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Background: The clinical utility of bronchoalveolar lavage fluid
(BAL) cell analysis for the diagnosis and management of patients
with interstitial lung disease (ILD) has been a subject of debate and
controversy. The American Thoracic Society (ATS) sponsored a com-
mittee of international experts to examine all relevant literature on
BAL in ILD and provide recommendations concerning the use of BAL
in the diagnosis and management of patients with suspected ILD.
Purpose: To provide recommendations for (7) the performance and pro-
cessing of BAL and (2) the interpretation of BAL nucleated immune cell
patterns and other BAL characteristics in patients with suspected ILD.
Methods: A pragmatic systematic review was performed to identify
unique citations related to BAL in patients with ILD that were pub-
lished between 1970 and 2006. The search was updated during the
guideline development process to include published literature
through March 2011. This is the evidence upon which the commit-
tee’s conclusions and recommendations are based.

Results: Recommendations for the performance and processing of
BAL, as well as the interpretation of BAL findings, were formulated
by the committee.

Conclusions: When used in conjunction with comprehensive clinical
information and adequate thoracic imaging such as high-resolution
computed tomography of the thorax, BAL cell patterns and other char-
acteristics frequently provide useful information for the diagnostic
evaluation of patients with suspected ILD.
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EXECUTIVE SUMMARY

In patients with interstitial lung disease (ILD), accurate interpre-
tation of bronchoalveolar lavage (BAL) cellular analyses requires
that the BAL be performed correctly and that the BAL fluid be
handled and processed properly. Because there is a paucity of ev-
idence from controlled clinical trials related to these steps and the
clinical utility of BAL cellular analysis, the recommendations pro-
vided were informed largely by observational studies and the un-
systematic observations of experts in the fields of BAL and ILD. It
is our hope that these guidelines will increase the utility of BAL in
the diagnostic evaluation of ILD and promote the use of BAL in
clinical studies and trials of ILD so that future guidelines may be
based upon higher quality evidence.

In the online supplement to these guidelines, we describe
each of the following in detail: the technique for performing
BAL,; specimen handling, transport, and processing; gross anal-
ysis and differential cellular analysis; infection screening; flow
cytometry; and using the BAL cellular findings narrow the dif-
ferential diagnosis of ILD.

l. Conclusions

1. Following the initial clinical and radiographic evaluation of
patients presenting with suspected ILD, BAL cellular analy-
sis may be a useful adjunct in the diagnostic evaluation of
individuals who lack a confident usual interstitial pneumonia
(UIP) pattern on high-resolution computed tomography
(HRCT) imaging of the thorax. Important considerations
about whether to perform a BAL include the degree of un-
certainty about the type of ILD, the likelihood that the BAL
will provide helpful information, the patient’s cardiopulmo-
nary stability, the presence or absence of a bleeding diathesis,
and the patient’s values and preferences.

2. Recognition of a predominantly inflammatory cellular
pattern (increased lymphocytes, eosinophils, or neutro-
phils) in the BAL differential cell profile frequently helps
the clinician narrow the differential diagnosis of ILD,
even though such patterns are nonspecific.

3. A normal BAL differential cell profile does not exclude
microscopic abnormalities in the lung tissue.
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4. BAL cellular analysis alone is insufficient to diagnose the
specific type of ILD, except in malignancies and some rare
ILDs. However, abnormal findings may support a specific
diagnosis when considered in the context of the clinical and
radiographic presentations.

5. BAL cellular analysis has no firmly established prognostic
value and cannot predict the response to therapy.

Il. Recommendations

1. For patients with suspected ILD in whom it has been
decided that a BAL can be tolerated and will be per-
formed, we suggest that the BAL target site be chosen
on the basis of an HRCT performed before the proce-
dure, rather than choosing a traditional BAL site (i.e., the
right middle lobe or lingula). In our clinical practices, we
perform the HRCT within 6 weeks of the BAL.

2. For patients with suspected ILD who undergo BAL, we
recommend that a differential cell count be performed on
the BAL fluid. This includes macrophage, lymphocyte,
neutrophil, and eosinophil cell counts. The remaining
sample may be used for microbiology, virology, and/or
malignant cell cytology laboratory testing if clinically
indicated.

3. For patients with suspected ILD in whom BAL is per-
formed, we suggest that lymphocyte subset analysis NOT
be a routine component of BAL cellular analysis.

lll. Summary of the Procedure, Transport, Processing,
and Analysis

1. BAL is performed with the fiberoptic bronchoscope in
a wedge position within the selected bronchopulmonary
segment. The total instilled volume of normal saline
should be no less than 100 ml and should not exceed
300 ml. Three to five sequentially instilled aliquots are
generally withdrawn after each aliquot instillation.

2. For optimal sampling of distal airspaces, the total volume
(pooled aliquots) retrieved should be greater than or
equal to 30% of the total instilled volume. A total volume
of retrieved fluid less than 30% may provide a misleading-
cell differential, especially if total retrieved volume is less
than 10% of total instilled volume. If less than 5% of each
instilled aliquot volume is recovered during the procedure
due to retention of most of the fluid in the lavaged seg-
ment, the procedure should be aborted to avoid increased
risk of tissue disruption and/or inflammatory mediator
release due to overdistention of the lavaged segment.

3. A minimal volume of 5 ml of a pooled BAL sample is needed
for BAL cellular analysis. The optimal volume is 10 to 20 ml.
It is acceptable to pool all aliquots of the retrieved BAL fluid
for routine analyses (including the first retrieved aliquot).

4. BAL cell differential counts with greater than 15% lym-
phocytes, greater than 3% neutrophils, greater than 1%
eosinophils, and greater than 0.5% mast cells represent
a lymphocytic cellular pattern, neutrophilic cellular pattern,
eosinophilic cellular pattern, and mastocytosis, respec-
tively. Each has diagnostic implications, as described
within the Table 1.

5. A predominance of macrophages containing smoking-
related inclusions with no or minor increases in other cell
types is compatible with smoking-related ILD such as
desquamative interstitial pneumonia (DIP), respiratory
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bronchiolitis interstitial lung disease (RBILD), and
Langerhans cell histiocytosis.

INTRODUCTION

Acute and chronic bilateral parenchymal infiltrative lung dis-
eases with variable degrees of tissue inflammation and fibrosis
are collectively referred to as interstitial lung diseases (ILDs)
when they occur in immunocompetent hosts without infection
or neoplasm (1). ILDs are generally characterized clinically
by exertional dyspnea, bilateral pulmonary infiltrates on tho-
racic imaging, abnormal pulmonary physiology, and abnormal
gas transfer, while they are usually characterized pathologically
by an accumulation of inflammatory and immune effector cells
that is often accompanied by abnormal extracellular matrix in
the distal airways, alveolar walls, and interstitium. The ILDs
usually evolve over months to years and include disorders of
both known and unknown cause. Among the ILDs with known
causes or associations are the pneumoconioses, ILD associated
with connective tissue disease (CTD-ILD), and hypersensitivity
pneumonitis (HP). Among the ILDs of unknown cause are sar-
coidosis and idiopathic interstitial pneumonias (ITP).

IIP is a term that encompasses a heterogeneous group of ILDs
of unknown etiology (2). It includes idiopathic pulmonary fibro-
sis (IPF), nonspecific interstitial pneumonia (NSIP), desquama-
tive interstitial pneumonia (DIP), respiratory bronchiolitis with
interstitial lung disease (RBILD), acute interstitial pneumonia
(AIP), cryptogenic organizing pneumonia (COP), and lymphoid
interstitial pneumonia (LIP). In the appropriate clinical setting,
IPF is a distinctive clinical entity characterized by the pattern of
usual interstitial pneumonia (UIP) on high-resolution computed
tomography (HRCT) imaging and/or surgical lung biopsy (2, 3).
In the appropriate clinical setting it has been recommended that
the recognition of precise radiologic and/or surgical lung biopsy
characteristics is sufficient to make a specific diagnosis of IPF
(4). Of interest is the finding that certain ITP pathologies may
coexist in the same patient when multiple regions of the lung
are biopsied, especially UIP and NSIP in patients with IPF (5).
In addition, these lung pathology patterns also occur in other
disorders such as connective tissue—associated ILD and thus are
not disease-specific.

Although most forms of ILD are chronic, some rare forms of
ILD can present acutely. Acute exacerbations of chronic ILD may
also occur (6, 7). Examples of ILDs that may occur acutely in-
clude AIP, acute eosinophilic pneumonia (AEP), acute hypersen-
sitivity pneumonitis (AHP), diffuse alveolar hemorrhage (DAH),
COP, drug reactions, and acute exacerbations of IPF or other
forms of ILD. The differential diagnosis of these disorders rests
on the clinician’s interpretation of the patient’s clinical presenta-
tion, combined with physical examination, pulmonary physiologic
testing, chest radiographic imaging, and sampling of lung tissue.

A number of previous statements have addressed the use of
bronchoalveolar lavage (BAL) to evaluate patients with sus-
pected ILD (8-12), but these were published prior to HRCT
becoming a routine diagnostic tool and before the recognition
of the IIPs as distinct clinical entities. This American Thoracic
Society (ATS) clinical practice guideline provides a comprehen-
sive, conceptually balanced, and evidence-based perspective
on the clinical utility of BAL cellular analysis for the evaluation
of suspected ILD. Because there is considerable variability in
techniques used by pulmonologists and medical centers for
performing and analyzing BAL worldwide, the committee also
provides guidelines that we hope will facilitate the standardization
of the BAL procedure, the handling and processing of BAL
fluid, and the interpretation of findings. Finally, recommenda-
tions are made for future research.



1006

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 185 2012

TABLE 1. SUMMARY OF BAL CELLULAR PATTERNS IN NORMAL/HEALTHY ADULT NONSMOKERS AND IN PATIENTS WITH COMMON
INTERSTITIAL LUNG DISEASES (CONSISTENT PATTERNS AND CLINICAL UTILITY)

1. Normal Adults (Nonsmokers)

BAL Differential Cell Counts

Alveolar macrophages

Lymphocytes (CD4+/CD8+ = 0.9-2.5)

Neutrophils

Eosinophils

Squamous epithelial*/ciliated columnar epithelial cells”

>85%
10-15%
<3%
<1%
<5%

II. Interstitial lung diseases

a. Disorders associated with increased percentage of specific BAL cell types

Lymphocytic cellular pattern Eosinophilic cellular pattern

Neutrophilic cellular pattern

>15% lymphocytes
Sarcoidosis
Nonspecific interstitial pneumonia (NSIP)
Hypersensitivity pneumonitis
Drug-induced pneumonitis
Collagen vascular diseases
Radiation pneumonitis
Cryptogenic organizing pneumonia (COP)

>1% eosinophils
Eosinophilic pneumonias
Drug-induced pneumonitis
Bone marrow transplant
Asthma, bronchitis
Churg-Strauss syndrome
Allergic bronchopulmonary aspergillosis
Bacterial, fungal, helminthic, Pneumocystis infection

>39% neutrophils
Collagen vascular diseases
Idiopathic pulmonary fibrosis
Aspiration pneumonia
Infection: bacterial, fungal
Bronchitis
Asbestosis
Acute respiratory distress syndrome (ARDS)

Lymphoproliferative disorders Hodgkin’s disease

b. Abnormal BAL differential cell patterns that suggest specific types of ILD

Diffuse alveolar damage (DAD)

A lymphocyte differential count =25% suggests granulomatous disease (sarcoidosis, hypersensitivity pneumonitis, or chronic beryllium disease),
cellular nonspecific interstitial pneumonia, drug reaction, lymphoid interstitial pneumonia, cryptogenic organizing pneumonia, or lymphoma.

CD4+/CD8+ >4 is highly specific for sarcoidosis in the absence of an increased proportion of other inflammatory cell types.

A lymphocyte differential count >50% suggests hypersensitivity pneumonitis or cellular nonspecific interstitial pneumonia.

A neutrophil differential count >50% supports acute lung injury, aspiration pneumonia, or suppurative infection.

An eosinophil differential count >25% is virtually diagnostic of acute or chronic eosinophilic pneumonia.

A cell differential count of >1% mast cells, >50% lymphocytes, and >3% neutrophils is suggestive of acute hypersensitivity pneumonitis.

g

. Other abnormal BAL findings

Infectious organism

Malignant cells (light microscopy, flow cytometry)

Bloody fluid that increases in successive aliquots

Milky fluid with positive periodic acid Schiff staining and amorphous debris
In vitro lymphocyte proliferative response to specific beryllium antigen

Lower respiratory infection

Cancer

Pulmonary hemorrhage * diffuse alveolar damage
Pulmonary alveolar proteinosis

Chronic beryllium disease

Definition of abbreviation: BAL = bronchoalveolar lavage.

*The presence of squamous epithelial cells indicates upper airway secretion contamination.
" Epithelial cells > 5% suggest suboptimal sample (BAL cellular patterns should be interpreted with caution).

METHODS

The ATS Ad Hoc Committee on the clinical utility of BAL in
ILD included an international group of experts with established,
long-standing clinical and research expertise in ILD and BAL.
The chairs were approved by the ATS, and the panel members
were specifically selected by the chairs from established centers
worldwide to review the existing literature and to answer clin-
ical questions based upon the published evidence or, when such
evidence was lacking, based upon prevailing knowledge and
experience.

A pragmatic systematic review was performed by committee
members and confirmed by the chairs. PubMed was used to search
Medline for relevant publications (original articles, systematic
reviews) in the English language from 1970 through March 2011.
Prespecified primary search terms were “interstitial lung disease”
AND “bronchoalveolar lavage,” with additional search terms
selected as appropriate for the clinical question (e.g., “AND lym-
phocyte subsets”). Relevant publications meeting prespecified
selection criteria were selected by committee members, and the
bibliographies of selected articles were reviewed for additional
articles. Articles were excluded if the methods for performing
BAL or obtaining differential cell counts could not be determined.

For clinical questions related to the technical aspects of BAL
in ILD, discussion and consensus was used to derive conclusions
and recommendations. In contrast, for clinical questions in which
there was a well-defined intervention and reasonable alternative,
a more systematic approach was used to appraise the evidence
and to formulate the recommendations. Disagreements were re-
solved by discussion and consensus.

Generally speaking, controlled clinical trials for ILD pro-
vided little data related to BAL cellular analysis. Thus, most
of the recommendations are based upon cross-sectional analyses,
prospective and retrospective cohort studies, case series, and the
clinical experience of the committee members. The methods
used for this guideline are provided in Table 2.

BAL CELLULAR ANALYSES AS A DIAGNOSTIC
INTERVENTION FOR PATIENTS WITH SUSPECTED
ILD IN THE ERA OF HRCT IMAGING

HRCT can noninvasively identify specific imaging patterns that
may be virtually diagnostic or strongly support certain forms
of ILD. This has greatly improved the clinician’s ability over
the past decade to narrow the differential diagnosis. As a result,
a likely diagnosis is determined in the majority of cases (14-16).
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TABLE 2. METHODS TABLE
Category Checklist Item Yes No
Panel assembly Included experts from relevant clinical and nonclinical disciplines X
Included individual who represents views of patients and society at large X
Included methodologist with appropriate expertise (documented expertise in development X
of conducting systematic reviews to identify the evidence base and development of evidence-based
recommendations)
Literature review Performed in collaboration with librarian X
Searched multiple electronic databases X
Reviewed reference lists of retrieved articles X
Evidence synthesis Applied prespecified inclusion and exclusion criteria X
Evaluated studies for sources of bias X
Explicitly summarized benefits and harms X
Used PRISMAT to report systematic review X
Used GRADE to describe quality of evidence X
Generation of recommendations Used GRADE to rate the strength of recommendations X

Definition of abbreviations: GRADE = Grading of Recommendations Assessment, Development and Evaluation; PRISMA1 = Preferred Reporting Items for Systematic

Reviews and Meta-Analyses.

The widespread use of HRCT to evaluate patients with ILD has
reduced the need for invasive diagnostic procedures, although
sampling is still performed to confirm or secure an accurate
diagnosis. Diagnostic sampling is also performed when there
is ongoing clinical suspicion of ILD despite a normal HRCT
(i.e., occasionally patients whose HRCT was interpreted as nor-
mal have evidence of ILD on BAL or lung biopsy).

BAL is one sampling technique. It samples the cellular and
acellular components of distal bronchioles and gas exchange
units. BAL analysis is seldom diagnostic by itself, but BAL cell
pattern results may support a diagnosis and/or narrow the differ-
ential diagnosis when considered in the context of the medical
history (e.g., occupational and environmental exposures, drug in-
gestion, prior radiation therapy), physical examination (e.g.,
extrapulmonary abnormalities), and radiologic findings (e.g.,
HRCT findings). The usefulness of BAL cell profiles is the sub-
ject of ongoing debate and controversy because its findings are
hampered by poor sensitivity and specificity (17). In addition,
a normal BAL differential cell profile does not exclude the
presence of microscopic abnormalities in lung tissue.

BAL s easily performed, well tolerated, and has been safely per-
formed in acutely ill patients (e.g., patients with acute respiratory
distress syndrome [ARDS]) (18, 19). It has rarely been reported
to precipitate acute exacerbations or progression of ILD (20, 21).
The safety of BAL is enhanced if a standard safety protocol is
followed (22). BAL is contraindicated (relative) if the patient
has cardiopulmonary instability or a severe hemorrhagic diathesis.

Alternative sampling techniques include transbronchial lung
biopsy (TBLB) and surgical lung biopsy (SLB). TBLB is fre-
quently diagnostic in certain forms of ILD (e.g., granulomatous
lung disease), but it has some important limitations. The tissue
retrieved is often inadequate or nondiagnostic, and the risk of
complications is higher with TBLB than with BAL (23, 24).
SLB is usually diagnostic, but the risk of complications (includ-
ing death) is not negligible (25, 26).

There are no controlled clinical trials that have evaluated
whether routine BAL in patients with ILD improves patient-
important outcomes. However, the committee’s collective clin-
ical experience suggests that the results from BAL (cellular
analysis, staining and culture for mycobacterial and fungal in-
fection, cytopathology) may provide strong support or clues for
a diagnosis or help narrow the differential diagnosis. The com-
mittee recognizes that there are insufficient data to confirm
that BAL cell analysis is beneficial and, therefore, it is impos-
sible to weigh the potential benefits against the risks, costs, and
burdens of the procedure. For this reason, the committee feels
that the decision to perform BAL cellular analyses should be

determined on a case-by-case basis until there is published ev-
idence that BAL significantly improves patient-important out-
comes of patients with suspected or established ILD, and the
ability to obtain reliable results is dependent upon the availabil-
ity of local expertise in both BAL and ILD combined with
adequate laboratory resources.

PERFORMING, HANDLING, AND PROCESSING BAL

BAL retrieves secretions that coat the apical surfaces of the
bronchial and alveolar epithelium (diluted by the saline that is
used to perform BAL). Many factors can affect the amount of
fluid retrieved, as well as the cellular and acellular components
of the retrieved secretions. Thus, technique is extremely impor-
tant for obtaining appropriate BAL specimens and for the pro-
cessing and analysis of the BAL fluid. The technical aspects of
BAL are summarized in this section and described in depth in
the online supplement.

Pre-Procedure Preparation

Patients with suspected ILD for whom the clinician is consider-
ing BAL should undergo routine clinical evaluation before the
procedure. This evaluation, which includes inquiry and appropri-
ate testing for bleeding tendencies, is intended to minimize the
likelihood of procedure-related complications by identifying po-
tential risk factors that can be corrected or mitigated in advance.
Once it is confirmed that the patient is a suitable candidate for
BAL, the procedure may be scheduled.

Recommendation 1. For patients with suspected ILD in whom
it has been decided that a BAL can be tolerated and will be
performed, we suggest that the BAL target site be chosen on
the basis of an HRCT performed before the procedure, rather
than choosing a traditional BAL site (i.e., the right middle lobe
or lingula). In our clinical practices, we perform the HRCT
within 6 weeks of the BAL.

HRCT can be useful for identifying target areas of the lung
that are most likely to provide diagnostic specimens when sam-
pling via BAL. Generally speaking, areas of alveolar ground
glass opacity, more prominent nodular profusion, or fine reticu-
lation are likely to provide optimal targets. Target areas as well
as characteristics of parenchymal abnormalities may change with
time and, therefore, the HRCT should not be performed too far
in advance of the BAL procedure.

Although there are no controlled clinical trials that have com-
pared whether BAL sites identified by HRCT yield more useful
information than traditional BAL sites (i.e., easily accessible
sites that provide a good volume of return such as the right mid-
dle lobe or lingula), some reports suggest that HRCT may be
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useful for choosing a site of lavage. Garcia and coworkers (27)
found significant interlobar variation in BAL cell differential
counts for nonsarcoid ILD that was most divergent for BAL
lymphocyte counts. In adition, Sterclova and colleagues (28)
found good correlation of BAL lymphocytosis with higher al-
veolar HRCT scores, Clements and coworkers (29) found good
correlation between ground-glass opacification and the intensity
of alveolitis, and Agusti and colleagues (30) found significant
correlation of BAL absolute cell numbers and differential cell
count percentage with more extensive parenchymal change on
HRCT for patients diagnosed with IPF. Ziora and coworkers
(31) also found good correlation of higher BAL lymphocyte
counts and lymphocyte subset changes from lung segments with
greater parenchymal change as identified by HRCT. Finally,
Ramila and colleagues (32) found high yield of BAL when
HRCT was used to target areas of ground-glass opacity in
patients without ILD with suspected infection but normal plain
chest X-ray.

Therefore, we suggest performing the HRCT within 6 weeks
of the procedure and using HRCT imaging to identify appropri-
ate geographic areas for performing BAL. This suggestion is
based upon the committee’s collective clinical experience in
using HRCT combined with BAL to evaluate patients with
suspected ILD, plus the above accuracy studies that were lim-
ited by risk of bias, indirectness, and possible imprecision.

The BAL Procedure

During standard flexible bronchoscopy, the bronchoscope is
placed in a wedge position within the selected bronchopulmo-
nary segment. Normal saline (at room temperature) is instilled
through the bronchoscope, with a total volume that is between
100 and 300 ml and divided into three to five aliquots. After the
instillation of each aliquot, instilled saline is generally retrieved
using a negative suction pressure less than 100 mm Hg. The neg-
ative suction pressure should be adjusted to avoid visible airway
collapse. The minimal total volume retrieved should be greater
than or equal to 5% of the instilled volume (optimal sampling
retrieves = 30%). If less than 5% of each instilled aliquot vol-
ume is recovered during the procedure due to retention of most
of the fluid in the lung, the procedure should be aborted to
avoid increased risk to the patient. A minimal volume of 5 ml
of a pooled BAL sample is needed for BAL cellular analysis
(the optimal volume is 10-20 ml); it is acceptable to pool all
aliquots of the retrieved BAL fluid for routine analyses.

Occasionally, the gross appearance of the BAL fluid will pro-
vide diagnostic clues. For example, grossly bloody BAL fluid that
returns with increasing intensity in sequential aliquots indicates
acute diffuse alveolar hemorrhage, while grossly cloudy (i.e.,
milky or light brown-beige color) BAL fluid that returns with
flocculent material that settles by gravity to the bottom of the
container within 15 to 20 minutes of fluid retrieval is highly sug-
gestive of pulmonary alveolar proteinosis (PAP).

Handling of the BAL Fluid

The BAL fluid should be collected in containers that do not
promote cell adherence to container surfaces (e.g., silicone-
coated glass or polypropylene or other plastics that are designed
for suspension tissue culture). Its method of transport then
depends upon how long it is anticipated that it will take to reach
the analytical laboratory. BAL fluid can be transported “fresh”
at room temperature if the laboratory is located within the same
facility and there is minimal delay between BAL fluid retrieval
and delivery to the laboratory. If delivery to the laboratory may
take 30 to 60 minutes after retrieval, then specimens should be
transported at 4°C (i.e., on ice). If a delivery time greater than
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1 hour is anticipated, then transport in the original lavage saline
is discouraged. Instead, the cells should be centrifuged at a speed
that maintains cellular integrity (e.g., 250-300 X g for 10 min)
and then resuspended in a nutrient-supplemented medium (e.g.,
MEM+25mM HEPES or RPMI 1640+25mM HEPES) and
stored at 4°C, where they may remain for up to 24 hours. If
a centrifuge is not available, MEM or RPMI could be added
to the pooled lavage sample with subsequent storage at 4°C for
up to 12 hours, but the sample should be transported to the
laboratory as soon as possible and a prolonged interval between
BAL fluid retrieval and laboratory processing is discouraged.
BAL fluid should not be frozen or transported with dry ice.

Processing

Prompt processing of the BAL fluid or cell suspension once it
reaches the laboratory provides optimal results. Labware should
be used that does not promote cell adherence to container sur-
faces. Specimens with gross mucus can be strained through loose
gauze, or small amounts of mucus can be dissolved with dithio-
threitol, if necessary. The specimen should then be centrifuged at
an appropriate speed, resuspended, and analyzed.

BAL fluid that is not going to be analyzed immediately
should be centrifuged, the cell pellet resuspended in a nutrient-
supplemented medium, and then refrigerated at 4°C for up to
24 hours. Cells that were already suspended in a nutrient-
supplemented medium due to delayed transport can simply be
refrigerated at 4°C. Specimens obtained more than 24 hours
before are not suitable for analysis.

BAL CELLULAR ANALYSIS IN THE DIAGNOSIS
OF SPECIFIC ILD

A variety of diagnostic studies may be performed on BAL fluid.
In patients with suspected ILD, typical diagnostic studies are
a differential cell count, microbiological studies (to screen for
mycobacterial and fungal disease), and cytopathology.

Recommendation 2. For patients with suspected ILD who un-
dergo BAL, we recommend that a differential cell count be per-
formed on the BAL fluid. This includes lymphocyte, neutrophil,
eosinophil, and mast cell counts. The remaining sample may be
used for microbiological, virological, and/or malignant cell cy-
tology laboratory testing, if clinically indicated.

The reason for routine cellular analysis whenever BAL is per-
formed in a patient with suspected ILD is that identification or
exclusion of a predominantly inflammatory cellular pattern
(increased lymphocytes, eosinophils, and/or neutrophils) may
support a specific type of ILD or help narrow the differential
diagnosis, when considered in the context of the clinical and ra-
diological findings. The notion that a prominence of specific nu-
cleated inflammatory or immune cells in the BAL correlates with
an increased likelihood of certain types of ILD is supported by
numerous accuracy studies that are limited by risk of bias. These
include pronounced BAL eosinophilia in eosinophilic pneumo-
nia (33, 34) or drug reactions (35-37), and BAL lymphocytosis
in sarcoidosis (38-41), hypersensitivity pneumonitis (41-43),
pneumotoxic drug reactions (44, 45), or cellular NSIP (46, 47).
An algorithm for using BAL cellular analysis in a patient with
suspected ILD is suggested (Figure 1), and a separate algorithm
for using BAL in patients with relatively acute onset of sus-
pected ILD is also suggested (Figure 2).

Technique of BAL Cell Analyses

The cellular analysis should be performed within 1 hour if the BAL
fluid is in nutrient-poor media (e.g., saline) or within 2 to 3 hours
for optimal results if the BAL fluid is in a nutrient-supplemented
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Clinical Evidence of Diffuse Infiltrative Lung Disease

Patient history, physical examination, chest radiograph, pulmonary function testing
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Figure 1. Algorithm for the clinical utility of bron-
choalveolar lavage (BAL) cellular analysis in the
evaluation of interstitial lung disease (ILD). *High-
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by HRCT in the appropriate clinical setting include
sarcoidosis, usual interstitial pneumonia, and pul-
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l monary Langerhans cell histiocytosis. JInfection

Supportive Care and Supportive features for a

Lung Transplant as specific diagnosis or
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medium. The total cell count (nucleated immune cells) is usually
obtained via a hemocytometer, and cell viability is determined
by Trypan blue exclusion. Differential cell counts are performed
via cytocentrifugation with staining (Wright-Giemsa or May-
Grunwald-Giemsa) and enumeration of at least 400 cells. Repre-
sentative photomicrographs of BAL cytospin preparations are
shown in Figure 3. The presence and relative numbers of eryth-
rocytes and epithelial cells should be noted. The presence of
squamous epithelial cells suggests that BAL fluid is contaminated
with upper airway secretions, and the presence of large numbers
of bronchial epithelial cells suggests that the BAL may not have
adequately sampled distal airspaces.

Excess BAL fluid can be stained and cultured for myco-
bacteria and fungi in the microbiology laboratory, as well as
screened for neoplastic cells. These are important additional
tests to consider because infections and diffuse neoplasms can
masquerade as ILD or coexist with ILD.

Interpretation of BAL Differential Cell Counts

The ranges of differential cell counts that are considered normal
and abnormal derive from several sources. Numerous investigators

Non- and malignancy must be excluded as required by
diagnostic clinical features.

!

Surgical Lung
Biopsy

have published BAL immune cell profiles from cohorts of clin-
ically normal volunteer subjects recruited in single-center studies
(Table 3) (12, 48-53) and these reports have been used to define
normal and abnormal differential cell counts. In addition, the
multi-center BAL Cooperative Study (12) reported the dif-
ferential cell counts in the BAL of normal subjects (including
smokers or ex-smokers) compared with patients with ILD.

An increased number of nucleated immune cells and abnormal
proportions of immune cell types may suggest or support specific
types of ILD (Tables 1 and 4) in the absence of an infection. A
mixed cellular pattern can be observed with any ILD; when
mixed cellular patterns are observed, the dominant cell type
may be the most consistent with a specific ILD diagnosis.

A BAL fluid cell differential count with greater than 15%
lymphocytes, greater than 3% neutrophils, greater than 1%
eosinophils, or greater than 0.5% mast cells indicates BAL lym-
phocytosis (i.e., a lymphocytic cellular pattern), BAL neutro-
philia (i.e., a neutrophilic cellular pattern), BAL eosinophilia
(i.e., an eosinophilic cellular pattern), or BAL mastocytosis,
respectively. A lymphocyte differential count greater than or equal
to 25% suggests granulomatous lung disease (e.g., sarcoidosis, HP,

Clinical Evidence of Acute Diffuse Infiltrative Lung Disease

(dyspnea, diffuse infiltrates, hypoxemia, no known prior lung disease, illness <4 weeks duration)

!

High-Resolution CT Scan*

v

Diffuse Ground Glass Opacities
(+superimposed on chronic changes)

A
Bronchoalveolar Lavage

Figure 2. Algorithm for the BAL cellular analysis
in the evaluation of acute onset ILD. *HRCT may
not be required for every situation. Infection
must be ruled out.

. ' '

.

Eosinophils >25% Lymphocytes >50% Bloody lavage (persists Other findings
and/or increases on
sequential aliquots)
, : ' l ]
Eosinophilic Consider Drug Diffuse Alveolar Specific Non-
Pneumonia Reaction, Acute HP Hemorrhage Diagnosis diagnostic




NSIP, chronic beryllium disease, drug reaction, LIP, COP, or
lymphoma), while a lymphocyte differential count greater than
50% is particularly suggestive of HP or cellular NSIP. An
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Figure 3. Photomicrographs of representative BAL
cytospin preparations. (A) Predominance of alveo-
lar macrophages in BAL from a normal subject. (B)
BAL lymphocytosis. (C) BAL neutrophil predomi-
nance with intracellular bacteria (arrows). (D) BAL
eosinophilia. (E) Unsatisfactory BAL specimen that
shows squamous epithelial cells (large cells) and
degenerating columnar epithelial cells (arrow). (F)
BAL showing alveolar macrophages and degenerat-
ing neutrophils (arrows). (G) Hemosiderin-laden
macrophages (diffuse alveolar hemorrhage). (H)
Amorphous, predominantly acellular debris (pul-
monary alveolar proteinosis).

eosinophil differential count greater than or equal to 25% is
virtually diagnostic of eosinophilic lung disease in the appro-
priate clinical setting. A neutrophil differential count greater

TABLE 3. VALUES FOR BAL TOTAL AND DIFFERENTIAL CELL COUNTS FOR ADULT NORMAL SUBJECTS (CYTOCENTRIFUGE METHOD)

Smoking Site Volume (ml) and  Total Volume Cells/pl
Ref.  Age (yn) N Status Lavaged Aliquot Number Instilled (ml) BAL Fluid* AM%* Lym%* Neu%* Eos%*
12 40 = 2* 77 Never RML 60 X 4 240 12920 852x16 11.8=1.1 1.6 0.7 02=0.1
46 + 2* 50 Ex RML 60 X 4 240 139 = 11 86.5 1.4 11.5+12 21 +0.5 0.5+0.2
43 = 2* 64 Current RML 60 X 4 240 418 £ 45 925 =*1.0 52 %09 1.6 £0.2 0.6 x0.1
48 18-40 38 Never RML 60 X 4 240 105 =7 89.5 = 1.1 9.2 1.1 1.0+0.2 0.1 £0.1
18-40 10 Never LUL 60 X 4 240 113 =10 88.6 20 9.9 1.9 1.5+03 0.1 =x0.1
65-78 30 Never RML 60 X 4 240 158 =17  80.2 = 2.1 15.1 + 2.1 4309 05=*0.2
18-40 23 Never RML 40 X 4 160 103 + 9 88.7 £ 1.2 9.4 1.2 1.4+01 03=x0.1
18-40 20 Never RUL 40 X 4 160 11413 88914 9.0 1.4 1.9+05 02=x0.1
49 33 £ 2% 18 Never RML 20 X 10 200 108 =16  85.3 + 2.1 12.6 + 2.0 1.7 +0.1 04 =x0.1
50 19-60 28 Non RML 50 X 4 200 103 =15 89.8+0.7 8.4+ 0.7 1.3+02 04=x0.1
51 20-36 78 Non LUL 40 X 3 120 94 =5 95.1 = 0.3 39+0.03 07=*01 02=x0.1
52 18-41 19 Non RML 50 X 6 300 116 = 16 91 = 0.6 8.3 0.9 0806 03=*0.2
20-49 13 Current RML 50 X 6 300 358 * 46 94 = 1.0 54 =09 1.0 +0.3 0+0
53 20-48 1m Never RML or LUL 20 X 5 100 127 £ 9 93.2 0.6 6.1 £0.5 0.5+0.1 0.1 =0.04

Definition of abbreviations: AM = alveolar macrophage; BAL = bronchoalveolar lavage; Eos = eosinophils; Lym = lymphocytes; N = number of subjects; Neu =

neutrophils; LUL = left upper lobe (lingula); RML = right middle lobe.

*Mean = SE.
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TABLE 4. CLINICAL PRESENTATION, HRCT AND BAL CELLULAR FINDINGS IN THE DIFFERENTIAL DIAGNOSIS OF ILD

Specific ILD

Usual Clinical Presentation

Usual HRCT Pattern

Usual BAL Cell Pattern

BAL Findings that
Support Diagnosis

Acute interstitial pneumonitis  Acute onset of dyspnea

(AIP)
Idiopathic pulmonary fibrosis
(UIP histopathology)

Nonspecific interstitial
pneumonia (NSIP)

Desquamative interstitial
pneumonia (DIP)

Respiratory bronchiolitis
with interstitial lung
disease (RB/ILD)

Cryptogenic organizing
pneumonia (aka BOOP)

Eosinophilic pneumonia
(EP)

Lymphocytic interstitial
pneumonia (LIP)

Sarcoidosis

Hypersensitivity
pneumonitis (HP)

Diffuse alveolar
hemorrhage (DAH)

Drug-induced pneumonitis

Scleroderma

Langerhans cell
histiocytosis of
lung (PLCH)

Pulmonary alveolar
proteinosis (PAP)

Chronic beryllium
disease (CBD)
Asbestosis

Silicosis

Lipoid pneumonia

Lymphangitic carcinoma

Lymphangioleiomyomatosis

(LAM)

Bronchiolitis

Pulmonary infection

Diffuse consolidation on CXR
Gradual onset of dyspnea
Older patient

Subacute onset of dyspnea

Smoking history

Smoking history

Subacute onset of cough

Low-grade fever

Shortness of breath

Fatigue

Diffuse CXR infiltrates

Rapid response to corticosteroids

Reticular or reticulonodular pattern
involving mostly lower lung zones

Associated with underlying
immunologic abnormalities

Bilateral hilar lymphadenopathy
with normal physical examination

Uveitis or erythema nodosum often
present

Acute or chronic presentation with
exposure history

Collagen vascular disease
(especially lupus erythematosus)

Acute dyspnea

Hypoxemia

Drug ingestion history

Subacute dyspnea on exertion

Dysphagia and gastroesophageal
reflux

Dermal fibrosis and telangiectasias

Smoker

Subacute onset of dyspnea

+ History of pneumothorax

Subacute onset of dyspnea

Exposure history

Exposure history
Gradual onset of dyspnea

Exposure history
Gradual onset of dyspnea

History of mineral, vegetable,
or animal oils (?constipation)

History of malignancy

Female sex

Subacute onset of dyspnea

+ History of pneumothorax

Acute, subacute, or chronic
presentation

+ Connective tissue disease

Dyspnea and cough

Fever and other constitutional
symptoms

Acute to subacute onset

Diffuse, bilateral ground-glass attenuation
with patchy airspace consolidation

Diffuse peripheral reticular pattern

Honeycomb change

Traction bronchiectasis

Ground-glass opacities or consolidation
that mainly involves lower lung zones

Bilateral ground-glass attenuation in
lower lung zones

Poorly defined centrilobular nodules

Ground-glass opacities

Bronchial wall thickening

Patchy, nonsegmental airspace
consolildation that may be unilateral
and peripheral (can be similar to EP)

Bilateral peripheral subpleural airspace
consolidation

Bilateral ground-glass attenuation

Scattered cysts

Hilar/mediastinal adenopathy
Nodules along bronchovascular bundles
in mid/upper lung fields

Acute: bilateral ground-glass opacities
and poorly defined nodules

Chronic: reticular fibrotic pattern =
honeycomb change and traction
bronchiectasis + ground-glass opacities

Patchy or diffuse areas of ground-glass
attenuation

Tend to be in dependent lung zones

Can appear similar to various ILD (UIP,
NSIP, DAD, COP, HP, EP)

Reticular lines = ground-glass attenuation

Cysts and centrilobular nodules that
can cavitate

Most prominent in mid to upper
lung zones

Alveolar filling pattern

Hilar lymphadenopathy

Nodules along bronchovascular bundles

Irregular linear opacities with thickened
interlobular septae that predominate
in dorsal, subpleural areas

Pleural plaques

Dense, well-circumscribed nodules in
upper and middle lung zones

Extensive ground-glass opacities or
consolidation with attenuation
values between fat and water

Smooth or nodular thickening of

bronchovascular bundles and interlobular

septae and/or parenchymal nodules

Randomly distributed, thin-walled cysts
throughout lungs surrounded by
normal parenchyma

Poorly defined centrilobular nodules

Decreased attenuation and air trapping

Tree-in-bud pattern

Diverse patterns including alveolar filling
pattern, consolidation, diffuse miliary
infiltrates, “tree-in-bud,” and diffuse
ground-glass opacities

11 Neut

1 AM, t Neut
* 1 Eos

1 AM, 1 Lymph, 1 Neut

11 AM (heavily pigmented)

11 AM (heavily pigmented)

1 AM, Lymph, Neut
=+ 1 Eos

11 Eos

11 Lymph

11 Lymph
+ 1 Neut

11 Lymph, 1 Neut
“Foamy” AM cytoplasm
* Mast cells

+ Plasma cells

Hemosiderin-laden Mac
Free RBCs

Variable 1 Lymph, Neut,
and/or Eos

+ Mast cells

t Lymph, 1 AM

+ 1 Neut, = TEos

1AM
* 1 Neut, 1Eos, and/or tLymph

Cloudy BAL fluid with milky to
light brown appearance

Debris settles out without
centrifugation

1/11 Lymph

1/11 Mac

1 Neut, Eos, Lymph

1 Mac and Eos with advanced
disease

1 Mac

* 1 Neut, Lymph

Oily layer on surface of BAL fluid

Vacuoles in Mac that stain
positive for lipid

Malignant cells on cytopathologic
examination

No specific pattern

Variable 1 in inflammatory cell
populations

111 Neut (suppurative, bacterial)

11 Lymph (viral)
1/11 Eos (parasitic)

Prominent neutrophilia

Infection and hemorrhage excluded

Lack of prominent lymphocytosis
or eosinophilia

Typical BAL profile

Hemorrhage, infection, and
malignancy excluded

Typical BAL profile

Exclusion of hemorrhage,
infection, malignancy

Exclusion of hemorrhage, infection,
malignancy

Typical BAL profile
Exclude hemorrhage, infection,
malignancy

Eos% = 25%

Elevated lymphocytes
Exclusion of hemorrhage,
infection, malignancy

Lymphocytosis with typical clinical
presentation and radiographic
findings

CD4/CD8 ratio = 3.5 increases
specificity

Extreme lymphocytosis

Plausible exposure history

Exclude infection, hemorrhage,
and malignancy

Progressive increase in RBCs with
sequential BAL aliquots
Exclude infection, malignancy

Hemorrhage (can be drug-induced),
infection, and malignancy excluded

Infection, hemorrhage, and
malignancy excluded

CD1a-positive cells = 5%
Infection, hemorrhage, and
malignancy excluded

PAS-positive amorphous debris
Hemorrhage, infection, and
malignancy excluded

Consistent cell pattern

Positive lymphocyte proliferation test

Presence of asbestosis bodies

Infection, hemorrhage, and
malignancy excluded

Silica-laden macrophages

Infection, hemorrhage, and
malignancy excluded

Lipid-laden macrophages

Infection and hemorrhage excluded

Detection of malignant cells
Infection, hemorrhage, and
malignancy excluded

Infection, hemorrhage, and
malignancy excluded

Positive stains on BAL sediment
and/or positive cultures of
plausible pathogen

Definition of abbreviations: AM = alveolar macrophage; BAL = bronchoalveolar lavage; CXR = chest radiograph; Eos = eosinophils; Lymph = lymphocytes; Neut =
neutrophils; RBC = red blood cell.
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than or equal to 50% strongly supports acute lung injury, aspi-
ration pneumonia, or suppurative infection. Finally, a mast cell
differential count greater than 1% combined with a lymphocyte
differential count greater than 50% and a neutrophil count
greater than 3% is suggestive of HP.

A predominance of macrophages containing smoking-related
inclusions with no or minor increases in other cell types is com-
patible with smoking-related ILD, such as DIP, RBILD, or pul-
monary Langerhans cell histiocytosis (PLCH). Additional tests
to identify and count Langerhans cells in the appropriate clinical
setting may be useful in narrowing the differential diagnosis. A
predominance of hemosiderin-laden macrophages is suggestive
of chronic or occult alveolar hemorrhage syndromes resulting
in pulmonary hemosiderosis or diffuse alveolar damage.

A summary of the BAL immune cell pattern findings that cor-
relate with specific ILDs is given in Tables 1 and 4. The role of
BAL cellular analyses in the diagnosis and management of spe-
cific forms of ILD is discussed in depth in the online supplement.

Recommendation 3. For patients with suspected ILD in whom
BAL is performed, we suggest that lymphocyte subset analysis
NOT be a routine component of BAL cellular analysis.

Given the importance of promptly processing and analyzing
the BAL specimen for optimal results, it is often asked whether
alymphocyte subset analysis should be routinely performed after
BAL instead of waiting for the results of the differential cell
count to decide. We believe that a lymphocyte subset analysis
(by cytometry or immunocytochemistry) should not be per-
formed routinely, but rather could be performed if a lymphocytic
disease is suspected or the initial BAL cellular findings identify
a lymphocytosis. This suggestion is based upon the committee’s
clinical experience that lymphocyte subset analysis is rarely
helpful and potentially misleading in the absence of a clinically
suspected lymphocytic disease or a lymphocytosis.

Many investigators have characterized lymphocyte subsets on
the basis of T helper (CD4%) versus T suppressor (CD8") phe-
notypes, and have found correlations of the CD4*/CD8*
T lymphocyte ratio with specific disease processes such as sar-
coidosis (38, 54, 55) and hypersensitivity pneumonitis (42, 43, 56,
57). However, subsequent investigations have found that the
CD4"/CDS8™ ratio may not be significantly increased in a substan-
tial number of patients with sarcoidosis (58, 59) or significantly
decreased in a substantial proportion of patients with hypersen-
sitivity pneumonitis (60, 61), and can change during the course of
the disease process (55, 60). In addition, the BAL CD4*/CD8"*
T lymphocyte ratio varies with age and may be significantly in-
creased in normal subjects (62). These issues are discussed exten-
sively in the portion of the online supplement that pertains to
specific forms of ILD. However, in the case of sarcoidosis, the
combination of BAL lymphocytosis combined with a considerably
increased BAL CD4"/CD8" lymphocyte ratio (e.g., = 4) may in-
crease the confidence of a diagnosis of sarcoidosis if other clinical
features and imaging are consistent with this diagnosis, and lym-
phocyte subset determinations may be performed at the discretion
of the pulmonologist if such analysis can be reliably performed in
the clinical laboratory and is considered to be clinically useful.

Finally, there are other tests that can be performed on BAL
fluid on a case-by-case basis and may be helpful in specific clinical
circumstances. Analysis by a cytopathologist is indicated if there
are isolated cells that are suspicious for malignancy. Periodic
Acid Schiff staining or Oil Red O staining may be helpful if pul-
monary alveolar proteinosis or aspiration is suspected, respec-
tively. Hemosiderin staining may be worthwhile if hemorrhage
is suspected and/or the initial BAL raises the suspicion of
hemosiderin-laden macrophages. Energy-dispersive electron mi-
croprobe analysis can be performed if inorganic dust bodies or
particles within macrophages are suspected.

CONCLUSIONS AND FUTURE DIRECTIONS

The recommendations in these guidelines were informed largely
by observational studies and the clinical observations of experts
in the fields of BAL and ILD, since there is a paucity of evidence
from controlled clinical trials related to the clinical utility of
BAL cellular analysis. Acknowledging this limitation, these
guidelines are intended to enhance the understanding of the clin-
ical utility of BAL cellular analysis by pulmonologists and other
clinicians and to assist them in the making appropriate clinical
decisions when evaluating patients in whom a diagnosis of
ILD is suspected. The recommendations in these guidelines
can be used worldwide to standardize both the performance
of BAL and the interpretation of BAL cellular analysis. It is
hoped that these guidelines will provoke and facilitate future
clinical studies in patients with suspected ILD, which investigate
potential biomarkers in BAL that may predict prognosis and re-
sponse to therapeutic interventions for ILD.
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NOTE FROM ATS DOCUMENTS EDITOR

The American Thoracic Society (ATS) is working toward the de-
velopment of clinical practice guidelines that comply with the
Institute of Medicine’s (IOM) standards for clinical practice
guidelines. This guideline was completed prior to the release
of the standards and, therefore, was not required to comply with
them. Nevertheless, the approach used to identify the evidence,
appraise the evidence, and formulate recommendations for this
guideline was more systematic and free from conflicts of interest
than traditional guidelines. For these reasons, I am confident
that this guideline provides accurate and thoughtful guidance to
clinicians managing a patient with interstitial lung disease.

Kevin C. WiLsoN, M.D.
ATS Documents Editor
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