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Aided corticals: bridging the gap 
between early hearing aid fitting and 
behavioural assessment 
 
Kevin J Munro 
 
 



Language outcomes at age 5 years – 
hearing aid children 

 

Courtesy of Harvey Dillon, May 2014 
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AGE AT HEARING AID FITTING 
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(Wood et al, 2015) 



• behavioural thresholds often deviate from predicted 
threshold by 10 dB, and occasionally by 20 dB (Stapells, 
2011) 

•  in severe hearing loss, no ABR (Stelmachowicz, 2008) 

• middle-ear disease and concomitant medical problems can 
complicate (Stelmachowicz, 2008) 

• ABR typically absent in some populations e.g., auditory 
neuropathy (Roush et al, 2011) 
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Frequency-specific ABRs provide an accurate 
prediction of  hearing thresholds but …… 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwww.babyhearing.org%2Fhearingamplification%2Fhearingloss%2Ftestsexpect.asp&ei=iVS9VK7YLMP6aOzqgbAO&bvm=bv.83829542,d.d2s&psig=AFQjCNEiAYXzO10zAD5kVjOXLctdj0g_PQ&ust=1421780497514960


Hearing aid fitting 
(e.g., 2-3 mths) 

Behavioural assessment  
(e.g., 8-9 mths) 
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Bridging the gap 

Wrexham, Wales 

Presenter
Presentation Notes



http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=NI6KbdKj0vi_uM&tbnid=MPIDkSYeIY418M:&ved=0CAUQjRw&url=http://www.birthandbeyondmagazine.com/pregnancy-stuff-blog/2014/1/16/three-ways-to-raise-happy-people&ei=wqk1U_mmMMel0QXnmIDoDw&bvm=bv.63808443,d.d2k&psig=AFQjCNFRtDVAGnD32m19r91-WLtF8ygw9Q&ust=1396112178420843
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=zjoiQzCnahG3zM&tbnid=MjgCOZa1EkG19M:&ved=0CAUQjRw&url=http://synapse.koreamed.org/DOIx.php?id=10.3342/kjorl-hns.2011.54.9.592&vmode=PUBREADER&ei=d_o2U_SYGMSV0AW8yICYBw&bvm=bv.63808443,d.ZG4&psig=AFQjCNHeYseO40bK8rjB-T_F46yDvZxbhQ&ust=1396198360499225
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Ftour-scotland-photographs.blogspot.com%2F2012%2F11%2Ftour-scotland-photographs-video-forth.html&ei=wVW9VPS6LoTsaNHsgJAN&bvm=bv.83829542,d.d2s&psig=AFQjCNGDFdbxFLXZJuGaDdcEptBVYFtFcw&ust=1421780782599258


Improving the early care pathway 
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PARENTS: 
─ an aided response (of some sort) will provide reassurance 

─ motivate and encourage consistent hearing aid use 

 

HEARING PROFESSIONAL: 
˗ alert when current fitting may not be appropriate  

˗ expedite alternative strategies e.g., frequency lowering 
devices, cochlear implant 
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Supplementing existing measures 

• Behavioural assessment 

─ eye tracking??  

• Physiological assessment 

─ verify physiological detection e.g., using 
CAEPs 

─ investigate physiological discrimination 
e.g., using acoustic-change-complex 
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Cortical Auditory Evoked Potential 
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Using CAEPs to SUPPLEMENT existing 
measures  
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Source: Fig 4 from Rapin & Graziani [1967] 

Verifying physiological response 



Gravel et al. Case Studies, Sem 
Hear, 1989, 10, 272-87 

CASE ONE (7 mths): 
SEVERE SNHL & HA 

CASE TWO (11 mths): 
CHL & BCHA 
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NAL/Frye HEARLab 
Examples of useful features: (i) residual noise (ii) automated 
response detection & (iii) sound field calibration procedure 
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Detection of CAEPs in children with HL  
 

Chang et al (2012) 
̶ n=18 (3-15 mths) 

̶ NAL/Frye HEARLab 

̶ Audibility estimated from behavioural data with different stimuli 

̶ no CAEP detected 30-40% 

 

Van Dun et al (2012) 
˗ n=25 (8-30 mths) 

˗ NAL/Frye HEARLab 

˗ CAEP and VRA at same time in older children 

˗ no CAEP detected 22-28% 
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Preliminary CAEP study in infants 

• HearLab clinical system: three conversational level 
speech stimuli (/m/, /g/, /t/, short duration ~20-30 ms) 

• 150 accepted runs recorded for each stimulus 
• recording Cz/Fpz to mastoid  
• Analysis 

i. clinically feasible (duration, completion rates) 
ii. response detection 
iii. acceptable to families 

13 13 
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Recruited 104 infants age 5-39 weeks 
(passed newborn screen and no 
family concern) 

Analysis:  
 
Completion rates 
Test duration 
Acceptability 
CAEP analysis 

sample size: 
 
104 
100 
100 
83 (tymp abnormal/not tested) 



‘TYPICAL’ INFANT RESPONSE 

15 15 



RESULTS 

• Completion rate >95% 
̶ behaviour state vital: 4 restless or asleep  

• Test duration 27 mins (range 17-89) 
̶ preparation time 13 mins 

̶ data acquisition 13 min 

• Parents reported all aspects of test 
acceptable 

• Interviews revealed positive experience 
16 16 



Objective response detection 
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• All participants showed a response to at least one, 
and most to at least two, stimuli 
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No difference in SNR at vertex v high forehead 

SNR 
(corrected power) 

Presenter
Presentation Notes
SNR calculated based on amplitude (signal/noise) and power (signal/noise) and corrected power (CAEP minus noise)/noise.  



Next steps: babies with hearing 
aids 

• Phase One: finalise methodology 
─ What are appropriate stimuli? 

─ What is the optimal automated CAEP detection method? 

• Phase Two: defining performance characteristics 
─ In what proportion is a CAEP present when stimuli audible/inaudible? 

─ In what proportion of absent cases is there a response on retest?  

• Phase Three: clinical feasibility & caregiver acceptability 
─ Feasibility measured in terms of completion rates and test time 

─ Is the procedure acceptable to caregivers 
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Excitation patterns of CAEP stimuli 

Synthetic : 'm'  'g'  't' HEARlab : /m/  /g/  /t/ 

(Adult : 33 mm meatus+concha length) 
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N.B. 
Quite broad spectral content
Sharp temporal offsets – leading to spectral splatter

Novel stimuli have been designed to be speech-like, but frequency-specific, with CAEP draft guidelines in mind 
Increased frequency-specificity theoretically more informative in terms of adjusting hearing aid prescriptions
Three stimuli: 60-70 ms duration, low, mid and high frequency.
Low and mid-frequency stimuli have F0 modulations, high-frequency stimulus is noise-like (similar to speech tokens in similar frequency regions)




Erbograms of CAEP stimuli 
HEARlab : /m/      /g/     /t/ 

Synthetic :  'm'    'g'     't' 
(Adult length meatus+concha (Keefe et al., JASA1994). Greyscale normalised for each plot to a 30 dB dynamic 
range) 
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Does hearing aid treat stimuli as speech? 
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Stimuli recorded through a selection of hearing aids to confirm processed in same manner as speech (see next slide)

HA1=SkyQM, HA2=Sensei Pro, HA3=SkyQSP. (mod flat 55 dB HL; severe flat 75 dB HL 
Amplitudes scaled within hearing aid type but not between. 
Time scale is consistent across all individual waveforms. 
Average waveform amplitudes (of repeated measurements) were consistent between the three stimulus conditions (CAEP stim, VRA stim, Embedded Stim)
Only single example shown but test/retest consistent

The figure shows extracted waveforms for each signal and each hearing aid condition for three signal conditions: CAEP (stimulus repetition rate of 0.9/s, as per CAEP stimulus); VRA (repletion rate of 4/s as per VRA stimulus) and ‘Embedded’ wherein the stimulus was embedded within the ISTS




Next steps cont’d 

• Phase Two: defining performance characteristics 
─ In what proportion is a CAEP present when stimuli audible/inaudible? 

─ In what proportion of absent cases is there a response on retest?  

• Phase Three: clinical feasibility & caregiver acceptability 
─ Feasibility measured in terms of completion rates and test time 

─ Is the procedure acceptable to caregivers 
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• Recruiting 200 hearing-impaired babies 
• Age 3-7 months at initial test (CAEP) 
• Behavioural testing aged 8-9 months (VRA) 
• CAEP and VRA use the same speech-like 

stimuli, for direct comparison 

Babies with hearing aids  
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Mobile Hearing Unit 
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• Convenience - van visits families at their homes 
• Enthusiasm from families/clinicians for mobile unit 
• Controlled environment - sound-treated and electrically-

isolated booth. Fully battery-operated 



• Infant CAEPs are clinically feasible, and 
theoretically useful for indicating physiological 
response to a range of sounds 
 

• The current study seeks to validate the measure 
for use in clinical populations, 3-7 months, for 
whom behavioural data are limited 

TAKE HOME MESSAGE 
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No difference in SNR at vertex v high forehead 

SNR (power) 

SNR 
(corrected power) 
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