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Abstract

The p-EVES study was designed to assess the effectiveness of portable electronic
vision enhancement systems (p-EVES) compared with conventional optical aids for
near vision tasks in patients with low vision. The author of this thesis was the
clinician researcher on the study and this thesis presents selected data from the
study.

A literature review explores the epidemiology of low vision, the impact that having
low vision can have on the patient and the current systems for service provision in
the UK. Optical and electronic magnifiers are considered, and their advantages and
disadvantages reviewed.

A focus group was held at the beginning of the p-EVES study in order to choose the
devices to be used in the study. A total of 16 devices were evaluated, and four
devices were selected for the study.

Recruitment and the initial assessment of p-EVES participants were undertaken by
the clinician researcher. The California Central Visual Fields Test (CCVFT) has not
been widely used to measure central scotoma, but it allowed binocular scotomas to
be evaluated. A grading system was designed, and 92% of participants were found
to have a central scotoma. The grading system showed significant correlations with
visual acuity and contrast sensitivity measurements and no significant correlation
with maximum reading speed.

Participants needed instruction in how to use the p-EVES devices at home so task-
based practice was undertaken. It was found that this took between 5 and 30
minutes per participant. A difficulties questionnaire administered one week
following prescription of p-EVES found that only 2 individuals were having technical
difficulties using the device.. A maximum variation sampling method was used to
select 27 participants for interview.

Previous guidance on prescribing p-EVES devices was derived from clinical
experience. The difficulties questionnaire and the interview transcripts now allow
the presentation of some evidence-based guidelines for prescribing p-EVES.
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Chapter 1 Visual Impairment and its Rehabilitation

1.1 The p-EVES Study:

The data presented in this thesis was collected during the p-EVES study. This study
was designed to investigate the effectiveness and acceptability of a new type of
portable electronic vision enhancement system (p-EVES) compared with traditional
optical magnifiers for near vision tasks in patients with low vision. The initial idea
behind the study arose from positive anecdotal evidence from patients who had
access to a p-EVES device through the Welsh Low Vision Service (now called Low
Vision Service Wales). If the results show evidence of effectiveness of p-EVES and
that we should be prescribing them to patients, this information could potentially
be used to support the supply of p-EVES in the National Health Service (NHS) in

England in the future.

The study was conducted at Manchester Royal Eye Hospital (MREH) and the
patients were recruited from the MREH low vision clinic. The study team consisted
of a lead investigator, expert advisors on the subject, a study researcher, a clinician
researcher, statisticians, health economists, a qualitative methods expert and a
service user. The p-EVES study was registered with the clinical trials register and
the ethics application was approved by National Research Ethics Service (NRES). The
funding from the study came from the National Institute for Health Research (NIHR)

Research for Patient Benefit (RfPB) programme.

The design of the study was a two-arm, randomised cross-over study. Participants
were randomised into one of two groups. Group one received the interventions in
the order AB and group 2 received the interventions in the order BA. A is a two
month period where the patients use their existing magnifiers and the p-EVES
device and B is a two month period where they only use their existing magnifiers.
Another approach would have been to recruit patients with no previous experience
of using optical or electronic magnifiers and then assign them randomly to either an

optical or a p-EVES device. However, this would have meant it was likely that these



would only be patients who were new to rehabilitation with potentially only ‘mild’
visual loss so the number of tasks that they were having difficulty with may be few

at this stage, (Taylor et al, 2014)

A flow chart illustrating the different steps and tests involved in the p-EVES study is

shown in figure 1.1.
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Figure 1.1: A flow chart of the p-EVES study design. The areas involving the clinician

researcher are clearly marked.

The methodology paper for the p-EVES study by Taylor et al (2014) is in appendix 1.



Some examples of p-EVES are shown below (Figure 1.2)

Figure 1.2: Three examples of p-EVES devices: Minimax by Reinecker; Compact+ by

Optelec, i-loview 7 by Humanware.

1.2 Aims of thesis:

The overall aim of the p-EVES study is to use both quantitative and qualitative data
to compare the effectiveness and acceptability of p-EVES devices in patients with
low vision. The aim of this thesis is to present the aspects of the p-EVES study that
the author (clinican researcher) was directly involved in. A literature review will aim
to review all relevant publications relating to the need for this study to be
undertaken. The process behind choosing the p-EVES devices that went on to be
used in the main study will be explained and the ways in which participants were
instructed to use the devices and then followed up will be evaluated. The
experience gained by the author during the p-EVES study allows some prescribing
guidelines to be presented. Finally, a test used during the p-EVES study to detect
the presence of a central scotoma will be evaluated as this has not been previously

evaluated.

1.3 Search methodology:

Literature was identified by searching the following databases: Web of Science,
EMBASE and PubMed. Additional literature was identified via hand searching of
relevant reviews and by asking experts in the field for their advice on relevant

studies to include. Examples of search terms used included ‘activity limitation low
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vision’, ‘electronic low vision aids’, field of view with magnifiers’, quality of life

guestionnaires low vision’.

1.4 Low Vision:

The term low vision indicates a reduction in visual acuity, which even with full
refractive error correction, still results in a lower visual performance on a
standardised clinical vision test than would be expected for a patient of that age

(Dickinson 1998).

The World Health Organisation (WHO) has defined ‘low vision’ as “visual acuity less
than 6/18 and equal to or better than 3/60 in the better eye with best correction”
or “one who has impairment of visual functioning even after treatment and/or
standard refractive correction, and has a visual acuity of less than 6/18 to light
perception, or a visual field less than 10 degrees from the point of fixation, but who
uses, or is potentially able to use, vision for the planning and/or execution of a task

III

for which vision is essential.” (World Health Organization and International Agency

for the Prevention of Blindness. 2004).

Dandona and Dandona (2006) debated some of the potential issues with the
current definitions provided by the WHO and proposed that modifications be made
to them to improve their utilisation and implementation worldwide. One of their
main concerns was the use of ‘best corrected visual acuity’ to classify low vision.
They suggested that if this was changed to a person’s ‘presenting visual acuity’,
then this would account for uncorrected refractive error as a cause of visual
impairment, which in turn would increase the total of number of people worldwide

with low vision by approximately 38%.

In the current tenth version of the ICD, specific categories are provided to define
the types of visual functioning (Colenbrander 2010) and these are shown in table
1.1.

11



Table 1.1: ‘Classification of severity of visual impairment’

(ICD10 Version:2010)

CATEGORY DESCRIPTION MAXIMU MINIMUM MAXIMUM MINIMUM
OF VISUAL M VISUAL VISUAL VISUAL VISUAL
LOSS ACUITY ACUITY FIELD* FIELD*
0 Normal and mild visual 6/6 6/18
impairment
1 — Moderate <6/18 6/60
(@) visual
%- = impairment
S <
2 D o Severe visual <6/60 3/60
= o impairment
3 @]
ES 5
Q.
3 § blind <3/60 1/60 <10° around >5° around
D central fixation | central fixation
- 99)
— —
4 5 blind <1/60 light <5° around
o perception central fixation
5 blind no light perception
9 undetermined cannot be measured

1.4.1 Epidemiology of low vision

The WHO estimated that in 2010 there were approximately 246 million people
worldwide with low vision based on their classification (VA<6/18 - 3/60 with best
correction). They also state that low vision is not distributed evenly throughout the
globe. Over 90% of the world’s visually impaired population are in the developing

countries (Global data on visual impairments. 2010).

It was found by the WHO that of the world’s ‘blind’ people, 58% of these are in
Asia, with an approximate further 20 million defined as being severely visually
impaired also being from this continent (Lim, 2006). Dandona et al (2001)
estimated that in 2000, the number of people considered as ‘blind” in India was
18.7 million, and if there was no change in trend, it was predicted that the number

of ‘blind’ people would increase to 31.6 million by 2020.

Records of the number of ‘blind’ people in Britain have been kept since 1851,
(Bunce et al 2010). In 2008, a review by Bosanquet and Mehta estimated that in the

UK, there are approximately 2 million people who are visually impaired. These
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people are mostly over 65 years old. Evans et al (2002) measured the prevalence of
visual impairment in patients aged 75 and over. They used Medical Research
Council assessment data for patients in 106 general practices between 1994 and
1999 and in total, were able to analyse visual acuity data from 14,600 people. Using
their results along with mid 2001 population estimates for the UK, they estimated
that at the time of the analysis (2001), there were approximately 506,000 people
living with low vision (defined as <6/18-3/60) and approximately 103,000 ‘blind’
people in the UK over the age of 75. There are also approximately 44,000 young
people (ages 0-25) including 25,000 who are children (aged 0-16) who are affected
by visual impairment in the UK, (Bosanquet and Mehta, 2008).

1.4.1.1 Registration

After the Blind Persons Act in 1920, patients in England and Wales could be
certified as being ‘blind’ by any medical practitioner and the details of these
individuals were kept on a register. From the mid-1930s patients had to be
registered by an ophthalmologist who had to complete a series of forms called BD8
forms. The National Assistance Act in 1948 started the current system of
registration where local authorities, who were required to establish registers of
‘blind’ or ‘partially sighted’ people, had to administer the statutory services for

these low vision patients (Tate et al, 2005).

The BD8 forms then became Certificate of Visual Impairment (CVI) forms in
November 2003 and the categories re-named as ‘Severely Sight Impaired’ (SSI) or

‘Sight Impaired’ (Sl) respectively (Bunce et al, 2010).

The CVI guidelines for registration state that a patient must have a binocular visual
acuity of worse than 6/60 to be certified as SI, (Department of Health, 2013). In
Australia and the USA, patients with binocular visual acuity of worse than 6/60 are
classed as ‘legally blind’. It has been argued that this terminology is confusing as
this may still leave the patient with significant amounts of residual vision, therefore
the terms ‘low vision’ or ‘visual impairment’ are recommended as more appropriate

for use worldwide (Colenbrander 2010).
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In the UK, the CVI is completed by a patient’s consultant and must also be signed by
the patient. Above, it has been referenced that there are approximately 2 million
people who are visually impaired; however, there are approximately 360,000
people who are registered as Sl or SSI. There are a number of potential reasons for
this discrepancy. Firstly, the 2 million figure is an estimated figure and is based on
sight loss meaning a VA of <6/12 in the better seeing eye. It also includes those
people with uncorrected refractive error and those who are waiting for cataract
surgery where the vision loss could be reversed. Secondly, there will be a group of
people who fall under the WHQ's definition of low vision but do not fall into the CVI
definition of sight impaired i.e. those who’s binocular visual acuity is between 6/18-
6/60. Having said that, people who fall into this visual acuity range can be
registered if they have a significant visual field defect. Thirdly, evidence has shown
that there is a significant amount of ‘under-registering’. Barry and Murray (2005)
conducted a study at the Birmingham and Midland Eye Centre for three months in
2003 to investigate the reasons behind under-registration. Broadly speaking they
found that 45% of patients who would have met the eligibility criteria for
registration, were not registered. Generally, this study attributed the under-
registration to a lack of training of ophthalmologists, however it is important to
note that this was a single institution study so cannot be taken to reflect the UK as a

whole.

1.4.1.2 Gender Distribution

In a study looking into certification for sight impairment in England and Wales,
Bunce and Wormald (2006) found that in their patient sample, out of those aged
over 65, 64% of those registered as ‘blind’ were female and 67% of those registered
as ‘partially sighted” were also female. However, in the working population, they
found that gender was more equally split with 55% of those registered as ‘blind’
being male and 51% of those registered as ‘partially sighted’ being male. It is
important, however, to bear in mind the increased life expectancy for females in
the developed world, which may account for the larger number of female

registrations in the over 65 category.
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In order to gain a better understanding of the global burden of ‘blindness’ by
gender, Abou-Gareeb et al (2001) conducted a meta-analysis of many population-
based studies. The findings were that, overall, women accounted for 64.5% of all
the world’s ‘blind’ people. This excess of visual impairment in women was more
apparent among the elderly population. They concluded that this was likely to be
due to a number of factors that are different in the developing world compared
with the developed world. For example, in some developing countries there is a
different rate of utilisation of services and due to a lower socioeconomic status of
females, they tend to have more barriers to receiving treatment. This concept was
confirmed in a study by Mganga et al (2011), which commented that the
accessibility to eye care services by elderly women is a significant problem in many

areas of Africa.

1.4.1.3 Age Distribution

The WHO state that visual impairment is not uniformly distributed across all age

groups and this finding is confirmed in many studies from across the world.

7

In Australia, more than one study has shown an exponential increase of ‘low vision
and ‘blindness’ with increasing age. Taylor et al (2005) combined data sets from
two of these studies (Table 1.2).

Table 1.2: ‘Estimated age distribution of people with low vision and blindness in
Australia, 2004’ PVA= presenting visual acuity

Adapted from Taylor et al. (2005)

Age Group (years) Prevalence of Low Vision | Prevalence of Blindness
(PVA<6/12) (PVA < 6/60)

40-49 0.67% 0

50-59 2.28% 0.09%

60-69 4.51% 0.29%

70-79 11.41% 0.68%
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80-89

28.75%

4.12%

90+

39.49%

16.94%

These results clearly show the large increase in visual impairment with age.

A similar result was found in the study by The Eye Diseases Research Group (2004).

In the United States both ‘low vision” and ‘blindness’ increased markedly with age

for all races/ethnicities and it was found that there was a rapid increase in

‘blindness’ over the age of 85 years. This result is confirmed to be the same in the

Canadian population also (Maberly et al, 2006).

The health and social care information centre (HSCIC) reported on the number of

people registered as ‘blind’ and ‘partially sighted’ and these figures are shown in

table 1.3.

Table 1.3: Blindness and partial sight in England; summary age distribution of

certifications; March 2014

Number of People

Blind

0-64 years 41,425
65 years and above 101,960
All ages 143385
Partially Sighted

0-64 years 38,870
65 years and above 108,845
All ages 147,715
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Global studies into the prevalence of low vision across the different age groups
tend to classify ‘older’ people as over 50 years. It is widely agreed that in this age
group, the prevalence of low vision is significantly higher than in the lower age

groups (Resnikoff et al, 2004).

Many of these studies agree that due to an ageing population, the prevalence of
visual impairment will greatly increase over the coming years (The Eye Diseases

Research Group 2004; Frick et al, 2007; Taylor et al, 2005).

1.4.1.4 Aetiology

More than 90% of all visually impaired people live in the developing world
(Cunningham, 2001). Therefore, the main causes of visual impairment found in

global studies mostly reflect diseases seen in developing countries.

The most common cause of global ‘blindness’ is cataract and there are almost 21
million people estimated to be classified as ‘blind’ (using the WHO classification)

due to this disease (Ackland 2012).

Other causes of global blindness include trachoma, onchocerciasis, glaucoma,
diabetic retinopathy and age-related macular degeneration (ARMD) (Reskinoff and
Keys 2012).0Over the past three decades, there have been some changes in the

reported causes of visual impairment across the world, (Figure 1.3).

o af
:g:ggﬁia_ miooo W 2002 2010
40.00% . m2002* @ 2004
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30.00% -
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20.00%
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5.00%
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Figure 1.3: ‘Global causes of blindness as a percentage of total blindness: 1990—
2010" (*excluding refractive error, *Including refractive error)’, Resnikoff and Keys,

(2012)

Early studies did not include uncorrected refractive error as a cause of visual
impairment (VI). This definition of VI incorporates the WHQO’s definition of ‘low
vision’ and ‘blindness’. This cause of VI was only taken into account from 2002
onwards, which caused an overall apparent rise in the prevalence of global visual
impairment from 2.59%- 4.13%. However, since 2002, the number of visually
impaired people due to uncorrected refractive error has decreased markedly
(Resnikoff and Keys 2012). Pascolini and Mariotti (2011) found that uncorrected

refractive error is a much more prevalent cause of ‘low vision’ than of ‘blindness’.

In developed countries such as the United Kingdom, Australia and the United
States, the leading causes of visual impairment are AMD, glaucoma and diabetic

retinopathy (Taylor et al, 2005).

18



\\ B etz o

iz s 2
Celatsalar

h (A s
Lhabiie 1.0%

“elnelsesiner
seinsion A%

Enmars & VEIN
ot B3

Il A naby £ 3

Harad any
‘vlirel disraers .04

Cimini
Fenopa Mok
E.5%

Figure 1.4: Main causes of SSl in England and Wales: April 2007-March 2008. Bunce
et al (2010)

arat i, soraasl coachy ane

F s il
ETeors aalveryagia ot disantans oF Cionaa I

1.5

Coanzdarinmsazn ur
EETEPTR B 08

Fchnal ozouar
amclagar 1004

[igovvers ol vzl
SurCE EE

Ot gl o 230,
Heresdary

el cisomre 4.2%

hainic
Siunppebetan et
[N

Figure 1.5: Main causes of Sl in England and Wales: April 2007-March 2008. Bunce
et al (2010)

19



Bunce et al (2010) found that the leading cause for certification in England and
Wales is AMD. This disease accounted for 58.6% of all ‘blind’ registrations and
57.2% of all ‘partial sight’ registrations during their study (Figure 1.4 and 1.5).
Glaucoma and diabetic retinopathy were found to be the next most commonly
recorded ocular disorders. Since 1990-1991 the age specific incidence of all three
diseases has increased, most markedly in relation to diabetic retinopathy where in
the over 65s the numbers have more than doubled. Liew et al (2014) looked at the
leading causes of blindness certifications in England and Wales, specifically in the
working population (classed as ages 16-64). A comparison was made between data
from years 1999-2000 and years 2009-2010. It was found that for the first time in at
least five decades, diabetic retinopathy/maculopathy is no longer the leading cause
of certifiable blindness in England and Wales among the working population.

Hereditary retinal disorders have taken over as the leading cause of blindness.

1.4.2 Impact of Low Vision

According to the WHO'’s international classification of functioning disability and
health (ICF), ‘Impairment’ is defined as ‘a problem in body function or structure
such as a significant deviation or loss’. In ophthalmology, generally various tests are
performed on a patient with low vision in order to ‘grade’ the scale of their visual
impairment. These tests include measurements of visual acuity, contrast sensitivity
and near vision amongst others. However, simply knowing how the eye functions is
not a full indication of how the individual functions as a whole. Other areas need to
be considered such as mobility, employment and social issues; all which will identify

the level of help the person needs (Knudtson et al, 2005; Colenbrander 2010).

The primary aim of Network 1000 was to establish what issues visually impaired
people in the UK face in their everyday lives. A total of 30% of people reported that
they could not see any size of print without a magnifier and 52% said that they
could manage the headlines in the newspaper only. The majority could recognise
shapes and sizes of furniture in a room, however only 10% of people could

recognise a friend from across the road.
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1.4.2.1 Impact on quality of life (Qol)

As AMD is the leading cause of low vision in the developed world, Brown et al
(2005) looked into the relationship between the disease and quality of life of the
patients with this condition. WHO defines (Qol) as ‘an individual’s perception of
their position in life in the context of the culture and value systems in which they
live and in relation to their goals, expectations, standards and concerns’. In Brown
et al’s study, a standardised questionnaire was created by the authors to assess
health related QoL. It was found that mild AMD causes a 17% decline in a patient’s
health-related Qol, similar to the decline found with the human immunodeficiency
virus (HIV). In severe AMD, the QoL of the average patient is reduced by 63%,
similar to that found in patients who have been left bedridden after a severe
stroke. Mitchell and Bradley (2004) designed an ‘individualised questionnaire’ for
measuring the impact of macular disease on a patient’s QoL. The questionnaire was
called the MacDQol. It was based on ‘domains’, such as work, hobbies, motivation
and finances and the majority of the domains used were validated by a focus group
of members of the macular society. The study findings were that macular disease

has a substantial negative impact on QoL.

1.4.2.2 Activity limitation and participation restriction

Advanced AMD, is associated with painless, progressive, central visual impairment,
(Lim 2012). The disease causes difficulty with tasks requiring central vision, such as
writing, reading, recognising faces and driving, (Brown et al, 2005). Lamoureux et al
(2008) investigated participation in daily living in patients with low vision caused by
AMD using the Impact of Visual Impairment questionnaire (IVI). The mean age of
their patients was 83.5 years. They did find that, although not normally
acknowledged as a primary issue caused by AMD, mobility and activities related to
a patient’s independence, specifically ‘going shopping’ ranked as a main concern. A
study into the impact of diabetic retinopathy on participation on daily living found
that the activities with the most significant restriction of participation were reading,
mobility, work and leisure. The participants in this study, for whom the average age

was 67.5 years, also completed the IVI questionnaire (Lamoureux et al, 2004). The
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IVl is a 32-item questionnaire, designed to provide a measurement of impact of

visual impairment on restriction of participation of daily living. This questionnaire is
divided into five main sections; leisure, household, mobility and emotional and was
found by Weih et al (2002) to be a practical and simple to administer tool that could
be implemented in the low vision setting to evaluate the impact of a patient’s visual

impairment and to assess their needs.

West et al (2002) investigated the relationship between measurements of visual
acuity and contrast sensitivity, and performance of everyday tasks. In this study,
patients undertook performance based tests in three categories; mobility, daily
living tasks which include a visual component and visually complex tasks, such as
facial recognition. It was concluded that both visual acuity and contrast sensitivity
were significantly related to performance on all tasks except for stair
ascent/descent tasks where contrast sensitivity was the lone predictor of
performance. Legood et al (2002) found that older people who have a sight
problem are 1.7 times more likely to have a fall than a sighted older person and

they are 90% more likely to have multiple falls.

Another area covered by the Network 1000 survey was employment. In the
sample, 20% of the working age population were unemployed and 22% were on
long-term sick leave. 12% retired from work earlier than deemed normal. Out of
those not working, whilst still considered as working age, 27% of people reported
that they stopped work due to the onset or deterioration of their visual
impairment. It was also found that those who were registered SSI were significantly
more likely to be out of work than those registered SI. Out of those patients who
did not want to work, most reported that this position was down to their visual
impairment and/or their general health. 23% of the patients out of work were in

receipt of income support.

1.4.2.3 Psychological impact of low vision

In the Network 1000 survey, patients with visual impairment also presented with
other disabilities. A total of 28% were registered as disabled and 70% reported

long-term health issues including arthritis and heart problems. 43% of patients also
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reported that they had a hearing impairment, 36% of whom were in the younger
age group (18-29). In the interviews some patients reported that their visual
impairment made it difficult to manage their other health conditions. A study by
Hernandez Trillo and Dickinson (2012) looked at the contribution of non-visual and
psychosocial factors on QoL in people with low vision using QoL questionnaires. In
this study it was concluded that physical and mental health, along with other non-
visual factors were found to be stronger QoL predictors than visual factors such as

contrast sensitivity and visual acuity.

A reduction in performance in ADL is likely to cause depression and depression is
likely to reduce ADL, making the relationship between functional loss and
depression more complex. Evans et al (2007) conducted a study into depression in
older people with low vision. They found that there is a definite link between
depression and visual impairment in the older age groups. After controlling for
certain functional factors including the ability to perform activities of daily living
(ADL), it was found that visually impaired people were 25% more likely to suffer
from depression than normally sighted individuals. Brody et al (2001) looked at the
prevalence of depression in people with AMD and the relationship with depression
within this population. They found that in the elderly population with advanced
AMD, depression is a significant problem. Schilling and Wahl (2011) also studied
people with AMD and the impact of the visual impairment on Adaptation to age-
related Vision Loss (AVL). They found that the impact of vision loss on AVL was
mediated by a patient’s functional ability. Bookwala and Lawson (2011) looked at
poor vision in older adults and depressive symptoms using the Activity Restriction
Model. This model hypothesises that in later life, stressors can directly impact on
depressive symptoms and also there can be an indirect impact from a restriction in
routine every day functioning. They found that the model was an ‘excellent fit’ for
the depressed effect and poor vision in later life. A direct impact of subjective poor
vision on depressive symptoms was seen and indirectly, on social isolation and
physical restriction, leading to depressive symptoms. When looking at the level of
adjustment to visual loss in a cross-sectional study of adults, Tabrett and Latham

(2012) found that personality traits, such as neuroticism and consciousness, can
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impact on the ability of a person to adjust to their visual loss, more so than factors

such as onset and severity.

There has been some evidence to show that there is a link between visual
impairment and suicide (Lam et al, 2008). However this was found to be an indirect
link, associated with other health problems. No statistically significant direct link
was found in Lam’s study. A review of various qualitative studies looking into the
link between vision loss in later life and emotional wellbeing revealed that the loss
of independence was reported as the most challenging aspect of sight loss. This loss
of independence was linked to frustration when not being able to perform simple
tasks and a feeling of loss or bereavement (Nyman et al, 2012). A recent review of
the literature on the subject of depression in people with visual impairment due to
AMD has suggested that people with activity restriction are at the greatest risk of
depression. It was suggested that an integrated approach to managing depressive
symptoms in older adults with visual impairment was the best way forward, (Casten

and Rovner 2013).

1.5 The role of magnifiers in visual rehabilitation

In the terminology of the ICF the aim of visual rehabilitation is primarily to remove
the activity limitation experienced by the individual. In most cases it is important
that the individual retains their independence and self-sufficiency, and is able to
perform the task autonomously. Strategies to allow this will typically use vision
enhancement (magnification, contrast or lighting) or sensory substitution (auditory

or tactile replacement of the visual element of the task).

Magnification is defined as ‘the ratio of the enlarged retinal image size to the
unmagnified image size under standard viewing conditions’. There are four
different ways in which magnification can be produced: decreasing the viewing
distance; increasing the size of the object (eg. large or giant print books); transverse
magnification (such as an electronic or flat-field magnifier); and angular
maghnification (eg using a telescope). Plus lens magnifiers (whether spectacle-

mounted, hand-held or stand-mounted) create magnification by allowing a close
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viewing distance without the need for accommodation, so long as the object is at

the focal point of the magnifying system.

For many people with low vision, reading can become a very difficult or even
impossible task, (Fine et al, 1996). Magnifiers are however well suited to this task:
from fluent reading of a novel or newspaper to spot reading, such as finding

nutritional information on a food packet (Bowers et al. 2007).

1.5.1 Optical magnifiers

Optical magnifiers may be hand-held, stand-mounted or spectacle-mounted,
(Figures 1.5-1.7). Plus lens magnifiers are available in a wide range of dioptric
powers, many devices have their own light source and can be battery powered or
re-chargeable from mains electricity (Virgili and Acosta, 2009). As the dioptric
power of the magnifying lens increases, the viewing distance of the desired target
decreases, making these magnifiers useful mainly for tasks that require near
resolution acuity. Among the most frequently used optical magnifiers are stand
maghnifiers due to their ease of use, portability and relatively low expense, (Fine et
al, 1996). In Moorfields Eye Hospital, over the past thirty years, the most
commonly prescribed low vision aids (LVAs) have been non-illuminated hand
maghnifiers, illuminated stand magnifiers (figure 1.6) illuminated hand magnifiers
(figure 1.7). Between 1973 and 2003 the number of prescribed illuminated hand
magnifiers has increased (Crossland and Silver 2005). Where reading matter is
distant, telescopes can be used and these can be hand-held or spectacle mounted
(figure 1.8), (Virgili and Acosta 2009). However, when looking at the uses of LVAs in
a population of veterans, Watson et al (1997) found that the main reasons for using
their telescopes were travel, television, lawn and garden and identifying faces.
Reading was not identified as a task that was performed with either type of
telescope. If spectacle-mounted telescopes are useful only for stationary tasks that

do not require mobility and orientation, (Christoforidis et al, 2011).

The main disadvantage of optical magnifying systems is that they are limited to a
maximum magnification of approximately 20x, and 10x-12x usually being the

highest powers used practically within a low vision setting. 20x in a plus lens system
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would require a lens with a dioptric power of +80.00 and a working distance of only
1.25cm. This system would have considerable aberrations and a considerably

restricted field of view (Dickinson 1998).

Figure 1.6: llluminated stand magnifier.
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Figure 1.7: llluminated hand magnifier.
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Figure 1.8: Spectacle mounted telescope

1.5.2 Electronic magnifiers

Transverse magnification can be created using a television camera to create a
magnified image on a monitor screen. These systems can be termed closed-circuit
televisions (CCTVs) due to the direct cable link between the imaging and viewing
systems (figure 1.9). However, a more appropriate label would be ‘electronic visual
enhancement systems’ or EVES, as this indicates the provision of ‘features’, as

opposed to simply a ‘surveillance’ system, (Peterson et al, 2003).

EVES are generally prescribed to patients with moderate to severe visual
impairment, as they enable higher magnifications than optical magnifiers. Other
advantages of EVES include contrast enhancement, reduction of aberrations and a
more natural working distance, which in turn leads to better posture and the
potential for binocular viewing. If the patient’s underlying ocular pathology
worsens, the variable magnification of these devices can allow their continued use.
However, EVES are more expensive than optical aids and many are not portable,

(Burggraaff et al, 2010; Harper et al, 1999; Wolffsohn and Peterson 2003).

Broadly speaking, EVES can be classified by type into four sub-groups; stand-
mounted (or desktop mounted), mouse-based, handheld and head-mounted,
although the latter are not currently available. These classifications do not cover
the concept of ‘p-EVES’ devices. Originally, EVES were a desktop-mounted design
where the ‘task’ (eg a newspaper) is placed under a camera and manipulated in a
regular pattern using an X-Y platform, (Dickinson 1998). In the 1980s ‘mouse’ style
EVES devices were described. These featured a ‘rolling’ camera, mounted in a case
that can be moved over the object of interest. They require connection to a
television set or a computer. The newest models of these have a large depth of
focus, allowing curved surfaced to be viewed and they encompass some of the
features of the traditional fixed camera EVES such as variable magnification

(although limited) and contrast reversal, (Wolffsohn and Peterson 2003).
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The invention of miniature solid-state electronics has enabled smaller, more
portable EVES (p-EVES) to be produced. P-EVES devices consist of a camera and

small display screen built into the same hand-held device and have their own light

source.
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Figure 1.9: Desktop mounted CCTV

1.6 Current Provision of magnifiers in the UK

The UK has a multi-disciplinary approach to low vision services, which are mostly
multi-agency and are comprised of various professionals, including optometrists,
rehabilitation officers, social workers, ophthalmologists, orthoptists, nurses etc.
Dickinson et al (2011) looked into low vision service provision in England. They
profiled the services against the standards set out by the Low Vision Service Census
Group (1999) and the NHS recommended standards for low vision services (2007).
These standards were put in place to respond to the needs of those in the
community with visual impairment. There were several different approaches
evaluated. These included an integrated service, optometrist led hospital services,
orthoptist and nurse led hospital services and social service low vision provision. It

was found that all of the models for low vision services did use a multidisciplinary
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approach but that all had their strengths and their weaknesses. It was commented
upon that one of the strengths of all forms of low vision service evaluated was that

there were robust referrals between the different professionals within the services.

Patients can be seen within the National Health Service (NHS) in Low Vision clinics
for rehabilitation. The patients do not need to be certified as SI/SSl in order to gain
access to this service or to the social services for an assessment of need. Ryan and
Margrain (2010) reviewed whether the current registration criteria is fit for purpose
and in doing so found that a large number of patients who are not registered but do

have some sight loss are using rehabilitation services.

A number of patients with low vision may be independent, motivated individuals
with the ability to access self-help information that may meet many of their
rehabilitation needs. However, large, growing proportions of visually impaired
people in the UK are elderly and may have other disabilities, as well as living alone.

For these patients, access to rehabilitation services is vital.

Ryan and Margrain (2010) looked at the type and location of these services across
the UK. They found that the distribution of services was geographically unequal and
that in some locations, services were scarce. Currently, most low vision work is
undertaken in the hospital eye service (65%). The study identifies the need for more
provision of services in the community. Many of the patients attending hospital
clinics would have their optical requirements met by the provision of a relatively
simple optical device, which could be provided by optometrists in the community.
One of the main problems in setting up these services in the community is that the
local optical committee has to negotiate with commissioners to be able to provide
the low vision aids free of charge, as they are able to in the hospital low vision

service.

LVAs can be provided on permanent loan to patients within the NHS system,
otherwise they are available to buy from the suppliers, some opticians and various
other organisations. The LVAs available for loan are limited to the majority of

optical aids; electronic aids are not usually provided as part of this service currently.
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The Welsh National Assembly has identified this geographical ‘lottery’ in the way
low vision services are spread out and introduced a nationwide low vision service in
2004. The Low Vision Service Wales is located in community based optometric
practices throughout Wales. Patients are seen by accredited optometrists and
dispensing opticians who work closely with social services, ophthalmologists,

schools etc. and LVAs are provided on a loan basis, (Margrain et al, 2005).

1.7 The difficulties of using magnifiers

1.7.1 Field of View

LVAs provided for reading tasks to people who have low vision enable them to read
smaller print than they would be able to see without the use of the aid. However,
the introduction of a magnifier does restrict the field of view available for reading.
In the case of optical magnifiers, the restricted field is caused by the physical
aperture of the magnifying lens, which is restricted by aberrations (aspheric design
of equivalent magnification would have a larger diameter). The stronger the
magnification, the smaller the field of view that is available and the smaller the eye-
to-magnifier distance. In the case of electronic magnifiers, however, the field of

view is not restricted by aberrations and depends on the size of the screen used.

Field of view is one of the four main requirements for reading. Legge et al (1985)
reported that for scanned texts, a window of at least 4 characters wide is essential
for an observer, with normal or low vision, to maintain their maximum reading

speed. As the field of view decreases, the reading rate slows.

Brinker and Bruggeman (1996) investigated the impact of field of view with CCTVs
on reading speed and found that the reading speeds of patients increased
significantly when the width and height of the viewing window increased. They
found a similar result to Fine et al in that the reading rate continued to increase in
an almost linear fashion up until their maximum window width of 12 characters. To
support this result, they investigated ‘normal’ subjects using a lower magnification,

which afforded a window of up to 24 characters. It was demonstrated that reading
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rate still increased beyond a width of 12 characters then levelled off at 24

characters.

Another study that looked into window width on CCTVs was conducted by
Beckmann and Legge (1996). It was found that when reading text on a CCTV,
normally sighted patients required a window width that was three times greater to
achieve 85% of maximum reading speed for manually reading stationary text
compared with controlled ‘drifting’ text. They found less of a relationship with their

low vision subjects at a window width requirement of two times greater.

Lovie-Kitchin and Woo (1988) also looked at reading speeds with CCTVs. They
tested 18 ‘normal’ subjects and 10 low vision subjects using various different field
sizes and magnifications on a CCTV. They found that in low vision subjects who have
naturally slower reading speeds, the reading speed can increase with higher
magnifications despite the smaller field of view. Alternatively, subjects with faster
reading speeds would benefit from minimum magnification, giving maximum field

of view.

Dickinson and Fotinakis (2000) observed the reading speeds of normally sighted
subjects when using hand magnifiers to read two different sizes of text, 10-point
and 18-point. A reduction in reading speed with hand-magnifiers was found, even
at low magnification levels. One given explanation for this is that the introduction
of a magnifier creates a smaller field of view, which causes saccadic eye movements
to change; this matter will be discussed further in section 1.6.2. Although reading
speed tends to increase as the field of view increases, this study found that there
has to be a substantial decrease in the field of view (2 characters) before the

decrease in reading speed becomes statistically significant.

Cohen and Waiss (1991 (a) and (b)), conducted two studies looking at reading
speeds with four different types of optical magnifiers. The initial study (a) aimed to
investigate the reading speeds of 60 ‘normal’ observers with each of these devices.
The magnifiers were types of spectacle-mounted, hand-held, stand and tele-
microscopic near devices. The field of view of each device was kept the same for

each patient using it. The results showed that there were significant differences in
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reading speed, depending on the type of device used. The reading speed seemed to
directly correlate with the field of view size given by each magnifier, with spectacle-
mounted giving the largest field of view and the fastest reading speed and the
stand magnifier giving the smallest field of view and the slowest reading speed. In
order to investigate this further, Cohen and Waiss carried out a further study (1991)
where the same magnifiers were used but all were controlled for their field of view,
giving approximately 20 characters. The findings were that despite major
differences in their form or usage, the reading speeds were the same for the three
of themagnifiers. The tele-microscope was the only device to have a slower reading

speed in comparison.

In an experiment by Fine et al (1996), it was found that reading rates continue to
increase up to a field of view of 13 characters. In this study, patients with both
normal and low vision read short passages using a fibre-optic stand magnifier. This
type of magnifier allowed the field of view available to be varied and fields of 3,5,9
and 13 degrees were used while patients were timed reading aloud. It was
suggested by the authors that the difference in the results of this experiment and
Legge et al’s experiment were due to the lack of page navigation required when
reading from a controlled display whereas when reading with stand magnifiers,
there are no limits on where the device can be moved, making the window size
more important. When using a CCTV, the reader must control the display and
navigate their way from one line to the next. This is done, however, by using an x-y
table which helps to keep the vertical alignment. This x-y table can be fitted with
stops and its resistance can be altered to control movement. Arguably this is not

the same as the amount of navigation required when using an optical magnifier.

The results from all of these studies indicate that the field of view of an LVA is one
of the main variables responsible for reducing reading rate. Therefore, a main
advantage of electronic magnifiers compared with optical magnifiers is that the

field of view can be increased by simply increasing the size of the display screen.

1.7.2 Eye movements when reading
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It is to be expected that the introduction of magnifiers would interrupt the normal
eye movements when reading, ‘Normal’ eye movements are covered in more detail
in chapter 2. When studying the effect of magnifiers on the reading process, Neve
(1989) found that if the width of the line is larger than the width of the magnifier, a
horizontal movement of the magnifier must be made and the eye movements must
be tuned to magnifier movements. The movement of the magnifier to the right
causes an apparent movement of the stimulus to the left, which disturbs the
reading process. This effect is particularly observed when the reader must locate
the next line. In this case, the leftward movement of the magnifier causes an
apparent shift of the image to the right and disturbs the reader’s ability to locate

the left margin, hence the next line.

This was studied in greater detail by Dickinson and Fotinakis (2000). This study
aimed to investigate the changes in reading eye movements of normally sighted
subjects with hand-magnifiers. The normal ‘staircase’ pattern of eye movements
was found in control conditions where no magnifier was used. Upon the
introduction of hand magnifiers, the patterns of eye movements were noted to
change. Instead of the usual fixation pauses, smooth leftward eye movements were
observed, creating a ‘saw-tooth’ pattern (Figure 1.5). This result confirmed the
findings of Neve (1989) that the rightward movement of the magnifier causes this
leftward shift of the reading material which has to be traced by the eyes. The eyes
fixate on a point in the text, and then trace the leftward movement for a time
equivalent to the fixation pause in normal reading. Following this a saccade is then
made to the next fixation. A ‘reverse’ saw-tooth pattern can occur when the reader

must find the next line.
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Figure 1.9: Example of a ‘saw-tooth’ eye movement pattern when reading with a

magnifier. Bowers et al (2001).

It was observed that as subjects’ heads were not restrained during this study, there
is a possibility that fast head movements in the direction of reading were occurring
along with the saccades. In order to investigate the effect of head movements on
the results, three subjects repeated the experiment with their heads restrained.
The forward saccades were found to be larger than in ‘natural’ conditions leading to
the conclusion that head movement can cause some of the movement of the image

across the retina in reading.

It is clear from the results of these studies that the interruption of eye movements

must cause a decrease in reading speed when using a magnifier.

Bowers et al (2007) investigated the potential page navigation problems when
reading with an optical magnifier. The navigation movements necessary to read
text were divided into two phases; the forward phase, during which the line is read
and the magnifier is moved leftwards; and the retrace phase when the magnifier is
moved from the end of a line to the start of another. The patients in this study
tended to use a straight or diagonal downward movement during the forward
phase. When retracing, most patients used a downward diagonal movement to find
the next line, very few used a straight or upwards movement. When page

navigation strategies are taught to patients on prescription of their optical
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magnifier, some practitioners teach the patient to retrace in a straight line back
along the line they have just read and then move down onto the next line.
However, in Bowers et al’s study, the patients were not taught these specific

retrace strategies.

When using CCTVs, it has been reported that the most common retrace movement
has been found to be a straight line and then simply dropping down onto the next
line. This approach is probably the simplest method when using an x-y table

(Beckmann and Legge 1996).

1.7.3 Reading performance with magnifiers

In patients of all ages with ‘normal’ vision, reading speed decreases without loss of
comprehension when the magnification increases or the number of visible
characters is reduced. With increased magnification, most low vision patients show
an initial increase in their reading speed, followed by a plateau or decrease with
further magnification increases (Wolffsohn and Peterson 2003). Erlich (1987)
studied CCTV use in patients with AMD and Retinitis Pigmentosa (RP). He also had a
‘normal’ control group. It was found that in patients with AMD, reading speed is
highly correlated with magnification of EVES device, whereas in RP the same applies

only in reverse contrast.

There have been a number of studies comparing the reading speeds when using
optical aids vs EVES devices. Goodrich et al (1980) investigated veteran patients
with low vision who had been using a CCTV for at least two years. Fifty percent also
used optical aids and these subjects were used to compare reading speed and
durations for the two different devices. The mean optical aid reading speed was
84.67 wpm and the mean CCTV reading speed was 82.38; which shows no statistical
difference. Patients in this study were also asked to estimate their reading
durations for each device and these results were statistically different. The mean
duration estimated for an optical aid was 34.48 minutes and was 105.26 minutes
for a CCTV. Stelmack et al (1991) also found that reading duration was longer with
CCTVs than with optical magnifiers. Their patients reported being able to use a

CCTV for 29 minutes, their optical aids for 13 minutes and their spectacles for 11
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minutes. This study also investigated reading speed with CCTVs vs optical aids and it
was found that the reading speed with CCTVs is greater than that with optical aids

(59 wpm vs 30 wpm).

Peterson et al (2003) did not measure reading duration but did look at other
performance variables for near reading tasks, comparing the subject’s own optical
magnifier with various commercially available EVES devices. This study concluded
that compared with optical aids, EVES allow smaller print sizes to be read and at a
faster reading speed. However, locating the next column of print was significantly
faster with the subject’s own optical magnifier than any of the EVES devices, which
the authors put down to the significant learning effect when undertaking commonly
performed tasks. Goodrich and Kirby (2001) agreed that electronic devices give a
better reading speed than optical aids. In their study, both a hand-held and a stand-
mounted electronic device gave a mean reading speed of 76 wpm, whereas the
optical aids gave a mean reading speed of 64 wpm. Goodrich et al also looked at
comparisons in reading duration for the different devices. Their results agreed with
other studies (Goodrich et al 1980 and Stelmack et al, 1991) that the reading
duration with the electronic magnifiers was significantly longer at 36 minutes than

with optical magnifiers, 23 minutes.

Nguyen et al (2009) investigated the impact of prescription of appropriate
magnifiers (including optical magnifiers and CCTVs) on reading speed in patients
with AMD. Reading ability was achieved in 94% of patients after the issue of
appropriate devices compared with only 16% beforehand. In this study, no reading
ability corresponded to a reading speed of <30 wpm. In almost all patients, reading
speed was less than 30 wpm prior to the provision of magnification, giving virtually
no reading ability. In comparison, the reading speed improved to a mean of 72 wpm
with the appropriate aid, allowing patients to comfortably read the desired
newspaper print. It must be noted, however, that patients in this study who were
classed as having ‘severe visual impairment’ showed significantly less improvement

in reading speed than patients with better visual acuity.
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Ortiz et al (1999) compared two electronic LVAs, a CCTV and a head-mounted video
maghnifier called Low Vision Enhancement System (LVES). Mean reading speed for
news articles was 61 wpm for the LVES and 67 wpm for the CCTV, the authors
postulated that the two devices were comparable for reading speed. However, as
previously referenced, the range of magnifications of the LVES was poor in
comparison to that of the CCTVs and two patients struggled to read the 10 point
font with LVES, whereas they had no difficulty with the CCTV.

1.8 How effective is rehabilitation?

There are a number of ways to assess the effectiveness of a low vision
rehabilitation programme or service. Effectiveness, in the context of the following
studies, is the degree to which the intervention or programme is successful in
producing a desired outcome. One way to assess effectiveness is to measure
changes in visual function before and after the intervention. Margrain (2002),
collected data over a 6 month period in the low vision clinics at Cardiff University.
The patients were new referrals and before intervention 23% of them could read
N8 (standard newspaper print size). Following the prescription of appropriate low
vision aids, 88% could read N8 or smaller. Nilsson and Nilsson (1986) studied 120
patients with advanced AMD for an average of 5 years, a period over which they
had access to low vision rehabilitation including optical magnifiers with methods of
training in their use and training in utilization of remaining vision. They found that
the number of participants able to read newspaper print rose from 0.8% to 92.5%.
Similarly, Nilsson (1986) looked at a different aetiology; diabetic retinopathy. As in
the previous study the 79 patients were exposed to a similar rehabilitation
programme and were followed for 3.6 years. When taking into account progression
of retinopathy, the final near and distance VAs were still significantly better

following prescription of low vision aids compared with baseline measurements.

Another approach to evaluating the effectiveness of a low vision rehabilitation
programme is to use questionnaires, for example to assess quality of life. In 2010,
Court et al conducted a study with the aim of comparing a new community based

low vision service (CLVS) and the already established hospital low vision service
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(HLVS). The primary outcome measure of this study was the seven-item National
Eye Institute Visual Function Questionnaire (NEI-VFQ). In this questionnaire the
patient is asked to rate a specific difficulty from 1-5, number 5 indicating a higher
disability. The seven-item version targets seven areas of a patient’s visual disability
that low vision services are known to be able to do something about (Stelmack et
al, 2002). 488 patients were recruited (HLVS n=145; CLVS n=343) and were given a
pre-service questionnaire before their initial appointment and then a post-service
guestionnaire 3 months afterwards. The study found that both HLVS and CLVS
produced a significant reduction in self-reported visual disability, as measured with
the seven-item NEI-VQF. Ryan et al (2013) then carried out an observational study
of the then established Welsh Low Vision Rehabilitation Service. They recruited 342
patients with the aim to determine whether the same reduction in self-reported
visual disability at 3 months seen in the study by Court et al, was also seen at 18
months. The results showed that the patients did have significantly reduced self-
reported visual disability at 18 months; however this difference was not as
significant as the reduction at 3 months. It was discussed that this may be due to a
general reduction in baseline function over time. In the UK, Pearce et al (2010) used
the Mass of Activity Inventory (MAI) questionnaire to assess the effect of adding
further low vision device training. Participants were randomised so that some
received a further appointment to assess their handling of the device and the some
were ‘controls’ who did not receive a further appointment. The questionnaire was
completed prior to the participants’ first assessment and then at one and three
months following the initial LVA. There was no further improvement seen for those

who had the extra appointment compared to those who did not.

In America, Stelmack et al’s LOVIT study (2008) had the objective of assessing the
effectiveness of a low vision programme in a multicentre randomised controlled
trial. In this study, the Veterans Affairs Low-Vision Visual Functioning (LV VFQ-48)
questionnaire was used to assess changes in patient’s reading ability from baseline
to four months after taking part in an outpatient low vision programme. The
participants were enrolled either into a treatment or a control group. The

programme included a low vision assessment, counselling, prescription of LVAs and
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six-weekly sessions with a low vision therapist. The results showed that the
treatment group in this study showed significant improvements in all aspects of

visual function compared with the controls.

Reeves et al (2004) conducted a study to compare the effectiveness of three
different low vision intervention models for patients with AMD. Intervention A was
an enhanced low vision rehabilitation model (ELVR), which included a
supplementary home based visit; B was a conventional (hospital based) low vision
rehabilitation model (CLVR). A third model (C) acted as a control intervention which
had a home visit like ELVR but this visit did not contain any supplementary
rehabilitation (CELVR). The primary outcome measure in this study was vision
specific QoL (VCM1). This is a ten-item questionnaire that contains questions
related to the way patients feel about their visual impairment and the impact that
the impairment has on their lives. The research found no evidence to suggest that
ELVR was beneficial over CLVR. Another result from the study was that there was a
lack of improvement in the outcomes in the CLVR model over time, this could lead
to questions over the effectiveness of CLVR; however as suggested in the paper,
this comparison is not controlled for and does not measure how QoL would

potentially deteriorate over time if there had been no CLVR.

1.8.1 Perceived Usefulness of magnifiers

Throughout the world, reading is deemed to be one of the most highly valued
activities in human culture. So much so that many international bodies use literacy
rates as one of their primary indicators for social and economic development
(National Research Council 2002). Legge et al (1985) defined low vision as the
inability to read a newspaper at a reading distance of 40cm with full refractive

correction in place.

The purpose of low vision rehabilitation is to ensure patients can continue or
resume their usual daily living tasks. Difficulty with reading is one of the most
commonly reported complaints; therefore it is one of the main goals of a typical
patient with low vision (Dickinson 1998). More specifically, in a study by Elliot et al

(1997), it was found that 75% of their patients rated reading as their primary aim
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and 21% as their secondary aim. Reading may be specifically important as a

recreational activity in the elderly generation where they may be subject to forms

of physical disability. This age group also tend to spend more of their time at home

compared with other age groups, therefore reading would serve as an activity to

keep them occupied whilst indoors. Hearing impairment increases with age and for

these patients, hearing loss has been suggested to be compensated for by reading

ability (Lott et al, 2001).

There have been several studies that look at the usefulness of different types of low

vision aids. For many of these studies, usefulness is a secondary outcome and the

ways in which it is assessed differs between the studies. It is assessed mainly by the

use of questionnaires following prescription of devices and relates to how a patient

rates the impact of the prescription of a device on their ability to perform tasks and

activities of daily living. Table 1.4 details the studies to be discussed below.

Author Title Location Brief Description Results
Goodrich et | A Preliminary Western Blind Follow up study of 19/26
al (1976) Report on Rehabilitation 27 veterans to patients ranked
Experienced Centre (WBRC). | describe the use CCTV most
CCTV Users California. US and usefulness of useful
CCTVs. magnifier

Quantitative and
Qualitative data
taken at home visit.

Shuttleworth
et al (1995)

How effective is
and intergrated
approach to
low vision
rehabilitation?
Two year follow
up results from
south Devon

South Devon
Low Vision
Service, Torbay
Hospital

Questionnaire
posted to 125
patients 1 year and
2 years after they
attended LV clinic.
To assess
effectiveness of
integrated
approach to LV
rehabilitation. Also
assessed usefulness
of LVA(s)
prescribed.

Atyearl,77%
of respondents
commented
favourably on
‘usefulness’ of
LVA
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Watson et al | National survey | Blind 2 year study of 85.4% LVAs still
(1997) of the impact Rehabilitation veterans’ use of in use.
of low Centres and LVAs. 200
vision device Visual participants
use Impairment completed
among veterans | Centres to telephone surveys
Optimise 12-24 months after
Remaining Sight | device prescription.
(VICTORS), USA
Watson et al | Veteran’s use Blind As above-further Video
(1997) of low vision Rehabilitation investigations into | magnifiers
devices for Centres and LVA usage for were found to
reading Visual reading. Analysis of | be the most
Impairment 3 types of LVA for helpful device
Centres to ‘helpfulness’ of for longer
Optimise aids. durations of
Remaining Sight reading.
(VICTORS), USA
Harper et al | Evaluating the Manchester 56 subjects, all with | 87% patients
(1999) outcomes of Royal Eye diagnosed AMD. used LVA on
low vision Hospital Low Manchester Low regular basis,
rehabilitation Vision clinic Vision 67% at least
patients Questionnaire used | once a day. 70-
to predict ‘usage 77% rated
rates’ of LVAs. helpfulness of
LVA in ADLs
‘extremely’ or
‘quite a bit’
helpful
Dougherty et | Abandonment Multicentre. 4 Telephone surveys | Out of 88
al (2011) of Low-Vision clinical sites, 3 on 88 patients with | patients, 19
Devices in an colleges of low vision 1 year had abandoned
Outpatient optometry, one | after prescription at least one
Population university of LVAs. Main LVA.
ophthalmology | outcome measure
clinic, US. was abandonment
of LVA.
Decarlo et Use of University of Enrolment period Magnifiers
al. (2012) Prescribed Alabama at May 2008- Jan were reported
Optical Devices | Birmingham 2011. 199 patients. | to be
in Age-Related | Center for Low Evaluated moderately-to-
Macular Vision perceived extremely

Degeneration

Rehabilitation

usefulness and
frequency of use of

useful by >80%
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prescribed optical of participants.
devices. Also
determined tasks
that patients were
using their LVA for.

Three studies looked only at the usefulness of optical magnifiers. Harper et al
(1999) looked at device usage rates in AMD patients and found that 87% of the
subjects reported using their devices on a regular basis with 67% reporting that
they use a device at least once a day. When asked to rate their primary optical
device, 52% of subjects rated it as ‘extremely important’ and 55% agreed with the
statement ‘l would be lost without my low vision aid(s)’ A more recent study
investigating device ‘usage’ was conducted by DeCarlo et al (2012). Magnifiers were
reported to be moderately-to-extremely useful by >80% of participants.
Shuttleworth et al (1995) looked at usefulness of magnifiers as a secondary aim in
their study. A questionnaire was posted to low vision patients 1 year and 2 years
following prescription of the device. At 1 year, 77% (n=125) of patients commented
positively on the usefulness of the LVA originally supplied and only 9% said they did
not use the aid. After 2 years, 3 more patients stopped using their LVAs. 18 of the
respondents bought their own additional LVAs from other sources, of these
patients, 89% used their LVA more than twice a day. The study does not specify
whether these ‘additional’ magnifiers include electronic devices, so we do not know

whether this contributes to the high recorded usage rates.

Three of the studies included electronic magnifiers. A study by Dougherty et al
(2011) used telephone surveys to evaluate usage of LVAs in a sample of 88 patients.
The main outcome measure of this study was ‘abandonment’ of LVA (>3 months of
no use). The results showed that out of the 88 patients, 19 had abandoned at least
one device. Reasons for the abandonment of each device were varied, however the
main reasons given were; the device is ineffective for the required task or, another
device was more effective for the required task (some patients had more than one
device). Unfortunately, this study did not specify any results for which type of

device was least likely to be abandoned. In Goodrich et al’s (1976) study, 73% of
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patients ranked the CCTV as their most useful magnifier over their optical
magnifiers and the activities carried out with the CCTV ranged from stamp
collecting to artwork, meaning these devices can be incorporated into a person’s
daily life and used for both professional and recreational means. This was a small
sample of patients (n=26) compared with Watson et al’s (1997) study. In this study
200 veterans were surveyed by telephone following the prescription of magnifying
devices including video magnifiers. They were generally able to use the video
magnifiers for longer durations of reading (30 minutes) compared to stand or hand-
held devices (a few minutes). They were also asked to rate the ‘helpfulness’ of their
devices. This was assessed using the following question: ‘How helpful would you say
your LVA has been for the task of reading?’ Video magnifiers were found to be their
most helpful device for longer durations of reading with >80% ranking their video
magnifier as ‘extremely helpful’. This is compared with ~50% ranking their optical
aids as ‘extremely helpful’. No participants in this study had discontinued use of

their video magnifiers at the time of the telephone survey.

The literature suggests that the majority of patients tend to find their devices
useful, whether optical or electronic, however, when measured, the degree of
‘usefulness’ tends to be rated by patients as higher overall when using electronic
devices compared with optical devices. Possible reasons for this could be related to
disadvantages of optical aids reported in Watson et al (1997)’s study such as
magnification not being strong enough and disliking the optical design. There is no

available information about the usefulness of p-EVES devices at present.
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1.9: Conclusions of literature review

In the UK, there are an estimated 2 million people with low vision, most of whom
have access to low vision clinics where optical magnifiers can be prescribed on
permanent loan. There is a lack of literature about the newer p-EVES devices on the
market and anecdotal, clinical experience suggests that these are popular amongst
patients and clinicians. This, combined with the success of the supply of p-EVES
through the Low Vision Service Wales, justifies the need for more research into the

effectiveness of p-EVES for near vision tasks in a low vision population.
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Chapter 2: Selecting and prescribing the p-EVES devices to be used in the study

2.1 Identifying suitable p-EVES devices for inclusion in the study

One of the main events that prompted the need for the p-EVES study was the
successful supply of p-EVES devices through the Low Vision Service Wales. This
came about when children were interviewed in a focus group setting and they
expressed that the designs of their optical magnifiers were ‘distasteful’ compared
with p-EVES, which were preferred due to their more stylish designs and
magnification capabilities (Dyment 2009). The Welsh Council for the Blind
conducted further focus groups where p-EVES were identified as the preferred aids
over optical magnifiers. The participants identified which were their preferred
devices and which were less practical. Once the chosen devices had gone to tender,
one device was selected for provision through the Welsh Low Vision Service, now
called Low Vision Service Wales. Due to the success of the focus group approach in
the Low Vision Service Wales, it seemed appropriate that a similar method be taken

to select the p-EVES to be used in the p-EVES study.

In order to ensure that the focus group had access to some of the most recent p-
EVES on the market, the focus group took place once recruitment was ready to
begin. An internet search was undertaken by both the chief investigator and the
clinician researcher in January 2013 to identify all the p-EVES on the market at that
time. Between the two researchers, 37 devices were identified and then their
features looked at more closely. A list of devices identified can be found in
appendix 2. Many of these devices had fixed magnification and/or contrast, so
these were eliminated from the search in favour of devices with variable
magnification and contrast settings. Other devices did not have a UK distributor, so

these were also removed from the list.

The screen sizes ranged from 2.8 inches to 7 inches, a feature that was to be
discussed and determined at the focus group, therefore this range was reflected in

our final list of devices.
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Once the list had been compiled, letters were written to the p-EVES manufacturers
to request one or more of the identified models for the focus group, and then 20

for the main study if their device was selected as a result of the focus group.

Six of the companies agreed to this, and these are listed in Table 2.1 with the p-

EVES models they supplied.

Table 2.1: List of the p-EVES devices supplied for the focus group

Optelec Compact Mini

Compact+

Compact 4HD

Compact 5HD

Compact 7HD

Bierley Maggie MD

Reineker (UK distributor=Optima) Mano

Minimax

Schweizer (UK distributor=Optelec) eMag 34

eMag 43

eMag 70

Ai-squared (UK distributor=Humanware) | i-loview

i-loview 7

Humanware Smartview Versa

Associated Optical Mobilux Digital

Smartlux Digital

It had been decided within the study team that a number (3 or 4) of devices would
be taken forward into the main study. This meant that the participants, with the
help of the clinician researcher, would be able to select the p-EVES device that they

felt would best meet their requirements.

2.1.1 Focus Group

A focus group is a group of individuals who are selected within research projects to

discuss the research topic. The discussions usually take a semi-structured format
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and contain both open and closed questions to keep the conversation flowing
whilst arriving at essential decisions (Kitzinger 1995). The advantages of a focus
group approach include the fact that people respond not only to the questions
posed by the researcher but also to the comments made by other focus group
participants. This approach is also more cost and time effective than conducting
individual one-on-one interviews. Disadvantages compared with one-to-one
interviews include participants not being completely open with their opinions in
front of people they have not met before, and potentially one person dominating
the discussion (Halcomb 2007). Also they can be harder to control compared with
an individual interview approach, (Stelmeijer et al, 2014). The aim of a focus group
is to gather a range of public opinions on a set topic. This approach in the p-EVES
study meant that the p-EVES could be presented to a small sample of subjects, with
a mix of ages and gender, to promote discussion and ultimately have the patients

choose the most appropriate devices to be used in the study.

The p-EVES study was funded by the National Institute for Health Research (NIHR in
its Research for Patient Benefit (RfPB) programme. This programme was inspired by
patients and it is, therefore, important that Patient and Public Involvement (PPI)
can be demonstrated through the studies it funds. The focus group was one way
that PPl has been demonstrated in the p-EVES study. This approach means that the
public can be involved in the research directly, rather than it just being 'about' or

'for' them.
Methods

In choosing the focus group participants it was important that they would be
people who were willing to speak in front of a group to give their opinions, and a
mixture of those with and without p-EVES experience was also desirable. The p-
EVES study co-investigator from the Macular Society supplied a list of eight
potentially willing participants who fitted the above criteria. The participants were
aware that if they were involved in the focus group then it was not appropriate for
them to then be a participant in the p-EVES study. Based on this, one patient

decided to decline to be involved in the focus group and then later became a p-
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EVES study participant. Seven patients initially accepted and then due to one illness

on the day, the final focus group number was six participants.

The focus group cohort is shown in table 2.2.

Table 2.2: Focus group participants

Participant # | Gender | Age | Diagnosis

Female | 81 | Macular hole/Age related macular degeneration
Male 77 | Age related macular degeneration

Male 56 | Stargardts disease

Female | 68 | High Myopia

Female | 46 | Choroidopathy

Female | 83 | Age related macular degeneration

AN IWIN|F

The focus group was carried out on 19*" February 2013 and took place for two
hours, split into two sections. The first hour involved the participants trying out the
p-EVES devices. Newspaper and magazine print was provided to try out reading
with each device. Writing materials were also provided. The aim of the first hour
was to make sure that each participant was able to try each device for enough time
to use all the buttons/features. The facilitators were on hand to answer any
guestions and to help with the controls. At this stage, the participants were working
alone and occasionally communicated with each other, however it was encouraged
that specific opinions regarding the devices were saved for the group discussion in
the second section. The devices were labelled with numbers, one purpose of this
was to keep the session organised, and the other was for the participants to rank
the 16 devices in order of preference. For the second hour the participants sat

around a table with the facilitators and this part of the session was audio-recorded.

Some ‘rules’ were read aloud to the group before commencing the discussion.
These encouraged participants to speak one at a time and to speak loudly and
clearly for the recording. For the group discussion, the devices had been arranged
into four rough groups of four, detailed in table 2.3. This was in order to help keep

the discussion flowing and simple.
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Table 2.3: p-EVES groupings for focus group

Group 1- ‘smaller devices’ | Maggie MD 3.0”
eMag 34 3.4”
Compact Mini 3.5”
Minimax 2.8”
Group 2-‘medium sized Mobilux Digital 3.4”
devices with handle Smartview Versa 4.3”
option’ Compact+ 4.3”
eMag 43 4.3”
Group 3-‘medium sized Mano 3.5”
devices with stand option” | Smartlux Digital 5.0”
i-loview 4.3”
Compact 4HD 4.3”
Group 4-‘larger devices’ Compact5HD 5.0”
Compact 7HD 7.07
eMag 70 7.0”
i-loview 7 7.0”

For each device, the group gave their opinions one at a time. Each participant was
called upon using first names and both negative and positive opinions were
encouraged. Facilitators encouraged discussion about certain features of each
device, when they had not been mentioned and occasionally the facilitators had to
move the discussions along where repetition was occurring to ensure that equal
time was spent discussing each device. A pre-written script was available to keep
the facilitators on track and consisted of both open-ended and then closed
guestions. For example, the first question would be ‘What did you like about the
device?’ and then it was followed by questions such as ‘Did you have an opinion on
the size of the buttons?’. The script can be found in appendix 3. The original ranking
system was found to be confusing for patients so at the end of the discussions for

each group of devices, each participant was asked to name their favourite device of
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that group. Also, once all the devices had been discussed, the participants were

asked to each name their favourite three devices of the sixteen.

The focus group recording was transcribed so that results could be interpreted.
Following this, the transcript was reviewed by members of the p-EVES study group
and the results were discussed in order to decide upon the devices to be used

within the p-EVES study.

Results of focus group:

Interestingly the participants of the focus group rarely mentioned the image clarity
or magnification of the devices and they tended to concentrate on their
practicalities, such as size and weight. The 7 inch devices were very popular,
specifically the Compact 7HD by Optelec, however it was felt by the group overall
that these were too large in size to be considered ‘portable’. The "smaller" group
were seen as devices that could be taken shopping but unsuitable for leisure
reading tasks. One option going forward into the p-EVES study would have been to
select the most popular device in each of the four groups. This would reflect the
different types of devices on the current market and would mean that in the main
study we would be investigating how a p-EVES device compares with an optical aid
for a specific task. However, this would mean steering away from the original p-
EVES study plan. The original idea behind the p-EVES study was to select one
versatile p-EVES device to potentially replace all of a patient’s optical near vision
magnifiers. On this premise, it was decided to restrict the device choices to the
‘medium’ sized devices favoured by the focus group participants.

The four devices selected were: the eMAG 43 by Schweizer, the Compact+ by
Optelec, the Compact 4HD by Optelec and the Mobilux Digital by Eschenbach. The

specifications of these are in appendix 4.
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Chapter 3: Recruitment and Assessment of Participants for the p-EVES Study

3.1 Recruitment

Recruitment for the p-EVES study took place between April 2013 and October 2014.
The participants were recruited from the low vision clinics at Manchester Royal Eye
Hospital by the optometrists. The optometrists used a specially designed
recruitment sheet to identify suitable patients based on the inclusion/exclusion
criteria (table 3.1). Once a patient had been identified as eligible for the study, they
were approached by the clinician researcher, either in the clinic or over the
telephone, and given participant information. This information was given either in
large print or audio format. The patients were given a minimum of one week to
consider the information and were then contacted to book them in for an initial

assessment for the study.

Table 3.1: Inclusion/exclusion criteria for p-EVES study

Inclusion Criteria:

Adult (Over 18 years old)

Visual Acuity (VA) of 0.70logMAR (6/30 Snellen) or worse and/or log contrast sensitivity of
1.20 or worse (in the better eye)

Stable ocular pathology (no change in VA > 2 lines in previous 6 months)

Currently have an optical low vision aid only (i.e. not tried p-EVES before)

Adequate hearing (adequate to respond to verbal instruction)

Habitual language is English (because the reading tests are in English)

Exclusion Criteria:

A physical disability preventing the participant from operating the p-EVES

A score of <19 on the mini mental state examination (MMSE Blind)

3.2 Initial Assessment

Once a patient had been recruited into the p-EVES study, they had an initial
assessment with the clinician researcher. During this assessment, the
inclusion/exclusion criteria of the p-EVES study were confirmed and some
demographic and baseline data was taken from each participant. This included their
registration status, their diagnosis, their living situation (e.g., lives alone), their
employment status and their ethnicity. Their binocular distance visual acuity was

measured, along with their habitual near visual acuity and their near visual acuity
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with a reading addition for 25cm. Contrast sensitivity was measured binocularly
using the Peli Robson chart and the Central California Visual Fields Test (CCVFT) was
completed to assess for the presence of central scotoma. Two questionnaires were
completed at the initial assessment. One was the Mini Mental State Examination
(MMSE) (Reisches and Geiselmann 1997). The ‘blind’ version of this test was used
to ensure that the participants will have no difficulty complying with the demands
of the study. A score of 19 (out of 22) or less would indicate that the participants
would have difficulty with this. The Manchester Low Vision Questionnaire (MLVQ)
was the second questionnaire completed (Harper et al, 1999). This evaluated the
participant’s current use of their optical magnifiers, for example the frequency and
duration of use and the tasks that they are being used for. At this stage, before the
participants were consented into the study, any changes to their current optical
magnifiers were made to ensure they were the optimal magnifiers for near vision
tasks. Once the participants had officially begun the p-EVES study, it would not be
appropriate to alter the magnifiers as this could interfere with the main study

results.

At this initial assessment the participants were introduced to the four p-EVES
devices and they, with guidance from the clinician researcher, selected their
preferred device to be used in the study. This process was relatively informal as the
patients were shown the p-EVES in a random order and compared them on a
reading chart. For some patients the decision was made quite quickly with some
devices being eliminated straight away due to initial handling issues. Others spent
some time with each device before making a decision. In order to avoid guiding the
participant’s choice of p-EVES, they were not given much help beyond pointing out
the features on each device. This was to prevent the personal opinions of the
clinician researcher, regarding which of the four devices were favourable, from

influencing the participants in any way.

The specifications of the four p-EVES in the study were similar with regards to the
colour/contrast options available and the size of the screen (ranging from 3.5-4.3

inches). However the magnification range, design (handle/stand) and controls
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(position/size/colour of buttons) of the devices did vary. It was usually these latter

features that caused a participant to choose one device over another.

At the beginning of intervention A, the participants were given a more structured
‘task based practice’ session with their chosen device to ensure that they were able
to use it comfortably before taking it home to use for the two months. Usually, the
device chosen in the initial assessment was the one used by the participant in the
study. However, some participants did request to change their device at the level of
task based practice to another one having thought about it after their initial
assessment. The different elements of the ‘task based practice’ will be covered in

detail in chapter 4.

3.3 Assessing the presence of central scotoma

3.3.1 The importance of a central scotoma for reading ability

Whittaker and Lovie-Kitchin, (1993) conducted a review of various research studies
into the psychophysics of reading to investigate what visual requirements a patient
has in order to achieve certain reading rates. They concluded that the
requirements for successful reading can be described under 4 main headings ; (1)
acuity reserve: the ratio of the size of the stimulus to a patient’s acuity threshold;
(2) contrast reserve: the ratio of stimulus contrast to the patient’s contrast

threshold; (3) field of view, and (4) central scotoma size.

Table 3.1: The four main visual requirements for reading (Whittaker and Lovie-

Kitchin, 1993)
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A scotoma is an area of the retina that has a reduction in light sensitivity compared
with that of normally sighted subjects. Scotomas can be characterised by their
retinal location, for example central scotomas are foveal involving. They can also be
characterised by their density, and/or their area. Dense scotomas (or absolute
scotomas) are delineated by a retinal area that is insensitive to very bright stimuli,
where relative scotomas are identified when bright stimuli are detected, but using
dimmer stimuli reveals areas of loss (Fletcher et al, 1999; Fletcher et al,

2012). Macular disease is the main cause of central scotoma. Geographic atrophy is
a form of advanced age-related macular degeneration and it can create an absolute
scotoma that corresponds well to the borders of the lesion, (Sunness et al, 1996).
The ability to perceive objects falling in this area is either lost or seriously
compromised. This results in reading difficulties being one of the most commonly
reported problems for patients with AMD, (Harvey and Walker, 2014). The visual
system will often choose a preferred retinal eccentric area where the central
scotoma affects the whole fovea, such that one or more preferred retinal loci (PRL)
develop. Crossland et al (2005) defined a PRL as ‘a discrete retinal area that
contains the centre of a target image for >20% of a fixation interval’. The PRL is able
to perform visual tasks in the absence of the fovea such as directing eye

movements and recognising objects, (Schuchard 2005).

Difficulties reading with central scotoma are caused by deficits of the peripheral
visual system, such as sensory, oculomotor and perceptual deficits, (Seiple et al,
2005). Normal eye movements in reading consist of a series of saccades and
fixations. Each successive saccade will bring the fovea to a new point in the text and
the fovea will then pause briefly on this area while it gathers information (fixation).
The average saccade lasts 7-9 letter spaces and a preselected landing place for a
saccade comes from parafoveal information gathered during the last fixation pause.
Usually this place is central, or slightly left of centre in the word, (Bullimore and
Bailey 1995). This sequence of saccades and pauses creates a ‘staircase’ pattern.
The time taken to read text will increase if the saccades are shorter, the fixations

are more frequent, and the fixations are constant in duration. Legge et al (1997)
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looked at the ‘visual span’ in normal vision. Their definition of visual span for
reading is ‘the number of characters recognised at a glance’. More specifically, ‘on
either side of the point of fixation within which characters of a given size can be
recognised’. Perceptual span has a slightly different definition. Rayner et al (2010)
defines perceptual span as ‘the region of effective vision during eye fixations in

reading’; so this has more to do with the functional demands of reading.

In PRL, saccades are automatically redirected so that information that would
normally be fixated by the fovea will be fixated by a more eccentric part of the
retina, (Whittaker et al, 1988). Legge et al (1997) investigated the relationship
between eye movements and the shrinking visual span, the number of characters
recognised on each glance, experienced by patients with low vision. The experiment
revealed that at low contrast, the number of characters recognised at first glance
decreases. This leads to an increase in the number of saccades and fixation length,
resulting in slower reading. Bullimore and Bailey (1995) also found that in age-
related maculopathy, such as AMD, reading speed is reduced due to a reduction in
the number of letters being read per fixation. Seiple et al (2005) conducted a study
where patients with AMD underwent training in practicing their eye movements.
Their reading speeds in words per minute (wpm) were measured before and after
the 8 week training. The average reading speed increased by 24 wpm from before
to after training, this was found to be statistically significant. The study concluded
that improving eye movement control has a positive effect on reading ability in
those patients with AMD. Rubin and Turano’s study (1994) however, had concluded
that inefficient eye movement only account for part of the decreased reading rates
in patients with central field loss. The method used in this study was sequential
presentation of words in the same location within the visual field. Reading
performance using rapid serial visual presentation (RSVP) was measured and
compared with static text presentation in subjects with central scotoma and in
‘normal’ subjects. They found that RSVP speeds were 1.5x faster for subjects with
central scotomas and 2.1x faster for those with no central scotoma than the static
text presentation. After converting the reading speeds to word duration, it was

found that subjects with central scotomas required longer word durations than
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those without central scotomas. They proposed that an additional factor to be
investigated would be the limited rate at which the eccentric retina can perform

the pattern decoding tasks that are required for reading.

Sensory losses in the peripheral retina can contribute to difficulties with reading.
Seiple et al (2004) found in their research that visual acuity, contrast sensitivity and
temporal sensitivity for letter recognition decrease as a function of retinal
eccentricity in all retinal meridians. However, these deficiencies may be

compensated for by the use of magnifying aids (Seiple et al, 2005).

Field loss is suggested to interact with character size in affecting reading function
however clinical experience tends to show that patients with central field defects
would benefit from magnified character size, whereas those with small islands of
central vision may achieve optimal reading performance with intermediate

character sizes (Legge et al, 1985).

For those with low vision and central field loss, e.g. due to AMD, the maximum
reading speed has been shown to be slower than those with other causes of low
vision. Calbrese et al (2010), investigated the suggestion that crowding has an effect
on the reading speed in patients with absolute macular scotomas as the magnitude
of crowding in the eccentric retina has been found to be greater. They looked at the
effect of interline spacing on the maximal reading speeds in patients with absolute
macular scotoma. It was found that increasing interline spacing and therefore
reducing crowding was only beneficial for very slow readers, which they classed as
<20 wpm, for spot reading. Generally, vertical crowding did not appear to be a

major factor in determining maximal reading speed in this group of patients.

Scotoma size has been investigated in various studies. Fine and Rubin (1998) found
that the amount of text, or number of letters, lost from the view of a reader is more
significant in reducing reading rate than the physical size of the scotoma. As part of
a larger study, Sunness et al (1996) investigated the impact of the size of geography
atrophy on reading speeds. It was found that the maximum reading speed
correlated highly with the size of the atrophic area. Ergun et al (2003) investigated

the effect of scotoma size on reading speed in patients with subfoveal occult with
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no classic choroidal neovascularisation (CNV) in AMD. The scotomas were
measured using the microperimetry programme 2.01 of the Rodenstock scanning
laser ophthalmoscope. They found that absolute scotoma size (mean size 1.299
mm?) correlated significantly with reading capacity and speed in this group of

patients. Relative scotomas (mean size 8.943mm?) showed no such correlation.

Eccentric viewing is the use of non-foveal preferred retinal loci (PRL) for viewing. In
other words, patients who have a central scotoma use an intact part of the
peripheral retina for fixation, instead of a damaged fovea. Crossland et al (2005)
investigated PRL development in a cohort of patients with macular disease. The
patients all had bilateral central scotomas and had suffered from visual loss in the
better eye in the 2 weeks leading up to recruitment. Patient’s scotomas were
assessed at baseline and then at 4 more visits up to 12 months. All of the recruited

patients developed a PRL within 6 months.

Generally, patients use a PRL to the left of their visual field scotoma. It is thought
that patients tend toward this PRL because they read from left to right. This PRL will
allow them to monitor where their fixation is landed relative to the word read

before it, i.e. to the left (Nilsson et al, 2003; Guez et al, 2003)

Jeong and Moon investigated the clinical effect of eccentric viewing in patients with
low vision, specifically those with a central scotoma. They concluded that training
can significantly increase the efficiency of remaining vision and also improve the
degree of patient satisfaction. Once the patients in this study had received their
training, their reading speed doubled. There was no significant improvement in the
visual acuity for reading or for distance, however the author comments that the
reading speed is a more important parameter, as this is a more demanding task
than simply identifying an optotype. This study used direct ophthalmoscopy to
locate the patient’s PRL. A fifty degree fundus photograph was taken and the
Humphrey Field Analyser Il along with Goldmann kinetic perimetry was used to
study the location and sensitivity of the PRL. On the other hand, Nilsson et al (2003)
used scanning laser ophthalmoscopy (SLO) to investigate eccentric viewing training

in their study population. They found that 90% of their patients who had severe
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AMD could use a TRL (trained retinal locus), which is a method of eccentric viewing
that uses a favourable locus, above or below their retinal lesion after 5-6 hours of
formal training using the SLO. In these patients, reading speeds increased from 9
wpm average before training to 68 wpm following training. To complement the
results found by Nilsson et al, Nugyen et al (2009) suggested that in patients who
have absolute central scotoma, the combination of an LVA with eccentric viewing
training could increase reading speed significantly. Both studies showed the
effectiveness of eccentric viewing training in a low vision population. Jeong and
Moon’s method was inexpensive and convenient, however it did not offer the
precision achieved with the SLO technique as the PRL was located by passively
moving the fixation target. However, the SLO is too expensive to allow practical
application in low vision rehabilitation generally and is not commercially available.
The more recent method of choice for measuring central scotomas in a research or
clinical setting is using the microperimeter for example the Nidek MP1, (Markowitz
and Reyes 2013). Previous to the availability of this equipment, it was traditional to
use a central automated visual field or an amsler grid to assess a patient’s central
field. The disadvantages of microperimetry include, like the SLO, the high cost and
limited availability of the equipment. In the context of the p-EVES study, the
presence of a central scotoma was to be tested for its value in predicting successful
use of p-EVES. If it was found to be useful, then a test was required which could be
easily be made available in clinical practice. It was also necessary to determine the
scotoma binocularly, since this was how the p-EVES device would be used by
participants. The limitations of the Amsler grid have been reported previously
(Crossland and Rubin, 2007) so the Central California Visual Field Test (CCVFT) was
chosen to be used in the p-EVES study at the initial assessment for each participant.
In addition to its use within the main study, the availability of these data gave an
opportunity in this thesis to investigate the relationship of central scotoma to

distance and near VA, contrast sensitivity and reading speed.
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3.2 Methods

The literature about the California Central Visual Field Test (CCVFT) is limited thus
far but the manufacturer’s website describes it as an inexpensive tool for assessing

a patient’s central scotomas in the central 20 degrees of visual field.

Generally, the CCVFT is a practical, inexpensive and simple tool for scotoma
assessment clinically. It allows a patient to appreciate their scotoma, which may aid

in them in finding and understanding their PRL.

The test was administered binocularly to give a functional field as used by the
patient. The same room and lighting conditions were used for all 100 participants.
The manufacturer’s instructions provided with the testing equipment were

followed and these are provided in appendix 7.

To give a brief overview of the technique used; the fixation target was placed
between the patient and the practitioner, facing the patient. The patient was asked
to fixate on the dot in the middle of the circles throughout the test and any
eccentric viewing was recorded. Short flashes of stimuli were presented within the
three circles in a random order and the patient was asked to tap on the table
whenever they saw the stimulus. Once all areas had been tested, isopter lines were

drawn to illustrate the scotoma found.

Figure 3.1: Equipment used in CCVFT testing
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In order to analyse the results found with the CCVFT, a simple ‘grading’ system was
formulated. It was decided that with any defect, no matter how small, if it can be
plotted then it can be deemed as clinically significant. The dimmest laser pointer
was not able to be detected at any point by most of the participants so this was not

factored into the grading. The grades decided upon are shown in the table below.

Table 3.2: CCVFT grading method used in p-EVES study

0 no defect anywhere on chart
1 only a defect (with either laser 2 or laser 3) outside
2" ring
2 a defect with laser 2 outside 1%t ring
3 a defect with laser 3 outside 1%t ring
4 a defect with laser 2 inside 1%t ring
5 a defect with laser 3 inside 15t ring
Liewirml |y [ joiel
»

Figure 3.2: Example of CCVFT recording sheet for smallest fixation spot
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For the first 20 p-EVES participants, an amsler grid test was also carried out to look
for any differences in the practical elements of carrying out the two tests and the

results obtained.

For the first 20 p-EVES participants, an Amsler Grid test was also carried out to look
for any differences in the practical elements of carrying out the two tests and the
results obtained. The test was administered binocularly to aid comparison between
the two techniques. The standard black-on-white Amsler was used and the
participants used their habitual reading correction and working distance to perform

the test.

Using other p-EVES study baseline data, such as maximum reading speed in words
per minute, relationships between this data and the gradings could be evaluated

using ANOVA.
3.3 Results

Table 3.3: Number of participants in each CCVFT grading

Grade | Number of participants (%)
0 8

1 12

2 25

3 21

4 17

5 17
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Figure 3.3: CCVFT grading by diagnosis (a)% of those with AMD; (b) % of those with

other diagnoses

The majority of p-EVES participants had a diagnosis of AMD, either dry or wet. The
CCVFT grading for these participants is shown above (Figure 3.3). The remaining
participants had a variety of different diagnoses including myopic degeneration,
glaucoma, congenital nystagmus and uveitis. The CCVFT grading for these
participants have been plotted on the same graph because the numbers of

participants with each diagnosis were low.

The majority of the participants were able to complete the CCVFT with one set of
instructions read aloud to them at the beginning of the test. However in the case of
12% of participants, the test had to be stopped and the patient reinstructed when it
was clear they hadn’t fully understood the original instructions. After completing
the first few assessments it was generally found that when administering the
CCVFT, the fixation spot size used was often larger than the one suggested in the
guidelines for use based on the patient’s binocular distance VA. Fixation was
documented as either central or eccentric and then stable or unstable by the

examiner, based on their own observations.

In terms of fixation stability, 40% of participants were deemed to be fixating
eccentrically by the examiner and 60% fixating centrally. 68% were able to maintain

stable fixation whether centrally or eccentrically.
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The Amsler Grid test was performed on the first 20 p-EVES participants, along with
the CCVFT. Out of the 20 participants, 12 reported no scotoma with Amsler, despite
in some cases a Grade 3 or 4 scotoma being found with the CCVFT. 3 reported that
they could not see the grid at all. The remaining 5 did report a scotoma and were

able to point to it on the grid.

200,00

150,00

100,00

Maglmum reading speed (upm)
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0 2 3 ' 5
SCVFT Grade

Error Bars: +/- 1 SD

Significance = 0.128

Figure 3.4: Bar graph showing the maximum reading speed of p-EVES participants
for each CCVFT grade
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3.4 Discussion

Central scotoma measurement can be a useful part of a low vision assessment in
gaining an understanding as to why a patient may be having certain difficulties such
as reduced reading speed. It also allows practitioners to make patients aware of
their central scotoma. Fletcher et al (2012) indicated that low vision practitioners
cannot depend on their patients to report the presence of central scotoma but that
some awareness of it can improve accuracy when reading. The CCVFT is a simple
way of demonstrating a patient’s central scotoma to them at the time of

assessment.

Scherlen et al (2011) compared the CCVFT with the Nidek MP1. They found that the
CCVFT is a faster, cheaper and more portable technique. MP1 was found to be a
more precise measurement of absolute scotoma and allows better control of

fixation stability.

The Amsler Grid has a similar advantage as the CCVFT compared with the
microperimeter in that it is also a simple, cheap and quick method of measuring a
patient’s central scotoma. The CCVFT takes slightly longer and more practice to
perform the test effectively; however it seems to be a more sensitive test for

detecting central scotomas and demonstrating them to patients.

One of the limitations found when administering the CCVFT was the difficulty of
accurately determining the participant’s fixation stability whilst trying to
concentrate on administering the stimuli. Where microperimeters are able to
provide estimates of fixation stability based on preliminary algorithms, during the
CCVFT the clinician administering the test has to examine the patient’s fixation
themselves and make a comment on it on the record. This sort of gross assessment

may vary from clinician to clinician and lead to variability.

It is difficult to determine how useful laser pointer number 1 (the dimmest stimuli)
will be in a clinical setting. The 100 participants in this study were recruited from
the low vision clinic at MREH so this should be a fair representation of the types of

patient who may undergo this type of test in a clinical setting. Since almost none of
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our participants were able to perceive laser pointer 1 at any location in the central
field, it is unlikely that this stimuli will be useful in a clinical setting. Laser 2 is the
next brightest stimuli and laser 3 is the brightest. When formulating the grading for
the CCVFT it was determined that the location of any scotoma from the centre of
fixation was more relevant than the density of the scotoma, i.e. relative or

absolute.

Looking at the relationship between CCVFT grade and maximum reading speed in
wpm, there is no significant correlation between the two. Looking at the
distribution on the graph (figure 3.4), it appears that it is the presence of a scotoma

alone that seems to reduce reading speed, not the grade of the scotoma itself.

Looking at binocular visual acuity, a significant pattern was seen when comparing

average VA with CCVFT grades (figure 3.5). The graph suggests that a poorer visual
acuity does correlate with increasing CCVFT grade. Similarly, the CCVFT grade also
shows a significant correlation with contrast sensitivity baseline measurements, in
that the poorer the contrast sensitivity, the higher the grade of scotoma as

measured by the CCVFT (figure 3.6).

A limitation of the grading system used is the fact that the scotomas can vary in size
significantly but still fall under the same grade. For example, shown below (figure
3.7) are two CCVFT plots that are given a grade of 3 but the scotoma sizes are
significantly different. They do, however, spare the central 5 degrees around

fixation, which could be more useful to the patient when reading.

Figure 3.7: ‘Grade 3’ CCVFT Plots
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Previously, it was discussed that the location of a patient’s PRL to the left or the
right of fixation has a considerable impact on reading speed. This grading system
allows a small scotoma slightly above fixation to be graded the same as a relatively

larger scotoma to the right of fixation as shown below in figure 3.8.

Figure 3.8: Two Grade 5 CCVFT plots

Going forward, it may be more appropriate to use more specific ‘sub-grades’ to
include the exact position of the scotoma relative to fixation i.e. right or left; also to
grade the scotoma area. Some basic training in the use of the CCVFT may be
beneficial in decreasing inter-practitioner variability and further research into its
repeatability would be useful. Overall, the CCVFT is a very good tool for
demonstrating a central scotoma to a patient, so in a clinical setting may be very
useful; however, more work will need to be done to determine an effective grading

scale for the test if the test is to be carried out in a research setting.
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Chapter 4 Training in the use of electronic vision aids and its effectiveness

4.1 Introduction

The aim of this chapter is to look at the need for and type of training that should be
provided when prescribing a p-EVES device to a patient. It also reviews the success
of the difficulties questionnaire as a follow up tool. Raw MLVQ study data has been
accessed and is presented with the aim of comparing the uses of p-EVES devices

compared with optical devices.

When a patient with low vision is prescribed a low vision aid of any type, they will
inevitably need some information regarding how it works so that they can leave
their low vision assessment and be able to use the aid in their daily life. The amount
of information they need will depend on the complexity of the device and the
ability of the patient to take the information on board and remember it when they
get home. This information can be provided in the form of basic instructions or
more extensive training upon the prescription of a device. A general definition of
instruction would be that it is similar to the information that is given in a manual for
a household appliance. In the low vision setting however, this information would be
given verbally and the practitioner should check that the patient has understood
the instructions given. These instructions would cover how to set the device up and
how to operate all the different functions of the device. For example, telling a
patient what each button does and where it is on the device. Training, on the other
hand, could be defined as a more ‘hands-on’ approach. Burggraaff et al (2012)
defined training as a protocol including instructions regarding working distance and
posture, exercises in reading, writing and looking at pictures or photographs and
addressing hobbies and interests. This training can be delivered within a
programme which can be weeks or months long. If the need for instruction or
training with a device is not met, the patient may get the aid home and find that
they are unable to operate it and may find themselves giving up on the aid

altogether due to the frustration of not understanding how it works.

Nugyen et al (2009) carried out a retrospective study to consider the effect of the

prescription of low vision devices on reading ability. It was found that the reading
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ability of a large population increased without the need for specific training, other
than brief instructions on the handling of devices. However, this study does not
differentiate between the results for patients using optical aids and those using

CCTVs.

Looking more specifically at EVES devices, Goodrich et al (1977) suggested that
training for 50 minutes a day over a ten day period increased reading speed and
duration of reading with a CCTV. However, this study used performance based
measures only and no qualitative information was gathered. The participants in this
study underwent the usual training delivered in the Blind Rehabilitation Programme
of the Veteran’s Administration during these sessions. Mehr (1973) described this
programme in more detail. The patients receive instructions in the use of the CCTV
and then advice is given on their orientation to the device and they attempt specific
tasks such as reading a newspaper or writing out a cheque. Based on the original
definitions set up at the beginning of this chapter, this is certainly ‘training’.
Goodrich and Kirby (2001), however, found that reading performance with both
optical magnifiers and EVES devices does not improve beyond five hour long
sessions of training. The electronic devices in this study, however, were a mixture of
hand-held mouse-based electronic aids and CCTVs. These results are contradictory
to those obtained by Goodrich et al (1977). The exact details of the training
programme in the Goodrich and Kirby (2001) study were not given but the five hour
long training sessions may not have been on consecutive days like in the Goodrich
(1977) study. Therefore, some of the improvement over the five sessions may have

been due to practice between the sessions.

Culham et al (2009) found that extensive training with EVES devices is not necessary
for a user to manage alone. In this study four different devices were looked at:
three different types of head mounted EVES and one table mounted EVES. 95% of
patients reported that they had little or no difficulty with setting up and handling
the EVES and 33% of patients claimed that they did not require the instructions in
order to fully operate the device. However, these patients only had exposure to the
devices for a week prior to obtaining results so they may not have had enough time

to use the p-EVES device within their normal routine. A week may not have been
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long enough to have chance to forget any of the instructions they were given and
they may have been using the device more intensively as it would still be a novelty.
The participants in this study were given ‘basic training’ in how to use the devices.
Unfortunately the authors do not go into detail as to whether this included just
basic instructions or some more extensive training. Based on the definitions given
earlier, however, training is usually given within a programme and more than one

session, which was not administered in this study.

Burggraaff et al (2012 (a) and (b)) conducted an RCT investigating the effects of
training in the use of CCTVs to look at two outcome measures. The first was reading
performance and the second; quality of life, depression and adaptation to vision
loss. Reading performance improved significantly upon introduction of the CCTV
but did not appear to be influenced by training or practice. The majority of patients
received basic instruction in simple technical skills from the suppliers when they
delivered the device and these instructions were reported as helpful. Therefore, a
combination of supplier technical training and effective prescription of CCTVs by
low vision practitioners may be all that is required to improve a patient’s reading
performance (reading acuity, speed and number of errors). In the RCT the baseline
guestionnaire evaluated quality of life before prescription of the CCTV, whereas at
follow up, quality of life was assessed for patients who did and did not receive
training in the use of the device. A large improvement in vision-related quality of
life was found from baseline to follow up, however little effect was seen from
training in the use of the device. On the other hand, health related quality of life did
seem to improve with CCTV training. The authors comment that an effective way to
proceed in low vision practice would be to contact patients who have received a
CCTV and make sure that they are comfortable with operating the device. Training
could then be given to those who express some difficulty. The results from this RCT
suggest that one out of four/five patients may express difficulty and require further

training.
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4.2 Methods

Based on the evidence that extensive training to use electronic low vision aids does
not have a significant effect on reading performance and that further training need
only be given to patients who express difficulty using a device, the following steps
were used in the p-EVES study: The participants received task based practice, which
is a form of ‘instruction’ in how to use the device. A difficulties questionnaire was
then conducted over the telephone so that those participants experiencing

difficulty using the device could be identified.

4.2.1 Task Based Practice

At the beginning of intervention A, participants needed some form of instruction to
use the p-EVES to ensure they were confident in how to operate all the features for
the two month period. A list of tasks were put together for the participants to

perform with the p-EVES.

To demonstrate the magnification and contrast settings, a newspaper and a
magazine were used. Participants were asked to change the magnification and

contrast to their preferred setting and then asked to read a segment aloud.

The next task was allocated to show the participant how to write using the device.
A crossword puzzle was used to demonstrate this. And the participant was asked to

randomly write letters in some of the boxes whilst using the device.

A brightly coloured food packet was used to demonstrate the full colour option on
the device. Due to the varying contrasts on the food packet, using the enhanced
contrast features meant some of the writing disappeared. The full colour option

allows all information to be visible.

To demonstrate the snapshot feature on the device, three herb jars were placed
away from the participant, in a line as if they were on a supermarket shelf. The
participant was then encouraged to hold the p-EVES up to the items and take a
snapshot of an individual jar. The participant was then shown how to delete the

image that they had taken.
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The time taken for each participant to complete task based practice was recorded.

4.2.2 Difficulties Questionnaire

Following a patient collecting a device it was important that there was some follow
up to ensure that there were no technical problems with it. One week following
collection a phone call was made, if the participant was not available, the phone call
was attempted the following week and repeated until the participant was reached.
A specific script was followed as closely as possible to keep the content of all the
phone calls similar. The script was written prior to the start of the p_EVES study and
the choice of questions was informed by the focus groups held by the low vision
service Wales (covered in Chapter 2), and by the clinical experience of the p-EVES

study team. The questionnaire is attached in appendix 5.

The questionnaire was completed 1-2 weeks after both interventions A and B to

ensure both groups were receiving the same encouragement.

The guestionnaire had to take place in this short time frame because if the patient
was having technical difficulties with the device they needed to be booked in as

soon as possible to be re-instructed with task based practice.

4.2.3 Interviews

The purpose of the interviews was to obtain some qualitative data to support the
research findings. The participants to be interviewed were chosen randomly by
maximum variation sampling in order to target a mix of participants with varying
demographics and visual status. The aim was to continue to interview participants
until data saturation: that is, until no new themes emerged from the interviews.
One third of the participants of the p-EVES study were interviewed at the end of the
final visit. The interviews were conducted by the study researcher and recorded.
They were later transcribed and were coded and analysed by the study researcher.
For the purposes of this thesis, the transcripts of the interviews were available and
enabled two specific areas to be investigated. Firstly the responses given about the
p-EVES by participants in the interviews could be compared to those given in the

difficulties questionnaires to see if this would be an effective method of following
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patients up if p-EVES are to be made available within NHS clinics. Secondly they
could be used to support prescribing guidelines for p-EVES. In this thesis the data
from the transcripts is used both quantitatively (by numerically comparing

responses) and qualitatively (by the inclusion of selected quotes).
4.2.4 MLVQ

In order to explore any significant differences between the usages of optical and p-
EVES devices, the raw MLVQ data from the main study was accessed. The MLVQ
was performed at the end of each two monthly intervention, i.e. after the
participants had access only to their optical aids for two months and also after they
had access to their p-EVES device for the other two months. The main areas looked
at were where were the devices used, how often they were used and the average
duration for which they were used. The responses given by each participant were
entered into an excel spread sheet and were used to create bar graphs to illustrate
the differences between how optical and p-EVES devices were used by the

participants of the study.

4.3 Results — task based practice/relationship between difficulties questionnaire

and interviews

4.3.1 Task Based Practice

A total of 93 participants underwent the practice. The range of time taken for the p-
EVES participants to complete task based practice was 5-30 minutes. The average

time taken was 15 minutes.

73



Table 3.1: Average time taken to complete task based practice

p-EVES device Number of Average time taken to
participants complete task based practice
(minutes)
Compact 4HD 35 17.3 (SD=6.57)
Compact+ 5 9.0(SD=4.47)
eMAG 43 47 14.1(SD=5.48)
Mobilux Digital 6 14.4(SD=4.47)

Of the 93 participants who went through the task based practice there was only
one who had any difficulty with the tasks. This participant found it impossible to

perform the writing task and it had to be abandoned.

In the end of study interviews, when asked about training and how much
participants felt was necessary for people to get used to the device, the majority
agreed that the task-based practice they received was sufficient; px 130 / don’t
think they need it (training). | mean, it’s just a case of showing them. There’s your
on off button, there’s your different contrasts and there’s your zoom. It’ll take 5 or
10 minutes to show somebody that’; px 123 ‘To go through charging it up to going
through all the symbolism and how to work it I'd say between 15 and 20 minutes’.
Other participants felt it may need to be a longer appointment as they forgot about
some of the features that were shown in task-based practice; px 116 ‘Yes, 2 or 3
hours at least, because you can’t just pick something up and you say to them, well,
you press this button or you press that button. | mean you told me this takes
photographs, I’d never have known’; px 139 ‘Perhaps a couple of hours. You’ve got
to take into account, as | say, I’'m talking about elderly people, people in my age

bracket, whether they are up to date with technology’.
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4.3.2 Difficulties Questionnaires

Presented below are the difficulties questionnaire responses for all participants in

the intervention where they only used their optical aids.

Q1 How many times have you used your magnifier(s) each day on average? (One

chosen category per person)

(a)Not using n=0 0%
(b)1-2 n=12 14%
(c)2-5 n=18 19%
(d)5-10 n=45 48%
(e)>10 n=18 19%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

(o}

75



Q2 Where have you used it? (Multiple chosen categories per person)

(a)In home n=93 100%
(b)In work n=5 5%
(c)Outside the home n=56 60%
0% 20% 40% 60% 80% 100%

b

C

-

Q3 How easy have you found it/them to use? (One chosen category per person)

(a)very difficult n=7 8%
(b)relatively difficult n=13 14%
(c)relatively easy n=47 50%
(d)very easy n=26 28%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

(9]



Q4 Do you experience any of the following difficulties with the device/your

magnifiers: (Multiple chosen categories per person)

(a)Appearance looks odd/self-conscious about using it n=12 13%
(b)Worried about loss/breakage/damage n=4 4%
g g
(c)Weight n=3 3%
(d)Difficult to hold/poor grip or handle n=1 1%
poor grip
(e)Technical problems n=0 0%
(f)Difficult to operate/switches or controls poorly n=0 0%
positioned
(g)Too bright/not bright enough n=10 11%
(h)Doesn’t help vision enough n=24 26%
(i)Too small a screen/field of view n=84 90%
(j)Apparent movement/smearing of the image n=39 42%
JIAPP g g
(k)Eyes felt uncomfortable/headaches n=21 23%
y
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Q5 Do you agree or disagree with any of these descriptions for the device/your

magnifiers? (Multiple chosen categories per person)

Agree
(a)Good magnification (for your vision)  n=77 83%
(b)Good contrast n=40 43%
(c)Good field of view/screen size n=10 11%
(d)Easy to operate n=89 96%
(e)Suitable for the task you need to do n=74 80%
(f)Easy to understand how to use it n=93 100%
(g)Good size to carry around n=71 76%
(h)Attractive appearance n=33 35%
(i)Doesn’t look like a magnifier n=14 15%
0% 10%  20%  30%  40%  50%  60%  70%  80%
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Presented below are the difficulties questionnaire responses for all participants in

the intervention where they had their p-EVES device.

Q1 How many times have you used your magnifier(s) each day on average? (One

chosen category per person)

(a)Not using n=1 1%
(b)1-2 n=40 43%
(c)2-5 n=39 42%
(d)5-10 n=12 13%
(e)>10 n=1 1%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

(o]
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Q2 Where have you used it? (Multiple chosen categories per person)

(a)in home n=92 99%
(b)In work n=4 1%
(c)Outside the home n=17 17%
0% 20% 40% 60% 80% 100%

Q3 How easy have you found it/them to use? (One chosen category per person)

(a)very difficult n=4 4%
(b)relatively difficult n=12 13%
(c)relatively easy n=36 39%
(d)very easy n=41 44%
0% 20% 40% 60% 80% 100%
2
b [
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Q4 Do you experience any of the following difficulties with the device/your

maghnifiers: (Multiple chosen categories per person)

(a)Appearance looks odd/self-conscious about using it n=1 1%
(b)Worried about loss/breakage/damage n=10 11%
(c)Weight n=16 17%
(d)Difficult to hold/poor grip or handle n=10 11%
(e)Technical problems n=2 2%
(f)Difficult to operate/switches or controls poorly n=7 8%
positioned
(g)Too bright/not bright enough n=5 5%
(h)Doesn’t help vision enough n=11 12%
(i)Too small a screen/field of view n=14 15%
(j)Apparent movement/smearing of the image n=27 29%
(k)Eyes felt uncomfortable/headaches n=19 20%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
a
b
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d
e
f
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h

In reference to Q4 (e), only two participants were identified as having technical
difficulties on the difficulties questionnaire and they were brought back for
reinstruction. One was due to a technical fault with the charger and this was
replaced by the suppliers. The other was due to difficulties using the on/off switch

on the Compact 4HD and this issue was not possible to ascertain over the phone.
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Q5 Do you agree or disagree with any of these descriptions for the device/your

magnifiers? (Multiple chosen categories per person)

Agree
(a)Good magnification (for your vision)  n=89 96%
(b)Good contrast n=92 99%
(c)Good field of view/screen size n=80 86%
(d)Easy to operate n=82 88%
(e)Suitable for the task you need to do n=82 88%
(f)Easy to understand how to use it n=91 98%
(g)Good size to carry around n=58 62%
(h)Attractive appearance n=85 91%
(i)Doesn’t look like a magnifier n=85 91%
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The following graphs are difficulties questionnaire responses collated only from the
group of participants who went on to be interviewed. Only the p-EVES devices

responses are recorded.

Q1 How many times have you used your magnifier(s) each day on average? (One

chosen category per person)

(a)Not usin n=0 0%
g
(b)1-2 n=8 30%
(c)2-5 n=15 55%
(d)5-10 n=4 15%
(e)>10 n=0 0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

c [—
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Q2 Where have you used it? (Multiple chosen categories per person)

(a)in home n=27 100%
(b)In work n=2 7%
(c)Outside the home n=5 19%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Q3 How easy have you found it/them to use? (One chosen category per person)

(a)very difficult n=1 1%
(b)relatively difficult n=2 7%
(c)relatively easy n=6 22%
(d)very easy n=18 67%

0% 20% 40% 60% 80% 100%



Q4 Do you experience any of the following difficulties with the device/your

maghnifiers: (Multiple chosen categories per person)

(a)Appearance looks odd/self-conscious about using it n=0 0%

(b)Worried about loss/breakage/damage n=4 15%

(c)Weight n=3 11%

(d)Difficult to hold/poor grip or handle n=2 7%

(e)Technical problems n=0 0%

(f)Difficult to operate/switches or controls poorly n=2 7%
positioned

(g)Too bright/not bright enough n=2 7%

(h)Doesn’t help vision enough n=1 4%

(i)Too small a screen/field of view n=1 4%

(j)Apparent movement/smearing of the image n=3 11%

(k)Eyes felt uncomfortable/headaches n=3 11%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Q5 Do you agree or disagree with any of these descriptions for the device/your

magnifiers? (Multiple chosen categories per person)

Agree
(a)Good magnification (for your vision)  n=26 96%
(b)Good contrast n=27 100%
(c)Good field of view/screen size n=26 96%
(d)Easy to operate n=25 93%
(e)Suitable for the task you need to do n=26 96%
(f)Easy to understand how to use it n=27 100%
(g)Good size to carry around n=20 74%
(h)Attractive appearance n=25 93%
(i)Doesn’t look like a magnifier n=24 89%
0% 10% 20% 30%  40% 50% 60%  70% 80%
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Below are some quotes from the patient interviews that relate to the most

reported difficulties in this group.

Interview quotes relating to Question 4 (b)-participants who were worried about

loss/breakage or damage.

(b) px 117 ‘well it wasn’t mine and | didn’t want to bash it about’;
px 138 ‘never, | was frightened of losing it’;

px 129 ‘Well that was on loan, I didn’t want to drop it.’

Interview quotes relating to Question 5 (g)-participants who did not agree that
the device was a good size to carry around

(g) px 123 T wouldn’t take the electronic one out. | just found it too big’,
px 106 ‘it’s the portability issue of it... that’s probably the negative’;

px 128 ‘I found it very heavy and cumbersome to use for shopping’
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4.3.3 MLVQ results

MLVQ data to show where p-EVES study participants used
their devices
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Figure 4.1: Bar graph to show the locations in which p-EVES study participants used their

devices-taken from the MLVQ with chi-squared statistics.

MLVQ data to show how often p-EVES study participants used

their devices
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Figure 4.2: Bar graph to show how often p-EVES study participants used their devices-taken
from the MLVQ.

MLVQ data to show the average duration that p-EVES study
participants used their devices
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Figure 4.3: Bar graph to show the average duration that p-EVES study participants used
their devices-taken from the MLVQ.

4.4 Discussion

The results from the task-based practice and difficulties questionnaires from 1-2
weeks post prescription of the p-EVES have been evaluated and compared with the

opinions given by the participants during the interviews after 4 months in the study.

Fifteen minutes was the average time taken for completing task-based practice.
This small amount of time could be quite easily incorporated into a low vision
assessment. The maximum time taken was only 30 minutes which could also
potentially work as an ‘add-on’ to a low vision assessment. Going forward, if p-EVES
were to be supplied by the NHS, the time taken to complete task based practice
would become relevant when assessing the cost effectiveness of incorporating this
into the low vision service. There was some variation between the lengths of time
taken to perform task based practice for each of the four different devices. Due to
having such small numbers of the compact+ and mobilux digital devices chosen,
compared with the larger numbers of participants choosing the compact 4HD and

the eMag43, this difference was not significant statistically.
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The one participant who struggled to use the p-EVES to write during task based
practice later became a drop out because they were having little success using the
p-EVES at home. The difficulties questionnaire for this participant did not pick up
any technical difficulties needing reinstruction, however the participant did express
that they were not satisfied with the device. It may be that when prescribing p-
EVES, if a patient struggles performing any elements of the task-based practice with
a device, they should be rebooked to try on another day with a longer appointment
time or at this point, it could be deemed appropriate to change the device based on
the difficulties the patient is having with it. It may also be a sign of a lack of
motivation to use the p-EVES, in which case it may not be suitable to prescribe at all
or it may be sensible to bring the patient back in a few months when their

motivation may have improved.

Looking at the responses given by participants when using p-EVES compared with
those given when they were using just their optical aid there are some clear
differences. Most participants reported that they used their primary optical aid 5-
10 times a day and when using p-EVES the usage was slightly less at 1-5 times. It has
to be considered that when the participants were given the p-EVES device to take
home for two months, they also had access to their optical aids, so they may be
using both. This could be the reason for the lower reported usage of the p-EVES
compared with the optical aids when used alone; px 128 ‘I'd go in there and have a
read what | had to read there or if | was in the lounge I'd use the electronic one’.
When they were asked how easy the devices were to use, those using p-EVES
mainly answered ‘very easy’ and the majority of those using the optical aids
answered ‘relatively easy’. The main reason that contributed to this difference
could be the field of view of the optical device as this was reported as a difficulty by
a significant number of participants (78%) and this was also confirmed as an issue
by some participants in the interviews; px 113 ‘the thing about them is that they
only cover a small area, even the bigger one and if you move it you can lose the
thread of what you’re reading’. In the p-EVES questionnaire, field of view was still
reported as a difficulty but only by 13% of participants. The main difficulty reported

with p-EVES was ‘apparent movement/smearing of the image’, however this was
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only reported by 25% of participants. It is clear from the results of the difficulties
questionnaire that at 1-2 weeks after prescription, patients report very strongly
that the field of view is an issue with optical aids but there are very few other
difficulties found with this type of low vision aid. There were a few different
difficulties reported with the p-EVES including movement/smearing of the image,
eyes feeling uncomfortable/headaches, field of view and the weight of the device.

The number of participants who reported these issues, however, was low.

Question 2 was to ascertain where participants were using the devices. With both
the optical and the p-EVES devices, participants mainly used them at home.
However the main difference between the two was that 53% of participants were
using their optical aid outside the home and only 15% were using the p-EVES in this
way. This may be related to portability of the devices. Having said this, when asking
the participants if they thought the devices were a good size to carry around 53%
felt that their p-EVES was portable. It may be that 1-2 weeks is too short a period of
time with a device to gain a representative idea of what patients will use it for long
term. Other reasons for not taking the p-EVES out and about could be the cosmetic
appearance of the device, the weight of it or the worry over losing or breaking the
device. These reasons, however, did not come across as important in the difficulties

questionnaires.

The p-EVES difficulties questionnaires for just those participants interviewed at the
end of the study have also been recorded in the results. Looking at these results
and the responses given in the interviews, some conclusions can be drawn. The
main difficulty reported by this group was that they were worried about losing or
breaking the device. As part of the study the p-EVES did not belong to the
participant but could be purchased after the study was over at a discounted rate. In
the interviews it did appear that participants were worried about taking the p-EVES
out with them due to the device not officially belonging to them. Some of these
participants said they would have been inclined to take the device out with them if
it had been their own. Participants who were nervous to take it out mostly
commented that they would have if it belonged to them; px 117 Q: ‘But if you had

one, do you think you would take it out and about?’ A: ‘Yes, | would, yes’. However,
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there were several participants who did feel that the device was too big to carry

around at the stage of the difficulties questionnaire.

The majority of interviewed participants found the p-EVES ‘very easy’ to use and
reported few difficulties at 1-2 weeks. This was reflected in the interviews where
the same participants were still reporting a positive overall opinion of the device.
The one participant who reported that the device was ‘very difficult’ to use, still
reported this at the end of the study; px 159 ‘I'd say | was disappointed with the
electronic one because of the amount of time to set up and start getting it into

place’.

It does appear from these results that the difficulties questionnaire at 1-2 weeks
after prescription of a p-EVES is a useful tool for predicting how well patients are
likely to get on with the device long term. If a patient reports a technical problem, it
is essential to book another appointment to address these issues. However, even
with patients who do not report technical difficulties but are reporting other
difficulties, it may help to see them again for a reminder of all of the features and to
offer some encouragement. For example, those participants who answer that they
are struggling with ‘apparent movement/smearing of the image’ or say the device is
‘difficult to operate’ may just need a reminder of how to set up their preferred
settings or which buttons control what feature. The questionnaire is, therefore, also
a good tool for identifying patients who may need some further instruction or
encouragement. In order to be used in a clinical setting, it would benefit from some
amendments. Firstly, there is some repetition in question 5 as participants took
‘easy to operate’ and ‘easy to understand how to use it’ as the same question twice
generally. Also, there are a few questions relating to the appearance of the device
and this did not seem to be an issue for the p-EVES study participants overall.
Therefore, this could be omitted from the questionnaire completely. One feature
that was introduced in task based practice but not included in the difficulties
questionnaire was the snap-shot/camera option on each device. A few of the
interviewed participants did find this feature useful and others forgot it existed at
all. It would be beneficial to incorporate this into the questionnaire going forward.

Forgetting about features, like the snap-shot, may depend on whether patients get
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the opportunity to use the device fairly soon after taking it home or whether they
have a gap, for example if they go on holiday and don’t take their p-EVES with
them. The manufacturer’s instructions were included with the p-EVES devices in the
study, however these can often be extensive and complicated for a patient with low
vision. An alternative could be to write some simplified instructions for each device

in an accessible format.

The task-based practice was sufficient for most participants in the p-EVES study but
there were a few who felt they could have benefitted from longer training with the
device. It is important to assess motivation before prescribing a p-EVES to take
home and those who are identified to require more encouragement/training may

need a supplementary appointment before they take the device away.

Looking at the MLVQ data, figure 4.1 suggests that while some people use their p-EVES
device outside the home, the majority of p-EVES users use the device in the home only.
This reflects the responses in the difficulties questionnaires. The reasons for not taking the

p-EVES device out may relate to the weight/size of the device. It also may be due to
participants being aware that the device did not officially belong to them and being
concerned that they may lose or break the device in this study setting. Therefore
this may not be an issue if these devices were to be prescribed within the NHS. It is
important to note that in the study, the p-EVES users still had access to their optical
aids and may have felt that the optical aids were more convenient to use while

outside the home.

With regards to the frequency of device use, figure 4.2 shows that the optical aids
are being used more frequently throughout the day than the p-EVES devices. Then
when looking at figure 4.3, the duration of use of optical aids is clearly shorter than
that of p-EVES devices, suggesting that optical aids are used in short spurts many
times throughout the day i.e. for spot/survival reading. In contrast, the p-EVES
devices seem to be used less frequently overall than the optical aids, however when
looking at the durations, p-EVES are reported as being used for longer periods of

time, i.e. for leisure reading.
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4.5 Study limitations:

One potential limitation of this study is that the clinician researcher had a lot of
involvement with the participants. This relationship could mean that the
participants may feel that they want to tell the researcher what they think they
want to hear, for example in the difficulties questionnaires, they may not want to
admit to having certain difficulties due to the fact that the researcher has taught
them how to use the device initially. A possible source of bias is that as the study
progressed, the clinician researcher became more experienced in doing the task
based practice and gained knowledge from participants in what sort of problems
they were having. This could have led to modifications in the explanations used in

task based practice in order to prevent the same difficulties being reported again.
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Chapter 5 Guidelines for prescribing p-EVES

The experience gained in this study may help to inform future prescribing decisions

of p-EVES.

5.1 Device purchase

The first area to consider is which participants in the p-EVES study went on to
purchase their p-EVES device, as an analysis of this may help inform some

prescribing decisions.

The manufacturers of the devices used within the p-EVES study offered a discount
to those participants wishing to purchase their device at the end of the study
period. The discount was between 25-30% off the retail price, depending on the
device. Out of the 82 participants who completed the p-EVES study, 28 (34%) went
on to purchase their device. Table 4.1 shows how this was distributed among the

different devices.

Table 5.1: The numbers of p-EVES study participants who purchased their device.

p-EVES device Number who bought their device

after the study

Compact 4HD 13
Compact+ 0
eMAG 43 15

Mobilux Digital 0

In order to determine whether there were any significant factors that predicted
whether a participant was likely to go on to purchase a device or not, an analysis
was undertaken. First of all, the variables to be analysed were chosen. They are

shown in table 5.2 along with codes used for inputting the data into SPSS..
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Table 5.2: The definitions of the codes used in the SPSS analysis

Codes for variables used in analysis

Meanings of codes

Age Age of participant
Livesalone Does the patient live alone?
distanceva Distance VA at baseline
Nearva Near VA at baseline

Cs Contrast Sensitivity

readingspeed

Reading speed in wpm

cevft California Central Visual Field Test grade
(covered in chapter 5)
acorn ‘ACORN’ grading. ACORN is a

classification system that allows the
population to be segmented into

certain socio-economic ‘groups’

highestpower

The highest power of the participant’s

optical aids

lowestpower The lowest power of the participant’s
optical aids

havestand Does the participant have a stand
magnifier?

MLVQgradeduration The duration of use of the p-EVES
graded from the MLVQ

Isitgraded If the duration of use is grade 4
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SPSS was used to perform a multiple logistic regression to see whether any of the

variables above are predictive of whether a participant purchased a device or not.

Block 0 of the SPSS output, where the explanatory variables are not included in the

analysis, gives an overall correct prediction value of 66%, meaning that the model

guesses whether a participant bought or did not buy their device correctly 66% of

the time. Once the explanatory variables are entered into the model (Block 1), this

increases to 83% of the time.

Table 5.3: Variables not in the equation from SPSS output Block 0

Score df Sig
age 9.690 1 .002
livesalone .170 1 .680
distanceva 4.688 1 .030
nearva .569 1 451
Cs 118 1 731
readingspeed .983 1 321
cevft 410 1 522
acorn 1.850 1 174
highest power 3.235 1 .072
lowest power 1.920 1 .166
havestand .581 1 446
MLVQgradeduration | 10.460 1 .001
Isitgraded 6.343 1 .012
Overall statistics 33.625 13 .001

97




Table 5.3 shows the variables not used in the equation and the p-values in the last
column show that the MLVQgradeduration variable has the most statistical

significance, prior to inclusion of the variables into the model.

Forward stepwise regression was used and this included three steps.
‘MLVQgradeduration’ was added to the model first, followed by’ age’, then
followed by ‘livesalone’. No further variables were used as they did not improve the

model.

The significant predictive variables found by this analysis are the duration of use of

the p-EVES, the age of the participant and whether they live alone.

The analysis found that when a participant reported a longer duration of use with
their p-EVES device on the MLVQ; the more likely they were to purchase a device.
This is unsurprising as an ability to use the device for longer, indicates that it could
be used for leisure reading over just spot/survival reading. It also suggests a person
is comfortable when using the device, for example they may have a better posture
or working distance, in order for them to have a longer duration of use. These
positive experiences of p-EVES devices may lead patients into feeling that a device
like this would be worth investing in. Participant number 110 went on to buy his
device once the study had finished. When interviewed it was apparent that he was

able to use it for a long period of time. This is illustrated in table 5.4.

Table 5.4: Excerpt from interview with participant 110

Study researcher’s question:

Participant’s answer:

‘Right. So how long could you use the
electronic device for, before your eyes
got tired?’

‘Well, using the black on white, | can
normally use it for the full length of the
unit working.’

‘Right, and would that be for sort of
leisure reading?’

‘Yeah. Yeah.’

‘So how long should that be?’

‘Oh well, up to two hours.”

98




The analysis also showed that the likelihood of purchasing a device increases with
increasing age. There are a few possible explanations for this relationship. One
possibility would be if older people have more money saved than younger people,
enabling them to make this purchase after only approximately four months’ notice.
This claim is unable to be proven by any data available in the study, although the
socio-economic data taken from ACORN showed no significant relationship with
who did and did not go on to purchase a device; meaning there was no predictive
factor found when looking at who was deemed likely to be able to afford the

devices and who was not.

Another reason that could explain the relationship between age and purchasing the
device is that older people may be less likely to have access to other technology
that can enlarge print compared with a younger person, for example iPad’s and
kindles. They may be more likely to have physical print to read than a younger
person. This was commented on by one of the younger participants in the p-EVES

study (age 23) and this is shown in table 5.5.

Table 5.5: Excerpt from interview with a 23 year old p-EVES study participant

Study researcher’s question: Participant’s answer:

‘Right. So how long could you use the ‘Well, using the black on white, | can
electronic device for, before your eyes normally use it for the full length of the
got tired?’ unit working.’

‘Right, and would that be for sort of ‘Yeah. Yeah.’
leisure reading?’

‘So how long should that be?’ ‘Oh well, up to two hours.’

The relationship found with ‘livesalone’ was that participants who lived alone were
less likely to purchase a p-EVES device than those who lived with a spouse or
relative. A possible explanation for this was seen in the study by Watson et al
(1997) where the factor ‘presence of a helper’ was the only demographic variable
that was found to be statistically significant in whether a veteran continued to use

their device. In this case it was found to be 1.9x more likely that a veteran would
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continue to use their LVA if a helper was present. Therefore, in the p-EVES study, if
a participant lived with another person, this person may have helped or encouraged
them to use the device in the first few days or weeks, enabling the participant to be

motivated in its use, possibly more so than someone who lives alone.

The interviews conducted at the end of the study visits on one third of the p-EVES
study patients have been used in conjunction with personal experience to discuss
prescribing guidelines for p-EVES . Some of the parameters discussed below were
part of the p-EVES study inclusion criteria and others arose out of the findings

during the study when prescribing the p-EVES.

5.2. Contrast sensitivity

It has been shown that a twofold decrease in contrast sensitivity is associated with
a threefold to fivefold likelihood that patients will self-report difficulties with
reading (West el al, 2002). Whittaker and Lovie-Kitchin (1993) suggested that
contrast reserve is one of the main requirements for reading and for text to be read
fluently, it needs to be presented at several times higher contrast than a patient’s
contrast threshold. A study by Crossland and Rubin (2012) used self-reported visual
function data and found a relationship between reduced contrast sensitivity and
difficulty reading newsprint. It was suggested that it would be helpful to these
patients if text could be made available in a format that can be viewed on an LED

computer.

Contrast sensitivity was a baseline measurement taken from all participants of the
p-EVES study. The inclusion criteria stated: Log Contrast Sensitivity of 1.20 or worse.
The range of contrast sensitivity measurements at the baseline assessment was
from 1.20 to 0.00 log units (no letters visible at 1m). Of those interviewed, the
lowest contrast sensitivity measurement was 0.45 log units and the interviews
given by these participants gave mixed responses. Four of them gave very positive
reviews of the p-EVES, two of which went on to buy the device at the end of the
study. Two others with the same CS measurement, however, had very little success

with the device.
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All of the devices had various colour/contrast options detailed in appendix 5.

When participants were initially selecting their preferred device, the most popular
option was the white on a black background. Every participant preferred an
enhanced contrast option for reading print, not full colour. However, for reading
print on packets/tins where there are various different colours of print and
backgrounds, the full colour option was more effective as some of the enhanced
options made some of the writing disappear; px 159: ‘colours, it seemed to go like if
you put it on to, say, a soup, and it would just go all like fuzzy’.

Overall the interviewed participants did not seem to mention contrast of the
device as a main consideration unless prompted, magnification and layout of the
device came across as the more important features. When prompted, however, the
participants preferred the full colour, enhanced black on white or white on black;
px 128: ‘The colours | didn’t find, | didn’t like the colours. | liked the black and white
more than anything’; px 130: ‘I tried to use all the contrasts, every one on the
electronic, but it just didn’t...the normal one (full colour) just came to effect all the
time’. There were a small number of patients, however, who did mention that the
different colours were useful; px 139: ‘being able to use a different set of colours
was quite nice for a change. Restful to your eyes to use a different background’; px
116: ‘I like my blue and yellow and the black and yellow, because | find it stands out

better than say ordinary writing on white paper’.

Contrast sensitivity was an inclusion criteria for the p-EVES study, however based
on the interviews and anecdotally it did not seem to have much influence over
which device was chosen or whether participants got on with the device overall. It

does not need to be heavily considered when prescribing p-EVES.

5.3 Visual Acuity

The inclusion criteria for visual acuity (VA) stated ‘V/A of 6/30 (0.7 LogMAR) or
worse (in the better eye)’ The binocular VAs of p-EVES patients ranged from
0.30logMAR (eligible based on contrast sensitivity) to 1.68logMAR. The average VA
of the participants who opted for the compact 4HD was 0.94logMAR which is

identical to that of the eMAG 43 group. Looking at either end of the VA scales there
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were no obvious patterns with who found p-EVES useful and who did not. The
participants who had vision on the lower end of the scale ie 1.30logMAR or less
found the tactile elements of the devices more important. Two of them returned
the devices and dropped out due to difficulty operating the devices. Others in this
category, however, had very positive experiences with the p-EVES and two actually
purchased a device after they finished the study. Another measurement that was
taken at baseline was near VA. Near VA measurements ranged from 0.40M to 6.3M.
One area that was looked at was the relationship between near VA and the

magnification chosen.

The magnification options of the p-EVES devices chosen for the study are detailed

in appendix 5.

Looking at those participants with near VA measurements of 1.0m (newspaper print
size) or better, there were some who found the p-EVES devices useful for very small
print but a couple of them commented that the minimum setting was still too
magnified for them; px 132: ‘the three magnification settings were very good.
Although for me | would say it was probably too powerful’; px 138: ‘I really need
one, which maybe gives a smaller print, and therefore a greater width coverage’.
The two participants interviewed with the most reduced near VA measurement of
6.3m both had very successful experiences with the p-EVES device. Px 130 felt that
it improved his working distance which made him feel more comfortable using the
device in public: ‘because | can look from a distance and not go right up to it, and
that’s the embarrassing part | don’t like’. The other participant, px 128, found the
high magnification settings on her compact 4HD better compared with her optical
magnifier and also referred to the more comfortable working distance: ‘well it
made everything easier didn’t it , you know, without the complications of screwing

your face up at everything and holding it up to your eye’.

Near VA would have been a more appropriate inclusion criteria for the p-EVES study
instead of distance VA and should be a consideration when prescribing p-EVES
devices. A near VA measurement of 1.0m or worse would be an appropriate

guideline when choosing to prescribe p-EVES.
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5.4 Age

The inclusion criteria in the p-EVES study that referred to age was ‘Adult (over 18
years)’. The average age of the participants in the p-EVES study was 71. As
mentioned earlier, 85% of participants chose either the Compact 4HD or the eMAG
43. The average ages for each device were very similar. For the Compact 4HD the
average age was 72 and 73 for the eMAG 43. The Compact 4HD is mounted on a
tilted stand for use at a desk or table. This feature was popular among some of the
participants who spent little time away from their homes. This is because the
majority of the time that the p-EVES device was in use, there will have been access
to a flat surface to work from and this creates a more comfortable reading posture,
‘it’s tilted so that you read it without hanging over the top of ....With it being tilted
it’s a lot easier’. One of the disadvantages of this device is that, away from its stand,
it has to be positioned very accurately to focus on an object which can be difficult
for elderly patients. There is no handle on the device which makes positioning more
difficult. If a patient is not planning on using the device anywhere but at home, the
compact 4HD or a similar device may be appropriate. In the same light, some of the
larger devices such as the compact 7HD may also be appropriate for these patients,
as portability will not be such an important feature. The higher expense of these
devices may be an issue for some patients however. Although the average age of
the patients choosing the eMAG was the same as that of the compact 4HD, the
majority of the patients who were employed or in full time education opted for the
eMAG 43. One of the youngest participants (aged 34) saw the benefits of the eMAG
43 but felt that it was too bulky and would have preferred a smaller device that

would fit in the pocket.

Based on the above information, the age of the patient was an appropriate
inclusion criteria for the p-EVES study as there was no upper limit, however

‘appropriate activity goals’ would be a more useful guideline for prescribing p-EVES.

5.5Dexterity/handling

The patients who had problems with dexterity found the location of the buttons

very important. The eMAG 43 was found to be quite easy to use due to the location
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of the buttons all being on the front of the device and them being tactile. They
were also different colours which some participants found helpful; px 113: ‘the fact
that they were different colours helped’. It was more difficult to instruct patients in
the use of the compact 4HD. The reason for this was that the buttons were in
different locations on the device and required different amounts of pressure to
operate them. For example, the on/off button required a 3 second press to operate
it, which confused some people and was the reason for having to bring one patient
back for re-instruction. When removing the device from its stand, many patients
found that they would accidentally catch one of the buttons, either the snap shot or
the on/off, which would then cause confusion; px 128: ‘I didn’t like where the

camera button was.....was just awkward’.

There were only 4 patients out of the 100 who opted for the compact+. Two of
these patients were interviewed although one didn’t really use it at all once they
had got it home. One participant commented that it was ‘time consuming’ trying to
set up the device. Anecdotally it did take longer for patients to understand how to
operate the magnification settings compared with other devices and a few patients

dismissed the device very quickly as they struggled to locate the on/off switch.

When choosing a device from the original four, 7 participants opted for the mobilux
digital. Often, the reason for this was due to the similarity between this and their
optical magnifiers as it has a fixed handle. It was not a popular device overall but
one participant did find it useful but would have preferred it to be a more portable
design; px 130: ‘I just liked it, but unfortunately it was too bulky with the handle on

it’.

When prescribing a p-EVES, dexterity should be considered when choosing what
type of device to recommend. Ideally it should be one with the buttons all on the
front of the device and easy to press. Poor dexterity is not a contra-indication for

demonstrating a p-EVES device.

5.6 Motivation/Encouragement
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Patients need to be motivated to use the p-EVES in the first place as some devices
take longer than others to get used to how to operate them and unmotivated
patients may just give up; px 148: ‘l couldn’t do it at all so | never bothered any
more, but that’s just me’. As previously mentioned, the compact + and compact
4HD caused some problems for a few patients due to the layout and usability of the
buttons, therefore patients need to be motivated in order to get used to operating
devices like these. There were a few patients who would have struggled if it was not
for family members offering encouragement, so this is something that should be
considered when prescribing these devices. For example, one patient lived alone
and her son visited at least weekly and charged the device for her. Also px 120 was
poorly during her time with the device and a family member re-instructed her when
she had forgotten how to use some of the buttons. This particular participant went
on to purchase her device at the end of the study. When considering prescribing
these devices it could be useful to ascertain how much the patient sees family
members or friends to ascertain how much encouragement they are likely to
receive. This would be made easier if they attended the clinic with family or friends
in the first place. If they did not, booking them in another time when they can
attend with someone else may help. When issuing these devices it could be useful
to give patients a contact number to call if they feel that they have ‘forgotten’ how

to use some of the features or if they feel that they simply need a ‘refresher’.

In summary, when prescribing p-EVES devices to patients, the following parameters
should be considered; Near VA, dexterity, appropriate activity goals and

motivation/encouragement, these are summarised in table 5.6.
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Table 5.6: Guidelines for prescribing p-EVES

Guidelines for prescribing p-EVES

Near VA

Consider when near VA is 1.0m or worse

Appropriate activity goals

Consider for those whose goal is to read, choose a
device that suits the patient’s needs i.e. if they are
planning on only reading at home, ok to issue a
‘bulky’ devices with a tilted stand but for someone
planning on taking the device to the shops, will need
a smaller, more portable device.

Motivation/encouragement

Consider for those who have motivation to learn to
use the device and plan on using it regularly (so they
do not forget the layout). If the patient has
family/friends who are encouraging, this may help
the patient in using the device at home.

Dexterity

Ideally it should be one with the buttons all on the
front of the device and easy to press. Poor dexterity
is not a contra-indication for demonstrating a p-EVES

device.
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Conclusions and future work

This thesis has summarised the involvement of the clinician researcher in the p-
EVES study. Anecdotal evidence showed that p-EVES devices are popular amongst
patients and clinicians, however the literature on this type of low vision aid is
limited. The main p-EVES study looked at a comparison between p-EVES and
optical magnifiers, using both quantitative and qualitative data. This thesis, on the
other hand, uses the experiences during the study to discuss how to prescribe these
devices and which types of patients to prescribe them to. Task based practice is an
effective way of instructing patients to use a p-EVES device and a follow up by
telephone call will allow any issues with operating the device to be addressed
promptly. Guidelines for prescribing the devices have been recommended. The
CCVFT allows clinicians to plot a patient’s central scotoma, however more work into
analysing the plots would need to be done to make it an effective test in a research

setting.

This year, the main p-EVES study results will be published and a prescribing paper is
also being written currently. Positive results will enable a bid to be made to
commissioners of services to introduce p-EVES into NHS low vision clinics across the

UK.
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The p-EVES study design and methodology: a randomised
controlled trial to compare portable electronic vision
enhancement systems (p-EVES) to optical magnifiers for near
vision activities in visual impairment
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il iyl Purpare Ta decrihe the study design and mathadalogy for the p-EVES study, a
trial designed 40 determine the sffectvenss, cost-effactvenes: ad accepohility
Covmposnknics: Chr i Dickineos af ponables Flacironic ¥ision Enhancement Systam {p-EVES) devices and comvens
E-rai ambes i dorsr dnant et tiomal optical knw visian aids (L Az} fr narr tasks in. paople with 1ow vision
ik Merhods: The p-EVER smady is a prospective twa -2rm randomised coss-ower 1rial
ta st the hypothesiz that in comparison to optica LA, p-EVES can he: need

Aacsivad %0 Sy 1064, Accaonnd 19 : : ; -
10 4- Putfehad Crliva: 12 Suguer 1004 for lnnger duration; meed Bra wider range aftasks than a single optical LVA ands

arenabls users to do tagks that they were not ahle to do with optical LVAg allnw
faster performance ofinstrumental activities af daidly Eving and allow Bster raad-
ing. A total of 100 adult participants with visual impairment are mremly heing
recriited fom Manchester Royal Fre Haospital and randomised inin o ther Group
1 [Teziving the teo interventions & and Bin the order AR, ar Group 2 {recsv-
ing the twn inferventions in the arder BA )L Intrvention A is 2 2.memth period
with conventional optical IV As and a p<EVES device. and intervention B is a 2.
manth pericd with anmventio nal opiical IV Ax anly.

Readts The study adoprs a mined methods approach monmpassing 8 hroad
rmange of onicome mesunes. The nesults will he aobiained from the ollowing pri
mary oudnme menr e Manchester Low ¥ision Cusstionnaine, ciptuning device
‘nsage data (which devices are ussd, nunsher of times, for what porposes, and fior
hmw long ) and the MNEead test, measuring threshold print siee, critical pring stee,
and acuity ressrve in addition to reading speed at high (=90%) mnias R=mls
will alenbe oitained from o series of seanndarny outonme measures which inclhad=
amsesnment of timed instrumentd activitiss of dafly Iving and a “near wision®
vimn] fimdioning questionnaine & companion qualiwiive stody will permid toom:
parison of resmlis on how, where, and nnder what circumstances, p- EVES devices
and INAs areusad in daily life & health sonmomic svalnation will provide remits
amn the increment] msefativenems of pEVES compared 1o apial magnifies
cost-effactivenems and cost-utdlity,
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Conclusians: The evidence hase in lnw vicion rehahilitation is modest and further
high quality dinical trials are requirsd in infnrm dedsions an haaltheans presi
siom. The pEYES stidy findings ore anticipated ®© contribute to thic hroader
avidemce requiremeni, with the mahodalagical ismes svident here baing reevmi
o ather triaks within the field

Irtreduction

Civer 1 million people in the Uniied Kingdom (UK} live
with untraatahle visual impairment {¥1}, many of them are
eldérly mnd the numbers at risk of V1 will insvinhly ris=
with the ageing of the population.' The UK Vision Smai-
:m': Tecognies the imporance of delivering support, and
achieving independence, for panple with VI A major diffi-
culty repartal by mdhidmls with V1 s ther mahility o
carty ot simple fals, espaciafly thoee involving reading. 1t
is Imawn that these diffioulti=s are a major canse of depres-
gian in an alder populiion™ vision loss, disahility and
depression @n te 2 “single syndrome, with ach dement
amplifring and pepamuaing the adverse =fids of the
athers”*

In the UK, Matoml Healtth Senice (WHS) Jow vision
clinics, typially basad in hospinl ophthadmalogy depari-
e, frovids asssement of panple with V1 and dispenss
aptical magnifiers free of charge on permanent Jaan 1o try
and amedioraie the resridiom in aoivitkes scperienced by
those with sight kes. Thee magnifiers have the limitations
of 2 emall fildd of view and very short wiwking disanes
and aften require the patient o view manoadardy which
some peaple find diffiontt and uncomdfortahle. In addition,
severa] difereni aptial devices are often needed i the
patient wanis o perinrm 2 varisty of different tasks An
ahemative approach to apticd magnifiers has heen the
development of eloTronic vition othancement sypsns
{EVES ) for visual s | for a review see Wolfkohn & Peer-
st ). Farly EVES devices wete expensive and hulky and
therefore had limited sczpane, =sen ammrent spsems
[such & CCTVs) are not widely nsed in the UK beranse
they mre not provided thromgh the WHA More recently,
tectmalagical sdvances have lad 1o the devdopment of
maderaely priced portable-degranic visian enhancsmen
syatems { p-EYES} which offer potental henefits in comgpar-
izan to optical magnfiem Foremmple p-EVES daviaes can
he used maore nammlly (hinacolr viswing and hahimal
warking distance ) and aleo incarporate many fatores not
seen in opt@l magnifien {2g varable magm fcation, dif-
{erent conirast sritings and fTeere fame Bcility) In addi
tinn, pEVES devics may he pepchologically  meore
reptahle 0 some patimts, since they ressmhles ather
high-iedh hand held devices such as mobile phonesiom
puiera In oonnirast their greser complenmty may make

I The & (= b P
[ &

O pmarn DACATT 4 505 722

Ut i 30 4 The Colsey s of O s nseis

them nnsuitshis fir paviems with poor cognitive shilites or
lireited manual devferin. Thes p-EVES devices are cur
rently an the markst i buy privaiedy, but are not providad
through the NHE in England. 1f p-IVES devices are mare
snesfal than optial megnifias in allwing patienis o
carry et activitis of daily lving, they enuld he expacied i
sppart incressed independence, quality of ke and we e
ing. The ability of 2 person with V1 10 remain mdependent
could lmd w0 a2 decredse in fiormal social care cnsts, in addi-
tion 40 reducing the indirect ot of & cistmes fram family
and frimds

A numbher of tralks comparing different low vision aids
[LVAz) hawe he=n published {for a geematc review =
Virgli eral”) Previons comparisons of elacwonic and
optical magnifying devices have been repored b they
have not wed the mast arment p-EYES designs now awail
ahle " These studiss have provided anly lmited evidene
that elctmonic dewices can antpednrm aptical LY Ax Far
example, Colham o ol compared perfimmance of fomr
diferent had-mouned EVES o comentional oprical
L¥As in a group of patients with V1 sscondary to maolar
dissgse For mdividnal patiems and partiarlar tades, some
EVES providal betier poinmmance, however, reading
spzd and time ken o peform cermmn ewrpday tasks
tended 1o he befher with optical LV Ax In 2 redated study
the =me rsearch groonp found that the majority of
patients questioned razed EVES devices as sither “the same"
of ‘heter’ m poviding near magnifiatim than ther
habitm] [optical) INVALY This e sdy highlighisd
hw the snhjectiv impressions of VA& nsers an mpple
meet clinical measures of peformance to provide o meare
complete description of LVA suceess Peierson of al !
compared pariormance with o sodmonnsd EVES, a
‘mames’ EVES with monitar or head-momnied dioplay.
and optial [VAs diring reading and practial task
Fesnis were variahle tut in general EVES provided faster
reading speeds, bt optical [VAs ended to provide faster
peformans of asks that required kcation of the ohjsd
of irterest

In Wales, approd matey ane third ofall opinmestrists ane
acrredited 1o provide the Low Vislan Servor Walrsand sup-
ply LVAs in a Mational Headth Senvice from thedr commn
nity pracices. For the past few years this has inclnded ane
mademn prEVES device (the Opelec Compacr+) . Anealotal
repors from pateni and praditioners sugpest tha thess
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devices are popular and successdl, and resmrch mggess
that the p-EVES device is among the mast popolar devices
supplisd through the schems ™

Trial chjsctive

The aim of the stndy & 1 oompare the Sfedivenes, met
effectiwnes and acepahility of modern p FVES devices
to conventional aptical magnifirs ©or nar vision takz
The curmem study repressnis the firt randomised con-
trolled rial (ROT) that direcfiy companes the laiest p- EVES
deigns | which were nol pailible o previous sindies) o
curment optical [Was, with fully.adapied patients with ¥,
and inanrporzies o comprehansive Enge of amonme me
s in arder b svalmie whether this new technology
affers real bty in comparison to cument aptical magn -
fls,

Trial devels pment

The stimulns for the smdy was the widespred pasitive
reaction and mmments sach s . this {pEVES) i my
lfdine . this 4 absolmely magk’ from patient during the
firet pear that the p-FVES deviees were amilahle through
the Lo Vision Service Wales, and the possibility of sxand-
ing this mpply 10 the ret of the UK if thee meodotal
mepars were supportsd by evidence from a mobast trial I it
iz fonnd that p- EVES devices can offer a clinically signifi
ot advamiage for near vikon activities for partalar
patienis, when compared in ther sristing aptical magnifi
er5, this would provide svidence that would hdp mform
any fimre recommerdarions by the Matonad nstitme ©ir
Health and Care Excellence {WICE), or decizinns by anmi-
missioners of sarvies, regarding the supply of p BVES
device: within the NHA. Despite the {aurrenily) greaier cost
of an individual p-EWES in comparison 1o mast apeical
devices { from =2£500 npwards, cvmpared to an average of
appromi maely £50) there & also'a poental saving @ pro-
viders of low vigion ssrvices in tha the p-ENVES may do the
joh af, and replace, s=veral optical magnifiss. In additan,
the cumment trend is for the ost of opial devices 10 be
inrsmsing, whils the coct of elactronic devicss is derssing.
In the wider sonnmic coniert, the ahiiy of the patient o
Ty o mare taks mdependently could redoee the -
den on formal and infhrmal care networds

Uhver recent yeam there has hesn increasing reangnifion
of the imporant aonirbation that puhlic imolvemen @n
maks to ressrrch ' The sxperiences of serviee msers and
carars are llely o provide a valahle perspactive that may
hedp shape 2 ressrch project and hedp ensore that s sims
are iruparant and relevant @ the poblic. A key faxinre of
this study i the contrdhubion of ssviee users, and this
began with fhe design of the resmrch A prestody foos

1 Tavies ar @

group which mchded dewiee nsers {0 = 3}, fmily m=m
bers {n = 5}, and profssionads (o= 1) from the Low Visian
Serviee Wals and Social Sevies wan aoondoded. In addi-
tiom, ane-in-one elephone imer vews were cammied o with
mamhers (n = 3) of the Sndoport gronp of the Macular
Eociety whi had purchased p-EVES devices privatedy and
amuld compare them in the optical dsvices provided
through the WHE Wit the aim of refining the interven.
tiom, @ =t was created which indudad specific questions
ahout whether training was nesded to wee the @id and the
length of time it ook o Bacome famsdiar with it frpicad
e penses incdnded fairdy simple, “raly sasy o nse’, ad
it really s sraghtibrward’. Dsea wers also asked what
they thazght womld he the best research oo me menmne
what womld show how gond this device was{ The veratiliy
of the device wa 2 commeon theme with comments such as
“there are so many things you can-do with @7, "'ve mad
them all | differem magnificarion levelt) @ varous time-
& fom 3 oo 18, _Tve nsed the full mngs" and “this & an=
magnifi=r that does everything.

It was planned that the p-EVES devices to he nsad in the
irial would only he =leched when recruitment was mmsi-
ment in order that the hiest devics wonld he availahl=
Another presmdy foous group of indiwvidoals with ¥
{n =6} was recuited with help from the Macular Socety,
indnding warking age and older pavients, as well & thass
with and without previons erperience with p-FVES device,
Within 2 single =sxion, pricipan® had acoess o 16 oo
rent, madern p-EVES devices from five difEremt mupplism.
The p-EVES' devices awmilable had a range of scresn gres
and magnificarion and oomrast =tings Participants were
given fme with various reading and writing materizls 1o
identify thar prefered p-EVES devics] sb. Particpanis were
asked o moore smch device, and take part in 2 gmerl dis
asion which med promping quedions ta explore device
characterisicn and msahility. The dscussion waz - andia.
recorded and tramscribs]. Four devices {with screen sipes
from LE* to 357 were reporisd by mem = offering ton
amall a fidd of view for lesure reding and three largs
devices { zeen sizes 5% 10 7%) were £ 0 he too largs 1o
regulardy carmy and mee omsids the home oraffice. Wsght,
button siz= and onfiguratinn, and handle design were
ather Eanrs raied as imparant by users, hat images qual-
ity was nit mentinned. On the hasic of fhe device soones
md ommens from the dismston and mnsidering the
premise of the study ithat a single p- EVES device had the
poendal 10 suppnr hoth ledure and srvival reading and
therefiore be menre vesatile than an optcal magnifier, the
o highest smoring sritahie p-EVES devices were chosen
fior the trial

The four devicss chossn were the Opiedec Congpacs,
Oiptedec Compact 4, Schwelrer ebapdd, and Eschenbach
Mlobilux Digiral Thess devices ar= shown in Fiaeoe | and
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the manuBdurer’s specifi@tion of thee devies are given
in Table I

Trial design
The p-FVES stdy is o singleaite smdy heing onnducted at
Mancheser Royal Eye Haspital (MEEH ), TTEL An avenview
of the p.-EVES smdy design is shown in Fiene 2. Fxpenis
enced aptical aid meers are reguitad 10 3 prospectise hen.
arm cross-aver BET with a 12 randomizastion 0 the twn

study arms Partidpants are mndomised o Group | or
Geroup 2 Grop 1 recedees the fea interventions 4 and Bin
the arder AR, while Group T receives the two interventions
in the ordar B4, Intervention 4 is a2 manth peniod with
conventiona opt@] magnifiers and a pEVES device, and
Tntervention Bisa ! manth period with comeensona opt-
cal magnifi=rs anly. Individnalk are allowed i reain thar
exiting optiml 1V4: when they are provided with the
p-EVES; since some optical aids {e5 distance el=copes)
coukin’t be replaced by 3 p-EVES device, and 1 wauld have

Talis 1. DIRCFERS 001 B-EVES dovos L) P T 2udy iraeL ot en T as)
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et 25 e g WFe c Blach, Yaboaw o
MO Biack, Yallow o il
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alblag4s el i o e TS G W T o e Wi o Black, Walioww o b ol
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The refractive oommection: and the paridpant’s optcal
L%AS are ipdatad if necessany. It & weedl kmown that magni
fimtioncanbe leis efactive in the presmceofa centrad sm-
toma, thersdnre the presences of 4 oenfral sootama may he
predictive aof unsucoescil uee of 3 p-EVES device Viewing
with the p- E¥'ES i binocular, and thensfore the California
Cariral Vimm] Fidd Test [CCVPTY is usad o determine
the pressnee of 2 hinoadlar soiomea. and the kecation of
J.n'r]:ninadTetimJ!ucmuﬂ:L"

An amalysic of needs ascaoement is performed msing the
bancheser Line Viskion (ussionmaies (ML) L7 This Ba
two-part questionmaire designed 0 eswalnae low vison
rehahilitation. Part | apiures taxk specific data |which
tasks LVAs are weed for and how heldpful IV As arsin dloe
img tasks to bhe peronmed ) and Part 2 determines YA
usage | frequency of nse, lngth of oontinnoms use, and ease
of nesi Part 1 is nsed to svaluae the needs of the partic
pant %0 that the mast approprize [VAx an be provided.

Parfidpams haw the opportunity io ook atthe four differ-
nt p-EVES devices in the siudy and choose the one which
best mutches ther requrements with guidance from the
clinidan ressarcher (hased an the responees in the MLV
questinnnaire). Instroction on nse of the slaciad pBEVES
device & given but no frmal fraining is provided |equiva-
lemm 1o the Typical simaton with WS hospin] provisan of
optical LVAs) The ddmician ressarcher demonsiraies
aptima] magni firation, working distance md viswing maods
{contrast) semtings for the selers] pEVES dadioe
The p-EVES acsescmenis are epeced fo take approx-
maiely 1 he

The paridpani ha a task-haced pracfics sescion imme-
diziely fnllowing study visits 1 and 2 {Le. @ the siarofeadh
af the Zomonth trial perindsy The purpose of the pracie
segsion i Ty Temind the participant of the instmctions for
g fier e o e theey haee 2 hasic inowlad e of how o
= the crrent [V As, md o provide g=neral enonumagsment
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in keep wming the INAs when necsary. The dinican
resmrcher gives guidancs on how © turn the magnitier an/
off, wha the controls do, how o rechage the daie
[p-EVES} ow change hatieries [oprical magnifiers), and the
aptimal posmrefwaridng didance of the qrment device{s).
At each praciice sewsion the particimni atempts fve txls
with their current magmifier(s} { p-EVES when in that il
phase, aptial athensies) o ensre that that they ar= nsing
the devices cormecy. The fve tasks are | 1) to fill in ane
areweT | amwer given) I a crosswornd puzzle (I3 to read
one entry fromea tdevision goide magarine (glocsy paper )
1% 1o rend the first senence from a newspaper article
[madie paper) {4} & read conking mstructions on 3 mde
of nod {33 10 nx= the amea facility to identify the name
of a boak that i g of reach. Due 1o theabsmee afa cams-
era Bdlity with aptia] magnifiers, the final ta=k {3} & oom-
plated with p- BVES only | when in that phase of the stdy),
when parfidpends only havwe opicl magnifiem, only the
first our tasks are oomipleted.

The dimcan resarche twlephons paricpams al
| wesk afierthe start of each arm of the shidy The purposse
af thiz phone call & o identify any major prohl=ms with
the martidpants coment LVAs For onsiseno and io
avoid hias this sep oomm in hath amms of the stady. The
clinidan reearcher fllows a sonipt and administers a diffi-
culties questinnnaire {whether in group 1 or group 2h that
creers haw ofen the magnifier is usad, where the magnifier
5 nsad, howe sepidifionh the magnifier is 40 nee, and asks
specifically. dhout a rangs of posshle diffimltiss with the
L¥Ax 1f the climican resmrcher idemifies clmr prohilems
{ie the davice & naot working properdy or the participant
dnes not knome haw o oprerate i) the partic pant - is hooked
i inr a visit with the clinician ressarcher for eplacement
af the zid andfor redinstrucion o =g the device is
winrking properiy and the participant has a2 hasic mowledge
of 1% o peTEinmn.

At the end of ther imahvarem in the sudy, the pardd:
pant will he offered  the apportunity to purchass the
pEYES deviee f they wish (2t a disoomnied priee), md the
numher whao take up this offer will be remrded.

Predictive messurs

Tt & possinle that eermin individmals are maore likely o hen.
efit from the use afa p-FVES device than athers Tha bene-
fit may rehe o ther vieml] sauns, whidh s thersfore
deiermined during the inftial p-EVES assessment In addi-
tion, thers are three further non-vimal measures oo mpleted
at hasdine {stody vixit 1) which may hedp provide potential
pradictive ar pagnostic measres fir suaessfn] pEVES
use Thess are Addenhrookss Cognifive Framination
{ACE-NIL" The Brisf Resfience Scade™ and the Fin.
ger-in Mose Test ™

| Tavior &t &

The ACEI11"™ is 2 questionnaire designad 1o e o
mtve function within fwve domaing attention, memary,
verhal flusncy, language and vimno-spatial ahiifties The
marimum sare i 1K wit highe soores indicaing hether
ognitive fondioning. In this smdy the ssctions which
require the subjed to mderpra visml information wens
omifted (some of the hngage domam and the sntire
visnospatal domain), reducing the manmum possihle
smre i h% The ACE]N & indudsd bemmse it may he
argoed that a specific lewe] of ognitive ahil ity is required
arder 1o benefit from the pEVES devices, since they have a
e complex rangeof aomirol than optical devices.

The Brief Bsilimes 32k & 0 questionmire which
asmeszes the ahility 10 “hannee hadk’ or recover from: siness,
This s=de will he nssd 1o 1ext the hypothesiz that someone
with high resifiencs wonld be maore willing o 1y & nows
dewice, and make the effart 1o becomes familiar with i, and
thersfiane be mere suceasful

The Finger-to-Maose Test s nsad 10 measyne upper lmb
maatar conrdinaton raquiring & smies of Gst acoime,
Tepanted movemsnis of the atm for gomd perinmmana. The
partdpant is aked 10 plice the mdex fnger of the domi:
mant hand an their nose and then ==nd the am o tondh a
arget & the distance of the fully stended am, and they
then wouch the nose again {this & one cpcle . This has heen
shown 10 be o goad mezsnre of manmal dewierty which iz
approprizie for 3 vismlyimpaird ndvidml™ Parddpants
are Gmed while peforming three onmplete oyl a5 quickly
mnd acomaely & powible and the final resah & the mean
time nf three 1=t Chagoerishio of the movements aich as
dysmetria {impredsion in making a3 mowsmenty or iTemor
are mot Teconded. The hypothesis s that a crwin kevel of
manual derterity may he requinad for opamal e of LVAs,
md this devierty may ned to, be gremer for p-EVES
devices, hecanse of the varisty of controls to e nzad.

(BT caa i B RO AT 2

A nomober of omonmes messnres are camisd ant a al thres
sty wisits: at bassline and at the end of exch of the neo
phases, in schanm of the wial {see Table 2 There are teo
primary murtonme mesores (WM Read and ML) and a
series af sscomdary omtoorme mosr e,

Primary oubComs Mmeasumes

Thehypothesis i thar, in comperisnn o aptic] magnifiers,
the p-EVES devicoes will:

L Alknw faster reading.

& prmary oofonmes measre wll he the maximomm
rading spesd measured with high onimam (=0%0%)
kiRl Acwty Charts | Mimmesotn Labomtory for Lowe
Vigion HResmrch,  hopeifgandali pychumnsdnfgroups!
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Eelah MINREATY ) wing the p-EVTS device. compared o
the prefamed aptical magnifie.

Previam studies® - szt that magni firing aids provide
significant improvement in rading speed although these
studies enmhine aptical and elearonic magnifiss. In a
campar zan of eledronic and oprica aids, Goodrich and
Eirby® found a 12 words per minue &ifErence in reading
e The reading speed {and dursinn) was significandy
greder with the degramnic LY A in ammparisan o the apti
cal T s
1 Be preferred [ussd meare often) than a mingle opacal

magnifiar.

The MLW) (Fat I) rates Fequency of veeof sach L¥A
ussd {on @ s@le of -4 The primary ontoome would hea
mignificant imoease in nsape of the pEVES deviee o
pared i the preferrad optical magnifier {optial magnifer
usad et fraquendyh.

St ndary out oime Massums

Al of the sSsdsd p-FVES devices contain a “oontrast
enhancerent farture that is not availhle with the apscal
magnifers. To mmestigate whetha the contast enhanee-
meet features of the pEYWES devics offer 3 messnrahis
imprawmemn in reading parfrmance in rednesd controc
conditicns, reduced cmirast =250 versons of the
MiRead chars have besn cusiom mads for the study
These charts will be need tn compare rmding spesd with
p-EVES devices 1o nptical magnifiers. However, when mes-
muring reading speed with the MiRead charis ming the
p-EVES device, participanis are not given any nstroction
on what amirast se@ing i use Thersfore, e measone-
ment i pardy dependent an the mrticipant’s ability to he
ahle torecall thess fegiures and nes the p-EYES device i its
full poemntial

The Int=matimnal Reding Spesd Texts (TR=5T) iz 2 san-
dardieed st used for mezurng reading spesd ower
exendsd pamgraphe™™ It i inchuded in this stody
hearanze it was designed to offer o moTe realistic aoweccment
of Jetsure reading” ahifity. In leimure reading, the ability 1o
read @or lnge duraions & consdered to he. mmpariant,
mince it sogpeststhe device i meore comfortahls {or not =o
tiring) 10 mee. There & evidenee suggesting that =ledromic
magnifiers (alhough the type was mot specifiad ) have hemn
raied as the mast sucssinl and used for the longes dura-
tinme ™ Camersaly, for spat reading, using the deviee fira
shortsr fime might be 4 possihle advantge of the p-EVES
device fie. heing able ta aconmplish tasks maore quickly
than when ueing optical magnifissy Therefore whether
lnnger dimatian af LY A use & 3 pasitwe resnh (L allmeing
les finng use) ara negaive resuh (12 faking longer 1o da
things) & dependent on the task the paridpam is doing.
The MING aptunes dita on the merage md lnngest Jura-

Thos -EVES stuachy: chidige an d st Fockobondy

tian that parlicipanis hawve med their EVAs for For those
participants wha & haelne nee an optical magnifisr in
“read hoaks ind newspapers’, the MLV [Part 1) will he
ussd i determine whether (1) they sulsequently prefer m
u=z2 3 p- EVES for this @k, and. if oo, {from MLV Part 2§
(2} what iz the longest time they can read with the p- EVES
[gradsad on a sale of 0-4).

The MLV will dzabenssd toimeestiges whether a gin
Ele p-EVES deviee & uséd fora wider range of msks thana
single optic] magnifer (e i more vematie md could
therefore potentially rsphos a mumber of diffEnent devices )
andfor enakde usars to do tasks thai they wene not ahle o
dowith aptial L¥As MINGH] Part 1) will e nesd po-deper-
mine the mumher af difEerant @ which are repored o
he performed with the p-FVES device in anmparison in the
prefimred optica]l magnifier, and the mumber of ks which
cannat be perfnrmed, or @n -only be performed with. asic
tance, with the p-E¥TS device in comparisnn to optical
meagni fiers

Five timed insromental scfivitis of dadly Fving {5-T1A
Dils} hawve hemn adapied from the 5 TIADL: designad by
Chesley & 2l ™ @ determine whether the p-EVES would
he spomanesusly chosen by the snbject 10 camy aut the
task, and whether thiz allowsd fasteer andlor menre soamais
performanee of key everpdae gals The five Doks used are-
finding a number in & elgphone book, writing & phrase
within a designated space an  piece of paper. reading
ingreddien® on a @n nffond, finding it=mes fiom 2 edacton
of flems on a shelf and raading information on a mediane
tomle. Fach fidk uses acm] everpday objscts {a oppossd
oy sirmlated or piaured stimmbiy Distailks of the - TIADGL
test are provided in Sopporing Informaton. [t shoold he
matad that ahthough the “tack bassd pradics’ given ta =ach
participant inwolves similar taxks, none of them are the
sme @ in the RTIADL wst The peformance of eadh
TIADL i asersesd in terms of haoth speed and accuracy.
Speed s assesced as time wken to perinrm the Gsk (mea
suted an 2 stopeowatch to the neansst (L1 5) and sccuracy is
azomeed nsing o S-paint grading sale. At the san of =ach
task all the participant™s aumemnt LVAs (optical and p- BYES,
if applicahie ) are plyoed on the tahle in front of the pardd
pant within sy reach, and the p-EVES devices are mumad
on. Par the 5-TIADL tasks, the parficipant & alowsd m
chooes which device to use [or 1o dhooss i do the task
without an @d} for mch individmal @k, and this coice is
remrded.

Ta investigats the perosfved difficohy in @mying out a
wider range of activitles than it s pradical o test direaly, a
15 mem quesionnaine was devieed (WP 15) hassd an
salarting appropriate “near vision' items from the Y- 48
questionnzire, which ha hesn shown o be senstive o
rehahilitsion ™ The NV.VEQR15 resubs will he sored

using previousdy publishad algor thme ™
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Adminstration of ouloome meatunes

Exh of the thres sty visits & expedsd o last approxi-
marely 1.5 h indonding breadks as necssary o avaid fatigne.
Mlafthe questionnai rs are ad ministered verhally, face-ta-
= o standard seipr is nsed forany instruments that had
na instuctions provided. All measursments are perdor med
axarding to instraions . provided with the clinica et
{nnle=s athenwiss shted ), at 2 tahle in a2 dinia] oralting
moimm with docalissd lighting providing even daylight M-
minance of =15NLiy Sevea] fests are condncted three
[or 4} times doring the conrse of the study {pee Table 3.
Theredre three [or 4} vemions of the tesis were selarisd
fFom thase avaibble (if 3 ommecal test), and three
different vemions of each of the 5-TIADL tasis have he=n
developed fior repeat measires during the trial. The dhaie
of which versions of the tesis to me for exch visi was
induded in the randomismrion proasdores.

All of the rmding msks {MMR=ad high and reduced con-
trat and TR&ET) are andio recnrded for bier analysis (in
ferms of accwracy and fimdng) wsing mdis aditing soffeare
{Wavmpad Sound Editor w506, NOH Sofhware, wwnench,
comawavepad | A1 sudy visit 1 (haseline) MRRad will
e memsured at high and reduced contrast with the pre.
Emed optm] mugnifis At mbssquent smdy  visis
kiRead (high and raduced conirast) & mesorsd with the
paticipmi’s prefemad LY A {opEal] magnifier or poBVES
deviced_ If this is the aptical magnifier, then the bR Haad
meaunemeant are repatad with the p-EVES devie. |f the
prefermed LVA is the p-EVES device the messuremenis wre
nat repeaied with the optical magnifer. Fach measumement
during the study is whken with a differmt MM Read chari.
Partidpanis ussd the vewing distance that was appropriae
for tharsleaed magnifing device Tl of o dewvics meant
that it war nni1 possible 1o nss the sondard method of
revaling sach sentence and measring the time glken from
that paint.™ The time tiken was therefore fhat to actally
spemak the wards in &ach coee [analwmed from the andia
remrdings af the reading tasks)

The TR25T st is done three times n total far exch par-
ticipant in the sudy (1« ot sach ofthe three vigits) using a
different pamgraph of ie=t at @ch wisit At the hassne
study wsit 1 TRST i memsured with an optical magnifier
At subsequent study visits TReST i messured with the pe
EVES davice when the participant is n that arm of the
stody, and with the optical mugmifier othensiss

Magnificaion, conirast ssting and fidd of vier will he
reconded when the p-FY¥ES devies & nsed dnra partion lar taske.

Health economic evaluation

The maemental os-efaiivenes of the pEVES devices
willl he anmipared o optica magnifiers. This evalmtion will

| Tayice o &

invahe considering the cost aof the ten interventiom
(inchding bath the devices themastves and the professdonal
times required 1o prescribe and dispense them), and aka
reparing the meinutes per hours of carer time freed wp
through wee of p-EVES davices o5 comparsd b comen
tinnal aprical LWAs {determined uging natinnal arerfalne
af mnpad time ries). The daa gathered from e MLV
@n be used to matuge whathe any changes in the ability
to camy ot swermday taks with the p-EVES will in fom
free up carer time. Then a cost-sfcihvenss analysis can be
mndndsd nwng difficnly in carrying ot ner vision tasks
[as detarmined by the 15dem WY VR 15) 25 the messnre
of e

For p-EVES devices 40 he fimded thoough the WIS 555
tem, positive guidance from MICE will be required hased
nn an improvement in the hmbthoehed quality of lig
[increase in QALY The BQ-SD" & & questionnaire used
to’ meaqmre heabhordated quality of life md ‘i the
measnre raoommendsd by MICE in i® Technical Cmid
ance S & coctondifity amalysis using E(-5D) a5 the mes
sre af whility will he condnded to gneate @ oot per
QALY and Cost Efegiveness JAccepohility Three
[CEAC™ for comparison with the NICE ceding of
£30 B00-£30 000 in e " It has been suggesed that
the FO-50 is mmrsponsive to visionrdated problame ™
This is paticulady likdy to be the @== in the currend
study which mmpans twa ine=rventions {rather than o0
ndering the compansan behessn an inervention and a
no-mis=vention contmoly This smdy will thersfons atampi
to deiermine which measure of wiility i the most wppro-
priate for assswing QALY change in respect o 1WA
tectmalngy for panple with visna impairment The ICE
CAP-A™ Vision Quality of Lik Index (VisQol)™" and
WIS Welhsng Index (1995 Version)™ are fherefre
induded as ahermative outcome memsures which are
poentadly mone snitive 10 quality of lie changes in
patiems mdergoing visual rehabilintion. The KECAP-A
i a Sitem questionnaire designed ax a measure of aps
hility fr use in aconomic sahaion™ ™ 1t is potendally
e srnsifve in settngs with patients sxperiencing sizhi
boes as it % a messure of @pahiliey rather than physical
fundiomng. The Yis(lal is a questonmire d=igned 1o
specifically azsess the mpact of vism] impuirmesnt on
quality of Fife' ™ and fhe WHO- 5 is a five-fiem quastion.
naire usad to assess depression™ A semndary cost conse
quence analysss will be conduced usmg the EJLSD,
ICECAP-A, WHO-5 and Vis(ol. to’ samine which mea-
e i mast appropriais o sseming omomes for the
purpase of smoomic svamation. It i hoped that in
addition 1o providing 4 prelindmny assssment of ot
efiecriveness in this study, this will dlen acr as a feacihility
study of a ranges of omoome measures, and that thiz will
infrm funre kang -herm studies
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Admin stration of oulcome mMeasuss

Earh of the three study visis & expeded i s approm-
maiely 1.5 h induding breakos a5 necesary 1o avoid fatigne.
All of the qmestinmnaire ane adminictered verhally, facetn
fice 2 standard soips is need o any mstrmenis that had
na insrmctans provided Al measmemends are perfrmad
axording to inmstruchions pmvided with the clinical st
{wndess atherwise siatad), 2t 2 table in 3 dinial omulting
ronom with lacadised Kghting providing even daylight [Th-
minance of =130l Several tesis are conducied thres
{or &) times during the conrse of the sody {see Table 5
Therefre three {or 4) versions of the fests were selacted
from those availahle (f o ocymmercial test), and three
different versions af each of the 5-TIADL 125k have hesn
developad for repeat measures doring the trizl The chaice
of which versions of the f=dts to use for each wisit was
induded in the mmdamisstion proedores

ATl of the reading @als (MWHzad high and redncsd con.
trast, and TReAT) are andio reanrded for later analywis (in
tems of aeuracy and timing) using mdin sditing sofruare
{(Wavepad Sound Ediior w400, NOH Softwar e, wwwonch.
oomanfwavepad L A1 stady visit | (bzeline ) MNEad will
he messured at high and redncsd contrast with the pre-
ferred opticl] magnifir. At mbssjuent smdy vists
M NRead {high and rediced onnivast) s messnred with the
participant’s prefEmed LYA (opficl magnifia or p- EVES
device). If this & the aptical magnifier, then the M Rad
Mz nEmen s ate repewlad with the p-EVES device 1f the
prefiared LVA i the pEVWES device the meamrensmt ares
nat repeaied with the optical magnifier. Fach measurement
during the study is taken with a different MNRead chart
Partdpans need the v¥eawing distance that was appropriae
for ther selecesd magnfing dewvice Llee of a device meant
thatr it was not posshle to use the sandard method of
mevaaling each st and measuring the dme fhen fom
that poimt. ™ The time tken was thersfore that to actmally
spemk the words in aach case (anawed from the audio
remrdings afthe reading tasks)

The [ReA3T test is done three times n 1omal for each par
ticipant in the study {1 = & each afthe three visits)using a
different pargraph of text at @mch wisit A1 the basdine
study wisit | RS T & memsured with an optical magnifier.
At mhesqoent stody visits [RefT b meaaued with the p
EVES device when the participant is in that arm af the
study, and with the optical magnifier otherwiss,

Moagnification, comrast ssting and fisd af view will he
recarded when the po IVES devies is meed ot 2 paticilar 1=k

Health eeonomic ecalunton

The ingemental os-efaciiveness of the pEVES devizs
will be comepared o aptical magnifiers. This evahation will

| Tayice at af

invalee considering the cost aof the hen inteventions
{incheding hoth the devices themesves and the profecsional
time= required o prescribe and dispemes them), and alsn
reporting the minues per hours of carer time freed up
through n= of p-EVES devices & compared & anmens-
thomal optical LVAx [determined neing naioml arerals
af unpaid time raes) The dga gatheed from the MLV
an be used o sraluats whether any changs in the ahiliny
1o carry oul everplay tasks with the p-FY¥ES will in mum
free np carer fime Then a cost-fectveness analysic can bhe
anmd nded using difficuly in carmying mot nesr vision tasks
{2z determined by the 15simem NV AR 15) 23 the meaaure
of ied

Far pEVES devices 10 he fundesd through the NHE q=
tem, pasifive goidance fom WICE will b required hassd
an an improvemsnt in the hahhoreloed ality of Hie
{increase in QALYL The BQ-50" i a quastionnaire nsed
to measune health-reated quality of lfe and i fhe
memsure rerommended by WICE in is Tachnical Gaid-
ance ™ & cosytlity analysis using BG-50 as the mea
sure of mility will be condndtad to FEneaats o oot pe
QALY and ©Cost Efedivensss Accepohiliy Cone
(CEACY™ for cympurisan with the NICE ceiing of
L3 600-E30 008 in the UK It has been suggesed that
the F)-500 is unnes ponsive 10 vision-rdated prohlems™
This is paticolady likdy to be the @se in the corrent
study which comparss two interventions {rather than aon
sidering the onmmarisan hetwesn an mEerventinon ad a
na-intervention oot ly This smdy will thersfore sttempt
tiy determine which meamme of utility:is the mast appro-
priae for asseesing QALY clange m respet o LY A
ischnolagy for paople with visuad impoirment. The ICE
CAP-A™ Vision Cuality of Lik Index (VisQald™" and
W% Welheing Index {1998 Versiond™ are theredire
indodad as ahermative outcome meamre which e
prenfdly mane sensitive to qualiy of lie changes in
matients mdergning vimal rehabilintion. The WECAP-A
i @ S-flem questonmaine designed as a3 measure of apa-
ity for use in aonomic evaluation™ ™ It is patentidly
M semEiive in sstngs with patisnis evperencing sight
loes a5 | & a2 mémsure of apability mte tha physica
funtioning. The Yizlol is a questonmaine designed to
specifically asces the impact of visml immirmsm on
quality of e" ™" and the WHO- § is a five iem question-
maire ussd 1o asmes depression™ A secondary cost conse.
quence analyss will he conducied using the EQ=50,
ICECAP-A, WHO-5 and ¥islol io samine which mea-
e is mast appmoprate for amsang oo for e
purpose of eonnomic evalmtion. [t i hoped that i
addition to providing a preliminary asewment of o
fiedivenes in this sy this will alsn ad as a Easihility
study of @ range of omomme measunes, and that this will
indorm frmre Jong-term studiea
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perind.  Participamis are randomised to the oo @ms af the
tral {growp | and groaup & in gt moo. Within s sndy
am thee = fwo hinary sratfimtion vanishles, age |60,
250 venrs) and vivml ety (<18 LoghAR, =13 LoghdAR )
Oz allocied to wial arm, o subssquent randn meistion. of
the s pozahle vest anders for the firee diffement vermions of
the testn {eg. S-TIADL vemion LFZA) i randomly prowidad
for 2ach parocipant. Foallowing the p-EVES assecomeent visit,
the dinigan researcher inrwands the deais of the participamt
0 an independent sl administechor who eniers the daia on
in the mEndomia ton nsiean. The dats eniered in io the sy
tm consgs of 2 unkque ricipant @udy refeence numher,
date of birth, age ot recruites, vism] acmity, and oomfma
ton tha digibiiy crgna are ma and conent has hean
obt@ined . The sygem then mndomisss the paroopm o
greap | argreup 2 and dlocas the w8 versions which will he
wed for that partidpant at each sudy visit This information
i emailed b the adminismar who then noffies the poop
aliheation tn the clinicisn resarcher mad the tet onder alom-
tom o the sndy rssrcher separaely This means tha the
siudy resarcher is mashed o the gromp allocation of the par-
ticipant when the basedine aswwement i corried oot The rea-
zon that mndomesnion proes nesded i be @rmad om
hedore the hawline smdy visit was 50 that the test onder was
Imowm in ander for the haseline mezs namen s to e ke,

Di'ts i pul, storspe anid quality oontiol

The data from each of the study visiis are manme Ty i
ted to sprend-shesis hy the smdy ressacher (ds 2
data) and the dinican ressmrcher (p-EVES asemment
data) and sored on g sscure server for suhssqners dsa
amalysis. Following the daia sniry process, 10% of daia will
he wlacted 2t andom wing @ random number generainT
and dmmbls emerad 1o check the acmmey of the data entry.
This shep will require manually ore cheacking the snires in
the spread.shests with the orginal smdy visit sowre docu.-
mesni: In additiom, to reduce the possihiliy ofbias, 10 of
the andia recarding for AT and MAWNKead megaire-
mens will be mndomly sdeded and remalyssd by a
seonnd resmrcher mashed o the participant gronp, the
timing of the dndy vict and the deviee nsed for e mea.
suremeenis. These data will be double enbered i check the
accuracy of the ongnal analpeis.

Dwta analysi

For the quamitrtiw primary and sscondary onboomes mea-
sures o mandels for the ARRA croseover design will he
userd. The basic madel will nse the CROS # st ™™ This
madel acoounds for the participant, penod and tretmment
Brinm. This anatysis will then be srended meing the maly-
sis of wnanee spproadh for the orewover decign. This

| Tayhes af

modd indudes the parfidpant, period and tretment o
tors in the mode] and alen all mis hasdine ovarizes o he
indudsd & neadad. Doring analyis of the secondary out
mime megsures Boniermoni ovmedian o the povaloe o
adiust Tr ol dple aoTEparieans will e usad

Cthical approval and trisl registr ation

The sudy proinmn] received hational Reserch Ethics Ser
vice (MR ER) approval on behalf of the Cemmal Mandhecsr

and Munchesier (hildren’s University (ML) Haspitals
WHA Trost {approval mumher | 20 WEEHS) The project
was aln approved by the CWMU Trust Reseanch and
Devaopment (Mfice and The University of Mancheser
Ressarch Ethios Commites The pa FVES stody isregicten=d
with clinical malgoy {Identifier NP0 TR0, adheres
to the CONSORT guiddine (hipefhrww mmsort-sate
mentong ), and conformas o the imnss ofthe Declaration of
Hedrinid.

Discussion

At present there is a limeied evidenos hase in the field of
low wision rehahilitation on which 10 hase dedcions ahout
healih service mmissoning and heathare dedivery: Cver
receni ymm, imrhnodagical advancs have led 1o the devsd.
opment of modern peEVES devioes. While pEVES devices
have Tensved positive patient fesdhack throngh the Welkh
low vision fervice (Low Viden Sevie Walsh, mone
resennch s required to fully esighlish thedr clinical hensfit
and the sact rale they can play within Jow vision ssvice
provisian The p-EVES smdy repressnis the firse BCT that
directly comvpares. the iiest p-EVES d=igns o current opi:
al LVAs In doe coumse the resulis of ihis chnical frial
shonld provide svidence that will help facili@te =vidence
hasad prowision of lowwigion care

A strength of this smdy iz the conmbution of sarvice
mers W identifying the mportance of the topic, and aexi st
ing in the design afthe sudy & hdp ename the ressand iz
rdevant @ thoss with Y. Lefers of sppan were also poo
vided by patisnt oarganisations when reearch funding was
being smght. Thers has alo heen contiderahle. support
fom the mammBicnines of e p-BVES devices, and they
are ke togrin insights o what e want from thess
L¥ Ak, md haw their devices can e improwved_

There were a3 mumber af wap m which a BCT o coms:
pare. optical magnifiers and p-BYES devices conld have
heen designed. An aliematve would have besn to mecroit
patiems with V] withmi previnons srpenienes ofany fype of
magnifymg aid, and randomly ascign then o reosive an
‘optial’ or ‘pEVES devie However, miisndis new o
rehahil iarion womid he likely to have rdatively mild vienal
loss and pessibly @ limited range of tasds with which they
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were finding difficudty at that stage Forthemors, many
mch patienis wonld he sy o have aoreses] devices foom
the kol community ahead of amy formial NHE clinic svaly
atian, wih fas patenis bang moly withoot amy eperisnoe
afdevicex Another possiility which was onneidered was i
reaur expeened optical aid wers, md andomise o
‘real’ or “sham” p-EVES device. Diismecions were carmisd
am with manufacurers ta ascess whether g realistic *sham”
device oold be oeaisd  The mast phoshle wonld have
heen g devicee which afferad 2 disphy with |« magnifia-
tan, hm the high and varshle contad image which i
indspendent of sxtenal Homination, may in iedf have
heen hensficial for some partdpnis

The stndy design chosen for the mal does have limidta-
tinrs. For example, it may bizs aguinst the p-EVES sinoe
particpants will already be familiar with apdal aids, and
may be rduchnt o changs alematively previous LVA
experence may-asskt in pEVES device handling Alen,
with the cross. over trial design need it s oot possihle o
mask either participan®s or rezsarchers 4o the fad that the
P-EWES device b being wsed, intrnducing the possibility of
hias. Himesver, the miErvention is dsdivered by the cliniman
reearcher whildt oomes are meanred by a differem
individmal {the snidy resarcher) The stndy researcher is
novt aware of any of the findings of the chnicon rewacher
Ra, for sample only the clinidan ressarcher moes how
well ar how poariy the sufiea remced io the p-EVES when
it was frst demanstrated and what problems and difficul-
ties e hesn reparted during the follow.op 1=lprhome
calle In addition, the audio recarding procedure alaws fr
masked reeanalysis of the reading speed data | [K&ST and
M MNRzadl

There is a risk with a singlesite tral within 2 spacialis
centre that the resuls may not be dimedtly applicabls toa
mare geneal populatian with V1. Similady, the sssecoment,
precrbing, anad practice sescions within o oghthy onomnn e
RCT mury not he direcily trancfeaile 1o dinial practies
and the red wordd implemen@tion in 2 hehthears ssthing
aumside a1 trial Flowever, the tral is hemg aonduae] in a
typical hespital hased LY service and it is hopsd that the
profile of patdenis recruried @othe trial will he represemia-
tive of the papulaian with V1, and thersfiore the results of
the trial will he generally appliahle.

A reEm spstematic Teview of the effartivenss of low
wikinn service provision idenified the nes of 47 different
autarme messures in the studies svahuatad ™ This nevisw
highlights the mrment lack of consmsns on the hest oni-
CONTee Mmedsures tn nse in the evalmation of vw wision reha
bilitatiom. programs. In the alsence of o preferred
methadodogy for such 2 smdy, one strength of the aument
design iz the range of amenme measorss, sach af which i
designed 10 explore a differem axpea of the miervention. [t
is hopead tha thic approach will give an insight into which

Thes B EVES sty dhiciage ah densthedlogy

ORI TRl res ar e et infiormative, so that this infoor.
matian can beused when planning subhsen nent stndie. The
uz= of myined methods gwn aflows sxplomtion of conradic:
tary or umisnal findingr for syample, @ aplore why a
device dllows a hetier memsursd peformances but is no
popular with meTs.

The primary omonmes mesnre i el ing speed, bt this
is heing memsrad in several different ways in arder 1o fally
determine fissignificance The MiRead was chosen s the
PrimaTy ank e meanre heause it aould be applied 1o all
participanis, regardisss of their leve of vison, and with the
minimom afnan:visnal influence. Howsver the [RefT may
Eve 2 maw e mealishe mesmrement of leisure rending ahility,
in that it an highlight diffculties with the sandard prini
sire, potential Btigee with the longet paragraphs and page
naFigaian msnes sich & dentiffing the dart of Ins. T4
Wil nat pprapriae o nse a e reding measre & 2
sale primary omonme however, hecanss many ndividnals
with ¥ nee andinhonks andior talking newspapers dor
these tasks

Whilst MMREead may give an indicaion of “spot-reading’
ghility, @ & imporant to asess how this is noomporetsd
inta sverpiday aanides; thadors STADL tasks are
nclndad in the stody. Theses @sks alsn imohve reading, i
thiz time gs applied 0 a pracom] fsk where nse of any
magnifring. device may be difficih a0 combine with the
pasitaning, posture md handiing requiremenis of the
activity. Similardy, the WYWPO- 1S will alay provide 3 mea.
sure of the diffinltiss aperimed when spphing magmify.
ing 2ids in everpdoy Goonmestanoe

Whilsi there is oo siandard way in which qualitmne
methads are nsed in an RET, it ds recognised that ther
inchiion can have many advantmges® In this shudy,
plmned individnal intervises will provide 2 more compleds
pidore of the paridmm’s apadenes during the trial It
Fives the opporunity o spinre uesr rmctims soch = 5
changed my li#" and ° its given him his Jife hack. _ he
was very lowapinied (ffom the presindy fous groop)
which can he dificilt o capore wing quantiatve out-
omme mezsres alone. The mare gmem] dismsson aronnd
participants” experiesnces of vicual imqairment and nehahili-
tatian may als generates further reearch questions far
fiture siudies.

The tmonth perind wing the device was hasad on the
repors of nses m the preoshdy fcos gromps that the
P-EVES devices werne simple tonee and that it andy nagmred
i few days do become comfortable with using them, and
that ! months was soffident tme to ealnae how the
device muld he nsed in ther sverpday bves A T month
periad alen meeans that the awmll stady can be ompletad
within a rdatively dhart time, and the resmbe can bhe
prompiy disssminsed into praciice However, this Timited
time perind means that it & mot possible 10 imeestigaee
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whether supplying a p-EVES device changes the partern of
g patent’s visits B the loswe vidan dinic, ar the mmber of
magnifier changes which they require. It & alen I=s Hkely
that information can he provided regarding the long-term
relizhility of the p-EVES [eg do bateris stop recharging,
or streens devdap Gals). The rdatively short study perind
does however mezan that mannfcuras @n he gven ussful
informatian to develap new devics in a timely Bshion

The r=mhs from this Tal may help commamity pract -
tioners [that can cormently provide pEVES devices pri-
vakelyi decide on dhe et ophions for thear patiens In
addition, i findings are positive and p-FVES are found 1o
e effective and cost-efEcive, it may be that p-EVES comld
be made availahle through evicing haspita] md comam.
mity NHS fiunded Jow wision dinics. The precedent of the
Lo Yision Service Wales has provided svid=nce tha this
funding &= #Easible in ane region of the UK, the mamifc-
turers an maks device amilahle m bnlk, and practitinners
alremly possse mast of the necemary skl i i mplement
the inervention. The potentis] therefnre exisizs &or the
meslis o be tanslited min changes in service delivery
withina shomt perind of ime, ifany Jimal bt amhe
lished

W WICE guidanees aymently axiss regarding low viman
devices.  Homever, the new “Evdhuuton Pathway Fro
grammmes @ Madical Tachnolagies” rims 10 “identify new ar
innowafive tachnologies that may offer advantgs ©
patienis andfor to the Nabdonal Halh Savice®. A oadfica-
tiem of p-EVES o NICE was made by a manmufdure in
sumimer £011. The fmdings of dhis ressarch will hereportad
1o HICE o inform any foture dedizions made an whether
P-EVES deviees shonld be inclnded m the armoury of
device availihle through the NHE 1o help suppant those
with visua impammani, In addition, mformation fom this
tria] may provide infarmatinn nesl 1o the commissianem
of seEvices aiming o meet the requirememis of the [omt
Strakegic Mesids Assessment for Eye Care and Sight Loss
Fervices ™
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Appendix 2: List of p-EVES devices initially identified as on the market.

Amigo

Pebble

Pebble Mini

Enhanced Vision

Assist Vision Slider

Assist Vision

Aukay

Eye-C

Aumed

Snow

Capture

Zoomax

Compact Mini

Compact +

Compact 4HD

Compact 5HD

Compact 7HD

Optelec

Crystal

Crystal Plus

Crystal XL

Quicklook 2GO

Quicklook Zoom

Ash
Technologies

e-mag 34 Schweizer

e-mag 43

e-mag 70

Mano Reinecker
Minimax

i-loview Ai-squared
i-loview more

Smartview mobile Humanware
Smartview versa

Smartview versa +

Boost Ablenet aids

Ruby Freedom Scientific
Sapphire

Looky Rehan Electronics
Looky +

Explore Bierley

Maggie Pro

Maggie MD

Shoppa

Strix Freedom Vision Inc
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Appendix 3: Script for focus group

Focus Group 19/02/2013

Script

1t device:

What did you like the most about this device?

What did you like the least about this device?

Talking points:

Layout/design of device

Image quality

Writing with the device

Portability

Reading matte paper vs reading glossy paper

(Complete the above questions for each device)

More general:

- Name your favourite three devices from today’s session in rank order
(favourite first).
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Appendix 4: Manufacturers specifications from their websites for the main study p-EVES

devices

Compact 4HD

manufacturer = optelec
screen size = 4.3 inches
maghnification = 1.7x — 12x

Consists of two parts- viewer and
detachable stand

High contrast semi colours for
easier reading

3 hours rechargeable battery

Snapshot feature

Compact +

manufacturer = optelec

screen size = 4.3 inches
magnification = 5x, 7.5x and 10x
5 high contrast viewing options
3 hours rechargeable battery

Snapshot feature
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eMAG 43
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screen size = 4.3 inches

maghnification = 2x — 14x in
three steps

5 high contrast viewing
options

3 hours rechargeable
battery

rerllichs . A plaai an

SLIET et spapshot feature

Mobilux Digital

screen size = 4.3 inches

magnification = 3x, 4x and
6Xx

5 high contrast viewing
options

3 hours rechargeable
battery

Snapshot feature
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Appendix 5: Difficulties Questionnaire

Difficulties Questionnaire

Px Number:

Magnifier: Date:
How many times have you used your magnifier(s) each day on average?
Not using 1-2 2-5 5-10 >10

Where have you used it?

In home In work Outside the home

How easy have you found it/them to use?

Very difficult relatively difficult relatively easy very easy

Do you experience any of the following difficulties with the device/your magnifiers:
Appearance looks odd/self-conscious about using it

Worried about loss/breakage/damage

Weight

Difficult to hold/poor grip or handle

Technical problems (device not working or didn’t know how to operate it) BOOK A VISIT
FOR REPLACEMENT OF AID/ RE-INSTRUCTION

Difficult to operate/switches or controls poorly positioned
Too bright/not bright enough

Doesn’t help vision enough

Too small a screen/field of view

Apparent movement/smearing of the image

Eyes felt uncomfortable/headaches

Any others?
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Do you agree or disagree with any of these descriptions for the device/your magnifiers?

Good magnification (for your vision)
Good contrast

Good field of view/screen size

Easy to operate

Suitable for the task you need to do
Easy to understand how to use it
Good size to carry around
Attractive appearance

Doesn’t look like a magnifier

Any other comments?
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Appendix 6: Contrast and magnification features of the p-EVES devices in the main study

p-EVES Manufacturer’s Colour/Contrast options
Magnification Settings
Compact+ Fixed settings 5x,7.5x and Full colour, white on
10x black, black on white,
yellow on black, yellow on
blue.
Compact 4HD Continuous zoom 1.7x-12x Full colour, white on
black, black on white,
yellow on black, yellow on
blue.
eMAG 43 Various settings dependent Full colour, white on
on location of handle and black, black on white,
working distance. Range | yellow on black, yellow on
from 2x-14x blue.
Mobilux Digital Fixed settings 3x, 4.5x and Full colour, white on

6x.

black, black on white,
black on yellow, yellow on
black
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Appendix 7: CCVFT manufacturer’s instructions

Indications for Using the Californin Central Visual Field Test
Suspected central field defects.

Mucular disease including npe-relnted macular depeneration and diabelic fretinopathy {ischemic
maculepathy and post focel laser photocoagulation).

Oiptie newropathies. including glascoma,

Difticuly with word and letter misidentification in spite of udegquate maganificaion.
Difficulty with page navigation (losing place, skipping lines, reeading text, vic. |
Slow reading that may be ciused by scotomas,

Meed for education of patient in location of scolomis and compensstory cye movements 1o
Evoit seolomas,

Instructions for Administering the Californin Contral Visuol Field Test

When the plastic holder is used, msert one of the three tangent field testing foms in the plastic
holder 3 laminated original tangenl [omms are included — please copy them for testing and
recarding purposes). Choose the fomm with the smallest central fxation black dot that the
patient can comforably perceive (generally the small dot i 20200, mediom dot 10 200300 and
the large dot for seuities worse than 2004000, Make a second copy of the form for e as o
recording form,

Flace the plastic holder on o lible or surface between the patient and the examiner, with the
fiorm facing the patient. The distance from the lest form to the patient eves should be 57em (22
inches}), which will allow the visual field designations an the form o be secumie

Imsteuer the patient to strictly maintain their best possible xation/attention on the black central
fixation dot, Paticats will either see the central dot with their fovea il they have no appreciable
dense scotoma and may therefone hold Bxation in a steady fashion, or if they have a dense
centrul seotoma, they may search for the central dot with o peripheral retinal locus (PRL) and
once they settle on a view, it may be very difficalr for them to hold it steady without price

, Tixation training. Continue 1 encourage them 1o maintain that view and (igation. It is worth
noting this viewing posture for fiture traming and education. [t is mmpariant for the patient io
see the tarpet and not guess where the center is and prompt therm frequently iF fixation s very
unseidy. 17 they cannot see the target it would be betier 1o choose the next larger fixation spot.

L2 ]
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The examiner should Mosh stimuli onto the back of 1he festing form. Flashes should be of very
brief duration {longer durmtion stimull will have an increased chance of allowi Ng 8 Sealima 1
be moved and smeared across b larger retinal area ), 1t may aid w keep the laser pointer steady
by holding it in two hands or resting it against your forehead. When the peiticnt sees o stimulus,
they should tup on the thbe or use a clicker 1o mdicate that it wis seen. The laser pusinters have
a slighily audible click when flashing stimuli, hence an pecasional presentation of o stimulus
that does not show on the testing form, altering the rhythm/intervals of the stimulus
presentation, and presenting luser Mashes at random locations on the testing form will help
prevent the patient from responding o the click instead of what is seen or amicipating th nexe
stimulus Mashed.

The field test stimuli can be admimistened in any order deemed appropriste for the particular
paticnt’s sitwntion: (1) For example, some patients with profound visual impairment with very
large seotomas as from diseiform mocular degeneration. may he hest introduced 1o the test by
presenting the largest brightest spot first and then additional testing can be done aller the
position of the dense scotomns is established. This approach could also be wsed for patiehis
with profound contrast sensitivity loss but with only moderate vision loss, which may be seen
in advanced atrophic macular degenerution of advanced glaseoms;, (2) another ¢xample would
be for patients with minimal impadrment, where it may be most efficien 1w start with e
dimmest stimuli and if ull presentations ane seen by the patient, then it can be assumed they will
il be able to soe the brighter stimuli,

Whatever presentution order i9 used:

e sure 1o record which laser pointer wis used for the area of scotoma indicated on the report
Laser Painter #1 (dittmest — white colored pointer with Lmm cap hole with dark density {ilier,
Laser Pointer #2 (mid level ~ maie silver colored pointer with Tmm cap hole with medium
density filter) or Laser Pointer #3 (brightest - black colored pointer with 3mm cap hole with no
filter),

With the dimmer spon sz, the exsminer gan produse three isopicrs and identify more subtle
scotomas. With detailed testing using several isopiers, it may be appropriste 1o bill a higher
level visual field CPT test code on insurance billing,

The laser light can be seen by both the patien and examiner (a5 well as family or other people
abserving from behind the examiner), This allows the examines fo see il the patient’s fixation is
steady, and to correct any wandering eve moveiments during the testing. 16 may be helpfil o
provide prompes o the patient when necessary 1o “look at the black dot in the center of the
patper” (the patient may try 1o look for the loser lght before presentation). The seoloma pllem
can be approximated on the testing/recording form. This will not be s precise as on 51O with
cve tricking but |s a very good estimate of scotomas,

The test may be administerad ¢ither menocularly or hinocularly, Testing the patient who has
vision in both eyes in o binocular imanner has some sdvismages over monocular testing. This
peovides very helpful information about the patient’s ventral field g5 they are wsing it in

" activities of daily living. (We perform most activities with both eves open). The central ficlds
recorded monecularly, and the binoculady are often uniguely ditferent, and when combined
with observing the patient’s fination, o great deal cun be leamed about the pasient’s
enmpensatory techniques. Thes is an advantoge over the monocular westing of the 510
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Test espeeinlly carefully in the 5 degree wren to the rght and lefi of fisation. This is the critical
field used lor reading.

Dhraw erude isopter lines on the recording form according (o the pattem of fespoiise the patient
gives, Make sure isopler lines are drawn as if the patient was looking a1 them. Areas where the
stimulus was not appreciated with Laser Pointer #3 can be labeled dense scotomis (=157 « see
Recording Example #1 (page 7). Arens where the stimulus wis not appreciated with Taser
Pointer #1 ar £2 (but was appreciated with Laser Pointer #3) can be labeled relitive scotomas
("R37) - see Recording Example 42 {page 8),

Do not ignore any missed stimuli - they are likely significent. The sume aren of the festing
torm may alternotely test positive and negative for appreciation of the stimulus due 1o
unaviidable movement of the eve.

Sustained (kinetic) stimuli are very slowly extinguished by the visual system and not generlty
useful for the initial evaluation. But.. once seotomas have been identified by the lashing
techitigua, kinetie stimuli can sometimes be useful o putling the murging o very large
scotomas, Present the stimulus inside the large seotoms and move 1 oul towierd seeing ireas.
t::ﬂlh: patient indicates the stimulus being pereeivid. the marging of larpe stofomas can be
identified.

Remember that seotomas move with movement of the eves. Since fixation is frequently
unsteady and the eves move, using armows on the reconding sheet to indicate ohserved shifis in
preas of misses con be helpful when developing strmegios during seotoma traming,

Fhus test has been wsefil for identifving central islands of vision surounded by ring seotomas
Feedback to patients on the presence of these ring scotomus is very uselul.

Central istands are common and if the patient is missing everywhere on the 1851 page and
appear to be fixating centrailly, carcfully explone the central 5 degrees as they may have 3
centrnl island from AME with geographic strophy or 2 very small central feld from RP or
glavearmi, [T s 0 poor functioning central island a brighter stimelus may need 1o be nsed.
Omee a centenl island is Found. scarch for more peripheral areas of remaining viston tiat may be
present in situations of a ring scoloma. See Recording Example #3 (page 91,

Tt test distance 15 57 em and therefone o near addition correction of approximutely +1.750
wolld be expected, however when considering the redueed visul seuity of low vision patients,
the blur induced by wearing the habitunl distance correction should ot interfere with viewing
the turget. Also, viewing above the bifocal segment will mainiain acomforiable and straight
aheud line of sight throughout esting. Care should be taken to not view through the wp edpe of
the bifocal, as this can cause & double image of the laser spol

I is important w recopnize that patieat detection of the laser spot on the test page is
significantly impaeted by room lighting. Brighter lighting will decrease contrast and reduce
wisibility of the stimulus. and decreased lighting will incresise contrast and increase visibility af
the stimulus, This effect can be used by the examiner 10 enhance or decrense the patient’s
detoction of the spol
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