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Cardiac neuropeptide Y and noradrenaline balance in patients with congestive heart failure

Table 1 Haemodynamics and plasma concentrations of neuropeptide Y-ltke
immunoreacrivity and noradrenaline in patients with congestive heart failure. Values are

means (SE)
High ejection fraction Low ejection fraction
Variable (n = 24) group (n = 17) group
H
Ejection fraction (%) 31-3 (1-3) 17-7 (1-1)**
PCW (mm Hg) 17-2 (1-9) 18-8 (2:6)
Pulmonary vascular resistance (dyn.s.cm™) 2:5 (0-3) 3-0 (0-5)
Systemic vascular resistance (dyn.s.cm) 17159 (115-8) 15915 (93-2)
Cardiac index (I/min) 2:4 (0-1) 2:0 (0-1)*
Neuropeptide Y-like
Arterial (pmol/l) 31-5 (2-6) 363 (2'5)
Coronary sinus (pmol/l) 33-8 (2'5) 415 (3-6)
Difference (pmol/l) 23 (2:0) 47 (2'5)
Release (pmol/min) 0-39 (0-29) 0-74 (0-39)
Noradrenaline
Arterial (nmol/1) 256 (0-29) 3-99 (0-54)*
Coronary sinus (nmol/l) 3-55 (0-51) 633 (0-89)**
Difference (nmol/l) 1-10 (0-26) 2-22 (0-39)*
Release (nmol/min) 0-22 (0-10) 0-36 (0-11)

*p < 0:05, **p < 0-01 between the two groups. PCW, pulmonary capillary wedge pressure.

Results

Table 1 shows mean haemodynamic values
and plasma concentrations of neuropeptide
Y-like immunoreactivity and noradrenaline in
patients with congestive heart failure. The low
ejection fraction group had lower cardiac
indices, with higher concentrations of nora-
drenaline in arterial and coronary sinus blood.
Arterial noradrenaline concentration was
raised in both groups compared with the nor-
mal reference group, and it was significantly
higher in the patients with a low ejection frac-
tion than in those with a high ejection fraction
(figure 1). Arterial concentrations of neu-
ropeptide Y-like immunoreactivity were sig-
nificantly higher in both high and low ejection
fraction groups compared with the normal
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controls (p <0:05 and p <0-01, respec-
tively), but no significant difference was found
between the two groups of patients (figure 1).
Significant myocardial release of noradrena-
line was found in both groups of patients
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Figure 2 Correlations between plasma concentrations of
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tmmunoreactivity in patients with congestive heart failure.
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compared with normal controls (p < 0-05, p
< 0-001 respectively). However, such signifi-
cance was not found for the myocardial
release of neuropeptide Y-like immuno-
reactivity, although it tended to be increased in
the low ejection fraction group (fig 1).

Concentrations of neuropeptide Y-like
immunoreactivity correlated significantly with
concentrations of noradrenaline in both the
artery (r = 0-44, p < 0-01) and coronary sinus
r=0-40, p <0-05) (fig 2). Except for two
patients who showed borderline myocardial
noradrenaline uptake, all other patients
showed release of noradrenaline from the
myocardium. On the other hand, only 60% of
the patients (15) showed release of neuropep-
tide Y-like immunoreactivity from the
myocardium, while 40% of the patients (10)
showed uptake of the peptide. Because of the
limited number of patients available (25) the
correlation between myocardial release of
neuropeptide Y-like immunoreactivity and
noradrenaline was not significant (r = 0:37,
p = 0-07) (figure 2).

Plasma concentrations of noradrenaline in
the artery and coronary sinus were negatively
correlated with ejection fraction (r= -0-36,
p < 0-05), while the corresponding concentra-
tion of neuropeptide Y-like immunoreactivity
correlated less well with ejection fraction (r = -
0-18, p > 0-05) (fig 3). Arterial and coronary
sinus concentrations of noradrenaline but not
neuropeptide Y-like immunoreactivity corre-
lated significantly with cardiac index (r= -
0-48, r = -0-47 respectively, p < 0-01) (fig 4).
Plasma concentrations of noradrenaline and
neuropeptide Y-like immunoreactivity in
artery and coronary sinus did not correlate
with pulmonary capillary wedge pressure, pul-
monary vascular resistance, or systemic vascu-
lar resistance.

The changes in haemodynamics and
plasma concentrations of neuropeptide Y-like
immunoreactivity and noradrenaline in the
patients according to {reatment by
angiotensin converting enzyme inhibitors are
listed in table 2. Only pulmonary capillary
wedge pressure differed significantly between
the two groups, the group given angiotensin
converting enzyme inhibitors having a higher
pulmonary capillary wedge pressure (p <
0-05). Ejection fraction, cardiac index, plasma
concentrations of noradrenaline and neu-
ropeptide Y-like immunoreactivity and
myocardial release of the two hormones were
similar in both groups.

Discussion

The main findings of this investigation were
the appreciable increases in plasma concen-
trations of neuropeptide Y-like immunoreac-
tivity and noradrenaline in peripheral arteries
and the significant relation between circulating
concentrations of noradrenaline and neuro-
peptide Y-like immunoreactivity in peripheral
arteries and the coronary sinus in patients
with congestive heart failure. Furthermore,
circulating concentrations of noradrenaline
correlated better with ejection fraction and
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Table 2 Changes in haemodynamics, plasma concentrations of neuropeptide Y-like
tmmunoreactivity and noradrenaline according to angiotensin converting enzyme inhibitor
treatment in patients with congestive heart failure. Values are means (SE)

Variable Treated (n = 21) Not treated (n = 20)
mics
Ejection fraction (%) 27-0 (1-8) 245 (2:3)
PCW (mm Hg) 20-9 (23) 14-4 (1-9)*
Pulmonary vascular resistance(dyn.s.cm-*) 2:9 (0-4) 2:4 (0-3)
Systemic vascular resistance (dyn.s.cm™®) 16751 (124-0) 1647-6 (106-5)
Cardiac index (I/min) 2:1(0-1) 2:4 (0'1)
Neuropeptide Y
Arterial (pmol/l) 314 (2°1) 356 (3-3)
Coronary sinus (pmol/l) 34-1 (2'9) 39-7 (3:6)
Difference (pmol/l) 3-8 (2:4) 22 (2'5)
Release (pmol/min) 0-34 (0-31) 0-50 (0-:37)
Noradrenaline
Arterial (nmol/l) 3-51 (0-46) 2:66 (0-37)
Coronary sinus (nmol/l) 5-35 (0-82) 4-49 (0-72)
Difference (nmol/l) 1-79 (0-:37) 1-62 (0-34)
Release (nmol/min) 0-34 (0-12) 0-23 (0-08)

*p < 0-05, between the two groups. PCW, pulmonary capillary wedge pressure.

cardiac index than did concentrations of
neuropeptide Y-like immunoreactivity.

Because the pumping of the heart is
reduced in congestive heart failure efferent
sympathetic nerve activity in renal?® and mus-
cular sympathetic nerves® is exaggerated and
plasma concentrations of noradrenaline are
high.?-?" Plasma concentrations of noradrena-
line are associated not only with the severity,
but also with the prognosis of congestive heart
failure.?’?® Venous concentrations of neu-
ropeptide Y-like immunoreactivity are raised
in patients with congestive heart failure of var-
ious aetiology.?**® Qur results accord with the
idea that plasma concentrations of neuropep-
tide Y-like immunoreactivity are increased in
patients with moderate to severe heart failure.
Interestingly, plasma concentrations in fore-
arm veins in patients in other studies ranged
from 54 pmol/1* to over 100 pmol/1® by the
same assay, which is higher than the concen-
trations of neuropeptide Y-like immunoreac-
tivity that we found. This may indicate that
venoarterial difference and peripheral release of
neuropeptide Y-like immunoreactivity may
exist in the forearm in congestive heart failure,
although no clear cut venoarterial concentra-
tion differences were seen in normal subjects in
the forearm at rest or during exercise.'
Moreover, the condition of most of our
patients was stable with treatments such as
diuretics, digoxin, angiotensin converting
enzyme inhibitors, and f adrenergic blocking
agents. These factors may also contribute to a
lower plasma concentration of neuropeptide
Y-like immunoreactivity that we found in our
patients.

We used a normal reference group from a
previous study'’ because the techniques of
assaying plasma concentrations of noradrena-
line and neuropeptide Y-like immunoreactivity
and measuring haemodynamic variables were
the same in the two studies. The study in nor-
mal subjects showed that during resting condi-
tions baseline arterial concentrations of
noradrenaline and neuropeptide Y-like
immunoreactivity were 1-2 (0-2) nmol/l and
24-9 (1:3) pmol/l respectively.”” Myocardial
release of noradrenaline and neuropeptide
Y-like immunoreactivity were —0-09 (0-01)
nmol/min and 0:16 (0-:22) pmol/min.!” In the
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current study, resting arterial concentrations
of noradrenaline and neuropeptide Y-like
immunoreactivity were significantly increased
in the patients with congestive heart failure
compared with normal controls. Most of the
patients showed myocardial noradrenaline
release and most (60%) showed myocardial
release of neuropeptide Y-like immunoreac-
tivity. As the peptide is not released until sym-
pathetic nerve activity is intense in healthy
subjects,!® its release from the myocardium
therefore indicates the presence of high car-
diac sympathetic activity in patients with con-
gestive heart failure during resting conditions.

Concentrations of neuropeptide Y-like
immunoreactivity correlated with noradrena-
line concentrations in the coronary sinus,
indicating that the peptide is released with
noradrenaline from the myocardium in con-
gestive heart failure. The net release of
myocardial neuropeptide Y-like immunoreac-
tivity correlated only marginally with the net
release of noradrenaline (r = 0-37, p = 0-07),
mainly because of limited data (from 25
patients), which may influence the statistical
power. Interestingly, in a recent study in
patients with idiopathic dilated cardiomyopa-
thy the concentrations of noradrenaline,
dopamine, and neuropeptide Y-like immuno-
reactivity in the failing ventricle were signifi-
cantly decreased compared with those in
control hearts.? This is compatible with an
augmented release of noradrenaline and neu-
ropeptide Y-like immunoreactivity from the
sympathetic nerve terminals in congestive
heart failure and accords with our findings.

We analysed the data according to treat-
ment with angiotensin converting enzyme
inhibitors because this treatment causes short
term decreases in plasma noradrenaline con-
centrations in heart failure*?3 and is now
widely used. Angiotensin converting enzyme
inhibitors improve cardiac function and de-
crease in mortality in large clinical trials.?®3435
As angiotensin II facilitates release of nora-
drenaline from sympathetic neurones in
vitro,* ¥ it is reasonable to hypothesise that
agents that block angiotensin II production
would reduce noradrenaline release in the
long term. The hypothesis is supported by the
results of the studies of Left Ventricular
Dysfunction trial, in which patients with a left
ventricular ejection fraction of less than or
equal to 35% and symptoms of congestive
heart failure were treated by enalapril.®®
During a one year follow up, enalapril signifi-
cantly decreased plasma noradrenaline con-
centrations in patients with congestive heart
failure. Moreover, enalapril had the greatest
effect in patients with the highest plasma
noradrenaline concentrations before treat-
ment.>®

The CONSENSUS trial showed that
neurohumoral activation was reduced by
enalapril. The authors concluded that the
effects of enalapril on mortality were related
to the counteraction of neuroendocrine acti-
vation.®? A previous study showed, however,
that there was a progressive neurohumoral
activation over time in patients with chronic,
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clinically stable congestive heart failure and
the increase in plasma noradrenaline concen-
tration did not seem to be prevented by long-
term treatment with angiotensin converting
enzyme inhibitors.*® In our study, plasma con-
centrations of noradrenaline and neuropep-
tide Y-like immunoreactivity were not
different in patients taking diuretic and
digoxin compared with those who were addi-
tionally taking an angiotensin converting
enzyme inhibitor. This might be because
angiotensin converting enzyme inhibitors
reduce previously raised sympathetic activity,
and the condition of our patients requiring
such treatment was more severe as shown by
their increased pulmonary wedge pressure. In
interpreting our data one also has to consider
that all patients were being treated medically,
which might have changed the reactivity of
the neurohormonal systems. Patients with the
most severe disease may have had their hor-
mone concentrations changed most by med-
ical treatment, which would lessen any
correlation between indices of congestive
heart failure and hormone concentration.
This is supported by the CONSENSUS trial
that a composite index of hormones predicted
mortality only in patients who were not taking
angiotensin converting enzyme inhibitors.?®
We therefore considered it justified to relate
circulating concentrations of noradrenaline
and neuropeptide Y-like immunoreactivity to
two major indices of cardiac function (ejec-
tion fraction and cardiac index). In our
patients circulating concentrations of nora-
drenaline in the peripheral artery and coro-
nary sinus correlated inversely with ejection
fraction and cardiac index. Such
significant relations were not seen for concen-
trations of neuropeptide Y-like immunoreac-
tivity. Furthermore, we found that all patients
with a net release of neuropeptide Y-like
immunoreactivity from the myocardium also
had a net release of noradrenaline while a sub-
stantial proportion of patients with a net
myocardial release of noradrenaline did not
have a net release of neuropeptide Y-like
immunoreactivity. These data taken together
seem to indicate that concentrations of neu-
ropeptide Y-like immunoreactivity and its
myocardial release represent a less sensitive
index of cardiac function than noradrenaline
concentration in patients with congestive
heart failure.

In conclusion, in patients with congestive
heart failure plasma concentrations of nora-
drenaline and neuropeptide Y-like immunore-
activity are significantly increased. Circulating
concentrations and net myocardial release of
noradrenaline and neuropeptide Y-like
immunoreactivity are associated in patients
with congestive heart failure. Unlike nora-
drenaline concentration, however, concentra-
tions of neuropeptide Y-like immunoreactivity
correlate poorly with cardiac function in
patients with moderate and severe cardiac
failure. Further studies during exercise, for
example are needed to discover the full extent
of the relation between these two sympathetic
cotransmitters in congestive heart failure.
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