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Letter to Editor

Edward C. Killan® and Catherine L. Totten?

1School of Hedlthcare
University of Leeds
Leeds

UK

2Y orkshire Cochlear Implant Service
Bradford Royal Infirmary
Bradford

UK

Re: Delaroche, M., Thiebaut, R., Dauman, R. (2004) “Behavioural audiometry:
protocols for measuring hearing thresholds in babies aged 4 — 18 months’,

Inter national Journal of Pediatric Otorhinolaryngology 68 pp 1233 — 1243

Dear Sir

We welcome the recent publication of protocols for assessing infants hearing via
behavioural methods (Int J Pediatr Otorhinolaryngol 2004; 68: 1233 — 1243). We fed
that dissemination and discussion of current audiological practice is extremely
helpful, especially when examples of good practice can be shared with the wider

clinica community. However there are severa issues that are raised within this



publication that we feel are not necessarily representative of current knowledge and

best practice within Audiology.

The authors appear to underestimate the capabilities and importance of certain
electrophysiological techniques in threshold estimation in young infants (i.e. less than
six months) stating that threshold determination over the norma audiometric
frequencies is not possible using these techniques. Contrary to this, there is a
significant body of evidence suggesting that Auditory Brainstem Response (ABR)
testing using low and high frequency tone bursts [1, 2, 3, 4] delivered through air
conduction and bone conduction transducers [5, 6, 7, 8, 9] and Auditory Steady State
Responses [10, 11, 12, 13, 14, 15, 16] are capable of providing accurate, ear and
frequency specific and time efficient threshold data across the audiometric
frequencies (i.e. 0.5, 1, 2 and 4 kHz) as well as determining the nature of the hearing

impairment.

Relevant literature [17, 18, 19] question the reliability of behavioural methods in
determining hearing ‘thresholds for infants under six months of age, drawing
attention to the fact that such responses in young infants are normally suprathreshold,
are dependant on tester experience and prone to tester bias, are greatly influenced by
the developmental level of the infant and demonstrate wide variability. We therefore
contest the assertion that threshold information obtained from behavioural methods
should be given more credence than threshold information obtained by objective test
methods for this population. An appropriate use of behavioural audiometry in this
population would be to reinforce the results of electrophysiologica tests or to

demonstrate the benefit of amplification provision and reassure the clinician that over-



amplification is not evident. However, even in this use, atest protocol should include
systematic measures of observer behaviour (i.e. to determine the observers ability to
discriminate between the infant’ s responses to stimuli or random activity not linked to
stimuli) and observation of the infant during periods of stimulation and non-
stimulation (‘no sound’ trials). We are concerned that there is no mention of such

controls within the Delaroche protocol.

We are also surprised by the authors choice of air conduction transducer. They
describe using transducers that satisfy 1SO standard [20] and a foam pad (this
standard does not describe transducers in detail. A more relevant standard would be
[21]). We presume from the photographs included in the publication that earphones
encased in supra-aura enclosures (such as Telephonics TDH39, 49 or 50 transducers
in MX41/AR cushions) are used. No reference is made to the use of insert earphones
(such as Etymotic Research ER-3A) that are now widely used in UK paediatric
audiology centres. The benefits of insert earphones are well established and include
reducing the effects of noise on the auditory thresholds of the test ear [22], increasing
interaural attenuation and reducing the need for masking [23, 24, 25, 26], preventing
ear cana collapse [22] and trandating results into dBSPL relative to a 2cc coupler

when prescribing hearing aids.

The authors repeatedly describe obtaining ‘threshold’ information. Behaviourd
procedures such as those described in the Delaroche Protocol are obviously non-
directed procedures, that is, the infant is not asked to attend to sound and therefore is
not likely to respond at absolute threshold. For this reason ‘minimum response level’

(MRL) provides a better description of the infants observed responses [27]. Although



this correction may appear pedantic, knowledge that an infants response is not likely
to be ‘threshold’ is important when interpreting results and prescribing hearing aids

[29].

It is our belief that the Delaroche Protocol is inefficient and is likely to increase the
time taken to achieve accurate assessment of frequency and ear specific minimum
response levels. The test order described in the procedure for infants over six months
of age (including stimulus level and frequency as well as air and bone conduction
stimulus delivery) is also, in our opinion, a point of contention. The Delaroche
protocol begins using a two-tone whistle that corresponds to approximately 2000 and
2500 Hz at a stimulus level of 30 dB (the authors do not stipulate the decibel scae
used, see [29] for a review of current practice) presented in the sound field. This
stimulus is increased in 10 dB steps until ‘threshold’ is determined. If the child is
observed to respond to the two-tone whistle at 30 or 40 dBA, bone conduction
threshold determination isinitiated. However if the response of the infant to the tonal
whistle is greater than 40 dB, low frequency hearing (250 - 750 Hz) is assessed using

‘live voice ddivery of the sound “coucou”.

We would argue that, routinely, it is more appropriate to obtain information about an
infants hearing across a range of audiometric frequencies presented in the sound field
(warble tones at 1000, 4000 and 500 Hz) before proceeding to bone conduction
testing, especialy if responses to sound field stimuli are within a defined normal
range. Thisislikely to better facilitate management of an infants care, particularly as
infants may withdraw their co-operation at any time. Bone conduction testing can be

utilised where MRLs are raised outside the normal range to determine type of hearing



loss. Use of bone conduction testing at frequencies where sound field MRLs are
thought to be at a ‘normal’ level does not provide the clinician with any further
information that is important for future management. Once repeatable bone
conduction minimum response levels have been obtained ear specific information

should be sought using insert earphones [30].

The Delaroche Protocol describes testing with headphones, initially presenting stimuli
simultaneously to both ears before ear specific thresholds are obtained by presenting
stimuli to ears separately through the headphones. This is performed in order to
facilitate hearing aid provision, and guard against inappropriate amplification of the
better ear when the hearing loss is asymmetric. However, if thorough assessment of
hearing ability in the sound field were performed, it would not be necessary to present
sounds simultaneously to both ears if complete and frequency specific assessment was

performed in the sound field.

With the advent of neonatal hearing screening, there is an increased pressure on
audiologists to provide accurate hearing assessments for increasingly younger infants.
The rationale behind neonatal hearing screening is well known [31], therefore it is
important that procedures and protocols for assessing hearing in the infant population
utilise up to date technology and techniques that are proven to reliably provide
accurate and valid information about hearing status and are efficient in terms of time
taken to obtain sufficient information to provide safe and effective intervention. In

summary, we do not feel that the Delaroche Protocol attains these standards.



References

[1] D. Stapells, T. Picton, A. Durieux-Smith, C. Edwards, L. Moran, Thresholds for
short-latency auditory evoked potentials to tones in nitched noise in normal hearing
and hearing impaired subjects, Audiology, 29 (1990) 262-274.

[2] D. Stapells, J. Gravel, B. Martin, Thresholds for auditory brainstem responses to
tones in notched noise from infants and young children with normal hearing or
sensorineural hearing loss, Ear and Hearing, 16 (1995) 361-371.

[3] D. Stapells, Threshold estimation by the tone-evoked ABR: a literature meta
analysis, Journal of Speech-Language Pathology and Audiology, 24 (2000) 74-83.

[4] M. Payne Stueve, C. O’ Rourke, Estimation of hearing loss in children: comparison
of auditory steady-state response, auditory brainstem response and behavioura test
methods, American Journal of Audiology, 12 (2003) 125-136.

[5] B. Cone Wesson, Bone-conduction ABR tests, American Journal of Audiology 4
(1995) 14-19.

[6] C. Muchnik, R. K. Neeman, M Hildesheimer, Auditory brainstem response to
bone-conducted clicks in adults and infants with normal hearing and conductive
hearing loss, Scandanavian Audiology, 24 (3) (1995) 185-191.

[7] C-J. Hsu, K-N. Lin, T-H. Hsieh, M-J. Horng, M-H. Wang, H-Y. Li, Clinical use of
bone-conducted auditory brainstem response in young children, Journal of the
Otolaryngological Society of the Republic of China, 33 (1) (1998) 1-7.

[8] E.Y. Yang, A. Stuart, The contribution of the auditory brainstem response to bone-
conducted stimuli in newborn hearing screening, Journal of Speech-Language

Pathology and Audiology, 24 (2000) 84-91.



[9] P.E. Campbell, C.M. Harris, S. Hendricks, T. Sirimanna, Bone conduction
auditory brainstem responses in infants, Journal of Laryngology and Otology, 118
(2004) 117-122.

[10] FW. Rickards, L. E. Tan, L. T. Cohen, O. J. Wilson, J. H. Drew, G. M. Clark,
Auditory steady-state evoked potential in newborns, Br J Audiol 28 (1994) 327-337.
[11] G. Rance, R. C. Dowell, F. W. Rickards, D. E. Beer, G. M. Clark, Steady-state
evoked potential and behavioural hearing thresholds in a group of children with
absent click-auditory brain stem response, Ear and Hearing, 19 (1998) 48-61.

[12] M. Aoyagi, Y. Suzuki, M. Yokota, H. Furuse, T. Watanabe, T. 1to, Reliability of
80-Hz amplitude modulation-following response detected by phase coherence,
Audiology and Neuro-otology, 4 (1999) 28-37.

[13] B. Cone-Wesson, F. Rickards, C. Poulis, J. Parker, L. Tan, J. Pollard, The
auditory steady-state response: clinical observations and applications in infants and
children, Journal of the American Academy of Audiology, ,13 (2002) 270-282.

[14] A. Dimitrijevic, M. S. John, P. Van Roon, D. W. Purcell, J. Adamonis, J, Ostroff,
J. M. Nedzelski, T. W. Picton, Estimating the audiogram using multiple auditory
steady-state responses, Journa of the American Academy of Audiology, 13 (2002)
205-224.

[15] J. B. Roberson Jr, C. O’'Rourke, K. R. Stidham, Auditory steady-state response
testing in children: evaluation of a new technology, Otolaryngology — Head and Neck
Surgery, 129 (2003) 107-113.

[16] H. Luts, C. Desloovere, A. Kumar, E. Vandermeersch, J. Wouters, Int J Pediatr
Otorhinolaryngol, 68 (2004) 915-926.

[17] W. R. Wilson, G. Thompson, Behavioural audiometry, in: J. Jerger (Ed.),

Pediatric Audiology, College Hill Press, San Diego, 1984, pp. 1-44.



[18] W. R. Hodgson, Evauating infants and young children, in: J. Katz (Ed.),
Handbook of Clinical Audiology, 4™ Edition, Williams and Wilkins, Baltimore, 1994
pp.465-475.

[19] B. Cone-Wesson, Pediatric Audiology: a review of assessment methods for
infants, Audiological Medicine, 1 (3) (2003) 175-184.

[20] International Organisation for Standardisation, Acoustics — Threshold of hearing
by air conduction as a function of age and sex for otologically norma persons, 1SO
7029, 1SO, Geneva, 1984

[21] British Standards Institution, Pure tone audiometers, BS EN 60645-1/1EC 645-1,
BSI, London, (1995/1992).

[22] J. Clemis, W. Ballad, M. Killion, Clinical use of an insert earphone, Ann Otol
Rhinol Lar, 95 (1986) 520.

[23] J. Zwislocki, Acoustic attenuation between ears, J Acoust Soc Am, 25 (1953)
752-759.

[24] M. Killion, L. Wilber, G. Gudmundsen, Insert earphones for more interaural
attenuation, Hear. Instr. 36 (1985) 34-36.

[25] H. Horsford-Dunn, A. Kuklinski, M. Raggio, S. Haggerty, Solving audiometric
masking dilemmas with an insert masker, Archs Otolar 112 (1986) 92.

[26] K. J. Munro and N. Agnew, A comparison of inter-aural attenuation with the
Etymotic ER-3A insert earphone and the Telephonics TDH-39 supra-aural earphone,
Br JAudiol 33 (4) (1999) 259-262.

[27] P. Shaw, Visua reinforcement audiometry, in: B. McCormick (Ed), Paediatric
Audiology 0—5 Years, 3" Edition, Whurr, London, 2004, pp. 108-150.

[28] G. Parry, C. Hacking, J. Bamford, J. Day, Minimal response levels for visual

reinforcement audiometry in infants, Int JAudiol 42 (7) (2003) 413-417.



[29] G. Beynon and K.Munro, A discussion of current sound field calibration
procedures, Br J Audiol 27 (6) (1993) 427-435.
[30] J. Day (Ed.) Neonatal hearing screening and assessment: visual reinforcement

audiometry testing of infants —arecommended test protocol, (2000) www.nhsp.info.

[31] C. Yoshinago-Itano, A. Sedey D. Coulter, A. Mehl, Language of early- and |ater-

identified children with hearing loss, Pediatrics 102 (5) (1998) 1161-1171.



