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Abstract: In exvivo highresolution diffusion magnetic resonance studies, the conventional
diffusion-weighted spin-echo pulse (DWI-SE) sequence is difficult to satisly the large sample requirement
due to the long scan time. Multi-shot diffusion-weighted echo-planar imaging (MS-DWI-EPI) sequence,
which combines echo-planar imaging (EPI) readout and k-space segmented acquisition, not only
significantly improves the scanning efficiency, but also effectively reduces the common image aberration
and distortion problems of single-shot EPI. However, the microstructure resolution ability of
MS-DWI-EPI in ex-vivo samples still lacks systematic validation. In this study, we perform

high-resolution diffusion imaging of ex-vivo mouse brains using 3D DWI-SE sequence and 3D
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MS-DWI-EPI sequence, and evaluate the differences between these two sequences in signal-to-noise ratio,
diffusion tensor imaging (DTI) parameter estimation, and tractography performance. Experimental results
show that the scanning time of the MS-DWI-EPI sequence is nearly 50% shorter while the signal-to-noise
ratio of its raw b0 images is about three times higher than the DWI-SE for the same spatial and angular
resolution of acquisition. In critical anatomical regions such as the corpus callosum and hippocampus,
MS-DWI-EPI not only enhances the structural contrast of DTI images, but also improves the
tractography. The sequence achieves a good balance between imaging efficiency and quality, providing a
more efficient diffusion-weighted imaging protocol for high-throughput microstructural studies.

Key words: magnetic resonance imaging (MRI); echo-planar imaging (EPI); diffusion tensor imaging

(DTT); mouse brain; tractography
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(a) Mouse brain placed in a 5 mL syringe filled  (b) Sample fixed on the small animal scanning
with perfluoropolyether bed

PRI T R AR 11 T 5 R o
Fig.1 Preparation and scanning preparation of ex-vivo samples
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Denoised
DWI-SE

Denoised
MS-DWI-EP

(b) Denoised dMRI data
K2 J£F DWI-SE MMS-DWI-EPIF 41 & B i 5 (9 IMRI AU
Fig.2 dMRI data before and after denoising based on DWI-SE and MS-DWI-EPI sequences
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40 __ 60 - __
30
g Zaot
20t
20 -
S
0
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(a) Raw MS-DWI-EPI b0 image (b) SNR of raw data (c) SNR of denoised data

3 T DWISE M MS-DWIEPTF S AMRIEE #) SNR 7E H HE 5L
Fig.3 Quantitative comparison of SNR for dAMRI images obtained from DWI-SE and MS-DWI-EPI sequences
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MS-DWI-EPI

4 T DWISEMMS-DWI-EPTF 51 DTIZ$E (FA MD \AD RD)
Fig.4 DTI parametric maps (FA, MD, AD, RD) estimated based on DWI-SE and MS-DWI-EPI sequences
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(d) Histogram of AD (e) Histogram of RD

K5 3+ DWI-SE f1 MS-DWI-EPLJ¥41 ) DTIZ 4 7E ROTH % H 4 Bt
Fig.5 Comparative analysis of DTI parameters in ROI based on DWI-SE and MS-DWI-EPI sequences

(a) $2 AL T AN [) g DX 47 =], 25 A AR 3R TR Rl i i X . P 5(b) 28] 5(e) R T 54N il X AE FA
MD AD FI RD $8 b5 T (45 R X5 1. I Al LUF Y, MS-DWI-EPT T 81 £ K il 2 )2 it B X B FA
W] T DWI-SE F41 . 78 MD .AD fI RD {8 I, MS-DWI-EPI 3 i W% /5 T DWI-SE, X — 22 % 7E (4
J5it &35 49 JF I A S B B, 220 2924 0.1 pm®/ms.
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& 6 7R T 3T DWI-SE Fl MS-DWI-EPIJ¥ §1] 1) 4 i colormap #il tractography 5 £ . F: T DTI &
#1 colormap 7% , MS-DWI-EPIJF 51| 75 16 E (£1(0, 75 HE ) Al /NG (€8, 07 ) X 38 v 22 330 2 B0 3 A 1)
] VRN 2 R T FL B . EF A IR R 25 i — 2P B, MS-DWI-EPL ¥ 81| #8 A [] X 35 1) £F 24k 8% 42 5 i 3%
SL PR A W T B A R W A 2T 4 25 4 1 v] MLAL S5 g A RS B AT DWI-SE J# %1,

Colormap Tractography

MS-DWI-EPI DWI-SE MS-DWI-EPI

K6 %ETF DWI-SE #I MS-DWI-EPIJF 41|14 colormap Fl tractography 4%
Fig.6 Colormap and tractography results based on DWI-SE and MS-DWI-EPI sequences

& 7 /R T DWI-SE Al MS-DW I-EPLJF 81 75 JJf IR 4 44 BCAY 21 4 oG8 B 45 SR M OB S 25000 & i+
38T ME7(a) F1 7(b) W] DL £ 5], MS-DW I-EPT 7 51 76 [P G4 ) 2T 2 ok s 465 S5 26 B0 H 5 o 33 i £
WLk I HAgesim 4. B 7(c) iE 45 8 WoR , MS-DWI-EPT 5 81l 78 £ 4 (R BRI £F 4k 2% B vp 2
TR WS, P, MS-DWI-EPL i £ 4 A FU b JL-F & DWI-SE i Wi 5 . DL L &5 S R/
MS-DW I-EPT 7 £F 2 45 #4) 119 3 $2 A 0] #0461 HA S5m0 RE 77 .

[ = DWI-SE
| = MS-DWI-EPI

Length/mm Volume/mm’ Density / (fibers - mm™)
Morphological parameter

(a) Corpus callosum tractography based (b) Corpus collosum tractography based on (c) Quantitative comparison of morphological
on the DWI-SE sequence the MS-DWI-EPI sequence parameters of the corpus callosum fibers

K7 3T DWI-SE M MS-DWEPT T 1] i Jhf NI A4 21 4E 538 87 KOV 482 2 808 B o i
Fig.7 Corpus callosum fiber tracking and quantitative analysis of morphological parameters based on DWI-SE and

MS-DWI-EPI sequences

2.4 HHMEESWER

K 8 JE/R T DWI-SE fl MS-DWI-EPT Wi F 5 571 75 45 A4 3% 1240 B Je HoA $h 46 A L AG X b 25 51, Horp
Pl 8 (a) Fl L 8(b) H 1) 4% ¥ 32 422 A B 0 % 5L 1 46 422 08 B8 47 1 LA 10 S I A X 83028 4 o T LAk 45 2R B
N MS-DWIEPLAH L DWI-SE £ 88 85 2 i i B i 2 ) X3, e Ah 181 8 (o) 9 7 dit 4 AT 25 SR it — b
R, MS-DWI-EPI F B9 4 J5) 2 % (0.455 3 vs 0.434 2) Al B 2% & $1(0.352 3 vs 0.336 6) 0 & T
DWI-SE, X —#a# KW , MS-DWI-EPI 7F % 1k [ £ B & 68 71 55 Jm) 5 5 4 1k J5 1l vT g fL T 1% 4t
DWI-SE.
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(a) DWI-SE structural connectivity (b) MS-DWI-EPI structural connectivity (c) Structural network topolopy
matrix matrix metrics

8 JET DWISE Il MS-DWI-EPT T 81 () 25 4 142 $ 5 B S 45 44 I 465 4 F 5 A X Ee
Fig.8 Comparison of structural connectivity matrices and structural network topology metrics based on DWI-SE and

MS-DWI-EPI sequences
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