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Abstract
BACKGROUND—Flexible bronchoscopy with bronchoalveolar lavage (BAL) is performed
widely for the diagnosis of pulmonary infections in patients with cancer, but there is no consensus
regarding the technical parameters of the lavage procedure in this setting.

METHODS—The authors evaluated the mechanics (instilled and recovered volumes), diagnostic
yield, and safety of a standardized BAL protocol in 284 patients with cancer who underwent
bronchoscopy for the evaluation of new radiologic infiltrates.

RESULTS—Physician adherence to the BAL protocol was > 90%. The most common protocol
deviations were reductions in the saline volume instilled because of actual or anticipated
oxyhemoglobin desaturation during the procedure. The mean volume instilled was 121.5 ± 13.9
mL, the mean volume recovered was 68.7 ± 18.1 mL, and the mean ratio of volume instilled to
that recovered was 56.7% ± 14.5%. The overall diagnostic yield of BAL was 33.8% and was
higher in the nonhematologic malignancy group (42.3% vs 29.4%; P = .021). The diagnostic yield
in neutropenic patients was significantly higher than in nonneutropenic patients (41.5% vs 24.6%;
P = .019). No major complications were encountered.

CONCLUSIONS—In summary, the diagnostic performance of a standardized BAL protocol was
comparable to that of nonprotocolized BAL reported in the literature with few complications.
Adherence to a standardized BAL protocol may improve clinical and laboratory comparisons
between studies, potentially facilitating research into the diagnosis and management of pneumonia
in patients with cancer.
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Pneumonia remains a major diagnostic and therapeutic challenge, with attributed mortality
reaching 55% in immunocompromised patients who have cancer.1–4 Up to 30% of
infections in these patients are classified as pneumonias, but they rarely have microbiologic
confirmation.2 Moreover, the spectrum of the involved pathogens is broad and is constantly
changing.1 Therefore, prompt diagnosis and preemptive antibiotic treatment is crucial for the
clinical management of these patients.2

Bronchoalveolar lavage (BAL) is a widely performed diagnostic and research procedure,
especially in patients with cancer, and remains the cornerstone of microbiologic
confirmation in lower respiratory tract infections.2–4 However, there is no consensus
regarding the optimal performance of BAL, because wide differences are reported in the
mechanical performance of the procedure, diagnostic yield, and complications.2 In fact,
diverging recommendations have been made from different societies.5,6 The diversity in
BAL protocols performed, especially in clinical trials, limits their capacity for comparison,
especially as applied to new diagnostic tests of the BAL effluent. To that end, we examined
the mechanics, diagnostic yield, and safety of a standardized BAL protocol in our
institution, which is a comprehensive cancer center.

MATERIALS AND METHODS
Patients

Patients at The University of Texas MD Anderson Cancer Center who underwent
bronchoscopy with BAL over a 26-month period (from February 2007 to April 2009) for the
evaluation of new radiologic infiltrates were enrolled prospectively in a study that was
approved by the institutional review board to assess the performance of protocolized BAL
after providing informed consent. Clinical, laboratory, and radiologic data were extracted
from the electronic medical records. These included age, sex, cancer diagnosis, type and
timing of hematologic stem cell transplantation (HSCT), active treatments (chemotherapies,
immunosuppressive therapies, and antibiotic therapies), absolute neutrophil count (ANC),
platelet count, patterns of radiologic infiltrates, BAL microbiologic and cytologic studies,
serum galactomannan antigen detection test, pp65 cytomegalovirus (CMV) antigenemia test,
and other pertinent serologic or antigen-detection tests.

The Standardized BAL Protocol
Patients with oxygen saturation < 90% on supplemental oxygen by nasal cannula ≥ 5 L/
minute or with unstable respiratory or hemodynamic status were excluded from undergoing
bronchoscopy. Thrombocytopenia was not considered a contraindication to BAL, but
platelet transfusions frequently were administered in patients who had platelet counts <
20,000/μL before bronchoscopy as long as they were not demonstrably transfusion-
refractory. A standardized protocol for BAL performance was adopted collectively by the
Department of Pulmonary Medicine. Specifically, after a detailed inspection of the
tracheobronchial tree, the bronchoscope was wedged in the segmental or subsegmental
bronchus leading to the area of greatest radiologic infiltration; then, a 0.9% sterile saline
solution was instilled and retrieved as described in Table 1. A detailed procedure note was
dictated for the electronic medical record in each BAL, including bronchoscopic findings,
the volume of saline solution instilled and retrieved, the color and consistency of the
effluent, and any complications of the procedure.

Microbiology, Cytopathology, and Cell Counts
BAL effluents were sent for clinically indicated analyses, including microbiologic cultures
(bacterial, mycobacterial, fungal, viral), detection of viral antigens, cytopathologic analysis,
and determination of total leukocyte counts and leukocyte differential counts. Washings
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were collected at the discretion of the operating pulmonologist and were submitted for
separate microbiologic and cytologic analysis.

Diagnostic Criteria
Bacterial pathogens that were cultured from BAL effluent were considered true pathogens
when accompanied by compatible radiographs (segmental or lobar infiltrates) and clinical
symptoms (fever, cough, purulent sputum, pleurisy), with or without associated bacteremia
or positive cultures of transbronchial lung biopsies. The diagnosis of CMV pneumonia was
made after the identification of intracytoplasmic or intranuclear inclusion bodies and/or
positive stains for CMV-specific antigens by direct immunofluorescence assays of BAL
fluid in the setting of a clinical syndrome consistent with pneumonia. Samples that
demonstrated respiratory syncytial virus (RSV), influenza A or B, parainfluenza,
Pneumocystis jiroveci, Mycobacterium tuberculosis, or M. avium-Intracellulare (M. avium)
were considered diagnostic. Polymicrobial lower respiratory tract infections were defined as
the presence of more than 1 pathogen from the same sample in the setting of clinical lung
infection. Fungal pneumonia was defined according to standardized criteria of the European
Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative
Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group,
which consider host immunosuppression/susceptibility factors, microbiologic results, and
presenting clinical features, such as fever and compatible radiographs.7 Coagulase-negative
staphylococci and Candida spp. were only considered true pathogens in patients who had
severe neutropenia (ANC < 500/μL) or active graft-versus-host disease or when positive
tissue or blood cultures with the same microorganism were available at the time of BAL and
no other pathogen was identified. Positive Gram stains without a congruent positive BAL
culture or isolation of typical contaminants, such as Penicillium spp., M. gordonae, herpes
simple virus (HSV), or Malbranchea spp., were considered colonization/contamination.8

Cytologic evidence of cancer in the BAL specimen was considered diagnostic. All cases that
did not strictly adhere to common clinical diagnostic criteria were adjudicated by an
infectious diseases specialist (D.P.K.) and 2 pulmonary specialists (B.F.D. and S.E.E.), and
a consensus was reached.

Radiologic and Additional Laboratory Studies
Radiographs that were obtained within 7 days of the procedure were categorized as
demonstrating consolidation, ground-glass infiltration, nodules, or interstitial infiltration
according to the radiologist’s report. Extracted laboratory tests included neutrophil and
platelet counts in peripheral blood at the time of BAL and blood cultures that were obtained
within 3 days of the procedure. Aspergillus galactomannan detection (BioRad, Hercules,
Calif) was performed at the attending physician’s discretion in patients with a suspicion of
invasive fungal infection and required 2 positive results (optical density index, > 0.5) to be
scored positive for this study. A serum pp65 CMV-antiginemia test frequently was obtained
in patients who underwent HSCT, especially ≤ 100 days after transplantation, and in patients
who had pulmonary infiltrates and lymphopenia, and the test was scored positive for the
current study when it was obtained within 72 hours of the BAL.

BAL-Related Complications
Reported complications within 24 hours after the procedure were classified as either major
or minor. Major complications were defined prospectively as pneumothorax, hemodynamic
instability that required vasopressor support, oxygen desaturation < 90% or > 6% below the
pre-procedure level, hypoxemia that required ≥ 2 L per minute of additional oxygen
supplementation after discharge from the recovery suite than was required in the
preprocedure state, and any event that led to inpatient admission. Mild hypoxemia that
required supplemental oxygen therapy during bronchoscopy, transient hemodynamic
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instability that resolved after the procedure, and self-limited endobronchial bleeding that
required no intervention were defined as minor complications.

Data Collection Method and Statistical Analysis
Data were prospectively collected, extracted into a password-protected database, and
retrospectively evaluated. For statistical analysis, the PASW Statistics 17 software package
(SPSS, Chicago, Ill) was used. Continuous variables were analyzed using the Mann-
Whitney U test (non-parametric variables) or analyses of variance (parametric variables),
whereas categorical variables were compared using the chi-square test. A P value < .05 was
considered statistically significant.

RESULTS
Patient Characteristics

Two hundred eighty-four BAL procedures were performed in 284 consecutive patients.
Overall, 187 patients (65.8%) had an underlying hematologic malignancy, and the remaining
90 patients had either a nonhematologic malignancy (31.7%) or a noncancer diagnosis
(2.5%), as indicated in Table 2. Patients in the hematologic malignancy group were younger
(P < .001) and more frequently were men (P < .001) than the nonhematologic malignancy
group. Eighty patients (28.1%) were HSCT recipients (53 allogeneic, 27 autologous).
Thirty-two of 80 patients (40%) who were HSCT recipients underwent BAL in the first 100
days after transplantation. Concomitant chemotherapy and broad-spectrum antibiotic
administration at the time of BAL were common in the hematologic malignancy group
(62.3% and 86.6%, respectively). In contrast, in the nonhematologic malignancy group, only
30.9% of patients were receiving chemotherapy, and 33% were receiving antibiotic therapy
(P < .001 vs the hematologic malignancy group). Both neutropenia and thrombocytopenia at
the time of BAL were more common in the hematologic malignancy group (Table 2).

Mechanical Performance of Protocolized BAL in the Study Population
Of the 284 BAL procedures performed, 274 reports (97.5%) provided sufficient data
regarding the volume of saline instilled for an analysis of mechanical performance. Of those,
exactly 120 mL of sterile saline were instilled in 222 procedures (80.1%), > 120 mL of
sterile saline were instilled in 33 procedures (10.5%), and only 22 patients (7.9%) received <
120 mL of sterile saline. The mean volume instilled was 121.5 ± 13.9 mL (range, 80–200
mL) (Fig. 1A). Among the procedures in which < 120 mL saline were instilled, desaturation
from baseline oxyhemoglobin concentrations resulted in protocol deviation in 3 procedures,
difficulty in wedging the bronchoscope because of anatomic anomalies was reported in 2
procedures, and difficulty managing secretions resulted in protocol deviation in 2
procedures. In 1 procedure, the BAL effluent accidentally was discarded, and a second BAL
procedure was repeated with instillation of 80 mL of saline. No specific reason was reported
for protocol deviation in the remaining 14 procedures.

Greater than 40 mL of effluent were retrieved with the protocol in 259 procedures (91.2%);
whereas, in 15 procedures (5.2%), < 40 mL of effluent were obtained, as indicted in Figure
1B. The mean volume retrieved was 68.70 ± 18.14 mL (range, 10–120 mL). Reasons for
protocol deviation included difficulties in wedging the bronchoscope caused by anatomic
abnormalities in 1 procedure, desaturation from baseline oxygenation levels in 2 procedures,
early termination of the procedure because of dynamic airway collapse in 2 procedures, and
an abundance of copious secretions in 5 procedures. No specific reason was recorded in 5
procedures.

Sampsonas et al. Page 4

Cancer. Author manuscript; available in PMC 2012 September 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The ratio of fluid instilled to fluid recovered also was determined. For all procedures, the
mean ratio was 56.7% ± 14.5% (range, 8%–92%) (Fig. 1C).

Diagnostic Yield, Differential Cell Counts in BAL, and Associated Imaging
Collectively defined as identifying either a likely pathogen or malignant cells in a
compatible clinical syndrome, the overall diagnostic yield of BAL was 33.8% (96 of 284
procedures) in our patient population. In the hematologic malignancy group, 55 BAL
samples (29.4%) were diagnostic, whereas 110 samples (58.8%) revealed neither a pathogen
nor malignant cells, as indicated in Table 3. The remaining 22 samples (11.8%) grew ≥ 1
microorganisms that were considered potential contaminants and/or colonizers. The
diagnostic yield was somewhat higher in the nonhematologic malignancy group (P = .021 vs
the hematologic malignancy group). In the nonhematologic malignancy group, 41 patients
(42.3%) had diagnostic studies, 45 samples (46.8%) yielded neither a pathogen nor
malignant cells, and 11 samples (11.3%) grew potential contaminants and/or colonizers (Fig.
2A).

Of the 55 diagnostic BAL samples from the hematologic malignancy group, 17 samples
(30.9%) grew bacterial pathogens (P. aeruginosa, Escherichia coli, Stenotrophomonas
maltophilia, Nocardia spp., coagulase-negative staphylococci, Haemophiluss spp.), and 7
patients (12.7%) had isolation of a fungus (Aspergillus spp., non-specified molds, Candida
spp.). An atypical mycobacterial infection was identified in 1 patient. Thirteen patients
(23.6%) had viral infections (CMV, influenza A, influenza B, RSV). Mixed infections were
identified in 14 patients (25.5%). Malignancy was the only noninfectious diagnosis in 3
patients (1 adenocarcinoma, 2 acute leukemia). Diffuse alveolar hemorrhage, defined as
BAL fluid with progressively hemorrhagic returns, was not exhibited in any patient. A
detailed analysis of the diagnostic yield in the hematologic malignancy group is provided in
Table 3.

In the nonhematologic malignancy group, a noninfectious diagnosis (primarily malignancy)
was the most frequent (14 patients; 34.1%). Nine samples (22%) grew bacterial pathogens,
including P. aeruginosa, Nocardia asteroides, Haemophilus spp., and S. aureus. Seven
samples (17%) grew fungi, including Aspergillus spp., Rhizomucor spp., P. jiroveci, and
unspecified molds. Viral infection was identified in only 1 sample. Atypical mycobacteria
was identified in 3 samples (7.3%). Multiple pathogens were identified in 7 samples
(17.1%). A detailed analysis of specific diagnosis in the nonhematologic malignancy group
is provided in Table 3.

Consolidation was the predominant radiologic pattern in the hematologic malignancy group
(56.4%), particularly when bacterial pathogens were isolated, as indicated in Table 3.
Ground-glass opacities (21.8%) were the next most common finding and constituted the
predominant radiographic pattern among patients with viral infections. Nodular infiltrates
(18.2%) were observed most often in the setting of fungal lung infection (isolated or
combined with other pathogens). Interstitial infiltrates were infrequent and were associated
only with viral infections.

In contrast, nodular infiltrates constituted the most common radiologic pattern in the
nonhematologic malignancy group (46.3%), especially among patients whose BAL fluid
revealed either malignant cytology or fungal infection. Consolidations (41.6%) were
associated again with bacterial infections but also were encountered in patients who had
malignant cells in the BAL fluid. Interstitial infiltrates were identified only in 1 patient with
P. jirovecii pneumonia.
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Differential cell counts of the leukocytes recovered on BAL for the hematologic malignancy
and nonhematologic malignancy groups are reported in Table 4. The ANC tended to be
lower in the hematologic malignancy group than the nonhematologic malignancy group for
all infectious conditions, as expected. These differences appeared most pronounced when
comparing the groups with fungal, mycobacterial, and mixed infections.

BAL Mechanics and Diagnostic Yield in Subgroups
The mean volume (± standard error) of fluid instilled in the hematologic malignancy group
(121 ± 12.45 mL) was similar to that instilled in the nonhematologic malignancy group (120
± 17.1 mL). It is noteworthy that the volume of fluid recovered in the hematologic
malignancy group was significantly greater than the volume recovered in the
nonhematologic malignancy group (70.8 ± 16.8 mL vs 63.8 ± 20 mL, respectively; P = .
003). Consequently, the ratio of saline instilled to effluent recovered was greater in the
hematologic malignancy group than in nonhematologic malignancy group (58.6 ± 13.3% vs
53 ± 15.9%, respectively; P = .002).

Next, we assessed the correlation of mechanical BAL performance with diagnostic yield.
Comparing diagnostic to nondiagnostic procedures in the hematologic malignancy group,
the mean volumes instilled (123 ± 12.64 mL vs 120.6 ± 11.9 mL, respectively), the mean
volumes retrieved (72.1 ± 14.8 mL vs 70.2 ± 17.4 mL, respectively), and the mean
percentage of fluid recovery (58.9% ± 12.1 % vs 58.3% ± 14%, respectively) did not differ
significantly. The diagnostic yield of BAL in patients who underwent HSCT ≤ 100 days
before BAL was lower than for patients who underwent BAL > 100 days after HSCT
(13.8% vs 35.3%; P = .032). The mean percentage of BAL fluid retrieved also was lower in
patients who underwent HSCT ≤ 100 days before BAL compared with those who underwent
BAL > 100 after HSCT (54.2% vs 59.6%; P = .043). We also observed that the diagnostic
yield in neutropenic patients (39 HSCT patients and 14 non-HSCT patients) was
significantly higher (41.5%) than the yield in nonneutropenic patients (24.6%; P = .019).

It is noteworthy that an analysis of BAL mechanics in the nonhematologic malignancy
group did not reveal an increase in diagnostic yield that corresponded with improved
instillation/recovery ratios. Rather, we observed a nonsignificant trend (P = .065) in the
opposite direction. When we recovered ≤ 40% of the volume instilled, the diagnostic yield
was 64.7%. When 40% to 60% of the instilled volume was retrieved, the BAL was
considered diagnostic 40.5% of the time. When > 60% of the instilled volume was collected,
only 30.3% of the specimens provided a microbiologic or cytologic diagnosis.

Washings
Collected washings were sent at the performing physician’s discretion for analysis from 177
patients (89.8%) in the hematologic malignancy group and from 92 patients (94.8%) in the
nonhematologic malignancy group. Washings from 63 patients (35.6%) in the hematologic
malignancy group grew a microorganism that was considered a true pathogen. It is
noteworthy that, in 36 of those 63 patients (57.1%), a pathogen was isolated from washings
in the setting of a microbiologically negative BAL sample. Additional fungal pathogens
were isolated in 11 patients (17.5%), including Aspergillus spp., Candida spp., an
unspecified mold, and Rhizomucor spp. CMV was identified in 3 patients (4.8%). Washings
grew additional bacterial organisms in 12 patients (19%), including Staphylococcus spp., P.
aeruginosa, β-hemolytic Streptococci, Haemophilus spp., Actinomyces spp., and
Enterococcus spp. M. avium-Intracellulare was identified in 2 washings (3.2%). Multiple
pathogens were recovered in 13 washings (20.6%).
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In the nonhematologic malignancy group, washings yielded true pathogens in 23 of 92
samples (25%). Of these 23 washings, 11 (47.8%) revealed a pathogen that was not grown
in the BAL sample. The additional pathogens included Staphylococcus spp., E. coli,
Haemophilus spp., M. avium, CMV, and parainfluenza type III. Multiple true pathogens
were grown in 3 washings (13.0%). A detailed description of the diagnostic yield and the
predominant radiologic pattern is provided in Figure 3.

Additional Diagnostic Testing
Blood cultures were obtained from 136 patients in the hematologic malignancy group within
3 days of BAL and yielded 9 positive results (6.6%; S. aureus, E. coli, Microsporum spp.,
Providencia alcalifaciens, Micrococcus spp., coagulase-negative staphylococci). In 2
patients, the pathogen that was isolated in blood cultures also was grown from BAL fluid (S.
aureus and coagulase-negative staphylococci specimens). No positive blood cultures were
obtained from the nonhematologic malignancy group.

Of 124 Aspergillus serum galactomannan tests that were obtained from the hematologic
malignancy group, only 5 (4%) were positive. Aspergillus spp. was isolated in BAL fluid
from 1 patient who had a positive serum galactomannan test. In the nonhematologic
malignancy group, none of 18 galactomannan tests obtained were positive. Of 131 CMV-
antiginemia tests that were performed in the hematologic malignancy group, 20 were
positive (15.3%). In 4 of the 20 antigenemic patients, the BAL samples were also positive
for CMV.

In the hematologic malignancy group, 8 patients underwent transbronchial biopsies at the
time of their BAL. Five biopsies were nondiagnostic, 1 revealed malignant cells, 1
suggested Erdheim-Chester disease, and 1 revealed a noncaseating granulomata. No
pathogens were identified on BAL to suggest an infectious cause of granulomata, and the
patient was diagnosed clinically with sarcoidosis. In the nonhematologic malignancy group,
15 patients underwent transbronchial biopsies. Nine of those biopsies were nondiagnostic, 3
revealed malignant cells, 2 demonstrated fungal invasion, and 1 specimen grew alpha-
hemolytic streptococci on culture of homogenized biopsy tissue. No BAL cultures grew
pathogens for any of the biopsied patients. One patient who had fungal invasion noted on
biopsy also had malignant cells and galactomannan positivity identified on BAL analysis.
No patients underwent surgical lung biopsy during the study period. Nasal washes were
positive for RSV in 2 patients, for parainfluenza in 1 patient (who also had a BAL sample
that was positive for parainfluenza), and for influenza B in 1 patient (who also had a BAL
sample that was positive for influenza B).

BAL-Related Complications
Even with our extremely liberal definition, only 10 BAL-related complications were
encountered (3.6%). Nine of those were minor complications and included transient
hypoxemia (n = 6), sinus tachycardia (n = 1), hemodynamic instability that resolved with
discontinuation of the procedure (n = 1), and mild alveolar hemorrhage (n = 1). The single
major complication required intensive care unit admission for the delivery of supplemental
oxygen for > 24 hours. There were no procedure-attributable deaths.

Mortality
The 30-day mortality rate was 18.8% (35 of 187 patients) in the hematologic malignancy
group and 7.2% (7 of 97 patients) in the nonhematologic malignancy group (P < .05). In
contrast to previously reported associations between pathogen identification and improved
outcomes,2,9,10 the 30-day mortality rate among patients with hematologic malignancies was
greater for patients who had a diagnostic BAL compared with patients who had a
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nondiagnostic BAL (31% vs 13.6%; P = .006). In the nonhematologic malignancy group, the
30-day mortality rate did not differ significantly according to diagnostic versus
nondiagnostic status.

DISCUSSION
Bronchoscopy with BAL remains the diagnostic tool of choice for the evaluation of new
lung infiltrates because of its historic safety and superior diagnostic yield compared with
other modalities. This is particularly relevant in the cancer population because of issues of
immunocompromise, frequent exposure to the healthcare setting and nosocomial pathogens,
and susceptibility to unusual opportunistic pathogens. BAL has been performed for more
than 3 decades with mean diagnostic yields reported between 15% and > 55%.10–15 This
variability largely is attributed to diversities in the patient population characteristics,16

differences on BAL effluent analysis, and, more recently, the availability of new diagnostic
tools.17,18 Although the American Thoracic Society has provided recommendations
regarding BAL technique,6 to our knowledge, there have been no analyses of a standardized
protocol or the association of BAL mechanics to safety and/or diagnostic yield in cancer
patients.

The objective of the current study was to evaluate the mechanical properties of a
standardized BAL protocol and its efficacy in determining the etiology of new lung
infiltrates in patients with cancer. The overall diagnostic yield in the hematologic
malignancy group was 29.4%. The finding that 87% of patients with hematologic
malignancies were receiving antibiotics at the time of BAL may have accounted for the
lower diagnostic yield.10 However, the rate of microbiologically diagnostic BALs in the
hematologic malignancy group (52 of 187 patients; 27.8%) was identical to that observed in
the nonhematologic malignancy group (27 of 97 patients; 27.8%), although only 33% of
patients were receiving antibiotics in the latter group. The most common pathogens in the
hematologic malignancy group were bacteria. Among these were several coagulase-negative
Staphylococci that often are considered contaminants/colonizers.1 However, Inai et al
demonstrated in an autopsy study that coagulase-negative Staphylococci constituted the
predominant Gram positive cocci isolated from lung tissue in neutropenic patients with
pneumonia.19 Multiple pathogens were recovered in 14 of 187 procedures (9.6%). This is
consistent with recent studies reporting that polymicrobial infections account for 15% of the
microbiologically documented bloodstream infections in this patient population.1 The
somewhat lower diagnostic yield for multiple pathogens in our study may be attributed to
the finding that the majority of samples that demonstrated yeast growth were designated as
colonizers, whereas other groups have included Candida spp. among their diagnostic
samples.20 Our incidence of viral lower respiratory tract infections, especially CMV, was
comparable the incidence reported in some studies9 but higher that that reported by others.14

A high incidence of microbiologically proven, invasive fungal infections (eg, Aspergillus
spp.) was not observed in our study, probably because of the widespread use of mold-active
prophylaxis in our institution.21,22 Mycobacteria also rarely were isolated, which is
congruent with other studies.12

The protocolized approach to the BAL procedure is an important feature of these data. We
attempted to ensure that each sample was collected similarly (which is not done rigorously
in most studies) so that we could compare performance across time and operators. We
selected a required minimum effluent volume that would allow the performance of all
typical clinical analyses based on previously published data suggesting that a 40-mL
recovery volume should be sufficient to sample the alveolar space rather than the airway
lining fluid.23,24 The minimum BAL volume retrieved that led to a diagnosis was 20 mL
(ratio, 56.7%). Our protocol resulted in higher volumes instilled, volumes recovered, and
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percentage recovered than were reported in other series,25 but these differences were not
associated with a higher diagnostic yield. Although they may be attributable to population
differences, we suspect that our stringent diagnostic criteria are the most likely explanation
for these differences. In addition, even if our diagnostic yield did not exceed previously
published rates, our mean fluid recovery exceeded the 50% of volume instilled, which
reportedly is consistent with satisfactory BAL performance, as observed previously.25

The standardization of sample-collection techniques like BAL is important to allow for
interpretable investigations of clinical effectiveness as new diagnostic technologies become
available. For example, galactomannan detection enzyme-linked immunosorbent assay kits
and real-time polymerase chain reaction assays for pathogen genomic material in BAL
samples are promising complementary diagnostic tools for the detection of opportunistic
mold infections in the lung.17,26–29 However, reports from clinical trials of the diagnostic
accuracy of these tests vary widely.17,26,28,29 If the specimens are collected differently at
different centers or even by different physicians, then it becomes difficult to determine
whether diagnostic variability arises from problems with the new technology, differences in
patient populations, or the inconsistent mechanics of specimen collection. Consequently,
adoption of a standardized BAL protocol may facilitate comparisons between series and
could optimize the development of novel diagnostic strategies.

Although the volumes instilled were somewhat higher in our study than in other reported
series, in our study of protocolized BAL, we observed a very low complication rate that was
consistent with existing reports.30 Only 1 patient required an escalation from the
preprocedure level of care. It is noteworthy that, even among our very severely
thrombocytopenic cancer patient population, we observed no significant bleeding events.

Another interesting aspect of our experience was the contribution of bronchial washings to
the diagnostic evaluation. Bronchial washings often are disregarded as potential sources of
contamination from outside the lung areas of interest. However, by analyzing the washings,
we identified a likely pathogen in 17% of patients that would not have been identified by
BAL alone. This is consistent with limited existing data from a noncancer population31 and
suggests that there may be a diagnostic role for bronchial washings, particularly among our
patients with hematologic malignancies. Because these samples were not collected in a
standardized manner, it is the authors’ position that additional investigations will be required
to confirm the broader diagnostic utility of bronchial washings, but it seems clear that the
isolation of definite pathogens should prompt further evaluation and treatment, even if they
are not identified on BAL.32

Taken together, the current data provide a framework for protocolized BAL to allow
investigation of future diagnostic technologies across providers and institutions, and our
results offer insight into the diagnostic performance of this protocol in a comprehensive
cancer care center. We demonstrate high protocol compliance in a “real-life,” high-volume
clinical environment and reveal a very low rate of complications, even among high-risk
patients. Adoption of this or similar standardized BAL techniques may improve clinical and
laboratory comparisons between clinical trials. This may result in more prompt and accurate
diagnosis of pneumonia and, ultimately, should translate into improved patient outcomes.
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Figure 1.
These charts illustrate the mechanical performance of a standardized bronchoalveolar lavage
(BAL) protocol. The mechanical parameters of a standardized BAL protocol were assessed
based on the clinical records of 274 procedures with complete details. Extracted data
included (A) the volume of saline instilled for each procedure and (B) the volume of effluent
collected. These values were used to calculate (C) the ratio of volume recovered/instilled.

Sampsonas et al. Page 12

Cancer. Author manuscript; available in PMC 2012 September 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
This flow chart illustrates the diagnostic yield of standardized bronchoalveolar lavage
(BAL) in a comprehensive cancer center. After allowing for underlying patient malignancy
categories (hematologic malignancy [Heme] or other than hematologic malignancy [Non-
Heme]), prospectively enrolled BAL procedures were classified as diagnostic if a true
pathogen or a malignancy was identified. Nondiagnostic samples were classified further as
revealing either no microbial pathogen or revealing a microbe that was not believed likely to
cause the presenting syndrome (colonization/contamination).
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Figure 3.
This flow chart illustrates the diagnostic yield of bronchoscopic washings. Washings were
sent for microbiologic and cytologic analysis at the discretion of the physicians who
performed standardized bronchoalveolar lavage (BAL) After allowing for underlying patient
malignancy categories (hematologic malignancy [Heme] or other than hematologic
malignancy [Non-Heme]), prospectively enrolled BAL procedures were classified as
diagnostic if a true pathogen or a malignancy was identified. Nondiagnostic samples were
classified further as revealing either no microbial pathogen or revealing a microbe that was
not believed likely to cause the presenting syndrome (colonization/contamination).
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Table 1

Bronchoalveolar Lavage Protocol Description

1 Wedge the bronchoscope in the affected segment

2 Instill 40 mL of sterile saline solution

3 Manually aspirate the bronchoalveolar lavage fluid gently

4 Instill saline solution in 20 mL aliquots, aspirating after each aliquot, until 120 mL are instilled

5 If <40 mL of effluent are retrieved, then continue to instill and aspirate 20-mL aliquots until 40 mL of effluent are retrieved up to a
maximum of 200 mL instilled
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Table 2

Baseline Demographic and Clinical Characteristics of Patients

Variable

No. of Patients (%)

PHeme Group, n = 187 Non-Heme Group, n = 97

Age: Mean ± SD [range], y 55.3 ± 13.7 [21–85] 61.5 ± 12.1 [13–46] <.001

Men 114 (61) 35 (36) <.001

Peripheral blood ANC <500/μLa 53 (28.3) 2 (2.1) <.001

Platelet count: Mean ± SD, ×103/μLa 113.016 ± 113.717 287.022 ± 150.361 <.001

Immunosuppressive treatmenta 89 (47.6) 8 (8.2) <.001

Active chemotherapya 116 (62.3) 30 (30.9) <.001

Active antibiotic therapya 162 (86.6) 32 (33) <.001

HSCT status

 No HSCT 107 (57.2)

 Allogeneic HSCT 53 (28.4)

  <100 d 18 (9.6)

  ≥100 d 35 (18.7)

 Autologous HSCT 27 (14.4)

  <100 d 11 (5.9)

  ≥100 d 16 (8.6)

Solid cancer diagnosis

 Lung cancer 18 (18.6)

 Nonlung cancerb 72 (74.2)

 Noncancer diagnosisc 7 (7.2)

SD, indicates standard deviation; ANC, absolute neutrophil count; Heme, hematologic malignancy diagnosis; Non-Heme, no hematologic
malignancy; HSCT, hematopoietic stem cell transplant; SD, standard deviation.

a
Measured at the time patients underwent bronchoalveolar lavage.

b
Included 16 patients with metastatic lung disease.

c
Two patients were screened for breast cancer, 2 were screened for pulmonary nodules, 1 was screened for ovarian fibromas, 1 was screened for

sclerosing mesenteritis, and 1 was screened for uterine fibroids, but none had a cancer diagnosis at the time of the current report.

Cancer. Author manuscript; available in PMC 2012 September 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Sampsonas et al. Page 17

Ta
bl

e 
3

D
ia

gn
os

tic
 Y

ie
ld

 o
f 

B
ro

nc
ho

al
ve

ol
ar

 L
av

ag
e 

by
 R

ad
io

lo
gi

c 
A

pp
ea

ra
nc

e

B
A

L
 D

ia
gn

os
is

N
o.

 o
f 

P
at

ie
nt

s

H
em

at
ol

og
ic

N
on

he
m

at
ol

og
ic

T
ot

al
C

on

R
ad

io
lo

gy

In
t

T
ot

al
C

on

R
ad

io
lo

gy

In
t

G
G

N
od

G
G

N
od

B
ac

te
ri

a
17

11
4

2
9

6
2

1

Fu
ng

i
7

3
4

7
1

1
4

1

M
yc

ob
ac

te
ri

a
1

1
3

3

V
ir

us
es

13
5

6
2

1
1

M
ul

tip
le

 p
at

ho
ge

ns
14

10
1

3
7

3
4

N
on

in
fe

ct
io

us
3a

2
1

14
b

8
6

T
ot

al
55

31
12

10
2

41
17

3
19

1

C
on

 in
di

ca
te

s 
co

ns
ol

id
at

io
n;

 G
G

, g
ro

un
d 

gl
as

s;
 N

od
, n

od
ul

ar
; I

nt
, i

nt
er

st
iti

al
; B

A
L

, b
ro

nc
ho

al
ve

ol
ar

 la
va

ge
.

a In
cl

ud
ed

 3
 p

at
ie

nt
s 

w
ith

 m
al

ig
na

nc
ie

s.

b In
cl

ud
ed

 1
 p

at
ie

nt
 w

ith
 a

lv
eo

la
r 

pr
ot

ei
no

si
s 

an
d 

13
 p

at
ie

nt
s 

w
ith

 m
al

ig
na

nc
ie

s.

Cancer. Author manuscript; available in PMC 2012 September 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Sampsonas et al. Page 18

Ta
bl

e 
4

B
ro

nc
ho

al
ve

ol
ar

 L
av

ag
e 

(B
A

L
) 

D
if

fe
re

nt
ia

l C
el

l C
ou

nt
s 

(p
er

 μ
L

 o
f 

B
A

L
 E

ff
lu

en
t)

D
ia

gn
os

is

C
el

l C
ou

nt
s:

 M
ea

n 
± 

SD

H
em

e 
G

ro
up

N
on

-H
em

e 
G

ro
up

W
B

C
, μ

L
A

N
C

, %
M

O
N

O
, %

W
B

C
, μ

L
A

N
C

, %
M

O
N

O
, %

B
ac

te
ri

a
39

3 
±

 3
89

13
.7

 ±
 2

5.
8

79
.6

 ±
 2

8.
6

59
2 

±
 6

16
30

.2
 ±

 3
6.

8
65

.6
 ±

 3
0

Fu
ng

i
17

5 
±

 1
31

2.
8 

±
 3

.4
a

68
.5

 ±
 4

0.
2

44
6 

±
 4

48
22

 ±
 2

4.
1a

70
.2

 ±
 3

3.
2

M
yc

ob
ac

te
ri

a
25

0
4

93
52

8 
±

 4
96

28
.3

 ±
 1

9.
7

65
 ±

 1
6.

5

V
ir

us
es

24
2 

±
 2

26
25

 ±
 3

2.
7

70
.5

 ±
 3

3.
7

31
2

79
15

M
ul

tip
le

 p
at

ho
ge

ns
93

2 
±

 2
01

9
19

.1
 ±

 2
7.

3b
78

.8
 ±

 2
6.

6c
95

4 
±

 1
80

1
56

.7
 ±

 3
5.

2b
26

 ±
 2

3.
9c

M
al

ig
na

nc
y

52
7 

±
 2

82
22

 ±
 3

4.
7

73
.3

 ±
 3

2.
4

46
3 

±
 8

35
18

.2
 ±

 3
5.

6
74

.1
 ±

 3
4.

9

C
on

ta
m

in
at

io
n/

co
lo

ni
za

tio
n

60
0 

±
 9

45
11

.8
 ±

 1
9.

6
83

.9
 ±

 2
0.

6
37

2 
±

 3
98

24
 ±

 2
6.

3
73

.4
 ±

 2
5.

8

N
o 

pa
th

og
en

36
9 

±
 6

55
13

.6
 ±

 2
0.

9
80

.5
 ±

 2
3.

1
32

3 
±

 6
37

11
 ±

 2
0.

8
86

 ±
 1

8.
6

SD
 in

di
ca

te
s 

st
an

da
rd

 d
ev

ia
tio

n;
 H

em
e,

 h
em

at
ol

og
ic

 m
al

ig
na

nc
y 

di
ag

no
si

s;
 N

on
-H

em
e,

 n
o 

he
m

at
ol

og
ic

 m
al

ig
na

nc
y;

 W
B

C
, w

hi
te

 b
lo

od
 c

el
l c

ou
nt

; A
N

C
, a

bs
ol

ut
e 

ne
ut

ro
ph

il 
co

un
t; 

M
O

N
O

, m
on

oc
yt

es
.

a P=
 .0

53
.

b P=
 .0

33
.

c P=
 .0

18
.

Cancer. Author manuscript; available in PMC 2012 September 25.


