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head array development (Aim 1.2) and the pulse 
design effort (Aim 2.2), and will be closely tied to 
the SAR reduction research (Aim 3.3).

As a practical example of the use of parallel 
excitation to accelerate imaging speeds, we con-
sider the case of cardiac imaging.  The required 
heart is about 20 cm, while the imaging FOV cov-
ering the entire chest wall is 40 cm.  If we can 
restrict the imaging volume with transmit SENSE, 
we can reduce the number of voxels we need to 
encode, speeding up image acquisition. In addi-
tion, we can correct for nonuniformities in the B1 
profile to provide a more uniform excitation, and 
more consistent image contrast across the volume.

Figure 20 shows the excitation k-space trajec-
tory for a half-undersampled pulse that will be 
used in a phased-array excitation to achive the 
magnetization profile shown in Figure 20c.  The 
profile is offset from the center by 8cm in the Y 
direction. 

Figure 22 presents the phased-array excitation 
that achieves the desired magnetization profile, as 
well as the eight excitation profiles from the inde-
pendent coils if they had been excited separately. 

The ROI is prescribed in the axial plane, while the 
8 16-cm diameter circular coils are arranged circu-
larly around the central FOV with their centers 21 
cm from the center of the 40-cm FOV.

The phased-array acceleration of this excitation 
shortens the duration of the pulse from 5.6 ms to 
2.9 ms.  This excitation is coupled with a CEPI 
imaging trajectory covering a 22-cm FOV with 1 
mm resolution. lf imited to a short 6.5-ms readout 
window, the advantages of the ROI selection 
become immediately apparent.  The  “fast” direc-
tion of the readout gradient is in the Z to restrict the 
Z FOV. The “slow” direction in X.  This would allow 
a single plane in kz-kx to be acquired in 20 inter-
leaves. Additional phase encodes could then 
acquire the 3D volume.  With the addition of a con-
stant spoiler, the total TR for this sequence is only 
11.5 ms. If the ROI selection had not been applied, 
then a total of 40 interleaves would have required.  
This is a speedup of 2 in the overall imaging time. 
Another factor of 40/22=1.8  is obtained in the 
phase encoding direction, giving an overall 
speedup of 3.6 from transmit SENSE.  Additional 
speedups can be obtained by applying receive 
SENSE.

Aim 2.4.2—Combined use of parallel transmit and 
receive to achieve high acceleration without excessive 
SNR degradation
For applications that demand substantial spatial 
coverage and hence not able to readily benefit 
from the acceleration capacity of the rapid ROI 
technique, we will develop a new technique that 
combines parallel transmit and parallel receive. In 
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Figure 20. a) Spiral k-space trajectory to excite 20-cm FOV 

with a resolution of 1.25 cm.  b) Gradient waveforms to 

achieve the trajectory shown in a).  c) Target magnetization 

profile over a 40-cm FOV; equivalent to that obtained using 

two interleaves of the trajectory given in a). 
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Figure 21. An imaging pulse sequence that uses this pulse 

volumetrically image the heart. 

Figure 22. Phased-array exitation of the axial ROI cylinder 

is shown in the center image.  The surrounding 8 

images show the individual coil contributions from the 

8 coils arranged circularly around the central FOV. 
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