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Presenter
Presentation Notes
Finally New technologies for Clinical Auditory Electrophysiology.  Brought me out of retirement.  Background work on the CE Chirp was the result of years of research by my  Post-doc mentor, Manny Don and his close colleague, Claus Elberling and others at the House Ear Institute.   Jos Eggermont and his student Curtis Ponton, also a post-doc in the lab spent years of concentrated work looking at human cochlear function  using electrophysiology.  It was Claus’ collaboration with industry that FINALLY brought the technology of the Chirp into clinical practice.  We will all benefit from all of this work. 


The Miracle CE-Chirp

e Stimulus that reorganizes timing of spectral
stimulation to synchronize cochlear response.

* Produces response (ABR, ASSR,...) with up to 2X
amplitude of traditional stimuli of same level

 Enhances response detection

 Reduces time to automated detection (Huge need)

* Lowers threshold of response detection
3



REVIEW OF COCHLEAR FUNCTION

quilar Membrane  Sound (vibration) enters the
View from above. cochlea through the oval window
at the base.

 The energy must travel through
the fluids from base to apex until
the region registering the sound
frequency is reached.

e This is the traveling wave and it
slows the activation of the lower
frequency regions.
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To understand the chirp we must review cochlear function..This is a cartoon of the basilar membrane in the cochlea from above.  The BM is narrow and stiff at the base and gradually becomes wide and floppy at the Apex.  This is the source of the resonance of the cochlea and why HF sounds diplace the membrane at the base and low frequencies at the Apex.  CLICK   All energy entering the cochlea from the middle ear originates at the base (oval window) CLICK  travels to the point of maximum displacement.    CLICK This is known as the traveling wave  which requires time to reach the apex.


“TONAL STIMULUI WILL ACTIVATE THE BASILAR MEMBRANE

AT THEIR POINT OF RESONANCE.
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Presentation Notes
This is a cartoon of the cochlea uncoiled  looking from the side.   I very  high frequency sound will be registered near the base while a lower frequency, like 2000 Hz is activated further along, and takes more time to reach the mid point in the cochlea.


A CLICK WILL PROGRESSIVELY ACTIVATE THE
ENTIRE LENGTH OF THE BASILAR MEMBRANE
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Transient, broad band stimuli
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The click is a favorite stimulus of electrophysiologists BECAUSE it has a very broad frequency range and will activate a large area of the Bas Membrane and consequently cause a large population of neurons to fire.   This makes the response bigger and easier to see.    However, even though a broad band stimulus like a click will activate the lots of neurons it does so CLICK CLICK CLICK with a  progressive time delay.  


Curtis Ponton estimates delay to 500 Hz as 4 ms
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Curtis Ponton who studied frequency specific responses in infants created this figure with a estimated traveling wave delay to reach 4000 Hz of approximately 4 ms.


Stacked ABR:

Removing the Wave V
delay from Frequency
change- produces a
much bigger component
response!

M. Don — House Ear Institute, 2002
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The Stacked ABR
Many of you may remember the Stacked-ABR, published by Manny Don et al. 1997.  On the left in blue are Narrow Band ABRs produced by the “derived band” method.  What is clear is that peak V is early for the high frequencies and progressively delayed for the lower frequencies.  When these responses are added they will produce the “click” ABR shown at the top.  However the component parts are out of phase and will cancel significantly in the addition.  On the right is the “stacked ABR” produced by first lining up all the wave Vs and then adding the response.  When the delay is eliminated the response at the top is significantly larger!


Chirps are stimuli created using “input”
compensation for traveling wave delay.

Instead of compensating at the response level a chirp compensates at the
stimulus.

The click is broken into component frequencies. The low-frequencies are
presented before the high-frequencies in a progressive manner. (Like
starting the slow runners in a race first, staggering the runners by speed
so they all cross the finish line together.)

A chirp-evoked ABR is significantly larger than a click ABR (even though
they have the same spectral energy) for the same reason that the stacked

ABR is bigger.



— flat spectrum chirp
~ click (80 microsec.)
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Here is what a chirp looks like.  This was an early Chirp developed by Torsten Dau.   CLICK You can see that the low frequencies CLICK precede the high frequencies.  CLICK  On the right are superimposed Click and Chirp-evoked ABRs.  The click response is in grey.  The 40 dB response for example shows that the chirp response is more than twice the amplitude of the click and at 10 dB there is a clear chirp response but no visible click response.



Many models of cochlear travel time have
been used to develop different Chirps
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All chirps are not alike.  Here are three different chirps and each is based on a slightly different estimate of traveling wave delay.


CE-Chirp delay functions derived from narrow-band
ABR latencies based on data from M. Don
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Presentation Notes
The CE-Chirp is based on human ABR data from Manny Don’s lab and is displayed here.


Why Use the CE-Chirp?

Studied most extensively
Narrow Band CE-Chirps
Developed Level-Specific Chirps

Onset timing adjusted to maximize clinical use
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Why I favor the CE-Chirp.  There have been more than 20 scholarly publications regarding the scientific development and clinical use  of the CE-Chirp making them the most thoroughly investigated.  Only the CE-Chirp also has narrow band chirps that are necessary for clinical threshold estimations.   The CE-Chirp has been re-engineered to make it appropriate at all levels.  And the application of the CE-Chirps adjust the trigger time relative to the stimulus to make latency norms much more simple to use. 


Narrow band CE-Chirps for Clinical Audiology
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Presentation Notes
These are Narrow band CE-Chirps which are VERY important for clincial applications.  They look much like tone bursts bursts but if you look closely you will see that the low frequencies lead the highs.  Each of these stimuli are one octave wide with no side bands.


Lake Como Poster filled in .5 and 2k Hz Results

2000 Hz tone pip 2000 Hz NB CE-chirp 500 Hz tone pip 500 Hz NB CE-chirp
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The British Newborn Hearing Screen Group has tested NB Chirps against standard Tone Pips on real patients coming in for audiologic evaluations.  They found consistently larger responses from the NB CE-Chirps and lower thresholds.  Here is one example of an infant with much larger responses at 2000 Hz by Chirp.   20 dB at 2000 shows about a double amplitude at 2000 Hz and the same at 30 dB at 500.  In both cases there is a response from the chirp at 10 dB below the tone pip threshold.
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“4q kHz difference equates to an average
chirp threshold advantage of 5.2 dB,
whilst at 1 kHz the chirp advantage is
6.2 dB”

“The mean NB CE-chirp response
amplitude was approximately 50%
larger than that of a pip at 2 kHz and
approximately 30% larger at 500 Hz.
Fmp values were typically double for NB
CE-chirps.”
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This group also tested 1 and 4 kHz and had the same conclusions.  The response thresholds for these frequencies were 5-6 dB lower than the tone pips and the amplitude was 30 to 50% greater.  The Brits are now recommending that audiologists there use the NB CE-Chirps for testing.


Level Specific CE-Chirps Maintain Amplitude
Advantage at High Levels
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Presentation Notes
I mentioned that Level-Specific chirps have been developed.  The appropriate delay function will change slightly with level as shown on the left.  The graph on the right shows that the first CE chirp did not maintain the amplitude advantage at the highest level but the LS Chirp has corrected that.  
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Presentation Notes
 LS CE-Chirp® LS and NB CE-Chirp® LS have been aligned to make it more straight forward to locating   wave V.  The figure  shows how response latencies for all three types of stimuli are aligned for the different stimuli levels.  The expected latency for all  CE chirps, WB and NB are the same as clicks.  No more having to adjust your window or expected latencies by frequency.  Another time saver that enhances usefulness.


CE-Chirps also enhance ASSR amplitude!
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Presentation Notes
For the same reasons, ASSR amplitude is enhanced with chirp stimuli.  This helps to speed the detection and lower the threshold of detection for ASSR.


= F. Venail et al. Narrow band CE-Chirps evoked ASSR in Children
International Journal of Audiology 2014; Early Online: 1-8

120 y20.9304x+ 6.5424 22 120 = 0.8482x+ 6.8363 1
110 R?*=0.9257 110 R* = 0.8597 W,
100 100
B 90 _1; 50
.g 80 '5 80
g — ud a:l- L] L
£T 70 £x 70
~ C ~N
- L o 60
2% £
50 S0
& 2000Hz = 4000 Hz
g @ i
< 30 < 30 o
L]
20 Linear regression 20 " Linear regression n
10 ."" e+ 10dB interval 10 7 ' w2 10 dB interval 1l
o . o e
0 0 <
0 10 20 30 40 SO 60 70 80 90 100 110 120 0 10 20 30 40 S0 60 70 80 90 100 110 120120
Behavioral response audiometry Behavioral response audiometry

(2000Hz thresholds, dB HL) (4000Hz thresholds, dB HL)



Presenter
Presentation Notes
There is a great deal of skepticism about the use of ASSR based on the performance of early systems.  The Next Generation ASSR uses NB Chirps and an advance detection method that reveals data like this from a French Study.  The plots show behavioral threshold across the bottom compared to predicted thresholds by ASSR on the ordinate.  These plots show 2000 and 4000 Hz.  It may be difficult to see but the predictions are excellent with R-squared of .93 and .86 .
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Presentation Notes
These are the data for 500  and 1000 Hz that also show excellent behavioral threshold prediction for all hearing levels from normal to profound hearing loss.  
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This is another study conducted by Franck Michel in Denmark where he compared the ASSR thresholds using Chirps to ABR thresholds using Tone Pips.  The data was collected on subjects with normal hearing and all degrees of hearing loss.  The correlation is excellent but note that the thresholds by ASSR using NB CE-Chirps are approximately 5 dB better on average than those elicited with tone pips by ABR as we would expect. 


In Addition to use of CE-NB Chirps- New ASSR uses Enhanced Detection Algorithm
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Along with the addition of NB CE-Chirps, the Next Generation ASSR measures responses at the modulation frequency (as all systems do) but in addition the system tests for a response at up to 20 harmonics of the modulation frequency.  The system also uses both amplitude and phase to detect responses.  The result is dramatically enhanced detection for finding small responses at threshold.


Amplitude Advantage = Test Time Reduction

When response amplitude is doubled, it will take % of
the averaging time to achieve the same signal to noise
ratio!

When using a SNR-based stopping rule for determining
response presence/absence, such as Fmp for ABR or
automated detection in ASSR, one can see dramatic
decreases in test time when using CE NB Chirps .



Test Time Using Chirps:
Time to Achieve 8 Threshold's

Median 10th gQth
Minutes |Percentile |Percentile
24.76 25.00 13.00 41.00

P=0.002

ASSR 18.20 14.80 8.25 32.79

Preliminary Data from 29 Cases of Infants & Toddlers, mostly natural sleep; many with normal hearing.
Air conduction 500, 1k, 2k & 4k Hz in both ears.
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I have been conducting a study of ABR and ASSR both using NB CR-Chirps with infants and toddlers being seen for audiology evals.  Many of these are normal hearing but some also have all degrees of loss.  This preliminary data from 29 patients shows that we can obtain 4 frequency thresholds in each ear by ABR in an average of just under 25 minutes and the same by ASSR in just over 18 minutes.  I am thrilled with the speed of this testing and think that the use of these stimuli will truly make audiologic test on these children much faster.


Case Example: 3-month old Natural Sleep, Normal Hearing
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Try em- You will like em!




We’ve Come a Long Way in Hearing Evaluation
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CE-NB Chirps Achieve Lower Thresholds
than Traditional Tone Bursts.

Using linear extrapolation the 4 kHz difference equates to an average chirp threshold
advantage of 5.2 dB, whilst at 1 kHz the chirp advantage is 6.2 dB.

We propose that the ABR nHL threshold to eHL correction for NB CE-Chirps
should be approximately 5 dB less than the corrections for tone pips at 2 kHz
and 500 Hz, in line with NHSP guidance at 4 & 1 kHz.



Simultaneous multi-frequency ASSR-testing
Band-limited Chirps

500 Hz 1,000 Hz 2,000 Hz 4,000 Hz
/_\/\/w/\/\/‘% 500 H:z - one octave
A—\/\/\,/\Aﬁ%—i 1,000 Hz - one octave

W 2,000 Hz — one octave

‘“N\}"U\Wf 4,000 Hz - one octave




Amplitude spectrum of the ASSR

Response components
+ Noise
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Amplitude
Comparisons
WB Chirps
and Clicks
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Adjustment of start
of recording time re
stimulus onset is
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*The NB CE-Chirp response is less likely to have interference from stimulus artifact.
eImportant to use alternating TB stimuli to avoid artifact and CM.

*Response window will be consistent across stimuli for the NB CE-Chirps which is
convenient for setting the response detection window.




Calibration Standards for
CE-Chirps are Published

Specifications

The EPx5 version 4.3 by Interacoustics contains a novel series of brief stimuli:
e Click (wave-click)
e CE-Chirp® (also referred to as broadband CE-Chirp® )
e Narrow Band CE-Chirp® (also referred to as NB CE-Chirp®)

Calibration nHL

e Click stimuli are presented in nHL following the ISO standard 389-6 for peRETSPL to nHL?.
o NB & CE-Chirp® family stimuli are not specified in the current international standard and are
calibrated to 3nH‘L on the basis of two studies, PTB in Germany 2008 and DTU (Getsche-Rasmussen
et al, 2012).
Please refer to section Calibration in the Eclipse ABR operational manual for more details.




Free Lunch

Using a chirp is no more work that
using a click or a tone burst. There is
no change in procedures otherwise.



ABRs from RE of Full Term Newborn

CE-chirp Click
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Amplitudes from Chirps are significantly
larger at low stimulus levels (did not use LS)!
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4000z Tone Pip. 4000 Hz NB CE-chirp | 1000 Hz Tone Pip. 1000 Hz NB CE-chirp

“4 kHz
difference
equates to an
average chirp
threshold
advantage of
5.2 dB, whilst at
1 kHz the chirp
advantage is 6.2
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Lake Como Poster filled in .5 and 2k Hz Results
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e Chirp-35dBnHL e C(Click - 40 dBnHL

maximum test time: 180 s - maximum test time: 120 s

- detection criterion: 0.1% - detection criterion: 0.1%
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ABR Thresholds with Tone-Bursts
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Auditory Brainstem Response
Stimulus: Click, 25/s, Insert Earphones  Age at Test: 2 years, 9 months

Right Ear
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Auditory Brainstem Response
Stimulus: 500 Hz Tone Burst, Insert Earphones Age at Test: 2 years, 9 months

Right Ear
60 dBnHL

30 dBnHL

Left Ear
60 dBnHL

200 nV

30 dBnHL

— =13.1

10 15 20 25



Patient: ES
Age at Test: 2 years, 9 months

Auditory Brainstem Response
Stimulus: 4000 Hz Tone Burst, Insert Earphones
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AUDIOGRAM
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