Editorial

Can pulmonary vasodilators improve survival in cor
pulmonale due to hypoxic chronic bronchitis and
emphysema?
arterioles seen at high altitude is also accompanied by
the development of longitudinal smooth muscle in the
vessel intima.'6 7 Such scanty evidence as is available
does not suggest that this longitudinal muscle disappears with partial correction of hypoxaemia by long
term oxygen therapy.'8
Patients with chronic airflow limitation due to
chronic bronchitis and emphysema are often recognised as falling into two categories. Firstly, the "blue
and bloated" characteristically have severe arterial
hypoxaemia, and thus central cyanosis, along with
carbon dioxide retention, pulmonary hypertension,
and often secondary polycythaemia. Secondly, the
"pink and puffing" will have only mild arterial hypoxaemia when at rest, but this is associated with a normal
or low level of arterial carbon dioxide tension, normal
pulmonary arterial pressures, and no secondary
polycythaemia. Earlier notions that "blue bloaters"
had principally bronchitis whereas "pink puffers" had
mainly emphysema, although widespread in relatively
Mechanism of hypoxic pulmonary hypertension
recent textbooks,'9 are probably untrue. Thus postWe first consider current understanding of the mortem studies have shown that patients classified as
mechanisms underlying pulmonary hypertension in "pink puffers" or "blue bloaters" in life had similar
chronic bronchitis and emphysema, and the effect of degrees of emphysema at necropsy.20 Recent studies
long term oxygen on the pulmonary circulation, using a new computed tomography method have
before discussing other drugs which may act as shown that regional lung density in vivo correlates
pulmonary vasodilators. Hypoxic pulmonary with enlargement of distal airspaces (the defining
vasoconstriction of the small pulmonary arterioles, as characteristic of emphysema) in lungs or lobes resecseen at high altitude, is associated with muscularisa- ted for peripheral tumours.2' In a further application
tion of these vessels, and contraction of this muscle is of this method we have found that the extent of
thought to be the primary mechanism of this form of emphysema did not relate to mean pulmonary arterial
hypoxic pulmonary hypertension.'3"4 If young men, pressure, either at rest or during exercise, in 32 patients
however, native to a high altitude, where their arterial with chronic bronchitis and emphysema with a wide
oxygen tension is about 6-5 kPa (50 mm Hg) and their range of airflow limitation and FEV, ranging from
mean resting pulmonary arterial pressure about 24 0 35 to 3 92 litres.22 It is important to emphasise that
mm Hg, go to live at sea level for two years, their mean the "blue bloater" and "pink puffer" concepts despulmonary arterial pressure falls to normal values (12 cribe clinical patterns and imply that pulmonary
mm Hg) and pulmonary vascular resistance halves.'5 hypertension is related to hypoxaemia, and not necesIn chronic hypoxaemia due to chronic bronchitis and sarily to the extent of airflow limitation. This idea
emphysema the muscularisation of small pulmonary derives strong support from a large European
cooperative study,2' which reported that in 595
patients with chronic bronchitis and emphysema the
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closely to resting arterial oxygen saturation (Sao,)
Respiratory Medicine, City Hospital, Edinburgh EHIO 5SB.

There has been a recent reawakening of interest in the
effects of vasodilators in the pulmonary circulation,
particularly in "blue bloaters"-that is, patients with
chronic cor pulmonale as a complication of hypoxic
chronic bronchitis and emphysema. Although we do
not yet know whether lowering pulmonary arterial
pressure in such patients improves survival, there is
indirect evidence to suggest that it does. We know that
survival of "blue bloaters" is related to the severity of
their pulmonary hypertension,'6 and it is apparent
that continuous long term domiciliary oxygen therapy
can improve survival in some of these hypoxaemic
patients.78 This effect may be associated with an
improvement in pulmonary haemodynamics.9'2 Thus
oxygen may improve pulmonary haemodynamics and
also prolong survival. Could further improvement in
pulmonary haemodynamics with vasodilator drugs
add to this effect?
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Long term oxygen therapy
Early uncontrolled studies of continuous domiciliary
oxygen therapy suggested that the correction of
hypoxaemia could reduce pulmonary arterial pressure.9" The two controlled trials of long term oxygen
therapy, however, did not show a consistent fall in
pulmonary arterial pressure with oxygen,78 despite
improvements in survival. Acute correction of hypoxaemia in these patients is well known to cause only a
slight fall in pulmonary arterial pressure and it does
not restore it to normal.30 Nevertheless, long term
oxygen therapy did appear to prevent a further rise in
pulmonary arterial pressure in the Medical Research
Council study, in contrast to the further rise seen in the

control patients, who were treated without long term
oxygen.7 In the National Institutes of Health study of
long term oxygen treatment there was a fall in
pulmonary arterial pressure, at least in those treated
with continuous oxygen therapy for 12 hours in the 24
hour day.6 Long term oxygen therapy given during the
sleeping hours can prevent both the fall in Sao2 during
rapid eye movement sleep in blue bloaters and the
further rise in pulmonary arterial pressure during the

hypoxaemic episodes.3'

As survival in blue bloaters is related to their mean

pulmonary arterial pressure, we may reasonably ask
whether a reduction in pulmonary arterial pressure to
a level below that which results from long term oxygen
therapy can further improve their long term survival.

Pulmonary vasodilatation
Do any ofthe present potential pulmonary vasodilator
agents show enough promise to justify the complex,
long term, and inevitably costly study that is required
to answer this question? Do we know the properties of
an ideal pulmonary vasodilator agent? No agent, other
than oxygen, has been convincingly shown to
vasodilate the pulmonary circulation alone, without

causing systemic vasodilatation, postural hypotension, or increase in cardiac output with the resulting
possibility of a secondary rise in pulmonary arterial
pressure. Reversal of hypoxic pulmonary vasoconstriction may also raise the blood flow to poorly
ventilated alveoli with an increase in the shunt fraction, so that the arterial oxygen tension may actually
fall. When this does occur the rise in cardiac output
may still mean that the delivery of oxygen to the tissues
is nevertheless increased.
How should we assess the results of vasodilator
treatment? Debate continues on the best method of
calculating pulmonary vascular resistance. Early
evidence that the pressure-flow relationship in the
pulmonary circulation was linear32-34 and passed
through the origin has recently been questioned.3536
Treatment of hypoxic pulmonary vasoconstriction
ideally requires modification of the vasoconstrictor
response of the pulmonary blood vessels to hypoxia.
Until the mechanism of this vasoconstrictor effect
becomes known,37 there is little possibility of developing specific pharmacological antagonists to this
action. The observation that the ventilatory stimulant
almitrine may enhance the pulmonary vasoconstrictor
response in these hypoxic patients,38 causing a modest
rise in pulmonary arterial pressure during exercise at
least,39 may shed light on the mechanism of hypoxic
pulmonary vasoconstriction. In most other respects
pulmonary vascular smooth muscle responds in an
identical fashion to systemic vascular smooth muscle,
yet hypoxia tends to constrict the pulmonary circula-
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measured when patients were awake. Indeed, in that
study Sao2 alone could explain 43% of the variance of
pulmonary arterial pressure, whereas adding FEV, in
a multiple regression equation that included Sao2
explained only a further 1% of the variance. FEV,
alone was less well correlated with pulmonary arterial
pressure than was Sao2. In fact, almost one tenth of
these patients with severe airflow limitation (FEV, <
0 71) had a normal pulmonary arterial pressure at rest,
as has been noted in one of the classic papers
describing the two clinical patterns of this disease.24
In important studies of the clinical course of
established pulmonary hypertension in these patients
Weitzenblum et al23 found that the rate of rise in
pulmonary arterial pressure varied widely between
individual patients with chronic bronchitis and
emphysema, and that this did not correlate with the
slow fall in Sao2 that they documented over several
years in their patients.2526 Other factors may therefore
contribute to pulmonary hypertension in this condition. Secondary polycythaemia may increase pulmonary vascular resistance, at least in theory; but actual
measurements of pulmonary haemodynamics show
only minor improvements when either venesection27 or
erythrapheresis21 is used to lower the red cell mass
acutely in these patients. The loss of up to one half of a
normal pulmonary vascular bed, as occurs after
pneumonectomy, has long been known to cause only a
trivial rise in the resting mean pulmonary arterial
pressure,29 suggesting that the destruction of the
pulmonary vascular bed in emphysema is unlikely by
itself to be a major factor in increasing the pulmonary
vascular resistance, at least when the patient is at rest.'7
The combination of evidence from studies of
altitude hypoxia, along with the clinical, pathological,
and therapeutic data reviewed above, thus strongly
indicates the importance of hypoxia, which has a
major causative role in chronic pulmonary hypertension in patients with chronic bronchitis and
emphysema ("blue bloaters").

Pulmonary vasodilators
BETA AGONISTS

Since the introduction of cardiac catheterisation the
effects of over 20 agents have been assessed on the
pulmonary circulation and the number is increasing
rapidly.' Many early studies were carried out in
patients with pulmonary hypertension secondary to
heart disease, whereas more recently studies have
tended to concentrate on patients with primary pulmonary
hypertension. The pathophysiological
mechanisms causing pulmonary hypertension in these
conditions may be very different from those in chronic
bronchitis and emphysema. We will therefore review
only the studies concerning patients with hypoxaemic
chronic bronchitis and emphysema.
We still have no accurate non-invasive method of
assessing pulmonary arterial pressure in man, particularly in patients with a hyperinflated chest as in
chronic bronchitis and emphysema; assessment of
potential pulmonary vasodilators demands right heart
catheterisation. Thus few investigators have studied
the long term haemodynamic effects of these drugs,
despite the obvious relevance of such studies to their
proposed therapeutic use. For the same reason, long
term dose-response studies have not been carried out,
most workers having used a single dose of drug in all
the patients studied. The optimal dose of many
potential pulmonary vasodilators in any given patient
is therefore largely unknown, and this could explain
some of the contradictions between different studies of
the same agent, in addition to the obvious problem of
comparing patients with different degrees of pathophysiological derangement.
We consider two types of drugs: the commonly used
bronchodilators (theophyllines and agonists) and
some of the more recent "vasodilators"-for example,
hydralazine, captopril, the calcium antagonists, and
a adrenergic blockers.
12

THEOPHYLLINES

Most studies of the effect of theophylline on the
pulmonary circulation have not related observed
effects to plasma theophylline concentrations. It is not
certain whether the effects described occur only at
concentrations that are therapeutic for bronchodilation.4' In acute studies theophylline has been
repeatedly shown to reduce both mean pulmonary
artery pressure and pulmonary vascular resistance in
patients with chronic bronchitis and emphysema, but
the effects on cardiac output have been variable.42v5
Arterial oxygen saturation may fall, despite any
ventilatory stimulation from the theophylline.4 The

Both a and I adrenergic receptors are present in the
human pulmonary circulation,48 with evidence
accumulating to suggest that there are vasoconstrictor
a receptors and vasodilator ,B receptors.3249 Selective 1½
agonists (salbutamol, terbutaline, and pirbuterol)
cause a fall in pulmonary vascular resistance after
either intravenous or oral administration 516 and a rise
in cardiac output. None the less, most studies have
also shown a fall in mean pulmonary arterial pressure.
The relative contributions of a direct cardiac inotropic
effect and the vasodilator effect from 2 agonists to
explain the increase in cardiac output are unclear. In
many studies Sao, has also fallen."525556 In one study
we found that one oral dose of pirbuterol lowered
pulmonary arterial pressure, but this effect was not
sustained over six months of oral treatment, suggesting that tachyphylaxis may develop in the pulmonary
circulation during chronic treatment with 02 adrenergic agonists.57 Thus 12 agonists are unlikely to have a
major role in the treatment of chronic hypoxic pulmonary hypertension.
ALPHA ADRENERGIC BLOCKERS

Non-selective a adrenergic antagonists (phentolamine, tolazoline) vasodilate the pulmonary circulation in patients with pulmonary disease.5859
Prazosin, a selective postsynaptic a antagonist, lowers
pulmonary arterial pressure and increases cardiac
output in patients with chronic bronchitis and
emphysema after both one and eight weeks of treatment.' There was, however, a fall in Sao2 associated
with an increase in dyspnoea in these patients.'
Urapadil, another selective postsynaptic a antagonist,
has been claimed to have a unique pharmacological
action in reducing central sympathetic tone and
inhibiting baroreceptor pressor responses.6' It is also
claimed to have a selective action on the pulmonary
circulation, a fall in pulmonary arterial pressure being
associated with little change in cardiac output.6' These
results, however, were described in a group of patients
that included those with both obstructive and restrictive lung disease, in whom the mean pulmonary
arterial pressure ranged widely from 3-3 to 8 5 mm Hg
(25-64 kPa).
HYDRALAZINE

Agents that can relax vascular smooth muscle include
diazoxide, and the calcium channel blockers.
Hydralazine has mostly been used in primary pulmonary hypertension.62 In patients with hypoxaemic
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tion. As will be seen, however, all the current potential
pulmonary vasodilator agents also dilate the systemic
circulation to some degree.

3
right ventricular ejection fraction has been reported to
rise after acute treatment with theophylline,46 and this
effect was sustained during three months of treatment.47

CALCIUM CHANNEL BLOCKERS

Drugs that block slow calcium channel (calcium
antagonists) do not form a homogeneous group and
there are substantial differences in their pharmacological actions.70 The effects of the most widely
used calcium antagonists (verapamil, diltiazem, and
nifedipine) on the pulmonary circulation have all
recently been studied in patients with hypoxaemic
chronic bronchitis. In animal studies calcium channel
blockers, in particular nifedipine, can prevent or even
reverse hypoxic pulmonary vasoconstriction.7'7
However, both diltiazem and verapamil have been
shown to have no effect on pulmonary haemodynamic
measurements in patients with chronic bronchitis and
emphysema.7576
NIFEDIPINE

Nifedipine is a potent systemic vasodilator. There are
several recent reports of the acute effect of 10-20 mg of
sublingual nifedipine.77 83 At rest nifedipine has
reduced pulmonary vascular resistance and increased
cardiac output in all but one study.8' Not all studies,
however, have found a fall in pulmonary arterial
pressure with nifedipine, though in two studies
nifedipine significantly reduced pulmonary arterial
pressure on exercise.78 83 Nifedipine nearly always
causes a slight fall in Sao, but in all studies the increase
in cardiac output has actually improved the delivery of
oxygen to the tissues. This raises the possibility that
the exercise tolerance of these patients might be
improved, if it is limited by delivery of oxygen to
exercising muscles and not only by mechanical limitations to the ventilatory demands of the exercise. The
matching of alveolar ventilation to perfusion may be

further impaired by nifedipine, implying that the drug
may partially reverse hypoxic pulmonary vasoconstriction.8" In two studies of the chronic effects of
nifedipine the pulmonary vasodilator action has been
shown to persist for 14 days,84 and after six to nine
weeks of treatment.78 There was no symptomatic
benefit, however, with this long term treatment and
two patients deteriorated clinically despite persistent
haemodynamic improvement.78 A similar study of
felodipine, a calcium antagonist with a pharmacological action similar to that of nifedipine, found
persistent haemodynamic benefit after 12-18 weeks of
treatment85 but little symptomatic improvement.
Nitrendipine, another new calcium antagonist similar
to nifedipine, has recently been shown to produce
pulmonary vasodilatation for up to 10 months but
again with no improvement in either symptoms or
survival, according to this uncontrolled study.86 In a
one year placebo controlled study of the effects of
nifedipine in patients with proved pulmonary hypertension secondary to hypoxaemic chronic bronchitis,
Philip-Joet et a187 found no clinical or symptomatic
benefit, although the patients did not have a repeat
catheterisation and it is therefore uncertain whether
the haemodynamic responses persisted.
Nifedipine is thus a pulmonary vasodilator that may
interfere with hypoxic pulmonary vasoconstriction.
Should it therefore be combined with long term
oxygen therapy? In their original study of nifedipine in
patients with acute respiratory failure Simmoneau et
ar7 could find no additional benefit when nifedipine
was added to oxygen therapy. An important detailed
double blind controlled study, however, of four
patients with stable bronchitis and one hypoxic patient
with kyphoscoliosis (oxygen tension while they were
breathing air at rest 6-0-7 9 kPa (45-59 mm Hg))
clearly showed a greater haemodynamic benefit when
nifedipine was combined with oxygen, both at rest and
during exercise.79
ANGIOTENSIN CONVERTING ENZYME (ACE)
INHIBITORS

Finally, the angiotensin converting enzyme inhibitors
may have a part to play in such patients. Although
earlier studies suggested a central role for angiotensin
II in hypoxic pulmonary vasoconstriction, this has not
been confirmed.88 " Controversy persists about the
role of the renin-angiotensin system in hypoxaemic cor
pulmonale, and of angiotensin converting enzyme in
vascular responses to hypoxia.9'92 The angiotensin
converting enzyme inhibitor enalapril has recently
been shown convincingly to improve both symptoms
and survival in patients with congestive heart failure
but with no respiratory disease.93 In severely hypoxaemic patients with chronic bronchitis and
emphysema Burke et al94 found that 25 mg captopril
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chronic bronchitis and emphysema it has been shown
to reduce pulmonary vascular resistance, with a
variable reduction in mean pulmonary arterial pressure.6" But such studies show considerable
variability between patients in the extent of pulmonary
vasodilatation with hydralazine treatment. In contrast
to the results ofearlier animal studies,67 arterial oxygen
tension falls very little after hydralazine in man,
suggesting that the drug does not inhibit hypoxic
pulmonary vasoconstriction directly. Hydralazine
predominantly produces systemic vasodilatation with
a rise in cardiac output, and this can be associated with
a rise in pulmonary arterial pressure. It has been
suggested that possibly a quarter of hypoxaemic
patients with chronic bronchitis and emphysema will
not respond to hydralazine, either showing no fall or
even a rise in pulmonary arterial pressure, secondary
to the increase in cardiac output.' The systemic lupus
erythematosus syndrome has followed long term
hydralazine treatment when this has been given in a
dose of 200 mg a day or more.69

given three times daily significantly reduced pulmonary arterial pressure and pulmonary vascular resistance. This was associated with a rise in cardiac output
but no significant fall in Sao2, so that again tissue
oxygen delivery was increased. In contrast, a further
study of captopril" in patients with hypoxic cor
pulmonale found no change in pulmonary haemodynamic measurements, nor did a similar study of
enalapril96 in a similar group of patients. Clearly,
further studies are required to resolve this conflict, and
to see whether improvement in survival similar to that
achieved in patients with congestive heart failure
without respiratory disease9" can be obtained in cor
pulmonale due to chronic hypoxaemic bronchitis and
emphysema.

2

3

4

5

Conclusion
6

Pulmonary vasodilators are generating much interest.
So far the only treatment shown by controlled clinical
trials to prolong life in hypoxaemic chronic bronchitis
and emphysema is long term oxygen. This treatment
may delay progression of pulmonary hypertension in
these "blue and bloated" patients. No other medication has yet been convincingly shown to do either. The
two groups of drugs currently showing most promise
as pulmonary vasodilators, the nifedipine like calcium
antagonists and the angiotensin converting enzyme
inhibitors, may directly interfere with the pulmonary
vasoconstrictor response to hypoxia; but again the
evidence for such an action is conflicting. Nevertheless, both types of drugs appear to merit further study,
but this will need small scale placebo controlled studies
of longer term treatment, with pulmonary haemodynamic monitoring, to determine whether the pulmonary
vasodilator response persists (for it did not with

02

agonists). If such studies show persistent pulmonary
vasodilatation, then and only then will large scale
studies of the effects of pulmonary arterial
vasodilators on symptoms (including exercise
tolerance) and survival be justified-but these studies
would seem to require long term oxygen therapy in
both treatment and placebo regimens. Since there is as
yet no convincing scientific evidence that any pulmonary vasodilator improves either prognosis or symptoms in patients with hypoxaemic chronic bronchitis
and emphysema, these drugs have at present no
established place in the treatment of such patients.
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