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Abstract

The amniotic membrane (AM) is the inner layer of the
fetal membranes and consist of 3 different layers: the
epithelium, basement membrane and stroma which
further consists of three contiguous but distinct layers:
the inner compact layer, middle fibroblast /ayer and
the outermost spongy /ayer. The AM has been shown
to have anti-inflammatory, anti-fibrotic, anti-angiogenic
as well as anti-microbial properties. Also because of its
transparent structure, lack of immunogenicity and the
ability to provide an excellent substrate for growth, mi-
gration and adhesion of epithelial corneal and conjunc-
tival cells, it is being used increasingly for ocular surface
reconstruction in a variety of ocular pathologies includ-
ing corneal disorders associated with limbal stem cell
deficiency, surgeries for conjunctival reconstruction, as
a carrier for ex vivo expansion of limbal epithelial cells,
glaucoma surgeries and sceral melts and perforations.
However indiscriminate use of human AM needs to be
discouraged as complications though infrequent can oc-
cur. These include risk of transmission of bacterial, viral
or fungal infections to the recipient if the donors are
not adequately screened for communicable diseases,
if the membrane is not processed under sterile condi-
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tions or if storage is improper. Optimal outcomes can
be achieved only with meticulous case selection. This
review explores the ever expanding ophthalmological
indications for the use of human AM.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Amniotic membrane transplantation is a very
useful armamentarium in the hands of the ophthalmic
surgeons for treating a variety of ocular surface disor-
ders. Because of its transparent structure, anti- inflam-
matory, anti-fibrotic and anti-angiogenic properties and
ability to provide a substrate for growth of corneal and
conjunctival epithelial cells, it forms an ideal material
for ocular surface reconstruction.
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INTRODUCTION

The ocular surface is an extremely sensitive and dynamic
structure, the health of which is crucial for the optimal
functioning of the eye. Any mechanical or chemical insult
to it either from exogenous sources, ze., chemical injuries
by substances like acids and alkalis, or from endogenous
factors, 7e., change in the amount and composition of the
tear film due to severe dry eye states associated with con-
ditions like Stevens Johnson syndrome (§JS), rheumatoid
arthritis and other collagen vascular diseases ,can result in
anatomic, physiologic and optical dysfunction of the eye
as a whole.
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Figure 1 Line diagram showing layers of cryopreserved human amniotic membrane, oriented with the stromal side in contact with the nitrocellulose filter

paper and epithelial side facing up.

Various biological tissues have been attempted to be
used as donor tissue to repair and reconstruct the ocu-
lar surface or to decrease the inflammation in instances
where the conjunctiva and cornea get significantly dam-
aged. These include among others oral, labial and vaginal
mucous membranes and rabbit peritoneum. Amniotic
membrane (AM) was first used therapeutically by Davis
for skin transplantation in 1910". De Roth however is the
first person credited with having used fetal membranes
in ophthalmic surgery in an attempt to reconstruct the
ocular surface in patients with symblepharon®. The initial
enthusiasm for use of this tissue however disappeared
from documented ophthalmic literature, till the early
nineties, when Batlle ¢ a/” used it to repait conjunctival
defects and reconstruct the fornices.

STRUCTURE OF THE FETAL MEMBRANES

The fetal membranes consist of two layers: the outer
chorion which is vascular and in contact with the uterine

wall, and the amnion which is avascular, lies inner to the
chorion and is in contact with amniotic fluid. The AM
is 0.02-0.05 mm thick and is classically considered to be
composed of three layers (Figure 1).

Epithelium
Which is a monolayer of metabolically active cuboidal
cells with microvilli present on its apical surface.

Basement membrane

Made up of type IV, V and VI collagen(also found in
conjunctival and corneal basement membranes) in addi-
tion to fibronectin and laminin™ It is one of the thickest
membranes in the human body and can withstand cut-
rent cryopreservation techniques.

Stroma

This is further divided into three contiguous but distinct
layers: the inner compact layer which is in contact with
the basement membrane and contributes to the tensile
strength of the membrane, middle fibroblast layer which is
thick and made up of a loose fibroblast network and the
outermost §pongy layer.
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MECHANISM OF ACTION

Several mechanisms of action are attributed to the AM’s
ability to help in healing and reconstruction of the ocular
surface.

Mechanical

The AM acts as a biological bandage and shields the
regenerating epithelium from the frictional forces gener-
ated by the blinking movements of the eyelids”™. This is
especially of significance in cases where entropion, tri-
chiasis, keratinization of lid margin/palpebral conjunctiva
or other such lid pathology exists which can damage the
fragile epithelium, e.g., trachoma, SJS, ocular cicatricial
pemphigoid (OCP), ez. Use of the AM in addition to tilt-
ing the balance of the ocular surface towards healing, also
dramatically decreases the subjective symptoms of pain
and discomfort experienced by these patients, especially
when implanted on deepithelized areas of the cornea.
This has been attributed to a purely mechanical effect
and not because of the biological mediators present in
the membrane, as elegantly demonstrated by Lee ez 2/ in
experimental studies on rabbits where application of am-
niotic fluid to denuded corneas (created by subjecting the
animals to excimer laser photo keratectomy) increased
the corneal sensitivity and upregulated regeneration of
nerves.

Promotion of epithelialization

The basement membrane of the AM closely resembles
that of the conjunctiva and cornea especially with regards
to its collagen composition. It thus serves as a substrate
on which epithelial cells can grow easily. Four main ef-
fects on the regenerating corneal epithelium have been
described: (1) facilitation of epithelial cell migration;
(2) reinforcement of basal epithelial cell adhesion”""; (3)
promotion of epithelial cell differentiation*"; and (4)
Prevention of apoptosis' ™. These properties render it
suitable for use in cases of nonhealing or persistent epi-
thelial defects of the ocular surface, especially that of the

cornea.

Anti-fibrotic and anti-inflammatory properties
Fetal hyaluronic acid is an important constituent of the
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stromal matrix of the AM. This helps to suppress TGF 3
signaling with reduced expression of TGF -1, B-2, and
-3 isoforms in addition to reduced expression of TGF-
Receptor II. This inhibits proliferation of corneal, limbal
and conjunctival fibroblasts. Differentiation of fibroblasts
into myofibroblasts is also inhibited, thus reducing scar-
ring after pterygium surgery and ocular surface recon-
struction"”. Anti-inflammatory effect of AM is driven by
inhibition of expression of pro inflammatory cytokines
from the damaged ocular surface, e.g., interleukin (IL)
1a, IL-2, IL-8, interferon-y, tumor necrosis factor-f3, ba-
sic fibroblast growth factor and platelet derived growth
factor™™. In addition to the chemically mediated anti-
inflammatory effect, Shimmura ez al™ also demonstrated
a more mechanical effect by showing that inflammatory
cells get trapped and undergo apoptosis in the matrix of

the AM.

Anti-angiogenic properties

In addition to the anti-inflammatory properties which
retard new vessel proliferation, a specific anti-angiogenic
effect has also been asctibed to the AM. This has been
demonstrated to be due to the production of several po-
tent anti angiogenic chemicals including thrombospondin
-1, endostatin and all four tissue inhibitors of metallopro-
teases (TIMP-1, 2, 3 and 4)*". Though beneficial in most
situations the anti-angiogenic effect of AM needs to be
kept in mind and balanced against its other potential ben-
efits when using it in limbal stem cell deficiency associ-
ated with limbal ischaemia, Ze., in chemical injuries of the
ocular surface.

Anti- microbial properties

A literature review reveals conflicting reports about the
anti-microbial properties of AM. Burn patients treated
with AM have been shown to have decreased bacterial
counts and control of infections”*?. Antibacterial effects
effects have been demonstrated against both gram posi-
tive coccl including streptococci and Staphylococcus anrens
as well as gram negative bacilli including Escherichia coli
and Pseudomonas aemgz'ﬂoya[23’24]. These antibacterial effects
have been attributed to the presence of several anti-mi-
crobial factors in the amniotic fluid including bactricidin,
beta-lysin, lysozyme, transferrin and 7S immunoglobu-
1in”*", Other investigators however believe that the AM
does not per se contain any chemical antimicrobial sub-
stances, but rather just constitutes an effective physical
barrier against infection because of its ability to adhere
closely to the underlying surface”".

In addition to the above properties another important
characteristic of the human AM is a lack of expression
of the major histocompatibility antigens HLA-A, B, or
DR antigens[zs’z()]. Hence immunological rejection after
its transplantation does not occur and obviates the need
for any immune suppression. This feature along with the
transparent structure and ability to be preserved for pro-
longed periods make the AM an ideal substrate for ocular
surface transplantation.
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PROCURING, PROCESSING AND
PRESERVING THE AM

AM is retrieved under strict aseptic conditions from do-
nors undergoing clective cesarean section and who have
been previously screened serologically for potentially
communicable diseases including human immunodefi-
ciency virus, hepatitis B and C viruses and syphilis. Pla-
centa obtained after vaginal delivery ate not used for this
purpose because of the potential for contamination with
bacteria from the vagina. It is recommended that the ma-
ternal donor should undergo repeat serological screening
after 6 mo (to cover the window petiod for transmission
of communicable diseases) before the AM is released for
use™. Tissue is used for transplantation only when both
the samples are negative.

Antibiotics covering both gram positive and gram
negative bacteria as well as fungi (50 ug/mL penicillin,
50 pg/mL streptomycin, 100 pg/mL of neomycin, 2.5
ug/mL of amphotericin B) are used to wash the placenta
under sterile conditions. Blunt dissection is then used
to sepatate the amnion from the chorion. The AM may
be preserved by means of cryopreservation (cryopre-
served human amniotic membrane, CHAM) or in a dry
deepithelialized form (dry human amniotic membrane,
DHAM). To prepare CHAM Kim ¢z o/’ and Lee et o/
recommended using 50% glycerol in Dulbecco’s modi-
fied Eagle Medium (DMEM) in a ratio of 1:1 to store
the membrane. The membrane is cut into multiple pieces
and placed on nitrocellulose paper strips with epithelial
side up. It is then placed in vials containing the glycerol/
DMEM storage medium and cryopreserved at -80 C.
Just ptior to use the membrane should be taken out and
warmed to room temperature for 10 min. CHAM stored
in glycerol may be safely and effectively used for over a
year with the added advantage of antiviral and antibacte-
rial properties of glycerol™. One drawback with using
CHAM is the need of a -80 ‘C refrigerator. This pre-
cludes its use outside big institutions.

DHAM does not require to be attached to nitrocel-
lulose paper and is free standing. DHAM is prepared by
subjecting the amniotic membrane to sterilization using
low energy electron beam radiation and then preserving
it using low heat and air vaccum .DHAM can be stored
at room temperature for upto 2-5 years and is rehydrated
prior to use. It is usually 35-40 microns thick but a third
generation, 110-um-thick, freeze dried, and freestanding
human AM allograft (Ambio 5; IOP Inc, Costa Mesa, Califor-
nia) is commercially available. This has an additional thick
layer of retained collagen from the chorionic membrane,
which makes it thicker and confers greater tectonic
function.

Both fresh and preserved AM have been found to
be equally effective when transplanted onto the ocular
surface”. Use of freshly acquired AM however is as-
sociated with certain disadvantages including the risk of
transmission of communicable diseases as the donor
cannot undergo repeat serological testing, and wastage of
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Figure 2 (A) Amniotic membrane used as an inlay

graft (B) line diagram showing amniotic membrane
(solid orange lines) used as an Inlay graft for a non-
healing epithelial defect (green). The membrane is
trimmed to fit the size of the underlying defect and su-
tured to the cornea using interrupted 10-0 nylon mono-
filament sutures.

unused tissue ( with preserved AM, up to 30 grafts can
be prepared with one placenta). Preservation of the AM
by any means has been shown to adversely affect the vi-
ability and proliferative capacity of its epithelial cells”*".
Kruse et al”” proposed that AM grafts function primarily
as a matrix and not by virtue of transplanted functional
cells. Other literature on the subject also supports the
view that viability of cellular components of the AM is
not essential for its biological effectiveness™.

SURGICAL PRINCIPLES AND METHODS
OF IMPLANTATION

Rationale for determining orientation of AM on ocular
surface

This is important as the indication for which the AM
is being used and the endpoint desired determines the
preferred orientation with which it is used on the ocular
sutface. Histopathological analysis has revealed that after
application of AM the re-epithelialization of the ocular
surface by the host epithelium (Z.e., by the host corneal
or conjunctival epithelium) occurs preferentially on the
basement membrane side of the epithelium®, though
Seitz et al*” have also demonstrated that corneal epithelial
cells do possess the ability to grow on the stromal side
of the membrane. Hence where the membrane is used
with the aim of providing conjunctival or corneal cells a
substrate to grow on, the AM is used epithelial/basement
side up. The stromal matrix of the AM on the other
hand has the ability to trap inflammatory cells and induce
their apoptosis, thus down regulating the inflammatory
responseps]. Thus in the presence of acute inflammation,
the membrane may be used to protect the ocular surface
from the deleterious effects of the pro inflammatory cells
and mediators- here it is used epithelial side down, so that
the stromal side faces the palpebral aperture.

Determining the orientation of the AM
The AM supplied on the nitrocellulose filter paper is usu-
ally oriented epithelial side up, with the stromal side in
direct contact with the papetr. The stromal surface can be
identified by the presence of vitreous-like strands that
can be raised with a sponge or a fine forceps. This may
need to be petformed at a few points for confirmation.
Depending on the indication for which it is used there
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are three surgical techniques by which the AM can be
used over the ocular surface.

Graft or inlay technique: In this technique the AM is in-
tended to act as a substrate or scaffold for epithelial cells
to grow. The AM is placed epithelial/basement mem-
brane side up and is trimmed to fit the size of the under-
lying epithelial or stromal defect. It is usually sutured to
the cornea using non absorbale 10-0 nylon sutures and
to the episclera and conjunctiva using 9-0 or 10-0 vicryl
(Figure 2). It is preferred to keep the epithelial/base-
ment membrane side up in this technique because the
basement membrane of the amnion acts as an excellent
substrate for growth of the progenitor epithelial cells by
prolonging their lifespan, maintaining clonigenecity and
preventing apoptosis' . The surrounding 1-2 mm of the
host corneal epithelium is debrided. This ensures that the
regenerating epithelium grows over the basement mem-
brane of the AM, and consequently the AM stroma gets
incorporated into the host tissue (“graft”). Depending on
the depth of the underlying defect this technique may be
used as a single layer graft inlay whete a single layer of AM
is used, or multilayer graft inlay where multiple layers of
the AM are placed into the ground of the ulcer, which is
filled without sutures before a superficial graft is sutured
to the periphery of the ulcer, again after depithelializa-
tion of a ring-shaped area around the cornea ulcer. The
epithelium is expected to grow over the uppermost layer
of this multilayer graftm]. This is also referred to as the
layered or fill in technigue. The layering may be done either
by cutting the AM into multiple pieces and placing them
one on top of one another or by using a larger piece of

AM which is repeatedly folded (blanket fold) upon itself.

Patch or overlay technique: Here the AM is sutured
to the ocular surface keeping it larger than the underly-
ing defect so that host epithelium is present below the
membrane. The membrane is sutured to the surrounding
conjunctiva or episclera using 9-0 vicryl suture. An addi-
tional 10-0 nylon suture may be applied to the peripheral
corniea in a purse string manner to ensure prolonged
retention (Figure 3). The AM may be used epithelial side
up or stromal side up as the host epithelium is expected
to grow under the membrane which basically acts only as
a “biological bandage contact lens” to protect the fragile
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Figure 3 Amniotic membrane used as an overlay
patch. A: Clinical photograph; B: Line diagram. The

amniotic membrane is trimmed to cover the whole of the
corneal surface and fixed by 10-0 nylon monofilamemt
sutures at the corneal periphery parallel to the limbus.

new epithelium from the frictional forces generated due
to eyelid movements. In this situation the AM is expected
to fall off or be removed after a certain time.

Combined (inlay and overlay) technique: Two or
more layers of AM are used in this technique, with the
inner smaller layet/layers acting as a graft and the outer
larger layer acting as a patch. Also known as the “sandwich
technigne” a single-layer( Figure 4A) or multilayer inlay
(Figure 4B) is combined with an onlay™. The epithelium
is expected to grow under the patch but over the upper-
most inlay graft.

The availability of fibrin glue for ophthalmic use has
in many cases supplanted the use of sutures, and the AM
may be adhered to the ocular surface using the recombi-
tant fibrin glue. This reduces the surgical time and also
increases patient comfort.

OPHTHALMOLOGICAL INDICATIONS

FOR USE OF AM

The list of indications for which AM is used in ophthal-
mology is expanding with each passing year. Broadly its
use can be classified into (1) corneal surface disorders,
without limbal stem cell deficiency (LSCD); (2) corneal
surface disorders with associated LSCD; (3) conjuncti-
val surface reconstruction, eg., pterygium removal, after
removal of large lesions other than pterygium, after
symblepharon lysis; (4) as a carrier for ex vivo expansion
of corneal epithelial cells; (5) glaucoma; (6) treatment of
sclera melts and perforations; and (7) other miscellaneous
indications.

Persitent epithelial defects and Non Healing corneal
ulcers

Persitent epithelial defects (PED’s) may occur due to a
variety of mechanisms including innervations deficits
of the cornea (e.g.,, neurotrophic keratopathy following
Herpes Zoster keratitis, after penetrating keratoplasty),
chronic inflammation or mechanical factors. These fac-
tors may act individually or in synergy, and lead to epithe-
lial defects which are untresponsive to conventional man-
agement strategies, ¢g., lubrication, bandage contact lenses,
tarsorrahaphy, ef. Untreated these PED’s can progress to
stromal collagenolysis, ulceration, perforation or scarring,
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In these situations AM may be used as a single layer or
multilayer graft (inlay) depending on the depth of the le-
sion providing a substrate for the epithelial cells to migrate
and adhere to the basement membrane. The inlay may also
be combined with an epithelial side down onlay patch graft
especially if significant ocular surface inflaimmation co-
exists as stromal surface of the onlay graft will help mop
up the inflammatory cells and mediators on the palpebral
surface. Success rates of using AM for PED’s have been
reported as varying from 64% to 91%"**. Early detach-
ment of the membrane however remains a major prob-
lem despite the use of multiple sutures or a protective
bandage contact lens (BCT)™.

AM has also been used successfully in nonhealing
infective ulcers due to bacteria, fungi, viruses and pro-
tozoa. The nonhealing of the ulcer inspite of adequate
antimicrobial therapy in these situations may be because
of release of proinflammatory mediators, proteolytic en-
zymes and collagenazes by the microorganisms, stromal
keratocytes and polymorphonuclear cells™*. Single or
multilayer AM has an inhibitory effect on these proteo-
Iytic enzymes and also provides a healthy basement mem-
brane, thus tilting the ocular surface milieu in favour of

rapid healing

Corneal perforations and descemetoceles

Corneal perforations and descemetoceles are globe and
sight threatening complications associated with loss of
tectonic strength of corneal stroma as well as associated
underlying inflammation. A majority of the methods used
to treat these conditions including tissue adhesives, lamel-
lar keratoplasty, penetrating keratoplasty, bandage contact
lenses and conjunctival flaps provide tectonic support,
but do not directly address the inflammatory component.
Multilayer AM has been used to treat non traumatic mi-
croperforations and descemetoceles with upto 72.7%
to 82.3% success rate being reportedl45’46l. AM in this
situation provides tectonic support, collagen substitu-
tion for corneal stroma and anti- inflammatory and anti-
fibrotic actions which halt progressive tissue degradation.
Depending on the underlying severity and extent of the
disease process it may be used as a permanent surgical
therapy or as a temporizing measure till a more definitive
surgical procedure can be performed. One of the authors
of this review (AKJ) has reported successful manage-
ment of a case of perforated peripheral corneal ulcer in
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a patient of acne rosacea with amniotic membrane after
three applications of cyanoacrylate glue with bandage
contact lens failed to seal the perforation successfully™’,
A final best corrected visual acuity of 6/6 was achieved
in this patient. Though used most commonly for small
perforations, Kim ez a/* have reported successful out-
comes even in patients with perforations > 2 mm in size
using fibrin glue to augment the thickness of the AM-a
procedure they termed “fibrin glue assisted augmented
AMT”.

Symptomatic bullous keratopathy

In symptomatic patients with good visual potential and
intolerant to a BCL, AM may be used as a temporizing
measure till a definitive treatment for the bullous kera-
topathy, Ze., endothelial or penetrating keratoplasty is un-
dertaken. It may also be used as an alternative to anterior
stromal puncture in patients with a poor visual potential
with the objective of providing longer pain free petriods.
Espana ¢f al*” have reported a mean follow up of 25 mo
and noted that 88 % patients were able to obtain a pain
free status.

Band keratopathy

Band keratopathy due to abnormal deposition of calcium
on the corneal surface results in ocular irritation and
epithelial surface breakdown. Primary treatment involves
removal of calcium deposits by ethylene diamine tetra
acetic acid chelation or supetrficial keratectomy. AM trans-
plantation has been used as an adjunct after primary sur-
gical treatment in band keratopathy with pain relief being
reported in 93% cases and visual acuity improvement in

44% of sighted eyes'™".

Corneal disorders with associated LSCD: Any acute
ot chronic insult to the the limbal epithelial stem cells
can lead to a state of partial or total LSCD which may
manifest as conjunctivalization of the cornea, neovascu-
larization, PED’s and chronic inflammation. This may be
seen after thermal or chemical burns, cicatrizing disor-
ders like SJS and OCP, aniridia, chronic contact lens weat,
untreated vernal keratoconjunctivitis (VKC) and multiple
surgeries involving the limbal area. Successful long term
outcome in these eyes after lamellar or penetrating kera-
toplasty requires prior optimization of the ocular surface
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Figure 4 Single layer inlay covered by a larger “patch” or “onlay”
(A), multi-layer inlay ( amniotic membrane folded upon itself in form
of a blanket fold- black arrow) covered by a larger “patch” which is
fixed to underlying episclera by a purse string suture in a case of
deep, non-resolving peripheral ulcerative keratitis (B).

and restoration of the stem cell population. Success of
AM in these scenarios depends on the severity of the
LSCD. In cases of partial LSCD amniotic membrane
alone can be an effective therapy to restore the ocular
surface as by promoting epithelialization and reducing
inflammation it restores a normal stroma which maxi-
mizes functioning of the remaining limbal stem cells”"*”.
In cases of total LSCD however AM transplantation has
only an adjunct role to limbal stem cell transplantation
which is the definitive modality of treatment, as AM can
only optimize functioning of existent limbal stem cells
(LSC) as is seen in partial LSCD, but it cannot cause re-
population of the affected eye with LSC’ in cases of ad-
vanced total LSCD. In these situations use of de-epithelized
AM as a carrier for ex vivo expansion of limbal autologus or
allolimbal stem cells is another good option as it combines
the advantages of both techniques, Ze., simultaneous opti-
mization of the ocular surface by the AM and replace-
ment of the stem cells.

Conjunctival reconstruction: AM can be used for re-
construction of the conjunctival surface as a substitute
for conjunctival grafts in situations where availability of
autologous conjunctival tissue is limited, Ze., after removal
of large conjunctival lesions, patients having undergone
repeated conjunctival surgery leading to a scarred conjunc-
tiva, or where the conjunctiva needs to be preserved, ze.,
patients with glaucoma who may require filtering surgery
in the future. Use of AM in these situations is helpful as
in addition to providing a healthy basement membrane
for growth of conjunctival epithelial cells it also helps in
maintaining the normal goblet cell containing phenotype
of these cells™. However as the AM is only a temporary
substitute, to provide long term reepithelialization of the
conjunctival surface, the surrounding conjunctival tissue
must be healthy with an intact vascular bed.

Pterygium: Use of AM as an alternative to autologous con-
junctival grafts was described by Prabhasawat ez a™. They
reported higher recurrence rates (10.9%) for primary
pterygia with the use of AM as compared to recurrence
with use of autologous conjunctival autografts (2.6%).
However later studies which emphasized extensive re-
moval of fibrovascular tissue adjacent to the pterygium
have reported that recurrence rates with use of AM
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Figure 5 Amniotic membrane used to cover bare sclera after excision of primary pterygium. A-D: Serial photographs showing appearance of amniotic mem-
brane graft. At end of 3 mo excellent integration and cosmetic appearance was achieved.

transplantation (3%-3.8% in primary pterygia and 9.5%
in recurrent pterygia) were similar to those reported after
conjunctival autografting and intra operative mitimycin C
use™, Jain ¢ ol have described the use of AM trans-
plantation using fibrin glue in primary pterygia using a
‘tuck in technique’ where the edges of the AM graft were
tucked underneath the adjacent free margin of conjunc-
tiva on 3 sides and reported no recurrences in 11 out of
12 patients after a follow up of one year (Figure 5).
However conjunctival autograft is still considered to be
the gold standard for treatment of primary pterygia and
AM may be a reserved as a reasonable option in cases with
diffuse conjunctival involvement, ze., primary extensive
biheaded pterygia, in previous multiple failed surgeries and
in patients in whom the bulbar conjunctiva must be pre-

served for a prospective glaucoma filtering procedure[ss].

Conjunctival tumours and ocular surface squamous
neoplasias: AM has been used for conjunctival reconstruc-
tion after excision of both benign and malignant tumours
including ocular surface squamous neoplasias(OSSN), mela-
nomas, lymphomas and complex choristomas. The AM pro-
vides a substrate for migration of the conjunctival epithelial
cells. Advantages of using amniotic membrane as com-
pared to conjunctival autografts in these situations include
a lack of donor site morbidity and the ability to clinically
monitor local tumour recurrence beneath the transparent

AM graft®™.

After symblepharon lysis: AM can be used both in the
prevention as well as treatment of symblepharon. In the
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acute phases of chemical injury the AM can be used as
a patch to cover the entire ocular surface and sutured to
the fornices through the eyelids to prevent symblepharon
formation as well as simultaneously reduce ocular surface
inflammation. The AM should be a continuous sheet de-
void of buttonholes. A large sheet is placed on the ocular
surface and it is first anchored to the inner surface of the
everted lower lid close to the lid margin using multiple
interrupted 10-0 vicryl sutures. To anchor the sheet to
the fornices two sets of double armed 4-0 chromic gut
sutures on a cutting needle are used and the needles are
passed from the AM surface through the inferior fornix,
via the full-thickness of the eyelid and are made to exit
through the eyelid skin. The two needles of cach of the
two sets of sutures are passed through two segments of
an encircling band and then tied™. A sutureless amniotic
patch (ProKeras; Bio-Tissue Inc., Miami,Florida) is also
available for this purpose. Another modification suggest-
ed by Rahman e# a/*" is the use of a conformer on which
the AM is sutured and placed on the ocular surface, with
the AM acting as a patch and the conformer maintaining
the fornices because of its rigidity. Though the AM has
also been used for symblephera associated with SJS and
OCP the outcomes are usually not as successful as com-
pared to stable non progressive cicatrization because of
the chronic ongoing inflammation associated with these
diseases'”.

As a carrier for ex vivo expansion of epithelial cells:

Progenitor stem cells for the conjunctiva and cornea have
been established to reside in the conjunctival fornices
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and limbal area respectively. In the eye, ze¢., under in- vivo
conditions these migrate onto the ocular surface and dif-
ferentiate into daughter cells to continuously regenerate
the conjunctival and corneal surface epithelia[“]. Expan-
sion of these cell populations on basement membrane
side of AM (with amniotic epithelium intact or de-epi-
thelized AM) as well as on the stromal side of AM have
been demonstrated previously. The corneal epithelial cells
have been shown to migrate rapidly when limbal explants
are placed on AM denuded of amniotic epithelial cells
but with the basement membrane intact, relatively slowly
when the amniotic epithelium is left behind and slowest
when the membrane has been flipped over and the cells
are grown on the stromal surface. Culturing the explants
on an intact AM with devitalized epithelium favors ex-
pansion of an epithelial phenotype that closely resembles
limbal stem cells™.

Clinically in cases of LSCD, limbal biopsies can be
used to harvest corneal epithelial stem cells for ex vivo
expansion on AM, which can then be transplanted onto
the eye after appropriate preparation of the host bed
by resecting the vascularized pannus or any other pro-
cedure which may be required. The main advantage of
this approach of expanding corneal epithelial cells ex
vivo on AM is that only a small amount of limbal tissue
is required to be harvested from the contralateral eye as
compared to conventional limbal allografts which require
up to 12-clock hours of limbal tissue and have the poten-
tial risk for limbal deficiency developing in the donor eye.
Another advantage is that the AM is a natural substrate
and when transplanted onto the corneal surface gets in-
tegrated into it. Excellent outcomes have been reported
after transplantation of cultivated limbal stem cell on de-

nuded AM for LSCD!**,

Glaucoma: AM has been used in glaucoma to reduce
scarring at the time of filtering surgery, to repair early
ot late leaks, and act as a cover for valve procedures. Fu-
jishima ez al®" attempted to reduce scarring in filtering
surgery by incorporating a layer of amnion between the
scleral flap and bed to prevent an adhesion between the
two layers, but achieved only limited success. Use of AM
to repair bleb leaks is controversial with some authors
reporting good results™ while others have reported it as
being ineffective®.

Treatment of corneo scleral melts and perforations:
Small sclera perforations or melts can be treated by mul-
tilayerd AM alone while for larger scleral defects AM has
been used over the sclera patch, basement side up so as
to facilitate epithelialization of the scleral patch graft as
well as to reduce the inflammation™"". It has been used
with success for both infectious scleral ulcerations after
appropriate antimicrobial therapym. as well as after non-
infectious scleral melts. Tay ef al™ have reported using a
double layer of freeze dried AM (Awbio 5; 10P Inc, Costa
Mesa, California) in a crescentric manner to manage a case
of carrier graft melt in a patient with Boston Keratopros-

thesis Type 1.
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Miscellaneous indications: Severe shield ulcers due
to VKC which do not heal with conservative manage-
ment respond well to surgical debridement of the mucous
plaque and debri followed by using the AM as a patch to
promote epithelialization. Using this technique Sridhar ez 2/
achieved a success rate of 94.7% with shield ulcers. AM
has been occasionally in oculoplasty for lid reconstruc-
tion, for treatment of punctual occlusion by applying it
as a patch over the denuded punctual orifice’ as a cover
for ocular prosthesis at the time of insertion and to cover
the tarsal plate in lid split procedure for correction of
cicatricial entropion

Complications and limitations of am use: Though
the AM is finding ever expanding uses in ophthalmol-
ogy, it must not be used indiscriminately as complications
though infrequent can occur. Risk of transmission of
bacterial, viral or fungal infections to the recipient exists
if the donors are not adequately screened for communi-
cable diseases, if the membrane is not processed under
sterile conditions or if storage is improper. Incidence
rates of 1.6%-8.0% have been reported post AM trans-
plantation with gram positive isolates being reported
most frequently[%‘m]. Premature degradation of the mem-
brane and cheese wiring may need frequent repeat trans-
plantations. Occasionally, a residual subepithelial mem-
brane may persist in some cases and inadvertently opacify

. . 39
the visual axis™.

CONCLUSION

The AM is proving to be a very versatile tool in the hands
of the ophthalmologist, and the indications for its use are
rapidly expanding as there is a better understanding of
its properties. However a judicious use and appropriate
patient selection is important for achieving optimal out-
comes.
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