
Pncumoconioses 

: p B 32k . | Jomt Cardio-Respiratory Service, Royal Victoria Hospital, MARGARET R. BECKLAKE MGl University, A ontreal, Canada 

CHAPTER CONTENTS 

The Mineral-Dust Pucuocanioses 
Pocumoconioses Characterized by the Prosence of Mueh Dust 

i the Lung but Little Fibeosis [Welders” Tung, Sidero- 
ns Stannasis (of Tin Miners), B ytosis, Caoalworkers' 
Pr o oniosis] 

Previioe omioses Chionacterized by the Presonee of Mueh Dust 
in the Faung aod Massine Localized Vil osis (Progres- 
sive Moasive Fibrosis of Coal Mi 
Sthicusis) 

rs, Conglomerate 

Poewnio auicses Chioaeterized by the Presence of Little Dust 
in the Veng, Genevalized Nodutar Fibrosis (Classical 
Silicosis of Hrd-Rock Miners) 

Pocwwoniones Cleaactetized by the Presonce of Diffuse 
Prdinonaey Fibwosis (Adwstosis, Cluonie Bervllium 
P se of the Vg, Abaminosis) 

Fhe Ongnnie - Dust Postmveconioses 
Bysinoss 
R ssosis 
Chronie Lang Discase in Sical Workers 

Sty nd Conelusions 

PHE G NFRAT CENFOMONocontoss”T was first 
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whalation of dust (o) ami s conn nthy <o nsed inoa 
shortencd form, “pocomoconionis.”TM The dusts con 
corned iy be of wineral or arganic orjein (41), and 
their effeets on the lung e vipass a wide spectrmm 
of pulmorany pathology, akine it teeper<ible to pen 
svalize abwt the physioloee d distubunees of e 
o etriosas b this choper e i pt s nde o 
dowribie the physioloeic sl patterns e those picmno- 
Comiones that have a pathological iWdentine, Thus it is 
becessary to include doscriptions of pathology more 
detailed Do venal in sael o contest, and diven Gon 
e focsed on thoswe peanianioes whose effocte on 
Bang fnetion lowe Leen s, 
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THE MINERAL DUST PNEUMOCONIOSES 

1. Pneumaconioses Characterized by the Presence of 
Much Dust in the Lung, but Little Fitrosis 
[1Welders' Lung, Siderosis, Stannosis (of Tin Miners), 
Barytosis, Coalworkers® Prewmoconiosis) 

It has been suggested that any mineral that is 
relatively insoluble and not immediately tosic can 
produce a pncumoconiosis if inhaled in suflicient 
quantity (31). When the dust is inhaled, only 4 cor1ain 
amount is retained (see Chapter 8, this Handbook ). Re- 
tained particles may pass dicectly into alveolar walls, 
or may be ingested by alveolar phacocytes which 
cither colleet in alveolar walls, or are dischaiged by 
the alveolar clearance mechanisim to the level of the 
respiratory bronchiole, where they penctrate the 
mucosa and collect (36). 

The subscquent response of the lung to dust varies 
greaty both in animals ane i mwan. At one end of the 
scale certain dusts, of which carbon, tin (86), iron N 
(22, (6 68), and coal dust (43) are e iples, can ¢ 
accumulite in considerable amounts in Iy mphoid lil-—-..,\ 
sue without exciting a filrotic tisue reaction, de <pite 
the fact that these acemmlations can be dense ¢ nough 
to cause a diffuse nodular pattern on the chest roent- 
senogram, particularly if the dust is markedly cadio- 
paque; eg, harium (80) and tin (86). In the case of 
coal miners, these accnnmbations may fead to dilara- 
tiom of the respivatony hronehiole with focal emiphy- 
sema (13); aod this pocumoconiods, which Hiay pro- 
Bress o massive ibiosis, is the only one in this Lionp 
that does not always run a benign course, 

Recognition of wlin have been called die “Lenian 
pocmmoconiosesTM Gl in this group exeept simple coal- 
workersTM pneuitoconiosis) stems from the obscrved 

ical diserepancy betvwoen dilfuse eneralized cadiv 
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chest dicea e and apparenth nornal function indi 
cated by the abaence of symptoms, signs, and compli- 
cations of eheat disease (gr)y=ene study on 15 welders 
with radiolosical disease, though incomplete, does 
support the clinical conviction that this is not a dis 
abling condition, sinee \/ilnl'v(‘-lll.lt ity (VC), exereise 
ventibaton, and maximal ventilation (observed dur 
ing one minute) were not diflerent from those of con 
trol subjects (22). Similarly, in a study on 116 men 
enganed in processing tin there was no difference in 
airway resistanee and indirect maximal breathing 
capacity (NMBC) of the 26 men in the group with gracde 
3 4 radiological diccase, compared with the men with 
no radiographic change (30). Indeed, impairment of 
physiological measirements would not be anticipated 
from the pathology, excopt perhaps in mechanical 
propertics, such as tisue resistance, and in the distri- 
bution of ventilation with regard to perfusion, par- 
ticularly during effort, neither of these has been 
studlied. . . 

Simple coalworkers’ pnewmoconiosis s likewise 
rarely accompanied by disability except in subjects 
over 35 years of age. Thus, in the carefully matched 
studies of Gilson & Hugh-Jones (32) on Welsh coal 
miners, it is not surprising to find that the lung vol- 
umes, resting and exercise ventilation, and MBC in 
miners with this condition are very little different from 
values in nonminers of comparable age or in miners 
with none of the radiological changes of pneumoroni- 
osis. Pulmonary compliance and flow resistance re- 
main within normal limits in most cases (56), and the 
mass of dust [which may reach 4o g or more (74)] did 
not affect tissue resistance in one case so studied (61). 

Of particular interest, however, is the finding of 
Gilson & Hugh-Jones (42) that the only measurable 
effect of simple preamoconinsis on lung function was 
a disturhance of gas distribution. Review of their data 
also reveals that their distribution index of residual 
inequality (a postdead space index that allowed for 
an anatomical dead space equivalent to that in normal 
subjects) clearly indicated delay in simple pneamo- 
coniosis if compared with the normal state, In con 
trast, their indes of hiphasic distribution [which in- 
dicates the extent o which the postdead space wash 
out of the lungs deviates from a single exponential 
(23)] wronped the men with simple PHEUmOconiosis 
much more closely o the novmal controls. Thus there 
wits no apparent increase in the percentage of lung 
waking up the poorly ventilated space;, there was only 
a reduction i its tdal volume, whereas the simaller 
and better ventilated space may even have increased 
in size. Ovevinterpretation of these findings should be 

- 
avoided,! but it is tempting to interpret them as ine 
dicating a sericsanining defect, .uflwi an in 
creased dead space, and o equate this wi dilard 
respiratory bronchioles in the areas of focal empli 
sema which are the common pathological finding in 
this condition (43). One might further specalate tha 
it is not the extent of such an ciiphysematous chang 
(in terms of percentage of respiring tissue involved) 
that should be related to the distribution defect, but 
its strategic situation. If one respiratory bronchiole of 
the third order supplies 12 alveolar ducts (58), dili, 
tation and distortion of all such bronchioles in o 
miner’s lung involving only about 8 per cent of th 
respiring tissue might yet be suflicient to impair dis 
tribution throughout the lung. Thus even emphysein 
graded as “slightTM [iLe, if less than 25 per cent of 
respiving tissue is involved (97)] in the autopsy exani 
nation of the lungs of these Welsh coal-miners (1.4) 
may be responsible for such a distribution defect. 

The anticipated consequences n distribu 
tion of the sort documented by Gilson & Hugh-Jon: 
(32) have been demonstrated in Belgian coal mincr 
by Brasseur (10); namely, decreased alveolar ventila 
tion with increased alveolo-arterial O differences. 
demonstrable at rest and exaggerated under the stres 
of exercise. Furthermore these changes are detectabl 
at a relatively early stage of nodular discase, becon 
progre sively more marked as the radiological pictuie 
advance, and considerably antedate the appearanc 
of syptoms and disability. Indeed these clinical nin 
ifestations do not appear o develop until there is an 
associated fall in ventilatory volumes [as reflected ¢ 
maximal ventilatory volume (MV'V)], which usually 
coincides with the progression of the discase to the 
conglonmierate form discussed in the next section. 

R 

2. Preumocomoses Characterized by the Presence of 
Much Dust in the Lung and Massive Localt ¥ Fibrosis 
(Progressive Massive Fibrosis of Coal Miners, 
Conglomerate Silicosis) 

Mineral-dust pneumoconiosis may progress to cot 
glomerate lesions of dense massive fibrosis. The 
usually start in the midlung fields bilaterally, and meo 
progress to large conglomerate masses of fibrous tisswe 
that replace the air-filled lung. "This progression 
oceur years after exposure o dust ceases. In coal 
workers' pnewmoconiosis the development of th 

Ve technique used, an open-circuit wash-in followr: 
theough two logarithue cycles, overlooks certain types ! 
regional inequalities (781, However, the point of interest is conm 
pacison with data on normal subjects using the same techninque 
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comphication is more freguent, the wore advanced the 
sienple pocanoonions (1), Wiy this complication 
develops is not knowa, but wost evidence susgsestedlint 
it results fronan added wiberculons infection (13). In 
classical silicosis nontuberculous infections also have 
been incriminated (96). Lobor or diffuse ecnphysema 
also may develop after progressive massive fibrosis. 

Disability usially accompanics the onset of progies 
sive massive fibrosis in coal miners (10, 32), The con- 
comitant changes in physiological measurements in- 
clude a reduction in lung volume due to a reduction in 
vital capacity. The ratio of resichual volume to total 
lung caparcity (RN T1.C) thas inereases. There is 
further inequality of ventilation (suggesting both in- 
creased dead space and regional incgualities), but the 
distiehance i nat usaally of die 
scen in nonindnstrial emplhysem: 

mie severe degree 
(32). Increase in 

alveolo arterial Oy differences with minor degrees of 
avterial desaturation, particularly on effort, may be 
seen (10, 72); reduction of this difference by inter- 
mittent pasitive-pressure breathing on air suggests 
that the desaturation is the result of inadequate ven- 
tlation to arcas of well-perfused lung (73). Percentage 
rewmoval of carhon monoxide during the breathing of 
low concentrations of this gas is not much reduced 
even in severe complicated coalworkers” pneumo- 
coniosis (32); but the examination of this value in 
relation to volume of gas breathed (ie., direct meas- 
urenment of pulimonary diffusing capacity) is necessary 
to establish the abscuce of significant diffusion defects 
in this condition The available evidence, however, 
suggests that this parameter is not much reduced 
(10, 72), and that the wost important mechanisin 
accounting for the increased alveolo-arterial differcace 
s ventilation perfusion imbalanee. Such imbalance 
might follow pathological encroachiment oft the pul- 
monary vasculae bed (89) or might be the conse- 
quence of disturhance of adaptive miechanisins that 
maintain the balance in vormal lungs. 

Mechanical propertics of the lung are less affected 
than might be anticipated by the presence of progres- 
sive massive fibrosis. Thus, despite the fairly consistent 
recduction of MBC in this condition (32, 36), flow 
resistanee deciog qeiet inspication ad expuation (as 
reflected in the nonclastic work of breathing) fre 
quently veaaing within notwal limits (56). In sach 
instances the mechanism by which MBC is reduced 
might be limitation of maximal flow rates due to re- 
duction of functioning lung voluie (26), a possibility 
that could not be examined dire ctly, as there are no 
reports of How resistance and lung voluines on the 
same subjects. However, reduction of the availabl: 

CHAFIER 71 #SECMOCONIOSES 1603 

lung tissue might be inferved from reduction in lung 
compliance,? which has been reported in progiessive 
massive fibrosis, more frequently in the older winees 
than younger nien (56). Though the observations were 
restricted to dynamic compliance, it is reasonable w 
deduce that static compliance values are probably 
similarly affected, since distribution factors are un- 
likely to be important in the presence of noral or 
near-normal values for flow resistance (79). Thus there 
is nothing in the available evidenee to conflict with the 
hypothesis that reduction of ventilated luns volume 
duc toits replacenent by fibrous wasses may be a fre- 
queat mechanisan far disability in progressive massive 
fibrosis, perhaps as common as associated generalized 
emphysema, and indecd such an explanation is most 
casily equated with the pathology. 

3. Pueumoconiows Charactorized by the Presence of 
Lattle Dust in the Lung; Generalized Nodular Fibrosis 
(Classical Silicasis of Hard-Rack Miners) " 

Dust containing free silica, one of the most fre- 
quently occurring constituents of the biosphere, is 
almost unique in its capacity to evoke a fibrous-tissue 
response in animal tissue, whether amphibian or 
mammalian (53). The reaction appears to stact with 
alteration of the macrophages by the dust (53). A 
fibroblastic reaction follows, peribronchiolar (g6) or 
perivascular, or both (1o4), ultimately leading to the 
development of the fibrous silicotic nodule charac- 
terized by layers of whorled connective tissue arranged 
concentrically, like an onion bulh. High coucentra- 
tions of finer silica dust are probably respoasible for 
producing a more diffuse type of fibrosis (31, 53, 
1o1). Small amounts of silica in the presence of inert 
dusts produce a mised-dust fibrosis (66) in which the 
arrangement of the reticulin and collagen is lincap == 
and radial, resulting in a nodule whose outline is ir- 
regular and stellate. e 

Under experimental conditions, animals can be 
exposed to controlled amounts of dust of known chem- 
ical composition and size distvibution. However, the 
hazards to which man is exposed in mining or indus 
trial enterprises ave seldom pure dusts, but osually 
comprise mixed aterials varying comsiderably in 
chemical composition and in size distribution. It is 
generally true, however, that the greater the amount 
of free silica in the dust hazavd, the more severe the 
fibrosis. Thus between the extremes of, for instanee, 
straple pucamoconiosis of coal miners, in which the 

— 

‘\ 

* When equisalent vemtilatory volume is accommodated in 
fewer lung units, the distending peessare wast be gecater ). 
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funes contain e dust (pedhugs So2) bt dittle 
filwonis (74), and elasical siticosis, in which the g 
contain Titthe dust (pediaps 10 g) mestensive 
brosis (79), there s a0 wide range of pathologieal 

ool fihrosis in 

the lre vary inamonnt and degree Fopliysema de chanae in which dust content and dey 

velops ina sioall pr 
[t is thought thatsitica produces its effects by acting 

on the lung phagocytes (38, 75), but the mechanism 
wherehy it affects these phagorytes is unknown. 
Neither o mechanieal nor a simple solubility theory 
is adequate o explain e disease (75); inactivation of 
specific coll enzyme systems cannot be conclusively 
ineriminated (73); the effect of polysilicic acid on 
c N pPrecursors may be tmporctaat (13) and the 
demonstration of inereased gamna alobulin in cases 
ol silicosis has led to the view that sifica may act as a 
nonspecific antigen (73), and #hat immunological 
mechanisms are significant. A point of contrast be- 
tween this type of nodular disease and the diffuse fibro- 
ses has been emphasized by Nagelschmidt (74). He 
noted that in classical silicosis, filiosis and dust con- 
tent (of the ashed lung at autopsy) increase concomi- 
tantly, whereas in the pneamoconioses character- 
ized by diffuse fibrosis, the more advanced the fibrosis, 
the lower the dust content of the lung at autopsy. Thi 
suggested to him that in some way the continued pres- 
ence in the lung of insoluble silica dust causes the 
nodular disease of classical silicosis, and any aceeptable 
theory of the discase should be compatible with these 
findings. 

The only consistently abnormal finding in the 
nodular stases of coalworkers’ preumoconiosis (a 
discase characterized by much dust in the lung with 
little fibrosis discussed under section 1 above) is an 
increased alveolo-arterial Oy dilference, most other 
measarements remaining within normal limits. In 
contrast, in classical silicosis in the nodular stage other 
measurable compromise of function wsually can be 
shown (8), and increases inalveolo arterial differences 
st by analogy 1o coalworkers' pneumoconiosis (10) 
also exist, although as yet they have not been system- 
ically studicd. 

However, inoa small but significant proportion of 
cases [reported as 15 (8) to 18 per cent (go) in different 
series) these other function measurciments (which in- 
clude VO, MVV, lung volumes, compliance, and 
airway resistance but not alveolo-arterial Oy differ- 
ences, which as indicated above have not heen studied) 
may appear normal, 

One can reconcile such normal v alues with the pres- 
ence of dust foci consisting of no more than reticulin 

filaids holding i place the dost-laton 'JM 
i simple conlwoikers” prenn oniosis), but it s 
harder o sprealiste hons the bang con be mflm 
filions tissue nodales of silicosis without having such 
Measuteents (‘mnplmniw(l, 

Phere are several posible reasons for this anomaly, 
The failure sy Tie in insensitivity of weehniques or of 
interprctation Senvitivity of technigues is discussed 
elseshere in this volume (see Chapter 54). In connee- 
ton with the integreetation, the common practice of 
relating ohserved valnes to the predicted normal 
values descrves comment. Fhe standard ervor of esti 
mate for such predictions usually exceeds 1o per cont,? 
so that although such parameters may be 20 per cent 
below predieted values (i.e., within the normal o 
of twice the standard deviation) after exposure to a 
dust hazaced, theee could in fact have been a decrease 
of 4o per cent from pre-exposure levels of 20 per cent 
above the predicted value. Annual studics of exprived 
subjects commencing before the period of exposure 
and continning during exposurc inay at sonie T 
date reveal funetion defeets of this order. 

Alternatively, the lungs in silicosis may be the site 
of two patholagical processes with oppuosite effect on, 
for instance, the volume of the arcas they affect 
namely, fibrosis with its characteristic restriction of 
functional residual capacity and residual volume but 
prescrvation of the tests of airflow (3, 110, 114), and 
emphysema with the opposite effects of hyperinflation 
and decreased airway conductance (y, 106). Measine 
ments of these particalae parameters might thus ap- 
pear ncar normal, although ather paraweters, such as 
gas distribution, exercise ventilation, ventilation per- 
fusion ratios, and arterial gas tensions, might be meas: 
urably affeeted. Such cases have been documented.* 

Allowing that insensitivity of technique and inter- 
pretation might account for some of the mormal 
measurcaments i a proportion of gases of silicosis, 
there are still others in which the lungs inml‘ 
to accommodate the nodules of fibrous tissue with 
very minimal compromise of function, even in param- 
eters such as compliance® (B) and tissue resistce 
(61). The situation of the nodules and preservation of 
intervening tissue may provide the explanation 

3 For subddivisions of lung volwne, ventilatory tests, €% 
distiibation, diffusing capacity, and restiog and exercise 
ventilation at a standwdized external work foad (34, 54 70). 

4 Cace 1V, deserilid by Wright & Filley (110), hal noron 
Jung volumes and exercise capacity. Lang rinsiog, [ 
breathing capacity, and arterial o, on effort were redueed. 

& Dynanic complianee only has beea reported (B), not the 
more sensitive parameter of static compliance from FRC w0 
VC (hol 

- 
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Dayman (pevsonal conmummication) has supcsted an 
analony o o e, e which knots (o Mibrous 
nodules) at the points of crosing of the wetTMmight 
alfeet function minimally, in contiast to knots in the 
intervening strandds, which might bhe expected o im 
pdi' r\p.m\itm anel distribution. 

When function measorements eventually Lecome 
disturhed by the presence of silicosis, the function 
pattern miay swest obstouctive airway disease or 
rosteiction of langs (see Chaptec 63) or a misture of 
these patterns (87), variations that probably conelate 
with the predominant underlying pathology. Thus, 
though cases of siticosis ave commonly used to exem- 
plify the physiological effeers of pulinonary fibrosis 
(3, 48, 110, 11q), they are also cited as examples of 
cmpliysema (1) when they appear to be indistinguish- 
able on the hasis of function frou cases in which there 
is no associated dust discase in the lung. From the 
roentgenogram it may not be possible to predict 
whether the function pattern will suggest restrictive 
or obstructive discase, a misture of these patholosies, 
or whether it will be within normal limits (see table 1), 
The majority of cases exhibit a mixed-function pat- 
teen, and perhaps this is why results for a randomly 
selected group of cases (including the three individual 
results of table 1) show only minimal changes (8). 
Disability to the patient (in terms of dyspnea on 
excrtion) has been shown to conrelate with an in- 
crease in the ratio of exercise ventilation to maximal 
voluntay ventilation,® and is due to both an increase 
in the focier value (8, 50, 88) and a reduction in the 
latter value (8, 883). 

Artevial desaturation is not wsually present in the 
diffuse nodul e stage of siticosis cither at vest (8, fg) or 
on mild exertion [about 50w or go0 kg m per min (8)], 
although itis likely that tieve isan increase in alveolo- 
artevial Oy differences at this stage of the discase. At 
heavier exercise laads (150 w), howeser, a consider- 
able proportion of cases show desaturation (B9), and 
would presumably also show greater alveolo arterial 
Oy differences. Cotluteral evidence has led o the con- 
clusion that this @IV in satoration is usually the result 
of incqualities of ventilation with regard o perfusion, 
cither due primarily v unesen disteibution of inspired 
air or to resteiction of the paliomary capillary bed by 
the pathological process (72, go). Disturbances of the 
ventilation-perfusion: balanee in the lung may also 
account for the reduction in diffusing capacity; 
this has been demonstrated by means of the single- 
breath CO technicue in the eight subjects with silicosis 

S Variowsly vefovd o s the “dyspocic indenTM (320 o the 
Spulmonary e (00 

cruneire 7h pNEOMocoN o s 1ha, 

— 

Case y ‘\ 

Tasik v Pulbmonary Function Studies on 
Three South African Gold Miners® 

— 

-\ 

Case t Case 2 
Notmal Restritine Myper 

milated 

Age, yens 5 54 53 
Height, e 78 1hy 173 
Suelace area, w? 1.78 B 188 

Subditisions of tung volume 
VC, % predicted o 83 b3 
RV, Gy prediceed 100 79 162 
TLE, G4 predicted 168 82 a5 
FRC, 4 predicied oft 79 130 

FRC/11.C, 56 52 58 
RV/TLC, 0 34 33 73 
Mixing indes, liters/liters 

FRC: 
(normal limit, §.86) 3.79 5.27 5.23 

% Arterial Oy saturation, by oximeter 
At rest 95 94 98 
At work, 300 ky-in/min 94 94 94 

Ventalation liter/min 
At rest 12.7 15.8 .y 
At work, go0 ki m/min 30.0 35.3 33.9 
MVV liters,/min, 

e predicted 146 100 52 

Mechanics 
Cdyn (10 25)t 298 .00 Lo91 
Cdyn (30 40) a2y L1o3 071 
Flow resistance texp) 

em HLO/litevs per sec 410 4-47 7-42 
* With apparently identical radiological pictares of 

generalized nodular silicosis. For details of techniques, 
prediction values, ete., see Becklake ot al. (8). 

t Cdyn = dynawic compliance in liters/ci H,O at 10- 25 
or 30 40 breaths per win. 

reported to date in the lieratuee (16, 51). More severe 
restriction in diffusing capacity has been fonm) in-a . e 
small proportion of cases (18 out of go) in which the 
pathological process was predominantly a dilfise 
chronic interstitial fibwosis in association with the 
nodular disease (27), and these cases, probahly re- 
sulting from heavier exposure to very finely divided 
dust, are more correctly classified into the next group 
to be considered, namely, pneumoconioses charac- 
terized by diffuse pulmonary fibrosis. 

Classical silicosis, like simple conlworkers' pneunio- 
coniosis, may progress to conglomerate disease, but 
there has been little systematic documentation of the 
consequent effects on pulimonary function. Because 
symiptoms are usually present in the discrete nodular 
stage of the disease, the progression of the discase can- 
not be pinpointed 1o their onset as in the case of simple 
coalworkers’ pncwmoconiosis, and it is probable that 
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there s not wach difference between the effects of 
diffuse nodulare and conglomerate discase an function 
(87) until the latter reaches an advanced stage. 

4. Prewmoconioses Chavactevized by 
Duffuse Pulmorary Fibrosis 

Asnbstosis, Incontrast to the relatively insoluble dusts 
that produce the nodular pnewinoconioses, those caus- 
ing diffuse fibrosis appear to act via certain slowly 
dissolving constituents released into surrounding body 
fluids (74). 

In the case of ashestos, the size of the dust particles? 
has been held responsible for their tendency to remain 
in the alveoli. It has been suggested that the initial 
reaction to the particles is fluid exudation, recurring 
with each fresh dust exposure (59). As the result of 
the inflammatory reaction they excite, the particles 
become covered with a smooth protein film that later 

“becomes impregnated with iron; and the-particles are 
then transformed into the charaeteristic golden brown 
ashestos body (6). In this form they may apparently 
be inert for considerable periods of time (5) and indeed 
are considered by some to remain permanently so. 
Few scem to reach the lymphatic system and lymphoid 
deponits, fewer still reach the hilar lymph nodes (59), 
and their presence in the pleura is unknown (42, 103). 
This is somew hat surprising in view of the fact that the 
pleural reaction in ashestosis is usually severe, varying 
from plearal adhesions (sometimes the only patho- 
logical change) to dense adhesive fibious pleurisy and 
even malignant changes in the form of mesothelioma 
(103) in some kinds of exposure. In the course of time 
(otten years later) reaction in the lung tissue starts, 
ascribed by some to distuption of the ashestos body, a 
process that may be aceclerated by pulmonary infec 
tions and cardiac failure (7). The fibrosis, which may 
start in a peribronchiolar situation (102) and sub- 
sequently spread to obliterate many of the air spaces 
by collagen, may even result in the replacement of the 
bulk of functioning lung tissue by cystic spaces lined 
by flattened epithelinm, a change referred to as 
ShoneyeomhTM lune, (12). Reonehi asis may be asso 

cinted with the more advanced stages of the disease 
(42, 57) and has becn sy sted as the determinant of 
the two prowinent clinical featuees, namely, clubbing 
of the fingers and basal erepitations (57). Emphysema, 
if present, is not usually of a marked degree, and ap- 
pears 0 be more of an incidental oceurrence (42). 

In ashestosis function changes are of the pattern 

7 Particles up to too g have bern seen i the terminal 
rexpitatory wmits 6By, 
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TOTAL LUNG CAPACITY lters 

¥ic. 1. Relationship between diffising capacity and ton! 
lung capacity in the preamoconioses asociated with diffase 
pulmonary fibrosis, All reported eas s have been inciuded, 
provided both diffusing capacity and TLE have beeq recorided 
in the subject. The data have been dorived as folloss, A for 
the single bicath method at vest, results on noral subjects, 
chronic beeyllinm disease, and sarcoidosis from Marks et al (62), 
on ahuminosis from Jordan (49) and Min hell et al. (71), o0 
ashestosis from Thomson o al. (98). The duta of Willi< & 
Hugh Jones (107) have been omitted, sinee their subjects were 
the sanie as thase of Thouson 2 al. (gh). B: For the stendy-stte: 
method on exercise, results on notmal subjects, cheonic beryl 
linn disease, and sarcoidosis from Cugell ot al. ( 
poeumonectomy from Mellioy & Bates (H3). 

associated with fibrosis (103). Thue there is general- 
izedd veduction of lung volwme, but in particular of 
vital capacity, a change aseribed to the severe pleucal 
veaction of ashiestosis which limits the range ol tung 
expansion (57, 08, 107, 112). Tests of ventilatory €a- 
pacity on the whole show moderate preseryation, with 
rare exceptions when the dificufty with expiration 
seemns to e the result of associated emphysema (t07), 
a situation that may be encountered more often in 
advapced cases (37). y 

An invariable finding associated with ashestosis, 
howeser, is a decrease in the diffusing capacity (2, 57 
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g, 1o ), and i is of wtcee<g et this deeseass may b 
dewanstealide befose thene is definive vadiolosical evi 
dence of the disease (9). This wouldZaain keeping 
with the swecresion that the caiest renetion to inlialed 
ashestos particles s an alveobw esndane (5, 500 whichs 
one anizht anticipate wouald ceduce diflusiog seli 
tively o Aleratively, the eanldy fanction ¢ hanses in 

contliven by’ this discase, as in PHEIOC oniosis, 
wuielit e the vesalt of ventilation perfosion imbudanee 
As the diseas advanees, vdiolosical changes heeon 
evident, and in one serics have heen show i to cone 
e with the raduction i ditlusins capacity (toy). 

Caution st be exercisad in ascribing the yedue 
tion in diflusing capa ity o iated with ashestosis 
exchinively w the inercascd distianee for Bas 10 piss 
fram alvealus to ved eoll throvsh thickened tisstics 

I compatible withy 
the pathological findines of thicke uing and separation 
of the alveolar and capillary walls, and is in keeping 
with denonstrable changes in the “permeabiling” 
of the lungs, the kTM of Mavie Krouh (',',)-,’r-'rrnll) 
measuced i some subjects with ashestosis by Thowson 
etal. (g8). However, a reduction in the surfice area Ton 
diffusion way be the more important mechanism in 

Admistedly this explnation is rea 

some if not most cases (%), a point of view stpported 
by the apparent correlation hetween reduction in 
diffusing capacity and in lung volume in cases as. 
sembled from vavious veports in the literature (sce 
fig 1) 

QF all disturbances of function in ashestosis, an 
increase in the alveokir-arterial oxyaen difference ap- 
pears to be the most consisteat (¢ 12), accurting even 
more frequeatdy dan the veduction in diffusing ea 
pacity to which it was originally ascribed, It now seenss 

adicat. probable that other factons contribute to this o 
One of these is the presence of relatively anderyend 
lated but well-perfused areas in the luse, o pirssibility 
that was overlooked whin intrapubmonary gas dis- 
tribution was assessedd solely on the basis of the end 
tidal or alveolar Ny concenteation after seven sinutes' 
pure Oy breathing (1), Techniques of gyeater sensitiv 
ity, suchas continuous e eiment of the FeSpIEatony 

." quotivnt (RQ)) in r.\pinn.l A (B9, Towe inedicated 
eonsiderable inequadities i ventilatieo - ad ventily 
tion-perlusion ratios in asbestosis (85); amd these 

~ chaunges undoubitedly contribute in some measure o 
E' arterial desaturation so e monly reporied on 

i effort (112), and iy indeed Le e e tant tyan 
dously thought in cases of alveolo capillany block 
to other causes (24, 11 In contvaa, arteial sat 

ion at st is wsuably within noral i, pechaps 

- .:.. e e 7l 

so intained by by percetilacion, whicl is o plmn!‘- . 

neat characteristic of e disease. At yial CO, wen- 
sions also e wsaally within the fow ol range (o) 

PALCAw onvpery & tha, 

) lowes valves, howeye, vy b foundd jn inedi 
vidual Gy of mnbed wverin where by perventila 
tion is Jratie n’.u,.\ strikine 
I addition, asbestins s associated with & ke 

y comnplianee (57), the resnh 
tian by fibrosis of the Jung's e 

reduction in puln 
presumally of alte 
clanical propertios, by probably agsiavated oo by 
decresse i the nuniber of tioning fung units (Hy). 
Nonclastic work of brcathing has been shown o be 
about twice that of normal Iy cathing at rest (57); e 
increase might be expected o result from inere 
tissue flow resistance, althoush in one cise so stusdic N 
both aieway and tiswie flew resistanes were at the o= - 
uppee linit of sormasl (Gy). 

Capacity for work may remain unimpaired % 
arterial dicatmation (112); when incapacity supee- 
venes, effort ol ©may be diffusion-liwited or 
ventilation Hinited (57). In the lattee case, the limita 
tion s attibutable in very lacge measure o a rise in 
the veatilatory tequitements of exercise rather than to 
A fall i ehe ventilatony capacity, and thus contrasts 
with the sitoation in the nodular preamoconioses, in 
which the effort wlerance, always ventilation liwited, 
is restricted prinrily by the reduced veatilatory 
capacity. 

\'l'd 

ALUMINOSIS (INCEUDING SIAVESR 'S DISEASE). Another in- 
organic dust associated with generalized fibrosis is 
that of aliminnm. In many circumstances this dust is 
inert as far as the lang is concerned (18, 32); however, 
it has been held responsible, at least in part, for the 
diffuse pulionany fibrosis that may develog in workers 
engaged in the procesing of bausite for the manufac 
ture of corundun (g3), The filyosis deselops after a 
celatively shore period, usually measurable in months 
rather than years of exposure to the fumes from the 
fusion furnaces (B Stady of the fuines shows then 
o consist mainly of particles beyond the tesaly ing 
power of the microscope (few ane as lavge as o #), and 
chemical analysis hows e ta be vich io abaminm 
o anonplons silic, of which a propor tion is ol 
ably feee (8¢} Rewntion of e particles of this size is 
high (41); and it has bheen suggested that, because of 
their deep pencteation nd high retention rate, they 
concentrate in-alveolar spaces, where they ave re- 
sponsible for the deselopmeat of a difuse vather than 
a nodular libeosis. 

The calicat pathiological change is thought to be 
septal edess, followed by infiftration with inflam- 
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justifinble, sinee the toxin most fre 

1608 BEANDIY FHASIONOGY = RISPIRATION 1 woof 

matony el inalveolar walls (reg). Thisis followed by 
a rapidly sclerosing process involviag pulinonary 
septa and probably interfering with dust elimination. 
Obliterative endarteritis is common. The end result 
is a diffuse interstitial fibrosis without nodules, but 
with pleural thickening Emphysematous hullae both 
in the Gbrosed aveas and subpleurally ave conimon; the 
latter presumably account for the frequent compli- 
cation of spontancous pncumothorax, though it is not 
clear from the pathology why bullae in this condition 
shoull he more prane to ruptuce than emphysematous 
bullae found in association with all the other varicties 
of industrial and nonindustrial fibrosis (113). 

The similarity of this discase to that reported in 
workers exposed to fine aluminum powder (35, 49, 71) 
makes it reasonable to assume that when exposure to 
aluminum dust of fine particle size (chiefly under 5 u) 
occurs, diffuse pulimonary fibrosis may develop. 

Aluminosis is an unconumon disease, and reports of 
function studies done on only five eases were en- 
countered (49, 71). In one with minimal radio- 
logical change, function was normal (lung volumes, 
wanimal ventilatory capacity, timed vital capacity, 
masimal fow rates, and diffusing capacity). In two 
there was moderate reduction in the tests mentioned, 
and in two severe volume restriction and airway ob- 
struction. Reduction in measured diffusing capacity, 
which was substantial in two cases, could reasonably be 
aseribed to a reduction of ventilated lung volume (sce 
fig. 1), althoush of course, as in ashestosis, a “mem- 
brane blockTM cannot be excluded from consideration, 

CHRONC BERYTLIOM Distask oF ik 1onG. Beryllium 
discase of the lung in its chronic form is also associ- 
ated with a diffuse pulmonary fibrosis, The condition, 
however, is more corvectly classed as o manifestation 
of a systemic poisoning by beryllium compounds than 
as a pneumoconiosis (38). Ts inclusion here is perhaps 

ently enters the 

body via the Tungs as an inhaled dast T the clironic 
form symptoms may follow exposure or may be de- 
layed for as long as 1o years (39). The carliest patho- 
Togical Tesion is o loose collection of cells suronnded 
by lymphocytes (roo). As the Tesion 
and age, giant cells appear, olten containing inelusion 
bodics, and giving the appeatance of a4 noncaseating 
granuloma, frequently indistinguishable from the 
granuloma of sarcoidosis (19, 1o8). The granulomata, 
which are found in septal, subpleural, perilwonchial, 

Cases i size 

and perivascular tissue, may provress to hyalinization. 
granulowata, there is a Besiddes these “eye-catching’ 

generalized cellular infiluation of alveolar walls (19) 

— 
which way go on to diffuse intestitial fibrosis (108). 
Differentiation of cluonic beeyllium diseaseTM M, 
sarcoidosis way be very difthicult both on elinical (39) 
and pathological grounds (108) and can probably be 
made with certainty only by the dewonsteation of the 
element berylinm in tissues or the body fluids (39). 

Function changes of chronic beryllium: discase are 
very sitnilin to those of sarcoidosis, the condition that 
it so closely resembles pathologically. A study of both 
discases done in one laboratory (28) recorded alinost 
identical wean values and ranges for a wide selection 
of function wwasurements. Thus it presents the fea 
tures of pulimonary restriction (Chapter 63, this 
volunie), with some decrease in vital capacity, hut 
with preservation of, or only slisht increase in, residual 
voluime, and minor delay in N, clearance (21) 
Maximal voluntary ventilation is likewise well main 
tained (28), ' — 

As in other pnenmoconioses characterized by the presence of diffuse fibrosis, a most consis!rnt%m 
chronic bery linm discase is an increase in the alveo- 
lar-arterial Oy difference (28), associated frequently 
though not invariably with a reduction of measured 
diffusing capacity. Though hyperventilation at rest 
and on excrcise usually maintains the alveolar Peo 
within normal limits, minor degrees of arterial de- 
saturation are usual, and on excrcise this value ap- 
pears to decrease pari passu with decreases in diffusing 
capacity. As in ashestosis caution must be exercised in 
ascribing the change in diffusing capacity solely to an 
increascd distanee for diffusion through structures 
pathologically thickened, particularly in view of the 
demonstration of normal membrane permeability in o 
single case so studied (11). Reduction of this measure 
ment could result from a deerease in diffusing arca due 
to replacement of functioning luns by tht"grn'fmlml_h 
atous process, a possibility supported by the ap- 
parently concomitant fall in total lung capacity 
diffusing capacity in patients with this disease, as well 
as in sarcoidosis, which it so closely resembles patho- 
logically (19, 108) (see fig. 1, in which are graphed 
data assembled from reports in the literature). 
Furthermore, the vise in diffusing capacity on effort, 
proportional o the rise in metabolie activity [in one 
group varying from o8 to 17 liters O per min (28)] 
argues in Gwvor of the unaffected Tung tissue's oain- 
taining the capacity to enlarge the capillary bed, an 
attribute that tught not be preserved if the membrane 
were diffusely thickened when the diffusing capacity 
at rest or on very light exercise may be the maximal 

A small proportion of patients only ¥ show the com- 
CTwo ot of twenty nine, oF 7 pee cent, in one series (2R). 
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plicatine features of conphy senr as veflecied by redue 
tion of ventilatany tests and increase in residual val 
wine, This contiasts with the hisher incide e of air- 
way obstroctive changes in subjects with chironic 
berylhum lung discase reported hotween 1g51 and 
1955 (e, 29, 1), and has been interpreted as an 
indication of a changing pattern in an intoxication 
whose severer forms were seen after a shotter time 
delay, and whote ilder forns, developing after a 
longer Tatent period, are only now heing recognized, 
Thus carlicr cases were frequently complicated by cor 
pulinonale, and generally deteriorated rapidly, with 
a mortality rate of 20 to 100 per cent (28). Nowadays, 
however, the occurrence of long remissions is recoy- 
nized, and cases in which the only evidence of the 
intoxication is radiological luny change have been 
followed for several years (39). 

ORGANIC-DUST PNEUMOCONIOSES 

In contrast to the specific nature of the pathological 
changes found in the lung parcachyra with the inor- 
ganic-dust pneumoconioses, those oceurring in the 
organic-dust pneumoconioses are nonspecific and 
more frequently affect the aieways. They range from 
conditions resembling allergic asthma [such as the 
disease amonyg weavers following the inhalation of 
size made from tamarind seed (99)] to diseases like 
byssinosis (@ disease of warkers exposed to cotton- 
will dust, s, and hemp) in which the mechanisim by 
which symptoms are produced, though poorly under- 
stood, is probably bronchial edema and spasm, but 
which differs considerably from allergic conditions. 

”’Jliflfllll - 
The pathological features of byssinosis (as yet 

reported in few cases only) are entirely nonspecific. 
Some bronchitis and emphysema (35) are generally 
present amd are indistinguishable from the nonindus 

trial varietics of these diseases. “Byssinosis bodies,” 
or dust particles survounded by an envelope similar to 
that seen i ashestos bodies, have heen repocted i 
histological section: of sowe cases only (35) and have 
not to date been systemiatically Tooked for in the sputa 
of subjects with the typical clinical syndrome. Despite 
the absence of radiological signs of dust deposition, 
microscopic examination does reveal an excess of dust 
in the lungs of byssinosis subjects. The dust, usually not 
present in any quantits, is apparently carbonaceons, 
as itis black and collects in foci in which reticulin and 

CHAFLLE Th ENEUMOCONE et 1hoy 

an oceasional collien bl can be seen 
cning of interalveoln walls frone edewa and cell in- 
filteation, though reported in an ) 
cottor-mill dust (82), has not been reported in man. 

The symptoms of byssinosis are, however, so 
characteristic as to constitute the basis of diagnosis in 
a subject with suitable exposure. For exanuple, grade 

byssinosis can be diagnosed in a millworker who, 
sometimes soon after, but frequeatly after sowe 1o 
years or more in the industry, complains of chest 
tightness and dyspoea coming on after the weck-end 
break and passing off some hours later, without trou- 
bling him again during the working week, In time 
symptoms are noticed on the second day as well as the 
first alter the break (grade 2), and they may eventu- 
ally become persistent (g2). Prevalence of byssinosis 
frequently exceeds 50 per cent (20, 83) of the popula- 
tion at risk, and following its original documentation 
in the Lancashire millworkers (92) has now been 
described among millworkers elsewhere in Furope, 
as well as in India, Egypt (20), and North America 
(109). 

Changes in function parallel the symptoms re- 
markably closcly (64, 92). Thus, in grade 1 of the 
discase, indircct MBC shows a progressive falflhwugh» 
out the cight working hours of Monday with only 
partial recovery overnight, whercas values are lower 
for the rest of the week but fall less during the hours of 
exposure (64). In grade 2 initial values for indirect 
MBC are lower (g2) and they fall as much or more on 
other days as during the working howrs of NMonday 
(64); in addition airway resistance shows significant 
increases during exposure (64). Though the fall of in- 
direct MBC during the working day is not great 
around 1o per cent (64) the subject may be more 
awarc of it because indirect MBC s lower in mill- 
workers than in persons never so exposed. . 

There is some evidenee that the chag 
already mentioned occur when exposure is to dusts of 
uniestricted particle size (including particles of 7 u 
and over). When the exposure is to fine mill dust? or 
acrosols of mill dust, incquality of alveolar ventilation 
(10) becomes demonstrable (thoush not at a level of 
statistical significance) in addition 1o the effects on in- 
divect MBC, although airway resistance changes are 
less marked (65). These observations have led to the 
tentative sugsestion that coarse dust acts on larger 
airways, producing spasoy, and is responsible for the 
symptom of tichtuess in the chest; whereas fine dust, 
despite its low retention rate (41), penctiates more 
decply, affecting the smaller airways and hence gas 

* Particle size 7 u or less (65), 

(6. B 

es in function 

als exposed 10— J 
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distribmtion (8,0 Function clansges of asimil nature 
but usially of a lews maked degree may be seen in ex- 
posed workers without byssinage (65) and iv contiol 
subjects exposed to mill dust (10); however, there is 
no daily Muctaation in ventilatory tests i affected 
subjects after thei remos al from this dusty atmosphere 
(63). 

Althoush there is little doubt that by ssinosisis the re- 
sultofesposure to cotton-mill dust (64), the mechanisin 
by which it acts is not yet understond The sometimes 
long exposure before symptoms develop, the high 
incidence among exposed workers, and the lack of 
appropriate skin rcactions distinguish by ssinosis from 
allergic asthma due to an antigen-antibody reaction 
(92). Dircct releae of histamine by the dust could 
account for the symptoms, but has been shown to 
occur to only a slisht degiee under experimental 
conditions (9, 17, 77). Two other pharmacological 
effects of the dust, smooth-muscle contraction and 
increase in cell permeability (17, 77), could explain 
the symptoms bronchoconstéfetion from local ab- 
sorption; and associated Inonehial edena, due to a 
change in cell penmeability, which might explain’ the 
slow recovery at the end of the day. Epinephrine 
acrosol (which could relieve both bronchospasin and 
edema) has been shown to reverse almost completely 
the results of exposure on inditect MBC in subjects 
with established byssinosis, an effect as readily demon- 
strated on a Monday as on a Friday (64). 

Bagassosis 

Exposure to the dust of bagasse (the residue of sugar 
cane from which the sugar has been extracted) may 
W certain circumstances result in an acute febrile 
chiest illness, associated with dgspnea and cough, from 
which the patient waually recovers completely (47, 94). 
The pathology of acute bagassosis'® is an acute bron- 
chiolitis; in addition certain dust spicules that rotate 
polarized light are scen to be embedded in interstitial 
tissue which may show a fibrous reaction; foamy cells 
filling alveolar spaces have been noted (g4). It has 
been susaested that funai in the sugar-cane fiber are 
responsible for the hronchiolitis and that the fiber 
itsell evokes the inteestitial tissue reaction, a view for 
which there is some suggestive experimental evidence 
(29). 

The question as to whether there are chronic forms 
of hagassosis is unanswercd . Autopsy on one case that 
ran a protacted conse over four years (47) revealed 

filwosis, bronchicctasis, and extensive pulmonary 

1 Basedd on two ling biopeies amd one antopny (9y). 

emphysciy, whereas inanother: ease’ ul-n;icak 
channes surgeesting filwosis persisted, although the 
patient was asy mptomatic. o 

During the febrile phase of bagassosis (and pre- 
sumably when the branchiolitis is acute and promi- 
nent) vital capacity has been recorded as considerably 
reduced in four cases (13, 91) and arterial oxygen 
saturation low (g1 per cent) in the two so stadied (13). 
This finding was probably secondary to inadequate 
ventilation to perfused areas, since it was associated 
with evidenee of airway obstruction (reduced timed 
vital capacitics), was corrected by Oy breathing, and 
reverted o normal on recovery (13). 

Chronic Lung Disease in Sisal Workers 

An unusual type of apical fibrosis with bronchice- 
tasis has been found in a percentage W in a 
Uganda factory processing sisal (95). may be an 
example of another form of brolewy re- 
sulting from the inhalation of organic nd is 
perhaps comparable to the apical fibrosis cavitation 
and bronchicetasis of workers in the Hungarian pepper 
industry (46) and to the one reported case of fibrosis 
and bronchicctasis in a worker exposed to bagasse 
(47)- 

Althongh no acute effects of exposure to sisal dust 
comparable to the effect of cotton-mill dust in subjects 
with byssinosis have been demonstrated (33), opera- 
tives in sisal factorics do have an incrcase in chest 
complaints and a reduction in MBC (measurcd over 
one minute) compared with control subjects with no 
such exposure! (93). This may be an example of 
bronchitis due to an organic dust. In addition reduc- 
tions in VC and MBC were found in the four subjects 
who had apical fibrosis and bronchiectasis. 

SUMMARY AND CONGLUSION i 

The pneamoconioses are a group of lung discases 
due to the inhalation of dust, mineral or organic, in 
which the pathological manifestations vary consider- 
ably according to the kind of dust inhaled. 

Aoy the preumoconioses due to inorganic dusts, 
four general varieties can be distinguished with their 
corresponding physiological patterns. 

1) Those haracterized by much dust in the lung but with 

W Values in this control group were lower than those res 
ported in healthy African male subjects by Gray (47), using an 
analysis of the forced vital-capacity vecord, a difference 
ably due to technigue. 
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bttle fikio o Tn this groap funcion s subjectively 
norool i addition, most objective mcasurcments of 
pulionary function (e.g, luog volumes, vemsatory 
tosts, andd mechinices) ave also probably within normal 
limits Howevar, in coalworkers’ puenmoconiosis (the 
most extensively studied discase in this group) a dis 
tribution defece of a series type (resenbling an en- 
Larged dead space) s found, which may be consequent 
to focal cmiphysema, a characteristic featire of the 
pathalony . Assaciated with this is an incccase in al- 
veolo arterial Oz difference, becoming progressively 
mote nunked as the degree of nodulation increases in 
size and extent, and probably due to the imbalanee of 
ventilation with respeet to perfusion. Changes of this 
sort thus represent the first detectable compromise of 
function in this disease and, as indicated above, ante- 
date the perception of symptoms and detection of 
effort limitation. é 

2) Those charactevized by much dust in the lung and with 
large localized areas of filrosis. The striking cxal!njéc (and 
best-dogumented one) in this group is the progressive 
massive fibrosis of coal workers. Disability is almost 
always present, and though in some instances the 
mechanisim by whick it is produced is consistent with 
associated generalized emphysema, in other cases 
replacement of functioning lung tissue (presumably by 
the fibrous tisue masses) is undoubtedly the pre- 
dominant mechanism. 

3) Thosr characterized by little dust in the lung but with 
diffise nodular fibrosis. In this group, about 20 per cent 
of the subjects have no symptoms and no objective 
abnonmalitics of pulinonary function, unless, by 
analogy to coalworkers’ pneumoconiosis, there is an 
increase in alveolo arterial O, difference, a parameter 
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