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Detecting airways obstruction from the tidal flow profile

J.H.T. Bates

The two papers in this issue from the Osler Chest Unit
at Oxford University [1, 2] exploit the fact that the breath-
ing pattern in humans is affected in characteristic ways
when the pulmonary airways are obstructed. Morrss et al.
[1] examined the latter part of the tidal expiratory flow
pattern in patients with varying degrees of airflow
obstruction and found that the expiratory time constant
correlated positively with standard measures of airflow
obstruction. WiLiavs et al. [2] also showed that a shape
index related to the rate of decay of post-maximal expira-
tory flow correlated strongly with airflow obstruction, as
determined by conventional methods. These studies sug-
gest that a simple, noninvasive procedure may be used to
derive an important physiological parameter that is not
normally so easily obtained.

Assessing airflow obstruction directly means measur-
ing airway or lung resistance, which requires subjecting
the subject to a technique that is either cumbersome or
invasive. For example, airway resistance (Raw) can be
assessed by body plethysmography [3], but this requires a
significant degree of subject cooperation and the ability to
deal with claustrophobia. Lung resistance can be deter-
mined from flow at the mouth and the pressure drop
across the lung [4], but this requires the placement of an
oesophageal balloon, which is not a trivial matter and is
out of the question for routine screening. Respiratory sys-
tem impedance can be determined by the forced oscilla-
tion method [5], in which perturbations in flow are applied
to the mouth by an oscillator. Although promising, this
method is attended by numerous technical difficulties and
has yet to be put to widespread use. Direct visualization of
constricted airways is also possible, in principle, but at,
the expense of the X-ray dose resulting from a computed
tomographic scan [6].

The results of Morrss et al. [1] and WiLuawms et al. [2] are,
therefore, interesting from a clinical perspective be-cause
they suggest that the severity of airflow obstruction, a
parameter of key concern to the respiratory specialist, may
be derived easily and noninvasively, namely from airflow
measurements at the mouth. The physiological basis of
this approach is not difficult to appreciate. A spontane-
ously breathing individual indulges in a process of feed-
back control, whereby the respiratory centres in the brain
direct the respiratory musculature to overcome the mecha-
nical impedance of the lungs and thorax in such a fashion
as to achieve the necessary alveolar ventilation. If the res-
piratory impedance increases, as occurs with airflow obs-
truction, the respiratory centres must obviously respond
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by increasing drive to the muscles in order to maintain
ventilation. However, the particular pattern of ventilation
that results (i.e. the shape of the mouth flow profile over a
breath) reflects the combined effects of increased ampli-
tude and/or frequency of breathing efforts as well as the
altered mechanical properties of the lungs. Humans and
other animals increase their respiratory drive in response
to various loads in characteristic ways [7]. Furthermore,
airflow obstruction leads to characteristic changes in the
way in which a given drive produces a particular kind of
flow pattern (e.g. increased airway resistance increases the
expiratory time constant of the respiratory system). Con-
sequently, it is not surprising that airflow obstruction
tends to lead to characteristic changes in the pattern of
spontaneous breathing. Morris ef al. [1] and WiLuiams et al.
[2] have tried to identify particular features of the expira-
tory airflow pattern that capture these characteristic
changes.

However, care must be taken not to forget that airflow
obstruction only tends to lead to characteristic changes in
the pattern of spontaneous breathing. The latter is by no
means a physiologically necessary sequel of the former. In
other words, the observation of a statistically significant
correlation between a feature of the breathing pattern and
airflow obstruction does not mean that one can automati-
cally take one as a surrogate for the other. There are at
least three reasons for this. Firstly, a statistically signifi-
cant correlation between two variables simply means that
they have an apparent element of commonality between
them. It does not mean that one can immediately be taken
as an accurate estimate of the other. This would be the
case only if the correlation between the two variables was
precisely 1. Therefore, the real issue one needs to consider
is, if one is seeking variable A how accurately does one
estimate variable A by measuring variable B, and is this
accuracy sufficient for the purpose at hand? This question
is not answered by the value of a correlation coefficient,
but rather requires a consideration of the statistical relia-
bility of determining A from B, which can be addressed
through standard regression theory [8].

The second reason why we must be cautious with indi-
rect physiological measures is that they may be influenc-
ed by factors other than those in which we are interested.
In the case of the breathing pattern, for example, the rate
of decay of post-peak expiratory flow may be affected by
the rate at which post-inspiratory muscle activity wanes
[9] or by changes in glottic aperture [10], neither of which
have any direct connection with the airflow obstruction in
an asthmatic individual. It may be that, in most cases,
these extraneous factors are not the dominant ones. Never-
theless, one has to remember that an indirect measure of
airflow obstruction derived from the spontaneous breath-
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ing pattern may be significantly affected by something
that has nothing to do with the quantity or process of
interest.

The third reason why a parameter derived from the
breathing pattern must be used with caution when investi-
gating airflow obstruction is that it can be very difficult, if
not impossible, to relate the parameter to the underlying
processes causing the obstruction. In the case of Raw, for
example, the laws of physics draw an immediate connec-
tion between an elevated value for Raw and a narrowed air-
way lumen [11]. In the case of an altered airflow pattern,
however, the way in which simultaneous changes in both
neural drive and lung mechanics interact to produce the
resultant flow are generally not obvious, so an ob-served
alteration in a breathing pattern may have many interpre-
tations.

The analysis of the spontaneous breathing pattern as a
means of assessing the mechanical properties of the lungs
is also currently receiving considerable attention amongst
animal experimenters. The widespread use of small rod-
ents (rats and mice) in medical research extends to those
investigating bronchopharmacology and various animal
models of lung disease. The technical difficulties of meas-
uring the mechanical properties of tiny rodent lungs, to-
gether with the widespread desire to make measurements
in awake animals, has resulted in the popularization of a
quantity known as the enhanced pause. This quantity is
derived from the amplitude and timing of a signal prod-
uced by an animal breathing spontaneously in a leaky body
plethysmograph. The enhanced pause has been shown to
correlate empirically with airflow obstruction [12], but ag-
ain the actual physiological connection between the en-
hanced pause and airflow obstruction is unclear and may
have numerous causes. Consequently, while the enhanced
pause and similar quantities can be useful in determining
whether something interesting is going on in the lungs, the
final resolution of issues involving airway narrowing or
lung stiffening must be made by methods that measure the
mechanical properties of the lungs directly and unambigu-
ously.

Thus, the use of the spontaneous breathing pattern
alone to derive an index of airflow obstruction must be
viewed in its proper perspective. It is easy to apply, is
completely noninvasive and requires no cooperation from
the subject. As such, it has applicability to virtually all age
ranges and circumstances. However, the spontaneous
breathing pattern can never reveal the severity, or even the
presence, of airflow obstruction with complete reliability,
because there is always the chance that the spontaneous
breathing pattern has been affected purely by an abnor-
mality in the neural control of breathing. Nevertheless, the
practical advantages of breathing pattern analysis are ob-
vious and significant, suggesting that it may play a useful

role as a first-line diagnostic tool in the investigation of
airflow obstruction. Indeed, as more sophisticated and
subtle signal processing methods are applied to the analy-
sis of the spontaneous breathing pattern, it may reveal
itself to be useful in the diagnosis of many pulmonary
pathologies.
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