Neurostimulation Systems Used for Deep Brain Stimulation: FactorsImpacting M RI-Related Heating at 1.5- and 3-Teda

K. B. Baker!, J. Tkach?, F. G. Shellock®, J. Nyenhuis®, A. R. Rezai®
*Neurology, The Cleveland Clinic Foundation, Cleveland, OH, United States, 2Radiology, The Cleveland Clinic Foundation, Cleveland, OH, United States, *University
of Southern California, Los Angeles, CA, United States, “Computer and Electrical Engineering, Purdue University, West Lafayette, IN, United States, *Neurosurgery,
The Cleveland Clinic Foundation, Cleveland, OH, United States
BACK GROUND: Magnetic resonance (MR) safety issues related to exposing patients with neurostimulation systemsto MR
procedures have been described previously (1). Notably, MRI-related heating of up to 25°C above baseline has been reported for a
neurostimulation system used for deep brain stimulation (DBS) in association with MRI performed at 1.5-Teslausing a
transmit/receive body RF cail (2).
PURPOSE: To characterize factors that impact MRI-related heating for neurostimulation systems used for DBS. Specifically, the
effects of varying DBS extension and lead configurations, as well as the effect of landmark location in relation to using
transmit/receive body coil, were evaluated in 1.5-Teslaand 3-TeslaMR systems.

METHODS: All experiments were performed using the Activa (Medtronic, Minneapolis, MN) series DBS systemsin anin vitro
model consisting of agel-filled, human head and torso phantom. Temperature changes were recorded during exposure to using head
and body, transmit/receive RF coils at 1.5-Tesla and a transmit/receive head-only RF coil at 3-Tesla. DBS electrode heating was
measured using a fluoroptic thermometry system (Luxtron, Santa Clara, CA). A skull model placed in the phantom was used to test
custom-designed burrhole rings that permitted control of the geometry of the lead as it exited the skull. The influence of the land-
marking location on heating was evaluated by varying the site across the phantom’ s head and torso in 5- to 10-cm increments.
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Figure 2. Temperature change, normalized to whole body SAR, as
afunction of MR landmark location. Note that alandmark location
of 50 cm corresponds to the level of the phantom chest and 76.5 cm
to the DBS leads placed in the skull.
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