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Purpose: To study the central corneal thickness (CCT) in eyes with
microcornea and aphakia and without glaucoma, compare it with
normal controls, and correlate it with the measured intraocular
pressure (IOP).

Methods: The study was conducted on 62 eyes of 31 aphakic chil-
dren with microcornea. Controls (20 children) were selected from
age-matched children presenting for routine refraction. Detailed
anterior-segment and fundus examinations were conducted. The
CCT and the axial length were measured. Medical records of the
study patients were reviewed for the stability of the ocular
parameters over time to exclude glaucoma.

Results: The mean±SD age of the study patients and controls
were 4.0 (±3.1, 1.0 to 12.0) and 3.1 (±2.7, 0.6 to 12.0) years,
respectively. The mean±SD CCT, the corneal diameter, the
measured IOP, the cup/disc ratio, and the axial length of the study
patients and the controls were 667.01±72.90mm, 8.9±0.8mm,
10.9±5.7mm Hg, 0.1±0.1, 20.35±2.90mm and 545.22±
28.14mm, 11.7±0.5mm, 5.3±1.8mm Hg, 0.1±0.1, and N/A,
respectively. The difference between the study eyes and the controls
in the CCT and the measured IOP was statistically significant
(P<0.05).

Conclusions: Aphakic eyes with microcornea have thicker CCTs
and greater measured IOPs than normal eyes. Hence, the meas-
urement of CCT is recommended in the assessment of aphakic eyes
with microcornea for possible glaucoma. The measured IOP,
although a reliable parameter, in isolation does not provide a
diagnosis of glaucoma and must be viewed in conjunction with
other patient findings, such as the cup/disc ratio, the progression of
which over time must be considered for a more solid diagnosis.
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Microcornea is a congenital ocular anomaly of the
cornea in which the corneal diameter is <10mm.1

Microcornea may occur as an isolated condition or it may
be associated with a short axial length (AL) of the eye. It
may also be associated with congenital cataract and/or
glaucoma.2–4 Congenital cataract surgery is reported to
result in an increase in the central corneal thickness (CCT)

in the operated eyes.5 Congenital cataract surgery is also
associated with a number of postoperative complications,
significant among which is glaucoma, especially in the
presence of other associated ocular anomalies, such as
microphthalmia.6,7 Measurement of the intraocular pres-
sure (IOP) in children is an important part of the diagnosis
of glaucoma after congenital cataract surgery. The effect of
the CCT on the accuracy of IOP measurement, especially
by applanation tonometry, has been reported.8,9 It is gen-
erally known that thicker CCTs result in artifactually
higher IOPs, and may subsequently result in an erroneous
diagnosis of glaucoma. In addition, differences in CCTs of
children among different ethnic groups have been
reported.9,10 The aim of the current study was to study the
CCT in aphakic children with microcornea that were not
glaucomatous, compare it with age-matched normal phakic
eyes, and correlate it with the measured IOP by applanation
tonometry.

METHODS
The study was conducted on 62 (31 right, 31 left) eyes of

31 (11 male, 20 female) aphakic children with microcornea,
who presented to and were operated upon for congenital
cataract in the Ophthalmology Department of Alexandria
Main University Hospital in Alexandria, Egypt. The study
was conducted in accordance with the Declaration of Hel-
sinki in 1995, was granted approval by the ethics committee
of the Faculty of Medicine of Alexandria University, and
parents of the participating children provided approved
consent for participation in the study. Cases with corneal
edema and/or scarring, and cases diagnosed with or sus-
pected of having glaucoma, were excluded from the study.
Controls were selected from age-matched children presenting
to the pediatric ophthalmology clinic of Alexandria Main
University Hospital for checking the refraction. The children
included as controls were examined in the office initially and
were deemed to need examination under general anesthesia
(GA) on account of their being uncooperative for a full
thorough ophthalmic evaluation, including routine office
refraction. For all study patients and controls, the same
standard protocol was followed. An initial office examination
was followed by an examination under GA. An initial
assessment by a specialized pediatric anesthesiologist to
assess for fitness for GA was followed by inhalational Sev-
oflourane (fluoromethyl hexafluoroisopropylether) anes-
thesia. Parameters assessed included the IOP using a Perkins
tonometer, the horizontal white-to-white corneal diameter
using calipers, anterior-segment examination using a portable
slit lamp, and fundus examination using the indirect oph-
thalmoscope. Microcornea was diagnosed when the white-to-
white corneal diameter was 9mm or less till the age of 1 year
or 10mm or less at an older age.11 The CCT was measured
using the ultrasonic pachymeter (DGH Pachmate; DGH
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Technology Inc., Exton, PA), which takes 25 serial meas-
urements in rapid succession, then provides an average for
the measurements. This was followed by measurement of the
AL using A-scan ultrasonography (OTIScan2000; Oph-
thalmic Technologies Inc., Toronto, ON, Canada) for the
study patients only and not the control eyes. As the main aim
of this study was the CCT and the cornea, it was deemed
unnecessary to obtain AL data from control eyes, thus
helping minimize unnecessary manipulation of the control
eyes. Being operated for cataract in the Ophthalmology
Department of Alexandria Main University Hospital, the
medical records of the study patients were reviewed for the
stability of the ocular parameters over time to exclude
the diagnosis of glaucoma. The average (range, median)
interval from cataract surgery to the time of the examination
included in the current study was 28 (7 to 54, 27) months.
Glaucoma at the time of the study was excluded when the
measured ocular parameters, namely the cup/disc ratio, AL,
and refraction, were confirmed to be stable over that time
period in the presence of serial IOP measurements in the
same range as reported in the study for every eye. Never-
theless, it is obvious that glaucoma remains a lifelong risk for
such eyes. The study eyes were then stratified according to the
AL, in an attempt to isolate eyes with isolated microcornea
and normal AL from eyes with microcornea and micro-
phthalmia (short AL), with 21.0mm12 considered as the
cutoff level. Data were tabulated and statistically analyzed.

Data were analyzed using the Statistical Package for
Social Sciences (SPSS version 20; SPSS Inc., Chicago, IL).
The distribution of quantitative variables was tested for
normality using the Kolmogorov-Smirnov test, which
revealed abnormal distribution of the data. Thus, non-
parametric statistics were applied. Quantitative data were
described using median, minimum, and maximum. Com-
parison of quantitative parameters between 2 groups was
conducted using the Mann-Whitney U test. The correlation
between quantitative parameters was determined using the
Spearman r test. Comparison of categorical variables (sex
and group) was performed using the w2 test. In all statistical
tests, a level of significance of P<0.05 was used, below
which the results were considered to be statistically
significant.

RESULTS
The study was conducted on a total of 51 children: 31

patients and 20 controls. Demographic data of the
study patients and controls are shown in Table 1. The CCT
of patients and controls and the rest of the clinical exami-
nation data and investigations are shown in Table 2. The
difference in the CCT and the measured IOP between the

study eyes and the control eyes was statistically significant
(P<0.05).

Demographic and Clinical Correlations for All
(Patients and Controls) Study Eyes

Analysis of the correlation between the different study
parameters revealed a statistically significant positive cor-
relation between the age and both the IOP (P=0.003) and
the AL (P=0.000), between the CCT and the IOP
(P=0.000), between the corneal diameter and the
IOP (P=0.035), and between the cup/disc ratio and the
IOP (P=0.042). There was no statistically significant
correlation between the CCT and the AL (P=0.566).

Demographic and Clinical Characteristics of
Patients

Table 3 shows the demographic data of the study
patients stratified according to the AL, and Table 4 shows
the CCT and the rest of the clinical examination data and
investigations for the same groups of study patients. The
CCT did not show a statistically significant difference
between these 2 groups of study eyes.

Eyes With Microcornea and Microphthalmia
For eyes with a short AL (<21.0mm, microphthalmic

eyes), the difference in the CCT between the study eyes and
the control eyes was statistically significant (P<0.05).

Analysis of the correlation between the different study
parameters revealed a statistically significant positive cor-
relation between the age and both the IOP (P=0.029) and
the AL (P=0.001), and between the CCT and both the
IOP (P=0.029) and the AL (P=0.007).

Eyes With Isolated Microcornea (Normal AL)
For eyes with a normal AL (>21.0mm), the difference

in the CCT between the study eyes and the control eyes was
statistically significant (P<0.05). Analysis of the correla-
tion between the different study parameters revealed a
statistically significant correlation between the CCT and
each of the corneal diameter (this being a negative corre-
lation, �0.406, P=0.049) and the AL (P=0.001),
between the AL and the IOP (P=0.013), and between the
cup/disc ratio and the IOP (P=0.005). Only the age
showed a statistically significant difference between study
eyes with normal and short AL (P=0.003).

DISCUSSION
This study examined the CCT in nonglaucomatous

aphakic children with microcornea/microphthalmia. There

TABLE 1. Patient Demographics for All Study Patients

Patients Controls

Sex [n (%)] 31 (100) 20 (100)
Male 11 (64.5) 9 (55.0)
Female 20 (35.5) 11 (45.0)

Eyes [n (%)] 62 (100) 40 (100)
Right 31 (50) 20 (50)
Left 31 (50) 20 (50)

Age at examination
(mean±SD, range)
(y)

4.0 (±3.1, 1.0-12.0) 3.1 (±2.7, 0.6-12.0)

TABLE 2. Clinical Examination Data for All Study Patients

Mean±SD (Range)

Patients Controls

Central corneal thickness
(mm)*

667.01±72.90
(545-944)

545.22±28.14
(506-623)

Corneal diameter (mm) 8.9±0.8 (7-10) 11.7±0.5
(11-12)

Measured intraocular
pressure (mm Hg)*

10.9±5.7 (3-32) 5.3±1.8 (2-8)

Cup/disc ratio 0.1±0.1 (0-0.5) 0.1±0.1 (0-0.3)
Axial length (mm) 20.35±2.90

(14.56-25.98)
N/A

*Statistically significant.
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is a paucity of the literature addressing the issue of CCT in
eyes with microcornea-microphthalmia, and, to the best of
the authors’ knowledge , this is the first report on this issue in
children in the Middle East. There was no statistically sig-
nificant difference between the study eyes and the controls in
their age or sex; hence, the sample was homogenous and the
controls were selected adequately. The CCT was found to be
significantly greater in eyes with microcornea than in normal
controls. Likewise, the IOP measured was significantly higher
in eyes with microcornea than in normal controls; yet, long-
term follow-up of the study eyes confirmed that these eyes
were not glaucomatous. The average CCT of 667mm
reported by the current study was a little greater than that
reported by Filous et al13 studying the same issue. Never-
theless, both studies along with other reports14 highlight the
effect of CCT on IOP measurement in this subset of children
with small corneas and emphasize the notion that the diag-
nosis of glaucoma based on IOP measurement alone would
likely to be faulty. As emphasized by previous studies,15 other
parameters, such as the cup/disc ratio or AL, should be uti-
lized to make the diagnosis of glaucoma, especially when
these show progression over time. In addition, both studies,
the current study and that by Filous and colleagues, report a
CCT in aphakic children with microcornea that is greater
than that reported for aphakic children with normal corneal
diameters,5,16,17 providing additional emphasis that extra
caution has to be exercised in such eyes with small corneas.

The current study also highlights a significant positive
correlation between the age and the IOP, and this is in
agreement with other studies supporting the fact that the
IOP in very young children is lesser than that in older
children and that the IOP normally increases to the normal
adult level with time.18 The fact that age and AL correlate
significantly is well documented for normal eyes, wherein
AL growth occurs maximally in the first 2 years of life. It is
interesting to report the same trend in eyes with small

corneas, hence demonstrating that the developmental
anomaly resulting in the small cornea may not necessarily
hinder normal elongation and growth of the eye. The fact
that CCT correlates significantly with the IOP is just a
confirmation of the already well-documented effect of CCT
on IOP measurement.8,9 It is interesting to note that in this
study, there is a positive correlation between the cup/disc
ratio and the IOP, even though these eyes were not glau-
comatous at the time of conducting the study, with a rea-
sonable postoperative follow-up time period.

When eyes with isolated microcornea and normal AL were
studied alone, a significant negative correlation appears between
the corneal diameter and the CCT, a fact previously reported in
eyes with various types of childhood glaucoma.19 In the same
subgroup of patients, namely those with microcornea and nor-
mal AL, a significant positive correlation shows up between AL
and IOP, although, again, these eyes were not glaucomatous.
This is in contrast to the report by Lee et al,20 who found no
correlation between IOP and AL. Whether the growth of eyes
with small corneas is under the influence of the same factors as
eyes with normal corneas thus remains to be investigated.

In this study, it is of note that the age was significantly
different between the 2 subgroups when stratified according
to AL: older children had longer eyes. This is in agreement
with the documented growth of the eye in the initial years of
life and suggests, as already mentioned, that the pathology
resulting in a small cornea does not hinder normal growth
of the eye, although this could not be confirmed by this
study, given that the study patients were not followed
longitudinally for changes in the AL.

Equally interesting in this study is the significant cor-
relation between the CCT and the AL in each of the 2
subgroups on stratification of the study eyes into short and
normal AL subgroups. This raises the same previous
question about the factors controlling eye growth and
development in eyes with small corneas.

Furthermore, stratification of the study according to
AL did not change any of the correlations observed between
CCT and other study parameters, emphasizing the fact that
it is the CCT, rather than the AL, that dictates the bio-
mechanical behavior of the cornea toward the applanation
forces of the tonometer. Hence, the CCT is to be taken into
consideration for the interpretation of the IOP measure-
ments in eyes with microcornea, irrespective of the AL.

The etiology of increased CCT after cataract surgery
in children has been ascribed to a number of causes,
including endothelial cell injury by the mechanical stress of
cataract surgery,21 and interruption of normal corneal
development and thinning.22 The fact that eyes with smaller
corneal diameters had thicker corneas after congenital
cataract surgery than eyes with normal corneal diameters
after congenital cataract surgery may favor a devel-
opmental anomaly of the cornea as a cause.

TABLE 3. Patient Demographics for Short and Normal Axial
Length (AL) Eyes

Patients With

AL<21.0mm

Patients With

AL>21.0mm

Sex [n (%)] 20 (100) 13 (100)
Male 6 (30.0) 7 (53.8)
Female 14 (70.0) 6 (46.2)

Eyes [n (%)] 38 (100) 24 (100)
Right 20 (53) 11 (46)
Left 18 (47) 13 (54)

Age at examination
(mean±SD, range)
(y)*

3.2 (±2.6, 1.0-11.0) 5.3 (±3.3, 2.0-12.0)

*Statistically significant.

TABLE 4. Clinical Examination Data for Short and Normal Axial Length (AL) Eyes

Mean±SD (Range)

Patients With AL<21.0mm Patients With AL>21.0mm

Central corneal thickness (mm) 676.44±69.28 (564-822) 652.08±77.41 (545-944)
Corneal diameter (mm) 8.8±1.0 (7.0-10.0) 9.1±0.4 (8.5-10.0)
Measured intraocular pressure (mm Hg) 10.6±5.0 (3-23) 11.4±6.7 (6-32)
Cup/disc ratio 0.1±0.2 (0-0.5) 0.1±0.1 (0-0.4)
Axial length (mm) 18.48±1.80 (14.56-20.95) 23.31±1.47 (21.34-25.98)
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This study has limitations. Although the controls were
properly demographically matched with the study eyes, yet,
it would have been more informative to use aphakic, rather
than phakic, children with a normal corneal diameter.
Nevertheless, aphakic eyes after congenital cataract surgery
may as well be associated with other congenital ocular
anomalies that can act as confounders. Hence, the authors
chose not to use these eyes as controls. Our records do not
include data on the cataract morphology in the study eyes;
this may have affected the CCT and may have been asso-
ciated with other corneal biomechanical abnormalities.
Finally, control eyes lacked AL data. However, there is a
paucity of the literature addressing this issue of CCT in eyes
with microcornea-microphthalmia, and, to the best of the
authors’ knowledge, this study is the first report on this
issue in children in this part of the world, the Middle East,
an area of the world that is heavily populated, and where
consanguineous marriages, with their implications on the
offspring’s health, are particularly common. Although
the study was conducted on Egyptians exclusively, who are
mostly whites, information on ethnicity in this study is to be
inferred only, and is not explicit, as the information about
ethnicity is not routinely recorded in patients’ charts.

In conclusion, aphakic eyes with microcornea, with or
without a short AL, have a thicker than normal CCT and
have a greater than normal measured IOP, despite the
absence of glaucoma. The measurement of CCT is recom-
mended in the assessment of aphakic eyes for possible
glaucoma. The measured IOP, although a reliable parame-
ter, in isolation does not provide a diagnosis of glaucoma
and must be viewed in conjunction with other patient
findings, such as the cup/disc ratio, the progression of which
over time must be considered for a more solid diagnosis.
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