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Introduction Deep brain stimulation (DBS) is a neurosurgical procedure that uses an implanted stimulation device in the patient’s chest which sends electrical pulses 
through implanted electrodes to deep nuclei inside the brain. Used for treatment of a variety of disabling movement and psychiatric disorders, post-operative MRI scans 
would be extremely useful to confirm electrode placement, optimize the programming and monitor modifications in functional connectivity of brain networks involved. 
Due to safety concerns however, post-operative MRI of DBS patients are only allowed at 1.5 T and are further restricted to use pulse sequences with extremely low 
SAR levels (0.1 W/Kg) and a head-only transmit coil. Application of close-fit multi-channel receive arrays will be very useful for DBS imaging as these arrays are 
shown to increases the SNR up to 50%  at the level of deep brain structures [1]. However it was recently observed that insertion of receive-only arrays may modify the 
electric field of the transmitter and increase local SAR levels [2]. Consequently, FDA now recommends that use of Tx and Rx combination head coils for post-operative 
MRI of DBS patients be contingent on performing comprehensive safety analyses to ensure safe SAR levels. We built and simulated a transmit/receive head coil, 
composed of a linearly polarized rotating birdcage transmitter and a close-fit 32 channel receive array. Previous works showed that the electromagnetic fields of linearly 
polarized birdcage coils at 3T have a plane of zero electric field that can be aligned with planar wire implants to reduce induced currents on the DBS lead [3]. We 
showed both experimentally and with simulations, that this slab-like E-Null region is thick enough at 1.5 T to encompass the whole DBS even for wire segments that are 
up to 15 degrees out of plane. We also showed that insertion of a 32-channel close-fit receive array has a negligible effect on the transmit field distribution and does not 
increase the local SAR levels at the DBS lead in 1.5 T.  We plan to use this coil for high resolution post-operative anatomical and functional imaging of DBS patients.   
Methods FEM simulations were performed to calculate local SAR distribution of a rotating linearly polarized birdcage coil around the tip of a DBS lead inside a fine-
grained 1×1×1mm3 heterogeneous head model. The head model was developed from MRI of a healthy volunteer and was consisted of 15 different tissue classes [4]. A 
realistic DBS lead architecture was developed based on Medtronic DBS lead model 3389 that was reported to 
experience the highest temperature rise during MRI [5] (see Figure 2). STN was located on the same anatomical 
MRI dataset that was used to build the FEM model and its location in the FEM model was estimated using relative 
position of the sagittal mid-plane, ear-to-ear and nose to top of the head distances. The entry point on the skull was 
then selected based on typical angles of approach for the STN target, which was 15 degrees from the sagittal plane 
and 60 degrees in the anterior-posterior direction [6]. The first segment of the DBS lead was located between the 
STN and the entry point on the skull and the remaining segments were placed along the subcutaneous structure in an 
anterior-posterior direction. 
A linearly-polarized birdcage coil was constructed on an optically clear cast acrylic tube of 14” diameter. A rotating 
housing that enabled the coil to be smoothly rotated around its axis without touching the load was designed in a 
CAD software and built using a Fortus 360mc 3D printer (Stratasys, Eden Prairie, MN, USA). A compatible 32ch 
receive array former with a layout of overlapped circular coil elements was designed on an anatomically shaped 
former consisting of a large posterior head neck part and an overlapping anterior head portion. Overlapping loop 
elements were then exported to the FEM solver for simulations. 
Results Phantom experiments and FEM model verification: The accuracy of the FEM model was extensively 
verified both qualitatively and quantitatively. A custom-made anthropomorphic head phantom was developed and 
built for experiments based on the same numerical head model that was used in FEM simulations. One-port 
reflection coefficient (S11) of the loaded coil was measured both outside and inside the magnet bore. Unlike previous 
works which used a simplified feed model, we incorporated an accurate representation of coaxial cable connections 
and the matching ports. We found that this approach leads to a very good agreement between simulations and 
measurements, with <0.1% error in prediction of the location of resonance frequency and <0.4 dB error in prediction 
of the dip of S11.  SAR amplification and optimum feed position: For all simulations 1g tissue averaged local SAR 
values were calculated for both the heterogeneous head model and a homogeneous model with the same dielectric 
properties as the head phantom. We compared the peak of local SAR in a 2cm×2cm×2cm box surrounding the 
electrode tip to the reference SAR value, which was the peak of local SAR outside of this box. Although the DBS 
lead and the extension cables were ~ 15˚ out of plane, in both models, we were able to find an optimum feed position 
that reduced the SAR at the tip of electrode to the levels below the reference SAR. We also compared simulated SAR 
values of the linear birdcage with a CP birdcage of the same dimensions. In none of the simulated feed positions the 
linear birdcage produced local SAR levels that exceeded those of the CP birdcage. B field maps: A 40 cm 18-AWG 
isolated copper wire was implanted inside the head phantom. Several implantation paths with wire segments from 
15˚-30º out of plane were tested. B1

+ field maps were calculated using a 3D AFI pulse sequence (TR1=6ms, 
TR2=180ms, TE=2.63ms FA=60º) [7]. In all cases we were able to find an optimum rotation angle at which the B1

+ 
artefact intensity fell below normal field variations in the tissue.  Effect of 32-channel receive array: The insertion of 
the 32 channel surface array had a negligible effect on the location of the resonance frequency (<1% shift upward) but degraded the matching both when the feed was at 
the default position (~7dB) and when it was at the optimum position for SAR reduction (~3dB). However, in contrast to what recently observed at higher fields, in none 
of the feed positions maximum local SAR values exceeded those of the transmit coil alone.  
Conclusion and Future Work  In the next few weeks we will simulate more DBS implantation paths, including implants in frontal brain regions (e.g. nucleus 
accumbens) which are recently suggested for treatment of psychiatric disorders as well as incorporating cable loops that neurosurgeons usually make on the skull to 
dispense the extra length of extension cables. We will complete the construction and safety test of the ensemble which will be used for high resolution anatomical and 
functional imaging of DBS patients with electrodes in place. 
Acknowledgement This work was partially supported by a grant from Swiss National Science Foundation (SNSF) (grant number PA00P2_142044). 
Reference [1] Wiggins et al. Proceedings of ISMRM 2005, (p.671) [2] Krishnamurthy et al, JMRI, 39.2 (2014): 475-484. [3] Eryaman, et al. MRM, 69.3 (2013):845-852. [4] Angelone et 
al. IEEE Trans. Med. Imaging 29.4 (2010):1029-1037 [5] Elwassif et al. J Neural Eng. 9.4 (2012). [6] Machado et al. Mov. Disord. 21(2006):S247-S258. [7] Yarnykh et al. MRM 57 
(2007):192–200 

 

 

 

 

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    0374.


