Evaluation of Multi-Section Resistive Tapered Stripline (RTS) Lead Wires to Reduce SAR Near Implanted DBS Electrodes
During MRI
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Purpoge Despite its rermatkable suceess, one of the significant livitations of
Deep Brain Stirmlation (DBS) is its limited compatiality with MBI When
petforming MBI in patients with DBS Doplants, one of the major issues is
the heating of tissue smrounding the oplant due to radiofrequency (BF)
pickup of the iwplant acting as an anterna.  We present an extenshve
evaluation of the design pararaeters of a nowel DBS lead for IWEI based on
Resistire Tapered Stupline' (RTS) techmology. The RTS design is
charactenized by an abrupt vanation of conducttvity along its length, which
creates an npedance rnistnatch to scatter the energy of the BF wave in the
lead. This inncreattee high scattering technology may allow for decreased
lead anterna effect and tissue specific asbsorption rate (SAR) while
Tnaintaining low lead resistance for continmous current rjection.

Methods S4E. was calenlated with rumerieal siroddations based on Finate
Elemwente (ANEYS HESS +150) using an electrormaghetic and civeuit co-
simulation method™*. The model, shown in Fig, 1 (lefi), ncluded a clinical
3T BF transrodt coil loaded with the ASTH phantom? and tamed to 123MHZ"
The gt woltage to the coill was adjusted to set 2 whole-bodsy averaged SAR.
within the phartorn of 2.0 Wihg (Mommal Operating Mode for BRI
gysters™). The DBS lead was placed in the area of madnomn magnitude of
the incident electric field (Fig, 1, right.) and the position was kept the same
for all the designs analyzed. The BTS lead model consists of a rectangular
shaped ineulated conductree nk trace with a length of dern and an exposed
platirnarn electrode with a length of 1.5men - each with a width of 0.4ra,
and thickness of 10pm. The lead model is portioned into six equal length
sections and each was assizned a varidhle conductrdty (Fig, 2, top). Designs
were defined as a set of six conductraty walues. Design values were chosen
as to inclode all possible BTS lead designs where conductivity increases or
decreases by a factor of 50x between adjacent sections, thus yielding a pair
of conductrdaty values o and ow = 50m to corprise the lead. Specific values
of conductrvity are then selected to jmeld a desired total losr fregueney lead
resistance. In each desigry, the section adjacent to the electrode was defined
a8 the less conducthvevalue as to provide the first impedance rismatch point
between the lead and the high conductnity plativm electrode. “RTS-H™
lead designs were defined as having N nwwber of changes in conductrvity
along the length of the lead (Fig, 2, hottomy). Al possible confimrations of
RT5-N designs for I = 2-6 were derved at = 400 & and siwmlated. The
best configurations which yielded the lowest SAR were then swept across a
range of lead resistances frora 5052 to 40082, For each lead design simulation,
the 10z-averaged SAR was computed at a poind 0. 1ren from the anterior
face of the exposed distal electrode lead contart. L-Curves of S&F ve. lead
resistance were generated to evaluate performance (Fig, 30

Results Sirmulations showed that the nse of a two or three section BTS lead
each regulted m an average 389 decrease of 10z-wveraged SAR. across all
resistances when commpared to a resistively homogeneous stripline (RHS)
(Fig. 3). By increasing the nurober of RT3 sections to four, an additional 5%
reduction (40% total SAR reduction) in SAF. averaged across the range of
resistances was achieved. SAR reduction performanee was reduced across all
reslstances when increasing beyond four sections.

Conclusion The mnlti-section ETS design can allow for a sigrificant
reduction in 10g-averaged SAR at the distal electrode. RT3 may be dhle to
directly replace traditional implanted leads and the high RF-attermation can
reduce SAR and noprove subject safety. An additional adwantage over
traditional lead desigy iz that BTS does not require any BF components (e.g.,
EF chokes) which are difficult to mcorporate in the restricted space of a
microscopic  wire  and  are  susceptble  to  fadwre  ower  time.

E Wim
W 180
100

Figure I: (leff) The CAD Model used in the simulafions including @ lé-rung high-
pass birdeage body coil with shield, coil former, and ASTM phantom. (righf) Complex
magnifude of the electric field af the Larmor frequency in an ASTM phanfom. The
fead placement in fhe phaniom is shown in fhe same coordinale spsfem fo #he right.
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Figure 2 (top) Generic RTY lead design consisting of six secions that can be
assigned @ varighle length and conductiviiy. fhoffom) Found best performing RTEH
lead configurafions for eqch respective Msecfion design.
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Figure 3: 10e-averaged SAR af the distal electrode va. fofal lead resisfance obiained
Jor fha Rasisfively Homeogeneous Sripling (RES) and fee fo six secfion RTS dasigna.
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