
MR-GUIDED FOCUSED ULTRASOUND SURGERY

In MRGFUS, sound waves are focused to produce heat at a single point 
within a tumor or lesion, similar to a magnifying glass focusing sunlight. 
Temperatures can reach 100 degrees Celsius within 20 seconds, non-
invasively destroying the target while leaving surrounding tissues 
unaffected. MRI is used to precisely monitor ultrasound targeting and 
temperature changes.

Current indications include treatment of uterine fibroids, bone/soft tissue 
tumors, prostate cancer, brain targets (e.g. essential tremor), with many 
more being actively studied…

At UCSF, we are pioneering clinical trials of new indications, 
establishing gold standard technical parameters, and developing 
specialized MRI sequences for MRGFUS.
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values and temperature. In particular, there was a large
difference between the measurements with and without
water suppression. Although yellow marrow mainly con-
sists of fat cells, there could still be a contribution of
water spins to the measured T2 in the non-water-
suppressed acquisitions or a portion of the fat spins
could be suppressed in the water-suppressed acquisition.
Changing the echo times had less effect on the measured
values. In order to achieve high temperature accuracy,
the calibration of T2-based thermometry techniques

should be done with the same parameters as those used
for temperature monitoring during the treatment of pa-
tients. To maintain consistency despite varying concen-
tration of water in the marrow, water suppression
should be used for T2-based thermometry of fatty tis-
sues and was employed in the rest of the experiments
presented here.
In the experiments in ex vivo trabecular and cortical

bone, we observed that even though the focal points
were placed in the middle of the bone, due to the high
ultrasound absorption of bone, most of the energy was
absorbed at its edge. The trabecular bone ablation exper-
iments, where heating continued for 8 min, showed that
there was a residual change of T2 values in the area of
the marrow that experienced heating even after the sam-
ple returned to the room temperature. This was consist-
ent with the results of our calibration experiments in
yellow and red marrow, where T2 values followed a
more gradual slope on the cooldown from high tempera-
tures then the values observed during heating. Similar
effect has been previously observed in subcutaneous fat
after exposure to high temperatures [23]. Elevated T2
values in the areas of thermal damage could be an indi-
cator of irreversible tissue changes and allow for evalu-
ation of treatment effects during bone MRgFUS therapy.
We did not observe residual T2 changes in the marrow
of the ex vivo or in vivo cortical bone ablation. Either
the shorter sonication duration did not cause irreversible
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Fig. 5 T2 maps of sample 2: a during heating; b after reaching
room temperature; c T2 profile of the sample along the line, shown
in a; d T2 profile along the line, shown in b
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Fig. 6 T2 measurement in ex vivo bone marrow during and after the heating. a Localizer image showing the ultrasound transducer in the table.
b T2 map during heating, showing the ROI. c Plot of T2 values within the ROI over time
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Figure 1. 7 year old boy with a large thigh desmoid tumor. Had previously failed surgery, radiation, and chemotherapy. 
Pretreatment left image shows the tumor appears bright/white throughout suggesting that it is very vascular and 
viable. Posttreatment right image shows the tumor is now centrally dark, indicating that this tissue is no 
longer vascular and has been destroyed by focused ultrasound.

Figure 2. Standard MRI temperature monitoring techniques fail to 
measure heating in bone. This new T2 mapping sequence robustly 
demonstrates heating within the bone marrow (a) which dissipates 
quickly after sound energy is stopped (b).

PET-MRI

PET-MRI combines the ability of PET to 
image functional processes within the 
body (such as metabolism or chemical 
composition) with the superior soft 
tissue contrast of MRI and lower 
radiation compared to PET/CT.

Combined advanced imaging improves 
diagnostic capability and drives better 
patient management.

At UCSF, we have promoted early 
PET-MRI adoption and developed 
novel PET tracers, e.g. 68Ga-PSMA-11 
PET imaging for prostate cancer.

Figure 3. PET-MR scan in a patient with prostate cancer. The novel PET agent used in this study (68Ga-PSMA-11) specifically 
binds the prostate specific membrane antigen (PSMA), offering an unparalleled level of diagnostic specificity, even relative to 
other state of the art imaging techniques. In this case, a metastasis in the right hilar region of the lung was identified earlier, 
allowing additional therapy to be implemented at an earlier stage. (Courtesy Thomas Hope, MD)


