Characteristics and Etiology of ;
Parenchymal Asbestosis |

\ ‘n 1867 Zenker introduced the generic term “pneumonckoniosis’” to
embrace essentially similar forms of pulmonary disease caused by the
inhalation of dust: It will then be necessary to embrace under a single
utle these essenbally identical forms of disease . . the name
pneumonokoniosis (from x, o, v, i, o, dust) recommends
tﬁ.&n-ﬁddmm’ndm : the individual [
forms as pneumonokoniosis anthracotica, siderotica, etc. (or just briefly |
#s anthracosis, siderosis).” (Meikeljohn's translation, 504) The term ' J
was later shortened and anglicized to “pneumoconiosis.” Cooke was |

1927 papers (157)—in his 1924 paper he referred only to “fibrosis of the
lungs due to the inhalation of asbestos dust (156),” and in the earfier of
hﬂl?mﬂﬂ)m“pmmdnwubm-hu"'
Siamhnk«wsbdlolhdeﬁniﬁmhmmmimdlunp.
t:uudpnnmdmhm"mrmlywm
@mm.mmwmhhnmm
is implied in the 1948 (United Kingdom) “Statutory Instrument No
1371.” in which pneumoconiosis is defined as “fibrosis of the lungs due
1o silica dust, asbestos dust, or other dust, and includes the condition of
the lungs known as dust reticulation but does not include
(381).” Lanza quotes the definition of the (United States) “1935
Memorandum on Industrial Diseases of Silicosis and Asbestosis’ —
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184 7 Characteristics and Etiology of Parenchymal Asbestosis

‘diseases of the lungs produced as a result of the inhalation of asbestos
dust (440

In these definitions pleural changes are not mentioned or are im-
phicitly treated as complications By 1970 Mackenzie and Harmes were
moved to state that, although the progressive interstitial hibrosis of the
lung due to inhalation of asbestos fibers is often, bul not always
accompanied by pleural fibrosis or pleural calafication, they proposed
to restrict the diagnosis to those cases which exhibit chinical, radiolog-
cal, and physiological evidence of pulmonary fibrosis (471)

The Working Group on the Definition of Pneumoconioses of the 4th
International Pneumoconiosis Conference of the International Labour
Oftice (ILO). meeting at Bucharest in 1971, defined pneumoconiosis as
“the accumulation of dust in the lungs and the tissue reaction to its
presence (800). " They divided the pneumoconioses into two groups:
the noncollagenous as produced by tin and by barium sulfate and the
collagenous as produced by silica and asbestos  Collagenous
preumoconiosts they charactenzed by (1) permanent alteration or de-
structhion of alveolar architecture, (2) collagenous stromal reaction of
moderate 1o maximal degree. and (3) permanent scarring of the lung
Again. no mention was made of pleural involvement

For reasons set out n the preceding chapter (Chapter 6), we will use
the term parenchymal asbestosis for those changes occurming in the sub-
stance of the lung as a ¢ quence of exposure to asbestos dust exclu-
sive of any pleural, mesothehomatous, or carcinomatous changes that
may be present and exclusive also of any changes in organs other than
the lung that might result from exposure to asbestos. These will be
considered separately in subsequent chapters We will, however, use
the term “asbestosis” without any preceding qualification for the com-
bined parenchymal and pleural changes that constitute the bulk of the
cases seen in practice. as will be shown in Chapter 9.

PATHOLOGY

Parenchymal asbestosis, as usually seen in human lungs that are
submitted for pathological examination, may be described as a diffuse
interstitial fibrosis. In"this stage the pathological picture has few fea-
tures to distinguish it from that seen in interstitial fibrosis of other
etiology such as that of possible viral origin. collagen disease, or the
so-called “idiopathic”’ vanety. The only pathological finding that is
specific is the presence of asbestos tibers, some of which have been
converted into asbesios bodies, and even these if few in number may be
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of penpheral significance. However. even though other etiologic
agents, known or unknown, may produce very similar tissue changes
especially in the more advanced stages of the disease. experimental and
human studies have delineated a rather charactenstic process and suc-
cession of appearances

Before we consider the macro- and microscopic appearance of the
lungs in well-developed asbestosis, a brief account of the developmen-
tal process as presently conceived may be helpful

For initial pathological changes resulting from exposure to asbestos
dust we have to heavily rely on the results of experiments with animals
exposed to dust by inhalation or by intratracheal imection Unforty-
nately. we do not yet have an experimental animal that reacts to asbes
tos dust in quite the same way as does man. In 1951 Vorwald, one of the
earlier expennmenters, complained that while guinea pigs showed defi-
nite fibrosis and asbestos bodies, rats reacted with fibrosis but pro-
duced no asbestos bodies, mice gave bodies but no fibrosis, cats
yielded slight fibrosis but no bodies, and rabbits gave very little re-
sponse at all (761). Later expenience has more or less borne this out, but
hamsters have been found to react somewhat like the guinea pig and
man, and perhaps not too much attention should be paid to differences
in the formation of asbestos bodies which, although a striking and
potentially protective phenomenon, are something of a side issue in-
sofar as the disabling pathological process 1s concerned. Many ex-
penmenters have used dosages far more intense than those to which
man 1s usually exposed, or intratracheal injections, which have a high
degree of artificiality although useful for preliminary studies Neverthe-
less, from the vanous experimental studies, and particularly from the
very carefully designed and executed investigations recently reported
by Wagner and his colleagues, and with support from occasional exam-
inations of matenial from persons with recent and mild exposure. we
can piece together the events that probably occur during the early stages
of the disease in man (171,298,344,346,728,773).

The initial lesion occurs with the lodgement of asbestos fibers in the
alveoli arising directly from the respiratory bronchioles. An 2ggregathon
of macrophages and red cells around the fibers is soon enmeshed in a
network of reticulin fibers. Cellular degeneration takes place and the
r!tlmllnf?beumgmdudlynpluedhymﬂnmmlhobhhnﬂmd
the alveoli. To quote Wagner, “the primary lesion is, therefore, a foca)
plastering on of material from within the lumen of the respiratory
bl':l::::ole and not an interstitial fibrosis (766) "

next phase, fibroblasts around the periphery of the lesion ca
the collagen fibers in continuity into alveolar ducts and atria wnhx
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eventual linkage of individual units (Wagner) but a spaning of the
penpheral portion of the acin:. A so-called “pleural dnft”" 15 mentioned
by a tew wniters to indicate a passage ot asbestos hibers to the sub
mesothebal connective hissue . where a fibrous reaction occurs (440.523)
Visceral pleural and subpleural fibrosis of at least some degree 1s fre-
quent. and although some authors doubt whether asbestos bodies are
really present in this location, hibers have been shown to be present
(379) Thomson attributes the passage ot hibers to the periphery and to
the lower lobes to the effect of respiratory movements, aided in the
latter case by gravity (738). With the development of these changes a
diffuse interstitial fibrosis s established
in the course of the process, asbestos bodies are usually formed. and
these serve to indicate the most probable cause of the fibrosis. They
were, in fact. among the features that captured Cooke’s attention in
19271929 and indicated that asbestosis was probably a distinct entity
(157.158) The descniption of asbestos bodies given by the earlier inves-
tigators 1s still adequate although a lot more has been learned about
thear life hustory since then, this will be taken up in Chapter 16 At the
core of the asbestos body lies an asbestos fiber which could be any one
of the types described 1n Chapter 2. Surrounding the fiber is a coating
that consasts largely of mucoprotemn and contains iron probably derived
onginally from hemoglobin. This coating gives the body a golden-
brown appearance and the contained iron gives a prussian blue reaction
with ferrocyanide The coating may have a fairly uniform appearance,
be corrugated, or be broken up into beads or segments with more or
less exposed core in between. The core may project from one or both
ends. As seen by light microscopy, the bodies vary in length from the
barely visible up to 70 um or more, and in thickness up to 25 um. (With
electron microscopy, much smaller bodies may be seen ) While most of
the bodies may be fairly straight, they can be curved. bent at an angle,
or reduced to a comma form. While some may be found lying in alveolar
or bronchiolar spaces, most are imbedded in tissue with vanous de-
grees of accompanying fibrosis. For the most part, they may appear to
lie free in extracellular positions, but some may be seen partially or
compietely surrounded by giant cells or macrophage cells, or even lying
within a single cell The intracellular situation 1s more commonly seen
with the smaller bodies visible by electron microscopy. Various tech-
nigues have been devised for freeing the bodies from tissue and of
concentrating them for better visualization or for guantitation (57)
They can be easily found in juice squeezed from the basal portion of
cut, fresh lung. While their presence in any quantity is strongly sugges-
tive of asbestos being the cause of any accompanying fibrosis, a small
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number may be found in the lungs of persons with minimal exposure
and no significant degree of pulmonary change. They may be found in
other lymphoid organs, such as the lymph nodes and, occasionally . the
spleen, and they frequently appear in the sputum._ Fibers other than
asbestos can provide a core on which similar coatings can develop, and
care has to be taken to distinguish these from true asbestos bodies

which can usually be done by electron probe techniques (Chapter 41

The generic term “ferruginous body” has been proposed to include as
well those instances where the nature of the core is unknown or can be
shown to be of a nonasbestos nature (297,310) (Color Plates 16, Ic)

Macroscopic Appearance of the Lung

Initially. the lungs appear of normal size. As fibrosis affects the lower
lobes. overacration of the upper lobes may give them the appearance of
being large The only gross evidence of the early process may be stiffen
ing of the subpleural zone of the lower lobes as felt by palpation. a
section of the parenchyma may show no visible change As fibrosis
progresses. the stiffening becomes more diffuse, especially in the lower
lobes where an irregular, relatively fine, grayish mommg’mcy be seen
The pleural margins stand out clearly because of the subpleural Hbrosis
which extends into the interlobar septa (568). At a later stage there 1s a
network of fibrosis, roughly coincident with the pulmonary lobules In
the lower lobes this becomes more evident underneath the diaphragma-
i and posterolateral visceral pleura to a depth of 1-2 cm from which 1t
spreads into the depths of the lung. With progress of the disease, areas
of fibrosis become confluent. Engorgement of the residual parenchyma
provides a deep red background to the blue-black polygonal fibrotic
areas (Plate 7-1)

As fibrosis becomes more extensive and confluent, the lungs shrink
to subnormal size, although they may be relatively heavy Descniptions
of the later developments vary. Some authors, for example, refer to
emphysematous and bronchiectatic changes, while others minimize
them. It 15 possible that some of the changes are due to the operation of
other variable factors such as smoking, chronic bronchitis, infection,
and neoplastic changes. The majority opinion seems to be that em-
physema is not an early or significant process in asbestosis, and that
bronchiectasis and bronchiolectasis are not grossly siniking features
:*-':8)‘ Ennis, however, is of the opinion that pathologists impressed by
,_Jﬁbmls may gioss over the presence of bronchiectasis (226) Cysts,

mm in diameter, may ultimately make their appearance between
fibrotic areas, with the production of the so-called “honeycomb” lung,
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but according to Hourihane and McCaughey it is rarely extensive (356)

7-1 ‘
(H.M:ssnv: fibrotic areas are occasionally noted in the absence of any

apparent evidence of silicotic or tuberculous processes The upper lobes

arch on Cancef
sponse observed ThclnwmllmulAgmcyfolRese
Wd-lml%‘mﬂulombtdevmﬂiu‘mﬂdu:‘m
inwmuntbothﬂnuventyollhchbtmuandthe;mu::mnlﬂlm
involved (715). Hinson et al. reported onmchasd\eml”
meﬁm‘{m)mw_huhlh!huﬂ'm;mduwould.ppe ;
Extent
:Nw:nnuzssdn-mm‘mw

C Where 25-50% of the lung is affected
D Where more than 0% of the lung is diseased
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Microscopic Picture

For the accurate categorization of asbestosis, as suggested by the
above scheme, it is essential that at least one tissue block be examined
from each lobe. Where there are solid areas of fibrosis, the elastic
skeleton of the alveoli can still be demonstrated. Residual, essentially
normal alveoli persist especially in the upper lobes when fibrosis 1s
quite extensive in the lower lobes. Macrophages may be clumped but
unattached in alveoli or alveolar ducts in these areas  Alveol: adjacent to
those undergoing obliteration show fibrosis in their walls, although
their form is still apparent. Alveoli adjacent to or entrapped within
areas of fibrosis may dilate and the epithelium may undergo cuboidal
metaplasia or a proliferation of type 2 pneumocytes. It has recently been
shown that these cells contain cytoplasmic hyaline matenal identical
with Mallory’s hyaline material as seen in the liver of alcoholic hepatitis
(425). This change has been seen in the lungs only in asbestosis; it is not
seen in those from cases of alcoholism.

As in other fibrosing processes in the lung, there is a thickening of
the wall of small vessels, aithough Gloyne regarded vascular scleros:s as
relatively unimportant (278). Scansetti and Rubino believe that the
alveolar-capillary block that is seen in asbestosis is a result, not only of
vascular sclerosis, but also of extensive obliteration of the pulmonary

apillary bed, which in tum leads to the condition of cor pulmonale
(648).
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Apart from occasional references to bronchiectasis, bronchiolar dis-
tortion, and bronchiclectasis, there seems to be little change in the
small airways, and except for their initial role as the collecting point for
deposited asbestos fibers. the respiratory bronchioles become involved
only in secendary fashion in the spreading diffuse interstitial fibrosis

CLUNICAL CHARACTERISTICS

The account given here is denved from the extensive literature,
which has been reviewed by Smuther (699), Elmes (215), Wngh
(803,804), Harmes (317), and Leathant (444), and for older matenal by
Roembeld ¢t al (518) combined with the information acquired m
twenty years of expenence at Mount Sinai. Specific references will be
given only where necessary to illustrate a particular aspect.

History and Physical Examination

The presenting symptoms vary with the stage of the disease and also
with the rapidity of development The most common initial complaint
is that of dyspnea on exertion, becoming more noticeable with time,
and not specifically related to respiratory infection or to the weather.
British writers, in fact, aptly refer o parenchymal asbestosis as being 2
“monosymptomatic” disease. Cough is commonly reported, especially
in the moming, but not marked at first and commonly without much
sputum. However, we have found cough to be prominent only in those
patients who are cigarette smokers; the development of cough in a
nonsmoking asbestos worke: raises a suspicion of infection or car-
anoma.

In the less extensive and uncomplicated cases there is usually not
much complaint of pain, but there may be a variable feeling of tightness
in the chest. When pain is present, it is usually located over the lower
chest_ It needs to be distinguished from pain due to other causes, such
as that from heavy manual labor. It could be due 1o pleural changes, and
when localized and persistent it points to the probability of underlying

mahgnant changes =

In the older literatitre there are accounts of debility, sometimes
marked, and of nervous depression often suggesting neurasthenia
(21,162,560). these features are not common in today’s patients.
Anotexia and cachexia may be present and are occasionally marked,
particularly in the terminal phases of pulmonary insufficiency
(204.213,407,560). Lists of the frequency with which the various symp-
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loms appear vary with the author, the date of the report, and the
population reviewed. mmwmmyﬁmmmy
combination.
mmd-mmwmmm:_m to the
diagnosis. but often to compensation entitement as well (b;!“:,ﬂm
patients who have had substantial periods of empioyment involving
overl exposure to asbestos will usually give the relevant information
fudz!ywhtnqueﬂlomd.pmwuhﬂym&utmhawdldmulype
of wark are widely known. But those whose exposure was not so
expbicit, or who were exposed for relatively short periods of time in the
past, may not volunteer the information unless carefully questioned;
Mmynm_luvehmmabomn.cwulnmolmep-
w-mmmamum.mmmbmnd
nw“hmww(hhwm«)ubhm
n ;

The most distinctive sign to be found on physical examination is the
md_ﬁnndrynhuhb-tdmabmw.m
nppnnn;hmiattuuﬂhlyblulm-ﬂmmum
M,Mymymthuhhudmﬂkmmlnﬂuyhm,
lingula, or right middle lobe. The rales are persistent, nonmusical,
uphivgmndn(mmaibd-amlﬁmwcruthn.ﬂmw
mwnmwmmwmmmm
out or appear at the end of inspiration. In contradistinction to tuber-
m,ﬂuﬁunluduhuuhm-mhlnnmnﬂuopm
cu_lduubd-vimhcm.wilmlhynahohﬂudby
turning the patient first 10 one side and then the other. Pleural rub, by
contrast, is usually loud, unilaterial, and heard only over a small area of
My‘l‘CmmbMiduthmthnwdli!
there is some superimposed infection or bronchitis, as in smoker's
“.MMMMMMMMNMM-
qwnmmmm‘hmm-uyu
W.Mmmmmdmy-uﬁnmpm.
Mduumuﬁqkmﬂhn&mhmm
Mwmwummmﬂmuw
may be present and the pulse rate may be raised.
_Mund“m,m&muyhm.ﬁnwdub-
bm;,whcnitmn.inuﬂvuilmdmﬁmdhmhmho&
m.hmmdsmmdhnn&mwbw,“hwud
hmﬂhd;hm,maeuybehymophydmmmdphm
Mpuhnbmmnmmmqmnﬁabhby

further study (317). While clubbing is seen fairly commonly in chromac
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respiratory disease Amang the preumoconioses it 1s not commonly
S€EN I cases of asbestosis Cyanosis appears when a certain concentra-
tion of reduced hemoglobin is present in the superficial capillaries and
thus indicates an interference with oxygen acquisition n advanced "
pulmonary disease This mav be due to the interplay of two factors
interference with transter of oxyvgen across the alveolar-capillary mem- -
brane and the presence of intrapulmonary arteriovenous shunts. The
functional signiticance of cyanosis 1s increased if the patient 1s aiso ot
anemic In clinical practice there are many instances where Cydnosis is
not accompanied by shortness of breath

The pulmonary pressure may be raised and the secondary pulmonary
cardiac sound accentuated at an early stage of the disease and as fibrosis
imposes resistance to pulmonary circulation. Few changes are seen in
the EKG There may be some evidence of right ventricular hypertrophy,
but the EKG is relatively insensitive to the lesser degrees of hyper-
trophy Mmaybesomeshmo!ththawamwthenghnfrhe
element of obstructive disease 1s marked. The interstitial fibrotic ele- - |
ment, on the other hand, does not affect the pattern (127).

Orther clinical manifestations that may occur will be considered in |
Chapter 9 in connection with diagnosis or with clinical course and “ ®
complications. |

s ——

VITAL CAPACITY % PREDICTED
a

T

-
Pulmonary Function YEAR OF STUDY

! A decline in pulmonary function very often makes it appearance
before significant changes can be seen in the chest radiograph It may
be tound in the course of routine periodic medical examination of
exposed persons before other signs or even symptoms appear

Aswummcnm&dennglhepﬁhologxalchm;amupo&ed
persons, two parenchymal processes tend to be provoked by asbestos
dust. The interstitial thickening and fibrosis, particulariy in the alveolar
walls, progressively restricts expansion and is thus often referred to as
the “restrictive” element. It may also interfere with Bas exchange
Penbronchiolar fibrosis, on the other hand, produces a degree of
obstructive small airway disease and is thus termed the “obstructive’
element (189). In general. the restrictive element is by far the more
evident and more impostant (68.375)

We have found that total lung volume 1s nearly always reduced and
!Mﬂnvnhlupmtylsbwerﬂalmuﬁywmmosccmsﬁa—wl i i 1
Thendnnmmbuhumasanthedunmpwlhg 7-1A) -Le_-_ m e w oW
Maximum breathing capacity. however. is generally fairly well main- TEAR OF STUDY
tained, with the individual compensating for the diminished volume of Fig 71 v, n pulm with of chymal ash

A vial capacity. 8. alvprlnun'ndt-u’i lc'pn'dumimuumm
each breath by more rapid breathing He is thus able to continue 10 N e s

ARTERIAL O, SATURATION AT REST

L N N N
L

i i M

|
[ = W .,
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accustomed physical work in spite of the dyspnea experienc ed Indices
of air velocity in the respiratory passages increase with the hypervenh-
lation required to overcome declining functional ability. Increase in
residual volumes may not be marked paﬂlrularly where the obstructive
element 1s small It has been repuned that the forced expiratory volume
wn one second (FEV,) tends to be reduced, as well as the vatal capacity in
proportion 1o the fibrosis present, but with diffening relationships
{Smoking habits, however, were generally not given ) In the absence ol
obstruction, the FEV, may be low in relation to the predicted vital
capacity, but not in relation to the patient’s own vital capacity When
obstruction is present, however, the FEV, may be low in relation to
both Compliance 15 reduced in parallel with the vital capacity as the
disease Progresses, the reduction may appear before radiological
changes are secn (205,307 ,375); some consider it the most valuable
single measure of affection in asbestosis (495) but still others find
reduction of viial capacity more reliable (416). (For further discussion
see Chapter 13.)

Reduction of the CO diffusion capacity 18 often the first detectable
abnormality, coupled with some increase in the alveolar-arterial oxygen
gradient. Oxygen desaturation of the arterial blood may not, however,
be great at rest, and the deficit may not advance rapidly with ime (Fig
7-1B). The desaturation may become more marked on exercise Artenal
pCO, and pH are little affected; the increased ventilation induced by
the difficulty of meeting exercise demands is apparently sufficient 1o
take care of any impedance to the diffusion of CO; through the
thickened alveolar wall

Experience with alterations of pulmonary function n plnem:hylml
asbestos is not always uniform, however. Numerous variables are in-
volved and there is some disagreement among, authors on the frequency
with which the various signs and symptoms, including impairment of
pulmonary function, may appear or on the sequence with fﬂhnch they
appear as the disease develops. Cigarette smoking has a particular effect
upon lung function in asbestosis (254). Becklake gives a fairly extensive
analysis of changes reported by various authors (68). Some of the
comparisons that she makes are reproduced as Table 7-1. In a study of
pulmonary ventilation using radioactive xenon in 14 pipe laggers with
more than 20 years gxposure, Stanley reports finding that emptying of
the lower lobes in 10 was faster than in the middle zones at first. but
slower later in expiration {711}. In two of the workers the emptying was
slower in the lower lobes throughout. There was no restrictive or gas
transfer defect, but eight had mild airways obstruction. The ab
ities were not related to smoking.
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Radiography

In contrast with the state of affairs in silicosis, the early changes in the
jung parenchyma with asbestosis, and particularly those in the intersti-
ual hssue, are too diffuse and fine to produce radiographic shadows As
a result, the changes may be difficult to recognize until the disease 15
faurly well advanced Alterations 1n pulmonary function may be found
several years before definitive radiographic changes appear and even
symptoms may sometimes precede radiographic evidence by a consid
erable margin

The earliest change to be seen in the radiograph 1s usually a very fine
reticulation over the lower two-thirds of the lung fields, although an
occasional case may be seen with upper lobe dominance When the
pulmonary fibrosis is accompanied by some pleural change. it may give
what is often referred to as a “ground glass™ appearance (Plate 7-2g)
The reticulation is seen with equal frequency on both sides (Plate 7-2a)
but other changes are often more easily seen on the night side The
apices remain Jucent, sometimes excessively 5o, as a result of bullae or
from some compensatory emphysema However, infiltration may occur
at the apices late in the disease (Plate 7-2f). Nodules or small opacities
may appear as the disease progresses and larger opacities are occasion-
ally seen. The markings tend to be coarser in talcosis than in asbestosis
The extensive opacities charactenstic of progressive massive fibrosis
(PMF) in silicosis and coal workers’ pneumoconiosis are uncommon. A
report from South Africa mentions them as fairly common but there is
reason to believe that the patients were exposed to silica as well as
asbestos (703). Gough described the occurrence of solid fibrotic masses
in asbestotic lungs (289); we have seen a few cases where exposure to
silica seems not to be responsible.

Hilar markings may occasionally be increased as pulmonary hyper-
tension develops or lymph glands enlarge, but this is much less com-
mon than in silicosis or coal workers’ pneumoconiosis They are more
likely to appear where talc dust is the cause of the fibrosis {6). The heart
outline is frequently described as having a “shaggy’’ appearance as a
result of obscuration of the heart border by interstitial infiltration or
pleural adhesions (Plate 7-2b). It is possible that the larger opacities
and the shaggy heart are the consequence of the fairly intense exposures
that were not uncommon in earlier years. Short, thin, parallel hor:zontal
lines spaced 0.5-2.0 cm apart with an appearance similar to Kerley B
lines may be seen and the interlobar septum itself may become visible

The changes so far described have little specificity, except perhaps
that of the “shaggy” heart, and would of themselves often leave the
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Plate 7-2a Parenchymal asbestosis (grade 2) faurly evenly distnbuted

Plate 7-20 Parenchymal asbestosis (grade 3). extensive distnbution. shaggy heart
thickened interiobar fissure. no cakifhication seen with Bucky. obliteration of the &
costophrenic angie

diagnosis in doubt The more stnking and more specific changes that
occur in the pleura will be described in the next chapter on Pleural
Asbestosis As the lung volume decreases, the diaphragm tends to nise
and this helps to narrow the costophrenic angle. Distortion of the heart
shadow may occur in advanced cases

With regard to technology, Bohhig recommends the use of a high
voltage (100-140 kV) and a gnid for revealing fibrosis and a low voltage
(45-80 kV) for pleural calcification (92). Some of the newer fine grids
cast very little shadow but are easily broken and are expensive. 100 mm
Film is sometimes used for mass surveys, but early parenchymal
changes may be missed All doubtful cases should certainly be exam-
ined with full sized film (94.275,632). Oblique views are useful for
prowviding additional informanon in doubtful or complex cases. Aftera
series of developmental modifications, a standard (ILO-UIC) classifica-
tion of radiographic appearances has been developed for use with the
pneumoconioses (94.275) The form and details of classification are
shown on the record sheet used at Mount Sinai (Fig. 7-2). Other
procedures are advocated by some (706)

Characteristics and Etiology of Parenchymal Asbestosis (1978)
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6 1l-66

Plate 7-2c. Progressive asbestosis both lower lobes continuing after retirement in
1960
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Plates 7-2d.¢ Pro sive parenchymal bestosis over ecars Patent had Cyanoss
aver 7 yed
Rres P an <

and (hubbuing

i

it
7-2  Asbestosss extends into the R upper lobe, calling for Jutterential
Plate 7-

nosts trom tuberculosis
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Plate 7-2g. Bilateral parenchymal and pleural asbestosss  Thickening of i teriota
fssures, ground glass appearance in lung fields. and caicification on duaphragm

- "

R s i

- L4

- "

4

Plate 7-2h. Parenchymal asbestosis with “porcupine’” heart appearance o
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-2. Radiographx record Sheet used at Mt. Sinai (see also pp 160 and 161}

Fig. 7

162
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Symoptic Picture

Because of the many vanables that affect the development of paren
chymal responses 1o asbestos dust, and because of the umr:-h.n
nebulous nature of many of the early indications of disease. aftempts
heve been made to devise some scheme of sconng the various man ifes
utons and of compounding them into a diagnostic index. but the
Wamlvmnbn-uw“;m&sbmtmh«hm
final indices of effect Some of the consideranions that need to be taken
o acount wn the formanon of a hinal dgment on the total pacture
have been feviewed by Harmes (317) The increased frequency with
with vanous manitestations appear with duration of exposure 15 ind;
cated in the graphs of Fig 7-3 prepared by Murphy and Ferms (512

Explor atron

Bronchoscopa appearances may be normal or reveal nonspe it
changes (582) hrnbmmahwh'::.omunmv
cases (371) Both had severe subjective complaints and abnormal funcion
mﬁm&u‘dhwhunhhu“-%m,m
M-&Wdhw‘”ﬂuuhmhﬁw!ﬂi
dimunution in the angle of subdivision Russian investigators have
reported & hagh wnaid of atroph
the respiratory mucosa of asbestos workers and deformation of the
;‘:’w“wm‘)ﬁd 108 examined

The introduction of fiberoptic bronchoscopy has greatly facilitated

:‘:‘;“:'mﬂdmbn.mbyunwmv

165

fion and for fiber count if desired. No more than local anesthesia is
necessary and patient cooperation is fairly easily obtained Complica-
hnmammmmubmlhtmumtmnnlymuwumnmi

hlmw.c‘mmmuummmmhm
Mnedﬂupmmbecmo‘wrp’cdmm. Walton and
Simchhownrwmanwy periormed over 200 bropsies
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Eneskogy, 167
to bronchial distortion seen in bronchograms and com
- ment on th
tendency of such malformations 1o retayn sputum and promote mlu'-P
ton Mann and Sinha also found the matenal obtained tn 12 cases to
confirm the diagnosis of asbestosis in Spite of equivocal radiographic
changes. However. they encountered many surgical complications
some of them severe (478). We do not recommend this procedure
Gold and Cuthbert advocate open lung biopsy in cases of doubt and
| ] o ! stress the satety of the procedure under good operating conditions
S 3 -l - (335 It would seem. however. that surgical intervention would not be
-.-:._ = | = j indicated simply for the purposes of confirmung diagnosis unless the
i R m et matter were crinical as in thcm;blmmdodmmfmmpenutwn
. {-l BUEN _—T-‘_. o ",’ . particulariy now that fiberoptic bronchoscopy 1s available
- 4 -1
i -d ‘ -
- — - i
Sutewen :: , ~ ...; quhuhubemmd.undnndmdm'uhdedouhm
- 14 = 14T snybody's mind today that exposure to asbestos dust can produce
| =yl o1 : =N preumaconictic changes in the lungs that can be characterized as inter
— & A stitial tibrosss. But this was not always so In our opening chapter we
o - nﬂmmdhmmmnmmumn\
-l | ol mmwlhbhhimkamualml
= aher otharal of { ey
*l ) =1 - - recogriton of the disease in the 1930's there was conssder
S o | ; .“.’_‘J. mm. on the pant of many NOt 0 a4V ATIVe OppOsInOn 0
jlﬂ-ch :“ ). h-m mw Ar that e the 1dea of chrona
| ] ! o = m&"lﬁw“ Tany vears Mmdnmma
| | | . a.u-.rﬁ::ﬂgnr- There were no recognized rules for
| . | . -h-::mm OF agaunst & suggested sssociation and each
| - 2 =i ’ party m-h»-—-&a»mmwﬂmdwmm
. :-" il { SIppUurted his Conciusaon o
| - - ¥ = = convensence! In Chapter & we presented »
— =t |44 =1 :' : Fesdetines mhmd&-ﬂ—mm-m tor
,_"_‘T_ | aiad 1=l _1 mmmumdumm&-m
| els of an agent are under review hdhw»mm
— N -l = Mhmamu*-tdmm both o
| = ol m.mmuuhy the
} groundwork for considera
.——. 4 Ao | n-mm:m-hpaltdmnmmdm-
:-—-l [ | | oy | >t mmm‘*mnummmm
Bt "1} | 3 R e tewthooks wsually place considerations of
l )‘j 1] - |} - ethology ahead of de
r — =i may not be ptw:_ b o Mmm*
* will slready have beer
i s - s el age S e mmumnrmuy- em—
duced wilh e Lod proneser o 8 O Ffems
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168 7. Characteristics and Etiology of Parenchymal Asbestoss

Association between Exposure and the Syndrome
(First Criterion)

For a chronic accupational disease to appear with a frequency compel-
ling recognition, enough persons must have been exposed for a suffi-
cient time, to a sutficient dosage, and in a sufficiently well observed
population. With asbestotic diseases, the apparent incidence pror to
the 1920's was fairly low; the picture was obscured by the prevalence of
tuberculosis in the general population; silicosis dominated men’s con-
cepts of industnial lung disease and diagnostic procedures such as
radiography were still in a fairly primitive state. As indicated in Chap-
ter 1, such reports as were published did not make the essential etiolog-
1cal correlation

The association was made clear, however, in the 1930°s. Merewether
and Price found in England that 95 out of 363 asbestos manufacturing
workers examined had evidence of pulmonary fibrosis attributable 1o
asbestos dust and calculated that, on the basis of their sample, one in
eight of all workers in the industry would be found to have evidence of
fibrosis (510). In January of 1935, Lanza and his colleagues in the United
States published the results of a survey of workers actively employed in
asbestos fabnicating plants showing that, of 126 radiographic exam-
inations, 4 warranted the diagnosis of second degree asbestosis, 63 that
of first degree, 39 were doubtful, and 20 were negative (441). In October
of the previous year Fulton and his colleagues had issued a preliminary
shont account of a survey of workers in asbestos textile plants in
Pennsylvania, and in October of 1935 they reported that out of 56 such
waorkers, 7 had moderate asbestusis, 7 more had slight changes, 2 were

doubtful, and 40 were normal. The positive cases all had 6 or more years
of exposure to dust concentrations ranging from an average of 4.64 to
44 26 mppfc® (259). (A distinction was not made in those early years
between parenchymal and pleural changes; they usually occurred to-
gether at that time, as is indicated by the descriptions then given.)
Dreesen and his colleagues confirmed a similar association with tak
in a series of papers published over the period 1933-1935. Among 57
tremolite talc workers, only 3 had radiographic findings within normal
limits, 38 showed more markings than usual, and 15 had evidence of
first stage pneumoconjosis. Only 18 of the 57 had worked for more than
10 years, and none of these had a normal film (198). (We now know that
10 years 1s a fairly short time for marked radiographic changes to

of results, see Chapter 4

* For the hustory of dust g methods and exp

169

develop ) In another study, among 33 talc mall warkers, 16 had radio-
graphic evidence of pneumoconiosis, B of them in second or third
stages. Among 13 talc miners, there were 6 cases of stage | pneumo-
coniosts, there were no such changes in 20 additional workers not
expused (199). Upon radiological examination in 1938 of 447 employees
of asbestos textile factories exposed to asbestos. including &9 (orme.r
emp!:‘yees. they :ound 16.3% with asbestosis, in spite of a short dura-
ton of exposure for most of the men,
aahios. b n, due to a recent large turnover in
The subsequent years saw increasing numbers of reports on the
association between exposure to asbestos and the development of pul-
monary fibrosis, but the inquiries increased in depth and introduced
consideration of items that pertain to our other critena

Dose-Response Relationships (Second Criterion)

In applying the toxicologica) concept of dose-response relationships
1o environmental situations, it must be admitted that the actual dose is
very seldom known; one does not take dust by the measured teaspoon!
About lhg most that one can hope to know is the concentration in th:;
ambient air to which the person was exposed, and that in turn is seldom
more than an approximate estimate, as was indicated in Chapter 4 on
environmental measurement. Of atmospheric concentrations 30 years
g0 we know very little beyond the fact that many were very high

The atmospheric concentration of particles was seldom measured in
asbestos industries before the 1930°s, and until quite recently the usual
practice has been to count all particles above a given size, whether they
:m asbestos or not, and to bue controls on these counts (see Chapters

:5.19.20). This Practice omits measurement of the shorter particles that
may be equally if not more important, at least for some features of
ab:::s ::::ease. It also ignores the bothersome question of what is a
ﬂd“.‘d& parent large fiber or the numerous offspring into which it

How much of the ambient dust to which a rson is exposed i
actually erosnled in the lungs is not known wilhpc:minty; it pmlnbl';
vanes with the individual, his breathing habits, the efficiency of his

ince mechanisms, and his ventilation rate (see Chapter 13). It
:mamly depends upon particle dimensions which are not always
nown. Worse still, the techniques of collecting and counting dust
:tthdes have.d"unged with the years so that comparisons over a period
3 ime are dziﬁqﬂl. Thm difficulties in estimating the dosage have
Ir counterpart in quantitation of effect. A certain rough quantitation
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170 7 Characteristics and Etiology of Parenchymal Asbestoss

can be made of radiological changes; first, second, and third stages have
already been referred to. But this consititutes a poor effort at measure-
ment In any case. the radiological changes are late in appearing, they
are usually preceded by disturbance of pulmonary function that only
recently has been subjected to good measurement (59.68) A rough
quantitation can be made of the degree of dyspnea experienced by the
patient or of a combination of this and certain early signs (532) At the
other end of the clinical spectrum, one can compare the death rate
among asbestos workers with that of an unexposed population and
examine the causes of death where these can be ascertained with confi-
dence

Before 1930, conditions in the mines, mills, and factories were largely
uncontrolled so that some very heavy exposures occurred. Eyewitnesses
speak of being unable to see more than a few feet, for mstance, because
aof the amount of dust in the air. From 1930 on, controls were progres-
sively instituted and conditions generally improved aithough there
were many instances where enforcement of conrtrol was lax (114) In
looking at the clinical picture today one should think of the ambient
conditions 20 or more years ago. not of what now prevails. The disease
develops slowly; statistics based upon workers employed for less than
ten years will, in general, underestimate the risk. As environmental
conditions improve, the development period may very well be

. Some of the statistics cited in the section on association
reflect relatively short peniods of exposure.

In spite of these marked limitations on the strict application of a
dose-response principle, and dependence upon personal judgment
rather than hard statistics, a gradation of parenchymal response 1o
probable exposure can be demonstrated in terms of three aspects: in-
tensity. duration, and time elapsed since initial exposure.

Relation of Parenchymal Asbestosis to Intensity of Exposure

Table 7-2, taken from the Merewhether and Price report of 1930 (510),
is based on the examination of 363 workers in the textile portion of the
British asbestos industry. particularly on those who had been employed
for a fairly long peniod of time. Unfortunately, only 133 were given
radiographic examination, so that the incidence of fibrosis was surely
underestimated. Even so, the marked effect of the relatively uncon
trolled conditions of the earlier penod is clearly seen, as is the differ-
ence of the effect pruduced by the less and the more dusty occupations

Enterline and Weill, studying asbestos-cement workers, found that
small radiographic opacities in 908 persons were linked to their total
dust exposure as indicated in Table 7-3 (229). It should be noted,

Characteristics and Etiology of Parenchymal Asbestosis (1978)
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TABLE 7-2
Radiographic Findings in British Textile Workers, 1928-1929 (510)

Less dusty group More dusty group

Years Number Number with Percent Number Number with P
ercent
employed  examined  fibrosis  inadence eaamined  fibrosis  inaidence

[ O ] k1] 0 0 o 0 0

59 e 2 50 @ 3 137

1014 0 2 67 ' n e

15-19 1n 4 ¥4 14 L] 571
20 and over & 4 &6 7 13 n B4e
TABLE 7-3

Percentage Distribution of Radiographic Classificasion for
oo Small Opacities in Asbestos-

Tota) dust exposure

:;—l::m profusion (mullion particles per cubic foot-months)
dassification) €250  25)-500 501-1000 1001-2000 2001 4000 4001«
:nand w- L] 93 o n » o0
l.; = 4 s B n 1% 7
o . and 12 0 0 2 3 5 n
1+ 1 1 ] 5 (] 0

n* (181) &N (105) nz (209} 31

* With kund permussion of P E Enterline
- and the Internanonal Agency for Research

o Mani
" of p d

however. that in this report, as in many others measure
. s y . the of dust
not favor for l;:‘-:lohg::fudm ey e
e ‘ since it fails to separate the effects
For one cohort being studied at Mount Sinai, that of asbest
’ 689 os
::dnd!uwlyworkmwhobegmﬂwizﬁnlmphympmrm
ﬂ.m' 1939, and were exposed to fairly high concentrations of dust in
5 period ?%l@,hu%ﬂﬁpdﬁaﬂu up to December. 1971,
the relative dustiness is as shown in Table 7-4.
To tumn from radiographic findings and mortality data to clinical
mﬂw.ﬂ w;::ymr_themupmby&nylhm indicates the preva-
rales in those exposed to fairly high concentrations of dust
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172 7. Characteristics and Etiology of Parenchymal Asbestosis

TABLE 7-4
Relationship of Deaths in Textile and Asbestios Workers 10 Level of Exposure

Dust level
Deaths Minumum Moderate High Very high
Number L 61 23 24
Percent from asbhestos 3 13 20 3
TABLE 7-5
Relationship of Basal Rales 1o Level of Exposure (74)°
Mean dust Number (%)

Years Number ¢ Cumul dose with
employed xposed (hbresicm*} {hibre yearsicm’)  basal rales
Group 1

10~ 58 109 [k} WD

B- 72 ne 202 IR ]

20~ x 135 29 413 8)

8- i 5 392 817 4)

30- & 152 486 e 7)
Group 2

10— 2 3s 41 0

15~ 20 le o0 0

20- 10 s 84 0

- 2 40 107 i 5.0

0- 7 41 131 0

* With kind permission of G. Berry and the International Agency for Research on
Cancer

* Eibresicm”® in terms of membrane filter samples A “fibre’ is a particle longer than 5
um and having ratio of length to breadth greater than 3.1

* Group 1. men working in fibs g. carding, and sp 8. Group 2: men working
n weaving and plaiting

{over 10 lfyml)." as compared with those with lesser exposures (less than
5 lfymi), and the increased frequency with total exposure in the former
group (Table 7-5) (74). Murphy ¢t al. found fibrosis 11 times more
common among pipe cdverers in ship construction, with relatively low

dust levels (5.2 mppdf). than in shipfitters and pipefitters also
warking in the yards and treated as controls (534).

* ymi Indicates 10 fibers, 5 um or more length, as seen by light microscopy See
Chapter 5
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That persons exposed to relatively low exposures may not escape
effects 1s aiso shown by the examination at Mount Sinai of 210 family
contacts of amosite asbestos workers with the results given 1n Table
7-6. (That asbestos fibers were, in fact, part of the family environment

TABLE 7-6

Radiographic and Clinical Indications of Asb in Members of Workers' Famil
Normal X-ray Abnormal X-ray Total

Total examined 296 194 490

Rales” HI0%) 16(8 2%) 25(5.1%)

Cyanosis 10.3%) M1 5%) 0 8%)

Clubbing 20 7%) H15%) 510%)

“x'= 1496, p < 0.001

was demonstrated in Chapter 5.) The dust to which they were subject
was presumably brought home on clothes from the work place,
supplemented in a small proportion of cases by neighborhood atmos-
pheric contamination from a nearby plant. The abnormal radiographs
mdudedsomewilhpannchymnlchngumdoﬂm!wuhplmrd
changes only. It is noteworthy that the frequency of abnormal radio-
graphs in family contacts ran paripassu with the degree of abnormality
seen in those of the workers themselves. Clinical signs of pulmonary
asbestosis, however, were uncommon in the family contacts.

In regard to possible effects at the very low end of the scale, namely in
those exposed to general community air, the International Agency for
RmuthmrumM"dwuhnwnmtmwidmadlung
damage by asbestos to the general public. The amount of asbestos in the
lungs of members of the general public is very small compared to those
occupationally exposed. It is greatest where asbestos is mined or
worked and lowest in rural areas (274).” It is true, as stated in the
report, that there is no evidence of threat to the general public, but the
possible prevalence of effects has not been adequately studied; too
often environmental scientists have been confronted with the statement
that “there is no evidence of any harmful effect” when, in fact, no one
had really looked. It may be true that there is no threat, but until it has
mndemomnndhhmmmmdmm'nwwmm-

ty.

Relation of Parenchymat Asbestosis to Duration of Exposure

Instances have very occasionally been reported in which severe as-
bestosis has developed after quite a short time (6,574), but apart from
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these the disease is seen to develop only slowly, and usually but not
necessarily in the course of more or less continuous exposure. In the
absence of good measurements of the intensity of exposure, which is
generally the case for conditions in past decades, the duration of
exposure provides 3 fairly good measure of dosage, albeit not a
linear one

In Table 7-2 reproduced above from Merewether and Price it is clear,
in both the lesser and the more dusty groups. that the incidence of
fibrosis increases markedly with the duration of employment. One can
also discern the presence of both an upper and a lower limat to this
effect In those with less than four years of exposure, even in the more
dusty circumstances, no cases of fibrosis were diagnosed; and when
80% of those in the more dusty group are already affected after 20 years,
there are few left who could be added to the roster by sull longer
experience —saturation is approached.

In 1945 Fleischer et al surveyed men working with asbestos in Mas-
sachusetts shipyards and found that 6% of the men with 10 or more
years of expenence had asbestosis but that none of those with less than
10 years were affected (247). Most of the men had less than 10 years of
employment in 1945 Some 20 years later, Ferris et al. were able to
resurvey some oOf those who were still employed. The prevalence of
asbestosis had increased to 15% by 1967 in spite of the preferential
removal of some of the affected by death (244). (By 1972 further deaths
had reduced the prevalence in the remainder to 10%.)

In data reported by Hill, Doll, and Knox as of 1965, the mortality from
respiratory and cardiovascular disease in 57 workers who had had more
than 10 years of exposure by 1933 was 22.0 as against an expected 728
based on standard mortality for England and Wales; in those who had
less than 10 years of exposure. however, the rate was not then signifi-
cantly greater than that expected (333). (For later data on the prevalence
of lung carcinoma in these workers, see Chapter 12.) In 1967, Murphy
and Ferns published the graphs reproduced as Fig- 7-3 showing the
increase of five indicators of asbestosis with duration of exposure quite

Data summanzed from Sheers and Templeton’s 1968 paper, given it
Table 7-7. indicates a marked increase in the prevalence of pulmonary
disease with the duration of employment in naval dockyards even for
those only intermittently subject to overt exposure 677

That the increase in prevalence of disease with duration of exposure
is true for those exposed to anthrophyllite, as well as for those working
wilth other types of asbestos, 1$ indicated by the report of Ahlman etal
from which the data of Table 7-8 is taken (3). The number of persons
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surveyed is fairly small, but the increase with time seems to be clearly
evident '

A cohort of 623 men constituting the membership of the New York-
New |ersey metropolitan area insulation workers in January, 1943, with
20 or more years of employment exposure, shows the following occur-
rence of deaths from asbestosis.

Penod 19431951 1952- 1901 1962- 1971
Deaths. 1 10

»
Fod

And among 17,800 asbestos insulation workers in the United States and
Canada on January, 1967, the number of deaths from asbestosis by
December, 1971 was 5 out of 12,661 ( 04%) with less than 20 years from
the beginning of exposure, but 73 out of only 5,119 (1 43%) of those
with 20 years or more.

The data of Table 7-9, obtained in studies of 1,117 persons employed
as asbestos workers at some ime in 1943 or later, and examined in 1963,
indicate a general increase in fibrosis with duration of employment

While many reports show a relationship between the degree of
radiological abnormality and duration of exposure, In a caretul exam-
ination of lungs from 35 cases. Ashcroft and Heppleston were unable to
find 3 corresponding relationship for the degree of histological fibrosis

(54). The number of cases examined, however, 1s 00 small for a firm
conclusion.

TABLE 7-7
Prevabence of Pulmonary Disesse in Rel to Asb Exp in British Naval
Dockyards (6777

Years of exposure
Eapusure 0-4 5-14 15-24 25and over  Total
Continuous (workers) 210 (20) 415 20 V11 (38) S6 (80) 1542 (36}
hl'l'ln_ ittent . sl O 5208 2) 48 2) WI7115) eSS 5)
Insignuficant wisy 0) 21 2) YI5% 3) o156 4) 13084 1)

*With kind permission of G Sheers and the editor and bl of =
Medical Journal = publishers of the British

* Ratios indicate the number of cases with pulmanary disease out of the number of
workers in that class. Figures in parentheses indicate the corresponding percentages
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. i mvestigated; the fibrotic process may continue after exposure ceases |1
ABLE Y . - a e s dlsu' entirely possible that the processes associated with AgINg can
Destribastson ﬂmr Canes in Relation to Duration of Exposus interact with those induced by asbestos
Anthophilne That the disease may progress apart from continuation of exposure 15
Cases of asbestosis implied in data concerning 232 asbestos product factory workers em-
played in 1941-1945 and examined 19691970 (Table 7- 10) (665). Given
Exposure time % of cohort with tume, low or even apparently tnvial exposures may result in paren-
esasas Number same evposure time chymal asbestosis ‘
. K 0 tl) TABLE 7-10
&0 2 19 Extert of Radiographic Evidence of Fibrosis in
0 » 1 i Relation 10 Time since Initial Exposure in
620 8 3
n-xs zn - e ) ;
213 - - s . Asbestosis (grade)
gt M 53 exposure (yr} No (%) (%) ] 2 3
Unanown _,_5_ _!l
-~ - 3 40 {H] 58 42 s 51 b
EUS 1] 14 e 871 m 4 1%
* With kind permission of K Ahiman and the Internanonal Agency for »-n 7 w2 728 35 17 '
e 01 £ 559 ) 158 “ 0
Research on Cancer -9 Mo L) 104 3 0 0
N e mr 3F [ 31 W O™ W
Extens of Radiographic Evidence of Fibrasts in Relation to Duration of Employment is " With kind per of the In .
pe Labor Office. Geneva
- In addition to two cases sho
e o ‘ wing asbestosis 10 and 17 years respec-
" radiographic Abrosis tively after their last exposure, but with considerable exposure be’;:cm
i ; & 3 v 24 [ T Total lh!.Goldmd('ulhbenahﬂudiuau(a)inmpnmwhohadm
i - - only 1 year of exposure 37 years ago (when exposures tended to be
1 day of less 3 0 + o ¢ heavy), (b) 1
s e . - - . 3 5 vyl n a second person who was exposed for 26 months 18 years
=3 ' - . : - i bdon,and(cjalhndo{mduucﬂhmorywhohad')yemol
1- 3 months n 5 2] 1 0 :s :pon:e ending 30 years previously (285). Unfortunately, we do not
3 & it M 3 9 5 0 S ve clinical information on these people in the interim to know
:l;m : : g : : :: mﬂlertheﬁbmkdenlopmudvmcedmapoimmdmm»upped
-2 : : : . - < % or whether it continued throughout the period.
P i . - . % 2 12 ﬁwgmfmndumnahoimpued to a certain extent
btm dloses he::dn ’;n;l;mﬁcam“ exposure cited in the data quoted above
) and Templeton. On the other hand. evidence has been
Relation of Parenchymal Asbestosis to Lapse of Time since ddmdlhatpﬂwmwhomremovedhnmnpmnnwhmad«mm
Initial Exposure in lung func'_t'mn has been found, but before there is radiographic
= i Sl el re over the period, the lapse evidence of involvement, may retain their remaining lung function
- those mul:l“u "y dumpown“d o oo ave Ldentical, but better than those who continue with exp (362). There is probably
where exposure has been interrupted, the effect of time itself can be great vanability in the progress of disease after cessation of exposure
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with the individual the degree of affection, and many anallary circum
stances

Concentration of Agent in Tissues (Third Criterion)

Fibers

As explained in Chapter 4. the demonstration and identification of
asbestos fibers in tissues pose some difficulty, particularly as routine
measures The light microscope does not have sufficient resolution to
reveal fibers much shorter than 1 uwm in length, while the making of
counts with the electron microscope takes a great deal of time lden-
tification, even of chrysotile fibers with their charactenstic tubular
fibrils. 1s not easy unless EM techniques are employed By the time that
sansfactory techniques had been developed. the etiologic role of asbes-
tos 1n the production of fibrosis was more or less accepted so that there
was not a great urge to pursue identification in other than doubtful
cases There was, however, considerable interest, as we shall see later
{Chapters 10-12). in investigating the relationship of asbestos fibers to
certain other disease manifestations. and most of the counting and
wdentification was devoted to those questions

The demonstration of asbestos fibers in lung tissue, or in sputum, is
clear evidence that the person has been exposed to the matenal but «t
does not necessanly mean that he 1s suffenng from an asbestos-related
disease or, conversely. that any disease present 1s due to asbestos,
although the ikehhood of that being so 1s increased  As the background
count of asbestos fibers in the environment nses and spreads with the
wellmgh universal use of the matenal. the mere demonstration of fibers
in the lungs acquires dimimishing significance, although the increas-
ingly rare instance of the absence of fibers would be strong evidence
against a diagnosis of asbestos-related disease. What is needed is a clear
demonstration that the counts are considerably higher in the lungs of
those persons with fibrosis who are known to have been exposed. but
the problem 1s comphicated by the tendency of asbestos fibers. particu-
larly those of chrysotile, to disappear from tissue, perhaps by so-
lubilization in tissue fluids, so that the fibers that one sees are sumply
those that have survived some clearance process As mentioned earlier,
Ashcroft and Heppleston found a progressive nise in the asbestos fiber
content of the lungs of 35 persons with the seventy of histological
fibrosis duning the lesser grades of disease, but no further increase in
severely fibrotic cases (53,54). [A]

Le Bouffant comments that fiber counts by electron microscopy on
asbestos workers generally give very high intrapulmonary concen-
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trations, frequently from 10-50 x 10* particles per gram of dry tissue,
but that chrysotile becomes rare as compared with amphiboles
(#45.447)

The ubiquity of fibers in the lungs of at least one urban population 1s
demaonstrated by studies on 3,000 consecutive autopsies on residents of
New York City (435) The results with light microscopy and with EM

mﬂ;‘hﬂﬂdlﬂ ‘g of lung from 28 consecutive autopsies are given in
-1

TABLE 7-11
mdﬂmm—-d“nbdh"ﬂhhﬂnmr

Fine fibers seen by light murosupy 1n
175 um = 1 cm’® of lung tissue from 3 000 autopses

!fmdbhrn 0 1-4 1-14 15+
Number of autopsies 962 L s “
% of autopsies 654 b2 ] a1 1s
Fibers and fibrils seen by eles Py n 28 P
Number of hbers and fibrils <0 10-50 51-% W0 200 200+
Number ol autopsies 4 n L] 4 3

" With kind permission of Unwin Co , publishers of “Inhaled Particies 1]

The significance of these findings in urban residents is difficult 1o
assess. We have little information mnmnmmoumw
mt:;dthumum:::m.lummmmmm

seems to range from 0.6-0.001% of wer (63);
mmhspuhmnwkammhhzdﬂen;
occupationally exposed. Similar results have been reported by Pooley ¢t
al. (581). Thmmduhhﬁhnmmmnma

when interstitial fibrosis is present and leaves open the
mdmmwﬁalm-aau-mmﬂbk
htﬂ!culdthon.Th_elppﬁannud!hem"Mt"hmh:m
uﬁnﬁmhdﬁrﬂydMMwmdMﬁq
10 a diagnostic decision in a particular case (515).
“Asbestos’’ Bodies
As was mentioned earlier in dealing with the of -
wm,w-ﬂummpﬂt"aw”ﬁ:.

IbmuﬁbnsmquhEammmmund
nﬂnmdﬂuﬁrmﬁd«nmﬁm,hﬂt’y-l%mm
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reported finding peculiar bodies staining tor won in the lungs ol two
patients. but he did not give any history of their association with
asbestos (452) In 1914 Fabr reported “crystals,” also stavming tor wron . in
the lungs of a3 woman who had worked 1n an asbestos factory (290) In
1929 Cooke told ot inding “curious bodies” in the lungs of his patient
(158). Stewart and Haddow conterred upon them the name of ashes
tosis bodies (7161 but the term was later changed 10 asbestos bodies to
avoid the imphcation that fibrosis was necessarily present as well From
that time on the occurrence was reported with increasing frequency
That such bodies can be found in the lungs of persons exposed to
asbestos 1s now well established . To reduce observer vanation, which
can be quite high, the IARC Working Conference in 1972 recommended
a semiquantitative mode of reporting the frequency of occurrence in
routine histological specimens, from Class 0 with no asbestos bodies to
Class 4 with very many bodies, usually many bodies in each field But
as with the fibers themselves, asbestos bodies are not necessanly ac-
companied by any fibrotic process, taken alone they simply indicate
exposure (218.440.673 737) There is, of course, an onus upon the inves-
Bgator 1o satisty himself that what he sees are truly asbestos bodies and
not similar structures built around some other type of fiber (see Chapter
16). As mentioned earlier in connection with pathology, they have
been found by numerous investigators in the lungs of random or suc-
Cessive autopsies on persons. particularly city dwellers, who have died
from causes unrelated 10 asbestos disease (20,34.79.153.250,
269.613.625.755) Montreal, New York, Miami, Pans, Milan,
Dresden, Glasgow, and London. to name a few cities only some of
which have well developed asbestos idustry, have all yielded evi-
dence of this nature In New York, at least, the frequency of occurrence
appears not to have changed between 1934 and 1967, as indicated in
Table 7-12. giving the number of asbestos bodies found by light mi-

TABLE 7-12
hdhdhlﬂ.bl—dﬂu\’-ﬁmm 1934 and
1967+

Age
Year 09 (5] 30-59 o0+ Unknown Total
1954 18 2n 580 2an ¥ 53100
197 [y a 2441 3s2 - o0 10
“ Ratios indicate ber of " b bodies out of the total of

L L -
Autopsiey examuned in that age group and that year
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croscopy in ashed tissue sections, each 175 mm * 1 cm* The frequency
increased with age, as might be expected, since the Protective coating
around the fiber favors accumulation

Oldham, on the other hand, reports a steady increase in the propos-
tien of asbestos bodies seen in lung tissue from 100 consecutive autop-
sies in London at ten year intervals from 1936- 1966 (559) From zero
prevalence in 1936, the percentage had risen to 18.2 in males and 22 2 1n
females in 196 The comparative prevalence in different cities in
1967-1969 is given in Table 7-13 taken from the same report. Domach ef

TABLE 7-13
Fwdl'hwmdhlﬂ-h_dt-“(hmm

London examinations. 193 19

No of cases Percent
examined No positive posstive
Year M F M F ™ '
143 82 4 0 0
o 61 ) 3 0 .9
195 51 " ] [ ] 157 122
966 55 45 10 0 52 22
Comp of freg n different citwes
Cities, 1906 ()
Finland T
Glasgow, London Hospital 2-»
Dresden. Belfast London RPGS, Liverpool -1
Dorchester, Nottingham 69
Galway 1

* With kind permission of P D Otdham and the International Agency for Research on

dence in the neighborhood of asbestos plants (195), but Breedin and
ing ferruginous bodies in 90% of autopsies in both rural
and urban dwellers (111).
Onthemnadnhliomlupbﬂmnlhelnngmumcdm
bodies and asbestos fibers respectively there is considerable uncer-
tainty. Langer et al. found a moderate correlation between the two in
the study WMWWM(G). but Davis and

Published by AsbestosClaims.Law
asbestosclaims.law/library/25347/20



https://asbestosclaims.law/library/25347/20
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Gross were unable to find any in lung sections from Pittsburg and
Charleston. South Carolina examined by light microscopy (179) The
\atter authors reported that the ratio of coated to uncoated fibers ranged
from 115 to as low as 1:11.000, which 1s in accordance with other
findings to be discussed in Chapter 16 that less than 1:1000 fibers may
be converted to asbestos bodies. With such a small proportion of con-
versions it would indeed be surprising if any correlation could be
established

Asbestos bodies have been found in the nasal sinuses and in other
bodily sites such as thyroid. spleen, and kidney indicating their mobil-
ity (417). They also appear in the sputum, as do asbestos hibers them-
selves (693) and attempts have been made 10 use thewr appearance as
diagnostic of asbestos disease. or their concentration in sputum as an
indication of the extent of disease (80,215,350). Indeed, a general rela-
tonship between the frequency of occurrence of asbestos bodies in the
sputum and exposure to asbestos has been shown (294.693). But for the
reasons given above, sputum counts do not seem to be very reliable
indicators of the presence of disease or of its seventy. In any case, as
will be pointed out again in Chapter 16, only a small proportion of
fibers are converted into asbestos bodies. They can appear in the
sputum soon after initiation of exposure, long before any significant
fibrosis can have taken place

In the face of such ubiquity of asbestos bodies and the difficulty of
making accurate counts, attempts to relate the concentration in the
lungs to the degree of fibrosis present are not likely to be very success-
ful It must be remembered, also, that fibers which have been coated
have, in effect, been removed from the opportunity of initiating tissue
response and represent a sidetracked fraction of the whole. They may
get a second chance at action when, as often happens, the asbestos
bodies break up.

Animal Experimentation (Fourth Criterion)

From 1931 onward, numerous animals—rats, cats, guinea pigs,
hamsters, rabbits, and monkeys—have been exposed experimentally to
the inhalation of asbestos dust (171,264,343,345,761). but no experimen-
tal animal has yet Been found that reacts exactly like man. Unfortu-
nately, also circumstances of exposure are necessanly different from
those under which man 1s exposed Concentrations of dust in the test
armosphere are often very high (40 or more mppcf) and sometimes not
really comparable in composition (539). The reactions then tend to be of
the subacute type and are mainly useful in providing examples of early
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ussue responses or for the companison of the relative reactivity of
ditferent types of asbestos. The most satisfactory experiment reported
to date is that on rats by Wagner ¢t al in 1974 (773). They used five
different kinds ot asbestos at concentrations of 106 14 1 mgm’ (ng
liter), for periods up to two years, and obtained asbestotic reactions
very similar to those seen in man, except for the formation of asbestos
bodies, which can be regarded as something of a side issue The mean
weight of dust retained 1n the lungs, as shown in Fig 7-4 reproduced

|’1

WEIGHT OF DUST IN LUNGS (mg)

1
Amonitoies.
Al ey
o srgmaa
T - ————rTT o —
: ; T =
r T , - - - T —— - -
L] - E ] el
CUMULATIVE DOSE (mg/m) hours)

m:‘ -4, Mean weight of dust in the lungs of rats in relation to L
halation of asbestos (773) Reproduced with the kind permussion v
and the publishers of the Brish jownal of Cancer S

from their paper. reveals a much greater accumulat
than of chrysotile, suggesting wmes:nd of cl ce l:\:c:' ‘mwf::’n::
latter. The progress of asbestosis during continued exposure and atter
removal is shown in Fig. 7-5 and Table 7- 14, also taken from their
paper. It will be seen that all five types of mineral were fibrogenic with
perhaps some greater activity by anthophyllite '

Fibers of various sizes, including particles visible only by electron
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P
in the lungs of exposed animals The formation of asbestos bodies has
-
! - though much fewer in number, are observations on t
] he
; RS o srgeaers 5:::“".3 fibrosis resembling that found in manur:n .m::\c:ll:':::; :-:
amany wild rodents, baboons, and d
| —— N BT onkeys that have lived near or in
RE ETY
J e Influential Factors (Fifth Criterion)
3 ‘ 9 u Ve In asbestos disease, as in an 1sorder,
= b b v T = e : y mp‘"ﬁm‘ d o "‘m
r - = = vanability are encountered: variabifity in the exact nature of th‘:I:’ o
CUMULATIVE DOSE (mg/m hours) sure. in the state of the exposed person, and in various cum:muan;':
. 15 . ) l that attended the exposure. Some of the fact tha
A R & . - Sonite e ors t could influence
the inhalation of asbestos (773) Reproduced with the kind permission of | C Wagner F e identified.
and the publshers of the Britsh journal of Cancer V'hmyhhmw
5 - Vanability in host susceptibility to microorgan been
AsLe - e !hmn;hlynudaedmdﬂndimpbudmunnhgyi::“ i ;
um: saent of Pulmonary Fibvosts Relation to Cumulatve Exposure (o Asbeston an exciting stage; but, unfortunately, we have very hittle RMHW : ‘
whymmnmdmhﬂyh@mmdmy
Mean asbestonis scores® of sacrificed rats dust develop fibrosis readily while others may live to an advanced
with little impairmen ot
pairment (731,802). In 1965 the Mount Sinai investigators '
Length of Anthoph. Crocid- ——— 0 reported, for example, that almost 6% of men engaged in insulation
exposure Amosite  yllite  olite  Canadian Rhodesian Control M‘“”YMUMMMWMM(MJ
§ weeks 20 20 20 20 27 13 -3 - - that cigarette smoki
3 monche 25 27 18 17 10 13 orverier, Speed up the process, or at least to incre ““dwn‘
 monthy 22 32 28 30 28 12 peea 'm(”-mémm.hwenﬂbem‘:hnw -
. 12 months 40 52 43 43 43 — an association (319). As mentioned earlier mﬁmmwm’“h
35 months = - - = - 12 ammmmmm7M garett
24 months a3 62 48 60 58 18 smokers ‘ - W s
‘ bulwhﬂhnlhuhumye&nmﬂ\eabeumumdfunm
mon ',. clear. In the early years of the century, when tuberculosis was common
m"“""" a2 & oy x5 29 . utyuwmw»mm»-m ;
_ bulity to infection, or at least to more active development of Wm°
t_":::rmuna;m-u.....muauc Wagner and the publishers of the Britich Journal of Mdouﬂhhbeenmhmmymmhvmd.qdm.aeot.n;
" Lmil 2 munamal. § shght. & moderate. 8 severe fibrotic dﬂelopmem inﬂ\o:' by - g
: v already affected, but again, more evi-

Characteristics and Etiology of Parenchymal Asbestosis (1978) Published by AsbestosClaims.Law
asbestosclaims.law/library/25347/22

ACL Doc 25347 - Page 22 of 23


https://asbestosclaims.law/library/25347/22

m
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187
Variability in the Dust
responsibility of asbestos dust for other manilestations such as pleural
To the extent that more fibrogenic dusts such as free silica are in- asbestosis. mesotheboma, and asbestos-associated carcinoma ':lu
- v . matters

cluded in the madent dust. the effect on exposed persons can be on which there is Jess u

expected 1o be more severe and and to take on some 0f the charactens. leagues that “'1) semble e::::'e,:‘:::e ‘:i::fn",ﬁw;{m"d'?“" sk
tics of the corresponding preumocomiosis. Insofar as the different types aux manitestations hmlo-paﬂw]ns,qm presentees ;:s SN B W
of asbestos are concerned. all seem to be fibrogenic (310.773) Regan ot part €1 2 la tenure de leurs poumons en col asb'::: gt
4l reported that chrysotile is less fibrogenic than amphiboles on the d'amiante d'autre part” (250).° Ps asiques et hibres
basis of the relative prevalence of asbestosis in three plants, but they
give no data on the intensities or duratwons of exposure in the three
populations (6011 Talk, as has been mentioned previously, produces
much the same effect as asbestos. but perhaps at somewhat higher
dosage (199,295 406) Inasmuch as talc may be highly contaminated
with asbestos hibers. the eftect is to be expected and cannot be entirely
attnibuted to the fibrous forms of talc mineral Other silicates have from
time to ime been incnminated as well [A]

The matter of particle size has been the subject of considerable con-
troversy Earlier investigations indicated that only fibers longer than 20
pum were fibrogenic (761) and a recent review suggests that fibrogenic-
ity decreases progressively as fibers are shorter (310). There are, how-
ever, some demonstrations to the contrary (345). The matter will be
taken up in some detml in Chapter 17, when mechanisms of
pathogenicity are being discussed. The contnibution of short fibers to
responses other than the fibrogenic will also be discussed at that ime

\

|

\ Summary of Etiology

‘ Almost any one of the items cited in support of asbestos being the ‘

‘ cause of progressive parenchymal fibrosis in exposed persons, taken |
alone. might be questioned, but all of the items taken together provide ‘
overwhelming evidence for a genuine causative relationship. The con-
clusiveness of the indictment, in fact, has long been accepted by those
familiar with the disease, though not, perhaps, by those more
penpherally concerned. Discussion today centers mainly around the
question of what could be considered a “safe”” dose, as we shall see
when we discuss the formulation of standards in Chapter 18. In this
matter, the ability of asbestos to evoke pulmonary fibrosis becomes
today a subsidiary matter as compared with its ability 1o produce
neoplasms. To a certain extent in this chapter we have been fighting
past battles in probing the etiology of parenchymal asbestosis, but the
lessons learned will stand us in good stead when we come to discuss the 'Mmum.wmumﬁ“mntuhm
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