


L= ol g 5289 2SI

v

A L) jT‘lLIJQ) { L;“} - 9-) -::‘_,‘..‘J)JJ Y—‘S i“.:?m

_“F\ | N _}j .i‘}i‘l Yo, l .\“:1 \ (WC
55 DA sl e

(sl A Sl L ol g 33l ale

O Ao Ul adl oSl el 09, alys ol (2

- l 2
:“‘\_‘._}f_‘f\ A :\_4,.:;“ Q. -:)J S | 0 | Qi
&4 R ’e




A el & 1)< Lagl o3l




G o Loy (amslly 4 3Rl WIS b sl Sleat) e 355
Ol Bilgw I duat Ciguall (8 dima Clymlaal ijatig o Auin
(Qanll (55aS 153) 3 S Alaials 4 3guall Angall Joni

Yy AN cilgiinall Joe (ga€ (<6 e & venal) dagal) Jlam
MgallS al conilag Syl 4 gaall Al iyl a0
ALyl Ja)jeS

TI=o TI=o Ie Io



N1
“"‘E" LaEP
020 ms

E0-250 m3 |
| MLAEP

1880 ma
W "."l" A
g v
e
s
——

i

-



http://upload.wikimedia.org/wikipedia/commons/c/cd/Priming-N400-Graph.png

38Ual) Jgasy Jlan) il Cabide

1088 Otadysanies O T |5t1 o128 Tratning ERTTT
(Patient: Nea - Go ] | Puunt ORE2 iﬂntmnus

left  Case.
i l‘ll!. L B1/27/1993

-,3%a] [Dlode  STIMULUS 4B GAIN|4
lIf.IhnLin SNHI g.a &

1
4
]
£

quency ﬂna.i 1
Es¢, Fi= E!lr.r-stur Training




'E’J
333

\

BIVE
1 asuall
.....b L.\A*J‘
3 aall

2l
wlg
dasall

J

Tectorial membrane
Peripheral nerve processes of hipolar cells

Auditory radiations
(sublenticular part of internal capsule)

Auditory cortex
Medial geniculate body
Organ of Corti

Lateral geniculate body

_.,_.,,,z//é .,,,,.,.,z/////.///////,/, /,,,"..,z,, gg/%//

i N\
//,,.%/ ,,//é ,//f/.,/

T

Inferior quadrigeminal brachium

Lateral lemniscus

) N/N////%é//f%%

W

,//,/,,,%

Nucleus of inferior colliculus

Ventral
Primary auditory (cochlear) fibers

Trapezoid body

Superior olivary nucleus

Mesencephalon
at level of
nferior colliculus

Lower pons

Cochlear nuclei {
Medulla
at level of
nerve VI1I



Jon o dalaty  AlyeS Jon algn Alg) Jeall (55aS 35ns A
DAl Qs ey (e i

Zcalial) 53¢ Bac Lusas AL yeSY Jalial) 13s Jinesi i A
Aalaiall Jomciil] Cogyln e abimail Lulial) ol Sy BaY) g A

il sl 4305 Cig lally (mgniall addlly



SNl Jasd!

(Potential Field)

peailll G Ly il () kS el il €1 A0 Janl 2
Gl gaST) Al ga o8 yaiay AL oS Jas JSEy AL jeS jladlSie Sl ) 5 SISl
.(Auditory Evoked Potentials, AEP) 4xaul) 4n ja4ll

o (e Gl gy el g glllplie 8 el Gl i deals o dind) 1 13

Sl gy il s gy



aall al 3 glatiy
1St Jaad)
S (b

5 A
Laad) Ll @AA
o |

.. J 4 00 ot J
58l Slafgn Galyi A :

QJ ..

‘ L 4
*“Ljﬂj r
d:\.;uuj



Slesll L g5

.o b

adll Jeba Ao (Action Potential, AP)Jeal) (35S Lé) A

K

S o) cpigac cyu (Postsynaptic) & Suiall aals 4 1ladl)

PO Ty B T PR SO
NAebad s Al dlainY)



Joadl 5505

(Action Potential, AP)

(st ae V0Ga 5S) Abiall Gots ol (Soloan (Srimaas Gonuanll cLiS 4 i
LEl) A 8Y) e asigeall 3))sal Jladg aije Joi

e ) S il
(436 s 5) 8agasa diaa

e, O



Action Potential Properties

-V (near +70 mV)

I Overshoot

Rising Phase (depolarization)

Falling Phase (repolarization)
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dipole source localization
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POTe nﬂ0| D[STrlbUTlon More positive patential

* Cortex is folded and so
orientation of the dipole layer
can change,

» Thedipole sheet lies along the
gyrus and in to adjacent sulci.

* Scale potential reflect both
radial and tangential
components.

« Potential on the right is less
negative because of the
contribution of the positive
potential from the suclus on the

left.

» Each electrode reflects the sum
of the current flow directed at it.
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Signal as time function

Continuous-time vs. discrete-time

Periodic vs. Aperiodic

Analog vs. digital

Deterministic vs. Random
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Periodic vs. Aperiodic

Period: T
Frequency: 1/T
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Analog/ Digital
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Deterministic Signal vs. Random
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SURROUNDINGS

SYSTEM

System alail
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Transformation System

A transformation system is any activity or group of activities that takes one or

more inputs, transforms and adds value to them, and provides outputs.

* System + processing = a new signal from a previous one.
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Discrete and Continuous Systems

A discrete system is one in which the state variable(s) change only at a

discrete set of points in time. E.g. customers arrive at 3:15, 3:23, 4:01, etc.

A continuous system is one in which the state variable(s) change

continuously over time. E.g. the amount of water flow over a dam.
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Linear & Non-linear system

* A linear system is a mathematical model of a system based on the use of
a linear operator.
— {x1 =vy1} /scaling (homogeneity)
— superposition (additivity) /{x1 +x2 =y1 + y2}
* Non-linear system refers to the type of system where the output from the system

does not vary directly with respect to input to the system.
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Time Invariant vs. Time Variant

A time-variant system is a system in which certain quantities governing the system's

behavior change with time, so that the system will respond differently to the same

input at different times
Its output characteristics depend explicitly upon time.
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Stable vs. Unstable

The system is said to be stable only when the output is bounded for

bounded input.

For a bounded input, if the output is unbounded in the system then it is

said to be unstable.
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Auditory System

Transformation system
Continuous and discrete.
Nonlinear/ sometimes linear
Time Invariant & Time Variant
Stable and unstable
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3 ) ad g g adaiay paiie (S 8 Jygadalai s oxand) o)

Llal il 138 ez A 5 (Cull) i cdanadl Jhd e 5 s

17



Auditory signal

Acoustic signal/Electrical signal
Continuous and discrete
Periodic and aperiodic

Analog

Deterministic Signal vs. Random
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Auditory Signal Processing

Ouigyfe; Elaeir]cz) Auditory systam InpUt: acoustic
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Auditory signal
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Aperiodic tone-burst / click
Random Aperiodic noise

20



ddlall dazill e j=d a9 Aanaldl 3 LAY

Sinusoid/
simple or complex/
pitch
) Adlia dariS Aoty (4S5 38 dpadl 5 LY
R e o 2l (e S (e AS e (K
Leiah 3 LEY) axs A

2

Magnitud

Magnitude

Magniluda

=
tn

5
0
)
4.5
10

-1.5

1.3
1.0
05
0.0
4.5
-1.0

-1.5

157

:
s

ol fral

o 10

Aphase
I-uv

20 30 40 50
Time (ms)

|
|

0

WUV

50
Time (ms)

1.0

- &b Do O
o & th

tn
e

|

10

20 30 40 50
Time (ms)



1.5
10 ' ] i 4
[45] 0.5 "-. .' ] nf Y 'l ‘,
© 4 ;
=
z 00 M d M
E.’ 3 | 5 h
E '0.5 " .‘. ,: 4 8
-1.0 " —Q:I.l-!r- F
-1.5 - = ! ,
0 10 20 30 40 50
Time (ms)
15 E—Tm =1 e
e Ty |

Magnitude
S o o
4] o (4]

P
o O

|

il

_10.

i 4
20

30

Time (ms)

50

AM / FM

58l ) ol il il galall Claas
Aman ClgniaS 205 Cilaa o8
2 325> 50 A5 ASSR J) LY
gmilias Lely 5 Liayf Al 1 3laal
e U el Sleall 53 hadl
Leiadlaa g Lellan o LealS

22



Speech sounds
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Noise
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Signal Analysis
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Sampling of a clock with only one hand

Samples can mean that
the clock is moving
either forward or
backward.
(12-6-12-6-12)

Samples show clock
is moving forward.
(12-3-6-9-12)

Samples show clock
is moving backward.
(12-9-6-3-12)

¢.Undersampling (below Nyquist rate): T, = T%‘
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Introduction

© ECochG: recording of a set of the synchronous electrical
activity, in the first 5ms after acoustic stimulation, made with
electrodes placed in close proximity to the cochlea (ionic
currents in transduction process) or auditory nerve,
including:

Endocochlear potential (EP)
Cochlear microphonic (CM)
Summating potential (SP)

[(electrical) compound] action potential (AP/ECAP)







EP

@ A positive direct current (DC) potential in the

scala media relative to surrounding tissues
@ Records with electrode placed in the scala media
@ Without acoustic stimulation

@ (senerator: stria vascularis




CM

@ A alternating current (AC) potential in alternation of rarefaction and

condensation traces

@ With extracochlear (promontory) electrode, origins from basal turn of
cochlea, primarily from outer hair cells, regardless of stimulus frequency:

@ Its phase follows the polarity of click stimulus
© Continuing as rare or condensed fluctuations until stimulus is presented.

@ Stimulus with single polarity generates CM the best, but stimulus with

alternative phase and averaging omit CM and appear other potentials (SP
and AP).




SP

@ A nonlinear (distortional) DC potential
@ a baseline shifting with short latency which proceeding AP
@ Has an amplitude similar to CM magnitude

@ Is dependent on duration of stimulus (preserved along
duration of stimulus) but is independent of stimulus

frequency

@ Follows the envelope of stimulus




AP

@ AC potential, equal with wave I in ABR, originates from activation of distal
part of eight nerve where leaving the cochlea

@ Synchronous activity of numerous neurons that can be labeled CAP when far-

field recording.
© Has a larger amplitude than SP and with intense stimulus a latency about 1.5ms

@ When the intensity of stimulus increases, the amplitude of AP is increased and
the latency is decreased.

@ With lower frequencies, latency increases.

© Has the best recording with abrupt stimulus, click, or tone burst with abrupt

onset (rise time < Sms)




ECAP

@ Recorded by electrode placed within cochlea in response to electrical

pulses

@ Relative to acoustical-evoked CAP:
there is no presynaptic potential
N1 amplitude is larger (up to 2-3mv)
N1 latency 1s shorter (< 0. 5ms)

no spontaneous firing rate, so more across-fiber synchronization
growth with sharper slope in response to intensity increment, thus narrower dynamic range

broad and invariant tuning along cochlea




ECochG components

Summating potential SP

il

SP

V—, - m "\, Compound action potential CAP

WJJ \
CAP N1

LY

Cochlear microphonic CM > 4

FIGURE 9.2. Transtympanic response to a brief 2000-Hz tone burst (4-ms plateau
with 1 ms [= 2 penods] nise and fall time), split into its components: summating po-
tential (SP), compound action potential (CAP), and cochlear microphonic (CM).
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ELECTRODE TYPE AND
LOCATION

@ The most important factor in ECochG is the location of electrode.
including:

@ Extratympanic: TIPtrode (insert electrode and transducer

combination with gold cover)

& Tympanic (TM): a gel-coverage silver electrode, should continue
recording regardless high intraelectrode impedance

@ "Iranstympanic (a sub dermal needle on promontory or everywhere

on round window)




@

FIGURE 4.1. Photograph of TIPtrode, a combination
insert transducer and external-ear-canal electrode.

T | gt d EECTROCOCHLEQCRAPY [ECaek

FIGURE 4.2, Photogreph of tympame membrane
electiode (Ihe gel-coverad siver wire 3% the end of FIGURE 4.3. Photograph of subdermal needle electrode
the ehectrade thit mikes consact with the bympanic e teanstympanic placement (a ha-inch honinsulsted shaft
mérmbrane) is on the left 2n0d the corwentional electrode pin is on the

C righit).



COMPARISON BETWEEN
ELECTRODES

@ No difference between latencies

© Larger amplitude for TT electrode, 10 and 20 times relative to TM and ET,

respectively.
© Fewer need to averaging for TT than ET by a ratio of 5, to reach the same SNR.
@ better sensitivity and specificity to cochlear abnormalities (meniere) for TT
SO
TT gives the best response detection (a near-field recording)
but

TT 1s invasive



ELECTRODE

LOCATION (TYPE) PREFERRED APPLICATIONS ADVANTAGE(S) DISADVANTAGE(S)
Ear canal (TIPtrode) Enhancement of ABR wave | Noninvasive Small amplitude
Detection of CM in auditory Patient comfort Low reliability for SP
neuropathy Limited value in hearing loss
Tympanic membrane ECochG in Méniére’s disease Noninvasive Requires technical skill
Fair amplitude Some patient discomfort
Promontory (trans- ECochG in Méniere's disease Large amplitude Invasive technique
tympanic needle) Intraoperative monitoring Very reliable Requires local anesthesia

Stable placement

Requires medical personnel




DIFFERENTIAL EFFECT OF ELECTROD
LOCATION

@ As electrode places closer to the cochlea, the growth in AP
amplitude is grater than SP, thus the upper limit for the normal SP/

G Base
'_Q—WF_%
| m

494

6 ™

AP decreases.
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NSDUCER

Insert is preferred, because:

Artifact is omitted in the first 2_3ms because of insert tube

induced latency, thus CM and AP can be differed from
artifact.

With TIProde caution can secure every electrode wire while
recording

Has advantages while intraoperative monitoring because it
can be sterilized and post auricular area is accessible.



TYPE

@ Click (0. 1ms) 1s the most common.

@ AP is dependent on the rise time of stimulus, so the abrupt stimulus is necessary

(click is the best).

© SP is better appeared with TB, but this DC potential needs wide band-pass filter,
so slow shifts in the baseline activity such as low frequency noise can deteriorate
SP evaluation.

@ SP with click can be appeared when the stimulus rate is increased and the AP
amplitude is adapted.

@ ECochG with TB has applied typically for meniere diagnosis. Here, the frequency
of 1000Hz is preferred, response to lower frequency TBs is larger in TM and TT
recordings than ET.




¢ AP is an onset response which needs an abrupt onset
stimulus and is independent of subsequent duration. It
won't detect with rise time > 10ms.

@ CM and SP an preserve allover stimulus duration and can

be recorded with wide range of rise times.

@ SP directly reflects stimulus duration and can be
differentiated from AP with extended TB duration.

@ 'I'B with long duration can be used in diagnosis of Meniere.



Tone-Burst Signal

ECochG AP

SP

\ SP

10 ms

FIGURE 4.7. Effect of stimulus duration on the SP
and AP components of the ECochG. Note the presence

of the SP component throughout the stimulus duration,
in contrast to the AP only at stimulus onset.



STIMULUS OFFSET-EVOKED
EcochG

@ Can be used when duration is long (20 ms)

@ Offset AP is the most clear for intensities under 65

dB.

@ Offset ECochG threshold is 1520 dB higher than

that of onset.




INTENSITY
CM and SP

@ Receptor potential, thus the latency is independent of intensity.
@ amplitude increases with intensity increment.

1. CM: omission with alternative polarity is complete just for low intensities,
because of phase and amplitude distortion of CM with high intensity.

2. The relationship between CM and intensity is applicable for threshold

estimation in auditory neuropathy.

3. SP as a DC potential appears just for high intensities (>92dB spl), then it’s
growth is gradually with intensity increment (10 times increment in SP

amplitude with 20dB increment in intensity).



INTENSITY
AP
AMPLITUDE

@ Amplitude is increased and latency is decreased

with intensity increment.

@ Amplitude-intensity growth function has tow parts
of L. and H:

L: <60dB: amplitude growth rate is 0.5-1%

H: >60dB: amplitude growth rate is 1.03-3 %



AP
LATENCY

@ Latency is decreased systematically with intensity increment:
1. cochlear activity site
2. synaptic delay

synaptic delay is equivalent for all frequencies

frequency specificity is greatest for lower intensities

@ Jatencies changes with intensity is greater for lower
frequencies than higher.



@ SP and CM are invariant in a large range of rates.

@ AP latency is increased and amplitude is decreased with rate
increment:

1. dyssynchronizaion in cochlea

2. adaptation in synapsis between HC and afferents

Trate - TSP/AP

@ With high rates about 100/s, AP is minimal and SP detection
is enhanced.



Amplitude AP

(V) \
oo SP?
\ 7.1/sec
0.50(1V)
an 47.1/sec
™ X SP
_m— 87.1/sec
LN B
-1 0 1 2 3 4 A

Latency in ms

FIGURE 4.8. Effect of stimulus rat
-
components (CM, SP, and AP). 0. ECogG



POLARITY

@ CM: is recorded with single polarity and is 180° out-of-
phase for rarefaction relative to condensation. Alternative
polarity omits CM and appears SP and AP, but,

just single polarity signals produce actual
electrophysiologic responses.

@ AP: rarefaction polarity gives shorter latency than
condensation and larger amplitude than alternating, so,

ABR wave 1 enhancement _’ rarefaction



ECochG

Amplitude
GV

| CM\ psn:;gla
| ¥ ! I 1 1 1 ]
—1 o 1 2 3 Y s

Latency in ms

FIGURE 4.9. Differences in the effect of click stimulus
polarity (single polarity. e.g.. rarefaction, condensation,

and alterx:’:ng polarnty) on the three ECochG components
(Ca, SP.. AP



POLARITY

continue...

@ AP latency difference between rarefaction and

condensation polarities:

1. latency for rarefaction is a little shorter than condensation for

normal ears.
2. this difference for meniere disease is remarkably larger.
3. this difference is absent or invert for other cochlear pathologies.

4. this difference is considerably larger for single-slope click.




POLARITY

effective factors

@ Frequency: minimal effect of polarity for high frequencies
(>4KHz)

@ Intensity:

* <40dB: does not affect AP amplitude and latency (high frequency region activation
for click)

* >40dB: reaches the threshold of low frequency region, and effectiveness of

Iﬂr&fﬂfﬁﬁﬂ appecars.

@ Spectral distribution: polarity effects is more prominent for
narrow band stimulus than wide band like click.



BC ECochG

@ [Limitations:

1. stimulus electromagnetic artifact

2. high distortion



BINAURAL STIMULATION
VERSUS MONAURAL:

@ Latency is similar for both paradigms.

@ AP peak-to-peak amplitude is reduced for binaural
by a mean of 30%, that is equivalent to 20 dB

reduction in intensity:

efferent system



To Be Continued
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TABLE 4.6. Guidelines for Electrocochleography (ECochG) Test Protocol

PARAMETER SUGGESTION RATIONALE/COMMENT
Stimulus
Transducer ER-3A Permits TIPtrode usage
Secures transtympanic electrode wire
Type Click Produces robust response
Evaluates cochlear function in basal turn
Tone bursts can be used
Duration 0.1 ms Oonset response
Longer tone burst duration to verify SP component, e.g., 2-10-2 cycle
duration
Polarity Alternating For recording SP component (cancels out CM)
Single polarity When recording CM component (rarefaction and condensation separately)
Rate 7.1/sec Low rate enhances the N1 (AP) component
Very rapid rate is useful for SP delineation (e.g., >91/sec)
Intensity 70 to 90 dB nHL Produces robust response (no SP for intensities below about 50 dB)
Masking None Never necessary

Presentation

Ear
Mode

Detectable response always is generated by test ear

Monaural

Air conduction

Bone conduction may be useful in selected patients with conductive
hearing loss



Acquisition
Electrodes (options)*

Filter

Amplification
Analysis time

Sweeps

TT-Ac

TM-Ai
IEAC-Ac
Fpz ground

10-1500 Hz

x75,000
50r15ms

<50 to >1500

wr

Very large amplitude (4 to 20 puV)

Standard stainless steel subdermal needle for promontory site
Noninvasive, but AP rarely exceeds 0.6 uV; TIProde for EAC
Noninvasive and large amplitude ECochG (normally >1.0 uV)
Convenient and used for ABR

Encompasses response
Lower high-pass filter cutoff if possible for SP definition

Adequate for large response

Shorter time for ECochG
Longer time for ECochG/ABR and multichannel ECochG

<50 for promontory electrode
>1500 for EAC electrode
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ECochG Analysis

polarity

Amplitude
(uV)
- AP
L=1.55ms / SP =0.50 uv
I-q- ---------- L4 AP = 1-25 IJ.V
; P/AP = 0.
: in S 0.40
i Alternating

0.50 (uV)
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Rarefaction
polarity

Condensation
polarity

-1 0 1 2 3 4 5
Latency in ms
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APPLICATION

RATIONALE

Enhancement of ABR Wave |

Diagnosis of Auditory Neuropathy

Diagnosis of Méniére's disease

Intraoperative Monitoring

ECochG maximizes the AP amplitude.

A clear wave | is very important in neurodiagnostic ABR recordings.

Wave | permits calculation of interwave latency values (minimal influence by periph-
eral hearing status).

Detection of cochlear microphonic (CM) confirms outer hair cell function.

CM may be present in patients without OAEs.

Detection of summating potential provides evidence of inner hair cell function.

Detection of ECochG AP provides evidence of integrity of inner hair cells (IHCs) and
synapse communication between IHCs and afferent auditory fibers (spiral ganglion).

Méniére’s disease is characterized by abnormally large EcochG SP component.

Repeatable SP and AP are recorded; AP amplitudes are calculated from a common
baseline.

The SP/AP ratio is calculated.

Patient’s SP/AP ratio is compared for the ear suspected of Méniére’s involvment vs.
the opposite ear.

A patient’s SP/AP ratio is compared for the ear suspected of Méniére's involvement
vs. normative data.

ECochG parameters maximize the AP (wave [) amplitude.

A clear wave | is very important in intraoperative ABR recordings.

The AP (wave I) component is a measure of peripheral (cochlear) status.

A large wave | (e.g., > 5 uV) can be recorded quickly (<1 minute) in patients with
serious hearing loss.

Wave | permits calculation of interwave latency values.

Interwave latencies are not seriously influenced by peripheral hearing status.

Transtympanic technique (Schwaber & Hall, 1990) is optimal for the intraoperative
application of ECochG.
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To improve the sensitivity of ECochG recordings in
detecting endolymphatic hydrops, further measures have
been suggested in addition to the SP/CAP ratio. Ferraro
and Tibbils (1999) proposed that when using tone-burst
stimulation, response duration could be taken into account
by calculating an index resulting from the ratio of the area
subtended by the total ECochG waveform to the area sub-
tended by the CAP component below the SP. However, it is
unclear whether the inclusion of this measure in the clini-
cal protocol of the diagnosis of Ménieére disease provides a
substantial advantage compared to the evaluation of the SP/
CAP index alone.

Another interesting measure suggested in addition to
SP/CAP ratio is the latency difference between the CAP
responses evoked by stimuli of opposite polarity (Orchik
et al., 1998; Sass et al., 1998). This difference is significantly
increased in patients with endolymphatic hydrops possibly
as a result of the asymmetry in dynamics of the basilar mem-
brane motion because of increased endolymph volume. It
has been estimated that measuring this index in combination
with the SP/CAP ratio results in an increase of sensitivity of
up to 87%. In this regard, the above-mentioned procedure
of optimal filtering could prove very useful for performing
the cancellation of CM while preserving the shape of both
SP and CAP components for a given stimulus polarity.



Dtie e a8 Ll jeday () gaSll (e ) e dpadadll il




e gl

4 uVidiv

LS Ll ol e ey § CAP e v/

10 10
: s S\ Sl 38 Sl 6 (ginie v/
.gn E
M g i 5
W 5 | % {
1 Q . . . . . . .
3 wm |3 | bl O saSl e ) pe Jshal G saSI e 3V
S S 01 AL 5 . 1
2 0 2 4 6 8 10 12 0 20 40 60 80 100 120 © 20 40 60 80 100 120
Time (ms) Stimulus level (dB) Stimulus level (dB)

B c



e ¢l

SENSITIVITY AND SPECIFICITY OF THE SP/CAP RATIO AS A DIAGNOSTIC PARAMETER IN Jj‘)ﬁy\ U\S‘-‘“ S ?ﬁ D

MENIERE S DISCASE

AUTHOR RECORDING METHOD STIMULUS CRITERION SENSITIVITY (%) SPECIRICITY (%) ET 3 - S n o

Coats™ ET 85 dB click 0.34 636 95.8
_ nonlin regr 68.2 97.3
Goin et al. ™ ET 85 dB click lin regr E2.0 96.0 -
Kumagami et al ™ jui 30 dB click 0.30 62.0 100.0 C\)AY‘ @AAJ dﬂ\ d\.b.d\\/
Mot et 8. ] B0 dB dick 0.36 80.0 1000
Orchik et al. = (] 30 dE chck 040 80.0 320 N . -
3048 1D 040 7.0 920 A a Adnaloa § duand Sl Aialy/
Poueta ™ &] 50 08 chck 0.35 570 940 = = J = -
Sass'? = I 90 dB chek  Not documented 62.0 5.0
Fappas et al. '™ ET 30 dB chick 0.40 71.0 1000 -
Q.50 70.0 _ 710 I I J&}ﬁ‘ o
Ge and Shea™' T 50 dB chick 0.40 76.0 Mot cotumented

90 d8 18 Q.40 6d4.8

Chung et al.'™ ET 30 dB dick 034 e .. )-“-M.. (& AL Lf d-‘..aﬂ ;Y\\/
L sial) pand) Gali Cilajo s A s dauzal s ECOChG z)sel i siv
o dil) 43 304 jv7




dasasl) iUl ylacaY) & ECochG

Case1 | Case 2 v Case 3 ¢ o t wi| - 4 - . ;
9“‘,)“\n“ﬁ,,*w~»a'ru¢~““|3 55 ‘"‘iuiJﬂkf,\HMnﬂﬁhﬂm" “ : e e EiLAJM Eiqu~)t+ts‘tjjﬁg 4ﬁg;¢:aj\g_fyt:;n oy (A 4
MM v 5 M«:' Ne g dgrand) Aadly sl ) peddl el el 8

| =

M w e . . o - . e g
" " - Jall Aoy cpelaal sed JSE 6 5 Curn by JlilaY)

12345676 38t0nme T 25 45676 bt M T R G G L e g il daale U S sanl)
3 . : 2 5

ms ms

b Al dhads e oY) A b3 L8 o<al)

e 60 L
:Z W - ﬁ In addition to these findings, several studies have found

40 " 2 szt [ discrepancies between CAP and ABR thresholds in children
0 T 30 e showing CNS pathology possibly associated with depression
B s s | M A of brainstem electrical activity (Arslan et al., 1997; Ryerson

D 1 2 3 4 5 8. 7T B0 101112 o PR . R 8 ¢ B % 100 12 0 L2 ¥ 4k & Toa- 101
ms s ms



oSV e o Jlaladl A glal) cliall 2 380 55 Sla (]
Jada o Lails Jadall o6& )l 3y e (O
(ABR) J) cllkain (ués [

:ECochG s ABR 4 s

sile 448 gla Al v/

ECochG J «lie (wiale 33 ABR J) @lic v/

LSae el IS g Ax dprand) ddiall st 8L o (A aad50 Y ALDASY




Intraoperative Monitoring (> all dasll J3A 3 yiiall

ECochG 4x8 sall Jayhads ilaladtiul aal aal iy [

dasarll dal @l sl all Jeall o) ddasaall pend) ddads g 4Dl (5 adl aadiey [
el 5 il aaa] S a5 cxand) Cuaall da) o g (el bl )

Jandl o) 45908 e jg Alas 48) oy CAP 7l Jinid e 3ale dlieV) 24 (0
PENEEN



e s (5]



MD;ENT;PhD of Audiology
December 2022



(Pad) (and) LS

by A v g ae bitih Al dn JAB i LA o
[E) coanll [ mand)  vanl) Jaasdl

aiall ol e 3adyda sda gl doele ABR §leall gia Aolainl o
CM 31/ 5 OAE 252 5 ae Allall

@&MJPJ@MJ\AJ\ M\DM\MMC‘)&\JA °
Jsh e Aalall s jmiall UAY (e loay Jaldil) jany b5 LEY)
&\.AJ]\ EJ; L;‘ ‘)[}.4} L;.x.ud\ d.m.d\



Gl rad) ouanl) Slgall cll
PRl L.é w\ M\ \A)\Aj\ — L_;a.m.nj\ L_L»..ad\ LJJLUA.A

JMJUJ‘)H‘UMM‘M‘JJ\AA 4\.\4})];5\
¢ laall & 2a

g sall il el
Gl — LA 5 AaTa 5 il LA - peedUl L)
BA)\J\ G&A.HJ‘ u.a.azj\




Auditory Neuropathy Spectrum Disorder (ANSD)

Cerebello-pontine angle (CPA)

Internal Auditory Canal
(Auditory Nerve)

Spiral ganglion cells

IHC - 8" CN Synapse
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Inner hair cells

Outer hair cells
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Auditory Evoked Responses in ANSD
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Auditory Evoked Responses in ANSD




ECochG in ANSD: Examples of ECochG Components
(McMahon et al, 2008)
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ECochG in ANSD:

* McMahon, Patuzzi, Gibson & Sanli. (2008) Frequency-specific
electrocochleography indicates that presynaptic and postsynaptic mechanisms
of auditory neuropathy exist. Ear & Hearing, 29, 314-325.

* Purpose of study was to better define physiology mechanisms of AN to guide
management including cochlear implantation

* ECochG in AN consistent with:
* Pre-synaptic mechanism (abnormal SP) = good EABR and CI benefit

* Post-synaptic mechanism (normal SP + dentritic potential) but no AP =
poor or absent EABR and poor Cl benefit
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Diagnostic feature ANSD

ABR
CAP
MRl or CT

Absent
Absent
Normal

Space occupying
lesion

present
Present

abnormal
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Rerfaction / consendation stimulus ( usaually
clicks).




ABR waves opposite to CM increase in latency and
decrease in amplitude as stimulus level falls.
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2013 ANSD Guidelines
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Cortical Auditory Evoked Potentials
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Auditory Middle Latency Response
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Test Parameters & Protocol

PARAMETER SUGGESTION RATIONALE/COMMENT
Stimulus Parameters
Transducer ER-3A Supra-aural earphones are acceptable for AMLR, but insert earphones are
more comfortable and, because the insert cushions are disposable, con-
tribute to infection control,
Type click For neurodiagnosis only. However, a more robust AMLR is usually re-
corded with longer duration tone-burst signals.
tone burst For neurodiagnosis or frequency-specific estimation of auditory sensitiv-
ity.
Detection of the Pb component of the AMLR is enhanced for lower fre-
quency tone-burst signals.
Duration
click signal 0.1 ms Click signals are less effective than tone bursts in evoking the AMLR.
tone-burst signal
rise/fall 2 cycles Rather abrupt tone-burst onset is important for AMLR as it is for the ABR.
plateau multiple cycles ~ Plateau durations of 10 ms or longer are appropriate for evoking the

AMLR, especially the Pb component,



Test Parameters & Protocol

Rate

Polarity

Intensity

Number

Presentation ear

Masking

<7.1/second

rarefaction

<70 dB nHL

<1000

monaural

50 dB

A slower rate of signal presentation is indicated for younger children, or
for patients with cortical pathology. Signal presentation rates as low as 1
per second, or 0.5/second (one signal every two seconds) are required
to consistently record the Pb component.

An AMLR can also be recorded for condensation or alternating polarity
signals.

For neurodiagnosis, a moderate signal intensity level is appropriate. Sig-
nal intensity is decreased, of course, for estimation of thresholds. High
signal intensity levels should be avoided. Tone-burst signals should be
biologically calibrated to dB nHL in the space where clinical AMLRs are
recorded.

Signal repetitions vary depending on size of response and background

noise. Remember the signal-to-noise ratio is the key. Averaging may re-
quire as few as 50 to 100 signals at high intensity levels for a very quiet
and normal hearing patient.

For estimation of auditory sensitivity and neurodiagnosis. There is no
apparent clinical indication for binaural AMLR measurement.

Rarely required with insert earphones and not needed for stimulus inten-
sitv levels of <70 dB HL.
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Stimulus rate and aa(Adults)

Rate of Stimulus
Presentation
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FIGURE 11.2. An example of the effect of the rate

of stimulus presentation from 5.1/sec to 0.5/sec (right
panel) and stimulus frequency, i.e., click, 4000 Hz, 500

Hz (left panel) on the AMLR. Recordings were made with
a young adult, normal-hearing, female subject. Note the
enhancement of a consistently recorded Pb component for
slower signal rates and lower signal frequencies.
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Electrode Arrays

Auditory Middle-Latency AMLR:
Response Electrode Sites Electrode Sites and Preamplifier Inputs
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Amplitude in pV
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Amplitude in v
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Amplitude in pV

AMLR
Waveform Morphology and Analysis
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Amplitede in Vv

AMLRE
Normal Waveform Variations with Analysis
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Amplitude in pV
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Auditory Late Latency Response
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SUMMARY OF RECOMMENDED PARAMETERS FOR P1-N1-P2 TO ESTIMATE AUDIOMETRIC

THRESHOLD

Subjects State Awake and guiet adults, children, infants
Eyes Eyes open
Condition Attend or ignore canditions

Stimuli Frequency 250-4000 Hz tone bursts

Riseffall times
Plateau time
interonset interval
Intensity

20 ms

20 ms or more

1-2 seconds

10-80 dB peSPL (use clinical judgment)

Recordings

Save

Electrodes
Moninverting
Inverting
Additional

Artifact rejection
EEG filters
Amplification (gain)
Analysis time

Save averaged waveforms

1-2 channels

Vertex

Ipsilateral or contralateral mastoid or tip ot nose
Consider vertical eye channel

+100 pV

1-30 Hz 0.
10,000-30,000x
Prestimulus — 100 ms
Poststimulus 700 ms

Number of tnals/average 50-100
Replications At least 2
Measurements Adults M1-P2
Children P1, Nage-2zs0
S Infants Reliable components
Measures

Peak-to-peak amplitude reguired; peak latency recommended

Response presence

Determined by

Replicable components
Response 2—3x larger than amplitude in prestimulus interval



SUMMARY OF RECOMMENDED PARAMETERS FOR P,-N;-P, FOR SUPRATHRESHOLD

APPLICATIONS

Subjects State Awake and quiet adults, children, infants
Eyes Eyes open
Condition - Attend or ignore conditions
Stimuli Types of stirmuli Tone bursts, speech (vowels or consonant-vowel combinations), other
complex stimuli
Interonset interval 1-2 seconds
Intensity 60-80 dB peSPI
Recordings Save Ongoing, continuous EEG for later post hac analysis
Electrodes 16-32 channels or more
Reference electrode Tip of nose or averaged reference
Artifact rejection =100 pV on all channels, or first use eyeblink algorithm
EEG filters 0.15-100 Hz {acguisition)

0.1-10( 1=-30 Hz (post hoc, digital filtering, ~12 dBloctave filter slope)

Amplification (gain) 10,000-30,000x
Analysis time Prestimudus — 100 ms
Poststimulus 700 ms or more
MNumber of trials/average 50-300
Replications Al least 2
Measurements Adults Py, Ny, Py
C hildren Py, Nagozso
Infants Reliable components
Measures Basedine-to-peak amplitude, peak latency
Use latency window established using grand mean data
Response presence Determined by Statistical means =

Replicable components
Response Z2-3x larger than amplitude in prestimulus interval
Appropriate scalp distribution



Test Parameters & Eyes blinking denoising

Amplifier

o

o Computer

Artifact Reject
Channel

Figure 21-2 Placement of eye monitor ing electrodes for eye muscle
artifact. One electrode is placed above the orbit, and the second is
placed below the orbit of the opposite eye. This permits both eye
blinks and eye movement to be monitored and rejected from the

recordings.
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Etfect of Interstimulus Interval on the Combined
Amplitude for ALR N1-P2 Waves

Amplitude Change In %5

300 —
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200 — o Maximum amplilude
L
100 —
® Stimulus rate = 1/sec
" /
| l ! | l 1 l i‘
1 2z 3 B S G T 8 )

Interslimutus Interval in seconds

FIGURE 12.3. An illustration of the effect of inter-
stimulus interval (1S1) on the auditory latency response
(ALR) N1 and P2 component.
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Amplitude In pV
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Mismatch Negativity (MMN)
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P300 RESPONSE



o First identified by Davis,
Sutton et al. 1965

o Primarily described the
effects of stimulus
alteration in normal
subjects
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P300 response

o Extended ALR fime

o Within 300 ms region
o Third positive peak
o Oddball paradigm

o Frequent (standard)
o Rare (oddball, target)

o A cognifive response




4

Generators

o Subcortical stfructures

o Hypocampus
o Lymbic system
o Thalamus

o Cortical structures
o Auditory regions
o Frontal and Parietal lobe

o Visual and somatosensory stimulation




Oddball paradigm

o 1- passive (large deviance or distractor/ novel stimulus)

o An automatic P3a
o Smaller amplitude, shorter latency, faster habituation
o Fronto- central location
o An initial alerting response
o niMCc JI333rfF dyyMNatl npgksur StHhH Syip




Oddball paradigm

o 2- active: P3b
o P3b

o An CONSsCIouUs processing

o Memory and more attention cooperation
o Max amplitude in parietal region

o Post decision evaluation

o WKfrB C3K p¢ EE3b Mk PChfF 33 CMb eyfs Wby myYsh 1IriF es <Al
FKIYOMm
o WHAM rfF n33ril wyy g hlf wytabhbiv npagksk SnCc ik bCh
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Analysis time

o Similar fo ALR
0 450 to 500 ms
o Low F energy ( < 30-40 Hz)




Elecirode location R

o Noninverting
o Midline frontal; Fz, Cz, Pz
o Inverting
o Linked or ipsilateral lobule or mastoid
o Ground
o Frontal
o Electrodes for ocular activity detection
o Vertical: Sub- and supra-orbital

o Horizontal: outer canthus
o Activities larger than 100-200mv will be rejected.




Filter seffing

0 0.01-0.25 to 30-50 Hz

o Spectral power of late responses: 1-15Hz, mainly under
8Hz, max at 5Hz.




Wave Analysis

o Latency:
o From stimulus onset to peak
o 250-400; or 800 for special patients

o Latency interpretation: Processing
speed (difficulty, short-term memory
demands)

o Amplitude:
o The highest point: 10-20 pv
o Reference: Previous trough (N2),
baseline

Amplitude in pV

Analysis of P300 Recorded with Oddball Paradigm

- |gnore
Pz EEEEET LT A“.’ﬂd

Standard
Stimulus




Abnormal patterns -
considerations

o Sudden loss of attention
o Age
o CNS abnormalities, such as, Dementic




Later Language-related Waves
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Left Anterior Negativity
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There is a ballon in the sky.
There Is a ballons in the sky.
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Lexico-semantic integration:N400
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XXXXX It was his first day at work.

-------- XXXXX He spread the warm bread with SOCKS.
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| take coffee with cream and dog.

after the lesson
Jenny put the sweet in her mouth

after the lesson

Jenny put the sweet in her pocket
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Syntactic positive shift: P600
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