
optimised in a way that takes into account the known
underlying physical mechanisms.

J.B. McCafferty, J.A. Innes
University of Edinburgh, Respiratory Unit, Western General
Hospital, Edinburgh, UK.
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From the authors:

We would like to thank J.B. McCafferty and J.A. Innes for
their interest and constructive criticism relating to our paper
which reported low exhaled breath temperature gradients in
chronic obstructive pulmonary disease patients compared to
normal subjects [1].

J.B. McCafferty and J.A. Innes suggest that it is con-
troversial that bronchial blood flow has a role in airway heat
exchange. We disagree and would like to draw their attention
to numerous papers that demonstrated the opposite effect.
First, it has been shown that changes in airway blood volume
are reflected in fluctuations in intra-thoracic heat exchange,
whereas even large increases in blood flow through the
pulmonary circulation do not influence airstream temperature
[2]. This proves that bronchial and not pulmonary blood flow
plays a major role in airway heat exchange. Secondly, changes
in bronchial blood flow can alter airway responsiveness
and temperature [3], confirming that the bronchial circulation
may control airstream temperature and contribute to air-
way narrowing. Thirdly, temperature changes induce broncho-
constriction, which can be prevented by reducing mucosal
blood supply using inhaled vasoconstrictors [3], indicat-
ing that airway temperature and bronchial blood flow are
correlated. Furthermore, preliminary data presented as an

oral presentation at the American Thoracic Society meeting in
Atlanta last year by our group showed a correlation between
bronchial blood flow, measured noninvasively by an inhaled
soluble gas technique, and exhaled breath temperature
gradients [4]. Therefore, there is substantial evidence that
airway blood flow is the major determinant of airway heat
exchange.

In their letter, J.B. McCafferty and J.A. Innes also state
that heat transfer occurs in the upper airways (above the
glottis) when breathing normally at room temperature. They
quote a manuscript published in 1953 by COLE [5], but they
have not interpreted the manuscript correctly and have
ignored more recent publications by the same author. Even
though we agree that inspired air is mostly conditioned in the
upper airways, in our study we concentrated on exhaled air.
The work of COLE [6] has demonstrated that "during
expiration heat and water are returned to the exhaled air
along the whole of the respiratory tract", including the
bronchial tree. We would also like to stress that the patients
included in our study, as described in the method session,
were not "respiring at low flow rates" as indicated by J.B.
McCafferty and J.A. Innes. Rather, they were breathing
normally at tidal volume before being asked to exhale at a
constant exhalation flow rate (10 L?min-1) after a deep
inhalation to total lung capacity.

Regarding the methodology for the measurement of
exhaled breath temperature gradients, J.B. McCafferty and
J.A. Innes point out that we did not report the method of flow
targeting. However, after describing the exhalation manoeuvre
as flow and pressure controlled, we refer the reader to a
previous publication by our group in which all the details
related to the pressure (4 cmH2O) and flow control (visual
feedback) are fully described (see reference [14] in the text of
[1]).

J.B. McCafferty and J.A. Innes make further comments
regarding our manuscript stating that because we did not
control the exhalation flow rate our measurements actually
reflect expiratory pattern rather than heat exchange. How-
ever, we did control exhalation flow rate (see above and see
the Methods section in the manuscript [1]). Furthermore, a
more thorough reading of the literature would have shown
that expiratory air at the mouth is little influenced by
ventilation rate [6] and pattern (tidal volume and respiratory
rate changes with the same minute ventilation) [7].

We agree that the measurement of humidity of the exhaled
breath would add important information related to the balance
between airway temperature and evaporation of epithelial
lining fluid in the airways. We are therefore currently develop-
ing a new method for the measurement of exhaled breath
humidity. For the standardisation of the method (exhalation
flow rate, mouth pressure, distance of the thermocouple from
the mouthpiece, body core temperature, room temperature,
etc.) we refer J.B. McCafferty and J.A. Innes to references [13]
and [14] in our manuscript [1].

P. Paredi, S.A. Kharitonov, P.J. Barnes
Dept of Thoracic Medicine, Imperial College School of Medicine
at the National Heart and Lung Institute, London, UK.
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