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Secretion of atrial natriuretic peptide from the heart
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SUMMARY Plasma concentrations of atrial natriuretic peptide were measured in eight patients
undergoing elective cardiac catheterisation and angiography. All patients had normal resting
pressures in the cardiac chambers and no clinical evidence of heart failure. Plasma atrial
natriuretic peptide rose significantly from the superior vena cava into the right atrium and right
ventricle. The increase into the right atrium was variable, with no increase in three subjects, but
there was a consistent increase in all subjects from the superior vena cava to the right ventricle.
These findings in the right atrium are probably caused by inadequate mixing and streaming of
blood from the coronary sinus containing high concentrations of atrial natriuretic peptide. There
was no increase in the concentration of natriuretic peptide from the pulmonary artery to the left
ventricle, but the concentrations in the left ventricle were significantly higher than in the superior
vena cava.

These findings demonstrate that the heart secretes atrial natriuretic peptides in the absence of
cardiac failure. Studies based on sampling of the right atrium will not accurately measure cardiac
secretion of atrial natriuretic peptide and will therefore be likely to obscure the mechanisms
responsible for regulating its secretion. The right ventricle and pulmonary artery are the best
sampling sites to measure atrial natriuretic peptide release from the right atrium.

There is increasing evidence that atrial natriuretic
peptide may be important in the regulation of salt
and water balance.1 The mechanisms controlling the
release of atrial natriuretic peptide are not yet clear.
Both in subjects with normal2 and with raised right
atrial pressure,2 3 plasma concentrations of atrial
natriuretic peptide in the right atrium have been
reported to correlate significantly with right atrial
pressure. However, the plasma concentration of
atrial natriuretic peptide in coronary sinus blood is
many times higher than that in peripheral venous
and right atrial blood.47 Samples of right atrial
blood are therefore likely to be of incompletely
mixed venous blood. Richards et al and Sato et al6
confined their analysis of the mechanisms deter-
mining release of atrial natriuretic peptide to study-
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ing relations with concentrations of atrial natriuretic
peptide in the pulmonary artery and they did not
consider changes in plasma concentrations of atrial
natriuretic peptide at different cardiac sites within
the same individual.
We measured plasma concentrations of atrial

natriuretic peptide in blood samples taken from a

peripheral vein, the superior vena cava, and in the
chambers of the heart during routine cardiac cath-
eterisation and coronary angiography in patients
who had possible ischaemic heart disease but normal
cardiac pressures.

Patients and methods

The eight white patients (five men and three women;
mean age 60 5 years, range 54-67) studied were
undergoing elective cardiac catheterisation as part of
routine assessment of known or suspected cardiac
disease (ischaemic heart disease seven; aortic steno-
sis one). Six were on drug treatment (,B adrenergic
blockers, calcium entry antagonists, nitrates). No
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patient had overt cardiac failure, and all had normal
renal and liver function.

Cardiac catheterisation was performed via the
right brachial artery under local anaesthesia with
1O0 lignocaine. A size 7 French multipurpose cath-
eter (521-776 Cordis Corporation, Miami, USA)
was inserted and used to measure pressure and to
take blood samples from a peripheral vein, the supe-
rior vena cava, right atrium, right ventricle, and pul-
monary artery. Patients were given 5000 IU heparin
without bacteriocide immediately after the insertion
of the arterial catheter (size 8 French National Insti-
tute of Health catheter 512-845, Cordis Cor-
poration) that was used to measure arterial and left
ventricular pressures and obtain blood samples. We
recorded pressures with a semiconductor transducer
(Medex Incorporated, Ohio, USA) and fibreoptic
system (VR-12, E for M/Honeywell, New York,
USA), taking the mid-axillary line as the zero refer-
ence point. All recordings and samples were taken
with the patients supine before the administration of
radiographic dye.
Blood for the measurement of atrial natriuretic

peptide was taken into potassium ethylene diamine
tetra-acetic acid and trasylol (aprotinin, Bayer,
2000 kIU/ 10 ml blood) and spun immediately at
4°C. Separated plasma was stored at -20°C. After
Sep-pak extraction we measured immunoreactive
atrial natriuretic peptide by radioimmunoassay.8
Plasma renin activity9 and aldosterone were also
measured by radioimmunoassay.
We used the Statistical Package for Social Sci-

ences of the North Western Universities (on the
University of London computer) for statistical
analysis by paired t test, the binomial test, and
Pearson and Spearman's correlation. Results are
given as mean (SE).

Results

PLASMA CONCENTRATIONS OF ATRIAL
NATRIURETIC PEPTIDE
Plasma concentrations of atrial natriuretic peptide in
the right atrium (45 2 (8 6) pg/ml), in the righ-t ven-
tricle (43 8 (7 7) pg/ml) and in the pulmonary artery
(43 1 (6 8) pg/ml) were significantly- higher than the
concentration in the superior vena cava (32-0
(54) pg/ml) (fig 1). Examination of individual
changes from the superior vena cava into the right
heart showed that in three of the eight subjects there
was no change into the right atrium (fig 2a), whereas
concentrations of atrial natriuretic peptide rose from
the superior vena cava to the right ventricle in all
eight patients (fig 2b). Plasma concentrations of
atrial natriuretic peptide in-peripheral vein were not
significantly different from those in the superior

vena cava. Plasma concentrations of atrial natriuretic
peptide in the left ventricle (38-2 (4 5)pg/ml) were
significantly greater than those in the superior vena
cava (p < 0 05). In contrast with the increase in
concentrations across the right side of the heart,
concentrations in the left ventricle were not
significantly different from those in the pulmonary
artery (fig 1). Plasma concentrations of atrial
natriuretic peptide were not significantly correlated
with right atrial mean or pulmonary capillary wedge
pressure. However, plasma concentrations of atrial
natriuretic peptide in the right atrium (r = 0-81),
right ventricle (r = 0-71), pulmonary artery
(r = 0-77), and left ventricle (r = 0-82) correlated
significantly with right ventricular systolic pressure
(p < 0 05). The significance values quoted for the
results are for parametric tests. The non-parametric
tests gave similar values.

CALCULATED RATE OF SECRETION OF ATRIAL
NATRIURETIC PEPTIDE
There was a mean increase in plasma concentrations
of atrial natriuretic peptide of 11-7 pg/ml (95%
confidence interval 5-9 to 17 5 pg/ml), from superior
vena cava to right ventricle. If the mean stroke vol-
ume is estimated to be 80 ml," with a mean heart
rate of 60 beats/min during the procedures, then the
calculated mean secretion rate for atrial natriuretic
peptide across the right atrium in these subjects was
approximately 940 pg/s. This assumes adequate
mixing of blood by the time it reaches the right ven-
tricle and no appreciable metabolism of atrial
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Fig 1 Plasma concentrations of atrial natriuretic peptide in
samples from a peripheral vein (n = 6), superior vena cava
(n = 8), and heart (n =- 8) (*p < 005; **p < 0-01
compared with samplesfrom the superior vena cava).
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Fig 2 (a) Plasma concentrations of atrial natriuretic peptide in samplesfrom the superior vena cava and right atrium.
(b) Plasma concentrations of atrial natriuretic peptide in samples from the superior vena cava and right ventricle. irANP,
immunoreactive atrial natriuretic peptide.

mixing of blood by the time it reaches the right ven-
tricle and no appreciable metabolism of atrial
natriuretic peptide during blood transit between
these sampling sites. However, the mean net cardiac
secretion of atrial natriuretic peptide calculated from
the difference in mean plasma concentrations
between the superior vena cava and the left ventricle
(6-1 pg/ml (95% confidence interval 11 to
11 1 pg/ml) was less, approximately 500 pg/s.

Table 1 Cardiac catheter pressures in eight patients

Site Pressure (SE) mmHg

R atrial mean 1-5(1-1)
R ventricle systolic 25 0(1 8)
R ventricle diastolic 1-2(0 8)
Pulmonary artery systolic 22 0(0 8)
Pulmonary artery diastolic 71 (1 0)
Pulmonary artery mean 11 1(1 1)
Pulmonary capillary wedge 4 5(0 9)
L ventricle systolic 130-0(7 9)
L ventricle diastolic 5-6(1 2)
L ventricle end diastolic 4-2(0 6)
Aorta, systolic 120-6(6 5)
Aorta, diastolic 66-2(4-1)

CARDIAC PRESSURES
All subjects had normal right atrial mean pressure
(range -2 to 6mm Hg) as well as pulmonary capil-
lary wedge pressure (range 2 to 10mmHg) (table 1)
and none was hypertensive.

OTHER MEASUREMENTS
All subjects had normal renal and liver function.
Plasma renin activity and aldosterone concen-
trations were within the normal range (table 2).
Table 2 Analysis of bloodfrom the superior vena cava

Mean (SE)

Plasma:
Sodium (mmol/l) 136-5(2-5)
Potassium (mmol/l) 3-7 (01)
Urea (mmol/l) 5-9(0 6)
Creatinine (pmol/l) 91-4(10 2)
Calcium (mmol/l) 2-32(0 09)
Albumin (g/l) 416(1 0)

Haemoglobin (g/dl) 13 6(0 5)
Packed cell volume (°O) 0-40 (0-02)
Plasma renin activity (ng/ml/h) 1-26(0 65)
Aldosterone (pmol/l) 363-2(91-1)
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Angiography showed normal coronary artery
appearances in one patient, coronary artery disease
in six, and both coronary artery disease and aortic
stenosis in one patient.

Discussion

Our study shows that the concentration of plasma
atrial natriuretic peptide increases from the superior
vena cava into the right atrium and right ventricle
and clearly demonstrates that the heart secretes
atrial natriuretic peptide when cardiac pressures are
normal. Sugawara et al studied four subjects and
found a 3-10 fold increase in the concentration of
atrial natriuretic peptide in the coronary sinus com-
pared with that in peripheral venous blood.4 How-
ever, the majority of samples were assayed without
extraction. This is now known to give erroneously
high results because of interference from other sub-
stances in the plasma.7 When cardiac samples from
one individual were measured after an extraction
procedure no change was found in the plasma con-
centration of atrial natriuretic peptide from the infe-
rior vena cava to the right atrium or the right ven-
tricle and cardiac pressures were not reported.
Direct assay in this individual gave values that were
several fold greater than with the extraction pro-
cedure.4
More recent studies have used an extraction step

with either a radioimmunoassay3 5 6 or a radio-
receptor assay2 12 to study plasma concentrations of
atrial natriuretic peptide in subjects undergoing car-
diac catheterisation. These have included patients
with cardiac failure2 3 5 6 12 and with normal right
atrial pressures.2 6 12 Three of these studies exam-
ined correlations between concentrations of atrial
natriuretic peptide in the right atrium and other fac-
tors.2 3 12 The other two studies considered the
relation between concentrations of atrial natriuretic
peptide in the pulmonary artery and cardiac hae-
modynamic function as well as biochemical mea-
surements. But none of the above studies have
examined the changes in plasma concentrations of
atrial natriuretic peptide from the periphery across
the chambers of the heart within the same individ-
ual.

In our study, we considered in detail the changes
in plasma concentrations of atrial natriuretic peptide
in individual subjects with normal cardiac chamber
pressures. We found three of the eight subjects had
no increase in plasma atrial natriuretic peptide in the
right atrium compared with the superior vena cava,
but they did have an increase in the right ventricle.
In a further three subjects the rise from the superior
vena cava to the right atrium was greater than the
rise from the superior vena cava to the right ven-

tricle. The wide variability in changes in concen-
trations of atrial natriuretic peptide from the
superior vena cava to the right atrium in the eight
subjects is likely to be due to a combination of the
effects of the large contribution ofthe coronary sinus
to atrial natriuretic peptide secretion4-6 streaming
of blood in the right atrium,13 and within patient
variation in the positioning of the sampling catheter
in the atrium. The rise in the concentration of atrial
natriuretic peptide from the superior vena cava to
the right ventricle and the pulmonary artery was
very similar in all subjects; mixing of blood contain-
ing low concentrations of atrial natriuretic peptide
with that containing high concentrations is more
likely to have occurred by the time atrial blood has
reached these sites. Therefore, studies based on
sampling the right atrium 312 are unlikely to be
appropriate for determining the mechanisms of
secretion. They may suggest spurious correlations
and obscure important factors that determine the
release of atrial natriuretic peptide.

Studies of the release of atrial natriuretic peptide
from the heart should include sampling of the right
ventricle or pulmonary artery or both because this
will give a more accurate reflection of atrial secretion
than direct right atrial sampling. Although Richards
et al5 and Sato et a16 used this approach they gave no
evidence to support their contention that the pul-
monary artery is the more appropriate sampling site.
There are several possible explanations for the

lack of increase in plasma atrial natriuretic peptide
from the pulmonary artery to the left ventricle that
we found in this study. It may be that the left atrium
does not secrete atrial natriuretic peptide. This is
unlikely, because, although the concentration of
atrial natriuretic peptide in the left atrial muscle is
lower, the net amount of atrial natripretic peptide in
the left atrium is similar to that in the right because
the mass of the left atrium is greater than that of the
right. Inactivation of atrial natriuretic peptide in the
pulmonary circulation may possibly be important in
man; however, animal studies have failed to show
that metabolism of the lungs makes an appreciable
contribution to the metabolism of atrial natriuretic
peptide.'4 A more likely explanation is that the left
atrium secretes atrial natriuretic peptide into the left
atrial veins which drain into the coronary sinus and
then into the right atrium. The study by Ogawa et al
supports the idea that release of atrial natriuretic
peptide by the left atrium may, at least in cardiac
failure, contribute significantly to circulating con-
centrations because they found a significant cor-
relation between plasma concentrations of atrial
natriuretic peptide in a peripheral vein and pul-
monary capillary wedge pressure.'5 In our study, in
which patients did not have heart failure, at least as
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judged by the absence of clinical features and by
normal resting cardiac pressures, there was no
significant correlation between plasma concen-
trations of atrial natriuretic peptide in the heart and
right atrial pressure. However, the right ventricular
systolic pressure did correlate significantly with con-
centrations of atrial natriuretic peptide within all
cardiac chambers sampled. The relevance of these
findings is not clear and the numbers in our study
were too small to allow definite conclusions to be
drawn from such-correlations.

Calculation of the secretion rate of atrial
natriuretic peptide is based on several assumptions,
but our study shows it should be possible to calcu-
late approximate- secretion of atrial natriuretic
peptide across the heart, particularly when cardiac
output is measured simultaneously. Our findings
indicate that previous reports in which mechanisms
for the secretion of atrial natriuretic peptide by the
heart were postulated from correlations between
haemodynamic and physicochemical variables and
concentrations of atrial natriuretic peptide measured
in the right atrium should be re-evaluated and the
findings confirmed by sampling, at sites at which
mixing of blood is adequate.

DRJS is a British Heart Foundation Junior
Research Fellow. GAMacG is a Wellcome Senior
Lecturer.
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