
Research Article
Potential Factors of Corneal Endothelial Cells for Progression in
Children with Uveitis

Xu Chen ,1 Yi Shao ,2 Shi-Nan Wu ,2 and Shan-Bi Zhou 3

1Department of Ophthalmology, Haidian Section of Peking University Third Hospital (Beijing Haitian Hospital),
Beijing 100080, China
2Department of Ophthalmology, The First Affiliated Hospital of Nanchang University, Nanchang, 330006 Jiangxi Province, China
3Department of Ophthalmology, The University-Town Hospital of Chongqing Medical University, Chongqing 401331, China

Correspondence should be addressed to Shan-Bi Zhou; 1021159084@qq.com

Received 6 September 2021; Accepted 22 October 2021; Published 28 December 2021

Academic Editor: Yuzhen Xu

Copyright © 2021 Xu Chen et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. To observe the morphological changes and abnormal structure of corneal endothelial cells in children with uveitis, to
analyze the related factors affecting the morphological changes of corneal endothelial cells, and to explore the clinical
application of a corneal endothelial microscope in children with uveitis. Methods. The corneal endothelial cells of 70 patients
with uveitis were photographed with the Topcon SP-3000 noncontact corneal endothelial microscope, and the corneal
endothelial cell density (CD), average cell area (AVE), coefficient of variation of the cell area (CV), and percentage of
hexagonal cells (PHC) were measured with the IMAGEnet system. Twenty-eight patients (56 eyes) with monocular uveitis
were selected, with the affected eyes (28 eyes) as the experimental group and the contralateral healthy eyes (28 eyes) as the
control group. The corneal endothelial cell parameters between the two groups were statistically analyzed. The parameters of
corneal endothelial cells in 70 children with uveitis were compared, and the effects of the course of the disease, inflammatory
cells in the anterior chamber, and posterior corneal deposition (KP) on the parameters of corneal endothelial cells were
analyzed. Results. There are four abnormal forms of the corneal endothelium in children with uveitis: enlarged cell area gap,
irregular cell shape, blurred intercellular space, and cell loss. KP showed irregular high reflective white spots in the corneal
endothelial microscope images, surrounded by dark areas, and existed in all the eyes with dusty KP found in slit lamp
examination and a small number of eyes without obvious KP. Comparing the corneal endothelial cell parameters between the
experimental group and the control group, it was found that the corneal endothelial CD and PHC of the former were lower
than those of the latter, and the difference was statistically significant (P < 0:001 and P = 0:018, respectively). The AVE and CA
of the former were higher than those of the latter (P = 0:013 and P = 0:046, respectively). The corneal endothelial cell density
of the eyes with a course of the disease of more than 1 year was lower than that of the eyes with a course of the disease less
than 1 year, the coefficient of variation of the corneal endothelial cell area of the eyes with KP was higher than that of the eyes
without KP, and the difference was statistically significant (P = 0:003 and P = 0:030, respectively). Conclusion. Corneal
endothelial microscopy is one of the important methods for the detection of uveitis with high sensitivity. The change of
morphological parameters of corneal endothelial cells is one of the important indexes to assist in the diagnosis of uveitis and
can be further promoted in ophthalmological examination.

1. Introduction

Uveitis in children refers to uveitis in people under the age of
16 (or 15) years [1]. The incidence of uveitis is usually lower
in this population than in young adults. Almost all types of
uveitis that occur in adults also occur in children, but there
are also some types that are specific to the latter; as many

of these have no obvious irritating symptoms, chronic uve-
itis in children is not easily detected at early stages of the dis-
ease. Uveitis in children is mostly associated with chronic
inflammation, and in general, the visual prognosis of
patients is worse than that of adults with complications that
include cataract, banded corneal degeneration, secondary
glaucoma, and strabismus amblyopia [2]. Additionally,
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long-term intraocular inflammation can damage corneal
endothelial cells that are in direct contact with aqueous
humor [3].

A corneal endothelial microscope is used to determine
whether corneal endothelial cells in children with uveitis
are damaged and identify the factors causing morphologic
changes in the cells. The Topcon SP-3000 corneal endothe-
lial microscope (Topcon, Tokyo, Japan) is a new type of
noncontact corneal endothelial microscope that can collect
corneal endothelial images in vivo for analyses of corneal
endothelial cell size, shape, and structural abnormalities;
combined with the IMAGEnet system, corneal endothelial
cell density (CD), average cell area (AVE), coefficient of var-
iation of the cell area (CV), and percentage of hexagonal
cells (PHC) are automatically calculated. Qualitative and
quantitative data can be used to assess the functional state
of the corneal endothelium, which can aid in the diagnosis
of ophthalmopathies.

In this study, the corneal endothelium of 70 cases (140
eyes) with uveitis was qualitatively and quantitatively exam-
ined using a Topcon SP-3000 corneal endothelial micro-
scope and IMAGEnet system. The corneal endothelial cell
parameters of affected eyes (28 eyes) and contralateral
healthy eyes (28 eyes) of 28 monocular children with uveitis
were compared. We also compared the parameters between
sexes and between left and right eyes and analyzed the effects
of the disease course, inflammatory cell infiltration into the
anterior chamber, and posterior corneal keratic precipitate
(KP) deposition. The aim of the study was to evaluate mor-
phologic changes in corneal endothelial cells and the
influencing factors and explore the clinical application of
the corneal endothelial microscope in children with uveitis.

2. Methods

2.1. Study Subjects. From November 2009 to March 2010, a
total of 70 patients (140 eyes) with uveitis were examined
including 28 patients with monocular uveitis (28 eyes) and
their contralateral healthy eyes (28 eyes) and 42 cases (84
eyes) with binocular uveitis. There were 32 males and 38
females, with an average age of 11:77 ± 4:08 years (range:
4–29 years). The best-corrected visual acuity (BCVA) was
HM/20 cm~1.5, and the shortest and longest disease course
was 1 month and 15 years, respectively. Inclusion criteria
for children with monocular uveitis were as follows: (1) age
of the first onset < 16 years; (2) uveitis diagnosed for a single
eye; (3) BCVAof contralateral healthy eye ≥ 1:0, with no
organic lesions; and (4) normal intraocular pressure and
anterior segment and fundus examinations of the contralat-
eral healthy eyes. Inclusion criteria for patients with binocu-
lar uveitis were as follows: (1) age of the first onset < 16 years
and (2) uveitis diagnosed for both eyes. Exclusion criteria for
all patients were as follows: (1) corneal contact lenses, (2)
hypertension, (3) diabetes, (4) internal eye surgery or treat-
ment, (5) eye trauma, or (6) other eye diseases not secondary
to uveitis.

This study was a retrospective study. All procedures in
this study were in compliance with the Helsinki Declaration.
The Medical Ethics Committee of the First Affiliated Hospi-

tal of Nanchang University approved the study (no.
2018021). All participants and their guardians were fully
aware of the purpose, content, and potential risks of this
study and signed an informed consent form prior to
enrollment.

2.1.1. Instruments and Inspection Steps

(1) Eye Examination and Methods.

(1) Distant vision: the international standard E visual
acuity chart was used to measure the vision at a dis-
tance of 5m

(2) Best-corrected visual acuity examination: all subjects
used subjective refractive examination to obtain the
best-corrected visual acuity according to the naked
visual acuity of the subjects

(3) Anterior segment examination: all subjects used a slit
lamp to examine the cornea, sclera, anterior cham-
ber, iris, pupil, and lens

(4) Fundus examination: all subjects used a direct oph-
thalmoscope to examine the vitreous body and fun-
dus and fundus fluorescein angiography or/and
indocyanine green angiography if necessary

2.1.2. Microscopic Examination of the Corneal Endothelium

(1) Equipment. A noncontact corneal endothelial micro-
scope (Topcon SP-3000 Topcon Optical Co., Ltd., Japan;
photography range 0:25 × 0:5mm; magnification 150x;
thickness measurement 0.01mm accuracy) was used for cor-
neal endothelial cell photography. The corresponding
computer-aided measurement and analysis system (IMA-
GEnet) was used to process and analyze the images. The
parameters include CD, minimum cell area, maximum cell
area, AVE, the standard deviation of the cell area, CV, and
PHC.

2.1.3. Examination Methods and Steps. (1) The subject’s
head was positioned on the bracket. (2) The central mea-
surement area was selected, and the image was taken auto-
matically. The central corneal endothelial cells were
photographed three times, and the best frame was selected
for preservation. (3) The images were assessed using direct
observation and qualitative analysis. (4) Corneal endothelial
cells were quantitatively analyzed by the IMAGEnet system.
(5) The results were printed after analysis

2.1.4. Image Processing and Analysis of Corneal
Endothelial Cells

(1) Qualitative and Quantitative Analysis. The qualitative
analysis of corneal endothelial cells included consistency of
cell size and morphology and identification of any intracel-
lular or intercellular abnormality in structure. The quantita-
tive analysis of corneal endothelial cells in this study
included CD, AVE, CV, and PHC.
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2.2. Statistical Analysis. Data were analyzed using SPSS v26
software (SPSS Inc., Chicago, IL, USA); the significance level
for all statistical analyses was P < 0:05. Corneal endothelial
cell parameters were compared between the experimental
and control groups with the paired-sample t-test and
between the 2 sexes and left and right eyes with the indepen-
dent sample t-test. The effects of the disease course, inflam-
matory cell infiltration into the anterior chamber, and KP
accumulation on corneal endothelial cell parameters were
analyzed by factorial analysis of variance (ANOVA). The
Pearson correlation analysis was performed to analyze the
correlations among CD, AVE, CV, and PHC, and linear
regression analysis was carried out using Prism v8.0 software
(GraphPad, La Jolla, CA, USA).

3. Results

3.1. Patients with Monocular Uveitis. A total of 28 children
with monocular uveitis met the inclusion criteria. There
were 19 males (19 eyes) and 9 females (9 eyes) with a mean
age (±SD) of 11:57 ± 3:66 years (range: 5–19 years). The
BCVA was HM/20 cm~1.2, and the shortest and longest dis-
ease course was 1.5 months and 5 years, respectively. The
control group consisted of the contralateral healthy eyes of
patients with monocular uveitis; the BCVA was ≥1.0, and
there were no abnormalities in the anterior segment and
fundus examinations.

3.2. Eyes with Uveitis. Among the 70 children (112 eyes) with
uveitis, there were 32 males (46 eyes), 38 females (66 eyes),
56 left eyes, and 56 right eyes (Table 1). The patients were
divided into the following groups according to the disease
course, presence of inflammatory cells in the anterior cham-
ber, and presence of KP. The short and long disease course
groups comprised 22 patients (35 eyes) who had had uveitis
for ≤1 year and 48 patients (77 eyes) with uveitis for >1 year,
respectively. There were 64 eyes with and 48 without inflam-
matory cells in the anterior chamber by slit lamp examina-
tion and 69 eyes with uveitis without KP and 43 with KP
in the slit lamp and corneal endothelial microscopy
examinations.

3.3. Qualitative Analysis of Corneal Endothelial Cells. In the
28 healthy eyes, the corneal endothelial cells were similar
in size and arranged in an orderly fashion; most of the cells
had a typical hexagonal structure with moderate reflection
and an intercellular space showing a dark reflection and no
abnormal structures such as vacuoles or dropwise warts. A
slightly darker reflection was seen in the center of some cells.
The average density of endothelial cells was 3182:8 ± 253:7
cells/mm2 (range: 2638.7 to 3534.3 cells/mm2)
(Figure 1(a)). In contrast, in patients with uveitis, larger cor-
neal endothelial cells were observed that were usually adja-
cent to missing cells and appeared to have expanded to fill
the gap; meanwhile, other cells were smaller as they were
squeezed between cells, with the result that the cell area
was increased in some cases and decreased in others, yield-
ing an uneven and disordered corneal endothelium
(Figure 1(b)). A higher proportion of corneal endothelial

cells in eyes with uveitis had an irregular shape compared
to the cells in healthy eyes: the hexagonal structure was no
longer visible and the cells were triangular, square, pentago-
nal, or even round (Figure 1(c)). The dark reflection of the
intercellular space was incomplete, blurred, or disordered,
and the shape of the cells was indistinct or else the cells were
fused into slices or dark areas (Figure 1(d)). Single or multi-
ple corneal endothelial cells were missing, appearing as a
black area, while the surrounding cells were structurally
intact (Figure 1(e)). In the slit lamp examinations, 24 eyes
had KP deposits that appeared as scattered, irregular, highly
reflective white spots surrounded by dark areas; these were
mostly <1 corneal endothelial cell diameter and located
inside, between, or across cells (Figure 1(f)). These abnormal
spots were also present in 17 eyes with no obvious KP depo-
sition by slit lamp examination but not in 2 eyes with lanolin
KP deposits.

3.4. Quantitative Analysis of Corneal Endothelial Cells. The
cell density and the percentage of hexagonal of corneal
endothelial cells in patients with uveitis were lower than
those in healthy controls (P < 0:001 and P = 0:018, respec-
tively). The average cell area and coefficient of variation in
patients with uveitis were significantly higher than those in
healthy subjects (P = 0:013 and P = 0:046, respectively).
More details are shown in Table 2.

3.5. Comparison of Corneal Endothelial Cell Parameters
between Sexes and Eyes. There were no significant differ-
ences in any of the corneal endothelial cell parameters
between male and female children with uveitis (P < 0:05;
Table 3), nor between the right and left eyes with uveitis
(P > 0:05; Table 4).

3.6. Analysis of Factors Affecting Corneal Endothelial Cell
Parameters. In order to clarify the effects of the disease
course, inflammatory cell infiltration into the anterior cham-
ber, and KP deposition on corneal endothelial cell parame-
ters in children with uveitis, we analyzed 112 eyes by
factorial ANOVA (Table 5). The main effects of the disease
course on corneal endothelial cell density (F = 8:987, P =
0:003) and of KP on the coefficient of variation of the cell area
(F = 4:842, P = 0:030) were statistically significant, and the
interaction of the disease course, anterior chamber inflamma-
tory cell infiltration, and KP deposition had a statistically sig-
nificant effect on the density of corneal endothelial cells
(F = 6:224, P = 0:014). The main effects or interactions of
other factors had no significant effects on other parameters
of corneal endothelial cells (P > 0:05; Table 6).

The density of corneal endothelial cells in uveitis eyes
with a disease course > 1 year was lower than that in diseased
eyes with a course < 1 year (Figures 2(a) and 2(b)). The coef-
ficient of variation of the corneal endothelial cell area in
affected eyes with KP was higher than that in affected eyes
without KP (Figures 2(c) and 2(d)). The coefficient of varia-
tion of the cell area in uveitis eyes was positively correlated
with the cell area (r2 = 0:0426; P = 0:029). There was a neg-
ative correlation between the percentage of hexagonal cells
and coefficient of variation (r2 = 0:148; P < 0:0001). The
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corneal endothelial cell area was negatively correlated with
corneal endothelial cell density (r2 = 0:833; P < 0:0001)
(Figure 3).

4. Discussion

Uveitis in children accounts for 1.2%–13.2% of total uveitis
cases. Although it often causes banded corneal degeneration,
vision is affected only when there is transverse zonal corneal
degeneration. Banded degeneration of the cornea is mainly

caused by chronic anterior uveitis involving the deposition
of calcium in the corneal epithelial basement membrane
and Bowman membrane; long-term intraocular inflamma-
tion may also damage corneal endothelial cells. The effect
of uveitis on corneal endothelial cells has not been widely
studied, and the mechanism of KP deposition is not well
understood, in part due to the technical difficulty of corneal
endothelium sampling [4].

As the innermost layer of the cornea, the endodermis is
composed of a monolayer of endothelial cells attached to

Table 1: General information on eye grouping of children with uveitis.

Group Affected eyes Average age Best corrected visual acuity Disease course

A1 35 10:17 ± 3:52 HM/20 cm~1.2 1 month~1 year

A2 77 12:49 ± 4:22 HM/20 cm~1.5 14 months~15 years

B1 64 12:08 ± 4:65 HM/20 cm~1.5 1.5 months~15 years

B2 48 11:35 ± 3:34 CF/10 cm~1.2 1 month~9 years

C1 69 11:75 ± 4:72 HM/20 cm~1.5 1 month~15 years

C2 43 11:79 ± 3:04 HM/20 cm~1.2 1 month~9 years

A1: short disease course group; A2: long disease course group; B1: group without inflammatory cells in the anterior chamber; B2: group with inflammatory cells
in the anterior chamber; C1: non-KP group; C2: KP group.

(a) (b)

(c) (d)

(e) (f)

Figure 1: Qualitative analysis of corneal endothelial cells: (a) corneal endothelium of the normal eye in a patient with unilateral juvenile and
pediatric uveitis; (b) changes in cell size uniformity of the corneal endothelium in juvenile and pediatric uveitis eyes; (c) changes in cell
morphology consistent with the corneal endothelium in juvenile and pediatric uveitis eyes; (d) blur intercellular space of the corneal
endothelium in juvenile and pediatric uveitis eyes; (e) cell loss of the corneal endothelium in juvenile and pediatric uveitis eyes; (f) KP in
juvenile and pediatric uveitis eyes.
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Table 2: Comparison of corneal endothelial cell parameters between the uveitis group and the control group.

Corneal endothelial cell parameters Uveitis group (n = 28) Control group (n = 28) t P values

CD 2843:1 ± 465:7 3182:8 ± 253:7 -3.966 <0.001
AVE 367:6 ± 105:9 316:2 ± 26:0 2.657 0.013

CV 32:1 ± 6:4 28:6 ± 5:2 2.097 0.046

PHC 59:8 ± 14:5 66:9 ± 12:5 -2.516 0.018

Notes: independent sample t-test. P < 0:05 denoted statistical significance. Data are shown as mean ± standard deviation. CD: cell density; AVE: average cell
area; CV: coefficient of variation of the average cell area; PHC: percentage of hexagonal cells.

Table 3: Comparison of corneal endothelial cell parameters between male and female children with uveitis.

Corneal endothelial cell parameters Male (n = 46) Female (n = 66) t P values

CD 2993:3 ± 314:9 2994:5 ± 380:7 -0.018 0.985

AVE 337:8 ± 36:8 342:4 ± 73:9 -0.392 0.696

CV 30:6 ± 8:7 31:1 ± 6:8 -0.368 0.714

PHC 62:6 ± 10:0 61:6 ± 12:9 0.466 0.642

Notes: independent sample t − test. P < 0:05 denoted statistical significance. Data are shown as mean ± standard deviation. CD: cell density; AVE: average cell
area; CV: coefficient of variation of the average cell area; PHC: percentage of hexagonal cells.

Table 4: Comparison of corneal endothelial cell parameters between the left and right eyes with uveitis.

Corneal endothelial cell parameters Right eye (n = 56) Left eye (n = 56) t P values

CD 3021:7 ± 259:7 2966:3 ± 428:3 0.828 0.409

AVE 333:3 ± 28:7 347:8 ± 81:6 -1.248 0.216

CV 30:3 ± 6:6 31:4 ± 8:5 -0.765 0.446

PHC 62:7 ± 10:6 61:3 ± 12:8 0.602 0.549

Notes: independent sample t-test. P < 0:05 denoted statistical significance. Data are shown as mean ± standard deviation. CD: cell density; AVE: average cell
area; CV: coefficient of variation of the average cell area; PHC: percentage of hexagonal cells.

Table 5: Observation of corneal endothelial cell parameters in children with uveitis at different levels.

Group
Short-course group (A1) Long-course group (A2)

No inflammatory cells in the
anterior chamber (B1)

Inflammatory cells in the
anterior chamber (B2)

No inflammatory cells in the
anterior chamber (B1)

Inflammatory cells in the
anterior chamber (B2)

Non-KP group (C1)
CD (PCS/mm2)

3010:3 ± 270:7 3171:9 ± 354:9 2937:5 ± 380:0 2918:2 ± 362:5

KP group (C2) CD
(PCS/mm2)

3689:5 ± 12:8 3030:3 ± 413:8 2932:5 ± 393:6 3010:5 ± 215:8

Non-KP group (C1)
AVE (μm2)

334:6 ± 29:7 318:4 ± 33:4 350:2 ± 84:0 348:0 ± 48:6

KP group (C2) AVE
(μm2)

271:1 ± 0:9 338:0 ± 64:5 346:7 ± 48:3 333:8 ± 24:0

Non-KP group (C1)
CV (%)

28:7 ± 3:2 30:9 ± 9:0 30:7 ± 4:7 28:2 ± 7:5

KP group (C2) CV
(%)

39:1 ± 4:9 33:6 ± 9:6 33:2 ± 5:0 30:3 ± 12:3

Non-KP group (C1)
PHC (%)

69:1 ± 8:2 63:0 ± 10:5 63:3 ± 11:6 61:4 ± 7:4

KP group (C2) PHC
(%)

59:0 ± 2:8 55:5 ± 15:7 57:6 ± 7:9 61:2 ± 12:9

Notes: data are shown as mean ± standard deviation. CD: cell density; AVE: average cell area; CV: coefficient of variation of the average cell area; PHC:
percentage of hexagonal cells.
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the posterior elastic layer and contacting the anterior aque-
ous humor. The cells have a Na+-K+ATP enzyme pump
function [5] and constantly drain water molecules from the
stroma into the anterior chamber, thereby maintaining a
state of dehydration in the former and keeping the cornea
transparent. Endothelial cells cannot be regenerated [6].
When the human corneal endothelium is damaged, healing
occurs through the expansion of cells and their formation
of a continuous layer on the inner surface of the cornea
[7]. For example, following the loss of corneal endothelial
cells due to pathologic changes, there is an increase in the
area of single cells and a decrease in cell density; the injured
area is covered with adjacent cells that expand and migrate
into the injury site. Damage to endothelial cells that exceeds
a certain limit can lead to corneal edema and thickening and
even vision loss or blindness [8].

So far, the corneal endothelium can be observed by dif-
ferent instruments in clinical ophthalmology. The slit lamp
technique using high magnification and specular reflection
alone cannot be used to evaluate the size and number of cor-
neal cells. Therefore, we need to rely on other diagnostic
techniques, such as noncontact corneal endothelial cell
microscopy [9]. A noncontact corneal endothelial micro-
scope is commonly used to evaluate corneal endothelial cells
in vivo. The measurement data obtained using the micro-
scope have good repeatability and stability. It is recom-
mended that corneal endothelial cells should be analyzed
from the clearest image combined with the Topcon IMA-
GEnet system [10]. For the same set of images captured by
the same examiner, the IMAGEnet system allows reliable
quantification of corneal endothelial cell density and average
cell area and can be used to dynamically assess changes in
cell density, morphology, and function caused by pathologic
stimuli such as drug toxicity and inflammation.

4.1. Corneal Endothelial Cells of Normal Children. The typi-
cal morphology of corneal endothelial cells in normal chil-
dren is hexagonal; the cells have a clear boundary and are
regularly arranged in a straight line and are tightly packed
and well-defined. This was observed in the present study in
images of corneal endothelial cells in healthy eyes of children
with monocular uveitis. In adults with uveitis, corneal endo-
thelial cells show increased atypia and are loose with indis-

tinct boundaries; the corneal surface loses its smooth
boundary and becomes irregular, the intercellular space
increases, and there are dark areas formed by local endothe-
lial cell apoptosis and loss. The density of corneal endothelial
cells and the percentage of hexagonal cells in the central area
of the cornea are significantly higher while the cell area is
smaller in children than in adults. With increasing age, the
density of corneal endothelial cells and percentage of hexag-
onal cells decrease, and the cell area and the coefficient of
variation increase [11]. Therefore, we believe that it is more
reliable to examine the damage to corneal endothelial cells
caused by uveitis in children rather than in adults, as the
influence of aging-related changes in corneal endothelial
morphology is eliminated.

4.2. Changes in the Corneal Endothelium of Children with
Uveitis. By microscopic examination of the corneal endothe-
lium, we observed 4 major differences in children with uve-
itis as compared to the normal control group—namely, a
larger cell area, irregular cell shape, blurred intercellular
space, and cell loss. In addition, in all eyes with KP deposi-
tion and the small number of eyes in which this was not
detected, the KP appeared as irregular highly reflective white
spots surrounded by dark areas, which were not observed by
slit lamp examination. In the eyes of uveitis patients with
KP, most showed dusty KP, but there was no obvious KP
or dark areas in the corneal endothelium of eyes with lanolin
KP regression. This may be because the amount of lanolin
KP in the affected eyes was too low and did not represent
typical cases of regression. KP is deposited in the central area
of the cornea, which is difficult to photograph. At the same
time, the low magnification power of the noncontact corneal
endothelial microscope limits the detection and detailed
examination of structural abnormalities.

A previous study using a contact corneal endothelial
microscope to prospectively observe 13 patients with mon-
ocular acute anterior uveitis found that newly formed KP
appeared as a dense white reflection, with a size ranging
from about 1–2 to 5–10 corneal endothelial cells in diameter
[12]. With the improvement of uveitis, the morphology of
KP changed markedly: the old KP appears as a white reflec-
tion in the center of cells surrounded by large shadows that
occasionally replaced the original KP with a shadow or

Table 6: Analysis results of the influence of various factors on corneal endothelial cell parameters of children with uveitis.

Factor A B C A × B A × C B × C A × B × C
FCD 8.987 1.422 2.883 2.285 1.497 3.862 6.224

FAVE 3.146 0.294 0.882 1.002 0.159 1.219 2.042

FCV 1.505 1.146 4.842 0.076 1.094 1.000 0.320

FPHC 0.058 0.415 3.695 0.847 0.902 0.434 0.056

PCD 0.003 0.236 0.092 0.134 0.224 0.052 0.014

PAVE 0.079 0.589 0.350 0.319 0.691 0.272 0.156

PCV 0.223 0.287 0.030 0.783 0.298 0.320 0.368

PPHC 0.081 0.521 0.057 0.359 0.344 0.512 0.813

A: disease course; B: inflammatory cells in the anterior chamber; C: KP. CD: cell density; AVE: average cell area; CV: coefficient of variation of the average cell
area; PHC: percentage of hexagonal cells.
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empty area. Corneal endothelial vacuoles in shaded or defec-
tive areas are observed in patients with recurrent uveitis. The
dusty KP in our patients was also scattered, but the size was
mostly <1 corneal endothelial cell diameter. The loss of cor-
neal endothelial cells that we observed may be attributable to
corneal endothelial vacuoles or a dark area left after the orig-
inal KP disappeared as the disease improved; this was
accompanied by a gradual restoration of the boundary
between adjacent cells. Thus, the disease has entered the
recovery stage when the dark area of the endothelium in
acute iridocyclitis appears discontinuous, which cannot be
observed by slit lamp examination. Our results demonstrate
that corneal endothelial microscopy has greater clinical util-
ity than slit lamp and other examinations for the diagnosis
and monitoring of uveitis.

The density of corneal endothelial cells in 28 children
with uveitis was 2843:1 ± 465:7/mm2, and the percentage
of hexagonal cells was 59:8% ± 14:5%; these values were sig-
nificantly lower than in contralateral healthy eyes, in which
the density was 3182:8 ± 253:7/mm2 and percentage of hex-
agonal cells was 66:9% ± 12:5%. Meanwhile, the average cell

area and coefficient of variation of the corneal endothelium
in uveitis eyes were 367:6 ± 105:9 μm2 and 32:1% ± 6:4%,
respectively, which was significantly higher than in contra-
lateral healthy eyes (316:2 ± 26:0 μm2 and 28:6% ± 5:2%,
respectively). We found no significant differences in corneal
endothelial cell parameters between the 2 sexes and between
left and right eyes in children with uveitis, indicating that the
effects of uveitis on corneal endothelial cells in children are
not influenced by sex or laterality.

The mechanism underlying abnormalities in corneal
endothelial cells in the eyes of children with uveitis remains
to be elucidated. Tumor necrosis factor (TNF)-α is involved
in the occurrence and development of uveitis [13]; it is
known to induce corneal endothelial cell injury by destroy-
ing the integrity of the corneal endothelial barrier, fracturing
the peripheral junction actin ring, rearranging the apical
junction protein body, and promoting the disintegration of
microtubules. These effects are mediated by transient activa-
tion of p38 mitogen-activated protein kinase (MAPK) and
effects are abrogated by inhibitors of p38 MAPK and down-
stream factors affecting the cytoskeleton [14]. Agents that
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Figure 2: Mean corneal endothelial cell density and mean corneal endothelial cell area coefficient of variation: (a) inflammatory cell in the
anterior chamber is negative; (b) inflammatory cell in the anterior chamber is positive; (c) inflammatory cell in the anterior chamber is
negative; (d) inflammatory cell in the anterior chamber is positive.
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enhance microtubule stabilization can also mitigate the
destruction of the corneal endothelial cell barrier caused by
TNF-α-induced inflammation in transplant rejection and
uveitis [15].

4.3. Factors Affecting the Changes of Corneal Endothelial Cell
Parameters. In this study, we analyzed the effects of the
course of the disease, anterior chamber inflammatory cells,
and KP on the parameters of corneal endothelial cells,
because these three factors may be interrelated and
restricted; that is, there may be interaction. Therefore, the
analysis of variance of factorial design can not only test
whether the differences between the factors and levels are
statistically significant, but also test the interaction between
the factors at the same time. From the analysis results, it
can be seen that the main effect of KP on the coefficient of
variation of cell area is statistically significant, and the main
effect of the course of disease and the interaction of course,
anterior chamber inflammatory cells and KP on corneal
endothelial cell density are statistically significant.

Combined with the average coefficient of variation of
corneal endothelial cell area, regardless of the course of dis-
ease and the presence of inflammatory cells in the anterior
chamber, the coefficient of variation of corneal endothelial
cell area in eyes with KP was higher than that without KP.
A United Kingdom-based study by Pillai showed that com-
pared with contralateral healthy eyes, changes in corneal
endothelial cell density and average area near fresh KP were
statistically significant [12]. In this study, no significant dif-
ference in corneal endothelial cell density and average area
was found between eyes with KP and eyes without KP.
Due to the statistical significance of the interaction between
the course of disease, anterior chamber inflammatory cells
and KP, combined with the corneal endothelial cell density

mean diagram, with or without anterior chamber inflamma-
tory cells or KP, the corneal endothelial cell density was
higher in the eyes with or without anterior chamber inflam-
matory cells or KP than in the eyes with or without anterior
chamber inflammatory cells or KP, while other factors did
not have such definite effects, which was consistent with
the statistical analysis of the main effects of various factors
on corneal endothelial cell density. Therefore, we think that
in the interaction of the three factors, the role of the course
of disease is more prominent, but it will be affected and
restricted by the other two factors.

Few studies have been conducted on the factors affecting
corneal endothelial cell parameters in uveitis, and a longitu-
dinal study on a sufficient sample of patients with uveitis is
needed to further study these factors.

4.4. Correlation of Corneal Endothelial Cell Parameters. Our
study confirmed that the area of corneal endothelial cells in
children and adolescents with uveitis was positively corre-
lated with the coefficient of variation of cell area. A negative
correlation was found between the percentage of hexagonal
cells and the coefficient of variation of cell area in the
affected eye. The cell area of the affected eye was negatively
correlated with the density of corneal endothelial cells. The
findings are consistent with clinical tests. Therefore, the
measurement of corneal endothelial cell density has the
potential to be used as an indicator of corneal endothelial
health, which is consistent with our conclusion [16].

4.5. Clinical Application of a Corneal Endothelial Microscope
in Children with Uveitis. Corneal endothelial microscopy is
an objective evaluation technique, which is mainly used in
cell counting before cataract surgery, but rarely in uveitis,
neglecting its value in this potential application. Corneal
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Figure 3: Correlation of corneal endothelial cell parameters in children with uveitis.
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endothelial microscopy allows direct observation and analy-
sis of the morphological images of corneal endothelial cells
by photography, and combined with the IMAGEnet system
can also allow objective quantitative analysis.

To summarize our observation results, using the corneal
endothelial microscope to observe and evaluate the corneal
endothelial morphology of uveitis is objective, and facilitates
observation of abnormality or changes in corneal endothelial
cells which cannot be detected by slit lamp examination.
Therefore, the morphological images of KP and endothelial
cells under the corneal endothelial microscope and the anal-
ysis of various parameters have practical clinical significance
for diagnosis and accurate judgment of the outcome of the
disease.

In general, the surgical treatment of uveitis complica-
tions in children is less effective than in adults, and the visual
prognosis of patients depends on the control of inflamma-
tion and the effective management of complications. Chil-
dren with cataract should be treated with cataract surgery
under complete control of inflammation, then the injury of
corneal endothelium before operation will affect the safety
of operation and the recovery of visual acuity after the sur-
gery [17]. Corneal endothelial microscopy can also provide
objective indicators for the evaluation of inflammation con-
trol with applications in intraocular surgery for other com-
plications of uveitis in children.

The noncontact corneal endothelial microscope has lim-
itations. For example, unlike confocal microscopy, it is pos-
sible to observe and record the whole corneal layer, corneal
thickness, corneal nerve density, corneal light scattering
and corneal cell density from epithelial cells to endothelial
cells. It can also provide histological information on cell
appearance and density. However, the noncontact corneal
endothelial microscope can capture images of endothelial
cells without contact with the cornea, which avoids the risk
of disease transmission in the measurement process, reduces
the potential eye damage, and greatly improves patients’
comfort of patients, and is inexpensive. In line with the con-
ditions of epidemiological screening methods, it is suitable
for general examination of patients with uveitis.

The present study also has some limitations. Firstly, the
corneal endothelium in children with uveitis was not pro-
spectively observed in order to understand the dynamic
changes of corneal endothelium in different periods of
inflammation. Secondly, due to the small number of cases
with definite classification and diagnosis, it was not possible
to observe and compare the corneal endothelial cell changes
in different types of uveitis in children to understand their
different characteristics. Finally, because noncontact corneal
endothelial microscopy is difficult to obtain images in the
cornea with edema, thickening, and corneal scarring, and
only provides images of the corneal endothelial layer, in con-
trast, in vivo confocal microscopy can analyze all corneal
layer cells and show the microstructure changes of the cor-
nea. We will use confocal microscopy in vivo to study pedi-
atric uveitis in more detail. Therefore, on this basis, further
study is needed to understand the mechanism by which cor-
neal endothelial cells are damaged in uveitis, and ultimately
reduce corneal injury and to protect vision in this disease.

In summary, our study demonstrated that corneal endo-
thelial microscopy can observe the abnormal morphology
and structure of corneal endothelium in children with uve-
itis, and can detect small KP which cannot be detected by slit
lamp examination. In addition, the significant effect of uve-
itis on the morphological parameters of corneal endothelial
cells in children indicates that each clinical index can assist
in the diagnosis of uveitis in children. Finally, we showed
that the qualitative and quantitative analysis of corneal
endothelial cells using corneal endothelial microscopy and
the IMAGEnet system has practical clinical significance for
the diagnosis, prognosis and preoperative evaluation of com-
plications in children with uveitis.
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