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Abstract

Purpose
To investigate the corneal endothelial cell parameters and to evaluate the correlation with corneal
topographic parameters in middle-aged non-treated keratoconus (KC) patients.

Materials and Methods
Thirty-six eyes of 21 KC patients in the middle decade (4th-5th) and age-gender matched 36 healthy eyes
were included. Topographic parameters [(K1, K2 Sim K, central, thinnest pachymetry, anterior chamber
depth (ACD)] were obtained with Galillei double scheimp�ug analyzer. Patients were divided into stages
according to mean keratometric values   (Mild < 45D,Moderate 45-52D, Severe > 52D, Advanced > 62 D).
Endothelial cell density (ECD), coe�cient of variation (CV) of cell areas and hexagonal cell percentage
(HCP) obtained with specular microscopy were recorded.Corneal topography and specular microscopy
parameters were compared between KC and healthy eyes. The correlation between topographic and
specular microscopy parameters were analyzed.

Results
The mean age of the patients was 38.6 ± 6.0 and 37.8 ± 4.2 years in the KC and control group,
respectively. Age and gender were statistically similar between the groups. ECD was 2772 ± 17 in the KC
group and 2741 ± 30 cells / mm2 in the control group, and there was no statistical difference between the
groups (p: 0.621). HCP was 63.5 ± 7.2, 67.4 ± 5.2 in KC and healthy eyes, respectively (p: 0.014); CV was
30.7 ± 5.2 and 28.6 ± 3.4, respectively (p: 0.058). Specular microscopy parameters were not statistically
different according to KC stage. K1,K2,SimK, CCT, ACD did not correlate with ECD in patients.

Conclusion
Our results showed that endothelial cell morphology is signi�cantly affected in middle-aged KC patients
who have not been treated.

Introduction
Keratoconus (KC) characterized by progressive thinning and asymmetric protrusion of the cornea; causes
irregular astigmatism and visual disturbance. It is usually diagnosed in adolescence and tends to
progress for 7–8 years and then stabilizes.1–3

Although its etiology is not known exactly; it has been reported that factors such as genetics, mechanical
trauma, and enzymatic changes in the cornea have an important role.4 With the effect of these factors,
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almost all layers of the cornea are affected histopathologically. In various histological studies, epithelial
basement membrane fragmentation, tears in the bowman layer, stromal thinning and scarring have been
reported in KC cases. 3–5 The endothelial layer in these cases has been analyzed in various studies with
confocal and specular microscopy. In confocal microscopy studies, �attening of the basal epithelial cells;
disturbances in the organization of stromal keratocyte, thickening of the intracorneal nerves, extension
and elongation of the endothelial cells in the region of the cone apex, 7–10 fold growth in endothelial
cells adjacent to the hydrops cite have been reported.6–8 Con�icting results have been reported in
specular microscopy studies. Some publications reported lower endothelial cell density (ECD) compared
to healthy eyes, whereas others observed no signi�cant change.9–12 Similarly, several publications in the
literature report a decrease in the hexagonal cell percentage (HCP) and an increase in the coe�cient of
variation (CV) in KC cases, while some studies report no change.9–12 Reasons for the different results
may be related to the number of patients included in the studies, the distribution of the age range of the
patients, the stages of keratoconus, and the previous treatment approaches.

In literature, most of the studies were frequently evaluated newly diagnosed young patient groups. The
progression of KC is highly variable; It can progress rapidly for 3–5 years and then stop, or in some cases
it may progress intermittently over a longer period. Progression is most often expected between the ages
of 10 and 20, with less progression between the ages of 20 and 30, and over the age of 30 there is usually
no progress. 1,3,5

In our study, we aimed to evaluate the corneal endothelial cell parameters and to investigate the
correlation with corneal topographic parameters in middle-aged KC patients who did not have any
treatment. In this way, we aimed to obtain clearer information about the permanent effect of KC on the
endothelium by performing endothelial analysis in the older age group.

Methods
The datas of the patients who were followed up in the cornea department due to KC between 2018–2020
were retrospectively analyzed. Mid-decade (4–5) patients who had not used contact lenses or topical
medications before, had not undergone any laser or surgical procedure, and had no history of hydrops
were included in the study. Patients who applied to the ophthalmology clinic for various reasons and did
not have any ocular surgery, contact lens use history, corneal pathology, and had a spherical equivalent
refractive error of less than 2 diopters (D) were randomly selected as the control group. The study was
conducted in accordance with the ethical principles included in the Helsinki Declaration and informed
consent forms were obtained from the patients (IRB:71522473/050.01.04/67).

Corneal topography and specular microscopy were performed in all cases after a detailed ophthalmologic
examination, including best corrected visual acuity (BCVA)   measured with Snellen chart, anterior segment
and fundus examinations.
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Corneal topography measurements were obtained with a Galilei G4 dual scheimp�ug analyzer (Ziemer
Ophthalmic Systems AG, Port, Switzerland). Galilei dual scheimp�ug analyzer provides more accurate
anterior curvature topographic data using the Placido disc in addition to the data obtained from
Scheimp�ug cameras. Measurements were taken after the cornea was centralized and then the patient
blinked twice to provide an optically smooth tear �lm layer on the corneal surface. Scans approved by the
software with su�cient image quality were accepted; parameters such as mean simulated keratometry
(SimK), K1, K2, anterior chamber depth (ACD), pachymetry   (central, thinnest),and corneal astigmatism
values   were obtained. Patients were divided into stages according to mean keratometric values    (Mild < 
45D, Moderate 45–52 D, Severe > 52D, Advanced > 62 D).

Specular microscopy measurements were obtained with CEM 530 specular microscopy (NIDEK, Japan)
device. With the automatic alignment and auto focus feature of the device, analysis was performed on
the sections that was taken from the central cornea. ECD, CV (polymegatism, %) and HCP were recorded.

Corneal topography parameters and endothelial cell features were compared between KC and healthy
eyes. The correlation between topographic parameters and endothelial cell features was analyzed.

The data were analyzed with the SPSS (Statistical Package for Social Sciences) 22.0 program (SPSS Inc.
Chicago, USA). The variables were investigated using analytical methods (Kolmogorov-Smirnov test) to
determine whether they were normally distributed or not. Descriptive analyses were presented using
means and standard deviations for normally distributed variables. These parameters were compared
using the Student-T test for the healthy and KC groups. Pearson test was performed for evaluation of the
correlation and statistical signi�cance between ECD and keratometric parameters. Differences were
considered statistically signi�cant when p value was less than 0.05.

Results
Thirty- six eyes of 21 KC patients (11 females, 10 males) and 36 healthy eyes (17 females, 19 males) in
the middle decade (4th-5th) were included in the study. The mean age in the KC group was 38.6 ± 6.0
(32–55) and the control group was 37.8 ± 4.2 (31–51) years; groups were similar in terms of age and
gender (p:0.420).

Corneal topography parameters such as SimK, K1, K2, ACD, pachymetry values (central, thinnest), corneal
astigmatism values were found to be signi�cantly different in the KC (Table 1).
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Table 1
Corneal topography and specular microscopy parameters of patients and control group.

  KC

n:36

Control

N:36

p

K1 (D) 46.2 ± 2.7 42.7 ± 1.2 <0.001

K2 (D) 49.6 ± 3.3 43.5 ± 1.2 < 0.001

Sim K (D) 47.9 ± 2.9 43.1 ± 1.2 < 0.001

Corneal astigmatism (D) 3.3 ± 1.5 0.8 ± 0.39  

Posterior �at K (D) -7.02 ± 0.6 -6.02 ± 0.2 < 0.001

Posterior steep K (D) -7.7 ± 0.7 -6.3 ± 0.2 < 0.001

Posterior SimK (D) -7.3 ± 0.6 -6.2 ± 0.2 < 0.001

ACD (mm) 3.1 ± 0.2 2.9 ± 0.3 0.001

CCT (µ) 484.3 ± 37.4 544.7 ± 26.7 < 0.001

Thinnest CCT (µ) 449.08 ± 39.1 531.2 ± 28.2 < 0.001

ECD (cells / mm2) 2772.2 ± 174.8 2741.03 ± 300.9 0.621

CV 30.7 ± 5.2 28.6 ± 3.4 0.058

HCP (%) 63.5 ± 7.2 67.4 ± 5.02 0.014

ACD: Anterior chamber depth; CCT: Central corneal thickness; ECD: Endothelial cell density; CV:
Coe�cient of variation; HCP: Hexagonal cell percentage

 

ECD was 2772 ± 174 cells / mm2 in the KC group and 2741 ± 300 cells / mm2 in the control group, and
there was no statistical difference between the groups (p: 0.621). HCP was 63.5 ± 7.2, 67.4 ± 5.2 in KC
and healthy eyes, respectively (p: 0.014); CV was 30.7 ± 5.2, 28.6 ± 3.4, respectively (p: 0.058) (Table 1).

Keratoconus eyes were classi�ed according to keratometric values; 22 eyes were mild, 10 eyes were
moderate, and 4 eyes were severe, and there was no signi�cant difference between the groups in terms of
endothelial cell properties (p: 0.744) (Table 2). Corneal topography parameters such as K1, K2, SimK, CCT,
ACD did not correlate with ECD in keratoconus patients (Table 3) (Fig. 1).
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Table 2
Comparision of specular microscopy parameters according to KC stage

  Mild

N:22

Moderate

N:10

Severe

N:4

p

ECD 2792.1 ± 189.1 2748.5 ± 161.3 2724.3 ± 153.3 0.744

CV 30.3 ± 4.2 29.4 ± 5.5 37.0 ± 6.9 0.772

HCP 64.1 ± 6.9 64.5 ± 7.7 57.3 ± 6.4 0.294

 
Table 3

Correlation between ECD and keratometric
parameters

  r p

SimK -0.099 0.603

K1 -0.124 0.415

K2 -0.190 0.314

ACD 0.013 0.948

CCT -0.180 0.341

 

Discussion
Our study focused on middle-aged patients in whom KC progression was not expected. We compared
their corneal endothelial cell parameters with those of similarly aged healthy cases. We found that
endothelial cell morphology was signi�cantly affected, although there was no signi�cant difference in
ECD.

ECD amounts to 3500 cells/mm2 at birth and decreases by 0.6% per year to 2600 cells/mm2 with age.
Corneal endothelial cells are typically hexagonal and present a uniform sequence. However, the number
of endothelial cells decreases and their size and shape also change due to aging, trauma, surgery, and
various corneal diseases. 12
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Changes in the endothelium in KC eyes may be affected by the age of onset of KC, progression status,
degree of asymmetry, amount of stromal thinning, and type and location of the cone area.12 The
pathophysiology of endothelial cell damage may be related to factors such as microscopic ruptures in
Descemet’s membrane in the ectatic region, ultraviolet damage due to stromal thinning, and oxidative
stress.5 Another cause of endothelial cell damage may be the transient increase in intraocular pressure
that develops due to compressive and distending forces on the anterior and posterior corneal surfaces
after mechanical trauma, such as eye scratching and rubbing.13

Previous histological examinations of KC corneal buttons obtained by penetrating keratoplasty revealed
changes in endothelial density and morphology. One of these studies attributed these changes to contact
lens wear 14, while another proposed that they depended on the severity and duration of KC.15

Confocal microscopy studies reported lower ECD; however, some studies observed no signi�cant change,
and one study even observed an increase.6–8 These different results may be attributed to the varied
locations of corneal area examination; evaluations of the central cornea, not the cone area, may have
caused these con�icting �ndings. Studies reporting a decrease in ECD, polymegatism, and pleomorphism
observed that these changes were more pronounced in areas adjacent to ruptures in Descemet’s
membrane.6,12

As in the case of confocal microscopy studies, the results from specular microscopy studies are
con�icting. Some publications reported that ECD decreased compared to healthy eyes, whereas others
observed no change.9–12 Interestingly, on average, the subjects of the majority of these previous works
were newly diagnosed young patients. In our study, the mean age of the subjects was 38.6 ± 6.0 years; in
other words, the average age of the participants in our work was higher than that of patients in the
literature.

Gökçınar et al. conducted a study consisting of 70 eyes and a mean patient age of 31.06 years. They
reported that CV was signi�cantly higher in the KC group compared to the control group, while ECD and
HCP were similar in both groups.17 Bahadır et al. found a signi�cant decrease in ECD but no signi�cant
difference in cell morphology in their study consisting of 44 eyes and a mean patient age of 28.1 years.18

Moreover, a previous comparison of KC patients who wear contact lenses with normal cases reported
increased polymegatism and pleomorphism in the KC cases.19 Similar results were found by researchers
comparing KC cases with and without contact lens wear.20 These results may be related to hypoxic stress
caused by contact lens wear. As these publications show, the use of contact lenses can affect the results;
thus, we excluded patients with a history of contact lens wear from our study.

Our study classi�ed KC eyes according to keratometric values. There was no signi�cant difference
between the groups in terms of endothelial cell morphology. However, an increase in CV and a decrease in
HCP were detected in severe cases, although the results were not statistically signi�cant. Stronger results
could have been obtained, if the number of severe cases had been much. The results of our study agree
with those of Gökçınar et al., who reported no signi�cant differences in terms of endothelial cell
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morphology according to KC stage. 18 However, Bozkurt et al. reported that ECD signi�cantly decreased
with the progression of KC in their study, which consisted of 391 eyes and a mean patient age of 24.2 ± 
7.7 years.10 Goebels et al. observed that ECD decreased and CV increased with the progression of
keratoconus in their work containing 712 KC cases.9

Our study comprised only those patients who had not undergone a surgical procedure previously and had
no contact lens use history. When the participants were classi�ed according to the KC stage, the number
of patients in the severe stages was lower. Notably, it is di�cult to achieve such a patient group, since
patients with KC have typically undergone various surgical procedures for visual rehabilitation. It is
possible that our results may have differed if our work would have included more advanced stage
patients.

Our study has several limitations. First, due to advances in technology, keratoconus is diagnosed earlier
and more accurately today, and various treatments can be applied in the indicated cases. Since the
patient group in our study was quite speci�c, it was not possible to include a su�cient number of
patients. Additionally, specular microscopy was performed on the central cornea in all our patients. More
accurate results would have been achieved by evaluating the area closer to the cone region.

Our results showed that endothelial cell morphology is signi�cantly affected in middle-aged keratoconus
patients who have not been treated. These results should be supported by additional research on a larger
number of cases.
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Figure 1

The mean ECD in normal cases and eyes with mild, moderate and severe keratoconus


