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Abstract

e AIM: To evaluate the safety and efficacy of
posterior scleral application (a modified technique)
of an antimetabolite mitomycin C-soaked sponge in
trabeculectomy for patients with glaucoma.

e METHODS: This retrospective study included 101
patients (115 eyes) with glaucoma (aged 12-83y) who
underwent trabeculectomy using a modified mitomycin
C-soaked sponge placement method. A piece of 3.5x10 mm?
sponge was placed vertically and posteriorly with the
long side perpendicular to the limbus. The mitomycin C
concentration and exposure time were 0.2-0.5 mg/mL
and 1-5min, respectively. Intraocular pressure, best-
corrected visual acuity, and hypotensive medications were
recorded at baseline and at the final visit. Complications,
interventions required, and bleb morphology were recorded
postoperatively. The primary outcome was trabeculectomy
safety, including complications and bleb morphology; the
secondary outcome was the trabeculectomy success rate.

e RESULTS: At the final follow-up [median 28mo, range
7-67mo and interquartile range (IQR) 13mo], the qualified
(cumulative) success rate was 93.0% and the complete
success rate was 60.0%. No bleb-related complications
were observed. The mean height, extent, and vascularity
grades were 0.6£0.9, 1.1+0.4, and 2.4+0.9, respectively.
All Seidel tests were negative. The mean posteriority grade
was 0.8+£0.4.

o CONCLUSION: Trabeculectomy with the long side of a
mitomycin C-soaked sponge placed perpendicular to the
corneal limbus is safe and effective.

o KEYWORDS: glaucoma; mitomycin C; posterior scleral
application; trabeculectomy; bleb morphology
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INTRODUCTION

rabeculectomy remains the mainstay of glaucoma
T surgery since its first introduction over 50 years ago'".
Although trabeculectomy can effectively reduce intraocular
pressure (IOP), postoperative surgical failure with episcleral
scarring can be problematic. The use of antifibrotic drugs,
particularly mitomycin C (MMC), has greatly improved the
success rate of trabeculectomy” ™.
However, there are considerable variations regarding the
method of application of MMC in trabeculectomy. Previous
studies have reported the following methods of application:
an irregular-shaped and oversized MMC-soaked sponge'”,
transverse placement of an MMC-soaked sponge!, MMC
subconjunctival injection™, and the use of an excessively
high concentration of MMC'®. In view of the lack of cell
specificity of MMC", these methods can lead to limited
reoperation area due to excessive conjunctival injury; bleb-
related complications, including bleb leakage, blebitis, and

bleb perforation®""; and corneal conjunctivalization.
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To avoid or reduce the complications or disadvantages
mentioned above, we proposed a modified technique
consisting of posterior scleral application of an MMC-soaked
sponge, which reduced the size of the conjunctival wound in
trabeculectomy. In this technique, a sponge with a dimension
of 3.5x10 mm” soaked with MMC was placed vertically and
posteriorly within the sub-Tenon space and under the scleral
flap!"?. The current study evaluated the safety and efficacy of a
modified trabeculectomy in which the MMC is applied to the
sclera more posteriorly than usual.

SUBJECTS AND METHODS

Ethical Approval The study was conducted in accordance
with the Declaration of Helsinki and approved by the Ethics
Committee of the Zhongshan Ophthalmic Center (protocol
code 2021KYPJO08 and 2021/03/23 of approval). Informed
consent was obtained from all subjects involved in the study.
Research data are not publicly available on legal or ethical grounds.
A retrospective chart review was conducted for all patients
who underwent trabeculectomy performed by one surgeon
(Zhang XL) at the Zhongshan Ophthalmic Center of Sun Yat-
sen University between January 2016 and November 2021.
Diagnostic criteria for primary angle-closure glaucoma were
an elevated IOP of >21 mm Hg on more than three occasions,
occludable angles with peripheral anterior synechiae extending
over at least 180°, the presence of optic nerve cupping greater
than 0.7, and corresponding glaucomatous visual field
changes'"”. Primary open angle glaucoma or juvenile open
angle glaucoma (JOAG) was diagnosed in the presence of a
chronically elevated IOP of >21 mm Hg on more than three
occasions with an open angle, optic nerve cupping greater than
0.7, and corresponding glaucomatous visual field changes!"*"*.
JOAG was defined as a diagnosis after the age of 4y, but before
the age of 40y""”". Secondary glaucomas had a chronically
elevated IOP of >21 mm Hg on more than three occasions,
an associated ocular or systemic cause, and optic nerve
cupping greater than 0.7, and corresponding glaucomatous
visual field changes, where possible!"”. The patients were
consecutively enrolled in the study. The inclusion criterion
was trabeculectomy using the modified MMC-soaked sponge
placement method from 2016 to 2021.

The exclusion criteria were trabeculectomy using other MMC
application methods, previous glaucoma surgery, any history
of ocular trauma, any ocular diseases that might affect visual
acuity, pregnancy or lactation, and an unwillingness or inability
to provide consent.

Surgical Procedure All surgeries were performed under
local or general anesthesia, depending on the patient’s general
health status and the estimated duration of the procedure for
each case. Nineteen eyes underwent general anesthesia at the
anesthesiology department, and 96 eyes were treated with
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Figure 1 Key steps in the posterior scleral application of an MMC-
soaked sponge A: A 3.5 mm x10 mm piece of MMC-soaked sponge
(0.2-0.5 mg/mL) is prepared for insertion into the conjunctival bed;
B: The MMC-soaked sponge is vertically and posteriorly inserted into
the conjunctival bed without touching the edge of the incision or the
cornea; C: The MMC-soaked sponge is shown after insertion. The
sponge is placed for 1-5min to form a posteriorly-directed filtering

tunnel. MMC: Mitomycin C.

local anesthesia by the surgeon. The eye was sterilized with
povidone-iodine, rinsed with a balanced salt solution, and
covered with a sterile drape. After a lid speculum was placed,
a 7-0 silk traction suture was placed through the superior
clear cornea. A conjunctival flap was performed for one clock
hour in the superior quadrant at the 12 o’clock position.
Blunt dissection of Tenon’s capsule was performed to expose
sufficient sclera posteriorly. Electrocautery was used to control
episcleral bleeding. A 4 mm x3 mm superficial (12 o’clock)
scleral flap of one-half or two-thirds thickness was created. A
piece of 3.5 mm *x10 mm MMC-soaked sponge (0.2-0.5 mg/mL)
was made by trimming the Medical Absorbent Pad (Winner,

Guangdong, China)"*

. The sponge was inserted vertically and
posteriorly into the sub-Tenon space (Figure 1) with the long side
of the sponge placed posteriorly and superiorly towards the
superior rectus but without touching the rectus. Videos of the
detailed surgical techniques can be viewed using the two links
provided in a prior study (https://links.lww.com/APJO/A107
and https:/links.Iww.com/APJO/A108)!"?. After 1—5min, the
sponges were removed, and the scleral bed was irrigated with
150-200 mL of balanced salt solution.

A sclerotrabecular block of tissue was excised using scissors,
followed by peripheral iridectomy. The scleral flap was
secured with four 10-0 nylon fixed sutures or two 10-0
nylon fixed sutures and two 10-0 nylon releasable sutures.
The knots were buried, and the conjunctiva was closed with
two 8-0 absorbable sutures. Releasable sutures were used if
the conjunctiva and Tenon’s capsule were thick or opaque.
Tobramycin/dexamethasone ointment was applied at the end of
the surgery.

The exact concentrations and durations of MMC were
individualized. If the patient had a high risk of failure
(including glaucoma associated with uveitis, congenital and
developmental glaucoma, and young age <30y) then higher
concentrations of MMC and longer exposure times were used.
However, for older patients and for those with conjunctival

thinning, the lowest concentrations of MMC and shortest
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exposure times were chosen to minimize the risk of bleb
leakage and hypotony. In the present study, the maximum
concentration of MMC and the longest exposure time were
used in almost all JOAG patients.

Postoperative management comprised topical 1% prednisolone
acetate four times per day and tobramycin/dexamethasone eye
ointment at night for 1mo. Suture laser lysis, releasable suture
removal, or MMC injection was performed postoperatively,
according to the bleb morphology and IOP. Within one month
after surgery, if the patient’s IOP has a tendency to increase,
the IOP will decrease following massage. After the evaluation
by the ophthalmologist, laser suture lysis or releasable suture
removal will be considered to adjust the IOP to an appropriate
degree. MMC was administered as a subconjunctival injection
(0.02 mg/mL and 0.1 mL).

Data Collection and Outcome Measurement Baseline
demographic and clinical information were collected,
including medical history, ocular history, number of
hypotensive medications, best-corrected visual acuity (BCVA),
Goldmann applanation tonometry, gonioscopy, slit-lamp
examination, fundus examination, standardized automated
perimetry (Humphrey visual field analyzer, model 750; Carl
Zeiss Meditec, Jena, Germany), and corneal endothelial cell
density (Topcon SP-2000P; Topcon, Tokyo, Japan). Data
were collected on a standardized form at the final visit. The
final postoperative visit included BCVA measurements, slit-
lamp examination, Goldmann applanation tonometry, number
of hypotensive medications, corneal endothelial cell density,
slit-lamp photos of blebs (Sunkingdom LS-7DE Slitlamp,
Sunkingdom, Chongqing, China), complications, and required
interventions. BCVA was measured using Early Treatment
Diabetic Retinopathy Study visual acuity charts and converted
to visual acuity logarithm of the minimum (logMAR) for analysis.
The primary outcome was the safety of trabeculectomy,
including complications and bleb morphology, according
to the Indiana Bleb Appearance Grading Scale (IBAGS)"“.
The secondary outcome was the success of trabeculectomy.
Complete success was defined as a postoperative [OP between
6 and 21 mm Hg and IOP reduction of 20% or more from
baseline, with no need for IOP-lowering medication"”",
Qualified (cumulative) success was defined as a postoperative
IOP between 6 and 21 mm Hg and IOP reduction of 20%
or more from baseline, with or without IOP-lowering
medication' """, Failure was defined as IOP of >21 mm Hg
with maximum medications or need for reoperation or serious
complications that threatened vision.

Bleb Morphology Grading Based on slit-lamp photographs,
bleb morphology was graded according to the IBAGS!"?,
which included bleb height (HO-H3), extent (E0—E3),
vascularity (V0-V4), leakage (S0-S2), and posteriority (PO—

P1). The latter was added to describe the posteriority of the
bleb, which was defined as the ratio of the distance from the
bleb midpoint at the limbal edge to the distal border of the
bleb, compared with the distance to the superior rectus (PO,
ratio <1/2; P1, ratio >1/2; Figure 2). Three masked clinicians
graded the photos; if the first two graders (Song YH and Lin
FB) provided different scores, a third senior ophthalmologist
(Zhang XL) adjudicated.

Statistical Analysis Continuous variables are reported
as means and standard deviations or medians and
interquartile ranges. Categorical variables are reported as
counts (percentages). IOP values pre- and post-surgery are
represented using box plots, and significance was determined
using the paired f-test. The distribution of the number of
medications was illustrated by a histogram, and significance
was determined using the paired Wilcoxon signed-rank test.
Statistical significance was set at P-values of <0.05. All
statistical analyses were performed using SPSS software (SPSS
Statistics for Macintosh version 26.0; IBM, Armonk, NY,
USA).

RESULTS

Baseline Characteristics and Clinical Information A total
of 115 eyes of 101 patients were included in the study. The
mean age was 51.9+14.9y. The study included 63 (62.4%)
males. Patients were diagnosed with primary open angle
glaucoma (25, 21.7%), primary angle-closure glaucoma
(54, 47.0%), JOAG (29, 25.2%), pigmentary glaucoma (1,
0.9%), and others (6, 5.2%). The preoperative median BCVA
(logMAR) was 0.2 (0.9), the mean IOP was 30.0+9.5 mm Hg,
and the median number of anti-glaucoma medications was 3 (1).
The median follow-up time was 28.0 (13.0)mo. Nineteen eyes
were treated with general anesthesia and 96 eyes were treated
with local anesthesia. The mean MMC concentration was
0.4+0.1 mg/mL. Concentration <0.3 mg/mL was used in
39 eyes and >0.3 mg/mL was used in 76 eyes. The mean
MMC exposure time was 3.94+0.9min (Table 1).

Surgical Outcomes The mean IOP decreased significantly
from 30.0+9.5 mm Hg at baseline to 17.3£3.3 mm Hg at
the final visit (P<0.001; Figure 3). The median number of
anti-glaucoma medications decreased significantly from
3 (1) preoperatively to 0 (2) postoperatively. The number
of medications used by patients is shown in Figure 4. The
qualified (cumulative) success rate was 93.0% and the
complete success rate was 60.0%. The failure rate was 7.0%.
The success rates of general and local anesthesia were 94.7%
and 92.7%, respectively. There was no significant difference
between the general and local anesthesia groups (P>0.05).
Bleb Morphologic Features The morphological distributions
and features of blebs are detailed in Table 2. At the final visit,
most blebs were graded as flat HO (73, 63.5%), limited El
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Figure 2 Schematic diagram of P indicator (PO-P1) A: Ratio of the
distance from the bleb midpoint at the limbal edge to the distal
border of the bleb, compared with the distance to the superior
rectus. PO, Ratio <1/2; P1, ratio >1/2; B: Example of PO ratio <1/2; C:
Example of P1 ratio >1/2.

Figure 3 Box plots of intraocular pressure measurements The
horizontal line in the middle of each box represents the median
value. The top and bottom borders of the box indicate the 75" and

25" percentiles, respectively.

Figure 4 Number of medications received preoperatively and at the

final postoperative visit.

(100, 87.0%), moderately vascularized V3 (67, 58.3%), no
leak SO (115, 100%), and posteriorly directed P1 (96, 83.5%).
The mean height, extent, and vascularity grades were 0.6+0.9,
1.1+0.4, and 2.4+0.9, respectively. All scores on the Seidel test
were 0. The mean posteriority was 0.8+0.4.

Complications, Postoperative Interventions, and Reoperations
The total incidence of postoperative complications was
7.0% (Table 3). One eye developed a choroidal detachment
combined with a shallow anterior chamber, and another
eye developed a hyphema. A shallow anterior chamber was
identified in six eyes. During the first month postoperatively,
44 (38.3%) eyes underwent laser suture lysis, and releasable
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Table 1 Baseline characteristics of patients n=115 eyes
Characteristic Value
Number of patients (eyes) 101 (115)

Age (y), meanSD (range) 51.9+14.9 (12-83)

Sex, n (%)
Female 38(37.6)
Male 63 (62.4)

Glaucoma type, eyes (%)

Primary open angle glaucoma 25(21.7)
Primary angle-closure glaucoma 54 (47.0)
Juvenile open angle glaucoma 29 (25.2)
Pigmentary glaucoma 1(0.9)
Others 6(5.2)
BCVA (logMAR), median (IQR) 0.2 (0.9)
I0P (mm Hg), meantSD 30.049.5
Anti-glaucoma medication, number, median (IQR) 3(1)
Follow-up time, mo, median (IQR) 28.0 (13.0)
Anesthesia method, eyes (%)
General anesthesia 19 (16.5)
Local anesthesia 96 (83.5)
MMC concentration, mg/mL, mean+SD 0.410.1
MMC exposure time, min, meanSD 3.910.9

BCVA: Best-corrected visual acuity; logMAR: Logarithm of the
minimum angle of resolution; IOP: Intraocular pressure; IQR:
Interquartile range; MMC: Mitomycin C; SD: Standard deviation.

Table 2 Distribution of bleb morphology grading scores according to

the Indiana Bleb Appearance Grading Scale n=115 eyes

Type n (%)
Height

HO: flat bleb 73 (63.5)

H1: low bleb 23 (20.0)

H2: medium bleb 15 (13.0)

H3: high bleb 4(3.5)
Horizontal extent

EO: 0—<1 clock hour 2(1.7)

E1: 1-2 clock hours 100 (87.0)

E2: >2—<4 clock hours 13 (11.3)

E3: 24 clock hours 0
Vascularity

VO: avascular cystic 3(2.6)

V1: avascular white 17 (14.8)

V2: mild vascularity 27 (23.5)

V3: moderate vascularity 67 (58.3)

V4: extensive vascularity 1(0.9)
Seidel test

S0O: no leak 115 (100)

S1: multiple pinpoint leaks 0

S2: streaming leak 0
Posteriority

PO: <1/2 19 (16.5)

P1:>1/2 96 (83.5)
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Figure 5 Bleb appearance of three typical cases using the vertical posterior MMC-soaked sponge placement method A1-A3: Diffuse illumination of

the anterior segment shows bleb of horizontal extent <2 clock hours without excessive conjunctival injury, conjunctivalization, or degeneration

of the cornea two years after trabeculectomy; B1-B3: Diffuse illumination of bleb shows a posteriorly directed and moderately vascularized

bleb, without bleb-related complications; C1-C3: Observation under a slit lamp shows a low-lying bleb, without bleb-related complications.

Table 3 Postoperative complications and interventions n=115 eyes
Parameters n (%)
Complications

Choroidal detachment 1(0.9)

Hyphema 1(0.9)

Shallow anterior chamber 6(5.2)
Interventions

Laser suture lysis 44 (38.3)

Releasable suture removal 14 (12.2)

MMC injections 5(4.4)

Needling 1(0.9)
Reoperation

Glaucoma drainage device 3(2.6)

MMC: Mitomycin C.

sutures were removed in 14 (12.2%) of the 42 eyes in which
releasable sutures had been used during surgery. Five (4.4%)
eyes underwent MMC injections postoperatively because of
the gradual increase in IOP during the early postoperative
stage, considering the tendency of bleb scarring. One (0.9%)
underwent needling due to the formation of an encapsulated
bleb. Three (2.6%) eyes underwent secondary surgery (FP7
Ahmed glaucoma valve) due to high IOP.

DISCUSSION

Trabeculectomy with posterior scleral application of an MMC-
soaked sponge was effective in reducing IOP and the number
of anti-glaucoma medications at the 28-month follow-up visit.
The qualified (cumulative) success rate was 93.0% and the
complete success rate reached 60.0%, which is similar to or
higher than those in previous studies using similar definitions

[18-23

of success to ours"**!. The incidence of complications was

7%, but no bleb-related complications were observed, which is
lower than previously reported"™*".

The success rate of trabeculectomy is influenced by several
factors, including the dose delivered to the tissues, volume,
duration of exposure, and administration of MMC"". It has
been reported that MMC applied to a larger surface area can
achieve a higher short-term decrease in IOP and a significantly
lower incidence of bleb scarring compared with MMC applied
to a smaller surface area; however, complications and injury
to the conjunctiva were seen more often when applied to the
larger surface area”. In the current study, we delivered MMC
to smaller areas than those in previous studies'****”. We also
placed the long side of the sponge perpendicular to the limbus,
instead of parallel to preferentially enhance the posterior flow
of the aqueous humor. Reducing the size of the conjunctival
wound at the limbus can preserve more conjunctiva for
reoperation, if required'”, particularly for patients at high risk
of failure.

The bleb morphology is one of the methods for us to assess
the safety and efficacy of trabeculectomy. It is closely related
to surgical complications and is also a clinical indicator of the
long-term success of trabeculectomy™’. The morphology of
the blebs was categorized as low-lying, limited, moderately
vascularized, no leak, and posteriorly directed (Figure 5);
this was consistent with the ideal morphology of blebs after
trabeculectomy”’ ", In addition, by adding a novel indicator,
posteriority (PO—P1), based on the IBAGS"®, we found that
83.5% of blebs were posteriorly directed, thus meeting the

requirements for aqueous humor drainage.
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Moreover, the modified method is relatively safe. Previous
studies'™™°

a 2% annual incidence of blebitis following trabeculectomy.

! reported a 6% annual incidence of bleb leak and

However, no bleb-related complications were observed in
our study. It has been reported that a cystic thin-walled bleb
is often associated with an increased risk of bleb-related
complications and adverse outcomes””*"". We considered that
the absence of bleb-related complications was mainly due to
the low incidence (2.6%) of cystic thin-walled blebs with our
modified method. In the modified method, more sclera was
exposed posteriorly, and the MMC-soaked sponge covered
this part of the sclera tissue; this facilitated the formation of a
posteriorly directed filtering tunnel to reduce the incidence of
cystic thin-walled blebs.

Although our modified method was safe and effective,
postoperative complications were unavoidable. For example,
one eye developed choroidal detachment combined with a
shallow anterior chamber in the early postoperative period.
We believe that this was mainly caused by older age and
low IOP after surgery””. After two weeks of treatment, the
choroid detachment and shallow anterior chamber improved.
Six eyes with a shallow anterior chamber also improved after
a month. We considered several factors, including excessive
filtering function and choroidal detachment”. Further, one
eye had a hyphema during the early postoperative period,
due to the patient’s combined hypertension*, but it resolved
spontaneously within a week without specific treatment.

Our study has several limitations. First, as we did not use a
fixed concentration of MMC, it is possible that varying doses
and exposure times of MMC could have impacted efficacy and
safety. Further studies are required to determine the optimal
concentration and exposure time for MMC. Second, this was
a single-arm study with no control group for comparison.
Another study comparing the standard and modified method
applications of MMC is underway.

In conclusion, trabeculectomy using posterior scleral
application of the antimetabolite MMC is safe and effective.
This method is innovative and novel, with minimal
complications and minimal injury to the conjunctiva, which
provides the opportunity for reoperation if needed.
ACKNOWLEDGEMENTS

Foundations: Supported by the National Natural Science
Foundation of China (No0.82070955); the Science and
Technology Program of Guangzhou (2022), China
(No0.202201020362); the High-level Hospital Construction
Project, Zhongshan Ophthalmic Center, Sun Yat-sen University
(No0.303020104).

Conflicts of Interest: Hu K, None; Song YH, None; Lin
FB, None; Zhang YZ, None; Jin L, None; Liang MY, None;
Weinreb RN, None; Zhang XL, None.

1076

REFERENCES

1 Cairns JE. Trabeculectomy. Preliminary report of a new method. Am J
Ophthalmol 1968;66(4):673-679.

2 Bell K, de Padua Soares Bezerra B, Mofokeng M, Montesano G,
Nongpiur ME, Marti MV, Lawlor M. Learning from the past:
mitomycin C use in trabeculectomy and its application in bleb-
forming minimally invasive glaucoma surgery. Surv Ophthalmol
2021;66(1):109-123.

3 Koike KJ, Chang PT. Trabeculectomy: a brief history and review of
current trends. Int Ophthalmol Clin 2018;58(3):117-133.

4 Khaw PT, Chiang M, Shah P, Sii F, Lockwood A, Khalili A. Enhanced
trabeculectomy: the moorfields safer surgery system. Dev Ophthalmol
2017;59:15-35.

5 Hung PT, Lin LL, Hsieh JW, Wang TH. Preoperative mitomycin-C
subconjunctival injection and glaucoma filtering surgery. J Ocul
Pharmacol Ther 1995;11(3):233-241.

6 Akova YA, Kog F, Yalvag I, Duman S. Scleromalacia following
trabeculectomy with intraoperative mitomycin C. Eur J Ophthalmol
1999;9(1):63-65.

7 Mearza AA, Aslanides IM. Uses and complications of mitomycin C in

ophthalmology. Expert Opin Drug Saf'2007;6(1):27-32.

Gedde SJ, Feuer WJ, Lim KS, Barton K, Goyal S, Ahmed II,

[oe]

Brandt JD. Postoperative complications in the primary tube versus
trabeculectomy study during 5 years of follow-up. Ophthalmology
2022;129(12):1357-1367.

9 Sharpe R, Pham G, Chang P. Comparison of 4b interno XEN gelatin
stent vs trabeculectomy with mitomycin C: a retrospective study. J
Curr Glaucoma Pract 2020;14(3):87-92.

10 Razeghinejad MR, Havens SJ, Katz LJ. Trabeculectomy bleb-
associated infections. Surv Ophthalmol 2017;62(5):591-610.

11 Laspas P, Wahl J, Peters H, et al. Outcome of bleb revision with
autologous conjunctival graft alone or combined with donor scleral
graft for late-onset bleb leakage with hypotony after standard
trabeculectomy with mitomycin C. J Glaucoma 2020;30(2):175-179.

12 Zhang XL, Song YH, Liebmann J, Weinreb RN. A modified technique
in applying sponge soaked with mitomycin C in trabeculectomy. Asia
Pac J Ophthalmol 2021;10(6):548-552.

13 Aung T, Crowston J. Asia Pacific Glaucoma Guidelines. 3rd ed.
Amsterdam: Kugler Publications, 2016.

14 Weinreb RN, Garway-Heath DF, Leung C, Medeiros FA, Liebmann
J. Diagnosis of Primary Open Angle Glaucoma: WGA Consensus
Series-10. Amsterdam: Kugler Publications, 2017.

15 Weinreb RN, Grajewski AL, Papadopoulos M, Grigg J, Freedman S.
Childhood Glaucoma. Amsterdam: Kugler Publications, 2013.

16 Cantor LB, Mantravadi A, WuDunn D, Swamynathan K, Cortes A.
Morphologic classification of filtering blebs after glaucoma filtration
surgery: the Indiana bleb appearance grading scale. J Glaucoma
2003;12(3):266-271.

17 Quist MS, Brown N, Bicket AK, Herndon LW. The short-term

effect of subtenon sponge application versus subtenon irrigation of



Int J Ophthalmol, Vol. 16, No. 7, Jul.18, 2023
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

mitomycin-C on the outcomes of trabeculectomy with ex-PRESS
glaucoma filtration device. J Glaucoma 2018;27(2):148-156.

18 Esfandiari H, Pakravan M, Yazdani S, Doozandeh A, Yaseri M, Conner
IP. Treatment outcomes of mitomycin C-augmented trabeculectomy,
sub-tenon injection versus soaked sponges, after 3 years of follow-up.
Ophthalmol Glaucoma 2018;1(1):66-74.

19 Kandarakis SA, Papakonstantinou E, Petrou P, Diagourtas A, Ifantides
C, Georgalas I, Serle J. One-year randomized comparison of safety
and efficacy of trabeculectomy with mitomycin C sub-tenon injection
versus mitomycin C-infused sponges. Ophthalmol Glaucoma
2022;5(1):77-84.

20 Qin ZX, Han Q, Wang L, et al. Outcomes and risk factors for failure
of trabeculectomy in glaucomatous patients in Southwest China: a 325
eyes analysis. Int J Ophthalmol 2023;16(3):367-374.

21 Baker ND, Barnebey HS, Moster MR, Stiles MC, Vold SD, Khatana
AK, Flowers BE, Grover DS, Strouthidis NG, Panarelli JE. Ab-externo
MicroShunt versus trabeculectomy in primary open-angle glaucoma.
Ophthalmology 2021;128(12):1710-1721.

22 Gedde SJ, Feuer WJ, Lim KS, Barton K, Goyal S, Ahmed IIK, Brandt
JD. Treatment outcomes in the primary tube versus trabeculectomy
study after 3 years of follow-up. Ophthalmology 2020;127(3):333-345.

23 Seol BR, Lee SY, Kim YJ, Kim YK, Jeoung JW, Park KH. Comparison
of the efficacy and safety of trabeculectomy with mitomycin C
according to concentration: a prospective randomized clinical trial. J
Clin Med 2020;10(1):59.

24 Jampel HD. Effect of brief exposure to mitomycin C on viability
and proliferation of cultured human tenon’s capsule fibroblasts.

Ophthalmology 1992;99(9):1471-1476.

25 Matlach J, Panidou E, Grehn F, Klink T. Large-area versus small-area
application of mitomycin C during trabeculectomy. Eur J Ophthalmol
2013;23(5):670-677.

26 Do JL, Xu BY, Wong B, Camp A, Ngai P, Long C, Proudfoot J,
Moghimi S, Yan DY, Welsbie DS, Weinreb RN. A randomized
controlled trial comparing subconjunctival injection to direct scleral
application of mitomycin C in trabeculectomy. Am J Ophthalmol
2020;220:45-52.

27 Pakravan M, Esfandiari H, Yazdani S, Douzandeh A, Amouhashemi
N, Yaseri M, Pakravan P. Mitomycin C-augmented trabeculectomy:
subtenon injection versus soaked sponges: a randomised clinical trial.
Br J Ophthalmol 2017;101(9):1275-1280.

28 Jones E, Clarke J, Khaw PT. Recent advances in trabeculectomy
technique. Curr Opin Ophthalmol 2005;16(2):107-113.

29 Bindlish R, Condon GP, Schlosser JD, D’ Antonio J, Lauer KB, Lehrer
R. Efficacy and safety of mitomycin-C in primary trabeculectomy.
Ophthalmology 2002;109(7):1336-1341.

30 DeBry PW. Incidence of late-onset bleb-related complications
following trabeculectomy with mitomycin. Arch Ophthalmol
2002;120(3):297.

31 Soltau JB. Risk factors for glaucoma filtering bleb infections. Arch
Ophthalmol 2000;118(3):338.

32 Haga A, Inatani M, Shobayashi K, Kojima S, Inoue T, Tanihara H.
Risk factors for choroidal detachment after trabeculectomy with
mitomycin C. Clin Ophthalmol 2013;7:1417-1421.

33 Yuan S, Liu L, Zeng X, Wang H. The clinical analysis of shallow
anterior chamber after complex trabeculectomy surgery. Yan Ke Xue
Bao 2010;25(2):86-88,102.

1077



	_Hlk136594751
	_Hlk135058370
	_Hlk131337305
	_Ref129852721
	_Hlk135298599
	_Hlk136610055
	_Hlk497904036
	_Hlk136605709
	_Hlk123339823
	_Hlk129951347
	_Hlk123340013
	_Hlk117868500
	_Hlk497904036
	_Hlk98749378
	OLE_LINK9
	OLE_LINK1
	_Hlk134714608
	_Hlk134714134
	_Hlk134714073
	_Hlk134795508
	_Hlk134795583
	_Hlk117700701
	OLE_LINK4
	OLE_LINK2
	_Hlk118061750
	OLE_LINK24
	OLE_LINK25
	_Hlk497904036
	_Hlk136943205
	OLE_LINK5
	OLE_LINK6
	_Hlk112432962
	_Hlk136767753
	_Hlk136436077
	OLE_LINK7
	OLE_LINK1
	_Hlk136436072
	_Hlk108183234
	OLE_LINK11
	OLE_LINK13
	OLE_LINK10
	OLE_LINK14
	OLE_LINK16
	OLE_LINK17
	OLE_LINK18
	OLE_LINK15
	OLE_LINK19
	OLE_LINK9
	OLE_LINK2
	OLE_LINK20
	OLE_LINK25
	OLE_LINK6
	OLE_LINK27
	OLE_LINK26
	OLE_LINK31
	OLE_LINK29
	OLE_LINK30
	OLE_LINK28
	OLE_LINK4
	_Hlk136012064
	OLE_LINK19
	_Hlk108183234
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	OLE_LINK4
	_Hlk133333513
	_Hlk790823
	_Hlk89787106
	OLE_LINK1
	OLE_LINK2
	_Hlk136591864
	OLE_LINK19
	OLE_LINK20
	OLE_LINK38
	OLE_LINK39
	_Hlk108183234
	OLE_LINK31
	OLE_LINK32
	OLE_LINK11
	OLE_LINK12
	OLE_LINK9
	OLE_LINK10
	OLE_LINK37
	OLE_LINK40
	OLE_LINK43
	OLE_LINK44
	OLE_LINK45
	OLE_LINK3
	OLE_LINK4
	OLE_LINK13
	_Hlk16518107
	_Hlk790823
	_Hlk89787106
	_Hlk136435286
	_Hlk40421564
	_Hlk497904036
	_Hlk40344164
	OLE_LINK1
	_Hlk123584332
	_Hlk40011282
	OLE_LINK2
	_Hlk137886359
	_Hlk138065408
	Research on classification method of high myopic maculopathy based on retinal fundus images and optimized ALFA-Mix active learning algorithm
	Shao-Jun Zhu1,2, Hao-Dong Zhan1,2, Mao-Nian Wu1,2, Bo Zheng1,2, Bang-Quan Liu3, Shao-Chong Zhang4, Wei-Hua Yang4

	Predicting visual acuity with machine learning in treated ocular trauma patients
	Zhi-lu Zhou1,2, Yi-fei Yan3,4, Jie-min Chen2, Rui-jue Liu2, Xiao-ying Yu2, Meng Wang2, Hong-xia Hao2,5, Dong-mei Liu2, Qi Zhang3,4, Jie Wang1, Wen-tao Xia2 

	Identification of hub genes for glaucoma: a study based on bioinformatics analysis and experimental verification 
	Rui-Ling Xie1, Hai-Yan Nie1, Yu-Xin Xu2

	Protective effect of ginsenoside Rg1 on 661W cells exposed to oxygen-glucose deprivation/reperfusion via Keap1/Nrf2 pathway
	Ming Zhou, Xin-Qi Ma, Yi-Yu Xie, Jia-Bei Zhou, Xie-Lan Kuang, Huang-Xuan Shen, Chong-De Long

	Effects of endogenous dopamine induced by low concentration atropine eye drops on choroidal neovascularization in high myopia mice
	Yan-Yan Ji1,2,3, Shi-Xi Zhang4, Ye Kang5, Song Chen1,2

	Differential analysis of aqueous humor cytokine levels in patients with macular edema secondary to diabetic retinopathy or retinal vein occlusion
	Ke-Ke Hu1, Chao-Wei Tian1, Man-Hong Li1, Tong Wu1, Min Gong1, Xin-Li Wei1, Yu-Ru Du2, Yan-Nian Hui1, Hong-Jun Du1

	Subcutaneous pedicled propeller flap technique for microscopic reconstruction of eyelid defects
	Lei Zhong, Qian-Yi Lu, Pei-Rong Lu

	Lid scrubbing with a gel combining natural extracts for dry eye treatment
	Blanca Diaz-Vega1, Carlos Rodriguez-Fabuel2, Sofia Vitores-Mate3, Carlos Carpena-Torres4

	Effect of intubation in patients with functional epiphora after endoscopic dacryocystorhinostomy
	Xue-Mei Han1, Wen-Hao Jiang2, Wen-Can Wu3, Bo Yu3

	Two-step strategy—conjunctival flap covering surgery combined with secondary deep anterior lamellar keratoplasty for the treatment of high-risk fungal keratitis
	Yu-Chen Wang, Jia-Song Wang, Bei Wang, Xi Peng, Hua-Tao Xie, Ming-Chang Zhang

	Posterior scleral application of a mitomycin C-soaked sponge during trabeculectomy
	Kun Hu1, Yun-He Song1, Feng-Bin Lin1, Ying-Zhe Zhang1, Ling Jin1, Meng-Yin Liang1, Robert N. Weinreb2, Xiu-Lan Zhang1

	Technique of using Cionni-Modified capsular tension ring in the management of severely traumatic lens subluxation
	Hao Jiang, Wei Zhang, Yan-Hua Chu

	Corneal astigmatic outcomes after femtosecond laser-assisted cataract surgery combined with surface penetrating arcuate keratotomies
	Nick Stanojcic1,2,3, David O’Brart1,3, Chris Hull2, Vijay Wagh1, Elodie Azan1, Mani Bhogal1, Scott Robbie1, Ji-Peng Olivia Li3

	Rare manifestation of familial vitreous amyloidosis caused by Gly103Arg transthyretin
	Yan-Bing Feng1,2, Yan-Bo Shi2,3, Yan-Yan He1,2, Zhen-Yi Ma4, Yi-Xing Zhu5, Wen-Qing Weng1,2

	Structural measurements and vessel density of spectral-domain optic coherence tomography in early, moderate, and severe primary angle-closure glaucoma
	Wei Jiang, Nan Jiang, Gui-Bo Liu, Jing Lin, Cui Li, Gui-Qiu Zhao

	Predictive factors of epiretinal membrane in complicated rhegmatogenous retinal detachment tamponaded with silicone oil
	Yuan-Jie Qian, Wu Xiang, Yi-Meng Sun, Alfira Mijit, Zhi-Hao Jiang, Yan-Tao Wei

	Comparison of total corneal power measurements obtained with different devices after myopic keratorefractive surgery
	Zi-Yang Wang, Yan-Zheng Song, Wen-Li Yang, Qian Liu, Yi-Feng Li, Rui Cui, Lin Shen, Chang-Bin Zhai

	Long-term observation on safety and visual quality of implantable collamer lens V4c implantation for myopia correction: a 5-year follow-up
	Xiao Chen1,3, Li Li3,4, Jing Rao3, Yue-Xi Chen2, Yang Gao3, Rui-Xue Huang3, Qi-Zhi Zhou1,3,4

	Clinical features, radiological imaging, and treatment strategies of nonmetallic intraorbital foreign bodies: a retrospective analysis
	Guang-Rui Chai, Ming Chen, Zi-Xun Song, Lu Liu

	Ocular manifestations and quality of life in patients after hematopoietic stem cell transplantation
	Shu-Xian Fan1, Wen-Hui Wang1, Peng Zeng1, Ke-Zhi Huang2, Yu-Xin Hu1, Jing Wang1, Yi-Qing Li2, Jian-Hui Xiao1

	Comparison of efficacy of conbercept, aflibercept, and ranibizumab ophthalmic injection in the treatment of macular edema caused by retinal vein occlusion: a Meta-analysis 
	Qiu Xing1,2, Ya-Nan Dai3, Xiao-Bo Huang1, Li Peng1,2

	Highly cited publication performance in the ophthalmology category in the Web of Science database: a bibliometric analysis
	Yuh-Shan Ho1, Ali Ouchi2,3, Leila Nemati-Anaraki4

	Unilateral blurred vision in pediatric patient associated with cavum velum interpositum cyst
	Margarita Zamorano, Esperanza García-Romo, Román Blanco-Velasco, Belén Fernández, Francisco J. Monescillo, Bernardo Fernández de Arévalo

	Pneumonia and ocular disease as the primary presentations of Takayasu arteritis: a case report
	Dong-Ming Xu

	Chickenpox followed streaky multifocal choroiditis with prednison treatment in a girl with asthma
	Chun-Li Chen1,2,3, Zhi-Han Zhang1,2,3, Yi-Zhe Cheng1,2,3, Yang Zhang1,2,3, Xiao-Yan Peng1,2,3


