3. Distortion in EPI due to B0 Inhomogeneity
Background 

The echo-planar image (EPI) is distorted due to local field gradients present in the head during imaging. Since the acquisition of k-space data is very asymmetric in EPI, with the readout direction points (kx) collected quickly and the phase encode steps (ky) relatively slowly, the distortion is essentially entirely in the y direction (phase encode direction). 
The relative distortion between the two directions can be estimated from the relative speed of the acquisition. In kx, at a typical readout BW (say 2.2kHz/pixel or 140kHz in frequency across the 64 pixel image), the dwell time (time between kx samples) is 7.1μs. The ky sampling rate is slower because of the zig-zag trajectory, and is about 64 times slower. This gives a sampling spacing of 64 * 7.1μs = 0.45ms. We call this .the "echo-spacing", (esp), of the sequence, the time between gradient echos (acquisition of the kx=0 point). 
The effective "bandwidth" in the phase encode direction is therefore 
[image: image1.wmf]esp

1

 across the image or 1/64*esp = 34.7Hz/pixel. Therefore a B0 shift which induces a 34.7Hz frequency shift will induce a shift in this region of 1pixel. The frequency shifts in the "bad susceptibility" regions of the brain are easily in the 100Hz range. Therefore, the principle metric of how distorted the EPI sequence will be is its effective echo-spacing. For conventional echo-planar imaging, this is basically limited by the gradient slew rate and amplitude. Using parallel acceleration such as SENSE or GRAPPA effectively decreases the esp by a factor of the acceleration factor, (i.e. 2 or 3 fold).
Experiments

In this lab we will acquire images with different effective esp and compare the distortion in the brain.
Acquisition :

1) epi_sp460: voxel size = 3.1 x 3.1 x 3.1, Matrix size = 64x64, BW=2520Hz/px, ESP=0.46ms, effective esp =0.46ms
2) epi_sp470_grappa: voxel size = 3.1 x 3.1 x 3, Matrix size = 64x64, BW=2520Hz/px, ESP=0.46ms, effective esp =0.46ms

3) epi_sp730: voxel size = 3.1 x 3.1 x 3, Matrix size = 64x64, BW=1502Hz/px, ESP=0.73ms, effective esp =0.73ms

· Lab Question 10: How do the two coronal images compare? What is the main cause of the distortions? What parameter(s) can be changed to reduce distortion? Are there any penalties associated with changing the parameter(s) to decrease distortions?  
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