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Unstable Cornea: Keratoconus (KCN) 
• Prevalence ~1:2000 (1986, US) 

– Estimated 1:375 (2017, Netherlands)

• Naturally occurring corneal ectasia, 
typically onsets in teenage Yrs with:

– Myopia, 
– Irregular astigmatism & other HOAs

– Loss of BSCVA & Visual quality

• Mixed etiology:
– Mechanical factors (eye rubbing)
– Genetic factors

– Down’s Syndrome
– Connective tissue disease  (Ehlers-

Danlos)
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Reported incidence & prevalence of keratoconus 
may be on the rise globally, largely due to improved 
diagnosis

Acta Ophthalmol. 2019: 97: 752–755

Reference Prevalence Geography

Kennedy et al. 1986 0.05% or 
1:2000

US

Jonas et al. 2009 2.3% India

Millodot et al. 2011 2.3% Israel

Xu et al. 2012 0.9% China

Hashemi et al. 2014 2.5% Iran

Godefrooij et al. 
2017

0.26% or 
1:375

Netherlands

Torres Netto et al. 
2018

4.79% Saudi Arabia

Chan et al. 2020 1.2% or 1:84 Australia

Hashemi et al. 
2020*

0.14% or 
1:700

Global Meta-
Analysis

*H ashem i H , H eydarian S, H ooshm and E , et a l. The Prevalence and R isk Factors for 
K eratoconus: A  System atic  R eview  and M eta-A nalysis. C ornea. 2020;39(2):263‐270
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Eye Rubber
50%

Bilateral 
96%

Genetic
13%

Wagner, H., Barr, J., & Zadnik, K. (2007, September). Collaborative Longitudinal Evaluation ofKeratoconus (CLEK)Study: Methods and Findings to Date. Contact Lens Anterior Eye, 30(4), 223-232.

MA-XXXX
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What does the KCN patient look like?

Vernal KC /Allergies  

Atopic 
Dermatitis

Dry Eye 
Disease

Floppy 
Eyelid 

Syndrome
Down’s 

Syndrome

Mitral Valve 
Prolapse

Ehlers-
Danlos 

Syndrome
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KCN Risk Assessment: Eye Rubbing

Gatinel, D., & Savatovsky, J. Novel Investigation of Eye Rubbing with 
Dynamic Medical Imaging . [Video]. Rothschild Foundation.
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Unstable Cornea: Refractive 
Surgery Ectasia

Ectatic corneal degeneration:
Unilateral or bilateral 
Maybe asymmetric 
Manifests after corneal surgery
Higher risk in big corneal 
ablations, eye rubbers, RK 
patients, mildly abnormal pre-
op topo/tomography

Randleman JB, Russell B, Ward MA, et al. Risk factors and prognosis for corneal ectasia after LASIK. Ophthalmology 2003; 
110:267–275.
Rad AS, Jabbarvand M, Saifi N. Progressive keratectasia after laser in situ keratomileusis. J Refract Surg 2004; 20:S718–S722.
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Unstable Cornea: Pellucid Marginal 
Degeneration (PMD)

M A - 0 0 5 3 6  R e v B

• Later life onset (2nd to 
5th decade)

• Crescent shaped band 
of inferior thinning

• “Crab claw” topography 
pattern, “beer belly” 
corneal appearance
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KCN Treatment Timeline

Pre 2004
• PKP
• Spec. CL

2004
Intacs

2016
• Epi- Off 

CXL

2018- future
• Epi-On CXL
• Drops for CXL
• Refractive 

CXL/laser
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KCN: New Mantra
Maintain BCVA

Diagnose Early Stop Progression Potential for 
Rehabilitation
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FDA Approved Cross-Linking 
Ingredients

Riboflavin 5’ Phosphate
Active Pharmaceutical Ingredient

UV Light
Oxygen

Reaction Catalyst 

FDA approval dates:
April 2016 – Progressive keratoconus

July 2016 – Corneal ectasia following 
refractive surgery
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Cross-linking: Mechanism of Action
• Corneal cross-linking is a medical procedure in 

which riboflavin photosensitizer is activated with 
UVA light to stiffen the corneal stroma

• The absorption of UVA by the photosensitizer 
generates radicals and singlet oxygen to form 
additional covalent bonds within the intracellular 
matrix of the collagen lamellae

Lewis, et al. Structure 18, 239-245 2010

• Creates new corneal collagen cross-links
• Results in a shortening and thickening of the 

collagen fibrils
• Leads to the stiffening of the cornea
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Cross-linking Procedure (CXL) 
• Corneal epithelium is debrided, as is 

done in PRK

• Riboflavin eye drops (vitamin B2) are 
applied to the cornea.

• The riboflavin film is maintained with 
reapplication of drops about ~2 minutes 
until the stroma is saturated (20-30 
mins)

• UVA light (365nm) is shined on the eye 
for 30 minutes (conventional technique)

• A bandage lens is placed.  Follow-up care 
is similar to PRK.
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What’s the Data Say?
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Completed Phase III Study 
Keratoconus

*LOCF=Last Observation Carried Forward

Note: 
2.6D @ 
12mo

Hersh PS, Stulting RD, Muller D, et al. United States Multicenter Clinical Trial of Corneal Collagen Crosslinking for Keratoconus Treatment. 
Ophthalmology. 2017;124(9):1259-1270.
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KXL in Ectasia

Notice 
Difference 
of 1.4D @ 
12 mo*LOCF – Last Oberserved Carried Forward

Hersh PS, Stulting RD, Muller D, et al. U.S. Multicenter Clinical Trial of Corneal Collagen Crosslinking for Treatment of Corneal Ectasia after Refractive 
Surgery. Ophthalmology. 2017;124(10):1475-1484
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Peer reviewed publications of multicenter studies include additional outcomes

Hersh PS, Stulting RD, Muller D, et al. United States Multicenter Clinical Trial of Corneal Collagen Crosslinking for Keratoconus Treatment. 
Ophthalmology. 2017;124(9):1259-1270.
Hersh PS, Stulting RD, Muller D, et al. U.S. Multicenter Clinical Trial of Corneal Collagen Crosslinking for Treatment of Corneal Ectasia after Refractive 
Surgery. Ophthalmology. 2017;124(10):1475-1484

Completed Phase III Studies

Progressive Keratoconus Ref. Surgery Ectasia
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Is CXL Safe? WHAT ARE THE RISKS?

• Corneal opacity (haze)
• Punctate keratitis 
• Corneal striae 
• Corneal epithelium defect
• Eye pain
• Reduced visual acuity
• Blurred vision

Common Ocular AEs include: 

Resolved within 6 months: epithelium defect, corneal striae, punctate 
keratitis, photophobia, dry eye, eye pain, and decreased visual acuity
In 1-2% of patients, corneal epithelium defect, corneal edema, corneal opacity 
(haze) and corneal scar continued to be observed at 12 months
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5 Take Aways for PO Management
• Post-operative care/schedule is similar 

to PRK.

• Remove BCL when epithelium is closed, 
vision reduced.

• New glasses 1 month, specialty lens 3-4 
months

• New topography/tomography 6-12 
months (surgical center?)

• No global period, bill office visits.

20

Crosslinking 
has opened 
the refractive 
treasure 
chest

Eyeglasses

Specialty and Scleral Lenses

Contact Lenses

Intrastromal Ring Segments

Refractive Tag Team Partners with CXL

TG-PRK
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Specialty Lenses, What’s the Science?

• Keratoconic patients have an irregular corneal 
curvature that glasses and soft lenses mold to. 

• Specialty lenses with a more rigid shape, create a 
TEAR PRISM to mask the irregular astigmatism
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Specialty lens options When & Why
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§ 150°Hexagonal Arcs of PMMA   
(same as rigid lens)

§ Placed between stromal layers 
at least 70% depth

§ Results in shortened corneal 
arc length

§ Flattens the central cornea 

§ Intacs are replaceable
removable
upgradable

Stromal Lamellae

Where do Intacs fit in?
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Intacs + CXL
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ICRS plus CXL- Concurrent vs. Sequential

Hersh, P., Issa, R., & Greenstein, S. (2019, June). Corneal cross-linking and intracorneal ring segments for keratoconus: a randomized study of concurrent 
versus sequential surgery. Journal of Cataract and Refractive Surgery, 45(6), 830-839
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TG-PRK Goal: Ablation driven by 
unique Topo data to normalize 
cornea (but ≠ customizing 
corneal surface):

1. Anterior-surface normalization

2. Improved visual rehabilitation

TG-PRK 
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Athens Protocol

• Topography Guided PRK 
• Immediate CXL
• Regularize the cornea
• Improve UDVA and CDVA
• Synergistic on reducing progression
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Athens Protocol Results

Kontadakis GA, Kankariya VP, Tsoulnaras K, Pallikaris AI, Plaka A, Kymionis GD. Long-Term Comparison of Simultaneous Topography-Guided 
Photorefractive Keratectomy Followed by Corneal Cross-linking versus Corneal Cross-linking Alone. Ophthalmology. 2016 May;123(5):974-83. 
doi: 10.1016/j.ophtha.2016.01.010. Epub 2016 Feb 17. PMID: 26896122.
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Future State(s) in CXL?
• Cross-link through the intact epithelium à “Epi-On”
• Reduce overall procedure time à “Accelerated”
• Eliminate a procedure à “Drops”
• Reduce refractive error à “Refractive CXL”

Patients

Providers

• Quicker recovery
• Less post-op discomfort
• Less fear of intervention
• Refractive outcomes

• Improved clinical workflow
• Potential for earlier treatment
• Optometrists performing the procedure
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WHAT IS STANDING IN OUR WAY?  

Prevents
Drug
Diffusion

Absorbs 
UV Light

Consumes 
Oxygen

The epithelium limits the 
transmission of all CXL-required 
components:

–Photosensitizer: Riboflavin
–Photoactivator: UVA
–Sustained Accelerant: Oxygen
–Epithelial remodeling for MRX

Epithelium
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WHAT IS STANDING IN OUR WAY?  
O2 depletion

Optimization of Oxygen Dynamics, UV-A Delivery, and Drug Formulation for  Accelerated Epi-On Corneal Crosslinking
Jason Hill, Cailing Liu, Phillip Deardorff, Behrouz Tavakol, William Eddington, Vance Thompson, Dan Gore,  Michael Raizman, and Desmond C. Adler.  

Current Eye Research, 2019

No statistical difference between the negative control 
and the epi-on treatment without oxygen (p ≥ 0.05).
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Epi-On: US Phase III Trial- Glaukos

Increasing O2 in Human Corneas (Hyperoxic) 

DRUG FORMULATION

SHORTER PULSED UV EXPOSURE

02 GOGGLES 

NOT FDA APPROVED in US
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Ph. III Interim Results 
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Epi – ON trial 

Study 
Design

• Multicenter, 14 US sites 
• Sham controlled; sham eyes can receive 

CXL treatment after 6 months
• Randomized 2:1 (active : sham)
• 12-month follow-up

Population • 279 eyes (189 TX group, 90 Placebo) 
Age 12-55

Primary
Endpoint

• Difference of ≥ 1 D between treatment 
groups in the mean change in Kmax
from baseline at Month 6

Treatment

Control

Glaukos Announces Positive Phase 3 Trial Results for iLink Epi-On Investigational Therapy. (2021, February 26). eyewire.
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Epi-SMART CXL

NOT FDA APPROVED in US
https://www.cxlophthalmics.com/epismart

1. Epi-prep sponge to loosen 
epithelial junctions

2. High concentration Riboflavin 
with sodium iodide and Epi-
prep loading sponge

3. Pulsed UV irradiance

4. 20 minute bilateral procedure
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Epi-SMART Ph. II Results

Change in BCVA Change in Kmax
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Drops for Crosslinking?
- Research by Bala Ambati, MD showed the lysyl oxidase on 

forming crosslinks 
- Lysyl oxidase is in lower concentration in KCN patients
- IVMED-80 drops applied to cornea increase copper amounts 

in turn activating and supporting lysyl oxidase

NOT FDA APPROVED in US
Kent, C. (2022, November 10). Cross-linking: Headed For The Next Level. Review of Ophthalmology.
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Customized Cross-Linking

• Irradiation down to 3 mm
• Goal to reduce coma 
• Guides treatment off  max 

posterior float (weakest 
point)

• Mosaic light delivery device

NOT FDA APPROVED in US
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Kma x decrease % flattening 2 D Epithelialization

Standard CXL Customized CXL

Seiler, T., Fischinger, I., Koller, T., Zapp, D., Frueh, B., & Seiler, T. (2016, June). Customized Corneal Cross-linking: One-Year Results. Am J 
Ophthalmol., 166, 14-21.

NOT FDA APPROVED in US
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3 Things to Remember Tomorrow

1. Diagnose KCN early and refer 
for CXL early in the disease.
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3 Things to Remember Tomorrow

1. Diagnose KCN early and refer 
for CXL early in the disease.

2. Prioritize stabilizing 
keratoconus with CXL

Panthier C et al. Graefes Arch Clin Exp 
Ophth. 2020; 
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3 Things to Remember Tomorrow

1. Diagnose KCN early and refer 
for CXL early in the disease.

2. Prioritize stabilizing 
keratoconus with CXL

3. Improve Vision
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Be Brave, Jump Into a Question

mitch.ibach@vancethompsonvision.com
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