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Marching to the beat of different drummers: individual airway
response diversity

R.H. Brown

The complicated structures of the lungs can be viewed in
the most simplistic form as airways, vessels, and nerves. These
structures work together to perform the marvellous feat of
respiration and gas exchange. During disease states, one of
these structures is impaired, either temporarily or perma-
nently, and respiration and gas exchange are hindered. Asthma
is a disease that primarily affects the airways. In asthma,
while the aetiology may be varied, and remains a source of
scientific controversy, the final common process is constric-
tion of the airway smooth muscle, airway narrowing, and
decreased ventilation that, in the severest form, can lead to
death. The causes for this pathological constriction of the
airways in asthmatics compared to healthy subjects are elusive
and remain an area of intense research.

It is well recognised that the airway tree structure
throughout the lungs is not uniform in structure or compo-
sition [1]. On the simplest level, the airways change in size
from the trachea to the alveoli [2]. In addition, the cellular
composition of the airways changes along the airway tree. For
example, the amount of airway smooth muscle, cartilage, and
nerves progressively decreases along the airway tree. There-
fore, it is logical to suggest that the airways along the tree
would not respond in a homogeneous manner in health or
disease. However, the next step in the understanding of the
heterogeneous response of the airways is not so intuitive.

Most investigators accept the idea of heterogeneity along
the airway tree [3–5]. However, the idea of heterogeneous
responses at the same level of the airway tree has not been
clearly established. Recently, computer modelling has been
used to simulate the process of bronchoconstriction, including
airway heterogeneity. The amount and location of the constri-
ction may be selectively adjusted and the resulting level of
calculated lung resistance and elastance observed. LUTCHEN

and GILLIS [6] found that both lung resistance and elastance
were extremely sensitive to inhomogeneous constriction. A
few highly constricted or nearly closed airways, randomly
dispersed throughout the periphery of the lung, had a
significant impact on the calculated breathing capacity. Of
interest, their model was quite tolerant of very inhomoge-
neous changes in airway diameters, as long as there were no
airways nearly or fully closed. THORPE and BATES [7] also
evaluated inhomogeneous constriction in another computa-
tional model. They found similar results. The increases in lung
resistance and elastance were largely due to the development
of severe inhomogeneity in the airway tree that progressively
isolates parts of the peripheral tissue from the central airways.

Imaging evidence for airway response heterogeneity has
been present since the first report of the use of high-resolution
computed tomography (HRCT) to measure airway reactivity
in animals suggested that there was heterogeneity in the
response of the airways that was unrelated to airway size [5].

Subsequent work from the same laboratory demonstrated
that the route of administration of the agonist agent did not
influence the airway heterogeneity [4]. The authors concluded
that the observed airway response heterogeneity was an
intrinsic function of the airways and not due to variability in
the delivery of the agonist agent.

Other data that supports the notion of airway heterogeneity
has been generated using other imaging modalities, such as
magnetic resonance (MR) and positron emission tomography
(PET) imaging. While MR and PET imaging are unable
to demonstrate airway structures, they can, with the use of
hyperpolarised helium for MR, demonstrate ventilation [8, 9],
and with the use of 13N-nitrogen for PET, demonstrate venti-
lation and perfusion inhomogeneities [10, 11]. While quanti-
fication remains a daunting task, the images can provide
qualitative insight into the extent of airway heterogeneity in
humans. When viewing the images of the areas of the lungs
that are not ventilated after methacholine challenge, the
airway response heterogeneity is clear. There are large areas
that are not ventilated, there are other areas that are partially
ventilated, and there are areas that are completely ventilated.
These images strongly suggest that there is a heterogeneous
response of similar sized airways. To postulate otherwise, one
would expect images of the lung after agonist challenge that
would look like a bush that had been evenly pruned and thus
the periphery removed. However, one sees erratic, incon-
sistent, large and small areas throughout the lung fields that
are not ventilated, consistent with a heterogeneous response,
even among the same size airways.

This heterogeneous nature of the response in similar size
airways when measured by HRCT scans has frequently been
seen as outside the limits of the technique resolution, i.e.
"noise" rather than "signal". To reduce the "noise", data from
individual airways of similar size are frequently either collapsed
down to specific size stratum [3, 4] or, at the extreme, to a single
number [12], thus removing the unwanted "noise" of airway
response and obscuring any true response heterogeneity.

We now have direct quantitative evidence for airway
response heterogeneity. In the current issue of the journal,
KING et al. [13] directly examine the issue of "signal" versus
"noise" in airway response heterogeneity. They measured the
responses of the airways in asthmatic and healthy subjects.
Most important, they simultaneously measured the repeat-
ability of their airway measurements. Using their technique to
quantify the changes in size of the airways on the HRCT
scans, they were not able to conclude that the small airways
(v2 mm in diameter) responded heterogeneously to the
methacholine challenge, since the coefficient for the airway
response in either the healthy or asthmatic subjects was not
significantly different from the coefficient of repeatability of
the measurement. However, they did find that in the airways
w2 mm in diameter, the airways of the asthmatic subjects
showed a significant increase in the heterogeneity to the
methacholine challenge. In contrast, in the healthy subjects,
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the coefficient for the airway response was not significantly
different from the coefficient of repeatability of the measure-
ment in the airways w2 mm in diameter. The "noise" just
became a "signal". The fact that the asthmatic subjects had a
greater response heterogeneity in airwaysw2 mm in diameter,
compared with the healthy subjects, suggests that in asthmatic
subjects it is not simply that they have an overall greater
airway constrictor response, but that the response of their
airways is also more variable.

These data, like much previous data, suggest a potential
location for the pathological airway responsiveness in asth-
matic subjects compared with healthy individuals. While
limitations of the currently used HRCT techniques preclude
definitive statements that the small airways in asthmatic
subjects also respond in a heterogeneous manner compared
with the airways in healthy individuals, future technical
advances may show that the heterogeneous nature of airway
responsiveness is not limited to the larger airways.

At first glance, the information from KING et al. [13] adds
another layer of complexity to the already complicated nature
of the airway responses in asthmatic and healthy individuals.
However, on further examination, the significance of their
findings may change the perspective of the aetiology of airway
hyperresponsiveness. Consistent with computer modelling
and qualitative imaging, it may be that it is not only the
specific location of the heterogeneous responses, but the
extent of the diversity of the airways and their response
heterogeneity, both within the same size airways and among
the different size airways, which may be a primary pathology
of asthma. This revised focus on the heterogeneity of response
may lead to a better understanding of why asthmatic subjects
have symptomatic bronchoconstriction. With further techni-
cal advances in direct imaging and computer modelling, a
clearer picture of how the pathophysiology of airway hyper-
responsiveness leads to symptomatic asthma should be gained.
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