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Relation between progressive massive fibrosis,
emphysema, and pulmonary dysfunction in
coalworkers' pneumoconiosis
J P LYONS AND H CAMPBELL

From the Pneumoconiosis Medical Panel, and the Department ofMedical Statistics, Welsh National School of
Medicine, Cardiff, UK

ABSTRACT The correlations between progressive massive fibrosis (PMF), emphysema, and impair-
ment of ventilation were studied in 108 dead coalminers, all of whom had suffered with complicated
coalworkers' pneumoconiosis (radiological category B or C) during life. The findings indicated that
both factors were contributing to impairment of ventilation in proportion to their size or extent,
but these contributions were in the main independent of one another. A joint opinion on the types
of emphysema found to be present in a random 50 out of the 108 cases was given by two pulmonary
pathologists. They found that most of the emphysema was of the centrilobular variety, which
appeared to be unrelated to the PMF. The distribution of the PMF throughout the lungs both
radiologically and anatomically is shown.

Although it is generally acknowledged that coal-
workers' pneumoconiosis accompanied by progres-
sive massive fibrosis (PMF) is a significant cause
of disablement and premature death in the coal
mining industry in Britain,' the relative contributions
to disablement by the massive fibrosis and accompany-
ing factors, such as emphysema and additional
fibrotic disease in the lung fields, have not, to our
knowledge, hitherto been separately investigated.
In many substantially disabled cases who exhibit
PMF it seems unlikely that the mere space-occupying
effects of the mass in itself would be sufficient to
give rise to the accompanying disablement, whereas
patients are often encountered who, despite the
presence of extensive bilateral PMF, are leading
normal lives and are not significantly disabled;
clearly the size of the PMF in itself is not the only,
nor perhaps even the main, determinant of disable-
ment. We decided to explore this aspect in a group of
dead miners who suffered from PMF during life in
all of whom radiological, physiological, and patho-
logical findings including large lung sections are
available.
The group consisted of dead miners with PMF

with radiological changes amounting to category B
or category C of the ILO classification extracted
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from a larger group of 247 dead miners with both
simple and complicated pneumoconiosis, previously
reported on by Ryder et al.2 Both extent of emphy-
sema and radiological category of PMF were
separately positively correlated to impairment of
FEV1,3 4 and we therefore considered that it would
be interesting to attempt to establish the relative
roles of both these factors in determining disability
in PMF cases together with their relation to one
another. We also decided to determine the distribu-
tion of the PMF lesions throughout the lung fields;
it seems to be generally well recognisedl 5 that the
tumour occurs more often in the upper lobes and in
the posterior lung segments, but the precise order of
frequency and the radiological and anatomical
situations have not, to our knowledge, been docu-
mented.

Material and method

A detailed description of the miners concerned and
of the methods of investigation have already been
given, so only brief relevant details are included here.
In our earlier studies2-4 we reported on 247 miners
who had died and lived in a defined area of South
Wales. In the present study we studied only those
cases whose final radiographs were read as
category B or category C PMF; all had attended the
Cardiff Pneumoconiosis Panel at least once in the
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four years preceding death; had had a final radio-
graph before death; had detailed contemporaneous
pulmonary function tests; and had had postmortem
whole lung sections prepared and a quantitative
assessment of emphysema according to the method
of Ryder et al.6 To determine more accurately the
relation betweenPMF and impairment of ventilation,
the area of PMF present in the final radiograph of
each case was measured as follows by W J Clarke,
who had had previous experience in this field.
The outlines of the PMF shadows in each case

were traced on to transparent plastic sheets, which
were placed over the radiograph. Each sheet had
two horizontal lines spaced so as to indicate upper,

mid, and lower radiological zones. These outlines
were then measured using squared paper; they
ranged in area from 5 to 82 cm2 with an average of
26 5 cm2. Because of lack of clarity in many of the
shadows it was not always possible to obtain absolute
accuracy, but all the areas were measured twice
using both 1-cm and 2-cm squared paper. A random
sample of the shadows was retraced when it was

found as might be expected that the largest errors

were in the tracing of the ill-defined shadows. On
the whole, the remeasurement proved to be surpris-
ingly comparable, being within plus or minus
05 cm2 of the first measurement.
The total area of PMF in each case was then

related to the fall in FEV1 below that expected of a

man of the same age and height, to FEV/FVC
ratio, and to the emphysema count. The distribution
of the PMF in radiological and anatomical terms
was also recorded by comparing the radiograph and
the saggital whole lung section. To ascertain so

far as possible the nature of the emphysema two
pulmonary pathologists (R Seal and J C Wagner)
undertook jointly to study and report on a random
selection of 50 large lung sections out of the total
of 108.
Two possible biases may have occurred. Firstly,

the method of emphysema counting assumes that
the total area of large section will be available for
counting whereas if gross PMF were to occupy a

large area the emphysema count may be reduced.
Since the average area of PMF in the left lung
section studied amounted to only 11 cm2 and in
only 15 cases exceeded 20 cm2, we consider that the
effect on the emphysema count was unlikely to be
more than marginal. The second possible source of
bias arises from the fact that the emphysema count
is based on the finding from one lung only whereas
the PMF estimation includes both lungs. Although
it would be reasonable to assume that the emphysema
count in both lungs would be roughly similar, this
might not be so'where different sizes of PMF were

present in each lung, particularly if the PMF was

Lyons and Campbell

Table 1 Distribution ofPMF by radiological zone in
108 dead miners. (Percentages in parentheses)

Lung Radiological zone A 11 zones

Upper Mid Lower

Right lung 94 (87-0) 47 (43 5) 45 (41-7) 186 (57-4%)
Left lung 72 (66-7) 46 (42 6) 33 (30 6) 151 (46 6)
Both lungs 166 (769) 93 (43-1) 78 (36-1) 337 (520)

contributing
formation.

substantially to the emphysema

Results

There were 108 cases included by our terms of
reference; 59 were category B (mean age 62-9 years)
and 49 were category C (mean age 61-5). Of 89
cases who had bilateral PMF, 41 were category B
(69 5 %) and 48 category C (98 0 %). Thus unilateral
category C is probably rare.

Table 1 shows the distribution of PMF in each of
six radiological zones as ascertained by the final
radiography in life; 337 (52 0%) out of a possible
648 zones were affected. The right lung zones were
more often affected (57-4%) than the left (46 6%),
and this difference was statistically significant
(X21 = 7 15 p < 0-01).
The upper zones (769 %) were affected more

often than the middle (43-1 %) or lower (36-1 %)
(X22 = 71V0 p < 0 001); of the individual zones 94
out of 108 upper right zones (87 0%) were affected
whereas only 33 (30-6 %) of the lower left zones were.
The segmental distribution at necropsy was

estimated from the saggital sections, and as, due to
possible distortion, it was difficult in some cases to
be certain whether a lesion was in the posterior or
anterior segment only approximate percentage
figures are given. Sixty per cent of all lesions were
in the posterior segment, but 75% of the lesions
in the upper zone were posterior whereas only 30%
of those in the middle and 60% of those in the
lower zones were posterior. When there was mid-zone
involvement the PMF had usually spread down-
wards and anteriorly from the upper zone.

Table 2 shows the correlations between area of
PMF, emphysema count, fall in FEV1, and FEV/FVC

Table 2 Correlation coefficients between measures of
disability

Measure of Emphysema Fall FEV/FVC
disability count in FEV

Area ofPMF -0 045 0-266** -0-068
Emphysema count -.-.- 0275** - 0-200*
Fall in FEV .. - 75***
FEV/FVC

Statistical significance: * p < 005; ** p < 001; *** p < 0001.
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Relation between progressive massive fibrosis, emphysema, andpulmonary dysfunction

Predicted-22&3

0 51.

1.01.

1 51

FVC FEV1

Fig 1 Impairment ofFL
coal miners with simple p
categories A, B, and C b

ratio. Both area of I
were positively correlal
correlations are statis
They are negatively a
ratio, although thesi
(p < 005); tumour si
emphysema count. TI
between PMF or emp
is presumably due to
but the stronger assi
indicates that the gene
function is obstructive

Figure 1 shows ti
emphysema and fall iI
PMF tumours of less
larger tumours there
examines the associati

Eu,a.

a >, 15-
E in

LA 0

>,a.
Ec
4, _6
C

0

A B C Value fall in FEV, which is stronger in lungs with little
x -r - - -- - - - emphysema whereas in lungs with emphysema

counts of 10 and over there is almost no association
between tumour and fall in FEV1. These figures also41 &suggest that emphysema and PMF act independently
in causing impairment of FEV1. Possibly the method
of estimating emphysema, as previously mentioned,
may contribute to this lack of relationship tending,
as it does, to make PMF and emphysema mutually
exclude one another at their higher levels, but we
consider that this lack of relationship is probably
genuine.
The report of the pathologists (RMES and JCW)

goes some way to explaining this lack. "When a
significant degree of emphysema is present, in

TV, and ofFVC in 190 dead simple and in complicated coalworkers' pneumo-
neumoconiosis and with PMF coniosis, by far the commonest variety is centri-
elow that predicted by age. lobular(centriacinar) emphysema, which by definition

is destructive. When severe and affecting most of the
lobule, it might be misinterpreted as panacinar,?MF and emphysema count but in 2 x 2 projected preparations the peripheral

ted with fall in FEVi, and these surviving normal paraseptal zone can be seen. In
tically significant (p < 0 01). the PMF cases we scrutinised we concluded that
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he weak negative association the masses. Rarely, destructive emphysema was
hysema and FEV/FVC ratio segmental or lobular in distribution and was
the restrictive effect of PMF, considered in some way related to involvement of
,ociation with fall in FEV1 lobular or segmental bronchi by the parenchymal
ral impairment in pulmonary or lymph node mass."
iIn type.
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Fig 2 Association between mean emphysema count at
necropsy and FEy1 at last examination before death in
coal miners with simple pneumoconiosis and miners with
PMF category B or C.

Discussion

The overall findings seem to indicate that both
PMF and emphysema usually make largely separate,
independent contributions to impairment of venti-
lation in proportion to their size and extent. In cases
where compensatory emphysema related to PMF
is present in substantial degree the roles of both may
be interdependent, but such cases it would seem are
the exception according to the pathologists; fig 3A
is probably an example of this type of emphysema.
The possible bias referred to earlier concerning
differing areas of PMF in both lungs should not
operate significantly in these circumstances, since
the amount of emphysema would not be dependent
on the area of the PMF in most cases.
The pathologists' report indicating that most of

the emphysema is centrilobular in type and distri-
buted in relation to the smaller dust foci similar to
that found in coalworkers' pneumoconiosis without
PMF, is well shown in figs 3(b) and (c). These
figures also show that despite the presence of large
areas of PMF, there is little significant shrinkage of
the lung and the outline is well preserved; and even
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Lyons and Campbell

c d aR.IWIN~d
Fig 3 Sagittal sections of whole left lungs showing: (a) compensatory emphysema with both types of lesions; (b)
centrilobular emphysema associated with smaller dust foci; (c) centrilobular emphysema associated with dust foci and
with some destructive lesions; and (d) PMFcategory B with little emphysema.

those areas of lung adjacent to the PMF are not
unduly distorted. It is well recognised that PMF is
not always a homogenous mass of fibrous tissue,

but in many cases has a soft core with substantially
reduced collagenous material.7 In such cases the
mass may act only as little more than a space-
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Relation between progressive massive fibrosis, emphysema, andpulmonary dysfunction

occupying lesion in so far as its contribution to
disablement is concerned. This type of case, particu-
larly if there is no significant emphysema or other
parenchymal involvement, probably accounts for
those cases of PMF exhibiting dramatic radio-
logical changes but with little or no accompanying
disablement. Figure 3(d) exhibits such a condition,
there being little evidence of disablement found
during life, although the radiograph displayed
bilateral PMF category B. The condition of the lung
parenchyma is obviously as important, if not more
so, than the size of the PMF in determining disable-
ment in such cases.
The coefficients of correlation (table 2) would

seem to indicate that the contributions made by
emphysema and PMF both separately and together
to impairment of ventilation were rather less than
might have been anticipated from our previous
findings.2-4 It would seem, therefore, that other
factors affecting the airways and the lung
parenchyma-for example, small airways disease
and interstitial fibrosis-must also contribute to
disablement in coalworkers' pneumoconiosis with
PMF.

We thank Drs J C Wagner and R M E Seal for
reporting on the pathology, Mr W J Clarke for
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All manuscripts submitted to the Br J Ind Med
should conform to the uniform requirements for
manuscripts submitted to biomedical journals
(known as the Vancouver style).
The Br J Ind Med, together with many other

international biomedical journals, has agreed to
accept articles prepared in accordance with the
Vancouver style. The style (described in full in
Br MedJ, 24 February 1979, p 532) is intended to
standardise requirements for authors.

References should be numbered consecutively
in the order in which they are first mentioned in
the text by Arabic numerals above the line on
each occasion the reference is cited (Manson'
confirmed other reports2-5 . . . ). In future refer-
ences to papers submitted to the Br J Ind Med
should include: the names of all authors if there

measuring the PMF from the radiographs, Dr
F J Darby, chief medical adviser, DHSS, for per-
mission to use the Pneumoconiosis Medical Panel
material and to publish, and Miss C Squance,
Cardiff Pneumoconiosis Medical Panel, for valuable
secretarial help.
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Corrections

Relation between progressive massive fibrosis,
emphysema, and pulmonary dysfunction in coal-
workers' pneumoconiosis (May 1981)

We regret that figures 1 and 2 in this article were
incorrect. They should have been:

201

1-5

w 1*0-
U-

Tumour over 15

Iu,r0 -i1..--

1-5
w
LL1~
'. 1 0'
a

os0L505

Trace 5 10 15 20
Emphysema

25

Fig 1 Fall in FEV and emphysema for large and small
PMF.
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Health of workmen in the cromate producing industry
in Britain (May 1981)

The date that the production of chromates started
at the Rutherglen location should have read 1830
(p 118).
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Fig 2 FEVfall and tumour size in slight and extensive
emphysema.
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