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Abstract — Influence of lead tolerances on the RF-induced
power deposition (P) near a lead electrode was analyzed using the
lead electromagnetic model and two sets of incident electric fields
(E(an) with different profiles. Our results indicate that tolerance
analysis shall be done for all lead lengths and clinically relevant
E,, because the sensitivity of P to a given variation of the lead
properties can differ by an order of magnitude.
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1. INTRODUCTION

The design steps of a lead for an active implantable medical
device (AIMD) should include a tolerance analysis of the RF
power deposition (P) for the lead geometry and the insulator
relative electric permittivity (& jnsulator). HOWevVer, such an
experimental analysis can be extremely time consuming and
costly.

Clause 8 of ISO Technical Specification (TS) 10974:2018
[1] defines procedures for assessing the radio frequency (RF)-
induced heating for patients with an AIMD undergoing
magnetic resonance imaging (MRI). P around the AIMD lead
electrode can be estimated using the lead electromagnetic
model (LEM)

L 2
P=A-|[;SW)" Ean(®) - dl (1)
where: A are the calibration factor of the LEM, S(/) is the

transfer function (TF), Eqy(/) is the incident tangential electric
field along the AIMD lead trajectory, and L is the lead length.

In this work, we focus on modelling the LEM for lead
designs with two insulation thicknesses and two & insulator a5
well as evaluating P for two sets of E,(/)).

II. METHODS

We investigated generic insulated leads (Fig. 1) with an
insulation diameter of 1.46 mm, electrode length and diameter
of 3 mm and 0.25 mm, respectively, titanium alloy straight
wire of the length from 80 mm up to 600 mm in 10 mm steps.
The lead design parameter matrix includes two wire diameters
of 1 mm and 1.1 mm as well as two values of & jygaor: 2.7 and
5.5. They referred to as cases “Imm/2.7”, “lmm/5.5”,
“1.1mm/2.7”, “1.1mm/5.5”.

The leads were positioned parallel to the Z axis in the
middle of a box (600 mm x 400 mm x 2400 mm) surrounded
by perfectly matched layer. The box was filled with a medium
similar to nerve tissue: & = 44 and electrical conductivity o =
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0.354 S/m. Numerical LEM evaluation at 128 MHz was done
as in our previous study [2] using the reciprocity approach and
3D EM (ANSYS HFSS). Less than 3% variation of P and
maximum of [S(/)] over all spatial points between two
consecutive adaptive runs with 30 % increase of mesh elements
was defined as convergence criteria.

HSIV cylinder 3 mm, & = 4.38 mm plus
two spherical segments of 1.5 mm

temperature electrode: cylinder 3 mm straight wire insulation RJ

sensor @ =0.25mm Z=1mmor1.1mm @& =146 mm

Fig. 1. Close-up view of lead geometry near lead electrodes with hot spot
integration volume (HSIV).

The calibration factors (Table I) with R* close to 1 were
obtained using a set of 120 Ey,(/) [2]. Using (1) P was
calculated for two artificial sets of forty E,,(/) generated for
each lead length because without indicating a particular type of
AIMD it is impossible to specify clinically relevant AIMD
trajectories inside the human body and to obtain a set of
clinically relevant E,(/). At each location |S(/)| and phase
(S())) ratios were calculated as a proportion of the maximum
value to the minimum value over all investigated TFs. The P
ratio was defined as a proportion of the maximum P values to
the minimum P values over all studied cases.

III. RESULTS AND DISCUSSION

The impact of the wire diameter and &€, jpsuaer ON the
amplitude and phase of S(/) was noticeable (Fig. 2, Table I and
IT). An increase of L changed the level of & jnqa0r influence: it
became smaller on the phase of S(/) especially for location
close to the electrode and it increased with the amplitude of
S()) and 4. For L={80:480} mm L increase resulted in a larger
sensitivity of 4 to a variation of & jygaer- For L={80:200} mm
the maximum of P ratios over all applied E,(/) was relative
moderate, i.e., less than 1.2, despite large phase S(/)
discrepancy. The maximum value of the P ratio was observed
for L of 480 mm.
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Fig. 2. Amplitudes and phases of S(/) for investigated leads: a) L = 160 mm,
b) L =320 mm, c¢) L =480 mm, d) L = 600 mm.

TABLE L. LEM CALIBRATION FACTOR 4
L Imm/2.7 Imm/5.5 1.Imm/2.7 1.1Imm/5.5
160 mm 11.1 13.0 123 11.8
320 mm 27.4 19.1 233 16.7
480 mm 55.7 26.2 423 21.2
600 mm 493 28.6 42.4 22.5
TABLE II. MAXIMUM VALUES OF RATIOS
L max of |S(J)| ratios| max of phase(S())) ratios | max of P ratios
160 mm 1.36 2.80 1.15
320 mm 1.27 1.99 2.81
480 mm 2.01 1.97 6.91
600 mm 242 1.38 3.18

The ratio values P varied more than an order of magnitude
for different Ey,,(/) and L (Fig. 3). For L > 220 mm maximum
of P over all applied E,(/) was observed for diverse E,,(/) for
the studied lead cases.
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Fig. 3. Power deposition for the first set of Ey(/). @) L =160 mm, b) L =320
mm, ¢) L =480 mm, d) L =600 mm.
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Fig. 4. Power deposition for the second set of E,(/) and L= 320 mm.

P for lead length of 320 mm and second set of forty E,,(/)
is presented in Fig.4. For this set the maximum of P ratio was
1.54, i.e., substantially less than for the first set of E,,(/).

IV. CONCLUSIONS

Our numerical case study assessing the variation of P on
some lead tolerances, i.e., possible variation of the wire
diameter and the insulator relative electric permittivity, resulted
in the following conclusions: (7) it is impossible to estimate the
variation of P for clinically relevant E,(/) based only on
known variation of the LEM S(/) and A4; (ii) a tolerance
analysis shall be done for all possible lead lengths; (iii) it can
be impossible to select a lead design that resulted in either the
highest or the lowest P for any artificial set of E,,(/).
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