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Development and validation of a novel cerebral oximeter using near-infrared spectroscopy
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Abstract: A cerebral oximeter based on 3-wavelength spatially resolved spectroscopy and the modified Lambert-Beer law is
proposed. A platform for monitoring the regional cerebral oxygen saturation (rSO,) is established, and the system reliability
is verified through spectral stability and background noise test. Eighteen volunteers are recruited to participate in the
controlled hypoxia test for exploring the trend of rSO, with the sequence of stepped hypoxia platform and discussing the
relationship between rSO, and arterial blood oxygen saturation. The results show that the established system can effectively
monitor rSO, and meet the measurement requirements. During the controlled hypoxia sequence, as the fraction of inspired
oxygen decreases, SO, shows a downward trend, and the individual rSO, has a high correlation with arterial blood oxygen
saturation.

Keywords: regional cerebral oxygen saturation; arterial blood oxygen saturation; near-infrared spectroscopy; spatially

resolved spectroscopy; controlled hypoxia experiment
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Figure 1 Banana—shape path of light propagation in the tissues
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Figure 2 Spatially resolved spectroscopy
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Figure 3 Overall schematic diagram of cerebral oximeter
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Figure 4 Cerebral oxygen sensor
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Figure 5 Cerebral oximeter modeling
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Figure 6 Sequence diagram of stepped hypoxia platform
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Figure 7 Controlled hypoxia test
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Figure 8 Spectrogram of cerebral oxygen sensor
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Figure 9 Background noise test results
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Table 1 Backgroup noise test results (mV)
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Figure 10 Changes in rSO, of a volunteer in the controlled

hypoxia test
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Table 2 Physiological variables, blood gas values and cerebral oxygen values in the controlled hypoxia test

28 Fh1 Fh2 Y4 ¥4 FH6
FiO, 0.20 0.16 0.12 0.11 0.10

Sp0,/% 99.82+0.50 95.15+1.10 89.68+2.04 85.20+£2.59 79.82+3.41 76.71+3.70
Sa0,/% 99.25+0.55 92.32+1.61 87.19+2.10 83.22+2.64 79.11+2.69 76.47+2.69
rS0,/% 66.54+1.40 65.51+1.18 65.06=1.09 64.47+0.89 64.00+0.80 63.78+0.74
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