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Captopril as treatment for patients with pulmonary
hypertension
Problem of variability in assessing chronic drug treatment
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SUMMARY We gave captopril, an angiotensin converting-enzyme inhibitor, to four patients with
unexplained pulmonary hypertension to see if it would lower pulmonary arterial pressure or pulmo-
nary vascular resistance. The patients were studied at rest and during supine bicycle exercise, before
and after 48 hours of captopril treatment (up to 450 mg/day). During the treatment, each patient was
monitored, with systemic and pulmonary pressures measured hourly, and cardiac output every two
to four hours. We found no significant effect of captopril, either at rest or with exercise, on the
cardiac output, pulmonary artery pressure, or pulmonary vascular resistance, measured at the end of
48 hours treatment. We noted, however, that during the 48 hour period, all patients showed
pronounced swings in their pulmonary and systemic artery pressures and cardiac outputs that had
no relation to the administration of captopril or time of day. We conclude that captopril appears to
be ineffective in causing a sustained reduction in the pulmonary artery pressure or pulmonary
vascular resistance in patients with primary pulmonary hypertension. It appears, however, that
these patients exnerience spontaneous variability in their pulmonary resistance from hour to hour
which needs to be further studied before a reliable assessment of long-term drug treatment can be
made.

Primary pulmonary hypertension is regarded as a fatal
disease for which no established treatment exists.'
There has been recent interest in the use of vaso-
dilator drugs in these patients in the hope of lowering
their pulmonary arterial pressures and pulmonary
vascular resistances.2 Several case reports have
described the beneficial effects of such drugs,3-5 but
no single agent has been identified that is clearly
superior in this regard.6

Captopril represents a new class of vasodilator
drugs, the angiotensin converting-enzyme inhibitors.
The role that angiotensin II plays in the development
of pulmonary hypertension is unclear, but it has been
suggested that it may be a factor in some types of
pulmonary hypertension.7 The peptidyl dipeptide
hydrolase that converts angiotensin I to angiotensin II
is found largely in the lung,7 raising the possibility
that the drug may be able to work locally to reduce
pulmonary artery pressure.
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In this study we tested the hypothesis that captopril
would lower the pulmonary artery pressure and pul-
monary vascular resistance in patients with vasocons-
trictive pulmonary hypertension either at rest or with
exercise. In addition, we made additional observa-
tions regarding the variability in the haemodynamics
of the pulmonary and systemic vasculature in these
patients by continuously monitoring their pulmonary
pressures and cardiac outputs for 48 hours during the
initiation of drug treatment.

Subjects and methods

PATIENT SELECTION
The study group consisted of four patients with pul-
monary hypertension of undetermined aetiology.
Each patient had a chest x-ray film, full pulmonary
function tests, and lung scanning to exclude intersti-
tial lung disease or pulmonary emboli. They also had
echocardiography and a full right and left heart
catheterisation to exclude cardiac causes for pulmo-
nary hypertension, including left to right shunts. In
addition, three patients had open lung biopsies which
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Captopril for pulmonary hypertension

were consistent with primary or "idiopathic" pulmo-
nary hypertension, without evidence for any occult
pulmonary disease (see Table 1). A definite diagnosis
was made of primary pulmonary hypertension in
three patients. The fourth patient (case 2) had an

antecedent history of closure of a ventricular septal
defect at 3 years of age. Though he had no residual
shunt, it is possible that he represents persistent pul-
monary hypertension, rather than primary pulmonary
hypertension.

PROCEDURE
The study was approved by the Institutional Review
Committee and informed consent was obtained from
each patient. All patients had been previously given a

vasodilator drug (tolazoline and/or hydralazine)
intravenously, with a resultant fall in their pulmonary
vascular resistances (mean reduction 20%, range 3%
to 47%) (see Table 1). Patients were rested in bed for
at least 12 hours before the study, on a general unre-

stricted salt diet, and no change was made in their
drugs. Control haemodynamic measurements were

obtained, after an overnight fast, in the cardiac
catheterisation laboratory. After the resting data were
obtained, the patients were exercised on a supine
bicycle ergometer for four minutes at 350 kpm. They
were then transferred, with arterial and Swan-Ganz
catheters in place, to the coronary care unit where
they underwent continuous monitoring until the
morning of the third day (40 to 46 hours later) while
captopril was given orally every eight hours in the
following doses: 25 mg, 50 mg, 100 mg, 150 mg. The
patients were kept on the highest dose of captopril
tolerated (which was 150 mg every eight hours except
for case 3 who was kept on 100 mg every eight hours
because of systemic hypotension). The patients
returned to the catheterisation laboratory on the
morning of the third day, after an overnight fast, 90
minutes after their last dose of captopril.
Haemodynamic measurements were again taken with
the patient at rest, and then with exercise, which
ended the study.
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HAEMODYNAMIC STUDY
Either a 7F Swan-Ganz catheter or a 7F Cournand
catheter was placed in the pulmonary artery via an
antecubital vein cutdown. The radial artery was can-
nulated with a short Teflon catheter. Measurements
were made of the systemic arterial pressure (SAP),
right atrial pressure (RAP), pulmonary artery pres-
sure (PAP), and pulmonary wedge pressure (PWP)
(in mmHg) with a 23db Gould-Statham pressure
transducer and recorded on a multichannel recorder
(E for M, VR 16). Mean pressures were derived from
electronic integration. Thermodilution cardiac out-
puts (CO) were determined (in litres/min) using stan-
dard techniques (Edwards 9150 CO computer). Fick
cardiac outputs were performed with exhaled gas
analysed in a paramagnetic oxygen analyser (Beckman
MMC), and arterial oxygen saturations measured in a

co-oximeter (IL Instrument Laboratory 282). Values
for vascular resistances were calculated (in dynes s

cm 5) from the following formulae:
Systemic vascular resistance (SVR)=(SAP-RAP/
CO)x 80

Total systemic resistance (TSR)=(SAP/CO)x80
Pulmonary vascular resistance (PVR)=
(PAP-PWP/CO)x 80

Total pulmonary resistance (TPR)=(PAP/CO)x80
Exercise was performed in the supine position with a
bicycle ergometer at 350 kpm for four minutes, with
pressures recorded for the last 10 seconds of each
minute of exercise and cardiac output measured dur-
ing the fourth minute of exercise. One patient show-
ing a favourable drug effect was placed on long-term
oral treatment with repeat catheterisation after three
months.

STATISTICAL ANALYSIS
Mean levels of the haemodynamic variables, before
and after administration of captopril, were calculated
for the resting and exercise states. Because of the
small number of the sample size a simple non-

parametric test (the sign test) was selected to assess

Table 1 Characteristics ofpatients studied

Case No. AgelSex Known length of Findings on lung biopsy Other drugs Response to
time with pulmonary vasodilator
hypension

1 21 F 2 y Severe medial hypertrophy, mild None PVR down 10% with TOL
intimal proliferation H and E
grade 3

2 21 M 10 mth Medial hypertrophy, distinct None PVR down 20% with TOL
intimal fibrosis H and E grades
3-4

3 45 M 10 y Mild medial hypertrophy and Digoxin 0-25 mg, PVR down 30% with TOL
intimal proliferation H and E frusemide 40 mg and 46% with HYD
grades 2-3

4 47 M 7 y Not done None PVR down 3% with HYD

H and E, Heath and Edwards classification for pulmonary hypertension'7; HYD, hydralazine 0-3 mg/kg intravenously; PVR, pulmonary
vascular resistance; TOL, tolazoline 1 mg/kg intravenously.
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the statistical significance of the drug effects on each
variable. The variability of haemodynamic indices
noted over time was calculated as the mean value for
each individual patient, with the corresponding stan-
dard deviation from the mean.

Results

The results of the effects of captopril on

haemodynamics at rest after 48 hours of treatment is
shown in Table 2. As a group, the patients had mildly
reduced cardiac outputs and conspicuously raised
pulmonary artery pressures and pulmonary vascular
resistances. With captopril treatment there was an

overall mean increase in cardiac output from 3-23 to
3-54 /min, and a reduction in pulmonary vascular
resistance from 1363 to 1310 dynes s cm 5. The mean
pulmonary artery pressure rose from 62 to 65 mmHg,
but none of these haemodynamic changes was of
statistical significance. The only significant effect of
the drug was in reducing the systemic vascular resis-
tance, from 2532 to 2054 dynes s cm-5.

EFFECTS OF CAPTOPRIL ON EXERCISE (Table 3)
As a group, the cardiac output was reduced from 5-42
to 5-10 /min, and the pulmonary artery pressure was

increased, from 87 to 91 mmHg with exercise on cap-

topril. Total pulmonary resistance increased from
1393 to 1430 dynes s cm-5, while total systemic resis-

tance was virtually unchanged. None of these effects,
however, achieved statistical significance.

LONG-TERM TREATMENT WITH CAPTOPRIL
The relative effect of captopril on the systemic and
pulmonary resistances was also noted in each patient.
In three of these patients the reduction that occurred
at rest in systemic vascular resistance exceeded the
reduction in pulmonary vascular resistance. In one
patient, the opposite was true, namely the pulmonary
resistance fell more than the systemic vascular resis-
tance (24% vs 13%, respectively). This patient was
placed on long-term oral treatment with 150 mg cap-
topril three times a day for three months, at which
time she was restudied. The results of the restudy are
shown in Table 4. Though there was a further reduc-
tion in systemic vascular resistance noted after three
months, we could not demonstrate any sustained
reduction in pulmonary artery pressure, nor was there
any apparent beneficial influence on exercise
haemodynamics. In addition, the drug now appeared
to have a relatively greater effect on the systemic resis-
tance than the pulmonary resistance as compared with
the control state (26% vs 13% reduction, respec-
tively). For these reasons the drug was discontinued.

VARIABILITY OF PULMONARY ARTERY PRESSURE
IN PULMONARY HYPERTENSION
Each of the patients in the study group were moni-

Table 2 Effects of captopril on haemodynamics at rest*

Case No. Cardiac output Mean systemic Mean pulmonary Pulmonary wedge PVR SVR
(i/min) pressure (mmHg) pressure (mmHg) pressure (mmHg) (dynes s cm') (dynes s cm5)

Before After Before After Before After Before After Before After Before After

1 3-57 4-23 97 100 70 66 3 6 1501 1135 2106 1834
2 3-55 4-06 74 80 64 78 3 2 1375 1497 1662 1536
3 3-28 3-13 112 82 65 62 6 6 1439 1431 2585 1942
4 2-53 2-72 124 104 48 52 12 12 1138 1176 3776 2903
Mean 3-23 3-54 102 92 62 65 6 7 1363 1310 2532 2054
SEM 0.24 0.36 10.8 6-1 4-8 5-4 2-1 2-1 79 90 455 2%
p value NS NS NS NS NS 0-0625

PVR, pulmonary vascular resistance; SVR, systemic vascular resistance.
*Measurements on captopril treatment were made 90 minutes after the last dose administered.

Table 3 Effects of captopril on haemodynamics with exercise

Case No. Cardiac output (imin) Mean systemic Mean pulmonary Total pulmonary Total systemic
pressure (mmHg) pressure (mmHg) resistance resistance

(dynes s cm') (dynes s cm ')
Before After Before After Before After Before After Before After

1 7-24 6-23 118 130 90 110 994 1412 1304 1669
2 5-49 6.20 109 103 100 100 1457 1290 1588 1329
3 5-16 4.37 112 92 94 92 1457 1684 1736 1684
4 3-80 3-60 134 124 62 60 1305 1333 2821 2755
Mean 5-42 5-10 118 112 87 91 1303 1430 1862 1859
+SEM 0-71 0-66 5-6 8-9 8-4 10.8 109 88 332 310
p value NS NS NS NS NS
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Table 4 Short-teim and long-teim effects of captopril in one patient with primary pulmonary ipetnsion
Mean systemic Mean pulmonary Cardiac output Systemic vascular Total systemic Pulmonary vascu- Total pul-
pressure pressure (1/mn) resistance resistance Iar resistance monary
(mmHg) (mmHg) (dynes s cm-5) (dynes s cm-) (dynes s cm-5) resistance

(dynes s cm-)

R 97 70 3.57 2106 2173 1501 1569
Ex 118 90 7-24 1304 994
R-Cl 100 66 4-23 1834 1981 1135 1248
Ex-Cl 130 110 6-23 1669 1412
R-C2 97 76 4-08 1552 1552 1312 1490
Ex-C2 139 132 7.08 1288 1344

Ca, with captopril after 48 hours; C2, with captopril after three months; Ex, exercise; R, rest.

tored in the coronary care unit for 40 to 46 hours after
the establishment of control haemodynamics in the
catheterisation laboratory while captopril was given,
with pulmonary and systemic pressures recorded
hourly and cardiac output measured every two to four
hours. We plotted the hourly changes in pulmonary
artery pressure, systemic pressure, cardiac output,
total systemic resistance, and pulmonary vascular
resistance that occurred over this period in each
patient to determine if a beneficial effect of the drug
could be related to the dose or timing of the drug
administration. We noted that each patient showed
pronounced swings in the level of their pulmonary
and systemic pressure and cardiac output that had no
relation to the time or dose given of captopril, time of
day, meals, or wakefulness (see Table 5 and Fig. 1
and 2). Though the study design dictated that the
short-term effects of captopril be reassessed in the
catheterisation laboratory after 48 hours of treatment,
it became apparent retrospectively that the timing of
the final measurements could have altered the assess-
ment of drug effectiveness.

Table 5 Variability in pulmonary artery pressure, systemic
pressure, and cardiac output over 48 hours ofcontinuous
monitonng dunng captopnl administration

Case I Case 2 Case 3 Case 4

Mean pulmonary
arterial pressure
(mmHg)
Minimum 46 40 64 48
Maximum 86 65 93 66
Mean (over 48 h) 68 57 76 56
+ SD 10-8 5-0 4-9 6-0

Mean systemic pressure
(mmHg)
Minimum 61 50 67 98
Maximum 123 83 112 144
Mean (over 48 h) 89 69 82 118
_SD 19-0 9-5 7-4 12-2

Cardiac output
(1/min)
Minimum 3-56 2-85 3-13 2-53
Maximum 4-35 5 46 5.94 3 40
Mean (over 48 h) 4-04 4-02 4-56 2-86
_-SD 0-22 060 0-65 0-47

Discussion

Although no established treatment for patients with
primary pulmonary hypertension exists, vasodilating
drugs have been used recently in these patients with
the hope of achieving a sustained reduction in the
pulmonary artery pressure. Reports of sustained ben-
eficial drug effects have been sporadic and limited to
only a few patients.6 Current interest has been
focused largely on drugs that are direct arterial vaso-
dilators, such as hydralazine, diazoxide, and
nifedipine. Captopril represents a unique drug in that
it appears to work by its ability to block angiotensin
II,8 a potent vasconstrictor. Like the direct vaso-
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Fig. 2 The serial changes in the calculatedpulmonary vascular
resistance in another patient plotted over time. The timing and
dosage ofcaptopril given are indicated, as well as the time of
day. There does not appear to be any relation between the drug
administration and the pulmonary vascular resistance.
Variability in the pulmonary pressure and pulmonary resistance
was noted in all of the patients studied.

dilators, captopril has been shown to be effective in
lowering the systemic arterial pressure in patients
with essential hypertension,9 and in raising the car-
diac output in patients with heart failure. 'O
Our study failed to show any sustained beneficial

effect of captopril on the pulmonary haemodynamics
of patients with primary pulmonary hypertension.
Though the role of angiotensin II in the genesis of
pulmonary hypertension is unclear,"I captopril
offered the possibility of reducing the pulmonary
artery pressure either through angiotensin II block-
ade, or by increasing circulating prostaglandin El, a

potent pulmonary vasodilator.'2 Though neither
renin nor prostaglandin El levels were measured in
this study, the drug did have the expected phar-
macological effect of reducing the systemic vascular
resistance in every patient.
One may question whether captopril would have

been effective if larger doses were administered. The
decision to limit the maximum daily dose to 450 mg
was based on data showing that higher doses have
been no more effective in lowering the systemic blood
pressure in patients with essential hypertension, but
are associated with an increased incidence of unto-
ward effects.'3 Captopril has been effective in lower-
ing systemic pressures in patients with severe hyper-

Rich, Martinez, Lam, Rosen

tension resistant to treatment in doses of 150 mg or
less every eight hours.'4

It is also possible that captopril would have been
effective if it were administered long term. There are
some data to suggest that the beneficial effects that
captopril has in raising the cardiac output in patients
with heart failure are enhanced the longer the drug is
administered.'" In the single patient who had the
most favourable response to short-term captopril, we
were unable to show any improvement when the drug
was continued for three months.
The variability in pulmonary and systemic pres-

sures and cardiac output that was noted during the
period of continuous monitoring uncovers an aspect
of primary pulmonary hypertension that needs to be
addressed. It has never been determined what consti-
tutes a clinically significant reduction in pulmonary
arterial pressure in these patients. Variability in the
pulmonary arterial pressure of one other patient with
primary pulmonary hypertension has been previously
described,'6 but this was felt to be an unusual occur-
rence. Our experience suggests that this may be a
common phenomenon. In order to establish what
magnitude of change in pulmonary artery pressure or
pulmonary vascular resistance would be significant,
the amount of spontaneous alteration of these vari-
ables that occurs in these patients needs to be known.
All of the patients in our study were receiving capto-
pril while being monitored. Thus it is possible that
the variability noted was drug related. We were
unable, however, to associate the hourly changes in
pulmonary or systemic resistance with the dosage or
time of drug administration, time of day, meals, or
wakefulness. It remains to be determined how much
variability exists in the pulmonary and systemic circu-
lations of these patients when no drugs are being
taken.

In summary, captopril appears to be ineffective in
producing a sustained reduction in pulmonary arterial
pressure or pulmonary vascular resistance in patients
with primary pulmonary hypertension, at rest or with
exercise. Such patients, however, show a distinct
spontaneous variability in their systemic and pulmo-
nary pressures and cardiac outputs from hour to hour.
Thus, in order to establish what change in pulmonary
arterial pressure or pulmonary vascular resistance
would be significant with long-term oral drug treat-
ment in an individual patient, a prospective study to
assess the magnitude of this variability in these
patients when untreated is needed.
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