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Pleural thickening and gas transfer in asbestosis
WOC COOKSON, AW MUSK, JJ GLANCY
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ABSTRACr Anomalies in the ratio of transfer factor to effective alveolar volume as an indicator of
pulmonary gas exchange in cases of asbestosis may be related to diffuse pleural thickening. To
examine the effect of pleural disease on gas transfer the plain chest radiographs of patients with
asbestosis were assessed by two observers for profusion of parenchymal opacities and extent of
pleural disease and the results were related to lung function. In 30 cases of category 1 profusion
of parenchymal abnormality (according to the ILO international classification of radiographs for
pneumoconiosis) transfer factor was independent of the degree of pleural thickening. The ratio of
transfer factor to effective alveolar volume correlated directly with the degree of pleural thicken-
ing as alveolar volume fell with increasing severity of pleural disease. The results indicate that
correcting transfer factor for alveolar volume does not provide an accurate reflection of severity
of diffuse parenchymal fibrosis in patients with asbestosis and even minor pleural disease.

In the assessment of parenchymal lung function it is
common practice to provide a measure of gas trans-
fer per unit volume of lung by using the ratio of total
transfer factor (TL) to effective alveolar volume
(VA) (TIJVA, diffusion constant; transfer coefficient,
Kco).' In asbestosis, however, this ratio may not
be an adequate indicator of parenchymal function
because of the frequent presence of pleural disease.2
When pulmonary function in asbestosis has been
examined without pleural disease being noted the
diffusion constant has not always been reduced
despite a low transfer factor.3 Furthermore, the
TJVA ratio in cases of asbestos related gross pleural
thickening may be raised or normal despite reduc-
tion in transfer factor.45 This is thought to result
from decreased expansion and loss of alveolar vol-
ume.4 The effect of diffuse pleural thickening of les-
ser degree on this ratio has not previously been
examined, but in the presence of parenchymal
asbestosis it may be associated with reduced lung
volumes, total transfer factor, and exercise toler-
ance.6
To determine the effect of diffuse pleural thicken-

ing on the TJVA ratio in cases of asbestosis we
examined the relationship between pleural thicken-
ing and both transfer factor and effective alveolar
volume.
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Methods

We reviewed the records of men investigated for
asbestosis in the department of pulmonary physiol-
ogy at Sir Charles Gairdner Hospital. All had had a
history of exposure to asbestos and radiographic
changes of pneumoconiosis. Of the 102 patients
seen since the department's inception in 1973, 91
had been exposed to crocidolite from mining in Wit-
tenoom Gorge, Western Australia. Subjects were
excluded from further study if they had had car-
cinoma of the lung or pleura, or if the- chest radio-
graph showed a pleural effusion, pneumothorax,
emphysema (either diffuse or bullous), progressive
massive fibrosis, or only small rounded opacities
(suggesting predominant silicosis rather than asbes-
tosis, which is well recognised in the Wittenoom
miners).

Standard posteroanterior chest radiographs,
taken within six months of respiratory function test-
ing, were graded by two observers according to the
International Labour Office (ILO) classification of
pneumoconiosis.7 They were categorised into three
groups according to the extent of pleural thickening:
"marked" (maximum width at least 5 mm and bi-
lateral extension of more than half of the projection
of the lateral chest wall), "moderate" (maximum
width less than 5 mm, bilateral, and greater than half
the chest wall in extent), and "minimal" (lesser
extent than the moderate group or no disease).
Parenchymal changes were graded by comparison
with standard films into the three major ILO
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Pleural disease andpulmonary function (mean percentage ofpredicted values (SD)) in 30 cases ofasbestosis with category I
profusion (reader 1)

Pleural disease p p
Marked v Moderate v

Marked Moderate Minimal moderate miimmal

No of subjects 6 11 13
Age (y) 54(8) 51 (16) 52 (9) NS NS
Smoking (%) 71 83 100
TL(% predicted) 78(10) 81 14 70(18 NS NS
VA 67 10 79 10 83 10 <0-05 NS
TIJVA 117 (11 104 14 85 19 <0-05 <0-01
TLC 77 (9) 92 18 94 13 <0-05 NS
FEVI 73 21) 85 11 79 17 NS NS
FVC 73 14) 87 (10 85 14 NS NS

The values for p are from least significant difference analysis. (Values from analysis of variance: effective alveolar volume (VA) p < 0-01;
transfer factor (TLJVA) p < 0-01; total lung caPacitY (TLC) p < 0-05).
FEV,-forced expiratory volume in one second; NC-forced vital capacity; NS-not significant.

categories. The films were seen without knowledge
of the results of respiratory function tests.

Transfer factor for carbon monoxide (TL) was
measured by the single breath method as modified
by Ogilvie et al,8 a Resparameter Mark IV (PK
Morgan) being used. Effective alveolar volume
(VA) was estimated from dilution of helium during
the measurement of TL. The forced expiratory vol-
ume in one second (FEV,) and the forced vital
capacity (FVC) were obtained with a digital
spirometer (Hewlett-Packard, Burlington, Mas-
sachusetts). Total lung capacity (TLC) was meas-
ured plethysmographically. Predicted normal values
were from Cotes and Hall,9 Cherniack and Raber,'0
and Goldman and Becklake."1
Pulmonary function in the cases with category 1

profusion of parenchymal opacities was analysed
according to the degree of pleural change. Differ-
ences in total numbers reflect the different inclusion
rates for the two readers.
For each index measured analysis of variance was

used initially to determine whether a difference
existed between the patients with the three grades of
pleural thickening. If the F statistic indicated it, the
significance of the difference between specific pairs
of groups was examined by least significant differ-
ence analysis.'2

Results

When the cases of category 1 profusion of paren-
chymal opacities were divided according to the
extent of pleural disease there were no differences in
age or cigarette smoking between groups. TL was
not altered by the severity of pleural disease (fig 1)
but VA and TLc decreased with increasing grade of
pleural thickening (fig 2). The ratio TIJVA was
highest in patients with marked pleural disease and

fell with decreasing pleural thickening (fig 3). The
FEV, did not differ between the various groups. The
results for one of the readers are presented in the
table. Although there was some difference in the
distribution of cases between the different
categories of pleural thickening, analysis of the
results from the second reader yielded the same
principal findings. The only major point of differ-
ence was that reader 2 found FVC to vary
significantly with pleural thickening (marked or
moderate versus minimal p < 0-05, analysis of var-
iance p < 0.05).

Discussion

The results show that in subjects with asbestosis and
grade 1 profusion of small irregular opacities the
TL/VA ratio correlates directly with the radiographic
severity of pleural thickening. This is accounted for
by the effect of pleural disease one lung volumes as
measured by VA, TLC, and VC. TL was not affected
by increasing extent of pleural thickening within this
category of parenchymal asbestosis.
Our patients with "marked" pleural thickening

resemble those with massive pleural thickening
("benign asbestos pleurisy"4 and "lung en cui-
rasse"5),in whom the TIJVA ratio has previously
been shown to be preserved or raised in the pres-
ence of reduced Tn. Pleural thickening of the degree
seen in our patients with "moderate" disease has not
previously been shown to change TIJVA. This sug-
gests that reports that TIJVA is not always reduced
in cases of asbestos induced parenchymal fibrosis
may be explained by unrecognised pleural disease.
As TIn does not vary with the amount of pleural

disease in patients with grade 1 profusion of paren-
chymal opacities, it appears that pleural disease of
the range of severity seen in these subjects does not
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Fig 1 rransfer factor (TL)-category I profusion: subjects divided according to degree of
pleural thickening. Horizontal bars show mean values.
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Fig 2 Effective alveolar volume (VA)-category I profusion. Horizontal bars show
mean values.
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Fig 3 Transfer factor/effective alveolar volume ratio (TLIVA)-iategory 1 profusion.
Horizontal bars show mean values.

per se affect total gas transfer, and that a reduced Tn
in patients with asbestos induced pleural disease
suggests covert parenchymal asbestosis. This conclu-
sion is at variance with reported observations on
patients with benign asbestos pleurisy who were
thought not to have parenchymal asbestosis.4 5
TTJVA in these cases was raised4 or normal3 in the
presence of a Tn of about 70% and 58% respec-
tively of the predicted levels. These reductions in
transfer factor, however, are greater than might be
expected from a simple reduction of alveolar
volume,'3 and pathological investigation indicates
that radiologically recognised pleural disease is
consistently associated with some degree of paren-
chymal asbestosis.'4

This study shows that if Tn is to be standardised
for VA in the interpretation of parenchymal function
in asbestosis it is necessary to recognise apparently
minor degrees of pleural thickening on the chest
radiograph. Pleural thickening with grade 1 profu-
sion of parenchymal opacities does not influence Tn.

We wish to thank Dr G Ryan for his help with the
manuscript and Mr B Murphy (Raine medical statis-
tics unit, University of Western Australia) for his
advice on the analysis of results.
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