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Abstract
Objective-To study the long term effects
(12 weeks) of enalapril on central
haemodynamic function and on arterial
oxygen content and its determinants-
haemoglobin concentration and oxygen
saturation-in patients with stable
moderate heart failure.
Design-Double blind placebo con-

trolled randomised study.
Patients-17 patients with stable

moderate heart failure caused by dilated
cardiomyopathy which was treated with
diuretics and digoxin.
Methods-Central haemodynamic

function, arterial oxygen content,
arterial haemoglobin concentration, and
arterial oxygen saturation were
measured at rest and during sub-
maximal exercise. Plasma volume and
total body haemoglobin were deter-
mined at rest.
Results-With enalapril treatment

heart rate, pulmonary capillary wedge
pressure, mean arterial pressure, and
systemic vascular resistance decreased
significantly both at rest and during sub-
maximal exercise. Cardiac output did
not change at rest but tended to increase
(p = 006) during submaximal exercise.
Arterial oxygen saturation remained
unchanged while haemoglobin concen-
tration and arterial oxygen content were
significantly reduced. Total body
haemoglobin was significantly reduced
but the plasma volume remained
unchanged. At rest, the reduction in
arterial oxygen content resulted in a sig-
nificantly reduced mixed venous oxygen
content. However, during submaximal
exercise the increase in cardiac output
fully compensated for the reduction in
arterial oxygen content and this effect
was indicated by the unaltered mixed
venous oxygen content. No changes were
found in the placebo group after twelve
weeks.
Conclusions-Enalapril unloads the

heart and reduces haemoglobin concen-
tration. During submaximal exercise,
the improvement in systemic blood flow
was counterbalanced by this negative
effect on the oxygen carrying capacity
and systemic oxygen delivery was un-
changed.

In heart failure the capacity of cardiac output
to increase during exercise is impaired and
this reduces the systemic delivery of oxygen.
Long term treatment with angiotensin con-
verting enzyme inhibitors can improve cardiac
output both at rest and during exercise"'3 but
the effects of the treatment on arterial oxygen
content are not known.

Erythropoietin, an important regulator of
erythropoiesis, is mainly produced in the kid-
ney.4 There is evidence that the renin-
angiotensin system modulates, directly or
indirectly, the release of this hormone."7
Studies have also shown that angiotensin con-
verting enzyme inhibition exacerbates
anaemia in chronic haemodialysis patients
with hypertension8 and lowers the haematocrit
in hypertension.9
The purpose of this double blind placebo

controlled randomised study was to determine
whether long term angiotensin converting
enzyme inhibition with enalapril has any
influence on the haemoglobin concentration
and to evaluate the effect on systemic oxygen
delivery both at rest and during submaximal
exercise in a homogeneous group of patients
with stable moderate heart failure caused by
dilated cardiomyopathy.

Patients and methods
PATIENTS
We studied 19 patients (16 men and three
women (41-62 years old (mean (SD)) 51 (6)
years)) with moderate heart failure caused by
dilated cardiomyopathy, which was treated
with digoxin and frusemide. None of the
patients had oedema and all had been clinically
stable for at least two weeks. Inclusion criteria
were an echocardiographically determined left
ventricular end diastolic diameter of > 60 and
>30 minm2, a left ventricular shortening
fraction of < 20%, and an exercise capacity of
> stage III and < IX, according to a revised
Naughton protocol.'0 We excluded patients
with primary valve disease, suspected
ischaemic heart disease or congenital valve
disease, those taking concomitant vasodilating
agents, and those with right sided heart failure
caused by pulmonary disease. The study
protocol was approved by the local ethics
committee. All patients gave their informed
consent before entering the study.
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PROTOCOL
The patient was admitted to hospital. The daily
doses of digoxin and frusemide remained un-
changed during the baseline study period
before randomisation. On the first day the blood
volume, venous haematocrit, venous haemo-
globin concentration, serum potassium, and
serum sodium were determined and echocar-
diography, a chest x ray, and a symptom
limited exercise test were performed. The total
blood volume was measured by the "'I-labelled
serum albumin method. The haematocrit and
haemoglobin concentration were determined
in venous blood from an antecubital vein.
Echocardiography was performed on patients
in the left lateral position (ATL Mark III, 13
mm and 3 MHz transducer). Left ventricular
end diastolic and end systolic diameters were
measured.'" The mean value of five consecutive
beats was calculated. The left ventricular shor-
tening fraction was derived from the difference
between left ventricular end diastolic and end
systolic diameters divided by left ventricular
end diastolic diameter. Cardiac volume was
measured radiologically by Jonsell's method.'2
Patients performed the exercise test sitting on
an electrically braked ergometer. The load was
increased every two minutes according to a
modified Naughton protocol'0:

Stage
I II III IV V VI VII VIII IX

W 10 20 30 50 70 90 110 130 150

The patients exercised until limiting symptoms
developed-that is dyspnoea or fatigue or both.
Perceived exertion was rated on the scale
designed by Borg.'3
On the second day the patient was made

familiar with the catheterisation laboratory and
with the ergometer on the catheterisation table.
Patients chose the highest load that they
believed they could maintain for 10 minutes in
the supine position. This was used as the
submaximal load during the cardiac catheter-
isation. On the second day renal plasma flow
was determined by p-aminohippurate and
creatinine clearance was calculated from 24
hour urine collections and serum creatinine.
The referen'ce values in healthy subjects were
500-800 ml/min and 85-145 ml/min respec-
tively.
On the third day, at 5.30 am, the patient was

given a light breakfast and his or her daily dose
of digoxin and frusemide. The right ventricle
was catheterised at 8 am.' A triple lumen
balloon tipped thermodilution catheter
(Edwards Laboratory, USA) was introduced
via an antecubital or femoral vein under fluoro-
scopic guidance and was used to measure right
atrial, pulmonary arterial, and pulmonary
capillary wedge pressures. A polyethylene
arterial catheter was introduced into the
brachial or femoral artery to measure the
systemic pressure. The measurements of
haemodynamic function were made with the
zero reference level at the mid-axillary line.
Cardiac output was measured by a cardiac
output computer (Cardiac Computer, Edwards
Laboratories, model 9520) with the use of an
iced injectate. Heart rate was derived from a

continuously recorded electrocardiogram.
Blood was taken from the pulmonary artery
lumen of the Swan-Ganz catheter for mixed
venous samples and from the arterial catheter
for arterial samples.

After about 30 minutes of rest haemo-
dynamic recordings were performed and sam-
ples of arterial blood were taken to measure
blood gases, blood lactate, and plasma
noradrenaline. Samples of arterial blood and
mixed venous blood were taken simultaneously
for analyses of oxygen saturation and
haemoglobin concentration. After three min-
utes of exercise pressures were determined
according to the protocol and cardiac output
was measured. After approximately six min-
utes of exercise blood samples were taken for
the same determinations as before exercise.

After the exercise test the patient was ran-
domised to placebo or 10 mg enalapril twice a
day by mouth. Then frequent samples were
taken for 24 hours for blood measurements;
this caused a significant decrease in haemo-
globin concentration.
The patient was' seen every two weeks for

eight weeks. Haemoglobin concentration was
determined in venous blood drawn from an
antecubital vein. After 12 weeks the patient was
admitted to hospital for a repeat study with the
same workload as in the submaximal exercise
test at baseline.

BLOOD ANALYSES
Blood lactate was analysed by a semiautomatic
system based on flow injection analysis with a
coefficient of variation of 4-9%0.4 Blood oxygen
saturation and haemoglobin concentration
were deterpined photometrically with an
Osmo 2-Hemoximeter (Radiometer, Copen-
hagen). Plasma noradrenaline was measured by
liquid chromatography with electrochemical
detection.'5 The upper reference limit in
normal subjects at rest was 2 3 nmol/l.

ANALYSES
Mean right atrial pressure (RAP), mean
pulmonary capillary wedge pressure (PCWP),
and mean systemic arterial pressure (MAP)
were determined by electronic integration.
Cardiac output (CO) was determined in trip-
licate. Heart rate (HR) was determined for one
minute. Derived variables were calculated as
follows:
Systemic vascular resistance = 80 x (MAP -

RAP)/CO (dyn.s.cm 5).
Blood oxygen content = per cent oxygen
saturation x haemoglobin concentration x
1-34 ml oxygen/haemoglobin (ml/l).
Arteriovenous oxygen difference (AVo2) =
arterial oxygen content - mixed venous
oxygen content (ml/l).
Systemic oxygen delivery = CO x arterial
oxygen content (ml/min).
Oxygen uptake (Vo2) = AVo2 x CO/body
weight (ml/min/kg).
Plasma volume = blood volume (1 - 0-88 x
venous haematocrit) (1).16
Total body haemoglobin = blood volume x

venous haemoglobin concentration x 0-91
(g) 17
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Table I Clinical characteristics and non-invasive
findings ofpatient groups at baseline

Placebo Enalapril
Characteristic (n = 9) (n = 8)

Age (yr) 53 (4) 47 (6)
Sex (F/M) 1/9 2/8
Duration of symptoms (mnth):
Mean (SD) 21 (12) 38 (28)
Median (range) 17 (6-36) 25 (3-89)

Symptom-limited exercise test
exercise duration (s) 701 (93) 753 (150)

Echocardiography:
LVEDD (mm) 71 (8) 78 (11)
FS(%) 11 (4) 11 (3)

Chest x ray heart volume
(ml/m2) 712 (144) 826 (157)

Difference between groups were all non-significant.
FS, left ventricular fractional shortening; LVEDD, left ven-.
tricular end diastolic diameter.

STATISTICAL ANALYSIS
Values are given as means (SD). Changes
within groups were tested by paired t tests.
Unpaired t tests were used to evaluate differ-
ences between two groups. Multiple com-
parisons of repeated measurements were tested
by analysis of variance and Fisher's test for a
protected least square significant difference. Ap
value < 005 was regarded as significant.

Results
Table 1 shows the clinical characteristics and
non-invasive findings. Nine patients were ran-
domised to placebo and ten to enalapril 10 mg
twice a day. One patient on enalapril died
suddenly after six weeks. During the study
another patient on enalapril showed changes in
haemoglobin concentration that were different
from the remaining 17 patients. He showed the
greatest absolute and relative changes in blood
volume after 12 weeks compared with baseline
(> 2 SD compared with the remaining
patients) and the greatest absolute and relative
changes in haemoglobin concentration after 12
weeks compared with baseline, six weeks, and
eight weeks (>2 SD, >2 SD, and >3 SD
respectively) compared with the 17 remaining
patients. Values for this patient were therefore
regarded as outliers reflecting unstable vascular
homoeostasis. These two patients were ex-
cluded from further analysis. All patients com-
pleted the protocol without complications.
The frusemide dose was increased in two

patients in the placebo group because of
increased dyspnoea. During the first week the
daily dose of frusemide was reduced in three
patients in the enalapril group because of
symptomatic hypotension and this reduced

Placebo
| Enalapril|

201

t t

-----------

ZZ~~~~~~*

.C

-10- =
0

E

-20- ** ***

-30J
0 2 4 6 8 10 12

Time (wk)

Figure 1 Absolute changes (mean (SEM)) in
haemoglobin concentration in venous blood over 12 weeks.
Differences within groups compared with baseline are
indicated as *p < 0O05, **p < 0O01, ***p < 0-001.
Differences in changesfrom baseline between groups are
indicated as tP < 0 05.

dose was maintained throughout the study
period. None of the patients had peripheral
oedema during the study and all had normal
plasma sodium concentrations.
Body weight, blood volume, and plasma

volume did not change in the two groups. Total
body haemoglobin was reduced in the enalapril
group but remained unchanged in the placebo
group (table 2).

Creatinine clearance increased and renal
plasma flow tended to increase (+ 30 (59)%,
p < 0 10) with enalapril. Creatinine clearance
increased considerably by 32 (18) ml/min in the
three patients in whom the dose of diuretics
was reduced whereas in the remaining five
patients it increased by 6 (11) ml/min. No
changes were found in the placebo group.
Serum creatinine (table 2), serum potassium,
and serum sodium did not change in either
group.

Exercise duration and perceived exertion
during the symptom limited maximal exercise
test remained unchanged in both groups (table
2).

VENOUS HAEMOGLOBIN CONCENTRATION DURING
THE 12 WEEK STUDY
After two weeks, compared with baseline, the
haemoglobin concentration was reduced in
both groups (fig 1). With placebo at six weeks
the haemoglobin concentration was restored to
the baseline value and then remained un-

changed. With enalapril the haemoglobin con-
centration was incompletely restored at six
weeks and remained at a value significantly
below baseline for the rest of the study period.

Table 2 Weight, blood volume, total body haemoglobin, renalfunction, and exercise capacity (mean (SD))

Baseline 12 weeks

Data Placebo (n = 9) Enalapril (n = 8) Placebo (n = 9) Enalapril (n 8)

Weight (kg) 79 (14) 84 (11) 80 (15) 82 (10)
Blood volume (1) 5-8 (1-4) 6 2 (1 0) 5-6 (1 3) 6-0 (0 8)
Plasma volume (1) 3 5 (0-7) 3.8 (0-6) 3-3 (0 6) 3-8 (0-5)
Total body haemoglobin (g) 779 (240) 880 (188) 756 (225) 782 (135)*
Creatinine clearance (ml/min) 96 (28) 89 (16) 101 (37) 105 (17)*
Renal plasma flow (ml/min) 390 (130) 349 (92) 427 (83) 416 (99)
Serum creatinine (pmol/l) 96 (17) 100 (17) 91 (15) 97 (17)
Exercise duration (s) 701 (93) 753 (150) 650 (145) 753 (164)
Perceived exertion (Borg") 16 (1) 16 (1) 17 (1) 16 (1)

Differences compared with baseline within groups, *p < 0 05.
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Table 3 Haemodynamic, metabolic, and hormonal measurements (mean (SD))

Rest

Placebo (n = 9) Enalapril (n = 8)

Baseline 12 weeks Baseline 12 weeks

HR (beats/min) 83 (14) 86 (15) 91 (25) 79 (16)***t
PCWP (mm Hg) 13 (7) 11 (9) 20 (12) 12 (6)*
MAP (mm Hg) 87 (11) 85 (13) 92 (12) 75 (8)**t
CO(l/min) 4-7 (0-8) 4 6 (0-7) 4-4 (0 8) 4-5 (1 1)
SVR (dyn.s.cm5) 1462 (342) 1470 (404) 1609 (305) 1311 (315)*t
Arterial Hb (g/l) 147 (15) 147 (18) 155 (11) 142 (12)**t
Arterial 02 sat (%) 96 (1) 96 (2) 97 (1) 98 (1)
Arterial °2 (ml/i) 192 (20) 190 (24) 204 (14) 188 (14)*t
Pao,(kPa) 109 (13) 106 (1-4) 11-0 (07) 12-0 (1 1)
Vo2(ml/kg/min) 3-7 (0-8) 3 5 (0 6) 4-0 (0 6) 3-6 (0-4)
Arterial lactate (mmol/l) 0-8 (0 2) 0 9 (0 2) 0 8 (0 3) 0 9 (0 3)
PNA (nmol/l) 27 (08) 26 (08) 3-1 (14) 2-2 (09)**t

Differences compared with baseline within groups: *p < 0 05, **p < 0-01, ***p < 0-001.
Differences in change from baseline between groups: tP < 0 05, $p < 0-01, ttp < 0-001.
CO, cardiac output; HR, heart rate; MAP, mean arterial pressure; PCWP, pulmonary capillary wedge pressure; PNA, arterial
plasma noradrenaline; SVR, systemic vascular resistance; Vo, = oxygen uptake.

Haemoglobin concentration decreased by 7, 7,
and 10 g/l respectively in the three patients in
whom the dose of diuretics was reduced, while
in the remaining five patients it fell by 18 (9) g/l.

HAEMODYNAMIC FUNCTION
In the enalapril group-both at rest and during
submaximal exercise-heart rate, pulmonary
capillary wedge pressure, mean arterial pres-
sure, and systemic vascular resistance were
reduced (table 3). During submaximal exercise
cardiac output tended to increase (p = 0 06).
No changes were noted in the placebo group.

OXYGEN TRANSPORT
In the enalapril group haemoglobin concentra-
tion and arterial oxygen content were reduced
while both arterial oxygen pressure and arterial
oxygen saturation were unchanged (t
Systemic oxygen delivery was reduced

Figure 2 Absolute
changes (mean (SD)) in
blood oxygen content,
compared with baseline, at
rest and during
submaximal exercise.
Differences within groups
compared with baseline are
indicated as *p < 0 05,
**p < 001, and ***p <
0 001. Differences in
changesfrom baseline
between groups are
indicated as tp < 0 05,
ttp < 001,andtttp>
0.001.

Reslt
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(p < 0-05) but did not change during submax-
imal exercise. At rest both the mixed venous
oxygen content and arteriovenous oxygen dif-
ference were reduced (fig 2A). During submax-
imal exercise the arteriovenous oxygen content
was reduced by the same amount as the arterial
oxygen content with no change in systemic
oxygen delivery (fig 2B). There were no changes
in the placebo group.
Oxygen uptake and arterial blood lactate

remained unchanged in the two groups both at
rest and during submaximal exercise. Plasma
noradrenaline did not differ from baseline in the
placebo group but was reduced both at rest and
during submaximal exercise with enalapril
(table 3).

able 3). Discussion
I at rest The present study showed that long term

treatment with enalapril unloads the heart both
at rest and during exercise, improves renal
function, and induces a reduction in haemo-
globin concentration and the total amount of
haemoglobin in patients with stable, chronic,
moderate heart failure caused by dilated car-
diomyopathy. During submaximal exercise the
reduction in arterial oxygen content counter-
balanced the increased systemic blood flow and

*r resulted in an unchanged delivery of systemic
oxygen.

COMPARISON WITH PREVIOUS STUDIES
Several controlled long term studies of
angiotensin converting enzyme inhibition in
heart failure have reported symptomatic im-
provement.3' 20 However, the effect on exercise
tolerance is variable. An increase in exercise
duration compared with placebo3 1121 or with

ft baseline in the treatment group' 22 or lack of
improvement2"25 have been reported. If exer-
cise tolerance increases gradually'821 a study
period of less than 12 weeks may be too short to
show that treatment increases exercise dura-
tion.2425 Increased daily activity resulting in
peripheral conditioning may be important2627
and may explain the gradual improvement in
exercise capacity. However, in the present long
term study, both exercise duration and per-

il ceived exertion remained unchanged during
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Exercise

Placebo (n = 9) Enalapril (n = 8)

Baseline 12 weeks Baseline 12 weeks

111 (20) 119 (25) 121 (22) 112 (17)***tt
24 (12) 24 (13) 31 (10) 22 (7)***l
96 (12) 102 (13) 106 (13) 91 (21)**t
7-0 (1-5) 7-2 (1-3) 6-6 (1-3) 7-7 (1-8)*

1069 (295) 1118 (269) 1167 (172) 886 (202)**t
152 (16) 151 (16) 159 (11) 147 (10)**t
97 (1) 97 (1) 97 (2) 97 (2)

201 (21) 198 (24) 212 (17) 195 (15)**t
11-5 (0-8) 11-3 (0-9) 12-2 (1-8) 12-6 (1-9)
10-3 (1-6) 10-4 (1-9) 10-4 (1-2) 10-5 (2-7)
1-7 (0-6) 2-1 (0-6) 2-1 (0-7) 2-0 (0-5)
4-6 (1-6) 6-0 (1-7) 6-4 (3-2) 4-7 (2-3)*tt

the symptom limited maximal exercise test.

Also, arterial blood lactate did not change
during the submaximal exercise test. These
findings indicate a lack ofperipheral condition-
ing and a lack of increased oxidative capacity in

working skeletal muscle. Our patients might
have already conditioned themselves during
routine daily activities to a high level of
oxidative capacity in relation to their cardiac
reserve. This would have limited their ability to

improve their conditioning.
To date six double blind trials have reported

haemodynamic effects both at rest and during
exercise after long term angiotensin converting
enzyme inhibition in heart failure. Important
differences in study design make comparisons
difficult. In three studies haemodynamic recor-

dings were made with the patient in the supine
position and at a submaximal workload22829
whereas in the other three studies recordings
were made with the patient in the upright
position and/or at peak exercise.'24 25 In half of
the studies diuretics were withheld on the day
of investigation.'2829 In the present study
enalapril significantly unloaded the heart,
which must have reduced the metabolic cost for
the left ventricle.0 This finding is consistent
with previous studies.22429 However, the highly
significant changes from baseline in the present
study suggest a more pronounced and beneficial
haemodynamic response than in the earlier
studies. Several factors could have contributed
to these differences. Firstly, we used a higher
daily dose of enalapril, which probably pro-
duced more complete converting enzyme in-
hibition than one in which only minor
haemodynamic changes occurred.29 Secondly,
our patients were given diuretics on the day of
investigation and this may have potentiated the
effects of enalapril owing to complex inter-
actions between the diuretics and converting
enzyme inhibitors.3' Thirdly, the reduction in
haemoglobin concentration may lessen blood
viscosity and total peripheral resistance.32
Finally, during exercise, reduced arterial
oxygen content may induce a compensatory
vasodilatation in skeletal muscle33 and thereby
reduce systemic vascular resistance.

In previous studies the heterogeneity of
patients-with heart failure or unstable vas-

cular homoeostasis or both-and changes in
plasma volume may have masked the effect of
converting-enzyme inhibition on haemoglobin
concentration shown in this study. Further-
more, we studied our patients for long enough
(probably a minimum of six weeks) to detect
these changes. Similarly, rats treated with
captopril showed a delay of recovery from
haemorrhagic anaemia at six weeks.34

ERYTHROPOIESIS AND ANGIOTENSIN CONVERTING
ENZYME INHIBITION
Erythropoietin regulates erythropoiesis and is
mainly produced in the kidney.4 A reduced
renal oxygen supply in anaemia and hypoxic
hypoxia or renal hypoperfusion or both elicit
oxygen sensing reactions that have been pos-
tulated to trigger the release of several
mediators such as adenosine, prostaglandins,
and cyclic AMP. These messenger molecules
may stimulate the synthesis and release of
erythropoietin.4 Also, changes in the ratio of
renal oxygen demand to supply can affect ery-
thropoietin release. Tubular sodium re-
absorption is the predominant determinant of
renal oxygen consumption.35 Reduced ery-
thropoietin formation in response to normo-
baric hypoxia after inhibition of sodium re-
absorption in the proximal tubule has been
reported in an experimental study.36 This find-
ing suggests that the function of the renal
oxygen sensor is related to proximal tubular
function.

Heart failure is characterised by increased
plasma concentrations of noradrenaline which
reflect increased overall sympathetic activity.
Also, renal noradrenaline spillover is increased
at rest and during exercise.37 Increased renal
nerve sympathetic activity stimulates intra-
renal release ofprostaglandins and activates the
renin-angiotensin system.38 Renal sympathetic
nerves and angiotensin II interact function-
ally.39 Both induce changes in the renal
microcirculation, causing reduced renal blood
flow and redistribution from the cortex to the
medulla.38 They may also directly and in-
directly enhance sodium reabsorption by the
proximal tubule."4' Consequently, the oxygen
supply/demand ratio may be altered in the
renal cortex in heart failure. Such renal respon-
ses could stimulate erythropoietin production
directly or indirectly. The reported high con-
centrations of erythropoietin in patients with
congestive heart failure42 support this concept.

Converting enzyme inhibitors reduced the
production of angiotensin II, and this resulted
in attenuated sympathetic activity4344 and an
improved renal blood flow.' These effects were
confirmed in the present study. Enalapril
induced a reduction in plasma noradrenaline
both at rest and during submaximal exercise,
which is consistent with a previous controlled
study." This finding indicates reduced sys-
temic, and probably also renal, sympathetic
activity.37 The glomerular filtration rate, as

determined by endogenous creatinine clear-
ance, increased and the renal plasma flow ten-

ded to increase. However, renal plasma flow was
determined at rest and not during daily
activities. This it is not as representative of the
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24 hours as the endogenous creatinine clear-
ance. Furthermore, both arterial oxygen pres-
sure and arterial oxygen saturation were un-
changed. Consequently, the attenuated ery-
thropoiesis we saw after enalapril treatment
may be due to changes in renal circulation and/
or hormone production and their modulation
of erythropoietin release. This hypothesis is
supported by a recent study in which high
serum erythropoietin concentrations returned
to normal during enalapril treatment ofconges-
tive heart failure.42

Functional renal insufficiency was reported
during angiotensin converting enzyme inhibi-
tion in up to one third of salt-restricted patients
with severe chronic heart failure and with
constant dosages of diuretics.45 In two con-
trolled studies Cleland and colleagues found
that when sodium intake and diuretic dosage
were kept constant the glomerular filtration fell
considerably during treatment with captopril
and enalapril.9 20 In general their patients were
not very hyponatraemic and they were not
sodium restricted. Another large controlled
study to compare lisinopril and captopril
showed small increases in blood urea nitrogen
and serum creatinine.'4 These findings indicate
that it is usual to see a fall in glomerular
filtration rate when treatment with an angioten-
sion converting enzyme inhibitor is started, but
that in certain instances, as in the present
study, this may not occur. In uncontrolled
studies others reported little change or
increases in the glomerular filtration rate when
the dosage ofdiuretics was reduced or when the
sodium intake was unrestricted.4749 Similarly,
in the present study, the improvement in the
glomerular filtration rate in the enalapril group
was attributable to the improvements in the
three patients in whom the dose of diuretics
was reduced.

Transient weight gain and plasma volume
expansion have been reported soon after the
start of treatment with converting enzyme
inhibition.'92050 However, during long term
treatment there may be a progressive reduction
in plasma volume.50 In the present study
plasma volume remained unchanged after 12
weeks, indicating that the reduction in hae-
moglobin concentration was not caused by
plasma volume expansion.

In conclusion, the present study showed the
complexity ofthe effects ofangiotensin convert-
ing enzyme inhibition in heart failure.
Enalapril unloaded the heart and improved
renal function and the systemic blood flow. The
increased systemic blood flow was, however,
counterbalanced by an adaptive reduction in
haemoglobin concentration and arterial oxygen
carrying capacity, which resulted in an un-

changed systemic oxygen delivery during
submaximal exercise. Further, our findings
underscore the importance of evaluating the
effect of angiotensin converting enzyme inhibi-
tion in heart failure on haemoglobin concentra-
tion in haemodynamic long term intervention
studies to avoid the effect on systemic or

regional oxygen delivery being overestimated.

This study was supported by the Swedish Heart and Lung
Foundation and the Swedish Medical Research Council.
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