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SEpidemiologic studies esti-
mate that the prevalence of 
dry eye disease (DED) is as 
much as 25% in the general 
population.1,2 Significantly 
associated with aging, DED 
occurs most frequently 
in those over the age of 

45 years.3 It is more prevalent in women compared with 
men.4-6 Contributing factors to DED may be classified as ocu-
lar, medical, pharmaceutical, iatrogenic, environmental, and 
contact–lens-related.7

A CHALLENGING DIAGNOSIS
DED is a common clinical problem for eye care providers 

worldwide. The importance of proper and timely distinction 
between healthy and affected eyes is beyond doubt.8-10 

Current options in clinical investigation include slit-lamp 
observation, tear film stability assessment (invasive and 
noninvasive tear breakup time [TBUT] measurement and 
tear film interferometry),11 tear secretion assessment tests 
(Schirmer with or without anesthesia and thread methods), 
tear clearance assessment (fluorescein clearance test, tear 
function index, and fluorophotometry),12 ocular surface 
damage assessment (corneal and conjunctival rose bengal 
and lissamine green staining and cytology),13 lipid layer 
assessment (precorneal and meibomian gland grading),14,15 
tear osmolarity,16,17 and subjective symptom questionnaires.4,18

  Among these investigative techniques, some, such as 
Schirmer and TBUT tests, can show bias due to examiner 
subjectivity,19 influence of external stimuli,20 and difficulty of 
accurate result documentation.21 The same is true for inves-
tigative techniques based on patient-reported symptoms or 
questionnaires.22-24 Additionally, evidence suggests that clini-
cal dry eye symptoms alone may be insufficient for proper 
diagnosis of the disease.25,26

  
EPITHELIAL THICKNESS MAPPING

One novel objective investigative technique for dry eye 
screening is corneal epithelial thickness mapping with 
anterior segment OCT (AS-OCT).27 We have found that 
epithelial thickening may be an alarming indication for 

corneal abnormality—specifically, overall epithelial thick-
ness may reflect conditions such as moderate or subclini-
cal dry eye. 

In a recent analysis, we found that screening with AS-OCT 
was a highly repeatable, quantitative, accurate, and easy-to-
document procedure.27 This comparative study of 70 women 
with normal or dry eyes was designed to assess the func-
tionality of DED diagnosis with AS-OCT. We chose to enroll 
women only because, in our practice, they compose most of 
the dry eye population, with a ratio of 10:1 to men (unpub-
lished data). The findings reported herein may also be appli-
cable to the screening of refractive surgery candidates and to 
the assessment of postoperative iatrogenically induced DED. 

Patients in the control group (n=35; group A) had nor-
mal eyes that were previously unoperated, with no ocular 
pathologies other than refractive error and no dry eye condi-
tions as confirmed by a complete ocular clinical evaluation. 
Patients in the dry eye group (n=35; group B) had clinically 
confirmed dry eye but were unoperated and had no other 
ocular pathologies other than refractive error. Exclusion 
criteria were anterior basement membrane dystrophy, other 
corneal dystrophies, and rheumatic diseases. No patient 
who reported previous use of contact lenses or recent use of 
artificial tears was enrolled in either group.

Dry eye was diagnosed with TBUT measurement (DED 
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•	 Epithelial thickening may be an indication of corneal 
abnormality—specifically, overall epithelial thickness 
may reflect conditions such as moderate or subclinical 
dry eye.

•	 AS-OCT may provide a repeatable, quantitative,  
accurate, and easy-to-document procedure for dry  
eye screening.

•	 Although average epithelial thickness as assessed by 
AS-OCT can be used as an indicator of DED, one must 
be aware that the false-positive and missed diagnosis 
rates could be as high as 15%.
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considered if less than 5 seconds) and Schirmer test (DED 
considered if less than 5 mm). Additionally, AS-OCT with 
the RtVue-100 (Optovue) was acquired with the device’s 
L-Cam lens; eight meridional B-scans were taken per acqui-
sition, each consisting of 1,024 A-scans with axial resolution 
of 5 μm. Following correct fixation and centering, acquisi-
tion time was on the order of a few seconds per scan. Four 
individual acquisitions were performed in each case on 
the same day, and all measurements were obtained by the 
same investigator prior to TBUT and Schirmer testing. 

For each eye, we measured and analyzed the average, 
superior, and inferior epithelial thickness within the central 
5-mm zone as well as the topographic thickness variability as 
calculated from the standard deviation of 17 local thickness 
measurements (Figure 1). The average epithelial thickness 
was computed for each eye within the 5-mm zone as the 
average of the 17 local thickness measurements. 

We found an overall greater epithelial thickness in group B 
as compared with group A, with a statistically significant 
difference in epithelial thickness between the groups. For 
central thickness, the mean difference between dry and 
normal eyes was 6.5 μm; for average thickness, the difference 
was 6.2 μm. All tests of respective epithelial thickness metrics 
between groups A and B showed statistically significant dif-
ferences (P<.05). 

From these findings, we concluded that average epithelial 
thickness can be used as an indicator of DED. However, one 
must be cautious with use of this medium, as the false-
positive rate and missed diagnosis rate were approximately 
15%. The findings reported above may also be applicable 

to the screening of refractive surgery candidates and to the 
assessment of postoperative iatrogenically induced DED. 

PREVIOUS INVESTIGATION
In a previous investigation of 3-D epithelial thickness in 

keratoconic eyes, we identified an overall thicker epithelium 
that might be a result of a reactive process. In short, the 
epithelium appeared to thicken in less rigid corneas, as it 
was more susceptible to mechanical variations produced by 
one or multiple factors including eye rubbing and increased 
blinking.28 The difference between DED and keratoconic 
eyes is epithelial thickness: In DED patients, there is a near-
normal topographic distribution;29 however, the distribution 
is highly disturbed in keratoconic patients. On AS-OCT, this 
is reflected by the standard deviation of epithelial thickness, 
where normal is anything less than 3 µm. 

  Although AS-OCT has the advantages of in vivo, noncon-
tact application and speed of optical imaging,30 until recently 
its application in epithelial thickness imaging involved either 
investigator-modified software or hardware31-33 or caliper soft-
ware measurement techniques.29,34 The RtVue-100 is a Fourier-
domain AS-OCT system that incorporates epithelial thickness 
map analysis, currently extending up to a 6-mm diameter. The 
system’s software automatically identifies the air-tear film and 
epithelium-Bowman layer interfaces and produces total cor-
neal and corneal epithelial thickness pachymetry maps, mak-
ing it a potential tool for dry eye assessment. 

CONCLUSION
One may wonder how a time-intensive procedure such 

as epithelial thickness assessment with AS-OCT can be 
clinically viable as a detector of DED when other methods, 
such as TBUT and Schirmer testing, take only a few seconds. 
However, we believe that the clinical insights offered by 
epithelial thickness mapping will make it worthwhile for use 
in routine screening and treatment assessment. It may even 
supersede other specific dry eye measurements that may or 
may not be part of one’s screening protocol. 

The anticipated clinical ramifications of epithelial thickness 
mapping by means of AS-OCT are positive. Because this pro-
posed screening indicator is based on a commercially available 
instrument that can be integrated into daily clinical practice, 
we believe it has potential value in the diagnosis of DED.

The clinical relevance of these findings, for us, is the fact that 
we should no longer assess refractive surgery and/or refractive 
cataract surgery patients without correlating the refraction to 
topographic maps along with epithelial maps, both pre- and 
postoperatively.  n
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Figure 1.  Representative corneal total thickness maps (left) 

and corneal epithelium thickness maps (right) of a normal 

patient from group A (top) and a dry eye patient from 

group B (bottom), as provided by the AS-OCT system report.
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