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Angiotensin converting enzyme inhibitors and
magnesium conservation in patients with
congestive cardiac failure
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Abstract
Objective-To investigate whether

angiotensin converting enzyme

inhibitors reduce diuretic induced mag-

nesium excretion in patients in conges-

tive cardiac failure.
Design-Cohort analytic study.
Setting-A London district general

hospital.
Subjects-Thirty four patients with

chronic congestive cardiac failure
caused by ischaemic heart disease or

cardiomyopathy selected consecutively
from inpatients under the care of two
consultant cardiologists. Nineteen
patients (group 1) on diuretics alone
were compared with 15 patients (group
2) taking diuretics plus either enalapril
or captopril. All drug regimens were

stable for at least three months before
the study. Patients with impaired renal
function (plasma- creatinine > 120
pmol/l) were excluded.
Interventions-An intravenous load-

ing dose of magnesium sulphate was

given to minimise the variability in
baseline magnesium state.
Main outcome measure-Total urine

magnesium excretion and creatinine
clearance in 24 hour urine collections.
Results-Plasma magnesium was

similar in the two groups. However, 24
hour urine magnesium excretion was

significantly lower in group 2 than in
group 1. Furthermore, creatinine
clearance was also significantly lower in
group 2 and correlated strongly with
magnesium excretion. There was no such
relation in group 1. There was no dif-
ference in fractional clearance of mag-
nesium between groups.
Conclusion-Angiotensin converting

enzyme inhibitors have an important
magnesium conserving action, possibly
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tween hypomagnesaemia and cardiac
arrhythmias.' Recent evidence suggests that
hypomagnesaemia in patients with congestive
cardiac failure is related to a poor prognosis
owing to a high prevalence of ventricular

arrhythmias and to an increased risk of sud-
den death.2 Interestingly, hypermagnesaemia
in these patients may also be associated with
an adverse prognosis, though raised plasma
concentrations of magnesium may simply be a
marker of important renal impairment caused
by severe cardiac dysfunction.

Angiotensin converting enzyme inhibitors
are commonly used with loop diuretics to treat
congestive cardiac failure. It is well recog-
nised that loop diuretics can cause hypo-
magnesaemia,3 and furthermore, that plasma
magnesium concentrations can be normal in
the presence of significant tissue depletion.4
Angiotensin converting enzyme inhibitors
may attenuate the hypomagnesaemic action of
loop diuretics5; their effect on urinary mag-
nesium excretion has not been adequately
studied. We investigated the effects of
angiotensin converting enzyme inhibitors on
diuretic induced magnesium excretion in
patients with congestive cardiac failure.

Patients and methods
We studied 34 patients with chronic conges-
tive cardiac failure caused by ischaemic heart
disease or cardiomyopathy. Group 1 (n = 19)
patients were treated with a loop diuretic
(either frusemide with or without amiloride or
bumetanide) alone. Patients in group 2
(n = 15) were taking both a loop diuretic plus
an angiotensin converting enzyme inhibitor
(enalapril or captopril). All drug regimens
were kept stable for at least three months
before the study. Patients with impaired renal
function (plasma creatinine > 120 ,umol/l)
were excluded. Other exclusion criteria
included factors likely to disturb renal mag-
nesium homoeostasis such as alcoholism,
malabsorption, and ingestion of compounds
containing magnesium. Blood was taken for
baseline plasma magnesium and creatinine
estimations. To minimise the variability in the

Table 1 Age, weight (kg), and dose of diuretic
(equivalent to dose offrusemide in mg) in the two patient
groups (mean (SEM))

Group I Group 2
(Diuretics (Diuretics + ACE
only) inhibitors)

Age 69 (2 5) 69 (2-6)
Weight(kg) 70 (2-7) 71 (3 8)
Diuretic dose 80 (8 4) 91 (9 9)
Dose ACE inhibitor
(=mg enalapril) - 15 (2 6)

19

 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.66.1.19 on 1 July 1991. D
ow

nloaded from
 

http://heart.bmj.com/


Stevenson, Keywood, Amadi, Davies, Patterson

Table 2 Plasma magnesium (mmolll) and 24 h urinary magnesium (mmol) in the two groups (mean (SEM)

Group 1 Group 2
(Diuretics only) (Diuretics and ACE inhibitors) p Value

Plasma magnesium (mmolul) 0-87 (0 02) 0-86 (0 02) NS
24 h urine magnesium (mmol/24 h) 26-0 (1-0) 18-5 (1-4) 0-001

baseline state of total body magnesium all
patients were given an intravenous loading
dose of magnesium sulphate (30mmol in
500 ml of 5% dextrose given over eight
hours). This loading regimen has been used in
previous studies of magnesium turnover.6 We
measured total urinary magnesium and
creatinine in urine collected for 24 hours.
The statistical significance of differences be-

tween the two groups was assessed by the two
tailed t test for groups of non-paired observa-
tions. Linear regression analysis was applied
to test for a relation between sets of variables
within a group.

Results
Patients in the two groups were well matched
for age, weight, and dose of diuretic (table 1).
Table 2 shows the mean (SEM) values of
plasma magnesium and 24 hour urinary mag-
nesium in the two groups of patients. Plasma
magnesium concentrations were similar in both
groups and were within the normal range.
However, the 24 hour excretion of magnesium
was significantly lower in the patients (group 2)
treated with angiotensin converting enzyme
inhibitor. Table 3 shows the mean (SEM)
values of plasma creatinine, creatinine
clearance, and fractional clearance of mag-
nesium. Although plasma creatine concentra-
tions were comparable, creatinine clearance
was significantly lower in group 2. There was no
significant difference in the fractional clearance
of magnesium between the groups.

Linear regression analysis showed a strong
relation (p = 0 001) between urine magnesium
excretion and creatinine clearance in patients
treated with angiotensin converting enzyme
inhibitors (figure). There was no such relation
in the patients who were not treated with
angiotensin converting enzyme inhibitors
(group 1).

Discussion
Our results suggest that angiotensin converting
enzyme inhibitors have a magnesium con-
serving effect when they are given in conjunc-
tion with loop diuretics to treat congestive
cardiac failure. As far as we are aware this effect
has not been shown before. Previous studies of
angiotensin converting enzyme inhibitors and
magnesium turnover have been restricted to

Table 3 Plasma creatinine (itmol'l), creatinine clearance (mllmin), andfractional
clearance of magnesium (%) in the two groups (mean (SEM)

Group 1 Group 2
(Diuretics (Diuretics and ACE
only) inhibitors) p Value

Plasma creatinine (pmol/l) 98 (5 5) 112 (5-3) NS
Creatinine clearance (ml/min) 74 (5-9) 49 (5-0) 0 002
Fractional magnesium clearance (%) 295 (2-1) 32-6 (2 4) NS

plasma concentrations, and the results have
been conflicting.578 In this study, plasma mag-
nesium concentrations were within the normal
range with no significant difference between the
two groups. It might be expected that the group
treated with diuretics alone would have a lower
plasma magnesium concentration than the
group receiving diuretics and angiotensin con-
verting enzyme inhibitors. However, other
workers showed that plasma magnesium con-
centrations do not correlate with tissue concen-
trations,49 and thus plasma concentrations
within the normal range do not exclude sig-
nificant tissue or total body depletion. To
establish whether tissue magnesium concentra-
tions differed between the two groups, and in
particular whether patients in group 1 were
tissue depleted, would have required analysis
of muscle biopsy specimens.
About 80% of plasma magnesium is filtered

at the glomerulus and most is reabsorbed in the
ascending loop of Henle.'0 Loop diuretics
increase urinary magnesium losses largely by
blocking reabsorption at this site, though
secondary hyperaldosteronism may be a con-
tributory factor.'0 11

In this study patients in group 2 had a
significantly lower glomerular filtration rate,
which we propose was directly related to
angiotensin converting enzyme inhibition.
Furthermore, the strong correlation between
urinary magnesium excretion and creatinine
clearance in group 2 suggests that magnesium
conservation may largely be a result of the
reduction in glomerular filtration rate. The
absence of such a correlation in group 1 may
mean that magnesium excretion only becomes
dependent on glomerular filtration rate when
this is reduced below a critical value. Fractional
clearance of magnesium was similar between
the two groups, suggesting that angiotensin
enzyme inhibitors do not have a significant
effect on magnesium reabsorption at a site other
than the glomerulus. Nevertheless, it is a-71o
possible that the anti-aldosterone action of
angiotensin converting enzyme inhibitors may
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Relation between creatinine clearance and 24 h urine
magnesium in patients on diuretics and angiotensin
converting enzyme inhibitors.
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contribute to magnesium conservation, though
for confirmation this needs further investiga-
tion. An alternative explanation for our findings
is that by chance the angiotensin converting
enzyme inhibitor group had worse renal func-
tion and the differences shown were attributable
to this and not to the drugs themselves.
However, we think that this is an unlikely
explanation.

First, we were careful to exclude from this
study patients likely to have intrinsic renal
disease. Secondly enalapril (and presumably
other angotensin converting enzyme
inhibitors) has been shown to reduce the
glomerular filtration rate measured both by
isotope techniques and by creatinine
clearance.5 There is increasing evidence that in
severe cardiac failure the glomerular filtration
rate is maintained by angiotensin mediated
vasoconstriction of the efferent glomerular
arteriole. By inhibiting this mechanism,
angotensin converting enzyme inhibitors
reduce the glomerular hydrostatic pressure and
hence the glomerular filtration rate."2
The only important difference between the

two groups in terms of concurrent medication
was that more patients in group 1 were receiv-
ing amiloride (15 in group 1 and four in group
2). This is unlikely to have adversely influenced
our results because amiloride can have only a
weak magnesium conserving action,'3 and so
would tend to lessen the difference seen between
the groups. The only other commonly pre-
scribed drugs were long acting nitrates and
digoxin, both of which were evenly distributed
between groups.
The high incidence of sudden death among

patients in cardiac failure implies that lethal
ventricular arrhythmias are in part responsible.
Hypomagnesaemia has been associated with
ventricular extrasystoles and this may partly
explain the high incidence of ventricular
arrhythmias in patients in congestive cardiac
failure. '4

We suggest that angiotensin converting
enzyme inhibitors have an important mag-
nesium sparing action in patients whom are
liable to depletion by loop diuretics.

We thank Dr S MacFarlan for measuring the magnesium
concentratons and Merck, Sharpe, and Dome for financial
support.
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