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When and how to CXL?

• How do we screen for keratoconus?

• What is the familiar predisposition for KCN?

• How do we document progression?

• What is is the optimal pediatric and adult CXL 
technique?

• Potential complications specific to pediatric pts
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How do we screen for keratoconus?

• Cornea imaging essential, do not rely 
on acuity, refraction and/or 
biomicroscopy!

• Anterior curvature asymmetry indices 
very sensitive

• Corneal pachymetry maps

• Corneal epithelial mapping maybe the 
most sensitive!!! 
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How do we screen for keratoconus?
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Topometric indices comparison, 
as we reported IHD (index of height decentration)

and ISV (index of surface variance) the most pivotal
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Normal?

51yoM, has decrease in CDVA

And increasing astigmatic correction
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Normal?
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What is the familiar predisposition for KCN?

• 12% reported so far 

• Almost 100% in the Greek population when tomography 
and epithelial mapping is used-may be similar in the 
eastern Mediterranean basin and the Middle East

• Keratoconus should be considered a family disease

• LASIK vs. Surface ablation in family of known KCN 
patient’s                                    
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How do we document progression?

• Again corneal imaging crucial

• Ideally tomography 
(Scheimpflug-based, anterior 
segment OCT)

• Corneal thickness mapping 
change

• Corneal epithelial mapping
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What is is the optimal pediatric 
and adult CXL technique?

• Epithelium-off CXL the gold standard (Dresden 
protocol)

• Athens Protocol (Partial topo-guided PRK+CXL) the 
most effective in our hands

• Epi-on CXL may offer significant less morbidity 
especially in ped pts if proven effective enough

• Intracorneal ring segments + CXL
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The Athens Protocol 4 steps after TMR has been done: 
same day partial topo-PRK > PTK > MMC > CXL (6mW/cm2 x 15 min)

Step 1: Topo-guided partial PRK

Step 2: PTK @ 50μm

Step 3: MMC 0.02% for 30sec

Step 4: CXL 6mW/cm2
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The Athens Protocol: combining same-day partial topo-guided PRK 
normalization with higher fluence CXL for keratectasia.

CXL combined with excimer-laser partial photorefractive keratectomy may offer

stable, reliable, improved visual rehabilitation, in addition to potentially

increased biomechanical strengthening. We have shown that same-session

partial topo-guided PRK with CXL is more effective than sequential PRK after

earlier CXL in a large comparative case series. The refractive effects of the

combined, same-day treatment were impressive: the majority of patients

obtained a CDVA of 20/40.

The Athens Protocol Design & Procedure

This procedure known today as the Athens Protocol has evolved since we

introduced it to include sequentially, same-session, excimer-laser epithelial

debridement (50 μm), partial topography-guided excimer-laser stromal

ablation, and high-fluence UVA (6 mW/cm2), accelerated (15΄) CXL. The

evolution of the Athens Protocol involves employment of cyclorotation

compensation with the highly irregular topo-guided partial PRK as a first step to

be followed by a 50μm PTK that accounts for epithelial removal as a second step

(Figure 1). Last MMC and the CXL complete the protocol.
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Designing the Ablation Pattern

The most challenging part of the Athens Protocol is the design of excimer-laser ablation pattern. As this is not a

refractive procedure, the priority is the maximal ‘normalization’ of the irregular anterior corneal surface that the

thinned cornea permits. Therefore, the aim of the design is dual: to reduce the large curvature of the cone area

and attempt to ‘relocate’ this steeper area to a more central location by steepening the flattened central cornea

next to the cone. Evaluation of an ablation pattern (figure 2 left) and its comparison to the preoperative

curvature data (figure 2 middle) illustrates the key distinct areas of this specific ablation pattern: the paracentral

cone location; this is the ‘myopic ablation’ component.

The second is the ‘hyperopic ablation’ component, corresponding to the ‘antipode’ of the cone. The purpose of

this second ‘hyperopic’ component is to create an artificial ‘elevation’ gradient to the cone diagonal location.

Together, these two different keratomileusis patterns combined, results in dramatic reduction of corneal

asymmetry, correlating clinically with the postoperative marked CDVA increase. Of course this may not be

absolutely necessary in patients that had or can tolerate RGP and/or scleral contact lenses. It has proven

nevertheless in our hands the most stable, predictable tool in addressing severe visual morbidity associated with

moderate to advanced keratoconus in young adults in Southern Europe. The fact that globally, Athens Protocol-

type procedures have become the treatment of choice has justified our findings.
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Figure 2:  Left, topography-guided ablation pattern design; middle, pre-operative topography; right, difference between pre-
and six months postoperative topography.  The difference correlates angularly to the intended ablation pattern showing the 

myopic (red) and ‘hyperopic’ (green) components of the achieved result.

Clinical benefits
We have reported and published extensively early results, late stability and visual rehabilitation, and even recently, pediatric
case with 7 and 10-year outcomes along with rare complications.
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We have suggested at its inception, that the

topography-guided ablation be limited to

normalization and 50um max depth, a baseline

that most investigators and clinicians have

followed subsequently.

This allows for PARTIAL treatment of the

cylinder and sphere anticipating some correction

by the CXL process as well.

On the right such an attempt with refractive goal

set at 0 for both sphere and cylinder: the software

attempts to flatten the cone and simultaneously

place an arc of “hyperopic” treatment away from

the cone in order to steepen the paracentral flatter

cornea and thus “normalize” the corneal surface

power will less tissue removal from the central

cornea.

15
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Athens Protocol: Stabilization and cornea normalization
UDVA from 20/200 to 20/50, CDVA from 20/60 to 20/25
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10 year Visual Acuity Changes:

K flat and K steep decreased significantly 

postoperatively (K2 steep meridian, 47,5±8,81D) 
and remained stable during the follow-up period.
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Spherical equivalent:

-4.5 (±3.2) to -1.55 (±2.75)D
UDVA: 0,2 to 0,55 (decimal);
CDVA: 0,38 to 0,61 (decimal);
Steepest keratometry:

59,5± 7.72 to 47,5± 8.81,
IHD Index: 0,285 to 0,074,

Thinnest cornea: 468±27 to
395±32 μm.

17 pts. functioned without
21 with spectacles and/or soft
contact lenses.
6 pts. required rigid or scleral

lenses.

All eyes did not show further
progression.
One hundred forty one eyes (97.9%)
showed cone reduction
3 cases developed long term cone over-
flattening!
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Three eyes showed progression at 10 years follow-up as documented by corneal topography: 

Case 2. A) Preoperative Pentacam tomography reveals inferocentral steep cone (Kmax: 53.10D) (Rx: -0.50 -2.00@135, CDVA
20/20) B) One year following AP/OS, the Pentacam shows superior steepening Kmax: 47.2D with a reduced inferocentral reading
K: 43.50D. Rx: +1.00 -0.75@140 CDVA: 20/32, UCDVA: 20/40 C) At 4 years postoperative, Pentacam reveals an inferocentral
flattening K:39.30D while the superior corneal power remains stable Kmax: 46.70D. Rx: +1.50 -2.25@135 CDVA: 20/32, UCDVA:
20/40 D) At 10yrs postoperative the inferocentral corneal power shows flattening Kmin: 34.80D, meanwhile the superior Kmax
readings are 46.60D. Rx: +4.75 -1.75@75 CDVA: 20/50, UCDVA: 20/63
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Results
At 4-years postoperatively, there was significant improvement in mean
UDVA from 0.51±0.31(decimal) to 0.65±0.26(decimal; P<.05). Mean
CDVA improved from 0.71±0.22(decimal) preoperatively to
0.81±0.19(decimal; P<.05), respectively. Mean flat keratometry (K1)
and mean steep keratometry (K2) were reduced from 44.95±3.71D and
49.32±5.05D respectively preoperatively to 43.14±2.95D and
46.28±4.87D (P<.05) at 4-years. The mean anterior maximum
keratometry (Kmax) was reduced from 56.81±2.94D preoperatively to
48.11±3.17D at 48 months. The mean Index of Height Decentration
(IHD) was 0.105±0.054um preoperatively and 0.049±0.024(P<.05)
at 4-years postoperatively. Mean preoperative corneal thickness at the
thinnest point was 436.66±42.63um preoperatively, 392.50±45.68um
at 12-months postoperatively and 418.42±17.01um at the 4-year follow
up. Late onset deep corneal haze was encountered in 2 cases at least 1-
year after the procedure; a potential intrinsic complication of this
technique in pediatric patients.

Long-term stability with the Athens Protocol (Topography-Guided 
partial-PRK combined with CXL), in pediatric keratoconus patients.

This prospective study included 39 keratoconic eyes of 21 patients aged under 18 years of age with clinical and imaging evidence of keratoconus
progression. Partial topography-guided excimer laser ablation in conjunction with high-fluence CXL was performed to all patients according to
the Athens Protocol. UDVA, CDVA, refraction, keratometry, endothelial cell density, topography and tomography using both Scheimplug and
OCT were evaluated for 4-years postoperatively.
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A. Percentage of eyes with gain/loss in Snellen
lines of UDVA at 1 month, 3, 6, 12 months and 4
years postoperatively.

B. Percentage of eyes with gain/loss in Snellen
lines of CDVA at 1 month, 3, 6, 12 months and 4
years postoperatively.

Athens Protocol appears to result in postoperative
improvement in both UDVA and CDVA. Average
gain/loss in visual acuity was consistently positive,
starting from the first postoperative month, with
gradual and continuous improvement toward the 4-
year visit.
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Keratometric Regression

Index of Height Decentration Regression

The keratometric values and index of height
decentration were reduced in the pediatric
patients, particularly in the postoperative 1st

month (statistically significant). After the 1st

month, until the 48th month, the mean data
results were statistically not significant.
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Pachymetric Changes

15 years old Identical Twins

Case 1. (Left) A) Preoperative Pentacam tomography reveals central steep cone (Kmax: 54.7D) (Rx: 0.00 -
1.00@20, CDVA 20/32, UCDVA: 20/40) B) One year following AP/OS, the Pentacam shows greater
symmetry and reduced steepness of corneal shape Kmax: 48.40D. Rx: plano -1.50 @20
CDVA: 20/25, UCDVA: 20/25 C) At 5 years postoperative, we have even grater symmetry and reduced
steepness Kmax: 47.7D. Rx: plano -1.50 @20, CDVA: 20/25, UCDVA: 20/25. D) At 6 years postoperative,
Kmax: 47.0D. Rx: plano -1.50 @15, CDVA: 20/25, UCDVA: 20/25.

Case 2. (Right) A) Preoperative Pentacam tomography reveals central steep cone (Kmax: 51.7D) (Rx:
+0.75 -4.50@40, CDVA 20/32, UCDVA: 20/63) B) One year following AP/OS, the Pentacam shows
greater symmetry and reduced steepness of corneal shape Kmax: 45.30D. Rx: -0.50 -0.25 @35
CDVA: 20/25, UCDVA: 20/25 C) At 5 years postoperative, we have even grater symmetry and reduced
steepness Kmax: 45.6D. Rx: +0.75sph, CDVA: 20/25, UCDVA: 20/25. D) At 6 years postoperative, Kmax:
43.6D. Rx: plano, CDVA: 20/20, UCDVA: 20/25.
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Potential complications 
specific to pediatric pts

• Bandage contact lens use a specific concern

• Delayed epithelial healing also a concern

• UV-related post-CXL stromal scarring a potential 
pediatric-specific complication

• Continued eye-rubbing may cause recurrence
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Potential complications specific to pediatric pts
-Late stromal have with UV exposure maybe specific to pediatric pts-
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Potential complications specific to pediatric pts
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When to CXL: early!

• Screen for keratoconus efficiently

• Strong familiar predisposition for KCN!

• Document progression efficiently!

• Use the optimal pediatric and adult CXL technique 
of your expertise

• Be aware of complications specific to ped pts
especially trisomy 21!
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•Alternative treatments: 

✓ CXL alone

✓ Contact lenses: RGPs and/or Scleral lenses

✓ Intracorneal ring segments

✓ Allograft inlays?

✓ Lamellar keratoplasty

✓ Penetrating keratoplasty
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Early Complications

• Postoperative pain

• Immune intrastromal ring

• Delayed epithelial healing

• Salzmann-like epithelial scarring
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Early immune-like ring
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Delayed epithelial healing
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Delayed epithelial healing
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Salzmann-like surface hyaline deposits 
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Potential complications: elevated white epi spots

1-remove at slit-lamp 2-may hold-off on steroids for a few days, 3-Bandage CL , BCL
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Management
• Lubrication

• Bandage contact lens

• Autologous serum topical 
administration

• Hold-off steroids

• Surgical removal
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Late Complications

• Subepithelial corneal scar (2.9%, n = 12)

• Stromal haze (3.8%, n = 16)

• Ectatic progression (1.7%, n = 7)

• Overcorrections: 1.2%, n=5
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Mild Subepithelial corneal scar
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Subepithelial corneal scar and haze related to 
the normalization ablation
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Deep diffuse Stromal haze
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Other Complications:
Infectious Keratitis

Stromal melt
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Unknown potential risks

Long-term ocular surface disease (limbal stem 
cell def)
Conjunctival squamous cell Ca
Endothelial toxicity
Cataractogenesis
Interference with IOP measurements
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Conclusions:

CXL has proven the standard of care internationally and lately in the US for progressive keratoconus

and ectasia.

CXL alone achieves significant (1-3 diopters) corneal normalization.

In patients that are contact lens intolerant combining topography-guided partial PRK and CXL has

proven in our hands (short term and in over 10 years follow-up) and the subsequent global

experience to be safe and effective in enhancing visual rehabilitation.

Clinicians should be cautioned in overcorrecting, potential for delayed healing and/or scarring and

the significance of effective ablation plan delivery.

Our current CXL protocols

• Athens Protocol: topo partial PRK +15’x 6mw/cm2

• LASIK Xtra:  1’ (60”) 30mW/cm2   all hyperopes

Epi-on CXL: 0.25% ribo + 30mW

• Infection: 0.25% riboflavin + 20mW/cm2 /7,2 Joules
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CXL early!, but should be aware:

• Screen for keratoconus efficiently not every 
abnormal topography is KCN that will progress

• Strong familiar predisposition for KCN!

• Document progression efficiently!

• Use the optimal pediatric and adult CXL 
technique of your expertise

• Manage complications early and effectively
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From our Athens team: CXL contributions

• 2nd team to CXL - 2002

• Combining high fluence CXL with topo-guided reshaping of irregular corneas - 2005

• Higher fluence - 2006

• CXL and Kpro - 2006

• Intrastromal treatments through femto-pockets - 2007 (ESCRS)

• LASIK Xtra - 2008 (ESCRS)

• LASIK Xtra for hyperopia - 2011 (ASCRS)

• Combining CXL and AK - 2012 (ESCRS)

• Refractive CXL - 2013 (AAO)

• Modified Athens Protocol - 2015
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J Cornea 2007

45

CXL followed 6 months later by a partial tPRK

Over the last 13 years we have treated over 3000 cases of KCN 
and ectasia with CXL combined with partial topo-guided PRK:

The Athens Protocol.
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We have reported early, interim and 10 year data 
in dozens peer-reviewed publications
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Case presentation of a 30-year old male patient subjected to the Athens Protocol procedure.  Pre-operatively, the patient’s best
correction was -1.00 S -2.75 C x 98, CDVA with this refraction was 0.65 decimal.  Six-months postoperatively, the patient has 

just 1.50 D of myopia, with zero cylinder.  His CDVA with this refraction is 1.0 decimal.  Top, sagittal curvature data, pre-
operative (left), thee-month post-operative (center) and difference (right).  Bottom, topometric comparison.  Note the 

significant reduction occurring in all anterior-surface asymmetry indices, particularly in the index of height decentration 
(IHD) from 0.063 to 0.025.
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Key Kanellopoulos ectasia questions::

• Does the thickness change first or does curvature change first?

• Does anterior curvature change first or posterior?

• Are corneas with “weaker” biomechanics in risk for ectasia? - or is there a “break” point in biomechanics
different for EACH cornea in destabilizing it?

Visual rehabilitation of ECTASIA:

• Spectacles, Contacts, INTACS, DALK, PK!

• CXL

• Combined technique: CXL+tgPRK

• Implantation of phakic IOLs in cases with high residual myopia and/or anisometropia

• CXL prior to a phakic IOL will produce a more stable ground for calculating the refractive error

• Other
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Currently sensitive criteria:

• Topometric asymmetry indices IHD and ISV

• Pachymetric asymmetry; Scheimpflug, OCT

• ART – Max = TP / PPI – Max (essentially “steep” cornea pachymetry change)

• Epithelial profiles

• Biomechanical measurements-Brillouin

My Clinical practice:

• Asymmetry indices Topometric indices IHD, ISV

• Pachymetric norms and asymmetry changes

• Epithelial remodeling

• Biomechanical measurements?

• View all topos in correlation with Biomicroscopy!

• Family topos important!
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Most topometric asymmetry indices worse!
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Is this KCN?

5
1
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Post-LASIK ectasia?
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Is this keratoconus progressing?
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Athend Protocol outcomes:
From stage 3 KCN to NONE Average K from 48.5 to 44 Refraction -2.5-4.5@155 (20/70) to -1-
1.5@10 (20/20)

5
4 54

mailto:-2.5-4.5@155
mailto:-1-1.5@10
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Athens Protocol outcomes: may induce myopia!
Refraction from +0.75-3.50@10 (20/60) to -0.75-0.75@170 (20/20) due to improvement of the topometric 
parameters.

55

mailto:+0.75-3.50@10
mailto:-0.75-0.75@170(20/20
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Athens Protocol:
Some improvement in UCVA, dramatic improvement in BSCVA: 98% of cases at least 20/40!)

56

Athens Protocol: safety

Athens Protocol:
Keratometric change over 

24 months, progressive 
flattening

this finding makes 
challenging the prediction 

of refractive correction
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Comparative Results 220 Athens Protocol eyes treated with the EX500 excimer (Alcon/Wavelight) without 
and with cyclorotation adjustment.

CTA
No CTA
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Novel software to access on the cornea, planned vs. acchieved normalization in the 
aplicatiom of the Athens Protocol in Keratoconus (topo-guided PTK 

normalization+CXL)
Actual achieved normalization analysis In a 2 dimensional analysis

Δϑ=|ϑp - ϑd| 

(rp, ϑp) (rd, ϑd) 

WΔϑ= Δϑ·Δr
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Athens Protocol: improved anterior corneal profile, but what about the 
posterior?

5
9
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Kanellopoulos,MD 6
0

Ex-vivo comparison of epi-off 3, 9, 18, 30, 45mW/cm2
Over 30mW/cm2 no CXL takes place!!!
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Introduction of riboflavin in a femto-pocket

6
1
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HYPEROPIC LASIK+CXL
A drop of 0.1% riboflavin sodium phosphate solution, just prior to its spread over the exposed
stromal bed
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“ profile Hyperopic” oz 6-9mm
“hyperopic PTK” 6-9oz 30 microns
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The myopic shift 
(hyperopia-presby treatment)
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2 years PiXL (CXL) myopic treatments 4D flattening !
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Conclusions higher fluence CXL

• CXL can sterilize the stroma higher fluence and higher riboflavin % may be useful

• The apoptosis of keratocytes may have unknown benefit to epithelial hyperplasia and risks

• Potential endothelial toxicity

• Potential limbal cell cell and/or goblet cell toxicity from collateral Rib+ interaction

• CXL may prove to be the standard collagen stabilizer and adjunct disinfectant in LASIK, PRK

and even cataract surgery

• Appears to be more effective if Type I model of CXL holds true

• Customised fluence and riboflavin concentration may personalize CXL as a biomechanical

stromal modulator for many applications:

• May prevent regression in hyperopia

• LASIK Xtra appears to have only potential advantages

• May become the standard of care for PRK (reduce scarring, epithelial hyperplasia)
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6
7

Comparison of Keratometric Stability 
compelling evidence that LASIK Xtra 

works and maybe a necessary adjunct in 
hyperopic LASIK
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24 months
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Placido topo data of hyperopic PiXL (CXL) treatments:
Left: difference, center : after, right: before
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Transepi toric CXL:
1-8 month validation

of transepithelial Toric PiXL!

No significant
epi changes
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2014: laboratory work establishing ex-vivo in-situ CXL effect in a SMILE simulation all femto procedure.

Two-surface intra-lamellar bed corneal dissections were performed within a 5.5 mm optical zone.
The lenticule was extracted through a 3.5 mm wide superior canal.
High-fluence CXL was conducted in the pocket created.
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Infectious Keratitis in a 38y/o F MD
and right designing a x/y topo-guided CXL focal intervention with the KXL-II
device
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The actual application of topo-customized CXL treatment in infectious keratitis.

20mW/cm2, 7.2J continuous 
for 10’

Resoltion of nebular 
infiltrate by day 1!!!
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Severe scar of the cornea
BCVA 20/200, 

Lamellar or PK?

7
3

Kanellopoulos,MD
91

From 20/200 to 20/40!
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Initial ex-vivo evaluation of flap-less, femto-second laser-assisted simulation 
of myopic Refractive Lens Extraction, stabilized with high-fluence CXL

Materials employed in the study

Human donor corneas (Eye Bank for Sight Restoration, NY),

Lamellar Cuts: Femtosecond laser (FS200, Alcon/WaveLight),

In-situ Cross Linking: High-fluence device (KXL, Avedro),

Keratometry: Scheimpflug imaging (Pentacam, Oculus),

Pachymetry: Anterior-Segment OCT (AS-OCT, RtVue100, Optovue),

Biaxial load cell-based analysis: Biotester 5000, CellScale
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Kanellopoulos MD

Our current CXL protocols

Athens Protocol: topo partial PRK +15’x 6mw/cm2

• LASIK Xtra: 1’ (60”) 30mW/cm2 all hyperopes

• PRK Xtra: 1’ (90”) 30mW/cm2

• TransepiCXL: 0.25% ribo + 30mW X 3’ 

• Infection: 0.25% riboflavin + 20mW/cm2 /7,2 Joules

• PiXL 0.25% ribo + 30mW/cm2 7.2-20 Joules
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Conclusions

•Alternative treatments: 

✓ CXL alone

✓ Contact lenses: RGPs and/or Scleral 
lenses

✓ Intracorneal ring segments

✓ Allograft inlays?

✓ Lamellar keratoplasty

✓ Penetrating keratoplasty
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Conclusions

✓ The Athens Protocol (partial topo-guided
PRK combined with CXL) appears to be safe,
predictable, and effective in ectasia
stabilization, and visual rehab over 12 years
later.

✓ Clinicians should be cautioned in
overcorrecting, potential for delayed healing
and/or scarring and the significance of
effective ablation plan delivery.
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Thank you


