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SECTION 2 

PULMONARY FIBROSIS 

pooranic dusts may be Bhrogemic, su I as ashestos and tree silica, or non- 
nbrogemc . such as iron and tn. Dittuse pulmonary nbrosis represents an end- 
dage lung rsponse 10 many other causes much as ulceration s common to 
mam ¢olonie deeases and nephrosclerosis 1o many renal insults. Thus, other 
conditions mest be bome in mund when assessing the rachographs ot those with 
ashestos exgrsure, i not only are there similarities but also two conditions 
may coenist, @8 sarcondosss and asbestos-related pleural plaques or changes 
due 10 sidn o and asbestos as n cement-ashestosis, and in addition. ashestos 
workers nuy be tree of s hestos-nduced lung disease but have pulmonan 
Changes resulting trom some other disease or drug causing nbrosis 

A bt lassincation ot the causes ot widespread pulmonary nbrosis s 
ginven hased on pathophy sological etiology ' and contans three mamn groups. 

1 Bibrosis secondary 10 granuloma tormation 
2 hibross secondary o alveolar exudate 

} Bibross secondan 1o mnorganic doest 

FIBROSIS SECONDARY TO 
GRANULOMA FORMATION 

Iy thier ac utes stages of sard arcdosts ben hoss and extrinsic allergic alveoli- 
s o 1o mhalation oF rganic dusts, granulomas are 1ormed i all zones ot the 
lunes. Howeer n the healing stages, nbrosis predommantly in the uppet 
Zonns 

FIBROSIS SECONDARY TO 
ALVEOLAR EXUDATE 

} nL\!'nn.llnr“\ and nontlammaton esudates may progres 1o dituse 
ahveolar wall nbrosis € ATOONIC Agents sue has O busulphan hexamethom- 
wm bleomyoin, berslium. and vanadium may be responsible. Exudates result- 
e trom hypersensitnaty 1o nitroturantoin and salazopyrine may lead to tbro- 

e
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sis. Aspiration and viral pneumonias and the changes due to disseminated 
intravascular coagulation may lead 10 diffuse tibrosis. All of the above may 
have dennable radiographic changes. The fibrosis that may follow continuous 
elevation of lett atrial pressure rarely is demonstrable radiographically . A tinal 
group, where immunologic factors are possibly important, include acute cnip- 
togenmic hibrosing alveolitis, systemic lupus erythematosus. and idiopathic 
hemosiderosis. In this broad group of diseases. pulmonary fibrosis is a sequel of 
tissue necrosis and occurs predominantly in the lower lobes (the necrosis mav 
persist. so that healing is by scarring and not by resolution). 

FIBROSIS SECONDARY TO 
INORGANIC DUST 

It has been noted that tibrosis secondary to granuloma occurs predomi- 
nantly in the upper lobes, while that tollowing alveolar exudates occurs mamiy 
in the lower lobes.! The tibrosis that follows inhalation of silica and coal dust 1s 
usually found in the upper zones, but that related to asbestosis is usually more 
apparent in the lower zones. There has been no acceptable explanation for this 
ditterence. Since there is preferential ventilation of the lower lobes. the corol- 
lary that there is impaired clearance irom the upper lobes could be used to 
explain the upper lobe predominance of silicosis. It is apparent that no single 
theory can explain satisiactorily the upper lobe fibrotic changes in silicosis and 
the lower lobe changes in asbestosts, especially when recent reports state there 
is a more or less unitoim distribution ot inhaled ferruginous bodies? and 
ashestos fibers® throughout the lungs. Earlier reports stated a more basal 
distribution of these bodies. 

MICROSCOPIC APPEARANCE 

The basic lesion of asbestos-related pulmonary nibrosis is widespread 
peribronc hiolar tibrosis This is the end stage. Initially there s an intraluminal 
reaction within the alveoli to entrapped asbestos dust. Within the alveolar 
Jumina the asbestos tibers, macrophages, and desquamated cell debris become 
organized by strands of reticulin and later collagen. The type | lining cells of the 
alveolar walls become replaced by type 1l granular pneumocytes. Some of the 
alveoli become walled off. Initially, only the alveoli arising from scattered 
individual respiratory bronchioles are affected. With increasing asbestos dust 
exposure or with the advent of immunologic factors. an interstitial reaction 
spreads 1o involve other adjacent respiratory bronchioles and then spreads 
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from these peophieraliv 7o ther alveoh It s customan o de~e nihe the nibrost 
A~ interstitial despite the veolar wall imohement ' _— 

The development of tibrosts has been »Ill(h(‘lfi i rats exposed o .||~ yosle 
dust Of varnvang intensits el tor vanang |u~1|u(l~.‘ Transposing data ol ll'.nl\!«hv 
trom expenmental anmimals 1o humans may be misleading in that, “"|'.J S\ 
order of ingreasime ibrozenesis s anthopin Hhite and € anadian crvsotite. n;(|w 
dolite and Rhodesian cnsotile and tnally amosite, which does null p.\t.\. \ 
imical experience. O alue hower er is the similanty o histologic -ll .\ppt‘:v 
ances mammals and humans in both experimental amimals ang p.lll|u|1~‘ 
macrophages collectin the ahveolt i which the tbers become (Icp'Nl‘u ! Jll'n. 
the alveolar walls react replacing thewr type | liming cells by type I granu .n' 
POCUMOCTes This 1~ renuniscent of the nndings in desquamative interstitial 
pricumonia® 10 which tope 11 granular ppeumocyies line distal air sacs, and 
rachoaraphs show 2 predonunantiy bastlar change: desquamative mh-r'sullm 
PRCUMONIL s probably an early stage the development ot dittuse 1 )ru~|l~ 
TrOn MDA Causes As the Oxpernini ntal fesions progress the reacthion spreads 
1o ivohve the adjacent respiratory bron hioles, alveolar ducts, atria. and 
alveol, and coalescence of nearby involved areas occurs. M h ot the lung 
parenchyma s eventual replaced by collagen, whic h distorts airnays to leave 

we spaces that « ontnibute to the honeye omb appearance seen on rachozraphs 

GROSS APPEARANCE 

The Tower lobe preponderance has been commented on. Involvement of 
< imay B seen m sevore cases or when the patient has 

thes uppet o midedie d 
? In + hrosis 15 

Breernt enprosed to guarts s o talc” i addition to ashesios: The throsis o 
hsleural areas, avang the lung surtace a whitish puck 

dsuallhy plennitul 
| ‘ 

rocl appesaranee uprio 1 nthech. The parenchvma when cut s brown-red and 
ered a MO0 U 

1ot indurated. The lung volumes arn reduced i severe cases: it there s mu h 
ek indu | ng 

santubur coiphvsema and only mikd tibrosis. lung volume may 
\ vk olvement does not occur unless there is a mintun 

lole thichenimg and distortion are severe the 
i ' cdiilnt o hosevcomb appeatance the walls o 
by cells hoing the e eaving nbrotic amway walls 

PATHOGENESES 
- 

The g down of collagen by tiheoblast s termed ubrogenesis It 
ydetoasis. e hroses s ditfose awhde alicosis it 1= more nodular The 

pathogeneses of ashetoe-related Bbrosis e be considered undes thires 
aspet is 
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1. The role of macrophages 
2 Intluence ot nber size and shape 

5. tmmunologic tactors 

Role of Macrophages 

The mechanism of fibrogenesis 1s probably the same tor all asbestos rbers 
even though amosite and cracidolite are more fibrogenic than chnsotile and 
anthophvllite. The wandering macrophages that are attracted to inhaled asbes- 
tos ibers play a key role. Itis thought that the strongit nbrogenic nibers amosite 
and crocidolite) stimulate macrophages to release substances that induce 
fibrobiasts to lay down collagen and so produce nibrosis. The less nbrogenic 
fibers, chrysotile and anthophyllite, are more cvtotone and mav imure the 
macrophages to such an extent that these nbrogemc substances are not 
released?® or are released in smaller amounts 

The degree of macrophage cvtotonicity of asbestos is related 10 magne- 
sium content. Adherence of ribers to surtace membranes of macrophagzes s in 
part dependent on the presence of magnesium hvdrovide. the removal ot 
magnesium, or its inactivation by chelation. which will reduce the sunace 
cvtotoxic eftect of chrysotile.? Sialoglycoproteins in cell membranes interact 
with asbestos tibers to produce protein clusters that alter cell membrane 
permeability and may allow early release of nibrogenic substances rom the 
macrophages. A detense mechanism is present in that the suriace macrophage 
ovtotoxic effect is inhibited by the presence ot human protein or bronchial 
secretions.'? 

Following the attachment of ashestos tibers to macrophage surtace mem- 
brane and initiation of the early cytotovic ettects descnbed above, some of the 
fibers of small size are ingested and interact with membranes around ~econd- 
any lvsosomes. There 1s then a secondary release of enzymes. sucn s 8 
glu. oromdase. 8 galoctosidose and lactic dehydrogenase. lipnds, and hpopro- 
teins that cause adiacent tibroblasts to lay down collagen. Fernitin is sunthe- 
sized in the secondany vsosomes containing asbestos nibers and contributes to 
asbestos body tormation ® 

Thus. ashestos probably does not have a direct enect on fibroblasts in 
producing pulmonary tibrosis. Instead, asbestos fibers are absorbed onto the 
surtace of macrophages, the smaller particles ingested. and fibrogenic sub- 
dances released in two phases as described above. 

A purely mechanical eftect of asbestosis tibers in the production ot tibrosis 
is not generally accepted. However, evidence for a mechaaical eflect i juoted 
by Harnington.' There is, however, some contlicting evidence in regard to 
pleural brosis being produced by mechanical efiect atter inoculation ot 
pleural space in expenmental animals.? 
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The tole ot chemcal tactors mncle ing trace Joments asson tated vt 
ashestos tibers m ibrogenesis as Been considerced. Asbestos ibers are soluble 
10 arving degrees with chin <otile more soluble than the amphiboles amositc 
anthopha ite. and cro wotiter and sthae acid and metals i or on the surtace 
of asbestos fihers are potential causes ot nbrosts. The various brologically 
actine metallic catons probably plas a part via an ettect on ma rophages a- 
mehicated above 

Role of Fiber Size and Shape 

Fiber size and shape govern penetration of and retention i arvays, and 
particle size 15 a lacion iningestion ot tibers tragmented by macrophages. The 
Characteristic size and shape ot asbestos nbers are shown in Figure 2-6; the 
amphiboles are rec ulinear but of vanving diameters, the largest being antho- 
phvilite then amosite, and tinally crocidolite, while chrvsotile s curly or 
serpentitorm o shape The dhamteter af Chinvsotile bundles v ares with aggrega- 
ton ot fibers, but the nber s ragment and ultimate chrysotile nbers may have a 
diameter as small as 0.03 gm 

Ashestos tibers larger than 200 gm are unlikely 1o penctrate nasal pass 
but may reach the lower aimsaysin mouth breathers. Once past the nose. even 
long thin hibers may pass through the trachea and major ainvays and reach 
resprratory bronc hioles where they tend 1o be deposited at biturcation sites. In 
addinion to length, nber diameter is impe stant. the aerodynamic diameter of the 
ashestos tihers and particles controtling their talling speed. Asbestos nbers of 
diameters greater than about 3 pm are anlikely to reach alveoli. Most o 
ihaled tbers do not reach the lower ainvavs because the ciliary escalator 
mechanism is so etncent that 99 percent s removed from the airwavs 
although some of this will be subsequenthy passed over the epiglottis and 
swallowed . with imphcations in imdis tion of gastromtestinal mahgnancy > 

The necdlelihe amphiboles penctrate the lung more ettectively than do 
curhy ¢hiysotile nbers, but since hrvsotile has a tendency o physically disinte- 
grate 1nto tbers of short arcs, these ragments may behave as the rectihnear 
amphiboles.TM Further penctiation ot bers and particles to the pleura occurs 
v interstial lymph and macrophases Eapenmental studies show nbers in 
wibvisceral pleural location m the wollowmz order of descending concentra 
tion crocidolite, amosite. anthophy Hite and Chrysotile " Relating penctrabnl 
iy to nher vpe regaires gualineation in that tiber size vanes with the stage of 
processing, bemny greatestin numng aned Teast, and theretore of more penetrat- 
g power, i the asbestos teatle mdustiy . Size and shape may van within 
mineralogic tvpe Australtan croadolite bemng ol a smaller diameter than South 
acan N Cape crocidohte. which s.an tam, oF iner dameter than 
Transyaal crocdolite 
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Fiber particle size imits ingestion by macropiazes Short ubers foes NN 
5 pm are completely ingested by macrophages. intermediate size partices 3- 
25 wmi may or may not be complete!: ingested. and long nhers imore than 25 
um) are never completely taken up With the long tbers, several macrophages 
may be needed to completely engulf a single nber Longer nbers are muxe 
fibrogemic than short ones. Long ones are less well phagocytosed and trans- 
ported awav."" Lauweryms and Baert provide a recent excellent and detaiied 
account of alveolar clearance of particles and the role of the pulmonary 
lymphatics.'® 

Immunologic Factors 

There is experimental work suggesting that antinuclear antibodies mav 
accelerate disease started by a ditferent agent, and antinuclear antibodies are 
found in 25 percent ot asbestos patients.' those with severe tibrosis usualh 
being AN\ positne. Initial reports sugzested that the presence ot HLA-B27 
antigens makes an asbestos worker more susceptible to the development o1 
severe as opposed to mild pulmonary fibrosis. More recently, this has been 
disputed. In a group mainly exposed 1o chrysotile. there was no correlation 
between HLA-B27 antigen prevalence and the presence or absence of pulmo- 
nary tibrosis.?® But HLA-B12 was more prevalent in those with pulmonary 
fibrosis and HLA-BWS3 was more prevalent in those without pulmonarn tibro- 
sis, raising the possibility that these two antigens prov ide susceptibilitv to or 
protection trom the development of fibrosis. The matter is discussed more rully 
in Chapter | 

Relation Between Asbestos Dust Burden and 
Severity of Fibrosis 

The retained asbestos load in the lung may be estimated by many tech- 
niques. It light microscopy is used, only fibers ot 0.4 gm or greater in diameter 
will he seen: since most asbestos dust particles are less than 0.3 pm diameter 
electron microscopy is needed Tor an accurate estimate. Fortunatelh the 
percentage of optically visible tibers is reasonably constant between 12 and 30 
percent ot total, so that hight nucroscopy data may be extrapolated to give an 
estimate of total asbestos load."” 

Using these techniques, the dust load=fibrosis relationship for ashestos 
ditters rom that tound with silicosis. In the latter the severity of pulmonarn 
fibrosis i~ proportional to the silicic content of the lungs. With mild and 
moderate asbestos loads in the lungs, there is an increasing severity ot pulmo- 
nany tihiosis. but in severe pulmonary fibrosis, there is no correlation with a 
turther increase - fiber concentration ® Additionallv. no relationship was 
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tound Between seventy of pulmanars sihrosis, duration of exposure. ime tro 
first exposare, or ime trom Jast exposure o deaths The suzgestion s made . 
Jeast tor the amphiboles that were the predommant tber. that mild e 
moderate degroes of pulmonars shroses are proportionateh related 1o e 
burden but that turther transibion to severe pulmonary ibrosis depends on th 
amteraction of some additional tactors Intection s one possible tactor.'® an 
prompt treatment would thus be needed even i apparentihc mimorn respiratos 
inted tions i asbestos workers to halt progression ot tihrosis. A second possibu 
iy is that the asbestos nbers mav iminate nbrosis that mav progress o 
moderate sevenity but that an immune mechanism may intervene to producc 
severe tibrose 

VARIANTS OF ASBESTOSIS 

Asbiestos-related pulnonary nhross mas be atspical. and there ane sonwe 
vartants o «hacal and radiological interest 

1 Crvptogemic throsing alveolitis 

2 Household contact ashestosis 
5o Massne iibrosis 

4 Caplan's ssndrome 
5. Cement ashestosis 

Cryptogenie Fibrosing Alhveolitis 

A prroportion of patients thought to have nonspeanc interstitial pulmonarn 
nhrosis (onptogenn nbrosing alveoldisi may bave an undete tedd hastory ot 
whestos exposute or a4 biopsy specmen may have been exammed with hght 

microscopy only and a talse underestimate of asbestos burden obtained. This 
mas apple especally 1o chrvsonle which iragments into timy part les. Inone 
patent bt nucroscopy revealed nhrosis and mtlammatons < hanges but no 
errstaoss hodies @ Elen tron e toscopy showed Large numbers of small dess 
than 5 gov chrvsonle nbers The mterence was made that some patients 

deranosed as oo nhrosns alveolite ar dosquamative intessbihial pneumonia 
mas o et hane asbestoses 

Thies smtoregdoe prosduced <ome engimaly sarcastic ¢ orrespondenc e i the 
et fovelaned Joarnal ot Medio e wah Maller et al # estanng thesr boebet that 
particios o loss than v gan e bl e, while Gross et af #F tound thas 
statement questionabl 
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Household Contact \sbestosis 

Within the group of cryptogenic ah eolitis patients, there are s0~e who 
had household contacts with former asbestos workers who carried asbestos in 
their clothes, shoes, or hair. Anderson et al., in a study of 326 indisiduais wha 
have had household contact with amosite ashestos workers founa 36 sesrent 
with pleural or parenchymai changes tpical of ashestos exposere: ~ncren 
had a greater proportion of involvement than wives or stbiinzs®* Pleural 
changes without pulmonary fibrosis were seen more frequentiv than puimo- 
nary fibrosis alone. There were 4 patients in this group with pleural 
mesothelioma. 

Massive Fibrosis 
A third group includes those with massive upper lobe fibrosis.” The eason 

is unknown, but two-thirds of this group had positive PPD :\in ests even 
though there was no clinical evidence for active tuberculosis. Ii one acceots the 
relationship between immunologic status and severity of pulmonary fibrosis in 
severel\ asbestotic patients, an analogy may be the upper lobe . brosic <een in 
ankylosing spondylitis in which there is a strong association with HLA-B27 
antigen. Discrete areas of massive fibrosis extending over areas of more than 1 
cm mav occasionally be seen in both upper and lower lobes. These haye been 
reported in miners, and it may be that the high quartz content 16 percent of 
South Airican asbestos) is responsible.?$ 

Caplan’s Syndrome 

An unusual group comprised those with asbestos-related p.'monar. 7dro- 
sis who have or develop rheumatoid arthritis. Multiple rounded nodules zppear 
on the chest radiographs, sometimes in crops and mainly in the lower (obes, 
but any area may be involved. Occasionally, the nodules are unilatera). The 
nodules vary in size from a few millimeters to a few centimeters: some may 
cavitate and, if so. may hav e thick or thin walls. The cavities ma rill in lazer. 

They are necrobiotic nodules, similar to those seen in the lungs of some 
patients with rheumatoid arthritis, but they differ in that they contain asoestos 
fibers and ferruginous bodies and are not accompanied b. subcutaneous 
nodules. The nodules may proceed, accompany, or follow the onset of rheu- 
matowdd arthreatis. 

In deterence to Anthony Caplan. who first described the nodules accom- 
panuin 2 coal workers” pneumoconiosis, ?® this entity has been termed Caoian's 
syndrome in asbestosis.?”"® This syndrome has also been noted in :nose 
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Fig. 2-31. sor Jobe rbrosis and bullae adacent to diaphragm rarron s r3CY 
of tibrous areas trequentiv leads to bullae development. A subavillan plaque '~ Dresent 
(oblhique arr 

cause of the fibrosis ~ee Fig 2.31). A proportion of patients with asbestos- 
g y 

related pulmonary nbrosis do not show plaques. In Solomon's series 235 
the South Atrican nmners with pulmonary nibrosis did not have 

percent of 
2 A similar percentage is stated by Soutar et al 

pleural plagues in ¢ hest x-rays 

in a stuch o7 84 patients with industrial iInonmining) exposure 1o asbestos.?? The 
absence ot piaques has been attributed to ditiering etiologic mec hanisms in the 
development ot plagues and fibrosis or the entrapment of fibers in nbrotc areas 

The latter seems improbable. since the 
34 so that the pleura is not reac hed 

number of plagques INCeases with the severity of the tibrosis 
The parenchymal nbrotic ¢ hanges mav be classited acc ording to the ILO 

UIC classitication (see Chapter 31 into opacities that mayv be small or large 
rounded due to silica or irregular due to asbestos. Both rounded and irregular 
opacities coexist it there has been exposure to both ot these substances. such as 
in ashestos cement workers Rounded and irregular opacities may be presentin 
those who have had asbestos exposure onlv. There is evidence (discussed later 
in this section showing that true summation of overlving shadows will produce 
a more rourded density of the p. q. r vpe while impertect supenmposition 
tends 1o pre ace an ~ toand u type pattern Protusion ot densities i~ thus ot 
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more signiticance than is the iope of density w hen 1ILO Classific ation 1s usexd 
epdeniological or compensation purposes. The notation 1s thus pur 
descaptive and nomimterpretatine. This has value in epdenuologic suneys 
compensation work. It avouds the dangers met with in clinical radiology . wl 
descnptive terms have acquired an interpretatin e signinicance. Thus, ““hor 
combing " (Fig. 2-32) was first used to describe the late phase ot histiocy tos 
but s currenthy. commonly applied to the pattern resulting trom a aren 

erstiial changes, whether irom nbroses as in pulmonary tibrosis. hamartos 
a5 10 wberous sclerosis, or intlammation as i bronchiectasis 

tous Chan 

In routine radiologic al assessment of pulmonary tibrosis, one mav ret 
the use of descriptive terms such as round or irregular opacities, but sear 
should also be made tor septal lines, ning shadows thoneycombing), and lon- 
harr bne shadows 

Most septal ines seen radiograpincally . are of two tvpes, A and B isee | 
lines are asaally 12 cm long and are seen in the lomer lung zon 

touching the pleura at the auter ends. \ hines are less casth adentined 
puimonany iibrosis because although they are longer than the B lines (2-4 ¢n 
thear position radiating trom the lalus tow ard the pleura s orten obscured | 
the nbrotic changes. A hines are thoretore best seen in asbestosis in the uppx 
zones. where pulmonary tbrosis is less severe The B lines are best seen in tl 

wor and Lateral parts o the lower zones in both frontal and oblique x-rav 
» 

because m the hingula and muddie lobe the CONNECINE Tissue sepla are we 
teveloped and the lobules are arranged ortic ally resulting in ~hort horizomt 
septa. The septal lines become thickened. and when oxtreme. part ot 
thickness s due 10 meraing with alveolar imterstitium that has tubvosed. T1 
thickening extends to the visceral pleuns. Rotraction of these thi Kened sept 
M result i localized areas of panlobular « nphnvsema Thickened septal 

vs producmg o reticular pattern roesadt trom the visualization of Cconnect 
w0 sepla between peripheral udes seen en ace and superimposed 

feeper septa randomiy distributed in deeper parts of lung ** Conndent radi 
graphic adentitication s greatest with the B lines. less for the A lines, and lea 

the C s B-hine sdentsnc ation o~ comphicated by the simila appearance « 
nibroti s that o cur in earh puln s nbrosis as aresult of thickemin 

ol The Veokar terstitom. \WWhen they ostend o the pleara. ditterentiation 
r ines s ossibies In Solomon's senes 2 5 01 32 patients had sach 1 

h Solamon Chacadctor Fas tine nbrosis not dae to Kerles 
Y Soibars series 2 o iw 1 had septal lines H 

¢ bharh hadow e on radhow hs dreas of othenwise norm 

W lung are an accasional undims. 1 they do not result rom 
Sorsson e o oear alhveolar ateloctasis they may be doe 1o pri 

sranuioniitous or nonaranulomatous stlammaton 1ocus that has healed ane 
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sappeared. The length of thes ] 

Honescombing s a rachiograp 

for most twenhieth-oe 

‘ coital o prior vear 

vplace ent of normal lung by sn 

iy b 2% The spaces resalt s 

e hined by atvpecal cells that ha 

The pattern castly asse 
brote fung. On a chest rachoanagg 

HTY) h it n'u. but the radio 
represent not only the contluent 
" mal and oy ol e 

ol ey e vhulla a 

r o t ‘ tehror 

s v be out o proportion to the prec 

nching i interstitial lung disease 

pathological nnding. Since examination 

hystcans has replaced the autog 

weems a good term to retan. I indie 

Custhihe spaces anudst extensive pubi 

mtluence of distal air spaces, and tl 

ve spread distally rom the more pross 

naked eve on cut surtace 

Coappearance is recognizable waitl 
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been sugaestea “at th rnesis o honescombina should he made on 
the radiolucend s an 

about 360 dearts 
other lung cavities. B 

than 4-10 mm “ude and the thickness of their walls vary trom hairline 
mm *® Honeyconbing 

und or oval and when the margins are 1+ 1 eat 
This system s analogous .o that used in the d 2 

omention. these radiographic spaces are not 

vas lound in 36 percent of the Brompton Hospital 
re 9 of industrial a<in < 

Honeycomb g is uae tupe ot ring shadow. A second v pe seen i . 
nary nbrosis results rom thickening o1 connective hissue around the 
proximal airwas <. If seen end on. the airnvay will present a ning shadow 
seen along its 
distortion, the linear appearance is generally more ditficult to see in asbe 
related pulmonary fibrosis 

fenath, the airway will exhibit a more linear shadow . Becau 

although it is a classical sign of fibrosis 3ssoc 
with bronchiectasis. The ring shadow mav be of hairline thickness or w 
the tibrotic process has stended deeper into the previously aerated 
The central liucency is Cto imtralumimal gas 

A shaugy outline ot the cardiac sithouette is a nonspecine sign. It has 
described in medhastinitis. chronic adhesi e pericarditis, and pertussis. It 
be due to disease ot the pericardium., mediastinal pleura. or lung parench 
adjacent to the heart. In asbestosis, it may be due to thickening by plagu. 
the mediastinal parietal. pleural residua of bemign pleural eftusion affectis, 
mediastinal visceral ple 
middle lobe adjacent to ¢ 

Small opac 

QUi 
ra.or nterstiial nbrosis in those parts or 
e heart. Itwas seen in 8 percent of William s ser 

tes, usualiy arregular and occasionally rounded in shape 
margins that m He sh v or poorly denned, are seen as a result of asbie 
exposure. They become anscured if a sen ere degree of nbrosis develops. 7 
Size varies trom a IATRN tlo up to 4 mm in diameter 1Or arreguiar o 
Large opacitios are rarei <o NEXCEPLIN v anants such as cement asbestos 
as part or Caplan’s svndrome with asbestosts Based on histological stuc 
lh(‘\t’ SMAll rregular opaciiies may ongmate i termmal air SPAces In ¢ 
stages or i peribronet 

which are air <pace sh 
nterstitium in more advanced phases. Th 10t 

v mav spread by extension through 
pores of Kohn « oalesce dhe charactenized by indistingt 

RARS 

nargins. The i being interstitial in location are surrounded by aerated air spaces and theo 
cally should have distinet argins. From a practical point of view., this dist 
tion cannot be muade on « whographs. since the densities seen. even the 
some man be rounded and some may be irregularly marginated are compo 
shadow s resulting rrom <ummation o overlying densities.*' Supenimpositior 
opacitivs not i dhiredt « 

pertect supweri 

tact will result in poor marginal definition 2 w| 
o il produce shadows of greater density that 
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ubrolic Masses e o asionally present in the 
combination with upper fobe filyrosis The 
the Quartz cor s 

lower lobes, either aune (- 
role of prior tuberc ulous '+ masbestos has been noted The appearance ha. o been seen in some U S, isbestos workers where quartz CONENt 1s neg 2 =3¢ 

Caplan’s Sy ndrome 
The multiple nodular densities may be unilateral or bilateral the Canvan in size from a few millimeters 10 a few centime produce thick or thin wali ¢ avities. and they pleural etiusion The radhologic al ditterent; disease. Hodghin - disease, septic infarcts 

Wegener's granulomato:~ staphvlococc 
especially in those with diered immunin 
10 any pReumoc oniosi. 

ters. they can necrose 1o 
are occasionally accon; 

al diagnosis includes = elastatic 
Intectious granulomatoy s Crsegse al pPneumatoceles, funggl e tions 

and rheumatoid nodules unrelared 

Cement Asbestosis 
Silico-ashestosis is scen N cement workers who are exposed while miving asbestos fibers with synthetic Portland cement, which containe caicium cate. The minture is then ground. which entails exposure workers exposed develop a 

responsible for the ¢ harae enstic mid and lower zone throsis Silicosis 1s respunsible 1o 

0 silica. Those mied pPReumaog Onosts. Asbestos nhalaton 

seribed earler occasional densities of progre (Fig. 2-34) In admon there may 
aalcification. Th, ArRe 1 Hron 

SSIve flh)\\‘\r HOrosis 
be enlarged hilar nodes with e22sheil 

areas migrate medially, unlike the ven rae e 
localized areas o pulm wary tibhrosis in pure unchanged locator 

asbestosis, which remamn s I upper lobe. In addition nUMEerOus sm lies are present. These are rounded or irregular in shape. The rounded shadouw s are due to the o1, (Lol ~ vand the seresular ONes, to asbest A ¢ 
~tos workers*® s outlined in Tab ¢ 

Bromptom analysis,? hich although agreeing that irregular opacitic are charactenstic of asbestos, did include Some timy rounded densities (2 percent of those examined), but the not related to the e of 

all opaci- 

Mparis of the opacitics ~cen 1n 
2-3. These data differ somewhat rom the 

radiographic nndings were =bestos exposure. The profusion ot rounded opacities 
correlates b th total mused dust esposure than does the Protusion or rregular opacities *? Th, ract that asbestos exposure alone. as opposed o mixed dust, pir es muanhy arregular small Opacities is further suggested iy 

data om workers al nish anthophyllite mine.** Forty percent had smali 

T
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parenchymu wcitios that were Classined as aregular small opac: e« 30 
percenti. row Ced small opacities (7 percent), and both tupes T percest 

The tvpe 7 asbhestos end product s of importance. Asbestos ceme=t et 

for productic s or shingles conuns chivsotile but no crocidolite anc trose 
engaged in treir manutacture have an immense excess burden of puimonan 
fibrosis. whi'e vorkers manutactuning asbestos cement pipe. which currentiy 
contans 3 pecent crocwdalite and heghar percentages in the past. have 2 506 
percent burco o lunz cancer. 

RELATION BETWEEN RADIOGRAPHIC APPEARANCE. 
EXPOSURE DOSE, 

AND PULMONARY FIBROSIS 

In cemie = asbestos workers with mamly mild to moderately severe 2uimo- 
nary fibrosis, tne protusion ot irregular and rounded opacities is related :o total 
dust exposure.*® Lung volumes and maximal exploratory flow rates decreased 
in relation to “creasing cumulative ashestos dust exposure. Pulmonan aintus- 
ing capacity was not related. Crocidolite exposure produced lower expiraton 
flow rates and reduced dittusion capacity when compared with chrsonle 
exposure.*® \Werll et al. concluded tor their patients, who generally ¢.a not 
exhibit severe rachographic changes. that both radiological montton~2 and 
pulmonan 1w Ction testing were necessan 1o detect the earliest abnorealis es 
in the largest umber of exposed sorkers, since in mdicdual patients. zonor- 
malities may * st be wdentiiied by radiograph. with pulmonan tunction tests 

being normal or vice versa 
More rece the, Roberts et al * an reviewing a large number of patien®s o th 

pulmon.in nbrosis but without an asbestos occupation exposure, thou2nt that 
a rough estim tion of the disease activity may be obtaimed rom the radiozraphs 
in the earhy phases when changes in the ahveolar walls and lumen are predomi- 

nant. This procaces ahazy pattern. Since the distribution 1 1ox gl and scattered. 

an air bronchoram appearance s not seen, as opposed to the air bronchogram 
effect that mas be seen in the early stages of more ditfusely spread ar space 
diseases, ¢ 2. obar pnecumonia. In the intermediate stages. disease seventy s 
more accurate’s assessed by phvsiological tests. It s at this phase hat the 

smaller irrece o densities oF asbestoss become apparent. Radiographs azan 

become at vawe i the later stages of the disease for detecting honevcominag 
due 1o severe Thross 

o
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Fig. 2-42. Sarcordoss and pleural plagues. There are bilateral thick noncal 
parietal pleural pl. 
systemuc svmpt. 

jues related o prioe occupational exposure to asbestos. Beca 
s tever and (oss of weght and raped onset of lung parencl 

changes. an open buopsy, which revealed sarcoidosis. was pertormed 

fissure. Pleural imvolvement is rare in sarcoidosis, but visceral pleural thu 
g 15 occasionally seen in asbestos workers. It is never seen :n absen 

panetal pleural changes and may be the residual of a benign asbestos pl 
ettusion. The tssue diagnoses ot sarcoidosis mav be dithicult in such an inst 
because the presence of “sarcoidlike’” granuloma in ribrotic lungs with a 
asbestos test load has been re ported 32 

NUCLEAR SCANNING 

Nudlear scanming methods are used 1n the assessment of pulme 
fibrosis. The author has not read of its use in asbestos-related pulme 
fibrosis. The wse ot isotopic methods in diopathic pulmonary tibros 
described in detail by Roberts ot al* Three isotopic techniques are 
macroaggregated albumun labeled with technetium 99m (*"T¢ MAAI o @ 
ate lung pertusion: senon 133 (2Xet or xenon 127 ('77Xel to evaluate ver 
tory tund tio ) salliam 67 ceate $ G to gquantitate lung mtlammatie 
alveolins 
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SECTION 3 
PLEURAL EFFUSIONS 

Exudative pleural eniusions etiofogically related to prior ashestos esposure hay 
been described in rece nt vears. Assessment 10r an eflusion is now part or tt 
IO U/C rachographic work chart (Chapter 3). Pleural efiusions refated | 
asbestos exposure mas be secondary to bronchogenic carcinoma. mesothel 
oma, cor pulmonale due 10 pulmonary tibrosis, or so-called bemign asheste 
effusion 

ashestos ettason, has bevn desenbed | This additional entity . “benwn 
many authors.” ? The critenia tor diagnosis are prior history of ashestos expe 
sure. absence of amv other predisposing cause tor the effusion, and spont: 
neous remission i the ettusion. Excluded are those patients with an ashest 
exposure history and carcinoma, mesothelioma, or cor pulmonale due t 
severe pulmonary 1ibrosis or in whom some other identitiable cause such ; 
lymphoma i detectable. Acceptance of the entity of benign asbestos eftusion 
widespread, Becklake?* 
increases, and asbestos exposure can reasonably be added to the long list ¢ 

Fletcher and Edge® state. “Th 
only occasion when benign asbestos pleurisy with etfusion can be diagnose 

thus weites, “The justificabon jor this diagnos 

causes of benign recurrent pleural eftusion 

with contidence is when a chronic etfusion is persistently negative for tuberct 
losis on culture, when no other cause can be tound, and where the conditio 
spontaneously impros es 

In the author's opimon, the diagnosis of benign asbestos effusion is iraugt 
with hazard. It cannot be made without a long-term 1ollow-up to ensure thy 
spontancous complete resolution of a single or multiple cpisode of pleurisy ha 
occurred. Even in such cases. an occult cause such as thromboembolic diseas 
may be respomsible. More wornisome s that an ettusion may be present 1 
months or vears, culnunating in a diagnosis o mesothehoma, In addition, th 
pleural cavity i health contains a small amount of pleural tluid, with a protey 
content sinilar 1o that or interstitial thuid. The amount is sutficiently great that | 
may be demonste ted by lateral decubiti radiographs in 4 percent ot health 
persons; this technigue will detect amounts of tuid greater than 3-3 ml® 

CLINICAL FEATURES 

Beanng withor ~ shepticosm expressed above. the 1ollow g 
reflects current published descriptions mentioned in the reterences 

The ettusion mav be unilateral, bilateral, or recurtent Regression or ar 
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