ACTA PATHOLOGICA ET MICROBIOLOGICA SCANDINAVICA
SUPPLEMENTUM 181, 1966

ES IN A FINNISH SERIES
OF AUTOPSY CASES

BY
LAURI MEURMAN

. MUNKSGAARD
KOPENHAGEN 1966

HER 0001380




ASBESTOS BODIES AND PLEURAL
PLAQUES IN A FINNISH SERIES
OF AUTOPSY CASES

HER 0001381
\
Mo
t -



ACTA PATHOLOGICA ET MICROBIOLOGICA SCANDINAVICA
SUPPLEMENTUM 181, 1966

FROM THE CENTRAL HOSPITAL OF KUOPIO AND THE DEPARTMENT OP PATHOLOGICAL
ANATOMY, UNIVERSITY OF TURKU, FINLAND.

ASBESTOS BODIES AND PLEURAL
PLAQUES IN A FINNISH SERIES
OF AUTOPSY CASES

BY
LAURI MEURMAN

* MUNKSGAARD
KOPENHAGEN 1966

HER 0001382




Translated by
Eva Palmgren

Revised by
Jean Margaret Perttunen

PRINTED IN FINLAND
BY SAVON SANOMAIN KIRJAPAINO OY
KUOPIO 1966

- HER 0001383




J' -
P Ty avdancesy sfivy & £ iF kaga < .
CONTENTS

INTRODUCTION . e 7
SURVEY OF THE LITERATURE ........ ... ...t 8
The asbestos minerals . .......... ... ... .ot 8
ASbeStOSIS . . ... e 9
Asbestos bodies .. ... 11
The specificity of asbestos bodies ... ................... ... ... 13

The occurrence of asbestos bodies in the lungs without occupational
exposure to asbestos dust ... ... 15
Patho-anatomical changes of the pleura in asbestosis ............ 16
Roentgenological observations on pleural plaques in asbestosis .. .. 18
Pleural plaques in so-called non-occupational asbestosis ........ .. 20
Pleural plaques in other pneumoconioses ...................... .. 22
Pleura! plaques and exposure to mixed dusts . ................... 24

Bilateral plague-like pleural changes in cases without any history
of exposure to dust .. ...... ... ... ... 24

The pleural plagues as compared with similar changes in other
sercus membranes . .. ... ... ... 26
Asbestos and malignaney . ...... ..... ....... ... 27

The occurrence of asbcstos bodies in the parietal and visceral pleura 29

PROBLEMS ... .. . 31
MATERIAL 33
PART I 36
OCCURRENCE OF ASBESTOS BODIES IN ROUTINE

AUTOPSY CASES .. e 36
Mcthods ......... U 36
Results e a7

A. General {requency of asbcstos bodics in autopsy subjects aged
15 years and older ... ............. i 37

B. Influence of domicile on the oxcurrerce of asbestos bodies in
the lungs ... .. .. ... .. ... L. ‘38
C. Density of asbestos bodies in histological lung sections ........ 43

D. Morphology and location of the asbestos bodies found in subjects
not employed in asbestos industries .......................... 45

E. Influenza of occupation on the frequency of asbestos bodies in
the lungs ... ... . .. 50
Summary of the reSulis ««oooveiiea . 51

NHE\Q 0001384




PART I1 i e

FIBROTIC THICKENING OF THE PARIETAL PLEURA
(PLEURAL PLAQUES) ...... .. ... .. . .

MetRhods - e

L.

M.

. Frequency of pleural plaques in autopsy subjects aged 15 years

and older ... ...

. Pathological anatomy of the plaques ........................
. Histology of the plaques ......... ... ... ... ... ... ... .....
. Calcium content of the plaques ... ..... ... .. ... .............
. The roentgenographic calcification of the pleural plaques as

compared with the histological findings ... . ..................

. Occurrence of lipids in the plaques ..........................
. Asbestos bodies in the parietal pleura ........................
. Relationship between pleural plaques and asbestos bodies in

the UNES ... .. e
Thickness of the pleural plaques ............................

. Changes in the visceral pleura and their relationship to the

occurrence of asbestos bodies in the lungs ....................

. Relationship between plaques in the parietal pleura and chronic

dieseases of the lungs or the cardiovascular system ..........
Comparison of plaque formation in the pleura and in the perito-
neum and pericardium ... ... .. ... .. .. ... ... ... ...
Pleural plaques in domestic animals

Summary of the results ......... ..............

DISCUSSION

»L HER 0001385
]

53

53
63

54

54
57
62
66

69
72 -
72

73
75

75
79
82
83
83
87

97
99




INTRODUCTION

This study deals in particular with the fibrotic, usually calcified
plaques, resembling sugar icing, which may be encountered on the
inner surface of the chest.

Notwithstanding their frequency, established in pilot studies
perfomed at the Central Hospital of Kuopio and also in other parts
of Finland, these lesions have seldom been mentioned in the lite-
rature. No major significance has been accorded to them as signs
of disease,.

In an extensive roentgenological investigation, Kiviluoto (1960)
showed that those subjects in his series who exhibited calcified pla-
ques on the inner surface of the thorax had mostly lived in the vici-
nity of one or other of the two open-cut asbestos mines in eastern Fin-
land. He held that bilateral calcified thickening of the parietal
pleura is due to inhalation of asbestos dust, and he called this con-
dition non-occupational endemic asbestosis.

Since one of the above-mentioned asbestos mines is situated in
the region of the Central Hospital of Kuopio, the autopsy material
available at this hospital seemed to constitute a good basis for an
attempt to throw further light on the question of whether the occur-
rence of fibrotic plaques is associated in some way or other with
exposure to asbestos dust.

When acting over a long period of time, asbestos dust is known
to cause pneumoconiosis of a type called asbestosis. Furthermore,
convincing statistical evidence has been produced to the effect that
the risk of lung cancer is more than ten times greater in asbestos
workers than in other, unselected populations.

During the last few years several reports have been published,
moreover, which indicate that the frequency of diffuse mesothelioma,
a malignant pleural or peritoneal tumour previously considered to be
very rare, has increased very significantly among those groups of
the population that are subject to occupational or environmental
exposure to asbestos dust. Although this tumour is obviously very
infrequent in Finland, lung cancer is relatively tommon.

The facts enumerated above constitute the background of the
present investigation, the purpose of which was to elucidate the fre-
quency and mode of occurrence in Finland of both asbestos dust and
the above®mentioned pleural lesions.
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SURVEY OF THE LITERATURE

The asbestos minerals

Asbestos is the name of a group of minerals having in common
the feature that they readily split lengthwise into fibres down to
molecular dimensions (Vorwald et al. 1951). Chemically, the various
kinds of asbestos consist of hydrous magnesium silicate, with the
addition of varying amounts of iron, calcium, magnesium, sodium,
potassium or aluminium. On the basis of differences in chemical
and atomic structure, two subgroups are distinguished, i.e. serpentine
and amphibole asbestos. Serpentine asbestos has a greater flexibility
than amphibole asbestos and is more readily soluble (Sundius et al.
1938, Kouvo 1960). '

Typical features of all asbestos minerals are their incombusti-
bility, their high chemical resistance to both acids and bases, their
low thermal and electrical conductivity and the flexibility of their
fibres, which enables them to be spun (Behrens 1956).

These properties in asbestos were utilized even in ancient times.
According to Herodotos, in 450 B.C. asbestos was used among the
Greeks as cremation cloth (Gloyne 1938). In the Middle Ages, Char-
lemagne is known to have had a table cloth woven of asbestos, which
was cleaned by passing threugh fire (Stewart et al. 1931).

In Finland, asbestos was used some 4500 years ago, during the
Stone Age, to increase the incombustibility and tenacity of ceramic
pottery. As far as can be judged from archaeological findings, asbes-
‘tos ceramics were a Finnish invention. This kind of pottery was
made for some 3000 years, or until about 500 A.C. After this time,
the practice of mixing the clay with asbestos seems to have fallen
into oblivion (Meinander 1954).

Owing to its special physical and chemical properties, asbestos
has become an indispensable raw material of modern industry. Its
wide and varied applications are illustrated by the fact that asbestos
is reckoned to be an integral part of at least 300 industrial products.
Among the most important are various insulating materials for
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pipes, boilers, locomotives, ship-building, flooring, roofing, walls,
electrical equipment, etc. Asbestos is an ingredient in fire-proof
cement and bricks. The automobile industry uses asbestos in brake
linings, clutch plates and rust-preventing materials. In various
textiles in which incombustibility is demanded, asbestos has been
used traditionally, and it is also used in textiles which have to
withstand acids, in laboratory filters and other laboratory. utensils.
Furthermore, the plastic industry uses asbestos as an ingredient
(Aurola et al. 1954, Behrens 1956, Thomson et al. 1963).

The richest asbestos deposits are situated in Canada (Thetford,
three-quarters of the world production), South Africa, USA (Ari-
zona) and the Soviet Union (Ural). In Europe, there are minor as-
bestos deposits in Italy and Finland (Behrens 1956, Bohlig et al.
1960).

In Finland, anthophyllite asbestos is a fairly common mineral,
but only one asbestos mine is worked today, e.g. the Paakkila mine
in east Finland, on the border of Northern Savo and Northern Ka-
relia, in a region known since the Stone Age for its asbestos deposits.
The mine produces anthophyllite asbestos, which belongs to the
amphibole group. The annual output has been about 10,000 metric
tons. In the same region another asbestos mine has been run, the
Maljasalmi mine in the commune of Kuusjarvi, in which mining
began in 1944 and was given up in 1952. The Paakkila mine has been
worked since 1919 (Aurola et al. 1954, Kiviluoto 1960).

Asbestosis

The first report on the injurious influence of asbestos was pub-
lished by Mwrray in 1900. At the London Charing Cross Hospital
he had treated a 83-year-old man who had been working in the chard-
ing room of an asbestos factory. The patient stated that he was the
only survivor of ten men who started working in that room simul-
taneously. The others had died "presumably as the result of their
occupation”. This patient, too, succumbed and the autopsy finding
was pulmonary fibrosis. On microscopic examination, ”spicules of
asbestos” were detected in his lungs (Cooke 1927).

Obviously Murray’s paper did not become generally known, since
only a few reports on pulmonary diseases due to asbestos dust appear-
ed during the following two decades ¢(Marchand 1906, Fahr et al.
1914, Cooke 1924). In these, Murray’s article was not mentioned. Re-
search concerning the pathogenicity of asbestos dust was not inten-
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sified until 1927. At the annual meeting of the British Medical Asso-
ciation in Edinburgh that year, Cooke and Stuart McDonald reported
on an autopsy case in which histological studies of lung sections
revealed fibres corresponding to the asbestos fibres encountered in
nature. In addition, they described "curious bodies” which they had
detected in the lung sections and assumed to be due in some way
or other to asbestos dust.

After this, numerous investigations were published which estab-
lished that the pulmonary fibrosis of asbestos workers was caused

by inhalation of asbestos dust. The term asbestosis, introduced by.

Fahr in 1914, was adopted. Particularly during the nineteen-thirties,
the symptoms, signs, pathological anatomy and prognosis of this
condition were the subject of intense research. Whilst it may be
stated that these aspects became thoroughly elucidated, the patho-
genesis of asbestosis has remained obscure (Gloync 1938, Behrens
1956, Bohlig et al. 1960).

A typical patho-anatomical feature of asbestosis is a diffuse fib-
rosis of the lung tissue, which contrasts sharply with the nodular
fibrosis of silicosis. As a rule, it is most marked in the lower and
middle portions of the lungs, whilst concomitant emphysema often
occurs in the upper portions (di Biasi 1938). The lungs are firm and
leathery, and the cut surface feels as if fine sand had been sprinkled
over it. Histological examination reveals an increase in peribron-

chial interlobar and perivascular connective tissue, and thickening -

of the alveolar septa until some alveoli are obliterated, whereas
others may show emphysema and cuboidal epithelial metaplasia in
the terminal respiratory passages. The latter exhibit, in addition,
an accumulation of histiocytes (dust cells) and foreign body giant
cells. The increased connective tissue is composed of thin collagen
and reticular fibres and is relatively poor in cells. Here and there
it shows slight or moderate infiltration of lymphocytes and plasma
cells and frequently also of erythrocytes (Cooke 1927, McDonald
1927, Simson 1928, Stewart 1928, Gloyne 1929, Egbert 1935, di Biasi
1938, Noro 1946).

The bronchi usually exhibit oedema and squamous metaplasia
(Lynch et al. 1935), which is attributed to mechanical irritation caus-
ed by the asbestos fibres. A causal relationship has also been sug-
gested between this metaplasia and the high rate of lung carcinoma
among asbestos workers (Nordmann 1938).

Apart from the above-mentioned, more or less non-specific
changes in the lungs, the presence of asbestos fibres and numerous
asbestos bodies is conditional for a diagnosis of asbestosis. The dust
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fibres are scattered everywhere in the lung, both inside the alveoli
and in the interstitium. Owing to their double refraction they can
be detected in polarized light. They are even in thickness and vary
in length from a few micra to over 300. They are often either enti-
rely or partially phagocytized by histiocytes or foreign body giant
cells (Gloyne 1938).

Asbestos bodies

The asbestos bodies consist of a central core of asbestos fibre and
a coat made up of proteins and rich in iron compounds (Gloyne 1929).
These peculiar bodies, for which various designations have been
used, e.g. "curious bodies” (Cooke 1927, McDonald 1927), "asbestos-
is bodies” (Stewart et al. 1929) or "asbestos bodies” (Gloyne 1929)
— German: Asbestosiskérperchen, French: corps d’amiante — are
elongated structures varying in shape. They are always unbranched
and as a rule straight, but sometimes curving and usually measure
20—50 « in length and 3—7 u in thickness (Beger 1933). Their
shape has been described as dumb-bell, drumstick, necklace, sausage,
etc.

In unstained histological sections the asbestos bodies are golden
yellow or yellowish brown, and unlike the asbestos fibres they are
not doubly refractive. Owing to their iron-containing protein encrust-
ation the asbestos bodies give a strong iron reaction, as was shown
by Marchand (1906) and Fahr ct al. (1914).

In typical cases of asbestosis, asbestos bodies are found in
large numbers. Beger (1933), who attempted to count them, arrived
at 1.3 million per ccm of lung tissue. He estimated the number of
asbestos bodies in ordinary histological sections at about 8000 per
sq.cm. In medium magnification they are thus present in abundance
in all fields, and can be distinguished without any difficulty.

Notwithstanding the large number of relevant investigations, the
question of the developmental mechanism of the asbestos bodies has
remained unsettled (Bohlig et al. 1960). Only some species of labo-
ratory animals seem to react by formation of such bodies when kept
in an artificially dusted atmosphere. The best results have been ob-
tained with guinea-pigs, but experiments with mice, cats and mon-
keys have also fairly often been successful. By contrast, attempts
to produce asbestos bodies in rabbits have usually failed, and in dogs
and rats altvays, although in these species, too, the inhalation of
asbestos dust results in pulmonary fibrosis (Gardner et al. 1931,

Gardner 1938, Vorwald et al. 1951, Wagner 1963).
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It has been stated that the formation of asbestos bodies is depend-
ent on the movement of the affected organs, since these bodies are
found only in organs which are continuously in motion, such as the
lungs and muscles, and never in relatively immobile tissues such as
the skin (Gardner 1938).

It is striking that on mineralogical analysis of asbestos bodies
recovered from the lungs of patients with asbestosis, only amphibole
asbestos has been detected, although serpentine asbestos is much
more widely used and asbestosis occurs among the workers in ser-
pentine asbestos mines and mills, too (Beger 1933, Sundius et al.
1938, Kiihn 1941, Ruska 1942). Serpentine asbestos is more flexible
and therefore better suited for spinning, and for industrial purposes
it is regarded as the most important type of asbestos. It is more
readily dissolved than amphibole asbestos, and the hypothesis has
been advanced that it becomes completely dissolved in the human
lung (Gloyne 1951, Knox et al. 1954, Holt et al. 1964), as it does
in the cat in a relatively short time (Vorwald et al. 1951). In labo-
ratory animals, asbestos bodies have been produced with serpentine
asbestos, too, although to a lesser extent than with amphibole as-
bestos (Wagner 1963). -

Obviously, amphibole asbestos dissolves poorly, if at all, in the
human lung. In any event this mineral has been found in the lungs
decades after exposure to asbestos dust has ceased (Lynch 1937,
Konig 1960).

In vitro, asbestos bodies have been produced in egg albumin
(Beger 1933) and even in tap-water (Wagner 1958). It is generally
believed that asbestos bodies have no pathologic significance (Beh-
rens 1951). They are only the end results of a reaction between the
asbestos fibre and the organism. Attempts to produce pulmonary
fibrosis by injecting asbestos bodies into the lungs of laboratory ani-
mals have been unsuccessful (Vorwald et al. 1951), The fact that
certain animal species develop pulmonary fibrosis as a result of
exposure to asbestos dust, although they do not exhibit asbestos
bodies, constitutes further evidence in favour of the view that these
bodies lack pathogenic significance (Vorwald et al. 1951). On the
other hand, it has recently been suggested that asbestos bodies none-
theless might play a part in the development of pulmonary fibrosis
in such a way that in connection with their possible disintegration
certain fibrogenic factors are released (Holt et al. 1964, Knox 1964).

In human lungs, asbestos bodies may be found in both the alveoli
and the peribronchial and perivascular connective tissue. Some lie
free while others have been phagocytized by histioeytes. In addition,
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they may be encountered in the pulmonary regional lymph nodes,
although in small numbers.

Occasionally, asbestos bodies have also been found outside the
thoracic cavity, e.g. in the spleen (Stewart et al. 1931, Lynch 1937,
Leicher 1954, Konig 1960). Furthermore, such bodies have been
“detected in the maxillary and frontal sinuses and in the tonsils (Ké-
nig 1960). By roentgen spectrographic methods asbestos has been
detected in a peritoneal mesothelioma (Leicher 1954).

Whilst in silicosis the greatest harm is caused by the finest dust,
it appears that the longer asbestos fibres are more harmful than the
shorter ones. According to Gardner et al. (1931), only asbestos fibres
over 3 u long, and according to Vorwald et al. (1951), fibres over
20 u long, are capable of causing pulmonary fibrosis in laboratory
animals. Lately, however, contrary views have also been expressed
(Holt et al. 1964). According to these, either the shortest, perhaps
invisible, asbestos particles or, by contrast, relatively long bodies
cxert the most injurious influence, the latter when they undergo
dissolution.

Asbestos bodies have been found in the sputa of workers occupa-
tionally exposed to asbestos dust, but the reports of various authors
differ in regard to frequency. Simson et al. (1931) reported positive
findings in 48 out of 50 subjects working in an asbestos mine. Bohlig
ct al. (1960), on the other hand, observed asbestos bodies in the sputa
of only 6.6 per cent of 716 patients with various grades of asbestosis.
Without a record of exposure to asbestos dust and the presence of
the clinical features typical of asbestosis (dyspnoea, impairment of
pulmonary function) and roentgenologically detectable lung fibrosis,
asbestos bodies in the sputum do not justify a diagnosis of asbes-
tosis. They are only regarded as evidence that exposure has occurred
to asbestos dust at some stage in life (Lynch 1937, Gloyne 1938,
Bohlig 1960).

The specificity ofasbestos bodies

Stewart's (1928) hypothesis that the presence of asbestos bodies
is pathognomonic of asbestosis has not proved tenable. Apart from
the fxbrous minerals belonging to the asbestos group, particles of
many other sparingly soluble dusts may, when present in the lungs,
become incrusted with a protein-containing cover and thus show a
striking, or even complete, morphological resemblance to asbestos
bodies. The fibres forming the core of these so-called pseudo-asbestos

4
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bodies have been identified as follows by the authors mentioned
below :

Cooke (1932, 1935) : biotite-fusain.

Sundius et al. (1938) : hornblende-rutil.

Luton et al. (1947) : diatomaceous earth.

Gloyne et al. (1949): §'raphite.

Glauser et al. (1951) : carborundum and graphite.

Langer (1952) : diatomaceous earth.

In addition, numerous cases have been described in which as-
bestos bodies or pseudo-asbestos bodies were found although no his-
tory of occupational exposure to asbestos dust could be elicited:

Marchand (1906): In a worker in a dye factory; in a stove-
builder’s wife.

Tulecote et al. (1931) : In a coal miner.

Stewart et al. (1932) : In a man who had lived near an asbestos
mill.

Williams (1934) : In 8 coal miners out of 28, and in one cont101
case out of 3.

Cooke (1935) : In an unstated number of cases in different occu-
pational states, including house-wives.

Lynch (1937) : In a coal shute worker, a house-maid and a cotton
press worker. Furthermore, in a considerable proportion of patients
who had died of heart failure.

di Biasi (1938) : In 3 cases of pneumoconiosis (not due to asbestos
dust).

Loblich (1938): In 5 out of 7 patients thh diatomaceous earth
pneumoconiosis.

Gardner (1940): ”In a dozen or more” patients without any his-
tory of exposure to dust.

Porro et al. (1942): In"all subjects in a series of 5 talc workers.

Hunt (1956) : In a tale worker.

Gough (1959): "In some cases’ of byssinosis.

Wagler et al. (1962) : In a person who had worked in the vicinity
of an asbestos factory.

The formation of asbestos bodies does not seem to be dependent
on the chemical composition of the mineral fibres. This view is sup-
ported, among other things, by certain results obtained by Vorwald et
al. (1951) in animal experiments. These investigators were able to
produce asbestos bodies with brucite (Mg OH,0), which is fibrous
like the minerals of the asbestos group, but differs chemically from
these in that it contains no silicate. Behrens (1956) even suggested
that the name asbestos body (Asbestosiskérperchen) should be aban-

\
Mo HER 0001393




15

doned and regarded "curious body”, the term originally used by Cooke
(1927), as more adequate to denote these formations. Gloyne (1951),
too, rejected the name asbestos body and suggested *pneumoconiosis
body” as a substitute. Thus, the hypothesis put forward by Cooke in
1927, that "curious bodies” arise from a non-specific reaction to any
sparingly soluble fibrous foreign body present in the lungs, has later
béen confirmed. Asbestosis is the only disease, however, in which
asbestos bodies are an essential feature of the histological picture of
the lungs (Gloyne 1951).

The occurrence of asbestos bodies in the lungs
without exposure to asbestos dust

During the last few years, some authors have performed syste-
matic studies on the occurrence of asbestos bodies in the lungs. In
sputa remitted to the Kimberley Hospital for examination for tuber-
culosis, Sleggs et al. (1961) found asbestos bodies in 115 cases without
any history of occupational exposure to asbestos dust. The total
number of specimens examined was not mentioned.

The first extensive study on the frequency of asbestos bodies in an
autopsy series was performed by Thomson et al. (1963) at a hospital
in Cape Town. The series comprised 500 consecutive autopsy subjects
aged 15 years and older. In 26.4 per cent asbestos bodies were detected
in lung smears (i.e. by the method presented by Stewart in 1928).
The frequency of asbestos bodies increased with age, roughly speak-
ing, although a lower value was observed in the age group 456—54
years. The frequency was higher in males than in females, the re-
spective figures being 30.4 and 20 per cent. Great differences were
noted between the various races, the frequency of asbestos bodies
being only 16 per cent in the Whites and 58 per cent in the Africans.
Between these, the Coloureds showed a frequency of 23.7 per cent.

Using the same method, Thomson et al. (cited by Cauna et al.
1965) obtained almost the same result, i.e. a frequency of 27.2 per
cent in Miami, USA.

Hourihane (1964), in London, examined histological lung sections
for asbestos bodies in 50 consecutive autopsy cases. They were all
negative, but in a series of 50 cases of lung cancer he found asbestos
bodies in three cases.

Elmes et,al. (1965), using the same method, studied a series of
200 male autopsy cases from Belfast, Northern Ireland, in the age .
range 50—69 years. Cases with lung cancer were excluded. Asbestos

- bodies were found in 14 per cent in the age group 50—59 years and in
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27 per cent in the group 60—69 years. Furthermore, in 100 cases of
bronchial carcinoma these investigators found asbestos bodies in the
lungs in 20 per cent. The difference between the cancer group and the
non-malignant group is insignificant. By contrast, in cases of
mesothelioma, asbestos bodies were found in the lungs in 88 per cent,
which made a significant difference as compared with the control
group.

Using Thomson’s technique in a study on 100 autopsy cases from
Pittsburgh, USA, and its surroundings, Cauna et al. (1965) found
asbestos bodies in 41 per cent. The density in the individual cases was
mostly low, only one to ten bodies per 400 low power fields being
detected (16 mm objective). By contrast, when they investigated
histological lung sections from the same cases, routinely stained by
the haematoxylin and eosin method, they found asbestos bodies in only
four cases. These authors, too, noted a somewhat higher frequency of
asbestos bodies in men (47 per cent) than in women (34 per cent).
The only case exhibiting asbestos bodies in somewhat greater density
was a (3-year-old man who had been a sales engineer for a pump
company. .

In the investigations hitherto performed on autopsy cases, the
frequency of asbestos bodies has been 0—41 per cent. The methods
used have varied somewhat.

As a rule, the series investigated have consisted of urban popula-
tions. Thomson et al. (1963) expressed the opinion that in cities
asbestos dust constitutes a modern hazard. These authors are con-
cerned about the future, since they anticipate that lifelong inhalation
of asbestos dust may eventually result in a limited basal asbestosis in
almost the entire urban population. At the same time diffuse meso-
thelioma of the pleura and peritoneum will perhaps in future increase
so much as even to exceed lung cancer in frequency. This apprehen-
sion is due to the suspicion that mesothelioma, as will be discussed
later, perhaps develops as a complication of asbestosis, or even as a
result of only slight inhalation of asbestos dust — a suspicion
supported in particular by the frequency of mesothelioma in South
Africa and the frequent occurrence of asbestos bodies in these cases.

Patho-anatomical changes of the
pleura in asbestosis

Apart from pulmonary fibrosis, an increase in connective tissue
is observable in asbestosis in the visceral pleura, particularly in the
basal and medial surfaces ot the latter (Cooke 1927, di Biasi 1938,
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Gloyne 1933, 1938, Lynch et al. 1948, Wagner 1960). This change
appears as patches with ill-defined borders or as a diffuse increase
in collagenous connective tissue, resulting in a leathery feel of the
lung surface. On the roentgenogram the lesion has a ground glass
appearance (Gloyne 1933, 1938, Behrens 1956). The thickening of the
visceral pleura is not related to the degree of roentgenographically
discernible pulmonary fibrosis. The pleura may show considerable
thickening even if the pulmonary fibrosis is only slight (Fehre 1956,
Bohlig et al. 1960), and on the other hand, it may be quite normal,
although the lungs exhibit marked fibrosis (Lynch 1955). In the less
affected areas, as a rule in the upper lobes, the transparency of the
pleura remains normal or even increases on account of pulmonary
emphysema. As the -disease progresses, the thickened portions of the
visceral pleura may consist of stiff, yellowish horn-like plaques”,
2—3 inches in diameter (Gloyne 1933, 1938.) On histological exami-
nation, the pleura as a rule exhibits patches of fibrin and absence of
epithelium over extensive areas. The submesothelial layer is thickened
owing to an increase in connective tissue fibres and capillaries.

Tough, as a rule sessile, adhesions of old standing are frequent in
asbestosis and often eventually obliterate the pleural cavity. In other
cases the pleural cavity remains free, however, notwithstanding the
thickening of the pleura. Mostly, only the basal portions of the lungs
are fused (Gloyne 1933, Bohlig et al. 1960).

In experiments on guinea-pigs, Gardner et al. (1931) observed
pleural changes which they regarded as "chronic fibrous pleurisy” in
only a few individuals.

Although the literature on asbestosis is very extensive today,
changes in the parietal pleura are mentioned in only a few papers,
and in these only in general terms and incidentally. Often it is not
even possible to decide whether changes in the parietal or the visceral
pleura are meant. This may be due to the fact that in the presence of
adhesions it is difficult to distinguish the pleurae, and consequently
parietal lesions may in many cases have been taken for changes in
the visceral pleura.

Gloyne (1938) stated that the lesions in the parietal pleura were
of the same kind as those in the visceral pleura except that horn-like
plaques were absent. Later, plaque formation has been observed in
the parietal pleura with an open pleural cavity. Fehre (1956) cited a
personal communication according to which bilateral thickening and
calcification of the parietal pleura alone and an open pleural cavity
had been observed at autopsy performed on a moulder of "Steinholz”
(magnesia cement mixed with sawdust, etc.) who had been subjected

2
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to occupational exposure to tale, asbestos and mica. Furthermore,
bilateral plaques in the parietal pleura with an open pleural cavity
were observed by Miiller (1958) at autopsy on a case of asbestosis
and in two autopsy cases mentioned by Fehre (1958) in his discussion
of Miiller’s report. In one of these, there was a history of exposure
to talc and asbestos dust, and in the other there had, in addition, been
exposure to diatomaceous earth.

In an extensive autopsy series, comprising 73 cases of asbestosis,
Wagner (1960) observed a dense cartilage-like layer in both the
parietal and the visceral pleura in some cases. "Horn-like plaques”
of the type described by Gloyne (1938) he found in only one case, but
he mentioned that he had often encountered them in biopsy specimens
from both the parietal and the visceral pleura. Histologically, they
consisted of dense hyaline fibrous tissue with foci of calcification.

Furthermore, in a report on a case of asbestosis in which thora-
coscopy revealed cancer of the pleura (malignant blastoma, pleural
endothelioma), Weiss (1953) described porcelaneous plaque forma-
tion on the surface of the diaphragm and thickening of the entire
parietal pleura. In addition, the latter showed finely nodular eleva-
tions, in places somewhat whitish in appearance. As far as can be
judged from the description, these lesions were pleural plaques,
which were thus concomitant with a malignant pleural tumour and
asbestosis in a case with an open pleural cavity.

In a case of asbestosis concurrent with bronchial carcinoma,
Isselbacher et al. (1953) observed "plaque-like” thickening of both
the peritoneal and the thoracic surface of the diaphragm and of the
surface of the liver. On histological examination the plaques were
found to consist of hyaline connective tissue, and to measure up to
0.5 cm in thickness.

Roentgenological observations on
pleural plaques in asbestostis

Jacob et al. (1955) were the first to draw attentition to the calci-
fication of the pleura occurring in asbestosis. In 5 per cent of a series
comprising 343 patients with asbestosis they observed peculiar patchy
calcifications on both sides. Among 31 insulation workers (exposed to
asbestos dust owing to the presence of asbestos in the insulation
mass), Frost et al. (1956) found bilateral pleural calcification in 8.
Miiller (1958) stated that a feature typical of asbestosis is the pre-
sence of extensive shell-like calcifications on the basal-and middle
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fields and on the diaphragmal domes. According to Hurwitz (1961),
calcified pleural plaques are typical of mild cases of asbestosis. In
addition, he stated that pleural lesions are much more frequent in
asbestosis than roentgenologically discernible fibrotic changes of the
lungs. Pleural fibrosis he regarded as a non-specific sign, whilst he
held bilateral calcifications, particularly in the lower middle fields
but also in the anterior upper fields and on the diaphragm and the
mediastinal surfaces, to be more specific. Such changes are seen in
some other pneumoconioses, too, but not in silicosis. Hurwitz empha-
sized that in extensive roentgenological investigations performed in
South Africa on workers in gold, coal, copper, iron, chrome and man-
ganese mines, calcified pleural plaques were not observed in a single
case.

In a paper on pneumoconioses, Kleinfeldt et al. (1959) stated that
in asbestosis there not infrequently occurs a marked pleural reaction
with pleural and pericardial plaque formation. The authors pointed
out that a similar picture is seen in tremolite talc pneumoconiosis.

In patients with asbestosis and pleural mesothelioma, Sleggs et al.
(1961) found old-standing pleuritic changes. They stated that while

leural thickening per se in asbestosis is non-specific in character,
sclerotic pleurisy with plaque formation constitutes a readily recog-
nizable and rather typical entity. In the majority of cases of mesothe-
lioma, neither these changes nor any other roentgenological signs of
asbestosis were present.

In a series of ' 651 cases of asbestosis, Miiller (1962) observed
calcification in 6 per cent of patients with slight asbestosis, whilst in
severer cases, of grade 111, the percentage of pleural calcification rose
to 38. This finding is in contrast to Hurwitz’s theory that pleural
changes are typical of mild asbestosis, in particular.

Lawson (1963) described two patients with roentgenologically
discernible plaques who had a history of long-continued exposure to
asbestos.

According to Oosthuizen et al. (1964), calcified pleural plaque
formation is highly suggestive of exposure to asbestos, particularly
if tuberculous pleurisy, calcified haemothorax and talc pneumoco-
niosis can be excluded. During a roentgenological investigation of
2383 cases in northwestern Cape and northeastern Transvaal, 166
cases of definite uncomplicated asbestosis were found. Of these,
59 showed calcified plaques as the only sign of asbestosis.

Cartier (1964) detected pleural plaques in 126 cases among the
workers in eight asbestos mines in Canada. He regarded pleural
plaques as a pathological entity different from asbestosis; since in
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most cases the former exist without any signs of asbestosis and most
cases of asbestosis, even if they are far advanced, show no signs of
pleural plaques. He suggested that plaques may be due to another
dust factor than that which causes asbestosis, and that the specific
aetiological factor of plaque formation has not yet been identified.

In a recent report on & case of asbestosis, Stakhlmann et al. (1965)
mentioned that bilateral calcified pleural plaques with curved out-
lines were a typical finding.

Contrary findings have also been published, however. An exten-

sive roentgenological mass investigation performed by Smith (1952)

on various groups of workers exposed to dust is of particular interest.
Among 261 asbestos workers, none exhibited pleural calcification.
By contrast, calcareous deposits in the pleura were observed in 6.6 per
cent of talc workers.

Pleural plaques in so-called
non-occupational asbestosis

In 1960, Kiviluoto published an extensive roentgenological investi-
gation on the occurrence of pleural calcification among people living
in the vicinity of the two asbestos mines in Finland. He showed that
bilateral calcification of the parietal pleura was common among the
population living near the asbestos mines but not occupationally
exposed to asbestos, whilst this finding was very infrequent among
those living at a greater distance from the mines. The only factor in
common to all subjects exhibiting pleural calcification in the absence
of a history or roentgenological signs of pulmonary or pleural disease
or haemothorax, seemed to be that they had lived in the vicinity of
an asbestos mine. On the’basis of his results, Kiviluoto created a new
concept, non-occupational endemic asbestosis. Another noteworthy
observation was that pulmonary fibrosis was not detectable in most
cases with pleural calcification. Marked fibrosis was present in only
12 per cent, and slight fibrosis in a further 12 per cent.

There is a certain discrepancy between this finding and the results
of another Finnish roentgenological study on asbestosis (Wegelius
1947), in which no case of pleural calcinosis was detected among 126
cases of occupational asbestosis. This discrepancy Kiviluoto attributed
to different modes of exposure to asbestos dust. Asbestos workers are
exposed to a much higher concentration of dust for a shorter time
than those living near an asbestos mine, who are subject to slighter
exposure for a life-time. The formation of pleural calcareous plaques
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seems to require a very long time, since the youngest subject in whom
lesions were observed was 30 years old. The localization of the pla-
ques in the parietal pleura established in most of the cases investigat-
ed roentgenologically, was confirmed by autopsy in one case and by
biopsy in another. In these, plaques were found only on the parietal
pleural surface in the dorsal and basal portions of the thoracic cavity.
Histologically the plaques showed collagenous  fibrosis, the central
part of which was calcified. The visceral pleura was found to be nor-
mal, and no asbestos bodies were detected in the lungs or on the
pleural surfaces in routine histological stainings. By contrast, in the
autopsy case, from the lungs fibres were recovered which were identi-
fied mineralogically as anthophyllite asbestos.

Bilateral patchy pleural calcinosis is a phenomenon which has
long been familiar to Finnish roentgenologists working in Northern
Savo and Northern Karelia. The concentration of these cases in the
mining communes had also been noticed before Kiviluoto related
this observation to the theory of exposure to asbestos dust. On
fluoroscopy of the chest the local roentgenologists have been able to
surprise their patients by "reading” their domicile from their lungs.
Calcifications have been the "visiting-cards” of the inhabitants of
the mining communes, as the local roentgenoclogists say (Pyykinen,
Raunio, Sipild 1960).

In a mass miniature roentgenological investigation comprising
almost the entire population of Finland, Raunio (1965) found bilat-
eral patchy pleural calcification in about 9 per cent of the population
of one of the mining communes (Tuusniemi) and in about 6.4 per cent
in the other (Kuusjirvi), whilst in other rural communes the corre-
sponding figure was usually below 0.01 per cent. Slightly higher
figures were only obtained in the communes bordering the mining
communes.

The data available from other parts of the world concerning the
occurrence of pleural calcification of the "non-occupational-asbestosis
type” are scanty. In the city of Dresden, Germany, Anspach (1962)
_ detected 244 cases of pleural calcification, 59 of which were asbestos
workers and 118 subjects who lived in the vicinity of asbestos fac-
tories, the majority at a distance of 1.8 km from them. In 37 of his
cases no history of exposure to asbestos dust could be elicited. In 32
of these, calcification was bilateral. On the basis of his results,
Anspach did not regard bilateral pleural calcification as pathogno-
monic of asbgstosis. In his opinion previous exposure to asbestos dust

is conditional for a diagnosis of asbestosis. By contrast, Anspack held .

that if calcification is typical and a history of exposure to asbestos
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dust can be elicited, then a diagnosis of asbestosis is justified even in
the absence of roentgenologically demonstrable pulmonary fibrosis
and signs of disturbance of the respiratory or cardiovascular func-
tion.

Typical asbestosis with bilateral pleural plaques was described
by Wagler et. al. (1962) in a man who had worked near an asbestos
factory in Dresden. In Canada (Cartier 1964) and South Africa
(Wagner 1964) results have been obtained which support Kiviluoto’s
theory concerning endemic asbestosis. The first data on environment-
al asbestosis were published by Stewart et. al. (1932). These authors
observed typical pulmonary fibrosis and asbestos bodies in a mah
who had lived in the vicinity of an asbestos factory, but who was not
known ever to have been inside the factory. Pleural calcinosis was not
mentioned in their report, but the parietal and visceral layers of the
pleura were thickened and almost completely fused on both sides.

Pleural plaques in other pneumoconioses

Before the occurrence of pleural calcification in the form of pla-
ques had been described in asbestosis, this phenomenon had been
observed to some extent in talc workers. It was mentioned for the first
time in a report on roentgenological mass investigations of workers
in tale mines and mills, performed in the USA, in which the lesion
was detected in 6.3 per cent (Siegal et al. 1943). In this report the
denomination "talc plaques” was introduced. Talec dust may cause
pulmonary fibrosis, roentgenologically resembling the diffuse fibrosis
occurring in asbestosis (Nuck et al. 1939). Other features which the
two conditions have in common are the so-called ground glass appear-
ance, a kind of soft haziness seen on the roentgenograms, and the
diffuse thickening of the pleura, which in talcosis is more marked in
the basal and middle fields of the lungs, just as is pulmonary fibrosis.
Emphysema is frequently encountered in the upper parts of the lungs
in talcosis, too. Talc plaques occur in the peripheral portions of the
lung fields. Initially, they were believed to be situated in the subpleu-
ral tissues, under the visceral pleura, and they were also sometimes
observed on the pericardium. The appearance of the plaques varies
from linear, homogeneous and sharply demarcated shadows a few
centimetres long to irregular extensive patches of varying density
(Siegal et al. 1943). In a report on an autopsy case of talcosis Hobbs
(1950) mentioned that the parietal pleura exhibited thick irregular
bands of rubbery consistency, occupying the intercostal spaces on
both sides. In an extensive roentgenological mass survey of workers
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exposed to various kinds of dust, Smith (1952) detected pleural
calcinosis in 6.6 per cent of tremolite tale workers, in 1.6 per cent of
mica workers, in 1.5 per cent of bakelite workers (talc and mica are
ingredients of bakelite), in 1.7 per cent of calcimine workers, but not
at all in asbestos workers (261 cases examined). In one autopsy case
a dense "calcified plaque” was found to the left on the surface of the
parietal pleura. Histologically, it consisted of dense, non-hyaline
fibrous tissue, showing diffuse calcification and necroses.

Winkler (1961), too, mentioned plaque formation on the parietal
pleura in talcosis, particularly on the surface of the diaphragm, peri-
cardially and in the basal portions of the lateral walls of the chest, but
also on the interlobar surfaces. He described the lesions as consisting
either of loose connective tissue or of massive layers of collagen.

Just as is the case with the plaques found in asbestosis, those
occurring in tale pneumoconiosis have been described almost solely
on the basis of roentgenological investigations. No thorough patho-
anatomical studies have been performed. ‘

In this connection it should be mentioned that certain authors have
detected asbestos bodies in talc pneumoconiosis, too (Porro et al. 1942,
Hunt 1956, Kleinfeldt et al. 1959). It is a well-known fact that talc
dust often contains tremolite, which is a calcium-magnesium: silicate
(Siegal et al. 1943) Like asbestos, it often occurs as needle-like fibres,
and this feature is so conspicuous that it justifies the classification of
tremolite as a subgroup of amphibole asbestos (Nuck et al. 1939,
Siegal et al. 1943, Smith 1952, Kiviluoto 1960). In their survey of
pneumoconioses, Kleinfeldt et al. (1959) wrote as follows: "Peculiar
to asbestos and the asbestine variety of tale (tremolite tale) is the
presence of 'asbestos bodies’ ”. Furthermore, Gardner (according to
Siegal et al. 1943) stated that the talc mineral occurring in the
region which was studied by Siegal et al. also contains anthophyllite.

Pulmonary fibrosis, pleural fibrosis and pleural plaque formation
thus seem to be features common to asbestosis and tremolite talc
pneumoconiosis, and pessibly also to other types of talc pneumocon-
iosis. In addition, asbestos body formation in the lungs is caused by
both asbestos and tremolite tale. The fibres of tremolite talc dust
ought not to be harmful, since they are under 15 « long (Siegal et al.
1943), for Vorwald et al. (1951) found that fibres under 20 ux do not
cause pulmonary fibrosis in laboratory animals. In view of the
number of unsettled points relating to this problem, however, such a
conclusion seems to be rash at the present juncture. Gardner et al.
(1931), for instance, held that the borderline value for the length of
injurious fibres is only 3,.
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Pleural plaques and exposure to mized dusts

In the foregoing, Smith’s (1952) study was mentioned, the subject
of which was the pleural calcinosis occurring among workers exposed
to various dusts. Many dusts consist of several minerals, calcimine
and bakelite, for instance, containing asbestos as one of the in-
gredients. Fehre’s (1956) investigation was performed on "Steinholz”
moulders, who are exposed not only to dust from asbestos but to talc
and mica dust as well. Stephanopoulos (1962) described two typical
cases of bilateral pleural calcinosis without any history of pleural
or pulmonary disease to afford an explanation of the finding. Both
these subjects had long ago been exposed to dust of a kind that could
not be accurately defined, probably to mixed dust. One of them had
been working in a brick kiln, the other in a shell jacket factory. In
actual fact, human beings hardly ever live in conditions in which they
are exposed to dust of only one kind, as is the case with laboratory
animals (Gloyne 1951). Hence it is very difficult to evaluate the
possible causal relationship between the occurrence of pleural plaques
and exposure to a certain kind of dust.

Bilateral plaque-like pleural changes in
cases without any history of exposure to dus't

In the literature, occasional reports are found on bilateral pleural
calcinosis, interpreted as resulting from previous inflammation or
attributed to unknown causes. Obviously, roentgenologically dis-
cernible bilateral pleural calcification occurs very infrequently, and
the number of relevant patho-anatomical reports is very small.
Boffano (1961) stated that bilateral pleural calcification is of very
rare occurrence. He published roentgenograms of a case exhibiting
bilateral calcification of the same type as has been described in asbes-
tosis and talcosis, but mentioned nothing about exposure to dust.
Kiviluoto (1960) found in the literature some reports of "idiopathic”
bilateral pleural calcinosis. A history of inflammation was mentioned
in the cases of bilateral pleural calcinosis described by Sorensen
(1926) in Denmark, Kjerp (1932) in Finland and Claus (1962) in
Germany. In the last-mentioned case the patho-anatomical observa-
tions were also described. The plaques were situated in the parietal
pleura and arranged like talc plaques. Histologically, they consisted
of dense collagenous connective tissue which was hyaline and verv
poor in nuclei and blood vessels. Between the collagen fibres,
calcified deposits were found. In this case there was a history of
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silateral pleuro-pneumonia thirteen years before death. Claus
:mphasized that the fibrotic thickening of the parietal pleura cor-
-esponded anatomically to the so-called sugar icing (Zuckerguss)
sometimes occurring on the surface of the liver, spleen, intestines,
sericardium and pleura.

A similar case of sugar icing of the pleura was described by
Brosig (1939).

The patho-anatomy of corresponding pleural plaques was de-
seribed by Lauche (1928). He stated that drop-shaped or nodular,
=oralliform white plaques, consisting of firm, fibrous, hyaline connec-
tive tissue, were sometimes observed on the costal pleura. Occasion-
ally, they also contained calcium, coal pigment, and cartilage, or
even bone. Lauche regarded these formations as resulting from
pleurisy. His paper does not reveal whether the lesions were bilat-
eral.

Tivenius (1963) described pleural plaques in 10 cases (5 bilateral)
in Goteborg in which biopsy specimens were taken at thoracotomy.
Thoracoscopy revealed scattered plaques, which were whitish-yellow
and slightly elevated, 2 to 3 mm thick, with a rough surface and
distinctly demarcated. They varied in size from that of confetti to
hat of the palm of the hand. Sometimes the diaphragm, too, was
covered with plaques, but such lesions were not observed on the
visceral pleura. Histologically, the plaques consisted of "fibrous
hyaline sclerotic connective tissue”, and at least in one case the
plaque was in part calcified. In Tivenius's cases both the roentgeno-
grams and the histopathological features were apparently identical
with those described in asbestosis and talcosis, but nothing is men-
tioned regarding exposure to dust. According to Tivenius, Swedish
pathologists encounter such pleural plaques "now and then” not only
on the parietal, but also on the visceral pleura, and he states that they
are relatively common findings on thoracoscopy, too. Their aetiology
is defined as "obscure”.

From Tivenius’s statement concerning the observations made by
Swedish pathologists, and also from the experience of Finnish
pathologists (Jdrvi 1963, Saxén 1963) it may be assumed that cal-
careous thickening of the pleura in the form of plaques, as described
in the foregoing, is by no means a rare condition. Consequently,
it seems obvious that the lesion in question has been regarded as an
insignificant, incidental finding, which has not been considered
worth while to report. Tivenius drew attention to these plaques for
the reason that on the roentgenogram they may simulate tumours
and thus, if misinterpreted, may lead to unnecessary thoracotomy.
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In a recent roenizznological mass investigation performed in a
certain district in south Bohemia, Marsovd (1964) detected pleural
calcifications in 241 cases out of 44549. No history of exposure to
talc, asbestos or mica could be elicited. All the subjects showing
pleural calcification were agricultural workers. Marsovd suggests
that exposure to a certain mineral containing calcium (Kalcofen of
Chynov) might be inwnlved, since it is possible that this had been
used as a fertilizer t» raise the calcium content of the soil, which is
known to be very low in the district in question. Kalcofen contains
small amounts of tremslite.

The pleural pluques as compared with similar
changes in other serous membranes

In those few papers in which the patho-anatomy of pleural plaques
has been described, these lesions have been denoted by various terms
like "cartilage-like layer” (Lauche 1928, Brosig 1939, Wagner 1960,
Tivenius 1963), sugar icing (Lauche 1928, Brosig 1939, Claus 1962),
"horn-like” formations (Gloyne 1938, Wagner 1960), porcelaneous
thickening (Weiss 1953), “yellow bands of rubbery consistency”
(Hobbs 1950), "hard yellow plaques” (Kiviluoto 1960).

The lesions have been found to consist of hyaline, calcified col-
lagenous connective tissue (Lauche 1928, Brosig 1939, Fehre 1958,
Wagner 1960, Claus 1962, Tivenius 1963) or callagenous fibrosis
(Kiviluoto 1960) or non-hyaline fibrous tissue (Smith 1952). It is
thus obvious — as pointed out by Brosig (1939), Claus (1962) and
others — that the pleural change involved is in point of fact a lesion
of the kind that has long been known under the name of "Zuckerguss”
(Curschmann 1884) or "frosting” or "sugar icing”. It has been
encountered on the peritoneal surface of the liver and spleen, in
particular, but also on the pericardium and occasionally on the
intestinal serosa (Borrmann 1927). However, similar lesions were
observed long ago on the pericardium and pleura, too (Siegert 1898),
usually in conjunction with similar changes in the serous membranes
of other cavities (Gofferjé, cited by Borrmann 1927). It is known
that this process as a rule affects more than one serous cavity (the
pleural cavities, pericardjum, peritoneum) and that the most con-
spicuous changes are almost invariably found in the vicinity of the
diaphragm. This has generally been attributed to mechanical factors
(the respiratory movements of the diaphragm and cardiac activity).
Apart from sugar icing, the following names have been used, accord-
ing to Borrmann (1927): polyserositis fibrosa (Gofferjé), progres-
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sive hyaloserositis (Nicholls), perivisceritis, linite plastique (French
authors) and polyorromenitis (Italian authors).

Furthermore, Pick used the designation pericarditic pseudo-liver
cirrhosis, since he believed that the process began by shrinkage of
the pericardial sac, subsequently leading to venous stasis and thus
to cirrhosis of the liver and ascites, and to thickening of the liver
and spleen capsules (White 1955). This theory has not gained any
wide acceptance, since isolated "sugar icing” is also of frequent
occurrence (Borrmann 1927). In this type of serous lesion no micro-
organism has ever been detected, and no causal relationship has been
demonstrated between any known disease and the ”sugar icing” of
serous membranes. Hence, the condition has been regarded as idio-
pathic in origin (Borrmann 1927, Brosig 1939, Lubarsch 1927).

When occurring on the surface of the spleen, the same kind of
lesion has been called perisplenitis chronica cartilaginea or "Zuc-
kergussmilz” (Lubarsch 1927) or hyaline fibrous perisplenitis (Boyd
1953). It has been reported in long-standing ascites, but also in con-
nection with senile atrophy and on the coats of enlarged spleens.
The lesion occurs as patches varying in size, sometimes enclosing the
whole spleen. Lubarsch (1927) suggested that it may develop as a
consequence of such mechanical factors as friction and pressure.

Asbestos and malignancy

The relationship between lung cancer and asbestosis has at-
tracted attention since 1935, when the first reports on patients with
asbestosis associated with lung cancer were published (Lynch et al.
1935, Gloyne 1935). According to many later statistical studies the
frequency of lung cancer seems to be particularly high among pa-
tients with asbestosis and also among asbestos workers, irrespective
of whether they have had asbestosis.

The most noteworthy recent statistical data are given below.

Asbestosis Lung cancer %
No. of cases No. of cases
Merewether (1949) .... 235 31 13.2
Gloyne (1951) ........ 121 17 14.1
Bonser et al. (1953) .. 172 14
Konig (1960) ........ 36 11
Buchanan (1963) ...... 556 - 124 22.3
Jacob (1963) .......... 105 18
Asbestos workers :
Doll (1955)* .......... 105 18
' Insulation workers }
) Selikoff et al. (1965) .. 307 53 17.3
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In extensive autopsy series the frequency of lung cancer has
mostly been 2—6 per cent (Wedler 1943). Today, the majority of
investigators seem to accept exposure to asbestos as a factor increas-
ing the risk of lung cancer. Others, however, hold that the situation
is not so dismal as it would seem from the statistical data, since the
studies in question have been performed without applying the princi-
ples of epidemiological research and on the basis of autopsy series
which always are somehow or other selected (Braun et al. 1958,
Bohlig et al. 1960).

It has been stated that the lung cancer of asbestos workers
exhibits certain special features. It is not dependent on the degree
of severity of the pulmonary fibrosis (Jacob 1963). It occurs at
a relatively early age and rather frequently in women, too. In four
cases of five, the lung cancer associated with asbestosis affects the
lower lobe, whilst in the general population lung cancer in more than
half the cases occurs in the upper lobe (Hinson 1965). Squamous cell
carcinoma is said to be particularly common in asbestosis (Nord-
mann 1938, Jacob 1963). The carcinoma often appears after a long
latent period, counted from the cessation of exposure to dust, at a
time when all asbestos fibres ought long ago to have changed into
asbestos bodies in which form they cause no mechanical damage.

In Germany, lung cancer associated with asbestosis is accepted as
an occupational disease entitling to compensation (Weiss 1943).

During the last few years, interest has mainly been directed
towards the clarification of the causal relationship between exposure
to asbestos and malignant diffuse mesothelioma of the pleura or
peritoneum, a type of tumour previously regarded as rare. Mesothe-
lioma has chiefly been observed in subjects with a record of occupa-
tional exposure to asbestos dust and in persons whose domicile was
in the vicinity of asbestos mines or factories (environmental
exposure).

The most recent statistical data on the association of mesothelioma
and exposure to asbestos dust are given in the table below.

Mesothelioma Exposure to asbestos’

No. of cases No. of cases
Thomson (1962) ......ovvvennvnn.. 7 ’ 6 -
Fowler et al. (1964) .............. 2 2
Hourihane (1964) ............... 34 15
Owen (1964) ........cccevvinnn.. 17 14
Wagner (1964) .................. 78 76
Elmes et al. (1965) .............. 12 32
Selikoff etal. (1965).............. 7 7
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o !
R e P S S A S e S M I ST S e e S S vy




B s i

29

It has been emphasized that the exposure may be slight and
often remote in time, having occurred, perhaps, some forty years
earlier.

Wagner (1960) drew attentlon to the fact that in cases of meso-
thelioma, the patients have almost invariably been exposed to a special
kind of asbestos, i.e. crocidolite (blue asbestos), which is mined on the
Cape asbestos fields in South Africa. From the same kind of asbestos,
Harington (1962) was able to isolate small amounts of polycyclic
aromatic hydrocarbons, e.g. the well-known cocar c1nogen 3—4 benz-
pyrene. Apart from crocidolite, there is another type of asbestos,
amosite, which also contains these substances but to a lesser extent.
It is not yet known with certainty whether mesothelioma is associated
with exposure to crocidolite asbestos dust only, since this tumour has
also been observed in cases exposed to other kinds of asbestos, and
sometimes without any history of exposure.

Wagner (1962) succeeded in producing mesothelial tumours in
rats by injecting various kinds of asbestos info the pleural cavity.
The lesion was not entirely specific for asbestos, however, since
in some control animals similar tumours developed from exposure
to silica dust. '

In general, the carcinogenic effect of asbestos has been attributed
to the chronic influence of the mechanical irritation caused by this
mineral (Weiss 1953, Leicher 1954, Kdnig 1960).

According to certain reports, the frequency of cancer of the
stomach, too, seems to be increased among asbestos workers (Kontg
1960, Selikoff et al. 1964).

Theoccurrenceofasbestosbodiesinthe
parietal and visceral pleura

Against the background of the formation of parietal pleural pla-
ques and fibrosis and adhesions of the visceral pleura in asbestosis
and, on the other hand, the abundant occurrence of malignant pleural
tumours which has lately been observed and related to even slight
exposure to asbestos dust, it seemed to be of some interest to investi-
gate to what extent asbestos fibres spread through the lung paren-
chyma to the pleura. This question has hitherto attracted relatively
little attention.

According to Gloyne (1938), asbestos bodies are sometimes found
in the pleura, too, although in small numbers and as a rule only as
short fragments. He suggested that the longer bodies perhaps do not
penetrate as far as the periphery. The asbestos bodies occur in groups
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and are surrounded by connective tissue. Furthermore, di Biasi
(1938) detected asbestos in pleural adhesions. In guinea-pigs Gardner
et al. (1981) observed small numbers of asbestos bodies outside the
lungs” and "in areas of chronic fibrous pleurisy”. By contrast, Wag-
ner et al. (1960) did not detect asbestos bodies outside the elastic
lamellae on the surface of the lung in any instance in a series of 73
cases of asbestosis. Similar results were obtained by Lynch et al.
(1948). In an autopsy case described by Egbert (1935), asbestos
bodies were found in the thickened pleura. According to Leicher
(1954), Wedler (1954) observed that asbestos spicules may penetrate
the pleura.

Very interesting in this connection is a case of a pleural tumour
described by Weiss (1953), in which histopathological examination
revealed asbestos bodies in the tumour tissue, which at many points
bulged from the lung surface into the pleural cavity. As previosly
mentioned (p. 00), at thoracoscopy of this patient plaque-like forma-
tions were detected in the pleura.

It is thus obvious that asbestos bodies may be encountered outside
the lungs, in the pleura, although only in some cases and in small
numbers. I have not seen any report of asbestos bodies occurring in
the parietal pleura when the pleural cavity was open. Such bodies
have not been found detached in the pleural cavity, either, but it
should perhaps be added that nobody seems ever to have looked for
them in this site.
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PROBLEMS

Asbestos bodies

1) How frequently do asbestos bodies occur in the lungs?

2) What is the age and sex distribution of asbestos bodies?

3) Does the domicile influence the occurrence of asbestos bodies
in the lungs?

4) What is the density of asbestos bodies in individual cases in
a non-occupational series?

5) What is the morphology of asbestos bodies found in a non-
occupational series?

6) Is there any correlation between the presence of asbestos
bodies and occupation (apart from work in asbestos mines and
factories) ?

Pleural plaques

1) How frequently do plaques occur in the parietal pleura?
2) What is the age and sex distribution of pleural plaques?
3) Does the domicile influence the occurrence of pleural plaques?
4) What is the location of pleural plaques in the thoracic cavity?
5) What is the pathological anatomy of the pleural plaques?

Relationship between asbestos bodies and pleural plaques

1) Do asbestos bodies occur in the pleural plaques?
2) Do asbestos bodies occur in the lungs in cases exhibiting pleu-
ral plaques?

Relationship between pleural plaques and diseases of the lungs and
cardiovascular system

. Is there any correlation between the occurrence of pleural plaques
and chronic diseases of the heart or lungs?

\
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Relationship between pleural plaques and similar lesions in the other
serous cavities

Are plaque-like lesions in the peritoneum concurrent with pleural
changes of this type?

{

Occurrence of plaques in domestic animals

Do pleural plaque-like changes occur in domestic animals in the
vicinity of asbestos mines?

\ HER 0001411




MATERIAL

The material consists of consecutive routine autopsy subjects aged
15 years and older. It was collected from three Finnish hospital
districts (see map in Fig. 1) and is correspondingly classified into
three groups. Group 1 was collected at the Central Hospital of the
University of Turku and consists of cases from the southwest coast of
this country. The autopsies were performed at the Department of
Pathological Anatomy of the University of Turku in the spring of
1964. Group 2 consists of cases from the region of Northern Savo in
east Finland. Most autopsies were performed by myself at the Central
Hospital of Kuopio during the years 1963—1964. All subjects who
had been employed in an asbestos mine or industry were omitted from
this group. Group 3 consists of autopsies performed in spring 1964
at the Department of Pathological Anatomy of the University of
Oulu on subjects who came from the northwest coast of Finland.

The series consists of a total of 438 consecutive autopsy cases
distributed over the above-mentioned regions as follows:

Group 1: 91 cases
Group 2: 255 ,,
Group 3: 92 ,,

For the purpose of studying more closely a possible neighbourhood
effect of asbestos mines, all subjects aged 15 years and older from
Tuusniemi commune in Northern Savo that had been examined post
mortem at the Central Hospital of Kuopio between Jan. 1960 and
June 1965 were studied. The village of Paakkila in this commune is
the site of the only asbestos mine and mill that are worked in Finland
today. The group in question consisted of 15 cases. From another
commune in Northern Savo, Maaninka (Fig 3), a corresponding
number of autopsy cases from the same period were collected to serve
as controls. These two groups were not included in any other analysis
performed in the present study.

Since the present material consists of routine-autopsy cases from
general hospitals, it is primarily selected. Therefore, it does not fulfil
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ASBESTOS
= DEPOSITS

Fig. 1. Map showing the three Central Hospital districts of Finland, the autopsy
material of which formed the basis of the present study.
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the strict criteria of an epidemiological investigation. Taking this into
account the data collected in the present study were not, as a rule,
regarded as suitable for statistical treatment. Nonetheless, the study
of an autopsy series is the only possible basis for evaluating the
occurrence of asbestos dust, or any factors that may produce asbestos
bodies, and of parietal pleural plaques. Hence, it was considered of
some interest to present the statistical data as such.

In regard to the relationship between the frequency of pleural
plaques and asbestos bodies a statistical analysis of significance was
made. In this the y2 test for 2 x 2 contingency table was used. On this
point the statistical analysis was regarded as emphasizing a relation-
ship which, on the basis of the observations made, seemed to be
obvious, but which it was difficult to express merely with the aid of
the numerical results. In those other few instances where the signifi-
cance of the differences between two means was considered to be of
interest, the t-test was used.
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Part [

OCCURRENCE OF ASBESTOS BODIES IN ROUTINE
AUTOPSY CASES ‘

METHODS

In order to count the asbestos bodies present all available lung
specimens were collected from the present series of cases. One to four
specimeéns were taken from pieces obtained from apparently healthy-
looking portions of the lungs. An attempt was thus made to avoid
tissue affected by tuberculosis, cancer or other destructive processes.
The specimens were fixed in formol and embedded in paraffin. Sec-
tions were cut at 20 and iron staining, i.e. the Prussian blue reaction
of Wicklein — Falkenberg (Romeis 1948), was performed in order,
to facilitate the detection of asbestos bodies (see Plate I, b,c). For
general histological examination van Gieson's stain was used.

Asbestos bodies were counted by systematic microscopic inspection
of the entire surface of four sections in each case. As a rule, the
sections measured about one sq. cm. The four sections were chosen as
far as possible from different specimens. Scanning was performed
with medium magnification (10:1 objective), and higher magnifi-
cation was used for positive identification. -

The following criteria were used for accepting foreign bodies
as asbestos bodies: A typical elongated shape, symmetrical structure,
a segmented, brushy or smooth surface, iron-positive encrustation
and a length of over 20 «. In some cases a refractive central core
was of help in the identification.

Personal data were obtained from the hospital records and sup-
plemented, when necessary, by enquiries at the official registries.

\
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RESULTS

A. General frequency of asbestos bodies in autopsy
subjects aged 15 years and older

Among a total of 396 consecutive autopsy subjects aged 15 years
and older, collected from three Finnish hospital districts (Fig. 1),
lung specimens were available in 264 cases (66.6 per cent).

The cases were classified as positive or negative according to the
presence or absence of asbestos bodies, irrespective of their numbers.
As evaluated on this basis, the positive cases numbered 152 (57.6 per
cent).

When the cases were classified into 10-year groups, the age distri-
bution seen in Table 1 was obtained. Asbestos bodies were found in
the lungs in all age groups examined. The proportion of positive cases
in the different age groups varied somewhat, but no rise in frequency
with increasing age was discernible. The oldest groups contained a
somewhat lower proportion of positive cases than the middle-aged,
but variations also occurred among the various middle-aged groups.
In the group 46—55 years the frequency of asbestos bodies was lower
than in the preceding and following groups. Thomson et al. (1963)
made the same observation, without being able to offer any definite
explanation.

TABLE 1

Age distribution of asbestos bodies in the whole series.

Finding of asbestos bodies

+

Age Group 1 : Group 2 Group 3 Groups 1—3
group,! posi- nega- posi- nega- posi. posi- nega. |Total

yrs. | tive tive . tive tive | tive tive tive tive
15—25 3 3 1 4 3 7
26—35 2 1 6 4 1 8 6 14
36—45 1 1 8 3 1 10 4 14
46—55 6 5 17 10 4 23 19 42
56—65 17 8 28 16 8 6 53 30 83
66—175 22 10 18 17 4 4 44 31 5
76— 3 8 5 7 2 4 10 19 29

Total 57 33 85 60 16 19 152 112 264

On comparing the frequency of asbestos bodies in males and fe-
males, the following result was obtained:

Among*® a total of 148 males (56 per cent of the whole series),
asbestos bodies were found in 89 (60.1 per cent). ’
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Among a total of 116 females (44 per cent of the whole series),
asbestos bodies were found in 63 (54.3 per cent).

The proportion of positive cases was somewhat higher among the
men, but the difference was insignificant.

As will be shown later, all those cases in which asbestos bodies
occurred in relatively great numbers were men, however. Thus, classi-
fication into positive and negative cases is liable to give a misleading
idea of the situation. In point of fact, asbestos bodies were mostly
found in greater abundance in the men than in the women, but owing
to the wide individual variation in the density of asbestos bodies,
statistical analysis of this point was impossible. -

B. Influence of domicile on the occurrence
of asbestos bodies in the lungs

In order to find out whether differences in the occurrence of
asbestos bodies in the lungs are observable between the inhabitants
of different parts of Finland, material was collected from three hos-
pital districts situated in different parts of th2 country (groups 1,
2 and 3, Fig. 1). i

The distribution of the material of lung specimens between the
different groups was as follows:

In group 1, consisting of 91 cases, lung specimens were obtained
from 84 (about 92 per cent).

In group 2, consisting of 214 cases, specimens were obtained in
145 cases (about 70 per cent).

In group 3, comprising 92 cases, specimens were obtained from
35 (about 38 per cent).

In the various groups, asbestos bodies were found as follows:

Group 1 in 51 cases, or 60.7 per cent
GI'OUP 2v ” 85 ” 2 58-6 ” ”
Group 3! ” 16 ” r” 45‘7 ” r”

No clear differences were observed between the inhabitants of
different parts of the country in regard to the frequency of asbestos
bodies. It is striking that although some of the cases in group 2
came from a region with asbestos deposits and an asbestos mine,
this was not reflected as an increase in the frequency of asbestos
bodies in the whole group.

The diagram in Fig. 2 shows the distribution of the cases in all
three groups according to domicile and sex. Each group is divided
into rural and urban cases.
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eol ‘ O All cases
B Cases with asbestos bodies

o dod @dgd Jo d
Rurat  Urban Rural Urban Rural Urban
Group 1 Group 2 Group 3

Fig. 2. Sex and residential distribution of 264 cases examined for asbestos bodies.

The total number (groups 1—3) of rural cases was 157, and of
these 77 had asbestos bodies in the lungs. The proportion of positive
cases in the rural population was 49 per cent.

The urban cases numbered 107 and asbestos bodies were detected
in 75 (70 per cent). ’

The frequency of asbestos bodies was thus much higher in the
urban population than in the rural population, Nonetheless, every
second subject among the rural population had asbestos bodies in the
lungs. This is a very interesting finding, considering that hitherto
the occurrence of asbestos bodies has only been studied among urban
populations, and the inhalation of asbestos dust has been regarded
as mainly a hazard of cities. The high frequency of asbestos bodies
among the rural cases is particularly noteworthy in view of the fact
that in Finland the population density is very low, being in the re-
gion of group 2, for instance, only 11.4 persons per sq. km (Statis-
tical Year Book of Finland 1963). In the present study no attempt
was made to check whether the subjects had moved from the country-
side to a town or vice versa, but since urbanization is in progress in
this country, it was regarded as justified to assume that those who
had indicated a rural community as their domicile, had probably
lived most of their lives on the countryside. By contrast, the group
of urban cases may comprise many persons who had only lived in a-

town for a short time. If it had been possible to collect a separate
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group of individuals who had spent all their lives in a town, it is
possible that the difference between the urban and rural populations
would have proved to be greater still.

Since the region inhabited by group 2 comprises asbestos deposits
and the only asbestos mine that is being worked in Finland, these
cases were subjected to closer analysis. The map in Fig. 3 shows the
area of asbestos deposits at the eastern border of the district of the
Central Hospital of Kuopio and the situation of the Paakkila asbestos
mine, as well as the domiciles of the subjects investigated. All rural
cases are marked at their sites of residence; different symbols are
used for males and females, and the presence of asbestos bodies is
indicated by blackening of the symbols. It is seen that in the town of
Kuopio, the centre of the district, postive cases were detected in rela-
tively greater numbers than in the countryside, but among the rural
population no clear concentration of positive findings in the area of
the asbestos deposits was observed. In making the map, just as in the
calculation of frequency, cases were treated as positive even if only
one asbestos body was found in the lung sections examined.

For further analysis, group 2 was divided into two subgroups
in such a way that those who had lived within 50 km from the asbes-
tos mine were distinguished from the remainder, who had lived
farther away. It then emerged that in the former group, asbestos
bodies were found in the lungs in the majority of cases (16 out of
24), whilst in the other group the finding was positive in somewhat
less than half the cases (32 out of 75). All urban cases were omitted
from this analysis, and so were those coming from the industrial com-
munity of Juankoski, which from the standpoint of the present study
is comparable to a town. When the absolute number of asbestos
bodies per four sections was taken into account, it was found that in
the 16 positive cases coming from the vicinity of the asbestos mine
the average number of asbestos bodies was 5.2, whilst in the 32 posi-
tive cases in the other group the corresponding figure was 3.0. The
material included only one case from the mining village, i.e. a lorry-
driver’s assistant aged 18, whose lung sections exhibited 11 asbestos
bodies. The results seem to indicate that asbestos dust may spread
relatively far into the surroundings of an asbestos mine, although
no significant differences could be demonstrated owing to the wide
individual variations in the number of asbestos bodies detected.

In order to investigate further the possibility of a neighbourhood
effect of the asbestos mine, a group of 15 subjects from the asbestos
mining commune (Tuusniemi) was compared with a group of 15
cases from another commune (Maaninka), situated in the western
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O Female

® Female with asbestos bodies
D Male

A Male with asbestos bodies
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Fig. 3. Map showing the geographical distribution of the cases in group 2 coming
from the Cengral Hospital of Kuopio. The area of asbestos deposits at the eastern
border of the district is indicated with a broken line.
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TABLE 2

Cases from the commune of Tuusniemi, where the Finnish anthophyllite
asbestos mine is situated (asbestos area), and from the commune of }Maa-
ninke (area without asbestos). .

Asbestos area (Tuusniemi)

No. of i
Autopsy | Age | ggpactos Occupation trlggtarﬁ::e, Plaque
no. yrs. bodies km on pleura
146—60 69 291 Farmer 3 +
52—61 70 7 —_— 20 +
23—63 63 —_ —y — 20 _—
74—63 46 1 Labourer 18 —
132—63 72 4 Farmer 12 +
102—64 34 8 Labourer 8 +
105—64 18 11 Lorry-driver’s assistant 1 +
113—64 42 6 Farmer's wife 16 +
12964 73 5 Foreman 16 —_
139—64 63 13 Manager 8 +
26—65 56 68 Farmer 1 —
31—65 78 7 Labourer's wife 20 +
50—65 67 —_ Farmer's wife 18 —_—
70—65 47 27 — T — 15 +
137—65 55 7 Farmer 20 +
Total 455
Area without asbestos (Maaninka)
Age No. of - Distang:e ue
Auxt'%x')sy l yé als;gsﬁcs)s Occupation from lmr:nne. o: lg?eura
3—63 68 4 Farmer >60 +
33—63 76 —_ —_—— " —_
102—63 63 — S N —
107—63 65 —_ —_— " —_
112—63 59 - —_—— . +
44—64 48 _— Labourer’s widow " —_—
39—64 76 — Farmer " +
52—64 55 2 Teacher " +
67—64 56 — Farmer’s widow ” —_
68—64 81 7 Labourer’s widow ” -_
88—64 57 5 Fisherman ” +
137—64 60 _— Farmer's wife v —_
147—64 50 — Labourer " +
11—65 66 - —_— " -
58—65 73 —_— Farmer " —_—
Total 18
- 1421
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part of the hospital district, as was mentioned in the foregoing
(p. 00). The results are shown in Table 2,

A statistical analysis based on these two groups showed that the
frequency of asbestos bodies was very highly significantly (p<0.001)
greater in the population of Tuusniemi (the asbestos mining com-
mune). However, the number of asbestos bodies per case was only
almost significantly greater (0.5<p<0.1) in Tuusniemi than in
‘Maaninka.

C. Density of asbestos bodies in histological
lung sections

In general, the number of asbestos bodies found in the individual
cases was very low. In the majority of cases, enly one to four bodies
were found in all four sections together. Among the total number of
positive cases in the three groups, i.e. 152, there were only 17 in
which ten or more asbestos bodies were detected. The age, occupation,
sex and number of asbestos bodies in these cases are shown in Table
3. All except two were men.

TABLE 3

Cascs with ten or more asbestos bodieg in the lungs in four
gections examined.

1 No. of "I'hicknessl'E 2
Au,t‘%;.:sy i Occupation l :rge asbestos OIP{'::E?l gjg'
| |~ bodies | T oy FE
6—63 Storeman in an ironmongery 52 43 4 +
26—63 Labourer 54 12 2.5 +
32—63 Engine shed worker 60 43 5 +
(demolisher of engine insulations)
75—63 Labourer 68 40 0.4 +
99—63 Forestry technician’s wife 68 10 3 —_
114—63 Welder 45 40 4.5 +
153—63 Builder’s worker 57 50 2.5 +
6—64 Sempstress 50 18 33 +
66-—64 Engineer 61 23 3.0 +
105—64 Lorry-driver’s assistant 18 11 2.3 +
79—64 Plumber 59 250 (e.) 3 +
103—64 Stoker 70 17 2 +
84—64 Carpenter 60 25 3 +
101—64 Tailor 53 12 2 —_—
107—64 Mason 71 25 3 +
132—64 Storekeeper in an iron- 64 41 (total oblite-
. s - ration n!
monger’s and car-dealer’s firm pleural space)
180—64 Repair-shop worker 55 11 4.5 +
HER 0001422
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Since asbestos bodies were detected in the majority of the present
autopsy cases, it seemed arbitrary to regard a case as negative solely
because four sections had contained no asbestos bodies. Hence, the
effect of thie number of sections examined on the chance of finding
asbestos bodies in positive cases was analysed by classifying the

* material according to section in which the first asbestos body was

found. As is seen in Table 4, in most cases the very first section
contained asbestos bodies, but there were also a large number of cases
in which bodies were not found until the last section.

TABLE 4

Classification of the 152 positive cases according to section in which the
first asbestos body was found and the corresponding mathematically
expected numbers.

No. of cases
Observed | Expected
1st section 72 69.6
2nd » . 39 42
3rd ” 24 25.3-
4th ”» 17 15.2

This analysis made it possible to estimate the probability of
detecting asbestos bodies, by the method employed in the present
study, in the lung sections of subjects whose lungs contain such
bodies. By the method of maximum likelihood it was found that the
probability is 0.398 when only one lung section is examined, 0.869
when four sections are examined, and 0.994 if ten sections are
studied. By this calculation it was found that in the present series of
subjects aged 15 years and older the true frequency of asbestos
bodies was 66.3 per cent, and that asbestos bodies were detected
in 86.9 per cent of the positive cases.

In Table 4, in which the cases are classified in groups according
to section in which the first asbestos body was found, the number
of cases is in each group compared to the mathematically expected
number.

In order to find out whether the site of the specimens studied
influenced the result, specimens from all the lung segments of three
subjects were examined for asbestos bodies by the method previously
described. In two cases the specimens were taken from the left lung,
and in one case from the right. Fig. 4 shows the number of asbestos
bodies found in specimens of the various lung segments. It goes
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Fig. 4. Schematic representations of three lungs from different cases showing
the asbestos body count in each lung segment.

without saying that the scanty material does not allow of any definite
conclusions regarding the distribution of asbestos bodies between the
various portions of the lung, but it seems probable that the site from
which the specimen is taken is of no major significance. If asbestos
bodies are present in the lungs in appreciable numbers, they are
readily found in any part of the lung.

D. Morphology and location of the asbestos bodies found in
subjects not employed in asbestos industries -

Morphologically, the asbestos bodies found in the present material
corresponded to the descriptions presented by previous authors
(McDonald 1927, Beger 1933, Gloyne 1938). As a rule, they measured
20—10 « (Figs. 5—12 and Plate I, b, ¢) but sometimes even 150
. Both curved and straight forms occurred, although the former
were less frequent. The surface showed wide variations from enti-
rely smooth to segmented structures resembling a necklace or a verte-
bral column. Furthermore, some asbestos bodies were serrated or
brushy in outline. Often an unstained, refractive central core was
observable, which sometimes peeped out at the ends of the protein
encrustation (Figs. 7, 8). The end was often bulb- or ball-shaped
(Figs. 8, 9). Occasionally, the asbestos bodies were very slightly iron-
positive, thin, even, non-segmented spicules (recently inhaled, accord-
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ing to Beger 1933). The iron reaction was sometimes observable in
only part of the asbestos body, although the encrustation seemed to
cover the whole fibre like a thin, yellowish membrane. The asbestos
bodies were not doubly refractive, and no attempt was made to detect
asbestos fibres with the aid of polarized light or a dark-field tech-
nique. Thus, quite recently aspirated asbestos fibres were certainly
not counted. Sometimes iron-positive, smooth balls were seen, which
in size resembled the segments of asbestos bodies, but these were
omitted from the count.

In a few cases the asbestos bodies were partially or entirely
phagocytized by macrophages (Fig. 12). Foreign body giant cells,
which are typical of asbestosis (Gloyne 1933), were found in only
one case. In this, the number of asbestos bodies was the greatest
recorded in the present study, i.e. 250, Occasionally, the asbestos
bodies were situated inside the alveoli, but mostly they were in part,
at least, located in the interstitium. Furthermore, in many cases
asbestos bodies were found in the perivascular lymphatics among
-coal pigment. In these cases accumulations of coal pigment to some
extent masked the asbestos bodies.
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Fig. 5. Photomicrograph of an asbestos body of necklace-shape in an alveolar
space. The body was about 100 ¢ in length. Wicklein-Falkenberg iron staining.
X 105,
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Fig. 6. An intra-alveolar, broken asbestos body, length 33 #1. Wicklein-Falkenberg
iron staining. X 450.

J

Fig. 7. High magnification of the same body as in Fig. 6. The central core can be
seen protruding through the lower end of the encrustation. Oil immersion. X 900.
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Fiy. 8. A typical asbestos body with the central core partly visible through the
thinnest segments of_the encrustation and protruding from the lower end. Length
about 50 , . Wicklein-Falkenberg jron staining. Oi] immersion. x 900.

Fig. 9. A dumb-bell-shaped asbestos body, length about 55

. Wicklein-Falken-
berg iron staining. X 450.
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Fig. 10. A curved asbestos body found in interstitial connective tissue of a lung. \
It was surrounded by lymph cells. The total length of this body was about H
90 ¢, Wicklein-Falkenberg iron staining. Oil immersion. X 800. 1
i
H
|
i
1
i
}
i
i
1
1
1
- !
Fig. 11. An asbestos body embedded in connective tissue, length about 100 «. 1
Wicklein-Falkenberg iron staining. x 450.
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Fig. 12. A dumb-bell-shaped asbestos body, 90 ¢/ in length, partly phagocytized by
two macrophages. Wicklein-Falkenberg iron staining. X 450.

Severe pulmonary fibrosis was not observed in a single case
exhibiting asbestos bodies. In some specimens with numerous bodies
there seemed to be a slight increase in the amount of connective
tissue, particularly in the form of scattered thickening and collageni-
zation of alveolar septae. As similar mild fibrosis was seen now and
then in lungs with no asbestos bodies, however, it could not with
any certainty by attributed to asbestos dust inhalation.

E. Influence of occupation on the frequency
of asbestos bodies in the lungs

For this part of the study all male farmers from groups 1—3
were compared with a group of male workers from the building
trade or other related occupations. The latter were collected solely
from the rural population. The results were as follows:

In a group of 49 farmers, with a mean age of 63.7 years, asbestos
bodies were found in 23 cases (47 per cent).

In a group of 21 workers from the building or other comparable
trades, with a mean age of 54.8 years, asbestos bodies were found
in 14 cases (67 per cent).
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As regards the quantity of asbestos bodies, the average number
per positive case was 1.6 among the farmers and 8.2 in the other
group. The difference is very highly significant (p<0.001). On the
basis of this finding it seems obvious that those working in the build-
ing or other comparable trades run a greater risk of inhaling dust
causing asbestos bodies than agricultural workers.

A similar conclusion may be drawn when those 17 cases in which
ten or more asbestos bodies were detected are analysed from the
standpoint of occupation (Table 8). This group did not comprise a
single farmer, but at least eleven persons who could be regarded as
workers in the building trade.

SUMMARY OF THE RESULTS
Asbestos bodies.

1) Asbestos bodies were encountered in the lungs of 57,6 per cent,
at least, of Finnish autopsy subjects aged 15 years and older. In
actual fact this figure is obviously too low, since the number of posi-
tive cases seems slowly to rise as the number of sections examined is
increased.

2) No consistent rise in the frequency of asbestos bodies was
observed with increasing age. The frequency of asbestos bodies was
nearly the same in the two sexes, but among those relatively few
cases in which bodies were observed in somewhat greater abundance,
the majority were mon.

3) Asbestos bodies were more frequent in the urban than in the
rural population. In a hospital district comprising asbestos deposits
and an asbestos mine. the frequency of askestos bodies was not signi-
ficantly higher than in two other districts in which no asbestos mines
or factories are situated. By contrast, in a group of cases from the
asbestos mining commune, asbestos bodies were found more fre-
quently than in a control group from another commune in the same
district. The difference was very highly significant. It seems possible
that bodies were also more numerous in the individual cases in the
population living in the vicinity of the asbestos mine.

4) It seems that in an unselected series of autopsy cases the
density of asbestos bodies is usually very low in the positive cases.

5) Thesize and shape of the asbestos bodies did not differ from
what has been observed in asbestosis.
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6) In cases with a definite or probable history of occupational
exposure to asbestos, asbestos bodies seem to occur in somewhat
greater abundance than in the general population. This applies in
particular to workers in the building and related trades. In such
cases asbestos bodies were found more frequently and in greater
numbers than in a control group of farmers, and the difference was
very highly significant.

On evaluating the possible significance of the presence of asbestos
bodies in the lungs, their relative abundance should also be taken
into account, since such bodies seem to occur to some extent in the
majority of subjects aged 15 years and older. In the relatively few
cases of the present series in which asbestos bodies were found in
somewhat greater numbers, they were nonetheless very scanty ascom-
pared with the findings in true asbestosis, and there was no pul-
monary fibrosis of any significant degree in these cases.

HER 0001431



Part 11

FIBROTIC THICKENING OF THE PARIETAL
PLEURA (PLEURAL PLAQUES)

Occurrence. anatomy, histology. relationship to the occurrence of
asbestos bodies in the lungs and to chronic diseases
of the lungs and heart

METHODS

In the present study the expressions pleural plaque and scattered
fibrotic thickening of the parietal pleura are used to denote lesions
on the inner surface of the thoracic cavity, visible at autopsy with
the naked eye and appearing as yellowish-white or greyish-white
patches against the reddish background of the normal pleura. The
histological criterion for accepting a lesion as a plaque was that the
connective tissue in the thickened area was arranged like basket-
weave in undulating layers parallel to the pleura. In the most typi-
cal cases the connective tissue always showed this structure, and for
+his reason very thin whitish pleural patches were classified as pla-
ques only if they exhibited connective tissue of this type.

Before the collection of material for the present study was begun,
‘he pathologists who were to perform the autopsies were informed
of the purpose of the investigation and asked to pay particular atten-
tion to changes on the internal surfaces of the thoracic cavity. This
was of importance for the reason that small, light-coloured patches
in the posterior portion of the thorax are apt to escape attention
Jecause they usually become covered with sanguineous fluid during
the performance of the autopsy.

The specimens taken from the pleura were fixed in formol and
embedded in paraffin. Some of the specimens were stored in formol
for later lipid staining. General staining was perfomed with van
Gieson's technique. For calcium staining Alizarine Red and van
Kossa's method were used in parallel. The elastic fibres were stained

» HER 0001432




54

by Verhoeff’s technique, and staining for iron was performed by
Wicklein — Falkenberg's method (Romeis 1948). For lipid staining,
Scarlet Red and Sudan Black B were used.

Personal data and descriptions of the gross anatomy of the parie-
tal pleura were obtained from the autopsy records. Measurements of
the thickened portions of the pleura were made with an ocular mic-
rometer from histological sections, which in all cases were taken as
far as possible perpendicular to the pleural surface. The specimens
were taken from the thickest areas of the plaques, as judged by eyve.
Since this method was obviously not very exact, estimation of the
thickest point being difficult at autopsy, the values recorded may in
individual cases have differed appreciably from the true values.
However, by these measurements the dimensions of the plaque were
roughly estimated.

RESULTS

A. Frequency of pleural plaques in autopsy subjects
aged 15 years and older

Table 5 shows the frequency of plaques in the area of the parietal
pleura in an unselected series of Finnish autopsy subjects aged 15
years and older, collected from three hospital districts (groups 1, 2
and 3, Fig. 1). The total number of cases was 438. In 172 of these

. TABLE 5

Cases with pleural pluquees wmong 438 wutopsics from three hospital
digtricts in Finland.

Group 1 (91 autopsies) ;Group 2 (255 autopsies) Group 3 (92 autopsies)

; i ! i
» | No.ot Mean age: o, | No. of ‘Mean age .,
casesyrs: | cases . yrs. | Icases;yrs.

" No.of Mean age; .,

Bilateral 31 64.2 341 76 58.6 208 12 65.6 13
plaques i

(without (23) (64.1) (38) (57.3) (6) (61.2)
adhesions)

Unilateral 21 61.4 23.1 57 27.4 10.G6 5 G7.4 5.4
plaques
All plaque 52 63.1 57.1 103 58.3 404 17 66.1 18.5
cases

No plaque 39 65.8 42.9 152 59.8 596 175 61.1 81.5
found
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(39.3 per cent), plagues of varying size were observed in either one :
or both halves of the thoracic cavity. :
Since a unilateral fibrotic plaque may result from tuberculosis,
empyema ot haemothorax, the cases with bilateral plaques were con-
sidered separately from the remainder of the material. In the majo-
rity of cases showing plaques, the lesions were bilateral. I;:urther-
more, pleural adhesions may be caused by a previous inflammatory
process. Hence, Table 5 shows the number of cases with bilateral
plaques in which no kind of adhesions was present and the pleural
cavity was thus entirely open. Over half the bilateral cases, or 67 out
of 119, were of this kind.
The frequency of pleural plaques in the different hospital districts
varied. It was lowest in group 3, which comprised autopsy cases
from the northwest coast of Finland. In this region the frequency
of plaques was lower than in groups 1 and 2. The same result was !
obtained when only bilateral cases were taken into account. By
contrast, the frequency of bilateral plaques was more or less the same
in groups 1 and 2. The region of group 2 comprises asbestos deposits
and an asbestos mine, whilst neither asbestos deposits nor any parti-
cular asbestos industries are situated in the region of group 1. But
in this aroup the majority were urban cases coming from the city
of Turku, the centre of the region and the site of a variety of
industries, including shipyards.
The sex distribution of pleural plaques is shown in Table 6.
Only bilateral cases have been taken into account. The majority of
the cases (85 out of 119) were men.

PP

TABLE 6

Sc.w distribution of 119 subjeets with bilateral plaques.

Dam ras IRt e

No. of cases ¢
Groupl (mean Group2 (mean Group 3 (mean ‘ Total o :
age, yrs.) age, yrs.) age, yrs.)’ °
1
Men 21 62.2 52 57.3 12 65.6 85 71.5 5
Women 10 68.4 24 61.4 —_— —_ 34 28.5 ¢
Total 31 64.2 76 58.6 12 65.6 119 100 ]

Loz

The effect of the domicile on the occurrence of plaques was
analysed in the same way as in the first part of this study in regard
to the frequency of asbestos bodies, i.e. by dividing the material into
rural and urban cases on the basis of the place indicated in the

~hospital record as the patient’s last domicile. Of the total of 438 cases,
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Fig. 13. Map showing the residential distribution of the rural cases with bilateral

plagues and cases with no pleural plaque in group 2. The cases are marked in

columns in their residential communes. Note the concentration of plaque cases in

the communes around the main road between the Paakkila asbestos mine and the
town of Kuopio.
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277 were rural. Among these, 88 exhibited either unilateral or bi-
lateral plaques. The frequency of plaques in the rural population was
thus 31.8 per cent. The corresponding figures for the urban po-
pulation were 161 cases in all and 84 exhibiting plaques, which gave ‘
a frequency of 52.2 per cent. f

In group 2, which comprised cases from the surroundings of the
asbestos mine, the various rural communes were compared from the ‘
standpoint of the occurrence of bilateral plaque cases and plaque-
free cases. The results are as seen on the map in Fig. 13. In only
two rural communes were the cases with plaques more numerous than :
those without. One of these communes is the site of the asbestos mine i
and mill and the other is the neighbouring commune, through which ;
the main road leads to the town of Kuopio, the centre of this district.
The geographical distribution of cases with plaques thus roughly
corresponds to the distribution of cases with asbestos bodies (cf.
Fig. 3, p. 00).

The age distribution of the cases with pleural plaques is shown
in Table 7. Plaques were found in all age groups, but relatively less
frequently in those under 30 and over 80 years old. Thus, the si-
tuation resembled that seen in regard to the age distribution of as-
-bestos bodies (Table 1).

TABLE 7

Age distribution of the cases with and without plaques in the
whole series.

No. of cases

) ] i ]
15-19 20—29 3039 | 40—49 . 50—59 & 60—69 |70—79|80—90

yrs. yrs. = yrs. © yrS. ' yrs. i yrs. | yTs. : yrs.
Plaque 1 2 8 13 51 | 52 40 G
No piaque 6 8 12 22 52 83 60 22
Total 7 10 20 35 103 135 100 28

B. Pathological anatomy of the plaques

As a rule, the plaques observed on the parietal pleura were
localized to the area of the seventh to tenth ribs in the posterior
portion of the chest (Plate I, a). The thickest plaques, and often
the only ones present, were found in this area (Fig. 14). They varied
in size flom just discernible specks to areas the size of a palm, and
sometimes even covered the entire posterior lower portion of the
pleura. In more advanced cases the plaques were readily detected,

-
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PLATE I

ChLN L M 41N

Plate I, a Photograph of an emptied thoracic cavity showing typical bilateral '

pleural plaques resembling sugar-icing. Notwithstanding a plaque thickness of

3.5 mm, calcification was not dense enough to make the plaques visible on a

routine roentgenogram of the chest. Only 2 asbestos bodies were found in the

lungs. b Photomicrograph of a typical asbestos body stained for iron. ¢ Two
asbestos bodies in lung tissue stained by van Gieson’s method.
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being very conspicuous (Figs. 15, 23). They formed a curved slope
of patches with irregular outlines, extending medially from the
above-mentioned area lateral to the vertebrae and, in the other
direction, laterally obliquely upwards in a winding course towards
the cartilaginous borders of the second and third ribs. These thickened
areas of the pleura were often more or less fused. In bilateral cases
the two halves were often mirror images of each other.

The plaques situated at the level of the seventh to tenth ribs in
the posterior, lower portion of the thorax were usually irregular in
shape, whilst those situated on the lateral wall of the chest were
often elongated and narrow. The latter frequently followed the di-
rection of the ribs, although bridges between them and irregular
processes extending in various directions occurred in abundance. Their
course was not nearly so uniform as that of the strands of fatty
tissue often seen on the inner surface of the thoracic cavity, under
the pleura (Fig. 14). These strands closely followed the direction
of the ribs. In the lateral portions of the chest the plaques were
usually situated at the level of the sixth to ninth ribs. Furthermore,
plaques were often concentrated in an area in the anterolateral
portion of the thorax at the level of the second to fourth ribs, the
most typical site being found lateral to the cartilaginous part of the
chest. In this area the shape of the plaques was again more bizarre.

On the surface of the diaphragm plaques were found in almost
all cases in which such lesions occurred in other sites. Here, too,
their localization was very uniform. They were situated on the central
tendon, and they seldom extended onto the muscular part of the
diaphragm. They were concentrated in the lateral dorsal portion of
the tendinous part of the diaphragm, in a site near the border of the
muscular part. In advanced cases the plaques on the diaphragm
sometimes measured as much as 10 cm in diameter. Here, too, the
shape of the plagues was bizarre.

A tyvpical. but less common, location of plaques was the pleural
surface of the pericardial sac. In this site they were found on the
right side in an area between the atrium and the middle lobe of the
right lung, and on the left between the atrium and the mediastinal
surface of the upper lobe. Plaques so situated were only encountered
in 14 cases, and in 8 of these the lesion was confined to the left side,
whilst in the remaining 6 cases it was bilateral. On this parietal
pericardial surface of the pleura plaques were observed only in cases
also exhibiting them on the other pleural surfaces. It thus seemed
that this location of plaques indicated a more advanced stage of
plaque formiation.
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Fig. 14. The left costal pleura bluntly removed and spread on a flat surface.
The costal line is still shown by the strands of fatty tissue following the ribs.
The two arrows to the left indicate two thin "beginning?” pleural plaques.

Pleural plaques were never found in the phrenico-costal sinus or
below the eleventh rib. They were very seldom seen in the anterior
portion of the thorax at the level of the cartilaginous part of the
ribs, although in some cases they extended as far as the sternal sur-
face. Paravertebral plaques were usually situated in the lower
portion of the thoracic cavity. They were located somewhat higher
than the adjacent plaques in the posterior portion, as a rule on the
lateral surfaces of the fifth to ninth vertebral bodies.

An interesting observation was that plaque formation seemed to
occur in areas of the pleural surface which were free of adhesions.
In cases with unilateral total obliteration of the pleural cavity plaques
were often encountered in abundance on the other side, which was
unfused. If adhesions were present only in part of the cavity, the
plaques were concentrated in the free portions. On the other hand,
the presence of plaques did not prevent the formation of adhesions,
since such lesions were now and then found beneath the adhesions.
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Fig. 15. The costal pleura bluntly dissected from both sides. The plaques stand

out clearly and the predilectional locations can be seen. The series of plaques

on each side follows a line from the posterior lower area through the lateral
middle area to the anterior upper area of the thoracic wall.

The thickest pleural plaques were very typical in appearance.
The classic comparison to sugar icing or frosting (Zuckerguss), as
is seen on serous membranes, particularly on the coat of the spleen
(chronic hyaline-sclerotic perisplenitis), perfectly describes the
appearance of the plaques (Fig. 15). Their colour was the white
of porcelain or pearls, or sometimes ivory, and they projected more
or less abruptly like a plateau above the level of the suprounding
reddish, transparent normal pleura. The plaques felt stiff, leathery
and firm, but relatively seldom contained any clearly calcified, hard
spots. If they did, their consistency was lime-hard and they fractured
when bent, whilst thev could usually be bent like leather. Plaques
which on gross inspection were calcified, were often yellowish grey
and transparent, and closely resembled calcified atherosclerotic
aortic plaques. As a rule, the surface of the plaques was smooth, but
in many cases it was nodular, as if the plaque were packed with split
peas (Fig. 25). Sometimes the margins of the lesions were hollowed
out from underneath, even so much that the rim bulged into the
pleural cavity (Figs. 15, 25). Often pits of various sizes were observed
in the otherwise smooth surface of the plaque. Usually the plaque
commenced abruptly, like a step, but the thinner plaques sometimes
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arose more gradually, without any sharp demarcation from the
normal pleura. From the margins of the lesions streaks often extended
radially into the surrounding tissue, as if the plaque contracted the
pleura. :

The whole costal pleura, including the plaques, was readily re-
moved bluntly from the underlying intercostal muscles and ribs. The
plaques situated on the diaphragm could not be peeled off in this
way, however, since in this site the pleura is more firmly attached
to the structures underneath (Kivikanervo et al. 1947). This blunt
removal constituted a differential-diagnostic criterion by which
plaques could be distinguished from exostotic projections, which
sometimes occurred on the pleural surface of the ribs like strings of
beads. The latter could not be removed without a sharp chisel.

The pleural plaques were readily distinguished from the sub-
pleural adipose tissue which was light yellow and soft, and closely
followed the course of the ribs, bulging into the intercostal spaces
(Fig. 14).

The macroscopically calcareous plaques were usually situated in
the anterolateral portion of the thorax, at the anterior upper end of
the spiral-shaped series of plaques in the region of the cartilaginous
border of the second to fourth ribs and lateral to these. The calcium
content did not seem to be in any way related to the thickness of the
plaques, since in the cases showing calcified plaques there were
sometimes equally thick or even thicker and more extensive, but
grossly uncaleified plaques observable in the posterior lower portion
of the thoracic cavity. '

C. Histology of the plaques

The pleural plaques were almost invariably composed, either in
part or entirely, of coarse collagenous connective tissue, the fibres
of which were arranged upon each other in a flatly undulating fashion
in such a way that the top of one wave touched the bottom of the
next (Figs. 16 and 17). Sections made perpendicularly to the plate-
like plaque thus showed a reticular texture, in which the meshes
resembled stretched benzene rings. Obviously the fibres were twisted
around each other in the same way as in basket-weave (Fig. 18).
The coarse connective tissue in the plaques contained very few
fibrocyte nuclei or thin-walled capillaries. The collagen fibres were
more strongly refractive than those in ordinary coarse collagenous
tissue, in which the wavy fibres follow the same course, like curls.
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Fig. 16. Photomicrograph of the margin of a typical pleural plaque sectioned
transversely. Pleural surface in the upper right corner. van Gieson staining.
X 45.

Histologically, too, the structure of the connective tissue of the pla-
ques corresponded completely to that of the tissue seen in so-called
sugar icing. The latter has often been described as hyaline, although
its histological structure is neither homogeneous nor transparent.
The same kind of coarse collagenous connective tissue resembling
basket-weave also occurs in atherosclerotic plaques. Furthermore,
it is found at many other sites, e.g. in the capsules of the nodules in
a nodular thyroid gland and occasionally in old scars from myo-
cardial infarctions. In the normal pleural tissue surrounding the
plaques this type of collagenous connective tissue did not occur
(Figs. 16, 19).

In no case was granulation tissue or fibrinous exudation observed
in the plaques or at their margins. Now and then the pleural
mesothelial cells were preserved and formed a layer of cuboidal cells
which extended from the normal pleura to the surface of the plaque.
Usually, however, the laver of mesothelial cells was absent, obviously
owing to autolytic disintegration post mortem. At the margins of the
plaques, the transition from collagenous basket-weave-like connective
tissue to ordinary wavy collagenous tissue was very abrupt. Under
the plaques a laver of ordinary collagenous connective tissue was
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Fig. 17. Basket-weave type collagenous connective tissue in pleural plague.-van
Gieson staining, x 220.

Fig. 18. Photomicrograph of a pleural plaque sectioned tangentially, showing how
the bundles of collagen are arranged irregularly in a trabecular fashion. van
Gieson staining. x 110.
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Fig. 19. The margin of a pleural plaque. Note the sharpness of the transition
from basket-weave type to the normal curly collagenous fibres of normal pleura.
van Gieson staining. X 110.

M =)
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L ]
Fig. 20. The margin of a pleural plaque. Note continuation of the normal colla-
genous and elastic layers below the plaque area. Verhoeff’s elastin stain, X 110.
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Fig. 21. Elastic layers below the plaque tissue. Verhoeff's elastin stain. x 220.

found, which appeared to be a continuation of the surrounding
pleural connective tissue (Fig. 19). )

Deeper beneath the collagenous tissue of the plaques there was
usually a layer of adipose tissue, and here and there between this and
the collagenous layer dilated capillaries and lymphatics were seen.
Round these, small or moderately large aggregations of lymph cells
were often encountered, and in some cases plasma cells were also
seen. At the margins of the plaques these inflammatory cells seldom
occurred in greater abundance.

The plaques seemed always to have developed between the layer
of mesothelial cells and the normal collagenous pleural connective
tissue. This was most clearly demonstrated by staining for elastic
tissue, which showed the elastic lamellae continuing unbroken from
the surrounding pleura beneath the plaques. The. structure and
amount of the elastic lamellae did not seem to change or be in any
way affected by the plaques which developed upon them (Figs.
20, 21). ‘

D. Calcium content of the plagues

This part of the study was performed on 75 consecutive cases
from group 2 showing typical plaques. Sections from these were
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stained for calcium compounds by van Kossa's technique and with
Alizarine Red. A positive reaction was obtained in a total of 65 cases
(86.7 per cent). ‘

The degree of calcification showed wide individual variations and
it also varied in specimens from different sites in the same case.
Sometimes calcium staining was positive only at certain points, but
in other cases the plaques seemed to be heavily calcified throq@ghout.
According to the theory regarding the pathogenesis of the plaques
advanced by Kiviluoto (1960), calcification begins in the necrotized
internal portion of the plaque. Kiviluoto assumed that the plaques
develop from a fibrinous exudate formed in response to the

- seratching of sharp asbestos dust fibres and that this exudate becomes
organized and is later condensed into collagenous connective tissue.
Dystrophic calcification (Aschoff 1923) was assumed to take place
as the nutrition of the dense central portion becomes impaired.

In the description of the morphology of the plaques (p. 00), it

- was already pointed out that the fibrinous exudate and the stage
characterized by the presence of granulation tissue, which Kivi-
luoto’s theory presupposes, were not observed in the present material.
The plaques seemed to be "primarily chronic”, consisting from the
outset of collagenous connective tissue resembling basket-weave and
showing scanty nuclei. The irregular accumulation of calcium in
different layers of the plaques, detected in this part of the present
study, is also incompatible with Kiriluofo’s theory regarding the
pathogenesis.

The calcium compounds occurred as fine granules along the course
of the collagen fibres, leaving the optically empty "meshes” in the
basket-weave-like connective tissue free. The only regular feature in
the location of the calcareous deposits was that they ceased abruptly
at the point where the basket-weave-like connective tissue changed
into normal pleural tissue (Fig. 22). In the interior of the flaque,
calcium compounds were sometimes found in the wavy collagenous
connective tissue and not only in the tissue of basket-weave type.
Consequently, the deposition of calcium compounds cannot be the
cause of the change in structure of the connective tissue into the
basket-weave type seen in the plaque. By contrast, it seems possible
that this kind of connective tissue — perhaps as a result of poor
nutrition — is susceptible to secondary, dystrophic calcification.

Furthermore, in regard to the accumulation of calcium the
thought presented itself that it might be comparable with the
calcificatiox} of the media of the arteries that occurs with advancing
age (Gray et al. 1953).
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Fig. 22. Calcification of pleural plaque as demonstrated by Alizarine Red stain-
ing. The calcium compounds (black in this photomicrograph) are concentrated
only in the plaque tissue to the right. x 45.

From the standpoint of this hypothesis the relationship between
age and sex on the one hand and the calcium content of the plaques
on the other was analysed in cases showing typical bilateral plaques.
Since calcium compounds were determined only in a small fraction
of the specimen, no definite conclusions can be drawn regarding the
calcium content of the whole specimen or the possible absence of
calcium in some parts. Thus, the results of this analysis are only
tentative. )

The mean age of the 75 cases in which this point was studied
was 58.6 years. Their age and sex distribution was as follows:

No. of males with plaques showing po-
sitive staining for calcium compounds 45, mean -age 58.0 years
No. of males with plaques not responding

to calcium staining =~ . .. ... T - . 013
No. of females with plaques showing po-
sitive staining for calcium compounds 20 ,, . 0622
No. of females with plaques not
responding to calcium staining ... .. 4 » 07150

On the basis of these figures it would seem that caicified plaques
occur in elderly people more often than in younger individuals,
irrespective of sex.
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E. The roentgenographic calcification of the pleural plaques
as compared with the histological findings

Since calcium was often detected in the plaques on histological
examination (in 86.7 per cent), although bilateral calcification of
the pleura is a rare roentgenographic finding, it was considered of
interest to ascertain how often histologically demonstrable calcium
was visible on routine roentgenograms of the chest.

Among the 75 autopsy cases of group 2 which were histologically
studied for calcium compounds there were 24 with bilateral pleural
plaques in which chest roentgenography had been performed during
the terminal illness. In only two of these were pleural calcareous
deposits visible on the roentgenogram, and even in these only
unilaterally and as a relatively weak, irregular patchy shadow.
Histologically, a clearly positive calcium reaction was obtained in
20 of these cases. As was to be expected, the histological test for
calcium thus proved to be much more sensitive than roentgenographic
chest examination. The latter method obviously reveals only the most
heavily calcified pleural plaques. This seems to explain the
discrepancy between. the roentgenographic and anatomical findings.

On comparing previous roentgenographic findings and the present
observations on autopsy cases, one is struck by the fact that the
roentgenologists have as a rule described calcifications in the middle
and lateral fields of the thorax, whilst the pathologists have found
these lesions to be concentrated in the posterior lower portions of
the chest. This discrepancy may be accounted for by the observation
made in the present study that the plaques in the anterior upper
portion of the thoracic cavity were more heavily calcified, although
equally thick or even thicker plaques were found in the posterior
lower portion and on the diaphragm. The phenomenon in question is
illustrated by Figs. 23 and 24, which are macroscopic post-mortem
roentgenograms of the series of pleural plaques found in one and
the same hemithorax. The heavier calcification of the lesions in the
anterior upper portion of the chest is clearly discernible. Figs. 25
and 26 show the roentgenological distribution of calcium compounds
in a thick, heavily calcified pleural plaque.

The roentgenograms used in the comparison presented above
were pictures taken routinely at the hospital, there being no intention
of studying the pleura in particular. It is possible that pleural
plaques cquld be better demonstrated by a special technique, in
particular by using soft-ray roentgenography. It is obvious, however,
that a much higher calcium concentration is required for roentgeno-
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graphic visualization than for histochemical demonstration. By
contrast, the thickness of the plaque does not seem to be of any major
significance, since in the two cases with roentgenographically
demonstrable calcifications the plaque was 1.3 mm in thickness in
one case and 3 mm in the other.

It may be mentioned that calcium was not observed on the roent-
genogram in a case with pleural plaques measuring 4.5 mm in thick-
ness and with typical plaques on the pericardial surface as well.

No clear correlation was observed between calcium concentration
and density of asbestos bodies. Among those 24 cases in which
roentgenograms were available, there were 2 with over 10 asbestos
bodies in four sections counted (45 in one and 23 in the other), but
in neither was calcium demonstrable roentgenographically. Histo-
logically, too, the calcium concentration was low in one and only
moderate in the other.

Thus, from both the roentgenographic and the histological results
it is evident that the calcification of the pleura does not increase
with an increase in the number of asbestos bodies present in the
lungs. In order to draw any definite conclusions regarding this
point a larger material would be necessary, however.

F. Occurrence of lipids in the plaques

From among the cases in group 2, ten typical specimens of
plaques, differing in thickness, were chosen for study of the lipid
concentration. A total of six plaques showed varying, but small
amounts of lipids at some sites. A positive result was obtained with
Scarlet Red in four cases and with Sudan Black B in two additional
cases. Lipids occurred as finely granular drops on the surface of the
fibres of collagen and possibly also inside them, but not between
them, in the meshes of the basket-weave-like tissue. Doubly refractive
lipids were not observed.

G. Asbestos bodies in the parietal pleura

In not a single case were asbestos bodies found in the parietal
pleura either in the plaques or in the normal tissue. All cases were
scanned for asbestos bodies using van Gieson staining, and
in ten cases the results were checked by staining for iron. Further-
more, the plaque tissue was examined in polarized light but no as-
bestos fibres were detected.
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H. Relationship between pleural plaques and asbestos
bodies in the lungs

The question of whether any relationship exists between the
occurrence of pleural plagues and of asbestos bodies in the lungs was
analysed on the basis of those 229 cases of groups 1 and 2 in which the
asbestos bodies had been counted. In group 3, lung specimens were
available in only half the cases, and these were therefore omitted from
the analysis. The results are shown in Table 8. All cases with plaques
were included, irrespective of whether the lesion was unilateral or
bilateral. The two groups together contained 124 cases with plaques.
In 98 of these (79 per cent) asbestos bodies were present in the lungs
in varying numbers.

TABLE 8

All cases with plaques in groups 1 and 2 in ichich asbestos bodies
were counted.

No. of cases

Group 1 i Group 2
. Asbestos bodies Asbestos bodies
present absent total present j absent i total
Pleural plaques 38 11 49 60 15 75
No plaque 13 22 35 27 43 70
Total 51 33 84 87 58 - 145

When groups 1 and 2 were combined, the difference between the number
of cases in which asbestos bodies in the lungs were associated with plaques
on_ the parietal pleura and the cases with no such association war very
highly significant (/ =38.5. D. of F=1. P<0.001).

The probability of the following four possible combinations was
calculated by the z2 test:
1) Asbestos bodies in the lungs and plaques on the parietal pleura.
2) Asbestos bodies in the lungs and no plaques on the parietal
pleura.
3) No asbestos bodies in the lungs and plaques on the parvietal
pleura.
4) No,.asbestos bodies in the lungs and no plaques on the parietal
pleura.
It was found to be very highly significantly more probable that
asbestos bodies in the lungs occur in conjunction with plaques on the
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parietal pleura than that asbestos bodies and plaques occur separately
(2= 39.5; p < 0.001).

However, as appears in Table 8, asbestos bodies were also a
frequent finding in cases with no pleural plaques, being encountered
in 38 per cent. This is understandable, considering that asbestos
bodies were found in small numbers, at least, in about 60 per cent of
subjects aged 15 years and older, as was shown in Part I, whilst
plaques occurred in only about 40 per cent. The occurrence of asbestos
bodies in the lungs does not, therefore, necessarily mean that plaques
are present in the parietal pleura. :

On the other hand, it is also seen from Table 8 that no asbestos
bodies were found in the lungs in 26.5 per cent of the cases showing
plaques. Consequently, pleural plaques are not confined to subjects
with asbestos bodies in the lungs.

Since bilateral plaques have been regarded as typical of asbestosis
or talcosis, the bilateral cases were analysed separately (Table 9).
Their total number was 84. In 72 of these (85.7 per cent), asbestos
bodies were found in the lungs.

TABLE 9
Cases with bilateral plaques in groups 1 and 2.

'i Group 1 { Group 2 . , IG ;g:p;

i no.of | .. [meanage x no. of | o {mean age :no. of. o

| cases yrs. |casesi yrs. |cases!
Asbestos bodies 24 85,7 64.5 48 85.7 58.0 72 85.7
No asbestos )
bodies 4 143 58.2 8 14.3 60.2 12 14.3
Total 28 100 63.6 56 100 58.3 84 100

Furthermore, the present results were analysed.from the stand-
point of the number of asbestos bodies found in the lungs in the indivi-
dual cases. Pleural plaques were found to be present in all but one of
the 17 cases in which ten or more asbestos bodies were detected (cf.
Table 3), the exception being a case which exhibited total obliteration
of the pleural cavity. From this the conculsion may be drawn that
when the lungs contain asbestos bodies in exceptional numbers,
pleural plaques will mostly be found in the parietal pleura. This, in
turn, supports the view that in the majority of cases showing pleural
plaques there is a causative factor that is somehow or other related
to the presence of asbestos bodies.
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1. Thickness of the pleural plaques

In all the cases with bilateral plaques, the thickness of the latter
was measured at the point estimated to be thickest. The results
varied from 0.2 to 7T mm. The mean thickness in the different groups
was as follows:

Group 1 2.0 mm (range 0.5—7.0 mm), no. of cases: 29
Gl'Oup 2 2-4 123 ( ” 0-2_'7°0 i1} )l 11 L] 113 : 76
Group 3 2 2 " ( ” 1’0_5'0 ” )’ i3] ” ” : 12

There were no clear differences between the various groups in
regard to thickness of the plaques.

An attempt was made to investigate whether any correlation
could be demonstrated between the thickness of the pleural plaques
and the number of asbestos bodies in the lungs, but owing to the
wide individual variations in the number of asbestos bodies, the
material was not suitable for statistical analysis of this point.

The observations made, however, did not indicate that the thick-
ness of the plaques bore any relationship to the number of asbestos
bodies in the lungs.

J. Changes in the visceral pleura and their relationship
to the occurrence of asbestos bodies in the lungs

In group 2, in which the autopsies were performed by myself,
special attention was paid to the possible occurrence of changes in the
lungs and their surfaces, in particular, of the kind encountered in
asbestosis. Diffuse fibrotic thickening of the visceral pleura was not
observed in a single case. Nonetheless, in some cases in which the
parietal pleura exhibited typical and relatively thick pleural plaques,
there were dispersed, greyish-red fibrous processes on the surface of
the lungs resembling thin, broken fibrotic adhesions. When the lungs
were very cautiously removed, it was found that these processes were
not attached to the parietal pleura. They were to be encountered
anywhere on the surface of the lungs, except on the interlobar sur-
faces. In regard to location they did not correspond to the plaques
on the parietal pleura, being particularly frequent and extensive in
the corner of the lower lobe which corresponds with the phrenico-
costal sinus. Microscopically, they were distinguished as tufted
papillary proliferations of the pleural surface, sometimes covered by
a well preserved layer of cuboidal mesothelial cells (Fig. 27). As a

My
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rule, the mesothelial cells only occurred in one layer, but occasional
sites showed several layers. The stroma of these papillary formations
consisted either of loose connective tissue, showing an abundance
of dilated capillaries filled with blood, or of collagenous connective
tissue more or less poor in cells. It often contained lymph cells and
histiocytes in great numbers. These papillary processes were thus
identical with inflammatory papillary hyperplasia of the pleura and
other serous membranes.

Furthermore, in some cases with plaques the visceral pleura
exhibited small greyish thickened patches. These could be observed
on the interlobar surfaces, too. They varied in size from one to 15 mm
in diameter, and in shape they were mostly elongated and relatively
narrow. On histological examination they were found to consist of
collagenous connective tissue, often covered by a layer of cuboidal
mesothelial cells. Occasionally this connective tissue was oedematous
{Fig. 28), but mostly it was compact. The collagen fibres were not
arranged in a basket-weave-like fashion, as was the pattern of the
plaques on the parietal pleura. In these patches no calcareous deposits
were observed. .

In connection with the counting of asbestos bodies in the lungs,
special attention was paid to the possible presence of asbestos bodies
in the pleural surface. In one case, in which the pleural surface
showed papillary hyperplasia as described above, one asbestos body
was found projecting from the end of a papillary process into the
pleural cavity. In another case (a plumber whose lung sections con-
tained 250 asbestos bodies) some typical, long asbestos bodies were
detected outside the elastic lamellae of the lung surface, in the thick-
ened, proliferating portion of the pleura (Fig. 29). In the remainder
of the cases the asbestos bodies were always found ‘in the lungs,
within the elastic lamellae. In two cases not belonging to the present
series, which exhibited typical pleura! plaques and tufted processes
of the visceral pleura, a large number of sections were made. In both
cases typical asbestos bodies were observed. They were situated
outside the elastic lamellae, in the areas where the visceral pleura
showed proliferation and thickening.

Table 10 is a list of all those cases in group 2 which exhibited
thickening or tufted proliferation of the visceral pleura as described
above. It may be seen that of a total of 20 cases, 17 showed typical
plaques on the parietal pleura and 16 had asbestos bodies in the lungs.
Furthermore, a comparison with Table 3 reveals that almost all cases
in group 2 in which ten or more asbestos bodies were found in the
lungs, belonged to the group exhibiting thickening of the visceral
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Fiy. 27. Lung surface showing tufted papillary mesothelial proliferation. van
Gieson staining. X 43.

Fig. 28. Visceral pleural thickening consisting of loose oedematous connective
tissue. An 18-year-old man from the asbestos mining village (Paakkila). First
stage of visceral pleural fibrosis? van Gieson staining. X 45.
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Fig. 29. Lung surface with an asbestos body in loose thickened visceral pleura.
The coal pigment (black spots) round the lymph vessels “identifies” the lung
tissue. Wicklein-Falkenberg iron staining. x 45. .
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Fig. 80. Mesothelial papillary proliferation of the visceral pleura resembling
so-called benign (inflammatory?) mesothelioma. van Gieson staining. x 500.
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pleura. By contrast, among the cases with plaques on the parietal
pleura not showing these changes of the visceral pleura, there were
only two with more than ten asbestos bodies (11 in one and 12 in the
other).

1t thus seems that if tufted proliferation or patchy thickening of
the visceral pleura as described in the foregoing are observed'in a
case, this will most probably also show plaques in the parietal pleura
and relatively abundant asbestos bodies in the lungs. Likewise, if
asbestos bodies are found in relative abundance, the lesions in ques-
tion are likely to be found in the visceral pleura. It seems possible,
therefore, that in the majority of cases tufted papillary proliferative
formations and patchy thickening of the visceral pleura bear a causal
relationship to the presence of asbestos bodies in the lungs. Sincethese
changes are regarded as inflammatory, they may, of course, in some
cases be due to minor inflammations of the lung. An inflammatory
process in the lung may, in turn, result from physical or chemical
irritation caused by asbestos dust. Particular attention was paid to
these changes of the visceral pleura for two reasons: Firstly, because
they were the only, slight lesions encountered in the visceral pleura,
even when the parietal pleura exhibited extensive changes in the form
of plaques. Secondly, because histologically they resembled so-called
benign mesothelioma (Figs. 27, 30) (Brown et al. 1951).

K. Relationship between plaques in the parietal pleura and
chronic diseases of the lungs or the cardiovascular system

Attention was also paid to the occurrence of diseases of the lungs
and of cardiovascular diseases in the cases with plaques, on the one
hand, and in the plaque-free cases on the other. :

Since plaques were a common finding, being encountered in the
present material in 39.3 per cent of subjects aged 15 years and older,
it seemed reasonable to look for the cause of the lesion among the
most frequent chronic pulmonary and cardiovascular diseases, i.e.
pulmonary emphysema, stasis of the lung, chronic heart disease
and tuberculosis.

This part of the study was limited to group 2, in which all cases
were examined by myself and in which the asbestos bodies in the
lung sections were counted.

Pulmonary emphysema was regarded as established if microscopic
examinatioh of the lungs revealed some degree of this condition,
irrespective of whether it was mentioned in the autopsy record. This
criterion was chosen for the reason that macroscopic evaluation of
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emphysema may be difficult owing to the presence of marked termi-
nal pulmonary oedema.

Among 77 cases with plaques, emphysema was noted in 30, or 88.9
per cent. Of the remaining 68 cases, which were plaque-free, 25, or
36.8 per cent, showed emphysema.

Consequently emphysema could not be regarded as a plaque-
promoting factor. '

The criteria used for pulmonary stasis were that hyperaemia and
the presence of haemosiderin pigment in the alveolar phagocytes were
detected on microscopic examination of the lungs and that changes
were observed in the heart which might have caused a circulatory
disturbance, Haemosiderin was demonstrated by the Prussian blue
reaction.

Stasis was observed in a total of 46 cases, i.e. in 26 cases out of 77
with plaques, or 35.1 per cent, and in 20 plaque-free cases out of 68,
or 29.4 per cent.

Thus, stasis did not seem to be in any way correlated with plaque
formation.

Heart disease is in this connection used to denote cardiac infarc-
tion and its sequelae. Furthermore, even though no cardiac in-
sufficiency had been observed clinically, hypertrophy of the heart
was included in the group if the enlargement was out of proportion
to body weight. If the wall thickness of the right ventricle exceeded
5 mm and the left ventricle was normal, the case was counted among
those with heart disease. In addition, valvular lesions, fibrosis of the
myocardium of unknown origin and acrtic aneurysms were included
if they were associated with cardiac insufficiency.

As evaluated on this basis, 80 cases exhibited heart disease. The
distribution was as follows: Among the 77 cases with plaques, there
were 45 with heart disease, or 58.4 per cent. The 68 plaque-free cases
included 35, or 51.5 per cent, with heart disease. Although the former
group showed a somewhat higher frequency of heart disease, the
difference was insignificant. )

As tuberculous cases all those were regarded in which recent or
old tuberculous changes in the lungs, tracheobronchial lymph nodes or
any other organs, e.g. the kidneys, were mentioned in the autopsy
record or revealed by the histopathological examination.

On this basis a total of 40 cases of tuberculosis were found
Among the 77 cases with plaques, 23, or 29.9 per cent, had recent

or latent tuberculosis. Of the 68 plaque-free cases 17, or 25.0 per cent,

were tuberculous. Consequently, tuberculosis did not influence the
formation of plaques.
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This analysis of the relationship between the occurrence of
pulmonary and cardiovascular diseases and the presence of pleural
plaques clearly shows that the former cannot be regarded as a
factor influencing the formation of plaques.

In this connection it may be mentioned that the distribution of
lung cancer between the cases with and without plaques in group 2
was also studied. Primary carcinoma of the lung was present in seven
cases. Of these, three showed plaques and four were plaque-free. The
cases with plaques were all unilateral. Asbestos bodies were found in
small numbers in three cancer cases and not at all in four. The mate-
rial is too small, however, to allow of any conclusions in regard to
either the relationship between plaques and carcinoma or the relation-
ship between asbestos bodies and carcinoma.

L. Comparison of plaque formation in the pleura
and in the peritoneum and pericardium

It was considered of interest to investigate whether the formation
of pleural plaques is an isolated phenomenon, involving only the
pleura, or an expression of a general "fibroplastic diathesis” of the
serous membranes. In group 2, examined by myself, the cases showing
plaque-like lesions of the peritoneum and pericardium as well were
studied from this standpoint. In the peritoneum, typical thickened
patches of "sugar icing” type, resembling the pleural plaques, were
found in five cases. These changes were localized to the capsule of the
spleen. They were relatively small, mostly the size of a nail. In two
cases the plaques were numerous and in the remaining three cases
there was only one. Histologically, they corresponded completely to
the plaques encountered in the pleura. In two cases the lesions were
found at the site of a post-infarction scar and in a third case, too, the
plaque was situated on the surface of a necrotized area of the spleen.
In the remaining two cases no lesions of the parenchyma were
observed under the plaques, which measured 1—2 cm in diameter.
In these cases plaques were also detected in the pleural cavity. In the
remaining three cases showing plaques on the spleen, no plaque
formations were found on the pleura.

The surface of the heart relatively often showed thin fibrous
patches which rose gradually, without any clear line of demarcation,
over the surrounding tissue and contained no basket-weave-like
connective tissue. No other kind of thickening was encountered in
the pericardium. On the pleural surface of the parietal pericardium
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plaque formations were observed in 14 cases, as previously described
(p. 00).

On the basis of these findings it may be stated that pleural plaque
formation does not in general seem to be associated with similar
changes in the peritoneum or pericardium. This, in turn, seems to
indicate that thickening of the pleura in the form of plaques is not
an expression of a general fibroplastic diathesis of the serous mem-
branes but is an isolated phenomenon, usually involving only the
parietal pleura.

M. Pleural plaques in domestic animals

In 300—400 carcases of cattle from the asbestos mining commune
(Tuusniemi), which the veterinarian in charge (O.-M. Heikin-
‘heimo) had inspected during the last two years, pleural plaque-like
changes had not been observed on the inner surface of the thorax
in a single case. The number of pig carcases inspected during the
same period was about 600, and in these the finding was likewise
negative. The age of the cows at the time of slaughter was estimated
at about six to ten years.

SUMMARY OF THE RESULTS

Pleural plagues.

1) Thickening of the parietal pleura in the form of plaques was
a very common finding in the present series of Finnish autopsy
. subjects aged 15 yvears and older. The frequency was 39.3 per cent.
In about 70 per cent of cases of plaques, the lesion was bilateral.

2) Age did not seem to influence the occurrence of plaques to any
appreciable degree, although their frequency was lower in the oldest
and youngest age groups than in the groups between. The youngest
case showing plaques was a lorry-driver’s assistant aged 18, who had
lived in the asbestos mining commune. In this case one of the plaques
measured 2.3 mm at the thickest point. ' .

Bilateral plaques were clearly more frequent among the male
subjects .than among the female ones. Of the bilateral cases in the
present series 72 per cent were men.

3) The frequency of cases with plaques was about the same in
two of the three hospital districts investigated in different parts of
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Finland, whilst in the third it was lower. Plaques proved to be an
equally common finding in a district in southwest Finland with no
asbestos deposits and no particular asbestos industries, as in a district
in east Finland with an asbestos mine and mill and extensive antho-
phyllite asbestos deposits near its eastern border. Plaques were
encountered in 52.2 per cent of the urban population and in 31.8 per
cent of the rural population.

Bilateral pleural plaque cases were more frequent than plague-
free cases only in the asbestos mining commune and its neighbouring
commune, which is traversed by the main road to the nearest city.

4) Plaques were regularly encountered in the same areas of the
chest. The areas of predilection were 1) the central tendon of the
diaphragm, 2) the posterior lower portion and the paravertebral
surface of the costal pleura, 3) the middle portion of the lateral
surface of the costal pleura and 4) the upper anterolateral surface
of the costal pleura. Plaques were more seldom found on the pleural
surface of the pericardium. They were never detected in the area
opposite to the apices of the lungs or in the phrenico-costal sinus,
lower than the eleventh rib. Plaque formation was not found to
affect the corners of the chest. Of the cases with plaques, more than
half showed no adhesions, and when these were present, the plaques
were situated in areas free from them. ‘

5) The plaques were irregular in shape and varied in size. The
mean thickness of the plaques in the present material, as measured
at the thickest point, was 2-—2.4 mm in the various groups, the range
being 0.2—7.0 mm. They were clearly, and as a rule abruptly, elevated
above the level of the surrounding tissue like a plateau. Their surface
was shiny, smooth or nodular, and their colour was a porcelaneous
or pearly white, or sometimes ivory. The consistency was leathery
or, if the calcium concentration was high, hard as lime. They could
readily be removed entire from the inner surface of the thoracic
cavity, together with the normal pleura. The plaques were found to
be formations of the same kind as has been deseribed in the liter ature
as "Zuckerguss” or "sugar icing".

The plaques consxsted of rough collagenous connective tissue in
which the fibres were arranged in wavy layers resembling basket-
weave. This tissue was poor in nuclei and blood vessels. Plaques
seemed to develop between the layer of mesothelial cells and the
elastic lamellae of the pleura, obviously in such a way as to cover
the original pleural connective tissue. Plaque formation was not
associated with inflammatory reactions and the lesion appeared to be
"primarily chronic” in nature.

HER 0001463



85

As a rule, the plaques contained calcium, but the concentration
and distribution of the latter in different parts of the lesion were
irregular. The accumulation of calcium seemed to be a secondary
phenomenon dependent on age. :

Although calcified plaques of the parietal pleura \(;'ere often
observed on gross autopsy inspection, they were seldom seen on
routine roentgenograms of the chest, obviously owing to the mostly
low calcium content of the plaques.

‘Relationship beticeen asbestos bodies and pleural plaques.

1) Asbestos bodies could not be detected in the plaques.

2) As a rule, there was a positive correlation between the
occurrence of asbestos bodies in the lungs and of pleural plaques,
although many exceptions were found. Among the cases with bilateral
plaques, 85.7 per cent exhibited asbestos bodies in the lungs. On the
other hand, asbestos bodies in the lungs were a more frequent finding
than plaques in the pleura. About 40 per cent of the cases showing
asbestos bodies in the lungs were free from pleural plaques. When
asbestos bodies were found in the lungs in relative abundance, plaques
were regularly present in the pleura. In the majority of cases the
development of plaques on the parietal pleura and the occurrence
of asbestos bodies in the lungs seemed to have some aetiological factor
in common. It seemed, however, that not even bilateral plaques
invariably signified the presence of asbestos bodies in the lungs.

In a few cases asbestos bodies were found in the visceral pleura,

“outside the elastic lamellae of the lung. At these sites in the pleura
tufted papillary mesothelial proliferation occurred. In cases with
cxceptionally large numbers of asbestos bodies in the lungs, small
fibrotic thickened areas or mesothelial proliferation as just described
were particularly often encountered. The location of these lesions did
not corvespond to the sites of plaques in the parietal pleura.

Not a single case in the present series showed diffuse fibrosis in
such a degree as is typical of asbestosis.

Relationship between plenral plaques and diseases of the lungs and
the cardiovascular system.

No correlation was observed between the frequency of plaques
and the occurrence of the commonest chronic diseases of the lungs
ot heart.
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Relationship between pleural plaques and similar lesions in the other
serous cavities.

In the cases with pleural plaques similar lesions were usually not
present on the peritoneum.

Occurrence of plaques in domestic animals.

Plaque-like pleural changes were not observed in cattle or pigs
from the asbestos mining commune.
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DISCUSSION

As was already mentioned in the Introduction, the main objective
of the present study was to clarify the possible causal relationship
between exposure to asbestos dust and the occurrence of parietal
pleural plaques. The question was approached from the standpoint
of pathological anatomy, i.e. by investigating the frequency of as-
bestos bodies in the lungs and of plaques on the parietal pleura and
by analysing the relationship between these two parameters. In the
present series of autopsy cases the frequency of asbestos bodies was
57.6 per cent. This figure is considerably higher than the values
reported from other parts of the world, which is particularly note-
worthy considering that the Finnish series comprises both rural and
urban cases. The investigations published by other authors have
mainly been performed on urban populations from big, densely
inhabited cities with numerous factories. In Cape Town, for instance,
there are seven firms dealing with asbestos (Sleggs et al. 1961).
Nonctheless, asbestos bodies were encountered in only 26.4 per cent
of subjects aged 15 vears and older (Thomson et al. 1963). Further-
more, it should be recalled that the most extensive asbestos deposits
are situated in South Africa (Sleggs et al. 1961). In Pittsburgh,
USA, a frequency of asbestos bodies of 41 per cent was noted (Cauna
et al. 1965). In Belfast, Northern Ireland, the frequency of asbestos
bodies among men aged 50—69 years was 14-—27 per cent (Elmes
et al. 1965). From Miami, USA, Thomson et al. (1964) reported a
frequency figure of 27.2 per cent.

The discrepancies between the results obtained seem to be
attributable in part, at least, to differences in method. In the present
study thick lung sections, stained for iron (the Prussian blue re-
action), were used. That this technique greatly facilitates the
detection of asbestos bodies (see Plate I, b, ¢) is borne home by the
results of Cauna et al. (1965). When these investigators counted
asbestos bodies from lung smears they arrived at a frequency of 41
per cent, whilst the result was only 4 per cent when the same series
was studied on the basis of histological sections without any special .
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staining. When asbestos bodies are scanty, it may be difficult to
recognize them in sections stained with haematoxylin and eosin or
van Gieson. Moreover they are often masked by coal pigment. With
iron staining the asbestos bodies are clearly visualized owing to the
richness of iron compounds in their coating. It seems obvious that
asbestos bodies may be more accurately counted from histological
sections than from smears, since both the free bodies and the bodies
enclosed in the connective tissue are included in sections, whilst it
is only the intra-alveolar asbestos bodies that can be expected to be
squeezed out with the fluid to be smeared.

When the present Finnish series of autopsy cases was analysed
in detail, the frequency of cases with asbestos bodies in the lungs
was found to be much lower in the rural population than in the urban
population. Nonetheless, small numbers of asbestos bodies were
observed in about half the rural cases, too.

When an attempt is made to explain the frequent occurrence of
asbestos bodies among the rural population, the question presents
itself of whether atmospheric pollution is so heavy that asbestos
fibres are borne with the wind over the Finnish countryside, hundreds
of kilometres from towns and asbestos mines. According to Laama-
nen et al. (1964), asbestos dust has been recovered from the air at
a distance of 27 km from the Paakkila asbestos mine, although in very
small-amounts and mainly in the form of short fibres. Nonetheless,
it seems unlikely that asbestos dust enters the lungs as a result of
general atmospheric pollution for the reason, among other things,
that if this were true, the dust ought to be encountered in about
equal amounts in all subjects of the same age and show a steady
increase with advancing age. Since asbestos is very insoluble —
amphibole asbestos, which is the group to which the Finnish antho-
phyllite asbestos belongs, hardly dissolves at all (Beger 1933, Sundius
et al. 1938, Kinig 1960, Thomson et al. 1963) — it seems more
probable that asbestos dust (or some other dust consisting of re-
latively insoluble fibres) enters the lungs as a result of occasional
exposure at some period in life. The use of asbestos is so common
today that practically everybody runs the risk of inhaling asbestos
dust both in the home and at the place of work (Thomson et al. 1963).

In most cases in which asbestos bodies were found in somewhat
greater abundance, it seemed probable that some kind of occupational
exposure to asbestos dust had occurred. Such a record was obvious
in at least 11 of those 17 cases in which over ten asbestos bodies
were detected. .

As compared with the content of asbestos bodies in the lungs in
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a typical case of asbestosis, however, the numbers observed in the
individual cases in the present series were very small. According to
Beger (1933), in typical asbestosis the number of asbestos bodies per
sq. cm of lung field is about 8000. In the present study the majority
of cases exhibited a total of one to four asbestos bodies in all four
sections studied, and the sections were estimated to measure an
average of one sq. cm. This would, then, mean only about 1/32,000—
1/8,000 of the number of asbestos bodies in true asbestosis. It is thus
understandable that none of the present cases exhibited any of the
histological changes typical of asbestosis.

Thomson et al. (1963) found that among the inhabitants of Cape
Town the frequency of asbestos bodies in the lungs rose with in-
creasing age. However, the frequency curve showed an unexplained
drop in the age group 15—54 years. To some degree the same phenom-
cnon was observed in the present study for the age group 46—55
yvears. The present results differ from those of Thomson et al. in that
a decrease in the proportion of positive cases was again noted in the
oldest age groups. This is in agreement with Gloyne’s (1951) obser-
vation that in long-standing cases of asbestosis the number of as-
bestos bodies in the lungs tended to be smaller than in recent cases.
One can only speculate whether this means that asbestos does
eventually dissolve. :

According to Thomson et al. (1963), the women in Cape Town had
asbestos bodies in the lungs decidedly less frequently than the men.
In my Finnish series no clear difference was observed in this respect,
hut the number of asbestos bodies in the individual cases was
obviously higher among the men. This finding seems to be due to
more frequent occupational exposure to asbestos dust among the men.

The question of whether asbestos dust is inhaled in larger amounts
by the inhabitants of the immediate surroundings of an asbestos mine
than by the rural population in general could not be settled on the
basis of the present material owing to the great individual variation
in the density of asbestos bodies. However, the fact that asbestos
bodies were found in the lungs of almost all subjects from the asbestos
mining commune investigated may, perhaps, be interpreted as
evidence of general atmospheric pollution with asbestos dust in the
immediate surroundings of the asbestos mine.

1t was not within the scope of the present study to determine
whether the central fibre in the asbestos bodies belonged to the
asbestos group of minerals or whether some other, poorly soluble
particle (pseudo-asbestos body) was involved. Since only morpho-
logical criteria were used, it is possible that is was not always
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asbestos that the core of the bodies was composed of. At all events
the Working Group on Asbestos and Cancer (1965), a subcommittee
of the International Union Against Cancer, has expressed the view
that in practice, little difficulty is found in distinguishing the genuine
form from pseudo-asbestos bodies. "The other types usually have
a carbon black center, a shape which is other than linear, but the
body that can mimic an asbestos body completely is the small one
found in talcosis, which may be tremolite, a form of asbestos.”
Although tremolite tale fibres resemble the minerals of the asbestos
group in regard to both chemical and physical struecture, the central
core cannot have been tremolite tale, since the dust particles of this
mineral do not exceed 20 s (Siegal et al. 1943), and only bodies with
a minimum length of 20 ,. were accepted as asbestos bodies in the
present study. This fact is worth mention because a tremolite talc
mine is in use near the eastern border of the region where the subjects
of group 2 had lived (Maljasalmi, in the commune of Kuusjarvi).
Nonetheless, neither talc granulomas nor tale fibres were observed
in a single casc in my series.

Roentgenographically discernible, calcified pleural plaques
occurring symmetrically and bilaterally have been regarded as an
effect of exposure to tale dust (Siegal ¢t al. 1943) or asbestos dust
(Jacob et al. 1955, Frost et al. 1956). When Kiviluoto (1960)
detected similar calcifications in the inhabitants of the surroundings
of two Finnish. asbestos mines, he introduced the concept of endemic
non-occupational asbestosis. The most significant feature of this
condition, in his view, was the occurrence of bilateral calcified pleural
plaques, whilst pulmonary fibrosis was considered to be slight or
absent. In regard to the pathogenesis of the plaques, Kiviluoto
advanced the theory that the sharp points of asbestos fibres or of
spicules resembling them protrude through the visceral pleura into -
the pleural cavity. When on respiration the parietal pleura and the
lung surface rub against cach other, the points of the fibres scratch
the parietal pleura. A slight but continuous fibrinous exudation
results, which is gradually organized and a fibrous plaque develops.
Finally, the centre of the plaque is calcified owing to nutritional
causes.

When Sicgal et al. (1943) described so-called talc plaques, they
brought forward the hypothesis that tale fibres cause multiple minor
haemorrhages in the lungs and pleural surface, with calcification
resulting in the same way as in haemothorax, which is a recognized
cause of pleural calcification (Lauche 1928, Zuppiger 1952). Ac-
cording to this theory, mechanical factors in conjunction with
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haemorrhages (perhaps chemical factors?) are thus responsible for
the calcification of the pleura.

Less precise theories concerning the cause of bilateral pleural
calcification have also been advanced. Stephanopoulos (1962), for
instance, suggested that an intervention of some organic fastor might
be involved, perhaps in the form of a disturbance of the acid-base
balance in the pleura or as an expression of an individual idiosyn-
crasy. Claus (1962), too, seems to believe that the individual reactive
pattern plays a part. He pointed out that the serous membranes of
certain individuals obviously respond by fibrosis to various sti-
mulations (noxa). _

Smith (1952) brought forward the theory that plaques may be
caused by disturbances in the magnesium and calcium balance, and
cmphasized that both these minerals are present in tremolite talc.
He suggested that the chemical composition of certain dusts may in

.some specific way stimulate the mechanism of caleium deposition.

According to Fehre (1956), plaques obviously result from the
aspiration of silicate dust, although the latter probably acts in
conjunction with some other noxa.

Brosig (1939) described a case with typical pleural plaques in
which there was no history of exposure to dust. In regard to the
devclopmental mechanism he, adopted a view corresponding with
Lubarseh’s (1927) theory concerning the formation of ”sugar icing”
(Zuckerguss) on the capsule of the spleen. The latter author regarded
the plaques as comparable with the so-called soldier’s spots or
milk spots commonly found on the visceral surface of the pericar-
dium, in particular. According to Minckeberg (1924), these milk
spots may result from pressurc and friction. The above-mentioned
authors did not believe that inflammatory changes were involved in
plaque formation, at least not invariably, since blood pigment, round
cells and granulation tissue are not observed in the lesions in question.
Furthermore, they considered the plaques to be "primarily chronic”
in nature, without any intermediate stages, which also argues against
an inflammatory aetiology. So far no convincing evidence has been
advanced in support of any theory of the pathogenesis of plaque
formation. .

A typical feature of plaque formation as it appeared in my
material was the regular location of the lesions in certain sites in
the thoyacic cavity, whilst other sites were always free from them.
If the thoracic cavity is likened to a cone,-it appeared that plaques
did not develop at its apex or angles. That the lesions thus "avoided”
certain sites may, perhaps, be interpreted as evidence that mechanical
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factors are involved. The possibility that some part is played by the
varying pressure and stretching to which the pleura is subjected on
respiration seems to be a reasonable hypothesis. If stretching occurs
in a cone-shaped structure with elastic walls, the effect will be
greatest in those parts which are farthest from the apex. The regular
avoidance of the corners in the location of the plaques fits in with
this hypothesis. . -

Stretching and variations in pressure cannot, however, be
regarded as the only cause of plaque formation, since plaques are not
found in all individuals. Long-standing, severe inflammations such
as empyema and tuberculosis often lead to thickening and calcifi-
cation of the pleura (Lauche 1928, Heymer 1950, Boyd 1953), but
then the process is usually unilateral and the pleural leaves become
fused. Therefore, such an inflammation cannot well be considered
to be a contributory factor. By contrast, in seeking for other possible,
milder inflammation-promoting factors asbestiform dust suggests
itself. If sharp asbestiform fibres cause persistent slight exudation
and multiple minute haemorrhages in the lungs, the exudate will
leak into the pleural space where resorption will take place mainly
through the parietal pleura (Dirock et al. 1931, Loeschel:e 1934).
In this way asbestos dust can be assumed to cause slight persistent
occult haemothorax. As already mentioned, the latter condition is
known to cause pleural calcification (Lauche 1928, Zuppiger 1952).

If the pleural plaques are compared with the conncetive tissue
thickening which occurs in other parts of the body and is character-
ized by a basket-weave-like arrangement of the lamellae, it is strik-
ing that the latter lesions, too, are regularly associated with increas-
ed pressure. This is exemplified, for example, by the basket-weave-
like collagenous thickening often encountered on the capsules of the
degenerated, swollen nodules in an adenomatous goitre and in the
scars resulting from cardiac infarction and in part, also, by athero-
sclerotic plaques. Minute haemorrhages and secondary calcification
are typical features of the last-mentioned lesions, too.

On the basis of the present results, the frequency of pleural
plaques in the Finnish population was calculated as 39.3 per cent.
Morphologically, the plaques did not differ from the fibrotic
thickening of serous membranes previously described in the medical
literature, e.g. under the name of ”sugar icing”, German: "Zucker-
guss” (Curschmann 1884). Such thickening has been reported to
occur on the capsule of the spleen and liver and on the pericardium,
in particular. Since lesions of this kind have often been found simul-
taneously on the serous surfaces in several cavities, the name poly-
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serositis chronica fibrosa has been used by some authors (Gofferje,
cited by Borrmann 1927). Both the pleural plaques in the present
material and the above-mentioned “sugar icing” consist of coarse
collagenous connective tissue poor in nuclei, which oceur as irregular
patches of varying size. Other features common to the pleural lesions
observed by me and the lesions described by previous authors in
other sites arc their caleification, their low lipid content and their
“primarily chronie” nature. A peculiarity of the pleural plaques is
their tendency to occur symmetrically, bilaterally, and regularly in
certain sites on the parietal pleura. They do not seem to be associated
with systemic polyserositis; the phenomenon is isolated and confined
to the pleura. Pleural plaques seem to be of common cccurrence,
whilst similar plaques on the peritoneum and pericardial surface are
relatively infrequent. When sugar icing occurs as polyserositis, lesions
may be encountered in the pleural cavity, too, though as a rule to a
lesser extent than on the surfaces of the spleen, liver and pericardium,
and often the pleura is not affected at all (Sicyert 1898).

Although, to the best of my knowledge, the occurrence of pleural
plaques has not previously been studied systematically either in Fin-
land or clsewhere, this is a phenomenon that has long been well
known to Finnish pathologists. In the nineteen-thirties, for instance,
such lesions were frequently observed (Jirri 1963). In Sweden, too,
pathologists and thoracoscopists encounter them now and then (Tive-
nius 1963). '

When the geographical distribution of the present pleural plaque
material was analysed, it was found that bilateral lesions were equally
common in two hospital districts situated far from each other, one in
southwest Finland, the other in the castern part of the country. By
contrast, the frequency was markedly lower in the third distriet stu-
died, which is situated in north Finland. Notwithstanding the fact
-that the material was collected at autopsies performed by various
pathologists. who may have interpreted the criteria differently, the
difference in the frequency observed seems to be real for the fol-
lowing recason: If in one group stricter criteria had been used than
in the remainder, and only markedly thicker fibrotic pleural patches
had been accepted as plaques, the mean thickness of the plaques ought
to be higher in this group. This was not the case, however; the mean
thickness of the plaques was about the same in all groups. The fre-
quency of asbestos bodies was also somewhat lower in group 8 than
in the other two groups.

As mentioned above, in groups 1 and 2 the frequency of bilateral
plaques was approximately the same. If asbestos dust is accepted as
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an aetiological agent, exposure to this kind of dust ought to be equally
prevalent in the two districts in question. It seems possible that this
is true, considering that the district of group 2 comprises an asbestos
mine and mill but only a few industries, whilst group 1 was collected
from a district without any asbestos mine but comprising numerous
industries which are likely to spread asbestos dust.

In the present study the theory of a causal relationship between
asbestos dust and plaque formation was, moreover, corroborated
by the relatively frequent occurrence of plaques in the communes
surrounding the asbestos mine. Cases with bilateral plaques were
more numerous than plaque-free cases only in the mining commune
and its neighbouring commune. Furthermore, it emerged that pleural
plaques occurred more often in men than in women. Almost all sub-
jects in whom asbestos bodies were found in relatively large numbers
{ten or more per four lung sections) were males. Further evidence in
favour of an asbestos dust aetiology is constituted by the observation
that asbestos bodies occurred much more often (the difference being
very highly significant) in association with pleural plaques than in
plaque-free cases. I also had the opportunity to study autopsy mate-
rial from the Central Hospital of Tampere, which represents a highly
industrialized district. Among 48 consecutive adult uni- or bilateral
plaque cases, 36 (85.7 per cent) exhibited asbestos bodies. Thus, the
frequency of asbestos bodies in this district, the fourth Finnish hos-
pital district studied, was the same as the frequency in the pooled
bilateral plaque cases in the remainder of the material.

The theory that asbestos dust is a cause of pleural plaque formation
is supported, moreover, by the fact that in all cases cxhibiting
asbestos bodies in relative abundance, pleural plaques were present
except in one case, in which the pleural cavity was entirely obli-
terated. Asbestos bodies were, however, never observed in the parietal
pleura. Only in a few cases were such bodies found outside of the
elastic lamellae of the visceral pleura, which may be taken as evidence
in favour of Kiviluoto’s theory, cited in the foregoing (p. 00), con-
cerning the pathogenesis of pleural plaques. Since lung specimens
were not taken from sclected sites on the surfaces opposite to those
showing plaques, it is impossible to decide whether the few asbestos
bodies recovered from the visceral pleura were, perhaps, obtained
precisely from these.

The present study revealed no correlation between the common
chronic pulmonary or cardiovascular diseases and the occurrence of
pleural plaques. In regard to stasis, no such relationship was to be
expected, since it is known that even hydrothorax of long standing
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usually heals without any permanent changes (Bell 1956, Giese 1960).
Unfortunately, it was not possible to take into account the commonest,
parhaps, of all inflammatory diseases of the lung, i.e. chronic bron-
chitis, although this condition would seem a likely cause of bilateral
plaques owing to its symmetrical involvement and the concomitant
cough with resulting marked variations in intrathoracic pressure and
tension. Furthermore, it was outside the scope of this study to clarify
the content of other particles of dust in the lungs, e.g. silica (SiO,)
and coal. In my material these dusts would probably have been
detected in amounts corresponding to the occurrence of asbestos dust,
i.c. in the urban population in greater amounts than in the rural
population, and more frequently in workers in the machinery and
building trades than in farmers. According to Bohlig et al. (1960),
plaque formation is not, however, a typical feature of silicosis or
anthracosis. Hurwitz (1961), too, stated that plaques are not
encountered in other miners than those exposed to asbestos dust. In
the latter, on the other hand, they are strikingly frequent, at least as
revealed roentgenologically (Miiller 1962, Cartier 1964).

On the other hand, certain of my observations scem to argue
against the hypothesis that asbestos dust is the cause of pleural plaque
formation. Asbestos bodics were not found in the lungs in all cases
showing plaques, although the number of sections studied was in some
cases increased to ten. The plaques covered only part of the parietal
pleura and were sharply demarcated, although asbestos dust obviously
spreads relatively evenly and diffusely in the interior, at least, of the
lungs.

Although on the basis of Finnish roentgenological mass surveys
there seems to be a concentration of cases of calcified pleural plaques
in the surroundings of the asbestos mine, such plaques are a frequent
finding in patho-anatomical studies in general. This, too, might be
regarded as evidence against the theory that the plaques have a
specific asbestos dust aetiology. In order to account for the dis-
crepancy between the patho-anatomical and roentgenological results,
one is forced to look for a possible difference between the plaques
encountered in material coming from the vicinity of the asbestos
mine and the plaques occurring in the remainder of the population.
It was shown in this study that morphologically the former did not
differ from the latter. But a difference seems to exist in regard to
the degree of calcification, in that the plaques of those living in the
vicinity of the asbestos mine are more heavily calcified. Kiviluoto
(1960) pointed out that calcification is a process requiring a long
time. In the surroundings of an asbestos mine, slight exposure to the
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dust begins in early childhood. Hence, it may be assumed that plaque
formation, too, begins early in life, and that in the middle-aged the
process of calcification has reached a stage when calcareous deposits
become visible on the roentgenogram. In the present material this
hypothesis is corroborated by the observation that the youngest
subject with bilateral plaques — a lorry-driver’s assistant aged 18
years — came from the asbestos mining village. He exhibited well
developed but moderately calcified bilateral plaques, which were not
visible on roentgenograms of the thorax.

The results of the present study seem to indicate that there is a
causal relationship between exposure to asbestos dust (or some otheyr
fibrous dust capable of producing asbestos bodies) and the formation
of bilateral pleural plaques. This relationship need not necessarily be
direct, however. It seems possible that the occurrence of asbestos dust
in the lungs may be associated with a condition which, in turn, leads
to the development of plaques.

Although in my material asbestos bodies were found in the majo-
rity of cases in a Finnish routine autopsy series, their scantiness
showed that the amount of asbestiform dust inhaled generally is too
small to cause pulmonary fibrosis of the degree that is typical of
asbestosis, or any other pathological changes. The pleural plaques,
too, seem to be of no significance from the standpoint of the health
of the individual. The point at issue does not seem to be whether
asbestiform dust is present in the lungs but how much of it there is.

It has been alleged that even small amounts of asbestos dust may
cause malignant diffuse mesothelioma. If this is true, the development
of such malignancy as a result of slight exposure to asbestiform dust
seems, in any event, to be a relatively rare phenomenon, since not a
single mesothelioma was encountered in the present series.

Whether cancer of the lung occurs more frequently among sub-
jects who inhale asbestos dust in exceptional amounts is a question
which requires a much more extensive material for its solution,
considering that lung cancer is fortunately a relatively infrequent
disease, whilst the occurrence of asbestiform dust in the lungs is
common.
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GENERAL SUMMARY

The occurrence of asbestos bodies in the lungs and of fibrotic
thickening in the form of plaques on the parietal pleura was investi-
gated in a Finnish routine autopsy series collected from the central
hospitals of three different regions. In one of these regions an antho-
phyllite asbestos mine is situated. The whole material comprised 138
autopsy subjects aged 15 years and older. ,

In 264 cases asbestos bodies were counted in histological lung
sections stained for iron. In 57.6 per cent of these cases asbestos
bodies were found in small numbers, as a rule only aone to four bodies
per four sections. The larger the number of sections examined, the
greater was the likelihood of detecting positive cases. Asbestos bodies
were more frequent among the urban than among the rural popula-
tion, and in the latter, they were very highly significantly more
abundant among workers handling machines and workers in the
building trade than among the farmers. The frequency was not higher
among the men than among the women, but in the men asbestos bodies
were more numerous. In the various districts studied the frequency
was largely the same. In the population of the commune which is the
site of the above-mentioned asbestos mine, the frequency; of asbestos
bodies was very highly significantly higher than in a typical farming
commune in the same region. The asbestos bodies were typical in
appearance and did not differ from those encountered in occupational
asbestosis. Their mean length, too, appeared to be the same.

Among 138 cases, 39.3 per cent showed either unilateral or bilat-
eral thickening of the parietal pleura in the form of plaques. Bilat-
eral lesions were noted in 27.2 per cent. In 56.3 per cent of these the
pleural cavity was open. Plaques were observed in 52.2 per cent of
the urban population and in 31.8 per cent of the rural population.
In the rural districts, cases with bilateral plaques were more frequent
than plaque-free cases only in the asbestos mining commune and in
one of its neighbouring communes. Plaques were more frequent
among the men than among the women. They occurred in all age
groups examined, but were less frequent in those under 30 and over

-
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80 years of age. The youngest subject in whom plaques were observed
was an 18-year- old man who had lived in the asbestos-mining village.

Anatomically, the plaque formations resembled sugar icing or
frosting (German: Zuckerguss). They were encountered only in the
parietal pleura, where they formed sheets varying in size and bizarre
in shape and were either smooth or nodose, being then composed of
glistening elevations resembling split peas. The borders of these
sheets were clearly defined, and they were tough like leather or some-
times lime-hard. Usually plaques occurred on the surface of the
tendinous part of the diaphragm or in the lower posterior, middle
lateral and upper anterior portions of the thorax, but they were
never located in the phrenico-costal sinus or above the second rib.
In the most advanced cases plaques were also present on the pleural
surface of the pericardial sac, either on the left side only or on both
sides.

Histologically, the plaques consisted of rough collagenous connec-
tive tissue resembling basket-weave and exhibiting a few nuclei but
no necroses. Mostly, calcareous deposits were present in some parts
of the lesions. The calcification was secondary. There were no signs
of inflammation, and the plagues seemed to be "primarily chronic”
in nature. They appeared to have developed between the layer of
mesothelial cells and the layer of original pleural collagenous and
elastic connective tissue. The thickness of the plaques varied from
0.2—7 mm, the mean in the various groups being 2—2.4 mm as.
measured at the thickest point. As a rule, the calcium content was
too low to be visible on routine roentgenograms.

Asbestos bodies in the lungs and pleural plaques occurred more
often in conjunction than separately, the difference being very highly
significant. In the cases with bilateral pleural plaques asbestos bodies
were present in 85.7 per cent. In those 17 cases in which asbestos
bodies were particularly abundant, pleural plaques were found in all
except one. In this case the pleural cavity was completely obliterated.

The most common chronic cardiovascular and lung diseases
cceurred equally often in cases showing plaques as in cases without
them. The relationship between the occurrence of plaques and the
possible presence of other dusts in the lungs, e.g. silica and coal dust,
was not analysed.

The present results seem to indicate that pleural plaque formation,
in particular when it is bilateral, and the occurrence of asbestos
bodies in the lungs have some aetiological factor in common. The
dust which induces the formation of asbestos bodies does not,
however, seem to be the sole cause of plaque formation.

HER 0001477



99

Diffuse interstitial fibrosis of the lungs of a clearly pathological
degree was not observed in a single case, but in the cases exhibiting
asbestos bodies in relatively great numbers, the visceral pleura often
showed patchy fibrosis or tufted mesothelial proliferation, resembling
microscopically benign (inflammatory?) mesothelioma. Asbestos
bodies were seldom encountered in the visceral pleura, although they
were abundant in the lungs.

From the standpoint of the health of the individual, neither the
small number of asbestos bodies frequently present in the lungs, nor
thickening of the parietal pleura in the form of fibrotic plaques,
seem to be harmful.
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