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Primary open angle glaucoma

Primary open angle glaucoma (POAG) is a chronic, pro-
gressive, anterior optic neuropathy. It is characterized by
optic disc changes (Table I), visual field changes (Table
II), and raised intraocular pressure (lOP; normal lOP is
12 to 20 mmHg) in the presence of an open irido-corneal
angle (Figs. 1 and 2) and the absence of any contributing

TABLE I. Optic disc and nerve fibre layer changes in POAG

A. Disc changes

1. Progressive enlargement of cup
2. Asymmetry of cup size (> 0.2:1)
3. Splinter haemorrhages on disc rim
4. Vertically oval cup
5. Thin neuroretinal rim
6. Notching of neuroretinal rim
7. Pallor of rim in area of cup
8. Visibility of laminar pores
9. Cup disc ratio (>0.7:1)

B.. Nerve fibre/ayer

1. Wedge shaped defects
2. Generalized atrophy

ocular or systemic pathology. Functionally, POAG is
damage to the optic nerve which can be controlled or
retarded by lowering the lOP. The prevalence of POAG
in the general population is about 0.5%. Above the age of
70 years the prevalence increases to 2%.

POAG must not be confused with the epidemiological
term 'ocular hypertension' which refers to a subset of the
population who have raised lOP only and show no evidence
of visual field defects of optic neuropathy. These patients
may develop POAG depending on the level of increased
lOP and the presence of risk factors (see section below and
Table III). In contrast to ocular hypertension, the term
'glaucoma suspect' describes any person who is suspected
to have POAG on the basis of increased lOP or optic disc
changes without confirmatory field defects.

In the early stages POAG produces few symptoms.
Patients may have increased lOP detected on routine
examination or in screening programmes. POAG should
be suspected in any individual who requires a frequent
change of presbyopic correction (which in glaucoma
results from raised lOP on the ciliary body), a change in
near-vision correction more than once in 4-5 years or

unexplained headaches and blurred ViSIOn(which are
caused by corneal oedema). When the disease is advanced
the patient complains of symptoms related to the reduced
field of vision, such as bumping into objects. Visual
acuity, however, remains good till very late in the disease.
For this reason POAG is called the 'silent blinder'.

Several techniques for diagnosing and monitoring
the course of POAG are now available (Table IV). The
visual field is usually recorded by a manual Goldmann
perimeter (Figs. 3 and 4) or the more recently introduced
computerized, automated perimeter (Figs. 5 and 6).
Computerized perimetry is a major advance in visual field

TABLE II. Visual field changes in POAG

1. Generalized depression
2. Fluctuation in threshold'
3. Nasal step or depression (see Fig. 4)
4. Temporal wedge defects or depression
5. Enlargement of blind spot
6. Isolated paracentral scotoma
7. Arcuate defects (nerve fibre bundle defect)
8. End stage defect

i. Central island
ii. Temporal island

• As detected by computerized perimetry

TABLE III. Risk factors for glaucomatous damage

1. Increasing age especially >65 years
2. Family history of glaucoma
3. Intraocular pressure (>30 mmHg)
4. Large cup: disc ratio
5. Myopia
6; Pseudo-exfoliation (dandruff like material on the lens)
7. Pigment dispersion in the anterior segment of the eye
8. Diabetes mellitus
9. Central-retinal-vein occlusion

TABLE IV. Diagnostic and monitoring techniques for POAG

1. Tonometry (measurement of lOP)
2. Diurnal curve of intraocular pressure-lOP readings taken

over 24 hours.
3. Gonioscopy (evaluation of iridocorneal angle)
4. Stereo photography/drawing of optic disc
5. Nerve fibre layer evaluation
6. Visual field testing

a. Kinetic
b. Static (i) Manual

(ii) Computerized



EVERYDAY PRACTICE

FIG 1. Sagittal section of the eye showing the irido-corneal
angle (1) and the anterior chamber (A.C.).

FIG 3. Photograph of a Goldmann Perimeter used to chart
visual fields manually.

FIG 5. Photograph of a computerized, automated perimeter:
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FIG 2. Gonioscopic view of the irido-corneal angle showing
an open (A) and a closed angle (B). The trabecular
meshwork (T.M.) anterior to which Schlemm's canal is
located is clearly seen in the open angle type (A).

FIG 4. The 'Goldmann' field from a patient with POAG
showing 'an arcuate defect (A), an isolated paracentral
scotoma (B) and a nasal step (C).
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FIG 6. A computerized field from a patient with POAG
showing an arcuate scotoma on the grey scale print out (a).
The actual threshold of each point tested, the same data
for normals, and the difference is shown on the top of the
print out (B).
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recording techniques because it permits statistical com-
parison of the recorded field with normal values and
predicts changes in visual fields.

INDICATIONS FOR INITIATION OF THERAPY
Although the role of raised lOP in causing optic nerve
damage is controversial, it is generally believed that in
glaucoma the degree of optic nerve damage is directly
related to the elevation of lOP. Not all persons with raised
lOP require treatment because 90-95% of individuals with
lOPs between 21 and 30 mmHg do not develop field
defects when left untreated for 3 to 5 years. Careful and
regular follow up is, however, mandatory in this group of
individuals.

Direct evidence of optic nerve damage can be demon-
strated either by fundoscopic examination of the optic

FIG 7. Photograph of a normal optic disc showing the disc rim
(A) and the area of the cup (B). The ratio of the diameter
of the cup to the diameter of the entire disc is the cup:disc
ratio. In this case it is about 0.3:1 (normal ratio <0.5:1).

FIG 8. Photograph of a glaucomatous optic disc showing a
thin neuroretinal rim (A) and a large cup (B). The cup:disc
ratio is approximately 0.9:1.
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nerve head (Table I, Figs. 7 and 8) and retinal nerve fibre
layer (NFL), or by abnormalities in the visual fields
(Table II, Figs. 4 and 6).

Abnormalities in psychophysical tests such as colour
vision and contrast sensitivity (the ability to detect alter-
nating light and dark sinusoidal bars at different spatial
frequencies) usually occur before visual field defects. How-
ever, therapy for glaucoma should not be initiated on the
basis of psychophysical tests alone. Patients with abnormal
results should be closely monitored for development of
field defects.

Therapy is indicated in the following situations:

1. A patient with elevated lOP, optic nerve damage and
visual field loss.

2. Progressive cup enlargement documented by photo-
graphs or drawings. The normal cup to disc ratio is less
than 0.5:1.

3. Major asymmetry of optic disc cupping between the two
eyes without an alternative explanation is an indication
for treatment as are other signs of disc damage (Table
II). Normal subjects usually do not have cup/disc ratio
asymmetry of more than 0.2:1. Thus a cup:disc ratio of
0.7:1 in one eye with a ratio of 0.2:1 in the other should
be viewed suspiciously.

4. A patient with raised lOP in whom the disc and visual
fields cannot be examined because the medium is hazy
due to cataract formation or lesions of the disc such as
drusen or juxta papillary choroiditis.

5. A patient with raised lOP who has functional vision in
one eye only and glaucomatous loss in the other should
not be allowed to run the risk of damaging his only eye.

6. An uncooperative patient with raised lOP in whom
visual field testing is not possible despite repeated
attempts.

7. A non-compliant patient with raised lOP.
8. lOP >30 mmHg.
9. A patient with several risk factors (Table IV). For

example, a 75-year-old patient with a family history of
glaucoma, an average lOP of 26 mmHg and a cup:disc
ratio of 0.7:1 in either eye.

The immediate aim of treatment is to lower lOP, while
the long term goal is to prevent optic disc damage and
progression of visual field deficits.

The lOP at which damage to the optic disc and visual
field no longer occurs varies from individual to individual.
Initially lOP should be lowered by at least 20%. This
end-point is referred to as the 'critical pressure'. Ideally
pre-treatment lOP and critical pressure should be
determined by a diurnal curve obtained by repeated
measurements over 24 hours. The goal should be not only
to lower the lOP but also to restrain the variations over a
24-hour period. lOP must be lowered further if visual
field defects and optic disc and nerve fibre layer abnor-
malities progress after the critical pressure is achieved. It
is important to remember that the epidemiological cut-off
point of 21 mmHg for the lOP was fixed for screening
programmes and not from the viewpoint of managing
glaucoma.
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TREATMENT AND FOLLOW UP
Compliance with regard to treatment and follow up is
essential. In the West non-compliance is about 40%; in
our country the reasons for a higher non-compliance
include lower literacy rates, poverty and poor transport
facilities. Patient compliance may influence the doctor's
choice of therapy for POAG. Careful documentation of
the extent of optic nerve damage and visual field defects
at the initial examination and follow up are very important
in planning therapy. After two or three follow up visits a
decision regarding their frequency can be made because
the extent of initial damage, further damage during
treatment and adequate pressure control are important
determinants. Most clinicians believe that the more
severe the existing optic disc damage, the lower the lOP
must be reduced to prevent further deterioration. There-
fore, a patient with very early damage may tolerate a
pressure at the upper limit of normal, i.e. 20-21 mmHg
without evidence of deterioration, while a patient with
advanced cupping of the disc and field changes may con-
tinue to deteriorate unless the lOP is constantly below
15mmHg. Treatment must be individualized.

Figure 9 is a follow up chart (devised by Wallace Foulds
of Glasgow) that we use in our glaucoma clinic. The figure
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FIG 9. A graphic record of a patient with POAG. The lOP
of the right eye is marked in red and that of the left eye in
blue. The minimum and maximum lOP are recorded
horizontally. Operations done are recorded in red capitals
(TRAB Trabeculectomy).
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shows at a glance the drugs used, the response of the lOP
to these drugs, visual acuity, surgery done, and the dates
of tests for visual fields. Dates pertaining to the right eye
are recorded in red and that to the left eye in blue. The
minimum and maximum lOPs are recorded horizontally.

lOP can be lowered by drugs, argon laser trabeculo-
plasty, surgery or a combination of these therapies.

PHARMACOTHERAPY
Several ocular hypotensive drugs are available (Table V).
Hyperosmotic agents such as mannitol are valuable for
temporary or preoperative control of acute pressure
elevations. These agents are not useful for chronic
therapy.

TABLEV. Drugs used in POAG

Timolol maleate'
Betaxolol
Carteolol
Laevobunolol

Epinephrine"
Dipivefrin

Pilocarpine nitrate'
Ecothiopate iodide

4. Carbonic anhydrase inhibitors Acetazolamide'
Methoxyzolamide
Ethoxyzolamide

1. Adrenergic antagonists
(Beta adrenergic blockers)

2. Adrenergic agonist

3. Cholinergic agents (miotics)

5. Hyperosmotic agents Mannitol'
Urea
Glycerol'

• available in India

Adrenergic antagonists
The most commonly used adrenergic antagonists are the
beta-blockers which are discussed later (see also the next
article).

Adrenergic agonists
Epinephrine is the only topical adrenergic agonist available
in India.

Dosage: 0.25-2.0% solution b.d. topically
Mechanism of action: (i) Decreases aqueous production;

(ii) increases outflow.
Systemic side-effects: Increases blood pressure and can

induce tachycardia/dysrhythmia, and may precipitate
cerebrovascular accidents and myocardial infarction.

Ocular side-effects: Burning and hyperaemia, allergic
reactions, pigmentation of the conjunctiva and macular
oedema in aphakic patients. Aphakia is therefore a con-
traindication to the use of adrenergic agonists.

Dipivefrin or dipivalyl epinephrine is a pro-drug which
is more effective than epinephrine. The efficacy of 0.1%
solution is approximately equivalent to 2% epinephrine.

Cholinergic agents (miotics)
Pilocarpine nitrate is the most commonly used cholinergic
agent in the treatment of POAG.

Dosage: 1-4% solution topically, six hourly.
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Mechanism of action: Increases outflow.
Systemic side-effects: These are rare. Sweating, smooth

muscle contraction causing bronchial spasm, pulmonary
oedema, vomiting and diarrhoea have been reported.

Ocular side-effects: These are common and preclude its
use in most patients below 35--40 years. They include
ciliary spasm and induced myopia, decreased vision due
to miosis, browache and pain and possibly retinal detach-
ment. Stronger cholinergic agents such as ecothiopate are
less frequently used. These are not available in India.

Carbonic anydrase inhibitors
Acetazolamide or Diamox is the only carbonic anhydrase
inhibitor available in India.

Dosage: 250 mg six hourly, orally.
Systemic side-effects: Malaise, anorexia, depression

and paresthesias, renal calculi, blood dyscrasias (agranulo-
cytosis, thrombocytopenia and neutropenia) and idiopathic
cholestasis.

Prolonged use of carbonic anhydrase inhibitors is not
generally practised by glaucoma specialists in India
because of the associated side-effects and the additional
expense of haematological monitoring.

Initiation of therapy
The beta-blocker, timolol maleate, is the drug of choice
to initiate treatment because it is an effective lOP lowering
agent and has few side-effects (see also the next article).
No matter which drug is used, a therapeutic trial isdesirable
to evaluate efficacy and side-effects (Table VI). The
therapeutic trial can be a one-eyed trial (e.g. using 2%
pilocarpine). When the drug affects both eyes (e.g.
TimoloI), lOP should be compared with a pre-treatment
baseline lOP-preferably one where several pressure
recordings during a 24-hour period have been taken.
The lOP in POAG can be lowered rapidly without
adverse effect, unlike blood pressure reduction in
systemic hypertension.

TABLE VI. Information gleaned from therapeutic trials

1. What is the maximum lowering of pressure that has been achieved
with the drug?

2. What is the minimum amount of drug necessary to achieve optimum
lOP reduction?

3. Is it certain that the decrease in lOP (whentaken as a single reading)
is not a function of the diurnal pressure variation?

4. Is the duration of drug action appropriate for the proposed dosage
schedule?

5. What are the objective and subjective visual side effects, time of
maximum side effects and how long do they persist?

6. Can the patient tolerate the side effects and still be compliant?

The frequency of visual field testing must be individual-
ized. For a newly diagnosed case, it is sufficient if visual
field testing is done once every month for 2-3 months to
establish an adequate baseline and determine progression.
Subsequently, stable patients may require testing of fields
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only once every 6 months. A patient whose visual fields
further deteriorate needs to have this finding confirmed
by a second or even a third visual field test before changing
therapy or undertaking laser surgery or conventional
'cutting'surgery.

A decision to use more than one drug (multiple drug
therapy) is based on whether the critical pressure was
achieved, and on the progression of optic disc damage and
visual field defects while on treatment with the highest
tolerated dose of a single drug. Administration of timolol
and pilocarpine concomitantly presents a rational combina-
tion since beta-blockers reduce inflow and miotics improve
outflow. The dosage and frequency of administration
of each drug remains the same. Concomitant use of
epinephrine and timolol is generally not recommended.
Carbonic anhydrase inhibitors can be used in conjunction
with beta-blockers and cholinergic agents.

Maximum medical therapy
Maximum medical therapy is commonly interpreted to
mean the concomitant use of the highest tolerated dose of
beta-blockers together with a miotic agent, an adrenergic
agonist and a carbonic anhydrase inhibitor. A more
appropriate definition of maximum medical therapy is the
lowest concentration and number of drugs that will bring
about the greatest reduction of lOP. Indiscriminate addi-
tion of drugs can be avoided by carrying out a therapeutic
trial for each new drug added, and omitting an ineffective
drug before starting a new one. If despite judicious and
appropriate use of drugs the lOP remains elevated and
visual field defects progress, surgery is indicated.

ARGON LASER TRABECULOPLASTY (ALT)
ALT is a useful therapeutic modality. Indeed some
consider ALT a mandatory intermediate step between
pharmacotherapy and conventional surgery.

It has been suggested that POAG is, in part, a process
of aging. The collagen rings that constitute the lamellae of
the trabecular meshwork undergo age-related stretching
like the skin, and collapse against each other closing the
inter-lamellar spaces and access to Schlemm's canal (Fig.
10). This decreases aqueous outflow. Non-penetrating,
evenly spaced laser burns on the inner side of the meshwork
produce heat-induced shrinkage of the collagen lamellae.
This shrinkage reduces the circumference and the dia-
meter of the collagen lamellar rings and perhaps reopens
the inter-lamellar spaces in the untreated area. The
treated areas would necessarily be damaged. Laser burns
might also act at a molecular level and increase the
repopulation of the trabecular beams by endothelial cells.

ALT is performed as an outpatient procedure using a slit
lamp laser delivery system (Fig. 11). Topical anaesthesia
and a 3-mirror gonioprism to visualize the angle are
necessary. The site of application is the trabecular mesh-
work (Fig. 2). The end-point is a slightly depigmented
spot at the point of impact or the formation of a small
bubble.

Complications of this treatment include minimum ocular
pain, transient blurred vision, corneal burns and oedema,
mild iritis, occasional haemorrhage and peripheral anterior
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FIG 10. Diagram showing the collagen layers of the trabecular
meshwork (T.M.) in the irido-corneal angle with pores (P)
that do not line up with each other. Aqueous travels a
tortuous path between the layers and through the pores.
Collapse of the collagen layers could close the interlamellar
spaces thereby impeding flow of aqueous.

synechiae. Transient elevation of lOP is the commonest
complication, but permanent elevation is rare.

ALT is indicated in the following situations:

1. POAG that is uncontrolled despite the use of maximum
medical therapy.

2. As an adjunct to medical therapy to decrease potentially
toxic medications or eliminate medications which are
poorly tolerated by the patient.

3. ALT may produce further lowering of lOP following
conventional surgery for POAG. Occasionally ALT
has been used as a primary procedure for POAG.

ALT successfully lowers lOP in 80-94% of patients.
However, most patients need to continue with drug
therapy. A 7-10 mmHg drop in pressure is usually
obtained in an eye responsive to ALT, but this decrease
may be higher if the initial pressure is higher. In general,
a decrease in lOP by 25% of pre-treatment levels can be
expected. Unfortunately there is a progressive increase in
lOP following ALT so that at 4 years only 40-50% of
patients have adequate lOP levels. In general the results
of repeated laser trabeculoplasties are disappointing.

CONVENTIONAL 'CUTTING' SURGERY
Conventional surgery for glaucoma involves draining
the aqueous humour from the anterior chamber into the
subconjunctiva. In earlier operations a full thickness
excision of the sclera was covered by a conjunctival flap.
These operations could 'over filter' and result in a flat
anterior chamber, adhesions of the iris to the cornea and
cataract formation. Trabeculectomy (excision of the
trabecular meshwork under ,a scleral flap) performed
under microsurgical control has now become the surgery
of choice and is successful in 75% to 90% of cases. With
the introduction of the argon suture lysis technique it is
possible to decrease the incidence of complications and
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FIG 11. Photograph of an Argon Laser showing the laser being
delivered by a fibreoptic cable (1) through a slit lamp (SL).

enhance filtration in the postoperative period. In this
technique the superficial scleral flap is closed with multiple
sutures and, if additional filtration is desired in the post-
operative period, these sutures are cut one by one with an
argon laser. This permits precise titration of the amount
of. filtration and avoids the hazards of over-filtration.
Trabeculectomy is indicated in the following instances:

1. Failure of medical treatment or Argon laser
trabeculoplasty. This is the classical indication for
surgical intervention. Even the most conservative
surgeon would intervene if the lOP is unacceptably
high or field defects have progressed despite pressure
in the 'normal' range while the patient is on maximal
medical therapy and after ALT has been performed.

2. Side-effects of medical treatment: In some cases,
despite the use of ALT it is not possible to continue
with drug treatment because of troublesome side-
effects or contraindications.

3. Poor compliance: 40-50% of POAG patients either do
not comply with the prescribed treatment or make
undesirable alterations to it. Poor compliance
increases with the complexity of treatment and is a
relative indication for surgery.

4. Socio-economic considerations: In our country, dis-
tances and lack of transport make follow up extremely
difficult. Close follow up with visual field testing is
a prerequisite for medical therapy and when this is
not possible primary surgery is indicated. Economic
considerations also play a very important role as
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patients are unlikely to purchase medicines on a long
term basis if it means sacrificing daily necessities.

5. Failure of Argon Trabeculoplasty: Failure of ALT is
a non-controversial indication for surgery.

CHOICE OF TREATMENT MODALITY
Historically, POAG has been considered to be a disease
eminently treatable by drugs. However, recently the
introduction of trabeculectomy, performed under micro-
surgical control, with its reduced intra-operative and post-
operative complications has swung the pendulum towards
early surgery with some authorities advocating it as the
primary form of therapy. The availability of timolol and
ALT then had the opposite effect. Till more data emerges
it is probably best to initiate treatment with drugs followed
by laser surgery and then by conventional surgery.

Most patients on medical treatment require 2% pilocar-
pine six hourly and 0.5% timolol twice a day. This means
one and a half bottles of pilocarpine and one bottle of
timolol will be used each month. A bottle of 2% pilocar
pine costs about Rs 13 and 0.5% timolol costs Rs 22. The
approximate cost of treatment is therefore Rs 35per month.
ALT costs approximately Rs 750 while conventional

Adrenergic beta-blockers in
ophthalmology

The objective of treatment in glaucoma of both the open
angle or narrow angle variety is to reduce intraocular
pressure (lOP). Therapy in the two cases is different
because narrow angle glaucoma is almost always an
emergency and drugs are used only as an interim measure
to reduce lOP until surgery is possible. In contrast, in
primary open angle glaucoma (POAG), pharmacotherapy
is the mainstay of treatment. Miotics contract the iris
sphincter and ciliary muscle, which improve the tone of
the relaxed and collapsed trabecular network and facilitate
aqueous flow through Schlemm's canal and absorption of
the aqueous (see Fig. 2 of previous article). A decrease in
lOP can also be affected by reducing aqueous production
by drugs such as beta-adrenergic blocking agents (see
Table V of previous article).

BETA-ADRENERGIC BLOCKING AGENTS
These drugs are competitive inhibitors of catecholamines
at beta-adrenoceptor sites. Initially introduced as therapy
for angina pectoris, beta-adrenergic blocking agents now
have numerous clinical indications which include treatment
of hypertension, cardiac arrhythmias, migraine, thyrotoxi-
cosis and glaucoma. Propranolol, the most widely used
beta-adrenergic antagonist blocks both the beta-I (cardiac)
and beta-2 (smooth and skeletal muscles) adrenergic
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surgery costs approximately Rs 600. Quite clearly, social
factors such as willingness to come for follow up appoint-
ments and monthly income will influence the choice of
treatment.

We consider ALT to be a major advance but one with
limited indications in India. We use it as a 'holding' proce-
dure to buy time in an elderly compliant patient receiving
maximum medical therapy who requires further lowering
of lOP. We would also use it in an attempt to decrease or
eliminate potentially harmful medications especially
Diamox or drugs which the patient does not tolerate.

It is our experience that trabeculectomy has a success
rate high enough to justify early surgical intervention.
Nevertheless there are definite risks associated with any
surgery including trabeculectomy and till such time that
the results of surgery improve further in the hands of
the 'average' surgeon it is probably unwise to offer
trabeculectomy as the primary therapeutic modality.

RAVI THOMAS, RENU RAJU
Christian Medical College

Vellore, India

receptors. Propranolol reduces lOP but its local anaesthetic
and irritant effects following application to the eye mitigated
its use in the therapy of glaucoma.

Topically applied beta-blockers alone or in combination
are the drugs of choice for initiating therapy in POAG
(Table I).

TABLE I. Beta-blockers used in glaucoma therapy

1. Non-selective beta-blockers
Timolol maleate,' Laevobunolol

2. Beta-l selective blockers
Betaxolol, Metipranolol

3. Other Drugs used in combination with Timolol
Timolol and Pilocarpine
Timolol and Carbachol
Timolol and Aceclidine
Timolol and Acetazolamide
Timolol and p-Aminoclonidine

• Timolol maleate is the only beta-blocker available in India.

Timolol
This non-selective beta-blocker is the only beta-adrenergic
blocking drug available in India for topical use in glaucoma.
When given orally it is approximately five to ten times
more potent than propranolol as a beta-adrenergic
blocker but its short plasma half-life (approximately
4 hours) and rapid urinary excretion has limited its use to
glaucoma treatment. The 0.5% solution of timolol provides


