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Right ventricular function in β-thalassemia children: comparing
three-dimensional echocardiography with other functional
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BACKGROUND: Cardiomyopathy is a major cause of mortality and morbidity in beta-thalassemia major (β-TM), and its early
detection is critical for prompt management. We aimed to evaluate right ventricle (RV) function in β-TM, in absence of cardiac
symptoms, using 3D echocardiography, and compare it with other functional parameters.
METHODS: Cross-sectional cohort study was conducted on 50 β-TM children with no cardiac manifestations and 50 healthy
controls of matched age and sex. We evaluated RV function using; Fraction Area Change (2DE-RV FAC), Ejection Fraction (3D-RVEF),
Tricuspid annular plane systolic excursion (TAPSE), Tissue Doppler imaging (TDI) systolic (S′) and diastolic (E′, A′), Myocardial
performance index (MPI), and speckle tracking (2D-STE) of RV global longitudinal strain (LSS), systolic strain rate (SSR), early diastolic
strain rate (DSR E), and late diastolic strain rate (DSR A).
RESULTS: 3D-RVEF, MPI, and 2D-STE showed significant differences between the two groups. ROC curve analysis measurements
had an AUC above 0.7—which indicate at least a fair discriminatory power between the β-TM group with RV dysfunction and
normal controls.
CONCLUSIONS: β-TM patients have decreased RV function indices at a pre-symptomatic stage. Early detection of RV dysfunction is
feasible and can allow for closer follow-up to detect pre-clinical changes.
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IMPACT:

● The key message of this article is to emphasize the importance of the evaluation of right ventricular function in children with
beta-thalassemia major.

● This article adds to the existing literature the use of recent echocardiographic modalities as three-dimensional
echocardiography and two-dimensional speckle tracking in the evaluation of right ventricular dysfunction in beta-thalassemia
children while cardiac affection is still subclinical.

● Impact: Recent echocardiographic functional parameters can be effectively used to evaluate the right ventricle in beta-
thalassemia and can detect dysfunction in asymptomatic patients allowing for early intervention.

INTRODUCTION
Beta-thalassemia major (β-TM) is a public health problem in Egypt,
with an estimated incidence of 1000 children/1.5 million live birth
per year.1 The majority of β-TM patients are transfusion-
dependent. Lifelong blood transfusions, extravascular hemolysis,
and increased gastrointestinal iron lead to iron overload causing
tissue and organ damage, especially to the heart.2,3

Chelation therapy can dramatically improve, but not completely
eliminate, cardiac involvement and prognosis. Once congestive
heart failure develops, a moderate to severe reduction of left
ventricular systolic function usually persists, symptoms and signs
of severe right-sided heart failure are evident and the prognosis is
considered poor. Predominant right heart failure has been
attributed to pulmonary hypertension, which was postulated to

occur secondary to lung tissues hemochromatosis or hemochro-
matosis of the pulmonary vessels.4

Cardiomyopathy is a well-known complication of β-TM and the
main cause of death in those patients is congestive heart failure.5

The process of cardiac affection is gradual, and the cardiac muscle
is affected before the appearance of clinical manifestations which
makes defining methods of early detection of cardiac dysfunction
a crucial step in the routine patient care.3

In a routine echocardiographic evaluation of β-TM patients,
most of the examiners focus mainly on the assessment of the left
ventricle (LV) function forgetting the right ventricle (RV). Sharing
the interventricular septum (IVS), the RV and the LV are
functionally linked together. The RV contains transverse muscle
fibers in its free wall in addition to sharing oblique fibers in the IVS
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with the LV, thus LV contraction contributes to the RV contraction
via the IVS, which is why assessment of RV function in those
patients is of vital importance.6

RV function can be evaluated by a variety of echocardiographic
quantitative measures. Two-dimensional Functional Area Change
(2D-RV FAC) provides an estimate of RV systolic function. Tricuspid
annular plane systolic excursion (TAPSE) is an M-mode parameter
that reflects longitudinal shortening of the RV.7 Tissue Doppler
imaging (TDI) is used for measurement of the peak myocardial
velocity and time, but this modality could be affected by the angle
of ultrasound beams to the targeted myocardial wall in addition to
being load-dependent.8

Two-dimensional speckle tracking echocardiography (2D-STE) is
a relatively novel imaging modality providing quantitative
evaluation of global and regional myocardial deformation
independent from the ultrasound beam angle and cardiac
translational movements, overcoming TDI limitations.9,10

Evaluation of RV function, volume, and mass are considered
challenging owing to its unique cavity geometry. Although
evaluation of the RV focused on the use of 2-dimensional
echocardiography (2DE), progressive development of three-
dimensional echocardiography (3DE) made it possible to evaluate
the RV with more accuracy.11

It is reasonable to assume that 3DE measurement of volumes
and ejection fraction might improve assessment of RV function,
that’s why we aimed in this study to evaluate the RV function in β-
TM children using 3DE and to compare these parameters with
conventional echo, TDI, and speckling tracking derived
parameters.

PATIENTS AND METHODS
This cross-sectional cohort study was conducted on 50 children diagnosed
with β-TM with no clinically evident cardiac manifestations. All the patients
received packed red blood cell transfusions every 3-4 weeks to sustain a
hemoglobin level above 8 g/dl. All the enrolled patients had serum ferritin
level exceeding 1000 ng/ml and received iron chelation in the form of
deferasirox (EXJADE 30mg/kg/day or JADENU 20mg/kg/day). They were
selected from those attending the outpatient clinic before regular
transfusion at The Hematology Unit, Pediatrics Department of Tanta
University Hospital. Fifty healthy children served as a control group with
matched age and sex, they were recruited from healthy children attending
the outpatient clinic for routine well child visits. Informed written consent
was obtained from the guardians of enrolled children. The study was
approved by the ethical committee of the Faculty of Medicine, Tanta
University.
Full history taking, general and regional examinations were performed

and children with congenital or other acquired heart diseases were
excluded. The laboratory investigations included serum ferritin and a
complete blood count prior to transfusion.
Echocardiographic images were obtained using a Vivid 7 ultrasound

machine (GE Medical System, Horten, Norway). Data acquisition was done
using a 3.5-MHz transducer, S7, and V3 matrix real-time 3-dimensional
probes. We used the following quantitative echocardiographic parameters
to measure RV function:
2D-RV FAC is the percent change in RV area from diastole to systole, a

2D substitute for ejection fraction, and it reflects the systolic function of
the inflow as well as the apical portions of the RV. FAC represents
longitudinal shortening as well as a radial thickening in addition to the
contribution of the interventricular septum.7 2D-RV FAC was measured
using transthoracic 2DE examination in the apical 4-chamber view by
manually tracing the RV contour at end-diastole and end-systole. The 2D-
RV FAC was calculated as follows:

FAC ¼ ½ðend-diastolic RV area� end-systolic RV areaÞ=end-diastolic RV area� ´ 100

TAPSE was measured in the apical 4-chamber view by placing an
M-mode cursor on the lateral tricuspid annulus and measuring the peak
distance traveled by this reference point during systole. TAPSE is a
reflection of longitudinal shortening of the RV.12

TDI was done with a sample volume of 5.5 mm, a frame rate of greater
than 150 fps and the average velocities of 3 consecutive cycles were
recorded to reduce the effect of respiration on blood velocities and as
breath-holding is not applicable in young children. Systolic (S′) and
diastolic (E′, A′) myocardial velocities were measured in the apical
4-chamber view by placing a tissue Doppler cursor on the lateral tricuspid
annulus and measuring the peak velocity of this reference point during
systole and diastole. S′ reflects the longitudinal velocity of the tricuspid
annulus during systole, and the greater the velocity during systole the
greater the RV systolic function.13

Myocardial performance index (MPI, Tei index): was measured using this
formula: (a− b)/b, where “a” is the time between the end of A wave of
tricuspid inflow to the beginning of E wave of tricuspid inflow in the next
cardiac cycle obtained by TDI at tricuspid inflow at the apical 4-chamber
view, and “b” is the pulmonary ejection time obtained by TDI at the
pulmonary valve in parasternal short-axis view. MPI is based on time
intervals and is independent of the geometry of cardiac chambers and
contraction pattern.14

2D-STE: Strain is considered as the percent change in the myocardial
deformation (predominantly the longitudinal shortening in case of the RV),
while strain rate can be defined as the rate of myocardial deformation.15

2DE images were obtained using the 3 standard apical views; apical long
axis, apical, 4-chamber, and 2-chamber views, and parameters obtained
represented the average of 3 cardiac cycles, with a frame rate of 65 fps,
and all segmental data were represented. We used automated function
imaging that enables the assessment of longitudinal strain available in
Vivid 7 ultrasound machine to measure average RV free wall peak global
longitudinal strain (LSS), RV free wall global peak systolic strain rate (SSR),
RV free wall peak global early diastolic strain rate (DSR E), and RV free wall
peak global late diastolic strain rate (DSR A). The digital loops were stored
on a hard disk of the echocardiography machine then transferred for
offline analysis to a workstation (Echo PAC PC, 113; GE, Horten, Norway).
Acceptable images from three cardiac cycles were digitally saved for offline
speckle-tracking analysis. Tracking was accepted not only if the Echo PAC
software showed adequate tracking, but also if the examiner’s inspection
revealed good tracking throughout the cardiac cycle. Automated software
tracking is not always reliable, in which case, manual selection of precise
landmarks, segmental contouring, and/or a region of interest was
paramount to allow optimal manual adjustments.
3-Dimensional Right Ventricular Ejection Fraction (3D-RVEF): 3D images

of the RV were obtained in a full-volume data set from the apical
4-chamber view and optimized for analysis of RV function.16 Multi-beat (3-
6 beats) data were obtained on the multislice (short-axis) visualization
mode, to make sure that the right ventricle was entirely included in the
data set. All the measurements of RV volumes and EF were made offline,
using dedicated software (Echo PAC PC, 113; GE, Horten, Norway). Semi-
automatic analysis was performed, with a manual tracing of the
endocardial borders in end-systolic and end-diastolic frames in the sagittal,
4-chamber, and coronal views, obtained from the full-volume data set. In
addition, end-diastolic volume (EDV), end-systolic volume (ESV), stroke
volume (SV), and ejection fraction (EF) were calculated using the software
(Fig. 1).
Inter- and intra-observer variability analysis: Two echocardiographers

independently performed 10 randomized Speckle Tracking analyses for
five patients and five controls to analyze inter-observer variability. One
observer measured the Speckle Tracking analysis twice in the 10
randomized subjects on two consecutive days for intra-observer variability
analysis.

Statistical analysis
Statistical analysis was performed using MedCalc Statistical Software
version 15.8 (MedCalc Software bvba, Ostend, Belgium; https://www.
medcalc.org; 2015). The distribution of numerical variables was determined
according to the Shapiro Wilk test as well as the shape of the distribution
in histograms and Q–Q plots. Variables that followed normal distribution
were summarized as mean ± standard deviation (SD) and range (minimum
and maximum values). Comparisons between the two groups were
performed using independent samples t-test. For variables that did not
follow a normal distribution, median, interquartile range (IQR, expressed as
25th percentile–75th percentile), and range (minimum, maximum) were
calculated. Mann–Whitney U test was used to compare the two groups.
Receiver operating characteristic (ROC) curve analysis was performed to
analyze the relation between true-positive and false-positive results for
each measured parameter and to identify the best cut-off value that yields
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both the highest sensitivity and specificity. The discriminatory power of
AUC was graded as follows: 0.90–1= excellent; 0.80–0.90= good;
0.70–0.80= fair; and 0.60–0.70= poor. Pairwise comparisons were per-
formed between the AUCs of the studied parameters according to the
method described by DeLong et al.17 The significance of tests was adopted
at a P-value < 0.05.

RESULTS
The mean age of children in the β-TM group was 8.57 ± 4.75 years
and that of the control group was 7.96 ± 3.97 years. The β-TM
group included 27 females and 23 males while the control group
included 24 females and 26 males. Family history of thalassemia
was positive in 43 patients and 35 patients were products of
consanguineous marriage. The body mass index of patients was
18.73 ± 5.32 kg/m2 which was comparable to that of the control
group (17.68 ± 4.89 kg/m2). The mean hemoglobin level in the
patients’ group was 7.23 ± 1.35 gm/dl, which was significantly
lower than the control group (11.80 ± 1.74 gm/dl) and the serum
ferritin median level was 1850 ng/ml (range: 1259–8753 ng/ml) in
patients’ group, which was significantly higher than the control
group (83.52 ± 11.37 ng/ml).
3D evaluation of the RVEF revealed a significant increase when

compared with the control group (P-value < 0.001). TDI-derived
MPI also showed a statistically significant increase in patients
compared to the control group. The 2D-STE of right ventricular
strain (LSS) and strain rates (SSR, DSR E, and DSR A) were
significantly decreased in patients than in controls. There was no
significant difference between the two groups as regard TAPSE,
2D-RV FAC, tricuspid annulus systolic tissue Doppler velocity (S’),
tricuspid annulus early diastolic velocity (E’), or tricuspid annulus
late tissue Doppler velocity (A’) (Table 1).
As we can see in Table 2 and Fig. 2, the results of ROC curve

analysis for the diagnosis of RV dysfunction using the studied
measurements. All measurements had an AUC above 0.7—which
indicate at least a fair discriminatory power between β-TM group

with RV dysfunction and those without (normal controls). TDI-
derived RV MPI had the highest AUC (AUC= 0.982, 95% CI=
0.909–0.999), followed by 3DE-RVEF (AUC= 0.974, 95% CI=
0.896–0.998), then 2D-STE SSR (AUC= 0.804, 95% CI=
0.681–0.895), 2D-STE DSR A (AUC= 0.762, 95% CI= 0.635–0.863),
2D-STE LSS (AUC= 0.748, 95% CI= 0.619–0.851), and 2D-STE DSR
E (AUC= 0.739, 95% CI= 0.610–0.844). The AUCs of TDI-derived
MPI and 3DE-RVEF did not differ significantly (P-value= 0.675), but
both were significantly higher than the AUCs of the other
measurements (P-value < 0.05). There was no statistically signifi-
cant difference among the AUCs of Speckle tracking LSS, SSR, DSR
E, and DSR A (P-value > 0.05). The best cut-off values for each
measurement and its associated sensitivity and specificity are
demonstrated in Table 2.

DISCUSSION
Cardiomyopathy is the primary determinant of prognosis and
survival in β-TM.18 Its early detection is markedly needed. In our
study, we focused on the detection of RV dysfunction in the pre-
symptomatic stage using echocardiography as a diagnostic tool.
We used a variety of modalities including 3DE, conventional echo,
TDI, and 2D-STE strain analysis focusing on RV evaluation.
Assessment of RV size and function should be part of every

echocardiographic examination at the time of diagnosis and
during regular follow-up in β-TM. Guidelines for the echocardio-
graphic evaluation of the RV emphasize the importance of
combining different echocardiographic parameters for obtaining
full coverage of the different RV structural and functional
assessment.19

In the current study, we were able to detect a significant
difference between patients and controls as regard TDI-derived RV
MPI, with a mean of 0.63 ± 0.15 and 0.35 ± 0.08, respectively, and
P-value < 0.001. Lower values indicate better function since the
healthy RV should theoretically spend a shorter time in the
isovolumetric phase and a greater proportion ejecting blood.
Since MPI is usually affected before other RV parameters, it can be
a more sensitive parameter for subclinical or early RV dysfunction
detection.7

Tricuspid annulus systolic tissue Doppler velocity (S’), tricuspid
annulus early diastolic velocity (E’), and tricuspid annulus late
tissue Doppler velocity (A’) showed no significant difference
between the two groups. TDI has the limitations of being angle-
dependent and load-dependent, and the determination of tissue
velocity is influenced by the global cardiac translation as well as
tricuspid regurgitation.17

Conventional 2D-RV FAC revealed no statistically significant
difference between patients and controls with a mean of 41.57 ±
7.68% and 39.33 ± 1.88%, respectively. Assessment of RV volumes
using 2D echocardiography can be challenging. 2D-RV measure-
ments show poor agreement with more advanced and accurate
imaging modalities as 3D volumes calculated by cardiac magnetic
resonance (CMR).20,21 This definitely underestimates the true RV
volumes as the RV outflow tract is not included in the
conventional 2D assessment.22

We also found that TAPSE showed no significant difference
between the β-TM group and the control group with a mean of
19.23 ± 3.56 and 20.17 ± 1.86mm, respectively. The major limita-
tion of TAPSE is that it can only represent one component of RV
motion within one single segment of RV myocardium. The RV may
be clearly dysfunctional yet preserving relatively normal TAPSE.
Also, TAPSE measures displacement relative to the stationary
transducer, which may produce misleading results.23

The use of 3D estimation of the RVEF showed higher values in
patients than in controls (62.97 ± 6.47% and 49.50 ± 4.18%,
respectively) with a P-value < 0.001. Both 3D echocardiography
and CMR seem to offer better discrimination, in particular using RV
ejection fraction impairment in addition to absolute volume cut-
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Fig. 1 Example of a three-dimensional echocardiographic recon-
struction of the delineation of the right ventricle seen from the
septal side. The mesh in gray is the right ventricle at end-diastole.
The curve represents right ventricular volume end-systole. The
pulmonary valve (PV) is shown in white in the upper left side,
tricuspid valve (TV) is shown in the upper right side, and right
ventricular (RV) apex toward the bottom. EDV The end-diastolic
volume= 68.8 ml, ESV: end-systolic volume= 16.9 ml, SV stroke
volume= 51.9 ml, and EF ejection fraction= 75.5%.
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Table 2. ROC curve analysis of right ventricular parameters.

Parameters AUC (95% CI) P-value (against
AUC= 0.5)

Cut-off value Sensitivity (%) Specificity (%)

RV MPI by TDI 0.982 (0.909–0.999) <0.001* >0.4 96.67 93.33

3DE-RVEF (%) 0.974 (0.896–0.998) <0.001* >55 90.00 96.67

2D-STE LSS (%) 0.748 (0.619–0.851) <0.001* >−22 100.0 66.67

2D-STE SSR (%) 0.804 (0.681–0.895) <0.001* ≤1.4 76.67 76.67

2D-STE DSR E (1/S) 0.739 (0.610–0.844) <0.001* ≤1.3 46.67 96.67

2D-STE DSR A (1/S) 0.762 (0.635–0.863) <0.001* ≤0.7 53.33 96.67

P-value from pairwise comparisons
of AUCs

RV MPI by TDI vs 3DE-RVEF= 0.675

RV MPI by TDI vs 2D-STE LSS= 0.001*

RV MPI by TDI vs 2D-STE SSR= 0.003*

RV MPI by TDI vs 2D-STE DSR E < 0.001*

RV MPI by TDI vs 2D-STE DSR A= 0.001*

3DE-RVEF vs 2D-STE LSS < 0.001*

3DE-RVEF vs 2D-STE SSR= 0.006*

3DE-RVEF vs 2D-STE DSR E < 0.001*

3DE-RVEF vs 2D-STE DSR A= 0.002*

2D-STE LSS vs 2D-STE SSR= 0.569

2D-STE LSS vs 2D-STE DSR E= 0.933

2D-STE LSS vs 2D-STE DSR A= 0.884

2D-STE SSR vs 2D-STE DSR E= 0.311

2D-STE SSR vs 2D-STE DSR A= 0.625

2D-STE DSR E vs 2D-STE DSR A= 0.823

RV MPI Right ventricular myocardial performance index, TDI tissue Doppler imaging, 3DE-RV EF 3-Dimensional Right Ventricular Ejection Fraction, 2D-STE
2-Dimensional speckle tracking echocardiography, LSS right ventricle-free wall peak global longitudinal strain, SSR right ventricle-free wall global peak systolic
strain rate, DSR E right ventricle-free wall peak global early diastolic strain rate, DSR A right ventricle-free wall peak global late diastolic strain rate.
ROC receiver operating characteristic, AUC area under the ROC curve, CI confidence interval.
*Significant at P-value < 0.05.

Table 1. Right ventricular parameters of the studied groups.

β-TM (n= 50) Control (n= 50) Statistical test P-value

2DE-RV FAC (%)a 41.57 ± 7.68 39.33 ± 1.88 1.547c 0.132

3DE-RV EF (%)a 62.97 ± 6.47 49.50 ± 4.18 9.576c <0.001*

TAPSE (mm)a 19.23 ± 3.56 20.17 ± 1.86 1.273c 0.210

RV MPI by TDIa 0.63 ± 0.15 0.35 ± 0.08 9.151c <0.001*

S’ velocity RV (cm/s)a 6.73 ± 1.01 6.97 ± 0.85 2.217c 0.231

E’ velocity RV (cm/s)a 11.83 ± 2.15 12.67 ± 1.21 1.848c 0.071

A’ velocity RV (cm/s)a 6.23 ± 1.43 6.47 ± 1.20 0.685c 0.496

2D-STE LSS (%)b 18.00 (15.00–21.00) −23.00 (−25.00–20.00) 3.303d 0.001*

2D-STE SSR (%)b 1.10 (0.89–1.40) 1.50 (1.50–1.90) 4.059d <0.001*

2D-STE DSR E (1/S)a 1.57 ± 0.64 2.15 ± 0.55 3.746c <0.001*

2D-STE DSR A (1/S)a 0.73 ± 0.35 1.04 ± 0.25 3.961c <0.001*

β-TM beta-thalassemia major, 2DE-RV FAC 2-Dimensional Right Ventricular Fraction Area Change, 3DE-RV EF 3-Dimensional Right Ventricular Ejection Fraction,
TAPSE Tricuspid annular plane systolic excursion, RV MPI Right ventricular myocardial performance index, TDI tissue Doppler imaging, S’ Tricuspid annulus
systolic tissue Doppler velocity, E’ Tricuspid annulus early diastolic velocity, A’ Tricuspid annulus late tissue Doppler velocity, 2D-STE 2-dimensional speckle
tracking echocardiography, LSS right ventricle-free wall peak global longitudinal strain, SSR right ventricle-free wall global peak systolic strain rate, DSR E right
ventricle-free wall peak global early diastolic strain rate, DSR A right ventricle-free wall peak global late diastolic strain rate.
*Significant at P-value < 0.05.
aData are expressed as mean ± SD (standard deviation).
bData are expressed as median and IQR: interquartile range (25th–75th percentiles).
cIndependent samples t-test.
dMann–Whitney test.
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offs.24 Overall, there is a good to reasonable correlation between
RV volumes and ejection fraction measured by CMR and 3D
echocardiography.25

The challenge of obtaining a high-quality full volumetric 3D
data set, including the RV anterior wall and the RV apical lateral
segments, in patients with poor imaging windows and/or dilated
RV is the main limitation of this method. Moreover, accuracy tends
to decrease with increasing RV dilatation, limiting its application in
patients with dilated ventricles.26,27 The higher RVEF could be
caused by the hyperdynamic circulation characteristic of those
patients. This denotes that RVEF is load-dependent. So, it’s not
reasonable to depend solely on this parameter for the detection of
early RV systolic dysfunction.
Due to the limitations discussed above regarding the use of 2D-

RV FAC, 3D-RV EF, TAPSE, MPI, and TDI assessment of RV remains
challenging in clinical practice and is often limited to subjective
qualitative assessment. Recent guidelines recommend performing
quantitative measurements of RV function using more than one
modality to get reliable results.7

The introduction of speckle-tracking echocardiography made
the measurement of strain and strain rate easier and is now a well-
established modality for the evaluation of the LV. Yet its use to
evaluate RV function is limited by lack of reference values. In the
current study, the 2D-STE of right ventricular strain and strain rates
demonstrated a statistically significant difference (P-value < 0.001)

as regard LSS, SSR, DSR E, and DSR A. These denote silent systolic
and diastolic dysfunction in those children. Speckle tracking-based
assessment of global LV function has received much recent
attention. It was found more sensitive in detecting early functional
impairment than volume-based functional indices such as ejection
fraction in several clinical scenarios.28

ROC curve analysis for the diagnosis of RV dysfunction revealed
that all measurements had an AUC above 0.7—which indicate at
least a fair discriminatory power between β-TM group with RV
dysfunction and those without (normal controls). TDI-derived RV
MPI had the highest AUC (AUC= 0.982, 95% CI= 0.909–0.999),
followed by 3DE-RVEF (AUC= 0.974, 95% CI= 0.896–0.998), then
2D-STE SSR (AUC= 0.804, 95% CI= 0.681–0.895), 2D-STE DSR A
(AUC= 0.762, 95% CI= 0.635–0.863), 4D-STE LSS (AUC= 0.748,
95% CI= 0.619–0.851), and 2D-STE DSR E (AUC= 0.739, 95% CI=
0.610–0.844). The AUCs of TDI-derived MPI and 3DE-RVEF did not
differ significantly (P-value= 0.675), but both were significantly
higher than the AUCs of the other measurements (P-value < 0.05).
There was no statistically significant difference among the AUCs of
Speckle tracking LSS, SSR, DSR E, and DSR A (P-value >0.05).
Although developed for the LV, speckle tracking has been

applied to the RV.29 Peak longitudinal strain and strain rate
measurement are independent of global cardiac motion and allow
quantifying regional myocardial deformation in the different RV
segments.30,31
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Fig. 2 ROC curve analysis of right ventricular function using different echocardiographic parameters. The circle indicates the optimal cut-
off value. The diagonal line represents the null hypothesis AUC of 0.5. a ROC curve analysis of right ventricular myocardial performance index
(MPI) derived from tissue Doppler imaging (TDI). (AUC= 0.982, 95% CI= 0.909–0.999, Cut-off value > 0.4, Sensitivity= 96.67%, Specificity=
93.33%, *P-value < 0.001). b ROC curve analysis of 2-dimensional right ventricular ejection fraction (3D-RVEF). (AUC= 0.974, 95% CI=
0.896–0.998, Cut-off value > 55, Sensitivity= 90%, Specificity= 96.96%, *P-value < 0.001). c ROC curve analysis of right ventricle-free wall peak
global longitudinal strain (LSS) measured by 2-dimensional speckle tracking echocardiography (2D-STE). (AUC= 0.748, 95% CI= 0.619–0.851,
Cut-off value >−22, Sensitivity= 100%, Specificity= 66.67%, *P-value < 0.001). d ROC curve analysis of right ventricle-free wall global peak
systolic strain rate (SSR) measured by 2-dimensional speckle tracking echocardiography (2D-STE). (AUC= 0.804, 95% CI= 0.681–0.895, Cut-off
value ≤ 1.4, Sensitivity= 76.67%, Specificity= 76.67%, *P-value < 0.001). e ROC curve analysis of right ventricle-free wall global peak global
early diastolic strain rate (DSR E) measured by 2-dimensional speckle tracking echocardiography (2D-STE). (AUC= 0.739, 95% CI= 0.610–0.844,
Cut-off value ≤ 1.3, Sensitivity= 46.67%, Specificity= 96.67%, *P-value < 0.001). f ROC curve analysis of right ventricle-free wall global peak
global late diastolic strain rate (DSR A) measured by 2-dimensional speckle tracking echocardiography (2D-STE). (AUC= 0.762, 95% CI=
0.635–0.863, Cut-off value ≤ 0.7, Sensitivity= 53.33%, Specificity= 96.67%, *P-value < 0.001).
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CONCLUSION
Children with β-TM have decreased RV function indices at a pre-
symptomatic stage. Early detection of RV dysfunction is feasible by
Right ventricular myocardial performance index (RV MPI) using
tissue Doppler imaging (TDI), 3-Dimensional Right Ventricular
Ejection Fraction (3DE-RV EF), and 2-Dimensional speckle tracking
echocardiography (2D-STE), as and can allow for closer follow-up
to detect pre-clinical changes. That would be of great value when
tailoring individual management plans for patients with β-TM
including dosing of iron chelators, frequencies of transfusion, use
of cardioprotective agents, and further evaluation using CMR, in
order to consequently improve patient survival.
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