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Abstract

The aim of this study was to test the feasibility of measuring right ventricular (RV) volumes, ejection fraction (EF), and
systolic function indices in neonates using three-dimensional speckle-tracking echocardiography (3D-STE). Thirty-eight
neonates underwent complete echocardiographic evaluation, including the acquisition of three full-volume 3D datasets or
more from each of the apical, parasternal, and subcostal windows while naturally sleeping. Datasets were analyzed using a
commercially available software (Tomtec). Global RV 3D volumes and EF were measured. In addition, 2D free wall longi-
tudinal strain (LS), tricuspid valve annulus (TVA), tricuspid annular plane systolic excursion (TAPSE) and its index to RV
length (TAPSEI), and fractional area change (FAC) were obtained from a non-shortened apical 4-chamber view of the RV,
derived from the 3D dataset. Three or more datasets obtained from the apical window were available for analysis for each
subject. At least one dataset was adequate for analysis in all subjects. Mean indexed 3D diastolic, systolic, stroke volumes,
and EF were measured at 28.5 +3.4 ml/m?, 13 +2.0 ml/m?, 15.6+ 1.9 ml/m?, and 54.6 +3.2%, respectively. Free wall 2D
LS was calculated at (—27.9+2.5%). In addition, mean TVA measured 11.1 +0.8 mm, TAPSE measured 6.8 + 0.9 mm, and
TAPSEi and FAC were calculated at 24.2 + 2.1 and 46 + 3.4%, respectively. 3D-STE is feasible in normal neonates without
the need for sedation. Reference values of RV 3D volumes and 2D indices of systolic function were obtained. These data
could be helpful in patients where the size or systolic function of the RV is in question. Larger studies are required to establish
nomograms for the above indices in this age group.

Keywords Three-dimensional echocardiography - Speckle tracking - Myocardial strain - Right ventricle - Volumes -
Neonates

Introduction

Assessment of RV dimensions and function is among the
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Ghassan Siblini tive assessment of the RV, especially by pediatric echocar-
gsiblini@yahoo.com diographers [1]. Historically those measurements have been
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and child [5-7]. However, evaluation of RV function has
American University of Beirut-Medical Center, Riad El-Solh been hampered by its complex geometrical shape that does
St., PO Box 11-0236, Beirut 1107-2020, Lebanon not fit any known mathematical model, the presence of an
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normative LV and RV data and validation against gold stand-
ards in neonatal population remains.

Speckle-tracking echocardiography permits the tracking
of chamber walls irrespective of the angle of incidence of
the ultrasound beam. 3D-STE has been found to be very use-
ful in the evaluation of the LV deformation at different age
groups and LV strain derived from 3D-STE has been vali-
dated against CMRI in children and adults [8]. This modality
was found to be useful in the evaluation of the LV mechanics
and volumes in neonates as well [9]. Moreover, the RV vol-
umes obtained by 3D-STE were reported to correlate well
with volumes obtained from MRI, both in healthy adults and
children and post repair of congenital heart lesions [10—-12].
More recently, RV deformation data using 3D-STE-based
software specialized for the RV has been reported and vali-
dated against MRI [13, 14]. The potential application of this
new modality in evaluating the dimensions and function of
the RV in neonates has not been fully explored.

The outcome of patients with persistent pulmonary hyper-
tension was reported by Malowitz et al. [15] to be related to
RV systolic indices. Moreover, the function of the tripartite
RV systolic function was found by Chikkabyrappa et al. [16]
to be a better tool to assess the RV systolic function than
the biplane traditional method. Recently Balasubramanian
et al. [17] correlated the outcome of patients operated for
hypoplastic left heart syndrome, with biplane fractional area
change of the RV. Hence establishing a robust, reproducible,
and geometrical free modality to evaluate the RV size and
systolic function will add to the diagnostic power of echo-
cardiography in the management of those patients.

In this study, we sought to analyze full-volume 3D data-
sets of the RV obtained from apical window using a recently
modified commercially available 3D software and to obtain
reference values for 3D volumes, EF, TAPSE, FAC, and LS
of the RV free wall in a group of healthy neonates.

Methods
Study Population

Fifty consecutive normal full-term neonates were recruited
prospectively to undergo screening 2D and 3D echocardiog-
raphy for the purpose of measuring ventricular volumes and
systolic function. All subjects were born in one institution
and were either awaiting the discharge of their mothers or
presenting for their first well baby checkup.

The inclusion criteria were (1) parental consent for echo-
cardiographic evaluation, (2) full-term pregnancy (more
than 37 weeks gestation), and (3) completely normal results
on 2D and Doppler echocardiography, with normal chamber
size and systolic function. Exclusion criteria were (1) struc-
tural congenital lesions or significant valve regurgitation, (2)
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abnormal cardiac rhythms, (3) age more than 4 weeks, and
(4) hypertension and/or acute illnesses.

Data Analysis

All echocardiography studies were performed by an expe-
rienced cardiac sonographer using iE 33 platform scanner
(Philips Medical Systems, Andover, MA). Matrix array
transducer (S8) was used for the routine M-mode, 2D, and
Doppler study, and a dedicated 3D full sampling transducer
(X7) was used for the acquisition of the 3D full-volume
datasets. Studies were performed with the babies asleep or
quietly feeding on a bottle of formula; attention was made
to acquire the datasets during the resting phase of the peri-
odic breathing or during shallow breathing to minimize heart
translation and breathing artifacts. Several, full-volume data-
sets were acquired from each: the apical, parasternal, and
subcostal transducer position. Only datasets obtained from
the 4-chamber view were used in the analysis.

The echocardiograms were transferred to a stand-alone
Tomtec server (Tomtec Imaging Systems, Unterschleis-
sheim, Germany) and were analyzed offline. 3D datasets
(without stitching artifacts and containing the whole of the
RV without significant area of dropout in the free wall) were
analyzed for each subject, using the latest 4D RV-FUNC-
TION-2.0 software, (Tomtec Imaging Systems, Unter-
schleissheim, Germany). The same experienced observer
analyzed and reported the 3D study on each subject.

The 4D RV-FUNCTION 2.0 software is a semi-auto-
mated program that requires the operator’s input in the initial
steps to identify certain landmarks and later in the process
for contour adjustments. Initially, the system will slice the
full volume and automatically generate five end-diastolic 2D
frames of the ventricles: three are used to identify and mark
the LV and two for the RV. Sequentially, a short-axis cut
at mid ventricular level is automatically developed (Fig. 1).
The operator initially identifies the LV apex and mitral valve
in each 4 and 2 chamber views. On the remaining two lon-
gitudinal frames, the mid TV and the RV apex are marked.
Finally, the operator places 2 landmarks corresponding to
the aortic valve hinge points (AV1-2) on the LV apical long-
axis view (Fig. 1). When this step is completed a short-axis
cut at the mid ventricular level is generated. On this image,
the anterior (AJL) and posterior junction (PJL) of the RV
free wall with the interventricular septum are identified and
marked. Finally, the septum-to-RV free wall distance at mid
ventricular level is set. This will conclude the alignment of
the 3D image.

The software, using reflected speckles, automatically
traces the boundaries of the RV in the longitudinal 4-cham-
ber view at end diastole and end systole and in three corre-
sponding short-axis cuts at preset levels of the RV. Follow-
ing automated tracing of the endocardium by the system,
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4Ch (LV)

Fig. 1 Operator identifies the LV apex and mitral valve in the 4 and 2
chamber views of the LV and the TV and the RV apex in the remain-
ing two longitudinal frames of the RV. On the LV apical 3-chamber
view, the operator places two landmarks corresponding to the aortic
valve hinge points (AV1-2). In the last short-axis view two points are

additional manual adjustments are feasible. Whenever,
the final adjustments are approved by the operator, the RV
endocardial surface is automatically traced over the entire
cardiac cycle and values of RV diastolic, systolic, and stroke
volumes in addition to EF are provided (Fig. 2). The change
in RV volumes over time is depicted as a dynamic 3D cast
(Fig. 3).

In addition to volumetric data, 2D measurements includ-
ing tricuspid valve annulus (TVA) diameter, TAPSE, FAC,
and free wall LS could be extracted from a non-shortened
4-chamber image derived from the same 3D dataset. Using
STE, TAPSE was calculated as the difference in the distance
between RV apex and the lateral aspect of the annulus at end
diastole and systole. When measuring FAC, the trabecula-
tions were included in the cavity of the RV in diastole. The
free wall LS is an automated measurement as well. It was
calculated as the difference in length of the line tracing the
endocardial surface of the RV free wall from the apex to
the lateral TV annulus in diastole (LO) and systole (L1) as
per the following formula: LS = (L0 —L1/L0) * 100 (Fig. 4).

Inter-observer and intra-observer variability of the meas-
urements was assessed in 10 randomly selected subjects. To
assess intra-observer variability, the same observer (Z.B.)

placed on the anterior and posterior junctions between the septum and
the free wall of RV. AJ anterior junction, AV aortic valve, Ch cham-
ber, LV left ventricle, PJ posterior junction, RV right ventricle, SAX
short axis, 7V tricuspid valve

repeated the dataset analysis 1 month following the ini-
tial analysis to avoid recall bias. To assess inter-observer
variability, the whole analysis was performed by a second
observer (G.S.), who was blinded to the results of the first
observer (Z.B.).

Statistical Analysis

Descriptive statistics are expressed as means and standard
deviation (£ SD) for continuous variables and frequencies
and percentages for categorical variables. The correlation
between each of the 3D derived parameters: end-diastolic
volume (EDV), stroke volume (SV), and EF on one hand
and BW and BSA on the other was assessed using scatter
plots and Pearson correlation coefficient. The same analy-
sis was applied on the 2D parameters: free wall LS, FAC,
and TAPSE. Finally, inter-rater agreement between reader
1 and reader 2 for EDV, ESV, SV, LS, and FAC measure-
ments, as well as the intra-rater agreement between reader
1 and reader 1 repeat was assessed using the intraclass
correlation coefficient. P-value < 0.05 was used to indi-
cate statistical significance. All statistical analyses were
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Fig.2 RV endocardial surface is automatically traced over the entire
cardiac cycle and is depicted in 3 short and one 4-chamber cuts, both
in diastole and systole. Values of RV diastolic, systolic, and stroke
volumes and EF are provided. Adjustments in every image and frame

performed using the Statistical Package for Social Sciences
(SPSS, version 24).

Results

Ten parents refused to consent for this study. Additionally,
two babies had more than trivial shunting lesions (one
with atrial septal defect and another with a large patent
ductus arteriosus); both were excluded from further data
analysis.

The final study group consisted of 38 neonates. Previ-
ously, we reported on left ventricular volumes and strain
using 4-chamber 3D datasets obtained from this group [8].

The mean age was 3.7 +4.7 days. Mean weight and
body surface area (Du Bois formula) were 3.1 +0.5 kg
and 0.19 +0.02 m?, respectively. Full demographic data
are presented in Table 1. Mean time for the completion of
the echocardiographic study including the acquisition of
the 3D datasets was 42 +9 min (range 17-51). Mean heart
rate at the time of the acquisition of the dataset that was
used in the analysis was 124.7 & 11.3 beats per minute. The
mean frame rate of the analyzed datasets was 50.1 + 13.3.
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are feasible. EDV end-diastolic volume, EF ejection fraction, ESV
end-systolic volume, Ch chamber, RV right ventricle, SAX short axis,
SV stroke volume

At least one dataset acquired from the apical window was
adequate for analysis in every subject.

The mean end diastolic, systolic, and stroke volumes
were measured at 5.6 +1.1, 2.5+0.5, and 3.0+0.6 ml,
respectively. The resultant calculated 3D EF was
54.6+3.2%.

From a non-foreshortened 4-chamber view of the RV gen-
erated from the 3D dataset, several 2D measurements were
automatically presented by the software. The mean dimen-
sion of the tricuspid annulus was 11.1 +0.8 mm and lateral
TAPSE measured was 6.8 + 0.9 mm. In order to standardize
the measured TAPSE, the value was divided by the length
of the RV. The RV length was defined as the length of the
line drawn from the point of intersection of the RV free wall
and the interventricular septum to the midpoint of the line
joining the TV hinge points at end diastole. The mean of
indexed TAPSE (TAPSEi) was calculated at 24.2 +2.6%.
The mean FAC was 43.9+2.6%.

Right ventricular free wall LS was measured at
(—27.9+2.5%). Conventional 2D echocardiographic param-
eters are presented in Table 2.

Correlation of three-dimensional EDV, SV, and EF with
BW and BSA are presented in Table 3.



Pediatric Cardiology (2022) 43:181-190 185

17/23
160 bpm

a
ELIE

Global
Measurements

EDV: 6.6 ml
ESV: 2.9 ml
SV: 3.6 ml

EF: 55.4 %

350(™]

A A 100 %

Fig.3 The results of the RV analysis are provided subjectively in a dynamic 3D cast and objectively in numerical figures and graphic format.
EDYV end-diastolic volume, EF ejection fraction, ESV end-systolic volume, RV right ventricle, SV stroke volume, 3D three dimensional

4Ch End-Diastole O a4ch End-Systole

Manual

Sl i Measurements

RVDd base (RVD1): 9.4 mm
RVDd mid (RVD2): 13.8 mm
RVLd (RVD3): 27.0 mm
TAPSE: 7.9 mm

FAC: 49.8 %

RVLS (Septum): -21.3 %
RVLS (Freewall): -29.5 %

AlA 100 %

Fig.4 Non-foreshortened 2D images of the RV at end diastole and from the apex to the lateral TV annulus in diastole. LS longitudinal
end systole. The free wall LS was calculated as the difference in strain, RV right ventricle, TV tricuspid valve
length of the line tracing the endocardial surface of the RV free wall
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Table 1 General characteristics of the studied population

Characteristics Value
Number 38

Sex (male) 18

Age (days) 3.7+4.7 (1-15)
Age of gestations (weeks) 38.1+1.1 (37-40)
Height (cm) 489+22
Weight (kg) 3.1+0.5

BSA (m?) 0.19+0.02
Systolic blood pressure (mmHg) 75.4+7.8
Diastolic blood pressure (mmHg) 43.9+9.2

HR (bpm) 124.7+11.3

BSA body surface area, HR heart rate, bpm beats per minute

Table 2 Measured echocardiographic parameters of the studied popu-
lation (n=38)

Variables Mean +SD
3D EDV (ml) 5.6+1.1
3D EDV (ml/m?) 28.5+3.4
3D EDV (ml/kg) 1.8+0.2
3D ESV (ml) 2.5+0.5
3D ESV (ml/m?) 13.0+2.0
3D ESV (ml/kg) 0.8+0.1
3D SV (ml) 3.0+£0.6
3D SV (ml/m?) 156+1.9
3D SV (ml/kg) 1.0+0.1
3D EF (%) 54.6+3.2
TVA (cm) 11.1+0.8
2D free wall LS (%) —-279+25
TAPSE (mm) 6.8+0.9
TAPSEi (%) 242+2.6
FAC (%) 439+2.6

3D three dimensional, EDV end-diastolic volume, ESV end-systolic
volume, EF ejection fraction, SV stroke volume, TVA tricuspid valve
annulus diameter, 2D two dimensional, LS longitudinal strain, TAPSE
tricuspid annular plane systolic excursion, TAPSEi tricuspid annular
plane systolic excursion indexed to right ventricular length, FAC frac-
tional area change

In our healthy group of neonates, we found that EDV
and SV values correlated well with both BW (r=0.78,
P-value <0.0001; r=0.81, P-value <0.0001, respec-
tively) and BSA (r=0.83, P-value <0.0001; r=0.85,
P-value <0.0001, respectively).

The correlation of 2D variables with BW and BSA are
presented in Table 4.

It was found that TVA and TAPSE are significantly cor-
related with BW and BSA (P value < 0.0001 for either vari-
able). On the other hand, there was no correlation between
FAC and either BW or BSA (P value=0.99 and 0.68,
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Table 3 Correlation of three-dimensional EDV, SV, EF, with BW and
BSA

BW BSA

EDV Pearson correlation 0.78 0.83
P-value <0.0001 <0.0001

EF Pearson correlation 0.10 0.12

P-value 0.53 0.48

NY% Pearson correlation 0.81 0.85
P-value <0.0001 <0.0001

EDV end-diastolic volume, EF ejection fraction, SV stroke volume,
BW body weight, BSA body surface area

Table 4 Correlation of 2D variables (TVA, 2D FWLS, TAPSE, FAC)
with BW and BSA

BW BSA

TVA Pearson correlation 0.82 0.78
P-value <0.0001 <0.0001

FWLS Pearson correlation 0.032 —-0.01

P-value 0.85 0.95

TAPSE Pearson correlation 0.64 0.62
P-value <0.0001 <0.0001

FAC Pearson correlation 0.002 0.07

P-value 0.99 0.68

2D two dimensional, TVA tricuspid valve annulus, FWLS free wall
longitudinal strain, TAPSE tricuspid annular plane systolic excursion,
FAC fractional area change, BW body weight, BSA body surface area

respectively). Similarly, there was no association between
RV LS and either the BW or BSA (P value =0.64 and 0.62),
respectively.

Intra-observer and Inter-observer Variability

The intraclass correlation coefficient (ICC) was used to
measure the inter-rater agreement between reader 1 and
reader 2 for EDV, ESV, SV, LS, and FAC measurements, as
well as the intra-rater agreement between reader 1 and reader
1 repeat. There was an excellent strength of agreement for
inter- and intra-observer variability as evident by an ICC
value > 0.9 and a P value <0.001 for all variables except
FAC (Table 5).

Discussion

Our data show that 3D-STE analysis of the RV is feasible
in healthy neonates. As previously published [9], obtain-
ing 3D datasets on a sleeping or feeding neonate could be
done without the need for sedation. Acquiring 3D datasets
to include the RV anterior free wall is a major impediment
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Table5 The intraclass correlation coefficient was used to measure
the inter-rater agreement between reader 1 and reader 2 for EDV,
ESV, SV, LS, and FAC measurements, as well as the intra-rater agree-
ment between reader 1 and reader 1 repeat

Inter-rater (reader 1 vs. Intra-rater (reader 1

reader 2) vs. reader 1 repeat)

ICC P-value ICC P-value
EDV 0.99 <0.0001 0.99 <0.0001
ESV 0.97 <0.0001 0.98 <0.0001
SV 0.97 <0.0001 0.95 <0.0001
Free wall LS 0.95 <0.0001 0.92 <0.0001
FAC 0.38 0.13 0.54 0.04
TAPSE 0.88 <0.0001 0.97 <0.0001

ICC intraclass correlation coefficient, EDV end-diastolic volume, ESV
end-systolic volume, SV stroke volume, LS longitudinal strain, FAC
fractional area change, TAPSE tricuspid annular plane systolic excur-
sion

in the 3D imaging of the RV in adults [18]. We found that
maneuvering the probe from the standard apical window
more medially renders imaging of the anterior wall feasible.
In addition, we speculate that the presence of an anterior
thymus tissue might play a role in shielding the RV ante-
rior wall from the air-filled lung tissue. The preservation of
resolution using a 7 MHz 3D probe, as the depth required
to image the RV in a small neonate is relatively shallow,
produced good quality images at a reasonable frame rate.
On the other hand, as voluntary breath holding is not fea-
sible in this age group, translational and stitching artifacts
are expected to be common. Neonates, however, often have
periodic breathing characterized by a pause following a
phase of fast breaths. We attempted to begin the acquisition
following the fast breathing phase as there is usually a short
pause or a period of shallow breathing, which minimizes
breathing artifacts. Despite all the above some datasets were
deemed unsuitable for analysis. On average three datasets
were obtained from the apical window on each baby; from
those at least one set was adequate for analysis.

The recent version of the RV analysis software from
Tomtec (4D right ventricle 2) allows for flexible adjust-
ments by the operator, which are crucial when analyzing a
small ventricle. We found that frame by frame adjustments
of the endocardial tracings in all four planes provided by the
software were necessary. Previous versions of this software
were suboptimal for the accurate measurement of the RV in
this population. Attempts to perform RV volumetric analysis
with Version 1.2 of this software were unsuccessful as the
automated tracing of the endocardium was suboptimal and
manual manipulation of the tracings were limited.

In this study we obtained reference values and ranges for
the RV volumes in a healthy group of neonates. 3D obtained
volumes were presented indexed to WT and BSA, as we

found that both EDV and SV correlated well with either
BW or BSA. To the best of our knowledge this is the largest
study to report on RV volumes and EF in normal neonates,
using Tomtec software.

In an attempt to validate RV volumetric measurements by
3DE, Schindera et al. [19] measured volumes of RV casts
of excised human and porcine heart of varying sizes and
shapes and concluded that real-time 3D echocardiography,
using a novel disc summation method of angled longitudinal
and cross-sectional scan planes, can accurately estimate the
true volumes. In comparison to MRI, Leibundgut et al. [20]
reported on 100 consecutive adult patients with normal or
diseased RV and found a good correlation between 3D RV
and MRI, with the latter tending to have higher volumes.
They attributed this to the difference in the methods used
in the analysis. Although MRI has validated 3D echocar-
diographic measurements in other populations, validation
of neonatal measures by CT, MRI, or other methodology
should be undertaken as well.

Kutty et al. [21] using an older version of the Tomtec
software serially measured RV volumes in patients with
hypoplastic left heart syndrome and compared the results
to 18 normal infants aged 0—6 months. Of interest, they
were able to analyze all 63 studies. In the current study,
we could analyze all subjects, only because several datasets
were obtained on each subject, out of which one was suitable
for analysis. Although, their control group had a wider age
range (0—6 months), the EF reported was similar to the EF
in our healthy neonates.

Tamborini and his group [22] reported on a large series in
normal adults and found that RV volume measurements by
Tomtec using 3DE are both feasible and reproducible. RV
volumes in their series, as in ours, correlated well with BSA.

Establishing 1 RV volumes in this age group has signifi-
cant clinical implications. In newborns suffering from RV
inflow or outflow tract obstructive lesions, the “size” of the
RV might be crucial in determining which interventional
course is to be followed. The feasibility of imaging and
measuring RV volumes in 3D and having reference values
could be useful in planning palliative or corrective surgery
in neonates with congenital heart disease affecting the RV.
Moreover, decreased RV systolic function can be valuable
predictor of outcome, in sick neonates with a variety of
cardiopulmonary disease of newborn. So far, the lack of a
clearly defined quantitative parameter for functional assess-
ment of the RV has been a major impediment to early iden-
tification of the development of RV dysfunction in newborn
infants [23, 24]. Having a robust and reproducible tool to
measure RV systolic function will add objectivity to the
clinical management of sick neonates.

In addition to 3D volumetric data, the Tomtec RV analy-
sis software automatically generates a non-foreshortened
2D image of the RV. From this image, more traditional RV
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measurements, like TV annulus, FAC, TAPSE and RV free
wall LS, are provided. Using 2D images and including the
trabeculations within the cavity of the RV, Levy et al. [25] had
reported FAC of 33 +5% in full-term newborns. The disagree-
ment with our results might be due to ventricular foreshort-
ening. The 4-chamber view obtained from a 3D dataset, as
in our study, is with minimal or no foreshortening leading to
larger diastolic volumes and hence larger FAC. Moreover, as
shown in the corresponding figure presented in their article,
demonstrating how the area was traced, the level of measure-
ment was more posterior at the level of the coronary sinus, as
compared to the level at which our measurements were made.
Different levels of measurements could potentially produce
different values. Prospective studies comparing FAC from 2D
images to those derived from the 3D datasets in this age group
as well as others would be of interest.

TAPSE is another readily available parameter obtained
from the 3D dataset analysis. The advantage of measuring
TAPSE from 3D, in addition to abolishing foreshortening,
is in its use of angle-independent speckle tacking of the
annulus rather than the angle-dependent M-mode traditional
method. Our results agree with those obtained by Ghandi
et al. [26]. We found that TAPSE correlated very well with
BW and BSA. To standardize the value, we index it to the
length of the RV, a readily available measurement that could
be done at the same time TAPSE is obtained.

Two-dimensional RV Free wall LS could be measured
from an apical 2D image obtained from the 3D dataset. Using
Tomtec software, LS of the free wall, defined as the wall of the
RV between the lateral TV annulus and the RV apex, could be
calculated based on the difference in length between the end
diastolic and end-systolic frames. Although our 2D images are
obtained from a 3D dataset which has a relatively low frame
rate, numbers were higher than those reported by Jain et al.
(—22+4%). The difference might be explained by the differ-
ence in algorithms used by different venders [27].

Limitations

Optimal image acquisition and quality are important aspect
for the analysis of 3DE. Fundamental limitations of ultra-
sound, such as reverberation and shadowing, and acquisi-
tion shortcomings like movement and stitching artifacts, can
limit feasibility of 3DE. In newborns, most of these limita-
tions are overcome because of the usual, very good image
quality and the shallow depth of field required. Despite that,
it was necessary to acquire several datasets to arrive at the
level of feasibility attained in our study. This might become
a limitation when using this modality in the clinical arena.
The relatively low frame rate of 2D imaging coupled to high
heart rates of newborns could potentially lead to underestimating
strain values. This become more significant when the 2D image
is obtained from a 3D dataset with its inherited low frame rate.
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This was a single-center study with a relatively small sam-
ple size. Our population was limited to Middle Eastern origin
and included neonates with normal hearts. Further larger stud-
ies including different ethnic groups and newborns with heart
disease are needed.

Finally, the RV volumes obtained by 3DE in this age group
need to be validated; moreover, values in this study may not
be applicable to other software due to inter-vendor variability.

Conclusion

3DE of the RV is feasible and reproducible in neonates without
the need for sedation. Using Tomtec software, reference values
of RV 3D volumes and EF were obtained. These data could
be potentially helpful in patients where the size or the systolic
function of the RV is questionable. In addition, 2D images
dissected from the 3D datasets were used to provide normal
ranges of 2D systolic function indices, including TAPSE, FAC,
and free wall LS. Studies with larger number of subjects are
needed to set nomograms for this age group.
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