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Neuroendocrine effects of diuretics in heart
failure

P A van Zwieten

Chronic congestive heart failure (CHF) is
known to be associated with two main types
of compensatory mechanisms: ventricular
dilatation, leading to left ventricular hyper-
trophy; and neuroendocrine mechanisms.

Both haemodynamic and neuroendocrine
mechanisms provide inotropic support for the
decompensated heart, but in the long-term
they can introduce an important risk. To pre-
vent such adverse structural and functional
effects, the magnitude of both ventricular
dilatation and sympathetic activation are sub-
ject to limiting and regulatory mechanisms.1-3
I shall restrict the discussion of the compen-
satory mechanisms and their regulation to the
neuroendocrine changes associated with
chronic CHF.

Diuretics, the mainstay of the drug treat-
ment of CHF, may be expected to interact
with the neuroendocrine processes in a
complex manner with both advantages and
disadvantages. This interaction is the subject
ofmy survey.

With respect to these various systems sub-
ject to activation in CHF the following
remarks may be made.

SYMPATHETIC NERVOUS SYSTEM
Activation of the sympathetic nervous system
is characteristic for CHF and there seems to
be a correlation between the concentration of
plasma noradrenaline and prognosis. A higher
plasma noradrenaline concentration implies a
less favourable prognosis.'0 High plasma nora-
drenaline concentrations are responsible for
the well known down regulation of myocardial
fi adrenoceptors," 12 which explains the poor
response of the chronically failing heart to cat-
echolamines and fi adrenoceptor stimulants.
The activation of the sympathetic nervous sys-
tem is a consistent finding in patients with
CHF. Conversely, successful therapeutic
intervention usually leads to a less pro-
nounced sympathetic nervous system activa-
tion, as reflected by low plasma noradrenaline
concentrations.

Neuroendocrine changes
A reduction in cardiac output, as in chronic
CHF, will trigger two main mechanisms to
maintain systemic perfusion pressure: peri-
pheral vasoconstriction; and the retention of
sodium and water. Both mechanisms are pro-
duced by the interplay of haemodynamic and
neuroendocrine factors (fig 1).'4
The sympathetic system is activated at an

early stage of the disease when ventricular
dilatation begins and in many cases before the
development of overt symptoms of CHF.
The renin-angiotensin-aldosterone system

is usually activated once symptoms develop
and also as a result of the treatment with
diuretics. When systemic perfusion is threat-
ened, as in the terminal stages of the disease,
vasopressin will be released. As well as these
circulating factors CHF is accompanied by an
enhanced activity of certain local vasocon-
strictors such as endothelin. Atrial natriuretic
peptide is released from both the right and left
cardiac atria as a result of stretch brought
about by CHF. Atrial natriuretic peptide
should be considered as an endogenous
diuretic and vasodilator and hence it counter-
acts the effects of these vasoconstrictors and
that of sodium retention.

Long-term CHF will lead to attenuation of
the release of both atrial natriuretic peptide
and endothelium derived relaxing factor.9
Accordingly, there will be less vasodilator
activity to oppose the actions of the vasocon-
strictors.

RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM
The activation of the renin-angiotensin-
aldosterone system is responsible for the
sodium and fluid retention in CHF.
Furthermore there exists a relevant mutual
interaction between various components of
the renin-angiotensin-aldosterone system and
the sympathetic nervous system, for instance
at the level of the sympathetic ganglia, postsy-
naptic a adrenoceptors, and presynaptic
angiotensin II receptors (fig 2).1'
The activation of the renin-angiotensin-

aldosterone system-as reflected by high
plasma renin activity, angiotensin II, and
aldosterone concentrations-is less consistent
than that of the sympathetic nervous system,
with con-siderable variations between individ-
ual patients."3

Plasma noradrenaline concentrations give a
somewhat better indication of the severity of
the disease and its prognosis than plasma
renin activity or plasma aldosterone concen-
trations. As discussed later treatment with
diuretics is an important additional cause of
the acti-vation of the renin-angiotensin-aldos-
terone system.

VASOPRESSIN
The enhanced release of vasopressin is trig-
gered by the threatening of impaired systemic
perfusion.'1 Vasopressin will cause an antidi-
uretic effect and peripheral vasoconstriction.
It therefore contributes to both the retention
of sodium and to peripheral vasoconstriction.
The increase in vasopressin is variable and its
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Figure 1 Stimulation of
the sympathetic nervous
system (SNS) and the
renin-angiotensin-
aldosterone system
(RAAS) in CHF. Reflex
activation of the SNS
causes tachycardia and
enhanced contractility
through ft, receptor
stimulation.
Vasoconstriction, induced
by postsynaptic a, and a,
adrenoceptor stimulation is
detrimental, as it raises
total peripheral resistance
(TPR) and, hence cardiac
afterload. The RAAS is
stimulated through IA
adrenoceptors of the SNS
and also by the impaired
pump function of the heart,
which leads to the retention
ofsodium and water.
Stimulation of the RAAS
causes a further rise in
cardiac afterload. The
enhanced release of
aldosterone causes affurther
increase in the retention of
sodium and water and thus
increases the plasma
volume and cardiac
preload. NA,
noradrenaline.
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role in CHF is less certain than that of the
sympathetic nervous system and the renin-
angiotensin-aldosterone system.

Figure 2 Potential
interference of angiotensin
II (A II) wnth sympathetic
nervous activity and its
effects. Schematic
presentation ofa
postganglionic sympathetic
neu'one. (1) Ganglionic
stimulation; (2) enhanced
release of noradrenaline
(NA) (tyramine like
activity); (3) inhibition of
the noradrenaline reuptake
into the neurone; (4)
sensitisation of

postfunctional a,
adrenoceptors.

ATRIAL NATRIURETIC PEPTIDE
The atrial natriuretic peptide is the most pow-
erful functional antagonist of the sequelae of
the stimulated sympathetic nervous system
and renin-angiotensin-aldosterone system.
Atrial stretch as in CHF is the most direct
trigger mechanism for release of atrial natri-
uretic peptide. The degree of increase of atrial
natriuretic peptide concentration seems to run
parallel to the severity of the disease.
Conversely, successful therapeutic interven-
tion has been shown to be followed by a
decrease in the raised atrial natriuretic peptide
concentrations. 14 15

DOPAMINE AND PROSTAGLANDINS
Dopamine and various prostaglandins are also
subject to enhanced release in CHF. Their
vasodilator and renal (diuretic) effects may
contribute as compensatory factors similar to
those of atrial natriuretic peptide, but their
importance is less well documented.

Finally, the antagonistic activities of atrial
natriuretic peptide and other factors are insuf-
ficient to compensate for the peripheral
vasoconstriction and sodium retention in
advanced chronic CHF.18

Effects of diuretics
The use of diuretics in CHF is usually limited
to the powerful loop diuretics, such as
frusemide, bumetanide, and piretanide. The
thiazide diuretics are usually insufficiently
active and their use is restricted to the treat-
ment of hypertension. The haemodynamic
effects of loop diuretics in the treatment of
CHF are varied. Owing to the loss of Na+

ions, C1- ions, and water the circulating
plasma volume is reduced, thus causing a
reduction of cardiac preload.'S'9 Indirect evi-
dence also points towards a reduction in car-
diac afterload, which is attributed to the fact
that the vasoconstrictor activity of endoge-
nous catecholamines is diminished at a low
sodium concentration. Heart rate is not
directly affected by the diuretics, although it
may decrease as a result of low compensatory
SNS activation, associated with successful
therapeutic intervention.
The influence of diuretics on the neuroen-

docrine derangements, although of vital
importance, has not been studied on a suffi-
ciently large scale. From the limited data
available it may be concluded that the influ-
ence of diuretics on neuroendocrine changes
in CHF is complex: (a) successful therapeutic
intervention as a whole will lead to a decrease
in the hyperactivity of the sympathetic ner-
vous system, as reflected by a reduction of the
increase in plasma noradrenaline concentra-
tion'619; (b) similarly, the increased atrial
natriuretic peptide concentration will be
reduced, thus reflecting the improvement in
the circulatory derangement'4 15; (c) by con-
trast, diuretic treatment will cause a further
stimulation of the renin-angiotensin-aldos-
terone system, despite the therapeutic
improvement. Patients chronically treated
with loop diuretics will consistently show
increased plasma renin activity, as well as
angiotensin II and aldosteron concentrations.
Accordingly, the favourable haemodynamic
effects of the diuretics are lessened by the high
concentrations of angiotensin II, whereas the
potassium losing effects of the diuretics are
enhanced. Both noxious effects are counter-
acted by angiotensin converting enzyme
(ACE) inhibitors, which will reduce the rise in
plasma angiotensin II; (d) acute intravenous
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treatment of patients with severe chronic
heart failure with frusemide may be associated
with sympathetic excitation shown by
increases in plasma noradrenaline, heart rate,
blood pressure, and vascular resistance.19
Probably as a result of the important interac-
tion between the sympathetic nervous system
and the renin-angiotensin-aldosterone system
there is also a rise in plasma renin activity.
This sympathetic activation precedes the
diuretic action of frusemide and is associated
with an acute deterioration of left ventricular
pump function in these patients. The pressor
response to frusemide is counteracted by pre-
treatment with an ACE inhibitor.20

Notwithstanding the widespread use of
diuretic agents in CHF and their beneficial
influence in the short-term, many questions
continue to be raised with respect to their
therapeutic value in the long term. Their
potentially noxious effects on the renin-
angiotensin-aldosterone system are a source
of potential problems. Adequate, large scale
clinical trials on this subject have not been
performed so far.

Considering future perspectives it seems of
interest to consider the potential value of
atrial natriuretic peptide, the body's natural
diuretic, in the treatment of chronic CHF. In
contrast with loop and thiazide diuretics it
displays strong natriuretic activity that . is
accompanied by a reduction of plasma renin
activity and of plasma angiotensin II concen-
trations.

It therefore seems important to study
endopeptidase inhibitors, which will cause a
rise in atrial natriuretic peptide, in the treat-
ment of CHF.5 21
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