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Factors that influence the outcome of primary
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SUMMARY Factors predicting life expectancy in primary pulmonary hypertension have not been
well defined. Thirty four cases of primary pulmonary hypertension that had been followed up

until death or for at least five years were reviewed retrospectively. Patients were divided into three
groups: 18 patients who died within five years of presentation to hospital; 12 who survived more
than five years; and four who improved and who lived for more than five years. The age at onset

was similar in the three groups and, like symptoms and sex, did not predict life expectancy. Right
heart failure during the course of the disease was associated with a poor outcome. Radiographic
evidence of cardiac enlargement and evidence of right heart strain on electrocardiogram at

presentation was also predictive of survival for < five years. Pulmonary arteriolar resistance was
higher and cardiac output lower in those with the shortest survival times. There was no relation
between pulmonary artery pressure and length of survival. Systemic resistance varied directly
with pulmonary resistance and served to maintain systemic pressure. Presentation in or after
pregnancy and patency of the foramen ovale were associated with longer survival. In four patients
there was evidence of regression of the disease by cardiac catheterisation and lung histology.

Primary pulmonary hypertension is a heterogenous condition in which life expectancy varies
widely.

Primary pulmonary hypertension is a rare disease.
The condition was well known to Paul Wood and the
clinical features were meticulously presented by him
in 1952, but credit for the first full description is
usually given to Dresdale et al.' The pathology was

reviewed by Brenner in 1935. In 1970 Wagenvoort
and Wagenvoort in their detailed multicentre study
of lung histology put forward the criteria necessary
for complete diagnosis.2 The incidence is at most
one in 200 of all cases of cardiac disease that go to
catheterisation.3 4
There have been few follow up studies of

sufficient size for valid conclusions to be reached on

the factors predicting outcome.35s6 The largest

Requests for reprints to Dr A Rozkovec, Department of Cardi-
ology, Bristol Royal Infirmary, Bristol BS2 8HW.

Present addresses: 'Departnent of Cardiology, Bristol Royal Infirinary,
Marlborough Street, Bristol BS2 8HW; tDepartment of Pediatrics, Baylor
College of Medicine, 1200 Moursund Avenue, Houston, Texas 77030.

Accepted for publication 6 January 1986

reviews have been multicentre ones,25 7 or have
been cases collected from published reports.8 The
identification of risk factors might provide a greater
understanding of pathophysiology and ultimately
help in treatment.
The haemodynamic, electrocardiographic, and

chest x ray findings accompanying clinical deterio-
ration have been reported,3 5 but the relation of
these changes to life expectancy has not. Right heart
failure usually occurs with time. Some patients with
primary pulmonary hypertension have a patent for-
amen ovale due to persistently raised right atrial
pressure. There is experimental evidence that such a
shunt can prevent sudden death.9 10 We examined
the prognostic importance of right heart failure and
of the presence of a patent foramen ovale.
The influence of associated disease on outcome

is uncertain. Pulmonary hypertension is found in
association with various connective tissue
disorders" 12 in the absence of interstitial lung dam-
age, but in most patients with pulmonary hyper-
tension there is no evidence of another disease. The
preponderance of females in both conditions is well

449

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.55.5.449 on 1 M
ay 1986. D

ow
nloaded from

 

http://heart.bmj.com/


450

known.23 Oral contraception'3 14and pregnancy'
have been linked with progressive pulmonary vascu-
lar disease-both to the apparent onset of primary
pulmonary hypertension and to development of the
Eisenmenger syndrome in ventricular septal defect.
Presentation in right heart failure towards the end of
pregnancy or post partum is well recognised and
generally considered to carry a poor immediate and
long term outlook.'5 This was not our experience.
Finally, survival from time of presentation or onset
of symptoms is variable38 and reports of spontane-
ous regression have been rare8 16 17 except after
ingestion of anorectic drugs.6 Regression may occur
more frequently than supposed.

Patients and methods

The records of all 34 patients with a diagnosis of
primary pulmonary hypertension attending Ham-
mersmith Hospital between 1961 and 1981 were
traced. All of them had been followed until death or
had survived for at least five years from the time of
presentation to a hospital. Those who had been fol-
lowed up for less than five years and who were still
alive were not included in this series.
Pulmonary hypertension is deemed to be idio-

pathic when all known causes have been excluded.
We believe that pulmonary perfusion must be
assessed before idiopathic pulmonary hypertension
can be diagnosed. In a retrospective series of
patients with primary pulmonary hypertension in
which lung histology was available, such
investigations had not been universally applied, and
most of those who were misdiagnosed had throm-
boembolic hypertension.2 The criteria for diagnosis
and the number of tests used were: right ventricular
hypertrophy on the electrocardiogram in the
absence of known cause (34); raised pulmonary
artery pressure and normal capillary wedge or left
ventricular filling pressure (34); pulmonary angio-
gram consistent with primary pulmonary hyper-
tension (29); normal ventilation perfusion lung scan
(25); consistent lung histology (5); M mode echo-
cardiogram (13). No patient had taken oral con-
traceptives before presentation and none had been
taking anorectic medication at any stage.
Seven patients had more than one cardiac cath-

eterisation. All had had a ventilation perfusion scan
or pulmonary angiogram, and most had had both.
Nineteen of 25 perfusion lung scans were normal
and six showed only minor perfusion abnormal-
ities.'8 19 Pulmonary angiograms showed no evi-
dence of pulmonary emboli. Lung histology was
studied at necropsy. The M mode echocardiogram
recordings had features consistent with idiopathic
pulmonary hypertension in every case.20
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Follow up was measured from the time of
presentation to hospital and ranged from five to 28
years; follow up at Hammersmith Hospital was eight
months to 14 years. Data were compiled from our
records and those ofthe referring physicians. Details
of the history, examination, electrocardiogram, and
chest x ray within the first six months of hospital
attendance were available for every subject. When-
ever findings were abnormal during this period they
were recorded as being those at presentation. Fur-
ther clinical details were obtained from the patient
when possible. Overt right heart failure was defined
as a combination of a raised jugular venous pressure,
enlargement of the liver, and peripheral oedema.
The resting electrocardiogram was analysed for
right atrial strain, frontal axis, and evidence of right
ventricular hypertrophy. The criteria for right
ventricular hypertrophy were fulfilled if two or more
of the following four conditions were met: R wave in
V1>0 7mV, S wave in V1 <0-2mV, sum of the
amplitudes of the R wave in Vi and larger of the S
waves in V5 or V6> 1-05 mV, and R wave in
aVR> 0 5 mV.21 Right axis deviation was defined as
a mean frontal QRS axis greater than + 900. Chest x
rays were assessed by one observer and a radiologist
aware of the likely diagnosis, but without knowledge
of individual clinical courses. Analysis was subjec-
tive and for right ventricular enlargement was based
on the lateral view. For the size of the main pul-
monary artery, the posterior anterior projection was
used. No patient had radiologically detectable inter-
stitial lung disease.

Further investigations, especially cardiac cath-
eterisations, were often performed after the first six
month period. Catheterisation was always carried
out with the patient in the fasting supine resting
state. Assumed oxygen consumption was used to
calculate cardiac output in all but three cases. Exis-
tence of a right to left shunt at atrial level was based
on catheter patency and desaturation of left atrial
blood. We excluded subjects in whom this was sec-
ondary to an atrial septal defect rather than a patent
foramen ovale.22

Patients were divided into three groups according
to their clinical course: group I, 18 who died within
five years of presentation; group II, 12 patients who
survived for longer than five years; and group III,
four patients in whom there was evidence of
regression. The survival time was examined in
relation to associated conditions and to the hae-
modynamic data in an attempt to identify significant
prognostic factors. One tailed Fisher's exact proba-
bility test and Student's t test were applied where
appropriate. Linear regression analysis and Spear-
man rank correlation coefficient were also used.23
Statistical significance was taken as p < 0 05.
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Outcome in primary pulmonary hypertension

Results

There was no relation between age at presentation
and mean survival (Table 1). The ratio of females to
males was significantly lower for those aged > 45 at
presentation than for those <45 at presentation
(p <001). Twenty six of the 34 patients studied
were female. The most frequent symptoms when the
patients were first seen at hospital were breath-
lessness (100%), syncope or dizziness (50%), pal-
pitation (1 1-8%), and exertional chest pain (5 9%).
The mean age at onset of symptoms was 33, 30, and
27 years, for groups I, II, and III respectively.
Seven were children aged < 16; the youngest was 18
months old.
Table 2 summarises the initial clinical features of

the three groups. Right ventricular failure at
presentation was significantly more common in
group I than in group II (p <005). Ascites was
present in 50% of those in failure. All patients in
group I eventually developed signs of right heart
failure, and no deaths were sudden. Only one patient
in group II presented in right heart failure, but
seven subsequently developed this complication and
five of them died. Two of this group are alive; both
have a patent foramen ovale. Clinical evidence of
right ventricular failure was examined in relation to
chest x ray and electrocardiographic findings. Only
right ventricular enlargement and two of the three
chosen electrocardiographic features of ventricular

Table 1 Sex and age at presentation and relation to
survival

Age Number % Sex Mean survival
time (yr)

F M

0-15 7 20-6 6 1 8-7
16-45 19 55 9 17 2 7-9
>45 8 23 5 3 5 4-9
Total 34 100 26 8 7-3

(76%) (24%)
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overload were present to a significantly greater
degree in those who died within five years than in
those who did not. All these features remained
unchanged or progressed in the patients of groups I
and II who died. There was little response to
diuretics and only one patient was treated with
digoxin. All were put on warfarin and none was

treated with vasodilators. In contrast, two of the
four patients in group III were originally in heart
failure; one recovered (case 1) and in another (case 2)
there was a long period of stable congestive heart
failure.

Table 3 shows haemodynamic data at rest. There
were no significant differences between the three
groups for mean right atrial pressure, right ventricu-
lar filling pressure, and peak systolic and mean pul-
monary artery pressure, although all these variables
were higher in groups I and II than in group III.
Left ventricular filling pressure (measured directly
in six) was greater and cardiac output lower in those
who survived <5 years. Pulmonary arteriolar
resistance and systemic vascular resistance were

lower in those in whom the disease regressed than in
those who died within five years of presentation.
There was a direct linear relation between pul-
monary arteriolar resistance and systemic resistance
(r = 0-66, p <0 0005) for patients in all three groups

(Fig. 1).
We used Spearman's rank correlation (one tailed)

to analyse the initial haemodynamic values for indi-
vidual patients in relation to survival time from
presentation. Cardiac ouput was directly related to
survival (p <0 0005). The longer the survival, the
lower the pulmonary arteriolar resistance (< 0 005),
systemic vascular resistance (p<0.001), and right
ventricular end diastolic pressure (p <0025).
Correlations for mean systemic, right atrial, and
pulmonary artery pressures were not significant.

Repeat catheterisations were performed in three
patients in group II and all four in group III. In the
group II patients (Fig. 2) there was evidence of
progression with a rise in total pulmonary vascular

Table 2 Clinicalfeatures at time offirst presentation

Clinicalfeature Group I (n = 18) Group II (n = 12) Group III (n=4) p value (I vs II+ III)
(%) (%) (%)

Examination:
Tricuspid regurgitation 27-7 0 50 NS
Right ventricular added sound 50.0 25-0 50 NS
Overt right heart failure 44-4 8-3 50 NS

Electrocardiogram:
Right ventricular hypertrophy 100 83-3 75 NS
Right axis deviation 100 66-6 100 < 0-05
Right atrial strain 94 4 25-0 50 < 0 0005

Chest x ray:
Right ventricular enlargement 100 66-6 50 <0-01
Pulmonary artery dilatation 100 100 100 NS
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Table 3 Haemodynamicfeatures (mean (1 SD)) atfirst cardiac catheterisation

Groups p value

I (n=18) II (n=12) III (n=4) IvsII Ivs III IIvs III

Survival time from presentation (yr) 268(1-13) 967(487) 1875 (6-40) <00005 <00005 <00005
Catheter time from presentation (yr) 144(120) 4-83 (4 95) 5-25 (7 23) < 0-005 < 0-025 NS
RA (mm Hg) 7 56 (3 55) 8 00(4 63) 6-25 (4 65) NS NS NS
RVEDP (mm Hg) 12-29 (4 38)* 11 00(5-91) 8-75 (5 68) NS NS NS
SPAP (mm Hg) 97A44(19-73) 93-33 (32-59) 81-50(32 22) NS NS NS
PA (mm Hg) 63-89(12-31) 60 75 (22 43) 53-75 (13-87) NS NS NS

PCW/LVEDP (mm Hg) 8-33 (2 89) 6-42(2 87) 5-25 (2 06) < 0 05 < 0 05 NS
CO(l/min) 277(044) 3-56(1 14) 4-30(191) <001 <0005 NS
PAVR (U) 20-66(4-84) 16-95 (9-35) 12 22 (4-97) NS < 0 005 NS
SA(mmHg) 83-67(1115) 87-92(15-10) 7950(10-79) NS NS NS
SVR (U) 28-33(6 50) 24-26 (795) 18-58 (5.48) NS <0.01 NS

RA, mean right atrial pressure;_RVEDP, right ventricular end diastolic pressure; SPAP, systolic pulmonary artery pressure; PA, mean
pulmonary artery pressure; PCW/LVEDP, mean pulmona capillary wedge pressure/left ventricular end diastolic pressure; CO, cardiac
output; PAVR, pulmonary arteriolar vascular resistance; SA, mean systemic pressure; SVR, systemic vascular resistance.
*n=17.

resistance and pulmonary artery pressure and fall in
cardiac output. In contrast, there was clear
improvement in three out of the four patients in
group III (Fig. 3) with a fall in total pulmonary vas-
cular resistance and pulmonary artery pressure and
rise in cardiac output.

In the fourth patient (case 2) pulmonary artery
pressure and cardiac output both fell and the hae-
modynamic changes were accompanied by clinical
deterioration and chronic right ventricular failure.
She died twelve years later of salmonella infection of
her chronic ascites. Postmortem histology showed
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only grade 1 changes on the Heath classification24
after she had survived more than a decade in heart
failure but with a near normal pulmonary artery
pressure.

Heart size and electrocardiographic evidence of
right ventricular hypertrophy decreased in the three
patients who did well. In two of these (cases 3 and 4)
symptoms first appeared during and after preg-
nancy. Case 4 was given a trial of prenylamine and
domiciliary oxygen soon after diagnosis and con-
tinued to take prenylamine for one year. Case 1, the

120-
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iS-I 0 Group Ill 1
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Fig. 1 Resting haemodynamic data on first catheterisation
in 34 patients with primary pulmonary hypertension. SVR,
systemic vascular resistance; Pa VR, pulmonary arteriolar
vascular resistance. Linear regression equation:
y = 13 14 + 0O687x; r = 0-66; p = < 0 0005.
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_

0 2 L 6 8 10
Yecrs

Fig. 2 Resting haemodynamic data in the three patients of
group II who had repeat cardiac catheterisation. PA, mean
pulmonary artery pressure (mm Hg); CO, cardiac output
(I/min); TPVR, total pulmonary vascular resistance
(units).

. . . s
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Outcome in primary pulmonary hypertension
Epoprostenol

(8ng/kg/min for 15min)
4+470-

60-
PA 50]

40]
30-
20-

o1
9

C05
3-
1 -

40-

30- \

TPVR20-

0~

o 2 4 6 8 10 12 14
Years

Fig. 3 Resting haemodynamic data in patients in group III.
PA, mean pulmonary artery pressure (mm Hg); CO,
cardiac output (I/min); TPVR, total pulmonary vascular
resistance (units). Data on patient I are indexed per m2
because she was first studied as an adolescent.

subject of a previous report,'6 deteriorated again
after a pregnancy and spontaneous abortion (Fig. 3)
but she has subsequently improved, though pul-
monary artery pressure remains raised.
Epoprostenol (prostacyclin), a powerful vasodilator,
was infused at a dose of 8 ng/kg/min for 15 minutes,
and on both occasions produced short term hae-
modynamic improvement. She is almost symptom
free, as are the other two. None of group III had a
patent foramen ovale.

In five cases lung histology was traced. Two
showed Heath grade 3 changes24; one each in group
I and II. A further two, both in group I, had grade
5 changes. In the fifth patient from group III, case 2
described above, there was evidence of a fall in pul-
monary artery pressure for at least eight years before
death and only grade 1 changes. Three patients had
associated connective tissue disease (systemic sclero-
sis, systemic lupus erythematosus, and rheumatoid
arthritis). In two of these histological assessment
was available; neither had evidence of pulmonary
vasculitis.

Tables 4 and 5 list associated factors that might
influence survival. Two patients had a relative with
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Table 4 Relation of clinical and haemodynamic features to
survival

Survival

<5yr >5yr p value
(n = 18) (n = 16)

Familial disease 1 1 NS
Connective tissue disease 3 0 NS
Pregnancy 0 5 < 0-02
Patent foramen ovale 0 4 < 0 05
Right heart failure at

presentation 8 3 NS
Right heart failure at some

stage 18 10 < 0-005

Table 5 Mean survival after presentation andfactors that
may be associated with outcome

Factor Number 0 Mean survival
(yr)

Familial disease 2 5-9 6
Connective tissue

disease 3 8-8 3-4
Pregnancy 5 14-7 14 2
Patent foramen ovale 4 11-8 11-5
No related factors 20 58 8 5-5
All patients 34 100 7-3

proven primary pulmonary hypertension. The three
patients with connective tissue disease lived for < 5
years after presentation. The outcome was
significantly better when pulmonary hypertension
first appeared during pregnancy (p < 0 02). All five
had symptoms towards the end of pregnancy. None
went into right heart failure. Two had had one pre-
vious uneventful pregnancy. In one patient (case 1)
there had been an improvement until her spontane-
ous abortion. Although right heart failure at
presentation was not predictive of a poor outcome,
an episode of documented right heart failure at some
stage during follow up was associated with poor
prognosis (p < 001). Again, case 1 was an exception.
The presence of a patent foramen ovale improved
prognosis (p < 0 05).

Discussion

The diagnosis of primary pulmonary hypertension
is reached by exclusion. Five patients in this series
did not have pulmonary angiograms. Most perfusion
lung scans were normal. In primary pulmonary
hypertension minor perfusion defects accompanied
by normal ventilation on lung scan are sometimes
seen,18 19 without histological evidence of pul-
monary emboli" whereas chronic thromboembolic
pulmonary hypertension always causes major
defects. We made every attempt to include only

............... ........ .........

--------
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those patients who fulfilled current criteria for pul-
monary hypertension of unknown cause.8 25
The diagnosis can only be established with cer-

tainty by examination of a representative lung
biopsy specimen of adequate size22621 this was
achieved in five patients. During the period of this
study there were four patients with pulmonary
veno-occlusive disease; in two the diagnosis was
confirmed by lung biopsy and in all it was sub-
sequently confirmed at necropsy. Six patients had
thromboembolic pulmonary hypertension. These 10
patients were excluded from the series.

All but two of the patients were first catheterised
when aged > 17 years. Onset in childhood is less
common.2 28 The sex distribution, with a predom-
inance of females after the menarche is similar to
that reported in other series.23 S The reasons for this
are unknown8 and this observation is as true of
familial as of non-familial primary pulmonary
hypertension.29 The finding that a greater propor-
tion of male patients had late onset disease is sup-
ported by a previous study.7 Again, the reason for
this is unknown.
Age at presentation to hospital rather than onset

of symptoms was taken as our reference point,
because onset is inevitably poorly defined in such a
slowly progressive condition. There was no relation
between age at presentation and mean survival,
and this accords with previous work.3 The fre-
quency of symptoms was similar to those already
reported.38 12 Breathlessness is usually the first and
almost universal complaint.3 812 No patients in our
series gave a history consistent with digital vaso-
spasm but not all can be assumed to have been
directly questioned about this. The onset of symp-
toms occurred slightly earlier in those surviving for
>5 years. Survival in adults is regarded as being
independent of the age of onset.23
Outcome was poor when clinical right heart fail-

ure was evident at presentation to hospital or devel-
oped subsequently. The association of right heart
failure with mortality is as true of primary pul-
monary hypertension5630 as it is of pulmonary
hypertension associated with ingestion of aminorex6
and thromboembolic disease.3' Non-invasive mea-
sures of right ventricular load and right ventricular
size and mass from the electrocardiogram and x ray
were no more useful for predicting outcome than
were clinical features in those with right heart fail-
ure. The pulmonary artery size was unhelpful and is
known not to correlate with pulmonary artery pres-

32sure in this condition.
The haemodynamic features in the three groups

reflected the nature of the disease course and out-
come (Table 3). The patients of group II were cath-
eterised later in their course than those of group I

Rozkovec, Montanes, Oakley
(Table 3) and their catheter findings indicated more
advanced disease. Nevertheless, pulmonary arte-
riolar resistance was less in patients surviving >5
years from presentation. Pulmonary arteriolar
resistance was inversely related to cardiac output, in
keeping with the effects of increased afterload on
right ventricular function,33 34 and pulmonary
artery pressure was not significantly different in the
three groups. This has been the usual finding
because most patients are not catheterised before an
advanced stage of their disease is reached.8 In the
few with less advanced disease, pulmonary artery
pressure increased with time (Fig. 2). Mean right
atrial pressure and right ventricular filling pressure,
indices of right ventricular preload, were lower in
those who improved than in those who died within
five years. There was no difference between groups I
and II, perhaps because of the diuretics used to treat
patients with overt heart failure. Furthermore, hae-
modynamic measurements are known to be labile in
this condition, and presumably reflect spontaneous
variation in pulmonary vascular tone and right ven-
tricular function.35 In the group as a whole,
increased right ventricular afterload, a low cardiac
output, and raised right ventricular filling pressure
were of most significance in predicting a poor out-
come. As expected the level of pulmonary artery
pressure was unrelated to outcome.

Little attention has been paid to the systemic
circulation in this condition. The lower the cardiac
output the higher the systemic resistance. No
important pathological changes are seen in the
resistance vessels of the systemic circulation in pri-
mary pulmonary hypertension. Selective vaso-
dilatation of the pulmonary circulation is accom-
panied by a fall in systemic resistance as cardiac
output rises.8 33 It follows that the systemic changes
are secondary to those in the lung vascular bed. The
compensatory changes in systemic resistance with
alteration in cardiac output serve to maintain a con-
stant blood pressure, as in other physiological set-
tings. Not surprisingly, systemic and pulmonary
arteriolar resistance were closely and directly related
(Fig. 1).
On average, left ventricular filling pressure was

highest in patients in group I and lowest in group
III. The greater the restriction in venous return to
the left heart, the lower the expected left atrial pres-
sure. The fact that the opposite was seen in this
study may reflect the decreased compliance of the
left ventricle in chronic pulmonary hypertension,36
or, more likely, the difficulty in obtaining an accu-
rate wedged pressure. Decreased compliance may be
secondary to the influence of the hypertrophied
right ventricle on left ventricular shape and on the
mobility of the ventricular septum.2036 It is unlikely
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Outcome in primary pulmonary hypertension
that there is important systolic dysfunction36 since
left ventricular filling pressure is not raised and a
rise in cardiac output follows the use of a pulmonary
vasodilator without a change in filling pressure.33 3

All three patients who had repeat catheterisation
after deterioration showed the expected rise in pul-
monary arteriolar resistance and fall in cardiac
OUtpUt.8 38 Pulmonary artery pressure rose only
slightly (Fig. 2). The opposite pattern of hae-
modynamic changes was seen in the three patients
in whom symptoms remitted (Fig. 3). The
improvement appears to have been independent of
initial severity and presentation in right heart
failure. The prenylamine and oxygen may have
influenced disease progression in case 4.
Epoprostenol (prostacyclin) was used in one patient
(case 1) as part of a separate study.39 This naturally
occurring agent can reverse vasoconstriction and
prevent platelet deposition and release within the
lung bed.4042 One report of long term
improvement with continuous epoprostenol
infusion,43 does not, however, establish that it is
more useful than other pulmonary vasodilators,
which can also produce long term benefit.4446
Spontaneous regression of pulmonary hypertension
in three ofour patients suggests that vasolidators, by
lowering pulmonary vascular resistance before lung
damage is too advanced and pulmonary reactivity is
lost,4748 may reduce pulmonary artery pressure,
thereby preventing further deterioration.49 Simi-
larly, regression may have occurred in the patient
(case 2) in whom pulmonary artery pressure fell as
right heart failure occurred. It is more usual for his-
tological changes to advance as lung blood flow falls
since this reduction is normally a consequence of
right heart failure as pulmonary resistance continues
to rise."2 Only Heath grade 1 changes were seen at
necropsy. Assuming the lung histology was repre-
sentative,26 the two patients with grade 3 changes
also had potentially reversible disease.50 As we have
seen, spontaneous regression occurs, although up to
now there have been only four reported cases,6 8 17
one of which is in this series.'6 It seems that pul-
monary vascular changes may not always be irre-
versible even in patients who have clinically
advanced disease. Improvement in the clinical state
or a fall in pulmonary artery pressure, by whatever
means, cannot be equated with regression of patho-
logical changes. This is seen in the fatal case recently
reported of a child who died from severe primary
pulmonary hypertension but who at necropsy had
only relatively mild histological changes in the lung
vessels.5' In pulmonary hypertension secondary to
anorectics, regression is more frequent,46 and the
prognosis is better.6 This is presumably because the
onset is recent and the cause is known and
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removable and this may also apply to patients who
present with the disease in pregnancy.

Factors linked to survival were sought. The pres-
ence of another member of the family with primary
pulmonary hypertension did not predict outcome.
There were only two such patients, however, and a
systematic search of the families of other probands
might have showed more. Familial primary pul-
monary hypertension is generally considered to be
inherited as an autosomal dominant trait with vary-
ing penetrance.2 29 Although all three patients with
connective tissue disease survived less than five
years, the outcome in these patients was not
significantly worse. Death from right heart failure
secondary to pulmonary hypertension occurred a
considerable time after the appearance of the initial
symptoms.
Connective tissue disease is closely linked with

Raynaud's phenomenon, and both are associated
with primary pulmonary hypertension.21112 There
are several ways by which these entities are inter-
connected. Firstly, all are more frequent in females.
Secondly, in Raynaud's disease and Raynaud's phe-
nomenon the lungs and the extremities are affected.
Cold stimulation can cause a reduction in the size of
the pulmonary capillary bed in patients with Ray-
naud's disease and early Raynaud's phenomenon.52
The likely mechanism of this change is precapillary
vasoconstriction,52 and implies a generalised mech-
anism for progressive vascular damage. In sclero-
derma there is a histological basis for this in that
similar changes develop in both digital and pul-
monary arteries.53 It is not known if patients with
Raynaud's disease ever develop primary pulmonary
hypertension. Lastly, the lupus anticoagulant,
which is associated with an increased risk of sponta-
neous thrombosis,54 is found in some systemic lupus
patients with apparently non-embolic pulmonary
hypertension.55

Because all patients received anticoagulants their
role in primary pulmonary hypertension could not
be assessed. Recurring small pulmonary throm-
boemboli, undetected until histology is obtained, are
thought by some to contribute to the deterioration
seen in patients with primary pulmonary hyper-

21tension. 7 This is far from certain.2 Patients might
benefit from the prevention of both thrombosis in
situ and secondary emboli. Outcome may be
improved by the use of anticoagulants.27 Anti-
platelet and fibrinolytic agents were not used in our
series. Disturbance of fibrinolytic56 S and platelet
function58 61 can occur in pulmonary hypertension
although the changes may be secondary rather than
primary. Nevertheless, such agents could be of
benefit, and particularly so in pulmonary hyper-
tension associated with oral contraception1462 and
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pregnancy.63

Pregnancy at diagnosis seemed to be a favourable
prognostic factor. None ofthe five patients died dur-
ing a total of eight pregnancies but three of these
took place before the onset of symptoms and there
was only one further pregnancy after diagnosis. The
reported mortality of pregnancy in women with pri-
mary pulmonary hypertension is near 50%15 64 with
a subsequent mean survival of less than five years. ' 5
Our cases presented in late pregnancy or after deliv-
ery, and reflected the increased load put on the right
ventricle at this time. One of the five patients had a
patent foramen ovale. She presented during preg-
nancy but miscarried. Radiography in childhood
showed that she had had pulmonary hypertension at
least from the age of 12 years. A patent foramen
ovale, by permitting right ventricular unloading,
may have accounted for her survival.65 The favour-
able outcome for the pregnant group was in part
because of spontaneous improvement in two (cases 3
and 4). Prolonged survival after presentation (Table
5) might reflect the onset of symptoms earlier in the
disease because of the stress of pregnancy or because
of some element of reversibility after pregnancy, if
this event had accelerated a vasoconstrictive process.
A patent foramen ovale was associated with longer

survival. This is in keeping with the better life
expectancy of patients with pulmonary hypertension
associated with atrial septal defect than with primary
pulmonary hypertension.65 Such a shunt, by
operating at times of increased demand, permits
adequate left ventricular filling and prevents sudden
death.9 10 In the absence of a shunt, exercise and
systemic vasodilatation may be associated with
hypotension and syncope.66 The main mechanism
for this appears to be inability of the right ventricle
to increase its output, perhaps aided by ischaemia
secondary to lowered coronary perfusion and
increased resistance to right ventricular sub-
endocardial flow.67 -69 Sudden death frequently
occurs in primary pulmonary hypertension and usu-
ally in the setting of underlying chronic heart fail-
ure.8 Surgical creation of an acute shunt by atrial
septostomy in a patient with primary pulmonary
hypertension was, however, unsuccessful due to the
sudden demand put on the left ventricle in the
immediate postoperative period.70

In conclusion, primary pulmonary hypertension
is a heterogeneous disease that often has a better out-
come than expected. Prognosis is largely determined
by the integrity of the right ventricle. A patent for-
amen ovale may ameliorate the effect of increased
afterload on right ventricular function. Patients in
whom the onset of the disease is associated with
pregnancy survived longest. Spontaneous regression
was more frequent than previously reported and this

suggests that early diagnosis and pharmacological
treatment of primary pulmonary hypertension may
be successful in some patients if the disease is
detected early. Methods for such detection and a
better understanding of the pathophysiology of the
disease are needed.

We thank Mr M Casebow for statistical assistance.
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