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Fig.1 System hardware framework diagram

(a) Structure diagram of sensor. (b) Multi-frequency synchronous impedance spectrum detection system. FR-4: flame retardant 4, DAC: digital to

analog converter, ADC: analog to digital converter, LPF: low pass filter.
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Fig.2 Simulation model

(a) Structure of the stomach wall. (b) Electrical parameters fitting plot. (¢) Simulation model. (d) Three kinds of electrode arrangements.
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Fig.3 Simulation results of 3 kinds of electrodes

(a) Linear electrodes. (b) Rectangular electrodes. (¢) Ring electrodes.
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Fig. 4 Experimental equipment

(a) Connection diagram of the detection system. (b) Linear electrodes to detect normal tissue. (c) Rectangular electrodes to detect normal tissue. (d)

Ring electrodes to detect normal tissue. (¢) Rectangular electrodes to detect tumor tissue.
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Fig. 5 Experimental results of the detection by 3 kinds of electrodes

(a) Nyquist impedance cloud plots. (b) Bounded regions and mean values.
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Fig. 6 Overlap rate (rat) of obtained from the three kinds

of electrodes
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Table 1 Coefficient of variation of detection for three

electrodes
Type Linear electrode Rectangular electrode Ring electrode
Normal tissue 11.82% 25.25% 6.81%
Tumor tissue 14.28% 14.73% 8.39%
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Fig. 7 Clinical experiments of gastric cancer tissues

(a) Histologic and pathologic findings of the gastric mucosa. (b) Histologic and pathologic findings of gastric cancer. (c) Impedance spectroscopy

results.
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Abstract Objective Cancer is a global public health issue that has attracted much attention. Detecting and
treating cancer at an earlier time point is the key to improving cancer survival rates. However, due to factors such
as high equipment cost, slow detection speed, and poor detection accuracy, the promotion of early cancer
screening is limited. Therefore, this paper proposes a high-precision and high-speed bioimpedance spectroscopy

detection method for tumor identification based on multi-frequency synchronous bioimpedance spectroscopy
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technology. Methods First, based on the multi-frequency synchronization technology, this paper built a multi-
frequency synchronous bioimpedance spectrum detection system, realized the high-speed detection of
bioimpedance spectrum, designed concentric circle sensors to reduce the influence of biological tissue anisotropy
on impedance detection, and improved the discrimination of bioimpedance spectrum between different tissues.
Secondly, a gastric wall tissue model was established, and the degree of anisotropy influence on traditional four-
electrode sensors and concentric circle sensors was studied through simulation. Finally, through pork tissue
detection experiments and clinical gastric cancer tissue detection experiments, it was verified that the multi-
frequency synchronous bioimpedance spectroscopy detection system using concentric circle sensors has higher
detection accuracy. Results The experimental results show that when using concentric circle sensors, the
average overlap rate of detection results is 13.4%, which is 41.7% lower than that of traditional electrodes, and
the average discrete coefficient (C,) is 7.6%, which is 54.0% lower than that of traditional electrodes. The multi-
frequency synchronous bioimpedance spectrum detection system takes about 20 ms to perform a detection, and
the detection method proposed in this paper has higher detection accuracy and detection speed. Finally, the
concentric circle electrodes were selected to conduct clinical experiments on human gastric cancer tissue, and
normal tissue and tumor tissue were successfully distinguished. Conclusion The high-precision and high-speed
bioimpedance spectroscopy detection method for tumor identification proposed in this paper can effectively
reduce the influence of anisotropy of biological tissues and obtain higher-precision and higher-speed detection

results.
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