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Abstract:
Magnetic Resonance Imaging (MRI) is a radiological imaging technique widely
widely used in clinical
practice. One of the clinical hazards related to the MRI is the tissue heating effect that can occur due
to the radiofrequency (RF) field in a patient with an active implantable
implant
medical device (AIMD).The
(AIMD).
deposited power at the implant electrodes is highly dependent on the incident field characteristics
such as: magnitude and phase of the electric field tangential to the conductive wire.
wire As a part of the
goal for this STSM, the power
ower deposition of generic and clinical implants under more than 1000
exposures was evaluated using the transfer function approach together with testing in silico.
A. Purpose of the STSM
Traditionally, RF-induced
induced heating has been evaluated by experimental methods, such as
temperature measurements in gel-filled
gel filled phantoms. In recent years, computational modeling has
been used increasingly to complement the experimental results to evaluate the RF-induced heating
in patients with medical devices undergoing MRI. The clinical hazard of AIMD in MRI originates from
the ability of elongated conductive structures to pick up the RF energy during MRI exposure and
locally deposit it in the tissue near the electrodes. As part of the evaluation, computational modeling
is used to calculate the electromagnetic (EM) field generated by the RF coil used during MRI. The TS
ISO 10974 describes a methodology for numerical assessment of in vivo exposure of the AIMD. The
purposes of the work planned for the STSM were: 1) Gain insight and gather knowledge of current
methods for MRI-RF-induced
induced implant heating characterization, modeling, and model validation; 2)
2
Determine the applicability of the four-tier
four
method, currently
ly defined for 1.5 T by the ISO 10974
(Edition
Edition 2), for 3 T evaluations; 3) design a novel experimental testing method for safety assessment
evaluation of implants during MRI at 1.5 T and 3.0 T, by means of power deposition evaluation for
diversified incidentt field characteristics (magnitude and phase of the electric field, tangential to the
conductive wire).More
.More details about the experience will follow.
B. Work Description
1) As a first step of this experience proficiency in using different measurements setup
setu and exposure
systems was gained in the lab. The exposure systems (ZMT, Zurich Switzerland) used to produce the
RF field at 64 MHz and 128 MHz were the MITS1.5 and the MITS3.0,, respectively.
respectively While the piX
system was used to excite the implant under test and measure its transfer function.
function All these
systems are part of the radiated
adiated testing setup of AIMD for safety evaluation.
2) As a part of my experience the MITS1.5 and MITS3.0 were used to characterize different
phantoms, such
ch as the ASTM and the ellipsoidal phantom. Measurements of the electromagnetic
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field were collected in several sessions using the dosimetric and near-field
field assessment system
(DASY52, SPEAG, Zurich Switzerland).The
Switzerland).
piX system was used to characterize the transfer
t
function
of several implants used for research and clinical purpose (i.e. 3 generic straight leads, 3 generic
coiled leads, more than 6 leads for cardiac stimulation, more than 6 leads for spinal cord
stimulation),, the work was performed at 64 MHz and 128 MHz.
3) The main contribution of the experience was the development of a novel experimental testing
method for safety assessment of implant during MRI exposure. In fact the
the current measurement
systems used in the standards are subjected to several limitations and testing of extremely
elongated devices (>80 cm) cannot currently be performed. In the context of the safety study for
AIMD, the research project was focused on a novel radiated testing method by utilizing the
diversification of induced electric field inside a RF birdcage coil system through careful control and
adjustment of the RF birdcage driving vector.
vector The field diversity was produced imposing different
polarizations into the RF coil system. The approach was performed in the 64 MHz RF coil system
(MITS 1.5, ZurichMedTech AG, Zurich, Switzerland). The feasibility test is to be repeated in the
128 MHz system.
The work was conducted for generic leads and
for clinical leads used in cardiac and spinal cord
stimulation. An innovative phantom named
740 mm
Phase Phantom (PP) was used as part of the
440 mm
testing procedure (Figure 1).
1) The PP was
implemented to guarantee controlled exposure
conditions for the lead under test, in terms of
magnitude and phase of the induced electric
850 mm
field,, as well as to accommodate long leadedleaded
235 mm
devices while minimizing reflections and
Figure 1: a) Measurement setup: RF coil loaded with
perturbation to the device under test (DUT).
(DUT) As
the Phase Phantom (PP) in b)
first step for the field
ield diversity evaluation,
evaluation the
magnetic field polarization was characterized at the isocenter of the RF system for 120 different
exposures, defined by the relative magnitude and phase of the two feeding ports. Based on the
results, 10 out of 120 polarizations
polarizati
were selected for testing of induced electric field.
field For the
selected polarization dataset, a more refined
refine incident magnetic field characterization inside the PP
was performed, with the extension to other 10 measurements points (Figure 2a)
2 inside the
phantom. For the measured points indicated in figure 2a a 360ospatial rotation of the magnetic field
probe was performed, obtaining the information about the polarization of the field in the selected
point (figure 2b). The polarization data returned information
information about the spatial profile of the three
components (i.e., blue for x, red for y and green for z in figure 2b) and total magnitude (i.e., yellow in
figure 2b) of the magnetic field. The procedure was repeated for the 9 selected points and for the 10
selected
ted polarization settings, for a total of 90 field polarization
polariza
measurements.
a)

a)

b)

b)

Figure 2: a) measurement points selected inside the PP; b) magnetic field polarization for one of the selected
o
point in (a). The polarization was obtain by performing a 360 spatial rotation of the magnetic field probe.

A full-wave
wave FDTD simulations using Sim4Life (ZMT, Zurich Switzerland) was computed using a
numerical replica of the RF system loaded with the PP. The obtained numerical data was used to
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extract the tangential component of the electric field along the implant routing paths inside the PP
for the calculation of the power deposition at tip of implant. The different polarization settings were
numerically obtained by imposing for each measured point the simulated polarization to be equal to
the measured one. For the purpose of validating the numerical data, the magnetic field mapping
inside a 300 x 300 mm2 area was performed for each polarization setting, and data were compared.
Once the coil was characterized in terms of field polarization, the power deposition at the tip of an
implant was evaluated for each polarization setup both numerically and through measurements. On
the measurements side, a surface area of 7x80mm2 was measured 1 mm on top of the tip lead for
each polarization setup. On the simulation side, the electric field tangential to the lead trajectory
was evaluated from the numerical data, calibrated for each polarization setup. And the power at the
tip of the implant was calculated based on the transfer function approach, by the formula:
=
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where ℎ is the piX model(transfer function) of the studied lead, and tan is the tangential component
of the local incident electric field. Both quantities are defined along length l for length unit dl. The πX
model was measured at both 64 and 128 MHz using the piX system available in the research
laboratories.
C. Results
a)

b)

c)

Figure 3: a) field polarization comparison between
measurements and simulations for one of
polarization setup tested; measured (b) and
simulated (c) magnetic field map inside the Phase
Phantom for one of the polarization settings tested.
The percentage error between measurements and
simulation for the selected result was 1.57 %.
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dB
Point1 Point2 Point3 Point4 Point5 Point6 Point7 Point8 Point9
Pol1
1.620
1.626
1.621
1.629
1.534
1.533
1.627
1.622
1.541
Pol2
1.026
1.041
1.029
1.044
1.032
1.013
1.023
1.129
1.102
Pol3
1.448
1.441
1.445
1.460
1.443
1.459
1.449
1.439
1.446
Pol4
1.274
1.260
1.270
1.282
1.278
1.358
1.352
1.260
1.337
Pol5
1.268
1.275
1.269
1.269
1.268
1.262
1.266
1.277
1.269
Pol6
1.005
0.981
1.002
0.931
1.018
0.924
1.013
0.976
0.998
Pol7
0.962
0.959
0.962
0.961
0.962
0.955
0.961
0.959
1.031
Pol8
0.627
0.544
0.625
0.613
0.621
0.643
0.632
0.602
0.623
Pol9
0.481
0.476
0.478
0.506
0.529
0.506
0.454
0.603
0.478
Pol10
0.518
0.522
0.515
0.500
0.537
0.515
0.534
0.521
0.590
Table 1: field percentage error of simulated dataset with respect to the measured plane for the
selected 10 polarizations (in rows) imposing the measured polarization to the different 9 points
(columns). For each polarization deviation within points was less than 4%.
Comparison of field polarization distribution inside the phantom showed that a small amount of field
distortion can occur in different point of the phantom. This is due to interaction of the field with the
phantom and to physical limits of any exposure system. This is not to be considered a problem if
similar distortion can easily be predicted by simulated data. The numerical dataset was indeed able
to replicate the polarization distribution of the measurements with an overall error under 2 dB (as
reported in Table 1). Hence it was verified that it is possible to measure only one point inside the
phantom to be account for the correct field polarization in the numerical data. This result was
considered very important in the contest of safety assessment of an AIMD. Validation of numerical
results is in fact fundamental allowing for trustable numerical evolutions of clinical scenarios that
cannot be accounted for experimentally. Figure 3 reports an example of polarization comparison
between measurements and simulations, with the relative magnetic field distribution in the 300 x
300 mm2 area inside the phantom. The comparison was performed for all the 10 polarizations
selected, imposing to the numerical dataset the measured polarization in the 9 locations of the
phantom (Figure 2). For each comparison the three field component and the magnitude were
considered. Hence 27 magnetic field distributions were compared for each polarization setting for a
total of 270 field distribution.
Once the numerical data were sufficiently validated against measurements, the transfer function
obtained by the piX system was used to numerically evaluate the power at the tip of an implant for
all the different polarization settings (i.e. more than 1000).Analyses for the different polarizations at
64 MHzresulted in a dynamic range of 10 dB in the deposited power of the implant.
D. Future collaboration with host institution
Analysis at 3 T needs to be finalized. Further investigation shall focus on the experimental
implementation of the method. If proven practical, the proposed method is in compliance with the
radiated immunity tests required in ASTM 2182 [2] and ISO/TS 10974 [3] and may improve the safety
assessment of medical implants.
E. Expected Publications
Preliminary results of this work will be submitted in the form of a conference paper for the BioEM
meeting that will be hold in Gant (Belgium) in June 2016. A complete work is expected to be
submitted to a peer review journal in the next months.
Confirmation by the host institution of the successful execution of the STSM:
We confirm that Elena Lucano has performed the research work as described above.
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