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Evoked Potentials — Part 1
Good Practice and Auditory
Brainstem Response

Kathleen Hill, Au.D.
Education & Training Manager
Otometrics North America
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Learning Objectives

» After this course learners will be able to describe the
electrode montages used for 1 and 2 channel ABR.

« After this course learners will be able to identify the
difference between the infant and adult ABR response.

« After this course learners will be able to describe how
increasing rate and intensity independently affects the
ABR response.
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Evoked Potentials

 Electrical signals generated by the nervous system in
response to a stimulus

» Event related (evoked by onset of stimulus)

» Useful in diagnosing a variety of neurological disorders

%@ otometrics

a division of natus.

Auditory Evoked Potentials (AEP)

» Used to determine the integrity of the auditory
system and to make inferences about hearing
(not a hearing test!)

» An acoustic stimulus generates a response
measured using electrodes on the surface of
the skin

» Obijectively tests the integrity of the hearing
system to the level of the cochlea to the
brainstem

« Common names: AEP, ABR, BAER etc.

%@ otometrics

a division of natus.




Auditory Evoked Potentials
OVERVIEW of AEP in the Time Domain
Middle AEP
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Recording Evoked Potentials

Far Field recording-electrodes placed on the
scalp

Electrodes assigned as Active (+), Reference
(-), and Ground

Record from a pair of electrodes (i.e. Cz to A1)

Recording from an non-inverting (+) and
inverting (-) electrode

Amplify the difference between the signals
Proper care of the electrodes & impedance are

important because this is the medium for
collecting the EP data
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Recording EP Data

« Common mode rejection

» The voltage is different between the active and reference
electrodes

* The voltage related to noise is similar at both electrodes and
the response voltage has the greatest difference

» The response at the reference electrode (inverting) is added
to the response at the active (non-inverting) electrode

» The components which are “common” to both electrodes are
cancelled (i.e. noise - mains, biological or environmental )

* Inter-electrode impedance is the most important
(common mode rejection does not work well if inter-
electrode impedance varies)
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Preparation
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Testing Environment

* Preamp should not be near the isolation
transformer, monitor,etc.

« Turn off unnecessary computer monitors.

« Do not have preamp in front of monitor.

* If possible use a designated outlet.

« |f patient is in chair that plugs in — unplug it.
» Assure wall outlet is grounded.

* Do not use cellular phones during testing.

 Turn off florescent light(s). Do not have
dimmer switch set in the middle position.
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CHARTR EP 200 Preamp

» Chartr EP 200 preamp
connects to the Chartr
EP 200 box via a 6 foot
cable to allow ample
distance between the
patient and computer.

* The electrodes,
transducers and VEMP
Monitor plug directly
into the preamp.
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Electrode Placement

True Cz = IC 5 from 3p82
larger
amplitude
response

~15%
reduction in
amplitude

forchend
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Application of Electrodes

Non-Disposable Electrodes & Disposable Electrodes

skin Prep i
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Application of Electrodes

Applies to All Electrode Types
+ Tape electrodes together (making a sleeve with tape).
* Do not mix electrode types.

« Do not place ground electrode near the heart. Noise can be
generated by large EKG.

+ If doing bone conduction ABR, place electrode on FRONT of
earlobe.

+ Explain to the patient the process of placing the electrodes.

* Gently clean the electrode site (do not abrade skin). Do not mix
alcohol with NuPrep or dry prep, this causes stinging sensation.

» If using Cz, alcohol pad will help dissolve hair product and will
help reduce impedance.

* Electrodes on the earlobes or mastoids should be symmetrical.

» All electrode leads should run toward the top of the patient’s
head.

* Do not turn equipment on/off with patient connected.
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Application of Electrodes

Non-Disposable Electrodes

» Electrodes should be clean (use child toothbrush and warm water
to remove paste).

» Electrodes will not last forever. Bad electrodes will result in high
impedance, trending of the waveform and ultimately noisy
recordings.

*  Wet prep works the best.

* Prepare the electrodes by adding a small amount of paste.
» Apply the electrodes firmly.

» Use cotton to help electrodes adhere.

» Wait a minute for the electrodes to settle.

» Be aware of silver chloride — check to see if they need to be re-
chlorided. To re-chloride the electrodes, place only the cup of the
electrode into a small amount of chlorine bleach. Soak for 20
minutes. Do not let the wires touch the bleach.

Disposable Electrodes
* Dry prep works the best.

» Asmall drop of water/saline will rehydrate the gel and help them
restick.

- Some disposable electrodes can be cut down in size. %@ otometrics
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Electrodes — keep them together

Step 1

Well Maintained
Electrode Leads

Step 2
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Patient Comfort

» Have you tried out your chair or table?
» Send patient to the restroom before testing.

» Patient should feel secure and comfortable in
the chair or on the table.

* Have blankets and pillows to assist with
comfort.

* Pillow under the knees help support the lower
back.

» Explain the test procedure before placing the
earphones.
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Application of Earphones and Cable Position

* Instruct patient before placing eartips.

» Always choose the largest size of ear tip to reduce the risk of stimulus
leakage. Leakage can cause a reduction of dB SPL in the ear canal.

» Store set of eartips in orange plastic container.

» Compress foam tip, insert completely (no foam should be in the concha)
and hold in place until expanded.

» Separate the electrode leads from the transducer cable using the
patient’s body.

* Do not clip the stimulus transducer box to the patient.
» Do not let tubing of the transducer touch the electrode wires.

» For infants, beige tips can be trimmed down. Also consider using clear
tips.
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Patient Setup with Chair
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Patient Setup with Chair
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ICS Chartr EP 200 Preamp

A chartr EP 200
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One Channel Recording with Electrode
Switching On

AUDITORY BRAINSTEM RESPONSE MONTAGES

1-Channel ABR
ELECTRODE SWITCHING ON

{ |
|‘f".- —— i“

/|
N> (@ a
GND (grouna) liA | A)) cnirer
Earlobe or Mastold 1! )\ a 1Y Eanove or Mastord
ool

}\ LEFT
/ e

When performing bone conduction ABR, always place the refrence electrode and the

ground on the front of the carlobe.

Caution - If an alternace monsage is used with Electrode Switching ON, the data collected J
%e otometrics
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Switching Off

1-Channel ABR
ELECTRODE SWITCHING OFF
Manually Switching Electrodes is Required

One Channel Recording with Electrode
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Two Channel Recording

2-Channcl ABR

Ch 1 ACTACh 2 ACT - Jampenad
Crorfpz

ChaRE i\
Earkozn o Mactold a ) H
o~
\ i
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Setting up a New Patient Record

Edit Patient Information E]

Patient Information I Physician Order |
Last:

FEirst:

Name:

Infant Click

Month: Day: Year: Gender

Bithdate: [7 18 2000 " Female @ Male

Address:

G |
State:

Zip Code: Country:

Phone Number: l

Identfication: l

Weeks at Bith: |40

Must enter

Birthdate &

Gender to

utilize the
Normative
Data
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Impedance

& CHARTR EP - Carlson, Mary [Default Operator]

e Datsbase Sew Test Ed Wavelom Page Display Colratkn bep

D& & BT 0 E

Accepts: 0 A A-B|
Rejects: |0 B: Pav-Bu

'

VYHID B~

EMG: DuV'
Ongeing EEG

) e

B
ws
808 1 Channal
80 @ 2Channel
500 Hz Teone Burst
4KHz Tone But

ABR L TM Trode
= VEMP

500 Hz Tone Burst

Cick

VEMP Bone
Oculss VEMP
= ALR
08
40Hz
= AMUA
0@

Interaural Wave V:
Asymmetry Ratio

Page1of1
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P2
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3
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Impedance
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EEG
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Coliect

AER 80 68 | Channel
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Checking Electrode Impedance

Channel 1

Channel 2:

Ground:

Electrode Impedances
Active Reference
1.0 KOhm 1.9 KOhm
1.0 KOhm 1.9 KOhm
3.0 KOhm
e ®
Electrode Impedances
Active Reference
& Channel 1: 1.0 K Ohm 2.0 K Ohm
Channel 2: 1.0 K Ohm 2.0 K Ohm
Ground: 29K Ohm
VEMP Monitor
Left: 20K Ohm
Right: 2.0 KOhm
OK

Goal: Low electrode
readings of <5K Ohms
each balanced with no
more than <2K Ohms
difference between
electrodes

Inter-electrode impedance
is the most important
(common mode rejection
does not work well if inter-
electrode impedance
varies)

Chartr EP 200 reads up to
80 kOhms
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Selecting a Protocol

Procedure ——_ |

Review New Test | Satiings |

™ ABR »
4048
Selected 80 dB 1 Chaninel
80 dB 2 Channel
PrOtOCOI 500 Hz Tone Burst
4 KHz Tone Burst
+ Bone

The CHARTR EP default procedures are:

* ABR (Auditory Brainstem Response)

* ASSR (Auditory Steady State Response) (optional)

* ECochG (Electrocochleography)

* VEMP (Vestibular Evoked Myogenic Response)
* EMG monitor (optional)

+- PediScreen
System Diagnostic
= ECochG
Tip Trode
TM Trode
ABR & TM Trode
= VEMP
500 Hz Tone Burst
Click.
VEMP Bone
Ocular VEMP
= ALR
80de
40Hz
= AMLR
a0de
= P300

* ALR (Auditory Late Response)

* AMLR (Auditory Middle Latency Response)

* P300 (optional)

[ Y, T

%@ otometrics

a division of natus.

7/6/18

14



Listening Check

» Use subjects with hearing thresholds within normal limits
 Listen to the stimulus
« Should be able to barely hear it at 0-5 dB

+ If the softest level anyone can hear the stimulus is 20 dB — there is a 20 dB
correction factor

» Subtract the correction factor from the response obtained on the dial (i.e.
patient’s threshold is 60, 60-20=40; 40 is their true threshold)

+ Call to have system calibrated — annual calibration

%@ otometrics
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Click
Air Conduction
ABR
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Anatomical and Physiological Principles

Inferior Colliculus ( new research suggests
his component is not part of the auditory pathway)

Lateral Lemnis
Superior

Cochlear Nucle
" U\ ;
Cochlea [ om Yoy \
% Nerve
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Auditory Brainstem Response

* Markings used [, II, Il IV, V

» Each peak represents neural firing from a
sum of activity arising from areas within the
brainstem (auditory nerve)

« Wave | and Wave |l generated predominantly
from the action potential on the ipsilateral side

» Waves llI-V are generated from the complex
interaction of both contralateral and ipsilateral
brainstem anatomy
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Determining if a Response is
Present/Determining Threshold

Response must be:
+ Repeatable
» Look like a typical response
* Follow the typical pattern when intensity is changed
o Decrease intensity = Latency is longer
o Decrease intensity = Amplitude is smaller
» Absolute latencies should be appropriate (compare to normative
data)
» Amplitude should be larger than background noise (ex: 3 times)

Threshold is:
+ Lowest intensity where response is present
* No response at intensity below where threshold is determined

» Absent response must be low in amplitude (~.05uV) — eliminating :
chance that response is buried in noise ". Otomgﬁﬂ'ngi

Ipsi versus Contralateral Waveforms

111

1 11 v

Note no Wave |,
_ r and Enhanced
Ipsilateral Wave V

III
for contralateral

v Waveform
Contralateral
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Auditory Brainstem Response Test Screen

G CHARTR £P - Demo 7, Adult ABR Eo®
Elo Qatobose Setwp Iest Edt Waveform Page Cisplay Calbration Help
ADS & s BF RIDODVVVIIONN VW X 4

Accepts: 1555 A 175ms A-B] 380ms I ral Wave V.
Rejects: |0 B: 555 ms Av-Bv: | 0.28 uV Asymmetry Ratio
Ongong EEG - n ' ‘E’ ' ' ' . ' - - ' ' ' ) " ' ' 0 -
v

Review | tows Test| Settings |

/872008 9514280 - h
e ASSR A

(ABF‘%) n 1]‘5(::\19‘5" SUlMsIdN‘f, 0.20 uV/div: 80 dB nHL. Click-R. Acc: 1555, Rej: 0. Rate: 21.1 (7 pt smooth)
ML EINENE BN K N TR (N (O I I E)

Vo= Ve58m Vie—
s

‘ L - ‘ rgﬁ ‘ ;
5 > ’. t t
New: 26640 &5 Dutabose: chatr b Opertor: efuk Cpersior__| oto mvgon [fln(a:‘:li

Auditory Brainstem Response - Purpose

» Threshold Search (click, toneburst at various intensities)
» Neurological Assessment (comparing peak latencies and
rate study)

%@ otometrics
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Threshold Search - What should you expect
to know after the diagnostic assessment?

1) What s the type of hearing loss?
— Sensorineural
— Conductive
— Mixed
— Auditory Neuropathy

2) What is the degree of hearing loss?
— Normal (UK) — 25 for inserts and 35 for headphones
— Normal (US) — 20 or below
— Mild — 20-40 dB
— Moderate — 45-55 dB
— Moderately Severe — 60-70 dB

— Severe — 70-90 dB _
— Profound - >90dB %@ otometrics
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Threshold Search - What should you expect
to know after the diagnostic assessment?

3) What is the configuration of the hearing loss?
- sloping
- rising
- flat
- Cookie bite

%@ otometrics
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Click Air Conduction ABR

* The click air conduction ABR is the starting point.

 Using click air conduction ABR only, one cannot infer
hearing loss configuration or have adequate
information for a hearing aid fitting.

* The click air conduction ABR can miss both low and
high frequency hearing loss.

%@ otometrics
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Click Air Conduction ABR

* Electrode Montage

* 1) Non-Inverting Cz or high forehead - sometimes if the
infant has a large soft spot it is difficult to get low
impedance.

» 2) Inverting A1 and A2 - use the earlobe instead of the
mastoid, so that if bone conduction is needed you will
have less placement difficulties with oscillator.

* 3) Inverting C7 (nape) - using C7 instead of A1 and A2
can help increase amplitude of wave V, however you
will decrease detection of wave |.

* 4) Ground - usually center of forehead

%@ otometrics
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Click Air Conduction ABR

* Tips:
* May need to open up epoch if patient is an
infant or has neurological issues

» Perform Biologic Calibration routinely to
determine if correction factors are needed.

* Insert Earphones are easier to use with
infants

» Software makes the .8ms latency correction
for insert earphones.

%@ otometrics
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Click Air Conduction ABR

» Threshold Search ABR for unsedated patients
» Start at a moderate level - 60 dB nHL
* If wave V is present, decrease to 30 dB nHL
* If present, decrease to 20 dB nHL. This is within normal limits.

+ If not present at 30 dB, bracket at 40 or 50 dB depending on latency of
response.

* If no response at 60 dB, increase to 80 dB.

%@ otometrics
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Latency Intensity Function

o 20 30 40 50 0
Intensity in dB nHL

Normal

Intensity in dB nHL

Sensorineural

Conductive

%@ otometrics
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Normative Data

Includes a mean and standard deviation.

Results are determined to within or outside of normal limits based
on data collected by Dr. Michael Gorga (Boys Town).

Age specific normative data is included within the software.
Normative data is published in the literature.
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D CHARTR EP - Dema 7, Adult ABR
e Qotabase Setp Jest Gdt Woveform page Qeply Cebraton Lep
DE & sRe 2 0B

Accepts: ) A BESms

Rejecis: |0 B:585ms

Ongong EEG i

Faview | New Test Settings I
Stevus
£ Let | 408 rHL
Masking _Nene | 0B HL
Stimss Cick
Frequency
Rate 211/
Gan 100K
Posiy __ Rere
Atactlevd 9%
Dispey Scde __ 020w/ _ |
VEMP Morioing
Monitor
Mo [ 0 Maw [ 0

v

\
| LI L Y \\J
m | A Nf. i\\f‘.‘,_(fﬂ“ ‘/'[A \

Scales: 1.50 ms/div, 0.20 u¥/div; (Smooth: 10.2- 7 points)

Working with Normative Data

ITNNVVVI TONNN VY X 4H DR
JA-Bl: [300ms
Av-Bv: [037uV

Interaural Wave V:
Asymmetry Ratio.

B ' '

R0 (102}

f\_,\,\‘%\ jﬁu/\v

L6 8 n- . “\’\
R\

]
fwﬂJﬂ
J

AVAY
v

Iy
gl Y\ al
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/™

10

\/
f2z),

14
\m

sz (30 [+ms [sm M= |s

= 3%ms V=" V=585ms V=™
= 130ms |-V= 398ms

= 188me Il
208

[rom|n [rzMvs [wl[1s| |16 [7M[s [ [0

Fi F2 3] s s 7 8 [ F11 Fi2
Help Hew Esitting Tial Report | Impedance | Nomaiive. Start Newt Colect
Paiert | Pobent Setiings Data EEG Page
Ready New: AER 0 &5 tabase: chartmdb Operator: Defoutt Operator
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Click Normative Data

. Nomative Data Selections

© Latency|

€ Latency lll

C Interpeak Interval | - Il

C Interpesk Interval lll -V

C Interpeak Interval | -
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What differences are there
between infant and adult
click ABR?

o

%@ otometrics
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Comparison of Infant and Adult ABR’s

Infant ABR Adult ABR

i mn
! m v f\
o\ aaW NS 75 dBnHL /‘[f\}\/\/ P o 75 8 HL
.-"J 7\ / J 505ms
e g

6.20ms

> ‘\ N A 55 dB nHL = oV 55 d8 nHL

A A Wl 1o AV el

=3
= =
0 35 dB nHL 0 'Y 35 dB nHL
o N I §
o F,O«\My\/( 7.58 ms S [a ;: A /é 7.05 ma
I ‘ 15 dB nHL I d\—; 15 dB nHL
N_M._-e\_./'\-/’\/_/ 8.59ms W 820ms
11 1 1 1 1 11 1.] 11 1 1 1 1 1 1.

? 1.0 ms/div 1.2 ms/div

Stimulus Stimulus
Wave I: 1.44ms Hili: 226 ma Wave I: 1.70ms I-il: 2.00 ms
Wave lll: 3.70 ms -V 2.5 ms Wave |l 3.70ms Ni-V: 2.25 ms
Wave V. 6.20 ms IV: 4.85 ms Wave V: 5.95 ms IV: 4268 ms

Linda Hood: Clinical Applications of the Auditory Brainstem Response
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Adult Click Air Conduction ABR

Right Ear

Ri  HdB |

RI 7808 |

W"‘W
: : ®i Viggs |

Left Ear

i

.

v

- . v
. L1 7d¢n
v

280V LI 260
280V

LI 18dB

.Zﬂu\"w
il

L1 3

—
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Infant Click Air Conduction ABR

¥ L60dB

;Ui

R 40 dB
W'\
R

¥

L

Al

R20dBJ -
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Neurological Assessment - What should you
expect to know after the diagnostic
assessment?

1) Is neural transmission of auditory stimuli intact?

* Yes
* No

%@ otometrics
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Click Air Conduction ABR

* High Intensity ABR
» Perform ABR at 75 dB nHL (infants) or 80 to 90 dB nHL (adults)

to evaluate waveform morphology
oWave Morphology - Infants may have a larger Wave | than
Wave V
oWave | to V Interpeak Latency

%@ otometrics
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Interaural differences

« Comparison of interaural Wave V absolute latencies can provide
data sensitive to retrocochlear pathology

* Interaural Wave V latencies should differ by no more than 0.2-0.4
ms

» Be careful to account for asymmetries in behavioral thresholds

%@ otometrics
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IT5 = Interaural time delay for wave V. At the House Ear Clinic, the criterion
is 0.2 ms with 0.1 ms correction for every 10 dB hearing loss greater than
50 dB at 4 kHz.

6.4 ms
Non-Tumor Side

IT5=1L2-L1=0.9ms

=
1.~ 7.3 ms
) Tumor Side

1+ 11 11T 1
o 2 4 6 8 10 12 14

ms
Slide courtesy of Dr Manuel Don,
House Ear Institute
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Interwave Latency Intervals

* Waves I-lll and Ill-V: 2.0 msec approx.
« Waves|-V: 4.0 msec approx At House Ear Instltute

' ' 1 1

4.0ms is the criterion.

(ABR) [1.1] Scales: 1.20 ms/div, 0.30 uV/div; 80 dB nHL

I=152ms Il=250ms Ill=352ms IV=474ms V=542ms
[-ll=200ms Ill-V=190ms |-V=2390ms

I-1= - === -0 =

V-V = Yoo ] LA = e
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Interaural Time Delay

G CHARTR EP - Demo_ 7, Adult ABR
Elo Databsse Setup Test EdR Waveforn Poge Display Colbration Heb
AD@ & LBF

Accepts: | 1049 A000ms

Rejects: |1 B: 585 ms
Ongong EEG

Review | oo Tost| setings |

8/8/2008 351:42 AM |
@ ASSR i

Lettipn [81] “~
Left cortia [8.2)

= ABR 20dB: 101217 AM
Leftipsi(31]
Left cortia[32)

= ABR B0 dB: 101243 AM
Right conira [10.1]
Right isi 10.2]

=1 ABR 80 d8: 101451 AM
Right corira 11.1]
Right ipsi [11.2]

= ABR 60 dB: 101610 AM
Right contra [12.1]
Right ipsi [12.2)

= ABF B0 dB: 1017.23 AM W
Right cortra (12.1]
Right ipsi [12.2]

= ABR 40.dB: 10.1842AM
Right contia [141)
Right ipsi [14.2)

BRI DmNVVVI TOONN VW X 4H '~
IA-BJ: [5.85ms Interaural Wave V: |0.30ms [10.2]-[1.1) >
i i JAv-Bv: [0.26 u i
e e T T ey e e
B

(ABR) [10.2] Scales: 1.50 ms/div, 0.20 u\V/div. 80 dB nHL Click-R. Acc 1049, Rej: 1. Rate: 21.1 (7 pt smooth) Page2of2

of Wave V

{III

-2
K0 [102)

= anpandamsoad ¥ [l 2 )3 \4 [s[sl|7

[ |8 [0l [ [s2] [ra[ |14l |1l [1s] |12[ [18] |1 |20

(= T88ms == M= 3%m Ve~ Va585m Vis
1-1ll= 208ms 1-Ve 1.90ms 1-V= 2%
1-Fa= W-IFe= - m
(TR

Fl F2 F3 8 F8 F10 m

Help. New Existing Report Nomnative Previous | Next

Potent | Paent Data Page Page

[Ready Newii AR 40 &8 Database: chartr.mdb Operator: Default Operator
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Rate Study

13.1 Clicks/sec.
Wave V = 5.80

21.1 Clicks/sec.
Wave V = 5.90

LI80 [9.1

55.1 Clicks/sec.

Wave V = 6.10
90.1 Clicks/sec.
Wave V = 6.30
LI80 [3.1T
Increase in rate = taxes the neurological system ’. otometrics

a division of natus.

What is Post Auricular Muscle
Artifact?
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What is Post Auricular Muscle Artifact and how
to get rid of it?

* PAM occurs at 10-14 ms and can be present in one run and not the
next.

* PAM can effect latency and will effect amplitude.

* PAM is caused by tension of the neck and/or jaw, head not being
centered or lack of support of head or neck.

* Make sure patient keeps their eyes closed and relax the jaw. No
teeth clenching!! If they wear a mouth guard during sleep, they
should wear it during testing.

* Place a folded towel or pillow behind the neck/head and under their
knees.

* Make sure the chair/table is comfortable.

* Try moving the electrodes off the mastoids onto the earlobes. 44 otometrics
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Post-Auricular Muscle Artifact (PAM)
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Ongoing EEG
B]

B PAM
I\
Raviow | tem Test Settings | - - - ;, \ 4
St . Vi
Ew | Lk | 40aL| - i 'w / i
) |
J
/

==L A

A

oA/
2t

Frequency \ i
Rate | ] L| ]
BT I ™ Y
G 1o \:{u%ﬁ - A
Poluty | 1\
| 4
Artiact Level 3 ! ™ B o .““ - 6
Display Scale 050w | W/
VEMP Montaing i '\-;\,k 7
abi 2
Mondor mwﬁz]
e _ ) : i R S -l
VM2 [sM[« W[5 [sM[ 7 [o [ [tol [11[ [12 [1a] [1s[ [1sI_[16] [12[ [1e] [1s] [0
Newologoal Assessment
] | |2 ‘ 5 |/ J ‘ | J 1 ‘
Help | Exstng T Repot Nedt
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How do changes in intensity,
rate and filters effect the ABR
recording?
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Latency & Morphology changes with
Intensity

80 dBnHL

60 dBnHL

LI0 [4.1]

40 dBnHL

MW 20 dBnHL
LI20 [8.1]

Decrease in intensity = increase in latency & decrease in amplitude ’. otometrics
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Increased Rate Effect on Latency/Morphology

13.1 Clicks/sec.
Wave V - 5.80

0.39 uv ) %

90.1 Clicks/sec.

Wave V - 6.30
0.27 uv

Increase in rate = increase in latency & decrease in amplitude
Why use an odd number? so that the rate is not a multiple of the main

power supply (50 or 60 Hz) ’.. Glomatfise

a division of natus.

Increased Rate Effect on Latency/Morphology

W 27.7/sec
Taken from Linda Hood: :W R
Clinical applications of the WW

J 77.7/sec

Auditory Brainstem

0.25 pV/div

| IS S B RO IS ) S SN | )

Response } 12 maro
0.9 ms delay

Rate | Wavel 1 v Hil m-v -V

T77/s 1.52 3.66 5.89 214 223 4.37

27.7/s 162 380 589 218 209 427
57.7/s 1.62 390 611 228 221 4.49

77.7/s | 169 395 630 226 235 461 k Otometrics
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Effect of Filters on Waveform Morphology

Taken from Linda Hood:

0.31 pv/div

Clinical applications of the

Auditory Brainstem
Response

30-1500 Hz

30-3000 Hz

100-3000 Hz

* 1.2 ms/div

0.9 ms delay

Trade off - Wider filters result in more fidelity; Narrower filter makes
identification (presence/absence) of response more obvious
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Test protocol screen

(& CHARTR EP - Demo 7, Adult ABR

Bie Dotabose Sewp Test GGt Wovelorm Page Qslay Colbraton bep
D& & 20D A i
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Rejects: 0 B JAv-Bv Asymmetry Ratio:
v
mo oy
1
] | |} jH f’k.‘l
A Jﬂ A
! gt/
r R L \ F
. ¥ | TN T
oy \'\ A "'Lm‘w\fm[w“
" Pagezoi2
Ll NN TEY TR T T O A T O T N e N N N DN R N EINE
| F5 3 ‘ ‘ FI0 |ru |
Exsting Tral Repott Previous Nest
Patiert 5 Page Fage
New: ABR 40 48 Database: chartr.mdb Operator: Default Operator
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& CHARTR EP - Demo 7, Adult ABR

Ble Datbase Setp Test Edt Waveform Page Qiplay Calbvaton Hep

Quick settings & Trial settings

20X
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} v
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Monitor uzv[su 71./’ , ol
W [T e [T Scales 150 ms/div, 020 uvmu (Smoam T02- 7pu.ms) Pnga! of1
"Bz (3 [«M[s| [cM|zM[s [s| [rom|n/ [r2M[3 [vMrs [rs] [ [ |2
= [~ 3%ms Ve V= 58%m V=™
W |-Ve 3B
Fi F2 3] s s 7 8 [ F11 Fi2
Help Now Esitting Tial Fepot | Inpedirce | Nomsive s e Colect
tiert | Patent eting: sa =
Resdy New: AER 0 &5 Operator: Defoutt Operator

%@ otometrics

a division of natus.

Quick Setting Changes

Review | New Test Settings ]

Stimulus

Ear Left 40 dB rHL
Masking  None 0d8 HL

Stimulus Click
Frequency
Rate 21.14s
Gan 100k _|

Polarity Rare

Artifact Level 99%
Display Scale 0.20 u¥

VEMP Moritaring

Monitor
Minav [ 0 Maxwv [ 0

Review | New Test Settings |
Stimulus

Ear v Left

dB nHL
Masking Right dB HL
Both
Mone
Frequency

Stimulus

Rate 21.1/s
Gain 100K
Polarity Rare

Artifact Level 99 %
Display Scale 0.20 u¥

VEMP Monitoring

Monitor
Minuv [ 0 Maruv [ O
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Trial Setting Parameters

80 B 1 Channel switched) |

Stimulus Channels
Right Ear 1 2
I~ Stimulus Mode W On s
" Madi
Plasg Amplifiers:
s Gain 100k = =
Intensity Filters:
St 80 ] o rhL High Pass 100Hz = =
Masking 0+ dBHL Low Pass [ 3Kz =
Transducer  |Insert Phone > Notch [~ 0n I
Polarity Rarefaction - Adtifact ¥ On F

T & Cick I™ Update All Channels [¥ Electrode Switching

Duration 100 us

Rename Current... Acquistion = -
L T:"* Sweep Time (ms) 154 Delay ) (=)
tequency
Update Curent _ SwesDs 2000 Rate lsec) 211
I Extemal Trigger
Ramp [cycles] j
ool =] VEMP Monitor
u (cycles
v = _— -
Default Settings save.. | 0K | cacel | o Heb |

Pressing "Save...' will save changes to trial seftings permanently.
Pressing "0K" will save changes to trial settings only for this session,
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Artifact Rejection and Averaging

Review | New Test Settings | The lower the number the more
i rejected sweeps will occur.
Ear Left | 40dBrHL . .
e T 99% is the default setting
Stimulus Click With the data set at 99%
Frequency ¢ With gain set at 100k = 45.4uV
Rae 211 peak to peak
Gain 100K e With gain set at 200k = 24.7uV
Polarity Rare peak to peak
¢ Data larger than this value will
AltilactLevel be rejected. Data smaller than
Display Scale 02007 this value will be accepted.
VEMP Monitoring i
i Averaging reduces the amount of
noise and extracts the signal by 1
Mnw/ [ 0 Macwv [ 0 divided by the square root of N
(number of sweeps) or 4 times as

many sweeps averaged will reduce
the noise by half.
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Obtaining a Clearer Response

Increase sweeps.

Increase the stimulus level.

If wave | is obscured-use a TMtrode or a gold foil Tiptrode.
If Wave V is obscured-record from the nape of the neck.
Slow down the stim rate.
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Click
Bone Conduction
ABR
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Connecting the Bone Transducer for EP 200

Connect Bone Oscillator

Q
/i:/f)

Bone Oscillator

Fomes  Bome

Connect Bone Oscillator to Preamp

%@ otometrics
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Click Bone Conduction ABR

The click bone conduction ABR provides a differential
diagnosis of the type of hearing loss (sensorineural vs.
conductive vs. mixed)

Provides the information you need to better counsel
the infant’s family and make your next step toward
intervention

One way to diagnose hearing loss in infants with
craniofacial anomalies (aural atresia)
Clearest indicator of middle ear dysfunction in infants.

Conventional tympanometry is not valid and reliable
until 6 to 7 months of age. Use 1000 Hz probe tone for
tympanometry on patient’s below 6 months of age

Bone Oscillator should be placed on the mastoid
(using forehead can reduce output as much as 15dB

ANSI S3.6 1996) %@ otometrics
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Click Bone Conduction ABR

» Electrode Montage and Transducer Placement

Perform a listening check routinely.
Always use Alternating polarity
Always use earlobe instead of mastoid placement.

Most bone oscillator headbands are too small for infants. Hand-held placement can be used.
Firmly hold the oscillator to the infant’'s mastoid with 1 index finger. Push the oscillator on the
mastoid until you could almost push the child’s head away from you.

Transducer placement should be consistent to reduce variability. Never use 2 fingers to hold it
as this can dampen the output.

%@ otometrics
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Click Bone Conduction ABR

Threshold Search ABR

+ Start at a moderate level - 30 dB nHL. If you start too high the infant may
wake up

* Do not exceed 50 dB nHL. You will overdrive the oscillator.
* Decrease in 10 dB steps
20 dB nHL and below is within normal limits
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Toneburst
ABR

%@ otometrics
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Toneburst Air Conduction ABR

» Provides Frequency Specific Information
» Can diagnose low and high frequency hearing loss.
* May take several attempts to replicate a wave
» Toneburst Stimuli
» Toneburst presented in notched noise (not widely available)

» Toneburst using Blackman envelope (ramp) - (commonly
used)

* 500 Hz Toneburst
* Need a 20 msec window minimum
» More difficult to obtain repeatable waveforms because

there is less synchronous activity at that region of the

cochlea _
%@ otometrics
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Toneburst Air Conduction ABR

« 500 Hz
» Using alternating polarity response is a broad rounded peak
 Using rarefaction polarity response is peakier
* Response is about 4 to 8 ms longer than the click

» Cyclical stimulus ringing sometimes occurs - this is not a
response.
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500Hz Toneburst Waveform

There may not be one
single peak but rather a
flatter area representing

Wave V _ kﬁt%& 80 dBnHL

v

Look for the trough 7 {

i <:£f;:i)ﬁiw

50 dBnHL
SANNEERERD
Wﬁ_% 20 dBnHL
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500 Hz Toneburst Air Conduction ABR

" R60d
¥ Le0dB 500 HZ
500 Hz 2

L}
4
; v R ao el
L 40 dB 00 Hz
. 500 Hz ]
: 30 dB “
4 L 20 dB —M i
S00 Hz e, A%
” :
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This is NOT a Response to 500 Hz
Toneburst Air Conduction ABR

ABR TONE BURST, R

[ NS - s
A \/\/\/\N\W

MNM\/VWWWM / L:D)
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4000 Hz Toneburst Air Conduction ABR

Auditory Evoked Potential
Lipoo H'},fbnt.bu.ﬁ“' -leftear

/ f N \IQVV\L\I‘\ /
L /7[\\” N \J .
\/\ﬂf\f\ / \/ \ f?l :
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_/1\[\/\_,. o~ / \/\j\ 4_\”.”,‘ \_/ ~
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4000 Hz Toneburst Air Conduction ABR

i 5

‘ v’ . 4 P
! et —— T T R | 1=
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Toneburst Correction Factors

+ There are varying opinions on whether correction factors are needed or not
for toneburst responses.

+ 500 Hz-20 dB
+ 1000 Hz-15dB
*+ 4000 Hz-5dB

+ 8000 Hz — roll of for insert earphones is around 5000 Hz so 8000 Hz may not
be frequency specific
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Tone Burst Normative Data
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Neural Disorders

* Infants in the NICU sometimes have delayed neuromaturation.
Carefully monitor infants in the NICU for any improvement in
hearing.

» Patients with auditory neuropathy have an abnormal ABR with
present OAEs.
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Cochlear Microphonic

» Pre-neural response from cochlea that follows the stimulus
waveform

» Suggests that outer hair cells are intact and there is some neural
response in the auditory pathway

 Patients with auditory neuropathy have an abnormal ABR with
present OAEs
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Cochlear Microphonic

Rare

Con

LI90 [11.1] /

Alternating click will result in the cochlear microphonic canceling
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Any Questions?
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