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The other target of prenatal steroid therapy is for
myocarditis, which is the main aim of the current pre-
natal treatment. Maternal autoantibodies affect not only
the AV node, but also fetal myocardium and can cause
myocarditis.**** Transplacental administration of ste-
roids is thought to be effective for treating myocarditis,
and may improve cardiac function of the fetus. This
prenatal treatment of myocarditis is also thought
to prevent postnatal cardiac dysfunction, such as
endocardial fibroelastosis and late-onset dilated
cardiomyopathy.*

Early delivery and direct pacing of the ventricle is a
reasonable option when the fetal heart rate progres-
sively decreases and fetal hydrops starts to develop in
the fetal AV block, with or without CHD.? In cases
with reduced cardiac function due to myocarditis or
severe congestive heart failure, postnatal circulatory
management is very difficult, even after pacing. Hence,
delivery before the development of reduced cardiac
function is important. Nevertheless, too early delivery
adds the risk of prematurity to the poor outcome.
Further study is required to determine the optimal
management strategy.

Prevention of fetal AV block due to maternal
SS-A antibody

Steroid therapy to prevent the development of fetal AV
block has been one of the most important issues in
managing mothers with positive 55-A antibodies. One
of the problems of prevention is that most mothers
have not been diagnosed with autoimmune disease at
the onset of fetal AV block. ®##1%2 Another problem is
the relatively low (1-7.5%) incidence of fetuses devel-
oping AV block in mothers with positive 55-A anti-
body:*" As steroid therapy has possible adverse effects
for the fetus, preventive maternal steroid therapy for
all mothers with $8-A antibody may not be acceptable.
Preventive steroid therapy remains controversial, even
in high-risk cases in which there is a previous child
with AV block. The incidence of AV block in these cases
is approximately 15%.%"

Early detection of first-degree AV block and early
administration of steroids may be the most accepted of
the current methods. However, recent reports have
demonstrated the sudden onset of complete AV block
in fetuses without any sign of first- or second-degree
AV block, even with weekly fetal echocardiography.
High echogenesity of the atrial wall and more than
moderate tricuspid regurgitation are reported as other
early signs of the development of complete AV block.*
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Further study is required to find a better strategy for
preventing fetal AV black.

Conclusion

Perinatal management of fetal arrhythmia is important
to improve the outcome of affected fetus. Accurate pre-
natal diagnosis is crucial to the selection of the appro-
priate prenatal and postnatal treatments. However,
there are still many issues regarding the management
of both fetal tachycardia and bradycardia, and move
useful strategies must be investigated. Perinatal man-
agement based on prospective clinical study protocol,
rather than on individual conditions is crucial for
further improvement of the outcome of affected
fetuses,
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Aim: Antenatal stress, maturation and other foetal conditions affect the postnatal cardiovascular
function. Atrial- (ANP) and brain-type natriuretic peptide (BNP) play important roles in regulating
extracellular fiuid volume and blood pressure, which may surrogate the foetal cardiovascular condition.
The aim of this study was to investigate the dependence of serum ANP and BNP at birth on antenatal
variables in high-risk infants.

Methods: Plasma ANP and BNP levels in the umbilical cord blood were compared with antenatal
clinical information in 280 infants.

Results: High levels of ANP and BNP were assodated with multiple pregnancy, antenatal magnesium
sulphate and foetal distress. Caesarean section (CS) was paradoxically associated with low ANP and
high BNP; low ANP was related with CS before labour whereas high BNP was related with CS after the
commencement of fabour. High BNP levels further correlated with younger gestational age and
intrauteral growth restriction. With regard to shortterm postnatal variables, high BNP levels were

associated with low Apgar scores and respiratory failure whereas high ANP only correlated with the

latter.

Conclusion: High natriuretic peptide levels were associated with prematurity at birth, uteral contraction and
antenatal stress: cord blood ANP and BNP may be a useful surrogate marker for hidden antenatal stress.

INTRODUCTION

Cardiovascular condition of the newborn infant is highly
unstable during the transitional period from the foetal
environment. Failure in adaptation may lead to serious con-
sequences such as periventricular leukomalacia, intraven-
tricular haemorrhage and necrotizing enterocolitis (1-3).
Using antenatal markers that reflect the foetal condition,
treatments may be applied before the systemic derangement
becomes significant and irreversible. Hormonal surges of
vasopressin, thyroid stimulating hormone, cortisol and cat-
echolamine during the transitional period are considered to
be relevant, which give tolerance against antenatal stress
(4). The level of these hormones may be useful to surrogate
the antenatal stress on specific organs.

Atrial natriuretic peptide (ANP) and brain-type natriuretic
peptide (BNP) are cardiac peptides with a wide range of bio-
logical effects. ANP and BNP regulate extracellular fluid
volume and blood pressure by inducing natriuresis and vaso-
dilatation, and also by counteracting the renin-angiotensin-
aldosterone system (5). These peptides, especially BNP, have
already been of wide clinical use as a myocardial stress mar-
ker in patients with cardiomyopathy, ischaemic heart dis-
ease and other critical conditions (6). Increasing evidence
suggests the association between the levels of serum ANP
and BNP in the newborn infant and clinical conditions (7),

however, most previous studies have been based on a limited
number of subjects, and reported relationships have been
inconsistent (8-10). The aim of this study was to investigate
the dependence of serum ANP and BNP at birth on the ante-
natal maturation, growth, stress and other important clinical
variables using a large number of infants cared at a tertiary
neonatal intensive care unit.

PATIENTS AND METHODS
This study was conducted under the approval of the local
ethical committee at Kurume University School of Medicine
with the written informed consent acquired from the
parents of the patients.

Of infants born at a tertiary perinatal centre (Maternal and
Neonatal Center, Kurume University School of Medicine,
Kurume, Fukuoka, Japan) between January 2004 and June
2005, 280 newborn infants who required intensive care and
admitted to the neonatal intensive care unit (gestational age:
35.0 (24.8 to 41.1) weeks; birth weight: 2202 (475 to 4168) g,
mean (range)) were enrolled into the study. Plasma ANP and
BNP levels were measured using enzyme immunoassays of
the umbilical venous blood sample (11). The blood sample
was collected from the umbilical vein immediately after
birth, into two sample tubes for ANP (trasylol) and BNP
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(ethylene diamine tetra-acetic acid). The blood sample was
promptly ice-cooled and centrifuged, and the plasma part
was then preserved at ~40°C for up to 48 h until the assay.
The assay for ANP and BNP was unavailable in 10 and 14
infants, respectively, either because the informed consent
form was not obtained in time or because of the insufficient
amount of blood sample. Subsequently, the quantification of
plasma ANP and BNP levels were available in 270 and 266
infants, respectively.

Plasma levels of ANP and BNP were then compared with
the clinical information of the infant. Antenatal variables
collected from the patient’s record included the birth weight,
gestational age, gender, multiple pregnancy, chorioam-
nionitis (histologically confirmed), maternal diabetes
mellitus (DM), pregnancy-induced hypertension syndrome
(systolic blood pressure >140 mmHg and/or diastolic pres-
sure >90 mmHg), intrauterine growth restriction (IUGR,
less than 2 standard deviation [SD] of average for gesta-
tional age), caesarean section (CS), premature rupture of
the membrane, foetal distress (variable or late deceleration
on cardiotocography), foetal arrhythmia other than distress,
congenital heart disease and antenatal administrations of
steroids, ritodrine hydrochloride and/or magnesium sul-
phate. Natriuretic peptide levels were also compared with
short-term postnatal variables of Apgar scores (1 and 5
min), cord blood pH and base excess (venous or arterial)
and respiratory failure that required oxygen and/or
mechanical ventilation.

Statistical analysis

The data with a skewed distribution were normalized using
dilogarithms for the further statistical analysis. Relation-
ships between natriuretic peptides and antenatal clinical
information were first investigated using univariate models
(Pearson’s product-moment coefficient or Spearman’s rank
correlation coefficient). Factors that showed significant
correlations (p < 0.05) with ANP and/or BNP were further
tested using multivariate models with the stepwise exclusion
of nonsignificant factors. For comparisons with postnatal
variables, only univariate analyses were used.

RESULTS

Values are presented as mean (SD) unless otherwise stated.
Plasma ANP and BNP showed a skewed distribution and
were normalized using the log-log transformation (see on-
line Figs. S1-S4 for the distribution of raw, single-log- and
log-log-transformed ANP and BNP data).

Univariate analyses for antenatal variables

ANP and BNP linearly correlated between each other
(p < 0.0001, Fig. 1). ANP showed positive correlations with
multiple pregnancy, maternal DM, foetal distress, CS (all
p < 0.05) and antenatal magnesium sulphate (p < 0.005)
(Table 1, see Fig. 2A for comparison with gestational age).
Plasma BNP was correlated with birth weight, gestational
age, multiple pregnancy, CS, antenatal ritodrine hydrochlo-
ride and/or magnesium sulphate, foetal distress (all

Kanbe et al,

£l

2 =,

S ]

% !

‘ m : o

: ct el . r? =0.285
: . P <0.0001
H 1 I ] 1 ]
10 50 100 200 500 1000

ANP (pg/ml)

Figuré 1 Relationship between atrial natriuretic peptide (ANP) and brain-type
natriuretic peptide (BNP). Plasa ANP showed a significant positive correlation
with BNP.

Table "1 Relationships between natriuretic peptides and  antenatal
backgrounds: univariate analyses o

Independent variables n vs, ANP vs. BNP
pvalue rvalue pvalue rvalue

Gestational age (weeks) NA 0217 -0075 0.600 -0382
Birth weight (g) NA 0231 -0073 0.000 -0.366
Gender (male) 132 0.091 -0.103 0063 -0.114
Multiple pregnancy 65 0.022 0139 0.000 0293
Caesarean section

Alf 155 0.010 -0.157 0.000 0.293

Before labour 45 0011 -0.154 0479 0044

After labour 110 0473 -0.044 0.000 0.267
Intrauteral growth restriction 77 0602 0032 0002 0.193
Maternal diabetes 38 0.036 -0.128 0.601 -0.194
Pregnancy-induced hypertension 36 0,193 0079 0.110 0.098
Choricamnionitis 12 0323 0060 0.012 0.154
Premature rupture of membrane 65  0.816 0014 0844 0012
Antenatal medication

Steroid 35 0353 0057 0095 0.103

Ritodrine hydrochloride 120 0589 0032 0.000 0278

Magnesium sulphate 67 0.003 0.181 0.000 0314
Congenital heart disease 12 0667 0026 0026 0.137
Foetal arhythmia 8 0392 0052 0572 0.000
Foetal distress 31 0.042 0.124 0.000 0.176

P-values are not corected for multiple comparisons.

p < 0.001), IUGR, maternal DM (both p < 0.005), chorio-
amnionitis and congenital heart disease (both p < 0.05)
(Table 1, see Fig. 2B for comparison with gestational age).
ANP and BNP for 12 infants with congenital heart disease
(gestational age, 36.0 (2.5) weeks; birth weight, 2264 (759) g;
ventricular septal defect, 6; atrial septal defect, 1; double out-
let right ventricle, 2; single ventricle, 1; aortic valve stenosis,
1; and coarctation of the aorta, 1; categorized into most rep-
resentative diagnosis) were 119 (202.5) and 67.0 (41.9)
pg/mL, respectively, which was relatively higher compared
with the average values for infants with similar gestational
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Figure 2 Gestational age at birth and plasma atrial natriuretic peptide (ANP) and brain-type natriuretic peptide (BNP). The higher gestational age was related with
lower BNP but not ANP. See online Table S1 for the relationship between birth weight and plasma ANP and BNP.

age and birth weight (see online Table S1 for reference val-
ues of ANP and BNP for each gestational week and birth
weight range). Of these, cardiomegaly was observed in three
infants at birth presumably due to insufficiency of the aortic
or mitral valve (gestational age, 36.4 (3.6) weeks; birth
weight, 2246 (845) g). Although antenatal cardiac stress was
suspicious, ANP and BNP for these infants were similar to
infants with other congenital heart diseases (102.7 (121.3)
and 74.4 (40.6) pg/mL, respectively).

Table 2 Relationships between natriuretic peptldes and antenatal back-
grounds: final models for ANP and BNP

Panel A. Final model for ANP

Parameter estimate 95% Cl p-value
Lower  Upper
Intercept 0.298 0252 0344 0.000
Multiple pregnancy 0.042 0.013 0252 0.005
Caesarean section (all) -0.058 -0.083 -0.033 0.000
Antenatal magnesium sulphate 0,045 0017 0.073 0.003
Foetal distress 0.058 0021 0095 0.002
Panel B. Final model for BNP Parameter estimate 95% Cf p-value
Lower  Upper
Intercept 0.587 0450 0723 0.000
Gestational age (weeks) -0.006 -0.011 -0.002 0.003
Multiple pregnancy 0.051 0021 0.080 0.001
Caesarean section (all) 0.035 0010 0.060 0.005
Intrauteral growth restriction 0.037 0009 0064 0008
Antenatal magnesium sulphate  0.043 0012 0073 0.006
Foetal distress 0.082 0043 0.122 0000

P-values are corrected for multiple comparisons using Bonferroni's adjustrent.

©2009 The Author(s)/Journal Corpilation ©2009 Foundation Acta Peediatrica/Acta Peediatrica 2009 88, pp. 14211425

Multivariate analysis for antenatal variables

Because of strong linear correlation between the body
weight and gestational age, only the latter, which showed
stronger correlation with BNP, was considered in the multi-
variate model. Antenatal magnesium sulphate, foetal distress
(both p < 0.005) and multiple pregnancy (p < 0.01) were all
recognized as independent factors related with high ANP
whereas foetal distress (<0.001), younger gestational age,
multiple pregnancy (both p < 0.005), antenatal magnesium
sulphate and intrauteral growth restriction (both p < 0.01)
were associated with high BNP (Table 2). CS was paradoxi-
cally associated with low ANP (p < 0.001) and high BNP
(p < 0.01).

To further investigate the pivotal role of CS on ANP and
BNP, an additional subgroup analysis was performed
incorporating the timing of CS, that is CS before or after the
commencement of spontaneous labour. Low ANP levels
were related only with CS before labour (p < 0.05) whereas
high BNP was exclusively associated with CS after the
commencement of labour (p < 0.001).

Univariate analysis for short-term postnatal variables
High BNP levels were associated with low Apgar scores at 1
and 5 min and requirement for respiratory support (all
p < 0.001) whereas high ANP only correlated with the latter
(p = 0.010).

DISCUSSION

Relationships between the cord blood natriuretic peptides
and perinatal factors have been previously reported (8,9),
however, some results were inconsistent or even conflicting
presumably due to the limited population size and limited
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statistical power (8-10). Using a larger study population
with a wide range of gestational stages, we have demon-
strated tight relationships between the maturation of the
infant, antenatal stress and plasma BNP. Cord blood naturi-
uretic peptides may help identify the infant with latent foe-
tal stress who may require special observation and care.

MNatriuretic peptides and clinical variables

Supportive treatments for the early transition from the foe-
tal condition is crucial to prevent the progress of cardiac,
respiratory and renal compromise in high-risk infants
(1,12). Because of the marked variation in the clinical back-
ground between infants, the precise evaluation of the
infant’s condition is essential to provide the optimal treat-
ment. However, markers for adaptation failure currently
available at cot side (e.g. blood pressure, heart rate, echocar-
diography) usually become diagnostic only after the condi-
tion of the infant has advanced to be critical and difficult to
handle (1). Objective markers are required to identify
stressed infants who may experience a problem later.

In the adult patient, ANP and BNP are accepted as useful
indices of the myocardial stress and the subsequent out-
come following a spectrum of cardiac diseases (6,13). Fur-
ther, clinical studies of intravenous BNP administration to
treat cardiac failure are underway (14). In the newborn
infant, several studies demonstrated that ANP and BNP
increase immediately after birth followed by a gradual
decrease (15). High blood N-terminal pro-BNP was also
reported following foetal heart rate abnormalities (8) and
maternal type-1 DM (16) presumably as the consequence of
foetal stress and myocardial dysfunction.

As the surge in these peptides is likely to be a relevant re-
action for adaptation, we hypothesized that ANP and BNP
may alter even before birth in response to both physiological
and pathological events. In this study, several antenatal fac-
tors were identified as independent contributors to regulate
ANP and BNP. A study with serial blood sampling at the sec-
ond trimester and at birth suggested a higher N-terminal
pro-BNP level in the first blood sample (9). Our study con-
firmed a strong dependence of BNP on the gestational age:
the shorter the infant’s gestational period was, the higher
BNP was. Both acute and chronic stressors such as foetal
distress and TUGR were associated with high ANP and/or
BNP levels. Multiple pregnancy was also associated with ele-
vated ANP and BNP, which may represent chronic stress as
well as the increased risk for preterm birth. We identified 22
monochorionic diamniotic twins and 3 monochorionic
triamniotic triplets in our study population, which included
10 discordant twins (body weight difference >25%) and 4
infants with twin-to-twin syndrome; natriuretic peptide lev-
els did not differ between potential donors and recipients
(data not shown). However, given the limited number of sub-
jects, future studies have to address the levels of ANP and
BNP in infants with antenatal cardiac stress such as hydrops,
twin-to-twin syndrome and severe foetal anaemia.

The pivotal role of CS is enigmatic at a glance. However,
when the timing of CS was considered, low ANP was asso-
ciated only with CS before the commencement of

Kanbe et al.

spontaneous labour whereas high BNP was associated with
CS with the spontaneous labour, suggesting that high natri-
uretic peptide levels are related with the presence of uteral
contraction. This hypothesis is supported by our finding that
antenatal magnesium sulphate administration was associ-
ated with increased levels of both ANP and BNP even when
the result was adjusted for other factors that represented
prematurity and antenatal stress.

In summary, our results suggest that natriuretic peptide
secretion is regulated according to the maturity of infants,
antenatal stress and uteral contraction, presumably giving
the tolerance to both physiological and pathological stress.
However, caution is required because a conflicting finding
was previously reported by Fortunato and colleagues, which
showed that infants born by elective CS had significantly
higher N-terminal pro-BNP values compared to vaginally
delivered infants, however, this trend was not observed fol-
lowing the CS after the commencement of labour (9). Fur-
ther studies are required to confirm the impact of CS with
different cofactors.

Limitations of the study

Although we were able to analyse a large number of infants,
our population did not include the normal healthy infants
who did not require the intensive care. Also, we were unable
to correlate the blood ANP and BNP levels at birth with the
outcome at this moment. Further studies correlating the
natriuretic peptide levels to the short- and long-term out-
come is currently underway.

We did not use N-terminal pro-BNP, which is recently
accepted as a more stable and reliable alternative to BNP
itself (17). Although we accept that N-terminal pro-BNP
would be more suitable for clinical practice, the relationship
between these peptides is very tight between each other,
and hence, the findings derived from properly measured
BNP should not be undermined.

CLINICAL IMPLICATIONS AND CONCLUSIONS

The plasma ANP and BNP measurement at birth is nonin-
vasive and readily available. ANP and BNP may potentially
provide a unique and important marker to surrogate the
latent antenatal stress. A high natriuretic peptide level at
birth may represent prematurity, uteral contraction and
antenatal stress, which may later lead to the cardiovascular
and/or respiratory dysfunction. BNP generally showed
stronger correlation with antenatal factors compared with
ANP. However, the combined use of two peptides may
allow us to weigh the influence of the gestational matura-
tion, because ANP is less affected by the maturational sta-
tus. Purther studies relating the peptide values with
postnatal outcome are urgently required.
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