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How we define customized ablation in 2016 
Adjustment	to	pupil	size	(improve	glare)?	
Ac9ve	eye-tracking	(reduce	abla9on	de-centra9on)?	
Wavefront-op9mized	(reduce	spherical	aberra9on)?	
Customised	flap	(femto	lasers)?	
Adjustment	to	angle	kappa	(Wavefront-TopoGuided-Manual)?	
Wavefront	guided	(“improving”	HOA-asphericity)?	
Primary	Asphericity	adjustment	(FCAT	outsideUSA)?	
Topography	guided?	(performed	in	Europe	since	2003,	FDA	approved	(Alcon	

and	Nidek)	for	primary	LASIK	2013,	clinical	applica9on	in	US	since	2015)	
Customizing	cornea	biomechanics	with	CXL?		
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Some of the key elements we have come to appreciate in refractive surgery 
(cornea and lens based) 

Cornea curvature imaging and how it relates to the subjective 
refraction: Scheimpflug tomography, Placido topo, Cassini colorLED reflection, OCT total 
cornea and epithelial imaging) 

Wavefront: HOA Tserrning, Hartman-Shack 

Topographic variability (correlate wavefront to topo-derived comma) 
Flap may affect topography, epithelium and HOAs 
Corneal epithelium; OCT, HFU 
Angle kappa 
Biomechanical stability forecast (hyperopia,high risk myopes) 
All Cases: Topography-guided customized ablation profile 
considered 
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Wavefront guided-hyperVision 
“repair” results: 

Kanellopoulos et al, AAO 2004, JRS May 2006 
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Shortcomings	of	wavefront:	
dynamic	changes	with	accommoda9on,	imaging	not	always	possible	

Gary P. Gray  2001 
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Kanellopoulos: 
JRS 2005

Topography-guided was 
designed originally for 

therapeutic applications used 
since 2003 
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Enlarging myopic optical zone: 
Initially -10,  505µ LASIK: 4,5mmOZ, 125µ flap M2->plano ^BCVA 2 lines, but night halosTopo-guided Tx to 

enlarge OZ to6mm and adjusting Q value to -1,46Initially halos gone,  

Refraction: -1.25!
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Recent TCAT LASIK in a 62y/o physician pseudophake with  
irregular astigmatism due to eccentric astigmatic keratotomies 

2014 
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J Cornea 
2007 

CXL followed 6 months later by a partial tPRK 

Over the last 12 years we have treated over 
 3000 cases of KCN and ectasia with Topo Guided +CXL 
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The Athens Protocol: 
topo-guided partial PRK + CXL for keratoconus 

Normalize a very irregular cornea and stabilize with CXL Refraction -2.5-4.5@155 (20/70) to -1-1.5@10 (20/20) 

11	
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How does Topo-guided work? 
Consistent topo images, adjusting Q value 
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How does Topo-guided work? 
Surgeon choice of Q value, Optical Zone, Transition Zone,  

Sphere, Cylinder, Axis 
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How does Topo-guided work? 
Similar process with the Schwind, Amaris 750 (not FDA) 
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How does Topo-guided work? 
IVIS 1000Hz excimer (not FDA) courtesy of Aleks. Stojanovic - Norway 
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Recent FDA topography-
guided LASIK data with the 

Alcon/Wavelight 
platform-2013 

WaveLight ALLEGRETTO WAVE® Eye-Q Excimer Laser - P020050/S012
, Summary of Safety and Effectiveness Data (SSED)

  http://www.accessdata.fda.gov/cdrh_docs/pdf2/P020050S012b.pdf  
Accessed August 27, 2014
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36y/oM, wears non-toric contact lenses X 15 years Refraction: -3.00 -2.00 @ 
95=20/20- and -3.25 -1.75 @ 85=20/20-  

 

? Is topo-guided LASIK  
the optimal treatment 
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36y/o Gent, wears non-toric contact lenses X 15 years 
Refraction: -3.00 -2.00 @ 95=20/20- and -3.25 -1.75 @ 85=20/20-  

 

? Is topo-guided LASIK the optimal treatment 

Standard WO treatment Topography-guided treatment
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36y/o Gent, wears non-toric contact lenses X 15 years 
Refraction: -3.00 -2.00 @ 95=20/20- and -3.25 -1.75 @ 85=20/20- 

postoperative UDVA: 20/10 OU!!!  
 

topo-guided LASIK proved the optimal treatment, 
correcting the refractive error efficiently and by 

improving the cornea symmetry a compelling gain 
of 2 lines of UDVA and CDVA 

The pre- and post-topographic images and difference
Demonstrating the slight astigmatic asymmetry before, none 

after 

The Index of height decentration, a symmetry parameter
Improved from 0.17 to 0.02!!!, in my opinion the key factor 

To the gain in visual function registered 

Effective cyclorotation compensation data:
Per-op angle of astigmatism:  96.12, Post-op angle:  95.86,  

Angular difference = 0.26 
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“simple” -6 myope, 
"regularly irregular" topographies and some angle kappa 
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Large cyclorotation angle 
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Increased cyl, changed axis, reduced sphere 
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High myopia astigmatism, 
Reduced the refractive cyl, adjusted axis, added sphere 

pUDVA=12/10 (20/16) 
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Can topo-guided be actually accurate? 
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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Comparative Results 220 Athens Protocol eyes treated with the 
EX500 excimer (Alcon/Wavelight) 

without and with cyclorotation adjustment 

With Cyclorotation adjustment No Cyclorotation adjustment 

768 Copyright © SLACK Incorporated

O R I G I N A L  A R T I C L E

Novel Placido-derived Topography-guided 
Excimer Corneal Normalization With 
Cyclorotation Adjustment: Enhanced Athens 
Protocol for Keratoconus
Anastasios John Kanellopoulos, MD; George Asimellis, PhD

ABSTRACT

PURPOSE: To comparatively investigate the efficacy 
of the enhanced Athens Protocol procedure guided by 
novel Placido-derived topography with cyclorotation 
compensation (the cyclorotation adjusted group) to 
similar cases guided by Scheimpflug-derived tomogra-
phy without cyclorotation compensation (the non-cyclo-
rotation adjusted group).

METHODS: Two groups were evaluated: the cyclorota-
tion adjusted group (n = 110 eyes) and the non-cyclo-
rotation adjusted group (n = 110 eyes). Analysis was 
based on digital processing of Scheimpflug imaging 
derived curvature difference maps preoperatively and 3 
months postoperatively. The vector (r, !) corresponding 
to the steepest corneal point (cone) on the preopera-
tive surgical planning map (rp, !p) and on the curvature 
difference map (rd, !d) were computed. The differences 
between the peak topographic angular data ("! = |!p 
– !d|) and weighted angular difference (W"! = "! # 
"r) were calculated.

RESULTS: For the cyclorotation adjusted group, "! was 
7.18° ± 7.53° (range: 0° to 34) and W"! was 3.43 
± 4.76 mm (range: 0.00 to 21.41 mm). For the non-
cyclorotation adjusted group, "! was 14.50° ± 12.65° 
(range: 0° to 49°) and W"! was 10.23 ± 15.15 mm 
(range: 0.00 to 80.56 mm). The cyclorotation adjusted 
group appeared superior to the non-cyclorotation ad-
justed group, in both the smaller average angular differ-
ence between attempted to achieved irregular curvature 
normalization and in weighted angular difference, by a 
statistically significant margin ("!: P = .0058; W"!: 
P = .015).

CONCLUSIONS: This study suggests that employment 
of the novel Placido-derived topographic data of highly 
irregular corneas, such as in keratoconus, treated with 
topography-guided profile with cyclorotation compensa-
tion leads to markedly improved cornea normalization.

[J Refract Surg. 2015;31(11):768-773.]

orneal cross-linking (CXL) is considered a valid 
option for progressive keratoconus/corneal ectasia 
treatment.1 By increasing corneal biomechanical 

strength, CXL results in keratectasia arrest.2 In addition, CXL 
has also been shown to improve corneal irregularity and re-
duce central anterior corneal steepening.3

Combined with CXL, partial anterior surface normalization 
via topography-guided customized partial excimer laser abla-
tion may offer, in addition to keratectasia arrest, improved 
topographic and refractive outcomes.3,4 The Athens Protocol 
comprises phototherapeutic keratectomy (PTK) of 50 µm, a 
partial photorefractive keratectomy (PRK) for the topography-
guided customized anterior surface normalization, and high-
fluence CXL for corneal stabilization.5 Long-term results6 and 
anterior segment optical coherence tomography quantitative 
findings7 have demonstrated the stability of the procedure in 
large cohorts of patients. Variations of this technique have 
been applied and reported globally.8-14

Because the topography-guided ablation step of the pro-
cedure bears a high degree of customization, the impact of 
effective alignment between treatment planning based on the 
topography-derived data and surgically applied ablation pat-
tern is pivotal for a successful outcome. Critical parameters 
affecting alignment are horizontal and vertical eye move-
ments, eye pupil centroid shift, and possible cyclorotation. 
The significance of these principles has been reported pre-
operatively and intraoperatively in refractive procedures.15 
High-speed active eye tracking along with cyclorotational 
topographic adjustment (CTA) has been introduced during 
the past 2 years in refractive lasers such as the EX500 ex-
cimer laser (Alcon Laboratories, Inc., Fort Worth, TX), which 
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such highly customized topography-guided treatments. 
We studied two large groups, which were matched pre-
operatively in all aspects of vision, corneal thickness, 
keratoconus stage, and cone location (displacement).

The Athens Protocol screening protocol involves pre-
operative imaging by both the Scheimpflug topometry 
and Placido topography devices. Either device can be 
synced to the operational laser planning computer on 
the EX500 excimer laser via a closed ethernet circuit 
to provide the necessary topography data. Surgeons 
may choose data from either device based on their own 
criteria. We have made it standard to review both to-
pographies as a potential treatment and compare the 
treatment patterns that invariably are similar. The main 
difference, as far as the implementation of either treat-
ment, is that only the Placido topography-guided treat-
ment can employ adjunct cyclorotation adjustment, 
whereas the Scheimpflug-derived treatment cannot. Pri-
or to the availability of the cyclotortional compensation 
option with the new Placido-imaging device (Vario), 
the majority of the procedures by our team adopted the 
Scheimpflug option, due to the improved sensitivity at 
the center section, when compared to the older version 
of Placido-produced topography employed by a pre-
decessor device to the current Vario topographer (the 
Topolyzer). We have previously studied the efficacy of 
the Placido-derived treatments to Scheimpflug-derived 
treatments and with that older technology on both the 
topography devices (Oculyzer I vs Topolyzer) evaluated 
both with the 400-Hz EyeQ WaveLight excimer laser 
(Alcon Laboratories, Inc.) and found that the Scheimp-
flug-driven treatments were superior.19

Herein, we introduce a digital analysis technique to 
objectively evaluate the possible cyclotorsion effect, 
which may be applicable to analysis of outcomes in 
topography-guided treatments.

In addition to adopting cyclotortional compensa-

tion, the enhanced Athens Protocol incorporates a 
change in the ablation pattern sequences, by the par-
tial PRK step preceding the PTK step. The rationale 
for this has been that the topography-guided ablation 
pattern bears the customized part, for which the active 
eye tracking should be performing with minimal inter-
ference. Thus, the partial-PRK step is performed first 
to interfere with less ablated debris and with intact 
epithelium for the most part providing a better image 
for the EX500 active tracker camera, and therefore pro-
viding the best possible pupil, iris architecture, cen-
troid shift, and limbal anatomy imaging. The PTK step, 
which was initially designed to debride a uniform 50-
µm thickness of epithelium over a 7-mm zone, may be 
performed subsequently. This rotationally symmetric 
PTK step does not necessitate cyclorotation compensa-
tion and is not dependent on saccadic motions to the 
extent of the partial PRK step.

In addition to ocular movement, there is also vari-
able ocular rotation, known as cyclorotation or cyclo-
torsion. Cyclorotation affects ocular imaging and toric 
corrections. Cyclorotation may vary from +7.7° (ex-
cyclotorsion) to -11.0° (incyclotorsion), with a mean 
absolute value of 2.74° ± 2.30°.20 Our data for cyclotor-
sion had an average absolute value of 2.42° ± 2.36°.

Because the majority of laser vision correction plat-
forms incorporate custom ablation patterns, such as 
topography-guided or corneal wavefront ablation pro-
files,21,22 accurate compensation for both movement 
and rotation has a major part in achieving optimal re-
sults. It would be interesting to evaluate some of these 
platforms with the novel methodology described here-
in to objectively assess perhaps equivalent, superior, 
or inferior accuracy.

Until recently, eye tracking with the topography-
guided profile by the EX500 platform only addressed 
horizontal (x), vertical (y), and depth (z) movements,23 

TABLE 1

Statistical Analysis of Absolute Angular Difference Between the  
Peak Topographic Angular Data !" and Weighted Angular Difference W!"

Cyclorotation Adjusted Group Non-cyclorotation Adjusted Group

Parameter !" (°) W!" (mm) P !" (°) W!" (mm) P

Average 7.18 3.43 .0058 14.50 10.23 .0015

Standard deviation ±7.53 ±4.76 ±12.65 ±15.15

Minimum 0 0.00 0 0.00

Maximum 34 21.41 49 80.56

Confidence intervals

  0.95 ±1.77 ±1.12 ±2.64 ±3.21

  0.99 ±2.35 ±1.49 ±3.49 ±4.25
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Can current LVC get better? 
Comparing standard to topography guided: Contralateral-eye study 

UDVA
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Comparing standard to topography guided LVC
Contralateral-eye study at 3 months 

Refractive cylinder Refractive error
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LVC today is great with any platform, Standard, WO, WG 

In pursue of “perfection” one has to consider topography-guided as a 
accurate customization tool that addresses: objective measurements, 
angle kappa, cornea astigmatism, normalization of the cornea on the 
line of sight (apex)   

Multifactorial Corneal Imaging, refraction, epithelial profiles and 
centration delivery appear pivotal elements in improved outcomes and 
confirm superior outcomes with topography-guided! 

In my opinion topography guided is the most objective and accurate  
treatmentcurrently 

 it may also change the clinical refraction paradigm providing indirect 
evidence of significant dynamic lenticular astigmatism  that may aid as a 
clinical refraction adjustment tool 
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Thank You! 


