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Introduction

Viable areas of white matter tracts will retain a defined intra-axonal space even if the surrounding 

tissue is edematous or partially infiltrated by tumor or both. These pathologies may significantly 

reduce the measured diffusion anisotropy rendering conventional DTI-based fiber tracking 

problematic. Restricted diffusion in brain manifests as non-attenuating substrate when long 

diffusion gradients are applied. Typical clinical diffusion imaging utilizes gradient pulses of 

approximately 20 ms or more, that fall into this category. For details see Ref. [1]. DTI acquired with 

multiple b-values can be analyzed to yield the non-attenuating signal fraction. 
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Methods
Twelve patients with brain tumors were scanned preoperatively under a surgical planning protocol 

that included both fMRI and DTI. The eigenvectors were determined from 36 isotropically 

distributed (b=800 s/mm2) gradient directions. Once the eigenvector directions had been 

determined, it was unnecessary to sample high b-values in all directions �±sparse sampling of high 

b-values suffices when it is combined with dense sampling at low b-values. The DTI scan included 

14 directions with higher b-values, up to 2400 s/mm2. The portion of the signal representing 

restricted intracellular water was extracted using analysis based on Ref. [2]. 

Results and  Figure Legends
Five examples are shown below. 

The gray-scale images are contrast-enhanced T1 on the left, and T2-FLAIR on the right. 

The color images labeled A-D are: A: apparent diffusion constant (ADC); B: fractional anisotropy 

(FA); C: restricted water fraction (C0); D: restricted water image (RWI), M0*C0, where M0 is the T2-

weighted EPI. 

The contour plots show RWI overlaid on T2-weighted EPI (M0). The arrows point to areas of tissue 

heterogeneity identified by RWI but not found using conventional MRI or DTI.

Discussion
Brute force solutions for multi-b-value, multi-direction DTI in which multiple spherical shells are 

acquired are generally too long for clinical use. The strategy of calculating eigenvectors from one 

inner shell and sparsely sampling other shells has important implications for the feasibility of high b-

value clinical DTI data acquisition. 

A new contrast mechanism, not available from other MRI methods, is demonstrated.�±currently it is 

under investigation for use in differentiating pathologies and types of edema, and for assisting DTI-

based fiber tracking through edema. It may also prove a useful tool in separating recurrent tumor 

from radiation necrosis and for biopsy guidance. Histopathological verification is needed. 

Oligodendroglioma, grade II:
According to RWI, a much larger 

area of tissue (1) has 

compartmentalized space than is 

reflected in FA (B).

An area of previous resection has 

little compartmentalized water (2).

Metastatic Adenocarcinoma:
Vasogenic edema may be 

responsible for the high T2 signal 

with preserved intracelluar space 

(1). Parts of this lesion appear to 

have no restricted water (2), while 

other parts are comparatively 

more compartmentalized (3).

Glioblastoma Multiforme : 
An area of relative tissue destruction and 

low RWI (1) is adjacent to very high RWI 

(2),Parts of the lesion appears to have 

normal levels of intracellular water.. 

Oligoastrocytoma, grade II:
The extensive areas of normal 

(high) RWI (1) overlaid on 

hyperintense T2 might indicate 

the border between edema and 

tumor. 

Meningioma: 
Exhibits three main areas �±
near the brain surface a bright 

RWI area unlike any other brain 

tissue (1), another area that is 

bright on T2 but dark on RWI, 

suggesting the absence of 

normal structure (2), and an 

area that is bright on T2, but 

relatively normal on RWI (3). 
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