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Supplementary Fig. 1 Temperature fields generated with currents of 128 MHz and 100 kHz are equivalent. (a) The curves of temperature change induced by sinusoidal currents of 128 MHz and 100 kHz at different locations in the phantom. Currents were injected through the electrode, the resulting temperature changes was measured by three fluoroptic probes which were fixed at the electrode surface, about 5 mm, and about 10 mm from the electrode centre. For each frequency, experiments were performed at 3 levels of heating, with 3 repetitions for each level. (b) Histogram of the differences in the temperature fields produced by two frequencies of current. The mean temperature during the last 30s of each curve was used. The differences between two heating current were significantly with ± 0.1 °C. Sample size n = 27, analysed with one-tailed t test with significance level of 0.05.
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Supplementary Fig. 2 Customized design of the MRI compatible protection apparatus and procedures in the animal study. (a) Detailed structure of the apparatus, including the base, chamber, and cover. The white arrows and the dashed line indicate the typical locations for fixation with ceramic screws. The screws between the base and the chamber can be replaced with metallic screws to increase strength, in which case the metallic screws need to be removed before MRI. (b) Surgical scene of implantation. (c) Overall procedure of the animal study.
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Supplementary Fig. 3 Individualized blood perfusion in the animal study. The temperature change measured by fluoroptic probe at the electrode surface during the cooling phase was fitted to the simulated temperature change to determine the perfusion parameter for each experiment. For perfusion parameter in simulations, the range of 2.7025 mL/100g/min to 81.0750 mL/100g/min with a step length of 2.7025 mL/100g/min was traversed. Higher perfusion parameter was excluded due to insignificant improvements and the potential overfitting. The probe measurement for the first 700 s of cooling phase were used. 



Supplementary Table 1 Material parameters for electrothermal simulation
	Parameter
	Value

	Phantom 
	

	Medium density (kg/m3)
	1000

	Medium heat capacity (J/kg/K)
	4200

	Medium heat conductivity (W/m/K)
	0.6

	Medium electrical conductivity (S/m)
	0.36

	Bioheat model 
	

	Tissue density (kg/m3)
	1045.5

	Tissue heat capacity (J/kg/K)
	3630

	Tissue heat conductivity (W/m/K)
	0.51

	Tissue electrical conductivity (S/m)
	0.37

	Blood temperature (°C)
	37

	Blood density (kg/m3)
	1049.8

	Blood heat capacity (J/kg/K)
	3617

	Perfusion (mL/100 g/min) — animal
	52.6

	Perfusion (mL/100 g/min) — patient
	55.9






Supplementary Table 2 Uncertainties of simulation for phantom
	Uncertainty source
	Value 1
	Value 2
	Sensitivity
	SD
	Uncertainty

	Phantom

	Medium density (kg/m3)
	1000
	100.93
	0.06%/%
	9.3 (0.93%)
	0.05%

	Medium heat capacity (J/kg/K)
	4200
	4413
	0.04%/%
	213.36 (5.08%)
	0.2%

	Medium heat conductivity (W/m/K)
	0.6
	0.63
	0.90%/%
	0.03 (4.78%)
	4.30%

	Boundary temperature (°C)
	37
	35
	4.32%/%
	0.5 (1.35%)
	5.84%

	Heating duration (s)
	998
	1008
	
	
	0.02%

	Relative tolerance
	0.01
	0.001
	
	
	0.03%

	Min mesh size (mm)
	0.005
	0.1
	
	
	0.01%

	Time step (s)
	0.005~2
	0.1~5
	
	
	0.02%

	Combined
	
	7.26%






Supplementary Table 3 Uncertainties of simulations for animal and patient subject
	Uncertainty source
	Value 1
	Value 2
	Sensitivity
	SD
	Uncertainty

	Bioheat model

	Medium density (kg/m3)
	1041
	1050
	0.03%/%
	6.36 (0.61%)
	0.02%

	Medium heat capacity (J/kg/K)
	3578
	3682
	0.03%/%
	73.54 (2.03%)
	0.06%

	Medium heat conductivity (W/m/K)
	0.49
	0.54
	0.71%/%
	0.022 (4.3%)
	3.10%

	Blood density (kg/m3)
	1025
	1060
	0.18%/%
	16.56 (1.58%)
	0.28%

	Blood heat capacity (J/kg/K)
	3300
	3900
	0.17%/%
	301.44 (8.33%)
	1.42%

	Perfusion — animal (ml/100g/min)
	38.29
	66.87
	0.18%/%
	14.29 (27.17%)
	4.89%

	Perfusion — patient (ml/100g/min)
	45.98   
	65.74
	0.18%/%
	9.88(17.69%)
	3.18 %

	Blood temperature (°C)
	37
	36.7
	19.07%/%
	0.3 (0.81%)
	15.46%

	Boundary temperature (°C)
	37
	35
	0.03%/%
	0.5 (1.35%)
	0.04%

	Heating duration — animal (s)
	365
	370
	
	
	0.06%

	Heating duration — patient (s)
	180
	185
	
	
	0.15%

	Convergence: relative tolerance
	0.01
	0.001
	
	
	0.01%

	Min mesh size (mm)
	0.005
	0.1
	
	
	0.01%

	Time step (s)
	0.005~2
	0.1~5
	
	
	0.01%

	Combined — animal
	
	16.57%

	Combined — patient
	
	16.15%
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