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Abstract

Background. Keratoconus (KCN) is a multifactorial progressive corneal disease
that leads to significant disturbances in visual function. Various layers of the cornea,
such as the endothelium, are affected by this condition. This study aimed to evaluate
the corneal endothelial layer in different stages of the KCN and its correlation to
topographic findings.

Methods. It is a cross-sectional study of 110 eyes of 70 patients (28 females and 42
males) with KCN. The KCN severity staging in this study was based on the Amsler-
Krumeich criteria and topographic findings. Specular microscopy was used to
evaluate and compare the condition of the endothelial layer in different stages of
KCN.

Results. The prevalence of the various stages of KCN was 10%, 33.6%, 13.6%, and
42.8%, respectively, for stages | to IV. There was no significant difference between
various stages of OCN regarding endothelial cell density and polymegethism
(P=0.759 and P=0.052, respectively). However, the mean frequency of the
hexagonal endothelial cells (6A) in stage 1V was 7.8% lower than in stage Il eyes
(P=0.025). In addition, the Kmax had a positive correlation with polymegethism
(P<0.001, r>=0.110) and a negative correlation with 6A (P=0.007, r> =0.066).
Conclusion. According to our findings, the progression of KCN could be associated
with increased endothelial cell pleomorphism, and higher Kmax could be associated
with polymegethism. However, there was no significant difference in endothelial
cell density or polymegethism between the various stages of KCN.

Practical Implications. Regarding the possible changes in the corneal endothelial
layer with KCN progression, the pre-operative endothelial evaluations could
improve the surgical plans in these patients.
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Extended Abstract
Background
Keratoconus (KCN) is a multifactorial

progressive corneal disease that causes significant
visual dysfunction starting at young ages. Globally, it
has been estimated that 1.38 people are affected by
KCN in 1,000 people. Previously, it was assumed
that it was mainly a structural disease of the cornea;
however, it has been demonstrated that inflammatory
pathways enroll in its physiopathology. Since then,
the disease could influence all the cornea’s layers,
such as the endothelium. The therapeutic options of
KCN, such as contact lenses, crosslinking (CXL),
and corneal transplantations, could alter the
endothelial layer. A better understanding of the
endothelial condition in various stages of KCN could
be helpful. There have been limited studies on
evaluating the corneal endothelial layer in KCN;
however, the results were heterogeneous. This study
sought to evaluate the endothelial layer by specular
microscopy in KCN cases and investigate the
possible association between the topographic
findings and endothelial features.

Methods

This cross-sectional observational study was
conducted at Nikookari Eye Hospital, Tabriz, Iran,
between November 2021 and January 2022. The
Local Medical Research Ethics Committee at Tabriz
University of Medical Sciences ethically approved
the study (IR.TBZMED.REC.1398.1078). All the
patients entered the study after obtaining informed
written consent.

Overall, 110 eyes of 70 patients (28 females and
42 males) with KCN were examined in the study.
Forty patients had bilateral KCN, and 30 cases had
unilateral KCN. None of the included eyes had any
history of ocular surgery, contact lens use, glaucoma,
or corneal dystrophy. All the included eyes
underwent a thorough ophthalmic examination with
slit-lamp, corneal topography (Pentacam HR), and
corneal specular microscopy (EM-3000).

The maximum keratometry (Kmax), the thinnest
thickness of the cornea, and the anterior chamber
(AC) depth were extracted from corneal topography

imaging. The endothelial cell density (CD),
variations in the size of the endothelial cells
(polymegethism, CV), and the hexagonal cell
proportion (pleomorphism, 6A) were evaluated by
specular microscopy.

Patients were staged into four groups based on the
severity of the KCN using the Amsler-Krumeich
staging system: the I, the mildest form, and the IV,
the most advanced form of KCN. The refractive
error, mean keratometry, the thinnest thickness of the
cornea, and the corneal scar are the determining
factors of this staging system.

IBM SPSS v25.0 was used to conduct statistical
analyses. The parametric data were analyzed using
ANOVA and Tukey HSD post-hoc tests. Moreover,
the non-parametric and categorical data were
analyzed using the Kruskal-Wallis test and a Chi-
square test, respectively. The linear regression
method was utilized to evaluate the correlation

between variables. The statistical significance
threshold was set to 0.05.
Results

The mean age of the included patients was 24.6
(95% Cl=23.2-25.9). The prevalence of the various
stages of KCN, from the mildest to the most
advanced form, was 10% (n=11), 33.6% (n=37),
13.6% (n=15), and 42.8% (n=47), respectively. The
stage Il cases were significantly older than stage Il
(28.5 vs. 22.0, P=0.004). The gender distribution
showed no significant difference between the four
stages (P=0.702).

Predictably, the Kmax and the thinnest thickness of
the cornea differed significantly between the various
stages of the KCN. The mean Kmax was 46.6, 50.5,
53.9, and 58.8 D, respectively, in stages | to IV
(P=<0.001). The stage I cases had 48.8 um and 72.2
pm thicker cornea compared to stages Il and 1V in
mean (490.3 vs. 441.4 and 418.1 pm, respectively).
Moreover, stage Il cases had a mean corneal thinnest
thickness of 54.5 pum thicker than stage IV cases
(472.6 vs. 418.1 um). Regarding the Kma, all four
groups had significantly different values pairwise.
The AC depth demonstrated no significant difference

Med J Tabriz Uni Med Sciences. 2025;46(6) | 618



Sorkhabi, et al.

between the four stages (3.38,3.39,3.40, and
3.54mm, respectively, P=0.704).

The specular microscopy evaluations revealed no
significant difference between the various stages
regarding endothelial CD and polymegethism
(P=0.759 and 0.052, respectively). The mean CD
was 2674.8, 2584.9, 2613.6, and 2636.5 cells per
mm?, respectively, in stages | to IV. The mean CV
was 42.6,38.5,45.2, and 46.2, respectively. However,
the prevalence of hexagonal cells was significantly
higher in stage Il cases compared to stage IV ones
(38.4% vs. 30.5%, P= 0.025). Thus, stage IV cases
demonstrated a higher pleomorphism than stage II
cases. In addition, it should be noted that all the
stages of KCN represented a 6A lower than 50%,
indicating endothelial malfunction (33.2,38.4,35.3,
and 30.5%, respectively, stages I to 1V).

The  Kmax  significantly  correlated  with
polymegethism and pleomorphism (P=<0.001 and
0.007, respectively). Higher Kmax indicated higher
polymegethism  (r>=0.110) and pleomorphism

(r>=0.066). In addition, pleomorphism was higher
when the cornea was thinner (r> =0.097, P=0.001).

Conclusion

The KCN could affect all the layers of the cornea,
and it could be noticed during the management of
these patients. Although our results did not
demonstrate a significant decrease in CD and an
increase in polymegethism, the more advanced stages
of KCN were associated with higher pleomorphism.
Furthermore, the increase in Kmax Was associated
with increased polymegethism and pleomorphism.
Prescribing contact lenses, CXL, cataract surgery,
and deep anterior lamellar keratoplasty could
predispose the endothelium to more damage, leading
to endothelial decompensation. Hence, a pre-
operative evaluation of the endothelium in KCN
cases, especially in more advanced stages, may
reduce the risk of post-operative endothelial
complications by altering the therapeutic plan.
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