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Heisenberg noted that a more accurate determination
of one quantity will result in a less precise measure-
ment of another. He proposed this principle to describe
the difficulties encountered in quantum mechanics, but
it has been encountered in all branches of science. For
example, placing a stethoscope on a patient's chest wall
to hear better will lead to changes in the patient's res-
piratory pattern. This leads to different sounds heard on
auscultation. In performing invasive procedures, the eff-
ect can be more dramatic and, unfortunately, is not pre-
dictable.

Bronchoalveolar lavage (BAL) has been performed as
a research and clinical procedure for more than 20 yrs
[1]. It has proved a useful method to sample lower respi-
ratory secretions. This sampling technique has increased
our diagnostic sensitivity for infectious and noninfec-
tious lung diseases. In inflammatory lung diseases, it
has provided a method of measuring protein and cellu-
lar influx into the lung. The cascades of cytokines that
occur in the lung during adult respiratory distress syn-
drome (ARDS) or sarcoidosis have been readily demon-
strated by BAL.

One difficulty of lavage is the variability in the recov-
ery of fluid during the procedure. Figure 1 is a schem-
atic representation of the lavage process. The fluid is
instilled into the distal airway, which is the equivalent
of a sac. This introduced fluid mixes with the air and
lung lining fluid. Contamination of the alveolar space
by upper airway secretion is possible, but is, apparent-
ly, a small problem. This may be due to the small vol-
ume of potential contamination from the upper airways
(1–2 mL) versus the large volume of fluid instilled dur-

ing the lavage (100–200 mL). The amount of mixing in
the alveolar space has been difficult to determine, espe-
cially since the volume retrieved is never equal to the
volume instilled. This incomplete retrieval of fluid means
that the aspirated fluid contains an unknown amount of
lung lining fluid.

An external marker in the instilled fluid is one method
of determining the volume of lung lining fluid that has
been aspirated. Dilution of this external marker has been
used in a similar manner to the helium dilution techni-
que used to calculate lung volumes. By measuring the
concentration of the marker in the instilled and aspirat-
ed fluid as well as the volume of aspirated fluid, it is
possible to calculate the volume of lung lining fluid
aspirated. A major assumption regarding the external
marker is that it is not absorbed by the lung surface
membrane. Helium has proved to be useful for mea-
suring lung volumes since there is minimal absorption
of this inert gas. Methylene blue was proposed as an
external marker for measuring lung lining fluid volume
[2]. However, methylene blue is taken up by macropha-
ges and epithelial cells. Therefore, the concentration of
methylene blue is reduced by a nondilutional pathway
and the amount of lung lining fluid will be overesti-
mated [3]. Some of the large molecular weight sugars
have been proposed as external markers, but it will be
necessary to show that they are not taken up by the
metabolically active cells in the airways.

An internal marker is a substance in the lung lining
fluid that is not present in the introduced fluid. If the
concentration of the marker in the lung lining fluid and
aspirated fluid is known, as well as the volume of aspi-
rated fluid, it is possible to calculate the volume of aspi-
rated lung lining fluid. By selecting substances that are
freely permeable into extravascular spaces, the concen-
tration of the internal marker is assumed to be the same
in the blood and the lung lining fluid. However, care must
to be taken to avoid a marker that may be secreted or
produced in the lung lining fluid, such as immunoglob-
ulin (Ig) A, and would, therefore, not be a valid mark-
er. Urea has been commonly used as an internal marker
[4].

The major problem with internal markers is that they
may cross into the fluid during the procedure. Since the
concentration of the marker is zero in the introduced
fluid, the lavage process will dilute the marker in the lung
lining fluid. During the aspiration process, the marker
may be secreted into the fluid. It has been shown that
the total amount of urea aspirated increases significantly
as the time to perform the aspiration increases. This
increased amount will increase the concentration in the
aspirated fluid [5–7]. This will be interpreted as an
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Fig. 1.  –  Schematic representation of bronchoalveolar lavage (BAL).
Markers to determine dilution of BAL include internal and external
markers. Their use can be illustrated by an external marker (EM) with
a concentration of 1% in the introduced fluid (IF), 0% in lung lining
fluid (LLF), and 0.2% in the aspirated fluid (AF). In 30 mL of AF,
there will be 6 mL of LLF. An internal marker (IM) which has a con-
centration of 1% in LLF can be used to measure LLF. Assuming a
concentration of IM of 0% in IF and 0.2% in AF, there is 6 mL of
LLF in 30 mL of AF. These calculations assume that no EM leaves
or IM enters the alveolar space during the lavage process.
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increase in the amount of lung lining fluid found in the
aspirated fluid.

Albumin is a large-molecular-weight protein that does
not cross the membrane rapidly. It is found in the lung
and other extracellular spaces at a reduced concentra-
tion compared to the blood. Increased albumin concen-
tration has been a well accepted marker of inflammation,
used, for example, to distinguish transudates from exu-
dates in the pleural space. In measuring the concentra-
tion of albumin in the BAL fluid, it has been noted that
albumin concentration is higher in patients with inter-
stitial lung disease than in controls [2, 8]. The highest
concentrations are found in patients with ARDS [9].
Albumin concentration in BAL fluid has been proposed
as a marker of increased permeability of the alveolar
space in inflammation.

WARD et al. [10] have demonstrated that the lavage
process may also affect the results. They examined the
cause of increased albumin in the BAL fluid of patients
with interstitial lung disease (ILD). By giving radio-
active albumin shortly before the procedure, they could
measure the amount of albumin that crosses into the
lung during the lavage process. They postulated that the
procedure itself, with the high filling volumes and high
negative pressures during aspiration, could lead to in-
creased permeability. Thus, a technique providing a bet-
ter sampling of the alveolar space leads to a change in
the concentration in the space.

Given the increased permeability seen in ILD, it would
be expected that the increased albumin would be due in
part to increased leakage during lavage. In the current
issue of the Journal, WARD et al. [11] report on albu-
min in the BAL fluid of patients with ILD.They demon-
strated rapid transport of albumin into the lung of some,
but not all, healthy volunteers, similar to their previous
findings [10]. This supports their view that the lavage
process can lead to leakage of serum albumin into the
lung. The investigators did find an increase in albumin
in their patients with ILD. However only some patients
had significant leakage of radioactive albumin, an indi-
cator of leakage during the lavage procedure. The per-
centage of patients with leakage and the proportion of
leakage was the same for the healthy controls and the
patients with ILD. Thus, the increased albumin generally
found in ILD must be due to increased concentration of
albumin in the lung lining fluid. The actual concentra-
tion of albumin in the lung lining fluid remains unknown
since the lavage process may change the concentration
in the aspirated fluid.

Given all these problems, is there any role for BAL
as a research or diagnostic procedure? The identifica-
tion of tumour cells or certain microorganisms (e.g.
Pneumocystis carinii, Mycobacterium tuberculosis) is
always abnormal, and concentration is irrelevant. Other
items can be measured in proportion to each other in
the aspirated fluid. For example, an increased percent-
age of eosinophils is useful in diagnosing eosinophilic
pneumonia. The proportion of lymphocyte subpopula-
tions has been used to support the diagnosis of sar-
coidosis. The concentration of a solute may also be
relevant. Cytokines released during the inflammatory
response of ARDS, for example, may go from unde-
tectable levels to a 1,000 fold excess [9]. Differences
of greater than a 100 fold between groups are unlikely

to be the result of differences in the volume of aspirated
fluid. Therefore, a 100 fold or greater difference in the
concentration of a solute is probably due to the disease
process, especially if the lavage procedure has been the
same for both groups.

A European Respiratory Society (ERS)-supported task
force has been trying to establish a method for report-
ing the acellular component of BAL. Some of the rec-
ommendations of that task-force were presented at the
annual ERS meeting in Stockholm in 1996, including
reporting per millilitre of BAL fluid. A pragmatic ap-
proach to reporting concentrations in BAL fluid has been
proposed by this group. It is hoped that this recom-
mendation will be adopted to enhance communication
between laboratories.

One of the rationales for choosing this reporting tech-
nique is the utility of BAL to diagnose bacterial pneu-
monia. The original method reported by ourselves and
others used the unconcentrated BAL fluid and express-
ed the amount of bacteria as colony forming units·mL-1

of BAL fluid [12]. Studies from groups in Europe and
the USA have shown clear-cut differences in the con-
centration of bacteria in BAL fluid between patients
who had pneumonia and those who did not [13, 14].
These conclusions have been verified by independent
measures of pneumonia, such as pathological specimens
[14, 15].

As one examines the lavage process closely, one can
appreciate the uncertainty a physician may have about
the retrieval process. As WARD et al. [11] pointed out,
the lavage procedure itself affects the results. Also, the
lung is an active organ, secreting and absorbing pro-
teins and cells during the lavage procedure. I doubt that
we will ever resolve the uncertainties of dilution that
occur during lavage. However, as the American prag-
matist Ben Franklin once observed, "The only thing cer-
tain in life is death and taxes."
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