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Abstract

Key Points: 1. Efforts to combat the large global burden of ear and hearing disorders are hampered by poor availability of

expert diagnosis 2. We report the first study to directly compare prediction model, non-expert and tele-diagnosis of middle

and external ear disorders. 3. A prediction model based upon a novel automated otological symptom questionnaire performed

poorly, but absence of otorrhoea was found to reliably exclude a diagnosis of chronic suppurative otitis media. 4. Both on-site

non-expert and expert tele-diagnosis had high diagnostic specificity, but low sensitivity. 5. Future work could explore how the

validity of these diagnostic methods may be improved.

Key Points:

1. Efforts to combat the large global burden of ear and hearing disorders are hampered by poor availability
of expert diagnosis

2. We report the first study to directly compare prediction model, non-expert and tele-diagnosis of middle
and external ear disorders.

3. A prediction model based upon a novel automated otological symptom questionnaire performed poorly,
but absence of otorrhoea was found to reliably exclude a diagnosis of chronic suppurative otitis media.

4. Both on-site non-expert and expert tele-diagnosis had high diagnostic specificity, but low sensitivity.
5. Future work could explore how the validity of these diagnostic methods may be improved.

Introduction

Globally 6% of the population, or around 466 million people, suffer from disabling hearing loss
(www.who.int/pbd/deafness/estimates/en/), and the majority reside in low- and middle-income countries.
One barrier to tackling this large burden is the lack of specialist health workers to recognise and manage ear
and hearing disorders.1

Fuelled by technological advances, there is growing interest in remote or non-expert diagnosis in ear and
hearing care. However, studies to date have been limited, mostly focused on screening for hearing loss,
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without exploring additional symptoms or signs which may signify middle or external ear disorders. This
is important: of those suffering disabling hearing loss, around half (200 million) are thought to be due to
chronic suppurative otitis media (CSOM),2 where surgical intervention may be indicated.

Diagnosis of external and middle ear disorders is based on clinical history, including symptoms of otalgia,
otorrhoea, and hearing loss, supplemented by otoscopy to visualise the ear canal and tympanic membrane.
Diagnostic accuracy relates to expertise and experience of the assessor. Specialist assessment with appro-
priate tools (including a good quality otoscope) is the gold standard, but due to resource gaps in equipment
and specialist health personnel, is not universally available.

We recognise three alternative strategies (Figure 1):

• Telediagnosis,3 where relevant diagnostic information is captured (usually by a non-specialist) and sent
to a specialist

• Non-expert diagnosis, where a non-specialist (defined as someone with less training or experience than
a specialist) makes a diagnosis.

• Prediction model diagnosis,4 where data from a diagnostic tool is fed into an algorithm, with no or
minimal human interpretation

Figure 1: Diagram showing gold standard assessment and three further strategies for diagnosis: tele-diagnosis,
non-specialist diagnosis and prediction model diagnosis.

To date few studies have explored the validity or feasibility of such approaches for diagnosis of external and
middle ear disease.

Tele-diagnosis using otoscopic images captured with an endoscope or smartphone has been shown to be
successful if users are trained in image capture,5 but appears unsuccessful if users are given only instructions
on use.6,7 The requirement for training may therefore limit the scalability of this approach.

Studies of non-expert diagnosis of outer and middle ear disorders are sparse, but results to date are not
encouraging. In high income settings, medical students, audiology students and general practitioners report
low self-confidence in diagnostic otoscopy.8 A recent study found poor reliability of nurse otoscopic diagnosis
in Malawi.9 Validity of non-expert diagnosis therefore remains uncertain.

Prediction model diagnosis is largely unexplored in this field. For example (and to our knowledge) no study
has explored if an algorithm using patient history is valid to diagnose or differentiate external or middle ear
disorders.

Here we devised a novel study to directly compare the utility of tele-diagnosis, non-expert diagnosis, and
prediction model diagnosis as a screening tool for common external and middle ear disorders. Our test bed
was a cohort of patients presenting to an Ear, Nose and Throat (ENT) clinic in [removed for blind peer
review] hospital in Cambodia (www.csc.org), a setting with high prevalence of otological disease.

Methods

Ethics

The ethics board of [removed for blind peer review] granted approval.

Participants

We invited participation from consenting consecutive adult and paediatric patients presenting with self-
declared ear or hearing symptoms to ENT outpatients at [removed for blind peer review] hospital between
21st – 30th May 2018.

Data capture

Each participant underwent sequential assessment using platforms to capture data on symptoms and oto-
scopic appearance (figure 2).
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Figure 2: Diagrammatic representation of study design.

First, symptom history was captured using an automated questionnaire (devised by author [removed for blind
peer review] in English, piloted in ENT clinics in Tanzania and England, and then translated into Khmer).
An initial question asked participants to report ear discharge (otorrhoea), ear pain (otalgia) and/or hearing
loss (we also captured symptoms of dizziness and tinnitus, but did not use these in subsequent analysis).
Forced responses and skip logic (figure 3) were used to further define each symptom, including laterality,
chronology, and (for otorrhoea) consistency. The algorithm also collected date on demographical information,
past medical and surgical history and drug and allergy history. For this study the questionnaire was hosted
on the Cupris platform (Cupris Ltd, London), and data were captured by one of three ENT specialist nurses
who were native Khmer language speakers and had worked at CSC hospital for 1-6 years.

Figure 3: Diagrams displaying symptom-specific algorithms for (left to right) ear pain, runny ear and hearing
loss. Demographic data, as well as past medical history, drug history and allergies were also collected by the
questionnaire.

Next, the same nurse administering the questionnaire captured brief otoscopic videos of each ear using the
Cupris TYM device (a platform we have previously shown to be valid for expert tele-diagnosis5) attached
to an Apple iPhone 5S mobile phone (Apple Inc., Cupertino). Videos were encrypted and stored. Because
nurses were näıve to the device, they were given a short tutorial (author [removed for blind peer review])
before the study commenced, and trialled the device on ten consenting individuals.

Finally, each participant underwent assessment by one of two resident ENT specialists. They took a targeted
clinical history (with open responses) in the Khmer language, performed oto-endoscopy, and recorded their
diagnosis. In cases where wax precluded a full oto-endoscopic view, data were removed from final analyses.
Specialist assessment was blind to previous assessment, and conducted in a separate area.

Outputs

Captured data were used to ascertain three outputs for non-expert diagnosis (figure 2).

The first output was data captured by the questionnaire, which was used for prediction model diagnosis. We
also recorded time taken to administer the questionnaire.

The second output was diagnosis reached by the non-expert (nurse), using data they captured with the
questionnaire and video otoscopy on the Cupris device. They were asked to select a diagnosis from a list:
normal / acute otitis media (AOM) / CSOM / inactive tympanic membrane perforation / otitis externa /
otitis media with effusion / cholesteatoma / other.

The third output was tele-diagnosis by an expert, using data captured by the non-expert (nurse). Ques-
tionnaire results were translated back into English, and these and the otoscopic videos were anonymised and
sent to specialist otologists in the UK (authors [removed for blind peer review] and [removed for blind peer
review]). Owing to logistical constraints, data were reviewed 9-11 months after capture. Experts were asked
to select a diagnosis from the same list as the nurse.

All assessments were blind to diagnosis by other methods.

Comparison to gold standard

Performance of each diagnostic method was compared to the gold standard, which here was diagnosis by
the resident ENT specialist. For each method we calculated sensitivity, specificity, positive and negative pre-
dictive value, and likelihood ratio. For the questionnaire we evaluated performance of: each major symptom
in isolation; sub-characteristics of each symptom; and combinations of major symptoms. For analysis we
classified each ear as independent.

Results

3
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We recruited 85 participants (15 children and 70 adults), giving a total of 170 ears. One case was lost-to-follow
up.

Completion of the questionnaire took an average of 6 minutes (range 1-14 minutes). In 23 ears wax precluded
a diagnosis, and in a further 9, technical faults interrupted data capture. Therefore, we analysed questionnaire
data for 138 ears.

For otoscopy, we obtained video data for 138 ears. However, experts considered three videos inadequate for
tele-diagnosis (poor view of ear canal and/or tympanic membrane), leaving 135 cases for this method.

Gold standard diagnosis was achieved in all remaining cases, with 56 classified as normal external and middle
ear, 22 CSOM, 21 otitis externa, 9 inactive tympanic membrane perforation, and 4 AOM. Performance of
each diagnostic method compared to the gold standard is summarised in Table 1.

For prediction model diagnosis using the questionnaire, no particular symptom or combination of symptoms
reliably differentiated diagnostic categories. For a symptom in isolation, sensitivity for a named diagnosis
varied from 33-76%, except for presence of otorrhoea, which had 95% sensitivity for CSOM. Specificity varied
between 67-80%.

Non-expert (nurse) diagnosis performed well for specificity (90-99% for all diagnoses) but poorly for sensiti-
vity (<43% for all diagnoses).

Remote expert diagnosis also performed well for specificity (86-99%), but again less well for sensitivity
(32-100%).

Discussion

This is the first study to directly compare performance of different methods for diagnosis of external and
middle ear disorders. We report variable results. Prediction model diagnosis using automated history per-
formed poorly, but an absence of otorrhoea (perhaps unsurprisingly) was found to reliably exclude CSOM.
This implies that individuals who deny a history of ear discharge could confidently be excluded in programs
screening for CSOM.

Whereas both nurse-led and remote expert diagnosis showed high specificity, they had low sensitivity. The
reasons for poor sensitivity can only be surmised, but could include poor performance of the questionnaire,
poor quality video capture on otoscopy, insufficient video resolution, low experience or confidence of the
assessor, or diagnostic uncertainty or disagreement. Poor image capture and diagnostic incongruity has been
reported in other studies.7

We recognise our study as a preliminary exploration of methods for screening or diagnosis of middle or
external ear disease (where on-site specialist assessment is unavailable). Future work could look to evaluate
if and how validity of these approaches may be improved, including through improving the quality or platform
for image capture to assist remote diagnosis; targeted training of non-experts to develop diagnostic skills;
or providing additional or enhanced information to facilitate prediction model diagnosis (in particular the
addition of automated interpretation of otoscopic images).10

Conclusions

We report the first study to directly compare three approaches for non-specialist diagnosis of disorders of the
middle or external ear. Our results show suboptimal but comparable performance using an automated ques-
tionnaire, on site non-expert diagnosis, or remote expert diagnosis. Future work should look to enhance the
performance of these approaches, including through training of non-experts, or through enhanced algorithms
for diagnosis including incorporation of automated otoscopy.
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(n=22)

CSOM
(n=22)

CSOM
(n=22)

CSOM
(n=22)

CSOM
(n=22)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

OE
(n=21)

OE
(n=21)

OE
(n=21)

OE
(n=21)

OE
(n=21)

OE
(n=21)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

+
active

21 14 0.64 0.94 0.67 0.33 0.68 0 0 0.84 0 0.92 0 5 0.24 0.86 0.24 0.86 0.28 1 0.25 0.85 0.05 0.97 0.29 0 0 0.74 0 0.52 0

+
acute

7 0 0 0.94 0 0.83 0 0 0 0.95 0 0.93 0 5 0.24 0.98 0.71 0.88 0.24 2 0.5 0.96 0.29 0.98 0.52 0 0 0.91 0 0.99 0

+
chronic

35 21 0.95 0.88 0.6 0.99 1.08 5 0.56 0.77 0.14 0.96 0.72 5 0.24 0.74 0.14 0.84 0.32 1 0.25 0.75 0.03 0.97 0.34 1 0.02 0.59 0.03 0.99 0.03

OtalgiaOtalgia46 9 0.41 0.69 0.2 0.86 0.59 3 0.33 0.67 0.07 0.94 0.49 16 0.76 0.75 0.36 0.95 1.01 2 0.5 0.68 0.04 0.98 0.74 4 0.07 0.5 0.09 0.99 0.14
+
acute

29 3 0.14 0.78 0.2 0.83 0.18 3 0.33 0.80 0.1 0.94 0.42 11 0.53 0.85 0.38 0.91 0.62 1 0.25 0.79 0.03 0.97 0.32 2 0.04 0.67 0.07 0.99 0.05

+
chronic

16 6 0.27 0.91 0.39 0.87 0.30 0 0 0.87 0 0.93 0 5 0.24 0.91 0.31 0.87 0.26 1 0.25 0.88 0.06 0.98 0.28 2 0.04 0.55 0.13 0.99 0.04

Hearing
loss

Hearing
loss

39 6 0.68 0.79 0.38 0.87 0.86 4 0.44 0.73 0.1 0.95 0.61 8 0.38 0.74 0.21 0.87 0.52 3 0.75 0.73 0.08 0.99 1.03 2 0.03 0.55 0.05 0.99 0.07

+
acute

9 0 0 0.92 0 0.83 0 1 0.11 0.94 0.11 0.94 0.12 4 0.19 0.96 0.44 0.87 0.20 1 0.25 0.94 0.11 0.98 0.27 0 0 0.89 0 0.99 0

+
chronic

30 15 0.68 0.87 0.5 0.83 0.78 3 0.33 0.79 0.1 0.94 0.42 4 0.19 0.78 0.13 0.84 0.24 2 0.5 0.79 0.07 0.98 0.63 2 0.04 0.66 0.07 0.99 0.05

Otorrhoea
OR
otalgia

Otorrhoea
OR
otalgia

22 1 0.83 0.5 1 1.25 8 0.89 0.72 0.18 0.99 1.23 18 0.85 0.78 0.41 0.97 1.10 3 0.75 0.69 0.07 0.99 1.08 5 0.09 0.52 0.11 0.46 0.17

Otorrhoea
OR
hear-
ing
loss

Otorrhoea
OR
hear-
ing
loss

21 0.95 0.80 0.48 0.99 1.19 7 0.78 0.71 0.16 0.98 1.09 15 0.71 0.75 0.34 0.94 0.95 4 1 0.70 0.09 1 1.43 3 0.05 0.5 0.07 0.44 0.11

Otalgia
OR
hear-
ing
loss

Otalgia
OR
hear-
ing
loss

19 0.86 0.78 0.43 0.97 1.11 5 0.56 0.70 0.11 0.96 0.80 17 0.81 0.77 0.39 0.96 1.05 4 1 0.70 0.09 1 1.43 6 0.11 0.54 0.14 0.47 0.20
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All
CSOM
(n=22)

CSOM
(n=22)

CSOM
(n=22)

CSOM
(n=22)

CSOM
(n=22)

CSOM
(n=22)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

OE
(n=21)

OE
(n=21)

OE
(n=21)

OE
(n=21)

OE
(n=21)

OE
(n=21)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

Non-
expert
on-
site
di-
ag-
no-
sis
us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

Non-
expert
on-
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ag-
no-
sis
us-
ing
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expert
on-
site
di-
ag-
no-
sis
us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

Non-
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expert
on-
site
di-
ag-
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i-
tal
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his-
tory
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age
(n=138)

Non-
expert
on-
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ag-
no-
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us-
ing
his-
tory
and
dig-
i-
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oto-
scopic
im-
age
(n=138)

Non-
expert
on-
site
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ag-
no-
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us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

Non-
expert
on-
site
di-
ag-
no-
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us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

Non-
expert
on-
site
di-
ag-
no-
sis
us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

Non-
expert
on-
site
di-
ag-
no-
sis
us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

Non-
expert
on-
site
di-
ag-
no-
sis
us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

Non-
expert
on-
site
di-
ag-
no-
sis
us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

Non-
expert
on-
site
di-
ag-
no-
sis
us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

Non-
expert
on-
site
di-
ag-
no-
sis
us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

Non-
expert
on-
site
di-
ag-
no-
sis
us-
ing
his-
tory
and
dig-
i-
tal
oto-
scopic
im-
age
(n=138)

13 0.32 0.95 0.54 0.88 0.34 15 0.43 0.95 0.6 0.9 0.45 15 0.43 0.95 0.6 0.9 0.45 1 0 0.99 0 0.97 0 52 0.79 0.90 0.85 0.86 0.87
Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
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im-
age
(n=135)

Remote
ex-
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di-
ag-
no-
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based
upon
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tom
his-
tory
al-
go-
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(n=135)

Remote
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ag-
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upon
symp-
tom
his-
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(n=135)
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his-
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his-
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no-
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upon
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tom
his-
tory
al-
go-
rithm
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i-
tal
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scopic
im-
age
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Remote
ex-
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ag-
no-
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based
upon
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tom
his-
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al-
go-
rithm
and
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his-
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no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)

Remote
ex-
pert
di-
ag-
no-
sis
based
upon
symp-
tom
his-
tory
al-
go-
rithm
and
dig-
i-
tal
oto-
scopic
im-
age
(n=135)
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ex-
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tom
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go-
rithm
and
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im-
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(n=135)
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All
CSOM
(n=22)

CSOM
(n=22)

CSOM
(n=22)

CSOM
(n=22)

CSOM
(n=22)

CSOM
(n=22)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

TM
perf
(n=9)

OE
(n=21)

OE
(n=21)

OE
(n=21)

OE
(n=21)

OE
(n=21)

OE
(n=21)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

AOM
(n=4)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

Normal
(n=56)

31 1 0.92 0.71 1 1.08 10 0.43 0.99 0.9 0.9 0.43 10 0.45 0.99 0.9 0.91 0.45 3 0.5 0.99 0.67 0.98 0.5 66 0.98 0.86 0.83 0.99 1.14

Table 1: Table displaying sensitivity (sens), specificity (spec), positive predictive values (PPV), negative
predictive values (NPV) and likelihood ratios (LR) across diagnoses for three different diagnostic models.
Diagnoses include Chronic Supparative Otitis Media (CSOM), Inactive TM perforation (TM perf), Otitis
Externa (OE) and Acute Otitis Media (AOM).
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