Normal Endothelial Cell Density Range in Childhood
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® Specular microscopy of the in vivo
corneal endothelium of 214 clinically nor-
mal eyes in children ranging from 5 to 14
years of age showed a regular mosaic of
hexagonal cells. The cell population den-
sity of individuals presented some varia-
tion, as it does in older subjects. Quantita-
tive analysis permitted us to determine the
normal range of the endothelial cell count
ateach age. The mean (+ SD) value ranged
from 3591 + 399 cells per square millime-
ter at age 5 years to 2697 + 246 cells per
square millimeter for the oldest subjects.
Our data show a rapid decrease in cell
density up to age 10 years. We estimate
from our data a decrease in cell density of
13% between ages 5 and 7 years and an
additional decrease of 12% by age 10
years.

(Arch Ophthalmol. 1990;108:247-248)

t is well known that the human cor-

neal endothelium has a limited re-
pair capacity, and several authors
have demonstrated an inverse rela-
tionship between age and endothelial
cell density in many species.”* The
rapid growth and the notable variabil-
ity from one child to another give rise
to the need for establishing a typical
range in which the endothelial cell
population can be considered normal.

Hiles et al® in 1979 reported a normal
endothelial cell count range in chil-
dren. However, they did not specify the
selection criteria of the population and
they did not provide homogeneous age
groups. The aim of this study was to
obtain reference values of mean cellu-
lar density of the corneal endothelium
in subjects aged 5 to 14 years and to
assess the possible decreasing trend of
the endothelial cell population in
childhood.

SUBJECTS, MATERIALS, AND METHODS

We randomly selected 447 subjects from
a school population in Milan, Italy; their
ages ranged from 5 to 14 years. Our selec-
tion criteria excluded the following: (1)
subjects who were wearing contact lenses;
(2) subjects with a history of ocular surgery
or intraocular abnormalities; and (3) sub-
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jects with a family history of hereditary
corneal disorders. We also excluded sub-
jects with unclear ophthalmologic history
and we decided to rule out children with
significant refractive errors (which we de-
fined as more than + 3 diopters of spherical
equivalent). We also requested informed
consent from the parents before the exam-
ination. .

Following the application of these exclu-
sion criteria, our study consisted of 214
subjects. The reasons for dropping 233 sub-
jects are as follows: 222 subjects did not
have parental consent, and all subjects had
refractive errors or wore contact lenses.
The characteristics and the distribution of
the population are reported in Fig 1. Only
the right eye was examined in all the sub-
jects. To obtain reliable data we used the
same technique in each subject. The hori-
zontal corneal diameter was evaluated and
then 15 images were taken for each child
using a specular microscope (Pro Koester,
CooperVision). The image underwent quan-
titative analysis using a computerized mor-
phometer (MDO Kontron) to obtain the
mean cellular density.

RESULTS

The corneal endothelium in infants
is a more regular mosaic of hexagonal
cells than is found in adults. This sym-
metrical organization is more pro-
nounced in children younger than 9
years. In our patients, the horizontal
corneal diameter ranged from 11.0 to
11.75 mm; no correlation existed be-
tween age and corneal size.

The measurements for 214 subjects
are shown in Fig 2. They show that av-

erage cell density (solid line) decreases
with age in a nonlinear manner with a
more rapid rate until age 10 years. The
SD at each age is shown by the dashed
lines. While there is considerable

_spread in the measurements, none of

Zthe 121 subjects younger than 10 years
had densities below 2500 cells per
square millimeter and no subject at
any age had a density of less than 2000
cells per square millimeter.
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Fig 1.—Sex and age distribution of the popu-
lation examined.

Fig 2. —Endothelial cell density as a function of age. Each point represents measurements from
one eye of one subject. Solid line indicates mean; dashed lines, SD.
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Fig 3.—Endothelial cell density for different age groups in this study compared with data from Hiles
et al® (1979). Asterisk indicates that Hiles et al considered both eyes in many subjects, while we

considered only one eye per subject.

COMMENT

We decided to measure only the
right eye of each individual, since
Bigar’ and more recently Speedwell et
al® reported no significant difference
between the eyes in the same individ-
ual. Our data are consistent with pre-
vious findings reported by Murphy et
al’ and Laule et al’®. Murphy et al
studied the cellularity of two chil-
dren’s enucleated eyes. Both were
male, aged 6 to 7 years. By histologic
examination they found 3300 cells per
square millimeter in the younger child
and 3640 cells per square millimeter in
the older one. They also reported an
age-related decline in cell density
starting from the neonatal period.
Laule et al reported data obtained in a
population ranging from 3 to 25 years
old, and the cellularity ranged from
4025 to 2850 cells per square millime-
ter. Unfortunately, they did not ad-
dress the change with age, but they
treated the entire age range from 3 to
25 years as one group. The only refer-
ence values available in the literature
from age 5 to 14 years were reported by
Hiles et al.® Their data are consistent
with ours in subjects ranging from 10
to 14 years (mean = SD, 2695 + 351
cells per square millimeter [range,
2046 to 3762 cells per square millime-
ter] compared with our values of
2730 + 293 cells per square millimeter
[range, 2153 to 3613 cells per square
millimeter]). Their mean (£ SD) mea-

surements for the 5- to 9-year-old
group, however, are different from
ours (2681 + 427 cells per square mil-
limeter [range, 1640 to 3869 cells per
square millimeter] compared with our
values of 3160 + 351 cells per square
millimeter [range, 2597 to 3981 cells
per square millimeter]) for the 6- to 9-
year-old group. The values are even
more discrepant if our 5-year-olds are
included (as shown in Fig 3) A com-
parison between the data of Hiles et al®
and our observations shows that the
difference is due to the lower end of the
range for the younger group (Fig 3).
Their lowest value was 1640 cells per
square millimeter, and many 5- to
9-year-old subjects had cell densities
below 2500 cells per square millimeter.
Our data for ninety-seven 5- to 9-year-
old subjects, however, include no ob-
servation below 2597 cells per square
millimeter.

Hiles et al® stated that from the age
of 5 to 20 years there is no significant
difference among the age groups. On
the contrary, our results show some
important differences (Fig 2). The de-
crease in cell density clearly continues
at least until age 10 years, confirming
a more rapid decline in endothelial
cellularity during the early years of
life* (23% loss over 5 years; 13% be-
tween ages 5 and 7 years, and an addi-
tional decrease of 12% between ages 8
and 10 years).

A noticeable difference from the

248  Arch Ophthalmol—Vol 108, February 1990

study of Hiles et al® is that our popula-
tion was randomly selected from nor-
mal subjects and, as shown by Fig 1, it
consists of homogeneous age groups.
Hiles et al performed specular micros-
copy in children selected from their
patients, and they did not have homo-
geneous age groups. It is also impor-
tant to point out that they collected
patients with refractive errors. Hoffer
and Kraff! report that there are sig-
nificant differences in the endothelial
cell count between subjects with axial
hyperopia (<23.40 mm) and axial my-
opia (>23.90 mm). Moreover, some of
the patients with refractive errors

#could possibly have been wearing con-
tact lenses. This group was not ex-
cluded by the selection criteria of Hiles
et al.

There are no known growth or endo-
crinologic reasons to explain the de-
crease in cell density obtained in our
population from age 5 to 10 years. Pos-
sibly this decrease can be accounted
for by a posterior corneal surface
growth in the absence of endothelial
mitoses, or, more likely, some relation-
ship between our data and the prepu-
bertal horomonal change can be pos-
tulated. Statistical analysis provides
clear evidence that this trend of de-
creasing cell count from age 5 to 10
yearsis significant (P < .01 by a poste-
riori Scheffé multiple comparison pro-
cedure). Our report provides a normal
range for endothelial cell counts dur-
ing the 1% decades of life, and this en-
ables us to make better judgments
about corneal diseases in childhood.

References

1. Laing RA, Sandstrom MM, Berrospi AR,
Leibowitz MM. Changes in the corneal endothe-
lium as a function of age. Exp Eye Res. 1976;
22:587-594.

2. Bourne WM, Kaufmann HE. Specular mi-
croscopy of normal human endothelium. Am J
Ophthalmol. 1976;81:319-323.

3. Bahn CF, Glassman RM, McCallum DK, et
al. Postnatal development of corneal endotheli-
um. Invest Ophthalmol Vis Sci. 1986;27:44-51.

4. Fitch KL, Nadakavukaren MJ, Richardson
A. Age-related changes in the corneal endothe-
lium of the rat. Exp Gerontol 1982;17:179-186.

5. Gwin RM, Lerner I, Warren JK, Gum G. De-
crease in the canine corneal endothelial cell den-
sity and increase in corneal thickness as functions
of age. Invest Ophthalmol Vis Sci. 1977;16:105-110.

6. Hiles DA, Biglan AW, Fetherolf E. Central
corneal endothelial cell counts in children. Am
Intraocular Implant Soc J. 1979;5:292-299.

7. Bigar F. Specular microscopy of the corneal
endothelium. Dev Ophthalmol. 1982;6:1-15.

8. Speedwell L, Novakovic P, Sherrard ES,
Taylor DSI. The infant corneal endothelium. Arch
Ophthalmol. 1988;106:771-775.

9. Murphy C, Alvarado J, Juster R, Maglio M.
Prenatal and postnatal cellularity of the human
corneal endothelium. Invest Ophthalmol Vis Sci.
1984;25:312-322.

10. Laule A, Cable MK, Hoffman CE, Hanna C.
Endothelial cell population changes of human
cornea during life. Arch Ophthalmol. 1978;96:2031-
2035.

11. Hoffer KJ, Kraff MC. Normal endothelial
cell count. Ophthalmology. 1988;87:861-865.

Endothelial Cell Density—Nucci et al

Printed and Published in the United States of America



