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ABSTRACT
Purpose To optimise the objective diagnosis of dry eye 
disease (DED), the capabilities of wide corneal epithelial 
mapping using optical coherence tomography (OCT) 
were studied and subsequently integrated into a new 
scoring method.
Methods Fifty- nine patients (118 eyes) with DED and 
55 control subjects (110 eyes) were included. All patients 
underwent a complete ocular surface evaluation. Corneal 
epithelial thickness was collected using OCT for seven 
zones. DED and the control group were compared using 
a t- test, and univariate receiver operating characteristic 
(ROC) curves were calculated to define the diagnostic 
ability of OCT epithelial mapping. Multivariate analyses 
were performed using artificial intelligence (random 
forest) and logistic regression approaches to define the 
best way to integrate OCT mapping in the diagnosis of 
DED. Then, a final multivariable model for diagnosing 
DED was validated through a bootstrapping method.
Results The DED group had significant epithelial 
thinning compared with the controls, regardless of 
location. Superior intermediate epithelial thickness was 
the best marker for diagnosing DED using OCT (binormal 
estimated area under ROC: 0.87; best cut- off value: 
50 µm thickness). The difference between the inferior 
and superior peripheral zones was the best marker 
for grading the severity of DED (analysis of variance, 
p=0.009). A multivariate approach identified other 
significant covariables which were integrated into a 
multivariate model to improve the sensitivity (86.4%) 
and specificity (91.7%) of this innovative diagnostic 
method.
Conclusion Including OCT corneal epithelial 
mapping in a new diagnostic tool for DED could allow 
optimisation of the screening and staging of the disease 
in current practice as well as for clinical research 
purposes.

INTRODUCTION
Dry eye disease (DED) is a common condition that is 
often underdiagnosed. It is estimated to account for 
up to 25% of the reasons for seeking eye care. The 
high prevalence of DED, as well as its financial cost 
and impact on patient quality of life, makes it a true 
public health issue. Common symptoms of DED 
include eye irritation, redness, fluctuating vision 
and photophobia, which may result from damage 
at the ocular surface (ie, the tear film and both 
the conjunctival and corneal epithelia as recently 
reported by the Dry Eye Workshop (DEWS) II).1

A multitude of diagnostic tests are used (patient 
questionnaires, tear film break- up time (BUT) 

and ocular surface staining, Schirmer tests, tear 
film osmolarity and biomarker assessments).2 The 
combined use of such a large panel of tests helps to 
better understand the disease. However, the objec-
tive diagnosis of DED, as well as the quantitative 
evaluation of its severity, remains a crucial issue in 
current practice, especially since all of these exam-
inations require a large technical platform, are time 
consuming, correlate poorly with patient symp-
toms3–5 and may be influenced by the skill and/
or subjectivity of the operator and the evaluation 
conditions. In addition, the worldwide decrease in 
medical demography associated with new alloca-
tions of paramedical staff should promote the emer-
gence of rapid and objective tests for screening and 
evaluating frequent diseases such as dry eye.

In this context, the corneal epithelium has been 
widely investigated at the molecular level ex vivo 
via impression cytology6 and the cellular level using 
in vivo confocal microscopy.7 8 More recently, the 
measurement of epithelial thickness using optical 
coherence tomography (OCT) has been investi-
gated in the field of DED.9–12 The OCT approach 
has an advantage over the other tools as it is a 
non- contact technique for measuring and mapping 
epithelial thickness over a large corneal area in high 
resolution in a rapid, objective and reliable way. 
Nothing has been done, however, to directly assess 
the performance of OCT in terms of diagnosis and 
the evaluation of its severity. More precisely, this 
biomarker could be included into a multivariable 
model aiming at better diagnosing DED.

The main objective of our study was to study the 
wide corneal epithelial mapping in DED for inte-
grating the OCT data in a new routine equation to 
better diagnose and evaluate the disease.

METHODS
This monocentric, prospective and comparative 
study was conducted in the ocular surface unit 
of the Department of Ophthalmology, Robert 
Debré University Hospital (University of Reims 
Champagne- Ardenne, Reims, France), in accor-
dance with the Declaration of Helsinki, Scotland 
Amendment, 2000. Permission from the institu-
tional review board was obtained, and all patients 
gave validated and informed consent.

Subjects and design
From July to December 2019, all patients coming for 
the first time for specialised consultation in ocular 
surface disease filled out the Ocular Surface Disease 
Index (OSDI) questionnaire13 and underwent a 

 on M
ay 24, 2021 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjophthalm

ol-2021-318826 on 24 M
ay 2021. D

ow
nloaded from

 

http://bjo.bmj.com
http://orcid.org/0000-0003-4730-0425
http://dx.doi.org/10.1136/bjophthalmol-2021-318826
http://dx.doi.org/10.1136/bjophthalmol-2021-318826
http://dx.doi.org/10.1136/bjophthalmol-2021-318826
http://crossmark.crossref.org/dialog/?doi=10.1136/bjophthalmol-2021-318826&domain=pdf&date_stamp=2021-05-24
http://bjo.bmj.com/


2 Edorh NA, et al. Br J Ophthalmol 2021;0:1–8. doi:10.1136/bjophthalmol-2021-318826

Clinical science

complete ophthalmological examination including non- invasive 
tear film BUT, fluorescein ocular surface staining (Oxford scale), 
meiboscopic evaluation of meibomian gland dysfunction (MGD) 
in the lower lid, the Schirmer I test and corneal esthesiometry, 
together with anterior segment examination, intraocular pres-
sure measurement and fundus.

The inclusion criteria were as follows: over 18 years old, best 
distance corrected visual acuity measured at 0 LogMAR or better 
and the ability to understand the study consent. The exclusion 
criteria included: any ocular pathology but DED, eyelid malposi-
tion or dynamic disorders, previous ocular/eyelid surgery, contact 
lens wear, treatment changes within the last 3 months and preg-
nancy. Also, all patients using any local treatment but tear film 
substitutes were excluded.

Each eligible subject was consequently included either in the 
dry eye group or the healthy control group depending on the 
diagnostic criteria of DED as previously defined by the DEWS 
II1: symptoms of dryness (OSDI) and the presence of at least one 
ocular surface disorder as assessed by non- invasive BUT and ocular 
surface staining.

Corneal epithelial OCT
Once accepted for the study, each subject underwent anterior 
segment OCT followed by a complete ocular examination by the 
same ophthalmologist (NAE) as detailed above. Fourier- domain 
OCT device RTVue XR 100 Avanti (Optovue, Fremont, USA) was 
used in our study. The scan beam wavelength was 840 nm, and the 
scan speed was 70 000 scans/s with a 5 µm axial resolution. Six 
individual acquisitions were performed in each eye. Three were 
taken immediately after a blink, and three were taken 10 s after 
blinking. A pachymetry scan pattern (namely ‘cornea wide’) with a 
9 mm scan diameter and eight radials was used to map the cornea. 
Corneal epithelial thickness maps over the 9 mm diameter corneal 
area were provided by the RTVue corneal adaptor module soft-
ware via automatic detection. The map is centred on the visual 
axis. Epithelial thicknesses were averaged from the three captures 
for each area of interest: superior areas at 3–5, 5–7 and 7–9 mm 
from the centre (S1, S2 and S3, respectively), the central area and 
the inferior areas corresponding to the superior ones (I1, I2 and I3) 
(see online supplemental figure 1).

Statistical analysis
All data are given as the mean±SD. A priori power analysis based 
on the previously reported DED- related changes in mean corneal 
epithelial thickness as measured by OCT was conducted to deter-
mine the minimum sample size (at least 48 subjects per group given 
a 2 µm thickness estimated difference (50 vs 52±3), type I and 
type II error of 0.05 and 0.1, respectively). Data were controlled 
for normality, homogeneity of variances and sphericity in order to 
perform the adequate tests, and the probability level of significance 
was adjusted according to the post hoc Bonferroni procedure in 
order to maintain an overall type I error equal to 0.05. The DED 
and control groups were compared using a t-test, Wilcoxon rank 
test or the χ2 test, depending on the set of data. Univariate receiver 
operating characteristic (ROC) curves were calculated to define the 
diagnostic ability of OCT, and the cut- off values were calculated 
using the Youden’s index. Moreover, in the DED group, patients 
were divided into three subgroups according to the clinical severity 
of the disease,1 14 and the data were compared using one- way anal-
ysis of variance (ANOVA). Also, scatter plots and the R² correla-
tion coefficient were used to assess the association between pairs 
of variables. Random forest and logistic regression were applied 
to assess the ability of a combination of data, including OCT, to 

diagnose DED. For the multivariable analysis, the a priori power 
was estimated with the number of events, which was of 118/10 
(11.8). This allowed us to include in the multivariable model up to 
11 covariates with a power greater than 80%. The post hoc simu-
lations showed a power of all multivariable analyses to be higher 
than 90%. As the dependent covariates estimated by OCT were 
correlated, a hierarchical cluster analysis was performed to define 
the redundant covariates (see online supplemental figure 2) with 
the same Hoeffding D value. We included the continuous covariate 
following regression splines (n=3). We used the R2 and Brier 
indexes as discrimination and the C- statistics and Dxy indexes as 
a rank discrimination. Variables included in the full model were 
selected using a step- down model with a higher significance level 
for a variable to be included in the model.15 We also used the boot-
strap (n=500) to study the uncertainty in the selection of variables 
and to penalise this uncertainty when estimating the predictive 
performance of the model. To assess the model fit, we used the 
validate function by estimating (bootstrapping resampling valida-
tion) the bias- corrected indices that were specific to each type of 
model. To assess if the observed responses were in agreement with 
the predicted responses, we used the calibrate function. The model 
without bias (slope not different from one and the intercept close 
to zero) was used to draw a nomogram with axes for all predictors.

RESULTS
Population features
One hundred and twenty patients (60 in each group) were selected. 
One patient in the DED group was excluded after the first visit 
(due to the inability to obtain accurate OCT epithelial mapping just 
after a blink and 10 s after), and five were excluded in the control 
group (two due to the inability to obtain accurate OCT epithelial 
mapping and three because of changes in general treatment). The 
mean age and sex ratio of the DED group were in accordance with 
what is usually observed in the disease16 and different from those 
of the controls. All clinical data are detailed in table 1.

Comparative OCT epithelial mapping, and correlations with 
other clinical data
Zonal epithelial thicknesses were averaged from three consecu-
tive captures after a blink: SD for the entire population was 0.68, 
0.81, 0.86, 0.51, 0.49, 0.45 and 0.63 for S1, S2, S3, central, 
I1, I2 and I3, respectively; the global variation coefficient was 
1.24%. Epithelial thickness measured by OCT just after a blink 

Table 1 Clinical profile of DED and the control group

Dry eyes
(n=118) Controls (n=110) P value

Age (years) 57.18±17.25 47.07±17.60 <0.001

Sex ratio (M/F) 32/86 53/56 <0.001

Patients' symptoms
(OSDI)

32.30±19.43 10.10±10.66 <0.001

Clinical data

  Spherical equivalent (D) 0.04±1.97 −0.39±1.96 0.104

  Non- invasive BUT (s) 5.91±1.48 13.64±1.97 <0.001

  Schirmer I (mm/5’) 11.28±4.54 16.51±2.81 <0.001

  Oxford (0–5) 0.50±0.71 0.02±0.16 <0.001

  MGD (≥2) 60 (51%) 21 (19%) <0.001

Dry eye severity Grade 1: 83 (70%)
Grade 2: 26 (22%)
Grade 3: 9 (8%)

Tear film substitutes 34 (29%) 0 <0.001

BUT, break- up time; DED, dry eye disease; MGD, meibomian gland dysfunction; OSDI, Ocular 
Surface Disease Index.
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was statistically thinner in the DED group than in the control 
group regardless of location, that is, superior, central or inferior 
zones (t- test, p<0.001 for each), as detailed in figure 1. Inter-
estingly, the difference between inferior and superior quadrants 
was not significantly different between groups, regardless of the 
eccentricity (t- test, p>0.05 for all, see figure 2). All epithelial 
thicknesses acquired 10 s after a blink did not significantly differ 
from those reported above, that is, just after a blink in each 

group and for each zone (repeated measures ANOVA, p>0.05 
for all, see online supplemental figure 3).

Neither age nor gender significantly correlated with any 
epithelial thicknesses as measured by OCT. The average thick-
ness of the peripheral corneal epithelium, regardless of loca-
tion, was highly correlated with the non- invasive BUT and 
Schirmer I test. The worse the tear film was, the thinner the 
peripheral epithelium (table 2). The average thickness of the 

Figure 1 Comparison of epithelial thicknesses between dry eye disease (DED) and the control group. Epithelial thickness averaged 3 mm in the 
central zone, superior quadrants were 3–5 mm from the centre, 5–7 mm and 7–9 mm (S1, S2 and S3, respectively), and inferior quadrants (I1, I2 and 
I3). **P<0.001.

Figure 2 Difference between inferior and superior quadrants (zones 1, 2 and 3) in dry eye disease (DED) and the control group. There was no 
significant difference between groups (p>0.05).
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central epithelium correlated with BUT and the Oxford score in 
a weaker manner. In addition, MGD was significantly related to 
a thinning of the inferior peripheral epithelium (7–9 mm from 
the centre, namely I3: 49.1±0.53 vs 50.6±0.52 µm, for grading 
score ≥2, p=0.023).

Diagnostic performance of OCT in DED
ROC curves were drawn to evaluate the diagnostic abilities of 
OCT epithelial mapping. Mean superior, central and inferior 
epithelial thicknesses constituted significant criteria to discrim-
inate DED from healthy conditions (area under the curve 
(AUC)=0.87, 0.77 and 0.83, respectively, as compared with 0.5, 
p<0.001 for all) as drawn in figure 3. Superior epithelial thick-
ness, and more notably the one from the S2 quadrant, was the 
best marker for diagnosing DED using OCT. Cut- off thresholds 
and intrinsic and extrinsic properties (calculated using Bayes 
theorem) of OCT epithelial mapping in DED are detailed in 
table 3.

Grading performance of OCT in DED
The difference between the inferior peripheral zone (7–9 mm 
from the centre, namely I3) and the superior peripheral zone 
(7–9 mm from the centre, S3) was the best significant indicator 
for the severity of DED as detailed in figure 4. Interestingly, 
patients with low- severity DED (grade 1) presented relative 
hyperplasia of the superior corneal epithelium, while more 
severe stages (2 and 3) were related to progressive thinning as 
compared with the inferior one.

Multivariable model integrating OCT mapping for diagnosing 
DED
Because of confounding factors, the univariate model’s discrim-
inatory performance could be improved with a multivari-
able model. Therefore, we identified factors that explain the 
remaining residual predictions. The relevant predictors were 
selected according to their clinical plausibility and their statis-
tical contribution to the model performance (figure 5). The cali-
bration test with bootstrapping shows that the model correctly 
predicts all the risk probabilities (mean absolute error: 0.016) 

Table 2 Correlations between the epithelial thickness as measured 
by OCT and the clinical data

OSDI TBUT Schirmer Oxford

Mean superior

  R −0.092 0.412 0.238 0.047

  P value 0.321 <0.001 0.009 0.574

Central

  R −0.047 0.281 0.151 −0.258

  P value 0.616 0.002 0.102 0.005

Mean inferior

  R −0.123 0.360 0.278 −0.110

  P value 0.186 <0.001 0.002 0.234

bold value : statistically significant correlation (P<0.05)
OCT, optical coherence tomography; OSDI, Ocular Surface Disease Index; TBUT, tear 
film break- up time.

Figure 3 Diagnostic abilities of optical coherence tomography (OCT) epithelial mapping. Receiver operating characteristic (ROC) curves, p<0.001 for 
area under the curve (AUC) for all the drawn measures.

Table 3 Diagnostic abilities of OCT- wide epithelial mapping

Criterion

Sensitivity Specificity PPV NPV

PPV NPV

Cut- off value (for 10% prevalence)

S2
<50 µm

0.81 0.79 0.81 0.80 0.33 0.96

Mean superior
<50 µm

0.80 0.84 0.85 0.80 0.30 0.96

Mean inferior
<52 µm

0.65 0.89 0.86 0.70 0.40 0.95

Central
<53 µm

0.75 0.65 0.70 0.70 0.21 0.95

PPV and NPV were also calculated for a mean prevalence of 10% of dry eye disease (DED), 
which is closer to what is currently observed in the general population.
NPV, negative predictive value; OCT, optical coherence tomography; PPV, positive predictive 
value; S2, epithelial thickness in superior zone 2 (5–7 mm diameter).
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of DED with a higher ROC AUC or concordance statistic index 
(C- index) equal to 0.95 (online supplemental figures 4 and 5). 
The validated model (C- statistics=0.95, R2=0.759, Dxy=0.900, 
Brier=0.085) was used to draw a nomogram for the diagnosis 
of DED (figure 6), which further improved the intrinsic and 
extrinsic properties of our diagnostic test (sensitivity 86.4%, 
specificity 91.7%, see online supplemental figure 5).

DISCUSSION
There is a wide variety of techniques available for evaluating 
DED.2 From current practice to laboratory tests, it notably 
includes patient questionnaires,13 slit lamp or video assessments 
of tear film stability, tear secretion and clearance,17 ocular surface 
staining,18 tear osmolarity19 or biomarker measurements.20–24 
However, the diagnosis and follow- up of dry eye remain difficult 

in current practice, especially due to the lack of one simple 
method to objectively embrace the whole disease.3 As a result, 
the useful and substantial guidelines currently given to evaluate 
DED also underscore the need for new additional approaches.7 8

The aim of this study was to evaluate the diagnostic perfor-
mance of corneal epithelial mapping using Fourier- domain 
OCT, in order to integrate this objective parameter into a 
new scoring method to detect DED. We reported that OCT 
mapping of epithelial thickness, especially the mean upper 
mid- peripheral thickness, could constitute a strong and reli-
able criterion for diagnosing DED since it differed consider-
ably between patients with DED and healthy subjects. More 
precisely, we also defined a cut- off value for superior epithe-
lial thickness under 50 µm as a highly sensitive and specific 
marker to differentiate patients with dry eye from healthy 
people. These results seem to be consistent with previous 
publications, which found thinning in the upper area of the 
corneal epithelium.7 Cui et al explored the characteristics of 
corneal epithelial thickness topography with Fourier- domain 

Figure 4 Comparison of differences between the inferior and superior peripheral zones according to dry eye disease (DED) severity. *P<0.05.

Figure 5 OR of the significant covariate (p<0.05 for each) as defined 
in a multivariate approach using logistic regression and the random 
forest approach. AG_Eye_drops, daily use of antiglaucoma eye drops; 
d3ET, difference between superior epithelial thickness and the inferior 
one in zone 3; s2ET, superior epithelial thickness in zone 2.

Figure 6 Integrated scale to diagnose dry eye disease (DED). Each 
subscore of the significant parameters has to be calculated to define the 
overall score (range: 0–160) and the related probability of having the 
disease. Interestingly, optical coherence tomography (OCT) epithelial 
measurements (s2ET: superior epithelial thickness in zone 2 and d3ET: 
difference between superior and inferior epithelial thicknesses in the 
peripheral zone 3) are the most important data to predict DED.
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OCT in patients with dry eye and demonstrated an average 
decrease in superior corneal epithelial thickness in 100 
patients with DED (average age of 47 years) compared with 
35 healthy volunteers (average age of 43 years). They found 
a difference in the mean thickness of the upper epithelium 
between the DED group and the control group of about 
2 µm. Thus, they suggested that superior corneal epithe-
lial thickness is the first location to be stricken in DED. 
The measurement of epithelial thickness also included the 
precorneal tear film. The average tear film thickness was 
measured using OCT at 4.79 µm by Werkmeister et al.25 
It raises the question of the impact of precorneal tear film 
thickness. However, the lack of significant difference in the 
measurements of epithelial thickness just after a blink and 10 
s after (in both DED and the control groups) would suggest 
that precorneal tear film may not have a crucial influence in 
such a measurement.

Liang et al10 featured the relationship between corneal 
and conjunctival epithelium thickness and ocular surface 
tests in DED by measuring the central corneal, limbal (LET) 
and bulbar conjunctival epithelium thickness using spectral- 
domain OCT. They observed a significant decrease in LET in 
the DED group (54 patients, mean age 44 years) compared 
with the control group (32 patients, mean age 43 years), 
emphasising the involvement of the turnover of epithelial 
cells in the pathogenesis of DED26: (1) decrease in the pool 
of limbal stem cells during DED,27–29 (2) increase in the turn-
over of corneal epithelial cells against depletion,9 and (3) 
microenvironment inflammation30 at the limbus resulting in 
a decrease in LET. Thus, the peripheral corneal rim could be a 
clinical indicator for DED. Conversely, in a study comparing 
a group of 35 women suffering from DED with 35 healthy 
women, Kanellopoulos and Asimellis reported an overall 
thickening of the corneal epithelium as measured by Fourier- 
domain OCT.12 This intriguing finding may be explained by 
the young age of the studied population and also in the OCT 
mapping that differed from that used in our study. The data 
recorded by the author included maps of corneal epithelial 
thickness up to the 6 mm diameter cornea, whereas in our 
study, the region of interest was extended to 9 mm. Thus, 
by moving away from the centre of the cornea towards the 
peripheral zone, the corneal epithelium is thinner.

In addition, OCT corneal epithelial mapping may objec-
tively reflect the severity of the disease. Indeed, our results 
suggest that the severity of DED could correlate with the 
difference between the upper and lower epithelia. OCT 
would make it possible to provide a reliable classification 
of the disease. In stage 1 (mild dryness), we observed a rela-
tive thickening of the superior epithelium compared with 
the inferior one, contrary to what was observed in healthy 
subjects. This reported thickening of the superior epithelium 
may be discussed regardless of what was previously reported 
as epithelial hyperplasia.31 Using immunofluorescent label-
ling in a mouse model of induced ocular dryness, Fabiani et 
al observed epithelial hyperplasia (overexpression of Ki67) 
in the week following the induction of dryness. The mech-
anisms involved are not yet fully elucidated, but the most 
likely hypothesis is that DED could cause inflammation and 
a subsequent increase in proinflammatory cytokines leading 
to cell proliferation and differentiation. In more severe cases 
(ie, clinical stages 2 and 3), a progressive and global decrease 
in epithelial thickness was observed in our study along with 
a relative thinning of the superior epithelium compared with 
the inferior one. Accordingly, previous studies reported a 

decrease in epithelial thickness in patients with severe ocular 
dryness. Erdélyi et al found that epithelial thickness was 
thinner in 26 patients with severe DED than in 10 healthy 
people (mean age 62 years), further hypothesising that the 
progressive destruction of limbal stem cells should lead to 
such a DED- related thinning.32 Interestingly, and as stated 
above, Cui et al showed an average decrease in superior 
epithelial thickness in patients with DED, which correlates 
with the severity of the disease.11

We analysed the putative relationships between OCT 
parameters and other epidemiological and clinical criteria 
of DED. Notably, we reported a correlation between the 
non- invasive BUT and the mean overall epithelial thick-
ness. The worse the tear film was, the thinner the peripheral 
epithelium, further enlightening the centripetal damage to 
the corneal epithelium in DED. In a previous study, Rein-
stein et al pioneered the analysis of the corneal epithelium 
by mapping the corneal epithelium over the entire corneal 
surface in 56 normal patients coming for refractive surgery 
using a very high- frequency ultrasound device. They found 
that epithelial thickness was not uniformly distributed over 
the cornea with a thinner superior corneal epithelium, 
further suggesting that this non- uniform morphology of the 
epithelium was caused by the friction resulting from mechan-
ical dynamics in blinking friction.33 The connection that 
was found between the BUT and the mean overall epithe-
lial thickness can be explained by this mechanical hypoth-
esis. The friction resulting from a DED- related increase in 
blinking could have a mechanical stress effect on the super-
ficial layers and induce superior epithelial thinning.

In addition, we also noticed that patients with blepharitis 
had a thinner inferior epithelium than patients without an 
eyelid disease. The question arises as to whether the lower 
eyelid would have a specific effect on the ocular surface that 
it is in contact with. In their study, Liang et al observed a 
correlation between the inferior limbal epithelial thickness 
and the OSDI, the Schirmer test, the BUT, the Oxford score 
and mean corneal sensitivity.10 They suggested that these 
changes in inferior limbal epithelial thickness could be 
explained by the prolonged contact between epithelial cells 
and proinflammatory tears within the inferior lacrimal bed. 
In the same way, we may hypothesise that a close relation-
ship between the inferior cornea and inflammatory eyelids 
may have led to changes in the epithelial morphology. In a 
study designed to determine whether MGDs could increase 
the osmolarity of the tear film and produce ocular surface 
changes similar to DED, Gilbard et al revealed that a closure 
of the meibomian gland ducts in rabbits resulted in higher 
tear film osmolarity but also a decrease in corneal epithelial 
glycogen level.34 Even if our results suggest a direct influ-
ence of eyelid inflammation on epithelial thickness, addi-
tional studies are required to better understand this point.

Lastly, multivariate analyses provided a better under-
standing of the relationship between the recorded features 
of the patients, from gender to corneal epithelial thickness, 
in order to present a new scale including OCT measurements 
that could be used to diagnose DED. Artificial intelligence 
approach (random forest) and standard logistic regression 
allowed to identified other parameters which improve the 
diagnosis performance. As expected, including the criteria 
of gender, age and the presence of blepharitis increased 
the power of our diagnosis method. Interestingly enough, 
our multivariate analysis also identified two other accurate 
parameters: (1) the difference between superior and inferior 
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epithelial thicknesses in the peripheral zone and (2) the daily 
use of antiglaucoma drugs (for at least 3 months, as defined 
in our inclusion criteria). As a result, integrating OCT 
epithelial mapping and specific patient features in an inte-
grated scoring scale proved to be highly effective in the diag-
nosis of DED (sensitivity >86% and specificity >91%), even 
without an ophthalmological examination of the patient. 
Such an innovative approach could help better screen DED 
via paramedical approach in order to detect the disease and 
then refer the patient to a specialist.

Finally, we have to discuss some limitations of our study. 
First of all, the relatively small sample size of the patient 
groups, as well as the recruitment of subjects in a univer-
sity hospital centre dedicated to ocular surface diseases, may 
constitute recruitment bias. It also would have been inter-
esting to add a third group including patients with other 
ocular surface diseases in order to study the way it could 
impact the diagnostic performances of our model. About 
OCT, one can notice that the average difference in epithe-
lial thickness between patients with DED and controls was 
around 5 µm, which has to be assessed against the 5 µm axial 
resolution of OCT given by the manufacturer. In fact, Kanel-
lopoulos and Asimellis previously analysed the resolution of 
the same device and reported a repeatability of the measure-
ment of 1 µm and a variability of 0.25.12 As a result, and 
given the power of our statistical analysis, one may conclude 
that the reported differences in OCT measurements are rele-
vant. A further limitation is the inability of OCT to discrim-
inate the precorneal tear film from the corneal epithelium, 
as stated previously. This raises the uncertainty of the 
extent that the precorneal tear film could have influenced 
the measurements. However, it may not impair our model 
since its diagnostic abilities have been validated, whether 
or not OCT epithelial mapping is influenced but the tear 
film. Moreover, we performed three OCT measurements at 
two different times (ie, immediately after blinking and 10 
s after a blink), and no significant differences were found 
between them. Another way to check the lack of influence 
of the precorneal tear film on our results would have been 
to also evaluate the location of the first tear film rupture in 
relation to the OCT epithelial mapping. We could have also 
measured the epithelial thickness in the temporal and nasal 
areas. Even if the previous studies did not report changes in 
the temporal and nasal ones, it would have been interesting 
to confirm, or not, these results. The criteria used to define 
dry eye syndrome in the patient group could also have been 
optimised by the measurement of tear film osmolarity, which 
was not routinely done in the present study. Measuring this 
parameter would have strengthened our inclusion criteria. 
In addition, the assessment of our patients’ meibomian 
dysfunction was only qualitatively analysed by meiboscopy. 
A quantitative assessment by eyelid imaging would have 
made it possible to study other influences of MGD on the 
corneal epithelium and would have expanded our results 
about putative direct interactions between ocular surface 
and lower lids. Finally, it would be interesting to conduct a 
post- treatment follow- up study to determine the impact of 
treatments on epithelial thickness. Despite our primary goal 
being to evaluate the diagnostic abilities of OCT epithelial 
mapping in a population visiting our specialised consultation 
for the first time, we found a better epithelial thickness in 
treated patients as compared with untreated ones. Hence, a 
post- treatment follow- up may state whether topical treat-
ments are beneficial for epithelial trophicity.

Studies with larger patient groups are needed to vali-
date this model, but it is likely that OCT corneal epithelial 
mapping will expand the quality of dry eye examinations. 
On the one hand, precise topographic analysis of epithe-
lial thickness for research purposes will provide a better 
understanding of the causes and consequences of epithelial 
changes related to DED and the putative mechanisms and 
contributing factors involved in the pathogenesis of ocular 
surface damage. On the other hand, OCT mapping, which 
could be integrated into an innovative diagnosis score, could 
become a simple, non- invasive and objective tool to optimise 
the screening of DED and evaluate the severity and evolu-
tion of the disease.
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