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Keratoconus surgery:  
what works best and why--
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Athens, September 14th, 2013 next year October 4th, 2014 
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CXL innovations 

•  Higher fluence 
•  Intrastromal treatments through femto-pockets 
•  Combining high fluence CXL with topo-guided 

reshaping of  irregular corneas 
•  LASIK Xtra 
•  LASIK Xtra for hyperopia 
•  Creating CXL differentials within the cornea 

www.brilliantvision.com 
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Revisiting the Diagnosis and Progression 
criteria of Keratoconus 

Traditionally: 
•  Visual acuity 
•  Refraction 
•  Pachymetry 
•  Keratometry 
•  Anterior inferior  

 asymmetry 
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Vision, Ks, pach=irrelavant in 700 KCN 
 cases test ISV and IHD! 

overlapping 

Stratification 
Of severity 
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Topo-guided partial surface ablation (PRK) 
 
1-Topolyzer:Placido disc topography 
2-Pentacam (Oculyzer) 
3-Pentacam HD (oculyzer II)-Refractive suite 
4-Vario (placido disc +pupil sensor+iris recognition+limbal landmarks 
recognition) 

WaveLight® FS200 
Femtosecond Laser 

WaveLight® EX500 
Excimer Laser 

WaveLight® Refractive Suite 
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Results JRS Sept 09: 400 cases with over 2 year follow-up:  
160 cases Sequential (left) Vs 198 cases same-day Combined (right) 
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ABSTRACT

PURPOSE: The safety and effi cacy of corneal collagen 
cross-linking (CXL) and topography-guided photorefractive 
keratectomy (PRK) using a different sequence and timing 
were evaluated in consecutive keratoconus cases. 

METHODS: This study included a total of 325 eyes with 
keratoconus. Eyes were divided into two groups. The 
fi rst group (n=127 eyes) underwent CXL with subse-
quent topography-guided PRK performed 6 months later 
(sequential group) and the second group (n=198 eyes) 
underwent CXL and PRK in a combined procedure on the 
same day (simultaneous group). Statistical differences 
were examined for pre- to postoperative changes in un-
corrected (UCVA, logMAR) and best-spectacle-correct-
ed visual acuity (BSCVA, logMAR), manifest refraction 
spherical equivalent (MRSE)/refraction, keratometry (K), 
topography, central corneal thickness, endothelial cell 
count, corneal haze, and ectatic progression. Mean fol-
low-up was 36!18 months (range: 24 to 68 months).

RESULTS: At last follow-up in the sequential group, 
the mean UCVA improved from 0.9!0.3 logMAR to 
0.49!0.25 logMAR, and mean BSCVA from 0.41!0.25 
logMAR to 0.16!0.22 logMAR. Mean reduction in 
spherical equivalent refraction was 2.50!1.20 diop-
ters (D), mean haze score was 1.2!0.5, and mean 
reduction in K was 2.75 !1.30 D. In the simultaneous 
group, mean UCVA improved from 0.96!0.2 logMAR 
to 0.3!0.2 logMAR, and mean BSCVA from 0.39!0.3 
logMAR to 0.11!0.16 logMAR. Mean reduction in 
spherical equivalent refraction was 3.20!1.40 D, mean 
haze score was 0.5!0.3, and mean reduction in K was 
3.50!1.3 D. Endothelial cell count was unchanged 
(P".05) in both groups. Statistically, the simultaneous 
group did better (P".05) in all fi elds evaluated, with im-
provement in UCVA and BSCVA, a greater mean reduc-
tion in spherical equivalent refraction and keratometry, 
and less corneal haze.

CONCLUSIONS: Same-day simultaneous topography-
guided PRK and CXL appears to be superior to sequen-
tial CXL with later PRK in the visual rehabilitation of pro-
gressing keratoconus. [J Refract Surg. 2009;xx:xxx-xxx.]
doi:10.3928/1081597X-2009

K eratoconus is a bilateral, non-symmetric, noninfl am-
matory progressive corneal degeneration that fre-
quently manifests in post-pubescent young adults 

as progressive steepening attributed to biomechanical stro-
mal collagen weakening. Its incidence has been reported to 
be 1 in 2000 in the general population,1,2 but approximately 
four-fold greater among certain ethnic groups. The increased 
number among eyes undergoing screening for laser refractive 
surgery suggests the prevalence may be higher. Current surgi-
cal/nonsurgical interventions such as spectacles and contact 
lenses, intracorneal ring segment implantation,3,4 lamellar ker-
atoplasty,5 and, the gold standard, penetrating keratoplasty,6 
although popular, have limitations.7,8

In recent years, basic laboratory studies and subsequent 
clinical studies have demonstrated stiffening of the cornea 
with use of ultraviolet A (UVA) light and ribofl avin solution 
as a photosensitizer-initiated corneal collagen cross-linking 
(CXL) with no loss in corneal transparency. The CXL proce-
dure has demonstrated the revolutionary potential for retard-
ing or eliminating the progression of keratoconus and postop-
erative LASIK ectasia.9-17

We have performed over 1000 CXL treatments in our facil-
ity over the past 7 years both for postoperative LASIK ectasia 
and keratoconus with satisfactory outcomes. We have also 
demonstrated that topography-guided ablation of the cross-
linked corneal stroma can “normalize” the highly irregular 
corneal surface in these eyes by reducing irregular astigma-
tism and often reducing the refractive error as well, providing 
patients with improved visual outcomes.18-21
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same day PTK > topoPRK > MMC > CXL (10mW/cm2 x 10 min) 
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Step 2: Validate Pentacams and clinical 
refraction entry 
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Step 4: OZ to 5 or 5.5mm, cyl axis to 
match topo axis 
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Step 6: PTK treatment plan 
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The Athens Protocol, in short video: 
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Introduction of quantitative and qualitative cornea 

by collagen cross-linking for keratoconus: a novel 
effect measurement benchmark
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Purpose: To introduce a novel, noninvasive technique to determine the depth and extent of 
anterior corneal stroma changes induced by collagen cross-linking (CXL) using quantitative 
analysis of high-resolution anterior-segment optical coherence tomography (OCT) post-operative 
images.
Setting: Private clinical ophthalmology practice.
Patients and methods: Two groups of corneal cross-sectional images obtained with the 
OptoVue RTVue anterior-segment OCT system were studied: group A (control) consisted 
of unoperated, healthy corneas, with the exception of possible refractive errors. The second 
group consisted of keratoconic corneas with CXL that were previously operated on. The two 
groups were investigated for possible quantitative evidence of changes induced by the CXL, 
and specifically, the depth, horizontal extent, as well as the cross-sectional area of intrastromal 
hyper-reflective areas (defined in our study as the area consisting of pixels with luminosity 
greater than the mean 2  standard deviation of the entire stromal cross section) within the 
corneal stroma.
Results: In all images of the second group (keratoconus patients treated with CXL) there was 
evidence of intrastromal hyper-reflective areas. The hyper-reflective areas ranged from 0.2% 
to 8.8% of the cross-sectional area (mean  standard deviation; 3.46%  1.92%). The extent 
of the horizontal hyper-reflective area ranged from 4.42% to 99.2% (56.2%  23.35%) of the 
cornea image, while the axial extent (the vertical extent in the image) ranged from 40.00% 
to 86.67% (70.98%  7.85%). There was significant statistical difference (P  0.02) in these 
values compared to the control group, in which, by application of the same criteria, the same 
hyper-reflective area (owing to signal noise) ranged from 0.00% to 2.51% (0.74%  0.63%).
Conclusion: Herein, we introduce a novel, noninvasive, quantitative technique utilizing anterior 
segment OCT images to quantitatively assess the depth and cross-sectional area of CXL in the 
corneal stroma based on digital image analysis. Mean cross-sectional area showing evidence 
of CXL was 3.46%  1.92% of a 6 mm long segment.
Keywords: Collagen cross-linking, keratoconus, optical coherence tomography, higher fluence 
cross-linking, cornea ectasia, Athens Protocol

Introduction
Keratoconus (KCN) is a degenerative bilateral, progressive, noninflammatory 
disorder characterized by ectasia, thinning, and increased curvature of the cornea, 
and is associated with loss of visual acuity, particularly in relation to high-order 
aberrations.1–4
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width extent of the corneal cross-section. As shown in 
Table 2, on average the extent of the hyper-reflective area 
(CXL width) was 483.35  200.82 pixels (range, 853–38), 
corresponding to an average of 56.20% of the cross-section 
width, ranging from 99.19% to 4.42%. Of the subgroup of 
78 corneas with more than a 2.50% hyper-reflective area, the 
minimum was 12.45%.

Axial extent (depth) of demarcation
The axial extent of demarcation corresponds to what we 
describe as the depth of the CXL effect. The quantitative 
assessment is subject to the corneal thickness, which varies 
significantly among images. In each image studied, the 
corneal thickness was measured in pixels (vertical line total 
in Table 2), and was found to correspond to an average 
of 61.93  8.18 pixels (max to min, 80–38). Considering 
that 6 mm across the image corresponded to 860 pixels, 
the 61.93 pixels corneal thickness translates to 432 m 
of thickness.

Having measured the corneal thickness of each individual 
section, the distance in pixels (vertical line CXL) from the 
anterior corneal surface was measured. On average, it was 
found to be 43.81  6.96 pixels (range, 65–30), corresponding 
to 305.6 m or 70.98% of the total corneal thickness. The 
over time (postoperative) development of the depth of the 
area of demarcation, that is CXL area over time, is presented 
in Figure 3.

Discussion
By examining high-resolution corneal OCT images, we 
encountered statistically different findings between the 
treated group (KCN; group B) and the control group (A).

It appears that there is a statistically signif icant 
difference between the control group and the KCN 
group regarding the presence of a demarcation line, as 
quantitatively measured by the extent of the area of the 
hyper-reflective demarcation line, indicating a localized 

change in stromal (treated) density over the underlying 
(untreated) stroma.

In 72 of 94 cases, the demarcation line area corresponded 
to more than 2.50% of the total corneal cross-sectional area, 
with a mean  standard deviation of 3.46%  1.92%. In the 
entire control group A, by applying the same luminosity 
criteria, the similar area had a mean of 0.74%  0.63%. We 
believe that these pixel counts represent merely signal noise 
rather than reflect actual changes in stromal density. Thus, 
we can ascertain that the demarcation line viewed by OCT 
can be a good indication of the extent of collagen density 
changes induced by CXL.

Over time, these density changes become less apparent. 
The trend line shown in Figure 2 has a negative slope (reduced 

Figure 4 Example of epithelium-on CXL cornea with minimal appearance of the 
demarcation line. 
Note: Of the 61,770 pixels (cornea cross-section), only 443 correspond to a hyper-

CXL, cross-linking.

Figure 5 Example of corneal cross-sectional images examined in the study showing 
various degrees of demarcation line extent.
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OCT-assisted quantitative analysis of CXL in KCN patients
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UV light blockage by normal corneal 
structures 
Kolozsvári et al-
IOVS 2002;43:2165-2168 
 
Ambrosio: Athens Protocol eyes appear 
superior to CXL alone in biomechanical 
CORVIS testing 
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ABSTRACT

PURPOSE: The safety and effi cacy of corneal collagen 
cross-linking (CXL) and topography-guided photorefractive 
keratectomy (PRK) using a different sequence and timing 
were evaluated in consecutive keratoconus cases. 

METHODS: This study included a total of 325 eyes with 
keratoconus. Eyes were divided into two groups. The 
fi rst group (n=127 eyes) underwent CXL with subse-
quent topography-guided PRK performed 6 months later 
(sequential group) and the second group (n=198 eyes) 
underwent CXL and PRK in a combined procedure on 
the same day (simultaneous group). Statistical differ-
ences were examined for pre- to postoperative changes 
in uncorrected (UCVA, logMAR) and best-spectacle-
corrected visual acuity (BSCVA, logMAR), manifest re-
fraction spherical equivalent (MRSE), keratometry (K), 
topography, central corneal thickness, endothelial cell 
count, corneal haze, and ectatic progression. Mean fol-
low-up was 36!18 months (range: 24 to 68 months).

RESULTS: At last follow-up in the sequential group, 
the mean UCVA improved from 0.9!0.3 logMAR to 
0.49!0.25 logMAR, and mean BSCVA from 0.41!0.25 
logMAR to 0.16!0.22 logMAR. Mean reduction in 
spherical equivalent refraction was 2.50!1.20 diop-
ters (D), mean haze score was 1.2!0.5, and mean 
reduction in K was 2.75!1.30 D. In the simultaneous 
group, mean UCVA improved from 0.96!0.2 logMAR 
to 0.3!0.2 logMAR, and mean BSCVA from 0.39!0.3 
logMAR to 0.11!0.16 logMAR. Mean reduction in 
spherical equivalent refraction was 3.20!1.40 D, 
mean haze score was 0.5!0.3, and mean reduction 
in K was 3.50!1.3 D. Endothelial cell count preopera-
tively and at last follow-up was unchanged (P".05) in 
both groups. Statistically, the simultaneous group did 
better (P".05) in all fi elds evaluated, with improve-
ment in UCVA and BSCVA, a greater mean reduction 
in spherical equivalent refraction and keratometry, and 
less corneal haze.

CONCLUSIONS: Same-day simultaneous topography-
guided PRK and CXL appears to be superior to sequen-
tial CXL with later PRK in the visual rehabilitation of pro-
gressing keratoconus. [J Refract Surg. 2009;xx:xxx-xxx.]
doi:10.3928/1081597X-2009

K eratoconus is a bilateral, nonsymmetric, noninfl am-
matory progressive corneal degeneration that fre-
quently manifests in post-pubescent young adults as 

progressive steepening attributed to biomechanical stromal 
collagen weakening. Its incidence has been reported to be 1 
in 2000 in the general population.1,2 The increased number 
among eyes undergoing screening for laser refractive surgery 
suggests the prevalence may be higher. Current surgical/non-
surgical interventions such as spectacles and contact lenses, 
intracorneal ring segment implantation,3,4 lamellar keratoplas-
ty,5 and, the gold standard, penetrating keratoplasty,6 although 
popular, have limitations.7,8

In recent years, basic laboratory studies and subsequent 
clinical studies have demonstrated stiffening of the cornea 
with use of ultraviolet A (UVA) light and ribofl avin solution 
as a photosensitizer-initiated corneal collagen cross-linking 
(CXL) with no loss in corneal transparency. The CXL proce-
dure has demonstrated the revolutionary potential for retard-
ing or eliminating the progression of keratoconus and postop-
erative LASIK ectasia.9-17

We have performed over 1000 CXL treatments in our fa-
cility over the past 7 years both for ectasia after LASIK and 
keratoconus with satisfactory outcomes. We have also dem-
onstrated that topography-guided ablation of the cross-linked 
corneal stroma can “normalize” the highly irregular corneal 
surface in these eyes by reducing irregular astigmatism and 
often reducing the refractive error as well, providing patients 
with improved visual outcomes.18-21

The clinical results of a novel, same-day, simultaneous 
approach of topography-guided photorefractive keratectomy 
(PRK) and CXL for keratoconus22 are presented and retrospec-
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A novel, noninvasive, quantitative 
technique utilizing anterior 
segment OCT images to 
quantitatively assess the depth and 
cross-sectional area of  CXL in the 
corneal stroma based on digital 
image analysis. Mean cross-
sectional area showing evidence of 
CXL was 3.46% ± ?1.92% of  a 6 
mm long segment. 

Clinical Ophthalmology 2013:7

Corneal collagen cross-linking (CXL) with riboflavin and 
ultraviolet-A irradiation is a common technique for tissue 
stabilization.5,6 Several studies have shown that CXL is an 
effective intervention to halt the progression of keratoconus 
and corneal ectasia.7

Anterior-segment optical coherence tomography 
(AS-OCT) is a promising imaging mode providing high-
resolution cross-sectional images across a meridian of 
choices that can be employed in KCN diagnosis.8,9 The 
most advanced AS-OCT systems invariably employ Fourier 
spectral-domain signal processing. As of today, there 
are a number of different spectral domain OCT systems 
commercially available.10,11

The ability to provide real-time cross sectional mapping, 
in conjunction with the very principle of operation, namely 
photon back scattering, provides the understudied application 
of quantitative assessment of the extent of stromal changes 
due to CXL.

OCT and CXL demarcation line 
observations
To date, the efficacy of CXL treatment can be monitored 
only indirectly by postoperative follow-up observations, such 
as with a Scheimpflug camera,12 or with corneal confocal 
microscopy.13

In addition, a corneal stromal demarcation line indicating 
the transition zone between cross-linked anterior corneal 
stroma and untreated posterior corneal stroma can be detected 
in slit-lamp examination as early as 2 weeks after treatment.14 
In our clinical assessment, the presence of this finding over 
the anterior two-thirds of the stroma confirms that sufficient 
CXL treatment has occurred.

Following our presentation and the introduction in the 
peer-reviewed literature of the use of OCT imaging in order 
to evaluate the CXL-induced demarcation line, OCT has seen 
some recent interest as a tool for investigating CXL effects, 
such as corneal thickness before and after CXL for KCN, 
and demarcation line depth following CXL.15–22

The principle lies in the fact that although these lines do 
not appear to affect vision, as they correspond to changes in 
stromal density, they appear as brighter (hyper-reflective) 
areas on cross-sectional corneal OCT scans. However, the 
depth and extent of stromal changes induced by CXL has 
been difficult to evaluate quantitatively in the clinic.

The motivation for our study was to advance this 
aforementioned theory by examining not only the demarcation 
line depth between the suspected CXL and the deeper cornea 
with corneal OCT, but also to attempt to quantitatively 

assess the extent of this area on a large number of patients 
over a large postoperation interval. Our novel technique is 
based on digital signal processing on cross-sectional OCT 
images of corneas, and evaluates quantitatively and, in our 
opinion, free of examiner bias, the extent of CXL changes 
in the corneal stroma.

Methods
This prospective interventional case series study received 
approval by the Ethics Committee of our Institution and 
adhered to the tenets of the Declaration of Helsinki. Informed 
consent was obtained from each subject at the time of the 
CXL intervention or at the first clinical visit. The study 
was conducted in our clinical practice on patients during 
their regular clinical visits (control group) and scheduled 
postoperative procedure visits (KCN group).

Patient inclusion criteria
The control group (50 patients, 100 eyes) consisted of patients 
with eyes with unoperated corneas (ie, normal eyes with no 
ocular pathology other than refractive error). Mean patient 
age was 35.2  9.1 years (range 19–48), equally divided 
between males and females. Before OCT corneal mapping, 
a complete ocular examination and tomographic topography 
was performed to screen for corneal abnormalities.

The second group (47 patients, 94 eyes) consisted of KCN 
patients previously operated with CXL by employing the 
Athens Protocol, which combined same-day phototherapeutic 
keratectomy epithelial removal and partial topographically-
guided photorefractive keratectomy normalization of the 
cornea ectasia, followed by high-fluence, short-duration 
riboflavin induced CXL.21

The mean patient age in this group was 28.1  7.1 years 
(range 16–45 years). There is a bias towards males in this group 
(33 males, 14 females), which is consistent with our clinical 
experience of the male–female incidence of keratoconic 
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Figure 1 (A) Typical cornea cross-sectional meridian image of a patient with KCN. 
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Topometric parameter improvement: IHD 
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Average K from 48.5 to 44 
Refraction -2.5-4.5@155 (20/70) to -1-1.5@10 (20/20) 
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Post LASIK ectasia: 26y/o pilot, from 
UCVA 20/60 to 20/15 
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Myopia induction!: 
Refraction from +0.75-3.50@10 (20/60) to 

-0.75-0.75@170 (20/20) due to improvement of the 
topometric parameters 
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Athens Protocol: 
Some improvement in UCVA, dramatic improvement in 

BSCVA: 98% of cases at least 20/40!) 
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Athens Protocol: safety 
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Athens Protocol: 
Keratometric change over 24 months, progressive flattening 
this finding makes challenging the prediction of refractive 

correction 
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Delayed epi-closure: day 5 
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Active epithelial surface after reepitheliazation 
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Comparison of  Placido disc Vs Scheimpflug 
 image-derived topography-guided excimer laser surface 

normalization used combined with CXL (the Athens Protocol) in 
progressive keratoconus cases (500!).  
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Oculink Vs Topolink in Athens Protocol 

Oculink (Pentacam driven) appears more effective! 
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Athens Protocol: improved anterior 
corneal profile, but what about the 

posterior? 
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Athens Protocol Vs. ICRS+CXL 
in a contralateral eye study 

Dr Sharif BADDAR of Cairo, Egypt 

Preliminary data suggest that the Athens Protocol eyes have 
 more predicatable improvement in BSCVA, quality of vision,  
less glare than ICRS+CXL eyes although a longer recovery 

Same patient 
 

$ Athens Protocol 
 
 

ICRS+CXL--> 
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Why not to combine? 
•  Unpredictable refractive change with CXL 
•  Additional cornea thinning with the ablation 
•  Potential for scarring that will flatten the cornea 

unpredictably 
•  This is a simple 
 3mW CXL-alone  
case from 2005 
Flattened 12D!!! 
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Conclusions: why better to combine 

•  Combined treatment offers a more stable 
biomechanically cornea 

•  More homogenous CXL (deeper-wider) 
•  Bypass the difficulty of  an ablation nomogram 

for CXL’ed stroma 

ED-
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Prophylactic higher fluence UV CCL in LASIK 
a novel technique 

 

Henry Perry, MD and A. John Kanellopoulos, MD 
Clinical Associate Professor New York University Medical School 

Director, Laservision.gr Institute, Athens, Greece 

CXL meeting 
Dresden 08 
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HYPEROPIC LASIK 
A drop of  0.1% riboflavin sodium phosphate solution, 

just prior to its spread over the exposed stromal bed  
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Compelling CXL evidence in  
the contralateral eye Hyperopic LASIK Xtra group 



!"#$%%&'&(%&)*+,-

Comparison of  Keratometric Stability 
compelling evidence that LASIK Xtra works! 
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Kanellopoulos AJ, Kahn J: RS November 2012 supplement 
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•  The creation of  CXL differentials 
within the cornea can have a 
refractive effect 

•  First presented in the 2012 CXL 
meeting in Geneva 

•  Published: JRS 2013: Kanellopoulos AJ 
1Journal of Refractive Surgery 

R E P O R T

Very High Fluence Collagen Cross-
linking as a Refractive Enhancement 
of a Regressed Previous Astigmatic 
Keratotomy

Anastasios John Kanellopoulos, MD

ABSTRACT

PURPOSE: To report a novel application of collagen cross-linking 
(CXL) in refractive astigmatic enhancement of previously per-
formed astigmatic keratotomy.

METHODS: A 28-year-old woman with prior history of bioptics 
correction of high myopic astigmatism with femtosecond laser-
assisted astigmatic keratotomy followed by topography-guided 
LASIK showed long-term regression of the astigmatism 4 years 
later. A novel CXL application was employed in an attempt to re-
verse the regression of the astigmatic keratotomy.

RESULTS: The high fluence CXL intervention resulted in correc-
tion of 2 diopters of topographic and refractive cylinder. Uncor-
rected distance visual acuity changed from 20/50 to 20/20 and 
refraction from -0.50 -2.00 @ 90 to +0.25 -0.25 @ 90 at the 
7-month follow-up.

CONCLUSIONS: A possible novel application of high fluence CXL 
with refractive cornea effect is introduced. It may offer rapid and 
simple rehabilitation and its effect may be tapered.

[J Refract Surg. 20XX;XX(X):XX-XX.]

Incisional corneal astigmatic keratotomy has been 
employed for many years to reduce corneal astig-
matism. Among other parameters, corneal healing 

may affect the intervention efficacy. We have observed 
significant regression from the initial effect in astig-
matic keratotomy, including femtosecond laser-assist-
ed astigmatic keratotomy (unpublished data).

CASE REPORT
A 28-year-old woman had undergone femtosecond 

laser-assisted paired astigmatic keratotomy 4 years 
previously followed by a topography-guided LASIK 
procedure 3 months later. Her initial refractive error 

was -8.00 sphere and -6.00 cylinder at 95°, and similar 
treatment was performed in her left eye. Her preopera-
tive corneal thickness of 530 µm did not permit full 
correction through a LASIK procedure because that 
would leave residual stroma less than 300 µm, which 
is the cut-off in our practice.

Postoperative uncorrected visual acuity was 20/20, 
with refraction +0.25 -0.50 @ 90. She was lost to fol-
low-up for 3 years but was then evaluated before cross-
linking treatment for her postoperative care, complain-
ing of reduction in her uncorrected visual acuity in the 
right eye from 20/20 to 20/50. Her refraction revealed 
-1/-2 diopters at 95°AQ1 and her corneal topographic 
measurement showed evidence of astigmatic keratot-
omy regression with 2 more diopters of with-the-rule 
astigmatism in the left eye on topography (Figure 1). 

We offered the patient the possibility of revising 
the astigmatic keratotomy incisions and performing 
high-fluence corneal collagen cross-linking (CXL) to 
enhance the astigmatic keratotomy effect without fur-
ther corneal thinning and/or astigmatic keratotomy in-
cision extension. We reopened the astigmatic keratot-
omy incisions with a blunt Sinskey hook and infused 
the riboflavin 0.3% solution (Vibex XtraAQ2; Avedro, 
Waltham, MA) within the incision gutters. We allowed 
the solution to soak within both reopened astigmatic 
incisions for 60 seconds, then removed all of the re-
sidual riboflavin from the corneal surface and the con-
junctiva with a dry Weck-cell sponge. We then applied 
high-fluence CXL 45 mW/cm2 with the KXL device 
(Avedro) for 2.5 minutes, for total ultraviolet energy 
delivered of 7 Joules.

We evaluated the patient 1 day, 1 week, and 1, 3, 
and 7 months postoperatively. Figure 1 demonstrates 
the correction of most of the regressed cylinder by 2 
diopters. 

DISCUSSION
We previously reported on high-fluence CXL1,2 and 

along with other investigators have alluded to its po-
tential application in influencing refractive change 
of the cornea.3,4 Regression of astigmatic keratotomy 
has been reported as a previously studied factor.5 We 
have described using anterior segment optical coher-
ence tomography imaging to assess the corneal CXL ef-
fect.6 We theorize that in the case reported herein the 
refractive effect is achieved by this exact CXL mecha-
nism. This intervention may create a significant “dif-
ferential” between cross-linked and non–cross-linked 
cornea stroma. As a result, the cross-linked stroma 
contraction may create a biomechanical tissue and 
refractive shift that may explain the clinical findings. 
There are reports of combining microwave technology7 
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Our current CXL protocols 
 

• 1-Athens Protocol: topo PRK +10’x 10mw/cm2 

• 2-LASIK Xtra: 1’ (90”) 30mW/cm2 all HYPEROPES 
• 2-PRK Xtra: 1’ (90”) 30mW/cm2 

• 3- femtoAK Xtra: 3’ 30mw/cm2-no soaking! 
• 4-Cataract incision Xtra: 45mW/cm2 for 2.5 min 
• 5-TransepiCXL: 0.25% ribo +  30mW  X 3’  
• 6-Infection: 0.25% riboflavin + 45mW/cm2 x 5 ‘ 
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PiXL 
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Cassini 
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Central Cloudy  
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PiXL: Photorefractive Intrastromal CXL:  
Initial clinical data 

A. John Kanellopoulos, M.D.1,2 

 
1New York University School of  Medicine, New York, NY, USA 
2Laservision.gr Institute, Athens, Greece 
 
AJK is a consultant for Alcon, Wavelight and Avedro. 
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Myopic profile central 4mm OZ after 5mm 50um PTK 
10min VibexXtra 

  



!"#$%%&'&(%&)*+,-

6 weeks myopic treatments 4D flattening 
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6week PTK + myopic treatments 
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“ profile Hyperopic” oz 6-9mm 
“hyperopic PTK” 6-9oz 30 microns 
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6 weeks hyperopic (presby) 3 D refractiev change  
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6 weeks hyperopic (presby)  
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6 weeks hyperopic (presby) epithelial response   
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Keratoconus! 



!"#$%%&'&(%&)*+,-



!"#$%%&'&(%&)*+,-

After topo-guided PiXL 
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Topo-guided  changes achieved 
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Athens, September 14th, 2013 next year October 4th, 2014 

NI-
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Thank you-

www.brilliantvision.com 

Thank you 
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