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FOUNDERS' LETTER

LETTER FROM
THE FOUNDERS
NIKKI HAFEZI, MAS IP ETHZ,
FARHAD HAFEZI, MD, PHD

February 1, 2020
Dear Friends and Colleagues,
This year has been an eventful and productive year for the foundation! With each year that passes, the
foundation garners more and more support that directly helps us achieve the mission of eliminating
preventable blindness in children and adolescents. In other words, the dedicated efforts made in the
name of the foundation will have a ripple effect that will be seen in many years to come.
Keratoconus is a widely underestimated disease. Recent publications show that the prevalence of
keratoconus can be as high as 4.79% (1:21) in Saudi Arabia, 3.30% (1:30) in Lebanon, 3.18% (1:31) in
Israel, 2.50% (1:25) in Iran, and 2.30% (1:43) in central India. The Saudi prevalence study was published in
2018 in the British Journal of Ophthalmology, and it was conducted, supported and published thanks to
the support of the Light for Sight Foundation.
The most cited publication about keratoconus prevalence is from 1986. The screening mechanism
used at the time was subjective and cannot even be compared to today’s sophisticated technology
that uses objective measurements to assess corneal topographies. The foundation adapted the Saudi
study protocol and created the KMAP global study to provide a better understanding of the true global
prevalence of keratoconus using modern diagnostic technology. The goal of this study is to screen
30–50,000 eyes over five continents and regions by 2024.
Despite the sensitivity and accuracy in detection, these diagnostic devices are also expensive, bulky
and immobile, which create an access barrier for vision healthcare professionals. Another focus of the
foundation is to enable access to treatment for all. Therefore, the foundation has partnered with the
Botnar Foundation to support the development of a smartphone-based keratograph (“SBK”) to provide
a simple screening tool. The SBK is expected to dramatically help with early detection especially among
children and adolescents.
The foundation has been the platform to help disseminate and share information about keratoconus
prevalence, high-risk patient groups, best practice models for pediatric and low-compliant patients,
treatment modalities for keratoconus and refractive correction, and optimizing corneal cross-linking
4

(CXL) protocols. The largest event that the foundation supports is the CXL Experts’ Meeting held every
December in Zurich. This meeting provides one day of practical training and a two-day scientific
program. It has grown to over 250 people representing 46 countries. After 15 years, the meeting has
grown to a size where the meeting must now move to Milan to accommodate the demand.
More locally, optometrists in Zurich are often the first professionals to detect a suspicious cornea.
However, education and training about how to manage these patients are quite limited. So, the
foundation, in collaboration with the ophthalmic surgical clinic, ELZA Institute AG in Zurich, launched a
pilot program to develop an “Associates” program that involved a mandatory three-day course about
detecting irregular corneas and their treatment modalities. Although optometrists are not allowed
to treat these patients, they can be recognized as professionals who are trained in detection. The
program was conducted in the Swiss-French region, and the 15 graduates would be recognized on the
foundation’s website as Light for Sight Associates. Due to the feedback, this course will be repeated in
the Swiss-German region and internationally.
Last, but certainly not least, is the support that the foundation provides for ongoing research projects.
The Light for Sight Foundation understands that the only way to truly eradicate the disease is to find a
cure. However, patients with keratoconus cannot wait until a cure is found, so the foundation supports
endeavors that improve the efficacy and safety of the only proven treatment of keratoconus, CXL. For
example, a better understanding of the parameters of oxygen saturation during the CXL procedure
as a catalyst for biomechanical strengthening of the cornea could help improve the efficacy of current
treatment protocols.
In summary, the leadership of the foundation continues year after year to support all four pillars of the
mission. It is through productive collaborations with the members of the clinical network that many
activities are made possible. So, we thank all of you for your unwavering support, confidence, trust, and
encouragement!
With friendship and gratitude,
Nikki & Farhad Hafezi

NIKKI HAFEZI, MAS IP ETHZ

FARHAD HAFEZI, MD, PHD

Founder and Board Member, Light for Sight Foundation, Zurich, Switzerland

Founder, Light for Sight Foundation

Partner, GroupAdvance Consulting GmbH, Zug, Switzerland

Professor of Ophthalmology, University of Geneva, Switzerland

Chief Executive Officer, EMAGine AG, Zug, Switzerland

Medical Director, ELZA Institute AG, Zurich, Switzerland
Clinical Professor of Ophthalmology, Roski Eye Institute, Keck School of Medicine, University of Southern California
Visiting Professor, Department of Ophthalmology, Wenzhou Medical University, China
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HISTORY

LIGHT FOR SIGHT
HISTORY

THE LIGHT FOR SIGHT STORY
The concept was simple: outreach to a population group at
a high-risk of developing keratoconus (Down Syndrome) and
provide access to annual eye screenings for early detection and
intervention. In the beginning, this concept was called “Project
Light for Sight,” next it was the “Light for Sight 21,” then finally, the
“Light for Sight Foundation” in November 2015.
The concept started as a small local project in Geneva but due to
the immediate demand of clinicians to participate and the great
interest in performing collaborative research projects, it needed
a more formal structure to allow for growth and have the means
to accept support and donations. Also, having a foundation would
create a body that has the potential to fund research initiatives
dedicated to helping the foundation’s mission. This body would be
reliant on the achievements of the foundation as well as success
in traditional fundraising in an already competitive market.
"Since keratoconus is currently classified as a rare disease, most eye
care specialists know little to nothing about the disease in terms of its
symptoms, diagnosis and treatment methods."
To increase the chance of success, the Light for Sight Foundation
expanded its mission to eliminate preventable blindness among
all children and adolescents with keratoconus. Keratoconus is one
of the leading causes of severe visual impairment in children and
adolescents. However, since keratoconus is currently classified as
a "rare disease", most eye care specialists know little to nothing
about the disease in terms of its symptoms, diagnosis and
6

treatment methods. Early detection and treatment are essential
in reducing the severity of symptoms (and the impact these visual
symptoms have on their ability to live their lives), so awareness is
essential to combat this disease.
The scientific literature indicates that certain groups may show a
higher keratoconus incidence rate than the general population.
One of these groups is the Down Syndrome population. Given
the fact that many of these individuals are deemed low to noncompliant, the eye care specialists who are conducting their vision
screening tests may simply deem that the patient is “having a bad
day” if the results are sub-optimal – or worse, give up trying to
screen a profoundly non-compliant patient in order to serve the
other patients in his or her clinic.
The Light for Sight leadership believes that there are three
fundamental ways to increase the awareness about not only
the disease, but also the services that the foundation offers to
patients and healthcare professionals. These three ways include:
•

•
•

Building a clinical network of qualified vision healthcare
partners to properly diagnosis and treat keratoconus
patients
Establishing working partnerships with patient groups which
consist of “high-risk” patients
Develop/adopt/adapt patient handling methods for noncompliant patients to achieve better screening outcomes and
proper diagnoses.

Mission Statement:
To eliminate preventable blindness among children
and adolescents with keratoconus

THE LIGHT FOR SIGHT FOUNDATION'S FOUR GOALS:
Outreach

Teach

Outreaching to both high-

Training/education and

risk patient groups and

awareness of the disease

treating clinicians

and treatment

Access

Research

Providing access to

Conducting research

treatment for all children

to better understand

and adolescents with

keratoconus

keratoconus
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KERATOCONUS:
IMPACT OF DISEASE

THE MOST COMMON CAUSE OF BLINDNESS IN CHILDREN AND ADOLESCENTS

Keratoconus is the global leading cause of
blindness in childhood and adolescence.

The Kennedy et al. (1986) paper that misidentified
keratoconus as a "rare disease"

In 1986, the results of a keratoconus prevalence study performed
in Minnesota was published. It reported a prevalence of 0.05%
(1 case per 2000), classifying
In early stages progression can
keratoconus as a rare disease. Since
be halted & vision corrected.
then, the prevalence reported in
subsequent studies has steadily
increased. This increase is partly due
to the development of more sensitive
modern diagnostic equipment, but
also to the fact that the prevalence
varies geographically – and those
variations are now being discovered.
Normal

Mild

If not corrected early on,
Keratoconus can lead to blindness!

Advanced

Moderate

Keratoconus should no longer be
Keratoconus Onset: Age 10-16
considered as being a rare disease.
Recent publications have shown
that keratoconus in children and adolescents can be as highly
prevalent as 4.79% (1:21) in Saudi Arabia, 3.30% (1:30) in Lebanon,
3.18% (1:31) in Israel, 2.50% (1:25) in Iran, and 2.30% (1:43) in
central India.

Severe

Progressive corneal deformation throughout a lifetime

A comprehensive literature search has been conducted to compile
all prevalence studies into a meta-analysis. However, there were
too many variables in the protocols used in these papers to let
researchers to draw any robust conclusions, aside from the
fact that the prevalence is massively higher than what has been
reported since 1986.
KMAP is a global study that aims to map the prevalence of
keratoconus in children and adolescents across the globe. Clinical
sites from North America, Europe, Russia, Asia, the Middle East
and Northern Africa are enrolling patients to provide a more
accurate depiction of the global prevalence of keratoconus.
0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

3.5%

4.0% ≥4.5%

Keratoconus prevalence, as reported in the literature to date
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KMAP: GLOBAL PREVALENCE STUDY OF
KERATOCONUS AMONG
CHILDREN AND ADOLESCENTS
FAIR CARE FOR ALL

Geography, arid climates and genetic diversity play two
important roles in prevalence of keratoconus.
The Light for Sight Foundation, through the expertise of Prof.
Farhad Hafezi and his research team, designed the study protocol
and managed a pilot study in Riyadh to obtain the prevalence of
keratoconus among children and adolescents. This manuscript,
published in the British Journal of Ophthalmology in 2018, reported
the prevalence as 1:21.
Based on this significant finding, Prof. Hafezi’s team slightly modified
the protocol and launched the global keratoconus prevalence study,
KMAP, to determine whether, at least in certain regions of the world,
keratoconus is or is not a rare disease. The study is currently running
in many countries and has a goal of including 10,000 eyes.

Keratoconus is an underestimated
disease, and this often silent disease
is the leading cause of preventable
blindness among children and
adolescents.

The KMAP study is the largest international prevalence study about
keratoconus ever performed. Prof. Farhad Hafezi is the principal
investigator, and the investigator-initiated study is supported in part
by the Light for Sight Foundation.
Northern Africa. With this hypothesis, roughly 42% percentage of
world’s population that is under the age of 25 years equating to 3.3
billion people. With a proposed prevalence of 1:500, the estimated
number of children and adolescents with keratoconus would be 6.6
million.

The KMAP team is working on a hypothesis that the overall
global prevalence of keratoconus in children and adolescents is
approximately 1:500 with a much higher rate in the Middle East and
0.05%
0.23%
0.09%

Kennedy, 1986
Pearson, 2000

Nielsen, 2007
Jonas, 2009
Millodot, 2011

0.90%

Xu, 2012
Waked, 2012

3.30%

0.76%

Hashemi, 2013
Hashemi, 2014
Shneor, 2014
Serdarogullari, 2015

0.27%

Godefrooij, 2017

Therefore, there is a public need for early intervention and
screening initiatives, especially in the Middle East and Northern
African regions.

2.30%
2.34%

2.50%
1.50%

95-fold
increase

So this KMAP study will not along provide us with a more accurate
prevalence of keratoconus, it will also be a call to action for
nations in these high-risk regions to implement national screening
programs. The Light for Sight Foundation will be instrumental in this
public policy endeavor in the future.

3.18%

Torres Netto, 2018
0

1%

2%

3%

4%

5%

95-fold increase in reported keratoconus prevalence since 1986
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LIGHT FOR SIGHT
ASSOCIATE CERTIFICATION PROGRAM

IN CLINICAL COLLABORATION WITH THE ELZA EDUCATION CURRICULUM (EEC)
Executive Summary
The goal of the inaugural Associate Certification Program (ACP)
is to provide optometrists with practical training and medical
guidance on how best to detect, inform, and later manage
patients with keratoconus. After the completion of the didactic
courses and conducting a mini-surgical observership with a Light
for Sight Ambassador, the participation in the ACP will receive
a certificate and named as an official “Light for Sight Associate
Partner.”

Course Curriculum 2019
French Language
Monday, March 4, 2019
Biel, Switzerland
“Diagnosing Irregular Corneas – Part I”

The Associate Partner should also plan on renewing his/her status
every two years. The renewal is to attend at least one ACP or EEC
course specifically about keratoconus in a period of two years of
receiving the certificate.

September 2, 2019
Fribourg, Switzerland (NH Hotel)
“Treatment Options for Irregular Corneas”

Educational purpose of training and intended goals
•
To enhance diagnostic skills, decision-making process and
patient management planning of ACP participants specifically
focused on keratoconus. A strong emphasis is placed on the
understanding of the disease process from the basic science/
cellular level.
•
To provide exposure to live surgery of the cornea, specifically
to observe a cross-linking procedure to better understand
the whole spectrum of care for a keratoconus patience
•
To improve the medical management of diseases of the,
cornea and anterior ocular segment, as well as recognition
and treatment of posterior segment disease that may affect
the anterior segment, including the principles of contact lens
fitting and management of complications.
•
To influence candidates to advocate for early screening and
access to treatment, especially for high-risk patient groups
like children and adolescents and in the Down Syndrome
community
Switzerland ACP Faculty:
Prof. Farhad Hafezi, ELZA Institute AG (Dietikon/Zurich) – L4S
Ambassador
The ELZA Institute (Zurich, Switzerland) is a team of 20 people, including
seven ophthalmologists, plus two optometrists, one orthoptist, two
opticians and one full-time corneal fellowship training post.
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Monday, May 27, 2019
Fribourg, Switzerland (NH Hotel)
“Diagnosing Irregular Corneas – Part II”

Surgical Mini-Observership
After the completion of all three courses, each registered
participant in the ACP was entitled to schedule a surgical
observership with a Light for Sight Ambassador. The surgery
mini-observership allowed the ACP participant to observe a live
cross-linking procedure of a keratoconus patient.
Renewal Process
Every two years, the ACP requires that the optometrist attends
at least one ACP course or an EEC with a topic that covers
keratoconus. Then, upon the attendance of the course, the
certification will be automatically renewed.

15TH ANNUAL
CXL EXPERTS’ MEETING

DECEMBER 3-5, 2019, MÖVENPICK HOTEL, ZURICH, SWITZERLAND

The first CXL meeting was held in Zurich,
Switzerland in 2004 in repsonse to a
demand for more information and training
about a novel treatment for a then,
untreatable disease.
Since 2004, the meeting has traveled to neighboring countries
in Europe, including Germany and Italy, and once to the United
States in 2015. With over 250 participants from 46 countries, the
15th annual meeting was yet another success!
Since 2016, the Light for Sight Foundation has taken the
responsibility of the organization and execution of the congress
from the logistical management to the scientific program. The
foundation strives to listen and implement the participants’
suggestions and to identify clinically relevant presentation topics
as well as good faculty members. This combination enables
the foundation to have continual growth in attendance at each
congress.
The most significant change that the foundation has implemented
in 2014 was the prequel to the 2-day scientific program,
historically held on Friday and Saturday. The prequel is a day

dedicated to didactic courses, wet labs and hands-on trainings,
and sponsored company courses. The wet labs and training
courses are practical sessions intended to educate new users
on how to perform CXL in their clinical practices. The advanced
courses are to introduce and train experienced CXL users about
new clinical applications. The key to success is to keep the wet
labs small in number to enable a relaxed environment that
welcomes questions and answers from the faculty.
Another change that was implemented that increased the
satisfaction of the participants was the combination of the poster
session with the wine and cheese reception before the Friday
banquet dinner. This poster session allowed time to socialize and
speak with poster presenters in a relaxed environment. While
most attendees participate in the Friday banquet dinner, this
decision increased exposure to the posters. The posters remained
on display on both Friday and Saturday.
While the goal for congress is to create an educational platform
about CXL and keratoconus, the education can also include the
knowledge exchange between experienced and inexperienced
researchers about practical research applications like optimizing
a study protocol. This exchange indirectly supports the mission of
the foundation.

11

CEM 2019

12

13

AT THE PODIUM

EYE CARE PROFESSIONAL TRAINING:
2019 CONGRESS CIRCUIT
PRESENTING OUR WORK TO OUR PEERS

The Light for Sight Foundation comprises of a large international clinical network. This network serves as a communication ch
congresses focused on educating ophthalmologists and opticians. A requirement for an ophthalmologist to be listed as a clin
educational presentations. Therefore, the clinical partners are asked to provide presentations at congresses they are either a
This way, there is a maximum benefit with no related costs to the foundation.
The Light for Sight Foundation was represented in at least 22 countries in 2019 alone.
Here are some examples:
OTO, Zurich
January 10, 2019
Innovator’s Lecture
“Corneal Cross-Linking (CXL) in 2019”
SIMASP, Sao Paolo
February 14-15, 2019
“Diagnosing, treating and managing low compliant pediatric keratoconus
patients”
“Lessons learned from the last 10 years. How will CXL be in 5 years?”
European Symposium on Ambulatory Anethesia and Analgesia, Zurich
March 9, 2019
“Addressing the needs of children and low-compliant patients during eye
surgery”
Swiss Society of Optometrists, Bern
March 24, 2019
“Unterfunktion der Schilddrüse und Keratokonus”
Croatia Contact Lens Symposium, Zagreb
March 30, 2019
“The Light for Sight Session on Keratoconus”
SAMIR, Casablanca
April 13, 2019
“The Light for Sight Session on Keratoconus”
Finnish Society of Ophthalmology, Turku
May 17, 2019
“Using Light to Save Sight: keratoconus in pediatric and low-compliant patients”
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hannel to both international and national
nical partner is the agreement to provide
attending or are asked to be invited speakers.

Keratoconus Theatre, Bangalore
May 19, 2019
“Navigating through the sea of protocols…what is right for your
keratoconus patient”
X International East West Meeting, Ufa, Russia
June 7, 2019
“CXL Technology and clinical applications”
Vision China, Qingdao, China
July 26, 2019
“CXL treatment applications from keratoconus and infection”
MEACO (Middle East & Africa Congress in Ophthalmology), Dead Sea,
Jordan
September 5-6, 2019
8 presentations related to keratoconus and CXL applications
“The Light for Sight Course on keratoconus”
ESCRS (European Society for Cataract and Refractive Surgery), Paris
September 13-16, 2019
16 presentations
DOG – German Ophthalmic Association, Berlin
September 27, 2019
“Update on CXL in keratoconus and infectious keratitis”
Egyptian Society of Keratoconus and Corneal Transplant, Cairo
October 3-4, 2019
“CXL: Basics and principles – 2019 Updates”
“Decision making in keratoconus”
“Prevalence, detection and treatment of pediatric keratoconus”
“Hormonal influences of keratoconus”
American Academy of Ophthalmology, San Francisco
October 13, 2019
“Expanding CXL from KC to New Indications”
Rabat Ophthalmologie, Rabat, Morocco
October 26, 2019
5 talks including: “Best practice model for treating pediatric patients”
AOPA – Algerian Association of Private Ophthalmologists
November 1, 2019
6 talks including: “The Light for Sight Course on Keratoconus”
GFOO – Fribourg Group of Optometrists and Opticians
November 7, 2019
“Corneal Cross-linking – Update 2019”
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UNDERSTANDING THE LIMITATIONS OF
OXYGEN

DETERMINING HOW MUCH IS ENOUGH TO MAKE CROSS-LINKING EFFECTIVE

The Hafezi group was the first to discover
that oxygen plays an essential role in corneal
cross-linking.
They observed that without oxygen, cross-linking is impossible.
Many groups – both academic and industry – have conducted
their own research on the topic, and all have come to the same
conclusion: oxygen is essential. Furthermore, the community
agrees that limiting oxygen availability during cross-linking, for
example by performing epithelium-on cross-linking, limits the
efficacy of the treatment. However, the question still remains
– how much oxygen is enough to create enough cross-links to
arrest the disease?
Industry has already developed products to increase the oxygen
flow and availability to patients during treatment with the
hope of increasing the effectiveness of the procedure. Yet, the
peer-reviewed publications needed to validate this method are
still lacking. The question remains about whether or not this
supplementary oxygen provides enough to combat the oxygen
barrier caused by epithelial-on cross-linking.
The Light for Sight Foundation is dedicated to not only creating
awareness and screening, but also to providing access to effective
treatment for keratoconus patients.
In most cases, children have the most aggressive cases of
keratoconus. Therefore, epithelium-off (“Dresden protocol”)
treatment is used because it is the most effective treatment
protocol to arrest the disease. In cases involving low-compliant
patients, the post-operative risks need to be balanced with the
efficacy of removing the epithelium. In these cases, maintaining
the epithelium to reduce the risk of postoperative infection is the
only way to treat these patients. So, optimizing the efficacy of epion cross-linking is necessary.
16

The question remains about whether
or not this supplementary oxygen
provides enough to combat the
oxygen barrier caused by epithelialon cross-linking.

Currently, the community knows that no oxygen means no
cross-links, and supplemental oxygen probably enhances
the efficacy. However, the Light for Sight Foundation is
supporting a PhD thesis from the University of Antwerp,
Belgium, under the supervision of Prof. Carina Koppen,
that is dedicated to answering the question, “Does corneal
hypoxia influence the biomechanical effect of corneal
cross-linking?” Specifically, at what oxygen saturation
levels of the cornea does CXL no longer create cross-links
or enough cross-links to have a biomechanical effect?
So far, the project has commenced the laboratory
experiments at the Ocular Cell Biology Laboratory at the
University of Zurich. The researchers have fine-tuned the
experimental study design. Results from this study are
expected in 2020.
Once these questions are answered, the next steps would
be to investigate if there is an additional biomechanical
strengthening in the cornea when exposed it is exposed to
supplemental oxygen and at what saturation levels.
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ACCESS TO
TREATMENT
2019 RESEARCH UPDATE

A mock-up of what the SBK might look like

“SBK – Smartphone-based Keratograph: solving
today’s problems to improve tomorrow’s
outcomes”
The most aggressive form of keratoconous occurs during puberty because
sex hormones have been shown to influence the biomechanical properties
of the cornea. Logically, screening during the pre- and early-onset of
puberty would be optimal to detect any corneal shape irregularities.
However, the SBK would not be used to diagnose the disease but
rather provide a means to decide if clinical follow-up is necessary. This
is important, as
pediatric keratoconous
prevalence rates are as
high as 1:21 in certain
regions of the world.
Keratoconous cannot
be cured. However,
keratoconous is
treatable, and early
detection can reduce
the severity of this
disease. Ninety
percent of children
with cones later
progress; this, coupled
with the fact that the
disease prevalence
can be as high as 1:21 among children, keratoconous should no longer
be considered rare. Individuals with progressive keratoconous who go
untreated could ultimately result in legal blindness and in extreme cases
have a perforation of the cornea.
Therefore, The Light for Sight Foundation and the Botnar Foundation
have partnered to co-fund a project to help improve access to screening
technology to support early detection for early treatment of keratoconus.
18

Preventative care is essential to reducing the severity of the symptoms that
diseases like keratoconous can cause over a lifetime. Combining the use of
advanced technology to simplify and improve diagnosis in an inexpensive,
non-invasive and quick manner may be part of the solution to decreasing a
leading cause of legal blindness in children globally.
The Smartphone-Based Keratoconous Screening project exemplifies the
concept of efficient translational research to address an unmet medical
need in developing and underdeveloped countries. The concept for the
project comes from a young German engineer who was diagnosed with
keratoconous. Being examined in Switzerland and having worked with
non-governmental
organizations in the
developing world, this
engineer realized that
there is a demand for
low-cost and reliable
technology because
current devices are
too expensive to be
accessible by everyone.
Three fundamental
obstacles present
with current corneal
topographers: stationary
design, relatively high
cost ($15k), as well as
limited awareness about
keratoconous and its symptoms. Since this screening/diagnostic tool can
help prevent blindness, it should be available and affordable for all vision
health care specialists. This project will address all three obstacles.
The final project, scope of work and budget were finalized in midDecember 2019, and the team is set to kick-off in Q1 2020. This project is
budgeted for a duration of 17 months, ending with a working prototype set
for commercialization.

HOW CXL BECAME AN
ALTERNATIVE TO
ANTIBIOTICS
2019 RESEARCH UPDATE

The human cornea must maintain its shape
throughout life as an essential prerequisite
for good vision – and its shape is
determined by its biomechanical properties.
The family of corneal ectatic diseases (e.g. keratoconus, postsurgical ectasia, pellucid marginal degeneration) is characterized
by a reduction of corneal biomechanical strength, which leads to
irregular changes in corneal shape. This leads to a progressive
worsening of visual acuity, which, if left untreated, reaches a
point where the visual defect cannot be corrected with glasses
or even special contact lenses. Whereas post-surgical ectasia and
pellucid marginal degeneration are rare diseases, keratoconus is
not: it is the most common reason for severe visual impairment in
childhood and adolescence.
Up to the late 1990s, no therapy was available to restore the
biomechanical integrity of the cornea. Rather, penetrating
keratoplasty (PK) was the only real surgical option, which involves
exchanging the central part of the affected cornea for corneal
tissue from a donor cadaver. However, PK can be associated with
a number of complications, including impaired healing and tissue
rejection – and there is still a high rate of ectasia recurrence, which
starts in the peripheral cornea and migrates into the graft.
Corneal cross-linking (CXL) with riboflavin (vitamin B2) and
UV-A illumination represents a technique that increases the
biomechanical resistance of the cornea and can restore strength
to the weakened cornea. This process can halt keratoconus
progression and preserve corneal shape, and thereby preserve the
patient’s visual acuity too.
In clinical use since 1999, CXL has become the standard of care

in treating corneal ectatic disease. Although a solid body of
evidence exists for the clinical efficacy of the method, its working
mechanisms and signaling pathways are poorly understood, which
makes improving the technique difficult.
CXL is a photochemical process that requires a chromophore
(riboflavin) to be applied to the cornea, and illumination with UV-A
light to kick off the cross-linking process. Besides the immediate
biomechanical effect, CXL also leads to long-term remodeling
and structural changes in the cornea. This may be the result of
the activation of as-yet-unknown signaling pathways that are
initiated by the photochemical process during UV irradiation,
but it could potentially also be due to a process known as
mechanotransduction.
More recently, and in addition to its biomechanical effects, CXL has
been used to successfully and efficiently kill harmful pathogens
that can cause corneal infections. Corneal infections are the third
leading cause of blindness globally, and with the rise of antibiotic
resistance, alternative methods of treatments will be necessary in
the near future to treat them and save people’s vision. By exploring
the different applications of CXL and understanding its true
versatility, the findings will also provide a better understanding of
its potential – and its limits.
Since early 2019, the Ocular Cell Biology Group at the CABMM
(Center for Applied Biotechnology and Molecular Medicines) at
the University of Zurich have been investigating this secondary
application of cross-linking. Using established experimental
set-ups to test biomechanics, the research team is dedicated to
understanding the limitations of the antimicrobial effect as well as
confirming the optimal conditions to use this method.
Results are expected to be published in 2020.
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RESEARCH

PEER-REVIEWED
PUBLICATIONS
ENABLING EDUCATION EVERYWHERE

Peer-reviewed publications are highly influential in both academia and industry.
As an example of their power, publications can directly improve patient care, influence
the purchasing decisions of clinicians, and even shut down companies. Peer-reviewed
publications are therefore highly-regulated and require significant expertise to properly
execute. Despite this highly competitive environment, the Light for Sight Foundation
supported the following publications in 2019:

1156

ARTICLE

Comparison of eye-rubbing effect in
keratoconic eyes and healthy eyes using
Scheimpflug analysis and a dynamic
bidirectional applanation device

Henriquez MA, Cerrate M, Hadid MG, Cañola-Ramirezet LA, Hafezi F, Izquierdo Jr, L.

Maria A. Henriquez, MD, PhD, Michelle Cerrate, MD, Marta G. Hadid, MD, Laura A. Ca~
nola-Ramirez, MD,
Farhad Hafezi, MD, PhD, Luis Izquierdo Jr, MD, PhD

Purpose: To compare the effect of eye rubbing on Scheimpflug
imaging parameters and corneal biomechanics in eyes with keratoconus and healthy eyes.

Setting: Oftalmosalud Instituto de Ojos, Lima, Peru.
Design: Prospective cohort study.
Methods: The study included healthy and keratoconus patients
who attended the institution between January 2017 and July
2017. Eye rubbing was performed for 1 minute followed by a 5second break, followed by further rubbing for 1 minute. Baseline
tests were performed before rubbing; post-rubbing tests were
performed immediately after (0 minutes), and then again at
7 minutes and 14 minutes. Parameters related to anterior and
posterior curvature and elevation, pachymetry, and corneal
biomechanics obtained from tomography with a rotating
Scheimpflug camera (Pentacam HR) and a dynamic bidirectional
applanation device (Ocular Response Analyzer) were measured
and compared between healthy and keratoconic eyes.
Results: The study included 30 healthy eyes and 31 keratoconic
eyes. In the healthy group, the immediate mean changes in

H

aving a genetic predisposition and altered biomechanics are not necessarily precursors to develop
keratoconus or for the disease to progress; at least,
this is the explanation offered for patients with asymmetric
or unilateral keratoconus.1–6 A positive correlation between eye rubbing and aggravation of keratoconus has
been previously described.7,8 Recently, it was suggested

steeper anterior keratometry, posterior astigmatism, anterior
chamber volume (ACV), flattest posterior keratometry, and
Goldmann-correlated intraocular pressure (IOPg) after eye
rubbing were 0.07 diopters (D) G 0.15 (SD), –0.01 G 0.08 D,
0.03 G 7.06 mm3, 0.001 G 0.04 mm, and 1.21 G 1.99 mm
Hg, respectively, whereas the mean changes in the keratoconus
group were 0.03 G 0.32 D, 0.14 G 0.50 D,
5.09 G 8.45 mm3, 0.03 G 0.06 mm, and –1.61 G 1.41 mm
Hg, respectively. There were statistically significant differences
between the preoperative and postoperative eye-rubbing values
of posterior astigmatism, ACV, and IOPg in the keratoconus
group (P Z .03, P Z .0003, and P Z .001, respectively) but
not in the healthy group (P Z .65, P Z .85, and P Z .23,
respectively).

Conclusions: Unlike the healthy eyes group, the keratoconus
group experienced significant changes in ACV, IOP, and corneal
posterior astigmatism after eye rubbing.
J Cataract Refract Surg 2019; 45:1156–1162 Q 2019 Published by Elsevier Inc. on behalf of ASCRS and ESCRS
Online Video

that keratoconus might never occur in the absence of
repeated mechanical trauma, such as that seen in vigorous
eye rubbing.8
In healthy patients, the impact of eye rubbing has been
previously described. Eye rubbing reduces epithelial thickness,9 alters surface regularity and surface asymmetry
indices,10 decreases the tear-film breakup time,10 causes
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Depth-Dependent Reduction of Biomechanical
Efficacy of Contact Lens–Assisted Corneal
Cross-linking Analyzed by Brillouin Microscopy
Hongyuan Zhang, PhD; Mehdi Roozbahani, MD; Andre L. Piccinini, MD; Oren Golan, MD;
Farhad Hafezi, MD, PhD, FARVO; Giuliano Scarcelli, PhD; J. Bradley Randleman, MD

ABSTRACT
PURPOSE: To determine the relative impact of contact lens–
assisted corneal cross-linking (CACXL) and standard protocol CXL (CXL) on regional corneal stiffness using Brillouin
microscopy.
METHODS: CXL and CACXL were performed on 30 intact fresh
porcine eyes (15 per group). Depth profile of stiffness variation
and averaged elastic modulus of anterior, middle, and posterior stroma were determined by Brillouin maps. Corneas were
cut into strips to conduct mechanical stress-strain tests after
Brillouin microscopy to evaluate stiffness difference between
CXL and CACXL. Each eye served as its own control.
RESULTS: CXL had a greater impact on corneal stiffness, with
a maximum increase of 5.74% compared to 3.99% for CACXL

C

orneal cross-linking (CXL) is an effective treatment to halt progression of progressive keratoconus.1 With extrafibrillar covalent bonds induced by photosensitizer riboflavin and ultraviolet A
(UV-A) light of 370 nm, corneal Young’s modulus can
be increased by a factor of 4.5 in human eyes.2 How-

(P < .001). CXL increased longitudinal modulus by 7.8% in the
anterior, 1.7% in the middle, and -0.7% in the posterior regions compared to CACXL, which increased longitudinal modulus by 5.5% in the anterior (P < .001), 1.2% in the middle (P
= .15), and -0.4% in the posterior regions (P = .60). Mechanical stress-strain tests showed that at 10% strain averaged
Young’s modulus was 5 MPa for CXL and 2.97 MPa for CACXL
(P < .001).
CONCLUSIONS: Both CACXL and standard protocol CXL induced significant corneal stiffening primarily concentrated in
the anterior cornea. CACXL leads to less stiffening compared
with CXL. An attenuated but continuous stiffening effect can
be observed through the whole cornea for both CACXL and
CXL, although CACXL has a smaller stiffness gradient.
[J Refract Surg. 2019;35(11):721-728.]

ever, there is increased risk of endothelial damage in
thin corneas.3-6
Several modified CXL protocols have been developed
to address thin corneas, which are frequently observed
in advanced keratoconus. These modified protocols can
be categorized into two groups: decreasing UV exposure
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Biomechanical Properties of Human Cornea
Tested by Two-Dimensional Extensiometry
Ex Vivo in Fellow Eyes: PRK Versus SMILE
Bogdan Spiru, MD; Emilio A. Torres-Netto, MD; Sabine Kling, PhD; Apostolos Lazaridis, MD;
Farhad Hafezi, MD, PhD; Walter Sekundo, MD, PhD

ABSTRACT
PURPOSE: To investigate the biomechanical properties of the
ex vivo human paired corneas after completion of photorefractive keratectomy (PRK) versus small incision lenticule
extraction (SMILE) in the same donor.
METHODS: In this experimental study, 13 pairs of human
corneas unsuitable for transplantation were equally divided
into two groups. Corneal thickness was measured in each
eye directly before laser refractive surgery. Corneas from the
right eye were treated with PRK and corneas from the left
eye with SMILE. All corneas were subjected to a refractive
correction of -10.00 diopters (D) sphere and -0.75 D cylinder
at 0° with a 7 mm zone, using either surface ablation (PRK)
or 130 µm cap (SMILE). For two-dimensional biomechanical
measurements, corneoscleral buttons underwent two testing
cycles (preconditioning stress-strain curve from 0.03 to 9.0 N
and stress-relaxation at 9.0 N during 120 seconds) to analyze

T

he progress in the field of laser corneal refractive surgery observed during the past decade
has been substantially due to the introduction
of the femtosecond laser. The laser-assisted in situ keratomileusis (LASIK) procedure achieved a new level

the elastic and viscoelastic material properties. The effective
elastic modulus was calculated. Statistical analysis was performed with a confidence interval of 95%.
RESULTS: In stress-strain measurements, the effective elastic modulus was not significantly different (P = .081) between
SMILE (9.58 ± 4.26 MPa) and PRK (11.9 ± 4.90 MPa). The effect size was medium (Cohen’s d = 0.58). In stress-relaxation
measurements, the remaining stress was not significantly
different (P = .878) between SMILE (122 ± 33 kPa) and PRK
(123 ± 30 kPa).
CONCLUSIONS: The lenticule extraction procedure (SMILE)
and the surface ablation technique (PRK) may be considered
equivalent in terms of biomechanical stability when measured experimentally in ex vivo human fellow eye corneas.
[J Refract Surg. 2019;35(8):501-505.]

of safety once the microkeratome was replaced by the
femtosecond laser. This evolutionary step made femtosecond laser–assisted LASIK (FS-LASIK) the most
popular laser refractive surgery. In contrast, in 2008
Sekundo et al.1 introduced an entirely new modality
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CASE REPORT

Late-onset progression of keratoconus
after therapy with selective tissue
estrogenic activity regulator
Emilio A. Torres-Netto, MD, J. Bradley Randleman, MD, Nikki L. Hafezi, MAS IP ETHZ, Farhad Hafezi, MD, PhD

We describe the association of rapid progression of keratoconus in
a 49-year-old woman on selective tissue estrogenic activity
regulator (STEAR) therapy for endometriosis. Approximately
4 months after initiation of therapy with STEAR therapy and
3 months after ovariectomy, Scheimpflug images showed a
massive increase in the previously stable ectasia. During this
period, the maximum increase in the keratometry values was 2.7

K

eratoconus is characterized by corneal biomechanical weakness that leads to progressive thinning and
bulging. The ﬁrst study on prevalence, published in
1986, reported a rate of 1 in 2000 patients (0.05%) in a
population in Minnesota, United States.1 However, the
advent of modern screening technology has shown that
keratoconus might be more prevalent, accounting for up
to 1 in 21 people (4.79%) in certain regions such as Saudi
Arabia.2 A recent nationwide epidemiologic study in the
Netherlands3 reported a prevalence of 1 in 377 patients
(0.27%). Although there is no overall consensus, keratoconus progression is generally defined as a combination of
progressive focal thinning and steepening of the anterior
and/or posterior corneal surface.4
Alterations in corneal biomechanics can be directly
influenced by hormonal interactions.5 Although the cornea
expresses hormone receptors,6 it is unclear how hormones
change tissue properties to the point of promoting
steepening and thinning. Reports of corneal topographic
changes detected during pregnancy or during in vitro
fertilization7-10 exemplify how such hormonal interaction
has been observed clinically.

Torres-Netto EA, Randleman JB, Hafezi NL, Hafezi F.

diopters (D) in the right eye and 3.8 D in the left eye. Corneal
crosslinking (CXL) was performed in both eyes. This resulted in
excessive flattening of 5.5 D in the right eye and 6.1 D in the left
eye at 9 months postoperatively. Patients having STEAR therapy
must be monitored closely for corneal changes.
J Cataract Refract Surg 2019; 45:101–104 Q 2018 ASCRS and ESCRS

We report a case of late-onset keratoconus progression in
a 49-year-old woman with previously stable keratoconus
who started treatment for endometriosis using estrogenic
activity regulator with tibolone.
CASE REPORT
A 49-year-old woman presented with bilateral keratoconus that
had been stable for the previous 10 years based on refraction
and the corrected distance visual acuity (CDVA). The patient
had no comorbidities other than endometriosis, and at present
she was not using systemic or topical medication. Keratoconus
was confirmed by Scheimpflug imaging (Pentacam, Oculus
Optikger€ate GmbH) (Figure 1, A). The CDVA was 20/30 in
both eyes, and the subjective refraction was 2.25 3.75  170
in the right eye and 4.00 3.25  180 in the left eye.
Three months after the first visit, the patient returned with no
complaints. This consultation followed 28 days of oral tibolone
administration (2.5 mg per day) and 17 days after a bilateral
ovariectomy performed for endometriosis. During the same visit,
a new Scheimpflug image showed mild flattening of the maximum
keratometry (K) of 1.2 diopters (D) in the right eye and 2.5 D in
the left eye (Figure 1, B). Faced with this topographic variation
in such a short time, the patient was asked to return in 3 months
for a control visit.

Late-onset progression of keratoconus after therapy with
selective tissue estrogenic activity regulator
J Refract Surg. 2019;45:101–104.
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CLINICAL SCIENCE

Comparative Functional Outcomes After Corneal
Crosslinking Using Standard, Accelerated, and Accelerated
With Higher Total Fluence Protocols
Paul Z. Lang, BA,* Nikki L. Hafezi, MASIP ETHZ,† Sumitra S. Khandelwal, MD,‡
Emilio A. Torres-Netto, MD,†§¶ Farhad Hafezi, MD, PhD,*†§k** and J. Bradley Randleman, MD***

Purpose: To compare the relative 12-month corneal crosslinking
(CXL) functional outcomes using standard protocol and accelerated
protocols in patients with progressive keratoconus.
Methods: CXL was performed using 3 epithelium-off protocols:
standard [3 mW/cm2 for 30 minutes, 5.4 J/cm2 (S3/30-CXL)],
accelerated with equivalent total irradiance [9 mW/cm2 for 10 minutes,
5.4 J/cm2 (A9/10-CXL)], and accelerated with increased total irradiance
[30 mW/cm2 for 4 minutes, 7.2 J/cm2 (A30/4-CXL)]. Efﬁcacy measurements were evaluated 12 months after treatment with Scheimpﬂug
imaging (Pentacam HR) and included change in maximum keratometry
(K Max), corrected distance visual acuity (CDVA), other keratometric
variables, pachymetry, keratoconus indices, astigmatism, asphericity,
manifest refraction, and higher order aberrations.
Results: Ninety-three eyes (67 patients) were evaluated: 35 eyes
(26 patients) with S3/30-CXL, 29 eyes (19 patients) with A9/10-CXL,
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and 29 eyes (22 patients) with A30/4-CXL. Mean ΔK Max was
21.53 6 2.1 diopter (D) for S3/30-CXL, 20.71 6 1.3 D for A9/10CXL, and 20.70 6 2.3 D for A30/4-CXL (P = 0.37). Mean
ΔCDVA(logMAR) was 20.18 6 0.2 for S3/30-CXL, 20.13 6 0.2
for A9/10-CXL, and 20.18 6 0.2 for A30/4-CXL (P = 0.79). ΔK
Mean (r = 20.29 to 20.46), anterior asphericity (r = 20.34 to
20.40), and central keratoconus index (r = 20.18 to 20.38) best
correlated with ΔCDVA. S3/30-CXL had greater changes in index of
surface variance, index of vertical asymmetry, keratoconus index,
and regularization index compared to A9/10-CXL and A30/4-CXL.
There were no other differences between protocols.

Conclusions: All 3 protocols showed improvements in K Max,
CDVA, and other variables, with similar functional outcomes for
each despite greater change in keratoconus indices after S3/30-CXL.
Correlations between change in measured variables and CDVA were
poor overall; however, K Mean, central keratoconus index, and
anterior asphericity were better correlated with CDVA than K Max.
Key Words: corneal crosslinking, keratoconus, Scheimpﬂug, Pentacam, accelerated CXL
(Cornea 2019;38:433–441)

Lang PZ, Hafezi NL, Khandelwal SS, Torres-Netto EA, Hafezi F, Randleman JB.
Comparative Functional Outcomes After Corneal Crosslinking Using Standard
Accelerated and Accelerated With Higher Total Fluence Protocols.

C

orneal crosslinking (CXL) has been proven effective in
halting the ectatic process in the vast majority of patients
with progressive keratoconus1 and post-LASIK ectasia.2,3
The treatment parameters used in most studies were identical
to the original protocol described by Wollensak and colleagues,4 now commonly referred to as the standard or
Dresden protocol. More recently, great interest has developed
in altering treatment parameters to reduce overall treatment
time while maintaining ability to halt progression of keratoconus. Various protocols have been developed that accelerate
treatment but maintain total irradiance or accelerate treatment
while increasing total irradiation. Comparatively less is
known about these accelerated protocols.5–10
Although CXL effects are straightforward to identify
in the laboratory setting,11,12 clinical outcomes after CXL
have proven more challenging to evaluate. The primary
variable evaluated has been change in maximum anterior
corneal steepness (K Max) after treatment, but this is
problematic for a variety of reasons. There has been
a disconnect between Scheimpﬂug imaging metrics,
such as change in K Max or corneal thickness, and
www.corneajrnl.com |
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Biomechanical Impact of Localized Corneal
Cross-linking Beyond the Irradiated
Treatment Area
Joshua N. Webb, BS; Erin Langille; Farhad Hafezi, MD, PhD; J. Bradley Randleman, MD;
Giuliano Scarcelli, PhD
ABSTRACT
PURPOSE: To investigate the stiffening effect of localized corneal cross-linking (L-CXL) within and beyond the irradiated
region in three dimensions.
METHODS: Ten porcine eyes were debrided of epithelium
and incrementally soaked with 0.1% riboflavin solution. Using a customized, sharp-edged mask, half of the cornea was
blocked while the other half was exposed to blue light (447
nm). The three-dimensional biomechanical properties of each
cornea were then measured via Brillouin microscopy. An imaging system was used to quantify the optimal transition zone
between cross-linked and non-cross-linked sections of the
cornea when considering light propagation and scattering.

C

orneal ectasia, the second leading cause of corneal transplantation worldwide,1 is characterized by alterations in corneal morphology due
to a non-uniform decrease in the stiffness of the cornea.2-4 The U.S. Food and Drug Administration has recently approved corneal cross-linking (CXL) to halt the
ectatic process by stiffening the cornea. The procedure
calls for soaking the cornea with a photosensitizer (riboflavin) followed by uniform ultraviolet-A (UV-A)
exposure.5-7 When riboflavin is exposed to UV light in

RESULTS: A broad transition zone of 610 µm in width was observed between the fully cross-linked and non-cross-linked
sections, indicating the stiffening response extended beyond
the irradiated region. Light propagation and the scattering induced by the riboflavin-soaked cornea accounted for a maximum of 25 and 159 ± 3.2 µm, respectively.
CONCLUSIONS: The stiffening effect of L-CXL extends beyond
that of the irradiated area. When considering L-CXL protocols
clinically, it will be important to account for increased stiffening in surrounding regions.
[J Refract Surg. 2019;35(4):253-260.]

an oxygenated environment, reactive oxygen species
are formed.6 This leads to the creation of additional
chemical bonds throughout the corneal tissue collagen, thereby increasing overall corneal strength.8-10
Localized CXL (L-CXL) has recently been proposed
to address the spatially dependent characteristics of
ectasia.11-13 By limiting the irradiated area, the risk of
complication and infection is expected to diminish
due to less epithelial removal,14 potential haze, and
stromal damage.12 Most important, because the stiffen-
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ARTICLE

Higher-order aberration measurements:
Comparison between Scheimpflug and
dual Scheimpflug–Placido technology
in normal eyes
Andre L. Piccinini, MD, Oren Golan, MD, Farhad Hafezi, MD, PhD, J. Bradley Randleman, MD

Purpose: To compare higher order aberrations (HOAs) in normal

Piccinini AL, Golan O, Hafezi F, Randleman JB

aberration values were not. There was moderate correlation between devices for trefoil (r Z 0.475 to 0.652), coma (r Z 0.574
to 0.651), and spherical aberration (r Z 0.483) and a strong correlation for total cornea RMS (r Z 0.817). There was no directional
bias between groups. The 95% limits of agreement for absolute
values was 0.039 mm for trefoil at 30 degrees, 0.405 mm for trefoil
at 0 degree, 0.553 mm for horizontal coma, 0.545 mm for vertical
coma, 0.318 mm for spherical aberration, and 0.617 mm for RMS.

eyes between a Scheimpflug imaging system (Pentacam HR) and
dual Scheimpflug–Placido imaging system (Galilei G4).

Setting: Emory University, Atlanta, Georgia, and the University of
Southern California, Los Angeles, USA.

Design: Retrospective case series.
Methods: Eyes screened for refractive surgery were evaluated
sequentially using a Scheimpflug device and a dual Scheimpflug–
Placido device. Differences, correlations, and agreement between
values for total root mean square (RMS), trefoil, coma, and
spherical aberration were analyzed, and Bland-Altman plots were
generated.

Higher-order aberration measurements: Comparison between Scheimplflug and dual
Scheimpflug-Placido technology in corneal eyes.

Conclusions: A Scheimpflug imaging device and dual
Scheimpflug–Placido imaging device generated statistically
different values for total cornea HOAs; however, the correlation
between devices was moderate to strong and there was
reasonable agreement in all measures for normal eyes. Based on
these findings, the devices appear functionally equivalent for
clinical use, although caution is warranted for outcomes-based
research protocols that report HOAs.

Results: One hundred five eyes of 105 patients (44 men, 61
women) were evaluated. Total RMS, coma, and trefoil were significantly different between groups (all P < .001), while spherical
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degrees of coma postoperatively, frequently greater than
for typical laser in situ keratomileusis procedures, depending on lenticule centration.13–15 In addition to tracking
outcomes after corneal refractive surgery, HOAs have
been used in keratoconus screening and tracking outcomes
after corneal crosslinking and play an important role in
intraocular lens selection for cataract surgery because of
the differing aberration profiles between spherical and
aspheric intraocular lens designs.16,17
At present, several technologies to assess wavefront aberrations are available, the most common of which use
Hartmann-Shack, Tscherning, or laser ray tracing, in which
optical aberrations are measured from the light emitted by

he evolution of wavefront technology analysis has
contributed signiﬁcantly to the understanding and
management of the eye’s aberrations, in particular
for planning the correction of refractive errors with the
excimer laser and cataract surgery.1–3 Conventional excimer laser ablation patterns induce significant higherorder aberrations (HOAs), including an increased
root-mean-square (RMS) error, increased total HOAs,
coma, and spherical aberrations.4–9 Wavefrontoptimized, wavefront-guided, and topography-guided
ablation profiles minimize or reduce various HOAs, in
particular in highly aberrated eyes.4,5,10–12 Small-incision
lenticule extraction has been found to induce variable
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Progression of keratoconus
resulting from hormone
replacement therapy
Torres-Netto et al. recently reported a case of keratoconus
progression caused by treatment for infertility.1 We had a
similar unusual case of progression of stable keratoconus
when a female patient was started on hormone replacement
therapy for menopausal symptoms. Oral hormone replacement therapy is a mode of treatment for menopausal symptoms and usually has a combination of estrogen and
progesterone supplements.2 The serum level of estrogen
in a woman on hormone replacement therapy increases
and affects the corneal thickness and stiffness, which can
become more pronounced in an already weakened keratoconic cornea.3 This was most likely the effect seen in our patient whose hitherto stable disease progressed while on
hormone replacement therapy.4
Radhika Natarajan, FRCS
Ramya Ravindran, MS, FICO
Chennai, Tamil Nadu, India
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in biomechanics in the cornea as a possible reason for keratectasia. Br J
Ophthalmol 2007; 91:1547–1550

4. Natarajan R, Ravindran R, Sonpethkar M. Progression of keratoconus
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Reply: Although more studies are needed to
establish the specific role of estrogen in corneal
pathophysiology, we agree with Natarajan and
Ravindran about the possible association between
hormonal variations and corneal alterations, whether topographic or biomechanical.1 We have to clarify, however,
that the treatment provided to the patient in our case report
consisted of a tibolone therapy for endometriosis rather
than for infertility, as stated by the letter’s authors. Tibolone
is a selective estrogen receptor modulator that rapidly converts to substances with estrogenic effect, such as 3a- and
3b-hydroxy-tibolone.
The authors report a case of keratoconus progression after hormone replacement therapy using estrogen and
medroxyprogesterone as a treatment for menopause.2
Whether or not hormone replacement therapy is indeed a
trigger for keratoconus progression, such a report might
be another piece of evidence pointing to hormone modulation with estrogen as a potential regulator of corneal biomechanical properties.
In addition, corneal topographic changes have been detected during pregnancy and during in vitro fertilization
treatments.3,4 Although more clinical studies are required
to establish the causal effect, we believe that patients having
estrogen modulatory therapy must be systematically monitored for corneal changes., Emilio A. Torres-Netto, MD, J.
Bradley Randleman, MD, Nikki L. Hafezi, MAS IP ETHZ,
Farhad Hafezi, MD, PhD
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use of intracameral moxifloxacin increases the risk for
endophthalmitis. In truth, all patients having cataract
surgery are at risk for endophthalmitis. It is our understanding that the simple fact of injecting moxifloxacin from a
sealed bottle using a sterile needle into an already open eye
would not increase the risk to which these patients are
already exposed. Based on these factors, we decided to use
the 1-sided test before we started our study. A 1-sided test
for the incidence of endophthalmitis was considered
appropriate because the occurrence of endophthalmitis not
likely related to the guided administration of moxifloxacin
from a sealed bottle.
As in the landmark European Society of Cataract and
Refractive Surgeons clinical trial,5 we chose not to use
sham injections. To avoid the risk for contamination, it
would be necessary to open an additional bottle of
balanced salt solution for each patient, which would
greatly increase the cost of the study and, in our view,
would not provide significant benefits. Indeed, the
possibility of unexpected adverse events was considered.
The safety of the intracameral injection was evaluated by
comparing the mean change in corrected distance visual
acuity, endothelial cell density, intraocular pressure, and
central corneal thickness between the groups. We found
no statistically significant difference between the groups,
a finding that proves empirically that the injection was
safe. In addition, no study-related adverse events
occurred.
Regarding the references, we apologize for referring to
those 2 studies only. The aforementioned references do
not actually have any relationship to the use of the 1-sided
test but do relate to our statement that “the occurrence of
endophthalmitis is unlikely related to the administration
of moxifloxacin from a sealed bottle.”
Regarding the incidence of endophthalmitis in the
treated group, we agree that the more correct way to
rounding of 0.055% would be 0.06% and not 0.05% as
we published.dMathias V. Melega, MD, Monica Alves,
PhD, Rodrigo Pessoa Cavalcanti Lira, PhD, Iuri Cardoso
da Silva, MD, Bruna Gil Ferreira, MD, Hermano L.G. Assis
Filho, MD, Fernando Rodrigo Pedreira Chaves, PhD, Alexandre A.F. Martini, MD, Livia Maria Dias Freire, MD, Roberto dos Reis, MD, Carlos Eduardo Leite Arieta, PhD
REFERENCES
1. Ruxton GD, Neuh€
auser M. When should we use one-tailed hypothesis
testing? Methods Ecol Evol 2010; 1:114–117
2. Cho H-C, Abe S. Is two-tailed testing for directional research hypotheses
tests legitimate? J Bus Res 2013; 66:1261–1266
3. Kessel L, Flesner P, Andresen J, Erngaard D, Tendal B, Hjortdal J. Antibiotic
prevention of postcataract endophthalmitis: a systematic review and metaanalysis. Acta Ophthalmol 2015; 93:303–317
4. Bowen RC, Zhou AX, Bondalapati S, Lawyer TW, Snow KB, Evans PR,
Bardsley T, McFarland M, Kliethermes M, Shi D, Mamalis CA, Greene T,
Rudnisky CJ, Ambati BK. Comparative analysis of the safety and
efficacy of intracameral cefuroxime, moxifloxacin and vancomycin at the
end of cataract surgery: a meta-analysis. Br J Ophthalmol 2018;
102:1268–1276
5. ESCRS Endophthalmitis Study Group. Prophylaxis of postoperative
endophthalmitis following cataract surgery: results of the ESCRS multicenter
study and identification of risk factors. J Cataract Refract Surg 2007;
33:978–988

Corneal crosslinking without
epithelial removal
1

Stulting et al. recently reported 2-year data from a proprietary epithelium-on (epi-on) corneal crosslinking (CXL)
protocol clinical trial. They stated, “Epithelium-on CXL using this new protocol halted the progression of keratoconus
and ectasia after LASIK. It was safer and provided more
rapid visual recovery than CXL with epithelial removal.”
We have serious concerns about the trial design and
execution. Despite clear editorial guidance from this
journalA and international standards bodies,2,B the trial
was never registered with a clinical trials database. Nine
other trials from the authors’ group (CXLUSA) have been
registered on clinicaltrials.gov, some (unlike this trial)
with an epi-off control arm.
It is standard clinical practice to perform CXL on adults
with keratoconus only when progression occurs. Instead of
using Scheimpflug images to determine progression, the
current study relied on medical records and a highly
unusual definition of progression; that is, “progression was
documented by.a progressive increase in myopic spherical
equivalent (O1 D), cylinder (O1 D), or Kmax [maximum
keratometry] (O1 D) in the previous 2 years.” Furthermore, only 56% of all patients were within this definition of
progression and 44% were not (stable topography).
Treating patients with nonprogressive keratoconus and
then claiming treatment success seems pointless.
Five hundred ninety-two eyes started the study. However,
the rates of loss to follow-up and dropout were enormous,
on the level of 39% to 41% year on year. After 24 months,
only 22.4% of eyes present at the start of the study received
the principal outcome assessments of uncorrected distance
visual acuity (UDVA), corrected distance visual acuity
(CDVA), and Kmax. Furthermore, 4 in every 10 patients
failed to receive aberrometry assessments. Some analyses
presented used a “consistent cohort” (115 eyes) comprising
“eyes with preoperative and 3-, 6-, 12-, and 24-month
examinations to avoid artifacts created by analyzing
different eyes at different timepoints.” Although this is
a more robust dataset, only 19.4% of the patients were
enrolled.
Progression was defined as “an increase of more than 1
diopter (D) Kmax and a loss of more than 1 line of
CDVA in the same eye,” a measure that excludes patients
who have progressed but can still read the charts. (We all
have had such patients.) O’Brart et al.3 reported that
patients can “gain” a line of vision over repeated
assessments merely by learning the charts. This puts into
perspective the statement by Stulting et al. that “the mean
UDVA and CDVA improved by 1 to 1.5 Snellen lines at 1
and 2 years postoperatively (P ! .0001).”
The article states that the “mean Kmax decreased by 0.48
D at 2 years postoperatively (P Z .0002)”; however, this
value is within the inter-measurement variability of the
instrument used (Pentacam, Oculus Optikger€ate GmbH).4
Their statement that “no eyes progressed” does not tally
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