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Abstract

The purpose of this paper is to review the studies performed to evaluate 
the influence of perinatal environment on neonatal heart, detected by 
electrocardiography, echocardiography, and other imaging techniques. Prenatal 
conditions (such as intrauterine growth retardation and prematurity at birth) 
and some post-natal events (such as perinatal asphyxia and corticosteroids 
administration), may have early and late detrimental effects on the heart may 
predispose to a number of future cardiovascular adverse events. For example, 
subjects born preterm may be at potentially higher risk of developing malignant 
ventricular arrhythmias as well. Moreover, in individuals born with an extremely 
low birthweight atrial septal aneurysms are present in about one third of the 
subjects in the study. Thus, a long-life follow up is suggested in these subjects.
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Introduction

It is an undoubted finding that prenatal 
conditions such as intrauterine growth retardation 
and prematurity at birth may predispose to a number 
of future cardiovascular adverse events [1]. 

However, even some post-natal events, such 
as corticosteroids administration and perinatal 
asphyxia, may have early and late detrimental 
effects on the heart [2]. 

The purpose of this paper is to undertake a 
review about the studies conducted to assess the 
influence of the perinatal environment on the heart 
of newborns as it may be detected by means of 
electrocardiography, echocardiography, and other 
imaging techniques. 

Influence of environmental factors: cardio- 
vascular risk in preterm babies subjected to 
postnatal treatment with corticosteroids

In subjects born preterm the development of 
cardiac hypertrophy induced by corticosteroid 
administration is a well-known occurrence. 

Corticosteroid administration was aimed 
at preventing and treating bronchopulmonary 
dysplasia in preterm subjects. Up until the early 
1990s corticosteroids were widely used in 
neonatal intensive care units [3]. This practice was 
justified by the beneficial effects of corticosteroids 
in improving respiratory function, thus reducing 
the need for assisted mechanical ventilation and 
oxygen administration and resulting in a lower rate 
of perinatal mortality [4]. 

Taking into account the numerous side effects 
of corticosteroids, the American Academy 
of Pediatricians and the Canadian Society of 
Pediatrics have advised against using these drugs 
in the treatment of chronic lung disease in preterm 
babies, recommending that their administration 
is limited to extremely severe clinical situa- 
tions [5]. 

This treatment however is not devoid of side 
effects at a cardiac level, because it often produces 
cardiac hypertrophy which generally regresses on 
withdrawal of treatment [6-9]. 

In a small number of cases corticosteroids are 
responsible for the onset of both an obstruction 
of left ventricular efflux and heart failure. 
These hemodynamic alterations require cardiac 
intervention to reduce preload, pulmonary 
congestion and decrease in cardiac output [10, 11]. 

In view of the potential, rapid and significant 
changes in the thickness of the left ventricular walls 
and in left ventricular efflux, a follow up by means 
of echocardiography is recommended [12]. 

The potential side effects produced by long-term 
corticosteroid treatment are however more severe 
and disturbing. 

Recent studies have suggested that corti- 
costeroids may indeed inhibit of mitosis in 
cardiomyocytes, thus determining a decrease in the 
number of cardiac muscle cells in adulthood [13]. 
These changes appear to induce the onset of an early 
diastolic dysfunction secondary to the development 
of dilated cardiomyopathy [14]. 

The above may result in a reduced life expectancy, 
as observed in laboratory guinea pigs treated during 
the neonatal period with corticosteroids [13].

Electrocardiographic alterations and risk of 
arrhythmia 

Premature birth and retarded intrauterine 
growth are associated with the possible onset of 
supraventricular and ventricular arrhythmias.

In relation to supraventricular arrhythmias it has 
been recently demonstrated the association of low 
birthweight (in men) with an increased risk of onset 
of atrial fibrillation [15].

As pioneer in this field, our research group 
previously demonstrated that in subjects born 
with an extremely low birthweight the prevalence 
of atrial septal aneurysms – often associated with 
episodes atrial fibrillation – is approximately 30%, 
whilst prevalence of these events in the general 
population ranges from 0.2 to 3.2% [16, 17].

Other studies suggest that subjects born preterm 
may be at potentially higher risk of developing 
malignant ventricular arrhythmias as well.

The first observation in this field dates 
back several years, when a study reported how 
domperidone, a drug widely used in the past in the 
treatment of gastro-esophageal reflux in neonates, 
determined an increased prolongation of QT interval 
in preterm subjects [18].

Recently, a study conducted by Fouzas et al. 
immediately following delivery of neonates with 
retarded intrauterine growth, demonstrated how 
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dispersion of QT (QTd) – an electrocardiographic 
parameter that has proved to be of use in predicting 
the future onset of malignant ventricular arrhythmias 
– is increased in these subjects [19].

In another study, not only QTd, but also QTc were 
found to be at the upper limit of normal range. From 
a practical point of view, these findings underline a 
potential risk of developing ventricular arrhythmias 
when using drugs capable of prolonging QT interval 
[20, 21]. 

In addition, it has long been acknowledged 
that neonatal asphyxia, when complicated by 
the onset of myocardial ischemia, determines 
electrocardiographic alterations similar to those 
observed in angina pectoris and myocardial 
infarction (ST depression or elevation, T wave 
negativization, appearance of q waves) [22]. 

Cardiac enzymes and troponins

Neonatal asphyxia frequently results in myo- 
cardial ischemia [2]. In this case, cardiac enzymes and 
troponins display an increase similar to that observed 
in myocardial infarction in adults [22]. 

In the same way as adults, troponins administered 
to newborn infants also display a higher sensitivity 
in identifying even very small areas of myocardial 
necrosis compared to traditional cardiac enzymes [23].

To date however, the long-term clinical 
consequences of a form of ‘acute coronary 
syndrome’ or overt myocardial infarction in the 
newborn remain largely unknown. 

Cardiovascular imaging in preterm subjects

Infants born preterm, although clinically stable, 
at echocardiography present with alterations of 
diastolic function whilst systolic function is normal.

In particular, infants born preterm display an 
increased atrial contribution to ventricular filling, 
with the condition persisting over time [24].

However, with regard to the right ventricle, 
in clinically stable preterm infants there is an 
alteration of both systolic and diastolic function, 
likely as a consequence of the increased 
hemodynamic load of right ventricular segments 
during fetal circulation [25].

Morpho-functional cardiac alterations in preterm 
infants include increased wall thickness and 
ventricular diameter [26]. These alterations appear 
to persist beyond the perinatal period. 

In a previously published study, left ventricle 
changes have been evidenced in children born 
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preterm with fetal growth restriction, being the 
latter condition identified as the underlying trigger 
for this remodeling [27].

Furthermore, in a recent report it has been 
demonstrated that young adult subjects born 
preterm feature adverse structural alterations in 
their heart that may involve an increased risk of 
cardiac deficits. The study – conducted using 
cardiac magnetic resonance imaging – was the first 
of its kind to demonstrate that those born preterm 
had a significantly increased left ventricular mass, 
with greater prematurity associated with greater 
mass. Ejection fraction was preserved, but not the 
diastolic function [28].

As above stated, a pioneering study in the field 
was conducted by our research group by means of bi-
dimensional echocardiography, demonstrating that in 
individuals born with an extremely low birthweight 
atrial septal aneurysms are present in about one third 
of the subjects in the study. This finding is probably 
related with respiratory distress and patency of the 
ductus arteriosus. In view of the association between 
atrial septal aneurysm and atrial fibrillation/stroke 
in young adults devoid of other cerebrovascular risk 
factors, this unexpected observation suggests that all 
former preterm subjects should undergo transthoracic 
or transesophageal echocardiographic examination 
with the aim of detecting this potentially emboligenic 
cardiac abnormality [16].

Conclusions

The reported findings suggest that events 
related with perinatal life may influence both the 
morphology and function of the heart, as detected 
by facilities routinely performed in clinical practice 
in cardiology. Based on these premises, a long-life 
follow up is suggested in these subjects. 

Declaration of interest

The Authors declare that there is no conflict of interest.

References

1. Bassareo PP, Marras AR, Zedda AM, Cugusi L, Mercuro G. The 

reasons why cardiologists should consider prematurity at birth and 

intrauterine growth restriction among risk factors. J Cardiovasc 

Med (Hagerstown). 2015. [In press].

2. Mercuro G, Bassareo PP, Flore G, Fanos V, Dentamaro I, 

Scicchitano P, Laforgia N, Ciccone MM. Prematurity and low 

weight at birth as new conditions predisposing to an increased 

cardiovascular risk. Eur J Prev Cardiol. 2013;20:357-67.



4/4

Journal of Pediatric and Neonatal Individualized Medicine • vol. 4 • n. 2 • 2015www.jpnim.com Open Access

Mercuro • Bassareo

3. Truffert P, Empana J, Bréart G, Saugstad OD, Goelz 

R, Halliday HL, Anceschi M. Treatment strategies for 

bronchopulmonarydysplasia with postnatal corticosteroids in 

Europe: the Eurail survey. Acta Paediatr. 2003;92:948-51.

4. Goya M, Cespedes MC, Camba F, Capote S, Felipe A, 

Reixachs A, Medina D, Gorraiz V, Pin S, Halachian C, Gracia 

A, Perapoch J, Cabero L, Carreras E. Antenatal corticosteroids 

and perinatal outcomes in infants born at 23-25 weeks of 

gestation. J Matern Fetal Neonatal Med. 2014;25:1-6.

5. American Academy of Pediatrics, Canadian Paediatric Society: 

Postnatal corticosteroids to treat or prevent chronic lung 

disease in preterm infants. Pediatrics. 2002;109:330-8. 

6. Skelton R, Gill B, Parsons J. Cardiac effects of short course 

dexamethasone in preterm infants. Arch Dis Child Fetal 

Neonatal Ed. 1998;78:F133-7. 

7. Israel B, Sherman F, Guthrie R. Hypertrophic cardiomyopathy 

associated with dexamethasone therapy for chronic lung 

disease in preterm infants. Am J Perinatol. 1993;10:307-10. 

8. Werner J, Sicard R, Hansen T, Solomon E, Cowett RM, Oh W. 

Hypertrophic cardiomyopathy associated with dexamethasone 

therapy for bronchopulmonary dysphasia. J Pediatr. 1992;120: 

286-91. 

9. Bensky A, Kothadia J, Covitz W. Cardiac effects of 

dexamethasone in very low birth weight infants. Pediatrics. 

1996;97:818-21. 

10. Brand P, van Lingen RA, Brus F, Talsma MD, Elzenga NJ. 

Hypertrophic obstructive cardiomyopathy as a side effect of 

dexamethasone treatment for bronchopulmonary dysplasia. 

Acta Pediatr. 1993;82:614-7. 

11. Lilien L, Lilien R, Setrakian S. Hemopericardium and cardiac 

tamponade as presenting findings of dexamethasone-induced 

hypertrophic cardiomyopathy complicated by transmural 

myocardial infarction. Pediatr Cardiol. 2003;24:280-3. 

12. Nelson N, Nylander E. Neonatal ventricular hypertrophy 

without cardiac malformations: a retrospective evaluation of 

17 infants. Prenatal Neonatal Med. 2001;6:318-22. 

13. de Wries W, Bal M, Homoet-van der Kraak P, Kamphuis PJ, van 

der Leij FR, Baan J, Steendijk P, de Weger RA, van Bel F, van 

Oosterhout MF. Suppression of physiological cardiomyocite 

proliferation in the rat pup after neonatal glucocorticosteroid 

treatment. Basic Res Cardiol. 2006;101:36-42. 

14. Bal M, de Vries W, van Oosterhout M, Baan J, van der Wall 

EE, van Bel F, Steendijk P. Long-term cardiovascular effects 

of neonatal dexamethasone treatment: hemodynamic follow-

up by left ventricular pressure-volume loops in rats. J Appl 

Physiol. 2008;104:446-50. 

15. Larsson SC, Drca N, Jensen-Urstad M, Wolk A. Incidence of 

atrial fibrillation in relation to birth weight and preterm birth. 

Int J Cardiol. 2015;178:149-52.

16. Bassareo PP, Fanos V, Mercuro G. Letter by Bassareo 

regarding the article of Larrson et al. “Incidence of atrial 

fibrillation in relation to birth weight and preterm birth”. Int J 

Cardiol. 2015;182:222.

17. Bassareo PP, Fanos V, Puddu M, Cadeddu C, Cadeddu F, Saba 

L, Cugusi L, Mercuro G. High prevalence of interatrial septal 

aneurysm in young adults who were born preterm. J Matern 

Fetal Neonatal. 2014;27:1123-8.

18. Günlemez A, Babaoğlu A, Arisoy AE, Türker G, Gökalp 

AS. Effect of domperidone on the QTc interval in premature 

infants. J Perinatol. 2010;30:50-5.

19. Fouzas S, Karatza AA, Davlouros PA, Chrysis D, Alexopoulos 

D, Mantagos S, Dimitriou G. Heterogeneity of ventricular 

repolarization in newborns with intrauterine growth restriction. 

Early Hum Dev. 2014;90:857-62.

20. Bassareo PP, Fanos V, Puddu M, Cadeddu C, Balzarini M, 

Mercuro G. Significant QT interval prolongation and long QT 

in young adult ex-preterm newborns with extremely low birth 

weight. J Matern Fetal Neonatal Med. 2011;24:1115-8.

21. Bassareo PP, Fanos V, Mercuro G. Letter by Bassareo 

regarding the article of Fouzas et al. “Heterogeneity of 

ventricular repolarization in newborns with intrauterine growth 

restriction”. Early Hum Dev. 2015;91:87.

22. Barberi I, Calabrò MP, Cordaro S, Gitto E, Sottile A, 

Prudente D, Bertuccio G, Consolo S. Myocardial ischaemia 

in neonates with perinatal asphyxia. Electrocardiographic, 

echocardiographic and enzymatic correlations. Eur J Pediatr. 

1999;158:742-7.

23. Boo NY, Hafidz H, Nawawi HM, Cheah FC, Fadzil YJ, Abdul-

Aziz BB, Ismail Z. Comparison of serum cardiac troponin T 

and creatine kinase MB isoenzyme mass concentrations in 

asphyxiated term infants during the first 48 h of life. J Paediatr 

Child Health. 2005;41:331-7.

24. Omokhodion SI, Losekoot TG, Jaiyesimi F. Serum creatine 

kinase and creatine kinase-MB isoenzyme activities in 

perinatally asphyxiated newborns. Eur Heart J. 1991;12: 

980-4.

25. James AT, Corcoran JD, Jain A, McNamara PJ, Mertens L, 

Franklin O, El-Khuffash AF. Assessment of myocardial 

performance in preterm infants less than 29 weeks gestation 

during the transitional period. Early Hum Dev. 2014;90: 

829-35.

26. Ciccone MM, Scicchitano P, Zito A, Gesualdo M, Sassara M, 

Calderoni G, Di Mauro F, Ladisa G, Di Mauro A, Laforgia N. 

Different functional cardiac characteristics observed in term/

preterm neonates by echocardiography and tissue doppler 

imaging. Early Hum Dev. 2011;87:555-8.

27. Crispi F, Bijnens B, Figueras F, Bartrons J, Eixarch E, Le 

Noble F, Ahmed A, Gratacos E. Fetal growth restriction results 

in remodeled and less efficient hearts in children. Circulation. 

2010;121:2427-36.

28. Lewandowski AJ, Augustine D, Lamata P, Davis EF, Lazdam 

M, Francis J, McCormick K, Wilkinson AR, Singhal A, Lucas 

A, Smith NP, Neubauer S, Leeson P. Preterm heart in adult life: 

cardiovascular magnetic resonance reveals distinct differences 

in left ventricular mass, geometry and function. Circulation. 

2013;127:197-206.


	Abstract
	Keywords
	Corresponding author
	How to cite
	Introduction
	Influence of environmental factors: cardiovascular risk in preterm babies subjected to postnatal treatment with corticosteroids
	Electrocardiographic alterations and risk of arrhythmia 
	Cardiac enzymes and troponins
	Cardiovascular imaging in preterm subjects
	Conclusions
	Declaration of interest
	References

