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Cyclorotation Compensation 
•  Combination of iris and limbal blood vessel pattern matching to compare a pre-operative upright reference image with 

a pre-operative sample supine image. 

•  Enabled by novel Placido Topography infrared auxiliary imaging (WaveLight Vario).  

•  The treatment planning is appropriately rotated to compensate for any cyclorotation between the two states. 

Initial data matching to reference image 

The Scheimpflug-derived difference map 
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Cyclorotation 
Estimate (°) 

Modified Athens protocol Procedure 
Inclusion criteria:  
•  clinical diagnosis of progressive keratoconus,  

•  minimum age 17 years,  

•  corneal thickness at least 300 µm, 

•  uneventful AP procedure, 

•  followed for at least up to one year. 

Group-A (‘cyclo-adjusted’ nA=110 eyes),  
o  Placido disc-derived topography guidance cyclorotation 

compensation 

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

the past), 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) 
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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. 
 

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).   



Prof. A. John Kanellopoulos, MD
www.brilliantvision.com

Discussion 
•  In addition to adopting cyclo-tortional compensation, the enhanced Athens Protocol incorporates a change in 

the ablation pattern sequences, by preceding the PRK step to the PTK step.  The rationale for this has been the 
following: the topography-guided ablation pattern bears the customized part, for which the active eye-tracking 
should be performing with minimal interference.  Thus the partial-PRK step is performed first, to interfere with 
less ablated debris, and therefore to have the best possible pupil imaging.  The PTK step, which was initially 
designed to ablate a ‘uniform’ 50 µm thickness over a 8.00 mm zone, to achieve epithelial debridement, may be 
performed subsequently.  This PTK part, by being rotationally symmetric, does not necessitate cyclorotation 
compensation is not dependent on saccadic motion to the extend the PRK part does 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 cylindrical changes.   
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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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