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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-l (cardiac)
and beta-2 (smooth and skeletal muscles) adrenergic

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 3, NO.2

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.
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_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



EVERYDAY PRACfICE

little advantage over the 0.25% solution. Pharrnacokinetic
studies of plasma timolol concentrations, during ophthalmic
use, have shown that though the levels achieved by the
0.5% solution of the drug are lower than those achieved
by a 10 mg oral dose, the plasma concentrations are
similar at 6 to 8 hours.
When instilled as drops into the eyes, timolol has no

local anaesthetic and irritant properties, and has minimal
intrinsic sympathomimetic action. It is available as
timolol maleate drops (0.25 and 0.5%) and is indicated in
the treatment of POAG, aphakic glaucoma and secondary
glaucoma. The recommended initial dose is one drop of
the 0.25% solution instilled in the affected eye twice a
day; the duration of action exceeds 7 hours. At this dose it
produces a marked decrease in lOP and is as effective as
pilocarpine. Complications are few and include occasional
mild ocular irritation and blurred vision. Since systemic
absorption of the drug does occur it can produce broncho-
spasm in susceptible individuals, bradycardia or heart
failure in the aged or in patients with cardiac disease,
hypoglycaemic episodes in diabetics and rarely, central
nervous side-effects such as sleep disorders, depression
and hallucinations. Ophthalmic timolol should therefore
be used with caution in patients with obstructive pulmonary
or cardiac disease.
Although timolol produces an immediate reduction in

lOP, some patients exhibit an initial small increase in
lOP. It is likely that this initial transient increase in lOP
is due to minor agonist activity at the beta-receptors. With
prolonged treatment some patients show a gradual increase
in lOP. This adaptive response could be due to an
increase in the density of iris-ciliary body beta-receptors
or due to an increased ability of the eye to metabolize the
drug locally. Nevertheless, the lOP levels in these
patients remain considerably lower and aqueous flow
higher than the pre-treatment levels and progression of
field defects or disk changes occur rarely.

Timolol in combination with other drugs
If intraocular pressure remains elevated in patients with
POAG despite treatment with adequate amounts of
timolol, other anti-glaucoma drugs can be used concomit-
antly (Table I). Timolol and pilocarpine have a synergistic
effect because timolol reduces the production of aqueous
humour while pilocarpine, a cholinergic agent, facilitates
fluid outflow from the anterior chamber. Similar synergism
.has also been reported with carbachol, another cholinergic
agonist. However, there are practical difficulties in
administering timolol and pilocarpine simultaneously
because there should be an interval of a few minutes
between the two instillations to prevent 'washout' of the
first instillation by the second. Inadequate spacing of the
instillations may increase systemic absorption of the first
instilled drug as a result of drainage through the naso-
lachrymal duct. It has been shown that a fixed combination
of 0.5% timolol and 4% pilocarpine, administered twice
daily, is as effective and safe as 0.5% timolol given twice
daily, concomitantly with 4% pilocarpine administered
three times a day.
Aceclidine, another cholinergic drug has also been
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found to have a synergistic lOP lowering effect when
combined with timolol. The advantage of this combination
over the conventional timolol-pilocarpine ana timolol-:
carbachol combinations is that aceclidine has a negligible
effect on the pupil, particularly in relatively younger
patients. Timolol also has a synergistic effect when
combined with acetazolamide, a carbonic anhydrase
inhibitor. However, long term therapy with acetazolamide
is likely to be hazardous because of systemic side-effects.
The popularity of adrenaline in the therapy of glaucoma

has waxed and waned. It was popular in the early part of
this century, but fell into disrepute because of occasional
paradoxical elevations in lOP. With the advent of gonio-
scopy and improved understanding of aqueous kinetics it
became apparent that adrenaline could aggravate narrow
angle glaucoma by causing dilatation of the pupil. By the
middle of this century, adrenaline was back in use and was
shown to reduce lOP by reducing aqueous humour inflow
and improving aqueous outflow. The outflow effect was
found to increase further on continued use and was not
accompanied by miosis or accommodation changes which
occur with pilocarpine use. It is difficult to understand
how adrenaline, a beta-agonist, and timolol, a beta-
antagonist, both reduce lOP.
Recently it has been shown that beta-adrenoceptor

blockers also reduce lOP by decreasing the inflow of
aqueous humour. This effect is common to both the non-
selective beta-blockers, (timolol and bunolol) and beta-1
specific blockers (betaxolol) (Table I). Normally lOP and
aqueous flow are lowest at night. Timolol decreases day-
time aqueous flow to night-time levels by blocking the
effect of endogenous adrenaline. Timolol, however,
cannot reduce nocturnal aqueous flow further.
The alpha-1 adrenergic receptors are located post-

synaptically and their stimulation causes the classical
signs of sympathetic activity. Alpha-2 adrenergic receptors
are situated both pre- and post-synaptically. Stimulation
of alpha-2 receptors inhibits synaptic release of
catecholamines from the adrenergic neurones. Alpha-l
receptors do not appear to be involved in aqueous humour
flow, because phenylephrine, an alpha-l receptor agonist,
and thymoxamine, an alpha-l receptor antagonist, do not
alter aqueous dynamics whereas clonidine, an alpha-2
agonist, lowers lOP when administered topically or
systemically. This last observation led to the use of the
alpha-2 agonist, p-aminoclonidine in POAG. It reduces
intraocular pressure without having any major effect on
systemic blood pressure. Timolol and p-aminoclonidine
synergistically decrease lOP. This synergistic interaction
between timolol, a beta-adrenergic blocker, and
p-aminoclonidine, an alpha-2 agonist, is probably
because these drugs decrease adenylcyclase activity, an
enzyme which influences aqueous humour production.

Newer adrenergic beta-blockers
Betaxolol, laevobunolol and metipranolol are newer
adrenergic beta-blockers available for glaucoma treat-
ment. Betaxolol is as effective as timolol in reducing lOP.
It has the advantage of being a selective beta-l antagonist
and is, therefore, less likely to induce pulmonary side-
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effects in patients with respiratory disease. In fact, several
clinical studies have shown that betaxolol is the safer drug
in patients with coexisting pulmonary disease and that it
does not produce any central nervous system effects such
as sleep disorders, depression or hallucinations which
occasionally occur with timolol administration. Despite
these advantages it is recommended that betaxolol be
used only when the patient cannot be given anti-bronchial
spasm therapy. Betaxolol can occasionally induce cystoid
macular oedema after surgery for aphakic glaucoma,
similar to that seen with adrenaline.
Laevobunolol, like timolol, is a non-selective beta-

blocker with little intrinsic sympathomimetic activity and
does not appear to offer any advantage over timolol. Both
drugs are equally effective in decreasing elevated lOP.
Like timolol, there is little difference in the efficacy,
duration of action or side-effects between the lower
laevobunolol concentration of 0.25% and the higher con-
centration of 0.5%. It should be remembered that some
patients who do not respond adequately to timolol, do
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respond well to laevobunolol or betaxolol. The reason for
this phenomenon is not clear.
Beta-adrenoceptor blockers are an important addition

to glaucoma therapy, particularly of POAG. The dis-
advantage of pharmacotherapy is the need for prolonged
treatment and the likelihood of adverse effects. Beta-
adrenoceptor blockers do not induce changes in pupil size
and accommodation and can, therefore, be used in all
age-groups and in patients with or without opacities.
Timolol is at present the most widely used beta-blocker
worldwide and the only one available in this country. The
newer drugs like laevobunolol or metipranolol do not
appear to offer any major advantage over timolol. How-
ever, the selective blocker, betaxolol, appears to be safer
in patients with chronic obstructive airways disease.
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