Intra Voxel Incoherent Motion (IVIM) MRI: an alternative method to get spinal cord (SC) vascular description. Preliminary

results in healthy and injured mice.
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INTRODUCTION: Blood perfusion plays a crucial

role in spinal cord injury (SCI). It is involved in Fig.2 : IVIM signal decay in
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METHOD: Experiments were conducted on :t’ 5
anesthetized healthy mice (n=5), on an 11.7T Bruker
scanner, using a volume coil and a Stejskal-Tanner (a) o0 -
diffusion sequence (10 b-values ranging from 0 to 700
s/mm?, 2 directions (parallel (//) and perpendicular (L) to 14
the SC axis (fig.1)). Image acquisitions were —
synchronized with respiration. = 12
The IVIM protocol was applied in an injured mouse E 10
model (PSI impactor, C3 level, left lateral), along with spinal cord blood flow (SCBF) measurements performed = g
with Arterial Spin Labeling (FAIR-QUIPSII ASL technique) [6,11]. IVIM indices and SCBF values were 2
measured at days 8, 15, 25 and 30 post-injury (dpi). The mouse was then sacrificed for immunohistochemistry E 6
analyses. 4
Whereas conventional diffusion signal follows the equation S=S,.exp(-b.ADC), with S, the signal amplitude for
b=0 s/mm? and ADC the apparent diffusion coefficient (mm?s), the IVIM signal decay (fig.2) is given by: 2
S=8,.[(1-f).exp(-b.D)+f.exp(-b.(D+D*))], with f a vascular fraction related to the amount of active capillaries (b) o -
(%), D the water diffusion coefficient and D* a flow or velocity index (mm?s).
In a first approach, D, f and D* were calculated by a segmented analysis [9], in regions of interest (ROI) located 350
in the ventro-lateral white matter (vVIWM) and ventral gray matter (vVGM). =
RESULTS: For healthy mice, ADC was significantly higher than D, in both GM (data not shown) and WM -S 300
(fig.3, control), demonstrating a vascular contribution in the diffusion measurement. f was found equal to 8% in S 250 -
WM and 10% in GM (fig.4a, control), and D* equal to 5.4.10~° mm?/s in WM and 5.6.10° mm?s in GM (fig.4b, _3‘_-
control). For the injured mouse, ADC was also higher than D (fig.3). The evolution of D values indicated fiber & 200 7
disruption (D]) in the early days, and then gliosis (D1). Fig.4 shows the posttraumatic evolution of the vascular & 150 -
parameters (f, D* and SCBF) in both GM and WM. The visible vascular fraction, f, did not show significant 8
changes during the first 2 weeks, however it dramatically increased during the 3™ week, especially in WM. This “ 100
was attributed to angiogenesis and confirmed by histology, which demonstrated a significant increase of the 50 -
number of vessels in the WM lesion compared to control mice. D* and SCBF values, after an initial drop due to
ischemia during the 1% week, increased significantly. These hemodynamic patterns were characteristic of 0 -
neuronal regeneration and tissue repair [3,12]. Fig.5 shows the evolution of the SCBF values as a function of D* (c) control 8 15 25 30dpi

during the posttraumatic follow-up. A fairly good

Fig.4: Posttraumatic evolution of (f, D*, SCBF).

of diffusion and perfusion indices at the same time. For injured mouse, the evolution of the vascular IVIM indices
were correlated with SCBF values and confirmed by histology analyses. Thus, although IVIM parameters did not
directly described perfusion, this study demonstrated its potentiality in providing relevant vascular information.
Further investigation and methodological improvements (including IVIM maps for low-perfusion regime) are
worthy since IVIM may constitute an alternative method to get SC vascular descriptions and pathological
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