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Objective: To evaluate a referral-based, tele-otology service in rural and remote areas of the Northern Territory,
Australia.

Methods: A retrospective observational cohort study was performed of a tele-otology service in 93 Aboriginal and Torres
Strait Islander communities (2011 to 2019). Assessments included face-to-face examinations performed by Clinical Nurse Con-
sultants and audiologists, and asynchronous reviews performed by otolaryngologists. Multivariable logistic regression was per-
formed to determine the likelihood of ear disease, adjusted for age and gender. Intra- and inter-rater agreement was assessed
between otolaryngologists.

Results: A total of 3,950 patients were reviewed (6,838 encounters, 13,726 ear assessments). The median age of patients
was 9.8 years (interquartile range: 7.2 years). Overall, 62.2% of patients were identified with ear disease and 62.5% identified
with hearing loss. Substantial intra- and inter-rater agreement in diagnosis was found between otolaryngologists (κ = 0.71 and
κ = 0.78, respectively). The most common ear conditions identified were chronic otitis media (COM, 28.1%) and otitis media
with effusion (OME, 16.5%). Topical or oral antibiotics were initiated in 14.1% of all encounters, most often for acute otitis
media or COM. Surgery was recommended in 27.7% of all encounters, most often myringoplasty, adenoidectomy, and
myringotomy with insertion of tympanostomy tubes.

Conclusion: Tele-otology is a critical component of an integrated approach to evaluating ear disease in Indigenous people
living in rural and remote areas. The high prevalence of OME, COM, and surgical recommendations highlights the need for com-
munity engagement, regular follow-up, and early interventions to prevent long-term hearing loss.
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INTRODUCTION
Aboriginal and Torres Strait Islander people living

in rural and remote areas of Australia experience a high
burden of ear disease.1–3 Recurrent otitis media can be
associated with long-term hearing loss and can contribute
to detrimental lifelong impacts on speech and language
development, academic performance, behavior, social iso-
lation, future employment opportunities, and increased
contact with the criminal justice system.4–7 The preva-
lence of self-reported ear or hearing problems are greatest
in the Northern Territory (NT) where geographical, cul-
tural, and logistical factors can impact the delivery of
hearing health services.8

Telehealth services have been developed to overcome
geographical barriers to specialist access, reduce costs
associated with travel, and partner with community orga-
nizations to establish culturally appropriate and sustain-
able care.9,10 Real-time consultations can be conducted
between the patient, family, regional clinician (referrer),
and offsite otolaryngologists.11 In rural settings, real-time
videoconferencing telehealth assessments demonstrate
high concordance with face-to-face assessments to estab-
lish diagnoses and surgical management decisions.9 How-
ever, the real-time model of care relies on suitable
resources, including videoconferencing equipment and
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facilities on-site, trained personnel on-site, and access to
reliable Internet service with adequate bandwidth for
transmission of live video feeds.12

Alternative strategies such as asynchronous, “store-
and-forward” telehealth approaches have been utilized.13

One approach for community-based mobile screening ser-
vices utilizes a dedicated vehicle equipped with video
otoscopes, audiometric testing equipment, and an Aborig-
inal health worker with advanced hearing-health train-
ing.10 The vehicle includes a wireless broadband
connection for transmission of data but uses asynchro-
nous data transfer rather than live video feeds. This
approach has contributed to an increase in referrals to
otolaryngologists and reduced waiting time for specialist
review.14 Such asynchronous, “store-and-forward”
telehealth strategies, known as “tele-otology” are valu-
able because specialists can review data when convenient,
utilize data managers to organize examination results
into truncated packages for expedited review, and can tai-
lor participation relative to competing clinical commit-
ments. In addition, complex equipment, remote
transmission facilities, and trained personnel can remain
with the dedicated vehicle, rather than requiring duplica-
tion of equipment and staff at multiple remote locations.

A “store and forward” tele-otology model has been
used in rural and remote Indigenous communities in the
NT, following its inception by authors HP and
GC. Patients identified in primary care with persistent
middle ear disease are referred to the NT Ear, Nose and
Throat (ENT) service for tele-otology or specialist out-
reach assessment. The tele-otology service is comprised of
a specialty-trained Clinical Nurse Consultant (CNC) and
an audiologist who can perform detailed face-to-face ear
assessments to all major communities and homelands in
the NT. The tele-otology team are equipped with mobile
computer workstations to perform ear examinations
(i.e., digital video otoscopy, tympanometry, audiometry).
Clinical information is collected during community visits
and subsequently reviewed by metropolitan otolaryngolo-
gists. This model of care provides a broad range of ear
health services to individuals from rural and remote com-
munities, and has established standardized, high-quality
ear examination data for otolaryngologist review.

The aim of this study was to review the referral-
based, tele-otology ear health service in the NT since its
inception in 2011, and to summarize the identified bur-
den of ear disease in Aboriginal and Torres Strait
Islander people from these rural and remote areas.

METHODS
Ethics approval was obtained from the Menzies School of

Health Research, Northern Territory, Australia, (HREC:
2019-3410). This research was conducted in accordance with the
Helsinki Declaration and with the support and approval of
the Aboriginal communities involved.15

The tele-otology ear health program, initiated by the
Department of Otolaryngology at the Royal Darwin Hospital
(Darwin, Northern Territory, Australia), was conducted in collab-
oration with the Northern Territory Outreach Hearing Health
Program. Digital ear exams and specialist assessments were pro-
spectively collected from March 7, 2011 to May 2, 2019, and

retrospectively reviewed. CNCs with otology training and
audiologists performed ear examinations, which included
history-taking, digital video otoscopy, audiometry, and
tympanometry. Examination data were documented on a stan-
dardized proforma (Figure S1) and stored electronically for
review.

Otolaryngologists at the Royal Darwin Hospital reviewed
the examination data (Figure S2), along with previous tele-
otology assessments, audiograms, and operation reports, to
establish diagnoses, management recommendations, and follow-
up plans. Diagnostic categories included: normal (no abnormality
detected), acute otitis media (AOM) with or without perforation,
otitis media with effusion (OME), chronic otitis media with
actively discharging perforation (COMwAP), chronic otitis media
with inactive dry perforation (COMwDP), healed perforation,
cholesteatoma, Eustachian Tube Dysfunction (ETD), otitis
externa (OE), foreign body or wax obstruction, presence of
tympanostomy tube (in situ, blocked, discharging, extruded), and
postoperative evaluations.

Management recommendations included: medical treat-
ments (topical or oral antibiotics), aural toilet, foreign body
removal, and surgical recommendations (examination under
anesthesia, myringotomy with insertion of tympanostomy tubes,
myringotomy with insertion of tympanostomy tubes and
adenoidectomy, exploration of middle ear or mastoid,
myringoplasty).

Patients were screened by local primary health care service
practitioners and referred to the mobile tele-otology service for
further assessment. Patients subsequently requiring face-to-face
otolaryngologist review or surgical intervention were evaluated
at the Royal Darwin Hospital, NT, Australia.

Statistical Analysis
Demographic characteristics (age, gender) were summa-

rized using descriptive statistics including mean, interquartile
range, absolute frequency, or relative proportions. Hearing loss
(HL) was classified by type (conductive, sensorineural, mixed,
none, incomplete assessment) and degree (mild [16–30 dB HL in
soundproof conditions; 26–35 dB HL in non-soundproof condi-
tions], moderate [31–60 dB HL in soundproof conditions; 36–
60 dB HL in non-soundproof conditions], severe [61–90 dB HL in
soundproof conditions or non-soundproof conditions], profound
[91+ dB HL either in soundproof conditions or non-soundproof
conditions], indeterminate).16

Associations between variables were assessed using odds
ratios (OR) with 95% confidence intervals (95% CI) and the chi-
squared test. Logistic regression determined the association
between ear disease and age, gender, and assessment year. A
secondary analysis included participants with two tele-otology
reviews, comparing ear disease and hearing loss prevalence
between the first and second assessments.

Fifty randomly selected patients with prior tele-otology
assessments were included for intra- and inter-rater agreement
evaluation. Fellowship-trained otolaryngologists (HP and GC)
with extensive Indigenous outreach experience in NT, Australia,
evaluated de-identified, coded, and randomized assessments.
Two sessions (Attempt 1 and Attempt 2) with an interval of at
least 1 week were conducted. Raters were presented with eight
diagnostic options (e.g., no middle ear disease, AOM without per-
foration, etc.). Inter-rater agreement was assessed using Cohen
kappa statistics (κ) with standard interpretations (<0.21 slight
agreement, 0.21–0.40 fair agreement, 0.41–0.60 moderate agree-
ment, 0.61–0.80 substantial agreement, >0.80 near complete
agreement).17
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RESULTS

Demographics
A total of 3950 individuals were reviewed from

93 communities within the observation period, consisting
of 13726 tele-otology ear assessments. Of all the assess-
ments, 12385 (89.8%) included sufficient clinical informa-
tion, image quality, and patency of the external acoustic
canal for the otolaryngologist to establish a diagnosis and
management plan. Assessments were excluded due to
obstruction of the external acoustic canal from wax or for-
eign bodies (n = 186, 1.4%) and incomplete assessments
without corresponding otoscopic images, audiometry, or
clinical history (n = 1155, 8.4%). Throughout the observa-
tion period, 2354 (59.6%) individuals received one assess-
ment, 854 (21.6%) individuals received two assessments,
and 742 (18.8%) individuals received three or more
assessments.

Table I provides the age distribution of the patients
reviewed by the tele-otology service. Most individuals
were between 7 to 16 years of age (56%) with a similar
distribution of females and males. On average, 759 indi-
viduals (interquartile range: 402 individuals) were evalu-
ated each year in the tele-otology service.

Rater Agreement
Substantial intra- and inter-rater agreement for ear

disease diagnoses was found (overall intra-rater agree-
ment κ = 0.71; inter-rater agreement κ = 0.78, Table II).
Raters achieved complete agreement to classify AOM
with perforation, COMwAP, and COMwDP (κ = 1.00).
Raters achieved near complete agreement to classify nor-
mal aerated ears (κ = 0.88), substantial agreement to
classify OME (κ = 0.82), and moderate agreement to clas-
sify ETD (κ = 0.64) and AOM (κ = 0.56).

Prevalence of Ear Disease and Hearing Loss
During the observation period in the tele-otology pro-

gram, the proportion of individuals with ear disease was
62.2%, consisting of 34.1% with bilateral ear disease and
28.1% with unilateral ear disease. The proportion of

individuals with hearing loss was 62.5%, consisting of
37.3% with bilateral hearing loss and 25.2% with unilat-
eral hearing loss. Since inception of the tele-otology pro-
gram, assessments related to postoperative reviews,
ETD, AOM with perforation, and COMwDP increased
with each year of the service (Fig. 1).

Ear assessments were comprised of 4442 (35.9%)
normal aerated ears, 7542 (60.9%) with ear disease,
300 (2.4%) postoperative reviews, and 101 (0.8%)
tympanostomy tube reviews. Of cases with ear disease,
the most common middle ear conditions identified were
OME (16.5%), COMwAP (14.1%), and COMwDP (14.0%)
(Table III).

Hearing loss was comprised of conductive (59.8%),
indeterminate (34.7%), sensorineural (2.8%), and mixed
(2.7%) hearing loss.

TABLE I.
Summary of Demographic Characteristics for Tele-otology

Assessments Completed at the Royal Darwin Hospital, Northern
Territory, Australia From 2011 to 2019.

Total Cohort (n = 3950)

n %

Age

≤3 years 419 10.6

4 to 6 years 564 14.3

7 to 16 years 2227 56.4

≥17 years 740 18.7

Gender

Female 2016 51.0

Male 1934 49.0

TABLE II.
Comparing Intra- and Inter-rater Agreement Between Reviewers for
Tele-otology Diagnoses From the Royal Darwin Hospital, Northern

Territory, Australia Between 2010 to 2019.

Overall Standard Error

Average intra-rater agreement

Attempts 1 and 2

Percent agreement 83% (95%CI: 70–95%) 0.06

Cohen κ 0.71 (95%: 0.50–0.91) 0.10

Average inter-rater agreement by ground truth classification (Rater 1 vs. Rater
2)

Overall

Percent agreement 81% (95%CI: 73–89%) 0.04

Cohen κ 0.78 (95%CI: 0.69–0.87) 0.05

Normal aerated ear/no middle ear disease

Percent agreement 88% (95%CI: 75–100%) 0.06

Cohen κ 0.83 (95%CI: 0.63–1.00) 0.09

AOM without perforation

Percent agreement 56% (95%CI: 29–84%) 0.13

Cohen κ 0.41 (95%CI: 0.05–0.78) 0.17

AOM with perforation

Percent agreement 100% -

Cohen κ 1.00 -

OME

Percent agreement 82% (95%CI: 69–95%) 0.06

Cohen κ 0.73 (95%CI: 0.54–0.92) 0.09

ETD

Percent agreement 82% (95%CI: 55–100%) 0.12

Cohen κ 0.64 (95%CI: 0.09–1.00) 0.24

COMwAP

Percent agreement 100% -

Cohen κ 1.00 -

COMwDP

Percent agreement 100% -

Cohen κ 1.00 -

Agreement—proportion of agreement within and between raters,
κ—Cohen kappa (proportion of agreement beyond chance), otitis media with
effusion (OME), chronic suppurative otitis media with active perforation
(COMwAP), chronic otitis media with dry perforation (COMwDP), Eustachian
Tube Dysfunction (ETD).
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Children ≤3 years of ageweremore likely to presentwith
AOM with or without perforation (OR: 28.5, 95%CI: 13.1–
62.1, p < 0.001), OME (OR 10.7, 95%CI: 7.6–14.8, p < 0.001),
or ETD (OR 2.9, 95%CI: 1.8–4.5, p < 0.001) than individuals

≥17 years of age. The likelihood of COMwith active or dry per-
foration was greater among individuals ≥17 years (OR 2.1,
95%CI: 1.6–2.6, p < 0.001) and 7 to 16 years (OR 1.3, 95%CI:
1.1–1.6,p = 0.006) than children ≤3 years of age.

Fig. 1. Acute otitis media without perforation (AOMwoP), acute otitis media with perforation (AOMwiP), otitis media with effusion (OME),
chronic suppurative otitis media with active perforation (COMwAP), chronic otitis media with dry perforation (CSOMwDP), Eustachian Tube
Dysfunction (ETD), otitis externa (OE), external acoustic canal (EAC) obstruction. [Color figure can be viewed in the online issue, which is avail-
able at www.laryngoscope.com.]

TABLE III.
Distribution of Ear Disease by Age Group.

Total Age ≤3 Years Age 4 to 6 Years Age 7 to 16 Years Age ≥ 17 Years

n % n % n % n % n %

No ear disease 4442 35.9% 233 23.9% 480 30.2% 2971 37.9% 758 38.2%

Healed perforation 952 7.7% 12 1.2% 55 3.5% 650 8.3% 235 11.8%

Postoperative review 300 2.4% 2 0.2% 9 0.6% 182 2.3% 107 5.4%

AOMwoP 241 1.9% 98 10.1% 48 3.0% 93 1.2% 2 0.1%

AOMwiP 82 0.7% 23 2.4% 18 1.1% 34 0.4% 7 0.4%

ETD 681 5.5% 58 6.0% 121 7.6% 447 5.7% 55 2.8%

OME 2047 16.5% 302 31.0% 462 29.1% 1209 15.4% 74 3.7%

COMwAP 1746 14.1% 144 14.8% 214 13.5% 1058 13.5% 330 16.6%

COMwDP 1737 14.0% 90 9.2% 164 10.3% 1091 13.9% 392 19.8%

Cholesteatoma 24 0.2% 1 0.1% 1 0.1% 11 0.1% 11 0.6%

Tympanostomy tube in situ 94 0.8% 9 0.9% 11 0.7% 69 0.9% 5 0.3%

Tympanostomy tube extruded 7 0.1% 0 0.0% 1 0.1% 6 0.1% 0 0.0%

Otitis externa 32 0.3% 1 0.1% 3 0.2% 20 0.3% 8 0.4%

Acute otitis media without perforation (AOMwoP), acute otitis media with perforation (AOMwiP), otitis media with effusion (OME), chronic suppurative otitis
media with active perforation (COMwAP), chronic otitis media with dry perforation (COMwDP), Eustachian Tube Dysfunction (ETD), otitis externa (OE).
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Management
CNCs initiated oral or topical antibiotics in 53.7% of

individuals with COMwAP and AOM with perforation.
Otolaryngologists recommended surgical intervention in
27.7% of all cases, consisting of myringoplasty (78.8%),
adenoidectomy and myringotomy � insertion of
tympanostomy tubes (12.4%), myringotomy with insertion
of tympanostomy tubes (7.9%), examination under anes-
thesia (0.6%), and middle ear exploration/mastoidectomy
(0.3%).

Frequency of Ear Disease Between First and
Second Assessments

Among the 1596 individuals who received two tele-
otology assessments, 14.9% were ≤3 years old, 27.2% were
4–6 years old, 52.0% were 7–16 years old, and 5.9%
were ≥ 17 years old at their first assessment. The mean
time between the two assessments was 634 days (inter-
quartile range: 659 days). Table S1 summarizes the dis-
tribution of ear disease across the two assessments.

At the second assessment, 39.1% had new onset mid-
dle ear disease, and among those, 41.9% had worse hear-
ing than at their first assessment. Of those with a normal
first assessment, 16.9% had OME and 8.4% had ETD at
the second assessment, with 7.8% experiencing worse
hearing.

Among individuals with AOM at the first assess-
ment, 39.6% were prescribed oral antibiotics and 13.2%
received topical antibiotics. At the second assessment,
50.9% had OME, 37.7% had no middle ear disease, 5.7%
had ETD, and 3.8% had recurrent AOM.

For those with OME at the first assessment, 46.6%
presented with OME at the second assessment, and
17.6% presented with worse hearing. Among those with
recurrent OME, 36.0% received a surgical recommenda-
tion at the second assessment.

For individuals with ETD at the first assessment,
34.2% had OME at the second assessment, with 22.7%
experiencing worse hearing. Among those with recurrent
ETD, 16.7% had worse hearing at the second assessment.

Most individuals (87.6%) with a TM perforation iden-
tified at the first assessment had a recurrent/persistent
TM perforation at the second assessment. Cases with
COMwAP at the first assessment showed 51.8%
with recurrent/persistent actively discharging perforation
and 30.8% with a dry perforation at the second assess-
ment. Cases with COMwDP at first assessment had
46.3% dry perforations and 35.5% progressed to COM-
wAP at the second assessment.

For suppurative OM treatment at the first assess-
ment, 5.7% received oral antibiotics and 59.9% had topical
antibiotic ear drops. At the second assessment, 55.2% expe-
rienced no change in hearing, 20.6% experienced worse
hearing, and 24.1% experienced hearing improvement.

DISCUSSION
The effectiveness of telehealth has been demon-

strated across various health care disciplines, showing

that telehealth approaches can deliver clinical outcomes
comparable to those of traditional face-to-face care.18

Telehealth programs can improve access to tertiary ser-
vices for patients in rural and remote areas, provide
services for pre- and postoperative reviews, reduce travel
time and associated costs, and integrate with existing pri-
mary care services.19 This is evident in emergency
telehealth services in rural and remote settings, which
have proven to be cost-effective and efficient.20 The
COVID-19 pandemic significantly accelerated the adop-
tion of telehealth, especially for delivering rehabilitation
and mental health services, as it became crucial to miti-
gate virus transmission and ensure uninterrupted care.21

However, the rapid integration of telehealth has not been
without challenges, such as barriers to physical examina-
tions, privacy concerns, and the need for more robust
health care provider training.22,23 These challenges are
exacerbated by technical difficulties and the complexities
of maintaining effective patient–clinician relationships
through digital platforms, while acknowledging and
maintaining cultural sensitivity.23–25

However, there is a paucity of information related to
the prevalence of ear disease and caseload distribution
associated with outreach services.26,27 In Australia, previ-
ous studies have reported the prevalence of ear disease to
range from 15 to 91% in Aboriginal and Torres Strait
Islander people, depending on sampling locations, partici-
pant age, and subtype of otitis media.28

In the NT, previously published studies have
reported the prevalence of ear disease from longitudinal
reviews of neonates, vaccination programs, community
and school-based screening programs, and emergency
response services.2,29–31 From these studies, the preva-
lence of AOM was reported as 7% to 26%, OME was
reported as 26% to 31%, and COM was reported as 15%
to 36%. In comparison, the referral-based NT tele-otology
service reported AOM (2.6%), OME (16.5%), and
COM (28.1%).

Since its inception, the tele-otology service has
refined its referral process, evidenced by a decrease in the
initially high number of individuals referred each year
with a normal aerated middle ear, alongside an observed
increase in referrals for middle ear pathology. This shift
reflects both the maturation of the service and its adop-
tion of a preventative, opportunistic assessment strategy,
designed to serve a diverse Aboriginal and Torres Strait
Islander population in rural and remote communities
where health care resources are scarce. Some referrals
that are ultimately found to have no ear disease, there-
fore, may represent a deliberately low threshold precau-
tionary approach aimed at ensuring comprehensive care
for a group with a known high pre-test probability of dis-
ease, preventing the escalation of potential ear conditions
into more serious problems. Among those diagnosed with
an ear condition, nearly one in three suffered from hear-
ing loss, commonly for cases of chronic otitis media
(COM) with or without discharge, and otitis media with
effusion (OME). Over half of the individuals with suppu-
rative otitis media received oral or topical antibiotics, and
otolaryngologists recommended surgical intervention for
one in every three individuals reviewed. Among those
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diagnosed with an ear condition, nearly one in three suf-
fered from hearing loss, commonly for cases of chronic oti-
tis media (COM) with or without discharge, and otitis
media with effusion (OME). Over half of the individuals
with suppurative otitis media received oral or topical
antibiotics, and otolaryngologists recommended surgical
intervention for one in every three individuals reviewed.

The comparison in the distribution of ear disease
between first and second assessments provides valuable
insight into the progression and persistence of middle ear
disease in Aboriginal and Torres Strait Islander people.
Over one-third of individuals with ETD at the first
assessment presented with OME at the second assess-
ment. Recurrent OME at the second assessment was
identified in nearly half of individuals who were found to
have OME at the first assessment. These findings demon-
strate that between assessments, it is common for ear dis-
ease to progress or persist, rather than to resolve. This
emphasizes the importance of rigorous follow-up, surveil-
lance, and the potential role for early surgical interven-
tion in children with ETD and OME. For example, having
a lower threshold for inserting tympanostomy tubes could
be an early treatment consideration for individuals with
ETD or for individuals with OME, as most will have mid-
dle ear disease at subsequent reviews. However, this
needs to be balanced against the risk of introducing tube-
related complications and the need for greater postopera-
tive care in patients with tympanostomy tubes present.
Organizing surgical procedures such as myringotomy and
insertion of tympanostomy tubes poses significant logisti-
cal challenges for individuals living in rural and remote
communities. Many patients and their families would
need to travel long distances to larger urban centers for
surgery, which may not always be feasible. Adherence to
postoperative instructions, especially water precautions,
is crucial to mitigating the risk of postoperative infec-
tions. This is particularly challenging in rural and remote
areas where children may be exposed to open water and
where following such precautions can vary based on
values and preferences, cultural practices, and health lit-
eracy. This explains the lower-than-expected rate of
tympanostomy tube insertion in this cohort, compared
with an urban population.

Most children identified with tympanic membrane
perforations presented with persistent perforations at
subsequent reviews. One in two children with COMwAP
re-presented with no improvement in ear disease status
at the second assessment. For children with COMwDP,
one in three developed active discharging perforations at
the second review. In these cases, myringoplasty could
offer a beneficial intervention by addressing the likeli-
hood of persistent tympanic membrane perforation,
improving auditory function, and reducing the risk of new
or recurrent infections. However, it is important to note
that myringoplasty carries risks, such as potential graft
failure, postoperative infection, and the possibility of tem-
porary or permanent hearing loss.

The strengths of this study are demonstrated by the
volume of assessments collected over nearly a decade,
expansive catchment of Indigenous communities from
rural and remote areas, and substantial intra- and inter-

rater agreement for diagnoses. In remote settings where
loss to follow-up is common, efforts to establish culturally
appropriate services are important to engage patients
and parents/guardians, develop rapport, foster familiar-
ity, and confidence. Providing primary care practitioners
an avenue to refer patients for tertiary otolaryngology
review is a priority to identify and manage ear disease to
prevent long-term hearing loss and adverse
complications.

This study has limitations. The scope of this study
was to evaluate the initial triage and prevalence esti-
mates ascertained from the tele-otology service in the NT,
Australia. This study did not track outcomes of patients
referred for face-to-face specialist reviews. The geographi-
cal remoteness of many of the communities limits the fea-
sibility and timeliness of such face-to-face consultations,
making it challenging to confirm diagnoses through direct
evaluations. Future endeavors will be focused on linking
tele-otology assessments to hospital admissions and sur-
gical outcomes. Data linkage may be valuable to delineate
the downstream challenges in providing specialist ser-
vices requiring face-to-face interactions and the impact of
tele-otology on surgical wait-lists. Although tele-otology
may improve access to specialists via asynchronous
assessments for diagnosis, the influx of patients requiring
subsequent surgical treatment may face additional limi-
tations in accessing these services.

Asynchronous store-and-forward telehealth
approaches such as these are limited by the delays
between data capture, specialist interpretation, and sub-
sequent intervention, representing a potential missed
opportunity to initiate early treatment at the point of
data capture. Artificial intelligence (AI) has the potential
to be integrated into existing telehealth programs.32–34

AI-based image classification algorithms could be devel-
oped to support rural and remote health care workers
classify ear disease from digital video otoscopy and triage
the appropriate clinical pathway.35 For example, health
care workers could be trained to perform otoscopy and
upload images into an AI-based tool either directly linked
with the otoscope, accessed via smartphone or desktop
applications, or cloud-based models where Internet access
is available.36,37 These advancements would support
improved triage in frontline settings where immediate
access to tertiary services is limited. AI tools could sup-
port surveillance to improve allocation of resources in
high-demand areas. Otolaryngologists could review the
AI-generated reports to establish prediction models that
anticipate care needs and receive red flag notifications to
initiate alerts for children who warrant urgent review.

CONCLUSION
Since 2011, a tele-otology service in NT, Australia

has conducted 13,726 ear exams on 3,950 Aboriginal and
Torres Strait Islander individuals from 93 communities,
averaging 759 reviews per year. This service more com-
monly reviews individuals with CSOM than community
screening programs and audiology services. Substantial
intra- and inter-rater agreement was found for ear dis-
ease diagnoses by metropolitan otolaryngologists using
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an asynchronous, “store-and-forward” data collection
workflow. The results of this review confirm that the ser-
vice has made substantial progress in addressing ear dis-
ease in this critically underserved population, but key
areas requiring further attention have been identified.
This tele-otology service may serve as a reference for
future telehealth services in rural and remote settings to
optimize service delivery for ear health and hearing
assessments for Aboriginal and Torres Strait Islander
people.
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