Insulation, lead-length, and sample-size affect the MRI-safety of implanted leads

A. Kumar', P. Karmarkar', W. A. Edelstein', and P. A. Bottomley'
'Suite B307, 1101 E 33rd Street, SurgiVision Inc, Baltimore, MD, United States

Introduction. There are over two million patients in the USA with implanted
conducting leads connecting therapeutic and diagnostic electronic devices to
electrodes. Because conducting leads are susceptible to induced RF voltages
and heating, their presence is a contraindication for MRI, denying such
patients MRI’s potentially life-saving benefits. Implanted leads are insulated
and their effective lengths vary with patient size and lead function. Therefore
we investigated lead heating and local specific absorption rates (SAR) in
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Methods. Leads were made of 0.18mm diameter Cu wire in 8
400 lengths from 5-75cm, and terminated with a 1.3mm long x 1.3mm
diameter Pt-Ir electrode. Leads insulated with biocompatible 28-79
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Results. Both experiment and theory showed: (i) maximum heating
occurs at the electrode (Fig. 1), and (ii) highest heating occurs in
the largest phantoms. Extending the lead length beyond the
phantom neither increased nor decreased SAR at the electrode vs.
leads truncated at the phantom edge. Counter-intuitively, local
SAR at the electrode increased as insulation thickness increased
(Figs. 1-2): bare wire heated the least. SAR and lead heating didn’t
increase monotonically with lead length, but peaked for 25-60 cm
leads, declining for longer leads. Experiments were hampered by
gel phase changes for AT210°C (Fig. 2c), but the initial AT was
used with Eq. [1] to determine SAR in the local volume sampled by
the thermal sensors. This revealed extreme point SAR values of up
to 25 kW/kg (Fig. 2d), which only approximated theoretical SAR by
reducing computed volume averages to 1-mg (1x1x1mm; Fig. 2b).
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Conclusion. Lead insulation thickness and lead length are key

@ 10 20 3&,d1'2ngtﬁ?cm 5070 factors affecting the heating of uninsulated attached electrodes.

Fig 2: Computed 1-g (a) and 1-mg (b) SAR at electrode SAR is highly nonuniform near the leads, so volume-averaged
vs lead-length & insulation thickness. Experimental AT theoretical SAR doesn’t match temperature measures unless the
at 5min (c) & 1 inferred local SAR at electrode. thermal sensor’s sample volume is accounted for.
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