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Examination of echocardiographic parameters for the early diagnosis of
cardiac dysfunction in beta thalassemia major patients
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Abstract

Objective: This study aimed to determine the utility of tissue Doppler, pulse-wave Doppler, and
conventional echocardiography for the detection of cardiac dysfunction in the early period in beta thalassemia
patients.

Methods: Forty beta thalassemia major patients undergoing regular blood transfusion and chelation therapy
and 30 healthy controls with similar demographic factors were included in the study. Both the patient and
control groups were examined with, tissue Doppler, pulse-wave Doppler, motion-mode echocardiography.
Ferritin values and T2* magnetic resonance measurements were recorded for those in the patient group.
Results: Diastolic dysfunction indicators like early ventricular filling rate, atrial contraction rate, mitral A
wave time, and reverse pulmonary venous flow velocity were higher in the patient group (p<0.001, p=0.003,
p<0.001, p=0.006, respectively), the deceleration time and pulmonary venous systolic flow velocity
(p=0.035, p=0.033, respectively) were lower. Moreover, in thalassemia major patients, there were significant
increases in the ratios of early ventricular filling rate to early diastolic myocardial rate in the lateral, basal and
midseptal walls (p<0.001, p=0.001, p=0.012, respectively). While the difference between the ferritin values
and echocardiographic data was not significant in patient, it was significant between patients with severe and
no cardiac iron load regarding an increase in left ventricular enddiastolic thickness and a decrease in left
ventricular ejection fraction values (p=0.045, p=0.049, respectively).

Conclusions: In beta thalassemia major patients, tissue Doppler, pulse-wave Doppler and conventional
echocardiography can be used to detect cardiac dysfunction in the early periods in cases where T2* magnetic
resonance is not available.

Keywords: Beta thalassemia major, cardiac dysfunction, pulse-wave Doppler echocardiography, tissue
Doppler echocardiography, conventional echocardiography, T2* magnetic resonance

Introduction

Thalassemia is a genetic disorder detect the iron load in the heart. Echocardiography
characterized by ineffective hematopoiesis, which is a non-invasive, repeatable, and relatively
iscaused by insufficient production of globin inexpensive technique that is capable of the
subunits and increased hemolysis. Patients with this absolute diagnosis of heart diseases (5). Tissue
disorder require frequent blood transfusions (1,2), Doppler imaging is a recently developed
which can cause iron accumulation in the heart that echocardiographic technique that can be used to
can lead to severe cardiac complications (3). obtain global and local measurements of
Despite the improvements in chelation therapy, myocardial systolic and diastolic velocities. Tissue
cardiac complications remain the main cause of Doppler  echocardiography  provides  better
mortality and morbidity in thalassemia major definition of the left ventricular functions than does
patients (4). Several procedures have been used to conventional echocardiography (6,7). Magnetic
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resonance imaging (MRI) systems, which can
detect myocardial iron load and myocardial
functions, revolutionized the therapy of beta
thalassemia major patients. An application known
as T2* magnetic resonance is a powerful technique
that detects the iron load by measuring myocardial
relaxation time (8). T2* magnetic resonance allows
for the preclinical detection of myocardial iron
load, the prospective categorization of the cardiac
risks, and the observation of the response to
changes in chelation therapy (9). However, its use
in developing countries is limited because it is not
cost-effective or easy to access.

In this study, we aimed to examine the efficiency of
conventional echocardiography, tissue Doppler, and
pulse-wave Doppler echocardiography, which are
easy to access and economical compared to T2*
magnetic resonance, for the detection of cardiac
dysfunction at an early phase (i.e., before systolic
dysfunction occurs) in beta thalassemia major

patients.

Materials and Methods

Forty beta thalassemia major patients
undergoing regular blood transfusion and chelation
therapy (mean age: 12.8 + 3.34 years) in Dr. Behcet
Uz Children’s Hospital and 30 healthy controls
with similar demographic factors (e.g., age and sex)
(mean age: 11.9 £ 3.17) were included in the study.
Height, weight, systolic and diastolic blood
pressure, heart beat rate and hemogram values were
recorded in both the patient and control groups. The
patients were categorized into three groups
according to their ferritin values as follows: <1000
ng/dl, 1000-2500 ng/dl and >2500 ng/dl. Ethical
approval was obtained from the hospital ethical
commission and parental consent forms were
collected.

Echocardiographic studies were performed
at least 24 hours after blood transfusion. Motion -

mode, two dimensional imaging, tissue Doppler
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imaging and Doppler (pulse-wave, continuous-
wave) echocardiographic examinations were
performed with a Vivid 3 (GE Healthcare,
Milwaukee, WI) ultrasound system using a 3-5
MHz transducer on both the patient and control
groups. Images were taken from the 3rd or 4th
intercostal space while the patient was lying down
or at a slight left lateral decubitus position. The
measurements were recorded according to the
American Society of Echocardiography guidelines
(10).

Motion-mode  echocardiography:  The
systolic functions of the left ventricle were
evaluated using motion-mode echocardiography as
follows: Left ventricle internal diameter at end-
diastole, interventricular septum  diastolic
thickness, left ventricular posterior wall thickness at
end diastole, left ventricular diastolic mass, left
ventricular diastolic mass index, fractional
shortening and left ventricular ejection fraction.

Pulse-wave Doppler echocardiography:
Mitral valve flow rates and diastolic functions were
evaluated via pulmonary pulse Doppler as follows:
Early ventricular filling rate, atrial contraction rate,
the ratio of early ventricular filling rate to
contraction rate, mitral valve A wave time,
deceleration time, pulmonary venous systolic flow
velocity, pulmonary venous diastolic flow velocity
and reverse pulmonary venous flow velocity. The
ratios of pulmonary venous systolic flow velocity to
pulmonary venous diastolic flow velocity were
calculated.

Tissue Doppler echocardiography:
Diastolic functions were evaluated by recording the
myocardial signals as follows: Systolic myocardial
velocity, early diastolic myocardial velocity, late
diastolic myocardial velocity, pulmonary venous
systolic flow velocity, pulmonary venous diastolic
flow velocity, the ratio of early ventricular filling
velocity to diastolic myocardial velocity,

isovolumic relaxation time, and isovolumic
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contraction time. Myocardial performance index
was calculated. All measurements of the patient and
control groups were performed by the same
pediatric cardiologist who was blinded to the T2*
magnetic resonance results.

T2* magnetic resonance: All cardiac
magnetic resonance examinations were performed

with a 1.5 T magnetic resonance (Symphony,
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with a T2* value <10 ms were considered to have
severe iron accumulation.

Patients with left ventricular systolic
dysfunction (Left ventricular ejection fraction
<%54, fractional shortening <%27), congenital or
acquired valve disease, hypertension, and patients
aged younger than 8 years or older than 18 years

were not included in the study.

Table 1: Clinical and demographic data of the patient and control groups.
Study Group Control Group p value
(n: 40) (n: 30)
Male/Female 19/21 13/17 0.811
Age (years) 12.8 £3.34 11.9+3.17 0.253
Height (cm) 140.03 = 12.48 145.43 £15.24 0.108
Weight (kg) 35.76 £ 9.53 40.78 £11.83 0.054
BMI (kg/m”) 17.96 £2.86 18.89 +2.87 0.184
Systolic tension (mm/Hg) 114.55+£9.46 117.50 + 8.87 0.189
Diastolic tension (mm/Hg) 68.22 + 8.38 71.17+6.13 0.109
Heart beat (/min) 98.33+11.79 96.03 +12.95 0.443
Hemoglobin (gr/dl) 12.98 + 1.67 1239+ 1.23 0.866
Siemens, Erlanger, Germany). Myocardial iron load
was evaluated by the myocardial T2* measurement. Statistical Methods

Images were obtained from the late diastolic phase
of the cardiac cycle by electrocardiographic
synchronization. The myocardial T2* measurement
was performed using a multiecho technique when a
cardiac event was triggered with a single-breath-
hold (FOV, 400 mm; TR,135; TE, 2.6-22.3 (8 echo
sequence) with the following settings: flip angle,
20; section thickness, 10mm; matrix, 192x75,
NEX,1; Band width (Hz/pixel)).All magnetic
resonance analyses were conducted by a radiologist
who was blinded to the echocardiography results.
The T2* analysis was performed by Thalassemia
tools (Thalassemia Tools, Cardiovascular Imaging
Solutions, London, UK).The region of interest was
selected on the interventricular septum. The signal
intensity of this region was measured using a signal
intensity-echo time curve (curve formula=y = Ke’
T2 Cases with a T2* value >20ms were
considered to have no iron accumulation, cases with
a T2* value between 10 and 20ms were accepted as

having intermediate iron accumulation, and those

Statistical evaluations were performed
using statistical tool SPSS 15.0 for Windows. A
Chi-Square test or t-test was used to compare the
characteristics of the two groups a Mann-Whitney
U test was used to compare the echocardiographic
parameters between the two groups. The ferritin
and T2* wvalues were compared to the
echocardiographic parameters by a Kruskal-Wallis
test.P values less than 0.05 (p <0.05) were accepted

as statistically significant.

Results

The basic characteristic features of the beta
thalassemia major patients and the healthy controls
are summarized in Table 1. Conventional
echocardiographic data including left ventricle
internal diameter at end-diastole, inter ventricular
septal diastolic thickness, left ventricular diastolic
mass, and left ventricular diastolic mass index
were higher in the patient group than in the controls
(p=0.009, p=0.009, p=0.026, p<0.001, respectively)
(Table 2). While diastolic dysfunction indicators
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early ventricular filling rate, atrial contraction rate,
mitral valve A wave duration and reverse
pulmonary venous atrial velocity measured by
pulse-wave Doppler echocardiography were higher
in the patient group (p<0.001, p=0.003, p<0.001,
p=0.006, respectively), deceleration time and
pulmonary venous systolic flow velocity values
were lower (p=0.035, p=0.033, p<0.001,
respectively) (Table 3). Systolic myocardial
velocity lateral, early diastolic myocardial velocity
midseptal and the ratio of early ventricular flow
velocity to early diastolic myocardial velocity
( lateral, basal and midseptal) data measured by
tissue Doppler echocardiography were higher in the
patient group (p=0.031, p=0.019, p<0.001, p=0.001,
p=0.012, respectively) while late diastolic
myocardial velocity lateral, isovolumic contraction
time lateral and isovolumic contraction time
midseptal values were lower (p=0.032, p=0.021,
p=0.011, respectively) (Table 4).

The mean ferritin value of patients was
2595.46 ng/dl (£1929.85). There were 10 patients
with <1000 ng/dl ferritin, 14 patients with 1000-
2500 ng/dl ferritin and 16 patients with >2500 ng/dl
ferritin. There were no significant correlations
between the ferritin values and the conventional,
pulse-wave  Doppler or tissue  Doppler
echocardiographic data. The mean cardiac T2*
value was 23.13 ms (£ 10.18). There were 26
patients with no cardiac iron load (T2*>20 ms),
nine patients with intermediate iron load (T2*= 10-
20 ms) and five patients with severe cardiac iron

load (T2*<10 ms). There was no correlation
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between the T2* values and the PW Doppler or
tissue Doppler echocardiography data (p>0.05).
There was a statistically significant difference
between patients with severe cardiac iron load and
those with no iron load with respect to the increase
in left ventricle internal diameter at end-diastole
values and the decrease in left ventricular ejection
fraction values detected by conventional
echocardiography  (p=0.045 and  p=0.049,

respectively).

Discussion

One of the main causes of mortality and
morbidity in beta thalassemia major patients is iron
accumulation due to blood transfusions (4).
Therefore, the ability to track cardiac dysfunction
and cardiac iron load in these patients is vital. The
early ventricular filling rate value measured by
tissue Doppler echocardiography is an indicator of
ventricular relaxation and diastolic function (11).
Spirito et al. examined diastolic abnormalities in 32
beta thalassemia major patients with tissue Doppler
echocardiography and found that the increase in
early ventricular filling rate value was significant as
was the decrease in deceleration time value (12). In
our study, we also reported that the -early
ventricular filling rate values of the patients were
significantly higher than those of the controls (1.21
+ 0.1 m/s, 0.99 + 0.15 m/s, p<0.001, respectively)
and that the deceleration time values of the patients
were significantly lower than those of the controls
(157.05 + 39.1 vs 170.57 £ 34.93 p=0.035,

respectively).
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Table 2: Conventional echocardiographic data of the patient and control groups.

Study Group Control Group  p value
(n: 40) (n: 30)

LVIDd (cm) 4.06+0.43 3.76 £0.46 0.009
IVSd (cm) 0.86+0.16 0.77 £ 0.09 0.009
LVPWd(cm) 0.82+0.14 0.84+0.15 0.494
LVd Mass (gr) 106.46 +32.29  88.58 +£27.56 0.026
LVd MI (gr/m2) 92.00 £+ 24.78 69.31+16.97  <0.001
FS (%) 36.31 £5.81 37.50 £ 4.60 0.427
EF (%) 66.17 £7.61 68.08 + 5.68 0.373

mass, LVd MI: Left ventricular diastolic mass
ejection fraction

LVIDd: Left ventricle internal diameter at end-diastole, IVSd: Inter ventricular septal diastolic thickness,
LVPWd: Left ventricular posterior wall thickness at end diastole, LVd Mass: Left ventricular diastolic
index, FS: Fractional shortening, EF: Left ventricular

Deceleration time abnormality

accompanying early ventricular filling rate was
of diastolic

the left

considered to be an indicator

dysfunction. Parale et al. evaluated

ventricular functions by pulse-wave Doppler

echocardiography in beta thalassemia major
patients and reported a significant increase in early
ventricular filling rate / early diastolic myocardial
velocity value and a significant extension of
isovolumic relaxation time (13). In our study, we
found that the early ventricular filling rate / early

diastolic myocardial velocity measured from the

and a significant decrease in late diastolic
myocardial velocity (lateral) as measured by tissue
Doppler echocardiography in beta thalassemia
major patients

(p=0.031, p=0.019, p=0.032, respectively).

as compared to the controls

The pulmonary venous flows, which are
other indicators of diastolic function,were also
measured in all groups. The disruption of
ventricular relaxation might increase the atrial load,
which in turn reduces the left atrial compliance and
disrupts atrial relaxation. As a result, pulmonary

venous systolic flow velocity often decreases while

lateral, basal and midseptal walls in beta pulmonary venous diastolic flow velocity and
Table 3: Pulse-wave Doppler echocardiographic data in the patient and control groups.
Study Group Control Group p value
(n: 40) (n: 30)

E (m/s) 1.21+£0.1 0.99+£0.15 <0.001

A (m/s) 0.76 £ 0.37 0.62+0.11 0.003

E/A 1.73 £0.42 1.61 +0.29 0.206

MVA (ms) 129.23 +3494  101.89 +38.74 <0.001

DT (ms) 157.05 +£39.1 170.57 +£34.93 0.035

PVS (ms) 0.66 +0.17 0.77+0.17 0.033

PVD (ms) 0.63+0.17 0.67+ 0.16 0.805

PVS/PVD 1.08 + 0.42 1.17+0.25 0.233

PVAR (m/s) 0.45+0.13 0.39 +£0.06 0.006
E: Early ventricular filling rate, A: Atrial contraction rate, E/A: The ratio of early ventricular filling rate to atrial
contraction rate, MVA: Mitral valve A wave duration, DT: Deceleration time, PVS: Pulmonary venous systolic flow
velocity, PVD: Pulmonary venous diastolic flow velocity, PVAR: Reverse pulmonary venous atrial velocity.

thalassemia major patients were significantly higher
than those of the controls (p<0.001, p=0.001,
p=0.012, respectively). Also, there was a significant
increase in systolic myocardial velocity (lateral)

and early diastolic myocardial velocity (midseptal)

reverse pulmonary venous atrial velocity wave
amplitude and duration increase (14). In a study by
Kremastinos et al.,early ventricular filling rate and
atrial contraction rate values as well as pulmonary

venous systolic flow velocity and pulmonary
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venous diastolic flow velocity flow velocities were
higher in beta thalassemia major patients, while
there were no significant differences in the ratio of
early ventricular filling rate to atrial contraction
rate, deceleration time and isovolumic relaxation
time values between patients and the control group
(15). In our study, we found that the pulmonary
venous systolic flow velocity values were lower in
beta thalassemia patients when compared to the

control group (0.66 + 0.17 ms vs 0.77 + 0.17 ms,
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fraction value (16). Ucar et al. reported an evident
increase in myocardial performance index as
measured by tissue Doppler echocardiography in 36
beta thalassemia patients with normal conventional
echocardiographic parameters when compared to
the control group (17). In our study, we could not
detect a significant difference between the two
groups with regards to the myocardial performance
Doppler

index as measured by tissue

echocardiography.

Table 4: Tissue Doppler echocardiographic data in the patient and control groups.

Study Group Control Group p value
(n: 40) (n: 30)

Sm- lateral (ms) 0.11+0.12 0.10+£0.02 0.031
Sm- basal (ms) 0.08 £ 0.01 0.09 +0.02 0.438
Sm- midseptal (ms) 0.07 +£0.01 0.09+0.15 0.455
Em- lateral (ms) 0.19+0.02 0.19+0.02 0.609
Em- basal (ms) 0.16 £ 0.09 0.15+0.02 0.992
Em- midseptal (ms) 0.13+0.02 0.12+0.01 0.019
Am- lateral (ms) 0.07 £0.02 0.08 +0.01 0.032
Am- basal (ms) 0.06+0.01 0.06+0.01 0.531
Am-midseptal (ms) 0.06+0.01 0.05+0.01 0.481
IVRT- lateral (ms) 56.49 +7.57 58.42 + 8.81 0.549
IVRT- basal (ms) 56.00 + 8.33 57.59 + 8.27 0.288
IVRT-midseptal (ms) 54.23+6.22 56.76 £7.16 0.077
IVCT- lateral (ms) 62.64+£9.11 66.64 +7.78 0.021
IVCT- basal (ms) 60.85+11.78 66.23 £9.55 0.146
IVCT-midseptal (ms) 60.32 + 10.69 66.03 + 8.15 0.011
E/Em- lateral 6.37+1.07 5.21+0.69 <0.001
E/Em- basal 834+ 1.21 6.65+1.36 0.001
E/Em- midseptal 8.99+1.62 8.07+1.35 0.012
MPI 0.46 £ 0.04 0.47 £0.05 0.772

Sm: Systolic myocardial velocity, Em: Early diastolic myocardial velocity, Am: Late diastolic myocardial
velocity, PVS: Pulmonary venous systolic flow velocity, PVD: Pulmonary venous diastolic flow velocity,
E/E.,:The ratio of early ventricular flow velocity to early diastolic myocardial velocity, IVRT: Isovolumic
relaxation time, IVCT: Isovolumic contraction time, MPI: Myocardial performance index.

p=0.033) while there were no differences in
pulmonary venous diastolic flow velocity values.
There was a significant increase in reverse
pulmonary venous atrial velocity values (0.45 +
0.13 m/s vs0.39 + 0.06 m/s, p=0.006) in then
patient group when compared to the controls.
Myocardial performance index is a
Doppler index that enables the combined evaluation
of left ventricular systolic and diastolic functions. It
is a numerical value derived by dividing the sum of
the isovolumic contraction time and isovolumic

relaxation time by the left ventricular ejection

Conventional echocardiography is an
economical, practical and frequently used technique
for the evaluation of heart diseases (18). Stakos et
al. found that the left ventricular mass and
expansion in the left atrium as measured by
conventional echocardiography was significantly
increased in beta thalassemia major patients as
compared to a control group, although there was no
increase in cardiac iron load (19). In our study, left
ventricle internal diameter at end-diastole, inter
ventricular  septal  diastolic  thickness, left

ventricular diastolic mass and left ventricular
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diastolic mass index values as measured by
conventional echocardiography were significantly
higher in the patient group than in the control group
(p=0.009, p=0.009, p=0.026, p< 0.001,
respectively).

While the serum ferritin level has a limited
prognostic value for reflecting iron stores in iron
overloaded patients, it is still valuable as an indirect
indicator of iron stores. Moreover, it is a widely
used and cost-effective method (20). Silvilairat et
al. examined the relationship between the serum
ferritin values and tissue Doppler echocardiography
parameters in 31 thalassemia patients with normal
left ventricular functions. High ferritin levels
(>5000 ng/ml) were correlated with a decrease in
deceleration time values and an increase in the ratio
of early ventricular flow velocity to early diastolic
myocardial velocity values (7). In a study
examining the diastolic index and ferritin values of
29 thalassemia patients with normal systolic
functions, Ashena et al. reported an increase in the
early ventricular filling rate and atrial contraction
rate values of patients >15 years old compared to
patients <15 years old (21). In our study, the early
ventricular filling rate and atrial contraction rate
values were significantly higher in the patient group
when compared to the controls (1.21 = 0.1 vs0.99 +
0.15 p<0.001, 0.76 = 0.37 vs0.62 £ 0.11 p=0.00,
respectively). The studies of Ashena et al and
Parale et al. reported no correlation between ferritin
values and diastolic indexes. In accordance with
these recent studies, we also did not find a
correlation between serum ferritin levels and
diastolic dysfunction indexes as measured by both
pulse-wave  Doppler and tissue  Doppler
echocardiography, or with systolic dysfunction
indexes as measured by  conventional
echocardiography. In regards to the correlation
between body iron load and cardiac iron
accumulation, it has been reported that it is still

possible to observe cardiac iron accumulation
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despite low ferritin levels and the accumulation of
iron in the liver (22). This may explain the lack of
correlation between serum ferritin levels and
diastolic dysfunction indexes.

Currently, cardiac MRI is the gold
standard for myocardial tissue analysis in various
cardiac diseases. However, its use in developing
countries is limited due to its high cost and
restricted access (8). In a prospective observational
study of thalassemia major patients, it was
demonstrated that patients with increased cardiac
iron load (T2*<10 ms) carry a high risk of cardiac
insufficiency (23). In a study conducted in patients
with a mean age of 1846 years (6-31 years), Aypar
et al. examined the correlation of tissue Doppler
echocardiography parameters with T2*magnetic
resonance values. They found that the regional
myocardial dysfunction was more evident in
patients with T2*<20 ms (86% of the patients). In
addition, there was a significant correlation
between midseptal Sm and Em values and cardiac
iron load [24].

Vogel et al. evaluated 52 thalassemia
major patients with the mean age of 29.2 years (14-
43 years) with tissue Doppler echocardiography and
cardiac magnetic resonance and found a significant
correlation between a cardiac iron load of
T2*<20m (73% of the patients) and myocardial
rates (early diastolic, atrial and systolic myocardial
velocities), which are diastolic dysfunction
indicators [25]. In our study, we did not detect a
significant correlation between T2* wvalues and
pulse-wave  Doppler and tissue  Doppler
echocardiography indexes. This might be due to the
lower mean age (12.843.3 years) of our patients
compared to those of the previous studies and the
low number of patients with T2*  magnetic
resonance values <20 ms (35% of the patients).
Nonetheless, there was a weak correlation between
the decrease in left ventricular ejection fraction

value and the decrease in T2* value and between
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the increase in left ventricular diastolic thickness
value and the decrease in T2* value (p=0.049,
p=0.045, respectively). Left ventricular ejection
fraction in these three groups (T2*>20 ms, T2*=10-
20 ms, T2*<10 ms) were 68.00%, 63.08%, and
61.82%, respectively, and left ventricular posterior
wall thickness at end diastole values were 4.03+
0.39 cm, 4.14+ 0.41 cm, and 4.45+ 0.03 cm,
respectively.

In conclusion, the ratio of early
ventricular flow velocity to early diastolic
myocardial velocity (lateral, basal and midseptal)
values as measured by tisse Doppler
echocardiography, early ventricular filling rate,
atrial contraction rate, mitral valve A wave
duration, reverse pulmonary venous atrial velocity,
deceleration time, and pulmonary venous systolic
flow velocity values as measured by pulse-wave
Doppler echocardiography, and left ventricle
internal diameter at end-diastole, inter ventricular
septal diastolic thickness, left ventricular diastolic
mass, and left ventricular diastolic mass index
values as measured by conventional
echocardiography = show  distinct  differences
between beta thalassemia major patients and
healthy controls. In these patients, tissue Doppler,
pulse-wave Doppler and conventional
echocardiography could be used as economical and
easily-accessible alternatives for the observation of

cardiac dysfunction due to iron load where T2*

magnetic resonance is not available.
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