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~NTRODUCTgON AND HISTORICAL ~ACKGROUND 

Bronchoalveolar lavage (BAL) was advocated in the late i950s as 
a therapeutic measure for dialysis in acute renal failure (1,2). In the 
1960s, Finley and colleagues described increased numbers ofneutro- 
phils (PMNs) in BAL fluid recovered from the lungs of smokers (3,4) 
and Ramirez used BAL in the treatment of alveolar proteinosis (5). 
The procedure was occasionally employed in patients with cystic fi- 
brosis and with status asthmaticus in order to remove inspissated 
bronchial secretions, thereby improving gas exchange. Shortly after 
the introduction of the fiberoptic bronchoscope (FB) in late 1960s, 
Reynolds, Hunninghake, Crystal and their colleagues at the National 
Institutes of Health (NIH) developed the technique of BAL as a re- 
search tool to study the cell biology of the lower respiratory tract 
(6-8). 

During the 1980s, wedged placement of a FB into a segmental or 
subsegmental bronchus facilitated the evolution of the technique of 
BAL as a clinical method for direct sampling of alveolar contents by 
simple irrigation of the lung (9-15). Lavaged cells have been shown 
to fairly accurately reflect the various immune and inflammatory cell 
types that can be derived from concomitant open lung biopsies 
(16-18). In spite of this, its utilityin clinical decision making has been 
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exploited in relatively few specific patient populations, most notably 
that of immunosuppressed hosts with diffuse X-ray infiltrates, in- 
eluding patients with acquired immunodeficiency syndrome (AIDS) 
(19-22). 

It is becoming more generally appreciated that BAL fluid analy- 
sis can influence diagnostic reasoning when assessing any number of 
interstitial tung diseases (23-26). BAL continues to be an extremely 
useful toot for investigating pathogenetic mechanisms that  are opera- 
tive in pulmonary disorders. This article will focus upon the impor- 
tance and the limitations of BAL as a useful toot in the study and 
understanding of respiratory disease. 

GENERAL CONSIDERATIONS OF CLINICAL UTILITY 

Although microbiologic analysis of the content of BAL fluid often 
provides a specific diagnosis in many forms of diffuse or localized in- 
fectious pulmonary diseases, the information provided by BAL alone 
seldom provides information that yields a definitive diagnosis in 
noninfectious forms of diffuse pulmonary disorders. Table 1 lists 
some of the disease categories in which evaluation of BAL fluid has 
also been shown to be diagnostic, helpful, or controversial and in 
which BAL has been used mainly for research purp.oses. 

Infectious Lung Disease 

In the evaluation of immunocompromised patients whose chest 
radiographs reveal either diffuse or localized pulmonary infiltrates, 
BAL is now the first major diagnostic intervention, even in the pres- 
ence of acute respiratory failure (19-21,27). In this setting, a high 
diagnostic yield that wilt influence patient management strategies is 
expected (2i,27,28). BAL is the procedure of choice when pulmonary 
tuberculosis is suspected and sputum smears are negative (29). In 
addition, BAL is being used with increasing frequency in the diagno- 
sis of infectious pneumonia, particularly in the intensive care unit 
setting (30). 

Noninfectious Diffuse Lung Disease 

BAL plays a less prominent role in the diagnostic armamen- 
tarium of the clinician charged with evaluating noninfectious diffuse 
pulmonary diseases. These diseases comprise a very heterogeneous 
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T a b l e l  
ClinicalUtilityofBALin VariousLungDiseases 

PAL Can Be BAL Helpful BAL of Controversal BAL Useful for 
Diagnostic Usefulness Research Purposes 

infection in the 
Immunocempremised 
Host (including 
AIDS) 

Tuberculosis 

Pulmonary Alveolar 
Proteinosis 

Lipoid Pneumonia 

Occupational or 
Environmental 
Exposure to 
Inorganic Dusts 

Histiocytosis X 

Eosinophilic 
Pneumonias 

Lung Cancer 

Sarcoid 

Hypersensitivity 
Pneumonitis 

Intra-alveolas 
Hemorrhagic 
Disorders 

Drug-induced Lung 
Disease 

Lymphoma 

Lymphargitic 
Carcinomatosis 

Immune-related 
Pneumonitis 
seen following 
bone marrow and 
lung transplantation 

Idiopathic 
Pulmonary 
Fibrosis 

Collegen 
Vascular 
Disease 

Cigarette 
Smoke- 
Induced Lung 
Disease 

ARDS 

Asthma 

Lung Responses 
to Toxic 
Substances 

group of perhaps 200 interstitial and bronchiolar-alveolar inflamma- 
tory processes of lung parenchyma with varying degrees of intensity. 
Some degree of interstitial fibrosis is almost always present in these 
cases. These fibrotic processes are believed to be "programmed" by 
inflammatory-immune effector cells such as alveolar macrophages 
(AM) and their precursor monocytes, polymorphonuclear leukocytes 
(PMNs), eosinophils, T- and B-lymphocytes, mast cells and basophils. 
The fibrotic distortion and thickening of lung interstitium may even- 
tualty lead to interference with gas exchange and subsequent respi- 
ratory failure. 

Analysis of the cellular, protein, and lipid content of BAL fluid 
affords the clinician the opportunity to qualitatively and quantita- 
tively assess the intensity of parenchyma inflammation occurring in 
up to a mil!ion alveoli from one or more regions of the lung (11). Un- 
like the classic approach of limited open lung biopsy, analysis of BAL 
returns permit serial evaluations of current disease activity and pro- 
gression of inflammation within lung tissue, as well as the ability 
to monitor response to therapy, in a relatively noninvasive manner 
(24-26). 

There is no consensus on the precise role of BAL in the clinical 
assessment  of the noninfectious diffuse interstitial lung diseases 
(8,12,t4). Atthough recognition of abnormal numbers of inflamma- 
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tory-immune cells as well as the major abnormal cell type present 
(e.g., lymphocyte or PMN) is often helpful, there is little agreement 
on whether quantitative assessments of the degree of abnormality 
present are clinically useful when formulating patient management 
strategies. For example, asymptomatic farmers may have a lympho- 
cytic BAL (31), whereas asymptomatic patients with collagen vas- 
cular diseases may have a neutrophilic BAL (32-34). Whereas some 
of these patients may later develop significant degrees of pulmonary 
impairment~ it is apparent that others may not. 

A consensus view would be that BAL is a legitimate clinical tool 
for the evaluation of patients with diffuse interstitial infiltrates of un- 
certain etiology. In this regard, BAL is perhaps most useful in dis- 
tinguishing those disease processes characterized by a predominant 
lymphocytic BAL from those disease processes in which neutrophilic 
BAL reactions predominate (Table 2). For example, in a clinical set- 
ting in which sarcoid and lymphoma seem unlikely, the finding of a 
lymphocytic BAL may trigger a more aggressive diagnostic evalua- 
tion for environmental allergens that could cause hypersensitivity 
pneumonitis, particularly if suppressor T-lymphocytes predominated 
in the BAL fluid. 

Routine evaluations of noninfectious diffuse lung disease rely 
predominantly on clinical history, physical examination, pulmonary 
function tests, and the chest X-ray. More recently., the diagnostic 
value of thin-cut chest CTs has been emphasized (35,36). Differences 
in technical procedures for collecting and processing BAL contents 
have impeded the widespread routine acceptance of BAL as an estab- 
lished clinical procedure (15,37). At this time, BAL is most useful 
when integrated with other critical clinical information, including in 
many instances, the results of transbronchial biopsy. 

TECHNICAL CONSIDERATIONS 

Although a standard protocol for performing BAL and for proc- 
essing the obtained fluid has not been universally accepted, recent 
international conferences sponsored by NIH (12) and by a task group 
on BAL of the European Society of Pneumology (15) have addressed 
this issue. Following premedication with a sedating compound such 
as diazepam, together with atropine and inhalations of a beta agonist, 
the upper airways are generally anesthetized by a local application of 
lidocaine. The lidocaine is administered by spray aerosol and direct 
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Lymphocytic BAL Neutrophilic BAL 

Sarcoid 

Hypersensitivity Pneumonitis 

Scleroderma associated with 
Sjogren's Syndrome 

Lymphoma Involving Lung 

HIV-associated Interstitial 
Fibrosis 

Berylliosis 

Granite Workers 

Immune-Related Pneumonitis 
seen after lung and bone 
marrow transplantation 

Tuberculosis 

Idiopathic Pulmonary 
Fibrosis 

Most Forms of Connective 
Tissue Diseases 
(collagen Vascular 
Diseases) 

ARDS 

Most Lung Bacterial Infections 

Most Pneumoconioses 

instillation to the nasal, oral, and pharyngeal area, plus direct instil- 
lation via the bronchoscope to the larynx. Excessive amounts of 
lidocaine delivered into the lung may influence the results of micro- 
biologic cultures and more importantly, may cause bronchospasm or 
cardiotoxic if excessive blood levels are reached. Adverse reactions to 
medication probably account for at least half of the serious morbidity 
and rare mortalities associated with flexible bronchoscopy proce- 
dures (39). 

Because some degree of oxygen desaturation occurs in virtually 
all patients undergoing bronchoscopy with BAL, all patients under- 
going BAL should be monitored by EKG and pulse oximetry and 
should receive supplemental oxygen throughout the entire procedure. 
Changes in mental status and blood pressure may indicate hypoxe- 
mia and should be periodically evaluated as well. Ira moderate degree 
of respiratory impairment is present (hypoxemia or hypercapnea), 
consideration should be given to intubation for better airway control 
and possible ventilator management if needed. Following a routine 
inspection of the tracheobronchiat tree, the suction channel is rinsed 
with sterile saline, the suction trap changed, and the bronchoscope is 
wedged into a subsegmentat bronchus of the middle lobe or the tin- 
gula in order to optimize fluid and cell return. When focal chest X-ray 
abnormalities are present, the FB should be positioned in the affected 
lobe or bronchopulmonary segment. 
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After the bronchoscope is wedged, a 20-50 mL aliquot of 0~ 
sterile saline at body temperature (37~ is gentty infused, via a syr- 
ringe attached to a three-way stopclock, into the suction port of the 
bronchoscope. Use of a warmed infusion solution will cause less cough 
and bronchospasm, and possibly less deterioration of lung function, 
than will instillations of fluid at room temperature (i5). After several 
seconds, utilizing gentle hand suction, the previously instilled fluid is 
aspirated into a polyethylene or polycarbonate trap (14)o The lavage 
procedure is repeated until a total of five lavages are performed, util- 
izing a uniform vol ofinstallate for each lavage. The vol advocated by 
most investigators ranges from 20-50 mL, and does not appear to be 
critical as long as individually determined laboratory standards are 
adhered to. 

The first lavage performed is primarily an airway lavage. It may 
or may not be representative of more distal airways, depending on the 
amount of large airway disease that is present. It has been recom- 
mended that the first sample be discarded or saved to provide a mea- 
sure of larger airway surface cells and fluid. Ifa more representative 
large airway lavage is desired, consideration should be given to use 
of a double balloon occlusion catheter system (39). The second to the 
fifth lavage returns, which are enriched for alveolar materials, are 
combined for purposes of processing. With each lavage the aspirated 
fluid becomes more dilute, but the ratio of proteins and cells remains 
relatively constant and thus more total cells are obtained. 

The precise method for collecting lavages (and indeed for speci- 
men analysis) requires a methodology dependent on the diagnostic in- 
formation desired from the BAL fluid. For example, additional lay- 
ages are performed if multiple microbial cultures and stains are 
needed. It is not useful or cost effective to perform every possible lay- 
age test on each BAL, and close communication should occur between 
the lavaging physician and the technicians responsible for analysis of 
the BAL fluid contents. The patients should be kept under observa- 
tion for at least 2 h following the BAL procedure, during which time 
they should be evaluated for mental status, recovery from medica- 
tion, and for stability of cardioputmonary status and oxygenation~ 

COMPLICATIONS 

BAL is a fairly safe procedure and there are probably few patients 
in whom the procedure is contraindicated, although this will in part 
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depend on a careful assessment of the benefit to be gained and the 
precise clinical setting. Relative contraindications to performing 
BAL that require special precautions be taken include patients who 
have had a recent meal, patients who are uncooperative or combative, 
and patients with a recent myocardial infarction or acute respiratory 
failure. The major complications associated with BAL, such as drug 
toxicity or hypersensitivity (anaphylaxis), hypoxemia, airway, pleu- 
ral or parenchymal bleeding, and pneumothorax, are relatively un- 
common, and are more often the result of the bronchoscopic and 
related ancillary procedures such as transbronchial biopsy, rather 
than the BAL procedure itself (38). 

Minor side effects of BAL include coughing (particularly if fluid 
has leaked proximal to the wedged bronchoscope), fever in 10-30% 
of patients (possibly secondary to lavage-induced IL-Irelease from 
AMs) (40), a transient or increasing alveolar infiltrate in the lavaged 
lung segment, brief decrements in pulmonary function parameters, 
such as vital capacity and forced expiratory vol in one s, and decreases 
in arterial oxygen tensions. The incidence of minor side effects in- 
crease with increasing amounts of infused and/or retained fluid. The 
fever that most characteristically occurs 4-6 h after the procedure 
can be as high as I02~ and associated with shaking chills, usually 
subsides by 24 h. The transient infiltrates on chest X-ray are rapidly 
absorbed (within hours), and if the infiltrates are persistent, one 
should suspect disease progression. 

SPECIMEN ANALYSIS 

A number of diagnostic options exist, depending on the clinical 
circumstances present (12,14,15). In most instances, the vol of the 
BAL fluid return is measured, and the BAL fluid is strained through 
one or two layers of 4 x 4 gauze to remove insoluble mucus compo- 
nents. The filtered pooled fluid is centrifuged (e.g., 5 rain at 200g) and 
the supernatant is saved for analysis or frozen at -80~ for subse- 
quent study. The residual pellet of cells is then resuspended in a 
small known vol (e.g., 1-2 mL Hanks' balanced salt solution). The 
quantification of total cell count in BAL is most accurate when per- 
formed on an aliquot of the unspun filtered sample using a hemo- 
cytometer. Further cell differential and other specialized cell analy- 
ses can then be completed utilizing either cytocentrifuge (14,t5,4t) 
or Millipore membrane filtration (15,42,43) techniques. It should be 
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recognized that such factors as mucus filtering technique, centri- 
fuge speed, dilution solutions, temperature and rot oflavage solution, 
cell smear preparation, including use of cytocentrifuge and millipore 
membranes, staining techniques and methods for reporting cell 
counts (e.g., including or excluding ciliated/squamous cells) can all 
affect the differential cell counts (15,41-46). Further  information 
concerning technical preparations are detailed elsewhere (see 14,15). 
TaMe 3 provides an approx standard for selected normal BAL fluid 
constituents in both nonsmokers and smokers. 

Cetlular  Components 
Cell staining is routinely performed using either a Wright- 

Giesma or Diff-Quick stain. Special stains may be employed to fur- 
ther characterize the identity ofmononuclear cell populations and to 
more accurately identify the presence of microorganisms. Using the 
technique described, BAL using 100 mL saline in a normal adult 
should yield approx 40-60 mL of effluent containing 5-10 x 10 ~ cells 
(8). In normal adults, 80-95% of the BAL cells are PMNs, whereas 
5-20% are comprised of lymphocytes and PMNs. Basophils, eosino- 
phils, and mast cells comprise less than 1% of the total cells. 

Special immunofluorescent and immunocytochemicai techni- 
ques can be utilized to further characterize the phenotypes of BAL 
cells. Utilizing monoclonal antibodies against antigens present on 
the cell surface, flow cytometry techniques are replacing the more 
subjective, time consuming manual methods for detecting and enum- 
erating cell surface and intracellular markers (15). Until recently, 
the major application of flow cytometry in BAL fluid analysis has 
been for evaluation of BAL lymphocyte subsets and activation 
markers in sarcoid and hypersensitivity pneumonitis. However, the 
technique has considerable potential for investigation of surface and 
intracellular markers on other types of cells in BAL samples. The 
number of these markers has recently become available (15). 

Noncellular Components 

At present, quantitative studies of the soluble, noncellular con- 
stituents of the BAL fluid derived from the respiratory tract epithe- 
lial lining fluid have less clinical utility than studies of the cellular 
components. The expected 40-60 mL of BAL fluid recovered from a 
standardized 20 mL X 5 saline installate should contain approx 1-10 
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Table 3 
Normal BAL Fluid Constituents* 

Cell Count AMs PMNs Lymphocytes Protein 
106, total (%) (%) (%) (mg, total) 

NON SMOKERS 

20 90~5 1-2 4-14 5-15 
(70-75% T-cells) 

SMOKERS 

30 90~5 2-4 1-5 5-15 

*ADAPTED FROM REFERENCES i0 and 14. TOTAL AMOUNTS OF CONSTITUENTS CAN BE EXPECTED 

TO VARY WITH AMOUNT OF INSTALLATE VOLUME. 

mg of protein (14,15), of which approx one-third is albumin and almost 
as much is represented by immunoglobulin (15). Larger amounts of 
protein may be recovered when the permeability of the broncho- 
alveolar epithelium is increased, as might occur in acute hypersen- 
sitivity pneumonitis. More than 100 additional protein species have 
been detected and quantitated in BAL fluid (10,15)o The clinical 
application of this technology remains uncertain at present. How- 
ever, with more widespread application of such technologies as 
radioimmunodiffusion, radioimmunoassays, laser nephelometry, 
and other sophisticated functional assays, there is a promise that  
present research activities will be soon translated into useful clinical 
applications (15). 

There are at least two major restrictions that impair standard- 
ization of noncellular BAL components. First, the optimal methods 
required to calculate the concentration of varying species present in 
the original bronchoalveolar epithelial lining fluid have not been 
universally agreed upon. Markers such as lavage vol instilled, lavage 
vol returned, and concentrations of albumin, urea, methylene blue, 
and potassium have all been utilized to normalize BAL fluid consti- 
tuents. However, all present significant limitations, as do most 
methods for concentrating the BAL fluid itself (I5,42). Second, the 
concentration steps needed to measure minuscule amounts of certain 
constituents of interest (e.g., tumor and viral antigens, mediators, 
growth factors, lymphokines) often require tedious concentration 
techniques and attention to detail. As a result, different laboratories 
report substances retrieved from BAL fluid in different concentra- 
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tions and in different units, making comparison of results from vari- 
ous research centers time consuming and prone to error. Given these 
limitations, expression of concentrations in terms of lavage vol re- 
turned and measured without filtration or concentration steps would 
seem useful. 

Utilizing such techniques as two dimension gel electrophoresis, 
immunodiffusion, and ELISA, hundreds of proteins can be identified 
in BAL fluid. Table 4 lists some of the components that have been 
identified in BAL fluids utilizing a variety ofspecia!ized technologies. 

Dust and Minerals 

With the use of special techniques such as energy-dispersive 
X-ray microanalysis, BAL has proved to be helpful in detecting in- 
organic particles that are inhaled during occupational and environ- 
mental exposures (47-51)o Although BAL mineralogical analysis 
permits differentiation between exposed and unexposed individuals, 
it is not yet possible to correlate these BAL findings with pneumo- 
cor/iosis-related disease activity or severity (52,53). Specialized 
techniques used to quantify and optimize particle cytological ap- 
pearance and mineralogical analysis have been reviewed elsewhere 
(47-53). 

Microbial Stains and Cultures 

The use of specialized procedures is essential to process BAL 
fluid when the presence of infectious agents is suspected. This is the 
major utility for BAL in immunocompromised patients, and in this 
setting, it is critical to optimize processing techniques to maximize 
sensitivity. 

For example, in order to increase the yield of Pneumocystis car- 
inii in BAL fluid several technical modifications have been recom- 
mended (15). These include increasing the vol of the BAL fluid (more 
than 200 mL if the patient is not at risk of respiratory failure), 
omitting the gauze filtration step (P. carinii often found in mucus 
material filtered out by the gauze), preparation of at least six 
stained slides with more than 2 • 105 cells each, and sequential stain- 
ing using Wright-Giemsa or Gram-Weigert stains followed by silver 
or toluidine blue stains. 

Ideally, quality control slides (positive and negative for P. car- 
nii) should be processed in the same batch (15). More recently, it has 
been found that  immunofluorescence is as sensitive as the previously 
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Albumin 
All Serum Globulin Fractions 
Specific Immunoglobulins 
Histamine 
Prostaglandins 
Leukotrienes 
Interleukin 1 
Znterleukin 2 
Tumor Necrosis Factor 
Interferons 
Bombesin-Like Peptides 
Antiproteases 
Cathepsins 
Collagenases 
Elastases 
Procoagulant Factors 
Plasminogen Activator 

Platelet Derived Growth 
Factor 

Transforming Growth Factor 
Hyaluronic Acid 
Fibronectin 
Vibronectin 
Procollagen Peptides 
Elastin Fragments 
Ascorbic Acid 
Glutathione 
Vitamin E 
Angiotensin-Convertinq 

Enzyme 
Surfactant Lipids 
Surfactant Proteins 
Some Tumor-Related Antigens 

mentioned techniques, but faster and easier to use for detecting P. 
carinii in BAL specimens (54). Multiple BALs may be useful when 
following these patients. 

Direct staining of cytocentrifuge preparations or concentrated 
smears may reveal mycobacteria, fungi, toxoplasma, cryptosporidia, 
and other microorganisms (15). Direct detection of microbial anti- 
gens in BAL fluid using monoclonal antibodies (e.g., Cryptococci) or 
fluorescence assays (e.g., Legionella) is possible. To detect cytomega- 
lovirus (CMV) or herpes infection, direct cytological examination 
may reveal the characteristic viral inclusions. For more sensitive 
CMV recovery, direct antigen detection by immunofluorescence or 
immunochemistry can be used (55). In addition, cultures and DNA- 
probe analysis are finding increasing application in the detection of 
virus (56,57). Similar techniques, as well as reverse transcriptase 
assay and enzyme immunoassays, have been used to detect Human 
immunodeficiency Virus and its p24 antigen in BAL fluid of AIDS 
patients (58). 

Using special precautions to reduce oropharyngeM contamina- 
tion, quantitative culturing of BAL fluid can be used to differentiate 
bacterial contamination and colonization from clinically significant 
lower respiratory tract infections (59-62). BAL fluid cultures from 
patients with clinically active bacterial pneumonias typically have 
more than 10 5 colony-forming units per mL of BAL fluid. Gram stain 
of cytocentrifuged specimens show a high degree of correlation with 
the BAL fluid cultures. It has been suggested that quantitative BAL 
fluid cultures will become the method of choice for investigating pul- 
monary infiltrates compatible with bacterial pneumonia in the im- 
munocompromised host (15). 
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Cancer Detection. 

FB guided endobronchial biopsy, brushings, needle aspirations, 
and washings of airway mucosal surfaces are the methods of choice in 
tung tumor diagnosis. Although BAL cytology, when combined with 
such specialized techniques as flow cytometric DNA analysis (63) and 
tumor or tumor marker antigen detection (64), would appear to have 
the potential to increase the diagnostic yield of the standard broncho- 
scopic procedures, BAL has yet to be shown to play an important role 
in the diagnosis of most lung tumors. This situation may change as 
detection techniques for specialized tumor markers become more sen- 
sitive and more widely available. BAL has found some application in 
the localization of occult lung tumor (pap smear positive but X-ray 
and endoscopic exam unrevealing) and in the diagnosis of peripheral 
tumors, including alveolar cell carcinoma. BAL appears to be parti- 
cularly helpful in lymphoma that involves the lung (65), and has been 
advocated as the diagnostic procedure of choice to confirm the diag- 
nosis of lymphangitic carcinomatosis (65a). 

SPEC|FtC DISEASE CATEGORIES 

As implied in Table 1, analysis of the content of BAL fluid cannot 
by itself be expected to provide enough data to make a specific diag- 
nosis in most noninfectious disease categories. However, in conjunc- 
tion with the history, pulmonary function data, and X-ray diagnostic 
information, BAL profiles can contribute to the diagnosis and evalu- 
ation of disease activity in a number of lung disorders. In a minority, 
the BAL findings may, in fact, yield the diagnosis. Results of BAL 
fluid examination from some of the more common specific tung dis- 
eases in which this procedure has potential significant clinical utility, 
are as follows. 

Sarcoidosis 

Sarcoid is characterized by a mononuclear cell alveolitis that  pre- 
cedes and coexists with the presence of noncaseating granulomas 
(8,9). In this disease, the activated T-lymphocyte population seems 
to play a fundamental  rote in modulating the granuloma formation 
within the lung parenchyma, the characteristic sarcoid lesion. 

Presumably,  this is a function of synthesis and liberation of such 
products as lymphokines and growth factors inducing AM, B-lympho- 
cyte, and fibroblast activation (14,66-70). In this regard, it has been 
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suggested that the lymphocytic component of BAL fluid can provide 
information regarding the intensity of sarcoid alveolitis, with tar- 
age T-lymphocytes >28% representing"high-intensity" alveotitis and 
15-28% representing"low-intensity" alveolitis. If correct, this might 
provide important predictive information on which therapeutic deci- 
sions could be based (8, 71-73). Others have maintained "that tbJs 
determination is devoid of any predictive value, particularly when 
evaluation is undertaken during the early stages of the disease 
(74,75). 

One group has found the helper/suppressor T-lymphocyte ceil 
ratio to be more helpful than the absolute lymphocyte percentage in 
predicting the clinical course in patients with sarcoid. A normal 
helper/suppressor ratio (approx 1.8/1) was predictive of a stable clini- 
cal course, whereas an elevated ratio (as high as 10-20/1) was asso- 
ciated with clinical deterioration during a followup period of several 
years (71). Other researchers have not found this ratio to be predic- 
tive of the eventual clinical course of the disease, Mthough they do 
report that decreases in helper/suppressor T-cell ratios precede, or 
are accompanied, by a clinical improvement (76). 

It has been recently suggested that the maximally activated 
helper T-cell epitome subpopulations within the alveolar helper T- 
cell (CD4+) population may play a significant role in modulating local 
immune responses in the lung. Increased numbers of a subgroup of 
the CD4+ celia within BAL fluid from patients r sarcoid would, 
therefore, imply greater pathogenicity and increased clinical rele- 
vance than determinations of the total helper T-cell alone (72, 73). For 
example, CD4+ TQ1- cells, a minor component of the CD4+ popula- 
tion, correlate better with BAL immunoglobulin levels and disease 
activity than the overall total CD4+ cell population in sarcoidosis 
(72). These CD4+ TQ 1-T-lymphocytes are the type ofT-cells that  can 
induce maximal B-cell immunoglobulin secretion. Elevation of this 
cell population may explain the marked increase in immunoglobulin 
levels in BAL fluid of patients with sarcoidosis (77, 78). 

A variety of other markers of immune and interstitial tissue 
metabolic activity have been reported in BAL fluids recovered from 
sarcoid patients. These include activated alveolar macrophages 
(AMs) (67,68,79-8i), matrix constituents, such as fibronectin (82) 
and procollagen III peptide (83), proteolytic enzymes such as collage- 
nase and elastase (84), and various cytokinins, such as IL-1, IL-2, 
TNF, and interferon (67,79,81,85,86). Further studies may eventu- 
ally help identify important operative mechanisms in the patho- 
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genesis of the disease. However, at the present time, the clinical 
implications of these findings remain unclear. In evaluating BAL 
fluid derived from sarcoid patients, the clinician should recognize 
that the alveolitis and granulomatous lesions may not be evenly 
distributed throughout the pulmonary parenchyma, and this may 
cause some variation in the BAL cell counts from different regions of 
the lung (12). 

There is, as yet, no overwhelming consensus on the precise 
usefulness of BAL cell counts and cell phenotypes in the clinical 
management of patients with sarcoidosis. The documentation of a 
lymphocytic atveolitis is undoubtedly helpful in the clinical diagnosis 
of sarcoid, but cannot be used alone to make the diagnosis, assess 
disease activity, or guide treatment strategy. 

The increase in helper/suppressor T-lymphocyte ratio is of bene- 
fit in distinguishing sarcoid from other forms ofgranulomatous lung 
diseases such as hypersensitivity pneumonitis. It is speculated that 
information obtained from assays of cell function such as immuno- 
fluorescent staining and flow cytometry, by identifying particularly 
active subpopulations of lymphocytes and alveolar macrophages, 
may eventually aid the clinician in formulating patient management 
strategies (12). 

Hypersensit ivity Pneumonit is 

Hypersensitivity pneumonitis represents a localized immuno- 
logic reaction in the lung of sensitized individuals in response to pul- 
monary inhaled antigens. The characteristic BAL finding in these 
individuals is a lymphocytic alveolitis, but unlike sarcoid, there is an 
increased number of suppressor T-lymphocytes (87,88). Such a find- 
ing should trigger an intensified search for potential immunogens in 
the environment of the patient. As increased numbers of PMNs are 
present in the BAL fluid early after experimental antigen inhalation 
challenge (89), the timing of the antigen exposure may represent a 
significant variable. Scientific evidence of the utility of BAL in asses- 
sing the prognosis of the disorder has not been forthcoming (14). 
Many asymptomatic dairy farmers with positive precipitins to anti- 
gens believed to play a role in the etiology of Farmer's Lung have an 
a!veolar lymphocytosis lasting as long as 5-6 yr. This suggests that  
BAL fluid Iymphocytosis per se does not predict the development or 
severity of clinical disease (31,90). This has some important implica- 
tions in that  therapeutic proteins may soon be administered via the 
aerosol route (91), and if this method of pharmacotherapeutics be- 
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comes prevalent, problems of interpreting increased quantities of 
immune effectors cells such as lymphocytes in BAL fluids will become 
even more clinically relevant. 

idiopathic Pulmonary Fibrosis (IPF; FibrosinE Alvootids) 
As this represents the most common form of diffuse interstitial 

inflammation and fibrosis, it is no surprise that clinicians and inves- 
tigators have centered their attention on the potential usefulness of 
BAL in this disease. This is particularly so as IPF has such a variable 
prognosis, natural history, and response to corticosteroid and cyto- 
toxic agent therapy. As in the case ofsarcoidosis, interest has focused 
on finding specific markers in BAL fluid that would predict prognosis 
and aid in decisions affecting patient management. As in the case for 
sarcoid, no clear consensus has emerged. Although PMNs have been 
long recognized as the characteristic BAL cell type present from pa- 
tients with active IPF, there is no unity of opinion as to the precise role 
the PMN plays in either the clinical management or the pathogenesis 
of IPF. 

The percent of PMNs within BAL fluids derived from different 
lung regions in IPF patients may differ significantly (12)o Although 
the chest X-ray pattern in IPF may appear uniform, the pathology is 
quite variable from one area to another, even within the same lobe 
(92). Thus, it is not surprising that cell types and numbers within 
BAL from IPF patients may misjudge the intensity of overall disease 
activity (12)o 

An increased number oflymphocytes in the BAL fluid recovered 
from patients with IPF may be predictive of an improved response to 
corticosteroids or cytotoxic therapeutic agents (92). The phenotype of 
the dominant lymphocytes in IPF are unlike those present in sarcoid 
(94). Others have found that the presence of eosinophils correlates 
with progressive deterioration of pulmonary function (93,95). An 
increased number of mast cells has been found in BAL fluids derived 
from patients with active IPF (12). The fact that AMs in patients with 
IPF have been found to produce increased levels of platelet-derived 
growth factor (PDGF) compared with AMs recovered from normal 
subjects suggests that cytokinins and/or growth factors may play an 
important role in the pathogenesis of this disorder (96). For example, 
PDGF stimulates resting cells to enter the cell cycle and divide. High 
localized levels of PDCF could stimulate mesenchymal cells to prolif- 
erate at an inappropriately high rate, thus contributing to the in- 
crease in interstitial connective tissue constituents that characterize 
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IPF. The recently confirmed finding that the fibrosis, in chronic 
pulmonary fibrosis, results mainly from organization of an inflamma- 
tory exudate within airspaces (just as it does after acute lung injury), 
should stimulate considerable ongoing research interest in the fur- 
ther identification and assay technology of BAL fluid "markers" of 
intra-atveolar fibrogenic processes (99a). These "markers" will pre- 
dictively include not only the soluble products of celts which modulate 
fibroblast function, but should include information present in the 
various matrix components themselves. 

Lung interstitial Disease 
Associated with Connective Tissue Disease 

The relationship between clinical activity of disease, pulmonary 
function tests, chest X-rays, pathology, and BAL findings in the vari- 
ous types of connective tissue diseases that can involve the lung 
remain to be clarified~ The lung inflammatory processes, and the 
prognosis and response to therapy in patients with connective tissue 
disease and associated illness, appear to be quite similar to iPF (97, 
98). Most patients with connective tissue disease have a predomi- 
nantly neutrophilic alveolitis (97,99). As with patients with IPF, 
lymphocytes in the BAL fluid may predict a positive response to ther- 
apy, whereas the presence of eosinophils appears to. portend a less 
favorable prognosis (i4)o 

Patients with connective tissue disorders who are free of pulmo- 
nary symptoms, pulmonary function abnormalities, and chest X-ray 
abnormalities may have "subclinical" pulmonary involvement, as re- 
flected by a high incidence of abnormal BAL findings (32-34). A PMN 
alveolitis, with or without an increased percentage of lymphocytes; 
has been reported in patients with rheumatoid arthritis, scleroderma, 
mixed connective tissue disease, and dermatomyositis (32-34). AM 
activation has also been demonstrated in many of these patients (99). 
By contrast, a lymphocytic alveolitis is found in patients with Sjogren 
syndrome, with or without another coexisting connective tissue dis- 
ease (99,100). BAL abnormalities are more common in patients with 
active and severe extrapulmonary disease. Although it has been ob- 
served that patients with connective tissue disease and concurrent 
subclinical PMN alveolitis are at a greater risk for progression of 
their disease, it is not yet clear how this knowledge should be used for 
management decision analysis. 



Bronchoalveolar Lavage 321 

Pt~aumoconiosis and Occupational Lung Disease 

The potential usefulness of BAL in evaluating or treating indivi- 
duals with different types of inhalation exposure is being increas- 
ingly recognized. As in patients with collagen vascular disease, the 
BAL fluid of patients with asbestosis has been shown to be quite sim- 
ilar to that of patients with IPF, except that asbestosis bodies may be 
found (101). However, the presence of asbestos bodies within BAL 
fluid does not necessarily reflect concurrent active asbestosis-related 
disease (14,102), nor does the extent of abnormalities within BAL 
fluid necessarily reflect the degree of pulmonary function abnormal- 
ity or X-ray severity present (53,103). As has been reported in col- 
lagen vascular diseases (33), "subclinical" alveolitis may occur in 
asymptomatic asbestos exposed workers, some of whom will develop 
asbestosis (101,104). 

Abnormal BAL fluid contents have also been noted in silica- 
exposed workers with or without X-ray abnormalities (47,51,104). In 
studies of these patients, it is helpfut to document polarizing particles 
in the lavaged AMs. Patients with silicosis may also have increased 
concentrations oflymphocytes in BAL fluid (47). Patients with chron- 
ic interstitial disease secondary to inhaled beryllium metal dusts, 
beryllium oxide, or beryllium salts, as in patients with sarcoid, have 
an increase in helper T-!ymphocytes in BAL fluid (11,14). These 
T-lymphocytes proliferate when stimulated with .soluble beryllium 
salts, distinguishing them from lymphocytes derived from sarcoido- 
sis patients (11,12,14). 

Analysis of particulate material in BAL phagocytes by means of 
energy dispersive X-ray spectroscopy represents one approach to the 
quantitative evaluation of lung exposure to such particulate mater- 
ials as hard metal, fumes, and particulate dust (15,51). Therapeutic 
lung tavage may reduce the number of toxic particles within the lung 
after acute exposure, and represents a method to reduce inhaled toxic 
particulate-induced damage to the lung. 

Histiocytosis X (Eosinophific Granuloma) 
The finding in BAL fluid of the typical histiocytosis X macro- 

phage, possibly representing a malignant transformation of the lung 
Langerhans cell, has occasionaltybeen reported in this disease (105). 
Otherwise, the number and differential counts of BAL fluid cells are 
unremarkable. 
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Drug4nduced Lung Disease 

An increasing number of patients are receiving anti-inflamma- 
tory and other cytoxic or immune modulating drugs that can cause 
acute, subacute, or chronic lung injury (106). As these agents can 
injure the lung either by direct toxic mechanisms or by hypersen- 
sitivity reactions, the BAL fluid cell differential is not diagnostic, 
although the presence of large numbers of eosinophils suggests an 
allergic drug reaction. Epithelial cell atypia, including nuclear en- 
largement, hyperchromasia and increased cytoplasmic staining den- 
sity frequently accompanies the administration of antineoplastic 
agents. However, the presence of these cells within BAL fluids may 
not be specific for quantitating the degree of drug-induced lung dis- 
ease that may be present. 

Alveolar Proteinosis 

BAL fluid often can provide important diagnostic information in 
patients with this disease. The most characteristic abnormalities in- 
clude an opaque or milky lavage return, and Periodic-Acid-Schiff 
staining of the proteinaceous material with a lack of Alcian Blue 
staining (107). 

Eosinophif ic Pneumonia 

BAL fluid in these patients reveals a marked increase in eosino- 
phils that  can be reversed with steroid therapy (108). 

Alveolar Hemorrhage 
BAL fluid containinglarge amounts of red blood cells or alveolar 

maerophages with intraeellular hemosiderin should suggest the pos- 
sibility of occult pulmonary hemorrhage (14,19,t09). However, it 
should be remembered that hemorrhage can occur secondary to bron- 
choscopy-associated trauma or infection and that hemosiderin-laden 
macrophages can be seen in a variety of other lung diseases (11,14). 

Bronchioi ids Obliterans 

The utility of BAL for evaluating the inflammatory response 
present at the level of the bronchiolus in patients with bronchiolitis 
obliterans has been recognized (110). Specifically, these patients 
were found to have large percentages of PMNs in their BALs (53 + 
13%), even when compared to cigaret smokers with chronic bronchitis 
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(Table 3). More recently, it has been found that BALL findings could 
be related to open lung biopsy findings, and that BAL from these 
patients contained products of neutrophil oxidative and proteolytic 
activities (myeloperoxidase and collagenase). Further, patients who 
benefited from adn~nistration of corticosteroids (steroid "respond- 
ers') showed significant concomitant reductions in their BAL PMN 
counts (111). 

Utitity in lmmunocompromised Hosts Including AIDS 

BAL is the major diagnostic intervention in the evaluation of 
localized or diffuse air space disease in which viral, protozoal, fungal, 
mycobacterial or Legionella infections are suspected. BAL also aids 
the clinician in evaluating the possible presence ofneoplasia, alveolar 
hemorrhage, nonspecific pneumonitis, and drug or radiation-induced 
lung toxicity. With the use of newer procedures to minimize upper 
airway contamination (59), and using quantitative techniques (60- 
62), BAL can even be useful in the diagnosis of bacterial pneumonia 
(27,28,30,112). 

The value of BAL in the identification of the opportunistic organ- 
isms that afflict AIDS patients is widely acknowledged (21,113, 114). 
Some of these patients, particularly at early stages, may exhibit BAL 
lymphocytosis, perhaps reflecting a primary HIV pneumonitis (115). 
Others may exhibit neutrophilia suggesting a more severe form of 
lung injury and a poor prognosis (!16). Still others may exhibit an 
eosinophilia (117). BAL fluid from AIDS patients has a higher con- 
centration of IgG levels than levels of IgG in BAL fluid from healthy 
individuals (118), again reflecting very significant alterations in 
cellular and humora] immunity in the alveolar compartment of the 
lungs of these patients. 

Analysis of BAL fluid in patients who have received heart, lung, 
or heart-lung transplants, bone marrow, liver, or kidney transplants 
is playing an increasingly prominent role in monitoring for the pres- 
ence of infection and in defining the presence of immune-mediated 
pneumonitis (119-122)o Opportunistic infections of the lung, espe- 
cially with CM~r " and Herpes Simplex type I virus, are major causes 
of morbidity and death in patients with heart-lung and single lung 
transplants. The diagnostic problem is further compounded by the 
fact that viral serology or BAL culture studies are seriously flawed in 
this group of patients, because of a high incidence oftracheobronchial 
colonization with CMV, even in cases of rejection pneumonitis. To 
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date, no quantitative viral culture techniques have been developed 
that would help distinguish viral colonization from infection. Thus, 
FB tissue biopsies are usually required to distinguish viral pneumo- 
nitis from rejection. 

In immunocompromised patients, especially in cases where im- 
munomediated lung pneumonitis is suspected (e.g., lung and bone 
marrow transplantation), careful analysis and phenotyping of BAL 
fluid cells may eventually prove to be helpful in distinguishing be- 
tween opportunistic infections (especially viral), drug reactions, and 
treated and untreated rejection states. For example, in untreated 
rejection reactions BAL fluid lymphocytosis with greater expansion 
of the CD8 T-lymphocyte population pool is present, when compared 
to BAL fluid from patients with viral infection (120). There may also 
be a greater expression of IL-2 receptors on lymphocytes derived from 
BALs of patients undergoing rejection phenomenae. In contrast, in 
bone marrow associated pneumonitis owing to infectious or noninfec- 
tious causes, BAL ]ymphocytosis with substantial numbers of cells 
expressing none of the B- or T-cell antigens ("null" cells) is found 
(121). 

RESEARCH CONSIDERATIONS 

The analysis of cells, proteins, enzymes, inflammatory media- 
tors, and other cellular and matrix component products from BAL 
fluids has provided a new and significant investigative technique for 
pulmonary research, in both experinental animals, models of lung 
injury, and in naturally occurring lung disease. Such studies have 
helped to elucidate pathogenetic mechanisms in several pulmonary 
diseases, even though BAL is not presently helpful in the diagnosis or 
clinical management of the patient (Table I). A few examples are 
given below. 

Cigaret-Smoke Disease Protease-Antiprotease 
and Oxidant-Antioxidant Balance 

Descriptions of abnormal BAL cellular contents from cigaret 
smokers (using endobronchial catheter techniques) (3,4) antedate  the 
widespread use of the fiberoptic brenchoscope which occurred in the 
early 1970s. In the 1980s, smoking-induced changes in the quant i ty  
of cells, proteins, and enzymes recovered by BAL were extensively 
documented, and at  least 20 different abnormalities described (10). 
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The major findings include large increases in the number of AMs that 
are larger than normal and are usually in an activated state (12). 
These AMs contain more intracellular granules and lysosomal en- 
zymes, including proteases, than normal cells (3,4,6~ 10,123-125). 
However, they express less Ia surface antigen than do AMs from non- 
smokers (40-50% vs 80-90%) (12). BAL fluid itself may contain more 
protease-activity in cigaret smokers (12,124). However, there contin- 
ues to be some regarding the precise temporal (immediately after 
smoking; hours after smoking) and geographic (airways; bronchiolar-  
alveolar regions) protease and antiprotease proteins present in the 
respiratory tract  passages of cigaret smokers (12). 

The impact of the gaseous phase and particulate phase constitu- 
ents of cigaret smoke on both tung epithelial lining fluid protease 
antiprotease and oxidant-antioxidant balances is clearly an impor- 
tant  issue regarding to the pathogenesis ofcigaret smoke-related air- 
way and parenchymal injury (12,126). Whereas it is clear tha t  cigaret 
smoke is capable of oxidative inactivation ofalpha-lant iprotease (12) 
(the predominant protease present in lung lining fluid), it is also 
recognized tha t  the lung epithelial lining fluid contains large 
amounts of antioxidant substances including glutathione and ascor- 
bate (127, 128). Ascorbate is extremely e~c ien t  at protecting plasma 
from peroxidation (129). The role ofcigaret smoke on these lung pro- 
tective antioxidant systems is yet to be fully evaluated. 

The recent demonstration that  BAL antiproteases (91) and BAL 
antioxidant substances (130) can be clinically determined and aug- 
mented by aerosol administration, i l lustrates a potential clinical 
application of this research technology as it relates to cigaret smoke 
toxicity. Likewise, the recent finding that  increased levels of bomb- 
esin-like peptides are present  in the lower respiratory tract  fluid of 
asymptomatic cigaret smokers suggests an increased proliferation of 
neuroendrocrine cells in bronchial epithelium, implying a potential 
link to the eventual development of tumors of this cell line in cigaret 
smokers (oat celt, e.g., small cell carcinoma) or, al ternatively,  it is 
possible tha t  the bombesin-related peptides st imulate proliferation 
of other bronchial epithelial cell lines, mimicking the role of tumor 
promoting factors in all forms of lung carcinogenesis (130a). 

Aduff Respiratory Distress Syndrome (ARDS) 
Sepsis, shock, massive trauma, aspiration, lung infection, and 

inhalation of smoke or noxious chemicals are among the most corn- 
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mon clinical disorders that can incite this diffuse acute tung injury 
termed ARDS. Regardless of the specific etiology, endothelial and 
epithelial sides of the blood-brain barrier are damaged, and concomi- 
tant with this problem, abnormalities have been reported in BAL 
fluid that presumably reflect the various stages of acute lung paren- 
chymal damage. Analysis of inflammatory-immune effecter cells, 
enzymes, oxidants, and other mediators have yielded considerable 
insight into the pathogenic events occurring in the disturbed lung 
tissue. 

Studies to date suggest that PMN activation and infiltration into 
the lung, proteases including elastase, lymphokines, chemotactic fac- 
tors, and oxidative stress may all play a role in the pathogenesis of 
ARDS (131,132). Thus far, such information obtained from BAL in 
ARDS patients has helped to characterize the inflammatory-immune 
response, but has not been used routinely to diagnose or plan patient 
management. However, many ARDS patients die as a result ofpulmo- 
nary infections occurring late in their disease (133), and BAL fluid 
analysis may help to assess the significance of positive sputum cul- 
tures. It may be difficult to distinguish between tracheobronchial 
colonization and true nosocomial pneumonia in the patient with the 
diffuse alveolar infiltrates characteristic of ARDS. 

Asthma 

BAL has recently emerged as a safe and well-tolerated procedure 
for the investigation of the immunopathology of mild asthma (10, 
134-135). As asthmatic reactions are believed to occur on respiratory 
tract airway surfaces, access to the respiratory tract surface cells and 
fluid might be expected to be particularly useful in this disease. Such 
access, provided by BAL, aids in the evaluation of the role of various 
mediators in acute and late phase asthmatic reactions, in chronic 
asthma, and in various models of asthma induced by inhalation chal- 
lenge with allergens, drugs, and air pollutants (10,134-139)o Stud- 
ies to date have demonstrated increased total cell counts, increased 
numbers of metachromatic cells and eosinophils, increased concen- 
trations of arachidonic acid metabolites, as well as increased levels of 
mast cell tryptase and histamine in BAL fluid from both naturally oc- 
curring and experimentally induced asthmatic subjects (135-140)o 
Such studies utilizing BALs from asthmatics have also revealed an 
important role for AMs in the pathogenesis of asthma (141). 
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A c u t e  E x p e r i m e n t a l  s  I n j u r y  

Cellular and biochemical analysis of BAL is being increasingly 
used as an index of lung inf lammation and toxicity (142- !47) .  Total 
lavage cell counts, cell differential, cell morphology, total protein, al- 
bumin, globulins, enzymes such as LDH, and various p lasma injec- 
tares (such as radioactive albumin) have been used to assess alveolar 
capillary "permeability," and have been helpful in this regard. With 
the increasing recognization that  most forms of both acute tung injury 
and chronic lung fibrosis result pr imari ly from inf lammation and or- 
ganization of airspaces (99a), it can be expected that  BAL will join 
pulmonary function testing as an important research diagnostic tool 
in quantitative investigations of lung injury and repair mechanisms 
and the efficacy of drug therapy in disease. 

SOMMARY 

The technique of BAt  performed through the fiberoptic broncho- 
scope has, in two decades, provided clinicians and researchers with 
the ability to safely sample the inf lammatory-immune cell milieu of 
the human  lung. Standardized BAL and processing of the lavage 
constituents provides assistance in determining the optima1 care of 
patients with a variety of lung diseases, and renders diagnosis in 
selected cases. It has become indispensable in the diagnosis of pulmo- 
nary infi l trates in immunocompromised patients, and plays an im- 
portant role in improving clinical management.  Finally, it  continues 
to yield an ever increasing amount of data for the researchers study- 
ing the mechanisms and pathogenesis of tung disease. It is l ikely that  
BAL wilt become an even more valuable tool with increasing relev- 
ance to the practice of chest medicine in the 1990s. 
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