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LLiimmiitteedd aaiirrwwaayy nnaarrrroowwiinngg::
wwhhyy ddooeessnn’’tt eevveerryyoonnee hhaavvee aasstthhmmaa??

A. James*

At the 27th Aspen Lung Conference in 1984, MACKLEM

[1] posed a number of questions relevant to the under-
standing of the excessive airway narrowing that occurs
in asthma.  His discussion was based upon two appar-
ently contradictory observations: 1) that, in vitro, maxi-
mally stimulated airway smooth muscle is capable of
shortening isotonically by up to 80% of its optimal rest-
ing length [2], a degree of shortening which, were it to
occur around the perimeter of an airway, would invari-
ably result in airway closure; and 2) that in nonasthmatic
subjects, there is limitation of airway narrowing in response
to maximal doses of inhaled bronchoconstricting ago-
nists [3, 4].   He proposed that powerful inhibitory mech-
anisms limited smooth muscle shortening in vivo and that
alteration or loss of these mechanisms might result in
excessive airway narrowing.  He stressed the need to
examine the mechanical processes by which airway smooth
muscle shortens in vivo and results in airway lumenal
narrowing.  It was tacitly assumed in this discussion that,
in vivo, airway smooth muscle could be maximally stim-
ulated via the airway.

Soon after, MORENO et al. [5] described, in a logical
sequence, many factors that might influence the change
in the airway resistance that occurs after stimulation of
smooth muscle.  These factors included: 1) those affect-
ing force development in the smooth muscle, such as the
total amount of muscle, its contractility and its length-
tension relationships; 2) those affecting the loads oppos-
ing shortening such as the stiffness of the structures
within the airway wall, and lung parenchymal recoil; 3)
those affecting the amount of lumenal narrowing that
occurs as smooth muscle shortens, such as the orienta-
tion of smooth muscle in the airway wall, the thickness
of the airway wall and the presence of mucus in the
lumen; and 4) those affecting overall flow such as branch-
ing, total cross-sectional area of airways in parallel and
the nature of regional flow (laminar or turbulent). This
paper brought into focus much of the previous work on
the airway function in relation to the surrounding lung,
laid the foundation for a large number of studies from
several laboratories quantitatively addressing some of these
factors, and has resulted in a useful model of airway
mechanics [6].  It was important for pointing out that
factors such as a reduction in the loads that oppose mus-
cle shortening or an increase in airway wall thickness

could result in excessive airway narrowing without the
need to invoke a change in the properties of the airway
smooth muscle, and thereby explaining the lack of cor-
relation between in vivo airway responsiveness and in
vitro smooth muscle responsiveness [7].

However, the question still remains: what usually lim-
its airway narrowing in vivo?  DING et al. [8] showed
that reducing lung volume, and therefore peribronchial
parenchymal recoil, increases the maximal degree of
airway narrowing that can be induced by inhaled metha-
choline.  Altering the loads opposing shortening in ani-
mal models by softening of cartilage [9] also results in
greater maximal airway narrowing.  Although these
studies demonstrate that airway structure and lung recoil
will influence airway narrowing, a number of studies
have shown that even at lung volumes above functional
residual capacity these factors themselves are unable to
prevent airway closure.  GUNST et al. [10] showed that
the forces of interdependence between the lung paren-
chyma and the airway wall could not prevent airway
closure in isolated dog lobes challenged with 50% metha-
choline.  WARNER and GUNST [11] repeated these find-
ings and showed that airway closure was not prevented
by tidal breathing in isolated lung lobes below transpul-
monary pressures of 7.5 cmH2O.  Airway narrowing
was limited when both lungs were stimulated or when
intact animals underwent an inhalation challenge.  It is
difficult to account for the differences between the re-
sults for isolated lobes and both lungs.  OKAZAWA et al.
[12] demonstrated that maximal airway smooth muscle
shortening of 45%, enough to cause airway "closure",
could be induced by nebulized carbachol in excised dog
lungs inflated to transpulmonary pressures of up to 15
cmH2O.   Recently, we have shown that in the isolated,
rat lung, perfused via the pulmonary vasculature both
lung tissue recoil and surface forces can affect airway
smooth muscle shortening but cannot prevent airway clo-
sure (muscle shortening greater than 30%) at transpul-
monary pressures of 15 cmH2O or below [13]. 

In this issue of the Journal, MITCHELL and SPARROW

[14] have related direct video images of lumenal di-
mensions, measurements of flow or transmural pressure,
and morphometric measurements of airway smooth
muscle shortening in isolated, perfused pig airway
segments stimulated submaximally with electrical field
stimulation (EFS) and acetylcholine (ACh), or maxi-
mally with ACh 10-2 M.  They showed that the epithel-
ium is consistently thrown into a number of folds
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during airway narrowing with little variation from air-
way to airway: 23±1 (mean±SEM) folds per airway for
video counts and 24±1 for morphometric counts on fixed
tissue.  This raises the possibility that the number of
epithelial folds may be predetermined by airway struc-
ture.  A reduction in the number of folds, as dis-
cussed by LAMBERT [15], might contribute to excessive
airway narrowing in asthma.  The study of MITCHELL

and SPARROW [14] again shows that airway smooth mus-
cle shortening is dependent on transmural pressure.  As
transmural pressure was increased from -8 cmH2O to 20
cmH2O resting muscle length increased, as did the am-
ount of muscle shortening produced by EFS, suggesting
a more favourable length-tension relationship.  How-
ever, despite the greater shortening at higher transmural
pressure, the final airway diameter was least at lower
transmural pressures (0 and -8 cmH2O).  With maximal
stimulation (ACh 10-2 M) under isobaric conditions
and at a driving pressure of 5 cmH2O, flow was zero.
Morphometric measurements showed that at the cessa-
tion of flow, the airway cross-sectional area decreased
by a mean value of 67% and mean smooth muscle short-
ening was 32%.  If applied to the human airway, this
degree of muscle shortening is well within the range that
will cause markedly different effects on airway narrow-
ing between airways of varying wall thickness, as ob-
served in normal and asthmatic subjects [16].  The
authors point out, however, that models of airway nar-
rowing [6] tend to predict a much smaller effect on
airway resistance with this degree of smooth muscle
shortening.  This is not unexpected, since such models
do not take into account the effects of mucus or mu-
cosal folding.  The video dimensions corresponded
closely to those measured morphometrically, suggesting
little change during fixation, and the relationship of
lumenal dimensions, measured on the video image, to
morphometrically calculated smooth muscle shortening
agreed closely with the predicted relationship, taking
into account the measured wall thickness.  This lends
confidence to the use of models to examine the likely
effects of airway smooth muscle shortening on airway
resistance [6].

Although MITCHELL and SPARROW [14] did not maxi-
mally stimulate smooth muscle at transmural pressures
above 0 cmH2O, they demonstrated that even at that
pressure maximal stimulation was necessary to in-
crease airway narrowing from 27% (with EFS) to a maxi-
mum of 48% change in diameter.  This highlights the
role of the degree of smooth muscle stimulation in deter-
mining maximal airway narrowing.  Studies of airway
narrowing in humans, of necessity, use the inhaled route.
The extent to which airway smooth muscle is maxi-
mally stimulated by this route has not been adequately
examined.  It is possible, therefore, that the limitation
of airway narrowing that is observed in nonasthmatic
subjects is simply due to an inability to maximally
stimulate airway smooth muscle via the airway in
vivo. An increase in airway permeability might lead
to increased smooth muscle stimulation and excessive
airway narrowing, as predicted by the studies in iso-
lated lungs above.  There are conflicting data [17, 18]

regarding the permeability of the airways in asth-
matic and nonasthmatic subjects to small particles
(99mTC-diethylenetriamine penta-acetate (DTPA)).  It has
been pointed out that there are a number of structural
and functional changes in asthma that might alter the
transport of agents across the bronchial epithelium [19],
and it has been shown by Mitchell and Sparrow's group
that responsiveness of human isolated bronchial seg-
ments is closely related to epithelial loss [20].  If the air-
way inflammation seen in asthma increases the passage
of bronchoconstricting stimuli across the epithelial bar-
rier, the increased airway smooth muscle stimulation
that may result, in combination with other factors, such
as increased smooth muscle and increased airway wall
thickness [16], might all contribute to excessive airway
narrowing.  Viral respiratory infections can cause exten-
sive epithelial damage [21]; however, in normal sub-
jects only modest increases in airway responsiveness
are seen [22].  This suggests that epithelial disruption
alone will not result in the excessive narrowing that is
seen in asthma.  On the other hand, since experimental
respiratory virus infection can result in excessive airway
narrowing in patients with asthma [23], we cannot ex-
clude change in airway permeability/transport as an
important contributing mechanism in airways already
showing inflammation.  There is a need for further stud-
ies to examine the factors which affect the delivery of
agonist from the airway lumen to the smooth muscle.

Finally, the study of MITCHELL and SPARROW [14] de-
monstrates another mechanism by which smooth muscle
shortening might be increased, i.e. by uncoupling of the
lumenal surface from the adventitial surface, presum-
ably with the influx of fluid into the airway wall outside
the layer of smooth muscle.  This was observed by simul-
taneous imaging of the airway lumenal and adventitial
border.  It has previously been suggested that such a
mechanism might unload airway smooth muscle from the
surrounding recoil of the parenchyma or from the after-
load of the airway cartilage, resulting in increased
smooth muscle shortening [1, 24] although there have
been few reported direct observations.  It is unknown if
this phenomenon is confined to the pig, or to airways
bathed in fluid, and whether it can occur in disease
states such as asthma.  Further investigation is certainly
warranted.
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