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H i g h l i g h t s
Applying the drug directly to 

the eyeball carries  
a risk of bacterial infection 
and, consequently, serious 
eye damage. Therefore, all 

ophthalmic preparations are 
strictly sterile thanks to the 

presence of preservatives.
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Abstract
Glaucoma is the leading cause of irreversible blindness worldwide. Most pa-
tients will require drug therapy for the rest of their lives. Preservatives play 
a key role in the development of topical medications whose primary role is 
to provide antimicrobial activity to maintain sterility. The most common pre-
servative is benzalkonium chloride, which has antibacterial, antifungal, and 
antiviral properties. This article was written based on the latest research in 
MEDLINE and other major bibliographic databases for studies published in 
English by August 1st, 2021. Our meta-analyses confirm that eye drops side 
effects are not caused solely by the presence of preservatives, and the effec-
tiveness of anti-glaucoma drugs containing benzalkonium chloride and those 
without preservatives is comparable. During the COVID-19 pandemic, studies 
showed the protective effect of preservatives against SARS-CoV-2.
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Introduction
Glaucoma is the leading cause of irreversible blindness 
worldwide. It is strongly associated with an increase in in-
traocular pressure (IOP), and progression is inhibited by 
lowering IOP, which most often occurs after the admin-
istration of eye drops. As glaucoma is a  chronic disease, 
most patients will require treatment for the rest of their 
lives. Patients with glaucoma may require topical treatment 
much longer than previous generations due to the increas-
ing life expectancy of the population. Glaucoma treatment 
can only be effective when used by patients, so adherence is 
very important. Satisfaction with treatment has been iden-
tified as an important factor in improving adherence [1].
Preservatives play a key role in the development of topical 
ophthalmic drugs for the treatment of a wide variety of eye 
conditions, their primary role being to provide antimicro-
bial activity to maintain sterility and thus cost-effectively 
extend shelf life [1]. The most common preservative is ben-
zalkonium chloride (BAK), which is used in approximate-
ly 70% of ophthalmic formulations [2, 3] and is therefore 
the focus of this article. BAK is a quaternary ammonium 
compound containing both hydrophilic and hydropho-
bic elements, thanks to which it is highly soluble in water  
[2, 4]. The bactericidal effect occurs through the interaction 
of BAK with bacterial cell membranes, which leads to mem-
brane instability and cell lysis [2]. BAK is effective against 
both Gram(+) and Gram(-) bacteria, and also against fungi 
[4]. BAK may also act as a  corneal penetration enhancer, 
which could to enhance penetration into the eye of active 
ingredients in BAK-preserved preparations [4–6].
However, there were concerns about the use of preserv-
atives with regard to the efficacy and safety profile. This 
has led to the development of new classes of preservatives 
including polyquaternium-1 (Polyquad) which is a  deter-
gent, oxidizing preservatives such as stabilized oxychloride 
complex (Purite) and sodium perborate (GenAqua), and 
the ion-buffered preservative SofZia. Thanks to the dosing 
mechanisms, and thus extending the life of bottles in prepa-
rations such as COMOD and ABAK, it was possible to use 
drops without preservatives (PF) [7].

Material and methods
The studies were identified by searching MEDLINE and 
other major bibliographic databases for studies published 
in English up to August 1st, 2021. Additional information 
was obtained from a search of conference materials for the 
2 years prior to August 2021 and a targeted search of health 
economics databases. Gray literature such as unpublished 
reports from disease registry websites is not covered. Stud-
ies based on the same dataset were systematically excluded 
to avoid reporting the same data multiple times.

Results
Laboratory and animal studies on the effects of BAK on the 
eye structures were the driving force against preservatives 
[8]. There are no randomized studies that would confirm 
the toxicity of BAK in humans (so far reported in vivo, ani-
mal, and in vitro studies), further randomized studies eval-
uating the effect of BAK on eye tissues are necessary [1]. 
When using glaucoma drops, many patients report side ef-
fects such as redness, burning, and irritation of the eyes. It 
is assumed that preservatives may cause damage to the eye 
surface and thus intensify side effects and complications 
associated with the local treatment of glaucoma [8]. Ex-
perimental studies have shown that BAK has a detrimental 
effect on many eye structures, including conjunctival tis-
sue and corneal epithelium, as well as trabecular meshwork 
and lens epithelium [9]. The introduction of drops without 
preservatives was to reduce the occurrence of side effects. 
However, PF drops are often produced in small single-dose 
vials, which may be difficult for some patients to admin-
ister. The cost of these drops is often higher than those 
containing preservatives, and more plastic is used to make 
them [8].
Due to continued concerns about BAK-preserved prepa-
rations, there is a need to review clinical trials comparing 
the efficacy and possible side effects of intraocular pres-
sure-lowering drops containing both preservatives and PF. 
According to the current guidelines of the European Glau-
coma Society (EGS Guidelines 5th Edition), not all patients 
are sensitive to the presence of preservatives in eye drops, 
and not all side effects associated with the use of intraocular 
pressure-lowering drops can be attributed to the presence 
of preservatives in the preparation. The recommendations 
emphasize that special attention should be paid to patients 
with existing ocular surface diseases (OSD), such as dry eye 
syndrome or Meibomian Gland Dysfunction (MGD), when 
using preservatives [10].

Discussion
In a  meta-analysis by Hedengran et al. [8], an extensive 
analysis was performed based on 16 randomized controlled 
clinical trials comparing the efficacy and safety of glauco-
ma eye drops preparations containing benzalkonium chlo-
ride (BAK), drops containing alternative preservatives (AP, 
including PQ1 – polyquaternium-1) and preservative-free 
(PF). Based on 10 included studies, BAK agents were 
compared to PF agents, another six to AP agents. A meta- 
-analysis for the primary endpoint (IOP changes) was 
planned according to the protocol and a  random inverse 
variance meta-analysis was used for the pooled data. A dif-
ference greater than or equal to 2 mmHg was considered 
clinically significant. Secondary endpoint meta-analy-
ses were performed when possible post hoc. Secondary  
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endpoints included adverse reactions reported, ocular sur-
faces and all measures of visual acuity, disease progression, 
quality of life, patient preference, adherence, and the need to 
interrupt or change treatment. For each meta-analysis, sub-
group analyzes for AP and PF vs. BAK were performed [8].
The general tolerance of the eye drops active substances of 
which were prostaglandin analogues or β-blockers, both 
with preservatives and without preservatives, is good. No 
statistically significant differences in terms of safety and effi-
cacy have been demonstrated. There were no statistically or 
clinically significant differences in lowering the intraocular 
pressure between the groups of drugs containing BAK and 
the control group (PF or AP preparations). Conjunctival hy-
peremia was analyzed in nine of the studies (among 3,800 
patients), no statistically significant differences were ob-
served; 14.9% in the BAK group and 14.2% in the compared 
group. The next analysis of ocular hyperemia was carried 
out on the basis of five studies (2,268 patients), where the 
incidence of its occurrence in the BAK group was 7.7% and 
5.7% in the compared group, the difference was not statisti-
cally significant. All ocular adverse reactions were analyzed 
in the five included studies (1,906 patients), with a frequen-
cy of 24.5% in the BAK group and 23.12% in the compar-
ator group. The tear film break time (TBUT) was studied 
in three studies (130 patients), the meta-analysis showed no 
statistically significant differences [8]. A study by Goldberg 
et al. showed a statistically significantly more frequent oc-
currence of hyperpigmentation after the use of preparations 
without preservatives vs. Containing BAK [11].
Steven et al. conducted a  study to collect and analyze the 
results of randomized, double-blind studies on the use of 
drops containing an intraocular pressure-lowering sub-
stance with and without preservatives in patients with glau-
coma [1].
A  randomized clinical trial (Shedden et al.) conducted on 
261 patients compared the efficacy and safety of the dor-
zolamide/timolol preparation in two groups divided 1 : 1 
(1 – preparation containing BAK; 2 – preparation without 
preservatives) [12]. Efficacy was assessed on the basis of in-
traocular pressure (IOP) measurements taken after a 3-week 
pretreatment with timolol alone, followed by 2.6 and 12 
weeks after treatment with PF or a conserved dorzolamide/
timolol combination. Tolerance was assessed on the basis of 
reported adverse events by patients and an objective clinical 
assessment. It was shown that the efficacy of the preparation 
in both groups was identical, and both variants of the drug 
were well tolerated. No statistically significant differences in 
the incidence of side effects were found. Moreover, a similar 
percentage in each study group had point erosions of the 
corneal epithelium (23.8% preparations with BAK vs. 16.8% 
without preservatives) [12].
Another randomized, double-blind clinical trial by Day et al. 
compared bimatoprost without preservatives and contain-

ing 0.005% BAK. 597 patients with OHT and various types 
of glaucoma were randomized [13]. Persons taking other 
medications chronically or with changes to the surface of 
the eye were excluded. Treatment duration was 12 weeks, as 
assessed at baseline and after 2, 6, and 12 weeks. The results 
of the studies showed that both preparations were equally 
well tolerated by the patients during the study, and their 
effectiveness was identical. Ocular side effects occurred in 
32% of patients taking the unpreserved variant and in 35% 
of the bimatoprost group with BAK. The incidence of hyper-
emia, pruritus, and punctate keratitis was virtually identical 
in both groups, and “foreign body sensation” in the eye was 
more frequently recorded in the unpreserved bimatoprost 
group (2.3%) vs. BAK (0.7%) [13].
The work of Goldberg et al. analyzed two variants of bimato-
prost 0.03% + timolol 0.5% in the version without preserva-
tives and with 0.005% BAK [11]. 561 patients with OHT or 
POAG were randomized. This was a double-masked RCT 
that was performed for 12 weeks following a washout pe-
riod of 4–28 days. Safety was assessed based on reported 
adverse events, slit lamp study, and conjunctival hyperemia 
assessments based on the Oxford hyperemia scoring sys-
tem. Both the BAK version and the unpreserved version 
were well tolerated by the patients. The frequency of adverse 
reactions resulting from the use of the preparations was as 
follows: 28.8% in the bimatoprost/timolol group without 
preservatives vs. 28.7% in the bimatoprost/timolol group 
with BAK [11].
In a study by Aptel et al. similar efficacy was found for the 
preservative-preserved and preservative-free prostaglandin 
analogue – both types of drops reduced IOP to a similar de-
gree. Good patient compliance was reported in both groups. 
There were also no statistically significant differences in side 
effects (i.e. pruritus) between the groups using BAK drops 
and drops without preservatives [14].
In randomized, double-blind studies Katz et al. it has been 
shown that in patients with moderate OSD, some symptom 
relief can be obtained by switching from preservative-free 
drops to preservative-free drops. A similar corneal discol-
oration was found in both groups, however, in the group 
without preservatives (PF), more pain symptoms, conges-
tion, and irritation were reported than in the group with 
preservatives [15].
In all of the above studies, the IOP lowering effect was com-
parable. At the moment, there is no evidence of differences 
in the effectiveness of preparations without preservatives 
and containing BAK in the treatment of glaucoma.
It has been suggested that the use of BAK in intraocular 
pressure-lowering drops causes poor tolerability and side 
effects that may affect drug use and disease control. It is very 
difficult to replicate the negative impact of BAK data pub-
lished in clinical trials, often the results obtained are unique 
and even contradict previous results. For example, a French 
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study on a group of 4,000 patients (Pisella et al.) [16] em-
phasizes that patients who use drops without preservatives 
have half the symptoms of ocular surface disease (OSD). On 
the other hand, other clinical studies [17] show that different 
concentrations of BAK used in preparations have little or no 
effect on corneal toxicity. Additionally, eye drops containing 
BAK did not induce corneal toxicity in the vast majority of 
patients. There is also no evidence of differences in the de-
gree of corneal discoloration depending on the amount of 
the daily dose of BAK [1].
In addition, the protective effect of BAK against SARS- 
-CoV-2 has been demonstrated in a clinical study by Ryohei 
Hirose et al. The effectiveness of BAK disinfection against 
SARS-CoV-2 and IAV (influenza virus) on human skin was 
relatively high and showed a similar trend to that observed 
in the in vitro evaluation results [18].

Conclusions
The term glaucoma describes a  group of diseases whose 
main feature is progressive neuropathy of the optic nerve, 
which, if left untreated, leads to the development of irre-

versible blindness. The main risk factor for its development 
is increased intraocular pressure. Treatment of glaucoma 
consists of a  regular intake of drops that lower intraocu-
lar pressure. This requires discipline on the part of patients 
who usually do not notice the symptoms of their disease 
but observe common local side effects of the drops such as 
conjunctival hyperemia and dry eye syndrome. The article 
presents meta-analyses confirming that the side effects of 
eye drops are not only caused by the presence of preserva-
tives in them, and the effectiveness of anti-glaucoma drugs 
containing BAK and without preservatives is comparable. 
In the case of patients undergoing polypharmacy or with 
OSD, a  cumulative higher dose or concentration of BAK 
in the tear film may mean that preparations without pre-
servatives are preferred in this group of patients. Based on 
current evidence, there is no justification for the routine 
use of PF medications in people without significant OSD, 
especially those requiring only a small amount of medica-
tion (1–2) per day. During the COVID-19 epidemic, stud-
ies appeared showing the protective effect of preservatives 
against SARS-CoV-2. However, confirmation of antiviral 
activity is required in subsequent randomized trials.

Correspondence
Karolina Pawłowska, MD 
Clinic and Depar tment of Ophthalmology, 
University Teaching Hospital in Wroclaw 
50-532 Wrocław, ul. Borowska 213, building A, 2nd floor
e-mail: kara040693@icloud.com; klo@usk.wroc.pl

ORCID 
Mar ta Misiuk-Hojło – ID – http://orcid.org/0000-0002-4020-3203
Karolina Pawłowska – ID – http://orcid.org/0000-0002-0882-7032

References
1.	 Steven DW, Alaghband P, Lim KS. Preservatives in glaucoma medication. Br J Ophthalmol. 2018; 102(11): 1497-503.
2.	 Freeman PD, Kahook MY. Preservatives in topical ophthalmic medications: historical and clinical perspectives. Expert Rev Ophthalmol. 

2009; 4: 59-64.
3.	 Broadway DC, Grierson I, O’Brien C et al. Adverse effects of topical antiglaucoma medication. ii. the outcome of filtration surgery. Arch 

Ophthalmol. 1994; 112: 1446-54.
4.	 Baudouin C, Labbé A, Liang H et al. Preservatives in eyedrops: the good, the bad and the ugly. Prog Retin Eye Res. 2010; 29: 312-34.
5.	 Majumdar S, Hippalgaonkar K, Repka MA. Effect of chitosan, benzalkonium chloride and ethylenediaminetetraacetic acid on permea-

tion of acyclovir across isolated rabbit cornea. Int J Pharm. 2008; 348: 175-8.
6.	 Yenice I, Mocan MC, Palaska E et al. Hyaluronic acid coated poly-epsilon-caprolactone nanospheres deliver high concentrations of 

cyclosporine a into the cornea. Exp Eye Res. 2008; 87: 162-7.
7.	 Anwar Z, Wellik SR, Galor A. Glaucoma therapy and ocular surface disease: current literature and recommendations. Curr Opin Ophthal-

mol. 2013; 24: 136-43.

Vo l .  8 / N r  3 ( 3 1 ) / 2 0 2 1  ( s .  1 8 0 - 1 8 4 )



184
Co p y r i g h t  ©  M e d i c a l  E d u c a t i o n

Authors’ contributions:
All authors contributed equally to the article.
Conflict of interest:
None.
Financial support:
None.
Ethics:
The content presented in the article complies with the principles of the Helsinki  
Declaration, EU directives and harmonized requirements for biomedical journals.

8.	 Hedengran A, Steensberg AT, Virgili G et al. Efficacy and safety evaluation of benzalkonium chloride preserved eye-drops compared 
with alternatively preserved and preservative-free eye-drops in the treatment of glaucoma: a systematic review and meta-analysis. Br  
J Ophthalmol. 2020; 104(11): 1512-8. https://doi.org/10.1136/bjophthalmol-2019-315623.

9.	 Pellinen P, Huhtala A, Tolonen A et al. The cytotoxic effects of preserved and preservative-free prostaglandin analogs on human corneal 
and conjunctival epithelium in vitro and the distribution of benzalkonium chloride homologs in ocular surface tissues in vivo. Curr Eye 
Res. 2012; 37: 145-54.

10.	 European Glaucoma Society Terminology and Guidelines for Glaucoma, 5th Edition.
11.	 Golberg I, Gil Pina R, Lanzagorta-Aresti A et al. Bimatoprost 0,03% Timolol 0,5% preservative-free ophthallic solution versus bimatoprost 

0,03% Timolol 0,5% ophthalmic solution (Ganfort) for glaucoma or ocular hypertension: a 12-week randomized controlled trail. Br  
J Ophthalmol. 2014; 98(7): 926-31.

12.	 Shedden A, Adamsons IA, Getson AJ et al. Comparison of the efficacy and tolerability of preservative-free and preservative-containing 
formulations of the dorzolamide/timolol fixed combination (COSOPT tm) in the patients with elevated intraocular pressure in a rand-
omized clinical trial. Graefes Arch Clin Exp Ophthalmol. 2010; 248(12): 1757-64.

13.	 Day DG, Walters TR, Schwartz GF et al. Bimatoprost 0,03% preservative free ophthalmic solution versus bimatoprost 0,03% ophthalmic 
solution (Lumigan) for glaucoma or ocular hypertension: a 12-week, randomized, double-masked trial. Br J Ophthalmol. 2013; 97(8): 
989-93.

14.	 Aptel F, Choudhry R, Stalmans I. Preservative-free versus preserved latanoprost eye drops in patients with open-angle glaucoma or 
ocular hypertension. Curr Med Res Opin. 2016; 32(8): 1457-63.

15.	 Katz G, Springs CL, Craven ER et al. Ocular surface disease in patiens with glaucoma or ocular hypertension treated with either BAK- 
-preserved latanoprost or BAK-free travoprost. Clin Ophthalmol. 2010; 4: 1253-61.

16.	 Pisella PJ, Pouliquen P, Baudouin C. Prevalence of ocular symptoms and signs with preserved and preservative free glaucoma medica-
tion. Br J Ophthalmol. 2002; 86(4): 418-23.

17.	 Trocme S, Hwang LJ, Bean GW et al. The role of benzalkonium chloride in the occurrence of punctate keratitis: a meta-analysys of rand-
omized, controlled clinical trials. Ann Pharmacother. 2010; 44(12): 1914-21.

18.	 Hirose R, Bandou R, Ikegaya H et al. Disinfectant effectiveness against SARS-CoV-2 and influenza viruses present on human skin: mod-
el-based evaluation. Clin Microbiol Infect. 2021; 27(7): 1042.e1-1042.e4. http://doi.org/10.1016/j.cmi.2021.04.009.

The issue of preservatives in the light of evidence-based medicine
M. Misiuk-Hojło, K. Pawłowska

Vo l .  8 / N r  3 ( 3 1 ) / 2 0 2 1  ( s .  1 8 0 - 1 8 4 )


