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ABSTRACT

Objective. To determine and compare choroidal thickness (CT) in keratoconus (KC) patients using Enhanced
Depth Imaging (EDI) OCT.

Methods. A comparative cross-sectional study including 26 patients with KC and 26 healthy controls
assessed with Pentacam and EDI-OCT. CT was measured manually with the Caliper function at thirteen
locations at 500 pm regular intervals.

Results. The average CT in T6 was 253.96 + 88.95 um in the KC group, and of 309.39 + 94.11 pm in the control
group (p <0.041). No significant differences in mean CT were observed in the rest of the points, including the
subfoveal CT (M), 351.48 + 106.3 vs 365.35 + 114.6 um, (p = 0.66). No correlation was observed between the
mean subfoveal CT (M), the mean CT in the KC group, and the values of K1 (p = 0.977 and p = 0.498 respectively),
K2 (p = 0.450 and p = 0.656), corneal asphericity (Q ) (p = 0.986 and p = 0.902), minimal pachymetry (Pachy)
(p = 0.408 and p = 0.688), keratoconus index (KI) (p = 0.601 and p = 0.217), vertical asymmetry index (VAT) (p =
0.296 and p = 0.523), staging of KC (TKC) (p = 0.549 and p = 0.08) and corneal apex morphology.

Conclusion. Significant lower CT was found in the KC group in T6 (3000 pm temporal to the fovea). No
significant difference of CT values in KC patients and healthy subjects was found in the other twelve
measurement locations.We found no association between the refractive and keratometric indexes obtained
by corneal topography and subfoveal CT.

RESUMEN

Objetivo. Determinar y comparar el grosor de la coroides (CT) en pacientes con queratocono (KC) usando
OCT con Enhanced Depth Imaging (EDI).

Métodos. Estudio comparativo transversal que incluye 26 pacientes con KC y 26 controles sanos
evaluados con Pentacam y EDI-OCT. EI KC fue medido manualmente con la funciéon Caliper en trece puntos
a intervalos regulares de 500 pm.

Resultados. El promedio de CT en T6 fue de 253,96 + 88,95 um en el grupo KC, y de 309,39 + 94,11 um en
el grupo de control (p <0,041). No se observaron diferencias significativas en la media de CT en el resto de
los puntos, incluyendo el CT subfoveal (M), 351.48 + 106.3 vs 365.35+ 114.6 pm, (p = 0.66). No se observo
ninguna correlacion entre la media de CT (M) subfoveal, la media de CT en el grupo KC, y los valores de K1
(p=0,977yp =0,498 respectivamente), K2 (p = 0,450 y p = 0,656), la asfericidad corneal (Q) (p = 0,986y p
= 0. 902), paquimetria minima (Pachy) (p = 0,408 y p = 0,688), indice de queratocono (KI) (p = 0,601y p =
0,217), indice de asimetria vertical (VIA) (p = 0,296 y p = 0,523), estadificacion del KC (TKC) (p = 0,549y p
=0,08) y morfologia del &pice corneal.

Conclusion. Se observé un CT significativamente menor en el grupo KC en T6 (3000 um temporal a la
févea). No se encontraron diferencias significativas entre los valores del CT en los pacientes con KC y
en los sujetos sanos en los 12 puntos de medida restantes. No se encontré ninguna asociacion entre los
indices refractivos y queratométricos obtenidos por la topografia corneal y el CT subfoveal.
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INTRODUCTION

Keratoconus (KC) is an ectatic corneal disease. It has
been traditionally defined as non-inflammatory (1),
although recent studies (2) (3) reject this hypothesis. It
is characterized by a progressive thinning of the corneal
thickness, with a consequent alteration of corneal
biomechanics, generating an irregular astigmatism.
KC is a complex pathology, based on the interaction of
genetics and environmental factors. It also represents
one of the main causes of keratoplasty today( 4).

Recent  studies show  increased levels of
inflammatory cytokines and proteolytic enzymes
including interleukin 1 and 6 (5), Intercellular
Adhesion Molecule (ICAM-1), tumoral necrotic
factor-alpha (TNF-a) and vascular cell adhesion
protein one (VCAM-1) (6). These inflammatory
mediators activate an enzymatic cascade that increases
the level of metalloproteases(7), triggering ectasia on
the corneal matrix. These inflammatory alterations in
the anterior segment could be related to an enhanced
vascular flow in adjacent tissues such as the choroid,
all which leads to a thicker choroid in KC patients.
Our purpose was to evaluate the choroidal thickness
(CT) in keratoconus patients and compare it to healthy
controls.

MATERIAL AND METHODS

Study design

This is a cross-sectional, comparative study between
groups, to evaluate the choroidal thickness of patients
with KC. 26 eyes of 26 patients without ocular
pathologies different from KC were included and
assessed by corneal tomography analysis (Pentacam®
HR, OCULUS, Optikgerate GmbH, Wetzlar, Germany)
and EDI SD-OCT using Spectralis® Heildelberg®
(Germany). The results were compared to 26 healthy
eyes of 26 patients (control group). This study
was approved by the ethics committee of Hospital
Universitario Reina Sofia de Murcia, and is adhered
to the tenets of the Declaration of Helsinki.

Scanning

Participants underwent a complete ophthalmological
examination including: refraction, best corrected
visual acuity (BCVA), Perkins applanation
tonometry, slit lamp biomicroscopy, fundoscopy
under tropicamide dilation, spectral domain optical
coherence tomography (SD-OCT) with enhanced deep
imaging (EDI) Spectralis® (Heidelberg Engineering,
Germany) and corneal topographic examination
with Pentacam HR® (Oculus Optikgerite GmbH,
Germany).
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Inclusion and exclusion criteria

The inclusion criteria were both clinical and
topographic diagnosis of KC. One eye was randomly
selected in case of bilateral disease. Patients with
history of previous eye trauma, glaucoma, infectious
or inflammatory eye disease, systemic disease or
previous intraocular surgery were excluded from the
study. Those who had undergone corneal cross-linking
less than twelve months prior to the study were also
excluded

Patients without ocular or systemic pathology, with
BCVA of 20/20, were randomly selected as controls.
As myopia is related to thinner choroidal thickness,
individuals with £ 2 D of spherical equivalent were
excluded from the control group.

Instruments

Topographic and pachymetric criteria of normality
were checked in healthy controls with Oculus Pentacam
("HR, Germany). In the KC group, keratometry,
pachymetry, corneal asphericity index, keratoconus
index (KI), vertical asymmetry index (VIA), degree of
keratoconus (TKC) and location of the corneal apex
(central, inferior-nasal, inferior-temporal or upper)
was also analyzed.

Choroidal thickness (CT) measurements were
performed with the Enhanced Depth Imaging (EDI)
EDI-OCT Spectralis® from Heidelberg, Germany. It
was carried out by the same expert manually using the
tomograph’s Caliper function and the 1:1 pum ratio.
Manual measurement is reliable and has a very high
interobserver and intersystem agreement(8). The
evaluations were always performed in the afternoon
(12:00 to 15:00) to minimize circadian variation.
The subfoveal CT (M) was obtained measuring
perpendicularly the distance between the posterior
limit of the retinal pigment epithelium (RPE) and the
choroid-scleral junction just below the fovea. Twelve
further CT measurements were assessed every 500 um;
six temporal and six nasal to the fovea (Fig. 1).

Figure 1. Subfoveal CT (M) was obtained measuring manually the
perpendicular distance between the posterior limit of the retinal

pigment epithelium (RPE) and the choroid-scleral junction just below
the fovea. Twelve further CT measurements were performed every
500 um; six temporal (T1-T6) and six nasal (N1-N6) to the fovea.
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Statistical analysis

Statistical analysis was calculated using Statistical
Package for the Social Sciences (Version 24.0, SPSS,
Chicago IL, USA). Initially, a descriptive study of each
of the included variables was performed. The t-student
test for independent samples was used to compare
the quantitative variables of choroidal thickness of
both groups. Statistical significance was considered
as p<0.05. For the correlation between variables, we
initially used tests of normality between them. To check
the association between two quantitative variables we
used the Pearson’s test if the distribution was normal,
or the Spearman’s test if it was not normalized. To check
the association between a quantitative and a categorical
variable, the analysis of variance ANOVA was required.
Measurements of the thirteen locations are expressed
in microns (um), and are composed of the mean value
plus/minus the standard deviation.

RESULTS

The mean age in the KC group was 34.12 + 12 years-old
(v.0) (range; 12 to 63 y.0) and in the control group 39.6 +
14.6 y.o (range; 19 to 80 y.o0). No significant differences
were found in age distribution (p=0.073) (Table 1).
Female/male ratio represented 13/13 (50/50%) in the
KC group and 18/8(69/31%) in the control group.
These differences did not reach statistical significance
(p=0.23).

The mean BCVA was 0.69 + 0.30 in the KC group and
0.99 * 0.04 in the control group. BCVA was firstly
measured with letter optotypes on a decimal scale and
transformed later to the log MAR (minimal angle of
resolution). Statistically significant differences were
observed for BCVA between both groups (p < 0.001)
(Table 1).

KC group Control group
Age
Mean 34,12+12 39,6 +14,6
Range (12 /63) (19/80)
Sex 13F/13 M 17 F/ 8M
BCVA (means) 0,69 + 0,30 0,99 + 0,04
Log MAR (mean) 0.161 0,004

Table 1. KC: keratoconus, F: female, M: male, BCVA: best corrected visual acuity, MAR: minimum angle of resolution

NG N5 N4 N3 N2 NT

?nfe%r::f 183,64 + 218,68 + 252,28 + 282,08 + 307,28 + 334,24 +

* 62,23um 69,43 um 87,02 ym 91,97 ym 90,25 pm 102,99 ym
SD pm)
Control 33174 +
group 175,96 + 240,35 + 263,83 + 296,39 + SO 346,13 +
(meanst 72,84 pm 112,03 pm 106,11 pm 103,09 um m ! 111,15 ym
SD pm) M
b p=0,695 p=0,421 p=0,681 p=0,614 p=0,401 p=0,702

Table 2. Mean choroidal thickness measurements in both groups. Significant difference was only observed in T6
CT: choroidal thickness, K: keratoconus, p: values from independent t-test, N: nasal, M: subfoveal choroidal thickness, T: temporal.
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CT reached its highest values in the subfoveal zone
in both groups, and decreased progressively towards
the periphery (Figure 2). CT was thinner in the nasal
points. No significant differences were found in
subfoveal CT (M) (351.48 + 106.3 pum in the KC group
and 365.35 £ 114.6 pm in the control group) (p=0.66).
Significant lower CT was found in the KC in T6 (253.96
+ 88.95 um and 309.39 £ 94.11 um) (p<0,041). The
other twelve studied locations did not reach significant
differences between both groups. These results are
summarized in Figure 2,3,4 and Table 2. All the CT
measurements (13 locations), were higher in the control
group, although statistically significant difference was
only observed in T6, located 3000 um temporal to the
fovea. It was a surprise to find higher values in the
control group, contrarily to our expectations based on
the inflammatory theory of KC.

\M
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Figure 4.

Figure 2, 3 and 4. Mean CT distribution of the 13 measured locations in KC patients vs. age and gender-adjusted healthy controls.

CT: choroidal thickness, KC: keratoconus.

T1 T2 T3} T4 T5 T6
351,48
+ 10637 357,43 + 315,48 + 303,68 + 278,28 + 270,76 + 253,96 +
I_Jm ! 109,78 pm 102,07 pm 97,77 ym 99,68 pm 79,56 ym 88,95 um
365,35 +
11464 357,43 + 345,43 + 334,04 324,57 + 317,61 ¢ 309,39
um ' 109,78 pm 103,27 ym 102,35 pm 98,45 pm 90,45 pm 94,11 ym
p=0,666 p=0,458 p=0,318 p=0,299 p=0,113 p=0,063 p=0,041
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No correlation was observed between anterior segment
parameters and mean subfoveal CT (M) in the KC
group (Table 3). Correlation between M and: Q (r=-
0.004, p=0.408), KI (r=-0.110, p=0.601) and VIA (r=-
0.218, p=0.269) was not detected (using Pearson test).
Correlations between M and KM (r=0.040, p=0.848)
and pachymetry (r=-0.173, p=0.408) was neither
significant (using Spearman test).

DISCUSSION

The choroid is being studied profusely nowadays using
SS-OCT and EDI OCT. Anatomical choroidal alterations
have been identified in different inflammatory eye
disorders such as: as ankylosing spondylitis, psoriasis (9),
Vogt-Koyanagi-Harada syndrome( 10), Behget’s disease

KC group Control group
KM 495+6D 44,36+1.69 D
Min/max (42.1/67.1) (41.6/47,2)
Pachy 436,7 £ 55,9 uym 553 +£9,8 um
Min/max (302/517) (496/ 605)
Q -0,92 + 0,46 -0,24
Min/max (-0.14/-1.83) (-0.12/-0.92)
Kl 1,19+0,13 1,01
Min/max (0,89/1,53) (1/1,07)
IVA 0,88 +0,4 0,1118
Min/max (0,13/2) (0,07/0,27)

3 (12%) Stage |
TKC 15 (60%) Stage 2
7 (28%) Stage 3-4

Topographic location of the

cone

7 (27 %) central
3(11,5%) (3) inferio-nasal.
15 (58%) inferio-temporal.

1 (3,5%) superior.

Table 3. Corneal parameters in both groups

KC: keratoconus, Kl: keratoconus index, KM: mean corneal curvature, Pachy :minimal pachymetry, Q: corneal asphericity, TKC: staging of KC and

VIA: index of vertical asvmmetrv.
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(11), posterior scleritis (12) and sympathetic ophthalmia
(13). It has also been linked to other inflammatory
diseases with no ocular manifestations (14). KC is no
longer considered a non-inflammatory disease (1) (15)
(16), it has been associated with increased levels of pro-
inflammatory cytokines (17) and cell adhesion molecules
and metalloproteases (7). Oxidative stress has also been
identified to play a role in the genesis of the disease (16)
(18) (19). Consequently, we aimed to study the choroid of
KC patients following this inflammation theory.

Corneal stroma is composed of type I, III, V, VI and XII
collagen fibers(16) (20). KC is related to connective tissue
disorders (21) such as Ehler-Danlos syndrome (22),
pseudoxanthoma elasticum, osteogenesis imperfecta
(23) and mitral valve prolapse (24). Collagen type I is
an important component of vascular vessels, so corneal
alterations in KC eyes could be accompanied by structural
changes in the choroid, which is a highly vascularized tissue.

The most accepted hypothesis of the genesis of KC
nowadays is the influence of certain environmental
stimuli, which would act over structural alterations
or predispositions of unknown origin (25). These
predispositions may be based on different ethnic (26)
(27), geographic (28) (29), climatic and or genetic
factors (30) (31). Environmental stimuli that trigger KC
disease include eye rubbing (32), contact lens wearing
(6), rosacea, atopy (33) and UV light exposure (34). The
progression of the disease could be the result of a complex
interaction of all these mentioned factors with multiple
genes with variable penetrance. Inflammation, cellular
hypersensitivity and oxidative stress could initiate a
vicious circle, expressing degrading enzymes (cathepsins)
and metalloproteases, resulting in an imbalance between
collagenolysis and collagenogenesis and decreased
matrix regeneration leading to corneal ectasia.

Gutiérrez-Bonet et al.(25), observed using SS-OCT
thicker choroids in KC patients than in healthy
patients (an average increase of 34%, p<0,05), being
these differences lower in elder patients (>45 y.o, non-
significant increase, p=0,37). Akkaya et al.(35) using EDI
SD-OCT instead, reached similar results. On the contrary
Yilmax et al.(36) did not find significant differences in the
choroidal thickness of pediatric patients with KC versus
age-related controls (mean age of 12 y.0). In a recent
controlled, cross-sectional study, Pinheiro-Costa et
al.(37) found significant thicker choroids in KC patients
(mean difference of 67,55 um), with a large sample size
and relatively young patients (range 12-30 y.0).

Akkaya et al. attributed higher subfoveal CT in KC eyes
to ethnicity and age; the average age of his patients was
very low (24,5 y.o; range 13-38 y.0). Margolis et al. (38)
reported a decrease of 15,6 um every decade of life,
denoting the importance of age in CT measurement.
Whereas Gutiérrez-Bonet et al. (25) highlighted that
his results could not only be justified by collagen
alteration but other factors like age, refraction, axial
length, hematological causes, choroidal melanocitosis
and pachychoroid-spectrum disorders. On the same

| Choroidal thickness analysis in keratoconus patients
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line he found no significant differences above 45 y.o,
possibly due to the progressive thinning of the choroid.

Despite our original supposition, our thirteen CT
values were lower in the KC group than in the healthy
controls. CT in healthy controls was statistically thicker
(310 ym) in T6 (3mm temporal to the fovea) than in the
KC group (254 um). These results disagree with those
obtained by Akkaya et al (35), Gutiérrez-Bonet et al (25).
and Joao et al (37). The higher CT values were found
beneath the fovea in both groups, matching these three
previous studies. 68% of the healthy eyes exceeded 300
pum of CT and 36% exceeded 400 um in M. Both limits of
CT are within normal CT range. Regarding these results
and contrary to expectations, no evidence of thicker
CT in KC patients was found in our study. Although T6
reached significant difference, in our opinion it alone
cannot justify real differences. T6 is a very eccentric
point, and real differences should be regarded in more
locations and specially those closer to the fovea.

When we analyzed topographic and keratometric
variables in KC eyes, we do not find any correlation
between them with subfoveal CT. There was neither
correlation between the staging of KC, nor between the
topographic location of the cone apex with subfoveal
CT. The location of the cone in the KC group was
similar to previous literature, being the inferior-
temporal the most common location of the apex (58%)
and the upper cones (3,5%) the least one.

The main limitation of our study was the low
sample size. CT was measured manually by the same
explorer as in the three mentioned similar studies. All
measurements were performed during the afternoon
(between 12-15 am) to minimize the possible impact
of circadian rhythms. The device used was EDI-OCT
optical coherence tomography available at our center,
which is considered comparable to Swept Source (SS)
OCT in CT measurement (correlation coefficient 0.975)
Only one random eye was included in the control group
and in case of bilateral KC. In both groups, subjects
with a refractive error of £ 2 D spherical equivalent
were discarded. No other possible bias that could
affect the choroidal vessels such as smoking habit or
microvascular pathologies were discussed.

CONCLUSION

In conclusion, KC is a complex disease whose exact
etiology and development are still not fully understood.
In this preliminary study we have not been able to
validate a possible correlation between KC and CT.
Further studies, with larger samples and comparable
parameters, are therefore necessary to shed more light
on this corneal ectasia. New generation non-invasive
diagnostic methods of the retina and the choroid (SS-
OCT and EDI-OCT) offer us a new pathway of research
study the possible relationship between the structure
of the choroid and corneal diseases.
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