
Fig 1. Appearance of SWI hypointensities changes over time in lumbar spinal 
cords of EAE mice, but not in naïve controls. (a) SWI MRIs of a naïve control 
mouse over the time points imaged. No differences are seen between images 
acquired at different time points. (b) and (c) show SWI MRIs of different EAE 
mice. Time points at which SWI hypointensities appeared prominently are shown 
(white arrows), which are variable between different EAE mice. 
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Target audience: Those using susceptibility based MRI and susceptibility weighted imaging (SWI) to study multiple sclerosis (MS) models 
and to image patients, and those interested in venous oxygenation in MS.  
Purpose: SWI lesions have been reported in MS patients1. We previously confirmed the presence of SWI-based lesions (hypointensities) in 
the experimental autoimmune encephalomyelitis (EAE) model of MS, supporting the model’s use to study the underlying pathology of SWI 
lesions. We then showed that most SWI hypointensities were due to intravascular deoxyhemoglobin (hypoxia)2. In that study, EAE mice were 
imaged during peak disease when their motor dysfunction was at a maximum. The purpose of the current study was to characterize the time 
course of SWI lesion load as a biomarker of reduced venous oxygenation over the EAE disease course. A primary aim was to determine if 
veins appear/are prominent before the onset of motor dysfunction in EAE mice which would suggest that hypoxia precedes impairment. 
Methods: Lumbar spinal cords of naïve control (n=3) and EAE mice (n=9) were imaged serially four times: 1) baseline, 2) 7 days (prior to 
motor dysfunction), 3) 12 days (at onset of motor dysfunction) and 4) 16-18 days (peak motor dysfunction) post-immunization. For EAE 
mice, baseline imaging was done one day prior to EAE immunization. Naïve control mice were matched with EAE mice for imaging time 
points, and naïve mice were always imaged on the same days as EAE mice. A 9.4T Bruker Avance console with a 20mm surface coil was 
used for imaging with 3D GEFC (matrix=192x128x32, TE/TR/α=4ms/50ms/15°, NEX=17, voxel size=48x100x400μm). SPIN software was 
used to process images3, using a 32x32 Hanning filter and by multiplying the negative phase mask into the magnitude data four times to 
create SWI images. Lesions were counted by two researchers in blinded fashion. To compare changes in the number of SWI hypointensities 
seen over time, and to take into account variability between different animals, a ratio was used of the number of SWI hypointensities at a 
given time point to the number of SWI hypointensities at baseline. Image plans were co-registered using morphological landmarks. 

Results: The appearance of SWI hypointensities did not 
change over time in naïve controls (Fig. 1a). In 7/8 EAE 
mice, SWI hypointensities were observed at one or more 
time points. In 3/8 EAE mice, hypointensities were at a 
maximum at 7 days (Fig. 1b) and appeared less dark at 12 
and 17 days. The EAE mouse in Fig. 1b showed motor 
dysfunction beginning at day 11 (maximum at day 17), while 
SWI hypointensities were most prominent 4 days prior (day 
7). In another EAE mouse, hypointensities were not seen 
until day 12 (Fig. 1c). Here, hypointensities became less 
prominent by peak disease (16 days). Motor dysfunction for 
that EAE mouse was maximal at 12 days, corresponding to 
the time when SWI hypointensities appeared most prominent 
(dark). Ratios to baseline for naïve controls were low and 
constant (range: 0.80-1.31), but ratios to baseline for EAE 
mice showed wide variability (range: 0.45-6.75) (not 
shown). This descriptive study shows that maximum SWI 
lesion load occurs before or is coincident with maximum 
motor dysfunction in EAE mice.  
Discussion: Changes in the presence or prominence of the 
venous vasculature may precede the onset of motor 
dysfunction in EAE mice; this suggests possible venous 
hypoxia associated with chronic inflammation. There may 
also be an increase in vascular area and blood vessel density, 
as has been reported by others4 in the spinal cord white 
matter of EAE mice before changes in motor function. 
Conclusion: SWI detects dynamic changes in the venous 
vasculature over the EAE disease course which could shed 
light on venous oxygenation in EAE and MS. This may be 
the first SWI study to show that venous hypoxia can occur 
before motor dysfunction.   
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