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AN X-RAY STUDY OF THE LUNGS OF WORKMEN IN THE ASBESTOS 'MDUSTRY,
COVERING A PERIOD OF TEN YEARS"*

By ARTAL W, ( RORGE, M.D., and RALPH

I B

) T inhaiation is a subject in which
:‘!{Q) we hoive been particularly interested
"B for the nust ten vears,  Our approach
(o this pronlem has been threugh the
medium of the x-rav, During the past
five veurs '1“ dust hazard in niay in-
dustries has become a serious econamic fac-

tor, for the individual workiman as well as
for the cornoration and insurance com-
pany. (i sowme instances the amount of
alleged i itity among the workius, from
dust, Tiad renched such proporiions that
Shsurance connpanies became insolvent, and
‘he indus.rial plants were foreed to close
for leck of compensation insuraince pro-
tection.

During this period, we have had the op-
sortunity of studying the chesis uioover
three thots. md workmen exposed 10 a dist
nazard in their regvlar occupation.  This
sroup ‘neluded various types of dust haz-
ards——miniug  and manufacturing - -aid
‘rom vecions parts of this country, cast or
the Rockics. From this group it has been
our privikeue to observe with the xray the
changes in the chest which may result from
Jore ar s CONtinUOUs exposure Lo various
tvpes of dust, such as silica, tale, marbic,
coal, ashestos, heavy metals, such as iron
and Breass, and various organic dusts, such
as woodd ther,

In this rather cursory paper it s our
purpost to record our observations and
conciusions hased on an x-ray sty of one
type of dust hazard, namcly, asbestos
dust. e discase condivion rosulting from
the inhaietion of asbestos dust is that farm
of prtnoconiosis known s ashestosts,
We shail comment on this disense, as on
ccononiie problem. as it concerns the i
surance ompanies and the industrial ac-
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cident boards, and also as a disease con-
dition in the individual, its pathology '\nd
prognosis as observed by us through t
X-Tayv.

In 1928, we began the intensive study of
those exposed to the asbestos hazard in
one of the large industrial plants in Massa-
chusetts, where brake lining was manu-
factured. Thwe hazard created was princi-
pally asbestos, with less than 30 per cent
ailica.  Drv weaving was first used and
then changed to wer \*,"ca\'mg. This change
was brought about by the fact that i 1928
and 1920 there were numerous cascs which
showed svmptoms, referable oo the lungs,
characterized by increased difficulty n
breathing on cxertion, cough, siwuplessness,
and loss of weight, Of all the cases we
examinedinl23 and 129, our revords show
that in 12 czses x-ray C\ammmum revealed
changes in the lings, upon which we ba sed
nur diagnosis of Jb])(,bt.oslb. These 12 were
at once put on compensation or given a
lump-sum settlement and have been under
observation for scven yvears, thirowing con-
siderable light on the natur.’ progress of
the disease.  PFrom about 102s to 1933,
we routinely exainined those cases sus-
pected clinically of asbesrosis. By 1933
the insurance premiums had pyramided to
15 per cent of the payroll, and the carriers
were rather indifferent to the taking on ol
this risk. [ina U\', one of :he large com-
panies deciceid tiat before they took nver
this risk, tv):‘;y would have  examined,
clinicallv and by x-ray, ait of the cinplovees
of the plant, totalilng approximately cight
hundred.  The waiority of these workmen
were cxamined by us immediate’y at the
plant. There was a very sntal number of
the total cruployees whose conditions we
dingnosed as asbestosis.  Out of this num-
ber that we cither suspected or diagnosed
asbestosis, there were three cases that were
definitelyv advanced.  These three cases
were of intercst because they did not show
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anv of the usual clinica! signs; and would
' account of the high wuages they
~re earning, change thelr occupaticns.
hese three men continved to work until

1936, Que of the
wree became 2 lLitigant fater. I'he other
so disappearec into other industrics und
ce not recorded as cliiiming disahihny to

o0

2 plont was closed, i

e

A survey of this tvpe naturally revealed
Sany onteresting conditions aside
cm asbhestosis, such ns aneurvsm, carly
valed. ¢lronie tuberculosis,
cart abnormalities, ard many cases of
sidunl changes from previous lung dis-

g

active and

<ses,
The plant was cventialiy sold to o com-
titive company and was immediately
sed.  Within o short time alter the clos-
nroof the plant, 9 workmen brocght in
rms Tor disability due to ashestesis,
“hese U0 cases were examined by us by x-
avoand we made a positive diagnesis of
hestesis on 12, wit'h three additional
wses questionable.  Abcout 13 per cent of
cie positive x-rav diagneses, in this group
40 elaimed syvmpioms of ashestesis.
‘he insurance corrier Tor this competitive
wmpan dmmédiateh placed  thesc 12
sed eithier on compensotion or they were
cven lump-sut setticnient o exeess of
000 The dingnosis was based upon
ne elinical and the x-rav examinations,
Ancinally the x-rav. There were jefi 78
wos ciaiming disability, but their physical
md o xerav examinotions  were  negative.
W this group of 7~ clunhming disability, but
Jthout phvsics) or veray evidenee of
shestasis, 560 ceme o wrtal. There is, in
Sr Ciftv, the Socicty which
drnishics able eounsel for the plaintiiis as
cell ax competeny medie . experts. A very
anablc attorney  wi, chosen for tlese
ases, end the late ‘oha Bl Hawes Jr,
[.1D., o« the medical cupert. He, v turn,
@mined these cases both clinfcallv and
Cyox-rav, On

T Sre i1
coal A d

\ Sicases he nnde a
ositive dlagnosis. Under our Statates of
edustrial he State of NMuassa-
qusetts is the so-callod “Panel Doclars,”
{ cgroup 67 threc, o of whom is a roent-
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genologist.  Under our State Law their
diagnosis is final.  They had the oppor-
tunity to examine 10 of these 30 cases.
Their reports in no instance definitely
stated ashestosis, but their findings were
reported as, consistent with,” or "a
slight degree of,” or “'the probability of”
asbestosis. Tt was obvieus in reading their
reports that they were not depending on
x-ray findings alone, but were giving the
benefit of the doubt to the workmen, in
many instances being influenced by the
history of exposure.  The x-ray films of
these cases which were diagnosed as post-
tive by the Puanel Docters. we would have
called negative. This illustrates the great
difficulty in interpreting an x-ray film, as
to the presence or absence of lung changes
due to asbestosis.  In many instances it is
a matter ol personal opinion, and the value
of an opinion is in a large measure in pro--
portion to the roentgenologist’s training
and expericnce in this specialized field.
The late Joln B Huwes, Jr., MLD., whe
was one of our distinguished specialists on
tuberculosis. always forcefully expressed
his opinion regarding an individual who

. worked in a dust hazard, claiming that ex-

posurc for three years or more made the
individual -a potential case of asbestosis.
He so expressed himsclf when these cuases
came to trial.  We all felt that at least S0

per cent of his positive diagnoses depended
upon history of exposure rather than sub-

jective or objective physical signs.

We will not attempt in this paper to take
up the question of physical diagnosis, but .
we will say that it is our firm conviction
that at the prescut time the only method
of positive diagnosis is the x-ray, and that
aside {rom the history of exposure there
are no clinical pathognomonic signs of the
diseasc.  ‘The clinical facts on which i,
Hawes based his diagnosis and prognosis
of asbestosis were as follows: (1) history of
exposurc; (21 difficulty. in breathing on
exertion; G cough; (0 rapidity of heart
action on exertion, and (H) that asbesiosis
wags a progressive discase, once contracted

“whether the Gdividuad remained in the

industry or wes removed.




PR

T 3
B Ml st u,m&}ﬁg'}gnnh

TON

In addition to these clinical obsorvations
of Dr. Hawes, it is interesting to notc that
it our expericnee a large numiber of patients
showing u definite x-ray evidence of asbes-

tosis, give @ history of coughing up blood.

Tig, 1.
Mrs. A, examined impartially in 1931, was negative; 1930, positive.
employritcnt frone 1010 to 1829, from 1081 1o 1034,

Fig. 1. Cuase L.

g 2. Casce

The amoeunt of blood varies considerably,
usuallv: no rore than blood-streaked spu-
Sum, cocasionally a substantial wnount of
pure blood.  We have speculated con-
siderably u5 to the etiology of this symp-
tom. It has been observed for some time
that workers in asbestos dust are prone to
Uie development of areas of irritation on
the hands. In many instances, thesc
lesions Cevelop into open ulcers which are
extremely difficult to heal.  Alivroscopic
examination of some of these uleer hases
has demonstrated the presence of asbestos
fibers embedded in the deep fayers of skin.
A total removal of the wleerative tissue
containiuot he asbestos fibers results in
srompt ficaling of the lesion. It is not im-
nossible that a somewhat similar condition

may deveiep in the trache or bronehi of -

the lungs, with a superficial erosion of the
mucous meimbrane, due te the mechanicsd
gritation of the ashestos fber aud the

RADIOLOGY
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symptom of hemorrhage, so commonly ob-
served, is due to small bronchial ulcers.

It has also beern observed that asbestos
dust like silica and sonic of the other dusts
seems to have a selective action.  Ta other

)

Intermittent

Mre. D., more than siv yvears' continious exposure,

words, certain iudividuals scemm sensitive
to the ashestos dust and others are immnune.
TT3s @ very Common experience to ind two
individuals working inn the same concentra-
tion of dust for the same length of time and
same tvpe of work, aud only one develop-
ing asbestosis; the other remains in perfect
health.  No satisfactory explanation has
been made of this apparent idiosyncrasy.
{t is possible that the explanation may be
2 simple one, namcly, the method of breath-
ing. The man who habitually breathes
through his nose, with all the protective
mechanism which Nature has furnished to
prevent dust hazard, would have much less
chance of developing injury to his lungs
than the man who habitually Dbreathes
through his mouth and does not receive
the benefit of the protective organs of the
nose and nasal pharynx.

As a side-light on the question whether

or not asbestosis is a progressive disease, I
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would now like to reter to the 12 cases pre-
viouslvy mentioned,
positive in 1428 'md ‘U2€‘). given compensa-
tion, end discharged. At one of the hear-
ings Caey werc .L~L.&,L1?Ld bhv the insurance
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that svere dingnosed as’
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nation we have the best and pcrh"ms the

only meuthod of diagnosis of asbestosis at
the present time,

The x-ray reveals the actual tissue
changes in the lungs. In a general way ¥

more thin ~ix years'
more than s

Case o0 A,

Cast s, Mros

comnany to fustrate that these 12 who
feo oneen found positive by both clinical
end x-rav examivaticn were, by their own
testirsony, free of ol svmptoms, and, ex-
cent for severn! women in the groun, were

doing laborious woerk in thelr new occupa-
tious, 11, accordine 1o Dr. Hawes, ashes-
‘osis 18 @ progressive disease, cnoe COT-
tracted. “hese individuals should Bave been

mn e san as 111 192% and 1929,

would he al to

1e codition

or vuch worse, It ST

sssune that ciehie or nine vears away from
“he industry, withoul symptoms, gives us
very definite cvidesrer that this disease,

arovided we were ¢onrect originally, is not
a progressive “nc, ot least in this sarticu-
lar industry.

It s evident that 7 1 history of exposure

to ashestos dust s Jiminated, « positive
clinical diegnosis ol usbestosis cannot be
made. In other words, there - no one

or group of objective signs
znomonic of ushiestosis.
i that in x-ray exami-

phvsicel finding

whien are
We are of

tie opiiv

IPig. .

intermittent expusure,
yveurs’ exposure,

these changes ‘are much less extensive, as
compared with silicosis or anthracosis.
We find lttle parallel between the extent
of the visible pathology and the severity
of the clinical symptoms. It has been im-

practicablc to classify the discase into
different stages.  All of our positive cascs

have show. about the same amount of
lung involvenent.

The theoretical early” or “fincipient”
asbestosis, o stage  Dbefore visible lung
changes are present, cannot, of course, be
diagnosed Ly the x-ray.  On the other
band, we are of the opinion from our gen-
eral observations, and it is the opinjon of
several olivicians who have studied these

cases, that asbestos dust will not give
symptoms until there has been suflicient

lung-tissuc change to be visible on an x-ray
film. The average uncomplicated case of
asbestosis  vives rather consistent and
chavacteristic x-ray findings.

In the Arst place, there is an increased

density i he lung-ficlds. This increascd
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density is characterized first by bilateral
distribution, anc, secondly, by its being
mited to the lower lobes of both lungs.
The quality of the shadow is characterized
Ly o homogeneous quality and is described

Pig. 5 Cese 30 e Ho more than six years'
S hoNTe,

i the literature as a “‘ground-glass™ or
“wncky apnesrance.  The microscopic
chonres in the jung show that we are deul-
i with an almest interstitial fibrosis with
areos of atelectasis of the ulveolt and
- dier bronehieles,  Thereis anabsence of
the s ross nodulition seen in silicosis. What
nadulation there 15 has a fine, evenly dis-
triined quatitv. There are no characher-
isiic changes about the root shadows.
soee cases ore associated  with hitnm
Jhrosis and  cloudular enlargement. but
pay cases of asbostosis show no variation
“uothe appewt ance of the hilum shadows,

1 there s some accentuation of the
bronchial shadows, There s frequently
foovd a pectliar uppearance of the hron-
Shiab tree in both lower Iobes, in that it
nreserts a rether laminated appearance.
* peculiar ercangement of the brone!ial
dows is apvarentiy due to loculized
o of emplivacina seattered throughout
o lower lobes, The microscone tolls us

i1 the basic pathologie change 1. tne

deposit of a protecuive clament about the
qsbhestos Tiber, rather thar a destructive
process of the lung wtssue.  The ashestos
hers appear to pe swrrowitded by a sub-
stunce uniform in character and Luving
the appearance of conncetive Ussues. It
would appear from a study of the slides
that the fiber is innocent of producing
any pathologic disturbarice, excepl an
impedance to the air in this region of the
Ty, Iu other words, in ashostosis we
are dealing primarily with an ateleciasis
due to the mechanical blocking of the
alveoli and bronchioles by the protecting
fhers about the asbestos fiber.  This
peculiar diffuse microscopic fibrosis, as-
sociated with atelectasis and microscopic
arcas of emphysema, is the type of change
that produces the so-called “ground-giass”
appearance on the x-ray film.

In the second place, asbestos dust pro-
duces changes in the pleura, the mose con-
stant finding being an accentuation of one
or 1nore interlobar pleural sepue. The
microscope shows that f{ibrosis associated
with the asbestos fiers is prone to involve
the pleural covering of the lung. The
demonstration of pleuritic adhesions o
hoth lower chests, with obliteration of the
costo-phrenic augles, is a rathier constant
Anding in uncomplicated asbestosis.

Ini the third place, the x-ray shows the
asual signs of emphysema.  This enr
physema, of course, is not pathognomonic
of wshestosis but when wccompanivd by
other x-ray indications, can be considered
of a confirmatory nature  This evidence
of vmphvsema is best demonstrated by the

Timited excursior. of both diaphragms and

the inereased radiability of the hrag tissue.

In the fourth wiace, we have noted in
the cases of asbestosis cortain changes in
the contour of the heart shacdow which we
feel is somewhat causally related 1o the
process in the lungs.  Other writers have
nut considerable emphasis on the ditatation
of the right auriclc and ventricle, as evi-
dence of asbestosis. It is our opinion that
ditatation of the right side of the heart is
scer in a higher percentage of ashestosis
cases than in other forms of pnennioconio-
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There is a4 theo-
tlhe type of ioter-
the asbestos dust

s, particularly silicosis
cetical possibility that
stitial fibrosis scen with

3 such as to produce a mechanical inter-
ierence with tho'cn‘cuxution in the peri-

Wveolar capiilaries and “nat this embarrass-
ment i1 the pulmonary circulation results
1 some hvpertrephy or dilatation of the
dght side of the We have not ob-
served any. demwonstrable dilatation of the
sulmonary artery
There are several
miporsance 1n the
netwcen

heart

voints which are of
(iTerential  dingnosis
asbestosis other romns of
snetinoconiosis, and also between wshesto-
is and other shoddows, due either to faulty
wechris or to vartatior ‘n the Iung mark-
qgs {rom other condilions not mmu:ctcd
with the dust hazard, Tt would seom un-
HECCSSATY 10 mrfrx:;?(m faulty plintographic
rechnic. It s owr oelief that
soneous xX-rav dHugnoses of asbestost: have
Deen made on x-ray fibis which were either
ander-exposed or over-exposed. “The physi-
ol n'.'aht:os of the individual shenld also
be taren into comsideration. A woman
with large breasts will yive an x-ray picture
whick may have «l! the characreristies of
hanges dhae 1o ashestosts. The fact
peing. however, this vuriation m density
i due to chestowall struct ture, rather than
to changes within the chest ccwt..

Tiore are curteln points of
in the Jdifferential dicynosis of
and <licos

1Y The incr

anrd

luag ol

dahestosis

3.

cased density i asiiestosis
socontined to thie brses: in silicosis it is
werily foun” ia the central portion of

rapes
7T,

ol Tongs and Drequently the bases are
char.
20 The nodulution of asbestosis is the

e granular-tyne in silicosis the
noculavions are oo and in the ad-

vanced stages L‘vw_f Lecome couglonerate,
pr 'wd\ng areas of apparent cotsoldation.

L0 The pleura s more dikely to bhe in-
Volved in asbestests thin in silivosis. The
same s true of the bymertrophyv of the
righs side of the hear rashestoris, Tiour
experience this heart condition is rarely
seen it silicosis.  [nthis particwiar rudustry
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silica and that due to the ashestos

'm.m tance.
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whicl we have studicd, the percentage of
silica, where it was mund in the dust tests,
was less than 30 per cent, and we have
not bheen bothered by a combination of

asbestosis and silicosis. It 1s conceivable

Fig. ©.
showing ashestos bodies.
AMutual Tnsurance Company)

Photomterograph of section of
{Courtesy of’

hing
Liburty

in certain industries, and perhaps in the
mining of ashestos, we may have. a dust
hazard of ashestosis with a high percentage
of silica. In the advanced cases of pneu-
moconiosis due to this double hazard, it.
might be fairly easy to determine {rom thc
x-ray the ainount of disease due to the
ber,
but in the average case an accurate ter-
pretation of pneumoconiosis due to both
asbestos and silica would be a difficult
procedure.

In this series of cases we have found no
case of complicating tuberculosis.  IFrom
our experience we are of the opinion that
ashestosis is 1ot prone to the devclopment

of tuberculosis, and we have had no case
in which there was evidence of asbestosis
lighting up « pre-existing tuberculesis,
The differential diaguosis between ashes-
tosis and l,w,l'lurcu'l)'is is reasonably easy.
The discasecs have little in common, as far
as their s-rav appearance is comncerned.
This is net true i coses of silicosis com-
plicated by tuberculosis. It is sometimes
difficult ¢ make a differential diagnosis
between ashestosis and certain conditions
which prodace congestion of the lower

lobes of Uioauungs or accentuation of the
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bronchial shadows in the lower Tobes.
Chronic pissive congestion associated with

fHeart lesion might well simulate conditions

of cshestesis,  The differental diagnosis
i uch an mstance depends considerably
ppon the clinical history. Chronic bron-
chitis or “wonchiectasiz might produce a
pleiure comewhat confusing with asbesto-
sis. but neiher of these conditions usually
Fowe the characteristic “ground-glass™ in-
ercased Consity over the lower lobes.

CONCLIUSIONS

1L Tt i our opinion that every i
dustry with an ashestosis hazard must be
A cnecin! study in dseln A asbestos min-
iy o apanufacturny cannot he classified
in one wrenn as to the dust hazard. 'The
pecentage of silica in the ashestos dust

RADIOLOGY

quist be taken into consideration.  The
method of manufacturing, whether it i3
the dry or wet method, is of iniportance.

(2) We are of the opinion that the dis-
waee, asbestosis, is not a progressive dis-
case after the individual has been re-
moved from the dust hazard.

\3) There is no evidence in our study of
ashestosis for the past ten ycars that
ashestosis has any  causal relation to
tuberculosis. '

i) It is our opinion that the final diag-
nosis of ashestosis must depend mainly on
the x-ray evidence, that there are no
clinical findings pathognomonic of asbes-
tnsis, and that an amournt of ashestos dust
in the lungs. sufficient o produce, symp-
toms, will give visible evideuce of tissuc
chunges on the x-ray film.

.
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