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Abstract

Aim: The purpose of this study was to compare measurements of CCT in
emmetropia and patient with refractive anomalies. Methods: We represent a
in Patients with Refractive Anomalies and retrospective research which was conducted at the University Clinical Center
of Kosovo (UCCK). In this study were included 80 patients, divided into two
groups: test and a control group. Mean age was (M = 25.90, DS = 7.16), men
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that there were no differences in the CCT, Hyperopic (M = 545.21 DS =
52.24), Myopic (M = 547.90 DS = 47.93) and Emmetropic (M = 550.75 DS =
41.29). After measuring of the longitudinal axis and analyzing the data by
means of Anova test, it appeared to be a significant difference between the
analyzed groups, Hyperopic (M = 21.99, DS = 1.27), Myopics (M = 23.21, DS
= 1.24), Emmetropic (M = 22.36, DS = 0.81). Results also revealed that there
is correlation between the CCT and IOP, where increase CCT decreases IOP
and vice versa (r = —0.26, p = 0.01). Conclusion: The results have shown that
CCT is thinner in myopic but does not show correlation with hypermetropic
and emmetropic. While during the measurement of central corneal thickness
and eye tension it is found that there is a negative correlation between them.
Keratometry has a negative correlation with CCT. While there was no corre-
lation between CCT and age. Given the role of CCT in interpreting IOP val-
ues, it is recommended to perform a systematic CCT measurement in routine
clinical practice, which would assist in the diagnosis of ocular hypertension.
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1. Introduction

The determination of corneal thickness has gained relevance in recent years,
partly due to the growing interest in the continued use of contact lenses, refrac-
tive surgery, and the early identification of those who are at a higher risk of de-
veloping primary open angle glaucoma [1]. Due to the increasing popularity of
correction of refractive defects by excimer laser, Central corneal thickness (CCT)
has come to have higher prognostic significance for determination of the success
of surgery and probable post-surgical complications [2]. Also, a thin cornea
leads to underestimation of the intraocular pressure (IOP) whereas a thick cor-
nea results in overestimation. Due to the relationship between central corneal
thickness (CCT) and IOP, low CCT values may lead to a delay in the diagnosis
and treatment of glaucoma which may in turn lead to visual impairment and
blindness [2] [3]. Therefore knowledge of CCT can help to attribute the likelih-
ood of disease progression and assigning the risk can change clinical manage-
ment decisions to reach a personalized target pressure [4]. Empirical studies
suggest a correction factor for applanation IOP readings of 0.19 to 1 mm Hg per
10-um deviation from the average CCT [5]. Therefore, in individuals with thick
corneas, the IOP measurement by using GAT may show falsely high readings
and low readings for thin corneas [6]. A device called a tonometer is used to
measure IOP. The instrument considered to be the “gold standard” by the oph-
thalmic community, and the focus of this study, is the Goldmann Applanation
Tonometer (“GAT”) [6]. The normal range of the intraocular pressure in hu-
man is 10 - 20 mm Hg. Therefore, in individuals with thick corneas, the IOP
measurement by using, GAT may show falsely high readings and low readings
for thin corneas [6]. The IOP measurement by applanation tonometry is based
on the Imbert-Fick principle, which states that the required force of applica-
tion of the sphere surface is equal to the pressure product within a fluid filled
sphere and they are applanar [7]. Myopic eyes are associated with increased
risk for glaucoma. Also, the corneas tended to be thinner in more myopic eyes
(8].

Refractive errors are the most common ocular problem affecting all age
groups [9]. In many cases, the results are inconclusive and at times, conflicting.
The outcome and success rate of refractive surgical procedure rely on accuracy
of pachymetry measurements [10]. The direct costs of these errors, which in-
clude correction by glasses, refractive surgeries and lens implantation, are high
for societies with a high percentage of the afflicted individuals [11]. Refractive
error occurs when there is failure of the eye to correctly focus rays of light from
an object onto the retinal plane. The resultant image perceived by the individual
is blurred, and refractive correction is required to see clearly. Refractive error
can be divided into myopia (short or nearsightedness), hyperopia (long or
far-sightedness) and astigmatism (irregularly curved cornea) [7]. Refractive er-
rors are not preventable but can easily be treated with corrective eye glasses,
contact lenses or in some cases, corrective surgery [12].

In this study have been researched the possible correlations between refractive
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anomalies, CCT, longitudinal axis of the eye (AL), IOP, and keratometry (K).

2. Subjects and Methods

This study is a retrospective study. It was conducted at the UCCK of the Repub-
lic of Kosovo in Prishtina. The study included 80 patients divided into the two
groups: eyes with normal visual acuity (16), and eyes with anomaly refractive
abnormalities (64), in a period of time from February 2016 to January 2018.
Respondents with normal visual acuity were selected after a detailed preliminary
examination. There were 80 participants in this research, of whom (N = 41 or
51.3%) were male and (N = 39 or 48.8%) were females. Average age was (M =
25.90, SD = 7.16).

Each individual signed an informed consent form prior to participation, after

receiving information on the objective of the study.

Statistical Analysis

The data were represented by the mean + standard deviation (SD). The rela-
tionships between CCT, refractive error, keratometry, IOP and AL were tested
using Pearson’s correlation and multiple linear regression analysis. One eye from
each participant was selected for the statistical analysis, using the following algo-
rithm: the right eye was chosen where both were normal, otherwise the eye

meeting the inclusion criteria was used.

3. Study Design
3.1. Study Sample

The study included a total of 80 patients who came to the clinic, as ambulatory
cases with impaired vision symptoms, halos around bright lights, headaches, and
haziness. The subjects were aged 18 to 38, from urban and rural areas. After the
injtial examination they were included in this study. This number of patients
was divided into the test group (64 participants) and the control group (16 par-
ticipants).

Patients with the abovementioned symptoms were included in the test group,
while the control group included emmetropia that did not have the abovemen-

tioned symptoms.

3.2. Inclusion Criteria

Patients with refractive anomalies who have not been diagnosed before; Patients
with refractive anomalies between the age of 18 and 40 years old regardless
gender; Patients with necessity for refractive anomalies correction, normal cor-
neal topography, participants who had no ocular disease, participants who did
not have eye surgery interventions.

3.3. Exclusion Criteria

Patients with glaucoma and previous corneal refractive surgery procedures; pa-
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tients who have already been corrected for refractive anomalies; presbyopic pa-
tients; patients with amblyopia, patients with corneal lesions, diabetes mellitus
or other acute or chronic diseases possibly affecting the corneal thickness were

excluded.

3.4. Data Collection

All subjects in the test group and in the control group were measured for the
central corneal thickness by ultrasound pachymetry (USG) by trained ophthal-
mic technicians. The pachymetry measurement recorded for each eye was the
average of 3 measurements taken per eye.

Ultrasonic pachymetry was performed in all patients under topical anesthesia
with tetracaine (1%), while vision acuity was examined by the Snellen chart. In
the cases of refractive anomalies cycloplegic was used with 3 drops of 1% cyclo-
pentolate (Cyclogyl) that were administered 5 minutes apart. After another 40
minutes subjective refraction was measured using an autorefractometer. During
measurements, the subject was positioned with his or her chin in a cup and
forehead against a headband. The respondents were asked to see the automated
focused, focal target from the center of the cornea. The measurement was done
automatically when the focus was reached. Refractive anomalies were calculated
in diopters (D), the optical axis measurement using the B scan ultrasonography,
and keratometry determination using a keratorefractometer. Three measure-
ments were taken and the average values for vertical and horizontal corneal cur-
vatures were recorded along the appropriate meridians. The average of both
values was calculated as the AVK. IOP measurement was done with Goldmann
applanation tonometry, anterior and posterior segment ophthalmic examination
with slit lamp biomycroscopy, and fundus examination using indirect ophthal-
moscopy with Volk Superfield lens 90D.

For the pachymetry, the subject was comfortably seated with the head upright
and eyes in the primary position of gaze. The probe was sterilized with 70% al-
cohol and allowed to air-dry. The probe was, under topical anesthesia with te-
tracain (1%), carefully placed in order perpendicularly and easily applied to the
cornea. At least three readings were taken and the average was calculated as the
measured CCT.

4. Results

There have been used correlation analyses to see relationship between variable
and One Way Anova to compare groups.

There were 80 participants in this research, of whom (N = 41% or 51.3%)
were male and (N = 39% or 48.8%) were females. Average age was (M = 25.90,
SD = 7.16). This number of patients was divided into the test group (64 par-
ticipants) and the control group (16 participants). In the test group there were
29 myopic and 35 hyperopic. While in the control group 16 emmetrop (see
Table 1).
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Table 1. Demographic data.

Variable Test group Control group Total (%)
Respondents 64 16 80 (100%)
Male 34 7 41 (51.3%)
Female 30 9 39 (48.8%)
Myopic 29 - 31 (38.8%)
Hyperopic 35 - 33 (41.3%)
Emmetropic - 16 16 (20.0%)

To understand better development of different ocular parameters of the eye
and their interaction we have seen their descriptive value see Table 2.

Descriptive statistics such as the age, average corneal curvature, Goldmann
applanation tonometry, visual acuity and central corneal thickness are presented
in Table 2.

The lowest CCT is (Min = 295.0), while the highest level of cornea thickness is
(Max = 643.0). Also it was determined CCT and other ocular parameters, mean
of CCT was (M = 547.21, SD = 48.93), Km was (M = 42.38, SD = 1.97). Respon-
dents reported different value of IOP, when lower level of it was (Min = 9.00)
and higher levels or maximum was (Max = 29.00). On the other hand mean of
IOP in all respondents was (M = 15.05, SD = 3.99), (Table 2).

There is a negative correlation between CCT and AVK (r = —0.24, p = 0.03),
which shows us that increase of CCT is associated with decrease of AVK. On the
other hand, has positive correlation between AL and AVK (r = 0.20, p = 0.04),
which means increase of AL in associated with increase of AVK. Same times
don’t have correlation between AL and IOP (r = —0.09, p = ns). These results
showed also that there was a negative correlation between CCT and IOP (r =
—0.26, p = 0.01) (see Table 3).

When we analyzed the refractive anomalies, CCT, AL, IOP, our results
showed that there was a negative correlation between participants with myopias
and the CCT (r = —-0.41, p = 0.01), which means that increase of CCT is asso-
ciated with decrease of myopias to participants. At the same time we analyzed
the correlation of CCT with hyperopic participant, and we found that there was
no correlation between them (r = 0.02, p = 0.91) as well as no correlation be-
tween CCT and emmetrop participants, (r = —0.22, p = 0.44). Other ocular pa-
rameters showed different correlation. There was positive correlation IOP and
myopias (r = 0.46, p = 0.01) and negative correlation between emmetropic res-
pondents and IOP (r = —0.58, p = 0.05). Our results show a positive correlation
between myopias respondents and visual acuity (r = 0.32, p = 0.05). Also visual
acuity has positive correlation with emmetropic respondents (r = 0.58, p = 0.03),
see Table 4.

In tend to understand interaction between different biometric parameters, re-
gression analysis was applied.

Reported results found that CCT is negative predictor on IOP (f=-0.26, p =
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Table 2. Descriptive data.

Measured variables Min Max Mean SD
VA (decimal) 0.00 9.00 0.85 1.28
IOP (mm Hg) 9.00 29.00 15.05 3.99

CCT (um) 295.00 643.00 547.21 48.39
AVK (D) 37.96 37.96 42.38 1.97
AL (mm) 19.43 25.65 22.50 1.27

(VA) Visual acuity, (IOP) Intraocular pressure, (CCT) Central corneal thickness, (AVK) Average corneal
curvature, (AL) Axial length.

Table 3. Pearson correlation analyze of ocular parameter.

Variable CCT AVK V. Acuity IOP (mm)
CCT (um)
AVK (D) —-0.24*
VA (decimal) 0.11 0.09
IOP (mm Hg) —-0.26* -0.03 -0.08
AL (mm) 0.04 0.20* 0.11 -0.09

p = 0.02, p = 0.05 Correlations between central corneal thickness and other biometric parameters are pre-
sented.

Table 4. Correlation between refractive anomalies and other biometric parameters of eye.

Variable Hyperopic (diopters) Myopic (diopters) Emmetropic
CCT (um) -0.02 -0.41* -0.22
AVK (D) -0.05 0.24 0.28
VA (decimal) -0.06 0.32* 0.58*
IOP (mm Hg) 0.24 0.46* —0.54*
AL (mm) 0.02 -0.27 -0.19
p=0.01.

0.01), but CCT did not have effect on VA (= -0.11, p = 0.33) (see Table 5).

In the follow-up of the various analyses we have looked at the difference be-
tween different biometric parameter and CCT. The results showed that there
was no difference between the refractive anomalies and the CCT by rejecting our
hypothesis F (2, 78) = 0.09, p = ns (using the One Way Anova analysis). From
the mean value of CCT was as follows; for myopia (CCT = 547.90, DS = 47.93),
for hyperopia (CCT = 545.21, DS = 52.24) and emmetropic (CCT = 550.75, DS =
41.29).

In Figure 1, are described differences in IOP between different age group.
When the mean IOP was analyzed regarding the age groups, it was found that
the participants between 16 - 20 years have (M = 13.84), 21 - 25 years (M =
14.61), 26 - 32 years (M = 14.68) and those between 33 - 38 years (M = 16.84).

Increased age is associated with increased of mean value of IOP.
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Table 5. Multiple regression table of CCT as predictor in visual acuity and IOP.

Predictor B SEB B ‘
variable CCT P
VA (decimal) —-0.03 0.03 -0.11 -0.97 0.33
IOP (mm Hg) —-0.02 0.09 -0.26 -2.40 0.01

B without standardization; SEB standard error.

20 16.84%
13.84% 14.61% 14.68%

o 15
o]
"_6 mGroup Age
< 10 =|0OP
(O]
=

5

Figure 1. Differences in IOP between different age group. Differences in
Intraocular presion (IOP) between different age group. 16 - 20 years have (M =
13.84); 225 years (M = 14.61); 26 - 32 year (M = 14.6); 33 - 38 years (M =
16.84).

5. Discussion

The CCT seems to vary in different races. This had previously been reported by
other studies as well. However, Suzuki has found a weak negative correlation
between CCT and refractive error in male, but not in female (higher CCT in
myopic eyes than emmetropic eyes in men [13].

Nomura also reported higher CCT values in moderate myopia than in emme-
tropic and hyperopic eyes; prevalence of myopia is increasing among the popu-
lations of East Asian origin [14]. With increasing rates of myopia, refractive
surgery such as laser 7n situ keratomileusis (LASIK) has become popular in Asia.
When undertaking such surgery to correct myopia, CCT is an important con-
sideration to prevent the cornea from becoming too thin after treatment. Gener-
ally, a pachymetry value thinner than 500 um has been accepted as a cutoff value
for safe refractive surgery [15].

The relationship between the CCT and refractive errors is controversial. Li
Jinghai reported there is a negative correlation between CCT and refractive error
[16]. Chang suggested there is no correlation between CCT and the type of re-
fractive errors [17]. Central corneal thickness in myopia decreases with increas-
ing refractive anomaly. However, Zhang Shisheng suggested there is a positive
correlation between CCT and refractive error, but Liu Z, suggested there is no
significant relationship between CCT and refractive error [18]. Bradfield re-
ported that for every degree of increased myopic refractive error CCT is 1 um
thinner than average [19]. According to Michael Mimouni, CCT is associated
with the degree of myopia in adults who will undergo refractive surgery [20].

The results of our study showed that there was a negative correlation between
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respondents with myopias and the CCT (r = —0.41, p = 0.01), which means that
increased CCT is associated with decrease of myopias to respondents. Mean-
while between CCT and hyperopic participants it has been found that there is no
correlation (r = 0.02, p = 0.91) as well as no correlation between CCT and eme-
trop participant (r = —0.22, p = 0.44).

The results showed that there was no difference in the CCT between emme-
tropics and refractive anomalies, rejecting our hypothesis F (2, 78) = 0.09, p = ns
(using One Way Anova analysis). The mean value of CCT for myopia (CCT =
547.90, DS = 47.93), for hyperopia (CCT = 545.21, DS = 52.24) and emmetropic
(CCT =550.75, DS = 41.29).

In the follow-up of the various analyses we have looked at the difference be-
tween different parameters of the eye and central corneal thickness.

According to the study by Lekskul M, greater CCT was associated with higher
intraocular pressure, an increasing of intraocular pressure would increase the
CCT 1.4 microm statistically significance [21]. Our results showed that there was
a negative correlation between CCT and IOP (r = —0.26, p = 0.01). Also we have
found negative correlation between the CCT and the IOP, where the increase of
the CCT is associated with the decrease of IOP and vice versa .At the same time,
the reported results found that CCT is a negative predictor of IOP (8= -2.40,
p =0.01).

Studies reported that the association between CCT and age was not significant
statistically [15].

The mean CCT of the 20 - 39 years old was significantly thicker than that of
the 60 - 69 years and 70 - 79 years age groups. The general trend is the reduction
of CCT in the older age groups. This was consistent with the studies of Wong
and Hawker, who reported negative correlation between CCT and age [22] [23]
[24]. From this equation, a decrease of approximately 5.0 um in CCT for every
10-year increase in age was predicted, and this was very similar to that obtained
in this study. This change in CCT with age can be attributed to changes in the
structural biomechanical properties of the cornea that occur with age [24].

In our study no correlation was found between the CCT and age. In contrary
with other study results due to different age group of respondents (18 - 40). Ac-
cording to the study conducted in eyes of Saudi, it was found that the CCT val-
ues have decreased considerably with age. So, these results are consistent with
Hahn’s earlier findings, which found that older subjects had lower CCT values
compared to younger participants [25]. Other studies conducted at Prasad A, the
age and refractive abnormalities did not affect the CCT [26].

But according to Solo T, no correlation has been found between CCT and age
or sex [27].

Supported by the study by Afnan H. Alqurashi, gender differences were not
significant [28]. Similarly, according to Gelawet [29], they are in conflict with
some earlier findings where the average was higher in males than in females,

while according to Hahn, in the oldest CCT the least apparent [26]. According to
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the study of Hashman N, they showed that males had significantly smaller skin
corneas than females [30]. Also CCT did not show any gender difference, ac-
cording to M. Micheal [20].

Also statistically significant relationships have not been found between the
thickness of the central cornea and VA according to Lleo A [31]. Also, these re-
sults showed that there was a no correlation between CCT and VA.

In the study of Nigerian novices in order to determine the correlation between
the CCT and AL, it has been found that the regression analysis show an inverse
trend in the association between CCT and AL though not statistically significant
[25]. There appears to be no consensus concerning the relationship between
CCT and axial length. Based on the Chej M]J research, there is no relation to the
relationship between CCT and axial length [32].

Meanwhile, our results showed the same—that there was no correlation be-
tween CCT and AL.

The relationship between CCT and keratometry was investigated in several
earlier studies. Shimmyo and the Tajimi study reported that CCT was positively
correlated with keratometry in 1976 Americans and 2868 Japanese [33] [34]. A
weak correlation between CCT and keratometry was also demonstrated in Suzu-
ki and Tong series mentioned earlier [13] [34]. In contrast, Eyesteinsson re-
ported no correlation between CCT and keratometry values in 925 Caucasians
[35]. Similar findings were also found in Chang, Fam as well as Cho and Lam’s
series mentioned earlier [36]. The numerous discrepancies in the research car-
ried out are explained by various methodologies that with the decrease of the
average values of the refractive error, the mean KM values have increased in the
myopic group [1] [17]. While negative correlation was found between CCT and
keratometry according to Kadhim Y] [1]. The relationship between CCT and
Keratometry values has a negative correlation between CCT and Km values (r =
—0.24, p = 0.03), which show us that CCT growth is associated with decreasing

Keratometry.
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