
Final Progress Report 
Real-time 3D MR Thermometry for Focused Ultrasound Surgery 
 
The specific aims of this project were the following: 

1. Develop a 3D thermometry method based on spiral-in-out k-space scanning. 

2. Develop an accelerated 3D thermometry method based on the Kalman filter.   

3. Develop real-time reconstruction and display of the 3D temperature maps acquired using 
the methods of Aims 1 and 2.    

Overall, we achieved these aims during this project.  Retraced spiral-in/out 3D thermometry 
results in minimal blurring of the hot spot.  Conventional low-bandwidth 2D Cartesian images 
show substantial shift of the hot spot, whereas 3D spiral images show no shift. The 3D spiral-
in/out sequences were able to dynamically resolve the hot spot and matched the quantitative 
temperature measurements obtained from the standard 2D Cartesian sequence. In vivo, the 3D 
spiral sequence allows 4-dimensional monitoring of thermometry, with an update time of 7.7 
seconds without Kalman acceleration.  The Kalman acceleration provides a method for 
accelerating the spiral scans further by a factor of 2-4.  In phantom studies, Kalman acceleration 
results in good aliasing artifact suppression and better temporal fidelity than conventional view 
sharing methods. The Kalman acceleration method does not require separate training scans, 
because it adaptively trains its parameters. 

These methods warrant further study.  Retraced spiral-in/out 3D thermometry has substantial 
speed advantages over conventional Cartesian methods and provides more accurate hot spot 
localization.  Initial in vivo studies show reasonably good precision and accuracy, but further 
improvement in precision is needed.  The initial studies were performed using body coil 
reception, so that the signal-to-noise ratio in vivo was suboptimal. Initial experiments with a 
surface coil have yielded substantially improved SNR and higher precision than with 
conventional techniques; this should be validated in a larger in vivo study.  3D thermometry thus 
provides strong motivation for developing a human head coil compatible with the transducer.  
The temporal resolution of the 3D spiral thermometry method needs to be improved by a factor 
of 3-4.  We have demonstrated this amount of acceleration using the Kalman filter in phantom 
studies.  Future studies are needed to validate this combination in vivo.  When combined with 
surface coil or head coil reception, the combined method should meet or exceed all of the desired 
specifications for treatment monitoring.   
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