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Abstract Bronchoalveolar lavage (BAL) is a simple and
safe procedure performed during flexible bronchoscopy.
BAL provides an important diagnostic tool in the diag-
nosis of various diffuse lung diseases. BAL fluid anal-
ysis for cell count and differential, bacteriology and cy-
tology may suggest specific disease or give alternative
diagnosis. Nevertheless, BAL is seldom useful as a
Bstand-alone^ diagnostic test for various diffuse pulmo-
nary diseases. Confident diagnoses can be obtained
when clinical evaluation and high-resolution computed
tomography of the chest (HRCT) findings are combined
with BAL fluid analysis and/or transbronchial lung bi-
opsy. BAL may also be helpful in determining the re-
sponse to treatment and prognosis of interstitial pulmo-
nary disease. This review is about the role of BAL in
approaching patients with interstitial lung diseases
(ILDs) and will describe the value of different cell pat-
terns found.
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Introduction

Bronchoalveolar lavage (BAL) is a simple and safe procedure
performed during flexible bronchoscopy to collect aspirated
fluids containing alveolar cells. Analysis of BAL cell counts,
differentials, cultures and cytology provides valuable data for
diagnosis and management of many respiratory diseases [1].

Interstitial lung diseases (ILDs) or diffuse parenchymal
lung disease (DPLD) represent an expansive conglomerate
of acute and chronic disorders that are classified on the basis
of similar radiographic, clinical or pathologic manifestations.
BAL findings of different nucleated inflammatory cell pat-
terns often had characteristics that are highly consistent with
various forms of ILD, such as idiopathic pulmonary fibrosis
(IPF), hypersensitivity pneumonitis (HP) or sarcoidosis.

The main classifications of ILDs are those with known and
unknown causes. The known causes are drugs, ILDs associ-
ated with connective tissue disease, HP and sarcoidosis. The
other group are those with unknown causes called idiopathic
interstitial pneumonia (IPF) which are further classified to IPF
and idiopathic interstitial pneumonias (IIP) other than IPF
including non-specific interstitial pneumonia (NSIP), lym-
phoid interstitial pneumonia (LIP), desquamative interstitial
pneumonia (DIP), respiratory bronchiolitis related interstitial
lung diseases (RB-ILD), and cryptogenic organizing pneumo-
nia (COP). Although these diseases largely share common
clinical features, a precise diagnosis is mandated as treatment
and prognosis vary with distinct histological features [2, 3••].

Diagnostic algorithm for all sub-groups of ILDs requires an
evaluation including a full medical history (with occupational,
hobbies, and environmental exposures or drug history), family
history, and physical examination, lung function tests, chest
radiographs and laboratory investigations including auto anti-
bodies. If these initial diagnostic tests did not show the
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diagnosis, more interventions would be needed such as bron-
choscope with BAL for cellular analyses and transbronchial
lung biopsy. Surgical lung biopsymay be indicated if previous
investigations were inconclusive.

Differential cell count of BAL is very useful for differential
diagnosis of numerous sub-groups of ILDs [4]. Confident di-
agnoses can be obtained when clinical evaluation and high-
resolution computed tomography of the chest (HRCT) find-
ings are combined with BAL fluid analysis and/or
transbronchial lung biopsy. Characteristic features of HRCT
or BAL may preclude the demand for surgical lung biopsy for
many sub-groups of ILDs, such as IPF or sarcoidosis [5].

This chapter will review the role of BAL in approaching
patients with ILDs and will describe the value of different cell
patterns found.

Bronchoscopy: BAL and transbronchial biopsy

Bronchoscopy with BAL is a routine procedure performed
frequently by pulmonologists. It is considered a minimally
invasive and generally well-tolerated procedure with very
low overall morbidity and mortality [6, 7]. The analysis of
BAL according to good clinical laboratory practice by quali-
fied personnel with an experience in BAL cytological analysis
about the findings of different sub-groups of ILDs is very
important.

Many different BAL protocols have been produced and
commonly consist of multiple aliquots (the retrieved liquid
from BAL) that usually require from five or six aliquots of
20 mL each to four aliquots of 60 mL each. The right middle
lobe and lingula are the more accessible regions of the lung
with a high likelihood to allow a good return of BAL [8••, 9].
BAL fluid of a healthy, never-smoker patient should contain,
approximately, 80–90 % alveolar macrophages, 5–15 % lym-
phocytes, and 3 % neutrophils and/ or 1 % eosinophils. The
presence of squamous epithelial cells indicate that the BAL
fluid has been polluted by oropharyngeal secretions, which
may suggest the use of poor technique in performing the
BAL [10]. HRCT findings demonstrate the involved segments
which should be used as a guide to the best areas of sampling
by BAL. Evidence suggests that this diagnostic procedure
might bemore useful if it was targeted to one of the pulmonary
segments most affected, as identified by chest HRCT [5].
Routine sampling of BAL fluid with cellular analyses for pa-
tients with ILD includes total and differential cell counts as
well as the morphological appearances of cells, besides cul-
tures and special stains for infection is recommended [1].

Other confounding factors, such as smoking history, age
and medications that might influence the inflammatory
cells into the lung (e.g. corticosteroids and other
immunomodulating agents), need to be considered in
interpreting the cellular pattern of the BAL. Another important
confounder is infection that can stimulate the sub-acute onset

of diffuse lung infiltrates or coincide with non-infectious ILD.
As a result, BAL should be inspected and screened for myco-
bacterium or fungal infection should infectious aetiology be
clinically suspected [11].

BAL findings in ILDs according to cellular components

Normal BAL components contain a majority of alveolar mac-
rophages (80–90 %), lymphocytes (5–15 %), and neutrophils
(3 %) or eosinophils (1 %) [10]. There are a wide variety of
cells that may be present in BAL fluid of patients with ILDs,
which may suggest specific diagnosis (Table 1). Depending
on the cause, the predominant cell type found will help in the
approach for confident diagnosis in ILD [12, 13••]. One study
revealed that BAL cell count is very useful for diagnosis of
common ILD disease such as HP and sarcoidosis but has less
diagnostic yield for rare forms of ILDS disease [14]. An ad-
ditional evidence of 237 BAL samples from patients with ILD
such as cryptogenic organizing pneumonia, idiopathic pulmo-
nary fibrosis, hypersensitivity pneumonitis, sarcoidosis and
smoking-related ILD found compelling disparities in the
BAL cell counts of healthy controls and patients with ILDs
sub-groups examined in this study [15].

Lymphocytic cellular pattern in BAL

A lymphocytic BAL pattern is commonly seen in granuloma-
tous lung diseases, such as HP, sarcoidosis and some drug
reaction cases [16]. An increased lymphocyte count driven
predominantly by activated T helper cells with a high
CD4:CD8 ratio is a typical finding of pulmonary sarcoidosis
and considered adequate for the diagnosis of sarcoidosis.
However, both the frequency of lymphocytes in BAL and
the BAL CD4:CD8 ratio can be variable [17]. On the other
hand, in HP, not only increasing the number of lymphocytes
but also increasing the absolute neutrophil and eosinophill
counts may be significantly increased [18]. Increased number
of CD4-positive BAL lymphocytes may also be seen in meth-
otrexate pneumonitis and chronic beryllium disease [19]. Un-
fortunately, a lymphocytic BAL does not distinguish between
farmers with HP and exposed asymptomatic farmers who may
remain asymptomatic and not progress to a clinically relevant
disease, despite their elevated BAL lymphocyte count
[20]. BAL lymphocytosis appears also to be common
in the cellular type of NSIP [21]. Finally, lymphocytic
predominant pattern in BAL has been expressed in
Wegener’s granulomatosis, primary biliary cirrhosis and
Crohn’s disease [22].

Neutrophilic cellular pattern in BAL

Elevated neutrophils in BAL are commonly found in idiopath-
ic pulmonary fibrosis (IPF), aspiration pneumonia, sub-acute
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HP, bronchiolitis obliterans (BO) and in many pulmonary in-
fections [22, 23]. Increased neutrophil count with or without
mild eosinophilia is reported in the BAL of 70–90 % of pa-
tients with IPF but is not specific [23].

Eosinophilic cellular pattern in BAL

A considerable increase in the BAL eosinophil count (≥25 %)
is a typical finding of tropical pulmonary eosinophilia, acute
eosinophilic pneumonia or chronic eosinophilic pneumonia
(CEP) [24]. Modest increases in BAL eosinophils (<25 %)
may be observed in pulmonary Langerhans cell histiocytosis,
IPF, connective tissue diseases, drug-induced pneumonitis
and sarcoidosis [25]. One study showed that the eosin-
ophilic pneumonia particularly presented with a

significant increase in eosinophil counts and a cogent
decrease in T cell proportions, compared to the sarcoid-
osis which showed a significant increase in CD4/CD8
ratio, as compared to the other ILDs [26•].

BAL findings in ILDs according to the disease

BAL cell counts and differential are highly suggestive
or may even have diagnostic of certain ILDs entities
(Table 2). Many clinicians routinely perform BAL anal-
ysis as an essential component of workup of patients
presenting with new-onset ILD. In fact, BAL cellular
analyses are an advantageous method in restricting the
differential diagnoses of ILDs.

Table 1 BAL findings in ILDs

ILD BAL findings Common radiological findings

Normal BAL Alveolar macrophages (80–90 %), Normal
Lymphocytes (5–15 %),

Neutrophils (3 %)

Eosinophils (1 %)

IPF Mild to moderate lymphocytic pattern with
higher neutrophils.

Bilateral interstitial reticular, fibrotic basal sub-pleural
infiltrate with or without honeycombing.

NSIP BAL lymphocytosis of >30% with
mildly elevated neutrophils.

Bilateral diffuse ground –glass opacities with more
basal, sparing the sub-pleural areas.

LIP Same as NSIP Bilateral diffuse ground –glass opacities.

DIP/RB-ILD Same as NSIP Bilateral diffuse ground –glass opacities.

Sarcoidosis Marked Lymphocytic pattern with predominant
high CD4/CD8 T cell ratio.

Bilateral hilar adenopathy with or without
bilateral diffuse interstitial infiltrates,
pulmonary nodules and fibrosis also
may found.

HP- Hypersensitivity pneumonitis Marked lymphocytosis and the CD4/CD8
ratio are low. Mast cells Plasma cells
and Foamy macrophages may also present.

History of exposure to known antigen combined
with typical ground-glass centro-lobular nodules
mainly in upper lung lobes, also diffuse and fibrotic
changes may be described.

Drug-induced ILDs Mixed inflammation with moderate lymphocytic
and mild Neutrophilic pattern.

Patchy or diffuse infiltrates plus drug history to use
a pneumotoxic and cause interstitial changes.

COP Lymphocytic pattern and mild
eosinophils with low CD4/CD8
ratio.

Bilateral patchy alveolar infiltrates (fleeting airspace
disease).

CTD related ILDs Neutrophils and lymphocytes are predominant. Variable bilateral alveolar or interstitial infiltrates.

Systemic sclerosis-ILDs (scleroderma-ILDs) Presence of increased numbers of neutrophils,
eosinophils and alveolar macrophages with
low CD4/CD8 ratio.

Variable bilateral alveolar or interstitial infiltrates with
or without picture of UIP pattern.

Pneumoconiosis -occupational exposures Dust or coal particles may found but BAL mainly
to rule out infections and malignancies.

Variable bilateral alveolar or interstitial infiltrates.

Normal or High CD4/CD8 ratio

PLCH CD1a+cells 0.4 % Bilateral diffuse cystic changes with pulmonary
nodules.

Lymphangioleiomyomatosis-LAM To rule out infections and malignancies. Bilateral diffuse cystic changes

Alveolar proteinosis Milky fluid, periodic acid–Schiff-PAS, positive a
cellular corpuscles and foamy macrophages.

Bilateral diffuse infiltrates with a crazy-paving
description.

DAH Bloody sequential retrieve, RBCs and later
BHemosiderin-laden macrophages^.

Bilateral central alveolar infiltrates.

Lipoid pneumonia Foamy or Blipid-laden^ macrophages Bilateral patchy alveolar infiltrates mostly in the
dependent areas.
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IPF

It is critical to evaluate patients with suspected IPF for poten-
tial chronic hypersensitivity pneumonitis; as such, patients
may simulate IPF. Lymphocytosis of 40 % or higher in BAL
may prompt the treating clinician to look for occult hypersen-
sitivity pneumonitis, provoking further examination for envi-
ronmental insults, and even consideration of surgical lung
biopsy.

Increasing knowledge of the classical HRCT findings of
specific features that are associatedwith UIP histopathological
pattern obviate the need for lung biopsy in the diagnosis of
IPF [27•]. BAL findings, although non-specific to IPF, are
distinct from differential cell counts in sarcoidosis or HP, but
it is difficult to differentiate fibrotic NSIP from IPF. This was
reported in another evidence stated that BAL had nei-
ther a diagnostic role nor prognostic value with either
IPF or NSIP [28].

More recent study examined hepatocyte growth factors
(HGF) that were elevated in BAL from IPF in non-smokers
patients. HGF levels positively correlated with TGF-beta
BAL concentration, while negatively with vital capacity, neu-
trophils and BAL lymphocytes [29].

NSIP

Several studies have reported a lymphocytic BAL in patients
with non-specific interstitial pneumonia (NSIP), although
others have not established this. In a study that compared
BAL cell counts from 19 patients with fibrotic NSIP and 35
patients with IPF, no compelling disparity was established in
the frequencies of cells [30]. Further data presented that

among 74 patients with IPF cases diagnosed by the clinical
and HRCT findings, the only patients that were identified to
have a non-IPF diagnosis such as HP and NSIP had a BAL
lymphocytosis of >30 % [31]. Additionally, a retrospec-
tive observational study evaluated the role of BAL in
recognition of NSIP from UIP in a number of patients,
and they observed that UIP was characterized by a
higher neutrophil count (7 %) and lower lymphocyte
count (5 %) than NSIP [30, 32].

HP

BAL is a sensitive method for suspected cases of hypersensi-
tivity pneumonitis. A marked lymphocytosis more than 50 %
is a non-specific but helpful marker. BAL lymphocytosis up to
50 % may raise a suspicion for the diagnosis of HP and pa-
tients with HP [7]. More recent data show that periodic acid-
Schiff (PAS)-positive cells were significantly reduced in HP
compared to IPF and sarcoidosis but no significant correlation
between PAS positive cells and inflammatory cells was no-
ticed [32, 33]. Another study found that plasma cells are ab-
sent from normal BAL, but their presence accompanied by
Bfoamy macrophages^ and raised lymphocyte count is highly
suggestive of either HP or drug toxicity [33]. Other
ILDs associated with the existence of plasma cells in
BAL include cryptogenic organizing pneumonia and
chronic eosinophilic pneumonia. Mast cells have been
involved in the pathogenesis of lung inflammation and
fibrosis. An increased number of mast cells in BAL
have been observed in IPF, HP, and, to a much lesser
degree, in sarcoidosis, and seems to relate to advanced
or progressive disease [34].

Table 2 ILDs according to
cellular patterns found by BAL BAL cellular pattern Possible diagnosis

Eosinophils >25 % Eosinophilic pneumonia,

drug-induced pneumonitis,

tropical pulmonary eosinophilia,

fungal infection bronchopulmonary
aspergillosis, Churg-Straus syndrome,

acute eosinophilic pneumonia,

chronic eosinophilic pneumonia,

parasitic infection.

Lymphocytes (>30 %) Sarcoidosis, HP, NSIP, drug reaction, LIP,
lymphoma and other lymphoproliferative
disorder.

Lymphocytes (15 to 30 %) IPF, COP, PLHC and may be other IIP.

Neutrophils AIP, DAD, Acute exacerbation-IPF, pulmonary
infection pulmonary haemorrhage- DAH.

Squamous epithelial cells >5 % Unsuitable sample due to upper airway secretion
contamination

Bronchial epithelial cells >5 % Sample may be unsuitable for cell analysis
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COP

BAL findings in cryptogenic organizing pneumonia (COP)
are characterized by increases in the overall number of lym-
phocytes, neutrophils, eosinophils and macrophages. But the
lymphocytic cellular pattern was reported as the most promi-
nent type of cells with mild raising in neutrophils and eosin-
ophils. The CD4/CD8 ratio is usually normal or low [14, 15].

CTDs

Although BAL fluid analysis has been performed in all of the
connective tissue diseases (CTDs), the presence or absence of
alveolitis has been described to reflect local inflammation, in
which neutrophils and eosinophils are predominant. In CTD-
ILDs, BAL neutrophilia seems to correlate with poorer lung
function but has not consistently proved useful for diagnosis
or assessing prognosis and response to therapy [35, 36].

Despite these issues, BAL is an important adjunct in the
evaluation of radiographic abnormalities, primarily in ruling
out alternative diagnoses to CTD-ILD, including eosinophilia
observed in some drug reactions, diffuse alveolar haemor-
rhage and opportunistic infection [37]. BAL has a restricted
role in the diagnosis and checking of connective tissue dis-
eases affecting the lung [14, 15]. However, bronchoscopy
with BAL should be considered in the evaluation of new in-
filtrates in any patient receiving immunosuppressive therapy.
BAL analysis showed that the counts of lymphocytes and
eosinophils were meaningfully higher in DM-ILD than in
PM-ILD [38].

SS

BAL has giving important diagnostic and prognostic informa-
tion regarding the s of systemic sclerosis (SS)-ILD [39, 40].
ILD progression was related with the presence of
honeycombing on HRCT, with the existence of eosinophils,
with low CD4/CD8 ratio. Presence of an increase number of
neutrophils, eosinophils and alveolar macrophages was re-
ported in SS-ILD patients [41] Based on current data, BAL
is not recommended for repetitive assessment and manage-
ment of SS-ILD [42].

Sarcoidosis

In sarcoidosis; BAL lymphocyte count and percentage are
elevated, while the neutrophil and eosinophil percentages are
normal [43]. Sarcoidosis is highly suspected when lympho-
cytes ranged 30–50% and neutrophils count is low [14, 15]. T
lymphocytes with an elevated CD4/CD8 ratio is an important
clue for the diagnosis of sarcoidosis [44]. The CD103+CD4+/
CD4+ ratio has been postulated as a possible diagnostic indi-
cator for sarcoidosis [45]. The finding of a raised neutrophil

count in sarcoidosis appears to correlate with a more severe
disease and may indicate need for treatment [45].

Drug-induced ILDs

Drugs history is very important in the approach to ILD pa-
tients asmany drugs have been connected with interstitial lung
disease such as nitrofurantoin, chemotherapeutic agents and
amiodarone [46]. The diagnosis is usually problematic and
difficult to confirm. BAL may be of use in determining the
existence of pneumonitis or any drug-related lung injury. It
may also be of value in ruling out other disease or complica-
tions (e.g. vasculities, alveolar haemorrhage, lymphangitic
carcinomatosis or infection) that are widespread when chemo-
therapeutic agents are employed [47].

Most drug-induced immunological reactions and the most
noticeable feature of BAL in drug-induced lung injuries was a
lymphocytic alveolits, either pure or with neutrophil and/or
eosinophilic alveolits along with an inequity in T lymphocyte
[48]. As such, HP and COP secondary to drug reaction may be
ruled out if BAL cytology is normal. In MTX-induced pneu-
monitis, CD4+ cells may also increase; this elevation has also
been demonstrated with many other drugs such as sirolimus,
nitrofurantoin and ampicillin [49].

Another data reporting that monoclonal antibodies which
used as a targeted therapy for a variety of diseases have been
associated with ILDs in the treated patients. Investigators
found that mixed inflammation with moderate lymphocytic
and mild neutrophilic alveolitis is the most common BAL
cellular pattern in patients with ILD. Such findings may be
useful for the early identification of monoclonal antibodies-
ILD [50].

Other differential diagnosis for ILDs

Diffuse alveolar haemorrhage-DAH

BAL is helpful in diagnosing alveolar haemorrhage, including
Wegener’s granulomatosis, Good pasture’s syndrome, sys-
temic lupus erythematosus and other vasculitides. In the ab-
sence of coagulopathy, the gross appearance of increasingly
haemorrhagic returns of the BAL fluid in sequential aliquots
and/or the presence of hemosiderin-laden macrophages which
may be present more than 48 h after the onset of pulmonary
haemorrhage [51].

AEP

Acute eosinophilic pneumonia (AEP) is an acute pneumonitis
with marked eosinophils in the lungs. The majority of patients
present with diffuse, mixed alveolar and interstitial reticular
infiltrates. However, at initial presentation, the chest radio-
graph may only present slight reticular opacities and then
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gradually progress to mixed diffuse alveolar or interstitial in-
filtrate. Characteristically BAL eosinophills are more than
25 %. The differential diagnosis involves other eosinophilc
pulmonary diseases, drug-provoked pneumonitis, fungal in-
fection and Churg-Straus syndrome.

CEP

CEP is a disorder characterized by sub-acute symptoms of
dyspnoea and bilateral peripheral air-space diseases or a
patchy infiltrates labelled as the Bhotographic negative^ of
pulmonary oedema in chest radiography. In a patient with
compatible clinical presentation and a BAL eosinophill count
>40% is strongly suggestive of CEP.

Chronic micro-aspiration with gastroesophageal reflux

Chronic aspiration should be suspected in patients with
recurrent pneumonias or in patients with unexplained
interstitial opacities. When chronic aspiration is a con-
cern, BAL should be collected from the most involved
lung segments as directed by chest radiographs (normal-
ly the lower lung zones).

BAL cellularity is usually high and predominantly
lymphocytes, eosinophils and macrophages. The exis-
tence of sizeable numbers of lipid-laden macrophages
is a diagnostic finding of chronic aspiration or lipoid
pneumonia [52]. Multinucleated giant cells may be seen
in BAL and often contain lipid droplets within their
cytoplasm [53].

Summary and conclusions

& Bronchoalveolar lavage (BAL) is a considerable safe and
minimally invasive procedure to obtain sample alveolar
cells with very low morbidity and mortality.

& The interpretation of BAL samples should be done in the
framework of clinical and radiological data, and the stan-
dardized techniques for collecting and analysing BAL flu-
id are needed.

& BAL is non-specific in the evaluation of ILDs but may be
helpful to narrow the differential diagnosis.

& The diagnostic usefulness of BAL in idiopathic pulmo-
nary fibrosis is limited.

& In pulmonary sarcoidosis, the BAL lymphocyte total is
increased, while the neutrophil and eosinophill counts
are normal. The CD4/CD8 T lymphocyte ratio (>2) is
characteristically increased in active disease but may de-
creased in more advance disease.

& In hypersensitivity pneumonitis, BAL characteristically
shows a marked lymphocytosis and a low CD4/CD8 ratio.

& There are inconsistencies in the BAL cytology among
various ILDs, including non-specific interstitial pneumo-
nia, idiopathic pulmonary fibrosis, connective tissue
disease-related ILD, cryptogenic organizing pneumonia
and drug-induced ILD. In these diseases, the purpose of
BAL is mainly to rule out other infectious or malignant
conditions.
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