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University of Michigan [15]. Reproducibility was
expressed as the coefficient of variation of a single
observation; this was the standard deviation of the
observation divided by the overall mean value.
Percentage chanpges following salbutamol and per-
centage differences between results by the four
methods were expressed in the form 100 Ax/% [17] and
compared using paired i-tesis on results calculated to
four significant figures. For purposes of presentation
results were rounded off to two or three figures as
seemed appropriate.

Results

Nineteen men and one women were assessed. Six
were smokers and the remainder exsmokers. After
salbutamol all completed the tests satisfactorily but
before salbutamol two subjects could not perform the
measurement of transfer factor within the constraints
specified. Details of the remaining 18 subjects are
given in table I. The FEV, was on average 53% of the
reference value (range 27-106%) and increased
materially after salbutamol (average increase [6.5%).
The residual volume was in most instances increased
compared with the reference value and was reduced
by salbutamol. Total lung capacity was within normal
limits {mean 107% predicted, range 78-137%, table
IT). The transfer factor (T1) and KcCo were on average
82% of predicted (range 26-148%); the values did not
differ significantly between duplicates or between
attendances. The transfer factor calculated using the
single-breath alveolar volume (TI") was reduced
compared with TI by on average 12%.

Before salbutamol the within and between-day
variability of Kco, Tl and TI" were on average 5% and

5.9% respectively. The variability in TI was signifi-
cantly correlated with that in alveolar volume (VA).
After salbutamol the vanability of TI" was greater
than that of Kco (p<0.05). Of the four methods the
variability by method two was on average 5.2% and
by method four it was 4.6% with the other methods
intermediate. In some individual comparisons the
differences reached statistical significance (table T1I).

The absolute results were highest by method 3 and
lowest by method 2 with the other methods tending to
be intermediate. Salbutamol did not alter TI by
method 1 but TI by methods 2, 3 and 4 were all
significantly reduced. This had the eflect that, whereas
before salbutamol methods 1 and 2 gave similar
results, after salbutamol the results by method 2 were
significantly lower by on average 3.9%. Kco behaved
similarly whilst TI' was unaflected by salbutamol
(table III).

The volume inspired was increased by salbutamol
{table TV). Residual volume and estimated residual
volume were both reduced, the latter to a lesser extent
than the former (mean changes respectively [2.6 and
9.1%). The different responses had the effect that
whereas V' increased after salbutamol, VA did not.
The time of inspiration was unaflected by salbutamol
but the volume inspired was greater so the mean
inspiratory flow rate was increased. The plateau was
slightly shorter on average by 2.3%. The times of
deadspace washout and sample collection were both
reduced, respectively by 15.5% and 39.4%; the
expiratory flow rates were increased in consequence.
Overall the estimated breathholding time was reduced
following salbutamol; the reduction was significantly
greater for method I (5.3%) than the other methods
{2.6-3.7%). The changes are iltustrated in figure 1.

Table I. - Mean values and ranges for some indices describing the 18 subjects who completed the study. The results

far ventilatory capacity ere given befare and after salbutamol

Mean Range Mean Range
Age 63.30 44--77
yr
Stature 1.70 1.54--1.84
m
Body mass 67.20 51--B5
kg

before after

Forced expiratory volume 1.43 0.63--3.10 1.67 oy
FEY !
Forced vital capacity 3.26 2.06--4.99 3.76 24
FYC, 1
FEY /FYC 43.70 28.00--62.00 44.00 28.04
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the European Coal
xperimental design
within breaths and
een subjects where

and 2 gave nearly

TTI’; this suggested

. effectively allowed

for airflow limitation. The ESP method yiclded
significantly higher results; this was due to its shorter
estimated breathholding time compared with the
other methods [5, 9]. In the present study this
disadvantage was not offset by any compensating
advantages, so there is a case for abandoning the
method and recalculating results based on it [11, 18].
nhalation of salbutamol did not significantly
nge the transfer factor and Kco by method 1 but

tlts by all the other methods were significantiy
iwced. The difference could not have been due to
ematic changes in carbon monoxide back tension
cardiac output during the test procedure or to

or effects of salbutamol as these would have
cted all methods equally. Instead the difference

was due to the salbutamol reducing significantly the
time of sample collection; in addition it reduced
slightly the plateau time and the time of deadspace
washout. The reduction in sampling time was
reflected in a significantly greater reduction in
eflective breathholding time by the Jones and Meade
method compared with the other methods.

The discrepancy in transfer factor (TT) was due to
all the factors which influenced the change in airway
calibre so the result might be expected to vary
between patients and within the same patients in
relation to acute exacerbations or chronic deteriora-
tion. Thus whiist in the present circumstances the
error in method 2 was 3.9%, in other circumstances it
could be more and could interact with the other
sources of error in the measurement [14]. The error
affected particularly the modified Ogilvie and ESP
methods. It aflected the volume-corrected breath-
holding method of Morgan to a lesser extent. The
error was avoided by use of TP’. However, the latter
index was systematically lower than TT by on average
12% before salbutamol due to the residual volume of
the patients being underestimated by the single-breath
procedure for measurement. This was also the
experience of others [19). The underestimation was
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reduced by salbutamol but the coincidence that the
effect of this change was exactly cancelled by a
converse change in the estimated breathholding time
should not be relied on in other circumstances. These
results demonstrate that for paticnts receiving bron-
chodilator therapy the transfer factor is best meas-
ured by the method of Jones and Meade with an
independent estimate of residual volume. Mcasure-
ments by other methods are inherently less reliable.
This needs to be borne in mind when proposals for
standardization of the mcasurement are reviewed.
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RESUME: Le facteur de transfert calculé selon la méthode cn
apnée (TL), le volume alvéolaire étanl oblenu par respirations
multiples, a été mesuré ¢hez 20 malades présentant une obstruction
reversible des voies aériennes avant el aprés salbutamol. Le temps
d’apnée effective a &té calculé de quatre maniéres différentes; ta
méthode d'Ogilvie el coll maodifiée par I'American Thoracic Society
(ATS), le projel de standardisation en épidémiologie de I'ATS
(ATS), la méthede de Jones et Meade prenant ¢n compte le icmps
de recueil de 'échantillon et une méthode simplifiée ow il est tenu
compte de I'échantillonage en terme de volume ct non de temps.
Deux palients n'ont puo réaliser les tests demandés qu'apreés
salbutamol. Pour les sujets restants le facteur de transfert calculéen
utilisant le volume alvéolaire obtenu 8u cours d’une inspiration
unique (TL') est en moyenne 12% plus petit que TL. Kee, TL a1
TL’, sont les plus eleves par [a méthode ESP et les plus faibles par ta
méthode Ogilvie. L'inhalation de 200 mcg de salbutamol ne modife
pas TL', quelle que soil la méthode utitisée, ni TL et Koo obtenus
selon la méthode de Jones et Mcade, tandis que avee les autres
méthodes les résultats de TL et Kco sont réduits. Pour la méthode
d'Ogilvie wedificela eduction vaut 3.9%. Cette erreur est due &
une surestimation du lemps dapnée effective, la réduction de 39%
du temps d’échantillonage élant negligée. Le iemps de inspiration
u'esl pas changé taudis que le 1emps de ringage de 'espace mort est
réduit de 16%. L'absence de changement du TL, aprés bronchodi-
latation cst liée au fait que ia surcstimalion du temps d’apnée
effective est contrebalancée par une augmcentation du volume
alvéotaire mesuré au cours de "2pnée. Nous conclunns que chez des
malades qui regoivent un traitemienl bronchodiiatateur, TL calculé
selon Jones ¢t Meade est la meileure méthode de mesure, TL', sous
estime de maniére systématique le facteur de transfert chez ces
malades.





