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Background
Heart failure resulting from myocardial iron deposition is the most important cause of 
death in β-thalassemia major (TM) patients. Cardiac T2*magnetic resonance imaging 
(MRI), echocardiography, and serum ferritin level serve as diagnostic methods for detect-
ing myocardial iron overload. In this study, we aimed to evaluate the relationship between 
the above-mentioned methods.

Methods
T2*MRI and echocardiographic measurement of left ventricular (LV) systolic and diastolic 
function were performed in 63 patients. Serum ferritin level was measured. The relation-
ships between all assessments were evaluated. 

Results
There were 40 women and 23 men with a mean age of 23.7±5.1 years (range, 15–35 
years). There was no statistically significant correlation between serum ferritin level and 
LV systolic and diastolic function (P=0.994 and P=0.475, respectively). T2*MRI results 
had a significant correlation with ferritin level; 63.6% of patients with serum ferritin level 
＞2,000 ng/mL had abnormal cardiac MRI, while none of the patients with ferritin level 
＜1,000 ng/mL had abnormal cardiac MRI (P=0.001). There was no significant correlation 
between MRI findings and LV systolic function (P=1.00). However, we detected a sig-
nificant difference between LV diastolic function and cardiac siderosis (P=0.03)

Conclusion
MRI findings are a good predictor of future cardiac dysfunction, even in asymptomatic 
TM patients; however, diastolic dysfunction may happen prior to cardiac siderosis in some 
patients, and echocardiography is able to diagnose this diastolic dysfunction while T2* 
MRI shows normal findings.
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INTRODUCTION

Impaired synthesis of the β-globin chain causes an in-
herited hemoglobin disorder called beta thalassemia, which 
results in a wide spectrum anemia syndrome ranging from 
clinically asymptomatic (thalassemia minor) to severe anemia 

(β-thalassemia major [TM]) [1, 2].
For normal growth and better quality of life, TM patients 

need regular blood transfusion to maintain the pre-trans-
fusion hemoglobin level ＞9–10.5 g/dL [3]. Frequent trans-
fusion results in unavoidable iron overloads [4]. Although 
iron chelation therapy has become a common and essential 
part of TM treatment since the 1970s and there is now 
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considerable information about effective chelators, my-
ocardial iron deposition, or cardiac siderosis, results in cardiac 
dysfunction and remains the most important cause of mortal-
ity and morbidity in TM patients [5]. It is noteworthy that 
cardiac complications are the leading cause of mortality in 
71% of TM patients [6]. Early detection of iron deposition 
in body tissues, especially in the myocardium, is very im-
portant for assessment of chelation therapy [7].

Several methods have been introduced to evaluate iron 
overload. Serum ferritin level is commonly used to assess 
body iron stores, as it is relatively correlated with iron deposi-
tion in organs, but its level may be affected by several other 
conditions such as the serum level of vitamin C [8]. Cardiac 
magnetic resonance imaging (MRI) has been used to measure 
cardiac iron deposition [9, 10]. MRI measures a parameter 
called “T2*’’, which is defined as the rate of loss of signal 
in tissues that are iron-loaded [11]: increased myocardial 
iron deposition leads to a decreased T2* value on MRI. T2* 
＞20 ms indicates cardiac tissue without iron deposition 
and no cardiac dysfunction, while T2*＜6 ms indicates severe 
cardiac siderosis with a 50% risk of developing cardiac dys-
function within 1 year [12, 13]. In November 2009, the 
American Heart Association reported that a cardiac T2*＜10 
ms predicts a cardiac event within 1 year in TM patients 
with 98% sensitivity and 86% specificity [12]. Thus, TM 
patients need serial MRI throughout their lives to demon-
strate the extent of iron deposition and to assess the quality 
of chelation therapy; nevertheless, MRI is an expensive diag-
nostic method.

Iron load is correlated with cardiac performance as de-
tected by echocardiography [13]. It is reasonable that the 
myocardial iron content detected by MRI should have some 
correlations with ferritin level and echocardiographic param-
eters of cardiac performance [13, 14].

In this study, we aimed to evaluate the correlation between 
serum ferritin level and myocardial hemosiderosis, detected 
by T2*MRI, and also myocardial function, assessed by 
echocardiography.

MATERIALS AND METHODS

This study enrolled 84 patients with β-thalassemia major 
over a 2-year period (September 2010 to October 2012). 
These patients were undergoing regular follow-up in the 
hematology clinic of the pediatric ward at Shohada Hospital 
in Tehran. Thalassemic patients who had suffered from con-
genital heart disease, valvular heart disease, or infectious 
disease at the time of study were excluded. Sixty-three cases 
were finally included in the study. The Ethics Committee 
of the hospital approved the study, and all patients or their 
guardians gave informed consent. Each patient was entered 
into the study one time only. All patients had been receiving 
regular blood transfusion every 2 to 5 weeks to maintain 
a pre-transfusion hemoglobin level of ＞9 g/dL. Transfusion 
therapy had been started before the age of 5 years in all 
patients. In addition, all patients were on regular chelation 

therapy according to their serum ferritin level (46 patients 
on oral deferasirox, 10 on defroxamine, and 7 on both defer-
ipirone and defroxamine). Serial serum ferritin level was 
measured 1 week after blood transfusion using a standard 
enzyme-linked immunosorbent assay (ELISA). Serum ferri-
tin level was defined as the mean value of the last 4 
measurements. To evaluate the relationship between serum 
ferritin and cardiac function, ferritin levels were divided 
into ＜1,000 ng/mL, 1,000–2,000 ng/mL, and ＞2,000 ng/mL.

Complete echocardiography examination, including 
M-Mode, 2-dimensional, pulsed, and color Doppler was per-
formed 1 week after blood transfusion in each patient. 
Cardiac systolic function was categorized according to left 
ventricular (LV) ejection fraction (EF) [15] as normal systolic 
function (EF＞55%), mild systolic dysfunction (45%＜EF 
＜55%), moderate systolic dysfunction (30%＜EF＜45%), 
and severe systolic dysfunction (EF＜30%). Pulsed Doppler 
echocardiography analysis of mitral inflow velocities at an 
apical 4-chamber view was used to assess LV diastolic func-
tion [16, 17]. LV diastolic function was categorized as follows: 
normal, abnormal relaxation or grade 1 dysfunction, pseu-
do-normal or grade 2 dysfunction, and restrictive or grade 
3 dysfunction. Echocardiography was performed by a single 
expert cardiologist who was unaware of T2* MRI findings 
and serum ferritin level.

MRI was performed within 1 to 2 weeks after blood 
transfusion. All MRIs were performed with 1.5 T scanners 
(Symphony, Siemens, Germany). Results of T2*MRI were 
categorized as normal myocardium (T2*＞20 ms), mild my-
ocardial involvement (14 ms＜T2*＜20 ms), moderate my-
ocardial involvement (10 ms＜T2*＜14 ms), and severe my-
ocardial involvement (T2*＜10 ms) [18, 19].

Data were analyzed using SPSS software (version 16) to 
examine the relationship among serum ferritin level, cardiac 
function (echocardiography results), and cardiac iron load 
(T2*MRI results). We used one-way ANOVA, Kruskal-Wallis 
test, Mann-Whitney test, and the Spearman coefficient factor 
for statistical analysis. A P value＜0.05 was considered stat-
istically significant.

RESULTS

Sixty-three patients were enrolled: 40 (63.5%) women 
and 23 (36.5%) men. Mean patient age was 23.7±5.1 years 
with a range of 15 to 35 years.

Echocardiography
All 40 women (100%) versus 19 of the 23 (82.6%) men 

had normal LV systolic function (P=0.024). LV diastolic func-
tion was not different between genders (P=0.215). Evaluation 
of systolic and diastolic dysfunction showed that 12 of 63 
patients had pure diastolic dysfunction with EF ≥45%, while 
only 2 patients had simultaneous diastolic and systolic dys-
function with EF＜45%, (P=0.01; Table 1). There was no 
significant correlation between serum ferritin level and LV 
systolic (P=0.994) or LV diastolic function (P=0.475).
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Table 3. Relationship between MRI and echocardiography findings.

Pure diastolic 
dysfunction

Mix systolic and 
diastolic dysfunction

Pure systolic 
dysfunction

Normal cardiac 
function Total

Normal MRI count 11 0 0 41 52
Abnormal MRI count 1 2 1 7 11
Total 12 2 1 48 63

Table 1. Distribution of diastolic dysfunction according to ejection fraction.

Diastolic dysfunction grade Normal Grade
I

Grade
II

Grade
III Total

Number of patients with EF≥45–50% 48 2 7 3 60
Number of patients with EF＜45% 1 0 0 2 3

Abbreviation: EF, ejection fraction.

Table 2. Serum ferritin level according to MRI findings.

Ferritin level (ng/mL)
Total

＜1,000 1,000–2,000 ＞2,000

Normal T2* MRI 30 (57.7%) 12 (23.1%) 10 (19.2%) 52 (100%)
Abnormal T2* MRI 0 (0%) 4 (36.4%) 7 (63.6%) 11 (100%)
Total 30 (47.6%) 16 (25.4%) 17 (27.0%) 63 (100%)

T2* levels in MRI
Table 2 demonstrates the correlation between serum ferri-

tin level and cardiac T2*MRI. The frequency of abnormal 
cardiac MRI was 63.6% in patients with serum ferritin level 
＞2,000 ng/mL, while it dropped to 36.4% in serum ferritin 
level of 1,000–2,000 ng/mL, and no patients with ferritin 
level ＜1,000 ng/mL had an abnormal cardiac MRI (P=0.001). 
T2*MRI detected the same percentage of cardiac siderosis 
in men and women: 17.3% of men (3 severe and 1 moderate 
siderosis) and 17.5% of women (3 severe, 1 moderate, and 
3 mild siderosis) showed some degree of siderosis in the 
MRI (P=0.5).

MRI and echocardiography relationship
Table 3 shows the correlation between echocardiography 

and T2*MRI. Comparing echocardiography and MRI findings 
revealed no statistical difference between LV systolic func-
tion and cardiac siderosis (P=1.00). However, we detected 
a significant difference between LV diastolic function and 
cardiac siderosis: of 52 patients with normal cardiac siderosis, 
11 had abnormal diastolic function without any systolic dys-
function (P=0.03).

DISCUSSION

The present study showed that 40 women versus 19 men 

had normal LV systolic function, and the difference between 
them was significant (P=0.024), while both groups had a 
similar treatment protocol. These findings are similar to those 
by Hahallis et al. [20]. In their studies, in men and women 
with similar serum ferritin level and receiving a similar num-
ber of blood units, men had more LV systolic dysfunction, 
whereas LV diastolic function was similar in both genders. 
The reason for this gender difference may be genetic factors.

We found no significant correlation between serum ferri-
tin level and cardiac systolic or diastolic function. There 
are differences among studies about the effect of serum ferri-
tin level on cardiovascular function. For example, Bosi et 
al. [21] showed that LV systolic function was worse with 
serum ferritin level ＞2,500 ng/mL than with the level 
＜1,000 ng/mL. Silvilairat et al. [22] found that cardiac sys-
tolic function was normal when serum ferritin was ＜2,500 
ng/mL. Other studies by Shahmohammadi et al. [23], Finazzo 
et al. [24], and Yapark et al. [25] were similar to our study. 
The difference between the various studies may be that there 
are different intervals between the occurrence of cardiac 
siderosis and the appearance of cardiac dysfunction.

The present data showed that higher serum ferritin were 
significantly correlated with lower T2*MRI (P=0.001). These 
data are in agreement with previous studies [10-13, 26, 27]. 
Because of the effects of vitamin C deficiency and hepatitis 
on serum ferritin level (both are common in thalassemia), 
serum ferritin results do not reliably predict iron overload 



bloodresearch.or.kr Blood Res 2014;49:182-6.

Early detection of cardiac disorders in thalassemia major 185

and cardiac siderosis except in a serial ferritin measurement 
profile [5, 9]. T2*MRI had a high positive predictive value 
for anticipating cardiac dysfunction in asymptomatic TM 
patients [9, 13, 28, 29]. This can alert the TM treatment 
team to use more intensive chelation therapy to prevent 
cardiac dysfunction for risky, asymptomatic TM patients. 

Our study showed that there is no statistical difference 
between the degree of T2* abnormality in MRI and cardiac 
systolic function (P=0.4); this is similar to previous studies 
and may justify using T2*MRI as an indicator of future systolic 
dysfunction [13, 27]. However, the interesting finding of 
our study was that 11 patients with pure cardiac diastolic 
dysfunction had normal T2*MRI and a low serum ferritin 
level (P=0.03). Diastolic dysfunction of the heart usually 
appears prior to systolic dysfunction. Shahmohammadi et 
al. [23] showed that evaluation of diastolic cardiac function 
is useful for early detection of LV cardiac dysfunction. Ozbek 
et al. [30] showed that diastolic function can be impaired 
owing to cardiac siderosis even when T2*＞20 ms. The pres-
ent study showed that echocardiography is able to diagnose 
heart diastolic dysfunction of thalassemia patients when 
T2*MRI findings are normal. Thus, it seems that echocardiog-
raphy can diagnose cardiac problem in thalassemia patients 
earlier than T2*MRI.

There are several factors affecting cardiovascular function 
in thalassemia patients, such as genetic factors, endocrinop-
athy, regularity of iron chelation therapy, regularity of blood 
transfusion, and pulmonary hypertension. To prevent cardiac 
dysfunction, which is the most important cause of mortality 
and morbidity in TM patients, large-scale and multicenter 
investigations are needed to find effective factors. Cardiac 
siderosis is only 1 factor affecting cardiovascular function.

In conclusion, although there was no significant correla-
tion between T2*MRI and echocardiographic findings, the 
results revealed that, even with a normal MRI (T2*＞20 
ms) and low serum ferritin level, diastolic dysfunction may 
be detected by echocardiography.
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