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A comparison of curve-fitting models for MRI T2*
measurements of a gel-phantom at different levels of signal to noise ratio
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Abstract

Introduction: T2* measurement using magnetic resonance imaging (MRI) becomes a standard method for
evaluation of iron deposit in organs. Therefore, accuracy of the measurement is important. Factors affected
to the accuracy of T2* values are signal-to-noise ratio (SNR) and curve-fitting models.

Objectives of the study: We proposed a phantom study to compare the accuracy and reproducibility of the
T2* when curve-fitting models, different iron concentrations, and levels SNR were changed.

Materials and methods: A gel phantom was built with 8 different Fe®* concentrations. Axial view phantom
images were acquired using a 1.5-T Achieva, Philips MRI scanner along with a head coil. Setting parameters
were: acquisition matrix 184x183, reconstruction matrix 512 x 512, field-of-view 275 mm, and slice thickness
1.5 mm. The gradient multi-echo pulse sequence was applied with 32 echo times (TEs) 4.48 ms to 81.98
ms, inter-echo time 2.5 ms, TR 800 ms, and flip angle 18 degrees. All data were acquired with 5 different
numbers of signal averages (NSAs) to generate 5 levels of SNRs. Total scan time at NSA1=2.29 s. Data of
Fe3* concentrations at all levels of SNRs were fitted with five curve-fitting models. The accuracy of T2*s in
each fitting model was evaluated by Pearson’s correlation (r) between reference T2*s and the T2*s obtained
from the 5 fitting models at all levels of SNRs. The linear regression between the R2*s (1/T2*), and Fe®*
concentrations were also analyzed, and were compared between that of the reference to those of the 5 fitting
models at all levels of SNRs. All analysis was performed on a PC using MATLAB version 7.2.0.232 (Math-
works, Natick, MA, USA), MS Excel, and GraphPad Prism4.

Results: Results showed that at the range of T2* 3.13-44.04 ms, the baseline subtraction and offset models
tend to offer high accuracy of T2*s and robust to the changes of SNR (r >0.9960 at all levels of SNRs).
Simple mono-exponential model demonstrates no correlation at low SNR (r = -0.2869, and 0.1835). The
accuracy of T2*s obtained from truncation models is proportional to the levels of SNRs (0.7113<r<0.9993).
The bi-exponential model provides reasonable accurate T2* (r>0.9600) but it is not proportional to the levels
of SNR.

Conclusions: Results implied that baseline-subtraction and offset models provide the most accurate and
robust T2*, simple mono-exponential and Truncation models may present less reliable T2* at low SNR image
ta, and the bi-exponential model offers reliable T2* but the values are sensitive to the changes of SNRs.
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Figure 1 Side view (A) and top view (B) of a gel phantom made from

carageenan 3%, agarose 2% and NaN3 0.03%. The phantom doped with 8
different concentrations of Fe3+; 0.2, 0.4, 0.6, 0.8, 1.0, 1.4, 1.7, and 2.0 mg/g
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Table 1 The mean T2* (ms) of 100 pixels ROI at different NSAs compared to that of the reference

Mean T2* (ms) of 100 pixels ROI at different NSA

[Fe™)(mg/g)
1 2 4 8 16 Reference
0.2 44.33 43.83 43.25 43.35 43.23 44.04
0.4 26.28 25.43 25.47 24.99 25.23 24.46
0.6 16.85 16.55 15.39 15.48 15.20 14.87
0.8 11.80 10.27 9.79 9.78 9.68 9.61
1.0 9.34 7.73 7.27 6.93 7.04 7.02
1.4 26.03 7.23 5.06 4.97 4.58 4.59
1.7 86.35 29.62 5.83 3.99 3.60 3.54
2.0 237.04 69.09 22.49 3.7 3.43 313
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Figure 2 The linear regressions of R2*s (Hz.) and Iron concentration (mg/g). Figure 2A shows a strong correlation (r-square= 0.9932) between R2* and iron

concentration of the reference (NSA32). Figure 2B-2F show the linear regressions between R2*s and iron concentrations of 4 different curve fitting models compared

to that of the reference at different levels of SNR (different NSAs). As the NSA increases, the linear regressions of all curve fitting models converge to that of the

references
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Table 2 Pearson’s correlation (r) between T2* of the reference data and those of the different curve-fitting models

at different levels of SNRs

Curve-fitting models

# NSA

Mono Subtraction Offset Bi-exponential Truncate
NSA1 -0.2869* 0.9998 0.9961 0.9646 0.7113
NSA2 0.1835* 0.9998 0.9988 0.991 0.9905
NSA4 0.8816 0.9997 0.9994 0.9672 0.9995
NSA8 0.9997 0.9999 0.9999 0.9985 0.9996
NSA16 0.9996 0.9997 0.9999 0.9916 0.9993

* No significant correlation (at 95% Cl) between the reference T2* and the T2* obtained from simple mono exponential model at NSA=1, and 2.

Pearson's Correlation (r)

Pearson's correlation between reference T2*s and the T2*s

from different fitting models

W NSA1
NSA2
B NSA4
B NSA8
W NSAl6

-0.4

Figure 3 Pearson'’s correlation (r) between the reference T2*s and those of 5 fitting models including simple mono-exponential (Mono), baseline subtraction

(Subtract), offset, bi-exponential, and truncation (Truncate) models. Simple mono-exponential model shows no correlation to the reference T2* at low SNR (NSA=1

and 2). Baseline subtract and offset models show a robust T2* at various levels of SNRs. Bi-exponential and truncation models demonstrate less r at low SNR.
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