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Editorial

The treatment of primary pulmonary hypertension

Primary puhnonary hypertension caused by narrowing of
the small resistance arteries, well described by Wood,' is
usually taken to indicate the absence of a cardiac or
respiratory cause for the condition.23 When the major
pulmonary arteries are obstructed the disorder is often
called "chronic thromboembolic pulmonary hyperten-
sion" although a history ofpulmonary embolism is rare and
most of these cases probably result from a previous
pulmonary arteritis sometimes associated with systemic
arteritis in the so-called Takayasu syndrome.4 Post-
capillary pulmonary hypertension caused by obliteration of
pulmonary veins and venules (pulmonary veno-occlusive
disease), is rare and rapidly fatal especially in children and
young people.5 It closely resembles pre-capillary primary
pulmonary hypertension from which it can sometimes be
distinguished clinically if the lung fields show small patches
of interstitial oedema or a cloudy background or pulmonary
arteriography shows an abnormal venous phase.

Causes of primary pulmonary hypertension
Primary pulmonary hypertension can be a complication of
systemic lupus,67 scleroderma,8 CREST syndrome,9 and
mixed connective tissue disease'" and in patien-ts without
such features there is often a hint of an autoimmune origin
in the form of Raynaud's phenomenon," thrombo-
cytopenia, or a history of uveitis. Rare patients with
pulmonary veno-occlusive disease have vasculitic skin
lesions, which also suggest a possible immunological basis,
but the origin of the disease remains obscure.'2
Wood first suggested that primary type pulmonary

hypertension had a vasoconstrictive basis. He showed that
pulmonary artery pressure was reduced in patients with
mitral valve disease after intravenous aminophylline and
tolazoline and the intra-pulmonary infusion of acetyl-
choline.'3" The pathological features that were also
thought to indicate a vasoconstrictive aetiology were
hypertrophy of the media of small muscular arteries and
extension of muscle into pulmonary arterioles together
with dilatation (plexiform) lesions." These studies showed
that a few patients had-a thrombotic arteriopathy which at
the time was believed to have resulted from chronic micro-
thromboembolism-though there was no evidence for
this." In further work, the two histological types, throm-
botic and plexiform, were again separated and it was
suggested that the thrombotic form might represent
thrombosis in situ, possibly as a consequence of a small
vessel arteritis.5 16 Open lung biopsy has not been much
used in the United Kingdom because of its failure to
influence therapeutic strategies: but it was part of the
protocol in the American Primary Pulmonary Hyper-
tension Registry, which was notable for the high complica-
tion rate of biopsy in these patients. The course of the
thrombotic form, which affects both male and female
patients, was sometimes prolonged; plexiform arteriopathy
was almost exclusively confined to young female patients.'7

Current knowledge
Any rigid distinction between two histological types was
found to be unsound in a recent study of familial primary

pulmonary hypertension in which both thrombotic and
plexiform lesions were found within patients and among
the affected families.'8 Both types of lesion were also found
in pulmonary hypertension associated with the Eisenmen-
ger syndrome,'9 collagen vascular diseases,'0 in drug
induced pulmonary hypertension in the aminorex fumarate
epidemic,20 in the toxic oil syndrome,2' and associated with
cirrhosis.22
A high frequency of plexiform lesions does seem to be

associated with a more rapidly fatal course'7 and fibroblast
migration through defects in the inner elastic lamina,
probably the result of endothelial interruption, may herald
prodromal lesions.23 In addition, it has been suggested that
the pulmonary vascular bed maintains its low resistance
through the action ofendothelium derived relaxation factor
with plexiform arteriopathy resulting from the failure of
the production or release of this factor; vasodilatation by
acetylcholine (in its endothelium dependent role) has been
cited as parallel evidence for this effect.'6 Endothelial cell
injury as seen in rats after crotalaria ingestion,24 or
immune-mediated damage of the endothelium, as in
collagen vascular disease,25 may be responsible for
myofibroblast migration and proliferation, which would
explain the development of the thickening of the medial
coat16 rather than- vasoconstriction.-These- effects or the
advanced stage of the disease when patients are first seen
may explain the frequently disappointing response to
treatment with vasodilators, which has been the only
available medical treatment apart from anticoagulants.26
The use of anticoagulants was associated with an apparent
improvement in survival in a large retrospective study that
did not distinguish between subgroups.27 It is possible that
long term anticoagulants may reduce the incidence of
thrombosis in situ or reduce thromboembolism secondary
to the low cardiac output.26

Treatment with vasodilators
The association with Raynaud's disease and rare reports of
regression lent support to the theory of vasoconstriction
and to the extensive use of vasodilators.'314229 None the
less, vasodilators given acutely may be dangerous if they
cause only systemic and not pulmonary vasodilatation. 36
They may be helpful if a fall in pulmonary vascular
resistance allows right and thus left ventricular output to
increase. Most vasodilators predominantly affect the sys-
temic resistance vessels and will only be tolerated in
patients with pulmonary hypertension ifthere is a sufficient
effect also on the pulmonary vessels to permit the cardiac
output to rise and maintain blood pressure. Virtually every
vasodilator has been tried and the results published.
Though nifedipine has found most favour,3'8 it too is not
without its disastrous side effects. This is because its
depressant effect on myocardial contractile force may be
unmasked and this can cause circulatory collapse if the
right ventricular afterload is not reduced.
Acute testing of vasodilators has been used to predict

benefit and prevent untoward reactions.43 47 49 These studies
have shown that those patients who are capable of respond-
ing tend to respond to whatever vasodilator is given-a
favourable response to prostacyclin was associated with a
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good response to nifedipine also.47 So long term infusions
of prostacyclin into the pulmonary artery, a treatment that
is highly demanding of both patient and doctor and not
without complications,45 is not justified. Most patients will
not tolerate high doses of calcium channel blocking drugs
but remarkable reductions in pulmonary artery pressure
and resistance were achieved in some patients treated with
high doses of diltiazem or nifedipine and the improvement
was sustained over months.46 These successes and rare
cases of spontaneous improvement'55 have sustained the
use of these usually unsuccessful and poorly tolerated
agents.52

Outcome
All of the studies have shown a wide variation in survival,
from months up to 30 or even 40 years from diagnosis.27"
This has been used as evidence for diverse aetiologies but it
could equally well result from the same cause having
disastrous consequences, as in some young females who
show major vascular consequences and a mainly plexiform
arteriopathy, or a more stable protracted course in patients
with the less severe changes of a mainly thrombotic
arteriopathy. Both could result from a vasculitic illness.
Studies of the natural history of the disease showed that the
sickest patients survived the shortest time. Right ven-
tricular failure is the single most important determinant of
prognosis." This has been recorded in published reports
which detailed a right atrial pressure >6 mm Hg, a stroke
volume index of <22 ml/m2, a cardiac index <2-8 I/min/
m2, or a pulmonary artery saturation <63% as adverse
prognostic features2755 but did not emphasise right
ventricular failure as such. Not surprisingly, the pulmon-
ary artery pressure is usually not a determinant because it
fails to rise once the output starts to fall as the right
ventricle fails.
More recent work has used echocardiography to measure

these indices56 and it may be more informative than
catheterisation in showing right ventricular function and
pressure serially, tricuspid regurgitation, and when right
ventricular systolic or diastolic pressure is higher than the
systemic pressure. A low cardiac output, abnormal tricus-
pid Doppler diastolic filling patterns due to prolonged
isovolumic relaxation, tachycardia, and curtailed right
ventricular filling time may also be found.
These omens of poor or deteriorating right ventricular

function indicate a short life expectancy in patients with
primary type pulmonary hypertension; most of these
patients do not survive three years from the time of
presentation. At present, heart/lung transplantation offers
the only hope of longer term survival with restoration of
their quality of life. Improved management ofrejection and
infection with newer drugs and routine bronchoscopic
surveillance to detect these complications early has resulted
in much better survival. Three year survival is now 65%
and the incidence of obliterative bronchiolitis is lower.57
These patients with primary type pulmonary hypertension
who have no disease elsewhere and who are young and
otherwise fit are most likely to benefit from this procedure.
Moreover, their hearts can be used in recipients with
pulmonary hypertension complicating left heart failure.

The future
Future treatments are likely to arise as developments in
vascular and cell biology lead to a better understanding of
the growth factors that determine the proliferative res-
ponses to endothelial injury.58 Future understanding of
adhesion molecules such as fibronectin and von Willebrand
factor which influence cell migration and proliferation,59 of

charge related microvascular injury,'" and vascular re-
modelling after injury6' may lead to more successful
treatments. These may be particularly relevant if primary
type pulmonary hypertension follows a pulmonary vas-
culitis which, if it is not rapidly fatal, can achieve
haemodynamic stability. It is unfortunate that delayed
initial presentation may still inhibit the use of potentially
successful agents. It seems that we are a long way from
being able to treat primary type pulmonary hypertension
effectively because of the late presentation of most of the
patients. Only the fortunate few, in spite of or because of
our management, will show stability or improvement. For
most of them heart/lung or single lung transplantation is
likely to remain the best available treatment.
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