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Target Audience:  This study will be primarily beneficial to those whose research is in the area of MR safety, such as those investigating SAR safety with respect to 
conductive device leads, catheters, or guidewires; use of local transmit / transceiver coils to improve local SAR behavior; or computer simulations (FDTD) involving coil 
performance and SAR. 
Purpose:  The use of a local transmitter coil to reduce local SAR heating is evaluated with regards to MRI imaging in the presence of long conductive media. Previous 
investigations [2] have shown various possible heating mechanisms for conductive media used in an MRI environment. Among these heating mechanisms, the electric field 
antenna affect was shown to create significant heating near the end of a long conductive wire, especially when the length nears resonance [2]. Such long conductive wires 
can be found in the MRI environment in the form of leads to EEG [3] or other monitoring or multi-modality equipment, and in conductive catheters or guidewires used for 
image-guided interventional procedures [1,4]. The heating in such devices occurs at the tip of the long conductive medium [2], but the amount of heating is highly dependent 
on several factors, including the length of the conductive medium, the position within the MRI coil, and the dielectric constant of the patient or phantom [1-3]. Since the position 
within the coil and the amount of the conductive media positioned near a high dielectric patient are liable to change from one 
situation to another, it is important to find a solution that can be generally applied to improve SAR and heating characteristics. One 
possibility is the use of a local transceiver coil to reduce the total power and ܧሬԦ field magnitude. This possibility is evaluated in the 
form of a simulation using commercial software (xFDTD, Remcom, State College, Pennsylvania, United States) to calculate SAR 
for various configurations of a coil and a representative wire. 
Methods:  A simulation model was generated as shown in Fig 1. A perfect electrical conductor wire was constructed parallel to 
the ܤሬԦ଴ field, and positioned such that one end was centered in the ̂ݖ direction. Two different transmit coils were constructed using 
birdcage geometry: a large ‘whole body coil’ (WBC) and a small ‘local transmitter coil’ (LTx). These transmitter coils were built of 
perfect electrical conductors and driven at 63.6ݖܪܯ. In both cases ݊௥௨௡௚௦ ൌ 16.  Birdcage dimensions are ݀݅ܽௐ஻஼ ൌ 60ܿ݉, ݈ௐ஻஼ ൌ 130ܿ݉, ݀݅ܽ௅்௫ ൌ 40ܿ݉, and ݈௅்௫ ൌ 50ܿ݉. A cylindrical phantom was centered in the coil such that ݀݅ܽ௣௛௔௡௧௢௠ ൌ 30ܿ݉, ݈௣௛௔௡௧௢௠ ൌ ௥,௣௛௔௡௧௢௠ߝ ,130ܿ݉ ൌ ௣௛௔௡௧௢௠ߪ ,60 ൌ 1	ܵ ∙ ݉ିଵ, and ߩ௣௛௔௡௧௢௠ ൌ 1000݇݃ ∙ ݉ିଷ. Finally, a large cylindrical bore of ݀݅ܽ௕௢௥௘ ൌ 63ܿ݉, ݈௕௢௥௘ ൌ 130ܿ݉ was positioned around the model to represent the shielding conditions of the gradient ciol. 
Simulations were then run for both coils with the wire centered in the ݔො and ݕො directions, and again with the wire offset by 10ܿ݉.  
For comparison, the same coils were simulated with no wire at all. 
Results:  All simulation outputs were scaled such that the rotating ܤሬԦଵା field was equal to 1ܶߤ at isocenter.  As expected, when the 
wire was centered in ݔො and ݕො, there was no noticeable effect on the local SAR distribution, and when the wire was off-center by 
10cm, there was a dramatic increase in local SAR at the tip of the wire for both coils. The maximum local SAR values for these 
configurations are displayed in Table 1 and distributions are shown in Fig 2.  The rotating ܤሬԦଵା field for the axial slice through 
isocenter is shown in Fig 3, and the ܧሬԦ field magnitude for the coronal slice is shown in figure 4. 
 

   

 
Table 1 Maximum SAR values for each configuration. 
Max SAR values for ‘wire centered’ configurations are 
located at the outer surface of the phantom. Max SAR 
values for ‘wire off-center’ configurations are located at 
the tip of the wire. Figure 2 Graphical display of SAR (raw) in 

the coronal slice through the conductive 
wire.  (a) LTx no wire (b) LTx wire centered 
(c) LTx wire off-center (d) WBC no wire (e) 
WBC wire centered (f) WBC wire off-center. 
Scale: 0 W/kg – 2 W/kg 

Figure 3 ܧሬԦ field magnitude in the coronal 
slice through the conductive wire.  (a) LTx 
no wire (b) LTx wire centered (c) LTx wire 
off-center (d) WBC no wire (e) WBC wire 
centered (f) WBC wire off-center. 
Scale: 15 V/m – 75 V/m 

Figure 4 Rotating ܤሬԦଵା field in the axial slice 
through isocenter. (a) LTx no wire (b) LTx 
wire centered (c) LTx wire off-center (d) 
WBC no wire (e) WBC wire centered (f) 
WBC wire off-center. 
Scale: 0μT – 2μT 

Discussion & Conclusion: 
The results indicate that a local transmitter coil has a significant advantage for two reasons. Firstly, it is apparent that the peak SAR is lower for the local 
transmitter coil compared to the whole body coil. This can be easily explained by the fact that a smaller, more locallized transmitter coil requires less total power in 
order to generate a certain magnitude of ܤሬԦଵା at the region of interest compared to a larger coil. Secondly, it is apparent that there is little to no SAR increase if the 
conductive wire is positioned near low ܧሬԦ field regions. This is a clear advantage to split-design local transmitter coils, such as an anterior-posterior Helmholtz coil 
pair that can be positioned with the minimum ܧሬԦ field aligned with the actual conductive medium used. 
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Figure 1 Configurations of the simulations 
described.  (a,b) LTx coil 40cm diameter, 
50cm length; (c,d) WBC 60cm diameter, 
130cm length.  (a,c) wire centered; (b,d) 
wire off-center. 
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