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For well over 150 years the medical
profession has taken advantage of advances
in technology to improve the way they care
for patients. The telegraph, radio,
telephone, internet and smartphone provided new opportunities to deliver services,
often to people in rural and remote areas 1.
The use of these telecommunication and
information technologies in medicine is
called telemedicine or telehealth; in the
field of ear and hearing health the terms
tele-otology and tele-audiology are also
used.
With the high and increasing prevalence of
hearing loss - one of the most common
global disabilities - there is a great need for
changes in the way that audiological
services are delivered. This is especially
important in developing countries, where
life-expectancy is increasing but where
there are critical shortages of trained earand hearing-care clinicians 2, 3.
There is a growing number of tools for the
screening 4-7 and diagnosis of hearing loss
(Brennan-Jones et al. in Open Access Guide
to Audiology – Telehealth for diagnosis of
hearing loss; and ear disease 8, 9 that can be
used to enhance existing services.
This chapter focuses on the management of
those with hearing impairment, and how
tele-audiological tools and approaches may
assist to improve service delivery.
Audiological management of hearing loss
The key aspects of audiological management of hearing loss are:
a) Tools to assess needs of the person with
hearing loss
b) Counselling

c) Provision and fitting of devices,
including follow up of fittings, and
d) Tools to assess the outcomes
A number literature reviews have shown
that there is little evidence to show that teleaudiology for the management of hearing
loss provides outcomes that are equivalent
to traditional means of management, i.e.
face-to-face 10,11. Despite the shortage of
evidence, a number of programmes have
been established, indicating that there is a
degree of confidence in using technology to
deliver such services. For example, hearing
aids services are delivered to veterans by
the US Veterans Affairs 12 and to
communities in New Zealand 13; and
cochlear implants can be programmed over
the internet for people in remote clinics 14.
In light of the shortage of evidence, the
following should be taken as general advice
only.
Procedures and equipment
Tele-audiology services are usually ‘live’,
using a video-conference (VC) system that
allows the parties to hear and see each other.
The following describes the matters that
need to be considered to manage a person
with a hearing impairment.
The key consideration is that management
of a hearing impairment is for the most part
the rehabilitation of communication, and
that there must be an effective communication channel between the clinician and the
person with a hearing impairment, as well
as with significant-others (family members,
close friends and carers). There are technical and human aspects to consider. Technical aspects are to make sure that the
equipment functions with high fidelity
(both audio and video), that seating is

optimal, and the acoustics at both sites. It is
likely that there are technical limitations
which could have an impact on the
communication between the clinician and
patient. It is important that these limitations
are recognised, and that the clinician
ensures that optimal communication can
still take place. This may include repeating
spoken information, speaking clearly and
slowly, asking for confirmation of instructtions, and making use of a facilitator.
In this light the following must be
considered:
Site: Tele-audiology services can be
provided to unlimited types of remote sites.
This can include rural and remote clinics or
hospitals, facilities co-located with other
health services or professionals, nursing
homes, and even people’s homes. The
primary requirements are a fast and reliable
internet connection, equipment (as detailed
below) and a relatively quiet space where
external sounds and ambient noise are
minimised.
Facilitator: In a face-to-face consultation,
the clinician can physically examine the
patient, and also physically handle and
manipulate a hearing aid or cochlear implant and equipment. In many cases the
patient is unable to perform these tasks.
However, it can be done by a facilitator. For
some tasks a family member or friend may
be able to fill this role. For example, when
the hearing aid needs to be checked and
taken off the ear (and the patient cannot hear
anything), the clinician can instruct the
family member. However, a health worker
or nurse can easily be trained to take on
many other tasks, including otoscopy and
connection of equipment 15.
Tools to assess needs and outcomes: There
are currently no tools specially designed to
be used for tele-audiology. However, the
audiologist has an array of tools to assess

the needs of the patient and to measure
outcomes post-fitting that can be adapted to
be used for tele-audiology. Surveys such as
the International Outcome Inventory for
Hearing Aids (IOI-HA) 16 and Client
Oriented Scale of Improvement (COSI) 17
can be administered live via a videoconference facility and/or with the
assistance of the facilitator, or perhaps be
incorporated into clinical notes as part of
the practice routine. Additional tools that
can be considered are the Hearing Aids
Skills and Knowledge Inventory (HASKI) 18
which is designed to measure hearing aid
handling skills, and the Cochlear Implant
Management Skills (CIMS) 19 for hearing
implant handling skills. Discussion and
counselling can also take place in a videoconference. However, this may be challenging for someone with a hearing
impairment, especially when audio and/or
video quality is less than excellent, e.g. due
to delays, poor synchronisation or image
breakup.
Otoscopy: The ear canal and eardrum may
have to be examined by a facilitator using
an otoscope for obstructions in the ear canal
e.g. wax, foreign bodies, ear discharge (see
chapter on otoscopy) 20. A standard
otoscope will require the facilitator to
describe what they see. A video-otoscope
will enable images to be captured and sent
to the audiologist for interpretation. Streaming a live view from the video-otoscope to
the audiologist would be useful, but in many
cases limitations in bandwidth will prevent
this. In addition, funding for video-otoscopes is not always available.
Hardware and software for programming
hearing aids and hearing implants: All
devices that allow a computer to communicate with a hearing aid (e.g. NOAHlink - see
the chapter on Hearing Aid Fitting) or
hearing implant will normally be at the site
with the patient. The computer at the site of
the patient can be a desktop computer,
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laptop or a tablet computer. The software
will have three main functions:
a) For communication by video-conferencing e.g. Zoom, Skype, Facetime,
Adobe Connect, WebEX, Google
Hangouts, TeamViewer
b) Remote control of the computer at the
site of the patient e.g. TeamViewer, and
c) Hearing programming software from
the manufacturer of the hearing aid or
implant.
The facilitator must be familiar with using
these applications. Furthermore, screen size
should be large enough to cater for any
visual impairment of the patient. The
effectiveness or usability of this technology
may be affected by the quality of the
internet connection.
Making hearing aid moulds, handling
devices and trouble-shooting: A facility for
making hearing aid custom earpieces (or
moulds) may be required if the service is to
include hearing aid fitting. This will have to
be performed by the facilitator and will
require training. An important aspect of this
is a good understanding of the anatomy of
the ear and ear canal, and ability and skills
in inspecting the ear canal. The facilitator
will also need to be very familiar with all
aspects of handling hearing aids and
different implant processors. This will
include inspection of the appropriateness of
the fitting to the ear and ear canal (mould /
dome / slim tube / receiver wire / device),
cleaning, changing batteries, changing programmes, and connecting the device to the
fitting hardware. For more information, see
the chapter on Hearing Aid Fitting.
Verification by Real Ear Measurements
(REMS): Verification of hearing aid fitting
is an important step to ensure that the
hearing aid is delivering the right amount of
sound at the eardrum. The facilitator will
have to assist with this (to place the probe
in the ear), and training will be necessary.

This is one aspect that has been studied, but
the evidence that facilitators can do this task
properly is still weak 21.
Speech tests: Speech perception tests, in
particular tests conducted in noise, are
useful for assessing how well a hearing aid
or implant works in real world outside of a
controlled environment of a clinic. However, outside of a clinic it is difficult to
control the environmental or ambient
sounds. Testing has to take place in a ‘freefield’ with and without the hearing aid(s)
fitted and thus, headphones cannot be used.
Also it would be required to calibrate the
sound source, i.e. loudspeakers. A potential
alternative is the Digits-in-Noise test 22,23,
which is an adaptive technique that
provides a signal-to-noise ratio as a
measure of hearing impairment and can be
used in quiet office environments. This test
can, for hearing aid assessments, be
delivered via a computer or smartphone
binaurally via one or two loudspeakers.
Follow up after fitting: Some time must be
spent with the patient in the weeks
following hearing aid fitting. This will
include further counselling on expectations,
adjustments of the hearing aids, and further
training on managing and handling the
hearing aids. Follow-up is also required
over the patient’s lifetime (at least once a
year) to ensure optimisation of the hearing
as acclimatisation will happen and hearing
deterioration may progress.
Other matters
It is important, as it is for all clinical
activities, that good records are kept and
maintained. Furthermore, to be mindful of
local regulations on licensure; in some
jurisdictions, a clinician may not be allowed
to manage patients in another province,
state or country. Furthermore, in some cases
there will be public health regulations and
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policies to follow, and reimbursement
policies to be aware of.
Typical applications
The following two case studies illustrate
how tele-audiology may be used to provide
a rehabilitation service.
Example 1: Mary, a 70-year retiree lives
250 km from the nearest audiology clinic.
Mary does not drive and with no public
transport, she relies on others to attend
appointments. Coming to a hearing aid
fitting appointment is feasible but attending
two or more follow-up appointments is a
problem. She does not have a good internet
connection at home and is not a smartphone
user. However, there is good internet
connectivity at her local health clinic and
Simon, the clinic nurse, has offered to help
Mary with her hearing rehabilitation. At her
face-to-face appointment with Chris, her
audiologist, they discuss the situation with
Simon via a phone call. They decide on the
following solution. A set of hearing aids
will be selected that can be remotely
controlled by an audiologist by a
smartphone. Simon will install the hearing
aid ‘app’ on the clinic’s phone, and Chris
will train Simon, over the phone, how to use
it. This includes making the connection
between the hearing aids and the smart
phone. Mary returns home with her hearing
aids. After a couple of weeks, she arranges
to meet Simon for a remote consultation
with Chris. Some sounds are uncomfortable
for her, which they discuss on the phone.
After connecting the hearing aids to the
phone, Chris can make some adjustments.
They also spend some time speaking on the
phone discussing some of the controls of the
hearing aid. After a month, Mary returns to
her local clinic complaining the right
hearing aid does not appear to be working
well. Together with Simon they check the
batteries, but nothing they do seems to fix
it. They decide to call Chris, and after some

questioning it appears that the tube has
become blocked with wax. Rather than
explain further on the phone, Chris directs
them to a YouTube video that shows how
the tube can be cleaned or changed. This
proves to provide the answers, and the
hearing aid works as required. The team of
Chris and Simon has worked well together
to provide rehabilitation for Mary that suits
her circumstances.
Example 2: Abby is a general practice
nurse in a nursing home in a town with no
audiologist. He notices that a number of the
residents have hearing aids that they do not
use. Mobility is an issue for most residents,
making travel to a city difficult. Abby has a
meeting with James, a city-based audiologist, who offers to provide him with training
on the essentials of hearing aid maintenance. This proves to be very useful for
getting more of the residents to wear their
hearing aids. However, over time James
notices that a wide variety of problems arise
that he can’t solve. Abby and James decide
to use a comprehensive survey, a checklist,
that asks about all the things that are may
needed to be known to use a hearing aid.
Abby will use this for all new residents, and
also opportunistically for existing residents.
Every month, James will connect with a
group of residents via video-conferences to
take them through all existing problems.
James also makes herself available for oneon-one VC sessions with residents to
discuss their particular problems. This partnership proves to be an effective solution to
provide hearing aid services for a nursing
home.
Concluding remarks
Providing hearing rehabilitation services
remotely is an emerging field in audiology.
Manufacturers are constantly providing
new options, especially as they endeavour
to reach segments of the market that have to
date been poor adopters. Recent advances
4

include smartphone apps to make selfadjustments, and more reliable wireless
connections between hearing and other
devices. It will be important to carefully
assess each of these to ensure that they
provide high quality services to those with
hearing impairment.
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