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Abstract. – Background and Objective:
Myocardial iron deposition and cardiac failure in
thalassemia major (TM) is the most serious rea-
son of morbidity and mortality. Cardiac magnetic
resonance imaging (MRI T2*) can indirectly
quantified myocardial iron content. Moreover
echocardiographic left ventricular diastolic eval-
uation in comparison to systolic evaluation is
more sensitive to detect early myocardial dys-
function secondary to iron overload. The aim
was to determine some diastolic and tissue
Doppler echo indices correlated with cardiac
MRI T2*to predict iron load.

Patients and Methods: Thirty three TM pa-
tients (17F/16M) with history of 15 years transfu-
sion or more were selected. They did cardiac
MRI (CMR) with measurement of relaxation time
of T2* and also echocardiographic examination
with systolic and diastolic evaluation and tissue
Doppler imaging. 

Results: The mean value of cardiac T2* was
20.41 ± 12.1 ms. Patients with abnormal T2* (<
20 ms) had abnormal ejection fraction (EF) in
10 (53.6%), and abnormal diastolic indices in-
cluding deceleration time (DT), early (E) and
late (A) transmitral peak flow velocity ratio
(E/A), E/Em and Tei- index in 13 (72.2%), 12
(66.7%), 18 (100%) and 14 (77.8%) patients re-
spectively. There was a good correlation be-
tween DT, Tei index and E/Em index with car-
diac T2* values (p < 0.05, r = 0.70-0.81), poor
correlation between E/A with T2* (p < 0.05, r =-
0.44) and no significant correlation of liver T2*
with cardiac T2* (p = 0.819). 

Conclusions: In unequipped centres which
CMR is not available because of good correla-
tion between diastolic echocardiographic para-
meters and CMR T2*, the use of echocardio-
graphic diastolic parameters for evaluation of
cardiac state could be a replacing tool. In
equipped centres we suggest doing CMR T2* as
a first step examination in high risk patients,
and then doing regular F/U with echocardio-
graphic evaluation of diastolic and tissue
Doppler echocardiographic parameters espe-
cially DT, E/Em and Tei index.
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Introduction

Iron overload in thalassemia major (TM) pa-
tients is due to repeated blood transfusions, in-
creased intestinal iron absorption and peripheral
hemolysis1. Iron accumulation in the heart leads
to cardiac failure which in the most patients
causes mortality and morbidity2-3. Chelation ther-
apy eliminates excess iron from involved organs;
including the heart to prevent myocardial dys-
function1-6. Early detection of iron overload in
these patients is very important. Once heart fail-
ure established it will be irreversible, so treat-
ment should begin before overt cardiomyopathy7.
Serial measurements of serum ferritin or liver
iron content cannot predict iron overload5. Car-
diac biopsy is invasive and because of heteroge-
neous iron deposition in the myocytes is not a
good predictor of cardiac iron load8. 

Currently cardiac MRI (CMR) has been
known as a non- invasive technique of choice for
monitoring iron overload in the heart9-10, but
there are some disadvantages of cardiac MRI. It
is expensive, time consuming, and unavailable in
most of the medical centres. Moreover, patients
with claustrophobia, cardiac pacemakers and
metallic fragments in their body could not do
MRI scan11.

Echocardiographic examination is used for
routine cardiac evaluation in TM, but left ven-
tricular systolic function remains normal until
late in these patients12-13. Diastolic function is
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depending on relaxation of left ventricle (LV)
which is a factor of cardiac muscle tone. Iron
overload causes restriction of LV and mitral in-
flow impairment14. There are some left ventric-
ular diastolic function indices, which the most
important of them include; peak early diastolic
inflow velocity (E), peak late diastolic flow
velocity (A), the ratio of E and A (E/A), decel-
eration time (DT) of early filling velocity15 and
myocardial performance parameter of Tei in-
dex which is a parameter of both systolic and
diastolic function16. It is shown that diastolic
indices may be more sensitive to early detec-
tion of myocardial iron overload. E and A ve-
locities and their ratio (E/A) are indicators of
early impairment of cardiac function in TM
patients17-18. DT measures deceleration of in-
flow of the E wave and shortens with decreas-
ing LV compliance15. 

Tissue Doppler imaging (TDI) measures my-
ocardial wall velocities in the free wall of the
right and left ventricles, and in the ventricular
septum. It is less load dependent in comparison
to mentioned mitral inflow parameters. Early and
late diastolic myocardial velocities which are
corresponding to the E and A waves ,and their ra-
tio (Em, Am and Em/Am) are calculated17 . 

The purpose of present study was to detect the
systolic and diastolic parameters of echocardiog-
raphy in TM patients to detect which of them are
predictive of cardiac iron overload in comparison
to CMR T2*. 

Patients and Methods

In this cross sectional study we examined 33
TM patients (16 males and 17 females) attend-
ing a thalassemia center in an endemic area of
thalassemia. Patients, who had undergone MRI
myocardial assessment for clinical reasons,
were selected to do echocardiographic exami-
nation by a skilled cardiologist with subspe-
cialty in echocardiography. Duration between
doing CMR and echocardiography was maxi-
mum 30 days. Patients with history of at least
15 years transfusion were selected for study.
None of the patients had clinical signs of con-
gestive heart failure, hypertension or diabetes
mellitus at the time of examination. None of
them had used drugs with cardiac side effects.
Demographic characteristics were achieved
from the medical notes.

Cardiac MRI
MRI scans were performed using a 1.5 Tesla

Magnetom Siemens Symphony scanner (Siemens
Medical Solution, Erlangen, Germany). Each
scan lasted about 10-15 min and included the
measurement of hepatic and myocardial T2*
quantities. A standard quadrature radiofrequency
(RF) body coil was used in all measurements for
both excitation and signal detection. Respiratory
triggering was used to monitor the patients’
breathing. Cardiac electrocardiographic (ECG)
gating was used. 

The MRI T2* of the liver was determined us-
ing a single 10 mm slice through the centre of the
liver scanned at 12 different echo times (TE 1.3-
23 ms). Each image was acquired during a 11-13
s breath-hold using a gradient-echo sequence
(repetition time 200 ms, flip angle 20°, base reso-
lution matrix 128 pixels, field of view 39.7×19.7
cm, sampling bandwidth of 125 kHz). 

For the measurement of myocardial T2*, a
single short axis mid-ventricular slice (10 mm)
was acquired at 8 separate echo times (TE 3-22·6
ms). The repetition time between RF pulses was
between 125 to 223 ms, depending on the echo
time used. A gradient-echo sequence was used
(flip angle 20, base resolution matrix 256 pixels,
field of view 29.8-39.8 cm, sampling bandwidth
of 810 Hz/pix). The repetition time was adjusted
to the patient’s heart rate. Each image was ac-
quired during a 12-17 second of breath-hold. A
gating delay time of 0 ms after the R-wave of
ECG and acquisition windows of 740 ms were
chosen in order to obtain myocardial images in a
consistent position in the cardiac cycle irrespec-
tive of the heart rate. A full-thickness region of
interest was measured in the left ventricular my-
ocardium, encompassing both epicardial and en-
docardial regions. This was located in the sep-
tum, distant from the cardiac veins, which could
cause susceptibility artifacts.

All T2* quantization performed by using dedi-
cated software (CMR tools, Cardiovascular
Imaging Solutions, London, UK).

The different amounts of T2* is considered in
categories of normal (T2* > 20 ms), mild iron
overload (12 ms < T2* < 20 ms), moderate iron
overload (8 ms < T2* < 12 ms) and sever iron
overload (T2* < 8 ms).

Echocardiography
Complete M-mode two- dimensional and

Doppler (pulsed-waved, continuous-waved and
colour) echocardiography were performed at rest

255

Correlation of cardiac MRI T2* with echocardiography in thalassemia major



256

M. Barzin, M. Kowsarian, S. Akhlaghpoor, R. Jalalian, M. Taremi

in the apical 4-chamber view, using an Esaote
(MyLab 50) system with a convex 2.5 MHz
probe via transthoracic approach. A 1mm to 3mm
sample volume placed on mitral valve during di-
astole to obtain mitral inflow velocities. All
echocardiographic and Doppler studies were done
by a skilled cardiologist. Left Ventricular Ejection
Fraction (LVEF) was measured. Normal amount
of LVEF is considered > 55%. Left ventricular di-
astolic function was assessed according to the
Nagueh et al guidelines15. Diastolic Doppler in-
dices including early (E) and late (A) transmitral
peak flow velocities, E/A ratio, deceleration time
(DT) was recorded. In the age group of 16-40 y/o
which included all of our patients, the normal E/A
considered 1.5 (1.0-2.0). Diastolic dysfunction in-
creases this ratio and more than 2 considered ab-
normal, indicating left ventricular restrictions.
Deceleration time (DT) measures deceleration of
inflow of the E wave and shortens with decreas-
ing LV compliance. A normal DT in the age
group of 16-40 y/o is about 17032 ms; values
over 240 ms indicate impaired relaxation and less
than 150 ms suggest restriction15. 

Myocardial performance Tei index (isovolu-
mic contraction time plus isovolumic relaxation
time divided by ejection time) was obtained. This
parameter is effective for analysis of global sys-
tolic and diastolic cardiac function. The normal
value is 40 ± 0.05. Progressive increase of the
values indicate ventricular malfunction16. 

Tissue Doppler imaging was performed in the
apical views obtaining mitral annular velocities.
Early (Em) and late (Am) diastolic annular ve-
locities obtained. The ratio of mitral inflow E ve-
locity to tissue Doppler Em velocity can estimate
LV filling pressure15. Normal E/Em is < 8. In-
creased E/Em is a marker of abnormal LV filling
and correlate with high left atrial pressure. 

The study was double blind and reporting of
cardiac MRI and echocardiography was done
without any information about the other.

Statistical Analysis
Data analysed with SPSS 16 (SPSS Inc.,

Chicago, IL, USA) and descriptive statistics were
obtained. Correlation between the myocardial
T2* and diastolic echocardiographic parameters
were calculated using Pearson correlation coeffi-
cient and r > 0.5 was considered significant.
Odd’s ratio and its 95% confidence interval were
calculated to correlate the sex of the patients with
cardiac T2*. p < 0.05 was considered statistically
significant.

Results

The mean age of the patients was 235 years
(range 15-37 y). Twenty (61%) patients had un-
dergone previous splenectomy. Thirty one (94%)
patients had been using different kinds of chela-
tor agents including; deferoxamine, deferiprone
and osveral. Two (6%) patients had not been
used any kind of chelator agents. The dosage of
chelator agent was 20-67 mg/kg (mean: 35 9.5
mg/kg). The mean age of first transfusion was 2
± 2 years (range: 6 month-7 years). Total mean
time of transfusion was 21 ± 4 years (range: 15-
32 years). The mean dose of transfusion was 380
± 125 unit. The mean of haemoglobin concentra-
tion was 9.6 ± 0.7 g/dl during the previous years.
The mean of last serum ferritin was 2600 ± 1800
ng/ml. Demographic characteristics of the pa-
tients are shown in Table I.

Sex correlation with T2* at 20 ms cut-off
point showed the worse condition of male pa-

Normal CMR Abnormal CMR
Patient characteristics T2* > 20 ms T2* < 20 ms p value

Sex Female 11 6 0.022
Male 4 12

Age at study (years) 24.8 ± 6.38 22.39 ± 4.38 0.21
Age at transfusion (year) 2.82 ± 2.08 2.01 ± 1.54 0.21
Duration of transfusion (year) 21.98 ± 5/05 20.38 ± 3.41 0.29
Units of blood 411.47 ± 123.05 372.44 ± 88.45 0.29
Ferritin(ng/ml) 2241.27 ± 1299.38 2897.06 ± 187.03 0.32
Hb (g/dl) 9.34 ± 0.47 9.8 ± 0.83 0.06

Table I. The characteristics of the beta thalassemia major patients according to cardiac MRI T2*, TRC, 2009.
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tients, Odd’s ratio = 0.18 with confidence inter-
val between 0.04-0.82 (p value = 0.02). In this
report we could not find meaningful correlation
of patients age and the age of first transfusion
with T2* at 20 ms cut-off point. There was not a
significant correlation between transfusion dura-
tion of less than 23 years with T2* at 20 ms cut-
off point, but a meaningful correlation with
transfusion duration of more than 25 years was
found (p < 0.05).

The mean value of cardiac T2* of whole pa-
tients were 20.41 ± 12.1 ms (range: 44 ms, mini-
mum: 5 ms max: 49 ms). The Table II shows the
amounts of T2* in our patients.

Table III shows the correlation of echocardio-
graphic parameters of all patients with cardiac
MRI T2*. Echo findings are displayed with their
correlation coefficient (r) and corresponding p
values. One of the patients had severe mitral
stenosis on echocardiographic evaluations and
excluded from the remainder of study.

Patients with abnormal T2* (< 20 ms) had ab-
normal LVEF in 53.6%, abnormal DT in 72.2%,
abnormal E/A in 66.7%, abnormal E/Em in
100% and abnormal Tie index in 77.8% persons.

All the patients with normal values of T2* (>
20 ms) had normal LVEF, normal DT and normal
Tie index. We saw abnormal E/A in 7.1%, and
abnormal E/Em in 42.8% of these patients.

In this study there is a significant correlation
between MRI T2* with LVEF (p < 0.001), DT (p

< 0.001), E/Em (p < 0.001) and Tie- index (p <
0.001). Correlation between T2* and E/A was
not strong (r = -0.44, p = 0.01). According to the
amount of r-values, the correlation coefficient is
positive in LVEF and DT, and negative in the
other measured indices. There is no significant
correlation between liver MRI T2* with cardiac
T2* (p = 0.819).

Discussion 

Iron deposition in the heart causes magnetic
field changes which affect the amount of relax-
ation time of T2*9. Two groups of MRI methods
to assess tissue iron are: signal intensity ratio
(SIR) methods and relaxometry methods. On SIR
methods the signal intensity of the target organ is
assessed by comparison to the signal intensity of
a reference tissue (e.g. fat, muscle) or noise. The
advantage is a relatively short acquisition time
and the disadvantage is low sensitivity to detect
heavy siderosis on SIR methods. Relaxometry
methods evaluate T2 star (T2*) by using multiple
gradient-echo sequences with different echo
times (TEs)19. For the first time Anderson et al
introduced MRI T2* measurement to quantifica-
tion of cardiac iron load9. In these methods be-
cause of short acquisition time the respiration or
cardiac motion artifacts eliminate. Currently it is

T2* values Frequency( n) Percent

Normal (T2* > 20 ms) 15 45.5
Mild iron overload (12 ms < T2* < 20 ms) 8 24.25
Moderate iron overload 8 ms < T2* < 12 ms 8 24.25
Severe iron overload T2* < 8 ms 2 6
Total 33 100

Table II. The amounts of T2* in 33 thalassemia patients according to the severity of iron overload, TRC, 2009.

T2* (ms) Normal values Abnormal values
echo parameters (> 20 ms) (< 20 ms) r-value p-value

LVEF (%) 60.3 ± 3.99 51.1 ± 4.39 0.7 0.000
Deceleration time (ms) 187.6 ± 7.97 155.4 ± 12.89 0.7 0.000
E/A 1.52 ± 0.29 2.02 ± 0.48 -0.4 0.01
E/Em 8.07 ± 0.99 11.6 ± 1.82 -0.7 0.000
Tei index 26.36 ± 4.51 43.06 ± 7.17 -0.8 0.000

Table III. Correlation of MRI T2* and echocardiographic parameters, TRC 2009.
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accepted that MR relaxometry is the method of
choice for non-invasive and accurate measure-
ment of iron load10. The data can obtain in a sin-
gle breath hold. Myocardial iron overload causes
decrease of values of T2* because iron interferes
with local magnetic field homogeneity19. The
normal lower limit of T2* is 20 ms and myocar-
dial overload decreases the values of T2* less
than 20 ms8-9.

A number of diastolic function parameters
have been suggested to early diagnosis of car-
diac impairment in TM patients. There are
multiple investigations about how the values
of diastolic indices changes in the patients.
Different studies used different parameters, in-
cluding, E and A velocities, E/A ratio, DT, iso-
volumic relaxation time, pulmonary venous re-
turn, transtricuspid flow and etc8. Researchers
found inconsistent findings except two of the
most consistent abnormal parameters in TM
patients which were E velocity and DT20-25.
There are also some researches about the rela-
tionship between the echocardiographic find-
ings with CMR T2* as an indirect indicator of
heart iron load. They also evaluated different
parameters in their patients. Aessopos et al14

evaluated 12 anatomical  and functional
echocardiographic parameters and among them
4 indices including; two anatomical parameters
of right ventricular diameter index (RVdi) and
total diameter index (Tdi) and two functional
parameter of A velocity and E/A ratio showed
correlation with T2*. Westwood et al8 found
correlation between two diastolic indices of
atrial peak filling rate (APFR) and early and
late peak filling rate ratio (EPFR/APFR) with
T2*. Both of these Researchers8,14 suggest the
use of CMR to evaluate cardiac Iron load be-
cause of the correlation was not strong and the
echo parameters showed low sensitivity. Karan
et al26 evaluated the relationship between the
ratio of colour M-mode flow propagation ve-
locity to E velocity (E/Vp) in TM patients and
found out increase of the ratio in TM patients
but no significant correlation with CMR T2*.
Vogel et al18 did tissue Doppler echocardiogra-
phy (TDE) in TM patient and saw wall motion
abnormalities may be an early sign of heart
impairment in these patients. 

In present study all of the evaluated echocar-
diographic diastolic function indices except E/A
showed significant correlation with T2*.

Comparing the findings of our study with oth-
ers shows the older age of their patients (mean

29 vs. 23 y/o)8,14,18. There are also some differ-
ence in the cut-off point of abnormal T2* values
which was in the range of 15-25 ms in different
investigations. The percent of patients with ab-
normal T2* was more than ours (69% in West-
wood et al8,72% in Aessopos et al14 and 73% in
Vogel et al18 vs. 54.5% in our study). The mean
value of T2* was less than ours in Aessopos et
al14 report (16.8 ± 10.7 vs. 20.4 ± 12.1) that
means the worse condition of their patients14.
This difference could be secondary to the older
age of their patients at the time of the investiga-
tion that means more transfusion and more prob-
able cardiac iron load. As we know the diastolic
parameters depends on age, sex, body surface
area and preload condition of the patients. Age
influences the values of diastolic indices. In old-
er people the mitral E velocity and E/A ratio de-
crease, whereas DT and A velocity increase.
Most of the iron loaded TM patient is in the age
of 15-40 y/o according to their life expectancy
and duration of blood transfusion and the values
should adjust with their age group. None of our
patients are older than 33 y/o so the influence of
the age on them was negligible. It is also well
known that in very normal LVEF and abnormal
LVEF the diastolic indices may be inconclu-
sive15. The limitation of mitral inflow diastolic
pattern is pseudonormal results in moderate di-
astolic dysfunction with normal systolic LV
function cases which cause to develop the other
multiple measurements15. In some studies they
remove patients with abnormal LV systolic func-
tion from their analysis14. TDI and pulmonary
venous (PV) flow are helpful to discriminate
normal from pseudonormal pattern of mitral in-
flow. TDI indices are also age dependent and
should use in conjunction with other indices for
estimation of LV diastolic function15. Blood
transfusion affects the preload. Different inter-
vals between transfusion and echocardiography
in previous researches showed different and in-
consistent echocardiographic data8. It seems re-
searchers should arrange some coordinate stud-
ies with same inclusion and exclusion criteria
and matching the age, sex and body surface area
of the patients, and also the use of concurrent
echocardiographic parameters.

More than half of our patients (54.5%) had ab-
normal myocardial iron load, which 44.5% of
them showed normal LVEF. All patients with
systolic dysfunction and decreased LVEF were
iron loaded (T2* < 20). Other studies showed
similar results14,27, so the systolic function is not
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an early good indirect indicator of myocardial
iron overload. 

In Aessopos et al report, 75.7% patients with
severe cardiac iron overload showed normal sys-
tolic function. According their opinion after car-
diac iron overload, some genetic or pathologic
factors like inflammation of cardiac muscles may
susceptible certain patients to more rapid devel-
opment of cardiac failure14.

We have found a normal diastolic function
in a high proportion of the TM patients with
normal myocardial iron (T2* > 20 ms), indi-
cating good specificity of diastolic parameters.
Moreover, patients with abnormal myocardial
iron (T2* < 20 ms) had abnormal LVEF, E/A,
DT and Tei index in 55.6%, 67%, 72% and
78% of the cases respectively. Aessopos et al14

found good specificity and low sensitivity of
diastolic indices in comparison to CMR. West-
wood et al8 also found low sensitivity of their
evaluated diastolic indices. It seems more
studies need to be done finding out sensitivity
and specificity of different diastolic indices in
comparison to CMR. 

We did not find a significant correlation be-
tween liver and cardiac iron content according to
their T2* values (p = 0.819). This is compatible
with other reports8. 

Our findings showed worse condition of the
male patients in comparison to female which
have more cardiac iron overload and abnormal
values of T2*. It seems that male patients may be
on more risk of iron load and should be under
strict observation. 

Conclusions

According to our data, as there is good cor-
relation between diastolic and tissue Doppler
echocardiographic parameters of DT, E/Em
and Tei index with CMR T2*, in centres which
CMR is not available, or the expense of the ex-
am is an important negative factor, or there are
some contraindications for doing MRI, we
suggest to use of echocardiographic diastolic
parameters for evaluation of cardiac state of
the patients. In equipped centres which CMR
is available we suggest doing CMR T2* for
first examination in high risk patients and do-
ing regular F/U with echocardiographic evalu-
ation of diastolic parameters especially DT,
E/Em and Tei index.
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