
Introduction:

Newborn may have a variety of haemodynamic
problems with a variable and complex
pathophysiology that at times have limited clinical
manifestations. This cardiovascular vulnerability
stems from particular features of the newborn, such
as incomplete myocardial development, presence of
foetal shunts, changes in systemic and pulmonary
vascular resistance and complex hemodynamic
changes that take place during transition to extra
uterine life. Despite progressive technological
advances in neonatal intensive care, haemodynamic
monitoring in newborns is still based on assessment
of continuous heart rate, blood pressure (BP), acid
base status, urine output and capillary refill
time.1These measures provide important and useful
information to the clinician. Clinical assessment and
the classic parameters mentioned before to elucidate
the underlying pathophysiology in haemodynamic
disturbances can sometime lead to incorrect
assumptions and therapeutic decisions, which may
even cause harm.2Situations in which serial
assessment is needed to evaluate response to
treatment or the haemodynamic changes that take
place during transition from foetal to postnatal
circulation, it is important to consider that these
changes can be very different from what might be
assumed clinically based on conventional

assessment.1These variables associated in varying
degrees to tissue perfusion, which is the key
haemodynamic parameter, and for which an
adequate monitoring method has yet to be
developed.3

Standard methods of cardiovascular monitoring in
the neonate have limitations. Sometimes the
clinical signs provide limited insight into the
adequacy of systemic blood flow and organ
perfusion. Enhanced cardiovascular imaging and
hemodynamic evaluation offers novel insights
regarding the contribution of the ductus arteriosus,
myocardial performance and pulmonary
hemodynamics to ongoing clinical instability. In
addition, it allows more accurate delineation of the
nature of the underlying disease process and
facilitates the evaluation of response to therapeutic
intervention.4 The term functional echo-
cardiography have been introduced to describe the
echocardiography as an adjunct in clinical
assessment of the hemodynamic status in neonate.
It can provide non invasive information on the
underlying CVS pathology causing hemodynamic
instability and response to treatment. It is not
intended as a substitute for the evaluation of a
neonate with suspected CHD by qualified
paediatric cardiologist.
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Application in NICU

Assessment of myocardial function,

hypovolemia and organ perfusion

End-organ perfusion is dependent on systemic blood
flow and vascular resistance; therefore, reliance on
blood pressure measurements alone provides limited
information regarding the adequacy of organ blood
flow.5The poor correlation between blood pressure
and left ventricular output in the first day of life
emphasizes this point.6In addition there is a weak
relationship between blood pressure and superior
vena cava (SVC) flow which represents upper body
circulation including the brain.7Both blood pressure
and systemic flow are important determinants of
the likelihood of altered perfusion, and neither should
be monitored nor treated in isolation, without
consideration of the influence of the other. Serial
echocardiography offers the potential of novel
insights as to the physiologic nature of the
cardiovascular impairment: specifically, whether the
concern relates to preload, afterload or myocardial
contractility.

Evaluation of cardiac output

Doppler assessment of left (LVO) and right (RVO)
ventricular outputs provides additional
hemodynamic information regarding the adequacy
of blood flow. Assessment of LVO involves measuring
the mean velocity of blood flow across the ascending
aorta from an apical five-chamber view using PW

Doppler (Fig.1) and determining the diameter of the
aortic root from a parasternal long-axis view using
m-mode methods. The area under the wave form of
the aortic systolic beat can be used to calculate the
velocity time integral (VTI), which is a measure of
the distance traveled by blood during a given beat.
Multiplying that by the aortic cross-sectional area
(AoCSA) derived from Ao CSA = pr2 / 4 (r=aortic
diameter) gives the stroke volume. LVO can be
derived from multiplying stroke volume by heart
rate: LVO = (AoCSA X VTI X heart rate)/weight
and is expressed in ml/kg/min. Normal values range
from 170 to 320 ml/kg/min.8Walther et al.9

evaluated cardiac output in normal healthy term &
preterm neonates during 1st week of life by pulse
Doppler echocardiography. They have showed mean
cardiac output values (±SD) per kilogram of body
weight were 249 ± 34 mL/mm/kg and decreased with
advancing birth weight (Table I). LVO must be used
with caution as it may give a falsely reassuring
picture of acceptable systemic blood flow in the
presence of hemodynamically significant ductus
arteriosus (HSDA) specifically, as a high volume
left-to-right shunt will lead to increased pulmonary
venous return, left heart preload and stroke volume,
but at the expense of systemic blood flow. Early
measurement of LVO following PDA ligation has
been shown to predict late-onset impairment in LV
contractility, low systolic arterial pressure and need
for cardiotropes.10

Fig.-1: Showing Pulsed-wave Doppler measures blood flow across the aortic valve (white lines). The area

under the curve is then traced to obtain the velocity time integral (dotted line). RV, right ventricle; LV,

left ventricle; Ao, aorta; LA, left atrium.
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Table-I

Cardiac output of neonates at different birth

weight9

Birth weight Cardiac output

<1,500 g 265 ± 32 mL/min/kg

1,500 to 2,500 g 253 ± 34 mL/min/kg
>2,500 g 241 ± 33 mL/min/kg

Measurement of RVO is done using a similar
approach described above. The pulmonary artery
diameter is best assessed from an oblique long axis
parasternal view. The RV VTI is obtained from
Doppler interrogation of the same view. RVO reflects
blood return from the systemic circulation and, in
the absence of a large trans-atrial shunt, is reflects
systemic blood flow in infants. However, RVO
measurements are confounded by the presence of
atrial shunt. Typically the atrial shunts are much
smaller than ductal shunts, therefore RVO may be
used as an estimation of systemic blood flow.6,8

SVC flow has been proposed to be a better
echocardiographic measure of systemic blood flow
as it reflects exclusive venous return from the brain
and upper body and is untainted by shunts. SVC
flow can be assessed using echocardiography.11A
subcostal approach is used to assess SVC Doppler
signals and a high supra- sternal view is used to
measure SVC diameter.

The SVC flow was calculated using the following
formula: SVC flow = (velocity time integral X (p X
(mean SVC diameter2/4) X heart rate)/body weight.
The resulting figure is expressed as ml/kg/min.
Normal values 40-120 ml/kg/min in VLBW.As four-
fifths of flow in the SVC represents venous return
from the head and neck, such measurements may
provide novel insights into any association between
regional cerebral blood flow and cerebral injury.
Reduced flow in the SVC is common in premature
infants in the first 24 h, reaching a nadir between 8
and 12h which coincides with increased systemic
vascular resistance. Low SVC return is associated
with an increased incidence of late intraventricular
hemorrhage and may be one factor in the causal
pathway of impaired preterm neurodevelopmental
outcome.12,13However SVC return reflects blood
supply to the brain and upper body and therefore no
information regarding blood supply to the liver,
kidney and gut can be derived. Second, cerebral blood
flow is subjected to intrinsic autoregulatory

mechanisms and may not truly reflect cardiac
performance.14Measurement of SVC diameter
beyond 48 h of life is difficult. In addition, the
diameter of the vessel varies widely within the
cardiac cycle. Therefore a wide margin of error would
have resulted from volumetric calculations. Groves
et al.15 have also questioned the validity of this
measurement due to high interobserver variability.

Inferior Vena Caval (IVC) diameter & variation in
IVC provides indirect evidence of intravascular
volume which is important for diagnosis of neonatal
hypotension & shock. An average size of IVC <8mm
in term &<6mm in preterm is considered as rough
estimate of hypovolemia. Also more than 50%
collapsibility of IVC is suggestive of hypovolemia.

Evaluation of myocardial performance

Systolic performance

Maturational differences make the immature
myocardium susceptible to impaired performance.
These developmental disadvantages make the
neonatal myocardium vulnerable during a hypoxic
ischemic insult or when subjected to preload or
afterload compromise. The evaluation of myocardial
contractility is challenging as current methods are
load dependent, although serial evaluation may
provide valuable insights. The immature neonate
is particularly sensitive to sudden changes in
afterload.16 The immediate transitional period after
elimination of the placenta from the systemic
circulation and following PDA ligation represent
clinical situations in which afterload may be playing
an important role.

Left ventricular (LV) systolic performance can be
assessed by shortening fraction (SF), ejection
fraction or the rate-corrected mean velocity of
circumferential fibre shortening (mVCFc). SF
characterizes LV contractility using m-mode
methods from either a long parasternal axis or short
axis view of the left ventricle (Fig.-2). It is calculated
by measuring left ventricular end-diastolic diameter
(LVEDD) and left ventricular end-systolic diameter
(LVESD) using m-mode echo and applying the
following formula:

SF% = (LVEDD – LVESD) X100/ (LVEDD)

Normal neonatal values for SF% are 28-40%.
Shortening fraction is an unreliable measure of
systolic LV function in the first few days of life as
high right ventricular pressures impair ventricular
septal wall movement.17
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LV mean velocity of circumferential fractional
shortening (mVCFc) is a preload-independent
afterload adjusted measure of LV function. It is
determined by the following method18:

mVCFc = (LVEDC –LVESC)/(LVEDC X ETc )

Where LVEDC is left ventricular end diastolic
circumference, LVESC is left ventricular end-systolic
circumference, and ETc is left ventricular ejection
time corrected for heart rate (ET/ÖRR interval,
where RR is the time between consecutive heart
beats).

The stress velocity relationship is a load-independent
measure of myocardial contractility19where the
relationship between mVCFc and end-systolic wall
stress analysis is examined by linear regression
methods. The clinical applicability of these markers
is not well studied in neonates. However, there is
some evidence that mVCFc correlates with cardiac
troponin levels in the early neonatal period.20Tissue
Doppler methods, speckled tracking and other novel
methods of analysis have been studied in adults but

their application in neonate’s remains poorly
understood.

Diastolic performance

Diastolic performance is altered in the newborn but
its relevance to clinical decision-making is not well-
appreciated. Diastolic filling is influenced by the
compliance of the ventricular wall. In adults and
older children, transmitral flow occurs in two
phases: an early phase of passive flow during which
the majority of the filling occurs and a late atrial
contraction phase during which the remaining third
of the venous return to the ventricle is delivered. In
patients with diastolic dysfunction, the majority of
filling occurs during the atrial phase as the stiff
ventricular wall prevents passive early flow across
the mitral valve. The immature fetal and preterm
myocardium is characterized by impaired diastolic
function. PW Doppler can be used to examine this
biphasic pattern of transmitral flow. First phase is
the early wave (E wave) and is a result of passive
blood flow across the atrioventricular valves in early
diastole. The second phase is the atrial contraction
wave (A wave) and is a result of atrial contraction
at the end of diastole. Maximum E and A wave
velocities are compared as ratios (Fig.-3). An E:A
ratio <1 indicates diastolic dysfunction (indicating
a non-compliant ventricle). Transmitral VTI can
be measured to give an estimate of flow across the
atrioventricular valves.21

The Tei index (or myocardial performance index)
has been found to be a valuable quantitative
echocardiography index of ventricular function by
incorporating both systolic and diastolic performance
of the right and left ventricles (Fig.-4). It is defined
as the sum of isovolumetric contraction and
relaxation times divided by the ejection time, which
requires measurement of the time interval between

Fig.-2: M-Mode measure of shortening fraction

Fig.-3: Assessment of diastolic function. Doppler traces of transmitral (right) and tricuspid valves (left)

can be obtained. The early wave (E wave, passive diastolic blood flow) and atrial wave (A wave, flow due

to atrial contraction) are measured.
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the end and onset of mitral or tricuspid inflow (the
‘a’ interval) and the ejection time of the LV or RV
outflow (the ‘b’ interval).22The Tei index is then
calculated by the formula (a -b)/b. The Tei index is
easy to calculate, reproducible, and independent of
heart rate and blood pressure. Normal values in
healthy neonates range from 0.25 to 0.38.23It is
relatively independent of age and also has a low
degree of inter and intra observer variability.24

Hemodynamic assessment of a PDA and

clinical relevance

Prior to echocardiography, the diagnosis of PDA was
reliant on the evolution of clinical signs including:

a murmur, increased precordial activity, widened
pulse pressure and bounding peripheral pulses.
However, the diagnosis of a significant PDA by
echocardiography precedes the development of
clinical signs by a mean of 2 days.25 There is poor
correlation between physical signs and the presence
of PDA by echo in the first week of life.26,27

Bounding pulses and a murmur may be absent in
up to 20% of infants with a PDA.28 Therefore
echocardiography remains the gold standard for PDA
diagnosis.26 Measurement of the internal ductal
diameter by two-dimensional and colour Doppler
imaging allows early prediction of significant PDA
in preterm infants. Although a transductal diameter
>1.5 mm has a good predictive value of ductal
persistence, the measurement is not without
limitation.29 The ductus is a dynamic vessel of
variable architecture, with an unpredictable
response to treatment. It is not possible to directly
quantify the magnitude of transductal flow, but the
impact on the pulmonary and systemic circulations
is measurable.

Pulmonary over circulation attributable to excessive
transductal flow and the effect of ductal steal on
systemic perfusion may also be quantified using
echocardiography for a comprehensive evaluation
of the significance of the ductal shunt shown in
Table-II.4

Evaluation of severity of pulmonary

hypertension

Assessment of right ventricular systolic pressure
(RVSP) is possible in the presence of tricuspidFig.-4: TEI measurement of ventricle.

Table-II

Surrogate markers of significant PDA.4

Measurement Modality & sample gate Moderate PDA Large PDA

Ductus arteriosus

Diameter (mm) High parasternal ductal view 1.5-3.0 >3.0
Ductal velocity (m/s) PWD at ductal view(PA) 1.5-2.0 >1.5
PA diastolic flow (m/s) PWD at left PA 0.3-0.5 >0.5
Pulmonary overcirculation
LA: Ao ratio m-Mode: long axix view 1.5-1.7 >1.7
E wave: A wave ratio Doppler:transmitral view 1.0-1.5 >1.5
IVRT (ms) PWD between MV & AV 35-45 <35
Systemic hypoperfusion
Left ventricular output (ml/Kg/min) PWD at LV outflow tract 200-300 >300
Diastolic descending Ao flow (%) PWD at beyond PDA 30-50 >50
LVO/SVC ratio PWD at flow at SVC <2.4 >2.4
Celiac artery flow: LVO ratio PWD at celiac artery 0.10-0.15 <0.10

PDA, patent ductus arteriosus; PWD, pulsed-wave Doppler; LA, left atrium; Ao, aorta; IVRT, isovolumic relaxation time; MV,
mitral valve; AV, aortic valve; LV, left ventricle; LVO, left ventricular output; SVC, superior vena cava.
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Table-III

Grading of pulmonary hypertension

     Systolic Diastolic Mean

(mm Hg) (mm Hg) (mm Hg)
Grade 1(Mild) 30-50 20-25 >20

Grade 2(moderate) 50-70 26-35 >40

Grade 3(severe) 70-110 36-45 >50

Grade 4(systemic or >110 46-55 >60
suprasystemic)

This measurement will underestimate the severity
of the pulmonary hypertension if there is impaired
RV contractility. The presence of PDA can also be
used to estimate pulmonary pressures if systemic
systolic pressures are known. Pulmonary arterial
pressure can be estimated in the presence of a PDA
with unrestrictive flow. The peak velocity of
transductal flow can be applied to the Bernoulli
equation to calculate the pressure difference
between the systemic and pulmonary circulations.
The direction of transductal flow may also be used
to evaluate the severity of the pulmonary
hypertension. A pure unrestrictive right-to-left
shunt is seen with suprasystemic pulmonary
hypertension; whereas a bidirectional shunt implies
that pulmonary artery pressures approximate
systemic pressures. The percentage of right-to-left
flow of total transductal flow may also be calculated
to further document the severity of the pulmonary
hypertension.

In the absence of these shunts, direct assessment
of pulmonary artery pressures is difficult in
premature infants, particularly in those patients
with chronic lung disease. Assessment of
pulmonary artery using the ratio of pulmonary
artery ejection time to right ventricular ejection
time (AT/RVET(C)), which can be estimated non-
invasively from Doppler pulmonary artery wave
forms, has been shown to correlate negatively with
pulmonary artery pressures in premature
infants.29-31Acceleration time is measured as the
time interval between the Doppler signal baseline
to peak velocity. RVET is the time interval of the
right ventricular ejection phase. The AT/RVET(c)
is calculated by dividing AT/RVET by the square
root of the R-R interval from a simultaneous
electrocardiogram tracing. Several studies have
shown that early pulmonary hypertension in
premature infants, as assessed by AT/RVET, is a
good predictor of late-onset CLD.29

regurgitation and calculated using the Bernoulli
equation (Fig.-5 & 6):

Fig.-5: Showing Continuous wave Doppler of

tricuspid regurgitation. The regurgitant jet is

characterized by turbulent flow depicted by a full

Doppler envelope (upper panel). The peak velocity

of the regurgitant jet was 2.74 m/s, resulting in a

pressure gradient of 30 mmHg.

RVSP = right atrial pressure +(4 x Tricuspid
Regurgitation JET Vmax; Where Vmax = peak
velocity

Fig.-6: Tricuspid annular plane systolic excursion

(TAPSE).In 4 chamber view a straight line (M

mode) is drawn through the lateral tricuspid valve

annulus (arrow 1). The level of excursion of the

tricuspid valvar plane during systole (TAPSE in

mm) corresponds with RV ejection fraction (arrow

2).5 mm=20% RV EF,10mm = 30% RV EF,15 mm

=40% RV EF,20mm = 50% RV EF.
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Evaluation of right ventricular performance

and pulmonary hemodynamics

In some patients the impact of pulmonary
hypertension and increased RV afterload may
include impaired RV contractility. Although
moderate to severe RV systolic dysfunction is
obvious by direct visual inspection there is no
reliable or early marker of RV failure. Low RV
output (<170 ml/min/kg) may also support a
diagnosis of impaired RV performance. The
complexity of RV anatomy and the fact that it is
‘wrapped’ around the LV makes quantitative
evaluation by m-mode unfeasible. The RV myofiber
architecture is composed of superficial
circumferential and dominant deep longitudinal
layers aligned base to apex that allow for greater
longitudinal than radial shortening and minimum
twisting and rotational movements. The
longitudinal shortening is the dominant
deformation of the RV that provides the major
contribution to stroke volume during systole.
Tricuspid annular plane systolic excursion
(TAPSE) can be measured by “2-dimensional
echocardiography–guided M-mode recordings from
the apical 4-chamber view, with the cursor placed
at the free wall of the tricuspid annulus estimates
RV function (Fig.- 7 & 8).

Utility of Functional neonatal

echocardiography in the management of

neonatal illness

In many parts of the world, neonatologists have
developed the necessary skills to perform limited
bedside functional echocardiography assessments as
a means to enhance the care of critically ill babies.30

Fecho may provide hemodynamic information that
either complements what is clinically suspected or
provides novel physiologic insights. The ability to
perform timely functional echocardiography is now
considered an integral component of the assessment
of the critically ill newborn.32-34

In Canada, greater use of targeted neonatal
echocardiography has only happened in the last few
years, and it is just slowly becoming a part of
standard neonatal intensive care unit (NICU) care.
Harabor A et al. showed a total of 303 consecutive
targeted neonatal echocardiographic studies were
performed on 129 neonates. Of the 303 studies, 126
(41.5%) resulted in management changes. They
have concluded that targeted neonatal
echocardiography is a valuable tool in the NICU
and can contribute substantially to hemodynamic
management in the first week of life, PDA

Fig.-7: Showed growth curve TAPSE (mean ± 2SD) with age.
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management in the first 2 weeks of life, and cases
of hypotension or shock at any time during the
hospital stay.

El-Khuffash et al.35reported a retrospective study
of targeted neonatal echocardiographic practice at
a large referral outborn NICU in Toronto. Despite
differences, the impact of targeted neonatal
echocardiography was similar in both studies.
Khamkar et al.36showed Indian experience of
Functional echocardiographic studies of a total of
348  performed in 187 neonates (mean 1.86; SD

2.02). The most frequent indication was Patent
Ductus Arteriosus (PDA) assessment (n= 174, 50%),
followed by haemodynamic instability (n=43,
12.36%). The results of FnECHO modified treatment
in 148 cases (42.50%) in the form of addition and/or

change in the treatment or avoidance of unnecessary
intervention.

Standards for practice

There is a growing acceptance that neonatologist-
performed functional echocardiography is a useful

Clinical Practice Guidelines:39

Fig.-8: Echocardiogram Triage Algorithm
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tool in the NICU, with increasing evidence of
improved patient outcomes. What is lacking at
present is a formalized training and accreditation
program necessary for the development of
echocardiography skills.37The potential risks of
introducing this skill set without formal training
include a divergence from clinical assessments and
misdiagnosis of congenital heart disease (CHD).
This may result in inadvertent withholding of
treatments or instituting incorrect therapies.
Collaboration with the pediatric cardiology service
is essential in developing standards for practice. It
is essential that standards are set to ensure that
competence is achieved and maintained with
ongoing quality assurance. Neonatologists’ main
concern regarding the use of functional ultrasound
by is the potential for misdiagnosis. Although it is
important to recognize that CHD can be missed by
neonatologists, the presence of a structural cardiac
abnormality is almost always detected, even if a
full diagnosis is not made. The studies performed
by neonatologists serve a different purpose, as
alluded to earlier in this review, and should
complement those per- formed by cardiologists. Any
abnormality detected or suspected should be
confirmed by a trained pediatric cardiologist.

The demand for neonatologist-performed functional
ultrasound is rising. There are numerous clinicians
around the world who use point-of-care functional
echocardiography without formal training. There
is an urgent need to develop standardized training
and accreditation programs to avoid the potential
misuse of this skill. Such formal training programs
are lacking. This highlights the need for
collaboration with pediatric cardiologists in
developing these programs as they possess the
necessary skills. Formal training programs should
include the use of available DVDs, books alongside
didactic lectures. Knowledge of practical skills,
ultrasound equipment and modalities available also
form part of the practical skill set. Emphasis should
also be put into recognizing limitations and knowing
when to call more experienced staff. These should
be conducted by experienced neonatologists and
interested pediatric cardiologists. Ongoing education
and audit should be an integral part of any training
program.38Once the skill set is acquired; logistic
challenges need to be addressed. These include access
to equipment, study reporting, archiving and
storage. Recently Neonatal Patient Care Teams,

HSC & SBH Child Health Standards Committee
developed a neonatal clinical practice guideline for
targeted neonatal echocardiography.39

Conclusion:

Functional neonatal echocardiography proved to be
a valuable bedside tool for managing neonatal
hemodynamics in different NICU around the world.
The expanded role of neonatologist-performed
functional echocardiography is gaining momentum.
There is mounting evidence that it can provide a
more comprehensive assessment of the
hemodynamic status of infants, and may influence
management. There is an urgent need to encourage
collaboration with pediatric cardiologists to establish
standards for training and maintenance of
competency, to develop guidelines for clinical
practice and finally to ensure that the necessary
clinical governance is in place to clearly identify
the complementary roles of the neonatologist and
pediatric cardiologist in this process.
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