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. Cardiopulmonary function studies in workers
| dealing with asbestos and glasswool '
J. BJURE, B. SdDERHOLM, AND J WIDIMSKY?? |
From the Department of Clinical Physiology, Sahlprenska Sjukhuset,
Um've:.'.rily of Gatcharg, Gotcborg, Swedan - '

Pulmonary fbrosis is thought to be a common
complication of cxposure to asbestos dust. The
inhaled asbestos fibres are supposedly not
transporied by the pulmonary lymphatics, and
thus one singlc massive exposure might lead to the
“same stage of fibrosis as a prolonged but less
intense eaposure,

This industrial hazard has led 0 the search for
substitutes for asbestos in insulation work, and at
present glasswool and rockwool are often used.
Tha fragmentation of these materials may give

_rise to fibre particles which can be inhaled and
denosited in the alveoli, The possible effect on
cardiopulmonary function in a group of mizn doing
insulation work, with prolonged exposure to
glasswool and rockwool dust, is the subject of the
present paper, and a similarly exposed group of
asbestos workers was studied for comparison.

MATERIAL

These mzn have reqular routine medical examinalions.
All the subjects in this study, which formed part of a
general survey, were gainfully employed male insu-
lators who voluntecred. Their employment records
were carcfully studied in an effort to evaluatc the
kipd of dust to which they had been exposed. Group
A consisted of cight subjects whose exposure to
ashestos dust comprised at least 5036 of their employ-
ment time. In all subjects the chest radiographs
suggested asbestosit, and two patients complained of
cough and exertional dyspnoca. Six subjects were
selectzd who had had prolongsd exposure to glasswool
and rockwool but only minimal exposure to asbestos
dust (group B). They nad no history of cardiopul-
monary disease. Physical findings and chest radio-
graphs werc corsdersd normal.

Chnical, radiological, and occupational data are
recorded in Table I,
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METHODS

Dynamic spirometry was performed, as described by
Berglund, Birath, Bjure, Grimby, Kjellmer, Sandqvist,
and S5dsrholm (1963).

Functional residual “capacity ~(F.R.C.) was dctes- -
mined in the suping position, using an open-circuit.

nitrogen wash-out technigoe (Lundin and Akesson,

1954), The volumie required to wash out the nitrogen

from 1 litre F.R.C. to an end-tida]l concentration of
29, lung clearance indea (L.C.1), was ealculated from
thesz records (Decklake, 1952),

Electrocardiography was performed using five chest

clectrodes (CR) and the conventional limb lcads as . -

well as aVR, aVL, and aVF. Piiysical perfornuince
was studied on a bicycle ergcometer as descrilizd by
Sjostrand (1947). The heaviest work Joad which could
b= mainiained in a steady state, as judged from the
heart rate, was usad as an index of the physical
performance (Grimby and Soderholm, 1963).

Heart cathzterization was performed in the marning
after a light meal. A double-lumen catheter (no, 9)
was wedped in a pulmornary artery (P.C.Y. position)
with the proximal lumezn in the pulimonary artery.
Brachial artery pressure was recorded from am
indwelling polythene tube. Pressures wers recorded
with strain-gauge manometers on a six-channel direet.
writing recordsr.* A point 5 cm. dorsal to the stermul
angle was used as zero reference level. Mean pressures
were maasured by electrical integration. Cardiac out-
put was estimated according to Fick's direct principle.

Gas analyses and measurements of oxygen satura-

tion and oxygen capacity were performed as described
by Holmgren and Pernow (1959). The oxygen tension
in arterial blood was determinad by the potentiometnic
method described by Gleichmann and Ltbbers (19460).
The alveolo-arterial difference in oxygen tznsion was
caleulated from the alveolar air equation and the
arterial oxygen tension. Venous admixture to arterial
blood was calculatzd in per cent of cardize outpul,
assuming an end-capillary oxygen situration of 989,

After introduction of the cathelers the subjects were
altowed to rest for 30 minutes. Pressures and flows
were then studied in the supine pesition. All measure-
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Cardiopulmonary function studies in workers dealing with asbestos and glasswool 22

TABLE I . .

]
Arp—— .‘
Sub. vy, | Pizurat | Streake | Werking Tos- . |
L::t ALz l»(!&;;,k;x Thock- "y Igé’; Capacity %“'_l:: pretory Occupations] Histary |
io ' eninz | Motthng T (kpm./min,) = Rztc : ‘
29 167 - - - 600 124 30 11 yr. slmost exclusively rockwool snd glasswool; ;
' mimimal exposure to 2sbes(os i
2 37 191 - - - 1,200 157 30 22 yr. exclusnvely roceweol and glasswool; no exposure o
to ashesioy :
3 41 171 - - - 600 128 20 25 yr, slmost exclusively rochwoo! and Elasswool; '
N - mnim il expaiure o 3sbestas }
, 4 ” 177 - - - 200 150 i 2% B yr. exclusinely rockwiool and glassweel i i
5 45 187 - - - 1,200 162 28 29 yr. Since 15 yr, no exposure to asbestoy but has earlier
= bezn maderately exposed Lo ashestos
6 43 178 - - - 900 172 28 11 yr. almost exclusively rcckwool and glass weel;
. munimal expasure to asbestoy
| 48 130 -1 + - 900 15+ 34 30 yr. exposure to bath asbeutas and rackwool
. . 8 50 168 +1 + + 990 152 49 25 'yr, exposure to both asbesios and rockweol
- R 9 40 {83 + + - 609 120 28 10 yr. mastly exprsers to ssbestos bul has used face mark
. 10 bR 171 - L= - ,200 1EQ 44 1L ye, mostiy exposase to ashzstos but has vsed face mask
. 1 51 172 +1 - - 20 165 8 30 yr. mostly ciposcrz 1o asbestos
. 12 49 1739 - - 200 165 30 22 yr.omostly exposire 1o asbestos ,
1) £ 168 +1! + + 600 130 36 7 yr. mostiy exposure (o askeitos
N 14 46 164 + + -~ 600 s 28 9 yr. mestly exposure to asbestos (mastresses)

1 S¢oliosis of thoraciz spine.  # Pizural and'or diaphragmane ealaficanons,

TADBLE II .
' . FPULMONARY FUNCTION STUDIES '
. ! v.C. (1) FEVY. .00 ' F.EV.Y .
‘ S - | pima 1 RRe | otol | Dig
. o. Fourd Predicted Found Fredicted l Found Precdhicted ! i
Group B
! 1 463 467 398, 3-84 BS 81 Q9 —_ —_ 196
2 576 564 B3 417 66 73 I8 Jol 90 101
3 435 455 344 351 76 77 09 1-76 78 27
4 486 497 192 jes €0 78 1 {-98 63 202
B 3 4-76 529 310 197 kA 75 25 249 90 204
e 6 4-52 438 344 369 76 76 14 2:44 78 232
Group A .
. . 7 4-42 489 2.92 363 66 T4 18 2-36 106 94
- ] 2-69 427 1:96 314 73 73 —_ —_ —_ s 182
. 9 4:03 544 33 417 g2 17 65 331 53 173
i0 Jog 484 2-69 -84 87 1% 0-9 1-89 10-2 212
1] 383 4-4) 222 322 5B 73 54 3-07 118 18
\ 12 1135 4-29 2-64 318 78 74 0.8 276 4 70 t5¢
13 344 431 2-M 328 86 74 15 1-88 113 \\:I‘.‘
14 2-90 416 2-30 314 hil 75 63 2-05 88 19
Mean values .
Group B 435 1013 3-30 805, 72 78 1-6 236 7T6 239
Group A 347 767% 263 6% 76 73 33 Vo2 2] 142
P-values for ' ' :
dillerence ,
A-B .. <001 <001 ' >0-03% =008 >0-0% >005 <001

V.C. wvital capacity (1. AT.P 5.)sithrg F.E.V.; ¢~ forced expired volume in § g=¢. (1. A.T.P.5.) mitiing. F.E.V
Vace.in per cent of vita' canreity. N,y difference msingls breath’ differenca in expired N, content between 750 and

4« forced cxmred voiun.c n
1,230 mi. F.R,C =funciongl

tenduai capacity (L B.T.P.5.) supine. L.C.1, lung cledrance index (litres of total ventisuon per hiwre of FLR.C.), Dy g = pulmenary diTusing

capacity for carbon monoxide (mi, 'min. x mm. Hg).

mentys were made under steady-state conditions, as
judged by pulse rate and pressures, Haemodynamic
data were studied during rest only in group B and
during rest and exercise in group A.

The diffusing capacity of the lung was determined
at rast using the stzady-state carbon monoxide mzthod
dascribed by Filley, Macintosh, and Wrzht (1954),
modified according to Linderholm (1957). Carbon
monoxice was analysed in 2 hopealits apparatus
(5:3lex). The carbon monexide content of arlerial
blood was dstormined  after releass of CQ by
sulphuric acid in an extraclion chamber.

= =t M m ommrm et e — o an e — —e . —

RESULTS

Table 11 gives details of the pulmonary function
studies. The predicted values have bzen ealculated
according to Berglund er al. (1953). Group B
showed completely normal values in ail respests.

in group A the dynamic function tests revealzd
a marked restriction, and the ditfus:nz caeacity
for carbon monoxide was reduced. However, thar
were no signs of inereassd airway resistance, as
judged from F.EV.%, nor any indications of

' CONFIDENTIAL - SUBJECT TO COURT ORDER ,

, T s v S " i - . S

| BB 0005061 |

S v G A




24 J. Bjure, B. Séderholm, and 1. Widimsky

-

impaired distribution of the inspired air, 25 judped
from the lung clearance index and single-breaty
N, test,

Physical parformance (Tablz 1) was comparable
in the two groups. In only one subjsct (no. 13)
in group A was there any rcason to suspsct a
fimitation of the working capacity bacause of
impaired ventilation. However, all subjects in
group A had a tendency to use a higher respiratory
rute at a given work load than the subjects in

. proup B,

Table Il shows the haemodynamic data. Also
from this table it is evident that the abpormal
findings are confined to group A. Even though the
average pulmonury artery pressure is not definitely
raised for the whole group, the diference beiwezn
groups is significant, as is the diference in
calculated pulmonary vascular resistance.

The respiratory data are given in Table IV.
When comparing the two groups there is a
significant difference only in the arterial oxyoen
tepision and the alveolo-arterial oxygen tension
difference. However, the lowest oxygen safura-
tions, as well as the highest Vp/Vr and Q,/Q,
are found in group A.

In both groups some subjecis (nos. 4, 6, 7, and
12) had a low arterial Pco, a rest. This has beon
interpreied as bzing due to anxicty. The normal
value during exercise in subject 12 gives some
support lo this interpretation,

In subject 8 essential hypertension micht be
suspected because of the increased brachial artery
pressure and systemic vascular resistance.

Electrocardiography revealed in group B onl)
onc subject with sipns suggestive of right
ventricular hypertrophy (R.V.H.)) but hcre the
pulmonary artery (P.A.) pressure was narmal, In
gioup A two subjects had the E.C.G. pattern of
R.V.H.; one had 2 normal P.A. pressure at rest
whereas the other had pathologically raised_
pressurcs both at rest and on exercise. Thiec other
subjects had signs suggestive only of R.V.H. Of
these only one had an abnormally raised P.A,
pressuie at work., One subjsct with pulmonary
hypertension at rest had a normal E.C.G.

In view of the differance between the two groups
these findings indicate that electrocardiographie
signs of right ventricular hypertrophy in 2 subjsc
exposed to asbestos dust would indicate thz neces.
sity for further cardiopulmonary fuaction studies,

TABLE 1If

HAEMODYNAMIC DATA
P
. Brachial Artery P.C.Y, Pulmonary Arntzry -
- Subiect R.A.' | SV.R. | B.VR. | =D, | C.O. | H.R.| 5.V,
Q. Systolic | Diastolic] Mean Systoiic |Diastolic] Mean
Group B -
1 122 73 92 —_ — — - —_ —_ — —_ —_ 69 —_
1 128 17 101 13 27 13 18 —_ 17t Q-8 L -2 64 92
3 117 72 93 4 13 7 8 [1] 207 09 44 45 63 £6
4 110 61 81 6 15 4 9 -_ 115 05 45 60 68 41
3 130 76 91 3 20 8 13 1 i 10 40 g4 73 s
[ 130 L1} 104 3 16 4 3 2 15-8 [+ 6 66 70 94
Group A
7 133 79 106 6 25 7 ] 1, 15-6 3 41 63 14 125
.S 172 104 132 13 J8 17 23 4 29) 27 47 4% 63 113
9 147 7) $0 H 27 3 1) 1 77 07 23 -7 93 119
10 R 117 67 91 7 25 6 16 0 14 2 14 ) (3] an ™
E 141 717 96 ] 44 14 2} 59 17 79 HOR- IR [ 109
1R 14 76 109 4 39 b 13 0 175 20 44 57 T8 ?
E 166 L2l 121 7 3s 1 21 143 [ 104 g5 1110 3
12R 125 84 103 3 n 9 16 2 181 2:3 48 57 M 70
E 160 ) 123 — 0 22 n 133 —_ 102 935 14 83
13R 129 78 6 3 22 7 1) 4] 163 [ 17 59 65 L¥]
F 14} 8 103 10 32 10 19 93 o 78 [EER I M 131
14 R 14) 84 113 i2 32 3] 11 4 6 18 42 52 &4 L
E 199 109 150 17 60 bk} 13 143 20 92 193 [0l 101
fean values i ,
aLrest
Group D 2y 73 94 £ 19 7 3] It é 05 432 €) €7 62
LAl s ow 104 7 23 3 07 176 t7 ] 401 o83 %4y 53
P-values for i '
. duference . I
A-B >005 =008 =0a3 i =005 | =003, =008 :>0~n:;'>0 05‘)00!
H 1
Alipreswrzidre pivenamm, Hy. P.C.V. w oounanary artery a2 0z pravers, ReA.wihtatogun precodre, SN =y, stan, e vad ST FeL L ge

>
0. mm Hid poyn, —putmoniry varcular resestance

Fpa. =Taca, rmiy

Y. (n:;)o'-uleno-\ena\.‘s oryzen duference (mby).

“{Colming

CO 1 mia)

C.0 =cardiaz eartput (I 'min.), H.B. rabeart rarz. 5.V, mstrgke salume (ml).
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TABLE 1V i
RESTIRATORY DATA f
Subizt Mo, San, ] 0,-cap, Vo, Ve Vo'vy | Paco, i Pag, | (A2, | 050 i
Groap O - . !
| 97 17-8 240 63 35 40 26 L] 58 i
2 7 17 8 300 79 13 19 97 4 52
E] 97 187 199 64 25 2 9 16 36
4 95 17 5 270 14:3 az 14 1 5 0 .
\ 5 96 1B 5 RAT) 10t a2 34 in 23 [ f .
6 98 18-2 219 20 27 Jo 105 6 2:5 ‘e
S -
Greup A ° +
7 98 173 178 -7 14 30 9t 7 [
] 98 19 4 13 69 27 « 35 B3 27 [ AP
9 97 176 27) 90 40 39 79 19 66
10R . 96 177 24} 75 s il 82 (9) 71
E 96 18 b 852 171 N 41 92 (10) 43
e 92 198 252 S: 4} 36 72 3% 2i-3
E 94 199 kLo 251 21 A6 89 20 66
12 R 97 202 272 111 21 19 104 20 29 !
E 97 19:5 971 129 % 27 81 21 2-4
DR 93 17-2 219 65 3 M L.3) 22 192
E 94 17:6 857 258 27 16 3} 24 75 i
4R 113 18 1 220 77 - 40 35 g2 26 &8
C 96 198 964 314 24 33 79 34 47
Mean values o
at rest
Group 8 97-0 18-4 164 g9 ' 307 335 101-5 16-3 46
.« 959 154 249 90 36 36 85 % 231 52
P-valugs for N
difierence ! .
A-B >005 =005 =005 >005 =008 =»0-05 =002 <01 >005

1 (a—_v)o‘ diiferense asyurmed 1o bz 430 vol.34. Figures in parentiveszs indicate Py calzulated from Duif corve.
S;” ~-arterial oayzen satutatien (34). Qy=cap,=oxyzan capacity (ml./100 mly Vo‘.— oxygen consumption fm! ‘min. S.T.P.D.). V,=total

. 3 . . . + . N
+ veniation {L./min. B.T.P.5.). Vp/Vy=dead space veatilation in per c2nt of total venttlation, P"‘CO = arierial carbon dioade tensian (mm Hegd.

(A-a)g, = alveolo-arteriat oxy gen tension difference (mm. Hg). Fao'—anenal oxyren tenson (mm, Hg). @, 'Q{ = venous agmixture in per cent

of cardizc output,
DISCUSSION

The subjects studied were selected from a larger
group of insulation workers. They 21l had similar

- working conditions and employment timess, the

main difference being the insulating material uced.
A positive diagnosis of asbestosis was made in the
presence of prolonged exposure to asbestos dust

_or radiologieal findings suggestive of asbestosis,

-the production of mattresses

" A —

To exclude any exposure to asbestos dust in'

the group of glasswool workers proved impossible.
However, the time of exposure to asbestos was
much shorter, and no one had been employed in
ete.,, where the
cxposure to dust is known to be severe. The
absznce of radiological findings was considsred
conflirmative. Nevertheless any patho-physiological
findings in group B should bz judzed with caution
since asbestosis mizht occur even without radio-
logical changss (Williams and Hugh-Jones, 1960 ;
Lzathart, 1950). In spite of prolonged exposurs (o
classwool and rockwool dust no subjzcis in group
B “have ‘shown impairment of those cardio-
pulmionary functions studizd. Thus it sezms ¢afs
to conclude that prolonged exposure to this type
of dust dozs not initiatz any fibrosis of the lunzs,

e .
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This is in agrecment with studies perfermed on
different animal species by Schepers, Durkan,
Dciahant, Redlin, Schmidt, Creedeon, Jacobson, B
and Bailey (1958) and by Schepars (1959). They
found an essentially cellular reaction to glasswool
particles while the deposition of collagen in the ' -
fungs is very slizht compared to that in asbestosis, :
The main patho-anatomical findings have besn
paribronchiolar  and  pzrivascular  infiltrations
somctimes combinad with proliferative cell masses
obliterating the alveelar lumen. No signs of
fibrosis have been obssrved and all the changes
described have been reversible on cessation of -
cxposure. :

There are few patho-anatomical studies
performed on human lungs, but Kahlau (1947)
reports on a patient who died with pneumonia
after a relatively short pz2riod of exposure to
glasswool. Microscopy revealed foreign bodies,
supposedly glassivool particles, but no fibrotic
reactioa. Murphy (1961} describes mulliple focal
abscesses  arising  from terminal bronchi and
brorzhioles containing glass fibres and only siizht
fibrosis.

Patho-anatomical studizs of the lungs in cases
of askestosis” have shown d=nse fibrosis of the
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picura, often with calcifications and a more or less
ceneralized  fibrosis of the lung pirenchyma
(Vorwald, Durhan, and Pratt, 1951 ; leard and
Williams, 1961). These patho-anatomical findings
should be compared with the physiological altera-
- tions observed. ’

There are scveral findings in asbestosis which
have bzen attributed to the induced fibrosis.

DECREASCD VITAL CAPACITY This is a common
finding (Leathart, 1960 : Dastenicr, Denolin, de
Coster, and Englert, 1955; Williams and Hugh-
Jones, 1960) and in our subjcets the V.C. averaged
76%, of predicted normal. There was a poor

correlation between the radiological findings and -

a decrease in V.C, Calcifications were found both

in cases with a markedly reduccd and an almost’

normal V.C. On thz other hand, those subjccts
with the lowest V.C. also had an elevated
pulmonary artery pressure at rest or during

excreise. Similar observations have becn made by -

Séderholm (1957) in patients with pulmonary
tuberculosis where a pood correlation was found
betwern a reduced maximum voluntary.ventilation
and incrcased pulmonary artery prescure during
standardized exercise. This observation might be
of importance as a simple screcning test,

LOW COMPLIANCE OF THE LUNG Leathart (1960)
found a markedly reduced dynzmic compliance
which was closely correlated to the reduction in
vital capacity, Similar findings have been reported
by Rubino, Garbagni, Scansetti, and Carelli (1961).

DLCREASLD PULMONARY DIFFUSING CAPACITY This
has been found by several authors (Leathart,
1960 ; Williams and Hugh-Jones, 1960 ; Thomson,
MecGrath, Smither, and Shepherd, 1961).

In our group A six of eight subjects had both
a reduced diffusing capacity and an increased
pulmonary vascular resistance (Figz. 1). Such an
increascd vascular resistance in the absence of any
indications of obstructive lung disease fits well
with the concept of a reduced pulmonary vascular
bed due to pulmonary fibrosis. There is no direct
rclation batween vascular resistance and diffusing
capacity even if an increased resistance is usually
found in cases with a reduced difiusing capacity.
Thus the impairment of diffusing capacity might

be duz to both a reduction in th: pulmonary’

capillary bed and alterations in the alveolar
membrane and/or un=ven distribution of the
diffiusion to parfusion_ratios. Meaduremznt of the
end-capillary oxyzen teasion is not possivle, but
some deductions can be mads since tne meaan

-
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FIG, 1. Pulmonary diffusing capacity per litre functional

residual capacity (DLcofl. F.R.C.) in comparison with the
pulmonary vascular resistance (P.V.R.) ét rest. The normul
{imits ere derived from subjcets studicd with the same
techniques in this lahoratorv: DL/l F.R.C.: 12 suljects
20-25 years of age. P.V.R.: 12 subjects 2150 years of age.

diffusion gradient for onygen is readily calculated
from the Dig. In the two groups the averags
mean diftusion gradient was 15 mm. Hg in group

A and % mm. Hg in group B, when the total

alveolo-arterial O, dufferance was 23 and 10 mm.
Hg, respectively. As the average arterial O, tension
was 86 and 102 mm. Hy in the two groups, the
end-capillary oxygen tension must have exceeded
95 mm. Hg. It is thus reasonabls to assume an
end-capillary oxygen saturation of 98% and an
end-capillary 0, gradient of less than § mm. Hg.
The contribution of venous admixture to the
over-all  alveolo-arterial  oxygen  difference
approximates 5 and 18 mm. Hg in groups B and A

‘respectively. These figures agree closely with the

Q,/ Q. of 5% and 87 calculated otherwisa, It

is a matter of conjecture whether this admixture
of poorly oxygenated blood is considered a result
of perfusion of poorly ventilated alveoll or the
interposition of an enormously thickened alveolar
wall between normally venulated and perfused
alveoli (cf., Piiper, 1961). When calculating the
effect of increasing alveolo-capillary membrane
thickness on the O. diffusing capacity, Finley,
Swenson, and Comroe {1962 found that a six- to
eight-fold increase of the membrane must oceur
before the alveolo-arterial O, tension difizrence
is mecsurable (I mm. Hg). Thus unevan distribu-
tion of ventilation in relation to blood Fow is a
more provable cause of hypoxacmia evan in caszs
with advanced impairment of diffusion,
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Thus our data indizate a mixed impairment of  We would lihe 1o tiark Dr. G, Ahlborg without
the gas transport mechanisms where both an whos: hulp muzh ef tus study wenld have been
impaired ciffusion and a disturbance of the impossidle, We are indetial to Or. 1.+0. Lanner for
ventilation-perfusion ratio coexist. This is in 2N interpretation of the chest radiographs,
" Nt owi At villi
agrcement with the observauons of Williams and REI ERENCES

Hugh-Jones (1960) and of DBader, Bader, and
Sclikoff (1961).

No rclation was found between  physical
performance or radiological findings and diffusing
eapacity. This might indicate that an inipaired
diffusing capacity is a sensitive index of asbestosts,
which Williams and Hugh-Jonzs have alrcady
stated. Lecathart shovwzd that among asbestos
workers those with radiolegical changes had a
significantly lower diffusing capacity.

In three of cight subjects a pathologically
increased pulmonary artery pressure at rest and/or

"during light excreise was found. Bearing in mind

that all subjects were gainfully employed and
symptom-free and that the investization was
performed as part of & routine health check up,
this is 2 surprisingly high incidence. Presumably
‘they represent moderately advznced cases of
asbestosis and yet their cardiopulmanary function
studies have shown marked deviztions from

. normal,

These findings put further emphasis on the
importance of preventive medical supzrvision of

"workers expascd to asbestos dust.

It is concluded that cven prolonged exposure
to glasswoo! and rockwool does no! cause any
impoirment  of  cardiopulmonary
function. On the other hand, similar exposure to
asbestos doss cause such impairment even if the
subjects are sympiom-free and fit for work,

fimm il
RIFNYFITA= I Y

SUMMARY

function
performed in insulators exposed to glasswool or
asbestos.

With a similar time of exposure glasswool did
not cause any dctectable functional impairment.
Exposure to asbcstos gave rise to a marked
restriction in dypamic lung function, a reduced
diffusing capacity, and, in thres out of eight

subjects, a pathoicsically raised pulmonary artery

pressure at rest or during exercics. .
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