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ABSTRACT

Keratoconus (KCN) is a bilateral, progressive, and non-inflammatory disorder in the cornea,
which results in thinning and protrusion of the cornea.

Received: 20 Dec 2021 i [TV This study aims to determine the effectiveness of using pachymetric progression indices (PPls)
Accepted: 11 Jun 2022 ¢ in grading the severity of KCN disease.
Available Online: 01Ju 2022 DISGIEE In this study, 76 patients with different stages of KCN were enrolled. The severity of KCN was

graded according to maximum keratometry, cornea thickness, and spherical equivalent. The PPIs mea-
sured by Pentacam and the demographic characteristics were recorded and their correlation with the
severity of KCN was assessed.

[T In terms of KCN severity, 18% of patients were at grade 1, 31% at grade 2, 42% at grade 3, and 7%

Keywords: at grade 4. The power of PPIs in predicting KCN grade 4, grade 3 and grade 2 based on the area under the
Keratoconus, © curve ranged from 0.722 to 0.993.

Pentacam, ¢ [NEITER The PPIs (Minimum, Maximum, Average) can predict the severity of KCN disease with good
Pachymetry © sensitivity and specificity.
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Extended Abstract

Introduction

eratoconus (KCN) is a common disorder

in ophthalmology. It characterized by thin-

ning and protrusion of central and para-

central areas of the cornea such that the

cornea turn into a conical shape in the ad-
vance stage of the disease [1, 2]. A systematic review con-
ducted in 1998 estimated the prevalence of KCN between
0.05% and 0.23%. The disease is less common in Asian
countries than in European countries. The prevalence of
KCN is considerable in Iran but no epidemiological study
has been conducted so far [3]. The onset of KCN is during
puberty and its progress continues until the 3rd and 4th
decades of life. The inheritance pattern of the disease is
not prominent and predictable, but a positive family his-
tory has been reported in 6-8% of cases. The combination
of genetic and environmental risk factors such as eye rub-
bing and inflammation and oxidative stress all play a role
in the onset and progression of KCN.

The severity of KCN disease is important for accurate
and timely treatment of patients. Although the classic
classification standard of KCN severity is the Amsler-kru-
meich classification, due to the creation of new imaging
indicators in recent years, other standard such as High-
order Aberration have been proposed to classify KCN [8].
This study aims to determine whether the pachymetric
progression indices (PPIs) can be used to grade the sever-
ity of KCN disease.

Methods

This cross-sectional study was performed in Amir Al-
Momenin Hospital in Rasht, Iran in 2014-2015. Data col-
lected from 76 patients with definitive diagnosis of KCN
who had at least one of the specific symptoms of KCN
(Flasher’s ring, Vogt striae, anterior stromal scar, stromal
thinning, conical protrusion in symmetrical apex, etc.),
examined by a slit lamp or had topographic findings char-
acterizing KCN. Individuals aged <12 years with a his-
tory of systemic disease, previous corneal or intraocular
surgery, history of chemical damage or delayed corneal
epithelial repair, neuropathology, pregnancy and lactation
were excluded.

Descriptive statistics (frequency, mean, and standard
deviation) were used to describe demographic charac-
teristics (age, gender), affected eye, and KCN disease
severity. Shapiro-Wilk test was used to determine the
normality of data distribution. Spearman correlation test
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was used to determine the correlation, and independent
t-test, Mann-Whitney U and Kruskal-Wallis tests were
used to determine and compare KCN severity and PPIs in
IBM SPSS v.21 software. The data were quality checked
by Pentacam and the appropriate data were selected. The
significance level was set at 0.05. The receiver operating
characteristic (ROC) curve was used to assess the severity
of KCN based on PPIs.

Results

Participants were 76 patients with KCN; 69% (n= 53)
were male and 30% (n=23) were female, with a mean
age of 25.5 + 6.8 years, ranged from 15 to 47 years. The
results showed that 52% (n=40) had KCN in the right
eye and 47% (n=36) had KCN in the left eye. In terms of
KCN severity, 18% of cases were at grade 1, 31% at grade
2, 42% at grade 3, and 7% at grade 4. The KCN sever-
ity had a significant correlation with PPI Max (r=0.761,
P<0.001), PPI Mean (=0.733, P<0.001), and PPI Ave
(r=0.774, P<0.001) (Table 1).

PPI Max, PPI Min and PPI Ave values indicated that
the power of PPIs (area under the curve) for predicting
the KCN grade 4 was statistically significant and equal to
0.993, 0.865 and 0.982, respectively (P<0.001). The best
cutoff point for detection of KCN grade 4 in PPI Max was
5.02 with 99% sensitivity and 98.6% specificity; for PPI
Min, it was 2.3 with 83.3% sensitivity and 90% speci-
ficity; and for PPI Ave, it was 3.3 with 83.3% sensitivity
and 97% specificity. The power of these indices for pre-
dicting the KCN grade 3 and above was also statistically
significant and equal to 0.870, 0.897 and 0.943, respec-
tively. The best cut-off point for detecting KCN grade 3
in PPI Max was 2.9 with 81.3% sensitivity and 84.2%
specificity; for PPI Min, it was 1.4 with 84.4% sensitivity
and 81.6% specificity; and for PPI Ave, it was 1.92 with
90.6% sensitivity and 96.8% specificity (Table 2).

The K-Max and K-Mean indices had moderate and high
significant correlation with PPIs in all degrees of KCN,
while Thinnest Location indices showed the highest signif-
icant correlation with PPIs in KCN grade 3. The astigma-
tism index had no significant correlation with PPIs. This
may be due to the sample size of the groups. Ambrosio
Relational Thickness (ART) Max had significant negative
correlation with PPIs in all degrees of KCN (P<0.01).

Discussion
KCN is a bilateral, progressive, non-inflammatory le-

sion of the cornea that results in corneal thinning and
protrusion. Studies have classified this disease given that
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Table 1. Correlation between PPIs and KCN severity

KCN Severity
Index MeantSD P
Grade 1 Grade 2 Grade 3 Grade 4
PPI Max 2.18+0.58 2.73+0.47 3.52+0.73 5.64+0.39 <0.001
PPI Min 1.07+0.23 1.28+0.28 1.94+0.50 2.79+1.07 <0.001
PPI Ave 1.51+0.30 1.82+0.21 1.46+0.44 3.67£0.52 <0.001

it can now be identified and treated with tools. Most of
this classification is based on keratometric criteria, clini-
cal symptoms, KCN symmetry, and pre-KCN. Although
the Amsler-Krumeich classification has traditionally been
used to classify the severity of KCN, new tools and crite-
ria, including topographic information, have received the
attention [5, 6].

The present study showed that K-Max and K-Mean
indices had a moderate to high significant positive cor-
relation with PPIs in all degrees of KCN, while Thinnest
Location showed the highest significant correlation with
PPIs in KCN grade 3. The astigmatism index had no sig-
nificant relationship with PPIs, may be due to the size of

groups.

Another result was the direct significant correlation be-
tween PPIs and the severity of KCN. With further increase
in PPIs, the severity of KCN also increases. In the study by
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Lim et al., it was observed that PPIs in the two groups of
KCN and healthy eyes were significantly different. How-
ever, when they evaluated various factors for diagnostic
adaptation of KCN disease based on the area under the
ROC curve, the difference between PPIs and ART indices
for diagnostic evaluation was not significant [7].

The effect of gender and age were also examined in this
study. The results showed that the increase in KCN sever-
ity could increase the PPI Max, PPI Min and PPI Ave in
both genders, indicating no significant effect of gender.
On the other hand, the increase in KCN severity could in-
crease these PPIs significantly in the age groups <25 and
>25 years. This indicates that PPIs could determine the
severity of KCN, regardless of patients’ age.

In conclusion, PPIs can estimates KCN disease severity,
regardless of gender and age of patients, and can be used
for determining the severity of KCN.

Table 2. Area under ROC curve, cut-off points, sensitivity, and specificity of PPIs in predicting KCN severity

Summer 2022. Vol 31. Num 2

KCN Severity PPI Area Under Curve 95% Cl Cut-off Point Sensitivity Specificity
PPI Max 0.993 0.997-1 5.02% 99% 98.6%
Grade 4 PPI Min 0.865 0.662-1 2.3% 83.3% 90%
PPI Ave 0.982 0.959-1 3.3% 83.3% 97%
PPI Max 0.870 0.787-0.954 2.9% 81.3% 84.2%
Areades PPI Min 0.897 0.822-0.972 1.4% 84.4% 81.6%
higher
PPI Ave 0.943 0.893-0.992 1.92% 90.6% 96.8%
PPI Max 0.789 0.620-0.957 66.7% 78.6% 0
Grade 2 and PPI Min 0.722 0.555-0.889 70.8% 63.3% 0
higher
PPI Ave 0.841 0.692-0.99 83.3% 78.6% 0
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