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ABSTRACT

Background: To evaluate the normative values of corneal endothelial cell parameters within a group
of healthy young Egyptian adults using specular microscopy and to examine any correlations between
endothelial parameters and refractive or biometric parameters.

Methods: In this cross-sectional study, specular microscopy was used to study the right eyes of 150 healthy
young volunteers and evaluated endothelial cell parameters, including cellular density, hexagonality (HEX),
and coefficient of variation (CV) at 15 different points on the back corneal surface, which were later grouped
into the central zone and either four quadrants or three annular zones. The same eyes underwent refractive
and biometric assessments.

Results: Hundred fifty healthy adults were examined, and the age ranged from 20 to 30 years, with a median
of 23 (interquartile range, 21-27) years. The mean * standard deviation of central cell density was 2902.7
+270.7 cells/mm? The superior paracentral area had the lowest mean density (2895.8 cells/mm?), but the
highest mean HEX (67.7%), while the inferior peripheral area had the highest mean density (3100.5 cells/
mm?) but the lowest mean HEX (64%). The difference in cell density among the three annular zones was
not statistically significant (P = 0.365). However, HEX and CV in the central and paracentral zones differed
statistically significantly from those of the peripheral zone (P < 0.001 and P = 0.014, respectively). Weak but
non-significant correlations were detected between endothelial cell density and all measured refractive and
biometric parameters.

Conclusions: The findings of this study provided useful normative biometric and specular data in a specific
age group and a specific population, and could be useful in planning intraocular surgery in young Egyptian
adults. However, future longitudinal studies with a larger sample could refine more endothelial cell parameter
specifications over time.
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The corneal endothelium, the most inward of the five corneal layers, comprises metabolically active hexagonal
cells that are involved in controlling fluid and metabolite transfer between the aqueous and corneal stromal
compartments [1].
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Biometric parameters and corneal endothelium

Since endothelial cells are not capable of regeneration through mitotic division, their numbers decline gradually
from birth onwards in life by an aging process [2]. This involves a decline in endothelial cell density (ECD),
loss of the normal hexagonality of the cells (pleomorphism), and an enlargement of cells adjacent to worn cells
(polymegathism) [3]. Many factors have been suggested or proven to influence corneal endothelial parameters.
These include physiological factors, such as age, sex, ethnicity, and pathological factors, such as trauma (accidental,
surgical, irradiation, or contact lens-induced), long-standing uveitis, and systemic disorders, including diabetes
mellitus and chronic renal disorders [4-8].

Different ethnic groups exhibit different endothelial parameters [4, 9-11], which has implications for
ophthalmological practice in different parts of the world. This highlights the need for reporting the normative
values of corneal endothelial parameters, factoring in other varying ocular parameters on a per-population
bases [11, 12]. Biometric parameters have also been hypothesized to correlate with ECD [13, 14]. In particular,
horizontal corneal diameter (white-to-white, WTW) has been reported to correlate significantly with ECD in
children [15], but not in the young adult and older age groups [16]. However, most studies have focused on
measuring the correlation between biometric parameters and endothelial cell loss postoperatively [17, 18], but
not in the context of normative population values.

Specular microscopy has been established as a reliable means of examining the corneal endothelium in
ophthalmological practice [19]. This non-invasive photographic technique allows visualization and qualitative
and quantitative analysis of the endothelial layer [20]. Multiple devices for specular microscopy are commercially
available, and all have been demonstrated to provide comparable results. Nevertheless, it is recommended that
the same device is used when examining changes in the same eye at different time points [21]. Recently, it has
been shown that single central endothelial measurements may constitute a sampling error and may not provide
a comprehensive overview of the corneal condition, and that an average of at least 2.9 images is needed to obtain
reliable results [22].

In this study, we aimed to assess corneal endothelial parameters comprehensively in a group of healthy young
Egyptian adults, using specular microscopy, and to test whether there were any correlations between endothelial
parameters and measured refractive and biometric parameters of the same eyes.

We conducted a cross-sectional study that included the right eyes of 150 healthy young Egyptian adults. The
study conformed to the tenets of the Helsinki Declaration, and ethics committee approval was obtained from
the Ethical Review Committee of the Ain Shams University Faculty of Medicine, Cairo, Egypt. Written informed
consent from the volunteers was not required as the data were deidentified, and oral informed consent was
deemed sufficient by the ethical committee.

We included healthy subjects between the ages of 20 and 30 years, with healthy eyes based on full
ophthalmological evaluation that included thorough medical, surgical, and ocular history taking, refraction
(spherical equivalent, SE), best-corrected distance visual acuity (BCDVA) assessment, and slit-lamp examination
(Haag-Streit BM 900 slit lamp, Haag-Streit Diagnostics, Bern, Switzerland), including fundus biomicroscopy, as
well as intraocular pressure (IOP) measurement by means of an applanation tonometer (KAT T-type, Keeler, PS,
USA). Patients were excluded if there was evidence of ocular disease (e.g., corneal scar, endothelial dystrophy,
cataract, glaucoma, uveitis), history of wearing contact lenses, prior ocular surgery, ocular trauma, or if the
subjects were on any treatment for a chronic systemic disease.

A Nidek CEM 530 specular microscope (Nidek Co. Tokyo, Japan) was used to evaluate the corneal
endothelium of all studied eyes, in accordance with the manufacturer’s guidelines. Subjects were seated with
comfortable head positioning and were asked to focus on the target inside the device. Subjects were asked to
perform rapid complete blinking immediately before the measurements were taken, to maintain a smooth tear
film over the cornea and to minimize blinking during image acquisition. Substandard scans due to eye movement
or blinking during the time of measurement were discarded, and measurements were repeated until images with
satisfactory quality was attained. The corneal endothelium was evaluated at 15 points (1 central, 8 paracentral,
and 6 peripheral points), using the auto-analysis mode. ECD, hexagonality index (HEX), and coefficient of
variation (CV) were recorded and analyzed for each of the included points. The values for the ECD, HEX, and
CV were averaged in the four quadrants (upper, lower, nasal, and temporal), and again in three zones (central,
paracentral, and peripheral zones).

Biometric parameters were then obtained using an AL-Scan optical biometer (AL-Scan; Nidek Co., Ltd.,
Tokyo, Japan) on the same day by the same operator. The following parameters were measured: horizontal corneal
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diameter (white-to-white [WTW] distance), central corneal thickness (CCT), average keratometry readings
(Km) over a 3.3-mm diameter, axial length (AL), and anterior chamber depth (ACD). Indirect calculation of the
corneal surface was carried out using WTW values using the equation: area = nr? (where r = 12 WTW, and 7 =
22/7) [23].

Data were collected, revised, coded, and entered into IBM SPSS Statistics for Windows (version 25.0; IBM
Corp., Armonk, NY, USA). Normality assumption was tested using the D’Agostino—Pearson test. Data are
presented as mean + standard deviation (SD) in case of normal distribution and median with interquartile range
(IQR) in case of non-normally distributed data. The means were compared using a two-sided t-test, while the
medians were compared using the Mann—Whitney U test. Correlation was performed using the Pearson test
in case of normal data distribution and the Spearman correlation test in case of non-normal data distribution.
A one-way analysis of variance (ANOVA) was used to compare three or more means. Post-hoc testing was
performed using Tukey’s honestly significant difference (HSD) test. The margin of accepted alpha error was set
to 5%, and P-values < 0.05 were considered significant.

Of the 150 healthy adults that were examined, 81 (54%) were male and 69 (46%) were female. The age of the
subjects ranged from 20 to 30 years, with a median of 23 (interquartile range [IQR], 21-27) years.

Table 1 shows the analysis of the refractive and biometric parameters of the studied samples. The median AL
and ACD were 23.85 mm and 3.60 mm, respectively (IQR, 23.19-24.67, and 3.44—3.80, respectively). The mean
£ SD of CCT was 552.5 + 36.5 pm, and the mean = SD of WTW was 12.08 + 0.38 mm. The mean * SD area of
the studied corneas was 114.76 £ 7.29 mm>

The average of the major endothelial parameters for each of the measured points on the posterior corneal
surface is represented by a heatmap (Figure 1). For the central measurements, the mean * SD of the ECD was
2902.7 + 270.7 cells/mm?, the mean + SD of the HEX was 67.62% * 4.37%, and the median of the CV was 26
(IQR, 24-28). The superior paracentral area had the lowest mean ECD (2895.8 cells/mm?), but the highest
mean HEX (67.7%), while the inferior peripheral area had the highest mean ECD (3100.5 cells/mm?), but the
lowest HEX (64%).

Although the ECD was lower in the central zone (2902.7 + 270.7 cells/mm?) than in the paracentral (2940.2
+ 261.1 cells/mm?) and peripheral (3061.6 + 270.3 cells/mm?) zones, the difference in ECD among the
three annular zones was not statistically significant (P = 0.365). However, the HEX and CV in the central and
paracentral zones were statistically significantly different from those in the peripheral zone (P < 0.001 and P =
0.014, respectively). The maximum HEX was detected in the central zone (mean + SD, 67.6 + 4.4%), followed
by the paracentral (mean + SD, 67.2 + 3.6%) and peripheral (mean + SD, 65.2 + 3.7%) zones. The maximum CV
was detected in the peripheral zone (mean + SD, 27.5 + 3.4), followed by the paracentral (mean + SD, 26.2 £ 3.1)
and central zones (mean + SD, 26.0 + 3.2) zones.

No statistically significant differences were found between the sexes with regard to median age and SE (P =
0.514 and P = 0.366, respectively). Males, however, had a statistically significantly higher median AL (24.23
mm versus 23.39 mm, P < 0.001), ACD (3.65 mm versus 3.52 mm, P = 0.002), and mean WTW (12.2 versus
11.94 mm, P < 0.001) than females. On the other hand, females had a statistically significantly higher median

Table 1. Analysis of refractive and biometric data of the 150 healthy adults

Variable Value

ACD (mm), Median (IQR), (Range) 3.6 (3.44,3.8), (2.61 to 4.25)

AL (mm), Median (IQR), (Range) 23.85(23.19,24.67), (21.44 t0 29.23)
CCT (pm), Mean * SD (Range) 552.5 £ 36.5 (468 to 673)

Km (D), Median (IQR), (Range) 43.06 (42.14, 44.26), (40.06 to 47.25)
SE (D), Median (IQR), (Range) -0.87 (-2.72,-0.25), (-15.00 to 2.87)
WTW (mm), Mean +SD (Range) 12.08 £0.38 (11.1t0 13.1)

Area* (mm?), Mean +SD (Range) 114.76 +£7.29 (96.77 to 134.78)

Abbreviations: ACD, anterior chamber depth; mm, millimeter; IQR, inter-quartile range; AL, axial length; mm, millimetre; CCT,
central corneal thickness; yum, micrometer; SD, standard deviation; Km, mean keratometric reading; D, diopter; SE, spherical
equivalent; WTW, white to white diameter; mm? square millimeter. *Area: corneal surface area, indirectly calculated using the
white-to-white (WTW) parameter by using the following equation [23]: A = nr2, where r =12 WTW, and 7 = 22/7. Note: Parametric
data are reported in terms of mean + SD and non-parametric data are reported in terms of median (IQR).
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Figure 1. Heatmap representing Top left) endothelial cell density (ECD), Top right) hexagonality (HEX), and Bottom) coefficient
of variation (CV) of the measured points. Abbreviations: S, Superior; I, Inferior; N, Nasal; T, Temporal Max, maximum; Min,
minimum.

Table 2. Comparison between the sexes regarding endothelial parameters of the 150 healthy adults

Variable Females, n = 69 Males, n =81 P-value
Central CV, Median (IQR) 27.0 (24.8,28.0) 25.0 (23.0,29.0) 0271
Central ECD (cells/mm?), Mean + SD 2901.7 £259.7 2903.5+281.4 0.692
Central HEX (%), Mean + SD 67.0+4.32 68.1 £4.38 0.068
Lower CV, Mean = SD 27.6+3.2 264+3.3 0.101
Lower ECD (cells/mm?), Mean + SD 3022.5+242.2 3014.6 +280.9 0.774
Lower Hex (%), Mean + SD 65.0+3.3 67.0£3.6 <0.001
Nasal CV, Median (IQR) 26.8 (25.0,29.4) 26.3(23.8,28.3) 0.159
Nasal ECD (cells/mm?), Mean + SD 2974.2 £248.5 2977.0 £281.5 0.619
Nasal HEX (%), Mean + SD 65.8+3.3 67.5+3.5 <0.001
Temporal CV, Mean + SD 27.2+2.9 26.1+3.2 0.081
Temporal ECD (cells/mm?), Mean + SD 3008.7 £238.4 2987.7 £265.9 0.982
Temporal HEX (%), Mean + SD 65.1+32 67.5+3.4 <0.001
Upper CV, Mean + SD 274+3.0 262+3.0 0.039
Upper ECD (cells/mm?), Mean * SD 2967.6 +247.1 2954.9 £263.7 0.874
Upper HEX (%), Mean + SD 653+32 67.4+3.7 <0.001
Paracentral CV, Mean + SD 26.7+3.1 25.8+3.0 0.146
Paracentral ECD (cells/mm?) , Mean + SD 2935.7 £243.1 2944.1 £276.9 0.547
Paracentral HEX (%), Mean + SD 662+3.3 68.0+3.6 <0.001
Peripheral CV, Mean + SD 282+3.0 26.9+3.5 0.057
Peripheral ECD (cells/mm?) , Mean + SD 3080.2 +259.4 3045.7 £279.8 0.774
Peripheral HEX (%), Mean + SD 63.9+3.3 66.2+3.7 <0.001

Abbreviations: IQR, interquartile range; SD, standard deviation; n, number; mm?; square millimeter; %, percentage; CV, Coeffi-
cient of Variation; ECD, Endothelial Cell Density; HEX, Hexagonality index. P-value < 0.05 is shown in bold. Note: Parametric
data are reported in terms of mean + SD and non-parametric data are reported in terms of median (IQR).
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Km than males (43.57 D versus 42.37 D, P < 0.001). Regarding endothelial parameter differences (Table 2),
no statistically significant difference could be detected between the two sexes in terms of ECD and CV in all
quadrants and zones (all P > 0.05). However, the HEX was significantly lower (all P < 0.001) in females than in
males in all quadrants and zones, except for the central zone (P = 0.068).

Weak correlations, which were not statistically significant, were detected between the central ECD and WTW
(r=0.013; P=0.875), AL (r = 0.003; P = 0.968), ACD (r = -0.017; P = 0.834), Km (r = - 0.111; P = 0.176), and
SE (r =-0.00S; P = 0.954). The averaged ECD values from all four quadrants and all three annular zones showed
correlations when plotted against the aforementioned refractive and biometric values.

In this study, we attempted to analyze endothelial cell parameters in the corneas of healthy young Egyptian
adults. The parameters described were within the range of globally reported normative values. Furthermore, we
could not detect any significant correlation between the endothelial cell parameters and refractive variables in
the study group.

Various studies have shown racial and ethnic differences among different populations [4,14], and it is therefore
important to establish normative values to guide clinical decision-making. To the best of our knowledge, there
are currently no reports of normal endothelial morphology, values, and their distribution across the cornea for
the Egyptian population. Only one study recently published in Egypt [24] has attempted to assess central ECD
in a wide range of ages. Our objective was to provide a better understanding of corneal endothelial count and
morphological characteristics in different corneal zones and quadrants in healthy young Egyptian adults. This
may aid in planning phakic intraocular lens implantation, which is common in this age group.

The mean * SD of central ECD in our study was 2902.7 £ 270.7 cells/mm?, which was marginally lower than
that reported in a Chinese population (mean + SD, 2932 + 363 cell/mm?) [25], but higher than the normative
values reported in a Turkish population (mean + SD, 2671 * 356 cells/mm?) [26], Indian population (mean *
SD, 2525 + 337 cells/mm?) [27], and Iranian population (mean + SD, 1961 + 457 cells/mm?) [28]. It is worth
noting that these studies examined a wide age range, in contrast to our study, which focused of young adults. A
report [29] on a Nigerian population of the same age group (20-30 years) showed a lower mean + SD of central
ECD (2860 + 227 cells/mm?).

We also measured the endothelial parameters in different regions (15 specific points) on the corneal back
surface and grouped the measurements into quadrants and zones. A similar approach was adopted by Amann
etal. [30]. Our results were aligned with their study in finding an increasing ECD from the central to peripheral
zones. However, in their study, the superior peripheral region had the highest ECD, as opposed to our study,
where the inferior peripheral region had the highest ECD. Furthermore, they found no significant difference in
HEX and CV among the three annular zones, while we detected a statistically significant decrease in HEX and
an increase in CV from the central to the peripheral zones. Interestingly, the diameter of the cornea they studied
was only 4.7 mm (versus 7.3 mm in our investigation). Miiller et al. [31] used confocal microscopy and found a
higher, albeit statistically non-significant, difference in ECD for the temporal and superior quadrants versus the
central area. In our study, the temporal and inferior quadrants had significantly higher ECDs than the central
area.

There was no significant difference between females and males regarding ECD and CV in our sample. This
finding was supported by previous studies [4, 24, 27, 29, 31, 32]. On the other hand, two studies [14, 33] in
Southeast Asia (one in Japan and the other in the Philippines) detected a significantly higher ECD in females
than in males. However, males had a significantly higher mean HEX than did females in our study sample. This
was in contrast to previous work done elsewhere [33], which detected no significant differences between the
sexes, and was also in contrast to a previous study on the Egyptian population [24] that found the opposite, with
significantly higher HEX in females. The latter study attributed the difference to higher smoking rates in men. We
excluded smokers during recruitment, which could explain the discrepancy in the results.

The possible impact of the main ocular refractive and biometric variables on the measurement and analysis
of endothelial cells in the normal eyes of the young population has rarely been investigated [15, 16, 31]. It has
been hypothesized that corneal ECD measurements can be affected by variations in the corneal diameter and
surface area of the endothelium, and that, for more accurate results, the corneal surface area should be factored
into the measurement of the ECD [27]. This has been presented as a justification for the significantly lower
ECD in the Indian and American population than in the Japanese population [27, 34]. However, we could not
detect a statistically significant correlation between the WTW and ECD measurements in our study sample.
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A significant negative correlation has been previously established between horizontal WTW and ECD in
children [15], but not in young adults [16] or older individuals [31]. This supports the conclusion that the
effect may be restricted to infancy and childhood, when the majority of corneal tissue growth is postulated to
occur [35-38].

No statistically significant correlation of the ECD with corneal curvature (Km), AL, SE, or ACD was detected.
This was in concordance with the findings of Chang et al. [13], who found no significant relationship between
corneal curvature and ECD in myopic young adults, and those of Patel et al. [39], who found no correlation
between ACD and ECD. Nevertheless, this contradicted the results of Miiller et al. [31], who found a significant
negative correlation between AL and central ECD in an older population, although they found no significant
correlation between SE and ECD. It should be noted that the difference in our studied age groups does not allow
for an accurate comparison of these studies.

Our study aimed to determine the connection between biometric variables and the ECD in healthy young
adults. It provides valuable baseline biometric and endothelial data for further studies on the impact of
intraocular surgery, particularly placement of phakic intraocular lenses, on the corneal endothelium. The latter
is an increasingly available option for correcting high refractive errors in the age group we studied here, and is
expected to remain in the recipient eyes throughout life. Comparing our data with other published work indicates
that the ECD in the Egyptian population is lower than that in the Asian population [25]. The lower occurrence
of aphakic bullous keratopathy in Japanese eyes could be related to the higher ECD in these eyes [2, 34, 40, 41].
More studies are necessary to understand whether the reduced endothelial count in Egyptian eyes increases the
risk of aphakic bullous keratopathy in this population.

We assessed corneal endothelial parameters comprehensively in a group of healthy young Egyptian adults
using specular microscopy. There were limitations to our study, namely the cross-sectional design, small sample
size, and narrow age range. Future studies should investigate the effects of biometric variables on the ECD in
different age groups and populations, to further our understanding of differences in ECD between individuals,
and their implications.

The results provide useful normative biometric and specular data in healthy young Egyptian adults and would
be useful in planning intraocular surgery in such an age group. Refractive variables should not be relied on as
indicators of corneal endothelial status. However, future longitudinal studies with a larger sample with a broader
age range could identify more specific characteristics of endothelial cells over time.

Ethical approval: The study conformed to the tenets of the Helsinki Declaration, and ethics committee approval
was obtained from the Ethical Review Committee of the Ain Shams University Faculty of Medicine, Cairo, Egypt.
Written informed consent from the volunteers was not required as the data were deidentified, and oral informed
consent was deemed sufficient by the ethical committee.
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