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Chronic pulmonary disease may lead to the
development of pulmonary arterial hypertension
with subsequent hypertrophy of the right ventricle.
Pulmonary heart disease caused in this way is a
major| category of heart disease, but it is often
unrecognized, and there is little information about
its prevalence or naturzl history,

A collaborative group was established by the
European Office of the World Health Organization
to develop research into these problems. The first
objective of the group is to develop and validate
non-invasive methods for measuring the degree of
pulmonary arterial hypertension,  Sevondary
objectives arc to apply these procedures to
determine the prevalence of pulmemary hyper-
tension in various groups of patients, to study the
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natural history of pulmenary hypertension and
pulmonary heart disease and finally its response to
treatment.

Pulmonary arterial hypertension cannot be
reliably recognized, nor its degree of severity
determined by clinical methods alone. Cardiac
catheterization makes thig possible but invasive
procedures are mnot suitable for studies of
prevalence, and have limitations where repeated
measurements are required, Various non-invasive
methods for estimating pulmonary arterial pressure
have been developed, but the collaborative group
did not consider that any single one had been
shown to be sufficiently reliable for the present
purposes. Several of these non-invasive methods
are therefore being studied further. The present
report, which is complementary to these studies,
describes a retrospective analysis to determine the
extent to which it is possible to approximate
pulmonary arterial mean:. pressure from ' other
measured physiological variables, either singly or
in combination, in several types of chronic respit-

- atory disease. . "=

Methods

Patients were initially categorized as suffenng
from obstructive, restrictive or thromboembolic
disease, based upon clinical criterfa, and evidence
from tests of pulmonary function as foilows: .

(1} Patients with chronic obstructive lung disease,
defined in the usual ways by clinical and phsio-
logical methods. Patients {o be included would
have either chronic bronchitis, characterized by
cough and sputum, during at least three congecutive
months for each of two consecutive "years, or
emphysema, characterized by marked dyspnoea
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510 Muliicentre study

Table ! Number afpatients by centre and dipgrosic group

Centre

Diagnostic group

1. Obstructive 86 1 77
2. Fibrosing alveolitis 3 — 43
3, Sargoid — — 3
4, Tuberculosis —_ 43 76
5, Gilicosis — — 49
6, Thromboembolism I — 42

76 131 175 29 —_— 595
10 1 B 5 42 112
— — 13 l 19
i — 2 — e 122
6 s I ! — 57
7 — 1 — —_ 51

with radielogical evidence of emphysema and func-
tional evidence of airways obstruction,

{2) Patients with diffuse interstitial lung disease
(pulmonary fibrosis). Diseases in this group,
characterized by restrictive changes with increased
elastic recoll, may either be caused by exogenous
factors, or be of unknown erigin. The diagnosis was
made radiologically and according to the presence
of functional changes, including decreased vital
capacity, transfer factor for carbon monoxide and
static compliance, without features of obstruction.
In some patients the diagnosis was confirmed by
lung biopsy or at autopsy.

(3) Patients with thromboembolic disease. This
disorder is indicated by the presence of attacks of
paroxysmal dyspnoea, pleurisy, haemoptysis due to
pulmonary infarction, or it may present as progres-
sive exercise dyspnoea, There should be no
evidence of other parenchymal lung discase. The
condition should be confirmed by lung scan and/or
pulmonary angiography,

Patients were excluded if they had evidence of
cardiac failure, rheumatic or ischaemic heart
disease, systemic hypertension, gross thoracic
deformity, bronchial asthma, recent chest infection
ar other serigus illness,

In the subsequent analysis the patients have been
classified according to whether they had chronic
obstructive lung disease (Group 1) or chronic
thromboembolic disease (Group 6).

Patients in the restrictive group were placed into
one of four subgroups according {o whether they
had chronic fibrosing alveolitis (Group 2), sarcoid
lung disease (Group 3), chronic pulmonary
tuberculosis (Group 4} or silicosis {Group 5).
Patients with tuberculosis had inactive disease and
any who undetwent lung resection or thoracoplasty
were excluded. Data were available from a total of

956 patients who had been investigated in one of
the cight participating centres, and the composition
ofthe groups is shown in Table 1.

TECHNICAL PROCEDURES

Each patient had undergone right heart
catheterization for an indication determined by the
centre concerned. Catheterization was performed
in the supine position, in the resting state and
pulmonary arterial mean pressure was determined
by planimetry or electrical mtegration. Cardiac
output was measured by the direct Fick Method, in
a steady state.

The other physiological measurements were
made within four weeks of cardiac catheterization,
by methods which were currently in use in the
various centres. Those which have been used in the
present analysis are the arterial oxygen saturation,
arterial oxygen tension and arterfal carbon dioxide
tension, forced expiratory volume at one second,
vital capacity, packed cell volume, haemoglobin
concentrdtion and cardiac output, Complete sets of
data wer¢ not obtained in all patients, and the
numbers are shown in the tables.

Patients were in a steady clinical state at the time
of investigation and were free of acute respiratary
infection, oedema or other signs of cardiag failure.
The technical procedures used were not identical in
all centres, but the procedures were well established
in the individual centres, all of which are active
research centres dealing with large numbers of
patients with respiratory discase. The indications
for cardizc catheterization varied between the
centres and patients were conscquently selected
according to different eriteria. This resulted in
patients with a wide range of pulmonary arterial
mean pressure being included, which proved
advantageous for the present investigation,
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H2 Muliicentre study

Table 3 Pulmonary arterial pressure by age group and by

diagnostic group

Obstructive discase

Fibrosing alveolitis

Pulmonary tuberculosis

Sex and ; e - p A - , Y \
age group Na.of No. of No. of
paticnts Mean + 5.d, paticnts Mean = s.d. patients Mean = 5.4.
Males
<40 ) 2514 = 1570 ™ 2705 = 13-19 16 1969 = §:57
4044 45 2311 = 1554 . \ . -
4549 57 23.88 = 10-03 } 3 2250 = 1052 29 2107 + 696
5054 78 2437 x 995 N . . .
5530 130 2404 = 10-37 } g 2637 = 980 26 20408 = 7-89
6064 1E1 2532 + 11'5] 'L
6549 63 2229+ G922 2833 = 1670 12 2317+ 422
704 40 2497 = 1059 )
Females
<30 ‘ _ 22 2136 = 545 47w 1
530 } 5 30:40 = 1401 22 ase } i3 2447 « 1397
40-49 It 3000 £ 1424 14 2871 = 980 11 2554 £ 12463
50-39 18 1994 = 789 13 32:32 = 16402 i i
60+ 12 3125 = 1837 6 2150 = 1021 } 13 26°08 = 1103

Results

Mean values for 10 physiological variables in the
six diagnostic groups are given in Table 2. Initial
analysis showed that there were minor trends in the
effect of age on pulmonary arterial mean pressure
(Table 3) but none of these was significant and this
variable has not been taken into zccount in
subsequent analysis

Mean pressurcs in fernales slightly exceeded
those in males for each diagnostic group and each
age group., The differences were small and seem
likely to have resulted from the way in which
patients were selected for study by different centres.

In subsequent analysis the results have therefore
been pooled.

CORRELATION COEFFICIENTS

The cxtent to which pulmonary arterial pressure
was associated with each of the other nine variables
was examined by calculating Spearman correlation
coeflicients; these cocfficients were used because
the variables were not normally distributed. A
single regression analysis of pulmonary arterial
pressure on each of the variables was followed by a
stepwise multiple regression analysis. In addition to
the regression equations provided by these conven-
tional analyses the proportions of the variances in
the dependent variable {pulmonary arterial
pressure) aceounted for by the regression equations
were also obtained although the significance of each

regression coefficient could not be tested because of
the non-normality of the data,

Table 4 shows correlation caefhicients for the PA
mean pressure against each of the nine variables,
for each of the six diagnastic groups. The significant

“correlations for Group | are more important since
they are based upon larger numbers of patients.

In Group I (obstructive disease) highly signifi-
cant correlations were found with all variables
except cardiac output. These variables may be
greuped into indices of respiratory gas eéxchange
(PaQ,, 8a0,, PaCQ,), variables indirectly related to
respiratory gas exchange (Hb and PCV) and indices
of lung volume (FEV,, VC and FEV/VC %). PA
pressure correlated most highly with indices of
respiratory gas exchange and somewhat less highly
with the indiess of lung volume,

In the patients with fibrosing alveolitis . PA
pressure correlated with 5a0, and Pa0, but not
PaCO,. There was no correlanon with indices of
lung volume By contrast in the small group of

patients with sarcoidosis there were correlations
with indices of lung volume and not with those
indicating respiratory gas exchange.

In the groups of patients with tuberculosis and
silicosls correlations were found with 520, and
with restriction of lung volume. In both condmorns
correiations with lung volume somewhat exceeded
those for 8a0,.

In the case of patients with thromboembolic
disease PA pressure correlated with $a0, and Pa(),
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514 Mulucentre study

Table 5 Regression equations for arterial oxygen saturation, and forced expiratory volume
on pulmonary arterial mean pressure in six diggnostic groups

$a0, FEV,,

PAP =281 —3-208 FEV

I, Obstructive PAP=10074-0-859 520,

2. Fibrosing alveolitis PAP=11309 - 0962 5a0), PAP=2424 - '136 FEV
3. Sarcoid PAP=16504 ~1"557 320, PAP=2533-1680 FEV
4, Tuberculosis PAP= 9764 -0-847 3400, PAP=31'08 -6-207 FEV
5, Silicosis PAP=114-51-1-042 520, PAP=31-75-5870 FEV

&. Thromboembolic PAP=16381 1439 a0, PAP=44-80-6'250 FEV

Table 6 Percentage of patients with obstructive disease with
values for arterial oxygen saturation a1 specified levels wha
had pulmonary arterial mean pressure within particular

but not with PaCO, and there was no significant
correlation with indices of lung volume, apart from
a weak correlation with FEV/VC%.

REGRESSION ANALYSIS

Regression analysis was undertaken for each of
seven of the variables against pulmonary arterial
mean pressure for each diagnostic group. FEV/
VC % and cardiac output were omitted from this
analysis in view of the earlier findings. Table 5
gives the regression equations of pulmonary arterial
mean pressure on arterial oxygen saturation and
forced expiratory volume.

Comparison of the three groups containing the

largest number of patients showed that the slopes of |

the regression lines for PAP against 5a0), were
similar but that for fibrosing alveolitis was a little
stecper than that for tuberculosts which was in turn
somewhat stceper than that for patients with
obstructive disease.

MULTI¥LE REGRESSION ANALYSIS

This was undertaken for patients with obstruc-
tive disease (Group 1), fibrosing alveolitis (Group
2) and tuberculosis (Group 4), as the other groups
were considered oo small for this analysis.

For Group 1 the most highly correlated variable
was $20,. When this variable was used in a step-
wise multiple regression analysis the regression
cOuation was:

PAP =98-59 - 0-341 5a0,.

Prediction of PAP by this equation explained
42-4% of the variance in PAP values, When the
variables packed cell volume and FEV, were
successively incorporated into the multiple regres-
sion g further 1-2% and 1-1% of the varlance
respectively could be accounted for. The final
regression equation was then

PAP =83'19 - 0736 Sa0,+0:173 PCV - -208
FEV,.

range

Fulmonary aricnal mean pressure

Arterial
oxyEen {mm Hg)
saturation (%) — - \
<20 20-29 =29
<85 70 304 616
85899 270 49: 235
00-939 467 38 153
»94 61:3 338 . 48

For the group with fibrosing alveolitis the most
highly correlated variable was again 5a0,. The
. regression equation was

PAP= 113-33—0-964 Sa0,.

This equation accounted for 25-2% of the variance
in mean PA pressure. When the vaniable haemo-
globin was incorporated into the equation a further
1'7% of the variance could be accounted for.
Addition of further variables did not improve the
precision of the prediction. The final regression
equation was:

PAP = 89792 -0-830 520, +0-771 Hb.
In the group with tuberculosis the variable

correlating most highly was again SaQ, and the
regression equation was:
PAP=104'67~ 0216 Sa0),.

This equation accounted for 19-0% of the variance
in PAP values. The incorporation of FEV | into the
multiple rezression accounted for a further 10-3%
of the variance, but inclusion of other variables did
not improve the prediction further. The final
regression was:

PAP=97-484 — 0768 $20,-4-451 FEV,.
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Tabie 7 Percentage of patients in four diggnostic groups with arterial oxrgen sauration at specified levels whe had

pulmonary arterial mean pressure in each of three ranges

Arterial

Pulmenary arterial mean pressure {(mm Hg)
.

oxXygen

20-29

Saturation (%) ¢
Group: 1

<85 O (129
85-§9-9 270 45 286 {37:5) 495
20-93-9 467 464 5441 (50 380
=54 61'3 5244 696 367 338

o 304

(278 (250 O 616 (722} (62°5)
545 -4 (12'5) 235 409 0 (50-0)
250 432 (125) 153 286 27 (375)
40-5  21-°7 233 48 71 87 2000

{100)

Figures in parenthescs are based upon less than 20 patientsat the specified level of arterial oxygen saturation.
Group | = obstructive; Group 2 = fibrosing alveolitis; Group 4 = tuberculosis; Group 6 = thromboembalic.

Table & Percemage of paticnis with obstructive discase with values Jor
FEV,, ar specified levels who had pulmonary arterial mean pressure

within particular range

Pulmonary arienal maan pressure

FEV,, {litres)

(mm Hg)

<20

"

20-29

<07 104
G 7-0-99 256
1-0-1-29 418
»13 576

349
388
40-3
351

THRESHOLL ANALYSIS

The purpose of this analysis was firstly to
determine the proportion of patients with values of
arierial oxygen saturation at a certain threshold
level who had either a normal pulmonary artery
pressure or a specified degree of pulmonary hyper-
tension. There were sufficient patients to allow the
analysis in the patients with obstructive diseasc
{Group 1) and those with fibrosing alveolitis
(Group 2), tuberculosis (Group 4) and thrombo-
embolic disease (Group 6). An example of the
analysis is shown in Table 6 for patients with
obstructive lung disease. Of the patients in whom
arterial oxyvgen saturation was less than 85%, 61%
had a mean PA pressure exceeding 29 mm Hg and
only 7% had a PA pressure which was less than
20 mm Hg. At the other end of the scale in those
patients in whom arterial oxygen saturation
exceeded 949%, only 5% had a mean PA pressure
greater than 30 mm Hg and 61% had a pressure less
than 20 mm Hg. Results expressed in the same
form for four groups of patients are compared
in Table 7. In patients with mild to moderate

degrees of hypoxaemia pulmonary hypertension
was more frequent in fibrosing alveolitis than
the other groups, and normal pulmonary arterial
pressure was less frequent,

A similar analysis was performed in relation to
FEV . for Groups 1, 2 and 4. Of patients with
obstructive disease (Table 8) whose FEV .o was less
than 0-71, 54:7% had a PA mcan pressure greater
than 29 mm Hg, and 10°4% had a PA mean
pressure less than 20 mm Hg. If FEV .o was greater
than 1'31 only §2% had a PA mean pressurc
greater than 29 mm Hg and 57-6% had a value less
than 20 mm Hg.

The effects of age upon this relationship in
patients with obstructive disease was examined.
Table 9 shows the results of analysis in three age
groups as indicated, and little difference is evident
between the threc groups. A linear regression
analysis of each of these conmtingency tables
revealed no statistically significant trend of
pulmonary arterial pressure with age for a given
level of FEV . The greatest tendency towards sucha
trend occurred in FEV, group -7 to 0-99 but this
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pressure within pariicular range

Table 9 Effect of age upon percentage of patienis with obsiructive disease
with values for FEV, 4 at specified levels who had pulmonary arierial mean

FEV,., (litres) tmm He)

Pulmonary arterial mean pressure

<20 2029

=29

<7 a (>N (52'9)
b 56 Elodi
¢ 182 303

07099 a (11-1) (278)
b 314 343
c 263 434

1-0-129 g0 500
458 417
457 343

O oF N 0O

=13 60°5 329
533 383
59-3 309

{41-2)
638
51-5

(61-1)
343
303
200
12-5
2010

o6

82
ER

specified level of foreed expiratory volume,

prdmonary arterial mean pressure in eack of three ranges

Ape group: a = less than 49 years: b = 50-59; ¢ = greater than 60.
Figures in parentheses are based upon less than 20 patients at the

Table 10 Percentage af patients in three diagnostic groups with FEV, , ai specified levels who had

Pulmonary arterial mean pressure (mm He)

Iy

FEV,,, (litres) <20 20-29 =29
——— — - v . - ~,
Group: 1 2 4 | 2 4 i 2 4

<07 104 (20-0) (D) 349 (400) 46D 547 (40-0) (533)
0-7-099 256 (27'8) 269 3%8 (61'1) 53§ 357 (1) 192
10-1-29 A% (389 476 4005 @78y 416 17T (333 48
=13 576 343 533 351 343 400 &3 313 &7

| eipiratory volume.

did not achieve the usual levels of statistical
significance.

The findings in gbstructive disease are compared
with the other diagnostic groups in Table 10 in
which data are presented in the same form as Table
§. Patients with fibrosing alveolitis were more
likely to have pulmonary hypertension with a
relatively well preserved FEV | than patients in
the other diagnostic groups.

Discussion
The purpose of this investigation was 1o

Figures it parentheses arc based upon less than 20 patients at the specified level of forced

Group | = obstructive; Group 2 = fibrosing alveolitis; Group 4 = tuberculosis.

determine the extent to which it would be possible
to predict pulmonary arterial mean pressure from
those measurements of pulmonary function which
arc commonly made in patieats with chronic
respiratory disease. The study was a retrospective
one and its technical and logical limitations must
be recognized. Patients were recruited from eight
centres in five different countries and they had been
studied over a period of several years. Indications
for the initial investigation varied between the
centres so that the kinds of patient and the severity
of their disease differed widely between centres,
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The daia presented represent the largest collec-
tion so far published for the purpose, and further-
more relate not only to obstructive lung disease
but also to other chronic respiratory diseases as
well. It iz well recognized that correlations and
predictions made from such data relate only to the
patients included. and that predictions cannot
necessarily be applied to new, prospectively
studied, groups of patients, Furthermore the data
for cach patient refates only to one instant in time,
and it is accepted that serial observations demon-
strating trends with time might well provide more
reliable predictions.

in the case of patients with obstructive disease
our results are essentially in line with those of
previpus workersi'=*, Of the physiological vari-
ables studied by far the best corrclation was found
with arterial oxygen saturation. Using this variable
alone it was possible to explain 42% of the variance
in PA pressure values. This is & considerably
greater proportion of the variance than was
explained in the studies of Rizzato ¢f all¥] but less
than explicable in those of Simon ef all4l, Addition
of other variables into a multiple regression
analysis added little to the certainty with which PA
pressure could be predicted. Earlier workers
incorporated body surface area, hydrogen ion
concentration and residual volume and found that
they added small ammounts to the precision of the
prediction. These variables were not available in
our studies, but unlike previous workers we did
have FEV .. Simon et all* found that age was a
significant factor but this was not so in the present
investigation.

We were eventually able to explain 44-7% of the
vgriance in .PA pressure measurements by the
multiple regression equation incorporating arterial
oxygen saturation, packed cell volume and FEV 1.
It would have been of interest to express this result
in terms of the confidence limits for the predicted
value for PA pressure. This would only have been
possible if the PA pressure values had been
normally distributed but this was manifestly not the
case in our data.

Few atiempts to predict PA pressure by this
method in other diseases have been reported. In the
case of fibrosing alveolitis arterial oxygen satura-
tion was again the best predictor but accounted for
only 25:2% of the variance with very little being
added by the incorporation of other vanables. In

the case of tubcreulosis arterial oxygen saturation
was again the best predictor but here the addition of
FEV, brought the total propertion of the variance
that was explicable to 29:8%. The latter finding is
consistent with the observations of MNaszlady e
allvl, ‘

With the reservations expressed above, it may be
concluded that these regression equations, together
with the statements possible from consideration of
threshold values, allow predictions to be made in
groups of patients. The precision of the prediction
of mean PA pressure in patients with obstructive
disease is quite high, with 45% of the variance being
explicable. This could provide a useful means of
selecting patients in whom direct measurement i3
likely to reveal pulmonary hypertension. On the
other hand the use of the equation alone would
result in too large an error to permit accurate
prediction of PA pressure in an individual. We are
investigating-in a prospective study the possibility
that addition of measurments made by other
independent non-invasive techniques may allow an
approach to be made to a more useful and precise
prediction.

Many research workers took part in the investigations
which produced the data forming the basis of this repert,
They are too numerous to mention individually, but we
acknowledge the importance of their skilful efforts,
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