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sion), In practice, UA can be estimated as:
Ua=U-VE/(VE-VD-f} (2)

where VE is venlilation rate, Vp i s anatomical dead-space
volume and f is respiratory frequency. Vb is predicted by
the equations of HarT et al. [9). The choice of anatomical
dead-space is deliberate; it has the cffect of making Ua
reflect the full consequences of uneven veniilation, re-
gional diffusing capacity and gas-phase diffusion
impairment [8]. Harris and WarmLock[8] have calculated
prediction equations for normal UA in men and women,
sitting, supine and during treadmill exercise, with
multiple correlation cocfficients around 0.9.

In the present paper, we consider within-subject repro-
ducibility of Ua, back-pressure cffects and experience
with this indcx in patients with pulmonary disease,
using the normal prediclions mentioned above.

Methods

The investigation was approved by the hospital’s Ethics
Committee. Nine healthy, non-smoking members of staff
volunteered for the study of reproducibility and back-
pressure effects, Spirometry and plethysmographic lung
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Fig. 2. - Alveolar CO uptake fraction {Ua) is eapressed inn standard
deviation unils above or below the expecied mean normal valoe for 13
healthy subjects and 100 patienis with pulmonary disease. Intervals are
shown for 0.05, (.01 probability for a normal population. ‘Bronchitis'
signifies chronic airflow obstruction not definitely classifiable as domi-
nant emphysema. In this group and in asthma, open circles denote an
FEVY, more than hall the predicted mean normal valuc. In sarcoidosis,
open circles denote patients without radiological evidence of pulmonery
parenchymaious disease,

volumes were normal in all of them. Data from four
additional healthy subjects, also studied repeatedly on
different days, are included in figure 2,

For the clinical study, we have analysed the results of
single measurements of each of 100 patients consecu-
tively refemed to the pulmenary laboratory in whom a
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firm diagnosis of pulmonary discasc had been made.
Thirty patients had chronic airflow limitation (CAL}.
Nine of these had dominant dyspnoea on exertion, much
increased residual volume, poor or no response to sak-
butamol aerosol and overinflation as judged radiologi-
cally, with or without visible bullae. They were consid-
cred 1o have emphyscma. Of those remaining, twenty one
patients either had dominant bronchitis (productive cough
for atlcast three months of the year for at least two years)
or their classification was in doubl Twenty-two patients
had sarcoidosis, proven by transbronchial, carinal or
lymph-node biopsy. Of these, nine had no X-ray cvidence
of parenchymal pulmonary involvement but had bilateral
enlargement of hilar nodes. Forty patients had interstitial
pulmonary disease, either cryptogenic fibrosing alveo-
litis or duc to rhenmatoid disease, syslemic sclerosis,
polymyositis, systemic lupus, pulmonary eosinophilia,
allergic alveolilis, asbestosis, radiation or drugs (amiodar-
one, bleomycin). Eight patents had asthma.

Procedure

The subject, usually supine (four of the patients sat),
breathed a mixture of approximately 0.07% CQ in air
from a 500-/ Douglas bag through a Hans-Rudolph
valve, Expired gas passed via an 8-/ mixing-chamber
through a dry gas-meter (Parkinson-Cowan CD4) from
which litre increments were registered on a Post-Office
counter. Breaths were similarly counted from the
pressure swings within the breathing valve, measured by
a differential manometer. Gas was sampled just down-
stream from the mixing-chamber and analysed for CO
(Mijnhardt, infrared), CO, (Datex, infrared) and O, (Ser-
vomex, paramagneiic) before being returmed o the
system further downstrcam. Concenfralions, expired
volumes and breaths were noted every minute. CO
concentration was always stable within 4 min. Data from
the Sth 1o 8th min inclusive were avcraged and used in
the calculation of Usa by equations (1) and (2). In the
reproducibility studies, the procedure was prolonged to 16
min, giving two additional 4-min data-collection periods.
In all cases tidal volume, frequency and ventilation rate
were within the ranges seen in the subjects from whom Ua
predictions were derived [8]. In the supine position,
between-subject variation is less than when sitting, in
health [8].

Calculations

Oxygen consumption (\?02) was calculated convention-
ally, Fractional CO uptake was calculated from equation
(1)and Ua from equation (2). Prediction equations for
Ua [8) have the general form Ua=a+b{agc)+
c(helght)+(d+eVoz),f(VI:-VD f). A predicted valuc thus
varics with the prevailing Vo, VE and f. The absolute
magnitude of either measured or predicted Ua is of little
interest, but the difference between them, expressed in
units of the appropriate standard deviation about regres-
sion, allows an estimate to be made of the degree of
abnormality. When only low values of Ua areof interest,
single-sided confidence intervals are appropriate. Arbi-
trarily wedefine mild, moderate and severe abnormality as
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reproducible to well within the 95% confidence imit of
the prediction (table I}). Healthy subjects give results
which are closely grouped above this limit (fig. 2). A
within-subject sp of 0.032 corresponds to a difference
between duplicates on different days of 0,045 (i.e.spV2).
The mean measured Ua in healthy subjects was 0.915,
of which the duplicate difference is less than 5%. This
compares with the 5 to 6% recommended maximum tol-
erance for duplicate measurements of D, made at the
same session [1].

Sequential measurements of Ua are sensitive encugh
to show clearly the effects of CO back-pressure, indicat-
ing its ability to detect small changes (table I). None
of the data reported here were comected for back-
pressure. Since the prediction equations {8] relate to the
5-8 min sample interval in non-smokers, no commection
is necessary if the starting carboxyhaemoglobin concen-
tration is negligible. In many patients, thisis not the
case, and in these a back-pressure correction of Ua is
obviously practical. OQur rough estimate of its magnitude
awails confirmation by direct measurement. Since the
present study was completed, measurement in twenty
subjects has given an average correction of 0.018, near
to the present estimate of 0.015 (unpublished observa-
tions),

Finally, a functional index should be simply obtained
with a standard procedure and minimal room for errors
of measurement, Ua fulfils these requirements. Its meas-
urement is much simpler, and calls for less expensive
equipment, than that of D_. The procedure is, however,
mare prolonged. Our standard 8-min testcould be short-
ened, perhaps 1 5 min, but this is sull much longer than
that required for D, Absorption of COis also greaterin
the Ua procedure and serial tests on the same day would
require correction for back-pressure effects. These draw-
backs are however inherentin any steady-state procedure
and are balanced by less complex technique and interpre-
tation.
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RESUME: La mesure et ' imterprétation de 1a “capacilé de diffusian’ par
les méthodes en apmée ou en f1at stable sonk g&nées par des difficuliés &
1a fois techniques et conceptuelles. La prise fractiomelle de CO, moins
complexe, etl rop sujette i la ventilation de L'espace mort. Une modi-
fication de cerle méthode (la pirse alvéolaire fractiermelle du CO, ou Ua)
permet dans une grande mesure d’écarter ce probltme. Nous avons
mesuré Ua chez treize sujets sains er chez cent paliens seicints de
troubles pulmonaires divers. La méthode est reproductible et apte &
reconnaftre les anomalies cliniques. Sa simplicité d'utilisation et
d'inlerprétation peul en faire une alternalive aux autres mesures de
transfent dv CO.





