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In MRI, endovascular devices, such as guidewires, are unsafe due to heating caused
by coupling to the transmit coils of the scanner. A novel solution is to design a
transmit coil with a small electric field footprint, in comparison to a body coil which
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Scattered electric field formula
at the wire tip
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The transfer function relates the incident electric
fleld on a wire to the scattered electric field

produced at the tip, which causes heating.
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Wire model

1200mm

2mm diameter x 1000mm long wire,
1mm plastic insulation

Reciprocal TF? Piecewise TF*5

« Sim4life V6.2 (Zurich Med Tech, Zurich, Switzerland)

* 10mm exposed tip

« dmm thick plane wave excitation

* Insertion lengths: 100cm, 80cm, 70cm, 60cm, 50cm, 40cm

Es = Scattered electric field

A Monte Carlo Analysis of Guidewire Safety
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and Local Coll
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The body coil to local coil array ratios for the mean electric power at the tip were 1.7, 1.9, 2.4, 2.7, 2.5, and 2.3 for

Magnitude and phase of transfer function

for reciprocal and piecewise TF for
100cm, 70cm,50cm insertion lengths.

The incident electric field from a body or local coil array
was simulated. The tangential component was extracted
according to the wire trajectory to compute Es using the
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« Sim4life V6.2 (Zurich Med Tech, Zurich, Switzerland)
* Adult phantom (Duke)

» Body coil (Bird cage)

* Local coil (4 loops anterior, 4 loops posterior)

depths 100cm to 40cm, respectively. The 99th percentile electric power at the tip (close to worst case) was 98%,
40%, 115%, 198%, 175%, and 125% greater for the body coil, for depths 100cm to 40cm, respectively.

80cm 70cm 60cm 50cm
4 |E|2 over wire configurations 4 |E|2 over wire configurations . |E|2 over wire configurations ’ |E|2 over wire configurations
— | p— —Mean A — Mean — Mean
~— Median —— Median — median i c— Median —— Median
0.9 0.9 09 l 0.9
| |
0.8 fE 0.8 } 0.8 ;ﬁ 0.8 }
| | | |
0.7 & 0.7 { 0.7 | 07 I
, ( *
\ f ! \ 2
0.6 f? | 0.6 &}l‘ 0.6 fi 0.6 ?%
| ) !7 t}, I ﬁ i
| 0.5 (N ' 0.5 i 0.5 | : 0.5 a
‘ ‘ ] . R { i
| 0.4 % 3 H 0.4 | [ | 0.4 j i 0.4 ; 2 |
‘;‘ { I | ) _ |
0.3 ({ | I 0.3 ( &i’ 0.3 } ? “ 0.3 ; & {
R ) | - i
s e H Qe ) | 0.2 r (\ i 0.2 a i
!} 4 > L g p i\ N
— 0.1 & 4 L 0.1 § J & 01| AN . - 01| 4 P @
s . .Y \/ = ' 0 \\'\\/ . 0 5\\\"/_) R
Local Coil . BodvCail , Local Coil Bodv Coil Local Coil Body Coil Local Coil Body Coil Local Coil
Difference in [E| lpef configuration Difference in IE]? per configuration Difference in |EJ? per configuration Difference in IEJ? per configuration
=3 —— ——— _— =
0.8 ," 0.8 0.8 {.\ 0.8
A |
| () ‘
0.6 i 0.6 I 0.6 I 0.6 |
i) [ 1
| \ ‘ [ [
/ \““ ) \ “\ \ "( ‘\
0.2 yV R 0.2 0.2 B 0.2 I
P o s . - B - 5 - N B 7//‘_\\\77 B _//‘—‘\\
—e— 0 - g 0 - — 0 g Py 0
N\ J - \ // X y -

-0.2

-0.2 -0.2 -0.2

-0.4 -0.4 -0.4 -0.4

-0.6 -0.6 -0.6 -0.6

-0.8 -0.8 -0.8 -0.8

-1 -1 -1 -1

Body - Local Body - Local Body - Local Body - Local

Wire trajectories were randomly generated to evaluate
the Influence of wire geometry and dielectric
environment on the Es.

Computed wire trajectory

The calculated spline trajectory
iIn MatLab. The trajectory was

0 randomized by selecting random
control points within the phantom

—spline
o control points

N function: cscvn()
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« MatLab (Mathworks R2021a, MA, USA)

* 3 fixed points randomly selected

» Tangential electric field component extracted, E,,
* 10,000 trajectories simulated

) |E|2 over wire configurations
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The violin plots of the electric power at the wire tip for each wire trajectory/geometry for the body
coil and local coil, respectively (middle row). Violin plots of the difference in electric power between
the body coil and local coill.
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Worst Case Scenario Comparison
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The 99" percentile (worst case scenario) comparing the
body coil with local colil scattered electric field, for multiple
iInsertion depths. The local coil was always less.

Conclusion

* The local coil reduces heating at the guidewire tip for all
insertion lengths

* The amount of reduction in heating is sensitive to a resonant
iInsertion length

» Speculate that this advantage comes from a reduced E-field
coverage

* The reciprocal TF is a good way to rapidly explore many
guidewire geometries

Future work
* Further explore the use cases that meet the safe condition
» Build a dedicated local transmit colil tested in animals
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