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Abstract: Pulmonary infiltrates are a significant cause of morbidity and mortality in immunocompromised
patients and remain a diagnostic challenge due to the broad range of etiologies that include infection
and malignancy. Empiric therapy may be sub-optimal and can adversely impact outcome. Therefore, a
confirmed diagnosis is necessary and flexible bronchoscopy with bronchoalveolar lavage (BAL) may be a
useful diagnostic tool. Samples are obtained for microbiological and cytological testing, but the procedure
carries risk of complications including the adverse events related to moderate sedation. A review of published
literature on BAL in immunocompromised patients from the year 2000 was undertaken focusing on
diagnostic yield, complication rate, mortality as well as factors impacting these outcomes. Studies in which
the majority of patients were supported on mechanical ventilation were excluded. A total of 23 studies
(7 prospective and 16 retrospective) met inclusion criteria. This covered 3,395 procedures in 3,192 patients
with a mean age of 47.4 years; 60.3% male gender. Diagnostic yield ranged from 26% to 69% with no clear
association between diagnostic yield and etiology of immunosuppression or clinical/radiological presentation.
Post BAL modification of treatment as an indicator for clinical utility ranged from 11% to 84%; and
complication rate ranged from 1% to 52%. No specific factors were associated with increased adverse event
rate. This review provides a summary of the data on the use of BAL for diagnosis of pulmonary infiltrates in
immunocompromised patients, highlighting the heterogeneity of patients, significant variation in findings
reported and the need for more data to optimize patient selection.
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Introduction
Pulmonary infiltrates are a significant cause of morbidity
and mortality in immunocompromised patients (1-3). A
mortality rate as high as 77% has been reported along with
severe morbidity including 54% requiring admission to the
intensive care unit (ICU) and 46% requiring mechanical
ventilation (3). These patients are diagnostic challenges due
to their vulnerability to an array of conditions including
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opportunistic infection and malignancy (1).
Establishing a confirmed diagnosis early in the course
of disease has been associated with reduced mortality
(32% vs. 51%, P=0.024) and provides important
information to guide therapy (3). Empiric antibiotics is also
associated with risk of ineffective therapy and development
of antimicrobial resistance. Flexible bronchoscopy with
bronchoalveolar lavage (BAL) may be performed in an
ambulatory setting with moderate sedation and is often
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Table 1 Infectious Diseases Society of America 2013 Definition for
Immunosuppression (7)
Combined immunodeficiency disorder (e.g., severe combined
immunodeficiency)
Cancer chemotherapy
≤2 months post-solid organ transplantation
HIV infection with CD4 T-lymphocyte count <200 cells/mm3
Daily corticosteroid therapy with dose ≥20 mg of prednisone or
equivalent for ≥14 days
Biologic immune modulators, e.g., tumor necrosis factor-alpha
blocker or rituximab

used for investigating pulmonary infiltrates (4). Metaanalysis data of randomized controlled trials studying
sedation in bronchoscopy found that moderate sedation
with either benzodiazepines or propofol improved
acceptability of bronchoscopy (5). Patients who received
sedation demonstrated significantly greater willingness to
undergo a repeat bronchoscopy [odds ratio (OR) 2.30, 95%
CI: 1.11–4.73, P=0.02, I2=22.5%] (5). In addition, duration of
bronchoscopy was found to be significantly shorter for patients
under sedation [standardized mean difference (SMD) −0.21;
95% CI: −0.38 to −0.03, P=0.02, I2=78.3%] (5). However,
there are potential risks associated with moderate sedation
including hemodynamic and respiratory compromise.
The process of BAL involves advancing the flexible
bronchoscope towards the pulmonary segment
corresponding to the location of infiltrates on computed
tomography scan or towards the right middle lobe or
lingular segment for diffuse lung disease (4,6). The
bronchoscope is wedged at the airway orifice and 100 to
300 mL of sterile saline is instilled in 3–5 divided aliquots
before being gently suctioned out for analysis (6).
Ideally >30% of instilled volume should be retrieved
for diagnostic studies that include cytologic studies and
microbiologic analysis (6). BAL samples secretions from
smaller airways and differs from bronchial washing that
obtain samples from larger airways and do not necessarily
sample secretions from the lung parenchyma. In bronchial
washing, the scope is not wedged into position during
collection of instilled saline. Although bronchial washing
and BAL may be comparable in obtaining a microbiological
diagnosis, BAL diagnostic yield is more commonly reported
in the published literature and there is insufficient data to
compare the two procedures. Both procedures carry risk of
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complications such as hypoxemia.
The immunocompromised patient represents a
heterogeneous group of patients with a range of etiology
of underlying immunosuppression from congenital causes
to acquired causes such as human immunodeficiency
virus (HIV) infection and drug-induced causes from
chemotherapy or immunosuppressants. The Infectious
Diseases Society of America 2013 guidelines has provided
clear definitions of high-grade immunosuppression
(Table 1) (7). In addition to those specified in Table 1,
common etiologies of immunocompromise include ongoing
hematologic malignancies, myeloproliferative disorders
and steroid-sparing immunosuppressants (8,9). Without
a consensus on what constitutes the immunosuppressed
patient, making comparisons on BAL diagnostic yield
becomes challenging.
Despite the differences in underlying etiology,
immunocompromised patients with pulmonary infiltrates
present with similar clinical symptoms of cough, fever
and dyspnoea. They often require urgent confirmation of
diagnosis to guide management and are also physiologically
fragile with a guarded prognosis. In addition, BAL is not
without risks. The current literature does not provide
clear answers as to who will benefit from such invasive
diagnostic testing, i.e., no ideal patient selection to
maximize diagnostic efficacy and safety. To identify gaps
where research is needed, this review has analyzed the
current published literature on the diagnostic yield and
safety profile of BAL in immunocompromised patients with
pulmonary infiltrates.
Methods
A search of the literature was performed using PubMed
from January 2000 to June 2018. The following
search terms were used: “immunocompromised
host”, “immunocompromise”, “immunosuppression”,
“bronchoalveolar lavage” and “diagnostic yield”.
Both prospective and retrospective studies involving
bronchoalveolar lavage and immunocompromised host were
included. Case reports and paediatric studies were excluded.
Forest plot representation of data was not attempted
because of heterogeneity of study design and wide variation
in inclusion criteria that made generalization not valid. To
meet inclusion into this review, studies needed to report
diagnostic yield.
Studies that focused on patients in the ICU setting or
mechanical ventilation were excluded due to differences
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in procedure and prognosis and the procedure by which
bronchoscopy is performed on intubated patients. The
risks of performing BAL when the patient is already
intubated and sedated for mechanical ventilation are
different from BAL performed in an ambulatory setting.
Furthermore, patients with respiratory failure on
mechanical ventilation have high mortality of up to 77%
(71/92) and should be considered separately (3). These
features add heterogeneity that further confounds any
conclusions that can be made. Therefore, this review is
focused on the diagnostic utility and safety of BAL in the
ambulatory setting on immunocompromised patients who
presented with pulmonary infiltrates. All identified studies
were independently reviewed by both authors and only data
that had consensus was included in the analysis. Diagnostic
yield was defined as either a confirmed microbiological or
cytological diagnosis that was compatible with the clinical
presentation. Post-procedural treatment modification
was reported as present when results of the BAL are used
to guide treatment such as modification of antimicrobial
coverage or initiating therapy for non-infectious causes (10).
Results
A total of 29 studies were identified through the PubMed
search. One publication did not report diagnostic yield, two
were ICU studies and three further studies had limited data
on BAL (11-16). These 6 studies were excluded from our
analysis. Two further studies included a minority of patients
on mechanical ventilation, i.e., 14.5% (29/200) and 32.7%
(53/162) (2,17). In addition, one other study included some
ICU patients, i.e., 28.5% (71/249) (18). In four further
studies, there was a possibility that some of patients were on
mechanical ventilation, but exact numbers were unavailable
from the publication (19-21). Despite the heterogeneity in
inclusion criteria, these studies were analyzed in our review
to provide the broadest evidence for the use of BAL to
investigate pulmonary infiltrates in immunocompromised
patients. Therefore, 23 studies were included in our
review (Table 2).
There were seven prospective studies and 16
retrospective studies with 3,395 BAL procedures performed
on 3,192 patients. The average diagnostic yield of BAL was
51.1%; range 26% to 69% (Table 2). The clinical impact
of BAL as assessed by treatment modification based on
BAL findings was reported in 11 studies with an average
rate of modification being 44.4%, ranging from 11% to
84%. Overall mortality of immunocompromised patients
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presenting with pulmonary infiltrates was reported in
8 studies, but mortality was reported at different time
points which made pooling of data unfeasible. Onemonth mortality ranged from 3% to 22% in hematologic
malignancy (Table 2). In neutropenic patients 1-month
mortality was 26% and 42.9% in those post hematopoietic
stem cell transplant (Table 2). One study identified lower
mortality if diagnosis was confirmed within 4 days of
presentation while another study identified a higher
mortality in patients with hematologic malignancies
compared to other causes of immunocompromise (19% vs.
7%, P<0.05) (32,33).
Underlying etiology of immunosuppression
One study reported a trend towards higher diagnostic yield
in non-hematologic malignancy patients (42.3%, 41/97)
compared to hematologic malignancy patients (29.4%,
55/187, P=0.021) (33). Diagnostic yield was also higher
among neutropenic patients compared to non-neutropenic
patients (41.5% vs. 24.6%, P=0.019) (33). However, this was
not a consistent finding across studies as one study reported
lower yield in patients with severe neutropenia (32). One
retrospective study also showed higher detection of viruses
in non-neutropenic patients and both higher bacterial
and viral detection in patients with hematopoietic stem
cell transplants (20). Etiology of immunosuppression was
otherwise not significantly associated with diagnostic yield
for other studies (19,34). In addition, one study reported
increased detection of Aspergillus spp. amongst neutropenic
patients compared to non-neutropenic patients (12.1% vs.
4.5%, P=0.0489) (18).
Clinical/radiological presentation
Compared to asymptomatic patients, the diagnostic yield
was higher in those with symptoms (61.3% vs. 29.6%,
P=0.007) of fever and chest symptoms such as cough,
sputum, shortness of breath and pleuritic chest pain (35).
Chest computed tomography findings of consolidation,
ground-glass opacities or tree-in-bud infiltrates were
significantly associated with increased diagnostic yield
compared to nodular and reticular infiltrates (61.2%
vs. 36.5%, P=0.006) (35). Two further studies found no
statistically significant difference in yield between focal or
diffuse radiographic changes (10,19).
In one study on mixed etiology of immunocompromised
patients, diagnostic yield was reported to be inversely
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Retrospective

Kuehnhardt
et al., 2009 (31)

Table 2 (continued)

Retrospective

Prospective

Cordani et al.,
2008 (30)

Hummel et al.,
2008 (18)

Retrospective

Retrospective

Peikert et al.,
2005 (10)

Burger, 2007 (29)

Retrospective

Bissinger et al.,
2005 (25)

Prospective

Prospective

Jain et al.,
2004 (19)

Boersma et al.,
2007 (28)

Prospective

Danés et al.,
2002 (21)

Prospective

Retrospective

Taggart et al.,
2002 (24)

Vélez et al.,
2007 (27)

Prospective

Rañó et al.,
2001 (2)

Retrospective

Retrospective

Hohenadel
et al., 2001 (23)

Hofmeister
et al., 2006 (26)

Retrospective

Study design

Reichenberger
et al., 2001 (22)

Study, year of
publication

Solid organ or
hematological
malignancy with
neutropenia

Hematological
malignancy

Hematological
malignancy

Hematopoietic stem
cell transplant

Hematological
malignancy

Mixed aetiology
including HIV

Hematopoietic stem
cell transplant

Neutropenia

Hematology patients

Mixed etiology, HIV
excluded

Mixed aetiology
including HIV

HIV patients

Mixed etiology, HIV
excluded

Hematology patients

Post renal transplant

Inclusion criteria

–

–

–

45±15

–

34.1±10.8

–

55±17

–

49.2±17.7

–

–

50±17

–

–

63.8

–

79.2

–

–

73.3

52.6

–

66.2

64.4

66.4

–

62.5

71.6

66.2

Mean age
Male %
in years

58 [43]

246 [199]

25 [24]

27 [21]

35 [32]

109 [101]

91 [78]

35 [35]

95 [77]

99 [104]

134 [241]

216 [174]

135 [200]

95 [95]

91 [71]

67% (39/58)
bacterial,
59% (32/54)
fungal

48%
(118/246)

44% (11/25)

52% (14/27)

26% (9/35)

49%
(60/122)#

49% (45/91)

49% (17/35)

56% (53/95)

38%
(48/125)#

52% (70/134)

50%
(108/216)

50% (68/135)

65% (62/95)

69% (63/91)

10% (6/58)

38% (94/246)

56% (14/25)

–

–

–

20% (18/91)

49% (17/35)

–

–

–

–

26% (35/135)

84% (80/95)

–

7% (4/58)

1% (3/246)

–

52% (11/21)

–

–

8% (7/91)

9% (3/35)

–

14% (8/59)

–

–

2% (3/135)

16% (15/95)

–

BAL procedures
BAL result
Diagnostic
Complication
[patient
modifying patient
yield
rate
number]
management

Table 2 Diagnostic yield and complication rate of BAL in immunocompromised patients with pulmonary infiltrates

19% (11/58)

–

–

43% (9/21) at 30 days,
52% (11/21) at 1 year

–

–

65% (59/91) at 2 months

26% (9/35) at 4 weeks

45% (35/77) at 36 months

–

–

–

41% (81/200)

22% (21/95) at 4 weeks

–

Mortality rate
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Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Kottmann
et al., 2011 (34)

Gilbert et al.,
2013 (17)

Brownback
et al., 2013 (35)

Kim et al.,
2015 (20)

Svensson
et al., 2017 (36)

Sakata et al.,
2017 (37)

atm.amegroups.com
–

Hematopoietic stem
cell transplant

Hematologic
malignancy

Hematologic
malignancy

Mixed aetiology
including HIV

Hematopoietic stem
cell transplant

Mixed etiology

Mixed etiology, HIV
excluded

Hematopoietic stem
cell transplant

Inclusion criteria

–

–

–

–

50.4±14.6

–

–

–

–

60.3

–

59.8

69.5

57.1

–

–

52.5

52.5

Mean age
Male %
in years

40% (71/179)

39% (59/151)

65% (134/
206)

53% (79/150)

53% (77/145)

56%
(106/190)

34% (96/284)

55%
(329/598)

–

25% (38/151)

30% (62/206)

–

44% (72/162)

75% (143/190)

–

10.4%
(1–52%)

–

13% (20/151)

–

7% (11/150)

30% (49/162)

–

4% (10/284)

51% (305/598) 12% (74/598)

Total number of 51.1% (26– 44.4% (10–84%)
BAL =3,395
69%)

179 [125]

151 [133]

206 [187]

150 [133]

145 [144]

190 [190]

284 [284]

598 [501]

BAL procedures
BAL result
Diagnostic
Complication
[patient
modifying patient
yield
rate
number]
management

–

–

3% (5/151) at 30 days;
23% (35/151) at 6 months

–

–

–

16.8% at 30 days

19% (35/187) for
hematologic malignancy,
7% (7/97) for nonhematologic malignancy at
30 days

–

Mortality rate

, diagnostic yield defined as positive BAL findings/total number of diagnoses made. All other diagnostic yields defined as positive BAL findings/total number of BAL
procedures. BAL, bronchoalveolar lavage.

#

–

Prospective

Sampsonas
et al., 2011 (33)

Average (range)

Retrospective

Study design

Shannon et al.,
2010 (32)

Study, year of
publication

Table 2 (continued)

Annals of Translational Medicine, Vol 7, No 3 February 2019
Page 5 of 12

Ann Transl Med 2019;7(3):49

Page 6 of 12

Choo and Anantham. BAL for immunocompromised patients with lung infiltrates

proportional to duration of empiric antibiotic treatment (34).
Diagnostic yield after antibiotic therapy for 3 days or less
was 63.4% and yield was found to decrease as antibiotic
duration increased to 14 days (57.6%) and more than
14 days (34.4%) (34). This trend of higher diagnostic
yield with BAL done earlier in the course of disease was
also observed in another study on bone marrow transplant
patients that found significantly higher BAL yield within
4 days of presentation of pulmonary infiltrates compared
to >4 days (73% vs. 31%, P<0.001) (32). BAL yield was
highest within 24 hours (75%) and declined to only 14% at
10 days (32). Samples obtained from later BALs yielded
a higher proportion of multidrug resistant pathogens
(27% vs. 3%, P<0.001) and were more likely to be
polymicrobial (30% vs. 10%, P=0.01) (32).
Complication rate of BAL
Overall complication rate of BAL was also reported in 11
studies with an average of 10.4%, ranging from 1% to 52%
(Table 2). Most complications that were self-limiting such as
transient hypoxemia, sinus tachycardia and limited airway
bleeding (17,18,33). The rate of major adverse events
including high flow oxygen requirement or mechanical
ventilation, arrhythmias, hypotension needing vasopressors
and severe bleeding was <5% (17). One case of death within
24 hours following bronchoscopy was reported (17). No
factors that predicted either an increased or decreased
adverse event rate were reported.
Discussion
The data reaffirms that despite having a common clinical
presentation, immunocompromised patients are a diverse
group of patients and this has made interpretation of the
BAL data challenging. Only 4 of the 23 studies surveyed
explicitly included HIV patients and there was a variety
of etiologies of immunosuppression among patients. The
differences in availability of investigations at different
laboratories also impacts the ability to identify different
organisms, affecting BAL diagnostic yield.
Although a wide range of diagnostic yields has
been reported, it appears that on average 51.1% of
immunocompromised patients with pulmonary infiltrates
undergoing BAL will get a confirmed diagnosis. Postprocedural treatment modification serves as an indicator of
clinical utilization of BAL findings in patient management
and the average rate of this was 44.4% (Table 2). Positive
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BAL results with no change in management may have been
the result of detection of airway commensals or organisms
that were already covered by empiric antimicrobial therapy.
Other identified organisms such as viruses may have no
specific treatment and require only supportive therapy.
The average diagnostic yield data serves as important
information that should be communicated to patients in
consent taking for bronchoscopy especially in view of the
average complication rate being 10.4%. The complication
rate of BAL reflects the risk of flexible bronchoscopy
performed under moderate sedation in this population.
Data from literature reviewed in this paper has supported
the use of BAL for investigating pulmonary infiltrates early
in the course of disease, when clinical and radiological signs
suggest an infectious etiology or when the patient has a
non-hematologic malignancy. However, these findings have
not been consistently replicated and it is difficult to draw
definite conclusions on optimal patient selection. This is
despite the fact that >3,000 bronchoscopic procedures have
been reported on the subject in the published data since the
year 2000.
Conclusions
This paper provides a review of recent medical literature on
the use of BAL for the diagnosis of pulmonary infiltrates in
immunocompromised patients and has highlighted differing
findings in the available data. There is also significant
variation in the etiologies of immunosuppression studied
and diagnostic yields and complication rates reported
encompass a broad range of values. A confirmed diagnosis
may be established with BAL in approximately 50% of
cases and may alter clinical management. Complications
are usually self-limiting and occur in about 10% of cases.
Improved understanding of the factors that influence
diagnostic yield and complication rates may optimize the
patient selection for this procedure to maximize benefit
and minimize adverse outcomes. However, data is currently
lacking and should be the focus of future research given the
morbidity and mortality faced by immunocompromised
patients presenting with pulmonary infiltrates.
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