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Effects of captopril in acute and chronic heart failure

Correlations with plasma levels of noradrenaline, renin, and
aldosterone
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SUMMARY The angiotensin-converting enzyme inhibitor, captopril, was given to 19 patients with
severe heart failure. Seven patients had acute myocardial infarction and the remainder had chronic
myocardial damage caused by ischaemia or valvular disease. Cardiac filling pressures were raised in all,
the pulmonary capillary “wedge” pressure being 17 mmHg or more. Captopril, 50 mg orally, raised
stroke volume and cardiac output, and reduced heart rate, cardiac filling pressures, systemic arterial
pressure, and the plasma concentrations of aldosterone and noradrenaline. These changes were
attended by clinical improvement. Decrements in cardiac filling pressures, systemic arterial pressure,
and total peripheral resistance were positively correlated with pretreatment plasma renin. Long-term
treatment with captopril was offered to 14 patients. Four patients with severe coronary disease died
suddenly after initial clinical improvement. In nine patients haemodynamic measurements were
repeated after three months. The results showed sustained effects on cardiac output and filling
pressures but there was no loss of body weight. The haemodynamic effects were at least as good as with
previous vasodilators. The fall in systemic arterial pressure, however, was greater with captopril.
Captopril may become a valuable adjunct to the treatment of acute and chronic heart failure, but more
information about its effect on coronary blood flow is required.

The acute beneficial response to vasodilators in patients  hydralazine!? 13 and prazosin!+!6 suggest that only part
with congestive heart failure is well documented.'* By  of the initial response is maintained. Weight gain,
lowering vascular tone and left ventricular wall tension,  oedema, and increases in the plasma levels of renin,
these agents improve myocardial contraction and aldosterone, and noradrenaline have been found to
reduce raised filling pressures of the heart. It is now  accompany tolerance to these drugs. In contrast, the
also clear that such a favourable effect'is not restricted  vasodilatory response to inhibitors of angiotensin-
to drugs that cause vasodilatation because of their converting enzyme is not accompanied by increased
direct relaxing effect on vascular smooth muscle. Com-  sympathetic activity!” and aldosterone production!$
parable haemodynamic responses are observed with  nor by renal sodium and water retention.!” Indeed,
drugs that reduce sympathetic vascular tone,’ ¢ act by  good results have been obtained with the use of the
interruption of the renin-angiotensin-aldosterone orally active angiotensin-converting enzyme inhibitor,
cascade,’ 8 or block serotonergic vascular mechanisms.?  captopril, even in patients with congestive heart failure
Because so many different neurohumoral factors are  refractory to conventional treatment.2>-2 The role of
involved in the circulatory homeostasis of heart failure,  the renin-angiotensin system in heart failure, however,
however, it is likely that benefits from intervention in  is not fully understood,?* % and information about the
one regulatory system are lost by compensatory acti- long-term cardiovascular and humoral effects of
vation of other systems. In this regard it is significant  captopril in heart failure‘is fragxpentary. _
that, as compared with the abundance of data on the With these uncertainties in mind we have studied the
acute benefits of vasodilatory treatment, little is known  acute and long-term effects of captopril in norma;
about its long-term efficacy.!!! Experiments with tensive patients with heart failure and pulmonary con-
gestion. We have tried to correlate these effects with
Accepted for publication 5 October 1982 measurements of the plasma levels of noradrenaline,
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renin, and aldosterone. These measurements were con-
sidered a rough index of the involvement of the
sympathetic nervous system and the renin-angiotensin
system in our patients. Two groups of patients were
studied. In one group heart failure was an acute con-
dition occurring in the course of myocardial infarction.
Plasma noradrenaline was raised in these patients but
plasma renin and aldosterone were normal or low in
most of them. In a second group heart failure was a
chronic treatment-resistant condition, and most
patients had high plasma noradrenaline as well as high
plasma renin and aldosterone.

Patients and methods

Nineteen patients with normal blood pressure with
heart failure were studied. On the basis of onset and
duration of this condition the patients were divided
into two groups. Acute pump failure resulting from
transmural myocardial infarction was the cause of
pulmonary congestion and shortness of breath in the
seven patients of group 1 (Table 1). Criteria for
inclusion were: mean pulmonary capillary wedge
pressure higher than 17 mmHg and systolic arterial
pressure between 90 and 150 mmHg. Captopril was
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given to four patients within 12 hours after the onset of
myocardial infarction. Digoxin, diuretics, or other
vasoactive agents were not used and the interval
between the last sedative or pain relieving agent and
captopril was at least one hour. Intravenous lignocaine
for arrhythmia was necessary in two patients and this
was continued during the study. The clinical condition
of three patients (Table 1, cases 5, 6, and 7) was such
that initial treatment with intravenous dopamine and
nitroprusside was indicated. Two to three days after
the onset of myocardial infarction, these patients were
weaned from intravenous therapy. Recurrence of
pulmonary congestion and raised cardiac filling
pressures, however, made additional treatment
desirable. Captopril was then chosen as an oral sub-
stitute for the nitroprusside infusion they had received
before. Treatment with dopamine and nitroprusside
was stopped at least 12 hours before captopril was
given. Group 2 consisted of 12 patients suffering from
refractory congestive heart failure for at least two years
(Table 2). The aetiology of ventricular failure was
secondary to ischaemic heart disease and previous
myocardial infarction in seven patients. Three of them
had undergone coronary bypass surgery. Persistent
poor ventricular function despite aortic or mitral valve

Table 1 Clinical characteristics of patients with acute myocardial infarction

Case Age Sex Weight Height Localisation of CK peak  Time between onset Therapy (mg|d)
No. ) (kg) (m) myocardial infarction  value (Ufl) MI and start -
captopril (h) Digoxin Frusemide
1 71 M 69 1-75 Anterolateral 210 4
2 55 M 76 174 Anteroseptal 870 5
3 59 M 72 1-64 Anterior 1200 10
4 57 M 81 172 Inferior 345 12
5 45 M 60 1-78 Posterior 1600 30 0-250 240
6 62 M 90 1-76 Anteroseptal 940 52 0-250 200
7 57 F 67 1-69 Anteroseptal 1500 72 0-250 160
Note: CK, serum creatine kinase (normal value 5-30 U/1); MI, myocardial infarction.
Table 2 Clinical characteristics and echocardiographic findings in patients with chronic heart failure '
Case Age Sex Weight Height Diagnosis and NYHA Echocardiographic Therapy (mg|d)
No. (v) (kg) (m) duration of chronic class  dimensions (mm)
heart failure (y) - - -
LA LAJAoLVD LVS Dig Fru Spir Hyd Iso Pra Nif
8 64 M 72 168 IHD 3 v 50 143 8 70 0-125320 150 200 80
9 49 F 72 163 IHD 2 IV 52 163 70 55 — 240 100 100 80
10 63 M 61 1179 IHDCB 3 IV 45 150 78 68 0125120 S50 40 —
11 62 M 76 1-82 VHDMV 2 I 72 189 70 60 0-250320 — 200 80
12 54 M 67 175 IHDCB 2 v 60 200 75 60 0250120 100 — 80 40
13 67 M 66 1-68 IHD 2 IV 60 171 100 9% 0250 80 100 — — 8
14 54 M 58 1:75 VHDA+MV 3 IV 63 170 9 8 0250160 50 200 80
15 74 F 60 1-69 VHDMV 6 IV 65 18 60 45 0125320 S0 — —
16 59 F 65 1-68 VHDAV 2 v 55 138 S50 35 0125 80 S0 — — 16
17 46 M 78 1-80 IHDCB 3 v 65 232 62 50 0250120 — 200 80
18 64 F 73 1.66 VHDMV 5 IV 70 189 70 60 0-250160 100 — — 8
19 46 M 79 168 IHDCB 5 I 45 166 73 59 025 80 — — 80 40

IHD, ischaemic heart disease; VHD, valvular heart disease; CB, coronary bypass; MV, prosthetic mitral valve; AV, prosthetic aortic valve;

echocardi

phic dimensions: LA, left atrial dimension (normal 2040 mm); Ao, aortic root diameter (normal 2040 mm); LA/Ao, ratio between

left atrial dimension and aortic diameter (normal 1); LVD, left ventricular end-diastolic dimension (normal 30-55 mm); LVS, left ventricular
end-systolic dimension (normal value variable); Dig, d:gox’m, Fru, frusemide; Hyd, hydralazine; Iso, isosorbide nitrate; Pra, prazosin; Nif,
ifedipine.
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replacement was the cause of heart failure in five
patients. All complained about shortness of breath at
rest despite extensive treatment with dietary sodium
restriction, digoxin, diuretics, and hydralazine-
isosorbide dinitrate combinations or prazosin.
Captopril was given to this treatment-resistant group
24 to 36 hours after the vasodilators or prazosin had
been stopped.

HAEMODYNAMIC EVALUATION

The patients of group 1 were admitted to the coronary
care unit. A Swan-Ganz thermodilution catheter was
positioned in the pulmonary artery and a small Teflon
cannula was placed into a radial artery. When stable
baseline haemodynamic measurements had been
obtained, captopril, 50 mg, was given by mouth, and
its effect was followed for several hours. In the patients
of group 2 invasive haemodynamic monitoring was
started during the use of previous vasodilators. For this
purpose the patients were transferred to the coronary
care unit from the general ward where they had been
admitted some days before in order to optimise medical
and dietary treatment. Vasodilators or prazosin were
then stopped and the withdrawal period of at least 24
hours was covered by invasive monitoring. Digoxin
and diurectics were continued, but at least six hours
was left between administration of these drugs and the
start of captopril. With the evaluation of the first dose
of captopril the invasive first part of the study was
finished. After treatment lasting three months nine
patients of group 2 were readmitted to the coronary
care unit for invasive monitoring of the long-term
effects of captopril.

MEASUREMENTS

Heart rate (HR), systemic arterial pressure, and
pulmonary arterial pressure were continuously
monitored. Triplicate cardiac output measurements by
the thermodilution technique were performed at
frequent intervals and at that time integrated mean
values for systemic arterial pressure (MAP), right
atrial pressure (RAP), pulmonary arterial pressure,
(PAP) and pulmonary capillary ‘“wedge” pressure
(PCWP) were also taken. Pressures and cardiac output
were measured with the patient in a semisupine
position and the transducers were zeroed at mid-
thoracic level. Cardiac output was corrected for body
surface area and tabulated as cardiac index (CI). The
following variables were derived: total peripheral
resistance in kPa/s per 1 as TPR=(MAP—-RAP)/CI,
pulmonary vascular resistance in kPafs per 1 as
PVR=(PAP—PCWP)/CI, cardiac work index in J/min
as CWI=(MAP—-PCWP)xClI, and stroke work index
in J as SWI=(MAP—-PCWP)xSI, where SI is stroke
volume index. .
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OTHER MEASUREMENTS AND STATISTICS
Estimations of cardiac chamber size were made by
means of M-mode echocardiograms obtained with an
ECHO-cardioVISOR SE(Organon Technica, The
Netherlands) interfaced to a Honeywell LS 6 strip
chart recorder. The dimensions of left atrium, aorta,
and left ventricle during end-systole and end-diastole
were taken with standard positions of the transducer as
described previously.?® Arterial and mixed venous
oxygen saturations were measured by oximetry. The
arteriovenous oxygen difference (AV-O,) in mmol/l was
calculated as AV-O,=(A,-PA,,) X Hb x 1-01, where
A, and PA,, are the arterial and pulmonary arterial
(mixed venous) oxygen saturations and Hb is the
haemoglobin content in mmol/l, while 1-01 is the bind-
ing capacity in mmol 0, of 1 mmol Hb.

Plasma levels of active renin?’ and aldosterone?®
were measured by radioimmunoassay. The normal
range for renin in our laboratory is 15 to 45 wU/ml. For
aldosterone it is 100 to 500 pmol/l. A radioenzymatic
technique was used for determining plasma nor-
adrenaline.?® The normal range is 1 to 3 nmol/l. Data
are given as mean * SEM. Plasma levels of renin,
aldosterone, and noradrenaline were not distributed
normally. Mean values and standard errors were there-
fore calculated after log transformation. Statistical
analysis was performed using Student’s t test for paired
data. Linear regression analysis was used for calcu-
lation of correlation coefficients. Statistical significance
was accepted at the 95% confidence level.

Results

PRE-CAPTOPRIL EVALUATION

Patients with myocardial infarction

Pre-captopril values of arterial pressure were somewhat
higher and central pressures were lower than in the
patients with chronic heart failure (Tables 3 and 4).
Though plasma noradrenaline was raised in all cases,
plasma renin and aldosterone were normal in the pre-
viously untreated cases (Table 5, cases 1 to 4).

Patients with chronic congestive heart failure

The severity of heart failure was not only reflected by
their symptoms, as expressed according to the New
York Heart Association NYHA) classification®® but the
advanced stage of cardiac dilatation was also disclosed
by echocardiography (Table 2). Both left atrium and
left ventricular cavity dimensions were much
increased. Moreover, filling pressures of either side of
the heart were high, that is right atrial pressure 14+2
mmHg and pulmonary capillary “wedge” pressure
25+2 mmHg, while cardiac index was low. The mean
value for cardiac index of 2:6+0-4 1/min is probably an
overestimation because it does not include three very
serious cases, in which no reliable cardiac output
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Table 3 Haemodynamic responses to captopril in patients with acute myocardial infarction

Case Heart Heartrate Mean pressure (mmHg) Cardiac index  Resistance (kPals per |
No-.— rhythm (beatsfmn) Arterial Rightatrial  Pubm Puim Uin) : IMMMU” )

—_— ig) . artery . cap. —————————  Systemic

Before After “wedge” Before After

Before After Before After Before Afier —0—————— Before Afier Before After
Before After
1 SR 90 86 117 107 9 6 29 19 20 11 29 34 298 238 25 19
2 SR 86 84 95 91 13 8 28 28 19 16 2-1 22 312 302 34 .4
3 SR 91 80 113 93 12 7 31 24 26 16 2-8 29 289 237 14 22
S EEENEEEEEEEEE R D
1 1-7 24 311 180 14

6 SR 94 90 62 50 17 11 38 33 23 16 — — — — — Z
7 SR 109 102 98 9% 5 0 27 17 17 11 23 27 324 267 35 18
Mean 90 82 93 82 11 7 30 24 22 15 24 2-8 293 235 22 23
+SEM 6 S 7 7 1 1 1 2 1 1 0-2 0-2 15 19 5 4
p <0-05 <0-01 <0-001 <0-01 <0-001 <0-01 <0-01 NS

Note: Values presented are those obtained before and 90 minutes after administration of captopril, 50 mg. SR, sinus rhythm; AF, atrial fibrillation.

1 kPa/s per 1=10 dyn s cor-5.

measurements could be obtained. Systemic arterial
pressure was already low before captopril, systolic
114+4 mmHg and diastolic 62+ 3 mmHg, and, despite
extensive use of digoxin, the mean value for heart rate
exceeded 80 beats/min. The plasma levels of renin,
aldosterone, and noradrenaline were grossly raised
(Table 5). Kidney function was moderately impaired as
indicated by a serum creatinine of 133+14 umol/l; the
range was 81 to 253 umol/l, with a value above 100
pmol/l in eight patients.

ACUTE EFFECTS OF CAPTOPRIL

Haemodynamics

Captopril improved resting haemodynamics both in
the patients with heart failure caused by acute myo-
cardial infarction (Table 3) and the patients with
chronic heart failure (Table 4).

Changes in systemic arterial pressure, heart rate,
cardiac output, and filling pressures were not much
different for the two groups. Therefore in Fig. 1 to 3
the data of both groups have been pooled. Despite
decrements in systolic arterial pressure, from 121+6 to
96+6 mmHg, and in diastolic pressure, from 66+3 to
52+4 mmHg, heart rate was also lowered by captopril,
from 883 to 80+ 3 beats/min (p<<0-05, Fig. 1). These
effects became apparent after 15 minutes, while the
peak effects occurred between 90 and 105 minutes. In
eight patients systolic arterial pressure fell below 90
mmHg and in four below 75 mmHg. The fall in arterial
pressure was well tolerated. One patient complained
about blurred vision at a time when his systolic arterial
pressure was 65 mmHg. No hypotensive period, how-
ever, was associated with the onset or worsening of
angina or electrocardiographic abnormalities. Triple

Table4 Acute haemodynamic responses io captopril in patients with chronic heart failure

Case Heart Heartrate Mean pressure (mmHg) Cardiac index  Resistance (kPals per )
No.  rhythm (beats/min) o (Ifmin)
——————— Arterial Rightatrial  Pulm. artery  Pulm. cap. ? Puls y
Before After “wedge” Before After
Before After Before After Before After Before After Before After
Before After
8 SR 111 89 74 34 12 3 50 24 34 10 2-3 2-4 216 103 56 47
9 SR 88 85 85 65 S -1 38 29 23 11 19 2-1 337 251 63 69
10 SR 84 72 72 48 13 2 41 25 27 16 1-3 2-6 363 142 86 28
11 AF 75 76 74 65 10 8 29 26 18 13 33 35 156 130 27 30
12 SR 9 9% 88 66 17 8 4 36 30 23 16 22 355 211 70 47
13 AF 104 9% 83 67 16 9 38 30 27 19 — — — — — —
14 AF 71 65 66 36 12 5 26 17 18 9 1-7 29 254 8 38 22
15 PM 74 74 65 30 20 8 4 31 24 14 2-8 31 129 57 57 4
16 AF 87 8 66 51 18 9 34 20 20 12 47 4.7 82 72 24 14
17 SR 82 81 93 79 27 25 45 38 33 28 — — — — — —
18 SR 77 64 87 71 11 7 36 25 21 13 — — — — — —
19 SR 81 80 70 S1 6 -1 30 16 20 10 36 36 142 116 22 13
ean 86 80 77 55 14 7 38 26 25 15 26 3-0 226 130 49 35
gSEM 4 3 3 5 2 2 2 2 2 2 0-4 0-3 36 21 8 6
p <0-01 <0-001 <0-001 <0-001 <0-001 <0-05 <0-01 <0-05
Note: Values pr d are those obtained before and 90 minutes after administration of captopril, 50 mg. PM, pacemaker rhythm. Other

abbreviations as in Table 3.
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TableS Hormone levels before captopril

Case Plasma renin Plasma Plasma
No. (nU/mi)
(pmol|l) (nmol|l)
1 6 166 33
2 14 222 72
3 27 332 43
4 9 111 45
5 1700 9970 201
g 540 2270 17-5
8 990 943 183
9 30 665 3.7
10 4600 10500 14-6
11 88 860 2-3
12 68 2520 139
13 200 1270 65
14 1400 4700 45
15 58 277 2:4
16 330 1770 10-2
17 140 9690 68
18 110 8860 9-2
19 78 1220 27

Note: Plasma noradrenaline, 1 nmol/l = 169 ng/l.
Plasma aldosterone, 1 pmol/l = 360 pg/l.

product, that is the product of systolic arterial
pressure, heart rate, and pulmonary capillary “wedge”
pressure divided by 1000, fell from 253+19 t0 119£13

130 L ARTERIAL PRESSURE mmHg "=19
110 .
9 4
70 |- .
50 i
HEART RATE beats/min -
95 | i
85 - i
sr ACAPTOPRIL 1

1 1 1 1 1
-30 0 30 60 90 120
TIME (min)
Fig.1 Responses of systemic arterial pressure and heartratetoa

single dose of captopril (50 mg) in 19 patients with heart failure.
The fall in both systolic and diastolic arterial pressure was already
significant (p<<0-01) 15 minutes after captopril. The fall in heart
rate became significant (p<<0-01) after 30 minutes.
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Fig. 2 Effects of captopril (50 mg) on cardiac index, stroke
index, mean arterial pressure, and total peripheral resistance. The
peak effects were significant at p<0-01.

(p<<0-001) presumably leading to a diminished myo-
cardial oxygen demand.

The fall in mean arterial pressure of 25+4% was
associated with a fall in total peripheral resistance of
30+5% (Fig. 2). Cardiac output rose by an increase in
stroke volume. This increase in flow was also reflected
in the accompanying change in arteriovenous oxygen
difference. It fell significantly from 3:1+0-3 mmol/l
before captopril to 2-7+0-2 mmol/l one hour after
captopril (p<0-05) and to 2:6+0-2 mmol/l two hours
after captopril (p<<0-05). The amount of work
performed by the heart did not change. Cardiac work
and stroke work indices before captopril were
20-26+2-26 J/min and 0-24%0-03 J, respectively, and
90 minutes after captopril they were 19-61+2-58 J/min
and 0-25+0-03 J.

Captopril caused parallel decrements in mean
pulmonary arterial pressure, pulmonary capillary
“wedge” pressure, and right atrial pressure (Fig. 3).
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Fig. 3 Captopril (50 mg) caused concurrent decrements in mean
pulmonary arterial, pulmonary capillary “wedge”, and right
atrial pressures. After 30 minutes all changes were significant at
p<0-01.

Pulmonary vascular resistance fell from 386 to 30+4
kPafs per 1 (p<0:05). These changes were most
pronounced in the chronic heart failure grcup (Table
4).

Plasma renin rose and plasma aldosterone fell after
captopril (Fig. 4) as expected. More surprising was the
change in plasma noradrenaline; it fell from a mean
value of 6-09 nmol/l before captopril to 5:4 nmol/l after
one hour (p<0-5) and to 4'5 nmol/l after two hours
(p<0-01). The higher the pretreatment value of nor-
adrenaline, the greater was its decrement (Fig. 5).

Interrelations between humoral factors, baseline
haemodynamics, and captopril-induced changes
Pretreatment plasma noradrenaline was directly corre-
lated with pretreatment plasma renin and aldosterone
(Table 6). Heart rate before captopril was directly
correlated with noradrenaline, suggesting that the high
plasma level of noradrenaline indeed reflected an
increased sympathetic tone in these patients. Of the
flow measurements, pretreatment stroke volume was
inversely correlated to plasma noradrenaline but not to
renin, whereas cardiac performance, expressed as
cardiac work or stroke work, was inversely correlated
both with noradrenaline and with renin and also with
plasma aldosterone. Total peripheral resistance before
captopril, however, was unrelated to the plasma levels
of noradrenaline and renin. The decrease in mean and
diastolic systemic arterial pressure after captopril but
not the decrease in systolic pressure was correlated to
pretreatment renin (Fig. 6, Table 7), which suggests
that part of the pressure drop was prevented by the
observed rise in stroke volume. The decrease in total
peripheral resistance after captopril was directly corre-
lated to the pretreatment plasma levels of noradrena-
line, renin, and aldosterone.

CLINICAL COURSE

Patients with myocardial infarction

After the first dose of captopril all patients experienced
a reduction in dyspnoea and orthopnoea and in some

Table 6 Correlations between pretreatment haemodynamic variables and pretreatment hormone levels

Baseline values of No. Versus baseline values of
Log plasma renin Log pli ld Log pl drenal
r 4 r 4 r ?
Arterial pressure systolic -0-69 <0-001 —-0-65 <0-01 —-0-51 <0-05
diastolic 18 -0-42 NS —-0-10 NS —-0-09 NS
mean —0-65 <0-01 -0-37 -0-19
Heart rate 18 +0-33 NS +0-21 Igg +g£ <0-01
Cardiac index -0-31 NS —-0-37 -0-
Cardiac work index 4 o6 <001 064 <001  —049 } NS
Stroke index 14 -0-39 NS -0-47 NS —0-56 <0-05
Stroke work index -0-73 <0-01 —g;i <0-01 —gg(z) <0-05
Mean right atrial pressure +0-24 +0- +0-
Mean ggﬂnonaryl;nery pressure 18 +0-31 } NS +0-29 } NS +0-40 } NS
Mean pulmonary capillary “wedge” pressure +0-28 +0-27 +0-52 <0-05
Total peripheral vascular resistance 14 +0-11 } NS +0-29 } NS +0-43 } NS
Pulmonary vascular resistance +0-39 +0-37 +0-26
lasma renin — — —_
lL?g glasma aldosterone 18 +0-78 <0-001 —_ —
Log plasma noradrenaline +0-62 <0-01 +0-56 <0-05 —
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Fig. 4 Neurohumoral responses to captopril (50 mg) in 18
patients with heart failure. Both plasma noradrenaline and
aldosterone fell (p<<0-01) after 60 minutes, whereas plasma renin
rose (p<0-01).

the annoying non-productive cough as a sign of
imminent lung oedema disappeared. Signs of heart
failure gradually faded away in four patients (cases 1 to
4) and cessation of captopril after a few doses was well
tolerated. The course of their myocardial infarction
was further uneventful. The three patients with more
severe pump failure, who had previously been treated
with dopamine and nitroprusside, remained on
captopril. The dose was gradually increased to 100 mg
three times a day, and digoxin and diuretics were con-
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tinued. One of them, case S, remained in a critical
condition and died after a few days. The two others
improved clinically and could be mobilised. Three days
after discharge from the hospital, 25 days after the
onset of myocardial infarction, case 6 died suddenly.
Case 7 was found dead one month after myocardial
infarction. At a visit to the outpatient clinic some days
before her death the blood pressure was 95/75 mmHg
while she was taking 300 mg captopril and 160 mg
frusemide. At that time she had no complaints and
there were no signs of central or peripheral congestion.

Patients with chronic heart failure

After haemodynamic assessment of the first dose of
captopril, which was 50 mg, long-term treatment was
instituted, initially with doses that ranged from 12-5 to
50 mg three times a day, depending on kidney function
and on the blood pressure response at the time of the
first dose. In case 15 captopril treatment had to be
stopped after a few doses because of rapid deterioration
of pre-existent mild renal insufficiency, with oliguria.
Cases 8 and 14 had supine systolic arterial pressure
levels that were persistently below 80 mmHg at a daily
dose of 150 mg. They complained about blurred vision.
In these patients the dose was reduced to 75 mg. In the
remaining patients the dose of captopril was gradually
increased to 300 mg per day, but in three (cases 9, 11,
and 17) this led to an increase in serum creatinine,
which was reversed by reducing the dose to 75 mg.

All patients showed symptomatic improvement
which was mainly the result of a lessening of dyspnoea.
In two patients a pleural effusion, which was refractory
to treatment, disappeared in a few weeks. Captopril
treatment, however, did not result in loss of weight; it
was 70-4t2-4 kg before captopril and 71:5%25 kg
after one week (n=10). Two patients (cases 8 and 10)
died in the first month of treatment. Ultimately, nine
patients completed a three month treatment period.

Long-term haemodynamic effects of captopril and com-
parison with previous vasodilatory regimens

In Fig. 7 haemodynamic measurements obtained from
repeat right heart catheterisation after three months of
captopril treatment were compared with those taken at
the start of the study. Our study had been designed in
such a way that we were able not only to compare
long-term effects of captopril with its acute effects but
also with the long-term effects of previous vasodilatory
treatment. The significant haemodynamic improve-
ment after the first dose of captopril was maintained in
the long run. After three months of captopril, systemic
arterial pressure, pulmonary arterial pressure,
pulmonary capillary “wedge” pressure, cardiac index,
and total peripheral resistance all still differed signifi-
cantly from values measured shortly before captopril
was given. The haemodynamic profile with chronic
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Fig. 5 Correlation of maximal decrease in plasma noradrenaline after captopril (50 mg) with the
pretreatment level of noradrenaline.
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Fig.6 Correlations between pretreatment plasma renin and the’percemage changes of mean arterial
pressure and total peripheral resistance 90 minutes after captopril (50 mg).
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Fig.7 Bar graphs representing haemodynamic variables measured during the different study phases in the nine patients (cases9, 11-14,

16-19, see Table 2), who had captopril for three months.
measurements during the use of other vasodilatory drugs

measurements after cessation of these drugs for at least 24 hours

€22 acute effects of capropril, 50 mg
long term effects of captopril

The acute effects of captopril in these nine patients were comparable with the responses in the whole group (Fig. 2 and 3). The acute effects
of captopril were maintained during long-term treatment. When the haemodynamic effects of the previously used vasodilators were
compared with long-term captopril significant differences were found for systemic arterial pressure (systolic and diastolic, p<<0-001) and

pulmonary arterial pressure (systolic and diastolic, p<<0-01).

captopril was not much different from that with
previous vasodilating treatment but systemic arterial
pressure was lower with chronic captopril. Though at
first we did not intend to change the dose of the
diuretics, it became clear from frequent determinations
of serum potassium that the dose of the aldosterone
antagonist, spironolactone, could be diminished and
finally stopped in all patients. The doses of frusemide
and digoxin were not altered. Before captopril serum
potassium was 4:0+0-2 mmol/l at a time when nearly

all patients were taking spironolactone (Table 2).
Evaluation at three months showed serum potassium
was 4-410-3 mmol/l, with no patient on spironolactone
or oral potassium supplements. Serum creatinine rose
from 120+11 umol/l (range 96 to 175 umol/l) to
128+11 umol/l (range 76 to 160 wmol/l) after three
months on captopril (p<0-01). No significant change
in body weight occurred during long-term captopril
treatment; body weight was 70-:2+2-9 kg after three
months as compared with 71:6+2:2 kg before
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Table 7 Correlations between captopril-induced haemodynamic changes (90 min) and pretreatment hormone levels

Changes after captopril No.  Versus baseline values of
(0-90 min)
Log plasma renin Log pl ld Log pl noradrenali
r P r P r p
Arterial pressure systolic | 0-05 NS 0-27 0-09
diastolic l } 18 0-62 <0-01 0-39 NS 0-34 NS
mean 0-46 <0-05 0-21 0-07
Heart rate 18 0-58 <0-05 0-41 NS 0-63 <0-01
Cardiac index | w057 <005 08 <005 030 NS
Cardiac work index — 0-06 NS 0-14 NS 0-24
Stroke index | 14 0-65 <0-05 071 <0-01 0-40 N
Stroke work index — 0-03 NS 016 NS 035 §
Mean right atrial pressure | 0-48 <0-05 0-18 0-26
Mean pulmonary artery pressure | } 18 0-47 <0-05 0-24 } NS 0-26 NS
Mean pulmonary capillary “wedge” pressure l 0-40 <0-05 0-11 0-26
Total peripheral vascular resistance f 14 0-71 <0-01 0-71 <0-01 0-51 <0-05
onary vascular resistance | } 0-61 <0-05 0-60 <0-05 0-36 NS
Plasma renin | 0-80 <0-001  0-64 <0-01 0-61 <0-01
Plasma aldosterone | 18 0-51 <0-05 0-82 <0-001 046 <0-05
Plasma noradrenaline | 0-59 <0-05 0-35 NS 0-77 <0-001

captopril. No patient developed skin rash, proteinuria,
or leucopenia.

Discussion

It was remarkable how effective a single dose of
captopril was in our patients whether or not they were
in acute or chronic failure. As total peripheral
resistance fell, the heart was relieved and stroke volume
and cardiac output rose. Captopril also had a distinct
effect on the preload of the heart as indicated by the
decrease in cardiac filling pressures. Our study gives no
detailed insight into the mechanism of this decrease.
The fall in right atrial pressure has been reported to
precede the fall in pulmonary arterial pressure and
pulmonary capillary “wedge” pressure.® This suggests
that an effect of captopril on venous tone rather than an
improvement of forward output of the heart is respons-
ible for the observed decrease in cardiac filling
pressures. In our study, however, the changes in filling
pressures of the right and left side of the heart occurred
synchronously.

Plasma renin is often high in heart failure but not
invariably so. In our series it was increased in most
patients with chronic heart failure who were on
diuretics, whereas it was normal or even low in the
patients with acute myocardial infarction who were not
on diuretics. Thus, stimulation of the renin angiotensin
system in normotensive heart failure might be a conse-
quence of treatment rather than a consequence of the
disease. This seems to contrast with sympathetic
activity as reflected by plasma noradrenaline. High
concentrations of noradrenaline were observed
whether or not the patients had been on diuretics. The
effect of captopril on peripheral resistance was
positively correlated with pretreatment plasma renin,
as were the effects on stroke volume, cardiac output,

and cardiac filling pressures. The correlations, how-
ever, were weak, and the changes in the patients with
normal or moderately raised renin were nearly as great
as in those with grossly raised renin.

A notable feature of the cardiovascular actions of
captopril is its apparent interference with baroreflex
function. Heart rate did not rise in our patients despite
a drop in systemic arterial pressure. This has also been
reported by others.3! 32 Attenuation of circulatory
reflexes in congestive heart failure has been proposed as
an underlying mechanism.3? Heart rate, however, is also
not increased when arterial pressure is lowered by
captopril in subjects with normal heart function.?
From experiments in dogs, Hatton et al.3* concluded
that captopril displaced the setpoint of the arterial
baroreflex to a lower pressure without modifying the
sensitivity of the reflex.

Ideally the decrease in vascular resistance after
captopril should be balanced by an increase in cardiac
output so that perfusion pressure of the different
organs is maintained. Clearly this ideal was not met.
Systemic arterial pressure fell, in some cases to an
alarmingly low level with the potential danger of a
deleterious effect on coronary blood flow. On the other
hand, the decrease in heart rate and the concomitant
reductions in cardiac filling pressures and systemic
arterial pressure and thereby in left vascular wall
tension suggest that myocardial oxygen demand is
diminished by captopril.

Of the 14 patients on long-term captopril, four died
within a month after initial clinical improvement. They
had ischaemic heart disease. In congestive heart failure
the cutaneous, splanchnic, and renal vascular beds are
particularly prone to neurohumorally induced vaso-
constriction.3 In this way, for instance during’
exercise, blood flow is shunted from the renal and
splanchnic circulation to that of skeletal muscle, heart,
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and brain. It is therefore conceivable that in our
patients who died suddenly captopril interfered with
the normal redistribution of blood flow during
exercise, which may have led to myocardial ischaemia.

The relatively high doses of captopril we have used
may have contributed to the low systemic arterial
pressure in our patients. Symptomatic hypotension,
however, has also been observed with doses as low as
6-25 mg.32 Our study does not give an indication of
what the optimal dose of captopril should be, but
recent experience in patients with heart failure and in
patients with severe hypertension suggests that
captopril in daily doses not higher than 75 mg is
effective when combined with a diuretic.3236 Such a
regimen might reduce the incidence of side effects. The
side effects that occur most frequently are skin rash,
loss of taste, proteinuria, and leucopenia. These were
not encountered in our small series of patients.

In conclusion, oral angiotensin-converting enzyme
inhibition by captopril has a profound effect on cardio-
circulatory control mechanisms, which are altered
during heart failure. Heart rate, total peripheral
resistance, cardiac filling pressures, and the increased
plasma concentrations of aldosterone and noradrena-
line are lowered while stroke volume is increased. In
some patients the beneficial acute effects are main-
tained in the long run. During treatment of heart
failure with high ceiling diuretics such as frusemide
and ethacrynic acid in combination with captopril,
potassium supplements or aldosterone antagonists are
no longer needed. In the majority of our severe cases,
combined treatment with frusemide and captopril
resulted in a low systemic arterial pressure. This may
compromise coronary circulation, particularly during
exercise. Before captopril can be recommended as a
useful drug for the treatment of heart failure, particu-
larly in coronary artery disease, more insight into its
effects on coronary blood flow is required.

We thank Dr P Pigott and Dr J Hill (Squibb) for
providing the captopril tablets.
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