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Glaucoma is the leading cause of blindness worldwide. Ocular surface disease (OSD) is commonly found with glaucoma 
and could be initiated or exacerbated by topical glaucoma treatments. The preservative agents are important in multidose 
drugs. The main etiological factor of OSD is preservative agents. OSD with normal and glaucomatous people are evaluated 
frequently with diagnostic testing including clinical examination and questionnaires to explain the visual function and 
quality of life. Glaucoma treatments can be related with toxicities to the ocular surface, usually because of the preservatives 
included in the eye drops; however, the incidence of toxicity can be decreased with the preservative-free medications, or 
decreased preservative medications, or treatment of dry eye disease. The aim of this review to evaluate the prevalence, 
causes, and treatment of OSD in glaucoma patients through curent literature, especially those on topical therapy.
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Glaucoma is a significant cause of blindness worldwide.
[1] The prevalence of 2.65% in the population over 40, 

glaucoma is expected to increase in the present decades.
[2] Different studies showed that the use of topical drugs 
may induce ocular surface impairments, and increase the 
potential risk of unsuccessful glaucoma surgery with visual 
loss. Ocular surface disease (OSD) is a common subject 
to come ophthalmology clinics.[3] OSD is estimated to be 
15% among individuals aged 65 years or older.[1,4] Different 
factors are considered to affect the prevalence of OSD, such 
as age, sex, and race.[3] Glaucoma medications are one of 
the factors.[4-7] Glaucoma prevalence also increases aged 
65 years or older.[8] Leung et al.[9] showed tear break-up 
time and tear quality was abnormal in 79 (78%) glaucoma 
patients and severe decrease in tear quality was found in 
at least 1 eye in 66 (65%). Using preservative-containing 

eyedrops increases the development of OSD.[4] The effect 
of benzalkonium chloride (BAK) on the ocular surface has 
been demonstrated in the different studies.[10] Preservatives 
have a detergent effect on the lipid layer of the tear film and 
can decrease the density of goblet cells in the conjunctival 
epithelium. The stability of the precorneal tear film could be 
decreased and deteriorate the ability to provide protection 
and trophic factors to the cornea.[4,5,8,11]

Initial treatment in glaucoma is medical therapy; patients 
need to use medication for life unless surgical treatment 
is required.[1,12,13] Most of the time, monotherapy tends to 
be insufficient in achieving the target intraocular pressure 
(IOP), and more than 50% of patients require multiple 
glaucoma medications.[14,15] In glaucoma patients, dry 
eye often develops when there is concomitant age-related 
aqueous tear deficiency or meibomian gland dysfunction 
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alongside long-term use of topical ocular hypotensive 
medications.[6,16] Dry eye disease (DED) symptoms 
decrease patients’ quality of life and reduce medication 
adherence. In the general population, OSD is observed in 
approximately 5–30% of individuals aged 50 and above, 
while in glaucoma patients, this rate is around 50–60%.[17]

Multidose topical eye drops require preservatives to extend 
their shelf life and prevent microbial contamination. 
However, in glaucoma patients, chronic medication use, 
particularly those containing preservatives, can lead to 
ocular surface problems over time.[18]

Most of the glaucoma medications which are being 
used today contain BAK in different concentrations.[19] 
It is preferred due to its strong antimicrobial activity, low 
antigenicity, and relative safety compared to mercury and 
other preservatives. However, because it is not selective, 
it can lead to cellular damage and inflammation in the 
conjunctiva and cornea in a dose- and time-dependent 
manner.[4,20] With age, there may be a decrease in tear 
production and narrowing of the canaliculi, making 
it difficult to remove BAK from the ocular surface and 
increasing its toxic effects. It is also known that glaucoma 
medications can cause blockage and atrophy of the 
meibomian glands. In glaucoma patients receiving medical 
treatment, dry eye symptoms such as burning, stinging, and 
foreign body sensation in the eyes, along with low Schirmer 
test results, reduced tear breakup time, punctate keratitis, 
and ocular surface staining are frequently observed.[7,20,21]

The medications used in glaucoma treatment are now 
recognized as an iatrogenic cause of dry eye. Hollo et 
al.[22] defined OSD related to glaucoma treatment as “the 
disruption of ocular surface homeostasis due to the toxic 
effects of chronic topical medications, leading to instability 
of the tear film, epithelial damage, and inflammation.” 
In addition, the frequency of OSD increases with the 
severity of glaucoma, the number of ocular hypotensive 
medications, the presence of preservatives, frequency and 
duration of use, and the age of the patient.[21]

The Preservative Agents of the Medical 
Therapy 
BAK, Purite® (Allergan Inc., Irvine, California, USA), 
Polyquaternum 1 as Polyquad® (PQ) (Alcon Research, Fort 
Worth, Texas, USA), SofZia® (Novartis AG, Basel, Switzerland) 
are the preservatives which are used commonly in 
antiglaucomatous therapy.[18] These are important for 
sterility in multidose eyedrops.[14]

Other preservatives have different effects including 

precipitate bacterial proteins and are active against 
Gram-positive bacteria, cross the bacterial lipid layer, and 
disrupt cells function.[23]

BAK is the most frequently used preservative and has toxic 
effects with a detergent activity, which dissolve bacterial 
walls and membranes, and damage the cytoplasmic 
contents.[10,24] BAK is a quaternary ammonium which 
cause loss of goblet cells, tear film instability, conjunctival 
apoptosis, destruction of the corneal epithelium barrier, 
and damage to other ocular tissues. The mechanisms of the 
BAK have not been understood, but possible mechanisms 
are the release of proinflammatory cytokines, apoptosis, 
oxidative stress, as well as the effect to the corneal epithelial 
barrier.[25] The decrease in conjunctival goblet cell density is 
accepted as an important parameter in assessing the OSD.
[26] The conjunctival inflammation and reduced goblet cell 
density of dry eye are exacerbated by the use of preserved 
topical agents.[27]

Purite® is a stabilized oxychloro complex.[28] Glaucoma 
medications’ adverse effects on the ocular surface are 
multifactorial, glaucoma medications which contain the 
higher levels of BAK resulted in greater corneal damage 
and conjunctival cell infiltration than treated with Purite.
[29,30]

PQ is a polyquaternum.[31] Polyquaternum 1 is used in 
ophthalmology. Liang et al.[32] investigated the travoprost 
0.004% ophthalmic solution with PQ, with the travoprost 
with BAK 0.004% ophthalmic solution and they found 
that advantage for the ocular surface of patients receiving 
chronic glaucoma treatment with PQ-preserved drugs. 
Studies showed that PQ, except in a high concentration 
of 0.5%, did not create important changes in the ocular 
surface compared to saline solution.

SofZia® is a preservative agent which has microbicidal 
effect with oxidative properties. This ionic buffer solution 
converts to nontoxic produts after contact to the ocular 
surface.[33] Aihara et al.[34] studied the travoprost with 
BAK or SofZia and they found that the group with 
SofZia travoprost 0.004% has lower keratoconjunctival 
epitheliopathy (p=0.036) and the intergroup difference 
was also significant (p=0.001).

Clinical Practice
The aim of treatment for glaucoma to prevent OSD.

1. Treatment of dry eye disease: First of all the DED must be 
treated before the glaucoma disease and medications. 
The lubricants without preservatives can be used. Tea 
tree oil preparations and hot compress for meibomian 
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gland dysfunction, topical steroid, immunomodulator 
drugs, oral macrolids, and omega 3 preparations 
could be use for treatment. Punctum plugs are useful 
for DED but preserves are also being for a long time 
on the ocular surface also. Punctum plugs may be 
more harmful in glaucoma patients by prolonging the 
preservan residence time on the ocular surface.

2. Decrease the number of drugs: The drugs which are 
monodose or fixed combinations could be using. In 
such patients, it is possible to use a fixed combination 
of glaucoma drugs, two IOP lowering agents combined 
in a single formulation.

3. The preservative-free (PF) agents commonly used are 
a significant advancement in glaucoma therapy, so this 
therapy is a good choice.

4. The drugs with the less toxic preservatives can be used.

5. Alternative drug systems

6. Other treatment methods: Selective laser trabeculoplasty 
(SLT), and minimal invasive glaucoma surgery are the 
other treatment options. LIGHT study showed that 74% 
of the patients who were treated with SLT did not need 
the glaucoma drugs.

Patients with glaucoma suffer OSD at a higher prevalence 
rate than patients without glaucoma. Table 1 summarizes 
the results on the studies about OSD and glaucoma.

There is an important problem that both topical glaucoma 
medications themselves and their added preservatives 
damage the meibomian glands, and the ocular surface. 
Preserved topical glaucoma drops appear to cause 
dysfunction and atrophy of the meibomian glands. Several 
studies have demonstrated that meibomian gland dropout. 
Asiedu et al.[35] indicates that worsening dry eye symptoms 
correlate with the duration of treatment with topical 
glaucoma medications. Long-term exposure to preservatives 
can harm the conjunctiva, cornea, and trabecular meshwork. 
The practice of polypharmacy and frequent dosing heightens 
patients’ exposure to these preservatives. Preservatives and 
active ingredients in many topical glaucoma medications 
are linked to ocular surface discomfort. Three clinical signs 
of meibomian gland dysfunction are assessed: Lid margin 
abnormality score, meibum expressibility, and the degree of 
meibomian gland dropout.

Preservative-free glaucoma medications have minimal 
effect on corneal hysteresis (CH). Aydemir et al.[36] the 
active agents and preservatives in these drops may impact 
CH, which is more critical than central corneal thickness in 
the progression of glaucoma. Monitoring changes in CH in 

patients using these drops is essential. Glaucoma patients 
often require prolonged use of antiglaucomatous drops. 
PF formulations should be preferred to minimize adverse 
effects on treatment outcomes. Both preservatives and 
active agents can influence CH, making the variation in CH 
during long-term use of antiglaucomatous drops significant 
for disease progression and management. Boso et al.[37] 
evaluated the OSD index (OSDI) questionnaire, non-invasive 
objective assessments of the ocular surface, photographic 
documentation (Keratograph 5M), ocular surface staining 
with fluorescein and lissamine green, Schirmer test, and 
IOP measurements. OSD treatment involved eyelid hygiene 
twice daily, fluorometholone acetate 0.1%, PF lubricant 
every 2 h, fatty acid supplementation, and oral doxycycline 
at 100 mg daily, alongside glaucoma topical medications. 
They showed that the prevalence of OSD signs was high 
in glaucoma patients under medical treatment. Effective 
treatment can enhance ocular surface parameters and 
symptoms, improving compliance and IOP control.

Some studies showed that glaucoma medications can 
also affect the trabecular outflow structure. Dubrulle 
et al.[38] discussed the important factor for the ocular 
surface is the diffusion of inflammatory mediators into 
deeper tissues and the direct toxicity of medications to 
the trabecular meshwork. Other potential explanations 
can also be considered. This study demonstrated that 
addressing ocular surface irritation and inflammation 
could enhance IOP control in patients with medically 
uncontrolled glaucoma associated with OSD. Caring for the 
ocular surface inherently involves caring for the trabecular 
meshwork, which affects IOP. Thus, we believe that the 
management of these three aspects should be integrated.

DED and OSD can be described as disorders which are 
involving multiple interacting mechanisms. Dysfunction 
of the lacrimal functional unit can be the reason for DED 
by causing differences in the volume, composition, or 
clearance of the tear film. Two most important mechanisms 
are tear hyperosmolarity and tear film instability. Chen 
et al.[39] studied about the DED and glaucoma. They 
showed that the temporary plugs prove effective 
without complications, consideration for long-term or 
permanent punctal occlusion may be warranted. Zhang 
et al.[40] showed that glaucoma medications often cause 
ocular surface toxicity, primarily due to preservatives; 
however, this can be reduced through PF options, lower 
preservative formulations, or dry eye treatments. Results 
indicated that OSD in both normal and glaucomatous 
eyes was assessed through diagnostic testing, including 
clinical examinations and questionnaires evaluating visual 
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function and quality of life. Utilizing laser trabeculoplasty 
or minimally invasive glaucoma surgeries that spare the 
conjunctiva and cornea may lessen reliance on topical 
medications, thereby potentially preventing or alleviating 
OSD. Recognizing and treating OSD in glaucoma patients 
can improve their quality of life and medication adherence, 
ultimately enhancing treatment outcomes. Lopes et 
al.[41] showed that the cessation of BAK use was found to 
decrease the signs and symptoms of dry eye in patients 
with primary open-angle glaucoma. Doğan et al.[42] 
studied the use of topical antiglaucomatous medications 
that appears to affect central corneal epithelial thickness in 
glaucoma patients, with thinner measurements observed 
compared to controls. Anterior segment optical coherence 
tomography may be useful for evaluating the impact of 
antiglaucomatous medications on central corneal epithelial 
thickness during treatment. Furthermore, oxidation on the 
ocular surface is important. Sedlak et al.[43] analysed that 
topical carbonic anhydrase inhibitors preserved with BAK 
increase oxidative stress in the tear film.

There is evidence that the prostaglandin analogs may also 
affect to OSD. El Ameen et al.[44] suggested that patients 
treated with PF latanoprost experience better ocular 
tolerance compared to those on preserved prostaglandin 
analogues. Switching to PF latanoprost maintained IOP 
at levels comparable to preserved prostaglandin analogs 
while improving ocular surface tolerance. Seong et al.[45] 
demonstrated that PF latanoprost effect is comparable in 
reducing IOP to BAK -preserved prostaglandin analogs, but 
with significantly fewer side effects on the ocular surface. 
With this effectiveness, PF latanoprost may enhance 
patient compliance and potentially slow glaucoma 
progression. Hommer et al.[46] showed that switching to PF 
tafluprost results in increased tear film thickness, improved 
breakup time, and a better Dry Eye-Related Quality of Life 
Score. Therefore, our findings suggest that transitioning 
to unpreserved tafluprost is advantageous for ocular 
surface health in patients who have been using preserved 
prostaglandin eye drops for an extended period. Park 
et al.[47] studied that PF-tafluprost and PF-dorzolamide/
timolol exhibited statistically and clinically significant 
improvements in life quality, as measured by the OSDI 
questionnaire, compared to preservative-containing 
latanoprost, while maintaining comparable IOP reduction 
in Korean glaucoma patients with OSD. Wong et al.[48] 
they showed that clinic of OSD and subjective symptoms 
of DED improved following the switch to low-preservative 
tafluprost, which also demonstrated comparable 
IOP-lowering effectiveness.Ta
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Conclusion
Glaucoma and OSD are interrelated conditions that 
significantly impact patient quality of life and visual 
health. Glaucoma and ocular surface disorders are very 
common disorders and these diseases affect the eyes. 
When possible, switching to PF medications should be 
considered in patients who use multiple drops. Patients 
who require multiple agents may better options for laser 
trabeculoplasty or MIGS. Factors including patient age, 
compliance, stage of glaucoma, and degree of OSD should 
guide clinician management.
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