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Etiology, Patnogenesis and Pathology

Asbestosis is a form of pneumoconiosis resulcing from pro;oﬁged
innalation of asvestos .dust. Asbestos, literally "unburnable," 1s not
tae name of a particular mineral, but is a term applied to a numcer
of différeht hinerals, all of tnem composed of long, parallel flexible
fivers. Their structure is unusual because the films are canable of
reoeated longitudinal sunqj.v:.s;c;x_z_to unit3 of molecular proportions.

(: Teeir length varies from a few microns to six or more incihes. Some
varieties Are stirfer t.an others, but many are sufficiently flexible
to De spun into yarn and woven on modified textile macainery. Chemi-
cally, the aspestiform minerals vary.in composition, but all but one

of tnem are silicates, i.e., compounis of several different aypotaeticsl

s1licic acids with varying proportions of magnesium, iron, aluminum anc.
: otner bases.. :ome indication of their diverse structure is illustrated
in the following table, Dut even this does not tell the waole s tory ror
particular specimens from different localitles may not exactly conlorz
(ZJ to the appénded formula.
Canadian Chrysotile o H, gz Si0y

South Arrican Crocidolite (3lue Asbestos) la. FEé?: (5103)z -
PLAINTIFF'S : ' Fe £63
3  EXHIBIT ?z‘
2 \WV- 000819 Anthophyllite (Ls. ) 3i03
Amosite . (iig. Te Al) 3105 + rFe s:
Ampnipole : (Ja. K. A1) 51405,
‘Brucite o Mg. (0H)y

Pure cnrysotile asbestos is a nydrated silicate ol magnesium,
wg.3 (5i04)2- (Epv)p. However, these elements are not invariaoly

crystallized in tne form of long flexiple fibers; under certain
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conditions tkey are combined in massive form to produce the mineral
known as serpentine, winich is composed of microscopic fibers without
the parzllal orientation characteristic of chrysotile. The massive
blué black serpentine, which feeis smoota and soapy, is traéersedl:y
veins of fibrous chrysotile varying in width from barely perceptible
lines to six or more inches. The fibers run across and.not lengtiwise
in the vein. "Thus while identical In chem.c al composition, chrysotile
and sernentins are very different in.physical sppearance.

Attention 1is directed to the mineral brucite, uhich is often

"found in the same formations with serpentine and chrysotile. .rucite

13 also fibrous and crystals three or more feet in length are not
uncommon. It has no comercial value at the present time for its'

fibers are not sufficiently flexible to be used in textiles, out they

are canable of repeated longitudinal subd¢vision. It 1is unigue among

_asbestiform minerals in contalning little or no silica, “and for t.is

reason it has been a valuable tool in an e xperimental evaluation of

the action of such minerals upon lung tissue.
Industrial Asbestiform Dusts. Expoamrs of human subjects occurs

in the mines, quarries and mills where the raw materiels are procured
and processed, in the textile plants where fibrous asbestos is spun
and woven into yarm, cloth, brake lini=z=gs, electrical insulation, stec.,
and in the use of finely ground asbestos as electrical or trermal in-
sulation. '

At tis mines and ﬁills in Quebec there_is little exposure to dus?
of tkhe longer fiber, as the wide vein material is hand cobbed with
hammers and packed in bags for shipment. -ﬂhe thin veins and the se-

pentine rock 1s repeatedly crushed to a finer and finer state of

@
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Etiology, Pathogeresis and Pathaology

sundivision under a system of exhausts designed to remove and save al:

fibrous elements regardless of their s;ze. Such milling processes are

attended by a very considerable degree of dust polﬁtion of tae atmosgzér

but ﬁuch of tinls dust is composed of eitiaer very short r'ipers or non-
fibrous particulate mazter. )

P The textile mills.hahdle long fiver and, before the days of contool
programs;rwere dusty placps. In crushing the asbestos to open thne bﬁ;d-
les of vein material, large fl3cks and some finer fibers were suséendad-
in the air for varying periods. The process of mecnanical mixing'ofr :
tae opened fiders with cotton was even mors dusty. In the spinning a=d
weaving, the cdust concentrations were not as bigh;_but the proportiozn
of fiber of inhalables lengtn was larze. Even under tae controlled
conditions today it is difficult to apply exhaust systems taat will

exclude all fioer from the air and, at tne sams time, not mterfere
witn the manufacturing processcs.

Reports of dust couats woula suggest tﬁat tae total'concentratic:s
in many asbestos fabricating plants were never. excessive. whereas
céunt§=1n excess of 100 million particles per cubic foot of air were
commnon in unprotected.plants'handling hon-fibrous minerals, in the
asbestos industry counts above 25 million were exceptional. «ith
exnaust 3ystems, counts over 10 million are not common. In view of
the fact that asbestosls 1is still being produced, it would appear taes
injury ensues from expdsure to lower concentrations of fibrous asoes:cs
than to particulate quartz. On the other hand, it 1s possible that

-standard methods of dust_collection are not. adequate for sampling

air-borme materfal of fibrous nature. The latter possibility is the

subject of current investigation.
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Innalability. Experience nas demonstratad tnat most of the

particulate matter innaled into the lungs of man and animals 1is 1lO0p

or less in maximum diameter. Largér particles are_apparently exclucded
by the protective mecaanisms of tne upper respiratory tfact. In the

case of [ibrous materials, howevér, this rule does not apply and

fivers 100 and even 200p in lengtn have been touni in the termiznal
alr spaces of human lungs. In small laboratory aﬁlmalg exposed to
asbestos dust the maximum length rareiy exceeds 50 to éOu. Not
every kind.of fibrous material_is inhaled witn equal readiness; for

example, the synthetic fibers of g&fss wool are apnaqg&f}y too

inflexible to pass through the nose, pharynx, tracaea and broﬁzng\\z

After daily eight hour expoéﬁres over a three year period no fibers
. ] o j S _/
were detected in the lungs of gulnea pigs, raboits, rats or mice.

Locallzation in the Lunrs. Inhaled particulate hatter comes

to rest tanrougnout toe terminal ai; spaces in. all mrts of the lungs;
inhaled fibers are first retained in. the respiratbfy bronchioles.
These very small tubes are immediately distal to oronchiles lined x4
clliated epithelium. Their own essential lining 1s a low cuboidal
type of epithelium but, as their name implies, tiey actually functicz
in respiration through lateral alveoll given off as'poucnes along
taeir walls. Either tnese poucnes, or the abrupt cihange in the
character of the lining epitnelium, or the decrease in diameter ot
the tube, or perhaps the combination of allffgﬁﬁyis is responsible
for local retention of the inhaled fibre.  Only after asbestcsi's is
Well establishsd are many fibers Carried-into the more peripheral air

spaces, . 40 <

\é_\r
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Tissue Irritation. Inhalution experiments nave deamonstratea

that the fibrosis of asbestosis begins in the walls of tae respiratory
bronchioles and.spreads from there ipto the more distal parenchyma

of the lungs. The nature or the irritation which produces this
fibrosis has been the subject of muca speculation and extensive

study. This'maﬁter is of interest both froa a theoreticallstande
point and a practical one, as prevention or disease is dependent upon
knowledge of its causes. |

- Two hypotheses have been proposed.to explain the nature ot tissue
irritation and resultant reaction. 'One,.based upon e xperience witn
quartz and other forms of free silica is chsmical irritation. Its
proponents assums.that toe asbestos minerals dissolve in tns boay -
rluids and that in.tnis process their bases leach away to leave
silica in a form capable of irritating tissues. ,Bhis hypotnssis
would make asbestosis merely an indirect silicosis. ‘ne other view
to whica I now subscribs is mechanical irritation due to tne peculiar

pnysisal structure or the inhaled foreign body.

Chemical Theory. If the irritation were caemical, tze irritant

shoula becsma-incrsasingly potent as its particle size decreases.
/\Jwith quartz, for example, it has been demonstrated tnat the smaller
JS tho particles, the more raplid the tissue reaction. In sufficient
(‘quantities, particles of free silica under 0.lp in diameter are
Zliﬁhly toxic and will. kill animais in a few minutes or nours. In
the case of asvestos, however, the reverse is true; only long {ioers
have any specitic effect. - sqﬁa~yeafs ago ye.scarted an innalation

s
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experiment witnh oall milled ascestos dust in wnlca practically all s:
tae fibers were less than 3¢ in lengtn. This was done to produce
rapid reaction:as we had witn duartz, so tiat aavanced asbestosis =iz=

develop wituin the litetime of small animals like tze guinea pig. I3

a week over a tnree year period produced no cnanges visiole on gross
inspection of the lunss. The reaction was much less severe than.we
“nad previously ooserved in enimals similarly exposed to lower concez-
trations of u;ground esbestos (1) containing longer fibers.

If asbestosis 1is in reality only a silicosis due to the silica

component of the magnesium silicate, it would oe reasonable to expecs:

o~

that, like quartz, asbestos woﬁid"produce its erfects in any organ <I
any species of enimal :or example, injection of fine quartz into ex:
pulmonary tissues of: guinea pibs, raobits, rats, cats, dogs, cnicxe"s;
and even tadpoles will produce silicotlc nodules. But similar in-
Jections of long or short fiber aspestos nave no such efrect. _It is
possible that caemical factors may oe in#olved here, for aspestosis bocdl
do not form in extrapulmonary tissues; in fact, t;ey are not produced
even in tee lungs of all species of animals. However, as will be
shown later, the forzmetion of tnese bodies &oes not necessarily parz.le.
tne development of fiorous tissue reactions.

If the irritation were cnemical due to liberation of silica i
active torm, it saould be possible to neutralize such silica with

alumina, as has been done with quartz, but experiment has demonstrated

that this does not occur. Injection of paéficles of 1 to Jp
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quartz suspehded in 0.25 per cent amorphous aluminum hydroxide
results in simple pnagocytosis wita notnipg even suggestive of

the progressive fibrosis of silicosis. Intratracaeal injection

.of similar suspensions of 50 to SUK carysotile fibers in guirea

pigs in no way retards the development of fiorous tissue. If

. anything, the rate of reaction is_greater than tanat to fibers sus-

pehded in pnysiological saline solutions.

| 'Finélly, if caemical mec#anisms were involved, serpentine,

wnich has the same chemical composition as fiorous chrysotile, should
produce the same kind of tissue reaction. Buct it does not; on in-
jection into tae lungs and 6tner-or5ans of susceptible animals

serpentine is an inert material causing only phagocytosis and mild

‘chronic-inflammatory cnanges aoout foci of excessive local concen-

tfatiops of tne particles.

The general tneory that any silicate can produce silicosis after
its bases have leached away in pody fluias rinds no support in experi-
mencal observétion. Animal assay of some fifty silicates of differezt
mineralogical groups has falled to .disclose any tnat acts like quart:.
A few are toxic and produce acute inflammatory reactions; none causes
progressive fiborosis. Only those taat have unusual physical structuse
like the filbrous asbestiform minerals, fiorous tremclite, flbrous py-o-
phyllite and tne plate-like micas pfovoke tissue fibrosis. Unlike
quartz, these minerals exert their specitic effects only in the lu;;s;

in other organs, no fibrosis develops witain two years after injécti:a.'

r
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Mechanical Theory. 1In addition to tne negative e viaence tnat
prolonged exposure to nigh atmospneric concentrations of finely grou=c

carysotile asbestos will not cause appreciable reaction in animals!

‘lungs, we have assayed tas influence of pure asoestiform mineral

' fioers of various lengths. By intratracheal injection, it nas been

found that maximum tissue reaction is ?roduced in guinesa éigs oy .
fiberé 20 to 60p in length; those less tnan 3p long cause no £ibrosis
but merely cﬁronic inflammatory chanses comparable to the effects ol
serpentine and most other silicates. Fibers of intermediate size,
between 10 and 20p,are less irritatiﬁg and scar tissue develops more
slowly. The chemical composition of the florous mineral nas liétle
influence; non-siliceous brucite'haé_Just as mgqh-effect_as tie
silicafes like chrysotile, crocicdolite and amosife. ‘One month‘&ﬁtér
a series of taree intratracheal injections totaling 150 millizrams,
all of these minérals in tne larger sizes prodﬁce a fibrous reaction
in the walls and witain tse lumen of tze terminal broncnioles.
Furthermore, such tissue changes antedate oy about € weeks the
development of the so-called "asbestosis" bodies.

In.the extrapulmonary tissues of guinea pigs and other animals,
the injection of long and short asbestiform fibers causes no fiorosis
and practically no asbvestosis bodies. However, we nave verified the
observation of ----- I (2) troat the addition of whole blood
facilitates tae development of asbestosis vodies, but even when t:zey

do form . the tissue response is no greater tian tnat to injectad blood

alone. '
' c
| S o 0V
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Asbestosis Bodies. Cook (3) identified tnese pe culiar struccures

as modified asbestos fibers and'e;tablished their relationsnip to the

disease, aspestosis. Later, Gloyne (4) and others described them more

minutely and speculated on tne mechanism of taeir cevélapment.' As~-

. bestosis bodies never occur in nature; taey gradually develop after

contact with the tissue fluids of tce lungs. In guinea pigs this
requires q’period of 60 to 70 days. In some specieé like tng:dég, they
do not form at all; in others like the ravoit, they develop-sldwlj arcé
in small pumbers. In human beings with asoestosis, their numoer is
variable but no correlation with Tt he severity of the exposure aas beén
posﬁible.- | .. A .

The bodies consist of a bright yellow coating upon tne surface of
fhé ribers. Apparently-it is first of uniform tnickmess except at toe
ends when smo§th rounded sulbous swéllinss-oécur. Later thé'coéting
seems to crack into veadlike segments, walch in tuwrn enlarge laterally,
becoze bulbous and produce very bizarre forms. The yellow coating Lhas
toe same color as the blood pigment, nemosiderin, and gives the usual
microchemical:*eactions for iron. It was proved oy Sundina (S) tooe
a mixture of iron and protein. :

The source of the iron was for a lonyg time tne subject or consider:
able speculation and many believed that it was derived from tae mineral
However, tne development of typical yellow coatings about fibers of iro:

free chrysotile and orucite indicates quite clearly tzat tne host fluid

and not tie mineral 1s tioe source. This belief found further support

when it was saown that the injection of whole blood witk fiber would
It is Cf
4
W

produce asbvestosis bodies in tissues otaer than the lungs.
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inferred that mecasnical injury more readily damages the delicate'
capillaries in the immediate vicinity of ihgividual fiders in tke lux=ss

. than in otner tissues. Furthermore, observation demonstrates tne preser

ol variable numders of red vlood cells witnih the pulmonary air spaces
in early e#perimental_disease, Probably the.fibers then adsorb the I-or
pizments and perhaps albuminous materials. from tae same source. Howeve:
such an effect does not occur in the test tube.and 1n.tiseues otier t=ar
the lungs; injectlion of mixtures of blood end_various asocestiform mizere
produces asovestosis bodies only xxm=x upon a few of the smallest fivbers,
usually at the periphery of the mess. The frayjed ends of any unopenel
bundles of asbestos never show any ironm coating. "

The formation of asbestosis bodies appears to minimize further
tirely Satisfacfory,lbut most of the evidenee'poihtsfin'thie directica.
Intratracheal injection has demonsfrated that fibrosis of the lungs

develops before the bodies have formed. Similar injections of prefo::ec

asbestosis bod_.iee recovered from a human lung have produced no fibros:is
in the lungs of éuinea pigs. The latter experiment was not entirely
satisfactory as the quantity of bodies that could be recovered was s=zll
and the method of recovering tiem from tae human tissue, anﬁiformin
digestion followed by repeated washing and centrifugation, fracturec
many of them and may have altered tneir composition. However, when

the lung of the injected guinea pig was examined thfee months after

the bodies were introduced, large numobers of variable length were fomd

in the ai" spaces and no trace of fibrosis had developed. There was sor

question whetkher all of the coating macerial was that derived from tZe

. : :
original human nost ox*shether more had been added to broken bdodies byc.
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the guinea pig's lung. Tae podies were widely scattered instead or
veing caugnt in the terminal bronchlioles as occurs after 1ﬁject1ng toe
fibers tnemselves, and reaction was limited to phagocytosis. The
altered aisfrioution-suggé;ted tact tne smootn bulbous ends ol tae
bodies permitted taem to glicde over tae irregular surfaces of taoe

oroncaioles and be'carried on into the alveoli. Ihe same cnanbe wouicd

- minimize mecnanical trauma to the aelicate memoranes oi the lungs.

i{hetner enougn coatea ripers of sufficlent lengta to provoke fibrosis
were actually introduéed is pernaps debatable, out_af least tae negatsi
results of this test are in conformity wita other evidences.

If, as indicated above, the coating of tne triber resuliting in tze
formation of the asbestoslis bddy'neutralizes its irritating properties,
progressive fibrosis wduld.not be anticlpated. Experimental ooserva::é:
confinms tals suppcsition. Groups of guinea piss exposed aaily to nigm
concentrdtions of long riber chrvsotile asoestos cust for periods or

six months and eighteen months (checkthis) respectively and then allowe:

" to live in normal atmospheres &3 long as two years have shoﬁn no pro-

gression of their reaction. The areas of fibrosis did not ircrease in
size as 13 the case with silicosis produced by quertz. Tzey tended o
become smaller with contraction of the scar tissue and some of the
fibrosis resolved and disappeared. fhe same was true of thne reactior
following tnree intratracheal ;njections of various kinds of asbestifor:
minerals. '

| The permanence of the coating in the asbestos body 1s a matter cf
interest and pertiﬁent to this discussibn.' The evidence is somewhat
difficﬁlt to evﬁluate. 'In old experimental lesiéns of anizals exposec
to aust and tnen removed to normal atzospneres for'many months the

nunber of bodies seem to oe fewer t=an in those sacrificed at tae eniJ;
Cd
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-of tae exposuré period. <(he bodles are apparently too large to- be

transporte¢ 6ut of the lungs oy the lymph stream for'taey are almost
na#er found in the traceobronchial lymph nodes. They might conceivaoly
lose their coating in exirapulmonary tissues, out naked fibers of any
lengtﬁ are not detected in the nodes. One nas to infer tnat-taey_grad;
ually dissolve in the lungs_gqé_the same must oce true of thne included

fiber, ror tney likewise are no longer detectaple. some douot is torowr

’
-

on this deduction by the evidence in one auman case reported oy Mills (¢
who has kindly furnished tke writer with repfesentatiVe tissue. This
patieﬁt-died of heart disease_some thirty years after engaging in pfos-
pecting for asbestos for an unspecified period; The detalls of nis
exposure are unknown.. Sections of his lung preseﬁt small foci of

fibroais,'many fragnents of asbestosis bodies eand large numoers of

' yery tain uncoated fiberé;Lf?eﬁéographic-analysis of this material

indicates that
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The histological picture is complicated by the effects of prolonged
cardiac decompensation. Since most asbestiform minerals tend to
become coated witia ibqn ani albumen, one has to assume tiat tiese thix
fibers have lost their origlnal deposicts but did not themselveé dissolve
over a period of 30 years. Study o more such cases 1is obviously es--.
sential. At least it may be affirmed that the amount of fibrosis in -
tiais luncs was not propqrtioﬁal to the quantity of fiber seen in the
tissue. Obviously, reaction had not progfgssed very far and sometaing :
had stopped continued irritation. |
Thus, while the evidence is 1n places imperfect, it would appear
that the formation of asbestosis bodies 1s not essential to tne develc;4

zent of scar tissue 1in the lungs and that such reaction probably prevezts

mechanical_t:auma. Fibrosis precedes asbesto;is body‘formation; it dces

.not prozress after the bbdies:nave developed. Injection into susceptizle .

animals of bodies prefcrmed in a human lung has not produced fibrosis al-
though the conditions of this'experiment were not beyond criticism.

Industrial Txposures. Cannot be discussed in detail in this

paper. However, there are a few polints that will oce considered for
bearing on the pathogenesis of disease. It would appear that asbestosis
is due solely to the fibrous components of the dust in industfial plazts
and that any particulate matter or finely oroken fiber plays little pe-+t
causing pulmonary reaction. Ths total dust counts reported froa asbes:c.
plants in various parts 6f the country areusually quite low, even where
the amount of visible dust in tha ai- seerms to be excessive. ‘When one
attempts todetermine how much of the dust from the air is fibrous in

nature, the proportions are extremely small. These results would lsacd

\f—"éc\’
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one to suspect that either the quantity orf inhaled fiocer necessary
to cause disease is verj amall or. that our methods of dust colle ction
'are_fau;ty. Studies now in progreés-suggest that tne électréstic
- precipitator may be a more suitable instrument for collecting samples-
of air-bérne fiorous dusts taan the standard impinger that is usea |
' ‘so widely for particulate matter. |
A most surprising variation in incidence of asbestosis occurs
<:: between the fabricating plants of this country and the mines and
mills where chrysotile asbestos is produced in Quebec. ' In the latter,
the atmospheres are gzenerally very dusty and yet not gnbﬁgh asbestbéis
'develops to bve diagnosed upon x-ray examinatibn. iien woo nave worked
over.thirty years in the plants present films characterized dy non=-
specific linéar exaggeration with none of the diffuse coanges accepted .
-as pathognomonic of.asbestbsis in other éarts'br tne'world.; In four
autopsy specimens that I have obtained from Quebec mill employees with.
<:; a lifetime of exposure,'there'were microscopic lesions of asbestosis btut
the disease nad not progressed sufficlently toﬁf:cognizable on gross
examination. It is temporarily assumed that muca of tpe'dnst in the air
of these plants is made up of ﬁarticulate matter for all tke machinery i:
designed tocollect and save the fiber, but reject tihe particles. Studie:
are now 1n pfogress to compare the relative numoers oI fibers and partic!
iﬁ'air-borne dust from t hese C#nadian plants witn those of fabricating m:
in this country. This study saould be of great assistance incietafnini;g

whetkher the observations upon animals will be verified in man.

o
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Patholocy. The reaction to asbestos minerals like all others
varies with the condition of tne_lung into which it is inbaled. Ir
the organ is free from infection, either recent or healed, t:e
effects of the dust will be different Irom that wrere other influences
complicate tne picture. o

In an otherwise normal lung tbe inhaled fibers come to rest in
terminal oronchioles widely and Qnite uniformly eoattered throughout
all parts of the organ. Caught in tne walls, theee-stiff snaro fibers
scratch the surfaces of tkhe small tubes as they change shape and
léngtn with inhalation and exhalstion. Fibrosis results from this
irritation, tﬁe walls of the bronchioles become less elastic and
smooth in contour as the lateral alveoll are obliterated. As more
fivers are inhaled, they are carrxed out rurtner a.lonb ‘the bronchiolss
with the same effect. - Finally, they come to be deposited in termina.,.—
alveoll and these in turn are obliterated.

The gross picutre of the asbestotic lung almost invariaoly preser:
adhesive fibrous pleuriey.- The septa between the lobules are usually
thick and fibrous and on section there may be gross areas of dense f;-

brous replacement especially comzon beneath the pleura. In such secar

tissue emphysematous blebs are comzmon and they Vvary in size from smdll

amootn walled cavities a few millineters in diameter to large bullae.
Elsewhere tne parenchma of the lung may appear normal exoept for grey
focl of pigmentation dsually located in the centers of the looules.
ilost of the lung still seems to contdin air and orepitation is felt
on comression, although an Lmoression of doughy-ness is obtained.

and
°
o

Tke broncaial/tracheobronckial nodes are pizmented, out normal in

sdze and consistence. R Yé)/
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The maicroscope in the advanced case reveals a diffuse fibrosis with
no particular pattern of distribution that obliterates most, but not all,
of the air spaces in a given area of parencayma. Included in it ere
islets of apparently normal alveoll and otkers that are widely dllated
and lined by low cuboidal epithelium._;A:bestosis bodies, both Ifree and

wholly or parfially ingested by giant ceila, are scattered everywzere,

" but are m;stnﬁnerous in the lumina of still patent air spaces. Trtey

are very rare or absent in the thickened plsura and interlobular septa.

Only in the early case or as a.result_bf a fortunate choice of sections

cgg_ggg_f}nd evidences of the initial;fibrous sleeves about respiratory

bronchial ESEésfw:?hq lymph nodes are filled with phagocytes containing

\_-__ — e o e . . . .
particulate matter, but asbestosls bodies are almost never found and

then they are very short fragments. "The other organs show no charges.

_Apparently, as in guinsa pigs, the asbestosls 9ody only develops readily

within the lungs and they are so large that phagocytes do not transport
them to the rggiénal lymph nodes. Whpthsr the coating never develops
about fibers ﬁhat benhﬁrété thé pleura'iﬁd éeﬁta, or whéthér'the éoatiﬁg
subsequently dissol&es 1ﬁ'these locations, 1s not cleﬁr. One suspects,
bowever, toat conditions are not right for thelr formation outside the

lungs.
The X-ray Pattern of uncomplicated early asbestosis is surprisingly

insignificant. The lower third.of'eﬁch.luns fileld nas a. diffuse haziness
which tends to obliterate the normal linear patterh.. As the disease pro-
gresses, the haze increases -in intensity and assumes the so-called
f"ground glass” appearance; It also creeps upward toward the apices, but
uéually does not involve the supraclavicular regions. In very advanced

cases the outline of the heart 1s obscured by_the development of hz2avy
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radiating bandlike shadows that are appareatly tce result of pleuro-

" pericardial adhesions. This 1s the so-called "porcupine neart." The

mediastinal snadows are not unusuél;
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