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Learner Objectives

* After this course, participants will be able to:

— understand differences between air- (AC) and
bone-conducted (BC) CE-Chirps and traditional
click stimuli.

— understand differences between AC CE-Chirp
Octave Band stimuli and traditional tone burst
stimuli.

— describe similarities/differences in ABRs to CE-

Chirps and CE-Chirp Octave Band stimuli versus

traditional click and tone burst stimuli.
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Webinar Overview

Introduction
The CE-Chirp® Versus Click Stimulus

The CE-Chirp® Octave Band Versus Tone

Burst Stimulus

Stimulus Parameter Effects:
— CE-Chirp®

— CE-Chirp® Octave Band Stimuli
Clinical Applications

Questions
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* |In 1970 Jewett,
Romano, & Williston
first describe auditory

brainstem response
(ABR) in humans.
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A year later...

+ Jewett & Williston
(1971) reported a
systematic study ABR
in humans.

— “...the early auditory
field potentials
presented here may
have considerable use
for empirically based
clinical and
experimental work...”
(p. 685).

Brain (1971) 94, 631-696.

AUDITORY-EVOKED FAR FIELDS AVERAGED FROM THE SCALP
OF HUMANS

w

DON L. JEWETT axo JOHN S, WILLISTON
(From the Departments of Physiology and Newrological Surgery,
University of California, San Francisco, Calfornia 94122, U.S.4)

TnTRoDUCTION

AVERAGING, when used 10 extract extremely small signals from relatively high
fevels of background noise, allows detection of evoked potentials at surprisingly
Iarge distances from the site of neuronal activity. In animals, volume-conducted
potentials from brain-stem auditory structures can be recorded throughout the brain
(Grinnell, 1963; Bullock et ., 1968; Jewett, 1970) and even from the scalp (Jewett,
1970). In humans, auditory-evoked potentials can be detected at the vertex due to
neural activity from subcortical structures (Jewett, Romano and Willston, 1970)
as well as from primary cortical areas (Vaughan and Ritter, 1970). Under the condi-
tions of skull and scalp boundaries and intracranial jnhomogeneities, recordings
from a single electrode position offer little indication as to the location of a wave's
neural generator(s), whereas multiple recording sites may be more informative.

We have found it useful to borrow concept and terminology from engineering to
distinguish between two parts of the volume-conducted field: the near field and the
Jar field. Operationally defined, for biological systems, the near field is characterized
by significant differences in wave shape (i. in amplitude, polarity, or both) at
electrode positions a short distance apart. In contrast, far field electrode positions
short distances apart show no significant differences in wave shape, assuming that
there is no boundary, no other extreme inhomogeneity, no anisotropis, etc.

Differential recording between closely spaced electrodes is useful for locating &
neural generator since such a recording configuration can only detect near fields
and is uninfluenced by the far fields of distant generators. Far field recordings
(which imply that the generator is at a distance) offer advantages in that the position
of the electrode is not critical for obtaining satisfactory recordings and in that
potentials from widely spaced generators can be detected at a single electrode.
Both of these advantages can be seen in the work presented here, where far field
potentials evoked by auditory click stimuli are recorded from the scalps of humans.

On the basis of some indirect evidence it s possble to deduce the location of the gy
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* The ABR “reflects bioelectrical potential
arising from the auditory nerve and
brainstem in response to acoustic short-
duration sounds (transient signals).”

ASHA (2004)

* Anormal ABR
waveform recorded
from adults consists
of a seriesof 5to 7
peaks that occur
within the first 10 ms
after the onset of a
transient stimulus.




+ Differential Diagnosis/Evaluations

Integrity of auditory nerve and brainstem
pathway

Auditory processing
* Newborn Hearing Screening
- Estimation of Behavioral Thresholds

gsi

 The ABR is an onset response.

* The rapid onset of the transient stimulus is
key in generating the synchronous firing of
numerous auditory 8™ nerve fibers and
brainstem neurons that underlies the
response.

* The “click” is the most commonly used
transient signal.
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Typical Air-conducted Click

(Hall, 2015)

Temporal Temporal Spectral Waveform

Amplitude Electrical Signal Acoustical Waveform
(uV)
Click _I_,_ ‘ Wf\_, j
Time Time Frequency
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What's Good About The Click?

« Can provide an
assessment of 8th o
nerve and auditory o

brainstem integrity.

* i.e., can rule out possible
neurological involvement.

» Click ABR thresholds
correlate quiet well
with hearing
sensitivity in the 2000 o m mow % T w
to 4000 Hz range.

Click ABR threshold (dB nHL)

«gsl
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What's Bad About The Click?

» Click ABR thresholds
do not provide “a
reliable estimate with
hearing sensitivity in
the 2000 to 4000 Hz
range for individual
patients.”

— (Stapells & Oates,

8
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i Ty e y o hearing loss.
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b I s o et 1997)

I ?Mj’w

. 82888,
Cj i
8

In each case above the ABR threshold was

=
<30 dB nHL. (
(t gs
14 E-L EA!’\”‘NG

9/20/16



9/20/16

Estimating the Audiogram by the
ABR

- “...ABR to tonal stimuli can be
successfully recorded in most clinical
environments and provide reasonable
accuracy estimates of 500 to 4000 Hz
pure-tone behavioral thresholds...”

— (Stapells & Oates, 1997)

«gsl
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Typical Air-conducted Tone Burst

(Hall, 2015)

Temporal Temporal Spectral Wavef:
Amplitude Electrical Sianal Acoustical Waveform pocii. ayelom

Time Time Frequency
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Threshold Estimation Using Tones
(Stapells et al., 1995)
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ABRs to Clicks

* The click’s broad
acoustic spectrum
evoked from activity
from the whole basilar
membrane.

30(mm]

Kern A, Heid C, Steeb W-H, Stoop N, Stoop R (2008 Biophysical Parameters Modification Could Overcome
Essential Hea ‘omput Biol 4(8): €1000161. doi:10.1371/journal.pcbi. 1000161
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* The different neural
units along the
cochlear partition are
not stimulated at the
same time.

* Wave V is dominated
by neural activity from
high-frequency
regions of the cochlea. umermmimmmmems o=

u
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« The frequency
components along the
basilar membrane are
shown from base to
apex.

* Each band contributes
to the standard ABR.

* But the low frequency
components are phase

canceled! TET TR

- I
At At

CF = 11.3 kHz

CF = 5.7 kHz

|
|
CF =28 kHz |
|
|
|
CF =0.7kHz
|
|

. gsl

* One way is to align the activity along the
cochlear is to temporally align derived band
ABRs.

i.e., output compensation
« The Stacked ABR is formed by first
generating derived-band ABRs, temporally
aligning wave V, and then summing stacked
responses.
(Don et al., 1997, 2005).

 Aligning the derived-band ABRs eliminates

phase cancellation of lower frequency activity.

. gsi
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The Stacking Method

(Don et al., 2005)

Unmasked
(Standard) ABR >
Y Stacked __
2 " 4 ABR
CF=57kHz —> \r/\/\/\m/\
M
CF=28kHz — '—’\—/V\/'V
CF=113kHz —>
A CF=5.7 kHz
CF=14kHz ->»
CF=28khHz
CF a1 kit
v
CFz07kHz —» CF=07 khz
@1 2 346 67 8 0101112137418

Derived-band ABR Summary Stacked ABR Summary
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Temporal Alignment: Input

« Another way is to align the activity along
the cochlear is to time-shifting the different
frequency components of the click
stimulus.

—i.e., input compensation

« The order of the frequency components in
the stimulus is based on the tonotopic
organization of the basilar membrane.

u
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Chirps — A New Stimulus!

* First described by e
Shore & Nuttal
(1985).

» Several chirps have
been described.
— A-Chirp, M-Chirp, O-
Chirp

* Dau et al., 2000; Fobel
& Dau, 2004;

The ClausElberIing 'Ch | rp®

(Elberling et al, 2007, 2010; Elberling & Don, 2008, 2010)

* Designed using a delay model based on
derived-band ABR latencies.

 The electrical CE-Chirp® has a flat amplitude
spectrum within five octave-bands ranging
from 350 to 11,300 Hz.

* Four octave-band filtered versions of the CE-
Chirp® are also implemented with the center
frequencies 500, 1000, 2000, and 4000 Hz.

— The octave-band chirps are obtained by
decomposing the broad-band CE-Chirp®.

26
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The CE-Chirp®

Relative Amplitude (dB)
L

Relative Amplitude (dB)
|

T T T T T T T T T T T T T T T T T 1
01 2 3 45 6 7 8 9 10 10 9 8 7 6 5 4 3 2 1 0
e (ms) Time (ms)

A rising frequency or “low-frequency leading” stimulus that compensates for the cochlear traveling wave delay!

m
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CE-Chirp® & Click Time/Amplitude
Waves

Amplitude (dB)

CE-Chirp Click
T

Amplitude (dB)

CE-Chirp (BC)
T

Click (BC)

T T T
Time (ms) Time

(ms)
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Some Temporal Issues

(Kristensen & Elberling, 2012)

Electrical Waveforms Acoustical Waveforms
‘Af\mww* GE-Chip )JV\/\MW"”‘”W
! Click v\”“"‘
-10 -5 0 15 5 -10 -5 o 1:5 5
Time (msec) Time (msec)

« The 10,000 Hz component of the CE-Chirp® is delayed
by 1.5 ms to align ABR latencies to the chirps with the
latencies to the click in normal-hearing subjects.

* The 0 ms point on the time axis for the acoustical
waveforms indicates the start of the data collection
and also the temporal reference for all latency
measures.

m
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CE-Chirp® & Click Stimuli Spectra

CE-Chirp/CE-Chirp Octave Band — Click/Tone Burst

o i
E_ .
(]

o i
2

a4 i
£

< - B

| CE-Chirp/Click (AC) ] cE-ChirprClick (BC)
1

T T
Frequency (Hz) Frequency (Hz)

u
«gSl
30 E-LEARNING

15



9/20/16

Decomposing The CE-Chirp®

(Elberling et al., 2010)

Amplitude Frequency Waveform and Envelope

2000Hz  55.3dB nHL

s
8| _1L 1 1 1
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CE-Chirp® Octave Band and Tone
Burst & Click Time/Amplitude Waves

500 Hz OB 500 Hz TB
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CE-Chirp® Octave Band:

Tem pOraI Characteristics (GSI, 2013)

* The timing of each CE-
Chirp® Octave Band

stimulus is derived from
CLICK P ..
D the timing of the same
GE SR component in the CE-
400tz Chirp®.
/ * Notice that the tone
2,000 Hz .
/ APy burst presentation
1000 He — I starts at 0 ms, while the
I o™ Ny CE-Chirp® Octave
500 Hz v
LA <N .. .. Band stimulus
/cam presentation precedes
0 ms.
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CE-Chirp® Octave Band & Tone
Burst Spectra

CE-Chirp Octave Band — Toneburst
80
704
60+
504
40
30

Joo 100 1000 10000

10000 100 1000 10000

Frequency (Hz) u
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 Using a CE-Chirp®
has been shown to
increase the
amplitude of the ABR
in adults compared to
the amplitude in

response to a click.

Elberling et al, 2007; Elberling and
Don, 2008; Don et al, 2009; Elberling
et al, 2010; Cebulla and Elberling,
2010; Elberling and Don, 2010; i | T
Kristensen & Elberling, 2012; ! Time fmd] o o ]
Elberling et al., 2012

Grand Averages

Click ABR 7 Chirp ABR

Dan et al. (2005)

50 dB nHL

- We were interested in using the CE-Chirp®
with neonates:

Compare neonate ABRs to air- (AC) and
bone-conducted (BC) CE-Chirp® and click
stimuli.

Compare neonate ABRs to AC CE-Chirp®
octave band and tone burst stimuli.

Compare neonate and adult ABRs to AC CE-
Chirp® and CE-Chirp® octave band stimuli.

. gsl
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Effect of Stimulus and Number of Sweeps on the i s
Neonate Auditory Brainstem Response
- Research Note
Auditory Brainstem
Thtetss ALY DENEIN 904 L NID o A and Bone-Conducted CE-Oni
] ips

in Neonates and Adults

Neonate Auditory Brainstem Responses to CE-Chirp Neonate Auditory Brainstem Responses to CE-Chirp
nd CE-C Band Stimuli I Versus Click and CE-Chirp Octave Band St ersus Adult
and Tone Burst Stimuli Auditory Brainstem Responses

— I
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AC Intensity: CE-Chirp®vs. Click

CE-Chirp®: 60, 45, & 30 dB
nHL @ 57.7/s

v
i\ Vﬂ/‘

R 150

Click: 60, 45, & 30 dB nHL @
57.7/s
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Wave V Latency (ms)
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AC Intensity: CE-Chirp® vs. Click
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BC Intensity: CE-Chirp® vs. Click

CE-Chirp®: 45, 30, & 15 dB Click: 45, 30, & 15dB nHL @
nHL @ 57.7/s 57.71s
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BC Intensity: CE-Chirp® vs. Click
Amplitude

Latenc
y Il CE-Chirp [] Click
1.5+
-a~ CE-Chirp -o— Click =
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AC Sweeps: CE-Chirp® vs. Click

30dB nHL @ 57.7/s

CE- Chirp Click

Sweeps
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AC Sweeps: CE-Chirp® vs. Click

30dB nHL @ 57.7/s

D Click . CE-Chirp

—_

o

o
J

P D [e2]
(=] [=] (=]
| | I

% of ABR Wave V Responses

i}
Q
1

T
116 232 C_464 D 928 1856

Number of Stimulus Presentations

o
|

. ugsl

9/20/16

22



AC & BC Test-Retest Reliability:

(A)

60dB nHL

45dB nHL

30dB nHL

(8)

60dB nHL

45dB nHL

30dB nHL

CE-Chirp®

Air-conduction
(A)

45 dB nHL

30 dB nHL

(B)

A 45dB nHL

30 dB nHL

Bone-conduction

15dB nHL w

2ms

15 dB nHL W
5uV
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AC & BC Test-Retest Reliability:

Wave V Latemey (ms)

Wave V Latemey (ms)

CE-Chirp®

Air-conduction

- Tester A - TesterB - Tester A
|‘ T ]
30 45 60 30 45

Intensity (dB nHL)

Bone-conduction
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Intensity (dB nHL)
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AC & BC Test-Retest Reliability:
CE-Chirp®

Wave V Latency
12 Air-conduction 45 Bone-conduction
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AC Rate: CE-Chirp® vs. Click

CE-Chirp®: 60 dB nHL @ 8.7,
27.7,57.7,&77.7/s

F
¥ /
¥\ L.
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Click: 60 dB nHL @ 8.7, 27.7,
57.7, & 77.71s
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AC Rate: CE-Chirp® vs. Click

Latency
-a- CE-Chirp —— Click
@
E
=87 + *
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AC Polarity: CE-Chirp® vs. Click

CE-Chirp®: 60 dB nHL @ 8.7, &

77.71s
(Condensation/Rarefaction)

weo

Click: 60 dBnHL @ 8.7, & 77.7/s
(Condensation/Rarefaction)

u
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% Presence of Waves |, lll, & V

(60 dB nHL @8.7/s)

. Click (A) D CE-Chirp (A)
|:| Click (C) . CE-Chirp (C)
Click (R) E CE-Chirp (R)

100

R e _

60+ 7

40

20

Wavel | Wavelll Wave V
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AC Polarity: CE-Chirp® vs. Click

Latency Amplitude

D Click (C) . Click (R) |:| Click (C) - Click (R)

_Chi [ _Chi
9- . CE-Chirp (C) CE-Chirp (B) 14 . CE-Chirp (C) CE-Chirp (R)
< - *
-8 gors .
E [0} * *
9o 2 054
87 2
>
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g 0.25-
=6 =
0 T
5 - 87 777

Rate (/s
Rate (/s)
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* Wave V amplitudes to AC and BC CE-
Chirp® are significantly larger than those
evoked to standard click.

« Wave V latency differences exist between
the AC and BC CE-Chirp®.

* AC and BC ABRs can be reliably evoked
with low intensity 30 dB nHL CE-Chirp®
and a fast rate of 57.7/s, similar to the
current parameters of newborn hearing
screenings.

- With the CE-Chirp®, wave V can be
detected with 1/4 the amount of stimulus
presentations required for the click.

. gsl
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ABR Waveforms: Tonal Stimuli

Tone Burst

! 500 Hz

] 1000 HZ o Tone Burst
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2000 HZ Tone Burst
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4000 HZ' Tone Burst
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ABR Wave V Latency

® =500 Hz @ =1000 Hz
A =2000 Hz & =4000Hz

_ — CE-Chirp OB

—-= Toneburst

15 15
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Latency/Frequency Reversal!

« Wave V latencies

m =500Hz ®=1000 Hz
A =2000 Hz 4 =4000 Hz

15, CE-Chirp OB Toneburst _

£

7z

Wave V Latemcy (ms)

increase with
decreasing tone burst o]
frequency. el
~ Rodrigues etal. (2013) 2
- Wave V latencies =]
decrease with =
decreasing frequency R
of CE-Chirps® Octave 1

Band.

T T
45

1
60

r T T
30 45 60

Intensity (dB nHL) Intensity (dB nHL)

-
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ABR Wave V Amplitudes

Wave V Amplitude (1V)
o o e
& o o .
¢ ;

o

°
S

]
1

Wave V Amplitude (V)
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[ Toneburst Il octave Band

500 Hz 1000 Hz

Intensity (dB nHL) Intensity (0B nHL)

2000 Hz 4000 Hz

Intensity (dB nHL) Intensity (4B nHL)

30 45 60
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CE-Chirp® Octave Band
Observations: Wave V Amplitudes

* Amplitude

— Wave V amplitude was
significantly larger at
all intensities for CE-
Chirps® Octave Bands
at 1000 and 2000 Hz
and 4000 Hz at 45 and

[ Toneburst Il octave Band

500 Hz 1000 Hz -

05 g

05 *_
% <
>
* °
254 +4025 2
=

4 0
30 45 60 30 45 60

Intensity @B nHL)  Intensi ity (dB nHL)

Wave V Amplitude (1V)
° °
B

- o
]

s 2000 Hz 4000 Hz s
;0,757 N 0475%
30 dB nHL. Ll -
- Related to wider gm * A Loss2
. 2
spectral widths? , )
— (Bell et al., 2002) = Intensit;?dBnHL) = = Intens\l;(stiEnHL) =

m
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Clinical Applications of ABRs to CE-
Chirp® Stimuli

+ Differential Diagnosis/Evaluations

— Integrity of auditory nerve and brainstem
pathway

— Auditory processing
* Newborn Hearing Screening
 Estimation of Behavioral Thresholds

u
«gsl
62 E-LEARNING

9/20/16

31



* Wave V amplitudes to AC and BC CE-
Chirp® stimuli are significantly larger than
traditional stimuli.

« Wave V latency differences exist between
CE-Chirp® stimuli and traditional stimuli.

* Test time can be reduced.

« ABRs to AC and BC CE-Chirp® stimuli are
reliable.
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 Vidant Medical Center Audiology
(Greenville, NC)

« GSI:

Sherrie Weller & staff for equipment and
technical assistance.

+ e3 Carolina Sales & Service:
Joey Bair
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Questions

65
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