
EDITORIAL

Are you pulling my airway?
C.Y. Seow

E
xcessive airway narrowing is a hallmark of asthma. This
is due to unencumbered shortening of airway smooth
muscle, leading to severe airways obstruction and even

closure of airways. Remarkably, in healthy subjects, this does
not occur, and there is little doubt that the explanation of this
apparent ‘‘protection’’ in normal subjects will be essential for
our understanding of asthma. Parenchymal attachment to the
adventitial wall of the airways in the lung is widely believed to
contribute, at least in part, to the loads seen by the airway
smooth muscle, and, hence, it is assumed to be a significant
factor in limiting airway narrowing in healthy individuals [1–
13]. In this issue of the European Respiratory Journal, NOBLE et al.
[14] have raised questions on this common belief. In a carefully
designed experiment, they found, in mid-sized porcine
bronchi, that the force pulling on the smooth muscle layer by
the parenchyma surrounding the adventitial airway wall was
insignificant and that it did not restrict lumen narrowing of the
airway. The results suggest that parenchymal tethering may
not play an important role in the altered airway calibre and
smooth muscle function observed at different lung volumes
and some disease states.

Comparing airway narrowing in its intact in vivo environment
and airway narrowing in an isolated bronchial segment is not a
small feat. First, one has to make sure that the same generation
of bronchi are compared. Secondly, the geometric distortion of
airways at different lung volumes has to be mimicked in vitro.
Thirdly, the history of stress and strain experienced by the
airway smooth muscle in vivo, up to the point of testing, has to
be replicated in the in vitro measurement. Finally, the degree of
muscle activation and transmural pressure in the bronchial
segments must be comparable to those in vivo, in order to
ensure a valid comparison. Taking these provisions into
account, NOBLE et al. [14] set out to measure the lumen
diameter of bronchi of in vivo and in vitro groups as functions
of transpulmonary and transmural pressure, respectively; for
both groups, identical results were obtained under both resting
and activated conditions.

To many investigators in the field, this finding is surprising, at
least at a first glance. One implication of this finding is that
uncoupling of parenchyma from airways may not significantly
change the elastic load on airway smooth muscle, and,
therefore, a loss or attenuation of parenchymal interdepend-
ence should not be considered a good candidate contributor to
airway hyperresponsiveness. Another implication is that lung

volume change may not directly lead to changes in airway
smooth muscle length, with a corollary that the changes in
lung function associated with a change in lung volume may
not be interpreted in terms of stretch-induced alterations in
airway smooth muscle contractility. Changes in lung volume
associated with tidal breathing and deep inspiration are
known to affect airway calibre and airway smooth muscle
function [4, 7, 13, 15–27]. In interpreting these results, it is often
assumed, explicitly or implicitly, that the effect is mediated
through lung parenchyma that tethers the airway wall to the
rest of the lung. In light of the findings by NOBLE et al. [14],
should these results be reinterpreted?

Before the implications of the findings of NOBLE et al. [14] are
overextended, the limitations of their study should be
examined. The choice of porcine airways in this particular
study may not be the best, if the findings are to be relevant to
human lung physiology. At 10th generation, porcine bronchi
probably contain more cartilage than human bronchi at the
same generation [28]. The stiffer porcine airways may have
prevented parenchymal tethers from altering the adventitial
diameter of the airways; therefore, the decrease in lumen
diameter in constricted airways represents decoupling of the
smooth muscle layer from the adventitia, as speculated by
NOBLE et al. [14]. The choice of animal species may underlie the
discrepancies between the results reported by NOBLE et al. [14]
and those reported by others [1–13, 15–27] that suggest a
significant role for parenchymal tethering in maintaining
airway patency. The outer diameter of the airway segment
during constriction was not measured by NOBLE et al. [14]. Such
a measurement would allow us to discern two possible
interpretations of their results, one being that the adventitial
wall is too stiff to deform, even in the presence of substantial
lumen narrowing, and the other being that the parenchymal
tethering is too compliant to provide any significant load on
the constricting muscle layer. In either case, their results
suggest that in mid-sized airways of pig lung, airway smooth
muscle is insulated from mechanical perturbations mediated
through the parenchyma.

One obvious remedy for the limitations associated with the
studies of NOBLE et al. [14] is to repeat the experiments in a
species that has noncartilaginous mid-sized airways. Would a
more compliant noncartilaginous airway be more amenable to
parenchymal pulling, to the extent that the elastic load can be
transmitted to the smooth muscle layer without much
hindrance? There is strong evidence that deep inspiration in
humans is associated with dilatation of partially constricted
airways [29]. Such dilatation is less certain in small
airways. How important, then, is the airway-parenchymal
interdependence in maintaining patency in small airways? A
related question is how surfactant release after a big breath [30]
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affects small airway impedance. Maybe airway impedance is
little affected by the direct stretching of airway smooth muscle
by parenchyma, but, instead, through the release of mediators
like nitric oxide [31]. Answers to these questions will help us to
more accurately interpret data from in vivo and in vitro
experiments that examine the importance of parenchymal
tethering and lung volume change on airway responsiveness.

A major contribution from NOBLE et al. [14] is the establishment
of a creative protocol for comparing airway narrowing with
and without parenchyma. The numerous control measure-
ments as part of their protocol are essential for a meaningful
comparison. The protocol set by NOBLE et al. [14] should be
followed in future studies of a similar type. However, one may
extend it to include additional measurements. For example, the
viscoelastic properties of parenchyma (in the form of shear
modulus [18]), instead of just elastic properties [14], should
provide valuable insights into the (more realistic) role of
parenchyma in the dynamic environment of the lung. The
study by NOBLE et al. [14] only deals with static properties, and
it should be kept in mind that parenchyma exerts its effect in a
mechanically dynamic environment. Under static conditions,
the elastic component of parenchyma may be too compliant to
effectively stretch the smooth muscle layer in an airway. Under
dynamic conditions, the viscous component of parenchyma
should facilitate force transmission to the muscle layer,
especially when the rate of lung volume change is high.
Therefore, even if the pure elastic load provided by the
parenchyma is too small to make a difference in lumen
diameter under static conditions, the viscoelastic properties of
the parenchyma under dynamic conditions may allow tran-
sient loads to be transmitted to the muscle layer.

The topic of airway–parenchymal interdependence is of great
interest to many of us who are interested in identifying factors
that influence airway patency in health and disease. It should
be pointed out that NOBLE et al. [14] are not the first to question
the significance of the interdependence [32, 33]. Perhaps it is
time to take a closer look at this important issue, and to
reassess the significance of parenchymal distortion as a source
of mechanical force limiting airway narrowing and the
likelihood of a weakened tethering force as a contributor in
the pathogenesis of asthma. If we don’t understand the normal
airway, how can we in asthma?
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