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Abstract
Glaucoma is a common cause of irreversible blindness in the developed
world. Management includes medical, laser and surgical treatment
options. Regardless of whether the presenting IOP is high or within the
normal range, IOP lowering is the only treatment option at the present
time. Having said this however, there is growing evidence for IOP
independent neuroprotection, but this lies outside the remit of this paper.
First-line treatment usually involves topical therapies, whilst surgery is
usually reserved for patients who have failed to respond or are intolerant
of medical and or laser therapies. There are many different types of
topical agents available, and this article aims to describe the mode of
action, side effects and effectiveness of the different types of topical
medications. In addition, it briefly looks at various types of laser therapies
and surgical procedures used to manage glaucoma, as well as
discussion on when to start treatment and how to monitor patients with
glaucoma.
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Glaucoma is a term for a chronic condition that involves progressive
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optic nerve damage and visual loss.1 It is one of the leading causes of
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irreversible blindness in the developed world, and accounts for 10 to
15% of registered blindness in the UK.2 Lowering the intra-ocular
pressure (IOP) is the only modifiable risk factor in the treatment of this
condition.
There are two main types, open angle glaucoma (OAG) and angle
closure glaucoma (ACG). In OAG the drainage angle is open, whereas in
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ACG the drainage angle is occluded. Gonioscopy, the technique of
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examining the drainage angle is vital in differentiating between the two
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types. Primary open angle glaucoma (POAG) is the most common type
of glaucoma and is implicated in over 90% of cases. Other types of open
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angle glaucoma include normal tension glaucoma (also known as OAG
with normal IOP), pseudoexfoliative glaucoma, pigmentary glaucoma
and glaucoma secondary to steroid therapy, amongst others.3 Figure 1
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shows the difference in the nerve fibre layer between a normal right optic
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disc and a glaucomatous left optic disc in the same patient. The aim of
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management in glaucoma is to preserve visual function for the lifetime of
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the patient by preventing further nerve fibre death and the resultant
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Figure 1 | Glaucomatous disc. Patient with a normal right optic nerve and advanced glaucomatous cupping of the left optic nerve.

visual field loss in order to preserve a patient’s quality

serious ocular reaction related to topical timolol.

of life. IOP reduction is the only treatment option and

Systemic side effects are more common and relate to

can be achieved by increasing aqueous outflow or

their β-blockade activity. Therefore, care should be

decreasing its production (inflow).

3,4

taken in elderly patients and patients with significant

In general terms, management can be divided into
medical

treatment,

laser

therapy

and

surgical

treatment.

cardiac

and pulmonary pathology.

Selective

β-

blockers such as betaxolol may cause fewer cardiac
side effects, but are less effective in lowering IOP
when compared to non-selective β-blockers.6

Medical Management
There are six classes of drugs used to lower IOP in

Selective alpha-adrenergic agonist

glaucoma. These include beta-adrenergic antagonists

Apraclonidine is particularly useful in minimising short-

(β-blockers),

alpha-

term IOP elevations. It is usually prescribed to prevent

adrenergic agonists, carbonic anhydrase inhibitors,

IOP spikes after laser and surgical procedures

cholinergic agonists and hyperosmotic agents.3

involving the eye. Brimonidine on the other hand is

prostaglandin

analogues,

β-blockers, α-agonists and carbonic anhydrase

effective for longer term management of glaucoma

inhibitors act mainly by reducing aqueous humour

and is usually prescribed in combination with other

production.

The other groups of drugs increase

agents such as timolol. Brimonidine has also been

outflow through the trabecular meshwork and/or the

shown to have a potential role in reducing loss of

uveoscleral pathway.

retinal ganglion cells, independent of its IOP lowering

Table 1 lists the various pharmacological agents
available

as

monotherapy

in

the

treatment

of

glaucoma along with their efficacy and side effects.

effect.3,6,7
Ocular side effects of these drugs can be
potentially severe and include follicular conjunctivitis,
lid retraction, lid oedema, mydriasis and allergic
reactions.6,7

Drugs that decrease aqueous production
β-blockers
This group of drugs are one of the mainstays in the

Carbonic Anhydrase Inhibitors (CAI)

treatment of glaucoma and until recently were the first

CAI can be used topically or systemically and act by

line therapy for patients with POAG. They have been

inhibiting carbonic anhydrase, an enzyme responsible

found to lower IOP by approximately 25%.

3,5

They are

for the production of aqueous humour and its

usually applied once or twice a day either as a single

subsequent secretion into the posterior chamber of

agent or more commonly nowadays in combination

the eye.8,9 Oral agents are very effective in reducing

with other drugs.

IOP in acute ACG, however their use in chronic forms

Ocular side effects are uncommon but include

of the disease are limited due to systemic side effects.

burning and conjunctival hyperaemia. There have

The main topical agents used are dorzolamide

been some reports of ocular cicatricial pemphigoid, a

(Trusopt®) and Brinzolamide (Azopt®).
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Systemic CAI agents are not known to cause serious

The main local side effects include extra ocular

ocular side effects, and the main ocular reaction

irritation, conjunctival hyperaemia and increased iris

involves a transient myopia related to sulfonamide-

and periocular skin pigmentation. Increased iris

related activity. Topical agents can cause irritation,

pigmentation is thought to be a result of increased

reactions. 3

melanocyte activity and sympathetic innervation to the

blurred

vision

and

hypersensitivity

Systemic therapy commonly causes systemic side
effects

that

range

from

benign

symptoms

iris. Significant systemic side effects are rare.6,7

of

paraesthesia, urinary frequency and gastrointestinal

Miotics

symptoms to more serious ones such as the

These agents act by mimicking the cholinergic effects

increased incidence of renal calculi (up to 11 times

of acetylcholine, their use however, has declined due

more than normal), blood dyscrasias (rare) and

to the availability of other more desirable agents over

6,9

Care should be

the last few decades, namely the prostaglandin

taken in patients who are pregnant, especially during

analogues. Pilocarpine is the most popular cholinergic

the first trimester as it may cause fetal toxicity. The

and is still commonly used in acute attacks of ACG to

main advantage of topical CAI therapy is the marked

pull the peripheral iris away from the drainage angle to

reduction in systemic side effects ascribed to this

reduce pupil block.8 It may be used in OAG, however

class of drug.

it’s long term use is limited due to its ocular side

precipitation of sickle cell crisis.

effects. 6
Ocular side effects are common and include brow

Drugs that increase aqueous outflow
Prostaglandin analogues

ache

Prostaglandins are now considered the first line

endothelial toxicity, cicatricial conjunctival changes

therapy for the treatment of glaucoma and have

and hypersensitivity reactions. Systemic side effects

largely replaced β-blockers over the recent years.

due to its action on smooth muscle contraction can

Common

lead

prostaglandin

analogies

include:

latanoprost, travoprost, bimatoprost. The primary

(due

to

to

ciliary

nausea,

muscle

spasm),

vomiting,

corneal

diarrhoea

and

bronchospasm.

mechanism of action involves increased uveoscleral
outflow of aqueous fluid through relaxation of the
ciliary muscle.

3,8

The decline in the rate of glaucoma

Hyperosmotic agents
Hyperosmotic agents are used to lower IOP in the

surgery over the last two decades is in part attributed

acute

to these agents. Latanoprost is the most commonly

intravenous mannitol. These drugs work by creating

used prostaglandin analogue and has been shown to

an osmotic gradient between blood and the vitreous

be very effective in reducing IOP in many trials. It is

humour, drawing water out of the vitreous, thereby

usually administered once a day and studies have

reducing IOP.8

evenings.

Travaprost and bimatoprost are newer

and

include

oral

glycerine

and

Headache and confusion are common side effects

shown up to a 35% reduction in IOP when used in the
10

setting

of hyperosmotic agents. More serious and potentially

prostaglandin agents and along with latanoprost have

life

also been shown to have a significant effect in

congestive cardiac failure, myocardial infarction and

lowering

with

acute kidney injury can also occur with liberal use of

using

these drugs, particularly via the intravenous route. As

prostaglandin analogues is that they are administered

a result of this, these agents are mainly used in cases

once a day and therefore may have a beneficial effect

of recalcitrant raised IOP where other methods of

on patient compliance.

treatment have failed to lower IOP sufficiently.6,7

timolol.

IOP,

6,11,12
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especially

The

biggest

when

compared

advantage

of

threatening

consequences

such

as

acute
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Table 1 | Commonly used glaucoma eye drops

Class

Regime

Formulation
Bimatoprost - Lumigan®

Prostaglandin analogues
and prostamides

Once daily

Latanoprost - Xalatan®
Travoprost - Travatan®

Common side effects
Red eye, periocular skin pigmentation
and eyelash growth (reversible)
Darkening of the iris (non-reversible)
Systemically well tolerated

Tafluprost - Saflutan®
Twice daily
Beta blockers

May be used
once daily if
formulated as
long acting e.g.
nyogel

Betaxolol - Betoptic®

Bradycardia

Levobunolol - Betagan®

Bronchospasm

Timolol - Timoptol®

Hypotension (especially nocturnal dips)

Carteolol - Teoptic®

Punctal occlusion can reduce systemic
absorption by 60%
Hyperaemia

Alpha agonists

Twice daily

Apraclonidine - Iopidine®
Brimonidine - Alphagan®

Allergy to Brimonidine allergy (25%
patients within 2 weeks)
Contact dermatitis
MAOI inhibitor reaction

Topical
Brinzolamide - Azopt®
Carbonic anhydrase
inhibitors

Dorzolamide - Trusopt®

Sting on application
Red eye

2-3 x daily

Sulphonamide reaction - Stevens Johnson
syndrome

Systemic
Acetazolamide - Diamox®
Diamox SR®

Meiosis

4 x daily
Parasympathomimetics

Gel formulations
1-3x daily

Pilocarpine

Combination eye drops
Combined medications improve efficacy as well as
having the added benefits of compliance and reduced
cost.8 Over the years, there have evolved a number of
combinations in topical therapy for glaucoma that

Accommodative spasm Pseudomyopia
Brow ache

Laser therapy
Laser treatment has been well established in the
management of glaucoma and again targets reduction
of inflow or increase in outflow.

have shown to be more effective in lowering IOP than
individual administration of these agents.
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Table 2 | Laser procedures used to lower IOP

Laser to the outflow pathway: Laser Trabeculoplasty
Argon laser trabeculoplasty (ALT)
Micro pulse diode laser trabeculoplasty
(MDLT)

All target the outflow pathway to stimulate
faster or more efficient exit of aqueous from
the eye

Out- patient procedure where
patients sit up to receive treatment
on a slit lamp based laser.

Selective laser trabeculoplasty (SLT)
Laser to the inflow pathway: Cyclophotocoagulation

Trans-scleral cyclophotocoagulation (TSCP)

Laser applied through the sclera to target the
ciliary body within the eye to reduce aqueous
production

Theatre procedure under regional
local anaesthetic block

Endoscopic cyclophotocoagulation (ECP)

Application under endoscopic view to ciliary
body allowing for better localisation of
treatment but its intraocular nature means
an increased risk of endophthalmitis over the
trans scleral route

Theatre procedure under local
anaesthetic

Laser trabeculoplasty

Peripheral iridotomy

This is primarily used in open-angle glaucomas to

The primary indication for laser iridotomy is the

reduce IOP. The technique involves Argon Laser

presence of pupillary block in patients with acute

Therapy (ALT) through a goniolens targeted at the

angle closure glaucoma. It is also widely used in

junction of the outer pigmented and inner non-

individuals who are thought to be at risk of angle

pigmented

meshwork.

closure due to the presence of a narrow angle,

Selective Laser Trabeculoplasty (SLT) was described

identified on gonioscopy. Both argon and Nd:YAG

in 1995 and uses a frequency doubled Nd:YAG laser

lasers can be used to perform the procedure. YAG

to target intracellular melanin.3,6,12 This technique has

laser therapy needs less energy and fewer pulses and

largely replaced ALT as the primary form of laser

is more commonly used nowadays. 3,6 Both eyes are

trabeculoplasty as it uses significantly less energy

treated as the fellow eye is usually at risk of

causing less structural damage to the trabecular

developing angle closure. It involves the application of

meshwork.

laser to the peripheral iris, preferably at the 12 o’clock

edge

of

the

trabecular

The main complication is a rise in IOP (20% of

position, through an iris crypt using a condensing

patients), which generally occurs a few hours post

contact lens. Accurately focusing the laser beam

operatively. The use of selective alpha-adrenergic

increases the effectiveness of the laser procedure and

agents mentioned above can help reduce the IOP

reduces the total amount of energy required.

spikes post trabeculoplasty. Other complications

The most common complications are bleeding

include a low-grade iritis, hyphaema and formation of

from the site of the iridotomy and IOP spike. Less

Peripheral Anterior Synechiae (PAS), although this is

commonly, patients have reported visual symptoms of

less commonly seen with SLT.6,8,12

glare and diplopia and in order to prevent this it is
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crucial to place the iridotomy where the upper lid will

Surgical

cover it usually between 11 and 1 o’clock. Other

penetrating procedures such as trabeculectomy and

potentially serious complications include lens or

glaucoma

corneal damage and rarely retinal detachment.

3,6,8

techniques
drainage

have

traditionally

devices

or

included

non-penetrating

glaucoma surgery such as deep sclerectomy or
canaloplasty. There are some promising newer

Laser iridoplasty

techniques known as minimally invasive glaucoma

This form of laser therapy may be considered for

surgery which combine lens extraction with co

cases of angle closure that persist despite a patent

placement of micro shunts through the drainage angle

peripheral iridotomy, such as in plateau iris syndrome.

and into a variety of clinical spaces to facilitate

It involves the placement of circumferential burns

aqueous outflow.3,12 Discussing these techniques in

around the peripheral iris, thus causing contraction

depth is out of scope of this paper.

burns drawing the iris tissue posteriorly, away from

When to initiate therapy?

the trabecular meshwork.3,6
Complications include a spike in IOP post

The decision to start treatment requires careful

procedure, although this is transient in the majority of

consideration of a patient’s risk factors for debilitating

cases. Mild iritis may also result, and requires

functional visual loss, including the risk of conversion

treatment with topical corticosteroid therapy.

6

to POAG based on their IOP, central corneal
thickness, optic disc exam and age. Commencement

Other laser procedures

of treatment in POAG usually means a lifetime of

Laser procedures which target the inflow pathways of

treatment and regular hospital visits, the implications

aqueous

Trans-scleral

of which on a patient’s quality of life should not be

Cyclophotocoagulation (TCP) which can be performed

underestimated. This however, should be balanced

with a diode or Nd-YAG laser under regional

with the risk of significant visual loss in patients with

anaesthesia. These have shown to be effective in

untreated disease. Patients with suspected POAG

reducing IOP where medical treatment has been

with normal IOPs or those with ocular hypertension,

unsuccessful.

Cyclophotocoagulation

with moderately raised IOPs in the absence of visual

(ECP) causes localised shrinkage of the ciliary

field defects and presence of a healthy optic nerve,

processes and can be performed in conjunction with

need not be commenced on treatment but should be

phacoemulsification surgery. It is associated with a

followed up in order to monitor for conversion to

risk of endophthalmitis due to its invasive nature, in

glaucoma.2

humour

include

Endoscopic

comparison to the trans-scleral approach.

12

Once treatment has been commenced, patients

Table 2 lists the laser procedures that target the
outflow versus inflow aqueous pathways.

will need to be seen between three weeks to three
months later to check that treatment has been
successful in lowering the intraocular pressure and

Surgical therapy

that the patient has not experienced any debilitating

Incisional surgery is usually reserved for those

side

patients who have failed to respond or are intolerant

prescribed treatment. If the treatment is working well,

of medical and laser therapy. Having said this, studies

then the patient needs to be followed up four to twelve

have

undergo

monthly depending on the severity of the glaucoma.

trabeculectomy do better with early surgery. Surgical

Treatment may need to be altered or augmented

treatment may also be beneficial to those patients

based on the patient’s IOP control and whether or not

who may be at a high risk of non-compliance with

the glaucoma has progressed while on treatment. The

topical therapy.

National Institute of Clinical Excellence (NICE) has

shown

that

patients

who
3
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developed

guidelines

for

the

diagnosis

and

management of glaucoma using the best available
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Conclusion
Glaucoma

is

a

chronic

condition

that

causes

progressive damage to the optic nerve leading to
irreversible blindness. It is entirely asymptomatic in
the early stages. Medical management involves using
topical treatment to reduce IOP. The most commonly
used first line agents include prostaglandin analogues
and beta-blockers. 

LEARNING POINTS


Glaucoma is a chronic disease causing progressive damage to the optic nerve, which may or may not be associated
with raised intraocular pressure but where the only treatment option currently is reduction of IOP by, reducing
production of or increasing drainage of aqueous humour.



A thorough history is essential to determine which agent is suitable for a patient, particularly in reducing side effects
related to therapy.



Treatment is usually life-long and therefore should only be commenced when a diagnosis of glaucoma has been
confirmed through the use of investigations to assess the damage to the optic nerve.
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