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Abstract
● AIM: To report the clinical prognosis and pathological 
findings of accidental lens vacuolar changes in eyes 
with intraoperative exposure to a dispersive ophthalmic 
viscosurgical device (OVD). 
● METHODS: Two patients who developed transient lens 
vacuolar changes during uneventful persistent pupillary 
membrane (PPM) removal surgery were presented and 
followed up. This event was speculated to be associated 
with an intraoperative dispersive OVD DisCoVisc (hyaluronic 
acid 1.6%-chondroitin sulfate 4.0%) exposure. Then, to 
provide the pathological basis for our speculation, another 
four cataract patients were randomly exposed to different 
OVDs, and their anterior lens capsules were investigated 
with transmission electron microscopy (TEM).
● RESULTS: After months, the subcapsular vacuoles 
in both PPM cases were gradually disappeared without 
visual deterioration. For the cataract patients, similar lens 
changes were observed intraoperatively in those exposed to 
a dispersive DisCoVisc but not a cohesive OVD IVIZ (sodium 
hyaluronate gel 1.0%). In addition, marked ultrastructural 
changes, including chromatin condensation, extensive 
cytoplasmic vacuoles, and obvious intercellular space 
between lens epithelial cells in the anterior lens capsules of 
all eyes exposed to DisCoVisc, were observed by TEM. 
● CONCLUSION: The lens vacuolar changes may be 
associated with a dispersive OVD exposure. Therefore, 

it is not preferable to use dispersive OVDs in patients 
with transparent lenses or without the intention of lens 
extraction. In addition, close follow-ups instead of immediate 
lens extraction are recommended for the occurrence of 
similar lens lesions.
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INTRODUCTION

O phthalmic viscosurgical devices (OVDs) have become 
an essential tool in ocular surgery, especially in 

anterior segment surgery. There are several OVDs available 
on the market, including cohesive OVDs, dispersive OVDs, 
viscoadaptive OVDs and a combination of OVDs or dual 
viscoelastic systems[1]. Thereinto, DisCoVisc (hyaluronic 
acid 1.6%-chondroitin sulfate 4.0%), regarded as a special 
dispersive OVD, has an intermediate cohesive/dispersive index 
and owns mixed properties of dispersive and cohesive OVDs[2]. 
In surgical terms, this would mean good retention during 
surgery like a dispersive OVD and easy removal after surgery 
like a cohesive OVD, facilitating both space maintenance 
and tissue protection. These multiple features enable them 
to facilitate the ocular surgery, such as lens surgery[3-6] 
and keratoplasty surgery[7]. However, the intraoperative 
characteristics of DisCoVisc have not been reported.
In this study, we present two cases with an ink-like staining 
appearance and anterior subcapsular vacuolar changes in the 
crystalline lens that developed after DisCoVisc exposure during 
persistent pupillary membrane (PPM) removal surgery, and the 
lesions resolved spontaneously. To confirm and investigate the 
origin of the lens lesions, anterior lens capsules were obtained 
from cataract patients exposed to DisCoVisc during routine 
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phacoemulsification surgery for further transmission electron 
microscopy (TEM) examination.
SUBJECTS AND METHODS
Ethical Approval  This study was approved by the Institutional 
Review Ethics Committee of the ZOC (approval number: 
2020KYPJ091), Sun Yat-sen University. In accordance with 
the tenets of the Declaration of Helsinki, written informed 
consent was obtained from patients or patients’ legal guardians.
This is a case series study. Two patients who developed lens 
vacuoles after DisCoVisc exposure during PPM removal 
surgery were presented. Then, to further investigate the 
pathologic changes of the lens lesions, another four cataract 
patients without concomitant ocular or systemic disorders 
were randomly exposed to different OVDs [two patients to 
a cohesive OVD IVIZ (sodium hyaluronate gel 1.0%); two 
patients to DisCoVisc] during routine phacoemulsification 
surgery, and anterior lens capsules were obtained for TEM 
examination. The flow chart of the study protocol was shown 
in Figure 1. 
RESULTS
Case Presentation
Case 1  A 5-year-old male presented at our outpatient 
department with complaints of blurred vision. Preoperatively, 
the best-corrected visual acuity (BCVA) was 0.4 logarithm 
of the minimum angle of resolution (logMAR) in the right 
eye and 0.7 logMAR in the left eye. Slit-lamp examinations 
revealed that pupillary membranes occluded the visual axis 
and attached to the iris collarette in both eyes (Figures 2A, 
2C). Clear crystalline lenses of both eyes could be partly 
seen through the incompletely covered pupillary area. B-scan 
ultrasonography was unremarkable. Thus, a diagnosis of 
bilateral PPMs was established.
Bilateral pupillary membranectomy was then scheduled to be 
performed by an experienced ophthalmologist (Chen WR). 

For the surgical procedure, after general anesthesia, a modified 
scleral tunnel incision was made, and an OVD was injected 
into the anterior chamber. The OVD then went beneath the iris 
strands to lift the pupillary membranes. Then, the strands were 
cut at the collarette uneventfully. After complete pupillary 
membrane removal, the OVD was carefully removed by an 
irrigation/aspiration probe. Finally, the scleral tunnel incision 
was sutured.
For the right eye, due to the careless OVD unpackage by 
the roving nurse, IVIZ was applied as usually used in adult 
cataract patients. Given that DisCoVisc is optimal but IVIZ is 
not forbidden for pediatric eyes, we did not ask for an OVD 
change. The surgical procedures were performed successfully 
without intraoperative complications (Figure 2B). For the left 
eye, we tried to use a dispersive OVD DisCoVisc to avoid 
viscoelastic agent retention. Surprisingly, an ink-like staining 
appearance and subcapsular vacuoles of the lens were observed 
after OVD removal (Figure 2D). For vacuolar lesions, 
intraoperative optical coherence tomography (OPMI Lumera 
700 and RESCAN 700; Carl Zeiss Meditec AG) showed 
several bleb-like areas without a reflected signal beneath the 
anterior capsule (Figure 2E).
On the first postoperative day, the BCVA was 0.4 logMAR 
in the right eye and 0.7 logMAR in the left eye. Additionally, 
the intraocular pressure (IOP) was normal, with values 
of 18 mm Hg in the right eye and 17 mm Hg in the left eye. 
Under slit-lamp examination, both lenses were transparent with 
some residual pigment particles on the surface of the anterior 
capsule and some subcapsular vacuoles in the left lens (Figure 
2F). During postoperative follow-ups, the size, and the number 
of the lens vacuoles in the left eye spontaneously decreased 
(Figure 2G–2I). Moreover, the BCVA remained 0.7 logMAR.
Case 2  A 9-year-old female presented at our outpatient 
department with complaints of blurred vision. Preoperatively, 

Figure 1 The flow chart of the study protocol  PPM: Persistent pupillary membrane; OVD: Ophthalmic viscosurgical device.
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the BCVA was 0.8 logMAR in the right eye and 0.2 logMAR 
in the left eye. Slit-lamp examinations revealed that thick 

and dense pupillary membranes occluded nearly the whole 
pupillary area (Figures 3A, 3C). The lenses of both eyes 

Figure 2 Anterior segment observations of Case 1  Right eye (A, B): the visual axis was preoperatively occluded by pupillary membranes (A), 

and some pigment particles were left after pupillary membrane removal (B). Left eye (C–I): the visual axis was preoperatively occluded by 

pupillary membranes (C); the ink-like staining appearance and subcapsular vacuolar changes of the lens (black arrows) occurring after DisCoVisc 

(hyaluronic acid 1.6%-chondroitin sulfate 4.0%) removal were observed (D); in the vacuolar lesions, the intraoperative optical coherence 

tomography showed several bleb-like areas without a reflected signal beneath the anterior capsule (white arrows; E); subcapsular lens vacuoles 

gradually disappeared at 1d (F), 1wk (G), 1mo (H), and 5mo (I) post-operation.

Figure 3 Anterior segment observations of Case 2  Left eye (A, B): nearly the whole pupillary area was preoperatively occluded by pupillary 

membranes (A), and a few pigment particles were left after pupillary membrane removal (B). Right eye (C–H): nearly the whole pupillary 

area was preoperatively occluded by pupillary membranes (C); the ink-like staining appearance and subcapsular vacuolar changes of the lens 

(black arrows) occurring after DisCoVisc (hyaluronic acid 1.6%-chondroitin sulfate 4.0%) removal were observed (D); subcapsular lens vacuoles 

gradually disappeared at 1d (E), 1wk (F), 1mo (G), and 5mo (H) post-operation.

Transient lens vacuoles and a dispersive OVD



1797

Int J Ophthalmol,    Vol. 16,    No. 11,  Nov. 18,  2023      www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

could not be evaluated due to the occlusion of the thick and 
dense pupillary membranes. B-scan ultrasonography was 
unremarkable. Thus, bilateral PPMs were preliminarily 
diagnosed.
Bilateral pupillary membranectomy was performed following 
the same steps as described in Case 1. As occurred in the left 
eye of Case 1, an ink-like staining appearance and anterior 
subcapsular vacuoles of the lens were also observed in the 
right eye with intraoperative use of DisCoVisc (Figure 3D). In 
contrast, for the left eye treated with IVIZ, no intraoperative 
complications occurred, and the lens remained transparent 
without any injuries (Figure 3B).
On the first postoperative day, the BCVA was 0.5 logMAR 
in the right eye, and 0.2 logMAR in the left eye, with normal 
IOPs of 14 mm Hg in the right eye and 15 mm Hg in the left 
eye. Some subcapsular vacuoles of the right lens (Figure 3E) 
and a few residual pigment particles on the anterior capsule of 
the left lens were observed by slit-lamp examination. During 
postoperative follow-ups, the size and the number of the lens 
vacuoles spontaneously decreased (Figure 3F–3H). Moreover, 
the BCVA gradually improved from 0.5 logMAR to 0.4 
logMAR.
Cataract Patients  All patients underwent cataract surgery 
by an experienced ophthalmologist (Chen WR) following 
the same surgical procedures. Briefly, after a corneal incision 
was made, an OVD was injected into the anterior chamber to 
stabilize the anterior chamber. To observe the lens changes 
during OVD removal, the OVD was washed out with 
compound electrolyte intraocular irrigating solution (Shike®) 
by a blunt washing needle instead of a routine irrigation/
aspiration probe, by which the irrigation-induced friction 

drag was minimized. Then, 5.5-6.0 mm circles of the anterior 
central lens capsules were carefully removed and prepared 
for TEM examination. Finally, all intraocular lenses were 
uneventfully implanted into the capsular bags.
During the cataract surgery, an ink-like staining appearance 
and anterior subcapsular vacuoles of the lens similar to the 
PPM cases were also presented after OVD removal in patients 
using DisCoVisc (Figure 4C, 4D) but not IVIZ (Figure 4A, 
4B). In the corresponding lesions, intraoperative optical 
coherence tomography showed several bleb-like areas without 
reflected signals beneath the anterior lens capsule (Figure 4E).
In the TEM examination, the basement membranes of all the 
anterior lens capsules were homogenous and tightly connected 
with the cuboidal lens epithelial cells (LECs). For patients 
exposed to IVIZ, the LECs were arranged in a single layer 
with some small cytoplasmic vacuoles and tight intercellular 
connections (Figure 5A, 5B). For patients exposed to 
DisCoVisc, the LECs retained a single-layer structure but with 
chromatin condensation, extensive cytoplasmic vacuoles, and 
obvious intercellular space (Figure 5C, 5D).
DISCUSSION 	
DisCoVisc is a dispersive OVD with features of both 
cohesive and dispersive OVDs, and has been widely used 
in multiple ophthalmic surgeries. So far, rare complications, 
such as intraoperative thermal effects and postoperative 
floater symptoms, have been reported[8-9]. Because OVDs are 
transparent tools yet very important during surgical procedures, 
it is essential to understand their behavior during surgery 
to achieve good performance. This current study reported 
transient ink-like staining appearances and anterior subcapsular 
vacuoles of the crystalline lens in patients using DisCoVisc 

Figure 4 Anterior segment observations of the four cataract patients after intraoperative ophthalmic viscosurgical device removal  Patients 1 

(A) and 2 (B): no special features were observed after IVIZ (sodium hyaluronate gel 1.0%) removal. Patients 3 (C) and 4 (D): the ink-like staining 

appearance and subcapsular vacuolar changes of the lens (black arrows) were observed after DisCoVisc (1.6% hyaluronic acid-4.0% chondroitin 

sulfate) removal. The intraoperative optical coherence tomography showed several bleb-like areas without a reflected signal beneath the 

anterior capsule (white arrows) in Patient 4 (E).  
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and provided relevant pathological evidence.
In our current study, the lenses of the cases exposed to 
DisCoVisc developed subcapsular vacuoles, whereas no 
similar lesions occurred in the contralateral lenses exposed to 
IVIZ. Similar lens changes were also reported by Gros-Otero 
et al[10]. A myopic patient developed lens vacuoles during 
implantable collamer lens replacement with intraoperative 
use of a dispersive OVD Viscoat (sodium hyaluronate 3% and 
chondroitin sulfate 4%). Consistent with Gros-Otero et al[10], we 
speculated that the DisCoVisc/Viscoat might be associated 
with the observed appearance of the lens vacuoles. The 
shared properties of the dispersive OVDs might contribute 
to the observed lens injuries. In addition, Chung et al[11] also 
reported similar lens vacuoles in 2 myopic patients undergoing 
implantable collamer lens implantation with the intraoperative 
use of DisCoVisc. They believed that the friction drag on 
the lens capsular surface during the irrigation procedure was 
responsible for the lens injuries. However, DisCoVisc could 
be considered another cause of the lesions because of its 
different physical and chemical properties from the cohesive 
OVDs recommended by STAAR Surgical. In our selected 
cataract patients, despite gently removing the OVDs by a blunt 
washing needle instead of the irrigation procedure, subcapsular 
vacuolar lesions of the lenses were still observed. This finding 
rules out the possibility of irrigation-induced friction drag.
The anterior lens capsule is composed of the basal lamina 
and a single layer of cuboidal cells, which plays an important 

role in maintaining lens transparency[12]. Any systemic and 
topical factors disturbing the morphology of the lens capsule 
would lead to lens injuries. In recent years, several cases of 
lens injuries caused by uncontrolled acute hyperglycemia[13-14], 
ocular trauma[15-16], yttrium aluminum garnet laser iridotomy[17] 
and distilled water[18] were reported to be reversible. Among 
them, most cases were presented with posterior subcapsular 
cataract, which was commonly caused by disturbances of the 
ion pump or abnormality of the metabolic enzyme activity[19]. 
In addition, Yang et al[18] reported a reversible anterior 
subcapsular cataract caused by mistakenly infusing distilled 
water into the anterior chamber during astigmatic keratotomy. 
In their case, thin vacuolar anterior subcapsular opacity 
was observed on the first postoperative day and gradually 
decreased during the follow-ups. It was speculated that the 
transient permeability changes caused by the instantaneous 
exposure to distilled water should be responsible for the 
reversible lens injuries[18]. In the present study, the anterior lens 
capsules exposed to DisCoVisc had larger intercellular spaces 
between LECs and more extensive cytoplasmic vacuoles in 
LECs. Although the mechanism cannot be clearly explained, 
we speculate that certain properties of DisCoVisc might 
damage the cellular junction, induce an increase in paracellular 
permeability, and lead to the intraoperatively observed 
subcapsular vacuoles. Since the repair potential of LECs could 
be activated in certain microenvironments[20-21], we believe that 
the lens vacuoles in our cases gradually disappeared with the 
recovery of LECs.  
Limitations and Recommendations  When interpreting this 
study, the following two limitations should be considered. 
First, since the anterior capsules of the PPM patients were 
unavailable due to the perseveration of the injured lens, the 
anterior capsules of cataract patients exposed to OVDs were 
obtained for TEM instead, which can not entirely reflect the 
pathological changes of the lens in PPM cases. Second, the 
lens capsules might be traumatized by surgical instruments 
during the surgery. However, all cataract patients underwent 
cataract surgery by the same experienced ophthalmologist; 
therefore, we believe that the possible damage in the lens 
capsules is minimized and comparable among cataract patients. 
Third, since the sample size of the current study is limited, 
further relevant studies including more cases are still warranted 
to verify our findings.
Despite the limitations in this current study, to our knowledge, 
this was the first study to report transient lens vacuoles 
possibly related to DisCoVisc exposure and provide the 
corresponding pathological findings. To avoid this event, 
a meticulous selection of OVDs is required during OVD 
injection, and dispersive OVDs should be cautiously used in 
patients with transparent lenses or without the intention of lens 

Figure 5 Transmission electron microscopy observations of the 

anterior lens capsule from cataract patients  Patients 1 (A) and 2 

(B): only a few small cytoplasmic vacuoles and tight intercellular 

connections were observed in the anterior lens capsule exposed 

to IVIZ (sodium hyaluronate gel 1.0%). Patients 3 (C) and 4 (D): 

chromatin condensation, extensive cytoplasmic vacuoles and obvious 

intercellular spaces (black arrows) were observed in the anterior 

lens capsule exposed to DisCoVisc (hyaluronic acid 1.6%-chondroitin 

sulfate 4.0%).

Transient lens vacuoles and a dispersive OVD
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extraction. Furthermore, because of the reversibility of the lens 
injuries, close follow-ups instead of immediate intervention, 
such as lens extraction, are recommended once a similar event 
occurs.
ACKNOWLEDGEMENTS
Authors’ contributions: All authors contributed to the 
study conception and design. Material preparation and data 
collection were performed by Zhou Y and Chen W. Data 
analysis was performed Zhang Y, Lin ZL and Li J. The first 
draft of the manuscript was written by Zhou Y. Chen H and 
Chen WR commented on previous versions of the manuscript. 
All authors read and approved the final manuscript.
Foundations: Supported by the National Key R&D Program 
of China (No.2020YFC2008200); the National Natural 
Science Foundation of China (No.81970778; No.82271066; 
No.81970813); the Natural Science Foundation of Guangdong 
Province (No.2023A1515011198); Guangzhou Municipal 
Science and Technology Project (No.SL2022A03J00553).
Conflicts of Interest: Zhou Y, None; Chen W, None; Zhang 
Y, None; Lin ZL, None; Li J, None; Chen H, None; Chen 
WR, None.
REFERENCES

1 Borkenstein AF, Borkenstein EM, Malyugin B. Ophthalmic 

viscosurgical devices (OVDs) in challenging cases: a review. 

Ophthalmol Ther 2021;10(4):831-843.

2 Watanabe I, Hoshi H, Sato M, Suzuki K. Rheological and adhesive 

properties to identify cohesive and dispersive ophthalmic viscosurgical 

devices. Chem Pharm Bull 2019;67(3):277-283.

3 Oshika T, Bissen-Miyajima H, Fujita Y, et al. Prospective randomized 

comparison of DisCoVisc and Healon5 in phacoemulsification and 

intraocular lens implantation. Eye (Lond) 2010;24(8):1376-1381.

4 Modi SS, Davison JA, Walters T. Safety, efficacy, and intraoperative 

characteristics of DisCoVisc and Healon ophthalmic viscosurgical 

devices for cataract surgery. Clin Ophthalmol 2011;5:1381-1389.

5 Espíndola RF, Castro EFS, Santhiago MR, Kara-Junior N. A clinical 

comparison between DisCoVisc and 2% hydroxypropylmethylcellulose 

in phacoemulsification: a fellow eye study. Clinics (Sao Paulo) 

2012;67(9):1059-1062.

6 Wüst M, Matten P, Nenning M, Findl O. Thickness of the protective 

layers of different ophthalmic viscosurgical devices during lens surgery 

in a porcine model. Trans Vis Sci Tech 2022;11(2):28.

7 Li B, Chen L, Chen YH, Lu JJ, Liu H, Liu Y, Yao PP, Liu R, Sheng MJ. 

The injection of DisCoVisc into the anterior chamber improved corneal 

preservation and transplantation for cornea blind patients. Am J Transl 

Res 2017;9(9):4104-4110.

8 Kim J, Lee HJ, Park IW, Kwon SI. Comparison of floaters after cataract 

surgery with different viscoelastics. Int J Med Sci 2018;15(3):223-227.

9 Ungricht EL, Harris JT, Jensen NR, Barlow WR, Murri MS, 

Olson RJ, Pettey JH. Effect of low and passive flow on OVD 

thermal properties during phacoemulsification. Can J Ophthalmol 

2022:S0008-S4182(22)00193-4.

10 Juan Gros-Otero, Ines Contreras-Martin, Jorge García-Pérez, Francisco 

Javier Hurtado-Ceña, Laureano Álvarez-Rementería. Lens vacuoles 

during phakic intraocular lens implantation. J Emmetropia 

2014;5:201-203.

11 Chung JK, Shin JH, Lee SJ. Transient anterior subcapsular vacuolar 

change of the crystalline lens in patients after posterior chamber 

phakic intraocular lens implantation. BMC Ophthalmol 2013;13:61.

12 Lončar S. Developing a cataract handbook for optometrists, 

Hochschule Aalen; 2022.

13 Choe WS, Kim M, Kim TG. Spontaneous resolution of a unilateral 

cataract in an adult. Medicine (Baltimore) 2022;101(25):e29466.

14 Park JH. Transient bilateral cataract during intensive glucose control: a 

case report. J Med Case Rep 2017;11(1):107.

15 Su ZT, Ye PP, Ma J, Zhang L, Chen ZQ, Lin JJ, Fang XY, Wang Y. 

Spontaneous resolution of traumatic cataract after removal of a ferrous 

intravitreal foreign body using external magnetic extraction through a 

pars Plana incision. Int J Ophthalmol 2021;14(5):783-786.

16 Zhang YT, Du LQ, Liu M, Zhu J. Spontaneous resolution of a 

traumatic cataract in a patient with an open-globe ocular injury: a case 

report. BMC Ophthalmol 2020;20(1):1-4.

17 Bansal A, Fenerty CH. Spontaneous resolution of a rapidly formed 

dense cataract following Nd:YAG laser peripheral iridotomy in a case 

of pigmentary glaucoma. J Glaucoma 2020;29(4):322-325.

18 Yang YH, Kim BK, Mun SJ, Choi HT, Chung YT. Reversible cataract 

after exposure to distilled water: a case report. BMC Ophthalmol 

2018;18(1):1-6.

19 Pau H. Cortical and subcapsular cataracts: significance of physical 

forces. Ophthalmologica 2005;220(1):1-5.

20 Lin HT, Ouyang H, Zhu J, et al. Lens regeneration using endogenous 

stem cells with gain of visual function. Nature 2016;531(7594): 

323-328.

21 Liu Z, Huang S, Zheng Y, Zhou T, Hu L, Xiong L, Li DW, Liu Y. 

The lens epithelium as a major determinant in the development, 

maintenance, and regeneration of the crystalline lens. Prog Retin Eye 

Res 2023;92:101112.


	OLE_LINK87
	OLE_LINK238
	OLE_LINK237
	OLE_LINK54
	OLE_LINK28
	OLE_LINK29
	OLE_LINK203
	OLE_LINK204
	OLE_LINK73
	OLE_LINK72
	OLE_LINK75
	OLE_LINK74
	OLE_LINK70
	OLE_LINK69
	OLE_LINK99
	OLE_LINK71
	OLE_LINK98
	OLE_LINK96
	OLE_LINK95
	OLE_LINK97
	OLE_LINK51
	OLE_LINK50
	OLE_LINK79
	OLE_LINK78
	OLE_LINK4
	OLE_LINK2
	OLE_LINK3
	OLE_LINK214
	OLE_LINK81
	OLE_LINK80
	OLE_LINK83
	OLE_LINK82
	OLE_LINK85
	OLE_LINK84
	OLE_LINK86
	OLE_LINK23
	OLE_LINK59
	OLE_LINK89
	OLE_LINK90
	OLE_LINK92
	OLE_LINK91
	OLE_LINK32
	OLE_LINK253
	OLE_LINK252
	OLE_LINK5
	OLE_LINK93
	OLE_LINK94
	OLE_LINK256
	OLE_LINK257
	OLE_LINK101
	OLE_LINK100
	OLE_LINK206
	OLE_LINK208
	OLE_LINK202
	OLE_LINK22
	OLE_LINK33
	OLE_LINK210
	OLE_LINK209
	OLE_LINK211
	OLE_LINK6
	OLE_LINK21
	OLE_LINK113
	OLE_LINK114
	OLE_LINK116
	OLE_LINK115
	OLE_LINK66
	OLE_LINK260
	OLE_LINK261
	OLE_LINK52
	OLE_LINK60
	OLE_LINK117
	OLE_LINK118
	OLE_LINK138
	OLE_LINK137
	OLE_LINK120
	OLE_LINK119
	OLE_LINK121
	OLE_LINK122
	OLE_LINK125
	OLE_LINK126
	OLE_LINK140
	OLE_LINK139
	OLE_LINK64
	OLE_LINK63
	OLE_LINK222
	OLE_LINK216
	OLE_LINK207
	OLE_LINK150
	OLE_LINK149
	OLE_LINK152
	OLE_LINK151
	OLE_LINK262
	OLE_LINK154
	OLE_LINK153
	OLE_LINK155
	OLE_LINK156
	OLE_LINK40
	OLE_LINK158
	OLE_LINK157
	OLE_LINK160
	OLE_LINK159
	OLE_LINK161
	OLE_LINK162
	OLE_LINK165
	OLE_LINK166
	OLE_LINK7
	OLE_LINK167
	OLE_LINK168
	OLE_LINK170
	OLE_LINK169
	OLE_LINK171
	OLE_LINK172
	OLE_LINK173
	OLE_LINK174
	OLE_LINK175
	OLE_LINK180
	OLE_LINK181
	OLE_LINK179
	OLE_LINK178
	OLE_LINK184
	OLE_LINK185
	OLE_LINK183
	OLE_LINK182
	OLE_LINK187
	OLE_LINK186
	OLE_LINK188
	OLE_LINK189
	OLE_LINK62
	OLE_LINK191
	OLE_LINK190
	OLE_LINK192
	OLE_LINK193
	OLE_LINK61
	OLE_LINK196
	OLE_LINK44
	OLE_LINK47
	OLE_LINK263
	OLE_LINK265
	OLE_LINK264
	_Hlk142143599
	_Hlk115121594
	_Hlk114346990
	_Hlk119662836
	_Hlk142554347
	_Hlk146132229
	_Hlk142554758
	_Hlk142554285
	_Hlk119656512
	_Hlk117537970
	_Hlk115121129
	_Hlk142033663
	_Hlk142554406
	_Hlk117538097
	_Hlk117538086
	_Hlk117538058
	_Hlk117538134
	_Hlk115675647
	_Hlk117606492
	_Hlk117538121
	_Hlk142555120
	_Hlk115597090
	_Hlk117538338
	_Hlk115597636
	_Hlk115617701
	_Hlk118103787
	_Hlk142554897
	_Hlk115597612
	_Hlk119228392
	_Hlk119228434
	_Hlk118103816
	_Hlk117620384
	_Hlk118103835
	_Hlk115676028
	_Hlk115725764
	_Hlk115708376
	_Hlk115676050
	_Hlk118103860
	_Hlk118103851
	_Hlk115728992
	_Hlk119228898
	_Hlk119229058
	_Hlk119228867
	_Hlk118103896
	_Hlk118103888
	_Hlk142554225
	_Hlk146984221
	_Hlk147570669
	OLE_LINK19
	_Hlk108183234
	OLE_LINK13
	_Hlk16518107
	_Hlk790823
	_Hlk89787106
	_ENREF_32
	_Hlk145944186
	OLE_LINK3
	_Hlk95930088
	_Hlk96328891
	_Hlk96678829
	_Hlk96678854
	_Hlk497904036
	_Hlk93659324
	OLE_LINK5
	OLE_LINK1
	OLE_LINK28
	_Hlk147909094
	OLE_LINK4
	_Hlk96358902
	_Hlk146283216
	_Hlk146283258
	OLE_LINK6
	OLE_LINK27
	_Hlk95989978
	_Hlk144457635
	_Hlk144457619
	_Hlk144457628
	_Hlk144457736
	OLE_LINK6
	OLE_LINK3
	_Hlk142853514
	OLE_LINK1
	OLE_LINK2
	OLE_LINK11
	OLE_LINK4
	OLE_LINK7
	OLE_LINK5
	OLE_LINK8
	OLE_LINK9
	OLE_LINK1
	_Hlk117934605
	_Hlk118754015
	_Hlk143540422
	_Hlk119250124
	_Hlk143550641
	_Hlk119486946
	_Hlk143550827
	_Hlk143540463
	_Hlk143551302
	_Hlk116466203
	_Hlk143551407
	_Hlk143551429
	_Hlk116466350
	_Hlk116466410
	_Hlk146125151
	OLE_LINK50
	OLE_LINK66
	_Hlk148015031
	OLE_LINK51
	_Hlk89389097
	OLE_LINK16
	OLE_LINK15
	OLE_LINK18
	OLE_LINK17
	OLE_LINK19
	OLE_LINK14
	OLE_LINK21
	OLE_LINK20
	OLE_LINK22
	OLE_LINK41
	OLE_LINK28
	OLE_LINK13
	OLE_LINK25
	OLE_LINK46
	OLE_LINK44
	OLE_LINK49
	OLE_LINK37
	OLE_LINK47
	OLE_LINK48
	OLE_LINK29
	OLE_LINK30
	OLE_LINK45
	OLE_LINK2
	OLE_LINK1
	OLE_LINK10
	OLE_LINK23
	OLE_LINK69
	OLE_LINK70
	OLE_LINK56
	OLE_LINK61
	OLE_LINK60
	OLE_LINK35
	OLE_LINK36
	OLE_LINK34
	OLE_LINK33
	OLE_LINK62
	OLE_LINK64
	OLE_LINK53
	OLE_LINK54
	OLE_LINK52
	OLE_LINK24
	OLE_LINK26
	OLE_LINK27
	OLE_LINK38
	OLE_LINK43
	_ENREF_7
	_ENREF_16
	OLE_LINK3
	OLE_LINK5
	OLE_LINK73
	OLE_LINK74
	OLE_LINK75
	OLE_LINK8
	OLE_LINK45
	OLE_LINK5
	OLE_LINK249
	OLE_LINK250
	OLE_LINK257
	OLE_LINK258
	OLE_LINK261
	OLE_LINK81
	OLE_LINK82
	OLE_LINK309
	OLE_LINK310
	_Hlk147743471
	OLE_LINK53
	OLE_LINK295
	OLE_LINK296
	OLE_LINK297
	OLE_LINK298
	OLE_LINK299
	OLE_LINK300
	_Hlk108183234
	OLE_LINK51
	OLE_LINK17
	OLE_LINK18
	OLE_LINK19
	OLE_LINK54
	OLE_LINK55
	OLE_LINK70
	OLE_LINK73
	OLE_LINK21
	OLE_LINK3
	OLE_LINK7
	OLE_LINK29
	OLE_LINK30
	OLE_LINK46
	OLE_LINK47
	OLE_LINK48
	OLE_LINK49
	OLE_LINK62
	OLE_LINK26
	OLE_LINK25
	OLE_LINK24
	OLE_LINK282
	OLE_LINK283
	OLE_LINK9
	OLE_LINK10
	OLE_LINK11
	_Hlk110433571
	_Hlk103182019
	_Hlk103245738
	OLE_LINK13
	OLE_LINK116
	_Hlk110461334
	OLE_LINK15
	OLE_LINK61
	OLE_LINK64
	OLE_LINK14
	_Hlk106655404
	OLE_LINK16
	_Hlk106650786
	OLE_LINK31
	OLE_LINK35
	OLE_LINK111
	OLE_LINK4
	OLE_LINK36
	OLE_LINK39
	_Hlk106824856
	OLE_LINK33
	OLE_LINK34
	OLE_LINK52
	OLE_LINK56
	OLE_LINK59
	OLE_LINK57
	OLE_LINK60
	OLE_LINK65
	OLE_LINK58
	OLE_LINK27
	OLE_LINK50
	OLE_LINK418
	OLE_LINK419
	OLE_LINK32
	OLE_LINK37
	OLE_LINK420
	OLE_LINK421
	OLE_LINK407
	OLE_LINK408
	OLE_LINK411
	OLE_LINK412
	OLE_LINK142
	OLE_LINK141
	OLE_LINK425
	OLE_LINK426
	OLE_LINK167
	OLE_LINK166
	OLE_LINK103
	OLE_LINK102
	OLE_LINK52
	OLE_LINK53
	OLE_LINK94
	OLE_LINK95
	OLE_LINK92
	OLE_LINK93
	OLE_LINK26
	OLE_LINK70
	OLE_LINK71
	OLE_LINK1
	OLE_LINK2
	OLE_LINK75
	OLE_LINK76
	OLE_LINK77
	OLE_LINK152
	OLE_LINK151
	OLE_LINK9
	OLE_LINK10
	OLE_LINK5
	OLE_LINK6
	OLE_LINK16
	OLE_LINK21
	OLE_LINK165
	OLE_LINK168
	OLE_LINK176
	OLE_LINK175
	OLE_LINK107
	OLE_LINK110
	OLE_LINK178
	OLE_LINK177
	OLE_LINK87
	OLE_LINK86
	OLE_LINK197
	OLE_LINK198
	OLE_LINK188
	OLE_LINK187
	OLE_LINK3
	OLE_LINK4
	OLE_LINK27
	OLE_LINK46
	OLE_LINK205
	OLE_LINK206
	OLE_LINK207
	OLE_LINK208
	OLE_LINK210
	OLE_LINK209
	OLE_LINK212
	OLE_LINK211
	OLE_LINK7
	OLE_LINK8
	OLE_LINK85
	OLE_LINK84
	OLE_LINK12
	OLE_LINK11
	OLE_LINK409
	OLE_LINK410
	OLE_LINK435
	OLE_LINK436
	OLE_LINK437
	OLE_LINK438
	Quantitative analysis of optic disc changes in school-age children with ametropia based on artificial intelligence
	Fang Liu1, Xing-Hui Yu1, Yu-Chuan Wang1, Miao Cao1, Lian-Feng Xie2, Jing Liu2, Lin-Lin Liu2

	Association analysis of BclI with benign lymphoepithelial lesions of the lacrimal gland and glucocorticoids resistance
	Xu-Juan Zhang1,2, Peng-Xiang Zhao1,2, Ming-Shen Ma3, Hao Wu1,2, Rui Liu3, Hui Wang1,2,4, Meng-Yu Liu1,2, Fei Xie1,2, Xue-Mei Ma1,2

	In vitro protective effect of recombinant Prominin-1 combined with microRNA-29b on N-methyl-D-aspartate-induced excitotoxicity in retinal ganglion cell-5 cells
	Jun-Hua Li1,2, Guan-Shun Yu1,2, Yu-Da Wang1,2, Tian-Kun Li3

	Bioinformatics and in vitro study reveal the roles of microRNA-346 in high glucose-induced human retinal pigment epithelial cell damage
	Peng Li1, Li Wang2, Qing Liu1, Zhao-Jiang Du3

	Therapeutic effect of folic acid combined with decitabine on diabetic mice
	Gang Du1, Yong Yan2, Jun-Feng Gao3, Chun-Yan Guo4, Xiao Shen1, Xun-Wen Lei1

	Comparison of visual performance with iTrace analyzer following femtosecond laser-assisted cataract surgery with bilateral implantation of two different trifocal intraocular lenses
	Rui-Hong Ju, Hao-Kun Qu, Zhe-Ming Wu, Yun Chen, Li-Nan Wu, Yuan Long, Zheng Wang

	Comparison of three fundus inspection methods during phacoemulsification in diabetic white cataract
	Shu Su, Jian Wu, Min Ji, Yu Guan, Yao Shen, Huai-Jin Guan

	Pupillary capture following sutureless scleral-fixated intraocular lens in children with Marfan syndrome
	Dong-Mei Qi, Shu-Jia Huo, Tao Yu

	Transient vacuolar changes of the crystalline lens in patients using a dispersive ophthalmic viscosurgical device
	Yue Zhou, Wan Chen, Yu Zhang, Zhuo-Ling Lin, Jing Li, Hui Chen, Wei-Rong Chen

	Long-term efficacy and safety of YAG laser vitreolysis for vision degrading myodesopsia
	Tie-Zhu Lin1,2, Cheng Shi2, Xing Yang2, Emmanuel Eric Pazo2, Yan-Nian Hui3, Li-Jun Shen1

	Efficacy and safety of deep sclerectomy with uveoscleral implant plus collagen matrix implant overcoming the superficial scleral flap in glaucoma surgery
	Jéssica Botella-García1,2,3, Marta Balboa1, Pau Romera-Romero1,3, Theo Stijnen4, Adrián Sánchez-Fortún1, Karl Mercieca5, Jordi Loscos-Arenas1,3,6

	Choroidal thickness measurements in young Saudi adult population: a cross-sectional study
	Mohammed M Althomali, Ahmed A Alharbi, Nouf M Albnayan, Abdulaziz M Alkhudhair, Muteb K Alanazi

	First contact investigations and compliance to treatment in patients with uveitis
	Anuja Patil, Sanjeev Gupta, Pradeep Venkatesh, Mousumi Banerjee, Vinod Kumar, Rohan Chawla, Shorya Vardhan Azad, Atul Kumar

	Retinal pigment epithelium–Bruch’s membrane volume in grading of age-related macular degeneration
	Fabian Kananen1,2, Ilkka Immonen2,3

	Changes in corneal biomechanics and posterior corneal surface elevation after FS-LASIK
	Zhong-Ji Li, Chen Yang, Su-Han Liu, Jiao Guo, Yu-Hui Duan

	Effectiveness and the nomogram of small incision lenticule extraction in the correction of myopic anisometropia in adults
	Tong Zhang1, Lu Zhu1,2, Hang-Jia Zuo1,2, Zhi-Jun Chen1,2, Yan Ji1,2, Xin Yang1,2, Xiao-Rong Lu1,2, Qiong Wu1,2, Qing Wang1,2, Jiu-Yi Xia1,2, Meng Li1,2, Chun-Jiang Zhou1,2, Yao Wang1,2, Ke Hu1,2, Wen-Juan Wan1,2

	Effectiveness of toric soft contact lenses for vision correction in patients with different degrees of astigmatism: a real-world study
	Guo-Yun Zhang, Lu Ye, Wen-Jun Wang, Yi-Ming Guo, Jun-Han Wei, Mei-Xia Ren

	Analysis of independent risk factors for acute acquired comitant esotropia
	Jie Cai1, Wei-Xia Lai2, Xia Li1, Qin Li1, Ying Cai3, Jin-Mao Chen1

	Retinal thickness and fundus blood flow density changes in chest pain subjects with dyslipidemia
	Jin Wang1, Yu-Cen Wang2, Pei Zhang2,3, Xin Wang2, Rong-Rong Zong4, Jing Jiang2, Yu Zhang2, Yi-Wen Qian2, Qing-Jian Li2, Zhi-Liang Wang2

	Development of a new 17-item Asthenopia Survey Questionnaire using Rasch analysis
	Na Lin1, Xiao-Man Li1, Mao-Yuan Yang2, Li Tian2, Zhi-Hua Li2, Jie-Li Mao2, Jia-Fang Zhang2, Jie Chen1, Fan Lyu1, Ru-Zhi Deng1

	Axial length and anterior chamber indices in elderly population: Tehran Geriatric Eye Study
	Hassan Hashemi1, Samira Heydarian2, Alireza Hashemi3, Mehdi Khabazkhoob4

	Role of lymphotoxin alpha as a new molecular biomarker in revolutionizing tear diagnostic testing for dry eye disease
	Chao-Ran Li

	Research progress on animal models of corneal epithelial-stromal injury
	Li-Rui Liu1,2,3, Dan Chen1,2,3, Si-Ting Sheng1,2,3, Jing-Wei Xu1,2,3, Wen Xu1,2,3

	Therapeutic potential of iron chelators in retinal vascular diseases
	Yan Li1,2, Zi-Xuan Cheng1, Ting Luo1,2, Hong-Bin Lyu1


