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Aim 1) Optimize MR acoustic radiation force imaging (MR-ARFI) and image-guided 
insonation through an ex vivo macaque skull filled with phantom material to ensure 
accurate localization of the frontal eye field. 
 
The goal of this aim is to create image-guided methods for ultrasound neuromodulation 
using MR-ARFI. We have developed image-guided methods to localize the acoustic 
focus of a single-element HIFU transducer (Sonic Concepts H-115, center frequency 
250 kHz). In these experiments, a Northern Digital (NDI) Polaris optical tracking system, 
standard technology in image-guided surgery, was used to measure the transducer and 
hydrophone locations during acquisition. Near-infrared reflectors with well-characterized 
geometry were affixed to the transducer and hydrophone with custom mounting 
hardware, which were constructed to make rigid bodies for registration. A series of 
localizations were taken as the probe is placed in each fiducial point on the platform. 

Figure 1a shows a machined platform with known geometry that was used to evaluate 
how precisely the hydrophone probe tip can be optically tracked. Figure 1b shows the 
dispersion in location measures across all fiducial points. From this, the 95% confidence 
interval on location repeatability is < 0.2 mm. We have also simulated non-linear 
acoustic propagation to assess the focal volume size during transcranial sonication 
compared to the free-field case, and the predicted focal volume size is well above this 

limit (figure 1c). Experiments to 
characterize the total error when tracking 
this probe are underway, but is anticipated 
to be ~2.5 mm or less. These experiments 
will be completed within one month and 
presented at BMES in October. We have 
also implemented MR-ARFI on the Philips 
Achieve 3T scanner, which enables us to 
track the acoustic beam without 
generating heat. In these experiments, we 
created a brain-equivalent phantom and 
applied a range of acoustic pressures, 

resulting in micron-scale displacements that were visible in ARFI images (Figure 2). We 

 

a) Machined platform with known geometry used for 
characterizing optically-tracked probes. In this case 
a hydrophone probe tip was attached to an optically 
tracked reference target, moved to each fiducial 
point, and a set of localization measurements were 
taken to estimate precision. b) Distribution of 
dispersion about the average location at each 
fiducial point. This is a measure of the precision 
(repeatability) with which the hydrophone probe can 
be tracked. c) Simulation of a transcranial sonication 
showing the focal volume. 

 
Figure 2. MR-ARFI imaging that is capable of detecting 
displacements as small as 10 µm  

	  



are currently adapting this optically tracked system and ARFI capability to a non-human 
primate stereotactic positioning device for preparation for Aim 3. 
 
Aim 2) Confirm effectiveness of ultrasound to elicit or modulate behavioral responses in 
awake, behaving monkeys. 
 
In ongoing experiments, we have demonstrated neuromodulation of the frontal eye field 
(FEF), a key node in the eye movement system (Figure 3). A macaque monkey 
performed a visual search task while receiving ultrasonic stimulation randomly on 50% 
of trials through a craniotomy over the FEF immediately prior to visual stimulus 
presentation. During over 1000 trials, 586 observations received an US burst at a 
frequency of 500 kHz, repetition frequency of 2 kHz, with 50 cycles per pulse and a 
PNP of 450 kPa for a duration of 80 ms. Unilateral ultrasonic stimulation caused a 47 
ms average speeding of gaze shift response times contralateral to the insonified FEF (p 

< 0.001). Because 
unilateral intracortical 
electrical stimulation of the 
FEF elicits contralateral 
gaze shifts, we hypothesize 
that ultrasonic stimulation 
enhanced rather than 
attenuated neural 
processes in FEF. These 
experiments are ongoing, 
and we are currently 
examining different 
acoustic parameters, 
resultant event-related 
potentials, and different 
task conditions to further 

understand the mechanism and capabilities of ultrasound neuromodulation of the 
macaque FEF. 
 
3) Confirm effectiveness of ultrasound to elicit or modulate fMRI responses in regions 
known to be anatomically connected to FEF. 
Based on progress on aims 1 and 2, we are on track to apply image-guided ultrasound 
during fMRI in coming weeks. 
 
Presentations and publications: The following talks are directly related to the work in this 
FUS Foundation grant: 
 
1. Chaplin V, Clements L, Miga M, Caskey CF. “Development of an Optically-guided 
System for Transcranial Ultrasound Neuromodulation” BMES 2015 Annual Meeting. 
Accepted as oral presentation. 
2. Caskey CF, “Development and Evaluation of Technology for Ultrasonic 
Neurostimulation” Kavli Futures Symposium, Invited Talk, June 2015. 
 
Follow-on funding: The work done as part of this application provided preliminary data 
for the following grant submission, which has received very favorable reviews and is 
currently pending council review. 
 
Title: “Neuron selective modulation of brain circuitry in non-human primates” 

	  

Figure 3. US neuromodulation of the 
macaque frontal eye field. (a) Experimental 
setup using a single element transducer 
through a craniotomy during a reward-
based task. (b) During the task, the 
macaque is fixating a point in the center of 
a screen. The primate was required to 
make an eye movement towards a 
presented target item and keep the gaze 
there for 1 second to receive a juice 
reward. In half of the trials an acoustic 
pulse was delivered prior target onset. 

	  



PIs: Charles F. Caskey, William A. Grissom, Limin Chen 
Description: An ultrasound transducer specifically designed for neurostimulation will be 
integrated into a high field (7T) human magnetic resonance imaging system and used to 
modulate the function of the well-studied visual and somatosensory systems of non-
human primates. Using a mathematical model of ultrasonic interaction with neurons, we 
will develop acoustic pulses for transcranial stimulation that can stimulate or inhibit 
neuron activity. We will quantify the effects of these pulses on neural circuitry, validate 
the effects with neurophysiological measurements, and concurrently use functional MRI 
to non-invasively assess brain function at the circuit level. 
Sponsor: NIH/NIMH 
Total award amount (direct + indirect): $1,353,000 
Dates: (Pending council review, and program officer is recommending this application 
for funding.) 
	  
 


