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Aim: To assess the topographic corneal changes and the incidence of keratoconus among

children with high myopia.

Settings: It is a prospective study, in which 174 eyes of children with high myopia were

studied in the period between August 2015 and June 2018.

Methods: All patients were examined to assess the refractive error and corneal examination

using Scheimpflug camera to evaluate different corneal parameters.

Results: Studied children aged between 6 and 14 years (11.05±1.98). Males represented

54% of the cases (n=94). The mean spherical error was −7.75±2.97 ranging from −6 to

−13.50D. The mean cylindrical error was −4.12±1.78D (−1 to −8). Regarding corneal

examination, data recorded were those about maximum K reading (kmax), thinnest location,

highest anterior and posterior elevation in 4mm zone, and higher-order corneal aberrations.

Analysis of the obtained data revealed 16 eyes (9.2%) with keratoconus. These eyes were

considered as a separate group and compared with the remaining eyes. There was significant

difference in kmax (p= 0.03), anterior elevation, and posterior elevation (p=0.01 for both).

Regarding myopia or astigmatism, there were no significant differences when compared with

normal eyes. But high myopia with low astigmatism were found in five eyes of them

(31.2%). The main statistically different aberrations were vertical coma (−2.04±0.99)

(p=0.01) and spherical aberrations (−0.9±0.78) (p=0.02). Regarding gender, there were 11

eyes in boys (68.7%), and this was statistically significant (p=0.01). Vernal keratoconjuncti-

vitis with frequent eye rubbing was found in 6 eyes (37.5%).

Conclusion: Children with high myopia irrespective of the degree of astigmatism may have

corneal abnormalities which are more pronounced in cases with vernal keratoconjunctivitis.

Corneal examination should be performed for highly myopic children to detect any corneal

abnormality and to treat it as early as possible.

Keywords: myopia, keratoconus, children

Introduction
Myopia has an important concern in children as it may affect their visual develop-

ment. In contrast to adults, corneal abnormalities in children are usually discovered

late, after the progression of the disease because of late diagnosis.1

High myopia is frequently reported among Egyptian children and it represents a

health problem as it affects school achievement of affected children when not

properly managed.2

The new corneal examination techniques gave us more detailed data about

corneal abnormalities and hence early management. Scheimpflug camera as an

examination tool increased our ability to investigate corneal curvature, front and

back elevation changes, multiple point pachymetry, and many other parameters and

indices which added to our knowledge about the examined cornea.3
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Keratoconus is a progressive, frequently asymmetric,

non-inflammatory corneal thinning disorder characterized

by changes in the structure and organization of corneal

collagen.4 Formerly, keratoconus was believed as a disease

of adolescence, but nowadays it is being diagnosed more

commonly.5

In paediatric patients, keratoconus is often more

advanced at the time of diagnosis and the progression of

the disease is more frequent and has a very rapid course.6

Therefore, early detection of the disease is necessary to

prevent severe visual impairment and decreases the need

for corneal transplantation in children.7

Often keratoconus is an isolated disease; however, it

may be associated with other diseases, the most frequent

of them are vernal keratoconjunctivitis, atopy, Down syn-

drome, and retinitis pigmentosa.8

The aim of this study was to assess the topographic

corneal changes and the incidence of keratoconus among

children with high myopia in an attempt to highlight the

importance of corneal examination among those children.

Subjects And Methods
This study was a prospective study which was conducted on

children with highmyopia above 6 Dwhowere studied in the

period between August 2015 and June 2018. The study

design was explained to the parents or their legal guardians

and all of them provided written informed consent. The study

was designed respecting the expected ethical aspects. It was

performed according to the Declaration of Helsinki 1964, as

revised in 2008 and approved by the Institutional Review

Board and Medical Ethics Committee of Minia University

Hospital. The study registration number is UMIN000037

273.

Inclusion criteria were as follows: age less than 14

years old, clear cornea, clear lens, and myopia more than

6D with or without astigmatism. Exclusion criteria were

corneal opacity, cataract, previous ocular surgery, previous

trauma, recent use of contact lenses, any ocular abnormal-

ities which may affect the corneal curvature like upper lid

ptosis, and retinal or systemic diseases which may be

associated with keratoconus.

For each subject included in the study, complete his-

tory was taken focusing on allergic conjunctivitis or fre-

quent eye rubbing and family history of keratoconus. Full

ophthalmic examination was performed using slit-lamp

bio-microscopy, cycloplegic refraction using autorefract-

ometer, and fundoscopy.

The corneal surfaces were then examined using the

Pentacam rotating Scheimpflug imaging system (Oculus

Optikgerate GmbH, Wetzlar, Germany). The items studied

were sagittal corneal curvature, thickness of the thinnest

location, anterior maximal elevation (more than 15 µm

considered abnormal within 4 mm zone), and posterior

maximal elevation (more than 20 µm considered abnormal

within 4 mm zone) on best fit sphere (BFS) 9 mm. Higher-

order aberrations were studied too. Three readings were

collected for each examined eye, and the best quality

reading with good centration was recorded.

Diagnosis of keratoconus was based on slit lamp find-

ings and/or corneal images obtained by Pentacam. Then,

participants were grouped according to having keratoconus

or not, where eyes with keratoconus were considered as

cases and remaining normal eyes were considered as

controls.

Statistical Analysis
All data were analysed using SPSS (Statistical Package for

Social Sciences) software version 20 to describe the demo-

graphic and clinical characteristics, and variables were

summarized using means, standard deviations (SD), and

ranges. Categorical variables were summarized using fre-

quencies and percentages. Probability (p) was considered

significant if < 0.05.

Results
The total eyes included in this study were 174 eyes from

87 children with high myopia. They aged between 6 and

14 years old with a mean of 11.05±1.98 years. Male

gender represented 54% and 46% were female.

Table 1 shows the data studied for all children partici-

pated in the study. All patients had myopia with varying

grades and the same for astigmatism. Regarding sagittal

Table 1 Data Of All Studied Patients

Mean±SD Range

Spherical error (D) −7.75±2.97 −6– −13.50

Astigmatism (D) −4.12±1.78 −1–−8

Kmax (D) 46.4±2.77 41.4–54.3

Thinnest location (µm) 535.05±41.66 480–623

Anterior elevation (mm) 14.55±9.96 4–25

Posterior elevation (mm) 28.33±9.66 12–45

Spherical aberrations 1.26 ± 0.89 −1.92–3.96

Horizontal coma 0.043 ± 1.50 −4.64–4.64

Vertical coma 0.47 ± 2.56 −9.03–6.36

Omar Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical Ophthalmology 2019:131910

http://www.dovepress.com
http://www.dovepress.com


curvature, the maximum k reading was recorded (kmax).

The recorded pachymetry was the thinnest location which

was less than 500 µm in 21 (12.09%) eyes. Regarding

elevation either anterior or posterior, it was recorded

from the highest reading in the 4mm zone which repre-

sented the highest elevation in this zone. Also, higher-

order aberrations were studied, and the recoded data

were those concerning spherical aberrations, horizontal

coma, and vertical coma as they are frequently affected

with keratoconus.

Analysis of the obtained data revealed that keratoconus

was diagnosed with variable grades in 16 eyes (9.2%) of

the studied eyes. These eyes were further studied for their

topographic and refractive characteristics as shown in

Table 2. When compared with the remaining topographi-

cally normal eyes (158 eyes) which were considered as

controls, there was a significant difference regarding max-

imum k reading (p= 0.03), anterior and posterior elevation

(p=0.01 for both). Regarding myopia or astigmatism, there

were no significant differences when compared with nor-

mal eyes. But high myopia with low astigmatism were

found in five eyes of them (31.2%).

The main statistically different aberrations were verti-

cal coma (−2.04±0.99) (p=0.01) and spherical aberrations

(−0.9±0.78) (p=0.02). Regarding gender, there were 11

eyes in boys (68.7%), and this was statistically significant

(p=0.01). Vernal keratoconjunctivitis with frequent eye

rubbing was found in 6 eyes (37.5%). And positive family

history of keratoconus was found in the eyes of two

patients (12.9%), but no family history of keratoconus

was reported among patients with normal eyes.

Discussion
This study was conducted in children with high myopia to

investigate corneal abnormalities among them and hence

early detection of keratoconus. This was to avoid late

diagnosis and management of corneal ectasia.

In a study done in Riyadh (Saudi Arabia), they found

keratoconus prevalence of 4.79% among pediatric

patients.9 In another study carried out on 92 Lebanese

students, 4.4% prevalence of keratoconus was found

among them.10

The current study showed more than double these

percentages which may be attributed to focusing on only

highly myopic children in the present study, while former

studies collected data from children regardless of their

refractive state.

Keratoconus was found to be more frequent among

male cases which was also previously reported by Léoni-

Mesplié S and her colleagues.6,11

Vernal keratoconjunctivitis was reported in 37.5%

of the keratoconus eyes and they had the most severe

form of corneal abnormalities. The association between

allergic conjunctivitis and KC was controversial with

studies reporting an association ranging from 7% to

35%, while others did not show any relationship.

However, most studies had proven that there was a

definite association between allergy with eye rubbing

and keratoconus.12–15

However, in 2016, Caputo and his colleagues reported

lower incidences of keratoconus with vernal keratocon-

junctivitis in the paediatric population of 0.61%, as com-

pared to previously documented.16 Their results were

dissimilar to our results and this could be attributed to

large sample size, different age groups, different ethnic

groups and different refractive errors in contrast to our

study which targeted myopic children.

Keratoconus results in visual impairment by inducing

myopia and astigmatism and decreases the quality of life

of the affected individuals.17 One third of the diagnosed

keratoconus cases in the current study had high myopia

but with low astigmatism. That is why high myopia alone

can be considered as an alarming sign for further corneal

examination to exclude any corneal abnormalities.

Table 2 Topographic Parameters And Refractive Errors Of Keratoconus Children Versus Controls

Spherical

Error (D)

Cylindrical

Error (D)

Kmax

(D)

Thinnest

Location (µm)

Anterior

Elevation (mm)

Posterior

Elevation (mm)

Cases Range −7.5–−13.50 −2–−8 48–54.3 480–520 16–25 26–45

Mean±SD −8.37±2.6 −4.19±1.9 49.6±2.9 496±11.6 18.76±2.73 32.3±9.2

Controls Range −6–−13 −1–−7 41.4–49.2 480–623 4–15 12–20

Mean±SD −8.1±2.8 −4.14±1.8 44.3±2.8 525.5±32.66 8.65±4.9 14.23±3.

P value 0.07 0.09 0.03 0.06 0.01 0.01

Dovepress Omar

Clinical Ophthalmology 2019:13 submit your manuscript | www.dovepress.com

DovePress
1911

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Corneal thinning is a common finding in corneas with

keratoconus.18 In this study, the thickness of the thinnest

location was not statistically different between eyes with

keratoconus and normal eyes. This can be explained that

corneal thinning takes some time to develop and that is

why it was not evident in children.

Corneal distortion and scarring induced by keratoconus

affect image quality by inducing higher-order aberrations.

In addition, corneal thinning causes marked shape changes

and hence higher-order aberration which is different from

that found in normal eyes.19

On measuring higher-order aberrations in the current

study, it was found that vertical coma and spherical aber-

rations were significantly higher among keratoconus eyes,

but Bühren et al in 2007 found vertical coma was the only

aberration affected.20

It can be concluded that children with high myopia

irrespective of the degree of astigmatism may have corneal

abnormalities which are more pronounced in cases with

vernal keratoconjunctivitis. Corneal examination should be

performed for high myopic children to detect any corneal

abnormality and to treat it as early as possible.

Disclosure
The author reports no conflicts of interest in this work.
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