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Introduction: Conductive implants are in most cases a strict contraindication for MRI examinations.  Applied RF pulse power during the MRI 
measurement can lead to severe heating of the surrounding tissue. The use of fiberoptic probes is the standard procedure for monitoring these heating 
effects. However, the observed temperature increase is highly dependent on the positioning of such a probe as it can only determine the temperature 
locally [1]. In this work, we monitored the temperature increase of a wire in a gel phantom with a recently proposed combination of an MRI 
temperature mapping method and simultaneous MRI heating [2].  This method was adapted for three-dimensional MRI, in order to increase spatial 
information and to allow the determination of the total heat generated at the wire tip. A small water-proof loop coil was built, which made it possible 
to place the coil directly into the gel phantom next to the wire, thereby increasing the available signal-to-noise ratio considerably. 

Theory and Methods: All experiments were performed on a Siemens Avanto 1.5 T imaging 
system. An insulated conductive copper wire with a length of 25 cm was placed on the left 
side of a 20 l gel phantom (5% Hydroxyethylcellulose with a supplement of NaCl and 
CuSO4; conductivity 0.47 S/m, T1=280 ms). A custom-made loop coil (Ø=7cm) was placed 
near the left inside wall of the phantom (approx. 3 cm from the wire tip). Temperature 
mapping was performed using a modified PRF (proton resonance frequency) method 
containing an off-resonant high power RF pulse [2]. Averaged RF power of the sequence was 
set to 2.6 W/kg bodyweight by adjusting the off-resonant pulse. A series of sixteen images  
was recorded consecutively (Matrix: 8x128x128 with elliptical scanning, TR/TE=20/15ms 
FoV=120mm, sl.th.=8mm, acq.Time= 16x15s=4min). The images were zero-filled onefold in 
all three spatial dimensions prior to Fourier transformation (voxel size after zero-filling: 
0.5x0.47x0.47 mm³; x,y,z in scanner coordinate system). Phase drifts were determined by an 

8th-order polynomial fit of the 
phase outside of the suspected 
heating area and the phase images 
were corrected accordingly. Temperature difference maps were calculated by substracting 
each phase image from a reference image and utilising the near-linear temperature-
dependency of the resonance frequency for water protons [3]. The generated heat at the 
wire tip was calculated from a sum over the difference temperatures in a region of interest 
around the wire tip, by assuming that the heat capacity of the gel was comparable to that of 
water (4.18 kJ/(kg·K) at 25°C). 

Results: Sagittal slices from the heating interval are shown in figure 1. Figure 2 depicts the 
temperature map at the end of the heating interval  in three orthogonal slices through the 
wire tip. The calculated heat and heating power at the wire tip is shown in figure 3. 

Discussion: This work shows that three-dimensional MRI thermometry of RF-induced 
wire- (or comparable medical implant-) heating is possible with a reasonable temporal 
resolution. One of the main advantages over the 2D approach is the virtual elimination of 
problems associated with positioning errors. Therefore, this method presents a convenient 
way to determine local hotspots near implants quickly as a part of  a  MRI safety phantom 
study. Due to the volume coverage, it is also possible to determine the total heat absorption 
in a specific volume. It is noteworthy, that the presented results show that the measured 
heating power drops considerably during the course of the experiment (figure 3). An 
obvious explanation for this is that heat dissipates outside of the region of interest which is 
especially restricted in the x-direction (3D phase- and slice-encoding direction). Another 
“heat sink” are regions were it is hard to determine the temperature due to artifacts from the 
wire. Particularly, there seem to be RF-shielding effects above the wire (dark blue areas in 
fig. 1 and 2). We are planning to address this problem by building a dedicated bird-cage coil 
which will be placed around the wire tip. 
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Figure 3: Heat and heating power at the wire tip, as 
calculated from a region of interest. 

Figure 2: Temperature increase at the wire tip, at the end of the 
heating interval (contour lines at ∆T=3°C, 6°C, 12°C, 20°C). 

Figure 1: Time course of temperature maps (sagittal plane) 
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