Evaluation of a two compartment gel phantom for fMRI
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Introduction: Due to the small signal change in fMRI, optimized and reproducible methodology is important. Use of
simulated fMRI data is a possible approach, but an effective alternative is to use a test object that can simulate the BOLD
signal. Several such test objects have recently been developed [1,2]. In a previous study, a simple phantom consisting of
two gel compartments was presented and shown to correctly reflect the optimum TE=T2* as a maximum t-value [2]. In
addition to optimisation of image parameters, it would be desirable to assess system performance over longer times
(multiple scan sessions) and to compare the sensitivity of different MR systems. However, this requires not only the test
object to behave in a reproducible manner, but also the signal change that is induced in different scan sessions needs to be
reproducible. In this work a two compartment gel phantom is investigated with respect to reproducibility between scan
sessions.

Materials and Methods: The phantom consists of one inner cylinder containing gel representing baseline and activated
state, and one outer cylinder (figure 1). The agarose concentrations in the inner cylinder were chosen to result in a signal
change of approximately 5% (T, difference 5 ms). Measurements were performed on a Siemens Magnetom Allegra (37T).
T, was measured with a multi-echo spin-echo sequence (TE=23-184 ms). T,* was measured with a gradient echo
sequence with the same echo times. BOLD measurements to evaluate reproducibility were made with a GRE-EPI
sequence (TE/TR=30/3000 ms, FOV=192 mm, matrix=128-128, dynamic scans=100). The inner cylinder was moved back
and forth to alter the gel type in the image plane, simulating a block-paradigm. The first dynamic in each block was
excluded due to the T, equilibration effect. Three subsequent BOLD measurements were made, and each measurement
was preceded by repositioning the phantom in the scanner.

Results: T,* and T, values presented in table 1 indicate a T, difference of 6 ms, close to the aim of 5 ms. T,* is
approximately 9 ms shorter compared to the T, values. The reproducibility measurements show a percent signal change of
6.9-7.0 % with t-values in the range 25.8 — 28.3. Figure 2 shows the signal time courses, which are very similar in all

scans.
T,* Act./Rest [ms] 46/39
T, Act/Rest [ms] 54/48

t-value (n=3) 26.92 +1.2

PSC (n=3) 6.98 +0.06

Table 1. Measured relaxation times for the inner cylinder with
corresponding t-values and percent signal change.

Figure 1: The phantom with the inner cylinder removed
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T,* is less than 10 ms in both gels which indicates relatively small magnetic field inhomogenities inside the phantom. The
result of the BOLD measurements indicates an excellent stability in terms of percent signal change. This enables the use
of the phantom as a tool for monitoring for example SNR, system stability and shim variations. However, further work is
needed to evaluate whether comparable phantom measurements can be performed on different MR systems.
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Figure 2: Three BOLD measurements normalized to the mean baseline signal.
Signal values are mean values obtained from a ROI (~350 voxels) at the center of
the images.
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