
CORRESPONDENCE

Penh is not a measure of airway resistance!
To the Editors:

We wish to express serious concern about an article in the
current issue of the European Respiratory Journal, in which
MEHTA et al. [1] reported the effects of choline treatment on
airway hyperresponsiveness using unrestrained plethysmo-
graphy to derive enhanced pause (Penh) as a measure of lung
function. In the Methods section of their paper, MEHTA et al. [1]
refer to a previous study by LUNDBLAD et al. [2] in support of
their statement: ‘‘Lung function was recorded and calculated
as enhanced pause (Penh), which correlates with pulmonary
resistance [2].’’ In fact, LUNDBLAD et al. [2] argued precisely the
opposite, emphasising that unrestrained plethysmography
accurately reflects airway resistance only if the gas in the
plethysmograph is pre-conditioned to body temperature and
humidity, and if functional residual capacity and tidal volume
are measured independently. Indeed, it has been shown that
Penh may not correlate at all with lung mechanical function [3,
4], and a distinguished group of experts has pointed out that it
is scientifically unacceptable to report Penh as a measure of
respiratory mechanical function [5].

The mechanical properties of the lungs are characterised by its
main determinants, resistance and elastance. The resistance is
the ratio of the pressure to the flow, while the elastance is the
ratio of the pressure to the volume. Therefore, to calculate
either of these quantities two signals need to be measured,
namely pressure and either flow or volume. Penh is based on
only a single time-varying signal, the pressure inside a
plethysmograph, so it simply does not contain the information
required to provide a valid estimate of lung mechanics. At
best, Penh represents some kind of nonspecific reflection of the
pattern of breathing [3]. MEHTA et al. [1] report that intranasal
administration of choline was more effective than oral
administration in reducing Penh. What this means in terms
of the effects of choline on lung mechanics is anyone’s guess,
and could mean nothing at all. Moreover, because mice are
obligatory nose breathers, Penh includes the mechanical
properties of the nose which may be altered by intranasal

delivery. Penh has been thoroughly discredited as a measure of
respiratory mechanics, and reviewers, editors and journals
should not accept any study that uses this quantity and claims
it represents airway or pulmonary resistance.
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Particulate matter, science and European Union policy
To the Editors:

The editorial of ANNESI-MAESANO et al. [1] summarises current
evidence concerning the adverse health effects of particulate
matter (PM) and correctly outlines that: 1) the health effects of
air pollution are a big problem worldwide; and 2) several
scientific questions are still open. In addition, the authors press
for more stringent measures of prevention, in order to achieve
adequate protection of the exposed population. In particular,

they outline that ‘‘experimental research has rapidly pro-
gressed’’ and only ‘‘details of the pathophysiological mechan-
isms remain to be elucidated’’.

We agree with most of their statements and are in favour of
more stringent rules for the European Union (EU). However,
we would like to make some comments concerning the open
questions, in order to increase the scientific strength that
should convince EU authorities.
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