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Vision Expo Has Gone Green!

We have eliminated all paper session evaluation forms.  Please be sure to 
complete your electronic session evaluations online when you login to 
request your CE Letter for each course you attended!  Your feedback is 
important to us as our Conference Advisory Board considers content and 
speakers for future meetings to provide you with the best education 
possible.

On behalf of Vision Expo, we sincerely 
thank you for being with us this year.

1

Keratoconus and CXL in the 21st Century

Cecelia Koetting, OD FAAO

Denver, Colorado
Vision Expo West 2022 
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Disclosures

� Ocular Therapeutix
� Glaukos
� Horizon
� Quidel
� Eyevance
� Alcon
� Tarsus

� Thea
� Kala
� Ivantis
� Orasis
� RVL
� Oyster Point
� Dompe
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What is Keratoconus?
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US prevalence has been reported to be 1 
in 2000.  Studies suggest prevalence may 
be higher in certain populations. For 
example, prevalence was 1 in 375 in a 
recent Netherlands study.  

Keratoconus:
A sight-threatening disease

Awareness 
is growing

“He was getting worse, we 
kept going to the doctor and 
saying ‘Hey, he is really 
struggling with this’” 

April 5, 2019

“For all his career, his life even, Steph Curry 
has had issues with his eyes. He said he has a 
condition called Keratoconus”

The Athletic - April 5, 2019

Keratoconus usually begins 
in the teenage years

1  o u t o f 5  peop le  w ith  
ke ra toconus  w ill need  a  
co rnea l transp lan t

Survey of Ophthalmology - 1998
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Keratoconus Overview

• Keratoconus is a bilateral, progressive corneal ectasia resulting in irregular astigmatism and loss of visual function, with 
onset in teenage years1

• Affects 1 in 2000 people in the US2

• Cross-Linking for the treatment of keratoconus granted orphan designation in the US by FDA due to rare nature. 

• As of 2016, keratoconus was the most common indication for penetrating keratoplasty in the United States.4

• Eye Bank Association of America noted ~6,195 transplants/year in patients with keratoconus.4

• Predicted 73% of grafts fail within 20 years; 98% at 30 years3

Keratoconic Cornea Corneal Transplant

1 Olivares JL, Guerrero JC, Bermudez FR.  Keratoconus: age of onset and natural history. Optom Vis Sci 1997;74:147-151.
2 National Eye Instiute, National Institutes of Health. http://www.nei.nih.gov/health/cornealdisease/#h. 

3 Borderie VM, Boelle PY, Touzeau O, et al. Predicted long-term Outcome of corneal transplantation.  Ophthalmology 2009;2354-2360
4 Eye Bank Association of America Statistical Report, 2016
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Studies Suggest Prevalence May be Higher in Certain Populations

A cta O p h th a lm o l. 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

*Hashemi H, Heydarian S, Hooshmand E, et al. The Prevalence and Risk Factors for Keratoconus: A Systematic Review and Meta-Analysis. Cornea. 2020;39(2):263-270
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Diagnosis of Keratoconus
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Importance of Early Diagnosis

• As keratoconus progresses, it becomes more challenging to manage

• Keratoconus can be easily overlooked in patients who are currently functioning well in 
spectacle lenses

• Important to diagnose and educate patients before visual function is lost

• Cross-linking is an early intervention intended to halt or slow the progression of keratoconus

• Even after the cross-linking procedure, keratoconus patients will still require visual corrections 
and ongoing corneal and ocular health monitoring

9
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KERATOCONUS NEGATIVELY IMPACTS 
VISION and LIFE!

High rate of 
contact lens fit difficulties, 

intolerance and dropout

Increased requests for 
optical remakes

Variability in 
pre-surgical 
measurements and 
reduced post-operative 
uncorrected vision

Permanent Vision Loss

Poor outcomes 
post-refractive surgery

Difficulty with normal 
daily activities, 

decreasing 
work productivity, 
reading speed and 

driving
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Keratoconus
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Normal  
Vision

Early 
Stages of  

Keratoconus

Later 
Stages of  

Keratoconus

Keratoconus Impact on VisionCornea with Keratoconus

§ Corneal thinning results in corneal stromal thinning and conical protrusion

§ Results in blurred vision and may cause sensitivity to light and glare
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KERATOCONUS: TRUE PREVALENCE?

1. Gordon-Shaag A, et al. BioMed Research International. 2015. Article ID: 795738. 2. Godefrooji DA, et al. Am J Ophthalmol. 2017; 175:169-172. 3. Torres Netto EA, et al. Br J Ophthalmol. 2018; 102:1436-1441. 

Reported to be 0.2 – 3300 per 100,000 
(depending on hospital/clinic or population-based analysis)1

A study from the Netherlands 
suggests 1:375, which is 5-10X
higher than previously reported2

An analysis of pediatric 
patients from Saudi Arabia 
found the prevalence to be 

1:213
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M illio ns a re  a t r isk ba sed on co rnea l cu r va tu re a lone

1,700,000
B e tw een  ages  15 -30  y rs o ld

K E R A T O C O N U S  R I S K

GLOBAL

309 MILLION

MarketScope. Global keratoconus analysis. 2019.

P a tien ts  w ith  > 46D  co rnea l cu rva tu re  o r > 2D  cy linde r
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KERATOCONUS: KNOWN CLINICAL CORRELATIONS

such as Down or Marfan Syndromes

Asthma Sleep Apnea Family History Connective Tissue 
Disorders

Ocular Allergies Eye Rubbing Floppy Eyelids Atopic Dermatitis
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Signs and Symptoms that Could Signal KC

Look out for warning signs in medical history

• Family history of keratoconus
• Chronic eye rubbing and/or atopic eye diseases

• Systemic associations - Down syndrome - Connective tissue disorders

Look out for patient symptoms
• Reduced visual quality or loss of vision
• Glare, halo, ghosting, and/or monocular diplopia (especially at night)

• Frequent changes in glasses prescriptions or contact lens refits

Look out for refractive anomalies
• Distortion of mires on keratometry

• Error messages on autorefractors
• Unsatisfactory attempts at vision correction & progressive loss of UCVA & BCVA

• Increasing astigmatism

The American Academy of Ophthalmology Corneal Ectasia Preferred Practice Pattern recommends prompt referral of patients 
who have been diagnosed with progressive keratoconus to an ophthalmologist who can perform corneal cross-linking.1

1. Moussa, S., et al. Genetics in Keratoconus –What is New? Open Ophthalmology Journal. 2017; 11: 201–210. Published online 2017 Jul 31.
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Retinoscopy

16 17

Rizzuti Sign

18
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Munson Sign
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Current Measurement Technologies

Reflection
A. Mire Placido
B. Grid

Interferometry
C. OCT

Slit Scan
D. Scheimpflug
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Current Measurement Technologies

Reflection
A. Mire Placido
B. Grid

Interferometry
C. OCT

Slit Scan
D. Scheimpflug
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Diagnosis and Monitoring of Progression
Diagnostic Equipment

A n terio r S eg m en t O C T

• D e ta iled  c ross -sec tion  o f co rnea

• E p ithe lia l th ickness  m app ing

A d van ced  D iag n o s tic  E q u ip m en t

• P lac ido  Topog raphe r

• S che im p flug  Tom ographe r

R efe rrin g  P a tien ts

• P a tien ts  suspec ted  w ith  s igns  and /o r sym p tom s o f K C  
shou ld  be  re fe rred  fo r fu rthe r eva lua tion

• P a tien ts  w ill be  requ ired  to  be  m on ito red  w ith  pos t-op  ca re  
and  con tac t lens  fittings  even  a fte r c ross -lin k ing

M A -0 2 0 8 6 A
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Diagnostic Imaging
• Irregular Placido (egg-shaped) Topography

• Examples of skewed axis and/or symmetric bowtie on placido topography1

Possible early signs of keratoconus may include
• Skewed radial axis of astigmatism

• Asymmetric or truncated bow-tie

1 Y.S. Rabinowitz. Keratoconus. Survey of Ophthalmology Vol 42. Num 4. Jan-Feb 1998.
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Diagnostic Imaging
Irregular Topography/Tomography Focal thinning on OCTs1

1https://www.reviewofophthalmology.com/article/making-the-most-of-anterior-segment-oct.

Additional signs of keratoconus may include
• Astigmatism variance between eyes
• Stromal and epithelial thickness changes 
• Posterior elevation changes

• Wavefront aberrations
• Topographic changes

• Inferior steepening
• Irregularity indices  

26

Keys to Topography Interpretation

*Ophthalmic Consultants of Long Island

• Hemimeridianal steepening
• I-S value less than 1.4 normal
• I-S value 1.4 – 1.9 probably abnormal
• I-S value > 1.9 definitely abnormal

• Non-orthogonal topography (most important) 

• Central Ks greater than 47 D

• Pachymetry maps show  apical decentration of > 0.8 mm or disparity of > 50 microns 
between superior and inferior cornea

27
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Topographic Patterns

Three Different Types of Topographic Patterns Based on Placido Imaging: 

1. Normal/Symmetrical

2. Suspicious

3. Abnormal

28

Topographic Patterns

Normal / Symmetrical
• Round
• Oval
• Symmetric bowtie 

Normal Topography Symmetric Bow Tie

29

Topographic Patterns
Suspicious

Asymmetric Bowtie
• Asymmetric steepening in any direction less than 1.0 diopters

• No skewed radial axis 

Inferior Steepening or Skewed Radial Axis 
• Significant skewed radial axis with or without inferior steepening

• 1.0 diopters or more of inferior steepening in some area but an I-S value of less than 1.4

Asymmetric Bow-tie Skewed Radial Axis Inferior Steepening

30

Topographic Patterns
Abnormal
• Keratoconus
• Pellucid marginal corneal degeneration 

Forme Fruste KeratoconusKeratoconus Pellucid Marginal Corneal Degeneration

31

The “Lazy 8” Bow Tie

Skewing of radial axes in corneal topography produces a “lazy 8” bow tie pattern. 

32

Bow Tie Keratoconus

I-S = Normal Truncated bow tie = KC Suspect

33

Pachymetry Helps Recognize Abnormal Topography 

Images Courtesy of the Ophthalmic Consultants of Long Island

27 yr old male 

• OD - 7.50 / OS - 8.00
• BSCVA  20/20+ / 20/20

• Pach 532 / 520

34

Genetic Blueprint 
of Keratoconus

35

75
Keratoconus

Related Genes

2k+
Keratoconus

Related Gene Variants

1
TGFBI
Gene

70
TGFBI

Gene Variants

Avellino Algorithm

CORNEAL
DYSTROPHY
PRESENCE

KERATOCONUS
RISK

K E R A T O C O N U S  &  
C O R N E A L  S T R O M A L  D Y S T R O P H I E S

36
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Known 
Keratoconus 
Genes

37

Gene/loci Study participants Geographic location Reference

Various loci: 5q32-q33; 5q21.2;
14q11.2;
15q2.32

133 individuals from 25
families

Southern Italy Bisceglia, et al.17

MIR184 15q25.1 familial KC with
cataracts

Northern Ireland; Galicia, Spain Hughes, et al.18
Bykhovskaya, et al.19

COL4A1, COL4A2 13q34; 15 families Ecuador Czugala, et al.20
Gajecka, et al.21
Karolak, et al.22

DOCK9 13q32.3 23 individuals from
one family

Ecuador Karolak, et al.23

COL5A1 9q34.3 3 generation family South India Lin, et al.24

Locus 16q22.3-q23.1 20 families Northern Finland Tyynismaa, et al.25
Locus 3p14-q13 2 generation family Italy Brancati, et al.26

Locus 5q14.3-q21.1 4 generation
Caucasian family

United States Tang, et al.27 , 28

PPIP5K2 5q21.1 A four-generation
family

United States Khaled, et al.29

LOX 5q23.1 146 KC patients from
70 families

United States Bykhovskaya, et al.30

Loci 1p36.23-36.21; 8q13.1-
q21.11

A large Australian
pedigree

Australia Burdon, et al.31

14q24.3 Multi ethnic study
from 6 families

England Liskova, et al.32

Various loci in Chromosomes 4,
5, 9, 12, 14, 17

Multi ethnic study -
351 individuals from 67
sib pair families

United States Li, et al.33

ZNF469 16q24.2 11 families with KC United Kingdom; United Arab
Emirates; Saudi Arabia

Davidson et al.34

Primary Literature 
References and 
Documentation of 
Known 
Keratoconus 
Genes and 
Variants  
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Two Types Of Genetic Answers
BASED ON DISEASE CHARACTERISTICS  

Monogenic
Disease 

One gene
•

Multiple variants
•

Answer: Presence (Yes/No)
•

TGFBI Corneal 
Dystrophies 

Polygenic
Disease 

Multiple genes
•

Thousands of variants
•

Answer: Risk score
•

Keratoconus

39
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KC is a complex corneal disease 
that, in some cases, is inherited in 
an autosomal dominant pattern or 
an autosomal recessive pattern

Keratoconus (KC) and Whole Exome Sequencing (WES)

WES was conducted on an Illumina HiSeq 2000.
Sequencing results were cross-checked against
literature sources, and a custom panel that
primarily targets the coding regions of 75 genes
associated with the structure and function of the
eye.

Confidential
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Example of Genetic Test: What does AvaGen™ Tell Us?

A

B

Summary of keratoconus 
risk and corneal 

dystrophy diagnosis

Keratoconus risk 
assessment, explanation of 

polygenic risk score, and 
interpretation of risk score

Corneal dystrophy 
detection with a 
YES / NO answer

Polygenic risk score for keratoconus and diagnosis of corneal dystrophy

C

41

Family 
History

1

Family 
Members

Suspected for confirmed KC 
or CD 

diagnosis

For Early 
Diagnosis & 
Management of Keratoconus (KC)

For Corneal 
Crosslinking 
(CXL) Decisions 

For LASIK / PRK / 
Refractive Surgery 
Decisions

Red Flags In Younger Patients

2

Concerns 
in the cornea 

such as topography or 
anything that 
causes me to pause 

Against 
the-rule or 

oblique astigmatism 
in younger 
patients

Suspicious
or subtle 

astigmatism irregularity…
such as 
uneven bowties

Pachymetry
Thin 

pachymetry

Refractive 
Concerns

3

Unstable
refractions 

such as progressive 
myopia or 

astigmatism

Steep
Corneal 

curvature

Suspicious
Pre-refractive 

surgery patient or 
post-LASIK 

ectasia

Young
Laser vision 
correction candidates

RSB
Borderline 

residual stromal bed 
measurements

Corneal 
Dystrophy
Undetected, suspected or 
family history 

of corneal dystrophy

Corneal Refractive 
Surgery Decisions

4

LASIK vs PRK
When deciding 
between the two options

When To Consider Corneal Genetic Testing
OCULAR DIAGNOSTIC ASSESSMENT 

42

Treatment Options

43

Older Treatments

� Wait and Watch. . . . 
� G la sse s

� R G P

� P ig g y  B a c k

� Syn e rg ye s

� Corneal Transplant
� P e n e tra tin g  ke ra to p la sty

44

PK Indications / Contraindications

� Indications
� D e e p  sc a rrin g

� En d o th e lia l p a th o lo g y

� P e rfo ra tio n

� D ise a se  c o rn e a s

� Contraindications
� G la u c o m a

� V a sc u la riza tio n

� P re v io u s g ra ft fa ilu re

45
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Complications of Penetrating Keratoplasty

� Intraoperative complications
� Damage to lens/iris from instruments
� Irregular trephination of host
� Poor graft centration onto host bed
� Excessive bleeding from iris and wound edge
� Choroidal hemorrhage and effusion
� Iris incarceration in the wound
� Damage to donor tissue during handling

� Immediate postoperative complications
� Wound leak
� Flat chamber/iris incarceration in wound
� Primary donor failure
� Persistent epithelial defect
� Endophthalmitis

Taken from http://www.retinalphysician.com/article.aspx?article=100059
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Newer Treatments

� Scleral contact lens
� Intacs corneal implant
� Partial Corneal Transplant

� D e e p  A n te rio r La m e lla r K e ra to p la sty  (D A LK )

� Corneal Crosslinking
****o n ly  o p tio n  th a t c a n  h e lp  s lo w  o r sto p  p ro g re ss io n  a n d  in  so m e  c a se s im p ro v e m e n t is  se e n

47

Intacs Corneal Implants

� FDA approved for Keratoconus 2004
� Thin plastic semi-circular rings

� P la c e d  in tra stro m a l 

� H e lp  to  fla tte n  a n d  re sh a p e  th e  c o rn e a

� Slow or stop progression of disease
� In  c o m b in a tio n  w ith  C o rn e a l c ro ss lin k in g

48

Intacs 5 year Data

� Ibrahim et al. 
� 186 eyes, 127 patients
� Early  or moderate keratoconus
� UCVA, BCVA and keratometric readings 

� im p ro v e d  in  8 5 %  o f e ye s o v e r p re o p e ra tiv e  b a se lin e  m e a su re s a n d  re m a in e d  sta b le  o v e r th e  5 -
ye a r fo llo w -u p
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� Transplant all anterior corneal layers 
except the anterior to host Descemet’s 
membrane and endothelium

� Donate epi is replaced with host tissue by 
limbal stem cells

� Indications:
� Sc a rrin g

� S tro m a l d y stro p h ie s

� C o rn e a l e c ta sia s

� DALK vs. PK: eliminating risk of long term 
graft rejection
� Le ss d e p e n d e n c e  o n  ste ro id s

� Cons:
� T im e  c o n su m in g

� P o ss ib le  p e rfo ra tio n  o f D e sc e m e t

� P o st-o p  irre g u la r c y l

DALK: Deep Anterior Lamellar 
Keratoplasty

50

DALK

51

DALK: Surgical Steps

Corneal stromal air injection creates 
corneal emphysema and a whitish 
ring (arrow) that extends to the 
periphery. 

The anterior stromal disc is 
removed with a rounded 
blade. Stromal emphysema is 
clearly visible. 

A positive ‘bubble test.’ The air bubble in the anterior 
chamber remains in the periphery (arrow) pushed 
by detached Descemet’s membrane 2/2  bubble 

formation 

Upon deroofing the big bubble and release of stromal 
air bubble, the air bubble in the anterior chamber 
moves to the center of the anterior chamber (arrows

52

DALK: Surgical Steps

The injection of viscoelastic material after 
releasing the big bubble. Detaching the 
remaining deep stromal layers from the 
Descemet’s membrane facilitates the removal 
of the residual stroma

DIVIDE-AND-CONQUER TECHNIQUE IS 
USED TO REMOVE THE REMAINING 
CORNEAL STROMA. 

Donor corneal disc, devoid of Descemet’s membrane and 
endothelium, is sutured to the recipient corneal bed with 
16 interrupted 10-0 nylon sutures, completing the DALK. 

h ttp ://www .hea lio .com /oph tha lm o logy/co rnea -e xte rna l-d isea se /new s/p rin t/ocu la r-su rge ry -new s/% 7B9925448e -25d 6-46d 4-81a 0-70971a 784895% 7D /advanced -

su rg ica l-techn iq ue -deep -an te rio r-lam e lla r-ke ra top la sty

53
Photo credit Albert Cheung, MD
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Presenting. . . . . .Corneal Crosslinking

� UV light and photosensitizer to strengthen chemical bonds in the cornea
� O xid a tiv e  d e a m in a tio n  re a c tio n  w ith  e n d s c h a in s o f c o lla g e n

� Approved in the US 2016 by FDA  
� Ep i-O n  v s Ep i-O ff

� Indicated to help slow progression of:
� K e ra to c o n u s

� P M D

� Te rrie n M a rg in a l D e g e n e ra tio n

� P o st- re fra c tiv e  su rg e ry  e c ta sia

55

FDA-Approved 
Cross-Linking Procedure

56

Photrexa® Viscous (riboflavin 5’-phosphate in 20% dextran ophthalmic solution)1

and 

Photrexa® (riboflavin 5’-phosphate ophthalmic solution)1

are photoenhancers indicated for use with the

KXL® ultraviolet light delivery system in corneal collagen cross-linking 
Procedures.2

FDA-Approved Cross-Linking Procedure

G M P  A P I &  G M P  M anu fac tu red

1 M a n u fa c tu re d  fo r  A v e d ro . |  2 M a n u fa c tu re d  b y  A v e d ro

Product Platform 

57

FDA-Approved Corneal Cross-Linking

Indications
• Progressive Keratoconus & Corneal Ectasia Following Refractive Surgery (Post-

LASIK Ectasia

Procedure involves:
• Epithelium removal (Epi-off)
• 30 min riboflavin application & 30 min exposure 365 nm UVA light, 3.0 mW/cm3

• Intraoperative corneal thickness minimum: 400 microns 

Activated riboflavin and reactive oxygen species interact in cornea to form 
crosslinks: stiffens cornea

• Laboratory studies suggest 328.9% increase in biomechanical rigidity4

3Beshtawi IM, O’Donnell C, Radhakrishnan H. Biomechanical properties of corneal tissue after ultraviolet-A-riboflavin crosslinking. J Cataract Refract Surg. 2013;39(3):451–62
4Wollensak G. Crosslinking treatment of progressive keratoconus: New hope. Curr Opin Ophthalmol. 2006;17:356–60.

M A -0 2 0 8 6 A
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FDA-Approved Corneal Cross-Linking

3Beshtawi IM, O’Donnell C, Radhakrishnan H. Biomechanical properties of corneal tissue after ultraviolet-A-riboflavin crosslinking. J Cataract Refract Surg. 2013;39(3):451–62
4Wollensak G. Crosslinking treatment of progressive keratoconus: New hope. Curr Opin Ophthalmol. 2006;17:356–60.

No other riboflavin solutions or UV devices have been approved for clinical 
use in the U.S. outside of a formal IDE (device) or IND (drug) study

No specific age range limitations; patients ages 14 - 65, included in FDA 
studies

Cross-Linking not advised during pregnancy

Ulcerative keratitis can occur; most common ocular adverse reaction was 
corneal opacity (haze)

• Other side effects may include punctate keratitis, corneal striae, dry eye, 
corneal epithelium defect, eye pain, light sensitivity, reduced visual 
acuity & blurred vision. 

59

FDA-Approved Cross-Linking Procedure Summary 

Refer to prescribing information for entire FDA-approved procedure.

1. Remove epithelium.

2. Soak cornea with Photrexa®

Viscous (riboflavin 5’-phosphate in 
20% dextran ophthalmic solution). 

ü 30 minutes

3. Check for flare.

4. Once flare is observed, measure 
corneal thickness.

ü If corneal thickness is less 
than 400 µm, instill 2 drops of 
Photrexa (riboflavin 5’-
phosphate in ophthalmic 
solution) until the corneal 
thickness increases to at least 
400 µm.

5. Irradiate for 30 minutes.

ü Continue applying Photrexa 
Viscous (riboflavin 5’-
phosphate in 20% dextran 
ophthalmic solution) during 
irradiation. 

60

Aim of cross-linking is 
to halt or slow disease 

progression

Post-op evaluation for visual 
correction will be necessary 

Cross-Linking is not a 
refractive procedure

Keys to Patient Counseling: Discuss Treatment Goals

61

• Patients should be advised NOT to rub their eyes for the first five days after 
their procedure.

• Patients m ay be sensitive to light and have a foreign body sensation.

• They should be advised of possible discom fort in the treated eye and that 
sunglasses m ay help w ith light sensitivity.

• If patients experience severe pain in the eye or any  sudden decrease in 
their vision, they should be advised to contact their eye care provider 
im m ediately.

• If the bandage contact lens that was placed on the patient’s eye on the day 
of treatm ent falls out or becom es dislodged, the patient should be advised 
not to replace it and to contact their eye care provider im m ediately.

Patient Counseling

62

Cost Effectiveness: Microsimulation Model

Patient-level discrete-event microsimulation model cycles thousands of individuals over the 
lifespan through a simulated real-world environment  

• Enables modeling of complex individual patient and eye histories on progression  
• Compares clinical and health outcomes and quality of life between intervention and control groups 

• Closely resembles randomized controlled trial, over a longer timeframe than possible in a real-life study

Define
the patient 
population

Identify
factors 

associated w/progression

Simulate
the impact      

of the 
intervention

AK: Amsler-Krumeich classification

D isc re te  E ven t M ic ros im u la tion  M ode l

63



8/24/22

8

FDA-Approved Cross-Linking 

“Is the incremental value that a medical 
intervention provides worth the 

incremental cost in the long run?”

Cost measure is broadly defined that 
includes direct     and non-direct medical 

costs, and opportunity costs.

• Effects are not monetized
• Key outcome measure is 

incremental cost-effectiveness 
ratio (ICER)

• Common measure of 
effectiveness is Quality Adjusted 
Life Year (QALY)

Multiple perspectives 
(society, payers, healthcare providers)

Long timeline (>10 years or lifetime)

C o st Effectiveness

“Is the overall cost of intervention A 
lower than that of intervention B? How 
long will it take to realize savings?”

Cost measure is direct cost of medical 
intervention.

• Simple financial calculation
• Comparison between the 

direct costs of current clinical 
practice and the intervention 

• Often involves new and more 
expensive biopharmaceutical 
or medtech solutions

Payer perspective

Short timeline (1-5 years)

C o st Savings

Key Question

Cost Measure

Perspective

Timeline

Methodology

Lindstrom R, Berdahl J, Donnenfeld E.  Cross-Linking versus Conventional Management for Keratoconus: A Lifetime Economic Model. J Medical Economics 2020.

Cost Effectiveness vs. Cost Savings

64

FDA-Approved Cross-Linking 
Reduces Healthcare Costs & Increases QALY

Compared to conventional treatment, 
FDA-approved cross-linking was 
associated with:

• L o w er to ta l d irec t m ed ica l co s ts
(-$8 ,677 ; $30 ,994  vs . $39 ,671 ) and  m o re  
Q A LY s  (qua lity -ad jus ted  life  yea rs ,         
1 .88 ; 21 .80  vs . 19 .93 ).

• R ed u ctio n  in  life tim e  co s ts  o f $43 ,759               
( in c lud ing  loss  o f p roduc tiv ity ), and  life tim e    
reduc tion  in  ou t-o f-pocke t cos ts  o f $4 ,248 .

• U S  n a tio n a l sav in g s  o f $150  M M  p er year               
w ith  conse rva tive  p reva lence  es tim a tes          
(1  in  2000 ), in c reas ing  to  $736  M M  w ith  
p reva lence  1  in  375 .

Lindstrom R, Berdahl J, Donnenfeld E.  Cross-Linking versus Conventional Management for Keratoconus: A Lifetime Economic Model. J Medical Economics 2020.
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Economic Benefit of FDA-Approved Cross-Linking 
Maximized with Early Intervention

• Intervention at a younger age maximizes 
both cost savings and QALYs gained.

• S cenario  ana lyses w here  the  base line  age w as 
increased in  10-year increm ents ind ica ted tha t 
the  econom ic benefits  o f FD A -approved cross-
link ing  decreased as patien ts ’ age a t the  tim e o f 
trea tm ent increased.  

Modeled Outcomes at Different Baseline Ages

Lindstrom R, Berdahl J, Donnenfeld E.  Cross-Linking versus Conventional Management for Keratoconus: A Lifetime Economic Model. J Medical Economics 2020.
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Insurance Coverage
for Cross-Linking
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All 50 states have more than 6 plans that cover cross-linking

Fo r a  c o m p re h e n siv e  u p  to  d a te  lis t o f in c re a sin g  a p p ro v e d  c a rrie rs , p le a se  v is it 

www.livingwithkc.com

FDA-approved cross-linking is        
broadly covered in the U.S.

Payer Coverage Status
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Online Resources for Patients

Available at www.livingwithkeratoconus.com

LIVING WITH KC WEBSITE

www.livingwithkc.com

A v a ila b le  a t w w w .N K C F .o rg /p a tie n t-p a c k e ts

NKCF Website Patient Brochures & 
Resources

(English & Spanish) 

Insurance Information Video Resources

The Living with KC Patient Website contains resources such as:
• L ink  to  the  N K C F  W ebs ite

• P a tien t B rochu res

• Insu rance  In fo rm a tion

• P rocedu ra l V ideos
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Post-Op Follow-Up Care
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• A bandage contact lens should be applied.

• Surgeons may apply their standard of care for postoperative 
management of PRK patients.

• This may include:
• A n tib io tic
• S te ro id

• N S A ID
• Lub rica ting  d rops
• O p io id  (V icod in , O xyC on tin , e tc ..)

• As always in the practice of medicine, it  is up to the physician’s 
discretion regarding the most appropriate care for their patients.

Post-Op Considerations
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VISIT PLAN 
D ay  1  to  1  W eek • Top ica l an tib io tic , s te ro id

• F requen t lub rican ts
• N o  eye  rubb ing  
• R em ove  B C L once  ep ithe lium  hea ls

M o n th  1  • O C T Im ag ing
• Tom ography  / Topog raphy
• V is ion  assessm en t
• C on tac t lens  re fitting  eva lua tion

M o n th  3 , 6 , 12
(Follow-ups potentially 
performed and billed by 

diagnosing physician 
depending on practice 

preference)

• C on tinued  eva lua tion  u tiliz ing  tom og raphy  / 
topog raphy

• V is ion  assessm en t

Follow-Up Schedule

No Global Period! Follow-up visits can be billed to insurance.

72

http://www.livingwithkeratoconus.com/
http://www.nkcf.org/patient-packets
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What to Expect with Epi-On CXL

� Week 1
� PEE and slight haze

� Month 1
� Steeping of m ax K va lue on topography

� Month 3
� Flattening of m ax K

� Month 6
� ¾  of flattening of m ax K at th is tim e

� 1 Year
� Stabilization

� Approx 2D or m ore 
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CXL Complications

� Endothelial cell damage
� < 4 0 0 u m  th ic kn e ss

� Persistent epithelial defects (epi off)
� M e c h a n ic a l, C L, p re se rv a tiv e s, to p ic a l m e d ic a tio n

� Scarring
� Infectious keratitis

� Fu n g i, b a c te ria , H SV , a c a n th a m o e b a

� H SV  v s U V  lig h t
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Contraindications

� Corneal thickness <400um
� Prior herpetic infection
� Concurrent infection
� Severe corneal scarring or opacification
� History of poor epithelial wound healing
� Severe ocular surface disease
� Autoimmune disorders
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Long-term maintenance

� Close monitoring immediately after CXL
� Ev e ry  3  m o n th s w ith  p a c h ym e try , M R X  a n d  c o rn e a l to p o g ra p h y

� Th e n  d e c re a se  to  ye a rly  to  m o n ito r fo r a n y  p ro g re ss io n

� Counseling patient that mechanical rubbing of the eye can cause it to progress
� T re a t a lle rg ie s

� T re a t D ED

� T re a t B le p h a rit is/M G D
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Find an Ophthalmologist in Your Area
Performing FDA-Approved Cross-Linking

Visit the Find a Physician Locator on the Living with Keratoconus website 

LivingwithKC.com
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Questions?
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Thank you!
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