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Glaucoma is a common disease with an increasing prevalence [1]. Ocular surface disease
(OSD) is also common, and its prevalence is increasing [2, 3], due in part to the adverse effects
of topical glaucoma medications [4, 5]. Given this glaucoma/OSD association, David A.
Sullivan, MS, PhD (Boston, MA, USA) and Amy Gallant Sullivan (Paris, France) on behalf of
the Tear Film & Ocular Surface Society (TFOS), and in collaboration with Miriam Kolko, MD,
PhD (Copenhagen University Hospital & University of Copenhagen, Denmark), organized a
one-day meeting which was held on Saturday, October 22, in Cernobbio, Italy. This meeting
focused on the impact of glaucoma medications on the ocular surface, and how OSD can
influence glaucoma treatment. The term “ocular surface” encompasses the surface (cornea and
conjunctiva), tear film, and adnexa (lacrimal and meibomian glands). The speakers included
internationally renowned glaucoma and OSD experts. The evidence-based proceedings of this
meeting are presented in this TFOS Experts' Meeting report.

1. Epidemiology, pathophysiology, and topical treatment of glaucoma

The glaucomas are a diverse group of intraocular pressure (IOP)-sensitive, progressive optic
neuropathies that have in common a characteristic pattern of retinal ganglion cell (RGC) loss
(‘glaucomatous optic neuropathy’).

Glaucoma is the leading cause of irreversible vision loss worldwide and its prevalence is
increasing due to its age-related nature [1]. Glaucoma affects about 4% of the population over 60
years and as many as 10% of the population over 80 years [1, 6], including about 4 million
people with blindness due to glaucoma [7]. Even mild forms of the disease are linked to
measurable loss of mobility and functional independence, especially in the elderly: reading
speeds, rates of falls, time out of the house, physical activity and cessation of driving are all
worse with increasing visual field damage [8-13].

The main phenotypes are characterised by anterior chamber angle anatomy (‘open’ or
‘closed’), the former (primary open-angle glaucoma; [POAG]) being more common but the latter
(angle-closure glaucoma) accounts for half of all blindness. Seventy-five million cases of POAG
alone are predicted by 2025, with the highest rates in Africa (prevalence 4.5% over 40 years) and
Latin America (3.7% over 40) [14]. Glaucoma is predicted to affect over 112 million individuals
by 2040 [15]. Largely because early forms of the disease may be unrecognised by patients, up to
50% of glaucoma in established market economies is undiagnosed (rising to over 90% in areas

with less developed healthcare systems) [16].
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Glaucoma treatment is chronic and only decreases the rate of disease progression, but is not
curative and therefore places a considerable burden on secondary care services. With aging
populations worldwide the numbers of individuals with glaucoma are predicted to rise
significantly (e.g., by 30% in the UK in the next 15 years), while at the same time the availability
of often more costly, complex treatments increase the cost of care [17].

Glaucoma is a highly heritable disease compared to other common conditions (70% versus,
for example, 50% for diabetes) [18]. Individual ‘risk factors’ for developing glaucomatous optic
neuropathy may be considered at the patient, eye, or tissue level and include age, race, myopia,
vascular characteristics (such as response to nitric oxide, blood pressure medications) [19],
inflammation [20, 21] and mitochondrial dysfunction [22, 23]. These interact, for example the
impact of age is much greater in some races, POAG prevalence increases to over 20% in the
ninth decade for Latino and African populations against 5-10% in white Europeans, while the
increased risk from myopia is greater at lower IOP and greater age [7, 24, 25].

The primary site of damage is at the optic nerve head where profound mechanical stresses on
the RGC axons as they leave the eye create significant energy demands for the cells [26].
Nonetheless, IOP reduction remains a powerful and proven means to prolong RGC survival,
decrease the rate of glaucoma progression, and prevent blindness if treatment is initiated in time
[25, 27].

The most common treatment for lowering IOP is the use of eye drops [27]. Unfortunately,
anti-glaucomatous eye drops have significant adverse effects, which when combined with the
silent nature of glaucoma leads to a high risk of low adherence if patients do not understand their
disease and the importance of treatment [28]. The introduction of generic eye drops has led to
concerns about differences in both efficacy and side effects of these versus the branded eye
drops. Moreover, the different expression of generic eye drops in terms of bottle design and
hardness of the bottle increases the risk of confusion for patients and thus reduced adherence.

There are very few regulations to fulfill when introducing a generic eye drop and thus new
generics enter the market on a regular basis. Recent findings suggest major variations between
generic drugs, both in terms of physical and chemical properties [29-31], and also in terms of
adverse effects and efficacy [32-34]. The impact of such variations can become detrimental for

patient adherence and in the end lead to visual disability that could have been prevented. There is
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a need for more research that can provide an evidence-based basis for counseling patients and
colleagues in choosing eye drops [35].

2. Impact of topical glaucoma medications on the ocular surface and adnexa

2.1. Prevalence of, and risk factors for, ocular surface disease in glaucoma patients

Ocular surface disease (OSD) in glaucoma patients is common and frequently unrecognized
and untreated. The prevalence of OSD in glaucoma patients is between 48 to 59% when based on
symptoms, and between 22 to 78% when based on signs [36-38].

Jaenen et al. [39] performed a multicenter, cross-sectional epidemiological survey in four
European countries including 9658 nonconsecutive glaucoma patients using preserved (74%) or
preservative-free (12%) p-blocking eye drops; 52% of their study population were female with a
mean age of 65 years. Each recorded symptom was significantly more frequent in the
preservative group compared to the preservative-free group (p<0.0001). The symptom “Dry Eye
Sensation,” for example, was present in 34.9% of patients with preserved glaucoma medication
versus 16% in patients with preservative-free medication [39]. Each recorded sign (e.g., eczema,
anterior/posterior blepharitis, conjunctival hyperemia, follicles, and staining) was also
significantly more frequent in the preservative group compared to the preservative-free. The
clinical sign “corneal staining” was present in 25.6% of patients with preserved anti-glaucoma
medications compared to 8.9% with preservative-free drops [39].

Erb et al. [40] included 20,506 glaucoma patients from 900 centers in Germany in a register.
Epidemiological data, glaucoma medications, concomitant disease, dry eye disease (DED) and
ocular symptoms were analyzed using a questionnaire, and the form of glaucoma was noted. The
prevalence of DED in glaucoma was 52.6% (men 45.7%; women 56.9%) and increased with age
(31.3% below 40 years; 61.6% over 90 years) DED was more common in PEX glaucoma
(60.9%), followed by POAG (52%), and pigment dispersion glaucoma (45.2%). The duration of
glaucoma was relevant with 47.3% of glaucoma between 1 and <2 years, and 55.2% between 10
and < 15 years suffering from DED. The prevalence of DED increased with the number of eye
drops used (1 eye drop 50.9%, 5 eye drops 66.7%) [40].

Leung et al. [5] analyzed 101 patients with POAG or ocular hypertension under antiglaucoma
medication in a cross-sectional study: 59% of patients suffered from DED symptoms (27%
severe), 61% had a reduced Schirmer test (35% severe), 22% showed ocular surface staining and
78% demonstrated a reduced TFBUT (65% severe). Each additional BAK-containing eye drop
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was associated with an approximately 2 times higher odds of showing abnormal lissamine green
staining [5].

In a prospective observational study, Fechtner et al. [41] evaluated 630 patients from 10
centers in the US with POAG or ocular hypertension under topical glaucoma treatment.
Symptoms of DED as analyzed by OSDI questionnaire were seen in 21.3% (mild), 13.3%
(moderate), and 13.8% (severe). No influence of age, sex, and/or ethnicity could be detected.
Also in this study, the number of glaucoma medication was relevant for the occurrence of DED
symptoms. Moreover, pre-existing DED was significantly associated with DED symptoms under
glaucoma treatment (p=0.004) [41].

Several risk factors for the development of DED symptoms and signs were observed in the
epidemiological studies presented above including female sex, higher age, preexisting DED,
glaucoma type, duration of glaucoma, number of glaucoma medications, and preservatives,
especially benzalkonium chloride [5, 39-41]. In addition, the frequency of instillation has been
recognized as an additional risk factor [42].

An interesting question remains whether glaucoma itself can induce ocular surface disease. In
a study by Kuppens et al. [43], the basal tear turnover was significantly reduced in untreated
POAG compared to healthy controls and patients with ocular hypertension (p=0.001). The
authors speculated that DED complaints may originate from decreased basal tear turnover as a
result of glaucoma drug therapy, as well as from primary open-angle glaucoma itself [43].

In addition, glaucoma surgery has been discussed as a risk factor for OSD. Eyes with
functioning blebs after trabeculectomy had higher rose Bengal and fluorescein staining (p<0.001)
and lower TFBUT compared to controls (p<0.05). The staining correlated poorly with height and
extent of the bleb [44]. Also, Ji et al. [45] observed significantly higher corneal staining scores
(p=0.012) and lower TFBUT (p=0.043) in bleb patients with significantly higher prevalence of
DED (p=0.018). In this study, DED correlated with bleb height [45].

The adverse effects of topical glaucoma medications are not limited to the generation or
exacerbation of DED. Various anti-glaucoma eye drops have also been linked to the
development of brimonidine-induced ocular allergy [46-48], allergic contact dermatitis [49, 50],
impairment of corneal wound healing [51] and dysfunction of corneal limbal stem cells [51]. In
addition, topical glaucoma treatment may also cause pseudopemphigoid [52] and mucous

membrane pemphigoid, which could lead to blindness [53].
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It should be recognized that in general, glaucoma surgery and the discontinuation of glaucoma

medications have a positive effect on the ocular surface. Tong et al. [54] for example

demonstrated a long-term beneficial effect of trabeculectomy on the ocular surface with a

reduced expression of conjunctival inflammatory genes and immune-related genes

postoperatively [54].

2.2. Adverse effects of active ingredients in glaucoma medications on the ocular surface and

adnexa

The prevalence of DED ranges from 5-50% [2]. Among patients being treated for glaucoma

with 10P-lowering eye drops, the prevalence is reported to increase to as much as 45-60% [4, 5].

Although the use of preservatives has well-documented negative effects on the ocular surface

(see below), the active ingredients may have deleterious effects as well (Figure 1).

Blue text = In vitro studies

Red text = Clinical studies
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Figure 1. Effects of unpreserved anti-glaucoma eye drops on the eye's anterior segment. Active

compounds were used in the studies in vitro, whereas commercial formulations were used in the

clinical studies. The references are cited in Section 2.2.
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Prostaglandin F2a and latanoprost exposure upregulates the expression of matrix
metalloproteinases (MMPSs) in organ cultured human sclera [55]. Bimatoprost, latanoprost, and
tafluprost induce an increase in MMPs, as well as a decrease in tissue inhibitors of
metalloproteinase (TIMP)-1 and TIMP-2 in human non-pigmented ciliary epithelial cells [56].
Tafluprost causes a decrease in membrane integrity of immortalized human conjunctival cells
[57]. Brimonidine, brinzolamide, latanoprost, timolol and pilocarpine have demonstrated
cytotoxic effects on immortalized human corneal epithelial cells [58]. Release of pro-
inflammatory mediators was reported following exposure of human Tenon's capsule fibroblasts
to latanoprost, but not to timolol and pilocarpine [59]. Unoprostone caused a decrease in number
of cultured human conjunctival cells and a reduction of microvilli and filopodia [60].
Latanoprost stimulated release of lactate dehydrogenase in agueous humor, goblet cell damage,
macrophage infiltration of eyelids and conjunctival redness in rabbits [61]. Bimatoprost also
induced eyelid infiltration of macrophages [61].

Clinically, latanoprost caused conjunctival hyperemia [62]; bimatoprost/timolol in fixed
combinations led to conjunctival hyperemia, pruritus and DED sensation [63]; timolol and
prostaglandin analogues altered tear neuropeptides expression [64]; preservative-free timolol
increased expression of human leukocyte antigen (HLA)-DR, interleukin (IL)-6 and IL-8,
although less than preserved formulations [65], worsened DED symptoms and decreased tear
film stability [66]. In contrast, another study found no alteration in HLA-DR, intercellular
adhesion molecule-1 or mucin expression following exposure to timolol [67]. Levobunolol
increased irregularity of the conjunctiva and decreased goblet cell density [68]. Two prospective,
randomized studies found no detrimental clinical effects of tafluprost [69, 70], however, one did
observe an increase in goblet cell density [69]. Several switch-studies have demonstrated
improved signs and symptoms upon changing from preserved to preservative-free prostaglandin
analogues [71-75] or from preserved to preservative-free B-blockers [76, 77]. Moreover, several
larger multicenter studies reported improved symptoms and signs when changing to an
unpreserved alternative drug [39, 42, 78, 79].

Studies of immortalized human meibomian gland (MG) epithelial cells found that pilocarpine
and timolol influence their proliferation, morphology, and survival in a dose-dependent manner
[80]; brimonidine and dorzolamide cause a dose-dependent decrease in proliferation, but also

promote a dose-dependent differentiation of these cells [81, 82]; and bimatoprost reduced the
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phosphorylation of phosphoinositide 3-kinase (P13-kinase)-protein kinase B, an effect that would
attenuate MG epithelial cell survival [83]. Compared to healthy controls, patients treated with
latanoprost and tafluprost presented increased ocular surface staining, MG dropout and a
decreased expressibility and quality of meibum [84]. A later prospective study examining the
same prostaglandin analogues (PGA) found no evidence of increased MG dropout compared to
baseline during 12-month follow-up [85]. Moreover, tafluprost and timolol did not cause any
discernible clinical or microscopic changes measured with in vivo confocal microscopy (IVCM)
compared to healthy controls [86]. However, patients treated with bimatoprost/timolol fixed
combination demonstrated worse scores concerning signs and symptoms of DED, goblet cell
density and MG parameters measured with IVCM compared to healthy controls [87].

2.3. Adverse effects of active ingredients in glaucoma medications on the nasolacrimal duct and
periorbital area

Topical instillation of anti-glaucoma medication to the ocular surface may have significant
periocular impact. The fornix capacity for storage is around 30 ul, with a typical drop volume of
50 pl, around 20 pl will run into the lacrimal drainage system or over the lid margin [88].
Periorbital changes mostly associated with prostaglandin analogs, include lipodystrophy and
eyelid malposition with resultant functional and aesthetic impact [89, 90]. Ptosis, upper and
lower eyelid retraction, increased horizontal eyelid tension, trichiasis, ectropion and entropion
have been described [91-93]. Aesthetic changes may be asymmetrical with unilateral eye drop
instillation. Deepening of the upper eyelid sulcus was first described in 2004 with bimatoprost
[94]. It has since been described with other PGA [95-97], age and duration of PGA use being
positively and independently associated [98]. Prostaglandin-associated periorbitopathy (Figure 2)
also includes loss of the inferior orbital fat pads, enophthalmos, eyelid pigmentation and eyelash
changes [99-101]. The reduction of pre-aponeurotic fat and orbital fat volume is thought to be
due to apoptosis of orbital fibroblasts and remodeling of the extracellular matrix [102].

Exposure to PGA in vitro has been shown to suppress adipogenesis in differentiated
adipocytes [103] in a dose dependent manner. These findings have been confirmed on MR
imaging [104] and may play a therapeutic role in adipogenic orbital diseases, such as thyroid
associated orbitopathy [105, 106]. PGA prolongation of the anagen phase in resting hair follicles,
results in hypertrichosis. Eyelash growth has been seen with all PGA at varying frequencies

[107]. Hypertrichosis has also been described in a lower eyelid skin graft and cheek post basal
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cell carcinoma excision [108]. PGA induced eyelid pigmentation by tyrosinase transcription
induction in melanocytes has been described [109, 110], and cases of melanoma have been
reported [111, 112]. The general prevalence of nasolacrimal duct and sac obstruction is around
9% in asymptomatic patients [113]. Observation of acquired external punctal stenosis [114] and
canalicular narrowing [115] led to further study of lacrimal drainage system obstruction by anti-
glaucoma eye drops. An increased incidence of obstruction is seen in patients on such drops
[116], with the upper canaliculus more likely to be affected than the lower [117], presumably due
to the closer proximity to the conjunctiva and fornix, and more likely with combination therapy.
Timolol induced lacrimal drainage system obstruction has been widely reported [118]. A

combination of chronic inflammation causing cicatricial changes, and autonomic nervous system

effects on the width of the nasolacrimal drainage system are thought to play a role [118].

Figure 2. Two patients (A & C) treated with bimatoprost 0.03% for glaucoma to their right eyes
only. Treatment of the right eyes demonstrates hollowing of the superior sulcus, but less
dermatochalasis, skin hyperemia, ptosis and enophthalmos compared to the untreated left eyes.
The right eyes also have a more pigmented and darker lid margin, as well as more prominent
lashes. Even three years after cessation of treatment (B & D respectively), the fat atrophy
persists. (Images courtesy of Dr. Rachna Murthy)
2.4. Adverse effects of BAK preservatives in glaucoma medications

Long-term use of eye drops is a common cause of significant changes in the ocular surface, as
shown by both basic science and clinical research [1, 2]. Chronic low-grade inflammation from

10
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these drops is particularly common in glaucoma patients, whose life-long use can result in a
variety of clinical manifestations. Decades-long use of these medications may cause and/or
exacerbate ocular surface conditions such as chronic allergy, meibomian gland dysfunction and
DED, thus affecting compliance, surgical results, and quality of life [119, 120].

Benzalkonium chloride (BAK) is the most common eye drop preservative, and there is a
correlation between the number of BAK-preserved drops used concurrently and the development
of adverse ocular surface signs and symptoms [5, 42]. This association is supported by the
significant improvement in signs and symptoms upon discontinuing the preserved drops and
switching to preservative-free drops [42, 79].

Due to its surfactant properties, BAK has an adverse effect on the tear film. BAK promotes
pro-inflammatory effects and epithelial and goblet cell toxicity and may increase tear osmolarity
[119, 121]. Thus, BAK may destabilize the tear film and cause and/or exacerbate DED [20].

In vitro studies have shown that BAK is toxic to conjunctival cells exposed to osmotic stress
[122]. Further, it is well documented that BAK significantly decreases cellular viability in a
concentration-dependent manner, through oxidative stress and increased apoptosis. This
proapoptotic effect of BAK begins at a toxicity threshold of approximately 0.005%, below the
concentration typical of most eye drops [119]. In corneal cell cultures BAK causes large changes
in cell membrane lipids, increasing the proportions of certain lipids such as ceramides,
implicated in the inflammatory response and cellular death [123]. Moreover, BAK
concentrations that are hundreds-fold below limits set for human commercial products kill all
human corneal, conjunctival and meibomian gland epithelial cells in vitro within 18 hours [124]
(Figure 3).

Studies in vivo have demonstrated that BAK is toxic for trigeminal nerve endings [125],
findings that are consistent with those of an investigation examining the effects of preserved vs
preservative-free glaucoma drops on corneal nerves by IVCM [126]. This study also showed
decreased corneal sensitivity on esthesiometry in the study groups on preserved drops compared
to the control group or groups on preservative-free prostaglandins or p-blockers [126]. The
relative comfort of patients on BAK-containing drops despite their ocular surface disease might
be explained by this neurotoxicity.

Research has also shown direct inflammatory effects of BAK on the ocular surface by

inducing the release of inflammatory cytokines and/or increasing the expression of chemokine
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and cytokine receptors [127, 128]. There are high levels of the inflammatory marker HLA-DR in
the ocular surface after exposure to preserved eye drops [67]. Other markers of inflammation,
such as ICAM-1, interleukins IL-6, IL-8, and IL-10, CCR4 and CCRS5, also appear to be
overexpressed in glaucomatous eyes, especially so with multiple medications and preserved eye
drops [129]. BAK may also accumulate in deeper ocular tissues [130]. Increased anterior
chamber flare has been reported with BAK-preserved glaucoma drops, likely due to a break-
down in the blood-aqueous barrier [131].

2.5. Adverse effects of non-BAK preservatives in glaucoma medications

The primary reason for use of preservatives is that microbial contamination in eye drops is a
significant risk factor for sight-threatening complications, such as infectious keratitis [132]. The
contents of multi-dose ophthalmic containers, used twice daily or more frequently, often undergo
bacterial contamination within one to two weeks, and patients may use an individual bottle for
months [132]. Consequently, preservatives are added to ophthalmic preparations to reduce or
eliminate microbial growth [132]. Furthermore, ophthalmic medications stored in multiple-dose
containers are required by the US Pharmacopoeia and the European Pharmacopoeia to contain a
preservative [133].

A secondary reason was that detergent preservatives, such as BAK, were needed to permit
prodrugs (e.g., PGA analogues) to pass through the cornea and become activated for the
treatment of glaucoma [119]. However, this facilitation has been shown not to be necessary [62].

Because of the well-described adverse effects with BAK, as explained above, other
preservatives have been developed. These include cell membrane lysing detergents (e.g.,
polyquaternium-1), oxidizing preservatives (e.g., sodium perborate), ionic-buffered preservatives
(e.g., borate, sorbitol, propylene glycol and zinc), and chelating agents (e.qg.,
ethylenediaminetetraacetic acid) [134].

However, the properties of these preservatives are due to certain chemical groups that may be
harmful to living cells and may elicit adverse ocular effects [135-137]. Preservative free systems,
in the form of unit dose packages, may be a viable alternative to traditional multi-dose bottles
[9]. Ophthalmic preparations without preservatives are especially important for individuals
requiring long-term treatment who cannot tolerate drops containing preservatives [138].

Examples of such individuals are glaucoma patients, who may need lifelong treatment [139].

12
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Figure 3. Impact of BAK on the survival and proliferation of immortalized human meibomian

gland (iIHMGECs), cornea (iHCECs) and conjunctival (iHConjECs) epithelial cells. Cells were

exposed to vehicle or BAK in the presence or absence of growth supplements (epidermal growth
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factor and bovine pituitary extract) for 5 days before cell counting. BAK caused toxic
morphological changes in IHMGECs, iHCECs and iHConjECs. All images are 200x
magnification. Scale bar is 50 um (A, C, E). Results are shown as mean + SE. *p < 0.05, fp <
0.001 (B, D, F). Significance signs represent comparisons between basal conditions with or
without BAK, or growth factor-containing cultures with or without BAK. This figure is
reproduced from Chen X, Sullivan DA, Sullivan AG, Kam WR, Liu Y. Toxicity of cosmetic
preservatives on human ocular surface and adnexal cells. Exp Eye Res. 2018;170:188-197.
2.6. Adverse effects of antimetabolite treatments following glaucoma filtration surgery

Reduction of IOP is the sole proven means to prolong optic nerve survival and is thus the
mainstay of glaucoma treatment, whether by laser, medication or surgery. While multiple
techniques exist, the traditional trabeculectomy remains a widely used, reliable and powerful
procedure [140, 141]. Its success depends upon control of conjunctival and sub-tenon wound
healing, which otherwise leads to scarring and surgical failure. Topical and depot corticosteroids
are universally used post-operatively to suppress inflammation, while the toxic anti-metabolites
5-Fluorouracil (5FU) and Mitomycin C (MMC) are very widely used to control tenons fibroblast
proliferation [142-148]. More recent drugs such as anti-VEGF antibody bevacizumab, are in
widespread use but have less evidence on either effectiveness or harms [149, 150].

5-FU reversibly inhibits thymidylate synthetase to block DNA synthesis with inhibitory
effects from cell cycle arrest [151]. Previously used per-operatively it is now chiefly used post-
op via sub-conjunctival injections, often multiple, with the risk of reflux onto the ocular surface
[151].

MMC is a Streptomyces-derived alkylating agent that crosslinks DNA to inhibit DNA, RNA
and protein synthesis, has a cytotoxic effect on fibroblasts and is apoptotic at high doses [152]. It
is applied by either pre-op sub-conjunctival injection or per-op on MMC-soaked sponges. High
doses or misapplied drug can lead to poor wound healing, excessive drainage, and even scleral
necrosis [152].

Effects on the ocular surface can be via direct toxic effects on corneal and conjunctival
epithelial cells, damage to corneal limbal stem cells [153, 154], and meibomian glands [155] or
indirect via disruptions to healthy ocular surface homeostasis from conjunctival goblet cell loss
and large avascular drainage blebs interfering with adequate surface wetting. Reduced

conjunctival integrity also leads to greater risks of devastating intraocular infection.
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Glaucoma patients are already a very high-risk group with high rates of ocular surface disease
due to age, comorbidity, and long-term glaucoma medication use with exposure to toxic
preservatives. Further exposure to anti-metabolites can put them at still greater risk of
symptomatic OSD.

2.7. Treatment outcomes: tolerability, compliance, and quality of life

The goal of glaucoma care is to promote patient well-being and quality of life within a
sustainable health care system [156]. Quality of life is influenced by severity of visual
dysfunction, the impact on ability to perform vision-related tasks of daily living, the
psychological impact of disease, and the costs and side effects of treatment [156]. These factors
are closely interlinked, for example, a poorly tolerated topical medication may lead to short-term
reduction in quality of life due to ocular surface or periocular side effects, but also lead to poor
adherence, with resulting poor disease control, faster glaucoma progression, and long-term
reduction in quality of life due to worsening visual field loss.

The treatment of glaucoma tends to focus on 10P reduction. However, IOP is a surrogate of
which patients are not directly aware [157]. Glaucoma care should take a holistic approach and
consider treatment from the patient’s perspective [158].

In its early stages glaucoma is typically asymptomatic and for many patients the main
symptoms experienced are related to the adverse effects of topical medications. Though surveys
have indicated that approximately 80% of glaucoma patients are satisfied with their topical
ocular anti-hypertensives, these have included a preponderance of patients on monotherapy and a
large proportion (>25%) were also using tear substitutes [38, 159]. Also, a reported limitation in
one of these surveys [38] was that patients were asked about any dissatisfaction with their
treatments by their own ophthalmologists, which may have introduced a bias, given that many
patients may have belittled their symptoms. It should be noted that the prevalence of OSD in
patients with glaucoma is higher than in similarly aged controls [160, 161].

Tolerability is intricately linked to adherence, which is defined by the World Health
Organisation, as the extent to which a person’s behaviour corresponds with agreed
recommendations from a healthcare provider [162]. A patient with poor tolerance to a
medication is more likely to be poorly adherent, though paradoxically poorly adherent patients
may report higher satisfaction with treatment due to less adverse effects. Poor adherence to

glaucoma medications is associated with a higher risk of progressive visual field loss and
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adherence also decreases with more complex dosing regimens. Identifying poor adherence is
challenging particularly as there is poor correlation between self-reported adherence and other
measures such as electronic dose monitoring and pharmacy refill information. Nevertheless, a
recent study identified the question “over the past month what percentage of your eye drops do
you think you took correctly?” as having good ability to predict adherence measured with
electronic monitoring, with the optimal cut off for poor adherence as <85% of drops [163].

An important tool for considering treatments from the patient perspective are patient reported
outcome measures (PROMs). Though PROMs may be insensitive for detecting short-term
changes in severity of glaucoma, they are an important tool for informing treatment safety and
tolerability [164]. PROMs may focus on general health (e.g., EuroQoL-5D) or be vision (e.g.,
NEI-VFQ-25) or disease specific (e.g., GQL-15, GQL-9, GSS or GUI). Some of the glaucoma
specific quality of life questionnaires include questions related to ocular pain or discomfort (e.g.,
GSS and GUI), whereas some do not (e.g., GQL-15 and GQL-9) [165]. In the GSS, for example,
6 of 10 items are related to ocular pain or discomfort. Choosing treatments that are better
tolerated is therefore likely to lead to improvement in quality-of-life scores obtained using some
but not all glaucoma PROM questionnaires. PROM s are also used to diagnose and assess
severity of ocular surface disease (e.g., OSDI and DEQ-5) [166, 167]. Caution should be
exercised if considering using the OSDI in patients with glaucoma as it contains several
questions related to visual function that may be affected by glaucomatous visual field loss, rather
than OSD [168]. Neither the OSDI nor DEQ-5 have been validated for use in glaucoma, but the
DEQ-5 is likely more specific for OSD as it lacks questions on visual function.

Randomised control trials may fail to fully capture long-term issues with tolerability as they
typically of short duration, evaluate only monotherapy and exclude patients with DED or
blepharitis. There is also variation in how treatment side effects are measured complicating
comparisons between studies. Recently, a Delphi approach was used to establish consensus on
outcomes and methods to assess adverse effects of anti-glaucomatous eye drops in clinical trials
[169]. The eight outcomes ranked most important (in order) were 1) ocular surface, dryness,
epithelial damage, 2) patient-reported local adverse events, 3) periocular surroundings and
eyelids, 4) quality of life questionnaires, 5) hyperaemia, 6) visual acuity, 7) tear film, and 8)
anterior chamber inflammation.

3. Impact of pre-existing ocular surface disease on glaucoma treatment
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3.1. Management of ocular surface disease in glaucoma patients

Many observational studies based on real world evaluations consistently showed a large
proportion of patients suffering from symptoms and signs of ocular surface disease [20, 42, 170].
Globally, approximately 50% of glaucoma patients suffer from DED symptoms and signs, of
whom 20-30% are considered with severe conditions, which is much more than expected
according to the prevalence of DED in the same age population. In one large epidemiological
survey conducted in 4,107 glaucoma patients [42], frequency of signs and symptoms increased
with the number of preserved eye drops used and was significantly lower for all criteria in a
group of patients treated with unpreserved beta blockers. Another study showed a clear
relationship between the number of medications, irrespective of their family, which may suggest
a common compound leading to such side effects, possibly the preservative, the only component
common to all eye drops [170]. Interestingly, a more recent survey showed that almost 38% of
glaucoma patients were using tear substitutes, more than half of them being preserved, which
illustrates the lack of knowledge of the iatrogenic causes of DED in glaucoma, the usual strategy
for treating DED consisting of adding treatments to alleviate symptoms rather than considering
the cause, and eventually the illogical use of preservative-containing eye drops for treating
iatrogenic DED [171].

When DED has progressively developed over time during antiglaucoma treatments, switching
to preservative-free medications should be the first choice, rather than adding tear substitutes or
anti-inflammatory agents. This would emphasize a “subtractive strategy”, which is likely more
effective because it targets the origin of the disease or one of its cofactors, rather than an
"additive strategy," consisting of adding medications to counteract the iatrogenic effects of other
drugs [20, 120]. Data from studies where such switches have taken place suggest reversible drug-
induced ocular surface changes, which may improve when the causative or aggravating factor is
removed [79] or even decreased [42]. In those studies, reversibility of inflammatory lesions can
be obtained rapidly, as also shown with dendritic cells level returning to normal in less than one
month [172]. In an Australian survey in 375 patients, switching to unpreserved antiglaucoma eye
drops showed a decreased use by patients of tear substitutes, improvement in a quality-of-life
questionnaire, decreased number of patients with abnormal tear instability with no negative

effect on intraocular pressure control [173].
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However, removal of an aggravating factor may not be sufficient for treating DED associated
with glaucoma. Specific DED therapy may therefore be addressed, such as preservative-free tear
substitutes, or topical cyclosporine, in order to counteract the inflammatory reactions often
associated with dry eye, avoiding steroids as much as possible in glaucoma patients.

Not all patients are sensitive to preservatives and not all adverse effects observed with
antiglaucoma medications are induced by preservatives. Three factors must in fact be considered:
the active compound, the preservative, and the patient’s ocular surface. Patients with preexisting
ocular surface disease when glaucoma treatment is initiated as well as those developing DED or
ocular irritation during glaucoma therapy should receive particular attention. Simple clinical tests
may help the clinician detect ocular surface disease, such as assessment of symptoms of irritation
or dryness, eyelid margin redness, positive corneal and conjunctival vital dye staining, and rapid
tear film break-up time.

In such cases, quality of life, adherence, surgical outcome, and overall glaucoma care may be
adversely affected. It is therefore advisable to consider treatment alternatives, such as removing
the preservative when possible or at least decreasing the number of preserved eye drops by using
fixed combinations or medications with preservatives other than BAK, treating the ocular surface
with unpreserved tear substitutes, and considering laser trabeculoplasty or surgery to decrease
the number of eye drops.

Alternatively low toxicity preservatives have been developed and showed little if no effects to
the ocular surface [120, 128, 174]. They can be proposed as a way to subtract or reduce the most
toxic compounds. In case of DED, they can provide safer options than those obtained with BAK.

Whenever possible, the subtraction strategy is thus always preferable when considering
iatrogenic effects [20, 120]. The first step is identification of the role a drug or compound, which
may be very difficult when adverse effects occur late after introducing the treatment, when
several drugs and components are used, when the ocular surface is concomitantly impaired or
when the treatment cannot be interrupted without endangering the eye condition. The use of eye
drops to alleviate symptoms of DED may be necessary but adding preserved eye drops to a DED
induced by other eye drops, and likely the preservative, is at least ineffective and at worse a
cause of further aggravation.

To assist eye care practitioners in the management of OSD in glaucoma patients, an evidence-

based, stepwise treatment approach is presented in Table 1.
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Table 1. Management of Ocular Surface Disease (OSD) in Glaucoma

Step 1: Evaluate patients for OSD prior to treatment initiation

* Assess risk factors: Aging, systemic autoimmune diseases (e.g. Sjogren syndrome),
meibomian gland dysfunction (MGD), post-LASIK/refractive surgery, topical (e.g.,
anti-histamines) and systemic (e.g., anti-androgens) medications, atopy, allergic
conjunctivitis, contact dermatitis, rosacea, overuse of artificial tears, etc.

« Evaluate symptoms of OSD: dryness, grittiness, pruritus, etc.

« Examine signs of OSD: Eyelid/conjunctival redness, swelling, crusts, debris,
collarettes, corneal and/or conjunctival vital dye staining, short tear film breakup time
(BUT; <5 seconds), etc.

In case of OSD or significant risk factors for OSD, consider preservative-free eye drops
or selective laser trabeculoplasty (SLT) as a first-line therapy

Step 2: Re-evaluate regularly patients for OSD during treatment course

« Assess symptoms of OSD, increased need for tear substitutes, eyelid/conjunctival
redness/swelling, corneal and/or conjunctival staining, short BUT

Note that the occurrence of OSD increases with duration of treatment, multiple eye drops
and patient aging

 Evaluate consequences of OSD on patient outcomes: adherence, acceptability, need for
additional eye drops and treatments (tear substitutes, anti-allergic agents, lid hygiene,
or other procedures addressing MGD), impact on quality of life and vision (blurred or
unstable vision, photophobia, ocular fatigue)

Step 3: In case of significant OSD interfering with glaucoma outcomes

« Identify mechanisms: allergy vs. dry eye, inflammation or irritation. In case of
intolerance (e.g., pruritus, eczematous lesions of the eyelid) to different eye drops
containing the same compound, consider an allergic mechanism

* Prioritize reduction/removal of the potential agents of intolerance/irritation (prescribe
preservative-free eye drops when available) or allergy (look in particular for reactions
occurring after introduction of brimonidine, timolol, etc.)

 Consider managing periocular (e.g., adverse eye cosmetics) and environmental (e.g.,
low humidity, allergens, etc.) factors

 Consider switching to other compounds when available and reevaluate OSD after
removal/switch

19



Kolko M et al.

 Consider fixed combinations, SLT or surgery for removing/reducing anti-glaucoma
eye drops

» Consider treating OSD as adjunctive treatment: preservative-free tear substitutes, anti-
allergic agents, lid hygiene and/or mechanical procedures, cyclosporine or other anti-
inflammatory agents, oral tetracycline derivatives or azithromycin, etc.

+ Avoid corticosteroids that may increase intraocular pressure (I0P)

Step 4: If glaucoma surgery is required, either for eye drop intolerance or
insufficient 1OP control

 Consider removing/reducing eye drops to minimize all pro-inflammatory agents for
three to four weeks, and consider prescribing oral acetazolamide to control 10P if
elevated and/or in severe glaucoma

+ Consider prescribing anti-inflammatory eye drops before surgery
 Consider minimally invasive glaucoma surgeries in case of mild glaucoma

 Continue to evaluate OSD regularly after glaucoma surgery, especially in case of
filtration techniques and filtering bleb formation

Rationales for the diagnostic assessments and therapeutic considerations in this Table are
provided in the text. The reasons for considering management of periocular (e.g., adverse eye
cosmetics) [175] and environmental (e.g., low humidity, allergens, etc.) [176] factors have

recently been published in detail.

3.2. Management of glaucoma in ocular surface disease patients

As noted above, the prevalence of both glaucoma and OSD increase with aging, both often
coexisting, and may be present within a spectrum ranging from mild to severe stage [1, 2]. This
association makes treatment more demanding from a clinician’s and patient’s perspective. The
goal of glaucoma care is to promote patients’ well-being by preserving their visual function and
quality of life at a sustainable cost [156]. Costs include inconveniences to the individuals due to
side effects and costs of treatment, diagnostic procedures, and examinations. Loss of visual
function affects quality of life, which is considerably reduced in advanced glaucoma [177].
Furthermore, patients often suffer from fear, anxiety and depression associated with the
diagnosis of blinding disease [178]. IOP reduction is the only proven treatment to delay

progression of glaucoma [25, 179]. Usually for patients with advanced glaucoma lowering of
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IOP to low teens reduces progression of disease in majority of cases, but often several eye drops,
laser or surgical treatment are required.

Treatment of glaucoma in patients with OSD is challenging, especially while managing
glaucoma. The reason is that topical medications are usually first-line therapy, but these may
further compromise ocular surface and worsen signs and symptoms of DED. To monitor and
assess the rate of glaucoma progression, patients undergo frequent visual field testing. Unreliable
visual fields make diagnosis and detection of glaucoma progression more difficult. Patients with
increased DED symptom severity have greater deviations in gaze tracking and these tracking
failures can occur due to blinking or poor corneal light reflex and reduce visual field reliability,
thus delaying detection of disease progression [180].

In a newly diagnosed patient with glaucoma and co-existent ocular surface disease both need
to be addressed and treated, depending on the severity of each disease and likelihood of visual
function loss. The clinician needs to consider patient-related disease specific factors, including
glaucoma severity, one or two eye involvement, degree of IOP lowering required. In early to
moderate open angle glaucoma or ocular hypertension with 20-30% lowering from baseline 10P,
selective laser trabeculoplasty is a good option for first-line treatment, as it delays the need for
topical treatment [181]. Treatment options should be clearly presented and patients’ own
awareness of their condition and preferences established, such that a decision about treatment is
a joint one between clinician and patient [182]. When eye drops are preferred option, the least
number of preservative-free eye drops, preferably prostaglandin analogues should be prescribed
[156]. If initial monotherapy does not seem effective or the drug is not tolerated, treatment
should be switched to another preservative-free monotherapy rather than adding a second drug.
However, when drug effectively lowers IOP, but the target pressure is not reached or there is a
progression of glaucoma, then adding a second preservative-free drug should be considered,
preferably a fixed combination [156]. In most patients more than one drug is needed to lower
IOP to target pressure.

Long-term topical anti-glaucomatous treatment especially with increasing number of
preserved eye drops daily can exacerbate co-existing ocular surface disease or induce signs and
symptoms of ocular surface disease and decrease patients’ adherence [183, 184]. Besides toxic-
inflammatory effects of preservatives, side effects can be also due to active compound and

excipients [185]. Signs and symptoms may not necessarily correlate, and patients may have
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minimal ocular surface staining but significant symptoms or may present with severe surface
staining and blepharitis while being asymptomatic [186]. Switching from preserved to
preservative-free medication and reducing the number of daily instillations may reduce signs and
symptoms of DED [39, 173].

To reduce the burden of eye drops and improve adherence in patients with glaucoma,
bimatoprost intracameral biodegradable implant has been approved by the FDA for single
administration and there are ongoing studies evaluating long-term safety and efficacy. It releases
bimatoprost for up to 6 months and its effect is equivalent to a single drop of bimatoprost 0.03%
ophthalmic solution [187].

Glaucoma surgery in patients with ocular surface disease is recommended when target
intraocular pressure has not been reached and the documented rate of progression is estimated to
cause visual impairment during patients’ lifetime. The primary goal is to achieve target IOP
without additional medication. Trabeculectomy achieves the greatest IOP reduction but requires
meticulous postoperative care and experience in filtering bleb management. Preoperative
changes and subclinical inflammation of the ocular surface caused by topically preserved eye
drops may reduce the success of filtration surgery [188]. Switching to preservative-free eye
drops or stopping all eye drops and/or substituting for oral acetazolamide and adding
preservative-free anti-inflammatory drops for several weeks may improve the outcome of
surgery. Following successful trabeculectomy patients showed better ocular surface homeostasis
(higher TBUT, lower grading of conjunctival hyperaemia and corneal staining) than fellow
medically treated eyes [189]. In another study, clinical signs (redness and irritation) and the state
of the conjunctiva improved throughout the 1-year follow-up while the levels of pro-
inflammatory proteins decreased, and lipid transport-associated functions were increased [190].
However, formation of functioning high blebs with microcyst has been related to ocular surface
instability and DED [45].

Non-bleb forming angle-based minimally invasive glaucoma surgery (MIGS) procedures are
less interfering with the ocular surface and may be an option in patients with cataracts and mild
to moderate glaucoma who do not require low target IOP. It has been reported that postoperative
eye drop burden can be significantly reduced after stent placement, but larger well-designed
studies with long-term follow-up are needed [191, 192].

4. Therapeutic challenges
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4.1. Bottleneck in bottle design

The independent scientific organization U.S. Pharmacopeia (USP) has identified multiple
causes of medication errors stemming from labeling and packaging designs [193]. With a look at
three of these causes of error, the packaging designs may lead to medication errors by glaucoma
patients. The errors can be either 1) Small size and poor readability of printed information, 2)
Poor use or absence of colours to differentiate products, 3)Poorly designed or cluttered labels.

The mentioned shortcomings are due to policies resulting from the European legislation on
medical information design, whose guidelines have no focus on the mutual interaction of design
elements and their impact on individual user groups [194]. Good design can never be achieved
by following a checklist, since all visual elements mutually interact. Understanding this dynamic
is a prerequisite of functional design.

4.2. Point of view of glaucoma treatment from a patient with ocular surface disease

I am an 81-year-old individual who has suffered from glaucoma for the past twenty years.
After my glaucoma diagnosis, the treatment was, and continues primarily to be, eye drops. | have
tried many kinds of eye drops, but the result has never been comfortable. The drops have given
me red eyes, eyelid eczema, an eye infection and foreign body sensations. Because | could not
tolerate these eye drops, | was switched to preservative-free drugs.

I have undergone various glaucoma surgeries, but I still need eye drops, which continue to
cause red and dry eyes, as well as dry, itchy, and drooping eyelids. | now read with my left eye
exclusively.

My failing vision worries me. Further, the time courses for the various medications are
difficult to track, and physically I feel different side effects from the eye drops in the form of
muscle weakness and shortness of breath. | have increasing problems judging distances, and trip
more often, because I have difficulties seeing ground irregularities, especially in the dark.

I hope that | will be able to stop using eye drops. | am very grateful for the glaucoma
treatment | have received, and hope that | can keep the vision in my left eye.

5. Closing remarks

Glaucoma is most often treated with IOP-lowering eye drops, which in the vast majority of
cases can prevent visual impairment and blindness if the drops are taken as prescribed.
Unfortunately, there are many patients with glaucoma who are non-adherent. Non-adherence can

be due to many things such as significant side effects on the ocular surface, lack of

23



Kolko M et al.

understanding of how to treat and why the treatment is important, and lack of effect of the
treatment. Many of the challenges that patients with glaucoma experience can be reduced by
ophthalmologists being aware of the challenges that come with the treatments. An important
challenge is the use of preservatives in the eye drops. Preservatives cause unnecessary side
effects and should at least be reduced or at best avoided. Another challenge is the use of generic
eye drops that come with different packaging, different solvents, and not least different
preservatives. For those patients who must undergo glaucoma surgery, there is a greater risk of
an unsuccessful result if the conjunctiva is affected due to adverse effects from many years use
of eye drops.

It is often difficult for patients with glaucoma to navigate the different treatment options. That
is why information is so important. Also, patients with glaucoma are often in a difficult position.
They may have lost their driving license, which can affect their sense of freedom and quality of
life. All in all, it is important to see the patient as a whole person and to find the treatment with
the least possible side effects, which is also understandable for the patient. In addition, it is
important that the text on the packaging is clear so that patients can read what they are putting in
their eyes.

In summary, eye drops against glaucoma cause many adverse effects on the ocular surface and
adnexae. These can lead to non-adherence and a poor outcome if the patients have to undergo
surgery. Therefore, communication about the importance of the treatment is crucial for patients
to continue the treatment despite the side effects. Although it is well known that preservatives
cause side effects and should be minimized, it is important to know that the active substance and
other factors such as phosphate content, pH and viscosity of the eye drops can have an adverse
effect on the ocular surface.

In this report, the various challenges for glaucoma patients are discussed with a special focus
on how to improve adherence and surgical outcome in patients, if the ocular adverse effects are
minimized when the treatment is initiated in the individual patient.
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