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Uveoscleral outflow

• Prostaglandins

• Alpha agonists

Trabecular outflow

• Pilocarpine

Rudkin et al. Recognizing congenital glaucom a. M ed J Aust 2009; 191: 466-467

Aqueous inflow

• Beta blockers

• Alpha agonists

• CAIs

Latanoprostene bunod Netarsudil

FDA approval Nov 2017 Dec 2017

Uveoscleral outflow
• Prostaglandins
• Alpha agonists

Trabecular outflow
• Pilocarpine
• Latanoprostene
bunod

• Netarsudil

Aqueous inflow
• Beta blockers
• Alpha agonists
• CAIs

Rudkin et al. Recognizing congenital glaucom a. M ed J Aust 2009; 191: 466-467

NEW

Latanoprostene bunod

• Latanoprost + Nitric oxide donating component 
(butanediol mononitrate)

• Dual mechanism of action
– Latanoprost increases uveoscleral flow
– NO relaxes TM and increases trabecular outflow

• QHS dosing
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Latanoprostene bunod

• Efficacy: IOP reduction of 8-9 mm Hg (30 to 
33%) in OAG/OHTN  (pooled phase-3 study findings, Weinreb et al. J 
Glaucoma 2008)

• Side effects
– Similar to latanoprost
– Stinging

Netarsudil

• RhoKinase inhibitor
• Multiple mechanisms of action

– Increases trabecular outflow by relaxing TM
– Reduces episcleral venous pressure
– Reduces aqueous production

• QHS dosing
• Efficacy: IOP reduction of 3.3 to 5.0 mm Hg (15 

to 19%) in 2 phase 3 trials (ROCKET-1 and 2) 

Netarsudil

• Side effects

– Hyperemia: 53%, mostly mild and 

reported by investigator (not by 

patient) 

– Subconjunctival hemorrhages: 17%

– Cornea verticillata: 20%

• First noted at 4 weeks

• Most resolved upon discontinuation

www.aeriepharma.com

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/208254Orig1s000SumR.pdf

Netarsudil – Phase 3 pooled data

• Discontinuation rate:
– From all adverse events (mostly ocular): 19%
– Due to conjunctival hyperemia: 6%
– Due to cornea verticillata: 4%
– Due to blurry vision: 1.5%

https://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/dermatologicandophthalmicdrugsadvisorycommittee/ucm579731.pdf
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Choosing first line therapy

• Effective
• Good side effect profile
• Inexpensive
• Once a day dosing
• 24 hour IOP control

Van der Walk R, et al. IOP lowering effects of all commonly used glaucoma 
drugs: a meta-analysis of RCTs. Ophthalmology. 2005;112:1177-85

Prostaglandins

• Most common first line therapy 
• Lower IOP by ~ 30%
• Once a day dosing (qHS)
• Effective day and night
• Few systemic side effects

Prostaglandin associated periorbitopathy

• Upper lid ptosis
• Deep upper lid sulcus
• Involution of dermatochalasis
• Periorbital fat atrophy

• Mild enopthalmos
• Inferior scleral show
• Tight eyelids
• Prominent  lid vessels

Pasquale L. Prostaglandin associated periorbitopathy.  Glaucoma Today Summer 2011. 
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Topical medications – 15 years

OD 17, 19
OS  18, 20 

OD 12, 10
OS  10, 11  

3 months after switching from Bimatoprost
to Brimonidine 0.2% 

Bimatoprost 0.03% OD for 4 years

Beta blockers

• Alternative to PGAs as first line therapy
– Concerns regarding side effects of PGAs
– Inflammatory glaucoma
– Pregnancy
– Children

Beta blockers

• IOP reduction is 20-25%
• Once a day dosing (qAM)
• Not effective at night
• Few local side effects

Systemic side effects

• Cardiovascular
– Bradycardia
– Hypotension
– Decreased AV conduction

• Pulmonary
– Bronchospasm
– Reduced exercise tolerance

• Central nervous system
– Depression
– Fatigue
– Confusion
– Sleep disturbance

• Sexual dysfunction
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Alpha agonists and CAIs

• Disadvantages when used as first line agents
– Must be taken 2-3 times a day
– Relatively lower efficacy
– Trough effect = IOP fluctuations
– Alpha agonists not effective at night

• N = 13 
• Dorzolamide 53%

Brimonidine 23%
• Ectropion resolved partially or 

completely on discontinuing 
offending agent + topical steroid

Simbrinza

Courtesy Andrew Iwach MD 

• “Sulfa” drugs
– Sulfonamide antibiotics
– Sulfonamide non-antibiotics
– Sulfur element - sulfate, sulfite

‘Sulfa’

• Sulfonamide antibiotics and non-antibiotics differ in 
chemical structure and theoretically should not cross-
react

• BUT, patients allergic to sulfonamide antibiotics are 
more likely to have future allergic reactions regardless of 
specific medication type

– Strom BL et al. NEJM 2003. Patients with h/o allergy to sulfonamide antibiotics were more likely to react to sulfonamide non-antibiotics 
AND even more likely to react to penicillin 

– Guedes JB et al J Ocul Pharm Ther Jun 2013. Patients with a self-reported history of sulfa allergy had significantly more ocular 
adverse reactions after the initiation of any of the topical antiglaucoma medications when compared to those patients with no reported allergies. Self-
reported sulfa-allergic patients had similar rates of adverse reactions to topical CAIs compared with topical prostaglandin analogues.

• Use clinical judgment, 
weighing both benefits and 
risks, and document  specific 
allergic reaction (i.e., 
anaphylaxis, urticaria, etc.) 
before giving these 
medications

• The evidence suggests that 
medications like Diamox and 
other oral or topical CAIs 
should be prescribed as 
needed, so long as the patient 
does not have a history of a 
life-threatening allergic 
reaction to sulfonamide drugs.
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Newer options for first line therapy

• Latanoprostene bunod and Netarsudil
– Advantages: 

• May help maintain the physiological aqueous outflow pathways 
• Convenient dosing

– Disadvantages
• Cost/Access
• Netarsudil: Side effects/Lower efficacy

Adjunctive treatment

• Many glaucoma patients require more than one 
medication to adequately lower IOP
– OHTS, 40% required 2 or more meds by year 5
– CIGTS, 75% required 2 or more meds after 2 years of 

treatment
• With PGA monotheraphy, consider trying a 

different PGA before adding another medication

Choosing adjunctive therapy

• Additional IOP lowering
• Other factors

– Side effects
– Impact on adherence

• Dosing schedule
• Cost

Adjunctive therapy to PGAs

• Beta blockers
– Easy once daily dosing 

schedule
– Poor nocturnal IOP 

control

• Rho Kinase inhibitor
– Easy qd dosing
– Diurnal and nocturnal 

IOP control

• Topical CAIs
– At least BID 
– Diurnal and nocturnal IOP 

control
• Brimonidine

– At least BID 
– Poor nocturnal IOP control

Choosing adjunctive therapy to PGA

• All classes of medications are effective when 
added to PGA

• Added medication is usually less effective than 
monotherapy with the same drug

Tabet et al. A review of additivity to PG Analogs:Fixed and unfixed combinations. Survey of Ophthalmology. Nov 2008
Tanna et al. Meta-analysis of efficacy and safety of ….with prostaglandin analogs. Archives of Ophthalmology July 2010

• Mean IOP reduction of ~3mm Hg
• Alpha agonists less effective at 

trough than beta blockers/CAIs
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New medications versus latanoprost

• Latanoprostene bunod
– Mean diurnal IOP 1.23 mm Hg lower (VOYAGER study) 

• Netarsudil
– Average IOP 1.8mm Hg lower (Mercury 2 study)

First line and adjunctive therapy

• No one-size-fits-all algorithm
• Treatment has to be individualized for 

each patient

Medical therapy during 
Pregnancy and Lactation

Salim S. Glaucoma in pregnancy. Curr Opin Ophthalmol 2014,25:93-97

Beta blockers in pregnancy/lactation

• Category C (side effects shown in animal studies, 
inadequate human studies)

• Most common first choice in pregnancy
– Frequently used by obstetricians to treat pregnancy-induced 

hypertension
– Long-standing experience

• Consider lower concentration and gel forming solution
• American Academy of Pediatrics has approved use 

during lactation

Carbonic Anhydrase Inhibitors

Pregnancy

• No reports of adverse 
effects with topical CAIs

• Avoid oral CAIs 
– Sacrococcygeal teratoma 
– transient renal tubular 

acidosis in neonates

Lactation

• Acetazolamide approved by 
American Academy of Pediatrics
– Level in breastmilk 1/3rd of 

plasma level
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Brimonidine in pregnancy/lactation

• Only Class B drug (No risk in animal studies, 
inadequate human studies)

• Avoid near-term and during nursing
– CNS effects on infants

• Severe hypotension and apnea

Prostaglandin analogs

• Generally avoided since this class of medications 
is used to induce labor

• ? Safe to use in pregnancy
– Systemic dose with topical use extremely low
– Case series of 11 women exposed to latanoprost*

• No adverse effects on pregnancy or neonatal outcome

• No data to guide use during lactation

*DeSantis et al, AJO August 2004

Considerations in chronic 
medical therapy

Preservatives

• Cross-sectional study of glaucoma patients on 
medical therapy

• 60% reported symptoms of OSD (OSDI 
questionnaire)

• More BAK containing drops associated with 
higher odds of abnormal lissamine green staining

Preservatives

Liang H, Baudouin C et al. BJO 2008
Conjunctival and corneal reactions in rabbits…

Non-BAK preservatives

Brimonidine 0.1% Travoprost 0.004%

PURITEÒ SofZia Ò
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Non-BAK preservatives

Brimonidine 0.1% Travoprost 0.004% Latanoprost 0.005%

PURITEÒ SofZia Ò Potassium Sorbate

NEW

Commercially available preservative 
free medications

Compounded formulations

Combination medications

Considerations in chronic medical 
therapy

Adherence
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Nov/Dec 2016

Adherence

• Based on several studies, the adherence rate for 
glaucoma therapy is ~ 60% Schwartz G, Glaucoma Today July/Aug 2014

• Various ways of measuring adherence
– Electronic monitoring: ~ 20% with poor compliance

– Prescription records: only 56% of days of therapy could be accounted for by 
medication supply dispensed

– Medical chart review: Only 67% remained persistent 12 months after starting 
therapy 

Reardon G, Kotak S, Schwartz GF.Objective assessment of compliance and 
persistence……a systematic review. Patient Preference and Adherence. Sept 2011

Remembering to take 
daily drop

Ability to instill
drop

General health
Bottle design

Expense

Side effects

Spillage

ADHERENCE • N = 199 patients on 1 or more 
glaucoma meds

• 61% cited MULTIPLE barriers
• 30% of those with poor 

adherence cited EACH of the 11 
barriers as important 

Identifying non-adherence

• Open-ended questions:

“What difficulties are you having with your drops?” 
versus

“Are you having difficulties with your drops?”

“How often do you miss your drops?” 
versus 

“Do you miss your drops?”

Schwartz G, Glaucoma Today July/Aug 2014



11

Improving adherence

• Simplified dosing 
regimens

• Written instructions
• Watch patients administer 

drops
• Reminders (calls/apps)
• Involve family members

• Ask about side effects
• Ask about cost
• Associate medication use 

with activities the patient 
never misses

• Regular education
• Frequent follow-ups to 

reinforce importance of 
adherence

Glaucoma Therapeutic Option Timeline

1870s    ‘80s    ‘90s    1900s    ‘10s    ‘20s ‘50s    ‘60s    ‘70s    ‘80s    ‘90s    2000s

Pilocarpine Epinephrine

Acetazolamide

Dipivefrin
Betagan
Betopic

Timoptic

Alphagan
Alphagan P

Azopt
Betoptic-S

Cosopt
Lumigan

Ocupress
Rescula

Timoptic XE
Travatan
Trusopt
Xalatan

Zioptan
Simbrinza

‘12-13 ‘17-18

Vyzulta
Rhopressa

Glaucoma Today May/June 2018
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Ocular retention rate of insert 
• 93% at 3 months
• 89% at 6 months

• Bimatoprost insert showed ~20% IOP reduction sustained for 6 months
• Timolol provided 0-1.5mmHG more IOP reduction than BIM insert

Mean IOP reduction from baseline: 3.2 to 6.4mm HG for bimatoprost insert, 4.2 to 6.4 mm HG for timolol

Intracameral versus surface delivery

• Intracameral delivery is more invasive but lower 
drug concentration is required which reduces side 
effects

28G applicator
Drug concentration 6 to 20 µg 

Bimatoprost SR

• IOP lowering efficacy similar to topical 
bimatoprost 0.03%

• IOP lowering lasted for 6 months in 71%
• Side effects 

– Usually occurred within 2 days of injection and were 
transient

– Conjunctival hyperemia occurring after 2 days was 
greater in the topical bimatoprost group (17.3% vs. 
6.7%)
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Patient attitudes towards sustained 
delivery devices – Acceptance rates

• Survey in Singaporean Chinese subjects Chan HH et al. J 
Glaucoma Sept 2015

– Punctal plugs: 63%
– Intracameral implant: 57%
– Punctal plugs preferred over subconjunctival or intracameral routes. 

• U.S. based survey (67% Caucasian) Wang BB Digit J 
Ophthalmol Sept 2018

– Triple combination drop: 85%
– Periocular ring insert: 31%
– Intracameral implant: 30%

Summary

• Most glaucoma patients will be treated 
medically

• Many options available 
– treatment must be tailored to the individual

• Limitations of the ‘eyedrop’ model are well 
recognized


