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Abstract

Purpose: To investigate and compare sub foveal CHoroidal
Thickness (ChT) and macular thickness in Kerato Conus patients
(KC) with age-matched controls.

Methods: This was a cross-sectional, case-control study. KC
cases were confirmed using Pentacam. All participants underwent
full ophthalmic examinations including refraction, slit-lamp
biomicroscopy, fundus examination, and Goldmann Applanation
Tonometer. Central Corneal Thickness (CCT) and Corneal Curvature
(CC) measured using Pentacam. The sub foveal ChT and macular
thickness measurement were obtained by Optical Coherence
Tomopgraphy (OCT). The results were compared to age- and sex-
matched healthy controls.

Results: In the control group, there is a weak positive correlation
between CC and sub foveal ChT. In KC group, no correlation
observed between SE, CC, CCT with each location of sub foveal
ChT and macular thickness apart from a weak negative correlation
between SE and macular thickness. The sub foveal ChT was thinner
at nasal 1.5 mm location than all sub foveal ChT locations in both
groups. There was no significant difference in sub foveal CT in the
5 different locations and macular thickness between the two groups.

Conclusions: Our findings revealed that there was a highly
significant difference regarding to SE and CC between control and
KC groups (P < 0.0001). The sub foveal ChT was thinner at nasal
1.5 mm location than all sub foveal ChT locations in both groups.
The choroid was thinnest nasally, thicker in the subfoveal region,
and then thinner again temporally in both groups. There was no
significant difference between the sub foveal ChT, and macular
thickness in both groups. Thus, we conclude that KC do not affect
the sub foveal CT, and macular thickness of KC patients.

Keywords: Choroid; Choroidal thickness; Keratoconus; Optical
coherence tomography; Pentacam

Introduction

KC is a progressive, bilateral asymmetrical, non-inflammatory
disorder, in which the central portion of the cornea becomes thinner
and bulges forward in a conical shape [1]. Although it is an idiopathic
disease, it can be affected by positive family history and associated
with atopy, Down’s syndrome, Central Serous Chorioretinopathy
(CSC) and Choroidal Neovascularization (CNM) [2].

The choroid is a highly vascularized structure, lying between the
retina and sclera, extending from the ora serrate to the optic nerve
then joins the ciliary body [3]. The subfoveal ChT ranges from 272
pm to 311 pum [4-6]. ChT is altered with many ocular and systemic
diseases [7-10].
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The distribution of refractive error in Saudi adults is 45.8%. Its
distribution among Saudi population is myopia 24.4%, hyperopia
11.9% and astigmatism in 9.5% [11].

In 2008, there was a study have been reported the occurrence
of CSC in patients with KC and suggest that molecular alterations
in basement membrane interactions responsible for KC might be
responsible for CSC also. Then they observed the occurrence of
CSC in a few patients with KC. As known, the basement membrane
is involved in KC and similar alterations in basement membrane-
Retinal Pigment Epithelium (RPE) interactions would alter the
integrity of the outer blood-retinal barrier. Both KC and CSC diseases
may thus represent a dysfunction of epithelial layers and potentially
their basement membranes. They have been notified of the need for
further studies to elucidate the connection between these diseases
[12].

The influence of KC on anterior ocular segment structures is well
studied, but indefinite in the posterior segment. ChT changes in KC
are still unclear. However, some articles are published in 2018 studied
it.

Rosa Gutierrez-Bonet et al. evaluated CT at nine eccentricities
(-3000 microns nasally to +5000 microns temporal to the fovea) in
KC patients with different clinical stages and controls, the subjects are
divided according to age into 4 groups: less than 25 years, 25 to 35
years, 36 to 45 years, and more than 45 years. The results showed a
significant difference in CT between controls and KC eyes. However,
this difference was less in older subjects (>45).

No difference was found between CT and different stages of KC.
No significant correlation was detected in CT in patients with or
without rigid contact lenses [13].
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Serkan Akkaya investigated: Spherical Equivalent (SE), K-reading,
CCT, axial length and various locations of CT in both KC patients
(mild, moderate and severe KC) and control healthy subjects. He
documented that SE and mean K were higher, and the CCT values
were lower in the KC group compared with controls. There was no
difference in axial length between the two groups. He measured CT
at various locations (Subfoveal, Temporal 0.75mm, 1.5mm, and Nasal
0.75mm, 1.5mm) and found the CT was significantly higher in the KC
group than the control group at subfoveal and extrafoveal locations
except at 1.5 mm temporal to the fovea [2].

Thsan Yilmaz et al. compared the anterior segment parameters
including corneal volume, corneal apex and thinnest corneal
pachymetry with posterior segment parameters including Central
Macular Thickness (CMT) and CT in pediatric patients with KC and
control health. They showed higher corneal volume and corneal apex
in pediatric KC. However, CMT and CT were similar in pediatric
patients with KC relative to normal subjects [14].

Methods

A total of 86 subjects (159 eyes) aged from 15 to 40 years old, were
recruited from ophthalmology clinic in King Fahad hospital in Albaha.
They were divided into two groups: Control group, comprising 41
subjects (81 eyes) age and sex-matched individuals in good general
and ocular health and a KC group, comprising 45 subjects (78 eyes)
diagnosed according to slit lamp bio microscopic findings and
Pentacam. Stages of keratoconic eyes are as follows: 56 eyes (stage 1),
13 eyes (stage 2), 3 eyes (stage 3), 6 eyes (stage 4). Subjects that are not
age matched or with glaucoma, ocular hypertension, prior refractive
surgery, laser treatment, retinal diseases, or neurological diseases
that could affect the optic disc or visual field, or any significant media
opacity that obscured fundus examination were excluded from the
study.

Each participant underwent a full ophthalmic examination,
including refraction using a Tonoref II autorefractor/tonometer
(Nidek, Gamagori, Japan), SE was calculated as the sum of the
spherical plus half of the cylindrical error, CCT assessment, and CC
performed using Pentacam (Oculus, U.S), slit-lamp biomicroscopy,
fundus examination, Goldmann Applanation Tonometer, and OCT
(Heidelberg Engineering).

OCT provides a high-resolution, cross-sectional image of the
retina where we measured the sub foveal ChT manually from this
scan. We determine 5 various locations (Nasal 1.5, 0.75mm, Sub
foveal, Temporal 1.5, 0.75mm) by using caliper measuring CT from
the outer limit of the hyper-reflective band representing the RPE to
the outer boundary of the choroid (Figure 1).

Ethical consideration

The study was approved by the concerned Ethical Committee. Its
protocol was explained to each participant at the time of recruitment
and informed consent was obtained according to the Declaration of
Helsinki.

Statistical analysis

Statistical analysis was performed using Statistical Package for
the Social Sciences (SPSS) version 23.0 software (SPSS Inc., Chicago,
IL, USA). We calculated frequencies andpercentages for all nominal
variables, mean, standard deviation (SD), median, and range
(minimum - maximum) for all measurable variables (numerical

variables). We used Mann-Whitney U test to compare between control
group (normal eyes) and study group (KC eyes). We considered there
was a significant difference when P-value less than (P < 0.05).

Figure 1: Choroidal thickness at different locations.

Results
Demographic characteristic

One hundred fifty nine eyes of eighty six subjects were enrolled in
the study: Eighty one control eyes and seventy eight KC eyes. Thirteen
eyes were excluded: One of the control eyes was excluded due to a
corneal opacity, while the twelve keratoconic eyes all performed
previous cross linking.

In the control group the male/female ratio was 16 (39%) and 25
(61%). While in KC group was 25 (55.6%) and 20 (44.4%). There was
no significant difference in gender distribution between two groups
(P =.125). The mean age of male/female was 22.625 + 4.87 and 23.0 +
5.416 years in control group (P =0.914) while in KC group was 29.60
+7.405 and 27.55 + 7.207 years (P=0.356), (Figures 2 & 3).

Figure 2: Gender distribution for normal and KC groups.

Figure 3: Age distribution for normal and KC groups.
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Table 1 demonstrates a descriptive analysis of anterior ocular
parameters (SE, CC, and CCT) for both groups. There is a highly
significant difference regarding SE and CC between the two groups
(P<0.0001). While there was no significant difference of CCT between
the two groups (P=0.103)

Mann-Whitney U test we found there was no significant difference in
sub foveal ChT in the 5 different locations and in macular thickness
between the two groups (p = 0.50).

In control group, we found weak positive correlation between CC
and sub foveal ChT since r = 0.242, P-value = 0.031, moreover a weak
negative correlation between SE and Macular Thickness since r = -
0.276, P-value = 0.013 (Table 3).

However in KC group, we found no correlation between SE, CC,
CCT and each of nasal (1.5 mm, 0.75 mm) ChT, sub foveal ChT, and

temporal (1.5 mm, 0.75 mm) ChT since (P-value > 0.05) (Table 4).

Normal (n = 80) KC (n=78)
+
Mean + SD Medi- M?an . S,D . *P Value
. Median (Min. - Median
Min. - Max an
Max.)
Spherical -1.266 + 3.13 -5.114 + 4.645
-0.50 -4.255 0.0001
equivalent (D) | -17.88 - 3.9 18-2.63 <
Corneal curva- | 43.372 + 1.542 47.483 + 4.939
43.54 45. . 1
ture (D) 39.92 - 46.33 3.545 39.09 - 70.38 5898 <0.000
Central corneal | 3.696 +0.341 3.766 + 0.342
3.64 3.81 0.103
thickness (um) 2.81 - 4.56 2.87 - 4.49
Table 1: Descriptive analysis of anterior ocular parameters (SE, CC, and CCT) for both
groups.
*By Mann-Whitney U test

Table 2 displays a descriptive analysis of posterior ocular
parameters (ChT and macular thickness) for both groups. In the
control group, ChT was thinnest at the nasal 1.5 mm location
(293.625 pm * 21.54 um), followed by temporal 1.5 mm (296.838 um
+ 22.32 pum), then temporal 0.75 mm (331.0 pm * 16.90 pm), then
nasal 0.75 mm (332.513 pm + 16.41um), and thickest in sub foveal
location (335.775pum + 15.73 pm). Similar findings approximately
was observed in KC group, the thinnest ChT was in the nasal 1.5

SE CcC CCT
*r P-value *r P-value *r P-value

Nasal 1.5mm ChT 0.176 0.118 0.150 0.183 0.046 0.688
Nasal 0.75mm ChT -0.143 0.206 0.143 0.205 0.133 0.238
Sub foveal ChT -0.067 0.553 0.242* 0.031 0.170 0.133
Temporal 1.5mm ChT -0.078 0.489 0.217 0.053 0.025 | 0.829
Temporal 0.75mm ChT -0.106 0.350 0.103 0.363 0.089 | 0.432
Macular thickness -0.276* 0.013 0.046 0.687 0.048 | 0.674

Table 3: Correlations between anterior and posterior ocular parameters (control
group).

*r is Pearson’s correlation coefficient

: SE cc ccT
mm location (300.821 um * 33.021 pm), followed by temporal 1.5
mm (301.91 pm * 35.487 pum), then nasal 0.75 mm (331.603 pm * r | Pvalue | *r | Pvalue | *r | P-value
39.818 um), temporal 0.75 mm (336.128 um + 45.91 um) and thickest Nasal 1.5mm ChT 20091 | 0426 | 0186 | 0.104 | -0.001 | 0.990
(339.333 pm + 52.67 pm) in the sub foveal location. Nasal 0.75mm ChT 0.059 | 0.607 | -0.054 | 0636 | 0.084 | 0.462
Sub foveal ChT -0054 | 0642 | -0040 | 0731 | 0.054 | 0.641
Normal (n = 80) KC (n=178)
Temporal .5mm ChT | -0.152 | 0.185 | 0088 | 0443 | 0102 | 0.375
Mean + SD *P-vall
1\1\;1::11_1 Nf:i Median | Median (Min. - | Median | Temporal 0.75mm ChT | -0.036 | 0755 | -0.056 | 0.629 | 0136 | 0235
Max.) Macular thickness -0.055 | 0.630 | 0.003 | 0983 | 0.194 | 0.088
Nasal 1.5 293.625£21.54 2925 300.821 + 33.021 293.0 0.293 Table 4: Correlations between anterior and posterior ocular parameters (KC group).
mm 256.0 - 349.0 241.0 - 450.0
*r is Pearson’s correlation coefficient
. : . . Correlation between Ch T and keratoconus stage: The mean of sub
Sub foveal 3;;7(7)5 212'33 3340 3;2-3(3)3 * 2127 335.0 0.635 foveal ChT at Nasal 0.75 & 1.5mm was thicker in stage 3, and became
0379, 5.0 - 741. . . .
thinner gradually in stages 4, 1 & 2. The Sub foveal ChT was thicker
Tf';‘::l 232'18(3)8 izzg 2| 2075 3(2);'09(1) * 43126437 3005 | 0538 in stage 3 and gets thinner gradually in stages 2, 1 & 4. The temporal
ChT 1.5mm was thicker in stage 3 and gets thinner gradually in stages
Temporal 331.0 + 16.90 336.128 +45.91 . .
0.75 mm 2950 - 3730 331.0 2740 - 6690 3325 0.822 4,2 & 1. The temporal ChT 0.75mm and macular ChT were thicker in
stage 3 and became thinner in stages 4, 1 & 2 respectively.
Macular | 2679872104 | 0| 2749656801 | o o | oo
thickness |  232.0-3310 : 221.0 - 690.0 : ) Discussion
Table 2: Descriptive analysis of posterior ocular parameters (ChT and macular thick-
ness) for both groups. Our study carried out on 81 control eyes and 78 KC eyes revealed
“By Mann-Whitney U test that there are no statistically significant differences in sub foveal ChT

In both groups, the sub foveal ChT was thinner at nasal 1.5 mm
location than at all sub foveal Locations: the sub foveal ChT was
thinnest nasally, thicker in the sub foveal region, and gets thinner
again temporally. So the lowest and highest values for sub foveal
ChT were observed at nasal 1.5 mm, and at the sub foveal location,
respectively.

The macular thickness was (267.987 + 21.04, 274.96 *+ 56.801)
in control and KC group, respectively. There was no significant
difference between both groups (P=0.859). In both groups, by using

and macular thickness between control and KC groups by using
Heidelberg engineering spectralis OCT.

We observed that myopic individuals have thinner choroids
compared to hyperopic individuals. And sub foveal ChT is thinner
nasally, and temporally and is thicker in the sub foveal region, these
findings fit well with Serkan study [2].

In addition, Margolis and Spaide study proved that ChT decreases
rapidly in the nasal direction which is an agreement with our results
[15].
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The mean of sub foveal ChT at different locations and macular
thickness were insignificant between the control and KC groups,
respectively (293.625 um + 21.54 um, 300.821 pm * 33.021 um,
P=0.293) for nasal 1.5mm, (332.513 um + 16.41 pm, 331.603 um +
39.818 um, P=0.263) for nasal 0.75mm, (335.775 um + 15.73 um,
339.333 um + 52.67 um, P=0.635) for sub foveal ChT, (296.838 pm
+ 22.32 pum, 301.91 pm * 35.487 um, P=0.538) for temporal 1.5mm,
(331.0 pm * 16.90 um, 336.128 um + 45.91 pm, P=0.822) for temporal
0.75mm, and (267.987 um * 21.04 um, 274.96 pm + 56.801 um,
P=0.859) for macular thickness.

Serkan and Rosa Gutierrez-Bonet et al. 2018 showed a significant
difference in ChT between controls and KC eyes. They reported that
KC patients had a thicker choroid, which is inconsistent with our data
[2-13].

Moreover Serkan revealed that CCT was significantly correlated
with sub foveal ChT except at nasal 0.75mm location which is not
confident with us (no correlation between sub foveal CT and CCT in
both groups). However we didn’t find a correlation between SE and
sub foveal ChT in both groups which is in agreement with Serkan [2].

Conclusion

In conclusion, studying correlation between KC and ChT can be
used as a predictive marker of altered basement membrane - RPE
interactions affecting the integrity of outer blood retinal barrier
causing CSC and choroidal neovascular membrane which are
common KC association. To the best of our knowledge, our research is
the first study correlating KC and the posterior segments parameters
among adult Saudi population.

Recommendations

We think it is appropriate to re-evaluate the results in this study
with large sample size. Also it is advisable to assess choroidal and
macular thickness in keratoconus patients routinely.
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