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Development of a new molecular image analysis method for quantitative evaluation
of intratumoral apoptosis
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Apoptosis guantitative imaging method (ASM method) for 3T MR device based on
MRI diffusion weighted image was developed using RESOLVE method. The experiments using bio-phantoms
containing cultured tumor cells clarified that the ASM method can analyze minute restricted

diffusion like apoptotic bodies with high resolution on the order of 1 micrometer. The ASM method

could visualize restricted diffusion as same as diffusion kurtosis imaging. The ASM method might be
promising as a new imaging method for restricted diffusion like apoptotic bodies.
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Readout-segmented echo-planar imaging (RESOLVE) is a multi-shot echo-planar imaging (EPI) modality with
k-space segmented in the readout direction. We investigated whether RESOLVE decreases the distortion and
artifact in the phase direction and increases the signal-to-noise ratio (SNR) in phantoms image taken with
3-tesla (3T) MRI versus conventional EPI. We used a physiological saline phantom and subtraction mapping and
observed that RESOLVE's SNR was higher than EPI's. Using RESOLVE, the combination of a special-purpose
coil and a large-loop coil had a higher SNR compared to using only a head/neck coil. RESOLVE’s image distor-
tion was less than EPT’s. We used a 120 mM polyethylene glycol phantom to examine the phase direction arti-
fact. The range where the artifact appeared in the apparent diffusion coefficient (ADC) image was shorter with
RESOLVE compared to EPI. We used RESOLVE to take images of a Jurkat cell bio-phantom: the cell-region
ADC was 856 x 10 mm?/sec and the surrounding physiological saline-region ADC was 2,951 x 10 mm®/sec.
The combination of RESOLVE and the 3T clinical MRI device reduced image distortion and improved SNR and
the identification of accurate ADC values due to the phase direction artifact reduction. This combination is
useful for obtaining accurate ADC values of bio-phantoms.

Key words: RESOLVE, bio-phantom, 3 tesla MRI, apparent diffusion coefficient, diffusion-weighted imaging

Table 1 RESOLVE and EPI MR imaging conditions, SNR, distortion, phase-direction artifact and bio-phantom

SNR and distortion Phase direction artifact Bio-phantom
Parameters
RESOLVE EPI RESOLVE EPI RESOLVE
TR (msec) 8000 8000 8000 8000 8000
TE (msec) 80 122 103 98 103
ES [msec) 0.6 1.57 0.6 1.44 0.6
FOV (mm) 120 120 120 120 120
Matrix 162 X 162 162 X 162 224 X 224 120 X 120 224 X 224
BW (Hz/pixel) 386 752 360 758 360
Average 2 2 2 2 2
Segment 7 - 7 - 7
Slice thickness (mm) 5 5 5 5 5
Slice number 1 1 1 1 1
Phase direction AP AP AP AP AP
0, 200, 400, 600, 0, 200, 400, 600, goﬁo?oggoﬁgg
b-value (sec./mm?) 1000 1000 800, 1000, 1100, 800, 1000, 1100, : ' !
1200, 1300 1200, 1300 1200, 1300, 1400,
’ ' 1500, 1700, 2000
Imaging time (h : min : sec) 7:06 1:14 1:43:30 12:42 1:43:30

TR, repetition time; TE, echo time; ES, echo space; FOV, field of view; BW, band width; AP, antero-posterior.

Fig. 1 The SNR map based on the differences in sequences and in the selection of coils. A, RESOLVE with the combination of the
special-purpose coil and large-loop coil. SNR: 46.2; B, EPI with the combination of the special-purpose coil and large-loop coil. The SNR
was 21.7; C, RESOLVE with the head/neck coil. SNR: 23.5.

Fig. 2  The distortion of images based on the different sequences and the volume of air in the phantom. A,D, T2-weighted images as
the control images without distortion; B,E, RESOLVE; C,F, EPI. A-C, No air in the phantom; D-F, Different volumes of air in the
phantom.
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Fig 3  The phase-direction artifact. A, The phantom containing 120 mM PEG; B, RESOLVE; C, EPI. The longitudinal axis of the
phantom represents the phase direction; this is shown as the midline on panels B and C; D, The ADC values calculated along the midline
of the longitudinal axis, from the bottom to the top of the phantom. Open square with full line, RESOLVE; Closed square with dotted line,

EPI.
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Fig. 4  Calculation of the ADC values of the biophantom. The
signal intensity of the ROIs on the RESOLVE images was plotted as
the function of the b-values. Open circles and squares represent the
signal intensity of the ROIs in the bio-phantom and physiological
saline, respectively. The straight lines represent regression lines
calculated with the least square method for the b-values between 0
and 1,300 sec/mm?.
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