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Gary Groesbeck, MD
Corneal Ectasias and Corneal Crosslinking

1. Corneal Stucture
A. Anatomy
B. Biomechanics
C. Testing of Corneal Structure
D. Clinical applications for Evaluation and Treatment of Corneal disease

2. Corneal Ectasias
A. Keratoconus
B. Pellucid Marginal Degeneration
C. Terrien's Marginal Degeneration
D. Post-refractive surgery Ectasias

3. Corneal Collagen Crosslinking - Patient Selection
A. Indications
B. Contraindications
C. Safety Factors

4. General Surgical Principles
A. Riboflavin Loading
B. UVA light application
C. Postop Care

5. Complications
A. Short term changes
B. Long term effects

5. Outcomes:
A. Germany Study
B. Italina Study
C. Australian Study
D. US FDA Phase III Trials

6. Variations in Surgical Technique
A. Epithelium-Off
B. Epithelium-On
C. Variable Duration treatments
D. Adaptive techniques for Thin Corneas
D. Corneal Crosslinking + Intacs

7. Clinical Application
A. Current Status of Corneal CXL in SCPMG/Kaiser Permanente
B. Future Trends
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Keratoconus

Most common corneal dystrophy

1:2000 Incidence

no gender predilection




Keratoconus

. KC results in myopia, irregular astigmatism which




Keratoconus - Etiology

- Genetic, biochemical, and physical factors

. Can be sporadic or associated w vernal disease
or connective tissue disorders




Pellucid marginal
degeneration

. Less common than KC

- Usually affects inferior peripheral cornea rather
than paracentral

+ Band of thinning from 4:00 to 8:00




Corneal anatomy

- 5 layers:

. Epithelium

- Bowman'’s layer




Corneal anatomy

. Corneal stroma

- Bowmans layer and stroma proper

+ 90% of thickness




orneal anatomy

. Corneal stroma

- Fibrillar collagen is organized into bundles of
unidirectional fibrils termed lamellae

- In Bowman'’s layer, collagen fibers are arranged
‘randomly in a mat-like fashion, with proteoglycans
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Corneal anatomy

- Bowman layer is acellular 10 um thick superficial layer
- highly interwoven Type | collagen fibrils

. Stroma

les called lamellae




Corneal anatomy

. Endothelium

. 4 um thick

- no direct biomechanical function, but thru it's

dehydration of storm has an effect on the cornea’s
properties




Bowman membrane Eibril 22 nm diameter
Tropo-collagen

Epithelium —1.5 nm diameter

300 nm length

Woven random fibril mat _ 25 nm diameter
Anterior 1/3 of stroma proper B Tropo-collagen
| ) —1.5 nm diameter
300 nm length

: | 0.7 um thick - Tropo-collagen
Woven unidirectional fibril-reinforced lamellae : e

/ Posterior 2/3 of stroma proper \ 300 nm length
/ Fibril

25 nm diameter

150 pym wide
1.75 pm thick

Nonwoven unidirectional fibril-reinforced lamellae

Descemet membrane

| s — = —— Type IV collagen
S B Tttt —=v— ~%- Laminin

Endothelium I s e == Fibronectin

" Heparin sulfate

Hexagonal lattice

Figure 1 A schematic image of the normal cornea with a magnified view of the various anatomic layers.
(Kaufman PL, et al, eds. Adapted from Dawson DG, Ubels JL, Edelahauser HF. Cornea and sclera. In: Levin LA
et al, eds. Adler’s Physiology of the Eye. 11th ed. New York: Elsevier/Mosby; 2011:107.)




Corneal anatomy

- Average central thickness = 545 um

Laslaioarl dexialion 2o L




orneal anatomy

. Strongest in parallel direction of corneal fibrils

- Anterior 40% Is strongest, stiffest, most interwoven

. 2-5 Xx stiffer than posterior stromal layer




Corneal anatomy

Arterial pulsations 1-2 mm
Accommodation 4 mm
Diurnal changes 5 mm

Respiration 5 mm
Valsalva Maneuver .. Bmm




orneal anatomy

. Variable strength of superficial and deep layers
has relevance for LASIK flap depth

. Anterior stroma = 40% X 545 um = 218 um.




Introduction

. Cornea - naturally crosslinks with age

on of ends of collagen fibrils




Keratoconus

- Conventional management - contacts, glasses

. Improve vision, but don’t alter course of the
disease




Corneal Crosslinking

. Stiffens and strengthens cornea




Corneal Collagen
Crosslinking

. Chemical technique using UV-A and Vitamin B12
(riboflavin) to strengthen chemical bonds within
the cornea




History of Crosslinking

. Developed late 1990’s at University of Dresden

. Theo Seller




How It works

. Spoerl & Seiler - riboflavin + UVA = stiffer porcine and
rabbit corneas more resistant to enzymatic degradation

- Wollensak - 320% gain in corneal biomechanical strength
. Effect most pronounced in anterior 200 um of cornea




How It works

- Riboflavin is activated by UVA light which enhances
crosslinking between stromal collagen fibers

. Photosensitive Riboflavin is activated to an excited
state




Corneal Crosslinking

Riboflavin loading = 1 gtt g 1-2 min x 30 min

SLE determines endpoint = flare in AC from B2 solution

UVA 3-18 m\W/cm2 for ectasia

Exact mechanism is uncertain, but speculation is that




History of Crosslinking

. Safety studies showed endothelium was not
damaged If sufficient riboflavin was used to limit the
penetration of the UV-A light

- Human studies began in 2003 at Univ. of Dresden




Corneal Crosslinking

. Epithelium off technique

. debridement of epithelium followed by
application of riboflavin and then UV-A light




History of Crosslinking

- FDA approval of Avedro granted April 18, 2016

- Orphan drug status was previously given to
Avedro in 2011




FDA LASIK risk factors

. <25yrs old
- > 250 um flap thickness
. > -8.00 D correction attempt

+ >40% depth flap




Patient Selection

- Indications: to stop progression of ectasia

- Best candidates are those with progressive ectasia of
cornea

- Keratoconus




Patient Selection

- What Is progression?

. No definitive criteria

- Change In refraction




Patient Selection

- Need to know more than just anterior surface
contour provided by Zeiss Atlas topographer




Safety considerations

- Negative effects on ocular structures?

= ik e A i 1 5 i :

« UVA is cytotoxic to endothelium, iris, retina



Safety considerations

- UVA penetration is calibrated based on corneal thickness

. Not less than 400 um

. with 3 mW/cm2, UVA at endothelium is less than 1/2 the
cytotoxic level




Safety considerations

. Investigators are studying different irradiance,

“duration of UVA exposure, and riboflavin

s




What Is progression?

- 1 D steepening by topography

. KC manifests at puberty, progresses until 30-40,
hen stabllizes.




Contraindications

- Corneal thickness of less than 400 microns is a
contraindication to the standard treatment protocol

- Prior herpetic infection -may result in viral reactivation

. Concurrent infection




Contraindications

. Patients w advanced disease - thin corneas and
steep maximal corneal curvatures

- >58 D prep K's = greater risk of Rx failure and




Eligibility per Focal Points

. < 35yrsold




Contraindications

. Severe dry eye

- vernal/atopic inflammatory disease




How do you do It?

. Dresden method: Wollensak et al




How do you do It?

- 1. Corneal anesthesia via topical proparacaine or
5% tetracaine solution drops x 3.

. 2. Orbital and eyelid area prepped w betadine, lid
speculum positioned.




How do you do It?

- 6. SLE exam to confirm riboflavin has fully infused the cornea
by detecting yellow coloration and flare in the anterior chamber

. 7. Corneal pachymetry is reconfirmed before proceeding w light

. 8. Sponge ring Is placed around limbus to protect limbal stem




How do you do It?

- 11. BSS and topical anesthetic drops alternated to prevent
desiccation and to maintain anesthesia.

- 12. Corneal pachymetry is checked at 10, 20, and 30 minutes.
If pachymetry falls below 400 um, hypotonic riboflavin drops are
used instead of routine isotonic drops

13. After | Ad-sSpectrt




Postop care

. similar to PRK

- Very symptomatic early on: pain, tearing, FB
ensation, photophobia




Postop care

. similar to PRK

- Very symptomatic early on: pain, tearing, FB
ensation, photophobia




Postop care

. Slow taper of steroid drops over 4 weeks

- followup appts on POD 1, 1 week, 1 month




Trial results

- Nearly all studies report stabilizing and reducing K's

. regression of corneal steepness averaged about 2.0
diopters across all studies

Siudies show staniin oo years AUl berond hat s




Table 1. Results of Major Clinical Studies for Standard CXL

MAXIMUM NO. OF EYES % HALTED OR
AUTHOR® FOLLOW-UP START/END IMPROVED IMPROVEMENT
Wollensak, et al (2003) e S 23/2 95.5 (70) K 1ax 2.01 D,
B Vi 1.75lines
S — 14D
Caporossi, et al (2006) 3 months 10/10 — Kmax 1.90 D
BCVA 1.66 lines, UCVA 3.6 lines
Raiskup-Wolf, et al (2008) 6 years 241/5 81 (57) Kmax 2.44 D
BCVA -0.18 LogMAR
Jankov, et al (2008) 6 months 25/25 100 (52) Kmax 2.14 D
UVCA -0.11 LogMAR
Wittig-Silva, et al (2008) 12 months 33/9 (>50) Kmax 1.45D
BCVA-0.12 LogMAR
Vinciguerra, et al (2009) 2 years 28/28 — Kmax 1.35 D
BCVA -0.15 LogMAR, UCVA -0.24 LogMAR
Agrawal (2009) 1 year 37/37 92 (54) Kmax 2.47D
BCVA improved >1 line
Coskunseven, et al (2009) 1 year 19/19 — Kmax 1.57D
BCVA -0.10 LogMAR, UCVA -0.06 LogMAR
Koller, et al (2009) 1 year 192/155 98 (37.7) Kmax 0.89D
BCVA -0.55 LogMAR
Derakhshan, et al (2011) 6 months 31/31 90.3 (77) Kmax 0.65 D
BCVA 1.7 lines, UCVA 2 lines
Hersh, et al (2011) 1 year 49/49 89.8 (61.0) Kmax 2.00 D
BCVA -0.14 LogMAR, UCVA -0.05 LogMAR
Viswanathan, et al (2013) 4 years 51/? — Kmax 0.96 D
BCVA -0.05 LogMAR
Goldich, et al (2012) 2 years 14/14 92.8 Kmax 2.40 D
BCVA -0.07 LogMAR
Vinciguerra, et al (2012) 2 years 40/40 — Kmax 1.27 D
(<18-yearolds studied) BCVA -0.19 LogMAR, UCVA -0.21 logMAR
SE-157D
Vinciguerra, et al (2013) 4 years 400/? — BCVA:

—-0.11 LogMAR (<18 years old @ 12 months)

—-0.31 LogMAR (18-29 years old @ 36 months)
50 —-0.33 LogMAR (30-39 years old @ 36 months)
-0.25 LogMAR (>40 years old @ 36 months)




Table 2. Results of Clinical Studies for
Epi-On CXL

AUTHOR®

Filippello,
et al (2012)

Koppen,
et al (2012)

Lessicottl,
et al (2012)

FOLLOW-UP

18 months

Up to 18
months

12 months

NO. OF EYES
START/END

20/20

IMPROVEMENT

Kmax: 2.97D

UCVA -0.66
LogMAR, BCVA:
—0.11 LogMAR

Sphere, Cyl, Kmax
and refractive
power remained
stable from
paseline without
statistically
significant
Improvements at
18 months.

BCVA: -0.036
LogMAR

SE: 0.35D

(overall favorable
but limited effect




Complications

.+ Risks: improper UVA delivery -

. excess energy

- incorrect wavelength



NEE

. Haze

. Scarring




NEE

- Haze Is common, but respond well to topical
steroids within a year.




Trial results

- Nearly all studies report stabilizing and reducing K's

. regression of corneal steepness averaged about 2.0
diopters across all studies

Siudies show staniin oo years AUl berond hat s




Variations in technigque

. Epi off

. greater penetration of riboflavin

. “gold standard” technique




Future Improvements

. Shorter treatments using more intense irradiation
would be desirable.

- Avedro has a device capable of doing in 3




Future directions

- Keratoconus rx w intrastromal ring segments.

. Intacs




Future directions

. Treatment of corneas thinner than 400 um

- Hypo-osmolar Riboflavin solution

- to hydrate and thicken cornea enough to.
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