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Corneal perforations in eyes with dry eye disease (DED) are difficult to manage due to the interplay of

several factors such as the unstable tear film, surface inflammation, and the underlying systemic disease
affecting the wound healing process, and the eventual outcome. A careful preoperative examination
is required to identify the underlying pathology, and status of ocular surface and adnexa, rule out
microbial keratitis, and order appropriate systemic workup in addition to assessing the perforation itself.
Several surgical options are available, which include tissue adhesives, multilayered amniotic membrane
grafting (AMT), tenon patch graft (TPG), corneal patch graft (CPG), and penetrating keratoplasty (PK).
The choice of procedure depends upon the size, location, and configuration of the perforation. In eyes
with smaller perforations, tissue adhesives are effective treatment modalities, whereas AMT, TPG, and
CPG are viable options in moderate-sized perforations. AMT and TPG are also preferable in cases where
the placement of a bandage contact lens may be a challenge. Large perforations require a PK, with
additional procedures such as tarsorrhaphy to protect the eyes from the associated epithelial healing issues.
Conjunctival flaps are considered in eyes with poor visual potential. The management of the acute condition
is carried out in conjunction with measures to improve the tear volume bearing in mind the chances
of delayed epithelialization and re-perforation in these cases. Administration of topical and systemic
immunosuppression, when indicated, helps improve the outcome. This review aims to facilitate clinicians
in instituting a synchronized multifaceted therapy for the successful management of corneal perforations
in the setting of DED.
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Dry eye disease (DED) is one of the most common causes of
non-infectious and non-traumatic corneal perforations.!*?
Perforations are more frequently seen in the aqueous deficient
variant of DED (ADDE).!? The ocular surface in DED is
compromised and the presence of inflammation makes
these eyes susceptible to repeated breaches in the ocular
integrity.’# The restoration of the globe integrity requires
immediate intervention to prevent the occurrence of associated
complications. Several surgical modalities are available for
the same, and the choice of one procedure over the other is
determined by the size, configuration, and location of the
perforation, the status of the surrounding ocular structures,
and the underlying disease process. Management of this
entity in the setting of ADDE is particularly challenging
because the primary pathology can independently affect
the progression of the corneal lesion and the outcome of the
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surgical intervention.®® Thus, corneal perforations in ADDE
require a multipronged approach with the management of the
ocular surface, the corneal defect, and the underlying ocular
or systemic disease. This review aims to highlight the specific
considerations in the management of corneal perforation in the
setting of ADDE and improve the outcomes.

Risk Factors and Preventive Measures

Several factors can precipitate corneal melting and subsequent
perforation in eyes with ADDE. Natural tear film, in addition
to maintaining a smooth refractive ocular surface, has several
epitheliotropic factors that maintain the ocular surface barrier,
provide essential nutritional factors, and also act as a lubricant.
The unstable tear film in ADDE lacks these epitheliotropic
factors, resulting in a repeated breakdown of the corneal
epithelium, chronic inflammation, infection, and stem cell
failure.””! The areas of breakdown coalesce to form an epithelial
defect in the presence of inadequate healing mechanisms. Not
uncommonly, these epithelial defects might remain persistent
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resulting in the lysis of the underlying stroma progressing to
corneal perforation.”! Several factors can hasten this process
and a careful ocular examination is required to identify them.
Adnexal issues such as trichiatic lashes, malpositioned lids,
and lagophthalmos can weaken the corneal epithelial barrier,
and need to be addressed. Staining of the ocular surface
with judicious documentation helps detect early changes
indicative of a progressive disease. An increase in the number
of superficial punctate keratitis (SPKs) or the appearance of
a confluent area of SPKs should prompt an increase in the
frequency of topical lubrication. Other methods that help
preserve tear film include the use of punctal plugs, punctal
cautery, or tarsorrhaphy. The latter is particularly important
in eyes with a concurrent neurotrophic or neuroparalytic
component.”l The location of the SPKs can help ascertain
the presence of any local pathology that requires correction.
The presence of interpalpebral SPKs is suggestive of an
evaporative disease process, whereas a focal area of SPKs may
indicate misdirected lashes and lid margin keratinization.
Inflammation of the ocular surface is a common feature with
an underlying immune-mediated disease such as rheumatoid
arthritis (RA), Sjogren’s syndrome (SS), mucus membrane
pemphigoid (MMP), ocular graft-versus-host-disease (GVHD),
or Steven—Johnson syndrome (SJS), or secondary to the changes
induced in the ocular milieu by the ADDE.** This inflammatory
cascade can independently accelerate the thinning of the
corneal stroma. Adequate management of the underlying
pathology with topical or systemic immunosuppressants is
therefore additionally needed to retard the stromal melt."
It is not uncommon for surgical procedures such as corneal
refractive surgeries!'”) and cataract surgeries!’! to worsen an
already existing DED.

Approach to a Case of Corneal Perforation
in ADDE

History

Patients with corneal perforations typically present with
complaints of a sudden drop in vision along with redness
or pain. A known dry eye patient complaining of sudden
watering should also alert us about the possibility of this
complication. A thorough history should be obtained regarding
immune-mediated disorders such as RA, SS, MMP, ocular
GVHD, or SJS, including the details of the immunosuppressive
therapy instituted. If the cases have not been previously
diagnosed with the same, then symptoms such as joint pains,
dryness of mouth, and skin blisters can be suggestive of these
diseases. Rarely, if carefully elicited, a history of nocturnal
lagophthalmos may be positive in some patients. A history
of local irradiation causing dry eye is another established
etiological factor. Other disorders are likely to cause corneal
melt including keratomalacia and rarely, ocular GVHD.!"

Ocular examination

The diagnosis of ADDE in a patient presenting with a corneal
perforation may be challenging as a detailed ocular workup
is usually precluded by the presence of the open globe. In
such cases, examination of the fellow eye, especially with
fluorescein staining and Schirmer’s test, can help establish the
diagnosis. The presence of symblephara or forniceal shortening
is indicative of an underlying cicatricial disorder such as SJS or
MMP. Patients with RA-associated dry eyes are likely to develop

peripheral ulcerative keratitis (PUK). Such patients might have
peripheral corneal perforations in contrast to patients with SS
or RA without PUK, who are more likely to develop corneal
perforations that are more central in location."***! Careful
examination of the limbus is essential to rule out concurrent
limbal stem cell deficiency (LSCD) that might affect the course
of the disease, management protocols, and the outcome of
treatments. The perforation itself can be a micro-perforation
or a macro-perforation with iris incarceration. The former is
easily missed on slit-lamp evaluation and may require Seidel’s
test to elicit the presence of a leak.

Most perforations in ADDE are a result of sterile stromal
melts. Nevertheless, a secondary infection is not uncommon
and must be ruled out. A meticulous examination is imperative
to determine the presence of microbial keratitis. Sterile
perforations in ADDE usually have minimal cellularity. The
presence of dense cellularity or a focus of infiltrate requires
a complete microbiological workup to rule out a secondary
infection. In such cases, the cornea adjacent to the perforation
may be collagenolytic and the tectonically unstable area is
often much larger than the size of the perforation. Thus,
careful examination is essential to avoid underestimating
the region of the cornea that needs to be managed. Another
challenging scenario that is often encountered in eyes with
ADDE is perforations with punched-out defects. Unlike
routine perforations where the walls of the defect are sloping or
collagenolytic, here an abrupt transition occurs from the area of
perforation to the surrounding uninvolved stroma, which is of
anormal thickness. As a result, these cases require techniques
that provide volume replacement rather than those that merely
bridge the surface of the defect. A detailed examination will
help pick up these factors, which will determine the choice of
surgery performed.

Preoperative workup

This includes both ocular and systemic workups. Corneal
scrapings are smeared on slides and culture media for
microbiological examination in cases with clinical suspicion
of microbial keratitis. An anterior segment optical coherence
tomography (OCT) might be of help in assessing the
configuration of the perforation (concave or punched out).
A gentle b-scan ultrasonography is carried out in cases with
relative tectonic stability to rule out any posterior segment
involvement. Patients should be subjected to a complete
autoimmune panel to rule out any connective tissue disorder
unless a diagnosis has already been established. This includes
a complete blood count, c-reactive protein levels, erythrocyte
sedimentation rates, rheumatoid factor, and antinuclear
antibody profile. Since the patients may require systemic
immunosuppression, baseline renal and liver function
tests along with a Mantoux test and chest X-ray to rule
out tuberculosis can also be completed in the same sitting.
A physician consult can also be obtained to rule out any
systemic involvement after the acute condition has stabilized.

Preoperative considerations

Counseling of the patient regarding the purpose of the surgery,
the expected visual recovery, and the need for multiple
interventions helps ensure compliance in the postoperative
period. Based on the size of the perforation and the resources
available, the surgery can be carried out under local or general
anesthesia. Very small perforations can be managed under
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topical anesthesia. During a peribulbar block, administration of
local anesthesia should be done gradually to avoid any sudden
increase in the intraorbital pressure. The use of adrenaline,
hyaluronidase, and bicarbonate increases the permeability of the
anesthetic agent and can decrease the overall dose administered.
5171Addition of a facial nerve block can reduce the external
pressure on the ocular contents induced by the movements of
the lids. Similarly, anon-compressing lid speculum is preferred
to obtain adequate exposure to the surgical field.

Surgical Modalities

Tissue adhesives

Principle

These can be synthetic (n-butyl-2-cyanoacrylate, isoamyl
2-cyanoacrylate, polyethylene glycol derivatives) or
biological (fibrin glue). The former group is more commonly
employed than the latter.>'®"! Cyanoacrylate adhesives are
ester derivatives of cyanoacrylic acid monomers, which
polymerize in the presence of the anions within organic tissue
to form a stable barrier across the area of defect."s! Optimal
polymerization of the butyl derivatives of cyanoacrylate
requires dry conditions. Apart from plugging the perforation,
cyanoacrylate glue acts as a bacteriostatic agent against
gram-positive as well as gram-negative organisms,?**! and
has also been shown to arrest stromal lysis in both infective
and non-infective cases.”” Fibrin glue works by replicating the
final steps of the human coagulation process and involves the
thrombin-mediated conversion of fibrinogen to fibrin.*! In a
manner similar to that of synthetic glues, the fibrin monomers
are crosslinked to polymers by factor XIII, and this complex
then adheres to the stromal collagen fibers.?*?!

Technique

The procedure can be carried out at the slit-lamp for eyes
with micro-perforation with no frank egress of aqueous from
the wound. The bed is dried with a surgical sponge and the
cyanoacrylate glue is applied. A bandage contact lens (BCL) is
placed over the adhesive. In cases with larger perforations, the
surgery is performed under an operating microscope and the
anterior chamber is formed with air or viscoelastic to prevent
aqueous from leaking out of the wound. In the presence of
iris incarceration, the iris is gently separated from the site of
perforation before the application of the glue to ensure that the
glue does not touch the intraocular contents. The surrounding
epithelium along with any necrotic material is debrided to
facilitate better adhesion of the glue. A thin layer is applied
with the back of the surgical sponge or directly dropped onto
the surface with a 26-gauge needle. Excess glue can be trimmed
off. The anterior chamber is then formed with saline or air
and a BCL is placed. Other techniques using discs made from
sterile drapes to apply the glue have been described. The use
of the discs aids in obtaining a smoother surface.”! In cases
of iris incarceration, a double drape technique is described to
prevent the glue from coming in contact with the iris and other
intraocular structures.?” Another alternative to this is to create
a mesh with 10-0 nylon sutures and allow tissue adhesives to
polymerize within the mesh.”! However, passing multiple
bites of sutures to create the mesh may be challenging if the
cornea around the area of perforation is not tectonically stable.

The technique of fibrin glue application is similar.
The glue is available as separate vials of fibrinogen and

thrombin, which are applied individually to the site of the
perforation.® A combined applicator is also available, which
allows simultaneous administration of both components.*!

Tenon’s patch graft (TPG)

Principle

Tenon’s layer allows the epithelium to migrate over its
surface.” As the wound heals, the tissue gets integrated within
the scar that forms in the area of the perforation./*2" Thus, the
volume deficit is also addressed to a certain extent. Fibroblasts
within Tenon’s layer can also help hasten wound healing.[*!

Technique

Tenon'’s layer is harvested after separating it from the overlying
conjunctiva. After debriding the surrounding epithelium, the
layer is then tucked into the area of the defect with the help of
fibrin glue. Sutures can also be placed over the area of the defect to
provide additional support. The anterior chamber is then formed
with air or saline and care is taken to avoid dislodging the graft.
Similarly, a single layer of amniotic membrane (AM) can also be
used as a patch graft to ensure a watertight seal as Tenon’s layer
itself is not impermeable to aqueous.” Other modifications of the
technique include tucking Tenon’s layer within a stromal pocket
or securing it to the bed with tissue adhesives.”!

Amniotic membrane transplantation (AMT)

Principle

The AM has a two-fold function as it acts as a scaffold for the
migration of epithelial cells and also addresses the volume
deficit that is often present in these cases. Factors such as
epithelial growth factor, tissue inhibitors of metalloproteases,
and transforming growth factor-p, which are present in the
AM promote epithelialization.’” The AM also possesses
anti-angiogenic properties and helps reduce the underlying
inflammation by inhibiting active inflammatory cells.’
Additionally, studies have shown AM to have antimicrobial
and wound-healing properties.F**34

Technique

The AM can be fresh, cryopreserved, or dehydrated with fresh
AMs having the greatest concentration of active biological
agents.*** A multilayered amniotic membrane is usually
required in cases with corneal perforation. The AM can be folded
upon itself until the defect is filled or multiple smaller pieces can
be fashioned to fit within the perforation. Fibrin glue is used
between the layers and the entire complex can be further secured
with a single layer of AM placed as a patch beyond the area of
the defect. Monofilament nylon (10-0) can also be used to anchor
the AM to the stromal bed. These sutures are passed through
the uninvolved cornea to avoid any cheese wiring. The anterior
chamber is formed with saline to ensure a watertight globe at the
end of the procedure following which a BCL is usually placed.

Tectonic keratoplasty

Principle

The corneal donor tissue seals the perforation and provides
complete volume replacement restoring the tectonic integrity
of the globe. Penetrating as well as lamellar patch grafts and
keratoplasties have been described.!"”!

Technique

Preoperative mannitol is recommended to reduce the volume
of the vitreous, which in turn will decrease the vitreous
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upthrust during intraoperative maneuvers. In cases of patch
grafts, the size of the defect is measured, and a corneal graft
of the corresponding size is trephined from a donor corneal
button. Sometimes, the perforation might be too large to
be covered using a patch graft. In such cases, a penetrating
keratoplasty (PKP) is required. In addition to removing the
necrotic tissue and restoring tectonic integrity, PKP also helps
in reducing the microbial load in infected cases.*’!

Trephination of the host cornea can be a challenge when a
corneal perforation is present. This is usually carried out by
marking the area to be trephined and a manual trephination is
performed. The remaining steps are similar to that of a routine
keratoplasty.”®! A lamellar graft can also be attempted to avoid
an open-sky procedure. Here a manual dissection of the stromal
layers is carried out and a layer-by-layer dissection from the
periphery to the center has been described for the same.*”1 If
the perforation is larger, then the anterior chamber is injected
with fibrin glue, which seals the perforation and this is followed
by the manual stromal dissection. Postoperatively, the glue
gets absorbed from the anterior chamber. A peripheral corneal
perforation not amenable to PKP can be managed with shaped,
non-circular grafts such as crescentic keratoplasties.” The graft
is secured with interrupted 10-0 nylon sutures. In cases of
corneal patch grafts (CPG), sources of donor tissue can include
the anterior stromal cap obtained after preparing the lenticule
for Descemet stripping automated endothelial keratoplasty
and small incision lenticule extraction lenticules.**? Grafts
in these cases have epithelialization issues and thus they can
be combined with an AMT to help improve the ocular surface.
Additionally, a generous tarsorrhaphy is also advocated in
these cases.

Conjunctival flap

Conjunctival flaps are reserved for cases with perforations
where tissue adhesives, TPG, and AMT are not feasible, and
a corneal tissue is either not available or a poor outcome
of the transplant is anticipated as in cases with MMP.
These flaps can completely cover the cornea or be in the
form of a partial flap that covers only the affected area.*>*!
Superior forniceal conjunctival advancement pedicles such
as Gundersen flap or Cies’s racquet conjunctival flap are
described.! The conjunctiva is dissected from Tenon’s layer
and secured to the corneal bed with sutures. In eyes with
significant volume loss, conjunctival flaps can be combined
with an amniotic membrane as well.*! The flap acts as a
biological bandage over the affected area and also provides
an influx of mediators from the blood vessels, which aid
in faster healing.*?! This procedure has good efficacy of
up to 95%; however, the visual and cosmetic outcomes are
suboptimal.[*#¥! Thus, it is preferred in eyes, which do not
have a good visual prognosis.

Scleral patch grafts

Scleral patch grafts with tissue adhesives have also been
described as an alternative to CPG in cases with moderate-sized
perforations in immune-mediated diseases. The advantage
of scleral patch graft is the ease of availability, higher tensile
strength, and no risk of rejection.*’JA lamellar scleral patch
fashioned to match the size of the corneal perforation is placed
on the site, and a tissue adhesive is applied to secure the patch
in place and cover it with a BCL. This technique has shown
promising results in non-infectious cases.>"

Choice of procedure

Various surgical modalities are available for the management
of corneal perforations, and the choice of procedure is based on
the severity of the defect, the status of the surrounding cornea,
and the underlying disease [Fig. 1]. A stepwise approach has
been presented below, which details the different surgical
techniques opted in perforations of varying sizes [Fig. 2].

Small perforations (<3 mm)

These perforations are typically managed with tissue adhesives.
The outcomes of cyanoacrylate glue vary in the literature with
anatomical success ranging from 20-90%.** Larger defects
and frank perforations have been associated with a higher
failure rate.>* The success of treatment also depends on the
etiology and location of corneal perforation. Tissue adhesives
have alower success rate in peripheral corneal perforations and
those with herpetic etiology.* Several of these cases eventually
require a keratoplasty to manage the corneal perforation.™
Case selection thus plays a very important role in ensuring
optimal outcomes following this procedure. Fibrin glue can be
used in sealing perforations of up to 2 mm. Sharma et al.>”!
compared fibrin glue to cyanoacrylate glue and found a faster
response with the former with lesser toxicity-related issues. The
use of cyanoacrylate glue requires a BCL as the polymerized
compound has an abrasive nature. Thus, this glue is avoided in
eyes where difficulty in the placement of a BCL is anticipated.
This is typically seen in cases with cicatrizing conjunctivitis
where there is forniceal shortening or symblephara, which can
cause recurrent displacement of the BCL. In such cases, a TPG
can be used to plug the site of perforation. Multilayered AMs
are usually not required for very small perforations.

Moderate perforations (4—6 mm)

Here the management depends upon the configuration of the
perforation. If the defect has sloping edges, a tissue adhesive
can still be employed. However, if a volume deficit is present
or if the defect has punched out margins, then a TPG or
multilayered AM is the preferred technique. Good clinical
efficacy of TPG has been reported in cases of moderate-sized
corneal perforations.’®*! The integrated tissue results in
a corneal scar with good tensile strength.B% Similarly,
multilayered AMT has good outcomes in the management
of perforated corneal ulcers, with epithelization occurring
2-3 weeks after the procedure.l¢! Better success rates have
been observed when the AM is secured with fibrin glue as
opposed to sutures.*! The resultant scar formation may require
a keratoplasty for visual rehabilitation. The use of AM in cases
with ADDE has the added advantage of improving the ocular
surface milieu and has been shown to better the inflammatory
scores in these patients.®?l More than one AMT sitting may be
required to achieve tectonic stability.®} CPG are preferred in
cases with peripheral perforations that are not amenable to
a TPG or AMT. Patch grafts are also preferred over TPG and
AMT in cases with superadded infection, which cannot be
managed by tissue adhesives. However, the outcomes are better
in cases with sterile perforations when compared to those with
microbial keratitis.*’! Rarely in cases with poor visual potential,
a conjunctival flap can be performed.*

Large perforations (>6mm)
Large perforations and moderate perforations, where
the surrounding cornea is not tectonically stable, require
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Figure 1: (a) Central perforation in a case of rheumatoid arthritis with surrounding punched-out margins. (b) The patient underwent Tenon’s
patch graft and had a well-formed globe at the end of 3 months. (c) Tenon’s layer was integrated within the scar as seen in the ninth-month
visit. (d) Paracentral perforation with a shallow anterior chamber and significant surrounding infiltration. (e) Tissue adhesive with the reformation
of the anterior chamber was carried out. (f) Resolution of the infiltrate beneath the glue with a tectonically stable globe was noted. (g) Peripheral
perforation with iris prolapse. (h) multi-layered amniotic membrane graft secured with 10—-0 monofilament nylon sutures was performed, which

restored the tectonic support of the globe. (i) The eye remained stable with a scar formation, 7 months following the procedure

| Corneal Patch Graft

PKt
Gunderson/Tarsorrhaphy

l Evisceration/Enucleation

Figure 2: Algorithmic approach to a patient of corneal perforation in dry
eye disease. AMG-multilayered amniotic membrane transplantation,
PK-penetrating keratoplasty

full-thickness corneal transplantation. These grafts may be
combined with AMT and tarsorrhaphy to help preserve the
donor corneal epithelium. Several studies have reported
that although good anatomical outcomes are present after

penetrating keratoplasties in primary and secondary Sjogren’s
syndrome, the functional outcomes are not the same.*%!
Similarly, the outcomes in eyes with cicatrizing conjunctivitis
due to SJS or MMP are poor, with limited visual recovery.[!
The immune dysregulation in these patients leads to a high risk
of graft rejection, and the 5-year graft survival rates in these
eyes are significantly lower than those of grafts done in eyes
without autoimmune disorders.[”*! The concurrent presence
of LSCD in these eyes is an additional risk factor that hampers
recovery of visual function. Furthermore, these eyes are prone
to recurrent attacks, and performing repeat grafts in eyes with
ADDE is not desirable.

Postoperative Considerations

In addition to the general postoperative considerations in the
above-mentioned techniques,” other concerns in cases of
perforations in ADDE include delayed epithelialization and
chances of re-perforation.

Delayed epithelialization is consequent to the altered tear
film, coexisting LSCD, and unhealthy ocular surface affecting
the epithelial healing. Copious use of lubricants, preferably
preservative-free is advisable. However, despite ensuring
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adequate tear supplementation, the perforation is expected
to take a longer duration to heal completely as compared to
normal eyes. It is important to not be in a haste and forcibly
remove the tissue adhesive, but to allow it to dislodge by
itself. Premature removal of the glue is likely to result in a
re-perforation. History of the use of topical anesthetics!®! or
topical non-steroidal anti-inflammatory drugs (NSAIDs)"!
should be asked. These drugs are likely to cause corneal melts
and patients must be advised to discontinue their use. It is also
important to note that stromal vascularization is expected and
must not be considered as an indication for early removal of
the glue.

Similarly, in cases of TPG and tectonic keratoplasties (PK
or CPG), delayed epithelial healing and persistent epithelial
defects are expected and BCL might be needed for a longer
time. When preservative-free lubricants are not sufficient,
autologous serum eye drops are an alternative to aid in the
healing process.!! It is worthwhile to keep a low threshold
to perform AMT in these cases to improve graft survival. The
importance of tarsorrhaphy cannot be undermined and when
not performed concurrent with the PK, it must be considered
during the postoperative course.

Re-perforation is another common complication in these
cases. This could be a result of delayed epithelial healing or
an ongoing immune-mediated stromal lysis because of the
underlying systemic disease. Another important cause of
re-perforation is a secondary microbial infection.

In addition to the above-listed measures to ensure adequate
epithelial healing, it is important to arrest stromal melt and
adequately treat any co-existing infection. Stromal melt
resulting from an immune-mediated systemic disease such as
RA, MMP, SJS, SS, or ocular GVHD is controlled using topical
and systemic immunosuppressive therapy.” Additionally, oral
doxycycline can be considered owing to its anti-collagenolytic
properties.”” Neurotrophic keratopathy in patients suffering
from herpes zoster ophthalmicus or diabetes mellitus is another
cause of stromal melt, particularly following epitheliopathies
or secondary infections.”? Prompt AMT or tarsorrhaphy
helps avoid complications in these cases. Lastly, microbial
infection complicating the perforation is an important cause
of re-perforation. Avoiding a secondary infection, therefore,
becomes important. The sudden onset of unbearable pain or
appearance of hypopyon is highly indicative of secondary
infection. It is important to have a high index of suspicion,
particularly in cases of tissue adhesives, TPG, or AMT, where
visualization of underlying stroma is obscured. Careful
evaluation of the surrounding cornea for stromal infiltration,
endothelial exudates, anterior chamber inflammation, and
hypopyon helps detect infection and initiate management.

Visual Rehabilitation

Once the perforation is sealed and the scar is formed with
adequate stabilization of the ocular surface, visual rehabilitation
is considered. Modalities used for visual rehabilitation depend
on the size and location of the scar. In most cases with
peripheral scars, not involving the visual axis, spectacles help
restore functional vision. In cases where spectacles are not
helpful, and in cases with central scars, contact lenses could
be tried. Scleral contact lenses are an invaluable tool in the
armamentarium of any ophthalmologist handling patients with

ADDE. These lenses provide a fluid reservoir that addresses
the dry eye component by improving tear osmolarity and
surface staining.””! These changes better the symptomatology
profile and overall quality of life in these cases.>”®! They also
improve visual acuity by reducing astigmatism induced by
corneal scarring and surface irregularities.” In cases where
visual improvement with contact lenses is not significant,
optical iridectomy should be considered in a sector where
the cornea, as well as the lens, is clear.””78l When visual
improvement remains unsatisfactory, the patient should
be evaluated for a possible cataract. Cataract formation is
common in these cases due to ongoing inflammation following
surgery, or due to the chronic steroid treatment in cases with
systemic diseases. Cataract surgeries in such cases must be
considered at an early stage to restore vision. In cases where
all the above measures fail, keratoprostheses are considered.
Boston keratoprosthesis type 2, Pintucci keratoprosthesis, !
osteo-odonto keratoprosthesis,®l and LVP Kprol® are some
of the examples that can be used in such cases. It is crucial to
understand that these eyes are not suitable for keratoplasties,
and performing a PK in such scenarios might lead to an
8 x 8 mm necrotic cornea following a graft, which is more
difficult to manage than a 3 x 3 mm perforation that the patient
originally presented with. However, in desperate situations, a
PK with Gundersen flap can be attempted [Fig. 3].

Recent Advances and Future Directions

Although the surgical techniques detailed above can provide an
anatomically stable globe, the functional and visual outcomes
of these procedures are still suboptimal. They necessitate the
presence of an eye bank infrastructure and because these cases
are typically an emergency, these resources may not be available.
Thus, there is ongoing research that strives to address these issues
and at present two avenues are being explored for the same. The
first is the development of an inexpensive and biocompatible
tissue adhesive, which not only seals the corneal perforation
but is also optically clear. One such low-cost, naturally
derived biopolymer is gelatin methacryloyl (GeIMA).[%#] This
adhesive has similar stability as cyanoacrylate glue with good
transmittance rates. Unlike cyanoacrylate glue, this sealant
does not induce significant tissue inflammation and allows
good wound healing to occur.® The other option that can be
considered in these cases is a bioengineered cornea. Several
attempts are being made to structure one that closely mimics
the human tissue. These constructs contain synthetic material
with limbal and mesenchymal stem cells that can replenish
and maintain the normal corneal anatomy.[®#! This will be
particularly useful in larger perforations, which are not amenable
to tissue adhesives or AMT and require the availability of a
cornea donor tissue. Both the adhesives and artificial cornea are
being experimented upon in animal models and the extension of
the same in human trials is awaited.®*! The use and durability
of these novel agents in the context of ocular and systemic
inflammation, that is, usually present in patients with ADDE
will have to be explored in future studies.

Conclusion

Corneal perforations in eyes with ADDE require a multifaceted
approach, which not only restores the tectonic support of
the globe but also addresses the tear film instability, surface
inflammation, and the underlying pathology. Preoperative
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Figure 3: Approach for visual rehabilitation in a patient with healed corneal perforation in dry eye disease

counseling making the patient aware of the slow healing
process, possible need for multiple surgeries, and need for
topical and systemic immunosuppressive therapy helps
improve patient compliance post-operatively. A careful ocular
examination is required to pick up subtle findings, which
will affect the outcome of the procedures and the subsequent
postoperative course. Several surgical modalities are available
for the management of these perforations and the choice of
one technique over the other is determined by the size and
location of the defect. It is important to bear in mind that these
eyes are prone to delayed epithelial healing and recurrence of
perforation. Topical and systemic management for adequate
epithelial healing and arresting stromal melt is essential
to avoid these complications. Visual rehabilitation needs
spectacles or scleral contact lenses and cataract surgery can be
considered in cases that have dissatisfactory vision with these
modalities. Keratoplasties are best avoided, and lack of visual
improvement following lens replacement surgery should be
managed using keratoprosthesis. Overall, a careful examination
and a low threshold for managing possible complications help
improve postoperative recovery.

Financial support and sponsorship

This work was funded by the Hyderabad Eye Research
Foundation (HERF), Hyderabad, India.

Conflicts of interest

There are no conflicts of interest.

References

1. Loya-GarciaD, Serna-Ojeda JC, Pedro-Aguilar L, Jimenez-Corona A,
Olivo-Payne A, Graue-Hernandez EO. Non-traumatic corneal
perforations: Aetiology, treatment and outcomes. Br ] Ophthalmol
2017;101:634-9.

2. Lekskul M, Fracht HU, Cohen EJ, Rapuano CJ, Laibson PR.
Nontraumatic corneal perforation. Cornea 2000;19:313-9.

3. Periman LM, Perez VL, Saban DR, Lin MC, Neri P. The
immunological basis of dry eye disease and current topical
treatment options. ] Ocul Pharmacol Ther 2020;36:137-46.

4. Vaidyanathan U, Hopping GC, Liu HY, Somani AN, Ronquillo YC,
Hoopes PC, et al. Persistent corneal epithelial defects: A review
article. Med Hypothesis Discov Innov Ophthalmol 2019;8:163-76.

5. Jhanji V, Young AL, Mehta JS, Sharma N, Agarwal T, Vajpayee RB.
Management of corneal perforation. Surv Ophthalmol
2011;56:522-38.

6. Malik R, Culinane AB, Tole DM, Cook SD. Rheumatoid keratolysis:
A series of 40 eyes. Eur ] Ophthalmol 2006;16:791-7.

7. DuaHS, Said DG, Messmer EM, Rolando M, Benitez-Del-Castillo JM,
Hossain PN, et al. Neurotrophic keratopathy. Prog Retin Eye Res
2018;66:107-31.

8. Palay DA, Stulting RD, Waring GO, Wilson LA. Penetrating
keratoplasty in patients with rheumatoid arthritis. Ophthalmology
1992;99:622-7.

9. Al Saleh A, Al Saleh AS, Al Qahtani A. Recurrent and refractory
corneal perforation secondary to rheumatoid arthritis treated with
infliximab. Saudi ] Ophthalmol 2020;34:216-7.

10. Sambhi RDS, Sambhi GDS, Mather R, Malvankar-Mehta MS. Dry



1380

INDIAN JOURNAL OF OPHTHALMOLOGY

Volume 71 Issue 4

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

eye after refractive surgery: A meta-analysis. Can ] Ophthalmol
2020;55:99-106.

Donthineni PR, Das AV, Shanbhag SS, Basu S. Cataract surgery
in dry eye disease: Visual outcomes and complications. Front
Med (Lausanne) 2020;7:575834.

Yeh PT, Hou YC, Lin WC, Wang IJ, Hu FR. Recurrent corneal
perforation and acute calcareous corneal degeneration in chronic
graft-versus-host disease. ] Formos Med Assoc 2006,105:334-9.

Akpek EK, Bunya VY, Saldanha IJ. Sjogren’ssyndrome: More than
just dry eye. Cornea 2019;38:658-61.

Antao SF, Ayoub T, Tahir H, Parmar DN. Stabilization of bilateral
progressive rheumatoid corneal melt with infliximab. Case Rep
Ophthalmol Med 2012;2012:173793.

Islam MN, Chakroborty S, Bandopadhay R, Mondal A.
Sodium bicarbonate versus sodium hyaluronidase in ocular
regional anaesthesia--A comparative study. ] Indian Med Assoc
2012;110:29-30, 39.

Roberts JE, MacLeod BA, Hollands RH. Improved peribulbar
anaesthesia with alkalinization and hyaluronidase. Can ] Anaesth
1993;40:835-8.

Weinberg L, Peake B, Tan C, Nikfarjam M. Pharmacokinetics and
pharmacodynamics of lignocaine: A review. World JAnesthesiol
2015;4:17-29.

Guhan S, Peng SL, Janbatian H, Saadeh S, Greenstein S,
Al Bahrani F, et al. Surgical adhesives in ophthalmology: History
and current trends. Br ] Ophthalmol 2018;102:1328-35.

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

Eiferman RA, Snyder JW. Antibacterial effect of cyanoacrylate glue.
Arch Ophthalmol 1983;101:958-60.

Romero IL, Malta JBNS, Silva CB, Mimica LMJ, Soong KH, Hida RY.
Antibacterial properties of cyanoacrylate tissue adhesive: Does
the polymerization reaction play a role? Indian J Ophthalmol
2009;57:341-4.

Fogle JA, Kenyon KR, Foster CS. Tissue adhesive arrests stromal
melting in the human cornea. Am J Ophthalmol 1980;89:795-802.

Panda A, Kumar S, Kumar A, Bansal R, Bhartiya S. Fibrin glue in
ophthalmology. Indian ] Ophthalmol 2009;57:371-9.

Singhal D, Nagpal R, Maharana PK, Sinha R, Agarwal T, Sharma N,
et al. Surgical alternatives to keratoplasty in microbial keratitis.
SurvOphthalmol 2021;66:290-307.

Sinha R, Kumar C, Sharma N. Use of tissue adhesives in
ophthalmology. Indian ] Ophthalmol 2009;57:409-13.

Vote BJ, Elder MJ. Cyanoacrylate glue for corneal perforations:
A description of a surgical technique and a review of the literature.
Clin Exp Ophthalmol 2000;28:437-42.

Gandhewar J, Savant V, Prydal J, Dua H. Double drape tectonic
patch with cyanoacrylate glue in the management of corneal
perforation with iris incarceration. Cornea 2013;32:e137-8.

Moschos M, Droutsas D, Boussalis P, Tsioulias G. Clinical
experience with cyanoacrylate tissue adhesive. Doc Ophthalmol
1996;93:237-45.

Kate A, Vyas S, Bafna RK, Sharma N, Basu S. Tenon’s patch
graft: A review of indications, surgical technique, outcomes and
complications. Semin Ophthalmol 2022;37:462-70.

Chaudhary S, Basu S, Donthineni PR. Long term outcome
of Tenon’s patch graft in corneal perforation secondary to
neurotrophic keratitis: A case report on a 4-year anatomical
functional outcome. Int J Surg Case Rep 2021;83:106046.

Xi X, McMillan DH, Lehmann GM, Sime PJ, Libby RT, Huxlin KR,
et al. Ocular fibroblast diversity: Implications for inflammation and
ocular wound healing. Invest Ophthalmol Vis Sci 2011;52:4859-65.

Dua HS, Gomes JAP, King AJ, Maharajan VS. The amniotic

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

membrane in ophthalmology. Surv Ophthalmol 2004;49:51-77.

Ting DS]J, Henein C, Said DG, Dua HS. Amniotic membrane
transplantation for infectious keratitis: A systematic review and
meta-analysis. Sci Rep 2021;11:13007.

LiuJ, LiL, Li X. Effectiveness of cryopreserved amniotic membrane
transplantation in corneal ulceration: A meta-analysis. Cornea
2019;38:454-62.

Paufique L. Indications for the therapeutic lamellar corneal graft.
Am ] Ophthalmol 1950;33:24.

Rahman I, Carley F, Hillarby C, Brahma A, Tullo AB. Penetrating
keratoplasty: Indications, outcomes, and complications. Eye (Lond)
2009;23:1288-94.

Vajpayee RB, Singhvi A, Sharma N, Sinha R. Penetrating
keratoplasty for perforated corneal ulcers: Preservation of iris by
corneal debulking. Cornea 2006;25:44-6.

Por YM, Tan YL, Mehta ]S, Tan DTH. Intracameral fibrin tissue
sealant as an adjunct in tectonic lamellar keratoplasty for large
corneal perforations. Cornea 2009;28:451-5.

Deshmukh R, Stevenson L], Vajpayee RB. Techniques of noncircular
corneal transplantation. Curr Opin Ophthalmol 2020;31:293-301.

Sharma S, Rathi A, Murthy SI, Trivedi M, Patel C, Mohamed A,
et al. Outcomes of penetrating and lamellar corneal patch grafts.
Cornea 2021;40:618-23.

Abd Elaziz MS, Zaky AG, El SaebaySarhan AR. Stromal lenticule
transplantation for management of corneal perforations; One year
results. Graefes Arch Clin Exp Ophthalmol 2017;255:1179-84.

Jiang Y, Li Y, Liu XW, Xu J. A novel tectonic keratoplasty with
femtosecond laser intrastromal lenticule for corneal ulcer and
perforation. Chin Med ] (Engl) 2016,129:1817-21.

Gundersen T. Conjunctival flaps in the treatment of corneal disease
with reference to a new technique of application. AMA Arch
Ophthalmol 1958;60:880-8.

Sun GH, Li SX, Gao H, Zhang WB, Zhang MA, Shi WY. Clinical
observation of removal of the necrotic corneal tissue combined
with conjunctival flap covering surgery under the guidance of
the AS-OCT in treatment of fungal keratitis. Int ] Ophthalmol
2012;5:88-91.

Sandinha T, Zaher SS, Roberts F, Devlin HC, Dhillon B, Ramaesh K.
Superior forniceal conjunctival advancement pedicles (SFCAP) in
the management of acute and impending corneal perforations.
Eye (Lond) 2006;20:84-9.

Abdulhalim BEH, Wagih MM, Gad AAM, Boghdadi G, Nagy RRS.
Amniotic membrane graft to conjunctival flap in treatment of
non-viral resistant infectious keratitis: A randomised clinical study.
Br ] Ophthalmol 2015;99:59-63.

Zhong J, Wang B, Li S, Deng Y, Huang H, Chen L, et al.
Full-thickness conjunctival flap covering surgery combined with
amniotic membrane transplantation for severe fungal keratitis.
Exp Ther Med 2018;15:2711-8.

Nizeyimana H, Zhou DD, Liu XF, Pan XT, Liu C, Lu CW, ef al.
Clinical efficacy of conjunctival flap surgery in the treatment of
refractory fungal keratitis. Exp Ther Med 2017;14:1109-13.

Prydal JI. Use of an autologous lamellar scleral graft to repair a
corneal perforation. Br ] Ophthalmol 2006;90:924-5.

Sharma A, Sharma R, Nirankari VS. Intracorneal scleral patch
supported cyanoacrylate application for corneal perforations
secondary to rheumatoid arthritis. Indian ] Ophthalmol
2021;69:69-73.

Sharma A, Mohan K, Sharma R, Nirankari VS. Scleral patch
graft augmented cyanoacrylate tissue adhesive for treatment of
moderate-sized noninfectious corneal perforations (3.5-4.5 mm).
Cornea 2013;32:1326-30.

Raj A, Dhasmana R, Bahadur H. Morphological and functional



April 2023

Kate, et al.: Corneal perforations in dry eye disease

1381

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

outcome of N-butyl cyanoacrylate tissue adhesive application in
corneal perforations. Nepal ] Ophthalmol 2020;12:56-65.

Yin J, Singh RB, Al Karmi R, Yung A, Yu M, Dana R. Outcomes of
cyanoacrylate tissue adhesive application in corneal thinning and
perforation. Cornea 2019;38:668-73.

Anchouche S, Harissi-Dagher M, Segal L, Racine L,
Darvish-Zargar M, Robert MC. Cyanoacrylate tissue adhesive for
the treatment of corneal thinning and perforations: A multicenter
study. Cornea 2020;39:1371-6.

Moorthy S, Jhanji V, Constantinou M, Beltz ], Graue-Hernandez EO,
Vajpayee RB. Clinical experience with N-butyl cyanoacrylate tissue
adhesive in corneal perforations secondary to herpetic keratitis.
Cornea 2010;29:971-5.

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

Sharma A, Kaur R, Kumar S, Gupta P, Pandav S, Patnaik B, ef al.
Fibrin glue versus N-butyl-2-cyanoacrylate in corneal perforations.
Ophthalmology 2003;110:291-8.

Sharma N, Singhal D, Maharana PK, Vajpayee RB. Tuck-in tenon
patch graft in corneal perforation. Cornea 2019;38:951-4.

Maharana PK, Singhal D, Sahay P, Titiyal JS. Tenon patch graft for
corneal fistula: A rare entity treated by a simple technique. BMJ
Case Rep 2017;2017:bcr-2017-222790.

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

Hick S, Demers PE, Brunette I, La C, Mabon M, Duchesne B.
Amniotic membrane transplantation and fibrin glue in the
management of corneal ulcers and perforations: A review of
33 cases. Cornea 2005;24:369-77.

McDonald MB, Sheha H, Tighe S, Janik SB, Bowden FW,
Chokshi AR, et al. Treatment outcomes in the DRy Eye Amniotic
Membrane (DREAM) study. Clin Ophthalmol2018;12:677-81.

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

Wang F, Li S, Wang T, Gao H, Shi W. Modified tectonic
keratoplasty with minimal corneal graft for corneal perforation
in severe Stevens--Johnson syndrome: A case series study. BMC
Ophthalmol2014;14:97.

Pleyer U, Bertelmann E, Rieck P, Hartmann C. Outcome of
penetrating keratoplasty in rheumatoid arthritis. Ophthalmologica
2002;216:249-55.

Tugal-Tutkun I, Akova YA, Foster CS. Penetrating keratoplasty in
cicatrizing conjunctival diseases. Ophthalmology 1995;102:576-85.
Stylianides A, Jones MNA, Stewart RMK, Murphy CC, Goodson NJ,
Kaye SB. Rheumatoid arthritis-associated corneal ulceration:
Mortality and graft survival. Ophthalmology 2013;120:682-6.

Hua J, Stevenson W, Dohlman T, Lee HS, Sadrai Z, Leskov I, et al.
Dysfunctional regulatory T cells in dry eye disease exacerbate
corneal allograft rejection. Invest Ophthalmol Vis Sci 2012;53:4127.

McGee HT, Fraunfelder FW. Toxicities of topical ophthalmic
anesthetics. Expert Opin Drug Saf 2007;6:637-40.

Rigas B, Huang W, Honkanen R. NSAID-induced corneal melt:
Clinical importance, pathogenesis, and risk mitigation. Surv
Ophthalmol 2020;65:1-11.

Shtein RM, Shen JF, Kuo AN, Hammersmith KM, LiJY, Weikert MP.
Autologous serum-based eye drops for treatment of ocular surface
disease: A report by the American Academy of Ophthalmology.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Ophthalmology 2020;127:128-33.

Kate A, Basu S. Systemic Immunosuppression in cornea and ocular
surface disorders: A ready reckoner for ophthalmologists. Semin
Ophthalmol 2022;37:330-44.

McElvanney AM. Doxycycline in the management of pseudomonas
corneal melting: Two case reports and a review of the literature.
Eye Contact Lens 2003;29:258-61.

Lim L, Lim EWL. Therapeutic contact lenses in the treatment
of corneal and ocular surface diseases-A review. Asia Pac |
Ophthalmol (Phila) 2020;9:524-32.

Jacobs DS, Rosenthal P. Boston scleral lens prosthetic device for
treatment of severe dry eye in chronic graft-versus-host disease.
Cornea 2007;26:1195-9.

La Porta Weber S, Becco de Souza R, Gomes ]AP, Hofling-Lima AL.
The use of the Esclerascleral contact lens in the treatment
of moderate to severe dry eye disease. Am ] Ophthalmol
2016;163:167-73.¢e1.

Vajpayee RB, Sharma N, Dada T, Pushker N. Optical sector
iridectomy in corneal opacities. Cornea 1999;18:262-4.

Agarwal T, Jhanji V, Dutta P, Tandon R, Sharma N, Titiyal JS, et al.
Automated vitrector-assisted optical iridectomy: Customized
iridectomy. ] Cataract Refract Surg 2007;33:959-61.

Iyer G, Srinivasan B, Agarwal S, Ravindran R, Rishi E, Rishi P, et al.
Boston type 2 keratoprosthesis- mid term outcomes from a tertiary
eye care centre in India. Ocul Surf 2019;17:50-4.

Maskati QB, Maskati BT. Asian experience with the
Pintuccikeratoprosthesis. Indian ] Ophthalmol 2006;54:89-94.

Liu C, Paul B, Tandon R, Lee E, Fong K, Mavrikakis I, et al. The
osteo-odonto-keratoprosthesis (OOKP). Semin Ophthalmol
2005;20:113-28.

Basu S, Nagpal R, Serna-Ojeda JC, Bhalekar S, Bagga B, Sangwan V.
LVP keratoprosthesis: Anatomical and functional outcomes in
bilateral end-stage corneal blindness. Br ] Ophthalmol2018;bjoph
thalmol-2017-311649.

Barroso IA, Man K, Robinson TE, Cox SC, Ghag AK. Photocurable
GelMAadhesives for corneal perforations. Bioengineering (Basel)
2022;9:53.

Tutar R, Yiice-Erarslan E, izbudak B, Bal-Oztiirk A. Photocurable
silk fibroin-based tissue sealants with enhanced adhesive
properties for the treatment of corneal perforations. ] Mater Chem
B 2022;10:2912-25.

Assmann A, Vegh A, Ghasemi-Rad M, Bagherifard S, Cheng G,
Sani ES, et al. A highly adhesive and naturally derived sealant.
Biomaterials 2017;140:115-27.

Sorkio A, Koch L, Koivusalo L, Deiwick A, Miettinen S, Chichkov B,
et al. Human stem cell based corneal tissue mimicking structures
using laser-assisted 3D bioprinting and functional bioinks.
Biomaterials 2018;171:57-71.

Zhang B, Xue Q, Li]J, Ma L, Yao Y, Ye H, et al. 3D bioprinting for
artificial cornea: Challenges and perspectives. Med Eng Phys
2019;71:68-78.

Chameettachal S, Prasad D, Parekh Y, Basu S, Singh V, Bokara KK,
et al. Prevention of corneal myofibroblastic differentiation in vitro
using a biomimetic ECM hydrogel for corneal tissue regeneration.
ACS Appl Bio Mater 2021;4:533-44.

Chandru A, Agrawal P, Ojha SK, Selvakumar K, Shiva VK,
Gharat T, et al. Human cadaveric donor cornea derived extra
cellular matrix microparticles for minimally invasive healing/
regeneration of corneal wounds. Biomolecules 2021;11:532.



