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Elongated conductors, such as pacemaker leads, can couple to the MRI radio-frequency (RF) field during MRI scan and cause dangerous tissue heating. By selecting proper RF exposure conditions, the RF-induced power deposition can be suppressed. As the RF-induced power deposition is a complex function of multiple clinical factors, the problem remains how to perform the exposure selection in a comprehensive and efficient way. The purpose of this work is to demonstrate an exposure optimization trail that allows a comprehensive optimization in an efficient and traceable manner. The proposed workflow is demonstrated with a generic 40 cm long cardio pacemaker, major components of the clinical factors are decoupled from the redundant data set using principle component analysis, the optimized exposure condition can not only reduce the in vivo power deposition but also maintain good image quality.
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INTRODUCTION

Patients with implantable medical devices are usually excluded from the MRI examinations due to the very complicated electromagnetic (EM) environment patients are exposed to during MRI, including static, gradient, and radiofrequency (RF) magnetic fields. The RF magnetic field with frequencies of 64 MHz (1.5 T MRI) and 128 MHz (3.0 T MRI) will induce a strong electric-field in patients based on Faraday law (1, 2). The conductive implants inside the patients will act like an antenna, couple with these induced fields, and deposit the power near the implant electrodes, leading to high local tissue temperature increase (3–5).

Many efforts are done to solve this RF safety problem by modifying the material composition and EM properties of the implanted devices to render them inherently safe for MRI (6, 7), but in most cases, this is not enough. Instead of modifying implanted devices for the MR environment, many explorations are focused on making the MR environment itself safer for existing devices by manipulating the MR exposure conditions (8, 9). On the other hand, the exposure condition selected to reduce the RF-induced heating may at the same time decrease the MRI imaging quality dramatically (10). Therefore, it is important that the exposure condition are optimized so that the RF-induced heating are reduced and at the same time certain MRI imaging quality is reserved.

The RF-induced heating is directly determined by the induced in vivo tangential electrical field along with the implant routing (Etan), while the MRI imaging quality can be indicated by the magnetic field strength and homogeneity. For patients with medical implants, the induced in vivo electrical field Etan amounts to a multitude of variables specific to the MRI system (11, 12) (e.g., RF-coil design and manufacturing details), patient anatomy (13, 14), and imaging positions. Therefore, clinical trials performed with a limited number of scenarios are likely to be insufficient to ensure patient safety. It is essential that the exposure optimization be performed in as many relevant clinical scenarios as possible.

In this work, we established an in silico exposure optimization trial that comprises a data library with principle component analysis (PCA) to balance between the efficiency and completeness during the exposure optimization procedure. The proposed work-flow is applied to a generic 40-cm long cardio pacemaker under 1.5T MRI RF exposure. Big data containing more than 0.3 billion unique clinical scenarios are selected from the data library. The correlation coefficients between different clinical scenarios are analyzed based on PCA to decouple the major components of the clinical factors which produce significant and unique variation in the implant power deposition. The decoupled major clinical scenarios greatly reduce the data redundantly, therefore, enable a comprehensive and efficient exposure optimization resulting in both good imaging quality and patient safety.



MATERIALS AND METHODS

The proposed framework is illustrated in Figure 1, which is comprised of the following components:

• RF-exposure big-data library: This component provides pre-computed RF-induced field distributions inside a variety of patients during MRI exposure under different clinical scenarios.

• Implant-specific objects: This component includes the digital representations of clinical routings of the implant under test (IUT) and the RF model of the IUT.

• PCA guided data selection: This component uses PCA to get the decoupled clinical factors for an efficient data selection from the data library.

• Exposure Optimization: This component implements exposure optimization to achieve both good imaging quality and patient safety.


[image: Figure 1]
FIGURE 1. Proposed exposure optimization work-flow.



RF-Exposure Big-Data Library

Five high-resolution anatomical models from Virtual Population (ViP) (15) representing a large population range are selected and listed in Table 1. 10 RF coils with different coil diameter, and lengths covering the envelope of commercial MRI system are used as the incident RF field source. The geometry of the 10 selected RF coils is listed in Table 2. Each two-channel coil was tuned to resonate at 64 MHz, with selected polarization sweeps included:ϵ ∈ [−45o, 45o] with a step of 5o; τ ∈ [0o, 180o] with a step of 10o, covering a wide range of shimming used in MRI systems. τ and ϵ are two parameters defined to characterize the ellipticity and tilt angle of the field polarization (1). Each anatomical model was placed in the RF coils with imaging positions from head-to-foot with a step size of 10 cm along the longitudinal axis (as FATS is too big for coil No. 1–3, only coil from No. 4–10 are used for FATS). Figure 2 summarized the anatomical marks corresponding to each imaging position (ZPOS) for the five anatomical models.


Table 1. Physiological parameters of the five selected anatomical models, obtained from discretized models with a uniform grid size of 0.5 × 0.5 × 0.5mm3.

[image: Table 1]


Table 2. Geometry of the radio frequency (RF) birdcage coil considered in the study.

[image: Table 2]


[image: Figure 2]
FIGURE 2. Illustration of the corresponding anatomical marks in each anatomical model for each imaging position (ZPOS), different color represents different imaging range.


Computational EM (CEM) simulations were conducted by means of the finite different time domain (FDTD) simulation platform, Sim4Life V6.0 (ZMT Zurich MedTech, Zurich, Switzerland). It was ensured that a steady-state was attained before the simulations were determined. The anatomical models were discretized with a maximum grid size of 2.0 x 2.0 x 2.0 mm3, and dielectric tissue properties at 64 MHz (16) were assigned to the tissues.



Implant-Specific Objects

Three clinical routing groups of the IUT were defined: (i) left and right deep brain stimulator (DBS) routing groups (DBSL and DBSR: the routings run underneath the skin from the proximal ends of the left and right pectoral muscles, along the side of the neck behind the left and right ears, up to the crown of the head, and through the skull, terminating in the distal end of the thalamus); (ii) left and right pacemaker (PM) routing groups (PML and PMR): the routings run underneath the skin from the proximal end of the left and right pectoral and along the veins, terminating in the distal end of the right heart ventricle; and (iii) left and right spinal cord stimulator (SCS) routing groups (SCSL and SCSR: the routings run underneath the skin from left and right buttocks below the waistline, along with the epidural space from the T10 vertebra, and terminating at the C1 vertebra.


Algorithm 1 An algorithm with caption.

[image: Algorithm 1]

The RF-model of the IUT defined by the transfer function of the implant can be derived from the technique proposed (17) where the transfer function, henceforth referred to as h(l), is defined as the locally induced electric field around an electrode with excitation along length l of the implant. Figure 3 depicts a schematic of the method, where the generic 40 cm long implant is embedded in a homogeneous tissue simulating medium (TSM) with dielectric properties of σ = 0.47 S/m and ϵ = 78. The tangential component of the local incident electric field, Etan, is coupled with the implant at length l and the induced electric field around the implanted electrode at r, Eind(r), is evaluated as the transfer function h(l).


[image: Figure 3]
FIGURE 3. Schematic of the transfer function derived method. l is the unit tangential vector along the implant at length l.




PCA Guided Data Selection

To provide guidance for an efficient RF field data selection, PCA (18) is applied to an implant routing groups, RF coils, and image positions, respectively, to decouple the critical clinical factors from the redundant data. The PCA algorithm performed in this work is defined as follows:

For clinical factors that has M variables (e.g., there are 6 implant routing groups, M = 6), let [image: image] and [image: image] be the observed power deposition (Pdep) data set for variable i and j, respectively, the covariance matrix C∈RM×M can be obtained through Equation 1:

[image: image]

where [image: image] and σi are the mean and SD of data set [image: image], [image: image] and σj are the mean and SD of data set [image: image]. h is unity column vector. H donate the Hermitian transpose of matrix. Each element on the principal diagonal of the matrix is the correlation of a random variable with itself, which always equals 1.

The RF-induced power deposition Pdep of the implant under each clinical scenario can be estimated from:

[image: image]

where hl is the transfer function of the implant, and Etan(l) is the in vivo tangential electrical field along the implant trajectory under the selected clinical scenario.



Exposure Optimization

The RF coil exposure condition can be characterized with poincare shpere parameters ϵ and τ (1). Therefore, different exposure conditions have different ϵ and τ values. When the RF coil is operating under N different exposure conditions, these exposure conditions can be represented by poincare sphere parameter vector (ϵ, τ) = [(ϵ(1), τ1), (ϵ(2), τ2), …, (ϵ(N), τN)], where (ϵ(n), τ(n)) (n ∈ [1, N])) is the poincare sphere parameter of the nth exposure condition.

For a RF birdcage coil or transmit coil with 2 channels, the total [image: image] field at each region of interest (ROI) iso-plane can be expressed as the weighted superposition of the [image: image] field generated by each channel in the RF coil. Let 2 x 1 vector, b1=[image: image] be the complex [image: image] field vector, where [image: image] and [image: image] are the complex [image: image] field generated by the 1st and 2nd channel of the RF coil at location r. Let 2 x 1 vector [image: image] be the complex excitation vector under exposure condition n, where v(1) and v(2) are the corresponding complex amplitude of the 1st and 2nd channels. The total [image: image] field for each specific exposure condition n can then be expressed as follows:

[image: image]

The coefficient of variation of [image: image], defined as the SD over the mean value, is a commonly accepted figure of merit as a measure of the homogeneity of [image: image], can be obtained through Equation 4:

[image: image]

where σ is the standard deviation of [image: image] over the ROI iso-plane. Similar to the B1 field, tangential electrical field under the nth exposure condition [image: image] can be expressed as the weighted superposition as follows:

[image: image]

where etan=[image: image] is the tangential electric field generated by the two RF coil channels. Therefore, the local power deposition at the electrode-tissue interface under this exposure condition can be concisely expressed as follows:

[image: image]

In this work, we selected one specific clinical scenario (anatomical model Duke inside RF coil 6 at the thorax imaging position) to perform the exposure optimization, the following Magnitude Least Squares (MLS) optimization strategy is performed to determine the optimized excitation parameter (ϵ(j), τ(j)):

[image: image]




RESULTS

Figure 4 demonstrates the PCA-guided clinical factor decoupling procedure. More than 0.3 billion clinical scenarios are contained in the data library, including 5 human models× 6 routing groups × 100 routings for each group × 10 RF coils × 32 imaging positions × 360 exposure polarization. First, to decouple the target implant routing (left-side cardio pacemaker, namely PML) from other routings, PCA procedure is performed on the six routing groups. The covariance matrix for the six routing groups (DBSL, DBSR, PML, PMR, SCSL, and SCSR) are shown on the top row of Figure 4. We define two variables as correlated when Ci,j ≥ 0.95 and shown as white, otherwise, it is considered to be uncorrelated and shown as black. The results show that, for the five anatomical models, all implant routings are independent to each other except for the SCSL and SCSR, this is due to the fact that the IUT is too short (40 cm) to see the separation between left side and right side. Same PCA procedure is performed on the 100 routings in each group. The resulting covariance matrix has all the elements Ci,j bigger than 0.95, therefore, for each routing group, only 1 routing needs to be selected.


[image: Figure 4]
FIGURE 4. Illustration of the principle component analysis (PCA) guided data compression procedure: covariance matrix C of implant routing (Top Row), RF coil (Middle Row), and imaging position (Botoom Row) are shown following the data compression order.


In the next setp, the covariance matrix of the RF coils are calculated as shown in the middle row of Figure 4, following the same PCA procedure, the RF coil is compressed to only one, here, we choose RF coil 6. After the selection of the RF coil, the imaging positions are decoupled using the same PCA procedure, as shown in the bottom row of Figure 4. From the covariance matirx we can see that the imaging positions can be compressed to at most 14 groups (e.g., for anatomical model ELLA, imaging positions 0–10 (head to thorax imaging positions) can be compressed as group 1, imaging position 15–20 (pelvis imaging position) may be compressed as group 6, and position 25–30 (extremeties imaging positions) can be compressed as group 9). After the PCA guided data compression procedure, only 0.25 million clinical scenarios are selected from the original more than 0.3 billion data set. Among these selected data sets, the exposure optimization only need to be done among the 70 specific clinical scenarios (5 human × 1 RF coil × 14 imaging positions), as the exposure dimension (360 exposure polarizations) will be compressed by the exposure optimization procedure, where the optimized exposure condition will be selected to maintain patient safety and imaging quality.

The in vivo RF-induced heating of the generic 40 cm implant was estimated with both original clinical scenarios and the selected ones based on PCA guidance. As shown in Figure 5, the power deposition dynamic range of the selected clinical scenarios are the same as those with original clinical scenarios.


[image: Figure 5]
FIGURE 5. Power deposition (Pdep) distribution of the original data set from the data library (up) and compressed data set by PCA (down).


Figure 6 shows the slice view of the [image: image] at an iso-center slice of an example clinical scenario: anatomical model Duke inside RF coil 6 at thorax imaging position (demonstrated in Figure 6A). Compared to the default circular polarized exposure (ϵ, τ)=(45o, 0) as shown in Figure 6B, the exposure allows maximum averaged [image: image] field magnitude, shown in Figure 6C, improved averaged [image: image] field magnitude [image: image] from 4.8 to 5.3 μT, while the exposure allows minimum [image: image], as shown in Figure 6D, decreased [image: image] from 12.2 to 5.7%.


[image: Figure 6]
FIGURE 6. (A) Illustration of the selected clinical scenario: Duke in RF coil 6 at thorax imaging position. (B) Spatial distribution of [image: image] magnitude at an iso-center slice of Duke under circular polarized B1 field. (C) Spatial distribution of [image: image] magnitude at the iso-center slice of Duke under optimized exposure condition resulting in maximum [image: image] magnitude. (D) Spatial distribution of [image: image] magnitude over iso-center slice of Duke under optimized exposure condition resulting in minimum [image: image].


Figure 7 shows the distribution of power deposition of the IUT as a function of the B1 polarization (Pdep(ϵ, τ)) evaluated at the normal operating mode. The optimized exposure conditions that satisfy not only the image quality requirement (high [image: image] and small [image: image]) but also RF-induced heating limitation (low Pdep) are shown as white in the bottom-right of Figure 7.


[image: Figure 7]
FIGURE 7. (A) Distribution of [image: image] magnitude averaged over the iso-center slice of Duke as a function of B1 polarization (ϵ, τ). (B) Distribution of [image: image] coefficient of variation [image: image] over the iso-center slice of Duke as a function of B1 polarization (ϵ, τ). (C) Distribution of in vivo power deposition (Pdep) of the implant under test (IUT) implanted inside Duke as a function of B1 polarization (ϵ, τ). (D) Optimized exposure condition using the exposure optimization procedure performed on Duke under selected clinical scenario is shown as white.




CONCLUSION

In this work, we established an in silico exposure optimization trial that comprises a data library with a large permutation of different clinical scenarios to increase the evaluation completeness. To balance between the efficiency and completeness during the exposure optimization procedure, critical clinical factors are recognized and decoupled from the data library using principle component analysis. The proposed work-flow is applied to a generic 40-cm long active medical implant devices implanted in a 34-year-old male adult anatomical model as a pacemaker and exposed under 1.5T MRI RF magnetic field. The results show that the established workflow facilitates exploratory data analysis during exposure optimization, exposure conditions maximizing both imaging quality and patient safety under critical clinical scenarios can be identified.



DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available because the dataset is licensed. Requests to access the datasets should be directed to https://itis.swiss/virtual-population/explib/overview/.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



FUNDING

This work was supported by National Natural Science Foundation of China (Grant No. 6210010061).



ACKNOWLEDGMENTS

The authors would like to thank Zurich Medtech (ZMT, Zurich, Switzerland) for providing Sim4Life for scientific use.



REFERENCES

 1. Kraus JD, Carver KR. Electromagnetics. New York, NY: McGraw-Hill (1973).

 2. Balanis CA. Advanced Engineering Electromagnetics. Wiley (1989).

 3. Nordbeck P, Ertl G, Ritter O. Magnetic resonance imaging safety in pacemaker and implantable cardioverter defibrillator patients: how far have we come? Eur Heart J. (2015) 36:1505–11. doi: 10.1093/eurheartj/ehv086

 4. Davis L, Kaufman L, Margulis R. Potential Hazards in NMR Imaging: heating effects of changing magnetic fields and RF fields on small metallic implants. Am J Roentgenol. (1981) 137:857–60. doi: 10.2214/ajr.137.4.857

 5. Brown T, Goldstein B, Little J. Severe burns resulting from magnetic resonance imaging with cardiopulmonary monitoring risks and relevant safety precautions. Am J Phys Med Rehabil. (1993) 77:166–7. doi: 10.1097/00002060-199306000-00012

 6. Ladd ME, Quick HH. Reduction of resonant RF heating in intravascular catheters using coaxial chokes. Magn Reson Med. (2000) 43:615–9. doi: 10.1002/(SICI)1522-2594(200004)43:4<615::AID-MRM19>3.0.CO;2-B

 7. Weiss S, Vernickel P, Schulz V, Gleich B. Transmission line for improved RF safety of interventional devices. Magn Reson Med. (2005) 54:182–9. doi: 10.1002/mrm.20543

 8. Eryaman Y, Turk EA, Oto C, Algin O, Atalar E. Reduction of the radiofrequency heating of metallic devices using a dual-drive birdcage coil. Magn Reson Med. (2013) 69:845–52. doi: 10.1002/mrm.24316

 9. Gudino N, Sonmez M, Yao Z. Parallel transmit excitation at 1.5T based on the minimization of a driving function for device heating. Med Phys. (2015) 42:359–71. doi: 10.1118/1.4903894

 10. Etezadi-Amoli M, Stang P, Kerr A, Pauly J, Scott G. Controlling radiofrequency-induced currents in guidewires using parallel transmit. Magn Reson Med. (2015) 74:845–52. doi: 10.1002/mrm.25543

 11. Yao A, Murbach M, Goren T, Kuster N. Radiofrequency-induced risks during magnetic resonance imaging: dependence upon birdcage design. In: Proceedings of 28th International Society for Magnetic Resonance in Medicine (ISMRM) Annual Meeting. (2020).

 12. Lucano E, Liberti M, Mendoza GG, Lloyd T, Iacono MI, Apollonio F, et al. Assessing the electromagnetic fields generated by a radiofrequency MRI body coil at 64 MHz: defeaturing vesus accuracy. IEEE Trans Biomed Eng. (2016) 63:1591–601. doi: 10.1109/TBME.2015.2506680

 13. Yao A, Zastrow E, Cabot E, Lloyd B, Schneider B, Kainz W, et al. Anatomical model uncertainty for RF evaluation of AIMD under MRI exposure. Bioelectromagnetics. (2019) 40:458–71. doi: 10.1002/bem.22206

 14. Liu W, Wang H, Zhang P, Li C, Sun J, Chen Z, et al. Statistical evaluation of radiofrequency exposure during magnetic resonant imaging: Application of whole-body individual human model and body motion in the coil. Int J Environ Res Public Health. (2019) 16:1069. doi: 10.3390/ijerph1606106

 15. Gosselin MC, Neufeld E, Moser H, Huber E, Farcito S, Gerber L, et al. Development of a new generation of high-resolution anatomical models for medical device evaluation: the virtual population 3.0. Phys Med Biol. (2013) 59:5287–303. doi: 10.1088/0031-9155/59/18/5287

 16. Hasgall PA, Di Gennaro F, Baumgartner C, Neufeld E, Lloyd B, Gosselin MC, et al. IT'IS Database for Thermal and Electromagnetic Parameters of Biological Tissues, Version 4.0. (2018). doi: 10.13099/VIP21000-04-0.

 17. Park SM, Kamondetdacha R, Nyenhuis JA. Anatomical model uncertainty for RF evaluation of AIMD under MRI exposure. J Magn Reson Imaging. (2007) 26:1278–85. doi: 10.1002/jmri.21159

 18. Jolliffe IT. Principle Component Analysis. New York, NY: Springer-Verlag (2002).

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Yao, Yang, Ma and Pei. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/inline_31.gif
B

e





OPS/images/inline_30.gif





OPS/images/inline_33.gif
B

e





OPS/images/inline_32.gif
< By 1=





OPS/images/inline_28.gif





OPS/images/inline_27.gif





OPS/images/inline_3.gif





OPS/images/inline_29.gif







OPS/images/inline_25.gif
B, (e,T)






OPS/images/inline_24.gif
AB, 0>






OPS/images/inline_26.gif
B, (e,T)





OPS/images/logo.jpg
’ frontiers
in Public Health





OPS/images/inline_21.gif
(M





OPS/images/inline_20.gif
(a1 Cana]”





OPS/images/inline_23.gif





OPS/images/inline_22.gif





OPS/images/inline_18.gif





OPS/images/inline_2.gif





OPS/images/inline_19.gif
Emun’.xun(b





OPS/images/inline_15.gif





OPS/images/inline_14.gif
il 2
Vyam gy = AT





OPS/images/inline_17.gif
(M





OPS/images/inline_16.gif
(M





OPS/images/math_5.gif
(5)






OPS/images/math_4.gif
@

B e ) = =
1BY oo





OPS/images/inline_11.gif
"
(r)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Exposure Optimization Trial for Patients With Medical Implants During MRI Exposure: Balance Between the Completeness and Efficiency



		Introduction



		Materials and Methods



		RF-Exposure Big-Data Library



		Implant-Specific Objects



		PCA Guided Data Selection



		Exposure Optimization







		Results



		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/inline_10.gif





OPS/images/inline_13.gif





OPS/images/inline_12.gif
B
(r)





OPS/images/math_7.gif
i, WPaepex) + By conterry ~ 1Bl (1)





OPS/images/math_6.gif
= Wollh" Eqan (e (myempy DIl





OPS/images/inline_1.gif
AeR





OPS/images/fpubh-09-793418-t003.jpg
Require: M*M is the dimension of the pre-defined power
deposition matrix C;
i1
je1
whilei < M do
while j < M do
if Cjj > 0.95 then
compress elements i and j in the same compressed
group G
else
assign element j to a new compressed group G+1
end if
jejtl
end while
P—i+1
end while






OPS/images/math_3.gif
by v,
() 7))
Al

3)





OPS/images/crossmark.jpg
©

2

i

|





OPS/images/fpubh-09-793418-g005.gif
Thelonious|

o%.l n!um
Compressd Data Set.

e e s i L1 oo
Duke |
Fats P T

@ @ w0 w0 @ % e

Power Deposition P, (dB)





OPS/images/fpubh-09-793418-g006.gif
A s Circular Polarized Exposure

10/100

Duke in Coil 6
@thorax imaging position

<300 -200-100 0 100 200 300

300 -200-100 0 100 200 300 MMoso
mm





OPS/images/fpubh-09-793418-g003.gif
IRRTgaRGouS. |






OPS/images/inline_36.gif
B

e





OPS/images/fpubh-09-793418-g004.gif
5 {human) x 6 routing group) x 100 frouting) x 10 (RF coll) x 32 (imaging posiion) x 300 {polartzation) = 345616

ouue TELonioUs

B

FEFY FSTIFY FETEYY FSEIGY FEEY

EEd

S(hmn) 100 co) 32 s goiion) x 6 ptrston = 57651
s oE i R
e R | .
B i
g4 4
30 i L
“ 1 n
TEGTE 0N T RN TITESETON 125 PReT T25E IS TO0
Callo. i, ol o ail o coike
S(homan) 185 coi) 2 Ggingposon)x 3 tision = 576510
s e i
) . - ,,rl meconovs
e iy e M e R e
03 03 zos 203

5 human) x 1 (RF coi) x 14 (maging psiion) x 360 poarzation) » 252510






OPS/images/fpubh-09-793418-t002.jpg
Coil no. Diameter Length Number of rungs Shield diameter Frequency

em)  (em) (cm) (MHz)
1 65 50 16 70 [
2 65 60 16 70 64
3 65 70 16 70 64
4 75 40 16 70 64
5 75 50 16 70 64
6 75 60 16 70 64
7 75 70 16 70 64
8 80 50 16 70 64
9 80 60 16 70 64
10 80 70 16 70 6





OPS/images/fpubh-09-793418-g007.gif
Power deposition

Exposure selection

pumTr—

=S optimized Exposrs






OPS/images/fpubh-09-793418-t001.jpg
Anatomical model

Fats

Duke

Ella

Bilie
Thelonious

Gender

Male
Male
Female
Female
Male

Age
(Year)

37
34
26
1
6

Height

(m)

1.82
177
1.63
1.49
1.16

Weight
(kg)

119
702
573

34
186

BMI
(Kg/m?)

36
224
216
153
13.8





OPS/images/inline_9.gif
ERORIRION





OPS/images/cover.jpg
, frontiers
in Public Health

Exposure Optimization Trial for

Patients With Medical Implants

During MRI Exposure: Balance

Between the Completeness and
Efficiency





OPS/images/inline_8.gif





OPS/images/math_2.gif
Pap = (O ) Euan AN Y HEan(p)A)* )
iy ey





OPS/images/math_1.gif
I
huj

YijeLM) ()





OPS/images/fpubh-09-793418-g001.gif
Big-data
RF-exposure Library

= (i) =

=
PCA guided Exposure

implant-specific
objects

I
I
I
I
I
I
data selection optimization |
I
I
I
I
I

Data analysis





OPS/images/inline_5.gif





OPS/images/fpubh-09-793418-g002.gif
o o
e N
HTOIOM A0 TOIOMLIAD TR 8007

B
Tovorw o
Hoon o0 o>
Tasoora swun soor w0
T toor s tousoio

3O SO FOWR B0 FOWALMGOY 10 Twi 105 1 FONA 400110
SOHMUA SO0 H [EWUA SO M FEWUR A1 WD A 405110 TR 303115
TR 900 A FUR 400 D LR SO0 CACINUA Mk A E
LR 420 A FOMUR 401 D LR SO CACANUS WL A

A SO0 10 MR SO0, Ak
Stfwin so0ilo FwLA SO0 10 A NE
B oo Teasom
e o Tesoore
Draanc ean oo
Mreaiae  mewiae  Takarun
STAsoor o A w007 0 Tea >
TBA 0T U THA WO WD TOALD

soor
T 800110
oo
Prrati
s v

[





OPS/images/inline_4.gif
AeR





OPS/images/inline_7.gif





OPS/images/inline_6.gif





OPS/images/inline_35.gif





OPS/images/inline_34.gif





