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INTRODUCTION 

Corneal blindness is the one of the most common causes of 

preventable blindness in developing countries like India(1). Globally, the 

commonest cause for corneal blindness in adults include corneal 

ulcerations and corneal trauma. Corneal perforations may occur because 

of trauma, suppurative corneal ulcers, or secondary to immunological 

disorders and dry eyes(2). A corneal perforation is an ocular emergency 

requiring prompt closure of the defect. If the perforation is large 

extrusion of the intraocular contents through the perforation may occur, 

eventually leading to endophthalmitis. This can lead to loss of integrity of 

the eye ball , eventually pthisis bulbii, resulting in permanent blindness. 

Prompt and adequate closure of the corneal defect with appropriate 

treatment of the underlying pathology will result in healing, and the 

corneal scar that follows can then be addressed with a corneal transplant, 

with potential for vision.(3) 
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CORNEAL PERFORATION 

 The cornea is a transparent , avascular , watch glass-like structure. 

It forms anterior one-sixth of the outer fibrous coat of the eyeball. The 

main physiological function of the cornea is to act as a major refracting 

medium, so that a clear retinal image is formed. Maintenance of corneal 

transparency of high degree is a pre-requisite to perform this function. 

Therefore, almost any process which upsets the anatomy or physiology of 

the cornea will cause loss of transparency to some degree. (4) 

Corneal perforation is a leading cause of ocular morbidity and 

grave visual loss. It is the end result of multiple infectious and non-

infectious disorders that include microbial keratitis, trauma, and immune 

disorders. Being of high prevalence in the developing countries, it 

accounts for a large number of cases requiring an urgent surgical 

intervention. Eyes with corneal perforation need immediate treatment in 

order to preserve the integrity of the cornea and to prevent complications 

such as secondary glaucoma or endophthalmitis. Management of corneal 

perforation ranges from temporary measures, such as application of 

bandage contact lens and cyanoacrylate glue, to definitive treatment such 

as corneal transplantation.(5)  
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GOAL OF TREATMENT 

The goal of treatment of corneal perforations is to maintain eyeball 

integrity and enable appropriate healing to occur, so that a corneal 

transplantation can then be performed to restore vision. Small corneal 

perforations (up to 3 mm) can be sealed with a tissue glue (eg, n-butyl 

cyanoacrylate) and a bandage contact lens. The bandage contact lens is 

placed to minimize irritation of the palpebral conjunctiva because of the 

glue. However, in case of large perforations with or without iris prolapse, 

tissue glue cannot be used, as seepage into the anterior chamber (AC) 

will produce toxicity and damage to intraocular tissue.(3,6) 

CAUSES OF CORNEAL PERFORATIONS 

Corneal melting and subsequent perforation is a classical feature of 

corneal ulcers that do not respond to medical therapy. One of the most 

important events leading on to corneal thinning and perforation is a 

breach in the corneal epithelium; however, a very few organisms such as 

Corynebacterium diphtheriae, Haemophilus aegyptus , Neisseria 

gonorrhoeae, and Neisseria meningitidis, and Shigella and Listeria 

species can penetrate an intact epithelium.(7) And occasionally, keratitis 

can be established via hematogenous spread. Further alterations in the 

basement membrane of the epithelial cells may cause recurrent epithelial 

defects. Stromal melting  promoted by proteolytic enzymes elaborated by 
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altered epithelial cells and polymorphonuclear leucocytes has been 

demonstrated in experimental animals and in vitro in human corneas(8). 

Descemet’s membrane is a very effective barrier to microorganisms. 

When most of the stroma melts off, the Descemet’s membrane bulges 

forward, forming a descemetocele. In conditions like rheumatoid 

arthritis, there may be altered stromal collagen that contributes to further 

corneal melting. 

The major causes of corneal ulceration leading to corneal 

perforation can be broadly classified as infectious, non-infectious (ocular 

surface-related and autoimmune), and traumatic. 

A. INFECTIOUS CORNEAL PERFORATION 

Severe and resistant infectious keratitis is a common cause of 

corneal perforation. Whereas bacterial and fungal corneal infections are 

commoner in the developing world, recurrent herpetic keratitis causing 

stromal necrosis is the leading cause of corneal perforation in developed 

countries.(9) 

1. Bacterial Keratitis 

Bacterial keratitis often produce corneal ulceration leading to 

corneal perforation. Most bacteria require a chink in the corneal 

epithelium to gain access to the corneal tissue. Once bacteria gain access, 
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cytokines such as interleukin 1 and tumour necrosis factor (TNF) are 

released thereby attracting poly-morphonuclear cells. TNF induces the 

release of pro-inflammatory cytokines from macrophages, 

polymorphonuclear cells, and T-cells from within the corneal epithelium 

and stroma. In the case of virulent organisms such as Pseudomonas, 

release of enzymes like collagenases accelerate the process of corneal 

perforation.(10) The stromal necrosis progresses and the infection 

extends deeper and deeper into the cornea, ultimately causing perforation. 

The native imbalance between the cytokines contributes to corneal 

melting even after the bacterial amplification has stopped. 

Infection with Pseudomonas aeruginosa generally has poorer 

outcome, and corneal perforation occurs rapidly.(11) Various other 

organisms that have been isolated include Staphylococcus sp. , Proteus 

sp. , Streptococcus pneumoniae, Moraxella sp. , and Salmonella sp.  A 

study done in north India found that outdoor occupation, trauma with 

vegetative matter, centrally located of corneal ulcers, lack of corneal 

neovascularization, monotherapy with fluoroquinolone, and failure to 

start timely management were associated with an increased risk of 

corneal perforation in microbial keratitis. In that study, Staphylococcus 

epidermidis was the most common microbe isolated from perforated 

corneal ulcers.(12) 
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Figure 1. Bacterial keratitis 

2. Herpes Keratitis 

In herpetic disease, the corneal perforations are caused by necrosis 

of corneal stroma. Although active viral replication may be present in 

some cases, the host immune response is believed to be the primary 

cause. Destruction of the corneal stroma is largely caused by matrix 

metalloproteinases and collagenases from the polymorphonuclear cells 

and macrophages. Recurrent infection with progressing corneal thinning 

further leads to corneal perforation. In necrotizing stromal keratitis, the 

epithelium breaks down over a dense stromal infiltrate, forming a 

superficial ulcer that may at a varying rate deepen, producing a 

descemetocele and subsequent corneal perforation. Close supervision is 



7 
 

paramount because these ulcers may perforate unpredictably with excess 

topical corticosteroid or antiviral therapy.(13) 

3. Fungal Keratitis 

Fungal keratitis is commoner in the developing world. The rate of 

progression of fungal keratitis is slow, but available antifungal therapy is 

not sufficient, mainly due to low ocular penetration. Overall, a half of all 

fungal infections require surgical intervention because of treatment 

failures or corneal perforations. Fungi associated with corneal perforation 

include Fusarium solani, Aspergillus fumigatus, Penicillium citrinum, , 

Cephalosporium, Candida albicans and Curvularia. The rate of corneal 

perforation in fungal keratitis ranges from 4% to 33%. Lalitha et al 

reported a perforation rate of 61% in cases with treatment failures 

(overall 19% perforation rate).(14) 

 

Figure 2. Fungal keratitis 
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B. NONINFECTIOUS CORNEAL PERFORATION  

1. Ocular Surface—Related 

Non-infectious corneal perforations usually occur in diseases that 

adversely are detrimental to the precorneal tear film and other 

components of the ocular surface. Dry eye syndrome is a major 

contributor to chronic epithelial defects. Corneal dryness in conditions 

like keratoconjunctivitis sicca results from the depletion of goblet cells. 

Deficiency of goblet cells and accessory lacrimal glands leads to 

alteration of tear composition and severe dry eye. Persistent epithelial 

defects combined with poor healing can lead to sight-threatening 

infectious corneal ulceration, sterile thinning and/or perforation. Corneal 

perforations have been reported to occur in Sjo ̈gren syndrome.(15) 

Corneas in Sjo ̈gren syndrome are prone to stromal degradation, 

ulceration, and consequent perforation as a result of diminished tear 

production, corneal epithelial breakdown, and enzymatic degradation of 

collagen by inflammatory cells. Other systemic conditions associated 

with xerosis include vitamin A deficiency, erythema multiforme, and 

benign mucous membrane pemphigoid.(16) 
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Figure 3. Severe dry eye (A) and (B) Epithelial defect (C) and (D) 

Staining with flurorescein  

2. Autoimmune Causes 

Collagen vascular diseases such as rheumatoid arthritis, systemic 

lupus erythematosus, sarcoidosis, Temporal arteritis, Wegener 

granulomatosis and inflammatory bowel disease may be associated with 

corneal melting. Peripheral ulcerative keratitis (PUK) is a rare 

inflammatory disease of the peripheral cornea, usually associated with 

rheumatoid arthritis, that may lead to rapid perforation of the globe and 

visual failure. Corneal melt in patients with rheumatoid arthritis is 

normally associated systemic vasculitis in more than 50% of cases, 

carries a higher mortality, and needs prompt and aggressive treatment. In 
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corneas that are affected by PUK, a local imbalance exists between levels 

of a specific collagenase (MMP-1) and its tissue inhibitor (TIMP-1) that 

been known to be responsible for the rapid keratolysis which is the 

hallmark of PUK.(17) 

Severe pain and photophobia are the cardinal symptoms of PUK. 

Slit lamp examination might show a non-infiltrating ulcer near the limbus 

with extensive surrounding inflammatory infiltrate and conjunctival 

injection. Keratoconjunctivitis sicca is very common. PUK has also been 

associated with primary Sjo ̈gren syndrome, Wegener granulomatosis, 

polyarteritis nodosa and relapsing polychondritis. Another rare cause of 

corneal perforation, Mooren ulcer, is an idiopathic form of PUK. The 

aetiology is uncertain, and previous reports described the presence of 

inflammatory cells, immunoglobulin, and increased expression of human 

leukocyte antigen class 2 molecules in the affected areas. Perforation is 

common in the ‘‘malignant’’ form of Mooren ulcer, up to 36% of cases 

in one report. Patients in whom Descemet’s membrane has a minimal 

overlying stroma may be lead on to perforation either spontaneously or 

following minor trauma. (18) 



11 
 

 

Figure 4. Peripheral ulcerative keratitis with iris tissue incarceration 

3. Traumatic Corneal Perforation 

Corneal trauma may result from a penetrating or perforating eye 

injury, although an urgent surgical intervention is not always required. 

Eyes with previous corneal surgery and refractive surgery are more prone 

to corneal damage and melting following blunt trauma, especially when 

associated with xerosis. Corneal melting may also occur with chemical 

injuries of the eye. Chemical burns cause extensive limbal and 

conjunctival cell damage. Persistent inflammation does not allow 

epithelialization and accelerates ulceration and melting with globe 

perforation. Increased activity of the enzyme collagenase along with 

ischemia leads to corneal melting and is often associated with a poor 

prognosis.(19) 
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Figure 5. Firecracker injury with micro-perforation paracentrally 
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PRE-OPERATIVE ASSESMENT OF CORNEAL 

PERFORATION 

A. HISTORY AND CORNEAL WORK-UP 

History taking in patient with ocular trauma should be quick and 

brief but yet complete, one should elicit the details about the incidence 

leading to ocular trauma and document the same in the medical record. 

Since intervention may urgently be necessary, history-taking in trauma 

cases is somewhat different than in noninjury-related diseases. 

Knowledge of the injury's circumstances can yield important information 

for the experienced ophthalmologist. History about the incidence of 

ocular trauma can be helpful in anticipating the extent of damage in the 

injured eye and will also help in prognosticating the outcome in 

traumatized eye.  

Corneal perforation warrants prompt management. Most patients 

with corneal perforation present a sudden drop in visual acuity with 

associated ocular pain. Relevant ophthalmic history must include ocular 

trauma, ocular surgery, dry eyes, contact lens use, herpetic eye disease or 

use of topical corticosteroids. All patients should be enquired about 

rheumatoid arthritis, lupus, and immunosuppression as it is paramount 

that systemic medications be administered in the setting of systemic 

autoimmune disease.(20) Pressure on the eye should be avoided, and 
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patients should be instructed not to squeeze their lids.  

B. OPHTHALMOLOGICAL EVALUATION: 

The primary goal of evaluation is to establish the most important 

pathologies caused by the injury so that the intervention can be optimally 

planned (e.g. type, timing). The initial (preoperative) examination also 

serves as a recording of the eye's baseline condition to which the final 

outcome will be compared. The written record and the test results are 

important evidence in any patient with history of trauma as there are 

potential medicolegal cases; this is as important for the ophthalmologist 

(to protect himself and to protect his parent institute) as for the patient 

(insurance, workman's compensation). The proper documentation and 

addressing medico-legal barriers forms one of the important wing of four 

pronged initial management of ocular trauma. It is not a goal of the 

evaluation to try to meticulously list every minor tissue lesion. Even 

significant pathologies, ones whose presence would have no bearing on 

the decision-making process, need not be identified if in the process of 

obtaining them further injury to the eye may occur. These pathologies are 

recognized and addressed later when the risk of iatrogenic damage has 

already passed, e.g. gonioscopy examination of an eye with hyphema. 

This can precipitate re-bleeding in the eye, hence, gonioscopy is deferred 

until the risk of secondary bleeding has subsided.(21) 
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Visual acuity: Unless the patient is unconscious or very uncooperative, 

or the injury is caused by a chemical agent, and sometimes in cases of 

very tense lids and orbit, it is imperative that the ophthalmologist 

determines the visual acuity in both the injured and the fellow eye. If for 

some reason, ophthalmologist is not able to assess visual acuity, he 

should document the reason for inability to check the visual acuity in the 

medical record. Even if the eye is having no perception of light one 

should try and reconstruct the eye anatomically. 

Pupil: Examination of the pupillary reflexes is one of the key component 

in evaluation of the traumatized eye. The shape and position of the pupil 

in the injured eye are noted. A drawn or asymmetrical pupil may signal 

presence of an open wound and iris prolapse. The diameter of both pupils 

should be recorded; dilation can be caused by iris trauma (sphincter 

damage), scattering of incoming light (e.g. vitreous hemorrhage), or by 

eye's inability to properly perceive light (retinal or optic nerve damage). 

Anisocoria can also be caused by damage to the sympathetic fibres 

(causing miosis). The pupil's reaction to direct and consensual light and 

assessment for relative afferent pupillary defect should be checked. In 

case of badly traumatized eye where the pupil is distorted and invisible, 

the ophthalmologist can look for the consensual reflex in the fellow eye 

on shining the light in the traumatized eye which will give a clue about 

the integrity of optic nerve in the injured eye. Similarly, presence of 



16 
 

relative afferent pupillary defect in cases of blunt ocular trauma is the 

only clinical indicator of traumatic optic neuropathy besides subnormal 

visual acuity.  

Examination of the eyeball: Detailed systematic examination of the lids 

& adnexa, cornea and sclera should be carried out with torch light and on 

slit lamp followed by fundus examination with indirect ophthalmoscope. 

Lids and adnexa: Involvement of lid and adnexa should be carefully 

looked for. In cases with lid laceration, one should look for full thickness 

or partial thickness lid laceration, whether the lid margin is involved or 

not, whether the canaliculus is involved or not, whether the canthi are 

involved or not and whether there is any evidence of infection around the 

lacerated edges. Photographic documentation or diagrammatic 

representation should be done in all the cases. 

Cornea and sclera: Presence or absence of corneal and/or scleral 

involvement is noted. In cases with corneal laceration, the diagrammatic 

representation of the corneal laceration is done in the medicolegal record. 

The details about the partial or full thickness laceration, extent of 

laceration, involving visual axis or not, bevelled or perpendicular 

laceration, involving limbus or not, associated iris prolapse or infection 

around the wound edges is noted in the records. A pictorial representation 

of the injury would be of great benefit. 
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Figure 6. Colour coded diagram of corneal ulcer 

 

Figure 7. Colours for various corneal pathologies 

Iris prolapse is tell-tale sign of corneal perforation. A positive 

Seidel test with 2% fluorescein is  confirmatory. The suspect area is 

stained with fluorescein, and the site of perforation is seen as a bright 

yellow spot as the dye is diluted. If the corneal perforation is small or 

self-sealing, gentle pressure may cause the leakage of aqueous that 

confirms the location of perforation (pressure Seidel test). The size and 

location of the perforation as well as the depth of stromal involvement 

are important parameters in deciding management. In small corneal 
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perforations, conservative treatment with bandage contact lens, corneal 

gluing, amniotic membrane grafting(AMG) may be tried, whereas large 

perforations may require a primary repair or corneal transplantation in the 

form of patch graft or tectonic keratoplasty. Impending perforations may 

be reinforced by folds in Descemet’s membrane. Systemic antibiotics 

may be added when bacterial keratitis is complicated by scleritis or there 

is a risk of endophthalmitis. The patient should be instructed to use an 

eye patch.(7) 

 

Figure 8. Corneal micro-perforation with positive Seidels 

Anterior chamber depth and its contents: The depth of the anterior 

chamber should be carefully looked for in all cases with history of injury. 

Shallow anterior chamber indicates open globe injury or traumatic 

intumescent cataractous lens or even occult scleral dehiscence. Deep 

anterior chamber is indicative of angle recession or posterior occult 

scleral dehiscence. Anterior chamber can show presence of hypopyon, 

hyphema, traumatic fibrinous uveitis or intraocular foreign body. Loose 
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lens matter can also be present in the anterior chamber in cases with 

ruptured traumatic cataract . There can be vitreous strands in the anterior 

chamber secondary to disruption of zonules. 

 

Figure 9. Loose lens matter in anterior chamber with ruptured 

traumatic cataract 

Lens: The status of the lens should be looked for in all cases with injury. 

There can be presence of traumatic cataract with intact or torn anterior 

capsule. Lens matter can be compact or can be loose or flocculent. 

Posterior capsular status should be attempted to look for on slit lamp. In 

cases with long standing traumatic cataract there can be calcification and 

thick membrane formation. 
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Figure 10. Iris sphincter tear with traumatic cataract 

Gonioscopy: Status of the angle needs to be assessed in cases with blunt 

ocular trauma. However, gonioscopy needs to be deferred if there is open 

globe injury or if there is presence of hyphema. In cases with hyphema, 

gonioscopy should be done after the hyphema has subsided completely as 

doing gonioscopy in cases with active hyphema may cause rebleed in the 

anterior chamber. One should look for damage to the angle, presence of 

angle recession and intraocular foreign bodies in angle in suspected cases 
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Figure 11. Angle recession seen in inferior quadrant 

Fundus examination: Physician should take earliest possible 

opportunity to examine the fundus for any posterior segment 

manifestation of trauma. Blunt ocular trauma may cause damage to the 

retina (commotio retinae), choroid (choroidal rupture) and optic nerve 

(optic nerve evulsion) alone or in combination. Traumatic macular holes 

and retinal detachment or dialysis may also occur after blunt ocular 

trauma. Trauma to the orbital tissues adjacent to the globe can cause 

concussive forces with damage to multiple structures within the eye. 

(chorioretinitis sclopetaria). Variety of causes may result in preretinal or 

vitreous hemorrhage and associated visual loss. 
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Figure 12. Subhyaloid hemorrhage 

C. SYSTEMIC WORK-UP: 

Cases with a history or signs of associated systemic diseases 

require a medical consult. Most commonly these patients have a collagen 

vascular disease such as rheumatoid arthritis and lupus. Adjustment in 

the dose of immunosuppressive agents is usually helpful as a part of 

overall management. 
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Classification of Ocular Trauma 

Ocular trauma can be broadly classified based on the mechanism 

of injury into mechanical and non-mechanical eye injuries. 

The mechanical injuries to the eye can be classified as: 

• Closed globe injury 

– Contusion 

– Lamellar laceration. 

• Open globe injury 

– Rupture 

– Laceration. 

• Penetrating 

• IOFB 

• Perforating. 

The non-mechanical injuries to the eye due to physical agents can result 

from: 

• Thermal 

• Ultrasonic 

• Electrical agents 

• Radiation injuries 

Ocular trauma classification system is based on Birmingham Eye Trauma 

Terminology (BETT). It can be categorized by four parameters: 
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• Type 

• Grade 

• Presence/absence of relative RAPD 

• Extent or zone of injury 

 

Figure 13. Birmingham eye trauma terminology system (BETTS) 

Open Globe Injuries 

Open globe injuries may be of the following types: 

Type 

A. Rupture 

B. Penetrating 
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C. Intraocular foreign body (IOFB) 

D. Perforating 

E. Mixed. 

Grade (Visual acuity) 

A. ≥20/40 

B. 20/50 to 20/100 

C. 19/100 to 5/200 

D. 4/200 to light perception 

E. No light perception (NLP). 

Pupil 

A. Positive, relative afferent pupillary defect (APD) in injured 

eye 

B. Negative, relative APD in injured eye. 

Zone 

I  Injuries involve the cornea and limbus 

II Injuries involve the anterior 5 mm of the sclera 

III Injuries involve full-thickness defects whose most anterior 

aspect is at least 5 mm posterior to the limbus 
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Figure 14. Zones of open globe injury 

Closed Globe Injuries 

Closed globe injuries are of the following types: 

A. Contusion 

B. Lamellar laceration 

C. Superficial foreign body 

D. Mixed. 
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Grade (Visual acuity) 

A. ≥20/40 

B. 20/50 to 20/100 

C. 19/100 to 5/200 

D. 4/200 to light perception 

E. No light perception (NLP). 

Pupil 

A. Positive, relative APD in injured eye 

B. Negative, relative APD in injured eye. 

Zone 

I External (superficial injuries limited to bulbar conjunctiva, sclera, 

cornea) 

II Anterior segment (includes structures of the anterior segment and the 

pars plicata, including the lens apparatus) 

III Posterior segment (all internal structures posterior to the posterior lens 

capsule including the retina, vitreous, uvea and optic nerve 
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Figure 15. Zones of closed globe injury 
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MANAGEMENT OF CORNEAL PERFORATION 

 The main objectives of corneal perforations are as follows: 

• Restoration of structural integrity 

• Achieve watertight closure 

• Prevent infection 

• Reduce scarring 

• Maintain conducive environment for future procedures 

• Smooth and optically effective refractive surface to be restored 

A. Non-surgical management:  

It encompasses treatment of the perforation itself and ancillary 

treatment to hasten the recovery process while preventing infection. 

1. Preventing infection: Monotherapy with fluoroquinolones is 

recommended and has been shown to result in faster recovery and 

provides good protection against most nosocomial infections when 

compared to fortified antibiotic therapy. The newer fluoroquinolones 

provide better transcorneal penetration and are preferred. The fourth-

generation fluoroquinolones, moxifloxacin and gatifloxacin, have a less 

resistance rate while giving better gram-positive activity than previous-

generation fluoroquinolones. However caution should be exercised 

because there have been a few studies suggesting corneal melting 

associated with the use of topical fluoroquinolones.(22,23) In addition, 
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cycloplegia is can be added to increase patient comfort and minimize 

inflammation and adhesions. 

2. Anti-glaucoma Drugs: Pharmacologic suppression of aqueous 

production enhances wound healing and reduces pressure that may cause 

expulsion of intraocular contents. If the anterior chamber is formed, anti-

glaucoma medications can be considered.  

3. Anti-inflammatory therapy: Steroids should be avoided in the initial 

treatment of post-traumatic and contact lens--related perforations in part 

because they may be fungal. Also, if a perforation is suspected to be 

associated to HSK, the use of corticosteroids is best avoided. If steroids 

are given, the smallest possible dose along with an antiviral agent should 

be used. The overuse of antiviral agents and or antibiotics will delay re-

epithelization. Steroids are generally not used in cases of exposure, 

neurotrophic keratitis, or dry eyes. In more advanced conditions, 

medroxyprogesterone acetate 1% can be considered as it does not inhibit 

collagen synthesis, partly related to its suppressive effects on the 

production of tissue collagenase.(24) 

Use of Steroid-sparing Agents: Systemic immunosuppressive 

medication is beneficial in unresponsive severe non-infectious corneal 

inflammatory disease or to prevent post- operative corneal melting. It is 

important that these patients be managed in conjunction with a medical 
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physician who understands the process of keratolysis. Immunosupressive 

drugs have significant side effects, including bone marrow suppression, 

and inappropriate use or dosages can be devastating.(25) 

Cyclosporine (CSA) is a specific modulator of T-cell function and 

an agent that inhibits cell-mediated immune responses. It binds to 

cyclophilin, an inracellular protein, which prevents formation of 

interleukin-2 and the subsequent recruitment of activated T-cells. Oral 

and topical CSA (1% or 2%) can be tried in melting stromal ulcers and 

post- operative corneal melts.(26) Oral CSA has been recommended, 

with apparent efficacy, to treat corneal melting syndromes such as 

Mooren ulcer and those with Wegener granulomatosis. 

A recent development in immunosuppression involves inhibition 

of various effector cells, targeting cell products like cytokines or their 

receptors. Rituximab, a chimeric monoclonal antibody against B-cells has 

been utilized in peripheral ulcerative keratitis associated with Wegener 

granulomatosis. Infliximab, a monoclonal antibody directed against TNF-

a has been used found to be effective in rapidly reducing the progression 

of a sterile PUK in rheumatoid arthritis.(27) 

4. Optimizing epithelial healing: Maintenance of the tear film is 

important for epithelial healing. This can be achieved by restoring the 

eye’s moisture with preservative-free artificial tears and ointment and by 



32 
 

reduucing evaporation. Punctal oocclusion to prevent drainage of the tear 

film and maximize its contact duration with the ocular surface. These can 

greatly reduce dependency on tear supplements in patients with dry eye. 

In cases of dry eyes, patients with punctal occlusion will benefit from 

adjunctive topical cyclosporine A.(28) In addition to preservative-free 

tear and ointments and topical cyclosporine, autologous serum drops 

have been applied in cases of persistent epithelial defects and kerato- 

conjunctivitis sicca with some success.(29) 

Whenever possible, preservative-free medications are preferred. 

Preservatives such as thimerosal,  benzalkonium chloride and EDTA 

have been shown to hinder epithelial healing of cornea in animal 

models.(30) 

In cases of small corneal perforations and progressive melting, soft 

bandage contact lenses may be helpful. A hydrophilic bandage contact 

lens is used to promote epithelial healing and to reduce patient discomort. 

Injuries may seal with a large soft contact lens. After 48 hours persistent 

leakage can often be assessed by gently nudging the lens to the side. 
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Figure 16. Bandage contact lens used to seal corneal perforation 

B. Surgical management:  

It remains the mainstay of therapy. 

1. Corneal gluing: 

a. Cyanoacrylate glue:  Cyanoacrylate glue is highly effective, easy to 

use, and can reduce the need for urgent corneal transplantation. The use 

of cyanoacrylate glue has been associated with lesser enucleation rate and 

better visual results. In high-risk perforations ,like those associated with 

infection or trauma, the delay in penetrating keratoplasty with the use of 

corneal glue usually leads to better visual outcomes. Gluing is advocated 

in any noninfected, progressive corneal thinning disorder before 

perforation. In these cases, not only has gluing been showed to arrest the 

thinning process, but application is also easier in a non-perforated eye. 

(5) 
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The goal of tissue glues is to restore the tectonic integrity of the 

globe with the understanding that a more definitive vision providing 

procedure may be required at a later stage. Corneal gluing is not a 

panacea for all types of corneal perforations. In a study of perforations 

and descemetoceles in 44 eyes by Leahy et al, only 32% of eyes required 

no further treatment after application of tissue adhesive. A corneal 

transplantation had to be performed in nearly half (45%) of the eyes after 

gluing.(30) Cyanoacrylate adhesive works best in small (< 3 mm) 

concave central defects. In marginal ulcers, the glue can easily dislodge 

as it does not adhere well to conjunctiva. Cyanoacrylate glue prevents re-

epithelialization into the area of damaged and naked corneal stroma in 

cases with infective keratitis and thus delays the development of the 

critical setting for corneal melting via the production of collagenase 

enzymes. Halting of the melting process is most successful when applied 

early in the course before overwhelming numbers of neutrophils have 

accumulated. Histoacryl glue D-3508 and isobutyl-2-cyanoacry- late are 

the two most commonly used tissue adhesives. Dermabond (2-octyl-

cyanoacrylate) is also used successfully for skin and cornea adhesion. 

Commercially available ‘‘super glue’’ (methyl-2- cyanoacrylate) has also 

been used, but appears to be more toxic than the other acrylate 

derivatives. 
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b. Surgical technique for corneal grafting: Glue should be applied with 

the smallest allowed amount in a controlled manner, avoiding excessive 

spillage. Fogle et al demonstrated that direct early application of 

cyanoacrylate adhesive to the ulcer bed and adjacent basement membrane 

with a bandage contact lens was effective in the interruption of 

progressive corneal stromal melting related to herpes simplex, 

keratoconjunctivitis sicca, alkali burns, radiation keratitis, rheumatoid 

arthritis and Stevens- Johnson syndrome.(31) Moschos et al created a 

mesh with 10-0 nylon sutures at the site of corneal perforation before the 

application of glue.(32). A 2-mm dermatologic punch is first used to 

trephine a disc from a sterile disposable drape. A small amount of sterile 

ophthalmic ointment is applied on the flat end of a cotton-tipped 

applicator, and the disc is then stuck onto the ointment and placed aside. 

A few drops of topical anesthesia are put to both eyes. A non-

compressing lid speculum is used. The perforation site is inspected, and 

loose epithelium and necrotic tissue are removed carefully. Epithelium 1-

2 mm surrounding the ulcer is removed as well as any debris, vitreous or 

lens material. After debridement, the perforation site should be as dry as 

possible for the glue to stick. If the anterior chamber is totally flat a small 

amount of air or viscoelastic can be injected to form the chamber to avoid 

incarceration of iris or other tissue to the adhesive. One drop of adhesive 

is then applied to the trephined drape, and the adhesive is directly applied 
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to the area of perforation. The polymerization process will take place in 

less than 5 minutes. If a small leak remains, additional applications 

adjacent to the plug may be needed or the initial plug can be simply 

removed and reapplied. Multiple re-applications are not done because 

this will enlarge the defect. After solidification, the area should be 

inspected and dried examining for further leaks and a bandage contact 

lens can be applied. The patient should be examined again to ensure the 

glue/disc contact lens complex has not moved and the anterior chamber is 

formed, and then an hour later to look for further deepening. 

The postoperative treatment must include topical antibiotic therapy 

and an aqueous suppressant. A protective shield must be placed. If the 

perforation is infectious, patients should continue their medications. 

Ideally the glue should remain in position for as long as possible, but 

careful monitoring is required because the risk of glue dislodgement and 

re-perforation is high. 

c. Outcomes and complications: Application of cynoacrylate glue 

allows early management of small corneal perforations with a good 

outcome. Several studies have shown a clear benefit of the early use of 

cyanoacrylate glue. Hirst et al have shown improved visual outcomes 

with reduced enucleation rate (6%vs 19%). (33) Corneal glue has been 

found to be advantageous in cases with frank as well as impending 
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perforations. Successful corneal gluing may reduce the need for other 

intervention. Forty-four percent of the cases in a series by Weiss et al(34) 

and 32% of cases in another study by Leahey et al(35) did not require any 

further intervention. Treatment with corneal gluing alone has been shown 

to be definitive in as many as 86% of cases. 

Complications arise from the tissue adhesive or from the original 

perforation and include cataract formation, worsening of infectious 

keratitis, granulomatous keratitis, glaucoma, papillary conjunctivitis, and 

symblepharon formation.(36) 

B. Fibrin glue: 

Fibrin tissue adhesives offer several advantages over 

cyanoacrylate-based tissue adhesives in that they solidify rapidly, apply 

easily, and cause less discomfort. Similar to cyanoacrylate glue, fibrin 

glue has been high success rates used in cases with impending as well as 

frank corneal perforations. Bernauer et al employed fibrin glue in cases 

with corneal perforations related to rheumatoid arthritis and achieved a 

successful outcome in 84%.(37) 

The main disadvantage of biological glues is that they start to 

degrade much faster, have no bacteriostatic effects, and there is a 

increased risk of transmission of prion/ viral diseases with the use of 



38 
 

bovine products in its constituents. Currently most corneal surgeons use 

fibrin glue mainly to secure amniotic membrane grafts.(38) 

2. Conjunctival flaps:  

Conjunctival flaps are used in cases with slower progression and 

corneal thinning. A conjunctival flap brings in superficial blood vessels 

to promote healing of corneal ulcers thereby preventing the occurrence of 

corneal perforation. The flaps also control pain, eliminate the use of 

frequent medications, and may provide a safer alternative to invasive 

surgery. A conjunctival flap is not appropriate for active suppurative 

keratitis with marked stromal thinning or in eyes with frank perforation 

because the leak will continue under the flap. A modified conjunctival 

flap procedure, referred to as superior forniceal conjunctival 

advancement pedicle, has been used.(39) 

3. Amniotic membrane transplantation and its variants 

Amniotic membrane transplantation (AMT) is used as a treatment 

for corneal perforation to restore corneal stromal thickness so that urgent 

penetrating keratoplasty can be avoided. AMT is a good alternative to 

penetrating keratoplasty, especially in acute cases in which graft rejection 

risk is high. Amniotic membrane patches can be secured over the 

perforation with either sutures or glue. Both cyanoacrylate and fibrin glue 
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have been used, but fibrin glue allows sealing of larger perforations and 

gives better results. A single layer or a multilayered amniotic membrane 

(AM) may be used depending on the depth of involvement. A single-

layered AMT is done in cases of persistent epithelial defects, and a 

multilayered AMT is done in cases of associated corneal thinning or 

corneal melts.(40,41) 

Amniotic membrane can successfully treat a refractory corneal 

epithelial defect by enhancing epithelial healing and thus prevent corneal 

perforation. Rodrıguez-Ares et al reported successful multilayered 

amniotic membrane transplantation in 73% of cases and concluded that 

multilayered AMT was very effective for treating corneal perforations 

with diameter <1.5 mm.(42) 

a. Hyperdry Amniotic Membrane Patching attached using a tissue 

adhesive 

A hyperdry amniotic membrane with tissue adhesive or a fibrin 

glue-assisted  amniotic membrane may be used to seal corneal 

perforations. Kitagawa et al used hyperdry amniotic membrane and a 

tissue adhesive for corneal perforations. In three eyes, corneal 

perforations were treated with a single-layer patch of dried AM using a 

biological tissue adhesive. The dried AM was prepared with consecutive 

far-infrared rays and microwaves (hyperdry method) and was sterilized 
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by gamma-ray irradiation. This was then excised to the desired size and 

shape, and the adhesive was applied to the amniotic epithelial side of the 

dried membrane. After this, the dried membrane with glue was put to the 

site of corneal perforation lesion using forceps.(43) 

b. Fibrin glue-assisted Amniotic Membrane Transplantation 

Kim et al analyzed the efficacy of fibrin glue-assisted augmented 

amniotic membrane transplantation in 10 patients with corneal 

perforations more than 2 mm in greatest dimension. A 5- or 7-ply 

augmented amniotic membrane was prepared by applying fibrin glue to 

each sheet of AM to repair the corneal perforation. The augmented AM 

was fashioned 0.5 mm larger than the diameter of the perforation and was 

transplanted on the perforation site with 10-0 nylon suture. If needed, 

additional overlay AM was sutured. The mean ulceration diameter was 

2.7 +/- 0.95 mm (range, 2--5 mm). All had well-formed deep anterior 

chambers, and 90% completely epithelialized over the AM. No eyes 

showed evidence of infection or recurrent corneal melting during the 

follow-up period.(44) 

4. Corneal transplantations: 

A large corneal perforation (> 3 mm diameter) cannot be corrected 

by corneal gluing and requires therapeutic keratoplasty along with 
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management of the underlying condition. Depending on the size of the 

perforation, a small diameter patch graft or large diameter keratoplasty is 

performed, either full thickness or lamellar depending on the depth of 

involvement. In infectious perforations, therapeutic keratoplasty also 

replaces the infected cornea and reduces the infective load. 

When the perforations are not too large, a small tectonic corneal 

transplantation preserves the integrity of the globe. Tectonic grafts, also 

called patch grafts, are either lamellar or perforating, and cover corneal 

stromal defects, restoring the structure of the cornea or sclera. Patch 

grafts can be tried temporarily for central corneal perforations (for future 

optical penetrating keratoplasty) or permanently to repair peripheral 

perforations and descemetoceles. 

a. Surgical technique: The timing varies according to the etiology of the 

perforation. In some cases with infectious keratitis with coexisting 

corneal perforation, corneal gluing can be tried temporarily while 

intensive antimicrobial treatment is being used in order to control the 

infection. Another technique described by Kobayashi et al employs the 

use of custom designed hard contact lens along with ethyl-2-

cyanoacrylate adhesive. A penetrating keratoplasty is performed after the 

anterior chamber stabilizes.(45) 
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Surgical manipulation, especially mechanical trephination with a 

free-hand trephine or with suction trephines, requires immense skill to 

perform during tectonic penetrating keratoplasty as there is a risk of 

extrusion of intraocular contents. The ocular surface is marked by partial 

trephination followed by free- hand cutting starting through the 

perforation. Use of excimer laser trephination has also been described in 

order to obtain precise cuts. In cases with post-traumatic corneal 

perforation, primary closure should occur as soon as possible in order to 

prevent ocular infection. In large posttraumatic perforations that may not 

be amenable to primary closure, standby donor corneal tissue must be 

made available in case a need for tectonic graft arises during the surgery. 

In some cases with long-standing perforated corneal ulcers, the iris 

tissue plugs the perforated cornea with overlying epithelialization. 

Routine therapeutic kerato- plasty in such cases leads to mechanical 

damage to the iris, resulting in severe bleeding and large surgical 

coloboma during the removal of the host corneal button. A preliminary 

lamellar separation is performed in order to excise the superficial portion 

of the corneal button thereby reducing the bulk of the corneal tissue. 
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Figure 17. (A)Perforated infected corneal ulcer with iris tissue 

incarceration (B) Therapeutic keratoplasty done for the same 

b. Tectonic keratoplasty: Tectonic grafting is best suited for cases with 

peripheral corneal perforations and descemetoceles. It restores the 

integrity of the eye and allows acceptable visual rehabilitation. Infection 

was successfully eradicated in 87% of cases, and about 50% of cases 

received subsequent optical keratoplasty. The rate of corneal allograft 

rejection was reported to be very low (<4%), thereby offering a major 

advantage over conventional therapeutic keratoplasty.(46) 
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c. Lamellar keratoplasty: Lamellar keratoplasty is used as a tectonic, 

alleviating measure to patch the cornea in cases corneal perforations or 

descemetoceles and is preferred over a full-thickness graft because the 

latter carries a higer risk of immunological rejection or endothelial 

decompensation. Lamellar keratoplasty, however, also has disadvantages 

such as occurrence of intra-lamellar neovascularization or incomplete 

removal of pathogens in the case of deep infectious ulcers. Lamellar 

corneal transplantation can be performed as deep lamellar crescentic 

lamellar or epikeratoplasty.(47) 

Deep lamellar keratoplasty: It carries the added advantage of no 

endothelial rejection, and no intraocular complication as the graft lies 

over the intact posterior lamella. It is also possible to achieve complete 

eradication of corneal infection especially when using the big bubble 

deep anterior lamellar keratoplasty technique. However, it may be 

difficult to use the big bubble technique in cases with frank perforations. 

Instead, a manual dissection may be performed successfully. Another 

advantage of using lamellar technique is reduction in the chance of 

intraocular spread of infection, since the descemets membrane is not 

breached. Anshu et al reported 50% incidence of endophthalmitis in 

cases of recurrent infection after therapeutic penetrating keratoplasty in 

contrast to no cases of endophthalmitis in the therapeutic deep lamellar 

keratoplasty group. (48) 
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In corneal perforations up to 4 mm in greatest dimension, the 

defect is sealed with cyanoacrylate adhesive or fibrin sealant. An air 

bubble is then injected into the anterior chamber, followed by 

intracameral Tisseel fibrin sealant. A manual deep lamellar keratoplasty 

is then performed. Because fibrin sealant is a biological, it resorbs 

completely in a few days.  

Crescentic lamellar keratoplasty: It was historically described for 

corneal perforation with pellucid marginal degeneration.(49) The 

advantages of small eccentric grafts over large grafts include lower risks 

of graft rejection, peripheral anterior synechiae formation, and secondary 

glaucoma. A good visual acuity may be achieved because of eccentric 

location. Furthermore, a future optical penetrating keratoplasty can still 

be done. Although the technique of shaped eccentric grafting in 

peripheral corneal disorders is technically challenging, surgical outcomes 

are satisfactory. 

 

Figure 18. Lamellar patch graft done in a case of peripheral 

ulcerative keratitis 
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d. Outcomes and prognosis: The outcome and prognosis of keratoplasty 

depends on the location, etiology and size of the perforations. 

Therapeutic keratoplasties performed for infectious conditions provide a 

better results as compared to those performed for immunologic 

conditions like corneal melting secondary to ocular pemphigoid, as these 

tend to recur. The type of surgical procedure, the predominant pathogenic 

mechanism, and the perioperative immune status influence the outcome. 

The control of corneal melting and the prevention of surface infection are 

key for graft survival. Pleyer et al performed therapeutic keratoplasty in 

16 eyes with corneal perforations or descemetoceles secondary to 

rheumatoid arthritis. Anatomical success could be achieved in all 

eyes.(50) Postoperative complications included epithelial keratopathy 

(50%), corneal ulceration (31%), fistulation (25%), loose sutures (25%), 

and graft rejection (13%). Regrafts were required in 31% of eyes because 

of recurrence of corneal melting or persistent deep stromal defects. 
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DRAWBACKS OF CURRENT TECHNIQUES 

While every one of the techniques described while holds its own 

weight, they also come at a price. The one thing common to them all is 

the higher rates of rejection and infection. For example, performing 

corneal transplantation on an inflamed eye along with a disrupted blood-

aqueous barrier is not only challenging, but also is associated with a high 

rate of intraoperative as well as postoperative complications. The 

incidence of postoperative complications such as allograft corneal graft 

rejection and high intraocular pressure is high in penetrating keratoplasty. 

Although there is no endothelial graft rejection after lamellar corneal 

transplant, there is a potential risk of leaving the infection in the deeper 

corneal layers. This is especially important in cases with deep corneal 

infiltrates and coexisting corneal perforations. 

The above described procedures incite inflammation and stromal 

vascularization which places the future transplant at risk. The techniques 

like gluing and amniotic membrane are expensive. They also require the 

establishment and maintenance of eye banks for the prompt supply of 

donor corneas.  
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TENON’S PATCH GRAFT 

Over the last decade, numerous donor tissues and synthetic 

materials have been used to reconstruct the ocular surface. However, no 

material has been found to be universally acceptable till date. The sclera, 

corneal lamellar graft, amniotic membrane, temporalis fascia lata, split 

thickness dermis, and periosteum have been previously described as 

grafting material. 

Most of these materials have their own disadvantages. There was a 

need to come up with a material that did not incite excess inflammation, 

was autologous and was not bulky. Hence tenon’s fascia , which was 

earlier used in pterygium and glaucoma surgeries to seal leaky blebs, was 

used to seal small corneal perforation (<3 mm). 

Anatomy of tenon’s capsule 

     The Tenon capsule , also known as the fascia bulbi of the eyeball, 

is a dense, elastic and vascular connective tissue that envelopes the globe 

from the limbus to the optic disc. Its inner surface is well defined and lies 

in close contact with sclera to which it is connected by fine trabeculae. 

The outer surface of the fascia bulbi lies in contact with orbital fat 

posteriorly and with subconjunctival tissue anteriorly with which it 

merges near the limbus. Tenon’s capsule is separated from the sclera by 
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episceral space (tenon’s space), which can be readily dissected. The 

lower part of the fascia bulbi is thickened and takes part in formation of a 

sling or hammock on which the globe rests. Fascia bulbi is pierced 

posteriorly by the optic nerve, ciliary nerves and vessels, just behind the 

equator by venae corticosae, and anteriorly by six extraocular muscles; 

where it becomes continuous with the fascial sheaths of these muscles.(4) 

 

Figure 19. Cross sectional anatomy of orbit showing Tenon’s capsule 

The use of autologous tissue to reinforce the perforation has been 

reported in the literature before.(51) However, the use of autologous 

tenon’s tissue to do a patch graft using overlay suturing is fairly 

rare.(52,53) The use of autologous tenon’s tissue as a patch graft was 

first described by Rasik Vajpayee et al. in 2012 in a short video clip 



50 
 

demonstrating the technique.(54) This technique was further improved 

upon by Sayan Basu who tucked in the tenon’s tissue in the perforation 

and used overlay sutures to hold the tissue in place.(55) The tissue can be 

used to seal sterile corneal perforations of size 3–5 mm. Since the tissue 

is autologous, the risk of rejection is reduced and it also reduces the 

dependence on donor tissue. 

Surgical technique 

Preoperative preparation 

• Topical antibiotics such as ciprofloxacin QID for 3 days just before 

surgery is advisable as prophylaxis against endophthalmitis.  

• An informed and detailed consent should be obtained.  

• Eyelashes of upper lid should be trimmed. Scrub bath and care of 

hair should be advised.  

• Tablet Acetazolamide 500 mg stat 2 hours before surgery should 

be given to lower IOP 

Surgical steps 

• The surgery is done under peribulbar anaesthesia 

• The parts are cleaned, painted with antiseptic solution and draped 

• The size of the corneal perforation is measured using calipers 

• The wound edges are freshened and stromal pocket using a 

crescent blade (Alcon Surgical, Fort, Worth, TX) 
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• Saline injected into the subconjunctival space, preferably from 

superior quadrant and conjunctival peritomy done 

• Blunt dissection done using Vannas scissor (Appasamy Associates, 

Chennai, Tamil Nadu), tenon’s tissue of appropriate size harvested 

 

Figure 20. Conjunctival peritomy done with blunt dissection of 

Tenon’s tissue 

• Tenon’s tissue placed over perforation, tucked into the wound 

 

Figure 21. Tenon’s tissue placed over the perforation 
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• Two overlay sutures put with 10-0 Ethilon monofilament (Ethicon, 

Johnson and Johnson, US)  

 

Figure 22. Two overlay sutures placed to secure the tissue 

• Watertight compartment ensured by irrigating the anterior chamber 

with saline  

 

Figure 23. Fluid injected into anterior chamber to check for 

leaks 
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• Any leaks are checked for and air insufflated into the anterior 

chamber using a hydrodissection cannula (Appasamy Associates, 

Chennai, Tamil Nadu) 

• Intracameral moxifloxacin (Kitmox, Provis Pharma, Himachal 

Pradesh) injected into the anterior chamber 

• Bandage contact lens placed, pad and bandage applied 

Post-operative regimen 

• The patient is started on antibiotic eye drops (moxifloxacin 

hydrochloride 0.5%, one drop six times a day), steroid eye drops 

(prednisolone acetate 1% one drop six times a day) and tear 

substitutes. 

Modification over previous tenon’s patch graft techniques 

The previous techniques employed the use of cyanoacrylate glue to 

bind the tenon’s tissue to the site of perforation. However, in the 

technique described in this study, double overlay sutures are used instead, 

which is even more economical, while at the same time producing a 

tighter seal.  
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AIMS AND OBJECTIVES 

To analyze “THE PERCENTAGE OF CASES HEALED IN TUCK-

IN TENON’S PATCH GRAFT DONE FOR CASES OF CORNEAL 

PERFORATION OF SIZE LESS THAN 5 MM” 

PRIMARY OBJECTIVE: 

To analyze 

1. the rate of epithelial healing 

2. to check for post-operative wound leakage  

3. to look for tissue integration using AS-OCT 

SECONDARY OBJECTIVE: 

 To study 

           1. the improvement of visual acuity (logMAR) 

           2. maintenance of intraocular pressure (IOP) 

           3. signs if tissue integration using AS-OCT 

 

PERIOD OF STUDY:  1 year (December 2020 to December 2021) 

 

PLACE OF STUDY: Regional Institute of Ophthalmology & 

Government Ophthalmic Hospital , Egmore , Chennai – 600 008.  
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SAMPLE SIZE:  20 eye of 20 patients. Owing to the COVID-19 

pandemic, I did not receive the expected number of patients. Hence I 

had to reduce my sample size to 20 eye of 20 patients from 27 eyes of 

27 patients. 
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MATERIALS AND METHODS 

Patients presented to Regional Institute of Ophthalmology who are 

diagnosed with sterile corneal perforations of size less than 5 mm and 

have been screened out using the inclusion and exclusion criteria are 

taken up for the procedure. 

 

STUDY DESIGN: Prospective interventional study 

 

 

SUBJECT SELECTION : 

All Patients presented to Regional Institute of Ophthalmology with 

sterile corneal perforations of size less than 5 mm are considered for the 

intervention after informed consent. 

 INCLUSION CRITERIA : 

Corneal perforations 

1.    Sterile in nature 

2.    Of size less than 5 mm 

3.    With intact tenon’s tissue  
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EXCLUSION CRITERIA : 

1. Previously operated for the perforation 

2. Size more than 5 mm 

3. Infective in nature 

4.  Conjunctival cicatrization in affected eye 

PRE OPERATIVE ASSESSMENT: 

➢ Detailed history 

➢ Uncorrected visual acuity by logMAR chart 

➢ Best corrected visual acuity logMAR chart 

➢ Slit lamp biomicroscopy  using Topcon Slit lamp 2802214 

➢ Seidel’s test to confirm corneal perforation 

➢ Intraocular pressure by i-care tonometer 

➢ Fundus examination using Volk 20 D lens 

➢ Slit lamp photography using Topcon Slit lamp 2313122 

INTRA OPERATIVE PERIOD:  

• The surgery is done under peribulbar anaesthesia 

• The parts are cleaned, painted with 10% povidone iodine solution 

and draped 

• The size of the corneal perforation is measured using calipers 

• The wound edges are freshened and stromal pocket using a 
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crescent blade (Alcon Surgical, Fort, Worth, TX) 

• Saline injected into the subconjunctival space, preferably from 

superior quadrant and conjunctival peritomy done 

• Blunt dissection done using Vannas scissor (Appasamy Associates, 

Chennai, Tamil Nadu), tenon’s tissue of appropriate size harvested 

• Tenon’s tissue placed over perforation, tucked into the wound 

• Watertight compartment ensured by irrigating the anterior chamber 

with saline  

• Any leaks are checked for and air insufflated into the anterior 

chamber using a hydrodissection cannula (Appasamy Associates, 

Chennai, Tamil Nadu) 

• Intracameral moxifloxacin (Kitmox, Provis Pharma, Himachal 

Pradesh) injected into the anterior chamber 

• Bandage contact lens placed, pad and bandage applied 

POST OPERATIVE PERIOD: 

• The patient is started on antibiotic eye drops (moxifloxacin 

hydrochloride 0.5%, one drop six times a day), steroid eye drops 

(prednisolone acetate 1% one drop six times a day) and tear 

substitutes for a period of atleast 4 weeks, with provision of 

extending if deemed necessary. 
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FOLLOW UP :  

The postoperative consults were held on the 1st , 2nd, 7th , 30th , and 

60th  postoperative days . 

PARAMETERS ASSESSED: 

● Visual acuity by logMAR chart(1st, 2nd , 7th ,30th  and 60th  

postoperative day),  

● Slit lamp biomicroscopy using  Topcon Slit lamp 2802214 

(1st, 2nd , 7th ,30th  and 60th  postoperative day),  

● Intraocular Pressure using i-care tonometer (1st, 2nd , 7th ,30th  

and 60th  postoperative day), 

● Anterior segment OCT on 30th postoperative day 

 

 

Figure 24. (A), (B), (C) Pre-operative picture, (D), (E), (F) Post-

operative day 3  
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Figure 25. Anterior segment OCT on day 30 showing integration of 

tenon’s tissue into the wound 
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OBSERVATION AND ANALYSIS 

The collected data were analysed with  IBM.SPSS statistics 

software 23.0 Version.  

To describe about the data descriptive statistics frequency analysis, 

percentage analysis were used for categorical variables and the mean & 

S.D were used for continuous variables.  

To find the significant difference between the univariate samples 

in Independent groups the one sample t-test was used. 

In both the above statistical tools the probability value .05 is 

considered as significant level. 

OUTCOMES OF THE STUDY: 

Primary Outcome:  

T look for epithelial healing using Seidel’s test and AS-OCT 

Secondary Outcomes: 

1. Best corrected distance visual acuity before and after surgery  

2. Maintenance of intraocular pressure after surgery 

3. Signs of tissue integration 

KEY:  

UCVA: Uncorrected visual acuity 

BCVA: Best corrected visual acuity 

IOP: Intraocular pressure(mm Hg) 
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Table 3: Age wise distribution 

Age 
Mean 

Standard 

deviation 
Minimum Maximum 

52.8 11.372 25 73 

 

Age No. of. patients Percentage 

<30 years 1 5 

30-60 years 15 75 

>60 years 4 20 

 

 

The above table shows age distribution where 5% are <30 years, 

75% are 30-60 years, 20% are >60 years with mean age of 52.8+/-11.372 

years. 
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Table 4: Gender distribution 

Gender No. of. patients Percentage 

Male 14 70 

Female 6 30 

Total 20 100 

 

 

The above table shows Gender distribution where 70% are Males, 

30% are Females. 
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Table 5: Aetiology distribution 

Aetiology Frequency Percent 
Collagen vascular disorder 3 15 
Firecracker injury 2 10 
Insect fall 1 5 
Neurotrophic keratitis 2 10 
Post TKP 4 20 
Post traumatic 7 35 
Steven Johnson syndrome 1 5 
Total 20 100 

 

 

The above table shows aetiology distribution where cases with 

collagen vascular disorder were 15%, firecracker injury were 10%, insect 

fall were 5%, neurotrophic keratitis were 10%, post TKP were 20%, post 

traumatic were 35% and Steven-Johnson were 5%.  
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Table 6: Site of perforation distribution 

Site of perforation Frequency Percent 

Central 2 10 

Paracentral 9 45 

Peripheral 9 45 

Total 20 100 

 

 

The above table shows distribution of site of perforation where 

central perforations constituted 10%, paracentral perforations 45% and 

peripheral 45%. 
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Table 7: Percentage of cases with complications 

Complications Frequency Percent 

N 18 90 

Y 2 10 

Total 20 100 

 

 

          The above table shows percentage of complications wherein 10% 

of the cases had a complication and 90% were uncomplicated. 
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Table 8: Percentage of additional procedures 

Additional procedure done Frequency Percent 

No 18 90 

Yes 2 10 

Total 20 100 

 

 

The above table shows percentage of cases needing additional 

procedure where 10% of the cases needed additional procedure and 90% 

did not need an additional procedure. 
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Table 9: Comparison of duration of healing with population mean 

using one sample ‘t’ test 

 Mean Std. Deviation 
95% CI 

t value p value 
Lower  Upper 

Duration of 
healing (Days) 

27.9 10.959 22.77 33.03 11.386 0.001 

 

The above table shows comparison of duration of healing with 

population mean showing a mean healing time of 27.9 +/- 10.959 days 

with p=0.001<0.05 which shows highly statistical significant association. 

 

Table 10: Comparison of BCVA (logMAR) after surgery with 

population mean using one sample ‘t’ test 

 Mean 
Std. 

Deviation 

95% CI t 

value 
p value 

Lower Upper 

BCVA (logMAR) 1.56 0.47273 1.362 0.948 12.046 0.001 

 

The above table shows comparison of BCVA (logMAR) after 

surgery with population mean showing a mean of 1.56 +/- 0.472 with 

p=0.001<0.05 which shows highly statistical significant association. 

 



70 
 

RESULTS 

● 20 patients participated in the study 

● The age distribution where 5% are <30 years, 75% are 30-60 years, 

20% are >60 years with mean age of 52.8+/-11.372 years. 

● Gender distribution in the study were 70% are Males, 30% are 

Females. 

● Operated Eyes distribution were 53.8% is Right, 46.2% is Left. 

● The distribution of aetiology were collagen vascular disorder 15%, 

firecracker 10%, insect fall 5%, neurotrophic keratitis were 10%, 

post TKP 20%, post traumatic 35% and Steven-Johnson syndrome 

5%.  

● Among these, post traumatic corneal perforation had a higher 

failure rate compared to the rest. 

● Distribution of site of perforation were peripheral 45%, paracentral 

45% and central 10%. 

● Among the 20 cases, 2 cases had complications and 18 were 

uneventful. In the 2 cases, the patient had to be taken for additional 

procedures. 

● Mean duration of healing was 27.9 +/- 10.959 days on comparison 

with population mean with p=0.001<0.05 which shows highly 
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statistical significant association. This implies that the procedure 

hastens the process of  healing. 

● The BCVA (logMAR) after surgery with population mean showing 

a mean of 1.56+/-0.472 with p=0.001<0.05 which shows highly 

statistical significant association. This shows that the procedure 

improves BCVA from baseline. 

● The procedure helps achieve water-tight chamber and fasten the 

healing process, in the process also improves BCVA from the 

baseline value. 

● 2 of the 20 patients needed re-surgery as the graft did not stay in 

place. They were taken up for keratoplasty. 

● There was no adverse events during the study. 
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DISCUSSION 

There have been various materials, allogenous, and autologous, 

which are being‘ used to aid and provide tectonic support in corneal 

fistulas, sclero-corneal wounds, and pterygium surgeries.(56–58) The 

alternatives to TPG include tissue adhesives like cyanoacrylate glue, 

AMG, penetrating keratoplasty, lamellar grafts, temporalis fascia lata, 

and periosteum, each one having their own set of advantages and 

disadvantages. While some of these alternatives need a second surgery to 

harvest the tissue, the others need donor tissue. The main issue with using 

an allogenic material is that they carry an increased risk of tissue 

rejection and infection Tenon’s tissue is a fascial covering of the eyeball 

lying between the conjunctiva and the episclera. Although the use of 

autologous and lab‑cultured tenon’s tissue for case of post 

trabeculectomy bleb site leak and pterygium surgeries has been reported 

before, the mention of the use of TPG to treat corneal perforations is very 

rare. (59) 

The study by Sharma et al. reported tenon’s patch graft done on 31 

cases of sterile corneal perforation of range 3–5 mm and they achieved 

good results with a mean healing time of 25.7 ± 6.7 days in 27 of the 31 

patients. One of these cases required resuturing due to the displacement 

of graft. Most of the cases in their study showed healing with a 
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leukomatous scar by 16.9 ± 2.7 weeks.(52) Korah et al. did a 6‑year 

retrospective study on 28 patients who had corneal perforations of size 3–

6 mm and underwent TPG and reported healing in 20 patients with the 

maintenance of the anterior chamber. (53) 

The advantages of TPG are that the tissue is autologous and hence 

the chance of autoimmune reaction and rejection is less. And because it is 

autologous, the procedure is economically viable, and there is a reduced 

chance of infection.(60) Since in our technique we have created a stromal 

pocket around the wound, tucked in the tenon’s tissue, and sutured with 

overlay sutures, the risk of iris tissue incarceration and wound leak is 

drastically reduced. The use of such autologous tissue also reduces the 

dependence on eye banks for donor tissue, which can be utilized for 

keratoplasty and research purposes. The drawbacks of the technique are 

that the TPG can be used for sterile corneal perforations of size 3-5mm 

only. Perforations of size larger than 5 mm need a patch graft as the 

support provided by TPG is inadequate. In our technique, we have 

harvested tenon’s tissue from the superior quadrant, as the tissue from the 

inferior quadrant carries a risk of getting infected due to inadequate 

closure by the lids. Harvesting the tissue from the medial or lateral side is 

avoided as it can cause mild restriction of extraocular movement, due to 

the tug on medial and lateral check ligaments respectively. Most of the 
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allogenic tectonic supports used for the eye, TPG included, produce a 

leucomatous scar. And hence, if the scar is in the visual axis, TPG has to 

be followed up with a keratoplasty to achieve optimum vision.  
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CONCLUSION 

           Tenon’s patch graft is an effective, inexpensive, and safe technique 

to manage corneal perforations, which has reduced the risk of tissue 

rejection and infection. This technique has proven to be very useful 

especially during the COVID pandemic where the tissue availability is 

very limited. It also helps maintain a conducive environment for future 

sight giving procedures. 

The study shows that tenon’s patch graft helps in maintaining 

water tight chamber while not producing excessive inflammation. In the 

study, there was also an improvement of BCVA from baseline 

  We have successfully reproduced results in our study, though a 

larger randomized control trial with a longer follow‑up period with serial 

AS‑OCTs would determine how well the TPG is integrated into the 

cornea. 
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PROFORMA 
 

NAME:       Hospital OP no: 

AGE               yrs.       SEX: M        F    Hospital IP no: 

ADDRESS: 

CHIEF COMPLAINTS: 

HISTORY OF PRESENTING ILLNESS: 

 

PAST HISTORY: 

Diabetes       Yes No     if yes, Duration: __________ Treatment: __________ 

Hypertension     Yes No     if yes, Duration: __________ Treatment: __________ 

CAD      Yes No         if yes, Duration: __________ Treatment: __________ 

Hyperlipidemia       Yes No           if yes, Duration: __________ Treatment: __________ 

Others________________________________________________________  

 

FAMILYHISTORY 

 

TREATMENT HISTORY 

       

GENERAL EXAMINATION 

       Built 

       Nourishment 

       Vitals- PR           b    pm    BP              mmhg 
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OCULAR EXAMINATION 

RIGHT EYE EXAMINATION LEFT EYE 
 
 

Visual acuity  

 
 

Eyelids  

 
 

Extraocular movements  

 
 

Conjunctiva  

 
 
 
 

Cornea  

 
 

Anterior chamber  

 
 

Iris  

 
 

Pupil  

 
 

Lens  

 

 

 
 Fundus examination 

 
 

 Seidel’s test  
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OTHER SYSTEMS 

   CNS 

   CVS 

    RS 

 

INVESTIGATIONS  

GENERAL 

FBS:  mg/dl  PPBS    :              mg/dl  Hb:              gm/dl 

BT:           min           sec CT:               min            sec  

OPHTHALMOLOGICAL 

Intraocular pressure (rebound tonometry) -  

Anterior segment OCT - 

 

FINAL DIAGNOSIS: 

ETIOLOGY -  

SIZE OF PERFORATION -  

SITE OF PERFORATION - CENTRAL/PARACENTRAL/PERIPHERAL 

 

 

TREATMENT 
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FOLLOW UP 

 

Date POST-

OP 

DAY 

RE/LE SIZE OF 

PERFORATION 

(MM) 

POST OP 

BCVA 

SIGNS OF 

LEAKAGE 

Advice 
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INFORMED CONSENT FORM 
Regional Institute of Ophthalmology & Government Ophthalmic Hospital 

Old132, Rukmani Lakshmipathi Road, Pudupet, Komaleeswaranpet, Egmore, Chennai, Tamil Nadu 
600008 

 
STUDY TITLE: “A PROSPECTIVE, INTERVENTIONAL STUDY OF RATE OF HEALING IN TUCK-IN 

TENON’S PATCH GRAFT IN CASE OF CORNEAL PERFORATION” 
Informed consent for participant 

Name of the principal investigator – Dr Amogh Laxman Jambagi 
Name of the organization – RIO GOH Chennai 
Contact details of the principal investigator –  
Address - Regional Institute of Ophthalmology & Government Ophthalmic Hospital,Old132, Rukmani 
Lakshmipathi Road, Pudupet, Komaleeswaranpet, Egmore, Chennai, Tamil Nadu 600008 
Ph.no – 6363616388 
E-mail – Amogh.jambagi@gmail.com 
Ethical committee reference number 

 
Part 1: Information sheet 

You are being invited to take part in a research project.  Please take some time to read the information 
presented here, which will explain the details of this project.  Please ask the study staff or doctor any 
questions about any part of this project that you do not fully understand.  It is very important that you are 
fully satisfied that you clearly understand what this research entails and how you could be involved.  Also, 
your participation is entirely voluntary, and you are free to decline to participate.  If you say no, this will 
not affect you negatively in any way whatsoever.  You are also free to withdraw from the study at any 
point, even if you do agree to take part. 
 
This study has been approved by the Institutional Ethics Committee (IEC), Madras Medical College and will 
be conducted according to the ethical guidelines and principles of the international Declaration of Helsinki, 
National ethical guidelines for biomedical and health research involving human participants of The Indian 
Council of Medical Research (ICMR).  
 
PURPOSE OF THE STUDY:  
To analyze and compare “THE PERCENTAGE OF CASES HEALED IN TUCK-IN TENON’S PATCH 
GRAFT DONE FOR CASES OF CORNEAL PERFORATION OF SIZE LESS THAN 5 MM” 
 
STUDY DESIGN: Prospective interventional study 
 
STUDY PROCEDURE:  
1.    Patient presenting to cornea and refractive services will be registered, evaluated and followed up during 
the study period. A detailed history of the patient will be taken.  
2.   Complete general examination with vitals measurement will be performed. Examination of RS, CVS 
and CNS will be performed. Ocular examination including best corrected visual acuity (using Snellen and 
logMAR chart), anterior segment examination using slit lamp, Seidel test to confirm corneal perforation, 
indirect ophthalmoscopy with 20D wherever possible will be done and intraocular pressure measured using 
i-care. The site and size of perforation will be measured using slit lamp and documented using slit lamp 
photography. The size of the perforation will be measured in 2 axes and the geometric mean calculated. 
3.    B-scan will be done in deserving cases.  
4.  After investigating thoroughly and taking informed consent in the patient’s colloquial language, the 
patients are taken up for tuck-in tenon’s patch.  

Ref. no -  
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5.   Post-surgery, on day 1, the patient will be started on oral antibiotics and topical antibiotic and steroids 
and dosage adjusted according to the clinical response. 
6.   Anterior segment examination using slit lamp and post-operative vision will be checked (using ETDRS 
chart) on post-operative day 1, 2, 7, 30 and 60. Anterior segment OCT will be taken on post-operative 30 
to look for graft integration.  
7.    In case of failure of integration of tissue, the patient will be planned for keratoplasty. 
 
         
 
Additional information - During the course of the study you will be required to adhere to the treatment 
protocol and follow-up regularly. You will have the receive the benefit of the treatment, that is prevention of 
loss of vision. Just like any medical procedure, this also carries a certain risk of failure for which you will be 
guided and taken up if required for an alternate procedure. If you do not wish to take part, you are free to 
take up any alternative treatment option which will be explained based on your case scenario.  
        The privacy of the participants in the research will be maintained throughout the study. In the event of 
any publication or presentation resulting from the research, no personally identifiable information will be 
shared. 
       Taking part in this study is voluntary. You are free to decide whether to participate in this study or to 
withdraw at any time; your decision will not result in any loss of benefits to which you are otherwise entitled. 
You will not be paid to take part in the study. There will not be any costs involved for you, if you do agree 
to take part. The results of the special study may be intimated to you at the end of the study period or during 
the study if anything is found abnormal which may aid in the management or treatment. 
      You are free to contact the principal investigator if you have any complaints or concerns not adequately 
addressed. You will receive a copy of this information and consent form for your own records. 
     
 
 
PRINCIPAL INVESTIGATOR: 
          Dr. AMOGH LAXMAN JAMBAGI 
          M.S OPHTHALMOLOGY Postgraduate student, 
          Regional institute of ophthalmology (RIOGOH), 
          Madras Medical College, 

   Chennai – 600 008. 
GUIDE: 
          PROF. DR B PRAMILA MS FICO.,                                  
          Head of Department 
          Cornea and refractive surgery 
          Regional Institute of Ophthalmology  
          & Government Ophthalmic Hospital, 
          Madras medical college, 
          Chennai – 600 008  
 
CO-GUIDE: 
          ASST.DR V SHARMILA DEVI ., 
          Assistant Professor 
          Cornea and refractive surgery, 
          Regional institute of Ophthalmology 
          & Government Ophthalmic Hospital, 
          Madras Medical College, 
          Chennai – 600 008. 
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Thumb impression/Signature of 

Participants 

 
Name of Participants 

 

 
Date (dd/mm/yyyy) 

 

 
Signature of Investigator 

 
Name of Investigator  

 
Date (dd/mm/yyyy) 

 
 
A PROSPECTIVE, INTERVENTIONAL STUDY OF RATE OF HEALING IN TUCK-IN TENON’S PATCH 
GRAFT IN CASE OF CORNEAL PERFORATION                                 Date –  
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INFORMED CONSENT FORM 
Regional Institute of Ophthalmology & Government Ophthalmic Hospital 

Old132, Rukmani Lakshmipathi Road, Pudupet, Komaleeswaranpet, Egmore, Chennai, Tamil Nadu 
600008 

 
 

Part 2 : Certificate of consent 

Declaration by participant 
 
By signing below, I …………………………………..…………. agree to take part in a research study 
entitled “A PROSPECTIVE, INTERVENTIONAL STUDY OF RATE OF HEALING IN TUCK-IN TENON’S 
PATCH GRAFT IN CASE OF CORNEAL PERFORATION” 
 
I declare that: 
 

• I have read or had read to me this information and consent form and it is written in a 
language with which I am fluent and comfortable. 

• I have had a chance to ask questions and all my questions have been adequately 
answered. 

• I understand that taking part in this study is voluntary and I have not been pressurized 
to take part. 

• I may choose to leave the study at any time and will not be penalized or prejudiced in 
any way. 

• I may be asked to leave the study before it has finished, if the study doctor or 
researcher feels it is in my best interests, or if I do not follow the study plan, as agreed 
to. 

 
 
Signed/thumb impression at ......................…........……………... on …………....……….... 
 
 
 
......................................................................   ...................................................................  
Signature of participant Signature of witness 

Declaration by investigator 
 
I, Dr Amogh Laxman Jambagi declare that: 
 

• I explained the information in this document to …………………………………... 

• I encouraged him/her to ask questions and took adequate time to answer them. 
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• I am satisfied that he/she adequately understands all aspects of the research, as 
discussed above 

• I did/did not use an interpreter.  (If an interpreter is used then the interpreter must sign 
the declaration below.) 

 
 
Signed at ......................…........……………... on …………....……….... 
 
 
 
......................................................................   ...................................................................  
Signature of investigator Signature of witness 

Declaration by interpreter 
 
I ……………………………………………...……… declare that: 
 

• I assisted the investigator, Dr Amogh Laxman Jambagi 
………………………………………. to explain the information in this document to 
……………..…………………… using the language that the patient understands. 

• We encouraged him/her to ask questions and took adequate time to answer them. 

• I conveyed a factually correct version of what was related to me. 

• I am satisfied that the participant fully understands the content of this informed consent 
document and has had all his/her question satisfactorily answered. 

 
 
Signed at......................…........…………….. on …………....……………….. 
A PROSPECTIVE, INTERVENTIONAL STUDY OF RATE OF HEALING IN TUCK-IN TENON’S PATCH 
GRAFT IN CASE OF CORNEAL PERFORATION                                 Date –  
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MASTER CHART 
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1 Arumugam 60 Right M Post TKP Peripheral 18 0.8 N N 
2 Balaraman 73 Left F Insect fall Paracentral 25 1.1 N N 
3 Jameelabeevi 41 Right F Neurotrophic keartitis Paracentral 14 1.2 N N 
4 Lakshmanan 62 Right M Post traumatic Peripheral 46 0.8 Y Y 
5 Lakshmi 58 Right F Post TKP Paracentral 18 1.3 N N 
6 Mohan 66 Right M Post traumatic Peripheral 22 1.4 N N 
7 Palani 48 Left M Post traumatic Central 26 0.4 N N 
8 Rajendran 56 Left M Post traumatic Paracentral 28 0.5 N N 
9 Ramanaiah 46 Left M Post traumatic Paracentral 18 0.6 N N 

10 Rangasamy 70 Left M Post traumatic Paracentral 58 0.7 Y Y 
11 Saraswati 56 Right F Steven Johnson syndrome Peripheral 31 0.8 N N 
12 Vijaykant 41 Right M Neurotrophic keartitis Paracentral 41 0.7 N N 
13 Vinothkumar 25 Right M Firecracker injury Peripheral 24 0.6 N N 
14 Ramesh 51 Left M Collagen vascular disorder Peripheral 32 0.7 N N 
15 Fathima 56 Right F Collagen vascular disorder Peripheral 31 0.9 N N 
16 Dinesh 48 Left M Collagen vascular disorder Peripheral  24 1.2 N N 
17 Nithin 56 Left M Post TKP Paracentral 35 1.4 N N 
18 Naresh 57 Right M Post TKP Paracentral 28 1.6 N N 
19 Priya 40 Right F Firecracker injury Peripheral 26 1.5 N N 
20 Mani 46 Left M Post traumatic Paracentral 13 0.5 N N 
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KEY TO MASTER CHART 

SEX:  

 M: Male 

 F: Female 

EYE: Operated eye 

 R:Right eye 

 L:Left eye 

BCVA: Best corrected visual acuity (logMAR) 

IOP: Intraocular pressure in mmHg 

UCVA: Uncorrected visual acuity (logMAR) 

POD: Post operative day 

 

 


