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Abstract

Background: Myocardial iron overload is the most common cause of mortality in patients with thalassemia major (TM), also known
as beta-thalassemia. T2* cardiovascular magnetic resonance imaging (MRI) is the best way of monitoring cardiac iron, and new
echocardiographic techniques can be used to assess cardiac function.
Objectives: The aim of this study was to assess the systolic and diastolic right ventricular (RV) function of patients with TM using
tissue Doppler imaging (TDI) and to determine whether this echocardiographic technique is an adequate diagnostic tool for the
screening and detection of subclinical cardiac dysfunction.
Patients and Methods: Eighty-four patients with TM were evaluated by conventional echocardiography and pulse-wave TDI. The
data of the TM group (Group 1) were compared with that of 85 age- and sex-matched healthy controls (Group 2). Cardiovascular T2*
MRI examinations were performed in 49 of the 85 patients.
Results: The patients with TM had significantly lower values for weight, height, body mass index, systolic arterial pressure, decel-
eration time, E’/A’, and ejection time (ET) than the controls. Group 1 also had significantly higher values for peak early diastolic
velocity (E) over peak late diastolic velocity (A), peak early diastolic velocity of TDI (E’), peak late diastolic velocity of TDI (A’), E/E’,
isovolumetric relaxation time, isovolumetric contraction time, and RV magnetic perfusion imaging (MPI) than Group 2.
Conclusions: RV diastolic dysfunction occurs before systolic deterioration in patients with TM and cannot be screened with con-
ventional echocardiographic techniques. In routine practice, TDI measurements, MPI (for global function) and the E/E’ parameter
(for diastolic function) can be used to screen and detect early RV dysfunction.
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1. Background

Thalassemia major (TM), also known as beta-
thalassemia, is a hereditary anemia in which patients
require lifelong blood transfusions to prolong survival (1).
Although these transfusions are mandatory for life, the
consequent iron accumulation in the endocrine organs,
liver, and heart is a major cause of morbidity and mortality
in patients with TM. In affected patients, myocardial iron
overload eventually leads to congestive heart failure and is
the most common cause of mortality in this population (2,
3). Chelation therapy is used to prevent iron overload as it
can reduce iron accumulation in the organs. Nevertheless,
this therapy cannot completely overcome myocardial
involvement, and iron overload cardiomyopathy thus
continues to be a leading cause of mortality in patients

with TM in many centers (4, 5).

T2* cardiovascular magnetic resonance imaging (MRI)
is the best way of monitoring cardiac iron load. It al-
lows the detection of cardiac iron overload prior to the oc-
currence of heart failure, and management strategies can
therefore be started immediately. However, T2* MRI is ex-
pensive and is not available in many centers (6).

Assessments of cardiac iron load can be performed di-
rectly using T2* MRI or indirectly by evaluating ventricu-
lar volumes and examining the effects of myocardial iron
load on cardiac function. New echocardiographic tech-
niques such as tissue Doppler imaging (TDI) are widely
available and can be used to assess cardiac function, as well
as to screen and detect subclinical cardiac dysfunction (7-
9). Left-sided heart failure is reported clinically more com-
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mon than right-sided heart failure, and right ventricular
(RV) dysfunction develops earlier in asymptomatic TM pa-
tients (10).

2. Objectives

The aim of this study was to assess systolic and diastolic
RV function with TDI echocardiography and to determine
whether this echocardiographic technique is an adequate
diagnostic tool for the screening and detection of subclin-
ical cardiac dysfunction.

3. Patients and Methods

The subjects included in the study were asymptomatic
patients with TM who had normal left ventricular (LV)
global systolic function (ejection fraction [EF] of 55% and
fractional shortening of 30%) by M-mode echocardiogra-
phy. Between January and September 2015, 84 patients
with TM who met these criteria were evaluated by con-
ventional echocardiography and pulse-wave TDI (Group 1).
The Group 1 data were compared with the data of a con-
trol group consisting of 85 age- and sex-matched controls
(Group 2). Cardiovascular T2* MRI examinations were per-
formed in 49 of the 85 patients with TM. All the patients
were followed up in a pediatric hematology clinic. All
the patients with TM were receiving regular blood transfu-
sions to maintain serum hemoglobin levels above 10 g/dL
as well as long-term chelation therapy. The chelation ther-
apy administered in this study consisted of deferoxamine
(Desferal [DFO], Novartis Pharma AG, Basel, Switzerland)
or deferasirox (Exjade [DFX], Novartis Pharma AG, Basel,
Switzerland), or a combination of deferiprone (Ferriprox
[DFP], Apotex Inc., Toronto, ON, Canada) and deferoxamine.

Patients with any cardiovascular symptoms, LV sys-
tolic dysfunction on echocardiography, history/evidence
of congenital heart disease, or any rhythm abnormalities
in their medical records, or who were receiving medica-
tions other than chelation therapy or had systemic dis-
eases (including but not limited to renal diseases, pul-
monary diseases, hypertension, and diabetes) were ex-
cluded from this study. Group 2 (controls) included age-
and sex-matched healthy children referred to the pediatric
outpatient clinic for reasons such as innocent heart mur-
mur among other conditions, and these patients under-
went physical and echocardiographic examinations. The
institutional ethics committee approved the study. All the
patients and/or their parents gave their informed consent.
The study complied with the ethical rules for human exper-
imentation stated in the declaration of Helsinki.

All the echocardiographic measurements were ob-
tained using the same ultrasound equipment (S7 Pro, gen-
eral electric, city, FL) with a 3 MHz transducer. Stan-
dard transthoracic echocardiograms involve M-mode, two-
dimensional Doppler flow assessments (PW), and TDI in-
dex measurements and filtration (including pulsed-wave
tissue Doppler imaging [PW-TDI]). The Nyquist limit was
adjusted to between -15 and 20 cm/second. The gains were
reduced until a clear tissue signal with minimal back-
ground noise was achieved. All the PW Doppler and PW-
TDI parameters were measured at a sweep speed of 100
mm/second at the end of expiration and taken over an av-
erage of three consecutive heartbeats. All measurements
were performed according to the recommendations of the
American society of echocardiography (11). PW and PW-TDI
echocardiography were performed to measure the peak
early and the late diastolic flow velocities (E and A, respec-
tively, cm/second) in the lateral tricuspid and transtricus-
pid annulus view, respectively. The left ventricular ejec-
tion fraction was calculated using the modified Simpson
method (12). The isovolumetric RV relaxation time (IVRT)
was determined by the difference between the time in-
terval from the peak of the R wave on the electrocardio-
gram and the onset of the tricuspid valve opening and the
time interval from the peak of the R wave and the end
of the pulmonary systolic flow. The flow velocities of the
superior vena cava and right upper pulmonary vein were
also recorded. Echocardiographic examinations were per-
formed in the left lateral decubitus, or supine position,
during normal respiration. All the patients and controls’
arterial blood pressure measurements and electrocardio-
gram tracings were in the normal ranges.

RV systolic function was assessed using fractional area
change, tricuspid annular plane systolic excursion, pulsed
TDI S’ (reflecting the velocity of the tricuspid annular
systolic motion), and the myocardial performance index
(MPI). Combining more than one measure of RV function,
such as S’ (reference values for age: 14.2± 2.3) and MPI (ref-
erence values for age: 0.29 ± 0.08), was deemed to differ-
entiate normal from abnormal function more reliably (13).

3.1. Diastolic Function Recommendations (13)

The measurement of RV diastolic function is consid-
ered in patients with suspected RV impairment as a marker
of early or subtle RV dysfunction or in patients with known
RV impairment as a marker of poor prognosis. The transtri-
cuspid E/A ratio, E/E’ ratio, and right atrium size have been
validated the most and are thus the preferred measures.
Tissue Doppler is less load-dependent because a reduction
in preload causes an equal decrease in E’ and A’ and there-
fore results in an unchanged E’/A’ ratio.
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3.2. Grading of RV Diastolic Dysfunction

A tricuspid E/A ratio < 0.8 suggests impaired relaxation
in adults (normal ranges in children between 12 - 18 years:
1.88 ± 0.56). A tricuspid E/A ratio ranging from 0.8 to 2.1
with an E/E’ ratio > 6 or diastolic flow predominance in the
hepatic veins suggests pseudonormal filling in adults (nor-
mal range in children: 3.7± 1.0, 95% confidence interval [±
2 SD]: 3.5 - 3.9) (14). A tricuspid E/A ratio > 2.1 with a deceler-
ation time < 120 ms suggests restrictive filling.

3.3. Evaluation of Myocardial Function and Myocardial Iron
Load by T2* Cardiovascular MRI

Our patients’ T2* MRI assessments were performed
at the Department of Radiology one week after undergo-
ing a blood transfusion. A Siemens 1.5-Tesla MRI device
(Symphony, Siemens, Erlangen, Germany) was used. This
MRI evaluation method helps detect iron load because or-
gans containing iron darken more rapidly. The myocar-
dial T2* MRI was conducted with a cardiac-gated, single-
breathhold, eight-echo sequence (2.6 - 16.7 ms) to image
a single midventricular short axis slice. The intensity was
measured and analyzed for each echo-time ventricular sig-
nal. The ventricular dimensions and function were as-
sessed by long- and short-axis cines. The T2* analysis was
performed using Thalassemia Tools (a plug-in for cardiac
MRI tools, cardiovascular imaging solutions, London, UK)
with curve truncation to account for background noise
(15). Patients were considered at high risk for cardiac com-
plications if their T2* MRI values were < 10 ms, at medium
risk if their TR2* values were between 10 - 20 ms, and at low
risk if their T2* MRI values were > 20 ms (16).

The cardiac iron concentration calculation from the
cardiovascular T2* MRI results was performed as follows:
[Fe] = 4.5 (T2*) -1.22, where Fe is the cardiac iron concentra-
tion in milligrams per gram of dry weight (17). The same
radiologist evaluated all the MRI studies and was blind to
the echocardiographic and TDI results.

3.4. Statistical Analysis

All the statistical analyses were performed using sta-
tistical package for the social sciences (SPSS) for windows
version 17 software. The data analyses were performed by
an experienced statistician. Continuous variables were ex-
pressed as mean ± standard deviation (SD) (range), and
the intergroup differences were analyzed by the Student’s
t-test or the Mann-Whitney U test. The relationships be-
tween the myocardial velocities and the other parameters
were assessed using Pearson’s correlation coefficient (r).

4. Results

The demographic and clinical features of the patients
with TM and the healthy controls are presented in Table
1. There were no significant differences between the two
groups in terms of age and sex. The patients with TM had
significantly lower values for weight (P = 0.02), height (P =
0.04), body mass index (P = 0.04), and systolic arterial pres-
sure (P = 0.02) than the controls (Table 1).

4.1. Conventional Echocardiographic Measurements of the Pa-
tients With TM and the Controls

The Group 1 patients had larger RV diameter (RVD)
values at the basal and mid-ventricle levels in the four-
chamber transthoracic views than the Group 2 patients
(P = 0.001). Compared to the Group 2 patients, the pa-
tients with TM also had higher values for RV anterior wall
thickness diameter (P = 0.001), peak tricuspid regurgitant
velocity (TRV) (P = 0.001), the ratio of peak TRV to the
time-velocity integral (TVI) at the RV outflow tract (TRV/TVI
RVOT) (P = 0.001), pulmonary vascular resistance (PVR) (P =
0.001), inferior vena cava diameter (P = 0.04), right atrial
pressure (RAP) (P = 0.001), RV pressure (P = 0.001), pul-
monary capillary wedge pressure (PCWP) (P = 0.001), and
E (P = 0.001) (Table 1).

4.2. Doppler Echocardiographic Measurements of the Patients
with TM and the Controls

The Group 1 patients had significantly higher values for
E/A (P = 0.001), E’ (P = 0.001), A’ (P = 0.001), E/E’ (P = 0.001),
IVRT (P = 0.001), isovolumetric contraction time (P = 0.001),
RV myocardial performance index (MPI) (P = 0.001), and a
lower deceleration time (DT) (P = 0.001), E’/A’ (P = 0.001),
and ejection time (ET) (P = 0.001) than the Group 2 patients
(Table 2).

Forty-nine of the patients underwent an MRI. Using T2*
cardiovascular MRI, an abnormal myocardial iron load (T2*
MRI < 20 ms) was detected in 18% (9/49) of the patients
(Group 1a), and among these, 6% (3/49) had severe (T2* MRI
< 10 ms) iron overload. Myocardial iron (T2* MRI > 20 ms)
was detected in 81% (40/49) of the patients (Group 1b). The
patients in Group 1a had significantly higher blood ferritin
levels than those in Group 1b (P = 0.02).

4.3. Conventional and Doppler Echocardiographic Measure-
mentsof the TMPatientsCategorizedby T2*CardiovascularMRI

RV diastolic dysfunction was more prominent in the
patients with iron overload than those without (Table
3). The following Doppler measurements were higher in
Group 1a than in Group 1b: TVI at RVOT (P = 0.06), TRV to
TVI RVOT (P = 0.026), PVR (P = 0.026), E’ (P = 0.068), E/E’ (P
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Table 1. The Clinical, Laboratory, and Conventional Echocardiographic Findings of the Thalassemia Major Patients and the Healthy Controlsa

Variable Patients (84) PControls (85) PP

Gender

Female 49 49

Male 35 36

Age, y 13.2 ± 3.2 13.05 ± 5.3 0.882

Weight, kg 38.2 ± 18.8 45 ± 21.2 0.002

Length, cm 139.3 ± 26.2 147.8 ± 27.7 0.044

Body mass index 18.1 ± 3.6 19.3 ± 3.8 0.048

Heart rate, beats/minute-1 92.2 ± 15.5 83.8 ± 20.0 0.003

Systolic arterial pressure, mmHg 99.4 ± 12.0 103.6 ± 11.8 0.025

Diastolic arterial pressure, mmHg 55.0 ± 10.2 56.9 ± 9.9 0.217

Conventional echocardiographic measurements

RV basal, cm 3.9 ± 0.7 3.5 ± 0.55 0.001b

RV mid, cm 3.09 ± 0.5 2.8 ± 0.41 0.0001b

RV posterior wall diameter, cm 4.6 ± 1.0 3.9 ± 0.7 0.0001b

RV area, cm2 19.3 ± 6.8 16.5 ± 5.3 0.003b

Peak tricuspid regurgitant velocity (TRV) 2.7 ± 0.2 2.03 ± 0.21 0.0001b

RV systolic pressure from TR jet velocity, mmHg 29.9 ± 5.5 16.73 ± 3.34 0.0001b

Time velocity integral (TVI) at RVOT 18.0 ± 1.6 20.1 ± 2.1 0.0001b

TRV/TVI RVOT 0.15 ± 0.01 0.10 ± 0.01 0.0001b

PVR (Wood units) 1.6 ± 0.1 1.17 ± 0.13 0.0001b

Inferior vena cava diameter, cm 16.4 ± 3.9 15.2 ± 3.7 0.046b

Right atrial pressure, mmHg 5.3 ± 1.0 5.00 ± 0.00 0.0001b

Right ventricular pressure, mmHg 35.3 ± 5.6 21.7 ± 3.3 0.0001b

Pulmonary capillary wedge pressure, mmHg 10.1 ± 1.7 8.0 ± 1.0 0.0001b

TAPSE, cm/s-1 2.1 ± 0.1 2.2 ± 0.07 0.0001b

a TAPSE: Measurement of tricuspid annular plane systolic excursion.
b The difference is statistically significant at 0.05.

= 0.03), ET (P = 0.068), and MPI (P = 0.06). E/E’ and ET had
positive linear correlations with the T2* MR < 20 values (r
= 0.44, P = 0.023 and r = 0.54, P = 0.004, respectively). Ad-
ditionally, E’ had a negative linear correlation (r = -0.33, P =
0.023) with the values of T2* MRI < 20.

5. Discussion

In this study, the young patients with TM and normal
systolic LV function exhibited an abnormal RV relaxation
filling pattern, which was detected with TDI. Additionally,
the best prognostic parameter of diastolic function was
the RV anterior wall E/E’ ratio, which increased concomi-
tantly with the impaired relaxation-pseudonormalization
stage in the patients with TM. Further, the patients with TM
showed global impairment of RV function with MPI, which
may be suggestive of early cardiac function impairment.

Myocardial iron overload eventually leads to conges-
tive heart failure and is the most common cause of mor-
tality among patients with TM (2). T2* MRI is the best way

of monitoring cardiac iron load. Using this method, car-
diac iron overload can be detected prior to the occurrence
of heart failure, and management strategies such as chela-
tion therapy can be started immediately. Nevertheless, car-
diac T2* MRI is expensive and therefore not available in
many centers. New echocardiography techniques for the
assessment of cardiac function are however widely avail-
able and can be used for the screening and detection of
subclinical cardiac dysfunction (7). Left-sided heart failure
is reported clinically more common than right-sided heart
failure. However, in necropsy studies of patients with TM,
the RV and LV were affected equally in terms of hypertro-
phy and myocyte disruption (18, 19). Furthermore, an RV
with thin walls may be more prone to rapid and earlier dys-
function (20). There are different suggested pathologies
in RV dysfunction: volume overload secondary to chronic
anemia, and myocardial iron involvement and cardiomy-
opathy in which the myocytes are affected by the iron
overload (7, 21). RV dysfunction seems to develop earlier
in asymptomatic patients with TM. In our patients with
TM, the increasing RV dimensions, lower blood pressure,
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Table 2. Doppler Echocardiographic Measurements of the Thalassemia Major Patients and the Healthy Controls

Doppler Measurements Patients Controls P

Tricuspid E, cm/second- 1 82 ± 0.1 64 ± 0.07 0.000a

Tricuspid A, cm/second- 1 63 ± 9.4 53 ± 0.03 0.233

Tricuspid E/A 1.3 ± 0.2 1.6 ± 0.12 0.000a

DT, ms 144.0 ± 17.4 166.2 ± 20.4 0.000a

Tissue Doppler measurements

E’, cm/s-1 19 ± 1 16 ± 0.01 0.000a

A’, cm/s-1 14 ± 0.2 10 ± 0.00 0.000a

E’/A’ 1.38 ± 0.3 1.6 ± 0.22 0.000a

S’, cm/s-1 16.2 ± 0.01 17 ± 0.03 0.321

E/E’ 4.2 ± 0.5 3.5 ± 0.3 0.000a

Ejection time 263.0 ± 19.4 278.4 ± 20.0 0.000a

IVCT, ms 40.63 ± 5.7 34.8 ± 6.4 0.000a

IVRT, ms 67.4 ± 15.7 53.8 ± 7.7 0.000a

RV MPI 41 ± 0.08 32 ± 0.03 0.000a

Doppler echocardiographic measurements in subgroups Group 1a, T2* < 20 ms Group 1b, T2* > 20 ms

Tricuspid E, cm/second-1 86.7 ± 0.13 8.4 ±1.1 0.577

Tricuspid A, cm/second-1 63.3 ± 0.17 2.8 ± 0.1 0.638

Tricuspid E/A 1.4 ± 0.23 1.3 ± 0.2 0.308

DT, ms 144.2 ± 21.2 150.6 ± 18.2 0.423

Tissue Doppler echocardiographic measurements

E’, cm/second-1 21.2 ± 3.5 19.6 ± 2.0 0.068b

A’, cm/second-1 15.5 ± 4.1 15.2 ± 3.4 0.787

E’/A’ 1.4 ± 0.2 1.3 ± 0.2 0.467

S’, cm/second-1 18.7 ± 1.09 18.0 ± 1.5 0.189

E/E’ 4.3 ± 0.5 4.1 ± 0.3 0.225

E’ deceleration time, cm/second-1 4.09 ± 0.3.0 4.3 ± 0.5 0.255

ET, cm/second-1 267.0 ± 19.6 255.2 ± 17.0 0.063b

IVCT, ms 45.1 ± 6.5 44.1 ± 7.9 0.738

IVRT, ms 79.6 ± 14.1 73.8 ± 0.28.3 0.277

Tissue Doppler MPI RV 49.2 ± 7.6 44.3 ± 6.9 0.066b

Abbreviations: A, peak late diastolic velocity; E, peak early diastolic velocity; IVCT, isovolumic contraction time; IVRT, isovolumic relation time; ET, ejection time. Tissue Doppler imaging of the tricuspid valve: S’, systolic velocity; E’, early
diastolic velocity; A’, late diastolic velocity; MPI, myocardial performance index.
a The difference is statistically significant at 0.05.
b The difference is statistically significant at 0.10.

and higher heart rates may have been caused by volume
overload secondary to chronic anemia, which is consistent
with previous reports (7, 8, 22).

5.1. RV Systolic Function

There are only a few reported studies about RV function
in TM patients. In each study, different variables were used
to evaluate RV function (Table 4). It has also been reported
that tricuspid annular systolic velocity is a useful param-
eter for the assessment of RV systolic function and can be
used reliably regardless of the degree of pulmonary hyper-
tension (23).

In the present study, we evaluated systolic RV and my-
ocardial and annular velocities, which are determinants
of systolic performance. However, when these parameters

were compared between patients with TM and normal sub-
jects, no significant differences were detected, indicating
normal systolic performance. Additionally, despite catego-
rizing the patients with TM into two groups according to
T2* MRI, we did not find any significant difference in sys-
tolic function between the groups. Our results were consis-
tent with those of Hamdy et al. (8), in whose study normal
subjects were compared with patients with high ferritin
levels. Hamdy et al. found that the patients with higher fer-
ritin levels presented compromised systolic RV function.
In contrast, our TM patients with higher iron overload and
higher ferritin levels had values of T2* MRI < 20 ms. The
authors explained these differences by the pattern of iron
deposition in the lungs, which leads to pulmonary hyper-
tension, but can also cause myopathic changes in the car-
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Table 3. Clinical, Laboratory, and Conventional Echocardiographic Findings of Myocardial Iron Load in Thalassemia Major Patients Categorized Using T2* Cardiovascular MR

Variables Group 1a, T2* < 20 ms Group 1b, T2* > 20 ms P

Age, y 17.6 ± 6.3 17.5 ± 5.2 0.954

Weight, kg 45.3 ± 15.2 49.8±12.9 0.363

Length, cm 148.9 ± 17.3 156.8 ± 14.8 0.167

Body surface area, m2 1.3 ± 0.31 1.4 ± 0.2 0.282

Heart rate, beats/minute-1 82.5 ± 12.2 88.4 ± 13.4 0.234

Systolic arterial pressure, mmHg 102.4 ± 12.2 104.4 ± 10.0 0.602

Diastolic arterial pressure, mmHg 57.7 ± 14.8 58.02 ± 9.35 0.949

Hemoglobin, g/dL-1 a 10.4 ± 1.5 10.1 ± 0.9 0.457

Serum ferritin, ng/mL-1 3766.3 ± 2535.2 1398.03 ± 990.43 0.023a

Conventional echocardiographic measurements

Peak tricuspid regurgitant velocity (TRV) 2.7 ± 0.3 2.7 ± 0.2 0.949

RV systolic pressure from TR jet velocity (mmHg) 30.9 ± 6.7 30.6 ± 4.5 0.898

Time-velocity integral (TVI) at RVOT 19.3 ± 1.2 17.8 ± 1.4 0.006a

TRV/TVI RVOT 0.15 ± 0.01 0.14 ± 0.01 0.026a

PVR (Wood units) 1.71 ± 0.13 1.59 ± 0.15 0.026a

IVC diameter, mm 18.8 ± 2.7 18.7 ± 2.8 0.961

Right atrial systolic pressure, mmHg 5.3 ± 1.0 5.6 ± 1.2 0.454

Right ventricularl systolic pressure, mmHg 36.2 ± 6.5 36.3 ± 4.7 0.956

Pulmonary cappilary wedge pressure, mmHg 10.6 ± 0.9 10.3 ± 1.5 0.487

TAPSE, cm/second-1 2.15 ± 0.16 2.1 ± 0.1 0.659

RV posterior wall diameter, cm 4.89 ± 1.06 5.2 ± 0.7 0.290

Left ventricular measurements

LV myocardial mass, g 218.5 ± 69.8 231.9 ± 77.0 0.634

LVEDD, mm 46.77 ± 4.4 47.2 ± 5.3 0.816

LVESD, mm 29.1 ± 2.7 29.3 ± 3.6 0.840

IVS(d), mm 8.8 ± 1.5 9.5 ± 1.3 0.182

LVPWD (d), mm 7.7 ± 1.9 8.3 ± 1.4 0.306

LVEDV, mm3 102.4 ± 24.1 105.5 ± 27.9 0.758

LVESV, mm3 32.7 ± 7.1 42.0 ± 45.4 0.547

Stroke volume, mL 69.5 ± 18.1 71.2 ± 20.5 0.823

Abbreviations: EF, ejection fraction; LVEDD, left ventricular end diastolic dimension; LVPWD, left ventricular posterior wall thickness; LVESD, left ventricular end systolic dimension; TAPSE, measurement of tricuspid annular plane systolic
excursion; IVC, inferior vena cava; IVRT, isovolumic relaxation time.
a The difference is statistically significant at 0.05.

diac muscle. Systolic impairment may be masked by the
effect of volume overload secondary to chronic anemia.
Although our patients had similar ages, this discrepancy
may be explained by the different stratification strategies
in each study. Hamdy et al. grouped their patients accord-
ing to ferritin levels. In contrast, we used T2* B > 20 and <
20 ms to grade myocardial iron overload.

Vogel et al. (7) concluded that clinically asymptomatic
patients with myocardial iron overload have abnormal
global longitudinal function. They stated that wall motion
abnormalities may be a reflection of early myocardial dam-
age, which is detectable via a common, useable echocar-
diographic method. They used MRI as the comparative
gold standard to TDI and found a significant correlation
between the presence of wall motion abnormalities and
abnormal iron loading of the myocardium. They grouped

patients similarly to the categorization in our study. They
indicated that wall motion abnormalities were present in
33 of the 38 (88%) patients with an abnormal myocardial
iron load and in five of the 14 (35%) patients with a normal
T2* MRI (P < 0.04). Notwithstanding, abnormal RV myocar-
dial wall motion was present in only three patients in their
study. Thus, it is possible that systolic derangement only
occurs with greater disease progression and greater my-
ocyte iron deposition. We recommend further longitudi-
nal studies on a larger series of patients with TM to clarify
these discrepancies.

5.2. Diastolic Function
Tissue Doppler is less load-dependent because a reduc-

tion in the preload causes an equal decrease in E’ and A’
and therefore an unchanged E’/A’ ratio. It has been re-
ported that transtricuspid E/A ratio, E/E’ ratio, and RA size
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Table 4. Comparison of the Reported Studies on Right Ventricular Functions in Thalassemia Major Patients

Variables Current Study Hahalis (22) Am Heart J 2001 Hahalis (24) Eur Heart J 2002 Hamdy (8) Echocardıography 2007 Noori (25) Anadolu Kardiyol 2010

Patient, No. 85 79 26 30 80

Age, y 13.2 ± 7.10 24 ± 8 25.1 ± 6.4 11.7 ± 5.1 7.33 ± 1.95

RVED, cm 3.92 ± 0.72 3.0 ± 0.7 2.2 ± 0.3

RVDD, cm 1.8 ± 0.3

RV systolic functions

S’, cm/s-1 17.61 ± 11 11.4 ± 2.0

RVFS 19.4 ± 6.3

TAPSE, cm/s-1 2.1 ± 0.1

RV diastolic functions

E, cm/s-1 82.62 ± 11 19 ± 1.9 65 ± 13 12.7 ± 2.2 62.33 ± 20.13

A, cm/s-1 16.46 ± 9.42 14 ± 0.1 52 ± 13 9.2 ± 2.4 48.83 ± 14.77

E/A 1.23 ± 0.12 1.38 ± 0.22 1.30 ± 0.32 1.6 ± 0.5 1.5 ± 0.6 1.329 ± 0.39

DT, ms 144.01 ± 17.42 200 ± 42 137 ± 36 103 ± 17

E/E’, cm/s-1 4.34 ± 0.45

IVRT 74.4 ± 14.0 29 ± 11 46 ± 25 129±31

MPI RV 41.24 ± 0.08 0.66 ± 0.29

Abbreviations: A, peak late diastolic velocity; E, peak early diastolic velocity; IVCT, isovolumic contraction time; IVRT, isovolumic relation time; ET, ejection time. Tissue Doppler imaging of the tricuspid valve: S’, systolic velocity; E’, early
diastolic velocity; A’, late diastolic velocity; MPI, myocardial performance index.

are the most validated, and thus preferred, measures to as-
sess RV diastolic function (13).

The subgroup of our patients with T2* MRI < 20 mani-
fested a greater increase in E’ and E/E’ and a higher TRV/TVI
RVOT and PVR level. We suggest that RV involvement in
patients with TM presents early in the course of the dis-
ease and that it is caused by the impairment of diastolic
performance, with pattern changes pointing toward im-
paired relaxation. Notwithstanding, we found that the TVI
RVOT, PVR, and RAP values in the patients with TM were
higher than in the normal subjects. Moreover, this increas-
ing trend was consistent with disease progression, and the
values were under the cutoff range for pulmonary artery
hypertension.

In Hahalis et al.’s (24) study, the majority of patients
with TM and heart failure exhibited severe RV dysfunction,
independent of pulmonary artery pressure. They used
the right atrial-to-PCWP ratio to assess the disproportional
rise in RV filling pressure, the less severe elevation of pul-
monary artery pressure, and the slight decline of cardiac
output after volume challenges. The authors suggested
that their findings were indicative of severe right chamber
involvement with poor force generation and an exhausted
preload reserve. Their catheterization data showed that
PVR was only mildly elevated, even in the patients in the
worst functional classes. Although their patients were
adults with heart failure, they showed that RV dysfunction
was disproportionate to pulmonary hypertension. Their
results were congruent with our findings of disproportion-
ate diastolic dysfunction and pulmonary artery pressure,

which, although high, was still under pulmonary hyper-
tension limits.

Hahalis et al. (22) concluded that in patients with
homozygous TM without cardiac disease, the pattern of
RV filling is abnormal, indicating impaired RV relaxation.
They indicated that a short DT of early tricuspid inflow has
important prognostic value. Furthermore, their echocar-
diographic data did not differ between the subgroups com-
prising optimal versus non-optimal ferritin levels or with
good versus moderate or insufficient chelation therapy,
and the serum ferritin levels did not correlate with any
echocardiographic parameters. Although in our study the
DT was significantly different in the patients with TM than
in the control group, the DT duration was within the nor-
mal range. Besides, there was no significant difference
between the subgroups of patients with myocardial iron
overload on MRI.

5.3. Study Limitations

In this study, we tried to evaluate the RV function of
patients with TM. Although we used pediatric reference
values for systolic and diastolic function (14), these values
were not obtained from a large sample of patients. Notably,
racial differences may occur. Particularly for the grading of
the diastolic function of the right ventricle, there is no val-
idated cutoff value for children as there is for adults.

5.4. Conclusion

In young patients with TM, RV dysfunction seems to de-
velop at an early age, long before the effects of pulmonary
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hypertension are established. As RV diastolic dysfunc-
tion occurs before systolic deterioration and thus cannot
be screened with conventional echocardiographic tech-
niques, TDI parameters, MPI (for global function), and the
E/E’ parameter (for diastolic function) can be used in rou-
tine clinical practice for the screening and detection of
early RV dysfunction.
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