
It became apparent, however, that even expe­
rienced readers had difficulty in grading 
opacifications into these categories in a re­
producible fashion. However, if observers 
were asked to give two classifications, i.e., the 
one category they thought was most likely and 
another which they thought might also be con­
sidered, the observer reliability (Le., in terms 
of reproducibility) was considerably im­
proved. This method of giving the observer 
two options (the one he thought most likely 
and next most likely) was called the expanded 
classification. It formed a l2-point scale that 
has proven to be very useful epidemiologically. 

It is likely that an individual who develops 
asbestosis moves more or less uniformly from 
the normal roentgenologic appearances (-10, 
0/0,0/1) to the abnormal (1/2, 2/1, 212, etc.). 
The problem is that the interpretation of the 
lesser degrees of abnormality on this scale is 
subjective and that numerous causes of such 
roentgenologic shadowing other than asbesto­
sis exist. In the presence of marked diffuse 
pleural thickening, it is difficult to diagnose 
or grade the severity of interstitial fibrosis. 
Accordingly, criteria other than roentgeno­
graphic ones have been sought. 

Dyspnea 
Asbestosis has been described as a mono­
symptomatic disease, dyspnea being the ma­
jor complaint of the affected individual (42). 
There is no doubt that shortness of breath 
is common and troublesome in individuals 
with clinically significant interstitial fibrosis. 
Dyspnea, however, is a nonspecific symptom, 
common in many other cardiopulmonary dis­
orders, and it is particularly subject to emo­
tional factors likely to be relevant in instances 
of suspected industrially-related disease. Ac­
cordingly, it is not adequate to use dyspnea 
as the only evidence on which to base a clini­
cal diagnosis of asbestosis in an individual 
at risk. 

Clubbing 
Clubbing of the fingers occurs more com­
monly in asbestos-exposed workers than in 
controls (43, 44, 45). The diagnostic useful­
ness of clubbing is limited, however, by two 
important considerations. There are many 
other causes of clubbing and clubbing, when 
present, is a late lInding in pulmonary asbesto­
sis (46). Since the majority of persons with 
significant asbestosis do not have clubbing, 
and asbestos workers with clubbing may have 
it for reasons other than pulmonary fibrosis, 
the diagnostic usefulness of clubbing is 
limited. 

Basilar Crackles 
Crackles have been recognized as a feature 
of asbestosis for over 50 years and are believed 
by many to be an early finding (47, 48, 49). 
They have been described as characteristic in 
their sound ("fine," "cellophane," "velcro," 
"close to the ear") and in their bilateral, basi­
lar distribution (50). They differ in quality 
and timing from the crackles of bronchitis 
which tend to be fewer in number and earlier 
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in timing. Bronchitic crackling begins with 
the beginning of inspiration and usually dis­
continues prior to mid or late inspiration. 
Characteristically, the crackles of interstitial 
fibrosis are pan inspiratorY or have an end 
inspiratory accentuation. They appear first 
at the bases in the mid-axillary lines and tend 
to spread toward the posterior bases. As the 
disease advances. the crackles become dis­
tributed at progressively high levels up from 
the bases (50). They are often difficult to dis­
tinguish from the crackles of congestive heart 
failure. Reported rates vary, but about half 
of the persons considered to have asbestosis 
on clinical grounds have crackles (47,51.52, 
53); prevalences in exposed populations range 
from about 1O-2001G. Such prevalences depend 
on duration of exposure, the age of the popu­
lation, and prevalence of other diseases caus­
ing fine crackles. Observer variability exists 
in chest auscultation. but this can be reduced 
by training and waveform analysis (54, 55, 
56). In summary, under carefully controlled 
circumstances crackles can be useful in diag­
nosing interstitial fibrosis. However, they are 
not also specific for the interstitial fibrosis 
related to asbestos. 

Pulmonary Function 
The characteristic features of pulmonary as­
bestosis are those of a restrictive lung disease, 
i.e., a reduction in lung volumes, with inspira­
tory capacity and vital capacity being primar­
ily affected, functional residual capacity be­
ing less affected, and residual volume even 
less. These changes are consistent with a de­
crease in pulmonary compliance. Hypoxemia 
may be present at rest or develop with exer­
cise. Diffusing capacity is also usually im­
paired. depending on the extent of the dis­
ease. By contrast, large airway function as 
reflected in the FEV./FVC ratio is generally 
well preserved. Review of the prediction for­
mulas for pulmonary function tests reveals 
there is no one set applicable to alliaborato­
ries and patient populations. Predicted nOr­
mal values usediin pulmonary function labor­
atories should be based on regression equa­
tions from studies whose testing equipment, 
methodologies and control populations most 
clearly resemble the patients under study. 
Numerous studies have shown that the effects 
of asbestos on lung function are dose related 
(57, 58, 59). 

There is conviucing evidence that an as­
bestos related pulmonary abnormality can oc­
cur in the absence of definite radiologic 
change. These pathologic changes of early as­
bestosis have been demonstrated in biopsy 
material from asbestos-exposed individuals 
with minimal or no radiologic abnormality 
(60). Likewise, exposure response relation­
ships for certain pulmonary function abnor­
malities (including reduced lung compliance 
and impaired flow at low lung volumes) have 
been demonstrated in asbestos-exposed sub­
jects without radiologic abnormalities or 
reduction in vital capacity (58), and their oc­
currence subsequently confirmed in large an­
imal models with biopsy confirmation of the 
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associated pathologic changes. The impair­
ment associated with such abnormality is usu­
ally modest. 

Diffusing Capacity 
Diffusing capacity or transfer factor has been 
the subject of numerous studies with some­
what conflicting results. In most studies of 
unexposed populations it is lower in asbestos 
exposed workers than in normal controls al­
though not always at a statistically signifi­
cant level (44, 45, 57. 62, 63). There is not 
always a clear relationship to dust exposure 
indices (58, 64). It has. however, been shown 
to correlate with the severity of the histologic 
lesion in interstitial fibrosis (64), and its reduc­
tion can precede roentgenologic abnormali­
ties. At this time a reduction of the diffusing 
capacity in an asbestos worker, in the absence 
of other known causes for impaired gas ex­
change, would provide suggestive evidence for 
asbestosis, but further population studies are 
necessary to elucidate the precise role of this 
test. 

OTher Studies 
Various other measurements have been em­
ployed for monitoring persons exposed to as­
bestos. A reduction in roentgenologic lung 
volume appears promising since it is applica­
ble to serial studies of patients, but it requires 
careful control of inspiration (66). This ap­
proach has not yet been taken in a large num­
ber of subjects exposed to asbestos. 

Inspiratory capacity was shown to be suita­
ble for surveillance of workers but is not likely 
to add much more than vital capacity (Ve) 
as the two tests are highly correlated (59). This 
finding suggests that tests for small airways 
disease might in the future be applicable to 
early detection (67). In one study, neither clos­
ing volume nor closing capacity correlated 
with the duration of exposure or with the as­
bestos dust index (68). Gallium scanning, 
bronchoalveolar lavage, and transbronchial 
biopsy need further evaluation with respect 
to their usefulness in diagnosing asbestosis. 
CT scanning is of particular value in detect­
ing and quantitating pleural disease and aid­
ing in the differentiation of pleural from pa­
renchymal disease. The value of CT scanning 
in the detection of interstitial fibrosis also 
needs to be further evaluated. Thus, at this 
time, criteria other than crackles, restrictive 
lung functional abnormality, reduced diffus­
ing capacity of the lung (DL), and roentgeno­
gram consistent with interstitial fibrosis of 
1/1 or more are either impractical, of un­
proven value, or are not likely to yield addi­
tional information because of their high corre­
lation with one of these four. 

In our opinion, combinations of these 
abnormalities are more reliable in terms of 
specificity, relation to duration of exposure, 
consistency, and predictive value; however. 
little work has assessed combinations of ab­
normalities. 

Combinations 
Combinations of abnormal test results are not 



likely to prove more effective in detecting the 
earliest changes in asbestosis. Intuitively, one 
test is likely to become abnormal first. It is 
likely that the first abnormality is not always 

• the same one (e.g., one worker may have only 
an abnormal DL [69J, and another only 
crackles as the first manifestation). This has 
been demonstrated with respect to restrictive 
lung function pattern and reduced DL. It is 
likely that observations will have to be made 
in large groups over long periods to delineate 
clearly the best single test for early diagnosis 
of asbestosis if. indeed, a single initial ab­
normality exists. 

Differential Diagnosis 
Streaky densities on chest films consistent 
with a parenchymal disease have many causes. 
All alternative diagnoses must be considered 
before accepting the presumptive diagnosis 
of asbestosis. 

Occasionally, asbestosis is coexistent with 
chronic obstructive pulmonary Qisease. Evi­
dence is accumulatiqg that obstruction may 
also be related to an individual's occupationa~ 

exposure (70). The relative importance of cig­
arette smoking and asbestos in the develop­
ment of the combined problem of restrictive 
and obstructive disease may be difficult or 
even impossible to assess. 

Since a not uncommon feature of asbestos 
exposure is bilateral pleural thickening. the 
question arises as to the helpfulness of such 
thickening in indicating that a patient with 
pulmonary fibrosis has asbestosis. Indeed, as­
bestos aopears to be a rather potent stimulus 
for the development of pleural abnormalities. 
Selikoff found pleural fibrosis in 65070 of per­
sons he studied 40 years from the onset of 
their initial exposure to asbestos. With pa­
tients with no known exposure to asbestos or 
other known hazardous materials (71), the 
question arises as [0 whether an indirect or 
occult exposure to asbestos might have caused 
the pleural thickening. Severe diffuse pleural 
thickening is not common even in asbestos 
exposure. It was present in only 2.5070 of the 
asbestos workers studied by Selikoff. Since 
there were no controls in that study, it is dif­
ficultto be certain that asbestos was the cause 
of the pleural fibrosis in those subjects. In­
deed. Gilson reported in 1969 that pleural 
thickening was found on 187 of 3,860 (0.050J0) 
routine roentgenograms of the chest in Great 
Britain (72). He conducted one of the few ob­
jective studies of pleural thickening by com­
paring the asbestos exposure of 113 of the 187 
subjects with that of 113 age- and sex-matched 
controls. He found "a slight but unimpres­
sive excess of positive histories of exposure 
to asbestos among the cases." Thus, it is not 
necessary to assume an occult exposure to as­
bestos in every instance of pleural thicken­
ing; the presence of pleural thickening is not 

i.	 definitive evidence of asbestos exposure. In 
another study, bilateral pleural thickening was 
found in 52 of 824 cQnsecutive patients ad­
mitted to the hospital. Only 13 of these 52 
had definite asbestos exposure as compared 
to 2 of 32 age-matched controls. 101 contrast 

to the relatively nonspecific finding of pleural 
thickening. the demonstration of pleural 
plaques with or without calcification is bet­
ter evidence of asbestos exposure. Unfortu­
nately, the latter usually occurs only many 
years after the onset of the exposure, thus lim­
iting usefulness of early diagnosis. 

A major problem exists in the differential 
diagnosis when more than one disease is pres­
ent. whether it is congestive heart failure, 
COPD, or other chronic lung disease. There 
are diseases unrelat~d to asbestos exposure 
but with similar symptoms, and these may 
occur in some persons with asbestos exposure. 
However, given a clear history of exposure 
[0 asbestos. a diffuse interstitial fibrosis can 
be presumed to be due to the asbestos as other 
forms of interstitial fibrosis are relatively un­
common. The prevalence of lesser degrees of 
interstitial fibrosis is not well known and con­
siderable caution has [0 be exercised in at ­
tributing all such phenomena to asbestos ex­
posure, either known or occult. 

Summary 
This document has focused on clinically de­
tectable interstitial fibrosis due to asbestos ex­
posure. While direct examination of lung tis­
sue is the most reliable method of diagnosis, 
as stated above, this is rarely indicated in the 
assessment of workers for compensation pur­
poses. Open lung biopsy is indicated in our 
opinion only when a clear health, rather than 
financial, benefit is likely to be provided. In 
the absence of pathologic examination of lung 
tissue, the diagnosis of asbestosis is a judge­
ment based on a careful consideration of all 
relevant clinical findings. In our opinion, it 
is necessary that there be: 

1.	 A reliable hislOry of exposure. 
2.	 An appropriate time interval between 
exposure and detection (see pages 9-10) 

Furthermore, we regard the following clini­
cal criteria to be of recognized value: 

1. Chest roentgenographic evidence of 
type "s," "t," u u," small irregular opacifi ­
cations of a profusion of 1/1 or greater 
2. A restrictive pattern of lung impairment 
with a forced vital capacity below the lower 
limit of normal 
3. A diffusing capacity below the lower 
limit of normal 
4. BiIaterallate or pan inspiratory crackles 
at the posterior lung bases not cleared by 
cough 

Of these, the findings on the chest roent­
genogram are the most important. When this 
criteria is not met, considerable caution is war­
ranted. The specificity of the above criteria 
increases with increasing numbers of positive 
criteria. As in aU clinical judgments, con­
founding variables. such as the presence of 
other clinical conditions that affect these 
criteria, should be evaluated. 

It is possible that interstitial fibrosis may 
be present even though none of these criteria 
are satisfied, but, in our opinion, in these cir­
cumstances the clinical diagnosis cannot be 
made. 
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