


infants it would be helpful to correlate NT pro BNP and Troponin T with multiorgan

outcomes.

9.7 Future Research

9.7.1 Cardiovascular Follow up

Advances in Neonatal Intensive care continue to improve the survival and
short and long term outcomes of preterm infants. Neonatal cardiovascular research
tends to focus on the presence and treatment of a haemodynamically significant
patent ductus arteriosus (PDA) (Benitz 2010) and newer techniques to assess global
myocardial function such as tissue Doppler Imaging (Ciccone, et al 2011) without
looking at longer term cardiovascular outcomes.

Cardiovascular disease is the leading cause of death worldwide, (Muller-
Nordhorn, et al 2008) and systemic hypertension remains one of the major
cardiovascular risk factors. The Barker Hypothesis links low birth weight and growth
restriction in utero to adult cardiovascular disease (Barker and Osmond 1986). A
number of studies have linked high blood pressure in adulthood to extreme
prematurity, (Kistner, et al 2005) (Doyle, et al 2003). Johansson et al have observed
that systolic blood pressure increases progressively with decreasing gestational age
at birth (Johansson, et al 2005).

During the neonatal period the structure and function of the neonatal
cardiac myocyte and myocardium continue to mature (Louey and Thornburg
2005).This coupled with haemodynamic changes occurring during the transitional

period with increasing systemic vascular resistance and decreasing pulmonary
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vascular resistance are likely to have an overall effect on shape and function of the
left ventricle (Azancot, et al 1983). Preterm infants have decreased ventricular mass
compared to term infants, in the first weeks of life the ventricular muscle mass
grows thereafter ventricular mass remains constant throughout childhood (Kozak-
Barany, et a/ 2001). In animal models neonatal porcine hearts appear to be more
sensitive to global ischaemia than adult hearts, with neonatal hearts having a
significantly shorter time between the onset of ischaemia and myocardial damage
(Wittnich, et al 1987). Neonates who suffer a hypoxic ischaemic event may have
damage to the myocardium, making them more vulnerable to developing
cardiovascular disease in later life.

No studies to date have looked at long term cardiovascular function in
preterm infants with evidence of systolic and diastolic dysfunction, the assumption
being that the myocardium makes a full recovery. There is also paucity of data on
functional cardiac changes in the first few days of life.

Preterm infants are followed up with regards to their development over the
first few years of life. We suggest that preterm infants who have evidence of
myocardial dysfunction also be followed up throughout childhood. This would allow
evaluation of ventricular function not only in the preterm period but also in the
early childhood years. This could highlight those at risk for long term cardiovascular
disease, allowing counselling about the avoidance of cardiovascular risk factors.
However insufficient paediatric cardiology services may prevent cardiovascular

follow up.
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9.7.2 Vitamin D and cardiac function

In our study we have found that preterm infants have deficient Vitamin D
levels. They have decreased myocardial systolic and diastolic velocities compared to
term infants. This may suggest a relationship between Vitamin D levels and cardiac
function. A larger prospective study correlating TDI measures of systolic and
diastolic velocities with Vitamin D levels in preterm infants throughout their

inpatient stay and following discharge may be helpful.

9.7.3 Sepsis and cardiac function

Sepsis remains an important cause of mortality and morbidity in the
neonatal population with neonatal sepsis accounting for 45% of late deaths in the
neonatal intensive care unit (NICU) (Meadow, et al 2002). Little is known about the
cardiovascular response to sepsis in the neonate. However clinically they show
signs of circulatory compromise with pallor, tachycardia and hypotension (Luce, et
al 2007). Cardiac dysfunction may result from increased cardiac myocyte
production of Tumour necrosis factor (TNF), nitric oxide, and peroxynitrite, which
leads to further DNA damage and ATP depletion resulting in secondary energy
failure (Carcillo 2003). The underlying cause of death in neonates with sepsis is
likely multifactorial, however cardiovascular collapse is frequently observed.
Impaired systolic function is often identified as the major cause with the
contribution of diastolic dysfunction remaining unclear (Sturgess, et al 2010). We

have demonstrated that TDI may be a superior tool for assessment of myocardial
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systolic and diastolic velocities in preterm infants and therefore may be useful in

detecting early myocardial dysfunction allowing timely therapeutic intervention.

9.7.4 Stem cell research in Cardiovascular Disease in infants.

We have shown than TDI values in preterm infants in the first week of life,
increase significantly. By day 7 of life systolic and diastolic velocities are similar to
those of term infants. Similarly infants with Neonatal Encephalopathy have TDI
velocities that increase over the first week. This may indicate that initial cardiac
dysfunction resolves over the first few days of life. In adults stem cell therapy is
being explored as a treatment for patients with left ventricular dysfunction (Murry
and Keller 2008) (Chong, Nelson, et al 2009). Human umbilical cord blood stem
cells ( Human UCBSCs) provide a rich source of stem cells (Bizzarro, et a/ 2007)
(Prat-Vidal, et al 2007) with remarkably high levels noted in peripheral blood in
preterm term infants (Bizzarro, et al 2007). Apparent neonatal myocardial recovery
following severe hypoxia-ischaemia may be related to the large number of HUCBSC
naturally present. However there is a paucity of studies on long term cardiovascular

function in infants with neonatal encephalopathy.

9.7.5 Future Echocardiographic Training

We have demonstrated that the use of serial echocardiography in the NICU
may help to assess global myocardial function in conditions such as Neonatal
Encephalopathy. As well as establishing normative data TDI measures of systolic

and diastolic function in preterm infants in the first week of life may help to predict
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neonatal morbidities. To enable functional echocardiography to be integrated into
routine practice structured training needs to be undertaken in order to avoid
misdiagnosis. In Australia and New Zealand training and accreditation in functional
echocardiography has been developed with the Australasian Society for Clinician
Performed Ultrasound, resulting in the Certificate of Clinician Performed
Ultrasound (Neonatal). This involves 18-24 months of structured training with
mentoring by experienced neonatal echocardiographers/paediatric cardiologists
(Evans, et al). Training in this way allows expertise to be established in the field of
functional echocardiography. Guidelines now exist regarding the use of targeted
neonatal echocardiography in the NICU (Mertens, et al 2011) and hopefully in the
future this will lead to accurate assessment of cardiac function in preterm and term

infants.

9.8 Conclusion

In this project we have established normal data for tissue Doppler imaging
myocardial systolic and diastolic velocities in preterm infants. We have established
normal data for preterm infants and monitored myocardial function in this
population over the first week of life. We have demonstrated that myocardial
velocities in the first week of life can predict neonatal morbidities such as chronic
lung disease, necrotising enterocolitis and those infants who require PDA ligation.
Infants with evidence of Neonatal encephalopathy have significantly elevated
Troponin T levels on Day one of life and this is significantly associated with poor
outcome. The validation of a point of care bedside analyser for Troponin T in this

project will allow efficient results to be obtained which may guide medical
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treatment in these patients. We have highlighted the difficulties with new
techniques such as speckle tracking imaging in healthy term infants, and with the
development of improved software in the future, establishing normal data for
healthy newborns may be possible. In conclusion new and evolving
echocardiographic techniques for global myocardial assessment may be superior to

existing measures.
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