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Purpose: To evaluate a novel sutureless glueless technique using a triple-layer dehydrated amniotic membrane (TLDAM) for pterygia
excisions in surgical time, postoperative pain, epiphora, irritation, and FBS.

Methods: Twenty eyes with pterygia underwent excision with mitomycin C. The conjunctival defect was closed with TLDAM placed
on the dried scleral bed with the edges of the amniotic membrane tucked under the edges of the conjunctival defect. Surgical times
were measured from injection of lidocaine to final placement of bandage contact lens. After a bandage contact lens was placed, the eye
was patched until PODI1. Patients graded self-administered questionnaires to rate pain, FBS, irritation, and epiphora on a scale of 1-5
(1-none; 5-severe) at POD1 and POW1.

Results: Surgical times ranged from 6:55 to 12:00, with mean of 8:29. Compared with a previous study of sutureless glueless
methodology, the difference in mean surgical time was 11.9 (p < 0.0001). Mean questionnaire scores were as follows: POD1 pain 1.8,
FBS 2.3, irritation 1.0, and epiphora 2.6; POW1 pain 1.5, FBS 1.6, irritation 1.6, and epiphora 1.6. Compared to previous studies, this
technique showed significantly improved pain at POD1 (p=0.0086, p<0.0001, p<0.0001, p<0.0001) and POW1 (p=0.0002, p=0.0016,
p<0.0001). Significant improvement in irritation and FBS was noted at POD1 and POW1. See Table 1 for full analysis.
Conclusion: The sutureless glueless technique using TLDAM is a safe and effective technique compared to current standard methods.
There appears to be a significant benefit regarding surgical time and postoperative pain, irritation, epiphora, and FBS compared to
previous studies.
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Introduction
Pterygium is a benign fibrovascular proliferative condition of the ocular surface that extends from the bulbar conjunctiva
onto the surface of the cornea. It can cause vision loss due to invasion of the visual axis, progressive scarring, and
irregular astigmatism. Among its most recognized risk factor is long-term exposure to ultraviolet (UV) radiation.' It has
also been associated with factors such as smoking, alcohol consumption, geography, heat, dust, and a dry climate.*"
Currently, the only available treatment is the surgical removal of the lesion, for which many surgical procedures can be
used. Different surgical techniques have been described in the literature for removing pterygia, including bare sclera,
conjunctival autograft, simple closure, and amniotic membrane (AM).

Nonetheless, the incidence of recurrence is still of great concern, with estimates between 5% and 15% worldwide,
according to current literature.* Conjunctival autograph and amniotic membrane have been reported among the closure
techniques with the lowest recurrence rates.” It has been shown that chronic inflammation and young age play

a significant role in pterygium recurrence.®’ Recurrence rates are influenced by surgical approach, as well as the patient’s
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race and ethnicity. Pterygium recurrence is more common in Hispanic and black patients after AM transplantation and
conjunctival autograft.®

Various graft fixation methods are currently used and studied to find the best in terms of time, comfort, and cost.
Sutures are the most prevalent form of autograft fixation, although they have disadvantages such as longer operating
time, postoperative discomfort, inflammation, and scarring.’ Fibrin glue is extensively used for various reasons, including
simple graft attachment, faster surgical times, and less postoperative discomfort.'!" However, it has several drawbacks,
including high cost, the risk of infection transfer, and inactivation by iodine preparations.'? Autologous blood is a natural
method with no additional costs or hazards and can significantly reduce postoperative irritations.'* However, it has been
reported that autologous blood may not be the best method for stabilizing the autograph.'*

Amniotic membranes contain a variety of growth factors that aid in wound healing, act as a scaffold for re-
epithelialization, have anti-inflammatory properties and have shown to be effective in the treatment of epithelial
defects.'” 7 The use of AM does not require sutures, which helps in reducing surgical time and provides greater
postoperative comfort. When an AM is applied, epithelium migrates on the membrane and the amnion becomes
incorporated in the cornea, a termed “graft”.'® The amnion allows keratocytes to migrate through the stroma and deposit
collagen/scar tissue, which aids in the formation of tissue at the site. Available amnions including fresh, cryopreserved
(Amniograft), freeze dried (Ambio dry), and vacuum dried (Omnigen), have demonstrated efficacy to varying degrees;
the latter two, however, offer advantages such as ease of storage and shipping at room temperature.'® Some studies have
found that a single layer of AM may not be enough to treat corneal ulcers, since the membrane usually disappears faster
than the ulcer healed, opening the discussion that multiple-layer membranes were of greater benefit.'*° A previous study
compared Biovance 3L Ocular, a decellularized, dehydrated human AM (DDHAM), AMBIO2, a dehydrated human AM
(DHAM), and AmnioGraft, a cryopreserved human AM (CHAM). It was found that DDHAM promoted a higher initial
inflammatory response with a declining trend across time and better results overall, suggesting greater ocular cell
compatibility in vivo than the other AM. Their results demonstrated that DDHAM is a fully decellularized AM, whereas
DHAM and CHAM contain residual cells and DNA. The study also found that DDHAM best supported the cellular
activities of human corneal epithelial cells (HCECs), enhanced an initial inflammatory response, and prevented
a prolonged inflammatory response in HCECs under an in vitro inflammatory condition.?'

Biovance 3L Ocular (Celularity), is a triple-layer dehydrated AM (TLDAM) comprised solely of amniotic tissue and
the basement membrane is intact. In addition, the decellularization process removes any residual cells, cellular debris,
DNA, growth factors, and cytokines. These characteristics promote rapid cellular attachment within hours, and the
attachment stimulates the release of growth factors and cytokines. In this study, we aim to evaluate a novel, sutureless
and glueless surgical technique using a TLDAM for pterygia excisions in terms of surgical time and postoperative pain,
epiphora, irritation, and foreign body sensation.

Methodology

This prospective study was performed at Yale Hospitals. This study was deemed exempt from review by the Yale
Institutional Review Board (HIC# 2000031314), and the study conformed to the provisions of the Declaration of
Helsinki. All participants provided informed consent. The sample size in this study was twenty patients who underwent
pterygia excision between March 2021 and January 2022. Exclusion criteria included a history of recurrent pterygium,
immune-related disease, glaucoma in the studied eye, other concurrent ocular surface pathology, ocular surface or eyelid
disease, poor general health, and concurrent or anticipated enrollment in an interventional clinical trial involving either an
investigational medicinal product or medical device.

Surgical Technique

All surgeries were performed by a single surgeon, Vicente Diaz. Each affected eye was subjected to standard sterile
preparation and draping. The procedure was performed under peribulbar lidocaine anesthesia. Dissection was
performed by creating a peristome 3mm from the limbus, then dissecting underneath the pterygium, and removing
it en bloc with a hemostat and creating 1x1 cm bare scleral bed. Both nasal and temporal pterygia were present at
our study. A neurosurgical sponge soaked in mitomycin-C (MMC) was placed on the subconjunctival opening. The
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amniotic membrane sheet was placed directly on the dried scleral bed with the edges shaped to size and then tucked
under the edges of the conjunctival defect (Figure 1). Immediately postoperatively, a bandage contact lens was
placed, and the eye was patched until postoperative day 1. Surgical times were measured from injection of lidocaine
to final placement of bandage contact lens. The bandage contact lens was removed at the post-operative week 1
visit. The patients were followed up monthly for the first 6 months and at 3-month intervals thereafter by the same
surgeon for up to a year.

Main Outcome Measures

The initial examination was done on the first postoperative day, and a subsequent follow-up visit at week one. A 5-point
scale questionnaire adapted from Lim-Bon-Siong et al** was used to measure patients graded self-administered rate of
pain, foreign body sensation (FBS), irritation, and epiphora on a scale of 1-5 (1 — none, 2 — very mild, 3 — mild, 4 —
moderate, 5 — severe) at postoperative day 1 (POD1) and week 1 (POW1).

Statistical Analysis
Surgical times and questionnaire data were stored for analysis. Statistical analyses were carried out with GraphPad
software Prism 9.4.1 (458). A T-test was used to evaluate the statistical significance between our study’s mean

surgical time and Xu?® et al. This test was also used to compare our data on pain, irritation, FBS, and epiphora with
124 125

and Kucukerdonmez et a

Donepudi et a reported values. A P value less than 0.05 was considered statistically

significant.

Figure | Surgical steps of TLDAM transplantation using the sutureless and glueless technique in pterygium surgery. (a) Before surgery (b) Separation of the PTG strand
using blunt dissection (c) Resection of the PTG head (d) Subconjunctival application of MMC (e) Dried scleral bed (f) TLDAM shaped to size and tucked under the edges of
the conjunctival defect.
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Results

A total of 20 patients (15 male patients, 5 female patients; age range 35—73 years) were included in whom excision of
pterygium was carried out. All patients completed the 12-month follow-up and there was no recurrence of the pterygium
in our patients. Our surgical time values for the 20 patients ranged from 6:55 to 12:00 minutes, with a mean of 8:30 +
0.06 minutes (Figure 2).

Table 1 summarizes our mean results compared to previous studies. When analyzing our mean surgical time with
those of Xu et al*® (20:4 + 2.1 minutes), a study where conjunctival graft tissue junction was welded directly using an
electrocautery pen (ECP), the difference in mean surgical time was 11.9 minutes (p < 0.0001). Patients’ self-reported
degree of pain ranged from none to mild, with a mean of 1.8 + 0.8 on POD1 and 1.5 £ 0.5 on POW1. Compared to both

1* and Kucukerdonmez et al, >

studies of Donepudi et a our technique showed significantly less pain on both POD1 and
POW1. Our mean irritation value was significantly less than both studies for POD1 (p =0.0116, p < 0.0001 respectively)
and significantly less than Kucukerdonmez et al** sutures technique on POW1 (p < 0.0001). Mean foreign body sensation
and epiphora values were also significantly less than some of the POD1 and POW1 values of both previous studies. See
Table 1 for full statistical analysis.

Figure 3 shows our mean postoperative results for irritation, foreign body sensation, epiphora, and pain compared to
Kucukerdonmez et al study.>> Our sutureless and glueless technique using TLDAM resulted in lower postoperative
scores for all symptoms compared to the sutures group and most of the fibrin glue group values at POD1 and POW1.

Figure 4 depicts the postoperative appearances at day 1 and week 1. Complete epithelialization of the amniotic

membrane graft was achieved 7 days after surgery in all patients.

Discussion

Pterygium has been treated surgically over the years using a variety of methods; therefore, surgeons continue to search
for the most effective procedure. The primary goals are to improve patients’ vision, comfort, and cosmetic appearance
with the lowest recurrence rate possible. A previous study by Syam et al*® found that conjunctival autograph caused
scarring at the site of the donor conjunctiva in 36.6% of patients; therefore, it is not an ideal method for large pterygium
cases. A prospective, interventional pilot study compared outcome parameters of conjunctival autograph fixation with

sutures versus a similar sutureless and glueless technique.?” Our technique had better outcomes in parameters of pain,
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Figure 2 Pterygium excision surgical times from injection of lidocaine to the final placement of bandage contact lens. The blue line represents the mean surgical time of 8:30
minutes.
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Table | Surgical Time and Postoperative Day | and Week | Parameters of Pain, Irritation, Foreign Body Sensation, and Epiphora
Compared to Previous Studies

Outcome Measure Sutureless | Xu Sutureless Donepudi Donepudi Kucukerdonmez | Kucukerdonmez
Glueless Glueless ECP Autogenous Sutures Fibrin Glue Sutures
TLDAM Serum in-situ
Surgical time 83 204
(p < 0.0001)*
Pain PODI 1.8 2.2 (p = 0.0086)* 25 2.5 (p < 0.0001)* 3.6 (p < 0.0001)*
(p < 0.0001)*
Pain POW | 1.2 1.4 (p = 0.0389)* 1.9 1.9 (p < 0.0001)* 2.3 (p < 0.0001)*
(p < 0.0001)*
Irritation PODI 1.0 24 (p=00116)* 3.5 (p < 0.0001)*
Irritation POWI 1.5 1.8 (p = 0.2438) 3 (p < 0.0001)*
Foreign body sensation PODI 23 1.9 (p = 0.0321)* 3.1 (p < 0.0001)*
Foreign body sensation POWI| 1.6 1.5 (p = 0.4655) 2.4 (p < 0.0001)*
Epiphora PODI 2.6 1.8 (p = 0.0053)* 3 (p =0.1285)
Epiphora POWI 1.6 1.5 (p = 0.5789) 2.5 (p < 0.0001)*

Note: *Statistically significant.
Abbreviations: PODI, post-operative day |; POWI, post-operative week |; TLDAM, triple-layer dehydrated amniotic membrane; ECP, electrocautery pen.

FBS, and epiphora. Due to suture discomfort, high cost of fibrin glue, risk of infection, and instability of fixation with
autologous blood, we examined the efficacy of a sutureless and glueless technique for fixation of a triple-layer
dehydrated amniotic membrane.”®** To our knowledge, this is the first study to assess the clinical outcomes of this
novel technique. It aims to lessen surgical time, patient discomfort, and surgery costs. Compared to previous studies, ours
showed significantly best results in surgical time, pain, FBS, and epiphora.”® > Our technique achieved the lowest mean
surgical time so far published in the literature for pterygium surgery.

Using a sutureless and glueless technique has several advantages. Creating a safer and more comfortable post-
operative period for patients allows for rapid normalization of their lifestyle and productivity. Removing the use of
sutures allows for a shortened surgical time which saves surgeons and hospitals valuable operating room time, as well as
provides a consistent technique that does not depend on suturing expertise. In addition, removing fibrin glue reduces the
risk of infection and significantly less surgical cost, allowing the procedure to be accessible to a broader range of patients.
It has been found that using fibrin glue may result in a gap between the graft and sclera, which may prevent rapid
reepithelization.”® Hence, tucking the amniotic membrane under the edges of the conjunctival defect allows for direct
contact and reepithelization, reducing recurrence rates.>'

In ophthalmology, amniotic membranes are frequently used as scaffolds to treat epithelial damage and promote
wound healing.*>** It is currently one of the preferred techniques due to low recurrence rates and the ability to cover
large defects.’*® Celularity Biovance-3L is a three-layer, DDHAM. Its three-layer construction improves handling and
ease of use for treating ocular surface disease. Unlike other placental-based allografts, the TLDAM is completely devoid
of cells, hormones, cytokines, and growth factors. This leaves a clean scaffold that can be populated with autologous cells
and growth factors after application to a surgical site.

It has been demonstrated that decellularizing human amniotic membranes have no impact on graft function and
reduces the likelihood of an inflammatory response or graft rejection.®> A previous in vitro study on the efficacy of
decellularized amniotic membranes demonstrated that within 24 hours, fibroblasts and keratinocytes were attached to
a greater extent to the decellularized surface due to the lack of an overwhelming variety of extracellular matrix proteins
and cytokines.*® Choosing amniotic membranes as scaffolds for reepithelization has advantageous properties like low
immunogenicity, anti-inflammatory properties, and reduction of fibrosis.>” Human amniotic membrane allografts have
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Figure 3 Five-point scale assessment of postoperative (a) irritation, (b) foreign body sensation, (c) epiphora, and (d) pain after pterygium surgery on days |, 7, and 30
compared to Kucukerdonmez et al study.

Figure 4 Pictures of (a) postoperative day | and (b) week | of a patient.

proven to be effective at improving wound healing. A previous study demonstrated that multilayer amnion/chorion
allografts can be more effective at wound healing than single-amnion layer membranes.*®

Although advanced wound care products can be highly priced, benefits such as shortened surgical time and reduced
rates of complications may compensate for the high cost.*” Ease of product storage and handling characteristic should
also be considered when assessing wound care. Since all the cells and associated growth factors have been removed in
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the TLDAM due to decellularization, it has a 10-year shelf life that can be shipped and stored at room temperature. This
study showed the best results so far in the literature regarding surgical time while also having a significant impact on
patients’ postoperative comfort. Therefore, it is a safe technique that allows both surgeons and patients to benefit from it.
We highly recommend this technique, and it should continue to be studied in the future on a broader cohort.
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