MR-PET/HIFU/Hybrid Technologies

MR combined with other imaging and intervention methods offers some unique advantages. As an
example, ultrasound devices allow controlled energy deposition into a target tissue. This energy
deposition is now used clinically to thermally ablate tissue as a replacement for invasive surgical
procedures. Combining the ultrasound devices with MRI guidance, monitoring and control provides
attractive methods for minimally invasive or completely noninvasive surgery. The first high intensity
focused ultrasound (HIFU) devices were integrated in the MRI table and have been tested for the
treatment of benign and malignant breast tumors, uterine fibroids, back pain, bone tumors, and liver
tumors. Special phased array applicators for brain interventions are also in clinical testing. Similarly,
endocavity devices have been developed for prostate treatments. Regulatory approval has been granted
in Europe for uterine fibroid, bone, and essential tremor treatments and in the USA for fibroid and bone
treatments. These special phased array devices are now being explored for use in MRI targeted drug

delivery and hold special promise for use in brain treatments [1].

Significant progress has been made in combining MR with PET to provide simultaneous imaging with
these two modalities [2],[3]. The obvious benefits of this approach are as follows: First, the precise
registration of both images. Second, the need for only one imaging session, leading to a reduction in
imaging time. Third, and perhaps most important, the increased diagnostic value of the combined

imaging [4;5],[6].

There are several more advantages that can be derived from this combination, such as the ability to use
MRI motion tracking to improve PET imaging in moving organs such as the liver and heart. In addition,
such a device, when combined with a HIFU system, offers molecular targeting with the PET and
temperature monitoring and control with the MR, potentially providing significant value, for example,

for noninvasive cancer ablation.

Other hybrid methods that combine MR with other methods, such as ultrasound imaging [7], may offer
enhancements over standard MRI, for example, enhancements that take advantage of the very high

imaging speed of ultrasound and that allow for the ability to track blood flow in very small vessels.

In this presentation, the current clinical and experimental results for some of these hybrid methods will

be presented and the potential for novel hybrid methods will be discussed.
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