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Cases and Controversies in Glaucoma

• Questions to be addressed

• What region of the eye should we image?
• Optic Nerve, Retinal Nerve Fiber Layer, Macula (GCC)

• What region is the most important to image in order to detect glaucomatous damage?
• Optic Nerve, Retinal Nerve Fiber Layer, Macula (GCC)

• What is the most important piece of the OCT printout?
• Colored probability symbols or the TNSIT graph or something else (B‐scans)

•
•
•
•
•
•
•
•
•

Do we need to do fundus photography if we have done an OCT?
Do we need to perform perimetry if we do an OCT exam?
Do we need to include central visual field testing as part of the diagnostic workup?
Is OCT useful to monitor for progression?
Should SLT be offered as primary therapy for newly diagnosed patients?
Should Vyzulta become the first‐line prostaglandin?
Is Rhopressa the preferred second‐line agent?
Is MIGS the best approach for glaucoma surgery?
Is the future of glaucoma therapy in drug delivery devices?

• Historically the RNFL was the primary region imaged and evaluated
• initial devices such as GDx and Stratus OCT only imaged RNFL

• In past 10 years, data has shown that the macula is damaged early in the
glaucoma process
• Host of experts have recommended that GCC testing is important
• Some cases may show macula loss with full RNFL

• Optic disc measurements such as C/D ratio, Minimum Rim Width (MRW), cup
volume, rim area are available
• How important are these areas for detecting glaucoma damage?
• There is evidence that the optic disc is damaged early

OCT: Evaluating the Results

Macula Testing in Glaucoma

• OCT has become an important adjunct in the evaluation of the optic
nerve/RNFL for glaucoma
• OCT can image optic nerve, macula, area surrounding optic nerve,
angle
• Future versions will even allow choroidal evaluation
• Printouts are most common method used to evaluate the results
• Printouts must be evaluated carefully or erroneous diagnosis possible
• OCT printout similar to visual field in that unreliable images are
possible

• Imaging allows measurement of features that are not possible otherwise
• Imaging to detect glaucoma damage has concentrated around RNFL and
optic nerve evaluation
• Complicating the assessment of the optic nerve when evaluating for
glaucoma damage is:
• High variability of the ONH size and shape
• Even among healthy individuals

•
•
•
•

Wide range of optic cup shapes and sizes
Variable size and configuration of blood vessels
Variable angle of penetration into the eyeball of the optic nerve (tilted disc)
Parapapillary changes such as atrophy
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Macula Testing in Glaucoma
– Imaging can detect changes in the
macular region
– The eye has about 1 million retinal
ganglion cells, and their numbers
are densest in the macula
– about six cells deep

– About 50% of ganglion cells are in
the central 4.5 mm of the retina
• an area that represents only 7% of
the total retinal area

– This area is not well covered in
most visual field testing

• Compared to the optic nerve, the
macula is a relatively simple
structure
• Devoid of large vessels
• Has multiple cellular and plexiform
layers with central depression (fovea)
devoid of retinal ganglion cells
• The RGC layer (shape) within the
macula is generally less variable in
healthy individuals than RNFL or ONH
• Perhaps reduction may offer better
sensitivity in recognizing glaucoma
damage

What is the most important piece of the OCT
printout?
• RNFL Thickness map
• RNFL Deviation Map
• Parameters
• TSNIT Curve (RNFL)
• Neuro‐retinal rim Curve
• B‐Scans
• Quadrant maps
• Clock‐hour maps

Do we need to do fundus photography
if we have done OCT?

Do we need to perform
perimetry if we done an OCT
exam?
What does perimetry add that structural tests do not?
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Cases and Controversies in Glaucoma

What is the floor effect

• OCT and Visual field will manifest change and stop showing change at
different time points as glaucoma gets worse

• The RNFL layer is composed of glial and other structural tissue

• OCT will show loss earlier but has a floor effect
• Around 60um will no longer show change
• This may vary if macula scans are used

• Visual fields start to show loss when the RNFL is reduced to around 75um
• Will continue to show loss throughout the person’s lifetime

• 40% of its makeup

• The floor varies with OCT device but is between 50‐60 um
• With advancing damage, never goes to 0
• Floor effect
• Spectralis 49.2um
• Cirrus – 57 um
• RTVue– 64.7 um

When is the OCT Abnormal?
• The average RNFL thickness at 70yo is 107um at the 95%
• The green range for average RNFL is from 107‐75um
• Flips to yellow at 75um
• There are from 4‐8 steps of detectable change while the RNFL is in the green
range

• Visual field loss occurs at 75um thickness for average RNFL
• Flips from yellow to red for average RNFL at 67um
• Floor effect at approximately 55um
• Will not go any lower
• Visual field may be present when at floor

Is Diabetes a Risk Factor For
Developing Glaucoma?
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Do we need to include central visual
field testing as part of the glaucoma
diagnostic workup?
Will a Central 100 Field Defect Be Present When the 24‐2 is Full?

Central Field in Glaucoma

Central Visual Fields and Glaucoma

• Improvements in imaging (OCT) allow us to recognize
involvement of macula in earlier stages of glaucoma
• OCT allows us to better evaluate the layers of the retina and
understand where damage is occurring

• Recent papers have suggested that the 24‐2 test pattern has limited
ability to detect central field defects

• Understanding if there is central visual field loss (within 100 of
fixation) is important for the patient
• Decreased reading speed and errors
• Altered driving ability – reading signs
• Increased risk of falls

• 50% of retinal ganglion cells are found within 4.5mm of fovea
• Macula region comprises only 10% of overall visual field area though it is
responsible for 60% of area of visual cortex
• Damage to central 100 associated with diminished contrast sensitivity,
reduced reading ability

• Peripheral visual field loss

• Asymptomatic (unless bilateral and severe)
• Does not impact function as significantly
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10-2 and 24-2

The Central Field in Glaucoma

Reasons to Perform 10‐2 Test

• Does the 24‐2 detect functional vision loss in the central 100 in all
cases?

• Better resolution

• Points in test grid are 60 apart in a grid pattern

• Is there a role for a complementary test such as the 10‐2 in which 55
points are placed in a 100 area that are 20 apart?
• Will this detect small scotomas that fall between the cracks?

• 24‐2 tests 54 points 60 apart
• Only 12 points in central 100
• This area accounts for 50% of ganglion cells in retina

• 10‐2 tests 54 points 20 apart
• Paracentral scotomas may be missed on 24‐2 test pattern

• Is glaucoma a disease that involves the macula region early in the
condition?

Glaucoma Progression

Is OCT useful to monitor for
progression?

• For patients diagnosed with glaucoma or are glaucoma suspects due to large cupping or
unusual optic discs (myopic, tilted), detecting change is important
• This is a difficult task requiring periodic tests to be performed over time watching for
change
• Change can occur at any time
• 10% of newly diagnosed glaucomas are rapid progressors
• Glaucoma patients can go years before change devlops

• Change does not occur at the same rate over the lifetime of the patient
• Due to test variability, just because a test is different from the previous one does not
mean the person got worse
• Ability to discriminate true change, over and beyond measurement variability, is a
requirement for any progression technique
• Perimetry or Imaging
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Glaucoma Progression
• Progression may be measured by structural changes at the
• optic nerve head
• retinal nerve fiber layer
• macula region

• Not clear which region provides best sensitivity and probably
depends in part on the individual and stage of the disease
• Evidence that change is first seen on optic disc but that does not mean that
present clinical tools recognize this loss

• Change may also be seen by enlargement of parapapillary atrophy

Which test is most sensitive
to detect change – OCT vs VF
What Changes First – The
RNFL or The Macula Area or
the Optic Disc?

• Not usually on clinician’s radar

Should SLT Be Offered as
Primary Therapy for Newly
Diagnosed Individuals?
While the RNFL changed quicker, due to the
floor effect reducing RNFL use through the
entire life of glaucoma, the GCIPL was able to
monitor from mild to advanced glaucoma

Selective Laser Trabeculoplasty (SLT)
• Q‐switched, frequency doubled Nd:Yag 532
nm laser
• Selecta 7000‐ Lumenis

• Targets pigmented cells in trabecular
meshwork
• little damage to non‐pigmented cells
• less destructive procedure

• Advantage

• Little destruction to TM supports biologic theory
• No coagulation effects

• reduced incidence of IOP spikes and
complications

• Patient type

• Effective as adjunctive or replacement tx
• Also may be used as primary therapy
• Being used early in stepped medical therapy
• Do not wait until patient exhausted all medical
options

• Contraindications

Should Vyzulta or Rocklatan be
offered as Primary Therapy for
Newly Diagnosed Individuals?

• Secondary glaucomas
• Traumatic angle recession
• Inflammatory
• Neovascular

• Relies on selective photothermolysis
• targets melanin granules within cell
• cell death occurs

• Less need for pigmented tissue
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New Drugs – Will they replace the ones we
are presenting using

Latanoprostone bunod (Vyzulta)

• Latanoprost bunod

• 0.024% used once daily to reduced IOP

• Approved November 2017
• Nitric oxide donating Prostaglandin F2
• Vyzulta Bausch & Lomb

• Rho Kinase Inhibitors
•
•
•
•

Approved December 2017
Netarsudil 0.02%
Rhopressa
Aerie

• Rho Kinase Inhibitors and latanoprost
• Roclatan
• Aerie
• 1st quarter 2019

• Bausch & Lomb
• Approved Nov. 2017

• Metabolized to latanoprost acid plus
butanediol mononitrate
• Butanediol mononitrate is a nitric‐oxide
donating moiety NO molecule attached to
latanoprost backbone provide dual action
• Works over 24 hour period with >35% IOP
reduction
• One molecule leads to IOP reduction via
the uveoscleral and trabecular meshwork
pathways

• NO is a signaling molecule that regulates
outflow facility via the TM
• Can dilate blood vessels
• Modulates TM contractility, cell adhesion
and the cytoskeleton leading to reduced
IOP
• Medication acts on both the

• Uveoscleral outflow pathway by altering
the extracellular matrix in the ciliary muscle
and the sclera
• Trabecular meshwork outflow by inhibiting
actomyosin contractility in trabecular
meshwork cells thereby relaxing the
meshwork

New Medication
Rho Kinase Inhibitors

Is Rhopressa the Preferred
Second‐Line Agent?
Second line Options‐ Beta blockers, Topical CAIs, Alpha Agonists, Fixed
Combination Agents such as generic timolol‐dorzolamide, Simbrinza,
Combigan, SLT

• Rho kinase inhibitors
• Rhopressa (Aerie pharmaceuticals)

• Reduce cellular stiffness in trabecular meshwork
• Target trabecular meshwork cells to enhance outflow
• May offer neuroprotective as well as anti inflammatory effects
• Aerie

New Glaucoma Medications
• Aerie Pharmaceuticals
• Two compounds
• Dual action Rho kinase (ROCK) + norepinephrine transport (NET) inhibitor (Netarsudil
0.02%) ‐ Rhopressa
• AR‐13324 lowers IOP by enhance outflow through TM (ROCK) and inhibit aqueous production
(NET)
• Also believed to reduce episcleral venous pressure which may allow it to better reduce IOP
when it is below 21 mm Hg

• Triple action ROCK + NET + latanoprost (Roclatan)
• PG324 fixed combination of AR‐13324 and latanoprost
• Additional IOP reduction through uveoscleral outflow

• Both agents are once per day dosage
• Hyperemia is most common side effect found in studies to date
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NEW MIGS GLAUCOMA SURGERICAL DEVICES

Is MIGS the Best Approach
for Glaucoma Surgery?

Cases and Controversies in Glaucoma
• MIGS (Minimally Invasive Glaucoma Surgery)
• Group of operations in which microscopic equipment and tiny incisions often
using devices
• Objective is for reduced complications compared to trabeculectomy with
nearly similar IOP reduction
• New MIGS type devices in development
• Istent inject and iStent Supra (Glaukos), Ivantis (Hydrus), CyPass Micro‐stent (Transend
Medical), AqueSys (Allergan)

• Increasing from $13 Million in 2013 to $70 million in 2015

Minimally Invasive Glaucoma Surgery ‐
MIGS
• Glaukos Trabecular Micro‐bypass stent (iStent)
• June 2012 FDA approval

• Designed to create a permanent opening from the anterior chamber to
Schlemms canal
• Designed to fit and remain in Schlemms canal
• Titanium device 1 mm in length consisting of inlet or snorkel end connected at
right angle to implantation portion, which has a pointed end to facilitate entry
into canal
• Theoretic advantages
• Open a pathway into Schlemms canal

• Tiny titanium devices that drains aqueous fluid from the anterior chamber
• Minimally traumatic, conjunctiva sparing ab‐interno procedure
• performed through a clear corneal micro‐incision under 2.0mm

• The objective is to achieve IOP in the mid‐teens and reduce medication use
• leaving the door open for more invasive surgical alternatives if required in the
future

• It is approved for use during cataract surgery in the 20% of cataract patients
that are treated with medications to reduce intraocular pressure (IOP)

CyPass ‐ Alcon

Xen Gel Stent

• Approved by the FDA August 2016
• MIGS device using Suprachoroidal space
• Approved to be done with cataract surgery
• Mild‐moderate glaucoma

• IOP lowering device FDA approved ‐ Allergan
• A soft, permanent, minimally invasive ocular shunt (MIGS or micro‐
invasive glaucoma surgery device) that is implanted in the anterior
chamber of the eye to facilitate the continuous flow of aqueous
humor into the subconjunctival space
• The ocular shunt is manufactured from gelatin (45 µm internal
diameter)
• The implant is 6mm in length and nearly as thin as a strand of human
hair.
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Xen Gel Stent

Is the Future of Glaucoma
Therapy in Drug Delivery
Devices?

• Implanted through a small 27‐gauge needle, single use, pre‐loaded proprietary
injector using an ab interno (from inside the eye) approach
• The surgeon first advances the needle through the peripheral cornea and across
the anterior chamber towards the target area. The needle is then advanced
through the trabecular meshwork and sclera and is visualized as it enters the
subconjunctival space. The implant is then released and the needle is removed
from the eye.
• When implanted, it creates a better outflow of aqueous fluid from the anterior
chamber of the eye into the non‐dissected tissue of the subconjunctival space
• This procedure is minimally invasive
• The gelatin material is non‐inflammatory with minimal stress on the surrounding
tissue and doesn't migrate once placed
• The surgery leaves all other options open for future use if needed, and it can be
repeated

Drug Delivery

New Methods for Drug Delivery

• Problem – poor adherence in patients taking their medications as
directed

• Eyedrops have drawbacks

• Common with chronic disease such as glaucoma
• Estimated 40% or higher of medicines not taken

• Plan ‐ develop therapeutic methods that are independent of patient
and delivered by doctor
• Modalities include devices that reside on ocular surface, slow‐release
depots that are injected into the eye, and punctal plugs that deliver
drugs directly into tear film

• Objectives of new drug delivery methods
•
•
•
•
•

Ensure drug delivered to the site of action in the eye
Reduce side effects of topical medications
Improve compliance
Improve clinical outcomes
Methods may be
• patient centered and noninvasive or doctor centered and invasive

Ocular Drug Delivery
Key Points

Drug Delivery
• An ideal sustained release drug
delivery system should be able to
encapsulate and deliver the necessary
drug to the target tissues at a
therapeutic level without any
detriment to the drug
• Drug encapsulation should be as high
as possible to minimize loss and
unless it is specifically desired, the
initial burst of drug release should be
kept to a minimum
• By modifying various biomaterials, it is
possible to achieve sustained drug
delivery to both the anterior and
posterior segments of the eye

• Relatively inefficient in that large volume is placed in small space
• Relies on patient’s ability to comply and administer drops correctly

• Ocular Surface
• Contact lens
• Punctal plug

•
•
•
•

Sclera
Anterior chamber
Intravitreal
Subconjunctival/subchoroidal

• Easy to place and easy to remove
• Tolerable
• Consistent efficacy
• Works close to eye drop with improved compliance
• Can it work better?

• Cosmetically invisible
• Stays in place
• At least 90 days

• Use in multiple disease states
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Platforms delivered outside the eye

Drug Delivery Systems for Glaucoma
• Lumigan SR (Allergan)

• Sustained release bimatoprost
implant
• Phase III

• Amorphex Therapeutics

• A polymer, similar to a contact lens,
that contains the drug and sits under
the upper eyelid
• Releases the drug over several
months

• Envisa Therapeutics

• Implantable extended‐release device

• pSivida and SKS Ocular

• Kala Pharmaceuticals

• Drops that can get into the eye more
easily

• Ocular Therapeutix (OTX‐TP)

• Sustained release travoprost punctal
plugs

• Allergan (Foresight – Helios)
• Ring

• Mati Therapeutics Inc.
• Punctal plug device

• Graybug

• Sustained release

• Delivery devices

Platforms Delivered inside the eye
• Bimatoprost SR

• pSivida

• ENV515 ‐Envisia Therapeutics

• Ohr Pharmaceutical

• GrayBug microparticle

• ClearSide Biomedical, Inc.

• Bimatoprost sustained‐release implant
(Allergan)
• Currently in Phase 3 clinical trials.
• Implantable biodegradable polymer drug
delivery system using extended‐release
travoprost using engineered highly‐
precise microparticles and nanoparticles
• Polymer‐based intraocular delivery
technologies that would allow
customizable sustained release of all
therapeutic classes

• Delivery devices or technology to allow a
constant delivery of medication over
months or years
• Inject micro‐ or nanoparticles into the
eye that would then release a glaucoma
drug/drugs over an extended period of
time
• Use of microneedles to inject medication
into a specific spot for it to be most
effective

• Glaukos ‐ iDose (DoseMedical)

• Helios (ForSight Vision 5) ‐ Allergan

• Bimatoprost‐laden plymer‐matrix insert embedded in compliant ring

• TODDD (Topical Ophthalmic Drug Delivery Device; Vista Scientific)
•
•
•
•

Nonerodible solid matrix under the eyelid embedded with a drug
Similar to contact lens with drug released over several months
Amorphex Therapeutics
Most of the company’s work has focused on timolol and prostaglandins.

• Punctal plugs:

• Ocular Therapeutix (OTX‐TP) is an intracanicular depot that dissolves over time
• Mati Therapeutics (L‐PPDS) is a latanoprost punctal plug delievery system
• Kayla Pharmaceuticals
• Drops that allow medication to get into the eye more effectively.

• Phenylboronic‐Acid based polymeric micelles for mucoadhesive anterior segment
ocular drug delivery

Sustained Release Devices
• Questions to be considered:
• Comfortability of device
• Effectivity
• Will it replace drops altogether or be replacement of one medication
• Will OD’s be granted rights to insert?

• What is taking so long?
• Technicalities: Invention, investment, research
• Modality and barriers within the eye itself
• Comfortability/Usability for patients

• Stent with IOP sensor and medication
dispenser to regulate IOP

Drug‐Loaded Contact Lenses
Simplistic Concept That Has Not Worked
• Soak CL in lens storage solution with drug
• Hydrophilic matrix of soft CL absorbs drug and then releases it by simple
diffusion
• Limited by drug kinetics which leads to rapid diffusion
• Diffusion varies drug to drug, often in under one hour
• Medication with preservatives may cloud CL or effect oxygen permeability

• Issues with both forms
• Want linear release which is difficult to achieve

Punctal Plug Drug Delivery Devices
• Insert slow‐release medication depot into the punctum using a
punctal plug
• Plug may dissolved over time, be replenished or replaced

• Advantages
• Track record of safety in using punctal plugs for dry eye
• Minimally invasive and low‐risk
• Leverage existing medications used to treat glaucoma

• New Codes for 2016
• 0365T Drug eluting contact lenses
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Punctal Plug Drug Delivery Devices
• Disadvantages
• Prone to fall out over time which is not acceptable for chronic condition where
months occur b/w visits
• Need to overcome this problem such as improving patient awareness that plug has fallen out

• Drug delivery is passive depending upon tears to wash into the plug reservoir and
transport active drug back into the tear film
• In cases of severe dry eye or lid anatomy pathologies, plug may not deliver drug in predictable
manner

• Current medications may not be ideal for drug delivery
• Plug may not hold enough
• Pulsed dosing as seen with topical use versus constant delivery with depot may lead to
different efficacy
• Prostaglandin not as effective when used in constant manner

• Efficacy varies from slightly less than timolol to close to a PG

Bimatoprost SR
• Allergan
• Sustained release bioerodible implant that lasts 4‐6 months with similar
efficacy to eyedrops
• Small disolvable pellet is injected into the anterior chamber
• Sits in/near the angle that resorbs over time

•
•
•
•
•
•

Can be performed in the office
Insert can be visualized in the inferior angle
Ensures patient compliance
Phase III trial underway comparing SR to timolol
Will there ever be a need for removal?
Could it cause cataracts?

Bimatoprost SR
Study Results
• Baseline IOP 25.2mm Hg
• Mean IOP reduction ranged from 7.2‐9.5mm Hg at week 16
• Fellow eye IOP reduction 8.4 mm Hg with topical Bimatoprost
eyedrops once daily
• Rescue therapy needed in 8% at week 16
• IOP reduction seen through 6 months
• At 6 moths, 71% did not require rescue therapy or a 2nd injection
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