Combining Levels and Phases for DPOAE analysis
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INTRODUCTION RESULTS

NONINVASIVE MONITORING OF INTRACRANIAL PRESSURE CHANGES: Detec
tion of increases 1n intracranial pressure (ICP) 1s essential in the treatment of several brain dam

aging conditions which can lead to severe brain injury or death. Intracranial pressure (ICP) moni ) 2 Combined Levels and Phases 3 Quantitative comp arison
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the skull (Fig. 1). Previous and current work relating ICP variations to changes in distortion- pOSi oS uprlgh t and -45 ngI'GGS Five measurements
product otoacoustic emissions (DPOAEs) (Buki et al. 1996, Buki et al., 2000, Frank et al. 2000, ) - .
de Kleine et al. 2000, 20001, Voss et al. 2006) indicates that increases in ICP are likely to be de ° -
tectable through changes in DPOAEs. Development of a systematic analysis for changes in were made on different days on each of five subjects. SUBJECT1 SUBJECT2 SUBJECT3 SUBJECT4 SUBJECTS5 T Level (N=5)
DPOALE:s is therefore an essential tool in the implementation of a noninvasive ICP monitor Presumably the -45 degree pOSitiOIl increases the T 50__ Phase (N=5)
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. . subject’s intracranial pressure (ICP). ! | & & 4 : —— Level median
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DPOAESs 1n an analysis to detect changes in DPOAEs. 2 ) . N 50+ :
Although DPOAE correlation with ICP has been ana- Figure 5 combines the DPOAESs levels and phases for the % : :
lyzed 1n terms of changes in DPOAE levels, there has . : «ﬁ 0 | . : %
been no attempt to describe the effects of ICP changes two posmons, U.pl‘lght and -45 degrees. < 50— N
on DPOAESs by incorporating both level and phase in v 0.1 -
one representation. Here, we compare the individual 3 N 50~ T?S :
level and .phase representations with a repres§ntat10n Figure 6 tests the signiﬁcance for which the data 1n Figures S 0 - . & > :
that combines the DPOAE level and phase, with each 'H _ 4 O i
|} g DPOAE measurement a point whose distance from the 4 and 5 differ based on p()stura] p()siti()n, .
DJO origin 1s related to DPOAE level and whose angle 1s re- 0.01 E
Figure 1: Surgical placement of an ICP lated to the DPOAE phase. Ultimately, the goal is to N 50-
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OVERVIEW: DPOAEs were measured on ‘ﬁ 0 | ) . )
five normal-hearing, healthy subjects at two < _5o-
postural positions (upright at 90° and -45 de- (l.F) F.igurle 6. (ljomputed p 1Valluet:s (;of test th}cla h}if).otftlestis thﬁtfdata collec;tedt Iellt tt}}lle tWIc; I[))(o)sz;zral positiotnst are differeln(t. (Ilr)ldi_
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gree}sl) o & (g talzlle (Flgureb%) t.O CharaC‘Fell’ L q_% i >0 | . . phase (blue), and combined level and phase (black). Values were computed with a numerical, bootstrap test (resampling)
1ze how posture, and presumably lntracranla. 8 o) ™~ 0 ) 5 . ; S o with 10,000 iterations and replacement, as described by Efron and Tibshirani; the test used distances calculated between
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tain middle-ear pressure as close to 0 as possible; four subjects had variations in middle-ear pres- N N 50— : - : : :
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scribes the DPOAE i1n terms of the two
components X and Y ..

fdp = DPOAE phase (cycles)

Figure 4. DPOAE levels (left column) and phases (right column) from the right ear of five sub-
jects, with five measurement sessions per ear. Measurements were made for two postural posi-
tions: upright (blue circles) and with the subjected tilted at -45 degrees relative to the horizontal
(red squares). Noise floors associated with each measurement are shown in dashed lines. Noise
levels are generally higher for upright postures because the measurements were stopped once the
signal to noise level reached 15 dB.

Figure 5. DPOAE measurements represented by a point whose distance from the origin 1s Ldp+20 (we add 20 so that
the distance is always positive) and whose angle is 2p times the DPOAE phase (in cycles). Measurements are from the
right ear of five subjects, with five measurement sessions per ear. Each column of plots 1s from one subject and each
row 1s the data from one frequency. Measurements were made for two postural positions: upright (blue circles) and
with the subjected tilted at -45 degrees relative to the horizontal (red squares). The colored line connects the origin to
the centroid associated with the five data points from each postural position.
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X = (LdP+20) 003(2 pfdP) Figure 3: Representation of DPOAE level and phase.
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