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Table 1
Cardiac biomarkers in patients with congenital heart defects: Umbilical cord vs. peripheral
newborn blood.

Peripheral blood Cord blood p
n = 12 n = 32

Clinical characteristics
Gender
(female/male)

5/7 9/23 0.390

Gestational age
(median weeks)

39 (36–39) 38 (37–39) 0.885
Congenital heart defects
Brain natriuretic peptide
Cardiac injury biomarkers
Troponin I
Creatine kinase-MB
Myoglobin
Birth weight (g) 3242.5
(2895.0–3580.5)

3040.0
(2575.0–3290.0)

0.159

Apgar score
1 min 9 (8–9) 8 (8–9) 0.547
5 min 10 (8–10) 9 (9–10) 0.747

Mode of delivery
Eutocic 5 12 0.853
Vacuum

extraction
2 8

C-section 4 10
CHD
RVPO 3 9

0.098
LVPO 4 5
TGA 2 6
L–R shunt 0 10
Ebstein 3 2

Biomarkers Median (P25–P75) Median (P25–P75)
BNP (pg/mL) 86.2 (59.9–960.8) 29.6 (14.9–60.2) 0.001*
CK-MB (ng/mL) 8.2 (4.7–14.7) 3.6 (2.9–4.7) 0.002*
Troponin I (ng/mL) 0.04 (0.01–0.06) 0.01 (0.01–0.01) 0.001*
Cardiac biomarkers are needed to better plan the treatment and
follow-up of patients with Congenital Heart Defects (CHD). However,
there are no current guidelines for their routine use in children [1].
There is evidence that umbilical cord blood can beused for early detection
of neonatal cardiovascular disease [2]. BNP was evaluated by Mannarino
et al. in the umbilical cord blood samples of healthy newborns [3]. Refer-
ence values for myoglobin, creatine kinase-MB (CK-MB), and troponins T
and I in healthy newborns have been published [4] The aim of this study
was to compare cardiac biomarker levels in umbilical cord and newborn
peripheral venous blood of newborns with CHD.

Newborns with prenatal diagnosis of CHD admitted at the Neona-
tal Intensive Care Unit of Hospital São João, Porto, Portugal, between
August 2012 and March 2015 were included. Parents of all partici-
pants provided written informed consent prior to inclusion. The
Cardiology, São João Hospital,
l.

.

study protocol conforms to the ethical guidelines of the Declaration
of Helsinki as reflected in a priori approval by the Hospital Ethics
Myoglobin (ng/mL) 104.7 (61.7–154.5) 43.8 (32.9–55.6) b0.001*

CHD, congenital heart defects, RVPO, right ventricle pressure overload; LVPO, left ventricle
pressure overload; Ebstein, Ebstein disease; TGA, transposition of great arteries; L–R
shunt, left-to-right shunts; *p b 0.05.
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Cardiac biomarkers were measured in the cord blood obtained im-
mediately after birth and peripheral venous blood collected 12 h after
birth. Plasma BNP, troponin I, myoglobin and CK-MB were measured
by way of chemiluminescent immunoassays using an Architect
i2000® automated analyzer (Abbott®, Lisbon, Portugal). Echocardio-
gram at 12 h of life was also performed and the prenatal diagnosis of
CHD was confirmed in all cases.

Continuous variables were presented as medians (percentile 25–
percentile 75) and compared using theMann–Whitney U test. The soft-
ware SPSS version 22 (IBM, Armonk, NY®) was used for statistical anal-
ysis. A p-value b0.05 was considered statistically significant.

Cord blood and peripheral blood groupswere similar regarding gen-
der, gestational age, birth weight, Apgar at minute 1 score, type of CHD
and mode of birth (Table 1). The cardiac biomarkers were significantly
higher in the peripheral venous blood from newborns with CHD than
in the cord blood sample. Median (P25–P75) BNP levels in the newborn
peripheral venous blood vs. cord blood were 86.2 (59.9–960.8) vs.
29.6 pg/mL (14.9–60.2), p = 0.001; CK-MB 8.2 (4.7–14.7) vs. 3.6 (2.9–
4.7), p = 0.002; troponin I 0.04 (0.01–0.06) vs. 0.01 (0.01–0.01), p =
0.001 and myoglobin 104.7 (61.7–154.5) vs. 43.8 (32.9–55.6),
p b 0.001, respectively (Fig. 1).

The cardiac biomarkers were significantly higher in the peripheral
venous blood from newborns with CHD than in the cord blood samples.
The cord blood has the advantage of being non-invasive, however it re-
flects only fetal hemodynamics. Cardiac biomarkers measured in the
newborn peripheral blood may reflect the impact of the hemodynamic
Fig. 1. Cardiac biomarkers in the umbilical cord and in the per
changes that occur in the transition from fetal to post-natal circulation.
In the course of the first four days dramatic circulatory changes occur
with the transition to the neonatal life, such as the ductus closure, the
decrease in pulmonary vascular resistance and the increase in systemic
vascular resistance [5], that may have an impact on hemodynamics and
cardiac biomarkers.

Cardiac injury biomarkers are very sensitive markers for the detec-
tion of myocardial injury and have been studied in healthy newborns,
respiratory distress syndrome and asphyxia. Cardiac injury biomarkers
also have been evaluated in the umbilical cord of fetuses with cardiac
defects with no significant differences from normal [4].

The reference levels for natriuretic peptide levels in children differ
according to age [6,7]. Plasma BNP concentrations are highest during
the first four days of life, possibly due to the stress of the birth process
and possibly due to adaptation of the newborn to postnatal circulation.
Significantly higher BNP concentrations were reported on day 3 than in
umbilical cord blood and day 30, while no significant difference resulted
between umbilical cord blood and day 30 [3]. The perinatal circulatory
changes lead to an increase in left ventricular volume and pressure
load, causing remodeling of the cardiomyocytes [8]. This may stimulate
BNP synthesis and secretion in the ventricle and result in the rise in
plasma BNP concentrations shortly after birth, while in healthy new-
borns, after a peak of BNP levels in the first days of life, a progressive de-
crease was found, in patients with CHD, after an initial increase in the
first four days of life, BNP levels tend to stabilize to high values in the fol-
lowing days through all the first months of life or at least up to surgical
ipheral blood of newborns with congenital heart defects.
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correction/palliation [8]. The BNP prognostic accuracy may reflect the
patient's degree of clinical compensation rather than its prediction of
impaired ventricular contractility [9]. As a marker of circulatory com-
pensation, BNP may have valuable adjunctive clinical utility in new-
borns, among whom signs of heart failure may not be recognized until
overt decompensation occurs, allowing timely treatment and transfer-
ring the neonate to an appropriate tertiary centerwith neonatal–pediat-
ric cardiology facilities [10].

Although the cord blood has the advantage of being non-invasive
when compared with the newborn blood, cardiac biomarker levels in
CHD seem to be time-dependent. Higher values in the newborn periph-
eral blood may reflect the impact of the hemodynamic changes that
occur in the transition from fetal to post-natal circulation. This work
highlights the importance of a careful interpretation of plasmatic levels
of cardiac biomarkers obtained in a unique time-point. A better ap-
proach might be an overtime analysis of several cardiac biomarkers to
predict hemodynamic decompensation.
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