
Introduction
Cardiac complications are still the most 
common cause of death in Beta (β)-
thalassemia Major. Although severe ane-
mia leads to predominant cardiac symp-
toms, however, iron overload causes 
severe and permanent cardiac damage 
including recurrent pericarditis, recurrent 
forms of cardiac block, ectopic ventricular 
beats, ventricular tachycardia, ventricular 
fibrillation, cardiomegaly, left ventricu-
lar dysfunction and resistant heart failure 
[1-3]. Thalassemic patients carrying typi-
cal systolic function and iron overload, 
abnormal left ventricular relaxation time 
represented as prolonged isovolumic 

relaxation time (IRT) which is the first 
symptom of diastolic dysfunction [4,5]. 
Doppler tissue imaging (DTI) is utilized 
for evaluation of right ventricular func-
tion in children with congenital heart dis-
ease. [6, 7]. MPI is a useful index to prove 
left ventricular dysfunction. MPI is sim-
ply measured by Doppler echocardiogra-
phy without normalizing by heart rate and 
blood pressure. That is non-invasive and 
demonstrates systolic and diastolic ven-
tricular functions [5, 8, 9,and10]. There 
are few studies on echocardiographic 
parameters and ventricular functions in 
young thalassemic patients. We, there-
fore, conducted the present study to eval-
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uate the indices in early diagnosis of cardiac complications 
in Beta (β)-thalassemia Major. 

Materials and Methods: 
A case-control study was designed on patients with Beta 
(β)-thalassemia Major categorized into two groups of 5-10 
year and an elder one. The study was approved by insti-
tutional ethical committee. Written consent form was ob-
tained from the patients. Data on demographics, life style, 
family and medical and occupational history were collected 
using a detailed standard questionnaire. They underwent 
a detailed interview, physical examination, and labora-
tory analysis to exclude hypertension, cardiac structural 
disorders, heart failure, Hb < 10, and cardiac drug usage. 
Ninety two consecutive patients were selected, 46 patients 
aged 5-10 year old (group A) and 46 patients aged over 10 
years old (group B). All patients underwent blood transfu-
sion and echocardiography. The participants were age and 
sex-matched. Controls were healthy without any cardiac or 

other problems. Two-dimensional, M-Mode and Doppler 
echocardiography were done and mean of every parameter 
calculated. In each subject, the DTI of the right and left ven-
tricular diastolic velocities was obtained and tricuspid and 
mitral annular velocities were measured. Echocardiography 
was done by 3.5/5 and 2.5/3.5 MHZ transducer in supine 
position without breathe holding. Quantitative variables 
were defined by mean ± SD. Statistical analysis was per-
formed using SPSS ver.15. A 2-tailed P value of < 0.05 was 
considered statistically significant. 

Results:
The mean of age in group A was 7.3±1.9 year and in group 
B 16.3±2.9 showing significant statistical difference (P < 
0.01). Group A and group B were age-gender matched. The 
right heart echocardiography findings of both the groups are 
presented in Table 1. The mean of IRT in both the groups 
wasn't statistically significant (P > 0.05) reflecting IRT ab-
normality. Although, the mean of DT and tricuspid annular 

Table 1: Right heart echocardiography findings in under and over 10-year-old patients 
With β-thalassemia Major 

Echo finding Under 10-year Over 10-year P value

IRT ms 126.82 ± 19.12 125.96 ± 23.09 P > 0.05

DT ms 103.82 ± 17.93 111.77 ± 27.27 P < 0.02

PEP/ ET 0.449 ± 0.439  0.369 ± 0.053 P > 0.05

E/A  1.32 ± 0.39 1.31 ± 0.32  P > 0.05

MPI 0.637 ± 0.154 0.605 ± 0.13 P > 0.05

A/E (by DTI) 0. 619 ± 0.125 0.638 ± 0.21 P < 0.05

velocity by DTI in group A and B demonstrated significant 
difference statistically (P < 0.05), the mean of PEP/ET, E/A 
and MPI weren't (P > 0.05).

The left heart echocardiography findings in both the groups 
are presented in Table 2. The left isovolumic contraction 
time (ICT) in group A was 21±20 and in group B was 30±15 
milliseconds. The mean of DT and mitral annular velocity 
by DTI in group A and B demonstrated significant differ-
ence statistically (P < 0.05). The mean of PEP/ET, E/A and 
MPI in group A and B weren't statistically different (P > 
0.05). Moreover, Interventricular septal dimension in di-

astole (IVSDD), Left ventricular posterior wall dimension 
in diastole (PWDD), Left ventricular dimension in diastole 
(LVDD) and Left ventricular dimension in systole (LVDS) 
were statistically different in group A and B (P < 0.0001). 
Age could account for, but statistically significant difference 
of these parameters may be related to age and not to disease 
itself. Ejection fraction (EF) and shortening fraction (SF) 
in group A and B weren't statistically different (P > 0.05). 
These two parameters aren't good criteria to differentiate 
cardiac involvement in patients with Beta (β)-thalassemia 
Major under and over 10 years old.
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Table 2: Left heart echocardiography findings in under and over 10-year- 
old patients with Βeta-thalassemia Major 

Echo findings Under-10 year Over-10 year P value

IRT(ms) 114.80 ±21.23 108.67 ± 23.29 P > 0.05

DT (ms) 102.27±15.95 114.52 ±19.20 P < 0.0001

PEP/ ET 0.440 ±0.295 0.382 ± 0.061 P > 0.05

E/A 1.73±0.48 1.82±0.45 P > 0.05

MPI 0.527 ±0.149 0.528 ± 0.127 P > 0.05

A/E (by DTI ) 0.729 ±0.123 0.619 ± 0.125 P < 0.0001

IVSDD (mm) 5.23±1.18 6.90±1.40 P < 0.0001

PWDD (mm) 3.43±0.67 4.43±1.1 P < 0.0001

LVDD (mm) 42.49±3.39 47.64±4.84 P < 0.0001

LVDS (mm) 29.07±2.98 32.62±4.09 P < 0.0001

EF (%) 60.07±6.85 59.12±6.57 P > 0.05

FS (%) 31.95±4.82 31.51±4.77 P > 0.05

SV (ml) 52.27±15.32 82.18±30.59 P < 0.0001

Discussion:
Beta (β)-thalassemia Major, the most common monogenic 
disorders in the world, is an inherited hemoglobinopathy 
characterized by severe chronic hemolytic anemia. The 
leading cause of mortality and morbidity in Beta thalas-
semia major, as a lethal hemolytic anemia, is cardiomyo-
pathy attributed to regular blood transfusion and iron over-
load. Heart failure remains the leading cause of mortality, 
accounting for roughly two thirds of deaths in Beta (β)-
thalassemia Major. Currently echocardiography is a valuable 
tool in evaluation of cardiac function and diagnosis of early 
cardiac involvement [1]. Another study was done in older 
ages that showed the mean right and left MPI in two groups 
had no significant difference statistically. It seems the dif-
ference in MPI is because of its occurrence in low age with 
an increase in both groups without statistical difference. In 
Ocal study, patients whom were treated with doxorubicin, 
MPI revealed a significant increase comparing with con-
trol group, due to an increase IRT and decrease ET without 
change in ICT [5]. Mounting MPI reveals systolic and dia-
stolic ventricular dysfunction in Beta (β)-thalassemia Ma-
jor; it means that an increased MPI represents a decrease in 

cardiac function [4, 5, and 6]. Another study also revealed 
that ICT is a significant parameter in evaluation of systolic 
function and IRT was a significant parameter in evaluation 
of diastolic function [11]. These parameters are related to 
active contracture stage and primary relaxation stage in 
ventricle. It seems that MPI is a significant parameter in 
diagnosis of cardiac dysfunction especially in children [12, 
13]. MPI is a simple and repeatable and not related to heart 
rate and ventricular snap and volume index. The mean of 
IRT in group A and B did not show any significant differ-
ence. Increased IRT showed diastolic dysfunction reported 
in many studies in patients with Beta (β)-thalassemia Ma-
jor, representing impairment in ventricular relaxation due 
to iron deposition. That, in turn, leads to gradual restrictive 
cardiomyopathy [14, 15]. Since IRT increased in lower age 
and this increase also occurs in upper age, so no meaningful 
increase between the two groups is suspected. Chafours et 
al. revealed that an increase in PEP/ET ratio in left ventricle 
occurred in 2/3 of patients and that was an obvious marker 
for changing diastolic ventricular function [16]. Hahalis et 
al. reported abnormal changes in β-thalassemic Major dia-
stolic function; however filling pressure in left ventricle is 
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correlated with preload pressure. The study showed normal 
left ventricular function in asymptomatic β-thalassemic pa-
tients. But there is a change in right ventricular function 
similar to increase IRT and decrease DT in tricuspid valve 
that indicates the second marker has diagnostic value and 
the first marker shows early involvement of right ventricle 
[17]. The echocardiography finding is a significant marker 
in an increased right ventricular pressure, whereas the pa-
tients had lower age without any symptoms of heart failure. 
Another study on the patients with CHD and increased right 
ventricular pressure used echocardiographic findings with 
high value like angiography. 
In conclusion, patients with Beta (β)-thalassemia Major 
even in low ages revealed diastolic dysfunction and less 
often systolic dysfunction. This trouble progresses in older 
age. Our study showed that in both under l0 year and over 
l0 year groups, MPI increased in the right and left ventricle 
however, DTI raised only in over l0-year-old patients. PEP/
ET showed no significant difference in both the groups in 
left ventricle, however in right ventricle, the condition was 
not the same. This is due to an increased PEP/ET in right 
ventricule in both the groups; being an early finding of dia-
stolic involvement, especially in right ventricle. Reduced 
DT occured with an increase of age and revealed cardiac 
involvement with a raise in age that is one of the earliest 
predictive outcomes of cardiac involvement. So we suggest 
serial echocardiograpy in asymptomatic major thalassemia 
in preschool age in order to provide early diagnosis of car-
diac involvement. 
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