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Introduction 
A perfusion-weighted imaging (PWI) method is proposed, where the contrast is determined by the cerebrovascular network (perfusion). Among the endogenous 
PWI methods, the arterial spin labeling (ASL) technique is commonly used for measuring cerebral perfusion by applying a tagging (inversion) pulse [1]. However, 
an additional tagging pulse can be a limitation in obtaining accurate information about the cerebral perfusion, due to various reasons including the imperfections in 
the inversion pulse or the magnetization transfer (MT) effects. In this abstract, a novel isotropic perfusion-weighting approach is proposed, where bi-polar 
gradients are used instead of the tagging pulses to obtain a high-resolution PW image with radial trajectory. 
Methods 
A pair of spin-echo (SE) images are acquired with single and double bi-polar 
gradients, as shown in the sequence diagram of Fig.1. In the proposed method, 
the radial trajectory is used to reduce the motion artifacts. Since the 
cerebrovascular network has flow segments distributed in random directions, 
the single bi-polar gradient in Fig. 1(a) disperses the phase of the flow spins 
in random directions, thereby decreasing the signal intensity of the voxel. On 
the other hand, double bi-polar gradient in Fig. 1(b) behave as the flow 
compensation gradients (1:-2:1). The signal intensity of a voxel in single 

( singleS ) and double ( doubleS ) bi-polar gradient cases can be described as 
follows, 

single
0 exp( )exp( )= − −S S bD bP , 

double
0 exp( )= −S S bD ,                       (1)                                                 

where S0 is original voxel signal including effects of T1 and T2, and 
exponentially decaying term of exp( )−bP  describes the perfusion effect, and the diffusion effect of 

exp( )−bD  can be matched by using the same b-value for the single and double bipolar gradients. If the 

cerebral perfusion is isotropic, the perfusion effect is not affected by the direction of the bi-polar gradients. 
However, it was reported that the characteristic of cerebral perfusion is not isotropic [2] and thus, the direction 
of bi-polar gradients is changed for each projection view (radial spoke) to obtain an isotropic perfusion 
weighting by expanding 2D golden angle ratio [3]. The directions of the bi-polar gradients used in this abstract 
are represented in the unit sphere as shown in Fig. 2. After acquiring two images from the single and double 
bipolar gradients, respectively, the cerebral perfusion term (P) can be obtained by dividing the image obtained 
with the double bi-polar gradient by that with the single bi-polar gradient. A simulation was performed to 
demonstrate the feasibility of the proposed method with various flow speeds (v) (given values of b = 35 s/mm2 
and q = 1) [4] and with various partition coefficients (q = flow spins/total spins in a voxel) for given values of b 
= 35 s/mm2 and v = 1 mm/s. Then, the human brain images were obtained at a 3T scanner (Siemens Verio, 
Germany) with a 12-channel head coil using the following parameters: TR/TE = 2000/54 ms, FOV = 256×256 
mm2, slice thickness = 5.0 mm, b-value = 35 s/mm2, number of directions of bi-polar gradients = 328, and 328 
sampling points with 328 projection views. 
Results 
The simulation results of Fig. 3 demonstrate the signal changes when the diffusion effect is ignored. As shown in Fig. 3, S single decreases as the flow speed or 
partition coefficient increases because a fast flow results in a more dispersed phase of spins and a large partition coefficient reduces the zero-phase spins. However, 
S double is always 1 because the dispersed phase of the flow spins is compensated and MR signal is not affected by flow in the cerebrovascular network. Therefore, 
the proposed method can obtain the information of the flow speed and partition coefficient in the cerebrovascular network using the pair of images. In Figs. 4(a) 
and (b), the brain images acquired with the single and double bi-polar gradients are presented and the reconstructed PW image with an in-plane resolution of 
0.78×0.78 mm2 is presented in Fig. 5, showing the increased perfusion level along the cortical ribbon.  
Conclusion & Discussion 
As demonstrated by the experiments, a high-resolution PW image is obtained by the proposed method without any tagging pulses. The feasibility of the proposed 
method was evaluated by computer simulations and MR experiments. By manipulating the gradient directions, perfusion tensor imaging can be obtained and 
further work will include a quantitative analysis. 
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Figure 1. The proposed sequence diagram for perfusion weighted MRI. 

Figure 2. The directions of bi-polar gradients 
used in this experiments 

Figure 3. The simulation results with respect to cerebral perfusion. Figure 4. In-vivo brain images 
under (a) single bipolar gradient 
and (b) double bi-polar gradient. 

Figure 5. A high-resolution PW image 
reconstructed from Fig. 4. 
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