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Abstract

This review of Primary Open Angle Glaucoma

looks at the management of the condition today.

It does this by looking at the following areas: (a)

the size of the problem; (b) the position of IOP,

with respect to its elevation and fluctuation; (c)

optic nerve head changes; and (d) visual

function changes. In doing so, it contrasts what

is known now with ideas and concepts that

were prevalent at the time of the two previous

Bowman lecturers, Duke Elder and Drance, as

well as noting concepts about the disease that

were current at the time of William Bowman.

The review concludes by suggesting challenges

in this area that lie ahead.
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Introduction

In 1883 the Council of the Ophthalmic Society

of the United Kingdom honoured its founder

and inspiration Sir William Bowman by

inaugurating the Bowman Lectures. Its

resolution of 18 September 1883 stated ‘That

in recognition of Mr Bowman’s distinguished

scientific position in ophthalmology and other

branches of Medicine, and in commemoration

of his valuable services to the Ophthalmological

Society, of which he was the first President,

the Council shall, each year, or periodically,

nominate some person to deliver a lecture

before the Society to be called ‘The Bowman

Lecture’, which shall consist of a critical resume

of recent advances in ophthalmology y’.

I am honoured to have been chosen to deliver

this years Bowman lecture. In accepting the

honour, I am humbled by knowledge that my

predecessors constitute a roll call of the good

and the great in our speciality. I did wonder

upon my suitability to be considered among

them, but decided that the Councils collective

wisdom was far greater than mine.

I am aware that that of all the previous

subjects chosen by earlier speakers, only two

were on the subject of glaucoma. However, the

two previous lecturers, Sir Stewart Duke-Elder

and Stephen Drance OC were of such great

distinction that there was no sense of imbalance.

However, it is timely to revisit the subject of

glaucoma, hence the title of my talk:

‘GlaucomaFan area of darkness’.

The Bowman lecture was named after the

founder and first President of the Ophthalmic

Society of the United Kingdom, the predecessor

to our College, a man whose lifetime’s

achievements have been ably discussed by my

predecessors. It is worth remembering that he

was not only the founder but also an early

benefactor of the College, whose annual

donation of d50 per year was sufficient to pay

for rental of premises in the Medical Society of

London for the first years of the Society’s

existence.

William Bowman had Hospital appointments

both at Kings College and Moorfields; I am

fortunate to have shared this distinction with

him. While at Kings, he was notable for his

undergraduate teaching and one long address

to medical students is preserved in his collected

papers today. What is also preserved is his

correspondence with Florence Nightingale, and

he was able to send nurses from Kings to

support her work in the Crimea.

His collected works show a profound interest

in glaucoma, and this interest has encouraged

me to address this subject. He was a close friend

of von Graefe, and through him introduced the

practice of iridectomy to UK ophthalmologists

(his collected works include a translation from

the German paper by von Graefe describing the

operation, as well as a masterful put down of an

Irish critic of the procedure). His friendship

with Donders hastened the introduction of the

ophthalmoscope into UK practice as well.

I will review our understanding and

management of glaucoma. In doing so I will, in

golfing terms, stick to the fairway and discuss

primary (open angle) glaucoma, I will avoid the

distractions of secondary or juvenile glaucoma
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in so much as they (through small numbers) have

relatively little impact on the visual health of our

community. I will first look at concepts in existence in

Bowman’s time. Then I will look at issues current at the

time of Duke Elder in 1956 and Drance in 1995. Then I

will look at the changes that have taken place in the past

15 years before concluding with a forward look

at today’s challenges for tomorrow.

Glaucoma in Bowman’s time

Bowman was one of the first to emphasize the

importance of measuring intraocular pressure (IOP). His

system of ocular palpation was developed to a high

degree of sensitivity, allowing him to assign normal

levels of eye pressure (T) and varying levels of increased

pressure (Tþ 1, Tþ 2) to glaucomatous eyes.

He described the changes in IOP after iridectomy, and

noted that in some cases a filtering cicatrix developed.

He described the subconjunctival collection of aqueous,

which in many cases remained ‘discrete’ but on occasion

‘elevated’ with a consequent risk of infection. He

practised at the time of Bjerrum, whose description of the

arcuate scotoma (from the Greek skotoun to darken,

Skotos¼Darkness) has given me the title of my talk.

Glaucoma during Bowman’s time remained an

ill-defined subject, poorly sighted eyes with elevated

pressure were designated glaucomatous, and those

coming to post-mortem usually had angle closure, either

primary or secondary. Significant discussion took place

at the 1908 meeting of the OSUK when Dr Henderson, in

his paper ‘The anatomy of the so-called ligamentum

pectinatum of the iris and its bearing on the physiology

and the pathology of the eye’, asserted that trabecular

sclerosis impeded the outflow of (aqueous) fluid from the

eye and caused elevated IOP.1 In the subsequent

discussion this was refuted both by Lister and Coats who

each supported angle closure as the (sole) cause of

elevated IOP. Subsequent research confirmed his view,

and elevated IOP in ‘quiet’ (ie not inflamed) eyes became

the cause as well as an essential component of POAG.

The concomitant development of gonioscopy allowed

differentiation between open and closed angles in vivo.

Glaucoma at the time of Sir Stewart Duke Elder

Sir Stewart Duke Elder chose as his subject ‘The aetiology

of Simple Glaucoma’.2 It is worth remembering that in the

1950s ‘Simple’ referred to ‘quiet’ or uninflamed eyes, what

we would call primary glaucoma in adult eyes today. In a

wide ranging and remarkably prescient talk he looked at

IOP control, noting the existence of an IOP controlling

centre in the hypothalamus of the cat, and the physiology

of aqueous outflow before discussing the vascular

circulation of the optic nerve and the nature of visual field

defects. A recurring theme of his presentation was that

‘glaucoma’ could occur in the absence of elevated IOP and

that both the changes at the trabecular meshwork and at

the optic nerve head would result from ‘vaso or tissue

sclerosis’. He was very determined to emphasize the

concept of a sick eye in a sick body as well.

It is noteworthy that Duke Elder was a very late

convert to the concept of pupil block. The concept of

pupil block and its relief was first promulgated by

Curran.3 Troncosco suggested that eyes with ‘acute’ or

‘subacute’ glaucoma an initially open angle closed later

in the attack.4 Sugar concluded that the anterior chamber

angle is open but narrow before an attack, but closed

during an attack of congestive glaucoma.5 It was only the

development and cure of the condition by iridectomy

that the concept of pupil block was accepted.6

This approach was contested by Duke Elder, who until

the 1950s maintained that the narrowness of the angle

was caused by the congestion and followed the acute

attack.7

Glaucoma at the time of Stephen Drance

Stephen Drance in his lecture observed the different

morphometric appearances of the optic nerve in

glaucoma and went on to look at the role of non-IOP

causes of the disease.8 He stressed the morphometric

and functional differences between high pressure and

‘non-pressure-related’ glaucoma asking us to consider

alternative risk factors in the causation of this disease.

Time of course has proved this latter point correct

with the observation from incidence studies of

low-baseline IOP and low-perfusion pressure in new

glaucoma’s.9,10

At the time of the Bowman lecture delivered by Drance

a systematic review on Medical Evidence by Eddy and

Billings11 had had profound effects on the medical

community in general, and the glaucoma community in

particular. Up until that time, topical hypotensive

treatment had been prescribed on the basis that the IOP

was elevated in a diseased eye, and that this was causal.

The alternative that optic nerve disease and elevated IOP

were part of the same problem was not countenanced.

The article by Eddy and Billings reviewed the evidence

that IOP reduction benefited glaucoma patients, and

concluded that there was none. It followed from this

article that the then current treatment guidelines and

best practice were not based on evidence. Although

denounced by clinicians, it alerted the glaucoma

community of the need to develop end points other than

IOP reduction as evidence for a treatment effect. This

article helped generate the momentum that lead to the

development of optic disc and visual function as
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outcome measures for randomized controlled trials

(RCTs) of glaucoma treatment. It is the results from

various RCTs using these outcome measures that have

dominated glaucoma at the present time.

An early RCT comparing primary surgery with

conventional treatment demonstrated better IOP control

in the surgery group and suggested that this gave better

visual field preservation in the primary surgery

group.12 Another RCT commenced in 1983 was

underway at Moorfields. The ‘Primary treatment Trial’

looked at IOP control and the long-term functional

outcome after early surgery compared with laser and

medicine in open-angle glaucoma.13 No patient had

received any anti-glaucoma treatment before entry into

the trial. The visual fields were assessed by

suprathreshold perimetry using the Friedmann

perimeter. Follow-up was for a minimum of

5 years. The results were reported in 1994. Primary

surgery resulted in the lowest mean IOPs (14.1 mm Hg,

compared with 18.5 mm Hg for both the laser and the

medicine groups). It was shown that the fields deteriorated

in patients in the medicine-treated group and to a lesser

extent in patients in the laser-treated group, but not in

patients in the surgery-treated group. Multivariate linear

regression analysis showed that the difference in field

changes between laser and surgical treatments could be

explained entirely by the difference between the IOP

values at 6 months between the two groups. The study

demonstrated that long-term IOPs in the mid ‘teens’ could

be obtained (with surgery) and suggested that this was

the explanation for visual field survival.

The IOP but not the visual field results were later

replicated by the CIGTS study.14,15

In retrospect, these primary treatment studies created a

benchmark for IOP control with the added suggestion

that better visual field preservation would be obtained as

a result of IOPs (much) lower than the ‘upper limit of

normal’.

The consequence of the paper by Eddy and Billings

was that non-IOP end points for chronic glaucoma

needed to be established for the ensuing RCTs that

assessed the possible benefits of IOP reduction.

As I will discuss, difficulties with these end points

have influenced much glaucoma research over the

past 15 years.

Changes since 1992

It has been my privilege to be working in a busy eye

hospital in a large glaucoma unit for the past 25 years,

with the opportunity to collaborate with some of the

finest minds conducting research in ophthalmology.

Together we have witnessed some of the major changes

in concept, causation, and control and have played a

small part in each. This has been part phenomenological

and part experimental. Those aspects of glaucoma

that I will discuss will be:

(1) The size of the problem,

(2) the position of IOP, relative to elevation and

fluctuation,

(3) ONH changes,

(4) visual function changes.

I will relate each of these to problems seen in but not

necessarily specific to the United Kingdom.

The size of the problem

In the MRC Trial of the Assessment and Management of

Older People in the Community, trial nurses tested visual

acuity in everyone aged 75 years and older in 53 general

practices. Data were obtained from 14 600 participants

aged 75 years and older. Prevalence of visual impairment

overall (binocular visual acuity o6/18) that was

categorized separately into low vision (binocular visual

acuity o6/18–3/60) or blindness (binocular visual acuity

of o3/60).16

Visual acuity was available for 14 600 people out of

21 241 invited (69%). Among people with visual acuity

data, 12.4% overall (1803) were visually impaired; 1501

(10.3%) were categorized as having low vision, and 302

(2.1%) were blind.

At ages 75–79, 6.2% of the cohort was visually

impaired with 36.9% at age 90þ . At ages 75–79, 0.6% of

the study population was blind, with 6.9% at age 90þ .

If visual impairment had been defined as visual acuity

of o6/12 (American definition of visual impairment),

the age-specific prevalence estimates would have

increased by 60%.

The findings of this study were further refined. In total,

1742 (12.5%) people visually impaired were found in the 49

participating practices. Of these, 450 (26%) achieved a

pinhole visual acuity in either eye of 6/18 or better and were

considered to have refractive error behind their reduced

vision. The main cause of visual loss unrelated to refractive

error was age-related macular degeneration (AMD);

52.9% of people had AMD as a main or contributory

cause,

35.9% had cataract,

11.6% had glaucoma,

4.2% had myopic degeneration,

3.4% had diabetic eye disease.17

Similar figures have been provided from analysis of

the CVI returns.18

In the United Kingdom, the estimated prevalence of

OAG is 2.1%, ranging from 0.3% in the 40s to 3.3% in the

70s. The incidence ranges from 30 to 181 per 100 000

person-years for ages 50 and 70, respectively.
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Approximately 500 000 are estimated to suffer from

glaucoma of which 67% are undetected (derived from

pooled estimated of prevalence and incidence to the 2001

census data). The severity of disease at presentation was

derived from cross-sectional studies. Mild disease ranges

from 9 to 15%, severe disease from 4 to 14%, and blind

form glaucoma ranged from 3 to 10%. As will be

discussed later, severe disease at presentation prejudices

the chance of the patient from avoiding visual disability

from glaucoma.19

Area and individual level deprivation were both

associated with late presentation of glaucoma. Existing

evidence shows that late presentation is an important

risk factor for subsequent blindness. Deprived groups

thus seem to be at greater risk of going blind from

glaucoma. Material deprivation may be associated with

more aggressive disease as well as later presentation.20

Factors in addition to deprivation associated with late

presentation were African-Caribbean status,

men4women, non-optometric referral, low rather than

high IOP, and increasing age.21

The cost of treating glaucoma rises with the stage of

the disease.22 A fact mirrored by experience in the United

States.23 As will be discussed later, late presentation also

prejudices the chance of adequate visual preservation.

Late presentation therefore occurs in certain groups of

society, is more costly to treat, and makes the chance of

visual disability higher despite treatment.

Comment 1

In the United Kingdom glaucoma is relatively common.

In an aging population the numbers will rise

disproportionately. Late presentation is related to

socioeconomic factors and leads to greater costs and a

poorer visual outcome.

The position of IOP today

The position of IOP in chronic glaucoma remains a Will-

o’-the-Wisp’. It has been progressively downgraded.

Originally it was part of the definition of chronic

glaucoma, then causative of the condition; now it is

(only) a risk factor. Today we set Target Pressures as

goals for successful treatment. Failure to ‘control’ IOP

has been given as the cause of continuing progression of

the disease. However without satisfactory end points

independent of IOP, adequate duration of follow-up and

good comparative groups, the role of IOP in chronic

glaucoma has yet to be conclusively pinned down.

I will look at the following areas:

(1) IOP as a risk factor,

(2) IOP fluctuation,

(3) target IOPs.

Intraocular pressure as a risk factor

Hollows and Graham24 showed from their population

study in Wales that most individuals had an IOP of

17±3 mm Hg, yet a majority of the identified glaucoma’s

had an IOP exceeding this ‘upper limit’ of normal. The

findings from this ‘total population’ study have been

replicated elsewhere in other European populations.25–27

The prevalence of glaucoma was found to increase

exponentially within defined IOP strata.28 Importantly,

long-term incidence studies demonstrated the role of

higher levels of IOP in the incident glaucoma cases, with

a 12% increase for each 1 mm Hg IOP increase.29

Additional important risk factors included

pseudoexfoliation, and cup/disc (C/D) ratio.30 The

benefits of IOP reduction in the ocular hypertensive

patient was demonstrated in the Ocular Hypertension

Treatment Study (OHTS).31

Although elevated IOP was seen as an important risk

factor, it was recognized that there were many others.

The Treatment/No Treatment Ocular Hypertension

studies (OHTS and European Glaucoma Prevention

Study (EGPS)) have demonstrated the multiplicity of

these risk factors.32,33 These baseline ‘risk factors’ from

the untreated arms of the two studies (EGPS and OHTS)

have lead to a validated model of quantified ‘risk’. These

were: baseline age, IOP, central corneal thickness, vertical

C/D ratio, and Humphrey VF pattern standard deviation

(SD).34 Caution has to be used when extrapolating the

results from these RCTs to individual patients because of

coexistent confounders in the latter that could have

precluded entry into the trial as well as the statistical

pitfalls of analysing patient group differences separated

by only one variable.35

A similar protective effect of IOP reduction was shown by

the Early Manifest Glaucoma Trial (EMGT), whereby

patients in the treated arm were given treatment by argon

laser trabeculoplasty and Betaxolol, supplemented with a

prostaglandin for unacceptable increases in IOP.36 Predictive

baseline factors were higher IOP (ie, the higher the baseline

IOP, the higher the risk), exfoliation, and having both eyes

eligible (each of the latter two factors doubled the risk), as

well as worse mean deviation and older age.37

Comment 2

Elevated IOP is a risk factor for developing glaucoma

and for its progression. Additional risk factors have

been identified and weighted to better quantify risk for

the individual patient.

Further risk factors, such as PEX, and IOP fluctuation

have not been included in the predictive model for ocular

hypertension at this time. Pseudoexfoliation was

significantly associated with visual field progression in

the EMGT study, but not identified in the OHT studies.
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Intraocular pressure fluctuation

There has been considerable interest paid in IOP

fluctuation. It needs to be separated into diurnal

(daytime) fluctuation, 24 h fluctuation, and long-term

fluctuation. Diurnal fluctuation is increased in eyes with

OHT, but not NTG.38,39 One long-term study that looked

at diurnal IOP swings as an independent variable found

that these fluctuations were not an independent risk

factor for conversion to POAG.40

Sleep laboratory experiments show that in all subjects

supine and nocturnal IOPs rise, although the swing was

lower in eyes with a higher baseline IOP.41 However

nocturnal (24 h) fluctuations may well contribute to the

development of visual field progression in eyes with

glaucoma damage, and measures to dampen such

changes may offer additional protection.

Long-term fluctuation has been found to be a risk

factor in a post hoc analysis of patients in the AIGS study

for progression in glaucoma eyes with low mean IOP, but

not a high mean IOP.42,43 Both increasing age and greater

IOP fluctuation increase the odds of VF progression by

30% (for each 5-year increment in age and 1-mm Hg

increase in IOP fluctuation).44 These findings could not

be confirmed in the EMGT study,45 and this discrepancy

may be explained in the analysis not including post-

progression IOP measurements.

A retrospective review of two separate cohorts in the

USA, each with mean IOP over the study period revealed

that controlling for age, mean IOP, VF stage, and other

covariates, each unit increase in IOP SD resulted in a 4.2

times and 5.5 times higher risk of glaucoma progression

for cohort 1 (95% confidence interval (CI): 1.3–12.9) and

cohort 2 (95% CI: 3.4–9.1), respectively.44 Another post hoc

analysis, this time for patients in the EMGT did not

confirm the above findings. One explanation for the

discrepancy is that the analyses did not include

post-progression IOP values, which would be biased

towards larger fluctuations because of more intensive

treatment.45

Fluctuation is minimal after glaucoma surgery;

however, for topical medication to be equally protective

there needs to exert a similar degree of 24 h IOP control.

Compliance and persistence studies suggest that this

may be poor, increasing the risk of long-term IOP

fluctuation and progression.46,47 Patients with low

literacy can be less adherent with their glaucoma

medications than those with a higher level of

literacy. Interventions specifically targeting

patients with low literacy may improve medication

adherence.48

For those eyes where diurnal and long-term

fluctuation is considered to be a risk, and compliance a

long-term problem surgery has been shown to flatten

such IOP swings the most.13,49

Education of the patient is an essential part of

glaucoma management. Failure to comply puts the

glaucoma patient at long-term risk.

Comment 3

Long-term fluctuation is probably a risk factor for

continued progression of glaucoma. Poor compliance

with medication will increase this fluctuation and hence

the risk.

Target intraocular pressures

The Moorfields Primary Treatment trial noted the

difference in visual field outcome between the surgery

and the other two groups. This could have been

explained by a lower mean IOP over 5 years with

44 mm Hg difference, and also by lower diurnal IOP

curves.13 Post hoc analysis from the AGIS trial also

suggested different levels of visual field progression

according to the IOP strata over the follow-up period as

well as crucially for the first 6 months.50 The Moorfields

5-FU study prospectively looked at the visual field

outcome in eyes stratified at different IOP levels and

found that the best visual field protection occurred with

eyes having IOPs in the low teens (PT Khaw personal

communication).

In the EMGT study, analysis of patients for up to 11

years showed that post-baseline progression factors were

IOP levels at follow-up (with 12–13% average increase

per millimetre of mercury in all patients), disc

haemorrhages, and a thinner central corneal thickness

(CCT) for patients with higher baseline IOP but not lower

baseline IOP. Low perfusion pressure was also found to

have significance.51

Comment 4

For glaucoma patients with baseline IOPs above the

normal range, a target IOP in the mid teens is desirable.

For glaucoma patients with baseline IOPs within the

normal range, the Target IOP needs to be in the low

‘teens’.

To be able to demonstrate a beneficial effect of

treatment there needed to be defined and accepted non-

IOP-related end points. These can be changes in the

appearance of the optic disc, or in visual function, or in

both.

Optic nerve head recognition of change

The RCTs were designed before any consensus had been

reached on objective measures. As a consequence, RCTs

relied on grouped observer agreement on sequential

changes in the surface contour of the ONH, by examining

stereophotographs52 or stereochronoscopy.53 Observer
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agreement lead to end point recognition, even without

the coincident development of SAP defects.54

However, man must measure. The failure to

measure changes visible at the optic nerve head

delayed the introduction of such changes into the range

of viable end points in glaucoma treatment trials for

decades. It was only the development of reliable imaging

devices that raised the promise of using such changes.

The past 15 years have seen a concerted effort in

converting the observed changes into measurable ones.

They have concentrated on (1) the separation of

glaucoma from normal and (2) the detection of

progression.

Methods chosen for these tasks have included

planimetry, the scanning laser ophthalmoscope, the

retinal nerve fibre layer analyser, and ocular computed

tomography. Although each has specific merits, and any

of the involved technologies could lead to an aid to

routine clinical practice, at the present time the scanning

laser ophthalmoscope, as marketed as the Heidelburg

Retinal Tomograph (HRT), has the greatest body of

investigative work.

A paper from Moorfields Eye hospital identified the

linear relationship between the size of the optic disc and

the log of the neuroretinal rim area. A cross-sectional

study undertaken to separate ‘normals’ from early

glaucoma (a total of 80 normal subjects and 51 patients

with early glaucoma participated (average visual field

mean deviation¼�3.6 dB)) was performed. The greatest

sensitivity (84.3%) and sensitivity (96.3%) was found

using the 99% prediction interval from the linear

regression between the optic disc area and the log of the

neuroretinal rim area.55 This work was extended by

comparing the ability of expert observers looking at

stereo photographs of ‘early glaucomas’ (average MD,

�3.6 db) and ‘normals’, the HRT. It was found that the

HRT achieved better separation than the experts.56

Moorfields Regression Analysis (MRA) was incorporated

into the Heidelburg software for general use. Subsequent

studies verified its value, both in identifying visual field

change57 and in high-risk subjects in predicting their

likely development.58 A subgroup from the OHTS had

baseline SLO analysis. Eyes classified as ‘outside normal

limits’ by the HRT classification and the MRA

classifications (overall, global, temporal inferior, nasal

inferior, and superior temporal regions) were

significantly associated with the development of

POAG.59

The HRT has been used as a screening tool with

positive results, both in Canada60 and in Thailand (RR

Bourne personal communication).

The major weakness in MRA has been observer-

dependant outlining of the margin of the optic disc.

The more recent disc margin independent glaucoma

probability score (GPS) that has scored equally well in

discriminating between early glaucoma’s and normals

may provide a better way in the future.61,62

The ability of the SLO (or any other scanning device) to

identify progressive glaucomatous changes at the optic

disc is less well developed or agreed upon. At the present

time, event analysis seems to have greater promise than

trend analysis, so the ability to monitor change in

progression with treatment remains limited. Moderate

IOP reductions (5 mm Hg) does not have detectable effect

on optic disc topography.63–66

The inability of quantitative ONH analysis to identify

rate of change also leads to difficulties in long-term

management of chronic glaucoma, for, as will be

discussed with visual fields, a change in RATE should

be more informative than single event analysis in

management.

Comment 5

Stereo-disc photographs are the current ‘Gold

Standard’ for monitoring disc change by event analysis.

Quantifiable changes at the optic disc may replace this

in the future. There are no methods for measuring rate

of change available for clinical use at

the present time.

There have been a number of longitudinal studies

designed to look at the question whether changes can be

detected first at the optic disc or the visual field. In the

OHTS, 168 eyes of 152 ocular hypertensive participants’

ages 40 to 80 years were studied. Of which, 41 eyes

reached an end point by both VF and optic disc criteria;

40 eyes reached only a VF end point, and 87 reached only

an optic disc end point. The time taken to reach isolated

disc or field end points were similar. Visual field end

points were more likely (Po0.0001) in eyes that showed

the following ONH features: an ONH haemorrhage,

thinning of the optic disc rim, or enlargement of the

horizontal C/D ratio. Optic disc end points were more

likely (Po0.0001) in eyes that showed the following VF

features: some evidence of a nasal step or a partial

arcuate VF defect, or an increase in the pattern SD

(PSD).67 Other studies looking at incident data in

ocular hypertensives also showed poor correlation.68

Eyes with established glaucoma did not fare any

differently,69 necessitating the need of both modalities for

follow-up.

Comment 6

Baseline changes at the ONH may predict later SAP

changes, and vice versa. Optic disc and visual field ‘end

points’ indicating change can occur independently of

one another.
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Visual field changes, the recognition of end points, and

the concept of rate

The development of visual field end points as a primary

outcome measures has proved difficult with no current

consensus. Each RCT developed its own visual field end

point, necessitated in part by the nature of the trial as

well as the beliefs of the triallists. A useful comparison of

the various methods by Vesti et al70 using a simulated

visual field series pointed out differences between these

methods in time to detection and specificity. One

essential difference was that some relied on event

analysis and others used trend analysis. The former

provides data on time to progression rather sooner; the

latter provides a longer-term view on the effect of

treatment. The former requires the establishment of a

baseline (where the patient’s performance could be said

to be reproducible) against which performance at

subsequent tests is compared. Trend makes use of

repeated test points, uses all the data, and does not need

a sequence of base line fields. It assumes progression is

linear and that test points are independent of one

another, neither of which may always be the case.

Although trend analysis does make the assumption that

change can be expressed linearly, this seems appropriate

as it provides the best ‘fit’ in untreated visual field

series.71 Analysis using pointwise linear progression

agrees well with expert observers.72 The ability to

subdivide the visual field into progressing sections rather

than rely on median values is an advantage, for the latter

will overlook small but significant changes even though

the effects of lens opacities have been removed.73

Studies analysing rate of change have demonstrated

the beneficial effects of IOP reduction in Normal-tension

glaucoma,74 the post hoc analyses of the AGIS study,75 and

may also have done so in the LOGTS study of normal-

tension glaucoma76 (an early study of the rate of change

estimated rate of change by noticing the extent of visual

loss at different pressure levels77).

Comment 7

Different methods of identifying visual field progression

can be used for different purposes. Identifying RATE

offers more chance of estimating disability over time.

All of these visual field studies are valuable for

identifying change, rate of change, and the effect of

treatment. To be able to use visual fields in glaucoma

management requires resource utilization. To be of use in

management, the frequency of visual field testing needs

to be (usually) increased. From simulated field testing

Gardiner and Crabb78 suggested three tests per year

providing a good compromise between sensitivity and

specificity. A more practical approach would be for

frequent testing in the first 2 years to identify eyes with

rapid progression despite treatment, followed by less

frequent testing.

Comment 8

Visual field testing needs to be adapted to need and

perceived level of disease control. Resource

prioritization should be reviewed to allow greater

emphasis on more frequent testing.

However, such testing can only be of value if it reflects

the eventual outcome and the risk of visual disability. All

studies that look at methods to detect ‘preperimetric’

change have no concept of the late effects of the disease on

visual function. There is no data on the risk of visual

disability from NOT identifying ‘preperimetric’ glaucoma.

Risk analysis described earlier can only reflect such early

change as recognized by event analysis. Natural history

studies of untreated primary chronic glaucoma emphasize

that a significant proportion of patients progress slowly, so

slowly as to preclude detection of change within 5-year

periods, although only 10% or so progress rapidly.79

Similar variability in time to progression was shown in the

no-treatment arm of EMGT, and has been seen in the

Moorfields Low Tension Clinic.

Known risk factors for progression account for about

50% of cases, these may be ocular or systemic related to

ocular perfusion pressure.80

Late presentation carries a significant risk of visual

disability, partly because the disease is more difficult to

treat, but, more importantly because even slight

progression can cause significant disability. A

retrospective review of blindness in glaucoma patients

showed that its occurrence despite good IOP control was

associated with severity of visual loss at presentation.81–83

We understand a fair amount about eyes at risk,

but because of the types of analyses are unable to

state whether it is in the best interests of glaucoma

patients to be diagnosed at the earliest possible

opportunity, or whether it can be left until moderate

visual field defects have developed. Without such

information the issue comes down to cost. A significant

confounding factor has to be life expectation. Early

diagnosis might make more sense in the young,

because even a slow rate of change could eventually

produce disability, whereas co-morbidity restricting

lifespan can mean that even late diagnosis has

little visual effect. When assessing the type and

vigorousness of treatment, or even whether

to instigate treatment co-morbidity needs to be

taken into account. One way of doing this is by

using a measure of co-morbidity such as the

Charlson index. The Charlson index is a popular

method of assessing co-morbidity and has been
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shown to be a useful approach to risk adjustment

in outcomes research.84,85

The index is used to predict life expectancy. Using

points score weighting is given to coincident disease.

Co-morbidities can be cumulative. It is a condition

related weighting, points given from 1 to 6. Examples

of scores are set out below:

1¼MI/CCF/vascular disease/diabetes, and so on

2¼Hemiplegia/moderate renal disease/blood dyscrasias

3¼Moderate/severe liver disease

6¼AIDS/metastatic tumour

Using the Charlson index to predict the likelihood of

developing glaucoma gives very different predictions

as increasing co-morbidity reduces life expectancy.

An example of such a prediction is set out below:

Combining ages and Charlson indices gives a variable

risk for developing glaucoma, strongly influenced by the

co-morbidity scores.

Studies on change in visual function have, correctly,

focused on changes occurring in each eye. Monocular

field loss only impinges when it abuts fixation.86

However overlapping visual fields (combined with an

often slow rate of change and off centre initial loss) and

cortical infilling means that the patient rarely notices

visual loss until late in the disease.87

The challenge for the ophthalmologist is first to

recognize that binocular defects have a significant effect

on morbidity, producing significant visual disability,88,89

and second to assess rate of change in the binocular field.

This process can be simplified by integrating the two

monocular fields, either as best individual score90,91

or summation.92

Combining integrated visual fields with linear

regression allows an estimation of time to visual

disability however defined. The end point of disability

would be a specific level of function on the binocular

field. It could arbitrarily be set at a level where driving

test standards would no longer be met, because loss of

the driving licence has been voiced as a the major

concern by glaucoma patients.93 A flexible level of

disability has far greater relevance to the glaucoma

patient, to different patient needs, and different patient

populations than a universal definition of ‘blindness’ or

visual impairment based on the vision in one or both eyes.

Comment 9

Binocular fields should be used as the yardstick of

function, related to risk, and prediction of disability.

The challenge for ophthalmologists and other health-

care professionals is to ensure that visual disability

however defined is avoided in the population. For an

incurable group of diseases such as chronic glaucoma,

this involves:

(1) Adequate identification of the patient at high risk of

visual field loss,

(2) prevention of further visual loss by treatment,

(3) adequate monitoring of those diagnosed,

(4) appropriate treatment.

Finally, I will look into the future for glaucoma in the

United Kingdom. As befits the Bowman lecturer this is a

luxury given to any person reaching the end of his or her

term, but who wishes to present their shoulders as a

platform for nimble younger and brighter people to

climb and from this vantage point go further into our

speciality. I offer my shoulders for the following five

challenges for UK glaucoma as directions for my nimbler

colleagues to direct their gaze.

(1) For glaucoma detection to be successful it cannot

afford to miss those least likely to be identifiedFthe

lower socioeconomic classes and the over busy. In a

state-run system such as in the United Kingdom, the

primary care providers should be made to capture

ALL within their catchment area, to ensure that

prophylactic case finding is available. The challenge

is to ensure that this occurs.

(2) For glaucoma detection to be adopted in primary

care there needs to be evidence of the disease level

and type of case finding that can be undertaken and

still be cost effective.

(3) For IOP reduction to be set at appropriate levels

(targets), there needs to be an understanding of the

trade-off between very low IOPs and resultant co-

morbidity on a case by case basis and how this

changes with time, altered life expectancy, and visual

needs.

(4) For non-IOP reduction treatment (neuroprotection),

there needs to be clarity about end points of therapy

with the development of believable surrogates for

progression.

(5) There needs to be a wholesale transfer from the

concept of monocular visual loss and ‘blindness’ to

binocular visual loss and ‘visual disability’.

75-year C/D (0.8), IOP (30), CCT (550), PSD (1.9)
5-year riskFnot accounting for co-morbidity (51%)

Charlson index score 0 46.9%
1 41.8%
2 32.4%
3 32.4%
4 10.7%
5 6.5%
6 6.0%
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