body fluids. The presence of
b-lactam antibiotics, such as piperacillin–tazobactam may give
rise to false-positive results. GM serum levels have been
evaluated most extensively in allogeneic bone marrow or stem
cell transplant recipients and/or neutropenic patients (16, 17).
Data on the performance of GM detection in serum are sparse
in nonneutropenic patients but suggest that serum GM is
probably not a good marker for IA in these patients (18, 19).

Sandwich ELISA methods have also been used to detect GM
in bronchoalveolar lavage (BAL) fluid of neutropenic patients,
yielding sensitivities between 76 and 100% (20, 21). The use of
GM detection in BAL samples may be also useful in the subset
of patients without neutropenia, as demonstrated in an exper-
imental model of IA (22).

To investigate the role of GM in BAL for the diagnosis of IA
in the ICU, we conducted a prospective trial in critically ill
patients at risk for IA and compared the diagnostic perform-
ances of GM detection in BAL, radiologic signs, culture results,
and serum GM detection.

METHODS

Study Population and Data Collection

Between July 2005 and December 2006, all patients older than 18 years
admitted to our medical ICU were screened for inclusion in a pro-
spective study.

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Aspergillosis is an increasingly recognized problem in ICU
patients, but diagnosis remains challenging.

What This Study Adds to the Field

The use of galactomannan in bronchoalveolar lavage fluid
as a means of establishing early diagnosis of invasive
aspergillosis in critically ill patients at risk is promising.
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CME article

The strategy for the diagnosis of invasive pulmonary aspergillosis should depend
on both the underlying condition and the leukocyte count of patients with
hematologic malignancies
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The identification of the causative organ-
ism in invasive pulmonary aspergillosis
(IPA) is recommended. We investigated
whether a mycologic diagnostic strategy
could be optimized based on patient char-
acteristics. Fifty-five patients were en-
rolled in a prospective study. The pres-
ence of Aspergillus in respiratory samples
occurred more frequently in non-acute
leukemia (AL) patients than in AL patients
(P ! .0003), and in patients with leukocyte
counts more than 100/mm3 (P ! .002). In a
logistic regression model, these 2 factors

appeared to be independent, with an ad-
justed odds ratio of 7.14 (95% confidence
interval, 1.40-36.5) for non-AL patients
and an adjusted odds ratio of 6.97 (95%
confidence interval, 1.33-36.5) for pa-
tients with leukocyte counts more than
100/mm3. A positive mycologic result was
also more frequent among patients with
lung CT scan signs of airway-invasive dis-
ease than among other patients (P ! .043).
Airway-invasive signs were more frequent
among non-AL patients (P ! .049),
whereas angioinvasive disease was more

frequent among both AL patients (P ! .01)
and patients with leukocyte counts less
than 100/mm3 (P ! .001). A concomitant
pulmonary infection was identified more
frequently among non-AL patients
(P ! .005 vs allogeneic hematopoietic
stem cell transplant and P ! .048 vs oth-
ers). Our results suggest that different
strategies for diagnosing IPA should be
considered based on the underlying con-
dition. (Blood. 2012;119(8):1831-1837)
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(P ! .28); 71% of patients with anti–mold treatment at diagnosis of
invasive aspergillosis and 57% of patients with no anti–mold
treatment had a positive BAL GM (P ! .69). Notably, Aspergillus
was present in respiratory samples from 5 of the 6 patients who had
undergone allogeneic HSCT and who were negative for serum GM
antigen. A BAL GM index was available for 28 patients, among
whom 10 had a negative serum GM index; only 4 of the latter had a
positive BAL GM index (1 allogeneic HSCT patient, 2 AL patients,
and 1 other patient). Aspergillus was identified in respiratory
samples from 2 of these 4 patients.

Beyond the underlying condition, we analyzed other factors that
may have influenced the mycologic examination yield. Steroid
therapy (yes/no and " or # 1 mg/kg), as well as previous
anti–mold therapy, had no significant influence on the results
(P ! .17, P ! .074, and P ! .62, respectively). In contrast, the
identification of Aspergillus in respiratory samples was signifi-
cantly less frequent in patients with leukocyte counts # 100/mm3

than in others (P ! .002). In a logistic regression model, underly-
ing condition and leukocyte status were 2 independent factors
(odds ratio ! 7.14; 95% confidence interval [CI], 1.40-36.5 for
non-AL patients and odds ratio ! 6.97; 95% CI, 1.33-36.5 for
leukocyte counts " 100/mm3). Aspergillus was identified in the
respiratory samples of 95% of the non-AL patients with leukocyte

counts " 100/mm3 versus 23% of samples from AL patients with
leukocyte counts # 100/mm3 (P ! .0004).

Association between CT scan features and the performance of
mycologic examination of respiratory samples

We further postulated that the performance of isolation of
Aspergillus in respiratory samples might be different with respect
to lung CT scan features. We found a significant association
between the presence of airway-invasive signs on the lung HRCT
scan and the identification of Aspergillus in respiratory samples.
Among the 18 patients with at least one airway-invasive sign and
for whom mycologic examination of respiratory samples was
available, Aspergillus was found in the respiratory samples of
15 patients (83%), whereas only 12 of 26 patients (46%) who had
no signs of airway-invasive disease had a positive mycologic
examination (P ! .043). When we analyzed the 11 patients who
had angioinvasive disease, 9 had no Aspergillus in their respiratory
samples; only 2 of the 11 patients were positive for Aspergillus.
These data show a strong association between poor performance of
the isolation of Aspergillus from respiratory samples and angioinva-
sive disease (P ! .004).

Of note, CT scan findings were not found to be an independent
factor to predict the performance of isolation of Aspergillus from
respiratory samples (odds ratio ! 1.59; 95% CI, 0.14-17.9 for
airway-invasive disease and odds ratio ! 0.28; 95% CI, 0.03-2.29
for angioinvasive disease after adjusting for underlying condition
and leukocyte status).

No association was found between the lung HRCT pattern and
serum or BAL GM. In particular, 7 of 14 (50%) patients with
angioinvasive disease and 7 of 15 patients (47%) with airway-
invasive disease were positive for serum GM. When analyzing data
from patients for whom a BAL GM was available, 3 of 7 (43%)
patients with angioinvasive disease and 5 of 7 (71%) patients with
airway-invasive disease were positive for BAL GM (P ! .63).

Table 3. Association between lung CT scan pattern and leukocyte
count

Leukocyte
count

< 100/mm3

(n ! 27)

Leukocyte
count

> 100/mm3

(n ! 28) P

Angioinvasive disease* (n ! 140) 13 1 .001

At least 1 airway-invasive sign (n ! 22) 4 18 .001

Airway-invasive disease† (n ! 15) 2 13 .005

*At least 1 nodule with halo sign and no sign of airway-invasive disease.
†Centrilobular micronodules and/or tree-in-bud without any nodule with halo sign.

Table 4. Laboratory evaluation of the 3 patient populations at the time of diagnosis of IPA

Allogeneic HSCT (N ! 23) AL (N ! 22) Others* (N ! 10)

Serum GM antigen
Median (range) 0.81 (0.02- " 10) 0.36 (0.07-7.50) 1.12 (0.06-8.85)

No./no. (%) tested ! 0.5 15/23 (65%) 9/22 (41%) 6/10 (60%)

BAL GM antigen
Median (range) 2.00 (0-9.80) 1.00 (0.07-6.83) 4.10 (0.13-6.12)

No./no. (%) tested ! 0.5 9/14 (64%) 5/9 (56%) 4/5 (80%)

Positive samples, no./no. tested (%)†
None 4/19 (21%) 12/16 (75%) 1/9 (11%)

BA 12/17 (71%) 2/11 (18%) 6/7 (86%)

Direct examination only 5 1 2

Culture only 0 0 0

Direct $ culture 7 1 4

BAL‡ 9/17 (53%) 2/13 (15%) 5/6 (83%)

Direct only 0 1 0

Culture only 3 0 2

Direct $ culture 6 1 3

Sputum 9/12 (75%) 2/4 (50%) 4/4 (100%)

Direct only 3 1 1

Direct $ culture 6 1 3

BA indicates bronchial aspirate.
*Non-AL patients with no allogeneic HSCT (lymphoma, chronic lymphocytic leukemia, multiple myeloma, myelodysplastic syndrome, hairy cell leukemia).
†A total of 21 Aspergillus fumigatus, 2 Aspergillus nidulans, and 2 Aspergillus niger.
‡Among the 20 patients who had no BAL, 4 had only BA during bronchoscopy (all were positive), 3 had positive sputum, 8 had a bronchoscopy that was not considered for

the study because it was not performed within 24 hours of the baseline HRCT, and 5 patients had no bronchoscopy because of poor clinical condition.
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(P ! .28); 71% of patients with anti–mold treatment at diagnosis of
invasive aspergillosis and 57% of patients with no anti–mold
treatment had a positive BAL GM (P ! .69). Notably, Aspergillus
was present in respiratory samples from 5 of the 6 patients who had
undergone allogeneic HSCT and who were negative for serum GM
antigen. A BAL GM index was available for 28 patients, among
whom 10 had a negative serum GM index; only 4 of the latter had a
positive BAL GM index (1 allogeneic HSCT patient, 2 AL patients,
and 1 other patient). Aspergillus was identified in respiratory
samples from 2 of these 4 patients.

Beyond the underlying condition, we analyzed other factors that
may have influenced the mycologic examination yield. Steroid
therapy (yes/no and " or # 1 mg/kg), as well as previous
anti–mold therapy, had no significant influence on the results
(P ! .17, P ! .074, and P ! .62, respectively). In contrast, the
identification of Aspergillus in respiratory samples was signifi-
cantly less frequent in patients with leukocyte counts # 100/mm3

than in others (P ! .002). In a logistic regression model, underly-
ing condition and leukocyte status were 2 independent factors
(odds ratio ! 7.14; 95% confidence interval [CI], 1.40-36.5 for
non-AL patients and odds ratio ! 6.97; 95% CI, 1.33-36.5 for
leukocyte counts " 100/mm3). Aspergillus was identified in the
respiratory samples of 95% of the non-AL patients with leukocyte

counts " 100/mm3 versus 23% of samples from AL patients with
leukocyte counts # 100/mm3 (P ! .0004).

Association between CT scan features and the performance of
mycologic examination of respiratory samples

We further postulated that the performance of isolation of
Aspergillus in respiratory samples might be different with respect
to lung CT scan features. We found a significant association
between the presence of airway-invasive signs on the lung HRCT
scan and the identification of Aspergillus in respiratory samples.
Among the 18 patients with at least one airway-invasive sign and
for whom mycologic examination of respiratory samples was
available, Aspergillus was found in the respiratory samples of
15 patients (83%), whereas only 12 of 26 patients (46%) who had
no signs of airway-invasive disease had a positive mycologic
examination (P ! .043). When we analyzed the 11 patients who
had angioinvasive disease, 9 had no Aspergillus in their respiratory
samples; only 2 of the 11 patients were positive for Aspergillus.
These data show a strong association between poor performance of
the isolation of Aspergillus from respiratory samples and angioinva-
sive disease (P ! .004).

Of note, CT scan findings were not found to be an independent
factor to predict the performance of isolation of Aspergillus from
respiratory samples (odds ratio ! 1.59; 95% CI, 0.14-17.9 for
airway-invasive disease and odds ratio ! 0.28; 95% CI, 0.03-2.29
for angioinvasive disease after adjusting for underlying condition
and leukocyte status).

No association was found between the lung HRCT pattern and
serum or BAL GM. In particular, 7 of 14 (50%) patients with
angioinvasive disease and 7 of 15 patients (47%) with airway-
invasive disease were positive for serum GM. When analyzing data
from patients for whom a BAL GM was available, 3 of 7 (43%)
patients with angioinvasive disease and 5 of 7 (71%) patients with
airway-invasive disease were positive for BAL GM (P ! .63).

Table 3. Association between lung CT scan pattern and leukocyte
count

Leukocyte
count

< 100/mm3

(n ! 27)

Leukocyte
count

> 100/mm3

(n ! 28) P

Angioinvasive disease* (n ! 140) 13 1 .001

At least 1 airway-invasive sign (n ! 22) 4 18 .001

Airway-invasive disease† (n ! 15) 2 13 .005

*At least 1 nodule with halo sign and no sign of airway-invasive disease.
†Centrilobular micronodules and/or tree-in-bud without any nodule with halo sign.

Table 4. Laboratory evaluation of the 3 patient populations at the time of diagnosis of IPA

Allogeneic HSCT (N ! 23) AL (N ! 22) Others* (N ! 10)

Serum GM antigen
Median (range) 0.81 (0.02- " 10) 0.36 (0.07-7.50) 1.12 (0.06-8.85)

No./no. (%) tested ! 0.5 15/23 (65%) 9/22 (41%) 6/10 (60%)

BAL GM antigen
Median (range) 2.00 (0-9.80) 1.00 (0.07-6.83) 4.10 (0.13-6.12)

No./no. (%) tested ! 0.5 9/14 (64%) 5/9 (56%) 4/5 (80%)

Positive samples, no./no. tested (%)†
None 4/19 (21%) 12/16 (75%) 1/9 (11%)

BA 12/17 (71%) 2/11 (18%) 6/7 (86%)

Direct examination only 5 1 2

Culture only 0 0 0

Direct $ culture 7 1 4

BAL‡ 9/17 (53%) 2/13 (15%) 5/6 (83%)

Direct only 0 1 0

Culture only 3 0 2

Direct $ culture 6 1 3

Sputum 9/12 (75%) 2/4 (50%) 4/4 (100%)

Direct only 3 1 1

Direct $ culture 6 1 3

BA indicates bronchial aspirate.
*Non-AL patients with no allogeneic HSCT (lymphoma, chronic lymphocytic leukemia, multiple myeloma, myelodysplastic syndrome, hairy cell leukemia).
†A total of 21 Aspergillus fumigatus, 2 Aspergillus nidulans, and 2 Aspergillus niger.
‡Among the 20 patients who had no BAL, 4 had only BA during bronchoscopy (all were positive), 3 had positive sputum, 8 had a bronchoscopy that was not considered for

the study because it was not performed within 24 hours of the baseline HRCT, and 5 patients had no bronchoscopy because of poor clinical condition.
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  Leucocytes	
  >	
  100/mm3	
  de	
  plus	
  Co-­‐infec5ons	
  	
  	
  
	
  	
  	
  	
  	
  -­‐	
  vs	
  23%	
  LA	
  si	
  PNN	
  <	
  100	
  (p=0.0004)	
  :	
  biopsie	
  trans-­‐thoracique	
  ?	
  

APPORT	
  DE	
  LA	
  FIBROSCOPIE	
  :	
  non	
  LA,	
  PNN	
  >	
  100	
  et	
  formes	
  bronchiques	
  



Rentabilité	
  thérapeu4que	
  

Peu	
  de	
  modifica5ons	
  de	
  thérapeu5ques	
  
31%	
  	
  

Chellapandian	
  D.	
  Et	
  al.	
  J	
  Clin	
  Oncol	
  33:501-­‐509	
  	
  

Bon	
  usage	
  des	
  an5bio5ques	
  
à Effet	
  non	
  évalué	
  mais	
  permet	
  désescalade	
  
à Durée	
  :	
  ex	
  nocardia	
  	
  



Tolérance	
  

Bonne	
  tolérance	
  

Chellapandian	
  D.	
  Et	
  al.	
  J	
  Clin	
  Oncol	
  33:501-­‐509	
  
Azoulay	
  E.	
  2010	
  	
  

8%	
  de	
  complica5ons	
  non	
  graves	
  dans	
  revue	
  de	
  Chellapandian	
  
En	
  réanima5on	
  Etude	
  prospec5ve	
  E.	
  Azoulay	
  2008	
  et	
  2010:	
  

	
  -­‐	
  pas	
  de	
  complica5on	
  grave	
  
	
  -­‐	
  pas	
  de	
  différence	
  d’IOT	
  si	
  recours	
  possible	
  à	
  VNI	
  



Pourquoi	
  le	
  LBA	
  dans	
  une	
  IRB	
  de	
  l’immunodéprimé	
  

	
  Rappeler	
  la	
  ques4on	
  :	
  quels	
  sont	
  nos	
  objec4fs?	
  

-­‐  Mieux	
  traiter	
  
-­‐  Rapidement	
  :	
  éviter	
  détériora5on	
  
-­‐  Ciblé	
  (IFI,	
  BMR,	
  germes	
  à	
  croissance	
  lente)	
  
-­‐  Eliminer	
  l’infec5on	
  

Délai	
  diagnos5que	
  
Non	
  documenta5on	
  

Facteurs	
  de	
  mauvais	
  
pronos5c	
  

-­‐	
  Examen	
  bien	
  toléré	
  :	
  savoir	
  encadrer	
  le	
  geste	
  par	
  VNI	
  en	
  USI	
  
-­‐	
  Le	
  plus	
  rentable	
  (LAM:	
  NB	
  rapidement	
  discuter	
  la	
  biopsie)	
  

Améliorer	
  accessibilité	
  TDM	
  – Fibro	
  LBA	
  	
  ++++	
  
Protocoliser	
  les	
  indica5ons	
  TDM	
  – Fibro	
  LBA	
  par	
  pathologies	
  
Réévaluer	
  au	
  cours	
  du	
  temps	
  à	
  la	
  lumière	
  des	
  nouveaux	
  ou5ls	
  diagnos5ques	
  

Le	
  LBA	
  



Merci de 
votre 

attention 


