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Telehealth offers unique opportunities for 

providing access to hearing healthcare ser-

vices to underserved populations. The term 

telehealth refers to the utilisation of 

information and communication technolo-

gy in healthcare 1. Alternate terminology 

includes telemedicine, online health, m-

health (i.e. mobile health) and e-health 2.  

 

Telehealth can be employed in a synchro-

nous, real-time manner e.g. an assessment 

via interactive videoconferencing, or in an 

asynchronous, store-and-forward manner 

e.g. digital picture emailed to health care 

provider, or a hybrid model encompassing 

synchronous and asynchronous aspects can 

be used. 3,4 The aim of telehealth is to 

improve healthcare access, quality of 

service delivery, effectiveness and effi-

ciency of health care, and ameliorate the 

inequitable distribution of health profess-

sionals globally. 5 Internet connectivity and 

technology provide a bridge between 

patients and health care providers who may 

otherwise be separated by distance, loca-

tion, geographical and weather barriers, as 

well as economic barriers. 

 

The high prevalence and burden of disease 

associated with hearing loss means provi-

ding audiology services to such a large 

number of people is a challenge.6 Assess-

ment of hearing and rehabilitation for 

hearing loss are important aspects of any 

audiology or ENT service. However, many 

people have poor access to audiologists 

and ENT specialists, or none at all 7. The 

World Health Organization (WHO) has 

estimated that there may be as few as one 

audiologist per 6.5 million people in deve-

loping countries. 8 In contrast, the number 

of audiologists in developed countries is 

closer to one per 20,000 people (indicating 

a ratio density of audiologists in develop-

ping to developed countries of 300 to 1) 7. 

 

Tele-audiology is a method for improving 

hearing health services for people in under-

served areas who face long distances tra-

velling to regional or city centres, as well 

as disruption to family and work when 

services are not available locally.6 A num-

ber of telehealth applications in audiology 

and mobile health (mHealth) solutions 

have been developed to enable newborn 

hearing screening, screening audiometry 

services for children and adults, diagnostic 

hearing assessments, hearing aid fitting 

and rehabilitation and management for 

patients with hearing loss9.  

 

Audiometry 

 

Audiometry is a key assessment for identi-

fication and management of hearing loss. 

Recent advances in audiometry have meant 

that real-time synchronous tele-audiometry 

is now possible. However, with the advent 

of automated audiometry and smartphone 

audiometry apps, there are now several 

options for asynchronous ‘store-and-

forward’ tele-audiometry testing and op-

portunities for mHealth in addition to the 

traditional “live” remote audiometry. This 

chapter describes some of the options 

available, and the benefits and limitations. 

This is a rapidly expanding field and the 

list of devices here is not exhaustive, nor is 

it a recommendation. Individuals should 

weigh up the options and select the best 

device for their service.  

 

mHealth: Screening audiometry (inclu-

ding mobile devices) 

 

The cost of hearing screening can be pro-

hibitive due to the expense of audiometric 

equipment and the requirement for trained 

personnel to conduct the screening. Whilst 

hearing screening cannot provide detailed 

diagnoses it can be useful to identify chil-
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dren and adults in need of interventions 

(whether medical, surgical or audiological) 

to enable them to participate fully in 

school, work and their community. There 

are numerous smartphone 10 and tablet 11 

audiometry applications available for mo-

bile devices (see Figure 1 and the Mobile 

Phone and Cell Phone Audiometry chap-

ter). 

 

 

Figure 1: Applications such as HearTest 

enable mobile hearing assessments 

 

The sensitivity and specificity of smart-

phone-based audiometry to detect hearing 

loss are comparable to manual screening 

(75% and 98.5%, respectively) 12. The 

average time for smartphone hearing 

screening depends on the device used, but 

has been reported to be completed in less 

than a minute (mean: 54.5 sec ± 28.3 SD), 

comparable to conventional screening 

which takes just over a minute (mean: 62.2 

sec ± 38.1 SD).12 These devices therefore 

represent an accurate, cost-effective tool to 

assess hearing in children that can be 

incorporated into mHealth and telehealth 

programs.  

 

Diagnostic tele-audiometry 

 

Swanepoel and colleagues proved that 

distance was no barrier to audiometry with 

their intercontinental hearing assessment 

performed on 30 participants in Pretoria, 

South Africa by an audiologist located in 

Dallas, Texas.13 PC-based audiometers, 

remote desktop and videoconferencing 

applications enables provision of remote 

tele-audiometry that can be performed with 

a number of different devices with accu-

racy comparable to face-to-face manual 

audiometry.14 These remote audiometry 

assessments are efficient, typically taking 

10 minutes to complete compared to the 8 

minutes required for a comparable face-to-

face assessment.15 The barriers to  imple-

mentation of remote audiometry assess-

ments are a lack of suitable equipment to 

perform the test, a lack of human resource 

capacity to facilitate the test and a lack of 

connectivity to support an internet connec-

tion. However, these assessments are often 

well facilitated as part of an established 

telehealth program which already has 

trained facilitators or can be incorporated 

into well-resourced outreach clinical servi-

ces to rural and remote areas where no 

local audiologist is available. 

 

Test Environment 

 

One of the key considerations for remote 

audiometry is the test environment. Pure-

tone audiometry requires a quiet testing 

environment with low levels of back-
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ground noise. Background noise can cause 

elevated thresholds, especially in the low 

frequencies. In some cases, there may be a 

suitable sound-treated room available to 

perform screening or diagnostic audiome-

try. Recommended ambient noise levels 

are dependent on the type of transducer, 

recommended by American National Stan-

dards Institute (ANSI) ambient noise levels 

and presented in Table 1. However, in 

many cases a sound-treated room is not 

available. In these instances devices such 

as the KUDUwave, that have been 

validated in non-sound-treated environ-

ments are preferred.16 Other devices may 

have continual noise monitoring which 

will alert the tester if noise levels exceed 

the recommended standard.  

 
Octave-
band 
Frequency 
(Hz) 

500 1000 2000 4000 8000 

ANSI S3.1-
1991 

22 30 34 42 45 

Table 1: Recommended Ambient Noise 

Levels for Pure-tone Audiometry based on 

ANSI S3.1-1991 

 

Automated audiometry 

 

Automated audiometry is an attractive op-

tion for diagnostic air and bone conduction 

audiometry in cases where audiology ser-

vices are limited. These incorporate the 

standard Hughson-Westlake threshold 

seeking protocols and capture the thres-

holds. Several automated audiometers have 

been clinically validated, including the 

AMTAS 17,18 and KUDUwave 19 devices 

(Figure 2). Studies have helped determine 

the effects of introducing background noi-

se along with other variables on automated 

audiometry.20 Recently, developments in 

smartphone applications have also enabled 

diagnostic audiometry to be performed as 

an examiner-conducted or a self-test using 

mobile devices as opposed to specialist 

audiometers.21,22 The reduced cost of 

smartphones compared to automated au-

diometers may increase access to services 

for resource limited settings in the future.  

 

 

Figure 2: KUDUwave automated audio-

meter 

 

A meta-analysis of automated audiometry 

conducted by Mohamed et al.23 showed 

comparability of automated audiometry to 

manual audiometry. However, there was a 

lack of studies examining the accuracy of 

bone-conduction audiometry, and studies 

with children. There is no consensus about 

the superior accuracy of one device over 

one another and variation in accuracy is 

largely dependent on the target population, 

the placement of transducers and the test 

environment.16 However, different devices 

may be suitable in different clinical con-

texts. The KUDUwave, for example, uses 

double-attenuation with insert earphones 

and supra-aural ear cups, together with 

continuous noise-monitoring that pauses 

the test if ambient noise levels rise above 

the maximum permissible ambient noise 

levels (MPANLs) while testing. This 

allows testing in environments that are not 

sound-treated. In contrast, the AMTAS uses 

supra-aural headphones only. Whilst this 

device will not be expected to perform as 

accurately outside of a sound-treated 

booth, it may be better tolerated by more 

patients as it is lighter and does not use 

insert earphones.  

 

Automated audiometry can facilitate diag-

nostic hearing assessments in resource-
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limited settings. However, whilst pre-

defined diagnostic criteria can be applied 

to automated testing to provide guidance to 

local health workers 2, it is preferable for 

the results of diagnostic audiometry assess-

ment to be available for interpretation by 

an audiologist or otolaryngologist to deter-

mine the next step in the clinical pathway. 

 

Automation and service delivery 

 

Synchronous or “live” tele-audiology as-

sessment, where the clinician administers 

and interprets the hearing assessment 

simultaneously, may not be possible due to 

connectivity issues in many rural and 

remote areas or due to limited clinician 

time.13 Alternative service delivery meth-

ods include remote diagnosis and inter-

pretation of the results in an asynchronous 

telehealth model (see Figure 3 for example 

of workflow).24 Combining automated test-

ing with the ability to asynchronously 

review results on a cloud-platform provide 

improved efficiency in terms of time and 

personnel resource requirements using 

these technologies. Whilst limited studies 

are available, the remote interpretation of 

automated audiograms appears to be an 

acceptable approach for diagnosing hear-

ing loss and identifying appropriate inter-

ventions.24 An asynchronous tele-audiolo-

gy model where audiograms and other test 

results are forwarded for interpretation by 

audiologists or ENT specialists could faci-

litate much wider coverage of ear and 

hearing services, streamlining both metro-

politan specialist services and reducing the 

need for specialists to travel to rural and 

remote regions to administer services.  

 

Advances in tele-audiology assessment 

and rehabilitation  

 

Remote Auditory Brainstem Response  

 

Telehealth-enabled auditory brainstem re-

sponse (ABR) testing has been possible for  

Figure 3. Flowchart of the potential 

patient journey through a service incur-

porating pre-defined diagnostic criteria 

applied to automated audiometry 2  

 

over a decade, but its implementation is 

still limited.9 This application of tele-medi-

cine in audiology is an important tool for 

assessing children referred through new-

born hearing screening programs, who due 

to their distance from a tertiary audiology 

or ENT department, may be lost to follow-

up. Many children will have failed their 

newborn hearing screening due to a con-

ductive loss caused by a middle ear effu-

sion, rather than a permanent sensorineural 

hearing loss, and a follow-up diagnostic 

ABR assessment with bone-conduction is 

important to establish a correct diagnosis.  

 

In 2005, Towers et al.25 conducted a study 

on fifteen subjects comparing traditional 

face-to-face ABR assessment and remote 

telehealth assessment between two sites in 

the United States without any clinical 

difference between methods. In 2013, 

Ramkumar et al.26 used a satellite link to 

connect with a mobile van containing ABR 

equipment and trained health workers to 

prepare patients and place electrodes. A 

total of 24 newborns aged 8-30 days 

underwent ABR in face-to-face and tele-

health mode. They found ABR recordings 

in newborn babies made by telehealth was 

feasible and there was no significant diffe-
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rence between ABR peak V latency mea-

sured by telehealth compared to face-to-

face assessment.  

 

Whilst there is a growing number of 

studies examining tele-ABR the imple-

mentation of this telehealth application is 

low. There are significant challenges to its 

implementation, namely the additional 

training required for telehealth facilitators 

to be competent and confident to place 

electrodes on newborn babies and the cost 

of ABR equipment required for these 

assessments. However, there is significant 

potential for future research and innovation 

in this field to improve the uptake and 

coverage of tele-ABR services.  

 

Conclusions 

 

Recent advances in telehealth have enabled 

introduction of remote tele-audiometry, 

automated diagnostic audiometry and 

hearing screening using mobile apps. 

These advances have significantly increa-

sed our ability to provide hearing services 

to rural, remote and resource limited 

settings. Audiology telehealth programs 

are being established and expanded widely. 

Whilst all these approaches and the service 

delivery models that support them continue 

to be developed and refined, many of these 

methods could be utilised by clinicians 

today.  

 

A recent international survey of audiolo-

gists showed positive attitudes toward 

telehealth and associated technology.27 

However, less than 25% had used tele-

audiology. This low number of audio-

logists willing to apply these new devices 

and techniques will continue to limit clini-

cal implementation despite the potential 

benefits to patients. Audiologists and oto-

laryngologists are ideally suited to 

implement these technologies. 
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