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suMMARY The results of the medical treatment of primary pulmonary hypertension are usually very

poor. A case of severe primary pulmonary hypertension in chronic heart failure was treated with the
calcium antagonist nifedipine, a powerful vasodilator which acts directly on vascular smooth muscle.
Nifedipine, administered in a dose of 20 mg sublingually, caused a pronounced fall in pulmonary and
systemic vascular resistances (54 and 49%, respectively) and a rise in cardiac output (90.3%).
Improvement was maintained over a three-month period. These data suggest that nifedipine can be
used in the treatment of this condition.

Pulmonary arterial hypertension results from an
increase in pulmonary blood flow, augmented
resistance, or both. Primary pulmonary hyperten-
sion, a rare disease of unknown aetiology and with
a progressive fatal course, is characterised by
increased pulmonary vascular resistance. Previous
experience with vasodilators'-3 and subsequent
morphometric studies4 suggest that vasoconstriction
is an important factor in the pathogenesis of the
disease. The long-term treatment with the vaso-
dilators used, however, gave poor results.5 6 To
test new vasodilator drugs in this condition therefore
seems justified.

During the past few years, a new class of drugs
has been introduced to treat cardiovascular dis-
orders. These drugs have a common action on
cellular membranes where they block the flow of
calcium ions which takes place during the process of
cellular excitation. We report our experience with
one of these compounds, nifedipine, in the treatment
of a patient with primary pulmonary hypertension.

Case report

A 34-year-old married woman had suffered
frequent episodes of bronchitis after her second
pregnancy four years previously. One year later
she had experienced syncope during effort. Right
and left cardiac catheterisation, performed two
months later, showed pulmonary arterial hyper-
tension (pulmonary arterial pressure 65/25, mean
25 mmHg; pulmonary wedge pressure 12 mmHg;
total pulmonary resistance 539 dynes s cm-5; left
ventricular systolic pressure 140 mmHg; left

ventricular diastolic pressure 12 mmHg; cardiac
output 3 56 1/min). No other abnormality was seen.
Her condition slowly worsened, with progressive
dyspnoea at rest and during effort, exertional
syncope and cyanosis, abdominal pain, and ankle
swelling.

In October 1978 the patient was admitted to our
department. On examination she was cyanosed.
The ankles were swollen and the jugular veins were
engorged (venous pressure 10 cm above the sternal
angle), with a predominant "a" wave. The pulse
was small and the blood pressure was 90/50 mmHg.
The liver was enlarged, tender, and actively
pulsating. There was a sustained systolic lift in the
third and fourth left intercostal spaces. On auscul-
tation, a grade 3 pansystolic murmur, increasing on
inspiration, was heard in the tricuspid area, the
pulmonary component of the second sound was
very loud, and a third heart sound was present. The
electrocardiogram showed right axis deviation
(mean QRS axis+ 1200), right atrial enlargement,
and right ventricular hypertrophy with right
bundle-branch block. The echocardiogram
suggested severe pulmonary hypertension with
increased end-diastolic pressure and enlargement
of the right ventricle. The chest x-ray film showed
cardiomegaly with enlargement of the right atrium
and ventricle, severe dilatation of the pulmonary
artery, and poor vascularisation of the lung fields
(Fig. 1).

She was treated with anticoagulants, digitalis,
oxygen, and diuretics. While in hospital her
condition worsened. In November 1978 the
response to nifedipine was assessed; 20 mg was
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administered sublingually. Catheterisation showed
a fall in total pulmonary resistance (mean fall 54%)
and in systemic vascular resistance (mean fall 49%),
with a slight decrease in mean pulmonary arterial
pressure (mean decrease 14%) and a significant
increase in cardiac output (mean increase 90 3%).
These haemodynamic changes were evident 30
minutes after administration of the drug and
reached maximum values at the third hour (Table 1,
Fig. 2). Six days later the patient was tested with
*diazoxide. The injection of 180 and 300 mg of the
drug in the pulmonary artery caused a fall in total
pulmonary resistance (30 and 36%, respectively),
while no reduction was observed with 45 mg of
the drug and only a slight fall (18%) with a dose
of 90 mg. Mean pulmonary arterial pressure was

unchanged after the drug administration. Diazoxide
90, 180, and 300 mg caused an increase in cardiac

output (23, 45, and 51%, respectively) and a fall
in systemic vascular resistance (27, 29, and 40%,
respectively). These changes were still evident one

hour after the last injection of 300 mg diazoxide
(Table 2). She began prolonged treatment with
nifedipine 100 mg daily; the anticoagulants, digi-
talis, and diuretics were continued. Her dyspnoea
at rest disappeared, dyspnoea on exertion and
cyanosis decreased, the ankle oedema resolved, and
she was able to lead a near normal life.

She was restudied after three months of treatment.
Clinical examination showed slight pulmonary and
tricuspid regurgitation and no signs of right heart
failure. Chest x-ray film showed a reduction in the
heart size (Fig. 1). Catheterisation, performed under
basal conditions 12 hours after stopping the treat-
ment, showed a reduction in pulmonary and
systemic resistance and an increased cardiac output.

L. ~~~~~~~~~:0
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Fig. 1 Chest x-ray film before a and after b three months of treatment with nifedipine. A moderate decrease in
heart size is seen.

Table 1 Haemodynamic changes after nifedipine (first study)

Heart rate Cardiac output Pulmonary arterial Total pulmonary Systemic arterial Systemic vascular
(beats/min) (litres/min) pressure (mmHg) resistance pressure (mmHg) resistance

Syst Diast Mean (dynes s cm-") Syst Diast Mean (dynes s cm-")

Basal 88 2-23 94 51 63 2255 95 65 73 2615
30' 86 3-80 80 42 50 1050 85 60 64 1344
60' 78 3-42 80 44 54 1252 87 60 70 1624

120' 102 4-60 80 48 55 955 90 60 70 1215
180' 96 5-16 85 47 58 897 95 70 76 1176

Factor for converting mmHg to kPa is 0-133; factor for converting dynes s cm-" to kPa s/I is 0-1.
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The administration of nifedipine (20 mg sublingu-
ally) produced a distinct fall in total pulmonary
and systemic vascular resistances (mean fall 39 9
and 26-5%, respectively) while cardiac output
increased significantly (mean increase 33%). Mean
pulmonary arterial pressure decreased (19.3%) but
there was no reduction in mean systemic arterial
pressure. In addition, during this test the maximum
effect was observed between the second and third
hours (Fig. 2, Table 3).

A

CATHETERISATION PROCEDURE
A number 7 Cournand catheter was inserted through
an antecubital vein into the main trunk of the
pulmonary artery and a polythene catheter was
inserted into the femoral artery (Seldinger tech-
nique). Pulmonary and systemic arterial pressures
were measured by Statham transducers. Cardiac
output was determined by the Fick technique,
using a three-minute collection of expired air.
Measurements were repeated until a steady state
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Fig. 2 Haemodynamic changes after administration of nifedipine 20 mg.
months after treatment with nifedipine 100 mg daily).

Table 2 Haemodynamic changes after diazoxide

Basal 0 15 30 60 120 180
value

(A) first study; (B) second study (three

Basal 0 15 30 60
value

Heart rate Cardiac output Pulmonary arterial Total pulmonary Systemic arterial Systemic vascular
(beats/min) (litres/min) pressure (mmHg) resistance pressure (mmHg) resistance

Syst Diast Mean (dynes s cm-") Syst Diast Mean (dynes s cm-")
Basal 75 2-63 86 45 54 1636 97 68 78 2364
45 mg 78 2-64 95 45 58 1755 96 65 72 2179
90 mg 78 3-24 98 45 54 1329 92 60 70 1722
180 mg 78 3-83 95 45 55 1144 100 64 80 1665
300 mg 78 3-98 90 38 52 1041 96 52 70 1402

Factor for converting mmHg to kPa is 0-133; factor for converting dynes a cm-5 to kPa s/I is 0-1.
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Table 3 Haemodynamic changes after nifedipine (second study)

Heart rate Cardiac output Pulmonary arterial Total pulmonary Systemic arterial Systemic vascular
(beats/min) (litres/min) pressure (mmHg) resistance pressure (mmHg) resistance

Syst Diast Mean (dynes s cm-,) Syst Diast Mean (dynes s cm-,)
Basal 70 4-38 94 45 62 1139 109 62 76 1375
30' 70 4-67 72 32 46 786 100 53 70 1196
60' 73 6-44 76 37 50 620 100 57 75 930

120' 74 6-24 80 33 50 640 102 54 69 883
180' 73 5-84 80 35 54 738 113 62 76 1038

Factor for converting mmHg to kPa is 0-133; factor for converting dynes s cm-- to kPa s/l is 0 1.

had been reached; the mean between the last two
values was considered as basal. Pulmonary and
systemic resistances were derived from the follow-
ing formulae: SVR=MAP x 80/CO, TPR=MPAP
x 80/CO, where SVR, systemic vascular resistances
(dynes s cm-5); MAP, mean arterial pressure
(mmHg); CO, cardiac output (litres/min); TPR,
total pulmonary resistances (dynes s cm-5); MPAP,
mean pulmonary arterial pressure (mmHg), and 80
is a factor for converting resistance units to dynes
s cm-5.
For technical reasons, it was impossible to

measure the pulmonary capillary wedge pressure
accurately.

Diazoxide test
After basal measurements, 45 mg diazoxide were
injected rapidly into the pulmonary artery. Five
minutes later all measurements were repeated. The
same procedure was then repeated for successive
injections of 90, 180, and 300 mg diazoxide.

NAifedipine test
Basal measurements were recorded; 10 mg nife-
dipine were then administered sublingually and
again after another 15 minutes. All measurements
were repeated 30, 60, 120, and 180 minutes after
the first dose.

Discussion

The first reports on the acute effects of vasodilators
in patients with primary pulmonary hypertension
date to the early 'fifties. Dresdale et al.7 and
Gardiner8 showed the efficacy of tolazoline in
decreasing pulmonary vascular resistance in these
patients, but oral treatment did not prove to be
effective.5 6 Other drugs with vasodilator action
used in the treatment of primary pulmonary
hypertension gave unsatisfactory results in most
cases.2 9 10

Recently, the effect of the acute and chronic
administration of diazoxide was studied in three
patients with primary pulmonary hypertension'1:
haemodynamic and clinical improvement was
observed in two. Diazoxide, on the other hand,

was ineffective in a fourth patient whose pulmonary
hypertension was probably of embolic origin.
During the past 10 years, several experimental

studies have shown the distinct vasodilator effect of
calcium antagonists. These compounds act directly
on the smooth muscle cells with an inhibition of
excitation contraction coupling and the consequent
relaxation of variously induced contractures. This
action is particularly effective on coronary, cerebral,
and pulmonary arteries.'2 The pronounced vaso-
dilator action of calcium antagonist drugs is the
basis of the haemodynamic mechanism by which
these substances exert their therapeutic action in
angina pectoris.'3"
The action on peripheral resistance suggested

also that these drugs may be useful in the treatment
of systemic hypertension; in severe hypertension,
Guazzi et al.'6 found nifedipine to be comparable
to trimetaphan, nitroprusside, or diazoxide, drugs
already used in the treatment of hypertensive
emergencies.
The nifedipine mediated reduction in increased

resistance accomplished through a direct action on
vascular smooth muscle suggested that we should
verify the effect of this drug in primary pulmonary
hypertension. In the case studied, the acute
administration of nifedipine sublingually produced
a substantial fall in pulmonary and systemic resist-
ances with a distinct increase in cardiac output.
This was accompanied by a slight effect on pulmon-
ary arterial pressure and no effect on systemic
arterial pressure. The haemodynamic changes were
already present at the first measurement 30 minutes
after administration, and persisted for at least three
hours (Table 1; Fig. 2).

Diazoxide administered acutely via the intra-
venous route was less effective: reduction in systemic
and pulmonary resistances accompanied by an
increase in cardiac output was appreciable only at
the higher doses (180 and 300 mg), at which the
systemic pressure was affected more than the
pulmonary pressure.

Chronic treatment with nifedipine led to an
important reduction in symptoms, with no episode
of syncope and a pronounced reduction in dysp-
noea; the signs of right heart failure diminished.
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The clinical improvement was confirmed by the
haemodynamic findings at catheterisation after
three months of treatment with nifedipine. This
procedure also showed that the acute administration
of the drug was still capable of producing a
pronounced haemodynamic effect (Fig. 2; Table 3).
At present, there are no other reported data on

the use of calcium antagonists in the treatment of
pulmonary hypertension, though in an experimental
study McMurtry et al.'7 showed the efficacy of
verapamil in relieving the pulmonary vaso-
constriction induced by hypoxia in isolated rat
lungs. These authors suggested that calcium
antagonists might block an inward movement of
calcium ions secondary to hypoxia, which may
induce vasoconstriction. Our experimental data
show that nifedipine is particularly effective in
reducing the raised pulmonary resistance character-
istic of primary pulmonary hypertension. Its
prompt and prolonged action, together with the
few reported side effects,'8 suggest the possibility of
this drug being used in the chronic treatment of
this disease.
However, in primary pulmonary hypertension

the response to this, as well as to other vasodilators,
can be extremely variable from time to time and
from one subject to another,2 9 probably in relation
to the type and entity of pulmonary arterial
changes.'9 Severe narrowing or obstructions of the
pulmonary vessels caused by intimal fibrosis may
substantially limit the vasodilator action of the drug,
which should be most conspicuous when only
vasoconstriction is present.
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