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Introduction: Patient safety should be the primary concern in any MR procedure [1]. During a regular
imaging acquisition, some of the transmitted radiofrequency (RF) power can be dissipated as heat within the
patient’s tissue. The management and limits of local and global power deposition in human subjects (based on
specific absorption rate, SAR) is the leading constraint to the application of ultra-high field MRI [2]. At high
magnetic fields, field distribution becomes an issue and assessing the safety conditions require more elaborate
strategies than for low-field systems. The calculation of local SAR demands a detailed knowledge of the
electric field distribution during the RF excitation. Numerical electromagnetic and thermal simulations are
currently the best practical way to evaluate the local information on electric field distributions as well as tissue
temperature [3]. Here, we are reporting the recent efforts of our group in numerically quantifying the SAR
deposition of a head coil and its overall reliability of RF dosimetry, with an emphasis on the thermal response.

Methods: We first evaluated the numerical calculations of SAR and temperature for the human head phantom
in a volume coil for MRI. The electromagnetic field (EM) distributions in the human head were calculated at
64 MHz, 128 MHz, and 297.2 MHz to allow a proper comparison. The head model had a resolution of 3 mm
in each dimension. We converted this voxel-based model into a surface-based one so that it could be imported
into the electromagnetic finite-element simulation software. The thermal simulation was based on bio-heat
transfer model and approaches for taking into account the physiological response of the human body.
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Figure 1. The cross-section of the center coil for Electric field distribution, SAR distribution, and Temperature at
297.2 MHz.

Results: The numerical results indicate that for all cases studied the SAR was not higher than the regulatory
limits (showing that existing restrictions on local SAR still, can be used). As the field pattern changes with the
frequency, so do the temperature distribution and the ratio of maximum local SAR. The temperature in the
borders could rise by more than 1°C in 297.2 MHz.

Conclusion: Our numerical calculations indicated a nonuniformity in the electric field distribution in 297.2
MHz, and both SAR and temperature distributions are also nonuniform. The temperature distribution correlates
well with SAR distributions and the temperature inside the human head did not exceed 39°C (311 K).
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