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ABSTRACT. An age-related dependence of plasma ANP
levels was studied in 163 healthy children (94 boys, 69
girls) between the ages of day 1 and 16 yr. In neonates
during the first 2-4 days of life, significantly higher plasma
ANP plasma levels (range 129-356 pg/ml, mean 227) were
found compared with older infants and children (p < 0.001).
Beyond the neonatal period through adolescence no signif
icant difference in ANP concentrations could be found
between the various age groups. Plasma ANP levels ranged
between 2 and 109 pg/ml (mean 47) for all age groups after
the newborn period. ANP levels were also determined in
15 adult volunteers and in arterial and venous cord blood
of 16 healthy newborns, and concentrations were similar
to those found in children. In addition, plasma ANP levels
were measured in 40 children with various cardiac diseases;
22 of 40 patients exhibited ANP levels above the upper
normal range seen in control children. Of these 22 patients
all except two children revealed clinical signs of heart
failure. In contrast 15 of 17 children without heart failure
showed plasma ANP levels within the range of control
children. ANP plasma levels ranged between 93 and 967
pg/ml (mean 284) in patients with heart failure and between
15 and 118 pg/ml (mean 57) in patients without heart
failure, respectively. Increased ANP levels in neonates and
cardiac patients may result from increased atrial distention
and reflect a compensatory mechanism to improve cardiac
function by reducing pre- and afterload. (Pediatr Res 20:
1328-1331,1986)

termed fJ- and 'Y-ANP, respectively) that are stored in specific
granules in atrial cardiocytes (2, 3). The bioactive peptide (1-28
amino acids) has been shown to be released from these granules
into the circulation and acts as a hormone on distant target
organs such as kidney and vascular smooth muscle (4, 5). The
sequence and genomic DNA of a-, fJ-, and 'Y-ANP has been
elucidated (6-9).

Recently, radioimmunoassay methods for the determination
of ANP concentrations in human plasma have been developed.
The first studies reported increased plasma ANP levels in adult
patients with heart failure (10, 11,21,24) or atrial tachycardia
(12-14), and in adult volunteers after volume loading (15),
compared with control subjects.

In children, however, few reports have been published. In
creased ANP concentrations were determined in children with
chronic renal failure, showing a positive correlation between the
degree of volume expansion and the level of plasma ANP (16).
In a short communication Lang and co-workers (17) reported
higher plasma ANP levels in children with cardiopulmonary
diseases versus control subjects.

The aim of our study was to look for an age dependent
relationship of plasma ANP levels in healthy children from the
perinatal period up to adolescence and to establish normal ranges
for comparison of ANP concentrations found in children suffer
ing from various cardiac diseases.

SUBJECTS AND MATERIALS

Increasing evidence is available that the recently discovered
peptide hormone, ANP, is involved in the regulation of water
and electrolyte balance in humans (1).

The human bioactive peptide (a-ANP) is derived from higher
molecular weight precursors (6,000 and 14,000 molecular weight,
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Abbreviation

ANP, atrial natriuretic peptide

Control population. Plasma ANP levels were determined in
163 control children (94 boys, 69 girls) from birth to 16 yr of
age.

In 16 healthy term newborns (eight boys, eight girls) umbilical
venous (n = 16) and arterial (n = 8) blood samples were taken
after spontaneous vaginal delivery after early clamping of the
cord. Birth weights varied between 2670 and 4440 g (mean 3510);
the Apgar scores I min after birth was between 8 and 10. In
addition, 15 newborns aged 2-4 days were studied. Their weights
ranged from 2510 to 4050 g (mean 3384 ). Venous blood was
taken from samples drawn to rule out hyperbilirubinemia. In
older children venous blood samples were collected before dis
charge from the hospital. These children were admitted for
uncomplicated pediatric diseases such as mild upper respiratory
tract infections, delayed puberty, obesity, motor and develop
mental disorders, social and behavioral problems, and neurolog
ical disorders such as facial nerve palsy and migraine. Children
suffering from cardiovascular diseases or from fluid and electro
lyte imbalances due to renal, gastrointestinal, and endocrine
disorders were excluded (31).
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Furthermore, plasma ANP levels were studied in 15 healthy
male volunteers aged 25-32 yr (mean 29.4 yr) and compared
with levels found in control children.

Children with cardiac diseases. Forty children between 3
months and 14.5 yr (mean 5.2 yr) were studied with various
cardiac diseases. Among these patients were four children with
cor pulmonale secondary to bronchopulmonary dysplasia,
Northway stage IV (18), three children with tricuspid atresia,
seven children with tetralogy of Fallot, five children with com
plete atrioventricular canal, seven children with ventricular septal
defect, six children with atrial septal defect (secundum type), and
eight children with heart failure due to other causes [congestive
cardiomyopathy (n = I), arteriovenous fistula (n = 1), patent
ductus arteriosus (n = I), endocardial fibroelastosis (n = 2),
coarctation of the aorta with patent ductus arteriosus (n = I),
transposition of the great arteries with patent ductus arteriosus
(n = 1), and transposition of the great arteries with tricuspid
insufficiency after Mustard repair (n = I)].

These diagnoses were established by cardiac catheterization (n

= 28) and two-dimensional echocardiography (n = 12); 23 of 40
patients exhibited clinical signs of cardiac failure such as in
creased heart and respiratory rates, hepatomegaly, failure to
thrive, and cardiomegaly on a plain chest radiograph. All patients
with heart failure were treated either with digitalis (n = 5) or
with both digitalis and furosemide (n = 17).

In all patients and control children, blood for the ANP assay
was taken during routine clinical blood sampling from peripheral
veins. All infants and children were on a normal salt and fluid
containing diet. Blood was collected between 0800 and 1000 h.
after normal feeding or breakfast, and all patients were supine
for at least 15 min. From all children consent was obtained by
their parents. The study was approved by the ethical committee,
Department of Pediatrics, University of Munich.

Methods. Blood samples were kept in chilled EDTA plastic
tubes until separation of plasma by centrifugation at 4°C; 1 ml
plasma was extracted by passing through C I8 octadecylsilane
cartridges according to the procedure described for rat plasma
(19).

The recovery of synthetic a-ANP was 70%. Radioimmuno
assay of ANP was performed using an antibody generated in
New Zealand White rabbits immunized with human a-ANP
coupled to bovine thyreoglobulin. The standard buffer was 0.1
M Tris buffer, pH 7.4, containing 0.1 % gelatin. 1251 human a

ANP was used as a tracer (Amersham Buchler, Braunschweig,
FRG), and synthetic human-a ANP (Bachem Ag, Bubendorf,
Switzerland) was used to construct standard curves. Incubation
was performed for 48 h at 4° C. Bound and free ligands were
separated by adding dextran-coated charcoal. By using this pro
cedure, the lowest concentration of human ANP was 1.8 pgj
tube, yielding a binding significantly different from that in the
absence of standard at the 95% confidence interval. The 50%
intercept was 55.7 pgjtube. The interassay variation was 14.5%
(n = 6), the intraassay variation 6.2% (n = 10). A complete cross
reaction was observed with rat atrial peptide (28 amino acids)
but not with rat atriopeptin III (Peninsula laboratories). Plasma
values were not corrected for recovery.

Analysis of variance was used to determine significant differ
ences between various age groups; p < 0.05 was considered
significant.

RESULTS

Healthy children. Figure 1 shows plasma ANP concentrations
in healthy children from birth to adolescence and in healthy
adult volunteers. In neonates during the first 2-4 days of life
ANP levels (range 129-356, mean 227 pgjml) were significantly
higher than levels found in infants through adolescents, adults,
and in umbilical arterial and venous blood (p < 0.001). In
addition, beyond the neonatal period in all other age groups
tested there was no significant variation in ANP levels. In these

age groups ANP levels were measured in a range between 2 and
109 pgjml (mean 47 ± 2 pg/ml SEM). There was no sex-related
dependence of ANP concentrations seen in the infants and
children studied (31).

Children with cardiac diseases. Figure 2 shows plasma ANP
levels in children with various forms of cardiac disease; 22 of 40
patients exhibited ANP levels above the upper limit of concen
trations found in control children; 20 of these 22 patients re
vealed clinical signs of heart failure; 17 of 40 children with
cardiac disease showed no signs of heart failure. In 15 of these
17 patients without heart failure plasma ANP levels were meas
ured within the range found in healthy individuals. In contrast,
three children with cardiac failure showed ANP levels within the
normal range. ANP plasma levels ranged between 93 and 967
pg/ml (mean 284) in patients with heart failure and between 15
and 118 pg/rnl (mean 57) in patients without heart failure.

DISCUSSION

In our study we attempted to establish a normal range of
plasma ANP concentrations in healthy children from the early
neonatal period up to adolescence. Our results clearly showed
ANP concentrations in neonates significantly higher during the
first 2-4 days of life than in older infants and children. To our
knowledge no other studies have been published on plasma ANP
levels in the human perinatal period.

The reason for the elevation of ANP plasma concentrations in
neonates during the first 2-4 days of life is unclear. We speculate
that these increased levels are due to the enormous changes
occurring in the circulation after birth. Pulmonary arterial pres
sure in healthy human infants is greater than in adults up until
2 wk of life, the major decline occurring in the first 2-3 days
after birth (20). In adult patients with congestive heart failure a
positive correlation was reported between pulmonary arterial
pressure and plasma ANP levels (21). Thus, the increased ANP
levels in newborn infants may correlate with elevated pulmonary
arterial pressure. Furthermore, left atrial pressure rises due to an
increase in pulmonary venous return and in systemic resistance
during the first days oflife (20). Since there is increasing evidence
that distension of right and left atrial wall may stimulate ANP
release, the elevated ANP levels in our neonates could reflect
changes in atrial pressure.

In newborn rats the ANP content of atrial extract, determined
by a bioassay, has been reported to be significantly lower than in
adult animals (22). However, circulating plasma ANP concentra
tions have not been determined by these investigators. It was
speculated from these results that the compromised ability of
newborn animals to excrete a sodium load is related to. a defi
ciency of ANP (22). In view of our results it seems more likely
that the reduced ANP content in atrial tissue during the neonatal
period is caused by an enhanced ANP release from atrial granules
into the circulation. This assumption is further. supported by
findings of De Bold (23), who demonstrated a diminished num
ber of atrial granules in rat experiments after fluid challenge.
Fluid challenge results in a marked increase of plasma ANP
concentration in rats (19) and humans (15).

Furthermore, we found that cord arterial and venous ANP
levels were similar in our newborns. One may conclude, there
fore, that human placenta does not significantly degrade or
remove ANP.

Beyond the neonatal period ANP plasma levels remained
constant between 2 and 109 pg/rnl (mean 47) with no apparent
dependence on either age or sex. Other authors have also reported
similar values in healthy adult volunteers. Studies done by
Shenker et al. (24) and Yamaji et at. (25) reported mean ANP
levels of 18.4 pmol/liter (56.6 pg/ml) and 34.8 pg/rnl, respec
tively, whereas Tikkanen et al. (10) reported lower (mean 10.0
pgjml) and Ogawa et al. (21) higher (mean 131 pgjml) plasma
ANP concentrations.
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Fig. I. Plasma ANP concentrations in healthy children from birth to adolescence and in healthy adult volunteers. In neonates aged 2-4 days,

ANP concentrations are significantly higher than in other age groups (p < 0.001).
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Fig. 2. Plasma ANP concentrations in children with various cardiac diseases (age 3 months and older). Broken line, upper range of control
children beyond the neonatal period. Cor Pul, cor pulmonale; TA, tricuspid atresia; TOF, tetralogy of fallot; AV, atrioventricular; VSD, ventricular
septal defect; ASD II, atrial septal defect (secundum type); PDA, patent ductus arteriosus botalli; TGA, transposition of great arteries; TI, tricuspid

insufficiency; AV-F, arteriovenous fistula; EFE, endocardial fibroelastosis; CoA coarctation of aorta; CMP congestive cardiomyopathy.

In most children we studied with heart failure, elevated ANP
levelswere demonstrated compared with levels found in control
children. Our results correlated with studies done in adults
suffering from congestive heart failure, who also showed in
creased ANP plasma concentrations (1O, II, 21, 24). In these

studies it is postulated that elevated levels of ANP are likely to
be secondary to increases in atrial pressure. In our patients with
cardiac diseases, hemodynamic parameters measured by cardiac
catheterization wereavailable only in a small number of children.
We cannot explain, therefore, why children with an enlarged
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right atrium due to an atrial septal defect showed ANP levels
within the normal range. Further studies are needed to elucidate
the possible influence of atrial pressure on circulating ANP levels.
Additionally, studies are necessary to investigate the effect of
drugs such as diuretics on ANP release in children.

It has been shown that intravenous injection of ANP in
humans results in a striking diuresis, natriuresis, and vasorelax
ation (10, 26, 27). Therefore, the observed high plasma ANP
levels in heart failure may reflect a compensatory mechanism to
reduce the pre- and afterload of the heart. However, fluid and
sodium retention is a common feature in heart failure even in
face of elevated ANP levels. The inability of high plasma ANP
concentrations to provoke natriuresis and diuresis in these pa
tients may be due to hemodynamic alterations such as decreased
renal perfusion with elevated renin secretion (24). Recently, it
has also been reported that the natriuretic response to ANP is
markedly attenuated in dogs with acute experimental heart fail
ure (28).

The cellular response to ANP may be diminished in patients
with heart failure. Simultaneous measurement of plasma ANP
and cyclic 3' -5' -guanosine monophosphate, which is thought to
be a mediator of the cellular effects of ANP (15, 27, 29), may
lead to a better understanding of ANP at the cellular level and
its effects on diuresis.
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