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Abstract: Corneal perforations are ophthalmological emergencies which can have serious and detrimental consequences, if not
managed timely and appropriately. These are a significant cause of ocular morbidity and can result in decreased vision, blindness, and
even loss of the eye. Corneal perforations can be managed using a range of treatment approaches, including temporary solutions such
as the application of corneal glue and bandage contact lens, as well as definitive treatment such as corneal transplantation. Tissue
glues/adhesives were developed as substitutes for sutures in ophthalmic surgery. Unlike sutures, these glues are associated with shorter
overall surgical times and reduced inflammation, thus improving postoperative comfort without compromising wound strength. The
available tissue adhesives can be broadly classified into two types: synthetic (eg, cyanoacrylate derivatives) and biological (eg, fibrin
glue). Cyanoacrylate glue is chiefly used as a corneal patch to manage acute corneal perforations and improve visual outcomes. Fibrin
glue can be used instead of cyanoacrylate glue in many conditions with the benefits of reduced conjunctival and corneal inflammation
and reaction. Apart from this, each type of adhesive is distinct in terms of its benefits as well as limitations and is accordingly used for
different indications. The present review focuses on the two main types of tissue adhesives, their applications in the management of
corneal perforations, the associated complications, safety and efficacy data related to their use available in the literature and the need
for newer adhesives in this field.
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Introduction

Corneal perforations are ocular emergencies that may cause ocular morbidity and profound visual loss."?* Corneal
perforations may arise from numerous infectious, inflammatory, trauma, surgical, ocular surface related xerosis, expo-
sure, neurotropic, degeneration/ectasia and toxic/keratolytic causes.'

Most infectious corneal ulcers occur secondary to a breach in the corneal epithelium; however, microorganisms such
as Corynebacterium diphtheriae, Haemophilus aegyptius, Neisseria gonorrhoeae, etc. can penetrate an intact epithelium.
Corneal melting and subsequent perforation are typically seen in corneal ulcers that are refractory to medical treatment.
Apart from infections, alterations in the basement membrane of the epithelial cells and corneal neurotrophic conditions
can lead to persistent epithelial defects. Alterations in stromal collagen in autoimmune diseases such as rheumatoid
arthritis and Mooren’s ulcer also facilitate corneal melting.” Trauma is also a common cause of corneal perforations.

The main clinical symptoms of corneal perforations include a sudden decrease in visual acuity, pain, and increased
tearing. The most common signs include a shallow or flat anterior chamber, positive Seidel’s test, uveal tissue prolapse,
and hypotony (Figure 1).!

Immediate treatment aimed at the closure of corneal perforation is of paramount importance to preserve corneal
integrity and prevent complications like secondary glaucoma or endophthalmitis. Several management approaches are
available for corneal perforations, including non-surgical measures such as the application of glue and bandage contact
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Figure | Demonstrates positive Seidel’s test.

lens or more surgical definitive treatments such as conjunctival pedicle flaps, corneal patch grafts, and penetrating
keratoplasty.® The appropriate treatment approach is generally selected considering the size and location of the perfora-
tion as well as the etiology.>*

Tissue Adhesives

Tissue adhesives are synthetic or naturally occurring compounds that aid in the reconstruction of natural as well as
intraoperative or postoperative wounds.* Their use in ophthalmologic procedures dates back to the 19th century. Since
then, they have gained popularity as adjuvant materials for surgical wound closure in ophthalmology. The need for the
development of tissue adhesives arose from the disadvantages associated with using sutures, such as long surgical and
healing times and the risk of infection and scarring. Tissue adhesives offer the advantage of shorter surgical times and
lesser inflammation, thereby reducing postoperative discomfort without compromising wound strength. They also may be
a more economic option than suturing.*

An ideal tissue adhesive is cost-effective, transparent, easy to apply, biodegradable, and biocompatible. It should set
rapidly, have high tensile strength (by creating a strong bridge between wound margins), and offer postoperative comfort.
Currently, two main classes of tissue adhesives are in use: synthetic (eg, cyanoacrylate and acrylic-based polymers) and
biological (eg, fibrin glue, bio-dendrimers, and riboflavin—fibrinogen compounds).” In this review, we will discuss the
properties and applications of these two classes of tissue adhesives and review the available literature on their use.

Synthetic Tissue Adhesives: Cyanoacrylate Derivatives
Cyanoacrylate derivatives are the oldest and most commonly used glues in ophthalmic surgeries. Cyanoacrylates are
esters of cyanoacrylic acid, and are produced by the condensation of cyanoacetate with formaldehyde in the presence of

a chemical catalyst.” This type of synthetic glue polymerizes rapidly on coming in contact with a wet surface.*

Indications

Cyanoacrylates have been used in various ocular conditions, as reviewed below. However, it should be noted that while

successful, the use of cyanoacrylate glue is not FDA approved and is considered off-label use in the United States.
The use of cyanoacrylates is indicated in various ocular conditions, some of which are listed below:
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Corneal Perforations

Application of cyanoacrylate glue (along with topical antibiotics or a bandage contact lens to avoid microbial infections)
over small corneal perforations, less than 3mm, helps seal the cornea, allowing the formation of the anterior chamber and
healing of the perforated cornea underneath the glue. In cases of impending perforations due to microbial infections
(Figures 2 and 3), neurotrophic keratitis, chemical keratitis, trauma or non-infectious corneal melts, applying glue over
the thin area may prevent perforation.>>

¢ Glaucoma surgery and bleb leaks: Cyanoacrylate adhesives have been used for sealing leaking blebs after glaucoma
surgery. Their use for sealing conjunctival buttonholing during glaucoma surgery and for the repair of conjunctival
buttonholing during glaucoma drainage surgery has also been reported.’

e Sealing corneal cataract wounds: Cyanoacrylate glues have proven to be a safe and effective alternative to sutures in
small-incision cataract surgery.’

e Closure of scleral fistula: Cyanoacrylate tissue adhesive has been used to close the scleral fistula in retinochoroidal
coloboma successfully.®

e Retinal detachment surgery: Cyanoacrylate glue can be used to seal retinal breaks in pediatric vitreoretinal surgery
for retinal detachment. It can either be applied on the wound edges or used as an adhesive plug for retinal breaks.’

e Macular hole surgery: The risk of macular hole progression can be reduced by transvitreal application of
cyanoacrylate adhesives directly onto the macular hole. This reduces the need for vitreous surgery through gas
tamponade or macular buckling.’

e Other ophthalmic applications: Cyanoacrylate adhesives have been used for healing limbal ulceration as an adjunct
to tenonplasty, securing hard/rigid contact lenses in severe ocular surface disease (eg, chemical burns), as well as in
the treatment of amblyopia (as a method of occlusion therapy), removal of non-magnetic deep corneal foreign
bodies, and temporary tarsorrhaphy in corneal exposure.”®

Application Techniques

After obtaining informed consent, the procedure can be performed in the office, minor procedure room or the operating
room in a sterile setting, depending on the indication. For corneal perforations, most ophthalmologists perform the
procedure in the office after reclining the patient back to prevent aqueous humor from leaking. The surface is dried as the
glue polymerizes and solidifies instantaneously when it touches anything liquid. A squeezable vial can be used for the
direct application of cyanoacrylate-based adhesives. Alternatively, an applicator, which can be a simple syringe attached
to the vial, a 23-gauge catheter, or a plastic micropipette, can be used for the same. The corneal patch technique is
a useful technique that involves the preparation of tissue adhesive on a corneal plastic dressing or patch. This patch is
then directly attached to the perforated site. This technique is beneficial as it provides a uniform surface. Instead of
a plastic dressing, a polyethylene disk can also be used as a patch. Topical antibiotics should be applied both before and
after this procedure in order to avoid infections. Given that cyanoacrylate glue expands in volume during polymerization,
the quantity used during surgery should be selected with caution. Even a minute amount of glue can be enough to seal
small corneal perforations 1-2 mm in size.>’

The adherence of glue is restricted by the size of the perforation and the condition of the surrounding tissue to which
the glue is bonding. Reapplication may be necessary in cases of persistent stromal melting or wound leaks. Larger defects
can be treated with the application of multiple overlapping patches, if required.” After the cyanoacrylate polymerizes and
solidifies, the surface is often rough and can cause significant discomfort and foreign body sensation with blinking.
A bandage contact lens is applied over the treated area to prevent the glue from dislodging and also to promote patient
comfort.

Efficacy of Cyanoacrylate Adhesives
Cyanoacrylate tissue adhesives are considered the standard of care for impending or manifest corneal perforations. They
have manifold benefits, including ease of application and antibacterial activity, as well as their ability to offer tectonic
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Figure 2 Shows cyanoacrylate tissue adhesive in post bacterial keratitis perforation. (A) Corneal perforation before glue application (Al) Magnified view. (B) After
cyanoacrylate tissue adhesive application at | week, (B1) Magnified view. (C) Healed corneal perforation with resultant corneal leucoma at 12 weeks (C1) Magnified view.

support and arrest the progression of keratolysis.” Various types of cyanoacrylate adhesives have been developed for
clinical use. The early derivatives have short side chains (methyl, ethyl, etc.), while newer, medical-grade derivatives
have longer side chains (butyl and octyl cyanoacrylate).'

Several studies have demonstrated definitive benefits of the early use of cyanoacrylate glue.” Hirst et al performed
a retrospective review of 104 nontraumatic corneal perforations or descemetoceles treated with tissue adhesives or other
techniques between 1960 and 1980. They found that eyes treated with cyanoacrylate tissue adhesives had a lower
enucleation rate than those treated with other methods (6% vs 19%), and a higher rate of achieving visual acuity of 20/
200 or better (29% vs 19%)."!

The use of cyanoacrylate glue has been found to be effective in obviating the need for other surgical treatment in
cases with frank as well as impending perforations. Weiss et al treated 80 eyes with frank or manifest corneal perforations
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Figure 3 Shows cyanoacrylate tissue adhesive in post fungal keratitis perforation. (A) Corneal perforation before glue application. (B) After cyanoacrylate tissue adhesive
application at 5 days. (C) Healed corneal perforation with resultant corneal leucoma at 14 weeks.

using isobutyl or N-butyl cyanoacrylate glue and found that 44% of the eyes healed with the use of the glue alone.'?
Setlik et al also reported isobutyl cyanoacrylate tissue adhesive to be effective in treating small corneal perforations
(<3 mm), with 40.9% of the eyes healing with the use of the adhesive alone and 77.8% showing improvement in visual
acuity.” Kasetsuwan et al used a short-chain cyanoacrylate tissue adhesive, ethyl-2-cyanoacrylate, to treat small-sized
(<3 mm) frank and impending corneal perforations with both infectious and non-infectious etiologies. The success rate of
the procedure (defined as the rate of scarring of the cornea, which maintained the integrity of the eye) was reported to be
91%.' A few cases of successful use of 2-octyl cyanoacrylate for the treatment of corneal perforations have also been
reported.'>!*

The management of larger (>3 mm) perforations with cyanoacrylate glue is more challenging because of the risk of
entry of the glue into the anterior chamber, which might lead to the development of cataracts, glaucoma, or granuloma-
tous keratitis. Sharma et al proposed a new technique of scleral patch graft-augmented cyanoacrylate tissue adhesive
application for treating non-infectious corneal perforations measuring 3.5-4.5 mm. In this procedure, a partial-thickness
scleral patch equal to the size of the corneal perforation is placed at the perforation site, followed by the application of the
cyanoacrylate glue at the interface of the host cornea and scleral patch (Figure 4). The scleral patch provides a scaffold
for the growth of fibrous tissue and corneal epithelium and also offers tectonic support. In their series of 16 eyes treated
with this procedure, the authors found that 14 (87.5%) eyes healed within 5-9 weeks; only 2 (12.5%) eyes were
refractory to the treatment and had to be treated with tectonic penetrating keratoplasty.'>

Patients having a corneal perforation in association with rheumatoid arthritis may have continued collagenolysis after
cyanoacrylate tissue adhesive application. Sharma has described an innovative technique of intracorneal scleral patch
(ICSP) supported cyanoacrylate tissue adhesive application in corneal perforations greater than 3.0 mm secondary to
rheumatoid arthritis. ICSP-supported CTA application successfully healed all the corneal perforations and avoided
emergency PKP in corneal perforations sized 3.5 to 4.5 mm with associated rheumatoid arthritis. Long-term systemic
immunosuppressive treatment needs to be continued.'®

In some other studies, however, the rate of healing of perforations with the use of cyanoacrylate glue alone was lower,
and further intervention was required in a majority of the eyes. Leahy et al used N-butyl cyanoacrylate for eyes with several
ocular conditions such as corneal perforation, descemetoceles, stromal thinning, wound leaks etc, and found that only 33%
(14/44) of the eyes healed without the need for any further intervention. The rest of the eyes required interventions such as
enucleation, penetrating keratoplasty, scleral patch graft, conjunctival transplant, etc. Moreover, many eyes required more
than one application of the tissue adhesive (mean number of applications, 1.6 per eye; range, 1-6).'” In another study
conducted by Moorthy et al, the application of N-butyl cyanoacrylate tissue adhesive (along with a bandage contact lens)
was successful in healing corneal perforations in only 37% of the eyes. A total of 31% of eyes needed multiple applications
of the tissue adhesive, while 57% of the eyes required therapeutic keratoplasty due to failure of the glue. The overall
findings of this study indicated that glue application alone might not be sufficient to heal corneal perforations associated
with herpetic keratitis, and corneal transplantation surgery may be required to maintain the structural integrity of the eye.'®
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Figure 4 Shows successful healing in moderate corneal perforation using scleral patch augmented CTA application: (A) Moderate peripheral corneal perforation due to
Mooren’s Ulcer. (B) Customised partial thickness scleral patch assisted glue application at | week. (C) After 10 weeks, glue removed and perforation healed. (D) Final
healing resulting peripheral corneal opacity, minimal astigmatism and good visual acuity at 16 weeks.

Similar results were obtained in a study by Lekskul et al, in which 53% of nontraumatic corneal perforations treated
with histoacryl glue required regluing for recurrent leaks or glue dislodgment within several days of application of the
adhesive, and 7% needed a penetrating keratoplasty for refractory leaking. It is important to note, however, that after
accounting for the different levels of baseline visual acuity, the final visual outcome with tissue adhesive use was similar
to those with the use of other techniques (penetrating keratoplasty and medical treatment).'® In a recent study by Yin
et al, the application of cyanoacrylate tissue adhesive was found to be moderately effective in stabilizing corneal
perforation/thinning in the very short term. The success rate of glue application (defined as an intact globe without the
need for surgical intervention) was found to be 72%, 61%, and 46% at 10, 30, and 90 days, respectively, after glue
application. The larger size of the perforation/thinning, perforation (vs thinning), and single glue application (vs multiple)
were correlated with a higher failure rate. Multiple applications of the glue were frequently required, maintenance of
globe integrity decreased with time, and the need for surgical intervention was high.*°

Limitations of Cyanoacrylate Adhesives

The major concern with the use of cyanoacrylate adhesives for corneal applications is its potential toxicity to the corneal
endothelium and lens.” The toxicity of these adhesives depends on the length of the side chains. Shorter-chain derivatives
(methyl, ethyl) are, in general, more toxic, either directly or in the form of products formed after degradation.” They may
cause acute or chronic inflammation of the eye, which can lead to intense discomfort and may potentially worsen the
underlying condition as well.*'” In contrast, longer-chain derivatives (butyl, octyl, etc.) are relatively less toxic.” Carlson
et al reported giant papillary conjunctivitis as a complication after using cyanoacrylate glue for a corneal perforation
secondary to microbial keratitis.”' In corneal perforations secondary to microbial keratitis, after application of cyanoacrylate
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tissue adhesive bandage contact lens is avoided. Sharma et al have advocated a technique that uses a patch of sterile drape to
apply cyanoacrylate tissue adhesive. A sterile drape piece provides a smooth surface and eliminates the need for bandage
contact lens application.”? In the study by Leahy et al, scarring of conjunctival filtering bleb (5%, 2/44 eyes) and
symblepharon formation (2%, 1/44 eyes) were among the commonly reported complications.'” Inadvertent instillation of
a histoacryl adhesive in the anterior chamber has been reported to cause polymerization of the glue on the corneal endothelial
surface, with iridocorneal and iridolenticular adhesion.”® Cyanoacrylates used for punctal occlusion may glide into the
lacrimal sac and cause obstructive dacryocystitis and reactive xanthogranuloma. When used with a hard contact lens as an
artificial epithelium, this glue has been observed to induce substantial stromal and endothelial cell loss of the cornea.**

The tolerance of ocular tissue to cyanoacrylates also varies with the quantity of glue used. Small quantities of the glue
cause minimal inflammatory reaction and vascularization, but larger quantities covering up to a quarter of the cornea
usually yield poor results.”> However, using too small quantities of the glue can leave some areas leaking, which makes
the application of the glue cumbersome.’ Gandhewar et al proposed a technique to avoid inflammation in patients treated
with cyanoacrylate glue for corneal perforations complicated with iris prolapse. In their technique, two 2- and 3-mm
diameter discs are cut from a sterile plastic surgical drape. Rather than applying the glue directly to the iris, the smaller
disc is first placed on the corneal perforation. The larger disc is glued over it and then covered with a therapeutic contact
lens, thereby sealing the perforation while avoiding the risk of uveitis.”® In a study by Dean and Krenzelok, corneal
abrasion requiring treatment was found to be a major complication (observed in 44% of the cases) associated with ocular
contamination involving cyanoacrylates. Immediate (within 15 minutes after contamination) irrigation with water
lowered the chances of corneal abrasion, while delayed irrigation increased the risk of mechanical injury.’

Infectious complications have also been reported after the use of cyanoacrylate glue for sealing corneal perforations.
Sharma et al reported infectious complications in 3 of the 22 (13.6%) eyes treated with N-butyl cyanoacrylate.”® Weiss
et al reported corneal infiltrates in 7 of 80 eyes after treatment with cyanoacrylate glue, and 5 of these infiltrates were
bacterial in nature.'? Leahy et al also reported recurrent corneal ulcers in 2 of the 44 (5%) eyes and endophthalmitis in 1
of the 44 (2%) eyes treated with N-butyl cyanoacrylate.'” Monitoring for the presence of corneal infiltrate/infection is
thus essential after the application of cyanoacrylate adhesives, particularly when they have been in place for more than

2829 or an increase in intraocular

six weeks.? Other reported complications of cyanoacrylate glue include glaucoma
pressure’” and hypotony.**
Synthetic Tissue Adhesives: Polyethylene glycol (PEG) based hydrogel sealant.
Synthetic polyethylene glycol-based hydrogel (ReSure sealant, Optix therapeutics) was approved by the FDA in 2014

to seal clear corneal incisions in cataract removal and IOL implantation surgeries.

Indications
In addition to the FDA-approved indication of using hydrogel sealant for sealing clear corneal incisions in cataract
extraction and intraocular implant surgery, it has also been used off-label in other ocular conditions since its approval.

e Wound closure in pars plana vitrectomy (PPV) surgery.

A recent study reported successful closure of a surgical sclerotomy site that was found to be leaking at the end of a 23G
PPV, membrane peel, and air-fluid exchange for a 70-year-old patient with a history of epiretinal membrane and branch
retinal vein occlusion.”'

e Pterygium surgery.

Hydrogel sealant has been used in pterygium excision surgery to secure amniotic membrane graft to the conjunctival
edges. Nine eyes were treated and showed successful adherence without any reported dislodgement of AMT or

recurrence of pterygium.>?

¢ Flap edge closure for epithelial ingrowth after refractive surgery.
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Hydrogel sealant has been successfully used to prevent recurrent epithelial ingrowth in the setting of a LASIK flap
buttonhole. Presumably, the adhesive seals the flap and any fistula, thus preventing entry of epithelial cells underneath the
LASIK flap.**** Like in LASIK surgery, hydrogel sealant was used successively to treat recalcitrant epithelial ingrowth
after small incision lenticule extraction (SMILE) procedure, which had previously recurred despite two flap lifts with
epithelial debridement and flap edge re-suturing.®>> The use of hydrogel sealant to seal refractive surgery flaps has been
suggested in cases with diabetes which have a propensity to develop epithelial ingrowth.

Application Technique

The application is performed in a sterile setting. The sealant kit (commercially available as ReSure sealant, Optix
therapeutics) contains a tray with mixing wells with two separate lyophilized reactants — polyethylene glycol solution and
a tri-lysine amine solution, a plastic dropper filled with diluent and two foam tip applicators. The surgeon mixes together
the diluent with the two reactants for about 5 seconds and applies it to the incision using a foam-tipped applicator. The
surface is dried completely, and the solution is applied over the entire length of the incision, covering the margins.
Reapplication may be required if the incision site is not completely covered. In clinical trials, reapplication was required
in 40% of the subjects. The gel polymerizes within 30 seconds and forms a soft temporary sealant over the wound to
prevent fluid egress. It lasts between 1 and 3 days until re-epithelialization occurs and then sloughs off in the patient’s
tears. In clinical trials done for FDA approval, ReSure Sealant was reported to be in place in 76.1%, 31.3%, 2.6% and 0%
of the eyes at postoperative days 1, 3 7 and 14, respectively.

It has been suggested to delay administration of any drops to the surface for at least 30 seconds after application of
sealant to prevent dilution and dislodgement of the sealant before complete adherence. A recent study evaluated gel
formation times of ReSure sealant when mixed with topical medications at the time of mixing and administration; and
found that the addition of non-steroidal drop bromfenac slightly reduced mean gel time while all other topical non-
steroidals, steroids and antibiotics, including moxifloxacin, gatifloxacin, ofloxacin, ciprofloxacin, loteprednol etabonate,
prednisolone acetate, dexamethasone, ketorolac, and nepafenac, unacceptably increased mean gel time.>*

Efficacy
In a large clinical trial, a prospective, controlled, multicenter study was undertaken. This study randomized patients with
spontaneous leakage at the corneal incision at the time of cataract surgery into two groups based on the method for
wound closure, ie, ReSure sealant (295 eyes) or single suture placement (176 eyes). With a 4.1% rate of wound leakage
within the first postoperative week in the ReSure group compared to 34.1% of the suture group, superiority of hydrogel
sealant was demonstrated. Regarding safety, it was found that overall adverse events were lower for ReSure sealant
(22.7%) versus suture (45.4%).>”

Another study found no significant effect of using sealant on surgical duration and day 1 postoperative corneal edema
and foreign body sensation in patients who underwent bilateral cataract surgery, where only one eye received hydrogel
sealant.”®

Limitations

Hydrogel sealant requires the incision site to be completely dry before application. This sealant cannot be effectively
used when there is a brisk leak or where a temporary dry surface cannot be achieved. Additionally, wounds that are at
a higher risk for a postoperative leak or require more extended mechanical support at the incision (typically more than
three days), suture placement is considered a safer option. ReSure sealant cannot be used in patients allergic to FD&C
Blue #1. Further, prophylactic use in incisions without active leaking has not been evaluated.

Biological Adhesives: Fibrin Glue

Fibrin glue is the most frequently used biological tissue adhesive. Purified fibrin was used to treat parenchymal bleeding as
early as the 19th century, and the combination of fibrin and thrombin has been used for skin graft adhesion. In the field of
ophthalmology, fibrin glue was used for the first time in 1946 by Katzin to attach corneal grafts in rabbit eyes. Since then, its

use has become exceedingly common in research and clinical practice for various sutureless ophthalmic procedures.’
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Fibrin glue is absorbable and easy to use; it can be stored at room temperature or in a refrigerator.”*>° Fibrinogen and
thrombin are the two major components of fibrin glue. In addition, it also contains two coagulating factors, aprotinin
(fibrinolysis inhibitor) and calcium chloride.” Fibrin glue mimics the blood coagulation cascade, which involves the
activation of human Fibrinogen by thrombin. The polymerization of clot is completed within 2 to 3 minutes after
application of fibrin glue. The fibrin clot once formed seals the corneal perforation and subsequently undergoes
physiological degradation in few weeks to months.*’

Indications
Fibrin glue has been used for several ophthalmic indications, which include the following:

e Conjunctival surgery: Fibrin glue has been shown to be as effective as sutures for conjunctival wound closure and
transplantation. Its additional benefits include reduced operative time, postoperative discomfort, and inflammation.’

e Pterygium surgery: Fibrin glue has often been used for attaching conjunctival autografts in pterygium surgery. Its
use is associated with lower recurrence rates than those associated with suturing; it also reduces the operating time,
postoperative discomfort, and inflammation.’

e Strabismus surgery: The use of fibrin sealant is preferred over suturing for conjunctival wound closure in infants
and children, considering that suture removal may not be possible in these patients. As in other cases, the lack of
postoperative discomfort is the primary advantage of using a fibrin sealant.”>*°

e Corneal surgery: Fibrin glue is mainly used for plugging ulcer-induced perforations. Fibrin glue-assisted corneal
patch or amniotic membrane grafting (AMG) has been shown to be effective for treating corneal defects >3 mm in
size.>*! Also, in simple limbal epithelial transplant surgery (SLET), AMG is secured over the recipient cornea and
limbus, and pieces of limbal biopsies to the AMG with the help of fibrin glue.*?

¢ Glaucoma surgery: Fibrin glue is used for wound closure after trabeculectomy, the most common glaucoma surgery.
It has also been shown to be effective in treating bleb dysfunction/leaking, securing conjunctival flaps, and securing
glaucoma drainage devices.’

e Lens surgery: Several studies have used fibrin glue for sealing cataract wounds. It has also shown good visual acuity
results without any postoperative complications when used in posterior chamber intraocular lens implantation in
eyes with capsular support deficiency.’

e Vitreoretinal surgery: It has been shown that the application of autologous fibrin glue mixture on the macular holes
and retinal tears of patients causes the tear edges to seal earlier than those of tears that have not been treated with
fibrin glue.” Glue-assisted retinopexy for rhegmatogenous retinal detachments (GuARD) helps the surgeon to avoid
the use of gas or oil tamponade, and may aid in early visual recovery.*

Preparation
Several techniques are used to prepare fibrin glue using either homologous or autologous plasma. The risk of viral
transmission can be avoided with the use of an autologous source. Homologous fibrin glue is prepared from donors who
are first screened (as in the preparation of other blood products), with subsequent inactivation of viruses by solvent/
detergent treatment.”>>°

Centrifugation of plasma yields a precipitate that contains fibrinogen and a supernatant that contains thrombin. The
precipitate, re-suspended in a small volume of the supernatant, is used as the fibrinogen component of fibrin glue. The
supernatant is then treated by clotting in order to convert the residual fibrinogen to fibrin, which is subsequently removed
by filtration. The serum thus obtained (after removal of the fibrin) is used as the thrombin component of fibrin glue.**~°

The safety of fibrin glue prepared from donors is comparable to that of other tested blood products; solvent/detergent
treatment can successfully inactivate most, though not all, viruses. A useful alternative approach to obtain virus-free
fibrin glue is to prepare it from homologous fresh frozen plasma from donors who test negative for viral markers for at
least six months after the donation. This precludes the possibility of the donors having been in the “window period” at the
time of donation of blood or plasma. Sterilization with gamma irradiation is an additional measure to ensure the safety of

the prepared fibrin glue.*®*
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Application Techniques
Based on the surgeon’s preference, the two components of fibrin glue (purified fibrinogen [a protein] and purified

thrombin [an enzyme]) can either be applied simultaneously or sequentially.zg’39

e Simultaneous application: Both the components are injected via two syringes whose tips form a common port
(Duploject syringe). They meet in equal volumes at the point of delivery, whereupon the enzymatic action of
thrombin converts the fibrinogen to fibrin at a rate determined by the concentration of thrombin. The clot’s fibrin
monomers are crosslinked and stabilized by Factor XIII present in the fibrinogen component of the glue. Aprotinin
enhances clot stability by inhibiting fibrinolytic enzymes.**-°

e Sequential application: This method involves the application of thrombin to the area of interest, followed by a thin
layer of fibrinogen. The process of coagulation starts within a minute or two and clot polymerization is complete
within 2-3 minutes after the application of the glue.?*°

e In cases where apposition between opposing surfaces is needed, the thrombin solution can be applied to one and

fibrinogen to the other surface.”®*

In all of these cases, it is important to ensure that the surgical field is completely dry before the glue is applied. After the
application of the glue, the tissue should be pressed gently over the glue for 3 minutes to ensure a firm adhesion. Finally,

a pad and bandage should be applied after the instillation of antibiotic drops.?*°

Efficacy of Fibrin Glue

Fibrin glue, like cyanoacrylate glue, has been used successfully to treat impending as well as frank corneal
perforations.>** This biocompatible and completely biodegradable tissue adhesive is associated with minimal stromal
inflammation and foreign body reaction; it also does not cause tissue necrosis. Studies that used fibrin glue for sealing
corneal perforations suggested that it is efficient and well tolerated.** Lagoutte et al successfully used a fibrin sealant to
close perforated and pre-perforated corneal ulcers in 9 eyes of 8§ patients. This obviated the need for keratoplasty in these
patients, 4 of whom had severe sicca syndrome, which indicated a poor prognosis with any graft even after complete
healing of the perforation. No complications related to infection of the treated ulcer or residual inflammation of the
anterior chamber were observed. According to the authors, an additional benefit of the use of fibrin glues for treating
corneal perforations is that even if the procedure fails, it does not hinder keratoplasty and may even improve the
prognosis.*

Siatiri et al evaluated the efficacy of fibrin glue (along with soft contact lens) in the treatment of corneal perforations
up to 3 mm in diameter in 18 eyes. At three months after the procedure, 15 (83.3%) eyes exhibited successful healing of
the perforation. However, the success rate was significantly lower for perforations with a diameter >2 mm, suggesting
that the use of fibrin glue is effective in the closure of corneal perforations up to 2 mm in diameter.** Dong et al used
fibrin glue-assisted lamellar keratoplasty to successfully close corneal perforations of up to 2.5 mm diameter in 6 eyes
using glycerin-cryopreserved corneal tissue. The best-corrected visual acuity was found to have increased after the
procedure in all cases, and no major complications such as graft failure or graft dislocation were noted.*> Kumar et al
also used fibrin glue in a modified technique of lamellar penetrating sclerokeratoplasty to treat a total corneal ulcer with
scleral extension and impending perforation. In this technique, the partial-thickness scleral and full-thickness corneal bed
was prepared. Next, fibrin glue was used to fix a donor lenticule with the partial-thickness sclera and full-thickness
cornea on this bed. The technique was found to be less painful and less time-consuming, induced less postoperative
inflammation, and appeared to be a safe and effective option for managing cases of total corneal ulcers with limbus-to-
limbus involvement.*®

Fibrin glue has also been used to seal perforations developing during deep anterior lamellar keratoplasty (DALK).
In one such report by Anwar et al, fibrin glue was used successfully to close micro-perforations in the Descemet
membrane in 2 patients undergoing DALK for keratoconus. No opacification, increased inflammation, or vasculariza-
tion of the corneal stroma was observed after the procedure.*” Jacob et al have also reported fibrin glue-assisted
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closure of a macro-perforation using a donor lenticule from small incision lenticule extraction in a patient who had
undergone predescemetic DALK.*® As mentioned previously, large corneal perforations (>2 mm in diameter) are
difficult to treat using tissue adhesives. Amniotic membrane transplants have been used for sealing perforations and
have been reported to facilitate recovery and stabilize the ocular architecture.*” There have been clinical reports of the
use of amniotic membrane transplants along with fibrin glue for the successful closure of large corneal
perforations.**>® Hick et al used amniotic membrane transplant and fibrin glue for treating 14 corneal ulcers with
perforations measuring up to 3 mm. The success rate (re-epithelialization and stable corneal surface at two months)
was 92.9% (13/14). The authors suggested that this technique can be used as an initial procedure before performing
keratoplasty or conjunctival flap. It can also be used as a temporary measure to delay penetrating keratoplasty till
ocular inflammation has decreased and the corneal surface has re-epithelialized.”' Kim et al proposed a new technique,
referred to as “fibrin glue-assisted augmented amniotic membrane transplantation”, to treat corneal perforations
measuring >2 mm in diameter. In this technique, a thick, 5- or 7-ply “augmented amniotic membrane” was prepared
by applying fibrin glue to each sheet of amniotic membrane. This augmented amniotic membrane was transplanted
onto the perforation site with the help of nylon sutures. In a retrospective case series of 10 patients with corneal
perforations measuring >2 mm that were treated with this technique, the authors reported a very high success rate
(90%, 9/10 eyes; success was defined as complete epithelialization over the amniotic membrane). No cases of
infection or recurrent corneal melting were observed during the follow-up.>® Gupta et al reported the use of fibrin
glue for treating 2 patients of paracentral corneal melting, 3—5 mm in diameter. In their technique, a full-thickness
corneal patch graft was punched using a dermatological trephine and secured with fibrin-aprotinin biological tissue
adhesive, thereby obviating the need for sutures. The procedure was successful, and a best-corrected visual acuity of
6/24 was achieved in both cases, which circumvented the need for an emergency full-thickness penetrating kerato-
plasty. This appears to be one of the rare reports in which corneal defects larger than 3 mm in diameter were sealed
using fibrin glue.>® Fibrin glue has also been used successfully for sealing trophic corneal perforations (measuring
2 mm) developing after cataract surgery.”* Sharma et al reported successful management of 31 cases of sterile corneal
perforation up to 5-mm size using tuck-in Tenon’s patch graft (TPG). The authors harvested the tenon graft, tucked it
into the stromal pocket, and secured it either by applying cyanoacrylate glue or 10-0 monofilament sutures. The
advantages of the tenon patch included the autologous nature of the graft, cost-effectiveness, and easy availability.>*°
Chaudhary et al described the long-term successful outcome of Tenon’s patch graft in a case of corneal perforation
secondary to Herpes Zoster Ophthalmicus. The authors performed subsequent cataract surgery with gratifying
results.”®

Limitations of Fibrin Glue

The major risk associated with the use of fibrin glue is the risk of viral transmission with the use of formulations
containing fibrinogen that has been extracted from multiple donors. Although several measures have been developed to
minimize this risk, such as solvent/detergent treatment and a combination of gamma irradiation, cryoprecipitation,
adsorption, vapour heating, pasteurization, and nanofiltration, the safest approach is to prepare fibrin glue from the
patient’s own blood.* The use of thrombin derived from animal (usually bovine) sources carries a high risk of adverse
immunological reactions and transmission of prion/viral diseases.>> Sharma et al reported three cases of postoperative
infectious complications (including one case of giant papillary conjunctivitis) among 19 eyes treated with fibrin glue.
However, in general, the use of fibrin glue for sealing corneal perforations appears to be largely safe as most of the
reports do not mention any major postoperative infectious complications.** >’

The biological action of fibrinogen itself may be a source of complications. Fibrinogen is known to be involved in the
acute inflammatory response phase. It activates neutrophil markers that increase phagocytosis and cellular cytotoxicity as
well as delay apoptosis. Therefore, it is recommended to use small amounts of fibrinogen for surgical procedures to
prevent complications related to inflammation.” Byun et al reported a case of a patient who experienced worsening
bacterial keratitis and development of a secondary fungal infection after receiving treatment with fibrin glue for
managing an impending perforation. Thus, it is recommended that the use of fibrin glue be avoided in cases of infectious

keratitis as it masks the underlying lesion and also interferes with proper penetration of the drug into the lesion.”®
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Efficacy and Safety of Cyanoacrylate and Fibrin Adhesives: A Comparison

Both types of tissue adhesives, cyanoacrylate derivatives and fibrin glue, have their own strengths and limitations.
Cyanoacrylate derivatives are non-biodegradable and hence may induce inflammation, corneal neovascularization,
foreign body reaction, and tissue necrosis. In contrast, fibrin glue, being biologic in nature, is biocompatible and
completely biodegradable. It induces minimal stromal inflammation and foreign body reaction and does not cause tissue
necrosis.”® In addition, fibrin glue solidifies quickly, is easy to apply, and causes minor discomfort.> However, it starts to
degrade much faster than cyanoacrylate, is expensive, has low adhesive strength, and carries the risk of transmission of
viral/prion diseases.” It has no bacteriostatic effects (unlike cyanoacrylate adhesives), which is a major disadvantage
because some corneal melting/perforations requiring tissue adhesive treatments are in fact caused by infectious
keratitis.>~°

Few studies comparing cyanoacrylate and fibrin glues have been reported to date. A comparative study between fibrin
glue and two commercially available cyanoacrylate derivatives—N-butyl cyanoacrylate and methoxypropyl cyanoacry-
late—Chen et al showed that the cyanoacrylates had a bacteriostatic effect against a number of bacterial species, but
fibrin glue had no such effect against either Gram-negative or Gram-positive bacteria. Fibrin glue had lower cytotoxicity
than the cyanoacrylates, but its ability to seal corneal incisions was also lower.> In another study, Sharma et al compared
the efficacy of fibrin glue and N-butyl-2-cyanoacrylate in sealing corneal perforations up to 3 mm in diameter in 41 eyes
(19 eyes treated with fibrin glue and 22 with N-butyl-2-cyanoacrylate). Both the adhesives were found to be equally
effective (success rates of 79% and 86% with fibrin glue and N-butyl-2-cyanoacrylate, respectively; p > 0.05). Fibrin
glue offered the advantage of faster healing and significantly less corneal vascularization than cyanoacrylate glue;
however, it required a considerably longer time for adhesive plug formation.*® A comparison of the different properties
of cyanoacrylate and fibrin tissue adhesives is provided in Table 1.

Photocrosslinkable Adhesives

This class of tissue adhesives includes bovine serum albumin-based bioadhesives, riboflavin-based bioadhesives, and
hyaluronic acid-based photocatalytic glue. Bovine serum albumin-based bioadhesive is a photoactivated tissue adhesive.*
It has been used in strabismus surgery for muscle-to-muscle, sclera-to-sclera, and muscle-to-sclera adhesions. Riboflavin-
based bioadhesive causes collagen cross-linking in the cornea in the presence of ultraviolet A radiation, thus increasing
the biomechanical strength of the stroma.® It is used to treat corneal pathologies such as keratoconus, post-LASIK
ectasia, and postinfectious corneal melts. Hyaluronic acid-based photocatalytic glue is applied on lacerated corneal

Table | Comparison of Cyanoacrylate and Fibrin Tissue adhesives

Parameter

Cyanoacrylate Adhesives

Fibrin Adhesives

Efficacy in sealing corneal perforations

measuring <3 mm in diameter

Effective

Effective

Biocompatibility

Non-biodegradable; induce inflammation,
corneal neovascularization, foreign body

reaction, and tissue necrosis

Completely biodegradable; induce minimal
stromal inflammation and foreign body reaction;
does not cause tissue necrosis

Ease of application

Cumbersome to apply

Easy to apply

Postoperative discomfort

Cause greater postoperative discomfort

Cause lesser postoperative discomfort

Bacteriostatic effect

Have bacteriostatic effect against several
bacterial species

No bacteriostatic effect

Degradation Slower Faster
Risk of transmission of viral/prion diseases Low High
Healing time Longer Shorter

Note: Data from these studies.>*?*3°
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wounds.* Upon activation with an argon LASER beam, it polymerizes and closes the wound. These newer bioadhesives
show better biocompatibility, faster sealing, and increased binding forces compared to the existing bioadhesives, but are
still under research.*

Conclusion

Tissue bioadhesives are fast gaining popularity as an alternative or adjuvant to surgical wound closure in ophthalmology.
The newer techniques of applications of tissue adhesives using tissue scaffolds have enhanced their use in various clinical
conditions.'*!>343%%% The different properties of cyanoacrylate derivatives and fibrin adhesives make them suitable for
various indications. However, there is a growing need for new bioadhesives with better biocompatibility and greater

1,62
h,6 ,6!

bonding strength, which also provide rapid sealing. A number of newer adhesives are currently under researc and

long-term clinical trials are required to establish their efficacy in the management of corneal perforations.
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