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For many years, the mainstay of medical treatment for glaucoma has utilised a variety of topical therapies. Historically, topical 
medications have been fortified with a variety of agents known as preservatives. Unfortunately, although preservatives are potentially 
useful, they can also cause an array of adverse effects, impacting on the safety and tolerability of these drugs. The unwanted effects of 

topical medication preservatives have been identified in both human and animal studies. Here we review the potential advantages of utilising 
preservative-free (PF) prostaglandin monotherapy as a treatment option for patients with primary open-angle glaucoma. We propose that 
the use of PF topical anti-glaucomatous monotherapy could improve the management of glaucoma, which is a global cause of visual loss 
and has a significant impact on healthcare resources.

Glaucoma causes an optic neuropathy and is one of the leading causes of blindness globally.1 

Pathologically, patients with glaucoma typically develop irreversible characteristic field defects 

due to loss of retinal ganglion cells and subsequent characteristic optic nerve-head damage. The 

main risk factor for development of glaucoma is intraocular pressure (IOP), reduction of which is 

targeted by mainstay therapies.

Treatment of manifest glaucoma, or significant ocular hypertension, can involve medical, laser 

or surgical interventions, all of which aim to reduce IOP. Currently, for the majority of patients, 

medical therapy is utilised for controlling IOP and reducing the risk of progressive visual field 

deterioration. A variety of oculo-hypotensive agents are available and these can be used alone 

or in combination. Prostaglandin analogues have been shown to be superior to β-adrenergic 

receptor blockers, α-adrenergic agonists or topical carbonic anhydrase inhibitors, in lowering 

IOP.2,3 Prostaglandin analogues, require only once-daily dosing, making them a popular choice 

to reduce IOP, with a good adherence record. Prostaglandin analogues have a good safety 

profile and are recommended as a first-line treatment for glaucoma by the European Glaucoma 

Society Guidelines.4,5

Unfortunately, all topical anti-glaucomatous agents, including prostaglandin analogues, can 

induce adverse effects leading to poor adherence.6 Topical therapy-induced ocular toxicity,  

ocular/periocular allergy or systemic side effects, may result in such a therapy being inappropriate 

and/or ineffective. Minimising adverse effects and in particular ocular/periocular toxicity/allergy 

can be achieved through the use of preservative-free (PF) agents, since it is frequently the 

preservative, rather than the drug itself, that induces such adverse effects.

Use of topical therapy preservatives and ocular toxicity
Topical anti-glaucomatous agents contain a variety of compounds besides the active drug; these 

include preservatives, stabilising components and buffers. Preservatives are potentially useful 

in that they prevent the growth of microbes, prolong shelf-life and degradation of the active 

drug.7 A variety of preservatives may be used in bottles of topical therapeutic agents and these 

include benzalkonium chloride (BAC), benzododecinium bromide, purite, polyquaternium-1 and 

cetrimide. The most commonly used preservative in ophthalmic products is BAC, which is used in  

concentrations ranging from 0.004–0.02%. BAC is a quaternary ammonium surfactant that acts as a 

cationic detergent binding to cell membranes and causes cell lysis, the latter being the mechanism 

by which it kills microbes. Unfortunately, the toxic effects that BAC have on microbes, may also 

affect human cells, resulting in increased oxidative stress and apoptosis.8 It has been known for 

many years that BAC can cause ocular toxicity in both humans and in animal models.9

Compared with other monotherapeutic options, including β-blockers, α2‐adrenergic agonists and 

carbonic anhydrase inhibitors, prostaglandin monotherapy seems to be the most efficacious at 
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lowering IOP.10 Moreover, prostaglandin monotherapy is more likely to 

achieve a target IOP (e.g., <18 mmHg) than any other monotherapy, and 

is comparable to some dual therapies.10 The prostaglandin analogues 

that have been used to lower IOP in clinical practice include latanoprost, 

travoprost, bimatoprost, tafluprost and unoprostone. A systematic review 

and meta-analysis of 114 randomised controlled trials showed all of 

these agents to be effective at lowering IOP at 3 months compared with 

placebo, with bimatoprost, travoprost and latanoprost being the most 

effective.11 Latanoprost was the first prostaglandin analogue introduced 

for the treatment of glaucoma and ocular hypertension and is frequently 

used as a first-line therapy.12 Latanoprost binds to its prostaglandin 

receptor, PGF2α, causing an increase in uveoscleral aqueous humour 

outflow and a lesser effect on trabecular outflow, leading to a reduction 

in IOP. Latanoprost is comparable to other prostaglandin analogues in 

efficacy and indeed, a multicentre randomised interventional study of 

411 patients showed latanoprost had a similar reduction in IOP compared 

with bimatoprost or travoprost.13 In addition, latanoprost causes a 

greater reduction in IOP compared with unoprostone14,15 or tafluprost.16 

Although a study has shown bimatoprost to be slightly more efficacious 

in lowering IOP, the same study also reported that latanoprost caused 

less conjunctival hyperaemia compared with bimatoprost.17

One of the main drawbacks of preserved anti-glaucomatous therapy, 

however, is the ocular toxicity that they produce. Both the active 

ingredient and preservatives may cause this. One preservative, BAC, can 

cause symptomatic clinical or sub-clinical changes to the ocular surface 

despite providing useful antimicrobial and stabilising properties. At a 

cellular level, BAC increases oxidative stress through the production of 

inflammatory mediators and this has been shown to lead to apoptosis 

of conjunctival cells.18,19 Sub-clinical sub-conjunctival inflammation 

and eventual fibrosis can develop following several years of chronic 

administration of preserved drops, due to an increase in inflammatory 

cell and fibroblast numbers within the conjunctiva. These changes 

can lead to failure of subsequent trabeculectomy,20 reduced inferior 

conjunctival fornix depth (indicative of a fibrotic reaction)21 and even 

symblepharon formation.22 Even at low concentrations, BAC can cause 

trabecular meshwork toxicity and apoptosis.23 The adverse effect that 

BAC can have on the trabecular meshwork may well accelerate the 

glaucoma by impairing its function, potentially making its administration 

counterproductive, at least in part.

It should be noted that the prostaglandins have similar concentrations 

of BAC, yet some cause more side effects than others, for example, in 

one study, travoprost, caused more redness; this could be interpreted 

to be a result of the active ingredient.24 Another study, however, has 

reported that bimatoprost caused more hyperaemia than travoprost.25 

When prescribing a prostaglandin, a clinician should always be aware of 

the side effects of prostaglandin analogues in general, which includes, 

but is not limited to, the development of conjunctival hyperaemia 

(Figure 1),26 hypertrichosis, iris dyschromia, peri-ocular skin pigmentation 

and cystoid macula oedema. It should be noted that all topical medication 

side effects may result in poor adherence, and therapy that is not used 

appropriately is destined to fail with respect to efficacy (Figure 2). Early 

hyperaemia due to the active agent in prostaglandin analogue therapy 

is particularly marked in the first few days of administration but tends to 

reduce thereafter.27

Effect of drop preservatives on the conjunctiva, 
cornea and tear film
The use of preservatives is well documented to have adverse effects 

on the ocular surface including inducing hyperaemia, tearing, burning, 

irritation and pain in a proportion of patients.28,29 The adverse effects on 

the ocular surface have been shown to be worse with preserved drops in 

comparison with PF drops. In one study, drop preservative was implicated 

as the direct culprit for the side effects, since switching from preserved 

to PF treatment, there were reduced reports of adverse effects and 

improved tolerance.29 The majority of patients with glaucoma are elderly 

with a higher incidence of meibomian gland dysfunction (blepharitis), dry 

eye and a high tear evaporation rate, making them more susceptible to 

the side effects of preserved treatment. In addition, it has been shown 

that use of preserved anti-glaucomatous medication may lead to an 

alteration in corneal sensitivity and a loss of superficial epithelial cells.30

BAC also has a toxic effect on conjunctival goblet cells, decreasing 

mucin production, which severely disrupts the structure of the  

pre-corneal tear film. Furthermore, toxic follicular conjunctivitis can cause 

loss of microvilli on surface epithelial cells with loss of contact between 

cells, resulting in desquamation and ulceration.31 Insertion of BAC into 

cell membranes allows gap formation and ionic imbalances, leading 

to osmotic changes, oedema and cellular damage.32 BAC also leads 

to the generation of superoxide anions, leading to apoptosis of cells.8 

Figure 1: The Efron hyperaemia scale for evaluation of bulbar hyperaemia
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Reproduced with permission from Prof. Nathan Efron.26
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Moreover, a small concentration of BAC (0.01%) can cause rupture of 

the corneal epithelial cells, risking the development of epithelial erosions 

and an infiltration of inflammatory cells into the conjunctiva.33 The effects 

of glaucoma medications on meibomian gland function is also important. 

Indeed, a recent study showed preservative-containing prostaglandin 

analogues caused severe meibomian gland loss, as well as more ocular 

discomfort and a poorer ocular surface compared with PF formulations.34

The use of BAC can impair tear film function, reducing tear film  

break-up time and inducing changes in both the mucus-layer and 

the lipid-layer.35 The dispersing detergent effect of BAC results in loss 

of the lipid-layer of the pre-corneal tear film, undue evaporation of 

the aqueous-layer, subsequent instability of the overall tear film 

and sometimes the precipitation of the mucus-layer. In predisposed 

patients, persistent administration of preserved drops can eventually 

result in the development of a symptomatic ocular surface 

disorder, which may, in severe cases, lead to corneal erosions and 

ulceration. In animal studies, it has been shown in rabbits that an 

increasing concentration of BAC causes a greater number of corneal  

micro-lesions and increases the production of markers of corneal 

damage (release of lactate dehydrogenase and albumin).36 Moreover, 

a separate study showed a 0.01% concentration of BAC delayed 

corneal healing whilst 0.02% completely inhibited the healing process  

post-keratectomy in rabbit eyes.37

Of particular importance with respect to the management of the 

glaucoma itself, long-term administration of combination therapy has 

been shown to have a detrimental effect on the outcome of glaucoma 

filtration surgery (trabeculectomy); this may be due to the effects 

of preservatives on the conjunctiva and the ocular surface through 

promoting a chronic inflammatory response and enhancing fibroblast 

activity during the post-operative period of wound healing.38

The advent of preservative-free monotherapy
Adverse effects of preservatives can be detrimental to the tolerability of 

glaucoma medication, which can lead to poor adherence. Indeed, a large 

systematic review conducted over a 40-year period showed that poor 

compliance and persistence was a common occurrence in patients on 

glaucoma therapy and this, at least in part, may well have been due to 

the administration of preservatives within anti-glaucomatous therapy.39 

Adverse effects relating to the administration of preserved topical 

therapy have been identified as a primary reason for lack of adherence 

with anti-glaucomatous therapy.40 Poor adherence with therapy can, 

of course, lead to sub-optimal treatment of glaucoma with uncontrolled 

IOP, poor visual outcomes and/or reduced quality of life.

It has been shown, in a large European multicentre study involving  

9,658 patients, that switching from preserved to PF drops leads to a 

reduction in signs and symptoms associated with ocular surface disorder 

such as pain or discomfort during instillation (48% versus 19%), foreign 

body sensation (42% versus 15%), stinging or burning (48% versus 20%) 

and dry eye sensation (35% versus 16%).41 Furthermore, patients on the 

PF treatment were 50% less likely to report ocular surface side-effects.

Efficacy and tolerability of preservative-free 
monotherapy
The first PF prostaglandin analogue to become available was tafluprost 

(Saflutan™, Santen, Osaka, Japan) in 2008. A large study of over  

500 patients showed that using PF tafluprost either as a substitution 

for the fixed or non-fixed combination, as an add-on to the existing 

combination therapy or as one agent in a newly initiated treatment 

regimen, reduced IOP effectively whilst being better tolerated with fewer 

ocular signs or symptoms.42 Indeed, PF tafluprost has been shown to lower 

IOP effectively in several different populations in patients with primary 

open-angle glaucoma (POAG) or normal tension glaucoma.43–45 In a  

meta-analysis of two phase IIIb clinical trials involving 339 patients, 

switching from BAC-preserved latanoprost to PF tafluprost kept IOP at 

the same level whilst reducing ocular signs and symptoms.46 Several 

studies have emphasised that as well as decreasing IOP significantly, PF 

tafluprost is also very well tolerated in patients with POAG, normal tension 

glaucoma, ocular hypertension and pseudo-exfoliation glaucoma.47,48 

Other agents to consider include PF bimatoprost (Lumigan®, Allergan, 

Dublin, Ireland; or Eyreida®, Aspire Pharma, Hampshire, UK), which has 

also been shown to be effective as demonstrated in a large study of 

1,830 patients in which mean IOP was reduced by 23%.49

In addition, a large multicentre prospective historical control study 

of 691 patients showed that patients switched from BAC-preserved 

bimatoprost or BAC-preserved latanoprost to BAC-free travoprost 

(preserved with polyquaternium-1), demonstrated a significant reduction 

in symptoms secondary to ocular surface disease, improved IOP control 

and reduced conjunctival hyperaemia. Of note, 72.4% of patients 

preferred BAC-free travoprost compared with prior therapy, indicating 

that BAC is a cause of adverse symptoms, at least in comparison 

with polyquaternium-1.50 Another 12-week, open-label study also 

demonstrated improved adherence as well as reduced IOP and ocular 

surface disease upon switching to BAC-free travoprost.51

PF β-blockers are also available, such as PF timolol 0.1% gel, which is 

effective in decreasing IOP in treatment-naïve patients, and in controlling 

IOP,52 as well as reducing ocular signs and symptoms in patients intolerant 

to their previous preserved medications; this gel has been shown to cause 

fewer changes to the ocular surface by in vivo confocal microscopy.53 It 

should not be forgotten, however, that β-blockers have a less favourable 

systemic side-effect profile in comparison with prostaglandin analogues, 

and β-blockers are frequently contra-indicated.

PF latanoprost (Monopost®, Thea Pharmaceuticals, Staffordshire, UK) 

uses an innovative formulation solution known as Protriaxin® (Thea 

Pharmaceuticals). Protriaxin contains a solvent polymer with surfactant 

properties and two different types of polymer able to form a matricial 

network by cross-linking, in which the mesh contains the drug substance. 

The innovative formulation ensures excellent stability of the drug 

Figure 2: Ocular toxicity and intolerance leads to poor 
adherence and poorly managed glaucoma
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product, even at room temperature, and prevents adsorption of the drug 

substance onto the plastic material of the single-dose unit containers. The 

addition of a gelling inhibitor allows the product to have a low viscosity, 

making administration of the drops easier for patients. Monopost is also 

isotonic and has a neutral pH, so that the product is less likely to sting in 

comparison with many other topical anti-glaucomatous therapies.

Direct comparative studies are limited; however, it has been shown 

in cultured human corneal epithelial cells, that PF tafluprost caused a 

significant reduction in cell viability compared with PF latanoprost, as 

well as greater in vivo irritation in rabbit eyes.54 In contrast, whilst PF 

latanoprost is effective and seems to show fewer ocular side effects, 

there is some evidence to show potential superiority of other PF 

prostaglandins over latanoprost. For example, a multicentre trial showed 

superior efficacy for PF bimatoprost over PF latanoprost at lowering IOP 

at 6 months.55

The RELIEF study assessed the tolerability and efficacy following changing 

from BAC-preserved latanoprost to PF latanoprost in 140 patients with 

glaucoma or ocular hypertension.56 Mean IOP remained stable after 90 days 

at 15.9 mmHg (p<0.006). Moderate-to-severe conjunctival hyperaemia 

decreased from 56.8% to 1.6%, and after 90 days there was a change in 

subjective assessment of tolerability from a mean score of 5.3 at day 0 to 

1.9 at day 90 (p<0.0001). Thus, patients had a similar IOP-lowering effect 

with the PF latanoprost, but with a better degree of tolerability.

A phase III multicentre trial across 87 centres comparing the efficacy 

of PF latanoprost (Monopost) versus preserved latanoprost (e.g., 

Xalatan®, Pfizer, New York, NY, USA) in 404 patients, was conducted in 

2013.57 Briefly, the cohort consisted of patients with POAG or ocular 

hypertension previously managed with BAC-preserved latanoprost who 

were randomised to therapy with either PF or preserved latanoprost 

for 3 months. There was a run-in phase with brinzolamide for 5 weeks 

followed by a washout phase of 5 days. Efficacy in reducing IOP was 

comparable between the two groups after 84 days (-8.6 ± 2.6 mmHg 

[-36%] for the PF version versus -9.0 ± 2.4 mmHg [-38%] for the preserved 

version). Ocular adverse effects were reported in 18 (8.5%) patients on 

the PF version versus 22 (11.6%) patients on the preserved version. The 

most frequent ocular adverse event, drug intolerance, was reported 

in one (0.5%) patient on the PF version versus four (2.1%) patients on 

the preserved version. Moderate-to-severe conjunctival hyperaemia 

was less frequent with the PF version than with the preserved version 

at day 42 (20.2% versus 30.6%; p=0.003) and day 84 (21.4% versus 

29.1%; p=0.02). The Global Symptoms Score, which includes pruritis,  

burning/stinging sensation, dry eye or foreign body sensation, was 

significantly lower with the PF version than the preserved version on  

day 42 (0.15 versus 0.41; p=0.001) and day 84 (0.18 versus 0.46; p=0.001). 

Overall, the results suggested a similar efficacy between the two 

products but a better tolerability with the PF version.

Since there is now a choice of three PF topical prostaglandin analogue 

anti-glaucomatous agents, it is important to know which of the 

products should be chosen as an ideal therapy for an individual patient. 

The drug of choice should, of course, be sufficiently efficacious and  

well-tolerated, inducing minimal, if any, adverse effects. In addition, 

the cost of the product prescribed should be taken into account to 

minimise any unnecessary healthcare expenditure (Table 1). It can be 

seen that PF latanoprost is the least expensive option out of the PF 

prostaglandin analogue agents. In a well-resourced health system, the 

single-use PF option may be the most cost-effective. In contrast, in 

developing countries, other agents (which contain preservatives) may 

indeed be more affordable. Alone, yearly therapy with unoprostone is 

the least expensive prostaglandin analogue (approximately $180) with 

bimatoprost, latanoprost and travoprost all having comparable prices 

(approximately $211–230).58

Individual patients may respond to and/or tolerate one particular product 

better than another and this should be taken into account when managing 

a patient. PF latanoprost has equal efficacy to BAC-preserved latanoprost 

but with fewer side effects.59 A meta-analysis of 21 studies showed that 

PF latanoprost was statistically equally as effective as other prostaglandin 

analogues (including BAC-preserved latanoprost) at reducing IOP whilst 

showing statistically significant superiority over PF tafluprost.16 The 

risk of hyperaemia, however, was statistically significantly less with PF 

latanoprost compared with all other prostaglandin analogues, indicating 

that it might be the better option to offer patients.60

Another final issue to be taken into account is ease of administration 

of a drug. Many patients suffering from glaucoma are elderly with 

psychomotor difficulties; they may prefer a particular type of bottle 

format. Although it might be assumed that elderly patients would prefer 

larger multi-dose bottles, a study found that single-dose units were 

favoured over larger multi-dose bottles.61 Although most PF prostaglandin 

therapies are only available in single-dose units, PF bimatoprost is now 

available as either single-dose units (Lumigan) or a multi-dose bottle 

(Eyreida), meaning that patient choice is available.

Conclusion
Glaucoma will continue to cause significant global ocular morbidity 

and blindness in the foreseeable future. As such, it is of paramount 

importance that it is treated appropriately and effectively. Medically, 

this means using the best possible topical medication with the fewest 

side effects. The use of preservatives such as BAC may have potential 

(unproven) benefits, but for many patients can lead to the development 

of a symptomatic ocular surface disorder, intolerability and consequently, 

poor adherence. Furthermore, even sub-clinical changes to the 

conjunctiva may have adverse effects on post-operative wound healing, 

risking failure of any potential future glaucoma filtration surgery.

Prostaglandin antagonists remain the first-line anti-glaucoma drug 

for many practitioners, and their side effects cannot be overlooked 

especially until a more efficacious drug can be found. PF therapy thus 

presents a highly appealing choice. However, it should be noted that in  

financially-challenged health systems, such therapy may be uneconomical. 

Whilst there are several PF agents with few ocular side effects, we do 

believe a cost-effectiveness analysis is important in choosing the correct 

agent especially in countries with limited healthcare resources. We 

propose that clinicians should have a relatively low threshold in considering 

the use of PF monotherapeutic agents to minimise undesirable effects, 

improve adherence and still provide an efficacious treatment to control 

IOP in patients with glaucoma or significant ocular hypertension. 

Table 1:  
Drug tariff price of 30-pack size preservative-free agents

Drug Lumigan® Monopost® Saflutan®

Active ingredient Bimatoprost Latanoprost Tafluprost

Concentration, µ/mL 300 50 15

Unit dose, mL 0.4 0.2 0.3

Price, £ 13.75 8.49 12.20
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