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Abstract
Background: Doppler echocardiographic studies of left ventricle (LV) systolic and diastolic function in patients with β-Thalassemia 
Major (β-TM) had shown different patterns of systolic and diastolic dysfunction.
Aim: This cross-sectional study was designed to study the LV systolic and diastolic function in patients with β-TM using Pulsed 
Doppler (PD) and Tissue Doppler (TD) echocardiography.
Methods: All patients were evaluated clinically and by echocardiography, The study included patients with β-TM (n = 38, age 15.7 ± 8.9 
years) compared with an age-matched control group (n = 38, age 15.9 ± 8.9 years). The pulse Doppler indices were normalized for age 
and heart rate.
Results: Compared with control patients, M-Mode showed that patients with β-TM have thicker LV septal wall index (0.659 ± 0.23 vs. 
0.446 ± 0.219 cm, P  0.001), posterior wall index (0.659 ± 0.235 vs. 0.437 ± 0.214 cm, P  0.01), and larger LVEDD index is (3.99 
± 0.48 vs. 2.170 ± 0.57 mm. P = 0.035). Pulsed Doppler showed high LV trans-mitral E wave velocity (70.818 ± 10.139 vs. 57.532 
± 10.139, p = 0.027) and E/A ratio (1.54 vs. 1.23, P  0.01). The duration of Deceleration time (DT) and isovolumic relaxation time 
(IVRT) were significantly shorter in patients with β-TM (150.234 ± 20.0.23 vs. 167.123 ± 19.143 msec, P  0.01) and (60.647 ± 6.77 vs. 
75.474 ± 5.83 msec, P  0.001), respectively. The ratio of transmitral E wave velocity to the tissue Doppler E wave at the basal septal 
mitral annulus E/Em- was significantly higher in β-TM group (14.024 ± 2.29 vs. 12.132 ± 1.82, P  0.01). The Tissue Doppler systolic 
velocity (Sm) and the early diastolic velocity (Em) were significantly lower in β-TM group compared to control (4.31 ± 1.2 cm/s vs. 
6.95 ± 2.1, P  0.01 and 4.31 ± 2.7 cm/s vs. 5.82 ± 2.5, P  0.01) respectively. The tricuspid valve velocity was significantly higher than 
controls (2.993 ± 0.569 vs. 1.93 ± 0.471 m/sec, respectively, P  0.01). However, the LVEF% and fractional shortening were normal 
with no significant difference in both groups.
Conclusion: In this study, patients with β-thalassemia major compared with controls, have significantly thicker LV wall, and larger LV 
cavity and LV diastolic filling indices suggestive of restrictive pattern with a higher tricuspid valve velocity. These data showed that left 
ventricle diastolic indices are compromised initially in patients with β-thalassemia major.
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Introduction
Beta-Thalassemia Major (β-TM) is a genetic blood 
disorder caused by reduced synthesis of β-globin 
chain. The consequences of chronic anemia include 
growth retardation, bone marrow expansion, extra-
medullary hematopoiesis, splenomegaly, greater 
intestinal iron absorption, hypercoagulability and 
higher susceptibility to infection.1,2 Patients are usu-
ally maintained on continuous blood transfusion 
regimens to keep hemoglobin levels close to normal 
and allow adequate tissue oxygenation. Because of 
the hemolysis and repeated blood transfusion, β-TM 
is associated with iron overload.3 The iron deposi-
tion could adversely affect both the structure and 
function of the heart. Previous studies indicated that 
patients with β-TM develop ventricular systolic dys-
function leading to congestive heart failure.4

LV Diastolic filling pattern has been classified into 
normal, restrictive and abnormal relaxation pattern 
on the basis of early filling E wave and late filling 
A wave on LV trans-mitral diastolic filling.5 The fill-
ing pattern depends on the degree of predominance 
of the abnormal active relaxation or altered wall 
 stiffness. The restrictive pattern is characterized by 
high E wave velocity, decreased A wave and short-
ened Deceleration Time (DT) with high E/A ratio 
>1.29.6,7 In one report, the DT of E wave velocity of 
<180 msec predicted LA pressure >20 mmHg.8

The tissue Doppler echocardiography (TD) is a 
non-invasive technique that can detect regional myo-
cardial diastolic dysfunction even in early phases of 
cardiac injury.9 The tissue velocity at the basal sep-
tum of mitral annulus has been evaluated as a marker 
of myocardial stiffness, and in one report it was sug-
gested that the ratio of early diastolic filling wave 
(E) to mitral annulus tissue Doppler (TD) velocity  
(E/Em) correlates positively with the LV end-diastolic 
pressure (LVEDP), as the E/Em >15 predicts high 
LVEDP >15 mmHg.10 In one study, the TD early dia-
stolic velocity Em and the systolic wave Sm were 
reduced in hypertensive patients.11

The National Student Screening Project in Bahrain 
indicated that the prevalence of β-TM in high school 
students is 0.09%, with β-thalassemia trait represent-
ing 2.9% of the sample population.12 Similar findings 
were observed in a study targeting subjects seeking 
premarital screening in Bahrain.13 The echocardio-
graphic changes in patients with β-TM had not been 

previously studied in Bahrain. Evaluation of cardiac 
function by echo Doppler can assist in staging the 
disease progression and may help to prevent further 
 cardiac damage by applying intense chelating regi-
mens and combination therapy.14

Thus, the aim of this study is to use pulsed Doppler 
echo (PD) and TD in assessing myocardial systolic 
and diastolic functions in young patients with β-TM 
in Bahrain. 

subjects and Methods
This study included 38 patients with transfusion-
dependent β-TM and 38 patients with no thalassemia 
were used as a control group. The study was con-
ducted during the interval from January 2009 to June 
2009. A constitutional ethical approval was obtained 
for the study.

Inclusion and exclusion criteria
Selection was consecutive from patients who are on 
regular follow-up in Pediatric Hematology clinic 
at Salmaniya Medical Complex (SMC) in Bahrain. 
Patients were included if they had a follow-up for 
more than 3 years at SMC, with a confirmed diagnosis 
of β-TM based on electrophoresis. Selected patients 
have been receiving blood transfusions every three 
weeks to maintain hemoglobin levels above 9 g/dl 
since infancy. All patients had also been receiving 
desferrioxamine as a chelating therapy (25–50 mg/kg 
body weight by subcutaneous infusion with an infu-
sion pump for 8–12 h) regularly for at least one year. 
In the control group, patients were healthy with no 
renal or hepatic disease, no valve disease, normal LV 
function on echo and negative blood tests for thalas-
semia. They were selected from the pool of healthy 
patients who are referred for evaluation of systolic 
murmur and turned to have normal echo. The time 
frame for the echo Doppler and the blood test is one 
week. The control patients’ age was counted to match 
the study patients. The blood samples in the control 
group and echo test were carried out in the week prior 
the blood transfusion. Patients were excluded if they 
have end stage renal disease with creatinine clearance 
of 30% of normal, severe liver disease, diabetes 
mellitus, hypoparathyroidism, advanced heart failure, 
hypertrophic cardiomyopathy or if the patient is taking 
active cardiac medications. Each patient in the study 
had a clinical and haematological data file including 
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duration of disease, cardiovascular assessment for 
pulse rate, jugular venous pressure wave, apex beat, 
blood pressure, heart sounds and presence or absence 
of murmur, ankle edema and body weight. Data of 
the blood hemoglobin, serum Ferritin and creatinine 
concentrations were all recorded.

Doppler echocardiography
Each patient in the study and control group had the 
echo examination by 2.5–5 MHz transducer, using 
HP E33 echo machine. The echocardiography test 
and the values measured were performed by an echo 
technologist who was blinded for the clinical condi-
tion of the patient. Data were reported as an average 
of at least five cardiac cycles. Another echo techni-
cian analyzed the data blindly and the data were taken 
as an average of the two readings. The acquisition 
sector were according to the criteria of the American 
Society of Echocardiography.15 Each patient enrolled 
in the study had echocardiographic measurements 
including M Mode, 2D echo, color flow, systolic and 
LV diastolic transmitral indices and tissue Doppler 
evaluation of the septal mitral annulus.

The M mode measurement study of the left ven-
tricle was performed under 2D echo controls. The 
septal and posterior wall thickness in cm, LV cavity 
diameter in diastole and systole were measured in 
long parasternal view with M-Mode beam just distal 
to the tips of mitral leaflet and at the papillary mus-
cle level in short axis (mid cavity). The left ventricle 
mass was calculated as previously reported.16 Pulsed 
Doppler acquired in the apical view, while patients in 
the partial left lateral decubitus position during end 
of expiration, with sample volume situated between 
the mitral leaflet tips. The peak velocity of early rapid 
filling (E velocity) and the peak velocity of the atrial 
filling (A velocity) were recorded and the E/A ratio 
was calculated. The time of E wave deceleration was 
measured as the interval between the peak E veloc-
ity and the point at which the descending segment 
crosses the zero line. The isovolumic relaxation time 
is measured in the apical four chambers as the time in 
ms from the aortic valve closure and the onset of the 
mitral flow. The tissue Doppler velocity is taken at 
the septal mitral annulus in the apical view. The early 
diastolic velocity (Em), the systolic velocity (Sm), 
and the ratio of E/Em were all measured. The velocity 
tracing was read as a mean of five measurements.

The intra-observer variability between the pulsed 
Doppler measures was assessed in 20 thalassemia pat-
ients who were examined twice, with one week apart. 
The mean differences ±  SD were -0.002 ± 0.035-1 
m/s for peak E velocity, -0.004 ± 0.061 m/s-1 for A 
velocity and 0.017 ± 0.164 for the E/A velocity ratio.

The M mode echo parameters including the left 
ventricle (LV) septal wall thickness, posterior LV 
wall thickness, mid and basal LV cavity dimension 
in systole and diastole as well as the LV end diastolic 
volume. LV fractional shortening (FS) and LV ejec-
tion fraction percentage (LVEF %) were measured 
using Teicholz formula: V = {7.0/(2.4 + D)*D3}.

The left ventricle diastolic filling indices included 
early diastolic wave (E wave), late diastolic wave 
(A wave), deceleration time of E wave (DT), isovolu-
mic relaxation time (IVRT) and E wave to A wave (E/
A) ratio were all measured with the sample volume 
at the tip of the mitral leaflets in the apical view. The 
IVRT, DT and all Pulsed Doppler velocities and ratios 
were corrected for age and heart rate of each patient 
in the study. The tricuspid valve velocity in systole in  
cm/s was measured in apical view. The tissue Doppler 
velocity of the septal mitral annulus, early filling 
E wave velocity (Em), the calculated E/Em ratio 
and the systolic wave (Sm) were all were recorded 
as a mean of five readings and corrected for age and 
heart rate. The septal mitral annulus ring was chosen 
to measure the tissue Doppler rather than the lateral 
because the changes in left ventricular hypertrophy 
and hypertension are more pronounced and marked in 
the mitral annulus rather than in the other wall.17,18

statistical analysis
All data were entered and analyzed using the Statisti-
cal Package of Social Sciences (SPSS) version 17.0. 
Data are presented as mean ± SD. Unpaired student 
t-test was used to analyze the differences between 
the variables in the control group and patients with 
β-TM. The M-mode dimensions of the LV were 
adjusted and indexed for Body Surface Area (BSA) 
of each patient in both groups. Linear regression 
analysis was used to assess the linear relationship 
between the serum ferritin as the independent vari-
able and ratio of the transmitral early velocity of 
pulsed Doppler (E) to the tissue Doppler velocity 
(Em) of septal mitral annulus. Regression lines of 
(heart rate and age) for each variable in the study 
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were analyzed and the slope of each variable was 
calculated. The pulsed and Tissue Doppler indices 
were calculated for E/Em ratio normalization using 
the following equation:

{E/Em ratio adjusted = E/Em observed + 0.01709  
 × (age − mean age) + 0.07313  
 × (heart rate—mean heart rate),

where the slope of the age = (0.01709) and the slope 
of HR = -0.07313.19,20

Each parameter was adjusted for age and heart rate 
and the mean value in each group was measured and 
compared with the control group. All other pulsed 
Doppler and tissue Doppler for systolic and diastolic 
functions were corrected or normalized for age and 
heart rate such as: E wave velocity, A wave velocity, 
DT, IVRT, Em, E/Em, and Sm. Differences between 
groups were considered statistically significant at a 
probability value of 0.05.

Results
The demographic data of β-TM patients and the 
healthy controls are summarized in Table 1. The β-TM 
patients had a significant lower body surface area 
compared with control patients, (1.15 ± 0.2 vs.1.01 ± 
0.2, P  0.05). The mean age for β-TM was 15.7 ± 
8.94 year (range; 7–25), while the mean age of the 
control group was 15.9 ± 8.30 year (range; 6–24. 
The gender distribution between the two groups was 
comparable. The systolic and diastolic pressures val-
ues were comparable in both groups. In β-TM the 
heart rate was significantly higher of 27% in β-TM 
(92 ± 6.99 vs. 67.58 ± 7.26, P  0.001) compared with 

 control group. The serum ferritin was significantly 
higher in the β-TM group compared with the control 
group (P  0.001). No significant differences in serum 
creatinine and hemoglobin level were found between 
both groups.

Echo doppler findings
Table 2 summarized the raw (un-indexed) pulsed 
Doppler data and M-mode values in both control and 
β-TM groups. The β-TM group showed significantly 
higher LV wall thickness manifested by significantly 
thicker posterior wall and interventricular septum 
(P  0.001 in both). The LV dimensions at the end of 
systole (LVESD) and diastole (LVEDD) were signifi-
cantly larger in β-TM compared with control group. 
The left ventricle mass was significantly higher (172 ± 
65.3 vs. 87 ± 14.8, P  0.001) in β-TM group com-
pared with the control. The Doppler indices of the LV 
diastolic filling showed significantly higher E wave, 
and E/A ratio in the β-TM group compared to con-
trol while significantly shorter interval of DT time of 
E wave and IVRT.

Table 3 showed the mean of Tissue Doppler indi-
ces taken at septal mitral annulus ring of the LV after 
being corrected for age and heart rate in each patient 
in the study.

The ratio of transmitral E wave velocity to TD (Em) 
of the septal mitral annulus (E/Em) was significantly 
higher in the β-TM group compared to the control 
group (P  0.01), the early diastolic velocity (Em) 
was significantly lower in β-TM group. Likewise, the 
systolic wave velocity (Sm) was significantly lower 
in the β-TM group compared to the control. However, 

Table �. Demographic characteristics of thalassemia patients (n = 38, β-TM) and healthy controls (n = 38) in the study. Data 
are presented as mean ± sD. P value  0.05 is considered statistically significant. 

parameter β-TM control P-value
Age (Years) 15.92 ± 8.92 15.79 ± 8.94 0.92
Male 23 (60%) 22(57%) 0.75
Weight (kg) 25.6 ± 8.30 33.00 ± 7.25 0.034
height (cm) 133.4 ± 9.64 144.3 ± 9.62 0.001
BsA 1.02 ± 0.2 1.15 ± 0.2 0.001
systolic pressure (mmhg) 128.16 ± 12.03 123.34 ± 12.15 0.108
Diastolic pressure (mmhg) 70.71 ± 8.23 69.61 ± 7.06 0.101
heart rate (BPM) 92 ± 6.99 67.58 ± 7.26 0.001
serum Ferritin (µg/L) 1628.6 ± 243.8 230 ± 22 0.001
serum Creatinine (µmol/l) 75.23 ± 11.13 80.8 ± 10.12 0.076
hemoglobin (gm/dl) 9.5 ± 0.4 10.2 ± 0.5 0.065

Abbrevation: BsA, body surface area.
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no significant differences in fractional shortening 
at the base and at mid-cavity sector or in LV ejec-
tion fraction (EF%) were observed between the two 
groups. The normalized tricuspid valve velocity for 
age and heart rate was significantly higher in β-TM 
group. (P  0.01).

The E/Em ratio of tissue Doppler had a signifi-
cant positive correlation with serum ferritin level  
(r = +0.74, P  0.001).

Table 4 showed the indexed data of the M-mode 
values for the LV wall thickness for septum and 
posterior wall, LV cavity dimension in systole and 
diastole as well as the calculated LV mass. The LV 
end diastolic volume was significantly high in β-TM 
(126.28 ± 18 ml vs. 76.25 ± 14 ml  0.001) compared 

with control. Both the un-indexed and the indexed 
data were significantly higher in the β-TM patients 
compared with controls. The color flow and continu-
ous flow of the LV and RV in the β-TM group showed 
mild mitral regurgitation in nine patients and three 
patients had mild aortic regurgitation.

Discussion
In this study, patients with β-TM were evaluated 
with pulse and tissue Doppler echocardiogram for 
systolic and diastolic functions of left ventricle (LV) 
compared with age- and sex-matched controls. Com-
pared with controls, the diastolic indices of LV in  
β-TM patients showed higher early diastolic filling of 
LV and high E/A ratio suggesting restrictive diastolic 

Table �. The age- and heart rate-adjusted diastolic Doppler indices for β-thalassemia (β-TM) patients and healthy controls. 
Data are presented as mean ± sD. P value  0.05 is considered statistically significant.

parameter β-TM control P-value
Fs (%) 34.421 ± 0.337 33.368 ± 0.880 0.107
LVeF (%) 61.464 ± 1.66 61.47 ± 1.28 0.103
e wave (cm/sec) 74.29 ± 10.139 64.08 ± 12.959 0.027
A wave/ (cm/sec) 48.346 ± 7.776 50.230 ± 9.851 0.109
e/A ratio 1.54 ± 0.235 1.233 ± 0.27 0.021
DT (msec) 150.834 ± 9.023 167.123 ± 4.143 0.01
IVrT (msec) 66.347 ± 2.770 79.374 ± 1.83 0.01
em at sMA (cm/s) 4.31 ± 2.7 5.82 ± 2.5 0.05
sm at sMA (cm/s) 4.82 ± 1.2 6.95 ± 2.1 0.01
e/em ratio 15.027 ± 2.291 11.132 ± 1.82 0.01
Tricuspid velocity (cm/sec) 2.853 ± 0.569 1.743 ± 0.471 0.01

Abbreviations: Fs, fractional shortening; eF, left ventricle ejection fraction; e wave, mitral e wave peak velocity; A wave, mitral A wave peak velocity; 
DT, e wave deceleration time; IVrT, isovolumic relaxation time; em, early diastolic tissue Doppler velocity at mitral annulus; sm, systolic tissue Doppler 
velocity of the mitral annulus; e/em, e wave velocity/tissue velocity of septal area at mitral annulus (sMA).

Table �. Unindexed Echocardiographic findings in thalassemia patients (n = 38) and the control group (n = 38) in the study. 
Data are presented as mean ± sD. P value  0.05 is considered statistically significant.

parameter β-TM control P-value
IVs (cm) 0.96 ± 0.183 0.446 ± 0.219 0.001
PW (cm) 0.97 ± 0.235 0.437 ± 0.214 0.001
LVeDD (cm) 5.1 ± 0.48 2.170 ± 0.57 0.035
LVesD (cm) 2.8 ± 0.54 2.217 ± 0.45 0.001
LV mass 172 ± 65.3 87 ± 14.8 0.001
e wave (cm/sec) 77.318 ± 10.139 62.42 ± 12.959 0.027
A wave/ (cm/sec) 48.346 ± 7.776 50.230 ± 9.851 0.109
e/A ratio 1.604 ± 0.235 1.233 ± 0.27 0.021
DT (msec) 170.834 ± 20.023 187.123 ± 19.143 0.01
IVrT (msec) 76.347 ± 6.770 93.374 ± 5.83 0.01

Abbreviations: IVs, interventricular septal thickness; Pw, posterior wall thickness; LVeDD, left ventricle end diastolic diameter; LVesD, left ventricle 
end systolic diameter wave; mitral e wave peak velocity; A wave, mitral A wave peak velocity; DT, e wave deceleration time; IVrT, isovolumic 
relaxation time.

http://www.la-press.com


garadah et al

� Clinical Medicine Insights: Blood Disorders 2010:3

pattern and thus stiff myocardial wall. These findings 
are in keeping with another study by Yaprak et al21 
who demonstrated that β-TM patients (n = 63) had 
significantly higher E wave, E/A ratio, and lower 
A wave velocity, suggesting restrictive pattern in 
54% in the study population; no correlation was 
found with hemoglobin level. Similar observations 
were reported by Spirit P et al22 who demonstrated 
that transmitral diastolic filling measured by Doppler 
in patients with β-TM (n = 32, none of them had heart 
failure) was described of restrictive pattern. This was 
also in agreement with a previous report that high E/A 
ratio is the most common finding in patients with  
β-TM.23 The left Ventricle (LV) diastolic filling mea-
sured by pulsed wave Doppler echocardiography 
reflect the diastolic filling characteristics of the LV 
and depends on various factors including LV ven-
tricle relaxation, compliance, systolic function and 
loading conditions.24,25

In the current study, the tissue Doppler ratio of 
E/Em was significantly higher in β-TM patients 
compared with controls, the TD of early diastolic 
velocity (Em) and the systolic velocity wave (Sm) 
were significantly reduced, suggesting stiff myocar-
dium and possibly high LVEDP.26 These findings are 
in agreement with previously reported findings in 
hypertensive patients.27

The LVEF% and fractional shortening in basal and 
mid cavity were normal with no difference between 
patients with β-TM and the control group. The nor-
mal LVEF% indicates that β-TM patients are having 
minimal deleterious effect of iron overload on myo-
cardial systolic function and that was evident by the 
optimal level of serum ferritin in the study population. 

This may also explain the absence of heart failure or 
significant valve diseases in the current study popula-
tion. In one report it was shown that the overall car-
diovascular prognosis was good if the serum ferritin is 
below 2500 ng/dl. Serum ferritin levels 1000 ng/dl 
were associated with normal LVEF% while high lev-
els were associated with low LVEF%.28 In another 
study, however, right sided heart failure was reported 
in 16% of β-TM patients with high serum ferritin 
of 2500 ng/ml.29 Therefore, the iron overload in the 
current study appears to mediate the impaired diastolic 
function leading to stiffness of the myocardial wall 
with mean pre-transfusion hemoglobin concentration 
of 9.5 gm/dl in the β-TM group, there is an increased 
dimension of LV cavity and LV volume in diastole. 
The increase of the volume load in this population 
may be a reflection of Frank Starling mechanism or 
due to increased heart rate in β-TM patients. This was 
observed by others who related the increment of LV 
volume to factors mediated by chronic anemia rather 
than iron overload.30

In order to avoid the influence of the heart rate 
in this study, all the Doppler indices were normal-
ized for the heart rate and the age. The echocardio-
graphic measurements were all conducted during 
the week preceding the blood transfusion in order to 
eliminate the high volume effect on the pulse wave 
velocity.31

The decreased DT time of E wave was mostly 
related to the increased amplitude of the E wave and 
may be due to the impaired relaxation of LV of con-
strictive pattern where the E wave is high with shorter 
DT and IVRT interval. This is probably due to iron 
overload and increased stiffness of LV wall.32

Table �. Indexed left ventricle wall thickness, cavity dimensions and mass Echocardiographic findings in thalassemia 
patients (n = 38) and the control group (n = 38) in the study. Data are presented as mean ± sM per body surface area (m2). 
P value  0.05 is considered statistically significant.

parameter β-TM control P value
IVs (cm/M2) 0.66 ± 0.26 0.44 ± 0.219 0.001
PW (cm/M2) 0.65 ± 0.235 0.43 ± 0.214 0.001
Basal LVeDD (mm/M2) 3.88 ± 0.48 2.10 ± 0.57 0.001
Mid Cavity LVeDD (mm/M2) 3.98 ± 0.54 2.297 ± 0.46 0.001
LVesD (mm/M2) 2.400 ± 0.54 2.217 ± 0.45 0.01
LV MAss (gm/M2) 168.53 ± 55.3 85.29 ± 12.8 0.001
LVeDV/BsA (cm) 126.28 ± 18 76.25 ± 14 0.001

Abbreviations: IVs, interventricular septal thickness; PW, posterior wall thickness; LVeDD, left ventricle end diastolic diameter; LVesD, left ventricle end 
systolic diameter, LVeDV, left Ventricle end diastolic Volume.
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In the β-TM group, the increase ratio of E/Em ratio 
compared with the control group is highly suggestive 
of stiff myocardial wall and an increased left ventri-
cle end diastolic pressure.10,26,27 The significant high 
velocity of the tricuspid valve in β-TM compared to 
controls may be due to pulmonary diffusion defect, 
hypoxia or possibly airway obstruction due to iron 
overload.33,34

conclusions
We conclude from this study that patients with 
β-thalassemia have larger left ventricle dimension, 
abnormal LV relaxation pattern suggestive of restric-
tive type and higher LV end-diastolic pressure, while 
the left ventricle ejection fraction is normal. These 
data suggest that abnormalities of diastolic indices 
are initial findings in patients with β-thalassemia 
major.
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