
Eur Respir J 1997; 10: 764–765
DOI: 10.1183/09031936.97.10030764
Printed in UK - all rights reserved

Transfer factor standardized for alveolar volume

To the Editor:

The interesting article by CHINN et al. [1] explored
the relationship of transfer factor (TL) or diffusing capac-
ity to alveolar volume (VA) within normal subjects at
different depths of inspiration and between normal sub-
jects having lungs of different sizes, and found that the
ratio TL/VA (often called the carbon monoxide transfer
coefficient (KCO)) varied with VA itself (i.e. lung size)
as well as age, height and gender. The authors claimed,
with justification, that inclusion of VA·height-2 in ref-
erence equations improves the accuracy of predictions
for TL. Some support for their findings that TL/VA is
less in those with larger lungs (standardized for height)
comes from a paper by BRUDIN et al. [2], in which extra-
vascular tissue density (g lung per unit thoracic volume)
was measured with positron emission tomography (PET)
in normal subjects lying supine at functional residual
capacity (FRC) + tidal volume (VT)/2. Tissue density
was inversely correlated with lung size. A link between
tissue density and TL/VA is not unreasonable, support-
ing the notion that larger lungs are relatively "hyper-
expanded".

Nevertheless, I take issue with CHINN et al. [1] when
they say (at the end of the Abstract): "The equations
can be used clinically and eliminate the need for the
carbon monoxide transfer coefficient (KCO)". There is
a popular misconception that TL is divided by VA to
"correct" for volume, i.e. the alveolar volume "seen" by
the marker gas (CO). In fact, TL is derived from (TL/VA)
× VA; TL/VA in this context being: (loge (COo/COt)/BHT)/pb'
where o and t refer to alveolar CO concentrations at
(approximately) the beginning and end of the breath-
holding time (BHT), and Pb' is the barometric pressure
minus water vapour pressure.

Therefore, the components of TL are TL/VA (or KCO)
and VA. In the clinical interpretation of a low TL, it is
helpful to know whether this is due to a low KCO or a

low VA, or both. Consider two instances where, with-
out airflow obstruction, TL was 60% of reference val-
ues. In the first instance, there could be a low KCO and
normal VA, which would be compatible with a diagno-
sis of pulmonary vasculitis or hepatopulmonary syn-
drome; and in the second instance, there could be a high
KCO and low VA, which would suggest pneumonecto-
my or another cause of "loss of units".

In pathological states, an increase in TL/VA (or KCO)
can be caused either by an increase in blood volume
(secondary to increased blood flow per unit VA), the
reason for the high KCO in "pneumonectomy", or by a
decrease in the expansion of the lung. Attempts have
been made to "correct" TL/VA (KCO) and TL for a reduc-
tion in VA. As I have implied above, the correction fac-
tor will be different for a generalized reduction in alveolar
expansion on the one hand, and a "loss of alveolar units"
on the other. In clinical practice, there is no simple solu-
tion.

For this and other reasons, I believe inspection both
of KCO and VA values is essential in understanding the
reasons for a low TL value.
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From the authors:

We thank Professor Hughes for drawing attention to
the misconception that dividing transfer factor of the
lung (TL) by alveolar volume (VA) "corrects" TL for dif-
ferences in VA. The idea was introduced by KROGH [1]
in 1915, so it is no wonder that it is entrenched in peo-
ples' minds!

Our solution is to abandon the carbon monoxide trans-
fer coefficient (KCO) (TL/VA) in favour of a linear model.
Professor Hughes proposes that we "soldier on", fortified
by the belief that TL/VA has intrinsic worth, summarized

in the relationship: TL = TL/VA × VA. We disagree, since
this equation is merely a special case, for a gas exchanger
of volume VA, of the basic gas exchange equation: TL
= n' CO/(Pa,CO-Pv,CO), where n' CO is carbon monox-
ide uptake per minute, and Pa,CO and Pv,CO are arteri-
al and venous carbon monoxide tension, respectively.
There is no theoretical reason for retaining KCO.

At the practical level, the examples given by Professor
Hughes imply knowledge of reference values for TL/VA,
which we have shown to be inexact and misleading,
except when VA is included amongst the reference vari-
ables. The collinearity between KCO and VA is incom-
patible with his view that these variables can be interpreted
independently.



The situation has been compared to that between forced
expiratory volume in one second (FEV1) and the com-
ponents FEV1/vital capacity (VC) and VC, but, in most
circumstances, FEV1/VC (FEV%) is independent of VC.
Hence, the interpretation of FEV% is usually unam-
biguous, whereas that of KCO is not!

Taking his examples, the subject whose only abnor-
mality is a reduced lung expansion has a small VA; our
model predicts correctly that TL at that volume is nor-
mal. The patient with one lung probably had disturbed
gas exchange, despite increased expansion and perfusion
in the remaining lung. However, the operation cannot
undo the bias inherent in KCO, hence that index does
not provide a realistic estimate of residual gas exchange.
Equally, there are no "reference values" for persons with
one lung, but there are data for foxhounds. In the ani-
mals studied, the regression coefficients of TL on total
pulmonary blood flow and on VA were apparently un-
affected by pneumonectomy, but the constant terms in
the regression equations were reduced [2]. Extrapola-
tion of this result to man suggests that the effect of
pneumonectomy (Pny) might be represented by the intro-
duction of an additional categorical variable (Pny, yes
or no) into our equation describing TL, hence:

TL = a St + b Age + c VA/St2 + d Pny + e. 

Using this model, the magnitude of the coefficient "d"
can be estimated from the mean data for 28 postpneu-
monectomy patients reported by CORRIS et al. [3], whose
findings were expressed as percentages of the reference
values of COTES [4]. For a hypothetical man aged 60
yrs, stature 1.73 m and a predicted VA prior to illness
of 6.5 L, the average results postpneumonectomy were:
VA 4.76 L and TL 7.1 mmol·min-1·kPa-1, representing
reductions from predicted of 27 and 20%, respectively.
If we assume that the new reference values for TL [5]
are more appropriate than the old ones, the reference
values for TL at alveolar volumes of 6.5 and 4.76 L are
10.4 and 8.8 mmol·min-1·kPa-1, respectively. Hence, the
illness and subsequent operation decreased TL from 10.4

to 7.1 mmol·min-1·kPa-1, i.e. by 3.3 mmol·min-1·kPa-1,
of which half (1.6 mmol·min-1·kPa-1) was due to reduc-
tion in lung size. Of the remainder, 0.5 mmol·min-1·kPa-1

might have been attributable to previous smoking. In
this event, pneumonectomy reduced TL at constant lung
volume by 1.2 mmol·min-1·kPa-1 (i.e. d = -1.2).

This result implies that the effect of pneumonectomy
per se is relatively small, but more data are needed.
Meanwhile, we suggest that our proposed solution to
the difficulty presented by TL varying with VA, be tried
out in practice. We have done this both for the several
circumstances cited in the paper, which included Professor
Hughes' first example, and now for pneumonectomy,
and are encouraged by the outcome.
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