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Utility of the external auditory canal pressure pulse waves for non-invasive
intracranial pressure measurement

Furihata, Kenji
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The need to understand and control intracranial pressure (ICP) is reguired
for treatments in various clinical situations. Noninvasive monitoring of the ICP via the auditory
system is theoretically possible because changes in ICP transfer to the inner ear through
connections between the cerebral spinal fluid and the cochlear fluids. First, the nonlinear data
modeling to discover complex relationships was analyzed by IBM SPSS neural networks. The results
show that the standard error of the estimate ICP by the 25 factors selected as independent variables

of the external auditory canal pressure pulse waves was 3.0 cmH20 in the range 0.95 to 30 cmH20,
and it was 4.3 cmH20 in the range 30.1 to 55 cmH20. Second, we focused on the natural resonance
frequency (NRF) of the brain to predict the ICP value. The individual NRF, which was calculated by
the transfer function method, only depends on the measured ICP value and their relationship can be
presented in the simple quadratic functions.
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Fig.3 An example of the signal processing results.

(a) : the EACP pulse waveform, (b) : the cumulative
amplitude probability density, (c) : the periodogram
using FFT, (d) : the cumulative power spectral density.
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Fig.4 Neural network multilayer perceptron method (Number of
Hidden layers: one, Number of units: 11, and the standard error of
the estimate : Std. error = 1.3 cmH,0).
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Fig. § The relationship between the MICP and the PICP by the removed data

of each subject. The standard error of the estimate is 3.0cmH,O within the
range from 1 to 30cmH,0 of the MICP.The standard error of the estimate is
4.3cmH,0 within the range from 30.1 to $5cmH,O of the MICP.
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Dependent variable:
Groups(1,2), Covariates: EACP 25 ,
Rescaling of covariates: Standardized,
Randomly partitions: Training 70% and
Test 30%, Automatic architecture
selection: number (8) of units in Hidden
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Optimization algorithm: Scaled conjugate
gradient
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Fig.7 Center graph: The raw data of cervical carotid
pressure waveform (CCPW) and the pulse waveform of
intracranial pressure (PWICP). After rejection of the noise
(red line square), the data was cut in consecutive 10.24
seconds which was called a “column” (black dot square).
Upper graph: magnified one column. The largest one
(green square) from the positive peak of cardiac pulsation
of CCPW (green arrow head) was selected in each column,
as well as a synchronized PWICP.
Lower two waveforms: The selected CCPW and PWICP
were averaged by the weighted average method. And the
transfer characteristics from CCPW to PWICP was
calculated.
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The first initial negative peak of transfer
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Fig.8 The graph for the relationship between

transfer function magnitude and frequency. The

first peak of transfer characteristics was judged as

the NRF of the brain.

80

ICP 0.0842*MNRI

0.0329%(MNRF)2
R?=0.9952

70

60

50

40

ICP (hPa)

30
20

10

0 5 10 15 20 25
NRF (Hz)

® Measured NRF
Polinomial : Measured NRI
Theoretical NRF ICP=0.0349*%(TNRF )

weee Polinomial

Fig.9 Blue points is plotted the relationship between the
measured ICP value and the NRF of the brain. Error bars
indicate SD. These parameters are strongly correlated with
each other (R2= 0.999947). The blue polynomial:
approximation graph from blue points. The red polynomial:
theoretical calculation graph.
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