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Experimental study of cerebral hypoperfusion in hemorrhagic shock using magnetic induction
phase shift method
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Abstract: Magnetic induction phase shift (MIPS) technology which is based on the dielectric properties of biological tissues is
a non-contact and noninvasive method for continuous monitoring. The feasibility of using MIPS for cerebral ischemia detection
has been proved. In order to verify whether MIPS technology can effectively detect cerebral hypoperfusion in hemorrhagic shock,
the cerebral hypoperfusion MIPS values of 20 rabbits with hemorrhagic shock were detected by homemade MIPS detection
system, while the arterial blood lactate (ABL) and laser Doppler (LDF) values of the cerebral blood flow were used as references.
The experimental data of 19 rabbits were selected for statistic analysis. The results revealed that with the development of
hemorrhagic shock, the cerebral perfusion MIPS value reduced from the baseline (0°) to (-5.284+1.99)°; and that ABL concentration
increased from (3.55+2.24) mmol/L to (13.34+6.66) mmol/L; and that the baseline percentage of cerebral blood flow LDF value
decreases from 100% to (59.26+51.57)%. The cerebral perfusion MIPS value was proved to be highly correlated with ABL
concentration, with all correlation coefficients greater than 0.816, and meanwhile MIPS measurement had better detection
resolutions than LDF measurement. The above results show that the MIPS technology can effectively detect cerebral
hypoperfusion in hemorrhagic shock. Using cerebral perfusion MIPS is feasible for pre-hospital hemorrhagic shock detection.
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Fig.1 Schematic diagram of MIPS detection (left) and vector diagram of magnetic field (right)

MIPS: Magnetic induction phase shift
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ABL: Arterial blood lactate; HS: Hemorrhagic shock
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Fig.3 Schematic diagram of experimental process

LDF: Laser Doppler flowmetry
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Fig.4 Variation tendencies of parameters in the second group of HS experiment
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Tab.1 Correlation analysis results of the parameters at 5 selected moments in 19 experiments

MIPS & ABL LDF & ABL MIPS & LDF

e Pvalue  Correlation coefficient (r) Pvalue  Correlation coefficient (r) Pvalue  Correlation coefficient (r)
R1 0.001 -0.992%* 0.050 0.878* 0.068 -0.851
R2 0.003 -0.982* 0.210 0.676 0.199 -0.688
R3 0.001 -0.989* 0.141 -0.754 0.221 0.664
R4 0.003 -0.981%* 0.024 -0.926* 0.007 0.968*
R5 0.023 -0.928* 0.012 -0.953* 0.088 0.821
R6 0.010 -0.959* 0.007 -0.967* 0.035 0.905*
R7 0.030 -0.913* 0.908 -0.072 0.561 0.352
R8 0.024 -0.926* 0.851 -0.117 0.935 -0.051
R9 0.004 -0.977* 0.602 -0.318 0.477 0.424
R10 0.003 -0.982* 0.775 -0.178 0.878 0.096
R11 0.004 -0.977* 0.002 -0.984* 0.008 0.966*
R12 0.092 -0.816 0.036 0.902* 0.041 -0.894*
R13 0.038 -0.898* 0.556 0.357 0.207 -0.680
R14 0.054 -0.872 0.368 0.521 0.842 -0.124
R15 0.009 -0.961%* 0.015 -0.947%* 0.054 0.872
R16 0.059 -0.864 0.046 -0.885* 0.001 0.992*
R17 0.061 -0.861 0.064 -0.856 0.026 0.922%
R18 0.078 -0.836 0.522 -0.385 0.200 0.687
R19 0.013 -0.950* 0.011 -0.956* 0.001 0.990*

*: Related significant at 0.05 level
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