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LEARNING OBJECTIVES

After this course, participants will be able to:

Identify key test parameters for optimizing ABR outcome
Describe the unique role of ASSR in infant auditory assessment

List 4 specific strategies for minimizing ABR test time without sacrificing
diagnostic accuracy

Describe a clinically applicable test protocol for efficient assessment of
infant hearing
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Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment: Time Ordered Agenda

= 0-10 mins: Rationale for Infant ABR

Assessment
= 11-30 mins: Evidence-Based ABR
Protocol
= 31-35 mins: Pediatric ABR Measurement (P -
and Analysis { '4, —
= 36-45 mins: Strategies for Minimizing p x\\/
Test Time = s
= 46-50 mins: Role of ASSR in Infant \ - _
Assessment
= 51-55 mins: ABR within an Objective
Test Battery

= 56-60 mins: Summary and Conclusion

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment ... Origins

= Froding et al (1960). Acoustic investigation
of newborn infants. Acta Otolaryngology
52: 31-41 (aural-palpebral response, APR)

= Downs & Sterrit (1964) Identification
audiometry for neonates: A preliminary
report. J Auditory Res 4: 69-80 (APR,
startle and behavioral responses to 3000
Hz narrow band stimulus)

= Downs & Sterrit (1967) A guide to newborn
and infant hearing screening programs.
Arch Otolaryngol 85: 37-44

= Downs & Hemenway (1969). Report on the
hearing screening of 17,000 neonates. Int’l
Audiology 8: 72-76 (study led to formation

Marion D of first Joint Committee on Infant Hearing
arion bowns in 1969)

(2004 ... age 90 years)
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment ... Screening with ABR

Robert Galambos
(1914-2010)

1971: Jewett & Williston. Auditory
evoked far fields averaged from the
scalp of humans. Brain, 4 (Don Jewett
was a post-doctoral student of Robert
Galambos)

1974: Hecox & Galambos. Brain stem
auditory responses in human infants
and adults. Arch Otolaryngol, 99

1975: Schulman-Galambos & Galambos.
Brain stem evoked responses in
premature infants. JSHR, 18

1979: Schulman-Galambos & Galambos.
Brain stem evoked responses in
newborn hearing screning. Arch
Otolaryngol, 105

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment ... My Introduction to ABR

James Jerger in the 1970s
The Methodist Hospital and
Baylor College of Medicine, Houston Texas

Jerger JF and Hall JW Iil. Impedance and behavioral audiometry in the
era of brainstem evoked response audiometry. In Controversy in
Otolaryngology, Snow JB Jr (ed). Philadelphia: WB Saunders Co,
1980, pp. 138-144

Jerger J and Hall JW Ill. Effects of age and sex on auditory brainstem
response (ABR). Archives of Otolaryngology 106: 387-391, 1980
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment ... ABR Screening of At Risk Infants

* 1982 Joint Committee on Infant Hearing Risk
Indicators for Hearing Loss

v Family history of childhood hearing loss

v' Congenital infection associated with hearing
loss, e.g., cytomegalovirus (CMV), herpes,
syphilis, rubella

v' Bacterial meningitis

v Craniofacial anomalies (morphologic
abnormalities of the ear)

v" Low birth weight (< 1500 grams)

¥v" Hyperbilirubinemia (requiring exchange
transfusion)

v" Aphyxia (APGAR scores of 0 — 3 at five
minutes)

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment ...
Concerns About ABR Screening of Only At Risk Infants

Category Births Annually Prevalence Total Hearing Loss
Healthy 3,600,000 3/1000 10,800
At-risk 400,000 30/1000 12,000
Total 4,000,000 5.7/1000 22,800

Northern & Hayes, 1994
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment ...
Concerns About ABR Screening of Only At Risk Infants

Hearing Loss Suspicion Dx HA fitting Intervention

No Risk Factor

Mild/moderate 15 22 28 28
Severe/profound 8 13 16 16

Known Risk Factor

Mild/moderate 8 12 22 28
Severe/profound 7 12 15 16

Harrison & Roush, 1996

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment ... Automated ABR Screening

The ALGO 3i device is a small, hand-held
hearing screener incorporating proprietary
ALGO AABR® technology.

ALGO 3i SCREENER, SHORT CABLES
LABHEL. PRINTER (SEIHKD), 115V

Part# 010072

= AeAmp 3 Cable, shart length (32 indhes)
= ATA S Cabie, shat lengh (32indhes)
= labd Rinter, HKO 115V

Hall JW lll, Kileny PR & Ruth RA (1987).
Clinical trials for the ALGO-1 newborn
hearing screening device. Presented at the
10t IERASG Conference, Charlottesville VA
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment
... Beginning of Universal Newborn Hearing Screening in the USA

Mvigonsas e “There is general agreement that
B hearing impairment should be
Vi recognized as early in life as possible,

full advantage of the developing
sensory systems and so that the child

- : so the remediation process can take
9 ‘
can enjoy normal social development.”

Early Identification of Recom me n dati on (1 993) :
Hea z t
Infants an; Young Li::‘;u;:

\ Universal Newborn Hearing Screening

NATIONAL INSTITUTES OF HEALTH
#ics of the DIrecto

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment ... Introduction of the 1-3-6 Principle for EHDI
1 = Screen before 3 mos; 3 = Diagnose before 3 mos; 6 = Intervention by 6 mos

Yoshinago-Itano et al (Univ. of Colorado).
Pediatrics 102 (5): 1161-1171, 1998.

= N =72 children with HL identified by 6
months and N = 78 children identified
later

= All children received intervention
services with 2 months of identification

Conclusion: “Significantly better language
development was associated with early ID
of hearing loss and early intervention ...
the language advantage was found across
all ... degrees of hearing loss.”

Christie Yoshinaga-ltano
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment ... 2019 JCIH Position Statement
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EHDI 1-3-6 Goals
. All infants should undergo hearing screening prior to
discharge from the birth hospital and no later than
one month of age, using physiologic measures with
objective determination of outcome.

. All infants whose initial birth-screen and any
subsequent rescreening warranl addluonal testing
should have l to
confirm the infant's hearing status no later than 3
months of age.

3. Aconcurrent or immediate comprehensive otologic
evaluation should occur for infants who are confirmed
to be deaf or hard of hearing.

4. Al infants who are deaf or hard of hearing in one or
both ears should be referred immediately to early
intervention in order to receive targeted and
appropriate services.

5. A simplified, coordinated point of entry into an
intervention system appropriate for identified children
is optimal.

6. Early intervention services should be offered through
an approach that reflects the family's preferences and
goals for their child, and should begin as soon as
possible after diagnosis but no later than six months
of age and require a signed Part C of IDEA
(Individuals with Disabilities Education Act, 2004)
Individualized Family Service Plan.

7. The child and family should have immediale access,
through their audiologist, to high-quality, well-fitted,
and optimized hearing aid technology. Access should
also be assured, depending on the child’s needs, to

hle (ClI), hearing assistive technok
and visual alerting and informational devices.

)

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Rationale for Infant Hearing Assessment ... 2019 JCIH Position Statement

The key aspects of audiologic assessment for infants and
young children are:
+ Auditory brainstem response is the gold standard

test for threshold estimation for infants and children
who cannot complete behavioral audiologic
assessment. ABR provides ear- and frequency-specific
threshold estimates that are necessary for the
diagnosis of the type, degree, and configuration of

hearing loss and provision of amplification (Gorga et al.,

2006).

Measures of middle ear function should be completed
as part of the diagnostic audiologic process for infants
and young children. Either tympanometry or wideband
reflectance can be used to characterize middle ear
function (Hunter et al., 2013).

Acoustic reflexes are an important test of middie ear
function and the integrity of auditory brainstem path
ways (de Lyra-Silva et al., 2015).

+ Otoacoustic emissions provide important information

about the integrity of the outer hair cells of the
cochlea and provide critical information about the
differential diagnosis of auditory neuropathy spectrum
disorder and sensorineural hearing loss (Gorga et al.,
2000).

Behavioral assessment of hearing is the gold standan
for estimation of hearing thresholds. Visual
reinforcement audiometry (VRA,; for infants 6-24
months; Widen et al., 2005) and condition play
audiometry (CPA: for toddlers 24+ months; Norrix,
2015) are established methods based on conditioned
responses to sound.
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Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment: Time Ordered Agenda

Bio-logic®

= 0-10 mins: Rationale for Infant ABR Assessment NavEROONE

= 11-30 mins: Evidence-Based ABR Protocol i
= 31-35 mins: Pediatric ABR Measurement and Analysis opf:fh::';d

= 36-45 mins: Strategies for Minimizing Test Time —

= 46-50 mins: Role of ASSR in Infant Assessment -
= 51-55 mins: ABR within an Objective Test Battery
= 56-60 mins: Summary and Conclusion

%e otometrics

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
An Evidence-Based ABR Protocol ... 50 Years of Clinical Research and Experience

10/29/2019 abr - PubMed - NCBI

PubMed +/|abr

Format: Summary  Sortby: Most Recent  Per page: 20

See 26 articles about ABR gene function
See also: ABR ABR activator of RhoGEF and GTPase in the Gene database
abr in Homo sapiens Mus musculus Rattus norvegicus All 270 Gene records

Search results /

Items: 1 to 20 of 6958

Evaluation of Medial Olivocochlear Efferent System and Hearing Loss in Patients with Primary_Sjdgren's Syndrome.
1. Gundiz B, Yildirim N, Glven SC, Orhan E, Karamert R, Glnendi Z.

Turk J Med Sci. 2019 Oct 27. doi: 10.3806/sag-1901-128. [Epub ahead of print]

PMID: 31655509
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
An Evidence-Based ABR Protocol ... A Recent Resource

eHandbook of
Auditory Evoked
Responses

Principles, Procedures & Protocols

James W. Hall il

http://www.amazon.com/dp/B0145G2FFM

= Chapter 1. Introduction to Auditory Evoked

Responses

= Chapter 4. Introduction to Auditory

Brainstem Response (ABR)

= Chapter 5. ABR: Stimulus Parameters
= Chapter 6. ABR: Acquisition Parameters and

Test Protocols

= Chapter 7. ABR: Analysis and Trouble

Shooting

= Chapter 8. ABR: Clinical Applications and

Patient Populations

= Chapter 9. Auditory Steady State Response

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
An Evidence-Based ABR Protocol: Stimulus Parameters

Parameter
Transducer

Type

Duration

Polarity
Rate

Intensity
Repetitions
Masking

Selection

Insert earphones*
Bone oscillator *
Click or tone burst

Click=0.1 ms

TB = 2-0-2 cycles
Rarefaction

Click =~ 21.1/sec
TB=~37.TIsec *
Variable in dB nHL
Variable

Rarely needed

Comment

A dozen good reasons (more soon)

Necessary; B-81 is now the best option

Click for initial diagnosis of auditory dysfunction
Tone burst for threshold estimation

Transient (synchronous firing) of onset neurons
Transient frequency-specific stimulus

Larger amplitude; vary as indicated

Faster rate saves time; slow if necessary

Faster rate saves time; only need wave V

High for diagnosis; lower for thresholds
Whatever is needed for good (3:1) SNR

Only if ABR is abnormal and there is no wave |
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Many Advantages of Insert Earphones

= General
= Increased inter-aural attenuation

= |Increased ambient noise
attenuation

==
= Elimination of ear canal collapse
= Increased patient comfort

g\) ?
= Improved aural hygiene - k ‘ xj

= More precise placement www.oaktreeproducts.com
(reliability) s ‘

= ABR specifically
= Reduced transducer ringing

= Reduced stimulus artifact with
separation of transducer from
inverting (earlobe) electrode

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
A Modern Bone Oscillator Design

B-81 \

High Output R’fncj:r'g\

(greater wing)
Ethmoid bone
Lacrimal bone
Lacrimal fossa

Nasal bone

Zygomatic bone

Occipitomastoid suture Maxilla
External auditory meatus.

Mastoid process

Styloid process 1

R

Mandibular notch

Mandibular ramus-

Coronoid process

Bone Transducer

#8104108

Features ;

* Meels indushy standards
+ High maximum output, low distorfion
+ Mechanic diy robust

* Sensifivily: 119 d& re.1 N
&1 VRMS & 1kHz

* Total harmonic distorfion: 1.1%
&1 VRMS & 1kHz

* Impedance:12.5 ohm® 1 kiz

Products:

* B-81 Bone Transduc er, item #8104108
+ Custom Safety Cable, #m #8104110
+ Standard Trans duc er He adband, flem #8011078

* Pre-cssembled pac koged inct. 43104108 42104110 4801 1033,
ilem £8506491
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
What is the Optimal Stimulus Presentation Rate?
Run Your ABR at the Stimulus Speed Limit

Stimulus Rate Wave V Latency
! A = General Guideline: Fastest rate that still
\n, ;{'} \ A e produces an optimal response
1.rsec [0 \W‘ % {Zn Wi, . .
LAY &Y = Click stimulus: 21.1/sec
| VA . .
\\ M M s7ams v'Extensive normative data for latency
21.1see | AR \ 4/ a7
JV f . .
U N ; v'Slow enough to identify wave |

ALY

=~ A\A .
si1ieeg 3" ] t ! \;r A% \\-‘;'ftffi;: 7 s78ms
—— — v'0dd number not in sync with 50 Hz or
\ 60 Hz current

! N,
AP LS S8ams
#1.1s8e o AVAYAVA L W Vi
3 ¥ bl S

v'Fast enough for rapid data collection

= Tone burst stimulus: 37.7/sec

W
W . . .
v v'Quicker test time
i [ \
Stafsee LAY ”\;\/‘IM [\ AV 7 Seams v'Not interested in wave |
L A | LAV - .
VA u’} i v'No negative impact of rate increase

6.08 ms
on waveform morphology

9 Ayt =
otassee [V g W \ s
N/ 5 [

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
An Evidence-Based ABR Protocol: Acquisition Parameters

Parameter Selection Comment
Channels 1 One channel is adequate for most ABR applications
Electrodes*
Noninverting Fz Advantages for high forehead vs. vertex
Inverting Ai Ipsilateral earlobe; Problems with mastoid
Ground Fpz Any location is OK for common electrode
Filters
High Pass 30 Hz + Low frequency energy in infant ABR
Low Pass 3000 Hz 2000 or 1500 Hz if there is high frequency artifact
Notch Optional May remove important low frequency energy
Amplification X100,000 Or sensitivity of +/- 25 or 50 mV
Analysis time* ~15ms Encompasses ABR in most recording conditions
Pre-stim baseline -1ms Useful information on response quality
Sweeps (# stimuli)* Variable Whatever yields adequate SNR (ABR vs. Noise)
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Important and Unimportant Electrode Locations

Non-Inverting “Active” Electrode: 3 Advantages for Forehead vs. Vertex Placement

Infant (1-year-old male)

Advantages of Fz versus CZ Placement

F.-A 1. More secure attachment (tape versus hair)
2. Avoid scrubbing fontanelle in infants
3. Avoid bandages and head coverings

C:-A

Stimulus 20 ms

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Important and Unimportant Electrode Locations

Inverting Electrode: 3 Advantages for Earlobe vs. Mastoid Placement

# 1 " : ﬁ“
_ Advantages of Earlobe versus Mastoid Placement

1. On average 30% larger wave | amplitude with earlobe

2. Minimize post-auricular artifact

3. Extend electrode distance from bone oscillator to
minimize stimulus artifact
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Important and Unimportant Electrode Locations

Ground (Common) Electrode: Any Location is OK

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
Selecting the Optimal Analysis Time

Analysis Time (Epoch) for ABR:
15 ms is Good for Most Stimulus and Patient Conditions l

(10 ms is too short; > 20 ms is too long)

ABR wave V latency for click stimulus at 85 dB nHL ~6.0-ms
Decrease in intensity to 20 dB nHL +3-ms
Conductive hearing loss component of 50 dB +2-ms
Age related latency increase for term infant +1-ms
Latency increase with hypothermia (4 degrees) +1-ms
Pre-stimulus baseline +1-ms el )
Total = 14-ms @ w‘a@i@‘ﬁ‘

ccccc
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
The Optimal Number of Stimuli (Signal Averages) ... Just Enough

How many stimuli or averages are needed in infant ABR measurement?
Answer: The number that just produces a 3:1 SNR (ABR to Residual Noise)

Fgp AS A FUNCTION DF RCCEPTED SHEEPS ‘
FOR VARTING INTENSITT LEVELS ISt
HINDOM « §-14 HS, HI

B = = i e i e
rms level of background physiological activity

4.0

3.0 :
Noise level as a
function of averaging

20 -

Amplitude in Microvolts

Neural response amplitude

0.0 | | 1 J
1 10 100 1000 10,000

Number of Sweeps

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment
The Optimal Number of Stimuli (Signal Averages) ... Just Enough

How many stimuli or averages are needed in infant ABR measurement?
Answer: The number that just produces a 3:1 SNR (ABR to Residual Noise)

Sweeps

, v / Signal-to-noise ratio (SNR) =
Ao w/(\ A A . .
. / VW ¥ e Signal Amplitude X Number of Averages
“Jaouv
TS Noise Amplitude
500 SANY VN A\

where Signal = ABR and
Noise = any electrical activity that is NOT ABR

Adequate SNR =3

‘,‘- i (ABR wave V is 3 times larger than residual
1 W background noise)

Stimulus T16ms
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment

The Optimal Number of Stimuli (Signal Averages)
(British NHS Guidelines, 2013)

The number of sweeps per waveform accepted should be varied depending on both the size of the
response and the level of background activity. The aim is to achieve a clear response or response
absence rating (see later). The number of sweeps required to achieve this will normally vary between
1500 and 3000, although it may be higher when the responses are small or the background noise is
high. Typically a figure of 2000 sweeps is recommended (minimum of 1500) for ckABR & narrowband
chirp ABR and 3000 (minimum of 2000) for tpABR.

Exceptionally there may be such a large ABR response or low background activity that fewer sweeps

can be used (subject to a minimum of 1500 for tpABR and 1000 for ckABR & narrowband chirp ABR).
Any waveform must still be judged against the full clear response (CR) criteria, described later.

Example of a clear response (CR), satisfying the 3 to 1 signal to noise criterion

Figure 1

Scales:
150nV / div
2 ms/div

Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment: Time Ordered Agenda

0-10 mins: Rationale for Infant ABR Assessment
11-30 mins: Evidence-Based ABR Protocol

31-35 mins: Pediatric ABR Measurement and Analysis
36-45 mins: Strategies for Minimizing Test Time
46-50 mins: Role of ASSR in Infant Assessment
51-55 mins: ABR within an Objective Test Battery
56-60 mins: Summary and Conclusion
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment:
Pediatric ABR Measurement and Analysis

= Principles of Measurement: Preparation
* Review patient history
+ Verify why the child is undergoing ABR assessment
* Develop an initial strategy for measurement

* Equipment is ready to go with demographic information
entered and initial protocol uploaded

* All necessary supplies are available in test area
* Outpatients:
v' Parents implement natural sleep deprivation

v Patient is scheduled for the early morning Inpatients:
Plans are in place for sedation or anesthesia

* Prepare skin for electrode placement ASAP

» Secure and plug in all electrodes

+ Verify inter-electrode impedance

* Insert earphone probe tips or cushion in each ear

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment:
Pediatric ABR Measurement and Analysis

* Principles of Measurement: Strategies for Analysis

* Determine first test ear based on history and previous o oo A Heeetnm Pt
findings (suspected abnormal ear first) (Stimulus intensity =80 48 nkL)

« Begin with click evoked ABR (2 - 4 minutes) to

¥ Differentiate quickly among types of auditory
disorders

¥" Rule out auditory neuropathy spectrum disorder
(ANSD)

v Quickly estimate click ABR threshold (2000 — 4000
Hz region)
* Promptly trouble shoot unexpected findings
+ Select tone burst stimuli based on click ABR findings
Record necessary findings as quickly as possible
* Think ahead to determine while recording next step in
ABR assessment R
- Supplement ABR with other objective procedures R S-S
including ASSR, OAEs and aural immittance

Amplitude in u¥
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment:

Pediatric ABR Measurement and Analysis

= Principles of Measurement: Strategies for Analysis 5950 ABRIABRCHIRP) P—
* Analyze ABR for rarefaction vs. condensation Age group
polarity to rule out ANsD (for normative latencies)
» (Calculate absolute and inter-wave latencies for O Newborn
waves |, I, V,and | -V (O 2 months
» Calculate wave V amplitude () & months
* Analyze ABR waveforms while recording (O 12 menths
* Plot ABR thresholds on audiogram-type form @ Adul

during measurement

Take into account factors that influence ABR
latencies

¥" Young age (up to 18 mos. Developmental) Edit Preset Name

v BOdY temperature (hypothermia delays wave V ”
and 1-V by ~ 0.2 ms/degree 3\ s5 OK w
Adjust Normative Data

'j'if_) Don't show normatives

() Ask before test

v Anesthetic ag‘(,ents (e.g., propofol) which delay
wave V and |-V by ~ 0.2 ms/degree

Simple and Evidence-Based ABR Protocol for

Infant Hearing Assessment: Time Ordered Agenda

Stimulus Rate Wave V Latency

= 0-10 mins: Rationale for Infant ABR Assessment o !_ﬁ_\l \\\'h J{')ff : E;«“\:;x: s78ms
= 11-30 mins: Evidence-Based ABR Protocol l’ N \R‘ N\f.".t-\.\ /

= 31-35 mins: Pediatric ABR Measurement and zumes oo V| /T
Analysis oo b0 \“f\

= 36-45 mins: Strategies for Minimizing Test Time I L AAALVA
= 46-50 mins: Role of ASSR in Infant Assessment S

= 51.55 mins: ABR within an Objective Test Battery = “{ V//[L/¢7" ™™

= 56-60 mins: Summary and Conclusion sttisec | ) i

91.1/sec :"A‘.l. Val i 6.08ms
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Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment:
Strategies for Minimizing Test Time

e BioLink Remote Control - 1.0.2 = o x

File Display LCDON

13:33 ABR(CHIRP35) 4
Stimulus
Formula for Efficient and Successful ABR () click @ chirp

Measurement ~
o) Low- O Mid-
(") High-Chirp

Evidence-Based Test Protocol + Quiet Patient = A

Optlmal ABR (_) ToneBurst D Rate Mode
Polarity
() c i

Adequate SNR =3 & ondensation

(_) Rarefaction

. . n .]“. Alternating
ABR wave V is 3 times > residual background noise

() Altemating doubletrace

G Masking noise

®w» ) O

Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment: Strategies for Minimizing Test Time
Use Fastest Feasible Stimulus Presentation Rate

Data Collection in a Typical Pediatric ABR Assessment:
+ 4 stimuli (click + 3 tone burst frequencies)

+ 4 intensity levels per stimulus

+ 2 replications per intensity level

+ 2ears

+ Total=4 X4 X2X2=~ 64 separate ABR waveforms

Calculated Data Collection Time

+ Assume 1000 stimuli (sweeps) per waveform = 64,000 sweeps
« Stimulus rate of 11.1/sec = 96 minutes

« Stimulus rate of 37.7/sec = 28 minutes
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Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment: Strategies for Minimizing Test Time
Use Minimal Necessary Signal Averaging

Efficient Data Collection in a Typical Pediatric ABR Assessment:

« 4 stimuli (click + 3 tone burst frequencies)

* 4 intensity levels per stimulus

* 2ears

« 500 stimuli (sweeps) per waveform for 3 higher intensity levels

« 1000 sweeps for two replicated waveforms at threshold intensity level

+ Total = 1500 + 2000 = 3500 sweeps per stimulus X 4 stimuli X 2 ears = 28,000
sweeps

Calculated Data Collection Time

« Assume stimulus rate of 37.7/sec

« Averaging of 500 sweeps requires only 13 seconds
- Data collection time = 28,000/37.7 = 12.5 minutes

Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment: Strategies for Minimizing Test Time
Record Chirp Evoked ABRs if Possible

— = Larger amplitudes for wave |
20 dB nHL 40 dB nHL 60 dB nHL 80 dB nHL and v (up to tWice as Iarge)

= More confident identification
e T of ABR

i = Detection of clear ABR in less
VT A/\/\ v[\/\ _ d\/\ than ideal noise conditions
M = Possibility of more accurate
L ABR threshold

= Qui ime (hi
Figure 6. Grand Average ABR waveforms from N ears. The Grand Ave; msx th ned by time-shifting the underlyis ying indi- UIcker ABR teSt tlme hlgher
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Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment: Strategies for Minimizing Test Time
Record Chirp Evoked ABRs if Possible
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= Use of novel stimuli (brief-tone chirp or click

evoked [CE]-chirp) has recently received
attention as a potential alternative to click and
toneburst stimuli, with reported improvements in
frequency-specicity and shortened test duration.

(p- 14)

Limited data are currently available regarding the
relationship between behavioral hearing
thresholds and chirp-elicited responses in infants
with a variety of types and degrees of hearing
loss, warranting further study.

Such advantages would need to include
improved accuracy in auditory threshold
estimation across all ages, types and degrees of
hearing loss, and reduced duration of testing
time.

Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment: Time Ordered Agenda

= 0-10 mins: Rationale for Infant ABR Assessment Rl
= 11-30 mins: Evidence-Based ABR Protocol
= 31-35 mins: Pediatric ABR Measurement and Analysis
= 36-45 mins: Strategies for Minimizing Test Time T
= 46-50 mins: Role of ASSR in Infant Assessment

= 51-55 mins: ABR within an Objective Test Battery
= 56-60 mins: Summary and Conclusion
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Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment:
Role of ASSR in Infant Assessment
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Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment:
Role of ASSR in Infant Assessment

Stimulus Intensity Limits of ABR versus ASSR

= ABR and ASSR recorded with same in Estimating Auditory Thresholds
equipment, electrodes, and transducers Frequency (in Hz)
* Differences between ABR and ASSR &0 —r——
« ABR: transient stimulus at moderate rates P O T
* ASSR: AM and FM modulated pure tones
presented at very fast rates P A pE=SSCHsESERSmS s sas——
* Manual vs. automated analysis E i | i .
= Advantages of ASSR vs. ABR along =
« Estimation of thresholds in severe to 2 “r ASSRIntensity Range |
profound hearing loss £
* Crosscheck ABR threshold estimations g
+ Automated analysis g

= Disadvantages of ASSR vs. ABR
» No waveform for neuro-diagnostic analysis
« Patient must be asleep or very quiet
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Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment:
Role of ASSR in Infant Assessment

estimating hearing thresholds in the infant, other

[ A Af B0 (LA AL AL =gy Although toneburst ABR is the gold-standard for
E RATAATALA i A

evoked-response protocols, stimuli, and

Year 2019 Position Principles and Guideli for Early

Hoaring Detoction ana mtervention Programs. t€ChNOlogies are emerging that demonstrate
s «e - frequency specificity, as well as equivalent,

if not superior test efficiency (e.g., ABR or
Automated Steady-State Response [ASSR] using
puretone or broadband [chirp or click-evoked-chirp
stimuli], Cebulla & Elberling, 2015; Cebulla, Lurz, &
Shehata-Dieler, 2014). Any technology, protocol or
stimulus used for objective determination of
frequency-speci ¢ hearing thresholds should be
rigorously and independently validated for the
ability to accurately predict behavioral hearing
thresholds in infants and young children of all ages
and all types and degrees of hearing loss.

Simple and Evidence-Based ABR Protocol for

Infant Hearing Assessment: Time Ordered Agenda

0-10 mins: Rationale for Infant ABR Assessment
11-30 mins: Evidence-Based ABR Protocol

31-35 mins: Pediatric ABR Measurement and Analysis
36-45 mins: Strategies for Minimizing Test Time

46-50 mins: Role of ASSR in Infant Assessment

51-55 mins: ABR within an Objective Test Battery
56-60 mins: Summary and Conclusion
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Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment:

The Cross-Check Principle in for Diagnosis of Hearing Loss in Children
(Jerger J & Hayes D. Arch Oftolaryngol 102: 1976)

Crosscheck Principle in Pediatric Audiology Today:
A 40-Year Perspective

W

(%

“We have found than simply observing the auditory behavior of children does not always yield
an accurate description of hearing loss”...

“The basic operation of this principle is that no result be accepted until it is confirmed by an
independent measure.”

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment:

The Cross-Check Principle in for Diagnosis of Hearing Loss in Children
(Jerger J & Hayes D. Arch Otolaryngol 102: 1976)

= Behavioral Audiometry
= Aural Immittance Measurements
* Tympanometry
* Acoustic Reflexes
= Otoacoustic Emissions (OAEs)
= Auditory Brainstem Response (ABR)
* Air- and Bone Conduction Click Stimuli
» Tone Burst
* Broadband and Narrow Band Chirp Stimuli
= Auditory Steady State Response (ASSR)
= Electrocochleography (ECochG)

= Cortical Auditory Evoked Responses
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Simple and Evidence-Based ABR Protocol for
Infant Hearing Assessment: Time Ordered Agenda

0-10 mins: Rationale for Infant ABR Assessment

* 11-30 mins: Evidence-Based ABR Protocol

= 31-35 mins: Pediatric ABR Measurement and Analysis
= 36-45 mins: Strategies for Minimizing Test Time

= 46-50 mins: Role of ASSR in Infant Assessment

= 51-55 mins: ABR within an Objective Test Battery

= 56-60 mins: Summary and Conclusion

Simple and Evidence-Based ABR Protocol for Infant Hearing Assessment:
Summary and Conclusion

= ABR is the preferred technique for estimation of hearing level (eHL)
in infants and young children
* Recommended by 2019 JCIH
* Almost 50 years of clinical research and experience

= Efficient and accurate auditory assessment with ABR is feasible
with an appropriate test protocol and strategy
« Evidenced-based test protocol + quiet patient = Optimal ABR
« Complete diagnostic and threshold estimation ABR in < 30 minutes is feasible

= ABR is NOT a test of hearing. Use a test battery including
* Aural immittance (high frequency tympanometry and acoustic reflexes)
* Otoacoustic emissions
« Supplemental procedures as indicated

v ASSR for assessment of severe-to-profound hearing loss
v ECochG for diagnosis of ANSD
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