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Abstract
Thalassemia defined a spectrum of diseases characterized by reduced or absent production of one of the globin chains of 
hemoglobin. High iron deposition in the myocardium may cause functional impairment even before any changes in left 
ventricular (LV) ejection fraction. These impairments may appear as changes in strain values. Early detection of myocardial 
dysfunction is essential for improving survival and preventing further complications. Therefore, this study aims to evaluate 
the cardiac strain patterns by Feature Tracking -Cardiac Magnetic Resonance Imaging (FT-CMR) method and their cor-
relation with T2* values as a new parameter in determining myocardial iron overload (MIO). In this retrospective investiga-
tion, ninety-one patients with B-thalassemia major included from May 2016 to July 2019. Twenty-three healthy subjects, 
also incorporated as a control group. CMR used to evaluate ventricular volumes, LVEF, and the amount of myocardial 
T2*. Moreover, Global Longitudinal Strain (GLS), Global Circumferential Strain (GCS), and Global Radial Strain (GRS) 
were measured and analyzed in both rights and left ventricles. Correlations of cardiac T2* with GLS, GCS, and GRS were 
evaluated. The optimal cutoff value of GLS for prediction of cardiac T2* < 20 ms (as an indicator of inadequate chelation) 
calculated as well. There were significant correlations between cardiac T2* with LV GLS, LV GCS, and right ventricular 
GLS (p < 0.05 for each one). Moreover, a significant difference detected between the group of TM − MIO and TM + MIO 
and control group in terms of GLS (p < 0.001). The optimal cutoff value of GLS for prediction of cardiac T2* < 20 ms was 
at − 16.5% with sensitivity and specificity of 73% and 63%, respectively. Our study demonstrates that strain values measured 
by FT and myocardial T2* values are correlated. FT-CMR can be considered as an efficient tool for early detection of iron 
deposition and its effects on cardiac tissue so that proper and timely modification could have applied to chelation therapy.

Keywords Thalassemia · Magnetic resonance imaging · T2* · Strain

Introduction

Thalassemia defined a spectrum of diseases characterized 
by reduced or absent production of one of the globin chains 
of hemoglobin. Mostly beta-thalassemia is due to impaired 
production of beta-globin chains, which leads to a relative 
excess of alpha-globin chains [1–8]. Excess alpha-globin 
chains are unstable, incapable of forming soluble tetramers 
on their own, and precipitate within the cell, leading to a 
variety of clinical manifestations [9–14]. TM patients are 
anemic, which starts during the first year of life, and they 
will need a profound and life-long transfusion to manage 
their anemia [15–19].

Development of acute decompensated heart failure is the 
major cause of death in beta-thalassemia major [20–23]. It 
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is inevitable for patients in need of life-long transfusion to 
develop Iron overload. Each unit of transfused red cells has 
200 to 250 mg of elemental iron enters into the body. After 
the body abounds with this excess iron, iron accumulated 
and would be deposited in other viscera, usually the liver, 
heart, and endocrine organs [24–26]. When iron stores over-
whelm the sequestration ability of reticuloendothelial cells, 
developing parenchymal iron overload would cause end-
organ dysfunctions, especially heart, liver, and endocrine 
organs and finally death [27–29].

Iron chelation therapy initiated after approximately 20 to 
25 units of red cells transfusion, at a time when the serum 
ferritin level is > 1000 ng/mL (mcg/L) and liver iron concen-
tration is > 3 mg of iron per gram of dry weight as measured 
either by liver biopsy or noninvasive MRI imaging [30].

CMR is considered the "gold standard" technique for 
the measurement of left and right ventricular indices. Myo-
cardial iron deposition can be quantified reproducibly with 
myocardial T2*, a relaxation parameter that arises on CMR 
principally from the local magnetic field in homogeneities 
that are increased with iron deposition [26, 31, 32]. Stud-
ies implicate that noticeable percentages of patients have 
cardiac T* < 20, which indicates inadequate chelation [33].

FT-CMR is a highly accurate tool to detect myocardial 
dysfunction and myocardial fiber deformation by measuring 
the strain values especially at the early stages of myocardial 
disease.

For these reasons, our study aimed to evaluate utilizing 
of FT-CMR method in patients with Beta-thalassemia to 
measure ventricular strain and investigate its correlation to 
CMR T2* values and its predictive value in better assess-
ment of myocardial iron overload. FT-CMR can detect and 
follow over time myocardial boundaries leading to a more 
automatized quantification of strain parameters.

Material and methods

Study population

This retrospective investigation was conducted in Shahid 
Rajaei Heart Center of Iran University of Medical Sciences 
from May 2016 to July 2019. A total of 91 patients with 
a diagnosis of thalassemia major included in our study, 
all of them receive long-term blood transfusions and iron 
chelators. In all patients, myocardial iron load measured 
by obtaining T2* values by CMR imaging. All incorpo-
rated cases were in normal sinus rhythm. Furthermore, we 
assessed 23 normal subjects without any previously diag-
nosed cardiac conditions that may affect the myocardial 
function. The exclusion criteria were moderate to severe 
valvulopathy, presence of atrial fibrillation or flutter, and 

history of ischemic heart disease. All patients gave written 
informed consent.

CMR study performed using a 1.5- Tesla scanner 
(Siemens Avanto, Erlangen, Germany) with a cardiac-
phased array receiver surface coil and ECG gating. Verti-
cal, horizontal long-axis slices, and a stack of contiguous 
cine short-axis slices from the atrioventricular ring to the 
apex were acquired using a steady-state free precession 
pulse sequence (slice thickness = 8 mm, no interslice gap 
for long-axis and short-axis images; repetition time/echo 
time = 3−4/1.2 ms, FOV = 300, imaging matrix 156 × 192, 
voxel size 1.9*1.6*7 mm, depending on heart rate the tem-
poral resolution or “reported” TR is about 31.5 ms, Siemens 
Avanto. Germany). T2* images acquired using gradient-
echo sequence with a time repetition of 120 miliseconds 
(ms) and with obtaining T2* value with different echo times. 
Measurement of signal intensity done by putting a region 
of interest in the interventricular septum. TM patient cat-
egorized as MIO if T2* < 20 ms and no iron overload with 
T2* > 20 ms. C categorized as MIO if T2* < 20 ms and no 
iron overload with.

FT‑CMR method and global strain analysis

Offline analysis was performed, by FT software CVI 42 
system. Automatic border tracking commences after manu-
ally defining endocardial and epicardial borders at the end-
diastolic image.

RV and LV strain data were collected from cine images 
in the 4-chamber plane to identify the longitudinal strain 
and the short-axis plane for circumferential and radial strain. 
Optimal brightness adjusted for better contrast and discrimi-
nation of endocardium from the blood pool. Outline of the 
endocardial borders then manually corrected, afterward, 
contours propagated and features detected automatically by 
the software throughout the cardiac cycle.

Myocardial strain described as the percentage of changes 
in dimensions of determined sites of myocardium from end-
diastole to the one measured in end-systole. Longitudinal 
strain represents the longitudinal shortening of the cardiac 
muscle, from the base to the apex of the heart. Circumfer-
ential strain is an expression of cardiomyocytes shortening 
along the LV circular perimeter and calculated in the short-
axis view. Radial strain represents myocardial deformation 
toward the center of the ventricular cavity and measure LV 
wall thickening during systole, hence depicted by a positive 
value.

Statistical analysis

SPSS software version 21.0 used for statistical analysis. 
Categorical variables expressed as frequency and percent-
age, while continuous variables with normal distribution 
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expressed as mean ± standard deviation (SD). Non-nor-
mal variables (T2* values) described with median and 
25th and 75th percentiles. Differences between means of 
numerical variables assessed with Student’s t-test. The 
Spearman’s rank correlation applied to correlate myo-
cardial deformation with T2* values. Receiver operating 
characteristic (ROC) curve utilized to define the sensitiv-
ity and specificity of the GLS in detecting MIO and to 
establish the best-cut off, the value of the tests, performed 
as two-sided at a significance level p = 0.05.

Results

In the represented investigation, the mean age of TM patients 
was 24.66 ± 6.23 years, and 57.1% of patients were male. 
(Table 1).

T2* median value of our TM group was 18 ms (25th 
quartile 9.5 ms; 75th quartile 34.9 ms). Mean T2* value for 
control group was 53.3 ± 3.69 ms.

62 subjects (70%) showed significant MIO (T2* < 20 ms). 
Mean LVEF derived by CMR was 53.80 ± 11.57%.

There was a significant difference between LV GLS of 
TM + MIO group and control group, as well as patients with 
TM – MIO and control group. (p < 0.001) (Tables 2, 3).

The analysis revealed that a significant correlation exists 
between LV GCS, LV GLS, RV GLS, and T2* values. 
GLS was significantly lower in patients with TM + MIO 
(p < 0.001). The only significant difference between patients 
with TM − MIO and control group have been revealed in RV 
GLS values (P = 0.004).

Analysis of the ROC curve (Fig. 1) showed an area under 
the curve of 0.77 (95% CI 0.678–0.861) with the best GLS 
cut-off: − 16.5% (73% sensitivity and 63% specificity) for 
the detection of significant MIO. Furthermore, it displayed 
areas under the curve of less than 0.7 for LV GCS and RV 
GLS, therefore none of these parameters were suitable for 
the detection of significant MIO. For RV GCS, there was not 
a significant predictive value (p = 0.075). Correlation plot-
showing the coefficient of determination (R square = 0.023) 
(Fig. 2).

Table 1  Baseline characteristics

Case Control

Mean Std. Deviation Mean Std. Deviation

Age (years) 24.6 6.2 23.7 5.9
LVEF (%) 52.0 12.4 60.0 3.6
LVEDVI (ml/m2) 102.8 82.8 142.3 10.1
LVESVI (ml/m2) 44.8 22.4 46.5 4.2
LVSV (ml) 70.3 25.4 51.9 3.4
RVEF (%) 48.4 11.4 50.5 3.6
RVEDVI (ml/m2) 92.5 28.9 144.0 109
RVESVI (ml/m2) 49.3 24.3 50.0 4.1
RVSV (ml) 63.2 24.7 50.9 3.24
M/F 1.1 1.28

Table 2  Mean myocardial strain 
values in right ventricle and left 
ventricle

Case group with 
MIO (n = 66)

Control group (n = 23) P value

Mean LV global longitudinal strain (%) − 12.90 ± 4.18 − 18.19 ± 2.07 0.005
Mean LV global radial strain (%) 36.7 ± 18.82 42.39 ± 7.14 0.003
Mean LV global circumferential strain (%) − 13.57 ± 10.26 − 19.2 ± 2.01 0.015
Mean RV global longitudinal strain (%) − 16.41 ± 14.73 − 23.34 ± 4.40 0.098
Mean RV global radial strain (%) 17.54 ± 11.53 21 ± 7.9 0.800
Mean RV global circumferential strain (%) − 9.69 ± 5.41 − 12.7 ± 4.3 0.594

Table 3  Mean myocardial strain 
values in right ventricle and left 
ventricle

Case group without 
MIO (n = 25)

Control group (n = 23) P value

Mean LV global longitudinal strain (%) − 13.81 ± 3.25 − 18.19 ± 2.07 0.093
Mean LV global radial strain (%) 40.50 ± 8.93 42.39 ± 7.14 0.807
Mean LV global circumferential strain (%) − 17.44 ± 2.38 − 19.2 ± 2.01 0.417
Mean RV global longitudinal strain (%) − 19.06 ± 8.09 − 23.34 ± 4.40 0.004
Mean RV global radial strain (%) 21.99 ± 11.02 21 ± 7.9 0.191
Mean RV global circumferential strain (%) − 10.73 ± 3.61 − 12.7 ± 4.3 0.684
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Discussion

Beta thalassemia major represents a disorder with either no 
effective production or severely decreased production of 
beta-globin, needs chronic blood transfusion. Essentially 

the most important part of therapy for beta-thalassemia 
major is the management of excess iron load by supportive 
measures [24, 25]. T2* CMR has emerged to predict an 
increased risk of heart failure and to be a valuable method 
for monitoring the efficacy of iron chelation therapy in 
patients with beta-thalassemia.

High iron deposition in myocardium may cause functional 
impairment even before LV ejection fraction decreases. 
Once initiated, an iron chelation program must be rigorously 
followed and frequently monitored using MRI T2* technique 
[17, 18] to prevent myocardial iron overload and subsequent 
myocardial dysfunction and to stabilize or improve endo-
crine dysfunction [30–32].

With repeated blood transfusion, changes happen in 
myocardial deformations and, therefore variations occur in 
strain values. FT-CMR is a highly accurate tool to detect 
myocardial dysfunction and myocardial fiber deformation 
by measuring the strain values especially at the early stages 
of myocardial disease [34, 35]. FT technique assesments 
in both inter and intraobserver analysis, revealed excellent 
reproducibility of strain measurements [36]. Furthermore, 
there is no need to acquire supplementary imaging series 
in addition to routine CMR examination. Some previous 
research has done to find the relationship between strain 
value using speckle tracking echocardiography (STE) com-
pare with the CMR T2* method [37–40]. But there is no 
study to evaluate the role of FT-CMR to predict the T2* 
value in TM patients.

Fig. 1  ROC curve showing an area under the curve of 0.63 with 
LV GCS (p = 0.016), an area under the curve of 0.67 with RV 
GLS (p = 0.002), and an area under the curve of 0.60 for RV GCS 

(p = 0.75). ROC curve showing an area under the curve of 0.77 (95% 
CI 0.678–0.861) with a best LV GLS cut-off of − 16.5%

Fig. 2  Regression line drawn on scatter diagram relating LV GLS and 
T2* value
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To our knowledge, this study is the first investigation 
individually evaluating the correlation between myocardial 
iron overload, utilizing CMR T2* method with the FT-
CMR technique. Summarized findings are: (1) significant 
correlation exists between LV GLS, LV GCS, and RV GLS, 
with T2* values. (2) The best GLS cut-off is − 16.5% (73% 
sensitivity and 63% specificity) for the detection of signifi-
cant MIO. (3) There was a significant difference between 
LV GLS in both TM + MIO and TM − MIO relative to the 
control group (p < 0.001).

In this study, ROC Curve analysis reveals GLS of the 
left ventricle, has a significant prognostic value to predict 
T2* less than 20 ms. In a study by Parsaee et al. which 

conducted in 2018 with 130 patients indicated a correlation 
between GLS results with STE and T2* values by CMR. 
They determined optimal cut-off points of − 18.5% for GLS 
in echocardiography, comparably we found − 16.30% to be 
the optimal cut-off for GLS of the left ventricle using FT-
CMR [2]. Temporal averaging may result in lower strain 
values for FT-CMR derived strain value in comparison to 
STE [37]. Pizzino et al. and Garceau et al. have found an 
absolute cut-off point of 17% by STE for determining T2* 
less than 20 ms [38, 39]

Even Beta-thalassemia patients without myocardial Iron 
overload defined as T2* more than 20 ms had a significant 
decrease in GLS compared to the control group. These 

Fig. 3  13-years old boy with B-thalassemia major. GRE short axis sequence of the heart (top row) shows T2* value greater than 20, suggestive 
of absence of iron overload, but strain curve shows decreased global longitudinal strain of LV (bottom row)
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results suggest that possibly even minimal degrees of excess 
Iron, which we don’t include in the iron overload spectrum, 
could also influence myocardial function and strain. (Fig. 3)

By correlating T2* CMR with the STE results, Parsaee 
et al. have shown that GLS could be valuable in the predic-
tion of myocardial iron overload in thalassemia patients with 
normal LVEF. In the mentioned survey, strain values derived 
by STE became abnormal before any detectable impairment 
in myocardial function. Even the mildest degree of myocar-
dial iron load, when raised chronically, precipitates abnor-
mality in the ventricular longitudinal deformation [2].

One of the unique aspects of this investigation is the 
evaluation of all strain parameters for both ventricles. Our 
findings represent that although biventricular GRS is not a 
significant predictor for the detection of iron overload but 
significant correlation exists between LV GLS, LV GCS as 
well as RV GLS, with T2* values. Mehmet et al. have sug-
gested that LV GCS decline earlier than other strain val-
ues but we determined that LV GLS is more superior with 
respect to prediction T2* values [4].

Conceivably, the size of our study group enabled us to 
conclude promising results, which is crucial in improve-
ments in the management of beta-thalassemia patients at 
risk of evolving myocardial iron overload. We believe that 
the addition of strain parameter improves our knowledge 
about complex myocardial mechanics in this disorder. CMR 
feature tracking may be used more efficiently for early detec-
tion of iron toxicity and timely investigations of inadequate 
chelation. Moreover, further myocardial dysfunction may be 
prevented by modification of chelation therapy if necessary.

Because of the retrospective design of our research, some 
of the images may be of low quality. Consequently, our find-
ings need to be validated by further prospective investiga-
tions, including a higher proportion of patients with the sub-
tler or earlier disease. And lastly, further studies should be 
done to compare CMR derived strain value with FT compare 
with STE.

Conclusion

The most accurate technique for the non-invasive quanti-
fication of MIO in patients in the clinical bases is CMR. 
Our study demonstrated that strain values measured and 
calculated by CMR and myocardial T*2 values are strongly 
correlated. We detected decreased left ventricular GLS in 
TM patients even though they have normal MIO defined by 
T2* > 20. Our findings confirm the role of GLS in detect-
ing subclinical myocardial mechanical impairment and after 
further investigations FT-CMR may be used more efficiently 
for early detection of iron toxicity and deposition and timely 
investigations into origins of inadequate chelation. And 

further dysfunction may be prevented by modification of 
chelation therapy if necessary.

Study limitations

Due to retrospective aspect of our study, some of the 
images maybe of low quality. Consequently, our results 
need to be confirmed by further prospective studies with 
larger sample size, including a higher proportion of 
patients with subtler or earlier disease. And lastly further 
studies should be done to compare CMR-FT and other 
well-established imaging methods.
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