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Bronchoalveolar lavage: perspective
from the 11th BAL Conference

H.Y. Reynolds

Introduction

Bronchial lavage of the human airways, as
therapy to remove secretions, dates to the early use
of the rigid bronchoscope over a century ago (1).
And for the past 50 years, lung biological speci-
mens have been obtained also for research by
washing airways through rubber tubes anchored in
the bronchi (1). Limited lavage in normal subjects
to recover airway samples for research began in
1967 (2). Availability of the flexible bronchofiber-
scope (3) in the late 1960’s popularized the use of
bronchoscopy, and the recovery of lung washings
for clinical analysis and research studies was done
frequently. We studied airway cells and protein
and immune components in lavage fluid from nor-
mal subjects to describe the lower respiratory tract
milieu in 1974 (4). Subsequently, the use of bron-
choalveolar lavage (BAL) to retrieve specimens
from patients with many forms of lung disease and
from controls or normals spread quickly through-
out the US, Europe and Japan (5). There was suf-
ficient interest in presenting and discussing lung
research prompted by BAL that the first BAL Con-
ference was held in 1979 (6). Dr. Ronald Crystal,
Dr. Anthony Kalica and I organized the second
BAL Conference in Columbia Maryland in 1984
(7). Nine others have followed including the 11 th
BAL Conference in Athens, Greece on June 19-21,
2008, which is the subject of this report.

11th BAL International Conference

This was the first joint BAL and WASOG
meeting, and this was a plausible plan as there was
considerable cross over between the research find-
ings that used BAL sampling to obtain biological
specimens from the lung and others presented that
analyzed and interpreted lung-derived biomarkers
found in many interstitial lung diseases (ILD).
Thus, the respective BAL and WASOG presenta-
tions interdigitated well. Among the formal presen-
tations at plenary sessions, 18 were related to BAL
sampling. Among almost 100 posters, 25 were re-

search studies involved with BAL. The posters
were all presented by their authors during several
organized “poster rounds”; three were selected for
oral poster presentations in plenary sessions. This
analysis will emphasize the oral BAL studies.

In organizing a summary of noteworthy contri-
butions from BAL studies, these have been
grouped into 6 categories:

1. Analysis of BAL Findings to Evaluate Disease(s)

The study of cells and proteinacious sub-
stances in lung washings continues to provide in-
sight into the pathogenesis and host immunity re-
sponses involved in inflammation, fibrosis, acute
injury, asthma, and infection. Because components
retrieved in BAL fluid are in close proximity to
diseased tissue and are the first approximation to
in situ occurring events, relevant new observations
were given.

Dr. V. Potelli (Italy), discussed BAL findings
in acute lung injury that might be a surrogate for a
lung tissue biopsy. Dr. D. Israel-Biet (France),
evaluating patients after lung transplantation for
graft rejection and onset of the bronchiolitis oblit-
erans syndrome, looked for markers of these con-
ditions; persistence of polymorphonuclear neu-
trophils appeared to be a signal. As environmental
exposure is a common cause or confounding factor
in establishing a precise etiology of ILD, the BAL
findings were presented for several common dis-
eases. Dr. S. Constantopoulis (Greece) assessed
the role of BAL in non-occupational asbestos ex-
posure, Dr. F. Kokknis presented about chrysotile
exposure, and D. F. Evyapan did so for metal in-
duced lung disease. Dr. M. Drent (Netherlands)
updated the usefulness of a computer data bank of
BAL components available for analysis in estab-
lishing a diagnosis of a particular ILD.

2. Technology Applied to BAL Continues to
Evolve

New analytical modalities continue to reveal
more biomarkers and mechanisms defining cellu-
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lar activities. With the expanding “omics” ap-
proach to biologic materials a much more compre-
hensive analysis of cellular output and gene dis-
plays in BAL fluid and cells can be viewed from a
normal or patient specimen. Dr. P. Rottoli, (Italy),
a pioneer in proteomics, continues to use this tool
to search for biomarkers in ILD. Similarly, gene
arrays from cells, as described by Dr. N. Kamins-
ki, (USA), sampled from lung tissue, BAL, and
blood described cellular activity in ILD and for
many other diseases.

3. Timing of BAL Fluid Samples May Reveal
an Evolution of Changes

As BAL is well tolerated by normals (controls)
and patients, the samplings can be repeated. This
may have value in monitoring changes in BAL
components during early lung development and
subsequent aging, and during persistent illness. Dr.
D. Phelps (USA), described age-related changes in
BAL components with a rat model. Similarly, Dr. N.
Kaminski (USA) discussed serial analyses on blood
cells, but which could apply to BAL cells. Longitu-
dinal evaluation to monitor airway BAL changes is
to be encouraged in patients with evolving or per-
sistent illness, and in volunteer controls to observe
changes that occur normally with aging. Providing
BAL data from older control subjects would better
approximate or contrast with these found in older
patients. Controls for research often need to be bet-
ter age-approximated with patients, particularly in
metabolomic comparisons and in drug turnover
rates when pharmacomics are investigated.

4. Special Cells Isolated from BAL

Lung lavage retrieves important detachable
types of cells and other biological specimens for in
vitro study, especially alveolar macrophages (8) and
lymphocytes. Thus, a method to isolate dendritic
cells (DC’s) from BAL fluids was of particular note
(9). Dr. T. Berge and colleagues (Netherlands) and
Dr. B. Lambrecht (Belgium) presented a method to
obtain dendritic cells; they estimate that about 0.1%
of normal lavage cells are DC’s. The ability to re-
cover DC’s among alveolar cells, which are mostly
macrophages, provides a means for dissecting the
innate immunity processing that begins in the alve-
olar space. The in vitro study of alveolar macro-
phages as phagocytes and effector cells in initiat-
ing inflammation and alveolitis has been consider-
able (8). But, Dr. C. Saltini’s (Italy) use of them to
reproduce the kinetics of tuberculosis infection,
seemingly replicates an “in vivo” approach to cre-
ating a Mycobacterium exposure to AM’s with
subsequent infection of 40% of these cells and
then elucidating their production of inflammatory
cytokines. This seems the way tuberculosis may
begin in a susceptible person.

5. Perturbations in Animals or Humans that
Affect BAL Components

Inhalation of cigarette smoke, exposure to var-
ious environmental toxins, often occupation-relat-

ed, and aspiration of refluxed gastric secretions, all
induce special changes in the composition of BAL
components. Another exposure illustration with
ozone by Dr. J. Floros (USA) created oxidative
stress in the airways that was found to effect sur-
factant protein A. The result was illustrated with a
proteomics analysis that introduced the term “dis-
covery proteomics”.

6. Use of BAL in Children

As this procedure is finding more applications
in young patients, now performed shortly after
birth in some with congenital diseases such as cys-
tic fibrosis, and in children with asthma or intersti-
tial lung diseases, the safety and consequences of
the lavage procedure require continued surveil-
lance.

It was in part this consideration of safety with
research use of investigative fiberoptic bron-
choscopy, often coupled with broncho-provocation
to simulate asthma and then performing lavage,
and/or other procedures done such as airway brush-
ing and transmucosal or transbronchial biopsies
that prompted the National Heart, Lung, and Blood
Institute and the National Institute of Allergy and
Infectious Diseases to convene a workshop to re-
view the scientific merit gained from this approach
(10). An Appendix is available online in the journal
issue (www.atsjournals.org) that was included with
the Workshop Summary (titled: Appendix II: “Eth-
ical Issues Related to Bronchoprovocation and
Bronchoscopy Research”). The consensus among
the workshop participants was positive that the
risks compared with new scientific information ob-
tained was worthwhile; continued use of this form
of research was reaffirmed. But, there were some
concerns about adequate training of personnel per-
forming these procedures, and obtaining surrogate
permission for these young, vulnerable patient sub-
jects that should be reviewed for possible updating.
Other issues considered included: informed con-
sent, financial incentives, and additional protec-
tions for research involving children and those sub-
jects who need surrogate permissions.

What Might Be Future Expectations 
from BAL Analysis?

In several years, a next BAL Conference will
occur in Maastricht, The Netherlands, on June 15-
18, 2011. What should we expect this sampling
procedure to yield?

1. Continued Revelations From Research on
BAL Samples Will Continue

As this method of obtaining airway-alveolar
space biological specimens already has con-
tributed many important insights into the normal
and diseased respiratory tract, more scientific ob-
servations will be forthcoming. Although this sam-
pling method is termed “BAL,” operationally the
procedure is broader and encompasses other strate-
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gies (11) which should be given more innovation,
such as local sampling in large versus peripheral
airways, analysis of exhaled breath condensates,
comparisons between blood and airway cells and
proteins, and genetic arrays of respiratory cells. As
the “omics” wave of measurement technologies
continues, the discovery of new substances or cel-
lular functions will enhance the understanding of
many diseases. Perhaps more research will occur
that compares the upper respiratory tract secretions
and cells with the lower tract that might find simi-
larities that would promote more upper airway
sampling. This could facilitate less invasive longi-
tudinal monitoring, be acceptable for children and
other younger subjects, and explore diseases that
affect both portions of the respiratory tract, such as
allergic rhinitis-sinusitis and hyperactive airways
of asthma syndromes.

2. Training of Future Respiratory Clinical Sci-
entists Who Use Respiratory Tract Sampling
Methods

The continued output of relevant scientific re-
search on respiratory tract diseases is predicated
on having a sufficient supply of interested, well
trained, innovative investigators. How we moti-
vate and support this next generation is an impor-
tant task for the academic research community (12,
13). The success to fund and train these investiga-
tors is a collective effort between the supporting
agencies, the professional societies and specialty
groups, and the pharmaceutical industry. An as-
sessment of “how are we doing” might be consid-
ered (14). The BAL Conference with it’s broadly
representative and international composition of
participants might consider a formal review of
some of these training topics.

3. BAL Will Help to Reveal “Secrets” Still in the
Lungs

As it remains surprising what “we don’t know”
about cells in the respiratory tract and their func-
tions, a NHLBI workshop was held (July 9-10,
2007) to explore how more information can be ob-
tained about still unrecognized and insufficiently
studied cells. The summary of this workshop and
companion papers that review in detail the devel-
opment of the lung, the airways, the alveolar unit,
and the pulmonary vasculature will each present
research recommendations (15). The use of BAL
and other local sampling methods to retrieve cells
and other biological specimens will be needed. Fu-

ture BAL conferences will likely deal with these
new findings, as the lung’s cellular secrets are re-
vealed.
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