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R Leslie Preger Organ Involvement in Asbestos-related Disease ®3
SE CTI ON 2 sis. Aspiration and viral pneumontas and the changes due to disseminated
N - intravascular coagulation may lead 1o difiuse fibrosis. All of the above may
PU Ll“ONA RY FlBROSl S 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-
togenic Tibrosing alveolitis, systemic lupus erythematosus, and idiopathic J
hemosiderosis. In this broad group of diseases, pulmonary fibrosis is a seque | ot
fnorganic dusts may b nhrogeme , such as ashestos and tree silica, or non- tissue necrosis and UCle“ predominanlly in the lower lobes (the necrosis mav J
tibeogenc . such as iron and tn. Dittuse pulmonary 1ibrosis represents an end- persist. so that healing is by scarming and not by resolution).
age lung response 10 many other ¢ ause~ much as ulceration s common 1o
mam ¢olone deeases and pephrosclerosis o many renal insults. Thus, other .
¢ onditions mest be bome in aund when assessing the rachographs ot those with FIBROSIS SECONDARY TO
ashestos enpusute. sice not only are there similaniies but also two conditions INORGANIC DUST 1
may coesist, @8 sarcordoss and asbestos-related pleural plagques or changes
due 10 s o and pshestos ay 10 < ement-ashestosts, and in addition. ashestos It has been noted that fibrosis secondary to granuloma occurs predomi-
workers may be tree o cbestos-induced lung disease but have pulmonan nantly in the upper lobes, while that following alveolar exudates occurs mainiy
Changes tesulting trom some other disease or drug causing nbrosts. in the lower lobes." The fibrosis that follows inhalation of silica and coal dust 1
A bt CJassincation o the causes ot widespread pulmonary nbrosis 1» usually found in the upper zones, but that related to asbestosis 1s usually more :
given hased on pathophy ological etology! and contans three main groups. apparent in the lower zones. There has been no acceptable explanation 1or this f
ditterence. Since there is preferential ventilation of the lower lobes. the corol-
1 Bibrosis secondary 1o granuloma tormation lary that there is impaired clearance irom the upper lobes coubl e sl

3 Bibross secondany o0 alveolar exudate explain the upper lobe predominance of silicosis. It 1s 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 unifoim distribution Of inhaled ferruginous bodies? and
asbestos tibers? throughout the lungs. Earlier reports stated a more basal
distribution ot these bodies

3 Fibross secondary 10 1nonsdanic dest

FIBROSIS SECONDARY TO
GRANULOMA FORMATION

Iy thiee ae e sLages ol warc oncdosis. bheny hosis and extrnsac allerai alveoli-

tis dlue to smhalation of rgani dusts, granulomas are 1wormed i all zones or the MICROSCOPIC APPEARANCE

junes. Howeer i the healing stages, nbrosis predommantly in the uppet

ot~ The basic lesion of ashestos-related pulmonary fibrosis 1s widespread
peribrone hiolar tibrosis. This is the end stage. Initally there s an intralumunal
reaction within the alveoli to entrapped asbestos dust. Within the alveolar

FIBROSIS SECOND ARY TO lumina the asbestos tibers, macrophages, and desquamated cell debris become
ALV EOLAR EXUDATE organized by strands of reticulin and later collagen. The type | lining cells of the
alveolar walls become replaced by tyvpe It granular pneumocytes. Some ol the

lnl.wml‘m\f& and noniotlammaton exudates ey progres- 1o dituse alveoli become walled oft.* Initially. only the alveoli arising from scattered
ahveotar wall tibrosis. Catoton asents such as O busulphan hexamethom- indinidual respiratory bronchioles are aftected. 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

wum bleomyoin, bers . and vanadium may be responsible. sudates result-
s from By persensitnaty 1o nitroluranton and salazopyrine may lead to tibro-
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1. The role of macrophages
2 Intluence ot tber size and shape

5. lmmunologic tactors

Role of Macrophages

The mechanism of fibrogenesis is probably the same tor all asbestos tbers
even though amosite and crocidolite are more fibrogenic than chrvsotile and
anthophvllite. The wandering macrophages that are attracted to inhaled asbes-
tos nibers play a key role. It is thought that the strongiy nbrogenic nbers amosite
and crocidolite) stimulate macrophages to release substances that induce
fibrabiasts to lay down collagen and so produce nibrosis. The less nibrogenic
fibers. chrysotile and anthophvllite, are more cvtotonic and mav imure the
macrophages to such an extent that these nbrogenic substances are nat
released® or are released 1n smaller amounts

The degree of macrophage cvtotoxicty of asbestos is related to mazne-
sium content. Adherence ol tibers 1o surtace membranes of macrophages i in
part dependent on the presence of magnesium hvdrovide. the removal of
magnesium, or its inactivation by chelation. which will reduce the sunace
ovtotoxic efiect ot chrysotile.? Sialoglycoproteins in cell membranes interact
with asbestos tibers 1o produce protein clusters that alter cell membrane
permeability and may allow early release of nbrogenic substances rom the
macrophages. A defense mechanism is present in that the surtace macrophage
cviotoxic efiect is inhibited by the presence of human protein or bronchial
secretions. '

Following the attachment of ashestos tibers to macrophage surtace mem-
brane and initiation of the early cytotovc etiects descrnibed above. some ot the
fibers ot small size are ingested and interact with membranes around econd-
ary Ivsosomes. There s then a secondary release of enzymes. sucn 3> 8
glu oromdase. 8 galoctosidose and lactic dehvdrogenase, ipids, and lipopro-
teins that cause adjacent nbroblasts to lay down collagen. Ferritin 15 synthe-
sized in the secondan vsosomes containing asbestos nbers and contributes to
asbestos body tormation ®

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

A purely mechanical eftect of asbestosis nibers in the production ot nbrosis
is not generally accepted. However, evidence for a mechanical effect is juoted
by Harnnaton,'' There is, however. some contlicting evidence in regard to
pleural tbrosis beng produced by mechanical effect atter inoculation ot
pleural space in expenimental animals. 2

Py
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The tole on chemcal tactoes o hing trac clements associated wati
ashestos thers e iibrogenesis has been considered. Asbestos nbers are soluble
108 arving degrees with ¢l sonle more soluble than the amphiboles - amosite
anthophs ite. and crocidolite and sthicic acid and metals i or on the surtac
of asbestos fibers are potential causes of nbrosis. The various biologically
active metallie cations probably plasy a part via an ettect on mace phages a-

indhic ated aboyve

Role of Fiber Size and Shape

Fiber siee and shape govern penetration ot and retention m airsvays, and
particle size s a lactor inngestion of nbers tragmented by macrophages. The
Characteristiv size and shape o sbestos nbers are shown in Figure 2-6; the
amphiboles are rec ulinear but of varving diameters, the largest being antho-
phyilite then amosite, and tinally crocidolite, while chrysotle s curly or
serpentitorm i shape The diamteter at Cirvsotile bundles vanes with aggrega-
non of ibers, but the nber s ragment and ultimate chrysotile nbers may have a

diameter as small as 0,03 pm

Ashestos tihers larger than 200 gm are unlikelv 1o penctrate nasal passages disputed. In a group mainly exposed 10 chrysotile. there was no correlation 1
but may reach the lower airsays in mouth breathers. Once past the nose. even between HLA-B27 antigen prevalence and the presence or absence ot pulmo-
long thin libers may pass through the trachea and major ainvays and reach nary tibrosis.®® But HLA-B12 was more prevalent in those with pulmonary 1
respiratory. brond hioles where they tend to be (k'pn\l‘lﬂl at baturc ation sites. In fibrosis and HLA-BWS3 was more prevalent in those without pulmonan tibro- 1
additon to length, nber diameter is important the aerodynamic diameter of the sis, raising the possibility that these two antigens provide susceptibility to or 1

ashostos thers and particles controlling their falling speed. Asbestos tibers of
diameters greater than about 3 pm are anlikely to reach alveoli. Most or
whaled tibers do not reach the lower ainvavs because the ciliary escalator
medchamsm is so ethcent that 99 percent s removed rom the arwavs,
Althoueh some o this will be submeqguenthy passed over the epglottis and
s allow ed with imphications wdi tion o gastromtestinal mabignand v,

The necdlelihe amphiboles penctrate the lung more ettectively than do
curly Chrysotile nbers, but since chns tile has a tendency o physically disinte-
srate 1o nbers of short arcs, these tragments may behave as the rectilinear
ampluboles.™ Further pepctiation ot bers and particles to the pleura occurs
v nterstital lymph and macrophazes Experimental studies show nbers in
wbnsceral plearal location e the wollowing order ot descending concentra
ton Crocidolite, amosite. anthophs Hite:and ¢ hrysotile ' Relating penctrabil
ity o nher tvpe regarres qualineation in that tiber size vanes woith the stage of
POCEsSINg, lu-uuz greatest i mmng and least and theretore o more penelrat-
g power, i the asbestos teatile mmdustey . Size and shape oan van within
minetalogic tvpe. Australian crocdolite bemng of a smaller diameter than South
arican N Cape crocidohte. which s, an tum, o iner thameter than
Transsaal ¢ rocdolite

Orean Invelvenent in Asbestos-related Disease ~

Fiber particle size Limits mgestion by macropnages Short tibwrs fwss Nan
5 pm) are completely ingested by macrophages. intermedhate size paric e 3~
25 wmi may or may not be complete! mgested, and fong nibers imore 1han 23
pmj are never completely taken up. \With the long nbers, several macruphages
may be needed to completely enguli a single tiber ® Longer nbers are move
fibrogemic than short ones. Long ones are less well phagocyiosed ana trans-
ported awayv."" Lauweryms and Baert provide a recent excellent and detasied
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 ditierent agent. and antinuciear antibodies are
found in 25 percent of asbestos patients.' those with severe tibrosis usually
bemnz ANA positine, Initial reports sugeested that the presence ot HLA-B27
antigens makes an asbestos worker more susceptible to the development o
severe as opposed to mild pulmonary fibrosis. More recently. this has been

protection trom the development of fibrosis. The matter is discussed more rully
in Chapter 1.

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 be seen: since most asbestos dust particles are less than 0.3 pm diameter.
electron microscopy is necded tor an accurate estimate. Fortunateh  the
percentage of optically visible nibers is reasonably constant between 12 and 30
percent ot total, so that light nucroscopy data may be extrapolated to give an
estimate of total asbestos load."”

Using these techniques, the dust load=fibrosis relationship for ashestos
ditiers trom that tound with silicosis, In the latter the severity of pulmonan
fibrosis i~ proportional to the silicic content of the lungs. With mild and
moderate ashestos loads in the lungs, there is an increasing severity ol pulmo-
nary theosis. but in severe pulmonary fibrosis, there is no correlation with a
turther mcrease - fiber concentration '® Additonallv. no relationship was
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found Between seventy oF pulmanars ibrosis, duration ot exposare, ime o
first exposare, o e tom List exposure to death The suggestion s made, o
Jeast tor the amphiboles that were the predommant tber. that mild an
maderate degrees of pulmonars Shroses are proportionatel related 1o

burden but that turther transition to ses ere pulmonary ibrosis depends on th
mteraction of some addittonal tactors Intection s one pnwhlv tactor.'? an
prompt treaiment would thus be needed even i apparentiv mmon respirator
intec tions i ashestos workers ta halt progression of ihrosis. A second possidu
ity s that the asbestos tbers may smnate nbrosis that may progess 1o

moderate seventy but that an immune mechanism mav intervene to producc

severe tibroses

VARIANTS OF ASBESTOSIS

Asbiestosrelated pulnonary nhieoss may be ats pical. and there ane somwe

vartants o ¢ hmical and radiclogical interest

1. Crvprogenic tihrosing alveolits
2 Household contact ashestosis

b Massive tibrosis

4 Caplan s syndrome

5. Ceoment ashestosis

Cryptogenic Fibrosing Mveolitis

A proportion of patients thouahin to hase nonspeane interstitial pulmonan
nhrosis onptogenn nbrosing alieolds may have an undetes ted hastory ot
hestos vnposute or J ImOpsy ~poeCimen may have been exanuned with ll‘..’,l“
mucroscopy only and a talse underestimate of asbestos burden obtamed. This
mas apple especally to chrvsonle which tragments into timy: partc les: I one
paticnt htht nucroscopy revealed nhrosis and mtlammators. <hanges but no
srruretenotss Docdies @0 Elen tron minctoscopy showed Large numbers of sonall less
than 5 pov cbresonde nboers The mierence was made that some: patients
dlerenosed as oo shrosing dveodites ar dosquamative imtersshlial paeumonia
IR Tt hane asbestosas
Thas seten ;‘. e o) <ommie e adinadly S arcdstic Cortesgk mddenc e an the
et fovslaned Jogernagl o Medoe aath Miller ¢ al 72 gestaung thewr behet that

partecles ot bess than v g e beogemc, while Gross et af =2 tound . thes

stalement guestionabh

Organ Tuvolvement in Ashestos-related Disease ]

Household Contact Asbestosis

Within the group of cryptogenic alyeolitis patients, there are 0~e who
had household contacts with former asbestos workers who carieg 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 found 36 se-rent
with pleural or parenchvmai changes tpical of ashestos exposure: ~cren
had a greater proportion of involvement than wives or stbiinzs** Plewural
changes without pulmonary fibrosis were seen more frequentiv than auimo-
nary fibrosis alone. There were 4 patients in this group with oleural
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 :iin tests even
though there was no clinical evidence for active tuberculosis. If one accents the
relationship between immunologic status and severity of pulmonan fibrosis in
severely asbestotic patients, an analogy may be the upper lobe . brosis <een in
ankylosing spondylitis in which there is a strong association witn 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 have been
reported 1n miners, and it may be that the high quartz content 16 percent of
South Arrican asbestos) is responsible. 2%

Caplan's Syndrome

An unusual group comprised those with asbestos-related p.imonar. “:oro-
sis who have or develop rtheumatoid 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 unilateral. The
nodules vary in size from a few millimeters to a few centimeters: some may
cavitate and, it so. may hav e thick or thin walls. The cavities ma rill in lazer.

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

In deterence to Anthony Caplan. who first described the nodules accom-
paman s coal workers” pnedmoconiosis, ? this entity has been termed Cooian's
syndrome 1 asbestosis.?”"® This syndrome has also been noted in :hose

%
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Fig. 2-31.  Loaer lobe nbrosis and bullae adiacent to diaphragn farrow s Conrac ion
of fibrous arvas trequentis leads to bullae development \ subavillary plague = Dreent |
foblque arr ‘
| cause of the fibrosis <ee Fig. 2- 311). A proportion ot patients with asbestos- ‘
related pulmonary tibrosis do not show plaques. In Solomon’s series 25 |
percent of the South Airican miners with pulmonary fibrosis did not have ]
pleural plagues in chest x-rays 2 A similar percentage is stated by Soutar et al
in a studh o1 84 patients with industrial Inonmining) exposure 1o asbestos 3 The |
absence of piaques has been attributed to ditfering etiologic mechanismsin the |
development ot plagues and fibrosis or the entrapment ot tibers in nbrotc areas
so that the pleura 1s not read hed. The latter seems improbable, since the
number of L agues INCeases with the severity ot the nibrosis o
The pare=nchyvmal nbrotic changes may be classitied according to the 1LO |
UIC classitication (see Chapter 31 nto opacities that mav be small or large |
rounded due to silica or irregular due to ashestos. Both rounded and irregular |
opacitivs coexistil there has been exposure 1o both ot these substances. suc has
in asbestos cement workers Rounded and irregular opacities may be present in
those w ho have had asbestos exposure onlv. There is evidence (discussed later
in this section: showing that true summation of Ov erlyving shadows will prodace
a more rourded density of the p. q. r hvpe while impertect supernmposition
tends to pre wce an s 1 and u type pattern. Protusion of densities i~ thus ot
| 92 ‘ 1
| g
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< sigoutic ance than s the iope of density w hen 1ILO Classificatic s usexd

epdemological or compensation purposes. The notation s thus pur
descnptive and nomimterpretatine. This has value in eprdeniologic suneys

compensation work. It avoids the dangers met wath in clinical radiology. wl
descriptnve terms have acquired an interpretatin e siaminicance. Thus, “hon
combing " (Fig. 2-32) was first used to descrile the late phase of histiooy tos

but s currenthy. commonly applied to the pattern resulting trom a vanen
nterstiial changes, whether rom nbrosis as in pulmonary fibrosis. hamartor
tous change as in tuberous sclerosis, or intlammation as in bronchiec tasis
In routine radiolowcal assessment of pulmonary tibrosis one mav ret
the use of descuptive terms such as round or irresular opacities, but sea
should also be made tor septal lines, ning <hadows thoneve ombung, and lon-

harr Ine shadows

ary tiheosis. Ths pationt hadd

i the upper lobes s greater than

2 oxposires as o bl consteos tor

Most septal ines seen radiograplicalls | are of two tvpoes \and B isee f
3 | I

=330 B hines are asaally 122 em long and are seen in the lower lung zon
touching the pleura al the auter ends. v lines are loss vasth adentined
puimonany tibrosis because although they are longer than the B lines (2-4 ¢n

thear position radhiabing trom the hilus toward the pleura 1s otten obscured |

the nbrotic changes. A hines are thoretore best seen in asbestosis in the upp
zones, where pulmonary tibrosis is less severe The B ines are best seen in tl

Involvement «

interion and Lateral parts of the lower zones in both frontal and oblique x-ran
because m the hingula and middie Tobe the connedtis ¢ Bssue septa are we

deseloped and the lobules are arranged yertically . resulting in “hort hotizom

—. . A s

-

septa. The septal lines become thichened. and when oxtrenwe. part ot

aetheopathn
wient had a long

thickness s due 1o meraimg with alveolar mterstiieam that has nlvosed. T

thic kening extends 1o the visceral pleurs. Rotracion of thos thic hened sept

iy result i localized areas of paniobular eophnsema, Thie hened ﬂ‘)f.l’ {

s ;nmhu NG 3 rehicular pattern resadt ron AV ISUGIZ alion oF Connedtin

L1 Fine honeveomb appearane e due to pulmcon,

sue sepla between peripheral lobules seen en tace and superimposed o

eoper septa candomiy distoihbuted i decier parts of lung, * Conndent radho

A

e adentinic ation s greatest with the B lines less tor the A lines, and lea-

we acker ation s comphoated by the similae appearance «

s the € lin~. B

. ———_—
]

s That oncurin earh pulmonan nhrosis as aresult of thickemin

o he alveodar imterstiiem. \When they ovtend o the pleura, dinterentiation

Fig. 2-32.

hypertrophic puly

il 1 asheston exprosgire
| ——

pirssible I Solomon's seres 2 5 o1 82 patients had sach tine

tig e Sodoeron ¢ har o terrzoqld s e nbeosis not dae 1o Kerles

w ek \.,f,w\.-hl.m P percent had septal limes .

dirhine shadow @ on radhogaphs areas ol otherwise norm,

lung are an accasional e o they do not result rom

dtesson tissure o biwar alveolar atcledtasis. they may be doe 1o P

Sranulomatous or nonganulonatous aul Mt o os that has Ill‘.ll('t' NI
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v . wr ' el Ir Tacene s gl oo buaila a
' t ) ir Pragmd il I g
. \ ' e ' ¢ or dee et tibwe

wt out of proportion to the pre

Honescombang s a radiographic nnding in ainterstitial fung disease

e I f‘-_\fuh‘\'ll.‘.r’l"VIHY“:”H'L‘"‘ bl ¢} ological nnding, Stince examumation
tor most twenheth-centu physicians has n placed the autoy

wum O an recal o prior vear 1 seems a cood teem to retaan. It indi
Pl et N ol normal lung by sm [ 1] X il.!\"\l‘[‘ll}“ l'\flll\l\l'lrll;w
iy tibrosis 2 The spaces result tron ntluenc e of distal air spaces, and tl

res hined by atvpucal cells that have spread distally rom the more pross

urwayvs ¥ The pattern castly asse with the naked eve on cut surtace
nbroti ung, On a chost radiograph the appearance s re ognizable witl
oy n h dinhicadlny . but the rado el spaces among the nbrotic areas

represent not onldy the contluent air i es hined by atvpee al epatheliam but
iresas of nonmal and amoy ol ed b iocr of pardobudar emphn sema it

Orvzan Involvement in Asbestos-related Disease
been sug2esten vt the dadnosis ar honescombing should be made snis
the radiolucenc s an

'
about 360 dezrers® This system s analogous .o that used in the diagn,
other lung cavities. By
than 4-10 mm aide

aund or oval and when the MArgins are 10 ieah

omention. these radiographic SRACOS are nol

i the thickness of their walls vary from hairline
8 . 8 S

mm.** Honevcombimg was tound in 36 percent of the Brompton Hosprtal

of industrial a-in r 38

O LiseTs

Honeycomb g s une hope of ring shadow. A second v pe seen i g,
nary nbrosis results trom thic kening of connective hissue around the
pm:umal aimwas = It seen end on, the ainvay will present a ning shadow

seen along its lenuth, the airway will exhibit a more hnear shadow . Becay

distortion, the hinear appearance is venerally more ditficult to see in ashe
~ O i v}

related pulmonary fibrosis although it is a « lassical sign of fibrosis gsso

with brouchiectasis. The ring shadow may be of hairline thickness or wi

the fibrotic process has extended deeper mto the previousi
The central Tucency is

aerated

o toantralummal gas
A shaggy outhine o the cardiac silhouette is a nonspecine sign. It has

described in mediastinitis. chronic adhesnve pericarditis, and pertussis, It

be due to disease of the pericardium, mechastinal pleura. or lung parenck

adjacent to the heart. In ashestosis, it may be due to thickening by plaqu

the mediastinal parietal. pleural residua of benign pleural effusion affectie,
mediastinal visceral pleura. or interstitial tibrosis in those parts or hingula
middle lobe adjacent 1o the heart. It was seen in 8 percent ot William :\(‘:
Small opacities, usualiy irregular and o asionally rounded in shape
margins that mat be sharph or poorly denncd, are seen as a result of asbe
exposure. They become anscured if 0 sen ere degree ot tibrosis develops

SIZE varies 1rom a pung 1o up to 4 mm oan dhameter tor irrecular on i
a i

e Gos: dr e : @
Large opacitic U AT =con eXCeptin vanants such as cement

WoAsDEestos
-1,: part ot Caplan’s svndrome with asbestosis. Based on histological ~tuc
these small rres >
€ small rrecular opaciies may ongimate in termimal JIF SPACes 1IN e
stages or i penibronch
which are wir <pace shy
pores ol Nohn  aaiesc

bt'mg mterstitral i locatie

mtenstiium i more advanced phases. The 1or

v . mav spread by extension through aina as s
s. Thei
are surrounded by aerated air spaces and theor

o he Charactenized by indistingt m i

cally sh . Wt
¥ should have distinct margins. From a practical pomt of view, this dis

tion cannot be made on rachographs. since the densities seen, even the
some man be rounded and some may be irregularly marginated are compo
shadow s resultine rrom summation ot overlving densities.* Superimposition
opacitivs not in direct contact will result in poor marginal detiminion ¥ |

] SEH MM ! | |
pertec wor e Ul produce shadows of greater density that
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v
Table 2.4 A nbrolic Mmasses sre o a~ionally present n the lower lobes either a.one (- »
L q . e combination with upper fobe filyrosis The role of prior tuberculous ' vec o= oo 4
‘ the quartz corient o asbestos has been noted The appearance h 1 O e er
heen seen in some LS. isbestos workers where quartz content 1 ros 2 TACIor
) '
e it 4 ‘ vt - m R (R
T | . ' ' '
« \ ' ; g Caplan’s Syndrome |
‘ : The multiple: nodular densities may be unilateral or bilateral they canyan
i — ' . n size irom a few millimeters to 4 lew centimeters. they can nec rose o
produce thick or thin wali avities. and they are occasionally accompanied H ‘
‘ g pleural etfusion. The rdiological difterential diagnosis includes Metastatic ]
‘3 disease. Hocighin's disease, seplic INtarcts, infectious granulomatous ¢iseaea
sy sy nNarper myieo Vith Cspread impenen supesimpos F Wegener's granulomati.:- staphviococcal pPneumatoceles, tungal nrections |
TUse Rrav Baze, sometimes et i ARG 0 Cdround glass especially in those with 4 tered immunin and rheumatoid nodules unrelared
(¢ lung : 10 any pReumoc oniosi. |
I the group o 54 netusr INPestos v arhers e Dy Soutar of |
Witence of the above (f nges s 2iven in Table 2-4 t
\..h«»'t!mr-i’.ul,u.:' T8 13 RS Y resuit in \vrrnln'uu\(h.i\_,m--‘-ul nters: il G =
fbeosis \,r |dm;-.:|vh “H,I Is undhers Mposed may produce too tense a shae i (eme"' '\Sh‘.s‘os.b. {
t the pectoral ms fos Stmuatng nhrosis. In such an instance the normal £ H Silico-asbestoss is « €N in cement workers who are exposed while miving
Henor o the muscle mass will have sreater transcadiancy winde asb . 4 asbestos fibers 1 ith ssnthetic Portland cement. which contains ¢a cwum siii- {
reiatedd brosis in this area would shos reduco! translucency. \ radio : cate. The minture s then ground, which entasls exposure to silica. Those 3
| esposed dunng an incomplete insprration espectally e a heavy patient workers exposed develop a mined PRCuUmMOconiosis. Ashestos inhalaton i
o reduced translucency in the buisal e The use of too I 1t Rilon o responsible tor the ¢ huarae enstic mid and lower zone tibrosis describe earher 3
WV make sdentiication of ilheoases o WE I general there is g tenden. Sithcosss s fespunaible 1or occasional densities of Progressive massine rirosis !
thagnose tbirosis 1o requenth w b ) Dretin M of those Anown 1o b . (Fig. 2-341 In agdihon there may he enlarged hilar nodes with €22:hel]
Wl esposure 1o asheston 1y Particular the presens e ot Lirce o wnt pl aalcitication. Thy JIRE LOrone areas migrate medially, ynlike the ven rare
een en ace produces o hazy appear that nun simulate titwoses and localized areas o pulmaonary fibrosis in pure asbestosis, which remain i
< n ! sthuation that hyaly | Lage techmques are el unchanged locanan Ustaiiv i upper lobe. In addition, numerous small opac- *
ties are present. These are rounded or irregular in shape. The rounded shadow «
. i : S . are due 1o the o, CLOM < vand the rrregular ones. to asbhe<ts, A ¢ Mparis
VARIANTS OF V-RAY APPEAR \NCE of the opacitics ~con 1 a=hestos workers*? j outhned in Table 2.3 These data
differ somew hat rom the Bromptom analy s15,% which although agreeing that
Massive Fibrosis irregular opacitico~ are ¢ haracteristic of asbestos, did include some tiny rounded
densities (2 percent of those examined). but the radiographic nndings were
VAR upper lobe fibrosis s usily rmmetrical. but one side m, notrelated to the e of rhestos exposure. The profusion of rounded opacitie.
Wewsex Prote bt U upper obes e i correlates hewe: -y 1 Mined dust exposure than does the profusion of
molved sath ik retraction e eration and niy crowding, | rregular opacities *? The ract that asbestos exposure alone, as opposed 1o
mixed dust, prociuces moni irregular small opacities is turther suggested in
. £ ¢ . ' Y data nom workers A Eanmsh anthophyllite mine * Forty percent had <mal
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parenchyima aciies that were Classiied as wregular small opac: o= 36
percent, o Ced smuall opacities 17 percenty, and both tupes T perce-:

The tvpe 0 asbestos end product s of importance. Asbestos ceme=t Leso
for productio or shingles conaimns chivsotile but no crocidolite arc tmose
engaged in trer manuacture have an immense excess burden of puimonan
fibrosis, whi'e workers manutactuning asbestos cement pipe, which currentiy
contains 3 pecoent crocudolite and higher percentages in the past, have 2 3o b
percent buret=~ o1 luns cancer.

AR er—

§ RELATION BETWEEN RADIOGRAPHIC APPEARANCE. 1
- EXPOSURE DOSE,
AND PULMONARY FIBROSIS

In cenie = asbestos workers with manly muld to moderately severe puimo-

i nary fibrosis. e protusion ot irregular and rounded opacities is related ;o total
dust exposure.** Lung volumes and maximal exploratory tlow rates decreased

in relation to “creasing cumulative asbestos dust exposure. Pulmonan ainrus-

’ ing capacihy was not related. Crocidohite exposure produced lower expiraton
Fig. 234, P astiet Lk VR LM NORANE O+ “',”':i"""h"' flow rates and reduced diftusion capacitv when compared with chrsonle
e - A il e SCE R i exposure.*s \Weill et al. concluded for their patients, who generally c.a not
‘ fot ILISS W g ] exhibit severe radiographic changes, that both radiological monitoninz and
§ th #heos muitivh { pulmonan 10 Ction testing were necessan 10 detect the earliest abnormalives
! ' in the largest cumber of exposed sworkers, since i mdinvadual patients. zonor-
Mir g - : s { malities may * <1 be dentitied by radiograph. wath pulmonan function ‘ests
being normal < vice versa

| More rece the, Roberts et al *® i rev iewing a large number of patien®s «th
Table -' 3 pulmonan nibrosis but without an asbestos occupation exposure, thog2nt that
e = st ) a rough estimation ot the disease activity may be obtained rom the radiozraphs
’ . . 4 . '. e g in the early phases when changes in the aheolar walls and lumen are predoms-
‘ nant. This procaces ahasy pattern. Simce the distribution s 1o al and scatiered
‘ ' B bl an air bronc hoZram appearance s nolt seen, as opposed to the gir bronchogram
f ’ Tt J effect that mas be seen in the varlv stages of more dittusely spread air space
Mone 25 hadi i diseases, 2. obar pneumonia. In the intermediate stages. disease seventy s
' more accurate’s assessed by phvsiological tests. 1t s at this phase that the
- . smaller wrecn or densities of asbestoss become apparent. Radsographs azamn
Aol Ve i become ut vaiwe i the later stages of the disease tor detecting honevcominag

g due 1o severe T hross

.
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RADIOGRAIHIC DETECTION OF CANCERIN
FIBROTIC LUNGS

e n A wolie ing isee Fro, 2
wheniw theolar coll carcmoma. oat cell and sguam
| e e e though adenocaranoma and alve .

: nmon i the provg = -
b . i i~ M  metastabic troem a s <
ered prim i 2} phera n nbratic lung, Cone

O hmguies i ud 2 tomoeraphs and bromng \_'mph\ may notl reved é

vere distorron until the mass s huge i«

ol svully bl v el oo i

| wr 2 Section 3 Hemoptyais i= not 4 ssmptom o uncomplicated puln f
TOS ind showid indicate the need or an intensive nvestigation §

s aeoplasm. A ssilar problem s seenan s caranoma developing =3

A2 pulmo s v i osvstemic s leroses, sarcondos E ; -:

il - wimonan tibrosis. Plew 25

ik Cra Masses and Mgy :é_i

nbroses suinowent o |
Gt 2 per pt or pleural mesothehomat
fbrosis with peritoneal mesothehoma s great

Latter i wer olen assoCiated with o more intense exposure, es|

»
e A St -~

—

COMPUTED TOMOGRAPHY IN
ASBESTOS-RELATED PULMONARY FIBROSIS

v e ol

it NP
|
f :
| e
1 = 3
2%
=23 =
. s ¢
)
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Fig. 2-36. Frontal and lateral tomaograms shiw sied et
I m b
fibrosis that were mapparent on Comentonal Tims ¢ d nd dle it )
; 0T ran \ere , se Of NG ng
exposure o ashestos m bonler Fac tory These omograms were made Decause O png

on CT exanmination Fig. 2-3

Fig. 2-37. (i nination A edge-shaped
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10 Leslic Prowse: Organ Involvement in Asbestos-related Disease
() { NI HITIRE. fies o less than 1. n
R PCQUT GOk ilies o v
TR e oreed ! INCE G Condrse i ANess man be identited
N comventional radusrapihn suguest ear Ivpe ol tihrosis, CT
TRALTHTaTN f 8 1 {1 t honescomb TR RN LN vul thus a Lreater -h“_‘,.’-"
et
feruar AT ppearance sath CT s desonbed in ( ‘x‘”»‘
St o mav be onaoted that subpleu weas of nbrosis may be -
1 cent 1o noncaloited plagues I are mapparent on comventional cadi ]
i b i ther preechele TIRL eral pleura o the lesser hissu !
! thic keming has a counterpart in that homogenous areas ot hugh atte
T with arregul, aregs may be seer adjacent 1o the nunor tissure
accasion. CT has demonstrated Wttuse ssmmetnical and bilateral ple
ke The cause s unknown but it may represent the dimtuse thacka '
o pleura that has been noted af autopsy 0 some patients
I o heldprud i detecing: ML vy ascular bed o nbrotic ar
The vessels may show o taperrme and be abnormally strasght and tha
tortuous toward the peniphery. This mas also occur inareas without appare
nhrosis. Where parenchomal sboosis o apparent, increased pertusion in Fig. 2-42. Sarcordoss and plearal plagues. There are bilateral thech noncal
Wi dependcent parts as erav ity -related response may be abolished, Th parietal pleural plagues related o prior o cupational exposure to asbestos Beca
demonstrated 1 CT s Pt emed with the pabent supne and prone. ardi ,}‘“‘m“ sympronts sever and loss of weght! and "'p'd onset of lung ;"”l‘m(‘
changes. an apen iopsy, which revealed sarcodoses, was pertormed
cular mation at slow scan specos make this dirrcalt to detect. Come
N3N CMENT USINE 1748 CHROUS oo s unbikels to vield usetul mtormat ‘
1h e ber suse of dilution the | ascular bed fissure. Pleural imvolvement is rare in sarcoidosis, but visceral pleural thu
(S | n shina bullae that " DArey " i, Thosr Presene mng 1s occasionally seen 1in asbestos workers. It is never seen i absen
sherin Indiadifen arlseathen, L PRI Ao e 4 parietal pleural changes and may be the residual of a benign ashestos p!
, WMCHL. sinve such Batient e s burdien eftusion. The tssue diagnosts o1 sarcoidosis mav be ditficult in such an insl
exton-related pulmaonan il e erjuenth because the presence of “sarcoidlike’” granuloma in tibrotic lungs with a t
asbestos test load has been reported.
NONOCCUPATIONALLY RELATED
PULMONARY FIBROSIS IN ' NUCLEAR SCANNING
ASBESTOS WORKERS
Nudlear scannming methods are used 1in the assessment of pulme
T O T, T e — i fibrosis. The author has not read of its use in asbestos-related pulme
dhev oy v 4% 3 vesalt of o Causes. Fig ! fibrosis. The use o sotopic methods in diopathic pulmonary  tibros
" caph ot a , Patonal exposure 10 ashiestos \ - described in detail by Roberts ot al*® Three isotopic techmigues are
sis"was due 16 histologicalls prove —~ mis. The p macroaggregated albunun Labeled with technetium 99m ®**Tc MAAI o e
} pares the UPPeE Zones hic h is unusual i sarcoidosis and ate lung pertusion: xenon 33 02Xer or xenon 127 ("Xe) to evaluate ver
! sbestosis, The subasiblany nondalcmed plagues are partly obs tory tund tio meh galliom 07 crate EGai 1o guantitate ung intlammatig
the nbrote ateas. There s thickemng of the visceral pleara of the n ‘ alveohins
S— - — — - “ QS
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SECTION 3
PLEURAL EFFUSIONS

Exudative pleural enesions etiologicaliv related to prior ashestos exposure hay
been described in rece ot vears. Assessment 1or an eftusion is now part of tt
WO U/C rachographic work chart (Chapter 3). Pleural etiusions refated |
asbestos exposure mas be secondary to bronc hogemnic carcinoma, mesothel
oma, cor pulmonale due 0 pulmonary tibrosis, or so-called bemign asbest
effusion

This additional entty . “hennn asbestos ettusian. has been ies b |
many authors.” * The criteria tor diagnosis are prior history of ashestos eapt
sure, absence ot amy ather predisposing cause 1or the eftusion, and spont
neous remisston i tne ettusion. Excluded are those patients with an ashest
exposure history and carcinoma, mesothelioma, or cor pulmonale due 1t
severe pulmonary 1ihrosis or in whom some other identitiable cause such ;
lymphoma s detectable. Acceptance of the entity of bhenign asbestos eftusion
widespread, thus Becklake' wettes, “The justification for this diagnos
increases, and asbestos exposure can reasonably be added 1o the long list ¢
causes of benign recurrent pleural effusion.”” Fletcher and Edue’ state, <“Th
only occasion when benign asbestos pleurisy with etfusion can be diagnose
with contidence is when a chronic effusion s persistently negatin e 1or tuberct
losis on culture. when no other cause can be tound. and where the conditio
spontaneously impron es.”’

in the author s apinion. the diagnosis of benign asbestos effusion is fraugt
with hazard. It «annot be made without a long-term tollow-up to ensure thy
spontancous complete resolution of a single or multiple cpisode o1 pleurisy ha
occurred. Even i such cases, an occult cause such as thrombaembolic diseas
may be responsible. More wornsome s that an eftusion man be present
months or vears, culminating in a diagnosis of mesothehioma, In addition. th
pleural caviny in health contains a small amount of pleural rluid, with a protei
content sumilar 1o that o1 interstitial Huid. The amount is sutficiently ereat that
may be demonste ited by lateral decubiti radiographs in 4 percent ot health
persons; this technigue will detect amounts o tluid greater than 3-3 ml®

CLINICAL FEATURES

Bearing 1 n Fore author s shephiosim expressed above, the 1ollow
reflects current pubiistied descriptions mentioned n the references

The entusion may be unilateral, ilateral, or recurtent Regression of a
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