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Purpose 
The safety and efficacy ofpartial topography-guided normalization combined with 
higher fluence CXL in corneal ectasia. 

To comprehensively investigate anterior and posterior keratometry and simulated 
corneal astigmatism in keratoconic (KCN) eyes before treatment and after a combined 
treatment comprising of anterior surface normalization with the Athens Protocol: 
combined partial topography-guided excimer ablation and higher fluence cornea-cross 
linking (CXL). 

Athens Protocol Objectives: 
Anterior-surface normalization 

Improved visual rehabilitation 

Better riboflavin absorption and effective CXL 
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Surgical Procedure 
1.  Partial topography-guided 

excimer-laser ablation, employing 
photorefractive keratectomy 
(PRK) in combination with the T-
CAT procedure.  Optical zone 5.00 
to 5.50 mm.  

2. Excimer-laser ablation (uniform 
50 µm over a 7.00 mm zone), 
employing the PTK mode.  

3. CXL with UV-A irradiance of 6 
mW/cm2, applied for 15΄ 
employing the KXL I or II system 
(Avedro Inc., Waltham, MA).  
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Methods 
•  267 keratoconic patients (group A, preop) were evaluated for KCN stabilization, refraction 
and visual performance, and study of the anterior and posterior corneal surface keratometry 
by Scheimpflug imaging. 
•   The eyes were subsequently treated with the Athens Protocol procedure, and were 
assessed one year later postoperatively for the same corneal parameters (group B, postop).   
•  The correlations between anterior and posterior keratometry before and post- treatment 
were investigated using paired two-tailed t-tests, coefficient of determination (r2), and Pearson 
correlation coefficients.  

Remarkable anterior curvature 
normalization achieved  

with an Athens Protocol case 
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Results: Anterior vs Posterior Keratometry 

At 18 months pre- to post-operative: UDVA 20/40: 25% to 75%, CDVA 20/25: 
22% to 85%, SE in Diopters(D): -4,5±4,2 to -1,8±2,3, residual cylinder D:  
-4,5±2,8 to -2,1±1,3, steepestK: 51,5±5,3 to 46,5±2,6, IHD: 0,135±0,085 to 
0,42±0,023, ES: KC stage 2,5±1,1 to stage 1,2±0,35. These data appeared to 
stabilize by the third postoperative month. 
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Results:  
Small changes in  posterior corneal surface after Athens Protocol CXL 

UNTREATED	 TREATED	
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Discussion 
•  Scheimpflug imaging provides data for the posterior surface on clear, normal corneas.  

Any significant cornea irregularity or light conduction interference may bias the 
findings and the data presented are extrapolations.   

•  The issue of posterior surface change following either CXL, surface ablation, or a 
combination of both procedures has to be viewed with skepticism due to this imaging 
bias.  We present these data with the reservation that measurements of the posterior 
surface might be influenced by the algorithm involving corneal thickness 
measurements, which, in the case of the densitometry-principle based imaging, might 
be influenced in the CXL-treated corneas.   

•  Also possible is that the ‘denser’ CXL effect observed with the application of AP may 
mask posterior surface changes.   

•  Therefore, although we observed in this study some posterior surface changes, as 
expected due to the dramatic alteration of the anterior surface and cornea stromal 
changes, these appear to me non-significant in comparison to the anterior surface 
changes.  
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Conclusions 
•  The Athens Protocol (TGN combined with CXL) for KC appears 

to be safe and effective in ectasia stabilization, cornea 
normalization and visual rehabilitation over eighteen months 
follow-up.  

•  Within the untreated keratoconic eyes group A, there is strong 
correlation between posterior and anterior surface corneal 
astigmatism.  The Athens-Protocol treated keratoconic eyes in 
group B show statistically significant anterior surface 
keratometry flattening, consistent with our previous studies.   

•  The posterior surface keratometry, as expected, did not show 
statistically significant postoperative change.   

•  The data suggest that there is minimal change in the posterior 
corneal surface after the Athens Protocol, despite the significant 
normalization in the anterior surface, validating its safety 
profile. 
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Corneal Refractive Power and Symmetry Changes 
Following Normalization of Ectasias Treated With 
Partial Topography-Guided PTK Combined With 
Higher-Fluence CXL (The Athens Protocol)
Anastasios John Kanellopoulos, MD; George Asimellis, PhD

ABSTRACT

PURPOSE: To investigate preoperative and postopera-
tive anterior and posterior keratometry and simulated 
corneal astigmatism in keratoconic eyes treated with 
collagen cross-linking combined with anterior surface 
normalization by partial topography-guided excimer ab-
lation (the Athens Protocol).

METHODS: Anterior and posterior corneal keratom-
etry were measured by Scheimpflug imaging for 267 
untreated keratoconic eyes. Following treatment, they 
were assessed 1 year postoperatively.

RESULTS: Before treatment, average anterior kerato-
metric value was 47.06 ± 6.02 diopters (D) for flat 
and 51.24 ± 6.75 D for steep. The posterior kerato-
metric values were -6.70 ± 0.99 D (flat) and -7.67 
± 1.15 D (steep). Anterior astigmatism was on aver-
age with-the-rule (-1.97 ± 6.21 D), whereas posterior 
astigmatism was against-the-rule (+0.53 ± 1.02 D). 
The posterior and anterior astigmatism were highly cor-
related (r2 = 0.839). After treatment, anterior kerato-
metric values were 43.97 ± 5.81 D (flat) and 46.55 
± 6.82 D (steep). Posterior keratometric values were 
-6.58 ± 1.05 D (flat) and -7.69 ± 1.22 D (steep). An-
terior astigmatism was on average with-the-rule (-1.56 
± 3.80 D), whereas posterior astigmatism was against-
the-rule (+0.45 ± 1.29 D). The statistically significant 
(P < .05) keratometric changes indicated anterior sur-
face flattening -3.09 ± 2.67 D (flat) and -4.19 ± 2.96 
D (steep). The posterior keratometric changes were not 
statistically significant (P > .05).

CONCLUSIONS: Before treatment, there was a strong 
correlation between posterior and anterior corneal astig-
matism. After treatment, statistically significant anterior 
keratometric values flattened. The posterior surface 
keratometric values did not demonstrate statistically 
significant postoperative change: there was minimal 
posterior change, despite the significant anterior sur-
face normalization.

[J Refract Surg. 2014;30(5):342-346.]

eratoconus assessment employs indicators such as 
keratometric values, inferior-superior index, skew 
percentage, astigmatism, and the KISA% index.1 

Acceptable quantitative keratometric criteria include cen-
tral corneal refractive power larger than 47.2 diopters (D), 
inferior-superior dioptric asymmetry larger than 1.2 D, and 
simulated astigmatism, expressed as the difference between 
steep and flat keratometric values greater than 1.5 D.2 The 
steep and flat meridian keratometric values correspond to 
the smaller and larger anterior corneal curvature radius, 
respectively.

Corneal cross-linking (CXL) is an in vivo intrastromal pho-
to-oxidative technique with riboflavin and ultraviolet-A light 
aiming to address the advancing corneal ectasia and, conse-
quently, the keratoconus progression. With CXL, additional 
covalent bonding between stromal collagen can be achieved, 
which stabilizes the collagen framework structure.3 The re-
modeling effects of CXL on the cornea can be described by 
the reduction of mean anterior surface keratometric values.4 
Few studies have been published on the quantitative link be-
tween anterior and posterior keratometric values in kerato-
conic eyes or particularly on the postoperative effects of CXL 
on either corneal surface.

This study aims to investigate the distribution of and rela-
tionship between anterior and posterior corneal keratometric 
values and simulated anterior and posterior astigmatism on 
a large group of clinically diagnosed, untreated keratoconic 
eyes, and the 1-year postoperative effects on both anterior 
and posterior keratometric values and astigmatism induced 
by a combined procedure known as the Athens Protocol,5,6 
which intends to arrest the keratoconus progression and nor-
malize the anterior corneal surface.
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treatment, r2 was 0.407 and P value less than .001 
(Table 2).

Data analysis indicates that the mean of the paired 
differences regarding the flat anterior keratometric val-

ues was reduced (flattened) postoperatively by -3.09 
± 2.69 D, or -6.56%, and was statistically significant 
(P < .05) (Table 2). The uncertainty associated with esti-
mating the difference from sample data indicated, with 
a 95% confidence interval, that the true difference was 
between -2.76 and -3.41 D. The steep anterior keratomet-
ric values showed a postoperative flattening by -4.19 ± 
2.96 D, or -8.19%, again statistically significant (P < .05). 
The true 95% difference was between -3.84 and -4.55 D.

The mean of the paired differences regarding the 
flat posterior keratometric values showed an increase 
of +0.12 ± 0.61 D, or -1.76% (considering the negative 
sign of the posterior keratometric values). The 95% 
true difference was between -0.191 and -0.0449 D. 
The analysis for the steep posterior keratometric val-
ues showed a postoperative change of -0.02 ± 0.55 D 
or +0.04% (95% true difference between -0.0485 and 
+0.0829 D). These differences were not statistically 
significant (flat P = .135, steep P = .606). 

DISCUSSION
In this study, a rotating Scheimpflug camera was 

employed to measure both the anterior and posterior 
corneal curvature in a large number (267) of kerato-
conic cases, before and after (1 year postoperatively) a 
combined CXL and anterior surface excimer laser nor-
malization. In the case of keratoconus, highly irregu-
lar keratometric values were present. For example, the 
simultaneous investigation of anterior and posterior 
corneal keratometric values has indicated statistically 
significant differences between normal and keratoco-
nus-suspect eyes.16 In a study evaluating keratometric 
values in keratoconic compared to normal eyes, the 

TABLE 1
Anterior and Posterior Corneal Surface Keratometry and Astigmatism  
as Measured in the 8-mm Diameter Zone Before and After Treatment

Before Treatment After Treatment

Parameter Average (D) SD (D) Max (D) Min (D) Average (D) SD (D) Max (D) Min (D)

Anterior cornea

  Flat 47.06 ±6.02 78.50 33.70 43.97 ±5.81 73.2 30.1

  Steep 51.24 ±6.75 80.70 39.50 47.04 ±6.86 81.3 33.9

  Mean 49.03 ±6.21 78.80 38.80 46.37 ±6.73 80.9 31.9

  Astigmatism -1.97 ±6.21 11.30 -12.40 -1.56 ±3.80 12.4 -11.5

Posterior cornea

  Flat -6.70 ±0.99 -4.60 -9.90 -6.58 ±1.05 -3.3 -10.4

  Steep -7.67 ±1.15 -5.60 -11.00 -7.69 ±1.22 -5.2 -13.2

  Mean -7.08 ±1.40 8.50 -10.20 -7.08 ±1.06 -4.2 -11.5

  Astigmatism +0.53 ±1.02 +4.00 -2.60 +0.45 ±1.29 +4.3 -5.3

SD = standard deviation; D = diopters; Max = maximum; Min = minimum

Figure 1. Scatter and fitted line plots of posterior astigmatism expressed 
in diopters (D) versus anterior astigmatism (also expressed in D) with 95% 
confidence intervals (CI) and 95% prediction intervals (PI). (Top) Before 
and (bottom) after treatment.


