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Purpose 

To comparatively investigate efficacy of the enhanced Athens Protocol procedure, guided by novel 
Placido-derived topography with cyclorotation compensation, to the previous similar cases, guided by 
Scheimpflug-derived tomography without cyclorotation compensation. 
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Methods 
•  Group-A (‘cyclo-adjusted’ nA=110 eyes),  
o  Placido disc-derived topography guidance 
o  cyclorotation compensation 

•  Group-B (‘non-cyclo-adjusted’ nB=110 eyes),  
o  Scheimpflug-derived tomography guidance (available 

in the past) 
o  no cyclorotation compensation.  
•  Common to both groups: 
o  Topography-guided partial PRK combined with 

accelerated corneal cross-linking (CXL) for the 
management of progressive keratoconus (the Athens 
Protocol) 

The remarkable anterior curvature normalization achieved 	

with an Athens Protocol case	
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Analysis 
Digital processing of Scheimpflug-imaging 
derived topographic curvature difference maps 
with the objective to measure angular 
differences between targeted (surgical 
planning) and achieved ablation pattern.   

Outcomes:  
Vector (r, ϑ) corresponding to the steepest 
(peak topographic) corneal point (cone) on the 
pre-operative surgical planning map (rp, ϑp) 
and the curvature difference map (rd, ϑd). 

Calculated data:  
Differences between the peak topographic 
angular data:  Δϑ=|ϑp - ϑd| & weighted angular 
difference WΔϑ=Δϑ•Δr. 
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The ‘compare 2 exams’ output from the Scheimpflug 
imaging device.   

•  Left, the pre-operative sagittal curvature map;  

•  middle, the post-operative map 

•  right, the difference of the two maps.  

Measurement of axial and radial coordinates of the 
steepest corneal point (ImageJ Software) 
corresponding to the pre-operative (left) and difference 
map (right) also shown above.   

The pre-operative map vector had coordinates rp = 1.69 
mm, ϑp = 270°.   

The difference map vector, rd = 1.69 mm, ϑd = 225°, 
respectively. 

There is evident difference between the two maps, 
which may be attributed to non-compensation of 
cyclorotation:  the Δϑ (difference between the peak 
topographic angular data) and WΔϑ (weighted angular 
difference) corresponding to these data were 45° and 
58.30 mm, respectively. 
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For group-A Athens Protocol cases with cyclo adjustment average Δϑ was 7.18±7.53 (0 to 34) ° and 
WΔϑ was 3.43±4.76 (0.00 to 21.41) mm.   

For group-B (without-cyclo), average Δϑ was 14.50±12.65 (0 to 49) ° and WΔϑ was 10.23±15.15 
(0.00 to 80.56) mm.   

The group-A Athens Protocol cases with cyclorotation adjustment had on average 
smaller angular difference as well as weighted angular difference by a statistically 
significant margin (Δϑ p-value =0.0058 and WΔϑ p-value =0.015).   
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Conclusions 

•  a novel objective digital analysis technique to evaluate the possible 
cyclotorsion effect in our Athens protocol cases studied herein, which 
also may be applicable to wider application for objective analysis of 
outcomes in topography-guided and other customized treatments.  

•  Incorporation of cyclorotation compensation in customized topography-
guided treatments in our Athens Protocol cases with the EX500 excimer 
laser, leads to greatly improved objective correlation between targeted 
and achieved changes.   


