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Abstract

Background Cardiac magnetic resonance imaging (CMR) is the modality of choice for quantification of myocardial

iron overload in B-thalassemia major patients using the T2* sequence. CMR feature tracking (FT) is a recent magnetic
resonance imaging tool that gives an idea about myocardial fibers deformation; thus, it can detect early impairment
in myocardial function even before the reduction in ejection fraction.

Methods This study aims to assess the ability of left ventricular CMR-FT in the early detection of systolic dysfunction
in B thalassemia major patients and to correlate it with the degree of myocardial iron overload measured by CMR T2*,
This prospective study enrolled 57 (3 thalassemia major patients who received long-term blood transfusion and 20
healthy controls. CMR was used to evaluate left ventricular volumes, ejection fraction, and the amount of myocardial
T2*. A two-dimensional left ventricular FT analysis was performed. Both global and segmental left ventricular strain
values were obtained.

Results The mean global circumferential strain (GCS) and global radial strain (GRS) values were significantly lower

in patients compared to control (P=0.002 and P=0.006, respectively). No correlation was found between T2* values
and ejection fraction; however, there was a significant correlation between T2* values and GCS and GRS (P=0.012
and P=0.025, respectively) in thalassemia patients. Regional strain revealed significantly lower values of GCS and GRS
in basal regions compared to apical ones (P=0.000).

Conclusions Our study revealed that CMR-FT can play a role in the early detection of systolic impairment in thalas-
semia patients.
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Background

B Thalassemia major is a group of hereditary disorders
causing chronic hemolytic anemia with the affected chil-
dren requiring blood transfusions during their whole life.
Lifelong blood transfusions cause increased iron absorp-
tion subsequently leading to myocardial iron overload
(MIO) which is not completely reversible and represents
the major cause of cardiac functional impairment and is
the main etiology for morbidity and mortality [1, 2].

Early adequate treatment with iron chelation therapy
before the development of heart failure can reverse MIO-
induced cardiomyopathy, hence the need for its early
detection [1]. B Thalassemia major patients receive iron
chelation therapy after about 20 to 25 units of red blood
cells transfusion. The cutoff value for the start of iron
chelation therapy is a serum ferritin level of more than
1,000 ng/mL and hepatic iron concentration of more
than 3 mg/gm measured either by liver biopsy or nonin-
vasive cardiac magnetic resonance imaging (CMR) [3].

CMR is the modality of choice for quantification of
MIO in thalassemia patients using noninvasive T2*
sequence [4, 5]. CMR is the gold standard modality for
the evaluation of ventricular function and early predic-
tion of cardiac complications in thalassemia patients [2].

Many studies evaluated the role of left ventricular myo-
cardial strain derived from echocardiography for early
detection of impaired myocardial function in thalas-
semia patients [6-8]. CMR feature tracking (FT) is a
recent magnetic resonance imaging tool that represents
myocardial fibers deformation and also reflects early ven-
tricular dysfunction [9, 10]. CMR-FT myocardial strain
analysis has been studied in different heart diseases
and was reported to have better prognostic information
than ejection fraction [11]. Very few studies evaluated
the regional analysis of left myocardial strain in differ-
ent myocardial regions. They reported that the myocar-
dial regions are not uniformly affected in [ thalassemia
patients with MIO [6]. Myocardial strain analysis can be
used as a tool to identify high-risk patients who may need
intensification of their chelation therapy and prioritized
to get T2* CMR studies [1-7].

This study aims to assess the ability of CMR-FT left
ventricular strain analysis for the early detection of sys-
tolic dysfunction in P thalassemia patients and to corre-
late it with the degree of MIO measured by CMR T2*.

Methods

Study population

This study is a prospective study conducted from Janu-
ary 2022 to December 2023. A total of 57 consecu-
tive B thalassemia major patients received long-term
blood transfusions (ranging from 1 to 4 packs/mo) were
enrolled in the study. All study participants underwent
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CMR and CMR-FT. Among these 11 patients were diag-
nosed with MIO based on CMR T2* values. Patients with
septal T2* less than 20 ms were considered to have MIO
while others with septal T2* more than 20 ms were con-
sidered to be without MIO [12]. There were 46 patients
(80.8%) without MIO and 11 patients (19.2%) with MIO.
From the 11 patients with MIO, one had mild MIO (T2*,
15-20 ms), seven had moderate MIO (T2*, 10-15 ms)
and three had severe MIO (T2* <10 ms). Twenty healthy
subjects without any cardiac symptoms or previous diag-
nosis of cardiac condition were included as a control
group. Exclusion criteria included patients with contrain-
dications to magnetic resonance imaging, or patients suf-
fering from another cardiac disease.

CMR protocol

CMR was performed using a 1.5-T magnet (Philips
Ingenia). Multiple slices during different phases of the
cardiac cycle were obtained in the short-axis, axial, three
and four-chamber planes by using free breathing retro-
spective electrocardiogram-gated steady-state free pre-
cession sequence. The following parameters were used:
time of repetition, 3.20-3.65 ms; time to echo, 1.60—
1.83 ms; field of view, 270 mm? slice thickness, 5 mm;
30 cardiac phases; and no slice gap. T2* images were per-
formed using black blood gradient echo sequence using
time of repetition of 120 ms, different time to echo with
15 numbers of echoes, and flip angle of 20°. Signal inten-
sity was measured in T2* images at different time to echo
by a region of interest placed in the interventricular sep-
tum. Patients were categorized into two groups according
to T2* values, patients with MIO when T2*<20 ms and
patients without MIO when T2*>20 ms.

CMR-FT interpretation

Two-dimensional (2D) FT analysis was performed offline
using dedicated cardiac imaging software (CVI42, Circle
Cardiovascular Imaging). Two radiologists with 10- and
7-years of experience in CMR performed the analysis in
two separate reading sessions. They were blinded to the
patient’s clinical data. Endocardial and epicardial con-
tours of left ventricle (LV) were traced at the end-diastolic
phase in short-axis and two-, three- and four-chamber
planes. Automated tracking was visually reviewed, and
the epicardial and endocardial contours were manu-
ally adjusted when required. The mean global longitudi-
nal strain (GLS) analysis was performed using long-axis
planes (two-, three- and four-chamber planes). The mean
global radial strain (GRS) and global circumferential
strain (GCS) analyses were performed using short-axis
planes, as well as the regional strain analysis in the 16
myocardial segments. Global strain values, strain curves,
strain rate curves, polar maps and cooler-coded images
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were obtained. Regional strain values were recorded for
apical, mid, and basal regions (Fig. 1).

Statistical analysis

Data were analyzed using IBM SPSS ver. 22.0 (IBM
Corp). The Kolmogorov—Smirnov test was performed
to determine the normality of the distribution of quan-
titative data. Quantitative data were described as mean
standard deviation or median and range according to
the normality test. The Mann—Whitney U-test and Stu-
dent t-test were used to compare two groups for non-
normally and normally distributed data, respectively.
Interobserver agreement for strain analysis was evalu-
ated in 40 P thalassemia major patients using intraclass
correlation coefficients (ICCs) at 95% confidence inter-
vals (CIs). The Pearson correlation test was used to cor-
relate T2* with LV ejection fraction (EF) and global LV
myocardial strain values. The one-way analysis of vari-
ance (ANOVA) test was performed to compare basal,
mid, and apical strain values. Receiver operating charac-
teristic (ROC) curve was performed to detect the cutoff
value of GCS and GRS for differentiating -thalassemia
major patients from controls with the calculation of area
under the curve (AUC), 95% Cls, sensitivity, and specific-
ity. The chosen cutoff point was based on best detected
cutoff point retrieved from the curve that yields highest
sensitivity and specificity and for combined parameters;
multivariate analysis was firstly done and then a new var-
iable was detected by saved probability and from which
we retrieve the best detected cutoff point. P-values were
considered significant when they were less than 0.05.

Results

Patient demographics and clinical data

This study included 57 patients with -thalassemia major
(28 men [49.1%] and 29 women [50.9%]), with median
age of 27 years (range, 18—50 years); and 20 healthy sub-
jects (11 men [55.0%] and nine women [45.0%]) with
median age of 29 years (range, 18—49 years) as the con-
trol group. Patients with -thalassemia major were then
divided into two groups according to T2* CMR results,
46 patients (80.8%) without MIO and 11 patients (19.2%)
with MIO (one had mild MIO, seven had moderate MIO,
and three had severe MIO).

The median serum ferritin in patients with MIO
had trends to be higher than in patients without MIO
(2,500 ng/mL vs. 1,766.5 ng/mL) but this difference did
not reach statistical significance (P=0.190). The median
white blood cells, hemoglobin, platelets, liver enzymes
(alanine transaminase and aspartate transferase), and
albumin are displayed in Table 1, with no significant dif-
ference between both studied groups.
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CMR parameters

The mean LV EF was significantly lower in thalassemia
patients compared to the control group (P=0.003).
Also, patients had higher mean LV end-diastolic vol-
ume index compared to the control group (101. mL/m?
vs. 75.6 mL/m?2, P=0.042). Comparison between differ-
ent CMR parameters between thalassemia patients and
control was demonstrated in Table 2.

CMR-FT global strain parameters

On comparing CMR-FT LV myocardial strain values
between patients and control, the mean GCS and GRS
values were significantly impaired in patients compared
to the control group (P=0.002 and P=0.006, respec-
tively). The mean GLS tends to be lower in patients
compared to the control group, but did not reach sta-
tistical significance (P=0.980) (Table 2, Fig. 2). There
was no significant difference between patients with
and without MIO as regards to GLS (P=0.678), GCS
(P=0.572), and GRS (P=0.771) (Table 3). An exam-
ple of T2* and LV strain analysis in a patient with
B-thalassemia major and mild myocardial iron overload
is shown at Fig. 3.

ROC analysis revealed an AUC of 0.818 (95% CI,
0.709-0.928) with a GCS cutoff value of —16.95%, sensi-
tivity of 72%, and specificity of 88% for GCS (P=0.003).
While for GRS, the cutoff value of 27.2% showed an
AUC of 0.792 (95% CI, 0.664—0.920), sensitivity of 63%,
and specificity of 78% (P=0.006) (Fig. 4 A, B).

The mean GCS and GRS values were lower in
B-thalassemia patients without MIO compared to the
control group (P=0.012 and P=0.007, respectively).
However, the mean GLS values did not show a sig-
nificant difference between the two groups (P=0.420)
(Table 4).

CMR-FT regional strain parameters

LV regional myocardial strain values revealed statisti-
cally significant differences between the basal, mid and
apical segments regarding GRS, GRS rate, GCS and
GCS rate (P<0.001 for all). Post hoc analysis in the one-
way ANOVA test between regional myocardial strain
values in the basal, mid, and apical regions revealed
statistically significant differences between basal and
apical regions concerning GRS, GRS rate, and GCS
(P=0.000 for all). There was a statistically significant
difference between mid and apical regions concerning
GRS (P=0.014), GRS rate (P=0.003), GCS (P=0.050),
and GCS rate (P=0.001). GCS rate was significantly
different between basal and mid regions (P=0.001).
However, GRS (P=0.246), GRS rate (P=0.621), and
GCS (P=0.090) did not show statistically significant
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Fig. 1 Feature traking analysis in a patient with B-thalassaemia major (A, B) Analysis of cardiac magnetic resonance imaging feature tracking strain
of short-axis and four-chamber cine images. Color map and curve of (C, D) global longitudinal strain (GLS), (E, F) global circumferential strain (GCS),
and (G, H) global radial strain (GRS) in a patient with thalassaemia major with preserved left ventricular ejection fraction
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Table 1 Demographic criteria and clinical data of 3-thalassemia major patients
Characteristic Without MIO With MIO P-value
(n=46) (n=11)
Age (yr) 30 (19-45) 24 (18-50) 0.0417
Ferritin (ng/mL) 1,766.5 (480-4,291) 2,500 (870-4,000) 0.190
White blood cell count (x 10°/ul) 23(3.3-158) 224 (3.3-47) 0.867
Hemoglobin (g/dL) 7.8 (5.9-10.5) 75(53-9.1) 0.125
Platelet count (x 10*/uL) 619 (101-1,985) 564 (26-941) 0.356
Alanine transaminase (IU/L) 32.5(7-114) 48 (7-76) 0.598
Aspartate transferase (IU/L) 475 (15-144) 50 (16-121) 0.867
Albumin (gm/dL) 4.0(1.4-4.9) 39(1.7-49) 0.571

Values are presented as median (interquartile range). Mann-Whitney U-test was used to test significance

" P<0.05

Table 2 Comparison of cardiac magnetic resonance
imaging parameters and LV global myocardial strain values in
f-thalassemia major patients and control group

Parameter B-Thalassemia Control group P-value
major group (n=20)
(n=57)
LV EF (%) 598+4.7 6500+4.03 0.003"
LV EDVI (mL/m?) 101.0+304 756+113 0.042"
LV ESVI (mL/m?) 406+138 280459 0.100
LV SV (mL) 1028432 10234149 0.953
LV EDWMI 442+283 437+98 0.965
LV GLS (%) -178+22 -183+12 0.980
LV GCS (%) -157+20 -179+13 0.002"
LV GRS (%) 255+45 309+44 0.006

Values are presented as mean +standard deviation. Student t-test was used to
test significance

LV Left ventricle, EF Ejection fraction, EDVI End-diastolic volume index, ESVI End-
systolic volume index, SV Stroke volume, EDWMI End-diastolic wall mass index,
GLS Global longitudinal strain, GCS Global circumferential strain, GRS Global
radial strain

"P<0.05

differences between basal and mid regions. The mean
base to apex ratio was 0.82%+0.27% for GRS and
0.86% + 0.2% for GCS (Table 5).

Interobserver reliability of CMR-FT parameters
Interobserver agreement for LV strain analysis showed
moderate agreement for GLS (ICC, 0.7; 95% CI, 0.4-0.8)
and good agreement for both GCS (ICC, 0.86; 95% CI,
0.7-0.9) and GRS (ICC, 0.85; 95% CI, 0.7-0.9).

Correlations between T2* values with LV EF, global
myocardial strain values, and base to apex ratio

In this study we found no correlation between T2* values
and LV EF in thalassemia patients, (r=0.23, P=0.875).
However, there was a significant positive correlation

between T2* values and GCS values (r=0.361, P=0.012).
We also found a significant negative correlation between
T2* values and GRS values (r=-0.323, P=0.025). GLS
values did not significantly correlate with T2* values.
There was no significant correlation between base to
apex ratio and T2* values (P=0.250 for GRS ratio and
P=0.225 for GCS ratio) (Fig. 5).

Discussion

The main findings of this study are as follows. First, LV
strain parameters (GCS and GRS) were significantly
lower in thalassemia patients compared to control group.
Second, thalassemia patients without MIO showed
significantly lower LV GCS and LV GRS compared to
control group. Third, there was significant correlation
between LV GCS and LV GRS and T2* values even in
absence of significant correlation with LV EF. Fourth, LV
GCS and LV GRS values were lower in the basal and mid
myocardial segments compared to the apical segments.

The intension from this study was not to replace
the gold standard T2* used for detection of MIO but
to detect the early impairment in LV function even in
absence of MIO, as absence of MIO doesn’t mean that the
myocardium is healthy, so the intension was to provide
additional information from routine CMR sequences to
detect early myocardial impairment.

Iron-induced cardiomyopathy is the main cause of
death in thalassemia patients with chronic blood trans-
fusion. Initially, excess iron saturates the myocardial iron
storage in its bounded form. During this period, myocar-
dial T2* value decreases, yet cardiac functions generally
remain within normal limits. If myocardial iron is not
cleared at this stage, iron exceeds the storage capacity of
the myocardium, and free iron appears, which is more
toxic to the myocardial cells and results in impaired myo-
cardial function [12, 13]. Although, it appears that the
main pathophysiologic event is related to iron overload,
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Fig. 2 Bar chart showing statistically significant difference between B-thalassaemia major patients and control group regarding the mean left
ventricle global longitudinal strain (GLS), global circumferential strain (GCS), and global radial strain (GRS)

other physiologic, biomolecular, and structural factors
play a role in affecting the myocardium [14].

Table 3 Comparison of cardiac magnetic resonance
imaging parameters and LV global myocardial strain values in
-thalassemia major patients with and without MIO

Parameter Without MIO With MIO P-value
(n=46) (n=11)

LV EF (%) 60.0+4.7 588+48 0423
LV EDVI (mL/m?) 109.9+21.7 89.2+155 0.007"
LV ESVI (mL/m?) 441+114 36.2+7.1 0.013"
LV SV (mL) 107.6+22.8 83.9+186 0.002"
LV EDWMI 44.1+30.2 4454220 0.966
LV EDWM to EDV ratio 04+03 05+0.2 0.224
T2* (msec) 384+109 114+34 <0.001"
Myocardial iron concen- 06+0.2 26+09 <0001"
tration (mg/q)

LV GLS (%) -173+22 -169+20 0.678
LV GCS (%) -158+2.1 -16.1£16 0572

LV GRS (%) 256+4.8 26.1+34 0.771

Values are presented as mean +standard deviation. Student t-test was used to
test significance

LV Left ventricle, MIO Myocardial iron overload, EF Ejection fraction, EDV/
End-diastolic volume index, ESVI End-systolic volume index, SV Stroke volume,
EDWMI End-diastolic wall mass index, EDWM End-diastolic wall mass, EDV
End-diastolic volume, GLS Global longitudinal strain, GCS Global circumferential
strain, GRS Global radial strain

"P<0.05

Conventional echo cardiography has failed to identify
the early myocardial dysfunction among B-thalassemia
major patients, thus speckle tracking echocardiography
(STE) has been lately used to detect early myocardial
deformation [15]. We noted heterogeneity in the meth-
ods that were used in previous studies for evaluation
of STE-derived LV strain parameters in B-thalassemia
major patients, as some studies used 2D STE [15-
28],while others used 3D STE [23, 29-31]. Regarding
2D-STE for LV GLS estimation, some studies acquired
it from single apical four-chamber view [25, 28, 29],
others acquired it from the combination of apical
four- and two-chamber views [27, 32, 33], while in the
remaining studies it was acquired from the combined
apical four-, three-, and two-chamber views [16, 18-22,
24, 34, 35]. All previously mentioned studies agreed
on using parasternal short-axis view for acquiring
2D-STE—derived GCS and GRS indices [16, 21, 26-29,
31, 32]. This technical difference can explain the differ-
ent results among the literature. As, when comparing
patient with controls, some studies reported significant
difference between the two groups regarding GLS [18,
19, 29, 30, 34], GCS [16, 29, 31] or GRS [27]. While oth-
ers reported no significant difference between the two
groups regarding GLS [16, 24, 25], GCS [26], or GRS
[28]. In addition, some of the previously mentioned
studies reported significant difference between cases
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with MIO and cases without MIO regarding GLS or
GCS [35], However others found no significant differ-
ence between the two groups regarding GLS [36], GCS
[16, 20, 29], or GRS [16, 29].

Recently, CMR-FT has been used for detection of
myocardial deformation. CMR has the privilege of high
contrast and spatial resolution, multiplanar imaging
and being nonoperator dependent unlike echo. Regard-
ing CMR-FT parameters, previous studies agreed on
the method by which they acquire these parameters. As
they obtained GLS using four-chamber with or with-
out two- and three-chamber views while GCS and GRS
were acquired using short-axis view [1, 2, 14, 15]. Many
previous studies agreed that LV strain is impaired in
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Fig. 3 T2* and left ventricular strain analysis in a patient with 3-thalassamia major and mild myocardial iron overload, (A) detected by T2* short-axis,
(B) showing T2* of 19.3 ms and myocardial iron concentration of 1.21 mg/g. C Segmental global radial strain (GRS) and global circumferential strain
(GCS). Strain curves for (D) GCS, (E) GRS, and (F) global longitudinal strain (GLS)

thalassemia patients, however, there were controversies
on the best strain parameter that can detect the early
impairment in cardiac function [1, 2, 14, 15]. Previous
studies on CMR and autopsy findings revealed that in
thalassemia patients, the subepicardial layer of the
myocardium is the main site of iron deposition [15].
The subepicardial layer is the most important marker of
cardiac rotation [37]. It was reported that the deforma-
tion of the subepicardial layer is reflected as impaired
LV GRS [37] and LV GCS [1]. This can explain our find-
ings that the mean GCS and GRS values were signifi-
cantly lower in thalassemia patients compared to the
control group.
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Fig. 4 Receiver operating characteristic (ROC) curve analysis for differentiating 3 thalassaemia major patients from the control group. A ROC curve
analysis of the left ventricle global circumferential strain (GCS) showing an area under the curve of 0.818 (P=0.003). B ROC curve analysis of the left
ventricle global radial strain (GRS) showing an area under the curve of 0.792 (P=0.006)

Table 4 Comparison of cardiac magnetic resonance
imaging parameters and LV global myocardial strain values in
f-thalassemia major patients without MIO and control group

Parameter Without MIO group  Control group  P-value
(n=46) (n=20)

LV EF (%) 603+475 650440 0014’
LVEDVI (mL/m?)  106.6+206 796+113 0.000"
LVESVI(mL/m?)  425+108 280+59 0.000"
LV SV (mL) 105.0+19.8 102.3+14.9 0679
LV GLS (%) -173+23 -183+12 0420
LV GCS (%) -158+2.1 -179+13 0.012"
LV GRS (%) 255+48 309+44 0.007"

Values are presented as mean *standard deviation. Student t-test was used to
test significance

LV Left ventricle, MIO Myocardial iron overload, EF Ejection fraction, EDVI End-
diastolic volume index, ESVI End-systolic volume index, SV Stroke volume, GLS
Global longitudinal strain, GCS Global circumferential strain, GRS Global radial
strain

"P<0.05

LV GLS reflects the longitudinal shortening of the sub-
endocardial layer [1, 11]. Since MIO begins in the sub-
epicardial layer, it is expected that GLS may be spared
till late stages of the disease [1]. This fact can explain our
results that there was no significant difference between
patients and control group regarding GLS values. How-
ever, some previous studies reported that GLS was the

most valuable strain parameter in detecting early LV dys-
function in thalassemia patients. However, these studies
did not reach an explanation for this finding, and they did
not correlate the GLS values with the T2* values [8, 38].
Unlike previously mentioned studies, there has been a
great debate regarding correlation between LV myocar-
dial strain, either obtained by STE or by CMR, and T2*
values and so the degree of MIO. Most of the previous
studies that used STE to evaluate the LV strain in thalas-
semia patients reported a significant correlation between
GLS and T2* [8, 20, 35, 38—40], only two studies reported
significant correlation between GCS and T2* [20, 35],
yet none of the previously mentioned studies found sig-
nificant correlation between GRS and T2* (Table 6 [8, 20,
35, 38-40]). Regarding strain parameters derived from
CMR, three previous studies reported significant correla-
tion between GRS and T2* [1, 3, 37], one study reported
a significant correlation between GCS and T2* [13], and
one study significant correlation between GLS and T2*
(Table 6 [37]). This variability among previously reported
results can be explained by the hypothesis that not only
MIO is the cause of myocardial damage in thalassemia
patients. Those patients suffer from chronic anemia
which can cause chronic hypoxia explaining the affec-
tion of LV subendocardial layer and so reduction of GLS
regardless of the degree of iron overload as mentioned
in some of previous studies [1]. Thalassemia patients
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Parameter Segment P-value
Basal Mid Apical Overall Basal Basal Mid
vs. mid vs. apical vs. apical
GRS (%) 257405 284459 3404112 0.000" 0.246 0.000" 0.014"
GRS rate 14+£04 15+£04 19+08 0.000" 0.621 0.000° 0.003"
GCS (%) ~158+25 172423 -189+38 0.000" 0.090 0.000" 0.050"
GCS rate 10+04 10+03 14405 0.000" 0.001" 0.981 0.001"
Values are presented as mean standard deviation. One-way analysis of variance was used to test significance
GRS Global radial strain, GCS Global circumferential strain
"P<0.05
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between T2* and LV GCS (r=0.361, P=0.012) and LV GRS (r=-0.323, P=0.025). However, no significant correlation was found between T2*

and other parameters

also receive repeated blood transfusion among their life
increasing the possibility of having viral infection such as
hepatitis C. Also, various degrees of genetic factors, and
chronic state of immunodeficiency in these patients can
contribute in myocardial damage [14]. This explains why
the relation between strain values (reflecting LV func-
tion) and T2* (reflecting degree of MIO) is not linear and
not constant among studies. So, although early detection
of MIO is important, absence of MIO does not exclude
myocardial affection and hence those patients require
surveillance of their cardiac function for early detec-
tion of myocardial impairment allowing them to receive
adequate treatment as early as possible. In agreement
with some of the previous studies, we found a significant

correlation between both LV myocardial strain param-
eters (GRS and GCS) and T2* values in thalassemia
patients despite the absence of a significant correlation
between EF and T2* values. Accordingly, this supports
the potential of using CMR strain analysis for the early
detection of subtle systolic dysfunction in thalassemia
patients before it can be detected by conventional func-
tional CMR even in absence of significant MIO.

The results regarding the LV CMR-FT parameters
between [-thalassemia major patients with and without
MIO are controversial. While some studies reported that
only GRS values were significantly different between the
two groups [1], others found a significant difference in
GCS [2, 14, 15] and GLS [2]. Odoardo et al. [32], used
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STE strain analysis to assess myocardial strains in 55
thalassemia patients and they reported significant dif-
ference regarding GCS and GRS between patients and
control; however, they found no significant difference
regarding the three strain parameters between thalas-
semia patients with and without MIO. In agreement with
the previously mentioned study, we found no statistically
significant difference in GLS and GCS values between
patients with MIO and patients without MIO. However,
GRS was slightly lower in patients with MIO compared
to those without MIO, but this difference did not reach
statistical significance. This finding supports the claim
that the relationship between MIO and myocardial dys-
function is not linear as there are other factors contrib-
uting factors to the myocardial damage other than MIO.
This also might be explained by the smaller number of
patients with MIO enrolled in our study.

It was reported that some thalassemia patients with
MIO, especially those with higher levels of serum ferri-
tin, develop restrictive LV filling in response to MIO [41].
This may be the explanation of our findings as we noted
that end-diastolic volume index and end-systolic volume
index were significantly lower in thalassemia patients
with MIO compared to those without MIO, although
there was no significant difference regarding the end-
diastolic wall mass index among the two groups. Also,
the serum ferritin was higher in cases with MIO com-
pared to those without MIO although this difference did
not reach a statistical significance.

Alis et al. [13] found in their study that thalassemia
patients without MIO (with T2*>20 ms) showed sig-
nificantly lower GCS and GRS values compared to the
control group, but they found no significant difference
between the two groups regarding GLS. On the other
hand, Asadian et al. [37] found that GLS was the only
strain parameter that was different between the two
groups. In our study, both GCS and GRS were lower in
thalassemia patients without MIO compared to the con-
trol group. This finding can be explained by the claim
that the affection of LV myocardium in those patients
might be multifactorial including inflammatory, molecu-
lar, and immunologic factors and not only secondary to
MIO [14].

Segmental strain analysis in this study revealed signifi-
cantly lower LV strain values (GRS and GCS) in the basal
and mid myocardial segments compared to the apical
segments, suggesting the possibility of sparing the apical
segments until late in the disease. These results were in
line with Rao et al. [7] who reported a statistically signifi-
cant difference between the apical and basal segments for
both longitudinal and circumferential strains. This might
be explained by the hypothesis that iron deposition early
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in the disease is not uniform throughout the myocardium
and tends to spar apical segments [7, 16].

This study has several limitations. First, the small num-
ber of patients especially the MIO group (11 cases), fur-
ther research on a larger number of patients is needed for
a better understanding of the role of CMR strain analy-
sis in thalassemia patients. Second, this cross-sectional
study showed impaired LV strain values in thalassemia
cases, we did not perform future follow-up for cardiac
events. Longitudinal studies are recommended to evalu-
ate the prognostic role of CMR strain for assessment of
systolic function. Third, the study was executed in a sin-
gle-center arrangement with a single-vendor application,
further multicenter studies are needed to establish the
role of strain analysis in thalassemia patients.

Conclusions

B-Thalassemia major patients can have myocardial dys-
function even in absence of MIO. CMR-FT strain param-
eters can play an important role as a marker for the early
detection of systolic impairment in those patients. The
correlation of myocardial strain parameters with T2* val-
ues may help in the identification of high-risk groups who
may need modification of the dose of their iron chelation
therapy.
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