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ARTICLE INFO ABSTRACT
g;ttiggfh\iﬁz%r%ubncation 31 Mar Amniotic membrane i; a layer derived from human placenta, processed,_ sterilized
2022 and stored. It has a thick basement membrane and avascular stroma. It is used as

a graft or dressing material in surgical specialties, especially for burns or chemical
injuries of epithelium and mucus membranes. Amniotic membrane is transparent

Date of Receipt: 31 Mar 2022 and has anti-angiogenic, anti-inflammatory and anti-scarring property. Along with
ZDS‘E? of Acceptance: 27 Apr these features it is also natural, easily available and transparent. The above make
Date of Publication: 01 Jan 1970 it a perfect graft material for ocular surface reconstuction. In an effort to
Article No: 130 summarise the properties and uses of this membrane, a lot of study has gone into

the literature available online as well as in books and publications. In this article,
we look in further detail about the processing and properties that make the
amniotic membrane so useful and the ways it has been put to use especially in the
field of ophthalmology.
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transplantation in 1910.3 Ophthalmic use of the amniotic
membrane was introduced as late as the 1940s by
deRoth who used it in symblepharon (adhesion between
eyelid and eyeball) reconstruction.4 However, even
though these trials showed the success of the treatment,
it was not until the 1990s, when storage methods were
found, that the use of amniotic membrane came to be
seen as a real possibility.

Introduction:

The eye is a highly sensitive and exposed mucous
membrane. The maintenance of the tear film and the
transparency is essential to perform the main function-
vision.1 Any internal pathology or external insult that
breaks this balance makes the eye unable to see and
causes extreme disturbance to the patient. The
prevalence of ocular surface pathologies is as high as
32%.2 Keeping in mind this large number, it is essential

that there be some adequate treatment available to Amniotic Membrane Structure
alleviate the symptoms and restore comfort and vision
to these patients. The membranes surrounding the fetus in the uterine
cavity are the chorion and amnion. Even though these
There have been multiple efforts in the past to use layers lie close to each other and are very thin, it would
membranes, both natural and synthetic to replace the be incorrect to understand them as a biologically single
mucous membrane of the eye. Foremost among these layer. The functioning can be accurately understood only
were the trial of oral, labial and vaginal mucous by considering them as a bilayer. The chorion is the
membranes. Peritoneum of rabbits and other animals outer vascular layer that faces the uterine cavity. Inside
were also tried. The concept of using amniotic this lies the amnion, which is an avascular protective
membrane was first brought in by Davis for skin layer lining the amniotic fluid.5 The consensus states
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that the chorion plays a role as an immunological buffer.
It stabilizes and prevents the breakdown of the amnion
and keeps the fetus is an immune privileged site. The
anion is the dominant layer that dictates the mechanical
behaviour of the membrane and forms a protective
barrier. The amniotic membrane is 0.02-0.05mm thick.1
It is made of a layer of ectodermal columnar cells that
are attached to a mesenchymal basement layer with
large amounts of collagen.6 On studying the amniotic
membrane, it is evident that the ultrastructure has
specialized to perform these functions of protection,
secretion and intra and trans cellular transport.7

Configuration of amniotic membrane

Click here to view

Reference5: Bryant-Greenwood GD.

There are grossly three layers- epithelium, stroma and
basement membrane. This can be divided into five
distinct layers: cuboidal epithelium layer; basement
membrane; compact layer; fibroblast layer; and
intermediate (spongy) layer.8 The innermost layer has a
layer of cuboidal epithelial cells with microvilli. This is
attached firmly to a basement membrane made of
proteoglycans, mainly heparan sulphate and molecules
maintaining its integrity like actin, a-actinin, spectrin,
ezrin, several cytokeratins, vimentin, desmoplakin and
laminin.9 This is attached further to a collagen layer
containing collagen type |, Il and V.10 This collagen
provides tractional resistance. This layer is followed by a
mesenchymal layer composed of fibroblasts. The
outermost layer is a collagen lll rich spongy layer made
of an acellular matrix adjacent to the chorionic leavae.11
Collagen lll is responsible for the elasticity of the
membrane.

The amniotic membrane is, therefore, not just an
avascular membrane. It is responsible for a basic
mechanical barrier function. Apart from providing
protection, it has a plethora of dynamic functions like
transport of water and soluble metabolites, production of
vasoactive peptides, growth factors and cytokines.12

Procurement and Storage:

During the process of labour, the membranes rupture

and the baby is born. After this, the membranes are
extruded along with the placenta. This is the source of
amniotic membrane. The extracted membranes are
subjected to blunt dissection to separate the amnion
from the other layers. Preferably, deliveries by
Caesarean section are chosen for this purpose. Vaginal
deliveries stand the risk of contamination by the vaginal
flora and may subsequently contaminate the procured
amnion.

Willing mothers are tested for serology for HIV, hepatitis
B and C and syphilis. Some protocols suggest that this
HIV testing be repeated thrice so as to rule out the
possibility of missing the disease if in window period.
The amniotic layer is then separated, washed, sterilized
and stored. There are many different protocols for the
initial testing and further processing and storage. One
method followed was suggested by Kim et al.13 The
placenta is first extracted and washed. It is treated by
antibiotics in balanced salt solution- 50 mg/ml penicillin,
50 ug/ml streptomycin, 100 mg/ml of neomycin as well
as 2.5 mg/ml of amphotericin B. Sterilization is done by
peracetic acid and glycerol. Supercritical carbon dioxide
may also be used to sterilize the membrane, with the
added advantage of preserving all the features of the
membrane.14 This membrane is pre cut into required
sizes and plated onto nitrocellulose paper with epithelial
side up.

The amniotic membrane further can be used fresh or
dried and used at a later date. Stored amniotic
membrane may be cryopreserved or be stored as a
dried, de-epithelialized membrane. The membrane can
also be freeze dried or air dried. Cryopreserved amniotic
membrane is stored with Dulbecco modified Eagle’s
medium or glycerol or cryopreserved at -800C.15 This
retains the moisture and provides antibacterial
properties. However, the limited availability of this
refrigerator may limit the usage outside big institutions.
Before usage, it is essential to thaw this and allow it to
come to room temperature. Membrane that is freeze
dried with EDTA, vacuum packed and sterilized with
gamma-irradiation at 25kGy can be used like the
cryopreserved membrane. These are generally
dehydrated for storage and can be kept at room
temperature for about 5 years. It needs to be rehydrated
before it can be used. Lyophilized amniotic membrane is
further impermeable to many bacterial strains.16

Fresh and dried-stored amniotic membrane are shown to
have similar outcomes in usage.17 A fresh membrane
needs to be used immediately which makes the
scheduling of surgery difficult. In case of freeze dried
membrane, up to 30 units of stored amniotic membrane
can be procured from a single placenta, however storage
at -700C limits the widespread use and availability.18
However, usage being at a later date allows the
completion of the serology testing, making the
procedure safer.

Prokera is a cryopreserved amniotic membrane that is
attached to a dual polycarbonate ring and is placed in
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the eye similar to a contact lens, eliminating the need
for sutures or glue.19 Freeze dried forms commercially
available are Ambio2, Ambio5, and AmbioDisk are
available in different sizes, are placed on the surgical
site while dry, and are activated with sterile saline.20

EEDRE

Wet and freeze dried amniotic membrane

Click here to view

Reference2l: Mathilde Fenelon at al

Prokera

Click here to view

Reference22: https://www.biotissue.com/prokera/

Characteristics:

Amniotic membrane has a wide array of properties that
make it a very attractive material to be put to use.
Foremost among these are that it is avascular, anti-
angiogenic and anti-scarring. It promotes healing,
epithelialization and produces growth factors.
Additionally, it is transparent and non irritant. These
provide an added advantage in ocular use.

Firstly, it is a completely natural membrane that poses
to ethical issue in usage. Being natural, avascular and
devoid of HLA and other antigens, it does not carry a
threat of rejection, reaction or non compatibility. It forms
a natural barricade and protects the underlying structure
from infection and mechanical trauma,23 much like the
natural primary role it plays to the fetus. Anti microbial
activity is mainly provided by the beta-defensins. Also,

low molecular mass elastase inhibitor and elafin are
present along with bactricidin, beta-lysin, lysozyme and
transferrin,24 which contribute further.

Next, the amniotic membrane shows the presence of
fibronectin, elastin, nidogen, collagen, elastin and
hyaluronic acid.25 These form a scaffold for
epithelialization and proliferation, thereby promoting
wound healing. The amniotic basement membrane is
made of collagen26 which meticulously resembles the
conjunctival and corneal basement membrane. It
promotes epithelial cell migration, adhesion and
differentiation. It also slows down apoptotic cell death.

The membrane has factors that make it anti-
inflammatory and anti-angiogenic. These properties are
extremely important in wound healing. The presence of
growth factors promotes healing without the formation
of a scar or contracture. The anti-angiogenic markers
identified are thrombospondin-1, endostatin and tissue
inhibitors of metalloproteases (TIMP-1, 2, 3, 4).27 There
is inhibition of transforming growth factor (TGFB-1, 2 and
3). This reduces scar formation. The anti-inflammatory
effect of amniotic membrane is due to inhibition of
expression of pro-inflammatory cytokines from damaged
ocular surface such as interleukin (IL) 1a, IL-2, IL-8, TNF-
B, IFN-alpha, FGF and PDGF. This action is done by IL-10
and IL-1RA which are expressed by the amniotic
membrane cells.28 The growth factors that have been
identified are EGF, TGF and Nerve growth factor (NGF).
In addition to this chemical mediated anti inflammatory
action, it has also been shown that the membrane
mechanically promotes apoptosis of any inflammatory
cells that come in contact with it. 29

Recently, amniotic membrane has shown presence of
stem cell markers such as OCT-4, Sox-2, FGF-4, Rex-1,
CFC1, Nanog, DPPA3, PROM1, PAX6, SSEA-3, SSEA-4,30
Tra 1-60, Tra 1-81 and GCTM2 b. They have the property
of pluripotency, clonigenicity and self renewal. This
opens a whole new dimension of uses for the membrane.
In current use, the presence of pluripotent cells in the
membrane make the possibility of phenotypically correct
tissue proliferation in the healing wound. It promotes
phenotypic transdifferentiation of the host tissue and
allows accurate healing.

Surgical Methods:

The membrane that is procured on the nitrocellulose
paper is placed with the epithelial side up. The
orientation of the membrane in the surgery is based on
the indication.

The stromal side is identified by the presence of vitreous
like strands that can be pulled using forceps.

AM scan be stained with dyes like indocyanine green,
rose bengal, trypan blue and lissamine green B. The
dyes stain both the epithelial and stromal surfaces.
These are important to identify the edges and wrinkles in
the graft. Intraoperative staining with lissamine green B
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may assist surgeons in the proper handling of AM.
Fluorescein staining has no role.31

. Inlay or graft method: The membrane is placed with the
epithelial surface upwards and trimmed exactly to the
size of the defect. The new regenerating epithelium
grows over this graft and incorporates this membrane in
between. This inlay graft may be a single layer of
multilayer. Multilayer with compact packing helps to fill
the defect tightly and helps to fill in deeper defects. This
acts as a scaffolding and allows migration of epithelial
cells over it. If packed tightly, this may be left as such
without suturing. This technique is used in ocular
conditions where there is stromal thinning such as in
deep ulcers or epithelial defects with stromal loss.

%‘ Amniotic membrane

Epithelium | =

Epithelium up or inlay technique

Click here to view

Reference32: Safa Elhassan

. Overlay or patch method: The membrane is placed with
the epithelial surface downwards. The graft is left slightly
larger than the defect to be filled. The regenerating
epithelium grows between the graft and the defect. The
membrane is expected to act as a mechanical barrier for
protection until such time that the epithelium does not
regenerate, following which, the membrane will fall off.

This technique is performed in conditions that do not
have significant stromal thinning eg. Non healing corneal
ulcer, acute ocular burns or chemical injuries and
persistent corneal epithelial defects.

g\ Amnictic membrane

~ | Epithelium

Stroma

Lids

Epithelium down overlay technique

Click here to view

Reference33: Sangwan VS

3. Combined or sandwich method: This uses multilayer

6.

inlay along with a single overlay. The compactly packed
layers fill the defect and is covered for sealing with a
single sutured larger layer. This method results in a
stronger protective layer and may last longer than the
previous two. It can be used for larger or more irregular
defects. The major use is as an ocular surface stabilizer
in higher grades of ocular damage such as chemical
injury, burns or perforation.

Patch method: A single layer of membrane may be
placed with basement membrane downwards and stomal
side upwards. This serves as a biological contact lens
mainly as a protective interface to allow sufficient
healing of the pathology underlying it. This is placed only
over the cornea and is sutured to the perilimbal
conjunctiva and is removed once healing has occurred.

. Suspension culture technique: Along with fixation of an

amniotic membrane, a suspension of digested limbal
tissue is seeded onto the membrane. This allows for the
limbal stem cells to adhere and grow over the amniotic
membrane. Along with the amniotic membrane, a
monolayer of corneal epithelial cells also grows over.
This technique is especially useful in injuries causing
limbal stem cell loss like chemical injuries. This would
heal the defect in the ocular surface along with providing
viable stem cells to bring back the corneal clarity.

Simple limbal epithelial transplantation(SLET) - Another
method to incorporate limbal stem cells into an amniotic
membrane transplant is SLET. Here, 1-2 clock hours of
limbal tissue is dissected from the conjunctivo-corneal
junction of a donor and sutured onto the lumbus of a
recipient having limbal stem cell deficiency. Over this,
an amniotic membrane is placed and sutured so as to
secure the grafts in place and provide mechanical
support, protection and scaffolding.

The membrane may be sutured to the cornea using 10-0
nylon and to sclera or conjunctiva using 9-0 or 10-0
vicryl. The sutures are anchored to the episclera. Unlike
other ocular sutures, the knots of these sutures are left
unburied. This is to allow revision and removal of the
suture as and when required. Circumferential sutures
parallel to limbus or purse string sutures are commonly
employed. Each suture is placed parallel to the border of
the membrane.

It is important to note that in more extensive diseases
like burns or pemphigoid, the amniotic membrane plays
an additional role in preventing the formation of
adhesions. For this, the membrane needs to placed not
just over the defect, but also covering the fornix.
Surgeons prefer a large membrane that extends from lid
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margin to margin covering both the fornices. These large
grafts are sutured parallel to the limbus as well as in the
fornix.

An additional tarsorrhapy may be performed to prevent
early extrusion of the membrane and friction associated
damage by the lid movement.

The advent of fibrin glue has reduced the need for
sutures. The use of fibrin glue in ophthalmological
surface reconstruction is currently done as an off-label
use. The use of fibrin glue reduces the surgical time and
reduces suture related complications and irritation to the
patient, ensuring a faster recovery. There is also a lower
rate of membrane shrinkage. The only drawbacks to the
usage is the cost of the glue. The combined cost of
amniotic membrane and glue makes it economically
unviable for widespread use.

Fields of Usage:

Ocular surface reconstruction: 33

. Pterygium surgery-to cover the bare area created by the

removal of the pterygium. It reduces the rate of
pterygium recurrence.

Chemical burns-in the acute phase to handle small
corneal defects or perforations or conjunctival necrosis.
Also in the chronic healing phase to aid various
reconstructions of the lid, fornices and ocular surface.

Cicatrizing conjunctivitis-post ocular pemphigus, Stevens
Johnson syndrome.

Ocular surface squamous neoplasia (OSSN)- the mass is
removed using a no-touch technique and the resultant
defect is covered by an amniotic membrane

Filtering glaucoma surgery-to cover the blebs formed
during surgery. Also used as a patch graft in case of
complications like leaking blebs.

Symblepharon release-post chemical injuries or burns to
cover the raw area to reconstruct and prevent
recurrence.

Socket reconstruction post evisceration.
Persistent corneal epithelial defect
Non-healing stromal ulcers

Partial or total Limbal Stem Cell Deficiency that renders
the cornea opaque

Bullous keratopathy

Band keratopathy

19. Scleral melt

20. Substrate for ex vivo expansion of limbal stem cells that

can be transplanted to make the cornea transparent in
an individual with stem cell deficiency

Examples from literature:

A) Pterygium b) Post excision and amniotic
membrane grafting

Click here to view

Reference34: Thomas John.

A) Post chemical injury - conjunctival and corneal
melt b) Amniotic membrane covering whole globe

Click here to view

Reference35: Arushi Garg et al

A) Symblepharon b) Post release and amniotic
membrane graft

Click here to view
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Reference36: Kheirkhah, Ahmad et al

A) Amniotic membrane graft for corneal defect b)
Healed defect

Click here to view

Reference37: Rahman, Irsan & Said, Dalia & Maharajan,
Senthil & Dua, Harminder.

A) Corneal opacity with limbal stem cell deficiency
b) Post keratoplasty with amniotic membrane and
limbal stem cell graft

Click here to view

Reference 38: Guillermo Amescua et al

Pre and post op photos of amniotic membrane
procedures performed:

OSSN: Pre op and post op after excision of the
mass and covering defect with amniotic membrane

Click here to view

Thermal burns: Pre op and post op - post op photo
shows improvement of the ischemic conjunctiva
and reduction of corneal opacity

Click here to view

Limitations:

While there are no limitations of this procedure that
warrant an absolute contraindication, the risk-benefit
ratio is to be studied and each case individualized to
decide on this mode of management.

Amniotic membrane is expensive and is often a surgery
that needs to be revised or repeated. The economic
impact of this surgery is a factor that needs to be
considered before it is made into a standard practice
especially among the low socio-economic strata.

Hematoma formation or formation of fluid filled vesicles
under the membrane could hamper the healing.

Another fairly common complication that surgeons come
across is suture cut through and premature extrusion of
the membrane. This may happen intra-operatively as
well as the membrane is delicate and difficult to handle.
Using toothed forceps and blunt needles are the biggest
offenders. Post operatively, the membrane begins to
dissolve and may get pulled out of the eye before the
necessary healing period.

Calcification of the membrane or residual opaque
remnants of the membrane negates the aim of providing
a clear optical axis. Luckily, this is quite rare and may be
prevented by stringent surgical technique.

A postulated complication that is theoretically very
common is the spread of communicable body fluid
related diseases like HIV or hepatitis, similar to blood
transfusion. However, the infection control measures
and serological testing carried out are strict and
thorough. Thus practically, this risk is not very high and
amniotic membrane grafting is safe in terms of spread of
diseases.

If done properly, there is no reason yet to prove why
amniotic membrane could be inferior to any other
already existing protocol for ocular surface
reconstruction and other currently used grafts. However,
unequivocal superiority over the same is yet to be
established.
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Conclusion:

As is clear from the above, amniotic membrane currently
has a wide array of uses. This still has scope to be
expanded. Research is going in the direction of using the
stem cells and scaffolding power of the amniotic
membrane in the ex vivo proliferation of epithelial cells
and limbal stem cells. This is helpful in the regeneration
of a clear cornea.

The magic that the membrane plays in surgical fields is
yet to be unfolded to its full capacity. The use of the
membrane has shown advantages and good results in
would healing and prevents scar formation. Keeping in
mind that it is difficult to predict the outcome and
difficult to define the procedure as a success or failure,
amniotic membrane is still an important tool in
treatment unless a similar synthetic membrane is
devised with a safety and cure rate profile at par with
amniotic membrane. It is evident that the amniotic
membrane is here to stay and will find application in a
lot more areas as research continues in this field.
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