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Abstract

This article addresses some important issues

in the detection and management of glaucoma

using examples from the developing world,

particularly drawing on experiences and

research in sub-Saharan Africa.
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Introduction

There are an estimated 67 million people in the

world with primary glaucoma, of whom it has

been suggested that between 5.2 and 6.7 million

are blind.1,2 Glaucoma thus constitutes the

second most common cause of global blindness

after cataract. More than 95% of those blind

from glaucoma are from countries in the

developing world, mostly in Asia and sub-

Saharan Africa, because of a combination of

their relative demographic weight, high

prevalence of glaucoma, and poor access to

health care.1

Half of those with primary glaucoma have

angle-closure. These cases are concentrated in

East Asia and ethnic groups derived from this

part of the world such as the Inuit. The disease

is more often a chronic asymptomatic disorder

in these populations than the acute form more

commonly seen in Caucasians. The other half

are open-angle glaucoma (OAG) cases and this

is the most common form of the disease in

Caucasian and African-derived populations.

Glaucoma is classified by the World Health

Organisation among the 80% of blindness

deemed avoidable. However, glaucoma does

not appear among the conditions identified as

immediate priorities within the framework of

VISION 2020. The choice of priority conditions

(ie cataract, trachoma, onchocerciasis, childhood

blindness, and refractive errors and low vision)

is based on the burden of blindness they

represent, and the feasibility and affordability of

interventions to prevent and treat them.

Glaucoma certainly achieves the first of these

and if the VISION 2020 initiative is successful in

its aim to eliminate blindness caused by the five

priority conditions, then glaucoma is likely to be

left as the leading cause of global blindness. The

problem is that a number of features of

glaucoma make fulfilling the other criteria

difficult to achieve. Loss of vision caused by

glaucoma is irreversible, the disease is usually

asymptomatic in its early stages, difficult to

detect, and therapeutic options are less

attractive than, for example, cataract surgery.

As a result, glaucoma attracts little publicity

or funding in the developing world and only a

very limited proportion of cases are diagnosed

or treated.

This article addresses some of the issues in

the detection and management of OAG, using

examples from the developing world,

particularly drawing on experiences in Africa.

Case detection

Among people with glaucoma in the developed

world, reports from prevalence surveys suggest

that only about half are likely to have been

diagnosed (Table 1). In developing countries,

the number is probably nearer to 1 in 10 or even

less in the remotest and poorest-served parts of

the world (Table 2).

Why is such a small proportion of glaucoma

diagnosed? There is evidence that detection

rates vary according to the type of glaucoma

(Figure 1). Loss of vision appears to be more

severe in angle-closure glaucoma (ACG) than

POAG in populations where both are prevalent

(P¼ 0.002), which may underlie the somewhat

higher detection rate in ACG (P¼ 0.005) that is

reported.

However, low detection rates cannot be

entirely attributed to a lack of awareness of

symptoms because, in the developing world, a

significant proportion of undiagnosed cases are

already severely affected. The majority of even
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advanced disease goes undetected (Table 3). For

example, in a glaucoma prevalence survey in rural South

Africa, it was found that 45%

(21/47) of those with glaucoma were blind in at least one

eye as a result.17 Of these, only five were previously

known cases. So more than three-quarters of those blind

from glaucoma in at least one eye were undiagnosed at

the time of the survey.

Late presentation with glaucoma appears to be the

norm in much of the world. For example, in Ghana, more

than 50% of patients were blind at first presentation to

hospital.21 Patients living more than 50 miles from the

hospital were four times more likely to present blind

than patients living within 50 miles of the hospital. This

would suggest that what is required is a simple means of

detecting glaucoma in the community.

For many disorders, formal screening is an important

part of reducing the burden of disease in the

population.22 However, before any population-based

screening programme can be established, a number of

criteria must be met, which include:

1. The condition must be a significant public health

issue.

2. There should be a recognisable early stage during

which those with disease can be identified before

symptoms develop.

3. There should be a screening test which is simple,

acceptable, safe, and precise.

4. An effective and acceptable treatment should exist,

which results in quantifiable improvements in clinical

outcome.

In most populations in the developing world, glaucoma

meets the first criterion of constituting an important

public health problem, but identifying a test that reliably

diagnoses glaucoma in its early stages remains

problematic.

There are essentially three tests used in the diagnosis

of OAG, which have been evaluated for their potential as

screening tools. These are tonometry, optic disc/nerve

fibre layer examination, and visual field testing.

Unfortunately, none of these has a high level of

Table 1 Percentage of cases of glaucoma previously detected in
recent glaucoma prevalence surveys in Established Market
Economies

% Type glaucoma

Roscommon3 51 POAG
Melbourne4 50 POAG
Baltimore5 50 POAG
Melbourne4 50 POAG and XFG
Blue Mts6 49 POAG
Rotterdam7 47 POAG
Norway8 27 POAG
Italy9 22 All
Beaver Dam10 10 POAG
Italy11 8 POAG

Primary open-angle glaucoma (POAG); exfoliative glaucoma (XFG).

Table 2 Percentage of cases of glaucoma previously detected in
recent glaucoma prevalence surveys in developing world
countries

% Type glaucoma

Bangkok12 25 POAG
Pondoland13 14 All
Temba, S. Africa14 13 POAG
Singapore15 9 POAG
India16 7 POAG
Zululand17 4 POAG
Tanzania18 2 POAG
Mongolia19 0 POAG

Primary open-angle glaucoma (POAG).

Table 3 Percentage of glaucoma cases blind in one and/or both
eyes in glaucoma prevalence surveys

One/both Type glaucoma

Mongolia19 50.0 All
Zululand17 44.6 All
Singapore15 42.1 All
Bangkok12a 22.2 All
India16 18.5 POAG
Tanzania18 18.0 POAG
Rotterdam7a 11.7 POAG
Sweden20a ‘rare’ All

Include severe restriction of visual field to within central 101 except in

those marked,
awhich are based on visual acuity criteria only.
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Figure 1 Blindness in one or both eyes and detection rates for
different glaucoma types in prevalence surveys in Asia
(Mongolia, Singapore, Thailand, and India).
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sensitivity and specificity such that most cases are

detected without an excessive number of false positives.

Tonometry

IOP is distributed in the population as a continuous

variable and there is no cutoff that discriminates between

normal eyes and those with glaucoma. In some

populations, the degree of overlap is quite considerable

(Figure 2). This is reflected in the relatively high

proportion of those with glaucoma who present with IOP

within the normal range.

In many population-based glaucoma surveys, this

proportion is 50% or higher (Tables 4 and 5). To make

matters worse, it is now clear that mean IOP in normal

eyes varies between populations. The mean population

IOP in Barbados, for example, was found to be nearly

50% higher than that in Mongolia.28,19 Any screening test

based on tonometry therefore has to take into account the

distribution of IOP in that particular population. The risk

of glaucoma increases gradually with IOP as a result of

which precision of IOP as a screening test for glaucoma is

poor at whatever level of IOP is selected. For example, in

South Africa, at a cutoff of 421 mmHg, tonometry had a

sensitivity of only 37% and specificity of 91% for the

detection of POAG (Figure 3), figures which are very

similar to those reported from the Baltimore Eye Study.29

Optic disc examination

Ophthalmologists rely heavily on the appearance of the

optic disc to help in the diagnosis of glaucoma. However,

disc changes in early glaucoma can be subtle and

agreement on disc examination by ophthalmoscopy has

been reported as being relatively low. It appears to be

higher with more sophisticated methods such as

stereoscopic disc photography,30 but these are by and

large impractical in the developing world situation.

The cup : disc ratio (CDR) is a widely used numerical

assessment of the state of the neuroretinal rim. Unlike

IOP, it does appear to be well conserved between

different ethnic groups (Table 6), but it is also distributed

as a continuous variable with no sharp cutoff point.

Furthermore, disc cup size is determined in part by disc

diameter so that a large disc will have a large cup and
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Figure 2 The overlapping distributions of IOP in POAG and
normal Zulu eyes.

Table 4 Proportion of glaucoma cases with intraocular pres-
sure o21 mmHg in developed countries

% Type glaucoma

Blue Mts6 74 POAG
Roscommon3 62 POAG
Sweden20 61 POAG
Baltimore23 55 POAG
Melbourne4 39 POAG
Rotterdam7 39 POAG
Wales24 35 POAG
Beaver Dam10 32 POAG
Italy9 29 All
Italy11 19 POAG

Table 5 Proportion of glaucoma cases with intraocular pres-
sure o21 mmHg in developing countries

% Type glaucoma

Tanzania18 75 POAG
Bangkok12 69 POAG
India16 59 POAG
Zululand17 57 POAG
Barbados25 50 POAG
Temba, S. Africa14 36 POAG
St Lucia26 36 POAG
Mamre, S. Africa27 33 POAG

0

20

40

60

80

100

14 16 18 20 22 24 26 28 30

Intraocular Pressure (mmHg)

Pe
rc

en
ta

ge

specificity

POAG sensitivity

Non-POAG sensitivity

Figure 3 Sensitivity and specificity for different cutoff values of
IOP in detecting glaucoma in Zulus.
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vice versa.32 Overall, CDR does not appear to perform any

better than IOP as an isolated screening test and the use

of various combinations of disc parameters and IOP does

not help significantly.29

Perimetry

Automated perimetry has been shown to have relatively

high sensitivity and specificity when used as a screening

test.33,34 However, visual field testing is time consuming

and requires sophisticated equipment and trained, well-

motivated operators. It is also not always easy to

reproduce in practice the level of validity quoted from

studies. In an American sample, sensitivity of 97% and

specificity of 100% were achieved using the Henson

suprathreshold screening programme. In a rural South

African population, by contrast, sensitivity and

specificity fell to 79 and 90%, respectively.

People also find field testing a difficult task to perform.

In rural South Africa, more than 90% of sighted over

40-year-olds were able to complete the screening test. But

this proportion fell dramatically among the elderly (71%

in those over 70 years of age) and those with visual

impairment (44% in those with acuity in the better eye

o6/24). Since this is the section of the population most at

risk of glaucoma, this represents a significant drawback.

Whether other types of visual field testing such as

frequency doubling perimetry will present a practical

solution remains to be seen.

Whether other types of visual field testing such as

frequency doubling perimetry will present a practical

solution remains to be seen.35

Summary of screening and case detection

Since there is not yet a good screening test for OAG, the

emphasis should be on detecting cases of advanced

glaucoma who are at substantial risk of progressing to

blindness and who require urgent treatment.

To help achieve this realistic goal, patients who present

to ophthalmologists and are over the age of 40 years (and

possibly younger in some African populations21) should

undergo tonometry and optic–disc assessment as part of

their examination. Failure, at present, to perform these

simple procedures routinely means that cases of well-

established glaucoma are missed.16

The importance of considering a diagnosis of

glaucoma even in those without raised IOP needs to be

stressed in training programmes for ophthalmologists.

General population screening for POAG cannot be

recommended until a test which is reliable and simple to

apply, and which more accurately discriminates between

affected and unaffected people, is available. In the

meantime, the emphasis should be on detecting cases

who already have advanced glaucoma and are at

substantial risk of progressing to blindness and require

urgent treatment. Making a diagnosis of glaucoma in

those with advanced disease is a realistic goal in the

developing world.

In situations where eye patients are seen by

nonophthalmologists, ideally, tonometry and optic–disc

assessment need to be taught and used routinely.

Nonophthalmologists can accurately detect higher

degrees of disc cupping using direct ophthalmoscopy

even in undilated patients.36 Clear criteria for referral to

an ophthalmologist should be given. In practical terms

these criteria must be simple and specific enough not to

overburden the service with false positives. For example

� unexplained visual loss;

� IOP425 mmHg;

� CDR of 0.8 or more.

Using these criteria, a significantly higher proportion of

glaucoma would be detected than is currently the case in

most developing countries, with a few inappropriate

referrals. For example, in rural South Africa, 95% of eyes

with a CDR 0.8 or more had a threshold visual field

defect consistent with glaucoma. This cutoff would have

detected 64% (18/28) of eyes with moderate/severe

visual field defects.17

Treatment of glaucoma

The only proven effective treatment for glaucoma to date

is the reduction of IOP to a level that reduces the rate of

loss of visual field. In developed world countries, it is

current practice to initiate treatment either with laser

trabeculoplasty or topical medication, or a combination

of the two. Surgery in the form of a drainage procedure is

usually reserved for those for whom these initial

treatments are inadequate.

Table 6 Vertical cup : disc ratio (CDR) and CDR asymmetry in
population-based studies31,3a

Vertical CDR CDR asymmetry

97.5th
centile

99.5th
centile

97.5th
centile

99.5th
centile

Bangladesh 0.70 0.85 0.15 0.3
Mongolia 0.70 0.70 0.2 0.3
Thailand 0.72 0.86 0.21 0.29
Singapore 0.71 0.82 0.21 0.32
Tanzania 0.7 0.8 0.2 0.3
Zululand 0.7 0.9 0.2 0.3

aVisual field testing was carried out in all subjects except those in

Bangladesh with IOPo18 mmHg and CDRo0.35.
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In the developing world, trabeculoplasty is generally

unavailable as an option and poor compliance is an even

greater barrier to successful medical management of

glaucoma than it is in the developed world. This is

mainly because of logistical problems such as the long

distance many have to travel to access eye care facilities

to collect their treatment, and the relatively high cost of

medications. There is also the problem of convincing

patients of the need for continuation of treatment for life

in spite of the lack of improvement in their vision and

even possible side effects. Without this understanding,

many patients become discouraged and stop using their

treatment. In Ghana, it was found that among patients

treated medically who returned for follow-up at 6

months, only 17% had an intraocular pressure less than

22 mmHg. While of the patients treated surgically, 84% of

those seen at 6 months had an IOP below 22 mmHg.21

For these reasons, medical treatment of glaucoma in

poorly educated patients in the developing world is

usually inappropriate. In these circumstances, when

there may only be ‘one shot’ at the patient, primary

surgical intervention is usually the treatment of choice.37

Trabeculectomy in blacks

There is a strong clinical impression that filtration

surgery is less successful in patients from pigmented

racial groups than in whites. Results from the Advanced

Glaucoma Intervention Study (AGIS), in which a large

number of African-American and white patients with

medically uncontrolled POAG were randomised to one

of two sequences of surgical intervention, support this

impression.38 In the arm undergoing trabeculectomy as

the first intervention, most glaucoma-related outcomes

including the level of IOP, required number of

medications and progression of field loss were worse in

black than in white subjects. Despite the use of

antimetabolite in only two out of 379 eyes for which

trabeculectomy was the first intervention, the proportion

requiring a second surgical intervention after 9 years of

follow-up was relatively low in both racial groups but

was significantly higher for black (18%) than white

subjects (13%).

Trabeculectomy in the developing world

These results cannot necessarily be extrapolated to the

developing world, however. Later presentation with

more advanced disease, variable quality of operating

facilities and technique, low rates of follow-up, and poor

compliance with postoperative medications would

suggest that the results of surgery would be worse in

poorer countries.

Interpretation of the results of filtration procedures in

underdeveloped countries has been dogged by short

follow-up periods and loss to follow-up rates up to 80%

or more.39 Prior to the era of antimetabolites, reported

success rates in African series (mostly defined as

IOPo21 mmHg without additional medication) vary

considerably between 28 and 95%.39

In a retrospective series of 100 patients with POAG

undergoing nonaugmented trabeculectomy in Nigeria

with mean follow-up of 34 months, success (defined as

IOPo22 mmHg and a 430% reduction in preoperative

IOP with or without medication) was achieved in 85%

after 1 year, falling to 71% after 5 years.40

Over the last few years, the use of the anti-metabolites

5-fluourouracil (5-FU) and mitomycin C (MMC) to

modify the wound-healing response following filtration

surgery has increased success rates for trabeculectomy in

the developed world,41 and they are now in common use

in eyes considered to be at high risk of failure.

Several groups have reported on the use of

peroperative antimetabolite in developing countries.42–48

In an unmasked randomised trial in a population with

advanced glaucoma (93% POAG) in Ghana, a significant

beneficial effect for intraoperative subconjunctival 5-FU

at a dose of 50 mg/ml for 5 min was reported.45 Failure

(defined as IOP421 mmHg) occurred in 13% for 5-FU

compared to 45% for controls, although minimum

follow-up was only 3 months (P¼ 0.01).

The same group also compared intraoperative 5-FU

and MMC (0.5 mg/ml for 3.5 min).43 After a mean follow-

up of 10 months, an IOPr21 mmHg was found in 93% in

the MMC group compared with 73% in the 5-FU group

(P¼ 0.01). Overall 57% achieved IOPr15 mmHg with no

significant difference between the two groups.

In a double-blind randomised placebo controlled trial

of 5-FU in Kenyan patients with POAG, IOP was similar

in the two arms after 6 months.46 Among the 44% who

were followed for 2 years, 89% of 5-FU subjects and 71%

of controls had an IOPo22 mmHg, but this difference

was not statistically significant.

In black South Africans with refractory glaucoma, a

higher proportion of eyes treated intraoperatively with

MMC had postoperative IOP below 21 mmHg than

matched controls (83 vs 37%, Po0.001).42

A number of conclusions with implications for the

management of glaucoma in developing countries can be

drawn from the results of these studies. Firstly, achieving

a reasonable length of follow-up for the majority of

patients in this type of context is very difficult even with

the extra effort to minimise the default rate when the

patient is part of a study. Secondly, although failure

occurs most frequently in the first 6 months after surgery,

it continues thereafter at a significant rate.40,46

Interpreting the effectiveness of trabeculectomy and the
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merits of adjunctive antimetabolites over short time

periods and in a limited proportion of the sample is

therefore hazardous. Certainly success rates would be

expected to fall if patients had been followed up for

longer.

Thirdly, although the success rates are lower than

those reported in developed countries, the difference

may be attributed at least in part to differences in surgical

technique and postoperative interventions such as suture

removal/lysis, manipulation of the bleb, and tailored

steroid dosage. Nevertheless trabeculectomy, especially

with 5-FU or MMC, is effective at reducing IOP in the

majority, at least in the short term.

Finally, surgical complication rates are not insignificant

despite the relative experience of most of the surgeons in

the studies. Sight-threatening intraoperative

complications were uncommon, but less serious

complications such as transient wound leak, hypotony,

and hyphaema were more frequent and are important

since they have been linked to trabeculectomy failure49

and cataract formation.50 The Loss of two or more Snellen

lines following trabeculectomy was reported in 6.5–30%

of cases, with cataract being the most frequent cause. The

proportion losing this degree of visual acuity is

important, especially given that in many cases it is the

better-seeing eye that is undergoing surgery.

In the developing world, patients may not present for

surgery a second time when they develop cataract,

especially if they perceive that the trabeculectomy has

contributed to their loss of vision. This is likely to act as a

further barrier to acceptance of surgery in poorer

communities.

There are additional hazards associated with the use of

both 5-FU and MMC. There is an increased risk of wound

leaks, and late bleb leaks from thin-walled, cystic blebs

that predispose to hypotony and endophthalmitis. In a

trial in South Africa, cystic blebs occurred in 63% of cases

treated with MMC, with leaking in 16.7%.42 This

experience has led to a reduction in the use of

antimetabolites in some units.

Longer studies are required to determine the

effectiveness of trabeculectomy including subsequent

cataract surgery and the long-term effects of

antimetabolites on bleb morphology. While there is no

doubt that the use of antimetabolites improves the

success rate of trabeculectomy in high-risk patients, it

remains unclear exactly who benefits and which

antimetabolite is best. There is some evidence that lower

IOP can be achieved following with MMC than with

5FU, but the difference is not as great as the difference

between 5FU and no antimetabolite. In the developing

world, the higher cost and refrigerated storage

requirements of MMC are further considerations. The

techniques involved in their use are also still evolving.41

In particular, modifications have been suggested that

seem to help produce diffuse noncystic blebs that drain

posteriorly. These modifications include the use of large

scleral flaps under a fornix-based conjuctival flap and a

large surface area of antimetabolite treatment. The results

of a randomised controlled trial of beta radiation applied

to the bleb via a probe during surgery in black South

Africans is anticipated and may provide a further option.

Compliance

We are only going to make an impact on the number of

people going blind from glaucoma if we can provide a

treatment that is not only effective but also acceptable to

those at risk.

However, the uptake of surgery among patients with

eye disease in developing countries is generally less

than satisfactory.51–53 Problems with recruitment for

cataract surgery appear to be universal in developing

countries, although the major barriers to acceptance

vary.52,53 Not surprisingly, the cost and the distance to be

travelled have been identified as important barriers.

However, even establishing a free local surgical facility

does not guarantee good uptake. In rural South Africa,

we identified several other fundamental attitudinal

barriers to the uptake of cataract surgery, including

the fear of surgery (both the process and the outcome)

and a fatalistic attitude to the inevitability and

irreversibility of blindness in old age. There was a lower

level of disability and perceived need than had been

assumed for people with such poor visual acuity, and

many said that they were able to cope without any

intervention.51

Although these patients had cataract rather than

glaucoma, it is reasonable to assume that many of the

same attitudes towards the treatment and prevention of

blindness would be the same. If anything, patients

offered glaucoma surgery would be even less likely to

accept since their level of visual handicap would not be

as significant and the results of treatment less certain.

Among the few people to look at this important issue

are Kirwan and co-workers (JF Kirwan, personal

communication). They identified 90 new cases of primary

open-angle or exfoliation glaucoma presenting to a

hospital in Pietermaritzburg, South Africa. They

described the features of these 90 new cases and

compared them with 40 cases identified in a population-

based glaucoma survey performed in black South

Africans in a neighbouring province.14 More than 80%

had at least a moderate degree of visual loss in one eye

and half were blind in one eye. Patients attending the

clinic were significantly younger and had higher IOP

than patients identified in a glaucoma survey in a similar

population.14
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Out of the 90 new cases, 77 with acuity better than

perception of hand movement in the affected eye were

offered trabeculectomy. Of these only 33 (43%) accepted

the offer. Those that accepted were no different in terms

of age or severity of visual loss. They had higher IOP,

which it was suggested may reflect greater

encouragement by the examining clinician to undergo

surgery.

Conclusions

� Glaucoma is a major cause of blindness and is likely to

become an even more prominent cause of blindness as

other treatable causes are dealt with.

� Glaucoma does not meet the criteria for general

population screening mainly because of the lack of a

simple and precise screening tool. Nevertheless, every

opportunity should be taken to detect cases by

considering the diagnosis and performing an appro-

priate examination. Disc assessment by ophthalmo-

scopy and, to a lesser extent, tonometry require little

specialist skill or sophisticated equipment. They have

a reasonably high degree of specificity in detecting

advanced glaucoma. These patients are the most likely

to go blind and are more likely to present and comply

with treatment.

� It must be assumed that the patient may only present

once. Despite the added risks, appropriate treatment is

generally trabeculectomy supplemented, where ap-

propriate, in patients at high risk of failure with an

antimetabolite. The long-term outcome and complica-

tion rates in the developing world have not yet been

fully assessed.

� It is likely that compliance with surgery will be

higher if there is good experience of successful surgical

outcome for cataract in the area. This is often not

the case with significant numbers of patients remain-

ing blind after surgery. The importance of quality in

all types of ophthalmic surgery cannot be

stressed enough. This issue is now receiving far more

attention where, before, volume of surgery has

been stressed and, hopefully, the widespread intro-

duction of ECCE and IOL implantation will lead to

higher levels of patient satisfaction and trust in their

surgeon.
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