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Functional similarities of asbestosis and cryptogenic
fibrosing alveolitis
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ABSTRACT The pathological features in the lung in asbestosis and cryptogenic fibrosing alveolitis are
similar. Patients with asbestosis, however, appear to have less severe impairment of transfer factor
(TLCO) than those with fibrosing alveolitis for a given level of radiographic abnormality when
assessed on the basis of the International Labour Organisation (ILO) profusion score. The
impairment oflung function in the two disorders has been compared in more detail in 29 patients with
asbestosis and 25 with fibrosing alveolitis, arterial oxygen desaturation during exercise being used to
define the severity ofthe disorders. Arterial oxygen saturation (ear oximeter) and oxygen uptake were
measured during incremental exercise on a cycle ergometer. TLCO (single breath technique) and total
lung capacity (TLC, plethysmograph) were measured. Chest radiographs were graded for profusion
according to the ILO international classification. Patients with asbestosis had significantly higher
mean values for TLCO and TLC and lower mean profusion scores than those with fibrosing alveolitis.
When stratified for the degree of arterial oxygen desaturation, however, no significant differences
were found in TLCO, TLC, or profusion score between the two disorders. To the extent that arterial
oxygen desaturation with exercise reflects the morphological severity of the disease, these results
suggest that, for a given degree of interstitial lung disease, asbestosis and cryptogenic fibrosing
alveolitis are functionally and radiologically similar.

Introduction

A common problem in suspected occupational lung
disease is to establish a cause and effect relationship
between a given inhaled agent and the functional or
structural abnormality detected.' A typical example is
seen in asbestosis, where the morphological features in
the lung are indistinguishable from those of crypto-
genic fibrosing alveolitis apart from the presence of
asbestos bodies and asbestos fibres.2 Comparison of
the abnormalities of lung function in the two condi-
tions may permit identification of features unique to
either disorder, and hence may assist in distinguishing
the two disorders.

Previous work examining the relationship between
the functional and radiographic abnormalities in
asbestosis and cryptogenic fibrosing alveolitis3 has
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shown that, for a given degree of reduction of carbon
monoxide transfer factor (TLCO), the radiographic
profusion score4 was greater in patients with asbes-
tosis. One interpretation ofthis finding is that there is a
different relation between structure and function in the
two conditions. Alternative explanations include the
possibilities that the radiograph does not reflect
morphological severity equally in asbestosis and cryp-
togenic fibrosing alveolitis, and disordered function
correlates poorly with morphological changes.
The relation between disordered structure and lung

function in patients with asbestosis and cryptogenic
fibrosing alveolitis has not been reported indepen-
dently of other pneumoconioses. In cryptogenic
fibrosing alveolitis, the morphological severity of the
disorder, in terms of the intensity ofinterstitial fibrosis
and inflammation, correlates well with arterial oxygen
desaturation with exercise5 and this may therefore
provide a more valid basis than the chest radiograph
for comparing disordered function of the lung in the
two conditions. We have therefore compared lung
function and chest radiographic findings in patients
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Functional similarities ofasbestosis and cryptogenicfibrosing alveolitis

with asbestosis and cryptogenic fibrosing alveolitis,
using the degree of arterial oxygen desaturation with
exercise to define the severity of the disease.

Methods

PATIENTS
We included in the study all patients with asbestosis
and cryptogenic fibrosing alveolitis referred for assess-
ment of lung function and response to exercise from
January 1981 to January 1986. There were 29 patients
with asbestosis and 25 with cryptogenic fibrosing
alveolitis. Asbestosis was defined on the basis of a
history of occupational exposure to asbestos and the
presence of diffuse small irregular opacities on the
chest radiograph. Cryptogenic fibrosing alveolitis was
defined according to the criteria of Turner-Warwick
and Haslam.6' Patients with clinical evidence of
connective tissue disorders (for example, rheumatoid
arthritis, systemic sclerosis, polymyositis, systemic
lupus erythematosus) were not included because their
exercise capacity and degree of arterial oxygen
desaturation may have been influenced by pulmonary
vascular disease or extrapulmonary manifestations of
the disease. Patients with radiographic emphysema,
severe airflow obstruction (FEV,/forced vital capacity
< 50%), silicoasbestosis (predominant upper zone
fibrosis), progressive massive fibrosis, previous lobec-
tomy or pneumonectomy, persisting pleural effusion,
pulmonary or pleural malignancy, or left ventricular
failure were also excluded.

LUNG FUNCTION
Total lung capacity (TLC), vital capacity (VC), and
residual volume (RV) were measured plethysmogra-
phically (Collins, model 09103).8 FEV, and forced vital
capacity (FVC) were obtained with a digital
spirometer (Hewlett-Packard, model 47303A). Trans-
fer factor (TLco) and transfer factor corrected for
effective alveolar volume (Kco) were assessed by the
single breath technique (Morgan, model TTB).9 All
values were also expressed as percentages of the
predicted value.'° "

EXERCISE TESTING
A progressive exelcise test was performed on a bicycle
ergometer (Siemens-Elema, Model 62.03.178).2
Workload (W) was increased each minute by 100
kilopondmetres (kpm)/min (I kpm = 0-163 watt).
Continuous measurements were made of heart rate,
ventilation (VE), oxygen uptake (Vo2), carbon dioxide
production, and arterial oxygen saturation (Sao2),
which was mea'ured with an ear oximeter (Hewlett-
Packard, model 47201A). Measurements over the final
20 seconds of each workload were averaged by online

computer to provide the data points for each work-
load. Data were collected only for completed one
minute increments of work. Predicted values for
maximum workload (Wmax) and maximum oxygen
uptake (Vo2max) were obtained from the age and sex
adjuted equations of Jones et al."2 The maximum
ventilation (VEmax) possible was estimated as FEV,
x 35 l.min7'. To compare arterial oxygen desaturation
during exercise between subjects with different exercise
capacities, change in Sao2 during exercise (ASao2), was
expressed relative to change in work output (4Sao2/
AW, %.100 kpm-'.min-') and to change in oxygen
uptake (ASao2/JAVo2, %.1-'.min-'), both being cal-
culated by linear regression analysis of all data points
obtained during exercise. Measurement of lung func-
tion and the exercise study were usually performed
within one week ofeach other; the longest interval was
six months. Where serial measurements had been
made to monitor disease progression in an individual,
the most recent results were used.

RADIOLOGY
The standard plain chest radiograph that was closest
in time to the exercise test was obtained; the longest
interval was four years, and radiographs obtained the
same day represented the median interval. The degree
of abnormality of the chest radiograph was assessed
according to the 1980 ILO International Classification
ofRadiographs ofthe Pneumoconioses4 for profusion
of small opacities and degree of pleural disease. The
radiographs were graded independently by three
trained observers without knowledge of the clinical
details or the results of lung function tests. Subjects
were included only if at least two of the observers
graded profusion as > 1/0. An ILO "score" was
obtained for each subject by applying a 12 point scale
to the ILO profusion grade assigned by each observer
as follows: 0/- = 1, 0/0 = 2, 0/1 = 3,1 /0 = 4,1/1 = 5,
1/2 = 6, 2/1 = 7, 2/2 = 8, 2/3 = 9, 3/2 = 10, 3/3 =I 1,
3/+ = 12. The ILO score for each subject was
calculated as the mean score of all three observers.

ANALYSIS
Statistical comparisons were made by means of a two
tailed Student's t test with Bessel's correction and of
linear regression analysis using the sum of the least
squares method. P values of < 0 05 (two tailed test)
were accepted as indicating statistical significance.

Because the distribution of ASao2 was different in
the two groups, statistical comparison was also made
by stratifying the subjects into five groups on the basis
of ASao2/AVo2 values: group 1, > 0; group 2, 0 to
-l19; group 3, - 2-0 to -49; group 4, - 5 0 to - 9-9;
group 5, < - 10-0 %.1'.min-'.
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Table 1 Clinical andphysiological characteristics of the
subjects

Fibrosing
alveolitis Asbestosis
(n = 25) (n = 29)

Sex(M: F) 21:4 29:0
Age (y, mean (SD)) 55 (15) 56 (8)
Smoking (mean (SD) pack years) 42 (37) 30 (21)
Non-smokers (n) 4 3
Clubbing (n) 15 6
Crackles (n) 25 25
Lung function indices (mean (SD))
FEV, (1) 2-3 (0-8) 2-4 (0-6)
FEV,/FVC% 77 (10) 77 (8)
VC(l) 3-1 (1-2) 32(0-7)
TLC(1) 4-6 (1.6) 52(09)
TLCO (ml CO.min '.mm Hg- ') 112(4-8) 18 5 (4 5)
Kco(ml CO.min '.mm Hg-1.1-) 29(10) * 41 (11)
Wmax (kpm.min ') 568 (219) 641 (219)
Vo2max (l.min ') 1 3 (0-4) 1 5 (0-4)
VEmax (1.minm') 66-1 (19 2) 60 5 (16 6)
Sao2 at rest (%) 92.5 (4-4) ** 95-6 (1-6)
Sao2 at Wmax (%) 94-2 (4-2) ** 83.5 (12-0)

Significance of difference of means: **p < 0-01; ***p < 0-001.
FEV,-forced expiratory volume in one second; FVC-forced vital
capacity; VC-vital capacity; TLC-total lung capacity; TLCO-
carbon monoxide transfer factor; Kco-transfer coefficient;
Wmax-maximum workload; Vo2max-maximum oxygen uptake;
VEmax-maximum ventilation; Sao2-arterial oxygen saturation.

Results

PATIENTS
All 29 subjects with asbestosis and 21 ofthe 25 subjects
with cryptogenic fibrosing alveolitis were male. The
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Table 2 Chest radiographic profusion score andpleural
disease

Fibrosing
alveolitis Asbestosis
(n = 25) (n= 29)

Pleural disease* (n) 9 18
ILO profusion grade*

1(1/0, 1/1, 1/2) 7 (I)t 18 (12)t
2 (2/1,2/2,2/3) 9 (6)t 10 (5)t
3 (3/2,3/3,3/+) 9 (2)t 1(I)t

Mean (SD) ILO scoret 8-3 (2 2) 6-1 (1-8)
Mean ILO profusion$ 2/2 1/2

*Agreement by at least two of three observers.
tThe number in parentheses is the number of subjects with pleural
disease.
$ILO score calculated from 12 point scale applied to ILO profusion
grade (see under "Methods"). The mean ILO profusion is the
profusion grade closest to the mean ILO score according to the 12
point scale.

mean age and smoking history were similar in the two
groups (table 1). The diagnosis was confirmed by
biopsy in one subject with asbestosis and in 20 with
cryptogenic fibrosing alveolitis. The median duration
ofasbestos exposure for the 29 subjects with asbestosis
was four years (range three months to 30 years); 17 had
been exposed to crocidolite at Wittenoom Gorge in
Western Australia during 1943-66. The chest
radiographic profusion score was greater in patients
with cryptogenic fibrosing alveolitis whereas pleural
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Fig 1 Resting and exercise lungfunction indicesfor patients with cryptogenicfibrosing alveolitis
(open bars) and asbestosis (closed bars). Mean values (with I SD) are given as percentages of the
predicted values, exceptfor A Sao2/ A Wand A Sao2/ A Vo2, which are given in the units measured.
TLC total lung capacity; TLco-carbon monoxide transferfactor; Kco-transfer coefficient;
Wmax-maximum workload; VEmax-maximum ventilation; Vo2max-maximum oxygen
consumption; Sao2-arterial oxygen saturation. **p < 0 01; ***p < 0-001.
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Cryptogenic

fibrosing alveolitis
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Fig 2 Relation between arterial oxygen desaturation with
exercise and carbon monoxide transferfactor (TLco), total
lung capacity (TLC), and ILO score. Linear correlation
coefficients: cryptogenicfibrosing alveolitis-TLco, r = 0-69
(p < 0-001); TLC, r = 0-72 (p < 0 001); ILO score,
r = - 039 (p > 0-05); asbestosis-TLcO, r = 0 40
(p < 0-05); TLC, r = 0 43 (p < 0-05); ILO score,
r = - 0-34 (p > 0 05). Other abbreviations as infigure 1.

disease was more common in those with asbestosis
(table 2).

12

0
ul

0
-J

8

41

5 4 3 2 1

ASao2/AV02 CATEGORY

Fig 3 Relation between arterial oxygen desaturation with
exercise, stratifiedfor A Sao2/ A Vo2 and TLCO, TLC, and
ILO score in patients with asbestosis ( * ) andfibrosing
alveolitis (LO). Group 1-nofall in Sao2; group 5 > 10%
fall in Sao2. See "Methods "for definition of A Sa2/ A Vo2

categories. Abbreviations as infigure 1.

LUNG FUNCTION
Patients with asbestosis had significantly higher mean
levels ofTLC % predicted, TLCO, and Kco than those
with cryptogenic fibrosing alveolitis; values for FEV,
FEV,/FVC, and VC were similar (table 1 and fig 1).
With exercise the two groups achieved similar degrees
of maximum predicted W, VE, and Vo2, but patients
with asbestosis showed less oxygen disaturation.
A significant linear relationship was found for both

groups of patients between ASao2/AVo2 and both
TLCO and TLC (fig 2), showing that subjects with
lower levels of TLCO or TLC had greater oxygen

desaturation with exercise. Radiographic profusion
tended to be greater in subjects with more severe

oxygen desaturation, though there was no significant
linear correlation between oxygen desaturation and
profusion for either disorder (fig 2).
When the two disorders were compared by

stratifying the groups according to ASao2/AVo2 (see
"Methods" and fig 3), no significant differences were

found except in TLCO for group 5 (that is, more than
10% fall in oxygen saturation.l1'.min'; p < 0 001).
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Fig 4 Relation between ILO profusion grade and TLCO,
TLC, and A Sao2/A Vo2 in cryptogenicfibrosing alveolitis
(Oi) and asbestosis (*). *p < 0 05; **p < 0 01.
Abbreviations as in figure 1.

When the two disorders were compared according
to the ILO profusion grade (fig 4), TLCO was sig-
nificantly higher in patients with asbestosis than in
those with cryptogenic fibrosing alveolitis, TLC did
not differ, and ASao2/AVo2 was lower (that is, less
negative), though this did not reach significance (p =

0 2 for ILO grade 1, p < 0 1 for ILO grade 2). When
ILO profusion grade I was compared with ILO grade
2 within each group (fig 4), no significant difference
was found for asbestosis or cryptogenic fibrosing
alveolitis. For cryptogenic fibrosing alveolitis there
were no significant differences between ILO grades 2
and 3, though there were between grades 1 and 3 for
TLCO (p < 0 005) and TLC (p < 0 025); for ASao2/
AVo2 the difference did not reach significance (p
< 0-1).

Markos, Musk, Finucane
Discussion

This study shows that for a given degree of arterial
oxygen desaturation with exercise patients with asbes-
tosis and cryptogenic fibrosing alveolitis have similar
TLCO values, total lung capacity, and radiographic
profusion scores. Only in the groups with the greatest
arterial oxygen desaturation, where the small number
of subjects and the differences in the degree of exercise
desaturation made the validity of comparisons ques-
tionable, was TLCO significantly greater in patients
with asbestosis than in those with cryptogenic fibros-
ing alveolitis.

Previous work has shown that radiographic
profusion scores are greater in patients with asbestosis
than cryptogenic fibrosing alveolitis3 for a given
reduction in TLCO. This relation was again seen in the
present study, which is not surprising as most of the
subjects in this study were in the previous one. The
pattern of lung function impairment found in this
study is similar to that seen in previous studies of
patients with interstitial diseases.'314 Measures of gas
exchange (TLco and JSao2/JVo2) were more abnor-
mal than lung volumes (TLC and VC), and airways
function (FEV,/FVC) was near normal. Kco tended
to be normal in asbestosis and low in cryptogenic
fibrosing alveolitis, in keeping with the effects of
pleural disease in asbestosis.'5
The results of the present study are in agreement

with the findings of Risk and coworkers,'6 who showed
that the desaturation with exercise (measured as
alveolar-arterial oxygen tension (Po2) gradient) was
less in patients with asbestosis than in those with
cryptogenic fibrosing alveolitis (divided into usual
interstitial pneumonitis and desquamative interstitial
pneumonitis), but that when the patients were
stratified according to TLCO no significant difference in
the degree of desaturation was present. When the data
in the present study were analysed in the same way, no
significant difference was found between asbestosis
and cryptogenic fibrosing alveolitis

In subjects with diffuse interstitial pulmonary
fibrosis the progressive reduction in Sao2 with exercise
has been attributed to increased ventilation-perfusion
mismatching related to the fibrosing process." Other
mechanisms include limitation of oxygen diffusion
across the thickened alveolar wall'7 8 and reduction of
mixed venous oxygen saturation.'8 Arterial oxygen
desaturation with exercise, particularly when assessed
in relation to oxygen uptake, has been shown to be
closely correlated with the morphological severity of
cryptogenic fibrosing alveolitis (that is, the intensity of
interstitial fibrosis or inflammation).5 Desaturation
with exercise has been described in patients with a wide
range of interstitial lung disease including asbestosis,
silicosis, and sarcoidosis, and shown to be correlated
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Functional similarities ofasbestosis and cryptogenicfibrosing alveolitis
with morphological severity,'"2' but such a correlation
has not been reported for asbestosis alone.
The correlation between pathological, radio-

graphic, and physiological features in patients with
interstitial lung diseases ofvarying aetiologies, includ-
ing asbestosis and cryptogenic fibrosing alveolitis, has
been studied by Gaensler and Carrington and their
coworkers.'"23 Morphological severity (graded for the
intensity and extent of both fibrosis and cellularity)
was correlated with radiographic profusion of linear
or irregular shadows, as seen in asbestosis and cryp-
togenic fibrosing alveolitis,'92' 2 but not with small
rounded shadows, as seen in silicosis and beryllio-
sis.'923 TLCO was correlated with morphological
severity'"2 and radiographic profusion in asbestosis.2
TLCO was not correlated with morphological severity
in cryptogenic fibrosing alveolitis'9 and correlation
with radiographic profusion was not reported in
cryptogenic fibrosing alveolitis alone. A direct com-
parison of the structure and function relationships in
asbestosis and cryptogenic fibrosing alveolitis was not
made in these studies, nor was a comparison made of
lung function in these disorders for different grades of
morphological severity.
One limitation of the present study was the small

number of patients with asbestosis with substantial
arterial desaturation with exercise: only one had a
TLco below 50% predicted, compared with 16 patients
with cryptogenic fibrosing alveolitis. We cannot
therefore provide a valid comparison of subjects with
severe asbestosis and cryptogenic fibrosing alveolitis,
though we think it likely that a comparison would
yield findings similar to those seen in patients with less
impaired lung function.
The results of this study suggest that, to the extent

that arterial oxygen desaturation with exercise reflects
the morphological severity of diffuse interstitial lung
disease, asbestosis and cryptogenic fibrosing alveolitis
are functionally and radiographically similar. This
interpretation is brought into question by the correla-
tion between morphological severity and TLCO in
patients with asbestosis but not cryptogenic fibrosing
alveolitis found by Gaensler et al.'9 A direct
comparison ofthe structure and function relationships
in asbestosis and cryptogenic fibrosing alveolitis was
not, however, made in these studies. Our observation
that TLCO iS significantly lower in patients with
cryptogenic fibrosing alveolitis than in those with
asbestosis for radiographic profusion grades 1 and 2 is
not readily reconciled with the other results of this
study. One possible explanation for the apparent
discrepancy is that the chest radiograph is a relatively
insensitive index of morphological severity. This is
supported by the absence of a significant difference in
TLCO, TLC, and ASao2/AVo2 between ILO profusion
grades 1 and 2 and between grades 2 and 3 for patients

with either disorder. An alternative explanation is that
the differing relation between TLCO and profusion may
reflect a different distribution of interstitial fibrosis or
inflammation in the two disorders. For example,
predominantly peribronchial lesions in asbestosis may
result in less impairment of gas exchange for a given
degree of radiographic change. Morphological com-
parisons with radiographic changes in asbestosis and
cryptogenic fibrosing alveolitis would, however, be
required to confirm this. A further explanation may be
an increased radiodensity of the interstitial changes
associated with asbestos fibres, as seen in conditions in
which inert radio-opaque dusts have been inhaled.

We are grateful to Dr John J Glancy and Dr Gerard
Ryan for grading the chest radiographs according to
the ILO classification, Mr Nicholas H de Klerk for
advice on the statistical analysis of the data, Ms Dixie
Stanford for help in obtaining the radiographs, Ms
Joyce James for the artwork, and Ms Elizabeth Bingle
for typing the manuscript.
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