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General introduction 
The neonatologist often is faced with clinical hemodynamic dilemmas that are 
challenging to interpret and manage due to a lack of basic hemodynamic 
physiologic information. In most neonatal intensive care units, cardiovascular 
function is monitored only by continuous heart rate, invasive blood pressure 
monitoring, and poorly validated clinical signs such as capillary refill time. Although 
these parameters give important information, they provide only indirect and 
frequently limited insight into the complexities of cardiac function, changes in 
peripheral and pulmonary vascular resistance, intra- and extra cardiac shunting, 
and transitional circulation of the neonate. Doppler ultrasound measurements can 
offer a clearer understanding of the pathophysiology underlying these clinical 
presentations and help to guide logical treatment choices.1,2 

The most common studied and used parameters to help understand neonatal 
hemodynamics are left ventricular output (LVO), right ventricular output (RVO), and 
flow in the superior vena cava (SVC flow). These central blood flow (CBF) 
parameters, combined with assessment of ductal shunting and shunting over the 
foramen ovale will provide information on global cardiac function and distribution of 
blood flow between the pulmonary and systemic circulation.3,4 

There are a number of recent advances in understanding neonatal hemodynamics: 
 
- There is only a very weak relationship between blood pressure and blood flow in 
newborn infants.3,4 

- Many infants in the neonatal intensive care show a hypoperfusion reperfusion 
cycle in the first 24 hours of life, with 20-30% of this population showing very low 
blood flow at some point during this cycle.3,4  
- Risk factors for developing low blood flow are gestational age, mechanical 
ventilation and a large ductus arteriosus.5,6 

- Very low central blood flows are associated with impaired neurodevelopmental 
outcome.7 
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Still, several areas of neonatal hemodynamics have not been explored. The 
interaction between mechanical ventilation and central blood flows in newborn 
infants is poorly understood.8 Also, data about central blood flow in preterm infants 
outside the transitional phase with or without neonatal complications is limited.9 

 
Outline of this thesis 
The general aim of this thesis is to evaluate Doppler derived central blood flow 
measurements in newborn infants under different but common clinical scenario’s, 
and try to improve our understanding of neonatal hemodynamics. 
Chapter 1 provides a general overview of the methodology, accuracy and 
agreement for Doppler derived central blood flow parameters. Chapter 2 will review 
the literature and describe the current position of functional echocardiography, 
which includes CBF measurements, as a tool for the clinician. This chapter will also 
explore the logistics of implementing a functional echocardiography training 
program. 
The following two chapters are dedicated to cardiopulmonary interactions in 
newborn infants. Previous studies have shown that higher mean airway pressure is 
a determinant of low central blood flow. It is not known whether this is a direct effect 
of positive pressure ventilation on reducing systemic venous return, as suggested 
by animal studies, or a reflection of severity of lung disease. In Chapter 3 we 
explore the effect of a small increase in end expiratory pressure on RVO, SVC flow 
and ductal shunting in a cohort of ventilated newborns. In Chapter 4 the same 
central blood flow parameters are investigated during a lung recruitment manoeuvre 
during high frequency ventilation with a much larger increase in mean airway 
pressure. 
In Chapters 5 and 6 we investigate preterm infants outside the transitional phase. In 
Chapter 5 we selected clinically stable preterm infants and measured all CBF 
parameters at day 7 and day 14 to be able to provide a normal range for this age 
group. Chapter 6 investigates central blood flows in preterm infants with 
hemodynamically significant sepsis, a common cause for mortality in this age group. 
Chapter 7 evaluates ultrasound parameters used to categorise ductal shunting. For 
ductal assessment, ductal diameter is suggested to be the best indicator for ductal 
shunting. We quantified all ductal scans requested for predefined clinical signs and 
determined associations between the clinical signs, other commonly used 
ultrasound parameters to assess ductal shunting and ductal diameter. 
All findings are summarized in Chapter 8 and conclusions are presented with 
suggestions for clinical implementations and future research. 
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