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Bone conduction auditory brainstem responses in infants

P. E. CampBELL, C. M. HARrRrIs, S. HENDRICKS*, T. SIRIMANNA*

Abstract

The contribution of air conduction auditory brainstem response (AC-ABR) testing in the paediatric
population is widely accepted in clinical audiology. However, this does not allow for differentiation
between conductive and sensorineural hearing loss. The purpose of this paper is to review the role of bone
conduction auditory brainstem responses (BC-ABR). It is argued that despite such technical difficulties as
a narrow dynamic range, masking dilemmas, stimulus artifact and low frequency underestimation of
hearing loss, considerable evidence exists to suggest that BC-ABR testing provides an important
contribution in the accurate assessment of hearing loss in infants. Modification of the BC-ABR protocol is
discussed and the technical difficulties that may arise are addressed, permitting BC-ABR to be used as a
tool in the differential diagnosis between conductive and sensorineural hearing. Two relevant case studies
are presented to highlight the growing importance of appropriate management in early identification of
hearing loss. It can be concluded that BC-ABR should be adopted as a routine clinical diagnostic tool.
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Introduction

Detection of hearing impairment before the end of
the critical language-learning period is considered
crucial if a child is expected to acquire language.'”
For this reason, the newborn hearing screening
programme (NHSP) has been implemented in 20
sites within the United Kingdom (UK), with more
sites being included in the following years, with the
expectation that every child born will be offered a
hearing screen at birth by the year 2006.

Air conduction auditory brainstem response (AC-
ABR) testing is currently the preferred technique
alongside otoacoustic emission screening employed
for such screening and diagnostic assessment within
the UK. While the contribution of AC-ABR testing
in the paediatric g)opulation is well recognized in
clinical audiology,” it does not allow for accurate
differentiation between conductive and sensori-
neural hearing loss.

There are several reasons for accurately document-
ing the effect of conductive hearing loss on the auditory
brainstem response (ABR). Conductive pathology can
exist concurrently with sensory impairments producing
an additional threshold elevation up to 40 dB in a child
with significant sensorineural impairment that, if
unrecognized, can hinder appropriate management.’
Secondly, testing only with air-conducted stimuli can
result in a large number of false positives of suspected
sensorineural hearing loss due to transient middle-ear
pathologies'”'' compounding parental anxiety.'” How-

ever, demonstration of good cochlear function using
BC-ABR can be extremely reassuring to parents
whose infant has failed a screen. Thirdly, unrecognized
conductive pathology may complicate the detection of
retrocochlear pathology. Finally, for infants with aural
malformations or severe craniofacial defects, impe-
dance measurements may be precluded; consequently,
an alternative electrophysiological E)rocedure to eval-
uate sensory reserve is necessary.'>'*

ABR stimulation using a bone oscillator placed on
the mastoid of the test ear has been recommended
for clinical use with infants since the late 1970s.%>"7
However, it remains a technique that is vastly under-
utilized. The apparent reluctance of clinicians to
adopt this approach to auditory assessment with
ABR could be accounted for by the technical
difficulties (outlined below) that are encountered
while recording BC-ABRs. This paper highlights the
usefulness of the BC-ABR. The two presented case
studies illustrate the advantages of adopting both
AC- and BC-ABR together allowing better identi-
fication of hearing loss in infants and neonates.

Technical difficulties

BC-ABR is still not routinely included in neonatal
auditory assessment, possibly due to a number of
identifiable technical problems: (1) narrow dynamic
range; (2) masking problems; (3) stimulus artifact and
(4) underestimation of low frequency hearing loss.
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Narrow dynamic range

The maximim intensity level (approximately 55 dB
nHL for bone-conduction stimulation) is a limiting
factor. Intensity levels below 40-45 dB nHL for air-
conduction stimuli generally shows only a distinct
wave V component (not waves I and III). Therefore
the minimal intensity level required to produce an
air-conduction ABR (even the relatively large wave
V), is 15-20 dB greater than the hearmg threshold
level (in the 1000-4000 Hz region).'®

Difficulty generating a clear ABR waveform with
normal adult subjects may have led some clinicians
to assume that BC-ABR recordings would not be
clinically feasible or useful for assessing sensori-
neural hearmg sensitivity in infants and young
children." Normal hearing infants and young chil-
dren, tend to have on average better sensorineural
hearing sensitivity in the 1-4 kHz region (in
comparison to adult standards, hence a greater
dynamic range for bone conduction ABR stunull)
Additionally, a distinct wave I component can often
be cons1stent1y recorded with a bone conducted
stimulus in these younger subjects. 2t

Stimulus artifact

Electromagnetic energy radiates from the bone
vibrator that can cause a stimulus artifact in ABR
recordings and can be intensified with mastoid
placement if this is also used as a site for the
inverting electrode, particularly if single polarity is
used (rarefaction or condensation). Two simple
technical modifications can reduce such stimulus
artefact difficulties: an earlobe or ear canal electrode
and the use of alternating polarity.

The transducer should be of sufficient quality to
deliver a stimulus up to 60 dB nHL without
distortion. A suitable bone conductor should be
placed on the mastoid (avoiding the mastoid
electrode) to ensure a higher stimulus level as
there is also evidence of an inter-aural attenuation
of approximately 20 dB in babies, which is taken
advantage of by a mastoid location.”

Low frequency underestimation

Conductive hearing impairment is usually the great-
est for frequencies in the region of 1 kHz and below,
whereas the click-evoked ABR is dependent on
stimulus energy mostly in the 1-4 kHz region. Such a
discrepancy can lead to an underestimation of the
predominantly lower frequency deficit, produced by
some middle- c-ear pathologles such as otitis media or
otosclerosis.” There is considerably less error in
threshold estimation with other middle-ear patholo-
gies, such as congenital aural atresia, which can
cause a moderate-to-severe flat configuration hear-
ing impairment throughtout the audiometric fre-
quency region.

However, as with conventional behaviour audio-
metry, the addition of BC tonal stimuli to ABR
threshold protocols provides clinicians with a more
complete picture of the type (conductive, mixed, or
sensorineural) and degree of hearing loss 2425 Bone
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conduction tone-evoked ABR thresholds have been
shown to demonstrate normal cochlear sensitivity in
infants with a wide range of external and middle-ear
pathologies 1nclud1ng cleft palate, aural atresia and
otitis media.' ©

Masking dilemma

Finally, the masking dilemma and the need for
contralateral masking have been cited as a primary
problem assoc1ated with bone conduction ABR
measurement.'’ In moderate bilateral conductive
hearing impairment, the intensity level of an air-
conducted stimulus must sometimes be increased
well above the 40-50 interaural attenuation level of
the adult skull, leading to potential cross-over of the
acoustic energy to the non-test ear. Yet the intensity
level of the noise necessary to adequately mask the
non-test ear, which has a mild-moderate conductive
hearing impairment too, may also exceed the
interaural attenuation of the head, and it may in
fact cross back over through bone conduction to
mask the test ear. The head offers little (10 dB or
less) or no attenuation or bone-conduction stimula-
tion with commercially avaﬂable vibrators placed
against the skin in adults.'® Therefore, a stimulus
presented with bone conduction to one mastoid may
equally activate each cochlea.

Some authors have stated that the non-test ear
must be routinely masked in ABR assessment by
either air conduction or bone conduction, in order to
rule out a contribution to the response from
unlntended stimulation of the better hearing non-
test ear.'” There is controversy about the intensity
level at which an air conduction click stimulus will
cross over to the non-test ear and evoke an ABR.”’
However, the presence or absence of the component,
wave I, has been shown to provide reliable ear
specific information.”® A two-channel recording is
preferable as it permits the recording of a contra-
lateral response, to aid in the determination of which
cochlea is being stimulated.”

Case reports

To demonstrate the usefulness of BC-ABR meas-
urement in assessing abnormalities of the auditory
pathway, two case studies are presented. The first
case study highlights the problems of using AC-ABR
as a hearing screening tool for infants in which there
are a high percentage of failures associated with
middle-ear problems at the time of ABR testing and
the problems involved with the use of 226 Hz probe
tone tympanometry in neonates and infants. The
second case study can be considered representative
of a group of patients identified with craniofacial
abnormalities, in which impedance testing is difficult
or impossible. Table I presents a list of salient patient
characteristics.

Case 1

This male child was born by caesarean delivery to
healthy non-consanguineous parents at 30 weeks
gestation with mild physiological jaundice and a birth
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TABLE 1
SUMMARY OF THE CLINICAL CHARACTERISTICS OF THE TWO CASES

Case 1
Neonatal problems
Premature
Jaundice
Low birth weight
Audiology
Abnormal ABR
Case 2
Ophthalmology
Lt cryptophthalmos
Rt lid coloboma
Abnormal Rt fundus with hypoplastic optic disc
VEPs - low amplitude responses on Rt
ENT and Audiology
Small ears with rudimentary canals
Laryngeal web
Tracheostomy
ABR abnormal
Umbilical hernia
Ambiguous genitalia
Small phallus/cliteromegaly
Poorly formed labial swellings
Perineal urethral opening
No obvious vaginal opening
Imperforate anus
Small recto-perineal fistula requiring anoplatsy
Respiratory problems
Cortisol insufficiency
Cardiology
PDA
Biventricular hypertrophy
Hypertension
Renal
Absent Lt kidney
Rt mega-ureter with reflux
Neurology
Abnormal cranial ultrasound
Lt globe small on MRI
Bilateral periventricular intracranial calcifications
White matter abnormalities
Cerebellar atrophy
G-positive septicaemia

Rt = Right; Lt = left; MRI = Magnetic resonance imaging;
VEP = visual evoked potentials; ABR = auditory brainstem
response.

weight of 1.12kg. There were no identifiable
neurological problems or significant family history
of hearing loss. Routine neonatal hearing assessment
was performed at discharge (six weeks-corrected
age). Otoacoustic emissions recorded from both ears
were absent. AC-click stimuli presented by TDH-49
headphones at a rate of 31.1 clicks per second
resulted in responses at intensities of 50 dB nHL
bilaterally. Tympanograms measured with a 226 Hz
probe tone were consistent with normal middle-ear
function (Figure 1). Masked BC-ABR was present at
30 dB nHL on the right ear consistent with normal
hearing.

The use of 226 Hz tympanometry in neonates and
infants has been controversial due to the large
number of false negative responses for middle-ear
pathology.zg’30 This is thought to be due to the
anatomical differences (smaller tympanic cavity and
more fibrous tympanic membrane in neonates) that
result in a mass-governed middle-ear transmission
system that gradually chan§es to a more adult-like
stiffness dominated system.”"
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ABR testing was repeated four weeks later, with
the use of high probe tympanometry. The results
showed a normal AC-ABR threshold at 30 dB nHL
on the right but an elevated response on the left at
55dB nHL. High probe tone tympanometry
(1000 Hz) was normal for the right ear but showed
low compliance for the left. Otoacoustic emissions
were present for both ears but in the high frequency
bands only. It was decided to monitor the hearing in
this infant and review again at seven months with
behavioural testing which later confirmed normal
hearing thresholds.

Case 2

Fraser syndrome is a rare autosomal recessive disorder
whose major manifestations are crypto-phthalmos,
syndactyly and genital abnormalities. These patients
also frequently have malformations of the ears, nose
and/or larynx. This female child was born by caesarean
delivery to healthy non-consanguineous parents at 41
weeks following an uneventful pregnancy. All ante-
natal scans were normal. Multiple congenital abnorm-
alities were noted at birth including a left anophthal-
mos with a right malformed eyelid. She had small
pinnae with rudimentary canals, an umbilical hernia
with a wide base and low set umbilicus, ambiguous
genitalia, and an anal atresia with a recto-perineal
fistula. Soon after birth she required intubation
because of respiratory distress (Table I). Audiological
testing by ABR at age eight days showed no response
to 102 dB nHL for either ear. Tympanometry could not
be recorded.

Further audiological assessment was completed
under general anaesthetic at age six weeks. AC-click
stimuli presented by TDH-49 headphones at a rate
of 31.1 clicks per second resulted in responses at
intensities of 90 dB nHL for the right ear and 85 dB
nHL for the left ear. Unmasked bone conduction
responses were present at 40 dB nHL (Figure 2).
These results were consistent with a severe mixed or
conductive hearing loss, with unmasked bone con-
duction suggesting a mild sensorineural hearing loss
in at least one ear.

It is important to note that when calibrating a bone
conductor that the artificial mastoid mimics the adult
skull, not the infant skull, so that clinicians may
report extremely good BC thresholds in children,
which could be due to calibration artefact. Correc-
tion values for infants are reported in Stevens et al.'*
Conversely, as illustrated in this case, a threshold of
40 dB nHL by BC-ABR may reflect a 20 dB HL
threshold by behavioural audiometry when the child
is old enough so that an apparent hearing loss may
be associated with cochlear function at the lower
limit of normal. Visual reinforcement audiometry
(VRA) has enabled BC behavioural thresholds to be
measured in children less than one year old so that
each centre should undertake a comparative bio-
logical calibration.

The ABR (AC and BC) was repeated at age three
months with similar results. She was fitted with a
bone conductor hearing aid and her family report
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(a) Auditory brainstem response (ABR) waveforms recorded in Case 1. The stimulus was an air conduction click presented at a rate

of 31.1/sec, filter band-pass 150-1500 Hz. Each trace is the average of 1024 clicks, with two separate trials superimposed. Calibration

marks are 0.31 pV and 1.0 msec. (b) Masked bone-conduction was normal in Case I at age six weeks corrected. (¢) Tympanograms
indicated normal middle-ear function at 226 Hz for both ears (right ear shown). OAEs (not shown) were absent bilaterally.

that she is responding well to sound at minimal
amplification levels. Behavioural assessments at age
12 months are shown in Figure 2.

the response is elevated, an ABR should be
completed using BC clicks."* If a discrepancy does
exist between air and bone conduction, this suggests
the presence of a conductive or mixed loss in at least
one ear.

In the past, BC-ABR was recorded essentially to
assess cochlear reserve in subjects with congenital
atresia or microtia of the external ear.”> Later
investigators suggested that the BC-ABR measure-
ment should be included in the early identification of
hearing loss in high risk infants who failed the AC-
- Two case reports are included to illustrate the ABR procedure™ enabling failures to be classified as

management of early investigation for hearing being sensorineural, conductive or mixed. Yang and

loss colleaguesl(’ have shown this when the absence of an
ABR to a 30dB nHL BC click is used as a criterion
for a sensorineural deficit. Further they have shown
that the inclusion of BC click testing of the AC click
ABR screening failures enables them to classify 63

. This paper reviews the role of bone conduction
brainstem responses in the diagnosis of
childhood deafness

. The authors discuss modification of the
protocol used to enable the technical difficulties
encountered to be overcome

Discussion

When responses to air conduction (AC) clicks are
present at normal levels, there is no need to obtain
bone conduction (BC) responses. However, when
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per cent of the initial failures as being purely
conductive. However, most of the literature on
BC-ABR is associated with normal hearing adults
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(a) Air conduction ABR
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(a) Air-conduction brainstem auditory evoked potentials of Case 2 recorded at age eight days. (b) Unmasked BC-ABR thresholds
were recorded down to 40 dB nHL in Case 2 at age six weeks. Air-conduction responses were recorded at 85-90 dB nHL.
Tympanometry and otoacoustic emissions were not able to be recorded. (c) Behavioural test results are shown following with a
hearing aid fitting with a bone conduction hearing aid.
[A = aided hearing thresholds dB(A); S = unaided hearing levels in the soundfield dB(A)]

and infants, and only sporadic reports that discuss
the BC-ABR in the presence of conductive HL in
infants or adults are documented.”>*

Despite the aforementioned limitations, consider-
able evidence suggests that bone conduction ABR
testing can make important contributions to the
assessment of hearing in infants. Furthermore,
modifications of test protocols can minimize some
of these technical limitations allowing BC-ABR to
be used as an additional tool in the differential
diagnosis between conductive and sensorineural
hearing.
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