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Abstract

Glaucoma is the leading cause of preventable sight loss in the United Kingdom (UK)). The
provision of timely glaucoma care has been highlighted as a significant challenge in recent
years. Following a recent high-profile investigation, the Healthcare Safety Investigation
Branch recommended the validation of risk stratification models to safeguard the vision-
related quality of life of glaucoma patients.

There continues to be no nationally agreed evidence-based risk stratification model for
glaucoma care across the UK. Some models have used simple measures of disease
staging such as visual field mean deviation as surrogates for risk, but more refined,
individualised risk stratification models should include factors related to both visual
impairment and visual disability. Candidate tools should also incorporate both ocular and
systemic co-morbidities, rate of disease progression, visual needs and driving status and
undergo clinical refinement and validation to justify implementation. The disruption to routine
glaucoma care caused by the COVID-19 pandemic has only highlighted the importance of
such risk stratification models and has accelerated their development, application and

evaluation.

This review aims to critically appraise the available evidence underpinning current
approaches for glaucoma risk stratification and to discuss how these may be applied to
contemporary glaucoma care within the United Kingdom. Further research will be essential
to justify and validate the utility of glaucoma risk stratification models in everyday clinical

practice.



Introduction

Glaucoma is the leading cause of preventable sight loss in the United Kingdom. The
provision of timely care has proven challenging in recent years, with a British
Ophthalmological Surveillance Unit report published in 2017 showing that over twenty
people per month suffered permanent and severe vision loss as a consequence of delayed
follow-up.! In response to this, a formal investigation by the Healthcare Safety Investigation
Branch recommended several measures including the validation of risk stratification models

in order to safeguard the vision-related quality of life of glaucoma patients.?

Currently there continues to be no nationally agreed, evidence-based risk stratification
model for glaucoma. Some have used simple measures of disease staging such as visual
field mean deviation as surrogates for risk, but more refined, individualised risk stratification
models should consider factors related to both visual impairment and disability in patients
with glaucoma. Candidate tools should incorporate both ocular and systemic co-morbidities,
rate of disease progression, visual needs and driving status and undergo clinical refinement
and validation. The disruption to routine glaucoma care caused by the COVID-19 pandemic®
has highlighted the importance of risk stratification models and has accelerated their

development and application.

This review aims to critically appraise the available evidence underpinning current
approaches for risk stratification and to examine how these may or may not be applied to
global contemporary glaucoma care. We aim to suggest areas of further research that are
essential to justify and validate the utility of glaucoma risk stratification models in everyday

clinical practice.
What is Risk Stratification?

The term risk stratification, is often used synonymously with prognostic and predictive
modelling and is gaining increased importance within the NHS and around the world, partly
in response to a greater demand on services as well as the increased availability of data and
analysis tools that have made new models of care possible. In the UK, an estimated one
million annual hospital visits take place for glaucoma and as many as forty-two percent of
glaucoma patients suffer preventable vision loss due to delays in treatment.* It is therefore
essential to allocate resources efficiently in order to manage the burden of disease, avoid

overtreatment and minimise the risk of adverse outcomes.



Prognostic Modelling

The process of determining a prognosis is a form of forecasting, with parallels in economics
and meteorology, and involves estimation of the “probability or risk of an individual
developing a particular state of health / outcome over a specific time, based on their clinical
and non-clinical profile”.® This can be useful for ‘case finding’ of those at risk of a particular
condition who can then be stratified according to need. Some may require early surgery,
while others can be managed with observation or eye drops alone.

The prognosis will determine the most appropriate setting and frequency of follow up for
each individual, ranging from infrequent visits in the community for suspects and those at
low risk of change, through to close surveillance within a shared care or hospital setting for
those with advanced disease or at risk of rapid progression. Of particular importance is the
avoidance of ‘triple fail’ outcomes that are simultaneously high cost, low quality and
represent a poor patient experience.® Registration of an individual as severely sight impaired

would be an example of such an outcome.

Prognostication is also important in health planning to understand the ongoing and future

needs of the population. When applied to a population, it is roughly analogous to screening
and arguably should have similar pre-requisites based upon the World Health Organisation
(WHO) Wilson and Jungner criteria.” The condition should be important, the natural history
understood, with an early latent stage identifiable through an acceptable and accurate test,
and modifiable with a cost-effective treatment and an agreed policy on whom to treat. With

regards to glaucoma however, there remain important uncertainties in all of these areas.

In research, prognostic studies are conventionally divided into development, validation and
impact studies. Development studies use multivariable models to identify important
predictors and assign weights to each. They differ from aetiology studies in so far as they
are interested in the combined effect of various risk factors rather than the relative
contribution of an individual predictor with and without adjustment for confounders. They are
commonly calibrated using internal validation techniques or tested against other populations
in formal validation studies. The overall effect of the application of these models on decision

making and patient outcomes is then assessed in impact studies.®
Different Types of Prognostic Model

Most models are based either on clinical judgment, thresholds, or multivariable predictions.®
Clinical judgment is the most intuitive but is limited by cognitive biases and difficulty in

scaling individual interventions to the wider population. A notable example is the difficulty



amongst ophthalmologists in predicting the risk of conversion to glaucoma from ocular
hypertension.®

Threshold and predictive analyses are analogous to event and trend-based analyses
routinely used to determine progression of visual fields. Threshold models are simpler and
aim to ‘catch all’ individuals who meet predefined criteria but are less likely to detect rapid
change and are susceptible to regression to the mean where extreme events will tend to
self-correct when measured subsequently even in the absence of an intervention.'® This is a
key limitation of studies where drops are switched at high intraocular pressures (IOP) since
subsequent measurements will tend to be lower, whether or not the drops have been

changed.

Despite this, thresholds offer a simple, reproducible and transparent way to efficiently sort
cross-sectional data and have been useful in service planning and prioritisation during the
pandemic. Bommakanti et al. described the successful application of a scoring system that
offset high risk features for COVID-19 such as age and medical co-morbidities against those
for glaucoma including IOP >30 mmHg, recent surgery, extensive visual field loss and

monocularity.!

Predictive models offer the most promise and use multiple variable regression or Artificial
Intelligence (Al) techniques to make predictions of future risk. However these are more
complex to apply and are limited by the generalisability of the datasets upon which they
were developed as well the impact of the population within which they are to be applied.
‘Impactability’ encompasses the idea that not all individuals will have risks that can be
mitigated equally and this can be modelled separately with interventions offered to those that
are more likely to respond, to benefit or to have correctable gaps in their care.'? This can

raise ethical questions as treatment is offered according to efficiency rather than need.

Within this context, it is easy to see the limitations of the original National Institute of Clinical
Excellence (NICE) guidance on the treatment of glaucoma.'® While it appeared to be based
on the validated predictive models derived from the Ocular Hypertension Treatment Study**
(OHTYS), it was applied inconsistently within the community as a simple threshold with poor

diagnostic utility.

Much is made of the potential of Al to transform care but previous audits of visual field and
imaging datasets have shown that useful tools to examine hospital databases and identify
those that are high risk or changing rapidly already exist®’. Electronic Record Systems such

as OpenEyes and Medisoft have a wide array of search and audit functions that offer



powerful tools to examine patient groups. These range from complex statistical analysis to
simple text string searches for high risk terms such as ‘only eye’. Engagement with industry
is necessary to ensure that the outputs from these systems are fully exportable and the
software interfaces used to manipulate and examine this data are intuitive, easy to learn and

simple to use.
At risk of what? - Glaucoma and Sight Loss

Glaucoma is frequently described as the leading cause of irreversible sight loss but
encompasses a broad spectrum of disease. Patients with glaucoma prioritise central visual
acuity and mobility*® and fear of blindness is a common concern expressed by over half of
new patients following diagnosis.'® Retrospective evaluations of deceased patients have
found a mean survival of less than 10 years following diagnosis!’*°® with approximately 10%
becoming severely sight impaired before death.?° Approximately 10% of severe sight
impairment certifications within the UK and Europe are due to glaucoma?' 22 with 11 patients
per 1,000 converting to blindness each year.?® As would be expected, prospective cohorts
show lower rates of sight loss and a recent report from the UK found a 5.5% risk of
blindness over 20 years with a median time to death of 16 years.?* Within this cohort, a third
of eyes did not progress, a third progressed up to two visual field ‘grades’ and a third

progressed by more.
At risk of what? - Glaucoma and Disability

Those with less advanced disease may struggle with individual tasks but how far these
correspond to functional measures and the patient’'s own priorities and insight varies.
Difficulty with reading is a common complaint. Visual field defects make scanning and
searching text more difficult and reduce the number the letters that can be read at each
fixation, slowing reading speeds? and making reading harder.?® Field defects also lead to
poor balance, a higher incidence of falls and fractures and with a greater fear of falling
leading to a reduction in physical activity.?” Those with glaucoma are more likely to cease
driving or at least modify their driving behaviour by making more saccadic movements and
avoid unfavourable conditions, such as driving at night and in unfamiliar environments.?® As
a result, data on vehicle collisions is mixed but it is known that visual field defects (and not
reduced visual acuity) are associated with an increased risk of motor vehicle accidents.?®
The combined effect of these functional impairments and loss of freedoms is that individuals
with glaucoma are ten to twelve times more likely to suffer from anxiety and depression

when compared to aged matched controls, even after adjusting for other comorbidities.=°



The Natural History of Glaucoma

Patients can develop blindness due to disease progression despite treatment, late diagnosis
or late presentation and because of co-morbid disease.?’ In some cases, such as retinal
vascular occlusions®! or cataract,*? this co-morbidity is directly related to their glaucoma or
its management whilst in others, such as age-related macular degeneration, it is confounded
by age and frailty.

The importance and difficulty in differentiating between those who will and will not progress
is apparent in some of the earliest modern studies.® Seminal studies have shown an overall
benefit from pressure lowering treatments, but a wide variation in responses to intervention.
Within the control arm of the Early Manifest Glaucoma Trial (EMGT), the median time to
progress from a normal field to blindness was predicted to be 70 years, suggesting that even
without treatment, most patients with glaucoma will not go blind during their lifetime.
However, this falsely assumes that deterioration is linear and the same study also found
higher rates of visual field progression in the older section of their cohort.3* This was most
likely due to late decompensation, since structural changes were more commonly seen in
fellow eyes without field loss than in those with established disease.*® Other studies have
shown that imaging is more useful before field loss has occurred while perimetry is more
useful after.®® Within the EMGT, the median times for visual field progression were 19.5
months in Pseudoexfoliative Glaucoma, 44.8 months in Primary Open Angle Glaucoma, and
61.1 months in Normal Tension Glaucoma (NTG), with very little visual field progression in
those under 68 years old. A large UK hospital-based study of over 4000 eyes with 5 or more
visual fields found that 21% of individuals progressed at a rate >0.5 dB/year and 2%
progressed more rapidly than 2 dB/year. The median rate of progression for the whole
cohort was 0.1 dB/year.®” Older age, higher peak IOP, worse baseline damage,
pseudoexfoliative glaucoma and cardiovascular disease are known to be associated with
more rapid progression® but there is broad overlap between groups and the importance of
identifying the small proportion of rapid progressors over a shorter assessment period needs
to be balanced against the resource needs of the larger proportion of slow-moderate

progressors who need longer follow up to confirm deterioration.

Those with progressive disease have a worse life expectancy often in spite of good pressure
control®® and for some individuals sight loss may even be an inevitable pre-morbid event.
Modern treatments and approaches have slowed rates of progression“® but increases in life
expectancy and demographic shifts make prevention of vision loss increasingly harder to

achieve.



Which Glaucoma Patients Deteriorate?

There are over a hundred prognostic risk factors that have been linked to visual field
progression in glaucoma.** The OHTS study found that older age, higher IOP, thinner
central corneal thickness (CCT), larger vertical cup-to-disc ratio (CDR) and increased visual
field pattern standard deviation were predictors of conversion to glaucoma.* In the
Collaborative Normal Tension Glaucoma Study (CNGTS) female gender, black ethnicity,
migraine / Raynaud’s disease and disc haemorrhages were associated with visual field
progression.*? However this conflicted with a subsequent a systematic review which
suggested gender and Raynaud’s disease were unlikely to be associated with progression. It
found that older age and disc haemorrhages were clearly associated and baseline field loss
and IOP, pseudoexfoliation, thinner CCT and peri-papillary atrophy (in NTG) were likely

associated with subsequent visual field loss.**

In Angle Closure Disease, both iridotomies*® and lens extraction** are known to be less
effective following the onset of glaucomatous optic neuropathy, suggesting that once the
trabecular meshwork has been compromised, ongoing monitoring becomes necessary.
Similarly, in pigment dispersion syndrome, iridotomy may be helpful in some patients with
early disease® but is less effective once the IOP is raised.*® Uveitic and other secondary
glaucomas can have a variable and often aggressive course with rapid progression to sight
loss either from the underlying pathology and its treatment, or subsequent severe and often

high pressures refractory to treatment.
latrogenic Risks

Care should be taken to avoid unnecessary treatment, in order to minimise cost, harm,
anxiety and other iatrogenic effects. The incidence of ocular surface disease doubles after
the commencement of drops*’ and surgery understandably leads to a more intense
requirement for face-to-face clinical review and is also associated with risks including
potential sight loss. The most recent survey of UK trabeculectomy outcomes reported 80%
unqualified success at 2 years (IOP <21 with >20% reduction in IOP) but highlighted the
need for increased follow up intensity and the need for post-operative interventions.
Following filtration surgery, 43% required suture manipulations, 27% required
subconjunctival injections, 31% went on to require cataract surgery, 16% received bleb
needling procedures and 7% underwent revision for hypotony. Sight threatening
complications were less common, with endophthalmitis seen in 1% of eyes and a drop in
vision (more than two snellen lines) in 6% of cases.*® Minimally invasive surgery appears

safer, but robust evidence of efficacy is lacking and where randomised studies have been



performed, these devices only have a marginal advantage against standard care.“® Direct
care costs increase linearly with each stage of disease®® and while this adds an economic
incentive to the need to reduce progression, it should to be balanced against the risk of
medicalising advanced age, for the vast majority of patients who are unlikely to develop
functionally relevant sight loss within their lifetime.

Implementation of Risk Stratification in the United Kingdom

There has always been debate over how to apply risk stratification to patients and how best
to structure the service. Over 50 years ago, Hollows and Graham advocated “measurement
of facility of aqueous outflow to separate the ocular hypertensive sheep from the pre-
glaucomatous goats™. At that time, the water drinking test was in common use and after
falling out of fashion for decades, it has attracted renewed interest as a marker of
progression and predictor of response to treatment®?. Attitudes to shared care have similarly
varied over time. Modern schemes have been in place in the UK for over 30 years with

various approaches to setting, structure and staffing®.

There was revived interest in these schemes after the 2009 CG85 NICE guidance led to a
sudden increase in referrals from community optometrists. In the four years preceding this,
there were 13 instances of total loss of vision attributed to delays in follow up reported to the
National Patient Safety Agency. This led them to issue guidance advising local organisation
to audit their capacity and attendance rates, streamline their booking systems and
disseminate the NICE guidance with special regards to appropriate follow up intervals for

different patient groups®*.

More recently, following a high profile case of the sight loss in a young patient,* the
Healthcare Safety Investigation Branch (HSIB) undertook an examination of the lack of
timely monitoring within glaucoma clinics in the UK. The case was noticeable both for the
size of settlement (£3.2 million) and the combination of factors that led to the poor outcome.
These included late presentation, young age and pregnancy along with delays in monitoring
and treatment. They recommended that the “Royal College of Ophthalmologists (RCOphth)
agree criteria for the risk stratification of patients with glaucoma so that practice can be
standardised across the NHS” and suggested that the International Glaucoma Association
(now known as Glaucoma UK) fund “research into the development and evaluation of an
automated, predictive risk stratification tool”.2 This was done with the assistance of the UK &
Eire Glaucoma Society, which is a non-profit national scientific society and part of Glaucoma
UK.



The RCOphth in conjunction with the UKEGS®® as well as other organisations®’, have
proposed Red / Amber / Green risk stratification tools that divide glaucoma into groups
based primarily on visual field mean deviation (MD) (Figure 1) as a reponse to the need for
risk stratification in response to the COVID-19 pandemic.

The RCOphth/UKEGS guidance uses the Glauc-Strat-Fast protocol which was developed in
Birmingham and has been validated using data from the LiGHT trial®®. The system has three
broad diagnostic categories, each subdivided into three further strata, with nine groups in
total, modifiable by ‘red flags’ and ‘plus factors’. Progressive glaucoma is listed as a single
diagnosis within the top group and also as a ‘red flag’ modifier. Within the other eight groups,
disease severity is synonymous with risk. The lack of a graded approach to progression is a
limitation, since it is the interaction of the rate of progression and disease severity that
commonly determine disability. As illustrated by Caprioli®® , early intervention can have a
dramatic effect on the course of disease, whilst even in advanced disease, progression can

sometimes be halted if the IOP is well controlled®°.

The protocol also appears more complex and less modifiable than other systems which
simply describe diagnostic categories and group them into low, medium and high risk, with
inclusion and exclusion criteria specified for each group. The latter approach is particularly
useful since expertise, complexity, case mix and resource are likely to vary substantially
between units. In addition, where specific phenotypes, such as ‘treated primary angle
closure’, are included, both the diagnostic criteria and patient pathway can be outlined within
the category description, removing the need to refer to additional appendices (Figure 1 b-d).
Simplicity is also key, given the heavy administrative demands that already exist in hospital
and community clinics. Systems which are simpler, more intuitive and easier to understand

are more likely to be readily adopted.

In all of these systems, there is a danger of overreliance on visual field metrics which will
miss structural progression in early disease® and do not account for the type of defect. For
many patients, a central scotoma with a small mean deviation can have a profound impact

while conversely a large peripheral defect can be of little functional significance.

Special care should be taken in the development and application of this type of guidance.
Guidelines are most useful where they offer robust scientific evidence to address gaps in
knowledge but they often do injustice to the complexities of medicine. Flaws in their design
and application can exacerbate problems and cause to harm patients, practitioners and
systems®! and the limitations of guidelines and the importance of local leadership are being

increasingly recognised within NHS vanguard projects®. Controversies over guidelines for



AMD and glaucoma have understandably left clinicians wary of their use and while few
would doubt the importance of new tools in helping to redesign and rationalise services, their
success will depend on how far they free clinicians and patients rather than constrain them.

Conclusion

Risk stratification is a form of prognostication or forecasting. The criteria used can be based
on clinical judgement, thresholds or predictive models and these all need to be designed,
tested and validated taking in to account the risk factors for disease, the aims of treatment,
the impact of intervention and resource constraints. Even without treatment, most patients
will not lose vision but around 10% will go blind due to late presentation or late treatment,
progression despite treatment or comorbid disease. Red / Amber / Green threshold models
that rely on visual field mean deviation as a functional indicator have been proposed as a
stop-gap until practical predictive models can be designed and deployed. Each has its own
benefits and limitations and their application should be adapted according to local need and

resource.
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Figure 1. Categorisation of moderate open angle glaucoma in in various systems
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¢) University Hospital Southampton Guidance
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Figure 2. Risk of lifetime visual impairment — the relationship between the rate of
progression and time of intervention. (From Caprioli, 2008)>*
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