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Ten cases of asbestosis (eight male, two female), aged 45-65 years have been kept under
observation for periods of up to eight years. Bronchiectasis was demonstrated bronchographically
in six cases. Clubbing of the fingers and coarse crepitations appeared to be signs of bronchi-
ectasis rather than of uncomplicated asbestosis. It is suggested that the prevalence of bronchi-
ectasis is higher than has been reported previously because the patients survived longer. The
radiological findings are tabulated and compared with previous descriptions. In these subjects
there was no relationship between radiological and clinical state. Nine patients eventually
showed clinical deterioration and it often proceeded rapidly. The radiograph however, usually
remained unaltered.
Pulmonary function tests, including diffusing capacity, arterial blood analysis and estimation

of mechanical properties of the lung, were carried out in these 10 cases, and in 11 asbestos workers
(aged 35-64 years) without radiological abnormality. The steady state diffusing capacity for
carbon monoxide (Dco) at rest was lower in asbestosis than in the control subjects. The pulmonary
compliance was remarkably low in asbestosis and related fairly closely to the vital capacity.
The maximum voluntary ventilation was also low and was related to increased pulmonary resistance
but it cannot be said whether this is in the airways or in the lung tissue. Indirect evidence of
inequalities of ventilation/perfusion ratio was obtained in most cases. There is no convincing
evidence that pulmonary fibrosis occurs without radiological abnormality, but a defect of diffusion
may occur. There is no test of pulmonary function which is diagnostic, but a low pulmonary
compliance, especially if combined with a low diffusing capacity, is confirmatory.

It is suggested that the demonstration of a progressive decline in vital capacity, or in diffusing
capacity, may enable a diagnosis of asbestosis to be made before radiological abnormality has
appeared, but this point has not been proved.

PART 1: CLIMCAL AND RADIOLOGICAL
FINDINGS

Two features ascribed to asbestosis are the
occurrence of distinctive rales at the lung bases, and
of clubbing of the fingers. Observers differ, how-
ever, in their descriptions of the type of rales present
and in the frequency with which they have seen
clubbing. Oliver (1927), describes "tinkling moist
sounds" or "moist rales" and Haddow (1929) states
that "moist rales and crepitations" were present
during the winter months in his four cases. Hunter
(1957) refers to "medium, crepitant rales, often with
a metallic tone" but adds that these were sometimes
absent. Wood (1929) however, mentions ad-
ventitious sounds which have "a dry crackling

quality", while Wood and Gloyne (1930) in their
review of 100 cases describe "fine dry crackles not
dissimilar to those often heard over the bases of
emphysematous lungs", and to "more superficial
crackles produced by movements of a damaged
pleura ... mingled with the fibrotic rales". Merewether
(1930) records "pleural crepitations" and scattered
fine rales in some, but not all, cases, but he re-
gards these as of little diagnostic value. Johnstone
(1948) states that "fine, crackling rales" appear as
the disease advances and Wyers (1949) says that
"dry, crackling sounds can generally be heard" but
are evanescent.

It would be possible to give details of a similar
disagreement among these authors concerning the
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frequency with which clubbing of the fingers is seen.
Suffice it to say that Merewether (1930) found it in
only a few of his 95 cases, Wyers (1949) in 55%,
while Meiklejohn (1956) states that it is almost
pathognomonic of the disease.
The disagreement among these authors about the

importance of clubbing and on whether crepitations
occur and, if so, whether they are moist or dry, is of
little importance in the recognition of the disease
because the diagnosis is, nowadays, based mainly on
radiography. However, the differences in their
opinions suggest that they may, in fact, be describing
different aspects or stages of the disease. The
disease may vary from place to place according to
the type of fibre which has been inhaled (for
"'asbestos" is a name for a group of fibrous minerals
with diverse physical and chemical properties), or as
Wyers (1949) believed, the disease may have altered
over the course of the 60 years for which it has been
known.

This paper presents evidence, albeit from a small
group of patients, that differences in the physical
signs indicate identifiable differences in the state of
the lungs, and strongly suggests that the character
of the disease has changed since the classic descrip-
tions of 30 years ago. In view of this the radio-
logical findings are reported in detail for comparison
with classical descriptions. This work does not
provide sufficient evidence to assign different roles
to the different types of asbestos. All the subjects
were exposed to both chrysotile and amosite fibres.

Clinical Material and Investigation
The cases described below are 10 patients (eight

male, two female) who were referred to the depart-
ment on account of respiratory symptoms, or an
abnormality discovered by mass radiography. In
all cases the diagnosis was made on a combination
of typical radiological changes (assessed by three
independent observers) and a history of exposure to
asbestos. The patients have been kept under
observation for up to eight years. The physical
signs in these patients are contrasted with those
found in 11 insulators (laggers) whose radiographs
were considered by three independent observers to
be normal. All these men were examined specially
for the purposes of this paper and only one had
respiratory symptoms. In order to avoid the dangers
of selection (Carpenter, Cochrane, Gilson, and
Higgins, 1956) all the men employed as laggers by
a certain industry were examined, but the findings
in three men have been excluded: two had histories
of prolonged exposure to coal and silica dust in
other industries with under two years exposure to
asbestos, and one had apical tuberculosis. Detailed

occupational histories of the patients and of the
control subjects are given in Appendix 1. It will be
seen that six of the patients with asbestosis had done
work which was identical with that done by the
healthy control subjects.

Routine clinical examination and antero-posterior
radiography was carried out on all subjects. The
sputum of all patients was examined repeatedly for
asbestos bodies and tubercle bacilli. The latter
were never found. Bronchography was performed
in the 10 cases of asbestosis. In four cases broncho-
graphy was restricted to one lung because of severe
dyspnoea. The side chosen for investigation was
that which showed the most abnormal signs, and in
two of these four cases bronchiectasis was demon-
strated there. It must be stressed that the absence
of bronchiectasis in the other two cases has not been
firmly established, while in the remaining six cases
the extent of the bronchiectasis has not been fully
explored.
Pulmonary function tests were also carried out on

all subjects and are described in Part 2 of this paper.
The clinical and radiological findings which are
given in Tables 1 and 4 are discussed below. The
clinical findings altered with the years, and the
findings given in Table 1 are those at the time
the bronchogram was done. The bronchogram was
assessed by two independent observers who were
unaware of the clinical findings.

In Table 2 these findings are summarized and
compared with the signs and symptoms in 11
asbestos workers without radiological abnormality.

Results
It will be seen, from Table 2, that clubbing of the

fingers and the presence of crepitations in the lungs
were exclusive features of the patients with asbestosis
but that neither of these was present in all of them.
The crepitations have been divided into "fine"
(which is probably the same as "dry"), and "coarse".
Fine crepitations are similar to those which are
heard transitorily at the lung bases in elderly bed-
ridden patients without lung disease. Coarse
crepitations are those which have a moist or
bubbling character, often accompanied by musical
squeaks or tinkling sounds, and resemble those
commonly heard in bronchiectasis. Fine crepita-
tions were heard in two patients and coarse ones in
eight. Cyanosis and dyspnoea were much com-
moner, and reduced chest expansion somewhat
commoner, in the patients with asbestosis. The
cyanosis was seldom accompanied by significant
arterial desaturation (see Part 2) and this suggests
that peripheral blood flow may be reduced. Stone
(1940) stressed the cardiac effects of the disease.
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TABLE 1

PHYSICAL SIGNS AND BRONCHOGRAPHY IN ASBESTOSIS

CaseAge ~ Date of .Ilbhst.AbsoCase A(e Sex Examina- Cyanosis Club- Chest Crepitations Asbestos Bronchogram Dyspn=No.(Yrs.) tion bing Expansion CrpttosBodies BocormDsne

I 65 M 11.11.58 _- + Reduced Widespread, coarse, both Present Saccular and cylindrical 5
bases bronchiectasis right

middle and lower lobes U
2 63 M 2. 9.56 ± + + Reduced Widespread, coarse, both Present Cylindrical apical segment 3

bases of right lower lobe,
saccular at base U

3 60 M 17.11.58 +± Reduced Widespread, coarse, both Absent Cylindrical bronchiectasis 3-5
bases both lower lobes and

right middle lobe B
4 55 M 6. 1.59 _ 0 No expansion No crepitations Present Normal bronchi right 4

lung U
5 54 M 13.12.58 0 Reduced Few, coarse, lower part of Present Normal bronchi both 3-5

On exercise left axilla. Fine at both lungs B
bases

6 53 M 19.12.58 - 0 Reduced Few, coarse, lower part of Present Normal bronchi both 3
On exercise left axilla especially lungs B

7 54 M 8. 1.59 _ + Normal Fine crepitations lower Absent Normal bronchi right 3-5
part of right axilla lung U

8 52 M 13. 1.59 0 ± Normal Few, coarse, both axillae. Present Cylindrical bronchiectasis 3
Widespread fine crepita- L. lingula and both
tions both bases bases B

9 52 F 8.12.58 + + Reduced Coarse, left base, and right Unknown Saccular and cylindrical 3
base (records bronchiectasis left lower

lost) lobe and lingula B
10 48 F 2. 2.59 0 0 Reduced Coarse crepitations both Present Cylindrical both lower 3
- ________ - ________ - __________ _____________ - bases lobes and in lingula B

0 = Absent.
± = Doubtful.
+- = Present.

+ + -- Well marked.

Bronchogram U = Unilateral.
B = Bilateral.

Dyspnoea 2 = No symptoms on flat but slow on hills.
3 = Can walk I mile or more at own pace on flai

3.5 = Can walk 400 yards on flat at own pace.
4 = Can walk 100 yards on flat.
5 = Breathless washing, dressing and talking.

TABLE 2
PHYSICAL SIGNS IN ASBESTOS WORKERS

Radiologically Radiological
Normal Asbestosis

Number 11 10
Clubbing 0 6
Coarse crepitations 0 8
Reduced chest expansion 3 8
Cyanosis 2 8
Dyspnoea* (mean intensity) 0-6 3 5

*Assessed numerically as in Table 1.

The results of bronchography are given in Table 1.
There was cylindrical bronchiectasis in six patients
and saccular bronchiectasis was present as well in
three. This was usually seen in the lower or middle
lobes but no effort was made to define its total
extent, and it may have been more widespread.
In Table 3 the clinical signs demonstrated in the
six patients with bronchiectasis are compared with
those found in the four without bronchiectasis.
Though the numbers are very small for generaliza-
tion it appears that clubbing of the fingers and
widespread coarse crepitations usually accompany
bronchiectasis and are seldom seen in its absence.*
A similar conclusion was reached by Stone (1940)
who writes "Moist rales were found only when there

TABLE 3
SIGNS OF BRONCHIECTASIS IN 10 CASES OF ASBESTOSIS

Asbestosis and Asbestosis
Bronchiectasis Only

Number 6 4
Clubbing 5 1
Coarse crepitations 6 2

(localized)
Reduced chest expansion 5 3
Cyanosis 4 2

(+ 2 on exercise)
Dyspnoea* (mean intensity) 3-5 3.5
Bronchogram j Bronchiectasis No bronchiectasis

*Assessed numerically as in Table 1.

was definite evidence of associated bronchitis or
bronchiectasis".
Among the patients without bronchiectasis the

one in whom there was clubbing did not have a
bilateral bronchogram. The two in whom coarse
crepitations were heard had normal bronchograms
on both sides, but the region in which these crepita-
tions were heard was limited to an area about the
size of a penny in the lower axillary region and it is
possible that very limited bronchiectasis was present
in these cases also. Cyanosis at rest was slightly
commoner in the cases with bronchiectasis, but there
was no evidence that the presence of bronchiectasis
increased the intensity of dyspnoea.
Radiology.-The radiological findings are given

in Table 4 together with the findings at an earlier
date. The radiographs have been classified into

*Since this paper was written a further case of asbestosis with
bronchiectasis has been seen. In this patient there were fine
crepitations, but neither coarse crepitations nor clubbing of the
fingers were present.
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TABLE 4

RADIOLOGICAL FINDINGS IN 10 CASES OF ASBESTOSIS

CaseAge ~~Date of Duat Hilar Pieural Apical Radio-e
.Sex) Radiograph Exposare Miliary Ground Strreak- Enlarge Shaggy Thicken- Trans- Other logical DyspnoeSex Chestdigrph(i Yexposur Mottling Glass ing ment Heart ing lucency Abnormalities Stage

1 57 M 29. 3.51 31 + 0 0 0 0 0 0 Cystic appearance at 0 2
65 11.11.58 33 + 0 +-+ ++ ++ 0 0 bases first seen 1956 III 5

2 62 M 22. 6.55 28 + + 0 + + 0 + - - II 2
65 23. 7.58 28 + + 0 + + 0 + + II 3

3 53 M 19.10.51 26 + + 0 + + 0 + 0 _ II 1
60 19.12.58 27 + + 0 + + 0 + 0 II 35.

4 47 M 17. 5.51 33 0 + + + + 0 0 1 - II 1
55 1. 9.59 36 0 + +±+ + 0 0 + II 4

5 50 M 2.12.54 32 + 0 + + 0 0 0 - II 2 4
54 13.12.58 36 + 0 + + 0 0 0 II 3 5

6 53 M 4.12.57 17 + + 0 0 0 0 + 0 Radiograph of shoul- I 3
54 19.12.58 17 +- 0 0 0 0 +- 0 der 1954 showed ab- 1 3

normal lung
7 49 M 17. 2.54 27 0 + + + 0 0 0 _ II 2

53 12. 3.58 27 0 + + + 0 0 0 II 35,
8 51 M 30. 1.58 11 0 0 + + + + 0 0 0 Cystic appearance at II 3

52 4.12.58 1 1 0 0 + + + + 0 0 0 left base II 3
9 45 F 24.10.51 11 0 0 + + 0 0 0 Healed apical lesion on II 2

52 28. 2.58 11 0 0 + ± + ±+ + 0 rigbt. Cystic appear- III 3
ance, left base first
seen 1957 0

10 46 F 8. 2.57 20 0 + + + 0 + + 0 - 11 3-5
48 9.10.58 20 0 + + + 0 + + 0 II 3

Totals 5 3 9 9 2 5 2 _

three stages. The presence of hilar enlargement
distinguishes stage II from stage I, while loss of
cardiac outline indicates stage III. This classifica-
tion is in line with the schemes proposed by Twining
(quoted by Merewether, 1930), Saupe (quoted by
Wegelius, 1947), Bristol (1955) and Gaffuri and
Berra (1957).

Seven abnormalities could be recognized in the
radiographs of these 10 patients.

(1) Pinpoint miliary mottling, indistinguishable from
pneumoconiosis of coal-miners.

(2) A "ground glass" homogeneous veiling of the
middle third of the lung fields, resembling breast shadow-
ing in quality, but not in extent.

(3) Accentuation of lung markings, producing coarse
streaks, which criss-cross to give the appearance of a
wide-mesh net. This is most obvious near the hilum but
spreads towards the periphery.

These three changes are all most obvious in the
middle third of the lung.

(4) Enlargement and shagginess of the hilar shadows,
apparently due to fibrosis.

(5) A shaggy and indefinite outline to the heart.
(6) Pleural thickening in the costo-phrenic angles.
(7) Translucency of one or both upper lung fields.

These abnormalities were not all present in each
case and there is no abnormality which occurs in
every one. It therefore seems probable that the type
of radiological abnormality which was first to
appear varied from case to case. Alteration of the
radiographs with time occurred in only two patients,
one of whom was and the other was not exposed to
asbestos during the interval.

Discussion
Clinical Signs and Bronchiectasis.-These 10 cases

of asbestosis have, between them, shown all the
clinical signs mentioned by previous authors with
the single exception of dullness to percussion which
was not noted in any of them. The finding of coarse
crepitations and of clubbing of the fingers suggested
the presence of bronchiectasis, which was unusually
common in this group of patients. Published reports
of its prevalence are based on post-mortem studies;
the only previous reference to bronchography is the
single case in whom Gernez-Rieux, Balgairies, and
Claeys (1954) demonstrated chronic bronchitis.
Bronchiectasis was first demonstrated by Stewart in
1929 (see Merewether, 1930) but in 1927 Oliver had
interpreted the presence of "tinkling moist sounds"
as evidence of cavitation, and Haddow (1929) had
reported radiological evidence of basal cavities
(possibly bronchiectatic). Post-mortem evidence of
bronchiectasis was also noted by Wood and Gloyne
(1930) and in a dog, as well as in human cases, by
Gloyne (1933). Though recognized as a complica-
tion by nearly all subsequent writers it has never
been regarded as common. Wyers (1949), for
example, in a discussion of bronchiectasis among
his 115 fatal cases wrote "Only three undoubted
cases occurred in the present series and one of these
was a congenital condition affecting the apex".

There are three possible explanations for the high
proportion of bronchiectasis in the present series:
bronchiectasis may be more readily recognized from a
bronchogram during life than at autopsy; selection of
the cases may have exaggerated its prevalence; bronchi-
ectasis may be commoner now than formerly. It is
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reasonable to suppose that cylindrical bronchiectasis
might sometimes have passed unnoticed at autopsy,
since the lungs were not inflated and fixed before section.
If the association between clubbing and bronchiectasis
is accepted, then errors at autopsy must account for all
the difference between bronchographic and autopsy
frequency of bronchiectasis, at any rate in the later
papers in which clubbing was noted in more than half
the patients. This seems unlikely, but there is nothing
to support the suggestion that patients with bronchi-
ectasis are more prone to seek hospital treatment than
other patients with asbestosis. On the average, dyspnoea
in patients with bronchiectasis was no more severe than
in those without it. Cough, also, was much the same in
both types of patient (the autopsy reports have usually
been of dry bronchiectasis (see Gloyne, 1933)), and was
productive in only two of the cases with bronchiectasis.
In one of the cases with bronchiectasis (Case 3), who was
referred after mass radiography, the presenting symptom
was not respiratory and in this and one other, coarse
crepitations, which appear to indicate the presence of
bronchiectasis, were not present when they first attended,
but appeared one and seven years later. This last ob-
servation suggests that bronchiectasis may be, as Stone
(1940) implied, a late complication of asbestosis. If this
is so, then an increase in the frequency with which
bronchiectasis is observed could be the result of the
longer survival of patients with asbestosis in recent years.
Both Wyers (1949) and Knox (1959) have noted slower
development of fibrosis and longer survival.

It is concluded, therefore, that bronchiectasis as a
complication of asbestosis not only occurs more
frequently than it used to, but also is more common
than past necropsies have suggested.
The question of whether bronchiectasis is

secondary to asbestosis, or is an incidental disease
occurring in those patients who have been examined,
has been partly answered by theevidence in the preced-
ing paragraphs. The conclusion that it is secondary to
asbestosis is supported by the observation that, in
two cases, radiographic evidence of cystic changes
in the lungs appeared after the diagnosis of asbestosis
had been made (Table 4) and that in several instances
the patients with bronchiectasis had been capable
athletes in their youth.
Radiology.-All the seven abnormalities seen in

the radiographs of these 10 cases were described
in 1929 by Wood and by Haddow. Early writers,
however, did not distinguish clearly between
miliary mottling and the "ground glass" appearance.
Massive shadows, which were present in some of
Wood's cases, were not seen in the present series,
and pleural thickening was less evident. Otherwise
this study shows no evidence of change in the radio-
graphic appearances of this disease in the last
30 years. The frequency with which pleural thicken-
ing or apical translucency occurred was very
similar to that reported by Wegelius in 1947.

Lack of correlation between radiological and
clinical state has been reported by Lanza, McConnell,
and Fennel (1935), Wright (1955), Amsler (1958)
and by many other authors and is confirmed by the
present series of cases. The clinical condition
deteriorated in nine cases while the radiological
stage altered in only two. Thus the patient's account
of his symptoms gives a clearer picture of his
disability than does the radiograph of his chest.

Progression of the Disease.-Serial observations
on patients with asbestosis have seldom been re-
ported in the literature. Wegelius (1947) reported
37 examples of radiological deterioration, mainly in
the earliest stages, during two to three years' ob-
servation of 126 cases still exposed to asbestos dust.
Stone (1940) saw progression in only two of 13 cases
(both in Stage III) followed for the same time
unexposed to the dust. Whether there is radio-
logical progression or not there is general agreement
that clinical deterioration is usual. Smith (1955),
however, believes that the disease will not progress
after exposure ceases.

In our series all cases, except Case 10, deteriorated
during one to eight years of observation. Case 5
remained in the same work throughout the period
of observation (at his own request) and Cases 1,
3, and 4 were exposed for two, one, and three years,
respectively, after the first examination. The re-
maining five cases deteriorated despite removal from
contact with asbestos dust, while in Cases 3 and 4
the clinical state did not worsen until after exposure
ceased. The clinical course varied greatly from
case to case. Case 4 showed no change between
1951 and 1954 while Case 3 remained virtually un-
altered from 1951 to 1957 and Cases 5 and 7 did not
alter for two years. Cases 2 and 8, on the other
hand, showed obvious decline in one year and, in
all cases, once deterioration set in, it advanced
rapidly. Evidence of heart failure appeared in only
one case, Case 4, who developed oedema in 1958,
seven years after the diagnosis was made.
These observations confirm that by the time that

radiological abnormalities have developed the
disease has already entered a progressive phase.
Though deterioration may not be noticed if the
follow-up is short it appears to be inevitable, despite
removal from further exposure to the dust. This
emphasizes the importance of taking every possible
step to prevent the disease from occurring.

PART 2: PULMONARY FUNCTION TESTS IN
10 CASES OF ASBESTOSIS AND IN 11

NORMAL ASBESTOS WORKERS
It is suggested in Part 1 of this paper that

asbestosis has already entered a phase of pro-
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gressive deterioration by the time that radiological
abnormalities are present. The evident need for a
method of making the diagnosis at an earlier stage
has prompted the search for specific changes in
pulmonary function. The results of function tests
in 10 cases of asbestosis and in 11 controls are
described in Part 2 and the literature is briefly
reviewed.
Wood (1929) recorded a low vital capacity in one

case of asbestosis, and Stone (1940) confirmed this
in 13 cases, but the first detailed study of the function
changes in this disease was that of Roemheld,
Kempf, and Wedler (1940). Their 19 patients with
asbestosis showed an increased frequency of
respiration at rest, restriction of maximum ventila-
tion, and reduction of vital capacity, of which the
last was roughly related to the severity of the
radiological abnormality. Baldwin, Cournand,
and Richards (1949) added the observation that the
arterial saturation was low in one case and fell
further on exertion. They included this case
amongst others showing alveolo-respiratory in-
sufficiency where the presence of a diffusion defect
had been deduced. Bastenier, Denolin, de Coster,
Cammaerts, and Denolin-Reubens (1952) and
Gernez-Rieux et al. (1954) confirmed that exercise
induced a fall of arterial saturation in four more
cases. Bastenier, Denolin, de Coster and Englert
(1955) reported observations on a further eight cases.
Maximum volintary ventilation, vital capacity,
total lung volume, mixing efficiency and arterial
saturation at rest were all reduced; physiological
dead space was an increased fraction of the tidal air
in the four cases in whom this was measured.
There was no relationship between the radiological
picture and the type or degree of pulmonary in-
sufficiency and they concluded: "11 n'y a pas de
tableau fixe ou definitif de l'etat fonctionelle dans
cette affection pulmonaire".

Wright (1955) referred to "the relatively stiff and
uncompliant lung of the asbestotic" but it is not
clear whether the compliance had actually been
measured. Wright gave very few details about his
57 cases but he stated that there is an increased
alveolo-arterial gradient for oxygen which "clearly
indicates an impediment to the passage of oxygen
across the membrane separating the gas from the
blood phase in the lung". The high alveolo-arterial
gradient for oxygen could, however, have been due
to inequalities of ventilation/perfusion ratio, and the
diffusing capacity does not appear to have been
measured. Wright confirmed the reduction of vital
capacity and total lung volume but found little or no
impairment of maximum breathing capacity. He
agreed with Bastenier et al. (1955) in concluding that
the physiological state of these patients did not

correlate closely with either their clinical or their
radiological condition.

Gaffuri and Berra (1957) studied 30 cases by
spirometry and demonstrated a clear relationship
between functional and radiological abnormality.
They found a reduction of vital capacity, of total
lung volume, and of indirect maximum breathing
capacity in the 20 cases who showed the more
advanced radiological changes. They discuss the
possibility of a diffusion defect which Champeix,
Bodet, and Siboulet (1958) and Amsler (1958) con-
sider to be present in all cases. Sartorelli (1957)
added one more case in whom arterial saturation
fell on exertion, and deduced a diffusion defect, but
the only published measurements of diffusing
capacity are those of Marks, Cugell, Cadigan, and
Gaensler (1957), who found it to be about half
normal in one case, and those of Bader, Bader, and
Selikoff (1957) who reported a reduction in three
out of five cases. Bader et al. (1957) also noted a
fall in arterial saturation during exercise in some of
their 18 cases.

Published observations on the mechanical pro-
perties of the lung are limited to one case, in whom
Marshall and Dubois (1956) recorded a compliance
which was about one third of normal.

It is clear therefore that further measurements of
diffusing capacity and of lung mechanics are
required; arterial carbon dioxide tension has been
recorded in only seven cases and the possibility of
inequalities of ventilation/perfusion ratio has been
investigated in only nine. It was therefore decided
that the 10 cases described in the first part of this
paper should be investigated as thoroughly as
possible, and the fact that.they had been partially
investigated a year or more previously (the pul-
monary elastance in seven of these cases was detailed
by Leathart in 1959) presented the opportunity of
following the effect of time on the progression of
some of the functional changes. Sartorelli (1957)
is the only previous author to describe serial
observations of pulmonary function.

All published work on the functional effects of
asbestosis has lacked observations on a control
group of subjects. Consequently it is an open
question whether the reported changes were due to
pulmonary fibrosis or to some other effect of work-
ing in a dust-laden atmosphere. It was therefore
decided *that this investigation should include a
group of men who were working with asbestos but
were free from clinical and radiological evidence of
fibrosis.

Methods
The subjects were 10 patients with respiratory symp-

toms, all of whom had radiological signs of asbestosis.
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The controls were 11 men employed as boiler-laggers,
whose chest radiographs were all considered normal by
three independent observers.

All subjects were seated when examined. In each the
diffusing capacity of the lungs was estimated by a steady
state method (Filley, MacIntosh, and Wright, 1954).
These authors suggest that this method has an analytical
error of about 25 % but I find that two determinations in
the same individual are usually within 15 % of one
another. Carbon monoxide concentration of inspired
and of mixed expired air was estimated by infra-red
absorption; duplicate analyses never differed by more
than I % of full scale deflection in the range 0-05 to
0-15 %CO by volume. Duplicate analyses for oxygen
and carbon dioxide, done with the Haldane apparatus,
never differed by more than 0-1 %. Arterial blood was
collected anaerobically and oxygen saturation of blood
and CO, content of plasma were estimated by the method
of Courtice and Douglas (1947). The blood-gas analyses
were done in duplicate and the difference between the
two readings never exceeded 2 %. The pH of whole
blood was estimated at 380C. and duplicate determina-
tions differed by less than 0-05 units. CO2 tension was
calculated from the nomogram of Van Slyke and
Sendroy (1928), with an estimated accuracy of
±3 mm.Hg. Blood was kept in iced water between

collection and analysis. In the controls, arterial satura-
tion was estimated only when cyanosis was present. For
the estimation of maximum voluntary ventilation
(M.V.V.) expired air was collected, after instruction and
practice, during three consecutive maximum ventilatory
efforts, each of which lasted for 15 sec., and its volume
was measured later. The rate of breathing was uncon-

trolled. Dynamic compliance and total non-elastic work
of respiration were calculated from pressure-volume loops
as previously described (Leathart, 1959); the standard
error of the mean of repeated determinations of com-
pliance was ± 5 %, and of non-elastic work was ± 9%.

In the accompanying tables the diffusing capacity is
given at S.T.P.D. but all other gas volumes are given at
ambient temperature and pressure, saturated.

Results
The physiological findings are given in Tables 5

(asbestosis) and 6 (controls), and the chief
differences are summarized in Table 7.

Dynamic Compliance and Vital Capacity.-In the
patients with asbestosis the mean compliance was
0-046 L./cm.H20 which is less than one fifth of the
mean of 300 observations in normal subjects
(0-214 L./cm.H20) which Leathart (1959) culled from
the literature, and about half the lower limit of
normal (0-091 L./cm.H,0). In the laggers without
radiological abnormality the mean compliance was
0-189 l./cm.H20O. This difference is highly significant
(p<0-001). The influence of age and of body-build
on pulmnonary compliance is doubtful (Leathart,
1959), but in any case the compliance in the patients
with asbestosis is much too low, and the difference
between them and the laggers is much too great to
be explained in this way.

In these experiments the compliance was measured

TABLE 5
LUNG FUNCTION TESTS IN 10 CASES OF ASBESTOSIS

VEntivlantion Arterial Blood Dynamic At Non-elaatic Dcoet ado
C,ase Date Age Se SA M.V.VF. Equvaen TV X Work atRs V C Dys- Rogdio-NO. (Yrs.) Sx (in2) (I/Mn) for Oxygen ~ij XCompliance Breaths/ (kg. mn/l.) (ml./min./ (i) pnoaocav/mm.)~ ~~~~00 HbO2%/ Pco2 (l./cm.H20) min. 1&./min. m Hg) eaStage

I1./0Oml. R.Q. 100P.D

I Jan., '56 62 M 1-65 45 4-1 0-69 67 89-5 36 - - - - - - III
Nov., '58 65 41 6-3 1-00 65 95 31 0-038 39 0-103 32-0 6-80 1-83 5 III
Sept., '56 63 M 1-53 60 3-4 0-95 46 93-5 36 0-039 30 - - 3 I
IAug., '58 65 40 2-9 0-66 63 93-5 44 0-028 33 0-070 16-9 4-92 1-55 3-5

3 June,'57 59 M 1-62 80 - - - - - 0-176 31 0-034 16-0 - - 3 I
Nov., '58 60 '56 3-8 0-75 64 90 36 0-056 40 0-101 22-5 7-32 2-57 3-5

4 June, '57 53 M 1-93 31 - - - - - 0-044 17 0-128 11-8 - - 3 I
Aug., '58 54 33 2-6 0-79 60 84 52 0-036 - 0-099 - 4-44 1-39 4 I

S June, '57 53 M 1-49 67 - - - - - 0-073 24 0-042 15-7 - - 3 I
Dec., '58 54 57 5-8 1-01 58 92 30 0-047 25 0-093 14-8 10-8 1-55 3-5 11

6 Dec., '57 52 M 1-45 43 3-6 (b) 1-00 41 (b) 93 (b) 35 (b) 0-066 20 0-086 12-3 8-03 (b) - 3 1
Dec., '58 53 33 3-5 0-78 62 90 40 0-049 27 0-078 15-4 10-40 1-91 3 I

7 May,'56 51 M 1-75 75 2-7 0-74 40 92-5 37 0.100 (c) - - - - - 2 I
June, '58 53 64 3-1 0-79 44 94 32 0-064 29 0-068 28-7 8-65 2-22 3 I

8 June, '58 51 M 1-55 62 3-4 0-81 5 1 94 35 0-044 34 0-051 33-3 7-65 2-19 3 I
9 June, '57 50 F 1-56 23 - - - - - 0-073 20 0-039 11-8 - - 2 I

Dec., '58 52 33 3-7 0-68 54 92 29 0-062 26 0-037 14-7 5-32 1-61 3 II
10 Feb., '57 46 F 1-40 3 1 2-8 0-71 57 87 41 0-040 18 0-025 10-0 - 3.5 I

Apr., '57 46 - 2-8 0-83 - - - - - - - 6-24 (d) - 3.5 -
Feb., '59 48 31 3-3 0-86 42 89 36 0-032 23 0-033 I9-0 8-05 1-20 3 I

Itean of most recent observa-
tions 56 1-59 45-0 3-39 (a), 0-81 56-3 91-4 36-5 0-046 31 0-073 20-8 7-44 1-80 - -

(a) Omitting results with R.Q. over 0-9.
(b) During exercise.
(c) 5iy method of Mead and Whittenberger, 1953.
(d) Using Arterial Pco2 of Feb., '57.

Dyspnoea: 2 = Can keep up with subjects of own age on the flat but not on gradients.
3 = Cannot keep up on flat but can walk I mile or more at own pace.

3-5 = Cannot walk more than 400 yards on flat.
4 = Cannot walk more than 100 yards on flat.
5 = Breathless washing, dressing and talking.
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TABLE 6
LUNG FUNCTION TESTS IN 11 LAGGERS WITHOUT RADIOLOGICAL ASBESTOSIS

Exposure VEntivlantio Arterial Blood Dynamic At Non-elastic DcoetCase to Age Sex SA M.V.V.F. Eqiaet VD ______Work aret VC. Dys-
No.Asbestos (Yrs.) ~(in) (1/m) for Oxygen x 100 Compliance Breaths/ k.m/. (mi /mmin ) pne

(Yrs.) I./100 ml. R.Q. HbO,Y% Pco2 (l/mH0 m 1./mmn. ST.P.D.
11 22 64 M 1-90 72 2-5 0-89 49 90 49 0-140 1 1 0-058 10-5 36-40 3-18 1
12 36 63 M 1-95 84 3-0 0-78 48 91 31 0-118 19 0-073 21-7 10-30 2-02 3
13 45 62 M 1-85 76 2-7 0-76 40 96 34 0-139 24 0-062 23-1 12-90 2-31 1
14 18 52 M 1-85 115 2:9 0-81 44 - 40 0-117 30 0-025 18-9 12-85 3-39 0
15 23 49 M 1-98 I116 3-9 1.10 26 - 27 0-115 16 0-044 17-3 14-70 2-69 1
16 4 48 M 1-80 96 2-9 0-69 57 - 39 0-088 26 0-041 14-9 18-35 3-19 0
17 29 46 M 1-64 134 2-4 0-80 40 - 36 0-662 2'l 0-000(b) - 15-90 3-46 0.
18 12 46 m 1-77 106 2-1 0-72 28 - 33 0-116 18 0-024 18-8 6-85 3-76 0
19 30 44 M 1-67 89 3-3 0-98 36 - 33 0-159 28 0-047 15-8 11-88 2-94 0
20 9 39 M 1-90 124 2-4 0-90 34 - 40 0-184 7 0-000(b) 15-30 4-50 0
21 1 35 M 1-62 104 3-3 0-96 3 1 - 30 0-246 20 0oll~ 16.3 12-95 3-74 0

Mean 20-8 50 - 1-81 101-5 2-61(a) 0-85 39-4 - 35-6 0-189 20 0-035 17-5 15-31 3-20 -

(a) Omitting results with R.Q. over 0-9.
(b) Too small to measure.

Dyspnoea: 0 = No dyspnoea.
I = Probably as good as others of his age.
3 = Cannot keep up on the flat but can walk 1 mile or more at his own pace.

TABLE 7
THE AVERAGE RESULTS OF TESTS IN 10 CASES OF ASBESTOSIS AND IN 11 RADIOLOGICALLY NORMAL ASBESTOS

WORKERS, WITH THE PROBABILITY OF THE DIFFERENCES BEING DUE TO CHANCE (t TEST)

Dust Cmlac Vital Dc MV.VF Non-elastic Ventilation VD
Exposure (Il/cm.H20) Cpct (mi./mim/mm.Hg) (I/i. Work Equivalent - x 100(Yrs.) (Litres) ,mn, (Kg.m./l.) for O, VT

Asbestosis 24-7 0-046 1-80 7-4 45-0 0-073 3-39 56-3
Controls 20-8 0.189 3-20 13.2* 101-5 0-035 2-61 39-4
Probability <0-6 <0.001 <0-001 <0-001 <0-001 <0-001 <0-01 <0-001

*Omitting Case No. 11.

during normal respiration. It is therefore a dynamic
rather than a static compliance and the higher fre-
quency of respiration in the patients with asbestosis
probably accounts for a part of the difference
between them and the controls. A reading approach-
ing the static compliance can be obtained during
very slow expiration (Butler, White, and Arnott,
1957) and this was recorded in some of these cases.
It was not easy, however, to interpret the results of
this test because the compliance was not constant,
tending to be lower at the extremes of inspiration
and expiration than in the middle range. A mean
figure for the middle range was obtained in six cases.
In four this was much lower than normal (though
always higher than the dynamic compliance) and
ranged from 0-042 to 0-069 L./cm..H20. In the other
two (Cases 3 and 6) "static" compliance was 0-132
and 0-147 L./cm..H20 respectively. The discrepancy
between static and dynami-c compliances implies that
during normal respiration the lung is not exj,anding
uniformly. The probable reason for this is an
irregular distribution of bronchiolar blockage and
the figures obtained for non-elastic work support
the conclusion that bronchiolar blockage is present
in these cases.
The finding of a low pulmonary compliance in

asbestosis offers an explanation for the low vital

capacity found in these subjects. In order to
increase lung volume by two litres from the resting
position such a patient must set up a negative
intrathoracic pressure of 44 cm. H20O (on the
average) and of up to 72 cm. H2.0 in one case.
T'his is beyond the capacity of many healthy adults.
The mean vital capacity in the cases of asbestosis

was 1 -80 litres. In the asbestos workers without
radiological evidence of asbestosis it was 3-20 litres.
This difference is statistically significant (p<0-001)
and is too great to be due to differences in age or
size. There is a significant correlation between
dynamic compliance and vital capacity whether the
latter is expressed in absolute figures or as a fraction
of the value predicted from the patient's height using
the formula of Needham, Rogan, and McDonald
(1954). Coffelation coefficients, in the patients with
asbestosis, were:

r (absolute) =+ 0-528 (p<0-05)
r (fraction of predicted) = 0-426 (p<0'05)
Diffusing Capacity.-The mean diffusing capacity

for carbon monoxide (Dco) of the 10 patients
measured at rest was 7-4 compared with 13-2 ml./
min./mm.Hg in 10 of the 11I controls. The difference
between these means is significant (p<0O 001). The
figure obtained in the controls was somewhat lower
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than the mean normal resting Dco of young adults
(Filley, et al., 1954).
The Dco in one of the control subjects was sur-

prisingly high and this figure has been omitted in the
calculation of the mean. A second determination
in the same subiect a year later gave the figure of
12 8 ml./min./mm.Hg so that the first figure was

probably incorrect.
Maximum Voluntary Ventilation and Work of

Breathing.-In the patients with asbestosis the mean
M.V.V. was 45-0 1./min. The mean for the controls
was 1015 1./min. and, though their average age is
less, the difference between the two is certainly sig-
nificant (p<0 001). The loss of ventilatory ability
is related to loss of vital capacity, (r= + 0-790
p<0 02). The correlation between M.V.V. and
compliance at + 0-521 is also significant (p<0O05).
It should, in theory, be possible for the patient with
a restricted vital capacity to counteract the effect of
this on the M.V.V. by increasing the frequency of
respiration, but this will only be possible if there are
no factors limiting speed of movement. In fact
there is, in these patients, an increased resistance in
the lungs and airways, the best measure of which
is the non-elastic work of respiration (Leathart,
1959). The mean in the patients was 0 073 kg. m./l.,
and in the controls 0-035. This difference is sig-
nificant at the 0 1 % level. The upper limit of normal
is 0-035 kg. m./l. It is therefore clear that there is
an increased resistance to movement in the asbestotic
lung. This resistance plays a part in reducing the
M.V.V. (correlation coefficient = -0-817, p<0 001)
and it also affects the distribution of air during
inspiration and thus lowers the dynamic compliance
below the "static" compliance. This difference was

very obvious in Case 3 who also had very high lung
resistance. Marshall and Dubois (1956) found that
both the airway resistance and the lung viscosity
were high in their patient. It is not possible to
deduce from the present results whether the re-

sistance is mainly in the lung tissue or in the airways,
but the fact that bronchographic evidence of
bronchitis, if not of bronchiectasis, was found in
most patients suggests that part, at least, of the
resistance lies in the airways.

Ventilation Equivalent and Arterial Pco,.-The
number of litres of air breathed for every 100 ml. of
oxygen absorbed (Knipping and Moncrieff, 1932)
is a measure which must be interpreted with caution,
because it is influenced by emotional hyperpnoea.
When this is present the respiratory quotient is
increased. In this paper only those ventilation
equivalents which were obtained at a R.Q. of less
than 0-9 are considered. Subject to this condition
the mean for the patients with asbestosis was 3-39,

and for the controls was 2-61. This difference is
significant at the 1-0% level. The normal figure is
about 2 5 so that the ventilation equivalent of the
controls is within normal limits but in asbestosis it
is abnormally high, and indicates the presence of
hyperventilation at rest. The mean arterial Pco2
was not significantly different in the two groups of
subjects. However, the tension was below the mean
normal level in 11 of the 16 blood samples derived
from the asbestosis cases. This is a striking contrast
to the arterial Pco, in emphysema which is usually
above normal and sometimes grossly raised. It
implies that the excessive ventilation is not initiated
reflexly by CO2 retention but may be due, either to
the arterial desaturation, or to reflexes arising in the
stiff lungs.

Dead Space Effect.-The normal dead-space
effect (D.S.E.), calculated from the formula given
by Donald (1953), is 30-40% of the tidal air. The
mean D.S.E. in the controls was 39-4% but in the
cases of asbestosis it was 56-3 %, which is abnormal.
The difference between the means is significant at
the 0-1% level. Such an increase in D.S.E. is partly
due to ventilation occurring at a rapid rate with
small tidal excursions, and in part represents
ventilation of underperfused alveoli: but in the
present series it was not associated with the presence
of bronchiectasis. It indicates that there are in-
equalities of ventilation/perfusion ratios in the lungs
of most cases of asbestosis. This conclusion is
stipported by the observation that the diffusing
capacity was not low enough to account for the
observed degree of arterial desaturation in Cases 3,
5, 6, 9, and 10, in whom venous admixture must
have been present. In Case 4, however, the mean
pulmonary capillary oxygen tension (calculated from
the observed oxygen uptake, Dco x 1-23, and ideal
alveolar Po2) was only 27 mm. Hg. A similar
instance of apparent discrepancy between diffusing
capacity for carbon monoxide and for oxygen was
recorded by Bates (1958) in the Hamman-Rich
syndrome.

Since this paper was written a further case has
been examined and has shown similar results. The
compliance was 0 018 (dynamic) 0-020 (static)
l./cm.H,O and the Dco was 8 7 ml./min./mm.Hg.
Vital capacity was 0-82 1. and M.V.V.F was
59 l./min.

Discussion
As the patients with asbestosis had all been

referred to hospital the results obtained in this
series of patients probably represent the effects of
fairly advanced disease, and this may account for
the discrepancies between this and previous work,
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notably that of Bader et al. (1957). Bronchiectasis,
which is a late manifestation of the disease (Stone,
1940) was present in six cases. Bronchiectasis must
contribute to the functional abnormalities in these
patients, but its effect is considered to be small
because those cases in whom bronchiectasis could
not be demonstrated showed abnormalities of the
same type and degree as those in whom it was
obvious. Moreover, the functional changes which
occur in bronchiectasis, even when it is severe and
bilateral, are, in my experience, seldom so marked as
those seen in asbestosis. In particular the diffusing
capacity is not greatly reduced and the pulmonary
compliance is usually normal. Kamener, Becklake,
Goldman, and McGregor (1958) recorded a com-
pliance of more than 0091 1./cm. H,O in three of
the four cases of bronchiectasis whom they examined
preoperatively but they suggest that the rather
low postoperative findings (range 0-059 to 0-352;
mean 0-125) indicate that compliance is decreased
in this disease. At all events the decrease is mild.
It is therefore suggested that the function changes
reported in this paper were mainly the direct effect
of asbestosis, and that the secondary bronchiectasis
contributed little to them.

Pulmonary Compliance and Diffusing Capacity.-
The results in this series of 10 cases confirm the
finding of Marshall and Dubois (1956) that the
lungs are abnormally stiff in asbestosis. The very
low compliance found in asbestosis, often without
much radiological abnormality, is in striking con-
trast to the slight decrease found in progressive
massive fibrosis of coal-miners (Leathart, 1959).
This difference may arise because the fibrosis is
generalized, or pleural, in asbestosis, while in
P.M.F. it is localized.
The well-marked reduction of diffusing capacity

in asbestosis confirms the finding of Marks et al.
(1957), and of Bader et al. (1957) and justifies the
deductions of Baldwin et al. (1949), Wright (1955)
and Sartorelli (1957), especially as it was recorded
in the presence of excessive ventilation, which is
known to increase the Dco (Ross, Frayser, and
Hickam, 1958). It will be noted that although the
changes in compliance and in Dco are both pre-
sumably due to pulmonary fibrosis there is no
demonstrable correlation between the two. All 10
cases had a low compliance but the diffusing
capacity was just within normal limits (above
10 ml./min./mm.Hg) in two of them. Presumably
the fibrosis in the. lungs of these two patients (Cases
5 and 6) must have been so placed (septal, peri-
bronchial, or pleural) that it caused no significant
loss of alveolar surface area. There was radiological
evidence of pleural thickening in one of these

patients but not in the other. There were no cases
in whom the diffusing capacity was low while
pulmonary compliance was normal so that hyper-
trophic emphysema, which is a common cause of
loss of alveolar surface area, does not play an
important part in reducing diffusing capacity in this
disease. Gaffuri and Berra (1957) also concluded
(from a study of lung volumes) that emphysema was
not a feature of asbestosis. Gloyne (1933) however
stated that bullae were occasionally seen at autopsy
while Haddow (4929) and Wegelius (1947) reported
radiological translucency of the upper lung fields.

It has been calculated that the steady-state Dco
is affected by inequalities of ventilation/volume ratio
in the lung. This reduces the apparent Dco (Forster,
Fowler, and Bates, 1954). This effect may have
exaggerated the abnormality in Case 4 but it is
believed to have been of minor importance in the
other nine cases in whom the apparent Dco was not
low enough to account for the degree of arterial
desaturation recorded at rest.
Maximum Voluntary Ventilation and Vital

Capacity.-The demonstration of a low mean
M.V.V. in the present series confirms the work of
Roemheld et al. (1940), Bastenier et al. (1955) and
Gaffuri and Berra (1957) but is contrary to the
experience of Baldwin et al. (1949) of Wright (1955)
and of Bader et al. (1957). All workers except
Bader and his colleagues agree that a low vital
capacity is usual, and in the present series the values
have fallen between the very low ones of Roemheld
et al. (1940) and the relatively high ones of Gaffuri
and Berra (1957). A significant correlation between
maximum ventilation and vital capacity was demon-
strated in the present investigation, and in the results
of Gaffuri and Berra (1957). The non-elastic work
of breathing was found to be high in these 10 cases
and to correlate well with reduction of M.V.V. This
suggests that an increase in pulmonary resistance
plays a part in reducing the M.V.V. The one
second forced expiratory volume was a rather low
fraction of the vital capacity in Gaffuri and Berra's
cases and in those of Bastenier et al. (1955). In the
presence of a low vital capacity this probably has
more significance than the authors attribute to it and
also suggests the presence of an increased resistance
to air-flow.

Hyperventilation.-Roemheld et al. (1940), Gernez-
Rieux et al. (1954), Bastenier et al. (1955), Wright
(1955) and Bader et al. (1957) all refer to hyper-
ventilation in asbestosis, but respiratory quotients
have not been published and it is uncertain whether
their patients were in a steady state. The ventilation
equivalents reported in this paper confirm that
hyperventilation at rest is a feature of asbestosis but
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not specific, as it is common in many respiratory and
cardiac ailments (Knipping and Moncrieff, 1932).

Relation Between Functional and Radiological
Changes.-Roemheld et al. (1940) and Gaffuri and
Berra (1957) demonstrated a clear correlation be-
tween loss of vital capacity and the severity of radio-
logical abnormality and in the second paper this
applied to the indirect M.B.C. also. Bastenier et al.
(1955), Wright (1955) and Amsler (1958) have
concluded that there is no such relationship.
Although the number of cases examined in the
present investigation is small it can be said that
there is no evidence to support Gaffuri and Berra.
Moreover, many of the cases were examined on more
than one occasion and functional deterioration was

demonstrated in most while radiological progression
occurred only in Cases 2 and 9. It therefore seems

unlikely that there is a close correlation between
functional and radiological abnormalities. The
one case with Stage 1 radiological changes showed
functional evidence of progressive fibrosis, which
suggests that radiological changes may not develop
until late in the disease.
The Use of Pulmonary Function Tests as an Aid

to the Diagnosis of Asbestosis.-Highly significant
differences between patients with asbestosis and
asbestos workers with normal radiographs have been
established in seven different tests (Table 7). Some
of these tests, however, are far from being specific
for this disease and, in so far as asbestosis is defined
as "fibrosis of the lungs due to asbestos dust", only
the measurement of pulmonary compliance and of
diffusing capacity (plus those other tests which
largely depend on these two factors) would be
expected to be of diagnostic value.
Low pulmonary compliance is an outstanding

feature of this disease, but dynamic compliance of a

similar order is occasionally found in other pul-
monary fibroses (Marshall and Dubois, 1956) and
also in heart failure (Saxton, Rabinowitz, Dexter,
Haynes, and Walker, 1956; Sharp, Griffith, Bunnell,
and Greene, 1958). Thus this observation cannot
be regarded as diagnostic but it has confirmatory
value in the presence of a history of exposure to
asbestos dust.
The finding of a low diffusing capacity is of less

value in confirming the diagnosis of asbestosis be-
cause there are many other conditions in which it
is reduced. It is of more significance when combined
with the finding of a low compliance.
The presence of these two abnormalities of

function does no more than confirm the diagnosis.
The absence of both almost certainly rules out the
possibility of asbestosis, and this has been found
useful for excluding the diagnosis in patients who
5

have been exposed to silica, coal, and iron dusts as
well as to asbestos and in others whose chest
radiographs are equivocal.

It will be noticed, however, that the pulmonary
compliance was normal (0-176 1./cm. H,20) when
first measured in Case 3. The static compliance was
again normal when the measurement was repeated
17 months later and this single aberrant case suggests
that the change in pulmonary compliance may be a
comparatively late feature of the disease.
The functional anomalies reported here have all

occurred in the presence of radiologically obvious
disease. Presumably lesser abnormalities are present
at an earlier stage, so that the observation of pro-
gressive alteration of function might be used to make
an earlier diagnosis. Particular attention should be
paid to the measurement of vital capacity. The
other tests described here cannot be applied in the
factory, but it is probable that the single breath
measurement of Dco (Ogilvie, Forster, Blakemore,
and Morton, 1957) and the step test for hyper-
ventilation (Hugh-Jones, 1952) would also reveal
progressive deterioration.

Lung Disease Without Radiological Abnormality.
-Wright (1955) and Amsler (1958) have both
stressed that functional changes and disability may
occur in asbestos workers with normal radiographs.
It is doubtful, however, whether this should be
regarded as an expression of early asbestosis or even
as being due to asbestos dust, since functional
changes and disability without radiological ab-
normality are common in all walks of life.

In the present investigation respiratory symptoms,
and dyspnoea in particular, have been uncommon in
the asbestos workers without radiological ab-
normality (the controls). Mild degrees of functional

TABLE 8
RESULTS IN ASBESTOS WORKERS WITHOUT RADIO-
LOGICAL ABNORMALITY AS A PERCENTAGE OF PRE-

DICTED VALUES

Case No. M.v.v.(') Compliance(2)

I 1 72 78
12 82 63
13 76 80
14 104 68
15 98 59
16 85 54
17 124 474
1 8 92 73
19 79 110
20 98 102
21 87 183

Mean 91 123

(1) M.V.V. predicted B.S.A. x 40 -(1 1 x Age) + 94 (Needham
et al. 1954).

(2) Compliance predicted = B.S.A. x 0-1594 - 0-122 (Marshall,
1957).
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abnormality have been recorded and are set out
in Table 8 as percentages of predicted values.
As the formula of Needham et al. (1954) for pre-

diction of M.V.V. is based on the best of two or
three attempts while the M.V.V. given in this paper
is the average of three it is likely that only ratios of
less than 80% indicate real abnormality. There
were only three such ratios and the mean of the
series was normal.

Seven of the control subjects had pulmonary
compliances of less than the predicted value; nine
of them gave a figure lower than the average ob-
tained in eight colliery employees, of similar age,
who had never worked underground (Leathart,
1959) and lower than normal (Frank, Mead,
Siebens, and Storey, 1956). Case 16 gave a figure
below the lower limit of normal and when this was
repeated a few days later a figure of 0 094 L./cm.H2O
was obtained. These considerations all suggest that
there may be some alteration in the lungs of asbestos
workers before abnormalities appear on the radio-
graphs. There are, however, a number of arguments
to set against this. First, the difference between the
laggers and colliery surface workers may have been
due to chance (p>03); secondly, experience with
Case 3 is opposed to the findings in Case 16;
thirdly, the "static" compliance in Case 16 was
normal, being 0 143 I./cm. H2O on the first occasion
and 0-263 1./cm. H2O a few days later. This ob-
servation, and the finding of a dead space effect
of 57 %, suggest that distributional defects may have
caused a falsely low dynamic compliance in this
case. Moreover, this one man, whose compliance
was most abnormal, had had only four years ex-
posure to asbestos dust, compared with over 20 years
in six of the other controls.

Thus, this study has not produced convincing
evidence that fibrosis of the lung occurs in asbestos
workers before changes appear on the radiograph.
A larger number of asbestos workers must be
investigated before any firm conclusion can be
reached.

It is possible, however, that infiltration of the lung
may precede fibrosis and that this may, as in the
early stages of sarcoidosis, affect the diffusing
capacity without causing much alteration of pul-
monary compliance (Marshall, Smellie, Baylis,
Hoyle, and Bates, 1958). In the present investiga-
tion the diffusing capacity of the control subjects
tended to be at the lower end of the normal range,
but it is clear from the work of Donevan, Palmer,
Varvis, and Bates (1959) that this reduction may be
due to the age of the subjects, rather than to pul-
monary infiltration, for the diffusing capacity was
normal in two of the patients who had definite
asbestosis. In control Case 18, however, the

Dco was undoubtedly abnormal. The measurement
was repeated four months later and found to be
slightly lower, so that this finding was probably not
due to an analytical error. The pulmonary com-
pliance was less than normal in this subject but
there was no other abnormality and he had no
respiratory symptoms. This appears to be the only
case in whom there is a definite possibility of un-
diagnosed asbestosis and he is being carefully
watched. In the other cases with a rather low
diffusing capacity it cannot be said whether this is
due to the earliest stage of asbestosis or due to other
disease (chronic bronchitis and emphysema) re-
sulting from prolonged inhalation of an irritant dust.

Progression of the Disease.-In nine cases,
measurements of M.V.V. and of compliance had
been made 12 to 34 months before the results dis-
cussed so far. The M.V.V. was usually larger on the
first occasion, but was virtually the same in three
cases and slightly smaller in one. The compliance
was higher in six cases and about the same in three
others. If the alteration in these figures is divided
by the time interval between recordings, to get a
figure representing rate of progression, the figure
varies greatly from case to case, and this agrees with
clinical experience. However, the general tendency
is for worsening to occur and improvement is ex-
ceptional. It should be pointed out that when
Case 10 was first investigated she was in hospital
recovering from broncho-pulmonary infection.
Hence slight improvement in some tests is not
surprising.
The Cause of Dyspnoea in Asbestosis.-In

asbestosis dyspnoea occurs on exertion but the
tests described in this paper, and most of the tests
done by other workers, have been carried out at
rest. Hence any deduction from these tests con-
cerning the cause of dyspnoea involves the assump-
tion that respiratory function does not improve with
exercise. The literature on asbestosis does not
contain any specific investigation of this point but
Bastenier et al. (1955) demonstrated that the
coefficient of utilization of oxygen decreased in five
cases of asbestosis during mild exertion; in normal
individuals it remains constant (Knipping and
Moncrieff, 1932) or increases (Denolin, 1958).
Whereas the diffusing capacity normally increases
on exertion (Filley et al., 1954); Bates, Knott,
and Christie (1956) demonstrated that when the
Dco has been lowered by disease this increase
is small or absent. Consequently one might ex-
pect little alteration in the diffusing capacity in
asbestosis during exertion and in the one case in
whom it was measured it was found to be slightly
lower than the resting value. It therefore is probably
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OBSERVATIONS ON 10 CASES OF ASBESTOSIS

justifiable to assume that in asbestosis the diffusing
capacity and the ventilation equivalent for oxygen
do not alter with exertion. In addition to this,
numerous investigations have established that the
ventilation during exertion does not exceed the
M.V.V. at rest (Simonson and Enzer, 1942; Dripps
and Comroe, 1947; Slonim, Gillespie, and Harold,
1957).
Baldwin et al. (1949) and Wright (1955) regard

hyperventilation during exercise as an important
factor in the dyspnoea of asbestosis while Roemheld
et al. (1940), Sartorelli (1957) and Amsler (1958)
stress the defective uptake of oxygen in this disease.
Among the 10 cases investigated here, however, it
can be shown that, while the diffusion defect limits
oxygen uptake in half the cases, the restriction of
ventilatory ability plays an equal or more important
part in the other half. The calculations on which
this conclusion is based are given in Appendix 2.

Conclusions
It has been shown that a low vital capacity accom-

panies fibrosis of the lungs in asbestos workers.
This suggests that the vital capacity of all exposed
workers should be measured at regular intervals and
that a progressive decline should be taken as a
warning of impending disease. The possibility that
asbestos dust may damage the lungs without causing
fibrosis is best investigated by measuring the
diffusing capacity, but the results of such an investi-
gation must be interpreted with caution.

I am grateful to Professor R. C. Browne for permission
to examine his patients and for clinical details of many of
them, to Mr. D. J. Newell and Mrs. D. Weightman for
statistical advice and calculations, to the staff of the
Department of Radiology in the Royal Victoria Infirmary
for their cooperation, and to Miss P. Peyton for clerical
work.

REFERENCES
Amsler, R. (1958). Rev. Prat. (Paris), 8, 1195.
Bader, M. E., Bader, R. A., and Selikoff, I. J. (1957). J. clin. Invest.,

36, 871.
Baldwin, E. de F., Cournand, A., and Richards, D. W. (1949).

Medicine (Baltimore), 28, 1.
Bastenier, H., Denolin, H., Coster, A. de, Cammaerts, P., and Denolin-

Reubens, R. (1952). Arch. belges Med. soc., 10, 61.
, and Englert, M. (1955). Arch. Mal. prof., 16, 546.

Bates, D. V. (1958). J. clin. Invest., 37, 591.
Knott, J. M. S., and Christie, R. V. (1956). Quart. J. Med.,
25, 137.

Bristol, L. J. (1955). A.M.A. Arch. industr. Hlth., 11, 189.
Butler, J., White, H. C., and Arnott, W. M. (1957). Clin. Sci.,

16, 709.
Carpenter, R. G., Cochrane, A. L., Gilson, J. C., and Higgins,

I. T. T. (1956). Brit. J. industr. Med., 13, 166.
Champeix, J., Bodet, A., and Siboulet, A. (1958). Arch. Mal. prof.,

19, 282.
Courtice, F. C., and Douglas, C. G. (1947). J. Physiol. (Lond.),

105, 345.
Denolin, H. (1958). Acta. belg. Arte med. pharnm. milit. No. 4

Bis 521.
Donald, K. W. (1953). Brit. med. J., 1, 415.
Donevan, R. E., Palmer, W. H., Varvis, C. J., and Bates, D. V. (1959).

J. appl. Physiol., 14, 483.
Dripps, R. D., and Comroe, J. H. (1947). Amer. J. Physiol., 149,

43.
Filley, G. F., MacIntosh, D. J., and Wright, G. W. (1954). J. cliii.

Invest., 33, 530.
Forster, R. E., Fowler, W. S., and Bates, D. V. (1954). Ibid., 33, 1128.
Frank, N. R., Mead, J., Siebens, A. A., and Storey, C. F. (1956).

J. appl. Physiol., 9, 38.
Gaffuri, E., and Berra, A. (1957). Minerva med. (Torino), 48, 1639.
Gernez-Rieux, C., Balgairies, E., and Claeys, C. (1954). J. franc.

Med. Chir. thor., 8, 193.
Gloyne, S. R. (1933). Tubercle (Lond.), 14, 445, 493, 550.
Haddow, A. C. (1929). Brit. med. J., 2, 580.
Hunter, D. (1957). The Diseases of Occupations, 2nd ed., pp. 900-911.

English Universities Press, London.
Hugh-Jones, P. (1952). Brit. med. J., 1, 65.
Johnstone, R. T. (1948). Occupational Medicine and Industrial

Hygiene, pp. 368-372. Kimpton, London.
Kamener, R., Becklake, Margaret R., Goldman, H., and McGregor,

M. (1958). Amer. Rev. Tuberc., 77, 209.
Knipping, H. W., and Moncrieff, A. (1932). Quart. J. Med., n.s., 1,

17.

Knox, J. F. (1959). Personal communication.
Lanza, A. J., McConnell, W. J., and Fennel, J. W. (1935). Publ.

Hlth Rep. (Wash.), 50, 1.
Leathart, G. L. (1959). Brit. J. indusir. Med., 16, 153.
Luton, P., Champeix, J., and Faure, P. (1947). Arch. Mal. prof.,

8, 56.
Lyons, H. A. (1958). Amer. J. Med., 25, 23.
Marks, A., Cugell, D. W., Cadigan, J. B., and Gaensler, E. A. (1957).

Ibid., 22, 51.
Marshall, R. (1957). Clin. Sci., 16, 507.

and Dubois, A. B. (1956). Ibid., 15, 473.
Smellie, H., Baylis, J. H., Hoyle, C., and Bates, D. V. (1958).
Thorax, 13, 48.

Mead, J., and Whittenberger, J. L. (1953). J. appl. Phvsiol, 5, 779.
Meiklejohn, A. (1956). In Industrial Medicine and Hygiene, Vol. 3,

pp. 33 and 114, ed. by E. R. A. Merewether. Butterworth,
London.

Merewether, E. R. A. (1930). J. industr. Hyg., 12, 198.
Needham, C. D., Rogan, Mary C., and McDonald, I. (1954). Thorax

9, 313.
Ogilvie, C. M., Forster, R. E., Blakemore, W. S., and Morton, J. W.

(1957). J. clin. Invest., 36, 1.

Oliver, T. (1927). Brit. med. J., 2, 1026.
Roemheld, L., Kempf, H., and Wedler, H. W. (1940). Dtsch. Arch.

klin. Med., 186, 53.
Ross, J. C., Frayser, Regina, and Hickam, J. B. (1958). J. clin.

Invest., 37, 926.
Sartorelli, E. (1957). Med. d. Lavoro, 48, 358.
Saxton, G. A., Rabinowitz, M., Dexter, L., Haynes, Florence, and

Walker, Constance (1956). J. clin. Invest., 35, 611.
Sharp, J. T., Griffith, G. T., Bunnell, 1. L., and Greene, D. G. (1958).

Ibid., 37, 111.
Simonson, E., and Enzer, N. (1942). Medicine (Baltimore), 21, 345.
Slonim, N. B., Gillespie, G. D., and Harold, W. H. (1957). J. app!.

Physiol., 10, 401.
Smith, K. W. (1955). A.M.A. Arch. industr. HIth, 12, 198.
Stone, M. J. (1940). Amer. Rev. Tuberc., 41, 12.
Van Slyke, D. D., and Sendroy, J. Jr. (1928). J. biol. Chem., 79, 781.
Wegelius, C. (1947). Acta. radiol. (Stockh.), 28, 139.
Wood, W. B. (1929). Tubercle (Lond.), 10, 353.
Wood, W. B., and Gloyne, S. R. (1930), Lancet, 1, 445.
Wright, G. W. (1955). A.M.A. Arch. industr. Hlth, 11, 196.
Wyers, H. (1949). Postgrad. med. J.. 25, 631.

225

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.17.3.213 on 1 July 1960. D
ow

nloaded from
 

http://oem.bmj.com/


APPENDIX 1
OCCUPATIONAL HISTORIES

Chief Occupation Other Work
Case No. Age Age

(years) Description (Years) Description

,ith Asbestosis:
26-59 Pipe and boiler coverer. This work entailed stripping the old

asbestos lagging from the pipes and boilers of ships, mixing
and dampening dry insulating material (asbestos, magnesia,
cement), and the application of this and of dry asbestos slabs.

14-50 Work in an asbestos factory where raw fibre was cleaned, teased
(with out, and fabricated into pipe sections, board, mattresses, etc.
breaks) He worked in almost every department. No carding, spinning,

or weaving is done in this factory
27-54 Pipe and boiler coverer in ships, factories, power stations and

underground tunnels. Hazard the same as in Case 1

14-50 Pipe and boiler coverer in ships and, power stations. Last three
years work mainly as an overseer. Hazard the same as in
Case 1

18-54 Pipe and boiler coverer mainly in ships. Hazard the same as in
Case 1

35-52 Pipe and boiler coverer mainly in ships. Hazard the same as in
Case 1

22-49 Pipe and boiler coverer in ships, factories, and power stations.
Hazard the same as in Case 1

39-40 Moulding wet asbestos in the fabrication of pipe-sections
41-48 Filling bags with a dry mixture of asbestos and magnesia
48-50 Filling bags with a dry mixture of asbestos and calcium silicate
20-23 Filling hoppers with raw asbestos
23-31 Rolling out pipe-sections in damp asbestos fibre

17-26 General labouring in an asbestos factory carrying, measuring,
and stacking asbestos pipe sections

34-41 Rubbing down asbestos pipe-section insulators to the correct
size

41-43 Steel band machine attendant in asbestos factory, in the same
workshop as previous work

Control Subjects:
1 42-64 Lagger in a power staticn. Same hazard as Case 1

27-63

14-18
21-38
38-62
30-35
39-52

18-26
28-30
36-44
44-49

44-48

17-38
38-46
34-46

14-44
30-39

34-35

Lagging at a power station

Lagger's mate A in ships and factories
Lagger in a power station
Lagging at a power station
Lagging at a power station

Lagger's mate and lagger in ships factories and power station

Lagger in a power station

Lagger's mate in a power station

Lagger in ships
Lagger in a power station
Lagger in a power station

Lagging in power stations
Lagger's mate in a power station

Lagger's mate in a power station

14-26

59-61
61-65
21-26
4648
50-65

14-18
18-22
22-23
23-27
54-60
50-55

14-17
17-18
14-20
20-35
52-54

14-15
15-20
20-22
49-53

16-38
38-39
50-51
15-20
31-35
35-52
26-32
43-44
44-46

14-15
15-19
19-24
24-29
29-31
31-41
41-42
14-20
20-24
24-27
18-21

14-16
16-21
21-30

35-39
131-16
16-18
26-27
30-36

14-20

20-33
33-35
35-40
40-44

14-17

14-18
18-20
20-25
25-30
30-34

14-16
16-21
21-24
24-28
28-30
14-17
17-18
18-22
22-31
31-34

Trapper and pony driver in a col-
liery. He never worked on the
coal-face

Light labouring
Retired
Gymnastic instructor in the Army
Gymnastic instructor in the Army
Patrol-man and time-keeper in

asbestos factory
Apprentice engineer
Barman
Unemployed
Royal Navy (Minesweeper deckhand)
Clerical work
Clerical work

Cleaning moulds in a glass factory
Driving a horse drawn van
Bottle-making
Roofing and tiling
Light labouring away from asbestos

dust
Paint works
Core maker in a foundry
Unemployed
Light work. No contact with

asbestos
Machinist
Unemployed
Time-keeper in asbestos factory
Hospital ward maid
Cinema usherette
Housewife
Housewife
Unemployed
Clerk

Milk roundsman
Colliery surface worker
Royal Navy (stoker)
Builder's labourer
Ash plant attendant
Coal belt attendant
Fitter's mate
Brass turning
Army
Brass turning
Army

Apprentice joiner
Candle maker
Engine-room cleaning at power

station
Flight mechanic R.A.F.
Catcher lad in a shipyard
Steel plate marker
Out of work
Army (some lagging done in the
Army)

Labourer in a foundry. Never shook
out or cleaned castings

R.A.F. (Armourer)
Railway porter
Plumber's mate (domestic plumbing)
Expander in constructional engineer-

ing works
A duffer in a wool mill

Delivering milk
Bricklayer's labourer
Fitter's mate
Concreting
Army

Errand boy
Apprentice boiler-maker in shipyard
Boiler-maker
Army
Caulker
Delivery boy
Machinist in engineering works
Royal 'Navy (stoker)
Dining car attendant
Power station auxiliary plant

attendant

Patients2

3

4

5

6

7

8

9

10

12

13

14

15

16

17

18

19
20

21
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OBSERVATIONS ON 10 CASES OF ASBESTOSIS

APPENDIX 2

Calculation of Factor which Limits Oxygen Uptake the formula: Ideal alv. Po2 = Inspired Po2 minus
If the diffusing capacity for oxygen is known (it is Arterial Pco2 x (0-21 + 079

equal to Dco x 1-23), the ideal alveolar oxygen tension R.Q.
is known, and the mean pulmonary capillary oxygen It can be seen that in five cases the maximum rate of
tension is assumed to fall to zero during exercise, then oxygen uptake is limited by the diffusing capacity while
the maximum rate of oxygen uptake can be calculated. in the other five the reduction of M.V.V. plays an equal
When the ventilation equivalent for oxygen is known the or more important part. This conclusion is not altered
ventilation required for this uptake can be calculated. if a more reasonable figure for mean capillary oxygen
If this figure exceeds the M.V.V. it is clear that exercise tension (e.g., 30 mm.Hg) is assumed, or if the ventilation
will be limited by the M.V.V. but if it falls short of the equivalent in Cases 1 and 5, who were demonstrably
M.V.V. the limit will be set by ability to absorb oxygen. hyperventilating when the quoted figure was obtained,
These calculations have been made in the 10 cases of is taken to be equal to the mean of the other eight cases,
asbestosis and are given in the Table. In this table Do2 is i.e. 3-4. But if these alterations are made simultaneously
given at ambient temperature and pressure saturated, it is found that M.V.V. limits oxygen uptake in only
and ideal alveolar oxygen tension is calculated from three cases.

TABLE
MAXIMUM OXYGEN UPTAKE AND M.V.V. IN ASBESTOSIS

Ptet Calculated Maxm. 0, Ventilation Requiredio (1./m.)Patient Alveolar Po, Do. Uptake Equivalent Required (I./min.) Limit
(ml./min./mm.Hg) Euaen (I./min.)

1 117 9-05 1060 6-25 66-2 41 M.V.V.
2 84 6-45 542 2-9 15-7 40 Dos
3 105 9-72 1050 3-8 39-9 56 Do2
4 84 5 58 468 2-6 12-4 33 Do2
5 120 14-32 1740 5 8 99-5 57 M.V.V.
6 96 15*10 1450 3 5 50 6 33 M.V.V.
7 108 11 58 1250 3-1 38-8 64 Do2
8 107 10-43 1120- 3-4 38-0 62 Do,
9 IIt 7 08 787 3-7 29-1 33 Both
10 11 10-40 1150 3-3 38-0 31 M.V.V.
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