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Target audience: Clinicians and radiologists interested in imaging patients with the pediatric thalassemia major (TM).  
 Purpose: With the development of MRI techniques, T2* mapping is becoming a routine examination for the iron level assessment in the heart and liver for TM 
patients1. Generally, the common T2* mapping sequence is scanned with one breath hold and motion artifacts can be controlled well as most adults can suspend 
respiration on command. However, as the recommended age to start the first cardiac MRI screening in TM patients has become younger2, more and more children with 
TM will get T2* examination and most of them may not be able to suspend their respiration. Thus, we optimized and tested the use of respiratory gating to decrease 
motion artifacts for the heart and liver T2* mapping in pediatric TM patients. 
Methods: Subjects: 22 TM patients (15 male, mean age 10.9±9.3 years) from October 2013 to March 2014 were included. Consents were obtained from all participants. 
MR protocol: All T2* examinations were finished on a 1.5T whole-body scanner (Intera, Philips Medical System, Best, The Netherlands) with 16-channel RF coil. 17 
of 22 TM patients (Group A) more than 5 years old who could hold their breath for about 14 seconds were scanned twice in an immediate succession: breath-hold with 
no respiratory gating (BH) and free-breathing with respiratory gating (RG). The left 5 of 22 TM patients (Group B) less than 5 years old who could not hold breath on 
command were scanned twice continuously after anesthesia: free-breathing with RG and free-breathing without RG (non-RG). After the first time scanning was finished, 
all patients were scanned again after exiting and re-entering the scanning bed. In brief, the typical imaging parameters for heart T2* were: slice thickness=10mm, 
TE/delta-TE=1.7/2.7ms, flip angle=20°, matrix=248×90, filed of view (FOV)=400×262 mm². A single short-axis mid-ventricular slice was acquired at eight echo times. 
For liver T2* the parameters were: TE/delta-TE=0.85/0.9ms, flip angle=20°, 
matrix=160×65, FOV=400×200 mm². A 16-echo gradient echo sequence was applied 
with slice thickness of 10mm. T2* analysis: A region of interest (ROI) for the heart 
was drawn in the mid-ventricular septum, while the ROI for the liver was chosen in the 
peripheral liver parenchyma. T2* values of the heart and liver were calculated using 
Thalassemia tools (a plugin of CMRtools, Cardiovascular Imaging Solutions, London, 
UK). A truncation model was used to correct the bias caused by background noise and 
improve curve fit3. All of the T2* analyses were finished by two experienced and 
independent observers. Statistics: All statistical analysis was performed using SPSS 
(version 16.0, SPSS Inc., Chicago, IL). For Group A, Pearson regression and a paired 
Student’s t-test were used to assess the difference between two scanning methods. The 
intraclass correlation coefficient (ICC) was calculated to evaluate the consistency of 
the first and the repeated scanning. For Group B, only the ICC analysis between the 
first and the repeated scanning was performed. P<0.05 was considered significant. 
Results:  
Fig.1 shows the original T2* weighted images and the corresponding curves from the selected ROI. Table 1 gives the mean T2* from all measurements. For Group A, 
in the first scanning, the heart and liver Pearson correlation coefficients between the BH and RG methods were 0.953 and 0.999 respectively (both p<0.01); the t values 
were -1.7 and -2.0(both p>0.05). In the repeated scanning, the heart and liver Pearson correlation coefficients between the BH and RG methods were 0.946 and 0.998 
respectively (both p<0.01); the t values were -0.2 and 1.8 (both p>0.05). The heart and liver ICC between the first and repeated scanning were shown in Table 2. 

 
Discussion:  
In this study, we investigated the respiratory gated T2* mapping technique for iron level assessment in TM patients. Preliminary results suggest that it is accurate and 
reproducible for the clinical practice, compared with the results from breath-hold T2* scanning. This study also shows that the precision and reproducibility of liver T2* 
are better than those of heart T2* using either the BH or RG scanning methods. The reasons for this may be as follows. a) T2* mapping is a gradient echo sequence. It 
is affected primarily by local magnetic field irregularities and can be boosted by iron deposition. b) Although the T2* measurements can be affected by many other 
factors such as the hardware, the sequence parameters, slice position, flow, and motion4, severe iron overload may become the main factor, and the effects from other 
factors become relatively limited. In our cohort, note that the liver iron overload is much more serious than that in the heart. Therefore, compared to the heart, the liver 
T2* measurements are influenced mainly by the iron deposition and less affected by other factors. The additional reasons for this phenomenon were not evaluated in 
this pilot study but deserve attention in future work.  
The reproducibility of the heart and liver T2* measurements using the RG scanning method are better than that with non-RG, especially in the heart T2* measurement, 
so the non-RG scanning method is not good enough to be used in the clinical practice. 
Conclusion: 
This study demonstrates that the respiratory gated method can provide accurate and reproducible T2* measurements in the liver and heart compared with the breath-
holding based methods for pediatric patients with TM.  
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Fig. 1 Short-axis mid-ventricular images at different echoes from BH (a-d) and RG(e-h) 
acquisitions from a thalassemia patient. Both methods can provide a good fitted curve. a) 
and e) are the first of 8 serial echoes with TE=2.9ms, while b) and f) are the last one with 
TE=21.8ms. c), d) and g), h) are the measurement pictures. 
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