
T
he goal of glaucoma 
management is to prevent 
visual loss and disease 
progression in the patient’s 

lifetime through effective lowering 
of intraocular pressure (IOP), the 
primary modifiable risk factor in 
glaucoma. Sustained and consistent 
IOP reduction is key to halting the 
potentially damaging effects of 
progressive glaucoma. Most glaucoma 
blindness is avoidable, dependent 
however on early detection, tailored 
pressure-lowering treatment, sound 
persistence and regular progression 
monitoring.

Mainstay recommendations
The European Glaucoma Society (EGS) 
defines the aim of glaucoma treatment 
as preservation of adequate vision and 
related quality of life, with minimal 
or no side-effects, no disruption of 
normal activities and at sustainable 
cost [1]. Clinical guidelines from the 
UK National Institute for Health and 
Care Excellence (NICE) recommend 
the following for confirmed early 
or moderate chronic open-angle 
glaucoma (OAG), ocular hypertension 
and glaucoma suspects and advanced 
chronic OAG [2]: 
•	 Initiate treatment with a 

prostaglandin analogue for 
individuals newly diagnosed with 
early or moderate chronic OAG 
and at risk of significant visual loss 
in their lifetime. More than one 
antiglaucoma medication may be 
needed concurrently to achieve 
target IOP. 

•	 Hypotensive antiglaucoma 
treatment should be offered 
to individuals with ocular 
hypertension and suspected 
chronic OAG based on estimated 
risk of conversion to chronic 
OAG using IOP, central corneal 
thickness (CCT) and age, i.e. treat 
where IOP is greater than 25mmHg 
and central corneal thickness is 

590 micormetres or less. High risk 
of conversion to chronic OAG is 
defined as IOP more than 25 and 
up to 32mmHg and CCT less than 
555 micrometres, or IOP more than 
32mmHg.

•	 Surgery with pharmacological 
augmentation (mitomycin C 
or 5-fluorouracil) as indicated 
should be offered to individuals 
with advanced chronic OAG or 
considered at risk of progressive 
sight loss despite treatment.

Target IOP refers to the IOP level that 
prevents further glaucoma damage 
or an IOP level that reduces the risk 
of significant visual loss during the 
patient’s lifetime. Key factors in 
considering an appropriate target IOP 
include extent of pre-existing damage 
and rate of progression. Other factors 
are pressure level at which damage 
occurred, CCT, age and life expectancy, 
family history, race and costs / risk 
of treatment or lack of treatment. 
The term ‘maximal-tolerable medical 
therapy’ is considered of limited 
usefulness. As Goyal and Barton note, 
there is little evidence of increasing 
benefit by adding more than two 
or three glaucoma drops to an 
antiglaucoma medical regimen, and 
intolerance rises substantially with the 
use of four to five drugs [3]. 

Broad selection of glaucoma 
drops available
Many patients with glaucoma or at 
high risk of conversion to glaucoma 
are effectively controlled on topical 
glaucoma medication. Prostaglandin-
based antiglaucoma drops are the 
most commonly prescribed drug class 
in glaucoma, providing effective first-
line medical therapy in the majority of 
glaucoma patients.

A systematic analysis evaluating 
the pressure-lowering effects and 
tolerability of prostaglandin analogues 
found the greatest pressure lowering 
effect (mean IOP change from 

baseline) with bimatoprost, although 
the incidence of hyperaemia was 
lower with latanoprost and travoprost 
[4]. Results from an eight-week 
randomised parallel group study, 
involving newly diagnosed glaucoma 
patients, found that latanoprost, 
bimatoprost and travoprost produced 
comparable IOP reductions that were 
indistinguishable within statistical 
parameters [5].

Where pressure targets are not 
achieved by initial monotherapy, 
additional ocular hypotensive 
medications may be used as second-
line therapies, either in addition to 
first-line prostaglandin therapy or 
substituted if first-choice therapy is 
ineffective or poorly tolerated. These 
include ß-blockers, carbonic anhydrase 
inhibitors and alpha-agonists (Table 1). 

Fixed-combination antiglaucoma 
formulations help improve adherence, 
simplifying dose regimen and 
offering superior tolerability with 
reduced exposure to excipients and 
preservatives. Combination agents 
provide equivalent or improved 
efficacy and safety compared to 
concomitant use of individual 
components, helping avoid a washout 
effect where a second drop may reduce 
the effect of the first [1]. Studies 
show that the fixed combination of 
bimatoprost and timolol was more 
effective than bimatoprost in patients 
whose pressure was not controlled 
with prostaglandin eye drops alone 
[6,7]. This once-daily fixed combination 
drop lowered IOP to less than 18mmHg 
in 18.7% of these patients compared 
with 10.2% with bimatoprost alone. 
Also, more patients given fixed 
combination bimatoprost and timolol 
had a pressure reduction exceeding 
20% (67.9% against 48.9%). 

Compliance and persistence 
with glaucoma drops is notoriously 
poor. But, as the EGS notes, fixed-
combination eye drops provide 
the potential for improved patient 
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Class		  Cost (£) per pack	 Combination and 		  Cost (£) per pack 
		  (NHS Evidence/	 preservative-free drops		  (NHS Evidence/ 
		  BNF Feb 2014)			   BNF Feb 2014)

Prostaglandin analogues			   Fixed combination drops 
			   (containing 0.5% timolol) 

	 Xalatan (latanoprost 0.005%)	 12.48		  Xalacom (Xalatan + timolol) 	 14.32

	 Travatan (travoprost 0.004%) 	 10.95		  Duotrav (Travatan + timolol) 	 13.95

	 Lumigan (bimatoprost 0.03%, 	 10.30/12.43		  Ganfort (Lumigan + timolol) 	 13.95

	 0.01%)			   Cosopt (Trusopt + timolol) 	 10.05

	 Saflutan (tafluprost 0.0015%) 	 17.41		  Azarga (Azopt + timolol) 	 11.05

				    Combigan (Alphagan + timolol) 	 10.00

ß-blockers

	 Timolol (0.1%, 0.25%, 0.5%)	 1.40 (0.25) 1.63 (0.5)	 Preservative-free unit

	 Betagan (levobunolol 0.5%)	 1.85	 dose (UD) eye drops	 Saflutan	 17.41

	 Betoptic (betaxolol 0.25%, 0.5%)	 2.66/1.90		  Monopost	 8.49

	 Teoptic (carteolol 1%, 2%) 	 7.60/8.40		  Lumigan 	 13.75

				    Timoptol (timolol 0.5%) 	 9.65

Carbonic anhydrase inhibitors 				    Tiopex (timolol 0.1%) 	 7.49
(CAIs)				    Betagan	 9.98

	 Azopt (brinzolamide 1%)	 6.92		  Ganfort 	 17.50

	 Trusopt (dorzolamide 2%) 	 6.33		  Trusopt PF	 24.18

				    Minims Pilocarpine 2% 	 11.48 (20 x 0.5)

Adrenergic agonists				    Cosopt PF	 28.59

	 Alphagan (brimonidine 0.2%)	 6.85		  Betoptic 	 13.77

	 Iopidine (apraclonidine 0.5%) 	 10.88

Cholinergic agonists

	 Pilocarpine (1%, 2%, 4%) 	 2.00 /2.12/2.85

* Prescribing volumes: For the twelve months to September 2013, the moving annual total (MAT) number of glaucoma drop packs sold in the UK was around 14.2 million, of which 6.5 
million were single prostaglandin analogue agents, 3.3 million fixed combination products, 1.9 million CAIs and 1.4 million ß-blocker agents (IMS Health). Prescribing volume of preserv-
ative free glaucoma medications as a share of total glaucoma medicines prescribed, under 2% in the UK, is significantly higher in continental Europe. Across the EU5 (France, Germany, 
Italy, Spain, UK), total MAT prescription volume of glaucoma medicines totalled 91.2 million units in 2013 (15.3 million in the UK). Strongest volume growth was seen in the fixed combina-
tion glaucoma medication class (+7.6% in the UK for 2013, year on year), perhaps indicating patient preference for once-daily dosage regimens when multiple agents are needed. 

Table 1: Topical choices in glaucoma*.

compliance and less side-effects due 
to a reduced level of preservatives. 
Combined preparations have also been 
shown to result in less ocular side-
effects. Practitioners should exclude 
contraindications to ß-blockers when 
prescribing fixed-combination drugs 
containing a ß-blocker.

Preservatives are usually added 
to eye drop formulations to prevent 
microbial contamination (Table 2). 
Due to potential toxicity, practitioners 
are encouraged to consider the 
use of preservative-free glaucoma 
medications in appropriate patient 
populations, especially those with 
ocular surface disease. 

Ocular surface disease and 
the benefit of preservative-
free glaucoma drops
The European Medicines Agency, 
in a statement on antimicrobial 
preservatives in ophthalmic 
preparations, recommends 
formulations without preservatives 
for those patients who do not 
tolerate eye drops with preservatives 
[8]. Ophthalmic preparations 
without preservatives are strongly 
recommended for use in paediatric 

patients. Where preservatives are 
needed, the concentration should be 
kept at the minimum level consistent 
with satisfactory antimicrobial 
function (Table 3). 

An evaluation to determine 
the incidence of ocular toxicity 
of preservatives with glaucoma 
medications found that ocular 
symptoms and signs were less 
prevalent when preservative-free 
drops were used [9]. Other data show 
that a large proportion of patients with 
OAG or ocular hypertension have signs 
and / or symptoms of ocular surface 
disease in at least one eye. Coexistence 
of ocular surface disease and use of 
eye drops containing benzalkonium 
chloride (BAK), the most widely used 
preservative, may adversely impact 
vision-related quality of life [10].

Ocular surface disease is more 
common in patients with increasing 
glaucoma severity and is associated 
with poorer glaucoma-related quality 
of life and higher daily exposure to 
BAK [11]. Benzalkonium chloride, a 
cationic surfactant, even in doses of 
0.002% to 0.004%, can result in toxic 
effects on the surface of the eye and 
ocular inflammation. Overall, around 

5-6% of all treated glaucoma patients 
experience some form of preservative 
sensitivity leading to discontinuation 
of preserved ophthalmic solutions in 
practice. It’s also likely that there is 
reduced adherence to treatment when 
treatment-related side-effects are 
experienced, increasing the risk of  
disease progression through 
uncontrolled IOP.

Up to one in five patients on 
topical treatment for glaucoma or 
ocular hypertension may require 
preservative-free antiglaucoma 
treatment [12]. Patient populations 
that may benefit most from 
preservative-free topical glaucoma 
medication include: clinically relevant 
dry eye disease (stage 2); in need of 
concomitant topical therapy; long life 
expectancy; blepharitis or meibomian 
gland dysfunction; intolerance to the 
preservative; and high risk of need for 
surgical intervention [12]. Long-term 
application of BAK increases the risk 
of filtration surgery failure, which 
has been linked to the subclinical 
conjunctival inflammation induced by 
ophthalmic solutions.

Baudouin et al. advise the use 
of BAK-free solutions whenever 
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possible, especially in patients with 
the greatest exposure to high doses or 
prolonged treatments, in those with 
pre-existing or concomitant ocular 
surface disease and those experiencing 
side-effects related to ocular surface 
[13]. Exposure to BAK can be reduced, 
without compromising IOP control, by 
using preservative-free preparations, 
BAK-free formulations or fixed 
combinations to reduce the number of 
drops. 

A recently published meta-analysis 
assessing the relative efficacy and 
tolerability of preservative-free 
latanoprost compared with other 
prostaglandin analogues reported 
that preservative-free latanoprost was 
non-inferior to other prostaglandin 
analogues in terms of pressure 
lowering efficacy [14]. The analysis 
also found that hyperaemia rates 
were statistically significantly lower 
with preservative-free latanoprost. 
Ganfort single dose (UD) formulation 
represents the first prostaglandin fixed 
combination glaucoma treatment 
for patients in the UK with OAG or 
ocular hypertension who require a 
preservative-free formulation. This 
once-daily preservative-free fixed 
combination drop provides equivalent 
efficacy to the multi-dose formulation; 
also, it does not require refrigeration 
and patients can choose to instil the 
drop in the morning or evening. 

Clinicians emphasise that it is 

important to identify which individuals 
would benefit from preservative-free 
antiglaucoma drops through careful 
clinical evaluation of the individual 
patient. However, while the toxic 
effects of topical preservatives are well 
described, not all patients are affected. 
Other treatment considerations 
include efficacy, nonadherence, ease of 
use, education and quality of life. 

Indications for surgery
A relatively small percentage of patients 
(~5%) with chronic open-angle glaucoma 
require glaucoma surgery. 

Potential indications for glaucoma 
surgery include:
•	 inadequate IOP control
•	 progression of visual fields despite 

seemingly good IOP control
•	 intolerable side-effects of treatment
•	 advanced glaucoma at presentation 

(fixation-threatening visual field 
defects)

•	 problems with drop adherence
•	 lack of availability and inability to 

afford costs of glaucoma medication
•	 patient’s preference for surgery. 
Glaucoma surgery is usually considered 
if an individual presents with advanced 
glaucoma or if there is glaucomatous 
progression despite medical therapy 
with two to three classes of hypotensive 
drugs or after laser trabeculoplasty 
[3]. Patients should be offered surgery 
in cases of inadequate IOP control 
on two drops or advanced glaucoma 

(MD≤12dB or sensitivity <15dB in the 
central degrees in both hemifields) at 
presentation, as these patients are at 
highest risk of loss of central vision from 
glaucoma [2].

First surgery appears to provide the 
best chance of success. In addition, data 
show that the degree of IOP reduction 
after trabeculectomy – and subsequent 
IOP variability – may play a key role in 
the progression of glaucoma. Kotecha 
et al. from the MoreFlow Study Group 
found that approximately one third of 
eyes continued to show progression 
of glaucoma at five years after 
trabeculectomy [15]. These typically 
had significantly higher median IOP 
over follow-up compared with non-
progressing eyes (16.5mmHg compared 
with 14mmHg) and less IOP reduction 
from baseline values (23% vs. 39% 
median reduction over the follow-up 
period). 

Keeping an eye on progression
The lifetime risk of blindness or visual 
disability is not negligible in patients with 
glaucoma [16]. A small but significant 
proportion of all glaucoma patients 
under clinical care are estimated to be 
at risk of severe visual field impairment 
during their predicted lifetime. This 
risk increases significantly with more 
advanced visual field loss, increasing 
lifetime and a high progression rate. 
Measuring rates of visual field change in 
glaucoma requires frequent visual field 

Chemical composition	 Preservative	 Mechanism of action	 Ocular treatments containing the preservative 

Quaternary ammonium	 Benzalkonium 	 Detergent	 Glaucoma, anti-inflammatory, antibiotics, artificial tears

Poly-quaternary ammonium	 Polyquad	 Detergent	 Glaucoma, contact lens solution, artificial tears

Oxychlorinated complex	 Purite	 Oxidizing	 Glaucoma, artificial tears

Organo-mercurial derivative	 Thimerosal 	 Protein precipitation	 Anti-inflammatory, antibiotics

Ionic buffer solution	 Sofzia	 Oxidizing	 Glaucoma

Amidine	 Chlorhexidine	 Membranolytic	 Antibiotics

Alcohol	 Chlorobutanol	 Lipid permeability increase	 Mydriatics, antibiotics, anti-inflammatory

Adapted from Hong J, Bielory L. Allergy to ophthalmic preservatives. Curr Opin Allergy Clin Immunol 2009;9:447-53(4). 

Table 3: Most frequently used preservatives in ophthalmology.

Site	 Findings

Ocular surface	 Severity of OSDI score increases with the number of medications 1

Tears	 More patients receiving IOP-lowering medications (especially those on two or more topical drugs) had dry eye than 
	 did untreated subjects 2

Cornea	 Dose-dependent toxic effects of BAK on epithelial cells 3

Conjunctiva	 Epithelial cell apoptosis increased in patients on BAK-preserved IOP-lowering medication 4

Intraocular	 - Increased aqueous flare after BAK-containing vs. unpreserved timolol 5 
	 - Trabecular cell apoptosis induced by BAK-preserved but not unpreserved IOP-lowering drugs 6

1. Fechtner et al. Cornea 2010. 2. Rossi et al. EJO 2012. 3. Pauly et al. IOVS 2009. 4. Dogan et al. Clin Exp Ophthalmol 2004. 5. Stevens et al. Acta 
Ophthalmol 2012. 6. Hamard et al. Graefes Arch Clin Ophthalmol 2003; Baudouin C. Prog Retin Eye Res 2010. 

Table 2: Effects of preservatives on the human eye.
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examinations. Three examinations each 
year are recommended to identify an 
overall change in mean deviation of 4dB 
over two years in a patient with average 
visual field variability [17]. Practitioners 
should measure the rate (speed) of VF 
progression, perform sufficient visual 
field examinations to detect change 
and increase frequency of testing after 
diagnosis.

A retrospective study using VF series 
of more than three years’ duration from 
3790 UK patients in glaucoma clinics, 
designed to characterise rates of VF loss, 
found that 3% (95% confidence interval 
2.7%-3.4%) of patient eyes progressed at 
faster than -1.5 dB/year [18]. For patients 
with both eyes followed, 5.2% (CI 4.5%-
6.0%) were predicted to progress to 
statutory blindness, with a further 10.4% 
reaching visual impairment in their 
lifetime. This study and other evidence 
underscore the need to reliably detect VF 
defects early before  
they become moderately or severely 
damaged.

However, there remains wide variation 
in attitudes to follow-up intervals for 
glaucoma patients. A survey of real-
world practice amongst UK glaucoma 
specialists found that nearly half (46%) 
agreed that six visual field tests in the 
first two years was ideal practice, while 
28% said this practice was ‘not possible’, 
citing resource constraints [19].

Optic disc progression can be reliably 
confirmed by robust stereoscopic 
disc photographs. Digital stereo optic 
disc images are useful for evaluating 
the optic disc in glaucoma and allow 
the application of advanced imaging 
processing applications. Stereo disc 
photography also provides a reliable 
archive to allow meaningful comparison 
over the long term, without over reliance 
on changeable software suites. Chauhan 
and Burgoyne emphasise monitoring 
of structural changes, involving 
incorporation of spectral-domain ocular 
coherence tomography (OCT) imaging 
of the optic nerve head into the clinical 
examination of the optic disc [20]. 

Glaucoma is real
Glaucoma typically is a chronic 
asymptomatic disease, but it’s a 
real disease that can cause harm if 
unchecked. Most individuals with 
chronic OAG are effectively managed 
with topical medical therapy, and 
the introduction of preservative-free 
glaucoma therapy is a welcome step 
forward in promoting compliance and 
persistence in patients with ocular 
surface disease or those on prolonged 

multiple treatment regimens. That 
said, patients – treated with drops, laser 
and / or surgery – might still progress 
despite apparently sound control of IOP. 
Practitioners are encouraged to look out 
for progressive glaucoma and be aware 
of those at risk of bilateral blindness, 
particularly in the young, those with 
severe disease, non-compliant patients 
and other high-risk individuals. 
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•	 Most glaucoma blindness is 
avoidable, but is dependent 
on early detection, tailored 
pressure-lowering treatment 
and regular progression 
monitoring. 

•	 To improve compliance and 
persistence, consider using 
preservative-free topical 
glaucoma medicines in 
patients with ocular surface 
disease or those on prolonged 
multiple dose regimens. 

•	 Glaucoma surgery is indicated 
in cases of advanced glaucoma 
or if there is glaucomatous 
progression despite maximal 
medical therapy (two or three 
classes of hypotensive drugs). 

•	 A small but significant 
proportion of all glaucoma 
patients under clinical care 
are estimated to be at risk of 
severe visual field impairment 
during their predicted lifetime. 

•	 Evidence underscores the 
need to reliably detect visual 
field defects early before they 
become moderately or severely 
damaged. 
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