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CHAPTER 2 

FUNCTIONAL ECHOCARDIOGRAPHY; 
FROM PHYSIOLOGY TO TREATMENT  
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ABSTRACT 
 
Functional echocardiography (fECHO) is the bedside use of ultrasound to 
longitudinally assess myocardial function, systemic and pulmonary blood flow, and 
intra and extracardiac shunts. This review will focus on fECHO as a tool for the 
clinician to assess the hemodynamic condition of sick neonates and describe 
situations where fECHO can help determine a pathophysiological choice for 
cardiovascular support. The very low birth weight infant with hypotension during the 
first 24 hours of life, assessment and monitoring of the ductus arteriosus, 
assessment and response to treatment of infants with pulmonary hypertension, the 
infant with perinatal asphyxia and the infant with sepsis and cardiovascular 
compromise are reviewed. A discussion of interdisciplinary politics and suggestions 
for logistics and training programs are presented with the aim of achieving a 24 
hours a day fECHO service run by bedside clinicians.
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Introduction: 
Functional echocardiography (fECHO) is the bedside use of ultrasound to 
longitudinally assess myocardial function, systemic and pulmonary blood flow, and 
intra and extracardiac shunts. It can provide detailed real time information 
concerning physiology and hemodynamics leading to rapid identification of the 
mechanics of circulatory failure in critically ill patients, thus allowing targeting of 
therapy.1 

fECHO is an integral component of point of care ultrasound, or clinician performed 
ultrasound (CPU), where ultrasound is used by clinicians at the bedside to obtain 
focused information on any organ of the body, to examine if interventions are 
performed correctly (eg. line or tube placement) and assess the effect of treatments. 
CPU is increasingly used in many intensive care or emergency care settings, both 
adult and pediatric, and training services and accreditation programs are becoming 
more widely available.2-5 

fECHO is different from echocardiography performed by a pediatric cardiologist, 
where the main focus is to provide a consultative, cross-sectional, high-end opinion 
regarding structural heart disease and assessment of function at the time of the 
measurement.2 fECHO evolved from the need for longitudinal or more continuous 
monitoring of the hemodynamic condition of critically ill patients. In many neonatal 
intensive care (NICU) settings it is not feasible to have a cardiologist available 24 
hours a day to provide this information when needed. Additionally, the functional 
information required by the neonatologist for clinical management is not always 
provided by the pediatric cardiologist.  
This review will focus on fECHO as a tool for the clinician to assess the 
hemodynamic condition of sick neonates, describe situations where fECHO can 
help determine a pathophysiological choice for cardiovascular support, and what is 
needed to achieve a 24 hours a day fECHO service run by bedside clinicians. 
  
In what clinical situations can fECHO be used? 
In the neonatal intensive care there are several clinical situations where additional 
information gathered with fECHO could assist in clinical management. In this paper 
we will discuss the following situations: 
 
1. The very low birth weight infant (VLBW) with hypotension during the first 24 hours 
of life 
2. Assessment and monitoring of the ductus arteriosus 
3. Assessment and response to treatment of infants with pulmonary hypertension 
4. The infant with perinatal asphyxia 
5. The infant with sepsis and cardiovascular compromise  
 
The very low birth weight infant with hypotension during the first 24 hours of life 
The commonest situation involving cardiovascular compromise is the VLBW infant 
with hypotension during the first 24 hours of life. This infant may appear poorly 
perfused or be pink with apparent normal perfusion on clinical examination. The 
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differing clinical signs are explained by the state of peripheral resistance and the 
cardiac output. The critical clinical questions raised here are if hypotension 
(however defined) has a detrimental effect on end organ perfusion, what conditions 
contribute to the hypotension and whether hypotension in the setting of a normal 
cardiac output is acceptable. Literature regarding the effects of hypotension on end 
organ perfusion is inconclusive; even in cases of apparently well perfused infants 
selected on blood pressure and clinical judgement.6-8 The reason for not reaching 
consistent conclusions in these studies (where only blood pressure was considered) 
is likely to be explained by the underlying physiology. Perfusion is dependent on 
both a pressure gradient and on vascular resistance. The relationship is described 
by Poiseuille’s law where pressure equals flow times resistance. This law of physics 
explains why blood pressure is poorly correlated to blood flow or clinical parameters 
like capillary refill, and why blood pressure alone can not adequately describe the 
hemodynamic changes that occur during the complex transition from fetus to 
newborn.9 Normal physiology describes the transition from fetus to newborn as the 
transition from a low resistance placental circulation to a high resistance systemic 
circulation, combined with a decrease in pulmonary vascular resistance and closure 
of the fetal pulmonary to systemic shunts.10 To understand the actual hemodynamic 
condition of a VLBW infant with hypotension, a clinician needs information about 
blood flow to estimate vascular resistance. Furthermore, the clinician also needs 
information about the presence and size of systemic to pulmonary shunts.  
Systemic blood flow can be estimated with fECHO using measures of upper body 
systemic blood flow unaffected by cardiac shunts, such as flow in the superior vena 
cava (SVC flow), or with minimally confounded measures of systemic blood flow like 
right ventricular output (RVO).  Left ventricular output (LVO) is less informative 
during transition due to the presence of substantial left-to-right shunting over a 
ductus arteriosus (DA). Similarly RVO is affected by shunting through the PFO, 
which is however less important than the effect of ductal shunting on the LVO. With 
estimates of systemic blood flow one can more effectively treat hypotension and/or 
low blood flow using common cardiovascular medications according to their known 
effect on contractility and vascular resistance.  Low systemic blood flow with 
hypotension suggests a high systemic vascular resistance, and this situation might 
benefit most from increased contractility and afterload reduction with eg. 
Dobutamine or Milrinone. With normal blood flow, dopamine can be used to 
increase the afterload and increase blood pressure. 
Although no studies have explored the absolute threshold of low systemic blood 
flow and whether treatment improves outcome (similar to the situation with 
hypotension), an SVC flow less than 30 ml/kg/min at 5 hours of age and less than 
45 ml/kg/min thereafter or a ventricular output (RVO or LVO) less than 150 
ml/kg/min is associated with increased morbidity and mortality.11,12 In addition to not 
knowing the threshold for treatment, the response to treatment is not always what 
we expect. Cohort studies investigating the effect of volume and cardiovascular 
medications on blood pressure and blood flow have shown that a proportion of 
VLBW infants fail to improve or maintain improvement with treatment.12-16 
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Accordingly, further hemodynamic monitoring is essential to determine treatment 
effect in the VLBW infant with hypotension and/or low systemic blood flow. 
The presence of a large unconstricted DA can contribute to early hypotension in 
VLBW infants. fECHO can easily determine DA size, although attention must be 
given to measure at the narrowest point using reproducible methodology. A DA 
diameter > 1.5 mm is associated with retrograde or absent postductal aortic 
diastolic flow17, and if a large DA is combined with insufficient left ventricular 
compensation it can lead to decreased lower body perfusion.18 In VLBW infants with 
hypotension in the first 24 hours of life, a large duct with major left-to-right shunting 
should be considered for early medical closure.19,20 

 
Assessment and monitoring of the ductus arteriosus 
Assessment of the ductus arteriosus (DA) has been performed using 
echocardiography since the introduction of ultrasound in the late seventies. Despite 
many years of research, controversy still surrounds the role of the DA in adverse 
outcomes and the best method and appropriate timing of treatment. There is strong 
disagreement on the definition of a hemodynamically significant ductus arteriosus 
(HSDA), hence its management varies accordingly across regions and even within 
NICU’s.21,22 There are currently 3 practice variations; prophylactic treatment (within 
12 hours after birth), early targeted treatment (at 6-72 hours after birth) or treatment 
when clinical signs associated with a DA appears. 
Prophylactic treatment does not need (early) fECHO diagnosis, as all infants at risk 
for developing a HSDA will receive treatment soon after birth. The systematic 
review evaluating this treatment regime showed a reduction in symptomatic DA’s 
(RR 0.44; 95%CI 0.38-0.50) and echo-diagnosed DA’s during admission (RR 
0.29;95%CI 0.22-0.38), with no difference in long term neurodevelopmental 
outcome.23 This was despite the finding that infants who received prophylactic 
indomethacin had a lower incidence of intraventricular haemorrhage. As all other 
NICU treatment was the same, it seems that infants who were unnecessarily 
exposed to indomethacin (ie. have the tendency to close their duct spontaneously) 
probably do not benefit from indomethacin treatment or may even suffer adverse 
effect. With the prophylactic approach, overtreatment is estimated to be 
approximately 40% of the patients.   
Early targeted treatment will give the opportunity to select patients based on fECHO 
parameters of non-constriction, which predicts to some extent the likelihood of a 
persisting DA requiring treatment.24 Ductal diameter, flow pattern or flow velocity in 
the duct, turbulence in the mean pulmonary artery, reverse flow in the descending 
Aorta and LA/Ao ratio are the amongst the most used parameters. So far, 3 
randomised trials performed in the eighties and 1 recent multicentre trial have not 
shown any short term benefit besides increased ductal closure from this 
approach.25,26 The Australian DETECT study is currently investigating this strategy 
with primary outcome combined death and abnormal cranial ultrasound.72 

Treatment when clinical signs are evident has the advantage of avoiding 
overtreatment of VLBW infants who are able to spontaneously constrict their duct, 
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but it has several disadvantages. Studies show that the classical signs of a DA, a 
murmur and wide pulses, appear late in the clinical course of a persisting DA.27 
Significant steal from the lower body circulation via a large DA might take place 
before signs appear, therefore missing the opportunity to prevent morbidity. 
Although widely practiced, the clinical approach has not been subjected to any 
randomised trial against placebo. Also, no studies have investigated the degree of 
association of clinical signs like early hypotension, metabolic acidosis or well-
defined respiratory deterioration with fECHO measurements of a HSDA (eg. DA > 
1.5 or 2.0 mm). 
Surgical ligation of the DA has been studied within all 3 strategies and also as a first 
line treatment. Literature suggests that any surgical ligation is associated with 
impaired neuro-developmental outcome, but it is not clear if surgical closure is a 
cause or just a marker of poor developmental outcome.28,29 

Of the 26 randomized trials included in all Cochrane systematic reviews on 
pharmacological treatment, only the more recent studies used serial fECHO as 
entry point to establish if rescue treatment was needed. Most studies used a 
murmur and wide pulses as entry point for further fECHO evaluation. Besides 
contra-indications for NSAIDS, most studied did not provide pre-defined criteria for 
surgical ligation. As rescue treatment and surgical ligation were the amongst the 
study endpoints in most trials, results will be biased as scans and treatment were 
done at the clinicians discretion. 
It is clear we need more research, not only on the best timing of treatment but also 
regarding the definition of a HSDA, defining clinical parameters associated with a 
large DA, and with randomization selectively based on well defined clinical and 
ultrasound parameters. A pragmatic approach would be to collect as much 
information as we can on the duct with fECHO and quantify the DA into small, 
moderate and large. We can assess characteristics of the DA like diameter and 
transductal flow, look at the hemodynamic effects of the DA on the pulmonary 
circulation and on the systemic circulation. Suggestions for fECHO quantification 
are proposed in the literature30,31, although the parameters are not validated against 
clinical signs or outcome. McNamara designed a clinical and fECHO triaging system 
for case prioritisation of referral patients infants send to a level 4 children’s hospital 
for ductal ligation.32 Such a system could be designed for level 3 NICU’s as well, 
with pre-defined thresholds for pharmacological treatment. Long term outcome data 
of these cohorts will hopefully point towards future directions for randomised 
controlled trials. 
 
Assessment and response to treatment of infants with pulmonary hypertension 
Persistent pulmonary hypertension of the newborn (PPHN) is usually defined as a 
failure of normal pulmonary vascular relaxation at or shortly after birth.33 With the 
fetal channels still open, right-to-left shunting can take place during systole or 
throughout the whole cardiac cycle, depending on the pulmonary to systemic 
pressure ratio. PPHN has a wide variety of aetiologies varying from reversible 
(transient) pulmonary disease to irreversible structural abnormalities of the lung. 
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The term pulmonary hypertension (PH) is used to describe increased pulmonary 
pressure according to age. PPHN and PH are used throughout the literature, but 
PPHN usually describes the combination of PH and clinical or fECHO signs of 
extrapulmonary shunting in newborn infants. PH may be suspected clinically in an 
infant with high oxygen requirements, but can also be present in infants with no 
extra oxygen requirements, as PH alone does not necessarily cause hypoxemia. 
Clinically, a substantial difference in pre (right arm) and post ductal (lower limb) 
oxygenation saturations is suggestive of PPHN.  
Shortly after birth, PPHN and PH can be diagnosed and classified with fECHO 
using the open ductus arteriosus to determine the amount and severity of the right-
to-left shunt. The time of right-to-left ductal shunting can be measured in the ductal 
flow pattern and expressed as a percentage of the total duration of the cardiac 
cycle. Doppler measurements have been validated using cardiac catheterisation, 
and a right-to-left ductal shunt percentage of more than 30% of the cardiac cycle is 
considered significant pulmonary hypertension.34 It is important to realise that 
doppler measurements of ductal flow velocity reflect the pulmonary to systemic 
pressure ratio, and that systemic hypotension can influence the results. Assessment 
of volumetric shunting (measuring the actual volume crossing the duct) is only 
possible if there is laminar flow.35 

Pulmonary pressures can be estimated from the peak velocity of the tricuspid 
incompetence jet using the modified Bernoulli equation (pulmonary systolic 
pressure = right atrial pressure + 4 x peak velocity2), but its use is only validated in 
the absence of an unrestricted duct.36 Most reports show that tricuspid 
incompetence can be measured in approximately 2/3 of cases. Several other 
parameters can be used to estimate pulmonary pressures, like time to peak 
ejection/right ventricular ejection time ratio, presence of pulmonary incompetence, 
direction of ventricular septal wall motion and foramen ovale shunt direction.37,38 
Ventricular dysfunction (left and right) and low cardiac output can be a common 
finding in infants with PPHN and may also affect the interpretation of some of these 
measures. Poor ventricular function is associated with mortality and has been used 
to guide further treatment.39-41 

Interpreting fECHO in PPHN can be difficult due to its complexity, and findings will 
vary with time and instituted treatments. Myocardial dysfunction is mostly secondary 
to the continuous increase in RV afterload, although many newborns with PPHN 
also sustained some degree of perinatal asphyxia or have persistent metabolic 
acidosis and hypoxemia. The ductus can provide a variable degree of off-loading for 
the right ventricle, but will close in the first few days after birth in most term infants. 
Shunting across the foramen ovale will influence left or right atrial filling, and 
ventricular interdependence will affect end-diastolic volume distribution between the 
left and right ventricle. 
In a group of unselected term infants with high oxygen requirements followed with 
fECHO, Evans et al. found that the oxygen requirement is not always due to 
extrapulmonary right-to-left shunting of blood across the duct or foramen ovale, and 
that there is often a significant component of intrapulmonary shunting causing 
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ventilation-perfusion mismatch.40 Therefore the management of PPHN also requires 
addressing the respiratory support required, including mode of ventilation and 
specific settings. Management requires optimal lung inflation, preferably with high 
frequency oscillatory ventilation, surfactant therapy, in some clinical situations 
accepting preductal saturations as low as 80-85% in the absence of metabolic 
acidosis and rising lactate, and normalisation of paCO2 to prevent pulmonary 
vasoconstriction. Some of these aims differ from standard clinical aims in PPHN 
and it is only by understanding the underlying cardiovascular physiology that the 
optimal therapeutic aims for an individual baby can be understood.  Sedation is 
often commenced as supportive therapy, but routine muscle paralysis is not 
recommended.42 Both of these interventions can significantly change the 
haemodynamic balance in a critically unwell infant.   
For cardiovascular support, the emphasis is on reducing the pulmonary pressures 
with vasodilator therapy and optimising the systemic pressure. There is no evidence 
that increasing the blood pressure to suprasystemic levels is beneficial, except 
possibly in the setting of a normal systemic pressure, very high pulmonary pressure 
and right to left shunting at ductal level, where increasing the systemic blood 
pressure further may result in reversal in the right to left shunting and improvement 
in oxygenation. Inhaled nitric oxide (iNO) therapy is widely used in PPHN for 
pulmonary vasodilatation, but it is not clear which patients benefit most from iNO 
treatment. It is important to diagnose if there is severe left ventricular dysfunction, 
causing the systemic circulation to be dependent on the right ventricle via right-to-
left shunt over the ductus. Left ventricular dysfunction should be corrected before 
iNO therapy is started to prevent systemic hypotension.43 iNO is an expensive 
therapy and is not always required for treatment of PPHN. The use of fECHO can 
identify patients who most likely respond to iNO therapy and longitudinal studies 
can allow earlier identification of the best time to wean iNO after the PH has 
resolved. Information derived from fECHO may therefore also allow cost savings in 
the use of iNO therapy.  
There are many controversial and unresolved issues about which are the most 
effective drugs in PPHN. Dopamine, compared to adrenalin, will produce 
significantly more pulmonary vasoconstriction during hypoxia in an experimental 
study.44 Noradrenalin has recently been evaluated in a small cohort of term infants 
with PPHN and shown to produce a significant reduction in the pulmonary to 
systemic pressure ratio.45 Afterload reduction and improved contractility can be 
achieved if iNO therapy is combined with Milrinone.46 Therapeutic success of 
Sildenafil as adjuvant therapy is reported, but further evaluation before widespread 
use is advised.47 Again, accurate diagnosis of the underlying cardiovascular 
physiology allows the clinician to use the most appropriate therapy, targeted to the 
physiology.  
Serial fECHO measurements can quantify the response to any instituted treatment 
and could provide better insight for further treatment steps, including weaning of 
therapy. Also, it can follow the response of the right ventricle to closure of the duct, 
and subsequent effect on cardiac output and myocardial function. If extra pulmonary 
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shunts are still present, complete left-to-right shunting can be used to wean 
pulmonary vasodilator therapy. Newer doppler techniques like the myocardial 
performance index and tissue doppler of the right ventricle might be able to 
differentiate an afterload effect from contractile dysfunction, but these 
measurements have to be further validated.48-50 Although the diagnosis of PPHN, 
the presence and direction of extrapulmonary shunting and ventricular dysfunction 
are easy to establish with fECHO, guided treatment needs further clinical 
evaluation. 
 
The infant with perinatal asphyxia 
Perinatal asphyxia is another situation where there can be severe cardiovascular 
compromise which is difficult to recognize with clinical parameters alone. After a 
hypoxic-ischemic event, newborn infants may appear pale, with weak pulses and 
delayed capillary refill and have persistently high or low heart rate despite effective 
resuscitation. This is the same clinical picture as one would expect in hypovolemic 
shock. The use of volume expansion is an important consideration because it could 
be detrimental to an asphyxiated infant with severe myocardial dysfunction. Wyckoff 
retrospectively investigated the use of volume expansion in extensive resuscitation 
in the delivery room in 23 (near) term infants and found that volume expansion was 
rarely given for overt hypovolemia and more often for perinatal asphyxia and 
questions if volume resuscitation in asphyxia could be detrimental51, but no 
prospective studies have investigated this issue.  
Decreased myocardial function in perinatal asphyxia, also known as transient 
myocardial ischemia, can be diagnosed with fECHO. It can reveal impaired left 
ventricular function, mitral and/or tricuspid regurgitation, wall motion abnormalities 
of left ventricle and reduced cardiac output.52-54 The left ventricle in the long axis or 
4 chamber views will appear dilated with diminished movement of the ventricle wall 
and septum. Persistent hypotension in this situation will probably benefit from a 
careful fluid balance with fluid restriction and dobutamine as first line treatment to 
provide afterload reduction and increased contractility.55 In hypovolemia, fECHO 
shows a reduced end diastolic volume of the left ventricle with increased ventricular 
wall and septal movement.  
Extensive resuscitation in the delivery room is a rare event; therefore we perform 
fECHO on any infant on arrival in the NICU who needed extensive resuscitation. It 
is our experience that a substantial amount of (near) term infants with a suspected 
history of perinatal blood loss present with hypovolemia and not transient 
myocardial ischemia and would benefit from volume loading. The effect of volume 
loading can be followed with fECHO, which allows faster restoration of the volume 
depletion in cases of acute volume loss. The area of perinatal asphyxia and post 
resuscitation hemodynamics needs further studying. 
 
Assessment during (suspected) sepsis 
In adults, septic shock is associated with important hemodynamic changes. Initially, 
release of local immune system mediators increase vascular permeability and lead 
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to hypovolemia.56 As sepsis progresses, more mediators are released and local 
vasopressin levels are depleted, causing peripheral vasodilatation.57 The decrease 
in afterload produces a drop in blood pressure that triggers an increase in cardiac 
output to maintain normal perfusion pressure. The process of sepsis is far more 
complex than these initial responses, as the peripheral response to sepsis is 
variable. Regional blood flow can vary from areas with micro capillary obstruction 
due to coagulation disorders through to areas with extreme peripheral 
vasodilatation. The microcirculation seems to be the motor of sepsis, and 
dysfunction of the microcirculation is strongly correlated to poor outcome.58,59 

In adults, it is clear that early goal directed therapy using hemodynamic parameters 
can reduce mortality.60 Early aggressive treatment with adequate volume 
replacement and supportive treatment to maintain perfusion pressure can also 
reduce mortality in infants with fluid refractory shock61, even though the presenting 
central hemodynamic state can be different than that found in adults. Ceneviva et 
al. retrospectively described 50 children with fluid refractory and dopamine-resistant 
shock. The majority (58%) showed a low cardiac output and high systemic vascular 
resistance state, and only 22% had low cardiac output and low vascular 
resistance.62 Hemodynamic states frequently progressed and changed during the 
first 48 hrs and persistent shock with decreasing cardiac function occurred in 33% 
of the patients.  
In a prospectively followed cohort, a distinct hemodynamic pattern emerged when 
presenting in the pediatric intensive care with fluid resistant septic shock. Infants 
who developed sepsis as an in-patient (all with a central venous catheter in situ) 
typically presented with high cardiac output and low systemic vascular resistance, 
where infants with community acquired sepsis presented with normal or low cardiac 
output.63 Very little hemodynamic information is available on septic neonates. 
Literature on the hemodynamic presentation of sepsis in newborns has mainly 
focussed on Group B streptococcal sepsis. The clinical description was 
characterized as cold, mottled and peripherally constricted with evidence of organ 
ischemia. It was assumed, and confirmed in animal models, that cardiac output was 
low in these scenarios.64 We studied the central circulation in preterm infants in the 
NICU with a suspected infection and signs of cardiovascular compromise and found 
a high left and right cardiac output and a low systemic vascular resistance. None of 
the 20 patients studied had a low cardiac output on presentation.65 

All of these studies required information provided by bedside point of care 
ultrasound in particular that focused on cardiovascular function. They showed that 
persistent cardiovascular compromise is associated with mortality.66,67 fECHO can 
assist in describing the initial presentation and follow changes in the central 
circulation, including changes in central volume, cardiac output and left and right 
ventricular function. Developing a fECHO service will allow collection of real time, 
longitudinal point of care information, assisting the clinician to understand cardiac 
function and hemodynamic changes. This in turn allows targeting of cardiovascular 
support and monitoring of the response to treatment.  
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Developing a local fECHO service 
A fECHO service requires a dedicated ultrasound machine kept close to clinical 
areas with unlimited access, a core group of interested clinicians and a training and 
accreditation program with a commitment to continuing professional development.  
Initial purchase of an appropriate ultrasound machine should include appropriate 
sized ultrasound probes, software to enable cardiac calculations and adequate 
storage/backup facilities. The support of a local cardiology service is important to 
obtain, as pediatric cardiologists are an essential part of any fECHO service, 
providing advice and backup when the limitations of the neonatologist are reached. 
Equally however, there are many aspects of fECHO that have been developed and 
applied by neonatologists. Pediatric cardiologists may also learn from collaborating 
with neonatologists about the hemodynamic information that is most useful in the 
NICU setting and in particular the importance of immediate information when a baby 
clinically deteriorates. We have found that opening a dialogue with our cardiology 
colleagues about what information is needed to manage babies in NICU and the 
timeframe it is required in fairly quickly results in the conclusion that what is required 
is best delivered by allowing development of point of care ultrasound skills by the 
neonatologist. With this acknowledgement also comes an element of trust – that the 
neonatologist will recognise their own limitations and refer to the pediatric 
cardiologist at the appropriate time. As fECHO is not a consultative service, but 
rather used as an adjunct to clinical care, billing for a referred service is rarely 
relevant. Consequently, income streams of both specialties need not change – in 
fact the paediatric cardiologist may find themselves performing more consultative 
echocardiograms to reassure the neonatologist regarding minor anatomical variants 
noted during fECHO for other purposes. Concomitantly, the number of repeat 
echocardiograms performed by a pediatric cardiologist to assess progress of a PDA 
or PPHN, often after hours, can be significantly decreased.  
Another obstacle to introduction of fECHO to a Unit is that of perceived medico legal 
responsibility. Again, if the neonatologist is clear in what service they are providing 
this problem can be surmounted. It is important to understand the limitations of a 
fECHO, which is often performed for a specific clinical purpose without the 
implication of a full consultative structural echocardiogram.  An infant who has had a 
fECHO to assist in managing hypotension in the first 24 hrs by a neonatologist 
should NOT be regarded as having had a full echocardiogram. The terminology 
used to describe point of care ultrasound (fECHO or CPU; clinician performed 
ultrasound) can assist in preventing misconceptions as to exactly what investigation 
an infant has had performed. Similarly, it is our practice to always obtain advice 
from a pediatric cardiologist, regardless of our fECHO results, if we suspect 
congenital heart disease or are planning treatment of congenital heart disease. 
There will always be concerns regarding misdiagnosis of structural heart disease, 
although the literature has shown that the presence of a structural cardiac 
abnormality is almost always detected even if a full diagnosis is not made.68-70 
Experience has shown that clinical point-of-care ultrasound complements rather 
than replaces the need for consultative ultrasound. Partnership with the 
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cardiologists is essential so that appropriate and timely consultation and referral can 
occur when needed. 
Training can be developed by using individual/self directed learning based on 
reference material71, single institution training, group training in 1 centre or a 
national course.5 Only the latter option will have the full potential of ongoing 
accreditation and competence requirements. The components of a formal structured 
training program should include both theoretical teaching and development of 
practical skills alongside experienced neonatal echocardiographers and/or 
interested pediatric cardiologists. The only way to develop competency in fECHO is 
to regularly perform a range of studies preferably with a mentor or supervisor to 
guide and comment on skills development. Audit of performance and ongoing 
competency assessment are also important by use of logbooks and review of scans 
on video. 
 
Conclusion 
fECHO is increasingly utilised in the neonatal intensive care unit as interest by 
clinicians at the bedside in understanding both the acute and longitudinal 
cardiovascular physiology occurring in their patients increases. In countries such as 
Australia/New Zealand nearly all neonatal units have access to at least one 
neonatologist who can perform fECHO. fECHO provides a wealth of hemodynamic 
information, often different from the assumed underlying physiology. Appropriate 
training programs and resolution of interdisciplinary politics are needed to increase 
the use of this potentially valuable clinical information. More widespread use will 
lead to increased understanding of our complex patients and may eventually 
improve outcome. 
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