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PULMONARY FUNCTION IN ASBESTOSIS:
SERIAL TESTS IN A LONG-TERM PROSPECTIVE STUDY"

Mortimer E. Bader, Richard A, Bader, Alvin 8. Tierstein, Irving J. Selikoff
Cardiopulmonary Labaratory, Departmend of Medicine
Mount Sinai Hospital, New York, N Y.
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INTRODUCTION

Studies of pulmonury function in ashestosis of the lung have been pre-
viously reported.'”” There is good agreement that the principal findings
include reduced vital capacity, fairly well preserved maximum breathing
capacity, hyperventilation at rest and particularly on exercise,~decreased
diffusing capacity of the lung, impaired oxygenation of the arterial blood,
and reduced pulmonary compliance. No significant incidence of pulmonary
emphvsema has been reported.

All who did studies have had the same difficulty assessing the degree of
expusure to asbestos dust, and both clinical and physiological data have
vuried with respect to duration of exposure. There is a lack of serial obser-
viations in asbestos workers. The present study was undertaken to follow
severaj parameters of pulmonary function in a group of workers who had
been exposed to asbestos dust and then had been withdrawn from further
industrial exposure. Data were collected over a ten-vear period, during
which time clinical and radivlogical features were ulso follewed. In 1934-
1055 17 workers were made the subject of careful pulmonary function
studies’, and follow-up studies, varying from 1 to 3 subsequent studies,
were made in 13. Additional vbservations on 21 asbmstos workers were
made with reference to pulmonary compliance to obtain information rela-
ive to vital capacity independent of patient performance. Thexe data will
be prusented also. ’ '

LT . o

MATERIALS AND METHODS

In 1954-1955 (see TABLE 1 for date of initial study), 17 workers from
asbestos factories were studied.’ Clinical symptomatulogy and lung involve-
ment un radiographic examination varied. All patients had been exposed
te asbestos dust for years (range 4 to 24 years; average 11'; years at
that time). ’

In each case. 3 detailed history was elicited with particular reference to
occupational exposure to asbestos dust or other offending agents which
included the intimacy of contact with duyt, duration of vontact. degree
of exertion f{increased ventilation) of the workers, ind cancentration of
dust in the inspired air. Severity of exposure wax graded 1 to 4.°

In addition to routine laboratory texts, search was made for asbestos

*Supporzed by the Robert 8. Clark Foundation, New York, N. Y.
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: CLINICAL STATUS, N-RAY FEATURES, AND COURSE IN 17 PATIENTS WITH
i PULMONARY ASRESTOSIS .
1 - —
j Status 1954-193% 1984 .
H |
i ~ lyears X-ray DOE Club
: Patient ! caset Agt | X-ray |DOE*| Clubt PROG! PROG PROG Comment
: 1. 3.7, 14 8 |3 T2TITITIT L0 o1 - 0 {working regularly 1964
: (1959) no signiflcant change
i 1959-1964
i 2. RJ. 12 42 4 3 3 2 2 0 |Died cor pulmonale i
i 1982 ’
! 3. N.C. 11 35 3 3 3 0 i 0 - Not ahle to work now
i I (1963)
! ! :
4. R.B. 10 6 3 0 0 1 0 0 Died 1963; Carcinoma
of stomach L
5. M.G. 13 ° 1 2 3 2 2 0 iCarcinoms of lung- 3 3 & s
(1964} segmental resection; - g J LR A,
secent progression ! ‘-{Z' 11N et
; other side with tncrease . '-,{;ép’%w‘ﬁ? g—s’,'.?.f ¢
$ DOE. R ] T o,
5 b4 -d (-~
1.1 | s
6. M.R. 11 87 2 2t 0 0 0 0 {Died Carcinoma of ._:,: 24 :32{,
i tung 1963 > ed
[ .
1. 5. Me. 10 82 t 4 1 2 2 1 0 Died Asbestosts 1961 == T g
8. T.B 2 48 1 1 I 1 0 Y 0 :Working regularly “5‘; "3'{;1‘:% St gé;“ -“
e | | | Hel SRS
9. A.C. 13 6 ;2 0 ¢ 1 /] 0 0 |Working reguiarty R 3-—9 « R
{ _ FPR BRI vt oy
10. T.W. 6 : 51 ;2 1 I 0 [ 0 > ¢ iwwm regularly (ty 7, ’i 4% 01
IL.GR | 13 | 48 2 CRIEEEE T I . - !Dicd 1958 Careiroma S ot DIT
o i o ung Derehigram
. ! ! \ o dh “ ..’ A
12. H.S. : 13 | &3 I 1 ] E ] 0 ¢ ¢ Coronary: DOE now 2» 3;‘{4‘::%‘:" R ; HES RS
i - ‘ } ey ‘3’&; 3 '?"‘“ At
. AF. il 87 + 3 0 ; 0 0 2 0 Died coronary 1962 i tyirsie % ghr =R TR
: NN ~ f g
14. W.S. i) 3 } 01 1 1 0 - ¢ - ' Not seen siace 19%9 o ';;‘a,n .'i?:i;?",)g-_:,g".;
B ! Mo change to 1959  but known to b2 well IR RTY AT AR J%j
' | ! 1n X-ray ! IFviedin d
H I i : g o
18. 1P, l 1 ; 38 | -1 | o 0 0 0 0 Working regularly i
18. CD. [ 10 ¢ 62 (1 4 2 2 1 0 !Died Mesotsaliomz . o
| I | i(c:r:moma 1959) g
1 : .
w.pe| 12 | 38 fo1 | 0| o Deceased ‘Died 1935 of e
l } } Icz:cmnm of sicmach H :
of Ex - %i'f P pihl
*DOZ_ = Dvspes of Exertica. LRI .
1CLUB * Clubbing. T B Tk,
IPROG = Progreasion. . SRR K 3 $E
Numbers Lo the columns labeied X-ray and DOE are tased on 3 gradiag of 1 o 4. * SN AEErR] A LD ;f.:
. _.-a' ;-bt‘-"' M ‘: Sy
B ag S ¥ Phe 1
PE-S0 s LR 2R

e AL e : \ A‘n. 1L > i
ST RS Dap -
U LT bk o ¥ wiet ~ 3V Y 'v‘_.?'x;- oy

3 _“%.,‘k’l g j- R ¥

e %:(a,i« &S W LA s

Lo
fﬁ~ 4

" t‘": 3 1
i a all
bty

_
;‘-".5‘
ieng
IR Rl A (MR O

T i

rel
ol

e
1y

Bwed v.°0



Sy b g e N Ty s 4 e LY
e S TS s 8 P L AT RS A B
LTIV S R ﬁ’!.,;;f-):-. VPt

RV
&il gﬂ'}}

F AT TR S ATR
fomiald e ey WAl T L U Sy
. PECf T - N t_l{ 's:fo IAXIIEN .ﬂ A "
% ‘*J:*;;&w«‘-’?‘é?r- -f"o:‘%;i,g? Htdestoy ;
‘8,)‘!;;.3:‘.“ f‘\ t},?u,!‘ ‘..é'{f‘ .'_P:’:‘.J ) .‘m. E
NS ‘4{“"'~ BRI EIATATS
AR Ewk

3.

.’;%': a'f,l
43

¢

NTE PN

3 § i

Ryl mb;* ] il Wt s T;‘gl‘,". ;’::. PP ', N
”‘,?":“;‘ ‘iz"‘ﬁb 0y %’9‘ "’, “3:} 5 --"P‘gé-gi.' wg(?;} "?, 4 1; 1.' 4
S n NG e

- v - ] NI & 6K - 1}-#
f.i{ﬁ'}?r'z ei‘ Lot fi‘ TN I l}“ y‘* , \h‘;,?;?%

O . . > )

4.3

'f:’o" ~{$4g o oy K R
Ah‘df’:’.:‘:’ L PAS »ﬁ: X BN
QORI g
i

i

o~

P
b

-

394 Annals New York Academy of Sciences

badies in 14 of the 17. at least once, and all sputa were cultured for tuhercle
bacilli. A routine electrocardiogram and [’A chest film were obtained. The
latter were graded from 1 to 4= based on criteria previously reported.'
Measurement of lung volumes, maximum breathing capacity, index of in-
trapulmonary mixing, arterial oxygen saturatien, and carbon dioxide con-
tent were carried outl acvording to the methods of Baldwin, Cournand, and
Richards.” The partial pressure of oxvgen in the arterial blood was meas-
ured by the direct technique of Riley, Proemme!, and Franke.” and the
ventilation perfusion relations and diffusing capacity of the lung were
determined by the methud of Riley ard Cournand.”*'* From the analysis.
data for physioloegical dead space. venous admixture. and diiTusing capacity
of the lung were obtained.

Of these 17 men, follow-up studies were obtained on 13, listed by number
in Tante 1. The status in terms of X-ray, dyspnea on exartion and clubbing
are listed in TABLE 2, with any changes between 1034-1055 and 1964 noted.
The clinical fate and reason for loss to iollow-up are shown in the right-
hand column of the Table. Ax muay be seen. eight are now dend — one of
cor pulmonule, two of carcinoma of the lung, two of curcinoma of the stom-
ach, one of asbestosis, one of coronary ncclusion. and one of pleural meso-
thelioma. Of the living. six are working. one had surgery for carcinoma
of the lung, one had a coronary occlusion. and one iz unable to work.

It wus decided to follow these patients with ventijometric measurements
and arterial hlood gas studies. In J of the 13 cases follewed. residual voi-
ume measurements were repeated. Data on the 13 patients are listed in
TABLE L.

In 21 cases of asbestosis dynamic pulmonary compliance was mensured
22 times hy the method of Mead and \Whittenbherger.”® No serial data are
presented on these parameters.

RESULTS
Initiai Qhservations

Initial observations carried out in 1934-1255 on the 17 patients have
leen reported in detail.' For convenience the data are shown in FIGURES 1
and 2. These resuits may be summarized ag {ollows: Vital cupacity was
well preserved in haif the patients and moderately reduced in the remain-
der. Residual volume was not significantly altered except for a slight in-
crease in six patients. The ratio of residuai volume to total capacity was
normal in all but two patients. Maximum breathing capacity was well
preserved in all eases. Analvsis of ventilation-perfusion relationships re.
veuled normal intrapulmonary mixing of gases (by the residual nitrogen
technique! in all but three subjects, in whom it was reduced. Hyperventila-
tion was present at rest and exercise in the majority of patients. Arterial
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pxygen saturation was slightly reduced in 6 patients at rest and lower than E 3 Wi’ %3*: ;

92 per cent un exercise in 10 patients. While dead space ventilation (ex-
pressed ax per cent of minute ventilation) exceeded the upper limits of
normal in 12 patients, alveolar ventilation was increased in absolute terms,
and in no case was jt decreased. The diffusing eapacity of the lung for
oxyren was measured in five patients at rest. In four of these, it was
reduced. In addition. in four of these five subjects venous admixture was
incrensed. The abnormalities correlated poorly with intimacy and duration
of exposure. A betler correlation was found when compared with radiolog-
ical findings.

L3 3] 133
Vial Capacaiy Desreased L H | * Pred.
¢ 602 007 014
Puimonary Compliance - ! 3
Y l,em WO

=

-

e

QO Diltusing Capsarty

¢C., MIA./mm.

o) Y3 ™
Oavpensst. jresty  Normal [ t ) <
. —_— %
N O
Oavgensat.  {evercise} Decreased A l -
» ars 9
20 Normait L s N
T s 193
Maz. breath <39, . L S 2 pred
- 2) ) 8 95
RV TC N L L
. [ s
Pulm air. remst. o L 1 d  emH, 07 s

F1cURE 1. Suminiary of initial observations of pulmonary function in 17 cases
of asbestosis, '

- . Follow-up Studies
These are observations made after withdrawal of the patient from indus-
trial exposure, and reflect the natural history of the asbestosis of the lung
already present. -

1"ital Capacity
Vital enpacity data expressed as per cent of predicted are presented for
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Fievre 2. Clinical features in 17 patients with pulmonary asbestosis.
the 13 patients availabie to follow-up in TABLE 1, and in FIGURE 3. In 12 of
the 13 there was a fall in vital capacity ranging from 9 to 31 per cent ex-
pressed as per cent of predicted. In one case. it rose 9 per cent. The aver-
age fall was 18 per cent. which is in excess of what may be expected {rom
aging alone. In the original study, nine patients had a vital capacity above
89 per cent of predicted (maximum 117 1er cent), six ranged between 60
and 80 per cent. and two had less than 60 per cent. In the last follow-up
studies, only three had volumes in excess of 80 per cent. and four below ’

60 per cent.

Mazimum Breathing Capacity
Maximum breathing capacity datn exprassed as per cent predicted are
- presented in TABLE 1 and FIGURE 4. Of the 1J patients followed, the maxi-
mum breathing capacity fell in 12. The fall ranged 6 to 51 per cent (aver-
age 21 per cent) with a rise in one patient of 10 per cent. In the original
17 patients, the maximum breathing capacity exceeded predicted figures
in 10, and ranged between 88 and 130 per cent in the remiining 7 cases.

A o In the last obtained serial studies. maximum breathing capacity exceeded
:‘ _‘\ae;;:ﬂ *7?‘-&:_«;. T predicted in oniy one. ranged between 80 and 99 per cent in six, between
AR A M ey 60 und 80 per cent in another six.
Bz Sapetlr S gy
_:":;;q: 33{; ¥ Air Velocity Inder
ZZ" iﬁ;"{'ﬁ‘;“. 3Tt Because of the fall in maximum breathing capacity (see TABLE ! and
5 .,‘r_,,s e

. . s ©; MBC
FIGURE 5): calculation was made of the air velocity index (?T) to deter-

mine if there was evidence of 2 fall in this index. and in how many cases
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it fell Ledow one, Inthe 13 patients serially studied, the original air velovity
: index wus greater than one in ten patients, and less than one in three., Of
g the three with air veloeity indices of less than one, all rose — twao to greater
:han one. and one remained below one with an insignificant rise. Of the
10 patients with air velocity indices greater than ! it rose in 4, and fell in
6 wonly invunecase did it fallbelow 1), - —

Arterial Bluad Gaxes

1. drterial orygen saturation at rest (see TABLE 1, FIGURE §). There
was no significant trend in oxygen saturation at rest. Of the 13 patients,
§ had an initial value of 95 per cent or greater, one of 94 per cent. three
of 03 per cent, and one of 90 per cent. On follow-up study, there was a fall
in seven, hut the only notewarthy ones were 93 10 37 per cent (patient died
of cor pulmonale s, 93 to 91 per cent, and 93 to ®2 per cont. All uthers were
insignificant. In the remaining six, arterial oxygen saturation at rest either

110 =
S 00}
o
Q
Q
l§90r
* 80 +
I
.
Y
\‘J 70
% o
Q
; 60 M
[
BN
0 L
40
so L 2 A — A L

1954 1956 1958 1960 %62 1964
YEAR OF STUDY

FiGtRE 3. Changes in vital capa:tsr of 10 vear period.

D A = — L o———————— OV

?.':-.;u. I

W 3 : 2o TN Sy e A AT Tea i L +
Sl ST R T s b e s T R R
-Ip‘..,~ SERE [TEA gt‘. )r"m.t*'«r. gﬁ‘av, c

3 o

1487H2 ‘,gg.r?:e, 3. g Al
v g§ LRAR _,‘.gg#u‘&?t‘;ga 35 R

AT SRR Rt SniAY v@;;rj.xg;- =PRSSt

' ; i fek ‘ 7 . o HEIE AR

. AR R R AR “ A

. lﬁ‘ 1.’ -'\‘: To2 % K= - "‘:{)‘, . ’_{?:‘3_3:";“ :-)e Pj : .‘.-- pi3s \
5 34 " : ?“’.’X 2 ‘ ,
cN =43¢

‘:ﬂi‘m‘m;l' 32

e Sy o = 1Y
P 2% T ¥



g8 IR A R B A L T 0 bl oy R0 41T 4 vy dmeen St A M g R T T e

Q1P fr&w“ ey .

> vl S ey - 38, O ey 3 - e g b . 3
¥ "i»“?‘t“"':"'i:g"l;?“‘?f‘ % »,'-m-;{:v-.:»- e _.'_"!{Zv;‘g,’.l."_..’:g',l-;(t':&g“i, pateiny : ""4!
8 TN 11 R G 1 A .:1“'@:-:'::- 53 ST AR s ST P AN i Aodio gr ] T3
b R A R S i s R g e A YRR BT
P A A 430 50 iy S i 1¢ >4 SR ¢ Yk AT A
- .Af?gqmr; 3 JaA ! $ ‘ev:g.v .,1: "_‘I’i

X
oty

¥3F g T O Ly
fﬁ“*""@f‘:}h
el

<5
%
)
A
S
‘?’é’m
4
T
X

0 paln T A e ‘?rg&gé,
S P e
ees o j\.’.T'. ik

¥
et

Wottndil L be BOASN .
whos R >ra
N €3

L

140

|

130
120 F .
110 B
100 -

A
{d

MAXIMUM BREATHING CAPACITY
X PREDICTED

YRR 30 r
%f;ﬁl' 80 |
70 Fo
50
S0 .
! a0 |
30 . 2 - :

1954 19%6 1958 1960 (1362 1964
YEAR OF STUOY

:‘.' d 'istxe 4. Changes in maximum capacity over 10 year period.
. )

O{ o

&

=

.

..";

AIR VELOCITY INDEX
T A O T N

1.4
t.Yp
.2F
t 1
L 10
=2 d -«
I /A

1954 1956 1958 1960 (1962 964 - T " _
YEAR OF STUDY

Frevra L Clianges in ar veloeity inaes aver {0 year period,



.
.
————

. Bader ¢f nf.: Pulmonary Function in Ashestosis 300
i .
) rose or remainetd unchameed, the only noteworthy rise being 90 1o 93
i rer cent. _
" 2 Artorial orygen sufurafiva on creretse. Of the nriginad [T patients,
: in 10 the arterial oxyyen saturation on exercise was 92 per cent Or less.
i At the conclusion of the initial study,', it was thought that thix would be
}
{
: i - -
* 5
{ W
Q 9 7 - . —
3
L}
96 }- ;
. 2 . R
; % 9%
[ k 94 [ ,ru %
S os3 e
. X BRI
: Lok BEiY
TR 3L
RIS
; 90 P 3? o
‘ ~ T o
[ YR e i
S 89 I ;.Mgg; 2
x 88 r b e
b A
87 »
8 s A > 1 ] L A
f 19%4 1956 1958 1960 1962 1964

YEAR OF STUDY
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perhups a vuluable and sensitive :hdex of progression of the diseasc. In
TABLE ] and FIGURE 7 one can see thar 7 (of 131 had no significant change.
three feil 138 to B2 per cent, 86 to 81 per cent. and 73 to 63 per cent, the
last dying of cor pulmotale shortiy afrer the study . In one there was a
significant rise from 7! per cent to u still quite abnormal 81 per vent. In
the time period of the study there was o distinet downward rend of the
arterial oxveen saturation on exercise.

3. Arteriel carbon dioride tension (~ec TAPLE 1). There was no signifi-
cant hypercupnia in these patic.is arigin:ily or in final study. pCOz values
did not change significantly in the initial ai:d final studies.

1. Arteriad pH (xee Tasfy 1. Arterial pH remmined essentiaify un-
changed throughout the study.

Rexidual Vedume,

In the original studiex on 17 patients, the vesidual volume did not differ
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ARTERIAL O, SATURATION ON EXERCISE

L L Y ¥

L 1

Ficuee 7. Chanyes in arterial oxygen saturation on exercise over 10 vear peried.

significantly from the predicted figure in 10 cases. In six, it exceedad the
predicted figure by 20 per cent or more. The ratio of residual volume to
tota) capacity. however, was within normal limits in all but two patients.
In four cases (=1, £3, £7, 29) studied seriaily, residual volume increased
in two. The ratio RV ' TC, increaxed in all four. Indeed in only one was it
within normal limits on the final follow-up study. It should be noted that
in only one icase 1) was there a marked increase in residual volure
to account for the increase in RV TC ratio. The changes in RV -TC ratio
were markedly influenced by the fall in VC, rather than by a rite in resi-
dual volume.

Pulmanary Compliance
In 21 asbestos workers, measurements were made of puimonary compli-
ance 30 timex, On the same visit, vitil capacity was measured. Compliance
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is compared with vital capacity in Froune 80 Inspection of 1P1G1RE 8 revenls
a linear relation between vital capacity and pulmunary compliance.

DisCussioN

Pathologically,' asbestus particles lodge particularly in the vestibular
area of the lobules and elicit a fairly uniformly distributed difTuse tnon-
nodular) fibrosis. It is not surprising, therefore, that previoux investiga-
tion has established that the physiological changes encountered are those
of the alveolur-capillary block syndrome.'*'* Almaost all repurts have dem-
onstrated decreased vital capacity,' fairly well preserved maximum breath-
ing capacity,’*' impaired oxygenation of the blood'' due to decreased
diffusing capacity,"* and increased rigidity of the lung us measured by
decreased. pulmonary compliance.**™ What have been lucking are data
on patients followed over a several year periud in which there was no in-
dustrial exposure.
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The principal change encountertd in the preseat study was the uniform
finding of o significant reduction in vital capueity compared with initial
studiex in 10501955, It was previously demonstrated that the reduction
in vital enpuicity correlated poorly with intimacy of exposure.! Betler cere
relation existard with regard to radiological findings.’ Analyvsis of the data
in TARLES 1 amd 2, comparing the reduction in vital capacity in the initial
and final studies with Xeray progression. reveals good corralation in six.
fair in two. and poor in five. Poor correlution in almost every cuxe meant
a reduction in vital eapacity without evidence of X-rar progression. Simi-
larly, about half of the patients had good correiation with pregression of
dyspnen on exertion bat fuir or poor correlation in the remainder, vital
capacity again being reduced without significant progrexsion of despnen.

There are two possible explanations of the fall in vital capacity without
significant chunge in th& radiniogical or clinical pieture in haif these cases
of asbextuxis of the lungs: (1) It ix a more sensitive index of pulmonpary
involvement than either the Xeray or clinical svmptoms and (2; the data
~may Thect poor patient cooperation.

Taking the first possibility, it has been previous!y shown that correlation
of reduced vital capasity with X-ray is onlyv fair.’ Furthermore, significant
pathological alteration may exist without evident radiological changes.™
Indeed reentgenvyraphic diugnosis and differential diagnosis can he very
ditlicult.” With regard to the second possibility, the data on the 21 paticents
in whom pulmonary compiiance data yre available demonstrats a gnod cor-
1efution hetween vital capacity and dvnamic pulmonary compiiance. The

Litter test dees not involve patient performance conperation, other than
breathing differing tidal volumes. This lend~ great weight to the validity
nf the vital cupacity measurements apd suggests the view that it is an
accurnte and Move <ensitive index of puimanary invoivement than the chini-
cal or rudiographic features.

Arterial oxyvgren saturation on exercise in the orviginnl studies on 17 pu-

T tieats,' althouxh found to be a sensitive index of impairment. did not show
a uniform: uaitern of change in follow-up studies despite fair correlatisn

“with Xy und dyxpnea on exertion in about half the patients. Further.
more, vital capacity foll much more often than the oxygen saturition on
exercixe. Nyedioss tosay the vital enpacity is a ximpler and more cunvenient
Lest to perform.

With Tegard tu the question of the development of ventilatory changes,
it is clear that the maximum hreathing capacity valuex, while reduced ~om-
pared to the initial abservations in 19531035, are in the range expected
in alveolur-cupiilary block caxes. Other studies have aixo stressed the main-
tenance of the maximum breathing capacity. 1 our series the only markes
fall was in une patient whao died of cor pulmonale shortty after the study.
Analysix of the air velocity index (AV]L reveals that the majority rosc
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during the followeup period and thal oniy one patient had an AV of less
than one in the final studies. Further evidence agninst emphysematouds
changes is available in the large number of stadied cases in whom evidence
aguinst an emphysematous pattern of pulmonary funetion is presented.#*~
The only significant exception is the report of Rastenier of ol hut five
of these nine patients had chrenic bronchitis. Finally in none of our cases
did any significant hypercapninn or acidosix appuar.

No serjal messurements were made of the diffusing capacity of the lung
in our series, and it is impossible for us to eanclude that the vital cupaeity
is superior to the diffusing vapacity as an index of propression of ashes.
tosis of the lung. The finding, however, that the arteriul oxygen saturation
on exercise showed no significant downward trend would sunport the view
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that if changex in diffusing capacity did accur as frequently as the reduc- 2nd 0y
tans in vital capacity, they were not suflicient to be reflected in oxygenation .‘?"j‘ > 71'2:,‘

. . . . R . 2.5 el 3
of the arterial bluud on exercise. We cin conclude that the vital capacity - *,ﬂ,—;

syt

is the moest sensitive index of progression of the purameters we studied.
Needless to say, the vital capucity is the most accesvible, easily applied,
und repeatable technique available.

SUMMARY AND CONCLUSIONNX

1. In 1954-1933. pulmonary phyziolugical studies in i7 usbestos workers 3637
revealed the characteristic pattern of alveolar-capiilary block syndrome. ; :17_;“1"'-
These patients were withdrawn from industrial expesure. ."vf“

2, Of these 17 patients, 13 were availabic 1o {ollow-up study up to 10 R AT 5.*_-,
years after the initin} observation. Eight ure now dead — one of cor pul- ‘?' ‘3‘;‘.’{?"
monale, two of carcinoma of theklung, two of carcivvmas of the stomach, ane ‘,,Pai\ﬁ
of asbestusis, one of coronary ucclusion. and onv of mesothelioms. Of the el

living, six are working, one had surgery for carcinoma of the lung, one had
a coronary oeclusion and is unable to work

3. Follow-up measurements were made in 13 patients. These included
vital capacity, maximum breathing capacity, arterinl oxyuen saturation at
rest and with exercise, and arterial pCO: «nd pH.

4. During the period of the study, vital capacity was found o ve reduced o
significantly in 12 of the 13 patients. There was also a fall in miximum i
breathing capacity. but in general they remiined retatively well preserved. 1" 3
Air velocity indices showed an upward trend in more than half, und in only -‘;ﬁ
vne was the air velovity index slightly less than one. ‘ e

3. There was no signifcant trend in the arterial exvgen saturation at
rest or ¢n exercise, sArterial pCO: and pH remined essentially unchanged.
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G. The fall in vital capacity correlated well in alout nalf of the cases BT
\\-i:}j p,-,.!,,.,'»f,;t,,; of .X-I':X,\’ ﬁm_iings am.;i pragression “.f ti_\'s;-llllfil c).uk exertion. -dc,-%a.é‘?g
fn the remainder, vital eapactty fell in abmost b without <iznideant pro- :s;x_;i;'“d

gression of radiological features or clinical symp oms,
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7. The reduction in vital capacity correlated well with reduction in pul- 1i
monary compliance in 30 observations un 21 patients with aslUestasis. This : 12.
would indicate that the reduction in vital capacity is not a consequence of
poor patient performance. . 19

8. While diffuzing capacity was not mesured, the arterial O: satura-
tion on exercise did not demonstriate changes parallel to the fall in vital
capacity observed,

9. It is concluded that of the parameters here studied, vital capacity
was the most sensitive index of progression of the disease. Its ease of
application, availability, and repeatability all recommend it for use in the
frequent assessment of workers exposed to asbestos dust.
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