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A view on glaucoma—
are we seeing it
clearly?

Abstract

Successful clinical management of

glaucoma should not simply be about

control of intraocular pressure, but must
equate to correct decisions about intensifying
treatment when patients are at risk of
developing ‘visual disability’. Yet little is
known about what visual field defects, at
different stages of glaucoma, specifically
affect patients” abilities to perform everyday
visual tasks. One way to do this is to measure
patient performance in tasks in a lab setting.
Another way is to ask patients themselves.
The latter can be revealing and demystify
views about how patients perceive the world.
This short commentary highlights some of
the current research in this area.
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Introduction

Open angle glaucoma is a chronic disease of
the optic nerve that can cause sight loss,
predominantly affecting the visual field. It is
common for most articles reporting clinical and
research developments in glaucoma to begin
with an emphasis on the risk of irreversible
blindness associated with the disease. Indeed,
glaucoma is a leading cause of permanent
blindness worldwide and the second major
cause for blind registration (severely sight
impaired) in the UK. Further, a significant
percentage of elderly people have a diagnosis
of glaucoma yet around half of people with the
condition remain undetected. Nevertheless,

I would prefer the readers of this commentary to
better remember the following. That is, while the
risk of blindness is real and of concern for both
clinician and patient it is, however, fair to say
that most people with a diagnosis will not go
blind. Estimates for this vary! but it might be
reasonable to suggest about 1 in 20 treated
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patients have a real lifetime risk of serious
visual impairment and there is evidence to
support this from data collected in UK clinics.
Nevertheless, loss of visual field before it reaches
the stage of causing advanced loss of sight
affects patients’ everyday life and this is

central to the discussion in this article. This
should not be underestimated. Nor should the
constant fear of losing sight in those diagnosed
be underestimated. After all, vision is the sense
that people fear losing most.*

Glaucoma certainly impacts on quality-of-life
and state-of-mind>® but little is known about the
precise relationship between functional
measurements made in the clinic and patient’s
visual disability. This isn’t surprising because
untangling the visual component from all the
other factors that contribute to everyday
visually guided tasks such as mobility, driving,
searching for items, recognising faces, and
reading is difficult to do. Nevertheless, the
research activity devoted to this challenge is
insufficient;” this is a pity, because meaningful
landmarks for disease progression in glaucoma
would help in managing patients. Furthermore,

2,3

the benchmark for a new treatment success in a
clinical trial should really be aligned to
measureable reduction in visual disability rather
than often imperceptible changes on a clinical
visual field or visual acuity chart.

This brief commentary aims to throw a
spotlight on the evidence linking loss of visual
field in glaucoma and the ability to carry out
visually guided tasks. I also make suggestions
about how the visual field should be quantified
for this purpose and highlight how patients seem
to perceive their vision loss. The latter is often
misrepresented and misunderstood; I propose this
becomes tangled up with patients” difficulties with
adherence to treatment making the asymptomatic
nature of the condition the real danger for the
majority of people affected by the disease.

This short article, as the title suggests, is a
view on glaucoma substantiated by work carried
out in my research laboratory and elsewhere. It
is, however, important to note that the article is
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not a systematic review and should not be interpreted as
one. It is also very important to state that the article is not
written by a clinician, although I am fortunate to work
closely with many excellent ones. Moreover, I do not
interact daily with patients although I have worked with
many in a research environment and I have spent an
inordinate amount of time (too much time) analysing vast
quantities of patient data.

I was very privileged to give the Edridge Green Lecture
at The Royal College of Ophthalmologists Annual
Congress at Liverpool in May 2015 and this article is
loosely based on the material presented at that occasion.

The burden of glaucoma

The burden of glaucoma in the UK is well-described

in an excellent review by King et al.8 Treatment of
glaucoma, which focuses almost entirely on lowering
IOP (the only modifiable risk factor for the disease), can
prevent or slow loss of vision but patients need lifelong
monitoring. Therefore, management of patients absorbs
significant resources. For example, more than one million
glaucoma-related visits are made to UK hospital eye
services per year. Moreover, the social and economic
burden of glaucoma will increase as the elderly
population grows.

There is a silent burden of glaucoma too because a
large proportion of people remain undiagnosed.
Worryingly this ‘missing” group is more likely to
include socio-economically deprived people with no
family history of glaucoma and people who do not
visit their optometrist.”!? The spontaneous case-finding
by the community optometrist is after all the main way
the disease is detected in a timely manner in the UK.
On the whole, UK optometrists do this well. Yet, in a
large proportion of those that are diagnosed the disease
is already quite advanced. For example, we recently
assessed visual field charts from >25000 patients
diagnosed in the last 10-15 years.11 From this, we showed
that one-fifth of newly diagnosed patients with VF loss
have damage that automated perimetry would classify as
advanced in at least one eye. This is indeed a concern
because patients with more advanced glaucoma at
diagnosis are at greatest risk of visual impairment.?

Of course the real burden of glaucoma lies with the
individual patients and their families. This often
manifests itself as ‘visual disability’, which can be
defined as the impact on carrying out visually guided
tasks. This theme has been a subject of a programme
of work in my research lab for the last few years and is
now discussed. But first, how should we measure the
functional impact of glaucoma?
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How best to quantify functional loss in glaucoma?

As mentioned, IOP is the only modifiable risk
factor for disease progression in glaucoma. It is
understandable, therefore, that IOP becomes the centre of
attention in follow-up and management of the patient or
the glaucoma suspect. Results from audit work in several
clinics across the UK support this notion.!> Examination
of the optic nerve and associated structures is also central
to assessment of glaucoma. After all, this is the site of
glaucoma ‘injury” and is intrinsic to follow-up. Advances in
imaging technology now readily available to the clinic,
like optical coherence tomography, infer the feasibility of
objectively measuring structural progression in glaucoma.
Yet the research community still struggles with the link
between these structural assessments and how they impact
on visual function; an excellent recent review is given by
Malik et al.'3

I suggest the most important measure for disease
progression in glaucoma is the functionally relevant
assessment of the visual field; it certainly ought to be
a key determinant in assessing effectiveness of treatments
in a clinical trial setting. Unfortunately, effective visual
field assessment can be difficult and identifying changes
in follow-up (progression) beyond the measurement
variability is a well-known thorny issue.'#1> Perimetry is
also perceived to be challenging by clinicians and
patients; although listening to the latter could lead to
improvements in how it is carried out.'®!7 Allocating
perimetry resources correctly and installing perimetry at
the centre of glaucoma follow-up is also a challenge.!®

Next, how do we best summarise visual field loss and
the worsening of visual field loss? This is often done with
a number (or series of numbers). For example, one
commonly deployed perimetric index derived from the
Humphrey Visual Field Analyzer (Carl Zeiss Meditec,
CA, USA) is the Mean Deviation (MD); this is a standard
measure of the overall severity of a VF defect, relative to
healthy age-matched observers, with more negative
values indicating greater VF loss. Summarising a
patient’s visual field with a single number can be
useful but has an important drawback as illustrated in
Figure 1. Considering the actual location and spatial
extent of visual field loss is likely to be more helpful,
especially when considering how the visual field loss
impacts on the person’s sight loss. Methods of analysis
quantifying every single point in the visual field
(pointwise methods) are more sensitive to subtle changes
in vision and these have been successfully implemented
in clinical trials.!?% Ever more statistically sophisticated
pointwise methods have been developed but their
adoption is limited because they are not readily available
to the clinician.?!23 We have made some progress with
this, and new glaucoma progression audit tools are soon
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MD -5dB

Figure 1 Humphrey visual field grayscale representations for seven different eyes. The location and spatial extent of the visual field
defect is different for each eye but the mean deviation value is—MD = -5 dB for each case. Therefore, information is 'lost' when we only

consider the visual field indices.

to be made available on the Medisoft Ophthalmology
electronic patient record (Medisoft Ltd., Leeds, UK).

A binocular measure is likely to be the best way to
predict the impact of visual field impairment on visual
disability.>* However, in clinical settings, perimetry
resources are almost exclusively dedicated to monocular
assessment and binocular testing is rarely carried out. An
alternative to some summary measure of the better eye,
such as the MD from the ‘better eye’, is the integrated
visual field (IVF); this is simply estimated from
monocular results, taking the best sensitivity values from
corresponding visual field locations and requires no extra
testing. We have recently shown that monocular visual
field measures can give the impression that a patient’s
vision is more degraded than it might be under binocular
viewing, certainly in advanced cases, and the IVF is
proposed to be a rapid assessment of the person’s
working visual field.?> The locality of an IVF defect might
be much more important than a summary measure and
there are some imaginative studies that have highlighted
this.?® We have recently attempted to derive clinically
meaningful estimates of the prevalence of different types
of binocular visual field loss, because this ought to inform
how we should assess those with advanced bilateral
glaucoma.?”

Assessing visual disability in glaucoma

The majority of studies examining visual disability in
glaucoma are based on self-report questionnaires,
commonly referred to as patient-reported outcome
measures (PROMs). Asking patients directly is the best
way to ascertain how someone actually feels about their
condition. Indeed, much of the best research in the area of
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visual disability and glaucoma has used this methodology
yielding sound evidence to show that patients with the
condition have difficulties with mobility, driving, reading
and other everyday tasks.2829 PROMs are, however,
potentially limited by subjectivity, different personal
expectations and knowledge of disease.?’

Aside from their use in research studies, PROMs
are not routinely used in clinical practice. PROMS are,
however, becoming a method for measuring outcomes in
clinical trials for glaucoma treatment. For example, some
on-going UK trials on different treatment approaches use
PROMs as the primary outcome measure.’! There is a
good rationale for having outcomes that are directly
relevant and meaningful to the patient. At the same time,
the advantages of using PROMs in this scenario instead of
clinical measures of functional loss, like automated
perimetry, is open to debate, especially when the aim
might be to have high sensitivity to rapidly determine
small changes in vision.

From a research perspective, we can also try to
understand visual disability in glaucoma by measuring
the patient's actual performance in real-life tasks or
surrogates of tasks they would encounter every day.
Tasks previously investigated include, for example,
mobility performance in terms of ability to navigate
around an obstacle course, driving using simulations, and
examinations of postural sway and balance. At City
University London, we have used this approach to
measure patients” performance in search tasks, driving
hazard perception, face recognition, and reading under
different conditions. It has even been shown that a set of
such tasks could be used in a clinical setting if they are
skillfully designed with practicality in mind.3?33



Aspects of visual disability in glaucoma

What follows is a brief description of visually guided
activities that are affected by moderate to advanced
visual field loss in glaucoma, as suggested by our studies
and supported by others. For more complete reviews on
visual disability in glaucoma, the interested reader is
directed towards two excellent surveys of the literature
by Ramulu and colleagues.?83*

Difficulty with reading is a common complaint
made by patients with glaucoma. Studies measuring
actual reading performance have revealed that patients
with moderate-to-severe visual field loss have, on
average, impaired reading speed, especially when
text size is small or is presented at low contrast.3>3°
Other work has revealed that differences in average
reading speeds between glaucoma patients and normally
sighted peers are particularly pronounced during periods
of sustained silent reading.?” Patients with advanced
loss also have difficulty following a line of print.3
A common feature of these studies is that reading
performance (reading speed) is subject to much between-
person variability—even imaginative designs can only
tease out small average differences between patients and
controls.® Tt is fair to say, however, that many patients
with advanced visual field loss, even with preserved
visual acuity, have measurable difficulty with reading.*0

Patients with advanced visual field loss also have
problems with mobility tasks, such as reaching and
grasping objects.*! Walking and balance is affected by
glaucomatous visual field loss.*? Patients are more likely
to fall, with contributory factors being problems with
balance and presence of a scotoma in the inferior visual
field.*3* Interestingly many patients, even with moderate
visual field loss, have a fear of falling and there is good
evidence that patients limit their own mobility.*>*

Glaucoma undoubtedly impacts on an individual
when visual field loss causes the removal of a driving
licence, and several studies have shown that certain
glaucomatous visual field defects are not compatible
with safe driving.*34° Interestingly, it has been
demonstrated that UK patients perceive this particular
potential outcome of their disease to be as serious to them
as the long-term risk of blindness.> Patients are at greater
risk of motor vehicle collisions and many patients stop
driving even when the visual field loss is moderate.3>!
A plausible mechanism for issues in driving among
glaucoma patients is that they have more difficulty
seeing peripheral objects. Indeed, one study found that
patients with glaucoma were less likely to see pedestrians
on the side of the road during actual road tests.*® This
observation is supported by our lab-based studies using
the driving hazard perception test (HPT), which is an
element of the UK driving licence theory test.>? In this test
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the ‘learner driver’ is shown a film of a real driving
scene, seen from the perspective of the driver, with the
task being to detect potential ‘hazards”: these are defined as
something that would make the camera car take evasive
action, such as braking for an oncoming cyclist or a
pedestrian unexpectedly crossing the road. Primarily, it is a
useful educational tool allowing learner drivers to
encounter ‘on road’ driving scenes from the safety of a
computer monitor. More recently, we have combined this
with a gaze-contingent set-up to investigate the impact of
simulated visual field defects on HPT performance; this
allows a person with normal vision to experience a
distortion in their visual field, which moves with their gaze.
Results suggested that performance of drivers on the HPT
was significantly impaired when parts of their superior and
inferior visual fields were obscured.® It is important to
reiterate that driving is indeed consistently cited as one of
the main issues for the patient with a diagnosis of
glaucoma.>* We certainly need better evidence-based tests
for determining those patients who are fit to drive and this
might be determined by a variety of methods using driving
simulators and collision data.>>8

Other vision-related tasks also seem to be inhibited
by glaucomatous visual field loss. The lighting conditions
under which tasks are performed may be even more
important that the task itself and this warrants further
research. Patients self-report difficultly with glare and
moving between environments where lighting changes.>
We have also shown that patients with advanced visual
field loss have difficulty with searching for everyday
objects and face recognition.?®®! These studies took
advantage of experiments that also tracked subjects” gaze
as they carried out the tasks.%? The results suggested that
eye movements may give a clue about individual’s
performance with a hint that compensatory behaviour is
involved.®® Recently, we have shown that eye movements
recorded while a patient passively watches an ordinary
movie might suggest functional loss.%*

How does glaucoma look? End of the black tunnel?

And what do patients really see when they have
glaucoma? This simple question seems intrinsic to

how patients perceive their condition and how it affects
them. In modern times the ‘oracle” for such a question, say
for a newly diagnosed patient, is the internet. Yet a
cursory search yields images implying that a patient’s
perception of the world is through a ‘black tunnel’,

or with parts of the field-of-view obscured by ‘black
patches’. Most clinicians and most patients know these
descriptions to be misnomers. Perception with visual field
loss is a complex compensatory process using both eyes
and the brain filling in ‘missing parts’. More accurately
portraying the symptoms of vision loss in glaucoma
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would aid raising awareness of the true symptoms

(or lack of symptoms) of the condition—particularly
important since estimates of those with the disease

who remain undiagnosed are so high. Second, it might
help patient adherence to treatment, especially if they
have been falsely reassured about not having the
‘severe’ symptoms depicted by the typical images of how
glaucoma ‘looks’. We recently addressed this with a study
of a very simple design where we solely asked patients to

Unmodified; not aware

describe what they ‘see’.®> We also asked patients,

all of whom had visual field loss in both eyes,

to choose a picture that best depicted their visual
symptoms (Figure 2). Unsurprisingly, no patients

chose images with black patches or the ‘black tunnel’,
with many eloquently describing how parts of their
field-of-view are missing or are distorted with a ‘blur’
(Figure 3a). It was particularly striking that one in four
of these patients reported no symptoms whatsoever even

Black tunnel

Blurred parts

Black parts

Missing parts

Figure 2 Six images were shown to 50 patients with bilateral visual field defects. For all six, the same outdoor scene image was used
but each was manipulated to provide views of the image obscured and degraded in a range of distinct ways. None of the 50 participants
in this study chose the image altered to have ‘a tunnel with black edges’ effect or the image with ‘black patches’. Thirteen participants
(26%) were completely unaware of their VF defect affecting their visual function, choosing the original unedited image. Twenty-seven
(54%) and eight (16%) participants chose the images with ‘blurred patches’ and ‘missing patches’, respectively. The ‘missing patches’ is a
very subtle but potentially realistic effect (see the red car) because we used a photograph filling tool to replace the missing parts with the
background. Only two participants chose the image with a ‘tunnel with blurred edges’ (4%).
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though they had bilateral VF loss, with most having at
least moderate damage in their better eye. Patients also
described the activities during which they noticed their
impairment; these interviews were subjected to a type

a
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Figure 3 A word cloud showing the occurrence of descriptors of
glaucomatous vision loss calculated as the number of participants
who used the term (a). The size of a word in the visualisation is
proportional to the frequency of its use. Similarly, a word cloud
of named everyday activities where visual field loss was noticed
by an individual is shown in b.

Show what's missing

Start again
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of semantic analysis and the results support previous
findings about the daily activities most affected, along
with some newer ones such as computer use, watching
sports, and carrying out tasks in the kitchen, like pouring
liquids (Figure 3b).

It seems sensible to provide patients and their families
with better visual information about the true symptoms,
or lack of symptoms with glaucoma. We have attempted
to do this recently with an App (Glaucoma in Perspective,
Allergan PLC, Dublin, Ireland) that can be used on a
tablet computer.® This is useful because it allows the user
to directly interact with a visual field map and see the
effect (or no effect) of different levels of binocular visual
field loss on the degradation of everyday scenes
(Figure 4).

Discussion

Since this article is about ‘views’ it seems appropriate

to offer some speculation. We have closely examined
hundreds of glaucoma patients in performance tasks in
London and it strikes me that many perform equally

as well as their normally sighted peers. This is certainly
apparent in those with early or even moderate visual field
damage. It is likely that a ‘tipping point’ is reached when
visual field damage becomes extensive and binocular
scotoma become significant. At this point many patients
do badly in our tasks and are then seriously impacted
even though they have remaining sight. We need to think

Show what's missing

Start again

Figure 4 Screenshots of the Glaucoma in Perspective App designed for patients to demonstrate the subtle effect of visual field loss.®®
The user can use the touch screen to draw visual field defects on both eyes. Overlapping defects manifest in the image changing. In this
example, a very subtle change occurs in the kitchen scene (right), with kettle and coffee mugs disappearing from the work surface (left),
an electric socket disappearing, and an open kitchen cabinet door starting to appear blurred.
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about this tipping point and how it could be better
quantified in the busy clinic.>*¢” This might need a
rethink about the visual field requirements needed to
cope with the real world instead of detecting fixed
lights in the bowl of a perimeter.

This article briefly summarised the problems that
patients have with everyday visual tasks. It is difficult to
draw firm conclusions but my main observation based on
our studies is that problems and difficulties only become
apparent when visual field loss becomes quite advanced.
Many glaucoma patients, even those with bilateral
visual field loss, simply do not perceive their impaired
vision as a problem or a disability. This observation is
supported by those studies that have strikingly shown
that less than one quarter of glaucoma patients were
willing to trade any longevity for perfect vision in
so-called time trade off experimen’cs.68 For many patients,
the psychological strain of the diagnosis, side-effects of
treatment, and fear of blindness might be more affecting
than the impact of subtle levels of sight loss. The cleverly
designed study of Odberg et al® from nearly 15 years ago
highlighted that 80% of newly diagnosed patients
reported serious levels of anxiety and depression because
of their diagnosis, despite 83% self-reporting good or
excellent vision, and half having no visual symptoms.
We certainly need more data on the personal and
psychological burden of the diagnosis. Equally, we ought
to be wary about labelling patients with a diagnosis of
ocular hypertension and look more closely at the
prognosis of these patients in their lifetime.

From a health service delivery point-of-view it is
absolutely essential to treat glaucoma patients on an
individual level, monitoring them with quality-of-life,
likely visual disability, and life expectancy in mind.

At the moment, certainly in England, there is a tendency
to have a ‘one size fits all’ approach to monitoring the
diagnosed patient.'® We ought to think more about the
use of monitoring resources in glaucoma, especially in
those patients who present with more advanced disease
as compared with those with little visual loss at
diagnosis, or those with ocular hypertension only.
Moreover, there appears to be a ‘research obsession’
with ‘pre-perimetric” glaucoma and newer detection
technology, but are these really required to prevent
visual impairment? This is an open research question but
I suggest it would be more productive to better organise
and better incentivize’%”! the use of available technology
in primary care, an idea that was well-articulated more
than a decade ago.”?

In conclusion, we need to better measure and better
quantify the threshold at which glaucoma impacts on a
patient’s ability to carry out every day visually guided
tasks. Advanced disease can significantly affect a patient’s
quality-of-life but I suggest a concurrent danger exists in

Eye

patients with early, unnoticeable glaucomatous visual
field loss for three reasons. First, asymptomatic visual
field loss means the patient often remains undetected in
the first place. Second, those with a diagnosis of early
vision loss struggle to adhere to treatment for a
symptomless condition, and this of course puts them at
risk of deteriorating into an irreversible advanced state.
Third, unnoticeable early vision loss in glaucoma is likely
to cause rare but potentially catastrophic incidents, such
as potentially life changing falls or driving accidents; the
rarity of these events make them immune to measurement
in most research studies. Therefore, we perhaps need to
concentrate new research efforts on why it is that some
patients are able to describe, notice, and navigate their
‘unnoticeable sight loss’, while for others it remains an
accident waiting to happen.”

Summary

What was known before
® Glaucoma affects quality of life but the precise relationship
between functional measurements made in the clinic and
patient’s visual disability is largely unknown.

What this study adds

® Binocular integrated visual fields could be useful in
measuring visual disability in glaucoma.

® Patients with advanced glaucoma have serious difficulties
with many everyday tasks.

® We can try to understand visual disability in glaucoma by
measuring the patient's performance in surrogates of tasks
they would encounter every day.

® Tunnel vision and 'blackness' are inappropriate
descriptors of the visual symptoms of glaucoma.

® The symptoms of glaucoma vision loss include
‘missingness' and blurred distortions.

® Asymptomatic sight loss in glaucoma is a dangerous
aspect of the disease.
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