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ABSTRACT | Purpose: Wet bio-amniotic membrane plugging
combined with transplantation is a novel option that combined
amniotic membrane plugging with amniotic membrane transplan-
tation for the treatment of small corneal perforations. This study
aimed to evaluate the efficacy of wet bio-amniotic membrane
plugging in the treatment of small corneal perforations and
compared it with that of the penetrating keratoplasty procedure.
Methods: Forty patients (41 eyes) with small corneal perforations
<3 mm in diameter treated at our hospital between July 2018
and January 2021 were retrospectively included. Among them,
21 eyes were treated with wet bio-amniotic membrane plugging
(wet bio-amniotic membrane plugging group), and 20 eyes were
treated with penetrating keratoplasty procedure (penetrating
keratoplasty procedure group). The best-corrected visual acuity,
anterior chamber formation, corneal thickness, primary disease
control, postoperative complications, and graft survival rate
were assessed. Results: No significant difference in baseline
characteristics was found between the wet bio-amniotic mem-
brane plugging and penetrating keratoplasty procedure groups
(p>0.05). The postoperative control rates of primary diseases
in the wet bio-amniotic membrane plugging and penetrating
keratoplasty procedure groups were 95.2% and 90.0%, respecti-
vely (p=0.481). Visual acuity was improved 6 months after the
operation in the wet bio-amniotic membrane plugging group
and was improved at postoperative 1 month in the penetrating
keratoplasty procedure group. The formation time of the anterior
chamber in the wet bio-amniotic membrane plugging group was
significantly shorter than that in the penetrating keratoplasty
procedure group (p=0.023). The corneal thickness of the two
groups significantly increased 12 months after the operation;
however, the degree of thickening in the penetrating keratoplasty
procedure group was higher than that in the wet bio-amniotic
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membrane plugging group (p<0.001). During the follow-up,
postoperative complications were not different between the
two groups (p>0.999). Conclusion: The results suggest that
wet bio-amniotic membrane plugging is effective and safe in the
treatment of small corneal perforations. Thus, it can be used as
an emergency treatment alternative to penetrating keratoplasty
procedure for small corneal perforations.
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INTRODUCTION

According to the statistics of the World Health Or-
ganization, approximately 20 million of the 39 million
people living with blindness had corneal disease™. In
China, corneal diseases are the second leading cause of
blindness after cataracts®. If patients with corneal disea-
ses are not treated promptly, worsening corneal epithe-
lial defects and corneal stroma dissolution may cause
corneal ulcers or perforation. Severe cases may result in
blindness or enucleation®. These findings indicate that
timely treatment to seal the perforation is important to
maintain eye integrity and prevent infection.

Corneal perforations must be treated immediately,
and appropriate treatment options depend mainly on
the size and location of the corneal perforations and
status of the primary disease®. For small perforations,
tissue adhesives and corneal bandage lens can be used
to promote healing of the perforation®”. However,
these methods have several limitations. In general, pa-
tients with corneal perforations require surgical inter-
vention. The penetrating keratoplasty procedure (PKP)
is commonly used for corneal perforations®”. Despite
the satisfactory success rate of allograft transplantation,
infective corneal perforations can easily cause graft re-
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jection, eventually leading to graft failure®. Moreover,
the demand for corneas is far greater than its supply in
clinical practice®. Thus, ophthalmologists have tried to
use amniotic membranes to treat corneal perforations.

The amniotic membrane is the innermost layer of
fetal membranes, which have unique properties such as
facilitating the healing of damaged epithelial cells and
reducing the inflammatory response and ingrowth of
new blood vessels"?. The first application of amniotic
membrane for therapeutic ophthalmology was done by
De Rotth in 1940"". In the treatment of small corneal
perforations, previous studies have demonstrated that
amniotic membrane plugging and transplantation are
good alternative approach?'¥. This approach is based
on plugging the perforation with amniotic membranes
and then transplanting a large piece of the amniotic
membrane to cover the entire cornea. However, most
of the amniotic membranes used clinically in hospitals
are self-made with no clear guidelines, which may cause
safety problems. With the in-depth understanding of the
biological characteristics of the amniotic membrane, a
wet bio-amniotic membrane was launched in China in
December 2019. The wet bio-amniotic membrane was
made from fresh amniotic membranes by rapid sam-
pling, cutting, and irradiation sterilization, which can
effectively retain various natural active components
of the amniotic membrane and has the natural effect
of anti-inflammation and antiscaring’®. Meanwhile,
aseptic preparation and virus inactivation ensure the
biosafety of wet bio-amniotic membranes, which has the
advantages of safety and convenience in ocular surface
repair surgery’. In China, the efficacy and safety of
wet bio-amniotic membranes in the treatment of small
corneal perforations (diameter <3 mm) have not been
evaluated.

In this study, we aimed to evaluate the efficacy of
wet bio-amniotic membrane plugging (AM-P) combined
with transplantation in the treatment of small corneal
perforations and then compare it with that of the PKP.
Our results demonstrated that the AM-P combined with
transplantation may be employed as an emergency treat-
ment alternative to PKP for small corneal perforations.

METHODS
Patients

We retrospectively analyzed patients with small cor-
neal perforations who underwent surgery at our hospi-
tal between July 2018 and )January 2021. According to
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surgical methods, patients were divided into the AM-P
group and the PKP group.

The inclusion criteria were as follows: (1) diagnosis of
corneal perforations and failed conservative treatment;
(2) corneal perforation diameter within 3 mm; (3) age
16-80 years; (4) cooperation with an eye examination;
(5) follow-up at least 12 months; and (6) presence of
fundus disease affecting postoperative visual acuity. The
exclusion criteria were as follows: (1) successful conser-
vative treatment and (2) presence of fundus diseases that
affects postoperative vision, such as age-related macular
degeneration, optic atrophy, and diabetic retinopathy.

Material sources

The amniotic membranes used in the AM-P group
were Ruixiufu Wet Bio-amniotic Membrane (Guangzhou
Ruitai Biotechnology Co., Ltd, Guang, China). The donor
corneas used in the PKP group were from healthy and
fresh cadaveric eyes collected within 2 h after death.
After treatment, corneal grafts that fully meet safety
standards were used for PKP surgery. The quality and sa-
fety monitoring items included donor disease spectrum
examination, hepatitis B virus, hepatitis C virus, syphilis,
and acquired immunodeficiency syndrome.

Surgical technique

AM-P surgery. Eyelash cutting, eyelid margin cleaning,
conjunctival sac flushing, and lacrimal duct flushing were
performed before the operation. After routine disinfec-
tion and topical anesthesia, corneal ulcer lesions and
adjacent necrotic tissues were excised, and the limbus
was punctured at 2 o’clock. The iris trapped in the corneal
perforation area was restored by an iris restorer, and then
a balanced salt solution was injected to form the anterior
chamber. A wet bio-amniotic membrane was taken and
folded into multilayers according to the ulcer depth, and
wet bio-amniotic membrane plugging was performed.
The basement membrane of the outermost amniotic
membrane was upward, which was intermittently sutu-
red with 10-0 sutures around the ulcer and perforation
area. Then, amniotic membrane transplantation was
performed. Another larger amniotic membrane was laid
on the surface of the cornea, and the 10-0 sutures were
sutured T mm inside the corneal limbus for a continuous
circle. The surgical scheme for small corneal perforations
is shown in figure 1. Until the amniotic membrane was
attached to the cornea, the bandage contact lens was
covered. After the operation, the eye was coated with
ointment, covered with an aseptic dressing, and wrapped.
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Figure 1. Surgical scheme for small corneal perforations. Note: A multi-
layer wet bio-amniotic membrane was inserted into the ulcer perforation
as a filling material; thereafter, a larger amniotic membrane was used to
cover the entire cornea.

PKP surgery. At 30 min before surgery, pilocarpine
nitrate eye drops (once for 5 min, a total of six times,
Shandong Bausch & Lomb Freda Pharmaceutical Co.,
Ltd., Jinan, China) was used to induce miosis, and a
methazolamide tablet (0.5 mg) (Suzhou Homesun Phar-
maceutical Co., Ltd., Suzhou, China) was taken orally
to reduce the intraocular pressure. After routine disin-
fection, proparacaine hydrochloride eye drops (Alcain,
Alcon, Fort Worth, TX, USA) were given for topical
anesthesia, followed by injection of 2% lidocaine (Tian-
sheng Pharmaceutical Group Co., Ltd., Shiyan, China)
for retrobulbar block and softening of the eyeball for 10
min. According to the condition of the operating eye, a
trephine drill with an appropriate diameter was perpen-
dicular to the corneal surface and rotated clockwise to
drill the implant bed. On the basis of the implant bed,
a trephine drill larger than 0.25 mm in diameter of the
implant bed was used to drill the donor cornea and
obtain the implant. Then, 10-0 sutures was used for four
stitches interrupted at 3, 6,9, and 12 o’clock positions to
fix the graft, and then a total of 16 interrupted stitches
were made to bury the knot. To reconstruct the anterior
chamber, the puncture port was made at the limbus at
2 points, and a balanced saline solution was injected.
After surgery, the eye was coated with ointment and
wrapped.

Postoperative management

All patients received rational use of drugs according
to each condition. Specifically, all patients were covered

with a bandage contact lens after surgery, and the eye
was coated with ointment, covered with an aseptic dres-
sing, and wrapped. Then, all patients received a daily
routine dressing change. If the anterior chamber was
formed, the eye can be opened, and anti-infection, anti-
inflammatory, and corneal epithelial growth promotion
treatments were given. At postoperative week 1 to month
6, the amniotic membrane sutures were removed in the
AM-P group. However, depending on the condition, the
corneal sutures were removed 3-12 months after PKP.
Corneal bandage lenses were replaced every 21 days
until all the sutures were removed.

Follow-up

All patients were followed up for at least 12 months.
During the follow-up, the primary disease in the AM-P
group was successfully controlled if the following cri-
teria were met: complete corneal epithelium, negative
Seidel test, and absence of recurrence. In the PKP
group, corneal graft transparency indicated success in
controlling the primary disease®. BCVA, expressed as a
logarithm of minimal angle of resolution (logMAR), was
employed to assess postoperative recovery. In addition,
anterior chamber formation, corneal thickness, and
complications were recorded.

Statistical analysis

Data were analyzed using IBM SPSS Statistics version
26.0 (IBM Corp., Armonk, NY, USA). The enumeration
data were expressed as number or percentage and
analyzed by the chi-square test (n>5) or Fisher’s exact
test (n<5). Measurement data were expressed as mean
+ standard deviation. Data conforming to a normal dis-
tribution were analyzed using Student’s t-test, whereas
data with non-normal distribution were analyzed by the
Wilcoxon rank-sum test. The significance of the BCVA
and corneal thickness was compared by the two-way
analysis of variance (ANOVA), followed by the Bonfer-
roni test. Graft survival was estimated by Kaplan-Meier
followed by the log-rank test. P<0.05 was considered
statistically significant.

RESULTS
Baseline characteristics

A total of 40 patients (41 eyes) with small corneal
perforations were enrolled in this study, including 29
men and 12 women, with an average age of 55.05 +
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14.83 years. Among them, 21 eyes were in the AM-P
group and 20 eyes were in the PKP group. The baseline
characteristics of the AM-P and PKP groups are shown
in table 1. No obvious differences in age, sex, perfora-
tion diameter, BCVA, and primary diseases were noted
between the groups (p>0.05).

Visual acuity

As shown in table 2, the BCVA was not different
between the two groups (F=0.024, p=0.877); however,
an obvious time effect was observed (F=29.85, p<0.001).
Importantly, a significant interaction between time
and group was also found (F=3.414, p=0.010). In the
between-group comparison, the BCVA in the AM-P
group was remarkably decreased 6 months after the
operation and then tended to be stable. However, the
visual acuity in the PKP group improved at postoperative
month 1. These results indicated that the visual acuity
in the PKP group improved more quickly than that in
the AM-P group.

Anterior chamber formation

Anterior chambers were formed in all patients within
3 days after the operation. In the AM-P group, the an-
terior chamber in the 18 eyes formed on postoperative
day 1. In the PKP group, five eyes formed anterior cham-
bers on postoperative day 3, six eyes formed anterior
chambers on postoperative day 2, and nine eyes formed
anterior chambers on postoperative day 1. In addition, a
statistical difference was found between the two groups
(p=0.023) (Table 3).

Table 1. Baseline characteristics

AM-P group PKP group
Parameters (n=21) (n=20) p-value
Age, years 53.43 + 18.13 56.75 + 10.52 0.476
Sex (male/female) 16/5 13/7 0.431
Perforation diameter (mm) 1.80 + 1.04 1.58 £ 0.55 0.400
BCVA (logMAR) 1.23 + 0.86 1.71 £ 0.71 0.069
Primary diseases, n (%) 0.241
Viral keratitis 5(23.8) 8 (40.0) -
Bacterial keratitis 2 (9.50) 5(25.0) -
Fungal keratitis 3(14.3) 3(15.0 =
Mooren ulcer 2 (9.50) 2 (10.0) =
Corneal foreign body 8 (38.1) 2(10.0) =
Severe dry eye 1(4.80) 0 (0.00) -
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Corneal thickness

The two-way ANOVA investigating corneal thickness
found a significant group effect (F=7.811, p=0.007)
and a significant time effect (F=1830, p<0.001). A
significant interaction effect was also found between
the time and group (F=20.89, p<0.001). The pairwise
comparison showed that corneal thickness in the AM-P
and PKP groups significantly increased 12 months after
the operation (both p<0.001) (Figure 2). However, the
corneal thickness of the PKP group was significantly
higher than that of the AM-P group at postoperative
month 12 (p<0.001) (Table 2).

Analysis of controlling primary disease

In the AM-P group, primary diseases were well con-
trolled in 20 eyes (20/21, 95.2%), and 90% of the eyes

Table 2. Comparison of the BCVA and corneal thickness at different times

AM-P group PKP group
(n=21) (n=20)

BCVA at different times

Pre-operation 1.23 + 0.86 1.71 £ 0.71

Postoperative month 1 1.31 £ 0.59 1.09 + 0.22*

Postoperative month 3 0.98 + 0.49 0.85 £ 0.22*

Postoperative month 6 0.61 £ 0.31* 0.60 + 0.16*

Postoperative month 12 0.55 + 0.37* 0.47 £+ 0.14*
Corneal thickness

Preoperation (um) 138.7 £ 37.15 123.6 £ 16.79

465.1 + 52.89* 528.0 + 38.14*#

*p<0.05= within-group difference vs. pre-operation; #p<0.05= between-group diffe-
rence vs. the AM-P group. AM-P= wet bio-amniotic membrane plugging combined with
transplantation; BCVA= best-corrected visual acuity; PKP= penetrating keratoplasty
procedure.

Postoperative month 12 (um)

Table 3. Comparison of anterior chamber formation, controlling primary
diseases, and complications between the AM-P group and the PKP group

AM-P group PKP group

(n=21) (n=20) p-value

Anterior chamber formation

Postoperative day 1 (n, %) 18 (85.7) 9 (45.0) =

Postoperative day 2 (n, %) 2(9.50) 6 (30.0) -

Postoperative day 3 (n, %) 1 (4.80) 5(25.0) 0.023
Analysis of controlling primary diseases

Success (n, %) 20 (95.2) 18 (90.0) -

Failure (n, %) 1(4.80) 2 (10.0) 0.481
Postoperative complications

Secondary infection (n, %) 1(4.8) 0 (0.0) =

High intraocular pressure (n, %) 1(4.8) 0 (0.0) —

Graft immune rejection (n, %) 0 (0.0) 1 (5.0) >0.999

AM-P= wet bio-amniotic membrane plugging combined with transplantation; PKP=
penetrating keratoplasty procedure.
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recovered well after PKP (18/20). Furthermore, no diffe-
rence in primary disease control was noted (p=0.481)
(Table 3). Representative cases of graft success between
the two groups are shown in figures 3 and 4.

Postoperative complications

During the follow-up, complications between the
two groups were not statistically different (p>0.999).
Specifically, in the AM-P group, one eye had a secondary
infection and one eye had high intraocular pressure.
In the PKP group, graft immune rejection developed in
only one eye (Table 3).

Survival rate

With the last follow-up time as the node, primary
disease recurrence and re-perforation of the corneal
area were the endpoints in the AM-P group. In the PKP
group, corneal graft rejection, failure, and primary di-

i
‘:
e

62pum

548fum

Figure 2. Corneal thickness was assessed by AS-OCT between the two
groups. (A) Representative images of the AM-P group before operation
(upper) and 12 months after operation (lower). (B) Representative images
of the PKP group before operation (upper) and 12 months after operation
(lower). AS-OCT, anterior segment optical coherence tomography; AM-P,
wet bio-amniotic membrane plugging combined with transplantation; PKP,
penetrating keratoplasty procedure.

sease recurrence were the endpoints. As shown in figure 5,
no significant difference in the survival rate was found
between the two groups (p=0.997).

DISCUSSION

Corneal perforations are a potentially devastating late
complications that can even cause precipitate corneal
melting. For the treatment, PKP, amniotic membrane
plugging, and amniotic membrane transplantation were
reported effective for corneal perforations”'. However,
detailed reports on the treatment of small corneal per-
forations by the aforementioned methods are relatively
limited, and their efficacy requires further investigation.
In the present study, wet bio-amniotic membranes were
adopted to evaluate their efficacy, and the results showed
that AM-P can be used as an emergency treatment alter-
native to PKP for small corneal perforations.

PKP is a traditional treatment method for corneal
perforations; however, it is limited by the availability of
cornea donors®. With the wide application of amniotic
membranes for treating ocular surface diseases, the
indications are becoming more extensive. For instance,
a study reported that the amniotic membrane can be
deemed to be the main component supporting healing
in the treatment of corneal perforations®”. In addition,
AM-P is effective in the treatment of severe ulceration
and even corneal perforations, which have been confir-
med®". In this study, a multilayer amniotic membrane
was used to fill the defect to reconstruct the matrix
and epithelium of corneal perforations, and then a
larger amniotic membrane and corneal bandage mirror
were used to cover the whole cornea and achieve rapid
epithelialization. Correspondingly, AM-P has favorable
efficacy for treating corneal perforations? '®. Moreover,
the larger amniotic membrane covering the whole cor-
nea provides mechanical protection for the corneal epi-
thelium, allowing sufficient oxygenation and hydration
of the epithelial cells and inhibiting inflammation®?.
Fortunately, the cornea was completely epithelialized in
95.2% of the patients without recurrence in the AM-P
group, and no obvious difference was found when com-
pared with PKP treatment. Thus, AM-P can be also used
to treat small corneal perforations.

To our knowledge, vision recovery after surgery de-
pends on corneal transparency. In this study, the BCVA
was not markedly different between the two groups;
however, the visual acuity in the PKP group improved
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Figure 3. Representative images of successful treatment in the AM-P group. Before surgery (A) and 7 days (B), 1 month
(C), 3 months (D), 6 months (E), and 12 months (F) after surgery. AM-P, wet bio-amniotic membrane plugging combined

with transplantation.
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Figure 4. Representative images of successful treatment in the PKP group. Before surgery (A) and 7 days (B), 1 month (C),

3 months (D), 6 months (E), and 12 months (F) after surgery.

more quickly than that in the AM-P group. The possible
reason is that an integrated amnion exerts a progressive
role in defect healing®®. In addition, this study showed
that the overall success rate in the AM-P group (95.2%)
was similar or higher to that reported in previous clinical
studies using amniotic membrane transplantation for
the treatment of corneal ulcers or perforations®2*2%).
The main purpose of the surgical treatment of corneal
perforations is to re-epithelialize the defective corneal
epithelium and stabilize the stromal thickness. Although
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the amniotic membrane does not provide absolute
structural integrity of the cornea, it is sufficient to
maintain the corneal shape and preserve the integrity
of the eyeball. Furthermore, in the treatment of corneal
perforations involving the optical axis, AM-P can provi-
de sufficient time waiting for corneal donors and then
performing PKP.

For patients with corneal perforations, special
attention should be paid to the formation of anterior
chambers after surgery. If the aqueous humor is still
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Figure 5. Survival rate inthe AM-P and PKP groups. AM-P, wet bio-amniotic
membrane plugging combined with transplantation; PKP, penetrating
keratoplasty procedure.

leaking and the anterior chamber is not formed after the
surgery, continuing the pressure bandage is necessary. In
this study, anterior chambers were formed in the two
groups within 3 days after the operation, whereas in
the AM-P group, most of the anterior chambers formed
on postoperative day 1. The time of anterior chamber
formation may be related to postoperative intraocular
pressure. However, since both groups wore contact
lenses after surgery, the measurement of intraocular
pressure after surgery was inaccurate, and no clear in-
traocular pressure value was recorded. Therefore, it is
difficult to determine whether the intraocular pressure
is related to the formation of the anterior chamber. No-
tably, a larger amniotic membrane covering the entire
cornea provides mechanical protection for the corneal
epithelium®. Therefore, AM-P can generate enough
force to resist the pressure of the anterior chamber and
prevent postoperative aqueous humor leakage and am-
niotic membrane plug outward expansion. In addition,
the corneal thickness between the two groups increased
significantly 12 months after the operation. Surprisingly,
the postoperative corneal thickness of the PKP group was
within the normal range. However, the postoperative
corneal thickness of the AM-P group did not reach normal
corneal thickness but enough to maintain normal corneal
function, which was consistent with previous studies
that have reported partial recovery of the corneal stro-
mal thickness ('6:26),

With the advances in corneal transplantation, posto-
perative complications are still perplexing patients and
doctors. Overall, graft rejection after PKP treatment is a

common cause of corneal graft failure”?®. Another re-
trospective survey reported that the 5-year and 10-year
success rates in patients who underwent PKP for the
first time were 90% and 82%, respectively, whereas the
second transplantation has significantly lower survival
rates of 53% and 41%, respectively ?9. Moreover, AM-P
is considered a good alternative to PKP, especially in
acute cases with a high risk of graft rejection, as reported
in a previous study/®. In the AM-P group, a secondary
infection occurred in one eye, which gradually improved
after anterior chamber irrigation and matrix injection.
Beyond that, intraocular pressure increased in one
eye after the operation and decreased to normal after
systemic and local hypotensive therapy. These findings
suggested that AM-P may be a good choice for cases with
a high risk of graft rejection.

This study has several limitations. First, the sample
size was small, the follow-up time was short, and types
of corneal perforations were limited. To further evalua-
te the efficacy of AM-P, a large randomized controlled
study is needed. Second, as a retrospective study, there
may be differences between the groups. Specifically,
the etiology of perforation varied between the two
groups, with more infections (viral and bacterial) in the
PKP group and more foreign bodies in the AM-P group.
However, given the small sample size, the difference
was not statistically significant. Third, in this study, the
anterior chamber formation time of the AM-P group was
shorter than that of the PKP group. Nevertheless, de-
termining whether the intraocular pressure is related to
anterior chamber formation is difficult. In the future, we
will further explore the relationship between intraocular
pressure and anterior chamber formation.

AM-P is effective in the treatment of small corneal
perforations and can be used as can be an emergency
treatment alternative to PKP for small corneal perfora-
tions. For corneal perforations involving the optical axis,
this technique can provide sufficient time to wait for the
corneal donor and PKP.

REFERENCES

1. Mariotti SP. Global data on visual impairments 2010. World Health
Organization; 2010.

2. Shi W, Xie L. [The status quo and expectation of corneal research
in China]. Zhonghua Yan Ke Za Zhi. 2014;50(9):641-5. Chinese.

3. Vaidyanathan U, Hopping GC, Liu HY, Somani AN, Ronquillo YC,
Hoopes PC, et al. Persistent corneal epithelial defects: a review ar-
ticle. Med Hypothesis Discov Innov Ophthalmol. 2019;8(3):163-76.

4. Jhanji V, Young AL, Mehta ]S, Sharma N, Agarwal T, Vajpayee
RB. Management of corneal perforation. Surv Ophthalmol.
2011;56(6):522-38.

Arqg Bras Oftalmol. 2024;87(2):€2022-0328 7



Wet bio-amniotic membrane plugging combined with transplantation in the treatment of small corneal perforations

10.

11.

12.

13.

14.

15.

16.

17.

Deshmukh R, Stevenson L], Vajpayee R. Management of corneal
perforations: an update. Indian ] Ophthalmol. 2020;68(1):7-14.

Siatiri H, Moghimi S, Malihi M, Khodabande A. Use of sealant
(HFQ) in corneal perforations. Cornea. 2008;27(9):988-91.

Leibowitz HM. Hydrophilic contact lenses in corneal disease. IV.
Penetrating corneal wounds. Arch Ophthalmol. 1972;88(6):602-6.

Kumar V, Kumar A. Immunological aspects of corneal transplant.
Immunol Invest. 2014;43(8):888-901.

Gain P, Jullienne R, He Z, Aldossary M, Acquart S, Cognasse F,
et al. Global Survey of Corneal Transplantation and Eye Banking.
JAMA Ophthalmol. 2016;134(2):167-73.

Dua HS, Gomes JA, King A), Maharajan VS. The amniotic membra-
ne in ophthalmology. Surv Ophthalmol. 2004;49(1):51-77.

De Rétth A. Plastic repair of conjunctival defects with fetal mem-
branes. Arch Ophthalmol. 1940;23(3):522-5.

Kara S, Arikan S, Ersan 1, Taskiran Comez A. Simplified techni-
que for sealing corneal perforations using a fibrin glue-assisted
amniotic membrane transplant-plug. Case Rep Ophthalmol Med.
2014;2014:351534.

Yu YQ, Xu J). Clinical observation of surgical treatment of small
corneal perforation. Chinese ] Ocular Trauma Occup Eye Dis.
2005;27(11):836-8.

YLL YLL HN H, BW L, EH W, WCY, et al., inventors. A bio-
logical amniotic membrane for ocular surface treatment and its
preparation method [patent]. China: Guangzhou Tritace Biologi-
cal Technology Co. Ltd.;2020. Application CN201510228017.7A
events.

Pang Y, Fu XY, Zhang )Q, Yu Q. Clinical efficacy of wet amniotic
membrane covering and corneal bandage mirror in the treatment
of huge pterygium. ) Chengdu Med Col. 2021;16(6):4.
Rodriguez-Ares MT, Tourifio R, Lépez-Valladares M), Gude F. Mul-
tilayer amniotic membrane transplantation in the treatment of
corneal perforations. Cornea. 2004;23(6):577-83.

Medsinge A, Gajdosova E, Moore W, Nischal KK. Management of
inflammatory corneal melt leading to central perforation in chil-

dren: a retrospective study and review of literature. Eye (Lond).
2016;30(4):593-601.

Arg Bras Oftalmol. 2024;87(2):e2022-0328

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Fan ), Wang M, Zhong F. Improvement of amniotic membrane
method for the treatment of corneal perforation. BioMed Res Int.
2016;2016:1693815.

Nobe JR, Moura BT, Robin )JB, Smith RE. Results of penetrating
keratoplasty for the treatment of corneal perforations. Arch
Ophthalmol. 1990;108(7):939-41.

Krysik K, Dobrowolski D, Wylegala E, Lyssek-Boron A. Amniotic
membrane as a main component in treatments supporting healing
and patch grafts in corneal melting and perforations. Journal of
ophthalmology. 2020:4238919.

Hanada K, Shimazaki ), Shimmura S, Tsubota K. Multilayered
amniotic membrane transplantation for severe ulceration of the
cornea and sclera. Am ] Ophthalmol. 2001;131(3):324-31.

Baum ). Thygeson lecture. Amniotic membrane transplantation:
why is it effective? Cornea. 2002;21(4):339-41.

Nubile M, Dua HS, Lanzini M, Ciancaglini M, Calienno R, Said DG,
et al. In vivo analysis of stromal integration of multilayer amniotic
membrane transplantation in corneal ulcers. Am ) Ophthalmol.
2011;151(5):809-22. e1.

Solomon A, Meller D, Prabhasawat P, John T, Espana EM, Steuhl
KP, et al. Amniotic membrane grafts for nontraumatic corneal
perforations, descemetoceles, and deep ulcers. Ophthalmology.
2002;109(4):694-703.

Schuerch K, Baeriswyl A, Frueh BE, Tappeiner C. Efficacy of amnio-
tic membrane transplantation for the treatment of corneal ulcers.
Cornea. 2020;39(4):479-83.

Kruse FE, Rohrschneider K, Vélcker HE. Multilayer amniotic mem-
brane transplantation for reconstruction of deep corneal ulcers.
Ophthalmology. 1999;106(8):1504-10.

Alio JL, Montesel A, El Sayyad F, Barraquer Rl, Arnalich-Montiel F,

Alio Del Barrio JL. Corneal graft failure: an update. Br ] Ophthal-
mol. 2021;105(8):1049-58.

Yin ). Advances in corneal graft rejection. Curr Opin Ophthalmol.
2021 Jul;32(4):331-7.

Thompson RW Jr, Price MO, Bowers P), Price FW Jr. Long-term
graft survival after penetrating keratoplasty. Ophthalmology.
2003;110(7):1396-402.



