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ABSTRACT

Histological magnetic resonance imaging (histo-MRI) is a high-resolution imaging technique capable of
providing microstructural information approaching the level of conventional histopathological analysis and has
primarily been applied to ex vivo tissue samples. While MRI in general offers the advantage of in vivo image
acquisition, histo-MRI in an ex vivo environment provides high image contrast for a wide range of biologically
derived substances, including metabolites, and enables quantitative signal analysis. These characteristics distinguish
histo-MRI from conventional optical microscopy-based histological methods and make it a valuable tool for
detailed structural and functional tissue analysis in pathological and preclinical research. However, conventional
histo-MRI implementations relying on single-channel transmit/receive coils require long acquisition times, which
limits their practical use, particularly in studies involving multiple samples. Conventional double-plate
radio-frequency (RF) receive coils used in histo-MRI can significantly disturb the transmitted RF magnetic field
(B1%) when operated in conjunction with an external transmit coil, resulting in reduced excitation efficiency within
the sample regions. In this study, a spiral-shaped RF receive coil is proposed to minimize transmit field shielding
while maintaining high receive sensitivity. Electromagnetic simulations were performed at 500 MHz using a
birdcage coil as a single transmit source, together with a 16-channel receive coil array. The B1* and B1~ field
distributions of the two coil configurations were compared within a rectangular phantom (20 x 20 x 1 mm’®). In
the double-plate configuration, the mean B1" inside the samples was approximately 0.56 uT with a mean B1~ of
about 2.02 uT. In contrast, the spiral configuration increased the mean B1* to approximately 3.98 uT and
improved the mean Bl~ to approximately 4.44 uT, indicating enhanced excitation efficiency and receive
sensitivity. These findings indicate that spiral RF receive coils represent a promising alternative for efficient
multi-sample histo-MRI under a single transmit-channel configuration

Keywords: Histological MRI, Multi-channel Spiral RF Coil, Electromagnetic Simulation, B1 field homogeneity,
Multi-sample MRI
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Fig. 4. 16-channel DP RF receive array placed in
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Table 2. Features of simulated B1" field of birdcage RF
coil with DP RF coil array

Sample 1 Sample 2 Sample 3 Sample 4

Sample Mean Value Maximum Minimum Standard
Number (uT) Value (uT) Value (UT)  Deviation
1 0.624 0.672 0.567 0.026
2 0.515 0.550 0.477 0.018
Sample 10 ‘:ample 1
3 0.513 0.543 0.484 0.015 .
4 0.645 0.690 0.590 0.025 . (B)-(uT]
5 0.612 0.661 0.553 0.027 Sample 13 Sample 14 Sample 15 Sample 16 %
6 0.514 0.547 0.478 0.017
7 0.515 0.547 0.481 0.017
8 0.621 0.670 0.562 0.027 Fig. 10. B1~ Field from Spr RF coil array.
9 0.619 0.668 0.561 0.027
10 0.515 0.547 0.481 0.017 )
Table 3. Features of simulated B1™ field of Spr RF
11 0.514 0.548 0.478 0.017 .
array in the sample
12 0.611 0.660 0.553 0.027
Sample Mean Value Maximum Minimum Standard
13 0.645 0.692 0.590 0.026 Number (uT) Value (uT) Value (uT)  Deviation
14 0.513 0.543 0.484 0.015 1 3812 5.587 2.956 0.657
15 0.515 0.549 0.477 0.018 2 4.908 7.335 3.744 0.897
16 0.624 0.672 0.567 0.026 3 4.757 7.116 3.634 0.870
4 4.495 6.644 3.500 0.786
5 3.477 4.633 2.780 0.463
6 4.876 6.663 3.881 0.695
2. Spr RF 3g¢] 9= 54
7 4.833 6.697 3.886 0.702
Uiy A 2ds A8 49, 74 Bl 2= 8 4296 5.905 3.536 0.592
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HAAE Table 39 X2 X 7]|8FA 13 3,738 5.806 2.934 0.718
14 4.867 7.630 3.785 0.961
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Table 4. Features of simulated B1" field of birdcage RF
coil with Spr RF coil array

Sample Mean Value  Maximum Minimum Standard
Number um) Value (uT)  Value (uT) Deviation
1 4.908 7.531 2.294 1.309
2 2.823 4.230 2.082 0.537
3 6.517 9.475 3.209 1.567
4 1.803 2.988 0.989 0.500
5 5.986 9.578 3.150 1.607
6 2.996 4.409 2.231 0.545
7 7.835 11.54 4.124 1.855
8 1.798 3.015 0.865 0.537
9 4411 5.815 3.046 0.692
10 2215 2.454 1.547 0.227
11 6.118 7.600 4.406 0.799
12 1.410 1.526 1.029 0.124
13 4.346 7.269 2.527 1.186
14 2.697 4.290 2.092 0.550
15 5.846 8.799 3.576 1.306
16 1.992 3.568 1.321 0.562

DP RF Coil with Birdcage Coil Tx

Spr RF Coil with Birdcage Coil Tx

Fig. 12. B1" Field comparison between DP RF coil and
Spr RF coil when birdcage RF coil used Tx.
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