
Wang et al. BMC Ophthalmology           (2022) 22:21  
https://doi.org/10.1186/s12886-022-02253-w

RESEARCH

Corneal confocal microscopic characteristics 
of acute angle-closure crisis
Weiwei Wang*, Xin Yang, Qian Yao, Qianqian Xu, Wenting Liu and Jianrong Liu* 

Abstract 

Background: To investigate characteristics of the acute angle-closure crisis (AACC) and fellow eyes using confocal 
microscopy.

Methods: Unilateral AACC patients hospitalized at the Xi’an People’s Hospital from October 2017 to October 2020 
were recruited in this cross-sectional study. Age-matched participants scheduled for cataract surgery were enrolled 
as a healthy control group. Corneal epithelial cells, subepithelial nerve fiber plexus, stromal cells, and endothelial cells 
were examined by confocal and specular microscopy.

Results: This study enrolled 41 unilateral AACC patients (82 eyes) and 20 healthy controls (40 eyes). Confocal micros-
copy revealed that the corneal nerve fiber density, corneal nerve branch density and corneal nerve fiber length were 
reduced significantly in AACC eyes. The stromal cells were swollen and the size of the endothelial cells was uneven 
with the deposition of punctate high-reflective keratic precipitate on the surface. In severe cases, the cell volume was 
enlarged, deformed, and fused. The corneal subepithelial nerve fiber, stromal layer, and endothelial layer were unre-
markable in the fellow eyes, and the density of the endothelial cells was 2601 ± 529 cells/mm2, which was higher than 
1654 ± 999 cells/mm2 in AACC eyes (P < 0.001). Corneal edema prevented the examination of 17 eyes using specular 
microscopy and in only four eyes using confocal microscopy. There were no significant differences in endothelial cell 
density between confocal and specular microscopy in the AACC eyes (P = 0.674) and fellow eyes (P = 0.247). The hex-
agonal cell ratio reduced significantly (P < 0.001), and average cell size and coefficient of variation of the endothelial 
cells increased significantly compared with fellow eyes (P < 0.001, P = 0.008).

Conclusions: AACC eye showed decreased density and length of corneal subepithelial nerve fiber plexus, activation 
of stromal cells, increased endothelial cell polymorphism, and decreased density.
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Background
Primary angle-closure glaucoma (PACG) is a form of 
glaucoma characterized by narrowing or closure of the 
irido-corneal angle that results in inadequate drainage of 
the aqueous humor, increased intraocular pressure (IOP), 
and damage to the optic nerve [1–3]. PACG is one of the 
main types of glaucoma leading to irreversible blindness 

in the Asian population [1]. Angle-closure is due to appo-
sitional or synechial closure of the irido-corneal angle 
resulting from anatomical or physiological abnormalities 
of the eye in primary angle-closure or factors that pull or 
push the iris forward in case of secondary glaucoma [2, 
3].

Angle-closure can result in acute angle-closure crisis 
(AACC) with a sudden and symptomatic elevation of 
IOP resulting in a dramatic elevation in IOP accompa-
nied by related symptoms and histopathological changes 
in the anterior segment of the eye or chronic angle-
closure with gradually elevated IOP over a long period 
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that is generally asymptomatic but can eventually lead 
to damage to the optic nerve and vision impairment or 
loss [1, 2]. The worldwide prevalence of AACC in adults 
of 40–80 years of age is 0.5% [4], but its prevalence can 
reach 3% in Chinese and 3.8% in Inuit [1]. PACG is gen-
erally bilateral, although 90% of acute attacks are unilat-
eral by the sudden closure of the irido-corneal angle [5]. 
It frequently occurs in older women > 50 years of age [1]. 
During AACC, high IOP leads to severe headache, oph-
thalmalgia, photophobia, lacrimation, corneal edema, 
and vision loss in addition to decreased density of corneal 
endothelial cells, corneal decompensation, and blindness 
[1, 2, 6]. Since PACG is bilateral, the fellow eye is also at 
high risk of AACC, with a risk of 50% within 5 years [1].

Specular microscopy should be performed for glau-
coma patients to check the endothelial cell density before 
intraocular surgery, but corneal edema caused by acute 
IOP elevation often makes it impossible to analyze the 
endothelial cells [7, 8]. Confocal microscopy is a novel 
non-invasive corneal imaging examination method 
[9–11]. Due to high resolution and magnification, it 
reveals the corneal changes at the cellular level under 
three-dimensional space and real-time conditions; simi-
lar results could be obtained in the cloudy corneal tissue, 
making it a commonly used tool for the clinical study of 
corneal lesions [9–14].

Confocal microscopy plays a major role in evaluating 
keratitis and corneal nerves [9–14], but there is only one 
study about its use for AACC which focused on Langer-
hans cells and keratocytes [15]. Our study aimed to inves-
tigate corneal epithelial cells, subepithelial nerve fiber 
plexus, stromal cells, and endothelial cells of the AACC 
and fellow eyes and healthy controls using confocal 
microscopy. The results could provide an additional tool 
for the evaluation of eyes with AACC.

Methods
Study design and participants
PACG patients hospitalized at the Department of Oph-
thalmology in Xi’an People’s Hospital (Xi’an Fourth Hos-
pital) from October 2017 to October 2020 were recruited 
in this cross-sectional study. The inclusion criterion was 
fulfilling the diagnostic criteria of unilateral AACC [1]. 
The exclusion criteria were 1) secondary angle-closure, 
2) history of eye surgery, 3) history of other eye diseases 
except for refractive error and cataract, 4) perimetry 
showed fixation loss rate > 20%, false positive rate > 15%, 
and false-negative rate > 15%, or 5) abnormal scotoma 
in perimetry of fellow eyes. This study was performed 
in accordance with the Declaration of Helsinki and 
approved by the Ethics Committee of Xi’an People’s Hos-
pital (Xi’an Fourth Hospital). Written informed consent 

was obtained from all subjects before participation in the 
study.

Data collection
The patient’s age, diseases, and other information were 
from the hospital’s electronic medical record system.

Preparation before examination
During AACC, all patients received an intravenous drip 
of 250 mL of mannitol and carteolol hydrochloride eye 
drops (China Otsuka Pharmaceutical Co., Ltd. Shang-
hai, China), brinzolamide eye drops (Alcon, Hunenberg, 
Switzerland), brimonidine tartrate eye drops (Aller-
gan, Dublin, Ireland), and pilocarpine nitrate eye drops 
(Bausch & Lomb, Bridgewater, NJ, USA) to reduce IOP 
and restore the transparency of the cornea and improve 
the effectiveness and accuracy of the examination. Some 
patients received oral methazolamide tablets (25 mg, bid, 
Hangzhou AoyiPollenin Pharmaceutical Co., Ltd., Hang-
zhou, China) to lower IOP. In the fellow eyes, pilocarpine 
nitrate eye drops were administered to avoid the occur-
rence of AACC.

Routine eye examination
Visual acuity was examined using the standard visual 
acuity chart (converted into LogMAR visual acuity for 
statistical analysis). A non-contact tonometer (Canon 
TX-20, Canon, Tokyo, Japan) was used to measure the 
IOP. Direct ophthalmoscopy and/or pre-set lens were 
used to check the fundus. The gonioscope was a Gold-
mann 2-mirror lens (Ocular Instruments, Bellevue, WA, 
USA). The perimetry was assessed using a Humphrey 
750i Perimeter (Carl Zeiss GmbH, Oberkochen, Ger-
many). Ultrasound biomicroscopy (UBM) was performed 
using an Aviso system (Quantel Medical, Cournon 
d’Auvergne, France). The specular microscope was an 
EM-3000 (Tomey Corp., Nagoya, Japan).

Confocal microscopy
The cornea module was examined using a confocal 
microscope (HRT-3/RCM, Heidelberg Engineering Inc., 
Heidelberg, Germany). The laser wavelength was 670 nm, 
the magnification was × 800, and the resolution was 1 μm 
[16]. Before the examination, both eyes were anesthe-
tized with 0.4% oxybuprocaine hydrochloride eye drops 
(Santen Pharmaceutical Co., Osaka, Japan), and 0.2% car-
bomer eye drops (Shandong Freda Biotechnology Co., 
Ltd., Shandong, China) were applied to the surface of the 
objective lens. The “section” mode was used to scan the 
cornea layer by layer to observe the morphological char-
acteristics of the tissues and cells in each layer. All proce-
dures were performed by the same specialist with 8 years 
of experience in corneal confocal microscopy.
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Each cornea was scanned in five regions: central, supe-
rior, inferior, nasal, and temporal parts of the cornea. 
The three most representative images were selected 
for each area, and the field of view for each image was 
400 × 400 μm. Fifteen micrographs were selected for each 
eye, and corneal subbasal nerve plexus was analyzed by 
ACCMetrics software (University of Manchester). The 
nerve metrics were 1) corneal nerve fiber density (CNFD; 
the number of fibers/mm2), 2) corneal nerve branch den-
sity (CNBD; the number of branch points on the main 
fibers/mm2), 3) corneal nerve fiber length (CNFL; the 
total length of fiber mm/mm2), 4) corneal nerve fiber 
total branch density (CTBD; the total number of branch 
points/mm2), 5) corneal nerve fiber area (CNFA; the total 
nerve fiber area  mm2/mm2), 6) corneal nerve fiber width 
(CNFW; average nerve fiber width mm/mm2) [17].

Statistical analysis
Statistical analysis was performed using SPSS 19.0 (IBM 
Corp., Armonk, NY, USA). Continuous data are displayed 
as means ± standard deviation, and categorical data 
are displayed as n (%). Visual acuity was converted into 
LogMAR visual acuity for statistical analysis. A paired 
sample t-test was used to compare the differences of 
LogMAR visual acuity, IOP, and endothelial cell density 
between AACC eye and fellow eye, and the age between 
AACC patients and healthy controls, and the corneal 
endothelial cell density between confocal and specular 
microscopy at the same eyes. χ2 test was used for com-
parison of the categorical data between AACC patients 
and healthy controls. The continuous data among AACC 
eye, fellow eye and healthy control were compared using 
one-way analysis of variance (ANOVA), and differences 
between the two groups were analyzed by Fisher’s Least 
Significant Difference (LSD) test. P-values < 0.05 were 
considered statistically significant.

Results
Characteristics of the participants
A total of 41 patients (82 eyes) with unilateral AACC 
were enrolled. The cohort consisted of 34 (82.9%) 
females, and the mean age of the patients was 
64.6 ± 8.4 years. The time from disease onset to hospi-
tal visit was 12.9 ± 8.8 days. Twenty-four (58.5%) right 
eyes and 17 (41.5%) left eyes were in the AACC phase. 
Twenty age-matched participants scheduled for cataract 
surgery were enrolled as a healthy control group. The 
patients consisted of 16 (80%) females, and the mean age 
was 64.5 ± 7.0 years. The characteristics of the 41 AACC 
patients (82 eyes) and 20 healthy controls (40 eyes) are 
listed in Table 1.

Confocal microscopy
In the AACC eyes, the corneal epithelial cells were swol-
len, of variable size, and the intercellular space was wid-
ened. In severe patients, large vacuoles were present in 
the epithelial cells, which showed a low-density reflective 
area with distinct boundaries (Fig.  1). For subepithelial 
nerve fiber plexus, significant reduction of CNFD, CNBD, 
and CNFL was found (Table 2, Fig. 1). The stromal layer 
was in an activated state, showing swollen stromal cells, 
enhanced reflection, and cross-linkage into a network 
(Fig.  1). In four eyes, the endothelial layer was blurred, 
and the cell density could not be calculated. In the other 
37 eyes, the endothelial cells were of uneven size, and 
dark areas were noted among the cells. The surfaces of 
the cells showed punctate deposition of high-reflective 
keratic precipitate (Fig.  1). In severe cases, the cell vol-
ume was enlarged, the cells were deformed and fused.

In the fellow eyes, corneal epithelial cells showed reg-
ular pentagonal or hexagonal shape, with regular mor-
phology and arrangement (Fig.  1). Reduction of CNFD, 
CNBD, and CNFL was found, but the differences were 
not significantly compared with the healthy controls 
(Table  2, Fig.  1). The stromal cells showed a nucleus 
against a dark background (Fig.  1), but the cytoplasm, 
cell boundaries, and collagen layer were not detected. 
The endothelial cells showed a layer of regular flat hon-
eycomb hexagonal cells, and a high reflection of the cell 
body was seen (Fig. 1). Furthermore, low reflection was 
noted for the cell boundary and intercellular space, and 
the cell nuclei were not observed.

Table 1 Characteristics of the patients with acute angle-closure 
crisis and healthy controls

The age is displayed as mean ± standard deviation. Other data is displayed as n 
(%)

AACC  Acute angle-closure crisis, T2DM Type 2 diabetes

Patients (n = 41) Healthy 
controls 
(n = 20)

P

Age (years) 64.6 ± 8.4 64.5 ± 7.0 0.969

Sex

 Male 7 (17.1%) 4 (20%) 0.780

 Female 34 (82.9%) 16 (80%)

AACC eye

 Left 17 (41.5%)

 Right 24 (58.5%)

Hypertension 13 (31.7%) 6 (30%) 0.892

T2DM 2 (4.9%) 1 (5%) 0.984

History of coronary heart 
disease

1 (2.4%) –

Average time from onset to 
hospitalization (day)

12.9 ± 8.8 –
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There were no significant differences between the 
AACC eyes and fellow eyes in LogMAR visual acu-
ity and IOP (after applying IOP-lowering drugs). The 
CNFD and CNBD reduced significantly in the AACC 
eyes compared with fellow eyes (P < 0.001, P = 0.005). 

The density of the endothelial cells in AACC eyes and 
fellow eyes was 2601 ± 529 cells/mm2 and 1654 ± 999 
cells/mm2 (Table  3). The density of the endothelial 
cells in AACC and fellow eyes differed significantly 
(P < 0.001) (Tables 3 and 4).

Fig. 1 Characteristics of eyes with acute angle-closure crisis (AACC) compared with fellow eyes. Corneal epithelial cells in the AACC eyes varied in 
size, and the intercellular space was widened. In severe patients, large vacuoles (*) were present in the epithelial cells, which showed a low-density 
reflective area with distinct boundaries. In the fellow eyes, cells showed regular morphology and arrangement. The subepithelial nerve fiber plexus 
was reduced in the AACC eyes, and the nerve fiber plexus was normal in the fellow eyes. Swollen stromal cells in the AACC eyes were cross-linked 
into a network with enhanced reflection (red arrow), and the nuclei of stromal cells in the fellow eyes were visualized against a dark background. 
The endothelial cell size in the AACC eyes was uneven, and the cell volume was enlarged (yellow arrow), deformed, and fused, and punctate 
deposition of high-reflective keratic precipitate could be seen on the surfaces of the cells. In the fellow eyes, the regular flat honeycomb hexagonal 
cells and a high reflection of the cell body were seen

Table 2 Analysis of corneal nerve plexus by confocal microscopy

CNFD Corneal nerve fiber density (the number of fibers/mm2), CNBD Corneal nerve branch density (the number of branch points on the main fibers/mm2), CNFL 
Corneal nerve fiber length (the total length of fiber mm/mm2), CTBD Corneal nerve fiber total branch density (the total number of branch points/mm2), CNFA Corneal 
nerve fiber area (the total nerve fiber area  mm2/mm2), CNFW Corneal nerve fiber width (average nerve fiber width mm/mm2)
a Comparison between AACC and Fellow eye, b Comparison between AACC and Healthy control, P < 0.05
c The data of 37 eyes were analyzed by confocal microscopy
# Comparison among AACC, fellow eye and healthy control

AACC eye (n =  37c) Fellow eye (n = 41) Healthy control (n = 40) P#

CNFD 7.0 ± 2.1ab 15.0 ± 3.4 18.7 ± 6.0 < 0.001

CNBD 10.6 ± 4.7ab 25.0 ± 8.8 32.2 ± 17.3 < 0.001

CNFL 9.4 ± 3.1b 11.2 ± 2.0 13.0 ± 2.9 0.005

CTBD 32.5 ± 14.4 40.0 ± 15.0 43.7 ± 28.3 0.367

CNFA 0.0060 ± 0.0024 0.0057 ± 0.0014 0.0059 ± 0.0019 0.941

CNFW 0.0235 ± 0.0015 0.0235 ± 0.0013 0.0218 ± 0.0022 0.030
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Specular microscopy
In AACC eyes, endothelial cell density and hexagonal 
cell ratio reduced significantly (Table 4), and average cell 
size and coefficient of variation of the endothelial cells 
increased significantly compared with fellow eyes or 
healthy controls (Table 4). The central corneal thickness 
in AACC eyes raised in comparison with fellow eyes or 
healthy controls, but the differences were not significant 
(P = 0.066, P = 0.111, Table 4).

Confocal vs. specular microscopy
As expected, visual acuity and IOP were deteriorated 
in AACC eyes compared with their fellow eyes (both 
P < 0.001). In AACC, the endothelial cells in 17 eyes could 
not be analyzed by specular microscopy due to corneal 
edema, and the density of the endothelial cells in the 
remaining 24 eyes was 1982 ± 812 cells/mm2. The differ-
ence in endothelial cell density between fellow eyes and 
AACC eyes was significant under specular microscopy 
(P = 0.017) (Table 3). There was no significant difference 
between specular and confocal microscopy in AACC eye 
(P = 0.674) (Table 3). In the fellow eyes, corneal endothe-
lial cell density was 2544 ± 473 cells/mm2 under the spec-
ular microscopy, with no significant difference compared 

with 2601 ± 529 cells/mm2 under confocal microscopy 
(P = 0.247).

Discussion
Confocal microscopy can be used to evaluate keratitis 
and corneal nerves [9–14], but there is no study about its 
use in eyes with AACC. This study aimed to investigate 
corneal epithelial cells, subepithelial nerve fiber plexus, 
stromal cells, and endothelial cells of the AACC and fel-
low eyes using confocal microscopy. The results suggest 
that AACC can reveal the decreased density of corneal 
subepithelial nerve fiber plexus, activation of stromal 
cells, increased endothelial cell polymorphism, and 
decreased cell density. Confocal microscopy might be 
superior to specular microscopy to analyze the endothe-
lial cells in AACC with corneal edema.

The confocal microscope can directly obtain images 
of tissues and cells in each layer of the cornea through 
continuous confocal scanning, detecting various ele-
ments of normal and affected corneas in multiple layers 
and in  vivo, without fixation and staining of tissue sec-
tions [9–14]. Thus, it is a major method for exploring the 
pathological mechanism of ophthalmic diseases at the 
cellular level. In this study, confocal microscopy was used 
to observe the histological changes for each layer of the 

Table 3 Endothelial cell density of confocal and specular microscopy

AACC  Acute angle-closure crisis, IOP Intraocular pressure, CM Confocal microscopy, SM Specular microscopy
# Comparison among AACC eye, fellow eye and healthy controls

*Comparison between confocal microscopy and specular microscopy
a The data of 37 eyes and 24 eyes were analyzed by confocal microscopy and specular microscopy, respectively
b Comparison between AACC eye and fellow eye

AACC eye (n =  37a) Fellow eye (n = 41) Healthy control (n = 40) P#

Vision (LogMAR) 1.4 ± 1.1 0.3 ± 0.2 0.8 ± 0.4 < 0.001

IOP (mmHg) 27.1 ± 15.4 12.4 ± 3.1 13.1 ± 2.9 < 0.001

Endothelial cell density
 CM 1654 ± 999 2601 ± 529 2593 ± 256 < 0.001

 SM 1982 ±  812b 2544 ± 473 2554 ± 224 < 0.001

 P* 0.674 0.247 0.941

Table 4 Analysis of corneal endothelial cells by specular microscopy

# Comparison among AACC, fellow eye and healthy control
a Comparison between AACC and fellow eye, b Comparison between AACC and healthy control, P < 0.05
c The data of 24 eyes were analyzed by specular microscopy

AACC eye (n =  24c) Fellow eye (n = 41) Healthy control (n = 40) P#

Cell density 1982 ±  812a b 2544 ± 473 2554 ± 224 < 0.001

Average cell size (μm2) 633.09 ± 409.06a b 402.70 ± 103.08 399.53 ± 34.47 < 0.001

Coefficient of Variation (%) 45.09 ± 10.94a b 39.15 ± 8.71 40.08 ± 6.12 0.023

Hexagonal cell ratio (%) 35.30 ± 11.45a b 45.75 ± 8.45 51.85 ± 8.19 < 0.001

Central corneal thickness (μm) 549.40 ± 39.33 530.65 ± 38.18 533.41 ± 31.18 0.158
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cornea in AACC and fellow eyes, which provided a basis 
and guidance for further exploring the effect of acute 
ocular hypertension on corneal injury.

Previous studies on corneal injury caused by ocular 
hypertension have used specular microscopy, which can 
only observe the number and morphological changes 
of corneal endothelial cells [7, 8, 18]. Still, the effects of 
AACC on the changes in corneal subepithelial nerve fib-
ers, stromal layers, and other layers of the tissues remain 
unclear. The present study showed that acute ocular 
hypertension in AACC patients not only damaged the 
corneal endothelial cells but also caused various degrees 
of pathological changes in other layers of tissues, includ-
ing corneal epithelial cell swelling, widening of intercel-
lular space, and large vacuoles in epithelial cells in severe 
cases. The CNFD, CNBD, and CNFL were reduced. The 
stromal layer was in an activated state, showing swollen 
stromal cells, enhanced reflection, and cross-linkage into 
a network.

Previous studies showed that patients with dry eye [16] 
and diabetes [14, 19] have different degrees of reduced 
density of the corneal subepithelial nerve fibers, which 
can even disappear. Roszkowska et  al. [13] found that 
corneal subbasal nerve plexus density reduces with age 
and myopic refractive error in healthy adults. The reduc-
tion in the density of the subepithelial nerve fiber plexus 
in patients with acute angle closure might be related to 
corneal dystrophy due to decreased blood flow of the 
corneal limbal vascular network and corneal epithelium 
injury caused by acute ocular hypertension [20–22]. The 
activation of corneal stromal cells suggested an inflam-
matory response in the corneal tissue. In AACC, the 
blood-aqueous humor barrier is destroyed, and the ante-
rior segment shows an acute inflammatory response 
[23]. The expression levels of interleukin (IL)-6, colony-
stimulating factor, and vascular endothelial growth factor 
(VEGF) in the aqueous humor are then increased [24]. 
Some studies proposed that the increased expression lev-
els of inflammatory factors may result in an AACC event, 
participating in recurrence [25–27].

Verma et  al. [20] found that the density of corneal 
endothelial cells in PACG patients was not statistically 
different from that of normal controls. Other stud-
ies supported the negative correlation between ocular 
hypertension and corneal endothelial cells [27–29]. In 
AACC, long-term ocular hypertension can decrease 
the density of corneal endothelial cells [29]. The cor-
neal edema is closely related to endothelial cell loss, 
while in acute angle closure, the corneal edema occurs 
for the endothelial failure of pomp due to imbalanced 
imbibition pressure [30]. Sihota et  al. [31] found that 
the average endothelial cell count was 2016 ± 306 cells/
mm2 in patients with the acute attack lasting < 72 h and 

759 ± 94 cells/mm2 in those with acute attack lasting 
> 72 h. This study suggested that compared with the fel-
low eyes, the polymorphism of corneal endothelial cells 
in AACC eyes was significantly higher, and the num-
ber of cells was significantly lower. In the AACC eyes, 
endothelial cells could not be analyzed in 17 eyes using 
specular microscopy due to corneal edema, while con-
focal microscopy allowed the observation of the mor-
phology and number of endothelial cells in 13 of these 
17 eyes. These results indicate that confocal microscopy 
has the advantages of completing the examination even 
in the presence of corneal edema, which is a frequent 
feature of AACC. Using confocal microscopy, the cells 
were uneven in size, had deposition of punctate high-
reflective substances on the cell surface, and the cells 
were enlarged, deformed, and fused. Furthermore, 10 of 
the 13 eyes had an endothelial cell count < 1500 cells/
mm2, with an average of 620 ± 325 cells/mm2.

After intravenous infusion of mannitol and oral met-
hazolamide combined with carteolol hydrochloride, 
brinzolamide, brimonidine tartrate, and pilocarpine 
nitrate eye drops for IOP-lowering treatment, the aver-
age IOP of the 17 severe eyes was 37.2 mmHg, and the 
average duration of the ocular hypertension event was 
about 13 days. The results indicated that acute ocular 
hypertension could damage the corneal endothelial 
cells, and long-term acute ocular hypertension was crit-
ical for the decrease in the number of corneal endothe-
lial cells and abnormal morphology. These results are 
supported by a rat model of acute ocular hypertension. 
Indeed, Li et  al. [32] observed abnormal morphology 
and decreased the number of corneal endothelial cells, 
and these corneal injuries could be reversed after IOP 
was reduced. Although Verma et al. [20] demonstrated 
that the differences in the density of corneal endothe-
lial cells at various phases of PACG were not statisti-
cally significant; thus, we speculated that an early rapid 
reduction of IOP could relieve the corneal injury. That 
will have to be confirmed in future studies.

Both specular microscopy and confocal microscopy 
can be used for evaluating the corneal endothelial state. 
Specular microscopy is easy to operate and has been 
widely used clinically to evaluate the functional status of 
the corneal endothelial cells, but it cannot be used when 
corneal edema is present. On the other hand, confocal 
microscopy can dynamically observe the corneal tissues 
in real-time, depicting the correlations among various 
layers of corneal tissues; it is minimally affected by cor-
neal edema, and hence, has gained increasing clinical 
attention. Therefore, when routine specular microscopy 
is used for examining the decreased density of corneal 
endothelial cells, corneal lesions or endothelial cells 
cannot be analyzed due to corneal edema, and confocal 
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microscopy should be performed for clinical diagnosis 
and treatment.

There are some limitations to this study. Firstly, the 
present study was a cross-sectional study, and cause-
to-effect relationships cannot be determined. Secondly, 
no follow-up was performed for patients with cor-
neal edema, and the corneal endothelial cells were not 
observed in time. Finally, the interval from acute angle-
closure attack to initial visit differed in these patients, 
which have an influence on corneal morphology changes.

Conclusions
In conclusion, in AACC, the corneal endothelial cells 
show an abnormal morphology and a decreased density. 
In addition, the density of the subepithelial nerve fiber 
plexus was decreased, and the stromal cells were acti-
vated, which could be related to the duration of acute 
ocular hypertension. Such hypertension causes corneal 
edema, and confocal microscopy can be used to analyze 
the functional status of the corneal endothelial cells, 
while specular microscopy is sometimes impossible due 
to corneal edema.

Abbreviations
AACC : Acute angle-closure crisis; PACG : Primary angle-closure glaucoma; IOP:  
Intraocular pressure; UBM: Ultrasound biomicroscopy.

Acknowledgements
We thank Doctor Yang Zhang of Beijing Tongren Hospital for his assistance in 
providing the ACCMetrics software.

Authors’ contributions
WW Wang contributed to conception, design, drafted and critically revised 
the manuscript. X Yang contributed to analysis of data. Q Yao contributed to 
interpretation of data. QQ Xu contributed to acquisition of data. WT Liu con-
tributed to acquisition of data, interpretation of data. JR Liu critically revised 
the manuscript. All authors have read and approved the final manuscript.

Funding
This work was supported by the National Natural Science Foundation of 
China (grant number 81500719); and the Shaanxi Province Innovation Talents 
Promotion Plan (grant number 2018KJXX-091).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was performed in accordance with the Declaration of Helsinki and 
approved by the Ethics Committee of Xi’an People’s Hospital (Xi’an Fourth 
Hospital). Written informed consent was obtained from all subjects before 
participation in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 29 September 2021   Accepted: 7 January 2022

References
 1. Gedde SJ, Chen PP, Muir KW, Vinod K, Lind JT, Weight MM, et al. Primary 

angle-closure disease preferred practice pattern. Ophthalmology. 
2021;128:P30–70.

 2. Sun X, Dai Y, Chen Y, Yu DY, Cringle SJ, Chen J, et al. Primary angle closure 
glaucoma: what we know and what we don’t know. Prog Retin Eye Res. 
2017;57:26–45.

 3. Weinreb RN, Aung T, Medeiros FA. The pathophysiology and treatment of 
glaucoma: a review. JAMA. 2014;311:1901–11.

 4. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. Global prevalence 
of glaucoma and projections of glaucoma burden through 2040: a 
systematic review and meta-analysis. Ophthalmology. 2014;121:2081–90.

 5. Chan PP, Pang JC, Tham CC. Acute primary angle closure-treatment 
strategies, evidences and economical considerations. Eye (Lond). 
2019;33:110–9.

 6. Gagnon MM, Boisjoly HM, Brunette I, Charest M, Amyot M. Corneal 
endothelial cell density in glaucoma. Cornea. 1997;16:314–8.

 7. Yu ZY, Wu L, Qu B. Changes in corneal endothelial cell density in patients 
with primary open-angle glaucoma. World J Clin Cases. 2019;7:1978–85.

 8. Novak-Stroligo M, Alpeza-Dunato Z, Kovacevic D, Caljkusic-Mance T. 
Specular microscopy in glaucoma patients. Coll Antropol. 2010;34(Suppl 
2):209–10.

 9. Scarpa F, Colonna A, Ruggeri A. Multiple-image deep learning analysis for 
neuropathy detection in corneal nerve images. Cornea. 2020;39:342–7.

 10. Utheim TP, Chen X, Fricke O, Bergersen LH, Lagali N. Microdot accumula-
tion in the anterior cornea with aging - quantitative analysis with in vivo 
confocal microscopy. Curr Eye Res. 2020;45:1058–64.

 11. Al-Aqaba MA, Anis FS, Mohammed I, Yapa ADS, Amoaku WM, Dua HSS. 
In vivo confocal microscopy features and clinicohistological correlation of 
limbal nerve corpuscles. Br J Ophthalmol. 2021;105:285–9.

 12. Smedowski A, Tarnawska D, Orski M, Wroblewska-Czajka E, Kaarniranta 
K, Aragona P, et al. Cytoarchitecture of epithelial inflammatory infiltra-
tion indicates the aetiology of infectious keratitis. Acta Ophthalmol. 
2017;95:405–13.

 13. Roszkowska AM, Wylęgała A, Gargano R, Spinella R, Inferrera L, 
Orzechowska-Wylęgała B, et al. Impact of corneal parameters, refractive 
error and age on density and morphology of the subbasal nerve plexus 
fibers in healthy adults. Sci Rep. 2021;11:6076.

 14. Roszkowska AM, Licitra C, Tumminello G, Postorino EI, Colonna MR, 
Aragona P. Corneal nerves in diabetes-the role of the in vivo corneal 
confocal microscopy of the subbasal nerve plexus in the assessment of 
peripheral small fiber neuropathy. Surv Ophthalmol. 2021;66:493–513.

 15. Hong Y, Wang M, Wu L. In vivo confocal microscopy of Posner-Schloss-
man syndrome: comparison with herpes simplex keratitis, HLA-B27 
anterior uveitis and acute attack of primary angle closure. Sci Rep. 
2017;7:9832.

 16. Liu Y, Chou Y, Dong X, Liu Z, Jiang X, Hao R, et al. Corneal subbasal nerve 
analysis using in vivo confocal microscopy in patients with dry eye: 
analysis and clinical correlations. Cornea. 2019;38:1253–8.

 17. Chin JY, Lin MT, Lee IXY, Mehta JS, Liu YC. Tear neuromediator and corneal 
denervation following SMILE. J Refract Surg. 2021;37:516–23.

 18. McCarey BE, Edelhauser HF, Lynn MJ. Review of corneal endothelial spec-
ular microscopy for FDA clinical trials of refractive procedures, surgical 
devices, and new intraocular drugs and solutions. Cornea. 2008;27:1–16.

 19. Jiang MS, Yuan Y, Gu ZX, Zhuang SL. Corneal confocal microscopy for 
assessment of diabetic peripheral neuropathy: a meta-analysis. Br J 
Ophthalmol. 2016;100:9–14.

 20. Verma S, Nongpiur ME, Husain R, Wong TT, Boey PY, Quek D, et al. Char-
acteristics of the corneal endothelium across the primary angle closure 
disease spectrum. Invest Ophthalmol Vis Sci. 2018;59:4525–30.

 21. Liu X, Li M, Zhong YM, Xiao H, Huang JJ, Kong XY. Damage patterns of 
retinal nerve fiber layer in acute and chronic intraocular pressure eleva-
tion in primary angle closure glaucoma. Int J Ophthalmol. 2010;3:152–7.

 22. Zhang S, Wu C, Liu L, Jia Y, Zhang Y, Zhang Y, et al. Optical coherence 
tomography angiography of the Peripapillary retina in primary angle-
closure glaucoma. Am J Ophthalmol. 2017;182:194–200.



Page 8 of 8Wang et al. BMC Ophthalmology           (2022) 22:21 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 23. Kong X, Liu X, Huang X, Mao Z, Zhong Y, Chi W. Damage to the blood-
aqueous barrier in eyes with primary angle closure glaucoma. Mol Vis. 
2010;16:2026–32.

 24. Wang Y, Chen S, Liu Y, Huang W, Li X, Zhang X. Inflammatory cytokine 
profiles in eyes with primary angle-closure glaucoma. Biosci Rep. 
2018;38(6):BSR20181411.

 25. Huang W, Chen S, Gao X, Yang M, Zhang J, Li X, et al. Inflammation-
related cytokines of aqueous humor in acute primary angle-closure eyes. 
Invest Ophthalmol Vis Sci. 2014;55:1088–94.

 26. Wang J, Fu M, Liu K, Wang N, Zhang Z, Zhou M, et al. Matricellular 
proteins play a potential role in acute primary angle closure. Curr Eye Res. 
2018;43:771–7.

 27. Wang LM, Dong LJ, Liu X, Huang LY, Liu W, Lyu YJ, et al. Proteomic analysis 
of aqueous humor in acute primary angle-closure glaucoma. Zhonghua 
Yan Ke Za Zhi. 2019;55:687–94.

 28. Higa A, Sakai H, Sawaguchi S, Iwase A, Tomidokoro A, Amano S, et al. Cor-
neal endothelial cell density and associated factors in a population-based 
study in Japan: the Kumejima study. Am J Ophthalmol. 2010;149:794–9.

 29. Chen MJ, Liu CJ, Cheng CY, Lee SM. Corneal status in primary angle-clo-
sure glaucoma with a history of acute attack. J Glaucoma. 2012;21:12–6.

 30. Smedowski A, Pietrucha-Dutczak M, Kaarniranta K, Lewin-Kowalik J. A rat 
experimental model of glaucoma incorporating rapid-onset elevation of 
intraocular pressure. Sci Rep. 2014;4:5910.

 31. Sihota R, Lakshmaiah NC, Titiyal JS, Dada T, Agarwal HC. Corneal endothe-
lial status in the subtypes of primary angle closure glaucoma. Clin Exp 
Ophthalmol. 2003;31:492–5.

 32. Li X, Zhang Z, Ye L, Meng J, Zhao Z, Liu Z, et al. Acute ocular hypertension 
disrupts barrier integrity and pump function in rat corneal endothelial 
cells. Sci Rep. 2017;7:6951.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Corneal confocal microscopic characteristics of acute angle-closure crisis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and participants
	Data collection
	Preparation before examination
	Routine eye examination
	Confocal microscopy
	Statistical analysis

	Results
	Characteristics of the participants
	Confocal microscopy
	Specular microscopy
	Confocal vs. specular microscopy

	Discussion
	Conclusions
	Acknowledgements
	References


