
Fig. 1. Edema Patient: (A) T2w, (B) MWF, (C and D) T2 spectrum in ROIs

Fig. 2. MS Patient: (A) T2w, (B) MWF, (C and D) T2 spectrum in ROIs
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Targets: MD and PhD interested in white matter disease and myelin water imaging 

Introduction: Myelin water imaging (MWI) [1] is a surrogate biomarker for myelin and has been demonstrated to provide a quantitative 
measure of myelin [2]. More interestingly, it has been suggested to differentiate demyelination from inflammation or edema [1]. This idea 
was supported by multiple sclerosis (MS) lesion studies revealing different levels of MW fraction (MWF) reduction in bright T2 lesions [1]. 
Additionally, in an animal study, an inflamed nerve showed a limited change in the short T2 signal [3]. However, the effect of edema on MWI 
in in-vivo human brain has not been studied yet. Pure vasogenic edema is frequently observed in the areas of metastatic brain tumors or 
benign tumors (e.g. meningioma), and is known as lack of demyelination. Thus, we hypothesized that the vasogenic edema lesions may serve 
as a model which does not alter myelin water signal while affecting axonal or interstitial water signal. This model may help us to determine 
the specificity of MWI in differentiating demyelination from vasogenic edema. In this study, we explored the signal characteristics of myelin 
water in vasogenic edema lesions in brain tumor patients and compared the results with those of demyelination lesions in MS patients.  

 Methods: We enrolled six patients who had pathologically proven primary 
malignancy (adenocarcinoma of the lung [n = 2] and colon [n = 2], small 
cell carcinoma of the lung [n = 1], invasive ductal carcinoma of the 
breast [n = 1]) and presumed metastatic brain tumors with vasogenic 
edema that were detected at MRI. None of the patients received treatment 
for brain lesions before an MRI scan. For demyelinating lesions, four MS 
patients, who were diagnosed by the 2010 McDonald criteria, were 
included. Data were acquired at 3T MRI. A routine clinical protocol for 
conventional structural imaging was acquired. After that, 3D MWI was 
obtained using a modified GRASE sequence [4]. The sequence parameters 

were as follows: resolution = 1.5 x 1.5 x 4 mm3, # slices = 30, partial k-
space in kz = 6/8, # echo = 32, EPI factor = 3, TR = 1 sec, TE1 = 10 ms, echo 
spacing = 10 ms, and total scan time = 12.3 min. The resulting data were 
processed to generate an MWF map using regularized NNLS with B1 
correction [4]. After generating an MWF map, the signal characteristics of 
edema or MS lesions were investigated by ROIs. The ROIs were manually 
drawn based on T1w, FLAIR, and CE-T1w images as well as the MWF map. 
In two MS patients, a severely demyelinated ROI (so-called T1 black hole) 
was identified. For comparison, a peripheral ROI or a contralateral side ROI 
(if NAWM is available on the contralateral side) was determined. In edema 
patients, lesion sizes were much larger than those with MS lesions. Hence, 
the central area of the edema lesion was chosen as a lesion core and a contralateral side ROI was chosen for a comparison. For each ROI, the 
signal decays was averaged over the ROI and the T2 spectrum was generated by the same approach mentioned above.  

 Results: Figure 1 shows a T2w image (A) and an MWF map (B) of an edema patient. A 
large bright lesion was easily identified in the T2w image (arrow). In the MWF map, 
however, the same area did not show conspicuous difference. When the ROIs (lesion vs. 
contralateral side ROIs) were compared, the MWFs were different by 0.8% (Fig. 1C and 
D). The results of an MS patient are shown in Figure 2. The lesion core, which was also 
bright in a T2w image (Fig. 2A), showed 0% MWF (Fig. 2C), revealing a large difference 
from the edema lesion. When averaged over all ROIs in all subjects, the averaged MWF of 
the edema patients were 6.8 ± 2.0% in lesion core ROIs and 9.9 ± 3.5% in the contralateral ROIs. This result suggests that the MWF 
reduction in edema is relatively limited. On the other hand, in MS patients, the lesion core ROIs showed substantially reduced MWFs 
(average: 0.1 ± 0.1%) when compared to those of lesion periphery or contralateral ROI (average = 8.5 ± 4.2%).  

Discussion: Our results suggest that the MWFs in chronic MS lesions are substantially lower than those of edema lesions despite similar 
appearances in T2w images. This observation supports that MWI is potentially more specific to demyelination than conventional T2. Note that 
one has to be cautious about using MWI because MS lesions often include inflammatory and partially demyelinated lesions and these lesions 
may have slightly reduced MWF as observed in the edema lesions. Therefore, it is still challenging to distinguish lesion types solely based on 
MWI. The reduced MWF observed in edema lesion may be related to the change in axonal/extracellular water fraction. A similar observation 
was reported in the animal study of inflammatory lesion [3]. 

Reference: [1] MacKay, MRM, 1994 [2] Laule, NeuroImage 2007 [3] Stanisz, MRM 2004 [4] Prasloski, NeuroImage 2012 

Table 1. MWF in ROIs MWF 
Edema 
Patient 

Lesion Core 6.8 ± 2.0% 
Contralateral ROI 9.9 ± 3.5% 

MS 
Patient 

Lesion Core 0.1 ± 0.1% 
Lesion periphery 

/Contralateral ROI 
8.5 ± 4.2% 
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