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Diurnal changes of corneal epithelial and stromal thickness maps and visual
quality in mild form of Fuchs” endothelial corneal dystrophy

Iva Krolo"*?, Aida Kasumovic Beéirevié"*, Ivana Radman’, Armin Kasumovic', Ines Matoc!, Idoia Goiii Guarro’,

Ivan Sabol®

Purpose: To investigate the functional and structural daily variations in eyes with a mild form of Fuchs’
endothelial corneal dystrophy (FECD). Methods: This prospective study included 30 eyes with the
mild form of FECD. Subjects underwent functional and structural testing at 8 AM, 2 PM, and 8 PM.
Testing included measurement of uncorrected distance visual acuity (UDVA), best corrected twilight
vision (TV), and contrast sensitivity function (CSF) testing (Vista Vision Far-Pola, DMD MedTech
charts). Corneal epithelial and stromal parameters were evaluated with anterior segment optical
coherence tomography (AngioVue, AvantiRTVue-XR; Optovue, CA, USA). Results: UDVA, TV, and CSF
for spatial frequencies B, C, and F showed significant changes during the day, with the lowest values
in the morning (P < 0.0001 for UDVA, P = 0.0109 for TV, and P < 0.0001, P = 0.0126, and P = 0.0471 for
the three spatial frequencies, respectively). There was no significant change in epithelial parameters
between visits. Central corneal thickness showed significant decrease during the day (P < 0.0001), as
did the central stromal thickness on the 5- and 7-mm maps (P = 0.0002 and P < 0.0001, respectively),
stromal thickness in the superior section of the 5-mm map (P = 0.0107), stromal thickness in the inferior
section of the 7-mm map (P = 0.0002), and minimal stromal thickness on both maps (P < 0.0001).
Conclusion: A significant negative correlation was found between central stromal thickness and TV,
implying that simultaneous evaluation of corneal layers and visual quality may be useful in assessing
FECD.
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Fuchs’ endothelial corneal dystrophy (FECD) affects the
corneal endothelium and can lead to bilateral corneal edema
causing significant visual disturbances.!' There is also
a significant diurnal variation of corneal thickness, with
impaired visual quality in the morning and improvement
during the day.[*"!

A commercially available tool for Avanti RTVue
XR (Optovue, Inc., Fremont, CA, USA) allows mapping of
the cornea, including separate quantitative evaluation of the
epithelial and stromal layers.[''12

In this study, we performed a diurnal analysis of
functional (visual quality) and structural corneal (epithelial
and stromal thickness) changes in eyes with the mild form of
FECD and investigated their correlation.
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Methods

Thirty eyes of 30 patients with the mild form of FECD were
included in this prospective longitudinal study. Patients were
recruited at a tertiary eye care center. After obtaining detailed
information, an informed consent form was signed by all
subjects. This study followed the tenets of the Declaration of
Helsinki, and all experimental protocols were approved by the
hospital’s ethics committee.

The mild form of FECD was confirmed with the slit-lamp
examination, using a modification of the Krachmer grading
system, based on the area and confluence of guttae, without
the presence of corneal edema. The modified Krachmer FECD
grading scale has been used to subjectively evaluate disease
progression as follows: grade 0, no guttae; grade 1, up to 12
scattered central guttae; grade 2, 12 or more scattered central
guttae; grade 3, 1-2 mm of confluent central guttae; grade 4,
2-5 mm of confluent central guttae; grade 5, greater than
5 mm confluent central guttae without stromal edema; and
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grade 6, greater than 5 mm confluent central guttae with
stromal edema.!™® Endothelial cell density, hexagonality, and
coefficient of variation were measured with an endothelial
specular microscope (EM-4000; Tomey, Nuremberg, Germany)
on the first visit [Fig. 1]. Exclusion criteria included any signs
of clinical corneal edema observed on the slit lamp, previous
eye surgery or contact lens wear, ocular hypertension and other
pathology affecting the cornea, lens, and retina. None of the
patients had diabetes mellitus, or any other systemic disease,
and had not used systemic or topical medications known to
affect the cornea. If both eyes of one patient were eligible for
inclusion, only the right eye was monitored.

All patients underwent functional and structural testing
three times during the day: at 8 AM (approximately 1 h after
waking up), at 2 PM, and at 8 PM. Visual function testing
included the measurement of uncorrected distance visual
acuity (UDVA), best corrected twilight vision (TV), and contrast
sensitivity function (CSF) testing (Vista Vision Far Pola; DMD
MedTech charts, Torino, Italy). UDVA was tested monocularly
using Early Treatment Diabetic Retinopathy Study charts at a
4-m distance under photopic (100 cd/m?) normal room lighting
conditions.

As for the visual quality, CSF was measured with “FAST
2-1” psycho-physic procedure (Vista Vision Far-Pola; DMD
MedTech charts, Italy). This is a commercially available contrast
sensitivity measurement tool with good reliability that applies
sinusoidal gratings. It uses a subjective method of forced-choice
detection and measures the contrast sensitivity at six levels of
spatial frequencies (SFs): 0.75, 1.5, 3, 6, 12, and 18 cycles per
degree (cpd). Each set of SF contains sinusoidal grating patches
of eight contrast sensitivities, starting with the highest value
and with progressively decreasing contrast strength. Each
sinusoidal grating patch contained a bar with the brightest and
darkest luminance, with the thickness of the bar depending
on SF of the grating. The contrast sensitivity value of the last
correct response in each SF was documented. This data allows
the CSF to be drawn as a graph report, where the area under
the resulting curve describes the total visual “space” that can
be perceived. Better spatial vision is represented by a larger

area under the CSF curve. CSF was tested under photopic
lighting. Patients stood 3 m away from the chart, with their
heads leveled with the screen.

TV was measured using a commercially available validated
computerized mesopic VA test (Vista Vision Far-Pola; DMD
MedTech charts, Italy). The illumination of the environment
was obscured to 1 lux. The test showed one line of letters with a
light background of 1 cd/m?, as specified by the manufacturer.
Each row consisted of five Sloan optotypes with values of visual
acuity ranging from 0.1 to 1.0. The subjects were allowed 5 min
of adaptation to ambient light conditions before the test, after
which they were asked to read black letters on a dim screen
plane. Visual acuity was verified starting from the first line of
the optotype. Both the visual acuity and TV tests were scored
letter by letter, with a termination rule of stopping after three
or more mistakes within a single line.

Daily structural changes in patients with FECD included
measurement of corneal epithelial and stromal parameters using
anterior segment optical coherence tomography (AS-OCT;
AngioVue, AvantiRTVue-XR; Optovue, Fremont, CA,
USA). The evaluated parameters included central epithelial
thickness (CET), epithelial thickness in the superior section
of the map (S), epithelial thickness in the inferior section of
the map (I ), difference in epithelial thickness between the
superior and inferior sections of the map (S - 1), minimal
epithelial thickness (Min ), maximal epithelial thickness (Max ),
and central corneal thickness (CCT). The evaluated stromal
parameters included central stromal thickness (CST), stromal
thickness in the superior section of the map (S,), stromal
thickness in the inferior section of the map (I ), difference in
stromal thickness between the superior and inferior sections
of the map (S - Is), as well as minimal stromal thickness (Min )
and maximal stromal thickness (Max ). All parameters were
analyzed on pachymetry (P) and pachymetry wide maps,
which scanned and measured 6 and 9 mm of the cornea in
diameter, respectively.

The data were entered into Microsoft Excel tables and
analyzed using MedCalc (v20.111; MedCalc software, Ostend,
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Figure 1: Endothelial specular microscopy scan in the mild form of Fuchs’ endothelial corneal dystrophy. Note the presence of nonconfluent

guttae, with normal endothelial cell density
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Belgium). Since every participant was fully examined, there
were no missing values; each calculation was done on a total
of 30 observations. Normality of the distribution of numeric
variables was assessed using the Kolmogorov-Smirnov test.
Depending on normality, the differences between 8 AM, 2
PM, and 8 PM measurements were analyzed with repeated
measures analysis of variance (ANOVA) for normally
distributed variables or with Friedman test (nonparametric
repeated measures ANOVA) for non-normally distributed
variables. Correlations between two variables were assessed
using Spearman rank correlation coefficient at each timepoint
separately. Apparently significant correlations were validated
with repeated measures correlation calculated with “rmcorr”
package (v0.6.0) in R (v 4.2.2).141 P values < 0.05 were considered
significant.

Results

Thirty eyes of 30 patients were recruited for this study, 43%
of whom were male. Their mean age was 56.6 + 10.5 years. Of
these eyes, 53% were classified as grade 1 and 47% as grade 2 of
the modified Krachmer grading system. The mean endothelial
cell density on the first visit was 2087.8 + 537.7 cells/mm?,
hexagonality value was 40.3% #* 9.6%, and coefficient of
variation was 44.5% + 8.5%.

Regarding visual function, UDVA and TV showed
significant changes during the day [Table 1]. UDVA was the
lowest in the morning (0.46 + 0.31 Snellen line) and showed
gradual improvement during the day, measuring 0.53 + 0.34
Snellen line in the evening (P < 0.0001). However, TV showed
the highest resultat2 PM (0.82+0.17, P=0.0109). CSF showed a
similar pattern [Table 1]. The results for all SFs were the lowest
at the 8 AM visit and improved during the day. Significant
changes during the day were observed for the SFs B, C, and F
(P <0.0001, P=0.0126, and P = 0.0471, respectively).

CCT measured by AS-OCT showed significant changes
during the day, with the highest values in the morning and
lowest in the evening (547.09 + 32.04 and 542.69 + 31.59,
respectively, P < 0.0001). There was no significant change in
CET or other epithelial parameters between the visits, except for
the S value on the 7-mm map (P = 0.0466). CCT and epithelial
parameters are listed in Table 2.

Regarding corneal stroma, significant diurnal changes were
confirmed for CST on both 5- and 7-mm maps (P = 0.0002 and
P < 0.0001, respectively), stromal thickness in the superior
section of the 5-mm map (P = 0.0107), stromal thickness in the
inferior section of the 7-mm map (P = 0.0002), and minimal
stromal thickness on both 5- and 7-mm maps (P < 0.0001
for both parameters). The diurnal values of corneal stromal
parameters are shown in Table 3.

As seen in Table 4, a significant negative correlation was
noted between TV and CST on both 5- and 7-mm maps at all
three visits during the day. Correlation of TV with CST on
both maps was also found to be significant when assessed by
repeated measures correlation [Table 4 and Supplementary
Fig. 1].

Discussion

Extensive studies have been performed to better understand the
most common corneal dystrophy and improve its management
in everyday clinical practice. It has been widely reported that
FECD is characterized by a gradual loss of endothelial cells,
which can lead to various degrees of epithelial and/or stromal
edema, resulting in loss of vision, painful bullous keratopathy,
and chronic loss of corneal transparency.®’ However, anterior
corneal cellular and structural abnormalities begin early in
the course of Fuchs’ dystrophy, before the appearance of
clinically evident edema.”! Previous studies have compared
the corneal thickness measurements at different times of the
day in patients with varying degrees of disease severity.!"!
A study published by Fritz et al.®! analyzed if patients with
advanced FECD had a thicker cornea in the morning than
in the late afternoon. A noticeable degree of morning edema
was found upon awakening in those corneas, which resolved
within the first 4 h after eye opening. The development of new
surgical techniques, mainly Descemet stripping only (DSO),
and also Descemet membrane transplantation and cell-based
therapy, bypasses the difficulties surrounding keratoplasty
procedures dependent on donor corneal tissue and removes
the risks associated with graft rejection and failure. In addition,
it enables us to maintain close-to-optimal function of mild
FECD corneas for a prolonged period of time.['! There are still
many unknowns surrounding the DSO procedure, including
determining the right time for surgical treatment and prediction

Table 1: Diurnal measurements of visual acuity, TV, and CS function in patients with the mild form of Fuchs’ endothelial

corneal dystrophy (n=30)

Vision parameters Time
8 AM 2PM 8 PM P

UDVA (decimal; mean+SD) 0.46+0.31 0.50+0.31 0.53+0.34 <0.0001
TV (decimal; mean+SD) 0.78+0.20 0.82+0.17 0.80+0.17 0.0109
CS spatial frequency A (CS level; mean+SD) 6.00+1.11 6.20+0.84 6.2+1.56 0.0879
CS spatial frequency B (CS level; mean+SD) 6.80+0.92 7.43+0.72 7.26x1.11 <0.0001
CS spatial frequency C (CS level; mean+SD) 7.00+0.90 7.50+0.62 7.36+0.99 0.0126
CS spatial frequency D (CS level; mean+SD) 6.26+1.57 6.43+1.22 6.50+1.16 0.4388
CS spatial frequency E (CS level; mean+SD) 4.33+1.44 4.76+1.56 4.83+1.66 0.1205
CS spatial frequency F (CS level; mean+SD) 2.60+1.75 3.00+1.59 3.16+2.13 0.0471

Significant values are highlighted in bold, A=spatial frequency of 0.75 cycles per degree (cpd), B=spatial frequency of 1.50 cycles per degree (cpd), C=spatial
frequency of 3 cycles per degree (cpd), CS=contrast sensitivity, D=spatial frequency of 6 cycles per degree (cpd), E=spatial frequency of 12 cycles per degree (cpd),

F=spatial frequency of 18 cycles per degree (cpd), SD=standard deviation, TV=twilight vision, UDVA=uncorrected distance visual acuity. eFriedman test P
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Table 2: Diurnal measurements of epithelial parameters using epithelial mapping on anterior segment optical coherent

tomography (n=30)

Epithelial parameters Time
(wm; mean+SD)
8 AM 2 PM 8 PM P

CET on 5-mm map 53.39+4.68 52.61+4.52 54.23+4.51 0.25772
CET on 7-mm map 53.21+4.55 53.41+3.29 54.41+4.57 0.2150°
S, on 5-mm map 50.57+4.85 50.16+4.38 51.78+4.83 0.44112
S, on 7-mm map 49.38+5.26 49.60+2.76 50.50+4.20 0.0466°
I, on 5-mm map 53.43+4.71 52.86+4.61 54.67+4.64 0.05742
I, on 7-mm map 52.69+4.30 53.01+£3.17 53.75+3.92 0.2720°
S -1, on 5-mm map -2.76+1.80 -2.76+1.94 -2.90+2.05 0.7900°
S -1, 0on7-mm map -3.24+2.26 -3.40+2.12 -3.53+2.86 0.7770°
Min_ on 5-mm map 47.68+4.61 47.02+4.31 48.75+4.56 0.2648°
Min_ on 7-mm map 44.04+8.50 45.35+3.74 45.70+3.60 0.6033°
Max, on 5-mm map 55.89+5.35 54.99+5.13 57.02+5.26 0.56712
Max, on 7-mm map 56.70+4.74 57.43+3.61 57.83+4.89 0.82212
CCT on AS-OCT 547.09+32.04 542.70+31.64 542.69+31.59 <0.0001°

Significant values are highlighted in bold, ANOVA=analysis of variance, CCT=central corneal thickness, CET=central epithelial thickness, | =epithelial thickness in the
inferior section of the map, Max =maximal epithelial thickness, Min_=minimal epithelial thickness, SD=standard deviation, S_=epithelial thickness in the superior section
of the map, S - | =the difference in epithelial thickness between the superior and inferior sections of the map. *Friedman test. "Repeated measures ANOVA test

Table 3: Diurnal measurements of stromal parameters using stromal mapping on anterior segment optical coherent

tomography (n=30)

Stromal parameters

(wm; mean+SD)

8 AM

CST on 5-mm map
CST on 7-mm map
S, on 5-mm map
S, on 7-mm map
I, on 5-mm map
I, on 7-mm map
S - I, on 5-mm map
S -1, on 7-mm map
Min_ on 5-mm map
Min_ on 7-mm map
Max_ on 5-mm map
Max_ on 7-mm map

492.80+31.61
494.38+30.34
524.63+32.45
555.38+35.16
510.23+34.17
536.62+33.49
14.40+16.39
18.76+24.13
486.33+32.17
486.66+31.55

546.66+31.17
601.50+33.69

Time
2 PM 8 PM P

490.78+30.26 488.87+31.00 0.00022
491.21+34.17 487.70+31.01 <0.0001°
520.06+32.09 519.50+34.27 0.01072

553.11+£35.34 551.68+33.27 0.49232

509.56+34.55 507.83+34.31 0.5740°
533.21+£33.29 528.81+31.77 0.0002°

10.50+22.18 11.66+16.44 0.4210°

19.89+21.11 22.87+15.95 0.5042°
483.70+31.44 481.56+31.77 <0.0001°
482.50+31.01 481.56+31.08 <0.0001°
547.83+30.51 543.96+31.16 0.61682
598.86+36.97 595.83+33.73 0.0930°

Significant values are highlighted in bold, ANOVA=analysis of variance, CST=central stromal thickness, |, — stromal thickness in the inferior section of the map,
Max =maximal stromal thickness, Min_=minimal stromal thickness, SD=standard deviation, Ss=stromal thickness in the superior section of the map, S - I =the

difference in stromal thickness between the superior and inferior sections of the map. @aFriedman test. "Repeated measures ANOVA test

of its success.[”l Understanding the corneal structural changes
and correlating them to functional loss may be of great
importance in developing a reliable algorithm for the DSO
treatment and its postoperative follow-up.

Despite the primary pathologic process in Fuchs’ dystrophy
occurring at the level of corneal endothelium, the effects of
corneal guttata result in an increased degree of backscatter in
the entire corneal thickness."®! FECD certainly affects visual
acuity, but one of the earliest symptoms is glare, caused by light
scatter from the guttae and corneal edema.**?!! Patients with
a higher degree of corneal remodeling of the posterior surface
have worse diurnal variations and glare-related disabilities that
concomitantly increase the visual acuity-related disturbances.!'’)
In our study, visual performance was tested three times during
the day. The results coincide with those obtained in previously

published articles, given that uncorrected visual acuity, CSF, and
TV showed the lowest values at the morning visit, with a gradual
improvement during the day.®*? A remarkable difference of this
study is the method of contrast sensitivity evaluation, which was
tested for six SFs, as well as TV testing, which represents a very
thorough and detailed analysis of the visual quality.

In recent years, AS-OCT, ultrasonic biomicroscopy, as well
as Scheimpflug tomography have been incorporated for a more
in-depth analysis of patients with FECD.”! Qualitative AS-OCT
characteristics of FECD have been described in previous case
series.?*?] The device was used to analyze the optical density of
the cornea, which significantly expanded the knowledge about
its structure, especially of the anterior subepithelial stromal
region, where subepithelial fibrosis and scarring can occur.®!
Corneal thickening was believed to occur mainly in the later
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Table 4: Correlation of CST on 5- and 7-mm map with visual function and quality parameters (n=30)?

Vision CST 5-mm map CST 7-mm map
parameters - )
Time Repeated Time Repeated
8 AM 2PM 8 PM measures 8 AM 2PM 8 PM measures
UDVA R -0.16 -0.06 -0.05 -0.09 -0.14 -0.03 -0.03 -0.05
P 0.3834 0.7234 0.7844 0.4 0.4559 0.876 0.8678 0.66
TV r -0.65 -0.68 -0.63 -0.63 -0.64 -0.58 -0.63 -0.55
P 0.0001 <0.0001 0.0002 <0.001 0.0001 0.0006 0.0002 <0.001
CS spatial r -0.36 -0.04 -0.13 -0.16 -0.38 0.00 -0.09 -0.10
frequency B P 0.0537 0.8376 0.5053 0.15 0.0406 1.000 0.6426 0.36
CS spatial r -0.31 -0.25 -0.19 -0.14 -0.31 -0.21 -0.12 -0.09
frequency C P 0.0906 0.1881 0.3282 0.2 0.1003 0.2712 0.5449 0.41
CS spatial r -0.45 -0.33 -0.39 -0.36 -0.48 -0.26 -0.39 -0.31
frequency F P 0.0133 0.0746 0.0310 <0.001 0.0072 0.1736 0.0339 <0.01

Significant values are highlighted in bold, B=spatial frequency of 1.50 cycles per degree (cpd), C=spatial frequency of 3 cycles per degree (cpd), CS=contrast sensitivity,
CST=central stromal thickness, F=spatial frequency of 18 cycles per degree (cpd), TV=twilight vision, UDVA=uncorrected distance visual acuity, P=probability value,
r=correlation coefficient. 2Individual timepoint correlation was assessed by Spearman correlation and confirmed by repeated measures correlation (rmcorr package) in R

stages of FECD, manifesting as clinically apparent stromal and/or
epithelial edema.P* Studies have suggested that there is a gradual
increase in CCT as FECD progresses, showing higher values in
the first hours upon awakening in advanced forms of FECD and
progressive thinning during the day, which has been associated
with hypoxic swelling from overnight eyelid closure.[®! Our
study showed the same pattern of CCT change during the day,
confirming it is present even in a mild form of FECD. However,
because this change was not greater than 10 pm, it may not have
major clinical significance. Moreover, a recent retrospective study
by Guindolet ef al.?”! concluded that there were local changes in
corneal thickness in patients with FECD who underwent cataract
surgery. Several studies have postulated that CCT is an indicator
of corneal endothelial function.”®*! However, as shown in this
study, CCT should not be taken as an isolated measurement of
corneal thickness in mild forms of Fuchs’ dystrophy due to the
difficulty in distinguishing corneas with subclinical edema and
naturally thicker corneas (without any edema).!>*! Therefore,
evaluation of CCT variation patterns with other complementary
data in eyes with FECD is recommended, rather than relying on
a specific cut-off for CCT.1#%]

AS-OCT software also allows quantitative imaging of the
corneal epithelium and stroma independently in the form of
maps, which were used in this study to evaluate the diurnal
change of the two corneal layers in the mild form of FECD.
So far, individual corneal layers in FECD have been explored
less extensively than CCT. Reinstein et al.®! reported that the
mean epithelial thickness at the corneal vertex was 53.4 +4.6 um
in normal subjects, and that it was greater in the inferior
quadrant, while the mean stromal thickness at the corneal
vertex was 465.4 = 36.9 um.* The thickness of the epithelial
parameters in our study corresponds to the values obtained
in normal subjects, while the stromal parameters showed
thicker values at all three visits compared to the reported
normal values. Many other studies have shown the use of
epithelial and stromal mapping in other corneal pathologies,
such as in keratoconus, dry eye disease, following corneal
refractive surgery, or in corneal collagen cross-linking, with
the aim of evaluating their impact on corneal structure.**3¢
However, corneal epithelium thickness mapping has been
used so far only for the evaluation of one corneal dystrophy,

epithelial basement membrane dystrophy, where the thicker
corneal epithelium in the central and inferior corneal regions
has been demonstrated.’”! The epithelium does not always
have a homogeneous thickness over the cornea, since it has
been postulated that it tends to compensate for the stromal
irregularities, or change in relation to corneal edema, as in
FECD.B¥ Our study was the first to report the diurnal behavior
of corneal stroma in mild forms of FECD in nontreated eyes.
A significant change during the day was shown for CST and
stromal thickness in the inferior and superior sections of the
cornea, as well as for the minimal stromal thickness, with
the highest thickness values in the morning and the lowest
in the evening. In addition, when observing the correlation
between structural corneal changes and visual performance,
a significant negative correlation was found between CST
and TV at all three visits during the day, implying a better
quality of vision in dusk with decreased CST of the cornea.
The epithelium parameters did not show a significant diurnal
change. Therefore, the simultaneous evaluation of epithelial
and stromal thickness maps may be useful for detecting local
changes and have an emerging role in the assessment of FECD
in clinical practice and in future clinical trials. The earliest
detection of FECD might aid in preoperative planning for
cataract and combined ocular procedures, correct intraocular
lens (IOL) calculation, as well as in intra- and postoperative
risk evaluation. Since there is increasing interest for refractive
lens exchange procedure among our patients and the disease
is progressive in nature, early diagnosis is an important base
for IOL type selection (from monofocal to premium and toric
IOLs) at the moment of the surgery. It has been shown that
preoperative IOL measurements in patients with FECD should
be performed ideally after administration of hyperosmolar eye
drops and as late as possible in the course of the day. In addition
to the relevance of the posterior corneal surface measurements
in normal eyes before the cataract procedure, it has been shown
that early FECD detection improves their accuracy.!

This study provided insights into the correlation of corneal
structural changes and visual function, based only on the mild
forms of FECD. In future, it would be interesting to demonstrate
these diurnal variations in more severe cases and on a bigger
study sample. Another prospect would be to analyze the
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impact of a topical treatment with hypertonic agents or surgical
procedure options such as keratoplasty and cataract surgery
on these diurnal variations. A delay between eye opening and
morning clinic-based measurements should also be considered
as the limitation of this study. However, all patients had to be
examined within 1 h of waking up.

Conclusion

To our knowledge, this is the first prospective study to analyze
diurnal variations of epithelial and stromal corneal layers
with AS-OCT mapping in patients with a mild form of FECD,
correlating structural corneal changes with visual function.
According to the results, stromal corneal thickness showed
significant diurnal changes in the mild form of FECD, contrary
to epithelial thickness, implying subclinical edema formation
even in the early stages of the disease. Corneal mapping enables
a more precise insight into the behavior of corneal layers,
and combining it with visual quality testing may be helpful
in monitoring mild FECD patients. This report suggests the
importance of multiple daily check-ups in different time periods
and the aiding effect of corneal mapping on determining the
appropriate time for surgery and postoperative interventions.
This paper proposes the inclusion of corneal mapping tools in
controlled clinical trials on FECD carried out in future.
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Supplementary Figure 1: Repeated measures correlation calculated of selected variables with 5mm (panels a, c, e, g, i) and 7mm central stromal
thickness (CST) maps (panels b, d, f, h, j). Uncorrected distance visual acuity (UDVA - panels a and b), best corrected twilight vision (TV - panels
¢ and d), and contrast sensitivity function (CSF) at spatial frequencies 1,5 cpd (CS B -panels e and f), 3 cpd (CS C - panels g and h) and 18 cpd
(CS F - panels i and j). Light green dots represent individual 8am measurements, light blue dots represent 2pm and dark blue represent 8pm
measurement timepoints. Colored lines show regression fits for each timepoint. Repeated measures were calculated with rmcorr R package




