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Clin Ophthalmol. 2012;6:789-800 

Correlation between overall epithelial thickness in normal corneas, ectatic and ectatic 

previously treated with CXL corneas.  Can overall epithelial thickness become a very early 

ectasia prognostic factor? 

•  What was Known 

•  compensatory nature of epithelial distribution in response to anterior 
stromal surface irregularities 

•  the epithelium is thinner over the steeper ‘conic’ section in a 
keratoconic eye and thicker over the flatter areas 

•  What this Paper Adds 
•  overall increase in epithelial thickness, particularly in younger 

keratoconic patients 
•  this “reactive” epithelial hypertrophy may precede any of the 

standard topographic or tomographic cornea findings.  
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A. John Kanellopoulos and George Asimellis 

Case Rep Ophthalmol. 2013;4(1):74-8   

Anterior segment optical coherence tomography - assisted topographic corneal epithelial 

thickness distribution imaging of a keratoconus patient. 

 

•  What was Known 

•  3-Dimensional imaging of epithelial thickness had been performed 
only with HFU system 

•  the epithelium is thinner over the steeper ‘conic’ section in a 
keratoconic eye and thicker over the flatter areas 

•  What this Paper Adds 
•  First report of Anterior-Segment OCT epithelial thickness imaging of 

a KCN patient 
•  Ease of use of AS-OCT epithelial imaging in comparison to HF-UBM 

and increased predictability may be offered by AS-OCT 
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A. John Kanellopoulos and George Asimellis 

Cornea 2013;32(11):1493-8   

In vivo three-dimensional epithelial imaging of corneal epithelium in normal eyes by 

anterior segment optical coherence tomography: a clinical reference study. 

•  What was Known 

•  No large healthy population study of epithelial thickness investigation with AS-OCT 

•  What this Paper Adds 
•  Corneal epithelial thickness distribution and topographic thickness variability was 

clinically investigated with AS-OCT in 373 cases of normal, healthy eyes 
•  The epithelial thickness has a near-uniform distribution of approximately 53 µm, 

ranging between 45 to 60 µm.  Epithelial thickness is slightly increased inferiorly.   
•  Average topographic variability, expressed by the standard deviation of 17 points, of 

the order of 2 µm.   
•  Average epithelial thickness range (minimum – maximum) of -8 µm. 
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In vivo three-dimensional epithelial imaging of corneal epithelium in normal eyes by 

anterior segment optical coherence tomography: a clinical reference study. 
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Am J Ophthalmol. 2014;157(1):63-68.e2  

In Vivo 3-Dimensional Corneal Epithelial Thickness Mapping as an Indicator of Dry Eye: 

Preliminary Clinical Assessment. 

•  What was Known 

•  No large dry-eye population study of epithelial thickness investigation with AS-OCT 

•  What this Paper Adds 
•  There is a noted overall increase of epithelial thickness in dry eyes (average 58 µm) 
•  The topographic variability is comparable to that of normal eyes (average 3 µm) 
•  The clinical difference observed may nevertheless play a role in routine screening and 

treatment assessment, that may precede the specific dry eye measurements (such as 
TBUT and Schirmer) that may or may not be part of the screening protocol. 
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In Vivo 3-Dimensional Corneal Epithelial Thickness Mapping as an Indicator of Dry Eye: 

Preliminary Clinical Assessment. 
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In Vivo 3-Dimensional Corneal Epithelial Thickness Mapping as an Indicator of Dry Eye: 

Preliminary Clinical Assessment.  Reply to 2014;157(1):63-68.e2 

•  What was Known 

•  Standard deviation of epithelial thickness investigation is 0.7 (0.6 to 0.9) µm in 
normal eyes is reported by Ma et.al  and 0.7 µm by Li et.al.  

•  What this Paper Adds 
•  The axial resolution of OCT may play a role in determining the precision with which 

the corneal and the epithelial thickness can be measured. 



A. John Kanellopoulos and George Asimellis 

J Refract Surg. 2014;30(5):348-53   

Corneal Epithelial Remodeling Following Cataract Surgery: Three-Dimensional 

Investigation With Anterior-Segment Optical Coherence Tomography. 

•  What was Known 

•  No large post-cataract surgery population study of epithelial thickness investigation 
with AS-OCT. 

•  What this Paper Adds 
•  Corneal and epithelial thickness 3-dimensional profile distribution was clinically 

imaged pre-operatively and up to three-months postoperatively with AS-OCT in 116 
consecutive cases. 

•  Epithelial thickness remodeling following cataract surgery has indicated a return to 
baseline levels after a three-month interval. 

•  Delayed corneal and epithelial recovery was noted for the larger (75 y.o. and older) 
patient subgroup. 
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A. John Kanellopoulos and George Asimellis 

Cornea 2014;33(4):340-8   

Anterior-Segment Optical Coherence Tomography Investigation of Corneal Deturgescence 

and Epithelial Remodeling After DSAEK. 

•  What was Known 

•  No large post-DSAEK population study of epithelial thickness investigation with AS-
OCT. 

•  What this Paper Adds 
•  Preoperative and up to six-months post-operative central (CCT), minimum corneal 

thickness (MinCT), central graft thickness (CGT), as well as for epithelial topographic 
thickness variability.   

•  An age- and gender-matched control group was used for comparison. 
•   A standard pattern of epithelial thickness recovery and normalization, as well as 

corneal deturgence mainly by the first month postoperatively has been observed. 





A. John Kanellopoulos and George Asimellis 

J Refract Surg. 2014;30(3):166-71   

Longitudinal postoperative lasik epithelial thickness profile changes in correlation with 

degree of myopia correction. 

•  What was Known 

•  No large post-LASIK population study of epithelial thickness investigation with AS-OCT. 
•  Epithelial thickness changes have been reported in studies of microkeratome-assisted 

myopic excimer laser refractive correction. 
•  The noted central epithelial thickness increase has been associated with refractive 

regression. 

•  What this Paper Adds 
•  Epithelial thickness remodeling following LASIK has indicated a slight (average +3 µm) 

increase in epithelial thickness. 
•  The increase was rather not-lenticular, but more emphasized in the mid-periphery of 5 

mm.  
•  The noted increase showed a positive correlation to the amount of attempted 

myopic correction:  the larger the myopic correction, and thus, the stromal flattening, 
the larger the noted epithelial thickness increase. 
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Longitudinal postoperative lasik epithelial thickness profile changes in correlation with 

degree of myopia correction. 



A. John Kanellopoulos and George Asimellis 

Cornea 2014;33(5):463-9 

Epithelial Remodeling After Femtosecond Laser-assisted High Myopic LASIK: Comparison 

of Stand-alone With LASIK Combined With Prophylactic High-fluence Cross-linking. 

•  What was Known 

•  Epithelial thickness increase following myopic LASIK with a positive correlation to the 
amount of attempted myopic correction. 

•  What this Paper Adds 
•  Investigation of matched groups of myopic ablation, between a ‘standard’ LASIK 

treatment and a LASIK treatment with concurrent prophylactic in-situ cross-linking has 
indicated that there is no further noted increase in epithelial remodeling when 
the cross-linking is applied. 

•  These clinical differences observed, despite the possible attribution to the epithelial 
compensatory response, may not be fully justified with this theory. 

•  A possible explanation is the reduced epithelial hyperactivity attributed to a 
biomechanically strengthened cornea due to CXL. 
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Epithelial Remodeling After Femtosecond Laser-assisted High Myopic LASIK: Comparison 

of Stand-alone With LASIK Combined With Prophylactic High-fluence Cross-linking. 
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J Cataract Refract Surg   2014; 40(10):1597-602. 

Epithelial remodeling after partial topography-guided normalization and high-fluence 

short-duration crosslinking (Athens protocol): Results up to 1 year. 

•  What was Known 

•  Post-operative epithelial remodeling following partial anterior-surface normalization with 
excimer laser and high-fluence cross-linking, investigated with HFU results in reduced overall 
epithelial thickness and topographic variability.  

•  What this Paper Adds 

•  Novel clinical investigation of large pool of keratoconic eyes subjected to the Athens Protocol 
procedure, in comparison to untreated keratoconic eyes and a control group of healthy eyes, 
provided by clinical, Fourier-domain AS OCT providing in-vivo, three-dimensional epithelial 
thickness maps. 

•  Detailed follow-up of the treated eyes up to one-year confirms previous HFU findings of the 
overally thinner, as well as smoother epithelial thickness profile in comparison to untreated 
keratoconic eyes. 
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Epithelial remodeling after partial topography-guided normalization and high-fluence 

short-duration crosslinking (Athens protocol): Results up to 1 year. 
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A. John Kanellopoulos, Marianthi Chiridou,  and George Asimellis 

J Cataract Refract Surg 2014; 40(10):1603-9.   

Optical coherence tomography–derived corneal thickness asymmetry indices: Clinical 

reference study of normal eyes. 

•  What was Known 

•  Corneal thickness asymmetry and focal thinning parameters, measured by detailed 
pachymetry provided by AS-OCT have been proposed for the keratoconus and ectasia 
screening.   

•  In healthy population studies employing Scheimpflug or HFU, a 23.2 µm apical pachymetry 
difference is reported to represent less than 5% of the population. 

•  What this Paper Adds 

•  Clinical investigation of corneal asymmetry and focal thinning in 561 normal eyes with current 
AS-OCT. 

•  Inferior and inferior-nasal thinning is on the average of 25 µm (95% confidence interval 1.2); 
Min-Med index is on the average -21 µm (95% confidence interval 0.50); Min – Max is on the 
average of -60 µm (95% confidence interval 1.4).   

•  No statistically significant differences between corneal asymmetry exist between gender 
groups.  The corneal asymmetry is increased in older patient groups. 
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OCT-derived Comparison of Corneal Thickness Distribution and Asymmetry Differences 

between Normal and Keratoconic Eyes 

•  What was Known 

•  Clinical investigation of corneal asymmetry and focal thinning in normal eyes with 
current AS-OCT. 

•  What this Paper Adds 
•  Investigation of distributions of OCT-derived corneal asymmetry and focal thinning 

parameters in a large pool of keratoconic patients . 
•  Correlate of the OCT indices with Scheimpflug-imaging derived keratoconus severity 

classification and anterior-surface irregularity indices. 
•  The OCT-derived corneal asymmetry and focal thinning indices correlate remarkably with 

established Scheimpflug imaging-derived anterior-surface irregularity indices for 
keratoconus and keratoconus severity. 
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OCT corneal epithelial topographic asymmetry as a sensitive diagnostic tool for early and 

advancing keratoconus. 

•  What was Known 

•  3-Dimensional imaging of epithelial thickness had been performed with HFU and OCT. 
•  The epithelium is thinner over the steeper ‘conic’ section in a keratoconic eye and thicker 

over the flatter areas 

•  What this Paper Adds 
•  Investigation of distributions of OCT-derived epithelial thickness parameters in a large 

pool of keratoconic (160) and control (160) patients. 
•  High predictability of measurement in keratoconus patients.   
•  Verification of increased overall epithelial thickness in keratoconic eyes, in comparison to 

normal, particularly in relation to lower stages of keratoconus.   
•  Increased topographic thickness variability and range has been identified to be in 

correlation with severity of keratoconus.   
•  The OCT-derived epithelial topographic thickness variability and epithelial thickness 

range correlate remarkably with established Scheimpflug imaging-derived anterior-
surface irregularity indices for keratoconus.. 





A. John Kanellopoulos and George Asimellis 

J Refract Surg. 2014;30(12):800-5. 

Rate of Change of Curvature of the Corneal Stromal Surface Drives 

Epithelial Compensatory Changes and Remodeling.  Reply to 

•  What was Known 

•  Epithelial thickness irregularity directly related to corneal irregularity, in a compensatory 
manner. 

•  In refractive surgery, epithelial thickness remodels in response to changes in corneal 
curvature. 

•  Increased epithelial thickness is noted centrally, and correlates to amount of myopia 
corrected. 

•  What this Paper Adds 
•  The pattern of epithelial thickness remodeling is partially explained by corneal alteration. 
•  Different treatments (eg. LASIK or PRK), despite similar refractive correction and/or 

corneal curvature change, may result in different epithelial thickness response. 
•  Increase in corneal biomechanical strength may correlate to reduced epithelial thickness 

remodeling. 
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Corneal Curvature Gradient Determines Corneal Healing Process and 

Epithelial Behavior: Reply. 

•  Claim 

•  All epithelial thickness changes, even the ones 
described by Kanellopoulos & Asimellis, could 
be explained by a change in curvature gradient. 

•  Reply:  What appears to influence 
epithelial remodeling 

•  Changes in Curvature Gradient 
•  Dry Eye (superficial nerve fiber plexus of the 

cornea) 
•  Bowman’s membrane (differences between PRK 

& LASIK) 
•  Corneal Biomechanics 

Untreated KCN patient, Left Eye 

Same Pt, Right Eye, CXL 


