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Advancing cross-linking technology and its clinical application

Letter from the Scientific Committee Chair

Dear Delegates, Faculty, and Industry Partners,
This year marks the fifteenth consecutive year of the CXL Experts’ meeting. It is the
longest-running and largest congress dedicated to both the scientific principles and
the clinical application of corneal cross-linking (CXL). Two factors have contributed
to the longevity and popularity of the congress: the demand of new CXL users for
education and training in the technique, and the fact CXL is continually being improved
and its applications widened, as demonstrated by the significant year on year growth
in the number of peer-reviewed CXL publications. As the chairman of the scientific
committee, I thank all of you for your involvement, interest, and contributions to the
field.
Keeping with tradition, we have organized this year’s meeting to introduce CXL
to newcomers on Thursday as a prequel to the scientific program held on Friday
and Saturday. Something new this year is the advanced CXL course and wet lab on
Thursday, which enables participants to learn new protocols and applications.
Friday is dedicated to bringing participants up to speed on the state-of-the-art of CXL.
At the end of Friday, those who attended will be able to comprehensively answer the
following question: “Where are we in terms of established treatment?”. This course is a
good reminder for even the “experts” about the newest established protocols of CXL.
Saturday is probably the most exciting portion of the program for both new and
experienced users! On this day, all the latest findings and innovative ideas are presented,
discussed and debated. For the newcomers, this interaction is always a lively experience
and should not be missed!
Moving away from the science, I would like to thank all of the people who make this
meeting possible. From the management of the speakers, organization of the congress
hotel logistics and visa requests, cross-checking registrations, answering endless emails,
adapting the abstract booklet, and much more, this meeting could not be held without
their support! Thank you!
I wish all of you a very productive, educational and insightful time at the CXL Experts’
Meeting and look forward to welcoming you back in 2020!

Farhad Hafezi, MD, PhD, FARVO
Scientific Committee Chair

Thursday
Workshops and Wetlabs
Morning Session
0800–1000: CXL Basics Wet Lab – Zurich I
This wetlab will give concise recommendations and guidelines to treat corneal ectasia of various origins and is
a hands-on course that uses CXL irradiation devices and porcine corneas.
Accelerated and transepithelial protocols will be discussed including the use of iontophoresis.
An introduction to “CXL at the Slit Lamp” will also be provided.

Frederik Raiskup
Germany

Farhad Hafezi
Switzerland

1000–1200: CXL Advanced Wet Lab – Zurich II
This wet lab is intended for individuals already performing CXL. This wet lab will provide
demonstrations and best practice for treatment of infectious keratitis, thin corneas, accelerated CXL, pediatric
patients and much more.

Cosimo Mazzotta
Italy

Jes Mortensen
Sweden

Boris Knayzer
Israel

Farhad Hafezi
Switzerland

1200–1300: Light for Sight Foundation – Zurich I
Lectures
•
•

At risk populations and PINCO - Farhad Hafezi
The KMAP study of keratoconus prevalence - Emilio Torres-Netto, Ahmed Elmassry

EEC/ACP Awards
•
•

ELZA Educational Curriculum / Associate Certification Program (EEC/ACP)
Presentation of certificates for participants and group photo

LIGHT
FOR SIGHT

Fighting preventable blindness

Farhad Hafezi
Switzerland
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Emilio Torres-Netto
Switzerland

Ahmed Elmassry
Egypt

Afternoon Session
1330–1530: SCHWIND eye-tech-solutions:
Customized treatments and CXL using the AMARIS – Zurich II
This workshop will give an introduction into (wavefront-guided) treatment customization in
real-life cases of patients with keratoconus, and how to combine it with a CXL procedure.
Concrete cases will be discussed and ablation profiles will be jointly developed with the participants.

Farhad Hafezi
Switzerland

Shady Awwad
Lebanon

Miguel Rechichi
Italy

Tobias Ewering
Germany

1600–1800: OCULUS Workshop:
More knowledge, new possibilities! Keratoconus Progression and Regression –
Corneal Biomechanics meets Tomography – Zurich I
The workshop will take you on a journey to learn about objective keratoconus progression and
regression analysis. This journey will also take you into a new biomechanical world: you will gain
detailed insight into corneal biomechanical properties. The lecturers will show you how and why you should combine
corneal biomechanics with tomography in your daily practice.
Actual demonstrations and hands-on devices included. No specific experience required.

Michael Belin
USA

Riccardo Vinciguerra
Italy

Bernardo Lopes
UK

Ahmed Elsheikh
UK

Farhad Hafezi
Switzerland

Social Activity
1830–1930: Welcome Reception (advanced registration required)
After the wetlab and didactic courses are finished, why not stick around and attend the welcome
reception at the Mövenpick Hotel for drinks, discussion and catching up with friends, old and new.
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Friday
Current State: CXL Course
Principles
Chairs: Cosimo Mazzotta / Francesca Gilardoni
Time

Session

Speaker

8.25

Welcome

Farhad Hafezi (CH)

8.30

Basics of Clinical Biomechanical Assessment

Cynthia Roberts (USA)

8.45

CXL Effect I: increase in biomechanics

John Marshall (UK)

9.00

CXL Effect II: antimicrobial effect

Francesca Gilardoni (CH)

9.15

Fluence, thickness, demarcation line

Cosimo Mazzotta (IT)

9.30

Role of oxygen, riboflavin concentration and hydration

Theo G. Seiler (CH)

9.45

Biomarkers in keratoconus and cross-linking

Rohit Shetty (IN)

10.00

CXL effect in corneal topography and tomography

Michael Belin (USA)

10.15

CXL effect measured by CorVis

Riccardo Vinciguerra (IT)

10.30–11.00 Coffee break
11.00

CXL effect in Brillouin microscopy

Giuliano Scarcelli (USA)

11.15

Machine learning and AI approaches to planning treatment

Stephen Klyce (USA)

11.30

Panel discussion, questions from audience

11.45–13.00 Lunch break
Clinics: PACK-CXL
Chairs: Shihao Chen / Simon Pot
13.00

Optimizing protocols

Emilio Torres-Netto (CH)

Clinics: CXL
Chairs: Theo Seiler / Rajesh Rajpal
13.15

Epi-off “Dresden” and accelerated

Frederik Raiskup (D)

13.30

Epi-on

Shihao Chen (CN)

13.45

Thin corneas

Farhad Hafezi (CH)

14.00

Pulsed

J. Bradley Randleman (USA)

14.15

Iontophoresis

Paolo Vinciguerra (IT)

14.30

Customized

Theo Seiler (CH)

14.45

Panel discussion, questions from audience

15.00–15.30

Coffee Break
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Free papers
Chairs: Stephen Klyce / Emilio Torres-Netto
15.30

Specialty contact lenses for keratoconus in the era
of corneal cross-linking

Carina Koppen (BE)

15.38

A comparison study of accelerated CXL
treatment for progressive keratoconus in adult
population with thin and normal cornea thickness

Boris Knayzer (IL)

15.46

Corneal cross-linking for progressive keratoconus:
10-year outcomes

Reyhaneh Abrishamchi
(CH)

15.54

Theoretical explanation of tomographic parameters
of keratoconus corneas

Mirko Jankov (RS)

16.02

Discussion

16.15

Comparison between cross-linking with mechanical
epithelial debridement, transPRK and transPTK.

Jonathan Moore (UK)

16.23

Comparing long term outcomes of Topo-Guided
Removal of Epithelium in Keratoconus (TREK) vs.
Topo-Guided Photorefractive Keratectomy with
simultaneous cross-linking

Pooja Khamar (IN)

16.31

Revisiting the safety of corneal collagen crosslinking procedure: evaluation of the effect of ultraviolet-A-radiation on the retinal function and structure

Apostolos Lazaridis (GR)

16.39

Discussion

16.50

Repeatability and agreement of Pentacam, Galilei
& Sirius in paediatric keratoconus and its impact on
cross-linking

Pooja Mehta (IN)

16.58

Prevalence of keratoconus among patients
seeking refractive surgery In Syria

Abdelrahman Salman (SY)

17.06

Diluted alcohol and iontophoresis-assisted epion corneal cross-linking versus epi-off collagen
cross-linking in progressive keratoconus: 3-year
clinical results

Seher Uysal (TR)

17.14

Comparison of two epithelial removal techniques
prior to accelerated corneal cross-linking for
progressive keratoconus: mechanical removal or
transepithelial laser ablation

Ozge Sarac (TR)

17.22

Discussion

17.35

End of Day 2

1745-1900

Poster, Wine and Cheese session - all poster presenters are required to attend

1900-2200

Congress Banquet Dinner (Advanced reservation required)
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Saturday
The Future: Scientific Programme
THE FUTURE
Time

Session

Speaker

8.25

Welcome

Farhad Hafezi (CH)

Principles 1
Chairs: Cynthia Roberts/ Mohamed Shafik Shaheen
8.30

Determination and mapping of corneal stiffness in kerato- Ahmed Elsheikh (UK)
conic corneas

8.38

Novel ultrastructural markers of collagen distribution in
keratoconus patients: Imaging with ultra-high resolution
polarisation sensitive OCT

8.46

Understanding corneal nerve morphology in keratoconus Pooja Mehta (IN)
and its impact on collagen cross-linking

8.54

Unusual ocular bacteria possibly driving keratoconus: A
translational relevance

9.02

Discussion

9.10

High-resolution corneal strain maps after patterned corneal Sabine Kling (CH)
cross-linking (CXL)

9.18

Clinical outcomes of KeraVio using violet light emitting
glasses and riboflavin for corneal ectasia

Hidenaga Kobashi (JP)

9.26

Biomechanical effect of corneal cross-linking (CXL) in fellow human corneas following SMILE or PRK in an ex vivo
model for postoperative ectasia

Emilio Torres-Netto (CH)

9.34

Excimer laser assisted corneal epithelial pattern
ablation for corneal cross-linking

Jurriaan Brekelmans (NL)

9.42

Discussion

Rohan Mehra (IN)

Pooja Kamar (IN)

Principles 2
Chairs: Emilio Torres-Netto / Riccardo Vinciguerra
9.50

Pachymetry-based accelerated CXL: the “M nomogram”

Cosimo Mazzotta (IT)

9.58

Classification of dynamic corneal response parameters
concerning the severity of keratoconus using an air-puff
Scheimpflug tonometer – A machine learning study

Robert Herber (DE)

10.06

CXL in ultrathin corneas: the “sub400” protocol

Farhad Hafezi (CH)

10.14

Classification of keratoconus: suggestions for optimizing
reference ranges for corneal thickness

Mahmoud Habeeb (NL)

10.22

Discussion

10.30–11.00

Coffee Break

11.00

Efficacy of cessation of eye-rubbing to halt progression of Damien Gatinel (FR)
keratoconus; three-year follow-up

11.08

Biomechanical impact of localized corneal cross-linking
beyond the irradiated treatment area

Giuliano Scarcelli (USA)

11.16

Machine learning in corneal biomechanics

Bernardo Lopes (UK)

11.24

Ultrastructural studies of the lamellae, collagen fibrils and Saeed Akhtar (KSA)
proteoglycans of the central and peripheral stroma of the
human cornea treated with iontophoresis-UVA CXL and
hypotonic riboflavin solution
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11.32

Depth-dependent corneal UV-Transmission after applica- Maximilian Franke (DE)
tion of riboflavin-solutions with concentrations between
0.1% and 0.5%

11.40

Discussion

11.50–13.00

Lunch

PACK-CXL
Chairs: Shihao Chen/ Mukharram Bikbov
13.00

Rose Bengal Photodynamic Antimicrobial Therapy
as adjunctive treatment for advanced
acanthamoeba keratitis

Diego Altamirano (USA)

13.08

In-vitro efficacy of accelerated high-fluence PACKCXL with riboflavin for bacterial keratitis.

Francesca Gilardoni (CH)

13.16

Corneal cross-linking in the treatment of severe
corneal ulcers: long-term follow-up.

Pietro Rosetta (IT)

13.24

Results of the multicenter RCT on PACK-CXL

Farhad Hafezi (CH)

13.32

Discussion

CXL 1
Chairs: Miguel Rechichi / Adel Barbara
13.45

Safety and efficacy of transepithelial corneal
cross-linking with supplemental oxygen in
keratoconus: 6 months clinical results

Pierre Fournié (FR)

13.53

Preliminary experience with a new, oxygen Boost,
accelerated Epi-On cross-linking protocol for
keratoconus

Miguel Rechichi (IT)

14.01

The new modified STARE-X EVO Protocol: 2 years
results of full customized transepithelial ablation
and pachymetry guided accelerated cross-linking
(ACXL)

Miguel Rechichi (IT)

14.09

Epithelial permealization with EXCIMER laser in
"Epi-On" cross linking

Haikel Kammoun (TR)

14.17

Discussion

14.30

Corneal haze after cross-linking for keratoconus eyes
with and without Mitomycin C application

Shady Awwad (LB)

14.38

Accelerated corneal cross-linking using 20 minutes
riboflavin with hydroxypropyl methylcellulose
soaking time versus conventional cross-linking

Shady Awwad (LB)

14.46

Up to ten year results after corneal collagen
cross-linking with riboflavin and UV-A irradiation
(CXL) for keratoconus – when to repeat CXL?

Franziska Seifert (DE)

14.54

Effect of corneal cross-linking on epithelial
remodelling and refractive state after laser in situ
keratomileusis and all surface laser ablation

Nanji Lu (CN)

15.02

Discussion

15.15

Congress Group Photo

15.30–16.00

Coffee Break
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CXL 2
Chairs: Samer Hamada / Mazen Sinjab
16.00

Femtosecond laser multiphoton tomography for
corneal collagen cross-linking evaluation

Ana Batista (DE)

16.08

Biomechanical assessment post Laser Vision
Correction: The new CBI-LVC

Riccardo Vinciguerra (IT)

16.16

Depth-dependent analysis of corneal cross-linking
performed over or under the LASIK flap by Brillouin
microscopy

J. Bradley Randleman
(USA)

16.24

Depth-dependent analysis of contact lens-assisted
corneal cross-linking by Brillouin microscopy

J. Bradley Randleman
(USA)

16.32

Discussion

CXL 3
Chairs:

John Marshall/ Joseph Frucht-Pery

16.45

KMAP: Screening children for keratoconus

Mukharram Bikbov (RU)

16.53

Effect of IVF treatment on progression of corneal
ectasia

Martina Vesela (CZ)

17.01

Discussion

17.20–17.30

Best Oral Presentation Award

Scientific Committee

Best Poster Presentation Award

Scientific Committee

Closing remarks

Farhad Hafezi (CH)

Announcement of CXL Experts Meeting 2020

Farhad Hafezi (CH)

Fondue Farewell Dinner (Ticketholders only)

Le Chalet, Mövenpick
Hotel Zurich Airport

1830-late

10

Posters

No. Poster title

Presenter

Country

Mouhcine
El Bakkali

Morocco

CXL for Ectasia
1

Corneal OCT in keratoconus management

2

Custom fast CXL protocol: 7-year study results

Rosaria
Tremamunno

Italy

3

First national campaign of diagnosis and prevention of
keratoconus in Italy

Felicita Norcia

Italy

4

Mini-scleral contact lens fitting in patients after corneal
cross-linking for keratoconus

Natasa
Radinkovic

Serbia

5

Outcome of customized corneal collagen cross-linking for
keratoconus patients in Oman, 3-12 month results

Rashid Al Saidi

Oman

6

Outcome of pupillary zone sparing partial corneal epithelium
debridement for collagen cross-linking in keratoconus

Tushya Om
Parkash

India

7

Safety and efficacy of contact lens assisted corneal
cross-linking in keratoconus with thin corneas

Ahmed Shalaby

Egypt

8

Thyroid and keratoconus

Ahmed
Elmassry

Egypt

CXL Plus (Combination procedures)
9

Accelerated, pulsed collagen cross-linking versus the Dresden
protocol in keratoconus: a case series

Panagiotis
Dervenis

Greece

10

In vivo confocal microscopy automated morphometric analysis
of corneal subbasal nerve plexus in patients with keratoconus
before and after cross-linking combined with phototherapeutic
keratectomy

Qingyan
Zeng

China

11

Intra corneal ring segment implantation in keratoconus:
about 63 eyes

Yasser Rifay

Morocco

12

New applications of corneal collagen cross-linking in veterinary
medicine

Manuela
Crasta

Italy

13

Possibilities of combined treatment for stage II-III keratoconus

Dilara
Mirsaitova

Russian
Federation

11

14

Early term results of the stress-strain index in patients with
keratoconus submitted to corneal cross-linking

Bernardo
Lopes

United
Kingdom

15

Ex vivo whole eye assay for laboratory analysis of anterior surface
curvature changes in normoxic and hyperoxic epi-on cross-linking

Desmond
Adler

United States

Simon A. Pot

Switzerland

Tetyana
Tabalyuk

Ukraine

PACK-CXL for Keratitis
16

Effects of corneal cross-linking (CXL) fluence on resistance to
enzymatic digestion

17

Efficacy of epi-on cross-linking in bacterial odontogenic
keratitis: case report

12

Abstracts

CXL for Ectasia .......................................................................................................................16
A Comparison Study of Accelerated CXL Treatment for Progressive Keratoconus in
Adult Population with Thin and Normal Cornea Thickness ................................................... 16
Accelerated Corneal Cross-linking Using 20 Minutes Riboflavin With Hydroxypropyl
Methylcellulose Soaking Time Versus Conventional Cross-linking...................................... 17
Accelerated, Pulsed Collagen Cross-linking Versus the Dresden Protocol in
Keratoconus: A Case Series ........................................................................................................... 18
Biomechanical Effect of Corneal Cross-linking (CXL) in Fellow Human Corneas
Following SMILE or PRK in an Ex Vivo Model for Postoperative Ectasia ............................ 19
Biomechanical Impact of Localized Corneal Cross-linking Beyond the Irradiated
Treatment Area ................................................................................................................................. 19
Classification of Keratoconus: Suggestions for Optimizing Reference Ranges for
Corneal Thickness ........................................................................................................................... 20
Comparison Between Cross-linking With Mechanical Epithelial Debridement, Crosslinking With Transepithelial Photorefractive Keratectomy and Cross-linking With
Transepithelial Photorefractive Keratectomy ........................................................................... 21
Comparison of Two Epithelial Removal Techniques Prior to Accelerated Corneal Crosslinking for Progressive Keratoconus: Mechanical Removal or Transepithelial Laser
Ablation ............................................................................................................................................. 22
Corneal Cross-linking for Progressive Keratoconus: 10-year Outcomes........................... 23
CXL in ultrathin corneas: the “sub400" protocol ................................................................... 23
Corneal Haze After Cross-linking for Keratoconus Eyes With and Without Mitomycin C
Application........................................................................................................................................ 24
Corneal OCT in Keratoconus Management ............................................................................... 25
Custom Fast CXL Protocol: 7-year Study Results ................................................................... 26
Depth-dependent Analysis of Contact Lens-assisted Corneal Cross-linking by Brillouin
Microscopy ........................................................................................................................................ 27
Diluted Alcohol and Iontophoresis-assisted Epi-on Corneal Cross-linking Versus EpiOff Collagen Cross-linking in Progressive Keratoconus: 3-year Clinical Results ............ 27
Effect of IVF Treatment on Progression of Corneal Ectasia................................................. 28
Efficacy of Cessation of Eye-Rubbing to Halt Progression of Keratoconus; Three-year
Follow-Up .......................................................................................................................................... 29
Epithelial Permealization With Excimer Laser in “Epi-On” Cross-linking ......................... 30
First National Campaign of Diagnosis and Prevention on Keratoconus in Italy.............. 30
Machine learning in corneal biomechanics ................................................................................ 31
Mini-Scleral Contact Lens Fitting in Patients After Corneal Cross-linking for
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Outcome of Pupillary Zone Sparing Partial Corneal Epithelium Debridement for
Collagen Cross-linking in Keratoconus ...................................................................................... 32
Pachymetry-Based Accelerated CXL: The “M Nomogram” for a Standardized
Treatment of All-Thickness Progressive Ectatic Corneas ..................................................... 33
Preliminary Experience With a New, Oxygen Boost, Accelerated Epi-On Cross-linking
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Revisiting the Safety of Corneal Collagen Cross-linking Procedure: Evaluation of the
Effect of Ultraviolet-A-radiation on the Retinal Function and Structure .......................... 34
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Safety and Efficacy of Contact Lens Assisted Corneal Cross-linking in Keratoconus
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Safety and Efficacy of Transepithelial Corneal Cross-linking With Supplemental
Oxygen in Keratoconus: 6 Months Clinical Results ................................................................. 36
Specialty Contact Lenses for Keratoconus in the Era of Corneal Cross-linking .............. 37
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Treatment of Post-LASIK Ectasia ................................................................................................ 38
Up to Ten-year Results After Corneal Collagen Cross-linking With Riboflavin and UV-A
Irradiation (CXL) for Keratoconus – When to Repeat CXL? ................................................. 38

CXL Plus (Combination procedures) .............................................................................. 40
Effect of corneal cross-linking on epithelial remodeling and refractive state after laser
in situ keratomileusis and all surface laser ablation ...............................................................40
Intracorneal ring segment implantation in keratoconus: about 63 eyes ............................ 41
In Vivo Confocal Microscopy Automated Morphometric Analysis of Corneal Subbasal
Nerve Plexus in Patients With Keratoconus Before and After Cross-Linking Combined
With Phototherapeutic Keratectomy .......................................................................................... 41
Possibilities of combined treatment for stage II-III keratoconus ........................................ 42
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Biomechanical Assessment post Laser Vision Correction: The new CBI-LVC ................. 44
Classification of Dynamic Corneal Response Parameters Concerning the Severity of
Keratoconus Using an Air-puff Scheimpflug Tonometer – A Machine Learning Study . 44
Clinical Outcomes of KeraVio Using Violet Light Emitting Glasses and Riboflavin for
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Depth-dependent Corneal UV-Transmission After Application of Riboflavin-solutions
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Depth-dependent Analysis of Corneal Cross-linking Performed Over or Under the
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Excimer Laser Assisted Corneal Epithelial Pattern Ablation for Corneal Cross-linking 49
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CXL for Ectasia
A Comparison Study of
Accelerated CXL Treatment for
Progressive Keratoconus in Adult
Population with Thin and Normal
Cornea Thickness

(EDC) and central corneal thickness (CCT) were
obtained from patients’ medical files from
Soroka University Medical Center’s outpatient
clinic.

Authors

Overall our study included 32 eyes of 32
patients with MCT≥400µm and 30 eyes of 30
patients with MCT<400µm. A significant
improvement in visual acuity (VA) was
demonstrated in both groups at 12 months
follow-up compared with baseline - the control
group in UCVA LogMAR (0.62±0.42 versus
0.43±0.31, P=0.01), and the thin cornea group
in BCVA LogMAR (0.51±0.30 versus 0.40±0.49,
P=0.03). Progression of KC was halted in similar
rates among the two groups (76.7% in thin
corneas, 84.4% in the control, P=0.21). Mean
MCT in both groups showed a minor but
significant thinning at 12 months follow-up, the
control 463±31 versus 450±35 (P<0.01) and the
thin cornea group 398±32 versus 388±41
(P=0.02). Transient corneal haze was the only
adverse event reported.

Dr. Boris Knyazer - Department of Ophthalmology,
Faculty of Health Sciences, Soroka University Medical
Center, Ben-Gurion University of the Negev, BeerSheva.
Dr. Ran Matlov Kormas - Department of
Ophthalmology, Faculty of Health Sciences, Soroka
University Medical Center, Ben-Gurion University of
the Negev, Beer-Sheva.
Dr. Alexander Chorny - Department of
Ophthalmology, Faculty of Health Sciences, Soroka
University Medical Center, Ben-Gurion University of
the Negev, Beer-Sheva.
Mr. Muhamad Abutailah - Faculty of Health Science,
Department of Nursing, Ben-Gurion University of the
Negev, Beer-Sheva

Purpose
To evaluate the clinical, biomechanical and
tomographic properties of adult patients with
keratoconus (KC) and thin corneas compared
with patients with KC and minimal corneal
thickness (MCT) ≥400µm treated with
accelerated collagen cross-linking (A-CXL).
Materials and Methods
In this retrospective clinical trial, the data was
collected from files of patients who underwent
A-CXL (9mW/cm², for 10min) in Soroka
University Medical Center due to progressive KC
from January 2015 to January 2018. Patients
were divided into 2 groups according to MCT.
The first group had thin corneas, MCT<400µm
after epithelium removal, and was treated with
contact lens assisted CXL (CA-A-CXL). A second
group with MCT≥400µm served as a control
group and was treated with A-CXL. Follow-up
was held in specific time schedule: before ACXL, 6 months after and 1 year after.
Demographic, clinical, biomechanical,
tomographic data, endothelial density count

16

Results

Conclusion
CA-A-CXL for thin corneas halts KC progression
in 76.7% of the eyes and achieves regression in
33.3% of eyes, with comparable rates of A-CXL.
Visual outcomes show improvement in both
groups (UCVA in the control, BCVA in CA-A-CXL)
and similar keratometry changes. In our study,
we found CA-A-CXL is an effective and safe
option for patients with KC and MCT<400µm.
Biography – Boris Knyazer
Dr. Knyazer received his MD degree in 2005 at
Irwin Goldman Medical School, Beer-Sheva,
Israel. After graduation, he finished his
residency in ophthalmology at Ophthalmology
Department, Soroka University Medical Center.
In 2014 Dr. Knyazer completed his cornea,
cataract and refractive surgery fellowship in
Hyderabad, India under the mentorship of Dr.
Rajesh Fogla. Today Dr. Knyazer works as senior
ophthalmologist and cornea, cataract, and
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Purpose
To evaluate the demarcation line depth and
corneal haze after accelerated CXL (A-CXL) using
20 minutes riboflavin/HPMC soaking time as
compared to conventional technique (CCXL) for
the treatment of mild to moderate keratoconus.
Materials and Methods
A retrospective analysis of the charts of 83 eyes
of 73 patients with mild to moderate
keratoconus was conducted. The first group
(n=39 eyes), performed between January 2016
& December 2017 underwent A-CXL using 20
minutes soaking time of riboflavin/HPMC and
the second group (n=44 eyes) performed
between January 2013 & December 2014
underwent CXL following the Dresden protocol
using 30 minutes soaking time with
riboflavin/Dextran. Patients had no pre-existing

corneal scars and were evaluated
preoperatively and at 1, 3, 6 and 12 months
postoperatively.
Main outcome measures were demarcation line
depth, haze intensity size, and location, as
measured by a dedicated OCT image analysis
software. Corneal haze brightness was
calculated as the average of the pixel grayscale
in the haze area, converted into a percentage.
Results
The 1-month demarcation line was
378.57±120.95 and 337.15±95.62 (P=0.14) for
the A-CXL and CCXL groups.
The 1-month anterior stromal haze area was
30.40±24.49 and 31.33±19.85 for the A-CXL
and CCXL groups, respectively (P=0.58), and
42.88±20.34 and 37.54±19.18 at 3 months
(P=0.34). The 1-month anterior haze brightness
was 56.73±17.13 and 59.52±5.12 for A-CXL and
CCXL, respectively (p>0.05), and 60.10±13.98
and 60.37±5.68 at 3 months (P=0.92).
The UDVA and CDVA LogMAR were 0.27±0.22
and 0.13±0.25 preoperatively and 0.24±0.31
and 0.06±0.11 at 1 year postoperatively
(p>0.05) for the A-CXL group, and 0.35±0.30
and 0.17±0.20 preoperatively, and 0.27±0.18
and 0.14±0.16 at 1 year postoperatively for the
CCXL group (p>0.05).
There were no differences between the two
groups in terms of SimK and Kmax changes
preoperatively and postoperatively.
Conclusion
A-CXL using 20 minutes riboflavin/HPMC
soaking time yielded deeper mean demarcation
line than previously published reports using 10
minutes soaking time, and delivered a similar
outcome to CCXL in terms of demarcation line
depth, corneal haze, and tomographic and
visual parameters.
Biography – Shady Awwad
Dr. Shady Awwad is an associate professor of
Ophthalmology and the head of the cornea &
refractive surgery division at the American
University of Beirut Medical Center. He received
the American Academy of Ophthalmology

17

achievement award and the alpha omega alpha
honor medical society award. His research is
focused on corneal imaging and wavefront
analysis, keratoconus diagnosis and treatment,
IOL calculations, and refractive surgery. He has
more than 70 publications in peer-reviewed top
ophthalmology journals.

Accelerated, Pulsed Collagen
Cross-linking Versus the Dresden
Protocol in Keratoconus: A Case
Series
Authors

Mr. Panagiotis Dervenis - Ophthalmica Eye Institute,
Thessaloniki, Greece
Mr. Nikolaos Dervenis - Ophthalmica Eye Institute,
Thessaloniki, Greece
Mr. Nikolaos Dragoumis - Ophthalmica Eye Institute,
Thessaloniki, Greece
Mr. Andreas Papandroudis - Ophthalmica Eye
Institute, Thessaloniki, Greece
Mr. Zachos Zachariadis - Ophthalmica Eye Institute,
Thessaloniki, Greece
Mr. Miltos Balidis - Ophthalmica Eye Institute,
Thessaloniki, Greece

Purpose
To compare the depth of demarcation line
developing in the cornea after the standard
Dresden protocol compared to accelerated,
pulsed, epithelium-off corneal cross-linking (18
minutes of pulsed UVA, pulsed profile 1 second
on, 2 seconds off).
Materials and Methods
Non-randomized, prospective case series.
Patients with progressive keratoconus were
included in the analysis and treated with either
the standard Dresden protocol (group 1) or
accelerated, epithelium-off cross-linking using
the Avedro (Waltham, MA) device (group 2). The
accelerated cross-linking protocol used involved
18 minutes of pulsed UVA (20mW/cm², 7.2J/cm²,
pulsed profile: 1 second on, 2 seconds off).
Topo-guided laser surface ablation was also
used were indicated in both groups. Anterior
segment OCT was performed using the
Heidelberg Spectralis Spectral Domain Optical
Coherence Tomography - OCT (Heidelberg
Engineering, GmbH, Germany). The depth of the
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demarcation line was measured at least
3 months postoperatively using the OCT
software.
Results
46 eyes of 29 subjects were included in the
analysis. Group 1 consisted of 7 eyes and group
2 of 39 eyes. The mean age of the participants
in group 1 was 22.15 years and in group 2,
26.50 years (P=0.179). The mean preoperative
K-value in group 1 was 45.88D and in group 2,
45.19D (P=0.772). The depth of the
demarcation line in group 1 was 322.43μm and
in group 2 319.91μm (P=0.932).
Conclusion
The two collagen cross-linking techniques give
similar outcomes regarding the depth of the
demarcation line. The depth of the demarcation
line with accelerated, pulsed cross-linking is
comparable to that developing after Dresden
protocol (the gold-standard for collagen crosslinking). Although the significance of the
demarcation line has not been fully clarified in
the literature, our results support that these
two techniques have similar structural outcome
and probably similar efficacy in the treatment of
keratoconus.
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Purpose
Although currently rare due to more accurate
preoperative evaluations and modern surgical
techniques, iatrogenic ectasia remains a
complication after refractive surgery. Small
Incision Lenticule Extraction (SMILE) and
photorefractive keratectomy (PRK) are superior
in preserving corneal biomechanics when
compared to flap-based procedures. However,
ectasia has been reported following SMILE and
PRK. Here, we evaluated the biomechanical
effect of corneal cross-linking (CXL) in fellow
human corneas following SMILE or PRK in an ex
vivo model for postoperative ectasia.

modulus was calculated through analysis by
two-dimension stress-strain extensometry.
Results
Following the accelerated CXL treatment, the
ectasia-like corneas, pretreated with either PRK
or SMILE, showed a mean effective elastic
modulus of 17.28 [standard deviation = 5.28]
MPa and 14.18 [standard deviation = 5.03] MPa,
respectively. Both groups presented normal
distribution, hence a parametric test was
selected for statistical analysis. Although the
elastic modulus in corneas previously subjected
to PRK was higher, there was no significant
biomechanical difference between both groups
(P=0.093).
Conclusion
Under similar conditions, both experimental
groups - PRK followed by CXL or SMILE followed
by CXL - achieved equivalent biomechanical
stability when measured experimentally in ex
vivo human fellow corneas. Our data suggest
that in the event of postoperative ectasia, the
biomechanical improvement achieved by
corneal cross-linking may be similar regardless
of whether the primary surgery was PRK or
SMILE.
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Materials and Methods
Twenty-six paired human corneas preserved in
tissue culture medium and unsuitable for
transplantation were equally divided into two
groups: right and left corneas were treated with
PRK and SMILE, respectively. Corneal thickness
was measured in all eyes immediately before
surgery. Then, using an extensometer, all
corneas underwent stretching with two cycles
of up to 9.0N to induce biomechanical
weakening similar to postoperative ectasia.
Finally, accelerated corneal cross-linking (CXL)
was performed with 9mW/cm²for 10 minutes
(total fluence of 5.4J/cm²) in both groups. Elastic
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Purpose
To investigate the stiffening effect of localized
corneal cross-linking (L-CXL) within and beyond
the irradiated region in three dimensions.
Materials and 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.
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.
Conclusion
The stiffening effect of L-CXL extends beyond
that of the irradiated area. When considering LCXL protocols clinically, it will be important to
account for increased stiffening in surrounding
regions.
Biography – Giuliano Scarcelli
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Purpose
To assess the use of (topography-based)
parameters from both Amsler-Krumeich (AK)
and Belin ABCD (ABCD) keratoconus
classification systems and to investigate
whether these parameters could be optimized.
Materials and Methods
Patients diagnosed with keratoconus from the
Erasmus MC Rotterdam and the Rotterdam Eye
Hospital who underwent Pentacam imaging
were included. Pentacam scans from patients
with concurrent ocular disease(s) or previous
refractive, corneal, or ocular surgeries were
excluded. The severity of keratoconus, assessed
by AK and ABCD, was compared. Cohen’s kappa
was used to assess the proportion of
agreement between different classification
parameters.
Results
A total of 1444 Pentacam scans (707 left eyes)
of 815 patients (age [28.72±10.89] years; 66%
males) were included in this analysis. According
to the AK classification (1-4), 70% of the scans
were stage 1, 25% stage 2, and less than 5%
stage 3 or 4. Using the ABCD classification, the
frequency of the different stages (0-4) were: 1)
parameter “A” (anterior radius of curvature in
3.0 mm), 30%, 40% and 15% of the scans were

stage 0, 2, 4 respectively; 2) parameter “B”
(posterior radius of curvature in 3.0 mm), 15%,
28% and 36% of the scans were stage 0, 2 and
4; 3) parameter “C” (thinnest pachymetry), 31%,
35%, 26%, 6% of the scans were stage 0, 1, 2, 3
respectively while 0% were stage 4. Agreement
between the ABCD parameters was moderate
between “A” and “B” (Cohen’s k=0.57), fair
between “A” and “C” (Cohen’s k=0.32) and low
between “B” and “C” (Cohen’s k=0.18).
Conclusion
The ABCD, especially the “B” parameter,
reflected early corneal changes in keratoconus
more than the AK scale. However, the ABCD “C”
parameter, did not reflect similar disease stages
as the concomitant “A” and “B” parameters.
From our results, we suggest adjusting the
thinnest pachymetry reference values in both
the AK and ABCD classifications. This would
allow changes in the corneal thickness to be
simultaneously reflected with changes in the “A”
and “B” parameters. Also, current pachymetry
safety margins (~400um) for treatment
decisions i.e. collagen cross-linking, maybe
more relevantly reflected. However, these
suggested alterations need to be reproduced
and validated or adjusted, using other datasets.
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Purpose
To evaluate the outcomes of a series of patients
who underwent corneal collagen cross-linking
(CXL) using mechanical epithelial debridement,
transepithelial phototherapeutic keratectomy
(trans-PTK) or transepithelial photorefractive
keratectomy (trans-PRK).

Materials and Methods
Sixty-four (50patients) consecutive progressive
keratoconic eyes underwent CXL (3 mW/cm²)
for 30 minutes using 0.1% topical riboflavin
sodium phosphate and epithelial debridement
with mechanical epithelial debridement (group
1; 21 eyes), trans-PTK using Amaris excimer
laser (SCHWIND, GmbH) (group 2; 23 eyes), or
trans-PRK (SCHWIND, GmbH) (group 3; 10 eyes).
Uncorrected distance visual acuity (UDVA),
corrected distance visual acuity (CDVA),
keratometry, pachymetry (Topcon Inc, USA),
corneal tomography indices (Oculus Pentacam).
Follow-up was 6-months.
Results
No intraoperative or postoperative
complications were observed in both groups.
Group 1, mean UDVA, CDVA and Kmax
improved from 0.84 ±0.43 LogMAR, 0.31 ±0.23
LogMAR and 49.72 ±5.00 diopters (D)
preoperatively to 0.56 ±0.20 LogMAR (P=.025),
0.20 ±0.16 LogMAR (P=.039) and 47.37 ±4.50D
(P=.019) at 6-months, respectively. Group 2,
mean UDVA, CDVA and Kmax improved from
0.81 ±0.24 LogMAR, 0.27 ±0.20 LogMAR and
47.36 ±4.60D preoperatively to 0.63 ±0.19
LogMAR (P=.062), 0.22 ±18 LogMAR (P=.059)
and 46.49 ±4.70D (P=.031) at 6-months,
respectively. Group 3, mean UDVA, CDVA and
Kmax improved from 0.54 ±0.28 LogMAR, 0.23
±0.33 LogMAR and 55.10 ±6.15 diopters (D)
preoperatively to 0.29 ±0.15 LogMAR (P=.033),
0.02 ±0.15 LogMAR (P=.045) and 51.45 ±4.82 D
(P=.056) at 6-months, respectively.
Conclusion
Trans-PRK appears to be a safe and effective
treatment demonstrating superior visual
outcomes in this small cohort compared to
either trans-PTK or mechanical epithelial
debridement. Greater numbers and longerterm follow-up are required to confirm these
findings.
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Purpose
To compare the 36-month visual, refractive,
topographic, and aberrometric outcomes of
mechanical or transepithelial phototherapeutic
keratectomy (t-PTK) epithelial removal before
accelerated corneal cross-linking (CXL) in
progressive keratoconus patients.
Materials and Methods
151 eyes of 110 progressive keratoconus
patients with a 36-month follow-up period
following accelerated CXL were included. Eyes
that had undergone CXL following mechanical
(group 1, n=92) or t-PTK epithelial removal
(group 2, n=59) were evaluated preoperatively,
and at 12, 24, and 36 months postoperatively
for uncorrected (UDVA) and corrected distance
visual acuity (CDVA), spherical equivalent (SE),
manifest astigmatism (MA), corneal
tomographic, and aberrometric parameters.
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Point spread function (PSF) was evaluated to
assess the optical quality of the cornea.
Results
Preoperative UDVA, CDVA, SE, keratometry (K) 1, K-2, maximum K (Kmax), Kmean, coma, and
spherical aberration values were similar
between the groups at baseline (p>0.05). The
mean increase in the UDVA and CDVA was
statistically significant in both groups at
postoperative 36 months (group-1, P=0.002,
P=0.002, respectively; group-2 P<0.001,
P=0.003 respectively). The increase in the UCVA
was significantly higher in group-2 when
compared to group-1 (P=0.018). The mean K1,
K2, Kmax, and Kmean decreased in both groups
at the end of 36 months compared to baseline
and the difference in group-2 was significantly
higher when compared to group-1 (P<0.05, for
all values). The mean coma and spherical
aberration values were both decreased after
CXL in both groups and the improvement was
higher in group-2 than in group-1 (coma p
<0.001; spherical aberration p <0.001). The
mean point spread function (PSF) was
significantly higher in group-2 when compared
to group-1 at 36 months follow-up visit
(P<0.001). No complications were observed in
either group.
Conclusion
The visual, refractive, topographic, and
aberrometric 36-month outcomes of t-PTK
ablation were better than those of mechanical
epithelium removal before accelerated CXL in
progressive keratoconus patients. The optical
quality of the cornea is also better in patients
that received t-PTK epithelial removal prior to
CXL.
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Purpose
The purpose of this study was to investigate the
10-year outcomes after corneal cross-linking
(CXL) in patients with progressive keratoconus.
Materials and Methods
Data were collected from CXL surgeries
performed by surgeons at both ELZA Institute
and IROC. Patients who had undergone a CXL
procedure with the standard Dresden
epithelium-off protocol (3mW/cm² for 30
minutes, total fluence of 5.4J/cm²) between
2004 and 2009 were involved in the study.
Complete clinical evaluation and Scheimpflug
imaging (Pentacam HR, Oculus Instruments,
Wetzlar, Germany) were assessed
preoperatively and at the last examination at
least ten years after surgery.
Results
418 eyes were included in the initial analysis.
Only patients with complete 10-year follow-up

were taken into account. Eight eyes were
excluded due to combined refractive
procedures, six were excluded due to
subsequent corneal transplantation and three
were excluded due to repeated CXL
procedures. Finally, thirty-six eyes were
considered for the final analysis. Clinically, there
was no significant change in spherical
equivalent refraction and visual acuity. Thinnest
pachymetry, asphericity of the anterior surface
and flat keratometry remained stable. There
was a significant reduction in steepest
keratometry (P=0.002), mean keratometry
(P=0.013), maximum anterior keratometry
(1.2D, P=0.013) and astigmatism (P=0.028).
Conclusion
Corneal cross-linking with Dresden protocol
was successful in halting the progression of
keratoconus in a 10-year follow-up in most of
the cases. Over this period, the topographic
readings tend to decrease significantly, and
despite those changes corrected visual acuity
remained stable. Our long-term results confirm
the effectiveness of corneal cross-linking for
halting the progression of keratoconus.
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Purpose
The standard Dresden Corneal Cross-linking
(CXL) protocol is only recommended for corneal
thicknesses of >400μm, liming the treatment to
early stages of keratoconus. Recently, we have
developed a nomogram for ultrathin corneas to
individually determine the irradiation time
required for safe CXL treatment, with a
predicted penetration depth up to 70μm
distance to the endothelium. The purpose of
the current study was to analyze whether
individualized CXL with reduced individualized
fluence is able to stop keratoconus progression
up to 24 months after treatment.
Methods
A total of 56 progressive keratoconus (KC) eyes
with corneal thicknesses between 230 μm and
398 μm at the time of UV irradiation were
enrolled. UV irradiation was performed at 3 and
9 mW/cm2 with varying irradiation times. CDVA,
manifest refractive sphere and cylinder were
evaluated at pre-op, 6-, 12 and 24-months postop. Kmax, thinnest corneal thickness and
densitometry were evaluated with Scheimpflug
tonometry at pre-op, 1-, 12-, and 24-months
post-op. Corneal demarcation line was
assessed with anterior segment OCT at 1
month after surgery.
Results
Five of 45 eyes showed progression within 12
months. A significant correlation was found
between the demarcation line depth and
changes in densitometry (r=+0.321, p=0.041)
and between the demarcation line depth and
irradiation time (r=+0.391, p=0.012). On
average, there was a significant change from
baseline at 12 months in thinnest thickness
(-19±80 μm, p<0.001), in Kmax (-1.20±1.60 D,
p<0.001) and in densitometry (+2.18±1.79
GSU). No significant changes were found in
CDVA (p=0.868), sphere (p=0.951) and cylinder
(p=0.878).
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Conclusions: The sub400 protocol standardizes
the treatment protocol in ultrathin corneas and
halted KC progression with a success rate of
89% at 12 months. Demarcation line depth did
not predict treatment outcome and hence is
likely not related to the extent of CXL- induced
corneal stiffening, but rather to the extent of
induced wound healing.
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Purpose
To evaluate corneal haze as determined by OCT
after cross-linking as compared to cross-linking
with Mitomycin C application for the treatment
of mild to moderate Keratoconus.
Materials and Methods
A retrospective analysis of 87 myopic eyes of 72
patients with mild to moderate keratoconus.
The first group (n=43 eyes) underwent crosslinking with mitomycin C between January 2014
& December 2015, and the second group (n=44
eyes) underwent cross-linking without
mitomycin C between January 2013 &
December 2014, both following the Dresden
protocol. Patients were evaluated
preoperatively and at 1, 3, 6 and 12 months
postoperatively. Main outcome measures were
haze intensity, size and location as measured by
a dedicated OCT image analysis software.
Corneal haze brightness was calculated as the

average of the pixel grayscale in the haze area,
converted into a percentage.

Corneal OCT in Keratoconus
Management

Results

Authors

The anterior stromal haze area at 1 month
postoperatively was 51.83±17.96 and
31.33±19.85 for the MMC and conventional
group, respectively (P<0.0001), and
49.86±16.97 and 37.54±19.18 (P<0.05) at
3 months postoperatively. The anterior haze
average brightness at 1 month postoperatively
was 70.67±9.31 and 59.52±5.12 (P<0.01) for the
MMC and conventional respectively, and
66.24±13.64 and 60.37±5.68 (P<0.04) at
3 months postoperatively. For the MMC group
the UDVA and CDVA LogMAR were 0.37±0.34
and 0.20±0.20 preoperatively and 0.38±0.37
and 0.20±0.13 at 1 year postoperatively
(p>0.05). For the conventional group they were
0.35±0.31 and 0.22±0.22, and 0.27±0.18 and
0.14±0.12 (p>0.05). The preoperative to
postoperative changes in SimK were similar in
both groups. The CXL/MMC group showed
more Kmax flattening: 53.42±6.88 D
preoperatively and 49.44±5.67 D
postoperatively, as compared to 52.27±5.78 D
and 50.91±4.25 D for the CXL group (P=0.008).
Conclusion
Mitomycin C application following cross-linking
significantly increases corneal haze with
resultant enhanced flattening of Kmax. Similar
studies need to be performed on simultaneous
cross-linking and PRK to evaluate the role of
MMC in haze formation in such procedures.

Prof. Mouhcine El Bakkali - VISION CLINIC RABAT
Mrs. Sami Asmaa - VISION CLINIC RABAT
Mrs. Oumzil Yousra - VISION CLINIC RABAT

Purpose
Through a series of 150 eyes presenting allstages of keratoconus examined by a
topographic test (Pentacam) and an OCT test of
the cornea (Optovue), supported in our clinic
over a period of 3 years.
Materials and Methods
We did corneal topography and corneal OCT
(Optovue) for all patients with keratoconus and
we repeat it 1 week after cross-linking, 1 month
and 3, 6 months afterwards.
For ICR, we use the per operatory OCT (Victus)
is very useful in order to be sure that the tunnel
is 80% deep in the stroma for more ICR
efficiency.
Results
•
Corneal Epithelium is heterogeneous in
Subclinical keratoconus
•

Evolutivity screening in keratoconus: The
corneal epithelium is thick in periphery
and thinner in the front of the cone

•

For security reasons in the CXL epi-off, it is
essential to take into consideration for
choosing the cross-linking protocol: Pachy
EPI-OFF > 400 µm (the measurement of
pachymetry without epithelium who’s will
be superior to 400 µm in per operative) if
not CXL with contact lenses assisted
thickness

•

After Cross-linking to judge the quality of
epithelial healing and for the demarcation
line

•

For ICR, the per operatory OCT (Victus) is
very useful in order to be sure that the
tunnel is 80% deep in the stroma for more
efficiency.

Biography – Shady Awwad
Dr. Shady Awwad is an associate professor of
Ophthalmology and the head of the Cornea &
Refractive Surgery Division at the American
University of Beirut Medical Center. He received
the American Academy of Ophthalmology
achievement award and the alpha omega alpha
honor medical society award. His research is
focused on corneal imaging and wavefront
analysis, keratoconus diagnosis and treatment,
IOL calculations, and refractive surgery. He has
more than 70 publications in peer-reviewed top
ophthalmology journals.

Conclusion
We deemed it useful to seek the assistance of
the corneal OCT in the following areas
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It is clear that the contribution of the corneal
OCT is useful in all these circumstances and
complements the information provided by
tomography.
Biography – Mouhcine el Bakkali
Professor of Ophthalmology
Director of Vision Clinic RABAT

Custom Fast CXL Protocol: 7-year
Study Results
Authors

Dr. Ciro Caruso - Corneal Transplant Center,
Pellegrini Hospital, Naples, Italy
Dr. Pasquale Troiano - Eye Clinic Fatebenefratelli
Hospital, Italy;
Dr. Ciro Costagliola - Department of Medicine and
Health Science “V. Tiberio, “ Università del Molise,
Campobasso, Italy.

Purpose
To evaluate the effectiveness of “custom fast
cross-linking” (cfCXL), customized low power,
EPI-ON keratoconus treatment, with a 7-year
follow-up.
Materials and Methods
Custom fast cross-linking, or “cfCXL”, is an EPION keratoconus treatment featuring 15
minutes of corneal presoaking with a riboflavin–
vitamin E TPGS solution and a 370-nm UV-A
radiation beam, centered on the highest curved
corneal region. UV-A beam fluence, total energy
and exposure time are less than the ones used
in the Dresden protocol.

Best spectacle-corrected distance visual acuity
improved in 54.3%, 74.1%, 84.0%, 87.7%, 84.0%,
84.0%, and 82.7% of patients at
postoperative months 1, 3, 6, 12, 24, 48, and 84,
respectively. Kmax did not increase in 96.3% of
patients at 1 month, 97.5% at 1 year, and 98.8%
at 7 years postoperatively, with average corneal
apex flattening at 1 month and 7 years of 22.79
±1.70 D and 24.00 ±2.40 D, respectively.
Conclusion
Custom fast cross-linking, the customized low
power, EPI-ON, rapid, narrowed beam apexcentered keratoconus treatment, combined
with a riboflavin–vitamin E TPGS solution,
produced a significant and lasting cone
progression stoppage, astigmatism reduction
and visual acuity improvement.
Biography – Ciro Caruso
With more than 23 years’ experience in
refractive, corneal surgery, cataract and lens
implant, Dr. Ciro Caruso has been a pioneer in
procedures to correct nearsightedness and
corneal cross-linking, farsightedness and
astigmatism.
He participated in numerous clinical studies,
performing more than 15000 refractive surgery
procedures, lamellar and penetrating
keratoplasty and cataract with lenses implant.

In this study, refraction, spectacle-corrected
distance visual acuity, Kmax and corneal
hysteresis were monitored in 81 eyes of 81
patients for 7 years with 100% follow-up.

He has more than 60 international publications,
posters, and presentations, several
international product patents and is an active
member of national Ophthalmology Societies.

Pretreatment Kmax and patient age averaged
53.01 ±4.87 D and 25.9 ±4.7 years, respectively.

He served as a medical monitor for several
excimer laser studies and continues to review
refractive surgical techniques and analyze
clinical study data.

Results
Average refractive cylinder magnitude was
reduced by 26.1% at 1 month postoperatively
and by 44.2% at 7 years postoperatively.
Logarithm of the minimum angle of resolution
average spectacle-corrected distance visual
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acuity (best spectacle-corrected distance visual
acuity) improved from +0.26 ±0.34 (20/36.4) to
+0.15 ±0.23 (20/28.25), +0.05 ±0.20 (20/22.4),
and +0.06 ±0.20 (20/22.96) at 1 month, 1 year
and 7 years postoperatively, respectively.

Depth-dependent Analysis of
Contact Lens-assisted Corneal
Cross-linking by Brillouin
Microscopy
Authors

Prof. J. Bradley Randleman - Cole Eye Institute Cleveland Clinic
Dr. Hongyuan Zhang - Cole Eye Institute - Cleveland
Clinic
Prof. Giuliano Scarcelli - University of Maryland

Purpose
To determine the relative impact of contact
lens-assisted corneal cross-linking (CA-CXL) on
regional corneal stiffness as compared to the
standard protocol using Brillouin microscopy.
Materials and Methods
Standard cross-linking (CXL) and CA-CXL were
performed on 30 intact fresh porcine eyes.
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 verify stiffness difference
between CXL and CA-CXL. Each eye served as its
own control.
Results
Standard CXL had a greater impact on corneal
stiffness, with a maximum increase of 5.74%
compared to 3.99% for CA-CXL. Standard CXL
increased longitudinal modulus by 7.8% in the
anterior, 1.7% in the middle, and -0.7%. in the
posterior regions as compared to CA-CXL,
which increased longitudinal modulus by 5.5%
in the anterior (P<0.001), 1.2% in the middle,
and -0.4% in the posterior regions (p>0.05 for
both). CA-CXL introduced a Brillouin shift
gradient of -7.6%/mm from the anterior to the
posterior, while the gradient was -11.9%/mm
for standard CXL (P<0.001). Mechanical stressstrain tests showed that at 10% strain averaged
Young’s modulus for standard CXL was 5 MPa
and for CA-CXL was 2.97 MPa (P<0.001).
Conclusion
Both CA-CXL and standard CXL induced
significant corneal stiffening primarily

concentrated in the anterior cornea. CA-CXL
leads to less stiffening results compared with
standard CXL. For depth-dependent stiffness
variation, stiffening effect of CA-CXL exists
primarily in the anterior third of the cornea.
Attenuating but continuous stiffening effect can
be observed through the whole cornea for both
CA-CXL and standard CXL, though CA-CXL has a
smaller stiffness gradient.
Biography – Giuliano Scarcelli
Giuliano Scarcelli is a physicist specialized in
optical science and technology development.
He obtained his PhD in quantum optics from
UMBC under Prof. Yanhua Shih. Before joining
College Park, Giuliano was at the Wellman
Center for Photomedicine of Harvard Medical
School for eight years, first as a postdoc in Prof.
Yun’s Lab, then as an instructor and assistant
professor. He maintains a visiting faculty
position at Harvard Medical School. Giuliano’s
articles have been cited over a 1000 times and
he is inventor of five patents. Giuliano has been
the recipient of several awards such as the
“Exceptional by example” award.

Diluted Alcohol and Iontophoresisassisted Epi-on Corneal Crosslinking Versus Epi-Off Collagen
Cross-linking in Progressive
Keratoconus: 3-year Clinical
Results
Authors

Dr. Seher Uysal - Gazi University, Ankara
Dr. Oguzcan Eskalen - Gazi University, Ankara
Dr. Mehmet Cuneyt Ozmen - Gazi University, Ankara
Dr. Hatice Tuba Atalay - Gazi University, Ankara
Dr. Kamil Bilgihan - Gazi University, Ankara

Purpose
To compare 3-year clinical outcomes of
epithelium-off corneal cross-linking (epi-off CXL)
and diluted alcohol and iontophoresis- assisted
corneal cross-linking (DAI-CXL) for the
treatment of progressive keratoconus (KC).
Materials and Methods
Fifty-one eyes of 51 patients with progressive
KC were treated by epi-off CXL (n = 26) or DAICXL (n = 25). After application of 10% alcohol for
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10 seconds to the cornea, 0.2% riboflavin
solution without any enhancer was applied
using an iontophoresis device (1.0 mA for 10
minutes) and UVA irradiation was performed at
9 mW/cm² for 13.3 min (the total dose of 7.2
J/cm²) in DAI-CXL group. In epi-off CXL group,
UVA treatment was performed at 9 mW/cm²for
10 min (the total dose of 5.4 J/cm²). Bestcorrected distance visual acuity (BCVA), corneal
topography and pachymetry were assessed at
baseline and 6, 12, 24, and 36 months of followup. Progression was defined by an increase of
the maximum keratometry (Kmax) value of at
least 1.00 D 36 months after CXL procedures.
Results
The difference between baseline and
36 months postoperative BCVA, Kmax, and
pachymetry were not significantly different
between the two groups (p>0.05 for all). The
mean Kmax showed a significant reduction by
1.3 diopters (D) in the DAI-CXL group and by 1.2
D in the epi-off CXL group after 36 months
(P=0.665). The progression rate was 7.6% in epioff CXL and 8% in DAI-CXL group (P=0.854).
Conclusion
Our findings demonstrate that the DAI-CXL
protocol seems as effective as the epi-off CXL
protocol in halting KC progression after 3 years
of follow-up. Both treatment modalities are
equivalent in terms of visual and topographic
outcomes and progression rate.
Biography – Seher Uysal
Dr. Uysal received her medical degree from
Hacettepe University in Ankara, Turkey. She
completed her residency training in Yıldırım
Beyazit University, Ankara. Dr Uysal currently
works at the Gazi University Faculty of Medicine,
Ankara, as Assistant Professor of
Ophthalmology. Her main interests include
corneal and external eye diseases, refractive
surgery, cataract surgery, ocular surface
reconstruction, and corneal transplantation
surgery.
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Effect of IVF Treatment on
Progression of Corneal Ectasia
Authors

Dr. Martina Vesela - Ellipse Clinic
Prof. Drahomira Barakova - Gemini Eye Clinic

Purpose
To highlight possible relationship between
progression of corneal ectasia and hormonal
stimulation prior to in vitro fertilization (IVF)
treatment.
Materials and Methods
From 2007 to 2017, the number of IVF
treatments in Czech Republic increased from
17,682 to 41,017 per year. Pilot study of
retrospective results of thirty-eight eyes of 19
patients with progression of keratoconus after
controlled ovarian stimulation in IVF treatment
were evaluated. Group A (26 eyes of 13
patients) included candidates for refractive
surgery. Group B (12 eyes of 6 patients) had
keratoconus and CXL was performed to halt
keratoconus progression. The number of IVF
treatments, refraction, keratometry values,
corneal thickness, presence of hormonal
disturbances, systemic disorders and medical
administration were evaluated.
Results
Group A: The mean age of patients was
36.07±5.53 years and number of IVF treatments
was 2.38±1.50. The mean UDVA was 0.22±0.19
and CDVA 1.00 (Snellen line) The mean manifest
spherical diopters were -1.95±1.19Ds,
astigmatism -0.83±0.71Dcyl. The mean Kmax was
45.89±1.91D. The mean thinnest corneal
thickness was 512.92±45.63μm. Tomography
revealed subclinical form of keratoconus. Group
B: The mean age of patients was
33.16±0.75 years. The mean number of IVF
treatments was 5.00±2.75. The mean UDVA was
0.19±0.23 and CDVA 0.93±0.12 (Snellen line).
The mean manifest spherical diopters was
∙2.28±3.20Ds, astigmatism -2.28±2.17Dcyl. The
mean Kmax was 53.06±0.60D. The mean thinnest
corneal thickness was 441.60±40.72µm.
Tomography showed different stages of
keratoconus. In group B accelerated cross-

linking 9mW/cm² for 10 minutes was performed
to halt progression of keratoconus.
Conclusion
The biomechanical stability of cornea could be
altered during systemic hormonal imbalance
caused by IVF treatment. This alteration could
lead to a reduction of corneal stiffness and may
exacerbate the pre-existing preclinical stage of
corneal ectasia or accelerate already
manifested form of this corneal pathology, even
more in females with other comorbidities.
Gonadotropins may play an important role in
progression of keratoconus.

Efficacy of Cessation of EyeRubbing to Halt Progression of
Keratoconus; Three-year FollowUp
Authors

Dr. Damien Gatinel - Rothschild Foundation
Dr. Adrien Mazharian - Rothschild Foundation

Purpose
To determine the progression of keratoconus
after cessation of eye rubbing only: three-year
follow-up
Materials and Methods
This is a prospective single-center cohort study
carried out over a 3-year period from June 2015
to June 2019 at the Rothschild Foundation,
Paris, France. 126 eyes of 82 consecutive
patients with keratoconus were included in the
study. Initial examination consisted of anterior
and posterior segment evaluation using slit
lamp biomicroscopy. Best spectacle-corrected
visual acuity (BSCVA) was recorded for each
patient. Patients were instructed to stop
rubbing their eyes definitively at their first visit.
We ensured that cessation of eye rubbing was
respected during the follow-up at 1, 3, 6, 12, 36,
48 and 60 months. Corneal topography using
the Pentacam® (Oculus®, Wetzlar, Germany)
was used to obtain maximum, minimum, and
average keratometry readings (Kmax, Kmin and
Kmean respectively) as well as simulated
keratometry (SimK), corneal topographic
astigmatism (Cyl), and central corneal thickness
(CCT, μm) in both eyes. The main outcomes

measures were best-corrected visual acuity
(BCVA), maximum keratometry (Kmax),
minimum keratometry (Kmin), mean
keratometry value (Kmean), simulated
keratometry value (SimK), corneal astigmatism
(Cyl) and central corneal thickness (CCT) values.
The primary endpoint was the absence of
keratoconus progression.
Results
The mean age at inclusion was 28 years old.
The average follow-up was 32 months. BCVA
was stable at up to three years of follow-up
(Δ+0.01; P=0.04). The Kmax (Δ+0.06; P=0.02),
Kmin (Δ-0.07; P=0.03), Kmean (Δ+0.07; P=0.04),
and SimK (Δ+0.13; P=0.02) values did not
change significantly from baseline to
three years. Corneal astigmatism remained
stable from baseline up to three years (Δ+0.01;
P=0.04). Similarly, there was no significant
change in CCT up to four years after cessation
of eye rubbing (Δ+3.60; P=0.04).
Conclusion
Our data suggest that cessation of eye rubbing
seems to be an effective and safe option for
halting the progression of keratoconus over a
long-term period of up to 3 years.
Biography – Damien Gatinel
Damien Gatinel, MD, PhD, has been the head of
the Anterior and Refractive Surgery Department
of the Rothschild Foundation. Ph.D. in applied
mathematics. Several patents, including the first
diffractive trifocal IOL design. Board member of
the Executive Committee of the International
Society of Refractive Surgery (ISRS) and of the
Research Committee of the European Society of
Cataract and Refractive Surgery (ESCRS).
Editorial Board of the Journal of Refractive
Surgery. More than 20 international awards,
among which 13 Best Paper of Session won
during ASCRS meetings. Dr. Gatinel has
published more than 100 articles in peerreviewed journals and edited three books.
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Epithelial Permealization With
Excimer Laser in “Epi-On” Crosslinking
Authors
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Dr. Meriem Ouederni - International Eye Clinic

Purpose
To evaluate the effectiveness of corneal crosslinking (CXL) “Epi-on” after epithelial
permealization with Excimer Laser in the
treatment of moderate keratoconus by studying
the depth of corneal stromal demarcation line
on.
Materials and Methods
A prospective monocentric study including
patients followed for progressive keratoconus.
All eyes were treated with CXL (accelerated
protocol: 9 mW/cm², 10 min) after 10 µm
epithelial photoablation with Excimer laser. An
anterior segment optical coherence
tomography (AS-OCT) was performed for all
patients after 1 to 2 months in order to
measure the stromal corneal depth of
demarcation line in the central cornea, at 3 mm
and 6 mm.
Results
A total of 46 eyes of 30 patients were included.
Epithelial wound healing was complete in 82%
of eyes after one day, and in 100% of cases
after 2 days. No complications were observed.
The stromal corneal demarcation line was
identified in 42 cases (91%). The mean stromal
demarcation line depth was at 284, 45 µm in
the center, 250, 43 µm at 3mm and 218, 19 µm
at 6mm. There was a slow and gradual
decrease in the demarcation line depth from
the center to corneal periphery.
Conclusion
Photoablation of the superficial epithelium (10
µm) allows both a riboflavin permeability by the
tight junctions removal and fast recovery by
preserving intermediate and deep
epithelium. Our results suggest that epithelial
photoablation can be a safe and effective
technique to get a deep corneal demarcation
line after accelerated CXL. We need larger
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studies with longer follow-up to evaluate the
long-term results of this CXL protocol in the
treatment of progressive keratoconus.
Biography – Haikel Kammoun
Head of Department of Corneal and Anterior
Segment Surgery at the International Eye Clinic.
Tunis Tunisia
Key opinion leader in keratoconus field in North
Africa.

First National Campaign of
Diagnosis and Prevention on
Keratoconus in Italy
Authors
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Purpose
With the patronage of the Minister of Health
and of SOI, Italian Society of Ophthalmology, 20
University Clinics and Hospitals give a free
consultation for 2.000 patients of age
between15 and 35 year with the project at an
early keratoconus diagnosis. The results are
given.
Materials and Methods
A free consultation is given to for 2.000 patients
aged between 15 and 35 years.
Results
The campaign is in September 2019: the results
will be ready end of September.
Conclusion
A prevention campaign is critical to allow
patients to receive early diagnosis and an
appropriate therapy.
Biography – Felicita Norcia
Graduated in Medicine and Surgery at the
University of Pavia where she obtained a
specialization in ophthalmology in the year
2000.

He has worked in the private sector and has an
agreement with the NHS, mainly dealing with
diseases of the anterior segment and cataract
and refractive surgery.
She is currently a consultant at the Ambrosian
Nursing Home in Cesano Boscone (MI) and at
Neovision Eye Clinics in Milan for which she is a
Medical Director.

Machine learning in corneal
biomechanics
Dr. Bernardo Lopes - University of Liverpool
Edileuza Leão, PhD - State University Of Health
Sciences Of Alagoas, Brazil
Aydano P Machado, PhD - State University Of Health
Sciences Of Alagoas, Brazil
João Marcelo Lyra, MD - State University Of Health
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Marcella Salomão, MD - Barra Vision Center, Rio de
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Ahmed Elsheikh, PhD - University of Liverpool
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Purpose
To validate and further optimise the
Tomographic and Biomechanical Index (TBI),
which combines Scheimpflug-based corneal
tomography and biomechanics for ectasia
detection.
Methods
A multicentric retrospective study including
twenty-five international centres,
comprehensively analysed tomographic and
biomechanical data from the Pentacam and
Corvis ST (Oculus; Wetzlar, Germany). One eye
randomly selected from 1,653 patients with
normal corneas, and from 943 patients with
clinical mild to moderate keratoconus were
included. The study also included the eyes with
normal topography from 479 patients with very
asymmetric ectasia (VAE-NT) and the 372
unoperated ectatic (VAE-E) fellow eyes. The
current TBI was tested and further optimised
using novel artificial intelligence machine
learning for augmenting accuracy.
Results

For clinical ectasia (KC and VAE-E), the TBI had
AUC of 0.999, with 98.3% sensitivity and 99%
specificity (cut off 0.52). Considering the VAENT, the TBI had AUC 0.907 with 81.4%
sensitivity and 84.6% specificity (cut off 0.25).
The AUCs of the TBI were statistically that the
AUC of CBI (Corvis Biomechanical Index; 0.956
and 0.78) and BAD-D (Belin/Ambrosio Deviation;
0.994 and 0.824; De Long; p<0.001). A new
machine-learning algorithm, the BrAIN-TBI was
developed with significantly higher AUC (0.978)
for detecting VAE-NT, having 90.6% sensitivity
and 94.5% specificity (cut of 0.37). Considering
all cases, the BrAIN-TBI had higher AUC (0.991)
than the TBI (0.974; De Long, p<0.001).
Conclusion
The current TBI had excellent accuracy for
clinical ectasia, but there was a reduction in
sensitivity for the VAE-NT cases. Improvements
in artificial intelligence algorithms to integrate
tomography and biomechanics data augments
the accuracy to detect ectasia, possibly
epitomizing the characterization of ectasia
susceptibility.

Mini-Scleral Contact Lens Fitting in
Patients After Corneal Crosslinking for Keratoconus
Authors
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Microsurgery, Belgrade

Purpose
To show visual acuity rehabilitation and
achieved comfort level in patients who have
irregular corneas after corneal collagen crosslinking (CXL) for keratoconus (KCN) and are
fitted with Mini-Scleral lenses.
Materials and Methods
Ten patients with KCN, at least three months
after CXL procedure who were intolerant to
conventional GP lenses or unhappy with UCVA
were included in the study. Uncorrected and
best-corrected distant visual acuity (UCDVA and
BCDVA), corneal topography and tomography,
OCT images of scleral lenses with central
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clearance and edge profiles were documented
after 4h, one week, one month and 6 months
after the fitting of the lens.
Results
BCDVA improved from 0.07 ±0.08 (0.01 to 0.2)
to 0.96 ±0.09 (0.8 to 1.0) and central clearance
at corneal apex was 214 ±39 (170 to 260) µm. A
lens with smallest chamber size that provides
corneal clearance at the limbus, minimizes lens
thickness and fit of the lens as close to the
cornea as possible.
Conclusion
With innovations in Mini-Scleral lens materials
and critical measurements with OCT it is
possible to determine ideal corneal clearance
and avoid central apex contact and corneal
hypoxia for patients after CXL procedure for
KCN thus providing excellent visual acuity with
maximal comfort.
Biography – Natasa Radinkovic
Dr Natasa Radinkovic (1971) completed her
specialization in ophthalmology in 2000 (Serbia)
and subspecialization in contact lenses in 2001
in Serbia. She founded and led contact lenses
department in Sveti Vid (Serbia) for the last
fifteen years and was a pioneer in introducing
special contact lenses for irregular corneas in
Serbia. Currently Dr. Radinkovic works at
LaserFocus (Serbia). She is a member of
Serbian Association of Contactologists and is a
regular presenter a national and regional
congresses, as well as a clinical trainer for
special contact lens fitting.

Outcome of Pupillary Zone Sparing
Partial Corneal Epithelium
Debridement for Collagen Crosslinking in Keratoconus

Authors
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Mr. Ajay Khanna - Dr Om Parkash Eye Institute
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Dr. Rohit Om Parkash - Dr Om Parkash Eye Institute
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Purpose
To evaluate the outcome of pupillary zone
sparing partial corneal epithelium debridement
for collagen cross-linking in keratoconus and its
impact in minimising the associated visual
complications of standard conventional crosslinking.
Materials and Methods
This was a retrospective study of 522 eyes
presenting with progressive keratoconus
undergoing standard conventional collagen
cross-linking (CXL) from February 2012 to
February 2018. After putting anesthetic eye
drops, epithelium was mechanically debrided in
vertical full-thickness stripes, 1.5-2 mm wide
with 1mm distance between them with a blunt
hockey stick knife. Approximately central 2-3
mm zone corresponding to the pupillary axis
was spared from debridement. Dresden
protocol for CXL was followed in each eye
following this. Post CXL, Wong-Baker Pain
scoring (WB) was assessed. Uncorrected visual
acuity (UCVA) and Best-Corrected Visual Acuity
(BCVA) were measured. Keratometric and haze
outcomes were evaluated using Pentacam HR
(OCULUS Optikgeräte GmbH; Wetzlar,
Germany) at an interval of 3, 6, 12 and
18 months.
Results
In the immediate postoperative period,
pupillary zone showed minimal haze as
compared to the rest of the cornea from where
epithelium was debrided. A well demarcated
line was also observed 4-8 weeks
postoperatively on Cirrus HD-OCT (Carl Zeiss
Meditec, Dublin, CA). WB score was 2.84+0.8 on
POD 1 which reduced over 2 days. Mean
spherical and cylindrical error were reduced but
weren’t statistically significant. Flat and steep
keratometry, were significantly reduced
(P<0.001) and remained stable over a follow-up
of 18 months. Postoperatively haze (corneal
densitometry) in the central 0–2 mm zone was
16.35 ±3.53 GSU (grey scale unit) and in the 2–6
mm zone was 13.57 ±2.47 GSU at 3 months,
which was statistically insignificant.

Conclusion

Materials and Methods

Pupillary zone sparing partial corneal
epithelium debridement for CXL using Dresden
protocol causes minimal haze in the pupillary
zone without compromising visual and
keratometric outcomes.

Comparative analysis including the measured
depths of the demarcation lines by in vivo
confocal microscopy (IVCM) and corneal OCT in
20 eyes treated with conventional 3mW/cm²
CXL, 20 eyes treated with 30mW/cm² A-CXL with
continuous light (10 eyes) and pulsed light (10
eyes) UV-A exposure (1 sec on: 1 sec off), 20
eyes treated with 15mW/cm² pulsed light A-CXL
and 20 eyes using the 9mW/cm² A-CXL
protocol. IVCM was performed by the HRT II
Rostock Cornea Module (Heidelberg, Germany)
and corneal OCT by the Optovue (Freemont,
Irvine, USA). The mathematical cross-linking
profile was determined according to calculated
depth of the demarcation line and the
threshold crosslink concentration adopting the
conventional 3mW/cm² protocol as benchmark.

Biography – Tushya Om Parkash
Dr Tushya Om Parkash is fourth generation into
ophthalmology. He has completed a fellowship
in cataract and refractive surgery at Dr Om
Parkash Eye Institute, in the year 2019.
He is currently working in cataract and
Refractive Services at Dr Om Parkash Eye
Institute. He is actively involved in corporate
social responsibilities by providing quality
services to lower economic strata.
He has been an invited faculty and has
presented at various national and international
podiums. He has won awards for best paper
and Video in ASCRS, ESCRS, APACRS and
various national conferences also.
Attachments

Results
The average demarcation depths were 350
±50µm for the 3mW/cm² conventional protocol,
200 ±50µm for the 30mW/cm² continuous light
A-CXL, 250 ±50µm for the 30mW/cm² pulsed
light A-CXL and 280±30µm for the 15mW/cm²
pulsed light A-CXL. There was a very high
correlation between the depth of the
demarcation line between the measured and
calculated data with a slope of m=1.03 and a R2
value 0.73.
Conclusion

Pachymetry-Based Accelerated
CXL: The “M Nomogram” for a
Standardized Treatment of AllThickness Progressive Ectatic
Corneas
Authors

Prof. Cosimo Mazzotta - Siena Cross-Linking Center

Purpose
To assess the safety and efficacy of a new
customized epithelium-off accelerated crosslinking (A-CXL) nomogram “M nomogram” based
on preoperative corneal optical thinnest point
for progressive keratoconus and iatrogenic
corneal ectasia.

A-CXL M nomogram allows a safe and
efficacious CXL parameters setting based on
preoperative minimum corneal thickness also
including a more standardized treatment of thin
ectatic corneas between 250 and 400 µm.
Biography – Cosimo Mazzotta
Prof. Cosimo Mazzotta MD, PhD, graduated
from University of Siena, Italy, Medical School in
1997. He had a Specialist diploma in
Ophthalmology in 2001 and received his PhD in
Ocular Pathology in 2006. He introduced the
Corneal Cross-linking in Italy in 2004 performing
the First world confocal microscopy studies in
vivo in humans after CXL and a lot of basic and
advanced research in the field of Keratoconus
pathophysiology, pulsed light and accelerated
cross-linking. Assistant Professor of Corneal
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Pathology at Post-Graduate Ophthalmology
School, Department of Ophthalmology, Siena
University, Italy, Anterior Segment Surgery USL
Toscana Sudest, Head of Siena Cross-linking
Centre.

Preliminary Experience With a
New, Oxygen Boost, Accelerated
Epi-On Cross-linking Protocol for
Keratoconus

Authors

Dr. Miguel Rechichi - Centro Polispecialistico
Mediterraneo

Purpose
To evaluate the impact of a new epi-on crosslinking procedure for keratoconus with active
oxygen boost.
Materials and Methods
15 eyes of patients affected by keratoconus
were treated. Average age was 21.8 years.
Imbibition was performed for 4 minutes,
one drop every 60 second with 0.250%
riboflavin ophthalmic solution followed by 6
minutes using 0.185% riboflavin ophthalmic
solution. At the end cornea was rinsed with BBS
and then Oxygen Mask was applied after
connecting the tube to oxygen cylinder (flow 2.5
litres/min). Oxygen saturation was monitored to
be always over 90% with Oxygen meter after
waiting of 2 minutes UV-A irradiation was
started using 30 mW pulsed 1 on 1 off Energy
10 Joule/cm².
Exposure time was 11 min, 6 seconds then after
treatment cornea a therapeutic contact lens
was applied.
Preliminary data evaluated was : Corneal
stability over time (Kmax at month 1, 3 and 6)
•

Average demarcation line depth at
1 month (µm)

•

Patient comfort
–
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Pain scale

•

Time back to work (days)

•

Rate of pain medication use and type of
medication

•

Time to removal of bandage contact

•

Complication rate

Results
Data showed an average demarcation line of
278 µm, no progression of Kmax after
6 months. Wong-Baker FACES Pain Rating Scale
was 2.8 in average and patient returned to work
after 2.8 days that was also the average time for
contact lens removal. A mild corneal edema was
noted in 2 patients one day after surgery that
resolved after one week.
Conclusion
These preliminary of epi-on Oxygen boost CXL
showed promising results for halting
keratoconus. We did not observe progression
of Kmax in all the patients. The demarcation line
depth was comparable to accelerated epi-off
protocol and procedure was safe and better
tolerated by the patients in terms of pain and
time to get back to the work.
Biography – Miguel Rechichi
Miguel Rechichi has completed his training in
ophthalmology and his PhD in Magna Graecia
University, Catanzaro, Italy. the Disso (Diploma
of Specialist Superior in Ophthalmology from
University of Lugano).
He is the founder and Director of Centro
Polispecialistico Mediterraneo in Catanzaro,
Italy where he is responsible for
Corneal/Refractive Surgery service. He was a
pioneer of cross-linking clinical application and
is involved in developing new accelerated and
combined cxl protocols other than topography
guided cross-linking He has published several
papers in reputed journals and has been
serving as an editorial board member of repute.

Revisiting the Safety of Corneal
Collagen Cross-linking Procedure:
Evaluation of the Effect of
Ultraviolet-A-radiation on the
Retinal Function and Structure
Authors
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increased (P=0.787), while MT at 1mm
(P=0.444), 3mm (P=0.039) and 5mm (P<0.001)
zone decreased.

Purpose

Biography – Apostolos Lazaridis

To evaluate the effect of ultraviolet-A-radiation
(UVA) on retinal function and structure after
corneal collagen cross-linking (CXL) procedure.

Apostolos Lazaridis specializes in corneal
surgery and external eye diseases, refractive
surgery and cataract surgery. He completed his
residency training and dissertation on corneal
refractive surgery at the Department of
Ophthalmology, Philipps University of Marburg,
Germany. He continued his corneal training at
the first Department of Ophthalmology of the
National and Kapodistrian University of Athens,
Greece and at Birmingham and Midland Eye
Centre, United Kingdom, where he served as a
corneal fellow. His research activity focuses on
refractive surgery, keratoplasty, keratoconus,
corneal wound healing and cataract surgery.

Materials and Methods
Seventeen eyes of 17 patients who underwent
CXL (Dresden protocol) for the treatment of
corneal ectasia were examined preoperatively,
at 2 and 6 weeks postoperatively with multifocal
electroretinogram and optical coherence
tomography. The P1 amplitude density (P1-AD)
of the central retinal response was documented
in 5 concentric rings, with ring 1 (R1)
representing the foveal response and rings 2–5
(R2-R5) corresponding to successive annuli of
stimulation. Visual acuity, corneal densitometry
at 0-2mm zone and 2-6mm annulus and
macular thickness (MT) (central, 1mm, 3mm and
5mm zone) were recorded.
Results
The preoperative values of P1-AD were
R1=109.96±28.96 nV/deg2, R2=49.8±14.46,
R3=29.85±8.9, R4=19.33±6.3 and
R5=16.39±5.48. At 2 weeks, these values were
R1=77.54±24.47, R2=36.55±12.53,
R3=21.53±7.71, R4=15.3±6.13 and
R5=13.32±5.48, showing a significant reduction
for R1-R4 (P≤0.026). The 6-week P1-AD was
R1=99.8±31.23, R2=40.67±16.39,
R3=24.98±7.13, R4=16.35±4.84 and
R5=13.76±3.98, showing no significant
differences compared to preoperative values
(P≥0.054). Corneal densitometry increased
significantly at 2 (P<0.001) and remained
increased at 6 weeks (P<0.001), showing
statistically insignificant correlations with 2week P1-AD (P≥0.553). The central MT

Conclusion
The return of P1-AD to preoperative
(physiologic) values at 6 weeks, confirms the
safety standards of the duration and intensity of
UVA-radiation as proposed by Dresden
protocol. However, a temporary postoperative
retinal dysfunction cannot be excluded.

Safety and Efficacy of Contact
Lens Assisted Corneal Crosslinking in Keratoconus With Thin
Corneas
Authors

Dr. Ahmed Shalabi - Kasr Alainy

Purpose
To detect the efficacy of doing contact lens
assisted corneal cross-linking in managing
patients with keratoconus and thin corneas
down to thickness 380 µm.
Materials and Methods
40 patients with evident keratoconus and thin
corneas with CCT less than 400 µm underwent
contact lens assisted corneal cross-linking. After
removal of the epithelium in the central 9 mm.
Contact lens (Hiaflicon) without UV filter is
placed in the inferior fornix while instilling the
riboflavin for 10 minutes over the cornea the
saturation of the cornea is confirmed by
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presence the of flare in the AC UV A is placed
with power 3mw for 30 minutes on the cornea
with contact lens over it. The thickness of
cornea and contact lens is confirmed to be
more than 400 µm. All patients did preoperative
corneal tomography specular microscopy and
postoperative AS-OCT to detect depth of
demarcation line as indicator for the efficacy of
CXL at 3 weeks, specular microscopy at
3 months to detect safety on endothelium,
ocular tomography at 9 months to detect
stabilization of the condition. All patients with
previous ocular operation, corneal scars, Vogt
striae and systemic disease are excluded. Only
patients between age 18 to 40 are included.
Progression of the condition is detected by
presence of increase in K-reading more than 1
diopter or the astigmatism 1.5 diopter.
Results
All patients had stabilization of the condition.
Specular microscopy showed no statistically
significant difference between preoperative and
3 months postoperative endothelial cell count.
The demarcation line is shown in all cases at
depth average of 180 µm. No statistically
significant difference between keratometric
reading, CCT preoperative and postoperative.
Conclusion
CA-CXL is effective and safe method to treat
progressive keratoconus in thin corneas down
to thickness 380 µm.
Biography – Moustafa Nour
Assistant lecture in Kasralainy Hospital, Cairo
University.
Finished my residency in Kasralainy Hospitals.
I am interested in keratoconus. Finished my
master thesis in the topic of keratoconus titled
comparative study of ICRS with intra-tunnel
cross-linking and ICRS with epi-off CXL in
managing keratoconus with my Professor
Mohamed Hosny and it was published in clinical
ophthalmology last year.
Attended many national workshops in
keratoconus topic.
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Participated in many national conferences like
Of EGSCOE in Egypt with my professor Ahmed
Mostafa Abdelrahman.

Safety and Efficacy of
Transepithelial Corneal Crosslinking With Supplemental Oxygen
in Keratoconus: 6 Months Clinical
Results
Authors
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Dr. Stephane Galiacy - Toulouse
Prof. François Malecaze - Toulouse

Purpose
To evaluate the efficacy and safety of
transepithelial (TE) corneal cross-linking (CXL)
with supplemental oxygen.
Materials and Methods
TE, pulsed, accelerated CXL was performed in
an oxygen-rich atmosphere on progressive
keratoconus patients. An oxygen goggle was
applied to the eyes to maintain a high level of
oxygen during treatment.
The main efficacy outcome was the mean
change from baseline in Kmax and the
secondary outcomes were the mean changes in
flat keratometry (K1), steep keratometry (K2),
mean keratometry (Km), best-corrected visual
acuity (BCVA), uncorrected visual acuity (UCVA)
and the demarcation line depth. The safety
outcomes were the incidence of adverse
events, the mean change in pachymetry and
endothelial cell count.
Results
Thirty-four patients were included. At 6 months,
the Kmax decreased by 1.43 ±1.46 D (P<0.001)
and BCVA improved by 0.069 ±0.177 LogMAR
(P<0.05). The K2 and Km decreased by 0.34
±0.82 D (P<0.02) and 0.33 ±0.73 D (P<0.01),
respectively. There was no change in K1 and
UCVA. The most frequent adverse event was
corneal haze. There were neither cases of
infectious keratitis or loss of more than 2 lines

in BCVA nor changes in pachymetry or
endothelial cell count.
Conclusion
TE-CXL performed in an oxygen-rich
atmosphere results in an improved Kmax and
BCVA with good safety. These promising
findings suggest that this procedure could be
safe and capable of halting the progression of
keratoconus.
Biography – Pierre Fournié
Current position: Professor of Ophthalmology in
the Department of Toulouse-Purpan, University
Paul Sabatier Toulouse III, France since 2011
Research interest in Cornea: keratoconus,
corneal transplantation, corneal wound healing.

Specialty Contact Lenses for
Keratoconus in the Era of Corneal
Cross-linking
Authors

Prof. Carina Koppen - University of Antwerp

Purpose
To investigate the potential of corneal crosslinking in avoiding specialty contact lenses in
newly diagnosed keratoconus patients by
analyzing the clinical stage of keratoconus at
diagnosis and the subsequent need for
specialty contact lens fitting and corneal crosslinking.
Materials and Methods
Study population consisted of patients who had
recently been diagnosed and referred with
keratoconus (within the last 2 years) and
attended the keratoconus clinic at Antwerp
University Hospital, Belgium and Maria
Middelares General Hospital, Ghent, Belgium,
between June 2013 and February 2018.
Exclusion criteria included referral delay,
reduced cognitive capabilities and prior surgical
procedures (corneal cross-linking, penetrating
keratoplasty, intracorneal ring segments or any
types of refractive surgery).

Results
Three-hundred and ninety-nine patients (722
eyes) were included in this study. Mean age was
24.7 ±6.5 years. Average maximal keratometry
was 51 ±5.2 diopters for the better eye and
58.4 ±9.6 for the worse eye. During follow-up,
199 eyes (27.6%) underwent cross-linking. At 6month follow-up, 58% of patients had been
fitted with specialty contact lenses, primarily
corneal rigid gas-permeable lenses (23.8%) and
scleral lenses (27.1%), whereas 39% of patients
either had no correction, wore spectacles or
conventional soft contact lenses. Ten patients
(2.5%) were lost-to-follow-up.
Conclusion
Keratoconus is still often diagnosed at a
relatively late stage. The majority of patients
required specialty contact lens fitting at referral.
Cross-linking was performed for progressive
disease in one third of eyes during follow-up. To
render specialty contact lens fitting superfluous
would require not only stabilization of the
disease by cross-linking but also and mainly
earlier diagnosis by means of screening.
Biography – Carina Koppen
-

Head of the Dept of Ophthalmology,
Antwerp University Hospital

-

Professor of Ophthalmology, University
of Antwerp.

Thyroid and Keratoconus
Authors
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Prof. James Randleman - Keck School of Medicine of
USC
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Purpose
Case Presentation illustrating the relation
between keratoconus and thyroid diseases.
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Materials and Methods
17-year-old lady was presented with Grave’s
disease and did partial thyroidectomy. She was
followed up for 12 years later for recurrent
chalazia and Blepharitis and stable unaided
visual acuity of 20/20 in each eye and also
stable thyroid state.
At the age of 29 year she developed
keratoconus in the right eye and cross-linked
with the classical Dresden protocol.
She was followed up for ten more years with
regular ophthalmic examination and annual
Pentacam to follow-up the Cross-linked eye and
the other non-keratoconic eye and the thyroid
state.
At the age of 39 she developed a hypothyroid
state and was planned to start treatment; she
developed Keratoconus in the left eye.

Authors

Prof. Joseph Frucht Pery - Hadassah university
hospital

Purpose
To describe treatment of 2 cases with postLASIK ectasia
Materials and Methods
2 patients showed with unilateral ectasias, 5
and 12 years, after uneventful LASIK
procedures for low myopia. Fellow eyes had
UDVA in the range of 6/6. The ectatic eyes had
significant changes in topography and
spectacles corrected cylinders to almost 6/6
vision.
Results

Results

Uneventful corneal cross-linking was done in
both, ectatic, eyes. 18 months later, after
corneal stabilization, PRK was done to correct
the anisometropia.

This case study shows that there is a relation
between Keratoconus and thyroid hormones.

6 months after the PRK procedure, the UDVA
was 6/7.5 in each eye.

Conclusion

Conclusion

-

All keratoconus patients should be
screened with free T3, Free T4 and TSH,

-

All patients with thyroid gland diseases
should be examined and followed up by
ophthalmologist,

CXL followed by PRK can be useful in selected
cases of post-LASIK ectasia. Significant waiting
period prior to PRK procedure may provide
stable outcome without corneal scarring.

Accelerated epi-off cross-linking was done for
the left eye at the age of 39 years.

-

LASIK should be reconsidered for patients
with thyroid diseases,

-

Cross-linking has a stable effect after
ten years of the procedure.

Biography – Ahmed Elmassry
-
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Treatment of Post-LASIK Ectasia

Professor of Ophthalmology, Head of
Ophthalmology Department, Faculty of
Medicine, Alexandria University, Egypt,
Member of the Promotion committee for
Professors and Assistant professors in
Egyptian Universities, Technical director of
ROAYA vision center.

Biography – Joseph Frucht Pery
Director of Cornea and Refractive Surgery Unit
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Up to Ten-year Results After
Corneal Collagen Cross-linking
With Riboflavin and UV-A
Irradiation (CXL) for Keratoconus –
When to Repeat CXL?
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Purpose
This study analyses long-term efficacy and
safety of corneal collagen cross-linking with
riboflavin and UV-A irradiation (CXL) for
progressive keratoconus, and determines when
to repeat CXL.
Materials and Methods
168 eyes of 131 patients (male:female = 95:36)
were treated with standard CXL, comprising
abrasion, application of iso-osmolar
riboflavin/dextran eye drops for 30 min, and
application of UV-A irradiation at 3 mW/cm² for
30 min. Retrospective follow-up was 1 (n=103
eyes) to maximum 10 years (n=44 eyes).
Inclusion criteria were increase of maximum
surface radius of curvature (Kmax measured with
Pentacam HR) >1D and corneal thickness
>400µm after abrasion. Paired t-test or
Wilcoxon matched-pairs signed rank test were
conducted for parametric or nonparametric
data, respectively.

visual acuity (LogMAR) significantly decreased
by 0.13 after 5 and 0, 12 after 10 years (P=0.013
and P=0.010).
CXL-responders were defined by postoperative
stabilisation of Kmax, i.e. increase <2D or any
decrease of Kmax. 1, 7 and 10 years after CXL,
87.8%, 81.1% and 66.7% of eyes met the
responder criteria. 4 eyes were re-treated after
first CXL without complications.
Conclusion
CXL can slow down or even stop the
progression of keratoconus. However, beyond
5 years postoperatively we noted a decline in
the responder rate. We advocate to examine
patients at regular intervals especially after
5 years post CXL, to recognize and re-treat a
progression early.
Biography – Franziska Seifert
Ms. Franziska Seifert was born in Würzburg,
Germany. She studied medicine at the LudwigsMaximilians University in Munich and at the
Julius-Maximilians University in Würzburg,
where she obtained her medical degree in
2019. Now, she is doing her residency at the
Department of Ophthalmology at the university
hospital Würzburg. Ms. Seifert is doing her
doctoral thesis about CXL for progressive
keratoconus.

Results
1 to 3 years preoperatively, median of Kmax and
K2 significantly increased by 1.5D (P=0.001) and
1.1D (P<0.001). 9 to 6 months preoperatively,
both Kmax and K2 increased by 1D (P=0.007) and
1.4D (P<0.001). Apical corneal thickness
diminished by 12µm at 1-3 years pre-op
(P=0.003).
After CXL, median K2 increased by 0.1D after
1 year, but then decreased over the remaining
postoperative period by 0.85D (P=0.021) after
10 years. Mean apical corneal thickness
decreased by 11µm (P<0.001), 9µm (P=0.014)
and 3µm (P=0.358) after 3, 7 and 10 years,
respectively. Median Kmax showed high variation
without significant change. After 10 years Kmax
rose by 0.1D (P<0, 001). Mean best-corrected
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CXL Plus
(Combination
procedures)
Effect of corneal cross-linking on
epithelial remodeling and
refractive state after laser in situ
keratomileusis and all surface laser
ablation
Authors
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Purpose
To compare the epithelial remodeling and
refractive state after utilizing corneal crosslinking (CXL) or not on femtosecond laser in situ
keratomileusis (FS-LASIK) and all surface laser
ablation (ASLA).
Materials and Methods
This study included 44 eyes undergoing FSLASIK-Xtra, 44 eyes undergoing ASLA-Xtra, 70
eyes undergoing FS-LASIK and 70 eyes
undergoing ASLA. Outcome measures included
corneal epithelial thickness obtained by spectral
domain optical coherence tomography,
uncorrected distance visual acuity (UDVA) and
manifest refraction preoperatively and 1 week,
1 month, 3 months and 6 months
postoperatively. Regression analysis was
performed to investigate the association
between changes in epithelial thickness and
refractive parameters.
Results
At postoperative 6 months, all eyes achieved
UDVA of 20/40 or better, and 89% of FS-LASIKXtra eyes achieved UDVA of 20/20 or better,
compared to 93%, 84%, and 84% respectively in
FS-LASIK, ASLA-Xtra, ASLA. For FS-LASIK-Xtra,
the mean epithelial thickness of the center (2mm diameter), para center (2- to 5-mm
diameter), and pericenter (5- to 7-mm diameter)
increased by 2.83 ±5.85, 2.63 ±5.43, and -0.57
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±5.39 μm, respectively; increases of -1.06 ±5.21,
-1.35 ±4.74, and -2.98 ±4.05 μm were observed
following ASLA-Xtra, increases of 5.32 ±4.32,
5.09 ±3.22, and -1.06 ±2.52 μm were observed
following FS-LASIK, increases of 3.80 ±5.64, 4.39
±4.76, and 0.82±3.74 μm were observed
following ASLA, indicating a significant
difference in the central, paracentral, midperipheral areas (P<0.001, P<0.001, P<0.001).
Some correlations were found between the
preoperative SE, optical zone diameter and the
postoperative epithelium thickness.
Conclusion
CXL doesn’t affect the postoperative refractive
state but induces less epithelial hyperplasia.
Postoperative epithelial remodeling seems to
have a weak correlation with postoperative SE.
Biography – Nanji Lu
Nanji Lu is a postgraduate student following
Prof. Qinmei Wang and Prof. Shihao Chen at
Wenzhou Medical University/State Key
Laboratory of Optometry, Ophthalmology, and
Vision Science in China, he is also a research
fellow following Prof. Ioannis M. Aslanides at
Emmetropia Mediterranean Eye Clinic. His
interests are customized refractive surgery and
CXL, diagnosis of KC (joins study with Prof.
Renato Ambrósio Jr), corneal biomechanics
(joins Wenzhou group under Prof. Elsheikh
Ahmed’s lead). He has published 1 article in JRS
and 1 poster in ESCRS for the first author.
Attachments

Intracorneal ring segment
implantation in keratoconus: about
63 eyes
Authors

keratoconus and the change of subbasal nerve
within 1 year after the treatment by using an
automated analysis system of in vivo confocal
microscopy (IVCM) images.

Dr. Yasser Rifay - Dr Rifay Ophthalmology Center

Materials and Methods

Purpose

Intracorneal ring segment implantation is safe
and gives good visual outcomes in more than
80% of cases, reduces HOA, K readings,
increase VA and quality of life.

This prospective study included 19 eyes of 18
patients with keratoconus before after CXL
combined with PTK. The uncorrected visual
acuity (UCVA), best-corrected visual acuity
(BCVA), intraocular pressure (IOP), Kmax and
the following in vivo confocal microscopy (IVCM)
parameters were calculated with ACCMetrics
(MA Dabbah, Imaging Science and Biomedical
Engineering, Manchester, UK) before and after
1, 3, 6, 12 months following the treatment:
corneal nerve fiber density (CNFD), corneal
nerve branch density (CNBD), corneal nerve
fiber length (CNFL), corneal nerve total branch
density (CTBD), corneal nerve fiber area (CNFA),
corneal nerve fiber width (CNFW) and corneal
nerve fractal dimension (CNFrD).

Conclusion

Results

Intracorneal ring segment implantation is a very
useful tool in the algorithm of keratoconus
treatment, reduces the dependence to rigid
contact lenses.

Mean (SD) age of the 18 patients with
keratoconus was 22.27 (6.1) years (range, 1639years). The change in UCVA and BCVA was
respectively improved from 0.70 (0.38)
logarithm of the minimum angle of resolution
(LogMAR) at baseline to 0.63 (0.42) LogMAR (P＞
0.05) and from 0.21 (0.17) LogMAR to 0.14
(0.15) LogMAR (P=0.023). The change in Kmax
was statistically decreased from 54.78 (6.19) at
baseline to 52.83 (5.88) (P=0.003). Compared
with the mean (SD) preoperative CNFL of 21.03
(4.27) mm/mm2 in healthy corneas, the mean
(SD) preoperative CNFL of 11.38 (3.05)
mm/mm2 in the corneas of patients with
keratoconus. All selected images can be
identified, and the detection time is about 17
seconds per image by the software. The CNFD,
CNBD, CNFL were significantly decreased until
postoperative month 6 (P<0.05 at 1, 3, and
6months) and no nerve fibers could be
observed in IVCM images of 4 patients before
6 months. Then the nerve fiber tended to
regenerate and approached the preoperative
values at 12 months postoperative (mean CNFL
is 8.53[4.92] mm/mm2; P<0.001).

To study how to optimize results of intracorneal
rings segments in the treatment of keratoconus
and how to calculate them.
Materials and Methods
The author reports results in 63 eyes, analyses
UCVA, BCVA before and after ICRS implantation
in moderate and advanced keratoconus.
Results

Biography – Yasser Rifay
Dr Rifay Yasser: cornea and refractive surgery
specialist.

In Vivo Confocal Microscopy
Automated Morphometric Analysis
of Corneal Subbasal Nerve Plexus
in Patients With Keratoconus
Before and After Cross-Linking
Combined With Phototherapeutic
Keratectomy
Authors
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Purpose
To investigate the efficacy of collagen crosslinking (CXL) combined with phototherapeutic
keratectomy (PTK) in the treatment of

Conclusion
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CXL combined with PTK procedure seems to be
a safe and effective treatment for keratoconus.
The corneal nerve is obviously damaged at early
stage postoperative and begins to regenerate
after 6 months.

To evaluate the effectiveness of using various
sequence for the combined treatment of stage
II-III keratoconus.

Following clinical and functional indicators in
the 1st group were observed: UCVA increased
from 0.11±0.11 to 0.35±0.22; BCVA increased
from 0.67±0.19 to 0.79±0.22; Kmax decreased
from 48.41±2.26 to 46.05±2.69D; the manifest
refraction and the thickness of the cornea in
the keratectasia zone decreased from 1.82±4.28 to -1.46±2.85D, from -5.61±2.75 to
∙1.28±2.67D and from 468.4±32.29 to
459±32.71μm, respectively. In the 2nd group,
more significant increase in UCVA was observed
(from 0.18±0.12 to 0.64±0.13) in the follow-up
period; BCVA increased from 0.64±0.15 to
0.86±0.15; Kmax decreased from 49.05±2.69 to
44.15±2.43D; the manifest refraction and the
thickness of the cornea in the keratectasia zone
decreased from-1.83±3.39 to -0.33±0.61D; from
-3.97±1.51 to -1.05±1.40D and from
459.50±32.89 to 446.00±32.66μm, respectively.
The absence of significant differences in the
analyzed data between 1st and 2nd groups is
most likely determined by the small number of
the subset data.

Materials and Methods

Conclusion

In the period of 2017-2019 combined
treatment of stage II-III keratoconus was
performed in 20 patients (29 eyes) aged 18 to
46 years (mean age 29.11±6.86). Gender
distribution: 17-men (24 eyes), 3-women (5
eyes). Depending on the sequence of combined
treatment, all patients were divided into 2
groups: 1st group (11 patients, 14 eyes)
received corneal collagen cross-linking (CXL)
treatment followed by implantation of ICRS with
9.78±2.51 months period in between the
procedures; in 2nd group (9 patients, 15 eyes),
the first stage was the implantation of ICRS,
followed by corneal collagen cross-linking after
3.85±0.86 months. Patients of both groups
were comparable by the stage of keratoconus.
UCVA and BCVA, autorefractometry,
biomicroscopy, keratotopography, pachymetry
were assessed 12 or more months
postoperatively. CXL was carried out according
to a standard protocol. The corneal tunnel for
ICRS implantation was formed using a
Visumax® femtosecond laser (Carl Zeiss,
Germany).

Combined treatment of stage II-III keratoconus
allows to achieve high clinical and functional
results in long-term follow-up period. The
prospect of using ICRS implantation followed by
corneal collagen cross-linking is determined by
the possibility of corneal modeling and
obtaining an accelerated refractive result,
however it requires further observations.

Biography – Yu Liu
A PhD candidate of Central South University.

Possibilities of combined
treatment for stage II-III
keratoconus
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Purpose
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Results

Biography – Aleksei Titov
Doctor - ophthalmologist of the highest
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Department of Refractive Surgery of the St.
Petersburg branch of the Federal State
Autonomous Institution Scientific Research
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of MNTK “Eye Microsurgery”; In 2000 and 2012 Medical Director of the China-Russian
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Harbin Medical University (Dachin, China).
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works in the field of keratoconus research and
treatment.
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CXL preclinical /
translational
Biomechanical Assessment post
Laser Vision Correction: The new
CBI-LVC

Conclusion

Dr. Riccardo Vinciguerra - Humanitas San Pio X
Hospital, Milan
Prof. Paolo Vinciguerra - Humanitas University

In conclusion, our study introduces LVC-CBI
which was shown to be highly sensitive and
specific alone to separate stable from ectatic
LVC eyes. We suggest the use of LVC-CBI in
everyday clinical practice, together with
topography and tomography, to aid the
diagnosis of post LVC ectasia.

Purpose

Biography – Riccardo Vinciguerra

The aim of the study is to present a Corvis
Biomechanical Index (CBI), named CBI-LVC, that
aims to separate stable post Laser Vision
Correction (LVC) patients with post LVC ectasia.

Dr Riccardo Vinciguerra is currently a Cornea
and Glaucoma Specialist at Humanitas San Pio
X Hospital in Milan, as well as a research
collaborator at Biomechanical Engineering
Group, University of Liverpool, UK. Despite his
young age (33 years old), he is a very wellknown international researcher with various
peer-reviewed publications mainly in the field of
corneal biomechanics, refractive surgery,
corneal collagen cross-linking and corneal
transplants. Dr. Vinciguerra is the author of 60
original scientific articles in peer-reviewed
journals and received 5 prizes and awards. His
work has been cited more than 700 times with
an h-index of 13.

Authors

Materials and Methods
This new index was created using a very large
database of normal, keratoconus, stable post
LVC patients (PRK, LASIK and SMILE) and
diagnosed post LVC ectasia. In details we
included a total of 4422 eyes of which 1507
normal, 1240 keratoconus, 449 post-LVC stable
patients and 21 post-LVC ectasia. To be able to
provide a semi-automatic separation also an
index to separate keratoconus patients from
LVC was created. As a matter of fact, both of
these patients would appear abnormal with CBI.
Logistic regression was employed to determine
the optimal combination of best predictors
from the individual indices for the creation of a
Corvis Biomechanical Index (CBI-LVC) for the
accurate separation between post LVC and
keratoconus and between stable post LVC and
LVC induced ectasia. To avoid overfitting 80% of
the database was used as training dataset and
20% was used as validation.
Results
With a cut-off value of more than 0.353 a mild
modification of the published CBI has a
sensitivity of 87.8% and a specificity of 95.8% to
separate normal from Kc/post LVC. The second
index, which was aimed to separate
keratoconus from post LVC, with a cut-off of
0.7266 had a sensitivity of 94.0% and a
specificity of 93.2%. At last the CBI-LVC was able
to accurately separate stable post LVC from
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ectasia after LVC with a sensitivity of 94.1% and
a specificity of 95.5%.

Classification of Dynamic Corneal
Response Parameters Concerning
the Severity of Keratoconus Using
an Air-puff Scheimpflug
Tonometer – A Machine Learning
Study
Authors
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Purpose
To investigate machine learning procedures to
differentiate different severities of keratoconus
(KC) by dynamic Scheimpflug tonometry.

Materials and Methods
This prospective and monocentric study
included 297 keratoconic and 134 healthy eyes.
The biomechanical assessment of theses eyes
was performed with the dynamic Scheimpflug
Analyzer (Corvis ST, Oculus, Wetzlar, Germany).
Dynamic corneal response parameters (DCR)
were chosen by their relevance in keratoconus
patients and checked for multicollinearity
before they were included to the models. The
severity of KC was determined by the
Topographical Keratoconus Classification
system (TKC) by Pentacam (Oculus, Wetzlar,
Germany). Patients and participants were
matched by intraocular pressure (bIOP) and
age. Cases with “TKC 1-2”, “TKC 2-3” and “TKC 34” were assigned to TKC 1, TKC 2 and TKC 3,
respectively. Cases of TKC 4 and incomplete
database were excluded from the analysis.
Random Forest (RF) and linear discriminant
analysis (LDA) were used to develop the models
by using R statistics. Database were divided into
training dataset (70% of cases) and test dataset
(30%).
Results
In RF model, test dataset showed a sensitivity
(sn) and specificity (sp) of 98%/89%, 52%/94%,
57%/85% and 67%/94% for healthy controls,
TKC 1, TKC 2 and TKC 3, respectively. The overall
accuracy was 71.5%. In LDA model, sn and sp
was 94%/96%, 73%/95%, 86%/89% and
77%/98% for healthy, TKC 1, TKC 2 and TKC 3,
respectively. The overall accuracy was 78%.
Corneal thickness parameters (pachymetry and
ARTh) had the strongest impact on both models
followed by SPA1. The LDA model was
significant more precise than RF (P=0.016).
Conclusion
It can be concluded that LDA model showed a
higher accuracy than RF model detecting the
stage of keratoconus. Main influencing DCRs
are reserved for pachymetric parameters.
Biography – Robert Herber
Robert Herber is a Ph.D. student at University
Hospital Carl Gustav Carus (Department of
Ophthalmology), TU Dresden, Germany. He
studied optometry at the University of Applied

Science (EAH) Jena. After that, he graduated
from EAH Jena with a master’s degree in
optometry and vision science. Following this,
Robert worked as an optometrist until he
started his doctoral studies in medical science.
Since his master thesis, Robert’s scientific
interests are in corneal cross-linking,
keratoconus, and biomechanics.

Clinical Outcomes of KeraVio
Using Violet Light Emitting Glasses
and Riboflavin for Corneal Ectasia
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Purpose
In the current standard corneal collagen crosslinking treatment method, the epithelial
debridement can cause severe pain and visual
loss during the first few days after treatment.
We developed the novel technology of violet
light (VL) emitting glass which has the potential
to prevent the progression of corneal ectasia
without epithelial removal. We also defined the
combination of VL irradiation and riboflavin
treatment as KeraVio. To evaluate the clinical
results of KeraVio in patients with progressive
corneal ectasia.
Materials and Methods
Patients with a history of progressive corneal
ectasia were recruited in this prospective case
series study. Eyes exposed to VL (peak
wavelength: 375 nm, irradiance: 310 μW/cm²)
emitting glasses for 3 hours daily for 6 months,
during which riboflavin solution (flavin adenine
dinucleotide 0.05%) was simultaneously
repeated 6 times during the VL irradiation
under epithelium-on cornea. Corneal
topography, uncorrected and corrected
distance visual acuity, cylindrical refraction, slit
lamp examination, and measurement of
endothelial cell density were evaluated at
baseline and at 1, 3, 6 months after KeraVio. We
compared the results at 6 months after KeraVio
treatment with those from the baseline as well
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as the trend of changes over the 6-month study
period.
Results
The study enrolled 32 eyes with 16 patients.
Anterior maximum K (Kmax), posterior average
K values, thinnest corneal thickness, as well as
visual acuity and cylindrical refraction remained
stable over the 6-month follow-up (ANOVA,
p ≥ 0.744). No significant decrease in
endothelial cell density was observed and
corneal and lens transparency remained
unchanged. The mean increase in Kmax over
the preceding 1 year before baseline and the
during 6-month observation period was 4.88
±3.28 diopters (D) and -0.61 ±2.49 D (P<0.001).
Similarly, the mean change in corrected
distance visual acuity over time was 0.05 ±0.26
LogMAR and -0.02 ±0.17 LogMAR, respectively
(P=0.454).
Conclusion
Based on our 6-month results, daily treatment
of progressive corneal ectasia with KeraVio can
halt disease progression, without raising any
concern for safety. KeraVio may be another
minimally invasive treatment option for patients
with corneal ectasia. Further studies are
needed to confirm these findings and to
determine the optimal dosage protocol of VL
and riboflavin.
Biography – Hidenaga Kobashi
My clinical focus is in refractive surgery, contact
lens, corneal cross-linking, and diseases of the
anterior segment of the eye. As a clinician
scientist, my research interests include
translational projects such as corneal crosslinking and ocular drug delivery.

Depth-dependent Corneal UVTransmission After Application of
Riboflavin-solutions With
Concentrations Between 0.1% and
0.5%
Authors
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Purpose
During the corneal cross-linking (CXL), the
applied UV-radiation can be phototoxic against
endothelial cells and further posterior
structures. In this study, the available
intracorneal UV-light was investigated as a
function of corneal depth using differently
concentrated riboflavin-solutions ranging from
0.1% up to 0.5% riboflavin.
Materials and Methods
50 de-epithelialized porcine corneas were
separated in 5 groups and treated for 30
minutes with a 15% T-500 dextran-solution with
0.1% riboflavin (group 1), 0.2% riboflavin (group
2), 0.3% riboflavin (group 3), 0.4% riboflavin
(group 4) and 0.5% riboflavin (group 5). After
the treatment the relative intrastromal
riboflavin-fluorescence-gradients were
measured, using two-photon-microscopy. To
determine the absolute values of the riboflavinconcentrations, the corneas were saturated
with the correspondent riboflavin-solutions and
measured one more time. The depthdependent UV-intensity was calculated using
the measured intrastromal riboflavin-gradients
and the known extinction-coefficient of
riboflavin for 365 nm. The effect of a thin tear
film was included in the measurements. The
diffusion-coefficients were calculated for all five
groups.
Results
A reduction of the output intensity of 80% was
reached in a depth of 300 µm for 0.1%
riboflavin, 140 µm for 0.2% riboflavin, 70 µm for
0.3% riboflavin, 30 µm for 0.4% riboflavin and
10 µm for 0.5% riboflavin. There is a significant
difference in the diffusion-coefficients for the
different riboflavin-solutions (p>0.05).
Conclusion
With a higher concentration of riboflavin, the
intracorneal UV-transmission is attenuated,
which could be useful to crosslink corneas
thinner than 400 µm. A riboflavin-concentration

higher than 0.3% is not recommended, because
the expected stiffening effect is only superficial.

between S-CXL and flap-CXL. Each eye served
as its own control.

Biography – Maximilian Franke

Results

I finished my Master of Science in “Technical
Physics” 2017 at the Leibniz University Hanover.
In 2018 I started my PhD at the Laser Zentrum
Hannover e. V. In my PhD I will focus on the
diffusion of riboflavin and the biomechanics
during the CXL treatment.

Based on Brillouin maps, S-CXL had maximal
stiffening impact at the corneal surface and
extended through the anterior 40% of the
cornea, well below the depth of the LASIK flap,
while flap-CXL had maximal stiffening impact at
the LASIK flap interface, extending less than 50
µm above and below the interface. Maximal
stiffening effect was significantly less overall and
in the interface region using flap-CXL as
compared to S-CXL.

Depth-dependent Analysis of
Corneal Cross-linking Performed
Over or Under the LASIK Flap by
Brillouin Microscopy
Authors
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Purpose
To determine the impact of corneal crosslinking (CXL) performed over the flap or under
the flap on regional corneal stiffness using
Brillouin microscopy.
Materials and Methods
CXL was performed intact fresh porcine eyes
after LASIK flap creation using either the
standard technique of epithelial removal
followed by riboflavin drop application to the
corneal surface followed by UV exposure with
the flap in place using 3mW/cm² for 30 minutes
(S-CXL) or a modified technique with riboflavin
application to the posterior stroma after
reflecting the flap, followed by replacing the flap
and UV exposure with the flap in place using
3mW/cm² for 30 minutes (flap-CXL). LASIK flaps
were created using a mechanical
microkeratome. Depth profile of stiffness
variation and averaged elastic modulus of
anterior, middle and posterior stroma were
determined by analyzing Brillouin maps.
Corneas were cut into strips to conduct
mechanical stress-strain tests after Brillouin
microscopy to verify stiffness difference

Conclusion
The standard CXL technique for treatment after
LASIK flap creation generates significantly
greater stiffening effect than using a modified
protocol with riboflavin administration under
the flap. Minimal posterior corneal stiffening
occurs with either protocol.
Biography – Giuliano Scarcelli
Giuliano Scarcelli is a physicist specialized in
optical science and technology development.
He obtained his PhD in quantum optics from
UMBC under Prof. Yanhua Shih. Before joining
College Park, Giuliano was at the Wellman
Center for Photomedicine of Harvard Medical
School for eight years, first as a postdoc in Prof.
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professor. He maintains a visiting faculty
position at Harvard Medical School. Giuliano’s
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Determination and Mapping of
Corneal Stiffness in Keratoconic
Corneas
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Purpose
This research addresses an unmet clinical need
by making it possible to estimate corneal
biomechanical stiffness in vivo and how it varies
across corneal surface in keratoconic corneas.
Materials and Methods
While it is well known that keratoconus (KC)
leads to tissue softening, the degree by which
this softening takes place cannot still be
determined clinically and hence cannot be used
in the optimisation of collagen cross-linking
(CXL) treatment. An added difficulty is the
expectation that KC would not have a uniform
effect on the cornea, but rather the softening
would be concentrated at and around the KC
cone. This research addresses these two
challenges and presents technology that can
estimate the magnitude and distribution of
mechanical stiffness across corneal tissue. The
technology is based on representative
numerical modelling, leading to an algorithm for
estimating the full stress-strain relationship for
corneal tissue, which can then provide values of
the tangent modulus at any stress or
intraocular pressure level. The next step relies
on the proven link between the distribution of
collagen fibrils in corneal tissue and the
distribution of mechanical stiffness. It uses
microstructure maps of both healthy and KC
corneas to translate the stiffness value obtained
from the algorithm into a map of stiffness
across corneal surface.
Results
In preliminary results, a clear difference is
observed between normal and keratoconic
eyes. A relative reduction of up to 70% of the
total collagen fibrils is present inside the cone
area. The cone position and dimensions can be
evaluated with this method.
Conclusion
With this technology, clinicians can achieve a
number of important goals: (1) estimate
magnitude and distribution of stiffness in a KC
cornea and use them to optimise the CXL
treatment, (2) accurately quantify the disease
progression and decide when intervention was
needed, and (3) estimate magnitude and
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distribution of stiffness post-CXL to determine
the effectiveness of the treatment
Biography – Ahmed Elsheikh
Professor Elsheikh is the dean of the school of
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Early Term Results of the Stressstrain Index in Patients With
Keratoconus Submitted to Corneal
Cross-linking
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Purpose
To test the early term effect of corneal crosslinking (CXL) on the stress-strain index (SSI) in
patients with keratoconus.
Materials and Methods
Medical records of 31 patients undergoing CXL
were retrospectively evaluated before and at
least 4 weeks after the procedure. All patients
underwent complete ophthalmic examination
including Corvis ST (OCULUS Optikgeräte
GmbH; Wetzlar, Germany). The main outcome
measures were SSI and other dynamic corneal
response (DCR) parameters.

Results
The mean follow-up time was 53 ±42 days (28–
196). The SSI was significantly increased from
0.82 ±0.17 at the postoperative to 0.91 ±0.24 at
the postoperative (P=0.002).Among the DCR
parameters integrated inverse radius (IIR), time
to reach the first applanation (A1 time) and
corneal deflection during this time (A1
Deflection) were significantly reduced (P<0.05).
Central corneal thickness (CCT) was significantly
reduced, -17.54 ±15.17µm (P<0.001), while
intraocular pressure estimates provided by the
device, was significantly increased (1.03
±2.53mmHg, P=0.030), there was a smaller
change in the biomechanically corrected
intraocular pressure for soft corneas (bIOPs,
0.67 ±1.27mmHg, P=0.004).
Conclusion
Corneal stiffening induced by cross-linking
could be directly observed by means of SSI at
the early postoperative of patients submitted to
cross-linking.
Biography – Bernardo Lopes
Dr. Bernardo Lopes is a medical doctor
specialist in ophthalmology with fellowship
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Excimer Laser Assisted Corneal
Epithelial Pattern Ablation for
Corneal Cross-linking
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Purpose
Corneal collagen cross-linking (CXL) has shown
to provide an effective treatment modality in
arresting corneal ectasia, and is currently being
investigated for other indications. A major
downside of current CXL procedure is the need
of de-epithelialization, related to discomfort and
potential complications such as infection and
haze formation. The epithelium is removed,
currently in full, to allow for sufficient riboflavin
(RF) penetration to ensure effective CXL
treatment. In this study, we set out to evaluate
the possibilities of selectively removing the
epithelium using an excimer laser, creating
epithelial channels while over 60% of the
epithelium remains in situ.
Materials and Methods
Two-hundred-twenty porcine eyes were deepithelialized ex vivo, either fully (mechanical,
n=88) or patterned (SCHWIND Amaris excimer
laser, n=132). Consecutively, corneas were
impregnated with hypo- or hyperosmolar
riboflavin or WST11 (RF, RF-D, WST11, and WSTD respectively), or kept unimpregnated. Sixty
corneas were subsequently irradiated, inducing
CXL, with paired contralateral eyes serving as
controls. Outcome measurements included
strip extensiometry to assess CXL efficacy and
spectrophotometry, and confocal fluorescence
microscopy to determine stromal chromophore
penetration.
Results
All tested chromophores induced significant
CXL (P<0.001), increasing stiffness by 10.4%,
14.6%, and 13.X% in fully de-epithelialized
corneas, and 7.6%, 10.4%, and 11.5% in
patterned de-epithelialized corneas, for RF-D,
WST11 and WST-D respectively. Similar
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stiffening was seen for all formulations
(P=0.601) and both de-epithelialization
methods (P=0.564). Light transmittance was
significantly lower (P<0.001) after full compared
to patterned de-epithelialization, indicating
lower stromal chromophore concentrations in
the latter. Stromal chromophore penetration
depth was however comparable between fully
and patterned de-epithelialized samples, with
full RF penetration in all samples and
penetration depths measuring 591.7±42.8µm
and 592.9±63.5µm for WST11 (P=0.963), and
504.2±43.2µm and 488.8±93.1µm for WST-D
(P=0.669), respectively.
Conclusion
Patterned epithelial removal using excimer
laser allows for effective CXL. Chromophore
stromal concentration is however reduced.
Therefore, to assure CXL safety, parameters for
RF-based CXL may have to be adapted whereas
for WST11-based CXL no endothelial toxicity is
expected. Future in vivo studies are needed to
evaluate safety and the hypothesized benefits
of patterned de-epithelization in CXL.

Ex Vivo Whole Eye Assay for
Laboratory Analysis of Anterior
Surface Curvature Changes in
Normoxic and Hyperoxic Epi-On
Cross-linking
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Purpose
Corneal collagen cross-linking (CXL) can arrest
progression in corneal ectasia or induce
refractive shift in myopic, hyperopic, or
presbyopic patients. The impact of various CXL
protocols is, in part, clinically assessed by
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measuring changes in anterior surface
curvature via reduction in maximum
keratometry (Δkmax) or change in average
keratometry (∆kmean). Here, a benchtop assay
using ex vivo porcine eyes was developed to
enable laboratory evaluation of change in
anterior curvature in response to CXL
performed under normoxic and hyperoxic
conditions.
Materials and Methods
Ex vivo porcine globes were held in an
environmental chamber that allowed control
over temperature, intraocular pressure,
humidity, ambient oxygen concentration,
hydration, and photosensitizer loading.
Dynamic eye mounts and shutters provided
repeatable interfaces to cross-linking devices
and tomographic tools such as rotating
Scheimpflug cameras and swept-source OCT
systems. After acclimatization, verified via
stabilization of repeated ultrasound
pachymetry, epi-on eyes were cross-linked
under normoxic and hyperoxic conditions and
compared to negative (no CXL) and positive
(epi-off Dresden CXL) groups using ∆kmean (postCXL minus pre-CXL) as the primary metric.
Results
The apparatus was able to maintain negative
control eyes at a fairly constant state, with
change in keratometry readings of -0.41±0.18D
over a central 4mm treatment zone 90 minutes
after CXL. Eyes cross-linked using an
accelerated epi-on protocol in room air (0.22%
riboflavin with benzalkonium chloride,
30mW/cm², 1sec:1sec pulsing, 10J/cm²)
achieved flattening of -1.16±0.46D. Epi-on eyes
cross-linked using the same protocol in a
hyperoxic environment of >90% oxygen
achieved a statistically significant increase in
flattening of -1.85±0.47D (P=0.024). Epi-off
Dresden positive control eyes achieved
flattening of -2.67±0.61D. Eyes cross-linked with
an alternate epi-on protocol using riboflavin
formulated with sodium iodide resulted in a
small amount of flattening (-0.73±0.46D) that
was not statistically distinguishable from
negative control eyes (P=0.09).

Conclusion
A novel ex vivo assay has been developed to
enable laboratory evaluation of anterior
curvature change associated with CXL.
Environmental oxygen levels play a significant
role in determining the amount of achieved
flattening.
Biography – Desmond Adler
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ultraviolet A light (λ = 365 nm) for 10 min. The
multiphoton tomograph MPTflex (JenLab GmbH,
Germany) was used to acquired
autofluorescence (AF) intensity, AF lifetime, and
second-harmonic generation (SHG) images of
the samples prior to A-CXL and after 2h, 1, 3,
and 6 days. An 80 MHz Ti:sapphire laser
generating 100 fs pulses centered at 760 nm
was used for sample excitation. Control
samples were monitored at the same time
points.
Results
Significant increases in the corneal stroma AF
intensity and AF lifetime, indicative of an
increase in the number of crosslinks bound
between collagen, were observed as soon as 2h
after treatment. Data indicates a higher A-CXL
efficiency in the anterior portion of the stroma.
Changes in the SHG signal, correlated with an
increase in the collagen matrix organization,
were also observed 2h after treatment. No
significant changes were observed for the
control samples.
Conclusion

Femtosecond Laser Multiphoton
Tomography for Corneal Collagen
Cross-linking Evaluation
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Purpose
We propose a method for fast evaluation of the
outcome of accelerated corneal collagen crosslinking (A-CXL) using femtosecond laser
multiphoton tomography (MPT).

Using MPT, CXL outcome can be evaluated in a
fast, non-invasive, and label-free way, which
could improve the evaluation of treatment
efficiency.
Biography – Ana Batista
Ana Batista obtained her master’s degree in
biomedical engineering in 2010 at the Faculty of
Sciences and Technology of the University of
Coimbra and her PhD degree in April 2019 at
the University of Saarland. Her major interests
relate to the field of medical engineering, with
special focus for functional imaging of ocular
structures. Her current research activities aim
to study the morphology and metabolism of
corneal tissues using multiphoton microscopy.
Her work already resulted in participation in
several scientific meetings and scientific paper
publications.

Materials and Methods
De-epithelialized human corneas were crosslinked by infusion with 0.1% riboflavin solution
for 20 min followed by irradiation with
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Novel Ultrastructural Markers of
Collagen Distribution in
Keratoconus Patients: Imaging
With Ultra-high Resolution
Polarisation Sensitive OCT

collagen fibril structures in normal corneas
whereas in the keratoconus corneas we
observe deviation from the preferential
structure arrangement.

Authors
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retardation and axis orientation data derived
from a PS-OCT can be used as a reliable
method to classify between normal and
keratoconus eyes. These maps can also help us
track and analyse disease progression and
stability.
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Purpose
Polarization Sensitive – Optical Coherence
Tomography (PS-OCT) is a functional extension
of conventional OCT that provides us additional
information in terms of phase retardation and
axis orientation. This additional information is
known to represent collagen fibril structure
within the cornea. In this study we intend to
observe the change in collagen structure
arrangement in keratoconus eyes verses
normal eyes from the derived enface maps.
Materials and Methods
An ultra-high resolution PS-OCT system
operating at 840nm central wavelength was
used to image a total of 30 eyes, 15 eyes with
normal and 15 eyes with keratoconus. All scans,
11mm in size were acquired using a conical
scan setup enabling us to scan perpendicular to
the corneal surface giving us uniform signal
information throughout the cornea. Further,
Enface maps were generated using the stromal
information and the posterior surface
information from the extracted phase
retardation and axis orientation data. To ensure
repeatability all eyes were imaged at least 3
times.
Results
Enface maps (Figure 1) for keratoconus eyes
exhibited strong increase in phase retardation
data and abrupt changes in axis orientation
data in comparison to normal eyes that showed
gradual changes, and this can be prominently
observed through the depth of stroma. While
from the posterior surface information, we
clearly observe the preferential arrangement of
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Conclusion
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Outcome of Customized Corneal
Collagen Cross-linking for
Keratoconus Patients in Oman, 312 Months Results
Authors

Dr. Rashid Al Saidi - Ophthalmology Center - AFH
Dr. Mohamed Abdo - Ophthalmology Center - AFH
Dr. Ashoka Bandara - Ophthalmology Center - AFH
Mr. Jithin Babu - Ophthalmology Center - AFH

Purpose
To report 3-12months outcome of customized
corneal collagen cross-linking for keratoconus
patients in Oman.
Materials and Methods
This prospective study is planned to carry out at
the Ophthalmology Center, MOD Hospital,
Muscat, Oman with 12 months follow-up period
starting from 2nd September 2018.
Diagnosed keratoconus patients in the age
group of 12-30 with documented progression >
1 diopter over 6 months period and thinnest
pachymetry >400 µm were included in the
study. Epithelial ablation was done over the
specific targeted area and corneal collagen
cross-linking was carried out with application of
riboflavin followed by UVA light. The treatment
area and energy levels were customized

according to the topographic findings. Clinical
evaluation included uncorrected distance visual
acuity (UCVA), corrected distance visual acuity
(BCVA), corneal topography, pachymetry and Kreading. Assessment was scheduled as pre-op
and post op from 1 month, 3 months,
6 months, 9 months and 12 months.
Results
Total of 54 eyes were treated from 2nd
September to 17th October 2018. So far
9 months follow-up data is available in 39 eyes
for analysis. At 9 months; 95% (37 eyes)
Improved or remained stable of both UCVA &
BCVA while 5% (2 eyes) showed further
deterioration. Considering the corneal
steepness; 56% (22 eyes) showed reduction in
Kmax while 44% (17 eyes) showed further
steepening. Change in the Topographical
Keratoconus Classification (TKC); 38% (15 eyes)
showed an improvement in TKC while 59% (23
eyes) remained same. Only 3% (01 eye) showed
further deterioration. Considering the safety
profile; Delayed epithelial healing (>7 days) was
noticed in only 1 patient. Corneal haze (all grade
1) was noticed in 5 patients and persisted
beyond 30 days in only 1 patient. No other
Adverse Effects reported. (12 months data will
be available by end of October 2019).
Conclusion
Epithelium-off corneal collagen cross-linking
(CuRV) was safe and effective in stabilizing the
progression of keratoconus at 9 months for
most patients in this study group.
Improvements in patient visual function are
noteworthy. Early results of this novel
application of collagen cross-linking are
encouraging and longer-term data in larger
studies are required. Studies using Epi-Off CuRV
with pulsed, higher dose UVA may further
inform treatment parameter efficacy.
Biography – Rashid Al Saidi
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ophthalmologist and the head of
Ophthalmology Center at MOD hospital,
Muscat, Sultanate of Oman. He is the president
of the Oman Ophthalmic Society and the chief

editor of the Oman Journal of Ophthalmology,
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He earned Doctor of Medicine degree from
Sultan Qaboos University in Muscat, Oman and
completed his ophthalmology residency and
fellowship at University Eye Hospital, LudwigMaximillian University, Munich, Germany.
Dr. Rashid has passed the German Board of
Ophthalmology Examination (FACHARZT) and is
a fellow of European Board of Ophthalmology
(FEBO).
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Preliminary Results of the Kmap
Study in Russia
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Purpose
The goal of the Kmap study is to assess the
prevalence of keratoconus in children and
adolescents in various regions of the world.
Since there is a scarcity on overall health
information available for Russia, we conducted
this project to assess the prevalence of
keratoconus and its associated risk factors.
Materials and Methods
The Kmap was performed in the city of
Ufa/Russia, 1300 km east of Moscow. The
population of Ufa is 1.1 million. The sampling
frame consisted of inhabitants aged 7-18 years
that are living in Ufa. The target sample size was
3000 individuals for the region. The study
participants underwent a detailed interview and
ophthalmological examination. Keratoconus
was diagnosed on Pentacam images.
Results
After a first study period, the study included
1180 individuals (2362 eyes) (with a mean age
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of 11, 22 ±2, 97 years (range: 7-18 years)).
Assessable Pentacam images were available for
2354 (99, 66%) eyes with mean axial length 23.3±1.1 mm. Maximal keratometry above 43 D
was in 1170 eyes (49, 7%) (95%CI:44, 5, 44, 7),
while in 166 eyes (7.0%) (95%CI:46, 7, 47, 1) it
was above 46 D. There were 106 eyes with
corneal thickness below 500 µm
(4.5%) (95%CI:475, 9, 485, 1). There were 8 eyes
with maximal keratometry above 46 D and a
corneal thickness below 500 µm (0.34%)
(95%CI:475, 9, 485, 1). A higher maximal
keratometry (above 43 D) was associated with
lower corneal thickness (r = -0.160, p =0.001),
shorter axial length (r = -0.35 p =0.001).

Retrospective study done in Tishreen University
Lattakia, Tartous Specialist Eye Center Tartous,
Damascus university Damascus.
Inclusion Criteria: all patients included had
refractive errors and attended for a
consultation in view of undergoing Laser
refractive surgery.
Exclusion criteria: Corneal scars, surface eye
diseases, ocular pathologies, single-eyed, under
18 age.
All topography was performed using Sirius
tomographer CSO.

Conclusion

Results

The Kmap provides normative data for the Ural
region of Russia on prevalence and risk factors
for keratoconus. According to preliminary data,
the project allowed us to identify participants
with maximal keratometry above 46 D and a
corneal thickness below 500 µm who may
become candidates for CXL.

Sample size (2952) eyes.

Biography – Mukharram Bikbov
Professor of Ophthalmology.
Senior Vice President, Russian Ophthalmology
Society.
Director, Ufa Eye Research Institute, Ufa, Russia.

Mean age (31.72±11.73).
741 Female (50.1%) and male 738 patients
(49.9%), with no significant difference (P=0.94).
Keratoconus was found in 269 patients
representing a prevalence rate of (18.19%) and
suspect keratoconus in 200 patients (13.52%).
Prevalence rate of keratoconus in Damascus
Centre is (24.22%) 116 out of 479, in Lattakia
Centre (13.6%) 68 out of 500 patients and in
Tartous Centre (17%) 85 out of 500.

Prevalence Of Keratoconus Among
Patients Seeking Refractive
Surgery In Syria

A significant difference (P<0.0001) was found
between and inland city (24.22%) VS (15.3%)
coast cities.

Authors

Prevalence of suspect keratoconus in
Damascus Center was (10.44%), in Lattakia
Center (10.8%) and in Tartous (19.2%).
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Purpose
The prevalence of suspect and confirmed
keratoconus in patients consulted for refractive
surgery in Syria.
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Materials and Methods

Keratoconus distribution across age group as
follows: 16 patients (18.18%) between 18 and
19 years, 135 patients (18.52%) between 20 and
29 years, 75 patients (19.58%) between 30 and
39 years, 28 patients (20.14%) between 40 and
49 years, 13 patients (15.12%) between 50 and
59 years, 2 patients (3.7%) between 60 and
83 years, P<0.0001.
Suspect keratoconus distribution across age:
5 patients (5.68%) between 18 and 19 years,
71 patients (9.74%) between 20 and 29 years,

59 patients (15.4%) between 30 and 39 years,
36 patients (25.9%) between 40 and 49 years,
16 patients (18.6%) between 50 and 59 years,
13 patients (24.07%) between 60 and 83 years,
P<0.0001.
Conclusion
High prevalence of keratoconus was found
among patients seeking refractive surgery in 3
big major centers in Syria. Although this study
was carried out on highly selective population, it
may reflect a high prevalence rate in patients
with refractive errors in Syria. More prospective
studies are recommended.
Biography – Abdel Rahman Salman
Eminent refractive surgeon, regional and
international speaker, scientific advisor on
refractive surgery at Syrian Ophthalmic Society,
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Repeatability and Agreement of
Pentacam, Galilei & Sirius in
Paediatric Keratoconus and Its
Impact on Cross-Linking
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Purpose
To study repeatability & agreement of 3
Scheimpflug devices: Pentacam (Oculus,
Wetzlar, Germany), Galilei (Ziemer, Biel,
Switzerland) and Sirius (Costruzione Strumenti
Oftalmici, Florence, Italy) in measuring flat and
steep keratometry, thinnest corneal thickness in
paediatric patients (<18 years) with keratoconus
and with compound myopic astigmatism.
Materials and Methods
63 eyes of 66 paediatric keratoconus and 68
eyes of 72 compound myopic astigmatic
children used as controls underwent 3 scans on
each machine, performed by single operator.
Within- subject standard deviation (Sw), test–

retest repeatability (TRT) and coefficient of
variation (COV) for assessing repeatability and
Bland-Altman plots for agreement between
each machine were examined.
Results
The coefficient of variation of Pentacam (0.15–
0.48), Galilei (0.5–1.2) and Sirius (0.5–1.5) in the
paediatric keratoconus group. In the control
group, the coefficient of variation of Pentacam
(0.2–0.6), Galilei (1–1.6) and Sirius (0–3). There
was however no difference in repeatability
between the control and paediatric
keratoconus patients across all the three
devices.
Conclusion
Repeatability was highest with Pentacam in
paediatric keratoconus patients. Hence this
study demonstrates the importance of
repeating scans in paediatric keratoconus
population before documenting progression
and to check the repeatability range for each
device. It is also important to note that as there
were differences in agreement, the three
devices cannot be used interchangeably
before/after cross-linking.
Biography – Dr. Pavitra Patel
Cataract and Refractive Surgeon, Clinical and
Translational Scientist, Narayana Nethralaya,
Bangalore, India

Theoretical Explanation of
Tomographic Parameters of
Keratoconus Corneas
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Purpose
To verify finite element modelling (FEM) for the
simulation of keratoconus (KCN) and pellucid
marginal degeneration (PMD) using a focal
weakening assumption.
Materials and Methods
Corneal Scheimpflug-tomographies (Pentacam,
Oculus, Germany) of 400 eyes with manifest
KCN/PMD (Kmax <65 D, thinnest pachymetry
>400um) were classified for the eccentricity of
the maximum posterior elevation.
Categorization of eccentricity was performed in
0.5mm steps ranging from 0 mm for central
KCN to 4 mm for PMD. For each group
keratometric astigmatism, corneal wavefront
calculated 1st order astigmatism, coma, and
spherical aberration were analyzed and fit in
functions of eccentricity. The resulting functions
were compared to the aberrations of FEMsimulations for keratectasia ranging from
central KCN to PMD.
Results
Keratometric astigmatism, corneal wavefront
calculated 1st order astigmatism, coma,
spherical aberration as functions of eccentricity
of the maximum posterior elevation correlated
well with the simulations within the inner 6 mm
of the cornea (P<0.05). However, outside the
central 6 mm the simulation did not agree with
the clinical data.
Conclusion
Tomographic patterns ranging from central KCN
to PMD with a smooth transition may be
explained by focal weakening of the cornea at
different eccentricities.
Biography – Mirko Jankov
Mirko R. Jankov II, BA MD PhD (1970) completed
his specialization in ophthalmology in 2000
(Brazil), subspecializations in anterior segment,
cataract and refractive surgery in Brazil
and Switzerland. He completed fellowships with
Prof. Seiler (Switzerland) in 2001 and Prof.
Pallikaris (Greece) in 2004, while in 2006 he
defended the doctoral thesis in the field of
bioengineering. He led refractive surgery teams
in Brazil and Europe. Currently Dr. Jankov works
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Ultrastructural Studies of the
Lamellae, Collagen Fibrils and
Proteoglycans of the Central and
Peripheral Stroma of the Human
Cornea Treated With
Iontophoresis - UVA Cross-linking
and Hypotonic Riboflavin Solution
Authors

Prof. Saeed Akhtar - Cornea Research Chair, King
Saud University
Dr. Aljohara Alkanaan - Cornea Research Chair,
College of Applied Medical Sciences, King Saud
University
Dr. Ramachandran Samivel - Cornea Research Chair,
College of Applied Medical Sciences, King Saud
University
Dr. Rita Mencucci - Department of Surgery and
Translational Medicine, Eye Clinic, University of
Florence
Mr. Adnan Khan - Cornea Research Chair, College of
Applied Medical Sciences, King Saud University
Dr. Ali Masmali - Cornea Research Chair, College of
Applied Medical Sciences, King Saud University
Prof. Turki Almubrad - Cornea Research Chair,
College of Applied Medical Sciences, King Saud
University

Purpose
To investigate ultrastructural changes in the
lamellae, collagen fibrils and proteoglycans
central and peripheral stroma of the human
cornea treated with iontophoresis - UVA crosslinking and hypotonic riboflavin solution.
Materials and Methods
Normal corneal samples were treated with
Ricrolin+ ®, Sooft, Montegiorgio, FM, Italy, using
iontophoresis for 5 minutes and irradiated
using 3 methods;
Group 1: an irradiance UV-A at 3 mW/cm² power
for 30 minutes;
Group 2: an irradiance UV-A at 10 mW/cm²
power for 9 minutes;

Group 3: without irradiance power. Three
untreated cornea were used as a control. All
corneas were processed for electron
microscopy. The iTEM program was used to
analyze the CF diameter of each sample.

Results
The mean CF diameter of the peripheral cornea
of the ‘Group 1’ (24.43 ±3.08nm) was
significantly higher than the mean diameter of
the central cornea (21.84±4.24nm), whereas the
interfibrillar spacing was not significantly
different. In Group 2, the mean diameter of the
CF of the central cornea (18.76±3.17nm) was
significantly less compared to the diameter of
the peripheral cornea (22.48±2.84nm). The
spacing between the CF was also significantly
reduced. In Group 3, the CF diameter in the
central cornea (21.28±2.68nm) was also
significantly reduced compared to the diameter
of the peripheral cornea (23.80±2.28nm). There
were no variations in the area size of the
proteoglycans in the central and peripheral
cornea.
The ultrastructure of the stromal lamellae,
collagen fibrils and proteoglycans of the
peripheral corneal stroma were better
organized than the central stroma on the same
cornea in all Groups. The microfibrils within the
collagen fibrils were well organized in Group 1.
Conclusion
The good architecture of the corneal stroma in
the group 1, suggested that low UV-A intensity
for a longer period of time improve the
organization and size of the collagen fibrils. The
effect of the treatment was better in the
peripheral cornea than in the central cornea.
This could be due to the better reaction of the
collagen fibrils in at the periphery than in the
central part of the cornea.
Biography – Saeed Akhtar
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LASIK cornea, cross-linked cornea, bullous
keratopathy, granular dystrophy etc. These
diseases cause the cornea to become opaque.
Recently, he published the differences in
lamellar organisation of the periphery and the
centre of the keratoconus cornea and showed
the origin of the undulating lamellae above the
Descemet’s membrane at the periphery region
of the KC cornea.

Understanding Corneal Nerve
Morphology in Keratoconus and Its
Impact on Collagen Cross-Linking
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Purpose
To study the importance of corneal nerve
morphology and corneal dendritic cells (cDC) in
keratoconus (KC) & its impact on Collagen
Cross-Linking (CXL).
Materials and Methods
Arm 1: In this cross-sectional study, 33 eyes of
33 patients with keratoconus in one eye (Group
3) were compared with the other normal eye of
the same patients (Group 2) and 30 eyes of
healthy patients (Group 1). All patients
underwent corneal tomography on Pentacam
HR (Oculus, Wetzlar, Germany) and in vivo
confocal microscopy (IVCM) to assess corneal
dendritic cell density [cDCD] and subbasal
nerve plexus [SBNP] features.
Arm 2: In the Prospective Longitudnal arm of
this study, Pentacam HR and IVCM was
performed on 22 eyes of 22 KC patients
undergoing CXL, preoperatively and then at
6 months postoperatively.
Five images obtained with IVCM were analyzed
using an automated CCmetrics software version
1.0 for changes in SBNP in both arms. Corneal
Densitometry measurements were obtained
&expressed in standardized grayscale units
from Pentacam.
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Results
In the first arm, intergroup comparison showed
statistically significant reduction in corneal
nerve fiber density & length in Group 3 as
compared to Group 1 (P<0.001 and P= 0.001,
resp) & Group 2 (p =0.01 & P=0.02 resp).
Though corneal fiber length, diameter, area,
width, branch density & total branch density
were found to be higher in decentered cones,
only the corneal nerve branch density was
found to be statistically significant (P<0.01) as
compared to centered cones.
In Arm 2, 5 out of 22 eyes which had
significantly higher CDCD preoperatively had
significantly more haze on densitometry and
abnormal healing patterns observed on IVCM.
17 eyes postoperatively and normal healing
patterns on IVCM.
Conclusion
Quantitative changes in the corneal nerve
morphology can be used as an imaging marker
for the early diagnosis of keratoconus before
the onset of topography changes. Also, SBNP
features and cDCD may have an impact on the
outcome of CXL.
Biography – Pooja Mehta
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Unusual Ocular Bacteria Possibly
Driving Keratoconus: A
Translational Relevance
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Purpose
Keratoconus (KC) is known to be inflammatory
in nature. Inflammatory status and microbiome
influence each other in the body. Thus, we
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analysed ocular surface microbiome and tear
profile in KC patients.
Materials and Methods
After approval from ethics committee and
written informed consent, 15 healthy controls
and 34 KC subject underwent topography and
ocular surface examination. Swabs were
obtained from the lower corneal fornix of these
patients and microbiome analysis was
performed by V3-V4 amplicon sequencing
followed by bioinformatics analysis of long read
non-chimera sequences. Tear samples
collected using Schirmer’s strips was used to
measure 39 soluble factors by flow-cytometry
based multiplex ELISA.
Results
21 phyla, 53 classes, 103 orders, 213 families
and 515 genus were identified. Four phylaActinobacteria, Proteobacteria, Firmicutes and
Bacteroidetes, were dominant across the
groups. Actinobacteria reduced, but
Alphaproteobacteria increased across KC
grades compared to controls.
Propionibacterium was the predominant genus,
followed by Corynebacterium and
Staphylococcus. Lactobacilli, Streptococcus,
Rothia and Brevibacterium were reduced, and
Dienococcus, Brevundimonas, Phycicoccus,
Bacilluswere increased across KC grades. IL-8,
CD121 and MPO levels significantly correlated
with Actinobacteria. Proteobacteria positively
correlated with IL-17A and IL-12. Bacteroidetes
correlated with Perforin levels.
Conclusion
These suggest that, a unique ocular
microbiome signature of KC that correlated with
disease severity suggesting a causal
relationship with disease pathology. Association
between phyla and genera with tear molecular
factors indicate existence of interactions of
immune mediators with ocular surface
microbiome which may be pathologic in KC.
These findings may have implications in
understanding of disease pathology, treatment
outcomes and future therapeutics.

Biography – Pooja Khamar
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Refractive CXL
Comparing Long-term Outcomes
of Topo-Guided Removal of
Epithelium in Keratoconus (TREK)
vs Topo-Guided Photorefractive
Keratectomy With Simultaneous
Cross-linking
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Purpose
In patients with early keratoconus (KC) and
adequate thickness, simultaneous topo-guided
photorefractive keratectomy (T-PRK) and crosslinking (CXL) improves visual acuity and
regularizes the corneal surface. However, in
thinner corneas and decentered cones, stromal
tissue ablated to achieve a degree of
regularization would be unacceptable. We thus
devised a tissue saving approach – TREK.

Results
In TREK patients, Kmax reduced by 3.62 ±0.9D,
vertical coma by 0.56 ±0.3μm, RMS of higher
order aberration (HORMS) by -0.66 ±0.36μm
and TCT reduced by 35μm ±7.5 (P<0.05). In TPRK patients, Kmax reduced by 4.60 ±0.51D,
vertical coma by 0.79 ±0.18μm, RMS of higher
order aberration (HORMS) by -0.80 ±0.9μm and
TCT reduced by 63.5μm ±3.92 (P<0.05). In TREK,
corrected distant vision improved from 0.21 to
0.16; while in the T-PRK group the CDVA
improved from 0.18 to 0.06 LogMAR. Change in
uncorrected vision was similar between the two.
Conclusion
Our study shows that while T-PRK had better
visual, aberrometric & topographic outcomes, it
removed more tissue than TREK. TREK
significantly reduced maximum keratometry,
HORMS and vertical coma. In patients, with
steeper and thinner corneas who are
unsuitable for T-PRK, TREK could thus be a
viable alternative to improve visual quality.
Biography – Saloni Shah
Phaco-refractive surgeon, clinical and
translational scientist, Bangalore.

Materials and Methods
In this prospective, interventional study we
compared the visual, aberrometric and
topographic outcomes of 50 TREK patients and
56 T-PRK at 1-year post surgery.
For TREK, a customized elliptical ablation
pattern was planned, centered at the steepest
point on the anterior tangential curvature map
with maximum 25-µm stromal ablation using
the PTK-CAM module of the SCHWIND-Sirius
topographer (SCHWIND GmbH, Germany).
For T-PRK, the corneal wavefront (CW) algorithm
on SCHWIND Amaris Trans-PRK mode was used
to treat the corneal surface for a modified
refraction to limit stromal ablation to <40μm.
Manual removal of surrounding epithelium over
central 8 mm area was then followed by
accelerated CXL (0.1% riboflavin for 20 mins
and UV-A irradiation 9mW/cm² for 10 minutes)
in both groups.
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The new modified STARE-X EVO
Protocol: 2 years results of full
customized transepithelial ablation
and pachymetry guided
accelerated cross-linking (A-CXL)
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Purpose
To evaluate the changes in refractive outcomes,
corneal aberrations, and biomechanics after
custom T-PRK centered on cone apex guided by
epithelial mapping and combined pachymetry
guided A-CXL.

Materials and Methods
Multicenter retrospective study conducted on 3
Surgical Center:
100 eyes was treated. UDVA, CDVA, corneal
tomography and wavefront aberrometery preop and at month 1, 3, 6, 12, 24 was evaluated.
The platform was a SCHWIND Amaris 750s
platform linked with Scheimpflug Tomography
and KXL (Avedro).The treatment was shifted
toward the cone apex then cxl was performed
using 15 mW/5.4J pulsed 2:1.
Results
Corneal demarcation line was observed in all
cases after one month after (range 190 to 250
µm). After 24 months UDVA improved in both
group from 0.85 LogMAR to 0.65 and BDVA
significantly improved from 0.35 LogMAR to
0.12. Average gain in visual acuity was 2.2 lines.
Kmax flattening was > 3 diopter.
Conclusion
The protocol was effective for corneal
reshaping. The topo-guided apex-centered
ablation and epithelial map-guided epithelial
trend removal improved the efficiency of
original protocol reducing stromal ablation on
the apex.
Biography – Miguel Rechichi
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Maps After Patterned Corneal
Cross-linking (CXL)
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Purpose
To develop a spatially highly resolved, noninvasive and contact-free technique to measure
corneal strain distribution in rodent eyes, and
subsequently to investigate the effect of
patterned CXL.
Materials and Methods
Freshly enucleated rat eyes were obtained and
subjected to repeated biomechanical
characterization based on OCT elastography.
Measurements were performed under different
treatment conditions: (i) virgin, (ii) after epithelial
removal and hypoosmolar 0.5%riboflavin
instillation for 30 min, (ii) after patterned
accelerated CXL treatment at 9 mW/cm²for 10
min with either bow-tie, central or peripheral
UV irradiation patterns. For each measurement,
the eye was fixed in a silicon mold mounted
within a pressure chamber and aligned with the
OCT system. An ambient pressure variation of
approx. -2 mmHg was induced, while before
and after a volume OCT-scan was taken.
Corneal deformation was determined by
analyzing magnitude and phase changes of the
raw interference OCT signal.
Results
In the cross-sectional image, virgin corneas (i)
showed a rather homogenous compression
across the entire stroma. Riboflavin instillation
(ii) reduced corneal compression, while after
CXL treatment (iii), the sign of the strain
changed, and a bi-phasic distribution became
apparent. In the enface image, central corneal
tissue presented a well-defined distinct strain in
regions that were subjected to UV than those
without. No local differences were observed in
the posterior stroma. In the anterior stroma, an
irregular strain distribution was present, likely
arising from dehydration effects.
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Conclusion
Non-contact OCT elastography based on
ambient pressure modulation is a promising
technique for the analysis of spatially resolved
corneal strain. It holds promise to facilitate an
earlier diagnosis of corneal ectasia, but also to
improve the identification of material properties
for numerical simulations of refractive
surgeries. Patterned CXL treatment is effective
in locally modifying corneal strain distribution.
Biography – Sabine Kling
Dr. Sabine Kling is currently a junior group
leader at ETH Zurich and the recipient of a SNF
Ambizione grant. Her interests lie in the optical
imaging of biomechanical properties and their
subsequent use for refractive
simulations. She holds a PhD and a MSc degree
in Vision Sciences, both from the University of
Valladolid, Spain and a Dipl-Ing (FH) degree in
Physical Engineering from the University of
Applied Sciences in Isny, Germany.
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PACK-CXL for
keratitis
Corneal Cross-Linking in the
Treatment of Severe Corneal
Ulcers: Long-Term Follow-up
Authors

Dr. Pietro Rosetta - Humanitas University

Purpose
We treated severe infectious corneal ulcers with
antibiotic therapy and corneal cross-linking.
Materials and Methods
Ten eyes with severe keratitis and corneal
melting (4 Pseudomonas Aeruginosa, 2 Staph.
Epidermidis, 1 coagulase-negative Staph., 1
Strept. pneumoniae, 2 Acanthamoebae) were
treated with antibiogram-guided topical
antibiotic therapy and CXL. Minimum follow-up
was one year.
Results
Treatment healed corneal infection. OCT
showed long-term increase in stromal density,
tomographic stability, and no ectasia even in
thinned corneas (<300μm). Demarcation line
was deeper than 200 µm.
Conclusion
CXL-mediate increase in corneal strength
stabilized these severely damaged preventing
more invasive approaches.
Biography – Pietro Rosetta
Dr. Pietro Rosetta is Director of Ophthalmology
Department at Humanitas San Pio X in Milan
(Italy).
From 1990 to 1992 he worked as assistant at
the Eye Clinic of Ophthalmology Foundation A.
de Rothschild of Paris directed by Prof. Danièle
Aron Rosa.
Since 1997 he worked, as Corneal Unit Head, at
Ophthalmology Department directed by Prof.
Paolo Vinciguerra at Humanitas Research
Hospital.

Dr Pietro Rosetta is author of many
international scientific papers regarding CXL for
keratoconus and for infectious corneal ulcers,
transplantation of limbal stem cells, corneal
keratoplasty.
He has contributed to the development in Italy
of CXL.

Effects of Corneal Cross-linking
(CXL) Fluence on Resistance to
Enzymatic Digestion

Authors
Ms. Malwina Kowalska - Ophthalmology Section,
Equine Department, Vetsuisse Faculty,
University of Zurich, Switzerland
Dr. Sonja Hartnack Wilhelm - Section of
Epidemiology, Vetsuisse Faculty, University of
Zurich, Switzerland
Prof. Simon A Pot - Ophthalmology Section,
Equine Department, Vetsuisse Faculty,
University of Zurich, Switzerland
Purpose
PACK-CXL (photoactivated chromophore for
keratitis cross-linking) is a promising therapy for
infectious corneal melting. Our main goal was
to compare tissue stabilizing effects of standard
and increased fluence CXL protocols on ex vivo
porcine corneas in a pepsin digestion assay and
to investigate whether a maximum stabilizing
effect (plateau) is reached.
Materials and Methods
110 porcine eyes were randomly divided into 5
groups. All eyes were manually deepithelialized. Control eyes did not receive CXL.
The 4 treatment groups were CXL treated using
Peschke® D riboflavin solution saturation for
20-30 minutes and received a 5.4, 10.8, 16.2 or
21.6 J/cm² fluence treatment once the central
corneal thickness was below 750 µm. Eight-mm
full-thickness corneal buttons were excised with
a skin biopsy punch from the center of the
treated area. Corneal buttons were placed in
5 ml pods of pepsin solution, incubated at 28oC
and monitored daily. A linear model was used
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to compare corneal dry weights at day 8 (DW8)
and day 16 (DW16) between treatment groups.

Conclusion

A 44-year old male patient diagnosed with
odontogenic keratitis of left eye underwent an
epi-on cross-linking. Keratitis appeared against
the background of residual left maxillar canina
decay which was not treated in due course and
which developed into infected pulp tissue and
led to periapical abscess. Although the patient
received a successful systematic dental and
ophthalmological treatment with wide spectrum
antibiotics, the expected effect in the left eye
was not achieved after a three-month
ophthalmological therapy.

CXL increases the corneal stromal resistance to
enzymatic degradation. Quadruple fluence
protocols are significantly more efficient
compared to lower fluence protocols. A plateau
effect was not reached in this test series.

The patient was assessed preoperatively and
respectively 1 day, 1 week, 1, 3, 6 and
12 months after the procedure. Visual acuity
test (UCVA), Pentacam HR (Oculus, Germany)
and biomicroscopy were performed.

Biography – Malwina Kowalska

Results

Malwina graduated in 2015 from the Warsaw
University of Life Sciences with a Veterinary
diploma. She worked as a veterinary surgeon in
Asia for a year and then decided to specialize in
veterinary ophthalmology. She completed
one year of general rotating internship and a
second year of ophthalmology specialty
internship in the UK. During this time, she
developed an interest in corneal infectious
diseases. Since October 2019 she is a PhD
student at the University of Zurich working on
PACK-CXL protocol optimization under the
supervision of Prof SA Pot.

No side effects were observed during the
follow-up period. Clinical improvement was
noted since the first days after epi-on CXL:
photophobia disappeared, the eye calmed,
cornea partially regained its transparency.
UCVA improved from 0.5 to 0.6 in a month and
to 1.0 in one-year supervision period. Positive
dynamics of elevation and sagittal curvature
maps according to Pentacam examination was
noticed. Irregularity of front and back cornea
disappeared in one-year follow-up. The indices
of ectasia Belin/Ambrósio also improved in
one year after CXL. Corneal thickness map
showed thinning of cornea in one year, but less
fluctuation of indices in main points were
observed.

Results
CXL treated corneas had significantly greater
DW8 and DW16 compared to untreated
controls (P<0.001). Quadruple (21.6 J/cm²)
fluence protocol-treated corneas had a
significantly greater DW16 compared to single
(5.4 J/cm²) or double (10.8 J/cm²) fluence
protocol-treated corneas (P= 0<0.001 and
0.004, respectively).

Efficacy of Epi-On Cross-Linking in
Bacterial Odontogenic Keratitis:
Case Report
Authors

Dr. Tetyana Tabalyuk - Ternopil National Medical
University
Dr. Ahmed Al-Nawab - Bogomolets National Medical
University

Purpose
to evaluate a one-year efficacy of epi-on crosslinking in bacterial odontogenic keratitis.
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Materials and Methods

So, gradually pain and corneal syndromes were
alleviated during a one-year period after epi-on
cross-linking of bacterial odontogenic keratitis.
Visual acuity increased, keratometric,
topometric and pachymetric data normalized,
front and back corneal irregularity disappeared.
Conclusion
Epi-on cross-linking was a safe and effective
therapeutic option in treating bacterial
odontogenic keratitis. For better understanding
of the phenomenon more investigations and
longer period of follow-up are necessary.

Biography – Ahmed Al-Nawab
Graduated from Ternopil State Medical
University (Ternopil, Ukraine) in 2016. Was
member of ophthalmological students’ scientific
circle under leadership of As. Prof. Tetyana
Tabalyuk. Finished postgraduate education in
Bogomolets National Medical University (Kyiv,
Ukraine) and got certificate of specialized
training in medicine (clinical ordinatura) in 2019.
Confirmed the level and specialty in Ministry of
Higher Education and Scientific Research
Scholarships and Cultural Relations Directory
Republic of Iraq, Starting his work as a doctor in
native Baghdad (Iraq).

In Vitro Efficacy of Accelerated
High-fluence PACK-CXL With
Riboflavin for Bacterial Keratitis

Authors

Dr. Francesca Gilardoni – ELZA Institute; Ocular Cell
Biology Group, Center for Applied Biotechnology and
Molecular Medicine, University of Zurich, Switzerland
Mr. Hendrik Koliwer-Brandl - Institute of Medical
Microbiology, University of Zurich, Zurich, Switzerland
Dr. Hormoz Abdshahzadeh - Ocular Cell Biology
Group, Center for Applied Biotechnology and
Molecular Medicine, University of Zurich, Switzerland
Dr. Reyhaneh Abrishamchi - Ocular Cell Biology
Group, Center for Applied Biotechnology and
Molecular Medicine, University of Zurich, Switzerland
Mrs. Nikki Hafezi - ELZA Institute
Dr. Emilio Torres – ELZA Institute; Ocular Cell Biology
Group, Center for Applied Biotechnology and
Molecular Medicine, University of Zurich
Prof. Reinhard Zbinden - Institute of Medical
Microbiology, University of Zurich, Zurich, Switzerland
Prof. Farhad Hafezi - ELZA Institute; Ocular Cell
Biology Group, Center for Applied Biotechnology and
Molecular Medicine, University of Zurich, Switzerland

be accelerated to allow for its use at the slit
lamp.
Materials and Methods
Bacterial solutions of 107 colony forming units
(CFU) per mL were prepared with 0.1%
riboflavin (Streuli Pharma AG). for
Staphylococcus aureus. 11 µl of the mentioned
solution, corresponding to an edematous
human cornea, were irradiated with 15 J/cm²
with a custom-made UV-Lamp at 365 nm. The
same fluence was delivered with standard
(slow) and accelerated (fast) protocol. The
settings for standard CXL were 9 mW/cm² with
irradiation time of 27.8 minutes. The settings
for accelerated treatment were 36 mW/cm²
with an irradiation time of 6.9 minutes.
Irradiated solutions and controls were diluted,
plated and incubated for 24 to 48 hours at
37°C. The number of CFU was counted and the
killing ratio was calculated. Additionally, the
following strains were tested with accelerated
PACK-CXL: Pseudomonas aeruginosa and
Achromobacter xylosoxidans.
Results
The mean fast and slow killing ratios for
S.aureus were 73.33% and 96.36%, respectively.
In accelerated PACK-CXL, we obtained killing
ratios of 74.68% for P. aeruginosa and 52.57%
for A. xylosoxidans.
Conclusion
Although the bacterial killing ratios of highfluence PACK-CXL are currently lower in
accelerated protocols when compared to slow
irradiation, they show promising numbers. In a
next step, we will optimize the technical settings
and use additional enhancers to increase this
killing rate.

Purpose

Biography – Francesca Gilardoni

The interest in ophthalmological treatments
that constitute an alternative to antimicrobial
agents is rapidly growing. PACK-CXL may
represent such an alternative, especially if it
could be used at the slit lamp in an accelerated
manner. We have recently shown that highfluence PACK-CXL distinctly increases the
bacterial killing ratio. The purpose of this study
was to test whether high-fluence PACK-CXL can

Dr. Francesca Gilardoni is currently working as a
research assistant in the Ocular Cell Biology
Group in the University of Zurich, Switzerland,
as completion of her residency training in
Ophthalmology. Her research focuses on
corneal cross-linking for keratoconus and PACKCXL.
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New Applications of Corneal
Collagen Cross-Linking in
Veterinary Medicine
Authors

Ms. Manuela Crasta - Visionvet
Mr. Kevin Arteaga - Visionvet

Purpose
To introduce newer applications of corneal
Collagen Cross-Linking (CXL) in veterinary
patients.
Materials and Methods
We evaluated the use of an accelerated CXL in
other applications of corneal diseases not
reported to date. The first group included
patients with deep corneal ulcer (>300µm). The
second group includes cases with a
heterologous full-thickness corneal transplant
and then developed signs of corneal graft
rejection. The third group consisted of dogs
with diffuse pigmentary keratitis in which CXL
was applied after a superficial anterior stromal
keratectomy. Size and depth of the ulcer,
epithelial healing time (EHT), stromal filling rate,
corneal transparency, and complications were
recorded. SD-OCT or Pachymeter
measurements were obtained before CXL
procedures for corneal ulcer as well as for the
evaluation of corneal pigment.
Results
Complete resolution of deep corneal ulcer
group was observed in 80% of cases (3/15), and
with an average of EHT was 13.6 days (421 days). Three dogs required rescue treatment
with a corneal keratoplasty, two of them
because of corneal perforation and one due to
a worsening in ulcer depth. With regards to
corneal transplant group, signs of rejection
after corneal transplantation improved after the
application of CXL, better integration of corneal
graft and increasing in corneal transparency
were observed. In the group of diffuse
pigmentary keratitis, although corneal pigment
was recurring slowly, visual function improved
because corneal pigment was less dense. No
other complications were reported in any
group.

66

Conclusion
Corneal collagen cross-linking can be used with
safety and efficacy in dogs with deep corneal
ulcers. CXL could be an option to regress
corneal vessels and improve corneal graft
survival and transparency. CXL may delay
deposition of corneal pigment by regression of
pre-existing corneal blood vessel, thus
improving visual function of dogs. This present
pilot study can serve in the design and
implementation of larger scale efficacy studies
for these new applications of CXL.
Biography – Manuela Crasta
Manuela Crasta graduated from the Faculty of
Veterinary Medicine, University of Perugia, Italy.
From this moment she began her career in
ophthalmology starting in Rome, continuing at
University of Paris, Long Island Vet Specialists,
Florida, North Carolina and ending at the
University of Barcelona in Spain. She was
Doctorate Student in the Small Animal Clinic of
the veterinary faculty, University of Messina,
during which she completed her doctoral
Thesis: Bleomicine as a treatment for palpebral
SCC in cats. She created Visionvet an eye clinic
where she works with a team fully involved in
the animal vision health.

Results of the multicenter RCT on
PACK-CXL
Authors

Prof. Farhad Hafezi - ELZA Institute; Ocular Cell
Biology Group, Center for Applied Biotechnology and
Molecular Medicine, University of Zurich, Switzerland
Dr. Rohit Shetty - Narayana Nethralaya
Dr. Boris Knyazer - Department of Ophthalmology,
Faculty of Health Sciences, Soroka University Medical
Center, Ben-Gurion University of the Negev, BeerSheva
Prof. Qinmei Wang - WenZhou Medical University
Prof. Shihao Chen - WenZhou Medical University
Dr. Emilio Torres – ELZA Institute; Ocular Cell Biology
Group, Center for Applied Biotechnology and
Molecular Medicine, University of Zurich, and the
PACK-CXL Study Group

Purpose
Severe visual impairment due to corneal
infection is a major cause of global blindness.
The socioeconomic costs related to corneal
ulcers and their treatment are immense. PACKCXL (photoactivated chromophore for infectious
keratitis-corneal cross- linking), in contrast, does
not require expensive medication, but rather
Vitamin B2 solution and a light source. In
addition, previous data show that PACK-CXL is
also efficient in antibiotic-resistant and mixed
infections. Our objective was to analyze
the time to corneal epithelization with PACKCXL as a first-line treatment in early infectious
corneal ulcers, and compare it to the current
standard of care, antimicrobial therapy.
Methods
This is a prospective, interventional, multicenter,
randomized controlled phase-III clinical trial.
Inclusion criteria were infiltrates and early
ulcers up to 4 mm in diameter and 350 μm
depth. If patient was on antibiotic/antifungal
therapy, it was interrupted at least one day
prior to PACK-CXL treatment. Patients were
randomized into two groups: PACK-CXL only or
Medication only. In the PACK-CXL group,
epithelial removal around the borders was
followed by application of a riboflavin and
irradiation with UV-A (total energy 5.4 or
7.2J/cm2). The medication group received the
current standard of care, antimicrobial therapy.
Time of corneal re-epithelialization was
compared in both groups.
Results
Twenty-seven patients were included in this
phase, thirteen in the PACK-CXL group and 14
in the medication group. One eye in the
medication group was removed from analysis
due to corneal perforation on the eleventh day
after initiation of antibiotic therapy and two
eyes in the PACK-CXL group were considered
failures because they required additional
antibiotics to heal. Gram-positive cocci were the
most commonly identified pathogens. One case
of filamentous fungal keratitis (Aspergillus sp)
was identified in one eye treated with PACKCXL. No significant differences in corneal reepithelization time were observed between the

groups (respectively, 12.3 vs 6.8 days, p = 0.166)
and a success rate of 93% versus 87%.
Conclusion
Our results suggest that PACK-CXL may be an
alternative stand-alone treatment for infectious
corneal infiltrates and early corneal ulcers. Even
with a tendency for a longer healing (nonsignificant difference of 4 days), 87% of eyes
treated with PACK-CXL healed without the use
of antimicrobial therapy. While the preliminary
results of this multicenter randomized trial are
promising, a larger sample is needed to further
investigate the efficacy and safety of this
treatment modality.

Rose Bengal Photodynamic
Antimicrobial Therapy As
Adjunctive Treatment for
Advanced Acanthamoeba Keratitis
Authors

Dr. Diego Altamirano - Bascom Palmer Eye Institute,
University of Miami Miller School of Medicine,
Dr. Andrea Naranjo - Bascom Palmer Eye Institute,
University of Miami Miller School of Medicine,
Dr. Jaime Martinez - Bascom Palmer Eye Institute,
University of Miami Miller School of Medicine,
Dr. Alejandro Arboleda - Ophthalmic Biophysics
Center, Bascom Palmer Eye Institute,
Dr. Mariela Aguilar - Ophthalmic Biophysics Center,
Bascom Palmer Eye Institute,
Dr. Heather Durkee - Ophthalmic Biophysics Center,
Bascom Palmer Eye Institute,
Dr. Darlene Miller - Ophthalmic Biophysics Center,
Bascom Palmer Eye Institute,
Dr. Harry Flynn Jr. - Bascom Palmer Eye Institute,
University of Miami Miller School of Medicine
Dr. Guillermo Amescua - Bascom Palmer Eye
Institute, University of Miami Miller School of
Medicine,
Dr. Jean-Marie Parel - Ophthalmic Biophysics Center
Bascom Palmer Eye Institute

Purpose
To describe clinical outcomes of patients
treated with Rose Bengal Photodynamic
Antimicrobial Therapy (RB-PDAT) as an adjunct
therapy for cases of advanced Acanthamoeba
keratitis.
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Materials and Methods
Retrospective chart review of 19 patients, with a
diagnosis of progressive Acanthamoeba keratitis
unresponsive to standard medical therapy who
underwent RB-PDAT at the Bascom Palmer Eye
Institute from January 2016 through August
2019. Data regarding age, sex, risk factors,
medical history, diagnosis, time to first RB-PDAT,
time from first RB-PDAT to resolution, number
and type of corneal transplant were collected.
RB-PDAT was performed by applying a solution
of Rose Bengal (0.1% or 0.2% RB in BSS) to the
de-epithelized cornea for 30 minutes followed
by irradiation with a 6mW/cm² custom-made
green LED source (525nm) for 15 minutes
(5.4J/cm²).
Results
A total of 19 eyes were treated with RB-PDAT, 4
males and 15 females. The average age of
patients was 41 years (range 16-62 years). All
cases had confirmed Acanthamoeba keratitis by
microbiology and 6 of 19 had positive
histopathological findings for Acanthamoeba.
Hand motions vision was the visual acuity at
presentation in 52%. Contact lens use (94, 7%)
was identified as the most common risk factor.
Average time of Acanthamoeba treatment
before RB-PDAT was 3.9 (range 1-16) months.
Successful RB-PDAT (defined as avoidance of
therapeutic keratoplasty (TPK)) was achieved in
14 of the cases, with an average time to clinical
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resolution of 2.54 months (range 1 - 6) after RBPDAT. Five of 19 patients underwent TPK and 4
of them were clear at 15.5 (range 12 - 24)
months of follow-up. Optical penetrating
keratoplasty was later performed in 9 patients,
with an average of 11 (range 2 – 18) months of
follow-up, All optical grafts continue to be clear
and compact.
Conclusion
RB-PDAT can be a potential tool in the
management of Acanthamoeba keratitis. RBPDAT may help delay the presentation of
corneal melting, perforation, and/or recurrence
of the infection after the corneal transplant.
There were no adverse events in our study
related to RB-PDAT. A prospective case control
study needs to be performed in order to
evaluate efficacy.
Biography – Diego Altamirano
Dr. Diego Altamirano was born in 1986 in
Santiago, Chile. He earned his MD from the
University of Andres Bello, Chile. Completed his
residency in ophthalmology in the Eye Clinic
OftalmoSalud, Lima, Peru and his Fellowship in
Cornea and External Disease with Professor Dr.
Luis Izquierdo Jr. Currently Dr. Diego Altamirano
is working as a Cornea Research Fellow at
Bascom Palmer Eye Institute and working with
his mentor, Cornea specialist Dr. Guillermo
Amescua and Dr. Jean-Marie Parel.
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