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NIKKI HAFEZI, MAS IP ETHZ, 
FARHAD HAFEZI, MD, PHD

LETTER FROM  
THE FOUNDERS

February 1, 2021

We think that everyone would agree that 2020 challenged all of us in so many ways. 
Although this past year has caused and continues to cause much hardship for 
millions, let us focus on some of positive aspects that such chaos and uncertainty 
has given us.

These aspects include diversifying the way that we communicate and educate. Prior 
to March 2020, the concept of restricting access to information was a common 
practice. For example, traveling transcontinental to give a 30-minute presentation 
for a select audience of paying participants was a common event. With the travel 
restrictions, these educational platforms opened to everyone, including free 
participation courtesy of a virtual platform. Therefore, educational dissemination 
may have been the most accessible than ever due to a sudden and unexpected 
change.

While most people would prefer an in-person meeting to interact with friends and 
colleagues, the virtual platform enables the exchange of information when there 
was no other possibility.  It also provided a means to reduce physical travel, which 
is expensive, time-consuming, and exhausting.  WE found that the quality and 
availability of high-quality scientific programs in virtual meetings both increased 
significantly as many key opinion leaders felt it was their moral duty to help 
support the international educational platform.  Whereas before March 2020, many 
experienced speakers would travel on weekends and not be with their families, the 
travel ban and restrictions enabled these speakers a forced – but better – balance 

FOUNDERS' LETTER



5

F A R H A D  H A F E Z I ,  M D ,  P H D

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

Partner, GroupAdvance Consulting GmbH, Zug, Switzerland

Chief Executive Officer, EMAGine AG, Zug, Switzerland

between work and life, which many would agree was an unexpected but welcomed 
change in their life.

The dedication of basic and clinical scientists dedicated millions of hours to finding 
a vaccination to slow down the spread of this infectious disease. In other words, 
unity in fighting one common enemy enabled humanity to prevail in its biological 
fight against this deadly virus.   
While keratoconus is not deadly nor will this corneal disease affect the entire 
human race, we have learned that if we work together and are focused on a single 
goal, there is nothing we cannot accomplish.  We strongly believe that by keeping 
active relations with dedicated basic researchers, clinical scientists, industry, and 
the future generation of scholars, the fight to eliminate preventable blindness 
caused by keratoconus will end in our favor. 

While many of the scheduled projects and programs that the Light for Sight 
Foundation had planned for 2020 were postponed or canceled altogether, this year 
enabled the foundation to redirect its efforts into supporting educational activities 
and increase awareness about all aspects of keratoconus. Fortunately, our annual 
cross-linking congress in December was held but rather in a virtual format. This 
meeting not only serves the largest and most reputable educational platform on 
the topic, for many it serves as the official end of the educational year for many 
dedicated clinicians and scientists. 

In summary, the leadership and volunteers of the foundation will continue the fight 
to reduce preventable blindness caused by keratoconus despite the obstacles that 
are placed in its way.  So, as we always say, we thank all of you for your unwavering 
support, confidence, trust, and encouragement!

With friendship and much gratitude,

Nikki & Farhad Hafezi

Founder, Light for Sight Foundation

Professor of Ophthalmology, University of Geneva, 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

N I K K I  H A F E Z I ,  M A S  I P  E T H Z
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TRAINING AND EDUCATION

Like almost all congresses in 2020, the 16th annual CXL Experts’ 
Meeting decided to convert its live and in-person meeting to a 
virtual one. The leadership and scientific committee of the meeting 
decided that due to the demand from the community, holding 
the virtual congress was important.  Therefore, the Light for Sight 
Foundation in partnership with the ELZA Institute organized a 
2-day meeting held on December 18-19, 2020 on location in Zurich, 
Switzerland.

The scientific program was organized over two days, unlike its 
usual three-day structure. The leadership decided to offer free 
registration for the meeting as a demonstration of goodwill and 
unity towards the community. Although an external audio-visual 
company was needed to ensure that the meeting was technically 
managed in a professional manner, there were no other costs 
related to the meeting other than extensive manpower hours. With 
much gratitude for the meeting industrial sponsors, the foundation 
was able to cover the costs of the audio-visual company. 

In 2019, there were 250 attendees representing 45 countries.  For 
the 2020 virtual meeting, there were a total of 2,000 registered 
participants for Day 1 and 3,000 registered participants for Day 
2 of the annual meeting. Although registration was free for all 
participants, the demand for participation demonstrates that a 
hybrid format needs to be explored for future meetings. 

Again, one of the goals of the Light for Sight Foundation is to 
support educational and outreach activities to increase the 
awareness of keratoconus.  The CXL Experts’ Meeting is a fantastic 
platform that enables the foundation to achieve multiple goals 
with one activity.  Now, with the experience of organizing a virtual 
event, the Light for Sight will utilize this information dissemination 
model for future activities

ONLINE LEARNING FOR THE FIRST TIME IN 2020

16TH ANNUAL
CXL EXPERTS’ MEETING
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EEC 2020

The year 2020 was the transitionary year of 
congresses to a virtual platform.

Although the personal interaction of the meeting would be missing 
in great part as well as the exposure of new equipment as seen 
in the exhibition areas, hosting virtual meetings meant larger 
audiences and better exposure of material and presentations.

March 2020 was the first of many presentations that Light for Sight 
Foundation Chairman, Prof. Farhad Hafezi, gave that supported 
the established EEC courses supported by the Light for Sight 
Foundation. The foundation is dedicated to supporting educational 
and outreach activities that support the mission of eliminating 
preventable blindness caused by keratoconus. At the King Khalid 
Eye Speciality Hospital in Riyadh, Prof. Hafezi gave the first of a 
3-part series dedicated to detecting irregular corneas. 

Unfortunately, the final cumulation of this certificated course was 
canceled due to COVID-restrictions. In short, the participants of the 
three-part series should have received a certificate at the annual 
CXL Experts’ Meeting in December.  However, the December 
meeting was changed to a virtual one to comply with national 
regulations.

THE MOST COMMON CAUSE OF BLINDNESS IN CHILDREN AND ADOLESCENTS

EEC INTERNATIONAL:
ELZA EDUCATIONAL COURSES

As many individuals experienced, the year 2020 was also an explosion 
of the number of webinars and online congresses. 
Although individuals who frequently traveled for congresses were 
grounded, it did not mean that they were not busy preparing and 
presenting at congresses albeit virtual meetings. On the contrary, the 
number of days dedicated to presenting at these virtual meetings was 
probably higher when comparing to the in-person congresses.  

For example, from March – December 2020, Prof. Farhad Hafezi 
participated in 41 separate webinars. During that period in 2019, 
Prof. Hafezi participated in 26 congresses.  Although Prof. Hafezi gave 
multiple talks in many of these in-person congresses, the number of 
people who were exposed virtually to his material and presentations 
was substantially larger in numbers.     
In short, the Light for Sight Foundation wants to increase awareness 
about all aspects of keratoconus internationally. 
Therefore, both engaging virtual and in-person meetings are highly 
encouraged.  The leadership of the foundation encourages all of its 
clinical and research partners to participate when possible.
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“SBK – Smartphone-based Keratograph, 
simplifying technology for better accessibility”

After a long-awaited period, the Smartphone-Based Keratoconous 
Screening project commenced in December 2020. The Light for 
Sight Foundation, Botnar Foundation and the Center for Applied 
Biotechnology and Molecular Medicine (CABMM) at the University of 
Zurich partnered and co-funded to support this project. The overall goal 
is to simplify screening technology needed to detect irregular corneas.

The SBK project tackles 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.

Although the project only commenced in December, the project has 
been long-awaited, and in anticipation of the project starting, Light for 
Sight Foundation board member, Nikki Hafezi, presented the project 
to a targeted audience at the CXL Experts’ Meeting virtual meeting 
on December 19, 2020. Her presentation entitled “Keratoconus 2030: 
understanding the disease to optimize a global plan of care,” was 
focused on the need for inexpensive and portable equipment designed 
with a skilled worker in mind. From this presentation, the community is 
awaiting the first clinical results from the future device.

The first clinical feedback of a working prototype is scheduled for the 
end of Q2 2021.  

2020 RESEARCH UPDATE

ACCESS TO
TREATMENT

A mock-up of what the SBK might look like
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AT THE PODIUM

Ambassador Club

The Light for Sight Foundation leadership decided 
to bestow this recognition to individuals who have 
unselfishly dedicated time and effort to serving the 
mission of the organization. Namely, The Ambassador 
Club is reserved for elite ophthalmologists from around 
the world to honor them for supporting the four pillars of 
the foundation: teach, outreach, access to treatment, and 
research.

The first individual to be inducted into the Ambassador 
Club was Prof. Mazen Sinjab in the United Arab Emirates.  
Prof. Mazen Sinjab, an ophthalmic surgeon at Medcare 
in Dubai, is recognized as a member of the Light for 
Sight Ambassador Club for his applaudable work as an 
international expert and reference for the diagnosis 
and treatment of keratoconus. The awards ceremony 
was held at the Al Qassimi International Ophthalmology 
Conference in Dubai on Thursday, February 13, 2020. 
The leadership specifically commends his work related to 
teaching.

The leadership also acknowledges that this recognition is 
also a call to action to others to join the fight against this 
blinding disease. Unfortunately, the induction of other 
deserving people of this award has been postponed due 
to COVID-19 restrictions. It is with high hopes that the 
Ambassador Club will grow in terms of the number of 
members soon.

RECOGNIZING EXCEPTIONAL CONTRIBUTION FROM GLOBAL EXPERTS

PROF. MAZEN SINJAB
AMBASSADOR CLUB
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Whereas it was almost travel as normal in Q1 2020, the 
COVID-19 pandemic travel restrictions meant that Webinars 
and Online Congresses formed an important part of 
ophthalmic education for Q2-Q4 2020. 

While not being there in person is problematic, because 
there is always always an advantage to show surgeons how 
to do a procedure with wetlabs, and then the post-session 
networking and conversations... but they do enable you to 
present to audiences - potentially huge ones - around the 
world without having to travel around the globe.

The Light for Sight foundation was fortinate to have their 
members present at 36 meetings, either in person or online, 
on topics directly related to the work of Light for Sight, 
including our research into the role of oxygen in corneal 
cross-linking (CXL); individualized thin cornea CXL irradiation 
profiles, the K-Map study, plus other prevalence work and 
outreach initiaves too.

We believe that the world might never return to pre-COVID-
19-style congresses; rather, we forsee a future of hybrid 
online/ in-person meetings, where people can participate in 
real time from any location, and this is how we are planning 
to perform future CXL Experts' Meetings. 

EDUCATING THE WORLD DURING A PANDEMIC

WEBINARS 2020
ONLINE LEARNING



13

BASCOM PALMER EYE INSTITUTE 

Interactive Consultations 
in Cornea, Cataract and 
Refractive Surgery 2020 

February 21-22, 2020 
Sponsored by the University of Miami Miller School of Medicine

M D
MARBURGER 

OPHTHALMOLOGISCHER 
DISPUT

UZH/ Velux Stiftung Ophthalmology Workshop
January 17th, 2020

Swiss Society of Optometrists Eye Week
January 14-17th, 2020

14th International Conference of the 
Research Institute of Ophthalmology, 

January 22–24, 2020

5th Qassimi Ophthalmology
International Conference Dubai, UAE

13th–15th February 2020

Bascolm Palmer Eye Institute
Interactive Consultations CCR 2020

February 21-22, 2020

24th ESCRS Winter Meeting
Marrakech

21-23 February, 2020

Marburger Ophthalmologischer Disput
28-29 February, 2020
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Jordanian Ophthalmological Society
Advanced Course on Keratoconus  

Management
May 17th, 2020

Middle East Ophthalmology Meeting
June 26th, 2020

World Webinar On 
Cataract and  

Refractive Surgery
May 30th, 2020

Saudi 2020 Ophthalmolgy Virtual Meeting
August 6–8, 2020

Saudi 2020 Ophthalmolgy Virtual Meeting
August 6–8, 2020

Vision Association of Ophthalmology, Iran
August 6–8, 2020

ROCOL Ophthalmology Virtual Summit
August 6–8, 2020

KKESH Lecture Series 
March, April, June 2020

Experts' Conclave: Imaging & Refractive Surgery
May 3rd, 2020

International Keratoconus Symposium
May 15th, 2020

Oftalmo University
April 20th and May 11th 2020

I-DAIR Pathfinder Consultation
March 12th, 2020

Oftalmo 
University
April 20th, 2020
May 11th, 2020

DECOC UNIFESP
External Eye Disease and Corneal Sector

April 29th, 2020

53rd Course of Network of Learning and 
Solidarity in Ophthalmology

May 3rd, 2020
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15th Symposium of the  
Croatian Organisation for Cataract and 

Refractive Surgery
11–13 September 2020

Refractive Surgery 360°
11th September 2020

IIRSI Keratoconus Webinar
19th September 2020

European Society of Cataract and Refractive Surgeons 
Annual Meeting (Virtual)

2–4 October 2020

Semaine d'autome
Société Marocaine d'Ophtalmologie

21–24 September 2020

ARI 2020: Cirugía refractiva,
catarata y córnea
2–4 October 2020

CABMM Scientific Seminar
November 6th 2020

Zjazd Okulistów Polskich
November 6-7th 2020

American Academy of
 Ophthalmology

November 13th 2020

La Semaine de la vision
10th meeting,  

23-28 November 2020

MIOC 2020 Virtual Congress
November 26th, 2020

IRAVO/ Light for Sight/ UCO Webinar
Meet the Experts, CXL Updates

May 8th, 2020

Jahreskongress 2020

Schweizerische Ophthalmologische Gesellschaft 
27.-28. August 2020

Swiss Society of Ophthalmology 
Annual Meeting

August 28th, 2020

IIRSI Live
September 8th, 2020

QVision Pediatric Keratoconus Webinar
May 15th, 2020
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PUBLICATIONS

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 – and further complicated by the 
global COVID-19 pandemic – the Light for Sight Foundation supported the following 
publications in 2020:

ENABLING EDUCATION EVERYWHERE

PEER-REVIEWED
PUBLICATIONS



RESEARCH ARTICLE Open Access

Assessment of the mechanical forces
applied during eye rubbing
Farhad Hafezi1,2,3,4,5* , Nikki L. Hafezi2, Bojan Pajic4,6,7,8, Francesca Gilardoni1,2, J. Bradley Randleman9,
Jose Alvaro P. Gomes10, Léonard Kollros2, Mark Hillen2 and Emilio A. Torres-Netto1,2,10

Abstract

Background: To determine the average amount of mechanical forces applied to the lids of keratoconus patients
during eye rubbing.

Methods: Fifty-seven patients (41 male, 16 female, average age 34.8 years) with a clinically and topographically
diagnosed keratoconus and a history of eye rubbing were prospectively asked to perform their individual eye
rubbing movement on a high-precision balance. The type of eye-rubbing movement and the force applied,
represented in newtons (N), were recorded and analyzed.

Results: We detected three different types of eye rubbing. Rubbing with the fingertip was most frequent (51%),
followed by rubbing with the knuckle (44%) and rubbing with the fingernail (6%). Each type of eye rubbing
showed different average forces, with knuckle type eye rubbing applying significantly more force (9.6 ± 6.3 N) on
the lids than fingertip (4.3 ± 3.1 N) and fingernail (2.6 ± 3.3 N) types (p < 0,001 and p = 0,016, respectively).

Conclusions: There were major variations in the force exerted on the lids, depending on the type of eye rubbing
employed. This data will help determine the forces that need to be applied in future experimental eye rubbing
models.

Keywords: Corneal biomechanics, Keratoconus, Eye rubbing

Background
Keratoconus (KC) is a potentially sight threatening
corneal disease characterized by a progressive corneal
protrusion with irregular astigmatism and corneal thin-
ning. Primarily a disease of the collagen of the cornea,
the classification of keratoconus as a rare disease, as sug-
gested by Kennedy et al. in 1986, is being reconsidered
in the light of increasing prevalence when using more
modern measurement techniques such as topography

and tomography [1, 2].Keratoconus represents one of
the most frequent causes of severe visual impairment in
children and adolescents. The exact etiology of keratoco-
nus remains unclear [3]. Besides genetic predisposition,
intense and prolonged eye rubbing may play an import-
ant role in the pathogenesis of the disease. Repetitive
and prolonged eye rubbing may alter corneal biomech-
anics and trigger keratoconus onset or exacerbate its
clinical presentation, as postulated in a number of recent
publications [4–6].
Patients who intensely rub their eyes (e.g. those with

Down Syndrome and atopic patients are at higher risk of
developing keratoconus [4, 7–9]. The reasons to rub
their eyes are manifold: itchiness in atopic conjunctivitis
represents one of the most common causes of eye
rubbing [10]. Also, “removal relief” eye rubbing is

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: farhad@hafezi.ch
None of the authors have any financial or proprietary interests in any
product, method or material presented in this paper.
1Laboratory for Ocular Cell Biology, Center for Applied Biotechnology and
Molecular Medicine, University of Zurich, Zurich, Switzerland
2ELZA Institute, Dietikon, Switzerland
Full list of author information is available at the end of the article

Hafezi et al. BMC Ophthalmology          (2020) 20:301 
https://doi.org/10.1186/s12886-020-01551-5
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B I O M E C H A N I C S

Albeit rare, iatrogenic postoperative ectasia rep-
resents a major complication after laser visual 
correction.1 Although the evaluation of topog-

raphy, tomography, epithelial thickness mapping, and 
corneal biomechanical properties have increased our 
ability to preoperatively detect corneal susceptibil-
ity,2,3 ectasia is occasionally being reported after cor-
neal refractive laser surgeries.

With the recent emergence and successful imple-
mentation of the femtosecond laser, several advances 

have emerged in refractive surgery. In 2011, the small 
incision lenticule extraction (SMILE) technique was 
introduced, enabling the use of a femtosecond laser 
to create a stromal lenticule, which could be removed 
through a small peripheral incision.4 This minimally 
invasive technique is characterized by postoperative 
comfort5 and good predictability and safety when 
treating high myopia and myopic astigmatism.6 Eight 
years after the first reported outcomes, more than 2 
million procedures have already been performed.4

ABSTRACT

PURPOSE: To evaluate the biomechanical effect of corneal 
cross-linking (CXL) in paired human corneas following small 
incision lenticule extraction (SMILE) or photorefractive kera-
tectomy (PRK) in an ex vivo model for postoperative ectasia.

METHODS: Twenty-six paired human corneas preserved in 
tissue culture medium were equally divided into two groups: 
right and left corneas were treated with PRK and SMILE, re-
spectively. Corneal thickness was measured in all eyes before 
surgery. Corneas were stretched using an extensometer with 
two cycles of up to 9 N (570 kPA stress), followed by acceler-
ated CXL with irradiance of 9 mW/cm2 for 10 minutes (fluence 
5.4 J/cm2) in both groups. The elastic modulus was evaluated 
using two-dimensional stress-strain extensometry.

RESULTS: Following accelerated CXL, the ectatic cornea 
model showed a mean effective elastic modulus of 17.2 ± 5.3 
MPa after PRK and 14.1 ± 5.0 MPa after SMILE. Although the 
elastic modulus in corneas previously subjected to PRK was 
higher, there was no significant biomechanical difference be-
tween the two groups (P = .093).

CONCLUSIONS: Under similar conditions, both experimen-
tal groups (PRK followed by CXL and SMILE followed by CXL) 
were characterized by similar biomechanical stability as 
measured experimentally on ex vivo human fellow corneas. 
The data suggest that, in the event of postoperative ectasia, 
the biomechanical improvement achieved by CXL may be 
similar after PRK and SMILE.

[J Refract Surg. 2020;36(1):49-54].

From the Ocular Cell Biology Group, Center for Applied Biotechnology and Molecular Medicine, University of Zurich, Switzerland (EAT-N, SK, 
FG, FH); the Department of Ophthalmology, Paulista School of Medicine, Federal University of São Paulo, São Paulo, Brazil (EAT-N);  
Computer Vision Laboratory, Swiss Federal Institute of Technology, Zurich, Switzerland (SK); the Department of Ophthalmology, Phillips 
University of Marburg, Marburg, Germany (BS, AL, WS); Faculty of Medicine, University of Geneva, Geneva, Switzerland (FH); the Department 
of Ophthalmology, University of Southern California, Los Angeles, California (FH); and the Department of Ophthalmology, Wenzhou Medical 
University, Wenzhou, China (FH).

Submitted: September 6, 2019; Accepted: December 10, 2019

Drs. Torres-Netto, Spiru, and Kling contributed equally to this work and should be considered as equal first authors.

Dr. Torres-Netto received the International Council of Ophthalmology Award. Dr. Hafezi is a member of the Light for Sight Foundation, Zurich, 
Switzerland, and Velux Stiftung, Zurich, Switzerland. Dr. Sekundo is a consultant to Carl Zeiss Meditec AG, Jena, Germany. The remaining 
authors have no financial or proprietary interest in the materials presented herein.

Correspondence: Emilio A. Torres-Netto, MD, Center for Applied Biotechnology and Molecular Medicine, University of Zurich, Winterthurerstrasse 
190, 8057 Zurich, Switzerland. E-mail: emilioatorres@me.com

doi:10.3928/1081597X-20191211-01

Similar Biomechanical Cross-linking Effect 
After SMILE and PRK in Human Corneas in an 
Ex Vivo Model for Postoperative Ectasia
Emilio A. Torres-Netto, MD; Bogdan Spiru, MD; Sabine Kling, PhD; Francesca Gilardoni, MD; 
Apostolos Lazaridis, MD; Walter Sekundo, MD, PhD; Farhad Hafezi, MD, PhD

Hafezi F, Hafezi NL, Pajic B, Gilardoni F, Randleman JB, Gomes JAP, Kollros L, Hillen M, Torres-Netto EA.

Assessment of the mechanical forces applied during eye rubbing.

BMC Ophthalmol. 2020 Jul 22;20(1):301.

Zhang H, Roozbahani M, Piccinini AL, Hafezi F, Scarcelli G, Randleman JB.

Brillouin microscopic depth-dependent analysis of corneal crosslinking performed over or 
under the LASIK flap.

J Cataract Refract Surg. 2020 Nov;46(11):1543-1547.
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LABORATORY SCIENCE

Brillouin microscopic depth-dependent
analysis of corneal crosslinking performed

over or under the LASIK flap
Hongyuan Zhang, PhD, Mehdi Roozbahani, MD, Andre L. Piccinini, MD, Farhad Hafezi, MD, PhD,

Giuliano Scarcelli, PhD, J. Bradley Randleman, MD

Purpose: To determine the impact of corneal crosslinking (CXL)
performed over the laser in situ keratomileusis (LASIK) flap using the
Standard CXL (S-CXL) protocol or under the flap after flap lift (flap-
CXL) on regional corneal stiffness using Brillouin microscopy.

Setting: University of Southern California Keck School of Medi-
cine, Los Angeles, California, and Cole Eye Institute, Cleveland
Clinic, Cleveland, Ohio, USA.

Design: Laboratory ex vivo experiment.

Methods: After epithelium debridement, LASIK flaps were created
on intact fresh porcine eyes with a mechanical microkeratome. Then,
S-CXL (riboflavin applied to the corneal surface followedby 3mW/cm2

ultraviolet exposure with the flap in place for 30 minutes) or flap-CXL
(riboflavin applied to the stromal bed after reflecting the flap followedby
the same ultraviolet A exposurewith the flap replaced) was performed.
Depth profile of stiffness variation and averaged elastic modulus of
anterior, middle, and posterior stroma were determined by analyzing
Brillouin maps. Each eye served as its own control.

Results: The study was performed on 24 fresh porcine eyes.
S-CXL had maximal stiffening impact in the anterior most cor-
neal stroma within the LASIK flap (8.40 ± 0.04 GHz), whereas
flap-CXL had lower maximal stiffening impact (8.22 ± 0.03 GHz)
(P < .001) that occurred 249 ± 34 mm under the corneal surface.
S-CXL increased longitudinal modulus by 6.69% (anterior),
0.48% (middle), and �0.91% (posterior) as compared with flap-
CXL, which increased longitudinal modulus by 3.43% (anterior,
P < .001), 1.23% (middle, P < .1), and �0.78% (posterior,
P = .68).

Conclusions: The S-CXL technique generated significantly
greater stiffening effect in the anterior cornea than a modified
protocol with riboflavin administration under the flap (flap-CXL).
Minimal stiffening occurred in the middle or posterior cornea with
either protocol.

J Cataract Refract Surg 2020; 46:1543–1547 Copyright © 2020 Published
by Wolters Kluwer on behalf of ASCRS and ESCRS

Corneal ectasia after laser in situ keratomileusis (LASIK)
leads to biomechanical instability followed by pro-
gressive corneal thinning and steepening, which can

result in refractive aberrations and visual loss.1,2 To halt the
progression of ectasia, corneal crosslinking (CXL) increases
corneal biomechanical stability by creating interfibrillar con-
nections through photoactivated interaction between ribofla-
vin and ultraviolet (UV) A.3 CXL for the treatment of corneal
ectasia after refractive surgery was approved by the U.S. Food
and Drug Administration in 2016.4

The approved standard CXL protocol (S-CXL) includes
epithelium removal, riboflavin soaking on the corneal
surface, over the LASIK flap, followed by UVA irradiation.
Potential complications arising from epithelial removal can

include subepithelial haze, ulcers, and scarring.5,6 More-
over, epithelium debridement increases patients discomfort
and can prolong visual rehabilitation.7

Performing CXL under the LASIK flap (flap-CXL) has
been proposed to stabilize post-LASIK ectasia.8–10 Instead
of corneal debridement as in S-CXL, the existing flap is
reflected, with riboflavin applied directly onto the stromal
bed followed by flap repositioning and UVA irradiation.
This technique bears similarities to LASIK with simulta-
neous prophylactic CXL under the flap, which has been
purported to reduce the risk of regression or the de-
velopment of ectasia but has uncertain clinical and bio-
mechanical benefit.11–14 The stiffening effect of flap-CXL
might be limited due to decreasing fibril density from the
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BASIC INVESTIGATION

High Fluence Increases the Antibacterial Efficacy of
PACK Cross-Linking

Sabine Kling, PhD,* Fong Siang Hufschmid,† Emilio A. Torres-Netto, MD,*‡
J. Bradley Randleman, MD,§ Mark Willcox, PhD,¶ Reinhard Zbinden, MD,† and

Farhad Hafezi, MD, PhD, FARVO*k**††‡‡

Purpose: Photoactivated chromophore for keratitis cross-linking
(PACK-CXL) is used as an adjunct therapy to antibiotic medication
in infectious keratitis. This experimental study aimed at quantifying the
PACK-CXL efficacy as a function of UV fluence using several
bacterial strains and irradiated volumes.

Methods: Six distinct bacterial strains, including standardized strains
and clinically isolated strains from patients with keratitis, were analyzed.
Bacterial concentrations between 102 and 108 cells/mL were used
(simulating small corneal ulcers). Volumes of either 11 mL (z285 mm
stromal thickness) or 40 mL (z1000 mm stromal thickness) were
irradiated within a microtiter plate at different fluences (5.4–27 J/cm2)
and irradiances (3, 9 and 18 mW/cm2). The ratio of bacterial killing (B†)
was determined to evaluate the antimicrobial efficacy of PACK-CXL.

Results: B† was similar (51 6 11%) in bacterial concentrations
between 103 and 105 per ml. In 11 mL volume, Staphylococcus aureus
(SA) 8325-4 ATCC 29213, Bacillus subtilis (BS) 212901, and
Pseudomonas aeruginosa (PA) 2016-866624 were most sensitive to
PACK-CXL at 5.4 J/cm2 (on average B† = 49 6 8%), whereas
Klebsiella oxytoca (KO) 2016-86624 (B† = 25%) was least sensitive.
When irradiating a larger volume, B† was on average lower in 40 mL
(19 6 18%), compared with 11 mL (45 6 17%, P , 0.001). By
contrast, applying a higher UV fluence increased B† of SA ATCC

29213, from 50% at 5.4 J/cm2 to 92% at 10.8 J/cm2, to 100% at 16.2 J/
cm2 and above.

Conclusions: Applying higher UV fluences substantially increases
the bacterial killing rates. Safety limits for clinical application require
further investigation.

Key Words: PACK-CXL, antibacterial efficacy, UV fluence,
bacterial strain, infectious keratitis

(Cornea 2020;39:1020–1026)

According to the World Health Organization (WHO),
infectious keratitis constitutes one of the leading causes

of blindness worldwide. It can result from minor ocular trauma
because of occupational risk1,2 combined with poor hygiene.
Particularly, in the absence of immediate and adequate medical
care—which is often the case in developing countries—it is
a sight-threatening disease. Although the incidence rate in
industrialized countries is significantly lower, infectious kera-
titis can arise from contact lens wear,3 dry eyes, recent ocular
surgery,4 or systemic immunosuppression.5,6

The diverse nature of the underlying microorganisms—
including bacteria, fungi, and protozoa—makes clinical diag-
nosis7 and hence adequate antimicrobial treatment challenging,
especially because laboratory analyses are not immediately
available. In the absence of adequate antimicrobial treatment,
infectious ulcers may progress rapidly. A further concern in the
management of infectious keratitis is multiresistant bacterial
strains.8,9 If the first-line antibiotic medication is not effective,
valuable time in halting the progression is lost.

Photoactivated chromophore for keratitis cross-linking
(PACK-CXL),10 reported first in 2008, is a novel and promising
treatment for infectious keratitis.11 It is based on a photochem-
ical reaction initiated by the combination of a photosensitizer
and UV-A light. Typical photosensitizers used for ophthalmic
cross-linking are riboflavin12,13 and rose bengal.14 PACK-CXL
has several benefits over pharmaceutical antimicrobial treat-
ment. First, it is effective15 against bacterial, fungal,16 and
mixed infections—although most effective against bacterial
infections.17 Second, theoretically, no resistance can develop
because both cell membranes and DNA are destroyed during
the treatment. Third, the formation of new cross-links increases
the stiffness of the extracellular matrix and counteracts corneal
melting, which is commonly observed in infections with
matrix-metalloproteinase secreting bacterial strains.
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