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Usefulness of plasma renin activity in predicting
haemodynamic and clinical responses and survival
during long term converting enzyme inhibition in
severe chronic heart failure
Experience in 100 consecutive patients
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SUMMARY The relation between plasma renin activity before treatment and the haemodynamic
and clinical responses to converting enzyme inhibition was determined in 100 consecutive patients
with severe chronic heart failure who were treated with captopril or enalapril. Initial doses of
captopril produced significant increases in cardiac index and decreases in left ventricular filling
pressure, mean arterial pressure, mean right atrial pressure, heart rate, and systemic vascular
resistance that varied linearly with the pretreatment value for plasma renin activity. In contrast,
there was no relation between the pretreatment activity and the magnitude of haemodynamic
improvement after 1-3 months of treatment with the converting enzyme inhibitors, and, con-

sequently, a similar proportion of patients with a high (>6 ng/ml/h; > 4-62 mmol/l/h), inter-
mediate (2-6 ng/ml/h; 1 54-462 mmol/l/h), and low (< 2 ng/ml/h; < 1-54 mmol/l/h) pretreatment
value improved clinically during long term treatment (64%, 60%, and 64% respectively). Long
term survival after one, two, and three years was similar in the three groups. Estimating the degree
of activation of the renin-angiotensin system by measuring pretreatment plasma renin activity
fails to predict the long term haemodynamic or clinical responses to converting enzyme inhibitors
in patients with severe chronic heart failure, and thus appears to be of limited value in selecting
those patients likely to benefit from treatment with these drugs.

Although inhibition of the angiotensin converting
enzyme with captopril and enalapril is of established
value in the management of severe chronic heart
failure,' there is no reliable means of selecting
patients who are likely to improve during long term
treatment with these drugs. Previous trials have
indicated that 60-65% of patients with heart failure
will benefit haemodynamically and clinically after
1-3 months' treatment with these agents,' 4 but
responders and non-responders do not appear to
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differ with regards to pretreatment demographic,
haemodynamic, or clinical variables.2 Because of the
ability of converting enzyme inhibitors to interfere
with the renin-angiotensin system early investigators
suggested that the responses to captopril and
enalapril could be predicted by assessing plasma
renin activity before treatment was started.5-8 Sub-
sequent studies, however, found little relation
between plasma renin activity and haemodynamic
response and questioned the value ofhormonal mea-
surements as a means of selecting patients likely to
benefit from treatment.9 - '" A major drawback of
all of these previous studies is that they evaluated
only the immediate effects of converting enzyme
inhibition in small numbers of patients; un-
fortunately, short term haemodynamic assessments
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of patients treated with captopril and enalapril are of
limited value in predicting long term clinical out-
come.2 -14 No previous study has examined the
usefulness of plasma renin activity in predicting the
long term haemodynamic and clinical responses to
these drugs in a large series of patients.

In this study we evaluated the relation between
plasma renin activity and the haemodynamic and
clinical effects of long term converting enzyme
inhibition in 100 consecutive patients with severe
chronic heart failure.

Patients and methods

The study population consisted of 100 (70 men,
30 women; aged 27-83 (mean 64) years) consecutive
patients with severe chronic heart failure who
received treatment with the converting enzyme
inhibitors, captopril or enalapril, for at least two
weeks and who had their plasma renin activity deter-
mined before the start of treatment. The cause of
heart failure was ischaemic heart disease in 68
patients, primary myocardial disease in 25, and pri-
mary mitral or aortic valve regurgitation, or both,
associated with severe left ventricular dysfunction in
seven, four of whom had undergone valve replace-
ment surgery. All patients had symptoms at rest or
on minimal exertion but were evaluated while clin-
ically stable.

HAEMODYNAMIC ASSES SMENT
Each patient received treatment with converting
enzyme inhibitors under controlled conditions. For
at least five days before entry into the study doses of
digoxin and diuretics remained constant, all previous
vasodilator drugs were withdrawn, and patients con-
sumed a 2 g sodium diet. After completion of the
initial observation period right heart catheterisation
was performed with a triple lumen flow directed
thermodilution catheter for the measurement of
intracardiac pressures, and an arterial cannula was
inserted into the radial artery to measure systemic
pressures. Thermodilution cardiac outputs were
determined in triplicate by a bedside cardiac output
computer using iced injectate. Heart rates were
derived from a continuously recorded electro-
cardiogram.
The following haemodynamic variables were

determined repeatedly to ensure stability of the pre-
treatment state before drug administration: mean
arterial pressure, heart rate, pulmonary artery and
pulmonary capillary wedge pressures, mean right
atrial pressure, and cardiac output. Each of the 100
patients received an initial dose of 25mg of captopril
orally, after which all haemodynamic variables were
determined every 30 minutes for three hours.

Patients were then treated with either captopril
(75-450mg daily, 86 patients) or enalapril (20-40 mg
daily, 14 patients) for the next 1-3 months, during
which time doses of digitalis, diuretics, and con-
verting enzyme inhibitors remained unaltered and
a 2 g sodium diet was maintained. At the end of
the treatment period right heart catheterisation and
arterial cannulation were again performed in 83
patients to assess the long term haemodynamic
response to treatment; 17 patients did not undergo
repeat evaluation because of death (three patients),
refusal (three patients), a change in diuretic dosage
(five patients), or physician preference (six patients).
The protocol for the second haemodynamic evalu-
ation was identical in all respects to that followed for
the first study; haemodynamic variables were mea-
sured during uninterrupted treatment for three
hours after the administration of captopril and for
4-6 hours after the administration of enalapril.

HORMONAL AND CLINICAL
DETERMINATIONS
Blood samples for determining plasma renin activity
by radioimmunoassay were collected just before the
initial dose of captopril. All samples were drawn at a
similar time of day, while the patient was receiving
a constant 2 g sodium diet, after 4-12 hours lying
supine, and 12-24 hours after taking the last dose of
diuretic. Under these conditions, the reproducibility
of our determinations of plasma renin activity in 52
patients with congestive heart failure on consecutive
days was excellent: r= 0-89 for log.(day2PRA)
=0-88xlog.(day,PRA)+0.15, where PRA is
plasma renin activity.

Changes in the clinical state of each patient after
1-3 months' treatment with captopril or enalapril
were assessed in relation to the presence or absence
of dyspnoea and fatigue at rest and during daily
activities. Patients who improved clinically after 1-3
months continued to receive these drugs in addition
to digitalis and diuretics. Patients who did not
improve continued to receive treatment with the
converting enzyme inhibitors according to the pref-
erence of their referring doctor. Patients who experi-
enced adverse reactions were treated with lower
doses of these drugs (after the side effect had sub-
sided); treatment was stopped if the adverse reaction
recurred with rechallenge. All patients were reas-
sessed clinically at intervals of 1-2 months. Long
term survival was assessed from the first day of treat-
ment to July 1984; follow up data were available in
97 of 100 patients.

DATA ANALYSIS
Mean systemic arterial pressures were determined
by electronic filtration. Left ventricular filling pres-

299

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.54.3.298 on 1 S
eptem

ber 1985. D
ow

nloaded from
 

http://heart.bmj.com/


300

Table 1 Correlation coefficients for the relation between
plasma renin activity and changes in various haemodynamic
variables after first doses of captopril and after long term
converting enzyme inhibition
Variables First dose Long term

Cardiac index 0.49* 0-09
Left ventricular filling

pressure 0.47* 0-19
Mean arterial pressure 0 45* 0 27**
Mean right atrial

pressure 0.34* 0-18
Heart rate 0-28** 0 10
Systemic vascular

resistance 0.46* 0.19

*p < 0-001; **p < 0-05; levels of significance for correlation
coefficients (r)

sure was measured as the mean pulmonary capillary
wedge pressure or as the pulmonary artery diastolic
pressure after it had been shown to be identical with
wedge pressure. Derived haemodynamic variables
were calculated as follows: cardiac index= CO/body
surface area (1/min per m2) and systemic vascular
resistance = 80 x (MAP - MRAP)/CO (dyn s cm 5)
where CO is cardiac output, MAP mean arterial
pressure, and MRAP mean right atrial pressure.
During both short term and long term treatment,

the haemodynamic responses to converting enzyme
inhibition were assessed at peak drug effect on left
ventricular filling pressure and systemic vascular
resistance (1 0(0-5)h after captopril and 3-0(1-0)h
after enalapril).

Patients were divided into three groups based
on their pretreatment plasma renin activity: low
(< 2 ng/ml/h; < 1-54 mmol/l/h), intermediate
(2-6 ng/ml/h; 1-54-4-62 mmol/l/h), and high
(> 6 ng/ml/h; > 4-62 mmol/l/h). These ranges were
based on normal values in our laboratory
(2-6 ng/ml/h (1-54-4-62 mmol/l/h) while the patient
was lying supine and taking a salt restricted diet),
and is similar to the classification scheme used by
others. 156 Qualitative and quantitative differences
between the three groups were compared by the
x2 test and by one way analysis of variance
respectively. The hypotheses that plasma renin
activity and the haemodynamic responses to treat-
ment were significantly related were tested by least
squares linear regression analysis. Survival curves
were calculated by life table analytical methods.
Group data are expressed as mean (standard error of
the mean).

Results

HAEMODYNAMIC RESPONSES TO
CONVERTING ENZYME INHIBITION
First doses of captopril produced significant
(p <0-001) increases in cardiac index and decreases
in left ventricular filling pressure, mean arterial pres-
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sure, mean right atrial pressure, heart rate, and sys-
temic vascular resistance that varied linearly
(p<0-05 to 0-001) with the pretreatment plasma
renin activity (Table 1 and Fig. 1). In contrast, there
was no correlation between pretreatment plasma
renin activity and the magnitude of the hae-
modynamic response to long term converting
enzyme inhibition (Fig. 1, Table 1). Only the weak
correlation between plasma renin activity and the
long term decrease in mean arterial pressure
(r= 027) was significant (p <0-05), and this was
because of the large number of patients studied.

CLINICAL RESPONSES TO CONVERTING
ENZYME INHIBITION
After 1-3 months' treatment, 23 of 36 (64%) patients
with low plasma renin activity, 25 of 42 (60%)
patients with intermediate activity, and 14 of 22
(64%) patients with high activity improved clinically
by at least one New York Heart Association func-
tional class. Pretreatment haemodynamic and clin-
ical variables in these three groups were similar,
except for a slightly lower heart rate in patients with
low activity (p < 0-05 vs groups with intermediate
and high activity) (Table 2). After 6, 12, 18, 24, 30,
and 36 months long term survival in the low, inter-
mediate, and high activity groups was similar (Fig.
2). All but 18 of 100 patients had received treatment
with captopril or enalapril until their most recent
follow up visit or until within four weeks of their
death.

Discussion

The findings of the present study indicate that the
pretreatment measurement of plasma renin activity
cannot be used to select patients with severe chronic
heart failure who will benefit from long term treat-
ment with converting enzyme inhibitors. Although
plasma renin activity varied linearly to a modest but
significant degree with the immediate response to
captopril, it did not correlate with the hae-
modynamic effects of long term treatment. Catego-
risation of patients into high, intermediate, and low
activity groups did not predict long term clinical
benefits or survival. There appears, therefore, to be
little reason for measuring plasma renin activity
before treatment is started with converting enzyme
inhibitors in patients with congestive heart failure.

In so far as plasma renin activity is an accurate
marker of angiotensin dependent vasoconstriction,
we were not surprised to find a significant relation
between plasma renin activity and the hae-
modynamic responses to first doses of captopril.
Similar findings have been reported by others5 8;
the failure of some investigators to confirm these
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Fig 1 Relation between pretreatment plasma renin activity and changes in (a) cardiac index and (b) left
ventricular filling pressure after first doses of captopril and long term converting enzyme inhibition in patients with
severe chronic heart failure. A significant relation was noted for both variables after first doses but not during long
term treatment. Conversion: traditional to SI units-plasma renin activity: I ng/ml/h z: 0-77mmol/l/h.
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Table 2 Pretreatment haemodynamic and clinical variables in patients with heart failure grouped according to values for
plasma renin activity before converting enzyme inhibition. Values are mean (SEM) unless stated otherwise

Variables Low Intermediate High
(< 2 ng/ml/h) (2-6 ng/ml/h) (> 6 ng/ml/h) p value*

Age (yr) 66-9 (1 8) 61 7 (20) 65-6 (1 7) NS
No. of patients (M/F) 25/11 30/12 15/7 NS
No. of patients with:

Ischaemic heart disease 21 29 18 NS
Primary cardiomyopathy 12 9 4 NS
Primary valve disease 3 4 0 NS

Cardiac index (1/min per m2) 1 78 (0-08) 1 81 (0 07) 1 64 (0 06) NS
Left ventricular filling pressure (mm Hg) 25-7 (0-7) 26-5 (0 7) 27.7 (0 9) NS
Mean arterial pressure (mm Hg) 87-1 (2-7) 82 2 (2 0) 78-8 (2-9) NS
Mean right atrial pressure (mm Hg) 11-4 (1 0) 11 6 (0-9) 12 3 (1 5) NS
Heart rate (beats/min) 80 7 (2-0) 86 7 (2-0) 88-8 (3-3) <0 05
Systemic vascular resistance (dyn s cm 5) 2110 (133) 1908 (80) 2019 (147) NS

*Significance of difference between the three groups.
Conversion: traditional to SI units - plasma renin activity: 1 ng/ml/h ; 0 77 mmol/l/h.

observations was probably related t
of small numbers of patients with
values for plasma renin activity.9
that we found between plasma r

short term response, however, was
has been reported previously,5 -
many of our patients with low plaW
showed pronounced early haem(
This unexpected response may be
ity of converting enzyme inhibitor
other hormonal systems,7 -19 or

renin and angiotensin to act as local
so that circulating concentrations o
may not reflect their concentratioi
the peripheral vasculature.202l

0 6 12 18

Months
Fig. 2 Long term survival in patients
heart failure treated with converting en

grouped into low (n=36), intermediate
renin (n =22) cohorts. The small differ
between the groups were not significant.

to their evaluation The modest relation that we found between pre-
a narrow range of treatment plasma renin activity and the initial hae-
'- " The relation modynamic effects of captopril was no longer seen
enin activity and after 1-3 months of converting enzyme inhibition; a
not as striking as similar time dependent dissociation between hae-
8 partly because modynamic and hormonal variables has been noted
sma renin activity in hypertensive subjects.2223 These observations
)dynamic effects. can be explained by our previous finding that the
related to the abil- magnitude of the response to converting enzyme
rs to interact with inhibition can change dramatically during the course
to the ability of of treatment. Some patients with heart failure who

1 tissue hormones, respond initially to captopril fail to show sustained
f these substances effects with prolonged treatment; conversely, many
n at active sites in patients who do not respond initially benefit only

during long term treatment. 2 This delayed response
to converting enzyme inhibition is common in
patients with heart failure12 and may result from the
reversal of a slow pressor response to angio-
tensin,2324 from a diuretic effect of captopril and
enalapril that follows their suppression of

*iate aldosterone,6 12 or from the ability of these drugs to
produce a long term reduction in the circulating con-
centrations of other vasoconstrictor hormones (cate-
cholamines and vasopressin).18 9 All these factors
(acting alone or in concert) probably explain why the
haemodynamic response to first doses of captopril
bears little relation to its haemodynamic effects dur-
ing long term treatment and thus fails accurately to
predict the clinical response to long term converting

~--~- "'t::=i:| enzyme inhibition.12-14
Our finding that plasma renin activity did not pre-

dict long term survival in our patients with severe
heart failure is of interest. Massie and coworkers
have shown that one of the principal prognostic fac-

with severe chronic tors in patients with heart failure is their response to

izyme inhibitors treatment with vasodilators2 ; patients who show
!(n=z42), and high favourable clinical effects fare better than those who
ences in survival do not benefit from treatment. In so far as plasma

renin activity did not determine clinical response we
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were not surprised that it also failed to predict long
term survival. These findings, however, should not
be construed to suggest that the renin-angiotensin
system does not play a role in determining long term
prognosis. All our patients were treated with con-
verting enzyme inhibitors, which would be expected
to neutralise any direct detrimental influence that
angiotensin II might exert on mortality; if this neu-
tralisation was complete, patients with a high plasma
renin activity would fare as well as those with low or
intermediate values. Accordingly, in order to deter-
mine if the renin-angiotensin system does exert a
detrimental effect on survival, the relation between
the degree of activation of the system and prognosis
must be assessed in patients who are not treated with
converting enzyme inhibitors. Such a deleterious
role for angiotensin II has been postulated in
patients with systemic hypertension and hepatic cir-
rhosis and, more recently, in patients with con-
gestive heart failure, most of whom did not receive
treatment with captopril or enalapril.26 -28
Our findings must be interpreted cautiously. Pre-

vious claims of the value of plasma renin activity in
predicting clinical events were based on studies per-
formed in hypertensive patients who were in sodium
balance while taking no drugs.27 Our patients had
severe heart failure, were receiving diuretic drugs,
and may not have achieved sodium balance despite
great efforts to keep sodium intake and body weight
constant before entry into the trial. Furthermore,
patients with heart failure may alter their
dependence on angiotensin II during the course of
their disease if dietary intake of sodium or the dose
of diuretics are changed (although such changes were
not permitted in the present study) or their clinical
state deteriorates.2930 Accordingly, it is unrealistic
to expect that a single measurement of plasma renin
activity, although determined under steady state
conditions, would be able to estimate reliably the
present or future role of the renin-angiotensin sys-
tem in the pathogenesis of heart failure in an individ-
ual patient; hence, it cannot be used to predict the
response to interventions that interfere with angio-
tensin II formation.

MP is the recipient of a Research Career Devel-
opment Award from the National Heart, Lung and
Blood Institute, Bethesda, Maryland, USA.
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