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Summary: The concentration of atrial natriuretic peptide was measured in order to evaluate its importance
in patients suffering from a variety of cardiac diseases. There was a correlation between plasma concentrations
of atrial natriuretic peptide and its "second messenger" cyclic guanosine monophosphate (cGMP) in all of
the cases examined. We investigated the relationship between atrial natriuretic peptide and cGMP plasma
concentrations during rest and exercise in comparison with the scintigraphically assessed left- and right-
ventricular ejection fraction in patients with chronic heart disease (n = 20), and after orthotopic heart
transplantation (n = 16); plasma concentrations were also measured in healthy controls (n = 14). Atrial
natriuretic peptide and cGMP concentrations showed a similar correlation during rest and exercise with
r = 0.74 and r = 0.81, respectively. With the exception of patients after heart transplantation, a significant
negative correlation was seen between the left ventricular ejection fraction and atrial natriuretic peptide or
cGMP plasma concentrations during rest conditions (r = 0.76 or 0.58, respectively). No correlation was
apparent between plasma concentrations of atrial natriuretic peptide or cGMP and the left- or right ventricular
ejection fraction during exercise.

The concentrations of atrial natriuretic peptide and cGMP in plasma differed significantly between healthy
controls and patients during rest and exercise. It is noteworthy that atrial natriuretic peptide and cGMP
concentrations were markedly higher in patients after heart transplantation than in patients suffering from
chronic heart disease. Our results indicate that plasma atrial natriuretic peptide and cGMP concentrations«
are sensitive markers of cardiac impairment.

Introduction

Atrial natriuretic peptide is released by heart muscle
cells of both atrias and ventricles in response to in-
creased intracardial pressure, tachyarrhythmia, car-
diay congestion and renal failure (1—4). It causes
diuresis, natriuresis and vasodilatation to decrease
blood volume (5). Cyclic guanosine monophosphate
(cGMP) is known to act as the "second messenger"
of atrial natriuretic peptide (6, 7). It has been shown
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that plasma atrial natriuretic peptide and cGMP con-
centrations correlate reasonably well under resting
conditions (9 — 13), and this is confirmed by our recent
findings (8).

Only a few reports have been published concerning
the relationship between haemodynamic variables and
the atrial natriuretic peptide-cGMP system. Moreo-
ver, these reports do not allow an assessment of
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whether plasma atrial natriuretic peptide or cGMP
concentrations of whether plasma atrial natriuretic
peptide or cGMP concentrations are clinically useful
in the evaluation of patients with heart diseases.

We have already reported the normal range of atrial
natriuretic peptide and cGMP in healthy .volunteers
(9) and atrial natriuretic peptide concentrations in
patients suffering from various heart diseases in cor-
relation with scintigraphically assessed ventricular
function under resting conditions (14). Recently, Vor-
denvinkler et al. suggested that cGMP might be better
suited as a marker for cardiac insufficiency than atrial
natriuretic peptide; this was based on a comparison
of biochemical markers with rough clinical signs of
cardiac insufficiency (8).

The aim of the present study was to examine plasma
concentrations of atrial natriuretic peptide and cGMP
in order to evaluate their relative importance as
screening quantities in the diagnosis of heart diseases.
We compared atrial natriuretic peptide and cGMP
plasma values with scintigraphically assessed left and
right ventricular ejection fractions and determined
plasma atrial natriuretic peptide and cGMP in differ-
ent patient groups, including patients after orthotopic
heart transplantation during rest and exercise. Our
data show that

(a) plasma atrial natriuretic peptide and cGMP are
increased in all patients,

(b) atrial natriuretic peptide and cGMP concentra-
tions correlate well particularly under exercise con-
ditions, and

(c) their increases can be used as a marker for path-
ological alterations during cardiovascular disor-
ders.

Materials and Methods
Plasma samples

For determination of atrial natriuretic peptide, a 4 ml blood
specimen was drawn into pre-chilled tubes coated with dipo-
tassium EDTA; 0.1 ml (200 kallikrein inhibitory units) aprotinin
solution was added, and the samples were chilled in ice water.
The samples were centrifuged for 30 minutes at 4 °C at 1700 g.
Plasma samples for the determination of cGMP concentrations
were treated in the same way as for atrial natriuretic peptide
but without adding aprotinin. After centrifugation, plasma was
divided into aliquots and frozen at -20°C until used for the
assay. The samples were drawn during baseline and exercise
conditions as defined later.

Direct radioimmunoassay of atrial natr iuret ic pep-
tide

For the measurement of atrial natriuretic peptide, a commer-
cially available 125I radioimmunoassay kit (Eiken Chemical
Company Ltd., Tokyo, Japan, purchased from Behring Insti-

tute, Vienna, Austria) was used. The interassay CV was 16%
and the method correlated well with an established atrial na-
triuretic peptide radioimniunoassay using pre-analytical extrac-
tion of the plasma samples as described previously (14).

Radioimmunoassay of cGMP

For cGMP determination we employed the 125I radioimmuno-
assay kit obtained from Amersham International Ltd., Amer^
sham, Bucks, U. K. after extraction of samples with ether. As
reported earlier, the interassay CV was 12.2% (8).

The assays of atrial natriuretic peptide and cGMP plasma
concentrations were performed independently in two different
laboratories without knowing the donor's health status or ven-
tricular function.

Patients and controls

A total of 50 individuals, comprising 14 healthy controls, 20
patients with defined heart disease (coronary heart disease 16;
cardiomyopathy 4) as well as 16 patient after orthotopic heart
transplantation were included in this study. All patients were
examined only after their dismissal from the acute care facility
and while they were in a stable chronic stage of their disease
during rehabilitation. Beta-blocking drugs were withdrawn
three days, and all other cardiac-active and vasodilating drugs
one day before blood sampling and exercise radionuclide ven-
triculography.

Exercise radionuclide ventriculography and blood
sampling

The patients and controls were supine 20 minutes before start-
ing exercise radionuclide ventriculography. The first plasma
sample was taken at the end of the scintigraphic imaging period
while the subject was resting. To evaluate plasma concentrations
of atrial natriuretic peptide and cGMP in relation to scinti-
graphically assessed left ventricular ejection fraction and right
ventricular ejection fraction during stress, step-wise supine bi-
cycle load exercise was performed (25—125 Watt); at the end
of the peak exercise period (5 minutes) repeated blood samples
were drawn. All patients were monitored for heart rate and
blood pressure during sampling. The scintigraphic technique
was used for the simultaneous determination of the left and
right ventricular ejection fraction as described elsewhere (15).
Significant valvular regurgitation was scintigraphically excluded
by assessment of the regurgitant index (16).
Healthy volunteers in an exercise training programme were used
as normal controls. Since the examination of healthy individuals
by scintigraphy is not permitted in Austria, their normal ech-
ocardiographic heart function was assumed to represent a nor-
mal left ventricular ejection fraction range (range 65 ± 7.5%).
As expected these individuals were excluded from exercise scin-
tigraphy.

Eight plasma samples drawn under exercise were excluded from
the atrial natriuretic peptide or cGMP analysis because of
haemolysis or clotting.

Statistical analysis

Mean values, standard deviations, linear regressions, correla-
tions and significancies were determined with the aid of the
-"SPSS" statistical program package. Ventricular function and
concentrations of atrial natriuretic geptide or cGMP were an-
alysed by both parametric and nor^parametric tests. The Stu-
dent-Newman-Keuls test, T-test, Kruskal-Wallis-ANOVA, as
well as the Mann-Whitney U-test were used to analyse group
differences. Changes from rest to exercise were analysed by the
paired T-test and Wilcoxon-tesl.
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Results

Comparison of atrial natriuretic peptide and
cGMP plasma concentrations

Concentrations of atrial natriuretic peptide and
cGMP in the plasmas of 36 individuals were compared
during rest and exercise (fig. 1): 20 with defined heart
disease and 16 after orthotopic heart transplantation
during rest (fig. la) and exercise (fig. Ib). There was
a significant direct correlation between the concentra-
tions of atrial natriuretic peptide and cGMP
(r = 0.74; y = 0.03x + 2.6; p < 0.001) during rest as
well as during exercise (r = 0.81; y = 0.03x + 4.3;
p < 0.001) (fig. Ib).
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Fig. 1. Comparison of atrial natriuretic peptide and cGMP
plasma concentrations during rest (a) and exercise (b).
(a) correlation between atrial natriuretic peptide and

cGMP during rest:
n = 36; r = 0.74; y = O.OSx -f 2.6; p < 0.001.

(b) correlation between atrial natriuretic peptide and
cGMP during exercise:
n = 28; r = 0.81; y = 0.03x + 4.3; ρ < 0.001.

Correlation of heart function with atrial na-
triuretic peptide and cGMP plasma concen-
trations
To investigate the correlation between heart function
(left ventricular ejection fraction and right ventricular
ejection fraction) and atrial natriuretic peptide or
cGMP plasma concentrations, 10 healthy individuals
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Fig. 2. Correlation between atrial natriuretic peptide (a) and
cGMP (b) concentrations in plasma and left ventricular
ejection fraction.
(a) correlation between atrial natriuretic peptide and

left ventricular ejection fraction:
η = 29; r = -0.76; y = -3.3x + 254; ρ < 0.001.

(b) correlation between cGMP and left ventricular ejec-
tion fraction:
η = 29; r = -0.58; y = -O.lx + 9.1; ρ < 0.001.

and 19 patients with chronic heart disease were ex-
amined. Left ventricular ejection fraction and atrial
natriuretic peptide correlated with a correlation co-
efficient of r = -0.76 (y = 3.30x + 2.6; ρ < 0.001)^
(fig. 2a). The correlation between left ventricular ejec-
tion fraction and cGMP (fig. 2b) was r = —0.58;
(y = O.lx + 9.1; ρ < 0.001). During rest right ven-
tricular ejection fraction was within the normal range
in all patients examined (> 38%); no correlation be-
tween right ventricular ejection fraction and atrial
natriuretic peptide (r = 0.04) or cGMP (r = 0.03)
plasma concentrations could be established.

In patients who had undergone orthotopic heart
transplantation, there appeared to be no correlation
between heart function (left ventricular ejection frac-
tion or right ventricular ejection fraction) and atrial
natriuretic peptide or cGMP concentrations. Fur-
thermore, under exercise conditions, neither atrial na-
triuretic peptide nor cGMP showed any correlation
with scintigraphically measured left ventricular ejec-
tion fraction or right ventricular ejection fraction.
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Tab. 1. Plasma atrial natriuretic peptide and cGMP concentrations in patients with heart disorders and in healthy controls

During rest

Controls
Heart disease
Orthotopic heart transplantation

N

14
20
16

Atrial natriuretic
peptide
χ ± SD
(pmol/1)

11.0+ 6.8
37.0 4- 25.5*
58.7 + 18.8*

cGMP

χ + SD
(nmol/1)

3.0 ± 0.97
5.6 ± 3.3*
8.7 + 1.9*

During exercise
·· t

N Atrial natriuretic
peptide
χ + SD
(pmol/i)

16 59.14-45.1*
12 102.6 ± 30.2*

cGMP

χ + SD
(nmol/1)

7.54 + 3.0*
11.6 ±2.1*

SD: standard deviation
* All patients exhibited, during rest as well as during exercise, significantly (p < 0.001) higher plasma concentrations than healthy

controls. Plasma atrial natriuretic peptide and cGMP concentrations of transplanted patients were significantly (p < 0.01)
increased in comparison with other patients.

Atrial natriuretic peptide and cGMP plasma
concentrations in different patient groups

The plasma atrial natriuretic peptide and cGMP con-
centrations of 14 healthy individuals, 20 patients suf-
fering from chronic heart disease and 16 after ortho-
topic heart transplantation are presented in table 1.
All patients had significantly higher values of atrial
natriuretic peptide and cGMP than healthy individ-
uals (p < 0.01). Plasma concentrations of atrial na-
triuretic peptide and cGMP in transplanted patients
were significantly higher than those of patients with
chronic heart disease. This was valid during rest as
well as exercise. It is noteworthy that orthotopic heart
transplantation patients showed normal mean left and
right ventricular ejection fractions during rest as well
as during exercise (left ventricular ejection fraction
rest: 57 ± 8%, left ventricular ejection fraction ex-
ercise 66 ±8%; right ventricular ejection fraction
rest: 53 ± 5%, right ventricular ejection fraction ex-
ercise 58 ± 7%). Only two individuals in this group
did not show an exercise-induced increase of right
ventricular ejection fraction.

However, in all cases a significant rise in both atrial
natriuretic peptide and cGMP concentrations were
observable during exercise.

Discussion

While a correlation between atrial natriuretic peptide
and cGMP plasma concentrations has been shown in
children as well as adult patients (10, 11) suffering
from various heart diseases during rest, no such stud-
ies appear to have been reported in patients during
exercise. The present study demonstrates that a rela-
tionship exists between atrial natriuretic peptide and
cGMP concentrations during supine exercise in the
chronic stable stage of cardiac disease.

We observed a good correlation between atrial natri-
uretic peptide and ventricular function, whereas the
correlation between left ventricular ejection fraction
and cGMP was significant but inferior to that of
atrial natriuretic peptide and left ventricular ejection
fraction (fig. 2b). This difference between left ventric-
ular ejection fraction and cGMP in chronic cardiac
disease may be caused by down regulation of atrial
natriuretic peptide receptors resulting in a depressed
release of cGMP (7,17). Direct response of the second
messenger system to acute elevation of atrial natri-
uretic peptide during stress caused by bicycle exercise
might be responsible for the better correlation
(r = 0.81) of atrial natriuretic peptide and cGMP
under exercise than under resting conditions
(r = 0.71; fig. 1). These effects could be due to the
regulation for atrial natriuretic peptide receptors.
Changing or chronically elevated atrial natriuretic
peptide concentrations might cause down regulation
of the atrial natriuretic peptide receptor number, ex-
pression or sensitivty. This would lead to inhibition
of the signal transduction with decreased cGMP re-
lease into the plasma.

An increase in both plasma atrial natriuretic peptide
and cGMP has been reported in patients suffering
from various heart diseases. Hirata et al. showed a
good correlation between plasma concentrations of
atrial natriuretic peptide and cGMP versus invasively
measured haemodynamic variables during resting
conditions (10, 11). Our data on the scintigraphic
evaluation of heart function appear to be in accord
with these findings (18). However, in patients after
heart transplantation, this relationship between left
ventricular ejection fraction and cGMP was absent.
Despite normal right ventricular and left ventricular
ejection fraction during rest $ad exercise, atrial na-
triuretic peptide and cGMP plasma concentrations
were significantly higher than in patients suffering
from other chronic heart diseases. It is possible that
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the observed elevation may be due, at least in part,
to changes in fluid and electrolyte balance caused by
corticoid intake, as well as the influence of other
immunosuppressive drugs (19). Since angiographic
controls one year after heart transplantations revealed
elevated left ventricular filling pressures in these pa-
tients (data not shown), another factor involved in
elevated atrial natriuretic peptide or cGMP plasma
concentrations in patients after heart transplantation
might be impaired ventricular filling, despite normal
systolic ventricular function (20 — 22).

No significant correlation was seen between impaired
ventricular function and cGMP or atrial natriuretic
peptide plasma concentrations during exercise. Nei-
ther could we establish any relationship between in-
creased ejection fractions and increase of atrial natri-
uretic peptide or cGMP concentrations during the
change from rest to exercise.

However, the present study demonstrates that in all
patients with or without scintigraphically assessed

impairment of systolic ventricular function (i. e. left
ventricular and right ventricular ejection fraction dur-
ing rest or exercise), plasma concentrations of cGMP
as well as those of atrial natriuretic peptide correlated
reasonably well, even at peak exercise.

Our data support the notion that cpMP, like atrial
natriuretic peptide, is a suitable quantity for the bi-
ochemical evaluation of cardiac patients during ex-
ercise conditions. Since it is not compromised by pre-
analytical difficulties (8), it might be a better quantity
for routine evaluations. However, changes in cGMP
plasma concentrations alone do not reflect systolic
ventricular function (as shown in patients after heart
transplantation) and thus should not be interpreted
without additional clinical information. Nevertheless,
as unexplained cardiac symptoms are often the cause
of extensive and time-consuming diagnostic efforts,
assaying plasma cGMP concentrations might prove
to be useful screening tool for diagnosing heart dis-
eases.
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