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Abstract

Presentation with advanced glaucoma is a significant risk factor for lifetime blindness. The asymptomatic nature of
glaucoma, particularly in early disease, means that substantial vision loss in one eye does not always translate into a
perceptible loss of visual function. This, along with the lack of an effective screening strategy, contributes to late
presentation. Those most at risk of presenting with advanced glaucoma have asymptomatic high intraocular pressure (IOP),
no family history of glaucoma, are socially disadvantaged, and do not attend sight testing. Patients with glaucoma may have
impaired functionality for daily activities, such as reading, walking and driving. Quality of life measures have shown this to
be significantly worse in patients with more severe visual field loss, particularly if bilateral. In addition, quality of life
decreases faster with further bilateral visual field loss when advanced visual field damage is present. Management of these
patients requires disproportionally more resources than those with earlier disease. Both medical and surgical options are used
as the initial approach to treat patients presenting with advanced glaucoma. The most recently published National Institute
for Health and Care Excellence (NICE) guidelines suggest that patients presenting with advanced disease should be offered
trabeculectomy as a primary intervention. However, more evidence is required to determine the best initial management. The
Treatment of Advanced Glaucoma Study (TAGS) is being conducted, comparing primary medical management with
primary mitomycin C-augmented trabeculectomy for people presenting with advanced open-angle glaucoma. The results of
TAGS will provide robust evidence for the most appropriate initial intervention.

Introduction increase substantially as the result of an ageing population

Glaucoma is a common, chronic, irreversible, pressure-
related optic neuropathy affecting peripheral vision in pre-
dominantly older adults [1]. Primary open-angle glaucoma
(POAG) affects over 2% of those over 40 years, rising to
4% of white and 15% of black populations by the age of 80
[2]. In the UK, glaucoma affects over half a million indi-
viduals; [3] the incidence of POAG is estimated at 11,000
per year in people aged 40-70 [1, 4] and there are over 1
million glaucoma-related NHS visits annually [1].
Management of glaucoma patients constitutes a sig-
nificant part of ophthalmologists’ workload accounting
for 23% of all follow-up attendances to the UK hospital
eye service [5] and 13% of all new referrals [6].
The number of patients with glaucoma is predicted to
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[7]. Patients with advanced glaucoma require dis-
proportionality more clinic visits and interventions than
those with early disease [8].

Defining advanced glaucoma

Ideally, for clinical management, one should be able to
detect and quantify disease progression in small steps rather
than identifying only the transition from one stage to the
next [9]. Nevertheless, categorising the severity of glau-
coma into stages has several benefits, particularly for
reporting scientific studies, the economic cost of illness and
the impact on quality of life (QoL).

An International Classification of Disease (ICD) and
Health-Related Problems staging system exists [10]. This
Glaucoma Staging Codes (GSC) categorisation considers
glaucoma to be advanced if there is evidence of glauco-
matous optic disc and visual field (VF) loss in both upper
and lower hemifields and/or a defect encroaching within 5°
of fixation. As Parekh demonstrated, this ICD-9 GSC
showed a significant relationship between worsening VF
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indices and RNFL loss with increasing disease severity in
patients with POAG [11].

There have been many attempts to classify the extent of
visual field loss [12, 13] and these generally include a severe
or advanced category. However, there is currently no con-
sensus agreement for defining what constitutes advanced
glaucoma. Most current grading systems rely on standard
automated perimetry using a 30-2 or 24-2 strategy to define
severity once measurable functional loss exists [14].

The staging system most frequently used in glaucoma
clinical trials [13] is the Hodapp—Parrish—-Anderson (HPA)
Glaucoma classification [15], which classifies damage
based on two criteria: the first criterion considers the overall
extent of damage, which is calculated by using both the
mean deviation (MD) value and the number of defective
points in the Humphrey Statpac-2 pattern deviation prob-
ability map of the 30-2 full threshold test; the second cri-
terion is based on the defect proximity to the fixation point.
The advanced loss category of the HPA (severe defect)
encompasses four patterns of visual field loss. (Table 1).
Examples of visual fields fulfilling the severe loss category
for HPA are shown in Fig. 1.

In the recent literature, a cut-off of worse than —12 dB of
MD on humphrey VF testing [16, 17] has been considered
to be advanced glaucoma and this appears to be based on
the HPA Classification of Glaucoma Severity [15], which
has been adopted to define advanced glaucoma and deter-
mine the effect of interventions in advanced disease [18—
21]. Subsequently, the National Institute for Health Care
and Excellence (NICE) have adopted the Hodapp Classifi-
cation for this purpose [1].

Epidemiology and magnitude of the
problem

Glaucoma patients are often unaware of their condition
because it is typically asymptomatic in the early stages. As a
consequence, a late presentation with advanced glaucoma-
tous damage is not uncommon.

The Early Manifest Glaucoma Trial, a landmark
population-based study, performed a glaucoma screening
evaluation to 32,918 patients between the ages of 55 and 79
years living in Malmo, Sweden. A total of 406 subjects
(1.23%) were identified with previously undetected glau-
coma. Among them, 134 subjects (33%) had advanced VF
loss (>—12dB MD) in at least one eye, and 14 were uni-
laterally blind due to glaucoma [22]. Baseline data from the
Collaborative Initial Glaucoma Treatment Study (CIGTS), a
randomised clinical trial of 607 patients with newly diag-
nosed open-angle glaucoma (OAG), show that 15% of
subjects had a substantial VF deficit at diagnosis (VF score
10 or worse on a 0-20 scale) [23].

Table 1 Criteria for classification of severity of glaucoma stage in the
H-P-A grading system

Hodapp, Parrish and Anderson’s Classification

Minimum criteria for diagnosing acquired glaucomatous damage
A Glaucoma Hemifield Test outside normal limits on at least two fields; OR

A cluster of three or more non-edge points in a location typical for
glaucoma, all of which are depressed on the pattern deviation plot at a p <
5% level and one of which is depressed at a p < 1% level on two
consecutive fields; OR

A corrected pattern standard deviation that occurs in <5% of normal fields
on two consecutive fields

Classification of defects
Early defect:
o MD< —6dB

0 <25% of the points (18) are depressed below the 5% level and <10 points
are depressed below the 1% level on the pattern deviation plot

o All point in the central 5° must have a sensitivity of at least 15 dB
Moderate defect:
o MD<—12dB

0 <50% of the points (37) are depressed below the 5% level and <20 points
are depressed below the 1% level on the pattern deviation plot,

o No points in the central 5° can have a sensitivity of 0 dB

o Only one hemifield may have a point with sensitivity of <15 dB within 5°
of fixation

Severe defect (any of the following results):
oMD>—-12dB

o More than 50% of the points (37) are depressed below the 5% level or
more than 20 points are depressed below the 1% level on the pattern
deviation plot

o At least one point in the central 5° has a sensitivity of 0 dB
o Points within the central 5° with sensitivity <15 dB in both hemifields

Reproduced with permission from Brusini and Johnson [13]

A study in a rural area of China that screened
5197 subjects 40 years or older reported a standardised
prevalence of POAG of 1.41% or 73 cases, of whom only
three had been previously diagnosed. Among undetected
cases, eight were unilaterally blind as a result of POAG
[24]. In a screening of 1399 subjects over 30 years old in
southern India, 25 out of 27 were previously undiagnosed
POAG cases with 14 being categorised as having severe
damage based on a combination of an enlarged C/D ratio
and VF defect (>—12dB MD) [25]. In the UK, the most
recent estimate (2006) indicates that 39% of newly
diagnosed glaucoma cases had advanced field damage in
at least one eye [16]. Other estimates suggest that one in
four patients present with advanced glaucoma;
[16, 17, 26-29] and electronic secondary care data from
25,000 patients (examined between 1999 and 2012 in
England) showed that 21 to 30% presented with severe
VF loss [17] and that although the incidence of advanced
glaucoma at presentation has reduced, this reduction is
slow. The ongoing Treatment of Advanced Glaucoma
Study (TAGS) [21] has identified more than 900 newly
diagnosed advanced glaucoma patients over 36 months in
27 centres.
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Fig. 1 Visual fields satisfying criteria for severe defect using the H-P-
A classification system and the criteria they meet to be classified in this
category. a Mean deviation and pattern deviation plot; b pattern

Risk factors for presentation with advanced
glaucoma

Currently, no effective screening strategy exists in the UK
to identify all patients with glaucoma early [4]. The current
recommendation of the UK National Screening Committee
is not to introduce a systematic population screening and
therefore, population screening for glaucoma is not cur-
rently recommended [30].

In the UK, diagnosis of glaucoma typically occurs
opportunistically during routine visits to community opto-
metrists. As glaucoma is often asymptomatic, especially if
affecting one eye only, patients may not be aware they have
a problem. Presentation with advanced disease may, there-
fore, occur because the patients are asymptomatic, or may
avoid sight testing for a variety of other reasons (i.e. eco-
nomic cost, access to services, health beliefs) [31]. Those
most at risk of presenting with advanced glaucoma have
asymptomatic high intraocular pressure (IOP), no family
history of glaucoma, are socially disadvantaged and do not
attend sight testing [16, 28, 32, 33].

SPRINGER NATURE

deviation plot; ¢ points with 0 dB sensitivity in the central 5°; d pattern
deviation plot; e points with a sensitivity of <15 dB in both hemifields;
f points with 0 dB sensitivity in the central 5°

There is limited awareness of eye health in the UK [34-36]
with the most common perception that eye health simply
correlates to having good or bad sight [35], not recognising
the symptoms of other eye conditions [34—38] and accept-
ing worsening vision as a sign of ageing [34, 39]. The
availability of ‘ready readers’, and the cost of eye tests and
spectacles [34, 37, 38] may discourage some from attending
an eye test, thus delaying further the opportunity for a
diagnosis of glaucoma. There are apparent socio-
demographic factors that influence access to eye examina-
tions. Older people, those on low incomes, and those living
in deprived areas are least likely to access optometry care
[36, 40, 41]. Sommer et al. reported racial disparities in the
frequency of blindness caused by POAG in a community-
based study. Black subjects were blind in one or both eyes
10 years earlier and were 6.6 times more likely to be blind
due to POAG than white subjects [42].

In addition to patient-centred causes for late detection of
glaucoma, Prior [31] used qualitative techniques to explore
patients’ reasons for late presentation and found that missed
diagnosis by optometrists, referrals to the wrong service
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such as cataract clinics and delays in referral to the hospital
eye service contributed to advanced disease presentation.

Quality of life and (advanced) glaucoma

Patients are most concerned about maintaining their current
level of function and QoL from the treatment of their
glaucoma [43]. In recent years increasing emphasis has
been placed on the patient perspective and experience of
their disease, and there has been a transition from the sole
use of traditional outcome metrics (e.g. VF loss, I0OP)
towards inclusion of patient-significant variables, such as
QoL, symptoms and convenience of treatment [44].

Glaucoma damage has a substantial and detrimental effect
on many aspects of daily living [45]. Balance [46-51],
mobility and walking are affected, resulting in slower
walking speeds and more stumbling and bumping into
objects [52-54]. Glaucoma increases the risk of falls
[55-63] most of which tend to occur in or close to home
[64] and lead to an increased risk of fractures in glaucoma
sufferers [59, 61, 65]. Driving ability is also impaired.
Glaucoma patients are more likely to experience traffic
accidents [66—70]. Furthermore, due to either local regula-
tions or self-imposed restriction, they are more likely to stop
driving [71-73]. Loss of driving license is a particular
concern for glaucoma patients [74]. Those that continue to
drive are less likely to drive at night or in the rain [71].

Patients with glaucoma read slower and find reading
more difficult, which restricts this activity [75, 76]. Also,
they have more difficulty with facial recognition [77].

Patients suffering from glaucoma have an increased
prevalence of anxiety and depression [78-84], which may
be a consequence of these daily living daily restrictions
impacting negatively on independence and social func-
tioning. In one study, glaucoma patients were shown to be
10.6 and 12.3 times more likely to have depression and
anxiety symptoms, respectively [78].

In the context of more severe glaucoma, the presence of
more advanced VF loss has been shown to influence the
reduction of walking speeds [47, 53, 54] and increase the
risk of falling [57, 59, 85] compared with those with less
severe disease. Similarly, those with more severe glaucoma
experienced a higher percentage of fractures (of any type)
after a fall than those with mild and moderate damage [64].

Patients with more severe glaucoma had a higher risk of
at-fault motor vehicle collision [68], and the severity of VF
loss increased the odds of either regulatory or voluntary
driving cessation [71].

Using traditional grading systems to define advanced
glaucomatous vision loss usually refers to VF loss in an eye
(uniocular). However, vision-related QoL is a binocular

phenomenon. Therefore, the effects on QoL from advanced
glaucoma vary depending upon the relative amount of VF
loss in each eye and are greatly affected by the level of VF
loss in the less damaged eye [86-88] (Fig. 2).

QoL can be assessed using health-related QoL outcome
tools, and a large number of these have been applied to
measure QoL in patients with glaucoma [89-92]. Generic
(e.g. Health Utilities Index, EuroQoL Instrument ‘EQ-5D"),
vision specific (e.g. ‘NEI VFQ-25") and glaucoma specific
(e.g. Glaucoma QoL-15 and Glaucoma Profile Index) tools
have all been used to evaluate the relationship between QoL
and vision loss due to glaucoma.

Vision and glaucoma specific instruments appear to have
a better correlation to glaucoma VF loss than generic
instruments [87, 88].

QoL is worse in patients with more severe VF loss [86—
88, 93, 94]. Gutierrez demonstrated that QoL is most related
to the level of VF loss in the better eye [88]. McKean-
Cowdin found an approximately linear relationship between
VF damage (i.e. worse MD), and NEI VFQ-25 composite
scores in both the better and the worse seeing eye. The
former had a larger P coefficient suggesting that QoL score
decreases more as a result of deterioration of VF in the
better seeing eye (Fig. 3) [86]. Medeiros correlated the loss
of mean sensitivity (MS) of the integrated binocular VF
with a reduction of QoL. He demonstrated that for subjects
with more severe disease at baseline, changes in binocular
field sensitivity produced significantly larger changes in
NEI VFQ-25 scores compared with subjects with less
severe disease at baseline [94] (Fig. 4).

Abe explored how sensitivity loss across different
regions of the VF impacts on loss of QoL. He determined
that progressive decline in sensitivity in the central inferior
region of the VF has the strongest association with decline
in QoL. For this area, each 1 dB lower MS at baseline was
associated with a 0.15-unit/year greater decline in NEI
VFQ-25 scores [95].

Advanced glaucoma at presentation—a risk
factor for blindness

Severe VF loss at diagnosis is a risk factor for progressive
severe visual deterioration. Odberg [96] noted in a cohort of
patients with advanced glaucoma that 70% of the affected
eyes had progressed after a mean of 7.6 years despite being
treated. Grant and Burke [97] found that eyes with a VF
defect at the beginning of treatment were more likely to
progress to blindness than eyes in which treatment was
started when there was no field loss. Wilson [98] found that
initial field loss was the strongest determinant of the rate of
further field loss. The rate of deterioration was 11.7 times
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@ Bilateral mod/severe visual field loss vs. None
B Bilateral Mild visual field loss vs. None
OUnilateral Mod/severe visual field vs. None

BUnilateral Mild visual field loss vs. None

Effect Size

Fig. 2 Comparison of effect sizes (ES)s between the no visual field
loss (VFL) subgroup with subgroups with different severity levels of
VFL. The level of VFL was stratified into five categories: no VFL
(mean deviation [MD] > —2 decibels [dB] in both eyes), unilateral
mild VFL (—6 dB <MD < —2 dB in the worse eye), unilateral mod-
erate to severe VFL (MD<—6 dB in one eye, MD > —2 dB in the other
eye), bilateral mild VFL (—6 dB < MD < —2 dB in both eyes; or —6
dB < MD < —2 dB in one eye, MD < —6 dB in the other eye), and
bilateral moderate to severe VFL (MD < —6 dB in both eyes). The ES
was calculated as the difference in the adjusted mean scores (between

faster in eyes with more advanced field loss at presentation.
Mikelberg [99] found that when scotoma mass was small
(i.e. early glaucoma) the rate of VF loss was slow, but when
large (i.e. severe glaucoma), rapid linear progression of VF
loss occurred. This observation was confirmed by Lee, who
identified risk factors for rapid progression of the disease.
Patients with more severe glaucomatous damage, as mea-
sured by VF or optic disc cupping are at highest risk for
rapid worsening of the disease [100]. Oliver found that
unilateral blindness due to glaucoma at presentation more
than doubled the risk of bilateral blindness [101].

Several studies using different methodologies have
concluded that severe VF loss at diagnosis is the greatest
risk factor for lifetime blindness [20, 102—-105]. Mokhales
et al. specifically explored the risk of treated glaucoma
patients becoming blind in their lifetime [102, 106]. In their
systematic review, they identified five studies reporting end
of life visual impairment [20, 103, 104, 107, 108]. Three
identified advanced disease at diagnosis as a risk factor for
blindness [20, 104, 107]. Peters [20] using a six-scale
grading system demonstrated that those presenting with
advanced disease were at highest risk of lifetime blindness

SPRINGER NATURE

each of the severity level of VFL and no VFL) divided by the standard
deviation for the no VFL group. Subscales are clustered in decreasing
order of ESs for the bilateral moderate to severe VFL vs none groups,
for the 25-item National Eye Institute Visual Function Questionnaire
(NEI-VFQ-25) vision-related subscales, and the Medical Outcomes
Study 12-item Short-Form Health Survey (SF-12) general health sub-
scale scores. ESs below 0.20 represent no statistically significant
effect. An ES of 0.20 to 0.49 is considered to be a small effect, 0.50 to
0.79 a medium effect, and 0.80 or more a large effect. Reproduced
with permission from McKean-Cowdin et al. [86]

and found that the risk of blindness increased with each
stage of more advanced field loss at the time of diagnosis
(OR 1.80 95% CI 1.34-2.41) (Fig. 5).

In addition to glaucoma itself being a risk factor for
blindness, there is evidence that having glaucoma increases
the risk of having other potentially blinding conditions. In a
recent review of a glaucoma clinic cohort [109], 14.8% of
patients had retinal comorbidity. Patients with comorbid
retinal disease had a higher prevalence of blindness and low
vision than those without comorbid retinal disease (1.97%
versus 1.02%, P = 0.02). There is an increased risk of ret-
inal vascular occlusions occurring in those suffering from
glaucoma [110, 111]. In a recent meta-analysis it was
shown that glaucoma was associated with central retinal
vein occlusion (OR: 6.21; 95% CI: 4.64-8.31), branch
retinal vein occlusion (OR: 2.38; 95% CI: 1.77-3.19) and
hemiretinal vein occlusion (OR: 4.60; 95% CI: 2.26-9.35),
demonstrating a considerable risk of blindness from these
vascular conditions. Prevention of glaucoma blindness
minimises its contribution to mixed pathology blindness,
thus reducing the risk blindness beyond that due to
glaucoma alone.
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Visual Field Loss in Better Seeing Eye (Mean Deviation in dB)

Fig. 3 Locally weighted least square (LOWESS) plot of National Eye
Institute Visual Function Questionnaire (NEI-VFQ-25) composite
scores and visual field loss (VFL) (mean deviation [MD] scores in
decibels) in the better-seeing eye. The NEI-VFQ-25 composite scores
are adjusted for covariates including age, gender, education, employ-
ment status, income, acculturation, comorbidities, health insurance,
vision insurance, and visual acuity (VA) impairment. The MD-specific
data of all persons by each unit of MD of VFL were plotted to show
the independent relationship of VFL with vision-specific quality of
life. Locally weighted least square (LOWESS) plot of 25-item

Treatment options

Glaucoma requires lifelong care. The estimated mean age of
death following diagnosis is 80.5 years [112]. Time from
diagnosis to death varies from 7.4 to 12.4 years
[103, 108, 112—114]. An ageing population living longer
means that the number needing treatment will increase and
will need treatment for a longer period of time. At death,
42.2% are unilaterally blind from glaucoma and 16.4%
bilaterally blind for a mean duration of 2 years prior to
death [114]. This number is likely to increase as people live
longer.

Treatment options for glaucoma are effective, and early
detection delays disease progression. In turn, although
irreversible, glaucoma sight loss and blindness are pre-
ventable when the disease is identified early and is appro-
priately treated [115-117]. Reducing IOP is currently the
only effective treatment to prevent glaucoma progression
[116, 118-120]. Better IOP control at an early stage reduces
the risk of progression to blindness [116]. The Advanced
Glaucoma Intervention Study (AGIS) demonstrated that the
extent of IOP lowering was related to the progression of
VFs over an 8-year period showing that progression was
least when IOPs were maintained below 18 mmHg at all
follow-up visits [116]. This study also suggested that the
probability of VF stabilisation was increased in patients
who had early IOPs below 14 mmHg. This finding has been
used to justify aggressive IOP lowering in advanced glau-
coma (i.e. to below 14 mmHg).

Visual Field Loss in Worse Seeing Eye (Mean Deviation in dB)

National Eye Institute Visual Function Questionnaire (NEI-VFQ-25)
composite scores and visual field loss (VFL) (mean deviation [MD]
scores in decibels) in worse-seeing eye. The NEI-VFQ-25 composite
scores are adjusted for covariates including age, gender, education,
employment status, income, acculturation, comorbidities, health
insurance, vision insurance, and visual acuity (VA) impairment. The
MD-specific data of all persons by each unit of MD of VFL were
plotted to show the independent relationship of VFL with vision-
specific quality of life. Reproduced with permission from McKean-
Cowdin et al. [86]

Existing evidence for treatment of advanced
glaucoma

Although a study of advanced glaucoma, the AGIS has
already been undertaken this trial defined advanced glau-
coma as ‘When maximum effective, accepted and tolerated
medications fail to reduce IOP adequately and there has
been some VF loss’ [121, 122]. However, AGIS did
establish in its associative analysis that those patients who
maintained an IOP of <18 mmHg in the following 6 years
had virtually no VF progression, and the mean IOP of this
group was 12.3 mmHg, therefore suggesting that a mean of
12 mmHg should be sufficient to prevent further VF loss.
This is an important consideration for those with advanced
VF loss. The Tube Versus Trabeculectomy (TVT) study
[123] recruited subjects with previous surgical intervention
and a mean defect of —16.7 (9.32), however, TVT study,
such as AGIS, represent a group of patients who have had
previous medical and/or surgical interventions and are not
reflective or primary interventions or newly diagnosed
glaucoma. However, TVT did suggest that at 5 years 53%
of the trabeculectomy group and 70% of the tube group
maintained an IOP < 14 mmHg. The Primary Tube Versus
Trabeculectomy Study (PTVT) included subjects with
medically uncontrolled glaucoma but no previous incisional
ocular surgery. It had a mean MD of —14.6 for subjects.
PTVT showed that at 12 months the cumulative failure rate
for maintaining IOP <14 mmHg was 28.1% and 20%,
respectively, for the tube and trabeculectomy groups [124].

SPRINGER NATURE
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Fig. 5 Rates of glaucoma blindness for different levels of intraocular
pressure and mean deviation at the time of diagnosis. MD mean
deviation, dB decibel, IOP intraocular pressure. Reproduced with
permission from Peters et al. [20]

Kirwan et al. [125] undertook a multicenter service eva-
luation and examined the success of trabeculectomy in
POAG using different cut-off values for defining success.
When requiring an IOP of <15 mmHg or a reduction in at
least 40% from baseline, the overall success of trabecu-
lectomy was 64% at 2 years.

Several other smaller studies have specifically looked at
surgical intervention to prevent further VF loss in patients
with advanced glaucoma. Stead [126] explored the value of
trabeculectomy in 103 eyes with an MD < —20dB and
found a qualified success rate of 85% at 3 years for an IOP
<16 mmHg. Tsagkataki [19] explored the value of visco-
canalostomy and phaco-viscocanalostomy in advanced
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glaucoma and found a qualified success of 60% at 3 years
for IOP < 16 mmHg.

A recent Cochrane systematic review [127] comparing
primary medical versus surgical treatment for OAG identi-
fied four relevant studies with 888 patients previously
untreated for POAG. Despite methodological weaknesses
and non-standard treatments [119, 128—130], the authors
concluded that ‘in more severe OAG there is some evi-
dence, from three trials that medication was associated with
more progressive VF loss and less IOP lowering than sur-
gery. Risk of treatment failure was greater with medication
than trabeculectomy (OR 3.90, 95% CI 1.60-9.53; HR 7.27,
95% CI 2.23-25.71)’. Three of these four trials are now
obsolete because of new medical treatments, and the most
recent study did not include patients with advanced disease.
The authors concluded that surgery lowers IOP more than
medication. However, none of these trials specifically
addressed the management of those presenting with
advanced glaucoma or used modern glaucoma medications
known to produce lower IOP and have fewer side effects
than previous generations of drops. The authors recommend
that further RCTs comparing current medical treatments
with modern glaucoma surgery are required in people with
advanced OAG.

A further modelling evaluation from the CIGTS suggested
that patients with more advanced glaucoma (MD < —10) had
better VF preservation at 5 years if they had surgery as their
primary intervention compared with those who received
initial medication, (mean difference 0.74 dB (95% CI —0.00
to 1.48).

In the years after CIGTS completed its recruitment, there
have been significant developments in surgical techniques
and an expansion of medical treatment options for patients.

Current practise

In the UK, NICE provides guidance for the management of
glaucoma patients. The most recently published NICE
guidelines suggest patients presenting with advanced dis-
ease should be offered trabeculectomy as a primary inter-
vention and only offered medical treatment if surgery is
declined [1] but highlighted that the evidence to support this
recommendation is of poor quality. The European Glau-
coma Guidelines [131] indicate that primary trabeculectomy
should be considered in patients presenting with advanced
glaucoma and the Preferred Practice Patterns of the Amer-
ican Academy of Ophthalmology do not offer treatment
advice specifically for those presenting with advanced
glaucoma but suggest that primary trabeculectomy ‘can be
considered in selected cases as initial therapy’ [132].
Despite this guidance currently in the UK, most oph-
thalmologists treat patients medically starting with topical
drop monotherapy followed by escalating the number
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of drops until maximum tolerated combination therapy
is achieved [133]. The primary concern of clinicians
appears to be the risk of complications from
trabeculectomy surgery and a lack of robust evidence
supporting the use of primary surgery in advanced glau-
coma [133].

One of the main concerns of clinicians is the unexplained
irreversible loss of central vision—‘wipe-out’—believed to
occur in patients with advanced glaucoma undergoing trabe-
culectomy [134]. However, while visual loss is not uncom-
mon after trabeculectomy, in the majority of cases this is
reversible and explained by identifiable factors [135-138].
Two prospective studies [137, 138] specifically exploring the
development of wipe-out found no cases of severe irreversible
unexplained central vision loss, suggesting that, if wipe-out
exists it is a notably infrequent event.

Despite the concerns of clinicians, patients have indicated
that they are not concerned about the treatment they receive as
long as it is effective in prevention of further visual loss and in
maintaining their QoL [43, 74] and one study has suggested
that QoL is equivalent for medical and surgical treatment in
patients with more advanced glaucoma [139].

For patients presenting with advanced glaucoma, the
challenge is to institute the treatment most likely to be
effective as the initial therapy. Unlike with early disease, the
facility to make multiple adjustments to treatment before
severe visual loss occurs is much less (Fig. 6).

Resource implications

In contrast to early disease, late presentation with
advanced glaucoma is associated with higher resource use
(clinic visit frequency, medication use, laser and surgical
treatment) [8, 140, 141] and more advanced disease is
more expensive to manage [142]. Late presentation is
also associated with a higher risk of blindness compared
with early stage detection; [20] glaucoma is the second
leading cause of blind registrations [143]. Blindness and
sight loss have a significant socio-economic impact in
terms of public funds, private expenditure and health
provision [144-147].

Need for further research

Currently, no effective screening strategy exists in the UK
to identify all patients with glaucoma early in the course of
the disease [4], and screening has been deemed not to be
cost effective [30]. As a consequence, a large proportion of
newly diagnosed glaucoma patients continue to present with
advanced disease [16, 17, 26-29].

A Aim of Treatment

0dB Treated Progression

-32
dB

B Aim of Treatment
0dB Treated Progression
-32
dB
C Aim of Treatment
0ds Treated Progression

%

32

d8
Fig. 6 a Diagnosis of glaucoma at early stage with time for multiple
intervention points to adjust treatment to prevent vision loss.
b Diagnosis at advanced stage with inadequate initial treatment
resulting in further progression to blindness. ¢ Diagnosis at advanced
stage with adequate initial treatment preventing progression to blind-
ness before death

Sight loss from glaucoma is preventable, and the Public
Health Outcomes Framework for England 2013-2016 has
made reducing numbers of people living with preventable
sight loss a priority [148].

NICE guidelines currently recommend primary surgery [1],
but clinicians do not commonly follow this advice because of
the lack of robust evidence to support surgery [133].

Prevention of glaucoma progression is one of the top ten
James Lind Alliance glaucoma priorities (http://www.jla.
nihr.ac.uk/priority-setting-partnerships/sight-loss-and-
vision/top-10-priorities/glaucoma-top-10.htm) and a recent
Cochrane review has recommended further research to
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explore the best treatment options for those presenting with
advanced disease [127].

Further evidence is required to support the best initial
treatment approach to patients presenting with advanced
glaucoma [149]. To address the uncertainties about the best
primary treatment option for patients presenting with
advanced glaucoma, the TAGS is being undertaken [21].

TAGS is a pragmatic, multicentric, randomised con-
trolled trial comparing clinical and cost-effectiveness of
primary medical management compared with primary
mitomycin C-augmented trabeculectomy for people pre-
senting with advanced OAG.

The results of TAGS should provide robust evidence for
clinical, QoL and cost-effectiveness to inform patients,
clinicians and health care commissioners of the best
option for management of newly diagnosed advanced
glaucoma.
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