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IInnvviitteedd  AAuutthhoorr

SSuummmmaarryy
Aim: The purpose of this study was to analyze myocardial diastolic function in patients with beta-thalassemia major before development
of overt cardiomyopathy using pulsed wave tissue Doppler imaging and compare data with conventional Doppler echocardiography.
Material and Method: The study included 61 beta-thalassemia major subjects (age 4 to 20 years; mean age, 10.7±4.1 years; 32 females and
29 males) with normal left ventricular function and 52 healthy control subjects matched for age and sex. All participants underwent M-mode
echocardiography and left ventricular systolic function was measured; diastolic function of the right and left ventricle was analysed using tis-
sue Doppler imaging and conventional Doppler echocardiography. SPSS for Windows 13.0 sofware program were used for statistical analy-
sis, and student’s t-test were used to compare data. This study was approved by the ethics committee of the Istanbul Medical Faculty.
Results: Body surface area was significantly smaller in the patient group than in the control group (1.0±0.2 vs. 1.2±0.3 m2, p<0.01).
Transmitral early peak-E velocity (E) and E/A ratio was found to be significantly increased in patients in comparison to the controls (p<0.01
and p=0.039, respectively). Late peak-A velocity (A) of mitral valve and all Doppler velocities across the tricuspid valve did not differ
between groups (p>0.05). In patients with beta-thalassemia major, the early diastolic  (Em) velocities of the myocardium at the base of the
left and right ventricle, at the middle segment of the left and right ventricle, and the interventricular septum were found to be higher than
controls (p<0.05). We also found significantly higher late diastolic (Am) velocities at the base and middle segments of RV and higher Em/Am
ratio at the base of the right ventricle and at the middle segments of the left ventricle, right ventricle and the interventricular septum com-
pared with controls (p<0.05).
Conclusions: These findings obtained from young aged beta-thalassemia major patients with normal ventricular systolic function were
believed to arise from high preload and hyperdynamic response to chronic anemia rather than true ventricular restriction. We suggest that
long-term follow-up studies should be carried out in patients with beta-thalassemia major using tissue Doppler in order to evaluate the
diagnostic accuracy of this imaging technique for the diagnosis of early stages of cardiac involvement. (Turk Arch Ped 2011; 46: 27-32)
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Introduction

In patients with thalassemia major, the most common
cause of death is heart failure resulting from iron accumula-
tion secondary to repeated erythrocyte transfusions and

increased iron absorption (1). Cardiomyopathy can be pre-
vented if chelation therapy is started in time (2). However, the
diagnosis generally delays because clinic signs and echocar-
diographic evidence of cardiomyopathy occur late and iron
accumulation in the heart can not be predicted (3). 



Iron accumulation in thalassemia shows a patchy pat-
tern. Therefore, regional wall motion disorders develop in
the early phase of the disease, although general cardiac
function is normal (4). Newly developed tissue Doppler
imaging intended to demonstrate cardiac dysfunction in
the early phase has started to be used in various patients
groups and has been shown to be superior to conven-
tional echocardiographic methods (5-9). 

In our study, we intended to investigate cardiomyopa-
thy by tissue Doppler imaging in children with beta-tha-
lassemia major who had not yet developed heart failure
and to compare results of tissue Doppler imaging with
those of conventional Doppler.

Material and Method

Sixty one children with a diagnosis of beta tha-
lassemia major treated with regular desferroxamine in the
Division of Pediatric Hematology of Istanbul University
Istanbul Medical Faculty and Pediatric Hematology Clinic
of Bak›rköy Education and Research Hospital and 52
healthy control subjects were included in the study.
Patients files of the children with beta thalassemia major
and healthy subjects were started to be screened for var-
ious data as retrospective cohort and screening was con-
tinued cross-sectionally with echocardiographic mea-
surements. Study inclusion criteria were as follows: 1.
Absence of signs of heart failure, 2. Shortening fraction or
ejection fraction values within normal limits, 3. Normal
electrocardiogram (ECG), 4. Absence of other systemic
diseases or organ dysfunction, 5. Erythrocyte transfusion
during the last 1-2 weeks. 

M-mode and two dimensional echocardiographic
examination was performed using specific imaging tech-
niques recommended in the guidelines and using the age
appropriate probe with the echocardiography device
(Vivid-3 Expert, GE, USA) in supine position or slight left
lateral decubitus position while breathing confortably (10-
12). Cardiac measurements were done, systolic function
was evaluated and recorded. Indicator values were cal-
culated by dividing all measurement results into body
surface area. Flow velocities of atrioventricular valves (E
and A) were measured in apical four chamber position by
placing Doppler sample volume in such a position that it
will pass through the ends of atrioventricular valves. Flow
rates on three consecutive heart beats from mitral valve
for left ventricle and from tricuspid valve for right ventricle
were measured and average value was taken to calculate
E/A ratio. Left ventricular isovolemic relaxation time was
calculated on apical five chamber imaging simultaneous-
ly with ECG.

All tissue Doppler recordings were done in apical four
chamber position and with pulsed wave (PW) tissue
Doppler technique. Myocardial movements of left ventric-
ular free wall, interventricular septum and right ventricular
free wall were examined. Myocardial flow velocities (Em

and Am) were measured firstly at three basal points and
then at the middle segment between each three points
and the apex. Thus recordings were done from three dif-
ferent myocardial segments for each subject (13). 

Statistical evaluation was done using SPSS 13.0 soft-
ware. Student’s t test was used for comparisions. P<0.05
was considered to be statistically significant.

This study was approved by the ethics committee of
the Istanbul Medical Faculty.

Results

Mean age of 61 subjects comprising the thalassemia
major group was 10.7 ± 4.1 years (ranges, 4 -20 years).
Mean age of 52 subjects in the control group was
10.7±4.1 years (ranges, 4-19 years) (p>0.05). No signifi-
cant difference was found between thalassemia major
group (32 female, 29 male) and the control group (24
female, 28 male) in terms of gender distribution (p>0.05).
Mean values for height, weight, body mass index, body
surface area and diastolic blood pressure in thalassemia
major group was found to be statistically significantly
lower than the control group (Table 1). In thalassemia
major group, mean Hb was 9.8±1.2 g/dL (7.5-12.7),
serum ferritin level was 1945±861 ng/mL (375-4900),
transfusion period was 9.8±4.2 years (3-19,2) and period
of chelation therapy was 6.8±4.1 years (0.3-17.9).
Splenectomy was performed in 22 of the subjects (36%)
(Table 1). 

Ratios of left ventricular lineer values measured by M-
mode echocardiography to body surface area were found
to be significantly higher in thalassemia major group
compared to the control group (Table 2). In thalassemia
major group, early trans-mitral flow velocity E and trans-
mitral E/A ratio measured by PW Doppler as diastolic val-
ues were found to be significantly higher (Table 3). When
myocardial velocities were compared by segments with
pulsed wave tissue Doppler, Em of left ventricular basal
and middle segment, Em/Am of left ventricular middle
segment, Em and Em/Am of interventricular septum, Em
and Am values of right ventricular basal segment were
found to be significantly higher in thalassemia major
group compared to the control group (Table 4). 

Discussion

In 1964, Engle et al. (14) reported that heart failure was
the main cause of death in thalassemia major and death
generally occured during the first year after the diagnosis
of heart failure. In the period before chelation therapy,
mortality rate was 58% during the first 3 months after the
diagnosis of heart failure (14). With recent modern thera-
py possibilities survival rate reached 50% for the five-year
period after the diagnosis of heart failure (15). However,
cardiac causes are still responsible for 71% of deaths in
patients with thalassemia major (16). When conventional
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findings of heart failure are observed on echocardiogra-
phy, the prognosis of cardiomyopathy is frequently fatal
(17). Recently, introduction of tissue Doppler for evalua-
tion of diastolic function indicates that significant
advances will be made in terms of early diagnosis of car-
diomyopathy in patients with thalassemia major (18-22).
In additon, usage of T2-star imaging method showing
cardiac iron load has been the most important develop-
ment for early diagnosis of risk of heart-related complica-
tions in recent years (23). 

In our study, ratios of left ventricular wall thicknesses
and diameters to body surface area and left ventricular
mass index values (left ventricular M-mode measure-

ments) were found to be significantly higher in the sub-
jects with thalassemia major compared to healthy con-
trols. These values should be divided into body surface
areas and index values obtained should be compared.
Body surface areas in patients with thalassemia are
smaller compared to their peers (11). In literature, com-
parisons of left ventricular M-mode measurements in
patients with thalassemia and in healthy controls have
been made without measuring body surface areas of the
patients or without considering body surface areas.
Therefore, left ventricular M-mode measurements may
give different results in these studies conducted in sub-
jects who have not yet developed heart failure (22,24-28).

Thalassemia major group Control group p
(n=61) (n=52)

AAggee  (y›l) 10.7±4.1 10.7±4.1 >0.05
((AAggee  rraannggee)) (4-20) (4-19 )
GGeennddeerr (K/E) 32/29 24/28 >0.05
HHeeiigghhtt  (cm) 131.6±0.2 144.1±0.2 <0.01
WWeeiigghhtt  ((kkgg)) 30.8±12.1 40.6±16.6 <0.01
SSyyssttoolliicc  bblloooodd  pprreessssuurree (mmHg) 108.8±10.3 111.5±8.6 >0.05
DDiiaassttoolliicc  bblloooodd  pprreessssuurree (mmHg) 62.7±8.1 66.5±7.7 0.012
HHeeaarrtt  rraattee  (dk) 87.6±11.1 84.4 ±15.6 >0.05
BBMMII  (kg/m2) 17.0±2.3 18.5±3.0 <0.01
BBSSAA (m2) 1.0±0.2 1.2±0.3 <0.01
HHbb  (g/dL) 9.8±1.2 - -
FFeerrrriittiinn  (ng/mL) 1945±861 - -
TTrraannssffuussiioonn  ppeerriioodd  (years) 9.8±4.2 - -
CChheellaattiioonn  ppeerriioodd  (years) 6.8±4.1 - -
SSpplleenneeccttoommyy  22 (%36) - -

Table 1. General characteristics of thalassemia major group and control group

Thalassemia major group Control group p
(n = 61) (n = 52)

LLVVEESSDD (mm) 27.0±4.0 27.0±3.7 >0.05
LLVVEESSDD //  BBSSAA 26.5±4.0 22.6±4.9 <0.01
LLVVEESSDD (mm) 42.6±5.6 42.1±5.1 >0.05
LLVVEEDDDD //  BBSSAA 42.1±6.6 35.3±7.7 <0.01
IISSTT (mm) 8.0±1.9 7.4±1.5 >0.05
IISSTT //  BBSSAA 7.8±1.6 6.2±1.3 <0.01
PPWWTT (mm) 6.4±1.3 6.4±1.4 >0.05
PPWWTT  //  BBSSAA 6.3±1.4 5.4±1.3 <0.01
EEFF  (%) 65.0±4.0 64.9±3.8 >0.05
SSFF  (%) 36.6±3.0 36.0±3.4 >0.05
LLVVMM (g) 94.9±40.7 84.7±27.1 >0.05
LLVVMM  //  BBSSAA  (g/m2) 88.4±20.6 67.6±12.4 <0.01
LLVVMM  //  HHeeiigghhtt  2.7 (g/m2) 44.1±10.6 32.1±7.9 <0.01

Table 2. Left ventricular M-mode echocardiographic measurements in thalassemia major group and in control group

Values are given as mean ± standard deviation. EF: Ejection fraction, SF: Shortening fraction, IST:Interventricular septum thickness, PWT: Left ventricular posterior wall
thickness, LVEDD: Left ventricular end-diastolic diameter, LVM: Left ventricular mass, LVESD: Left ventricular end-systolic diameter, BSA: Body surface area

Values are given as mean ± standard deviation. BMI: Body mass index, BSA: Body surface area
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Index values higher than healthy controls though within
normal limits may be explained by loading due to chron-
ic anemia and increase in left ventricular mass index val-
ues due to small body surface areas (27). 

In literature, contradictory results have been reported
in studies in which trans-mitral measurements have been
made with PW Doppler in patients with thalassemia major
without signs of heart failure (22,24-29). “Restrictive”
diastolic dysfunction was found in some studies con-
ducted in thalassemia major patients having normal left
ventricular systolic function without signs of heart failure
(24,25). In other studies, “restrictive” dysfunction was not
reported, although elevation in trans-mitral E wave or dif-
ferences in other diastolic indicators were found (22,26-
29). In our trans-mitral PW Doppler results, E value was
found to be significantly higher and E/A ratio was found
to be slightly significantly higher. In addition, A value was
found to be higher, though not significantly. Although
increases of E and E/A values in our study suggest
“restrictive” dysfunction, simultaneous decrease in A
value would be expected. However, it is very well known
that results obtained from trans-mitral PW Doppler mea-
surements may be erroneous. Differences in left ventricu-
lar and left atrial pressures affect mitral flow and trans-
mitral PW Doppler measurements depend on pre-load.
Specifically in relaxation type diastolic dysfunction,
increase in left atrial pressure leads to pseudonormaliza-
tion pattern and this pseudonormal appearance can be
corrected by saline infusion (30). Hyperdynamic response
developing due to chronic anemia in thalassemia patients
affects the results of this measurement (31). Though
patient groups are similar in above mentioned reports
and in our study, differences in trans-mitral PW Doppler
data can be explained by being affected by preload
(22,27). 

Studies conducted with PW Doppler in thalassemia
patients until this time have predominantly examined left
ventricular function (22,24,25,27-30). Very few studies
have examined right ventricular diastolic function (32-34).

The first Doppler study examining right ventricular dias-
tolic function was performed by Hahalis et al. (32) in 2001.
Investigators suggested that increase in deceleration
time supported an actual right ventricular dysfunction.
Although right heart failure was suggested to be sec-
ondary to pulmonary hypertension in previous studies
(33,34), results of recently published reports support that
right heart failure develops primarily (26,32). In post-
mortem examination of cardiac hemochromatosis, both
ventricles were shown to be involved equally (35). When
muscle cells are exposed to iron toxicity, it would not be
surprising to see that the first chamber affected is the
right ventricle. Relatively less number of muscle cells may
not maintain normal cardiac function. Degeneration of
muscle cells and development of fibrotic tissue may lead
to diastolic dysfunction and a more rapid dysfunction in
the right ventricle which has a thin wall. When systolic
dysfunction is added to diastolic dysfunction after a

Thalassemia Control p
major group group

(n=61) (n=52)
Trans-mitral

‹VGZ (msn) 75.5±11.0 71.5±12.7 >0.05
E (cm/sn) 100.7±13.2 87.8±11.8 <0.01
A (cm/sn) 55.6±9.5 52.3±10.1 >0.05
E/A (cm/sn) 1.8±0.3 1.7±0.3 0.039

Trans-triküspit
E (cm/sn) 65.2±10.6 64.5±15.2 >0.05
A (cm/sn) 44.9±8.1 41.8±11.2 >0.05
E/A (cm/sn) 1.5±0.2 1.6±0.3 >0.05

Table 3. Diastolic indexes measured at atrioventricular 
valves by pulsed wave Doppler

Thalassemia Control p
major group group

(n=61) (n=52)
Left ventricle
Basal

LVB-Em 22.5±4.4 20.6±3.7 0.020
LVB-Am 9.9±2.7 9.4±2.4 >0.05
LVB-Em/Am 2.4±0.5 2.3±0.6 >0.05

Middle
LVM-Em 18.7±3.2 16.5±3.8 <0.01
LVM-Am 5.9±1.6 6.1±1.6 >0.05
LVM-Em/Am 3.3±0.7 2.8±0.7 <0.01

Septum
Basal

IVSB-Em 13.9±2.4 14.1±2.1 >0.05
IVSB-Am 6.9±1.5 7.2±1.6 >0.05
IVSB-Em/Am 2.1±0.4 2.0±0.5 >0.05

Middle
IVSM-Em 12.7±2.1 11.8±1.8 0.027
IVSM-Am 5.6±0.9 5.7±1.1 >0.05
IVSM-Em/Am 2.3±0.5 2.1±0.5 0.032

Right ventricle
Basal

RVB-Em 19.1±2.9 17.4±3.2 <0.01
RVB-Am 13.2±3.3 11.3±2.9 <0.01
RVB-Em/Am 1.5±0.4 1.6±0.4 >0.05

Middle
RVM-Em 16.6±3.3 14.9±3.5 0.010
RVM-Am 10.3±2.9 9.3±2.0 0.046
RVM-Em/Am 1.7±0.5 1.6±0.4 >0.05

Table 4. Diastolic flow velocities of myocardial segments 
measured by pulsed wave tissue Doppler (cm/sn)

Values are given as mean±standard deviation. Am: Myocardial atrial flow velocity, Em:
Early myocardial flow velocity, IVSB: Interventricular septum basal, IVSM:
Interventricular septum middle, LVB: left ventricular basal, LVM: left ventricular 
middle, RVB: Right ventricular basal, RVM: Right ventricular middle segment.

Values are given as mean±standard deviation. A: Atrial flow velocity, E: Early diastolic
flow velocity, IVRT: Isovolemic relaxation time
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while, the patient may present with right heart failure
alone. In thalassemia major patients, rate of clinical pre-
sentation with right heart failure alone can reach a signif-
icant level, though less frequently compared to left heart
failure (15). Although results of trans-tricuspid measure-
ments were found to be slightly higher compared to the
control group in our study, the difference was not statis-
tically significant. According to the results obtained by
this method we can state that right ventricular diastolic
function was found to be normal in our patient group.
Pulsed wave Doppler echocardiography evaluates gener-
al diastolic function of ventricles. Preload volume and
pressure changes and activation of adrenergic system
can prevent recognition of myocardial diastolic dysfunc-
tion by causing pseudonormalization (31). In addition,
segmental effects of iron toxicity may be diffuse enough
to disturb general function.

Pulsed wave tissue Doppler complements other
Doppler methods and is superior in some aspects. The
most important superior porperties in clinical practice are
as follows: the method is not affected by preload and
provides segmantary analysis of myocardial function (36).
Iron accumulation in thalassemia shows a patchy pattern
and regional wall motion anomalies may develop before
clinical findings occur in the early phase of the disease,
although general cardiac function is normal (18). When
we compared segmentary measurement results obtained
by PW tissue Doppler in our study with the control group,
we found the following: 1) Early diastolic flow velocities
were higher in all segments except for septal basal seg-
ment, 2) Late diastolic flow velocity was significantly
higher only in right ventricular segments, 3) Ratio of dias-
tolic flow velocities (Em/Am) were found to be higher only
in left ventricular and septal middle segments. Apical
segment is relatively constant throughout the cardiac
cycle, flow velocities are low and occasionally low-reso-
lution and low-quality images are obtained. Although we
made apical measurements, we excluded these data,
since they could affect the reliability of the study (37,38). 

In literature, we found few studies conducted in beta
thalassemia patients which can be compared with our
study (18-22). Specifically, tissue Doppler examination in
the study performed by Vogel et al. (18) included seg-
mentary measurements as in our study. Early diastolic
flow velocities in thalassemia patients have been found to
be lower in multiple segments compared to healthy con-
trols. In the study evaluating cardiac iron load in young
beta thalassemia major patients with T2-star imaging
method performed by Magri et al. (19), tissue Doppler
measurements determined diastolic dysfunction specifi-
cally in the septum and in the right ventricle which was
compatible with the study performed by Vogel et al. (18).
In the study performed by Hamdy et al. (20) evaluating
right ventricular function, abnormal relaxation type dias-
tolic dysfunction was found to be developed in children
with beta thalassemia major. In another study performed

by Silvilairat et al. (21) in children with beta thalassemia,
left ventricular E/Em ratio and serum ferritin levels were
found to be correlated. Contrary to these studies, early
diastolic flow velocities were found to be higher in multi-
ple segments in thalassemia patients compared to
healthy controls in our study. The other tissue Doppler
study was performed by Iarussi et al. (22) in beta tha-
lassemia major patients with normal systolic function and
no significant difference was found in diastolic flow veloc-
ities in comparison to healthy controls. The authors
explained this result by the young mean age (22±6 years)
of the patient group and iron accumulation being still in
the early phase. Compatible with this study, diastolic
blood flow velocities were not found to be decreased in
thalassemia major patients compared to healthy controls
and were even more higher in our study. Our study was
performed in young aged patients (mean age) 10.7±4.1
years, ranges 4-20 years). While early diastolic flow
velocities were found to be decreased in thalassemia
patients compared to healthy controls in the study per-
formed by M. Vogel et al. (18), this difference was not
observed in the study performed by Iarussi et al. (22) in
patients of a younger age group. The results of our study
performed in patients of a much younger age group sup-
port the conclusion made by Iarussi et al. (20). Diastolic
blood flow velocities measured by PW tissue Doppler can
be found within normal limits or even higher in beta tha-
lassemia patients who receive appropriate chelation ther-
apy and have not yet developed systolic dysfunction. Our
study showed that hyperdynamic response developing
secondary to chronic anemia in young ages in beta tha-
lassemia major patients played a relatively predominant
role compared to iron cardiomyopathy and diastolic func-
tion was not yet developed in patients receiving regular
chelation therapy.

We beleive that PW tissue Doppler can be used wide-
ly as a method of early diagnosis in beta thalassemia
major patients as in many other diseases due to its con-
venience of administration and low cost. 

Conflict of interest: None declared
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