Paramagnetic Ion Phantom to Independently Tune T1 and T2
Kathryn E Keenan!, Karl A Stupicl, Elizabeth Horneberz, Michael Boss', and Stephen E Russek!
!National Institute of Standards and Technology, Boulder, CO, United States, *University of Colorado, Boulder, CO, United States

Purpose: Phantoms are used in MRI to test sequences, coils and systems, and a phantom should match the tissue relaxation
properties. The National Institute of Standards and Technology (NIST) in collaboration with the ISMRM created a system
phantom that mimics a range of T1 (NiCI2 array) and T2 (MnCI2 array) values [1]. These arrays contain single paramagnetic
ions, and thus cannot vary T1 and T2 independently. Tissue mimics require independent control of T1 and T2 relaxation rates.
In addition, an ideal phantom is shelf stable. A combination of paramagnetic ions in aqueous solution can be mixed and sealed
to create a tissue phantom where T1 and T2 are independently tuned [2]. We tested the methods set forth by Schneiders to
create an adipose tissue relaxation phantom and measured stability over 19 months.

Methods: Using the theory set forth by Schneiders and the relationship V,C; = V,C,, we determined the following equations to
independently set T1 and T2 using a combination of two paramagnetic ions in water:

Vo = [Ro(riw — Sy7in) + Ri(SyTany — ow) + Sy (rinTaw — riwTen)WVeotar
M Ry(SwTan — SuTim) + Ri(Sutam — SnTan) + SnSu(rimTan — TanTam)

v, = [Ry(riw — SuTim) + Ri(Sumam — 1ow) + Surimmow — riw"am) Weota
Ry(SyTim — Sn7in) + Ri(SnTan — Sutam) + SnSu(rinTam — rimmon)
where V is the volume of paramagnetic ion stock solution (mL), R, and R, are the desired relaxation rates (s'l), Viotar 18 the total
desired sample volume (mL), S is the concentration of the stock solutions (mM), and r; and 1, are the empirically determined
relaxivities (s’lmM’l). We empirically determined the relaxivities for NiCl, and MnCl; at 1.5 T and 20°C (Table 1). Then, we
Table 1: Material | Stock (mM) | ri (s'mM-1) | rz (s'mM-1) determined the required concentrations to match the T1 and T2 of
MnCl; ‘ 2.23 ‘ 7.2 ‘ 754 adipose tissue in the breast at 1.5 T (T1: 296-372 ms, T2: 53 ms) [3],

I\gccl)z 9'f9 ggg 06645 mixed the paramagnetic ion solutions, and sealed the solutions in
’ ' ' standard polypropylene tubes. Tubes were stored in the MR
laboratory for 19 months. T1 and T2 relaxation times were measured using inversion recovery and spin echo methods,
respectively, at O (all solutions), 12 (solution 4) and 19 (solutions 2 and 4) months on a small-bore 1.5 T system. Measurements
at 12 and 19 months were made in temperature-controlled environment; temperature control varies by +0.011°C.
Results: T1 was within +4% of targeted values while T2 was under the targeted values by up to 13% (Table 2). Using the
nearest temperatures (16.5, 18.73 and 17.91°C for 0, 12 and 19 months), the T1 values of solution 4 decreased by 11.5% at 12

Table 2: ‘ Target Target | MnClz | NiClz | Measured | Measured | T1% ‘ T2% months and 10.8% at 19 months. The

Solution | T1(ms) | T2 (ms) | (mM) | (mM) | T1 (ms) T2 (ms) | error | error T2 values decreased by 4.3% at 12
1 324.75 48.45 0.349 | 2.033 332.66 46.37 2.44 -4.29 months and increased by 6.75% at 19
2 334.8 53.45 0.317 | 2.259 334.26 50.02 -0.16 -6.42 months. At a given measurement
3 349.5 57.9 0.381 | 2.033 343.66 54.73 -1.67 -5.47 . the T1 and T2 val . d
4 367.5 63.8 | 0.254 | 2.259 | 352.46 55.48 409 | -13.04  Session, the 1lan values Increase
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= wizmon, | 0C %omon, T7202€ these phantoms. Temperature variation may explain difference between
2 T=221C TEeTe N expected T1, T2 and measured values. We will examine the results again
é st 0 monthe, after correcting for the NiCl, and MnCl, temperature dependencies.
o 3 Conclusion: The method presented by Schneiders can be used to tune both
%12 mon, T1 and T2 relaxation time using NiCl, and MnCl, in aqueous solution. This
T=18.7C - . .
. : method could be used to create solutions with constant T2 and variable T1
« Solution 2 and vice versa, which are useful for tissue mimicking phantoms.
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