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The Bigger Picture 
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Glaucoma Background
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What is glaucoma?

• Progressive optic neuropathies 
characterized by RGC loss and 
IOP sensitivity 

• Damage occurs in the RGC axons 
at the level of the optic nerve head
– mechanical insults 
– vascular insults

• Leading cause of irreversible 
blindness worldwide 
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Prevalence of glaucoma is increasing! 

• Glaucoma impacts
– 4% of individuals between the ages of 40-80 
– 10% of the population 80 years and older 

• Global prevalence expected to increase to 
112 million by 2040 

• Vastly underdiagnosed with 50-90% of 
cases going unrecognized
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• Goal is to reduce rate of progression
• IOP is not the cause of the glaucoma
• IOP remains a proven metric

– decreasing progression rate
– extending retinal ganglion cell viability
– preserving vision 

Glaucoma is an incurable condition 
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IOP-lowering Drops

• Most common treatment for glaucoma
• Multiple IOP-lowering drops are often 

needed to control progression
• ~50% of ocular hypertensives require 

multiple drops within 5 years of initial 
diagnosis 

• IOP drops are quite effective 
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The problem is…
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Adherence is an issue…
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• Non-adherence rates to topical 
treatment ranges from 23-59% 

• 50% discontinue hypotensive 
therapy within 6 months 

• Only 37% of patients on 
hypotensive therapy had refilled 
their medication at 3 years 

Adherence is an issue…

Kalouda P, Keskini C, Anastasopoulos E, Topouzis F. Achievements and limits of current medical therapy of glaucoma. Glaucoma Surgery. 2017;59:1-14. Schwartz GF, Quigley HA. Adherence and persistence with glaucoma therapy. Survey of ophthalmology. 2008;53(6):S57-S68.
Reardon G, Schwartz GF, Mozaffari E. Patient persistency with pharmacotherapy in the management of glaucoma. Eur J Ophthalmol. 2003;13(4_suppl):44–52 
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The Bigger Picture 
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Why is adherence with IOP-lowering drops a 
problem?
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Symptoms 

• Prevalence of dry eye in POAG (OSDI)
– 21.3% have mild symptoms
– 13.3% moderate symptoms
– 13.8% severe symptoms

• 60% of patients using IOP-lowering 
drops report ocular irritation 

Fechtner et al. Prevalence of ocular surface complaints in patients with glaucoma using topical 
intraocular pressure-lowering medications. Cornea. 2010;29(6):618-621. 
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Symptoms 

• Prevalence of dry eye in POAG (OSDI)
– 21.3% have mild symptoms
– 13.3% moderate symptoms
– 13.8% severe symptoms

• 60% of patients using IOP-lowering 
drops report ocular irritation 

• You are taking an asymptomatic 
patient and making them 
symptomatic

Fechtner et al. Prevalence of ocular surface complaints in patients with glaucoma using topical 
intraocular pressure-lowering medications. Cornea. 2010;29(6):618-621. 
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• Systematic review (2021-present)
• In patients treated with IOP lowing 

drops:
– Pooled prevalence of dry eye 

symptoms = 10-95%
– Pooled prevalence of MGD = 38-90% 
– Medication groups at higher OSDI 

scores in 67% of studies 

DE prevalence in glaucoma **unpublished data**
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Risk factors of OSD in glaucoma management?

• Age
• Female sex
• Number of glaucoma drops
• Drops containing BAK
• Frequency of drop administration
• Use of preservatives
• Duration of disease 

Fechtner et al. Prevalence of ocular surface complaints in patients with glaucoma using topical 
intraocular pressure-lowering medications. Cornea. 2010;29(6):618-621. 
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How do IOP-lowering drops influence OSD?

18
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What about allergies?
• Up to 25.7% of patients exhibit an allergy to brimonidine 

– Months or years later 
• Timolol is recognized for causing allergic contact dermatitis 
• Netarsudil has been linked to mild pruritus 

Fechtner et al. Prevalence of ocular surface complaints in patients with glaucoma using topical 
intraocular pressure-lowering medications. Cornea. 2010;29(6):618-621. 
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Periorbital Effects of IOP-lowering Drops 
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Not just the ocular surface!

• Where do drops go?
– Average drop size = 50uL
– Fornix capacity = 30uL
– 50mL – 30mL = 20uL extra

• drains through puncta or spills 
over the eyelid 

• This allows drops to exert effects 
on lacrimal drainage system, the 
eyelids, and periorbital tissue 
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Prostaglandin-associated periorbitopathy 

• Prostaglandin analogs are associated with: 
– ptosis
– eyelid retraction
– trichiasis
– entropion
– ectropion
– deepening of the eyelid sulcus
– enophthalmos
– loss of orbital fat pads 
– eyelid hyperemia, eyelid pigmentation, and hypertrichosis 
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Prostaglandin-associated periorbitopathy 

Orbital fat prolapse

Prostaglandin associated periorbitopathy presenting as unilateral orbital fat prolapse. 12 OCTOBER 
2021 HENRY ET AL. OCULOPLASTICS, AESTHETIC MEDICINE, FACIAL PLASTIC SURGERY
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Prostaglandin-associated periorbitopathy 

Deepened sulcus, ptosis, 
enophthalmos, hyperemia

American Academy of Ophthalmology. Eye Wiki. Oculoplastics. Prostaglandin Associated Periorbitopathy 
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https://www.thepmfajournal.com/education/case-reports/?cat=6796
https://www.thepmfajournal.com/education/case-reports/?cat=6791
https://www.thepmfajournal.com/education/case-reports/?cat=6787
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Prostaglandin-associated periorbitopathy 

Hypertrichosis OS

Prostaglandin-Associated Periorbitopathy. Luai Tabaza, MD, Jeffrey D. Welder, MD, Wallace L. M. Alward, 
MD. October 14, 2013
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Prostaglandin-associated periorbitopathy 

Orbital fat atrophy, deep sulcus, 
“sunken eye” appearance 

Prostaglandin-Associated Periorbitopathy. Luai Tabaza, MD, Jeffrey D. Welder, MD, Wallace L. M. Alward, 
MD. October 14, 2013
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Prostaglandin-associated periorbitopathy 

Orbital fat atrophy OS, 
prominent superior sulcus, 
increased palpebral fissure 
height

Prostaglandin-Associated Periorbitopathy. Luai Tabaza, MD, Jeffrey D. Welder, MD, Wallace L. M. Alward, 
MD. October 14, 2013
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Periorbital and eyelid erythema during and after use of prostaglandin 
analogs 

Kolko M, Gazzard G, Baudouin C, et al. Impact of glaucoma medications on the ocular surface and how ocular 
surface disease can influence glaucoma treatment. The Ocular Surface. 2023/07/01/ 2023;29:456-468. 
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Punctal stenosis and canalicular narrowing 

• IOP-lowering drops in general, 
but beta-blockers and 
netarsudil specifically

• Upper canaliculus > lower 
• Possibly due to 

– chronic low-grade inflammation
– autonomic nervous systemic 

pathway
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Punctal stenosis and canalicular narrowing 

Bilateral punctal stenosis with netarsudil  
*reversible 

Punctal Stenosis Associated with Topical Netarsudil Use. AAOJournal.com. Meirick. February 26, 2022 
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A Deep Dive into Benzalkonium Chloride 
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Why preserve eyedrops?

• Microbial infection
– Preservatives like BAK are effective 

against Gram +, Gram -, and fungi 
• Maintaining sterility
• Deceasing costs for patients by extending 

shelf-life 
• Corneal penetration enhancers to “better” 

facilitate passage through the cornea 

32

Benzalkonium Chloride

• Detergent 
– Non-selectively destroys cell membranes

• 0.01% concentration = cellular apoptosis 
• 0.05% concentration = cell necrosis
• Disrupts cell-to-cell junctions to facilitate drug 

penetration through the cornea 
• Allows for lower drug concentrations  
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Toxic to microbes…and the ocular surface…
• BAK effects

– Promotion of cytokine release
– Toxicity to corneal epithelial cells
– Loss of goblet cells
– Damage to meibomian gland epithelial cells
– Increased tear osmolarity
– Destabilization of the tear film
– Corneal epithelial apoptosis
– Impaired wound healing
– Lymphocyte infiltration of the conjunctiva
– Heightened mitochondrial oxidative stress 
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How does BAK exposure manifest clinically?

• Range of dry eye symptoms 
– Pain
– Discomfort
– Burning
– Itching
– Foreign body sensation
– Irritation

• Dry eye signs 
– Lower TBUT
– Reduced aqueous production
– Corneal staining
– Conjunctival staining 
– Corneal nerve toxicity 

**Even been associated with worse Quality of Life scores**
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How does BAK exposure manifest clinically?

• Patients w/o pre-existing OSD may 
experience goblet cell loss and 
worsened ocular symptoms
– within just one week of BAK exposure 

• Each additional BAK-preserved drop 
doubles the risk of conjunctival 
staining 

• The impact of topical BAK eyedrops 
even extends to the nasal mucosa!

36
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Toxicity to trigeminal nerve endings 

• Changes to the sub-basal nerve 
plexus 
– BAK-induced neurotoxicity

• axonopathy and recovery 
• degeneration and regeneration

• Decreased corneal sensation  
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Toxicity to trigeminal nerve endings 

• Changes to the sub-basal nerve 
plexus 
– BAK-induced neurotoxicity

• axonopathy and recovery 
• degeneration and regeneration

• Decreased corneal sensation  
• BAK-induced neurotrophic keratitis
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Toxicity to trigeminal nerve endings 

• Changes to the sub-basal nerve 
plexus 
– BAK-induced neurotoxicity

• axonopathy and recovery 
• degeneration and regeneration

• Decreased corneal sensation 
• BAK-induced neurotrophic keratitis 
• Increased endothelial permeability 
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We use too high of concentrations…

• BAK-induced damage occurs at 
concentrations as low as 0.005%

• Despite this some glaucoma 
drops having BAK concentrations 
as high as 0.02%

• Ocular surface toxicity and 
symptoms intensify with 
increasing BAK concentration

40

But BAK is a corneal penetration enhancer!

• While it was previously believed that 
BAK was crucial for effective corneal 
penetration and drop effectiveness 

• We have been aware for over a 
decade that the induced corneal 
desiccation is unnecessary for 
optimal medication penetration and 
efficacy 

41

Are BAK-free drops effective?  

• BAK-free drops demonstrate similar IOP reduction to their 
BAK-preservative counterparts

1.Sheddan et al Graefes Arch Clin Exp Ophthalmol 2010;248:11757-1764
2. Aihara et al J Glaucoma 2012;21:60-64

observed at 1 month, but it was significantly decreased at
both 3 and 12 months compared with baseline (w2 test,
P<0.05).

SPK
The number of eyes showing some level of SPK as

assessed using the AD classification is shown in Figure 2.
At baseline, SPK was present in 36 of 67 eyes (54%). In
most cases, SPK was classified as slight (A1D1; N=25,
37%), and in the remaining eyes as mild to severe (A1D2 or
A2D1 to A3D2; N=11, 17%). At 1 and 3 months after the
change to BAK-free travoprost, SPK was present in 9 of 67
eyes (13%); it was classified as slight in 7 (10%) eyes
(A1D1) and mild (A1D2 or A2D1) in 2 eyes. At 12 months,
SPK was detected in 19 eyes (28%); it was classified as
slight (A1D1) in 17 (25%) eyes and mild (A1D2) in 2 eyes.
The distribution of eyes by the AD score (Area score+
Density score) is shown in Figure 3. The prevalence of SPK
at 1, 3, and 12 months was significantly reduced compared
with baseline (w2 test, P<0.05), indicating the change from
latanoprost to BAK-free travoprost resulted in a signifi-
cantly decreased prevalence of SPK.

IOP
The mean IOP at baseline was 14.9±3.4mm Hg. After

the transition to BAK-free travoprost, IOP values at 1,
3, and 12 months were 14.3±3.3, 13.9±3.2, and 14.3±

3.3mm Hg, respectively (Fig. 4). These reductions of IOP
at 1, 3, and 12 months after the transition from latanoprost
to BAK-free travoprost were significant compared with
baseline IOP (paired t test, P=0.012, 0.001, and 0.027,
respectively).

DISCUSSION
This is the first prospective study on the long-term

safety and efficacy of treatment with BAK-free travoprost
in patients previously treated with BAK-preserved latano-
prost. PG analogs are known to have a similar IOP-
lowering efficacy.14,15 Among them, BAK-free travoprost is
the only one to contain the original ion-buffered preserva-
tive, sofZia, instead of BAK, the preservative contained in
other PG analog formulations. Thus, BAK-free travoprost
may induce fewer ocular surface complications compared
with BAK-preserved PG analogs. In addition to the studies
showing less toxicity of BAK-free travoprost in kerato-
conjunctival cell lines,4,8–10,16 two studies showed reduction
of SPK or improvement of OSD symptoms 2 or 3 months
after changing from BAK-preserved PG analogs to BAK-
free travoprost.11,12

The fact that the SPK greater than A1D1 improved
within 1 month of treatment with BAK-free travoprost, and
that the improved corneal condition was sustained for 12
months is noteworthy. However, there were patients with
slight SPK (A1D1) throughout the observation period and

FIGURE 2. Frequency of superficial punctate keratitis scores evaluated by AD classification. The figures indicate the number of eyes.
*P < 0.05 for the change in AD score compared with baseline (w2 test). AD indicates Area-Density.

FIGURE 3. Changes in the prevalence of SPK evaluated using the
Area-Density score. The figures indicate the percentages of eyes.
*P < 0.05 for the difference in the percentage of eyes showing
SPK compared with baseline (w2 test). SPK indicates superficial
punctate keratitis.

FIGURE 4. IOP measurements. IOP is presented as the mean±
SD. Asterisk indicates significant change of IOP compared with
baseline by paired t test (P < 0.05). IOP indicates intraocular
pressure.

Aihara et al J Glaucoma ! Volume 21, Number 1, January 2012
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from 20.8 to 21.3 mmHg, which corresponds to an IOP
reduction of −2.9 to −2.4 mmHg (−12.3 to −10.2%) from
baseline. At week 12, the mean trough IOP was 20.8 mmHg
for patients receiving PF dorzolamide/timolol, and
21.1 mmHg for patients receiving PC dorzolamide/timolol.
These values represent a mean trough IOP change of
−2.9 mmHg (−12.3%) and −2.6 mmHg (−11.0%) from
baseline for patients receiving PF and PC dorzolamide/
timolol respectively. At peak, the mean IOP ranged from
18.1 to 18.6 mmHg, which corresponds to an IOP reduction
of −3.2 to −2.5 mmHg (−14.3 to −11.5%) from baseline. At
week 12, the mean peak IOP was 18.1 mmHg for patients
receiving PF dorzolamide/timolol, and 18.2 mmHg for
patients receiving PC dorzolamide/timolol. These values
correspond to mean peak IOP changes of −3.1 mmHg
(−14.0%) and −3.2 mmHg (−14.3%) from baseline for patients
receiving PF and PC dorzolamide/timolol respectively.

Tolerability

Clinical adverse events are summarized in Table 4. There
were no statistically significant differences (p-values were
>0.05) between the treatment groups in the percentages of
patients with one or more adverse events, drug-related
adverse events, serious adverse events, or discontinuations
due to adverse events. However, a numerically lower
percentage of patients in the PF dorzolamide/timolol group
had one or more adverse events. The most common adverse
events were ocular burning/stinging and taste perversion,
which had a numerically lower incidence in the PF
dorzolamide/timolol group (Table 4). Both events were
typically transient and of mild or moderate severity in most
patients. No patients died during the study. Two patients,
both receiving PF dorzolamide/timolol, had serious clinical
adverse events during the study. A benign thyroid tumor

Table 2 Estimated difference between PF and PC dorzolamide/timolol treatments (PF minus PC), and 95% confidence intervals, for IOP (mmHg)

Week Mean change difference
between treatments

Standard error
of difference

95% confidence interval for
difference between mean changes

Probability that confidence difference
lies between −1.5 and 1.5

Trough (hour 0)

Week 2 0.18 0.33 (−0.47, 0.83) >0.999

Week 6 −0.29 0.32 (−0.91, 0.34) >0.999

Week 12a −0.31 0.28 (−0.86, 0.23) >0.999

Peak (hour 2)

Week 2 0.34 0.31 (−0.27, 0.96) >0.999

Week 6 0.25 0.31 (−0.36, 0.87) >0.999

Week 12 0.14 0.27 (−0.39, 0.67) >0.999

a Primary endpoint

PF = preservative-free; PC= preservative-containing

IOP Change from baseline IOP (mmHg)

Week Dorzolamide/timolol formulation N Mean SD Mean SD % mean change

Trough (hour 0)

2 PF 130 21.3 2.9 −2.4 2.6 −10.2
PC 128 21.1 2.8 −2.6 2.7 −10.9

6 PF 130 21.0 2.7 −2.7 2.4 −11.4
PC 128 21.2 2.8 −2.4 2.7 −10.2

12a PF 130 20.8 2.6 −2.9 2.3 −12.3
PC 128 21.1 2.5 −2.6 2.2 −11.0

Peak (hour 2)

2 PF 130 18.6 2.5 −2.5 2.3 −11.5
PC 128 18.6 2.4 −2.9 2.7 −12.7

6 PF 130 18.4 2.3 −2.8 2.4 −12.5
PC 128 18.4 2.4 −3.0 2.6 −13.5

12 PF 130 18.1 2.1 −3.1 2.0 −14.0
PC 128 18.2 2.3 −3.2 2.3 −14.3

Table 3 IOP (mmHg) summary
statistics by treatment

a Primary endpoint

PF = preservative-free;
PC = preservative-containing

Graefes Arch Clin Exp Ophthalmol (2010) 248:1757–1764 1761
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• Present in 
– ~70% of ophthalmic solutions 
– Most glaucoma drops

• Alternative preservatives 
cause less surface irritation
– Potassium sorbate
– Polyquad
– SofZia
– Purite

Yet BAK is still widely utilized…

43

• Less toxicity due to:
– Larger molecules which aren’t 

internalized by epithelial cells 
– Break down upon contact with the air 
– Selectively target microbes 
– Become inactive when upon contact 

with K+ or Na+ ions 

Alternative preservatives are better! 

That’s better! 

44

Less signs and symptoms with PF drops

• Corneal staining
– 25.6% of patients using preserved
– 8.9% of patients using PF

45

Non-preserved or BAK-free options 

46

47

Transitioning Drops  

• It can take 8-12 weeks for the effects of BAK to resolve.

• Many providers just transition from BAK-containing to 
preservative-free (PF) drops.

• You can also consider a washout period prior of 1-2 weeks to 
allow the ocular surface to heal.  
– Several studies have demonstrated the safety of washout periods.1,2

1. Stroman et al Acta Ophthal Scand 1997
2. Lim et al Can J Ophthal 2020 

48
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Washout Period 
Drop Washout Period 

Prostaglandin Analogues 4-5 weeks

Beta Blockers 4 weeks 

Alpha Agonists 5 weeks

Carbonic Anhydrase Inhibitors 1 week

Netarsudil 4 weeks 

Dorzolamide+timolol 4 weeks

Brimonidine+timolol 4-5 weeks 

Brimonidine+Brinzolamide 4-5 weeks

Netarsudil+latanoprost  4-5 weeks 

49

Drop Alternatives and the Ocular Surface 

50

Sustained-release glaucoma medication  

• Intracameral Bimatoprost 10𝜇g Implant 
(Durysta) 

• Travoprost Intracameral Implant (75mcg)
   (iDose TR) 

Intracameral means “within a chamber”

51

Sustained-release glaucoma medication  
Intracameral Bimatoprost Implant

• 5-8mmHg of IOP pressure reduction at 
12 weeks1 

Travoprost Intracameral Implant 

• 6-8mmHg reduction of IOP at 3 months 
• Continued IOP reduction for 12 months2

• 81% of patients medication free at 1 year

1. Bacharach et al. Drugs 2021; 81(17):2017-2033
2. Sarkisian et al. Ophthalmol Ther 2024; 13: 995-1014
 

52

Sustained-release glaucoma medication  

Intracameral Bimatoprost Implant Travoprost Intracameral Implant 

1. Bacharach et al. Drugs 2021; 81(17):2017-2033
2. Sarkisian et al. Ophthalmol Ther 2024; 13: 995-1014
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IOP-lowering surgeries/procedures 

• Surgeries/procedures are generally less 
irritating than IOP-lowering drops 

• Selective laser trabeculoplasty (SLT) is 
now considered first-line therapy 
– Similar effectiveness as timolol 
– Minimal risks 
– No evidence that it increases ocular 

surface disease 

54
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Glaucoma Lasers 

• SLT
– LiGHT trial showed that 

74.2% of patients treated 
with SLT first had drop free 
pressure control at 3 year

– Less eye irritation! 

Gazzard et al. Heatlh Tech Assess 2019; 23 (31) 
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Trabeculectomies and OSD?

• In 1999, CIGTS found no difference in 
dry eye symptoms between 
trabeculectomy vs using glaucoma drops

• Recent studies show that ocular surface 
staining correlates with bleb height 

• Trabeculectomy with a low bleb height 
likely induces less dryness compared to 
the use of IOP-lowering drops 

56

What about anti-metabolites?

• 5FU and Mitomycin C (MMC) carry risk of: 
– toxicity to corneal epithelium 
– toxicity to conjunctival epithelium
– reduced wound healing
– limbal stem cell damage
– meibomian gland damage
– scleral necrosis

• Despite these concerns, the evidence suggests that the lowering of IOP 
through surgeries/procedures poses less risk of OSD than IOP-lowering drops

57

MIGS and Dry Eye Disease 

• After MIGS, self-reported dry eye symptoms, visual acuity, and 
TBUT demonstrate improvements at 4 months

Jones  et al. Ther Adv Ophthalmol 2023; 15: 1-10  

58

What about other glaucoma surgeries?

• Goniotomy 
• Tube shunts
• Cyclophotocoagulation

Likely all better for OSD 
than IOP-lowering drops… 

59

Trabecular 
Meshwork

Stents 
Canaloplasty

Trabecular 
Meshwork

Bypass 
Bleb-forming 

MIGS

60
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1. Samuelson et al. Ophthalmol 2019; 126(6): 811-821
2. Samuelson et al. Ophthalmol 2019; 126 (1): 29-37
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2. Francis BA, et al. JCRS 2008; 34(7): 1096-1103.
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Don’t forget about corneal related vision loss! 

• Not all glaucoma related 
vision loss is optic nerve 
related…

• If the cornea develops 
OSD or NK…this impacts 
vision too…

62

The Bigger Picture 

63

The Bigger Picture 

64

• ALL glaucoma drops irritate the ocular surface
• The mechanisms involved are extensive!  
• Ocular surface disease worsens with 

– Duration of treatment 
– Number of drops used 
– Frequency of drop instillation 
– Preservatives (especially BAK) 

• Non-BAK-preserved drops are effective and can 
be used in place of traditional glaucoma drops

Drops 

65

• Sustained-release intracameral implants 
are an option for patients with OSD or 
drop intolerance 

• SLT results in fewer dry eye symptoms 
compared to topical drops

• Patients report symptomatic improvement 
in ocular surface irritation after minimally 
invasive glaucoma surgery

Drop alternatives 

66
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1. Ask about dry eye!
a. Does this affect their adherence?

2. Reduce instillation frequency 
a. Consider combination drops 

3. Avoid preservatives if possible (especially BAK)
4. Have a low threshold to perform or refer for procedures/surgeries

1. SLT
2. Intracameral implants
3. MIGS

5. Don’t just focus on their glaucoma, treat their dry eye as well!

67

References
1. Tham Y-C, Li X, Wong TY, Quigley HA, Aung T, Cheng C-Y. Global prevalence of glaucoma and projections of glaucoma burden through 2040: a systematic review and meta-analysis. Ophthalmology. 2014;121(11):2081-2090. 2. Kolko M, Horwitz A, Thygesen J, Jeppesen J, Torp-Pedersen C. The prevalence and incidence of glaucoma in Denmark in a fifteen year period: a nationwide study. PLoS One. 2015;10(7):e0132048. 
3. Kang JM, Tanna AP. Glaucoma. Medical Clinics of North America. 2021/05/01/ 2021;105(3):493-510. doi:https://doi.org/10.1016/j.mcna.2021.01.004
4. Chan MP, Broadway DC, Khawaja AP, et al. Glaucoma and intraocular pressure in EPIC-Norfolk Eye Study: cross sectional study. bmj. 2017;358
5. Shestopalov VI, Spurlock M, Gramlich OW, Kuehn MH. Immune responses in the glaucomatous retina: regulation and dynamics. Cells. 2021;10(8):1973. 
6. Wu X, Konieczka K, Liu X, et al. Role of ocular blood flow in normal tension glaucoma. Advances in Ophthalmology Practice and Research. 2022/05/01/ 2022;2(1):100036. doi:https://doi.org/10.1016/j.aopr.2022.100036
7. Grytz R, Meschke G, Jonas JB, Downs JC. Glaucoma and structure-based mechanics of the lamina cribrosa at multiple scales. Structure-Based Mechanics of Tissues and Organs. 2016:93-122. 
8. Heijl A, Leske MC, Bengtsson B, et al. Reduction of intraocular pressure and glaucoma progression: results from the Early Manifest Glaucoma Trial. Archives of ophthalmology. 2002;120(10):1268-1279. 
9. Cvenkel B, Kolko M. Current medical therapy and future trends in the management of glaucoma treatment. Journal of Ophthalmology. 2020;2020
10. Kolko M, Gazzard G, Baudouin C, et al. Impact of glaucoma medications on the ocular surface and how ocular surface disease can influence glaucoma treatment. The Ocular Surface. 2023/07/01/ 2023;29:456-468. doi:https://doi.org/10.1016/j.jtos.2023.05.012
11. Fechtner RD, Godfrey DG, Budenz D, Stewart JA, Stewart WC, Jasek MC. Prevalence of ocular surface complaints in patients with glaucoma using topical intraocular pressure-lowering medications. Cornea. 2010;29(6):618-621. 
12. Pisella P, Pouliquen P, Baudouin C. Prevalence of ocular symptoms and signs with preserved and preservative free glaucoma medication. The British journal of ophthalmology. 2002;86(4):418. 
13. Erb C, Gast U, Schremmer D. German register for glaucoma patients with dry eye. I. Basic outcome with respect to dry eye. Graefe's archive for clinical and experimental ophthalmology. 2008;246:1593-1601. 14. Jaenen N, Baudouin C, Pouliquen P, Manni G, Figueiredo A, Zeyen T. Ocular symptoms and signs with preserved and preservative-free glaucoma medications. European journal of ophthalmology. 2007;17(3):341-349. 
15. Zhang X, Vadoothker S, Munir WM, Saeedi O. Ocular Surface Disease and Glaucoma Medications: A Clinical Approach. Eye Contact Lens. Jan 2019;45(1):11-18. doi:10.1097/icl.0000000000000544
16. Serle JB, Katz LJ, McLaurin E, et al. Two phase 3 clinical trials comparing the safety and efficacy of netarsudil to timolol in patients with elevated intraocular pressure: Rho kinase elevated IOP treatment trial 1 and 2 (ROCKET-1 and ROCKET-2). American journal of ophthalmology. 2018;186:116-127. 
17. Tong L, Hou A, Wong T. Altered expression level of inflammation-related genes and long-term changes in ocular surface after trabeculectomy, a prospective cohort study. The Ocular Surface. 2018;16(4):441-447. 
18. Saade CE, Lari HB, Berezina TL, Fechtner RD, Khouri AS. Topical glaucoma therapy and ocular surface disease: a prospective, controlled cohort study. Canadian journal of ophthalmology. 2015;50(2):132-136. 
19. Ahlström MG, Skov L, Heegaard S, Zachariae C, Garvey LH, Johansen JD. Topical eye medications causing allergic contact dermatitis. Contact Dermatitis. 2023;88(4):294-299. 
20. Oh DJ, Chen JL, Vajaranant TS, Dikopf MS. Brimonidine tartrate for the treatment of glaucoma. Expert opinion on pharmacotherapy. 2019;20(1):115-122. 
21. Espínola S. Type IV hypersensitivity to timolol. International Journal of Cosmetics and Dermatology. 2021;1(1):10-11. 
22. Kazemi A, McLaren JW, Kopczynski CC, Heah TG, Novack GD, Sit AJ. The effects of netarsudil ophthalmic solution on aqueous humor dynamics in a randomized study in humans. Journal of Ocular Pharmacology and Therapeutics. 2018;34(5):380-386. 
23. Labetoulle M, Frau E, Le Jeunne C. Systemic adverse effects of topical ocular treatments. La Presse Medicale. 2005;34(8):589-595. 
24. Tan J, Berke S. Latanoprost-induced prostaglandin-associated periorbitopathy. Optometry and Vision Science. 2013;90(9):e245-e247. 
25. Shah M, Lee G, Lefebvre DR, et al. A cross-sectional survey of the association between bilateral topical prostaglandin analogue use and ocular adnexal features. PloS one. 2013;8(5):e61638. 26. Narioka J, Ohashi Y. Effects of beta-adrenergic antagonist on width of nasolacrimal drainage system lumen. Journal of ocular pharmacology and therapeutics. 2007;23(5):467-475. 
27. Meirick TM, Mudumbai RC, Zhang MM, Chen PP. Punctal Stenosis Associated with Topical Netarsudil Use. Ophthalmology. 2022/07/01/ 2022;129(7):765-770. doi:https://doi.org/10.1016/j.ophtha.2022.02.025
28. Charnock C. Are multidose over-the-counter artificial tears adequately preserved? Cornea. 2006;25(4):432-437. 
29. Baudouin C, Labbé A, Liang H, Pauly A, Brignole-Baudouin F. Preservatives in eyedrops: the good, the bad and the ugly. Progress in retinal and eye research. 2010;29(4):312-334. 
30. Goldstein MH, Silva FQ, Blender N, Tran T, Vantipalli S. Ocular benzalkonium chloride exposure: problems and solutions. Eye (Lond). Feb 2022;36(2):361-368. doi:10.1038/s41433-021-01668-x
31. Leung EW, Medeiros FA, Weinreb RN. Prevalence of ocular surface disease in glaucoma patients. Journal of glaucoma. 2008;17(5):350-355. 
32. Rolando M, Brezzo G, Giordano P, Campagna P, Burlando S, Calabria G. The effect of different benzalkonium chloride concentrations on human normal ocular surface: a controlled prospective impression cytology study. The Lacrimal System Amsterdam: Kagler & Ghedini. 1991:89-91. 
33. Onerci Celebi O, Celebi ARC. The effect of ocular lubricants containing benzalkonium chloride on nasal mucosal flora. Cutaneous and Ocular Toxicology. 2018;37(3):305-308. 
34. Baudouin C, Kolko M, Melik-Parsadaniantz S, Messmer EM. Inflammation in Glaucoma: From the back to the front of the eye, and beyond. Progress in retinal and eye research. 2021;83:100916. 
35. Martone G, Frezzotti P, Tosi GM, et al. An in vivo confocal microscopy analysis of effects of topical antiglaucoma therapy with preservative on corneal innervation and morphology. American journal of ophthalmology. 2009;147(4):725-735. e1. 
36. Rouland J-F, Traverso CE, Stalmans I, et al. Efficacy and safety of preservative-free latanoprost eyedrops, compared with BAK-preserved latanoprost in patients with ocular hypertension or glaucoma. British journal of ophthalmology. 2012;
37. El Ameen A, Vandermeer G, Khanna RK, Pisella P-J. Objective ocular surface tolerance in patients with glaucoma treated with topical preserved or unpreserved prostaglandin analogues. European Journal of Ophthalmology. 2019;29(6):645-653. 38. Kim MS, Choi CY, Kim JM, Chung H, Woo H. Microbial contamination of multiply used preservative-free artificial tears packed in reclosable containers. British journal of ophthalmology. 2008;92(11):1518-1521. 
39. Waisbourd M, Katz LJ. Selective laser trabeculoplasty as a first-line therapy: a review. Canadian Journal of Ophthalmology. 2014;49(6):519-522. 
40. Ji H, Zhu Y, Zhang Y, Li Z, Ge J, Zhuo Y. Dry eye disease in patients with functioning filtering blebs after trabeculectomy. PLoS One. 2016;11(3):e0152696. 
41. Janz NK, Wren PA, Lichter PR, et al. The Collaborative Initial Glaucoma Treatment Study: interim quality of life findings after initial medical or surgical treatment of glaucoma. Ophthalmology. 2001;108(11):1954-1965. 
42. Lim R. The surgical management of glaucoma: A review. Clinical & Experimental Ophthalmology. 2022;50(2):213-231. 
43. Sagara H, Sekiryu T, Noji H, Ogasawara M, Sugano Y, Horikiri H. Meibomian gland loss due to trabeculectomy. Japanese journal of ophthalmology. 2014;58:334-341. 
44. Muthusamy K, Tuft SJ. Iatrogenic limbal stem cell deficiency following drainage surgery for glaucoma. Canadian Journal of Ophthalmology. 2018;53(6):574-579. 
45. Kim J, Sung MS, Park SW. Neurotrophic Keratopathy after Micropulse Transscleral Cyclophotocoagulation in a Glaucoma Patient. Korean J Ophthalmol. Feb 2021;35(1):97-98. doi:10.3341/kjo.2020.0103
46. Kalouda P, Keskini C, Anastasopoulos E, Topouzis F. Achievements and limits of current medical therapy of glaucoma. Glaucoma Surgery. 2017;59:1-14. 
47. Schwartz GF, Quigley HA. Adherence and persistence with glaucoma therapy. Survey of ophthalmology. 2008;53(6):S57-S68. 

68

Thank you!  

Any questions?

69

https://doi.org/10.1016/j.mcna.2021.01.004
https://doi.org/10.1016/j.mcna.2021.01.004
https://doi.org/10.1016/j.aopr.2022.100036
https://doi.org/10.1016/j.aopr.2022.100036
https://doi.org/10.1016/j.jtos.2023.05.012
https://doi.org/10.1016/j.jtos.2023.05.012
https://doi.org/10.1016/j.ophtha.2022.02.025
https://doi.org/10.1016/j.ophtha.2022.02.025

