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Aims and objectives

Magnetization transfer (MT) is a cross relaxation phenomenon in which the proton is
able to move freely; known as bulk water and bound water. The MT effect is observed
and provides the signal attenuation for the MT pulse; then, a RF pulse is added at an
off-resonance frequency. This method is said to be the off-resonance method. Signal
attenuation occurred for MT pulse by interaction between bulk water and bound water
e.g., spin exchange, and chemical shift. The magnetization transfer contrast (MTC)
method is demonstrated as the above phenomenon [1, 2]. Mainly, the MTC method is
used for magnetic resonance angiography (MRA), of which the clinical application to the
head has many advantages; such as signal saturation of the background on a target
tissue, e.g., detection of blood. There is one report that the observation of the peripheral
artery in the brain had improved by signal-attenuation on the substance of the background
by addition of a MT pulse [3]. Additionally, there are some reports about the application
of MTC to cartilage macromolecules such as the collagen [4].

Generally, a magnetization transfer ratio (MTR) is known to be an index to express signal
attenuation by the MT effect quantitatively [6]. MTR is calculated by the ratio of the
remainder of each image without and with a MT pulse. Spin exchange between bulk water
and bound water is an important attenuation factor. The spin exchange rate depends on
T1 which has been reported by Henkelman [5].

For T1 calculation methods, there are the inversion recovery (IR) method and variable
flip angle (VFA) method. The IR method is used as the gold-standard method for T1

calculation. On the other hand, the VFA method is performed using a spoiled gradient-
echo (SPGR) sequence in general, which makes it possible to be a faster imaging method
than the IR method. At high magnetic field strengths, the VFA method is sensitive to B1

inhomogeneity [7, 8]. Accordingly, B1 inhomogeneity needs to be corrected.

It is important that we evaluate how much effect T1 has on the MT of macromolecules.
However, little attention has been given to the direct measurement of T1 and the
effect it has on the MT. To assess the relationship between T1 and the MT effect on
macromolecules, we constructed a T1 map using the variable flip angle (VFA) method
with a MT pulse.

Methods and materials

We performed a phantom experiment. The phantom was created using a set of six
samples in a cylindrical vessel. The sample components used were deionized water with
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polyethylene glycol (PEG) macromolecules at different concentrations (0, 10, 20, 30, 40,
and 50 wt%). Figure 1 shows the schematics of the phantom used in this study.

All imaging analysis were applied using an in-house program, MATLAB (Mathworks,
Natick, MA, USA). A chart of the procedure of this study is shown in Fig. 2.

1. MR imaging

On a 3.0 T MR scanner system (Discovery MR750, GE Healthcare, Waukesha, WI,
USA), MR imaging data of the phantom were acquired with spoiled gradient echo (SPGR)
sequence with and without a MT pulse (offset frequency = 800, 1200, 1600 Hz). Table
1 shows detailed imaging parameters.

2. B1 correction

The B1 map was derived using the double angle method. The method uses the MR
images at two flip angles (FA) acquired by gradient echo (GRE) sequence. The MR
images for B1 mapping were acquired using 2 second repetition time (TR), 5.8 ms echo
time (TE), 40 degrees FA #, 80 degrees FA 2#, and 5 mm slice thickness. Table 2 shows
detailed imaging parameters for B1 mapping. B1 map was constructed using the following
equation [9]

Fig. 3: Equation(1).
References: - Tokushima/JP

where S# and S2# are the signal intensities of the # and 2# FA images. Using equation (1),
we created a B1 map from the MR images. Then, we applied the B1 map to MR imaging
data, and performed B1 correction.

3. T1 mapping
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After B1 correction was performed, T1 maps were derived using the VFA method. The
VFA method uses more than two FA images acquired by SPGR sequence. Signal
intensities of SPGR sequence are given by [7,10]

Fig. 4: Equation(2).
References: - Tokushima/JP

where TR and FA # are the control parameters varied by the operator, M0 is the
equilibrium magnetization, SSPGR is the measured signal values. Then, based on
equation (2), we performed T1 fitting as follow:

Fig. 5: Equation(3).
References: - Tokushima/JP
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where NSPGR is the number of varied FA, arg min f(x) is the function for which f(x) attains
the smallest value, M0 and T1 are the estimated parameters determined by nonlinear
curve fitting. Initial estimation values M0 and T1 from the curve fitting values were set
to the maximum signal intensity in the same pixel of images and 2000 ms, respectively.
With fixed TR and variable FAs, the optimization of the parameters M0 and T1 was
calculated according by the relationship between signal intensity and FA. Mean T1 values
and standard division (SD) of all samples were measured on T1 maps.

4. MTR mapping

MTR maps were calculated individually using two FA images with and without a MT pulse.
MTR is determined by [2]

Fig. 6: Equation(4).
References: - Tokushima/JP

where S0 and SSAT are signal values with and without a MT pulse. MTR of all samples
were measured on MTR maps at each FA and offset frequency.

Images for this section:
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Fig. 1: The schematics of the phantom.
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Fig. 2: Chart of the procedure.
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Table 1: Imaging parameters for T1 and MTR mappings.

© - Tokushima/JP

Table 2: Imaging parameters for B1 mappiing

© - Tokushima/JP
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Results

Table 3 shows the relationship between PEG concentrations and mean T1 values of each
sample with and without a MT pulse.

Figure 7 shows T1 map derived from the VFA method with and without a MT pulse (Off-
set frequency: 800, 1600 Hz).

Figure 8 shows a graph of the data, Table. 3. By the addition of MT pulse, the change
in T1 values was seen, but there were almost no changes caused by differences in
offset frequency of the MT pulse. In the PEG 30% solution, a change in the T1 value by
the MT pulse addition was not seen. A decreasing tendency in T1 values was seen at
lower PEG concentrations, but the T1 values showed an increasing tendency when PEG
concentration exceeded 30%.

Figure 9 shows the relationship between PEG concentrations and MTR at each FA (5,
20, 40, 60, and 90 degrees). In MTR, the influence of FA and offset frequency was
remarkable.

Images for this section:

Table 3: The measured T1 values.

© - Tokushima/JP
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Fig. 7: T1 map derived from the VFA method with and without a MT pulse (Off-set
frequency: 800, 1600 Hz).

© - Tokushima/JP

Fig. 8: The relationship between PEG concentrations and measured T1 values.
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Fig. 9: The relationship between PEG concentrations and MTR at each FA (5, 20, 40,
60, and 90 degrees).
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Conclusion

Determination of T1 with a MT pulse makes it possible to obtain more detailed information
of macromolecules not provided when using MTR.
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