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ranging detrimental impact on daily living, including impairment of functional
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Research Centre, Anglia Ruskin University, . . h el fth f | ith

Cambridge, UK. scoping review assesses the usefulness of these systems for people with AMD.
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Literature, PubMed, Web of Science and Cochrane CENTRAL) were searched to
identify papers that investigated image enhancement with a head-mounted elec-
tronic device on a sample population that included people with AMD.

Results: Thirty-two papers were included: 18 studied the clinical and functional
benefits of WEVES, 11 investigated use and usability and 3 discussed sickness and
adverse effects.

Conclusions: Wearable electronic vision enhancement systems provide hands-
free magnification and image enhancement producing significant improvements
in acuity, contrast sensitivity and aspects of laboratory-simulated daily activity.
Adverse effects were infrequent, minor and spontaneously resolved with the re-
moval of the device. However, when symptoms arose, they sometimes persisted
with continued device usage. There are multi-factorial influences and a diversity of
user opinions on promotors to successful device use. These factors are not exclu-
sively driven by visual improvement and incorporate other issues including device
weight, ease of use and inconspicuous design. There is insufficient evidence of any
cost-benefit analysis for WEVES. However, it has been shown that a user's decision
to make a purchase evolves over time, with their estimates of cost falling below the
retail price of the devices. Additional research is needed to understand the spe-
cific and distinct benefits of WEVES for people with AMD. Further patient-centred
research should assess the benefits of wEVES in user-led activities when directly
compared with alternative coping strategies, allowing professionals and users to
make better prescribing and purchasing decisions.
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INTRODUCTION
Background

Age-related macular degeneration (AMD) is the third most
common cause of blindness and the most frequent cause
of untreatable blindness worldwide." Prevalence was es-
timated as 8.4 million cases causing moderate to severe
sight loss in 2015, with estimates predicting an increase
from 196 million cases in 2020 to 288 million in 2040.2

Age-related macular degeneration is a progressive dis-
ease producing central vision loss, and for many people,
treatment options are either absent or do not prevent sig-
nificant visual impairment (VI). AMD accounts for the ma-
jority of people registered as sight impaired or severely
sight impaired in the United Kingdom.** The resulting VI
is linked to increased dependence and has significant det-
rimental effects on a person's quality of life, psychological
well-being and ability to carry out daily tasks.°® Therefore,
there is a need to provide reablement and rehabilitation
strategies to support people with AMD to mitigate these
effects.

Rationale

The primary objective of older adults attending low-vision
services is toimprove reading ability, with secondary objec-
tives including activities of daily living (ADL), watching TV,
writing and mobility.'®'" There is good evidence that low-
vision services prescribing assistive devices are beneficial
in improving the functional ability of people with AMD."*™
Low-vision services in the United Kingdom predominately
supply task-specific optical low-vision aids (LVAs) to resolve
any identified magnification needs. In addition, clinicians
offer advice about lighting and environmental control to
support any contrast sensitivity (CS) impairment.

In addition to optical LVAs, electronic vision enhance-
ment systems (EVES) and mainstream technology (e.g.,
smartphones) have been shown to provide useful ways of
providing image enhancement and magnification to peo-
ple with VL>™" Low-vision services are now being called
upon to recognise the benefits offered by emerging tech-
nology to people with VI.2° Portable EVES have been val-
idated®"** as a cost-effective and commonly prescribed
inclusion to the Welsh Low-Vision Service, but are not sup-
plied routinely by other National Health Service (NHS) low-
vision clinics.?® A recent systematic review of interventions
designed specifically to support people with AMD found
that optical LVAs were still prescribed and used more than
newer visual enhancement technology. However, it was
unclear if this finding was driven by performance, comfort
or financial considerations.?*

Low-vision aids can be divided into two broad catego-
ries: devices that produce image enhancement by adapting
and modifying the image and those that use sensory sub-
stitution to change the visual output into another form.*®

Key points

« Wearable electronic vision enhancement sys-
tems (WEVES) produce improvements in acuity,
contrast sensitivity and the ability to complete
some laboratory-simulated tasks such as recog-
nising faces or finding items on a shelf.

« There is an absence of evidence concerning the
performance or cost-effectiveness of newer
WEVES compared with existing coping solutions.

- Greater functional independence and changes
in quality of life predict the sustained use of
WEVES, whereas discomfort, handling difficul-
ties and high weight cause discontinuation of
use.

While there is some crossover between these two solu-
tions, a wearable electronic vision enhancement system
(WEVES) that principally uses image enhancement to pro-
duce an adaptable magnified image on a head-mounted
display (HMD) was first proposed 30years ago.”®%’ These
head-mounted devices consist of a camera, software to
manipulate the images and a display screen close to the
eye; allowing the benefits of EVES in a form that enables
both hands-free and mobile use. There is no consensus
on naming this category of LVA, and we suggest the term
wearable electronic vision enhancement systems (WEVES) to
collectively describe head-mounted devices that provide
image enhancement.

Image presentation in WEVES largely falls into two
categorieszs:

« Virtual reality (VR) presents a bright image with a wide
field of view that software can manipulate readily but
disconnects the user from the real world. These can
be produced in a ‘fully immersive’ goggle or a ‘semi-
immersive’ form which still allows an element of view
around the screen.

« ‘See-Through’ augmented reality (AR) presents new
information and enhancement in images that overlay
the view of the real world. Images tend to be duller
with a narrower effective visual field than the VR
equivalent.

It has been suggested that the development of wWEVES
has taken place over two distinct generations;?® from 1994
to 2010, the ‘first-generation’ devices included the original
low-vision enhancement system (LVES) device and a series
of other wEVES that have now left the market or exist in
a new device retaining the original name. More recently,
the rapid development of smartphone cameras and screen
technology has enabled a ‘second-generation’ of WEVES to
borrow and adapt these advances to reinvent the concept
of a wearable device.

85U8017 SUOWILLOD 3A1TR1D) 3ot [dde au A peuieno 8e Ss(oile YO ‘@SN JO S8|nJ o} Akeiq18ul|uO 8|1 UO (SUOIPUO-PUB-SWLBH W00 A8 1M AReql 18U JUO//:SdnL) SUORIPUOD pue swe 1 8y} 88S *[£202/20/ST] Uo Ariqiauljuo 4|1 ‘seoinies Ariqi] TON uopuoebe|oD AiseAIuN Ag ZTTET 0do/TTTT OT/I0PA0D A8 |1 AReq1BulUOy/:SAny Woly papeojumoq ‘0 ‘STETSLYT



MILLER €T AL.

i THE COLLEGE OF 3
OPTOMETRISTS

Several mainstream manufacturers have also developed
their own HMD, such as Google Glass (google.com/glass/
start/), Microsoft HoloLens (microsoft.com/en-us/hololens)
and Vuzix Blade (vuzix.uk/products/vuzix-blade-smart
-glasses-upgraded). These devices are aimed at mass-
market usage, but may also have some potential for sup-
porting those with VI by acting as WEVES.**"** Conversely,
a number of mass-market devices have also been adapted
and developed to produce products designed specifically
for people with VI, for example, the Samsung Gear Headset
used by IrisVision (irisvision.com/) and the ‘HTC VIVE' used
by Vision Buddy (visionbuddy.com/).

The number of wEVES designed specifically for peo-
ple with VI is increasing, but there is no compulsion to
produce trial data before bringing new devices to mar-
ket. In a world of fast-moving consumer electronic goods
and limited budgets, it is vital to understand the breadth
of available research to support clinical and consumer
choices. A 2018 Cochrane review found insufficient ev-
idence to support the use of WEVES over more tradi-
tional optical or electronic magnifiers.>* However, it
was acknowledged in the report that wearable technol-
ogy was an area with a significant possibility for future
advancement.

Wearable electronic vision enhancement systems are
a potentially innovative enablement strategy for people
with VI including those with AMD. However, these devices
are unavailable on the NHS and could cost patients several
thousands of Pounds Sterling to purchase. It is likely that
devices that would be successfully adopted by an older
cohort of users with distinct ergonomic needs and tech-
nical abilities might differ from those used by younger
users with similar VI. For example, older people with AMD
are more likely to have general health comorbidities such
as arthritis or tremor that will affect how they can interact
with the devices. Older adults are also more likely to be less
comfortable with digital technology solutions. For exam-
ple, over half of all adult internet non-users in the United
Kingdom are over the age of 75, and older adults are less
likely to be users of smartphones or apps.*® To support
the development of low-vision services and better inform
prospective consumers, there is a need to evaluate the ev-
idence to determine what is known about the functional
benefits and cost-effectiveness of these devices specifi-
cally for older people with AMD. Devices are developing
rapidly, and available research literature was likely to be
heterogeneous, varied in nature and not precise in its con-
clusions. Therefore, a scoping review was selected to sys-
tematically discover and describe the current knowledge
and identify gaps for further research in this area.*’

Key concepts
This scoping review's overarching concept of interest is to

evaluate the benefits of WEVES for people living with AMD.
The following research question was formulated:

‘What is known from the literature about the usefulness
of wearable electronic vision enhancement systems for
people with age-related macular degeneration’?

METHODS

To ensure a consistent and systematic approach, the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews (PRISMA-ScR)
methodology and checklist were followed.® In keeping
with recommendations from the Joanna Briggs Institute,*
the scoping protocol was published on Figshare (doi.
org/10.25411/aru.19410350) before the review commenced.

Eligibility criteria

This review only considered wearable head-mounted
devices that offered image enhancement as their pri-
mary enablement solution. Qualitative, quantitative and
mixed-methods studies were included to gain a broad
understanding of the potential benefits of devices. Peer-
reviewed articles, conference abstracts and other manu-
facturers' grey literature were included in the search, with
relevant weighting given to the evidence depending on its
source.

Areas of interest

Papers were sought that showed an investigation of the
benefits of WwEVES where some of the study population
had AMD as the cause of their sight loss. Benefits included,
but were not limited to, functional and cost-benefit analy-
sis and ergonomic design criteria.

Information sources

A three-step approach to the search strategy was con-
ducted® (Figure 1):

1. Aninitial preliminary search developed the search meth-
odology and keywords. Search terms were designed
around three concepts: low vision, image enhancement
and head-mounted electronic device (Table 1).

2. A detailed second search was conducted on PubMed,
Cumulative Index to Nursing and Allied Health Literature,
Web of Science Core Collection and the Cochrane Central
Register of Controlled Trials (CENTRAL) on 21 March 2022.
Due to the nature of the topic, searches were limited by
date of publication to exclude articles from before 1990.
Device manufacturers' websites were searched for any
relevant grey literature.

3. A third search was conducted through shortlisted arti-
cles' reference and citation lists.
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Web of Cochrane
Science CENTRAL
1926 41

Database

Created
3697

Reject
duplicates
451

Yes

25 Title and Abstract

Manufacturers
Grey Literature

2

Rejected by 2

A 4
EXCLUDE
139

A

No AMD 76
No Image
Enhance 19

No HMD 22
No VI 5
Review Only 17

FIGURE 1 Flowchart detailing the search process. Numbers refer to

Questions Al1-3
Pass/Fail/Undecided

FULL TEXT SCREENING
Questions A1-3 +B1

gree to Exclude

Pilot

Screen by Title and

Abstract

1+ FAIL agreed
by 2 reviwers

Reference and
Citation check

of texts

Pass/Fail
171

INCLUDE
32

Arbitration

Agree to Include

the articles considered at each stage. CINAHL, Cumulative Index to Nursing

and Allied Health Literature; Questions numbers refer to Al. Does the research refer to an image enhancement/electronic magnifying device? A2.
Are the devices head-mounted? A3. Does the research consider people with VI? B1. Does the research consider people with AMD? AMD, age-related
macular degeneration; HMD, head-mounted display; VI, visually impaired persons.

Data charting and screening criteria

Two authors (AM and KL) independently screened the unique
studies identified by the searches, as shown in Figure 1. To
examine the impact of devices on the target users and ex-
clude any proof-of-concept material that had not been used

by the desired audience, inclusion criteria (A1-A3) were
developed to identify papers that used a head-mounted
image-enhancing device with a population of visually im-
paired people. Provisional searches indicated that very few
studies considered the needs of people with AMD in isola-
tion from others with VI. Therefore, a further criterion (B1)
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limited the search to papers that included some people with
AMD, rather than ones that exclusively examined individu-
als with AMD. The screening was completed in two steps
using the criteria shown in Table 2: First, the abstract and title
were screened using questions A1-A3, followed by full-text
screening using questions A1-A3 plus B1. An initial 25-subset
pilot was used to test consistency between the researchers
before the screening commenced, with any disputes being
resolved by discussion until consensus was reached.

RESULTS

Selection and characteristics of sources of
evidence

Thirty-two papers were included in the scoping review
(Figure 1); studies were grouped by the types of benefits
they analysed. Where a paper showed crossover between
themes, it was referenced in more than one section.
Eighteen papers reported an experimental interven-
tion using wEVES with a study population including some
people with AMD. Outcomes include differences in clinical
measures, quality of life and real-world function. Study char-
acteristics are presented in Table 3, with summary findings
separated into Tables 4 and 5 by device generation to allow
a clearer distinction between historic and current devices.
Eleven papers considered the use and usability of a de-
vice, including task analysis, design features and factors

TABLE 1 Concepts and search terms for PubMed search.

Concept 1 Concept 2

For people with low vision Image enhancement

Keywords: ‘Low Vision'[tw]
OR AMD[tw] OR Visual
impair*[tw] OR Visually
impair* OR Impaired
Vision OR Blind[tw] OR
Sight Impair*[tw] OR
‘Vision, Low’[Mesh]
OR ‘Visually Impaired
Persons’[Mesh]

OR ‘Macular
Degeneration’[Mesh]

Keywords: Magni*[tw] OR LVA[tw] OR Assistive[tw] OR Display[tw] OR Video[tw]
OR Image[tw] OR Enhancement[tw] OR Accessible[tw] OR Tech*[tw] OR
Screen[tw] OR ‘Low vision aid'[tw] OR Electronic[tw] OR EVES[tw] OR ‘Sensory
Aids'[Mesh] OR ‘Image Enhancement’[Mesh]

that promoted successful wear or device abandonment.
Findings are summarised in Table 6.

Three previously included and three additional papers
evaluated adverse effects and simulator sickness (SS). The
additional papers are summarised in Table 7.

Four previously included papers were also considered
in the final section to describe any evidence of the cost-
effectiveness of these devices.

The publication date of papers shows a bimodal spread
(Figure 2), supporting the concept of considering wEVES
in two ‘generations’. An initial peak of interest as devices
emerged was followed more recently by a sharp rise in
publications since 2010 as the second generation of de-
vices has come to market.

Results of individual sources of evidence

See Tables 3-7.

DISCUSSION
Summary of evidence
Improvement in clinical visual function

There is strong evidence to show that wkVES improve dis-
tance and near acuity for people with VI, including those

Concept 3

Head-mounted electronic
device

Keywords: Worn[tw] OR
Head[tw] OR HMD[tw]
OR Wear*[tw] OR
‘Wearable Electronic
Devices'[Mesh] OR
‘Eyeglasses’[Mesh]

Note: [tw] refers to the PubMed [Text Words] field tag search. [Mesh] refers to the National Library of Medicine Medical Subject Headings controlled vocabulary of

biomedical terms.
Abbreviation: AMD, age-related macular degeneration.

TABLE 2

Inclusion questions

A1l. Does the research refer to an image enhancement/electronic
magnifying device?

A2. Are the devices head-mounted?

A3. Does the research consider people with visual impairment?

B1. Does the research consider people with AMD?

Abbreviation: AMD, age-related macular degeneration.

Inclusion questions A1-3 and B1 and exclusion criteria used to screen the search (see Figure 1).

Exclusion criteria

Not in English (only if a translation was unavailable).

Primarily sensory substitution devices (e.g., devices producing audio or
haptic output).

Not a head-worn device.

None of the study population with AMD.
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limited field of view, poor depth perception and lack of
binocular disparity offered by the device account for the
lack of improvement.>? Others conclude that fully immer-
sive WEVES predominantly benefit sedentary rather than
dynamic tasks.”® While the open-sided eSight design
is not specifically designed for movement, it was sug-
gested that the lack of degradation in mobility demon-
strated the need for more research into the potential
for the semi-immersive device to support dynamic tasks

Objectively assessed ability to complete daily living
tasks also improved with wEVES compared with habit-
ual function, as evaluated by the Melbourne Low-Vision
Activities of Daily Living Index (MLVAI) or TIADL tests.
Melbourne Low-Vision Activities of Daily Living Index
(MLVAD®® or TIADL tests.”®® TIADL tests showed that
WEVES increased the number of users able to search a
bill, find a can on a shelf or read overhead signs56 and
show significant improvement in facial expression

Only first-generation devices have compared users'
abilities with wWEVES to their other coping strategies. These
studies showed that WEVES offered no improvement over
other optical or electronic magnifying solutions for tasks
including writing a cheque, identifying grocery items*® or
reading maps and medicine bottles.**” Further research is
indicated to understand the relative benefits of the newer
generation of devices compared with existing coping

It is well accepted that the psychometric properties of
subjective Likert scale questionnaires can be optimised by
the use of ltem Response or Rasch theory to convert ordi-
nal data to interval measurements.”? The Veterans Affairs
Low-Vision Visual Functioning Questionnaire (VA LV VFQ
48),”3"* the MLVAI”® and the Activity Inventory7 % have been
developed using Rasch analysis for adults with low vision
and have demonstrated good psychometric properties’’
The ‘self-evaluation function score’™ cannot be regarded
as a high-quality outcome measure as ordinal Likert rat-
ing values were summed and the instrument was not
validated. Assessing the ability to complete an activity of
daily living allows examination of specific tasks in greater
detail, and when these are timed will result in interval data.
However, objective and subjective outcome measures of
the same activity will not provide the same findings,’®”®
with subjective measures influenced by psychosocial fac-
tors such as depression.®® Future research should ensure
that the functional improvements provided by wEVES are
both tested and analysed using broad high-quality instru-
ments that demonstrate interval measurement properties.

Subjective changes in quality of life

It is unsurprising that the included studies have not used
a measure of Health-Related Quality of Life to assess the
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MILLER €T AL.
TABLE 7 Summary of papers related to adverse effects and simulator sickness.
n(n
Author AMD) Age Purpose Main finding

Chauvire (2013)®°  23(12)  62-81,Mean70  Assessing the impact
CA of image size and
movement in an

HMD on the balance
of people with AMD
compared with age-

matched controls

Chun (2021)°CA 21 Mean 65.3 2-4 week home trial

investigating the impact
of pupil decentration
and heterophoria on SS
symptoms in users of
the IrisVision device

Luu (2021)"" 52(17) Mean 66.49

perception

To understand how vision
(7.32) changes caused by
different eye diseases
affect the processing
of visual information
critical for self-motion

Other findings

Immersive VR causes more
balance disruption than
non-immersive AR for all
participants

Visual motion generated
by the HMD did not
induce stronger balance
disruption in users with
AMD than in control
subjects

No correlation between
phoria measures and SS
symptoms

Predicted phoria measures
using the HMD correlate
well with Maddox Rod
findings

Users with AMD reported
reduced severity
and frequency of
cybersickness on the Fast
Motion Sickness scale
compared with healthy
controls

Users with AMD experienced
greater self-motion
perception and immersion
in the virtual world
compared with healthy
controls

Abbreviations: AMD, Age-related macular degeneration; AR, augmented reality; CA, conference abstract; HMD, head-mounted display; SS, simulator sickness;

VR, virtual reality.

lower sensitivity to rehabilitation interventions compared
with Vision-Related measures of Quality of Life (VRQoL)."
However, only two studies were found that used any meas-
ure to assess the changes of VRQoL due to wEVES.””® The
Psychosocial Impact of Assistive Devices Scale (PIADS) was
used in a study of 57 eSight users to understand the im-
pact of a telerehabilitation training package on the func-
tional independence, well-being and quality of life of the
user compared with the manufacturer's conventional
coaching.’’ Device usage led to improvements in assistive
technology-related quality of life in both groups between
2 weeks and 3 months of use but not between baseline and
2weeks. The improvement lag was suggestive of a neces-
sary but brief period of adaption to the device and how
it fits into the regime of users' existing coping strategies.
Change in PIADS scores was not dependent on the training
method (conventional coaching or telerehabilitation), but
device purchasers had higher scores than renters. It was
suggested that an element of cognitive dissonance due to
the amount spent on the device may have influenced scor-
ing. In a separate online survey of 109 (18 AMD) existing
eSight users in North America, higher PIADS scores were
also associated with sustained device use.®®

Psychosocial Impact of Assistive Devices Scale is a 26-
item PROM assessing the impact of assistive technologies
on a person's competence, adaptability and self-esteem.®’
The outcome measure is a summed ordinal score and has
not yet been psychometrically evaluated with Rasch anal-
ysis, which would enhance confidence in the quality of the
instrument.”?> However, it has been shown in a systematic
review to be reliable with good content, validity and test-
retest reliability.?” The paucity of studies assessing the ef-
fect of WEVES on the QoL indicates the need for further

work to explore if the observed changes in mixed popula-
tions are reproduced in studies specifically for people with
AMD.

Use and usability of wEVES

Task analysis

Analysis of occasions when a wEVES would be used has
been examined using a survey of 50 people with VI (n = 11
AMD)® and by observation of 32 visually impaired users
(n =7 AMD) wearing a spectacle-mounted camera to film
when a ‘perfect’ WEVES was required.®* There was consen-
sus between studies that reading was the main priority for
device usage, with near activities accounting for 49% of all
tasks captured in the observational study. The survey seg-
mented results by pathology and noted that participants
with AMD expressed less need for mobility and locating
items compared with people with glaucoma or retinitis
pigmentosa, suggesting the need for tailored solutions
to meet the differing needs and expectations of potential
users of wEVES.

The two studies fundamentally differed in their findings
regarding the need of devices for facial recognition. Facial
recognition was a main priority in the survey but ranked
42 out of the 56 tasks identified in the observational study.
Significant variation between the studies may be due to
the recording methods used to gather data. The need to
wear a device to document difficulty within a social setting
may cause a disparity in findings compared with idealising
a situation within a survey group. It should be considered
whether desirability to use a device for a specific task may
be tempered by the social constraints of doing so.
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Imagined”' and actual®*** use of a WEVES were also

assessed by semi-structured interviews following a trial
or purchase of a device. It was found that watching TV,
recognising faces and elements of detailed work such as
reading were the times when devices were reported or
perceived to be useful by participants. In addition, self-
reported time using the device was described in two of
these studies. Data indicated a large disparity, with the
face-to-face interview showing a mean of 71.8 min/day>’
and the participants of the telephone interviews report-
ing that 80% of users were using the device for 3 h and
25% ‘nearly full-time’.>* It is unclear if this disparity is due
to inconsistency with self-reporting of this type of data or
because the telephone interviewees were purchasers of
the device rather than new users. Further studies using
objective recording of usage are needed to explore and
validate these findings.

Design of device

Several studies exploring users' opinions of wWEVES sug-
gested that the aesthetics of the device are of considerable
interest, with the weight of the device being the principal
design concern for users.**"*86668 semj_structured inter-
views with 29 people with VI (n = 5 AMD) from Belgium,
the Netherlands and the United Kingdom also found that
participants had greater concerns about the appearance
of the device than its functionality.”' 66% of respondents
stated the wish for an inconspicuous device that appears

like a pair of conventional spectacles, with tactile buttons
rather than audio controls to aid discreet use. However,
studies do reflect a level of polarisation of user views, with
some users being significantly more motivated by the de-
vice's functionality despite any aesthetic issues.®®> Some
of this split may have been based on pathology®*®* or de-
mographic lines, with one paper reporting, ‘participants
explained that they care more about functionality over
aesthetics due to their age’®" While there is a degree of
consensus on some areas of design, the broad diversity of
opinion indicates the requirement for customisation within
devices to meet users' needs.

A survey of 1200 people without VI in the United States
found a negative reaction to images of a person using a
WEVES-type device in public, citing concerns the device
could be used for covert recording and surveillance.®®
However, acceptability did increase as respondents un-
derstood the device was being used to support a user's
disability. The creation of wEVES that ‘almost’ look like
spectacles, while desirable to those wearing the device,
may create a less empathetic dynamic for the public in
understanding their use. Social pressures can consider-
ably impact the potential adoption and use of a device;
therefore, it is to be considered if WEVES use within the VI
community will only become socially accepted as HMDs
are more ubiquitous in the mass market. Ultimately, the
success of WEVES may be driven by innovation for people
without visual disabilities.
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Factors relating to the successful use or abandonment of
devices

Several studies have considered factors that correlate with
or promote successful wear within their secondary out-
comes. These include improvement in vision produced by
the device,”®%%% more use of mainstream technology‘“’"51
and the absence of ring scotoma.”® A survey of purchas-
ers of the IrisVision device in the United States found that
75% of ongoing users were male, despite demographics
suggesting a higher proportion of VI in females.>® It is un-
clear if this variation was a peculiarity of the population
responding or indicative of a broader appeal of devices to
men rather than women.

Despite the significant improvements in visual func-
tion and functional ability that these devices provide,
studies show considerable levels of dropout and dis-
interest in purchasing. The issues identified include
discomfort, insufficient benefit and handling difficul-
ties,”® weight, appearance and image lag.®' In addition,
subjective reporting of ‘ease of use’ of first-generation
wEVES was lower than a comparable desktop EVES.***
Second-generation devices' subjective ‘ease of use’ has
been investigated using a single 5-point Likert scale
but without comparison with other coping solutions or
objective assessment.’*> One investigation reported
strong agreement that the device was easy to use,” with
another reporting 11 out of 30 participants agreeing that
the device was ‘very easy to use’; however, considerable
numbers of these participants still found focusing (27%)
and controls (20%) ‘hard to use’.’? The only study that in-
vestigated factors related to the successful use of WEVES
as its primary outcome surveyed 109 eSight users living
in North America to identify factors correlated with ‘de-
vice discontinuance’.®® The best predictors of sustained
use were greater functional independence, quality of
life of the user with the device (PIADS), absence of head-
aches with the device and higher satisfaction with tech-
nology and the service received at fitting and follow-up
(QUEST). For clinicians looking to dispense wEVES, this is
suggestive that psychological factors contribute to the
success or abandonment of devices. However, it should
be noted that the online nature of the study precluded
any objective assessment of visual function as a poten-
tial factor. Furthermore, this study evaluated factors re-
lated to the continued use of a purchased device, and so
findings cannot be extrapolated to predict the views of
those who do not purchase due to dissatisfaction at the
demonstration stage or those unable to buy due to cost.

Studies with second-generation devices reported no
correlation between successful usage with the length of
time with disease, co-morbidity, education levels®® or use
of existing devices.”>®® These findings are at odds with the
conclusions of a study of first-generation devices, which
reported a trend suggestive of more success with younger,
more technically capable participants.*® The differences
could indicate the greater complexity of the early wEVES
compared with more modern designs or the increasing

confidence and familiarity of people of all ages with touch
screens and other technology in the intervening years.

Abandonment of assistive devices is common across all
areas of rehabilitation, with estimates of discontinuation
varying between 20% and 83%.%*%* Device abandonment
of the eSight was reported to be at the lower level of the
range, i.e., between 17.4%%¢ and 23%°° discontinuation
following a comprehensive demonstration phase. Further
research work to understand the take-up rate of devices
from initial demonstrations would be helpful to prescrib-
ing clinicians.

As with other design characteristics, there appears to
be division and diversity in thought about promotors to
success, but there is an indication that both practical and
psychological factors tend to influence continued usage.
There are multiple factors at play that may not be split on
simple demographic or pathological grounds and indicate
a need for an individualised approach to prescribing.

Adverse effects and sickness

Simulator sickness is caused by conflict between visual and
vestibular systems due to a lag between display updates
and head rotation. It is a common side effect in healthy
individuals using an HMD and is typically less severe and
of lower incidence than motion sickness.”' Preliminary
data from 50 IrisVision users with low vision suggest that
SS symptoms are unrelated to the measured phoria of the
user.”®

Two investigations (Table 3) used the Simulator Sickness
Questionnaire (55Q)%’ as a tool to evaluate SS with the fully
immersive IrisVision® and the semi-immersive eSight de-
vices.”” Symptoms tended to be ‘slight’ or ‘moderate’, with
both studies finding the most significant symptoms related
to oculomotor function, including headache and eyestrain.
This finding echoed other work showing the absence of
headache as a predictor of continued use of the eSight de-
vice.?® $5Q was found to be stable during the 7- to 10-day
home trial*® and throughout a longer 6-month follow-up.>’
While symptoms did not increase over time there is also an
indication that those presenting with early manifestations
of SS may find them to be persistent.

Crossland et al.”! reported the frequency of adverse ef-
fects with a fully immersive VR headset, noting symptoms
to be relatively uncommon and resolving spontaneously
upon removal of the device. The most common symptom
reported was dizziness (7%), and as people with VI are al-
ready at increased risk of falls,2%%” careful consideration of
potential adverse effects needs to be made when dispens-
ing wEVES.

Two laboratory-based studies directly evaluated the ex-
perience of HMD use for individuals with AMD (Table 7). A
conference abstract by Chauvire et al.®® showed that using
an HMD in immersive form produced balance instability for
all individuals, but the findings were similar in users with
AMD to age-matched, fully sighted controls. A more recent
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peer-reviewed paper investigating ‘vector motion” and cy-
bersickness in HMD found that self-motion was perceived
differently by people with peripheral vision loss, central vi-
sion loss and those with full sight. It was found that people
with AMD experienced deeper immersion in the VR world
with an HMD but lower levels and milder intensity of cy-
bersickness compared with their fully sighted controls. It
was proposed that this was due to VI lessening the sensory
conflict created by the device.”’

An understanding of the risks of SS is beneficial to pre-
scribers. The evidence shows that symptoms tend to be
relatively mild, stable and resolve quickly upon removal
of the device. Thus, it is suggested that those experienc-
ing symptoms at an initial assessment for devices should
be evaluated more critically for their long-term suitability
for a wEVES.

Cost-benefit analysis

No papers that conducted a cost-benefit analysis with
WEVES were found. Three articles were found that used
a willingness-to-pay model to show a sense of the value
of the devices to populations with central vision loss,
including AMD. A 2009 UK-based comparison study of
four different wEVES asked 20 people with early- and
late-onset macular disease about their willingness to
pay for the devices at the initial fitting and following a
2-week home trial. Willingness to pay directly correlated
with their overall rating for each device tested; however,
it did not correlate with clinical visual performance. At
the initial clinical assessment, willingness to pay ranged
from £0 to £2000 (pounds sterling), with a mean of £366
(SD £71).° In a 2019 observational study of second-
generation devices in the United States, 30 users were
asked about their willingness to pay following a 7- to 10-
day home trial.>* A bidding format was used, with partici-
pants being asked if they would pay decreasing amounts
starting at US $20,000 until they indicated a willingness
to purchase. Participants' final bids ranged from $15,000
to $2, with a median bid of $1250.

Both studies looked at the impact of willingness to
pay over time. The first-generation devices showed a de-
crease in the numbers willing to purchase and in the mean
amount participants were willing to pay following a home
trial.>® In a follow-up conference abstract of the second-
generation device, six of the 33 participants were willing
to purchase the device following a home trial; one within
the first quartile of use, two each in the second and third
quartiles and one within the fourth quartile.®®

In both studies,”**® willingness to pay was significantly
below the market cost of the devices. This mismatch of
value and price may be affected by polarisation between
those seeing utility, and hence value, in the device com-
pared with others for whom the wWEVES was less success-
ful. Alternatively, as users were willing to pay the cost of
a ‘high-end video camcorder”? it is suggested that value

might be led by the price of mass-market consumer elec-
tronic goods as opposed to devices specifically designed
and engineered for niche consumer demand.

Opinion and purchasing intent tend to develop and
emerge over time, and the value expressed may not reflect
the devices' total cost. This mismatch establishes a need for
practitioners to identify and support suitable candidates
over time rather than relying on a single demonstration
followed by a decision to purchase.

LIMITATIONS

All the reviewed papers examined study populations in-
cluding people with AMD; however, most included par-
ticipants with a range of ocular pathologies. Frequently,
studies do not segregate findings by pathology and tend
to homogenise the needs of people with AMD among the
population of people with VI with differing demographic
and visual needs. This process often makes it impossible
to disentangle and add weight to findings within mixed
demographic studies and apply them to the population of
interest in this review. Therefore, the overarching findings
of a study may not apply or may be at odds with the indi-
vidualised needs of people with AMD. Where studies have
separated AMD from other pathologies, they have shown
differences in the potential usage of devices and preferred
design characteristics.®%%3%’

Many studies evaluating second-generation devices are
sponsored or authored by people with commercial inter-
ests in the devices. This potential conflict of interest in the
scope of the study or the selection of findings is candidly
acknowledged in one paper recognising that corporate
sponsorship of research leads to questions about bias. But
they counter that in a time of austerity, working in an area
that does not require research data prior to the release of
WEVES, ‘close cooperation with industry is one of very few
options in our drive to present clinically relevant data that

advance rehabilitation best practices’.>°

RECOMMENDATIONS FOR FUTURE
RESEARCH

With the emergence of wEVES, it was recognised that there
was ‘a pressing need for a prospective controlled trial of
these devices versus conventional LVAs'2° While this need
was addressed to some degree with papers looking at
first-generation WEVES, more recent papers evaluating
second-generation WEVES have generally considered im-
provements compared with habitual vision, in isolation
from other coping strategies (see Table 3). Evidence of im-
provement compared with a baseline situation is of con-
siderable interest to prove the concept of utility in a new
device. However, it does not provide prospective users with
relevant information on what type of device may be best
suited to their needs. Furthermore, wEVES are generally
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considerably more expensive than other rehabilitative de-
vices, and in the United Kingdom are more likely to be pur-
chased by a user rather than loaned to them by the NHS.
The prospective user therefore requires information not
only regarding the relative functional improvements pro-
vided by wEVES but also their cost-effectiveness. A device
that provides slightly greater improvement in functional
ability but is considerably more expensive than an alterna-
tive may be less attractive. To answer questions about what
type of device is most suitable for a user requires compara-
tive studies of currently available wEVES with other coping
solutions.

In evaluating the benefits of WEVES compared with
other devices, care needs to be taken in the selection of
appropriate and robust outcome measures. It is import-
ant to consider not only improvement in VI through as-
sessment of clinical visual function but also the impact
of devices on activity limitation and the quality of life.
Activity limitation can be assessed objectively through
observed ability to complete specific ADL, whereas ac-
tivity limitations and quality of life can both be assessed
subjectively using PROMs. Within the papers selected,
there was no evidence of participant co-design to en-
sure the applicability of the outcome measures to those
potentially using the device. In future research, it is rec-
ommended that the design of the study includes mea-
sures chosen to ensure both validity and relevance to the
population of interest. In addition, attention should be
paid in the selection and analysis of outcomes to using
high-quality instruments that demonstrate interval mea-
surement properties and are targeted to participants’
function.”

Finally, a range of different factors need to be consid-
ered in the evaluation of wWEVES. Improvement in func-
tional ability, quality of life and cost have been mentioned
above, but cosmesis, ease of use, practicality, versatility,
safety and availability are also issues of practical relevance
to prospective users. ‘Competitive enablement’ has been
proposed as a conceptual approach to evaluate the suit-
ability of EVES for non-generic characteristics.”® This model
proposes that different competing devices are evaluated
by consumers while they perform a series of self-identified
problematic tasks that are selected by the users as rele-
vant to their daily life. Within this structure, the full range
of benefits of WEVES could be appraised against different
coping solutions for people with AMD.

CONCLUSION

Wearable electronic vision enhancement systems produce
hands-free image enhancement and can potentially sup-
portthe needs of people with VI, including those with AMD,
in a new and revolutionary way. There is clear research
evidence showing improvements in acuity, contrast and
aspects of laboratory-controlled daily activity compared

with baseline measurements without devices. There are
also data showing ongoing use after purchase and, by
extension, implied effectiveness of devices. However, the
limiting field of view and detachment from the real world
means that the benefit from these devices tends to restrict
their current usefulness to predominately sedentary tasks.

It is not only visual output that predicts the successful
use of WEVES: design and form considerations of the cur-
rent devices and self-reported well-being can influence
the successful use of the device. Adverse effects with the
devices tend to be minor and resolve quickly with device
removal; however, those reporting early symptoms may
find them to be persistent.

Many studies have explored wEVES with mixed groups
of people with different pathologies and demographics.
The diversity of user opinion and multi-factorial influences
on success shows that it is impossible to homogenise the
needs of people with VI. To understand the idiosyncratic
benefits of wWEVES for people with AMD better, further
patient-centred research should be directed towards this
group's individualised needs and expectations.

Finally, there is scant research looking at the benefits
of second-generation devices directly compared with
other assistive solutions. To allow professionals and users
to make better prescribing and purchasing decisions, the
benefits of WEVES should be assessed by users with AMD
performing tasks relevant to their lifestyle and most im-
portantly, compared directly with other coping strategies.
With this information, we will better understand the use-
fulness of WEVES for people with AMD.
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