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"It would afford me much gratification if any means
could be devised as regards either prevention or
remedy, whereby might be lessened the evils of a
disease, the ravages of which, upon the most robust

constitutions, I have every day cause to deplore."

G. Steele (183L) in a
letter addressed to W.
Thomson, concerning the
respiratory disease to
which coalworkers were
subject in Scotlsnd
during the nineteenth

century.
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INTRODUCTION.

The symptom of profuse black exnectoration
occasioned by cavitation in the lungs of coalworkers
was first recorded by Gregory of Edinburgh in 1831.
Various contributors to the literature on industrial
pulmonary disease subsequently mentioned cavitation,
particularly in silicosis, although few of them
reviewed a series of cases of coalworkers' pneumo-
coniosis with cavitation. It was thought, therefore,
that an investigation of this condition would serve a
useful purpose as its frequency and significance were
not, perhaps, fully appreciated.

A century ago, interest in the diseases of
coslminers was most evident in the Scottish coal-
field and the perspicacity and accuracy of the obser-
vations of the nineteenth century Scottish physicians
will be considered in relation to present knowledge.
The major social and medical problems of coalworkers'
pneumoconiosis are now most apparent in South Wales
where the investigations recorded in this study were

conducted.



HISTORY.

The first authentic mention of coal mining
in the British Isles is to be found in the records of
Newbattle Abbey, Midlothian, where monks mined outcrop
coal in the twelfth century A.D. and probably earlier
(Carrick, 1907). In the eighteenth and nineteenth
centuries when improved methods of pumping and ventil-
ation made deep work possible, coal mining became an
importent industry in Great Britain and Scottish
physicians became interested in the medical problems
of the industry.

Reference to lung disease among workers in
dusty occupations had been made previously in medical
writings. Hippocrates described a man from the mines
with laboured respiration, Paracelsus "the chronic lung
disease of miners", Agricola the "asthma of miners" and
Ramazzini discussed the occupational hagzards of mining
in his text book of industrial disease (De Morbis
Artificum) and stressed the importance of knowing the
occupation of the patient. Laennec (1806) described
"1a matisre noire pulmonaire", while Pearson (1813)

was the first British contributor to the literature



on this subject in a paper entitled "On the colouring
Matter of the black Bronchial Glands and of the black
Spots of the Lungs" but from his writing it is cleer
that he was recording the natural pigmentation of the
lungs in the general adult population.

It was Gregory (1831) of Edinburgh who first
believed that the black matter arose directly as a
result of employment in coal mines. Dri. J«. Ca
Gregory (1800 - 32) was a Fellow of the Royal College
of Physicians, Edinburgh, was physician to the Royal
Infirmary of Edinburgh and had been a pupil of Laennec.
He described a coal miner from Dalkeith who was ad-
mitted to the Royal Infirmary of Edinburgh with
breathlessness and black sputum, in whom at autopsy,
pulmonery cavitation was found in the upper and
middle lobes of the right lung. Marshall (183L4) of
Cambuslang near Glasgow described the sputa of two
further patients as "presenting a closer resemblance
to printers' ink than to anything with which I can
compare it" and made the observation that "there can
be little doubt that the black matter does not
appear in the expectoration until the substance in
the lung begins to break up; that the black

expectoration, in fact, marks a stage of commencing



excavatioNeicsassae He further observed, "the true
explanation of the origin of this disease in colliers
seems to be that it is in consequence of the inhalation
of fine coal dust and its deposition in the substance of
the lung. That coal may float through the air in part-
icles sufficiently fine to be inhaled without irritation. ..
cee-s" William Craig of Glasgow wrote to Professor
Graham (1834) (lecturer in chemistry in the Andersonian
Institute of Glasgow) giving his findings and describing
a method of investigation of the lungs at autopsy: "The
best manner of ascertaining the exact situastion of the
black matter of such cases is by inflating the lung
slightly, drying it thoroughly then cutting it into
slices in various directions." This method of exam-
ination was re-introduced for the same purpose more
than one hundred years later by Gough (Gough and
Wentworth, 1948).

Professor John Thomson (1765-1846) and his son
William made a detziled study of lung disease in miners.
John Thomson was Professor of Pathology in the Univer-
sity of Edinburgh and his son later became Professor of
lledicine in the University of Glasgow. Their interest

was first stimulated in 1824, when, at an autopsy in



the Royal Dispensary, Edinburgh, black lungs with
excavation were found in a man whose industrial
history however, was unknown. These two physicians
undertook what was the first epidemiological study of
this condition when they sent a questionary to pract-
itioners in the Lothians and Fife and asked Dr. Cumin,
Professor of Midwifery in the University of Glasgow to
seek information in the west of Scotland. In the
replies there was some diversity of opinion as to the
prevalence, manifestations, and nature of the con-
dition but even in those days with neither radiography
nor a knowledge of the existence of the tubercle
bacillus, a differentiation into cases of "phthisis"
and "tubercular phthisis" was made. Detailed =accounts
were given of the symptoms and of the post-mortem find-
ings. The clinical picture was very adequately des-
cribed at this time as is shown in the following
excerpt from William Thomson's paner (1837).

"May 1lst, 1833. Today I visited at Collinshiel
colliery, along with Mr. Dixon, surgeon, Bathgate,
George Hogg, & man, LO years of age, tall and of
very athletic form. At present, and for nine or

ten months past, this individual has been unable to



follow any active employment. He labours under
a continual slight dyspnoea, which does not pre-
vent him from taking gentle exercise but it is
always aggravated to algreat degree by any con-
siderable exertion. His breathing, even when he
is at rest, is somewhat laborious and sonorous.
He hass frequent cough with expectoration. The
matter expectorated is at present generally more
or less of a dark colour, but it is only at times
that this is particularly well marked. For instance,
about eight days ago, when attempting some slight
work in his garden, he suddenly coughed up two or
three profuse sputa, the matter of which he could
compare, he says, to nothing but black ink.
There does not appear to be any distinet hectic
fever, and the symptoms altogether approach per-
haps more to those of asthma or of chronic mucous
catarrh, than to those of tubercular phthisis.!
This case history was submitted by Dr. (later Sir)
James Y. Simpson (1811-1870) when in practice in
Bathgate. He later became assistant to John Thomson
and subsequently held the Chair of Midwifery in the

University of Edinburgh. Thomson also gquoted a letter
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from a Dr. Steele of Musselburgh who made an inter-
esting observation when compared with the modern
concept of a dose response curve in pneumoconiosis
(Roach, 1953; Wright, 1953): "The period of life at
which the disease occurs must vary according to the
length of time the individual has been exposed to the

" Steele also com-

EXCLIbing CaUSEaess sanssss nsans
mented on the expectoration of coalminers and his
findings are exactly comparable with those in the
present investigation: "The sputa are sometimes of a
yellowish colour, often grey and occasionally black;
they have also at times a puriform admixture and are
not unfrequently tinged with blood."

Thackrah of Leeds (1832) was also interested
in miners' diseases and published the first text-book
in English on occupational medicine, and from the
middle of the nineteenth century many papers were
published on various aspects of this indusitrial
hazard although few authors paid much attention to
pulmonary cavitation. Black sputum was apparently
well recognised in France in the last century and is

mentioned freguently in Emile Zola's novel "Germinal'.

Various authors have also described black
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sputum and cavitation in other types of pulmonary

dust disease, in graphite pneumoconiosis (Koopmann,
1924; Dunner and Bagnall, 1946; Gloyne, Marshall and
Hoyle, 1949) and in the silicosis of pottery workers
(Meikle john, 1949). A similar condition was described
in iron moulders by Hamilton (183L4) of Falkirk who
described the black sputum but did not obtain post-
mortem proof of cavitation, and by Faulkner (19LO)

in America.
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PRESENT VIEWS ON COALVORKERS' PNEUMOCONIOSIS.

T™wo distincet forms of pneumoconiosis in ecoal-
workers are now generally recognised. The first,
simple pneumoconiosis is attributed simply to coal
dust retsined in the lungs and, as such, does not
progress after exposure to dust has ceased (Davies,
Fletcher, Mann and Stewart, 1949). This condition
causes little disability (Gilson, 1953). Radio-
logically, simple pneumoconiosis is characterised by
fine opacities, described and classified by Fletcher,
Mann, Davies, Cochrane, Gilson and Fugh-Jones, (1949)
as illustrated diagrammatically in Fig. (1). These
opacities represent dust foci with or without focal
emphysema (Gough, 19L7; Heppleston, 1947). The
problem of the differential diagnosis of chronic lung
disease with diffuse nodular or reticular shadows has
recent ly been reviewed by Scadding (1952).

Men with esteblished simple pneumoconiosis
may develop the second form of the dissase (in South
Wales about 2% per annum (Cochrane, Fletcher, Gilson,
and Hugh-Jones, 1951) ) which is characterised by the

development of large localised opacities (Fig. 1.)
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corresponding to the massive lesions found patho-
logically. This condition rarely, if ever, develops
in a lung with less than category 2 simple pneumoconi-
osis, it nearly always progresses whether or not ex-
posure to dust continues and often starts after the
cessation of exposure to dust (Davies et al., 19L9).
It is called progressive massive fibrosis (the P.M.F.
of Fletcher, 1948) and is a serious and disabling
disease. The combination of simple pneumoconiosis
and progressive massive fibrosis has also been termed
complicated pneumoconiosis (Davies and Mann, 1948).
The terms massive fibrosis and massive lesions are also
used as synonyms for progressive messive fibrosis.

The Classification of Radiographs in Coal-

workers' Pneumoconiosis.

The system of classification of radiographs
in pneumoconiosis shown diasgrammatically in Fig.(1)
was evolved by the staff of the Medical Research
Council, Pneumoconiosis Research Unit (Fletcher et
als, 1949; I.L.Osy 1953)s The films are divided into
two groups.

Simnle pneumoconiosis: with subdivisions

categories 1 - 3 based primarily on the profusion of

the specific opacities. Further subdivision into
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pinhesd (»), mixed (m) and nodular (n) types of
opacities may be made. Focal emphysema cannot be
recognised radiologically.

Complicated pneumoconiosis (or progressive

messive fibrosis): with subdivisions A - D based upon
the size of the massive shadows and the degree of pul-

monary distortion.

For accurate radiological reeding it has been
found that verbal descriptions of rediographs may be
variously interpreted by different observers (Fletcher
and Oldham, 1¢L¢) and it has been shown by Fletcher and
Oldham (1951) that standard films may reduce observer
error.

It should be remembered that this classifi-
cation is purely a radiological one. As far as simple
pneumoconiosis is concerned however, it indicates that
dust retention has occurred and the radiographic appear-
ances correlate reasonably well with the dust exposure
(the ovroduct of average dust concentration and time
(Roach, 1953; Wright

Ya It does not on the other
hand carry the implication that a man whose chest radio-
ocraph shows any particular cstegery of abnormality is,

of necessity, "suffering from pneumoconiocsis', has suy
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particular degree of disebility or is eligible for

compensation. These matters can only be decided by

clinical exanination including, if possible, some

simple test of respiratory function.
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International Radiological Classification of

Pheumoconiosis
Code
Normal Range 0-
Abnormality stmulah 2 ﬁleumocouwsw but
nol cause X/-
PNEUMOCONIOSIS Cateqorq Appearance
) &
] ﬁ ‘ )

Simple e,
2 Mixed m
Nodular n

(Pheumoconiosis with

discrete opacilics

su) 3< 5

Complicalcd

A

B
(Preumoconiosis with
coalescent or massive

C

D

shadows  110.1950)
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THE PATHOIOGY OF COAIWORKERS' PNEUMOCONIOSIS.

The subject matter of this thesis is essentially
a. c¢linical and radiological study, but @ necessary ore-
liminary is a brief description of the pathological
findings. The pathogenesis of coalworkers' pneumo-
coniosis will be discussed more fully later.

Simple Pneumoconiosis.

Simple pneumoconiosis is csused by the re-
tention of coal dust in the lungs. The dust foci or
dust macules are diffusely distributed throuchout the
lungs and show very little associated fibrosis in con-
trast to the collagenous nodules of classical silicosis.
Focal emphysema may occur in relation to these dust
macules (Gough, 19473 Heppleston, 1947 and 1953) (Figs. 2
8. and b. ). Whether this focal emphysema plays any
part in the causation of the disability associated with
pneumoconiosis remains in doubt. It is considered
that these lesions are produced by the simple mechanical
accumulation of coal dust rather than the activity of
free silica which is present only in very small quan-

tities in coal dust (Heppleston, 1947 and 1951).
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Progressive massive fibrosis.

The features of massive fibrosis in coal-
workers are quite dissimilar from those of the focal
lesions. The massive lesions are composed of dust
and coarse, hyaline, collagen fibres irregularly
mingled and containing foci of lymphocytes (Fig.3.).
Blood vessels and air passages are inconspicuous.
Nevertheless, the previous existence of arteries and
arterioles in massive lesions 1is revealed by persist-
ing internal elastic lamellae after complete obliter-
ation of the vascular lumina by invasion of fibrous
tissue accompanied by dust phagocytes. Some vessels
are only partially occluded, but, irrespective of the
degree of stenosis, the elastic lamella is often re-
duplicated and disrupted (Fig.L.). Comparable vascular
effects are caused by fibro-caseous tuberculosis un-
associated with industrial dust exposure (Fig.5.).
Caseous foci may be found in massive lesions but do npt
always show conclusive histological evidence of tuber-
culosis.

In the genesis of massive fibrosis therefore,
a factor (or factors) additional to the dust must
operate. In view of the extreme fibrosis together

with the presence of chronic inflammatory cells, the



most obvious additional factor is @& chronic iwnfection,
and tuberculosis has been repeatedly advanced as this
complicating fector. The evidence in favour of *his
hypothesis will be fully discussed later.

Extension of the necrotic process to involve
a patent bronchus allows the liquefied material looking
like thickened Indian ink, often loaded with chole-
sterol crystals, to be expectorated. A cavitated
massive lesion results, its wall having a shaggy
appearance but no lining demarcates the cavity. At
the margin of these ischaemic cavities the collagen
fibres and remnants of dust cells simply disintegrate
abruptly (Fig. 6.), while cholesterol clefts may be
numerous in the surrounding tissue, from which tubercle
bacilli are very rareiy recovered. Cavitation of
massive fibrosis likewise follows when softening occurs
in enclosed areas of caseous tuberculosis and a bronchus
is invaded. These tuberculous cavities may usually be
distinguished, macroscopically, by the presence of a
creyish wall and purulent looking contents. Micro-
scopically tuberculous cavities have alnecrotic lining
with an eosinophilic, granular appesrance. Surround-
ing the necrotic zone there is often a cellular layer

of inflammatory type in which epithelioid cells and



Figure 2a.

Dust macules of simple pneumoconiosis with focal emphysema
from a South Wales coaltrimmer.

(HB: x 2)s

Figure 2b.

Enlarged section showing dust macule of simple pneumo-
coniosis with moderately severe focal emphysema from a

South Wales coalminer.

(H.E. x 10).
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Figure 3.

Centre of a massive fibrotic lesion from a coalminer

in which coal dust is intimately associated with hyaline

connective tissue. (CHUR, 5 100 .

Figure L.

Section of an ertery in a messive fibrotic lesion from
the lungs of a coalworker showing occlusion of the vessel
and dust cells lying within the elastic lamina. (Stained

for elastic tissue. x 120).
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Figure 5.

Section of an artery in fibro-caseous tuberculosis of
the lungs in a non-miner. The lumen is obliterated

by granulation tissue. (Stained for elastic tiscue. x LO).

Figure 6.

Margin of an ischaemic cavity in progressive massive
fibrogis from the lungs of a coalminer showing the ragged
margin of the cavity as a result of disintegration of

fibrous tissue. (BB & 50)s
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Pigure 7.

Margin of a tuberculous cavity in progressive massive
fibrosis from the lungs of a coalmincr showing a well
defined cavity margin. Caseous focl are also present,
together with an artery showing obliterative endarteritis.

(H.E. x 25).
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MATERTAL AND METHODS OF PRESENT STUDY.

The records of all patients admitted to the
ward of the Pneumoconiosis Research Unit at Llandough
Hospital between 1946 and 1952 were reviewed. A
total of 669 coalworkers was admitted during that
period and cases showing cavitation either in associa-
tion with simple pneumoconiosis or progressive massive
fibrosis were examined.

Routine medicsl end industrial histories
were taken, and a clinical examination was carried out
in each case. Postero-anterior radiographs were ob-
tained in all cases and lateral films or tomograms in
the majority. The sputa were examined for tubercle
bacilli by direct smear examination, culture, and in
meny instances by guinea pig inoculation. The erythro-
cyte sedimentation rate was measured by the Wester-

gren method.
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RESULTS.

Pulmonary cavitation was discovered in 8 cases
in asscociation with simple pneumoconiosis and in 104
cases with typical progressive massive fibrosis. The
total number of patients with progressive massive fi-
brosis was 389 giving a prevalence therefore of cavit-

ated massive lesions in the ward patients of 26-7%.

A) Patients with pulmonary cavitation other than in

magsive fibrosis.

Details of these cases are summarised in
Appendix I and examples are given in Appendix II.
They are uncommon, assuming their greatest impsftance
in differential diagsnosis and they will be discussed
again under that heading. Of these eight cases,
four were examples of cavitation occurring in con-
fluent tuberculous bronchopneumonia in men wifh
simple pneumoconiosis (cases 105, 107, 111 and 112).
All these ﬁatients died before anti-tuberculous
chemotherapy was readily available. One.patient
had a chronic lung abscess (case 109) and another

a cavitated bronchial carcinoma (case 106).
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The remaining two (cases 108 and 110), showed
cavitation in discrete rounded pulmonary lesions. De-
tails of these patients are given in the appendices.
Case 108 is an example of the so-called "rheumatoid
syndrome" recently described by Caplan (1953), and
Miall, Caplan, Cochrane, Kilpatrick and O0ldham (1953).
This man spent 21 yesrs in the coal mines and has
multiple bilateral discrete round pulmonary opacities,
some of which are cavitated. The sputum is positive
for tubercle bacilli, the man has classsical rheumatoid
arthritis and is still alive. Case 110 has the
typical "rheumatoid type" of radiological abnormality,
reminiscent of tuberculomata, but no evidence of
rheumatoid arthritis. This case shows a fluid level
in the cavity, whereas Moyes (1951) suggested that
this does not happen in "true" tuberculomata.

This syndrome, so far only described in coal
workers, is characterised by the association, in over
50% of cases, of rheumatoid arthritis and nodular
fibrosis of the lung, radiologically similar to, but
distinguishable from, the massive fibrosis occurring
in complicated pneumoconiosis. These lesions
characteristically develop upon a background of a

lesser degree of simple pneumoconiosis than does
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typical progressive massive fibrosis$ whereas massive
fibrosis rarely, if ever, starts where there is less
than category 2 simple pneumoconiosis the "rheumatoid
lesions" are often seen with a background of category 1;
they develop more rapidly than massive fibrosis and
often appear in crops. They may develop several yesrs
before, concurrently with or several years after the
onset of rheumatoid arthritis. These lesions are quite
unlike the interstitial pneumonitis occurring in cases
of rheumatoid arthritis described by Ellmen and Ball
(1948).

Autopsy of biopsy material is lacking, the
aetiology remains unknown but there is some evidence
that (like progressive massive fibrosis) the funda-
mental cause is tuberculosis and these lesions may re-
present a particular type of tissue reaction to dust
and tuberculosis in the lungs of miners who are pre-
disposed to the development of rheumatoid arthritis.

No general conclusions can be drawn from
these few cases, and the remainder of this section is
concerned with the cavitation that occurs in typical

progressive massive fibrosis.
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B) Patients with cavitated progressive massive

fibrosis.

Cavitation in massive lesions may be re-
cognised raciologically as a translucency in the
large opacities, often with a fluid level, and
clinically by the expectoration of large amounts of
jet black sputum. This profuse black expectoration
(sometimes erroneously called melanoptysis) is quite
different from the black-fleclied sputum which practic-
ally all Qoalworkers expectorate after completing a
shift. The frequency and nature of this type of
cavitation in messive fibrosis are not widely apprec-
iated and extensive cavitaetion may be associasted with
few symptoms, having a pfognosis which is much better

than the radiological appearances at first suggest.

The 104 cases fell into two main groups:
(a) 26 patients with tubercle bacilli in the sputum
during life, and (b) 78 patients whose sputum did not
contoin tubercle bacilli in life (although bacilli
were cultured from the lungs of one of them at
autopsy (case 79) ). In group (a) tubercle bacilli

vere found on direct smear examination of fewer than



5 specimens of sputum in 20 instances, (the remainder
being discovered either by further testing or by

culture and animal inoculation). In group (b) onlyh

18 cases had fewer than 5 specimens of sputum examined
and the majority had many more, as a protracted search
was made in petients whose initial specimens failed to
reveal tubercle bacilli. These findings are summarised
in Table (1). 1In the sputum positive group, the find-
ing of bacilli and the discovery of cavitation occurred

simaultaneously in 22 instances.

Table 1 is on page 31 and an explanatory note

on page 32.
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The different methods of examination were not mutually
exclusive. Some patients did not have a direct smear
examination because of inadequate amounts of sputum and

such cases were examined by means of laryngeal swabs.

It has been observed thet in some cases of
progressive massive fibrosis acid-fast bacilli are
seen in stained films of the sputum which are found to
differ from tubercle bacilli in their cultural charact-
eristics and which fail to produce tuberculosis on

inoculation: two such cases are included

3

guinea pig
in the sputum negative group (cases 63, 73). lMarks
(1653) has noted that atypical acid-fast organisms
occur more freguently in sputum specimens from cases
of progressive massive fibrosis than from cases of
pulmonary tuberculosis and he stresses the need for
animal inoculation to prove the pathogenicity of
organisms isolated on culture in cases of massive
fibrosis. feither of these two cases had had any
anti-tuberculous chemotherapy prior to the finding
of these organisms. (Both these cases have since
died: the post-mortem findings were those of

massive fibrosis without evidence of active tuber-
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culosis). oimilar organisms have been found in five
cases of cavitated massive lesions not included in the
present series, and none of these had had chemotherapy.
It is possible that two of the cases included in the
sputum positive group are further examnples (cases 6,
21) as they were originally assigned to this group on
the result of a direct smear examination. Guinea pig
inoculation was not carried out at that time and sub-
sequent specimens of sputum have failed to reveal fur-

ther acid-fast bacilli by any method.

Clinical features.

Clinically, patients with cavitated massive

lesions fall into two main groups.

a). Sputum positive group (26 csses). In this group
the radiological appearances are typical of progressive
massive fibrosis and the sputum is positive for tubercle
bacilli. Six patients were discovered to have cavit-
ation and a positive sputum during the course of an
acute respiratory infection, while in the other 20,
tubercle bacilli were discovered in the course of
routine investigstion.

b). Sputum negative group (78 cases). Cavitated
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massive 1esion; were discovered in 43 members of this
group during,'of immediately following 2 non-tubercul-
ous respiratory infection which usually resembled an
scute bronchitis, but in five instances there were
features suggestive of pneumonia. In the remaining
35 patients of this group, cavitation occurred without
any associated illness. One of these, (case 91) ore-
sented clinically as a pulmonary abscess two months
after cavitation wes first observed. Cases of a
somewhat similar nature have been described by
Seltmann (1867), Cummins and Sladden (1930), Ornstein
and Ulmer (1936), Badham and Taylor (1939) and

Paulkner (1940).

Details of both groups.

Table (2) gives the age distribution of the
patients at the time of discovery of cavitation in

the two main groups.
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Table 2.

Age Distribution of Werd Patients at Time of

Discovery of Cavitation in Progressive Massive

Fibrosis.
I
Age Number of Patients Totals
group |
Sputum positive | Sputum negative
group ; group
30~ 1 5 6
35=- L 6 10
4O~ o) 22 27
L5~ 5 31 16
50~ 6 19 | 25
55— 3 8 b L3
60~ 2 | 5 7
65- 0 2 2
[
Totals 26 78 104

Patients may occasionally be asymptomatic,

but like most cases of massive fibrosis they usually

complain of dyspnoea and cough.

Black sputum and

haemoptysis are relatively common and table (3) shows

the frequency of their occurrence.

The figures
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suggest no difference between the two main groups.
In cases presenting with no history of black sputum
but showing cavitated massive fibrosis radiologically
it is reasonable to assume that the sputum has been
swallowed. Jevere haemoptysis is rare and only
occurred in two of our patients (one sputum positive

(case 25)and one sputum negative (case LL))

Table 3.

Occurrence of Haemoptysis and Black Sputum in Ward
Patients with Progressive Massive Fibrosis.

Sputum  |Sputum

positive |negative Total
group groun :
Haemoptysis alone | 2 (8%) 8 (10%) 10 (10%)

Black sputum alone |13 (50%) 27 (35%) LLO (38%)

Both 11 (42%) | 36 (u6%) |47 (us%)
Neither 0 7 (9%) 7 (7%)

Totals 26 (100%) | 78 (100%) |10y (100%)
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Physical signs. Many different physical signs may be

elicited in the chest but their recognition is of
little importance. Iee (1948) sugrested that crepit-
ations were more common in sputum positive than in
negative cases, but the figures in this series show no
difference. Crepitations were noted in 64 instances,
17 (65%) being sputum positive cases and L7 (60%) spu-
tum negative cases. Marked finger clubbing only
occurred in one patient (case 91), =1lthough lesser
degrees of clubbing were occasionzlly noted. One
rare complication observed was a recurrent laryngeal
nerve palsy (case 50). This presunably arose as a
result of pressure by the masses on the nerve in its
intra-thoracic course. The radiogreph is shown in
Appendix II.

Fever. 17 (65/%) of the sputun positive and Lk (56%)
of the sputum negative cases had fever at some time
during their stay in hospital (990F. or over on two

or more occasions) and therefore the presence or
absence of fever is of little vealue in differentiat-
ing between the two groups, although it has been
swwpested.(Lee 10L8) that patients with overt tuber-

culosis are more commonly febrile.
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General condition. The patients were graded as being

in good, fair or poor general condition and although

this is a very arbitrary assessment an analysis of the
two groups is given in Table (L). It will be seen
that a higher percentage of the sputum positive pat-

ients were in poor general condition but that a good

general condition did not exclude open tuberculosis.

Table L.

"General condition" of Werd Pstients with
Progressive Massive Fibrosis.,

Sputum nositive Sputum negative Totals

group croup .
Good & (31%) 33 (W2%) | Ll (39%)
Fair 4 (15%) 31 (LO%) 35 (3L%)
Poor W (54%) W (187%) 28 (273%)
Totels 26 (100::) 78 (100%) (104 (1007)
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Weight change. An assessment of recent loss of

weight was attempted, the patient's own estimate
being taken to cover the period before admission to
hospital. The only accurate mecsurements were in
patients who had been in hospital for some time, or
who had previously attended the outpatient depart-
ment . Table (5) shows that only two patients in
the whole series gained weight and that loss of .

weight is very common in both groups, although more

so in those patients with a positive sputum.

Weicht Change in Ward Patients with Pro-

Table 5.

gressive Massive Fibrosis.

Sputum positive [Sputum negative | Totals
group group

Gain 0 2 (3%) 2 (2%)
Static 7 (27%) 33 (L2%) LO(38%)
51light loss L (15%) 2ly (31%) 28 (27%)
Loss b (54%) 18 (23%) 32 (31%)
o Record 1 (L%) 1T {1%) 2 (2%)
Totals 26 (1005%:) 78 (100/:) 104 (100%)
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Brythrocyte sedimentation rate. The erythrocyte

sedimentation rate was measured in 9& of the 10L cases.
It has been sugrested by Nadiras, Batique and Michot
(1948) and Sander (194%) that a raised sedimentation
rate in patients with pneumoconiosis and cavitation

igs indicative of overt tuberculosis. Taking 10 mm.
per hour as normal, Table (6) shows that one sputum
positive caese in this series had a sedimentation rate
below this, while 19 had an elevated figure, the range
being L to 100 mm. per hour. In the sputum negative
cases, U had a figure less than the norm, and 74
exceeded it. Thus, mere elevation of the sedinent-
ation rate does not indicate overt tuberculosis nor
does a low figure exclude it. Furthermore it should
be remembered that acute respiratory infections, which
may raise the sedimentation rate, are frequent occurrences

in patients with massive fibrosis.
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Table 6.

Measurement of Erythrocyte Sedimentation Rate of

Werd Patients with Progressive liassive Fibrosis.

'Sputum positive!ﬁputum negative | Totals
group g group
E.S.R.< 10 1 i L 5
f
E.S.R.> 10 19 | 7h 93
o i
Record 6 | = &
Totals 26 78 104

Rediological examination: If a coalworker suddenly

expectorates a large quantity of Jjet black sputum it

may be assumed that cavitation has occurred in a

messive lesion. Unless a radiogreph is taken shortly

after this episode, cavitation may not
beczuse of the remarkable way in which
refill completely (see case 36)« The
of cavities in messive fibrosis cannot

iated radiologically. Cavitation can

be detected
cavities may
two main types
be different-

usvally be

diagnosed from a postero-anterior radiograph
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especially if a fluid level is present, but a lateral

(N5

projection is sometimes useful to distinguish cavit-
ation from tronslucent areas caused by emphysematous
bullae and to determine its anatomical site. Tomo-
praphy may be heloful (Belayew, 1951; Roche and
Morel, 1952; and Roche, Nsudin and Tolot, 1949) and
exanples of its use are shown in cases 55 and 76.
In this series, cavitction was confirmed by lateral
films or tomograms in 100 instances, while in the re-
meining L, fluid levels made the cavitation obvious.
Cavities may be single or multiple, unilateral op
bilateral, and may occur in any part of the lung;
they differ in size and have walls of variable
thickness (cases 27 and 76), Bronchography was
carried out in a small number of the patients in
this series (see case ©1), but the contrast medium
has not yet been observed entering a cavity although
Worth (1952) end Balgairies and Bonte (1953) have
done S0. It is probable that the bronchial com-
municetion onens intermittently, so that the
quantity of sputum end the fluid level change from
time to time.

An anelysis was made of the cases in this
series to determine the sites of cavitation in mas-

sive fibrosis (Taebles 7, 8 and 9). A preponder-
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ance of upper lobe cavitation was found in both
sroups (84% in the sputum positive and 90% in the
sputum negative group) since massive lesions occur
most commonly in these lobes. No cavities were
found in the middle lobes, but a small number was
found in the lower lobes particularly in the apical
segments. It will be seen that a higher proportion
of the sputum positive cases is unilstersl and that
they are situated more commonly in the right lung

and in the upper lobe of that lung.

Ornstein and Ulmar (1936) found cavitation
in the upper lobes of 54 of their 58 cases and when
Vorwald (19L41) compared 94 men with silicosis who
had cavitation with 339 patients with uncomplicated
tuberculosis he foi:nd that in both groups cavitation
was commonest in the upper 1lobes. He agreed with
Averbach and Stemmerman (19LL) that cavitation of the
lower lobes occurs more comnonly in tuberculo-

silicosis than in ordinary pulmonary tuberculosis.



Right Lung.

Table 7.

Detailed analysis of sites of cavitation in ward
patients with progressive massive fibrosis.

Left Lung.

U [)] UDL| UL D DL | None | Total

., |6 282 1 L2 1 9 10| 17 L3

D . 2. 3 2 3

DL 1 1

L 1 2 i =

None |4 11 3 L 1y

Total|lo 48| 7 12 25 At CHERdst 28 78

Notes: Cavitation in massive fibrosis is shown in this
table by lobar distribution in both lungs.

The figures in red denote the sputum positive
cases and the black, sputum negative cases.

The contractions used for the lobes, alone and
in combination are:- U = upper: M = middle: D = apical

segment of lower (dorsal): L = lower.
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Table &.

Anatomical sites of cavitation (summary).

}
Situ~ Sputum positive Sputum negative Totals
ation group group No. Pey
of cent.
No. of Per No. of Per cases
cases cent. cases cent.
Both
Elungs 10 (38) 51 (65) 61 (59)
!
Right
|lung
only |12 (46) | 13 (az} | 25 (2L)
Left
lung
only L (aa) | o L e € (17)
|
Totals |26 (99)i 78 (100) |04 (100)
ol B T S o AL
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Table 9.

-

Anatomical sites of cevitation (further analysis).

Situation Sbutum positiveTSputum negative ! Total
group group g
No. of Per ' No. of Per | No. Per
cases cent. | cases cent. | of cent.
L i ,_cases
Inc- !Both; _
{lud- |lungs 7 (27) L6 (5g9) | 53 (51)
'ing j i
| 4 T
[up— {lung | i
jper jonly | 11 (L2) 13 a7y " "2y e
}1obes§Lt. |
| | lung | j
l 'only; L CES AN N (Iu) 1 25 ()
I I
|4 1sewhere '
(None in
middle ;
lobe ) L (15) ? 8 (10) 12  (12)

Total: 26 (99) % 78 (100) 0L (100)
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Discussion of the "ward population'.

A "ward population" is highly selected and
conclusions drawn from such a sample may well be
biassed. Admission to hospital is likely to be
sougcht by men who have the striking symptom of black
sputum and several such cases were encouraged to cone
in for investigation. The proportion of sputum pos-
itive cases will be increased by the tendency to admit
patients who are relatively ill or who have recently
lost weight but it will be decreased by the exclusion
from a general hospital ward of those known to have a
positive sputum before admission. All these factors
have influenced the sample. The effect of selection
is illustrated by a comparison of the prevalence (see
footnote)of cavitation in massive fibrosis in the "ward

population" with that found in the Rhondda Fach Survey

The terms "attack rate" and '"prevalence" are
used in.this, and subsequent sections to mean respect-
ively, the number of new cases appearing in a given
population in a given time, and the percentsge of
people with a given disease or stage of disease at
a given time. The word "incidence" is avoided as

it is generally used to cover both.
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where 95% of the whole population of 6,026 miners and
ex-miners was radiographed (Cochrane, Cox and Jarman,
1952). During this survey, 736 cases of massive
fibrosis were discovered, but only 18 had cavitation,
giving a prevalence of 2-lj compared with 26-7% in the
ward populetion. Of the 18 men in the Rhondda Fach
Survey, 3 (17%) had a laryngeal swab positive for
tubercle bacilli and 15 (83%) had not. Thus the
prevalence of cavitated massive fibrosis in the "ward
population' was ten times as great as that found in a
mining community. A summary of the two populations
studied is given in Tables (10) and (11). There is
thus, a great discrepancy between the prevalence of
cavitation found in a single survey of a complete com-
munity and thet observed in ward patients over a period
of six years. Stewart, Davies, Dowsett, Morell and
Pierce, (1948) in following up certified cases of
pneumoconiosis for periods as long as 15 years found,
on the basis of a history of black sputum, that 1575 of

cases with massive fibrosis probably had cavitation.
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Table 10. Rhondde Fach Survey. (Cochrane et al., 1952).
Summary of cases with progressive massive
fibrosis in relation to cavitation and

positive sputum.
Sputumn Sputum Total
positive ‘negative
No. of per No. of per !No. of per
cases cent. cases cent. | cases cent.
Cavitation 3 (L6-7)1 ' 15 (83-3)f 18, (100}
No Cavitation| 5 (O'?)é 733 (99’3)? 718  (100)

Total

1-1)

8 . (1-1)}
|

728 (98-9% 736  (100)
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Table 11. Werd 19L6-52.

Summary of ward cases of progressive massive
fibrosis in relation to cavitstion and
positive sputum.

Sputum S pubum Total
positive negative
No. of per No. of per No. of per
gases cent. cases cent. | cases cent.
[ :
Cavitation 26 (25-0) 78 (75-0) | 104  (100)
o
Cavitation L (1+4) 281 (98.6) | 285 (100)
Total 50 (<Ll 259 (9255 | 282 (1C0 )
Other factors than selection for admission may
acecount for these discrepancies. The in-patients had

geveral radiographs taken over a period of yesrs in con-
traest to the single film taken during the Rhondda Fach

da

. Cavitstion may only appear in one or two of the

Tvey

56

1
L

ial pradiographs, either because it occurs late in the

3
)
s
o

period of observstion or because a cavity may refill
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thus disappear radiologically. Further, the preval-
ence of cavitation will depend upon the proportions of
early and late stages of massive fibrosis gince cavit-
ation usually occurs in radiological cstegories B - D,
end these categories are more common in the ward popu-
lation than in the communities from which they are
drawn. While, K selection increases the prevelence of
cavitation in a ward population, a single field survey
under~estimetes it, owing to refilling of cavities. To
discover the proportion of ceses of massive fibrosis who
mey be lieble to undergo cavitetion within a given
period (the attack rate) it would be necesszary to teke
rediographs of a sample of cages at short intervals
over many years. It is unlikely that this would ever
be done because in the absence of positive sputum, cavit-
ation is a relatively unimportant clinical event. The
importance of defining the population studied is further
emphasised by the frequency with which a positive sputum
is found in cases of massive fibrosis under different
circumstances. In the Rhondda PFach Survey this was

1- 1% (Cochrane et al., 1952) compared with 7-7% in the
ward population (30 positive in 389 cases, see table 11)

and L4O% st sutopsy (James, 1954).
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DIFFERENTIAL DIACNOSIS.

Cavitation of massive fibrosis which is known
to have been present from previous chest radiographs,
opresents no problem of diagnosis other than the differ-
entiation between sputum positive and sputum negative
types of cavitation., Cavities occurring in the lungs
of miners without evidence of simple pneumoconiosis can
be presumed not to be due to massive fibrosis because
this condition rarely, if ever, arises on a background
of less than category 2 simple pneumoconiosis. If
emphysema hes obliterated the background of simple
oneumoconiosis, as it may do, there are usually other
areas of massive fibrosis to indicate the diagnosis.
Pulmonary cavitaticn, other than that found in massive
lesions, may occur coincidently in cases of massive
fibrosis and it may be impossible to distinguish this
from cavitated massive fibrosis itself unless previous
radiographs are available to show the pre-existence of
massive fibrosis at the site of the cavity. Case 58
is an exaﬁple of a cavitated massive lesion in one
part of the lung and cavitation in, presumably, a

oneumonic process in another. The discrete rounded
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opacities of the "rheumatoid syndrome'" mey be readily
differentiated from typical massive lesions and are
rather similar to tuberculomsta in non-miners. In
cases without previous chest radiographs and with a
negative sputum, it is necessary to consider other
causes of cavitation, such as have been reviewed by
Balchum and Zimmerman (1952). The diagnosis of a
chronic lung abscess (case 10¢) or of cavitated un-
modified pulmonary tuberculosis presents few diffi-
culties (cases 105, 107, 111 and 112).

A cavitated bronchial carcinoma (Reisner,
1936; Strang and Simpson, 1953) is probably the
most difficult to exclude (case 106). Broncho-
scopy was not performed routinely and it is doubtful
whether it is justifiable in typical cases of massive
fibrosis. o carcinoma has been revealed in 31 of
the cases of massive fibrosis coming to autopsy or in
a further L9 cases who have been followed in 1life for
more than two years. Magsive fibrotiec lesions,
despite their size, practically never cause segmental
lung collapse, probably on account of their relatively
slow raté of development. Consequently, any collapsed
sepment seen radiologically should suggest malignancy.
According to Shanks and Kerley (1950), sequestrum

formation in a pulmonary cavity (other than in pneumoconiosis)
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is characteristic of aspergillosis, but in two of
the cases (cases 55 and 73) there were sequestra in cav-
ities with no evidence of fungal infection. It is
surprising that secondary fungal infection did not
occur in some cases especially as many of them had
prolonged treatment by one or other of the modern
chemotherapeutic agents (Abbott, Fernando, Curling
and Meade, 1952) for the acute respiratory infect-
ions to which they are prone. Heppleston and
Gloyne (19L9) described two coalworkers in whom
aspergillosis was discovered at autopsy but no
mention of chemotherapy is made and they stress the

rarity of this condition.
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PROGNOSTIS .

It is not possible to draw any conclusions as
to the prognosis of patients with cavitation other than
in massive fibrosis, because the number of such cases is
too small. It has been suggested by Farrell, Sokoloff
and Charr, (1940) that the prognosis for patients with
cavitated massive lesions and a sputum negative for
tubercle bscilli is relatively good, while for those with
a positive sputum it is bad. Dayman, (1945), Lee, (19L48),
and Theodos and Gordon, (1951 and 1952) give a life expec-
tation in sputum positive cases of between 2 and 3 years.
Turner and Mertin, (1949), found that the survival rate
of men with silico-tuberculosis in Sheffield compared
unfavourably with the rate for men with pure silicosis,
but the authors do not state the grounds on which they
distinguish these tvo conditions.

In this series only 3 of the 26 cases survived

two or more years after the discovery of a positive spu-

tum (cases 6, 15 and 21). Only 6 of the sputum positive

group survived two or more years after detection of the

cavity whereas L1 of the 78 sputum negative cases sur-

vived longer than this after cavitation was detected,
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and the difference in survival in the two groups is
presented in the graph (page 58 )o  Although the re-
cords of this series only date from 1946, radiographs
taken previously are avsilable in many instances
thereby providing a longer period of review. Patients
with long standing massive fibrosis and a persistently
negative sputum usually die of respniratory or cardisc
failure, not of terminal tuberculous disease. It is
possible that the more extensive use of modern anti-
tuberculous drugs will improve the prognosis for pat-
ients with cavitated massive fibrosis and a positive
sputum. An attempt was made to compare the survival
times of patients with soutum negative massive fibrosis
with and without cavitation. The 78 patients with
cavitstion in the sputum negative group were paired with
78 other ward patients of comparable age and radiolog-
ical category who had non-~cavitated massive fibrosis
and a negative sputum. The.survival time in each
instance was taken from the date on which the patient
was first seen in the Pneumoconiosis Research Unit
until the date of death, or until the 31st December
1952. It will be seen from the graph thaet in spu-

tum negative cases patients with cavitation have a
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slightly better expectation of 1life than those wiith non-
cavitated lesions. The difference is not great and may
probably be accounted for by the way in which cases are
selected for hospital admission. Many of the patients
with cavitated disease were admitted for investigation
although they were in their usual health while patients
with non-cavitated massive fibrosis were usually admit-

ted because they were unwell.



Graph.

Survival time of ward patients with progressive massive

fibrosis.
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MANAGEMENT AND TREATMENT.

A Patients with Cavitation other than

in Massive Fibrosis.

The general manacement and treatment of these
patients does not differ essentially from non-miners
with cavitated pulmonary disease. If thoracic surgery
is indicated, because of, for example, a bronchial
carcinoma, the presence of simple pneumoconiosis should
not be a deterrent if the patient's respiratory reserve
is satisfactory. Cases of unmodified pulmonary tuber-
culosis in patients with simple pneumoconiosis resgpnd
to modern anti-tuberculous chemotherapy in the same way
as patients with no exposure to dust (Cox, 1953).

Patients with the "rheumatoid syndrome" should
have the usual methods of therapy for rheumatoid
arthritis iﬂbluding heat, wax baths and movement of joints
under the supervision of a physiotherapist. If the
sputum is positive for tubercle bacilli a course of
anti-tuberculous chemotherapy should be given, but it
is as yet uncertain whether control of the tuberculosis
affects the Joint manifestations in any way. If, as is

sually the case in such patients, the sputum is neg-
ative for tubercle bacilli, cortisone may be given if

otherwise indicsted. It has in fact been given to
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a number of cases not included in this series. Recent
experimental animal work by Herrison, King, Dale and
Sichel (1952) has shown that some modification in the
development of silicotic lesions took pnlace when cort-
isone was administered; the rate of development of

the discrete silicotic nodules was retarded and there
vas some evidence that a direct inhibition of the fi-
brosis took place. Cortisone has not as yet, been
shown to exert any favourable action on the pulmonary
fibrosis in msn, either in the rheumestoid syndrome or
in typical mascive fibrosis, and it may be that its
use is best avoided in patients with these lesions
whose setiology is probably basically tuberculous in
view of the animal experiments of Hart and Rees (1950).
It may however be shown to have a place in combin-
ation with anti-tuberculous chemotherapy.

B. Patients with Cavitated Progressive

lassive Pibrosis.

1) Sputum positive cases.

It waes not permitted to keep patients with
cavitated massive fibrosis and a positive sputum
in the ward; personal experience of their mensge-
ment is, therefore, very limited. Few results of

the treatment of this condition h=zve been published,
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but in cases of silicosis with a positive sputum,
anti-tuberculous drugs have been found to confer some
symptomatic benefit although they have not markedly
improved the survival period. Boselli and Lusardi
(1950) treated 23 patients with silicosis and open
pulmonary tuberculosis by meens of streptomycin and
para-anino salicylic acid for 3 or L months.

Their results were not impressive - 2 cases without
definite cavitation were rendered sputum negative;

6 with cavitation had transitory clinical benefit but
the sputum remsined pogitive; 16 other patients less
well defined were "generally improved'. Stojadinovie
and Stojadinovic (1952) who are in agreement with
these findings consider that neither streptomycin
and pera-amino salicylic acid nor pulmonsry collapse
measures are of value. These authors gave strepto-
mycin to cases with cavitation whether tubercle
baecilli wefe present or not. Maier and Hurst (19L6)
described one case with unilateral cavitated silico-
tuberculosis with a positive sputum who was rendered
sputum negative following an extra-pleural dneumo-
thorax. Van lMechelen (1951) comments that strepto-
myein and para-amino salicylic acid are of little

uge in these cases and considers that collapse meas-

ures are unlikely to be successiul in view of the
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physio-pathological considerations. Theodos and
Gordon (1951 and 1952) attempted an artificial pneumo-
thorax in 3 patients without success but report one
successful thoracoplasty. Auerbach and Stemmerman
(19ul) attempted 8 artifical pneumothoraces and L
thoracoplasties but all were unsuccessful and Benson
(1941) believed that collapse therapy in these cases
brought about an earlier demise. Cohen and Glinsky
(1953) treated 18 cases with streptomycin but only 3
were symptomatically improved.

In one case in the present series (case 9)
a fall in temperature, gain in weight and a consid-
erable reduction in the profusion of tubercle bacilli
in the sputum resulted when a full course of strepto-
mycin and para-amino salicylic acid was given although
the patient died 2 years and 2 months after the init-
ial finding of the positive sputum. Nevertheless
adequate bed rest and full anti-tuberculous chemo-
therapy should be given, if only for the symptomatic
benefit that may be conferred. The importance of
combined chemotherapy must be stressed in order to
prevent the emergence of drug resistent strains of

orgenisms (Daniels and Bradford Hill, 1952) as in
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many of these patients the sputum remains positive for
tubercle bacilli.

Cox (1953) who has experience in South Wales
of many cases of cavitated massive fibrosis with a
positive sputum is in general spreement with the find-
ings referred to above, but it is hoped that with more
intensive modern anti-tuberculous trestment the survival
time of these patients may be prolonged.

2) Sputum negalbive cases.

There is no specific therapy, the dust cannot
be removed from the lungs nor can the asssciated pul-
monary fibrosis be resolved, but patients with the
sputum negative type of cavitation may remain fairly
well for many years despite gross structural lung
damege, and are freguently able to undertake geinful
employment . Miall, Oldham and Cochrane (1654)
have investigeted the effect of iso-nicotinic acid
hydrazide on early massive fibrosis on the basis of
the tuberculosis hyoothesis of massive fibrosis.
Sputum negative cases only were included in this
controlled field triasl. but no evidence of a bene-
ficial efféct of the drug on such cases was dis-
covered. t is very important to explain to men
with massive fibrosis that the black sputum and blood

which they expectorate are not evidence of
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overt tuberculosis for they are naturslly aoprehensive
and much harm may be done 1f the relatively benign
nature of cavitated massive fibrosis in the absence of
a bésitive sputum is not appreciated (see case 76).
An understending of the condition both by the medical
attendant and the patient is essential. When & diag-
nosis of pneumoconiosis is made, reassurance must be
given that although dust disease is present an early
death is unlikely. There is no object in promoting
invalidism, bed rest has little plsce in the manage-
ment of these patients and on the contrary, men should
be shown that ordinary activity is possible and even
beneficial. Eventually of course a time comes when
these patients are too disabled to work, thus pro-
ducing social and medical problems of some magnitude
in many parts of the country. This is a reflection
of the fact that the majority of men living at the
present time were expnosed to considerable concen-
trations of dust in the mines some years ago when
dust suppression was not as efficient as it is to=-
day.

The symptomatic treatment of men with
sputum negative cavitated massive lesions is dis-

cussed by considering the cardinal symptoms of
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dyspnoea, cough, expectoration and chest pain in rel-
ation to the underlying physiological and pathologic-
al changes. Of all symptoms, breathlessness on
exertion is the most important, is the one that causes
most disability in patients with massive fibrosis and
usually is the first symptom for which medical advice
is sought.

Dyspnoea.

Men with massive fibrosis are practically
always short of breath when compared with their fellow-
men of comparable age and build (Cochrane et al., 1951).
Dyspnoea in massive fibrosis is chiefly caused by a
deficient "bellows action" of the lungs and is a mechan-
ical effect due to the increased resistance of the lungs
to movement. Only to a lesser extent does impaired gas
transfer play a part although in advanced cases there is
some arterial desaturation and carbon dioxide retention
(Baldwin, Cournand and Richards, 1949; Gilson and Hugh-
Jones, 1954). Reassurance and suitable re-employment are
of primary importance because much of the dyspnoea is
caused by irreversible lung damage. Breathing exercises
are of considefable value, at least psychologically and
if obesity is present as it is in a few cases, weight

reduction must be encouraged in order to reduce the amount
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of work done on exercise. Some special methods of ther-
apy have been tried such as a pneumoperitoneum or an
abdominal binder, but without conclusive evidence of
benefit. This method of treatment was first intro-
duced by Reich (1924) for patients with emphysema and

its effect is to raise the intra-abdominal pressure suffic-
iently to cause elevation of the diaphragm during expir-
ation and yet not to impede its contraction during ins-
piration. Better diavphragmatic excursion is obtained,
the amount of residual air is reduced and the cough mech-
anism improved.

. Bronchial spasm.

Bronchial spesm is common and may aggravate the
dyspnoea. It may come on in attacks like those of asthma
but it is often more resistant to therapy. It is usually
most marked in the mornings and on change of environ-
mental temperature or humidity, consequently, some general
advice should be given in an attempt to prevent attacks.
The mere act of going out of a heated room to the lavat-
ory or upstairs to bed may be sufficient to precipitate
an attack, and the relative freedom from bronchial
spasm which patients experience while in the even
temperature of a2 hospital ward is frequently noted.

It is sometimes worse after a meal and a rest period



67

at this time may be advisable. Usually, but not
invariably, bronchial spagm is associated with sn
exacerbation of a chronic respiratory infection, and
treatment of the infection is in itself often suffic-
ient.

Experience has shown that the adrenergic group
of druge is the most useful for relieving the bronchial
spasm in patients with massive fibrosis. One of the
simplest and most effective methods of treatment is the
inhalation of a spray of adrenaline solution from a
suitable nebuliser. A handspray should be provided
that can be carried in the pocket, to be employed at the
earliest sign of an attack, using the compound
adrenaline and atropine spray (B.P.C.) which is the
cheapest and most-effective substance. If more con-
tinuous administrstion of the drug is required in severe
cases of bronchial spasm, or if the patient cannot use
his hands because of rheumatism or general debility, the
spray may be attached to a cylinder of oxygen or compressed
air. One of the preparations of isopropyl-nor-adrenaline
(isoprenaline sulphate or 'Neo-Epinine') in doses of
10-20 mgm. sublingually three times a day (Robertson,
1949), may be given, if necessary in addition to the

use of the handspray, and although side effects are
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rare, palpitations occasionally occur. Many patients
are symptomatically benefited from broncho-dilator
drugs even when spasm is not clinically apparent.

In a more severe attack, adrenaline may be
given by subcutaneous or intramuscular injection.
The patients can be instructed to injeet this in the
same way as disbetics give themselves insulin, and the
mere fact of heving a potent therapeutic weapon that
they can use early in an attack gives confidence.
Dunlop, Henderson and Inch (1952) have pointed out
that self-administration of adrenaline is not taught
as frequently as it should be. Other drugs that may
be tried sre ephedrine, aminophylline (orslly or
intravenously) or khellin (Kennedy and Stock, 1952).
Cortisone may occasionally be useful, although
Kennedy (195L) hae not found it to be so.
Oxycen. The provision of a cylinder of oxypen and
a suitable mask is much appreciated by many of the
more aisabled men. A few minutes breathing oxygen
at I litres/minute before and after any exertion such
as undressing or bathing is valuable, and a cylinder
by the bedside may save much nocturnal distress.
Oxygen should not be given for prolonged periods of

time particulerly in the presence of a respiratory
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infection, as any hypoxia and carbon dioxide retention
alrecady present become more markéd with the onset of
such an infection. Here, the predominant stimulus to
respiration appears to be the low oxygen tension rather
than the high carbon dioxide tension, and in such cases
therefore, oxygen therapy may, by improving the oxygen
saturation of the arterial blood, depress ventilation
with further retention of carbon dioxide. For.this
reason oxygen therapy should be intermittent and a
close watch kept for carbon dioxide narcosis as stressed
by Donald (1949 and 1953).

Gough.

Cough in pneumoconiosis is probably caused by
chronic irritation, usually as a result of pulmonary
infection, is most troublesome on waking and is often
sufficiently severe to cause vomiting. If it is pro-
ductive, no depressant drug should be given during the
day but if sleep is being lost, syrup of codeine phos-
phate should be prescribed at night. If smoking ag-
gravates the cough it should be discouraged. As a
result of coughing, herniae are common but with modern
anaesthesia, surgical repair can be effected more often

than formerly.
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Expectoration.

The importance of reassuring men about black
sputum and heemoptysis has already been discussed. There
is no known way of stopping either type of expectoration
and in the case of black expectoration many men say that
they feel better afterwards. For this reason, postural
coughing has a place in therapy and considerable relief
mey be obtained by its employment, particularly first
thing in the morning, pre-prandially and before retiring.
Mucoid sputumn is usually tenacious and difficulty in
expectoration is experienced especially in the mornings.
The indiscriminste use of elaborate expectorant mixtures
is of little avail (Dunlop et al., 1952) but the early
morning cup of tea or glass of hot water to which may be
added the simple Mist. Sod. Chlorid. Co. (IN.F.) is bene-
ficial. A superadded respiratory infection renders the
sputum purulent, but frankly maladorous sputum is rare
in patients with massive fibrosis and its presence
should suggest some other underlying disease such as
bronchiectasis or lung abscess.

Pain in the chest.

Men with massive fibrosis may complain of chest
vain of wvarying severity. Much of it almost certainly

originates in the thoracic musculsture as a result of
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coughing, but true pleuritic pain may also occur and
occasionally, severe pain may be caused by & spontaneous
pneumothorax. The possibility that the pain is funct-
ional in nature should be remembered, and this is partic-
ularly so in young men with pneumoconiosis. The musculsr
pain can usually be relieved by the local application of

heat.

Complicetions.,

The two main complications in men with massive
fibrosis are respiratory infections and cardisc failure.
These mey be serious and unless steps are taken to pre-
vent them or to treat them at their onset they may pro-
duce further disability or hasten death.

Pulmonary infection.

Chronic pulmonary infection is common and dur-
ing the winter, acute exacerbations may result in both
loss of working time and increased lung damage. It is
essential therefore that immediate treatment with one of
the modern chemotherapeutic agents should be given during
these acute episodes. During such an attack bed rest is
necessary but should not be prolonged. Experience has

ghown that while the sulphonamides may be of value, the
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most effective substance is systemic penicillin in large
doses, about 2 mega units of combined procaine and crys-
talline penicillin dsily bteing required. Other drugs
such as streptomycin 1 - 2 Gm. daily by injection,
aureomycin and oxytetracycline (terramycin) 2-0 Gm. daily
by mouth may cccasionally be useful. flulder, Goslings,
ven der Plas and Cardoso (1952), have recomnended the use
of penicillin combined with streptomycin, for acute bron-
chitis and, while this is effective, the sputum of all
patients with massive fibrosis should first be examined
for tubercle bacilli lest the drug conceal their pre-
sence. The dangers of blood dyscrazias from chloram-
ohenicol are now realised (Franklin and Garrod, 1953)

and this drug is probably best avoided in these men who
may require repeated courses of chemotherapy. It would
be very desirable if some preparation could be given
prophylactically during the winter months, but so far no
suitable substance has been found. The use of small
doses of one of the sulphonamide drugs given continuous-
ly throughout the winter has been tried, but without
success (Kilpatrick and Oldham, 195L4). Penicillin by
aerosol administration has been tried, but this method

of therapy may aggravate bronchial spasm and is best

avoided. Some consideration must be given to upper
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respirstory trect infections ss they are prone to extend
to the lungs, and any sinus infection should be treated.

Cardisc failure.

Cor pulmonale frequently supervenes in the later
stages of the disease as the massive lesions act as a
vascular obstruction in the lungs as a result of fibrosis
and partial vascular occlusion (Thomes, 19L& and 1851;
Wells, 1954). This obstruction produces pulmonary hyper-
tension (Bloomfield, Leuson, Cournand, Breed snd Richards,
1946) vhich is aggravated by anoxia in the presence of an
acute respiratory infection. The prevention of cardisc
failure is more importent than its therepy, especially by
the adequste treatment of acute respiratory infections as
stressed by Fulton (1953). Should it occur however, the
patient should have an initial period of bed rest, a salt

poor diet, digitsalis should be given in full doses, and a

M
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mercurial diuretic such as mersalyl is often reguired.
Tew patients do not respond well to digitalis while some
are resistant to mersalyl; such patients recuire more
prolonged bed rest together with oxygen therapy end are
often helped by potentiating an injection of mersalyl by
aminophylliné either intravensusly or by rectal supposit-

ory.
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Re-employment.

While many men with massive fibrosis (even those
with cavitation and a negative sputum) can remain in the
nining industry under prescnt regulations, many more must
find alternsative employment. The provision of suitable
work for men partially disabled by pneumoconiosis is one
of the most important aspects of treatment, for nothing
else can prevent the mental and physical deteriocration
that so often accompany enforced idleness. As the dis-
ability in pneumoconiosis is chiefly due to shortness of
breath on exertion, work entailing heavy manual labour is
unsuitable, but otherwise these men sre capable of a wide
variety of occupations. In past years, especially in
South Wales, there was considerable difficulty in finding
alternative work in the mining areas but conditions have
recently improved, although it should be remembered that
inost men with meseive fibrosis are betveen the ages of LO
and @ yesrs when it is less easy to train them for an
entirely new occupation. They can however apply to the
Disableﬂent Resett lement Officer at the local Bmployment
Exchanpe for registration ss disabled persons (Disabled
Persons (Employment) Act (194L) ) when they are assessed

ag to their fitness for employment. Places are often



found for such men in a variety of industries, as em-
nloyers must take a percentage of disabled persons.
Some go to the Remploy factories and others ars re-
ferred to a Ministry of Labour Incdustrial Kehabilit-
ation Centre for aptitude assessment and training.

No precise rules can be laid down regarding re-
employment es all degrees of dissbility are found amongst
men vith massive fibrpsis but some limitations obviously
apply to the more disabled. The journey to and from
work must be carefully considered as many men find this
the most tiring vart of their day, but once at their place
of employment they can usually work satisfactorily. Men
subject to attecks of bronchial spesm should avoid indust-
riesl processes which produce irritating dust or fumes and
those subject to "bronchitis" should probably not be em-
nloyed in teams where their absence would interfere with
a productive process. Outside work is generally unsuit-

able as some exposure to bad weather is inevitable,
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DISCUSSION.

Cavitation in the lungs of coalworkers other than
in progressive massive fibrosis has been described and de-
tails are given in appendices I and II. As  the number of
such cases is small it is not proposed to discuss them
further, and the remainder of this section desls with the
cavitation which oceurs in massive fibrosis.

The nature and pathogenesis of coalworkers' pneu-
moconiosis must first be considered before the cavitation
that occurs in the massive fibrotic form of the disease can

be discuscsed.

The Pathogenesis of Coalworkers' Pneumoconiosis

and Cavitation in Progressive lMassive Fibrosis,

The Two Disease Hypothesis.

Hart and Aslett (1942) considered that what is now
known as simple pneumoconiosis was part of the same process
that is now callea progressive massive fibrosis or complic—-

ated pneumoconiosis. Belt and Ferris (1942) in the same
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report suggested that an additional factor was necessary
for the collagenous fibrosis which they called "silicotic
fibrosis."

Evidence in favour of the two diseasse hypothesis.

It is considered that simple pneumoconiosis is
a pure coal dust effect. The main factor in determining
the occurrence of coalworkers' pneumoconiosis is exposure
to adequate concentrations of airborne coal dust and there
is no evidence that coal dusts vary in their pathogeni-
city (Heppleston, 1951). While experimental animals
readily get silicosis, no animal exposed to coal dust has
vet shown the same reaction to the dust as is seen in man
and this may be used as an argumnent against silica being
the cause of fibrosis in coalworkers' pneumoconiosis in
man. 3imple pneumoconiosis is also found in the lungs of
coaltrimmers in the docks (Gough, 1940) where there is ex-
posure to coal dust only, and not to rock. Classical
silicosis is now very rare in Great Britein and is only
found in men exposed to dust of high silica content, such

as in the gold mines on the Witwatersrand.

Pathological evidence.

a) 3imple pneumoconiosis and massive fibrosis are totally
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different in appearance, both macroscopically and micro-
scopically.

b) Simple pneumoconiosis is diffusely distributed through-
out the lungs whereas massive fibrosis is as a rule local-
ised.

An alternative expnlanztion is possible as far as
the localisation of massive lesions is concerned. Massive
fibrosis might be caused by the coslescence of the foeci of
simple pneumoconiosis, but the histologicel appearances do
not suoport this. Many coalminers are exposed at some time
during their 1life to a certain amount of rock dust and there
could be a preferential deposition of silica in certain parts
of the lung, and, as in classical silicosis, cause colla-
genous necrosis whereas the less pathogenic coal dust could
be more-diffusely distributed. It is difficult, however,
to see how this could happen. The most usual site of the
development of massive fibrosis is also the site in the
lung where simple pneumoconiosis is most apparent radio-
lorically and where the concentration of dust is most
marked pathologically. This might suggest that a certain
critical concentration of dust could initiate collagenous
necrosis which, when once started, would attrasct dust to
itself producing a vicious circle. Against this, is the

evidence of Davies et al., (1949) that the attack rate
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and progression rate of massive fibrosis is uninfluenced

by dust exposure.

Radiological evidence.

a) Simple pneumoconiosis only progresses radiologically
under conditions of continued dust exposure, (Dsvies et
al., 1951; Cochrane et al., 1951).

b) The attack rate and progression rate of messive fi-

-

brosis is uninfluenced by dust exposure. (Davies et al.,

On coneideration of the evidence given above it
can be concluded that some agent other than dust (or eny
component of the dust) is required to initiate progressive

massive fibrosis.

The Tuberculoeis Hypothesis of Progressive

liassive Fibrosis.

It has frequently been suggested that progressive
massive fibrosis is a modified form of tuberculosis (Belt
and Ferris, 19u2; Gough, 1947) and the evidence in favour

of this must be examined.



Clapier, as long ago as 1763 aspparently believed
that coal dust in some way modified pulmonary tuberculosis;
he advised his phthisical patients in Alais to spend some
tine living underground in a coal mine claiming that they
would obtain considerable benefit from this method of
treatment.

If the cause of propgressive massive fibrosis is
tuberculosis, it may be supposed that either:-

a) the tubercle bacilli were inhaled before, or with the
dust, or alternatively, that a tuberculous focus was al-
ready present in the lungs, and that the dust laden phago-
cytes, together with the tubercle bacilli form a nucleus
of massive fibrosis.

or _

b) that the process is originally non-tuberculous (by a
mechanism as yet unknown) and that a superimposed tuber-
culous infection occurs, either endogenously from a lstent

lung focus, or exogenously.

l. Clinical evidence.

There is little clinical evidence to support the
tuberculosis hypothesis of progressive massive fibrosis.
Petients rarely have toxaemia and the physical signs

differ 1little from those of chronic bronchitis.
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The llantoux test: The evidence here is inconclusive, but

so far, no case of progressive massive fibrosis in this
country has been found with a negative lMantoux test, where-
as men with simple pneumoconiosis may be Mantoux negative.
As, however, the cases of progressive massive fibrosis
examined are nesrly always in the higher age groups this is

not surprising.

The erythrocyte sedimentation rate: Stewart et al., (1948)

found that the erythrocyte sedimentation rate was usually
elevated during the phase of active progression of massive
fibrosis. This is in keeping with an infective process
but the freguent respiratory infections to which these
patients are prone may in themselves produce an elevated

sedimentation rate.

2) Pathological evidence.

Belt and Ferris (1942) wrote (p. 212), "Pulmonery
tuberculosis as seen in the collier's lung shows several
moGifications not seen in ordinary phthisis. The resction
tends to be more fibrous, more chronic-looking and more
widespread. At the same time, it is less cellular, less
caseous and seldom show: giant cell systems. There is a
curious tendency to develop widespread fibro-caseous nodules,

apperently localising in foeci of dust-reticulation, or large,
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sharply defined dense confluent areas of fibro-caseous
reaction not commonly encountered in ordinsry phthisis....
50 prominent is the dust content, and so inconspicuous

are the conventional histological festures of tubercul-
osis, that it is not surprising that these lesions are
sometimes mistaken for a pure dust effect and their
tuberculous element overlooked."  Later, (p. 2129), "..we
came to wonder whether tuberculous infection might be
playing an unsuspected rgle, acting under cover of the

dust, so to speak, perhaps in a greater proportion of

3]

cages than have hitherto been identified clinically."

¢

It seems possible that there is a continuous
spectrum of histological appearances from overt tuber-
culosis, slipghtly modified by the presence of the
accompanying dust, to extreme cases of progressive
nassive fibrosis with no charascteristic appearances of
tuberculosis. Deteils of the histological findings in
massive fibrosic have already been given (page 18 ).

The most thorough pathologicel investigation
of the tuberculosis hypothesis is thet of James (1954).
In a series of 1,000 South ales coslworkers who came
to autopsy in fhe Department of Pathology of the "elsh
MNational School of ledicine between 1947 and 1950, James

found massive lesions in LS54 men and from LOY of these
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cases tubercle bacilli were isolated by culture, or
puinea pig inoculation. In the remaininpg 60%, the massive
lesions showed no histological or bacteriologrical evidence
of tuberculosis but such ceses may well represent healed
lesions, since the general pathological features of all
massive lesions are similsar irrespective of the presence
or absence of tubercle bacilli. This view is supported by
ames's observation that tubercle bacilli were present in
88t of massive lesions from coalworkers under LO years of
age but ir only 29% of massive lesions occurring in coal-
workers of 60 years of age or over. These findings
should be interpreted with some caution as some "“selection'
st ocecur in post-mortem material, particularly when the
question of compensation arises, and the number of men in
James's series who had a positive sputum in life is un-
known.

The pathological features of massive fibrosis in
coalworkers sugpest that the infective process has been re-~
tarded in its rate of progrese, and Manmn's (1951) radio-
lopical findings accord with this view (page 86 ). A
tuberculous infection could readily account for the oblit-
erative arterial chances seen in masgive fibrosis, since
comparable vascular effects are caused by fibro-caseous

tuberculosis unassociated with industrial dust exposure
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(see page 18 ) and it seems probable that the vascular
lesions are the result, and not the cause of the fibrosis.

It avpears that massive fibrosis in coalworkers
may progress either because active infection continues,
or because partial vascular stenosis, left by an infect-
ion which has been overcome, leads to a replacement fi-
brosis. Vascular occlusion is also regarded as a fac-
tor in the progression of silicotic massive fibrosis
(Policard, Croizier and Martin, 1939). Complete oblit-
erotion of larger arteries is probably responsible for the
patches of colliguative necrosis frequently seen in massive
lesions.

It could also be argued that some vprocess other
than tuberculous infection initiated the massive fibrosis
and that subsequently there occurred a re-infection
rather than a recrudescence of tuberculosis. This is
difficult, however to reconcile with the pathological
findings of caseous areas within the ischaemic fibrous
masses. The experimental evidence is against & non-
tuberculous respiratory infection being the initiating
factor in silicotic massive fibrosis (Gardner, 1937 and
1038; Vorwald, Delshant and Dworski, 19L0), and several
cases have been observed in the ward who have had re-

peated respiratory infections with radiological opacit-



85

ies suggestive of pneumonia, who have not subsequently
developed massive lesions in the affected areas. Sim-
ilar conclusions were arrived at by Nadiras, Michot,
Delesvaux, Batique and Pennel (1950) from a study of 34
cases of acute respiratory infections, other than tuber-

culous, in men with silicosis.

3) Bacteriological evidence.

The frequenéy with which the sputum in cases of
progressive massive fibrosis is positive for tubercle
bacilli has been discussed on page 51 . It is possible
that the very fibrous nature of the lesions in massive
fibrosis imprisons tubercle bacilli during life, and
makes their isclation at autopsy difficult. This
imprisonment of bacilli is further suggested by the
infrequency of haematogenous dissemination of the disease,
but Jones (1938) cites one case of a miner with silicosis
and pulmonary tuberculosis who died as a result of miliary
dissemination of tuberculosis.

On the other hand, with the advent of cavitation
it might be expected that all cases would give a positive
finding, but the cases studied in this investigation show
that this is not so as only 25% of cavitated messive les-

ions had a sputum positive for tubercle bacilli. These
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findings might sugpest that massive fibrosis may be non-
tuberculous initially and subsequently invaded by the

tubercle bacilli to produce a rapidly fatal infection.

L). Radiological evidence.

There is radiological evidence that coal dust may
modify pulmonary tuberculous lesions. Mann (1951) showed
that radiographic shadows of tuberculosis could usually be
distinguished from those of simple pneumoconiosis and pro-
srressive massive fibrosis and that the shadows of tuberculosis
in miners with pneumoconiosis were less progressive than in
non-miners. Furthermore, he demonstrated that the pre-
valence of tuberculous lesions was high in a2 mining pop-
ulation. This increased prevalence could be accounted
for by an increased attack rate with diminished progression
and mortality rates. Alternatively it could be due to
healed tuberculous lesions being more radio-opaque by vir-
tue of the dust fibrosis, whereas in non-miners the lesions
could heal leaving less radiological scarring.

Mann also demonstrated that there was an increased
attack rate of tuberculosis (relative to non-miners) in men
with categories 1 and 2 simple pneumoconiosis, but a fall
in category 3. Associated with this fall there was a

sudden rise in the attack rate of massive fibrosis in



category 3 simple pneumoconiosis which mey be interpreted
s representing the chenpge of tuberculosis to messive fi-
brosis in high radiologicel categories.

The conclusion thet tubcrculosgis is modified by
the presence of simple pneumoconiocsis can be deduced from
the foregoing evidence but that massive fibroceis is itsell
a further modificeétion of tuberculosis is suggested but

remaing unproven.

5. Epidemiclogical evidence.

Cochrane (1¢53) compared the tuberculosiz mortal-
ity rate in two communities, the Rhondda Fach and Thite-
haven. The economic circumstences were similar in both
areas, esnd the female mortality rates were almost ident-
ical but the male mortality rates showed a fall in the
older age groups in the Rhondda Fach. If the mortality
rote from pneumoconiosis however, nearly all of which is
attributable to massive fibrosis, is added to the tuber-
culosis mortality rate in the Rhondda Fech, the curve
approximates feirly closely to the Whitehaven curve. This
may be interpreted as meaning thsi a number of men in the
Rhondda Fech who would have died of tuberculosis, are, in
the presence of pneumoconiosis, dying as a result of mas-

Sive fibrosis.
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Cochrane et al., (1952) are at present attemot-
ing further epidemiological studies by discovering and
isolating as many open csses of tuberculosis in a defined
mining community as possible, serizlly Mantoux testing
children (Jarman, 1953), and observing whether the attack
rate of massive fibrosis in coal miners is reduced in com-
parison with a neighbouring areca. In this way the import-
ance of exogenous infection in the aetiology of progressive

messive fibrosis is being investigsted.

In conclusion there is evidence that progressive
massive fibrosis is at the outset a modified form of
tuberculosis but 1t must be re-iterated that this is sliill
2 hypothesis end it is as yet unproven.

That all cases of progressive massive fibrosis
coming to autopsy have neither positive bacteriological
nor pathological findings of tuberculosis need not
invelidate the hypothesis for the following reasons.

The active tuberculous process may heal as the massive
fibrosis progresses, only the scar remaining. That cases
with a persistently negative sputum can continue to
progress radioclogically till death could be explained

on the histological evidence of partial vesculor

oecclusion resulting in a replacement fibrosis. The
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bacilli may be present in sSuch small numbers as t0 render
isolation difficult with known techniaues.

It is still unexplained vwhy men with ororressive
massive fibrosis sssociated with cavitation and a positive
sputum, deteriorate Papidly; excent that desth ususlly
occurs in the age proup WO - 60 years when there is, in the

normal population, an incressed male mortality rate from

tuberculosis.

Cavitation in Procresazive llcagive FPibraosis.

Several theories have been suggested as to the
pathogenesis of the cavitstion that occurs in massive
lezions in dust disease but it should be remembered that
imany of the earlier authors were concerned with classicel
gilicosis as well as with what is now known as coalvorkers'

pneumoconiosis while many of the others wrote from sanat-

(0}
o

cria describing sputum positiv SEES .
Some authors considered that tuberculosis was
p082ibly, or certainly the fundamental cause of massive
fibrosis and its cavitetions. Ribbert (1906) and Bohme
(1025) considered that this was so; Amor and Evans (123L4)

wrote, "when skisgrams (in silicosis) show definite evid-

ence of cavitation, superimposed tuberculosis is invari-



ably present."  Jones (1938) reported 13 cases of
silicosis with cavitation, 12 of whom had a sputum pos-
itive for tubercle bacilli, Belt and Ferris (1942) consid-
ered tuberculosis as a likely cause (page 81), Fourestier
and Mariette (1948) considered that cavitstion wes indic-
ative of a superimposed tuberculous infection and Steiger
(1951) is in agreement but stresses the necessity of iso-
lating the tubercle bacilli.

Other authors have suggested that tuberculosis
plays no part. Seltmann (1867) described the cavitation
as being caused by "mortification of lung tissue" as a
result of tissue devitalisation surrounding the mass, while
licCloskey (19L43) reported one case that came to autopsy in
whom no evidence of tuberculosis was found, but in whom a
vascular endarteritis was apparent.

Others have suggested that there may be both
tuberculous and non-tuberculous types of cavitation.

Proust (1874 and 1876) described coal nodules giving rise

to cavitaetion and stressed the fact that it is not necess-
arily a tuberculous process. Badham and Taylor (1936 and
1639) describing post-mortem material came to the conclusion
that massive fibrosis could cavitate and that the resultant
cavitation could be either tuberculous or non-tuberculous.

Taylor and Alexsnder (1938), Gardner (1938 and 1939),
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Auerbach and Stemmerman (194L), Schinz and Egpenschwyler
(1e47), Lee (1948), Theodos and Gordon (1651 and 1952),
Heppleston (1951), Van Mechelen (1951) and Gernez-Rieux,
Balgairkes, Bonte and Delwaulle (1952) are in agreement
that both tuberculous and non-tuberculous types of cavit-
ation can occur in massive fibrotic lesions.

It has also been suggested that a secondary
pyogenic or fungal infection may be the cause of cavit-
ation in some instsnces, (Seltmann, 1867; Cummins and
Sladden, 1930; Ornstein and Ulmar, 1936; Badham and
Teylor, 1939) but no evidence has been produced in support
of this theory.

Some investigators hsve paild particular attention
to vascular changes in the lungs near areas of cavit-
ation (Seltmenn, 1867; Geever, 1947) and in this respect
it is interesting to note that pulmonary cavitation has
been described in polyarteritis nodosa by Sweeney and
Baggenstoss (1949) and Sandler, Matthews and Bornstein
(1950 ), who sugeest that the cavitation has been caused by
arterial obstruction producing local areas of infarction

and subsequent necrosis.

It seems probable that any massive lesion may
cavitate but that several factors may play & part. “he

liquefaction found in the centre of meny massive lesions
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is probably due to ischaemic necrosis and cavitation
inevitably occurs when this softened zone communicates
with a bronchus. This may occur spontsneously when
gradual extension of necrosis reasches a bronchus or it may
be accelerated by an acute respiratory infection in the
region of the bronchus concerned. An interesting feature
of the sputum negative cases is the absence of secondary
infection of the cavity itself, and this allows most
patients to continue enjoying fairly good general health
for years after cavitation, has occurred. It is difficult
to see why these cavities should differ in respect of
their liability to secondary pyogenic infections from
cavities such as occur in neoplasm, bronchiectasis and
cystic lungs (but see case 91). The repested and pro-
longed expectoration of large amounts of black sputum is
8 remarkable feature and Marshall (183L) noted that one
of his patients expectorated "as much as two English
pints in 24 hours." The matter congists of accumu-
lated bronchial secretion mixed with coal dust and
cellular debris. It can readily be demonstrated that

a very small quantity of carbon (even 1 ml. of Indian
ink) is sufficient to give half a pint of sputum a Jet
black appearance.

If the contention is accepted that progressgive
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massive fibrosis is at the outset a modified form of
tuberculosis, it must be concluded that in a majority of
cases the infection dies out leaving a scaer which may in-
crease in extent following partial vascular occlusion.

In the remainder, viable tubercle bacilli must persist
within the mass and for some reason resume multiplication
after prolonged quiesence, eventually leading to cavit-
ation and to a fatal outcome, in most cases within two

years, despite anti-tuberculous therapy.

Conclusions.

The prevention of massive fibrosis is of primary
importance if the disasbility and mortality rate from dust
disease are to be reduced. There are three measures
that should be taken to achieve this end.

Firstly, dust suppression in the coal mines must
be enforced to reduce dust concentrations to levels in
which men can work for long periods of time without devel-
oping simple pneumoconiosis.

Secondly, coal workers should have periodic
radiological examinations as recommended by Cochrane et

al., (1951) for this procedure provides the only ultimate
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test of efficient dust suppression. Men with early
pneunoconiosis (category 1) would be detected and could

be advised to work in less dusty places, so that category
2 simple pneumoconiosis with its attendant risk of massive
fibrosis would not develop.

Thirdly, because tuberculosis is considered to
be the fundamental cause of massive fibrosis, tubercul-
ogis infection should be strietly controlled in commun-
ities where simple pneumoconiosis is prevalent.

Even if the tuberculosis hypothesis is event-
ually proved not to be true, these three measures are

still lsudable projects in their own right.
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SUMMARY .

An historical review is given of pulmonary cavit-
ation occurring in coalvorkers, with special ref-
erence to the observations of the nineteenth century
Scottish physicians.

Pulmonary cavitation may occur in association with
simple pneumoconiosis. Eight such cases admitted
to the Pneumoconiosis Research Unit ward between
1946 and 1952 are described. The differentisl diag-
nosis is discussed and the manasgement and treatment
are considered.

Cavitation was discovered in 10L4 patients with pro-
gressive massive fibrosis admitted to the ward be-
tween the same dates. Of these 10L cases, 26

had tubercle bacilli in the sputum during life and
78 did not, although bacilli were cultured from the
lungs of one of them at autopsy. Difficulty in
classificetion may arise from the finding of non-
pathogenic acid-fast bacilli in the sputum and the
importance of animal inoculation is stressed.

Fever, loss of weight, toxaemia and an elevated
erythrocyte sedimentation rate are not reliable
cuides to the differentiation between sputum positive

and negative cases of cavitated progressive massive



n

=J
——

96

fibrosis because the freouent non-tuberculous res-
piratory infections in patients with propressive
massive fibrosis may affect these clinical findings.
The prognosis for patients in the sputum positive
group of cavitated progressive massive fibrosis is
poor, few surviving for more than two yeers after the
appearance of tubercle bacilli in the sputum. In the
absence of a positive sputum the prognosis for pat-
ients with cavitated progressive massive fibrosis is
no worse than for non-cavitated progressive massive
fibrosis.

Treatment is unsatisfactory but the sputum positive
cases should be given anti-tuberculous drugs for the
symptomatic benefit which they frequently confer. 1In
sputum negative cases cavitation is of 1little clinical
sipnificance and such cases only regquire reassurance
and possibly symptomatic treatment.

The nature and nathogenesis of coalworkers' pneumo-
coniosis sre discussed. It is considered that simple
pneumoconiosis is a pure coal dust effect. Progressive
massive fibrosis occurs in lungs which already contain
a certain amount of coal dust znd is probably the re-
sult of some additional factor. There is evidence

that this factor is tuberculous infection but the
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hypothesis remains unproven. Cavitation often
oceurs in massive fibrosis and it appesrs to be
due to two basic processes, tuberculosis or

ischaemic necrosis, acting alone or in combination.

v
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APPENDIX I.

summary of Cases.

In this appendix the essential details are

given of all the ward cases studied. They are pres-

ented in summarised form, and inevitably contractions

are used; these are explained below.

c)e

d)a

Notes.

Each case is numbered and not named: these
numbers are used throughout the text and the
appendix of illustrative cases.

The cases marked.have been seen personally.
There are L9 in all.

The year of birth only is given.

The number or capital letter denotes the Pneumo-
coniosis Research Unit radiological category.
Letters are also used to denote the situation
of cavities, e.g. R.U.L. Right Upper Lobe,
L,L.L. Left Lower Lobe.



i e

The month and year of discovery of cavitation

are given e.g. 6/47; this denotes that the cavity
was first noted in June 19L7. The date of death
is similarly given.

In sputum positive patients the date of the first
positive sputum is given likewise, and the method,
or methods by which the sputum was exanined sre
stated. In the case of sputum negative vpatients
the number of times- that the soutum wss examined
by direct smear (s), culture (c¢) and guinea pig
inoculation (g.p.) is given. The occurrence of
haemoptysis (H) and bleck sputum (B.S.) is shown.
Post-mortem (P,ll.) findings are given where avail-
able and 'P.I.F. with tuberculosis' denotes pro-
gressive massive fibrosis with either histological
or bacteriological confirmation of tuberculous

disease.
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1. Cases with cavitation in progressive massive

fibrosis with a2 sputum positive for

tubercle bacilli.

Cases 1 - 26.
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2. Cases with cavitation in progressive massive

fibrosis with a soutum negative for

tubercle bacilli.

Cases 27 - 104.
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3. Cases with cavitation in coalworkers' pneumoconiosis

other than in association with progressive massive

fibrosis.

Cases 105 - 11l2.
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APPENDIX

e

Illustrative Cases.

Cavitation in progressive massive fibrosis

with

a sputum positive for tubercle bacilli.

Case No.

Case No. 25.

S.

Cavitation in progressive

e 157 <
P« 1614

massive fibrosis with

a sputum negative for tubercle bacilli.

Case No.
Case No.
Case Noe.
Case No.
l Case No.
Case No.
Case No.

Case No.

D.

D.

-

16L.
167.
173
175.
7 2
179.
188.
1e2,



156

2). Cavitation in progressive massive fibrosis with

a _sputum negative for tubercle bacilli. (Cont'd).

Cese No. 81. p.1l96.

Case No. 91. p.l199.

Z ¥ Cavitetion in coalworkers' pneumoconiosis other

than in asgociation with progrescive massive

Case No. 106. p.20L.
Case No. 107. p. 206.
Case No. 108. p. 28.
Case No. 110. p.2l4.
Case No. 112. p. 218.
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Case No. 9. Date of Birth: 1912.

This man worked underground in house and steam
coal pits for 20 years mostly at the coal face but left
the pits when he was 3L years of age because of dyspnoea
on exertion and fatigue. He was first seen in 1948 when
he was 36 years of age and a chest radiograph (fig. 8) re-
vealed moderately advanced massive fibrosis without cavit-
ation, the sputum was negative for tubercle bacilli on
direct examination and on culture at this time. In 1950
the cough and sputum increased, he was more dyspnoeic and
further radiography revealed that cavitation had occurred
in the mass in the right lung (fig. 9). The sputum was
positive for tubercle bacilli on direct examination, cul-
ture and guinea pig inoculation.

During treatment by bed rest and a course of
streptomycin and para-amino salicylic acid, the cough
became less troublesome, the sputum negative and less in
quantity, the temperature normal and the erythrocyte sed-
imentation rate lower. A month after the cessation of
chemotherapy, however, fever returned with & worsening
of symptoms and the sputun again became positive. The
general condition improved after e further course of

streptomycin and para-smino salicylic acid but the
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sputum remained positive. Death occecurred 2 years

and 2 months after tubercle bacilli were first
isolated illustrating the rapid deterioration of
patients with massive fibrosis and a positive sputum,

which is commonly even more rapid than in this case.



Figure 8.

Case No, 9. Radiograph in 1948 showing bilateral massive

fibrosis without cavitation.






Figure 9,

Case Noa. 9. Bilateral massive fibrosis with cavitation

in the upper part of the right lung. The sputum was

positive for tubercle bacilli.
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Case No. 25. Date of Birth: 1c02.

This man worked underground for 25 years,
almost exclusively on hard-heading work (rock work) but
left the pits in 1910 when he was 38 years of age be-
cause of shortness of breath. He had pleurisy in 1945
and radiography in 19L6 reveeled extensive magsive fi-

e

brogis with cavitation. His general condition began to
deteriorate, the erythrocyte sedimentation rate was 21, the
sputum was positive for tubercle bacilli and in 1947 by
which time his general condition had worsened further,
radiography demonstrated that the cavitation had become
much more extensive (figs. 10 and 11). He died in that
vear following a sudden severe haemoptysis. This is a
further example of the rapid deterioration so typical of
patients with massive fibrosis and a positive sputum.

o anti-tuberculous chemotherapy was available at the

time.



Figure 10.

Case No. 25. Radiograph in 1947 showing extensive
shadows of massive fibrosis in both lungs and a large
cavity with a fluid level in the right lung. The

sputum was positive for tubercle bascilli.
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Figure 11.

Case No. 25. Lateral radiograph showing that the

cavity lies posteriorly.
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Case lNo. 27. Date of Birth: 1905.

This man worked at the coal face of an anthra-
clte colliery for 25 years. He was sdmitted to hospnital
in 1¢L9 at the age of L6 for treatment of an attack of
"brounchitis" associated with black sputum and a radio-
graph taken at that time (fig. 12) showed a large cavity
in the right lung. It was noted in a radiograph teken
2 years later (fig. 13) that the cavity had "refilled".
In October 1951 he was re-admitted to hospital with a
further respiretory infection associated with copious
black sputum and it was found that the cavity had
emptied once more. A total of 28 specimens of sputum
were negative on direct smear and 20 were negetive on
culture for tubercle bacilli. This case illustrates
the way in which a cavity may empty end refill from
time to time also that the resultant cavitation usually

haes the same shape as the pre-existing mass.



Figure 12.

Case No. 27.

Massive fibrosis with bilateral cavities

and fluid levels. The region of extreme translucency

in the upper part of the left lung is the site of bullous

emphysema . The sputum was negative for tubercle bacilli.
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Figure 13.

Case lNo. 27. The cavity in the right lung has completely

refilleds The appearances of the left lung are unchanged.
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Case No. 29. Date of Birth: 1907.

This man spent 19 years undercround at the
coal face. He elected to leave the pits in 1940 and
worked thereafter in a factory. He first noticed
dyspnoea on exertion in 1942 and expectorated black
material in 1948 without any associated general symp-
toms. Between 1948 and the present time he has had
repeated episodes of black expectoration, sometimes
associated with haemoptysis, but hes very 1little cough
and is only slightly more breathless than he was in
19L2, The erythrocyte sedimentation rete has varied
between 20 and 60 mm./hour and the sputum has been
repeatedly negative for tubercle bacilli.

Fig. 1 shows the radi;graph taken in 1950
when he was U3 years of age revealing cavitated massive
fibrosie in the right lung and a homogeneous opacity in
the left lung. In the interval between the taking of
this radiograph and the one in 1951 (figs. 15 end 16)

a large quaentity of black sputum was expectorated;
this second radiograph shows a very thin-walled cavity

in the left lung.



Figure 14.

Case No. 29, Bilateral massive fibrosis with a cavity

and a fluid level in the right lung.






Figure 15.

Case Noa. 29. Showing cavitation and fluid levels in

both lungs.
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Figure 16.

Case No. 29. Lateral radiograph showing situation of cavity.
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Case No. 36. Date of Birth: 1889.

This man worked at the coal face in steam
coal pits for 39 years. From 1240 he complained of
increasing breathlessness on exertion, was certified
as suffering from dust disease in 1942 and, under the
regulations existing at that time, had to leave the
mining industry. In 1946 he expectorated a large
quantity of black sputum and radiograohvconfirmed the
presence of cavitated massive fibrosis in the
right lung. Following this first episode, he expec-
torated black sputum at intervals, but on no occasion
did he have any marked general symptoms although
bronchial spasm became increasingly troublesome.

The cavities in the masses emptied and re-
filled from time to time as shown in figs. 17, 18 and
19. The erythrocyte sedimentation rate was generally
elevated and the sputum persistently negative for
tubercle bacilli. This man died in 1950 as a result
of a strangulated hernia and a post-mortem examination
confirmed the presence of extensive bilateral cavit-
ated massive fibrosis with neither histological nor

bacteriological evidence of tuberculosis.



Fipgure 17.

Case No. 36. Radiograph in 1947 showing bilateral

massive fibrosis with cavitation in the left lung.
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Figure 18.

Case No. 36. Radiograph in 1948 showing extensive

bilateral massive fibrosis without evidence of cevitation.
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Figure 19,

Case No. 36. Radiograph in 1949 showing cavitated

massive fibrosis with a fluid level in the right lung.
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Case Io. 50. Date of Birth: 1893.

This man spent 33 years underpround in a steam
coal pit, 10 years on the coal fece and the remainder as
a fireman. He noticed shortness of breath on exertion
in 1939 when he was L6 yesrs of age, applied to the, then,
8ilicosis Board, was certified as suffering from dust dis-
ease and had to leave the mining industry but found suit-
able work in a fasctory. He first noticed black sputum
in 1940, the dyspnoeca became craduslly more marked and
he had a severe acute respiratory infection in 1949 since
vhich time he has been much more disabled. In Januvary
1952 he had an episode of black expectoration ascsociated
with "bronchitis'", but recovered sufficiently to be able
to play a daily game of bowls. He noticed hoarseness
in his wvoice in January 1952 and when seen ten months
later it was confirmed by laryngoscopy that there was a
left-sided laryngeal palsy, presumably as & result of
pressure from, or distortion caused by, the masses near
the left recurrent laryngeal nerve. Examination of the
sputum has been repeatedly negative for tubercle bacilli.
The radiograph taken in 1952 when he compleéined of

hoarseness is shown in fig. 20.



Plgure 20.

Case No. 50. Radiograph in 1952 showing extensive

bilateral massive fibrosis and emphysema. There is a

cavity with a fluid level in the left lung.
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Case No. 55. Date of Birth: 1911.

This case illustrates an uncommon finding.
He was first examined in 1948 when he was 37 years of
age as he had noticed that his sputum was black and
that he was dyspnoeic on exertion. He had worked for
16 years at the coal face in an anthracite colliery
and was certified as having dust disease by the Sili-
cosis Board in 1942. Cavitation was visible in the
postero-anterior film and tomography revealed an un-
usual appearance in the left lung (fig. 21), which was
presumably a sequestrum of necrotic materiasl lying
within a cavity.- The erythrocyte sedimentation rate
has varied between 10-20 mm./hour. The patient re-
mains well although unemployed. The sputum has been
repeatedly negative for tubercle bacilli, and subsequent
radiography has shown that the cavity has completely

refilled.



Pigure 21.

Case No. 55. Tomography showing an unusual appearance

of sequestrum formation inside a cavity. The sputum was

negative for tubercle bacilli.
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Case No. 58. Date of Birth: 1¢05.

This man spent 23 years underground in a steam
coal pit and following certificetion for dust disease in
194k, when he was 38 yesrs of age, he sterted work in a
factory. Fig. 22 shows the radiograph at that time.
There is no obvious cavitation in the bilasteral massive
fibrosis. In 1947 he began to expectorste considerable
guantities of Dblack sputum and three months later a
radiograph showed that the large mass in the right lung
had completely cavitated (fig. 23). He was admitted to
hospital vwhen the sputum was examined and found to be
negative for tubercle bacilli. Three weeks after ad-
mission he complained of chest pain, developed fever
and had an haemoptysis. Treatment with penicillin a2nd
sulphonamide resulted in a fall in temperature and an
improvement in the general condition. The erythrocyte
sedimentation rate fell from 70 mm./hour on adnission to
30 mm./hour on discharge,

A film taken in 1940 (fig. 24) showed that the
cavity had apparently completely closed and this was
confirmed by tomography. Cevity closure is a rare
occurrence in massive fibrosis but the few patients who

have exhibited this phenomenon hive generally felt better
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following its occurrence although black sputum mey
continue to be expectorated from other cavities.

In 1949 he was re-adnitted to the ward with
a febrile illness associated with an irritating cough,
black sputum and pain in the right side of the chest,
the erythrocyte sedimentation rate was 110 mm./hour,
pleural friction was present on the right side and fig.
25 shows a radiological appearance suggesting that a
new massive Tibrotic lesion had formed where none had
been previously. As a result of penicillin therapy
the tempercture subsided, the general condition im-
proved and a month later(fig. 26)the radiological
opacity hed partially cleared leaving a small res-
idual cavity seen in the tomogram (fip. 27). 1In view
of the rapid appesrance and disappearance of this
shadow it is considered that it represented a pneu-
monic consolidstion which subsequently broke down and
which waz not massive fibrosis. He made a good re-
covery and since then, apart from s few small haemop-
tyses, has remained well end is working in a Remploy
factory. The sputum has been repeatedly negative for
tubercle bacilli and the present appearances of the

lungs are shown in fig. 28.



Figure 22.

Case No. 58. Bilateral mascive fibrosis without obvious

cavitation (19hy).






Case No. 58. Radiograph 3 years later (1947) showing

cavitation in the right lung.
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Figure 2L.

Case No. 58. Radiograph in May 1948 showing almost

complete closure of the large cavity seen in the previous film.
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Pigure 25.

Case No. 58. Radiograph in February 1949 revealing a

o

new opacity in the right lung at first sugeestive of a

(Y

masaive lesion.
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Figure 26.

Case No. 58. Rediogreph teken in Msrch 1549 showing

cavitation in this fresh opacity.






Pigure 27.

Case No. 58. Tomogram in May 1949 showing reduction
in the size of the persisting cavity. Cavitation of

the massive fibrosis in the left lung is now apperent.






Figure 28.

Case No. 58. Radiograph taken in 1952 showing present

state of the lungs.
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Case No. 73. Date of Birth: 1906.

This man worked for 21 years at the coal face
of a very dusty steam coal pit. He first noticed
breathlessness on exertion and fatigue in 12941 when he
was 35 years of age, applied to the Silicosis Board,
was certified as having dust disease and left under-
ground work. At thet time radiography showed that he
had simple pneumoconiosis with diffuse early massive fi-
brosis. He began to expectorate black sputum from time
to time and was first seen at the Pneumoconiosis Research
Unit in 1946 when it was found that moderately extensive
massive fibrosis wses present. In 19L& he had an acute
respirstory illness associated with copious black sputum
and cavitation was confirmed radiologically in the left
lung. In 1949 following an haemoptysis, a radiograph
showed no obvious cavitation in the left lung but tomo-
praphy revealed what looked 1like a sequestrum lying within
the cavity. The man's general condition improved consid-
erably and he was able to undertske light gardening work.
Exanination of the sputum on direct smear, culture and
animel inoculation at that time failed to reveal acid-

fast bacilli.



In 1951 following a further episode of bhlack
expectoration, cavitation of the mass in the right
lung was discovered. On examination of the sputum,
acid-fast becilli were found on direct smear but these
bacilli were not morphologically typical of tubercle
becilli, no growth was found on culture and animal
inoculstion was negative. Because of the finding of
acid-fast bacilli, and before the culture results vere
known, it was decided to give a course of streptomycin
and pera-amino salicylic acid. This was continued
for 3 months but acid-fest becilli continued to appear
in the sputum and both culture and animal inoculation
tests were agein negative. Vo merked change occurred
in the man's general condition and the erythroecyte
sedimentation rate remained at over 50 mm./hour and
was frequently as high as 115 mm./hour. Iater in
1¢52, he had a respiratory infection, again with
black expectoration, noticed swelling of the ankles
and electrocardiography gave evidence of right ven-
triculer hypertrophy. Non-pathogenic acid-fast
becilli persisted in the sputum. He responded fairly
vell to penicillin therapy and digoxin, the radio-
graph teken in 1952 being shown in fig. 29.

This is an example of a relatively young man



who has extensive massive fibrosis with frequent
episodes of black expectoration in whom non-patho-

genlc acid-fast bacilli have been found on repeated

occasions.



Figure 29.

Case No. 73. Raediograph taken in 1952 showing extensive

bilateral massive fibrosis with cavitation in the right lung.
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Case No. 76. Date of Birth: 1210.

At the age of 1L this man went underground
in steam coal pits where he worked for a total of 18
years at the cosl face and on the conveyors but he
left the pits because of nystagmus. Massive fi-
bresis with cavitation wes discovered when he was
admitted to the ward in 1948 at the ege of 38, (figs.
%0 end 31). In 1950 a routine radiograph taken else-
where led to his being referred to a chest clinic when
he was advised to give up his Jjob and rest at home be-
cause he was presumed to be suffering from cpen pul-
monary tuberculosis. At this time he was feeling
well and repeated examination of the sputum failed to
reveal tubercle bacilli. This is an example of a
man who suffered loss of employment owing to a mis-
understanding of the significance of cavitation in mes-
sive fibrosis. He remains well at the present time,
the sputuin is persistently negative for tubercle bacilli

and a radiograph taken in 1952 is shown in fig. 32.



Fipure 30.

Case No. 76. Radiograph taken in 1948 showing

bilateral massive fibrosis. In the mass in the upper

part of the right lung cavitation is sugpgested but is

not obvious.






Pigure . 51.

Case No. 76. Tomography confirms the presence of
cavitation; +the cavity wall is thick and irregular.
The existence of cavitation was an incidental finding
at this time and repeated examinationsof the sputa have

been negative for tubercle bacilli.






Figure 32.

Case No. 76. Radiograph taken in 1952 suggests that

cavity closure has occcurred and this was confirmed by tomography.
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Case No. 81. Date of Birth: 1893.

This man was 5L years of ape when seen in
the ward in 1947 (fir. 33). He had worked for 30 yesrs
in a steam coal colliery, mostly at the coal face,
but had spent 2 years drilling rock. Extensive bilateral
cavitated massive fibrosis was first discovered in 1946
but there was no history of black sputum to indicate when
it had occurred. He is still eble to lead a quiet 1life
and the cavities have remained more or less the same
although they have emptied and refilled from time to time.
Between 1946 and 1949 he had very little systeunic upset but
since that time his general condition has slowly deterior-
ated and dyspnoea has increased. The erybthrocyte sedi-
mentation rate is usually above 50 mm./hour, and the sputum
has been repeatedly nepgetive for tubercle bacilli on direct
examination, culture and animal inoculation. Fig. 34 is a
radiograph taken in 1952. - This case illustrates that a

man can live for many years despite extensive cavitetion.



Figure 33.

Case No. 8l. Extensive bilateral multiple cavitation

of massive lesions in 1947. The sputum has been repeatedly

negative for tubercle bacilli.
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Pigure 3.L.

Case No. 861. Radiograph taken in 1952 showing extensive

cavitation in both lungs with multiple fluid levels.
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Case No. 9l. Date of Birth: 1902.

This man spent 17 years in steam coal pits
working at the coal face, but left in 1933 because of
dyspepsia. He was first admitted to hospital in 1951
when he gave a history of having hed copious blsck spu-
tum for 4 weeks and breathlessness on exertion for
gseveral yesrs. Fig. 35 shows the radiological appear-
ances at the time of admission, and as a result of be-
ing in hospitel where postural drainage was carried out
the black sputum subsided. The erythrocyte sediment-
ation rate varied between 70 and 120 mm./hour, and the
sputum was negative for tubercle bacilli. He was re-
admitted two months later as the cough was more marked,
the sputum purulent, even more copious and on this
occasion foul smelling. Lpain, no tubercle bacilli
were isolated, the sputum containing only mixed organ-
isms with no one type predominating; no fungi were
found. The erythrocyte sedimentation rate remained
between 4O and 100 mm./hour, and as a result of treat-
ment by large doses of penicillin and streptomycin the
sputum became less purulent. Rediography, however,
showed no change in the appearence of the cavity and

in 1952, tomogrsphy (fig. 36) showed that the cevity
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persisted although the patient was feeling well.
Bronchography (fig. 37) was carried out but the opague
medium did not enter the cavity and no bronchiectasis
was demonstrated in the remainder of the Iung. This
case has therefore behaved clinicelly as a chronic

lung abscess being the only one in the series in which
secondary infection has apparently occurred in a cavit-
ated massive lesion, and is also the only case who

showed marked finger clubbing.



Pigure 35,

Case No. 91. Bilateral massive shadowing with a large

cavity in the left lung and a fluid level.






Figure 36.

Cese lNo. 91. Tomography more than a year later shows

that the cavity is still present. The sputum wes negative

for tubercle bzcilli.






Pigure 37.

Case No. 9l.

Bronchography shows the radio-opaque medium

) : : A ! . ;
(aqueous Dionosil') approaching, but not entering the cavity.
Considerable distortion of the remainder of the bronchial tree

is evident but no bronchiectasis is visible.
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Case No. 106. Date of Birth: 18&0.

This man had worked underground for L3 yesrs,
22 of them at the coal fece and 21 on haulege. He
was 70 years of age when the radiograph in fig. 38 was
taken. This was a routine film taken during the Rhondde
Fach Burvey end the patient had no complaint except
slight dyspnoea on exertion which he sttributed to his
age. The erythrocyte sedimentsation rate was 50 mm./
hour and the sputum negative for tubercle bscilli. It
was concsidered that the most likely diagnosis was a
bronchial carcinoms but that surgicsl treastment was
not feasible.

The men died 5 months later, and, at autopsy,
carcinomatous masses were found in both lungs, together
with the coal foci of simple pneumoconiosis. Histol-
ogical examination of the tumour showed it tc be &
very anaplastic carcinoma. Careful scrutiny of the
film in fig. 38 shows that the simple pneumoconiosis
is barely category 1l. The opacity therefore cannot

represent massive fibrosis.



Figure 38.

Case No. 100. Radiograph tcken in 1950 showing an opacity
in the left lung with a cavity. The background of simple

pneumoconiosis is faint in the reproduction.
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Case No. 107. Date of Birth: 1897.
This man was underground for 37 years in
various types of work. In 1S43 vhen he was L6 years
of age he noticed breathlessness on exertion and was
found to have pneumoconiosis on radiological examin-
ation. The dyspnoea gradually increased and during
the yéar prior to edmission to hospital he noticed
more cough and some blood stained sputum. Fop six
weeks before admission he had fever and general
malaise. He was found to be an ill and wasted man
with a severe productive cough, the sputum being pos-
itive for tubercle bacilli on direct smear examination.
He was febrile, the erythrocyte sedimentation rate was
50 mm./hour and he died within a month of being ad-
mitted. Post-mortem examination revealed chronic
tuberculous cavitation in the right lung with a
tuberculous bronchc-opneumonia which was also present
in the left iung. The coal foci of simple pneumo-
coniosis were present in both lungs. The radiogreph

taken on admission to hospitel is shown in fig. 30.
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Case No. 108, Date of Birth: 1910.

This man spent 21 years at the coal face in
steam coal pits. He was well until 1947 when he begsn
to feel tired at the end of a day and in 1948 was ad-
mitted to a general hospital with a left-sided pleurisy
with effusion, which was diagnosed as a virus pneumonia
with effusion. The radiograph taken at that time
(fig. 4O) shows a left-sided pleursl opacity with a
background of early simple pneumoconiosis. In 19LO it
was seen that seversl scattered radiological opacities
were present in both lungs but the general condition
remained good.

In 1950 he first complained of rheumatic
pains in the wrists which later spresd to the fingers
and upper limb Jjoints typicel of classical rheumatoid
arthritis. A radiograph taken at this time during the
Rhondda Fach Survey showed a further increase in the
number of opacities (fig. L1). The sputum waes found
to contein tubercle bacilli on direct smear, confirmed
by culture and animal inoculaticn; the erythrocyte
sedimentstion rete was 10 mm./hour. He was therefore
treated as a case of tuberculosis, referred to & sanat-

orium where &a course of streptomycin and para-amino



salicylic acid was given. As a result of this
therapy the sputum beceme negative, the Joint symptoms
subsided and the general condition improved.

No radiological regression of the pulmonary
lesions occurred and the film of 1952 showed an even
greater number of discrete rounded opacities in both
lungs typical of the "rheumatoid syndrome"; some of
these lesions were cavitated (figs. L2 end L3) although
the sputum was at this time negative for tubercie
bacilli. This is an example of the "rheumatoid
syndrome" with the sppesrsnce of the pulmonsry lesions
before the arthritis and is one of the two cases of
this syndrome so far discovered who have had a spu-

tum positive for tubercle bacilli durimg life.









Figure L1.

Case No. 108. 1950. Radiograph showing multiple bilateral

opacities; all have rather a fluffy appearance.
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Case No. 110. Date of Birth: 1895.

This man spent 3l years underground at the
coal face except for 2 years boring rock. A routine
radiograph taken in 19L9 (fig. L4), when he was 5L years
of age, revealed multiple discrete opacities in the upper
parts of both lungs. He was asymptomatic at the time,
has remained so and is well able to do his present work
as a colliery official. He had noticed small flecks of
black material in the sputum from time to time, but they
were not a marked feature.

Subsequent radiography in 1952 revealed cavit-
ation in the upper part of the right lung. There were no
abnormal physical signs on clinical examination of the chest,
sputum specimens were negative for tubercle bscilli on
direct microscopy and culture and the erythrocyte sedi-
mentation rate wes 2 mm./hour. Purther examinetion &8
months later sugpgested partial refilling of the cavity but
tomography (fig. L6) demonstrated that a fairly large
cavity remained.

These shadows are not typical of progressive
massive fibrosis, are not unlike tuberculomata and very
similar to the '"rheumatoid type" of lesions previously
described. This patient however, has no rheumatoid

arthritis.



Figure LlL.

Case No. 110. Radiogreph tcken in 1949 showing multiple

discrete bilateral upper lobe opacities. (This reproduction

is from a solarised copy of the original £ilm).






Figure L5.

Case No, 110, Radiograph taken in Februsry 1952 showing

a cavity in the right lung. The background of simple

pneumoconiogsis is faint.
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Case No. 112. Date of Birth: 19009.

This man worked for 25 years in a steam coal
pit. In 1947 he noticed some breathlessness on
exertion for the first time, applied +to the Silicosis
Board and was certified as suffering from dust disease
(fig. L7). At the end of 1947 he felt much less well,
developed an irritating cough and lost weight rapidly.
When he was admitted to the ward in June 19L8 (fig. 48)
he was very ill, febrile, and diffuse crepitations were
audible in both lungs. The sputum was positive for
tubercle bacilli, he was diagnosed as having tuberculous
bronchopneumonia, but no chemotherapy was available and
he died later the same month.

An autopsy revealed confluent tuberculous
pneumonia in both lungs with the coal foci of simple
pneumoconiosis. A post-mortem culture was positive

for tubercle bacilli.









Figure L8.

Case No. 112. Radiograph taken in 1948 showing extensive

bilateral shadowing with cavitation. The sputum wags positive

for tubercle bacilli.
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