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Abstract

Purpose To study the prevalence of keratoconus

(KC) and the topographical characteristics of the

affected corneas in patients with refractive errors who

were seeking refractive surgery in the Egyptian delta.

Methods A retrospective study covering four and

half years (Jan 2012–June 2016) where the topograph-

ical data of 8124 participants were obtained from the

records of a refractive center in the Nile delta region,

Egypt. The diagnosis of KC was based on the Holladay

criteria in one or both eyes, using the Pentacam scans,

whereas grading of KC was based on the Amsler-

Krumeich classification.

Results The prevalence of KC was 1.12% (91/8124

participants) with 95% confidence interval 0.91–1.3.

Of all the affected cases, 5 cases (5.5%) had unilateral,

and the other 86 cases (94.5%) had bilateral KC. The

affected and unaffected subjects did not show any

significant difference regarding gender. Sixty-eight

(38.4%) eyes had stage 1 KC, 53 eyes (29.9%) had

stage 2, 27 eyes (15.3%) had stage 3, and 29 eyes

(16.4%) had stage 4 KC. It was most prevalent (1.2%)

among cases with astigmatism (P\ 0.001).

Conclusion Keratoconus was found in 1.12% of

patients seeking refractive surgery, with no gender

preference. Most cases had bilateral affection. Astig-

matism was the most common refractive error to be

associated with keratoconus.
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Introduction

Keratoconus (KC) is a degenerative, non-inflamma-

tory disease, causing axial protrusion of the cornea and

stromal thinning which eventually makes the corneal

conical in shape [1]. It usually affects both eyes and is

considered one of the most common corneal diseases

[2]. Early detection of keratoconus is of utmost

importance before proceeding with any refractive

surgery to avoid unpredictable results [3].

KC can be diagnosed in late stages as an abnormal

corneal shape detected on slit lamp examination

associated with decreased visual acuity. However, in

early stages, prior to the appearance of slit lamp

findings or visual affection, corneal topographical

analysis is crucial to detect signs of keratoconus [4, 5].

Nowadays, with the recent advances in corneal

imaging techniques, the anterior and posterior corneal
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surfaces can fully assess the thickness and elevation,

providing valuable information [6, 7]. One of these

techniques is the Pentacam system which uses the

Scheimpflug imaging principal to provide the corneal

topographical indices with good accuracy and repeata-

bility [8].

Many criteria have been established to diagnose

keratoconus based on the corneal topography. Holla-

day established 5 criteria in 2008 to detect kerato-

conus. These criteria are: (a) the apex of the cone is not

centered at the 6 o’clock semi-meridian, (b) the cone

should appear round on the tangential map, (c) K-read-

ings should exceed 45.00 D, (d) at the apex of the cone,

the corneal thickness is approximately 30 lm thinner

than the corresponding distance above the center of the

pupil, and (e) non-symmetrical topographical patterns

[9].

From the many published population-based studies,

it is clear that the prevalence of KC varies widely from

0.0003% in Russia to 2.3% in Maharashtra, India

[10, 11]. Despite the well-known relation between KC

and refractive errors, little is known about the

prevalence of KC in patients with different types of

refractive errors.

Patients and methods

A retrospective longitudinal study was conducted

covering the period of four and half years from the

beginning of January 2012 till the end of June 2016.

The data were obtained from the records of a refractive

Ophthalmic Center in the delta region in Egypt, with

referrals from 5 neighboring governorates. This study

reviewed the clinical and topographical records of

8124 patients, aged 18 years and more, who were

seeking refractive corneal surgery. The patients were

diagnosed as having keratoconus based on using the

aforementioned Holladay criteria in one or both eyes,

using the Pentacam scans (Oculus, Inc., Lynnwood,

WA) with version 1.17r72 of the device software, and

version 6.03r11 of the data management software.

Ophthalmic biomicroscopic examination of all

patients was performed with emphasis on the presence

of clinical signs of KC which include the presence of

corneal protuberance, stromal thinning, ‘oil droplet’

reflex, Munson sign, ‘scissoring’ reflex, Fleischer ring,

and Vogt striae.

Patients were diagnosed topographically as having

KC by the aforementioned Holladay 5 criteria (Fig. 1).

Patients diagnosed with keratoconus were graded

according to the Amsler-Krumeich classification for

grading keratoconus, which is based on the mean

K-reading on the anterior curvature sagittal map,

corneal thickness at the thinnest location (CT), and the

refractive error of the patient [12, 13].

Any participant with history of significant ocular

trauma, corneal vascularization, degeneration, or

corneal opacity was excluded from the study.

This study was agreed upon and performed in

accordance with the ethical standards of the institu-

tional and/or national research committee of the

Faculty of Medicine, Tanta University, and with

1964 Declaration of Helsinki and its later amendment

or comparable ethical standards. For this type of study,

formal consent was not required.

Data were collected, tabulated, and statistically

analyzed by Statistical Package for Social Sciences,

version 23 (IBM Corp. Released 2015. IBM SPSS

statistics for Windows, Version 23.0. Armonk, NY:

IBM Corp.). Included participants were divided into 2

groups: affected and unaffected. Student’s t test was

used for comparison of quantitative variables between

the two groups for normally distributed data, while

Mann–Whitney’s test was used for comparison of

quantitative variables between the two groups when

data were not normally distributed. Chi-square test

(v2) was used to study the association between

qualitative variables. Whenever any of the expected

cells were less than five, Fischer’s exact test with

Yates’ correction was used.

Results

This study included 8124 subjects, out of which 91

(1.12, 95% CI 0.91–1.37) subjects were diagnosed as

having keratoconus in one or both eyes based on the

recorded clinical and Holladay criteria for Pentacam

topography. Unilateral KC was present in only 5 cases

(5.5% of all the affected cases), while 86 cases

(94.5%) had bilateral KC. A total number of 177 eyes

(1.09%) suffered from KC out of the 16,248 studied

eyes.

There was no significant difference between the

affected cases and unaffected participants regarding
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the mean age or gender distribution, as shown in

Table 1.

Munson sign was recorded in 107 eyes (60.5%) and

Vogt striae in 61 eyes (34.5%).

The topographical values of the anterior corneal

surface (front K1, K2, and front astigmatism) were

significantly higher in eyes with KC compared to

normal eyes. Similarly, the values of the back surface

(back K1, K2, and back astigmatism) in the affected

eyes showed significantly higher negative values

compared to normal eyes.

The mean thickness of the thinnest corneal location

was significantly lower in the affected eyes. The

location of the Y axis was significantly displaced than

in normal corneas, while the location of the X axis did

not differ between the affected and normal corneas.

This is detailed in Table 2.

Out of the 177 eyes diagnosed with KC, 68 eyes

(38.4%) had stage 1 KC [mean central K 46.34 ± 1.11

D, mean CT 465.14 ± 30.91 lm], 53 (29.9%) had

stage 2 [mean central K 50.71 ± 2.12 D, mean CT

457.15 ± 39.63 lm], 27 (15.2%) had stage 3 [mean

central K 54.03 ± 0.87 D, mean CT

345.28 ± 40.73 lm], and 29 (16.4%) had stage 4

[mean central K 58.47 ± 2.61 D, mean CT

344.17 ± 54.96 lm].

KC was most prevalent among cases with astigma-

tism (more than ± 1D of cylindrical power of the

manifest refraction) (P\ 0.001) as 1.2% of all

corneas with astigmatism had KC. This percentage

Fig. 1 Pentacam topography showing the Holladay topographical criteria of one eye with KC

Table 1 Personal characteristics of patients with and patients

without KC

Patients with KC

Mean ± SD

Patients without KC

Mean ± SD

P value

Age (y) 29.40 ± 9.79 28.20 ± 7.09 0.11

Gender

Male

Female

No. (%)

41 (45.1)

50 (54.9)

No. (%)

2892 (36.0)

5145 (64.0)

0.09
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was significantly higher in patients with astigmatism

than both hypermetropia, with no eyes having KC, and

myopia, in which 0.8% of eyes had KC (Table 3).

In those eyes with astigmatism and keratoconus

(138 eyes), compound myopic astigmatism was the

most prevalent (94 eyes, 68.1%), while 35 eyes

(25.4%) had mixed astigmatism, and only 9 eyes

(6.5%) had simple myopic astigmatism.

There was no statistically significant association

between the stage of KC and the type of refractive

error as shown in Fig. 2 (P value[ 0.05).

Discussion

KC is a progressive disease causing rapid decrease in

the visual acuity early in the adulthood life. The

Pentacam topography is a reliable method to screen

and diagnose cases with KC allowing early and

effective management. In Egypt, population-based

screening for KC is difficult due to the high cost of the

topographical scan; however, topographical screening

and refractive surgery are getting more and more

popular among patients suffering from refractive

errors who were the target group of this work.

In this study, the prevalence of patients with

unilateral or bilateral KC was 1.12% (91/8124

patients), which represented 1.08% of all the studied

eyes (177/16,248 eyes). The prevalence of KC in

population-based studies greatly varied. Nielsen et al.

[14] in Denmark estimated the prevalence of KC to be

86 patients per 100,000 residents. Ljubic in 2009 in

Macedonia found KC in 68 out of 2254 patients [15].

In Iran, 35 patients out of 4592 (0.76%) were

diagnosed with keratoconus in at least 1 eye [16].

On the contrary, a recent retrospective study per-

formed in Saudi Arabia by Althomali et al. [17]

reported an 8.69% prevalence rate of KC among

patients seeking laser refractive surgery, which is

relatively high compared to our study.

The high prevalence of keratoconus in the Middle

East might be related to the high rate of chronic

allergies and spring catarrh. Unpublished data in

Egypt by Ahmed et al. [18] found the overall

prevalence of eye allergies among children aged

12–15 years to be 20.05% with spring catarrh

Table 2 Topographical

characteristics of eyes with

and eyes without KC

Eyes with KC

Mean ± SD

Eyes without KC

Mean ± SD

P value

Front K1(D) 45.73 ± 4.82 42.86 ± 1.26 \ 0.001

Front K2(D) 49.08 ± 5.14 44.11 ± 1.38 \ 0.001

Front astig - 1.03 ± 3.50 - 0.82 ± 1.16 0.02

Back K1(D) - 6.62 ± 0.94 - 6.10 ± 0.22 \ 0.001

Back K2 (D) - 7.44 ± 1.02 - 6.43 ± 0.25 \ 0.001

Back astig. 0.44 ± 0.71 0.29 ± 0.19 \ 0.001

Thinnest location (lm) 451.71 ± 32.42 537.94 ± 24.23 \ 0.001

X 0.03 ± 0.52 0.01 ± 0.56 0.63

Y - 0.63 ± 0.37 - 0.37 ± 0.26 \ 0.001

Keratoconus index (KI) 1.20 ± 0.12 1.01 ± 0.01 \ 0.001

Table 3 KC in different types of refractive errors

Hypermetropia (n = 475)

No. (%)

Myopia (n = 4637)

No. (%)

Astigmatism (n = 11,136)

No. (%)

P value Pairwise comparison

Eyes with KC 0 (0.0) 39 (0.8) 138 (1.2) \ 0.01 P1 0.08

P2 0.02

P3 0.03

Eyes without KC 475 (100.0) 4598(99.2) 10,998 (98.8)

P1: hypermetropia versus myopia, P2: hypermetropia versus astigmatism, P3: myopia versus astigmatism
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representing 3.95%. In another study in Saudia Arabia,

Sethi et al. [19] found that vernal keratoconjunctivitis

was the most common eye disorder affecting 35.6% of

the studied children. Many authors highly suggest that

continuous eye rubbing exerts a mechanical influence

on the corneal tissue that appears to be the only

necessary inciting event resulting in permanent

corneal warpage, which is known clinically as kera-

toconus [20].

In our study, KC was most prevalent among cases

with astigmatism (1.2%), followed by myopia, in

which 0.8% of eyes had KC. No cases of KC were

found in patients with hypermetropia. Compound type

was the most common form of astigmatism associated

with KC, with 94 eyes (68.1%), followed by the mixed

type with 35 eyes (25.4%), and finally the simple

myopic type with 9 eyes (6.5%).

Very few authors have studied the association

between KC and the type of refractive errors. The

study published by Serdarogullan et al. [21] found

that, out of 128 eye suffering astigmatism C 2 D, 8

eyes (6.3%) were diagnosed with KC. A more recent

study by Cruz-Becerril et al. assessed the prevalence

of refractive errors in Mexican patients diagnosed with

KC. They found that, out of 785 eyes with kerato-

conus, compound myopic astigmatism was the most

frequent refractive error in eyes, being present in

87.5% of keratoconic corneas [22].

While the presence of KC was associated with

certain types of refractive errors, its degree was not.

We found no significant association between the

degree of KC, either mild, moderate, or severe, and the

type of refractive error, whether myopia, simple

myopic, compound, or mixed astigmatism. Neverthe-

less, Cruz-Becerril et al. found that in all grades of KC,

3 refractive errors were most frequent: with-the-rule

compound myopic astigmatism, oblique compound

myopic astigmatism, and against-the-rule compound

myopic astigmatism. Additionally, myopia was pre-

sent in the advanced and severe stages, but no other

refractive errors were observed at either stage [22].

KC usually starts to develop at the age of puberty.

In this study, the mean age of patients with KC at time

of diagnosis was 29.40 ± 9.79 years old, which is

very close to Ljubic study in which the mean age of

onset was 26.81 ± 1.25 years [15], the studies by

Pobelle-Frasson et al. [23] with 33.4 years in males

and 37.1 years in females, and Cruz-Becerril et al. [22]

with an onset at 28.14 ± 10.30 years of age. This was

much younger than Hashimi et al. [16] who reported a

mean age of 47.6 years at the time of diagnosis. Asian

patients showed a younger mean age at diagnosis of

KC as reported by Assiri et al. [24] in Saudi Arabia

with mean age 18.5 ± 3.9 years, and Saini et al. [25]

(20.2 years).

Concerning gender distribution, there was a slight

predominance of the female gender with 54.9% of the

Fig. 2 Stages of KC in

different types of refractive

errors: (P value = 0.68)
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KC cases and 45.1% for the male gender, with no

significant difference between them. This was in

agreement with Ljubic who found that 52.9% (36) of

all KC patients were females [15]. Moreover, Jonas

et al. [24] reported a significant prevalence of kera-

toconus in the female gender (P\ .001) [11].

Affection of both eyes is a common feature of KC.

This was evident in this work, as 94.5% of all cases (86

cases) showed bilateral affection and only 5 (5.5%)

cases had unilateral affection. This is in agreement

with the study by Ljubic where 58 cases (84.8%) were

bilateral, and only 10 (15.2%) were unilateral [15].

Similarly, 88.5% of subjects in the study by Weed

et al. [26] exhibited bilateral keratoconus.

From our topographical maps, more than half

(54.2%) of the affected eyes had a mild degree of

KC (mean steepest K 45.48 ± 1.67 D), 27.1% had a

moderate degree (mean steepest K 50.29 ± 2.52 D),

while 18.7% suffered from the severe form (mean

steepest K 59.44 ± 8.28). Assiri et al. [24] reported

comparable findings, as 39% of the affected eyes in

their study had mild KC, 42.5% had moderate KC, and

18.3% had the severe form. In a similar study, Xu et al.

[27] studied the data of 3166 subjects in China and

detected abnormally steep cornea (K C 48 D) in 27

subjects (0.9 ± 0.2%), 6 subjects with a corneal

refractive power of C 49 D(0.2 ± 0.1%), and only

two subjects with a corneal refractive power of C 50 D

(0.06 ± 0.05%).

This study shows that keratoconus prevalence in

Lower Egypt is comparable to those worldwide, with

compound astigmatism being the most common

associated refractive error. It adds to the literature

about the topographical findings in eyes with kerato-

conus, contributing to a better understanding.
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