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Asbestos Pleural Effusion
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EDWARD A. GAENSLER, M.D., and ALFRED 1. KAPLAN, M.D., Boston, Massachusetts’

The differential diagnosis of pieural effusion is large
but has not included asbestos exposure. For 1 to 9
years we followed 12 patients with “‘idiopathic™
effusions that were frequently recurrent, usually
bilateral, and often followed by.continued chest pain.
The fluid was a sterile, serous, or blood-tinged exudate.
Physical findings were limited to clubbing, dry rales,
and signs of effusion. Asbestos exposure was from 3 to
38 years, but often this history was elicited only with
difficulty. Usually, mechanics of breathing were

normal, lung diffusing capacity reduced, and
alveolar-arteria{ Po, differences eleévated. Decortication
and lurig blopsy specimens in seven patients and
postmoartem examination in one showed nonspecific
pleuritis with rare asbestos bodies and fibers; all had

. various degrees of chronic interstitial pneumonitis with:

asbestos bodies. One case of mesothelioma was
recognized 9 years after the first documented effusion.
With better understanding of the dangers of asbestos
and better surveillance of workers, asbestos pleural
effusion will be recognized oftener. It occurred in 219
of all patients with asbestosis seen at our laboratory.

PLeuraL Disease, including thickening, plaque for-
mation, calcification (1-8), and mesothelioma (9-
13), are well-recognized manifestations of asbestos
exposure. Benign pleural effusion related to such ex-
posurc has not been reported.. During the past 8
years we have seen an increasing number of patients
who had both an exposure to asbestos and pleural
effusion of undetermined cause which was frequently
recurrent, usually bilateral, and often followed by
continued chest pain. The purposes of this report are
to show that “asbestos pleural effusion” is not un-
common, to call attention to an additional etiologic
agent to be coasidered in patients with “idiopathic”
pleural effusion, to suggest a possible precursor to
the development of mesothelioma or the possibility

» From the Thoracic Services, Departments of Medicine snd Sur-
gery, Boston University School of Medicioe, Boston, Mass,
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of slowly | gmwmg mothehoma, and, mc:dcntally to .
emphasxze that bxopsy-proved chronpic ' interstitial
°. pneumonitis ‘caused” by ‘asbestosis’ may, be present

without radxologm or even. phynologm abnormalities..-

SdecﬂonofPaﬂent:andMethodt ST e,

Ourattenﬁonwaﬁrstdrawntoaposa'bletelanon-

ship between asbestos- and-

‘pleurdl’ cfiusion by .
expenmcawnhtwopanwts(asu Landﬂwhowuc._',
scen 8 years sgo after recurrent pleural. effusions and- -
who eventually required decoma.uon. a diagnosis of-

asbestosis msmadefxcmpleuralmdhmgbwpsymzto—':.}f;_
mLForlhnmpoztowcompumpmgnmseamhedfor R
simultaneocus-diagnosis of pleutaleﬁusmnand asbsmsu. .

or asbestos’ exposure among 4,077 entries: of patien

seen in our laboratories between'1951 and 1969. The re--
sults confirmed the ﬁ'equmcy of: dm relationship. Ex-
cluded from consideration were pauents from our Sana-
torium Division,“individuals scen’in survey smnnoux.

and those with plcural thickening’ only. with empyenia,. -

and with an unconfirmed history of effusion. Methods'

for evaluation of hung function and ‘normal values used:
in our hbontona have bem mmmanzed a4). e

--s._ . -,nA . _.-_,‘..

Rsults

"Among the‘4 077 pancnts, 91 had conﬁrmed plcu- .
rat effusion (Tab!c 1) andS'Ihadasbcsmsxso:as— .

béstos exposgre(Table 2); 24 6F these appéated in .

both groupa.iFor this study we-excinded 12 ‘of the = 22
lattamwhomtheeﬁlmonocmmdmrclanonto-: -

n:mothehoma, bronchogcmc cafcinoma, or congestive .. - y
heart -failtire:, The: rerdainin, g 12: patieats, t.batxs,:

21.1% ofallthosewnhasbaosmorasbsstoscb =

posure (Tablc 2), were -thought-to have “asbestos
pleurat éBusion.” This diagnosis. was based on occu-
pational history, absence of any known disease that
has been associated with pleural effusion, and patho- -
logic material in 8 of the 12-cases,

CLINICAL OBSERVATIONS

Most patients were referred because of recurring
pleural effusion of unknown cause and pleuritic chest
pain (Table 3). None had had respiratory problems
before their preseat illness, and all but one were cig-
arette smokers. Abnormal physical findings were

™" Annals of Intamal Medicine 74:176-191, 1971 -
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Table 1. Eticiogy of Pleural Effusions In 91 Patients

ST na, %o
Congestive failure® 20 220
Malignant tumor 2 24.2

Bronchogenic (no asbestos exposure) 9
.Bronchogenic (with asbestos expasure) 5
" Mesothelioma (with asbestos exposure) 5
" Metastatic . 3
Infections t 13 14.3
Tuberculosis 8
Vied 4
", Fungal | 1 .
“Asbestos pleural effusion” 12 132
" Asbestos only . 10
Asbestos with talke 2
Connective tissuc disorders 8 8.8
Rheumatoid arthrids 3
Lupus erythematosus 3
. Progressive systemic sclerosis 2
Pulmonary infarction ; 3 3.3
Chronic interstitial pneumonitis - 3 33
Usual 2
Desquamative interstitial pueumonm 1
Laennec’s cirrhosis . 2 22
Undetermined cause 8 88

¢ Including two wlt.h asbestos- exposure.

t Not including pyogenic and empyema.
limited to variable evidence of pleural effusion, finger
clubbing, and dry crackling. rales with a “close-to-
the-ear™ sound in a few cases (Table. 3).

- The amount of pleural fluid was generally moder-
ate (Table 3). Mere blunting of the costophrenic an-
gle (1 +) was seen only once (Case 12), and massive
effusion (44 ) was not observed. Documented effu-
sions occurred unilaterally in three patieats, and bi-
laterally, either simultaneously or in Sequence, in the
other nine. Six patients had but a single episode; five
had from two to four episodes; and .in. Case 10 bilat-
eral cffusions never disappeared. No calcifications
were seen on tomography. The fluid ranged from
clear yellow to. bloody but was usually serosanguin-
ous; in the latter the RBC counts ranged from 5 ,000
0 50 ,000/mm?.- Aerobic and a.naerobxc cultures for

. pyogens, fungi, and tubercle bacilli always failed to.

“show growth. In most cases the fluid was an exudate.
Sediment and cell blocks showed no tumor cells. No
thoracentesis was performed in Cases 6 and 11.

"The severity of parenchymal infiltration is indi-
cated in Table 3. Two patients had sufficient resid-
ual pleural thickening to rule out the presence of par-
enchymal infiltration (Figure 1). Five patients showed
motiling and linear or reticular shadows in all or the
lower two thirds of the lung fields (Figures 2 to 4).
Eventually, honeycombing became evident in some
of these. In three paticnis (Cases 4, 7, and 12) the
lung fields appeared normal after the effusion had
disappeared. Patient 3 had massive hilar and super-
ior mediastinal adenopathy and coarse pulmonary
nodulation (15).

~
-

Most laboratory exammanons were unmvealmg.
The" tuberculin skin ‘test' was . positive- in Patients 2
-and.12, aswasthchxstoplasnnnmmCasel Lu-
pus erythematosus (LE) preparations were always
negative, and the latex fixation test was positive only
in Case 10. Evidence of respiratory tract infection
preceding or with effusions, including fever, elevated
WBC counts, and growth of a predominant organism
from _sputum, was lacking. Only Petient 8 had heart
dxseasethhamyomrdialmfamuonlycarmhcr
Malignancy: did not become evident during & follow-
up period that averaged 4 years, except for Patient 2
who developed a mesothelioma -11 years a.ftcr h:s
first eﬁusmn (Table 3) -

. occum'nomx. msmms (TABLB 4)

" Nine patxcnts werc engaged in occupatxons where
s:gmﬁcant asbestos cxposme was casily-documented;
in the others the exposure was more: subtle, Patient
7, a:bricklayer- who.had neyer used asbﬁtqs himself,
is rcportcd below; Patient 8 was-a bodyshop man for
30 years and revealed on@y after lengthy questioning
that he had done undcrooaung 1 day a week for
many years.

Talc was used regulaxty by Patxents 1 a.nd 3 (15)
and.was an important nuisance in the secnon of the
plant where Patient 12 was a pipefitter:

The duration of cxposnrc was predictably long.
from 20 to' 38 years, in five patients and only 3 to 4
years in two patients. Most had worked with asbestos
until the time of their illness, but in three patients
thcre was a 6- to. 18-ycar interval bctwccn lasx ex-
posurc and ﬁrst cﬁusxon. '

mzspmnom' mvs:or.octc snmms ; . :
Eleven patxcnts had mparatory physxologxc stud-
ies; .usually: | on several occasions. In an attempt to
evaluate the severity: of - mwrsuual dxsease, we so-
lectcd those studm for mclua'_" in Table 5 that wm

Tabhzﬁqmlmhﬂmm“m

s P . . .
< - -‘;_. ?~. R %
Pleural efusion PR 24 421
“Asbestos pleurat efusion” 12
With mesothclioma 5
With cammoma 5
With cogestive tl.ilm'c 2
Pleurn! thickening 21 36.8
Slight 3
Moderate 8
Severe 6
With calcifications 2
With tuberculosis 2
Condition of pleura undetermined because of
dense parenchymal infiltration 3 5.3
No pleural reaction s 9 15.8
* Does not include ::d.lvxduzk seen kn survey situations only.
w-. _.Gaansler and Kaplan »_A l tosPlaural F“ :\ . 179
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“ Table 3. Clinicai Data of 12 Men with Asbestos Pleural Effusion

" Case Age .- - Initial Complaint . Clubbing/.
e h < Rales) ”
ST aees Dyspaea* Extent
‘ . yr
1 47 -Recurreat pleu.udc chest pain, 1+/0 /1+ .
- cffusion =
2 55 Severe progressive dyspnes, dif- 2+/0 [3+4
. fme mﬁltmnon : .
-3 M A

}.mp:.ﬂ.ary‘W_wasshownmPaﬁeuulﬂ 5,6, 11,

t

240 /14

Y L L G CRns

4 - :
5
6
7 L2 v
8 4
5 C: .1.:..
10 3

obtamedwhmtbcrewasnot&usmnortbelcastpos-
sible residual, . :
Mechairics of breathing were not greatly dxstxn’oed. . 63.1o,

“only three patients had significant “restriction” indi- - from 23:

cated by reduced vital capacity. Obstructive disease,  dnfing staq
with reducéd‘ forced expiratory volume in 1 sec - space was varia mhrged. Only Piﬁcnt 7 had és-
(FEV,) and fiaximal voluntary ventilation (MVV) «  piratory stiidies that:were entirely mt.bmthc normal
and increased: residual volume, was shown only in range..., . ¢ .me L e R

Patient 6, whé had bullons emphysema. One half of. . -~ -~ i . - :,
the paticats, however, had severely disturbed respira- - ©F ERATIVE FINDINGS:.:

tory gas’exchange: a #évers degree of “alveolar~

ﬂgur- 1. Serial chest films of Patient 1.

1A. [nitially there was marked biunting and thickening of tha pleura lataralty, and the left lung fleld appeared hw Th‘"‘"ﬂ“’ 1-200
mi of straw-colored fluld was removed, and sventualty a decortication was performed.

18. He was readmitted In Novembar 1963, February 1964, again in May 1964 becausa of racurring pteural affusion ‘on the right.

1C. COn follow-up axamination In June 1970 ha had been free of effusions for 5 ysars. There wes bitaterzl slight ploural thickening and
continued chest paln. .
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Other .Disease

Talcosiicosis

None ~ ¢ GilateraFichést. pain :

Nooe o 7 years; mtmheteﬂmom.wﬁl-ndwqi’h'ng

Bullous emphysema 4 years; no furtherdf

None 1 year; no fmt&u'dxmcul

Arteriosclerotic heart disease ", 1 year; no further dmnua,'mm

Noae lyur no farther difficultiés: 3 )

Rheumatoid arthritis 5 years; progmnvcdyspm, d\ed of bxhl.aal empycma. am:
© imtubation - s . - ey

None 3 months; promvuiysp ’

Nonc

dxagnosxs, torcsiotepuhnonaryfnncuon,andtopm-
vent further f recurrences of effusions (Table 6). Sev-
eral Jung” bxopsxu were obtained at cach operauon.
Patient 3. was explored primarily because of superior
mediastinal enlargement (15). Patient 9 had only a
needlc™pleural. biopsy, and Patient 12 had hmg bi-
opsy because ot progressive dyspnea.

At qpctatxon irregutar pleural symphysis was seen
in’ all pancms, and ' scmsangumous fluid was found in
all except - Patient:12. The ‘Cortex wis quite vascu-
larandvanedmthmkncssfmmafew millimeters 0
2 exis PleuraI calcifications or. asbestotic “plaques”
were fiot obscrved, The lung-'was: ofted partially ate-
lectatxc but rcmﬂaied readily aftcr decortication. The
lung- 1 ussue .was ‘described as: normal to excessively
firm 'but "'withoat" dxsunct nodulation except in Patient
3; no: dxﬁcrcum in texture were noted between up-
per and 1ow¢:t rcglons.

LUNG PATHOLOGY

Large biopsies from both upper and lower lobes
were available for six patients, from both sides in one
patient, and from autopsy in a seventh patient (Table
6). Biopsy specimens were fixed in inflated condition
(16), and, in addition to routine treatment, 12 serial
sections were stained with Perls’ ferrocyanide; atypi-
cal lung regions immediately beneath the pleura and
from the tip of the lingunlar segment were ignored.
Chronic interstitial pneumonitis of various degrees
was seen in all cases. The mildest reaction consisted
of a diffuse, chronic, low-grade inflammation with in-

T

o

ral ﬁbrosns cxt.endad fnto thc lung scpta. At a more
advanced :tagc*thc react.lon was -more diffuse, ‘with

somc mstanca xuch oellr(togqth
gzanular pncumocyws, were dcnscly packed and filled
many alveoli (Figire 7:A4); Whereas: clsewhere they
were more scancre,i (Figurc SA) In the more severe
cases “foreign-body: giant cells ‘often contained both
fibers and asbestos bodies. The lungs of Patient 3
dso shdwed a moderate interstitial pneumonitis, but
alveolar septa were filled with talc crystals, and there
were many whorled silicotic nodules (15).

Asbestos or ferruginous bodies were scen in all
lungs. However, their number varied greatly (Table
6). In 3 patients only a-few were seen in 12 serial
sections (1+); in 4 patients several were seen in each
section (2 + ), and in Patient 10 innumerable asbestos
bodics. were seen in every field (4+ ) (Figure 9).

Gaenaler snd Kaplan * Asbestos Pleural Etfuslons . 181
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Figurs 2. Sarlal chest fitms of Pxtient 2,

2A. In 1961 thera was diffuee, fine: nodutation and mﬂwlnﬂmvn\anweﬂrsenwhkm ln 1962. mamwm.ln add?ﬁon, blunﬁngcf tha

right costophranic angle. !

2B. Effusions recurred, and by 1964 both the pleural residust and the pacend'tymal reticulation had pfogramed Decort:cnﬂon and lung
blopsy were parformed In 1965, and he was readmitted in 1967 and ,8gairr In 1969 for recurrant affugions und Increasing dyspnea.

2C. In 1962 there was a thick cortex and early honaycombing.

2D. During his last admissicn In 1970 plaural thickening had Increased, nnd t?wro wag & 2-cm nodule protruding from the pleura Into the

lung field, batter seen in Figure 3.

PLEURAL PATHOLOGY

The pleural cortex varied from barely 1 mm to 15
mm in thickness. When lung was attached, the wavy
line of the original pleura could be readily identified
(Figure 7B). In all cases there was a marked “plzu~
ral drift” of carbon, other dust, and iron-posidve

T
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granular material (Figures 78 and 8A). There was
often regenerating proliferating mesothelium, exten-
sive collateral circulation, and, sometimes, hemor-
rhage. Granulomas or other more specific lesions
were not secn. Twelve serial sectiops failed to show
asbestos bodies or fibers in two cases; there were fi-
bers alone in Case 1 (Figure 7C) and fibers inter-

-

1

Hrges e

afild 'lr’ 1,

ated



el p BT

.

e

a

'sg;accd aii:ong"ra'rc asbaios_bodics in others (Figure
- 5B).: There were only 2 or 3 asbestos bodies in all

.12 sections in 3 cases (Table 4). Whenever bodies
“and fibers were found,. tbey were less than 1 mm out-

" side of the original pleura.

A mesothelioma developed eventually in Patient
2, whpse.casc is described below.

Case-Reports

casB 1

This 47-year-old meury machine.operator md tile-
maker was first referred in August 1962 for evaluation
of dyspnea, pleuritic chest pain, and recurring left pleu-
rai effusion of 1 month's’ duration. Past and family-his-
- tories were unremarkable.:He had earlier worked" as a

" cook in the merchant marine and as an elevator oper-

ator, For.the past 12 years he had been a tilemaker op-
erating 2 Banbury machine, mixing asbestos, sand. and
other materials into a blender and then pouring. and
moulding the mixture to produce vinyl-asbestos and fire-
retardmg tile.

- Examination : showed shght clubbmg and decreased
‘breath sounds at the left base. Vital signs were normal,
and he was afebrile. The chest roentgenogram ‘showed
haziness over the entre left lung field with marked pleu-

ral thickening laterally (Figure 14). Blood and urine -

were normal. Skin tests for tuberculosis and common
fungi were negative. About 1,200 mi of straw-colored
. exudate were removed. Bactcnologxc md cytologxc ex-
armnanom were negatzVe. - .

Parietal pleurectomy Was. cventually performed bc-
canse of ‘recurring effusion and persistent pain_and"be-
.cause tumor was suspected. The pleura was markedly

’ .thxckcned (Exgurc 7B), and the lung was excessively

Flguu'a. PuUent 2. A spot- film of. the dzht upper fung ernpha-',
sized the nodular lesion,'the thick cortex; uﬁculauon, and hcney~
combrna not 50 well seen ln Flgurt ZD.

:

ﬁrm and partxally.au:lectatxc. onpsy speczmcm irom up---

per and lower lobes showed- diffuse interstitial .pnetimo-
nitis "with thickened alveolar: septa; many alveoli were
filled with granular pneumocytes and macrophagw con-~
taining large orange-yellow granulu that stained in-
tensely blue for iron (Figure,74). "Occasional asbestos
bodies were. seen. The, pleural. cortex was -quite vascular
(Figure 7B), and the:-loose tissue just outside of “the

“original pleura oontmned occasional granule-ladcn mac. -

rophagu and asbatos “fibers (Figure 70)

> After thoractomy “band—like" ‘chest pain and dyspnca ’

persisted. Subsequent adrmssxcms in November 1963 and
February and May 1964 were romptcd by mcreascd

Flgure 4.-Chest filnms of Patlent 11, o store controller In an asbestos products plant since 1950.
4A. Annusl roentgenograms showed slight basal reticulation for the first time in 1962.

48. By 1968 the infiltration had progressad somevwhat.
4C. A film from January 1970, taken during an admission for evaluation of mild hypertension, was then obtained and showed 8 marked
right pleural effusion.
4D. He was referred in June 1970 because of dyspnea of recent.onset: The film at that time showed marked pleural thickening.

== ZGaahslar and Kaplan * Asbedtoe Piouml Effusions-  183-
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Table 4. Occupational History of 12 Men with Asbestos Pleural Effusion

~Asbestos -
et

Case - .Occupation Job Description
I Banbury machine operator; Mixednnd.asbams.nnyl.mdsofonh'
R : file manufacture - moulded vinyl asbestos rod ﬁmmnxd;ng
T ) o ) brick; talc exposure ¢
S .. Steam fitter and gas fitter; Covered new pipe 12 years; navn.lslnpm-
;. (pnvatcandmvyyud)'_ ﬁmnz(mnovedoldmng)lﬂyan
Y gas fitter wocking near papecovctn )
" since thea =
Spcnmnder mbber 'Shmddedmbbarun.ﬁlemp.spnnldeﬁ -
company " with talc; mixéd material for battery cazings’
4 Sl'npﬁmr. boiler msuktor Insulated boilers with magnesia block and |
_ asbestos cement; removed old insulation ¢
5 Asbstos Workcr's Umon General insulation wod:. "mostly fiber -
glass™
6 Pzpecovuer new paval slup Fitted pufab(nted unulauon' made and
construction shaped segments in shop
7 Bricklayer Laid bricks in high-rise office buildings
i . immediately below hazen who sprayed
b . . cemeat-asbestos-glass mixture on steel
8 Auto body shop man Undercoeting with asbestos mixture 1. -
.day/week .
A A;batos Worker's Umon General insulation work, mostly fiber ghs 3. 3
X joints and boilers covered with asbestos -
10 Mill grindes in lsbcstos Mixed raw materials for fire-retarding bnck
products plant and sheets C
1 General laborer and stose Swept floors, piled fiber, racked sheas, -
. controller in asbestos worked on veneer press, unloaded Erexzht :
- ‘products plant v .
12 Pipe fitter in various com- Pxpeﬁttcrmbmkchnmgplant7ycars pxpe B
panies mins nsbsws and fitter in chemical plant making meteorological -
ke ballocons 26 years, much talke exposure < J

‘Immummhnubawsmmand&npkw;ﬁm

‘pain and 'repeate& ‘pleural effusions, now on the right
side (Figure 1B). The fluid remamed sterile and had a

benign cytology

Chest " pain has persisted to the present and has been
unresponsive to intercostal nerve blocks and resection of
.the-costal- arch. His last chest roentgenogram, in June
1970, showed minimal pleural thxckcnmg bilaterally
(P‘gure IC) Pulmonary funcuon in. 1966 '(Table=5) - - -

2

and 1970, when there w-as no cffusxon. was normal- ex-
cept for a shght mcmase of mc :lveolnr«uurial

Po, dif-

Case Date - . _Pleuml Condition at Time * - °
© "(Month/Year) o of Study
1 6/66 Slight fibrothorax, tight
2 10/62 None
3 3/65 Blunted costophrenic angles
4 10/63 Slight fibrothorax, bilaterally
s 9/63 Bilateral effusion, 14
6 1/66 Bullous emphysema only —
7 11/69 Minimal blunted angles, bilaterally 123 97
8 6/69 Blunted costophrenic angle, right 89 121
9 11/69 Bilateral effusion, 14 80 125
11 4770 Fibrothorax, right 2+ 92 . 49
12 4/66 None 116 75
100 normal subjects, our laboratory 118 115
* Percent predicted from Baldwin, quoted by Gacnsler and Wright (14).
1 Percent of twotal vital capacity delivered in one second. o — .
.184 Faebruary 1971 « Annaig of internal Medicine « Volun::;l . hiimb:f_? _ ~ - - o~ i - - _:':
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L MIedtohuﬂmadmusxonlSyeaneuher.A
> dm‘mcntgcnognm then showed “a form of silicosis,”

'ﬁxmohngbetweenZandatpacksaday A right
pleural ¢ffusion was first noted 1 month before. He be-
“ganto work with his father as a steamfitter in 1923 and
'a.lwiyl-mvexed all work with asbestos. From 1935 he
worked ‘at ‘a' navy yard at refitting. He did no covering
<but;had o strip old insulation 1 day each week before

—milhngnewwork.Smce 1945hehadbeenaysﬁt-
. ‘tu'.,wrkmg side by side with p:pecovemrs in an usuaily
idusty’environment. - .
~. Examination showed marked clubbing and obvious
‘hyperpnea -but was otherwise unremarkable. The first
available chest roentgenograms from 1961 showed fine
.mottling and reticulation throughout both lung fields
+ . {Figure 24). In 1962 there was also blunting of the
right - costophrenic angle. Pulmonary function studies
showed normal mechanics of breathing, severe hyper-
. mtihnon, an clevated alveolar-arterial Po, difference,
- "leverely reduced diffusing capacities, and an elevated
Sphysiologic dead space (Table 5).
‘. "Two years later he was admitted ‘twice because of
" “dyspnea and right pleural effusion (Figure 2B). Thora-
centeses yielded sterile, blood-unged fluid with negative
cytology.. Dyspnea progressed, and in 1965 he stopped
work and was readmitted -once more. Physical findings
were unchanged, and an intermediate tuberculin gave a
“barely positive” reaction. Slightly' pink pleural fluid
contained 5,000 RBC and 250 WBC/mm?, with 64%
polymorphonuclear leukocytes, 36% lymphocytes, 5.9
/100 ml protein, and a lactic acid dchydrogenase ‘of 113
units/ 100 ml. All cultures: were negative. An explora-
tory. thoracotomy for persistent pain and recurrent effu-
sions showed a thickened cortex, which was removed to-
gether with two wedges from the right upper lobe. The
parenchyma felt resilient, offered considerable resistance
to sutures, .and showed severe interstitial pneumonia
with fibrosis, -honeycombing, and many asbestos bodies
(Figure 84). The pleura showed nonspecific fibrosis
with focal hemorrhage, mesothelial' proliferation, and
two asbestos bodies in serial sections.

Chest pain and effusions continued, reqmnng anal-

and"brorichoscopy showed “coal dust.” Cough increased~~=~

-,

r\__

gwcs for relief and hospmahzatxons in 1967 -and agun

in 1969 (Figure-2C). His most recent admission, in’

1970, was 23 years after onset of dyspnea and ‘pleuritic
chest pain and probably 12,and certainly 9 years after
his first effusion, Cyanosis and dyspnea at rest were now

pmsent.'[hemmtgenogramwuhrgclytmchmgedbm_

now showed a 1.5-cm nodule ‘protrirding laterally. from

thcthkcnedplammtothelung(l"gumm 3). At

thoracotomy a firm pleural tumor wis founditc encase

t.bclung mdext.andmtothqmtcrlobar ﬁsmnm.-,
a malignant mesothelial unnorwuhhrgembomxleem o

with cosinophilic' “granular cytopfa:m -and vesiculsr. nu-

clel: arranged in. pseudotobules or¢papillary. fashm .

Few mitotic ﬁgumn Were seen (Figum BB)

'l'hu 33 year-old bnck!ayqr was mferxed for cvzlna
“ion"for pleuritic pain, recugrent. bilateral pleurat effo-
sxons. and dyspnea.of 9 months’ -dutition. During two
pn:mous hospltahzauons he Swias ‘afebiile, and physical
examination was nnremaﬂ:able except for signs of fluid
bilatcrally Examination of blood and.urine was normal,’
2 hlstoplasmm :hn test wag;positive;. and intermediate

tubéreulin negative.. Two. thoracentesés yielded clear yel-

low fluid with' i specific gmvxty ‘of 1.030; glucose, 82
mg/ 100 mi;-and 2,430 RBC¥and. 840 WBC/mm' “with

23% polymorphonudear leukocytes and 77% lymphoo
cytes. Culturesiand- cytologic studics - were" negative.

Bronchoscopy, ight scalene-. tnangle e.xplonnon. and'

pleural needle bjopsies were- umwardmg. 'I'he past Im-
tory was unremarkable. 2'-. - T -

He had speat 2 years in Pgma.ma with the Navy. Since
then, for 9 years, he had worked as 2 bricklayer on
high-rise office buildings. Détailed - questions and spe-
cific. reference to asbestos eve.ntually revealed "that he
bad been continuaily exposed-to s fine; white, wooly dust
that came from the: floors immediately above .him whcrc
laggers sprayed steel beams with 2 fireproofing com-
pound. The -material consisted of short fibers of asbes-
tos, fiberglass, and cement that often coated the floors
and "clothing of the bnc:layers The laggera wore masks
but the bricklayers did not®. -’ P

'ﬁhmo{hdummwhﬁnYomcwwuw
Johnl.lndsunthhwd:b;(lamcbbc Juncn 1970). -

Hleman s S
H

Table 5. (Conumod) . ; :: Lo
Exercise Lung Diffusing Capacity Arterial * Alveolar- g - Asteri
Veatilation . : Po, Arterial 5
. $Bt 5.5.% Pos Difference L

T liters/min per m* % ml - mm Hg —————— ey
g 119 91 23 bz 32 ~ 39 126
18.7 41 9.1 70 40 38 450

134 66 10 & . 23 37 135 .
119 100 —_— —_ -— - —_
104 57 125 15 29 43 191
- 60 7.1 —-— —_ 27 193
14.0 87 15.1 82 12 42 193
10.8 —_ —_— — —_ — —
139 112 11.7 82 24 38 141
12 53 9.8 63 43 39 405
127 59 9.0 65 44 31 166
9 *1 100 14.8 91 14 39 p 150
1 Single breath diffusing capacity, % predicted from Gaensler and Wright (14).
: § Stcady state diffusing capacity, mi/min per mm Hg. standard temperatuge and presaure, dry. Y- —
- . =~ = -Gaansler and Kaplan :‘Ashgto;_m:unlﬁffmlonx .1.8—5
T e 8
3 5 . -
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TM&WM&WhB_duMWMMI Effusion

Case Date - Operation Lung Pathology
(Month/ of
Year)
1 8/62  Left decortication  Diffuse interstitial pacomonitis
. und Jung biopty with moderately thickened R
. septa; clumps of mactophages
' - with iron-positive granules £l
S, S mast alveoli (Figure 7.4
2 5/65  Right decortication  Severe chronic i
and lung biopsy fibrosis and honeycombing
2/70  Right resection - Papillae and branching tubules
mesothelioma of large cells without
spaplasia (Figure 858)
3 1/62  Right bicpsy of Silicotic nodules in lung and
pleural nodule, pleurn, thickened interstitial
lung, lnd tissue filled with tale crystals
4 8/62  Left decortication  Both sides: diffuse, chronic, low
o and lung biopsy: grade inflammation with
3/63 Right decortication  interstitizl edems, histiocytic
- and lung biopsy reaction, and increased .
reticulin; many dust-laden
macropbages; sevexe edema of
interlobular septa (Figures . ;
64 and B) A R ’ '."." e
7 10/68 Left decoctication  Pleural fibrosis exteads mto lung 1+ }mrn conex. regmted )
* and lung biopsy along sepuae; slight difuse L _". ptohl’craung msotbdiom:.- R
: ipterstitial pneumonitis ¢ \ . extensive collateral” cxn:u- . Lo
. - (Figure 54) -~ | t * Intion.(Figure §B) . -
9 2/69  Right peedle ] - T Qmmcpletmﬂ:lndﬁix‘cas. @
.. pleural biopsy T . ,‘: . mq-ensed conmnlcucu- ’ :
. : IR lation .- % -
10 6/69  Bilateral closed Very severe, diffuse organi- 4+ " 540-{5mm vmcul.ar cortex™. - 14
. thoracotomy; zation; fibrosis and - R covered by fibrin, original F
" autopsy obliteration of alveolar pleura weil demarcated,
structure and bronchioles; ... innumerable asbestos bodies
many nests of asbestos bodies - . . - and fibers on inner border
with giaat cells, some ; o
: P arteriolitis (Figure 54}, .
12 2/66 Right lung biopsy  Focal interstitial prneurnonitis .0
- AR with much jncreased collagen; ’
) lymphocytic infiltration and .
wnh germinal centers .

:odl b ot

besto bodbﬁmmdhnnuhluaﬁm.

* R = fibers; numbenhpmthuu

The chwt roentgcnogram thowed blunting of both

costophrenic angles withe thickening of the left lateral:’ 3_'-
pleura. This was the only patient who had entirely not- -.-

mal Iung function (Table 5).

ploratory thoracotomy. A thin pleural cortex was re--
moved, and two biopsy specimens were obtained from a
normal-appearing lung. There was some focal interstitial
pneumonitis with irregular thickening of alveolar septac
(Figure 54). The alveoli contained many macrophagese~
filled with frregular, coarse, yellow granuies and 16 as-.
bestos bodies in 12 sections. The cortex was vascular,
showed regenerating proliferating mesothelium, three
asbestos bodies, and occasional fibers (Figure 5B). One
year after thoracotomy pleural effusion had not re-
curred, intermittent pain continued, snd pulmonary’
functior remained normal. 5

Diseussion
The breadth of diagnostic possibilities With'] f)léural

effision i is well lcnown. Few. studm of largc numbcxs
of patients have beinr pubhshed inrecent years; and
the. repo:ted f:requcncm of. Jvarious ‘causes, are not

Persistent pain and recurring effusions led to left ex- x.; - comparable: becausc they dcpcnd 6n'the repottlng in-

stitution and the mtcmts of: the observer (17-22)..
-_Tuberculosis, although decreasing, has. remained
“important and, during the last 15 years, has ac-
counted for from 6 to 81% of all cases of pleural
effusion (17, 18, 21, 22). Pleural effusion without
apparent cause but with a positive tuberculin reac-
ton still must be considered of tuberculous origin,
and the term “pleural effusion (presumably tubercu-
lous)” should replace the- term *idiopathic™ (23).
Indeed, among young adults with “idiopathic” effu-
sion and a positive tuberculin test followed for 5 or
more years, 66% developed active tuberculosis (19).
Pleural effusion of-undctcrm.mcd cause in paucnts

<o - = .

186 Lgto_makxdicl,n : VolumeZ4 *
o 5 B
X o T

February 1971 « Annal

“Number2 "'_7?"', __:- Do
s T TRwE T e

It th'-‘rrl

v



%‘5@5

ﬂ!“l" 5. 8!opsy specimen from P:ﬁent 7.

SA The lung showed focal imterstitial MnMs with thickening of alv.olar seph
many alveclar spaces contalned macrophages filled with coarse yeilow granutar. material;

ssbastos bodies were rare. (Hematoxylin snd ecsin; microscopic maznlﬂecﬂon, X 60, §

X 1.9 -

5B, A 2.mm pleural cortex showed regemnﬁnz. proliferating mmth-llum ln.d extnn- *
sive collateral circulation. it contsined occasionsl asbestos fibars and only -3 .asbestos.
- bodies In 12 saerial sections. High magnification shows two large asbestes: fibers sur-.
. rounded by broken segmants of an asbestos body. (Peris’ ‘hrrocy-nido mlcroscopic mng
nification, X 1,500, X 1.8, partlally polarized.)

with a series of negative tuberculin skin tests remains
a problem. Asbestos exposure has never been men-
tioned in the differential diagnosis (12, 13, 17-23).

Plenral thickening or calcifications have been noted
in various pneumoconioses (24) and in recent years
have been identified particularly with asbestosis (1-8).
Indeed, pleural thickening and calcification are con-

- sidered characteristic radiographic signs of asbestosis

(I;:7). In surveys of asbestos workers with 20 or
more years of exposure Frost, Georg, and Mgller (2)
found only 39% with a normal pleura, Selikoff (6)
found only 44%, and in our patients who wefe re-
ferred because of their symptoms, only 16% had 2
normal pleura radiographically (Table 2). Benign
pleural effusion was mentoned once by Eisemstadt
(25), who described an insulation worker who pre-
sented with pleuritic pain and a left effusion that was
brown, sterile, and had benign cytology. Despite anti-
toberculous drugs, the effusion recurred twice on the
opposite side, and decortication and lung biopsy
were performed. The lung showed thickened alveolar
walls with occasional asbestos bodies, and the pleura
was fibrosed but without bodies.

DIFPERENTLAL DIAGNOSIS

A diagnosis of “asbestos pleural effusion™ must be ____

made with caution. It may be an 'crior to attach too
much significance to the mere coc:nstencc of two dis-
cases, and the commoner the two d.xseascs the greater
the likelihood of error (26). Careful study was made
to exclude other: known .causes of pleural effusion,
The negative cytolog1c exammanons, lung and pleu-
ral biopsies, and follow-up have ruled out-malignant
tumor. There was no cwdamc of. cbngcsnve heart
failure, c:rrhosis‘, thmmboembohc dxscasc Or trauma.
The tubcrcu]mtmtwasnogauvemallbuttwopa-
tients, and in ﬁlae tuberculdsis ‘was - effectively ex-
cluded by opcnﬁplcural biopsy. Only Patient 3 had an
acute illness with his effusions, and neither clinical
nor laboratory studies were indicative of bacterial,
viral, or mycoplasma infection.

Only-Patient 10 presented a somewhat nosologic
problem that will be discussed in more detail else-
where. Bilateral effusion and parenchymal infilrration
were discovered when he presented with arthrits and
nodules. The fluid persisted for § years despite multi~
ple thoracenteses (Table 3). Numerous latex fixation
tests were positive to 1:8,192 dilution, and LE prep-
arations were always negative. His 3-year asbestos
exposure, 20 years before his xllness (Table 4), was
discounted until he died of respiratory failure. Then
the lungs were largely destroyed by massive fibrosis

=~ «=--Gaenslor and Koplan _:A.sb_a’stn‘;myral Effuslons -1»8-7
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Fla.m 6. urnz blopsy spodmen from Patiant 4, obtained In- August 1962 from thn anteior uzment of ﬁ'm laft uppq' fobe- (A) and In

" March 1963 from the right lower lobe (B). All sections showed diffuse, chronk, jow-grade Inflammation. with interstitial “edems, histio-

cytic reaction, Increasad reticulln, and occasional hysiine membranes; there were many dustiaden mecrophages eandad occaslons! tym-
phold follicle. Marked thickening and edema of the Interiocbular saptas are well seen in the right upper comner of A and.-the right lower
carner of B; other sections from ail five lobes were similar. (Hamatoxylin and eosin; mlaoscoplc ma.mrﬂcaﬂon. X 50 X 1.9.)

and honeycombing, spaces were filled with clumps of
asbestos bodies (Table 6.and Figure 9), and a num-
ber of these bodies were-in-the thick cortex. Although
the relationship between: pleural effusion and. rheus
matoid arthritis has been .questioned by some (26
27), other studies appear to confirm the increased
frequency of effusion in this disease (28). In this
case the rheumatoid abnormality of tissue reaction
may have had a modifying effect on asbestosis, Ini-
deed, two. patients with--asbestosis and rheumatoid
arthritis have been described, although their disease
was podular and not associated with effusion (29,
30). ' 3

RELATIONSHIP TO ASBESTOS EXPOSURE

The prevalence of asbestosis is related to both t.hc
concentration and duration of dust exposure. A doge-
times-time relationship could not be established in
our patients because. their work was largely unsuper-
vised and their exposure often unsuspected. There-
fore, the duration of exposure indicated in Table 4
has little meaning. Until recently it was believed that,
with a recommended threshold value for dust of §
million particles/ft3, clinically recognizable asbestosis
rarely developed in less than 20 years (31). In sev-
eral of our patients the total exposure was.probably
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less than that (Casw 1, 4 to 6, and .8 to 10), inter-
mittent (,Casm g and 12), or to; “dusts oontammg
much talc (Cases3 'and 12) The rclanonsmp of as-
bestos amphibolw to talc Has beén- discussed recently
(13, 15) It is thoughtthat asb&do’s‘:ixlcural effusion
may ; dcvelop with' dust” "exposures* that mady be:less
than those that: Hiave been associated with the devel-
opmmt of: asbwtoms. Perhaps asbw%os pleural effu-

sion™ memblw mcsothdmma more than asbcsbosm

Pleuxal‘plaquw and calczﬁcanons ﬁ:om asbatcr
exposure ‘dre said- to cccur without partmchyma} as
- bestosis: We tried to determine whether this is tro
concerning asbestos pleural effusion. The commoanes

. criteria for a clinical diagnosis of asbestosis are dyst

nea, basilar dry rales, clubbing of the fingers, a 1=
duced vital capacity, and a roentgenogram consister
with moderate or advanced asbestosis. Previousl
we defined the presence of at least three of these o
terla as necessary for an epidemiologic diagnos
(31). Tables 3 and 5 show that by this definition s
of the present paticnts had “agbestosis” (Cases 2,

6, and 9 to 11). Only two-had a vital capacity of le
than-80%, which is surprising because the plew

= g
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F!itnT.’Biopsyucﬁomﬁ'omP-ﬂoml.-f-' -

4. The. lung bicpsy shows diffuss Interstitial pueumonlﬂs with moderate thlchanlnc oﬁ-ahnohr saph: mlny- nMoll wers «1 with
es containing large yellowish granules that stained Intensely for.lron, Omdoml tsbnsbos

(Parlodic acid-Schitf and light green; microscoplc magnification, X 125, X 1.9.) -. " .= .
778, Tha pleural cortex was moderataly thick and quite vascular; the wavy line of the original p&eura wu well seen, On tha Iunz side
- there was & marked “pleurat dr}ft" of carbon and lron-contalning granular material. (Peds' fenocyamde' microscople magnlﬁcntlcn.

. B0, X 1.6 - :

7C." Just cutside the original pleura there: were occasional macrophages cantamlng lrmgutar latzu brown granulss. Within some o( thesa
" cells, and sometimes around them, were asbestos fibers well seen In this partially polanzed high magnification. One end of a ﬂbcr (ar-

x

) thlckcmng has usually’ been thought to cause a re-
- “duced vital capacity and reduced compliance (4, 32-
34). Among the six patients without these criteria

" for clinical asbestosis, two (Cases 1 and 12) had both

! impaired respiratory gas exchange (Table 5) and mod-

_erate interstitial pneumonitis (Figure 74). Patients

4: and 7 had no signs or symptoms of “asbestosis”

and. csscnually normal .respiratory function (Table

'5), but their biopsy specimens showed early mtcr-

mW) hu begun to staln for fron. (Peris’ ferrocyanlde. microscopic maznlﬂcaﬁon, X 1.250 X 1.9 parthlly poladned.)

stitial pncumomus (Figum SA and 67. Thcsc ‘obser-
vations suggest that [1] among the clinical cntcna for

“asbestosis” the chest roentgenogram is..the. most
seositive—a conclusion that we have also reached

from an epidemiologic survey (31); [2]-studies of

respiratory gas exchange, particularly of. diffusing
capacity and alveoler-arterial .oxygen gradlcnts may
show additional pancnts with asbestosis who have no
chmml sxgns am:l symptoms——-a finding t.hat has been

" tex-with - maried hemommge and

¥y ..mescthelial pcohferatxon. “Asbestos

" bodles are sesn within ‘cortex and
lung; there was severs® chranic In-
tersttial fibrosls and heneycomb-
ing. (Peris’ ferrocyanide; micro-
scopic magnification, X 50, X 1.9.)
88. A second exploration In 1970
showed s firm pleural tumor encas-
ing the lung. This epithelial typa of
malignant mesothelioma . consisted
of single layers of well-formed,
farge, regular cuboldal _cells with
eosinophillic  granular  cytoplasm
and vasicular nuclal arranged In
lcosely formed tubules, epithelial
folds, and papillze. Mitotic figures
were very rare, and re was no
apithelial mucin. (Hematoxylin and
eosin; microscopic magnification,
X 125, X 1.6.)

+89

“In 1965 showed a thlckjleur:l cor- -

.l*;y] Iy

xldh

" !

|



) et
AT X2

PR

PR S PR .

A0 4 e o e vy

1w oo AYRAALIEL

‘Flguns Lungwnphfromm-'

. severe diffuse organization, mas-

_containing - lununio_nbh :asbestos

W mmh:mwoplc
ntﬁaﬁm X31.2.X16.)

.cropsy of Patient -10. There was
sive fibrosls, .and obliteration of

' suggcstcd ‘previously (4, 32); [3] eady interstitial’
.. pneumonitis may be present without either clinical or, -
physmlogzc abnormalities; and [4] asbestos plcm'al

- effusion occurs together with some . degree of parcn-

" chymal asbestosis oftener than not, in this series in

10 of 12 cases,
PATHOGENESIS. AND RELATIONSEHIP
TO MESOTHELIOMA )

The mechanisms of plcural adhcsxons basilar pleu-
- ral thickening, and plaque formation have been stud-

7z iéd extensively_but remain uncxplained. Kiviluoto

(3) has suggested that. asbestos ﬁbets advance mto
" the lung periphery to penctrate t.hc visceral pléura;
* with lung movement; the sharp’ _points are said to

‘ traumatize the parictal’ plcura, mducmg minute hems "
i orrhagcs that are later transformed into fibrous, ‘cals .
_ lagenous, aod,-finally; calcified plaques. Others havc d

. proposed an inflammatory reaction or possibly hypcr-\

sensitivity (4). The implication of these theories, i

any, for asbestos pleural effusion are pot known.
The role of asbestos exposure in the development
of mesothelioma has been explored extensively since
the initial report by Wagner, Sleggs, and Marchand
(9). Recent editorials have expressed different bit
not conflicting viewpoints (12, 13). Our Patient 2
developed clinical evidence of a mesothelioma prob-
ably 12 years after his first of many effusions (Fig-
ures 2, 3, and 88). This may have been coincidence,
or asbestos pleural effusion may be a precursor to the
development of mesothelioma years later, or it may
have been a very slowly growing tumor from the be-
ginning, cven though thoracotomy 5 years, earlier
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fa:.lcd fo show snéh a lwon. Um.latcral plcurmc pain
for 12. ycars bcfom the dcvclopmcnt of a mesothe-
lioma has becu rcportad (25); and an unconfirmed
history of self-limited plenral effusion years before
clinical ‘evidence of mesothelioma has. been recorded
among South Africin asbestos mmcrs (9) '

CONCLUSIONS ”

The dxagnosxs of asbestos plcural effusion must
rest -on an effusion that 'remains otherwise unex-
plamed and a hxsto:y of cxposurc to asbestos dust
that miay. havc bccn brief, mtcrmlttcnt, and in the im-

* mediate’ or dxstant past. An cxhausnve occupanonai
: hzstory m,ay be reqmrcd to ‘elicit such exposure. The

dlagnosxs can be:confirmed’ by opcn bxopsy mat:nal

' showmg nonspccxﬁc plcunns and: th.xckcnmg vnthout

or with. rare asbcstos ‘bodics' and’ ﬁbcts and, usually,
an mtcrstlhal pnmmomns of various _severities, with
asbestos bodies. The plcural fluid is.a stérile éxudate
and” may. ‘be clear, yellow to blood—nnged. Examina-
tion “for shgar, hyaluronic acid, and asbestos bodies

.or fibers probably will not be helpful. Sirmlarly,_ be-

cause of the nonspecific pleural changes and the rar-

_ity of asbestos bodies, pleural needle biopsy is likely
“to be of interest only to exclude other disorders.

The importance of asbestos pleurisy canmot be
judged from our own data, which are not representa-
tive; our laboratories are oriented primarily to symp-
tomatic ambulatory referrals. Nevertbeless, the 12
cases presented here emphasize that asbestos pleural
effusion may not be an uncommon manifestation of
asbestos exposure. These cases represent more than
209 _of all patients.with recognized asbestos expo-
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