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Plasma concentration of atrial natriuretic peptide
in spontaneous atrioventricular re-entrant
tachycardias of childhood
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Abstract
Plasma atrial natriuretic peptide was
measured in 13 children between the
ages of 1 week and 2 years 9 months
during atrioventricular re-entrant
tachycardia and 15 minutes after the
restoration of sinus rhythm. There was a
significant decline in atrial natriuretic
peptide during sinus rhythm. Plasma
concentrations of the peptide were sig-
nificantly higher during tachycardia in
seven infants under 1 year than in the six
older children. The heart rates and the
duration of tachycardia were not sig-
nificantly different in the two age
groups. Cardiac failure was present in
five of seven children under 18 weeks of
age during tachycardia but in none ofthe
older children. The plasma concentra-
tion of atrial natriuretic peptide did not
significantly correlate with duration of
tachycardia or heart rate. If tachycardia
occurs in young infants the low func-
tional reserve capacity of the developing
heart leads to cardiac failure more
frequently and it is likely that this was
the cause of the significantly higher
plasma concentration of atrial natri-
uretic peptide in the younger children.
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Atrial natriuretic peptide, a 28 amino acid
peptide, is released from the atria in response
to distension."2 Plasma concentrations of atrial
natriuretic peptide were increased during
.supraventricular3-5 and ventricular36 tachy-
cardia in adults, probably because of increased
atrial tension.78 The increased plasma concen-

tration during tachycardia caused diuresis and
natriuresis by increasing the glomerular filtra-
tion rate and decreasing aldosterone
secretion.8 We are not aware of any studies on

plasma atrial natriuretic peptide during
tachycardias in children. The physiological
response of the developing heart to
tachycardia differs from that of adults9 1' and
cardiac failure is a more common accompani-
ment.11 We tested the hypothesis that atrial
natriuretic peptide release in response to
tachycardia in infants also differed from that
in older children by measuring plasma con-
centration during tachycardia and 15 minutes
after restoration of sinus rhythm in 13
patients (age range 1 week to 2 years
9 months). We hoped to define further which
factors were the most important in causing
release of the peptide during tachycardia.

Data on patients

Heart
rate in Dose of
tachycardia Duration of adenosine

Case Age (beats/min) tachycardia (mg/kg)

I I wk 280 6h 0-1
2 2 wk 300 24 h 0-2
3 2wk 300 8h 0-25
4 7wk 250 5 days 0 3
5 8 wk 290 24 h 0-2
6 16 wk 300 2 days 0-3
7 17 wk 240 i h 0-3
8 12mnth 240 2 h 0 3
9 13 mnth 260 10 min 0-1
10 20 mnth 280 6 h 0-15
I1 24mnth 300 12 h 0-15
12 28 mnth 270 3 h 0-1
13 33 mnth 270 4 h 0-1

Patients and methods
PATIENTS
The table shows data on the patients. Patients
2 to 6 were in heart failure when blood
samples were taken. Patient 9 had undergone
Mustard's repair for transposition of the great
arteries. Patient 12 had Fallot's tetralogy but
had not undergone surgery. The other
patients all had normal intracardiac anatomy.
All patients presented with atrioventricular
re-entrant tachycardias.

METHODS
In young infants the onset of tachycardia was
taken as the time when the child was first
noted to be unwell with breathlessness and
poor feeding. In older children it was taken
from the time of complaint of feeling unwell.
In the postoperative patient the tachycardia
was noted while the patient was being moni-
tored in the intensive care unit. In all patients
echocardiography was performed to assess
intracardiac anatomy. The presence of
hepatomegaly or a raised jugular venous pres-
sure was taken to indicate cardiac failure.
Each patient was examined by two clinicians.
Blood pressure and respiratory rate were
measured during tachycardia and after res-
toration of sinus rhythm. The heart rate was
calculated from the RR interval on the
electrocardiogram.
The blood samples (1 ml) were taken dur-

ing tachycardia when the peripheral venous
line was placed. A further blood sample (1 ml)
was taken from the line (after removal of an
adequate dead space) 15 minutes after the
restoration of sinus rhythm. In view of the age
of the patients, sampling was restricted to
these occasions. The samples were collected
into tubes containing ethylenediamine-
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tetraacetic acid at 1 mg/ml and aprotinin at
1000 kallikrein inactivator units/ml. They
were placed on ice and immediately centri-
fuged. The plasma was withdrawn and frozen
at -70C.

Atrial natriuretic peptide was extracted
from 0 5 ml of plasma using a C8 reverse phase
cartridge (Amersham, UK) according to the
method developed by Amersham. Mean (SD)
recovery of "25I-peptide added to plasma was
87 (3)% (n = 10). Atrial natriuretic peptide
concentrations were by radioimmunoassay
with a combination of rabbit antiserum gen-
erated against human 1-28 atrial natriuretic
peptide (Peninsula Laboratories, St Helens)
and "'5I-labelled human atrial natriuretic pep-
tide (2000 Ci/mmol, Amersham, UK) as the
tracer.'2 To cope with the small sample
volumes available from paediatric patients,
plasma extracts were reconstituted in 0-25 ml
of assay buffer and assayed in triplicate by a
low volume disequilibrated assay: 50 p1 of
antibody was incubated with 50 p1 of standard
(0 5-50 pg/tube) or extract for 24 hours at
4'C. Tracer peptide was then added
(approximately 6000 cpm) and the mixture
incubated for a further 24 hours at 4'C. Free
and bound tracer were separated by the addi-
tion of 100 p1 of a 1:20 dilution of donkey
antirabbit antiserum containing 0 5% normal
rabbit serum (Guildhay Ltd, Guildford) foll-
owed by an overnight incubation at 4°C. After
centrifugation for 45 minutes at 4°C and 3000
g, the precipitate was counted on a twin-head
gamma counter (LKB, Finland). Assay buffer
comprised 0-05 mol/l tris-HCl pH 7-6, con-
taining 0 3% (W/V) bovine serum albumin
(RIA grade, Sigma, UK) and 0 1% Triton X-
100 (Sigma, UK). Standard curves were con-
structed in assay buffer from a stock of the
international standard for human atrial
natriuretic peptide (code 85/669, NIBSC,
London). The antiserum was used at 1:5 of
the dilution recommended by Peninsula. This
produced an overall assay sensitivity of 1 pg/
tube (determined as the peptide concentration
giving a 10% decrease in binding) and intra
and inter assay variations of 10% (n = 10)
and 19% (n = 21) respectively. Related
samples from the same patient were always
included in the same extraction run and assay.
We used non-parametric tests for statistical

analysis. A Wilcoxon paired analysis was per-
formed to determine whether there was a
significant decline in atrial natriuretic peptide
after restoration of sinus rhythm. A Mann-
Whitney test was used to compare plasma
concentrations during tachycardia in young
infants with those in older children and to
compare the heart rates and duration of
tachycardia in these two groups. Spearman's
rank correlation coefficient was used to assess
the relation between plasma atrial natriuretic
peptide during tachycardia and the age of the
patient, duration of tachycardia, and heart
rate. The correlation between the plasma con-
centration and the dose of adenosine given to
patients was calculated similarly. Ethical
approval was obtained from our hospital
ethics committee.
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Figure I Changes in plasma atrial natriuretic peptide
(ANP) 15 minutes after restoration of sinus rhythm in
13 children with spontaneous tachycardia.

Results
Adenosine was given in incrementally in-
creasing doses of 0-05 mg/kg from 0 05 mg/kg
to 0-3 mg/kg to all patients. Patients 4, 6, and 7
did not respond to adenosine despite maximal
dosages of 0 3 mg/kg. In these patients tachy-
cardia was terminated with flecainide. After
intravenous flecainide and despite restoration
of sinus rhythm patient 5 became hypertensive,
poorly perfused, and the cardiac failure
worsened (as assessed by hepatomegaly).

Figure 1 shows the plasma concentrations of
atrial natriuretic peptide for each patient both
during tachycardia and after restoration of
sinus rhythm. The decline in plasma concen-
tration after the end of tachycardia was sig-
nificant (p < 0 02). There was no significant
correlation between plasma atrial natriuretic
peptide during tachycardia and the duration of
tachycardia. There was a weak positive correla-
tion between heart rate and plasma concentra-
tion (0-29) and a weak negative correlation
between age and plasma concentration
(-0 38); neither correlation was significant.
When considered as a group, however, the
children under 1 year of age had significantly
higher plasma concentrations of atrial
natriuretic peptide than the older children
(p < 0 02, 9620o confidence interval from 154
to 1839 pg/ml). Figure 2 shows the plasma
concentrations of atrial natriuretic peptide dur-
ing tachycardia plotted against age. There was
no significant difference between either the
heart rates or the duration of tachycardia of the
two age groups. Blood pressure and respiratory
rate did not change significantly after restora-
tion of sinus rhythm.
There was a positive correlation between the
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Figure 2 Distribution of 10000
plasma atrial natriuretic
peptide (ANP) during
tachycardia with age in 13
children.
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dose of adenosine used to terminate atrio-
ventricular re-entrant tachycardia and plasma
atrial natriuretic peptide during the tachy-
cardia (r = 0 57). The correlation coefficient
was increased (r = 0-58) and was significant at
the 500 level when the three patients (4, 6, and
7) who were unresponsive to the maximum
dose (0-3 mg/kg) of adenosine were included.

Discussion
The findings in our study accorded with the
results in adults in whom there was a significant
and rapid decline of plasma atrial natriuretic
peptide after restoration of sinus rhythm.4 In
addition, we showed that the absolute plasma
concentrations during tachycardia were sig-
nificantly greater in infants than in older chil-
dren. Why is there a difference between the two
groups? One factor may be the duration of
tachycardia. Early detection ofan arrhythmia is
difficult in the very young patient and the
longer duration of tachycardia may lead to
continued release of atrial natriuretic peptide.
We do not believe this to be the case because
our younger patients did not have a sig-
nificantly longer period of tachycardia than the
older children. This seems to support animal
work that showed a decline in plasma concen-
trations of the peptide during sustained rapid
cardiac pacing.'3

Others suggested that the high tachycardia
rate may be a factor in the increased release of
the peptide.'4 While it is true that the atrio-
ventricular node is capable of faster conduction
in infancy,'5 we found no significant difference
between tachycardia rates in infancy and early
childhood.
A possible explanation for the significantly

higher concentrations in our younger patients
is that they have greater stores of atrial
natriuretic peptide. Plasma concentrations are
high in healthy newborn infants and they
decrease during the first week of life.'6 We
found no significant correlation between
plasma concentration and age per se, however;
and only when the infants were considered

as a group did they have significantly higher
concentrations than the older children.
The young infant often presents in cardiac

failure as a result of tachycardia." Five of the
seven infants in our study were in heart failure
at presentation, but none of the older children
was. The plasma concentration of atrial
natriuretic peptide increased in adult patients
with congestive cardiac failure and the plasma
concentration seemed to be directly related to
right atrial pressure.'7 8 The effect of heart
failure on plasma concentrations of atrial
natriuretic peptide was further illustrated by
our findings in one infant in whom cardio-
vascular collapse and worsening cardiac failure
occurred after intravenous flecainide, probably
because of the negative inotropic effect of the
drug.'9 In this patient, plasma atrial natriuretic
peptide increased despite restoration of sinus
rhythm. We believe that the increased
incidence of heart failure in the infants we
studied was the likely cause of their raised
plasma concentrations of atrial natriuretic
peptide.
At our hospital, adenosine is used to treat re-

entrant tachycardia in children.20 We found the
dose given correlated significantly with the
plasma concentration of the peptide. This may
merely represent the finding that the children
with the highest concentrations of the peptide
are those with the more severe cardiac failure
and therefore with the greatest sympathetic
drive to their atrioventricular node. Alter-
natively, there may be a direct interaction
between adenosine and atrial natriuretic
peptide. Further studies are needed to clarify
this.
The changes we have shown in plasma atrial

natriuretic peptide define the pattern of release
in childhood tachycardias and reflect the
differing response of the infant heart to dis-
turbances of rhythm. Atrial natriuretic peptide
is beginning to be used as a therapeutic agent in
adults.2' 22 Before it is used in children, a
clearer understanding of the pathophysiology
is essential.

We thank Action Research for the Crippled Child and BAT Ltd
for grant support.
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