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study DBS patients with this method would yield crucial insight
in the mechanisms of action of DBS, which are currently
unknown.

Methods: Electromagnetic simulations: We simulated a patient
with a DBS lead targeting the sub-thalamus nuclei (Fig. 1a)
placed inside a 16 rungs high-pass head-only 3 T birdcage
(BC) coil. We used a co-simulation strategy based on HFSS
(Ansys, Canonsburg PA) [1,2]. This finite element
electromagnetic field simulator allows modeling structures with
widely different dimensions, which is crucial for simulation of a
small DBS lead (1 mm diameter, Fig. 1c) placed inside a
relatively large RF coil (37 cm diameter, Fig. 1b). We also
simulated the same patient in an 8 channel pTx coil of similar
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filed with an ethylene glycol (EG) gel with 3% L TEMP. [LLUTSEC TEMP IRANS.  SAG. CORO.
agar. The temperature dependence of the
resonance frequency difference Af between the y
hydroxyl and methylene group in EG is well
known [5]. Acquisition of multi-echo GRE data
(meGRE, 32 echoes with TEs ranging from 2 to
48 ms) provided an estimate of Af, and hence the
absolute temperature. We fit the meGRE signal RF coil
in the time domain, which has been shown to be K 100 200 300
more robust than frequency analyses [6]. A g b. Time [sec.] C.
copper wire with no insulation at its tip was
placed in a quadrature 3 T BC coil (Siemens,
Erlangen) which could be driven using either
quadrature port independently (Fig. 2a). The
temperature at the tip of the wire was monitored
using a fluoroscopic thermometer with 0.1 °C
accuracy (LumaSense, Santa Clara CA).
Results/Discussion: Fig. 1d shows that the pTx
excitations achieved better tradeoffs between local SAR and flip angle uniformity than the local BC coil. Driving the BC coil using the port contained in
the plane defined by the lead and its wire (port #2) also dramatically reduced SAR at the tip of the DBS lead compared to when using the other 90
degrees drive (port #1). However, this strategy increased SAR in the nose and the back of the head. Fig. 1e shows that pTx excitations reduced SAR
everywhere including at the lead tip, in the nose and in the back of the head thanks to SAR optimization using the VOPs. In agreement with our
simulations, in experiments with the BC coil we observed a dramatic temperature rise at the tip of the copper wire when using the port not contained in
the plane defined by the wire (port #1, Fig. 2b). Use of the other quadrature port (port #2) created almost no temperature increase (this phenomenon
was first observed by Eryaman et al. [7]). This is because the electric field of a linear BC coil has a null passing through the drive port. Placing the DBS
lead in that null reduces coupling with the RF coil, which reduces the induced current on the lead wire and therefore SAR. Temperature mapping of the
EG phantom before and after the heating sequence (high duty-cycle TSE) confirmed that the temperature increase was confined to a small region
around the tip of the lead (Fig. 2c).
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Fig. 2. a: Schematics of the experimental setup showing the head phantom filled with ethylene glycol
gel and the two ports of the BC coil. A copper wire was placed in the head phantom and ran parallel
to the bore in the z direction. b: Temperature variation at the tip of the wire (fluoroscopic
thermometer). A TSE sequence was ran at high duty-cycle on either port #1 or port #2. Two multi-
echo GRE sequences (TEMP.) were played before and after the TSE for temperature mapping. c:
Difference temperature maps overlaid on the phantom anatomy showing a clear temperature
increase at the tip of the wire when driving the BC coil with port #1.
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